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T H E R O C K Y M O U N T A I N C O N F E R E N C E 

WISHES T O T H A N K T H E F O L L O W I N G C O M P A N Y 
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W E L C O M E 

I am v e r y p l eased to w e l c o m e you to t h e 23rd Rocky Mountain C o n f e r e n c e . To t h o s e 
c o n f e r e e s w h o h a v e t r a v e l e d bo th near and f a r , I h o p e t h a t your s t a y in t h e Denver a r e a 
wil l be e n j o y a b l e . 

This C o n f e r e n c e has b e c o m e one o f t h e mos t p r o m i n e n t s u m m e r sc i en t i f i c m e e t i n g s in t h e 
Un i t ed S t a t e s . In e a c h o f t h e pas t few y e a r s , a t t e n d a n c e has g r o w n . Las t year we had 
m o r e t h a n 7QQ r e g i s t r a n t s . We a n t i c i p a t e t h e n u m b e r will be siu passed th i s y e a r . More 
than 260 p a p e r s and p o s t e r s a r e t o b e p r e s e n t e d . T h r e e o f t h e symposia h a v e a t t r a c t e d 
we l l -known s c i e n t i s t s from a number of o t h e r c o u n t r i e s , t ru ly making this an i n t e r n a t i o n a l 
m e e t i n g . 

The C o n f e r e n c e b a n q u e t p romise s t o b e e x t r e m e l y i n t e r e s t i n g . R e p r e s e n t a t i v e s f rom t h e 
Denver Museum of N a t u r a l His to ry will p r e s e n t a p r o g r a m which will focus on the b e h i n d -
t h e - s c e n e s look in t h e p r e p a r a t i o n of l i fe s ize e c o l o g i c a l h a b i t a t d i o r a m e s t h a t show 
a n i m a l s in t h e i r n a t u r a l e n v i r o n m e n t . P lease join us for th i s en joyable e v e n i n g . 

Thanks i s e x t e n d e d to t h e m o r e than 50 e x h i b i t o r s . Wi thou t t he i r f inanc ia l suppo r t we 
could not p r e s e n t th i s expanded p r o g r a m . The e x h i b i t o r s will w e l c o m e your inqui r ies in 
our a r e n a exh ib i t a r e a f rom Monday morn ing un t i l Wednesday e v e n i n g . 

F ina l ly , I wish to t h a n k all t he people who h a v e p a r t i c i p a t e d in p lanning t h e C o n f e r e n c e . 
Only t h r o u g h your suppor t h a v e we been ab le to m a k e th is one o f t h e o u t s t a n d i n g 
t e c h n i c a l m e e t i n g s i n t h e U n i t e d S t a t e s . 

S ince re ly , 

Marvin J . F i shman 
C o n f e r e n c e C h a i r m a n 
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REGISTRATION HOURS A N D LOCATION 

Sunday, 
Monday , 
Tuesday , 

Augus t 2 , E x e c u t i v e Tower Inn <t:00 p . m . - 8:00 p . m . 
7:30 a . m . - 3:30 p . m . 
7:30 a . m . - 3:30 p . m . 
7:30 a . m . - 3:30 p . m . 

7:30 a . m . - 11:30 a . m . 
Wednesday , 
Thursday , 

August 3 , D e n v e r C o n v e n t i o n C o m p l e x 
Augus t 4 , D e n v e r C o n v e n t i o n C o m p l e x 
Augus t 5 , D e n v e r C o n v e n t i o n C o m p l e x 
Augus t 6 , D e n v e r C o n v e n t i o n C o m p l e x 

REGISTRATION FEES 

R e g i s t r a t i o n a t C o n f e r e n c e $35.00 
R e g i s t r a t i o n o n e day only $20.00 
S t u d e n t s $10.00 

U n e m p l o y e d or r e t i r e d No C h a r g e 

Badges a r e r e q u i r e d for admis s ion t o a l l t e c h n i c a l p r o g r a m s and t o t h e exh ib i t a r e a . 
"Exhib i t Area Only" badges c a n be o b t a i n e d a t t h e r e g i s t r a t i o n desk for t h o s e n o t wishing 
t o a t t e n d t e c h n i c a l m e e t i n g s . N o c h a r g e . 

VISITOR INFORMATION 

I n f o r m a t i o n o n t h e Denve r a r e a m a y b e ob t a ined f rom t h e Denve r C o n v e n t i o n and Visitors 
Bu reau , 225 Wes t Co l fax A v e n u e , D e n v e r , CO S0202 (Phone 303 /892-1112) . 

SOCIAL FUNCTIONS 

All c o n f e r e n c e a t t e n d e e s a n d spouses a r e inv i t ed to a m ixe r on Monday , Augus t 3 , from 
5:30 p . m . t o 8:00 p . m . a t t h e E x e c u t i v e Tower Inn. 

The C o n f e r e n c e b a n q u e t wi l l be he ld on Tuesday , August <(, a t 7:00 p . m . a t t h e E x e c u t i v e 
Tower Inn. T i c k e t s a r e $12 .00 e a c h . The soc ia l hour (cash b a r ) will be a t 6:00 p . m . 

Banque t s p e a k e r s will be r e p r e s e n t a t i v e s of t h e Denver Museum of N a t u r a l H i s t o r y . The 
m u s e u m i s i n t e r n a t i o n a l l y r e n o w n e d , e spec ia l ly for 66 l i fe s i ze e c o l o g i c a l h a b i t a t 
d i o r a m a s t h a t show a n i m a l s f rom four c o n t i n e n t s in the i r n a t u r a l e n v i r o n m e n t s . Hundreds 
of t housands of m a n - h o u r s on field exped i t ions or a t t h e museum h a v e been d e v o t e d to 
p roduc ing t h e un ique c u r v e d p a i n t e d backg rounds o f t h e s e d i o r a m a s , t h e i r s u p e r b m o u n t e d 
s p e c i m e n s and r e a l i s t i c v e g e t a t i o n . This p r o g r a m will focus on a b e h i n d - t h e - s c e n e s look 
a t how t h e s e un ique e x h i b i t s a r e p r e p a r e d , and why t h e m u s e u m i s t h e l a r g e s t c u l t u r a l 
a t t r a c t i o n in t h e S t a t e of C o l o r a d o . 

MIXER 

C O N F E R E N C E BANQUET 
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DINNER - MUSICAL 

The C o n f e r e n c e h a s a r r a n g e d l o r a l i m i t e d number o f t i c k e t s to t h e Wednesday , Augus t 5 , 
even ing p e r f o r m a n c e of "The Sound of Music" a t t h e C o u n t r y Dinner P l a y h o u s e . This 
t h e a t e r "in t h e r o u n d " i s o n e o f t h e b e t t e r known e n t e r t a i n m e n t p l a c e s in t h e Denve r a r e a . 
An e x c e l l e n t b u f f e t d inner i s se rved pr ior to t h e p e r f o r m a n c e . T i c k e t s for t h e d inner and 
mus ica l a r e $13 .00 e a c h . T r a n s p o r t a t i o n i s o p t i o n a l . For t h o s e r equ i r i ng t r a n s p o r t a t i o n , 
buses h a v e b e e n r e s e r v e d . C o s t i s $6 .00 per p e r s o n . P a y m e n t for t h e p layhouse t i c k e t s 
and t r a n s p o r t a t i o n mus t be inc luded w i t h your p r e r e g i s t r a t i o n . The bu f fe t d inner i s se rved 
a t 6:45 p . m . and buses will l e a v e f rom t h e E x e c u t i v e Tower Inn a t 6:00 p . m . 

MESSAGE C E N T E R 

Mounta in Bell h a s g r ac ious ly a g r e e d to s e t up a m e s s a g e c e n t e r for C o n f e r e n c e a t t e n d e e s 
in t h e r e g i s t r a t i o n a r e a . The number i s (303) 825 -6388 . The m e s s a g e c e n t e r wil l be open 
from 8:00 a . m . - 4:30 p . m . (MDT) on Monday, Tuesday , a n d Wednesday , and f rom 8:00 a . m . 
- 12:00 noon (MDT) on T h u r s d a y . I t wi l l be only for i ncoming c a l l s . 

The re a r e n u m e r o u s pay phones i n t h e C o n f e r e n c e c o m p l e x for ou tgo ing c a l l s . 

SEMINAR 

Thursday , 9:00 a . m . , Augus t 6 , 2nd F l o o r , Room D, 

Orion R e s e a r c h I n c . will p r e s e n t a s e m i n a r e n t i t l e d , " A d v a n c e s in pH and ISE Techno logy" . 
A un ique n e w pH m e a s u r i n g s y s t e m t h a t e l i m i n a t e s m a n y of t h e p r o b l e m s c a u s e d by 
t e m p e r a t u r e wi l l be d e s c r i b e d . In a d d i t i o n , a r e v i e w of c u r r e n t a p p l i c a t i o n s for ion-
s e l e c t i v e e l e c t r o d e s will be p r e s e n t e d . Speaker s will be Mr 3ohn C o n s t a n i n e a u and Mr. 
3ohn O s u m n . 

C O N F E R E N C E EXHIBITION 

Exhibi t s o f n e w c h e m i c a l p r o d u c t s , i n s t r u m e n t s , p u b l i c a t i o n s , and s e r v i c e s will be on 
d isp lay in t h e D e n v e r C o n v e n t i o n C o m p l e x . The sponsor ing s o c i e t i e s o f t h e C o n f e r e n c e 
g r a t e f u l l y a c k n o w l e d g e t h e suppo r t o f t h e e x h i b i t o r s . 

EXHIBIT H O U R S 

O p e n dai ly f r o m 9:30 a . m . to 5:00 p . m . on M onday , Augus t 3 ; Tuesday , Augus t 4 ; and 
Wednesday , Augus t 5 . 

F u t u r e C o n f e r e n c e D a t e s 

August 1 - 6, 1982 

Augus t 14 - 19, 1983 

August 5 - 10, 1984 

3uly 14 - 19, 1985 

August 3 - 8, 1986 
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C O N F E R E N C E EXHIBITORS 
(as of May 22) 

Booth N o . 

A i r - R o w I n s t r u m e n t s 41-43 
A m e r i c a n Monitor C o r p . 31 
A m e r i c a n Sc ien t i f i c P r o d u c t s 60 
A n t e k I n s t r u m e n t s 27 
Bai rd C o r p o r a t i o n 69-70 
B e c k m a n I n s t r u m e n t s , Inc . 67 
Br inkmann I n s t r u m e n t s , Inc . 12 
Bruker I n s t r u m e n t s 53 
C a r l e I n s t r u m e n t s , I n c . 7 
C o u l o m e t r i c s , Inc . 15 
Dionex C o r p o r a t i o n 1-2 
EG&G O r t e c 64 
F inn igan C o r p o r a t i o n 16 
G o w - M a c I n s t r u m e n t C o . 5 6 
H a u s e r L a b o r a t o r i e s 5 
H e w l e t t - P a c k a r d 45 
IBM C o r p o r a t i o n 61-63 
I n s t r u m e n t a t i o n L a b o r a t o r y 17 
I n s t r u m e n t s SA Inc . 36 
I S C O 6 8 
J a r r e l l - A s h 
3EOL USA Inc . 51 
3ohns-Manvi ) le 35 
L a c h a t I n s t r u m e n t Div . 13 
L E C O C o r p o r a t i o n 33-34 
M C B M a n u f a c t u r i n g C h e m i s t s 44 
M e t t l e r I n s t r u m e n t C o r p . 3 7 
M i c r o m e r i t i c s I n s t r u m e n t C o r p . 55 
M i c r o - N o w I n s t r u m e n t C o . , Inc . 52 
N i c o l e t I n s t r u m e n t C o r p . 4 6 
P e r k i n - E l m e r C o r p . 22-24 
R . H . Allen C o . 65 
R o c k y Mounta in Ana ly t i ca l L a b o r a t o r y 32 
S a d t l e r R e s e a r c h L a b o r a t o r i e s 2 0 
S C T Sales , Inc . 21 
S p e c t r a M e t r i c s 6 
S p e c t r a - P h y s i c s 57 
T r a c o r I n s t r u m e n t s 4 
U l t r a C a r b o n C o r p 3 
UT1 26 
Varian I n s t r u m e n t s 14 
VWR Sc ien t i f i c , Inc . 54 
W a t e r s A s s o c i a t e s , Inc . 66 
W e s c a n I n s t r u m e n t s , I n c . 2 5 
Wi lmad Glass C o . Inc . 11 
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O R G A N I Z E R S O F 23rd R O C K Y MOUNTAIN C O N F E R E N C E 

C o n f e r e n c e C h a i r m a n 

C o n f e r e n c e Vice C h a i r m a n 
E x h i b i t s / F a c i l i t y 

R e g i s t r a t i o n / T r e a s u r e r 

Pub l ic i ty 

P r in t ing 

B a n q u e t / M i x e r 

Short C o u r s e s 

Visitor I n f o r m a t i o n 

Audio-Visual 

A t o m i c Emiss ion S p e c t r o s c o p y 

A t o m i c Absorp t ion Spec t ro scopy 

C h r o m a t o g r a p h y 

E n v i r o n m e n t a l C h e m i s t r y 

E P R 

Ion C h r o m a t o g r a p h y 

NMR 

R a m a n S p e c t r o s c o p y 

P o s t e r Sess ions 

M. 3 . F i s h m a n 
U . S . Geo log ica l Survey 

B . Beard 
U .S . D e p t . of Agr i cu l tu re - ARS 

E. A. Brovsky 
Rockwe l l I n t e r n a t i o n a l 

H. E . Tay lor 
U . S . G e o l o g i c a l Survey 

K. 3 . G r o s s a i n t 
R o c k w e l l I n t e r n a t i o n a l 

3 . D . G r o o m s 
Rockwe l l I n t e r n a t i o n a l 

B . M c C a r t h y 
M a r a t h o n Oil C o m p a n y 

B . Wig in ton 
M a r a t h o n Oil C o m p a n y 

3 . Gurnsey 
Love land , C o l o r a d o 

E . Huf fman 
H u f f m a n L a b o r a t o r i e s 

D . Rains 
Huf fman L a b o r a t o r i e s 

SYMPOSIA C H A I R M A N 

F . E . L i c h t e 
U .S . G e o l o g i c a l Survey 

T . N i e m c z y k 

U n i v e r s i t y of New Mexico 

R . Bark ley 

Unive r s i ty of C o l o r a d o 

3 . Bonelli 
U . S . Geo log i ca l Survey 
G . R . E a t o n 
S. S. Ea ton 
Un ive r s i t y of Denve r 
A- F i t c h e t t 
D ionex C o r p . 

F . Miknis 
L a r a m i e E n e r g y Technology C e n t e r 

M . C . G o l d b e r g 
U .S . Geo log i ca l Survey 

3 . Gurnsey 
Love land , C o l o r a d o 
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T E C H N I C A L PROGRAM 

Floor Rm Morning Floor R m Af te rnoon 

Monday 2nd F Ion C h r o m a t o g r a p h y 2nd F Ion C h r o m a t o g r a p h y 
Augus t 3 3 rd F NMR Session I 3rd F NMR Session II 

2nd E C h r o m a t o g r a p h y 2nd E C h r o m a t o g r a p h y 
2nd D G e n e r a l Session 2nd D G e n e r a l Session 

3rd E EPR Session I 

Tuesday 2nd F Ion C h r o m a t o g r a p h y 2nd F Ion C h r o m a t o g r a p h y 
Augus t h 3rd F NMR Session III 3rd F NMR Session IV 

2nd E C h r o m a t o g r a p h y 1st F G e n e r a l Session Pos t e r s 
3rd E E P R Session 11 3rd E E P R Session III 
2nd D A t o m i c Emiss ion S p e c t . 3rd D R a m a n Spec t roscopy 
3rd D R a m a n Spec t ro scopy 2nd D A t o m i c Emission Spec t . 

Wednesday 3rd F NMR Session V 3rd F NMR Session VI 
Augus t 5 3rd E E P R Session IV 1st F NMR P o s t e r s 

2nd D A t o m i c Absorpt ion S p e c t . 1st F EPR Session V P o s t e r s 
2nd E E n v i r o n m e n t a l C h e m i s t r y 2nd D A t o m i c Absorp t ion Spec t . 

2nd E E n v i r o n m e n t a l C h e m i s t r y 
2nd F Ion C h r o m a t o g r a p h y 

Thursday 3rd F NMR Session VII 
Augus t 6 3rd E EPR Session VI 

2nd E E n v i r o n m e n t a l C h e m i s t r y 
2nd F Ion C h r o m a t o g r a p h y 

C H J W A S T R E E T 
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SYMPOSIUM ON ION C H R O M A T O G R A P H Y 

MONDAY MORNING, AUGUST 3 - Second Floor , Room F 
T. 5. S t e v e n s , P r e s id ing 

8:30 I N T R O D U C T O R Y R E M A R K S and INTRODUC TION OF SESSION C H A I R M A N -
A. W. F i t c h e t t 

8:35 1. " S u l f a t e Assay in Biological Fluids by Ion C h r o m a t o g r a p h y " , D. E. C. Cole 
and C . R . Sc r ive r , Mon t r ea l Chi ld rens Hosp i ta l and McGil l U n i v e r s i t y . 

9:00 2 . "Ion C h r o m a t o g r a p h i c D e t e r m i n a t i o n of N o n m e t a l l i c E l e m e n t s in Geo log ica l 
M a t e r i a l s " , 3 . M-' Baldwin and P . R . K lock , U . S . Geo log ica l Survey , and C. 
Poh l , Dionex C o r p . 

9:25 3. "Anion Analysis by Ion C h r o m a t o g r a p h y at t h e Na t iona l Bureau of 
S t a n d a r d s " , W. F. Koch , Na t iona l Bureau of S t a n d a r d s . 

9:50 BREAK 

10:15 4. "Analys i s of Boron by Ion C h r o m a t o g r a p h y in Power P r o d u c t i o n " , M. G. 
Mahnke and 3 . M. G r a y , Ar izona Publ ic S e r v i c e . 

10:40 5 . " I m p a c t of Ion C h r o m a t o g r a p h y on t h e Wate r T r e a t m e n t Indust ry" , 3 . R a w a , 
Ca lgon C o r p . 

11:05 6 . "Ion C h r o m a t o g r a p h y in t h e M i c r o e l e c t r o n i c s Indus t ry" , D. R. Anderson and 
S. A. Shear , IBM. 

11:30 7. " D e v e l o p m e n t of High Speed Ion C h r o m a t o g r a p h y " , 3 . Slanina and F. P. 
B a k k e r , N e t h e r l a n d s Energy R e s e a r c h F o u n d a t i o n . 

SYMPOSIUM ON N U C L E A R MAGNETIC R E S O N A N C E 

MONDAY MORNING, AUGUST 3 - Third F loor , R o o m F 
NMR Session I - Solids - D. N e t z e l , Pres id ing 

8:50 OPENING R E M A R K S 

9:00 44 . R o b e r t Vaughan P lena ry L e c t u r e , "NMR in Sol ids: A Study in Aniso t ropy" , 3 . 
S. Waugh, M a s s a c h u s e t t s I n s t i t u t e of Techno logy . 

9:50 4 5 . " R e c e n t D e v e l o p m e n t s in Mul t ip le Q u a n t i u m NMR", A. P ines , Un ive r s i t y of 
C a l i f o r n i a , B e r k e l e y . 

10:30 BREAK 

11:00 46 . " G e o m e t r y of Molecu les in t h e Amorphous S t a t e by NMR N u t a t i o n S p e c t r o s ­
c o p y " , C. S . Yannoni and R. D. Kendr i ck , IBM R e s e a r c h L a b s . 

11:30 47 . " 1 3 N M R in O r i e n t e d P o l y m e r i c Solids", D . L . V a n d e r H a r t , G . G . A . Bohm, 
and V. O. M o c h e l , N a t i o n a l Bureau of S t a n d a r d s and F i r e s t o n e T i r e and 
R u b b e r C o . 

SYMPOSIUM ON C H R O M A T O G R A P H Y 

MONDAY MORNING, August 3 - Second Floor , R o o m E 
R. M. Bark ley , P res id ing 

8:30 90. P l e n a r y L e c t u r e " T r a c e Analysis of Vola t i le O r g a n i c C o m p o u n d s in 
Biological and E n v i r o n m e n t a l P r o b l e m s " , A l b e r t Z la tk i s , U n i v e r s i t y of 
H o u s t o n . 

9:25 9 1 . "Gas C h r o m a t o g r a p h i c Study of Modified Pyro iy t i ca l ly C o a t e d G r a p h i t e 
Suppor t s " , O . A. Ogunkeye and 3 . A . H o l c o m b e , Un ive r s i t y o f T e x a s , Aus t in . 
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9:50 92 . "Some F a c t o r s Inf luencing Reproduc ib i l i t y in Fused Sil ica C o l u m n s " , T . 3 . 
S t a r k , P . La r son , and R . D a n d e n e a u , H e w l e t t - P a c k a r d C o m p a n y . 

10:15 BREAK 

10:45 9 3 . " D y n a m i c H e a d s p a c e Techn iques for Gas C h r o m a t o g r a p h i c Analysis of 
E n z y m a t i c D e c h l o r i n a t i o n R e a c t i o n s " , B . H o , G . Schl icke iser and 3 . A . 
Thompson , Un ive r s i t y of C o l o r a d o . 

11:10 94. " Q u a n t i t a t i v e D e t e r m i n a t i o n of l , 2 - D i b r o m o - 3 - c h l o r o p r o p a n e in Whole R a t 
Blood a t p a r t per t r i l l ion Leve l s" , P . E . K a s t l , E . A . H e r m a n n a n d W. H . 
Braun, Dow C h e m i c a l C o . 

11:35 9 5 . " O n - C o l u m n Inject ion wi th WCOT C o l u m n s : Q u a n t i t a t i v e Analysis o f 
C a r b a m a t e P e s t i c i d e s , S t e ro ids , and Vola t i le O r g a n i c s " , T . 3 . S t a r k , R . R . 
F r e e m a n and K . Augenbl ick , H e w l e t t - P a c k a r d C o m p a n y . 

G E N E R A L SESSION 

MONDAY MORNING - AUGUST 3 - Second F loo r , Room D 
F . Ryan , Pres id ing 

8:30 111 . "D i f f e r en t i a l Pulse Po la rog raph ic D e t e r m i n a t i o n of Bromide in Brine Solu­
t i o n s " , L . J a c k s o n and S . Wilson, U . S . Geo log ica l Survey . 

8:55 112. "High Prec i s ion C o m p l e x o m e t r i c T i t r a t i o n of C a d m i u m in t h e P r e s e n c e of 
U r a n i u m " , 3 . R . D e l m a s t r o , Exxon Nuc lea r Idaho C o m p a n y . 

9:20 113. "Vacuum U l t r a v i o l e t C i r cu l a r D ich ro i sm: App l i ca t ions to Po ly saccha r ide s " , 
E. S. S t e v e n s , Un ive r s i t y of New York at B inghamton . 

9:45 BREAK 

10:15 114. " M a c r o e n c a p s u l a t e d X A D - 2 E x t r a c t i o n Techn ique for a Rapid Q u a n t i t a t i o n 
of Acidic and Neu t r a l Drugs in Whole Blood", N. E iah i , Chief Medical 
Examiner O f f i c e , New York . 

10:40 115. " R e a c t i v i t y of Subs t i t u t ed Pheny lnad imides" , R. W. Lauver and W. B. Als ton , 
NASA Lewis R e s e a r c h C e n t e r . 

11:05 116. " A u t o m a t i c F low In jec t ion Analysis - A New T e c h n i q u e for High Speed Wet 
C h e m i c a l Analys i s" , C . R a n g e r , L a c h a t I n s t r u m e n t Div. 

11:30 117. "Sepa ra t i on of Inorganic and O r g a n i c Anions on a H P L C R e v e r s e d - P h a s e 
C o l u m n " , N . Skel ly , The Dow C h e m i c a l C o m p a n y . 

SYMPOSIUM ON ION C H R O M A T O G R A P H Y 

MONDAY A F T E R N O O N , AUGUST 3 - Second F loor , Room F 
T. S. S t evens , P res id ing 

1:30 8. " Iden t i f i ca t ion of Explosives and Explosive Res idues by Ion C h r o m a t o ­
g raphy" , D . 3 . R e u t t e r , R . C . B u e c h e l e , T . L . Rudolph , and E . C . Bender , 
F e d e r a l Bureau of Inves t i ga t i on . 

1:55 9. "Analys is of Boron by Ion C h r o m a t o g r a p h y Exclus ion" , 3 . P. Wi lsh i re , U .S . 
Borax R e s e a r c h C o r p o r a t i o n . 

2:20 10. "Analysis of F luo r ide in Nylon", 3 . P . P r i c e , N. W. S t a c y , and 3 . R. Hawkins , 
A m e r i c a n Enka C o m p a n y . 

2 :45 11 . " O x a l a t e Q u a n t i t a t i o n by Ion C h r o m a t o g r a p h y : C l in ica l App l i ca t ions" , C^ 
Mahle and M. Menon, Washington Unive r s i ty School of Med ic ine . 

3:10 BREAK 
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3:35 12. "Mobi le Phase Ion C h r o m a t o g r a p h y (MPIC)" , C. A. Pohl and M. E b e n h a h n , 
Dionex C o r p . R&D D e p t . 

4:00 13. "Ion C h r o m a t o g r a p h i c Analysis of G a s e o u s and P a r t i c u l a t e F luor ide E m i s ­
s ions f rom Br ickworks and Alumin ium S m e l t e r s " , C . 3 . 3ackson , D . Bussan , 
and C . N e u b e r g e r , H e a l t h and Sa fe ty E x e c u t i v e , London . 

4:25 14. " T e m p e r a t u r e E f f e c t s in Ion C h r o m a t o g r a p h y " , D. R. Baker and C. A. 
B u r g e t t , H e w l e t t - P a c k a r d . 

SYMPOSIUM ON NUCLEAR MAGNETIC RESONANCE 

MONDAY A F T E R N O O N , AUGUST 3 - Third F loo r , R o o m F 
NMR Session II - Solids - D. N e t z e l , P res id ing 

1:30 48 . " E l i m i n a t i o n of Seve re M a g n e t i c Suscep t ib i l i t y Broadening in Solid S t a t e 
NMR", M. S to l l , Sandia Na t iona l L a b s . 

2:00 49 . , , 2 7 A 1 NMR C h a r a c t e r i z a t i o n o f Aluminum Si tes in Amorphous and C r y s t a l ­
l ine S i l i ca -Aluminas" , E . G . D e r o u a n e , 3 . B . Nagy , 3 . P . Gi l son , a n d Z . 
G a b e l i c a , F a c u l t e s U n i v e r s i t a i r e s D e N a m u r , Be lg ium. 

2:30 50. " C P / M A S Studies o f Sur face Adsorbed a n d Sur face A t t a c h e d Spec i e s " , G . E . 
Mac ie l and I . S . C h u a n g , C o l o r a d o S t a t e U n i v e r s i t y . 

3:00 BREAK 

3:30 5 1 . " C h a r a c t e r i z a t i o n of Zeo l i t e Mo lecu l a r Seives by Magic Angle S i l i con-29 
NMR", M. 3 . Me lch io r , Exxon R e s e a r c h a n d Engineer ing C o m p a n y . 

4:00 52 . "Spin 1/2 Nucle i in C a t a l y t i c E n v i r o n m e n t s " , W. Dawson, R. Inners , a n d P. 
El l is , Un ive r s i t y of South C a r o l i n a . 

4:30 5 3 . "Solid S t a t e High Reso lu t ion 1 3 C NMR o f O r g a n o m e t a l l i c s ; C o r r e l a t i o n s 
w i t h X - R a y C r y s t a l l o g r a p h y " , N . Zumbulyad i s , D . L . Smith a n d S . G r o s s , 
E a s t m a n Kodak R e s e a r c h Labs . 

SYMPOSIUM ON C H R O M A T O G R A P H Y 

MONDAY A F T E R N O O N , AUGUST 3 - Second Floor , R o o m E 
D. B. Bla i r , P res id ing 

1:30 9 6 . " F l u o r o m e t r i c Pos t co lumn R e a c t i o n D e t e c t o r for D e t e r m i n a t i o n o f t h e 

Anions NO2" S 2 O 3 ' " a n < j f i n H P L C " , L . R . F ie ld and Sun Haing L e e , 

Un ive r s i t y of Wash ing ton . 

1:55 9 7 . "Au tox ida t i on C h e m i l u m i n e s c e n c e D e t e c t o r (AOCL) for Liquid C h r o m a t o ­
g raphy" , M. S . G a n d e l m a n and 3 . W. B i rks , Un ive r s i ty o f C o l o r a d o . 

2:20 9 8 . Mul t id imens iona l Liquid C h r o m a t o g r a p h y for t h e Analysis of C o m p l e x 
S a m p l e s " , K . Ogan and E . K a t z , P e r k i n - E l m e r C o r p . 

2 :45 BREAK 

3:15 9 9 . " O p t i m i z a t i o n of Resin Based Co lumn Pack ing for Rapid H P L C C a r b o ­
h y d r a t e Analys is" , M. 3 . G r a y , B io-Rad L a b o r a t o r i e s . 

3:40 100. " S e l e c t i v i t y of Pack ings and So lven t s" , T . Hanai and 3 . H u b e r t , U n i v e r s i t e de 
M o n t r e a l . 

4:05 1 0 1 . " I m p o r t a n c e o f Solvent C h o i c e and So lven t Handl ing in C h r o m a t o g r a p h y " , 3 . 
W. Hube r t and 3 . T . P r z y b y t e k , Burdick a n d 3ackson L a b o r a t o r i e s , Inc . , 

4:30 102 . "The T h r e e Micron Column - A Sys t em C o n s i d e r a t i o n " , M. Bens inger a n d T. 
M e y e r s , L a b o r a t o r y D a t a C o n t r o l . 
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G E N E R A L SESSION 

MONDAY A F T E R N O O N , Augus t 3 - Second Floor , R o o m D 
3 . L . See l ey , P res id ing 

1:30 118. " D e t e r m i n a t i o n of Pyro l i z id ine Alkaloids in P l a n t E x t r a c t s by GC-CIMS" , 3 . 
W. M c C o y , F . R . S t e r m i t z , and R . K . Skoge rboe , C o l o r a d o S t a t e U n i v e r s i t y . 

1:55 119. "The G e n e r a t i o n a n d D e t e r m i n a t i o n of Vola t i le M e t a l C h e l a t e s by A n a l y t i c a l 
R e a c t i o n Gas C h r o m a t o g r a p h y " , S . R . Hil l and R . K . Skoge rboe , C o l o r a d o 
S t a t e U n i v e r s i t y . 

2:20 120. " E l e c t r o c h e m i c a l D e t e r m i n a t i o n of C o p p e r Spec i e s Tox ic to Ra inbow 
T r o u t " , C . R . G u m i n a , R . K . Skogerboe , and P . H . D a v i e s , C o l o r a d o S t a t e 
U n i v e r s i t y . 

2:45 121 . "An Inves t iga t ion of t h e Mechan i sms Involved in P n e u m a t i c Nebu l i za t i on and 
Their E f f ec t on t h e Aerosol P roduced" , K. G. Kronho lm and R. K. 
Skogerboe , C o l o r a d o S t a t e Un ive r s i t y . 

3:15 BREAK 

3:40 122. "The D e t e r m i n a t i o n of I so tope R a t i o s in M e r c u r y by A t o m i c Absorp t ion 
Spec t ro scopy" , M. D . VanArendonk and R . K . Skogerboe , Co lo rado S t a t e 
U n i v e r s i t y . 

4:05 123. " Inves t iga t ions of Mat r ix I n t e r f e r e n c e E f f ec t s in G r a p h i t e f u r n a c e A t o m i c 
Absorp t ion by Mul t ip le Wave leng th S p e c t r o m e t r y " , 3 . M. Sheki ro , 3r . and R. 
K . S k o g e r b o e , C o l o r a d o S t a t e Un ive r s i ty . 

4:30 124. " E x t e n d i n g t h e L inea r D y n a m i c R a n g e in G r a p h i t e F u r n a c e A t o m i c Absorp ­
t ion us ing a Pho tod iode Ar r ay" , 3 . L. Mag la ty and R. K. Skogerboe , C o l o r a d o 
S t a t e U n i v e r s i t y . 

SYMPOSIUM ON E L E C T R O N PARAMAGNETIC R E S O N A N C E 

MONDAY A F T E R N O O N , AUGUST 3 - Third F loor , R o o m E 
EPR SESSION I - G. R. E a t o n , Pres id ing 

1:30 I N T R O D U C T O R Y R E M A R K S - G. R. E a t o n 

1:35 140. P lena ry L e c t u r e "EPR S tud ies of M u l t i - P r o t e i n C o m p l e x e s " , B. 3 . Ga f fney , 
The 3ohns Hopkins U n i v e r s i t y . 

2:20 141 . " A d v a n t a g e s of and D e u t e r i u m Subs t i t u t ed Spin Labe l s for Q u a n t i t a t i v e 
S imula t ion of EPR and ST-EPR S p e c t r a in Biological S tud ie s" . A. H. Be th , K. 
B a l a s u b r a m a n i a n , R. T. Wilder , S . D. V e n k a t a r a m u , B. H. Robinson , L. R. 
D a l t o n , D . E . P e a r s o n , C . R . P a r k , and 3 . H . P a r k , Vanderb i l t U n i v e r s i t y . 

2:40 142. "An i so t rop ic Mot iona l Models in ST-EPR at 9 and 35 G H z " , L. L e e , L . Fung , 
Wayne S t a t e U n i v e r s i t y , and M. E . 3ohnson, U n i v e r s i t y of Illinois a t t h e 
Medica l C e n t e r . 

3:00 BREAK 

3:30 143. Ca(ll) a n d Mn(II) Binding to - L a c t a l b u m i n " , K. M u r a k a m i , H. Nish ikawa, P . 
3 . A n d r e e , and L . 3 . Be r l i ne r , Ohio S t a t e U n i v e r s i t y . 

4:00 144. "A P robe of D i f f e r en t i a l C o v a l e n c y of M e t a l - L i g a n d Bonds in 
M e t a l l o e n z y m e s " , M. W. Makinen , A. C. K u o , a n d M. B. Y i m , Un ive r s i t y of 
C h i c a g o . 

4:30 145 . "Use of M e t h y l m e r c u r y as a Sp in-Orb i t P r o b e in O p t i c a l l y D e t e c t e d 
M a g n e t i c R e s o n a n c e to Dis t inguish B e t w e e n S ing le -S t randed and Duplex 
DNA", C . K. O t t and A. H. Maki , Un ive r s i t y o f Ca l i fo rn i a a t Dav i s . 

4:45 146. "The Synthesis and EPR S p e c t r a of T h r e e Novel Spin Labe led Crown E t h e r s " , 
M. E a s t m a n , Un ive r s i ty of Texas at El P a s o . 
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SYMPOSIUM ON ION C H R O M A T O G R A P H Y 

TUESDAY M O R N I N G , AUGUST 4 - Second F l o o r , R o o m F 
3 . S lan ina , P re s id ing 

8:30 I NT ROD U CT I ON OF SESSION C H A I R M A N - A. W. F i t c h e t t 

8:35 15. " F u r t h e r Work in t h e Use of Ion C h r o m a t o g r a p h y as a P rob lem-So lv ing Tool 
for E l e c t r o n i c C o m p o n e n t s and E q u i p m e n t " , L . A. P s o t a , Bell L a b o r a t o r i e s . 

9:00 16. " A u t o m a t i o n of an Ion Cf i romatograph for P r e c i p i t a t i o n Analysis wi th 
C o m p u t e r i z e d D a t a R e d u c t i o n " , A . Hedley and M. F i s h m a n , U.S . Geo log i ca l 
Survey . 

9:25 17. " D e t e r m i n a t i o n of Hydrogen C y a n i d e in E n v i r o n m e n t a l Samples by Ion 
C h r o m a t o g r a p h y " , T . W. Do lz ine , G . C . Espos i to , R . 3 . Gaf fney , U . S . Army 
E n v i r o n m e n t a l Hygiene Agency . 

9:50 BREAK 

10:15 18. "A Novel Suppress ion Means for Ion C h r o m a t o g r a p h y " , T. S. S t e v e n s , 3 . C. 
D a v i s , and H . Smal l , Dow C h e m i c a l . 

10:40 19. "Single C o l u m n Ion C h r o m a t o g r a p h y for t h e D e t e r m i n a t i o n of P P B Levels of 
Ch lo r ide and Su l fa te i n C o n d e n s a t e W a t e r s " , 3 . S . F r i t z and D . T . G je rda , 
A m e s L a b o r a t o r y , and K. M. R o b e r t s , R e p u b l i c of South Af r i ca . 

11:05 20 . "High P e r f o r m a n c e Ion C h r o m a t o g r a p h y (HPIC)" , C. A. Pohl and A. 
Woodruff, D ionex C o r p . R&D D e p t . 

11:30 2 1 . "Some Appl ica t ions of IC and ICE in t h e P h a r m a c e u t i c a l Indus t ry" , 1^ 
Lindberg , P h a r m a c i a AB, Sweden . 

SYMPOSIUM ON NUCLEAR MAGNETIC R E S O N A N C E 

TUESDAY MORNING, AUGUST 4 - Third F loor , Room F 
NMR Session III - B iopo lymers - N. Zumbulyad i s , P res id ing 

8:30 54 . "I3c NMR Studies of Lipid-Lipid and Lipid P r o t e i n I n t e r a c t i o n s in Phos ­
pholipid Ves ic les" , 3 . H . P r e s t e g a r d , L i -da Ony, and M. A. F u s o n , Y a l e 
U n i v e r s i t y . 

9:00 55. " 1 H NMR Study of t h e L o c a t i o n and Motion of Ubiquinones in P e r d e u t e r a t e d 
Phospha t idy lcho l ine Bi layers" , P . B . Kings ley and G. W. F e i g e n s o n , Corne l l 
U n i v e r s i t y . 

9:30 56. , , 3 1 P NMR Studies o f t h e Phospho l ip id -Pro te in I n t e r f a c e in C e l l M e m ­
b r a n e s " , P . L . Y e a g l e , SUNY a t Buffa lo . 

10:00 BREAK 

10:30 57. " C - ^ H Bond Order P a r a m e t e r D i s t r i bu t i ons for Pa r t i a l l y O r d e r e d Sys t ems 
w i t h Axial S y m m e t r y " , 3 . H . Dav i s , U n i v e r s i t y o f Gue lph . 

11:00 58. "NMR Studies of Bi layer M e m b r a n e s a t 500 MHz" , S . C h a n , Ca l i fo rn ia 
I n s t i t u t e of Techno logy" 

11:30 59. "S tud ie s of Molecula r Dynamics Using 1 3 C NMR", R. E . London , R. L . 
Blak ley , 3 . P . Groff , L . C o c c o , 3 . M. S t e w a r t , M. H . Phi l l ippi , a n d G . K w e i , 
Los Alamos Na t iona l Lab , Un ive r s i t y of Iowa and Un ive r s i t y of C o l o r a d o 
Medica l C e n t e r . 
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SYMPOSIUM ON C H R O M A T O G R A P H Y 

TUESDAY MORNING, AUGUST 4 - Second F loor , Room E 
C . E . Andre , P res id ing 

8:30 103. "High Speed Sepa ra t i on ol U l t r a v i o l e t Absorbing C o n s t i t u e n t s in Ur ine by 
Liquid C h r o m a t o g r a p h i e s " , T . Hana i and 3 . H u b e r t , U n i v e r s i t e d e M o n t r e a l . 

8:55 104. "Very High-Speed Liquid C h r o m a t o g r a p h y for Energy and E n v i r o n m e n t a l 
R e s e a r c h " , M. W. Dong , K . Ogan , 3 . L . D i C e s a r e , P e r k i n - E l m e r C o r p . 

9:20 105. " C h l o r a m p h e n i c o l Analysis by H P L C " , D . L . Swafford , L a b o r a t o r y D a t a 
C o n t r o l , R i v i e r a Beach , F L , and 3 . T r u e t i n g , Un ive r s i t y o f Texas Medical 
School . 

9:45 106. "The D e t e r m i n a t i o n of C a l c i u m P a n t o t h e n a t e in Nu t r i t i ona l S u p p l e m e n t s by 
High P e r f o r m a n c e Liquid C h r o m a t o g r a p h y Using a Var iable Wave leng th UV 
D e t e c t o r " , T . 3 . Hudson, Shaklee C o r p . 

10:10 BREAK 

1D.-25 107. "An H P L C M e t h o d for t h e D e t e r m i n a t i o n of Qujnidine in Se rum" , C. P . 
P a t e l , Miles L a b o r a t o r i e s , Inc . 

10:50 108. " S e p a r a t i o n of Adenois ine Monophospha te s by R e v e r s e - P h a s e HPLC" , D. 
R a m o s , U n i v e r s i t y o f C o l o r a d o , C o l o r a d o Spr ings . 

11:15 109. "Use of H P L C in t h e D e t e c t i o n of Phenols in Indus t r ia l Aqueous Ef f luen t s" , 
G . R e h a g e n , K . T h o m a s and 3 . Going , Midwes t R e s e a r c h I n s t i t u t e . 

11:40 110. "Liquid C h r o m a t o g r a p h i c Sepa ra t i on of Shale Oils and Syncrudes by H y d r o ­
c a r b o n T y p e " , R . L . Mi l le r , K . O g a n , and L . He l l inge r , P e r k i n - E l m e r C o r p . 

SYMPOSIUM ON E L E C T R O N P A R A M A G N E T I C R E S O N A N C E 

TUESDAY MORNING, AUGUST 4 - Third F loor , Room E 
EPR SESSION II - I. B. G o l d b e r g , P res id ing 

8:30 147. P l ena ry L e c t u r e " P a r a m a g n e t i c D e f e c t Spec ies in Silicon Dioxide" , J . A. 
Weil , R . H. D. N u t t a l l and 3 . I soya , Un ive r s i t y of S a s k a t c h e w a n . 

9:15 148. " P h o t o c h e m i c a l S tudies of D e f e c t S t a t e s in Inorganic Solids by EPR" , R. S. 
E a c h u s , E a s t m a n Kodak C o m p a n y . 

9:45 149. "Opt i ca l ly D e t e c t e d M a g n e t i c R e s o n a n c e of t h e T r i p l e t S t a t e s o f Thiour -
ac i l s " , M. R. T a h e r i a n , and A. H. Maki , Un ive r s i t y of Ca l i fo rn ia a t Dav i s . 

10:00 BREAK 

10.30 150. " E P R Inves t iga t ion of U . V . - i r r a d i a t e d RDX Single C r y s t a l s at 77 K", M. D. 
P a c e and W. B . Moniz , Naval R e s e a r c h L a b o r a t o r y . 

10:50 151 . "The Varied Guises of Alkoxy R a d i c a l s " , H. C. Box, Roswei l Park Memor ia l 
I n s t i t u t e . 

11:15 152. "Spin Diffusion in Single C r y s t a l s of Alkali Biphenyi" , E. de Boer and O. 
T a k i z a w a , Un ive r s i t y of N i jmegen . 

11:35 153. "An EPR Study of t h e F r e e R a d i c a l P r o c e s s e s O c c u r r i n g in t h e R e a c t i o n of 
AsF5 w i t h a p - T e r p h e n y l Single C r y s t a l " , L . D. K i s p e r t and K. Eze l l , The 
Un ive r s i t y of A l a b a m a . 
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SYMPOSIUM ON ATOMIC EMISSION S P E C T R O S C O P Y 

TUESDAY MORNING, AUGUST 4 - Second F loo r , R o o m D 
F . E . L i c h t e , P res id ing 

8:30 2 0 2 . Inv i ted Speaker - " C u r r e n t T rends and N e w D i r e c t i o n s in A t o m i c S p e c t r o s ­
copy" , G. M. Hief t je , Indiana U n i v e r s i t y . 

9:15 2 0 3 . Us ing an I n t e g r a t e d , M i c r o c o m p u t e r - C o n t r o l l e d , Ad jus tab le -Waveform Spark 
Source for S p e c t r o c h e m i c a l Analysis w i t h Synchronous ly -Ga ted D e t e c t i o n " , 
S . G. B a r n h a r t and 3 . P . W a l t e r s , Un ive r s i t y of Wiscons in-Madison. 

9:35 204 . " O b s e r v a t i o n s on t h e I n t e r f a c i n g o f t h e I C P to C h r o m a t o g r a p h s for E l e m e n t 
Spec i f ic D e t e c t i o n " , D . A . Y a t e s , D . F r a l e y , S . Manahan , D . D u e b e l b i s e , a n d 
5 . Kap i l a , Un ive r s i t y of Missour i . 

9:50 BREAK 

10:20 2 0 5 . " A c c u r a t e Analysis of High Solids C o n t a i n i n g Solut ions by I C A P - O E 5 " , A. F . 
Ward , R . K. Brown, L . C a r r a r a , S . C o l o s i m o , V. L u c i a n o , and L . M a r c i e l l o , 
3 a r r e l l - A s h Division Fisher Sc ien t i f i c C o m p a n y . 

10:40 2 0 6 . " C h a r a c t e r i z a t i o n of E f f ec t s f rom High Dissolved Solids on T r a c e E l e m e n t 
D e t e r m i n a t i o n s b y Induc t ive ly C o u p l e d P l a s m a S p e c t r o m e t r y " , 3 . R . 
G a r b a r i n o , G . K i m b e r , and H . E . T a y l o r , U .S . Geo log ica l Survey. 

11:00 2 0 7 . "A Modular Approach to Induc t ive ly Coupled P l a s m a Analys i s" , 3 . 
K a t z e n b e r g e r , R . R a n d a z z o and S . B e r m a n , I n s t r u m e n t s SA, Inc . 

11:20 2 0 8 . " O p t i m i z a t i o n S tud ies of a S p u t t e r i n g A t o m i z a t i o n — M e t a s t a b l e T rans fe r 
Emission Source" , S . D. Hornung and T. M. N i e m c z y k , Un ive r s i t y of New 
M e x i c o . 

SYMPOSIUM ON R A M A N S P E C T R O S C O P Y 

TUESDAY MORNING, AUGUST 4 - Third F l o o r , Room D 

8:15 I N T R O D U C T I O N - M. C. Go ldbe rg , P res id ing 

8:20 2 5 1 . K e y n o t e Speake r - " C o n f o r m a t i o n a l a n d Dynamica l P r o p e r t i e s of Biological 
M e m b r a n e s by R a m a n S p e c t r o s c o p y " , I . W. Levin , Na t iona l I n s t i t u t e s of 
H e a l t h . 

9:05 2 5 2 . " D e t e r m i n a t i o n o f -Turn C o n f o r m a t i o n by Laser R a m a n S p e c t r o s c o p y " , H . 
I sh izaki , P . B a l a r a m , R. N a g a r a j , Y . V. V e n k a t a c h a l a p a t h i , and A. T . Tu , 
Indian I n s t i t u t e o f S c i e n c e , B a n g a l o r e , and Co lo rado S t a t e U n i v e r s i t y . 

9:30 2 5 3 . R e s o n a n c e R a m a n Studies of Molecu la r Oxygen A d d u c t s of Co(II) C h e l a t e s 
in Solut ion Equi l ibr ia" , K. N a k a m o t o , M. W. U r b a n , Y. N o n a k a , and T. 
Ishiguro , M a r q u e t t e U n i v e r s i t y . 

9:55 BREAK 

10:25 2?t(. " R e s o n a n c e R a m a n S p e c t r a , E x c i t a t i o n Prof i les and N o r m a l C o o r d i n a t e 
Analysis o f Po ta s s ium Bis (Di th iooxa la to)Nicke lOl)" , R . C z e r n u s z e w i c z , D. 
P . S t r o m m e n , and K . N a k a m o t o , M a r q u e t t e Un ive r s i t y . 

10:50 2 5 5 . " E x t e n d e d - R a n g e R e s o n a n c e R a m a n Including UV-Laser E x c i t a t i o n " , P . 3 . 
T r o t t e r , E a s t m a n Kodak C o m p a n y . 

11:15 256 . " O b j e c t i v e C o n s i d e r a t i o n s in t h e M e a s u r e m e n t of Po la r i zed R a m a n S p e c t r a 
wi th t h e MOLE", M. E . Ande r sen , Wal t e r C . McCrone A s s o c i a t e s , Inc . 

11:40 2 5 7 . " M e c h a n i s m s of Aqueous Sorp t ion on to G i b b s i t e Measu red by R a m a n S p e c t r ­
oscopy" , K . M. Cunn ingham a n d M. C . G o l d b e r g , U.S . Geo log ica l Survey . 
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SYMPOSIUM ON ION C H R O M A T O G R A P H Y 

TUESDAY A F T E R N O O N , AUGUST 4 - Second F loor , R o o m F 
3 . Slanina , P res id ing 

1:30 2 2 . "Ion C h r o m a t o g r a p h i c Analysis of An ima l F e e d s " , A. MacDona ld , R. 
S a p e r s t e i n , F . Sche id l , E . H a r g r o v e s , and A . L o v e , Hof f m a n n - L a R o c h e Inc . 

1:55 2 3 . " C o m p u t e r i z e d Acquis i t ion and R e d u c t i o n o f Ion C h r o m a t o g r a p h i c D a t a " , C . 
C . T o r q u a t o , N . L a t n e r , and D - C . Bogen, U . S . D e p a r t m e n t o f Ene rgy . 

2:20 2 1 . "Low L e v e l Bromide D e t e r m i n a t i o n in Drinking W a t e r s by Ion C h r o m a t o g ­
raphy" , A . E a t o n , D . P i e t z , A . T russe l , a n d L . L e o n g , J a m e s M. 
M o n t g o m e r y E n v i r o n m e n t a l R e s e a r c h L a b . 

2 :45 2 5 . "The R e m o v a l of Iron I n t e r f e r e n c e in IC Analysis by C o m p l e x a t i o n " , N. S . 
Simon, U. S . Geo log i ca l Survey . 

3:10 BREAK 

3:35 26 . "App l i ca t ion of S i m u l t a n e o u s D e t e c t i o n in I C " , E . L . Johnson , and E. 
Car r i e r s , Dionex C o r p . , and R . Wil l iams, All ied C h e m i c a l . 

4:00 27 . " R e s i s t i v i t y D e t e c t i o n o f Weak Acids : C a r b a m a t e s and C a r b o n a t e s " , R . K . 
P i n s c h m i d t , J r . and M . 3 . F a s o l k a , Air P r o d u c t s and C h e m i c a l s . 

4:25 2 8 . " D e t e r m i n a t i o n of Boron and Phosphorous in S i l i ca t e Glasses by ICE", R. M. 
Mer r i l l , Sandia N a t i o n a l L a b s . 

SYMPOSIUM ON N U C L E A R MAGNETIC R E S O N A N C E 

TUESDAY A F T E R N O O N , AUGUST 4 - Th i rd F loor , R o o m F 
NMR Session IV - B iopo lymers - N. Zumbulyad i s , P re s id ing 

1:30 60 . "Solid S t a t e N M R Studies of P r o t e i n a n d DNA D y n a m i c s " , S . 3 . O p e l l a , 
Un ive r s i t y of Pennsy lvan i a . 

2:00 6 1 . " S t r u c t u r e and I n t e r a c t i o n o f Spec i f ica l ly C a r b o n - 1 3 Labe led T rans fe r 
RNA's" , M. P . S c h w e i z e r , Un ive r s i ty o f U t a h . 

2:30 62 . " C P - M A S 1 3 C NMR o f C a r b o h y d r a t e s C o n t a i n i n g G lucose" , W. L . Ea r l and 
P . E . P fe f fe r , Na t iona l Bureau of S t a n d a r d s , Los Alamos N a t i o n a l Lab and 
U.S . D e p a r t m e n t o f A g r i c u l t u r e . 

3:00 BREAK 

3:30 6 3 . "Lase r Pho to C I D N P S tud ies o f A lpha -Lac t a lbum 'ms" , L . 3 . Be r l ine r , Ohio 
S t a t e U n i v e r s i t y . 

4:00 6 4 . "H3cd and 3 1 P NMR o f Me ta l l o -A lka l i ne P h o s p h a t a s e " , P . G e t t i n s and 3 . E . 
C o l e m a n , Y a l e U n i v e r s i t y . 

4:30 6 5 . "App l i ca t i on o f 1 5 N NMR Spec t roscopy t o Biological S y s t e m s " , K . 
K a n a m o r i , W. W. Bachovch in , T . L . L e g e r t o n , B . L . Va l l ee , R . L . Weiss , and 
3 . D . R o b e r t s , Ca l i fo rn i a I n s t i t u t e o f Techno logy , Tuf t s Un ive r s i t y , U C L A , 
and H a r v a r d U n i v e r s i t y . 
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G E N E R A L SESSION - P O S T E R S 

TUESDAY A F T E R N O O N , AUGUST <t - F i r s t F loo r , R o o m s E - F 
3 . G u r n s e y , P r e s id ing 
1:30 - 5:00 
Authors P r e s e n t 1:30-2:30 for p a p e r s l abe led A; 2 :30-3 :30 for p a p e r s l abe led B; 

3:30-*:30 for p a p e r s l abe led C . 

125. "Qua l i t y C o n t r o l o f C o m m e r c i a l P r o d u c t s as Viewed by t h e Ana ly t i ca l 
C h e m i s t " , P . A . H y m a n , Rockwel l I n t e r n a t i o n a l . 

126. " C h a r a c t e r i z a t i o n o f O r g a n i c C o m p o u n d s Assoc ia t ed wi th W e a t h e r e d 
S u r f a c e - R e t o r t e d Spent Shale Using Cap i l l a ry Gas C h r o m a t o g r a p h y / M a s s 
S p e c t r o m e t r y / C o m p u t e r T e c h n i q u e s " , W. E . P e r e i r a , C . E . R o s t a d , T . R . 
S t e i n h e i m e r , and S. M. 3ohnson, U .S . Geo log i ca l Survey . 

127. " O r g a n i c C o n t a m i n a n t s in Ash, W a t e r , and Sed imen t Samples Assoc ia t ed 
w i t h Mount S t . He l ens , 1980 Volcanic E rup t ion" , C . E . R o s t a d , W. E . P e r e i r a , 
H . E . Tay lo r , U .S . Geo log ica l Survey . 

128. "An A u t o m a t i c Solid S t a t e Gas A n a l y z e r " , 3 . Sa lsg iver , Un i t ed T e c h n i c a l 
C o r p . 

129. " O p t i c a l Absorp t ion o f S e m i c o n d u c t i n g K T N ( K T A f . x N b x 0 3 ) Single C r y ­
s t a l s " , M. Tsuk ioka , 3 . Tanaka a n d B . O k a i , Na t iona l I n s t i t u t e for R e ­
s e a r c h e s in Inorgan ic M a t e r i a l s . 

130. " I m p a c t of Mic ro R a m a n Analysis on Molecu la r Iden t i f i ca t ion and Micro 
S t r u c t u r e C h a r a c t e r i z a t i o n " , F . A d a r , I n s t r u m e n t s SA. 

131 . " D e t e r m i n a t i o n of Weak Acids by Ion C h r o m a t o g r a p h y w i t h C o n d u c t i o m e t r i c 
D e t e c t i o n " , T . Sunden and M. L indgren , D e p t . o f Ana ly t i ca l C h e m i s t r y , U m e a , 
S w e d e n . 

B 132. " U s e of a Dionex Anion Sepa ra to r Co lumn for C a t i o n S e p a r a t i o n s " , 3. W. 
W i m b e r l e y , C o n o c o . 

C 133. " N e w Eluen t for t h e Ion C h r o m a t o g r a p h i c Sepa ra t i on of Alkal ine E a r t h 
M e t a l s " , 3 . W. W i m b e r l e y , C o n o c o . 

A 1 3 * . T e c h n i q u e s for t h e R o u t i n e Analysis of A m b i e n t Sulfur Dioxide by Ion 
C h r o m a t o g r a p h y " , M. 3 . Z i m m e r m a n , 3 . M. 3enks , G . D e a n , T e x a s Air 
C o n t r o l Board . 

B 135. " D e t e r m i n a t i o n of Bromide in Geo log ic M a t e r i a l s of High Ch lo r ide C o n t e n t 
by Ion C h r o m a t o g r a p h y " , S . Wilson a n d L. 3 a c k s o n , U.S . Geo log ica l Survey . 

C 136. " D e t e r m i n a t i o n of Dissolved Boron in N a t u r a l W a t e r s by D . C . Argon P l a s m a 
Emission S p e c t r o m e t r y " , A. M. Ne fcy , U. S . Geo log ica l Survey . 

A 137. " E f f e c t s of S t r e e t Sa l t ing on A m b i e n t Air Moni to r ing of P a r t i c u l a t e 
P o l l u t a n t s i n D e t r o i t " , P . O . Warne r , 3 . O . K e r m o s h c h u k , Wayne C o u n t y 
H e a l t h D e p t . , and 3 . O . 3ackson , Los Alamos Sc ien t i f i c L a b . 

B 138. " S t a n d a r d R e f e r e n c e M a t e r i a l s " , R. K. Ki rby , N a t i o n a l Bureau of S t a n d a r d s . 

C 139. " C h a r a c t e r i z a t i o n of P o l y m e r i c P l a s t i c i z e r s by Size Exclusion C h r o m a t o g ­
r a p h y and High P e r f o r m a n c e Liquid C h r o m a t o g r a p h y " , C . E . K u r a c h i , K . L . 
Wong , and D . D . Solomon, A m e r i c a n M c G a w . 
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SYMPOSIUM ON E L E C T R O N PARAMAGNETIC R E S O N A N C E 

TUESDAY A F T E R N O O N , AUGUST 4 - Third F loor , Room E 
E P R SESSION III - 3. R. P i lb row, Pres id ing 

1:30 154. P l ena ry L e c t u r e " S t r u c t u r e and R e a c t i v i t y of Simple A lkane C a t i o n s and 
C h a r a c t e r i z a t i o n o f Hydrogen Atom R e a c t i o n s w i t h Alkanes in Low T e m p e r ­
a t u r e Solids", M . Iwasaki , G o v e r n m e n t Indus t r i a l R e s e a r c h , Nagoya . 

2 :15 155. " E N D O R Stud ies o f C o a l and i t s P r o t i a t e d and D e u t e r a t e d P r o d u c t s " , I . 
Go ldbe rg , S c i e n c e C e n t e r , Thousand O a k s , C a l i f o r n i a , L . Da l ton and H . 
T o m a n n , SUNY a t Stony Brook. 

2:40 156. " E l e c t r o n P a r a m a g n e t i c R e s o n a n c e of Whole P . R . Spring Ta r Sand and Its 
Various F r a c t i o n s " , V. M. Ma lho t r a and W. R. M. G r a h a m , T e x a s C h r i s t i a n 
U n i v e r s i t y . 

2 :55 157. "An EPR Study of a B i tuminous and a Sub-b i tuminous C o a l and Their in Situ 
Ox ida t i on" , V. M. M a l h o t r a and W. R. M. G r a h a m , Texas C h r i s t i a n 
U n i v e r s i t y . 

3:05 BREAK 

3:35 158. "EPR S p e c t r a of S tab le F r e e Rad ica l s Adsorbed on Meta l Sur faces" , R . D. 
Al lendoer fe r a n d 3 . B . C a r r o l l , 3 r . , SUNY a t Buffa lo . 

3:50 159. "Sp in-Trapp ing of Phosphorus C e n t e r e d F r e e R a d i c a l s " , R . Sr idhar , 
O k l a h o m a Med ica l R e s e a r c h Founda t ion . 

4 :05 160. "NMR and ESR Ev idence of Molecu la r A g g r e g a t e s in Sodium Dibu ty l -
p h o s p h a t e Aqueous Solu t ions" , S . Belaid and C . C h a c h a t y , C .E .N , de Sac lay . 

4 :25 161 . " E l e c t r o n T r a n s f e r B e t w e e n D i s t a n t Weakly I n t e r a c t i n g F u n c t i o n a l Groups -
Ev idence for a N o n - a d i a b a t i c P r o c e s s " , S . M a z u r , V. M. D ix i t , and F. G e r s o n , 
The Un ive r s i t y of C h i c a g o and t h e Unive r s i ty of Base l . 

SYMPOSIUM ON RAMAN S P E C T R O S C O P Y 

TUESDAY A F T E R N O O N , AUGUST 4 - Third F loo r , Room D 
S. M. K la ine r , P res id ing 

1:15 258 . " R e m o t e R a m a n Spec t roscopy - I t s Successes and F a i l u r e s " , S . M. K la ine r , 
L a w r e n c e Be rke l ey L a b o r a t o r y , Un ive r s i t y o f C a l i f o r n i a . 

1:40 259 . "Solar Blind R a m a n L idar" , J . A. C o o n e y , Drexe l Un ive r s i t y . 

2:10 260 . "High Reso lu t ion R a m a n Lidar for W a t e r Vapor S tud ies" , S . H. Melf i , M. 2 . 
H a n s e n , 3 . D . Spinhi rne , and D . C l e m , NASA/Godda rd Space F l igh t C e n t e r . 

2:40 2 6 1 . "Lase r M e a s u r e m e n t s i n F l a m e s and t h e A t m o s p h e r e " , C . M. P e n n e y , G . E . 
R e s e a r c h and D e v e l o p m e n t . 

3:10 BREAK 

3:25 262 . " R e m o t e R a m a n S p e c t r o s c o p y i n t h e O c e a n " , D . A . L e o n a r d , C o m p u t e r 
G e n e t i c s C o r p o r a t i o n . 

3:55 2 6 3 . "High R e s o l u t i o n E f f e c t s in R e m o t e Sensing w i t h Lase r B a c k s c a t t e r " , R . L . 
Schwiesow a n d V. E. D e r r , NO A A E n v i r o n m e n t a l R e s e a r c h L a b o r a t o r i e s . 

4:25 264 . "The E f f e c t s of R a m a n and Ray le igh-Br i l lou in S c a t t e r i n g on F raunho fe r 
Lines as Seen in S c a t t e r e d Light" , G. W. K a t t a w a r , Texas A&M U n i v e r s i t y . 
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I 

SYMPOSIUM ON ATOMIC EMISSION S P E C T R O S C O P Y 

TUESDAY A F T E R N O O N , AUGUST * - Second F loo r , R o o m D 
L . R . L a y m a n , P r e s id ing 

1:30 209 . " R a p i d Disso lu t ion T e c h n i q u e for M u l t i e l e m e n t Analysis of C r o p Samples by 
I C P - A E S " , R . W. Kuennen and J . A . C a r u s o , Un ive r s i t y o f C i n c i n n a t i , K . A . 
Wolnik and F . L . F r i c k e , Food a n d Drug A d m i n i s t r a t i o n . 

1:50 210 . "Ana lys i s by Induct ion Coupled P l a s m a S p e c t r o m e t r y Using Phosphor ic Acid 
a s So lven t" , L . M o r g e n t h a l e r , Appl ied R e s e a r c h L a b o r a t o r i e s . 

2:10 2 1 1 . " A u t o m a t e d S imu l t aneous M u l t i e l e m e n t D e t e r m i n a t i o n o f t h e Hydr ide 
F o r m i n g E l e m e n t s a n d M e r c u r y by C o n t i n u o u s Hydr ide E v a l u a t i o n / I C P -
P E S " , 3 . E . Gou l t e r and D . M. P a i n c h a u d , Applied R e s e a r c h L a b o r a t o r i e s . 

2:30 2 1 2 . " M e t h o d s D e v e l o p m e n t for I C P S p e c t r o s c o p y " , H . L . K a h n , 3 . 3 . S o t e r a , a n d 
A . L . R a t t o n e t t i , I n s t r u m e n t a t i o n L a b . , I n c . 

3:00 BREAK 

3:20 2 1 3 . " S a m a r i u m Meta l Analysis by DC P l a s m a S p e c t r o m e t r y " , G . W. Johnson a n d 
T . E . S i sneros , Molycorp , Inc . 

3:40 2 1 4 . " T h e D e t e r m i n a t i o n o f t h e R a r e E a r t h E l e m e n t s i n Geolog ica l M a t e r i a l s by 
I C A P - O E S " , J . G - C r o c k a n d F . E . L i c h t e , U.S . Geo log ica l S u r v e y . 

4:00 215 " A p p l i c a t i o n of a Sequen t i a l Scanning I C P to t h e Analysis of Geo log ica l 
M a t e r i a l s " , G . F . W a l l a c e , T h e P e r k i n - E l m e r C o r p o r a t i o n . 

4:20 216 . " S i m u l t a n e o u s M u l t i e l e m e n t Analys is o f Dif f icu l t Samples w i t h an I C P -
A t o m i c F l u o r e s c e n c e S p e c t r o m e t e r " , D . D e m e r and D . A . Busch , Bai rd 
C o r p . 
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SYMPOSIUM ON N U C L E A R MAGNETIC R E S O N A N C E 

WEDNESDAY MORNING, AUGUST 5 - Thi rd F loor , R o o m F 
NMR Session V - P o l y m e r s - F. Miknis , P res id ing 

8:30 6 6 . " S t r u c t u r a l l y Spec i f i c P ro ton R e l a x a t i o n Studies on Solid P o l y c a r b o n a t e s " , 
A . A . 3 o n e s , 3 . F . O 'Gara a n d P . T . Inglef i e ld , C l a r k Un ive r s i t y a n d C o l l e g e 
of t h e Holy C r o s s . 

9:00 67 . "Solid S t a t e NMR of P o l y c a r b o n a t e s " , D . R . H o l o c e k , Shell D e v e l o p m e n t C o . 

9:30 6 8 . "Molecu la r Mot ion in Subs t i t u t ed P o l y s t y r e n e " , M. Sefc ik , Monsan to 
C o m p a n y . 

10:00 BREAK 

10:30 6 9 . "A I ' c NMR Inves t i ga t i on o f P o l y m e r s P r e p a r e d by Glow D i s c h a r g e 
T e c h n i q u e s " , S . K a p l a n and A. Dilks , X e r o x C o r p o r a t i o n . 

11:00 7 0 . " 3 1 p Shif t An i so t rop ics and Molecula r Motion in Po lyphosphazene E l a s ­
t o m e r s " , 3 . A c k e r m a n , Un ive r s i t y o f C i n c i n n a t i . 

11:30 7 1 . " D e t e r m i n a t i o n o f D ihedra l Angles i n Subs t i t u t ed Po lyb iphenyls by ' 3 C NMR 
Spec t ro scopy" , 3 . R . D e M e m b e r , Polaro id C o r p o r a t i o n . 

SYMPOSIUM ON E L E C T R O N PARAMAGNETIC R E S O N A N C E 

WEDNESDAY MORNING, AUGUST 5 - Thi rd F loor , Room E 
E P R SESSION IV - L. K e v a n , P res id ing 

8:30 162. P l ena ry L e c t u r e " C o n t e m p o r a r y Issues in F i e l d - S w e p t E P R in s o m e High 
and Low S y m m e t r y S y s t e m s " , 3 . R . P i lb row, Monash U n i v e r s i t y . 

9:15 163. "EPR a n d C h e m i s t r y in Single C r y s t a l s o f N i t ro sy lhemog lob in" , D. C . 
D o e t s c h m a n and S . G . U t t e r b a c k , SUNY a t B i n g h a m t o n . 

9:35 164. "EPR Study o f F e 3 + and C r 3 + i n D i f f e r en t F o r s t e r i t e C r y s t a l s " , 3 . M . G a i t e , 
U n i v e r s i t e d ' O r l e a n s , S . S . Hafner and H. R a g e r , U n i v e r s i t a t Marbu rg , and L . 
V. Ber shov , IGEM, USSR. 

9:55 BREAK 

10:30 165. "Supe rpos i t i on -Mode l Analysis o f G d 3 + Spin H a m i l t o n i a n P a r a m e t e r s Doping 
R a r e - e a r t h Trif luor ide Single C r y s t a l s " , S . K. Misra , P . Mikola jczak , a n d N. 
R . L e w i s , C o n c o r d i a U n i v e r s i t y . 

10:55 166. "A 9.3 G H z E P R Study of Dynamica l I n t e r a c t i o n s in G d 3 + : Eu(OH>3 Single 
C r y s t a l s a t 10-300 K", V . M. M a l h o t r a , W. R . M. G r a h a m , T e x a s C h r i s t i a n 
U n i v e r s i t y , and H. A . B u c k m a s t e r , t h e Un ive r s i t y o f C a l g a r y . 

11:15 167. "An E P R Inves t iga t ion of G d 3 + in Single C r y s t a l and Powder Spec imens of 
Y(OH)3 a t 10-300 K", 3 . M. Bo te l e r , V. M. M a l h o t r a , a n d W. R. M. G r a h a m , 
Texas C h r i s t i a n Un ive r s i t y , and H. A. B u c k m a s t e r , The Un ive r s i t y of 
C a l g a r y . 

11:30 169. "EPR S p e c t r o s c o p y a t Zero M a g n e t i c F ie ld" , S . 3 . S t r ach and R . B r a m l e y , 
A u s t r a l i a n N a t i o n a l U n i v e r s i t y . 
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SYMPOSIUM ON ATOMIC ABSORPTION S P E C T R O M E T R Y 

WEDNESDAY MORNING, AUGUST 5 - Second F loo r , R o o m D 

8:30 I N TR ODU CT I O N - T. V. N i e m c z y k , P res id ing 

8:35 217 . K e y n o t e Speaker - "Abso lu te A t o m i z a t i o n Eff ic iency of t h e G r a p h i t e 
F u r n a c e " , R . S tu rgeon , Na t iona l R e s e a r c h Counc i l , C a n a d a , Division o f 
C h e m i s t r y . 

915 218 . " G r a p h i t e F u r n a c e Techn iques Using The Z e e m a n / 5 0 0 0 A t o m i c Absorp t ion 
S p e c t r o p h o t o m e t e r " , K. W. Olson , P e r k i n - E l m e r C o r p o r a t i o n . 

9:35 219 . "Second Sur face A t o m i z a t i o n : A New Approach to E l e c t r o t h e r m a l 
A t o m i z e r s " , M. Sheehan and 3 . A. H o l c o m b e , Un ive r s i ty of T e x a s . 

