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W E L C O M E T O D E N V E R 

T h e R o c k y M o u n t a i n S e c t i o n of t h e S o c i e t y fo r 
A p p l i e d S p e c t r o s c o p y is p l e a s e d t o p resen t i ts 
p r o g r a m for t h e F i f teen th A n n u a l R o c k y M o u n t a i n 
S p e c t r o s c o p y C o n f e r e n c e t o be h e l d at t h e B r o w n 
Pa lace Ho te l , Denve r , C o l o r a d o , A u g u s t 2 0 - 2 1 , 1973. 
T h e p r o g r a m th i s y e a r c o n s i s t s of 39 p a p e r s r e p ­
resen t i ng m a n y of t h e f i e l ds of s p e c t r o s c o p y a n d 
ana l y t i ca l c h e m i s t r y . 
T h e R o c k y M o u n t a i n S e c t i o n w e l c o m e s a l l o f y o u 
t o Denver . W e inv i te y o u r fu l l p a r t i c i p a t i o n in t h e 
t e c h n i c a l s e s s i o n s , a n d to see e x h i b i t s of t h e la test 
in l abo ra to r y e q u i p m e n t a n d i n s t r u m e n t a t i o n . W e 
h o p e y o u e n j o y t h e m ixe r , e n t e r t a i n m e n t