9:55 BREAK 

10:20 220 . " I m p l i c a t i o n s o l Rad ia l ly Non-un i fo rm A b s o r b a n c e Prof i les Within G r a p h i t e 
F u r n a c e A t o m i z e r s " , G . Rayson and 3 . A . H o l c o m b e , Un ive r s i ty o f T e x a s . 

10:40 2 2 1 . " P r o g r e s s Towards Making The G r a p h i t e F u r n a c e F r e e of I n t e r f e r e n c e s " , W. 
Slavin and G . W a l l a c e , The P e r k i n - E l m e r C o r p . 

11:00 222 . " R e d u c t i o n of A n a l y t i c a l I n t e r f e r e n c e s by F u r n a c e A t o m i c Absorp t ion" , R . 
N . S a v a g e , H . L . K a h n , 3 . 3 . S o t e r a , A . L . R a t t o n e t t i , I n s t r u m e n t a t i o n 
L a b o r a t o r y , Inc . 

11:20 2 2 3 . " T h e Rapid D e t e r m i n a t i o n of Se lenium in Nu t r i t i ona l S u p p l e m e n t s by a 
F l a m e l e s s A t o m i c Absorpt ion T e c h n i q u e Using A Novel Sample P r e p a r a ­
t i o n " , D . D . Thompson and R . 3 . Al l en , F o r r e s t C . Shak l ee R e s e a r c h C e n t e r . 

SYMPOSIUM ON ENVIRONMENTAL CHEMISTRY 

WEDNESDAY MORNING, AUGUST 5 - Second F loor , R o o m E 

8:30 I N T R O D U C T O R Y R E M A R K S - 3. E. Bonel l i , P res id ing 

8:35 230 . " E n v i r o n m e n t a l C h e m i c a l C h a r a c t e r i z a t i o n o f W a t e r C o n t a m i n a t e d by 
i n - s i t u S y n t h e t i c F u e l s Techno log ie s" , D . 3 . Bornhop , S . E . M a n a h a n , and D . 
C. Shees ley , U n i v e r s i t y of Missouri and U . S . D e p a r t m e n t of E n e r g y . 

9:00 2 3 1 . "The E f f e c t o f S t e a m St r ipping T r e a t m e n t on t h e Qua l i t y of Oil Shale 
W a s t e w a t e r " , R . E . S i eve r s , M. K. C o n d i t t , a n d R. S . H u t t e , Un ive r s i t y of 
C o l o r a d o . 

9:25 232 . "The U t i l i z a t i o n o f G a s C h r o m a t o g r a p h y / F o u r i e r T rans fo rm Inf ra red S p e c ­
t r o s c o p y ( G C / F T I R ) t o Ident i fy Tox ic E n v i r o n m e n t a l C o n t a m i n a n t s " , D . F . 
G u r k a , P . R . L a s k a , and R . T i t u s , and K . Sha fe r , U .S . E n v i r o n m e n t a l 
P r o t e c t i o n Agency , a n d B a t t e l l e - C o l u m b u s L a b o r a t o r i e s . 

9:50 BREAK 

10:10 2 3 3 . "The Analys is o f H a z a r d o u s W a s t e E x t r a c t s by C o m b i n e d G C / F T I R and 
G C / M S " , D . F . G u r k a , A . D . S a u t e r , L . D . B e t o w s k i , and H . Webb, U . S . 
E n v i r o n m e n t a l P r o t e c t i o n Agency . 

10:35 234 . " E n v i r o n m e n t a l Appl i ca t ions o f Ser ies P I D / F I D D e t e c t i o n in G a s C h r o m a ­
t o g r a p h y " , G . F . H e w i t t and 3 . N . Dr i sco l l , H-Nu S y s t e m s , Inc . 

11:00 235 . " D e t e r m i n a t i o n of P C B s , PAHs a n d A z a - A r e n e s in Lake S e d i m e n t Samples" , 
T . M. Enge l and 3 . S . Warne r , B a t t e l l e C o l u m b u s L a b o r a t o r i e s . 

11:25 236 . " I somer -Spec i f i c D e t e r m i n a t i o n of 2 , 3 , 7 , 8 - T e t r a c h l o r o d i b e n z o - P - D i o x i n Via 
Fused Sil ica GC Combined w i t h A t m o s p h e r i c P r e s s u r e Ion iza t ion Mass 
S p e c t r o m e t r y " , W. A . K o r f m a c h e r , R . K . Mi tchum and G. F . Moler , 
N a t i o n a l C e n t e r for Toxico log ica l R e s e a r c h . 
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SYMPOSIUM ON N U C L E A R MAGNETIC R E S O N A N C E 

WEDNESDAY A F T E R N O O N , AUGUST 5 - Third F loo r , Room F 
NMR Session VI - P o l y m e r s - F. Miknis , P res id ing 

1:30 72 . " 1 3 C NMR Stud ies a t Poly (v inylchlor ide) : New In fo rma t ion on S t r u c t u r a l 
D e f e c t s a n d t h e Mechan i sm of Vinyl C h l o r i d e P o l y m e r i z a t i o n " , W. A. 
S t a r n e s , 3r . , F . C . Schi l l ing, I . M. P l i t z , R . E . C a i s , F . A . Bovey, G . S . Pa rk , 
and A. H. S a r e m i , Bell L a b o r a t o r i e s and U n i v e r s i t y of Wales I n s t i t u t e of 
Sc ience and Techno logy . 

2:00 7 3 . "Sequence D i s t r i bu t i on in E t h y l e n e - l - B u t e n e L inea r Low Dens i ty Poly-
e t h y l e n e s " , E . T . Hsieh and 3 . C . R a n d a l l , Phi l l ips P e t r o l e u m C o m p a n y . 

2 :30 7 4 . " Q u a n t i t a t i v e Analysis o f t h e M i c r o s t r u c t u r e of D i c y c l o p e n t a d i e n e / C y c l o -
p e n t e n e C o p o l y m e r s us ing 2 0 MHz ' 3 C NMR S p e c t r o s c o p y " , D . H . Beebe and 
R . C . H i r s t , Goodyea r T i r e and Rubber C o . 

3:00 75 . " 1 3 C , 2 9 S i a n d 1 9 9 H g NMR o f P o l y m e r s and Model S y s t e m s " , E . A . Wi l l i ams , 
P . E . D o n a h u e and 3 . D . C a r g i o l i , G e n e r a l E l e c t r i c C o r p o r a t e R&D 
C o m p a n y . 

WEDNESDAY A F T E R N O O N , AUGUST 5 - F i r s t F loor , Room E - F 

NMR P o s t e r Session 1:30 - 5:00 
A u t h o r s P r e s e n t 3:30 - 4:30 

7 6 . " ' H NMR of P a r a m a g n e t i c C o m p l e x e s " , M. L u c i a n o , Un ive r s i t y of Milan, 
I t a ly . 

77 . "27Al NMR Studies of C o n c e n t r a t e Bas ic Aluminum C h l o r i d e s " , 3^ 
F i t z g e r a l d , South D a k o t a School of Mines . 

7 8 . "Hydrogen NMR Spin Diffusion in Epoxy P o l y m e r s " , A. Lind, McDonne l l 
Douglas C o r p o r a t i o n . 

79 . " C a r b o n - 1 3 NMR Study of Syn-Ant i I somer i sm in 2 - P h e n y l i m i n o - l , 3 D ioxo-
l a n e s " , 3 . E . O v e r , Mobay C h e m i c a l C o r p o r a t i o n . 

80 . " C a r b o n - 1 3 NMR and O t h e r S p e c t r o s c o p i c S tudies o f C h e m i c a l l y Modified 
Sil ica S u r f a c e s " , D. S . Kendal l and D. E . L e y d e n , U n i v e r s i t y of D e n v e r . 

8 1 . " D e t e r m i n a t i o n o f t h e R e l a t i v e C o n c e n t r a t i o n o f C a r b o h y d r a t e Groups in 
Fu lv ic Acid by 1 3 C NMR", R . L . W e r s h a w , C . S tee l ink , K . Thorn , D . 3 . 
P i n c k n e y , and M. A. Miki ta II, U .S . Geo log i ca l Survey and Unive r s i ty of 
Ar izona . 

82 . "Aqueous R e l a x a t i o n R e a g e n t s for C a r b o n - 1 3 and N i t r o g e n - 1 5 Nuc lea r 
M a g n e t i c R e s o n a n c e S p e c t r o s c o p y " , T . 3 . W e n z e l , M. E . Ashley and R . E . 
S ieve r s , U n i v e r s i t y of C o l o r a d o . 

8 3 . "S i l i con-29 NMR C h e m i c a l Shi f t s : Addi t ive R e l a t i o n in Alkylhalo S i lanes" , 
D . C o r y , A . Wong, and W. M. R i t c h e y , C a s e Wes te rn R e s e r v e U n i v e r s i t y . 

2 6 5 . "High P r e s s u r e 'H NMR Inves t iga t ions of Phase T rans i t i ons in Double 
P r o p i o n a t e s " , S. A r u m u g a m , S. V. Bhat and R. Sr in ivasan , Indian I n s t i t u t e of 
S c i e n c e , Ind ia . 
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SYMPOSIUM ON E L E C T R O N P A R A M A G N E T I C RESONANCE 

WEDNESDAY A F T E R N O O N , AUGUST 5 - F i r s t F l o o r , R o o m E-F 
EPR SESSION V 1:30-5:00 - S. S. E a t o n , P res id ing 

POSTER SESSION - A u t h o r s p r e s e n t 1:30-2:30 for p a p e r s l abe led A; 2 :30-3:30 for p a p e r s 
l abe l ed B; 3:30-4:30 for p a p e r s l a b e l e d C 

A 170. "EPR Study of t he Binding of C u L + to C a t a n d Norma l Human H e m o g l o b i n s " , 
W. £ . An tho l ine and F . T a k e t a , The Med ica l Co l l ege o f Wiscons in . 

B 1 7 1 . " E P R a n d Q u a n t u m C h e m i s t r y S t u d i e s o f Adenosy lcoba l amin" , R . E . 
C o f f m a n and V. O. G h a n e k a r , U n i v e r s i t y of Iowa. 

C 172. "A C o m p a r a t i v e Study of t h e A c t i v e S i t e s of A t r o p i n e s t e r a s e and O t h e r 
E s t e r a s e s by using Spin Labe l ing T e c h n i q u e s " , B . A . C . R o u s s e e u w , E . van 
de r D r i f t , T e c h n i c a l Un ive r s i t y o f D e l f t , a n d A . C . M. van der Dr i f t , T . N . O . 
Ri jswi jk . 

A 173. "High Reso lu t ion ENDOR S tud ie s of F lavin and Flavin Analog F r e e 
R a d i c a l s " , H . K u r r e c k , M. Bock a n d W. L u b i t z , F r e i e U n i v e r s i t a t Ber l in . 

B 174. " E N D O R Inves t i ga t i ons o f an O r g a n i c Q u i n t e t S t a t e T e t r a r a d i c a l " , B . K i r s t e , 
H . K u r r e c k , and W . H a r r e r , F r e i e U n i v e r s i t a t Ber l in . 

C 175 . " E P R S tud ie s on t h e E f f e c t s of E thano l on Phospholipid Bi layer M e m b r a n e s " , 
3 . D . Z imbr ick and 3 . A . M c F a u l , U n i v e r s i t y o f K a n s a s . 

A 176 . "L igh t - Induced T r a n s i e n t s of Spin Labe l Signal Ampl i t ude in Spinach T h y -
l ako ids" , S . P . Berg , Un ive r s i t y of D e n v e r . 

B 177. " E x a m i n a t i o n of Epoxy Morphology Using Ni t rox ide F r e e R a d i c a l s " , T . C. 
S a n d r e c z k i and I . M. Brown, McDonne l l Douglas R e s e a r c h L a b o r a t o r i e s . 

C 17S. " E N D O R on Bi rad ica l s R a n d o m l y O r i e n t e d in F r o z e n Solu t ion" , H. v a n 
Wil l igen and C . F . Mulks, U n v e r s i t y o f M a s s a c h u s e t t s a t Bos ton . 

A 179. " E f f e c t of an Added E l e c t r o n upon t h e Viabili ty of a Hydrogen Bond 
A c c e p t o r : an E P R and NMR Study" , G . R . S tevenson and M. Pour i an , I l l inois 
S t a t e U n i v e r s i t y . 

B 180 . " E P R Studies of t h e Pho tophys i c s of S i lver C h l o r i d e and Silver B r o m i d e " , R. 
S . E a c h u s and M. T . O l m , E a s t m a n K o d a k C o . 

C 1 8 1 . " C I D E P a n d H e i s e n b e r g Spin E x c h a n g e in Two Mixed R a d i c a l S y s t e m s " , 3 . P . 
H o r n a k a n d R . W. F e s s e n d e n , U n v e r s i t y o f N o t r e D a m e . 

A 182. "The R e a c t i o n s B e t w e e n D P P H and S u r f a c e A c t i v e S i tes of M e t a l O x i d e s -
Sur face P r o p e r t i e s " , T . K a w a g u c h i , S . H a s e g a w a , and K . Y a s u d a , Tokyo 
Gakuge i U n i v e r s i t y . 

B 183. "EPR S tud ies of S u r f a c e Mobi l i ty" , 3 . L o p a t a , W. T i m m e r , S . Abdo , and R. F . 
H o w e , Un ive r s i t y of W i s c o n s i n - M i l w a u k e e . 

C 184. " L o c a t i o n and M o v e m e n t on D e h y d r a t i o n of C a t i o n s in Z e o l i t e s f rom 
E l e c t r o n Spin Echo Modula t ion Ana lys i s" , M. N a r a y a n a a n d L . K e v a n , 
U n i v e r s i t y of Hous ton . 

A 185 . " S u p e r p a r a m a g n e t i c E f f ec t s in t h e E P R Inves t iga t ion of a Si l ica Suppo r t ed 
N i - c a t a l y s t " , V . K . S h a r m a , E T H - Z e n t r u m , Zur i ch . 

B 186 . "Spin-Spin I n t e r a c t i o n Through S a t u r a t e d and U n s a t u r a t e d L inkages" , K. M. 
M o r e , G . R . E a t o n , U n v e r s i t y o f D e n v e r , and S . S . E a t o n , U n v e r s i t y o f 
C o l o r a d o a t D e n v e r . 
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C 187. "Sp in -Labe led Py r id ine A d d u c t s of C o p p e r and Vanadyl 0 - D i k e t o n a t e s " , B. 
M. S a w a n t , A. L. W. Shroyer , G. R. E a t o n , U n i v e r s i t y of D e n v e r , and S. S . 
E a t o n , Un ive r s i t y o f Co lo rado a t D e n v e r . 

A 188. "Col l i s ion Broaden ing of Ni t roxy l R a d i c a l E P R S p e c t r a by T r a n s i t i o n 
M e t a l s " , G . R . E a t o n , D . R e d d y , D . D a l a i , U n i v e r s i t y o f D e n v e r , and S . S . 
E a t o n , U n v e r s i t y o f C o l o r a d o a t D e n v e r . 

B 189. " E x c h a n g e I n t e r a c t i o n s in t ropy l ium bis 1 1 , 2 - d i c y a n o e t h y l e n e d i t h i o l a t o ] 
n icke la te ( I I I ){ C7H7>+ {Ni (mnt>2 l - } " , E . de Boe r , P . T . M a n o h a r a n , 3 . H . 
Noord ik , and C . P . K e i j z e r s , Un ive r s i t y o f N i jmegen . 

C 190. "The E l e c t r i c Q u a d r u p o l e M o m e n t of N i o b i u m - 9 3 " , D. A t t a n a s i o , C . B e l l i t t o , 
and A. F l a m i n i , ITSE, I t a l y . 

A 1 9 1 . "Superpos i t ion Analysis of Z e r o Field Sp l i t t ings (ZFS) for M n 2 + . R e s u l t s and 
App l i ca t i ons" , M. H e m i n g and G. L e h m a n n , I n s t i t u t fur Phys ika l i sche 
C h e m i e , M u n s t e r . 

B 192 "EPR of B inuc lea r Vanadyl(lV) C o m p l e x e s " , R. E. T a p s c o t t , E. Dues ler and 
R. O r t e g a , U n i v e r s i t y of New Mexico . 

C 193. " C o m p u t e r S imula t ions of Q u a n t u m Mixed-Spin a n d High-Spin EPR Signals 
o f F e r r i c H e m e " , T . Lu t ton and M. M. M a l t e m p o , U n i v e r s i t y o f C o l o r a d o a t 
D e n v e r . 

A 194. " G e n e r a l i z e d E P R P a r a m e t e r R e f i n e m e n t for S = 5/2 Ions in Low S y m m e t r y 
S i t e s " , W . C . T e n n a n t , DSIR, P e t o n e . 

B 195 . "High Spin F e 3 + in Low S y m m e t r y S i t e s : Analysis of Po lyc rys t a l l i ne EPR 
S p e c t r a " , W. C . T e n n a n t , DSIR, P e t o n e . 

C 196. " T r i p l e t - S t a t e Spin C o h e r e n c e in P h o t o e x c i t e d Benzi l C r y s t a l s a t 77 K: 
O p t i c a l l y D e t e c t e d T r a n s i e n t N u t a t i o n and A d i a b a t i c Rap id P a s s a g e " , R . 
Gi l l ies and A. M. P o n t e G o n c a l v e s , D e p a r t m e n t o f C h e m i s t r y , T e m p l e 
U n i v e r s i t y . 

SYMPOSIUM ON ATOMIC ABSORPTION S P E C T R O S C O P Y 

WEDNESDAY A F T E R N O O N , AUGUST 5 - Second F l o o r , Room D 
3 . H o l c o m b e , P res id ing 

1:30 224 . "The D e t e r m i n a t i o n of P r io r i t y P o l l u t a n t s in W a t e r s and W a s t e s by F u r n a c e 
A t o m i c Absorp t ion" , M. A . C u n l i f f e , D . E . S h r a d e r , Var ian I n s t r u m e n t 
G r o u p . 

1:50 225 . " D e t e r m i n a t i o n of C a d m i u m in Whole Blood and P l a c e n t a l T i ssues by 
G r a p h i t e F u r n a c e A t o m i c Absorpt ion S p e c t r o s c o p y " , P . M . K u h n e r t , B . R . 
K u h n e r t , P . E r h a r d , P r e n a t a l C l in i ca l R e s e a r c h C e n t e r , C l e v e l a n d M e t r o ­
po l i t an G e n e r a l H o s p i t a l , C a s e Wes t e rn R e s e r v e U n i v e r s i t y . 

2:10 226 . " T h e I n t e r f e r e n c e of Aluminum on T i t a n i u m a n d Uran ium in F l a m e A t o m i c 
S p e c t r o m e t r y " , C . B . Boss , Nor th C a r o l i n a S t a t e U n i v e r s i t y . 

2:30 BREAK 

3:00 227 . " C h e m i s t r y on a G r a p h i t e S u r f a c e " , I -Hsiung Yin and T. M. N i e m c z y k , 
Un ive r s i t y of New M e x i c o . 

3:20 2 2 8 . " T r a c e Se len ium Analysis in New Mex ico W a t e r s " , M. W. T ikkanen , H e a l t h 
and E n v i r o n m e n t D e p a r t m e n t , Sc i en t i f i c L a b o r a t o r y Divis ion, and L . 
Brandvold , New Mexico Bureau of Mines and Mine ra l s R e s o u r c e s . 

229 . " A u t o m a t e d Hydr ide D e t e r m i n a t i o n by A t o m i c Absorp t ion" , 3 . 3 . S o t e r a , H . 
L . K a h n , A . L . R a t t o n e t t i , I n s t r u m e n t a t i o n L a b o r a t o r y , Inc . 
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SYMPOSIUM ON ENVIRONMENTAL CHEMISTRY 

WEDNESDAY A F T E R N O O N , AUGUST 5 - Second F l o o r , R o o m E 
3 . E . Bonel l i , P r e s id ing 

1:30 237 . " R e m o v a l of M e t a l Ions f rom Aqueous Solu t ion by Ion E x c h a n g e on Sulfuric 
A c i d - T r e a t e d P e a t " , 3 . P . Ans ted and P . M a c C a r t h y , C o l o r a d o School o f 
M i n e s . 

1:55 238 . " M on i t o r i ng Mine Tai l ings in N e w Mex ico for T r a c e M e t a l s " , M. W. 
T i k k a n e n , New Mexico H e a l t h and E n v i r o n m e n t D e p t . , 

2:20 239 . " E v a l u a t i o n of Sample P r e p a r a t i o n P r o c e d u r e s for t h e Analys is of POTW 
Sludges for Be , C d , C r , C u , P b , N i , Ag, a n d Zn", M. Wi l l i ams , L . P e t r i e , 3 . 
F r a n k , 3 . H u r t , B . 3 o n e s , S . Swanson , a n d E . H a n s e n , Midwes t R e s e a r c h 
I n s t i t u t e . 

2:*5 BREAK 
3:05 2*0 . " E f f e c t s of S t r e e t Sa l t ing on A m b i e n t Air Moni to r ing of P a r t i c u l a t e 

P o l l u t a n t s i n D e t r o i t " , P . O . W a r n e r , 3 . O . K e r m o s h c h u k , and 3 . O . 3 a c k s o n , 
W a y n e C o u n t y , Michigan H e a l t h D e p t . , and Los Alamos Sc ien t i f i c 
L a b o r a t o r y . 

3:30 2 4 1 . " A c c e p t a n c e T e s t i n g C r i t e r i a and P r o c e d u r e s for Hi -Volume F i l t e r s Used in 
M o n i t o r i n g N e t w o r k s " , C . F . T u r l i n g t o n , N o r t h r o p S e r v i c e s , I n c . 

3:55 2*2 . "Ana lys i s o f Tox ic O r g a n i c C o m p o u n d s in A m b i e n t Air by Gas C h r o m a t o g -
r a p h y / M a s s S p e c t r o m e t r y " , D . E . S m i t h , W . C . S c h n u t e , F inn igan C o r p o r a ­
t i o n . 

*:20 2 * 3 . " O p t i c a l Des ign o f U.V. Second D e r i v a t i v e E n v i r o n m e n t a l G a s A n a l y z e r s " , 
D . E . O s t e n , L e a r S iegler Inc . 

SYMPOSIUM ON ION C H R O M A T O G R A P H Y 

WEDNESDAY A F T E R N O O N , AUGUST 6 - Second F loo r , R o o m F 
3 . D . Mulik, P r e s id ing 

1:30 I N T R O D U C T I O N OF SESSION C H A I R M A N - A. W. F i t c h e t t 

1:35 29 . " ICE Analysis of Adip ic Acid D e g r a d a t i o n P r o d u c t s in L i m e s t o n e F G D 
Sc rubbe r So lu t ions" , 3 . C . T e r r y , E . E . E l l s w o r t h , a n d D . L . U t l e y , R a d i a n 
C o r p . 

2:00 3 0 . "Ion C h r o m a t o g r a p h i c Analysis of F o r m a l d e h y d e : An Eva lua t i on of P r o ­
p r i e t o r y Solid Adsorber Sampl ing T u b e s Unde r L a b o r a t o r y and F ie ld C o n d i ­
t i o n s " , C . 3 . 3ackson a n d D . Bussan H e a l t h a n d Sa fe ty E x e c u t i v e , London . 

2:25 3 1 . " T h e D e t e r m i n a t i o n of Acids in C o f f e e by Ion C h r o m a t o g r a p h y (IC) and Ion 
C h r o m a t o g r a p h y w i t h Exclusion (ICE)", L . D . Dav i s a n d A . K . F o l t z , G e n e r a l 
F o o d s . 

2:50 BREAK 

3:15 32 . " P r a c t i c a l E x p e r i e n c e on t h e U s e o f C o u p l e d I C E / I C S y s t e m s for t h e 
D e t e r m i n a t i o n o f Anions i n H a z a r d o u s W a s t e S a m p l e s " , 3 . H . L o w r y , R . C . 
R o s s and K . Wang , U . S . E n v i r o n m e n t a l P r o t e c t i o n A g e n c y . 

3:*0 3 3 . " C a r e and F e e d i n g o f IC C o l u m n s " , E . L . 3ohnson , Dionex C o r p . 

*:05 3 * . "A Rapid Method for t h e Ion C h r o m a t o g r a p h i c D e t e r m i n a t i o n o f F l u o r i n e , 
C h l o r i n e , a n d Sulfur", C . B . M o o r e , K . L . E v a n s , and 3 . G . T a r t e r , Ar i zona 
S t a t e U n i v e r s i t y . 

*:30 3 5 . "Ana lys i s of Mount S t . He lens S a m p l e s Using Ion C h r o m a t o g r a p h y " , S . A. 
Wilson , C . A . G e n t , a n d T . K . Hink ley , U . S . Geo log i ca l Survey . 

25

et al.: 23rd RMC Abstracts and Meeting Program

Published by Digital Commons @ DU, 1981



SYMPOSIUM ON N U C L E A R MAGNETIC R E S O N A N C E 

THURSDAY MORNING, AUGUST 6 - Thi rd F loor , R o o m F 
NMR Session VII - Foss i l F u e l s - N. S z e v e r e n y i , P res id ing 

8:30 84. "Solid S t a t e 1 3 C NMR S tud ie s o f Coa l i f i ed Logs and Sap rope l i c C o a l s " , P . 
H a t c h e r , L . W. D e n n i s , N . A . S z e v e r e n y i , and G . E . M a c i e l , U . S . Geo log i ca l 
Survey and C o l o r a d o S t a t e U n i v e r s i t y . 

9:00 8 5 . " C h a r a c t e r i z a t i o n o f C a r b o n Depos i t s in Coa l C o n v e r s i o n C a t a l y s t s " , H . R . 
R e t c o f s k y , S . S . Po l l ack , and G. E . M a c i e l , P i t t s b u r g h Energy T e c h n i c a l 
C e n t e r and C o l o r a d o S t a t e U n i v e r s i t y . 

9:30 86 . " Q u a n t i t a t i v e A s p e c t s o f 1 3 C C P M A S S p e c t r o s c o p y i n C o a l s : R e l a x a t i o n 
E f f ec t s and E x p e r i m e n t a l R e q u i r e m e n t s " , 3 . L e e a n d K . Z i lm, U n i v e r s i t y o f 
U t a h . 

10:00 BREAK 

10:30 8 7 . "Spin D y a n m i c s and C P / M A S E x p e r i m e n t s on Foss i l F u e l s " , G. E . M a c i e l , M. 
Sull ivan and N . A . S z e v e r e n y i , C o l o r a d o S t a t e U n i v e r s i t y . 

11:00 8 8 . "High Reso lu t i on NMR a n d S e l e c t i v e D e r i v i t i z a t i o n of Solid Fossil F u e l s " , K. 
D . R o s e and M. 3 - M e l c h i o r , Exxon R e s e a r c h a n d Eng inee r ing C o m p a n y . 

11:30 89 . "An NMR I n v e s t i g a t i o n of E a s t e r n and Wes t e rn Sha le Oi l s " , D. A. N e t z e l and 
F . P . Miknis , L a r a m i e Energy T e c h n i c a l C e n t e r . 

SYMPOSIUM ON E L E C T R O N P A R A M A G N E T I C R E S O N A N C E 

T H U R S D A Y MORNING, AUGUST 6 - Third F loor , R o o m E 
E P R SESSION VI - M. E a s t m a n , P res id ing 

8:30 197. P l ena ry L e c t u r e " M e a s u r e m e n t of E l e c t r o n and N u c l e a r Spin L a t t i c e 
R e l a x a t i o n T i m e s by Mag ic Angle Spin Lock ing" , 3 . M. McNal ly and R. 
K r e i l i c k , Un ive r s i t y o f R o c h e s t e r . 

9:15 198. "Dig i ta l ly C o n t r o l l e d ENDOR S p e c t r o m e t e r " , R . B . C l a r k s o n , Var ian As ­
s o c i a t e s . 

9:35 199. " E N D O R D e t e c t e d NMR (EDNMR) S tud ies in Single C r y s t a l s " , A. R e u v e n i 
a n d A. L . K w i r a m , U n i v e r s i t y o f Wash ing ton . 

9:55 BREAK 

10:30 200 . "Pulsed E P R of E l e c t r o n D y n a m i c s in O r g a n i c C o n d u c t o r s " , L . D a l t o n , SUNY 
a t Stony Brook . 

11:00 2 0 1 . "App l i ca t i on o f C o m b i n e d Four i e r T r a n s f o r m and T i m e Domain S imula t ion 
of E l e c t r o n Spin Echo Modula t ion D a t a to Ion Solva t ion G e o m e t r y " , P . A-
N a r a y a n a and L . K e v a n , Un ive r s i ty o f H o u s t o n . 

SYMPOSIUM ON ENVIRONMENTAL CHEMISTRY 

THURSDAY MORNING, AUGUST 6 - Second F l o o r , R o o m E 
3 . E . Bonell i , P res id ing 

8:35 2 * * . "Vapor P r e s s u r e M e a s u r e m e n t s of Tox ic and C a r c i n o g e n i c M a t e r i a l s of 
I n t e r e s t i n Indus t r ia l Hyg iene" , D . C . S t e r l i ng and G . M. B r e u e r , Na t iona l 
I n s t i t u t e for O c c u p a t i o n a l Sa fe ty and H e a l t h . 

9:00 2 4 5 . " D o s i m e t r y i n t h e Workp lace" , 3 . K . S a m u e l s , R e p u b l i c S t ee l C o r p o r a t i o n . 
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9:25 2hb. " I m p r o v e d M e a s u r e m e n t T e c h n i q u e s for Asbes tos F ib res in Workp lace 
A t m o s p h e r e s " , J . C . Merange r a n d E . 3 . C h a t f i e l d , Na t iona l H e a l t h a n d 
W e l f a r e - C a n a d a , and O n t a r i o R e s e a r c h F o u n d a t i o n . 

9:50 BREAK 

10:10 2 * 7 . " M e a s u r e m e n t of Ai rborne G la s s F i b r e s in R e s i d e n c e s Due to Insu la t ing 
M a t e r i a l s " , 3 . C . Meranger a n d E . J . C h a t f i e l d , Na t iona l H e a l t h a n d 
W e l f a r e - C a n a d a , and O n t a r i o R e s e a r c h F o u n d a t i o n . 

10:35 2 I »8. " T h r e e - D i m e n s i o n a l F l u o r e s c e n t S p e c t r a o f Humic Acids" , M. C . G o l d b e r g , 
E. R. Weiner , and R. L- W e r s h a w , U .S . Geo log i ca l Survey . 

11:00 2 * 9 . "An A u t o m a t e d P r o c e d u r e for S imu l t aneous ly D e t e r m i n i n g T o t a l C y a n i d e 
a n d T h i o c y a n a t e i n Indus t r ia l W a s t e w a t e r s " , 3 . H . Lowry , T . 3 . M e s z a r o s , 
and R . C . R os s , U . S . E n v i r o n m e n t a l P r o t e c t i o n Agency . 

11:25 2 5 0 . " D e t e r m i n a t i o n of T o t a l N i t r o g e n in W a t e r by Pyrolys is a n d C h e m i l u -
m i n e s c e n c e D e t e c t i o n " , C . E . A r o z a r e n a a n d V . C . Mar t i , U .S . Geo log i ca l 
Survey . 

SYMPOSIUM ON ION C H R O M A T O G R A P H Y 

THURSDAY MORNING, AUGUST 6 - Second F loo r , R o o m F, 
3 . D . Mulik, P res id ing 

8:30 36. " D e t e r m i n a t i o n of Spa rk - Induced B y - P r o d u c t s of Sulfur H e x a f l u o r i d e " , 3 . M. 
K e l l e r , Oak Ridge Na t iona l L a b s . 

8:55 3 7 . " D e t e r m i n a t i o n o f Su l fa te in Br ine" , 3 . P . P r i c e , N . W. S t a c y , and 3 . R . 
H a w k i n s , A m e r i c a n Enka C o m p a n y . 

9:20 3 8 . " A u t o m a t e d Coupled Liquid C h r o m a t o g r a p h y / I o n C h r o m a t o g r a p h y " , T . L . 
C r a v e n , Monsan to C h e m i c a l I n t e r m e d i a t e s C o m p a n y . 

9 :^5 3 9 . " D e t e r m i n a t i o n and Iden t i f i ca t i on o f Su l f i t e i n Some P h a r m a c e u t i c a l C o m ­
pos i t ions Using Ion C h r o m a t o g r a p h y " , 3 . L indberg , P h a r m a c i a AB, Sweden . 

10.10 BREAK" 

10:25 <t0. "The Analysis of Bar ium Su l f a t e by Ion C h r o m a t o g r a p h y " , R. D. P o s n e r , 
U n i t e d S t a t e s Tes t i ng C o m p a n y , Inc . 

10:50 1 1 . " Ino rgan ic Anion and C a t i o n C h r o m a t o g r a p h y Appl ied t o S t e a m G e n e r a t o r 
C i r c u i t C h e m i s t r y S tud ie s " , 3 . T . B r u n e t , A . H e r e s , a n d C . P o l e t i k o , C . E . A . -
C . E . N . , F r a n c e . 

11:15 02 . " S o m e A p p l i c a t i o n s o f Ion C h r o m a t o g r a p h y to Oil Well C e m e n t R e s e a r c h 
a n d Ana lys i s" , W . 3 . C a v e n y a n d 3 . D . C h i l d s , Ha l l ibu r ton S e r v i c e s . 

11:W) i*3. " N e w Eluen t s for Non-Suppressed Ion C h r o m a t o g r a p h y " , 3 . G i r a r d and 3 . A . 
G l a t z , A m e r i c a n Un ive r s i t y . 
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1 SULFATE ASSAY IN BIOLOGICAL FLUIDS BY ION CHROMATOGRAPHY. D . E . C . Co l e and 
C.R. S c r i v e r . M o n t r e a l C h i l d r e n ' s H o s p i t a l R e s e a r c h I n s t i t u t e and McGil l U n i v e r s i t y 

M o n t r e a l , Quebec , Canada H3H 1 P 3 . 

T r a d i t i o n a l me thods f o r i n o r g a n i c s u l f a t e d e t e r m i n a t i o n i n b i o l o g i c a l f l u i d s h a v e been 
b a s e d o n t h e r e l a t i v e i n s o l u b i l i t y o f b a r i u m o r b e n z i d i n e s u l f a t e s a l t s . These methods 
s u f f e r from l i m i t a t i o n s o f s e n s i t i v i t y and i n t e r f e r e n c e from o t h e r p h y s i o l o g i c a l c o n s t i t ­
u e n t s , n o t a b l y o r g a n i c s u l f o e s t e r s . Ion c h r o m a t o g r a p h y ( D - l 0 R , Dionex C o r p . ) , m e a s u r e s 
s u l f a t e a c c u r a t e l y i n u r i n e , s e rum o r p l a s m a , c e r e b r o s p i n a l f l u i d , and h e p a t i c t i s s u e 
e x t r a c t s . Samples c o n t a i n i n g 6 - 6 0 nmol s u l f a t e , d i l u t e d to 1 .5 ml in 1 mM NaOH, a r e 
c h r o m a t o g r a p h e d and q u a n t i t a t e d b y c o m p a r i n g peak c o n d u c t a n c e s w i t h a s e r i e s o f s t a n ­
d a r d s . W e saw n o i n t e r f e r e n c e f rom o t h e r a n i o n s i n se rum ( b r o m i d e , n i t r a t e , m a l a t e , 
s u c c i n a t e , p h o s p h a t e , u r a t e , o x a l a t e , c h l o r i d e ) o r from o r g a n i c s u l f o e s t e r s such a s 
c h o n d r o i t i n s u l f a t e , h e p a r i n o r s t e r o i d s u l f a t e s . Ion c h r o m a t o g r a p h y o f se rum s u l f a t e 
g a v e v a l u e s t h a t were 101+4% (x+SEM, n=22) o f t h o s e d e t e r m i n e d b y o u r b a r i u m - 1 3 3 p r e c i p ­
i t a t i o n method ( A n a l . B iochem. 1 0 0 : 3 3 9 , 1979) ( c o r r e l a t i o n c o e f f i c i e n t 0 . 8 7 { p < . 0 0 1 } ) . 
The c o e f f i c i e n t o f v a r i a n c e f o r t h e c h r o m a t o g r a p h i c method was l e s s t h a n h a l f t h a t o f t h e 
b a r i u m method (3 .4% v s 7 . 6 % ) . The a v e r a g e r e c o v e r y o f s u l f a t e added t o CSF, serum and 
t i s s u e e x t r a c t s was 101+3% and was c o m p l e t e a t a l l p h y s i o l o g i c a l r a n g e s . T a i l i n g was 
o c c a s i o n a l l y s e e n i n se rum s a m p l e s and v e r y f r e q u e n t l y i n t i s s u e e x t r a c t s ; t h i s d i d n o t 
a f f e c t s u l f a t e q u a n t i t a t i o n b y peak h e i g h t . W e c o n c l u d e t h a t i o n c h r o m a t o g r a p h y i s a 
u s e f u l and a c c u r a t e method f o r s u l f a t e a s s a y i n b i o l o g i c a l f l u i d s . 

2 

ION CHROMATOGRAPHIC DETERMINATION OF NONMETALLIC ELEMENTS IN GEOLOGICAL MATERIALS. 
Jon M. Ba ldwin and P a u l R . K loek , U . S . G e o l o g i c a l S u r v e y , 345 M i d a l e f i e l a Road, 

Menlo P a r k , C a l i f o r n i a 9 4 0 2 5 ; and C h r i s t o p h e r P o h l , D ionex C o r p o r a t i o n , R&D 
D e p a r t m s n t , 1228 T i t a n Way, S u n n y v a l e , C a l i f o r n i a 9 4 0 8 6 . 

Arong s p e c i e s o f g e o c h e m i c a l i n t e r e s t , sons o f t h e r o s t c h a l l e n g i n g a n a l y t i c a l 
p r o b l e m s a r i s e i n a t t e m p t i n g t h e a c c u r a t e d e t e r m i n a t i o n o f n o n m e t a l l i c e l e m e n t s i n 
r o c k s and m i n e r a l s . The c h a l l e n g e s a r i s e from s e v e r a l q u a r t e r s : 1 ) The s a m p l e s 
t h e m s e l v e s a r e complex i n c o m p o s i t i o n , o f t e n l e a d i n g t o s e r i o u s m a t r i x p r o b l e m s . 
2 ) Sample d i s s o l u t i o n i s o f t e n a c h i e v e d o n l y b y r i g o r o u s means , l e a d i n g t o f u r t h e r 
c o m p l i c a t i o n o f t h e m a t r i x . 3 ) The s p e c i e s o f i n t e r e s t o f t e n a r e p r e s e n t i n t h e s o l i d 
sample a t low c o n c e n t r a t i o n s and a r e f u r t h e r d i l u t e d d u r i n g sample p r e p a r a t i o n , making 
e x t r e m e demands f o r a n a l y t i c a l s e n s i t i v i t y . 4 ) M u l t i e l e m e n t t e c h n i q u e s f o r n o n m e t a l s 
a r e t y p i c a l l y n o n e x i s t e n t . 5 ) E x i s t i n g wet c h e m i c a l t e c h n i q u e s a r e g e n e r a l l y 
t i m e - c o n s u m i n g . We h a v e found a v i a b l e a p p r o a c h to t h i s p r o b l e m in a c o m b i n a t i o n o f 
f u s i o n , p a r t i c u l a r l y w i t h l i t h i u m m e t a b o r a t e f l u x , d i s s o l u t i o n o f t h e n e l t i n d i l u t e 
n i t r i c a c i d , f o l l o w e d b y i o n c h r o m a t o g r a p h y o f t h e r e s u l t i n g a n i o n s . J u d i c i o u s c h o i c e 
o f e l u t i o n c o n d i t i o n s , combined w i t h a s e p a r a t o r r e s i n s p e c i f i c a l l y f o r m u l a t e d t o 
s t r o n g l y r e t a i n n i t r a t e a r e i m p o r t a n t t o t h e s u c c e s s o f t h e a n a l y s i s . C h l o r i d e , 
f l u o r i d e , p h o s p h a t e , and s u l f a t e a r e r e a d i l y d e t e r m i n e d i n a s i n g l e p r e p a r a t i o n o f a 
r o c k s a m p l e . 

3 ANION ANALYSIS BY ION CHROMATOGRAPHY AT THE NATIONAL BUREAU OF STANDARDS. W. F. Koch, 
C e n t e r f o r A n a l y t i c a l C h e m i s t r y , N a t i o n a l B u r e a u o f S t a n d a r d s , W a s h i n g t o n , D C 2 0 2 3 4 . 

I n t h e C e n t e r f o r A n a l y t i c a l C h e m i s t r y , N a t i o n a l B u r e a u o f S t a n d a r d s , i o n c h r o m a t o ­
g r a p h y i s b e i n g used e x t e n s i v e l y f o r t h e q u a n t i t a t i v e d e t e r m i n a t i o n o f i n o r g a n i c a n i o n i c 
s p e c i e s i n a m y r i a d o f m a t r i c e s and s a m p l e s . The t y p e s a m p l e s a n a l y z e d t o d a t e i n c l u d e 
s u c h d i v e r s i t y a s f u e l o i l , b o v i n e l i v e r , r a i n w a t e r , and cadmium s u l f i d e . Sample p r e p a r a ­
t i o n p r o c e d u r e s mus t o f t e n b e c u s t o m - t a i l o r e d f o r e a c h s a m p l e t y p e t o mee t t h e s t r i c t r e ­
q u i r e m e n t s o f i on c h r o m a t o g r a p h y and t o t a k e f u l l a d v a n t a g e o f i t s c a p a b i l i t y f o r m u l t i -
a n i o n a n a l y s i s . D i g e s t i o n w i t h sodium a l c o h o l a t e and d i s s o l u t i o n w i t h a l k a l i n e h y d r o g e n 
p e r o x i d e a r e two s u c h t e c h n i q u e s . Unique p r e - t r e a t m e n t s chemes mus t some t imes b e d e v i s e d 
t o remove i n t e r f e r e n c e s . Fo r t h e h i g h e s t a c c u r a c y , s t a n d a r d s p r e p a r e d from c o u l o m e t r i -
c a l l y a s s a y e d s t o c k s o l u t i o n s a r e u s e d a n d s t r i c t c a l i b r a t i o n p r o c e d u r e s e m p l o y e d . M a t r i x 
e f f e c t s and s y s t e m a t i c e r r o r s , o f t e n q u i t e s u b t l e , m u s t b e r e c o g n i z e d and c o m p e n s a t e d f o r . 
With s u f f i c i e n t c a r e , a n a l y s e s w i t h u n c e r t a i n t i e s o f l e s s t h a n one p e r c e n t r e l a t i v e c a n 
b e a c h i e v e d . 

28

Rocky Mountain Conference on Magnetic Resonance, Vol. 23 [1981], Art. 1

https://digitalcommons.du.edu/rockychem/vol23/iss1/1
DOI: https://doi.org/10.56902/RMCMR.1981.23.1



A n a l y s i s o f Boron b y I o n C h r o m a t o g r a p h y i n Power P r o d u c t i o n . M.G. Hahnke and 
J . M . G r a y . A r i z o n a P u b l i c S e r v i c e , F o u r C o r n e r s Power P l a n t , F r u i t l a n d , New Mexico 
87416 

The a n a l y s i s o f s e l e c t e d a n i o n s and c a t i o n s i n power p r o d u c t i o n h a s become 
i n c r e a s i n g l y i m p o r t a n t d u e t o t h e e f f e c t t h a t t h e s e s p e c i e s h a v e o n t h e p r o d u c t i o n 
o f e l e c t r i c a l e n e r g y . A t A r i z o n a P u b l i c S e r v i c e , t h e p r o b l e m o f b o r o n i n o u r b o i l e r 
f e e d w a t e r h a s become a . c o n c e r n b e c a u s e o f t h e i n c r e a s e d b u f f e r c a p a c i t y o f t h e 
f e e d w a t e r and t h e p o t e n t i a l c o r r o s i o n and p i t t i n g due t o s t eam c a r r y o v e r o f b o r i c 
a c i d . A s p e c i f i c p r o b l e m found a t o u r F o u r C o r n e r s Power P l a n t i s t h e p r e s e n c e o f 
b o t h s i m p l e a n d p o l y m e r i c s p e c i e s o f b o r o n f o u n d i n o u r w a t e r . S i n c e a f a s t a n d 
s e n s i t i v e a n a l y t i c a l p r o c e d u r e f o r t h e d e t e c t i o n o f b o r o n i s n e e d e d , i o n c h r o m a t o ­
g r a p h y was c h o s e n f o r t h i s d e t e r m i n a t i o n . 

The v a r i o u s b o r o n s p e c i e s a r e f i r s t c o n v e r t e d t o b o r a t e s a n d t h e n t o t e t r a -
f l u o r o b o r a t e s . R e f i n i n g e a r l i e r t e c h n i q u e s a n d o p e r a t i n g p r o c e d u r e s s u c h a s e l u e n t 
c o n c e n t r a t i o n a n d i n s t r u m e n t a t i o n s e n s i t i v i t i e s h a s p r o d u c e d d e t e c t i o n l i m i t s down 
t o 0 . 0 2 m g / l . V a r i a t i o n s i n t h e t y p e s o f s a m p l e p r e p a r a t i o n f o r t h e c o n v e r s i o n o f 
t h e f o r m s o f b o r o n t o t e t r a f l u o r o b o r a t e s w i l l b e d i s c u s s e d a l o n g w i t h t h e i n t e r ­
f e r e n c e s o b s e r v e d a t d i f f e r e n t o p e r a t i n g c o n d i t i o n s . 

-> IMPACT OF ION CHROMATOGRAPHY ON THE WATER TREATMENT INDUSTRY. Judith A. Rawa. Calgon Corporation, 
Subsidiary of Merck & Co., Inc. , P.O. Box 1346, Pittsburgh, Pennsylvania 15230. 

"Die introduction of ion chromatography (IC) in 1975 aid i t s subsequent commercialization in 1976 has had 
a significant impact on the water treatment business and the industries they serve. Water conditioning, con­
trol of water chemistry through various industrial process water systems, is cr i t ica l in maintaining efficient 
production levels , in manufacturing high quality finished products and preventing costly equipment failures. 
Ion chromatography provides analysis of several anions or cations at the mg/l (ppm) or ug/1 (ppb) level on a 
single aliquot of sample. This feature provides an improved method of characterizing untreated waters and 
those which are mechanically and/or chemically treated for industrial use. 

The power generation industry has been one of the f irst to realize the benefits afforded by the improved 
detectabil ity of ions at the ug/1 (ppb) l eve l . Various contaminants even when present at ug/1 (ppb) levels may 
have deleterious e f fects , scale and corrosion, in the steam/water cycle. Identification of these contaminants 
increases the probability of locating the source and eliminating the problem. Turbine failures, such as stress 
corrosion cracking of blading, have been linked to impurities in the steam. As a result, turbine manufacturers 
have set stringent standards for steam purity. The burden of maintaining these standards f a l l s on the user. 
Ion chromatography has become ai essential tool for determining contaminants in the steam/water cycle. 

The IC technique has proven to be applicable to the analysis of water and steam samples as well as water-
soluble fractions of deposits. Data is being collected throughout the industry to attempt to correlate 
specific equipment failures using this technique. 

Ion chromatographic analysis of various types of industrial process waters and water treatment chemicals 
wil l be discussed. 

6 ION CHROMATOGRAPHY IN THE MICROELECTRONICS INDUSTRY. David R. Anderson and 
S t e v e n A. S h e a r , I n t e r n a t i o n a l B u s i n e s s Machines C o r p o r a t i o n , P.O. Box 390 , 

P o u g h k e e p s i e , New York 12602 

The p r e s e n c e o f u n d e s i r a b l e i o n i c s p e c i e s i n m i c r o e l e c t r o n i c d e v i c e s and p a c k a g e s 
i s a s e r i o u s c o n c e r n t o t h e i n t e g r a t e d c i r c u i t s i n d u s t r y . I n a d d i t i o n t o t h e common 
problem o f m e t a l l u r g i c a l c o r r o s i o n , i o n i c c o n t a m i n a t i o n g e n e r a l l y has d e l e t e r i o u s 
e f f e c t s o n t h e e l e c t r i c a l performance and o v e r a l l r e l i a b i l i t y o f m i c r o e l e c t r o n i c com­
p o n e n t s . The r e c e n t l y d e v e l o p e d method o f i o n chromatography, owing t o i t s remark­
a b l y b e t t e r s e n s i t i v i t y and s e l e c t i v i t y , h a s proven t o b e a v e r y p o w e r f u l t o o l f o r 
t h e a n a l y s i s o f i o n i c s i n t h e s e components . T h i s paper d e s c r i b e s a number o f sample 
p r e p a r a t i o n t e c h n i q u e s , e x t r a c t i o n methods , and i o n chramatograph c o n d i t i o n s u s e f u l 
f o r t h e a n a l y s i s o f v a r i o u s m a t e r i a l s e n c o u n t e r e d i n t h e m i c r o e l e c t r o n i c s i n d u s t r y . 
A p p l i c a t i o n o f i o n chromatography t o t h e a n a l y s i s o f i o n i c s i n d e v i c e e n c a p s u l a n t s , 
p r i n t e d c i r c u i t board m a t e r i a l s , o r g a n i c t h i n f i l m s , s u r f a c e contaminants and p r o c e s s 
w a t e r s , and t o t h e d e t e r m i n a t i o n o f changes i n i o n i c c o n t e n t due t o e n v i r o n m e n t a l 
s t r e s s i n g , a r e a l s o d e s c r i b e d . I n g e n e r a l , i o n chromatography has p r o v i d e d a much 
more p r e c i s e q u a n t i t a t i o n and more d e t a i l e d s p e c i a t i o n o f i o n i c s than was p r e v i o u s l y 
p o s s i b l e i n t h e i n d u s t r y . 
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7 DEVELOPMENT OF HIGH SPEED ION CHROMATOGRAPHY. J. Slanina and F.P. Bakker. 
Netherlands Energy Research Foundation (ECN), Petten (N.H.), The Netherlands. 

High speed Ion Chromatography is possible if the following adaptions are made. 
- Thermostating (at *v 40 °C) of columns 
- Minimizing void volumeby the use of very small suppressor columns and minimal tubing. 
A modified Dionex model 10 can perform 12 analyses per hour, a specially designed 
apparatus up to 18. 

Accurate results are obtained in the case of simple samples such as rain-water. 
Complex matrices can be analyzed if multiple detector systems such as a UV monitor at 
220 nm (for N O 3 " and N02~), flow injection systems (for Cl~ and Br~) and ion-selective 
electrodes (for F~ and Cl~) are used. 

For samples containing more than 0.5 ppm of the ions of interest a sample loop is 
used. The accuracy is typically 2 - 5 %. 

A concentrator column is employed for sample volumes of up to 4 ml, resulting in 
detection limits of 1 to 6 ppb for Br~, Cl~, ̂ 0^~ and S0^ 2 _. 

The computerized system is capable of analyzing large series of samples by means 
of an automatic recalibration procedure. 

IDENTIFICATION OF EXPLOSIVES AND EXPLOSIVE RESIDUES BY ION 
CHROMATOGRAPHY. D. J. Reutter, R. C. Buechele, T. L. Rudolph, 
and E. C. Bender. Federal Bureau of Investigation, Laboratory, 
9th A Pennsylvania Avenue, N. W., Washington, D. C. 20535 

Explosives with water soluble constitutents were involved in 
approximately 60% of the bombing incidents in the United States during 
the last year. These explosives include such high explosives as dynamites 
and watergels as well as low explosives such as black powder and a variety 
of commercial and homemade pyrotechnics. Ion chromatography has been 
demonstrated in the FBI Laboratory as a valuable technique to aid in the 
analysis of these explosives and their combustion and detonation residues. 

The ability of the I. C, to both identify and quantitate several ions 
in a single run offers an excellent way to differentiate between homemade 
and commercial explosive formulations. Also, the inherent sensitivity and 
specificity of I. C. can be used to aid in the detection and identification of 
very small quantities of explosive residues in comparably high amounts of 
water soluble bombing debris. From the identity of the residues recovered 
from the scene of a bombing, the forensic examiner can then characterize the 
nature of the original explosive used in the bomb. 

ANALYSIS OF BORON BY ION CHROMATOGRAPHIC EXCLUSION. J. P. Wilshire. U.S.Borax 
Research Corporation, Ul2 Crescent Way, Anaheim, California 92801. 

Using ion chromatographic exclusion (ICE) techniques, and a mannitol-HCl eluent, 
"borate analyses can be performed directly, vithout prior conversion to the tetra-
fluoroborate or any other anion. Instead, a 1:2 borateimannitol complex is formed 
upon injection, in the ion chromatography With a pKa=5.1^, the species is easily 
detectable by conductivity. Under standard ICE conditions, the peak due to the 
borate-mannitol complex is observed after approximately 11 minutes, vith an estimated 
minimum detection limit of 0.050 ppm, as boron. The technique has been employed 
successfully in the analysis of a wide variety of samples: blood, urine, geological 
materials, and commercial products, e.g., borax, boric acid and ammonium pentaborate. 
The principal advantages of the method are its simplicity, accuracy, and reproduci­
bility, and its wide range of application, from trace (ppb) analysis to the determina­
tion of large (percent) concentrations. The technique, its applications and a 
comparison with other methods of boron analysis will be discussed. 
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ANALYSIS OF FLUORIDE IN NYLON. J. P. Price, N. W. Stacy, and J. R. Hawkins 
Research Department, American Etika Co., Enka, NC 23728 

In order to meet market demands for greater serviceability, various additives may be 
incorporated into synthetic fibers which make them more desirable to the consumer. One 
such area where a contribution toward meeting this goal is to incorporate a fluoro-
chemical into nylon carpet yarn which will increase water and soil repellency. 

Ion Chromatography has good sensitivity for the fluoride ion and does afford a 
quick and accurate method for the quantitation of the levels of fluorocarbon in the 
fiber. Using the classical SchBniger Oxygen Combustion Technique, up to 80 milligrams 
o£ nyloti can he burned and. the fluoride ion absorbed in water. After a suitable 
standing period the sample is injected into the ion chromatograph. 

Data will be presented to demonstrate the precision of the analysis, sources of 
error and results of efforts to reduce fluoride levels in blanks. 

11 OXALATE QUANTITATION BY ION CHROMATOGRAPHY: CLINICAL APPLICATIONS C. Mahle and 
M. Menon. Division of Urology, Dept. of Surgery, Washington University School of 
Medicine, 4960 Audubon Ave., St. Louis, MO 63110. 

Fast, sensitive and reliable measurements of oxalates are possible by using a modi­
fied technique of the Dionex ion chromatography system. Two 3 x 500 mm standard anion 
separator columns were connected in series and operated at 20% flow rate and 500 psi 
pressure using 6mM Na^CO^ eluent. Conductive measurements at 3 - 100 v: mhos full scale 
revealed a distinct oxalic acid peak following sulfuric acid when .5ml samples of a 
Na'oxalate and Na^ SO^ solution were chromatographed. Na-oxalate is detectable down 
to 0.5 ppra and is Linear with pfcak height up to 50 ppm. The peak waŝ  proved to be oxalate 
by two criteria: 1) addition of Na- C-oxalate and quantitation of C activity in col­
lected fractions of eluent passing out of the conductivity cell, and 2) elimination of 
the oxalate peak after pre-treacntent with the enzyme oxalate decarboxylase which speci­
fically cleaves oxalate into formate. This technique was applied to analysis of oxalate 
in whole urine and found to be faster and requiring less sample preparation than other 
methods of oxalate analysis. A chromatograph, of .5ml of 1:10 diluted urine results in a 
series of peaks that correspond to Cl , HPO^ and uric acid followed at 24 minutes by 
oxalic acid. Day to day imprecision over 21 days of a single urine sample was 4.4 with­
in run imprecision was 2.3£, and minimal detection level is 1.0 pptn. 

u MOBILE PHASE ION CHROMATOGRAPHY (MPIC) C. A. Pohl, M. Ebenhahn 
Dionex Corp., Research and Development Department, 1228 Titan Way, 
Sunnyvale, CA. 94086. 

Mobile Phase Ion Chromatography (MPIC) is a new Ion Chromatographic 
technique which compliments conventional Ion Chromatography. The 
separation of tons in MPIC is achieved through the use of a carbon 
based macroporous column in conjunction with specially prepared reagents. 
The MPIC column is combined in series with a high capacity ion-exchange 
column (suppressor column) which removes the reagent from the eluent. 
Following the suppressor column, the sample ions are detected by means of 
a conductivity detector. While MPIC can be used for the analysis of 
inorganic ions such as fluoride, chloride, phosphate, bromide, nitrate, 
nitrite, sulfate, sodium, potassium, ammonia, lithium it is also well 
suited to the analysis of hydrophobic ions such as perchlorate, 
tetrafluoroborate, and thiocyanate. MPIC is also useful for the 
analysis of organic ions such as amines, quaternary ammonium compounds, 
and anionic surfactants. 
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l3 ION CHROMATOGRAPHIC ANALYSIS OF GASEOUS AND PARTICULATE FLUORIDE EMISSIONS FROM 
BRICKWORKS AND ALUMINIUM SMELTERS. C. J. J a c k s o n . D. B u s s a n , C. N e u b e r g e r . 

H e a l t h and S a f e t y E x e c u t i v e , O c c u p a t i o n a l H y g i e n e L a b o r a t o r y , 4 0 3 Edgware Road, 
LONDON NW2 6LN, U n i t e d Kingdom. 

I n t h e U n i t e d Kingdom, s a m p l i n g a n d a n a l y s i s o f g a s e o u s and p a r t i c u l a t e f l u o r i d e 
e m i s s i o n s from f a c t o r y s t a c k s i s u n d e r t a k e n b y t h e H e a l t h and S a f e t y E x e c u t i v e t o 
e n a b l e e n v i r o n m e n t a l s t a n d a r d s t o b e e n f o r c e d . From s u c h p r o c e s s e s a s b r i c k w o r k s 
and p r i m a r y a l u m i n i u m s m e l t e r s t h e s e e m i s s i o n s a r e d r y and i n c l u d e b o t h g a s e o u s 
(HF, SiF.4, H^SiF^,) and p a r t i c u l a t e (AIF3 h y d r a t e , CaE^) f l u o r i d e s . F o r many y e a r s 
HSE h a v e u s e d a n I o n S e l e c t i v e E l e c t r o d e ( I S E ) a n a l y s i s p r o c e d u r e b u t t o g a i n t h e 
c o s t b e n e f i t s o f a u t o m a t i o n t h e r e i s now c o n s i d e r a b l e p r e s s u r e t o c h a n g e o v e r t o 
I o n C h r o m a t o g r a p h i c ( IC) a n a l y s i s w h e r e p o s s i b l e . P r e l i m i n a r y i n v e s t i g a t i o n s 
i n d i c a t e d t h a t I C would b e a n i d e a l t e c h n i q u e f o r t h e d e t e r m i n a t i o n o f f l u o r i d e b u t 
t h a t i t would n o t b e p o s s i b l e t o d i r e c t l y u s e t h e s a m p l i n g and sample p r e p a r a t i o n 
p r o c e d u r e s c u r r e n t l y i n u s e s i n c e t h i s l e d t o p e a k o v e r l a p s , b o t h from t h e h u m e e t a n t 
( g l y c e r o l ) u s e d i n t h e a l k a l i - t r a p p i n g o f g a s e o u s f l u o r i d e s a n d from t h e HC1 u s e d i n 
t h e d i s s o l u t i o n o f p a r t i c u l a t e f l u o r i d e s . R e v i s i o n o f t h e s a m p l i n g , s a m p l e p r e p ­
a r a t i o n and c h r o m a t o g r a p h i c p r o c e d u r e s t o e n a b l e I C t o b e s u c c e s s f u l l y u s e d i s 
d e s c r i b e d and s t a t i s t i c a l d a t a f rom a f i e l d c o m p a r i s o n o f t h e ISE and I C p r o c e d u r e s 
p r e s e n t e d . The c o s t - b e n e f i t s o f a u t o m a t e d I C w i l l b e b r i e f l y d i s c u s s e d . 

'* TEMPERATURE EFFECTS IN ION CHROMATOGRAPHY. D.R. B a k e r . H e w l e t t - P a c k a r d , R t . 4 1 , 
A v o n d a l e , PA 1 9 3 1 1 . C.A. B u r g e t t . H e w l e t t - P a c k a r d , 24 I n v e r n e s s P l a c e , Eng lewood , 

CO 8 0 1 1 2 . 

A c o n d u c t i v i t y d e t e c t o r and an i on c h r o m a t o g r a p h y column w e r e used w i t h a h i g h p e r ­
fo rmance l i q u i d c h r o m a t o g r a p h t o m e a s u r e c o n c e n t r a t i o n s o f a n i o n s . E x c e l l e n t t e m p e r a t u r e 
c o n t r o l o f t h e d e t e c t o r c e l l and column was a c h i e v e d b y p l a c i n g them i n t h e h e a t e d column 
c o m p a r t m e n t o f t h e l i q u i d c h r o m a t o g r a p h . The e f f e c t o f oven t e m p e r a t u r e o n r e t e n t i o n 
t i m e s , peak a r e a s , peak h e i g h t s and q u a n t i t a t i o n was e x a m i n e d . 

15 FURTHER WORK IN THE USE OF ION CHROMATOGRAPHY AS A PROBLEM-SOLVING 
TOOL FOR ELECTRONIC COMPONENTS AND EQUIPMENT. L . A . P s o t a . B e l l 

L a b o r a t o r i e s , C r a w f o r d s C o r n e r R o a d , H o l m d e l , N . J . 0 7 7 3 3 . 

I n o u r c o n t i n u i n g e f f o r t s t o a n a l y z e t h e s o u r c e s o f c o r r o s i o n a n d 
c o n t a m i n a t i o n o f B e l l S y s t e m e q u i p m e n t , i o n c h r o m a t o g r a p h y h a s p r o v e n t o 
b e a u s e f u l t o o l . T h e c o n t a m i n a n t s s t u d i e d c o m e f r o m a v a r i e t y o f 
s o u r c e s : 1 ) f i e l d p r o b l e m s c a u s e d b y u n u s u a l c i r c u m s t a n c e s , s u c h a s 
f l o o d s t h r o u g h r o o f l e a k s a n d p i p e r u p t u r e s , 2 ) m a n u f a c t u r i n g p r o b l e m s , 
3 ) a t m o s p h e r i c i n t e r a c t i o n s . W e a l s o a n a l y z e s a m p l e s c o l l e c t e d f r o m 
s u r f a c e s i n t e l e p h o n e c o m p a n y c e n t r a l o f f i c e s , u s i n g a w e t f i l t e r p a p e r 
t e c h n i q u e , t o d e t e r m i n e t h e e f f e c t s o f i n d o o r a t m o s p h e r e s o n e q u i p m e n t . 
I n m a n y c a s e s , s a m p l e s a r e a n a l y z e d u s i n g a n a u t o m a t e d s e t u p , 
i n c l u d i n g a s a m p l e c h a n g e r a n d a c o m p u t i n g i n t e g r a t o r a l o n g w i t h t h e i o n 
c h r o m a t o g r a p h . T h r o u g h p u t h a s b e e n i n c r e a s e d b y t h i s m e t h o d , t h o u g h 
s o m e d i s a d v a n t a g e s h a v e b e e n n o t e d a n d i n s o m e c a s e s t h e " d i r e c t - i n j e c t " 
m e t h o d r e m a i n s p r e f e r a b l e . T h e s a m p l e h a n d l i n g p r o c e d u r e s t h a t h a v e 
b e e n d e v e l o p e d a r e d i s c u s s e d a n d t h e a n a l y t i c a l r e s u l t s o f s e v e r a l s t u d i e s 
a r e i n t e r p r e t e d . 

1 6 AUTOMATION O F A N ION C H R O M A T O G R A P H F O R PRECIPITATION ANALYSIS WITH 
C O M P U T E R I Z E D DATA R E D U C T I O N . A r t h u r Hedley and Marvin F i s h m a n . U.S Geo log ica l 
Survey , Wate r R e s o u r c e s Divis ion , P . O . Box 2 5 0 * 6 , Denver F e d e r a l C e n t e r , Mail S top »07 , D e n v e r , 
C o l o r a d o 80225 

I n t e r c o n n e c t i o n o f an ion c h r o m a t o g r a p h , a u t o s a m p l e r , and c o m p u t i n g i n t e g r a t o r t o form an 
a n a l y t i c a l s y s t e m lo r t h e s i m u l t a n e o u s d e t e r m i n a t i o n o f f l uo r ide , c h l o r i d e , o r t h o p h o s p h a t e , 
b r o m i d e , n i t r a t e , and su l f a t e i n p r e c i p i t a t i o n s a m p l e s i s d e s c r i b e d . C o m p u t e r p r o g r a m s a s s o c i a t e d 
wi th t h e i n t e g r a t o r a r e modi f ied for u s e i n ion c h r o m a t o g r a p h i c d a t a r e d u c t i o n and d a t a s t o r a g e . 
The liquid flow s c h e m e for t h e ion c h r o m a t o g r a p h is c h a n g e d by a d d i t i o n of a second suppressor 
co lumn to e n a b l e g r e a t e r s a m p l e t h r o u g h p u t . An a d d i t i o n a l va lve e n a b l e s s e l e c t i o n o f e i t h e r 
suppressor c o l u m n for ana lys i s whi le t h e o t h e r i s r e g e n e r a t e d and s t a b i l i z e d wi th c o n c e n t r a t e d 
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eluent. Minimum levels of detection and sensitivities for each anion are calculated. These levels 
are a function of suppressor exhaustion. Precision for replicate analyses of five precipitation 
samples for fluoride, chloride, phosphate, nitrate, and sulfate varied from 0.005 to 0.025 mg/L. To 
determine accuracy of results, the same samples were spiked with known levels of the above 
mentioned anions. Average recovery was 108 percent. 

17 DETERMINATION OF HYDROGEN CYANIDE IN ENVIRONMENTAL SAMPLES BY ION CHROMATOGRAPHY. 
Theodore W. Dolzine, George G. Esposito, and Rosemary J. Gaffney. US Army 

Environmental Hygiene Agency, Aberdeen Proving Ground) MD 21010. 

A new method for the collection and analysis of.hydrogen cyanide in the industrial 
atmosphere is reported. Known concentrations of hydrogen cyanide were generated in a 
static chamber and collected by pumping the sample through an aqueous sodium hydroxide 
impinger. Hydrogen cyanide is entrained in the impinger and is irreversibly converted 
to sodium formate and ammonia when heated in an oven overnight. The analysis was per­
formed using ion chromatography. Three different chromatographic methods were investi­
gated. ' -

The collection, reaction conditions and analytical methods are presented. 
Recoveries of 103 + 5% were obtained from spiked laboratory samples over the concentration 
range investigated. The overall precision and accuracy of tfye collection and analytical 
method were tested by sampling known concentrations of hydrogen cyanide. Interferences 
and the use of ion exchange resins for sample clean-up were -also invenstigated. 

18 
A NOVEL SUPPRESSION MEANS FOR ION CHROMATOGRAPHYt Timothy S. Stevens, 
James C. Davis, and Hamish Small. Dow Chemical, USA, Midland, MI 48640 

Conventional Ion Chromatography benefits by.the use of a suppressor column because 
the separated anions are converted to highly responsive acids while the eluent 
electrolyte, usually carbonate, is removed or converted to a feebly conducting 
moiety such as carbonic acid. However, the use of a suppressor'columnalso results 
in complications. These complicatipns include the need to periodically replace or 
regenerate the stripper column, varying elution time ̂jf weak acid anions, due to 
ion-exclusion effects in the unexhausted portion of the suppressor column, apparent 
reaction of some ions such a nitrite with the unexhausted portion of the suppressor 
column resulting in varying response depending on the percent exhaustion of the 
suppressor column, and interference from the varying elution time of a characteristic 
baseline upset,known as the carbonate dip. We have discovered that the use of 
continuously regenerated ion-exchange hollow fibers in a suppressor device eliminates 
the above complications. 

This paper will describe ,the characteristics and fabrication of hollow fiber 
suppressors and present data comparing; this new approach with the conventional resin 
bed suppressor. 

19 SINGLE COLUMN ION CHROMATOGRAPHY FOR THE DETERMINATION OF PPB LEVELS OF CHLORIDE 
AND SULFATE IN CONDENSATE WATER. James S. Fritz and Douglas T. Gjerde." Ames 

Laboratory and Department of Chemistry, Iowa State University, Ames, Iowa 50011. 
Kim M. Roberts. AECI Ltd, North Rand, Transvaal, Republic of South Africa. 

An effective analytical method is described for the determination of ppb concen­
trations of chloride and sulfate in very pure water such as steam condensate. Sample 
anions are concentrated from 10-50 ml samples on a short precolumn column. The pre-
column is then placed in an eluent stream and the sample ions are eluted onto a separa­
tor column. The eluent and separator columns are chosen so that no "suppressor" column 
is needed (1-2). The separated ions are detected directly with a electrical conductivity 
detector. Chloride and sulfate can be determined at concentrations as low as 1-2 ppb 
in water samples. Design and use of the precolumn and the sample preparation is dis­
cussed. Several real water samples have been analyzed successfully by the new procedure. 
The chromatographic system can be run indefinitely with no "down" time. This makes the 
method attractive for on-line analysis. 

1. Gjerde, D. T.; Fritz, J. S.; Schmuckler, G. J. Chrpmatogr. 1979, 186, 509. 

2. Gjerde, D. T. ; Schmuckler, G. ; Fritz, J. S. J_. Chrpmatogr. 1980, lfH, 35. 
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* ° HIGH PERFORMANCE ION CHROMATOGRAPHY ( H P I C ) C . A . P o h l . A . W o o d r u f f 
D i o n e x C o r p . , R e s e a r c h a n d D e v e l o p m e n t D e p a r t m e n t , ±"228 T i t a n W a y , 

S u n n y v a l e , C A . 9 4 0 8 6 . 

I o n - E x c h a n g e c h r o m a t o g r a p h y i s a h i g h l y s e l e c t i v e f o r m o f l i q u i d 
c h r o m a t o g r a p h y . B e c a u s e o f t h i s h i g h s e l e c t i v i t y I o n C h r o m a t o g r a p h y h a s 
b e e n p e r f o r m e d p r i m a r i l y o n m o d e r a t e e f f i c i e n c y p e l l i c u l a r i o n - e x c h a n g e 
r e s i n s . H o w e v e r , t h e i n c r e a s i n g d e m a n d f o r h i g h t h r o u g h p u t a n a l y s e s 
i n I o n C h r o m a t o g r a p h y h a v e n e c e s s i t a t e d t h e d e v e l o p m e n t o f h i g h 
p e r f o r m a n c e I o n C h r o m a t o g r a p h y ( H P I C ) r e s i n s . T o m e e t t h i s n e e d , w e h a v e 
d e v e l o p e d a n e w c l a s s o f h i g h p e r f o r m a n c e m i c r o p e l l i c u l a r i o n - e x c h a n g e 
r e s i n s . T h e s e r e s i n s e x h i b i t t h e h i g h e f f i c i e n c i e s o f s i l i c a b a s e d 
m i c r o p a r t i c u l a t e i o n - e x c h a n g e m a t e r i a l s w h i l e r e t a i n i n g t h e e x c e l l e n t 
c h e m i c a l s t a b i l i t y a n d l o w c a p a c i t y o f c o n v e n t i o n a l p e l l i c u l a r i o n -
e x c h a n g e m a t e r i a l s . U s e o f t h e n e w H P I C r e s i n s f o r h i g h t h r o u g h p u t 
I o n C h r o m a t o g r a p h y a n a l y s e s w i l l b e s h o w n . 

21 SOME APPLICATIONS OF IC AND ICE IN THE PHARMACEUTICAL INDUSTRY. j a n L i n d b e r g . 
P h a r m a c i a AB, A n a l y t i c a l R e s e a r c h , Box 1 8 1 , S-751 OA U p p s a l a , Sweden. 

I o n Chroma tog raphy h a s s u c c e s s f u l l y b e e n u s e d f o r t h r e e y e a r s t o s o l v e p r o b l e m s i n t h e 
f o l l o w i n g f i e l d s . 
1 . A n a l y s i s o f p h a r m a c e u t i c a l c o m p o s i t i o n s , m a i n l y i n f u s i o n s o l u t i o n s . 
2 . Mapping o f p r o d u c t i o n p r o c e s s e s . 
3 . T r o u b l e s h o o t i n g . 
The l e c t u r e w i l l g i v e a s u r v e y o f t h e m e r i t s and d r a w b a c k s o f i o n c h r o m a t o g r a p h y i n t h e 
I C - and ICE-mode. 
Some a p p l i c a t i o n s h a v e b e e n c h o s e n , e a c h i l l u s t r a t i n g a c e r t a i n f e a t u r e o f t h e I C - t e c h -
n i q u e . 
1 . D e t e r m i n a t i o n o f F i n a n i n f u s i o n s o l u t i o n , c o m p a r i s o n w i t h a f l u o r i d e i o n s e l e c t i v e 

e l e c t r o d e . (The g e n e r a l p r o b l e m i s : v e r y u n e q u a l c o n c e n t r a t i o n s o f two i o n s w i t h 
s i m i l a r r e t e n t i o n t i m e s . ) 

2 . D e t e r m i n a t i o n o f SO£ 2 i n s u b s t i t u t e d p o l y g l u c o s e , c o m p a r i s o n w i t h a n L H 2 0 co lumn. 
( A number o f s u b s t a n c e s e x i s t , w h i c h w i l l p o i s o n t h e s e p a r a t o r c o l u m n , p a r t i c u l a r l y 
p o l y a n i o n s . ) 

3 . D e t e r m i n a t i o n o f weak a c i d a n i o n s w i t h ICE e g a c e t a t e i n r o u t i n e a n a l y s i s . 
( E v a l u a t i o n o f t h e ICE-mode) 

4 . D e t e r m i n a t i o n o f b o r a t e w i t h ICE c o l u m n s . (Weak a c i d s c a n n o t b e d e t e r m i n e d b y IC . 
I f pKa c a n b e c h a n g e d , a d e t e r m i n a t i o n i s p o s s i b l e . ) 

5 . Compar i son o f I C and o f f i c i a l m e t h o d s n o t a b l y from d i f f e r e n t p h a r m a c o p e i a s . 

ION CHROMATOGRAPHIC ANALYSIS OF ANIMAL FEEDS. Alexander MacDonald, Robert Saper-
s t e i n , Franz Sche id I , Edythe Hargroves and Ar thur Love. Hoffmann-La Roche I n c . , 
Chemical Research D i v i s i o n , Nut ley , NJ 07110. 

Ion Chromatography has been u t i l i z e d to determine minimum a v a i l a b l e concentrat ions 
of ion ic components in f i n i s h e d feeds and feed components. A s imple water ex t rac t ion 
is used and the f i l t e r e d ext rac t used d i r e c t l y f o r the assay of anions and ca t ions . 
App l i cab le ca t ion concentrat ions were va l i da ted with Atomic Absorpt ion Spectrometry 
and the anions such as ch lo r i des v ia m i c r o - t i t r a t i o n . Minimum a v a i l a b l e concentra­
t i ons of these ions a re useful to know, s ince t h e i r absorp t ion would not be dependent 
on the d i ges t i ve process. Percent a v a i l a b l e ions f o r a wide v a r i e t y of feeds and 
feed ingred ien ts have been determined. 

23 COMPUTERIZED AQUISITION AND REDUCTION OF ION CHROMATOGRAPHIC DATA. C. C. T o r q u a t o . 
N . L a t n e r and D . C . Bogen . E n v i r o n m e n t a l M e a s u r e m e n t s L a b o r a t o r y , U . S . D e p a r t m e n t 

of E n e r g y , 376 Hudson S t . , New Y o r k , NY 1 0 0 1 4 . 

A Dionex Model 10 I o n C h r o m a t o g r a p h h a s b e e n i n t e r f a c e d w i t h Commodore PET m i c r o ­
p r o c e s s o r , d u a l d r i v e f l o p p y d i s k and t r a c t o r p r i n t e r u n i t s . A p r o g r a m , w r i t t e n i n t h e 
BASIC c o m p u t e r l a n g u a g e , h a s b e e n d e v e l o p e d w h i c h e n a b l e s t h e o p e r a t o r t o a c q u i r e , r e d u c e 
and s t o r e i o n c h r o m a t o g r a p h i c d a t a . The p r o g r a m ' s d a t a r e d u c t i o n c a p a b i l i t y i n c l u d e s t h e 
d e t e r m i n a t i o n o f i n t e g r a l and a v e r a g e v o l t a g e r e a d i n g s f o r s p e c i f i e d t ime i n t e r v a l s and 
d a t a s c a n n i n g f o r maximum p e a k h e i g h t a n d r e t e n t i o n t i m e v a l u e s . Chroma t o grams can b e 
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displayed on the video display unit. The acquired data is stored on mini-floppy disks. 

Copies of both chromatograms and data can be obtained from the printer. In this paper 

peak height and retention time data obtained from the microprocessor will be compared 

with data obtained from a strip chart recorder. 

24 LOW LEVEL BROMIDE DETERMINATION IN DRINKING WATERS BY ION CHROMATOGRAPHY 

A. Eaton r D. Pietz, A. Trussell, and L. Leong. James M. Montgomery 

Environmental Research Lab, 555 E. Walnut St. Pasadena, CA 91101 

Bromide levels are of direct concern for drinking waters because of the role 
Br may play in trihalomethane formation (eg. Bromoform) which is regulated at 100 ug/1 
total THM. Traditional colorimetric methods of analysis have insufficient sensitivity 
for most drinking waters (DL=100ug/l). We have developed a method for routinely 
quantifying bromide in natural waters down to levels of 10 ug/1 (DL=3ug/l) using 
ion-chromatography coupled with cadmium reduction of nitrate to remove this interference. 
The method is rapid (12 minutes/sample), accurate (recoveries of 97% at the 50ug/l 
level), and precise (4% at 25 ug/1). It is being applied routinely to samples from 
a number of sources and we are currently examining the role of Br in THM formation 
using this method along with GC analysis of individual THM's. We will describe the 
method and present results of our investigations. 

25 THE REMOVAL OF IRON INTERFERENCES IN IC ANALYSES BY COMPLEXATION. Nancy S. Simon. 
fT.S. Ceologicai Purvey, National Center, Vaii Stop 4?2, Weston, Virginia 220<*2. 

The working pH range is 9 to 10.5 for the anion separator system in the Dionex!./ 
ion chromatography instrument. At this hydrogen ion concentration, dissolved iron 
forms hydroxide precipitates. To analyze riverine pore-water samples, which contain 
from 0.02 to 2 mmol/1 (1 to 112 mg/1) total iron, a procedure for complexing the 
dissolved iron has been developed. Cyanide is the choice as the complexing agent 
because it has both a high pK a and a low affinity for the anion resin. Sodium cyanide 
is added to pore-water samples to produce a final concentration of 5 mmol CN~/1. The 
ferro- or ferricyanide complex requires six cyanide ions per one ferrous or ferric ion. 
The ratio of cyanide to iron in samples with the highest iron concentations is more 
than 12 to 1. Inflections in the sample chromatogram occur as a result of the addition 
of the cyanide complexer. 

i/ The use of brand names in this report is for identification purposes 
only and does not imply endorsement by the T T . s. Geological Survey. 

26 APPLICATIONS OF SIMULTANEOUS DETECTION IN IC. E.L. Johnson and C3 there. 
Dionex Corporation, 1228 Titan Way, Sunnyvale, California 94086. R. Williams, 
Allied Chemical, P.O. Box 1021 R, Morristown, NJ 07960. 

Conductimetric detection has proven to be very sensitive for ions with P K

A '
S less 

than 7. However, a large number of species such as cyanide, sulfide, hydrazine, 
hypochlorite, and alkyl mercaptans can not be adequately detected using conductivity. 
This paper will describe uses of an electrochemical or UV detector which permits 
routine detection of these species while also determining such species as sulfate, 
phosphate, and nitrate. Emphasis will be given to the use of multiple detectors to 
obtain maximum information with only one injection. Illustrations from a wide range 
of applications will be given. 

27 RESISTIVITY DETECTION OF WEAK ACIDS: CARBAMATES AND CARBONATES. 
R . K . P i n s c h m i d t , J r . and M. J . F a s o l k a . A i r P r o d u c t s and C h e m i c a l s , I n c . , 
P .O . Box 5 3 8 , A l l e n t o w n , PA 18105 

The s e n s i t i v e measu remen t o f s i m p l e a n i o n s a t t h e ppm l e v e l b y Ion C h r o m a t o ­
g raphy c a n b e e x t e n d e d w i t h o u t i n s t r u m e n t m o d i f i c a t i o n s t o weak a c i d a n i o n s 
{pKa 5 - 1 2 ) u s i n g h i g h p H e l u e n t m i x t u r e s c o n t a i n i n g s t r o n g a c i d s a l t s ( e . g . , 
n i t r a t e / h y d r o x i d e ) . The weak a c i d s a m p l e i o n s a r e q u a n t i t a t i v e l y d e t e c t e d a s 
n e g a t i v e , o r r e s i s t i v i t y , p e a k s r e s u l t i n g f rom a r e d u c t i o n i n t h e s t r o n g a c i d 
a n i o n f l u x a t t h e e l u t i o n t i m e o f t h e weak a c i d s a m p l e c o m p o n e n t . 
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T h i s m e t h o d , p r e v i o u s l y a p p l i e d t o c y a n i d e , c a r b o n a t e and t e t r a b o r a t e , h a s 
been e x t e n d e d t o c a r b a m a t e s (RNHC02~) o f l o w e r a l k y l a m i n e s . The p a p e r d i s c u s s e s : 
1 ) s u p p r e s s i o n o f a l k y ! ammonium c o u n t e r i o n p e r t u r b a t i o n s b y t h e a d d i t i o n o f a 
s m a l l h i g h c a p a c i t y sod ium form c a t i o n e x c h a n g e p r e c o l u m n , 2) e l u e n t s e l e c t i o n and 
c h r o m a t o g r a m i n t e r p r e t a t i o n , 3) t h e ma jo r i n f l u e n c e o f c a r b o n d i o x i d e c o n t a m i n a t i o n 
on ch roma tog ram g e o m e t r y and e l u e n t s t r e n g t h , 4 ) pH a d j u s t m e n t and t r a c e r p u l s e 
c o n c e p t s i n e l i m i n a t i n g t h e i n t e r f e r e n c e o f t h e " e l u e n t p e a k " , and 5 ) t h e i n f l u e n c e 
o f s o l u t i o n a g i t a t i o n o n t h e p a r t i t i o n o f C0~ t o c a r b o n a t e and c a r b a m a t e i n a q u e o u s 
a m i n e . 

28 THE DETERMINATION OF BORON AND PHOSPHORUS IN SILICATE GLASSES USING ION CHROMATOGRAPHY 
EXCLUSION* R. M. Merrill. Sandia National Laboratories! P. 0. Box 5800, Albuquerque, 

New Mexico 87185. 

Phosphorus and boron have been simultaneously determined in silicate glasses using 
Ion Chromatography Exclusion. The analyses were accomplished using commercially avail­
able instrumentation and columns. A mixed hydrochloric acid/mannitol eluent was used, 
and the effect of varying HC1 concentration was studied. Calibration curves for the 
technique were found to be linear for solutions containing from 1 - 150 ppm phosphorus, 
and from 1 - 100 ppm boron. Glass samples were prepared for analysis by fusion at 950°C 
in sodium carbonate followed by HC1 dissolution. Comparison of fused samples which con­
tained known phosphorus and boron concentrations with calibration curves have shown that 
neither constituent is lost using this fusion technique. The analytical results for 
phosphorus and boron using ion chromatography exclusion compare very well with results 
from more classical approaches, and are obtained with considerable time savings. 

*This work was supported by the U. S. Department of Energy(DOE) under contract number 
DE-AC04-76-DP00789. 
tA U.S. DOE facility. 

29 ICE ANALYSIS OF ADIP1C ACID DEGRADATION PRODUCTS IN LIMESTONE FGD SCRUBBER SOLUTIONS. 
J. C. Terry, E. E. Ellsworth, and D. L. Utley. Radian Corporation, 8500 Shoal Creek 

Boulevard, Austin, Texas 78766. 

The addition of adipic acid to FGD scrubber liquor results in improved limestone 
utilization and enhanced S02 sorption kinetics. During scrubber operation, however, 
adipic acid is lost from the system in the liquid and solid phase purge streams and by 
chemical degradation. In order to provide process control data and to monitor the various 
mechanisms for adipic acid loss a method for selective organic acid analysis is needed. 
IC analysis techniques do not separate most dicarboxylic acids or monocarboxylic acids 
for identification or quantification. ICE is capable of separating and quantifying 
fairly complex mixtures of these acids. This paper presents results of IC and ICE anal­
yses of scrubber solids and liquor samples from several FGD systems. 

30 ION CHROMATOGRAPHIC ANALYSIS OF FORMALDEHYDE. AN EVALUATION OF PROPRIETORY SOLID-
ADSORBER SAMPLING TUBES UNDER LABORATORY AND FIELD CONDITIONS. C. J. Jackson and 

D. Bussan. Health and Safety Executive, Occupational Hygiene Laboratory, 4-03 Edgware 
Road, LONDON NW2 6LN, United Kingdom. 

In the United Kingdom the concentration of formaldehyde in workplace atmospheres is 
closely controlled, to comply with the ACGIH Threshold Limit Value of 3 mg/m^, through 
inspection and enforcement by the Health and Safety Executive. Enforcement involves 
the sampling and analysis of this highly irritant gas and problems exist due to the 
lack of suitable shift sampling and associated analysis procedures. The use of a 
proprietory impregnated charcoal solid-adsorber tube for sampling together with 
Ion Chromatographic analysis of the resultant desorbed formate (as described by 
W. S. Kim, C. L. Geraci and R. E. Kupel, Am. Ind. Hyg. Assoc. J., 334- (1980)) 
appeared to offer the desired shift sampling capability. Before introducing this 
procedure, ruggerdness testing was undertaken to evaluate the performance of these 
tubes using laboratory generated standard atmospheres to permit a statistical 
evaluation of the effect of sampling rate and time, atmospheric level, and the level 
of a range of potential interferents. Results of these studies are reported 
together with a field evaluation at locations such as foundries. 
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3 1 T h e D e t e r m i n a t i o n o f A c i d s i n C o f f e e b y I o n C h r o m a t o g r a p h y ( I C ) a n d 
I o n C h r o m a t o g r a p h y w i t h E x c l u s i o n ( I C E ) . L . D . D a v i s a n d A . K . F o l t z , 
T e c h n i c a l C e n t e r , G e n e r a l F o o d s , 5 5 5 S . B r o a d w a y , T a r r y t o w n , N . Y . 1 0 5 9 1 . 

M e t h o d o l o g y h a s b e e n d e v e l o p e d f o r t h e d i r e c t , q u a n t i t a t i v e d e t e r m i n a ­
t i o n o f a c i d s i n c o f f e e u s i n g I C a n d I C E i n b o t h i n d e p e n d e n t a n d 
c o u p l e d m o d e s . D i l u t e d a n d f i l t e r e d c o f f e e b r e w s a m p l e s a r e c h r o m a -
t o g r a p h e d d i r e c t l y f o r a c i d s w i t h p K a ' s u p t o 7 w i t h o u t i n t e r f e r e n c e 
f r o m t h e c o m p l e x s a m p l e m a t r i x . T h i s a p p r o a c h a v o i d s p r o b l e m s a r i s i n g 
f r o m t h e p r e l i m i n a r y i s o l a t i o n a n d d e r i v i t i z a t i o n s t e p s : u t i l i z e d b y 
p r e v i o u s m e t h o d s r e p o r t e d i n t h e l i t e r a t u r e . T h e l e v e l s o f c o f f e e 
a c i d s f o u n d b y t h e l a t t e r m e t h o d s v a r y g r e a t l y , i n d i c a t i n g a w i d e 
r a n g e o f v a r i a b i l i t y i n c o f f e e a c i d s l e v e l s a n d / o r v a r i a b l e d e g r e e s 
o f r e c o v e r y . T h e r e c o v e r y l e v e l s o b t a i n e d w i t h I C a n d I C E ( t y p i c a l l y 
1G0+ 15%) l a r g e l y e l i m i n a t e t h e l a t t e r p o s s i b i l i t y . T h e I C a n d I C E 
r e s u l t s a r e c o m p a r e d w i t h p r e v i o u s l y r e p o r t e d r e s u l t s i n o r d e r t o 
e s t a b l i s h m o r e a c c u r a t e d a t a o n a c i d s p r e s e n t i n c o f f e e . 

3 2 P r a c t i c a l E x p e r i e n c e o n t h e Use o f Coupled ICE/IC S y s t e m s f o r t h e D e t e r m i n a t i o n o f 
Anions in H a z a r d o u s Was te S a m p l e s . J . H. Lowry , R. C. Ross and K. Wang. E n v i r o n ­

men ta l P r o t e c t i o n A g e n c y , N a t i o n a l E n f o r c e m e n t I n v e s t i g a t i o n s C e n t e r , Box 2 5 2 2 7 , B l d g . 
5 3 , Denver F e d e r a l C e n t e r , D e n v e r , CO 80225 

Samples o f l e a c h a t e , d i s p o s a l p i t s , and b a r r e l m a t e r i a l s c o l l e c t e d o n and n e a r s i t e s 
o f t h e d i s p o s a l o f h a z a r d o u s w a s t e s h a v e been a n a l y z e d f o r s t r o n g and weak a c i d a n i o n s 
b y a c o m b i n a t i o n o f c o u p l e d ICE/IC s y s t e m s . D i s c u s s i o n o f t h e p r a g m a t i c s o f o b t a i n i n g 
u s e f u l d a t a i n t e r m s o f p r o c e d u r e , i n t e r f e r e n t s and s e c o n d and t h i r d s y s t e m v e r i f i c a t i o n 
i n s a m p l e s c o n t a i n i n g complex m i x t u r e s o f a n i o n s a r e p r e s e n t e d . P r o c e d u r e s f o r i n d i ­
v i d u a l a n i o n v e r i f i c a t i o n a r e recommended. 

33 CARE AND FEEDING OF IC COLUMNS. E.L. Johnson. Dionex Corporation, 1228 Titan Way, 
Sunnyvale, California 94086. 

With the increased popularity of Ion Chromatography, there has been a concurrent 
increase in "abnormal column behavior." while the resins employed in IC are extremely 
durable and the resulting columns can withstand a variety of abuses, there are certain 
do's and don'ts which should be observed to maintain good performance. Proper column 
storage and clean-up techniques will be described. Procedures for establishing routine 
maintenance programs to assure continued high performance will be illustrated. 

3* A RAPID METHOD FOR THE ION CHROMATOGRAPHIC DETERMINATION OF FLUORINE, CHLORINE 

AND SULFUR. C. B. Moore, K. L. Evans and J. G. Tarter. Department of Chemistry, 
Arizona State University, Tempe, Arizona 85287 

A method for the determination of chlorine in silicate rocks and meteorites has 
been extended to include fluorine and sulfur. Samples are combusted in a LECO induction 
furnace using a water saturated oxygen carrier gas. The volatile products are collected 
in a NaHC0 3-Na 2C0 3 eluent and analyzed in a DIONEX Model 10 Ion Chromatograph. The 
analyses for all three elements compare well with accepted values for standard rock 
and meteorite samples. Analyses of selected splits of some of the standards showed 
small but significant differences between the splits of the same sample for chlorine 
and fluorine -

35 
A n a l y s i s o f Mount S t . H e l e n s Samples Us ing Ion C h r o m a t o g r a p h y . 
S . W i l s o n , C . G e n t , and T . H i n k l e y . U . S . G e o l o g i c a l S u r v e y , Box 2 5 0 4 6 , 
MS 9 2 8 , D e n v e r , CO. 80225 

The May 1 8 , 1980 e r u p t i o n o f Mount S t . H e l e n s r e s u l t e d i n t h e d e p o s i t i o n o f 
s u b s t a n t i a l amounts o f a sh t h r o u g h o u t t h e n o r t h w e s t U n i t e d S t a t e s . Samples w e r e 
s u b m i t t e d t o t h e U . S . G e o l o g i c a l S u r v e y f o r t h e a n a l y s i s o f a n i o n s and c a t i o n s . 
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I n v e s t i g a t i o n s p e r t a i n i n g t o t h e c o n c e n t r a t i o n s o f f l u o r i d e , c h l o r i d e , n i t r a t e , 
p h o s p h a t e and s u l f a t e w e r e p e r f o r m e d u s i n g a Dionex 12S ion c h r o m a t o g r a p h . 
Removal o f a n i o n s from t h e a s h s a m p l e s was a c c o m p l i s h e d u s i n g w a t e r and 0.01M 
s u l f u r i c a c i d l e a c h s . L e a c h a b l e a n i o n c o n c e n t r a t i o n s r a n g e d from t e n s t o 
s e v e r a l h u n d r e d p a r t s p e r m i l l i o n i n t h e s a m p l e . H i g h e r a n i o n c o n c e n t r a t i o n s 
w e r e o b s e r v e d i n t h e a c i d l e a c h s . T o t a l a n i o n c o n c e n t r a t i o n s i n t h e a sh 
s a m p l e s were e s t i m a t e d u s i n g v a r i o u s f u s i o n m e t h o d s . L e a c h a b l e a n i o n 
c o n c e n t r a t i o n s a r e compared t o t o t a l a n i o n c o n c e n t r a t i o n s i n t h e a s h . 
I n f o r m a t i o n i s p r e s e n t e d which e x a m i n e s t h e c o n c e n t r a t i o n s o f a n i o n s i n t h e 
s a m p l e s a s t h e y r e l a t e t o d i s t a n c e from t h e v o l c a n o . 

(Use o f b r a n d o r m a n u f a c t u r e r ' s name i s f o r d e s c r i p i t i v e p u r p o s e s o n l y and 
does n o t c o n s t i t u t e e n d o r s e m e n t b y t h e U . S . G e o l o g i c a l S u r v e y ) 

36 DETERMINATION OF SPARK-INDUCED BY-PRODUCTS OF SULFUR HEXAFLUORIDE. J. M. Keller. 
Analytical Chemistry Division, Oak Ridge National Laboratory,* P. 0. Box X, Oak 

Ridge, Tennessee 37830. 

The 25-MV tandem accelerator of the ORNL Holifield Heavy-Ion Research Facility 
employs sulfur hexafluoride as an insulating gas to prevent uncontrolled discharge or 
arcing. SF5 is ordinarily very stable; however, it can decompose into very reactive 
gases when exposed to high-voltage arcs such as found in accelerators. The spark-
induced by-products may degrade performance of the accelerator and cause severe cor­
rosion. It is therefore desirable to monitor the SF& for the presence of by-products. 
By allowing the by-products to hydrolyze in a borate buffer, followed by ion chromato­
graphic analysis of the resulting solution, one may obtain a measurement of the decom­
position of the SFg. 

*0ak Ridge National Laboratory is operated by Union Carbide Corporation for the 
U. S. Department of Energy under contract W-7405-eng-26. By acceptance of this article, 
the publisher or recipient acknowledges the U. S. Government's right to retain a non­
exclusive, royalty-free license to and for any copyright covering the article. 

37 DETERMINATION OF SULFATE IN BRINE. J. P. Price, N. W. Stacy, and J. R. Hawkins 
Research Department, American Enka Company, Enka, NC 28728 

It is important in the production of NaCl for certain applications that the level 
of sulfate be less than 100 ppm. Heretofore, the classical BaSO*. precipitation method 
has been used. While this procedure may be reasonably accurate, if good care is 
exercised, it is very time consuming. 

Using conventional ion chromatographic columns, the extremely high levels of 
chloride in the presence of low concentrations of sulfate, often as low as 10 ppm, were 
just not separated. A method has been devised to volatilize the chloride and subse­
quently inject a chloride free matrix onto the column. 

Actual operator time required for a single analysis is 15-20 minutes and a series 
of 6-10 samples can be handles simultaneously, increasing analysis time by approximately 
20 minutes for duplicate injections. 

38 AUTOMATED COUPLED L I Q U I D CHROMATOGRAPHY/ION CHROMATOGRAPHY 
T . L . C r a v e n . Monsanto Chemical I n t e r m e d i a t e s Company, P e n s a c o l a , F l o r i d a 32575 

An a u t o m a t e d s y s t e m c o u p l i n g r e v e r s e d p h a s e l i q u i d c h r o m a t o g r a p h y (LC) and ion 
c h r o m a t o g r a p h y ( I C ) h a s been d e v e l o p e d f o r t h e q u a n t i f i c a t i o n o f i n o r g a n i c i o n s , 
such a s c h l o r i d e , i n t h e p r e s e n c e o f o r g a n i c s . The s y s t e m h a s been used t o d e t e r m i n e 
s u l f a t e and sub ppm l e v e l s o f c h l o r i d e i n p r o c e s s s t r e a m s c o n t a i n i n g 302 t o t a l c a r b o n . 
I n e x p e n s i v e m o d i f i c a t i o n of a Dionex Model 14 i o n c h r o m a t o g r a p h r e s u l t e d in a s y s t e m 
c a p a b l e o f c o u p l e d c h r o m a t o g r a p h i c o p e r a t i o n . A u t o m a t i o n v i a m i n i c o m p u t e r e v e n t 
c o n t r o l p r o v i d e d t h e t i m i n g p r e c i s i o n n e c e s s a r y f o r c o u p l e d c h r o m a t o g r a p h i c o p e r a t i o n . 
U t i l i z a t i o n o f r e v e r s e d p h a s e L C c o u p l e d t o I C i s a d v a n t a g e o u s i n t h a t c h l o r i d e c o n ­
c e n t r a t i o n s can b e o b t a i n e d and t h a t s h o r t e r c y c l e t i m e s a r e p o s s i b l e . 
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39 DETERMINATION AND IDENTIFICATION OF SULFITE IN SOME PHARMACEUTICAL COMPOSITIONS 

USING ION CHROMATOGRAPHY. J. Lindberg. Analytical Research, Pharmacia Co., 

S-751 04 Uppsala, Sweden. 

Sulfur dioxide, acting as a preservative agent, is a common additive t-- food, 

drinks and to certain pharmaceutical preparations. It is well known that sulfite forms 

different compounds with aldehydes, ketones, o f reaction O ) . 

N „ - \ y 
OH 

C = O + HSO^ « C _ hydroxysulIonic acid (1) 
' 3 / \ 

Reactions similar to reaction (1) may also occur for different types of sugars and cer­

tain polymers. This means that sulfite forms more or less labile compounds. As a conse­

quence, depending upon the analytical technique used, more or less sulfite is found. The 

suitability of using ion chromatography for the analysis of sulfite in the presence of 

different types of stabilizers and pharmaceutical matrices has been tested. A comparison 

has also been done with a modified West-Gaeke method ( C O . Bjorling and D. Fransson, 

Pharmacia Co.. personal communication). The agreement between the two methods is accept­

able though part of the added sulfite could not be accounted for. 

40 THE ANALYSIS OF BARIUM SULFATE BY ION CHROMATOGRAPHY. Richard D. 
Posner, United States Testing Company, Inc., 1415 Park Avenue; 

Hoboken, NJ 07030. 

Barium Sulfate may be dissolved in the Sodium salt of Ethylene Diamine 
Tetraacetic Acid (0.1% solution adjusted to pH 10.0 * .2 with NaOH) and 
injected directly into an anion separator column of an Ion Chromatograph. 
The EDTA chelates the Barium while displacing a Sodium. In turn the 
Sodium latches onto the Sulfate forming Soluble Sodium Sulfate. The 
amount of Sulfate formed is directly proportional to the amount of Barium 
Sulfate in the original sample. 

BaS0 4 + Na"J (EDTA) ~ Ba 2 EDTA + Na^O^ 

Direct injection yields a sulfate peak that has a retention time approxi­
mately 10% less than that of Aqueous Sodium Sulfate. This is accounted for 
by the NaOH in the sample and the EDTA acting to increase the strength of 
the eluent. Futhermore the identity of the Sulfate is confirmed by spik­
ing and by collection and precipitation with BaCl2. It is corrected by 
the use of a one point standard addition followed by extrapolation. 

The Sulfate response is linear within a 200 ppm range and thus a sample 
size of 50 mg diluted to 500ml is used. Results to date have precision 
relative & absolute errors ± 0.2% B a S 0 4 . 

41 
INORGANIC ANION AND CATION CHROMATOGRAPHY APPLIED TO STEAM GENERATOR SECONDARY 

CIRCUIT CHEMISTRY STUDIES by J.P. Brunet - A. Heres and C. Poletiko - C.E.A. - C.E.N. 

Cadarache, 13115 Saint Paul lez Durance, France. 

This work has two objectives : 

1 - Chemistry studies of PWR secondary circuit steam generators chemistry and mainly 

possible effect of sea water and river water pollution. Tests have been performed using 

the Clarinette loop model boilers. Monitory of experiments, hide out and hide out return 

of species is oerformed leading to accurate measurement of anions (CI, S04, P04) and 

cations (Ma, K, KiH4, Ca, Mg) concentrations. According to experience two measurements 

ranges used : from 1 to 0 ppm in steam generator blow down and in the field of 1 ppb 

for the feed water. 

Some possible additions (morpholine, hydrazine, boric acid) give rise to chromatogram 

interferences. 

2 - Accurate and precise experimental method studies, using "Dionex" chromatography 

apparatus. 

The goal is to obtain an analysis method for CI, P04, N03, S04, using concentrating 

column. Minimum possible level is up to now .1 ppb. Methods are given to solve additives 

interferences problems and in bottle samples evolutions. 
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SOME APPLICATIONS OF ION CHROMATOGRAPHY TO OIL WELL CEMENT RESEARCH AND ANALYSIS. 
W. J. Caveny and J. D. Childs. Halliburton Services, CRD, Duncan, OK 73536. 

The search for oil throughout the world has increasingly placed greater demands on the 
oil well service industry for quality oil well cements and special application cements. 
Various chemical aids, such as set time accelerators, set time retarders, friction reducers, 
and high temperature strength stabilizers are used in cement blends to fulfill the special­
ized needs of the oil industry. The increased sophistication of chemical systems used in 
oil well cementing has created the need for more precise analysis. 

This paper deals with the use of ion chromatography to examine the large anions present 
as additives in these cement blends. Several unique extraction methods have been evaluated 
for the removal of different ionic species from the cement solids. 

* 3 NEW ELUENTS FOR NON-SUPPRESSED ION CHROMATOGRAPHY. 0. E. G i r a r d and 0. A. G l a t z . 
D e p a r t m e n t o f C h e m i s t r y , The a m e r i c a n U n i v e r s i t y , W a s h i n g t o n , D.C. 20016 

R e c e n t r e p o r t s b y t h e a u t h o r s have shown n o n - s u p p r e s s e d i o n c h r o m a t o g r a p h y , which 
u s e s c o n v e n t i o n a l h i g h p r e s s u r e l i q u i d c h r o m a t o g r a p h y (HPLC) i n s t r u m e n t a t i o n , t o b e a 
low c o s t a n a l y t i c a l t e c h n i q u e f o r t h e a n a l y s i s o f i n o r g a n i c a n i o n s . A V a r i a n Model 5000 
HPLC was c o u p l e d w i t h a Wescan C o n d u c t i v i t y D e t e c t o r . Al l s e p a r a t i o n s were a c h i e v e d on 
a Vydac 302 IC Column a t a c o n t r o l l e d t e m p e r a t u r e o f 30°C . T h i s s y s t e m i s d e s i g n e d to 
work w i t h o u t a s u p p r e s s o r c o l u m n > t h u s a c h i e v i n g b e t t e r c h r o m a t o g r a p h i c e f f i c i e n c y and 
s a v i n g t i m e i n r e g e n e r a t i n g t h e s u p p r e s s o r c o l u m n . Very e f f i e i e n t s e p a r a t i o n s o f a n i o n s 
such a s C I " , N0,3~> and SO4"2 a r e e a s i l y a c h i e v e d w i t h t h i s s y s t e m . The s e n s i t i v i t y w e 
have o b s e r v e d f o r CI" i o n s ( 0 . 5 PPM) i s c o m p a r a b l e t o c o n v e n t i o n a l s u p p r e s s e d IC. S e n ­
s i t i v i t y f o r n i t r a t e ( 1 . 2 5 PPM) and s u l f a t e ( 1 . 2 5 PPM) i s o n l y s l i g h t l y l e s s t h a n t h a t 
which i s o b s e r v e d f o r t h e c o n v e n t i o n a l s u p p r e s s e d I C m e t h o d . L i n e a r i t y i s v e r y good 
o v e r a w i d e c o n c e n t r a t i o n r a n g e . B y c h a n g i n g t h e e l u t i n g s p e c i e s , i t s c o n c e n t r a t i o n 
o r t h e pH, improved s e n s i t i v i t y , c h r o m a t o g r a p h i c e f f i c i e n c y , s e l e c t i v i t y and r e s o l u t i o n 
may be a c h i e v e d . 

M NMR IN SOLIDS: A STUDY IN ANISOTROPY BY John S. Waugh, Massachusetts Institute of 
Technology 

The interactions of nuclear spins with their surroundings and with one another are 
all anisotropic- The exploitation of this fact is one of the principal motivations for 
the study of solids. Two kinds of studies will be outlined which make use of the aniso­
tropics in two different ways. 

(1) In magic angle sampling spinning, which in its simplest form is designed to 
remove the anisotropics, theexistence of slow random molecular rotations can be 

conveniently studied. This possiblity arises because the random motions tend to destroy 
the coherent averaging which would otherwise result in perfect rotational echoes and 
sharp spectra. The same statement can be made about the competition between random mo­
tions and coherent averaging methods of other kinds, e.g. spin decoupling. The result 
is that experimental conditions can often be tuned so as to make accessible for study 
random motions covering quite a wide range of correlation times. When this is possible, 
line broadening measurements often provide a more economical way of studying random 
motions than do spin lattice relaxation methods. 

(2) Surprisingly little experimental work has been done on the anisotropy of 
electron-coupled spin interactions (J coupling). A recent determination will be dis­
cussed and some remarks made about the signs of such couplings and possible ways for 
determining them. 

45 
RECENT DEVELOPMENTS IN MULTIPLE QUANTUM NMR . A. Pines, University of California, 

Berkeley, California 94720. 

Some recent topics in multiple quantum NMR will be discussed from amongst the 
following: 
1. High resolution NMR in inhomogeneous magnetic fields. 
2. High resolution proton local field spectra of carbon-13. 
3. Conformation of aliphatic chains from high n-quantum spectra, 
4. Magic angle spinning with double quantum transitions. 
5. Wideband homonuclear decoupling of strongly coupled spins. 
6. Selective n-quantum excitation in liquids. 
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46 GEOMETRY OF MOLECULES IN THE AMORPHOUS STATE BY NMR NUTATION SPECTROSCOPY BY 
R. D. Kendrick and C. S. Yannoni, IBM Research Laboratory, San Jose, California 

95193 

There are no readily available methods for determining the carbon skeletal geometry 
of organic molecules in an amorphous solid phase. This includes matrix-isolated molecules, 
materials from which a single crystal cannot be made, and most polymers. NMR spectroscopy 
has the potential for measuring internuclear distances in amorphous solids, although this 
potential had not been thoroughly explored. Since dipolar coupling between carbon-13 
nuclei depends on the inverse third power of the internuclear distance, a measurement 
of the splitting due to this coupling can yield the carbon-carbon distance. We have 
developed a relatively simple NMR method designed to directly observe and measure these 
splittings, which are normally masked by chemical shift effects. A typical sample will 
consist of a material which ahs been doubly labeled in carbon-13. No information about 
the carbon chemical shfits (magnitude or orientation) is required. Thus, the method is 
applicable to all molecules, even those with no symmetry or with overlapping chemical 
shift powder patterns. 

The utility of the technique depends especially on rf field strength and r£ coil 
inhomogeneity. We have made a comprehensive experimental and theoretical study of 
doubly labeled acetic acid, which has low symmetry and a large (260 ppm) chemical shift 
dispersion, and for which the C-C distance is known. This was done to gauge the cap­
ability of our spectrometer to makp bond length measurements in "unknown" materials. A 
description of the method, the results for acetic acid, and conclusions regarding its 
generality will be given. 

l. J. Chem. Phys. 74, 747 (1981) 

l*/ l3C NMR IN ORIENTED POLYMERIC SOLIDS BY D. L. VanderHart, Structure and Properties 
Group, Polymer Science and Standards Division, National Bureau of Standards; and 

G. G. A. Bohm and V. D. Mochel, Firestone Tire and Rubber Co., Central Research Labora­
tories, Akron, Ohio. 

13 
Under conditions of high power proton decoupling, C lineshapes are determined by 

e anisotropic chemical shift interaction. In certain circumstances isolated C -
C dipole-dipole interactions may also be present. In unoriented materials with even a 

few chemically inequivalent carbons, there is usually strong overlap of the various 
resonances. Use of oriented samples is both simplifying in terms of spectral overlap and 
informative because the lineshapes reflects the distribution of orientation. For 
oriented polymers, anisotropic motions can also be studied, particularly those motions 
occuring in well-oriented 'crystalline* regions of .the sample. Some insight can also be 
obtained into the relationship of orientation and mobility where the latter concept 
should, in turn, be useful in understanding the concept of crystallinity. 

Two polymeric systems will be discussed, namely, linear polyethylene (PE) and 
polyethylene terephthalate (PET). Particular attention will be paid to the flip-flop 
motion in PE and the aromatic ring rotation in PET. The usefuless of the distinction 
between crystalline and non-crystalline phases will also be considered. 

48 ELIMINATION OF SEVERE MAGNETIC SUSCEPTIBILITY BROADENING IN SOLID-STATE NMR*. 
M. E . S t o l l . T h e o r e t i c a l D i v i s i o n , S a n d i a N a t i o n a l L a b o r a t o r i e s , L i v e r m o r e , CA 9 4 5 5 0 . 

High r e s o l u t i o n NMR of h y d r o g e n in s t r o n g l y p a r a m a g n e t i c m e t a l s and h y d r i d e s i s 
d e m o n s t r a t e d b y s u p p r e s s i o n o f s e v e r e m a g n e t i c s u s c e p t i b i l i t y b r o a d e n i n g i n powdered 
s a m p l e s . The h y d r o g e n - n i o b i u m s y s t e m i s i n v e s t i g a t e d u s i n g two t e c h n i q u e s t o na r row t h e 
s p e c t r a l l i n e s wh ich a r e s u s c e p t i b i l i t y - b r o a d e n e d . The f i r s t method o f e l i m i n a t i n g 
s u s c e p t i b i l i t y b r o a d e n i n g i n v o l v e s m a t c h i n g t h e s u s c e p t i b i l i t y o f a s u r r o u n d i n g f l u i d 
t o t h a t o f t h e s a m p l e . The s e c o n d method i n v o l v e s mag ic a n g l e s a m p l e s p i n n i n g . U n d e r ­
l y i n g c h e m i c a l s h i f t s c h a r a c t e r i s t i c o f d i f f e r e n t s i t e s and m a t e r i a l p h a s e s a r e r e v e a l e d . 
Chemical s h i f t s o f hyd rogen in a and 3 p h a s e s o f t h e NbH x s y s t e m a r e g i v e n . 

* T h i s work was s u p p o r t e d by t h e U. S . D e p t . o f E n e r g y . 
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*9 27Al-NMR CHARACTERIZATION OF ALUMINIUM SITES IN AMORPHOUS AND CRYSTALLINE 
SILICA-ALUMINAS BY Z. G a b e l i c a , J . B. Nagy, J . P . G i l s o n , and E. G. D e r o u a n e , 

F a c u l t e s U n i v e r s i t a i r e s d e Namur, L a b o r a t o i r e d e C a t a l y s e , Rue d e B r u x e l l e s , 6 1 , B -
5000 Namur. B e l g i u m . 

27 
A l s o l i d s t a t e NMR h a s been u s e d t o c h a r a c t e r i z e a luminum s i t e s i n amorphous 

and c r y s t a l l i n e ( z e o l i t i c ) s i l i c a - a l u m i n a s o f v a r i o u s o r i g i n s . The t e c h n i q u e h a s 
b e e n a p p l i e d t o t h r e e s y s t e m s o f c a t a l y t i c i n t e r e s t s , i e . , : 
i. amorphous s i l i c a - a l u m i n a s , w i t h Al c o n t e n t v a r y i n g from 0 to 100% ( t h e end mem 

b e r s h e n c e b e i n g r e s p e c t i v e l y p u r e s i l i c a and p u r e a l u m i n a ) , 
ii. c l a s s i c a l z e o l i t e s , s u c h a s t y p e Y , o f f r e t i t e , and m o r d e n i t e , i n t h e sodium and 

p r o t o n a t e d f o r m s , 
iii. n o v e l z e o l i t e s o f t h e ZSM-5 f a m i l y w i t h v a r y i n g a luminum c o n t e n t and d e g r e e o f 

c r y s t a l l i n i t y . 

The p a r a m e t e r s w h i c h c h a r a c t e r i z e t h e A l r e s o n a n c e , i t s c h e m i c a l s h i f t ( s ) , i t s 
l i n e w i d t h , and i t s i n t e n s i t y , depend v e r y s t r o n g l y n o t o n l y o n t h e A l c o n t e n t o f t h e 
m a t e r i a l s b u t a l s o o n t h e c o n c e n t r a t i o n o f N a c o u n t e r i o n s a s a r e s u l t o f AI-Na 
d i p o l a r i n t e r a c t i o n s . C h e m i c a l s h i f t s a r e v e r y s e n s i t i v e t o t h e e n v i r o n m e n t ( c o ­
o r d i n a t i o n t y p e ) o f t h e a luminum s i t e s . The NMR t e c h n i q u e h e n c e p r o v i d e s a q u i c k and 
r e l i a b l e means o f d e t e r m i n a t i o n o f t h e number o f e q u i v a l e n t T - s i t e s i n a g i v e n 
s i l i c a - a l u m i n a , e i t h e r amorphous ( i n w h i c h c a s e d i f f e r e n t c h e m i c a l s h i f t s may i n ­
d i c a t e t h e e x i s t e n c e o f d i f f e r e n t p h a s e s ) o r c r y s t a l l i n e ( i n wh ich c a s e e v i d e n c e f o r 
d i s t i n c t s t r u c t u r a l s i t e s i s g a i n e d ) . 

27 
B e c a u s e o f d i f f e r e n c e s i n c h e m i c a l s h i f t s , A l NMR o f f e r s a l s o t h e p o s s i b i l i t y 

t o m e a s u r e q u a n t i t a t i v e l y t h e amount o f amorphous m a t e r i a l i n s e r a i - c r y s t a l l i n e s i l i c a -
a l u m i n a s o b t a i n e d b y t e r m i n a t i n g t h e c r y s t a l l i z a t i o n o f s y n t h e t i c z e o l i t e s ( i n t h e 
p a r t i c u l a r c a s e u n d e r i n v e s t i g a t i o n , ZSM-5) a t v a r i o u s s y n t h e s i s t i m e . I t p r o v i d e s 
e v i d e n c e f o r t h e p r e s e n c e o f z e o l i t i c domains i n m a t e r i a l s f o r w h i c h n o c h a r a c t e r ­
i s t i c X - r a y d i f f r a c t i o n l i n e s a r e o b s e r v e d ( b e c a u s e o f l i n e b r o a d e n i n g a s a r e s u l t o f 
t h e s m a l l s i z e o f t h e s e d o m a i n s ) . 

27 
I t i s c o n c l u d e d t h a t A l NMR o f f e r s a g r e a t p o t e n t i a l f o r f u t u r e i n v e s t i g a t i o n 

i n t h i s p a r t i c u l a r a r e a o f c^talysiSj^even more a s c o m p l e m e n t a r y i n f o r m a t i o n c a n i n 
p r i n c i p l e be o b t a i n e d from Na and S i s o l i d s t a t e NMR. 

50 C P / M A S STUDIES OF S U R F A C E - A D S O R B E D AND S U R F A C E - A T T A C H E D SPECIES. 
G. E. Mac ie l , D. W. Sindorf, I -Ssuer C h u a n g , and W. Ko lodz ie j sk i , D e p a r t m e n t of C h e m i s t r y , 
Co lo rado S t a t e U n i v e r s i t y , F o r t Co l l in s , C o l o r a d o 80523. 

29si and l ^ C C P / M A S NMR s p e c t r a w i t h a high d e g r e e of s t r u c t u r a l r e so lu t ion h a v e b e e n 
o b t a i n e d on solid s a m p l e s o f s i l i ca ge ls t h a t h a v e b e e n d e r i v a t i z e d a t t h e s u r f a c e by s i la t ing 
a g e n t s . S e p a r a t e s ignals a r e s e e n for a t l ea s t t w o t y p e s o f S i a t o m s a t t h e s i l ica ge l su r f ace 
and add i t i ona l peaks o c c u r in a n o t h e r s p e c t r a l r e g i o n , c h a r a c t e r i s t i c o f t h e a t t a c h e d silyl g roups . 
C h a r a c t e r i s t i c l^c r e s o n a n c e s c a n b e seen for t h e a t t a c h e d si lyl g r o u p s . E x p e r i m e n t s h a v e been 
c a r r i e d ou t wi th a s e r i e s o f s i l a t i ng a g e n t s unde r a v a r i e t y of c o n d i t i o n s . The ^ S i s p e c t r a h a v e 
been e spec i a l l y useful in c h a r a c t e r i z i n g t h e n a t u r e o f t h e s i l a t ion p r o d u c t s . C h a n g e s in t he 
i n t e n s i t i e s o f r e s o n a n c e s a s s o c i a t e d w i t h r e a c t e d and u n r e a c t e d s u r f a c e s e g m e n t s c a n b e 
i n t e r p r e t e d in t e r m s of spec i f i c c h a n g e s , and sugges t a p p l i c a t i o n s in q u a n t i t a t i v e a n a l y s i s . The 
n a t u r e of adso rp t ion of pyr id ine on s i l i ca , a l u m i n a and s i l i c a - a l u m i n a h a s been s tud ied by 
C P / M A S NMR. Smal l * 3 C sh i f t s , which depend upon t h e c o m p o s i t i o n a n d m e t h o d o f p r e p a r a t i o n 
o f t h e s a m p l e , a r e o b s e r v e d , and r e l a t e d t o adso rp t ion m o d e l s . P r e l i m i n a r y l 3 C C P / M A S d a t a o n 
t h e s u r f a c e o f ca rbon and d e r i v a t i z e d c a r b o n wi l l a lso be p r e s e n t e d . 

5 2 S P I N - 1 / 2 N U C L E I I N C A T A L Y T I C E N V I R O N M E N T S . R u t h R . I n n e r - s , a n d P a u l D . E l l i s , 
D e p a r t m e n t o f C h e m i s t r y , U n i v e r s i t y o f S o u t h C a r o l i n a , C o l u m b i a , S o u t h C a r o l i n a 29208 . 

William H . D a w s o n , U n i o n C a r b i d e C o r p o r a t i o n , R e s e a r c h a n d D e v e l o p m e n t D e p a r t m e n t , 
S o u t h C h a r l e s t o n , W e s t V i r g i n i a 2 5 2 0 2 . 

T o e x a m i n e t h e NMR p a r a m e t e r s o f s p i n - £ n u c l i d e s i n a c a t a l y t i c e n v i r o n m e n t ( C P - M A S 
m e t h o d s ) , o n e m u s t d e s i g n a n NMR p r o b e f o r s o l i d s w h i c h t a k e s i n t o a c c o u n t t h e fo l l owing 
o b j e c t i v e s : ( a ) s a m p l e v o l u m e v e r s u s s p i n n i n g s p e e d c o n s i d e r a t i o n s , ( b ) t h e p o t e n t i a l 
p r o b l e m o f c a r b o n b a c k g r o u n d , a n d ( c ) t h e p o s s i b l e i n c l u s i o n o f v a r i a b l e t e m p e r a t u r e 
o p e r a t i o n . 
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We have designed a probe that addresses points a and b and have utilized it in 
studying two representative nuclei ( 1 3C and 1 1 3Cd) in catalytic systems. The 1 3 C NMR 
research involves small organic molecules (nitrogen bases) adsorbed on an alumina surface 
( S A = 200 meters2/^). In selected cases, substantial differences can be seen between 
chemi- and physi-adsorbed species on the surface. The 1 1 3Cd system consists of cadmium 
substituted into a biological system where the cadmium has replaced the catalytic metal. 
Results on both of the systems will be presented. 

This research was supported in part by the University of South Carolina's regional 
NMR facility, CHE 7818723, and the NIH grant #GM 26295. 

53 SOLID-STATE HIGH-RESOLUTION 1 3 C NMR OF ORGANOMETALLICS; CORRELATIONS WITH X-RAY 
CRYSTALLOGRAPHY. N. Zu i t ihu lyad i s , D. L. Smi th and S. G r o s s . Eastman Kodak Company, 

R e s e a r c h L a b o r a t o r i e s , B u i l d i n g 8 2 , R o c h e s t e r , NY 1 4 6 5 0 . 

The c h e m i c a l s h i f t s and m u l t i p l i c i t i e s o f v a r i o u s c a r b o n s i n o r g a n o m e t a l l i c s o l i d s 
r e f l e c t t h e r e d u c e d symmet ry o f t h e c r y s t a l l i n e e n v i r o n m e n t r a t h e r t h a n t h e ( u s u a l l y 
h i g h e r ) m o l e c u l a r symmet ry . Methyl m o i e t i e s a r e p a r t i c u l a r l y s e n s i t i v e t o c r y s t a l 
p a c k i n g e f f e c t s a n d c a n s e r v e a s r e p o r t e r g r o u p s o f t h e l o c a l e n v i r o n m e n t . The s p e c t r a 
o f s e v e r a l o r g a n o t e l l u r i u m complexes o f known c r y s t a l s t r u c t u r e w i l l b e d i s c u s s e d i n 
t e r m s o f d imer f o r m a t i o n i n t h e s o l i d s t a t e . I n a d d i t i o n , some f e a t u r e s o f t h e home-
b u i l t s o l i d - s t a t e NMR i n s t r u m e n t a t i o n w i l l b e d e s c r i b e d . 

54 1 3 C NMR STUDIES OF LIPID-LIPID AND LIPID PROTEIN INTERACTIONS IN PHOSPHOLIPID 
VESICLES. J . H. P r e s t e q a r d , L i - d a Ong and M. M. F u s o n , C h e m i s t r y D e p a r t m e n t , Y a l e 

U n i v e r s i t y , P . 0 . Box 6 6 6 6 , 225 P r o s p e c t S t r e e t , New Haven , C o n n e c t i c u t 06511 

The i n t e r a c t i o n o f g l y c o p h o r i n A w i t h p h o s p h o l i p i d s i n r e c o n s t i t u t e d s m a l l u n i ­
l a m e l l a r v e s i c l e s h a s , h e e n i n v e s t i g a t e d u s i n g a v a r i e t y o f n u c l e a r s p i n p r o b e s i n ­
c l u d i n g s p e c i f i c a l l y C e n r i c h e d p h o s p h o l i p i d s . S o l u b i l i z a t i o n o f p r o t e i n and l i p i d i n 
sod ium c h o l a t e f o l l o w e d by r a p i d removal o f c h o l a t e on a ge l p e r m e a t i o n column l e a d s t o 
smal l u n i l a m e l l a r v e s i c l e s . T h e s e v e s i c l e s have h i g h l e v e l s o f p r o t e i n 40:1 l i p i d : 
p r o t e i n r a t i o ) i n c o r p o r a t e d i n a n a s y m m e t r i c f a s h i o n and a r e o j a s ^ z e c o m p a r a b l e t o 
v e s i c l e s p r e p a r e d w i t h o u t p r o t e i n . D i r e c t c o m p a r i s o n o f H , C , P , and F s p i n 
r e l a x a t i o n p a r a m e t e r s i s , t h e r e f o r e , p o s s i b l e , i n t h i s s y s t e m . I n mixed p h o s p h a t i d y l ­
c h o l i n e , p h o s p h a t i d y l e t h a n o l a m i n e v e s i c l e s C e x p e r i m e n t s i n d i c a t e some p r e f e r e n c e f o r 
i n t e r a c t i o n w i t h p h o s p h a t i d y l e t h a n o l a m i n e . P e r t u r b a t i o n s t o l i p i d m o t i o n s e x t e n d 
t h r o u g h o u t t h e h y d r o p h o b i c r e g i o n o f t h e membrane , b u t s e e n most p r o n o u n c e d o n t h e i n n e r 
h a l f o f t h e b i l a y e r . C r e l a x a t i o n t i m e s a r e i n t e r p r e t e d o n t h e b a s i s o f a model i n 
which i n t e r a c t i o n s a r e weak and r e l a t i v e l y non s p e c i f i c . A n a l y s i s which i n c l u d e s c r o s s 
c o r r e l a t i o n s p e c t r a l d e n s i t i e s i s u sed t o improve d e f i n i t i o n o f a m o t i o n a l model f o r 
l i p i d h y d r o c a r b o n c h a i n s . 

55 1HNMR STUDY OF THE LOCATION AND MOTION OF UBIQUINONES IN PERDEUTERATED PHOSPHATI­
DYLCHOLINE BILAYERS. P.B. Kingsley and G.W. Feigenson. Section of Biochemistry, 

Molecular and Cell Biology, Clark Hall, Cornell University, Ithaca, New York 14853. 

Ubiquinones (n = 1,2,3,4,7,9,10) and ubiquinols (n=l,2,3,4,10) were incorporated into 
ordinary (protonated) or perdeuterated dimyristoyl phosphatidylcholine vesicles and 
were found to have significant local molecular motion. The motion of the quinone ring, 
as judged from the linewidth of the OCH3 proton resonances, decreased in longer-chain 
ubiquinones. Minimum values for the transverse mobility (flip-flop rates) of ubi-
quinones-1,2,3,4,10, measured with the aid of lanthanide shift reagents, suggest that 
they are all able to function in a protonmotive *'Q cycle" during electron transport. 
As the length of the side chain increases beyond 1 isopreniod unit, the quinone/ quinol 
ring tends to be deeper in the outer monolayer of small sonicated vesicles and in both 
monolayers of larger freeze-thaw vesicles, but little or no change in depth is observed 
in the inner monoLayer of small vesicles. The ubiquinol rings are closer to the membrane 
surface than are the ubiquinone rings. For side chain n=9 or 10, a second resonance 
from the OCH3 protons of ubiquinones and ubiquinols in vesicles appears in the 1HNMR 
spectrum. This is due to the presence of two types of vesicles with different ubiqui­
none/phospholipid ratios. 
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56 1 1 P NMR S t u d i e s of t he P h o s p h o l i p i d - P r o t e i n I n t e r f a c e in Cel l M e m b r a n e s . P h i l i p L . Y e a g l e , 
D e p t . of B i o c h e m i s t r y , S U N Y / B u f f a l o , Buf fa lo , N . Y . 14214. 

A f r e s h a p p r o a c h for s t u d y i n g the p h o s p h o l i p i d - p r o t e i n i n t e r f a c e in b io log ica l m e m b r a n e s h a s 
been d e v e l o p e d employing >lP NMR. T h i s a p p r o a c h o f f e r s s e v e r a l un ique a d v a n t a g e s s i n c e the 3 1P 
n u c l e u s is 1007o n a t u r a l l y abundan t and is p r e s e n t in all p h o s p h o l i p i d s in a def ined loca t ion in t he 
phospho l ip id p o l a r h e a d g r o u p . The method thus en joys f r eedom from p e r t u r b a t i o n s d i e to chemica l 
modi f i ca t ions o r addi t ion o f p r o b e s . E x p l o i t i n g t h e s e a d v a n t a g e s w e h a v e s t u d i e d intact r a b b i t s a r ­
c o p l a s m i c r e t i c u l u m m e m b r a n e s , human e r y t h r o c y t e m e m b r a n e s , rod o u t e r s e g m e n t d i sk m e m b r a n e s , 
and v e s i c u l a r s t o m a t i t u s v i r u s m e m b r a n e s . A l s o examined w e r e r e c o m b i n a n t s with p h o b p h a t i d y l -
c h o l i n e of the pu r i f i ed p r i n c i p l e p r o t e i n s of most of t h e s e m e m b r a n e s . T h e 31P NMR i n t e n s i t y of 
the a n i s o t r o p i c r e s o n a n c e exh ib i t ed by t h e s e m e m b r a n e s w a s c o m p a r e d with the in t ens i ty e x p e c t e d 
from the known phospho l ip id c o n t e n t . D a t a w a s ob ta ined at 40 MHz and 81 MHz. In most s y s t e m s 
such a n a l y s i s i nd i ca t ed that p h o s p h o l i p i d s inhabi t two e n v i r o n m e n t s in t h e s e m e m b r a n e s . One i s 
immobi l ized and r e p r e s e n t s phospho l ip id a t the I i p i d - p r o t e t n i n t e r f a c e . E f f ec t s o f t e m p e r a t u r e , 
c h o l e s t e r o l , p r o t e o l y s i s , and p h o s p h o l i p i d / p r o t e i n r a t i o o n t h i s immobi l ized component w e r e c h r o n ­
i c l e d . The non- immobi f i zed component was c h a r a c t e r i z e d in two w a y s : 1) 3 ) P T i a n a l y s i s showed 
that on ly in the v i r u s s y s t e m is h e a d g r o u p r o t a t i o n a l r a t e a f fec ted ; 2) a n a l y s i s of the 3 *P chemica l 
shift a n i s o t r o p y ind ica t ed that in most of the s y s t e m s , motional f r eedom of the h e a d g r o u p s of the 
non- immobi l i zed p h o s p h o l i p i d s w a s s i m i l a r t o p u r e phospho l ip id s y s t e m s . The i n t e r p r e t a t i o n s o f 
t h e s e 3 1P NMR d a t a a r e c o n s i s t e n t wi th 1 3 C NMR, E S R , d i f f e ren t i a l s c a n n i n g c a l o r i m e t r y and 
a c t i v i t y da t a on t h e s e s y s t e m s and a r e not n e c e s s a r i l y i n c o n s i s t e n t with r e c e n t 2 D NMR d a t a . 

57 C-2H Bond Order Parameter Distributions for Partially Ordered Systems 
with Axial Symmetry, James H. Davis, Physics Department, University of 
Guelph, Guelph, Ontario, Canada NIG 2W1 

In the study of liquid crystalline systems, whether of polymers, 
soaps, biological membranes or digital watches, one must be prepared 
to deal with the anisotropic molecular dynamics of these partially or­
dered systems. If rapid molecular motions result in local axial sym­
metry for the relevant Hamiltonians in a nuclear magnetic resonance 
(NMR) experiment, the interpretation of the NMR spectrum is consider­
ably simplified. 2H NMR is frequently used in the investigation of 
molecular order and dynamics in these systems. 

In the presence of rapid axially symmetric molecular motion the 
quadrupolar splitting of the 90° orientation in the NMR spectrum for 
% in C-2H bonds is reduced from a value Av = (3e2qQ/4h) - 126 kHz to 
a value Av = (3e2qQ/4h)S, where S = %<3cos26 - I> is the C-2H bond 
order parameter with the angular brackets denoting an "average over 
all motions which are rapid on the 2H NMR time scale, and where G is 
the angle between the C- H bond and the axis of symmetry for the motion. 

When powder samples are used the magnitude of this orientational 
average, } s | , can be determined by the position of the 90° peaks in 
the powder pattern spectrum. In systems where the existence of a num­
ber of inequivalent sites results in a complex spectrum consisting of 
a large number of overlapping powder patterns it.has often been nec­
essary to resort to spectral simulations to try to extract the dis­
tribution of quadrupolar splittings. It has recently been found pos­
sible to obtain the distribution of quadrupolar splittings directly 
from the experimental spectrum1. 

In the study of model and biological membrane systems the influ­
ence of external variables and the effect of variations in the con­
centrations of solute molecules such as cholesterol or membrane-bound 
proteins have frequently been discussed in terms of changes in 2H NMR 
quadrupolar splittings of membrane lipids, since these are expected to 
reflect changes in the degree or amount of lipid reorientation. The 
direct determination of the distribution of quadrupolar splittings per­
mits an accurate comparative study of lipid orientational order. Ex­
amples of the use of this technique in the study of lipid/water dis­
persions, lipid/protein reconstituents, and biological membranes con­
taining cholesterol will be discussed. 
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59 STUDIES OF MOLECULAR DYNAMICS USING 1 3 C NMR. R o b e r t E. London , Los Alamos N a t i o n a l 
L a b o r a t o r y , Los A l a m o s , NM 8 7 5 4 5 , R . L . B l a k l e y , J . P . G r o f f , and L . C o c c o , D e p t . o f 
B i o c h e m i s t r y , C o l l e g e o f M e d i c i n e , The U n i v e r s i t y o f Iowa , Iowa C i t y , Iowa 5 2 2 4 0 , 
John M. S t e w a r t , U n i v e r s i t y of C o l o r a d o Medica l C e n t e r , D e n v e r , CO 8 0 2 2 0 , M. A. 
P h i l l i p p i and G. Kwei , Los Alamos N a t i o n a l L a b o r a t o r y , Los A l a m o s , NM 8 7 5 4 5 . 

D e t a i l e d a n a l y s i s o f m o l e c u l a r dynamics i n s o l u t i o n b a s e d o n nmr r e l a x a t i o n s t u d i e s 
c o n s t i t u t e s one o f t h e mos t u n i q u e a p p l i c a t i o n s o f m a g n e t i c r e s o n a n c e . A v a r i e t y o f 
such a p p l i c a t i o n s w i l l b e r e v i e w e d , and t h e s t r e n g t h s and w e a k n e s s o f dynamic models 
used i n t h e i n t e r p r e t a t i o n o f d a t a c o n s i d e r e d w i t h r e f e r e n c e t o s e v e r a l s p e c i f i c e x a m p l e s 
T h e s e w i l l i n c l u d e b o t h s i m p l e s y s t e m s , such a s t r i p h e n y l b e n z e n e , d i c a r b o x y l i c a c i d s , 
and b e n z o i c a c i d , a s w e l l a s more complex b i o l o g i c a l l y i n t e r e s t i n g s y s t e m s such a s t h e 
n o n a p e p t i d e , b r a d y k i n i n and t h e enzyme, d i h y d r o f o l a t e r e d u c t a s e . The v a l u e o f f r e q u e n c y 
d e p e n d e n t m e a s u r e m e n t s a s w e l l a s t e m p e r a t u r e d e p e n d e n t m e a s u r e m e n t s i n d i s c r i m i n a t i n g 
among dynamic m o d e l s w i l l b e i l l u s t r a t e d . A p p l i c a t i o n s i n v o l v i n g 1 3 C e n r i c h e d s y s t e m s 
w i l l a l s o b e c o n s i d e r e d w i t h e m p h a s i s o n t h e i n f o r m a t i o n c o n t e n t d e r i v a b l e from a n a l y s i s 
o f t h e 1 3 C - 1 3 C d i p o l a r i n t e r a c t i o n . E n r i c h m e n t a t l e v e l s be low 100% a l l o w s s i m u l t a n e o u s 
m e a s u r e m e n t s f o r b o t h t h e 1 3 C - 1 3 C d o u b l e t a r i s i n g from t h e d o u b l y l a b e l e d m o l e c u l e s , a s 
w e l l a s t h e s i n g l e t a r i s i n g from t h e s i n g l y l a b e l e d m o l e c u l e s . T h i s d o u b l e p r o b e a l l o w s 
t h e 1 3 C - 1 3 C d i p o l a r i n t e r a c t i o n t o b e s p e c i f i c a l l y e v a l u a t e d , e l i m i n a t i n g t h e p rob lem o f 
d e t e r m i n i n g t h e r e l a x a t i o n mechan i sm. Such m e a s u r e m e n t s a r e a l s o more f r e e from 
u n c e r t a i n t i e s i n bond l e n g t h which h a v e r e c e n t l y been shown t o l e a d t o s i g n i f i c a n t d i s ­
c r e p a n c i e s i n t h e i n t e r p r e t a t i o n o f n a t u r a l a b u n d a n c e 1 3 C r e l a x a t i o n due t o 1 3 C - 1 H 
d i p o l a r i n t e r a c t i o n s . 

60 SOLID STATE NMR STUDIES OF PROTEIN AND DNA DYNAMICS. S. J. O p e l l a . Department of 
Chemistry , U n i v e r s i t y o f P e n n s y l v a n i a , P h i l a d e l p h i a , P e n n s y l v a n i a 19104 

The dynamical p r o p e r t i e s of h i g h m o l e c u l a r w e i g h t DNA and DNA-protein complexes 
a r e b e i n g s t u d i e d b y s o l i d s t a t e NMR. I n s i t u a t i o n s where t h e o v e r a l l r e o r i e n t a t i o n o f 
t h e m o l e c u l e s i s n e g l i g i b l e , t h e i n t r a m o l e c u l a r m o t i o n s i n f l u e n c e s p e c t r a l l i n e s h a p e s 
due t o c h e m i c a l s h i f t a n i s t r o p y , quadrupo lar , and d i p o l a r i n t e r a c t i o n s . S p e c i f i c 
l a b e l l i n g w i t h ^H, - ^ C , and L5N i n p r o t e i n and n u c l e i c a c i d s i t e s a s w e l l a s t h e 31p 
s i t e s of t h e p h o s p h o d i e s t e r backbone of DNA mean t h a t a v a r i e t y of NMR s t u d i e s are 
f e a s i b l e . 

61 CARBON-13 NMR STUDIES ON PURIFIED, SPECIFICALLY 1 3C-LABELED 

E. COLI TRANSFER RNAS. 

M . P . S c h w e i z e r , I . J . Walkiw, J . I . O l s e n 
D e p a r t m e n t o f M e d i c i n a l C h e m i s t r y and 

D. M. G r a n t , W. J. H o r t o n , W. D. H a m i l l , J r . , 
D e p a r t m e n t o f C h e m i s t r y 

U n i v e r s i t y o f U t a h , S a l t Lake C i t y , Utah 

In t h i s p a p e r we w i l l d e s c r i b e c a r b o n - 1 3 NMR s t u d i e s on 
t h e s o l u t i o n s t r u c t u r e and i n t e r a c t i o n o f p u r i f i e d E_. c o l i 
t r a n s f e r RNAs which h a v e been s p e c i f i c a l l y 1 3 C - l a b e 1 e d . Fo r 
e x a m p l e , t h e r m a l and magnesium p e r t u r b a t i o n s t u d i e s o n 
[ 4 - 1 3 C ] u r a c i l l a b e l e d tRNAV a l f rom E . c o l i S 0 - 1 8 7 , a u x o t r o ­
p h i c f o r u r a c i l , h a v e r e v e a l e d s e v e r a l i n t e r e s t i n g t e r t i a r y 
and s e c o n d a r y s t r u c t u r e t r a n s i t i o n s i n wh ich d i f f e r e n t i a l 
s e gm en ta l m o b i l i t i e s a r e d i s p l a y e d . The t e r t i a r y i n t e r ­
a c t i o n be tween D - and TifC-loops i s d i s r u p t e d a r o u n d 3 7 ° C , 
w h e r e a s a more g e n e r a l b r e a k - u p o f o r d e r e d s t r u c t u r e o c c u r s 
be tween 5 0 - 6 0 ° C . Removal o f M g ( I I ) r e s u l t s i n a more 
e x t e n d e d c o n f o r m a t i o n i n t h e bend r e g i o n o f t h e b i o p o l y m e r . 
The p r e s e n c e o f v a l i n e s y n t h e t a s e r e s u l t s i n s p e c i f i c a l t e r ­
a t i o n s i n t h e 1 3 C - s p e c t r a , i n d i c a t i v e o f c e r t a i n d i s c r e e t 
i n t e r a c t i o n l o c i b e t w e e n p r o t e i n and tRNA. T h e s e may r e p r e ­
s e n t " r e c o g n i t i o n " s i t e s . I n t h e n a t i v e [ 4 - 1 3 C ] u r a c i l 
l a b e l e d tRNAPhe, t h e two d i h y d r o u r i d i n e s s e p a r a t e d b y t h r e e 
r e s i d u e s a r e i n w i d e l y d i f f e r e n t e n v i r o n m e n t s . I n i t i a l i n 
v i t r o l a b e l i n g r e s u l t s w i t h tRNAglu from t h e E_. c o l i K12 
m u t a n t , GM23 w i l l a l s o be d e s c r i b e d . We a c k n o w l e d g e t h e 
s u p p o r t of g r a n t s GM25512, GM08421, RR07092 and RR00574 from 
t h e U . S . P u b l i c H e a l t h S e r v i c e . 
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62 C r o s s P o l a r i z a t i o n - M a g i c A n g l e S p i n n i n g 1 3 C NMR of C a r b o h y d r a t e s C o n t a i n i n g G l u c o s e . 
W i l l i a m L . E a r l , N a t i o n a l B u r e a u o f S t a n d a r d s , W a s h i n g t o n , D .C . 20234 and Los Alamos 
S c i e n t i f i c L a b o r a t o r y , Los A lamos , New Mexico 87545 and P h i l l i p E . P f e f f e r , D . S . 
D e p a r t m e n t o f A g r i c u l t u r e , E a s t e r n R e g i o n a l R e s e a r c h C e n t e r , P h i l a d e l p h i a , PA. 19118 

G l u c o s e i s o n e o f t h e m o s t common o f a l l s u g a r s , e x i s t i n g a s a m o n o s a c c h a r i d e , 
many o l i g o s a c c h a r i d e s , and t h e common p o l y s a c c h a r i d e s c e l l u l o s e and s t a r c h . I n t h e 
s o l i d s t a t e , t h e g l u c o s e r e s i d u e e x i s t s i n a v a r i e t y o f d i f f e r e n t s t r u c t u r a l forms 
i n c l u d i n g o and $ a n o m e r s , h y d r a t e s , and i n t e r n a l l y h y d r o g e n bonded s t r u c t u r e s . A l l 
o f t h e s e v a r i a t i o n s a r e p o t e n t i a l s o u r c e s o f c h e m i c a l s h i f t and r e l a x a t i o n t i m e 
d i f f e r e n c e s . 

13 
The C c h e m i c a l s h i f t s and some r e l a x a t i o n t i m e s o f o v e r a d o z e n g l u c o s e 

c o n t a i n i n g compounds h a v e b e e n m e a s u r e d b y CP-MAS o f t h e s o l i d s . I n c a s e s w h e r e 
x - r a y d a t a o n t h e c a r b o h y d r a t e e x i s t s , t h e NMR p a r a m e t e r s w i l l b e ' r e l a t e d t o t h e 
s o l i d s t a t e s t r u c t u r e . I n c a s e s w h e r e t h e d e t a i l e d s t r u c t u r e i s unknown, p r o b a b l e 
s t r u c t u r a l i n f o r m a t i o n h a s b e e n d e d u c e d from t h e l ^ e NMR s p e c t r a . 

63 LASER PHOTO-CIDNP STUDIES OF ALPHA-LACTALBUMINS. Lawrence J. Berliner, Dept. of 
Chemistry, Ohio State University, Columbus, Ohio, USA. 

The a - l a c t a l b u m i n s a r e i n v o l v e d a s m o d i f i e r p r o t e i n s i n l a c t o s e b i o s y n t h e s i s . L a c t a l -
bumins from d i f f e r e n t mammalian s p e c i e s a r e c r o s s - r e a c t i v e w i t h t h e g a l a c t o s y l t r a n s f e r ­
a s e s from o t h e r s b e c a u s e o f t h e i r homologous p r i m a r y and t e r t i a r y s t r u c t u r e . W e have 
s t u d i e d t h e s u r f a c e e x p o s u r e o f s e v e r a l c c - l a c t a l b u m i n s ( b o v i n e , g o a t , human, g u i n e a p i g 
and r a b b i t ) by t h e l a s e r p h o t o CIDNP t e c h n i q u e , an NMR method wh ich m e a s u r e s t h e a c c e s s 
o f a p h o t o e x c i t e d f l a v i n dye t o s u r f a c e e x p o s e d T y r , Trp and His r e s i d u e s . An e x p o s e d 
h i s t i d i n e 6 8 r e s i d u e e x i s t s i n t h e b o v i n e and g o a t s p e c i e s b u t i s m i s s i n g i n o t h e r 
s p e c i e s , r e p l a c e d w i t h a His 1 0 i n t h e g u i n e a p i g s p e c i e s . The o n l y e x p o s e d t r y p t o p h a n 
r e s i d u e was Trp 104 which c r o s s - r e l a x e d t o n e a r b y Trp 6 0 . C r o s s - p o l a r i z a t i o n t o t h e 
l a t t e r r e s i d u e was p r o v e n b y t a k i n g f r e e i n d u c t i o n d e c a y s a f t e r e x t r e m e l y s h o r t l i g h t 
p u l s e s ( 0 . 1 s e c ) . F u r t h e r m o r e , t h i s c r o s s p o l a r i z e d Trp 6 0 r e s o n a n c e was a b s e n t i n t h e 
g u i n e a p i g s p e c i e s which h a s a s u b s t i t u t i o n a t p o s i t i o n 6 0 . The c h e m i c a l s h i f t s o f 
t h e s e Trp r e s i d u e s were e x t r e m e l y s i m i l a r i n a?7 s p e c i e s b u t r a b b i t which has s u b s t i t u ­
t e d His f o r a Tyr a t p o s i t i o n 1 0 3 , s i t u a t e d c l o s e t o b o t h T r p 104 and 6 0 . 

64 1 1 3 C d AND 3 1 P NMR OF METALLO-ALKALINE PHOSPHATASE. P e t e r G e t t i n s and J o s e p h E. 
Coleman, D e p t . o f M o l e c u l a r B i o p h y s i c s and B i o c h e m i s t r y , Y a l e U n i v e r s i t y , 333 Cedar 

S t . , New Haven , Conn. 06510 
A l k a l i n e p h o s p h a t a s e „ ( A P ) o f s. coli o c c u r s n a t u r a l l y a s t h e d i m e r i c z i n c m e t a l l o -

enzyme , a c t i v a t e d by Mg , and h y d r o l y s e s p h o s p h a t e m o n o e s t e r s v i a a c o v a l e n t p h o s p h o -
s e r i n e i n t e r m e d i a t e . X- r ay d i f f r a c t i o n s t u d i e s o n t h e cadmium d e r i v a t i v e c l e a r l y show 
two m e t a l b i n d i n g s i t e s a t t h e a c t i v e c e n t r e o f e ach monomer, s p a c e d ^5A a p a r t , w i t h a 
t h i r d , more p o o r l y o c c u p i e d , m e t a l s i t e d e t e c t a b l e f u r t h e r away . Some o r a l l o f t h e s e 
s i t e s can b e s u b s t i t u t e d b y s e v e r a l f i r s t t r a n s i t i o n m e t a l s i n a d d i t i o n t o cadmium. 
The l a t t e r , b y v i r t u e o f t h e 1=1 /2 o f t h e 1 1 3 C d i s o t o p e and r e l a t i v e l y h igh s e n s i t i v i t y , 
i s a u s e f u l NMR p r o b e of t h e m e t a l b i n d i n g s i t e s of AP in s o l u t i o n . 

E a r l i e r r e p o r t s have g i v e n c o n f l i c t i n g e v i d e n c e c o n c e r n i n g c o o p e r a t i v i t y and s t o i c h -
i o m e t r y o f m e t a l and p h o s p h a t e b i n d i n g t o AP. " ^ C d NMR s t u d i e s , i n c o n j u n c t i o n w i t h 
tandem 3 / p NMR e x p e r i m e n t s o b s e r v i n g t h e r e s o n a n c e s a r i s i n g from b o t h c o v a l e n t (E-P) a n d 
n o n - c o v a l e n t ( E - P ) i n t e r m e d i a t e s , have been u s e d t o h e l p a n s w e r q u e s t i o n s o f symmetry 
be tween t h e s u b u n i t s and o f c o o p e r a t i v i t y . R e c e n t f i n d i n g s a r e p r e s e n t e d h e r e . 

APPLICATION OF 15N NMR SPECTROSCOPY TO BIOLOGICAL SYSTEMS 
Keiko Kanamori William W. Bachovchin, Timothy L. Legerton, Bert L. 
Vallee, Richard L. Weiss, and John D. Roberts. California Institute of Techno­

logy, Pasadena, CA 91125; Tufts University School of Medicine, Boston, MA 02111-
University of California, Los Angeles, CA 90024: Harvard Medical School, Boston, 
MA 02115, University of California, Los Angeles. 

Application of nitrogen-15 nuclear magnetic resonance spectroscopy to the 
study of the active site conformation of carboxypeptidase A and nitrogen metabolism 
in Neurospora crassa will be presented. 
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66 Structurally Specific Proton Relaxation Studies On Solid Polycarbonates. A.A. Jones 
and J.F. O'Gara, and P.T. Inglefield. Clark University, and College of the Holy 

Cross, Departments of Chemistry, Worcester, Massachusetts 01610. 

Solid state proton relaxation studies were widely employed in the past to examine 
polymer dynamics but they were subject to interpretational difficulties because resonan­
ces from different protons are nearly completely unresolved. Today selective deutera-
tion of polymers can reduce such difficulties allowing a structurally specific investi­
gation. A particularly favorable system is the polycarbonates with phenylene groups 
bound in the backbone by 1,U linkages; and only a few or even no other types of protons. 
If no other protons are present, the 2,3 phenylene proton dipole-dipole interaction is 
dominant which is then parallel to the backbone providing an excellent probe of chain 
dynamics. Two polycarbonates of this type have been studied by traditional proton ex­
periments such as spin-lattice relaxation measurements, spin-lattice relaxation in the 
rotating frame measurements and line shape study including second moment analysis. At 
low temperatures, featureless gaussian lines are observed but as temperature is raised 
the line narrows and the line shape changes to a Pake doublet. The Pake doublet arises 
from the 2,3 phenylene proton interaction; and the only motion which can produce signi­
ficant narrowing and yet leave the 2,3 phenylene interaction unchanged is phenyl group 
rotation or rotational oscillation. The spin-lattice relaxation times are observed to 
decrease monotonically as temperature is raised until a minimum is reached. In the poly­
carbonate of bisphenol A, the minimum is reached at about 0°C; and then Tj remains con­
stant over 150°, an unusual phenomenon indicative of an extremely broad distribution of 
frequencies of motion extending well into the megahertz region. 

6 S M o l e c u l a r M o t i o n i n S u b s t i t u t e d P o l y s t y r e n e s 

M i c h a e l D . S e f c i k 

M o n s a n t o C o . , S t . L o u i s , M i s s o u r i 

C a r b o n - 1 3 r o t a t i n g - f r a m e r e l a x a t i o n t i m e s ( T i p ' s ) a t 3 7 kHz h a v e b e e n 

o b t a i n e d f o r s e v e r a l r i n g - a n d m a i n - c h a i n s u b s t i t u t e d g l a s s y p o l y s t y r e n e s 

a t r o o m t e m p e r a t u r e . W h i l e l o w - f r e q u e n c y m a i n - c h a i n r o t a t i o n a l r e o r i e n t a ­

t i o n i s r e s p o n s i b l e f o r b o t h a r o m a t i c a n d a l i p h a t i c - c a r b o n T i p ' s , o n l y t h e 

f o r m e r a r e s i g n i f i c a n t l y a f f e c t e d b y m o n o s u b s t i t u t i o n o f t h e r i n g . T h i s 

r e s u l t i s i n t e r p r e t e d i n t e r m s o f t h e p r e s e n c e i n t h e s o l i d o f a m a i n - c h a i n 

m o t i o n i n w h i c h t h e r i n g s u n d e r g o o n l y l i m i t e d t r a n s l a t i o n s . 

A CARBON-13 NMR INVESTIGATION OF POLYMERS PREPARED 

BY GLOW DISCHARGE TECHNIQUES 

Samuel Kaplan and Alan Dilks 
Xerox Corporation 

800 Phillips Road, W-114 
Webster, New York 14580 

The process of plasma polymerization is a way of depositing polymer films onto solid 
surfaces by injecting an organic vapor into a low pressure glow discharge. Along 
with the growing technological importance of plasma polymerized coatings is an 
interest in the fundamental aspects of the chemical and physical structures of the 
polymer films as well as the routes to their formation, in the plasma. 1 J C magic angle 
spinning NMR spectra have been obtained for solid films synthesized in a glow 
discharge from a variety of organic monomers. For films formed from ethane, 
ethylene and acetylene carbon linewidths are broad, reflecting the superposition of 
peaks from many chemically inequivatent environments. Even so, significant 
differences in the spectra are observed. Plasma polymerized toluene yields a more 
highly resolved spectrum and, when compared with spectra of polymers prepared 
from selectively labelled methyl and phenyl C-l toluene, permits a more detailed 
analysis of the film structure. The enriched monomers allow determination of where 
particular carbons in the plasma become incorporated into the polymer. Some of the 
more important plasma coarjngs are prepared from fluorinated monomers. We hope 
to present preliminary DC spectra for these systems as '.veil. 
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1K> 31P SHIFT ANISOTROPIES AND MOLECULAR MOTIONS IN POLYPHOSPHAZENE ELASTOMERS. Ronald 
Pratt and Jerome Ackerman. Department of Chemistry, university of Cincinnati, 

Cincinnati, Ohio 45221. 

The linear high polymeric phosphazenes (-PR^N-)^ constitute an interesting class 
of materials. Although the first of these was prepared over eighty years ago, only re­
cently has significant interest arisen in the chemistry and physics of these polymers. 
We have studied the high resolution P NMR of several phosphazene elastomers {R=0CH,, 
OCH2CH , OCH2CF , OC 5H n, OC^/p-OC^Et) at temperatures above and below their glass 
transitions. 

These systems are distinguished in their magnetic resonance properties in Jhatjtjhere 
is strong mutual dipolar interaction among three abundant spin systems, namely H, P 
and N. With high power proton decoupling and^intermediate temperatures it is possible 
in some cases to resolve an axially symmetric P chemical shift spectrum, whereas at 
low temperatures where most motions are substantially quenched, a broad, featureless 
gaussian-like line is observed. However, we may calculate the second moment contribu.p 
tion of P-N coupling to the linewidth (from known P-N distance), measure M9 

from spin echo measurements and thereby obtain NL, ( P chemical shielding anisotfopy) 
by difference. This quantity, together with the two axial principal values, allows us 
to unambiguously calculate the low temperature shielding tensor principal values, even 
though they are never resolved in the spectra. 

Specific examples will be presented, along with comparative solid state results 
from crystalline cyclic trimers. 

72 CARBON-13 NMR STUDIES OF POLY(VINYL CHLORIDE): NEW INFORMATION ON 
STRUCTURAL DEFECTS AND THE MECHANISM OF VINYL CHLORIDE POLYMERIZATION. 

W. H. Starnes, Jr.,* F. C. Schilling,* I. M. Plitz,* R. E. Cais,* F. A. 
Bovey,* G. S. Park,** and A. H. Saremi.** *Bell Laboratories, Murray Hill, 
NJ 0797^; **Department of Chemistry, University of Wales Institute of Sci­
ence and Technology, Cardiff CF1 3NU, Wales, UK. 

Our continuing carbon-13 NMR studies on reductively dehalogenated sam­
ples of poly(vinyl chloride) (PVC) have provided further insight into the 
nature of the anomalous structures in this polymer and into the mechanisms 
by which they are formed. Conclusive evidence has now been obtained for 
the presence in PVC of 2,4-dichloro-n-butyl branches which are associated 
with tertiary halogen and are generated via a radical "backbiting" reac­
tion. For a series of ordinary PVC's prepared at temperatures of 43 to 
100 C, the 2,h~dichloro-n-butyl branch concentration has been observed to 
range from ca. 0.6 to 1.07(1000 C), Initiator end groups derived from 
azobis(isobutyronitrile) have been detected also, and low concentrations 
of structures containing primary halogen have been found to remain in 
Bu,SnH-reduced polymers even at high reduction extents. A mechanistic ra­
tionalization of the latter observation will be described. For polymers 
prepared in solution under strictly homogeneous conditions, the chloro-
methyl branch concentration has been demonstrated to be essentially inde­
pendent of the concentration of vinyl chloride. This finding relates to 
the mechanism of chain transfer to monomer in a way that will be discussed. 

74 
QUANTITATIVE ANALYSIS O F T H E M I C R O S T R U C T U R E O F D I C Y C L O P E N T A D I E N E / 

C Y C L O P E N T E N E C O P O L Y M E R S USING 20MHz 1 3 C N U C L E A R MAGNETIC R E S O N A N C E S P E C ­
T R O S C O P Y . D. H. Beebe a n d R. C. H i r s t , The Goodyea r T i r e & R u b b e r C o m p a n y , E l a s t o m e r & 
C h e m i c a l R e s e a r c h Divis ion, 142 G o o d y e a r Blvd, Akron, Ohio 44316 . 

T h e r e h a v e b e e n r e l a t i v e l y few q u a n t i t a t i v e s tud ies o f t h e c o p o l y m e r i z a t i o n o f c y c l o a l k e n e s ; 
bu t in t h e s t u d i e s c o n d u c t e d , a w e a l t h of s t r u c t u r a l d a t a h a s b e e n a c c u m u l a t e d . In t h e p r e s e n t 
s tudy we h a v e a d e t a i l e d i n t e r p r e t a t i o n o f t h e I ' c NMR s p e c t r a o f t h e r i n g - o p e n e d c o p o l y m e r s o f 
d i c y c l o p e n t a d i e n e and c y c l o p e n t e n e i n t e r m s o f t h e four s t r u c t u r a l u n i t s p r e s e n t : c i s - and t r a n s -
d i c y c l o p e n t a d i e n e and c i s - and t r a n s c y c l o p e n t e n e . Also d e r i v e d w a s i n f o r m a t i o n c o n c e r n i n g t h e 
dyad d i s t r i bu t ions and double bond c o m p o s i t i o n s for e a c h d y a d . 
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75 13C, 29Si and 199Hg NMR OF POLYMERS AND MODEL SYSTEMS. E. A. Williams, P.E. Donahue 
and J.D. Cargioli. General Electric Corporate Research and Development, P. 0. Box 8, 
Schenectady, New York 12301. 

NMR affords a means of obtaining structural information unavailable by any other ana 
lytical technique. In particular, copolymer composition, block lengths and details of 
the polymer microstructure frequently can be obtained by this method. Since the composi­
tion and structure are directly related to the physical properties of these materials, a 
complete analysis of these parameters is often useful for designing systems with specific 
properties. 

Several examples for which NMR gives unique information will be discussed. These in 
elude determinations of ljlock length and microstructure of polydimethylsiloxane block 
copolymers by l g gSi and C NMR, and C NMR analysis of poly(phenylene oxide) copolymers. 
In addition, Hg NMR has been used to determine the products of mercuration of several 
polymers and model systems. The effect of substituents on the mercury chemical shift 
will be discussed with pertinent examples. 

77 TEMPERATURE EFFECTS ON THE 2 7 A l NMR SPECTRA OF POLYMERIC ALUMINUM HYDROLYSIS SPECIES 
John 0 . F i t z g e r a l d . D e p a r t m e n t o f C h e m i s t r y , Sou th Dakota School o f Mines and 

T e c h n o l o g y , Rapid C i t y , Sou th Dako ta 5 7 7 0 1 . 

27AI NMR s p e c t r a have r e c e n t l y been r e p o r t e d f o r h y d r o l y z e d aluminum s o l u t i o n s a t 
b o t h room t e m p e r a t u r e and e l e v a t e d t e m p e r a t u r e s . A d i s t i n c t s h a r p e n i n g o f t h e NMR 
s p e c t r a l f e a t u r e s a t 82°C ( i n c o m p a r i s o n w i t h R T d a t a ) was n o t e d f o r b a s i c aluminum com­
p l e x e s i n s o l u t i o n s o f " A ^ O H ^ C l " p r e p a r e d b y h i g h t e m p e r a t u r e h y d r o l y s i s o f A T ( 1 1 1 ) 
i on i n t h e p r e s e n c e o f a luminum m e t a l . Two u n i q u e 27A1 r e s o n a n c e f e a t u r e s w e r e a t t r i ­
b u t e d t o two d i f f e r e n t p o l y m e r i c a luminum s p e c i e s o f unknown s t r u c t u r e c o n t a i n i n g a l u m i ­
num in t e t r a h e d r a l ( 7 0 ppm) and o c t a h e d r a l e n v i r o n m e n t s ( 0 . 3 and 1 1 . 0 ppm). 

We have r e c e n t l y c a r r i e d o u t ^ 7 A 1 NMR m e a s u r e m e n t s at 82°C and RT f o r s i m i l a r 
"AlgfOHjgCl" s o l u t i o n s a t v a r i o u s c o n c e n t r a t i o n s and s u p p o r t i n g e l e c t r o l y t e s t o more 
f u l l y e x p l a i n t h e c h e m i c a l o r i g i n o f t h e s e u n i q u e " A l NMR s p e c t r a . W e r e p o r t h e r e 
2 7 A 1 NMR f o r f r e s h and aged s o l u t i o n s o f " A ^ f O H ^ C l " c o m p l e x e s o v e r t h e 5M-1M c o n c e n ­
t r a t i o n r a n g e a t RT, 82"C and a t R T f o l l o w i n g t e m p e r a t u r e e l e v a t i o n t o 82°C . The l a t t e r 
NMR s p e c t r a show d r a m a t i c i r r e v e r s i b l e c h a n g e s in t h e 27AI r e s o n a n c e s f o l l o w i n g t h e h i g h 
t e m p e r a t u r e m e a s u r e m e n t s i n c o m p a r i s o n w i t h R T d a t a o b t a i n e d f o r f r e s h l y p r e p a r e d s o l u ­
t i o n s n r i o r t o e l e v a t i o n t o 82°C . The i n t e r p r e t a t i o n o f t h i s 2 7 A 1 NMR d a t a , t o g e t h e r 
w i t h p o l y m e r c h a r a c t e r i z a t i o n d a t a o b t a i n e d u s i n g gel f i l t r a t i o n c h r o m a t o g r a p h y , s u g g e s t 
i r r e v e r s i b l e d e p o l y m e r i z a t i o n o f p o l y c a t i o n i c a luminum s p e c i e s upon a g i n g o r f o l l o w i n g 
e l e v a t i o n o f t h e s e s y s t e m s t o 82°C f o r 1 h o u r . D i s c u s s i o n o f t h e s i g n i f i c a n c e o f t h i s 
d e p o l y m e r i z a t i o n p r o c e s s i n u n d e r s t a n d i n g i m p o r t a n t s t r u c t u r a l f e a t u r e s and k i n e t i c p r o ­
c e s s e s r e l a t e d t o p o l y m e r i c aluminum h y d r o l y s i s s p e c i e s i s p r e s e n t e d . 

73 HYDROGEN NMR SPIN DIFFUSION IN EPOXY POLYMERS." A. C. Lind. McDonnell Douglas 
Research Laboratories, St. Louis, Missouri 63166. 

Pulsed hydrogen NMR was used to study the sizes of rigid and mobile regions in amine-
cured epoxy resins as a function of stoichiometry and sorbed CHCI3, CDCI3, H 2 O or D2O. 
The free-induction decay signals from samples containing sorbed solvent or from samples 
at elevated temperatures contained Gaussian and Lorentzian components. The Gaussian 
component was assigned to the rigid highly crosslinked regions and the Lorentzian compo­
nent was assigned to mobile regions containing excess or incompletely reacted amine 
which became mobile as a result of sorbed solvent or increased temperature. The sizes 
of the mobile regions were determined from the times required for spin-diffusion to take 
place between the two regions. Interfering effects of translational diffusion of the 
hydrogen-containing solvent molecules were investigated. Estimates of the sizes of the 
rigid regions were deduced from the sizes of the mobile regions and the Gaussian/ 
Lorentzian ratio. The results showed that the sizes of both the mobile regions (0.6 to 
1.2 nm) and the rigid regions (19 to 44 nm) decreased with increasing amine content. 
Ĉonducted under Naval Air Systems Command Contract N00019-79-C-0414 and the McDonnell 
Douglas Independent Research and Development program. 
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7 9 CARBON-13 NMR I N V E S T I G A T I O N O F S Y N - A N T I ISOMERISM I N 2 - P H E N Y L I M I N O -
1 , 3 - D I O X O L A N E S . J . E . O v e r , M o b a y C h e m i c a l C o r p o r a t i o n , P e n n - L i n c o l n 

P a r k w a y W e s t , P i t t s b u r g h , P a . 1 5 2 0 5 

S e v e n 2 ( p - s u b s t i t u t e d - p h e n y l i m i n o ) - 1 , 3 - d i o x o l a n e s w e r e s y n t h e s i z e d 
f r o m t h e a p p r o p r i a t e p h e n y l i s o t h i o c y a n a t e s a n d 2 - d i b u t y l s t a n n a - 1 , 3 -
d i o x o l a n e . A m b i e n t t e m p e r a t u r e C a r b o n - 1 3 NMR s p e c t r a o f t h e s e s e v e n 
i " U n o - 1 , 3 - d i o x o l a n e s s h o w o d t w o r e s o n a n c e l i n e s o f e q u a l i n t e n s i t y f o r 
t h e m e t h y l e n e c a r b o n s i n t h e d i o x o l a n e r i n g . T h i s r e s u l t s f r o m s y n - a n t i 
i s o m e r i z a t i o n a r o u n d t h e N=C b o n d . T h e r a t e o f i s o m e r i z a t i o n w a s 
c a l c u l a t e d f r o m a m b i e n t t e m p e r a t u r e s p e c t r a a n d c o r r e l a t e d w e l l w i t h 

81 
^ D e t e r m i n a t i o n of t h e R e l a t i v e C o n c e n t r a t i o n of C a r b o h y d r a t e Groups in Fu lv ic Acid by 

C N M R . R. L. Wershaw & i} . 3 . P inckney , U.S . Geo log ica l Survey , F e d e r a l C e n t e r , D e n v e r , 
80^z:> and Corne l iu s S tee l ink , Kevin Thorn , and M. A. Mik i t a , D e p a r t m e n t of C h e m i s t r y , 

Univers i ty of Ar i zona , Tucson , AZ 8 5 7 2 1 . 

Fu lv ic Acid , a na tu ra l o r g a n i c p o l y e l e c t r o l y t e , is a ub iqu i tous c o n s t i t u e n t of soil ana 
su r f a c e w a t e r s . Al though i ts c h e m i c a l s t r u c t u r e has not been e l u c i d a t e d , i t i s k n o w n ^ o 
c o n t a i n phenol ic hydroxy g r o u p s , ca rboxyi groups ana possibly c a r b o h y d r a t e g roups . The C 
NMR s p e c t r a of fulvic ac ids howeve r , gene ra l ly a r e so b road and i l l -def ined t h a t i t i s not 
possible to unambiguously ass ign bands to the d i f f e ren t hydroxy] and ca rboxy l i c ac id groups 
p r e s e n t in t he fulvic acid m o l e c u l e . We h a v ^ deve loped a p r o c e d u r e for ob ta in ing d e f i n i t e 
spectra of t'nese groups by p r e p a r i n g t h e i r C - e n r i c h e d m e t h y l e t h e r s and e s t e r s . The C 
NUU s p e c t r a of t h o s e m e t h y l fu lva tes have s t rong we l l -de f ined O C h u bands , s o m e of which 
a r e in t he region where one would e x p e c t to find c a r b o h y d r a t e m e t h y l e t h e r s . In t eg ra t ion of 
a r ea s of t he se absorp t ion bands al lows one to c a l c u l a t e t he r e l a t i v e a b u n d a n c e s of t h e var ious 
hydroxy! and ca rooxyl g roups p r e s e n t in a fulvic ac id s a m p l e . 

H a m m e t t s i g m a v a l u e s . D y n a m i c C a r b o n - 1 3 NMR e x p e r i m e n t s a l l o w e d t h e f r e e 
e n e r g y o f a c t i v a t i o n AG* f o r t h e i s o m e r i z a t i o n p r o c e s s t o b e c a l c u l a t e d 
a n d c o r r e l a t e d w i t h H a m m e t t s i g m a v a l u e s . A p o s s i b l e m e c h a n i s m f o r t h e 
s y n - a n t i i s o m e r i z a t i o n i s a l s o p r e s e n t e d . 

80 CARBON-13 NMR AND OTHER SPECTROSCOPIC STUDIES OF CHEMICALLY MODIFIED SILICA 
SURFACES. D . S . K e n d a l l , D .E . L e y d e n . D e p a r t m e n t o f C h e m i s t r y , U n i v e r s i t y o f 

D e n v e r , D e n v e r , CO 8 0 2 0 8 . 

C h e m i c a l l y m o d i f i e d s u r f a c e s p r e p a r e d b y s i l y l a t i o n o f o x i d e s u r f a c e s such a s 
t h o s e o f s i l i c a g e l o r c o n t r o l l e d p o r e g l a s s h a v e found a w i d e v a r i e t y o f 
a p p l i c a t i o n s . M o d i f i e d s i l i c e o u s s u r f a c e s have been used e x t e n s i v e l y i n o u r 
l a b o r a t o r y a s s u b s t r a t e s t o i m m o b i l i z e c h e l a t i n g f u n c t i o n a l g r o u p s f o r t h e p u r p o s e 
o f p r e c o n c e n t r a t i o n o f t r a c e m e t a l i o n s from w a t e r . An i m m o b i l i z e d a c e t o a c e t a m i d e 
and i t s c o p p e r ( I I ) and i r o n ( I I I ) complexes have been p r e p a r e d and i n v e s t i g a t e d . 
C r o s s p o l a r i z a t i o n / mag ic a n g l e s p i n n i n g s o l i d s t a t e c a r b o n - 1 3 NMR s p e c t r a w i l l b e 
p r e s e n t e d and d i s c u s s e d . P h o t o a c o u s t i c s p e c t r o s c o p y and F o u r i e r t r a n s f o r m i n f r a r e d 
s p e c t r o s c o p y have a l s o p r o v e d v a l u a b l e i n t h e c h a r a c t e r i z a t i o n o f t h e s e m a t e r i a l s . 
I n p a r t i c u l a r , k e t o - e n o l e q u i l i b r i a and hyd rogen bond ing w e r e i n v e s t i g a t e d . The 
k e t o t a u t o m e r of t h e a c e t o a c e t a m i d e can b i n d some m e t a l i o n s . NMR s p e c t r a of 
s e v e r a l o t h e r i m m o b i l i z e d s i l a n e s w i l l b e r e p o r t e d . D i f f e r e n t i a t i o n be tween mono 
and b i s complexes o n t h e s u r f a c e i s p o s s i b l e . 
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82 AQUEOUS RELAXATION REAGENTS FOR CARBON-13 AND NITROGEN-15 NUCLEAR MAGNETIC 

RESONANCE SPECTROSCOPY. T. J. Wenzel, M. E. Ashley and R. E. Sievers. Dept. of 
Chemistry and Cooperative Inst, for Research in Environmental Sciences, Campus Box 
215, Univ. of Colorado, Boulder, CO 80309. 

Studies have been performed utilizing metal complexes of the ligands ethylene-
diaminetetraacetic acid (H^EDTA), diethylenetriaminepentaacetic acid ( H 5 D T P A ) , and 
triethylenetetraaminehexaacetic acid (HgTTHA) as aqueous paramagnetic relaxation 
reagents for 1 3 C and 1 5N nmr. The Fe(III) and Cr(III) complexes of DTPA are quite 
"inert" towards most compounds and are especially suited for facilitating spin re­
laxation. The Gd(III) and Mn(II) DTPA complexes are also effective relaxation reagents. 
These complexes can be used to decrease the relaxation times of non-protonated carbons 
or nitrogens, resulting in enhanced signal to noise ratios. They also quench the 
nuclear Overhauser effect (nOe), allowing one to obtain quantitative 1 3 C nmr spectra, 
and eliminating the problems associated with the negative nOe observed in 1 5N nmr. 
Through the use of these reagents, pulse angles can be increased and scan times can be 
decreased, resulting in better signal intensities in shorter times. Examples of 
compounds studied in the presence of these reagents include arginine, ascorbic acid, 
nicotinamide, and 5,5-dimethylhydantoin. 

83 S i - 2 9 NMR CHEMICAL SHIFTS I. ADDITIVE RELATIONS IN ALKYL HALO SILANES. D. C o r y , 
A . Wong and W.M. R i t c h e y . D e p a r t m e n t o f C h e m i s t r y , Case W e s t e r n R e s e r v e U n i v e r s i t y , 

C l e v e l a n d , Oh io 4 4 1 0 6 . 

S i - 2 9 NMR c h e m i c a l s h i f t s o f s i m p l e a l k y ! and h a l o s i l a n e h a v e b e e n shown t o f o l l o w a n 
a d d i t i v e r e l a t i o n w i t h f i r s t and s e c o n d o r d e r c o e f f i c i e n t s v i a t h e G r a n t and Paul Method . 
175 p i e c e s o f d a t a , from t h e l i t e r a t u r e , a r e f i t t o 3 2 d e p e n d e n t v a r i a b l e s t o t h e be low 
e x p r e s s i o n w i t h a c o r r e l a t i o n o f 0 . 9 9 3 7 and a s t a n d a r d e r r o r o f 7 . 6 7 ppm 0 

6=60 + S 6 ^ 2 6 ^ 

where <50 i s t h e c h e m i c a l s h i f t o f s i l a n e , t h e 6 . ' s a r e f i r s t o r d e r a d d i t i v e c o n s t a n t s and 
t h e 6.. ' s a r e s e c o n d o r d e r c o n s t a n t s r e s p o n s i b l e f o r s t e r i c e f f e c t s . The summat ions a r e 
o v e r a l l a toms i n t h e m o l e c u l e . 

I n a d d i t i o n i t i s o b s e r v e d t h a t a l l compounds w h i c h d e v i a t e b y more t h a n 1 .5 s t a n d ­
a r d d e v i a t i o n s f rom t h e e x p e r i m e n t a l v a l u e s a r e p r o t o n a t e d . T h i s s u g g e s t s t h a t t h e d i a -
m a g n e t i c t e r m i n t h e s h i e l d i n g e x p r e s s i o n h a s n o t b e e n a d e q u a t e l y t a k e n i n t o a c c o u n t 0 

F i n a l l y t h e g e n e r a l l y h e l d c o n c e p t t h a t JT-d back b o n d i n g c o n t r i b u t e s t o t h e c h e m i c a l 
s h i f t i s shown t o b e c o n s i s t e n t w i t h o u t r e s u l t s f rom a c o m p a r i s o n w i t h C-13 c o e f f i c i e n t s . 

^ SOLID-STATE L 3C NUCLEAR MAGNETIC RESONANCE STUDIES OF COALIFIED LOGS AND SAPROPELIC 
KEROGENS. Patrick G. Hatcher, Irving A. Breger, U.S. Geological Survey, Reston, 

VA, 22092, and Gary E. Maciel, Nicfcolaus Szeverenyi, and Larry W. Dennis, Colorado 
State University, Fort Collins, CO, 80523. 

Coalified logs and sapropelic algal kerogens of Holocene to Permian and 
Carboniferous age have been examined by 1-*C nuclear magnetic resonance (NMR) using 
cross polarization and magic-angle spinning. The NMR spectra of the coalified logs 
clearly demonstrate that lignin is the source of the aromatic structures in coals. 
Cellulose, abundant in Holocene logs, is hydrolyzed and partly removed during early 
diagenesis before the wood undergoes coalificatlon to lignite. The lignin that 
remains as a residue in the lignite is also altered, probably losing most of its 
methoxyl groups, as well as water and C3 side-chains. Lignitic logs undergo further 
coalifiction to the bituminous rank, probably by loss of soluble, oxygen-rich huroic 
acid-like components. NMR spectra of Holocene algal sapropels, analogs of sapropelic 
coals, and sapropelic kerogens, show as major components carbohydrates, proteins, 
and complex paraffinic structures containing carboxyl and ether functional groups; 
they also show the absence of lignin. Differential decomposition of carbohydrates 
and proteins and preservation of the paraffinic components results in the formation 
of sapropelic kerogen. During burial, this kerogen undergoes chemical changes 
involving loss of its oxygenated functional groups so that the resultant materials 
are predominantly composed of macromolecular paraffinic structures. 
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85 CHARACTERIZATION OP CARBON DEPOSITS IN COAL-CONVERSION CATALYSTS. H. L. Retcofsky, 
S. S. Pollack, Pittsburgh Energy Technology Center, U. S. DOE, P. 0. Box 10940, 

Pittsburgh, PA 15236, and G. E. Maclel, Department of Chemistry, Colorado State 
University, Fort Collins, CO 80523 

Carbon deposition is considered to be a principal contributor to the deactivation 
of coal-liquefaction catalysts. The Pittsburgh Energy Technology Center has undertaken 
time-dependent studies of the deactivation of such catalysts to determine the relative 
importance of carbon deposition and other possible modes of deactivation. The most 
useful non-destructive tools to characterize the carbon deposits were found to be 
cross-polarization carbon-13 magnetic resonance spectrometry (with magic angle spinning) 
and x-ray diffraction. Preliminary studies of cobalt molybdate catalysts aged in 
continuous stirred tank reactors at time intervals up to 247 hours revealed (1) that 
the reaction of carbon atoms in multilayer crystallites increases with time on stream 
and (2) that the carbon aromaticity of the deposits, although dependent upon the 
nature of the catalysts investigated, appeared to be essentially independent of time 
on stream. 

86 QUANTITATIVE A S P E C T S OF C P M A S S P E C T R O S C O P Y IN COALS: RELAXATION 
E F F E C T S AND E X P E R I M E N T A L R E Q U I R E M E N T S . J a m e s L e e and K. W. Zi lm, Unive r s i ty o f 
U t a h R e s e a r c h I n s t i t u t e L a b o r a t o r y for Advanced NMR A p p l i c a t i o n s , MO C h i p e t a Way, Sui te 110, 
R e s e a r c h P a r k , Sa l t L a k e C i t y , U t a h 8 » 1 0 8 . 

P r o t o n T j and T l , ^ C T j and T i , and T C H d a t a wil l b e r e p o r t e d o n s ix coa l s r a n g i n g 
from l ign i te t o a n t h r a c i t e . T h e i n t e r a c t i o n ? ) ! t h e s e r e l a x a t i o n p a r a m e t e r s and t h e i r e f f e c t o n t h e 
q u a n t i t a t i v e n a t u r e of t h e C P M A S s p e c t r a of t h e c o a l s will be discussed. The eftects of h igh 
speed m a g i c a n g l e spinning a n d H a r t m a n n - H a h n m i s m a t c h wil l a lso b e exp lo red a s wel l a s t h e 
e x p e r i m e n t a l r e q u i r e m e n t s n e e d e d t o i n su re t h e b e s t possible d a t a a r e t a k e n . 

87 SPIN DYNAMICS IN T H E C P / M A S ^C STUDY OF FOSSIL F U E L S . G . E . Mac ie l , M . 3 . 
Sull ivan and N . M. S z e v e r e n y i , D e p a r t m e n t o f C h e m i s t r y , C o l o r a d o S t a t e U n i v e r s i t y , F o r t Co l l in s , 
C o l o r a d o 80523 . 

In o rder t o o p t i m i z e t h e e f f i c i ency o f a 1 3 C C P / M A S e x p e r i m e n t on a c o a l o r oi l sha l e 
s a m p l e , o r t o c a l i b r a t e p r o p e r l y t h e a n a l y t i c a l s ign i f i cance o f such e x p e r i m e n t s , i t i s n e c e s s a r y to 
e x a m i n e t h e p e r t i n e n t NMR r e l a x a t i o n p h e n o m e n a i n such s a m p l e s . Us ing t h e » * C C P / M A S s ignal 
for d e t e c t i o n , b o t h l ^ C and ' H r e l a x a t i o n s t u d i e s h a v e b e e n c a r r i e d o u t o n a s e r i e s o f c o a l s . The 
r e s u l t s a r e d i scussed i n t e r m s o f t h e p rob l ems and p o t e n t i a l o f fossil fue l ana lys i s b y 1 3 C C P / M A S 
NMR. 

88 HIGH RESOLUTION NMR AND SELECTIVE DERIVATIZATION OF SOLID FOSSIL FUELS, K. 0. Rose and 
M. T. M e l c h i o r , Exxon R e s e a r c h and E n g i n e e r i n g Company, 1900 E. L inden Avenue , 

L i n d e n , NJ 07036 

S o l i d - s t a t e NMR e x p e r i m e n t s wh ich u t i l i z e c r o s s - p o l a r i z a t i o n (CP) and h i g h - s p e e d 
m a g i c - a n g l e s a m p l e s p i n n i n g (MAS) t e c h n i q u e s p r o v i d e , new hope f o r c h a r a c t e r i z i n g t h e 
d i s t r i b u t i o n o f c a r b o n t y p e s and r e a c t i v e h e t e r o a t o m s i t e s i n c a r b o n a c e o u s s o l i d s . The 
NMR s p e c t r a l r e s o l u t i o n t y p i c a l l y o b s e r v e d i n s o l i d c o a l and o i l s h a l e s a m p l e s and t h e i r 
s o l i d p r o d u c t s i s l i m i t e d b y t h e m o l e c u l a r c o m p l e x i t y o f t h e s a m p l e and t h e a b s e n c e o f 
s e g m e n t a l m o t i o n i n t h e s o l i d . Our a b i l i t y t o i d e n t i f y and m e a s u r e p a r t i c u l a r c l a s s e s o f 
c a r b o n t y p e s i s s e r i o u s l y compromised b y t h e s e e f f e c t s . The p u r p o s e o f t h i s p a p e r i s t o 
d i s c u s s o p t i o n s f o r i n c r e a s i n g t h e i n f o r m a t i o n c o n t e n t and a s s e s s i n g t h e q u a n t i t a t i v e 
a c c u r a c y o f CPMAS s p e c t r a f o r f o s s i l f ue l s a m p l e s . A s one a p p r o a c h f o r e n h a n c i n g s p e c t r a l 
d e t a i l , m i l d and s e l e c t i v e c h e m i c a l r e a c t i o n s i n c l u d i n g t r i m e t h y l s i l y l a t i o n and a l k y l a t i o n 
have been combined w i t h s o l i d - s t a t e NMR t e c h n i q u e s to p i n p o i n t r e a c t i v e OH and C00H s i t e s 
in c o a l which a r e u n r e s o l v e d in t h e CPMAS NMR s p e c t r u m of t h e u n d e r i v a t i z e d c o a l m a t e r i a l . 
Us ing a l k y l a t i o n t e c h n i q u e s p r e v i o u s l y d e s c r i b e d and 1 3 c - e n r i c h e d a l k y l a t i n g a g e n t s , t h e 
NMR s e n s i t i v i t y t o i n c o r p o r a t e d g r o u p s i s s i g n i f i c a n t l y i m p r o v e d . E x p e r i m e n t s w i l l b e 
p r e s e n t e d wh ich d e m o n s t r a t e t h e a d v a n t a g e s of l ^ c - g n r i c h e d a l k y l a t i o n and CPMAS 13c NMR 
f o r i n v e s t i g a t i n g a v a r i e t y o f low c o n c e n t r a t i o n a l k y l a t i o n s i t e s i n s o l i d f o s s i l f u e l s . 
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89 AN NMR INVESTIGATION OF EASTERN AND WESTERN SHALE OILS. D. A. N e t z e l and 
F . P . M i k n i s . L a r a m i e Energy T e c h n o l o g y C e n t e r , P . O . Box 3 3 9 5 , U n i v e r s i t y 

S t a t i o n , L a r a m i e , WY 82071 

The c h e m i c a l c o m p o s i t i o n o f E a s t e r n and W e s t e r n Oi l S h a l e s d i f f e r c o n s i d e r a b l y . 
T h e s e d i f f e r e n c e s , p r i m a r i l y t h e l o w e r hyd rogen c o n t e n t , r e s u l t i n r e l a t i v e l y l o w e r 
o i l y i e l d f o r E a s t e r n s h a l e s compared t o Wes te rn s h a l e s . T o i n c r e a s e t h e o i l y i e l d f o r 
E a s t e r n s h a l e s o v e r t h e c o n v e n t i o n a l r e t o r t i n g p r o c e s s r e q u i r e s r e t o r t i n g w i t h hyd rogen 
such a s i s done i n t h e IGT p r o c e s s . The c o m p o s i t i o n o f o i l s p r o d u c e d from r e t o r t i n g 
C o l o r a d o , Kentucky New Albany and Kentucky Sunbury o i l s h a l e s by t h e IGT H y t o r t and t h e 
F i s c h e r Assay P r o c e s s e s w e r e i n v e s t i g a t e d b y N u c l e a r M a g n e t i c Resonance S p e c t r o s c o p y . 
Data w i l l b e g i v e n which shows d i f f e r e n c e s i n t h e c h e m i c a l c o m p o s i t i o n o f t h e o i l s a s 
t h e r e s u l t o f t h e r e t o r t i n g p r o c e s s and g e o g r a p h i c l o c a t i o n o f t h e o i l s h a l e . P a r a ­
m e t e r s t o b e d i s c u s s e d q u a l i t a t i v e l y a n d q u a n t i t a t i v e l y a r e c h a n g e s i n t h e a r o m a t i c i t y , 
a v e r a g e a l k a n e c a r b o n c h a i n - l e n g t h , o l e f i n s , b r a n c h e d a l k a n e s and h e t e r o a r o m a t i c 
c o m p o s i t i o n . 

*u TRACE ANALYSIS OF VOLATILE ORGANIC COMPOUNDS IN BIOLOGICAL AND ENVIRONMENTAL 
PROBLEMS. A l b e r t Z l a t k i s , C h e m i s t r y D e p a r t m e n t , U n i v e r s i t y o f H o u s t o n , H o u s t o n , 
T e x a s , 7 7 0 0 4 . 

B i o l o g i c a l s a m p l e s such a s u r i n e , s e r u m , and c e r e b r o s p i n a l f l u i d y i e l d complex 
m i x t u r e s o f low m o l e c u l a r v o l a t i l e m e t a b o l i c p r o d u c t s . T h e s e o r g a n i c compounds mus t b e 
c o n c e n t r a t e d p r i o r t o s e p a r a t i o n and a n a l y s i s b y h i g h r e s o l u t i o n g a s c h r o m a t o g r a p h y and 
mass s p e c t r o m e t r y . The c o n c e n t r a t i o n i s e f f e c t e d b y h e a d s p a c e and t r a n s e v a p o r a t o r 
t e c h n i q u e s u s i n g a h y d r o p h o b i c p o r o u s p o l y m e r , Tenax G C o r g l a s s b e a d s a s t h e a d s o r b e n t . 
Thermal d e s c r p t i c n o f t h e a d s o r b a t e p r e p a r e s t h e s a m p l e f o r c h r o m a t o g r a p h y . Compar i son 
o f p r o f i l e s o f normal and p a t h o l o g i c a l f l u i d s ( d i a b e t e s m e l l i t u s ) w i l l b e p r e s e n t e d . 
Samples a s s m a l l a s 1 0 p i c a n b e u s e d f o r a n a l y s i s . T h e s e t e c h n i q u e s a r e a l s o a p p l i ­
c a b l e t o e n v i r o n m e n t a l s a m p l e s a t t h e ppb l e v e l . New h o r i z o n s f o r t r a c e a n a l y s i s w i l l 
a l s o b e d i s c u s s e d . 

91 GAS CHROMATOGRAPHIC STUDY OF MODIFIED PYROLYTICALLY COATED GRAPHITE SUPPORTS. 
0 . A . Ogunkeye , J . f t . Hoi combe D e p t . o f C h e m i s t r y , U n i v e r s i t y o f T e x a s , A u s t i n , TX 

7 8 7 U . 

I n t h i s s t u d y , e f f o r t s w e r e d i r e c t e d a t d e s i g n i n g s p e c i f i c a n d s t a b l e c a r b o n a d ­
s o r b e n t s b y t h e s y n t h e s i s o f i n e r t and m e c h a n i c a l l y s t a b l e c a r b o n a d s o r b e n t s f o l l o w ­
e d b y c h e m i c a l m o d i f i c a t i o n o f t h e i r s u r f a c e s . 

Mechan ica l s t a b i l i z a t i o n o f t h e g r a p h i t e p a r t i c l e s was a c h i e v e d b y t h e p y r o l y s i s 
o f b e n z e n e v a p o r o n t h e s u r f a c e o f h e a t e d g r a p h i t e p a r t i c l e s . A d d i t i o n o f s u r f a c e 
g rou p s t o t h e p y r o l y t i c s u r f a c e t o a l t e r t h e c h e m i c a l s p e c i f i c i t y o f t h e s u p p o r t 
m a t e r i a l w i l l b e c o n s i d e r e d . Gas C h r o m a t o g r a p h i c co lumns p a c k e d w i t h such a d s o r b e n t s 
w i l l b e c h a r a c t e r i z e d o n t h e b a s i s o f t h e i r e f f i c i e n c y , s p e c i f i c i t y and s t a b i l i t y a n d 
w i l l b e compared t o r e s u l t s o b t a i n e d from columns packed w i t h u n t r e a t e d g r a p h i t e p a r ­
t i c l e s and m o d i f i e d d i a t o m a c e o u s e a r t h m a t e r i a l s . 

The f e a s i b i l i t y o f i n d i v i d u a l s y n t h e s i s o f s p e c i f i c g r a p h i t e a d s o r b e n t s a c h i e v e d 
b y c o n t r o l l e d c o a t i n g o f t h e p a r t i c l e s u r f a c e s w i t h compounds o f d i f f e r e n t f u n t i o n a l 
g r ou ps w i l l b e d i s c u s s e d . 

92 SOME FACTORS INFLUENCING REPRODUCIBILITY IN FUSED SILICA COLUMNS. T. J. Stark, 

P. Larson and R. Dandeneau, Hewlett-Packard Company, Route 41, Avondale, Pa. 19311 

An incomplete understanding of the critical physical and chemical properties of 
stationary phases for WCOT columns has led to an ongoing program of characterization 
and analysis. Fused silica columns when deactivated with octamethylcyclotetrasiloxane 
and coated with siloxane gum phases have been found to give highly reproducible Kovats 
retention indices. Even when one accounts for operator to operator, instrument to 
instrument, and column to column variability, retention indices as reproducible as 
+ 1 unit are attainable for polar and aromatic compounds. The effect of column 
environmental stress parameters such as high column temperature, oxygen content of 
the carrier gas, and the effect of sample solvent on the retention indices of selected 
compounds are reported. These effects are compared with thermal, spectroscopic and gel 
permeation analysis of siloxane phases. 
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93 DYNAMIC HEADSPACE TECHNIQUES FOR GAS CHROMATOGRAPHIC ANALYSES OF 
ENZYMATIC DECHLORINATION REACTIONS. Bert Ho, Gary Sch l i cke i ser and 

John A. Thompson. School of Pharmacy, Universi ty of Colorado, Boulder, CO 
80309. 

Dynamic headspace sampling methods are commonly used in ana ly t i ca l 
chemistry to i s o l a t e and concentrate trace organic contaminants from water 
samples for subsequent GC analyses . We have adapted these techniques to 
s tud ies of enzymatic react ions involving v o l a t i l e substrates and/or forma­
t ion of v o l a t i l e products. A ves se l was designed for incubating organic 
substrates with subce l lu lar hepatic fract ion in a closed system. Follow­
ing the incubation period, v o l a t i l e organic materials can be sparged from 
the incubation mixture and trapped on Tenax. The Tenax traps are then 
desorbed onto a GC column packed with Carbopak or onto a Carbowax c a p i l ­
lary column. Analyses are performed using e i ther a flame ionizat ion 
detector or a mass spectrometer. Our preliminary work has involved mea­
surements of the ox idat ive metabolism of several polychloroethanes by rat 
l i v e r microsomes. At substrate concentrations of 1X10-1*M, approximately 
30% of 1 ,1 ,2 - tr ich loroethane and 17% of 1,1-dichloroethane are metabolized 
a f ter 1 hr. at 37". Other polychloroethanes are metabolized at slower 
r a t e s . The dynamic headspace method has provided a considerably more sen­
s i t i v e assay of enzyme a c t i v i t y than conventional s t a t i c headspace 
methods. Other appl i ca t ions of t h i s technique w i l l be d i scussed . 

9>4- QUANTITATIVE DETERMINATION OF 1,2-DIBR0MO-3-CHLOROPROPANE(DBCP) IN WHOLE RAT 
BLOOD AT PART PER TRILLION LEVELS. P. E. K a s t l , E. A. Hermann and W. H. Braun 
T o x i c o l o g y R e s e a r c h L a b o r a t o r y , H&ES, U . S . A . , Dow Chemica l Company, 1803 B u i l d i n g , 
M i d l a n d , MI 4 8 6 4 0 . 

1 , 2 - D i b r o m o - 3 - c h l o r o p r o p a n e (DBCP) h a s been u s e d as a s o i l f u m i g a n t and 
n e m a t i c i d e i n a g r i c u l t u r a l c r o p l a n d s i n c e 1 9 5 5 . R e p o r t s have a s s o c i a t e d e x p o s u r e 
t o DBCP w i t h d i s r u p t i o n o f s p e r m a t o g e n e s i s and a z o o - o r o l l g o - s p e r m i a i n m a l e 
w o r k e r s . T e s t s o n l a b o r a t o r y a n i m a l s have shown t h a t e x p o s u r e l e a d s t o t e s t i c u l a r 
a t r o p h y . I n s u p p o r t o f t o x i c o l o g y s t u d i e s i n a n i m a l s , a n a n a l y t i c a l method h a s 
been d e v e l o p e d t o d e t e r m i n e DBCP i n whole r a t b l o o d a t p a r t p e r t r i l l i o n l e v e l s . 
S p i k e d DBCP b l o o d s t a n d a r d s were e x t r a c t e d w i t h t o l u e n e c o n t a i n i n g a n i n t e r n a l 
s t a n d a r d , h e x a c h l o r o e t h a n e , and a n a l y z e d b y e l e c t r o n c a p t u r e - g a s c h r o m a t o g r a p h y 
(EC-GC). The mean % r e c o v e r y of DBCP from who l e r a t b l o o d was 9 6 . 7 + 3 . 0 % f o r t h e 
c o n c e n t r a t i o n r a n g e 2 . 2 8 x 1 0 " ' ng/ml t o 2 . 2 8 x l 0 4 ng/ml DBCP. DBCP b lood c o n c e n t r a ­
t i o n s a b o v e t h e c a l i b r a t e d d e t e c t o r r a n g e o f 2 . 2 8 x 1 0 " ' ng /ml t o 1 .14x10 ng/ml DBCP 
were d i l u t e d i n t o t h e l i n e a r r a n g e . I n a d d i t i o n , DBCP w a t e r s t a n d a r d s w e r e e x ­
t r a c t e d w i t h t o l u e n e and a n a l y z e d by EC-GC. The mean % r e c o v e r y was 9 5 . 9 + 2 . 6 $ f o r 
t h e c o n c e n t r a t i o n r a n g e 1 .14 ng/ml to 1 . 1 4 x 1 0 s ng/ml DBCP in w a t e r . DBCP w a t e r 
c o n c e n t r a t i o n s a b o v e t h e c a l i b r a t e d d e t e c t o r r a n g e w e r e a l s o d i l u t e d i n t o t h e 
l i n e a r r a n g e . 

95 ON-COLUMN INJECTION WITH WCOT COLUMNS: QUANTITATIVE ANALYSIS OF 
CARBAMATE PESTICIDES, STEROIDS AND VOLATILE ORGANICS. T. J. Stark, 
S. R. Freeman, K. Augenblick, Hewlett-Packard Company, Route 41, 
Avondale, Pa. 19311 

Sample introduction onto capillary columns has historically involved a flash 
evaporation of the sample. Such an experience is necessary when using split 
or splitless sampling; however, when analyzing thermally labile compounds or 
compounds of low volatility, the flash vaporization step may adversely affect 
the precision and accuracy of the analysis. Recent work by Grob (J. Chrom., 
151 (1978), 311., & J. HRC 4 CC, 1 (1978), 263.), Grob, Jr. (J. HRC & CC, 
2 (1979), 15.) and Schomburg (J. Chrom., 142 (1977), 87.)describes a "cool" 
technique for sample introduction. Such an on-column (Grob) or direct 
(Schomburg) injection significantly reduces the sample discrimination which 
commonly occurs in the needle when a flash vaporization injection is used. 
In addition to reducing sample discrimination, the on-column (cool) injection 
technique eliminates the contamination and adsorption problems associated with 
the septum, for the hardware necessary for on-column (cool) injection does not 
use a septum to isolate the chromatographic system from the external environ­
ment. It is interesting to note that with an on-column injection, a recon-
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Generation of the sample on the column is still necessary. Quantitative re­
sults will be presented for a wide range of compound classes, including poly-
cyclic aromatic hydrocarbons, normal hydrocarbons, steroids and pesticides. 
Factors which affect the quantitation, such as sample size, rate of injection, 
column temperature, needle position and carrier gas will be discussed. 

96 FLUOROMETRIC POSTCOLUMH REACTION DETECTOR FOR DETERMINATION OF THE ANIONS NO.:, 
s 2 ° 3 2 _ • s o o > A f i D I _ I N H P L C » l a r r y R - F i e 1 d a r d 5 u n H a i n 9 L e e > Chemistry Department , BG-10 
U n i v e r s i t y of Wash ington , S e a t t l e , WA 98195 . 

The s e n s i t i v e and s e l e c t i v e d e t e r m i n a t i o n o f s e p a r a t e d a n i o n s i n e l u e n t s from an ion 
exchange columns can be c a r r i e d out by c o n t i n u o u s l y adding a s u i t a b l e f l u o r e s c e n c e r e ­
agent s o l u t i o n t o t h e columns e l u e n t s and m o n i t o r i n g the f l u o r e s c e n c e o f t h e r e a c t i o n 
product . 

A method i s d e v e l o p e d f o r t h e d e t e r m i n a t i o n o f o x i d i z a b l e a n i o n s i n r e a c t i o n m i x ­
t u r e s by the chemica l r e d u c t i o n o f c e r i u m ( I V ) . C e r i u m ( I I I ) f l u o r e s c e s w h e r e s s 
cer ium(IV) does n o t . I n a n o n - l i n e r e a c t o r , t h e r e a c t i o n product c e r i u m ( I I I ) i s 
formed by a r e a c t i o n o f t h e above o x i d i z a b l e a n i o n s w i t h cer ium(IV) in s u l f u r i c a c i d . 
The f l u o r e s c e n c e o f t h i s r e a c t i o n product i s moni tored a t an e m i s s i o n w a v e l e n g t h o f 
360 wa and an e x c i t a t i o n w a v e l e n g t h of 260 run. 

Nanogram q u a n t i t i e s o f t h e s e a n i o n s can be de termined by means o f t h i s f l u o r e s c e n c e 
nnstcolumn d e t e c t o r . 

97 AUTOXIDATION CHEMILUMINESCENCE ~J, B L I ^ M (AOCL) FOR LIQUID CHROMATOGRAPHY. >L_S_L 
Gandelman and J. W. Birks. Department of Chemistry and Cooperative Institute for 

Research in Environmental Sciences, University of Colorado, Boulder, CO 80309. 

A selective liquid chromatography detector sensitive to organic compounds contain­
ing oxygen functional groups will be described. The detector is based on the Co(II) 
catalyzed peroxide-luminol chemiluminescence reaction. The oxygen containing organic 
compounds, as they elute from the column, are photochemically oxidized at 365 nm in a 
quinone photosensitized reaction which produces hydroperoxides and/or hydrogen peroxide 
from the organic solutes. These peroxides are then quantitated within the flow system 
by the Co(II) catalyzed chemiluminescence reaction with luminol. Oxygen containing 
organic compounds - acids, alcohols, aldehydes, esters, ethers, ketones, and saccharides-
respond with detection limits in the low microgram range. 

98 MULTIDIMENSIONAL L I Q U I D CHROMATOGRAPHY FOR THE ANALYSIS OF 

COMPLEX SAMPLES. K e n n e t h O g a n a n d E l e n a K a t z T h e P e r k i n - E l m e r C o r p o r a t i o n 
A p p l i e d R e s e a r c h G r o u p , M a i n A v e . N o r w a l k , C T 0 6 8 5 6 . 

S e l e c t i v i t y c h r o m a t o g r a p h i c t e c h n i q u e s have been widely u s e d t o 
d i v i d e v e r y c o m p l e x s a m p l e s i n t o f r a c t i o n s t h a t a t e m o r e r e a d i l y a n a l y z ­
e d . T h e u t i l i z a t i o n o f m o d e r n c h r o m a t o g r a p h i c t e c h n o l o g y o f f e r s t h e a d d e d 
b e n e f i t s o f s p e e d a n d e f f i c i e n c y . O u t a n a l y t i c a l m e t h o d f o r p o l y c y c l i c 
a r o m a t i c h y d r o c a r b o n s a n d p h e n o l s i n o i l a n d c o a l l i q u i d s a m p l e s u t i l i z e s 
s e p a r a t i o n s o n t h r e e L C c o l u m n s i n s u c c e s s i o n . T h e s a m e t y p e o f c o l u m n 
i s u s e d i n t h e f i r s t a n d t h i r d s t e p s , w i t h t h e f r a c t i o n a t i o n o n t h e f i r s t 
c o l u m n s e r v i n g t o l i m i t t h e r e t e n t i o n r a n g e o f t h e c o m p o u n d s i n c l u d e d i n 
t h e f i n a l a n a l y t i c a l s a m p l e . T h e s e c o n d f r a c t i o n a t i o n s t e p u t i l i z e s s i z e -
e x c l u s i o n c h r o m a t o g r a p h y , a n d s e r v e s t o r e d u c e t h e c o m p l e x i t y o f t h e 
a n a l y t i c a l s a m p l e b y r e s t r i c t i n g t h e m o l e c u l a r s i z e r a n g e o f t h e c o m p o u n d s 
i n c l u d e d . T h e c o u p l i n g b e t w e e n t h e s e f i r s t t w o s t e p s h a s b e e n a u t o m a t e d . 
T h e f i n a l s t e p i s a h i g h - r e s o l u t i o n a n a l y t i c a l s e p a r a t i o n , w h i c h a l s o 
u t i l i z e s t h e s e n s i t i v i t y a n d s e l e c t i v i t y o f f l u o r e s c e n c e d e t e c t i o n . 

99 Optimization of Resin Based Column Packing For Rapid HPLC Carbohydrate Analysis, 
Michael J. Gray, Bio-Rad Laboratories. 32nd & Griffin, Richmond, California 9480* 
A survey of past chromatographic data pertaining to ion exchange chromatography 
often contributes to the belief that the separation kinetics are very slow for 
resin based IMP HPLC columns. Many chroraatograms show long retention times in 
terms of hours and complex solvent systems involving slow flow rates, stepwise 
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gradients and harsh reagents. Separations research conducted at Bio-Rad laboratories 
is proving that when all important variables effecting resolution and retention 
time are optimized: when selectivity is focused on a specific compound or class 
of compounds rapid chromatographic analysis is possible in many cases unsurpassed 
by any other method. 

The chromatographic variables which were examined are as follows: 1. Resin Cross 
Linkage, 2. Resin Ionic Form, 3. Resin Particle Size, 4. Column Configuration, 
5. Column Temperature, 6. Column Flow Rate, 7, Eluant Composition. Optimization 
of these variables produced significant improvements in resolution and speed 
of analysis for oligosaccharides, disaccharides, pentose sugars and carbohydrates 
in fermenting solutions. 

100 SELECTIVITY OF PACKINGS AND SOLVENTS. T. Hanai and J. Hubert. Univ. de Montreal, 
Dep. de Chimie, CP. 6210, Succ. A, Montreal, Quebec H3C 3V1. 

Chromatographic behaviour of different types of compounds depends upon their 
molecular interactions with the surface of packings. The interaction can be hydrophobic, 
1 1 - 7 1 , charge transfer, ion-ion, hydrogen bonding etc. When we discuss about the chromato­
graphic behaviour of phthalates, hydrophobic, T T - T T or contact charge transfer interactions 
should be recognized. The difference of interactions between some packings like ion-
exchangers, silica gel and hydrophobic packings are demonstrated in aqueous and non­
aqueous eluents. Polystyrene divinylbenzene co-polymers is a specific packing for the 
study of T T - T T interactions and on ion-exchanger is one for the study of Lewis acid-base 
interaction. In reversed phase mode liquid chromatography acetonitrile was a non 
selective solvent and tetrahydrofuran was a selective one. Therefore we can mathemati­
cally controll the retention of non-ionic compounds in the system of an octadecyl bonded 
packing and acetonitrile-water mixtures. Method of prediction of retention time from 
the structure of solutes is demonstrated. The controll of the retention in tetra-
hydrofuran remains to explain. 

101 

IMPORTANCE OF SOLVENT CHOICE AND SOLVENT HANDLING IN CHROMATOGRAPHY. 
J. W. Huber and J.T.Przybytek, Burdick & Jackson Laboratories, Inc. 
1953 S. Harvey Street, Muskegon, Michigan 19442 

In designing a chromatographic separation, the choice of solvent and its handling may 
have significant effects. The wrong procedure can result in lost time, poor data, ex­
traneous peaks, unstable baselines, lost peaks, irreproducible results, safety hazards 
and unnecessarily high chromatography costs. 

Significant differences between solvents of similar physical properties will be discussed, 
along with techniques developed in our laboratory for setting up a separation and 
generating the required background data. Advantages of "new" alternative solvents 
will also be described. 

102 

THE THREE MICRON COLUMN - A SYSTEM CONSIDERATION, Marlin Bensinger, 
Terry Meyers, Laboratory Data Control, P.O. Box 10235, Riviera Beach, 
FL 33404. 

System considerations for the practical use of the 3 micron ODS column 
are discussed. Plate count and resolution comaprisons using various 
types of detectors are shown. Consideration of techniques, solvent 
characteristics, and column characteristics are presented. 
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103 HIGH-SPEED SEPARATION OF ULTRAVIOLET ABSORBING CONSTITUENTS IN URINE BY LIQUID 
CHROMATOGRAPHIES. T_. Kauai and J. Hubert. Univ. de Montreal, Dep. de Chimie, 

CP. 6210, Succ. A, Montreal, Quebec H3C 3V1 

Urines from babies, children and adults were analyzed in different liquid chromato­
graphic systems. The first used a weak anion exchanger (TSK-IEX 540 DEAE, 5pni bonded 
silica gel) as the packing and mixtures of acetonitrile and ammonium acetate buffer pH 
4.5 as the eluents. The separation was done with gradient and took about 40 minutes. 
The second system used a macro porous strong anion exchange resin (Hitachi 3013N, 5pm, 
the matrix is polystyrene-divinyl benzene co-polymer) as the packing and an acetonitrile, 
ammonium acetate buffer and octyl sodium sulfate mixture as the eluent. The separation 
was done in about 20 minutes. The theoretical plate number of the ion-exchange resin 
column was about 3QOO/15cra for acids and 5000/15cm for monosaccharides. The third system 
used was a reversed-phase mode. The packing was an octadecyl bonded packing (TSK LS510P5) 
and the eluents were mixtures of phosphoric acid and acetonitrile. The separation was 
completed in 30 minutes with a gradient. Some metabolites were identified by their 
retention times in different systems. New born baby's urine had small amount of organics, 
therefore the sample was injected without pre-treatment like deproteinazation. Urines 
from children were similar to that from adults and on the chromatogram metabolites of 
foods were found. Even so, urines from normal subjects were different from those from 
patients. The detail of the finger-prints of urines will be discussed. 

104 VERY HIGH-SPEED LIQUID CHROMATOGRAPHY FOR ENERGY AND ENVIRONMENTAL 
RESEARCH. M. IV. Dong, K.0gan and J. L. DiCesare. Perkin-Elmer 

Corp., Main Ave., Norwalk, CT 068S6 

Very high-speed liquid chromatography (VHSLC) means doing high 
efficiency LC in a short time span. This is accomplished by using small 
particle packings to obtain high efficiencies and short column lengths 
to decrease analysis times. Miniaturization of the hardware for reduc­
tion of extra-column band-broadening effects is necessary to obtain the 
full benefits of VHSLC. Typical performance levels of VHSLC are 200-300 
plates per second; thus allowing many useful analyses to be performed in 
less than one minute with more than 10,000 theoretical plates. Benefits 
of VHSLC are short analysis time, high sensitivity and low solvent con­
sumption. In addition, rapid gradient analyses are feasible with this 
system. Typical gradient cycle times are 5-7 minutes. The design of the 
higb-speed LC columns and hardware will be described. Results from the 
application of this technique to the analysis of polycyclic aromatics, 
aza-arenes, alkyl-and chloro-phenols in environmental and fossile fuel 
samples will be presented. The use of coupled column techniques for 
rapid sample cleanup and high-resolution analysis will also be discussed. 

105 Chloramphenicol Analysis By HPLC. D. L. Swafford, Laboratory Data 
Control, Interstate Ind. Park, P.O. Box 10235, Riviera Bch., FL 33404; 
J. Trueting, PH.d., University of Texas Medical School, Houston, TX. 

Laboratory Data Control in conjunction with Dr. John Trueting from 
the University of Texas Medical School, currently with Bio Science, have 
developed an isochratic HPLC method for the separation and quantitation 
of chloramphenicol in serum. The reverse phase analysis requires less 
than 15 minutes, uses a fixed wavelength detector at 280njn and a simpli­
fied sample preparation. Data was collected using both spiked pool 
serum and actual patient samples. This paper includes discussion of 
interference, and linearity studies as well as internal standard 
selection. 

Use of this technique can yield relatively rapid quantitative 
results for therapeutic drug monitoring of this compound. 
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THE DETERMINATION OF CALCIUM PANTOTHENATE IN NUTRITIONAL 
SUPPLEMENTS BY HIGH PERFORMANCE LIQUID CHROMATOGRAPHY USING 
A VARIABLE WAVELENGTH DETECTOR. 
T.J. Hudson. Forrest C. Shaklee Research Center, 1992 Alpine Way, 
Hayward, CA 94545 

A rapid and accurate procedure for the determination of calcium panto­
thenate in n u t r i t i o n a l supplements by high performance l iqu id chroma­
tography is described. Advantages of the method over the t r a d i t i o n a l 
microbio log ica l assay technique for t h i s nutr ient are presented. The 
sample is d i s so lved in d i s t i l l e d water with the aid of son ica t ion , 
f i l t e r e d to remove p a r t i c u l a t e matter and in jec ted d i r e c t l y in to the 
HPLC. The a n a l y t i c a l column e luent is monitored using a var iable wave­
length spectrophotometer operated at 210 nm. The method is appl icable 
to multivitamin t a b l e t s , premix powders and raw mater ia l . The method 
has y ie lded an average recovery of 97.5% and a r e l a t i v e standard dev ia ­
t i on of 2 .1%. Results are compared with those obtained using the 
microbio log ica l assay technique. The method has been s u c c e s s f u l l y used 
for automated rout ine determinations . 

107 -AN HPLC METHOD FOR THE DETERMINATION OF QUINIDINE IN SERUM. C. P. P a t e l , A n a l y ­
t i c a l S e r v i c e s L a b o r a t o r y , Ames D i v i s i o n , M i l e s L a b o r a t o r i e s , I n c . , P . O . Box 7 0 , 

E l k h a r t , IN 46515 

An HPLC method f o r t h e d e t e r m i n a t i o n o f se rum q u i n i d i n e h a s been d e v e l o p e d . T h i s 
method i s i s o c r a t i c , u s e s a m b i e n t t e m p e r a t u r e and c o n v e n t i o n a l f i x e d w a v e l e n g t h (254 
nm) d e t e c t o r , and i s f r e e o f p o t e n t i a l i n t e r f e r e n c e s from q u i n i d i n e m e t a b o l i t e s . The 
method i n v o l v e s i n i t i a l a d d i t i o n o f b o t h q u i n i n e a s a n i n t e r n a l s t a n d a r d and a sodium 
c a r b o n a t e s o l u t i o n t o a se rum s a m p l e , f o l l o w e d b y e x t r a c t i o n w i t h m e t h y l e n e c h l o r i d e . 
The t o p l a y e r o f s e rum i s d i s c a r d e d . The q u i n i n e and q u i n i d i n e c o n t a i n e d i n t h e o r ­
g a n i c l a y e r a r e r e - e x t r a c t e d w i t h a n a q u e o u s h y d r o c h l o r i c a c i d s o l u t i o n . A n a l i q u o t o f 
t h i s a c i d i c s o l u t i o n i s i n j e c t e d o n t o a r e v e r s e p h a s e ODS c o l u m n . The c h r o m a t o g r a p h i c 
r e s o l u t i o n o f q u i n i d i n e and i t s m e t a b o l i t e s i s a c c o m p l i s h e d b y u s i n g a m o b i l e p h a s e 
composed of d i s t i l l e d w a t e r + 1 M sod ium d i h y d r o g e n p h o s p h a t e + c o n e , p h o s p h o r i c a c i d + 
1 M sod ium p e r c h l o r a t e in t h e p r o p o r t i o n s of 850 + 20 + 10 + 10 + 110 mL r e s p e c t i v e l y . 
The method i s c a p a b l e o f m e a s u r i n g down t o 0 . 5 ppm and i s l i n e a r t o 1 0 ppm q u i n i d i n e 
i n s e r u m . E x p e r i m e n t s h a v e shown t h a t t h e method i s p r e c i s e ( 2 . 3 - 4 . 4 % C V f o r b o t h 
w i t h i n a day and be tween d a y s ) and a c c u r a t e ( r e c o v e r y o f 9 6 - 1 0 0 . 5 % from s p i k e d se rum 
s a m p l e s ) . The method i s s i m p l e , q u i c k and r e l i a b l e f o r r o u t i n e u s e i n c l i n i c a l l a b o r ­
a t o r i e s . 

33M34MO! OF A92503SC IDKOPK03PnAT*-3 31 a3T32S.i.»PA3J H»1C. •'•'avid liarios. 
108Dor»trtaent of Chenistry, XJniversity of Colorado, Colorado Springs, 50 C O W . 

An analytical ncthod has been dovolopod for the separation of nucleoside ant', 
nucleotide ttortvsritvno noinrj rovorso-phrse H3«, She nothod enploys an isocratic 
elution of c r&tbiro of derivatives having a soman Jxwo rjronp o n * as adonino. 
Adenine derivatives tested and separated in order of elution arc y'-air, i> -.wr, 

?.>-~̂ *, adenine, 2',3'-ciltP, 3',5'-cAil\ and adenosine, tftacldns 
interactions are not the only forces that influence retention behavior because 1 ' -
dô ;--n-.lonooine lerivativec slioir neater retention t'v-.n adenosine derivatives. ?he 
retention behavior in the - p re sence of an organic riodifier (rathanol, acotonitrile, or 
•fBf) in the mobile nliane is also a factor. The rnthod iras utilized for the separation 
of the 'dxturo of iroducis obtained by nlioajhor-aation of adenosine -dth *» 

<*or!5aai;l9. A comarison irith nuant5.to.tive TLJ results obtained previously ohcr.'s 
that tho 1MB -et'io-1 is sfcraler and noro accurate, order of elution of the adenine 
derivatives vill also be discussed. 

58

Rocky Mountain Conference on Magnetic Resonance, Vol. 23 [1981], Art. 1

https://digitalcommons.du.edu/rockychem/vol23/iss1/1
DOI: https://doi.org/10.56902/RMCMR.1981.23.1

http://nuant5.to.tive


109 Use of HPLC in the Detection of Phenols in Industrial Aqueous Effluents. G. Rehagen, 
K. Thomas, and J. Going. Midwest Research Institute, 425 Volker Boulevard, 

Kansas City, Missouri 64110. 

An HPLC method for the analysis of five phenols in wastewater from a petrochemical 
facility is described. Samples were first prepared for analysis by gas chromatography 
by adjusting the pH to < 1 and extracting three times with dichloromethane (distilled 
in glass). Analysis by GC/EID was inadequate due to high background noise and poor 
chromatography. Therefore, an analytical method using HPLC/UV was developed which gave 
improved sensitivity. The extracts were re-extracted into 0.1 N sodium hydroxide and 
injected onto a reversed phase system. An acidic acetonitrile eluant was used and UV 
detection was at 280 nm. The discussion includes minimum detection limits, extraction 
efficiencies, and some comparisons of detection limits by GC/F1D and HPLC/UV. 

1 1 0 LIQUID CHROMATOGRAPHIC SEPARATION OF SHALE OILS AND SYNCRUDES BY 
HYDROCARBON TYPE. R. L• Miller, K. Ogan and L. Hellinger. The 

Perkin-Elmer Corporation, Main Avenue, Norwalk, CT 06856. 

The complexity of crude oils and crude oil replacements derived from 
coal liquids, shale oils, and tar sands demands very complex analytical 
schemes for characterization. The ability of normal phase liquid chroma­
tography to separate these complex mixtures into paraffin, olefin, aroma­
tic, and resin fractions makes the technique quite useful as a first step 
in the characterization process. Fractions are retained on the basis of 
polarity, with the least polar paraffin fraction eluting first. Subse­
quent analyses by gas chromatography, liquid chromatography, and spectro­
scopy are greatly simplified by the availability of fractions containing 
only one chemical class. 

Very low solvent strengths are required to separate paraffins and ole­
fins. On the other hand, polar constituents of oils are tightly bound and 
require high solvent strengths. Column backflush and other multidimen­
sional techniques may he exploited to isolate specific fractions. These 
techniques are presented in the context of separations adaptable to auto­
mation and preparative scale-up using turnkey hardware systems. 

111 DIFFERENTIAL PULSE P0LAR0GRAPHIC DETERMINATION OF BROMIDE IN BRINE SOLUTIONS. 
L . J a c k s o n and S . W i l s o n . U . S . G e o l o g i c a l S u r v e y , Box 2 5 0 4 6 , MS 9 2 8 , Denver F e d e r a l 

C e n t e r , D e n v e r , CO 8 0 2 2 5 -

The d e t e r m i n a t i o n o f t r a c e l e v e l s o f b r o m i d e i n t h e p r e s e n c e o f h i g h l e v e l s o f c h l o r i d e 
h a s p r e s e n t e d a c o n t i n u i n g p rob l em t o t h e a n a l y t i c a l c h e m i s t . The c h l o r i d e i n t e r f e r e n c e 
has been e l i m i n a t e d b y o x i d i z i n g t h e b r o m i d e t o b r o m a t e w i t h h y p o c h l o r i t e s o l u t i o n and 
t h e n q u a n t i f y i n g t h e b r o m a t e w i t h d i f f e r e n t i a l p u l s e p o l a r o g r a p h y . 

The o x i d a t i o n i s p e r f o r m e d u s i n g c a l c i u m h y p o c h l o r i t e a s t h e o x i d i z i n g a g e n t i n a 
p H 5 . 5 a c e t a t e b u f f e r . A f t e r t h e o x i d a t i o n i s c o m p l e t e , t h e p H i s a d j u s t e d t o 1 - 1 . 5 
w i t h c o n c e n t r a t e d n i t r i c a c i d and t h e b r o m a t e i s d e t e r m i n e d p o l a r o g r a p h i c a l l y a t - 0 . 5 V 
v e r s u s Ag/AgCl ( p u l s e m o d u l a t i o n 50 mV). 

T h i s t e c h n i q u e h a s b e e n s u c c e s s f u l l y a p p l i e d t o t h e d e t e r m i n a t i o n o f ppm l e v e l s o f -
b r o m i d e i n n a t u r a l l y o c c u r r i n g b r i n e s w i t h 1 0 p e r c e n t c h l o r i d e . The s i m u l t a n e o u s d e t e r ­
m i n a t i o n o f i o d i d e i s p o s s i b l e w i t h t h i s t e c h n i q u e . 

The p u l s e p o l a r o g r a p h i c d e t e r m i n a t i o n o f b r o m i d e a s b r o m a t e g i v e s a p p r o x i m a t e l y a 
s i x - f o l d i n c r e a s e i n s e n s i t i v i t y o v e r t h e d i r e c t p o l a r o g r a p h i c d e t e r m i n a t i o n o f b r o m i d e . 
The u s e o f i o n c h r o m a t o g r a p h y was compared t o t h e p o l a r o g r a p h i c t e c h n i q u e . 

112 HIGH PRECISION C0MPLEXOMETRIC TITRATION OF CADMIUM IN THE PRESENCE OF URANIUM. 
J . R . Q e l m a s t r o , Exxon N u c l e a r I d a h o Company, I n c . , P . 0 . Box 2 8 0 0 , I d a h o F a l l s , 
Td!Ko~~S340T: 

A method i s d e s c r i b e d f o r t h e d e t e r m i n a t i o n o f cadmium t o a n a c c u r a c y o f b e t t e r t h a n 
0.65X in a c i d s o l u t i o n s c o n t a i n i n g 2 - 2 4 mg Cd/mL in t h e presence of a p p r o x i m a t e l y 
500 mg U/mL. Cadmium is d e t e r m i n e d by c o m p l e x o m e t r i c t i t r a t i o n w i t h EDTA at pH 5 . 5 , 
a f t e r mask ing t h e u r a n i u m w i t h sodium t a r t r a t e . Under t h e s e c o n d i t i o n s , u r a n i u m d o e s 
n o t i n t e r f e r e b y c o n s u m i n g t i t r a n t , b u t i t a p p e a r s t o s l i g h t l y b l o c k t h e Cu-PAN 
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(PAN - l - [ - 2 - P y r i d y l a z o ] - 2 - n a p h t h o l ) i n d i c a t o r u s e d . I r o n and a l u m i n u m , p r e s e n t a s 
i m p u r i t i e s i n t h e u r a n i u m , a r e masked b y a d d i t i o n o f f l u o r i d e . A r e l i a b l e p r o c e d u r e 
i s d e s c r i b e d f o r t h e a u t o m a t e d t i t r a t i o n o f C d i n t h e s e s o l u t i o n s , u s i n g a s p e c t r o -
p h o t o m e t r i c p r o b e t o d e t e c t t h e e q u i v a l e n c e p o i n t . The p r e c i s i o n a t t a i n a b l e w i t h t h i s 
p r o c e d u r e i s b e t t e r t h a n 0.20%. R e s u l t s a r e p r e s e n t e d f o r t h e a n a l y s i s i n d u p l i c a t e o f 
a s e r i e s o f Cd-U s o l u t i o n s g e n e r a t e d f o r n u c l e a r c r i t i c a l i t y m e a s u r e m e n t s . 

113 VACUUM ULTRAVIOLET CIRCULAR DICHROISM: APPLICATIONS TO POLYSACCHARIDES. E . S . 
S t e v e n s . D e p a r t m e n t o f C h e m i s t r y , S t a t e U n i v e r s i t y o f New York a t B i n g h a m t o n , 

B i n g h a m t o n , New York 1 3 9 0 1 . 

Vacuum u l t r a v i o l e t c i r c u l a r d i c h r o i s m (VUCD) s p e c t r o s c o p y i s now b e i n g used t o 
c h a r a c t e r i z e c a r b o h y d r a t e s and p o l y s a c c h a r i d e s . The t e c h n i q u e i s o f s p e c i a l r e l e v a n c e 
f o r t h o s e m o l e c u l e s w i t h n o e l e c t r o n i c t r a n s i t i o n s a b o v e 190 n m s u c h a s g l u c a n s . W e have 
m e a s u r e d and compared t h e VUCD of (1->6)-B - D - g l u c a n ( p u s t u l a n ) and ( l ->6) -c i -D-g lucan 
( d e x t r a n ) . The random c o i l c h a i n s o f b o t h p o l y s a c c h a r i d e s show o n l y h i g h e n e r g y b a n d s 
a t x<180 nm. Upon g e l a t i o n , h o w e v e r , p u s t u l a n d i s p l a y s a n e g a t i v e 184 nm b a n d . A band 
a t t h i s p o s i t i o n i s u s u a l l y n o t s e e n i n u n s u b s t i t u t e d p o l y s a c c h a r i d e s . However , s i n c e 
w e a l s o o b s e r v e i t i n g e l s and i n s o l u t i o n s o f ( l - > 4 ) - a - D - g l u c a n ( a m y l o s e ) , w e t a k e i t t o 
r e f l e c t a h i g h d e g r e e o f l o c a l i n f l e x i b i l i t y . The s i g n i f i c a n c e o f t h i s r e s u l t l i e s i n 
b e i n g t h e f i r s t c a s e o f a s a c c h a r i d e C D band o f known s i g n ( n e g a t i v e ) b e i n g a t t r i b u t a b l e 
to a s p e c i f i c t r a n s i t i o n (a*-Hi) in a f i x e d and known g e o m e t r y ( a m y l o s e ) . We have now r e ­
p r o d u c e d t h i s o b s e r v e d C D b y t h e o r e t i c a l c a l c u l a t i o n u s i n g random p h a s e t h e o r y . T h i s i s 
t h e f i r s t s t e p i n p l a c i n g p o l y s a c c h a r i d e c o n f o r m a t i o n a l a n a l y s i s b y VUCD o n f i r m t h e o ­
r e t i c a l g r o u n d s . 

1 1 * E N C A P S U L A T E D X A D - 2 E X T R A C T I O N TECHNIQUE F O R A R A P I D QUANTITATION OF 
BASIC DRUGS IN SERUM. Nasik E l a h i , D e p a r t m e n t of Tox ico logy , 520 F i r s t A v e n u e , New York , 
NY 10016 . 

I d e s c r i b e a nove l , s i m p l e and e c o n o m i c a l m e t h o d for a r ap id a n d e f f i c i e n t q u a n t i t a t i o n of 
ba s i c d rugs in s e r u m , u s ing a c o m b i n a t i o n of e n c a p s u l a t e d X A D - 2 a n d ' m i c r o p h a s e ' e x t r a c t i o n 
t e c h n i q u e fo l lowed by gas c h r o m a t o g r a p h i c ana lys i s using a n i t r o g e n d e t e c t o r . The drugs a r e 
a d s o r b e d f rom s e r u m o n t o 400 m g - o f X A D - 2 res in e n c a p s u l a t e d wi th in a r ig id , p o r o u s , 
po lypropy lene s p h e r e , 2 c m . in d i a m e t e r . Adsorp t ion i s c a r r i e d o u t by a g i t a t i n g t h e c o n t e n t s for 
20 m i n u t e s unde r pos i t ive p r e s s u r e in a syr inge a p p a r a t u s equ ipped w i t h a t w o - w a y s t opcock and a 
c l i p t o r locking t h e p lunger in p l a c e . The drugs a r e deso rbed using 2 mL of m e t h a n o l c o n t a i n i n g 
1% t a r t a r i c a c i d . The m e t h a n o l i s c o l l e c t e d in a c e n t r i f u g e t u b e a n d m a d e b a s i c wi th a t l e a s t an 
e q u a l vo lume of pH 9.8 c a r b o n a t e bu f fe r . The c o n t e n t s a r e t ho rough ly m i x e d and 100 uL of 
ch lo ro fo rm i s a d d e d . The m i x t u r e i s v o r t e x e d for 30 s e c o n d s and t h e l a y e r s a l lowed to s e p a r a t e . 
O n e uL i s i n j ec t ed i n t o g a s c h r o m a t o g r a p h . A t e m p e r a t u r e p r o g r a m run o f 130 -260°C a t 8 0 C / m i n . 
using a 4 f t . c o l u m n p a c k e d w i t h 3% DB2250 and a n i t r o g e n d e t e c t o r , a l lows q u a n t i t a t i v e 
r e s o l u t i o n o f 17 bas ic d r u g s , f rom a m p h e t a m i n e to h a l o p e r i d o l , in b o t h t h e r a p e u t i c a n d t o x i c 
r a n g e s for a l l d r u g s . E x t r a c t i o n e f f i c i enc i e s a r e c o m p a r a b l e t o t h o s e r e p o r t e d i n t h e l i t e r a t u r e 
for X A D - 2 c o l u m n e x t r a c t i o n s . The e x t r a c t s exh ib i t m i n i m a l b a c k g r o u n d i n t e r f e r e n c e . To ta l 
t i m e for both e x t r a c t i o n a n d ana lys i s i s less t h a n 60 m i n u t e s . The p r o c e d u r e u s e s 2 mL of s o l v e n t , 
r e q u i r e s only o n e s e t o f g l a s s w a r e and no c e n t r i f u g a t i o n . 

115 REACTIVITY OF SUBSTITUTED PHENYLNADIMIDES, R i c h a r d W. L a u v e r and W i l l i a m B A l s t o n , 
NASA Lewis R e s e a r c h C e n t e r , 21000 Brookpa rk Road , C l e v e l a n d , OH 44135 

A d d i t i o n - t y p e p o l y i m i d e s e n d - c a p p e d w i t h 5 - n o r b o r n e n e - 2 , 3 - d i c a r b o x y l i c a c i d ( i . e . 
n a d i m i d e s ) a r e a c l a s s o f t h e r m a l l y c r o s s l i n k e d r e s i n s o f c u r r e n t i n t e r e s t f o r a e r o s p a c e 
a p p l i c a t i o n s . These p o l y i m i d e s , p a r t i c u l a r l y t h e v e r s i o n known a s PMR-15 a r e employed 
a s h i g h t e m p e r a t u r e r e s i s t a n t m a t r i x r e s i n s f o r u s e i n a d v a n c e d c o m p o s i t e s . T h e r e i s 
a need t o improve t h e p r o c e s s a b i l i t y o f t h e s e r e s i n s which c u r r e n t l y r e q u i r e t e m p e r a ­
t u r e s n e a r 300°C f o r i n i a t i o n o f t h e a d d i t i o n r e a c t i o n . The r e a c t i v i t y o f t h e n o r -
b o r n e n y l m o i e t y ( p r e s u m a b l y t h e r e t r o - D i e l s - A l d e r r e a c t i o n ) m u s t r e f l e c t t h e e l e c t r o n 
d e n s i t y and c o r r e s p o n d i n g bond s t r e n g t h s o f t h e n a d i m i d e g r o u p . T h i s e l e c t r o n d e n s i t y 
can b e a l t e r e d b y v a r y i n g t h e c h e m i c a l s u b s t i t u e n t s a d j a c e n t t o t h e n a d i m i d e g r o u p , 
and t h i s v a r i a t i o n can p o t e n t i a l l y d e c r e a s e t h e i n i t i a t i o n t e m p e r a t u r e o f t h e a d d i t i o n 
r e a c t i o n . Fo r t h i s s t u d y , a s e r i e s o f s u b s t i t u t e d p h e n y l n a d i m i d e compounds were 
s y n t h e s i z e d and c h a r a c t e r i z e d . S u b s t i t u e n t s were c h o s e n t o p r o v i d e a b road r a n g e o f 
e l e c t r o n i c e f f e c t s . I t was o b s e r v e d t h a t , i n g e n e r a l , e l e c t r o n w i t h d r a w i n g s u b s t i t u e n t s 
c a u s e d a s i g n i f i c a n t d e c r e a s e i n t h e r e a c t i o n t e m p e r a t u r e o f t h e model n a d i m i d e s w h i l e 
e l e c t r o n r e l e a s i n g s u b s t i t u e n t s c a u s e d a p e r c e p t i b l e i n c r e a s e i n t h e r e a c t i o n t e m p e r a -
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t u r e . Changes i n e l e c t r o n d e n s i t y and bond s t r e n g t h s w e r e c o n f i r m e d b y m o n i t o r i n g C-13 
c h e m i c a l s h i f t s a n d t h e i n f r a r e d v i b r a t i o n a l s p e c t r a o f t h e model compounds . The 
p o t e n t i a l a p p l i c a b i l i t y o f t h i s c h e m i c a l a p p r o a c h i n t h e s y n t h e s i s o f m a t r i x r e s i n s 
h a v i n g l o w e r c u r i n g t e m p e r a t u r e s w i l l b e d i s c u s s e d . 

117 
SEPARATION OF INORGANIC AND ORGANIC ANIONS ON A HPLC REVERSED-PHASE COLUMN - A 

NEW APPROACH. Norman E. Skelly, Analytical Laboratories, The Dow Chemical Company, 
Midland, HI 48640 

A novel method for the separation, inorganic and organic anions on reversed-
phase high performance liquid chromatographic columns is presented. By use of 
an eluent containing the octylamine salt of a mineral acid, inorganic anions 
such as bromide, iodide4 nitrite^ nitrate, iodate cyatiate, etc. can be separated. 
In the area of weak acids, the anions* acetate, glycoiate, oxalate, propionate, 
formate, monochloroacetate, dichloroacetate, trichloroacetate, aerylate are also 
separated. These separations have been applied to the determination of nitrate 
and nitrite in sulfuric acid, bromide and iodide in brine, glycoiate, oxalate, 
nitrite, nitrate in nitration waste water, formic acid in 2,4-D waste water, 
nitrite and nitrate in silage. Separations are made on conventional liquid 
chromatographic apparatus and monitored by an ultraviolet detector at 205 nm. 
Mechanism for separation is attributed to ion exchange rather than ion pair 
formation. 

118 DETERMINATION OF PYROLIZIDINE ALKALOIDS IN PLANT EXTRACTS BY GC (CI ) MS. 
J . H . McCoy, R . K . S k o g e r b o e , and F . R . S t e r m i t z . D e p a r t m e n t o f C h e m i s t r y , C o l o r a d o 

S t a t e U n i v e r s i t y , F o r t C o l l i n s , C O 8 0 5 2 3 

P y r o l i z i d i n e a l k a l o i d s a r e known t o occur n a t u r a l l y i n p l a n t s i n g r a z i n g a r e a s . 
Some o f t h e s e a l k a l o i d s a r e q u i t e t o x i c . Due t o t h e b a s i c i s i t y o f t h e s e compounds , 
t h e y a r e a m e n a b l e t o d e t e r m i n a t i o n b y m e t h a n e and ammonia c h e m i c a l i o n i z a t i o n mass s p e c ­
t r o m e t r y . Due t o e x t e n s i v e f r a g m e n t a t i o n , e l e c t r o n i m p a c t M.S . o f t e n o f f e r s i n c o n c l u s i v e 
i n f o r m a t i o n . B y i m p l e m e n t i n g G.C. a s t h e s a m p l e i n t r o d u c t i o n m e t h o d , p l a n t e x t r a c t r e ­
s i d u e s may b e s c r e e n e d f o r p o t e n t i a l l y t o x i c a l k a l o i d s . The u s e o f such t e c h n i q u e s f o r 
t h i s p u r p o s e w i l l b e d i s c u s s e d . 

119 THE GENERATION AND DETERMINATION OP VOLATILE METAL CHELATES BY ANALYTICAL REACTION 
G£? CHROMATOGRAPHY. Steven R. Hill and R. K. Skogerboe, Department of Chemistry, 

Colorado State University, ^ort Collins, Colorado 80523 

Several attempts have been made to determine the trace metals present in various 
matrices by gas chromatographic techniques. The efficacy of this approach has been 
limited by the difficulties involved in the formation of volatile metal species. An 
on-column reactor for the generation of volatile metal chelates (tfa and hfa) has been 
developed. The effluents of the reactor and the chromatographic process is fed into an 
atomic absorption spectrometer for unambiguous identification of the chelated species. 
Various parameters relating to the analytical utility of this technique will be discussed. 

120 ELECTROCHEMICAL DETERMINATION OF Cu SPECIES TOXIC TO RAINBOW TROUT. C. R. Gumina Jr., 
R. K. Skogerboe, Patrick H. Davies*, Department of Chemistry, Colorado State Univer­

sity, Fort Collins, CO 80523, *Colorado Division of Fish and Wildlife, Prospect Street, 
Fort Collins, CO 80523. 

In the past decade a large emphasis has been placed on ascertaining the effects of 
man's waste management practices on aquatic life. It is important that these effects be 
accurately characterized in order for responsible legislation to be drafted. Since the 
chemistry that a specific pollutant undergoes determines its availability and, hence, its 
toxicology, it is mandatory that this chemistry be defined. Differential Pulse Polar-
ography (DPP), Anodic Stripping Voltametry (ASV), and Differential Pulse Anodic Stripping 
Voltametry (DPASV) have been used to determine the chemical form(s) and kinetic parameters 
of Cu in three types of waters. The observed toxicological effects seen in rainbow trout 
fingerlings may be correlated to these Cu species. 
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128 AN AUTOMATIC SOLID S T A T E GAS ANALYZER- John Sa l sg iver , U n i t e d T e c h n i c a l C o r p o r a ­
t i on , P . O . Box 1065, C o n c o r d , MA 017*2 . 

A g e n e r a l pu rpose a u t o m a t i c solid s t a t e g a s a n a l y z e r would be a w e l c o m e add i t i on to t h e 
a r s e n a l o f a n a l y t i c a l t oo l s a v a i l a b l e t o t h e c h e m i s t and o t h e r s who a r e involved i n t h e d e t e r m i n a t i o n 
o f gaseous m i x t u r e s . This i s p a r t i c u l a r l y t r u e , i f t h e t o t a l a n a l y t i c a l s y s t e m i s low c o s t , self-
c o n t a i n e d , p rov ides r e a s o n a b l e a c c u r a c y , has su f f i c i en t s e n s i t i v i t y , and g ives a r ap id s a m p l e t h r u p u t . 
A n e w i n s t r u m e n t s y s t e m , t h e m o d e l G A - 8 0 0 , h a s b e e n deve loped t o m e e t t h e s e c r i t e r i a . 

A " s t e r e o " a p p r o a c h h a s b e e n t a k e n to s a m p l e / c o l u m n gas f lows wh ich p e r m i t s r ap id s a m p l e 
t h r u p u t . H e r e , a spec i f i c a l l y d e s i g n e d gas sampl ing v a l v e a l lows a s ing le s a m p l e s t r e a m to supply a 
s a m p l e m i x t u r e t o t w o d i f f e r e n t c h r o m a t o g r a p h i c c o l u m n s s i m u l t a n e o u s l y . S e p a r a t e t h e r m a l 
c o n d u c t i v i t y d e t e c t o r s a r e used l o r e a c h c o l u m n . T h e r m o e l e c t r i c a l l y c o o l e d , t h e s e d e t e c t o r s o f fe r 
e n h a n c e d s ens i t i v i t y ove r e x i s t i n g des igns . 

E l e c t r o n i c a l l y , e a c h c h r o m a t o g r a p h i c channe l c o n t a i n s s igna l a m p l i f i c a t i o n , b a s e l i n e c o m ­
p e n s a t i o n and peak i n t e g r a t i o n . R e t e n t i o n t i m e s and p e r c e n t c o n c e n t r a t i o n s a r e o u t p u t t e d t o a 
d ig i t a l p r i n t e r . A "quick look" s t r i p c h a r t r e c o r d e r i s a l s o p rov ided . 

U t i l i t i e s , inc lud ing b o t h p o w e r and g a s supp l i es , a r e a lso self c o n t a i n e d . A solid s t a t e g a s 
s amp l ing p u m p i s i n c l u d e d . Prov is ion i s m a d e for a u t o m a t i c s a m p l e l ine flush pr ior to e a c h a n a l y s i s , 
i f d e s i r e d . The i n s t r u m e n t i s , t h e r e f o r e , s u i t a b l e for b o t h l a b o r a t o r y and f ield i n v e s t i g a t i o n s . 
Typ ica l c h r o m a t o g r a m s and p o t e n t i a l a r e a s o f a p p l i c a t i o n for t h e n e w i n s t r u m e n t will be p r e s e n t e d . 

129 OPTICAL ABSORPTION OF SEMICONDUCTING KTN (KTA Nb O , ) SINGLE C R Y S T A L S . 
Masayuki Tsuk ioka , J u n z o T a n a k a and Bin O k a i . N a t i o n a l I n s t i t u t e " f o* R e s e a r c h e s in Inorgan ic 
M a t e r i a l s , 1-1 N a m i k i , S a k u r a - M u r a , Ni iha r i -Gun , I b a r a k i , 305 J a p a n . 

The o p t i c a l a b s o r p t i o n was obse rved i n s e m i c o n d u c t i n g KTN ( K T a j x N b O . I s ingle c r y s t a l s i n 
t h e w a v e l e n g t h m o r e t h a n 700 m u . I n o r d e r t o c l a r i f y t he r e l a t i o n b e t w e e n t h e o p t i c a l a b s o r p t i o n 
and e l e c t r i c a l conduc t i on i n th i s s y s t e m , t h e o p t i c a l a b s o r p t i o n m e a s u r e m e n t w a s p e r f o r m e d i n t h e 
t e m p e r a t u r e reg ion f rom 60 K to 287 K. Both t h e Hal l c o e f f i c i e n t m e a s u r e m e n t and t h e Seebeck 
c o e f f i c i e n t m e a s u r e m e n t w e r e a l so done for t h e s e m a t e r i a l s be low room t e m p e r a t u r e . The 
e x p e r i m e n t a l r e su l t s show t h a t t h e c a r r i e r c o n c e n t r a t i o n o f t h e s e s e m i c o n d u c t i n g KTN v a r y e x p o ­
nen t i a l ly wi th t e m p e r a t u r e , w h e r e a s t h e i n t ens i t y o f t h e a b s o r p t i o n does not c h a n g e w i t h 
t e m p e r a t u r e . G e n e r a l l y , t h e abso rp t ion c o e f f i c i e n t o f c o n d u c t i o n e l e c t r o n s , T\, i s w r i t t e n as 
fol lows: n f f N X 2 > N a e x p [ - - f ^ ] , 

w h e r e N is t h e c o n c e n t r a t i o n of c o n d u c t i o n e l e c t r o n , X w a v e l e n g t h , AE a c t i v a t i o n e n e r g y . I f t h e 
op t i ca l abso rp t ion was due t o c o n d u c t i o n e l e c t r o n , t h e a b s o r p t i o n c o e f f i c i e n t should v a r y 
exceed ing ly in a c c o r d a n c e wi th t h e a b o v e r e l a t i o n s h i p . I t i s t h e r e f o r e c o n c l u d e d t h a t t h e 
t e m p e r a t u r e - i n d e p e n d e n t a b s o r p t i o n , m o r e t h a n 700 mu , i s no t d u e t o c o n d u c t i o n e l e c t r o n s . 

IMPACT OF MICRO RAMAN ANALYSIS ON MOLECULAR I D E N T I F I C A T I O N AND MICRO 
1 3 0 STRUCTURE CHARACTERIZATION. F r a n A d a r , P h . D . , I n s t r u m e n t s S A , I n c . 

M e t u c h e n , N . J. 0 8 8 4 0 . 

E x a m p l e s o f m i c r o R a m a n a n a l y s i s f r o m MOLE a p p l i c a t i o n s s t u d i e s 
d o c u m e n t t h e u s e f u l n e s s o f t h e t e c h n i q u e i n i n d u s t r i a l a n a l y t i c a l l a b o r a ­
t o r i e s a n d i n a c a d e m i c l a b o r a t o r i e s . O r i g i n s o f f a i l u r e a n a l y s i s c a n b e 
c l a r i f i e d b y i d e n t i f y i n g c o n t a m i n a n t s i n s i t u , n o n - u n i f o r m d i s t r i b u t i o n o f 
p o l y m e r s , d e f e c t s i n t h e c r y s t a l l i n i t y o f m a t e r i a l s . I n a d d i t i o n , w e h a v e 
d e m o n s t r a t e d t h a t R a m a n s p e c t r a i n s o m e i n s t a n c e s m o n i t o r t h e c o h e r e n c e 
l e n g t h o f c r y s t a l l i z a t i o n i n a r a n g e w h e r e n o o t h e r p r o b e s o f f e r u s e f u l 
i n f o r m a t i o n ( 2 0 - 1 5 0 A ) . T h u s , w h i l e t h e r e s o l u t i o n o f t h e R a m a n m i c r o p r c b e 
i s f l u ( b y d i f f r a c t i o n l i m i t e d o p t i c s ) , t h e i n f o r m a t i o n c o n t e n t o f t h e 
s p e c t r a p r o v i d e s a m o n i t o r o f m u c h s m a l l e r r e g i o n s . 

I n t h e a r e a o f m i c r o a n a l y s i s , a f i s h e y e i n h i g h i m p a c t p o l y s t y r e n e f i l m ( c o n t a i n i n g 
5-10% p o l y b u t a d i e n e ) was a t t r i b u t e d t o t h e f o r m a t i o n o f a d e f e c t a r o u n d a n i n c l u s i o n o f 
p u r e p o l y s t y r e n e . The t r a n s f o r m a t i o n z o n e a r o u n d a s t r e s s - i n d u c e d c r a c k i n a t e t r a g o n a l 
z i r c o n i a c e r a m i c w a s m e a s u r e d a n d f o u n d t o e x t e n d n o f u r t h e r t h a n a s i n g l e p a r t i c l e o f 
t h e p r e - s i n t e r e d m a t e r i a l , i n some c a s e s . 

The o u t s t a n d i n g e x a i r p l e o f Raman s p e c t r a m o n i t o r i n g l o n g - r a n g e o r d e r i s t h a t o f 
l a s e r a n n e a l e d s i l i c o n . A s a n n e a l i n g p r o c e e d s , t h e b a n d s h a r p e n s a n d moves t o w a r d s t h a t 
o f c r y s t a l l i n e s i l i c o n . The i n f l u e n c e o f t h e p r o b e i t s e l f was d e t e c t a b l e , b u t n o t 
s i g n i f i c a n t . T h u s , t h e Raman m i c r o p r o b e c o u l d b e u s e d f o r q u a l i t y c o n t r o l a n d f a i l u r e 
a n a l y s i s i n t h e m a n u f a c t u r e o f i n t e g r a t e d c i r c u i t s . 
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131 DETERMINATION OF WEAK ACIDS BY ION C H R O M A T O G R A P H Y WITH C O N D U C T O ­
METRIC D E T E C T I O N . T . Sunden a n d M. L i n d g r e n . D e p t . o f Ana ly t i ca l C h e m i s t r y , S-901 87 
U m e a , Sweden . 

Ion c h r o m a t o g r a p h y (IC) h a s b e e n shown to be a v e r y useful t e c h n i q u e for t h e a n a l y s i s of 
a n i o n s . Owing to t h e supp re s so r r e a c t i o n (whe re X" i s t h e an ion) 

R e s i n - S 0 3 + Na+ X" R e s l n - S O j + H+ X" (1) 

t h e r e i s a l imi t when c o n d u c t o m e t r i c d e t e c t i o n i s u s e d ; t h e a c i d co r r e spond ing to t h e an ion rnust 
h a v e a p K a - v a l u e b e l o w 7 . Acids w i t h p K a - v a l u e s a b o v e 7 a r e not suf f ic ien t ly d i s s o c i a t e d to be 
d e t e c t e d c o n d u c t o m e t r i c a l l y . Using p o s t - c o l u m n t e c h n i q u e t h e d e g r e e o f d i s soc i a t i on o f t he 
"weak" ac id s i s i n c r e a s e d a d e q u a t e l y for c o n d u c t o m e t r i c d e t e c t i o n . A c o m p a r i s o n w i t h o t h e r 
a n a l y t i c a l t e c h n i q u e s shows a c c e p t a b l e a g r e e m e n t . 

132 USE OF A DIONEX ANION S E P A R A T O R C O L U M N F O R CATION S E P A R A T I O N S . 3 . W. 
W i m b e r l e y , C O N O C O , I n c . , R e s e a r c h and D e v e l o p m e n t D e p a r t m e n t , P . O . Box 1267 , P o n c a C i t y , 
O k l a h o m a 7 4 6 0 3 . 

I t has b e e n d e t e r m i n e d t h a t c a t i o n s c a n be s e p a r a t e d v e r y wel l on Dionex anion s e p a r a t o r 
columns using s t a n d a r d c a t i o n e l u e n t s . Also i t was shown t h a t pumping c a t i o n (ac id ic ) e l u e n t s 
t h r o u g h t h e a n i o n s e p a r a t o r c o l u m n has no d e l e t e r i o u s e f f e c t s on t h e co lumn when used t o 
s e p a r a t e an ions - In f a c t , e v i d e n c e i s shown t h a t i n d i c a t e s t h a t s e p a r a t i n g ab i l i t y i s i m p r o v e d for 
an ions a f t e r u s e o f t h e c o l u m n for c a t i o n s e p a r a t i o n s . 

133 NEW E L U E N T F O R T H E ION C H R O M A T O G R A P H I C SEPARATION OF ALKALINE E A R T H 
METALS. 3 . W- Wimber l ey , C O N O C O , Inc . , R e s e a r c h a n d D e v e l o p m e n t D e p a r t m e n t , P . O . Box 
1267, P o n c a C i t y , O k l a h o m a 7 4 6 0 3 . 

I t has b e e n d e t e r m i n e d t h a t d i lu t e n i t r i c a c i d so lu t ions con t a in ing 2 to t g r a m s per ga l lon of 
Z n ( N 0 3 > 2 - H 2 0 a r e good e l u e n t s for t h e s e p a r a t i o n o f t h e a l k a l i n e e a r t h m e t a l i o n s . The Z n 2 + ions 
a r e r e m o v e d in t h e s t r o n g b a s e suppresso r c o l u m n as Zn(oH)2- Upon r e g e n e r a t i o n o f t h e 
suppressor c o l u m n w i t h s t r o n g b a s e , t h e Zn(OH)2 i s d issolved and r e m o v e d from t h e c o l u m n . 
A d v a n t a g e s o f t h i s e t u e n t , when c o m p a r e d t o o t h e r s c o m m o n l y e m p l o y e d , a r e g i v e n . 

m TECHNIQUES FOR THE ROUTINE ANALYSIS OF AMBIENT SULFUR DIOXIDE BY ION 
CHROMATOGRAI'HY. M a r g a r e t J. Zimmerman, J . M a x i n e J e n k s , and George Dean . T e x a s 

A i r C o n t r o l B o a r d , L a b o r a t o r y D i v i s i o n , 6330 Highway 290 E a s t , A u s t i n , T e x a s 7 8 7 2 3 . 

I n A p r i l 1 9 7 8 , t h e L a b o r a t o r y D i v i s i o n o f t h e T e x a s A i r C o n t r o l Board b e g a n u s i n g a new 
ion. c h r o m a t o g r a p h i c m e t h o d f o r t h e a n a l y s i s o f a m b i e n t s u l f u r d i o x i d e . S a m p l e s a r e 
c o l l e c t e d i n S O m i l l i l i t e r s o f sod ium c a r b o n a t e - s o d i u m b i c a r b o n a t e b u f f e r s o l u t i o n . I n 
o r d e r t o i n s u r e c o m p l e t e o x i d a t i o n o f s u l f i t e t o s u l f a t e , o n e m i l l i l i t e r o f \ \ h y d r o g e n 
p e r o x i d e s o l u t i o n i s a d d e d t o e a c h s a m p l e . Samples a r e t h e n h e a t e d t o 40°C f o r two 
h o u r s t o d e s t r o y e x c e s s h y d r o g e n p e r o x i d e . B a c k g r o u n d l e v e l s o f s u l f u r d i o x i d e a r e 
u s u a l l y s i x t o t e n yg/M^ ( 0 . 0 5 t o 0 . 1 0 u g / m l i n s o l u t i o n ) . T o a n a l y z e a t t h i s l e v e l 
r o u t i n e l y r e q u i r e d t h e m o d i f i c a t i o n o f t h e i o n c h r o m a t o g r a p h and d e v e l o p m e n t o f t e c h ­
n i q u e s t o h a n d l e t h e s e s a m p l e s . A l l c o n t a i n e r s a r e p r e s o a k e d i n b u f f e r t o r emove 
p o s s i b l e s u l f a t e c o n t a m i n a t i o n . The s i z e o f t h e s a m p l e i n t r o d u c e d t o t h e i o n c h r o m a -
togTaph was i n c r e a s e d t o i m p r o v e s e n s i t i v i t y . A n e l e c t r o n i c f i l t e r u s e d t o remove t h e 
e f f e c t s o f t h e pump p u l s e a l s o i n c r e a s e s s e n s i t i v i t y . T o i n c r e a s e t i m e b e t w e e n 
s u p p r e s s o r co lumn r e g e n e r a t i o n s , a l o n g e r s u p p r e s s o r co lumn was i n s t a l l e d . T o i n c r e a s e 
a n a l y t i c a l c o l u m n l i f e a n i n - l i n e f i l t e r was i n s t a l l e d b e f o r e t h e e l u e n t pump. Sample 
a b s o r b e r and e l u e n t a r e f i l t e r e d b e f o r e u s e , and i n a d d i t i o n s a m p l e s a r e f i l t e r e d a s 
t h e y a r e i n j e c t e d i n t o t h e i o n c h r o m a t o g r a p h . T h e s e p r o c e d u r e s h a v e a l l o w e d t h e 
L a b o r a t o r y D i v i s i o n t o h a n d l e o n a r o u t i n e b a s i s a l m o s t 4000 s a m p l e s p e r y e a r f rom t h e 
Texas N o n - C o n t i n u o u s M o n i t o r i n g Ne twork . 
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135 DETERMINATION OF BROMIDE IN GEOLOGIC MATERIALS OF HIGH CHLORIDE CONTENT BY ION CHRO­
MATOGRAPHY. S. W i l s o n and L. J a c k s o n . U . S . G e o l o g i c a l S u r v e y , Box 25046 , MS 9 2 8 , 

D e n v e r , CO 8 0 2 2 5 . 

The d e t e r m i n a t i o n o f ppm l e v e l s o f b r o m i d e i n t h e p r e s e n c e o f p e r c e n t l e v e l s o f c h l o ­
r i d e o r n i t r a t e i s n o t p o s s i b l e w i t h c o n v e n t i o n a l a n i o n c h r o m a t o g r a p h i c s e p a r a t i o n c o l u m n s . 
The d e v e l o p m e n t of a new a n i o n s e p a r a t o r column by Dionex C o r p o r a t i o n h a s now made t h i | _ 
d e t e r m i n a t i o n p o s s i b l e . The e l u t i o n o r d e r i s changed from CI", B r " , N 0 , ~ , and SO. 
a s found u s i n g a c o n v e n t i o n a l s e p a r a t o r t o F " , CI", SO. , B r " , and N O , " . In t h i s c a s e 
n o t o n l y i s t h e CI" and B r " s e p a r a t i o n g r e a t l y e n h a n c e d , b u t t h e B r " and NO," s e p a r a t i o n 
i s a s w e l l . T h i s p e r m i t s t h e u s e o f 1 p e r c e n t n i t r i c a c i d f o r d i s s o l u t i o n O f g e o l o g i c 
m a t e r i a l s , e i t h e r d i r e c t l y o r a s a f u s i o n c a k e s . 

The d i r e c t d e t e r m i n a t i o n o f b r o m i d e a t ppm l e v e l s i n n a t u r a l l y o c c u r r i n g b r i n e s o l u ­
t i o n s and e v a p o r i t e s h a s been s t u d i e d . 

(Use o f b r a n d o r m a n u f a c t u r e r ' s names i s f o r d e s c r i p t i v e p u r p o s e s o n l y and d o e s n o t 
c o n s t i t u t e e n d o r s e m e n t b y t h e U . S . G e o l o g i c a l S u r v e y . ) 

136 DETERMINATION OF DISSOLVED B O R O N IN N A T U R A L WATERS BY D. C A R G O N 
PLASMA EMISSION S P E C T R O M E T R Y . Ann M. Nefcy , U . S . Geo log i ca l Survey , 5293 Ward R o a d , 
A r v a d a , C o l o r a d o 80002. 

The a p p l i c a t i o n o f D . C . P l a s m a Emission S p e c t r o s c o p y to t h e d e t e r m i n a t i o n o f bo ron in 
n a t u r a l w a t e r s w a s e v a l u a t e d . C e s i u m c h l o r i d e was a d d e d t o b o t h s a m p l e s and s t a n d a r d s t o 
p r o v i d e a c o m m o n backg round m a t r i x . Emission i n t e n s i t y m e a s u r e m e n t s w e r e m a d e on t h e basis 
o f t h e a v e r a g e o f t h r e e r e p l i c a t e s , 10 second i n t e g r a t e d i n t e n s i t y e x p o s u r e s . Samples c o n t a i n i n g 
b e t w e e n 0 a n d 1000 « g / L Boron as B can be a n a l y z e d w i t h o u t d i l u t i on . This a n a l y t i c a l r a n g e i s 
c o n s i s t e n t w i t h B c o n c e n t r a t i o n s c o m m o n l y found in s u r f a c e and g r o u n d w a t e r s . P o t e n t i a l 
i n t e r f e r e n c e t yp i ca l l y found in n a t u r a l w a t e r s w e r e n e g l i g i b l e . Analys is o f USGS S t a n d a r d 
R e f e r e n c e W a t e r Samples w i t h B c o n c e n t r a t i o n s r a n g i n g from 5 to 315 ug/h g a v e s t a n d a r d 
d e v i a t i o n s of 1.3 to 5 .6%. S a m p l e s c o n t a i n i n g known a d d e d a m o u n t s of boron y ie lded 100 + 10% 
r e c o v e r i e s . C o m p a r i s o n w i t h r e s u l t s f rom t h e c o l o r i m e t r i c d i a n t h r i m i d e m e t h o d i n d i c a t e s good 
a g r e e m e n t b e t w e e n t h e t w o t e c h n i q u e s . The p l a s m a e m i s s i o n m e t h o d a p p e a r s super io r i n t e r m s o f 
p r e c i s i o n , a c c u r a c y , s i m p l i c i t y , and s p e e d . 

EFFECTS OF STREET SALTING ON AMBIENT A I R MONITORING OF PARTICULATE 
137 POLLUTANTS I N D E T R O I T . P e t e r 0 . W a r n e r , J o h n 0 . K e r m o s h c h u k a n d 

* J a m e s 0 . J a c k s o n . W a y n e C o u n t y H e a l t h D e p a r t m e n t , A i r P o l l u t i o n C o n ­
t r o l D i v i s i o n , 1 3 1 1 E . J e f f e r s o n , D e t r o i t , M i c h i g a n , 4 8 2 0 7 . * L o s 
A l a m o s S c i e n t i f i c L a b . , P . O . B o x 1 6 6 2 - M S 4 8 6 , L o s A l a m o s , New M e x i c o , 
8 7 5 4 5 . 

A n a l y s i s b y x - r a y d i f f r a c t o m e t r y h a s c o n f i r m e d t h e p r e s e n c e o f c r y s t a l ­
l i n e s a l t a s s o d i u m c h l o r i d e i n D e t r o i t u r b a n s u s p e n d e d p a r t i c u l a t e . T h i s 
f i n a i n g h a s g i v e n r i s e t o a c o n c e r n f o r t h e r e l a t i o n s h i p b e t w e e n t h e o c c u r ­
r e n c e o f s u s p e n d e d s a l t a n d i n c i d e n c e o f w i n t e r s a l t i n g o f s t r e e t s i n 
D e t r o i t a n d g r e a t e r m e t r o p o l i t a n D e t r o i t a r e a . F u r t h e r m o r e , s i n c e a i r i n 
m o s t m a j o r c i t i e s i s r o u t i n e l y c o n t i n u o u s l y m o n i t o r e d f o r s u s p e n d e d p a r ­
t i c u l a t e b y s o i l - h a z e d e n s i t o m e t r y a s a p a r t o f t h e a i r p o l l u t i o n a l e r t 
p r o g r a m f o r e m e r g e n c y e p i s o d e a v o i d a n c e , i t i s i m p o r t a n t t o a s s e s s t h e 
w e i g h t c o n t r i b u t i o n o f t r a n s l u c e n t c r y s t a l l i n e s a l t t o t h e m e a s u r e m e n t o f 
t h e s e o t h e r w i s e o p a q u e p a r t i c u l a t e s . A n a l y s e s h a v e b e e n m a d e t o d e t e r ­
m i n e s a l t a s c h l o r i d e i n t h e m e a s u r e m e n t o f b o t h c o e f f i c i e n t o f h a z e ( C 0 H ) 
a n d o f a c t u a l t o t a l s u s p e n d e d p a r t i c u l a t e ( T S P ) u s i n g s i d e b y s i d e s a m p l e 
c o l l e c t i o n . C o r r e l a t i o n o f t h e s e d a t a h a s b e e n m a d e w i t h d a y s o f a c t u a l 
s t r e e t s a l t i n g a n d a w e i g h t r e l a t i o n s h i p h a s b e e n . e s t a b l i s h e d t o s h o w t h e 
i n f l u e n c e o f s a l t p a r t i c u l a t e o n C0H a n d s u s p e n d e d p a r t i c u l a t e . C o i n c i ­
d e n t w i t h t h i s s t u d y a r e d a t a w h i c h e x p r e s s t h e r e l a t i o n s h i p b e t w e e n C0H 
a n d h i g h - v o l u m e s a m p l e d s u s p e n d e d p a r t i c u l a t e c o l l e c t e d a t t h e s a m e s i t e . 
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138 S T A N D A R D R E F E R E N C E MATERIALS. R. K. K i rby , Of f i ce of S t a n d a r d R e f e r e n c e 
M a t e r i a l s , N a t i o n a l Bureau o f S t a n d a r d s , Wash ing ton , D . C 

SRM's h a v e b e e n p r o d u c e d and d i s t r i b u t e d by t h e N a t i o n a l Bureau of S t a n d a r d s (NBS) s ince 
1906. SRM's a r e w e l l - c h a r a c t e r i z e d h o m o g e n e o u s m a t e r i a l s wh ich h a v e one o r m o r e c h e m i c a l o r 
phys ica l p r o p e r t y a c c u r a t e l y m e a s u r e d and c e r t i f i e d by NBS. SRM's a r e u s e d t o c a l i b r a t e 
a n a l y t i c a l i n s t r u m e n t s , t o e v a l u a t e t h e p rec i s ion and a c c u r a c y o f a n a l y t i c a l m e t h o d s , and t o he lp 
a s s u r e l o n g - t e r m qua l i ty c o n t r o l o f m e a s u r e m e n t s y s t e m . L a s t yea r NBS d i s t r i b u t e d 
a p p r o x i m a t e l y 40 ,000 un i t s to over 10,000 c u s t o m e r s t h r o u g h o u t t h e wor ld . E x a m p l e s o f SRM's 
for use i n e n v i r o n m e n t a l , c l i n i c a l , and forens ic a r e a s will be shown as we l l a s t h o s e t h a t c a n be 
used t o c a l i b r a t e s p e c t r o s c o p i c , E P R , and NMR e q u i p m e n t . 

, 39 
CHARACTERIZATION OF POLYMERIC PLASTICIZERS BY SIZE EXCLUSION CHROMATOGRAPHY AMD 

HIGH PERFORMANCE LIQUID CHROMATOGRAPHY. Clyde E. Kurachi, K. him Wong and Donald EL 
Solomon. American McGaw, 2525 McGaw Avenue, Irvine, California, 927l5. 

There has been an increasing Interest In higher molecular weight plasticizers. This 
is primarily due to the rising concern with the migration of low molecular weight plas­
ticizers such as DEHP from the containers, components wrappings used to package food and 
pharmaceutical products. 

Polyester glutarates and adipates are among the more common polymeric plasticizers, 
having estimated molecular weights ranging from 1800-6500. This study characterizes a 
number of polymeric plasticizers by size exclusion chromatography and intrinsic 
viscosity. Accelerated aging studies have been conducted to examine the thermal degra­
dation properties of the polymeric plasticizers via change in molecular weight. Organic 
extraction procedures and an HPLC method for determining a number of common polymeric 
plasticizers In PVC is also presented. 

1*0 
EPR STUDIES OF MULTI-PROTEIN COMPLEXES. B. J. Gaffney. Department of Chemistry, 

The Johns Hopkins University, Baltimore, MD 2 1 2 1 8 . 

The phosphocarrier proteins of the bacterial sugar phosphotransferase system (PTS) 
act to transfer phosphate from phosphoenolpyruvate to several sugars as the latter are 
transported through membranes. The association of pairs of proteins in this system can 
be measured by physical techniques which are sensitive to the rotational motions of the 
proteins. We have spin labeled the smallest component of the system, HPr, a protein of 
molecular weight 8 9 0 0 . The labeled derivative retains full activity and the EPR sig­
nals respond to the rotational correlation time of the protein in media of varied 
viscosity, although spectral simulations indicate that the details of the motion are 
more complicated than simple Brownian diffusion. Binding of spin labeled HPr to a 
60 ,000 dalton component of the system has been detected by EPR under conditions of 
varied divalent ion concentration and phosphorylation of the proteins. 

Experiments are also in progress using selectively spin labeled membrane proteins 
to study motion of these membrane components. 

im ADVANTAGES OF 15N AND DEUTERIUM SUBSTITUTED SPIN LABE1S FOR 
QUANTITATIVE SIMULATION OF EPR AND ST-EPR SPECTRA IN BIOLOGICAL STUDIES. 
A.H. B e t h , K . B a l a s u b r a m a n i a n , R . T . W i l d e r , S .D . V e n k a t a r a m u , B.H. 
R o b i n s o n , L .R . D a l t o n , D . E . P e a r s o n , C.R. P a r k , and O.H. P a r k . 
V a n d e r b i l t U n i v e r s i t y , N a s h v i l l e , TN 37232 

B i n d i n g o f t h e enzyme , g l y c e r a l d e h y d e - 3 - p h o s p h a t e d e h y d r o g e n a s e 
(GAPDH), to t h e c y t o p l a s m i c segment of band 3 p r o t e i n in t h e r e d b l o o d 
c e l l (RBC) membrane h a s been examined by EPR and s a t u r a t i o n t r a n s f e r EPR 
(ST-EPR) s p e c t r o s c o p i e s w i t h t h e r e s o l u t i o n e n h a n c i n g s p i n l a b e l 
N - ( 1 5 N - i _ o x y l - 2 , 2 , 6 , 6 - t e r a m e t h y l - 4 - p i p e r i d i n y l - d i 7 ) m a l e i m i d e 
("N-DMSL). The s p i n l a b e l was c o v a l e n t l y bound to the enzyme a t t h e 
c a t a l y t i c s i t e c y s t e i n e - 1 4 9 r e s i d u e . E x p e r i m e n t a l EPR l i n e s h a p e s from 
s o l u b l e and membrane bound enzymes were a n a l y z e d b y d i r e c t s i m u l a t i o n o f 
s p e c t r a and i n d i c a t e d a s t r u c t u r a l a l t e r a t i o n in t h e c a t a l y t i c c e n t e r of 
t h e bound GAPDH. A r i g o r o u s t h e o r e t i c a l a n a l y s i s of t h e ST-EPR s p e c t r a 
of s o l u b l e and membrane bound enzyme was c a r r i e d o u t and u t i l i z e d in 
c o n j u n c t i o n w i t h model s y s t e m a n a l y s i s t o d e m o n s t r a t e t h a t t h e mo t ion o f 
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membrane bound GAPDH c o u l d be c h a r a c t e r i z e d by an e f f e c t i v e i s o t r o p i c 
r o t a t i o n a l c o r r e l a t i o n t i m e o f 2 0 u s e e . T h i s i n d i c a t e d t h a t t h e 
GAPDH-band 3 complex e x h i b i t s m o t i o n a l f r e e d o m r e l a t i v e t o t h e membrane 
s p a n n i n g s e g m e n t o f t h e band 3 p r o t e i n o r t h e RBC. The d o u b l y s u b s t i t u t e d , 
" N - d e u t e r i u m s p i n l a b e l a f f o r d s g a i n s i n s e n s i t i v i t y and r e s o l u t i o n 
which p e r m i t s t u d i e s o f membrane bound enzymes a t p h y s i o l o g i c a l l e v e l s and 
q u a n t i t a t i v e s i m u l a t i o n s o f t h e EPR and ST-EPR l i n e s h a p e s w i t h r e a s o n a b l e 
c o m p u t a t i o n t i m e s . 

1*2 
ANISOTROPIC MOTIONAL MODELS IN SATURATION T R A N S F E R EPR AT 9 AND 35 G H Z . 

L . L e e and L . W.-M. Fung , C h e m i s t r y D e p a r t m e n t , Wayne S t a t e U n i v e r s i t y , D e t r o i t , Michigan 4 8 2 0 2 , 
and M.E. J o h n s o n , Medic ina l C h e m i s t r y D e p a r t m e n t , U n i v e r s i t y o f I l l inois Med ica l C e n t e r , C h i c a g o , 
I l l inois 60680 . 

A s a n e m p i r i c a l a p p r o a c h t o t h e p rob lem o f a n i s o t r o p i c m o t i o n a l behav io r i n t h e s a t u r a t i o n 
t r a n s f e r ( S T - E P R ) t i m e d o m a i n , w e h a v e d e v e l o p e d t w o we l l -de f ined phosphol ipid b i l aye r m o d e l 
s y s t e m s for y - and z -ax ia l mo t ion , a n d h a v e c o m p a r e d s p e c t r a l b e h a v i o r s a t X-band (9 GHz) and Op-
band (35 GHz) o b s e r v a t i o n a l f r e q u e n c i e s . T h e t w o mode l s y s t e m s a r e : (1) d i p a l m i t o y l p h o s p h a t i d y l -
eho l ine (DP PC) and c h o l e s t e r o l w i t h a f a t t y ac id a n a l o g spin p r o b e whose n i t rox ide z - ax i s i s 
a p p r o x i m a t e l y pa ra l l e l to t h e diffusional s y m m e t r y a x i s , and (2) D P P C and c h o l e s t e r o l wi th a 
c h o l e s t e r o l a n a l o g sp in p r o b e w h o s e n i t rox ide y-ax is i s a p p r o x i m a t e l y pa ra l l e l to t h e diffusional 
s y m m e t r y a x i s . A t X-band t h e b e h a v i o r o f t h e t w o s y s t e m s i s q u a l i t a t i v e l y s i m i l a r , p rov ided t h a t 
m o t i o n i s s low enough for s t a t i o n a r y " t u r n i n g po in t s " to be o b s e r v e d . At Q-band t h e t w o t y p e s o f 
m o t i o n a r e d i s t ingu i shab le even on a s imple q u a l i t a t i v e bas i s . Q u a n t i t a t i v e c o m p a r i s o n o f t h e 
behav io r o f s p e c t r a l p a r a m e t e r s d e m o n s t r a t e s s ign i f i can t d i f f e r e n c e s a t b o t h X- and Q-band , w i t h 
m o r e d i f f e r e n c e s being o b s e r v e d a t Q-band . I n g e n e r a l , Q-band a p p e a r s t o y i e ld m o r e i n f o r m a t i o n 
a b o u t s low a n i s o t r o p i c mo t ion than does X-band (provided t h a t Q-band s a m p l e r e q u i r e m e n t s c a n be 
m e t ) . 

(Suppor t ed i n p a r t by t h e NIH, t h e C h i c a g o H e a r t Assoc i a t i on and t h e Michigan H e a r t Assoc i a t i on ; 
MEJ i s an Es t ab l i shed I n v e s t i g a t o r o f t h e A m e r i c a n H e a r t Assoc i a t i on . ) 

143 C a ( I I ) AND M n ( I I ) BINDING TO a-LACTALBUMIN. Kentaro Murakami, Hiroyasu Hiehikawa, 
Piet Jan Andree and Laurence J. Berliner. D e p a r t m e n t of C h e m i s t r y , The Ohio S t a t e 

U n i v e r s i t y , Co lumbus , Ohio 43210 USA. 

Meta l b i n d i n g e q u i l i b r i a t o b o v i n e a - l a c t a l b u m i n were m e a s u r e d f o r C a ( I I ) , M n ( I I ) and 
some l a n t h a n i d e s by f l u o r e s c e n c e and ESR s p e c t r o s c o p y . A t a - l a c t a l b u m i n c o n c e n t r a t i o n s 
i n t h e 2 t o 8pM r n a g e d i s s o c i a t i o n c o n s t a n t s were o b t a i n e d from p r o t e i n i n t r i n s i c f l u o r ­
e s c e n c e q u e n c h i n g f o r C a ( I I ) and M n ( I I ) o f 0 . 0 1 + 0 . 0 5 and 0 . 8 1 + 0 .05yM, r e s p e c t i v e l y . 
ESR m e a s u r e m e n t s o f M n ( I I ) b i n d i n g t o a - l a c t a l b u m i n a t p r o t e i n c o n c e n t r a t i o n s above 50uM 
g a v e d i s s o c i a t i o n c o n s t a n t s of 3 4 . 4 + 2.0uM and %2.4 mM r e s p e c t i v e l y , c o r r e s p o n d i n g to a 
s i n g l e s t r o n g s i t e and a v e r y weak s e c o n d a r y s i t e , e x c l u s i v e l y . ESR m e a s u r e m e n t s o f 
C a ( I I ) d i s p l a c e m e n t o f M n ( I I ) g a v e a C a ( I I ) d i s s o c i a t i o n wh ich was t o o low t o m e a s u r e . 
E v i d e n c e o f s i m i l a r b i n d i n g a f f i n i t i e s f o r T D ( I I I ) and E u ( I I I ) was f o u n d . P r o t o n FT-NMR 
a t 200 o r 300 MHZ o f C a ( I I)-a - l a c t a l b u m i n c l e a r l y showed e v i d e n c e f o r d i r e c t C a ( I I ) 
c o o r d i n a t i o n to H i s 68 a s p r o v e n by a d o w n f i e l d s h i f t e d pH i n d e p e n d e n t C-2 r e s o n a n c e . 
L a s e r p h o t o CIDNP NMR e x p e r i m e n t s o f M n ( I I ) b i n d i n g c l e a r l y showed t h e s p e c i f i c p a r a m a g ­
n e t i c b r o a d e n i n g o f t h e C-2 and C-4 p r o t o n s o f H i s 6 8 , l o c a l i z i n g t h e s t r o n g c a t i o n 
b i n d i n g s i t e i n t h e p r o x i m i t y o f t h i s r e s i d u e . 

14* A PROBE OF DIFFERENTIAL COVALENCY OF METAL-LIGAND BONDS IN METALLO ENZYMES. M. ¥. 
Makinen, L. C. Kuo, and M. B. Yim. Department of Biophysics and Theoretical Biology, 
The University of Chicago, Chicago, Illinois 60637-

In paramagnetic metalloproteins and enzymes, we have observed that selective coordi­
nation of 170-enriched ligands induces a perceptible change in the (electronic) spin-
lattice relaxation time (Tj) measured by the c.v. power saturation technique in the U-15 
K range. The change can correspond to either an increase or decrease in Tj in comparison 
to the 1 6 0 system. To assign the origins of these observations, we have characterized 
the power saturation properties of structurally defined small molecule complexes and, in 
particular, high- and low-spin ferrihemeproteins in which the axial Fe-0 bond distance 
can "be varied. The decrease in T\ is ascribed to the introduction of cross-relaxation 
from 1 7 0 hyperfine levels, as expected for an essentially ionic metal-0 bond. The in­
crease in T} is ascribed to the influence of covalency on the orbit-lattice interaction 
[Ovchinnikov, Fiz. Tverdogo Tela 5_, 188T (1963)]. The presence of the (1=5/2) nucleus 
alters the probability of a and B spins differentially at the ! 7 0 atom through scalar and 
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dipolar coupling. With respect "to the 1 6 0 case, this results in an effective enhance­
ment of ligand -y tietal charge-transfer. When 0 is selectively enriched into solvent 
or substrate in cryoenzymologically stabilized (penta-coordinate) reaction intermediates 
of Co^-substituted enzymes, pover saturation data indicate that the two types of Co-0 
bonds do not exhibit equivalent covalency. This spectroscopic method for differentiating 
the extent of metal-ligand cov&lency provides an insightful means towards understanding 
the catalytic function of metal ions in metalloenzymes. (Supported by NIH GM 21900). 

H5 USE OF METHYLMERCURY(II) AS A SPIN-ORBIT PROBE IN OPTICALLY DETECTED MAGNETIC 
RESONANCE TO DISTINGUISH BETWEEN SINGLE-STRANDED AND DUPLEX DNA.* C. K. O t t and 

A. H. Maki . D e p a r t m e n t o f C h e m i s t r y , U n i v e r s i t y o f C a l i f o r n i a , D a v i s , CA 9 5 6 1 6 . 

The b i n d i n g o f C H 3 H g ( l I ) t o d u p l e x and t o s i n g l e - s t r a n d e d DNA l e a d s t o a n e x t e r n a l 
heavy atom e f f e c t due t o t h e f o r m a t i o n o f c o m p l e x e s d i r e c t l y w i t h p u r i n e and p y r i m i d i n e 
b a s e s . Enhanced p h o s p h o r e s c e n c e quantum y i e l d s and r e d u c e d l i f e t i m e s o f t h e complexed 
b a s e s a l l o w them t o b e s t u d i e d s e l e c t i v e l y u s i n g p h o s p h o r e s c e n c e d e t e c t e d ODMR 
s p e c t r o s c o p y . Compar i son of t h e ODMR s p e c t r a of DMA w i t h t h o s e of s p e c i f i c 
m o n o n u c l e o t i d e - C H 3 H g ( I I ) complexes a l l o w s t h e i d e n t i f i c a t i o n o f complexed b a s e s , a s w e l l 
a s t h e b i n d i n g s i t e s . The s i t e a f f i n i t i e s f o r C H 3 H g ( I I ) b i n d i n g n e a r p H 7 d e c r e a s e i n 
t h e o r d e r T ( N 3 ) > G ( N 2 ) > G f l i ? ) , w i t h n e g l i g i b l e a f f i n i t y a t o t h e r b a s e s i t e s . Each o f 
t h e s e c o m p l e x e s p r o d u c e s a c h a r a c t e r i s t i c ODMR s p e c t r u m . The T ( N 3 ) and G(Nj) s i t e s 
e n g a g e i n W a t s o n - C r i c k b a s e p a i r i n g i n d u p l e x DNA and do n o t b i n d C H 3 H g ( I I ) w i t h o u t 
d i s r u p t i o n o f t h e d u p l e x . The G ( N 7 ) s i t e , h o w e v e r , i s a c c e s s i b l e i n d u p l e x DNA. I n 
s i n g l e - s t r a n d e d DNA, a l l s i t e s a r e a c c e s s i b l e . Complexes o f C H 3 H g ( l l ) w i t h d u p l e x DNA 
p r o d u c e ODMR s p e c t r a d o m i n a t e d b y G ( N 7 ) , w h e r e a s T ( N 3 ) s i g n a l s d o m i n a t e t h e c o m p l e x e s 
w i t h s i n g l e - s t r a n d e d DNA. E x t e n s i o n o f t h i s method t o d e t e c t i o n and q u a n t i t a t i o n 
o f s i n g l e s t r a n d e d r e g i o n s i n p r e d o m i n a n t l y d u p l e x DNA w i l l b e d i s c u s s e d , 

• S u p p o r t e d by NIH g r a n t ES-02662 . 

1*6 THE SYNTHESIS AND EPR SPECTRA OF THREE NOVEL SPIN-LABELED CROWN ETHERS. M. Eastman 6 
D. Patterson, Dept. of Chemistry, U. of Texas at El Paso,El Paso,Tx.79968, D. Bartsch 

5 Y. Liu,Dept. of Chemistry, Texas Tech Univ.,Lubbock,Tx. 79409, & P. Eller, Los Alamos 
Scientific Lab., los Alamos, N.M. 87545. 

The following nitroxide spin-labeled crown ethers have been synthesized: 2,2-(sym-
dibenzo-I6-crown-$)-4,4-dimethyloxazolidine-N-oxyl (I), 2,2-(svm-dibenzo-16-crown-5)-4,4, 
S.S-tetramethylimidazoline-N-oxyl (II), and 2,2,5,5-Tetramethyl-3-pyrrolin-I-oxyl-3-
carboxylic Acid Hydroxy-sym-dibenzo-16-crovm-5 Ester (III) . I and II are characterized 
by having the nitroxide near the crown and rigidly bound to a carbon atom in the ring of 
the crown.I,II and III have been studied by EPR and the proton hyperfine splittings have 
been determined by second harmonic out of phase detection. The values obtained for the 
proton hyperfine splittings of (I) were checked by ENDOR and found to agree within ex­
perimental error. X-ray structure studies of I have been completed and the data is 
presently being analyzed. The effects on proton hyperfine splitting constants and 
Heisenberg spin exchange rates of the complexation of alkali metal cations by the spin 
labeled crowns have been determined and found to be relatively small. This work was 
supported by the Robert A. Welch Foundation. 

147 PARAMAGNETIC DEFECT SPECIES IN SILICON DIOXIDE. 3. A. Weil, R. H. D. Nuttall and 
J. Isoya. Department of Chemistry and Chemical Engineering, University of 

Saskatchewan, Saskatoon, Saskatchewan, S7N OWO, Canada. 

A review will be presented of information obtained by electron paramagnetic 
resonance and electron spin echo spectroscopy about various radiation-induced para­
magnetic defects in crystalline silicon dioxide. Emphasis will be placed on exact 
analysis of high-resolution spectra, and on temperature dependences and dynamic effects 
encountered. Among the a-qnar*-? caters discu^se^ will h» various oxygen electron-hole 
species, as w e l l as excess electron cations (ex., Ge 3 +, Ti 3 +, P**"*", ...) substituted at 
silicon tetroxide quasi-tetrahedral sites. 
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1*8 PHOTOCHEMICAL STUDIES OF DEFECT STATES IK INORGANIC SOLIDS. R. S. Eaehus. 

Eastman Kodak Company, Research Laboratories, 1669 Lake Avenue, Rochester, 
New York 1U650. 

Many inorganic materials have potential application in information-recording 
devices. For light-registering systems, they are generally band-gap solids which have 
complex photochemistries. They respond to excitation by the generation of electrons and 
holes. Charge transport must be efficient, and a useful image is generally formed by 
carrier annihilation processes. The photochemical reactions axe affected by defects in 
the crystalline solids such as impurities and lattice imperfections. We have used EPR 
to study the role of such defects in the most familiar image-recording medium — the 
silver halide-based photographic system. Magnetic resonance data have been obtained from 
stable photoproducts and from transient species which were isolated by cryogenic methods. 
Kinetic data referring to electron/hole trapping rates, relative trap cross-sections, and 
trap depths have been obtained for many second- and third-row transition metal impurities 
in AgBr and AgCl. Evidence has been found for synergistic interactions between lattice 
defects and impurities. Synergistic processes involving combinations of foreign anions 
and/or cations also occur. These interactions add a further degree of complexity to the 
interpretation of the static and dynamic EPR data. 

A review of our results and comments on their relevance to the photochemistry of 
inorganic solids will be presented. 

IHS OPTICALLY DETECTED MAGNETIC RESONANCE OF THE TRIPLET STATES OF THIOURACILS.* M. R. 
T a h e r i a n and A . H . M a k i . D e p a r t m e n t o f C h e m i s t r y , U n i v e r s i t y o f C a l i f o r n i a , D a v i s , 

CA 9o6T6~: 

O p t i c a l l y d e t e c t e d m a g n e t i c r e s o n a n c e (ODMR) i n z e r o m a g n e t i c f i e l d h a s been 
o b s e r v e d i n t h e p h o s p h o r e s c e n t s t a t e s o f 1 - m e t h y l - 2 - t h i o u r a c i l ( m I s 2 U , l - m e t h y l - 4 -
t h i o u r a c i l ( m 1 s ' ' U ) , and l - m e t h y l - 2 , 4 - d i t h i o u r a c i l ( m 1 s 2 s * U ) . The v i b r o n i c s t r u c t u r e o f 
t h e p h o s p h o r e s c e n c e i n d i c a t e s t h a t t h e t r i p l e t s t a t e i s 3 (ir,7r*) i n e a c h c a s e . The z e r o 
f i e l d s p l i t t i n g s (ZFS) a r e c o n s i d e r a b l y l a r g e r t h a n t h o s e o f u r a c i l , and i n c r e a s e i n t h e 
o r d e r m J s 2 U < m's*U < m 1 s 2 s ' U . The t r i p l e t l i f e t i m e s d e c r e a s e i n t h e same o r d e r . Both 
t h e i n c r e a s e d m a g n i t u d e o f t h e ZFS and t h e r e d u c e d t r i p l e t l i f e t i m e s a r e a t t r i b u t e d t o 
a n i n t e r n a l heavy atom e f f e c t o f e x o c y c l i c S , p a r t i c u l a r l y a t p o s i t i o n 4 . ODMR t r a n s i e n t 
m e t h o d s were u s e d t o o b t a i n t h e s u b l e v e l d e c a y c o n s t a n t s , a s w e l l a s t h e r e l a t i v e 
r a d i a t i v e r a t e c o n s t a n t s and quantum y i e l d s . The low p h o s p h o r e s c e n c e quantum y i e l d s o f 
m ' s ' U and m ' s 2 s * U were shown t o r e s u l t from e f f i c i e n t r a d i a t i o n l e s s d e a c t i v a t i o n o f t h e 
t r i p l e t s t a t e . E x t e n d e d HUckel c a l c u l a t i o n s o n s"'U i n d i c a t e t h e p r e s e n c e o f r e l a t i v e l y 
l o w - l y i n g ' ^ n . i t * s t a t e s , and a weak a b s o r p t i o n band was a s s i g n e d t o ' n . i r * < - S 0 . The 
ZFS was shown t o r e s u l t l a r g e l y from s p i n - o r b i t c o u p l i n g i n t e r a c t i o n b e t w e e n t h e 3 T T , T T * 
s t a t e and t h e l , 3 n , i r * s t a t e s . P o s s i b l e c a u s e s f o r t h e anoma lous i n p l a n e p o l a r i z a t i o n 
o f t h i o u r a c i l p h o s p h o r e s c e n c e a r e c o n s i d e r e d . 

* S u p p o r t e d by NSF g r a n t CHE79-10391. 

j 5 0 EPR INVESTIGATION OF U.V.-IRRADIATED RDX SINGLE CRYSTALS AT 77K. M. P. Pace and 
W. E. Moniz. Naval Research Laboratory, Code 6120, Washington, D. C. 20375 

Cyclotrimethylene-trinitramine [C^H^N^O^, RDX, cgclonite] is a widely used primary 
explosive. RDX is a white solid which melts near 202 C. It can be crystallized as 
single crystals from a variety of solvents including acetone and acetic acid. We have 
completed an analysis of the EPR spectra obtained froia u.v.-irradiated single crystals 
of RDX at 77 K. Our results show that the -NOj free radical is formed as the stable 
radiation product at 11 K and that there are two inequivalent conformations of the -NO^ 
radical in the crystal lattice. These two different radicals have slightly different 
g-tensors and N-14 hyperfine coupling tensors. For radical I the principal N-14 
hyperfine couplings are A - 47.0 G; A = 48.6 G; A = 62.0 G. For radical II the 
principal N-14 hyperfine couplings areyA = 48.1 G;ZA = 51.4 G; A = 66.4 G. The 
origin of the different radicals is attributed to loss' of 'NO^ from inequivalent 
positions of the RDX parent molecule. (There are 3 N-NO^ groups in an RDX molecule. 
When a mirror plane is taken perpendicular to the plane of the carbons and coincident 
with the C(2) - N(l) direction, two of these groups are symmetrical to each other, 
but not to the third group.) The experimental hyperfine couplings and g-tensors were 
used to calculate the EPR powder spectrum and this spectrum is compared to the 
experimental u.v.-generated powder spectrum of RDX. 
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151 THE VARIED GUISES OF ALKOXY RADICALS. Harold C. Box, Biophysics 
Department, Roswell Park Memorial Institute, Buffalo, New York 14263. 

The alkoxy radical is a primary oxidation product observed in many 
carbohydrates, nucleosides, nucleotides and other compounds containing 
hydroxy groups following exposure to ionizing radiation at low temperature. 
Several of these alkoxy radicals have been characterized by ESR and ENDOR 
spectroscopy. These species appear in different guises depending upon the 
conformation of the radical. In serine, thymidine and bromodeoxyuridine 
the hyperfine patterns of the alkoxy radicals are generated by strong 
couplings between the unpaired electron and two 6 protons. In xylitol, 
dulcitol, deoxycytidine 5'monophosphate, cytidine 3'monophosphate and 
uridine 5'monophosphate (barium salt) the alkoxy radical hyperfine 
patterns are generated by a multiplicity of weak proton couplings arising 
from one 3 proton and two or more y protons. The g tensors associated 
with alkoxy radicals also exhibit considerable variability. Thus, two 
conformations of the alkoxy radical observed at slightly different 
temperatures in uridine 5'monophosphate have markedly different g tensors. 
For one conformation maximum g value is 2.0710, which is a typical 
maximum value; however, for the other conformation the maximum value is 
only 2.0211. The recognition that a diversity of ESR and ENDOR spectra 
can arise from chemically similar species affords a more unified picture 
of radiation-induced oxidation processes in these compounds. 

152 SPIN DIFFUSION IN SINGLE CRYSTALS OF ALKALI BIPHENYL. E. de Boer and 0. Takizawa, 
Department of Physical Chemistry, University of Nijmegen, Toernooiveld, 6525 ED 
Nijmegen, The Netherlands. 

It has been shown that single crystals can be grown from solutions of alkali aromatic 
ion pairs. These crystals always contain solvent molecules which are surrounding the 
positive alkali ions. The crystal structures of the single crystals prepared from alkali 
biphenyl (Bp) solutions consist of layers of negative ions of biphenyl molecules 
separated from each other by alkali solvent clusters. So magnetically speaking these 
crystals belong to the category of quasi-two-dimensional magnetic systems and should 
therefore exhibit effects of spin diffusion in their electron spin resonance spectra. 

We have thoroughly investigated the ESR linewidth of NaBp.2Tg (Tg = triglyme = 
CH30(CH2CH2O)3CH3). Experiments were performed at 9.4 GHz (X-band) and at 0.0332 GHz 
(resonance field 11 Gauss). At X-band, the linewidth has a (3 cos26 -1) angular 
dependence (6 is the angle between the magnetic field and the normal to the two-
dimensional magnetic plane). Especially at the magic angle (9 = 54°44') the linewidth 
is frequency dependent. Perpendicular to the magnetic plane (6 = 0°) the linewidth is 
independent of the frequency. These results are typically for two-dimensional magnetic 
systems and are caused by spin diffusion. A good quantitative explanation of the results 
can be given by the linewidth theory of Richards and Salamon (Phys.Rev. B9, 32, 1974) 
developed for two-dimensional magnetic systems. 

153 AN EPR STUDY OF THE FREE RADICAL PROCESSES OCCURRING IN THE REACTION 
OF AsF 5 WITH A p-TERPHENYL SINGLE CRYSTAL, L. D. Kispert and K. Ezell, 

Chemistry Department, The University of Alabama, Tuscaloosa, AL 35401. 

Recently highly conducting polymers have been prepared by the reaction ... 
of ASF5 with single crystals of biphenyl, p-terphenyl, p-quarterphenyl, p-
quinquephenyl and p-sexiphenyl, [Shacklette, et. al., J. Chem. Phys., 73, 
4098 (1980)]. The highest conductivity has been obtained with p-terphenyl 
as the starting material. In an effort to identify the mechanism respon­
sible, we have carried out EPR studies of the reaction between p-terphenyl 
crystals and ASF5 (gas) from -120°C to 300°C. It has been observed that 
the reaction of ASF5 with a thin crystal plate proceeds at -90°C via a free 
radical process to form a emerald green complex. The resulting EPR spectrum 
increases by a factor of 21 in 38 minutes at -84°C when the ASF5 pressure 
equals 300 torr. Upon crystal rotation, the resulting EPR spectrum ex­
hibits an anisotropic g value for each of the 2 monoclinic crystal sites. 
The spectrum for each radical site at the onset of the reaction is approx­
imately 2 Gauss wide with no resolved hypefine structure being detected, 
indicative of rapid spin exchange being present for each site but apparently 
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n o t b e t w e e n s i t e s . U p o n w a r m i n g t o n e a r r o o m t e m p e r a t u r e t h e s p e c t r u m 
n a r r o w s , t h e c r y s t a l s t u r n s b l a c k a n d t h e c o n d u c t i v i t y i n c r e a s e s r a p i d l y 
a s e v i d e n t b y t h e l o s s o f c a v i t y Q . T h e r e s u l t s o f a n ELDOR s t u d y o f t h e 
s p i n e x c h a n g e p r o c e s s o v e r a w i d e t e m p e r a t u r e r a n g e w i l l b e g i v e n a s w e l l a s 
t h e EPR s t u d y o f t h e r e a c t i o n o f SbFs w i t h p - t e r p h e n y l i n SO2 s o l u t i o n . 

154 STRUCTURE AND REACTIVITY OF SIMPLE ALKANE CATIONS AND CHARACTERIZATION OF HYDROGEN 
ATOM REACTIONS WITH ALKANES IN LOW TEMPERATURE SOLIDS. M. Iwasaki, Government 

Industrial Research Institute, Nagoya, Hirate, Kita, Nagoya 462, Japan. 

Recent ESR studies on hydrogen atom reactions with alkanes at cryogenic temperatures 
(10 - 50K) will be surveyed together with the first ESR observation of simple alkane cat­
ions and the results will be discussed in relation to the radiation chemistry of alkanes. 
Contrary to the ordinary assumption that thermalized hydrogen atoms are unreactive at 
low temperatures, it has been found that they easily abstract hydrogen from alkanes 
except methane forming alkyl radicals at 10-SOK. The hydrogen atom reactions in such 
low temperature solids are characterized as diffusion-controlled tunneling reactions, 
that is, the reactions take place by the tunnel process during first encounter. With 
increasing diffusion velocity of hydrogen atoms at higher temperature the reactions with 
lower activation energies become more and more favorable leading to ordinary processes. 
ESR spectra of n-alkane+ from C2 to Cu and some branched alkane

+ have been observed 
at 4.2 or 77K in irradiated frozen matrices. Clear evidence has been obtained for Jahn-
Teller distortion of C 2H l S

+, iso-Cj,Hl(>

+, and neo-C sH 1 3

+. The unpaired electron orbital of 
n-alkane+ with the extended structure is delocalized in the in-plane a molecular orbital 
over the entire chain, whereas that of the branched alkane+ is rather confined to the 
C - C a bond. Formation of alkyl radicals from these alkane+ has been also observed. 
From some branched alkane+ olefinic cations are formed by loss of H2 or CH*,. Based on 
these results probable mechanisms of solid phase radiolysis of alkanes will be proposed. 

155 ENDOR STUDIES OF COAL AND ITS PROTIATED AND DEUTERATED PRODUCTS. 
I r a B . G o l d b e r g , Rockwel l I n t e r n a t i o n a l S c i e n c e C e n t e r , P . O . Box 1 0 8 5 , Thousand O a k s , 

CA 9 1 3 6 0 , and Hans Thomann and L a r r y R. D a l t o n , C h e m i s t r y D e p a r t m e n t , S t a t e U n i v e r s i t y of 
New York , Stony B r o o k , NY 1 1 7 9 4 . 

P i t t s b u r g h seam c o a l ( 8 0 . 2 % C , m o i s t u r e and a s h f r e e b a s i s ) was r e a c t e d w i t h e i t h e r ^ H 2 

o r 2 H 2 and e i t h e r t e t r a l i n o r t e t r a l i n - d 1 2 a t 400°C and 1 3 . 8 MPa f o r t i m e s u p t o one h o u r . 

The reacted m i x t u r e was s e p a r a t e d by f r a c t i o n a t i o n w i t h b e n z e n e and t e t r a h y d r o f u r a n . The 
i n i t i a l c o a l and t h e i n s o l u b l e c o a l p r o d u c t s w e r e t h e n s t u d i e d b y e l e c t r o n p a r a m a g n e t i c 
r e s o n a n c e and e l e c t r o n - n u c l e a r d o u b l e r e s o n a n c e s p e c t r o s c o p i e s . R e s u l t s i n d i c a t e d t h a t 
t h e r a d i c a l s i n i t i a l l y p r e s e n t i n t h e c o a l r e m a i n e d u n r e a c t e d t h r o u g h o u t t h e h y d r o g e n -
a t i o n r e a c t i o n . A new, u n i d e n t i f i e d r a d i c a l was formed when t e t r a l i n s o l v e n t was u s e d , 
was i n d i c a t e d b y a s m a l l h y p e r f i n e s p l i t t i n g n o t p r e s e n t i n t h e o r i g i n a l c o a l o r c o a l s 
t r e a t e d w i t h h y d r o g e n . Wh i l e t h e r a d i c a l s i n i t i a l l y p r e s e n t d o n o t seem t o r e a c t , t h e y 
a p p e a r t o b e s i g n i f i c a n t i n t h e h y d r o g e n t r a n s f e r mechanism a s e v i d e n c e d b y t h e d e c r e a s e 
i n s i g n a l i n t e n s i t y when d e u t e r a t e d r e a c t a n t s a r e used i n t h e h y d r o g e n t a t i o n p r o c e s s . 

156 ELECTRON PARAMAGENTIC RESONANCE OF WHOLE P.R. SPRING TAR SAND AND ITS VARIOUS FRAC­
TIONS. V.M. Malhotra and W.R.M. Graham. Department of Physics, Texas Christian 

University, Fort Worth, TX 76129. 

The 9.2 GHz electron paramagnetic resonance (EPR) spectra of whole P.R. spring tar 
sand, bitumen, asphaltene, the heptane soluble fraction, clay, and mineral matter have 
been studied at 10-530 K. EPR spectra of whole tar sand are very complicated due to the 
presence of a number of paramagnetic species such as organic free radicals, Mn and 
Fe^ + at various sites, defects in mineral structure, and forbidden transitions. The 
bitumen, asphaltene, and heptane soluble fraction in the solid as well as dissolved in 
various solvents exhibit a single structureless EPR transition due to organic free radi­
cals at a g-value of -2.0033. The temperature dependence of this EPR transition in 
asphaltene indicates a decrease in linewidth with increasing temperature while the g-
value is unaffected. It is concluded that the magnetic interactions lead to exchange 
narrowing of the transition at higher temperatures. The spin-spin relaxation time T2, 
has been determined from the linewidth. The g-value, the number of unpaired spins 
gram (Ng), and the linewidth for bitumen, asphaltene, and the heptane soluble fraction 
have been determined and compared to tar sands from other locations. The vanadium EPR 
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spectra could only be observed at very low temperatures (~15 K). The clay soectrum re­
veals the presence of Mn2+ and Fe^+. Spectra of Mn^+ indicate two magnetically inequi-
valent sites with very small zero field splitting. The spectra of Fe^+ are characteristic 
of its presence in kaolinite and illite clays. At 77 K the Fe^+ transition at g = 4.3 
completely changes its phase. The spin Hamiltonian parameters have been computed at 
various temperatures and compared with known spectra in clays. FPR spectra of the sand 
residue show that Fe^+ is present at several sites. Cooling or heating the sand com­
ponent causes various reversible and irreversible phase changes to occur- On heating 
the sand sample in air the spectra of some of the Fe^ + sites gain intensity indicating 
the oxidation of Fe^ + into Fe^~. On cooling the samples down to 77 K the Fe^+ transitions 
at g^2.5-3 are completely smeared out which is interpreted as resulting from ferromagnetic 
ordering. 

[57 AN EPR STUDY OF A BITUMINOUS AND A SUB-BITUMINOUS COAL AND THEIR IN SITU OXIDATION, 
V.H. Malhotra and W.R.M. Graham, Department of Physics, Texas Christian University, 

Fort Worth, TX 76129. 

The 9.2 GHz electron paramagnetic resonance (EPR) spectra of a high-volatile bitu­
minous coal from the Pittsburgh. No. 8 seam and a sub-bituminous Montana coal from the 
Rosebud seam have been studied at 77-530 K. The g-factor, peak-to-peak linewidth ABpp, 
the number of unpaired electrons per gram Ng, and susceptibility x* have been computed 
from the organic free radical spectrum at various temperatures. The linewidth of the free 
radical absorption has been, studied as a function of temperature as well as pressure. 
It is concluded that the major contributions to the linewidth are from unresolved hyper­
fine structure and unresolved g-factors. When a sample of the high-volatile bituminous 
coal is evacuated to low pressures a sharp resonance (ABpp = 0.06 mT) appears superimposed 
on a broad transition (ABpp = 0.61 mT). The sharp resonance is tentatively assigned to 
the fusinite or tar component in the coal. Hyperfine effects due to the presence of the 
transition metal ion Mn are observed in both coal samples. The hyperfine splitting is 
independent of temperature! and has a magnitude " 0.27 GHz. Both samples exhibit spectra 
at g = 4.3 attributable to the presence of Fe^ + in kaolinite and illite clays. This reso­
nance, which is very temperature sensitive, indicates the presence of Fe^+ at two different 
sites at 77 K. A very broad transition (ABpp = 120 mT) at g~2.5 which shifts to higher 
field on lowering the temperature, has been assigned to magnetic Fe203« On -CM. bJJbi. oxi­
dation of the coal samples at various temperatures the intensity of the spectrum at g = 
4.3 is enhanced, which is indicative of the conversion of Fe2 + into Fe^+. An attempt has 
been made to estimate the presence of Te^^- ^e transition at g = 4.3 is studied as a 
function of acid removal of the mineral matter as well as magnetic removal and results are 
presented. 

"~ EPR SPECTRA OF STABLE FREE RADICALS ADSORBED ON METAL S U R F A C E S . 
R . D . A l l e n d o e r f e r a n d J . B . C a r r o l l , J r . D e p a r t m e n t o f 
C h e m i s t r y , S t a t e U n i v e r s i t y o f New Y o r k a t B u f f a l o , B u f f a l o , 
New Y o r k 1 4 2 1 4 . 

U s i n g a r e c e n t l y d e v e l o p e d c o a x i a l m i c r o w a v e c a v i t y , EPR s e p c t r a 
c a n b e o b t a i n e d f o r a v a r i e t y o f s t a b l e f r e e r a d i c a l s a d s o r b e d o n m e t a l 
s u r f a c e s . S a t i s f a c t o r y s p e c t r a h a v e b e e n o b t a i n e d f o r s u b m o n o l a y e r 
c o v e r a g e o f a s e r i e s o f 4 - s u b s t i t u t e d 2 , 2 , 6 , 6 - t e t r a m e t h y 1 p i p e r i d i n o o x y 
r a d i c a l s ; t a n a n e ( R = H ) , t a n o l ( R = 0 H ) , a n d t a n a m i n e ( R = N H 2 ) a d s o r b e d o n a 
p o l i s h e d g o l d s u r f a c e . T h e EPR s p e c t r a o f t h e s e m a t e r i a l s h a v e b e e n 
s t u d i e d a s a f u n c t i o n o f s u r f a c e c o v e r a g e a n d t e m p e r a t u r e . M a r k e d l y 
d i f f e r e n t s p e c t r a a r e o b t a i n e d a s a f u n c t i o n o f s u b s t i t u e n t , r e v e a l i n g 
d e t a i l e d i n f o r m a t i o n a b o u t t h e n a t u r e o f t h e m o t i o n o f t h e radicals w h i l e 
a t t a c h e d t o t h e m e t a l s u r f a c e . S p e c t r a l s i m u l a t i o n s f o l l o w i n g L . R . 
D a l t o n e t . a l . h a v e b e e n d o n e t o c o n f i r m o u r i n t e r p r e t a t i o n . T h e t e t r a -
t - b u t y l c a r b a z y l r a d i c a l w a s a l s o s t u d i e d i n a n a t t e m p t t o m e a s u r e i t s 
orientation w i t h r e s p e c t t o t h e m e t a l s u r f a c e f r o m i t s m e a s u r e d o r i e n t a ­
t i o n w i t h r e s p e c t t o t h e m a g n e t i c f i e l d . 
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SPIN-TRAPPING OF PHOSPHORUS CENTERED RADICALS. Rajagopalan Srldhar, 
Oklahoma Medical Research Foundation, Oklahoma City, Oklahoma 73104. 

Phosphoranyl free radicals were generated from triethylphosphite, tri-
methylphosphite and hexamethylphosphoroustriamide by thermal and photochemical 
reactions. The phosphoranyl radicals were detected by spin-trapping with 
phenyl-t-butylnitrone (PBN) and 5,5-dimethylpyrroline-N-oxide (DMPO). In 
some cases, the trapped free radical was isolated by column chromatography. 
Details of ESR spectra and experimental methods will be discussed. 

1 6 0 NMR AND ESR EVIDENCE OF MOLECULAR AGGREGATES IN SODIUM DIBOTYLPBOSFHATE AQUEOUS 
SOLUTICNS. S. Belaid and C. Chachaty. Departenent de Physicx>-Chiraie, CEtJ. de 
Saclay, 91191 Gif-sur-Yvette Cedex (France). 

A magnetic resonance study in progress on the conformation and dynamical properties 
of metal complexes of the dibutylphosphate anion (DBP~) in aqueous solution has shown by 
the increase with concentration of the correlation tine governing the nuclear relaxation 
that this compound gives rise to molecular aggregates. A rough estimate of the 
aggregation mmber n has been performed by ESR measurement of the reorientation 
correlation time of the [DBPIn complex. In a concentration range 1M < [DBP] < 3M 
it appears that the molecular volume increases by a factor i< 10 with respect to the 
nonomer, at room temperature. Rayleigh light scattering measurements gives under similar 
experimental conditions 9 < n < 12. The 3lp longitudinal relaxation rate vs. 1/CDBP-jis 
constant below [DBP"*3 = 0.8 M and increases linearly for 1.5 M < [DBP"J < 3M, indicating 
an exchange of [DBP-] between the solution and aggregates of -v 10 molecules. A sharp 
transition in the 31p relaxation rate occurs for [ DBP"! = 3M, which corresponds to the 
appearance of a liquid crystalline phase clearly observed under the polarizing 
microscope. The conformation of butoxy chains has been investigated by the Ni2+ induced 
paramagnetic relaxation of and by [ 1H) relaxation shewing a trans-gauche-trans 
preferential conformation of the POCCCC fragment in both DBP" monomeric and aggregated 
states. This conformation seems incompatible with a micellar aggregate ; more likely 
this association occurs by water links between riiosphodiester groups. 

161 ELECTRON TRANSFER BETWEEN DISTANT WEAKLY INTERACTING FUNCTIONAL GROUPS 
- EVIDENCE FOR A NON-ADIABATIC PROCESS, S. Mazur, V.M. Dixit, and F. Ger-
son. Dept. of Chemistry, the University of Chicago and the Physical Chem­
ical Institute of the University of Basel. 

The majority of electron transfer reactions in solution are adiabatic 
processes with rates governed by reorganization of molecular structure and 
solvation within a single electronic state. In the framework of the Abso­
lute Rate Theory, the transmission coefficient,k, is close to unity. 
Exceptions to this behavior may be anticipated for situations where inter­
actions between donor and acceptor are extremely weak such that the rate 
limiting event is actually an electronic transition between reactant and 
product states. Experimental evidence for this behavior (a low value of 
K for example) has been rare for reactions in condensed phases. 

We have investigated the magnitude of interaction and the rate of 
electron transfer between a pair of aromatic rings bridged by a maerocy-
lic ether. For certain conditions the rate of the transfer process can 
be determined by ESR. The activation parameters were found to be excep­
tional for the very low values of both the activation energy and the pre-
exponential frequency factor. The latter is regarded as strong evidence 
for a non-adiabatic mechanism. 

162 CONTEMPORARY ISSUES IN FIELD-SWEPT EPR OF SOME HIGH AND LOW SYMMETRY SYSTEMS 
J.R. Pilbrow, Department of Physics, Monash University, Clayton, Victoria 3168, 

Australia. 

EPR of low symmetry systems, compared with high symmetry ones, involves greater 
complexity with regard to turning directions in crystals and a different spectral 
distribution for non-crystalline samples. Thus for low symmetry spin % systems with 
hyperfine structure (h.f.s.) principal hyperfine couplings cannot, in general, be 
measured directly from line positions on experimental spectra due to powders or frozen 
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solutions. The EPR of cobalt (11)0? adducts will be reviewed and, in some cases, re­
interpreted in the light of more correct low symmetry models of oxygen bound to planar 
complexes in solution as well as in the protein matrix of myoglobin. Possible indirect 
spin polarisation contributions to h.f.s. in these systems will be discussed. Recent 
work by the author and R.P. Bonomo on some low symmetry copper salts with approximately 
Cs point symmetry at the copper sites will be reported. When S > h, looping of fine-
structure transitions occurs at magnetic fields where energy levels vary non-1inearly. 
Asymmetric lines were predicted near the ends of loops, as a direct consequence of the 
frequency-to-field transformation of the symmetric electronic density of states g(u}. 
The EPR of Cr 3 + in ruby single crystals shows evidence for such asymmetries. 

163 EPR and C h e m i s t r y in S i n g l e C r y s t a l s o f N i t r o s y l h e m o g l o b i n ' 

David C. P o e t s c h m a n D e p a r t m e n t of C h e m i s t r y 
and S . G. U t t e r b a c k S .U .N .Y . Binghamton 

B i n g h a m t o n , NY 13901 

The e l e c t r o n p a r a m a g n e t i c r e s o n a n c e (EPR) o f n i t r o s y l h e m o g l o b i n (HbNO) i s m e a s u r e d 
i n s i n g l e c r y s t a l s o f c o n v e r t e d human o x y h e m o g l o b i n ( H b 0 2 ) . S e v e r a l c h e m i c a l and 
p h y s i c a l p r o c e s s e s i n t h e c r y s t a l s a r e o b s e r v a b l e b y means o f t h e EPR. A t 9°C Hb0 2 

a - s u b u m ' t s e x c h a n g e 0 2 f o r N O f a s t e r t h a n b - s u b u n i t s . The s u b u n i t s p e c t r a d i s p l a y 
b o t h 1'*H0 and h i s t i d i n e - 1 ' , N h y p e r f i n e s t r u c t u r e . Power s a t u r a t i o n b e t w e e n 1.6 and 
4 .2°K and t e m p e r a t u r e d e p e n d e n c e a b o v e 80°K p o i n t t o e f f i c i e n t s p i n - s p i n and s p i n -
l a t t i c e r e l a x a t i o n p r o c e s s e s t h a t i n v o l v e heme-heme m a g n e t i c d i p o l a r i n t e r a c t i o n s 
be tween b o t h k i n d s o f s u b u n i t s . With a Hg-Xe l a m p , HbNO p h o t o l y s i s q u i c k l y o c c u r s 
<_ 4 . 2 ° K r e s u l t i n g in t h e d i s a p p e a r a n c e of t h e EPR s p e c t r u m . The HbNO s p e c t r u m 
r e t u r n s upon warming t h e s a m p l e f rom 4 . 2 t o 85°K. " 

16* E.P.R. STUDY OF Fe 3 + AND Cr 3 + IN DIFFERENT FORSTER1TE CRYSTALS. J.M. Gaite, Labora-

toire de Cristallographie (ERA 841) - UER Sciences - Universite d'OrlSans - 45046 Orleans 

Cedex ; S.S. Hafner and H. Rager, Geowissenschaften Kristallographie - Universitat Marburg, 

3550 Marburg, Lahnberge ; L.V. Bershov, IGEM, Staromonetny 35 -Moscow 109017 . 

A study of the E.P.R. spectra of Fe 3 + and Cr 3 + in forsterite (Mg2SiO,,) has been made. 
For the crystal doped with Fe 3 +, this ion is mainly located at and Si position. All 
the sp'n Hamiltonian constants were determined for the two different spectra. From the 
fourth order constants, we determined the distorsions of the environment of Fe 3 +. The re­
sults are compared to the one previously obtained with Mn 2 + and Gd3+ and to the distor­
sions of the non substituted sites. For the Cr 3 +, spectra responsible for this ion in 
both Mi and M2 sites have been observed. An additional spectrum which exhibits lines 
characteristics of a superhyperfine interaction with an ion having a 5 / 2 nuclear spin 
has been observed. This spectrum arises from Cr 3 + in interaction with A£ 3 + substituted 
for Si^+ in the neighbourhood of Cr 3 +. Although only a very small amount of aluminium 
may be present in the cryscal, the intensity of the spectrum is very important. Such a 
situation is explained and factors that may influence the repartition of these parama­
gnetic ions in the structure are discussed. 

1 6 i SUPERPOSITION-MODEL ANALYSIS OF G d 3 + SPIN-KAMILTONIAN PARAMETERS DOPING RARE-EARTH 
TRI FLUORIDE SINGLE CRYSTALS. S. K. M i s r a , P. M i k o l a j c z a k and N. R. L e w i s . P h y s i c s 
D e p a r t m e n t , C o n c o r d i a U n i v e r s i t y , 1455 d e Mai sonneuve B o u l e v a r d Wes t , M o n t r e a l , Q u e b e c , 
Canada H3G 1M8. 

3+ 

The s p i n H a m i l t o n i a n p a r a m e t e r s f o r Gd doped s i n g l e c r y s t a l s of RF^; R = L a , Ce , 

P r , and N d a r e a n a l y s e d u s i n g t h e l i n e a r s u p o s i t i o n model o f Newman. I t i s found t h a t 

t h e p a r a m e t e r s c a n b e a d e g u a t e l y d e s c r i b e d w i t h i n t h e f ramework o f t h e s u p e r p o s i t i o n 

model f o r v a l u e s o f and t ^ b e i n g 9 a n d 1 4 r e s p e c t i v e l y , p r o v i d e d t h a t one c o n s i d e r 
sma l l d i s t o r t i o n s ( w i t h i n + 3 ° ) o f t h e a z i m u t h a l a n g l e s o f e i g h t n e a r e s t F " i o n s t o 

3+ 3+ ^ 
G d i n t h e v a r i o u s h o s t s due t o t h e p r e s e n c e o f G d i o n . The s i g n i f i c a n c e o f t h e 
s u c c e s s i n t h e a p p l i c a t i o n o f t h e s u p e r p o s i t i o n model t o t h e a n a l y s i s o f 

G d 3 + s p i n H a m i l t o n i a n p a r a m e t e r s i n i s o s t r u c t u r a l h o s t s i s d i s c u s s e d . I t i s found t h a t 
3+ 

t h e z e r o - f i e l d s p l i t t i n g i s a l i n e a r f u n c t i o n o f t h e i n t r i n s i c p a r a m e t e r f o r t h e G d 

i o n d o p i n g t h e v a r i o u s h o s t s . 
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166 A 9.3 GHz EPR STUDY OF DYNAMICAL INTERACTIONS IN Gd : Eu(OH)3 SINGLE CRYSTALS AT 
10-300 K. V.M. Malhotra, H.A. Buckmaster*, and W.R.M. Graham, Department of Physics, 

Texas Christian University, Fort Worth, Texas, 76129, *Department of Physics, The Univer­
sity of Calgary, Calgary, Alberta, Canada, T2N 1N4. 

9.3 GHz electron paramagnetic resonance experiments on Gd"^+ impurity ions in singlet, 
ground-state Eu(0H>3 have been used to study the various possible dynamical interactions 
in this system at 10-300 K. The spin-Hamiltonian parameters of the ̂ S ground state of the 
Gd^+ ion, which substitutes for Eu^+ in the lattice at C3h site symmetry, have been mea­
sured in the temperature range. The temperature dependent part of the zero field split­
ting is discussed in terms of implicit and explicit contributions. The experimental 
results indicate that the magnitude of the zero field splitting of Gd J + increases with 
temperature, which is opposite to its behavior reported in La(C2H5S0^)3.9H20(C3^ site 
symmetry). The low temperature value of the zero field splitting which reflects the con­
tribution from the static lattice is discussed in terms of models involving exchange 
correlated electric fields. The low lying, degenerate, excited states of Eu^+ in this 
compound can produce dynamical electric, magnetic and exchange fields in the lattice which 
are manifested in g-value shifts and unusual variations in linewidths for AH - + 1 tran­
sitions at ~*200-300 K. The linewidths decrease progressively as the magnitude of M in­
creases; -l/2**-l/2 has the maximum linewidth. The exchange interaction parameter J^n for 
the nearest neighbor Gd^+-Eu3+ pair has been computed. From the ratios of the linewidths 
in the fine structure spectra of Eu(0H)3(Gd), it has been found that the dynamical dipo­
lar and/or exchange fields are dominant over the dynamical electric fields caused by the 
Jahn-Teller effect. From the relative magnitude comparison with other Eu host lattices 
it is concluded that exchange interactions are more important than magnetic dipolar 
effects. 

167 AN EPR INVESTIGATION OF Gd 3 + IN SINGLE CRYSTAL AND POWDER SPECIMENS OF Y(0H)3 AT 
10-300 K. J.M. Boteler, V.M. Malhotra, H.A. Buckmaster*, and W.R.M. Graham, 

Department of Physics, Texas Christian University, Fort Worth, Texas 76129, *Department 
of Physics, The University of Calgary, Calgary, Alberta, Canada, T2N 1N4. 

The 9.2 GHz electron paramagnetic resonance spectrum of the [4f', °Sy] Gd J + ion 
dilutely substituted (~5:103) into Y(0H)3 has been measured and analyzed. The angular 
variation of the allowed transitions has been carried out in the ZX and XY plane and the 
site symmetry at Gd^+ has been determined. Spin-Hamiltcnian parameters have been computed 
by exact diagonolization using a least-squares procedure in which all the resonant transi­
tion positions obtained from the Z- and X-axis are fitted simultaneously. The zero field 
splitting has been computed over a range of temperatures and the spectrum at 10 K is used 
to deduce the absolute sign of the splitting. Various zero field splitting mechanisms 
are discussed in the light of the observed zero field splittings. The analysis of the 
power pattern spectrum for Gd^+ in Y(0H)3 is also presented. 

169 EPR SPECTROSCOPY AT ZERO MAGNETIC FIELD. Steven J. strach and Richard Bramley. 
Research School of Chemistry, Australian National University, P.O. Box 4, 

Canberra, A.c.T. 2600, Australia. 

Zero field resonance (ZFR) spectroscopy is a method for observing electron spin 
transitions at zero external magnetic field by using frequency swept EPR techniques. We 
have used ZFR to study several systems and have found significant differences between the 
EPR derived spin Hamiltonian parameters in the literature and those necessary to fit the 
ZFR spectra. For example, in the system Mn2+/MgSOi* .7H20 the latest EPR literature 
values for the spin Hamiltonian parameters include E = 266 ± 28 MHz whereas a value 
E = 183 ± 2 MHz is required to fit the ZFR spectrum. Other systems where we have found 
significant errors in EPR analyses will also be discussed. Systematic errors of a 
typical EPR experiment, insufficiently accurate analytical procedures and the use of 
inappropriate spin Hamiltonians are all believed to contribute to errors in EPR derived 
parameters. It will be shown that ZFR spectroscopy has great value in indicating 
errors in EPR analyses and also provides a technique for accurately determining the 
non-Zeeman terms in the spin Hamiltonian. The technique is applicable to transition 
and rare earth paramagnetic compounds and also to simpler species such as doublet 
states with large hyperfine or quadrupolar interactions. 
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170 EPR STUDY OF THE BINDING OF CuL+ TO CAT AND NORMAL HUMAN HEMOGLOBINS. W. E. 
Antholine and F. Taketa. Departments of Radiology and Biochemistry, The Medical 

College of Wisconsin, P. O. Box 26509, Milwaukee, WI 53226. 

The nature of the interaction of CuL+, 2 formylpyridine monothiosemicarbazonato 
copper II, with proteins is of interest because of its known cytotoxic effect and its 
potential use as an antitumor agent. The possibility that human and cat hemoglobin might 
demonstrate differences in their response to CuL+ was examined by analyzing its effect on 
their oxygen equilibria and epr spectra. CuL+ increases the oxygen affinity of both 
hemoglobins. A decrease in the Pgg value of 14 ram for cat hemoglobin at a molar ratio of 
CuL+/Hb of 4/1 and a decrease of 6 mm for human hemoglobin at a molar ratio of CuL+/Hb 
of 5/1 was observed. The X-band epr spectrum for CuL+ and human hemoglobin is consis­
tent with adduct formation between Cut/" and a nitrogen donor atom. The S-band (3 GHz) 
has more clearLy resolved hyperfine structure on the mT = -1/2 and - +1/2 lines. 
The splitting pattemof 1,4,9,13,13,9,4,1 accounts for three nitrogen and one proton with 
approximately equivalent hyperfine coupling constants. The epr spectra for CuL+ and 
cat hemoglobin suggest a CuL+-nitrogen like complex superimposed on a CuL+*thiol complex. 
Differences such as that between cat and human hemoglobin with respect to adduct forma­
tion with CuL+ might help explain why 2~£ormylpyridine monothiosemicarbazone drugs 
appear to be more effective as an antitumor agent in some animals than in man. 

Supported by NIH Grants AM-15770 and 5-P41-RR01008 

171 EPR AND QUANTUM CHEMISTRY STUDIES OF ADENOSYLCOBALAMIN. R . E . Coffman and Vinay D. 
Ghenekar , C h e m i s t r y D e p a r t m e n t , U n i v e r s i t y o f I o w a , Iowa C i t y , Iowa 52242 

What f e a t u r e s o f t h e e l e c t r o n i c and s p i n quantum m e c h a n i c s o f a d e n o s y l c o b a l a m i n 
(coenzyme B]2) a r e r e s p o n s i b l e f o r t h e h o m o l y t i c c l e a v a g e o f t h e Co-C bond e i t h e r i n t h e 
dark ( e n z y m a t i c a l l y ) o r d u r i n g p h o t o l y s i s w i t h v i s i b l e l i g h t ? I n o r d e r t o o b t a i n some 
d i r e c t e x p e r i m e n t a l i n f o r m a t i o n o n t h i s q u e s t i o n , w e h a v e u n d e r t a k e n a s t u d y o f l a s e r -
induced p h o t o l y s i s o f p o l y c r y s t a l l i n e a d e n o s y l c o b a l a m i n , f o r which a c r y s t a l structure is 
known. W e r e p o r t o n t h e r e s u l t s o f t h i s s t u d y , which h a v e l e d t o i d e n t i f i c a t i o n o f t h e 
deg ree o f c r y s t a l l i n e h y d r a t i o n ( i n t h e v i c i n i t y o f t h e 5 ' - m e t h y l e n e c a r b o n o f t h e 
n u c l e o s i d e ) a s a n i m p o r t a n t v a r i a b l e a f f e c t i n g t h e c h e m i s t r y whihe f o l l o w s i n c i p i e n t 
homolys i s o f t h e Co-C b o n d , a s we l l a s t h e d e t e c t i o n and s t a b i l i z a t i o n o f a C o ( I I ) . . . 
f r e e r a d i c a l p a i r s t a t e w h i c h w e b e l i e v e t o b e t h e C o b [ I I ) a l a m i n . . , 5 ' d e o x y a d e n o s y l f r e e 
r a d i c a l p a i r . I n a d d i t i o n , w e a r e u n d e r t a k i n g a f i r s t - p r i n c i p l e s s t u d y o f t h e p o t e n t i a l 
energy c u r v e s o f t h e i m p o r t a n t s i n g l e t and t r i p l e t s t a t e s o f t h i s m o l e c u l e . T h i s i n ­
f o r m a t i o n w i l l e v e n t u a l l y h e l p u s t o u n d e r s t a n d t h e m e c h a n i s m s o f a c t i v a t i o n o f t h e Co-C 
bond, and t h e q u a s i s t a b i l i z a t i o n o f t h e C o b ( I I J a l a m i n . . . 5 ' - d e o x y a d e n o s y l f r e e r a d i c a l 
p a i r s t a t e , and b e o f u s e i n i n t e r p r e t i n g t h e mean ing o f ESR l i n e s h a p e s and s p i n -
H a m i l t o n i a n p a r a m e t e r s i n t h e m o d e r a t e l y s t r o n g e x c h a n g e c o u p l i n g d o m a i n , wh ich w e now 
r e c o g n i z e a s b e i n g o f p r i m a r y i m p o r t a n c e f o r t h i s p r o b l e m . 

172 A comparative study of the active sites of atropinesterase 

and other esterases by using spin labeling techniques. 

B.A.C. Rousseeuw, E. van der Drift, Technical University of Delft, 

The Netherlands. 

A.CM. van der Drift, T.N.O. Rijswijk, The Netherlands. 

Atropinesterase (AE) from bacteria Pseudomonas Putida is a serine 

esterase like Chymotrypsin (Chymo) and Subtilisin (Sub), 

Specific spin labeling of AE, Chymo and Sub on the active serine 

position allows a comparison of the geometry of theirbinding 

sites. The experimental spectra are found to reflect very 

anisotropic motions in all three enzymes and support the description 
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o f the a c t i v e s i t e r e g i o n i n terms o f a p o c k e t m o d e l . U s i n g s p i n 

l a b e l s o f d i f f e r e n t l e n g t h and a p p l y i n g the r i g o r o u s r e l a x a t i o n 

t h e o r y o f s low t u m b l i n g , a q u a n t i t a t i v e and c o m p a r i t i v e d e s c r i p t i o n 

o f t h e a c t i v e s i t e geometry i n t h e t h r e e enzymes i s a t t e m p t e d . 

173 HIGH RESOLUTION ENDOR STUDIES OF FLAVIN AND FLAVIN ANALOG FREE RADICALS, H. Kurreck, 
M. Bock, and W. Lubitz, Freie Universitat Berlin, Insfcitut fur Organische Cbemie, 
Takustr. 3, D-1000 Berlin 33, West Germany. 

Flavoenzymes are known to be important redox catalysts in the respiratory chain and 
thereby in oxidative phosphorylation. Since paramagnetic species are involved in 
flavoenzyme catalysis, ESR and ENDOR techniques should, in principle, give detailed 
information regarding structure and properties of these radicals. However, studies 
performed so far were limited by the low resolution of standard ESR and even solid state 
ENDOR experiments. 

This paper describes the first successful high resolution proton and nitrogen-14 ENDOR 
(electron nuclear double resonance) on several flavin and flavin analog radicals in 
liquid solution. The complete sets of isotropic proton and nitrogen hyperfine coupling 
constants have been measured, e.g. for riboflavin cation radical (vitamin B 2 ) . The signs 
of the couplings could be determined by performing the electron nuclear nuclear TRIPLE 
resonance technique. Assignments of the couplings to specific molecular positions could 
be established by using partially deuterated derivatives of the flavin radicals. 

We wish to thank Professor H. Fenner and Dr. R. Grauert, Institut fur Pharmazie der 
Freien Universitat Berlin, for supplying us with some of the diamagnetic precursors. 

17U 
ENDOR INVESTIGATIONS OF AN ORGANIC QUINTET STATE TETRARADICAL. B. Kirste, H. 

Kurreck and W. Harrer. Freie Universitat Berlin, FB 21, WE 2, 1000 Berlin 33, West 
Germany. 

A novel tetrakis galvinol with approximately tetrahedral symmetry has been 
prepared. Stepwise oxidation yields the respective paramagnetic species, viz. the 
galvinoxyl mono-, bi-, tri- and the tetraradicals exhibiting doublet, triplet, 
quartet and quintet spin states, respectively. Whereas the EPR spectrum of the 
monoradical shows a well-resolved quintet hyperfine pattern, resolution decreases 
drastically on passing to the higher oxidation steps. However, well-resolved 
ENDOR spectra could be obtained for the different species, definitely proving the 
presence of a quintet spin state in the case of the tetraradical. The ENDOR line 
positions in the different spin states are discussed and compared with those of 
other galvinoxyl oligo radicals. 

Tetrahedral symmetry of the tetraradical is considered important for the 
success of the ENDOR experiment for two reasons. Firstly, the electron exchange 
interaction is the same for all pairs of galvinoxyl moieties thus giving rise to 
the formation of a thermally populated quintet state. Secondly, the zero field 
splitting parameters (D and E) should be zero for symmetry reasons which is 
desirable in view of the EPR/ENDOR line broadening caused by the electron electron 
dipolar interaction. 

175 EPR STUDIES OF THE EFFECTS OF ETHANOL ON PHOSPHOLIPID BILAYER MEMBRANES. 
John D. Zimbrick and James A. McFaul. Radiation Biophysics, University of Kansas, 

140 NRC, W. 15th Street, Lawrence, KS 66045. 

The purpose of this research project is to determine the effects of membrane composi­
tion and environment on the response of the membrane to ethanol, and to examine the 
effects of membrane changes as the membrane becomes tolerant to ethanol. Various 
nitroxide spin labeled lipids were used to monitor the fluidity of the bilayer. Experi­
ments were performed on both model and biological membranes (rat synaptic membranes). 
Previous research has indicated that ethanol and other alcohols increased the fluidity 
of the bilayer. Our research has indicated that ethanol, in the ranges of .4 to 4 mM 
can cause a slight decrease in membrane fluidity. This effect is only seen in model 
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membrane vesicle suspensions, under certain aqueous buffer conditions. Low concentrations 
of ethanol also affect the phase transition temperature of the bilayer. Experiments 
performed wich certain local anesthetics have indicated that the aqueous ion concentration 
affects the response of the membranes to the local anesthetic. The effect of cations on 
the membranes response to ethanol, the effects of ethanol on phase transition temperatures, 
and the effects of various other alcohols and various local anesthetics on the bilayer 
will be presented. (Work supported by Grant //1-R01-AA04732 from the National Institute 
of Alcohol Abuse and Alcoholism.) 

176 LIGHT-INDUCED TRANSIENTS OF SPIN LABEL SIGNAL AMPLITUDE IN SPINACH THYLAKOIDS. 
S. P- Berg. Department of Biological Sciences, University of Denver, Denver, CO 
80208. 

In the presence of a broadening'agent (chromium oxalate) and using the non-ionic 
spin label 4-oxo-2,2,6,6-tetramethylpiperidine-l-oxyl (Tempone) we have measured a light-
induced decrease in signal amplitude. Upon the termination of illumination, the signal 
relaxes back to near its original levels. This decrease in signal amplitude can be 
prevented by agents (gramicidin, methylamine) which dissipates the light-driven accumula­
tion of protons into the thylakoid lumen. 

The corresponding amine spin label 4-araino-2,2,6,6-tetramethylpiperidine-l-oxyl 
(Tempamine) displays much different light-induced behavior when present with thylakoids. 
Upon illumination the signal strength of Tempamine arising from the lumen increases 
sharply before beginning a much slower reduction in signal amplitude. Since the rapid 
Tempamine transient is also completely sensitive to gramicidin and methylamine one can 
speculate that both the decrease in Tempone signal and the increase in Tempamine signal 
are related to the light-driven proton accumulation in the thylakoid lumen. These and 
other results are discussed in terms of a light-driven decrease in lumen volume which 
accompanies the light-driven proton accumulation-

1 7 7 EXAMINATION OF EPOXY MORPHOLOGY USING NITROXIDE FREE RADICALS.* T. C. Sandreczki and 
I. M. Brown. McDonnell Douglas Research Laboratories, St. Louis, MO 63166. 

It is thought that amine-cured epoxy resin networks are composed of regions of high-
crosslink density dispersed in and bound to a surrounding matrix of lower-crosslink 
density. In this study, nitroxide spin labels and spin probes were used to investigate 
the microstructure of these networks. EPR lineshapes of nitroxides in cured epoxies were 
exami-2d as a function of temperature in samples containing no solvent and as a function 
of solvent content at room temperature. Spectra recorded at different temperatures con­
tained only one component and were interpreted at each temperature in terms of nitroxide 
motions described by a single correlation time. Spectra recorded at different solvent 
contents were often a superposition of two components and were thus described by two 
correlation times that differed by over one and a half orders of magnitude. The corre­
lation times obtained from the temperature-dependence studies and those obtained from the 
mobile spectral component of the solvent-dependence studies exhibited a simple functional 
dependence on epoxy fractional free volume. Also, the presence of two spectral compo­
nents in the solvent-dependence studies implies selective plasticization of low-
crosslink density regions of the epoxy network. 

*This research was conducted under the McDonnell Douglas Independent Research and 
Development program. 

1 7 SENDOR ON BIRADICALS RANDOMLY ORIENTED IN FROZEN SOLUTION. Hans van Willigen and 
Charles F. Mulks, Department of Chemistry, University of Massachusetts at Boston, 

Boston, MA 02125 

An EffDOR study has been made of a series of biradicals in frozen solution (100 K). 
Systems investigated include Yang's Mradical (i) and the biradicals formed upon dimeri-
zation of the (alkali metal generated) fluorenone anion (II). By recording the ENDOR 
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signals for selected magnetic field positions in the rigid matrix ESR spectra , informa­
tion is obtained on the signs and magnitudes of hyperfine tensor components of some of 
the magnetic nuclei ('H, l 3 C , 7Li). In addition, the study of the 23Ua-fluorenone sys­
tem has given information on the *3Ha quadrupole tensor components. The hyperfine and 
quadrupole data give an insight in the structure of the biradicals. 

179 EFFECT OF AN ADDED ELECTRON UPON THE VIABILITY OF A HYDROGEN BOND ACCEPTOR: AN 
EPR AND NHR STUDY, G e r a l d R. S t e v e n s o n and Mohamad P o u r i a n , D e p a r t m e n t of 

C h e m i s t r y , I l l i n o i s S t a t e U n i v e r s i t y , N o r m a l , I l l i n o i s 61761 

EPR t e c h n i q u e s w e r e u t i l i z e d t o m e a s u r e t h e t h e r m o d y n a m i c p a r a m e t e r s c o n t r o l l i n g t h e 
h y d r o g e n bond e x c h a n g e r e a c t i o n be tween t h e n i n h y d r i n a n i o n r a d i c a l ( N " - ) and h e x a m e t h y l -
p h o s p h o r a m i d e h y d r o g e n bonded to e t h a n o l (HMPA-•-H-OET). NMR was u s e d to d e t e r m i n e t h e s e 
p a r a m e t e r s c o n t r o l l i n g t h e h y d r o g e n bond e x c h a n g e r e a c t i o n b e t w e e n n e u t r a l n i n h y d r i n (N) 
and HMPA h y d r o g e n bonded to e t h a n o l . NMR was a l s o u s e d to s t u d y t h e h y d r o g e n b o n d i n g to 
HMPA. A l l of t h e ESR and NMR r e s u l t s w e r e p l a c e d i n t o a t h e r m o c h e m i c a l c y c l e to y i e l d 
t h e t h e r m o d y n a m i c p a r a m e t e r s c o n t r o l l i n g t h e h y d r o g e n bond f o r m a t i o n be tween e t h a n o l and 
b o t h t h e n i n h y d r i n n e u t r a l m o l e c u l e and t h e a n i o n r a d i c a l e q s 1 and 2 . 

N + ETO-H -* N- . -H-OET AH" = - 5 . 0 k c a l / m o l AS° = -9 e . u . ( l ) 

H"* + ETO-H •*• N " - - - - H - 0 E T AH° = - 5 . 8 k c a l / m o l AS" = - 1 5 e . u . ( 2 ) 

The e n t h a l p y o f h y d r o g e n b o n d i n g t o t h e a n i o n r a d i c a l i s more e x o t h e r m i c d u e t o t h e f a c t 
t h a t t h e added e l e c t r o n i n c r e a s e s t h e a f f i n i t y o f t h e n i n h y d r i n f o r t h e h y d r o g e n b o n d . 
However , t h e f r e e e n e r g y o f h y d r o g e n bond f o r m a t i o n i s l e s s n e g a t i v e f o r t h e a n i o n r a d i c a l 
t h a n i t i s f o r t h e n e u t r a l s p e c i e s . T h i s i s due t o t h e v e r y l a r g e n e g a t i v e e n t r o p y 
c h a n g e upon h y d r o g e n bond f o r m a t i o n t o t h e a n i o n i c s p e c i e s . 

180 EPR STUDIES OF THE PHOTOPHYSICS OF SILVER CHLORIDE AND SILVER BROMIDE. 
R. S. Eachus and M. T. Olm. Eastman Kodak Company, Research 

Laboratories, 1669 Lake Avenue, Rochester, New York 14650. 

The primary products of pho to ly s i s in pure samples of AgCl are free 
and trapped e l e c t r o n s , se l f - t rapped holes ( A g C l g 4 - ) , and se l f - t rapped 
e x c i t o n s . We report the f i r s t d irect de tec t ion of these spec i e s by 
s t e a d y - s t a t e epr spectroscopy at 1.8°K and 35 GHz. A comparison to the 
r e s u l t s of o p t i c a l l y detected magnetic resonance experiments on s i l v e r 
chloride w i l l be presented. 

! By contras t , the only spec ie s observed in exposed samples of s i l v e r 

bromide were free e l ec t rons l g c e s r ~ 1-495 ± 0.005 ( lO'K)] . The g-value 
! was temperature dependent and the s i gna l amplitude was af fec ted by the 
j h is tory of the sample. Kinet ic epr spectroscopy at 9 .5 GHz has been used 
I to study generation and lo s s processes for conduction band e l ec trons in 
; th i s materia l . 
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181 CICEP AHD HEISENBERG SPIN EXCHANGE IN TWO MIXED RABICAL SYSTEMS. Joseph P. Horr.ak 
and Richard V. Fessenden. Radiation Laboratory and Department of Chemistry, 

University of Itotre Dame, Notre Dane, IK U6556. 

Time-resolved ESR signals have been recorded for various concentrations of 

and •PO^ produced "by pulse radiolysis of basic aqueous solutions of sulfite and phos­

phite, respectively, A comparison of the signals observed with and without K 0 shows 
2 -

several effects arising from encounters between e^ and -SO^ or -PO^ . Analysis of 
signal amplitudes at longer times yields the rate constant for cross reaction with e 

_ a1 
Curves for *SO~ show a growth for V> \isec which is attributed to a weak negative polar-

- 2-
ization and Heisenberg exchange with e^. The high- and low-field lines for -PO^ show 

strong positive and negative contributions for 'UIO usee which must be caused by polar­

ization by cross reaction with e . Parameters determined by fitting of solutions to 
& < i - 2 - 9 9 

modified Bloch equations are for -SO, and -PO, , respectively, k(e +B) [2x10 and 1x10 
7 1 10 9 - 1 -I 

M sec ] , k.{Heisenberg spin exchange) [ 1 . 6 x 1 0 and 9x10 M sec J, and polarization, 

p*/P [_io and 525 (high-field), - 7 5 5 (low-field)]. The large polarization for -P0 is 
eq 3 

also evident in values of jt-1000 for self reaction. 

1 8 2 THE REACTIONS BETWEEN DPPH AND SURFACE ACTIVE SITES OF METAL OXIDES - SURFACE 
PROPERTIES. T. Kawaguchl, S. Hasegawa, K. Yasuda. Department of Chemistry, 

Tokyo Galugei University, 1-1 Nukui Kitamachi 4-chome, Koganei, Tokyo 184 Japan. 

EPR spectra of Pt>02 and Mn02 interacting with isopropanol and DPPH were used to 
characterize the radical species involved. The surface species active in the dehydro-
genation reaction of isopropanol on Mn02 may be 0; or H0~. The radical formed by the 

(83 EPR STUDIES OF SURFACE MOBILITY, J. Lopata, W. Tiimner, S. Abdo and R. F. Howe, 
Laboratory for Surface Studies and Department of chemistry. University of Wisconsin-

Milwaukee, Milwaukee, Wisconsin 53201. 

The superoxide ion <>2~ can be formed on many different metal oxide surfaces. This 
paper will describe the use of EPR and STEPR spectroscopy to study the mobility of 
on various surfaces. On silica gel, C»2~ i-s sufficiently mobile to modify the line shape 
of the normal EPR spectrum. On zinc oxide, line shape changes occur only in the 
Saturation Transfer signals, whereas on molybdenum oxide is immobile on the longest 
time scale accessible through STEPR. The experimental spectra will he presented, along 
with computer simulations of the EPR and STEPR line shapes, and the difficulties 
associated with extracting correlation times for surface motion from the experimental 
spectra discussed. 

184 
LOCATION AND MOVEMENT ON DEHYDRATION OF CATIONS IN ZEOLITES FROM 
ELECTRON SPIN ECHO MODULATION ANALYSIS. M. Narayana and L a r r y Kevan. 

D e p a r t m e n t o f C h e m i s t r y , U n i v e r s i t y o f H o u s t o n , H o u s t o n , T e x a s 77004. 

I t i s shown t h a t p a r a m a g n e t i c i o n s l i k e Cu2+ can b e l o c a t e d and t h a t 
t h e i r m o t i o n upon d e h y d r a t i o n i n z e o l i t e s can b e m o n i t o r e d b y e l e c t r o n 
s p i n e c h o m o d u l a t i o n a n a l y s i s . I n Cs7NasA z e o l i t e , C u 2 + i s l o c a t e d i n ­
s i d e t h e B and a - c a g e s . The C u 2 + i s c o o r d i n a t e d t o t h r e e l a t t i c e o x y g e n s 
and one w a t e r m o l e c u l e . On d e h y d r a t i o n Cu2+ moves o u t o f t h e S - c a g e s 
a l o n g t h e t h r e e f o l d a x i s o f t h e h e x a g o n a l window to a b o u t 0.1 nm above 
t h e h e x a g o n a l window i n t o t h e a - c a g e . O t h e r s y s t e m s w i l l a l s o b e d i s ­
c u s s e d . 

79

et al.: 23rd RMC Abstracts and Meeting Program

Published by Digital Commons @ DU, 1981

file:///isec


1 6 b SPIN-SPIN INTERACTION THROUGH SATURATED AND UNSATURATED LINKAGES. K. M. More and 
G. R. Eaton. Department of Chemistry, University of Denver, Denver, CO 80208. 

S. S. Eaton. Department of Chemistry, University of Colorado at Denver, Denver, CO 80202. 

A series of spin-labeled copper porphyrins have been prepared in which the spin label 
is attached to the porphyrin pyrrole ring by saturated and unsaturated linkages of varying 
lengths. The effects of the linkage, solvent, and temperature on the spin-spin interac­
tion between the copper and nitroxyl electrons has been examined. 

^7 SPIN-LABELED PYRIDINE ADDUCTS OF COPPER AND VANADYL S-DIKETONATES. B. M. Sawant, 
A. L, W. Shroyer, and G. R. Eaton. Department of Chemistry, University of Denver, Denver, 
CO 80208. S. S. Eaton, Department of Chemistry, University of Colorado at Denver, Denver, 
CO 80202. 

Nitroxyl radicals have been attached to the 3- or 4-position of a pyridine ring by 
ester, amide, and Schiff base linkages, when these pyridine derivatives form adducts 
with vanadyl bis (trifluoroacetylacetonate), VO(tfac>2» or vanadyl bis{hexafluoroacetyl-
acetonate), VOJhfac^* electron spin-electron spin splitting is observed in the solution 
EPR spectra at room temperature. These spectra provide the first examples of fully 
resolved AB splitting patterns due to vanadyl-nitroxyl interaction. For the vanadyl 
complexes the magnitude of the spin-spin coupling constant, J, is about four times 
larger for a 4-substituted pyridine than for a 3-substituted pyridine. When the same 
ligands form adducts with copper(II) bis(hexafluoroacetylacetonate), Cufhfac^f J is 
about the same magnitude for the 3- and 4-substituted pyridines. Mechanisms of spin 
delocalization which could account for these differences will be discussed. 

COLLISION BROADENING OF NITROXYL RADICAL EPR SPECTRA BY TRANSITION METALS. D. Reddy, 
D. Dalai, and G. R. Eaton. Department of Chemistry, University of Denver, Denver, CO 
80208. S. S. Eaton. Department of Chemistry, University of Colorado at Denver, Denver, 
CO 80202. 

The effects of paramagnetic first row transition metals on the linewidths of the 
EPR spectra of nitroxyl radicals have been examined. The effect of electrostatic 
interactions has been explored by using 4-oxo-2,2,6,6-tetramethylpiperidyl-l-oxyl, 
4-amino-2,2,6,6-tetramethylpiperidyl-l-oxyl, and 3-carboxy-2,2,5,5-tetramethylpyrrolin-
1-oxyl in aqueous solution at pH 7. The importance of metal electron derealization has 
been examined by varying the ligands in Cr(III) complexes. The effect of solution 
viscosity on the broadening of the nitroxyl EPR signal by various metal complexes will 
also be discussed. 

189 EXCHANGE INTERACTIONS IN tropylium bis[l,2-dicyanoethylene dithiolato] 
nicke]ate(I]I){(C7H7)

+[Ni{mnt)2]"}. E. de Boer, P. T. Manoharan, J. H. Noordik, 
and C. P. Keijzers. Department of Physical Chemistry, University of Nijmegen, 
Toernooiveld, 6525 ED Nijmegen, The Netherlands. 

The compound (CyH^)*[Ni(mnt)y]~ has been prepared and its crystal structure deter­
mined, the space group is P2w » 2 = 2, the unit cell axes are a = 6.364, b = 7.458, 
c = 17.991 A and g = 91.22°. The Ni(mnt)2~ and C 7H 7

+ ions form segregated stacks in 
the direction of the b-axis. 

The susceptibility appears to be dominated by a strong 1-dimensional, isotropic, 
antiferromagnetic exchange coupling (J0 = -4.4 cm"*). However, the angular dependence 
of the EPR linewidth at ambient temperature has to be explained with an additional 
anisotropic exchange interaction of 0.26 cuT*. Furthermore, Q-band EPR measurements 
in the ah plane reveal a very small interstack exchange interaction (0.015 cur* at room 
temperature) which increases by a factor of 4 upon lowering the temperature to 8 K and 
which might be responsible for a possible long range order at low temperature. 
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THE ELECTRIC QUADRUPOLE MOMENT OF NIOBIUM-93. D. Attanasio, 

C. Bellitto, and A. Flamini. C.N.R. Lab., Area delta Rlcerca di Roma, 

Po.B. 10, Monterotondo Staz., Roma, Italy. 

93 

Numerical values for the electric quadrupole moment of the Nb isotope 

have been obtained from optical studies. X-ray emission of muonic niobium, 

and atomic beam magnetic resonance. However, the experimental results 

covered a wide range of values, from -U.2U to -0.37 barn. We measured 

the 35GHz EPR spectra of the two eight-coordinated complexes tetrakis 

(dithiobenzoato)V(IV) and tetrakis(diethyldithiocarbamato)Nb(IV), diluted 

in single-crystals of suitable diamagnetic analogues. The complete quadru­

pole coupling tensors of the two compounds could be obtained from the 

analysis of the AMj*= ±1 lines. The experimental results gave -0.35 barn 

for the Nb quadrupole moment and +220 MHz/barn for the electric field 

gradient. The accuracy of the method, with respect to previously reported 

results, will be discussed. 

191 SUPERPOSITION ANALYSIS OF ZERO FIELD SPLITTINGS (ZFS) FOB Mn 2+. 

RESULTS AND APPLICATIONS. H. Heminp; and G. Lehmann, Institut fur 

Physikalische Chemie, WWU, Schlossplatz 4, D-4400 Minister, F.R.G. 

Correlation of second order ZFS parameters and directions of their 

ir.agn.etic axes for M n 2 + in diamagnetic hosts with site distortions of the 

trlX ] polyhedra known from crystal structure data yielded consistent 

intrinsic 3FS parameters L^ lor a number of ligands and proved the second 

order 3FS to be - at least for the by far largest part - determined by 

the distortion of the first coordination sphere. A strong increase with 

covalency and a marked influence of coordination number Indicate 

contributions of opposing mechanisms. A method is presented which allows 

a very detailed comparison of the measured anisotropy with that 

calculated from the site distortions. The results were used for structure 

refinements of H X 2 layer compounds from b| for M n
2 + . Possible 

applications for solution of other structural problems are discussed. 

. „ EPR OF BINUCLEAR VANADYL(IV) COMPLEXES. R o b e r t E. T a p s c o t t , E i l e e n D u e s l e r , and 
R i c h a r d B. O r t e g a , D e p a r t m e n t of C h e m i s t r y , U n i v e r s i t y " o f New M e x i c o , A l b u q u e r q u e NM 
87131 

X-ray c r y s t a l l o g r a p h i c s t u d i e s c o n f i r m t h e s h o r t e n e d V-V d i s t a n c e i n t h e b i n u c l e a r 
complex [ ( V 0 ) z ( I + ) - d m t ) ( ( - ) - d m t ) ] 4 - ( "dmt" = d i m e t h y l t a r t r a t e ) p r e d i c t e d from e a r l i e r 
EPR s t u d i e s i n g l a s s e s a t 77K; h o w e v e r , t h e structure o f the s od ium s a l t o f [ ( V 0 ) 2 ( ( + ) -
m m t ) ( ( - ) - m m t ) ] 4 - ("mmt" = m o n o m e t h y l t a r t r a t e ) shows a V-V d i s t a n c e which i s c o n s i d e r a b l y 
l o n g e r t h a n t h a t found i n t h e s t u d i e s u s i n g g l a s s e s . O n t h e o t h e r h a n d , EPR s t u d i e s o n 
t h e s o l i d c r y s t a l l i n e m a t e r i a l s g i v e z e r o - f i e l d s p l i t t i n g v a l u e s wh ich c a n b e p r e d i c t e d 
a l m o s t e x a c t l y u s i n g a d i p o l a r model from t h e s t r u c t u r a l p a r a m e t e r s (|DexpI = 0 . 0 4 6 8 
c m " 1 , D c a l c = - 0 . 0 6 3 t o - 0 . 0 3 3 c m - 1 ( d e p e n d i n g o n assumed d i r e c t i o n o f q u a n t i z a t i o n ) f o r 
t h e dmt c o m p l e x ; | 0 e x p | = 0 . 0 2 8 c m " 1 , D c a i c = - 0 . 0 2 7 9 cm-1 f o r t h e mmt c o m p l e x ) . T h a t 
t h i s i s t r u e i n d i c a t e s t h a t t h e s t r u c t u r e o f t h e r a n t complex v a r i e s be tween t h e g l a s s a t 
77K a n d t h e c r y s t a l . A d d i t i o n a l ESR s t u d i e s h a v e been c a r r i e d o u t o n s e c o n d c r y s t a l 
forms o f b o t h t h e dmt a n d mmt c o m p l e x e s ( a s sodium s a l t s ) and on t h e t e t r a e t h y l a m m o n i u m 
s a l t o f t h e u n s u b s t i t u t e d t a r t r a t e c o m p l e x . The l a t t e r compound, whose s t r u c t u r e h a s 
been r e c e n t l y r e p o r t e d , h a s been found t o b e m a g n e t i c a l l y d i l u t e w i t h w e l l - r e s o l v e d 
h y p e r f i n e s t r u c t u r e i n d i c a t i v e o f a t r i p l e t s t a t e . 
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193 COMPUTER SIMULATIONS OF QUANTUM MIXED-SPIN AND HIGH-SPIN EPR SIGNALS OF FERRIC 
HEME. T. Lutton and M. M. Maltempo. Departments of Chemistry and Physics, 
University of Colorado at Denver, 1100 14th Street, Denver, Colorado 80202. 

A quantum mixed-spin state has been monitored in several ferric heme proteins, 
hemes, and related iron complexes. This unusual magnetic species corresponds 
to a quantum mechanical mixture of mid-spin S = 3/2 and high-spin S = 5/2 con­
figurations. The charge density of the iron 3d electrons is a hybridization 
of high-spin and mid-spin wave functions, and the spin expectation value is 
intermediate between 3/2 and 5/2. Measurements of electron paramagnetic reso­
nance over a wide temperature range are probably the most reliable way to make 
an unambiguous identification of the quantum mixed-spin state (4<gj_<6, g„ = 2 ) . 
Often some amount of the common high-spin (g_̂  = 6) EPR signal is present when 
a g~5 mixed-spin species Is observed. Accurate computer simulations are then 
required to quantitate a broad g=5 signal (150 - 400 G width, 77 K) superim­
posed on a sharp g=6 signal (75 G width, 77 K). We present computer simula­
tions of mixed-spin and high-spin EPR signals for various g-values, line widths, 
and weight factors. 

194 GENERALIZED EPR PARAMETER REFINEMENT FOR S = 5/2 IONS IN LOW SYMMETRY SITES. 
W.C. Tennant, Chemistry Division, Department of Scientific and Industrial Research 
Private Bag, Petone, New Zealand. 

In this paper we combine and extend the generalized matrix refinement technique 
of McGavin, e_t al_. (1) and the use of symmetry - related matrices, Weil, et al_. (2), 
to analyse spectra and to refine parameters of the spin-Hamiltonian for ions with 
2̂ S<3 in low-symmetry sites. It is shown: (i) fourth-degree crystal field parameters 
B 4

m (integers |m|<4) can be refined generally, along with possibly non-coaxial 
parameter matrices g, D, A, P, expressed in an arbitrary coordinate frame. 

(ii) the conclusions of Weil, et al.(2) regarding the use of symmetry-related matrices 
remain valid when fourth-degree crystal field terms are present; in particular the 
use of data from measurements (B) in fewer than three distinct planes is always 
sufficient except in the triclinic case. 

The procedures are illustrated for Fe^+ in sites of C2 symmetry in a-quartz, and 
for Fe 3 + in low symmetry (possibly 1) sites in tetragonal CaWÔ j. 

References (1) D,G. McGavin, R.A. Palmer, W.A. Singers and W.C. Tennant, J. Magn. Reson 
40, 69 (1980). 

(2) J.A. Weil, T. Buch and J.E. Clapp, Advances in Magn. Reson. 6_, 183 
(1973). 

1 9 5 HIGH SPIN Fe
3 + IN LOW SYMMETRY SITES: ANALYSIS OF POLYCRYSTALLINE EPR SPECTRA. 

W.C. Tennant, Chemistry Division, Department of Scientific and Industrial Research, 
Private Bag, Petone, New Zealand. 

Many minerals, complexes and proteins containing high-spin Fe + are obtainable 
only in polycrystalline form. Analysis of their EPR spectra is in terms of the spin-
Hamiltcnian „ = ^-...j + { D g2 _ J / 3 S ( s + J ) } + ^2 _ , 0 + zj*0™ 

and for powdered samples is relatively simple if 

(i) g6&B>>|D|>E, the weak field case, or (ii) |Dl>>gBeB,E=0, the strong tetragonal 

field case, eg. heme proteins, or (iii) D = ±3E and JD]>>gBeB, the complete rhombic 
distortion. In the intermediate situation when D=±3E but |D{=g6eB, significant magnetic 
field mixing of Kramers' doublets may occur and powder spectra are more complex. A 
simple method of simulating and analysing such spectra involving a combined matrix 
diagonalisation-effective "g-tensor" curve fitting procedure is described. The 
application to Fe 3 + in low symmetry sites, is illustrated by reference to Fe-$ in the 
mineral scheelite, to the model complex (NH )Co(EDTA) and to the human proteins 
lactoferrin and transferrin. 
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TRIPLET-STATE SPIN COHERENCE IN PHOTOEXCITED BENZTL CRYSTALS AT 77 K: OPTICALLY 
DETECTED TRANSIENT NUTATION AND ADIABATIC RAPID PASSAGE.* R. Gillies and A. M. 

Ponte Goncalves, Department of Chemistry, Temple University, Philadelphia, PA 19122. 

Spin coherence in triplet-state traps in neat benzil single crystals at zero mag­
netic field was observed at 77 K by optical detection of magnetic resonance (ODMR). 
Pulsed nitrogen laser excitation and time-resolved detection of the phosphorescence 
were made with 10 nanosecond resolution. Microwaves were generated by a frequency-
agile oscillator capable of sweep rates in excess of 25 MHz/ns and were amplified to 
over 1 kU by a pulsed broadband amplifier. Application of long microwave pulses at 
4349 MHz produced a rapidly damped oscillation in the phosphorescence intensity. No 
oscillation was observed when the microwave power was attenuated by 6b dB or more, or 
when the duration of microwave pulses at full power was shortened to 60 ns or less. The 
phosphorescence oscillation corresponds to the coherent population transfer between the 
Tz and Ty spin states, with a coherence time T2 K 100 ns. Adiabatic rapid passage (ARP) 
experiments were performed by sweeping through the whole resonance line shortly after 
each laser pulse. Sweeps 2 us long with 0.1 MHz/ns sweep rate achieved roughly complete 
population inversion. Much faster sweeps did not meet the adiabatic condition and left 
the spin populations incompletely inverted. A lower bound for the coherence time was 
obtained from ARP experiments: T2 » 400 ns. 

* Research supported by National Science Foundation Grant #CHE-8009219. 

197 MEASUREMENT OF ELECTRON AND NUCLEAR SPIN LATTICE RELAXATION TIMES BY 
MAGIC ANGLE SPIN LOCKING. J. M. McNally and R. W. Kreilick. Depart­

ment of Chemistry, University of Rochester, Rochester, New York 14627. 

We have measured the nuclear spin lattice relaxation times of matrix 
nuclei surrounding a series of different types of transition metal com­
plexes. The dominant mechanism for nuclear relaxation in these complexes 
is dipolar coupling to the unpaired electron spins of the transition metal 
and the experimental data can be analyzed to obtain information about the 
correlation time for electron spin relaxation. The experiments were con­
ducted with the nuclear spins locked at the magic angle to eliminate the 
first order contribution of nuclear spin diffusion to the nuclear spin-
lattice relaxation time. With this technique one is able to measure 
electron spin-lattice relaxation time in the range from about 1Q~ 5 seconds 
to 10~12 seconds. Electron spin lattice relaxation times were measured 
over a wide concentration range to determine the effect of electron spin-
spin interactions on the correlation time for relaxation. Both the 
inherent electron spin-lattice relaxation time and the correlation time 
for spin exchange are found to contribute to the observed correlation 
time. The exchange interaction is found to vary exponentially with the 
average metal-metal separation and to contribute to the observed correla­
tion time out to relatively large metal-metal separations (-40 A) . The 
technique has the promise of allowing one to directly measure metal-metal 
separations in metalloproteins containing more than one metal atom. 

198 

DIGITALLY CONTROLLED ENDOR SPECTROMETER. R. B. Clarkson. Varian Associates, 
611 Hansen Way, Palo Alto, CA 94303 
The control of ENDOR experiments by means of a small computer has many advantages 
over other controller options. In particular, the ENDOR experiment may gain substan­
tially in sensitivity and in resolution as a result of one or more of the following 
procedures: 

a) Rapid acquisition and signal averaging of the ENDOR spectrum 
b) Non-linear rf sweep rates to maximize resolution and spectro­

meter/signal contact time. 
c) Digital processing of acquired ENDOR data. 

We have developed a new control system, which, in conjunction with a Varian E-935 
EPR Data Acquisition System and E-1700 BB ENDOR Accessory, allows experiments (a) -
(c) above to be performed. Sensitivity enhancements as a function of experimental 
format will be discussed for a variety of ENDOR spectra of solids and radicals in 
solution. Resolution in the digital mode will be compared to earlier, analogue 
results. 
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199 ENDOR D e t e c t e d NMR (EDNMR) S t u d i e s in S i n g l e C r y s t a l s . Amjkam Reuvenj and A l v i n L. 
Kwiram. U n i v e r s i t y o f W a s h i n g t o n , S e a t t l e , W a s h i n g t o n 98195. 

The EDNMR method ts a s e n s i t i v e way to o b t a i n e n h a n c e d w i d e - l i n e NMR s p e c t r a in t h e 
s o l i d s t a t e . A p a r a m a g n e t i c c e n t e r i s i n t r o d u c e d i n t o t h e c r y s t a l (by i r r a d i a t i o n o r 
b y d o p i n g ) and i t s p o l a r i z a t i o n i s t r a n s m i t t e d t h r o u g h c r o s s - r e l a x a t i o n p a t h w a y s t o 
d i s t a n t n u c l e i , n o t i n t e r a c t i n g d i r e c t l y w i t h t h e e l e c t r o n s . T h e e f f e c t i v e c o u p l i n g 
o f t h e s p i n t e m p e r a t u r e o f t h e n u c l e a r pool t o t h a t o f t h e p a r a m a g n e t i c e l e c t r o n poo l 
can b e o b s e r v e d a s c h a n g e s i n t h e i n t e n s i t y o f t h e p a r t i a l l y s a t u r a t e d EPR l i n e upon 
i r r a d i a t i n g a t t h e n u c l e a r f r e q u e n c y . The d e t e c t i o n o f c h a n g e s i n EPR o f f e r s h i g h e r 
s e n s i t i v i t y and makes t h e s p e c t r a e a s y t o o b t a i n a t k.2K w h e r e v i b r a t i o n s and l i b r a t i o n s 
a r e r e d u c e d . As a d e m o n s t r a t i o n of t h e power of t h e EDNMR method in e l u c i d a t i n g m o l e c u ­
l a r s t r u c t u r e i n f o r m a t i o n w e p r e s e n t s t u d i e s o f e n h a n c e d EDNMR s p e c t r a o f s i n g l e c r y s t a l s 
o f N-D compounds . The a n a l y s i s o f t h e s p e c t r a and t h e c o r r e l a t i o n o f t h e d e u t e r i u m 
q u a d r u p o l e t e n s o r s w i t h N-D and 0 . . . D b o n d - l e n g t h s and D-N-D a n g l e s i s shown. E x t e n s i o n s 
o f t h e EDNMR method t o o t h e r n u c l e i , such a s 3 ' p an<j 13c a r e e x p l o r e d a s i s a p o s s i b l e 
a p p l i c a t i o n o f t h e method a t t e m p e r a t u r e s h i g h e r t h a n **.2K. 

200 Pulsed Microwave Characterization of Electron Spin Relaxation in Organic Solids. H. 
Thomann and L. R. Dalton. Department of chemistry. State University of Nev York, 

Stony Brook, NY 11794; M. Bovman and J. R. Norris, Chemistry Division, Argonne National 
Laboratory, Argonne, IL 60439; B. H. Robinson and A. L. Kwiram, Department of Chemistry, 
University of Washington, Seattle, WA 98195. 

Electron relaxation (spin-spin, spin-lattice, and spectral diffusion) times have 
been measured by pulsed microwave techniques for a variety of organic materials including 
three classes of organic conductors. A new hybrid spin-echo, saturation-recovery pulse 
spectrometer employing an ECL logic pulse programmer, fast microwave phase modulation, 
and a bimodal TE^^xTM induction cavity to realize nanosecond response and high dynamic 
range sensitivity is utilized to discriminate between static and dynamic interactions and 
to resolve the effects of multiple relaxation processes and mechanisms. Numerical theo­
retical techniques have been developed to analyze the results of sophisticated pulse 
sequences applied to these systems; such analysis is required not only by the spectro­
scopic complexity of the systems studied but also by the fact that multiple dynamic proc­
esses are studied over a wide dynamic range, e.g., from the rigid lattice to the fast 
motion limits. Major new insights into the relaxation of organic radicals have been 
realized. Considering as an example the organic conductor polyacetylene, four distinct 
dynamic processes contributing to spin-spin relaxation and two processes contributing 
to spin-lattice relaxation have been characterized. The magnetic interactions modulated 
by the dynamic processes and the activation energies associated with the dynamic proc­
esses have been measured. This information in turn permits complete characterization of 
electron mobility in this conductor. Similar results are realized for phenylthiazoles. 

201 
APPLICATION OF COMBINED FOURIER TRANSFORM AND TIME DOMAIN 

SIMULATION OF ELECTRON SPIN ECHO MODULATION DATA TO ION SOLVATION 
GEOMETRY. P. A. Narayana and L a r r y Keyan. D e p a r t m e n t of C h e m i s t r y , 
U n i v e r s i t y o f H o u s t o n , H o u s t o n , Texas 77004 . 

The s o l v a t i o n s t r u c t u r e o f 0 2 " i n d e u t e r a t e d d i m e t h y l s u l f o x i d e (DMSO) 
h a s been i n v e s t i g a t e d b y a n a l y s i n g t h e e l e c t r o n s p i n e c h o m o d u l a t i o n a t 
4 .2K, The a n a l y s i s has been c a r r i e d o u t b y F o u r i e r t r a n s f o r m i n g t h e t h r e e 
p u l s e e c h o m o d u l a t i o n and b y s i m u l a t i n g t h e two p u l s e e c h o m o d u l a t i o n . 
The a n a l y s i s i n d i c a t e s t h a t e a c h 03" i n t e r a c t s w i t h two d i f f e r e n t g r o u p s 
o f d e u t e r i u m n u c l e i , e ach g roup c o n t a i n i n g s i x n u c l e i . I t i s found b y 
s i m u l a t i n g t h e m o d u l a t i o n t h a t one g r o u p i s l o c a t e d a t a d i s t a n c e o f 0.25nm 
from 03" w i t h an i s o t r o p i c c o u p l i n g o f 0.5 mHz w h i l e t h e s econd g r o u p i s 
l o c a t e d a t a d i s t a n c e o f 0.35nm w i t h a n e g l i g i b l e i s o t r o p i c c o u p l i n g . 
These r e s u l t s s u g g e s t a s t r u c t u r e w i t h each 03" s o l v a t e d by two DMSO 
m o l e c u l e s a r r a n g e d a s y m m e t r i c a l l y a b o u t t h e 0 2 ~ . The two d i f f e r e n t d i s ­
t a n c e s a p p e a r t o r e f l e c t t h e s o l v a t i n g m o l e c u l e o r i e n t a t i o r u w i t h r e s p e c t 
t o t h e 02~ bond . 
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202 CURRENT TRENDS AND NEW DIRECTIONS IN ATOMIC SPECTROSCOPY. S. M. H i e f t j e , I n d i a n a 
U n i v e r s i t y , D e p a r t m e n t o f C h e m i s t r y , B l o o m i n g t o n , I n d i a n a . 

Use o f l i n e a r r e s p o n s e t h e o r y h a s h e r a l d e d a whole new c l a s s o f s p e c t r o s c o p i c 
o b s e r v a t i o n s . From l i n e a r r e s p o n s e t h e o r y , i t i s p o s s i b l e t o p r o b e t i m e - d e p e n d e n t 
c h e m i c a l r e a c t i o n s and e x c i t e d s t a t e s u s i n g s i m p l e , f l u c t u a t i n g l i g h t s o u r c e s . I n t u r n , 
t e m p o r a l i n f o r m a t i o n c a n b e e x t r a c t e d f o l l o w i n g t h e s e p e r t u r b a t i o n s t h r o u g h u s e o f 
c o r r e l a t i o n m e t h o d s . A p p l i e d t o a t o m i c s p e c t r o s c o p y , t h i s l i n e a r r e s p o n s e a p p r o a c h 
e n a b l e s t h e d e t e r m i n a t i o n o f a t o m i c e x c f t e d - s t a t e J f f e t f m e s u s i n g e i t h e r s i m p l e l i g h t 
s o u r c e s o r complex l a s e r d e v i c e s . I n t u r n , a t o m i c l i f e t i m e s can b e used i n e i t h e r a 
fundamenta l way t o d e t e r m i n e such t h i n g s a q u e n c h i n g c r o s s s e c t i o n s o f s p e c i e s i n f l a m e s 
and p l a smas o r i n p r a c t i c a l s t u d i e s t o e l i m i n a t e t h e e f f e c t s o f quantum e f f i c i e n c y 
v a r i a t i o n s i n a t o m i c f l u o r e s c e n c e o r t o overcome t h e e f f e c t s o f s c a t t e r i n g i n p r a c t i c a l 
AFS d e t e r m i n a t i o n s . I n t h i s p r e s e n t a t i o n , t h e b a s i c c o n c e p t s b e h i n d l i n e a r r e s p o n s e 
t h e o r y w i l l b e d i s c u s s e d i n s i m p l e t e r m s and i n s t r u m e n t a t i o n n e c e s s a r y f o r 
i m p l e m e n t a t i o n o f t h e methods w i l l a e e x a m i n e d . F i n a l l y , a r a n g e o f a p p l i c a t i o n s o f 
l i n e a r r e s p o n s e t h e o r y t o b o t h a t o m i c and m o l e c u l a r s p e c t r o s c o p y w i l l b e r e v i e w e d . 

7 0 , USING AN INTEGRATED, MICROCOMPUTER-CONTROLLED, ADJUSTABLE-WAVEFORM SPARK SOURCE FOR 
SPECTROCHEMICAL ANALYSIS WITH SYNCHRONOUSLY-GATED DETECTION. S t e v e n G. B a r n h a r t and 

John P . W a l t e r s , D e p a r t m e n t of C h e m i s t r y , U n i v e r s i t y of W i s c o n s i n - M a d i s o n , M a d i s o n , WI 
53706. 

E l e c t r i c a l s c h e m a t i c s , c o n s t r u c t i o n d e t a i l s , and p e r f o r m a n c e e x a m p l e s f o r a n 
e l e c t r o n i c , a d j u s t a b l e - w a v e f o r m s p a r k s o u r c e w i l l b e p r e s e n t e d . The s o u r c e o p e r a t e s a t 
h igh v o l t a g e , u n d e r m i c r o c o m p u t e r c o n t r o l , i s s e r i e s s w i t c h e d w i t h a hydrogen t h y r a t r o n , 
p r o d u c e s l o n g - d u r a t i o n , p u l s a t i n g u n i d i r e c t i o n a l current waveforms, yet d o e s n o t r e q u i r e 
h i g h - v o l t a g e d i o d e s i n p a r a l l e l w i t h t h e s p a r k g a p o r t h y r a t r o n f o r c u r r e n t w a v e s h a p i n g . 
P r e l i m i n a r y work on s y n c h r o n o u s t i m e - g a t e d d e t e c t i o n m e t h o d s a s a new form of s i g n a l 
a v e r a g i n g w i l l b e r e p o r t e d . C i r c u i t r y and m e c h a n i c a l c o n s t r u c t i o n o f t h e s o u r c e a s we l l 
a s t h e g e n e r a t i o n o f a t i m e - g a t e s i g n a l w h i c h i s s y n c h r o n i z e d t o t h e c u r r e n t waveform 
w i l l b e i l l u s t r a t e d . 

204 OBSERVATIONS ON THE INTERFACING OF THE ICP TO CHROMATOGRAPHS FOR ELEMENT SPECIFIC 
DETECTION. D e n n i s A . Y a t e s , Dave F r a l e y , S t a n l e y Manahan , D e n n i s D u e b e l b i s e , 

Shubender K a p i l a , and C . R . V o g t , E n v i r o n m e n t a l T r a c e and S u b s t a n c e s R e s e a r c h C e n t e r and 
Depar tment o f C h e m i s t r y , U n i v e r s i t y o f M i s s o u r i , C o l u m b i a , M i s s o u r i 6 5 2 0 1 . 

I n o u r l a b o r a t o r y w e h a v e b e e n u t i l i z i n g t h e ICP a s a n e l e m e n t s p e c i f i c d e t e c t o r 
f o r gas and l i q u i d c h r o m a t o g r a p h y . The i n i t i a l g o a l s o f o u r work were t o d e v e l o p 
a p p r o p r i a t e i n t e r f a c i n g h a r d w a r e , e v a l u a t e i n s t r u m e n t p e r f o r m a n c e and d e t e r m i n e 
i n s t r u m e n t a l l i m i t a t i o n s f o r s e v e r a l t y p e s o f c h r o m a t o g r a p h y . 

I t i s a p p a r e n t t h r o u g h o u work ( 1 ) a s w e l l a s t h e work o f o t h e r s ( 2 , 3 ) , t h a t t h e 
ICP i s a s u i t a b l e e l e m e n t s p e c i f i c d e t e c t o r . I t i s a l s o a p p a r e n t t h a t t h e c o n v e n t i o n a l 
app roach t o s a m p l e n e b u l i z a t i o n and d a t a a c q u i s i t i o n i s no t n e c e s s a r i l y a p p r o p r i a t e t o 
c h r o m a t o g r a p h y . I n t h i s p a p e r , t h e ICP a s a d e t e c t o r ( b o t h s i n g l e and m u l t i e l e m e n t ) f o r 
c h r o m a t o g r a p h i c e f f l u e n t s w i l l b e d i s c u s s e d . The i n t e r f a c e h a r d w a r e and d a t a 
a c q u i s i t i o n a p p r o a c h w i l l b e d e s c r i b e d f o r HPLC ( a q u e o u s and o r g a n i c s o l v e n t s ) and 
c a p i l l a r y column gas c h r o m a t o g r a p h i c e f f l u e n t s . 

1 . D.M. F r a l e y , D.A. Y a t e s , S . E . Manahan, A n a l y . C h a n . , 5 1 ( 1 3 ) , (1970) 2 2 2 5 . 
2 . D .L . W i n d s o r , M.B. D e n t o n , A n a l . Chem. , 5 1 ( 8 ) , 1979 1 1 1 6 . 
3 . I . S . K r u l l , D . B u s h e e , D . Young, S . B . S m i t h , J r . , P i t t s b u r g h C o n f e r e n c e o n 

A n a l y t i c a l C h e m i s t r y and A p p l i e d S p e c t r o s c o p y , A t l a n t i c C i t y , NO, March 9 - 1 3 , 1 9 8 1 , 
p a p e r # 5 8 0 . 
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205 ACCURATE ANALYSIS OF HIGH SOLIDS CONTAINING SOLUTIONS BY ICAP-OES. A. F. Ward, 
R . K . Brown, L . C a r r a r a , S . S o l o s i m o , V . L u c i a n o , L . M a r c i e l l o , J a r r e l l - A s h D i v i s i o n 

F i s h e r S c i e n t i f i c Company, 590 L i n c o l n S t r e e t , Wal tham, M a s s a c h u s e t t s , 0 2 2 5 4 . 

One s a m p l e t y p e t h a t h a s o f t e n p r e s e n t e d d i f f i c u l t i e s i n a t o m i c s p e c t r o s c o p y i s t h e 
s o l u t i o n t h a t c o n t a i n s a h i g h s o l i d c o n t e n t . The m a j o r p r o b l e m s incumed a r e c l o g g i n g o f 
t h e n e b u l i z e r and t h e v a r i a t i o n o f s a m p l e u p t a k e a s t h e s o l i d s c o n t e n t and v i s c o s i t y o f 
t h e s o l u t i o n c h a n g e s . 

S e v e r a l c o m m e r c i a l l y a v a i l a b l e n e b u l i z e r s w e r e i n v e s t i g a t e d w i t h r e g a r d s t o 
s t a b i l i t y , d e t e c t i o n l i m i t and t o l e r e n c e t o h i g h s o l i d c o n t a i n i n g s o l u t i o n s . T h i s s t u d y 
showed t h a t n e b u l i z e r s u t i l i l i z i n g t h e p n e u m a t i c p r i n c i p l e s w e r e u n s u i t a b l e f o r l o n g 
t e r m a n a l y s i s when s o l i d s c o n t e n t s r o s e above 1 % w/v b u t t h a t a n e b u l i z e r b a s e d upon t h e 
B a b i n g t o n o r V e e - g r o o v e c o n c e p t s s u c c e s s f u l l y a s p i r a t e d s o l i d c o n t e n t s a p p r o a c h i n g t h e 
s o l u b i l i t y l i m i t o f t h e m a t r i x . 

The a p p l i c a t i o n o f t h e h i g h s o l i d s n e b u l i z e r t o t h e t r a c e e l e m e n t a l d e t e r m i n a t i o n 
o f l i n e s , p l a t i n g s o l u t i o n s , p h o t o g r a p h i c s o l u t i o n s and o t h e r d i f f i c u l t s a m p l e s w i l l b e 
d i s c u s s e d . 

206 C H A R A C T E R I Z A T I O N OF E F F E C T S FROM L A R G E DISSOLVED-SOLID C O N C E N ­
TRATIONS ON T R A C E - E L E M E N T DETERMINATIONS BY INDUCTIVELY C O U P L E D 
PLASMA S P E C T R O M E T R Y . 3 . R . G a r b a r i n o , G . K i m b e r , and H. E . Tay lo r , U . S . G e o l o g i ­
cal Survey , 5293 Ward R o a d , A r v a d a , CO 80002 

D e t e r m i n a t i o n o f t r a c e e l e m e n t s i n sa l ine so lu t i ons , d i g e s t e d n a t u r a l w h o l e - w a t e r 
s a m p l e s , o r d i g e s t e d b o t t o m m a t e r i a l s r equ i r e s a m e t h o d t h a t i s u n a f f e c t e d by r e l a t i v e l y 
l a r g e c o n c e n t r a t i o n s o f d isso lved so l ids . To u s e i n d u c t i v e l y coup l ed p l a s m a s p e c t r o m e t r y 
for ana lys i s of t h e s e t y p e s of s a m p l e s , a s tudy c h a r a c t e r i z i n g t h e e f f e c t s of vary ing 
c o n c e n t r a t i o n s of d issolved sol ids has b e e n c o n d u c t e d , in which t h e e f f e c t s r e su l t i ng f rom 
major c a t i o n i c and an ion ic s p e c i e s c o m m o n l y o c c u r r i n g i n t h e s e s a m p l e s h a v e b e e n 
i d e n t i f i e d and c h a r a c t e r i z e d . 

L ine -p ro f i l e scans o f a n a l y t i c a l w a v e l e n g t h reg ions i n d i c a t e t w o major s p e c t r a l 
e f f e c t s r e su l t i ng f rom t h e d isso lved s p e c i e s : (1) Most e l e m e n t a l w a v e l e n g t h s a r e a f f e c t e d 
only by s p e c t r a l backg round shif ts t h a t a r e shown to be a l i nea r func t ion of d isso lved 
sol ids c o n c e n t r a t i o n , and (2) s o m e a n a l y t i c a l w a v e l e n g t h s i ncu r s p e c t r a l o v e r l a p f rom 
n e a r b y l ine b r o a d e n i n g . D a t a p r e s e n t e d show t h a t a c c u r a t e q u a n t i t a t i v e a n a l y t i c a l r e su l t s 
a r e o b t a i n e d for s a m p l e s con t a in ing r e l a t i v e l y l a r g e c o n c e n t r a t i o n s o f d issolved sol ids 
when a s imp le backg round c o r r e c t i o n p r o c e d u r e is used . Eva lua t i on of t h e a c c u r a c y and 
p rec i s ion of t h i s p r o c e d u r e is b a s e d on r e s u l t s o b t a i n e d for s a m p l e s w i t h a wide r a n g e of 
d isso lved-sol id c o n c e n t r a t i o n s . 

207 A MODULAR APPROACH TO INDUCTIVELY COUPLED PLASMA ANALYSIS. J. K a t z e n b e r g e r . 
R . R a n d a z z o , S . Berman, I n s t r u m e n t s SA, I n c . , 173 E s s e x A v e n u e , M e t u c h e n , NJ 0 8 8 4 0 . 

I n ICP S p e c t r o s c o p y , e a c h p o t e n t i a l u s e r may f i t i n t o t h e two g e n e r a l c a t e g o r i e s o f 
ICP a n a l y s i s ; t h a t i s , s i m u l t a n e o u s and s e q u e n t i a l a n l a y s i s . Many a n a l y s t s may, i n 
f a c t , n o t have a n a l y s i s r e q u i r e m e n t s which p l a c e them c o m p l e t e l y i n e i t h e r o f t h e s e 
c a t e g o r i e s . 

T h i s t y p e o f u s e r n e e d s more f l e x i b i l i t y i n b u i l d i n g h i s s y s t e m s o t h a t h i s s y s t e m 
can grow w i t h h i s n e e d s . Such a s y s t e m would c o n s i s t o f s e v e r a l m o d u l e s , some o f which 
a r e common to b o t h a s i m u l t a n e o u s and s e q u e n t i a l s y s t e m and o t h e r s which may be u n i q u e 
t o one o r t h e o t h e r . 

A s y s t e m w i l l b e d e s c r i b e d which o f f e r s s e v e r a l c o n f i g u r a t i o n p o s s i b i l i t i e s 
u t i l i z i n g i n d e p e n d e n t m o d u l e s . B y c h o o s i n g o n l y t h e modu les which a r e most a p p r o p r i a t e 
f o r h i s n e e d s , t h e a n a l y s t c a n s t a r t w i t h t h e minimum s y s t e m r e q u i r e d , w i t h o u t 
s a c r i f i c i n g f u t u r e e x p a n d i b i l i t y o f h i s s y s t e m . 
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208 OPTIMIZATION STUDIES OF A SPUTTERING ATOMIZATION — METASTABLE TRANSFER EMISSION 
SOURCE. S t e v e n D. Hornung and Thomas M. N iemczyk , D e p a r t m e n t of C h e m i s t r y , 
U n i v e r s i t y of New M e x i c o , A l b u q u e r q u e , NM 87131 

M e t a s t a b l e t r a n s f e r e m i s s i o n s p e c t r o s c o p y (MTES) has been shown t o b e v e r y s e n s i t i v e f o r 
t h e d e t e r m i n a t i o n o f t r a c e l e v e l s o f s e v e r a l e l e m e n t s . I n t h i s t e c h n i q u e a n a t o m i c + 

vapor i s mixed w i t h a c t i v e n i t r o g e n and i s e x c i t e d b y e n e r g y t r a n s f e r from t h e NZ(A I u) 
e l e c t r o n i c s t a t e p r o v i d i n g r e l a t i v e l y e f f i c i e n t , n o n t h e r m a l e x c i t a t i o n . The a c t i v e 
n i t r o g e n i s p r o d u c e d i n a low p r e s s u r e mic rowave d i s c h a r g e away from t h e o b s e r v a t i o n 
zone o f t h e c e l l . B e c a u s e o f t h e low p r e s s u r e a t w h i c h t h e a c t i v e n i t r o g e n i s p r o d u c e d 
a s p u t t e r i n g a t o m i z e r c a n b e employed t o p r o d u c e t h e a n a l y t e v a p o r . S p u t t e r i n g a t o m ­
i z e r s o f v a r i o u s t y p e s a n d modes o f o p e r a t i o n w i l l b e d i s c u s s e d . T h i s p r o v i d e s t h e 
a b i l i t y t o a t o m i z e t r a c e amoun t s o f m e t a l s i n c o n d u c t i v e s o l i d s a s we l l a s s o l u t i o n s 
d r i e d o n t o a c o n d u c t i n g s u p p o r t . Knowledge o f t h e c o n c e n t r a t i o n o f t h e v a r i o u s s t a t e s 
o f m o l e c u l a r and a t o m i c n i t r o g e n p r o d u c e d i n t h e m i c r o w a v e d i s c h a r g e a s a f u n c t i o n o f 
p r e s s u r e and o t h e r e x p e r i m e n t a l c o n d i t i o n s c a n a i d i n i m p r o v i n g t h e t e c h n i q u e . F o r 
t h i s s t u d y t h e r e l a t i v e c o n c e n t r a t i o n s o f some s p e c i e s o f i n t e r e s t was d e t e r m i n e d b y 
s p e c t r o s c o p i c t e c h n i q u e s . O p t i m i z a t i o n o f a s p u t t e r i n g a t o m i z a t i o n — MTES e m i s s i o n 
s o u r c e based o n t h e s e s t u d i e s w i l l b e d i s c u s s e d . 

209 RAPID DISSOLUTION TECHNIQUE FOR MULTIELEMENT ANALYSIS OF CROP SAMPLES BY ICP-A-S . 
Roy VI. Kuennen and J . A. C a r u s o , U n i v e r s i t y o f C i n c i n n a t i , C i n c i n n a t i , Ohio 45221 

Karen A. Wolnik and Fred L . F r i c k e , Food and Drug A d m i n i s t r a t i o n , C i n c i n n a t i , Ohio 45202 

A method i s d e s c r i b e d w h i c h u t i l i z e s a pressure d i s s o l u t i o n t e c h n i q u e t h a t a l l o w s 
m u l t i e l e m e n t a n a l y s i s o f raw a g r i c u l t u r a l c r o p s b y I n d u c t i v e l y Coupled Argon P lasma -
Atomic Emiss ion S p e c t r o m e t r y w h i l e m i n i m i z i n g s a m p l e p r e t r e a t m e n t . The p r o c e d u r e e m p l o y s 
a 30 min . p r e s s u r e d i s s o l u t i o n of s a m p l e c o m p o s i t e w i t h 6M HC1 at 80°C in 60 mL N a l g e n e 
b o t t l e s . A n o n - a d j u s t a b l e c r o s s - f l o w p n e u m a t i c n e b u l i z e r u t i l i z i n g h i g h p r e s s u r e a r g o n 
flow t h r o u g h a s a p p h i r e o r i f i c e e n a b l e s d i r e c t a t o m i z a t i o n o f complex o r g a n i c m a t r i c e s . 
The p r o c e d u r e c o m p a r e s f a v o r a b l y t o more t i m e - c o n s u m i n g c o n v e n t i o n a l d r y o r we t a s h i n g 
methods f o r t h e d e t e r m i n a t i o n o f m a j o r , m i n o r and t r a c e e l e m e n t s o c c u r r i n g i n l e t t u c e , 
p o t a t o e s , s o y b e a n s , s p i n a c h , s w e e t c o r n and w h e a t . R e c o v e r i e s f o r s p i k e d s a m p l e s , p r e ­
c i s i o n s t u d i e s and a n a l y s e s o f NBS r e f e r e n c e m a t e r i a l s d e m o n s t r a t e t h e r e l i a b i l i t y and 
a c c u r a c y o f t h e p r o c e d u r e . A d v a n t a g e s and l i m i t a t i o n s o f t h i s t e c h n i q u e r e l a t i v e t o 
c o n v e n t i o n a l d r y o r v e t a s h i n g me thods a r e d i s c u s s e d . 

210 ANALYSIS BY INDUCTION COUPLED PLASMA SPECTROMETRY USING PHOSPHORIC ACID AS SOLVENT BY 
Dr. La r ry M o r g e n t h a l e r . A p p l i e d R e s e a r c h L a b o r a t o r i e s , 9545 Wentworth S t r e e t , S u n -

l a n d , C a l i f o r n i a S\0^0. 

For a n a l y s i s by I n d u c t i o n Coupled Plasma ( I C P ) , s a m p l e s mus t be i n s o l u t i o n . I n 
most d i s s o l u t i o n p r o c e d u r e s p r i o r t o a n a l y s i s , p h o s p h o r i c a c i d i s a v o i d e d a s a n a n a l y t i ­
cal r e a g e n t b e c a u s e I t forms s t r o n g complexes w i t h many e l e m e n t s and a c t s a s a n i n t e r f e r -
e n t i n t h e a n a l y s i s . The e x t r e m e t e m p e r a t u r e s r e a c h e d i n t h e ICP c a u s e c o m p l e t e d i s s o ­
c i a t i o n o f t h e p h o s p h a t e and t h u s p r e v e n t i t f rom i n t e r f e r i n g w i t h t h e e m i s s i o n o f t h e 
o t h e r e l e m e n t s i n t h e s a m p l e . P h o s p h o r i c a c i d and p h o s p h o r i c - n i t r i c a c i d m i x t u r e s a r e 
e x c e l l e n t s o l v e n t s f o r many sample t y p e s . They have been u s e d t o s o l u b i l i z e s a m p l e s 
r a n g i n g from p l a n t t i s s u e t o i r o n o r e s t o t u n g s t e n c a r b i d e . W hi l e t h e d i s s o l u t i o n p r o ­
c e d u r e s work e a s i l y and w e l l , t h e c h e m i s t r y i n v o l v e d i s somewhat o b s c u r e . T h i s i s e s ­
p e c i a l l y t r u e f o r t h o s e r e a c t i o n s i n v o l v i n g n i t r i c a c i d d i s s o l v e d i n p h o s p h o r i c a c i d a s 
a s o l v e n t . The t h e o r y and o p e r a t i o n o f t h e ICP s p e c t r o m e t e r w i l l b e d i s c u s s e d a s w e l l 
a s t h e p r o p e r t i e s o f p h o s p h o r i c a c i d a s a s o l v e n t f o r complex s a m p l e s . T h i s l o n g n e ­
g l e c t e d r e a g e n t c a n now b e used t o p r e p a r e d i f f i c u l t s a m p l e s f o r a n a l y s i s b y ICP. 

87

et al.: 23rd RMC Abstracts and Meeting Program

Published by Digital Commons @ DU, 1981



211 AUTOMATED SIMULTANEOUS MULTIELEMENT DETERMINATION OF THE HYDRIDE FORMING ELEMENTS 
AND MERCURY BY CONTINUOUS HYDRIDE EVALUATION / ICP - OES BY J. E. G o u l t e r and D. M. 

P a i n c h a u d . A p p l i e d R e s e a r c h L a b o r a t o r i e s , 95^*5 Wentworth S t r e e t , S u n l a n d , C a l i f o r n i a 
9101*0. 

The t e c h n i q u e o f i n d u c t i v e l y c o u p l e d p l a sma - o p t i c a l e m i s s i o n s p e c t r o s c o p y ( I C P -
OES) , u s i n g p n e u m a t i c n e b u l i s a t i o n a s a means o f s a m p l e p r e s e n t a t i o n , g e n e r a l l y y i e l d s 
a d e q u a t e s e n s i t i v i t y f o r t h e a n a l y s i s o f mos t e l e m e n t s o f t h e t r a c e l e v e l . I n common 
w i t h f lame a t o m i c a b s o r p t i o n (FAA) h o w e v e r , t h e d e t e c t i o n l i m i t s o b t a i n a b l e f o r t h e 
g r o u p IVA - VIA e l e m e n t s ( a r s e n i c , a n t i m o n y , b i s m u t h , ge rman ium, l e a d , s e l e n i u m , t e l l u r ­
ium, t i n ) and mercu ry a r e n o t s u f f i c i e n t l y low f o r t h e d i r e c t d e t e r m i n a t i o n o f t h e s e e l e ­
men t s a t t h e u l t r a t r a c e l e v e l , p a r t i c u l a r l y i n e n v i r o n m e n t a l s a m p l e s . I n AAS e i t h e r 
g r a p h i t e f u r n a c e o r h y d r i d e g e n e r a t i o n t e c h n i q u e s a r e employed i n o r d e r t o e n h a n c e s e n ­
s i t i v i t y fo r t h e s e e l e m e n t s . T h i s p a p e r d e s c r i b e s t h e d e v e l o p m e n t and c h a r a c t e r i s a t i o n 
o f a n a u t o m a t a b l e c o n t i n u o u s h y d r i d e g e n e r a t i o n s y s t e m c o m p a t i b l e w i t h b o t h s i m u l t a n e o u s 
and s e q u e n t i a l s c a n n i n g ICP s y s t e m s . O v e r a l l sub p a r t p e r b i l l i o n d e t e c t i o n l i m i t s 
c o u l d b e e s t a b l i s h e d f o r t h e h y d r i d e f o r m i n g g r o u p o f e l e m e n t s u n d e r compromise c o n d i ­
t i o n s and c a l i b r a t i o n c u r v e s e x h i b i t e d l i n e a r r a n g e s o f >10^ . R e l a t i v e s t a n d a r d d e v i a ­
t i o n o f 1 - 2 % were g e n e r a l l y o b t a i n a b l e f o r a n a l y t e c o n c e n t r a t i o n s g r e a t e r t h a n t h e 
b a c k g r o u n d e q u i v a l e n t c o n c e n t r a t i o n s and p r e f l u s h and i n t e g r a t i o n t i m e s s i m i l a r t o t h o s e 
employed f o r d i r e c t s o l u t i o n n e b u l i s a t i o n c o u l d be u s e d (20 s and 10 s r e s p e c t i v e l y ) . 

212 METHODS DEVELOPMENT FOR ICP SPECTROSCOPY, H. L. Kahn, J. J. Sotera, and A, L. 
Rattonetti. Instrumentation Laboratory Inc., Jonspin Road, Wilmington, 

Massachusetts 0 1 8 8 7 . 

It has proved possible to devise an orderly and reasonably routine procedure to 
develop analytical methods for a rapid-scanning sequential ICP spectrometer. For each 
element, the wavelength and plume observation height can be chosen independently. The 
plasma power level, in seven steps, is selected on the basis of the sample to be analyzed 
often lower power produces better detection limits, while higher power gives a greater 
freedom from interferences. Background correction can also be selected independently for 
each element. The use of an instrument with a double raonochromator, which essentially 
eliminates the effects of stray light, often times eliminates the need for background 
correction. Computer-controlled graphics are used to simplify selection of the emission 
line for each element, measure optimal plume observation height, and determine the 
conditions for background correction. The result is a program for the determination of 
several elements in rapid sequence, where background correction and observation height 
are optimized automatically for each element. The program is then stored on a cassette 
and can be rapidly re-entered every time the analysis is required. 

213 SAMARIUM METAL ANALYSIS BY DC PLASMA SPECTROMETRY. G. W. J o h n s o n and T. E. 
S i s n e r o s , M o l y c o r p , I n c . , Box 6 0 7 , L o u v i e r s , C o l o r a d o 8 0 1 3 1 . 

A p r i n c i p a l u s e o f samar ium m e t a l i s a s a n a l l o y w i t h c o b a l t i n t h e p r o d u c t i o n o f 
p e r m a n e n t m a g n e t s . Compared w i t h o t h e r pe rmanen t m a g n e t s o f e q u a l m a g n e t i c f i e l d and 
s t o r e d m a g n e t i c e n e r g y , t h e s a m a r i u m - c o b a l t m a g n e t s a r e f a r l i g h t e r and s m a l l e r . The 
m e t a l i s p r o d u c e d b y h i g h t e m p e r a t u r e r e d u c t i o n o f SnijOj i n a n i n e r t a t m o s p h e r e u n d e r 
r e d u c e d p r e s s u r e . L i k e l y i m p u r i t i e s i n t h e samar ium m e t a l i n t h i s p r o c e s s were i d e n ­
t i f i e d a s La , Ce, P r , Nd, Eu, and Gd ( p r o b a b l y p r e s e n t a t l e v e l s > 0 . 0 1 % in t h e SnijCl,) 
and Yb ( s u b l i m a t i o n t e m p e r a t u r e l e s s t h a n t h a t o f Sm) . As a means o f p r o d u c t q u a l i t y 
a s s u r a n c e , a n a n a l y s i s method b a s e d o n u s e o f a d i r e c t c u r r e n t p l a s m a - e c h e l l e s p e c t r o m ­
e t e r a t o m i c e m i s s i o n t e c h n i q u e was d e v e l o p e d f o r t h e d e t e r m i n a t i o n o f t h e s e e l e m e n t s i n 
S m m e t a l . P r o c e d u r e s u s e d t o s e l e c t a n a l y s i s l i n e s , t o c o m p e n s a t e a n a l y t i c a l m e a s u r e ­
m e n t s f o r b a c k g r o u n d e m i s s i o n due t o e l e v a t e d S m c o n t e n t o f t h e s a m p l e s , and t o a s c e r ­
t a i n and i n s u r e a c c u r a c y o f t h e a n a l y s i s w i l l b e d i s c u s s e d . A s a n example o f a n a l y s i s 
r e s u l t s t h e ( d e t e r m i n e d c o n c e n t r a t i o n , d e t e c t i o n l i m i t ) p a i r a r e l i s t e d f o l l o w i n g each 
i m p u r i t y f o r one Sm m e t a l s a m p l e ( a l l c o n c e n t r a t i o n s i n % w / w ) : L a ( 0 . 0 5 7 , 0 . 0 0 3 8 ) ; 
C e ( 0 . 1 2 , 0 . 0 0 6 ) ; P H 0 . 0 4 4 , 0 . 0 0 7 7 ) ; N d ( 0 . 3 2 , 0 . 0 0 4 1 ) ; E u ( 0 . 0 3 6 , 0 . 0 0 0 6 1 ) ; 
G d ( < 0 . 0 0 5 , 0 . 0 0 4 2 ) ; and Y M 0 . 0 0 3 6 , 0 . 0 0 0 1 6 ) . 
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214 THE DETERMINATION OF THE RARE EARTH ELEMENTS IN GEOLOGICAL MATERIAL BY ICP-OES. 
J . G. Crock and F . E . L i c h t e , U . S . G e o l o g i c a l S u r v e y , Box 2 5 0 4 6 , MS 9 2 8 , Denve r 

F e d e r a l C e n t e r , D e n v e r , C o l o r a d o 30225 

T h e r e i s a n i n c r e a s i n g demand f o r t h e a n a l y s i s o f g e o l o g i c a l m a t e r i a l s f o r t h e r a r e 
e a r t h e l e m e n t s (REE) , b o t h i n d i v i d u a l l y and t o g e t h e r a s a s e l e c t , u n i f i e d g r o u p . 

I n d u c t i v e l y c o u p l e d a r g o n p lasma o p t i c a l e m i s s i o n s p e c t r o s c o p y (ICAP-OES) i s a 
p r o v e n , s i m u l t a n e o u s , m u l t i e l e m e n t a n a l y t i c a l t e c h n i q u e f o r t h e d e t e r m i n a t i o n o f t r a c e 
e l e m e n t s i n g e o l o g i c a l m a t e r i a l s . A new method f o r t h e d e t e r m i n a t i o n o f t r a c e l e v e l REE 
in g e o l o g i c a l m a t e r i a l s u s i n g a 6 3 - c h a n n e l ICAP p o l y c h r o m e t e r i s d e s c r i b e d . The method 
i n v o l v e s t h e d i s s o l u t i o n o f t h e sample by a m u l t i a c i d d i g e s t i o n o r a LiBO? f u s i o n and 
t h e n s u b s e q u e n t s e p a r a t i o n and p r e c o n c e n t r a t i o n o f t h e REE as a g r o u p u s i n g i o n 
e x c h a n g e p r o c e d u r e s . Background c o r r e c t i o n i s a c c o m p l i s h e d u s i n g b l a n k s u b t r a c t i o n , 
off-peaVc measu remen t and i n t e r e l e m e n t c o r r e c t i o n s . The o t h e r ICAP p a r a m e t e r s such a s 
power and v i e w i n g h e i g h t , a r e o p t i m i z e d f o r t h e REE. P r e c i s i o n , s e n s i t i v i t i e s , and 
d e t e c t i o n a r e compared t o l i t e r a t u r e v a l u e s . A c c u r a c y i s d e m o n s t r a t e d b y t h e a n a l y s i s 
o f s t a n d a r d g e o l o g i c a l m a t e r i a l s o f a d i v e r s e n a t u r e . 

215 A P P L I C A T I O N OF A SEQUENTIAL SCANNING ICP TO THE ANALYSIS OF G E O L O G I C A L 
MATERIALS. G. F . W a l l a c e . The P e r k i n - E I m e r C o r p o r a t i o n , Main Avenue , Mail S t a t i on 

906 , Norwa lk , C o n n e c t i c u t 06X56 

Inheren t in t h e design of t h e s e q u e n t i a l s cann ing t y p e of ICP emiss ion s p e c t r o m e t e r i s t h e 
capabi l i ty t o f ree ly s e l e c t t h e m o s t i m p o r t a n t p a r a m e t e r i n t h e d e v e l o p m e n t o f an a n a l y t i c a l 
method — t h e a n a l y t e wave l eng th ( s ) . Background i n t e r f e r e n c e s , t h e only t y p e of i n t e r f e r e n c e 
which i s of r ea l i m p o r t a n c e in I C P emiss ion s p e c t r o s c o p y , c a n be min imized a n d , in m a n y c a s e s , 
avoided by t h e judic ious s e l e c t i o n of th is p a r a m e t e r . Ca re fu l w a v e l e n g t h s e l e c t i o n is e spec ia l ly 
i m p o r t a n t for s a m p l e t y p e s such a s geo log ica l m a t e r i a l s which c o n t a i n high c o n c e n t r a t i o n s o f 
me ta l l i c c o n s t i t u e n t s . 

A r e c e n t p u b l i c a t i o n ' c o n t a i n s i n fo rma t ion which will a id t he a n a l y s t in s e l e c t i n g a n a l y t e 
w a v e l e n g t h s . A s e c t i o n of t h i s pub l i ca t i on is e n t i t l e d " W a v e l e n g t h C h a r a c t e r i z a t i o n T a b l e s " and is 
organized by e l e m e n t . The use o f t h e s e t a b l e s t o g e t h e r wi th t h e ICP/5000 S y s t e m G R A P H I C S 
ut i l i ty for s e l e c t i n g o p t i m u m w a v e l e n g t h s and backg round c o r r e c t i o n i n t e r v a l s for t h e d e t e r m i n a ­
tion of low leve ls of c h r o m i u m and vanad ium in s o m e USGS r e f e r e n c e rock s a m p l e s , will be 
d iscussed. 

1 . Ana ly t i ca l Methods D e v e l o p m e n t for Induct ive ly Coupled P l a s m a Emission S p e c t r o s c o p y , The 
P e r k i n - E I m e r C o r p o r a t i o n , 19S1 . 

216 SIMULTANEOUS MULTIELEMENT ANALYSIS OF DIFFICULT SAMPLES WITH AN ICP ATOMIC 
FLUORESCENCE SPECTROMETER. D. R. Demers and D. A. B u s c h , B a i r d C o r p o r a t i o n , 

125 Midd le sex T u r n p i k e , B e d f o r d , M a s s a c h u s e t t s 0 1 7 3 0 . 
Th i s p a p e r w i l l d e s c r i b e a commerc ia l a t o m i c f l u o r e s c e n c e i n s t r u m e n t f o r s i m u l t a n e o u s 

m u l t i e l e m e n t a n a l y s i s . The i n s t r u m e n t u s e s a n ICP a s t h e a t o m i z a t i o n c e l l , p u l s e d h o l l o w 
c a t h o d e lamps f o r e x c i t a t i o n and o p t i c a l i n t e r f e r e n c e f i l t e r s a t t h e d e t e c t i o n end o f t h e 
i n s t r u m e n t . The i n s t r u m e n t ' s s p e c t r o m e t e r c o m p r i s e s u p t o t w e l v e i n d e p e n d e n t e l e m e n t 
( c h a n n e l ) modu les e n c i r c l i n g t h e ICP. The e l e m e n t modules a r e r a p i d l y i n t e r c h a n g e a b l e b y 
t h e o p e r a t o r , t h e r e b y p e r m i t t i n g w h a t e v e r e l e m e n t mix h e may d e s i r e . 

Compared t o f l a m e a t o m i c a b s o r p t i o n s y s t e m s , t h i s i n s t r u m e n t o f f e r s t h e a d v a n t a g e s o f 
s i m u l t a n e o u s m u l t i e l e m e n t a n a l y s i s , 4 t o 5 - 1 / 2 o r d e r s o f l i n e a r i t y , f e w e r m a t r i x 
i n t e r f e r e n c e s and b a s e l i n e s t a b i l i t y . Compared t o ICP a t o m i c e m i s s i o n s y s t e m s , i t o f f e r s 
o p t i c a l s t a b i l i t y , l o w e r c o s t , and most i m p o r t a n t , v i r t u a l f reedom from s p e c t r a l 
i n t e r f e r e n c e s . M o r e o v e r , b y v i r t u e o f t h e u s e o f t h e ICP a s t h e a t o m i z a t i o n s o u r c e , 
m o l e c u l a r f l u o r e s c e n c e i n t e r f e r e n c e s a r e a b s e n t and p a r t i c u l a t e l i g h t s c a t t e r i n g 
i n t e r f e r e n c e s a r e r a r e . 

Because s p e c t r a l i n t e r f e r e n c e s a r e r a r e w i t h t h i s i n s t r u m e n t , c o r r e c t i o n s f o r 
background s h i f t s and f o r u n r e s o l v e d s p e c t r a l l i n e s a r e s e l d o m r e q u i r e d . A s a r e s u l t , 
a c c u r a t e a n a l y s i s o f even complex ( s p e c t r a l l i n e r i c h ) s a m p l e s i s s t r a i g h t f o r w a r d . The 
a p p l i c a t i o n o f t h i s i n s t r u m e n t t o t h e a n a l y s i s o f s t e e l s , s o i l e x t r a c t s , and a v a r i e t y o f 
o t h e r complex m a t e r i a l s w i l l b e p r e s e n t e d . 
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217ABSOLUTE ATOMIZATION EFFICIENCY OF THE GRAPHITE FURNACE. R . E . S t u r g e o n . D i v i s i o n of 
C h e m i s t r y , n a t i o n a l R e s e a r c h C o u n c i l Canada , O t t a w a , O n t a r i o , Canada KIA 0R9. 

The a t o m i z a t i o n e f f i c i e n c y o f f lame s y s t e m s u s e d i n a n a l y t i c a l a t o m i c s p e c t r o s c o p y 
h a s been f r e q u e n t l y e v a l u a t e d . T h i s p a r a m e t e r r e m a i n s e s s e n t i a l l y u n c h a r a c t e r i z e d f o r 
e l e c t r o t h e r m a l a t o m i z a t i o n s y s t e m s . The a b s o l u t e a t o m i z a t i o n e f f i c i e n c i e s o f s e v e r a l 
e l e m e n t s in an HGA-2200 f u r n a c e h a v e been d e t e r m i n e d from m e a s u r e m e n t s o f microwave 
a t t e n u a t i o n b y e l e c t r o n s g e n e r a t e d d u r i n g a n a l y t e a t o m i z a t i o n . I n c l u d e d among t h e 
s e v e r a l a s s u m p t i o n s made i n a p p l y i n g t h e t e c h n i q u e a r e t h o s e o f t h e r m a l e q u i l i b r i u m and 
t h e v a l i d i t y o f t h e Saha e q u a t i o n . The e f f i c i e n c y o f t h e f u r n a c e v a r i e s w i t h t h e e l e m e n t 
in q u e s t i o n (as e x p e c t e d ) b u t a v e r a g e s a b o u t 10% w i t h a r a n g e from }% (Ho, S r ) to 25% 
( N a ) . T h e o r e t i c a l and e x p e r i m e n t a l c o n s i d e r a t i o n o f t h e a b o v e c a l c u l a t i o n s and a s sump­
t i o n s w i l l b e d i s c u s s e d . 

2 , g GRAPHITE FURNACE TECHNIQUES USING THE ZEEHAN/5000 ATOMIC ABSORPTION SPECTROPHO­
TOMETER. Kenne th U . O l s o n , P e r k i n - E l m e r C o r p o r a t i o n 15042-A Parkway L o o p , T u s t i n , 
CA 9 2 6 8 0 . 

Two l i m i t a t i o n s o f G r a p h i t e F u r n a c e Atomic A b s o r p t i o n S p e c t r o p h o t o m e t r y a r e ( 1 ) m a t r i x 
i n t e r f e r e n c e s i n t h e d e t e r m i n a t i o n o f t h e a n a l y t e , and ( 2 ) n o n s p e c i f i c a b s o r b a n c e s from 
t h e s a m p l e m a t r i x a t t h e a n a l y t e w a v e l e n g t h . The f i r s t l i m i t a t i o n h a s been c o m p e n s a t e d 
f o r b y t h e method o f a d d i t i o n s , w h i l e c o n t i n u u m s o u r c e b a c k g r o u n d c o r r e c t i o n h a s been 
u s e d t o c o m p e n s a t e f o r t h e s e c o n d l i m i t a t i o n . B e c a u s e t h e me thod o f a d d i t i o n s i s q u i t e 
t e d i o u s , i t i s d e s i r a b l e t o r e d u c e o r e l i m i n a t e i t s f r e q u e n c y o f u s e . Because c o n t i n u u m 
s o u r c e s c a n n o t a c c u r a t e l y c o r r e c t f o r b a c k g r o u n d a b s o r b a n c e s g r e a t e r t h a n o n e a b s o r b a n c e 
u n i t , a n d b e c a u s e t h i s l i m i t a t i o n o f t e n s e t s t h e me thod d e t e c t i o n 7 i m i t , a l t e r n a t e means 
o f b a c k g r o u n d c o r r e c t i o n mus t b e c o n s i d e r e d . 

The P e r k i n - E l m e r Zeeman/5000 Sys t em and i t s u n i q u e a b i l i t y t o p r o v i d e e x t e n d e d b a c k g r o u n d 
c o r r e c t i o n w i t h o u t s a c r i f i c e o f a n a l y t e s e n s i t i v i t y w i l l b e d e s c r i b e d . The L ' v o v p l a t ­
form and i t s a d v a n t a g e s i n t h e c o n t r o l o f m a t r i x i n t e r f e r e n c e s w i t h o u t t h e u s e o f t h e 
method o f a d d i t i o n s w i l l a l s o b e d i s c u s s e d . A p p l i c a t i o n s i n v o l v i n g t h e u s e o f t h e L ' v o v 
p l a t f o r m w i t h t h e Zeeman/5000 w i l l a l s o b e p r e s e n t e d . 

219 SECOND SURFACE ATOMIZATION: A NEW APPROACH TO ELECTROTHERMAL ATOMIZERS. Michae l 
Sheehan and James A . Ho lcombe , D e p a r t m e n t o f C h e m i s t r y , U n i v e r s i t y o f T e x a s a t 
A u s t i n , A u s t i n , T e x a s 7 8 7 1 2 . 

A new a t o m i z e r d e s i g n which i s r e a d i l y a d a p t a b l e t o any c o m m e r c i a l l y a v a i l a b l e a t o m i z e r 
h a s been d e v e l o p e d t o p r o v i d e a t o m i z a t i o n c o n d i t i o n s wh ich a r e more c o n d u c i v e t o i n t e r ­
f e r e n c e - f r e e a n a l y s i s from a w i d e v a r i e t y o f s a m p l e t y p e s . A g r a p h i t e " p l u g " i s 
l o c a t e d w i t h i n t h e f u r n a c e a n d i s c a p a b l e o f d i s s i p a t i n g a s u f f i c i e n t amount o f h e a t t o 
keep i t s e v e r a l h u n d r e d d e g r e e s below t h e w a l l t e m p e r a t u r e . The s a m p l e i s i n i t i a l l y 
m i c r o p i p e t t e d o n t o and a t o m i z e d from t h e f u r n a c e w a l l . D u r i n g a v e r y h i g h t e m p e r a t u r e 
a s h , t h e a n a l y t e i s v a p o r i z e d from t h e w a l l a n d c o n d e n s e d o n t h i s s e c o n d a r y s u r f a c e 
w h i l e many o f t h e p y r o l y s i s p r o d u c t s from t h e m a t r i x ( e , e . , O2, NO2, e t c . ) d i f f u s e o u t 
o f t h e f u r n a c e . T h u s , when t h e a t o m i z e r i s p u l s e h e a t e d t o a f i n a l , h i g h t e m p e r a t u r e , 
t h e a n a l y t e i s r e l e a s e d from t h i s s econd s u r f a c e i n t o a n e a r l y i s o t h e r m a l e n v i r o n m e n t 
w i t h min imal g a s p h a s e c o n c o m i t a n t s . Data d e m o n s t r a t i n g t h e e f f e c t i v e n e s s o f t h i s 
a p p r o a c h i n m i n i m i z i n g common i n t e r f e r e n c e e f f e c t s f o r s e v e r a l m e t a l s w i l l b e p r e s e n t e d . 
The u t i l i t y o f u s i n g t h i s a t o m i z e r c o n f i g u r a t i o n f o r d i r e c t s o l i d s a n a l y s i s and f o r 
s a m p l e p r e c o n c e n t r a t i o n a l s o w i l l b e d i s c u s s e d . 
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220 IMPLICATIONS OF RADIALLY NON-UNIFORM ABS0RBANCE PROFILES WITHIN GRAPHITE FURNACE 
ATOMIZERS. Gary D. R a y s o n , James A. Holcombe. The U n i v e r s i t y of Texas a t A u s t i n , 

Depar tment o f C h e m i s t r y , A u s t i n , T e x a s 78712 

S t u d i e s i n v o l v i n g m a t r i x e f f e c t s and v a p o r i z a t i o n p r o c e s s e s w i t h i n g r a p h i t e f u r n a c e a t o m ­
i z e r s have p r e v i o u s l y n e g l e c t e d t h e p o s s i b l e e f f e c t s o f mass t r a n s p o r t o f v a r i o u s s p e c i e s 
w i t h i n s u c h a t o m i z e r s . The k i n e t i c and e q u i l i b r i u m e x p l a n a t i o n s t r a d i t i o n a l l y u s e d t o 
a c c o u n t f o r 1 ) t h e r o l e o f g r a p h i t e a s a r e d u c i n g a g e n t , 2 ) d i m e r f o r m a t i o n , and 3 ) o t h e r 
m o l e c u l a r s p e c i e s c o n t a i n i n g t h e a n a l y t e h i n g e o n t h e a s s u m p t i o n o f i^njjrarm c o n c e n t r a ­
t i o n s w i t h i n t h e f u r n a c e . When t h e f i n i t e r a t e a t d i f f u s i o n and t h e i n t e r a c t i o n s a t 
t h e g r a p h i t e s u r f a c e a r e t a k e n i n t o a c c o u n t , t h e n o n - u n i f o r m , a t o m i c d i s t r i b u t i o n s o b ­
s e r v e d can b e more f u l l y e x p l a i n e d . Methods f o r g a t h e r i n g r a d i a l d i s t r i b u t i o n s o f t h e 
v a p o r i z e d a n a l y t e h a v e been d e v e l o p e d a n d , c o n t r a r y t o t h e commonly made a s s u m p t i o n , 
d e m o n s t r a t e t h a t t h e f r e e atom d i s t r i b u t i o n i s t y p i c a l l y n o n - u n i f o r m d u r i n g t h e e a r l y 
p o r t i o n o f t h e a b s o r b a n c e p r o f i l e . The d e g r e e o f n o n - u n i f o r m i t y i n p r o c e e d i n g from t h e 
bot tom o f t h e f u r n a c e ( w h e r e t h e s a m p l e i s d e p o s i t e d ) t o t h e t o p o f t h e f u r n a c e i s 
e l emen t d e p e n d e n t . I n c r e a s e d v a p o r i z a t i o n r a t e s and s t r o n g c h e m i c a l i n t e r a c t i o n s b e ­
tween t h e a n a l y t e and t h e g r a p h i t e t e n d t o p r o d u c e s h a r p e r c o n c e n t r a t i o n g r a d i e n t s a l o n g 
t h e g r a p h i t e d i a m e t e r . R e s u l t s f o r t h e CRA-90 a t o m i z e r show t h a t t h e a t o m i c d i s t r i b u ­
t i o n w i t h i n t h e a t o m i z e r i s n e g l i g i b l y a f f e c t e d b y t h e f l o w i n g s h e a t h g a s . T h u s , 
s u g g e s t i n g t h a t d i f f u s i o n and c o n v e c t i o n b y t h e r m a l e x p a n s i o n a r e t h e main mechan i sms o f 
atom r e m o v a l . 

221 PROGRESS TOWARDS MAKING THE GRAPHITE FURNACE FREE OF INTERFERENCES. W a l t e r S l a v i n 
and Gordon W a l l a c e . The P e r k i n - E I m e r C o r p . , Main A v e n u e , N o r w a l k , CT. 0 6 8 5 6 . 

The g r a p h i t e f u r n a c e was o r i g i n a l l y d e s i g n e d b y L ' v o v t o p r o v i d e a v e r y f a s t s i g n a l 
f o r t h e m e t a l a n a l y t e a f t e r c o m p l e t e l y v a p o r i z i n g t h e t o t a l s a m p l e . I n t e g r a t i o n o f 
t h e t o t a l a b s o r b a n c e s i g n a l u n d e r t h e a p p r o p r i a t e e x p e r i m e n t a l c o n d i t i o n s t h e n p r o ­
v ided a n a c c u r a t e a n a l y s i s . However , L ' v o v ' s s y s t e m was s i m p l i f i e d b y Massmann and 
was a d a p t e d t o s p e c t r o p h o t o m e t e r s which w e r e d e s i g n e d f o r s t e a d y - s t a t e s i g n a l s . B y 
now some o f t h e commerc i a l i n s t r u m e n t s a r e v e r y c l o s e t o t h e t h e o r e t i c a l r e q u i r e m e n t s . 
When such i n s t r u m e n t s a r e used c o r r e c t l y , t h e L ' v o v P l a t f o r m c o n v e r t s t h e f u r n a c e t o 
s t e a d y - s t a t e t e m p e r a t u r e and t h e u s e o f newly improved g r a p h i t e t u b e s make i t p o s ­
s i b l e t o g e t a n a l y t i c a l r e s u l t s t h a t a r e r e m a r k a b l y f r e e o f m a t r i x i n t e r f e r e n c e f o r 
mcs t m e t a l s u p t o l i m i t s s e t b y t h e b a c k g r o u n d c o r r e c t o r . With t h e r e c e n t i n t r o d u c ­
t i o n o f t h e Zeeman b a c k g r o u n d c o r r e c t o r t h e s e l i m i t s a r e s t i l l f u r t h e r i m p r o v e d . 
For e x a m p l e , we h a v e d e t e r m i n e d Mn in s e a w a t e r by d i r e c t a n a l y s i s a g a i n s t s t a n d a r d s 
made u p i n s e a w a t e r w i t h o u t i n t e r f e r e n c e from t h e m a t r i x . W e c o u l d d e t e c t a b o u t a s 
l i t t l e Mn in a 75-u£ s e a w a t e r s a m p l e as we c o u l d d e t e c t in a p u r e w a t e r s o l u t i o n . 

222 REDUCTION OF ANALYTICAL INTERFERENCES BY FURNACE ATOMIC ABSORPTION. R. N. Savage, 
J. J. Sotera, H. L. Kahn and A. L. Battonetti, Instrumentation Laboratory Inc, 

Jonspin Road, Wilmington, Massachusetts 01887. 

Analytical interferences with AA determinations, when furnace atomizers are used, 
can be rather severe even for elements and matrices that give relatively little trouble 
with flame atomization. To cope with the interferences, the method of standard additions 
is frequently employed. This technique, however, is time-consuming, cumbersome, likely 
to add contamination, and by no means foolproof. Recently, two systems have shown signs 
of success in reducing interferences in commercially available atomizers: the XL micro-
boat system, which is inserted into the graphite cuvette and is said to bring the samples 
closer to temperature equilibrium; and the FASTAC aerosol deposition system, which inserts 
the sample into the cuvette in the form of microscopic droplets. It seemed reasonable to 
make an effort to combine the two techniques using the FASTAC deposition of samples into 
an insert, made of graphite or other material, placed in a graphite cuvette. The two 
interference-reduction mechanisms then combine to produce very useful resutls. Details 
of the performance improvements will be presented. Analytical examples will include the 
determination of Pb in Nickel Alloys and Pb in National Bureau Standards (NBS) Orchard 
Leaves (SRM 1571). 
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223 THE RAPID DETERMINATION OF SELENIUM IN NUTRITIONAL SUPPLEMENTS BY A 
FLAMELESS ATOMIC ABSORPTION TECHNIQUE USING A NOVEL SAMPLE PREPARATION. 
D . D . Thompson a n d R . J . A l l e n . F o r r e s t C . S h a k l e e R e s e a r c h C e n t e r , 
1992 A l p i n e Way, Hayward , C a . 94545 

A n a c c u r a t e , p r e c i s e a n d r a p i d p r o c e d u r e f o r t h e d e t e r m i n a t i o n o f 
s e l e n i u m i n s e l e n i z e d y e a s t s a n d s e l e n i u m n u t r i t i o n a l s u p p l e m e n t p r o d u c t s 
i s d e s c r i b e d . The s a m p l e i s s u s p e n d e d i n a n a c i d i f i e d e m u l s i o n o f m i x e d 
n o n i o n i c s u r f a c t a n t s p r i o r t o a n a l y s i s b y f l a m e l e s s a t o m i c a b s o r p t i o n 
s p e c t r o s c o p y . N i c k e l i s u s e d a s a m a t r i x m o d i f i c a t i o n r e a g e n t t o p r e v e n t 
p r e - a t o m i z a t i o n v o l a t i l i z a t i o n o f t h e s e l e n i u m . The a d v a n t a g e o f u s i n g 
p y r o l y t i c a l l y c o a t e d g r a p h i t e t u b e s i s shown. The p r o c e d u r e was f o u n d t o 
y i e l d a n a v e r a g e r e c o v e r y o f 101.6% a n d a n o v e r a l l r e l a t i v e s t a n d a r d 
d e v i a t i o n o f 4 .34%. I t i s shown t o b e a p p l i c a b l e t o t h e a n a l y s i s o f 
s e l e n i u m n u t r i t i o n a l s u p p l e m e n t s r a n g i n g frcm l O m c g / u n i t t o 5 0 m e g / u n i t 
s e l e n i u m . The p r o c e d u r e a s d e s c r i b e d i s w e l l s u i t e d f o r t h e a n a l y s i s o f 
h i g h l i p i d c o n t a i n i n g s a m p l e s ( > 3 0 % l i p i d ) . Ten c o m m e r c i a l s e l e n i u m 
s u p p l e m e n t s a n d s e v e n s e l e n i z e d y e a s t r a w m a t e r i a l s w e r e a n a l y z e d . 

224 THE DETERMINATION OF PRIORITY POLLUTANTS IN WATERS AND WASTES BY FURNACE ATOMIC 
ABSORPTION, M a r g a r e t A . C u n l i f f e and D o u g l a s E . S h r a d e r , V a r i a n I n s t r u m e n t G r o u p , 
375 D i s t e l C i r c l e , Los A l t o s , CA 9 4 0 2 2 . 

Because o f a n i n c r e a s i n g c o n c e r n o v e r t h e p o t e n t i a l d e t r i m e n t a l e f f e c t s o f t r a c e 
m e t a l s i n o u r e n v i r o n m e n t , r e g u l a t i o n o f maximum l e v e l s f o r many e l e m e n t s h a s b e e n 
a s s i g n e d t o g o v e r n m e n t a g e n c i e s such a s t h e EPA. I n t h e c a s e o f t h e EPA, t h e f i r s t 
t h r u s t was d r i n k i n g w a t e r w h e r e e i g h t p r i m a r y m e t a l s a r e c o n t r o l l e d (As , Ba , Cd, C r , 
P b , Hg, S e , and A g ) . The s e c o n d t h r u s t was e f f l u e n t s w h e r e u p t o 3 5 m e t a l s may b e 
o f c o n c e r n f o r NPDES p e r m i t s . Most r e c e n t l y , t h i r t e e n m e t a l s ( S b , A s , Be , Cd, C r , 
Cu, P b , Hg, N i , S e , Ag, T l , a n d Zn) h a v e been d e s i g n a t e d p r i o r i t y p o l l u t a n t s t o b e 
m o n i t o r e d a n d c o n t r o l l e d i n s o l i d and l i q u i d w a s t e s . 

The p o t e n t i a l l y low c o n c e n t r a t i o n s o f m e t a l s e n c o u n t e r e d i n d r i n k i n g w a t e r s , e f f l u ­
e n t s , and w a s t e s may many t i m e s b e e x t r e m e l y d i f f i c u l t o r i m p o s s i b l e t o d e t e r m i n e b y 
f l ame a t o m i c a b s o r p t i o n . B e c a u s e o f t h i s , g r a p h i t e f u r n a c e me thods ( t y p i c a l l y 100 
t i m e s more s e n s i t i v e t h a n f l a m e m e t h o d s ) a r e p a r t o f a p p r o v e d EPA m e t h o d o l o g y . 

The p r i o r i t y p o l l u t a n t m e t a l s have been d e t e r m i n e d i n w a t e r s and e f f l u e n t s / w a s t e s 
u t i l i z i n g t h e V a r i a n CRA-90 Carbon Rod A t o m i z e r . R e s u l t s o f t h i s s t u d y i n c l u d i n g 
optimum p a r a m e t e r s , p e r f o r m a n c e , and r e s u l t s f o r s a m p l e s w i l l b e p r e s e n t e d a l o n g 
w i t h i n t e r f e r e n c e a n d a c c u r a c y d a t a . 

225 DETERMINATION OF CADMIUM IN WHOLE BLOOD AND PLACENTAL TISSUES BY GRAPHITE FURNACE 
ATOMIC ABSORPTION SPECTROSCOPY. P. M. Kuhnert, B. R. Kuhnert, and P. Erhard. 

Perinatal Clinical Research Center, Case Western Reserve University, 3395 Scranton Road, 
Cleveland, Ohio, 44109. 

A graphite furnace A.A. method is described for measuring cadmium (Cd) at "natural" 
levels in whole blood and placental tissues. The samples were collected in polypropy­
lene syringes and stored in polystyrene containers. P-rior to digestion, 1.5, 3.0, and 
6 ng of Cd were added to the blood samples and 2.5, 5, and 10 ng of Cd to the placental 
samples (Method o£ Standard Additions). The samples were digested using concentrated 
ultrex nitric acid and hydrogen pyroxide in teflon containers. Following digestion, 
the samples were diluted 1:3 and twenty microliter aliquots were injected into a 
graphite furnace which was temperature programmed in the following manner: drying -
100°C for 40 s; ashing - 325°C for 60 s; and atomizing - 1950°C for 7 s. The drying and 
ashing stages were both ramped for 30 s. Within-run precision studies for whole blood 
Cd and placencal Cd determinations gave coefficients of variation of 15.1% and 15.2% 
for 2.5 and 11.8 ng/ml of tissue Cd, respectively. Day-to-day variation of the blood 
Cd determinations gave a coefficient of variation of 17.4%. The detection limit in the 
diluted specimen was 0.2 ng/ml. This method was successfully used to quantitate the 
"natural" levels of Cd in maternal blood, fetal cord blood, and placental tissues. 

Supported in part by Grant No. 5M01 RR-00210, from N.I.H., U.S.P.H.S. 
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226 THE INTERFERENCE OF ALUMINUM ON TITANIUM AND URANIUM IN FLAME ATOMIC SPECTROMETRY, 
Charles B . B o s s , North C a r o l i n a S t a t e U n i v e r s i t y , Department o f Chemis try , R a l e i g h , 

North C a r o l i n a 2 7 6 5 0 . 

When Al i s p r e s e n t in s o l u t i o n s t h a t c o n t a i n Ti and U s a l t s , t h e flame a tomic 
s p e c t r o m e t r i c s i g n a l s o b s e r v e d f o r Ti and U are enhanced . When the f u e l to o x i d a n t 
r a t i o and the o b s e r v a t i o n h e i g h t are c r i t i c a l l y o p t i m i z e d , T i s i g n a l s in N2O/C2H2 
f lames are enhanced by more than a f a c t o r of two. S i m i l a r l y , U shows a four f o l d 
enhancement w i t h Al added. 

The mechanism of t h e s e enhancements are of p a r t i c u l a r i n t e r e s t in my l a b o r a t o r y . 
The a c c e p t e d mechanism f o r the enhancement of Ti by Al i s t h a t the Al r e d u c e s the 
o x i d e s of Ti a i d i n g in v a p o r i z a t i o n and atom f o r m a t i o n . We have o b s e r v e d t h a t TiO 
e m i s s i o n b a n d s , as w e l l as Ti atom l i n e s , are enhanced by A l . Using a uniform d r o p l e t 
g e n e r a t o r , we have o b s e r v e d t h a t d r o p l e t s c o n t a i n i n g T i or U s a l t s e x p l o d e a s they 
v a p o r i z e i f A l i s p r e s e n t . These e x p e r i m e n t s i n d i c a t e t h a t the mechanism o f the 
enhancement i n v o l v e s the v i o l e n t v a p o r i z a t i o n of Ti or U o x i d e s f o l l o w e d by a normal 
r e d u c t i o n to a tomic s p e c i e s . This enhancement i s p l a i n l y e v i d e n t even when Ti02 
p a r t i c l e s are s l u r r y i n j e c t e d i n t o an N2O/C2H2 f lame w i t h an Al s a l t s o l u t i o n . 

227 CHEMISTRY ON A GRAPHITE SURFACE. I - H s u i n g Yin and Thomas M. Niemczyk , D e p a r t m e n t 
of C h e m i s t r y , The U n i v e r s i t y of New M e x i c o , A l b u q u e r q u e , New Mexico 8 7 1 3 1 . 

F l a m e l e s s a t o m i c a b s o r p t i o n s p e c t r o s c o p y h a s been shown t o b e v e r y s e n s i t i v e f o r 
t r a c e m e t a l a n a l y s i s . However , a s t h e s a m p l e m a t r i x becomes complex t h e u t i l i t y 
o f t h e t e c h n i q u e may b e d i m i n i s h e d due t o v a r i o u s m a t r i x i n t e r f e r e n c e s . T h e s e 
m a t r i x e f f e c t s i n c l u d e b o t h c h e m i c a l and p h y s i c a l i n t e r a c t i o n s among t h e a n a l y t e , 
t h e m a t r i x , and t h e s u r f a c e . P h y s i c a l i n t e r a c t i o n s s u c h a s o c c l u s i o n c a n c h a n g e 
t h e s h a p e o f t h e a b s o r b a n c e v s . t i m e p r o f i l e . Chemical i n t e r f e r e n c e s , o n t h e 
o t h e r h a n d , may o r may n o t a f f e c t t h e peak h e i g h t b u t g e n e r a l l y w i l l r e d u c e t h e 
i n t e g r a t e d a b s o r b a n c e due t o a d e p l e t i o n i n t h e a t o m i c p o p u l a t i o n . T h i s p a p e r 
w i l l f o c u s o n t h e l a t t e r t y p e i n t e r f e r e n c e and w i l l show t h a t some o f t h e i n t e r ­
f e r e n c e s s e e n a r e due t o c h e m i c a l r e a c t i o n s o c c u r r i n g o n t h e a t o m i z e r s u r f a c e 
p r i o r t o t h e a t o m i z a t i o n s t e p . 

228 TRACE SELENIUM ANALYSIS IN NEW MEXICO WATERS. Mar ia W. TiJckanen and Lynn B r a n v o l d . 

HED, SLD, 700 Camino de S a l u d , NE, Albucnjerque, New Mex ico . New Mexico Bureau of 

Mines and M ine ra l s Resources, Soco r ro , New Mexico. 

A n a l y t i c a l methods a re g e n e r a l l y developed w i t h i d e a l cond i t i ons i n m ind . Dea l i ng 
w i th mat r ix problems comes as an a f t e r t h o u g h t . Bo th o f the Env i ronmenta l P r o t e c t i o n 
Agency's approved methods f o r se lenium use a ton i c abso rp t i on spectrophotometry. Both 
are sub ject t o ma t r i x i n t e r f e r e n c e . 

New Mexico sur face and ground wa te rs , p a r t i c u l a r l y those f rom the Grants M i n e r a l B e l t 

area have r e l a t i v e l y h i g h TDS (500-1500 ppm), carbonate (as CaCOj , 1000-1500 ppm) and 

s u l f a t e (wi th l e v e l s as h i g h as 2000 ppm) . An i n t e r l a b o a t o r y study of Se a n a l y s i s o f a 

p a r t i c u l a r se t o f these water samples w i l l be p resen ted . The g raph i t e atomic abso rp t i on 

srjectrophotcraetric a n a l y s i s f o r Se has been found to be the most s e n s i t i v e and accurate 

f o r these type samples. Th i s method i s a l s o h i g h l y s e n s i t i v e t o i no rgan i c ma t r i x i n t e r ­

fe rence. Ma t r i x m o d i f i c a t i o n s s tud ies in the g r a p h i t e fu rnace AA method f o r Se per formed 

a t the S c i e n t i f i c Labora to ry D i v i s i o n w i l l b e p resen ted . 
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2 2 9 AUTOMATED HYDRIDE DETERMINATION BY ATOMIC ABSORPTION. J. J. Sotera, H. L. Kahn and 
A. L. Rattonetti. Instrumentation Laboratory, Inc., Jonspin Road, Wilmington, 

Massachusetts 01887. 

Volatile hydride generation combined with atomic absorption serves as a simple and 
sensitive analytical method for the determination of many metalloids. This paper 
describes an electronically controlled atomic vapor accessory CAVA) which automatically 
performs the various steps involved in the hydride generation process. In normal opera­
tion a FleakerTM containing the acidified sample (up to 200 mL) is placed into the 
reaction vessel of AVA. The operator then simply presses the START button to initiate 
the reaction cycle. From this point on the cycle is automatic, AVA adds the correct 
amount o£ sodium bore-hydride solution, stirs the solution for a pre-selected time, and 
carries the evolved hydride gas into a flame-heated quartz absorption cell with a stream 
of inert gas (N2 or Ar). This paper will discuss the parameters used in the optimization 
of the hydride generation technique, and the effect of pH, sample size, and purge gas 
flows on the sensitivity of As. Accuracy of the technique will be evaluated by the 
analysis of National Bureau of Standards (NBS) standard reference materials (SRM). 
Analytical examples will include the determination of As in HBS Orchard Leaves 
(SRM 1571) and in Bovine Liver (SRM 1577). 

230 ENVIRONMENTAL CHEMICAL CHARACTERIZATION OF WATER CONTAMINATED BY IS 
SITU SYNTHETIC FUELS TECHNOLOGIES. Parry1 J. Bornhop and Stanley E. 

Manahan, Department of Chemistry, 123 Chemistry Building, University of 
Missouri, Columbia, Missouri 65211; David C. Sheesley, U.S.D.O.E. Laramie 
Energy Technology Center, P.O. Box 3395, University Station, Laramie, 
Wyoming 82071. 

One of the more important environmental considerations involved with 
underground (in situ) conversion of coal, oil shale, or tar sands to gas­
eous or liguid synthetic fuels is the contamination of water on site. The 
effects of contamination may be minimized by factors such as proper site 
selection. Even contaminated water can be viewed as a resource that may 
be put to beneficial use. It is essential to have effective means for the 
environmental chemical characterization of water affected by in situ ener­
gy conversion technologies. In particular, a general scheme of character­
ization is needed that ranges in sophistication from very simple routine 
monitoring to gas chromatographic/mass spectrometric identification of 
specific organic compounds present at very low levels. A solvent-based 
separation and analysis scheme is described which divides contaminants 
into classes reflecting their general chemical nature and biogeochemical 
behavior, followed by analysis of the total organics in each class or 
analysis of specific organic compounds in each class by gas chromatography. 
Applications of this scheme to water from in situ coal gasification, oil 
shale retorting, and tar sand oil extraction are discussed. 

231 THE EFFECT OF STEAM STRIPPING TREATMENT ON THE QUALITY OF OIL SHALE WASTEWATER. 
R. E. Sievers, M. K. Conditt, and R. S. Hutte. Dept. of Chemistry, CIRES, and ETSRP, 
Campus Box 215, Univ. of Colorado, Boulder, CO 80309. 

Steam stripping is a method of wastewater treatment that is intended to remove 
ammonia, hydrogen sulfide, and other volatile compounds from oil shale wastewaters. 
During the exposure of wastewater to steam, some of the more volatile organic compounds 

may be removed as well. The effectiveness, of steam stripping treatment for removing 
specific organic compounds was evaluated by a critical comparison of the wastewater 
before and after steam stripping. The organic compounds in the wastewater were 
identified by high-resolution fused-silica capillary chromatography combined with 
mass spectrometry and were verified by matching retention times and mass spectra. It 
was found that only 7% of the dissolved organic carbon content is removed from oil 
shale retort water by this treatment. The steam stripping removed primarily hydrophilic 
compounds as well as some quinolines. Anilines and long chain carboxylic acids remained 
in the wastewater after treatment. 
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32 THE UTILIZATION OF GAS CHROMATOGRAPHY/FOURIER TRANSFORM INFRARED SPECTROSCOPY 
(GC/FTT.R) TO IDENTIFY TOXIC ENVIRONMENTAL CONTAMINANTS. D. F. Gurka, P. R. 

Laska and R. Titus. 0. S. Environmental Protection Agency, Quality Assurance 
Division, 944 East Harmon, Las Vegas, NV 89102. Kenneth Shafer, Battelle-Columbus 
Laboratories, 505 King Ave., Columbus, OH 43201. 

The minimum identifiable quantities of 55 toxic substances have been determined 
by on-the-fly gas chrcmatography/Fourier transform infrared spectroscopy (CC/FTIR). 
Identification of each CC effluent component was accomplished with an IR reconstructed 
chrcwBtogram, subsequent interferogram transformation and on-line library search. 
GC/FTIR exhibited i t s greatest sensitivity to aliphatic and aromatic organic compounds 
containing carbonyl or other oxygenated functional groups and its poorest sensitivity 
to alkyl halides and aromatic hydrocarbons. GC/FTIR sensitivity was inversely 
proportional to the light pipe temperature. Extracts from hazardous waste samples 
were analyzed and their volatile components were identified by an on-line library 
search. The relative merits of packed and capillary column GC/FTIR for hazardous 
waste analysis is discussed. 

233 THE ANALYSIS OF HAZARDOUS WASTE EXTRACTS BY COMBINED GC/FTIR AND CC/MS. 
D. F. Gurka, A. D. Sauter, L. D. Betowski and H. Webb. U.S. Environmental 

Protection Agency, Quality Assurance Division, 944 E. Harmon, Las Vegas, NV 89102. 

The unequivocal identification of trace environmental contaminants is a primary 
task of the Environmental Protection Agency. The burden of these identifications 
thus far, has been borne by gas chromatography/mass spectrometry (GC/MS) analytical 
techniques. However, the diversity of environmental contaminants necessitates 
supplemental analytical techniques to substantiate GC/MS results or to utilize for 
those situations when GC/MS is not applicable. The versatility, sensitivity, speed 
and information content of the gas chrcmatographic/Fourier transform infrared 
(<C/FTIR> sethoa, make it a likely candidate to supplement or complement GC/MS. To 
assess the relative merits of GC/FTIR and GC/MS for "real world" sample analysis, 
hazardous waste extracts were analyzed by each method. On-line mass spectral and 
infrared library searches were compared. 

23» ENVIRONMENTAL APPLICATIONS OF SERIES PID/FID DETECTION IN GAS 
CHROMATOGRAPHY. G. F. Hewitt, J. N. Driscoli, HNU Systems Inc., 30 Ossipee Road, Newton, 
Massachusetts 0216*. 

The PID has been shown to be a structure sensitive detector, its reponse being a function of 
the degree of pi bonding of a molecule'. Since it is non destructive, it can be coupled in series 
with an FID, the resulting chromatograms can be used to "identify" eluted components on the 
basis of retention time and relative detector response. Applications in the field of air pollution 
and hazardous waste2 will be discussed. PID-ECD series detection will also be discussed. 

1. Driscoli, J. N-, Ford, 3., and Jaramillo, L., 3. Chrom., 158, 171 (1977). 

2. "A Rapid Screening Method for On site Identification of Hazardous Waste", Driscoli, J. N-, 
Hewitt, G. F., Presented at the Second Oil and Hazardous Materials Spill Conference, 
Philadelphia, Dec. 1980. 

235 DETERMINATION OF PCBs, PAHs AND AZA.-ARENES IN LAKE SEDIMENT SAMPLES. T. M. Engel 
and J. S. Warner. Battelle Columbus Laboratories, 505 King Avenue, Columbus Ohio 
43201. 

The adverse environmental impact of petroleum components has long been recognized 
in the scientific community. Large amounts of effort have been invested in the study 
of certain classes of petroleum compounds, such as the polycyclic aromatic hydrocarbons 
(PAHs) which are of interest because of their carcinogenicity. Methods have been 
devised for detecting PAHs in a variety of environmental samples such as soi l , sediment, 
biota, and water. There are other groups of petroleum compounds, however, that may be 
similar to PAHs in environmental importance. For instance, nitrogen-containing heter­
ocyclic aromatics have been demonstrated to be potentially dangerous carcinogens. This 
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paper describes our approach to the analysis of the nitrogen-containing heterocyclics 
in sediment samples, as well as the analysis of two other classes of compounds, namely 
PAHs and polychlorinated biphenyls (PCBs). A cleanup procedure has been devised by 
which these three classes of compounds are isolated using adsorption chromatography with 
alumina- A novel approach involving the addition of a small amount of trimethylamine 
to the elution solvent to facilitate the desorption of the more strongly bound nitrogen-
containing heterocyclics is described. Capillary column gas chromatography using an 
electron capture detector for PCBs, a flame ionization detector for PAHs and an alkali 
flame detector for nitrogen-containing heterocyclics is demonstrated. Capillary column 
gas chromatography coupled with, mass spectrometry is used for compound identification. 

2 3 6 ISOMER-SPECIFIC DETERMINATION OF 2,3,7,8-TETRACHL0R0DIBENZ0-P-DI0XIN 
VIA FUSED SILICA GC COMBINED WITH ATMOSPHERIC PRESSURE IONIZATION MASS 
SPECTROMETRY. W. A. t K o r f m a c h e r , R. K. M i t c h ™ and G. F. M o l e r , N a t i o n a l 
C e n t e r f o r T o x i c o l o g i c a l R e s e a r c h , J e f f e r s o n , A r k a n s a s 7 2 0 7 9 . 

Due t o t h e h i g h t o x i c i t y o f 2 , 3 , 7 , 8 - t e t r a c h l o r o d i b e n z o - p - d i o x i n ( 2 , 3 , 7 , 8 -
TCDD), t h e r e i s much i n t e r e s t i n t h e d e t e c t i o n o f v e r y Tow l e v e l s o f t h i s 
i n t h e e n v i r o n m e n t a l s a m p l e s . B e c a u s e o f t h e l o w e r t o x i c i t y o f t h e o t h e r 
TCDD i s o m e r s , i t i s i m p o r t a n t t o have a n i s o m e r - s p e c i f i c m e t h o d o l o g y f o r 
2 , 3 , 7 , 8 - T C D D . A moving n e e d l e i n j e c t o r was c o n n e c t e d to a 50 m f u s e d 
s i l i c a c a p i l l a r y G C column which was i n s e r t e d d i r e c t l y i n t o t h e s o u r c e o f 
t h e mass s p e c t r o m e t e r . I n a n o x y g e n - r i c h p l a s m a , 2 ,3 ,7 ,8 -TCDD f o r m s t h e 
4 , 5 - d i c h l o r o - l , 2 - b e n z o q u i n o n e a n i o n which i s u sed f o r d e t e c t i o n o f 2 , 3 , 7 , 8 -
TCDD b y o u r m e t h o d . The a b i l i t y t o d e t e c t t h e 2 , 3 , 7 , 8 - T C D D i s o m e r i n t h e 
p r e s e n c e o f t h e o t h e r 21 TCDD i s o m e r s w i l l be shown. R e s u l t s from t h e 
a n a l y s i s o f TCDD-contamina ted f i s h s a m p l e s w i l l b e d i s c u s s e d . 

2 3 7 REMOVAL OF METAL IONS FROM AQUEOUS SOLUTION BY ION EXCHANGE ON SULFURIC ACID-TREATED 
PEAT. John P . A n s t e d a n d P a t r i c k M a c C a r t h y , D e p a r t m e n t o f C h e m i s t r y and Geochem­

i s t r y , C o l o r a d o School o f M i n e s , G o l d e n , C o l o r a d o 8 0 4 0 1 . 

Removal o f m e t a l i o n s f rom a q u e o u s s o l u t i o n b y s i m p l e and i n e x p e n s i v e t e c h n i q u e s i s 
o f c o n s i d e r a b l e i m p o r t a n c e i n t h e c o n t r o l o f w a t e r p o l l u t i o n . The l a r g e - s c a l e a p p l i c a ­
t i o n o f s y n t h e t i c i o n - e x c h a n g e r e s i n s f o r t h i s a p p l i c a t i o n i s f r e q u e n t l y c o n s i d e r e d im­
p r a c t i c a l due t o t h e h i g h c o s t o f r e s i n . P e a t , which i s w i d e l y a v a i l a b l e , h a s a n a t i v e 
c a t i o n e x c h a n g e c a p a c i t y . However , a s a r e s u l t o f i t s i m p e r m e a b i l i t y t o w a r d w a t e r and 
i t s p r o p e n s i t y f o r l e a c h i n g , p e a t i s n o t s u i t a b l e f o r u s e a s a n i o n - e x c h a n g e r i n t h e 
column mode. I t h a s p r e v i o u s l y b e e n shown t h a t t h e p r o d u c t r e s u l t i n g from t h e t r e a t m e n t 
o f p e a t w i t h h o t c o n c e n t r a t e d s u l f u r i c a c i d h a s t h e f o l l o w i n g p r o p e r t i e s : ( i ) g r a n u l a r 
form s u i t a b l e f o r column u s e , ( i i ) e n h a n c e d c a t i o n e x c h a n g e c a p a c i t y compared t o t h e 
u n t r e a t e d p e a t , and ( i i i ) r e s i s t a n t t o l e a c h i n g a t p H Z 9 . 0 . Vie h a v e now e v a l u a t e d t h e 
u s e o f t h i s t r e a t e d p e a t f o r s i m u l t a n e o u s l y r emoving a w ide v a r i e t y o f heavy m e t a l i o n s 
from a q u e o u s s o l u t i o n . The v a r i a b l e s i n v e s t i g a t e d w e r e t o t a l c o n c e n t r a t i o n o f heavy 
m e t a l i o n s , i o n i c s t r e n g t h , p H and f l o w - r a t e . The s p e c i e s s t u d i e d w e r e : M n 2 + , C o , 
N i 2 + , C u 2 + , Z n 2 + , C d 2 + , P b 2 + and U 0 2

J + . T r e a t e d p e a t was f o u n d t o b e v e r y e f f e c t i v e i n 
r emoving a l l o f t h e a b o v e s p e c i e s o v e r a w i d e r a n g e o f t h e p a r a m e t e r s i n v e s t i g a t e d . 

23 8 MONITORING MINE TAILINGS IN NEW MEXICO FOR TRACE METALS. Maria W. Tikkanen, New 
Mexico Scientific Laboratory Division, Health & Environment Dept., 700 Camino de 

Salud, NE, Albuquerque, New Mexico 87106. 

As the analytical arm of New Mexico's Environmental Improvement Division, the Scien­
t i f i c Laboratory Division routinely analyzes monitoring well samples for heavy metal con­
tamination of groundwater in the Grants Mineral Belt of New Mexico. The July 1979 United 
Nuclear Tailings pond break provided SLD with a multitude of tailings samples for refine­
ment of trace metal methodology with heavily matrixed samples. Presently, special inter­
est has been shown in the tailings seepage problems experienced in the Churchrock, New 
Mexico area. Analyzing these raw mine tailings samples and the adjacent monitoring well 
water samples for trace metals involves atomic absorption spectrophotometry (both flame 
and furnace) as well as inductively coupled plasma spectrometry. Dealing with the at­
tending matrix problems is of particular importance with these analyses. Comparative 
trace metal studies, of these monitoring samples, involving both atomic absorption spec­
trophotometry and inductively coupled plasma spectroscopy will be presented. 
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239 EVALUATION OF SAMPLE PREPARATION PROCEDURES FOR THE ANALYSIS OF POTW SLUDGES FOR BE, 
CD, CR, CU, PB, NI, AG AND ZN. M. Williams, L. Petrie, J. Frank, J. Hurt, B. Jones, 

S. Swanson, E. Hansen, Midwest Research Inst., 425 Volker Blvd., Kansas City, MO 64110. 

An EPA-sponsored project to determine metals in POTW sludges by atomic absorption 
spectroscopy (AAS) was conducted at Midwest Research Institute (MRI). As part of this 
study, MRI evaluated several sample preparation procedures for the flame AAS analysis of 
Be, Cd, Cr, Cu, Pb, Nx, Ag, and Zn. Samples from four representative POTW plants in dif­
ferent stages of treatment (primary, secondary and combined) were digested using three 
procedures: (a) HN03/H202/HC1, (b) HNO3/H2O2/HNO3, and (c) HN03/HC104/H2S04. To provide 
quality assurance, fortified and duplicate samples were prepared. Results obtained at 
MRI were verified through interlaboratory comparisons with two EPA laboratories (Region 
VII and EMSL, Cincinnati), Region VII analyzed six samples from each of MRI's three di­
gestions by an alternative method, inductively coupled plasma (ICP) emission spectros­
copy. Also, these same six samples were digested by Region VII using procedure (b) and 
a HNO3/HCI digestion followed by ICP analysis. EMSL digested and analyzed by ICP an 
additional five samples that had been analyzed at MRI. EMSL used procedure (b) and a 
E2S04/dry ash method. The calculated recoveries and relative concentrations obtained 
for the three MRI sample preparation procedures will be discussed, as will the results 
of the interlaboratory comparisons. The digestion procedure yielding the most reliable 
results for each element will be recommended. 

240 EFFECTS OF S T R E E T SALTING ON AMBIENT A I R MONITORING OF PARTICULATE 
POLLUTANTS I N D E T R O I T . P e t e r 0 . W a r n e r , J o h n 0 . K e r m o s h c h u k a n d 

* J a m e s 0 . J a c k s o n . W a y n e C o u n t y H e a l t h D e p a r t m e n t , A i r P o l l u t i o n C o n t r o l 
D i v i s i o n , 1 3 1 1 E . J e f f e r s o n , D e t r o i t , M i c h i g a n , 4 8 2 0 7 . * L o s A l a m o s 
S c i e n t i f i c L a b . , P . O . B o x 1 6 6 2 - M S 4 8 6 , L o s A l a m o s , New M e x i c o , 8 7 5 4 5 . 

A n a l a y s i s b y x - r a y d i f f r a c t o m e t r y h a s c o n f i r m e d t h e p r e s e n c e o f c r y s t a l ­
l i n e s a l t a s s o d i u m c h l o r i d e i n D e t r o i t u r b a n s u s p e n d e d p a r t i c u l a t e . T h i s 
f i n d i n g h a s g i v e n r i s e t o a c o n c e r n f o r t h e r e l a t i o n s h i p b e t w e e n t h e o c ­
c u r r e n c e o f s u s p e n d e d s a l t a n d i n c i d e n c e o f w i n t e r s a l t i n g o f s t r e e t s i n 
D e t r o i t a n d g r e a t e r m e t r o p o l i t a n D e t r o i t a r e a . F u r t h e r m o r e , s i n c e a i r i n 
m o s t m a j o r c i t i e s i s r o u t i n e l y c o n t i n u o u s l y m o n i t o r e d f o r s u s p e n d e d p a r ­
t i c u l a t e b y s o i l - h a z e d e n s i t o m e t r y a s a p a r t o f t h e a i r p o l l u t i o n a l e r t 
p r o g r a m f o r e m e r g e n c y e p i s o d e a v o i d a n c e , i t i s i m p o r t a n t t o a s s e s s t h e 
w e i g h t c o n t r i b u t i o n o f t r a n s l u c e n t c r y s t a l l i n e s a l t t o t h e m e a s u r e m e n t o f 
t h e s e o t h e r w i s e o p a q u e p a r t i c u l a t e s . A n a l y s e s h a v e b e e n m a d e t o d e t e r ­
m i n e s a l t a s c h l o r i d e i n t h e m e a s u r e m e n t o f b o t h c o e f f i c i e n t o f h a z e ( C 0 H ) 
a n d o f a c t u a l t o t a l s u s p e n d e d p a r t i c u l a t e ( T S P ) u s i n g s i d e b y s i d e s a m p l e 
c o l l e c t i o n . C o r r e l a t i o n o f t h e s e d a t a h a s b e e n m a d e w i t h d a y s o f a c t u a l 
s t r e e t s a l t i n g a n d a w e i g h t r e l a t i o n s h i p h a s b e e n e s t a b l i s h e d t o s h o w t h e 
i n f l u e n c e o f s a l t p a r t i c u l a t e o n C0H a n d s u s p e n d e d p a r t i c u l a t e . C o i n c i ­
d e n t w i t h t h i s s t u d y a r e d a t a w h i c h e x p r e s s t h e r e l a t i o n s h i p b e t w e e n C0H 
a n d h i g h - v o l u m e s a m p l e d s u s p e n d e d p a r t i c u l a t e c o l l e c t e d a t t h e s a m e s i t e . 

241 ACCEPTANCE TESTING CRITERIA AND PROCEDURES FOR HI-VOLUME FILTERS USED IN MONITORING 
NETWORKS. C . F . T u r l i n g t o n . N o r t h r o p S e r v i c e s , I n c . , P . O . Box 1 2 3 1 3 , R e s e a r c h 

T r i a n g l e P a r k , NC 2 7 7 0 9 . 

S e v e r a l h u n d r e d t h o u s a n d g l a s s f i b e r f i l t e r s f o r h i - v o l u m e s a m p l i n g a r e p r o c u r e d 
a n n u a l l y b y E . P . A . f o r a l l a g e n c i e s r e p o r t i n g p a r t i c u l a t e m o n i t o r i n g d a t a . B e f o r e t h e s e 
f i l t e r s a r e a c c e p t e d and a p p r o v e d f o r u s e , a random s a m p l i n g o f t h e e n t i r e a n n u a l s u p p l y 
o f f i l t e r s mus t b e s e l e c t e d and s u b j e c t e d t o v a r i o u s t e s t s and a n a l y s e s t o d e t e r m i n e 
t h e i r a c c e p t a b i l i t y b a s e d upon p r e s e t c r i t e r i a f o r e a c h o f t h e t e s t s p e r f o r m e d . I n i ­
t i a l l y , t h e s e l e c t e d f i l t e r s a r e s u b j e c t e d t o a v i s u a l i n s p e c t i o n b y l i g h t t a b l e s c r e e n ­
i n g , whereby e a c h i s j u d g e d a s a c c e p t a b l e , d e f e c t i v e , o r r e j e c t . The f i l t e r s a r e t h e n 
e v a l u a t e d f o r b o t h p h y s i c a l and c h e m i c a l c h a r a c t e r i s t i c s b y t h e a p p r o p r i a t e t e s t s o r 
a n a l y s e s . The p h y s i c a l c h a r a c t e r i s t i c s e v a l u a t e d i n c l u d e s i z e , t h i c k n e s s , b r i t t l e n e s s , 
i n t e g r i t y , t e n s i l e s t r e n g t h , f l o w r a t e , and r e t e n t i o n . The c h e m i c a l c h a r a c t e r i s t i c s o f 
i n t e r e s t a r e pH, w e i g h t l o s s o n i g n i t i o n , s e l e c t e d n o n - m e t a l s , b e n z o - a - p y r e n e , and 
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SELECTED METALS. THE TESTS OR ANALYSES USED FOR BOTH PHYSICAL AND CHEMICAL CHARACTERIS­
TICS EVALUATED ARE EITHER ASTM METHODS OR ACCEPTED E . P . A . METHODS OF ANALYSIS. THE PRE­
SET ACCEPTANCE CRITERIA WILL BE PRESENTED IN ADDITION TO THE PROCEDURES FOR EACH OF THE 
QUALITY CHARACTERISTICS OUTLINED. DATA FOR S I Z E , BHTTLENESS, INTEGRITY, AND FLOW RATE 
SUBMITTED BY NSI-QAD PERSONNEL; DATA FOR PH, BENZO-A-PYRENE, AND SELECTED METALS CONTRIB­
UTED BY USEPA-EMSL-EMD, POLLUTANT ANALYSIS BRANCH, TRACE ELEMENT ANALYSIS SECTION. 

2*2 ANALYSIS OF TOXIC ORGANIC COMPOUNDS 
IN AMBIENT AIR BY GAS CHROMATOGRAPHY/MASS SPECTROMETRY 

DAVID E. SMITH, WILLIAM C. SCHNOTE, Finnigan Corroration, 845 West Maude Avenue, 
Sunnyvale, CA 94086 

In response to continuing concern by federal agencies about the possible deleterious 
effects of air pollution on human health and the environment, various techniques for the 
analysis of toxic chemicals in the atmosphere are being explored for their relevance and 
effectiveness. Combined gas chrcmatography/mass spectrometry (GC/MS), with i t s proven 
effectiveness for analysis of toxic organics in water, is being utilized by various 
laboratories. This paper explains the confioArration of a GC/MS instrument adapted 
specifically for organics-in-Tair analysis, and describes the software employed for rapid 
identification of compounds. 

Standard mixtures of 15 volatile cxatpounds were analyzed over a 6 day period to 
determine precision of the analyses. Multiple internal standards were employed, wean 
relative response factor deviations varied from 6.5% to 27.9% with an average of 16.3%. 
Sampling times up to 30 minutes with sampling rates of 30 ml/minute are possible without 
breakthrough of any compound using a Tenax/silica gel trap. 

243 OPTICAL DESIGN OF U.V. SECOND DERIVATIVE ENVIRONMENTAL GAS ANALYZERS. D. E. Osten. 
Lear Slegler, Inc., 74 Inverness Drive East, Englewood, CO 80111. 

State-of-the-art instrumentation for monitoring such environmental pollutants as SO2 
and NO include Ultraviolet second derivative monitors. Key to performance of these mon­
itors is their optical throughput, resolution, and stability. Optimization of design of 
these monitors for the above parameters will be discussed. Measurement techniques used 
to evaluate performance will also be described. 

24* VAPOR PRESSURE MEASUREMENTS OF TOXIC AND CARCINOGENIC MATERIALS OF INTEREST IN 
INDUSTRIAL HYGIENE. Dorothy C. S t e r l i n g and George M. Breuer , N a t i o n a l I n s t i t u t e 

for Occupat iona l S a f e t y and H e a l t h , 4676 Columbia Parkway, C i n c i n n a t i , OH 4 5 2 2 6 . 

The Knudsen e f f u s i o n t e c h n i q u e w i t h mass s p e c t r o m e t r i c e x t r a p o l a t i o n to low 
temperature was used to measure the vapor p r e s s u r e s and t h e i r temperature dependences 
f o r z i n c , cadmium, b e n z o i c a c i d , n a p h t h a l e n e , a n t h r a c e n e , p y r e n e , and s e v e r a l i s o m e r i c 
d i m e t h y l p h e n o l s . The importance of the vapor p r e s s u r e in e s t a b l i s h i n g an a c c u r a t e 
sampling method f o r i n d u s t r i a l h y g i e n e i s shown: t r a p p i n g the vapor may be n e c e s s a r y 
for a l l the measured compounds e x c e p t z i n c and cadmium. 

2*5 DOSIMETRY IN THE WORKPLACE. 3. K. Samuels, Republic Steel Corporation, Research 
Center, 6801 Brecksville Road, P.O. Box 7806, Independence, Ohio 4*131. 

Evaluation of employee exposure to toxic gases and vapors has been significantly simplified 
through the development and use of passive dosimeters. Field sampling has become much safer. 
The use of badges for the collection of organic vapors has become common in the workplace. 
Several different badges will be described. The charcoal badges rival the charcoal tubes in many 
instances. Other badges for the collection of mercury and inorganic gases have recently been 
developed. Several side-by-side field tests have taken place in the working environment. The 
results of these studies, as well as the analytical methodology of the badges, will be described. 
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2*6 IMPROVED MEASUREMENT TECHNIQUES FOR ASBESTOS FIBRES IN WORKPLACE ATMOSPHERES. 
J . C . M e r a n g e r ' , and E . J . C h a t f i e l d 2 . N a t i o n a l H e a l t h and W e l f a r e , O t t a w a , O n t a r i o , 

K1A 0 L 2 \ O n t a r i o " R e s e a r c h F o u n d a t i o n , M i s s i s s a u g a , O n t a r i o , L5K 1 B 3 2 , C a n a d a . 

The u s e o f p h a s e c o n t r a s t o p t i c a l m i c r o s c o p y f o r m o n i t o r i n g o f a s b e s t o s f i b r e s i n t h e 
w o r k p l a c e a t m o s p h e r e s h a s been shown t o b e u n r e l i a b l e . R e c e n t work i n d i c a t e s t h a t t h i s 
t e c h n i q u e d o e s n o t m e a s u r e f i b r e s i n t h e r a n g e o f d i a m e t e r s which a r e s t r o n g l y c o r r e ­
l a t e d w i t h c a r c i n o g e n i c a c t i v i t y and t h a t t h e s e o u t n u m b e r t h o s e a c t u a l l y c o u n t e d b y a 
f a c t o r o f a t l e a s t 5 0 : 1 . T h e r e f o r e a d e t a i l e d s t u d y o f a l t e r n a t i v e m e a s u r e m e n t 
t e c h n i q u e s was u n d e r t a k e n . D u r i n g t h e c o u r s e o f t h i s s t u d y s e v e r a l a v e n u e s w i l l b e 
e x p l o r e d . T h e s e i n c l u d e d e t a i l e d i n v e s t i g a t i o n o f t h e r e l a t i v e p e r f o r m a n c e and 
l i m i t a t i o n s o f t h e c u r r e n t me thods u s e d f o r f i b r e m e a s u r e m e n t s i n w o r k p l a c e a t m o s p h e r e s 
such a s p h a s e c o n t r a s t o p t i c a l m i c r o s c o p y , s c a n n i n g e l e c t r o n m i c r o s c o p y SEM, 
t r a n s m i s s i o n e l e c t r o n m i c r o s c o p y TEM, t h e d e v e l o p m e n t o f a n improved image a n a l y z i n g 
m i c r o a n a l y z e r s y s t e m c o u p l e d to t h e SEM and t h e d e v e l o p m e n t o f a m e a s u r e m e n t t e c h n i q u e 
which i s n o t b a s e d o n t h e c o u n t i n g o f f i b r e s and c a n b e a p p l i e d a s a r a p i d r o u t i n e 
s c r e e n i n g m e t h o d . For t h i s p u r p o s e t h e m a g n e t i c a l i g n m e n t e f f e c t o f a s b e s t o s f i b r e s 
r e p o r t e d b y T i m b r e l was i n v e s t i g a t e d a s a means o f m e a s u r e m e n t o f a s b e s t o s f i b r e 
c o n c e n t r a t i o n s . 

247 MEASUREMENT OF AIRBORNE GLASS FIBRES IN RESIDENCES DUE TO INSULATING MATERIALS. 
J . C . M e r a n g e r 1 , and E . J . C h a t f i e l d 2 . N a t i o n a l H e a l t h and W e l f a r e , O t t a w a , O n t a r i o , 

K1A 0 L 2 1 , O n t a r i o R e s e a r c h F o u n d a t i o n , M i s s i s s a u g a , O n t a r i o , L5K 1 B 3 2 , C a n a d a . 

R e s i d u a l a i r b o r n e g l a s s f i b r e c o n c e n t r a t i o n s were m e a s u r e d i n one new home and a l s o 
i n f o u r o l d e r homes i n wh ich g l a s s f i b r e i n s u l a t i o n had been r e c e n t l y i n s t a l l e d . A i r 
s amples were c o l l e c t e d o n N u c l e p o r e f i l t e r s and t h e s e were examined u s i n g t h e s c a n n i n g 
e l e c t r o n m i c r o s c o p e w i t h e n e r g y d i s p e r s i v e X - r a y a n a l y s i s f o r f i b r e i d e n t i f i c a t i o n . 
I t was found t h a t d u r i n g i n s t a l l a t i o n o f i n s u l a t i o n o n b a s e m e n t w a l l s , r e s p i r a b l e f i b r e 
c o n c e n t r a t i o n s o f 0 . 2 f i b r e s / m L were o b s e r v e d i n t h e b a s e m e n t ; t h e s e v a l u e s were 
c o n f i r m e d b y m e a s u r e m e n t s o n b r e a t h i n g zone a i r s a m p l e s . O t h e r l o c a t i o n s i n t h e home 
e x p e r i e n c e d f i b r e c o n c e n t r a t i o n s o f 0 . 0 2 f i b r e s / m L . A f t e r 2 4 - 4 8 h o u r s , r e s p i r a b l e 
f i b r e c o n c e n t r a t i o n s r e t u r n e d t o t h e d e t e c t i o n l e v e l s o f a b o u t 0 .0001 f i b r e s / m L . 
I m m e d i a t e l y a f t e r b l o w i n g o f g l a s s f i b r e i n t o a r o o f c a v i t y , r e s p i r a b l e f i b r e 
c o n c e n t r a t i o n s i n t h e home r o s e t o a b o u t 0 . 0 0 1 3 f i b r e s / m L . R e s p i r a b l e f i b r e 
c o n c e n t r a t i o n s r e t u r n e d t o t h e d e t e c t i o n l e v e l s o f a b o u t 0 .0001 f i b r e s / m L a f t e r 2 4 - 4 8 
h o u r s . 

248 THREE-DIMENSIONAL FLUORESCENT SPECTRA OF HUMIC ACIDS. M. C. Goldberg, E. R. Weiner, 
and R. L. Wershaw. U. S. Geological Survey, P.O. Box 25046, Mail Stop 424, Denver 

Federal Center, Lakewood, Colorado 80225. 

Three-dimensional fluorescence spectroscopy allows one to examine the emission and 
excitation spectra over the response range 200-800 nanometers and present this data to 
the viewer on a single figure. By combining the excitation wavelength, emission wave­
length and emission intensity in this manner, a spectral pattern of a compound can be 
obtained which is unique even though the conventional emission scan done at a single 
wavelength for a given material might be indistinguishable from the spectra of a number 
of other materials. 

The technique of three-dimensional spectroscopy is presented and illustrated for 
humic acid fractions. Florida muck samples were fractionated on a Sephadex column into 
four fractions. These fractions vary in molecular weight, molecular number and composi­
tion of reactive groups. The fractions were examined by collecting a three-dimensional 
fluorescence spectrum in the form of a contour map. The axes were: excitation wave­
length, emission wavelength and fluorescence emission intensity. The latter is present­
ed as contour Lines at 10 percent intensity intervals. The unfractionated sample had 
excitation peaks at 210 and 300 nanometers with a single emission peak at 465 nanometers. 
As the fractions were examined, in order of elution from the Sephadex column, the spec­
tral pattern no longer showed the single emission line at 465 nanometers, but different 
patterns emerged. The final pattern had excitation peaks at 320 and 510 nanometers and 
emission peaks at 450 and 580 nanometers. In addition to the fluorescence pattern, 
these spectra made possible the selection of 465 nanometers as the proper wavelength to 
obtain an excitation spectrum on the unfractionated sample which should best match the 
absorption spectrum. Several absorption spectra were determined with the absorption 
maxima confirmed by U.V. analysis. 
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2*9 An Automated Procedure f o r S i m u l t a n e o u s l y Determining Tota l Cyanide and T h i o c y a n t e 
in I n d u s t r i a l W a s t e w a t e r s . J . H. Lowry, T. J. Meszaros and R. C. R o s s . E n v i r o n ­

mental P r o t e c t i o n Agency, Nat iona l Enforcement I n v e s t i g a t i o n s C e n t e r , Box 2 5 2 2 7 , B l d g . 
5 3 , Denver Federal C e n t e r , Denver , CO 8 0 2 2 5 . 

A c o n t i n u o u s segmented f l o w s y s t e m has been d e v e l o p e d to d e t e r m i n e t h i o c y a n a t e in 
t h e p r e s e n c e o f c y a n i d e i n i n d u s t r i a l w a s t e w a t e r s . S e v e r a l improvements i n t h e e x i s t i n g 
UV d i g e s t i o n t o t a l c y a n i d e methodology a r e a l s o p r e s e n t e d . Automated t o t a l c y a n i d e 
methodology f o r w a t e r s 1s based on t h e breakdown of complex c y a n i d e s by UV d i g e s t i o n and 
s e p a r a t i o n o f h y d r o c y a n i c gas b y e i t h e r f l a s h d i s t i l l a t i o n o r t h i n f i l m e v a p o r a t i o n . The 
gas is absorbed and measured c o l o r i m e t r i c a l l y . A major d i s a d v a n t a g e of t h e UV d i g e s t i o n 
i s t h a t t h i o c y a n a t e can n o t b e d i s t i n g u i s h e d from c y a n i d e . T h i s has been a n i n h i b i t i n g 
f a c t o r i n t h e a c c e p t a n c e o f t h i s t e c h n i q u e i n the NPDES m o n i t o r i n g program. The d e v e l ­
oped t h i o c y a n a t e procedure c i r c u m v e n t s t h i s problem by p r o v i d i n g a means to s u b t r a c t t h e 
t h i o c y a n a t e c o n c e n t r a t i o n from t h e t o t a l c y a n i d e v a l u e . I n t h e d e v e l o p e d p r o c e d u r e , 
t h i o c y a n a t e i s c o n v e r t e d t o cyanogen c h l o r i d e gas b y r e a c t i o n w i t h c h l o r a m i n e - T . T h i s 
gas i s sparged from p o s s i b l e c o l o r i m e t r i c i n t e r f e r e n c e , absorbed and r e a c t e d in a mixed 
p y r i d i n e - b a r b i t u r i c a c i d s o l u t i o n and t h e complex measured c o l o r i m e t r i c a l l y . Cyanide 
i s masked p r i o r t o t h e c h l o r a m i n e - T r e a c t i o n b y t h e a d d i t i o n o f formaldehyde which r e ­
a c t s w i t h o n l y c y a n i d e to form c y a n o h y d r i n . In t h i s sy s t em 0 . 0 0 5 mg/L CN as p o t a s s i u m 
t h i o c y a n a t e can be d e t e c t e d in t h e p r e s e n c e of 10 mg/L CN" as p o t a s s i u m c y a n i d e . A 
number o f s o l u t i o n s o f m e t a l l i c t h i o c y a n a t e complexes were a n a l y z e d and r e c o v e r y d a t a 
f o r both s y s t e m s i s p r e s e n t e d . S e v e r a l SIC w a s t e w a t e r s were a l s o a n a l y z e d . 

250 DETERMINATION OF TOTAL NITROGEN IN WATER BY PYROLYSIS A N D 
CHEMILUMINESCENCE DETECTION. C. E. Arozarena and V. C. Marti, U.S. Geologica l Survey, 
5293 Ward Road, Arvada, Colorado 8 0 0 0 2 . 

A method w a s developed for the rapid determinat ion of to ta l n i trogen in natural and w a s t e 
waters using pyrolysis with chemi luminescence d e t e c t i o n . This method is useful in the evaluat ion 
of water contaminated by organic substances containing nitrogen functional groups, such as 
ni tr i le , nitro, n i troso , a z o , a z i d e , a z i n e , o x i m e , and semi carbazone . These organic contaminants 
are not converted to ammonia-ni trogen during Kjeldahl ox idat ion . Microliter quanti t ies of the 
water sample w e r e injected into a heated quartz combust ion tube , where inorganic and organic 
nitrogen form ni tr ic oxide (NO). Nitric oxide r e a c t s with o z o n e to form nitrogen dioxide ( N O 2 ) in 
the e x c i t e d s t a t e . Relaxat ion o f t h e e x c i t e d nitrogen dioxide N O 2 t o the nonexci ted s t a t e 
produces the chemi luminescence tha t is measured by a photo multiplier de tec tor s y s t e m . 
Variables a f fec t ing the response of the de tec tor were opt imized , including the sample vo lume 
injected , inject ion ra te , argon and oxygen flow r a t e , ozone generat ion r a t e , and combust ion tube 
t emperature . The de tec tor response w a s linear from 0.10 to 5.00 mil l igrams per liter of t o ta l 
n i trogen. The determinat ion of to ta l nitrogen in natural water samples by this method had a 
correlat ion coe f f i c i en t of 0 .998 with resul ts obtained by both t h e Kjeldahl and Ni tra te plus Ni tr i t e 
methods . Overall precision of this new method is 5.0 percent for the range t e s t e d . Total n i trogen 
recover ies of 99 percent w e r e obtained from samples of water spiked wi th picric ac id , 
tr ini trotoluene, and cyc lo tr imethy lenetr in i tramine . Total nitrogen on the same samples by the 
c lass ica l Kjeldahl method produced only 15 percent recovery . 

251 COKFORKATiONAL AND DYNAMICAL PPvOPERTIES OF 3IOLOGICAL MF.KBRANES BY RAMAN SPECTROSCOPY. Ira W. Levin, 

Laboratory of Clinical Physics, National Institute of Arthritis, Metabolism and Digestive Diseases, 

National Institutes of Health, Bethesda, Maryland 20205. 

Sir.co the confrrmarional and dynamical behavior or membrane assemblies reflect the concerted interactions 

of both intrinsic and extrir,ic bilayer components, the nature and origins of structural rearrangements within 

tne lipid matrix are often difficult to resolve in even tie simplest reconstituted liposomal systems, of the 

variety of physical technicals available for examining membrane reorganizations, Raman spectroscopy provides 

exquisitely sensitive molecular probes both for monitoring bilayer disturbances on the vibrational time scale 

(the order of 1 0 ~ i 3 sec) and fcr identifying the specific region of the lipid molecule responding to the per­

turbation. In particular, changes in spectral intensities sad frequencies for selected lipid head group and 

acyl chain vibrational modes reflect intra- and inter-molecular adjustments arising within the bilayer matrix 

from either temperature effects or the insertion of bilayer components. In the present discussion we will ex­

amine several types of membrane behavior based upon, first, the packing characteristics exhibited by lipid-sterol 

complexes and, second, the bilayer effects resulting from lipid-protein interactions. Our treatment of lipid-

protoi.i associations will deal specifically with bnth the bulk membrane lipids and either (a) the boundary lipids 

ir^cdiat.-ly nurrcundin^ an incorporated protein (as, for example, in mclittiu containing mfcmbrar.es) or (b) the 

immobilized lipids influenced by an extrinsic bilayer protein (as demonstrated in bilayer recombinants of Apo-Al, 

a protein isolated from high density lipoprotein complexes). 

In general, we will emphasize several distinct uses of vibrational spectroscopy as a probe of membrane 

structure; namely, the measurement of gel to liquid crystalline phase transitions, the effect of inserted bilayer 

components upon lipid organization, the flexibility of the phospholipid matrix in terms of intrachain and inter­

chain disordering processes and Lhe detection of two classes of immobilized, boundary lipids associated with 

membrane constituents. 
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252 DETERMINATION OF b-TURN CONFORMATION BY LASER RAMAN SPECTROSCOPY. Hiroyuki ? 

Ishizaki} P. Balaram, R. Nagaraj, Y. V. Venkatachalapathi2 and Anthony T. Tu. 
Department o£ Biochemistry, Colorado State University, Fort Collins" CO 805231 and 
Molecular Biophysics Unit, Indian Institute of Science, Bangalore, 560 012 India2. 

In order to use Raman spectroscopy as an analytical tool to identify and characterize 
the 8-Turn conformation, three peptides known to contain 6-turn structure were examined. 
The compounds examined were BOC-Cy^-Pro-Val-Cy^-CONHCH^ Z-Aib-Pro-Aib-Ala-COOCHj, and 
Z-Aib-Pro-CONHCH S — S _x 

The amide I band of these compounds is seen at 1668, 1665, and 1677 cm and the amide 
III band appears at 1267, 1265 and 1286 cm"1, respectively. Combined with the published 
Raman data of other compounds which contain 6-turn conformation, it is concluded that 
the amide I band appears in the range between 1663-1677 and the amide III band between 
1255-1300 cm - 1. By combining amide I and III bands, it is possible to identify o-helix, 
8-sheet and g-turn conformation of proteins. 

253 RESONANCE RAMAN STUDIES OF MOLECULAR OXYGEN ADDUCTS OF Co(II) CHELATES IN SOLUTION 
EQUILIBRIA. R. Nakamoto, M. W. Urban, Y. Nonaka and T. Ishiguro. Department of 

Chemistry, Marquette University, Milwaukee, Wis. 53233 

When a Co(II) chelate in a nonaqueous solvent absorbs oxygen in the presence of 
a base(B), the following equilibria are established: 

[Co(chelate)B] + 02 •> [Co(chelate)B]02 

[Co(chelate)B]02 + [Co(chelate)B] ^ [Co(chelate)B] 

The resonance Raman spectrum of this solution at low temperatures exhibits the 02 

stretching bands of both 1:1 and 1:2(0„/metal) adducts. 
Effects of the base ligand, chelating Iigand, temperature, 02 pressure and solvent 
polarity on the 02 stretching frequencies and the equilibria have been studied. 

254 RESONANCE RAMAN SPECTRA, EXCITATION PROFILES AND NORMAL COORDINATE 
ANALYSIS OF POTASSIUM BIS(DITHIOOXALATO)NICKEL(II). R.CzernUSzewicZ, 

P.P. Strommen and K.Nakamoto. Department of Chemistry, Marquette Uni­
versity, Milwaukee, Wisconsin 53233 

Resonance Raman spectra of K 2[Ni(dto) 21 (dto: dithiooxalato anion) 
have been measured in solution as well as in the crystalline state. A 
complete normal coordinate analysis has been made using a modified Urey-
Bradley force field. The average deviation between observed and calculat­
ed frequencies was less than 1%. Two series of overtones were observed in 
the resonance Raman spectra; the nvi(» l= 1085 c m

- 1 ) progression up to 
n = 6 and the nvj + v2 (v 2 = 1602 c m

- 1 ) up to n = 4. Using these pro­
gressions, the anharmonicity constant was calculated for vj. Excitation 
profiles for vj and vh(316.4 cm

- 1, Ni-S stretch) indicate that the Vj 
mode gains intensity from interaction with two electronic transitions, 
while the v4 is enhanced by only one of them. Two forms (red and black) 
of K 2[Ni(dto) 2] which give significantly different spectra can be 
obtained. These differences are explained in terms of small variations 
in their crystal structures. 

255 EXTENDED-RANGE RESONANCE RAMAN INCLUDING UV-LASER EXCITATION. P. J. Trotter. 
Eastman Kodak Research Laboratories, Kodak Park, Rochester, N.Y. 14650. 

We have been exploring the selective enhancement of structural group spectra in 
complex molecules and mixtures via resonance Raman with the following capabilities: 
1) Analytical Sensitivity through specific group enhancements (with intensity increases 
of 103 to 5 x 101*). 
2) Selectivity in enhancements of vibrational bands in groups, bonds, and species in 
mixtures (e.g., azo and quinone, metal-azo, metal-metal, aqueous ions, and donor acceptor 
systems). 
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3) Structural Assignments via simplification of spectra through molecular group 
selectivity in metal complexed molecules. 
4) Band Shape Analyses in terms of structural group contributions via detailed resonance 
excitation intensity maps. 

The utility of the large resonance enhancements was tested with indicator dye 
system analyses in aqueous mixtures. The specificity of structural group and bond spec­
tral enhancements is achieved through laser tuning into electronic transitions, and our 
samples showed UV-resonance selection. Continuous and pulsed (Nd;YAG) laser systems are 
being utilized in these studies. 

256 OBJECTIVE CONSIDERATIONS IN THE MEASUREMENT OF POLARIZED RAMAN SPECTRA WITH THE 
MOLE, Mark E. Andersen, Walter C. McCrone Associates, Inc., 2820 South Michigan 

Avenue, Chicago, IL 6o6l6. 

The polarization properties of Raman scattered light are useful in characterizing 
the symmetry or orientation of molecules in gases, liquids, glasses, crystals and 
polymers. These properties have not been studied in detail using Raman microprobes 
largely because of errors introduced by the use of high magnification, high numerical 
aperture of collection optics. These optics collect light from a large solid angle 
and single crystals or particles thus yield Raman spectra which are very similar 
to the powder patterns obtained with macro-instruments. It is just this property 
which has made Raman microprobes a useful analytical tool for small particle identi­
fication. The micro-capabilities of these instruments should not be limited to this 
application if useful polarization data can also be obtained. The reduction in solid 
collection angle necessary to perform these measurements is readily carried out in the 
MOLE using lower numerical aperture objectives. Carbon tetrachloride was studied to 
demonstrate the capability and individual oriented polymer fibers as small as 16 urn in 
diameter were chosen as applications of the technique. Polarization scrambling 
effects from surface irregularities were reduced by immersing the samples in liquid 
media. The relationships between the objective magnification, numerical aperture, and 
tubelengths must be kept in mind when choosing the best objective for use with the 
MOLE. 

257 MECHANISMS OF AQUEOUS SORPTION ON GIBBSITE MEASURED BY RAMAN SPECTROSCOPY. 
K.M. Cunningham and Marvin C. Goldberg. U.S.Geological Survey, P.O.Box 250^6 , MS U2U, 

Denver Federal Center, Lakewood, CO 8 0 2 2 5 . 

A substantial change in the Raman intensities of the 0H~ stretching bands of solid 
powdered gihbsite [a-Al(0H)3, surface area 10 m

2/g] has been attributed to surface in­
teractions with the sorbates Ca 2, H P0i(3-x, silicic acid, and mixtures thereof. The 
four OH- stretching bands of gibbsite occur at 3 3 6 0 , 3520 and 3618 cm-1; the intensity 
relative to untreated gibbsite of the 3360 cm~l band was observed to diminish 60 percent 
upon CaCl2 treatment at one extreme, and to increase 180 percent after I^PO^ treatment 
at the other extreme. Small changes in the relative peak heights of the four bands were 
observed, depending on the treatment utilized. The results were interpreted in terms of 
different surface 0H--adsorbate interactions. 

Such interactions, however, should have little effect on what is essentially a 
Raman spectrum of bulk 0H~. We have re-examined this system using an internal intensity 
standard [ N a 2 0 x a l a t e crystals] and gibbsite with surface area of one m2/g. Adsorbate 
solutions, trea-teient regimes, and spectroscopic techniques were similar to previous 
studies. Our results show no effects, within probable error, of the different ad-
sorbates on 0H~ band parameters. 

258 REMOTE RAMAN SPECTROSCOPY - ITS SUCCESSES AND FAILURES. Stanley M. Klainer, 
Lawrence Berkeley Laboratory, University of California, Berkeley, CA. 94720 

Remote Raman Spectroscopy has been a subject of much discussion and limited research. 
In the early 1970's many researchers attempted to use this technique for atmospheric 
studies, pollution monitoring, flame diagnostics, oceanographic measurements and a 
variety of other technical problems which were amenable to remote analysis. Now, in the 
1980's, much of the enthusiasm for this technique has vanished. In this paper the 
potential of remote Raman Spectroscopy is reviewed, the reasons for its successes and 
failures are analyzed, and its future as an analytical tool is postulated. 

102

Rocky Mountain Conference on Magnetic Resonance, Vol. 23 [1981], Art. 1

https://digitalcommons.du.edu/rockychem/vol23/iss1/1
DOI: https://doi.org/10.56902/RMCMR.1981.23.1



SOLAR BLIND RAMAN LIDAR. John A. Cooney, Drexel University, 3101 Chestnut Street, 
Philadelphia, PA 19104 

performance characteristics are presented for a solar blind Raman lidar having a 
variable output wavelength. A figure of merit is defined which maximizes signal to 
noise ratio (S/N). This (S/N) arises for a particular output wavelength which depends 
upon the instantaneous total ozone overburden as well as the ozone content from the 
surface to the target altitude. Figures of merit for water vapor and temperature pro­
files axe presented. Specific optimal output wavelenghts are given and total output 
energies required to yield certain prespecified levels of measurement accuracy are com­
puted. Recent preliminary measurements are assessed. 

260 HIGH RESOLUTION RAMAN LIDAR FOR WATER VAPOR STUDIES. S. H. Melfj, M. Z. Hansen, 
J. D. Spinhirne, D. Clem. NASA/Goddard Space Flight Center, Greenbelt, MD. 20771 

This paper will present a description of a Raman lidar system designed to provide 
fundamental data on the evolution of water vapor in the atmospheric boundary layer (the 
first several kilometers of the atmosphere). 

The evaporation of water is a major mechanism for transferring heat from the earth's 
surface to the lower atmosphere. The movement, flux, and motion of the resultant water 
vapor through the boundary layer and into the free troposhere needs to be clearly under­
stood. It is only after reaching these heights that water vapor and its condensation 
can begin to effect global meteorology and circulation. High spatial (50 meters) and 
temporal (60 seconds) resolution measurements of water vapor profiles from the earth's 
surface through the boundary layer and into the lower free troposphere will contribute 
to this understanding. 

An evaluation of the two most promising lidar methods for remote water vapor mea­
surements (Raman and differential absorption) was performed and will be presented. The 
analysis shows that when short range, high spatial resolution measurements of reasonably 
high concentration molecular species is desired (the case for water vapor measurements in 
the boundary layer) the Raman lidar is preferred over differential absorption lidar. 

The paper will be concluded with a description of the design and construction of the 
Lidar system and a discussion of our plans for using the system in future meteorological 
studies of the atmospheric boundary layer. 

261 LASER MEASUREMENTS IN FLAMES AND THE ATMOSPHERE. Carl M. Penney, G. E. Research & 
Development, Schenectady, New York 12301. 

There are a surprising number of similarities between laser measurements in flames 
and in the atmosphere. These similarities will be emphasized in a description of simul­
taneous laser velocitmery in Raman scattering experiments on turbulent hydrogen/air 
flames. The resulting information has motivated consideration, in combustion models, 
of effects not previously anticipated to be important within these flames. In particu­
lar, significant deviation between data and simple models seem to be explained by in­
clusion of differential diffusion and finite rate chemistry effects. 

262 REMOTE RAMAN SPECTROSCOPY IN THE OCEAN. D. A. Leonard, Computer 
Genetics Corporation, 18 Lakeside Office Park, Wakefield, MA 01880 

This paper describes the application of Raman scattering from liquid 
water molecules to the remote sensing of subsurface ocean temperature, 
salinity and attenuation profiles. The theoretical basis of the method is 
discussed, including an estimation of the potential of the measurement 
technique in terms of accuracy and depth penetration as a function of 
laser power and other system parameters. Both laboratory and field ex­
periments conducted over the previous years are discussed. Since the 
Raman scattering cross section for water is known, the performance of a 
Raman lidar remote subsurface measurement system, if not limited by inter­
ferences, can be exactly calculated as a function of water turbidity, 
laser power and other system parameters. Environmental interferences are 
expected to be dominated by volume depolarization producing a temperature 
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uncertainty of 0.1°C per d i f fuse attenuation length of depth. Fie ld 
experiments have obtained laser Raman temperature data in a var ie ty of 
natural waters and open ocean waters- The r e s u l t s of these experiments 
have demonstrated 1 C temperature accuracy and data r e t r i e v a l down to 4 
d i f fuse attenuation lengths of depth. Recent experiments in a 10 meter 
high s t r a t i f i e d tank are reported in which a temperature gradient is 
measured under contro l l ed condi t ions . Additional data is reported which 
shows measurements of s a l i n i t y and attenuation under f i e l d condi t ions . 

263 HIGH RESOLUTION EFFECTS IN REMOTE SENSING WITH LASER BACKSCATTER. 
R. L. Schwiesow and V. E. Derr. NOAA Environmental Research Laboratories, R45xl, 

325 Broadway, Boulder, CO. 80303 

High spectral and spatial resolution enhances remote measurement of atmospheric 
temperature profiles, humidity profiles, and ocean temperature profiles from back-
scattered laser light. Brillouin effects modify the central peak in atmospheric 
Rayleigh scattering, which is Gaussian if the molecules act as independent scatterers. 
If the width of the central line is accurately measured and Brillouin effects are 
properly included in the lineshape model, it is possible to determine temperature 
profiles in the atmosphere with a lidar system. The Landau-P1aczek ratio in scattering 
from a fluid (ratio of central component to Brillouin wings) depends on temperature. 
Although the ratio is small, a change of 10% per °C near 15-25°C is a temperature-
dependent effect that should allow remote measurement of ocean temperature using an 
airborne lidar. The vibrational Raman spectrum of water vapor has been used for remote 
humidity profiling. High spatial resolution, which is a natural outgrowth of the high 
spectral resolution being studied for remote temperature measurement, promises to 
improve humidity lidar performance by reducing the noise from daylight sky background 
compared to the Raman return from water vapor. 

264 THE EFFECTS OF RAMAN AND RAYLEIGH-BRILLOUIN SCATTERING ON FRAUNHOFER LINES AS SEEN 
IN SCATTERED LIGHT. George W. Kattawar, Department of Physics, Texas A&M University 
College Station, Texas 77840 

In 1961, Grainger and Ring (1962)* found that Fraunhofer lines are a few percent 
less deep in the light of the blue sky than in direct sunlight. Several subsequent 
investigations have explored this so-called "Ring effect" but with divergent results. 
The only general agreement is that this excess light appears to be unpolarized, so 
most observers have measured the component of the radiance with the electric vector in 
the plane determined by the Sun and the Zenith to suppress the diluting effect of singly-
scattered light. We will show that a combination of Rayleigh-Brillouin scattering (RBS) 
and rotational Raman scattering (RRS) in an aerosol-free atmosphere are more than 
sufficient to explain the filling-in of solar Fraunhofer lines, and that one does not 
have to invoke aerosol fluorescence. We will also show that RBS will only be significant 
for narrow lines whose FWHM is of the order of a few tenths of an angstrom. The effect 
of the ground albedo also plays a dominant role in the filling-in for small solar Zenith 
angles. 

Results will also be presented showing the effect of RRS on the degree of polari­
zation across a Fraunhofer line. Finally, we will show the effect of aerosols on both 
the radiance and degree of polarization across a Fraunhofer line and implications of 
this effect in terms of a new technique for probing atmospheric aerosols. 

•Grainger, J. F., and Ring, J., 1962, Nature, 193, 762. 
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265 HIGH PRESSURE 1H NMR INVESTIGATIONS OF PHASE TRANSITIONS IN DOUBLE PROPIONATES BY 
S. Arumugam, S. V. Bhat and R, S r i n i v a s a n , Department of P h y s i c s , I n d i a n I n s t i t u t e 

o f S c i e n c e , Bangalore-560 0 1 2 . I n d i a . 

The r e s u l t s of *H NMR s t u d i e s in p o l y c r y s t a l l i n e samples of Ca2M (CH-CH COO)^ where 
M=Ba, Sr or Pb ( t h e s a l t s b e i n g c a l l e d DBP, DSP and DLP r e s p e c t i v e l y ) s u b j e c t e d to h y d r o ­
s t a t i c p r e s s u r e s up to 12 Kbar and in the t emperature range 77 K - 3 0 0 K w i l l be p r e ­
s e n t e d i n r e l a t i o n t o the p h a s e t r a n s i t i o n s i n t h e s e compounds. The dependence o f H 
second moments on t e m p e r a t u r e and p r e s s u r e c l e a r l y b r i n g s out the importance o f r e -
o r i e n t a t i o n a l m o t i o n o f t h e C^H,. groups in the t r a n s i t i o n s and e n a b l e us to propose 
models f o r t h e s e m o t i o n s which e x p l a i n t h e d i f f e r e n c e s in t h e b e h a v i o u r s o f DBF on one 
hand and of DSP and DLP on t h e o t h e r . The t e t r a g o n a l , p a r a e l e c t r i c (P4^2 .2 ) to t e t r a g o n a l 
f e r r o e l e c t r i c (P4^) t r a n s i t i o n at 281.5 K in DSP and at 333 K in DLP are i n f e r r e d to be 
accompanied by a c h a n g e - o v e r from f r e e r o t a t i o n s to f l i p p i n g t y p e mot ion of t h e C^H 
groups around the a x i s whereas the c u b i c to or thorhombic s t r u c t u r a l t r a n s i t i o n a t 267 
K in DBP is found to be caused by a f r e e z i n g of f r e e r o t a t i o n s of 2 of the 6 C^H^ g r o u p s . 
In a d d i t i o n DBP shows a s econd moment t r a n s i t i o n around 3-5 Kbar at room temperature 
i t s e l f which i s n o t e x p l a i n e d b y the known phase diagram o f the s u b s t a n c e . The d i f ­
f e r e n c e s i n t h e p r e s s u r e dependences o f the compounds a l s o w i l l b e d i s c u s s e d . 
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1. CONVENTION COMPLEX 

2. EXECUTIVE TOWER INN 
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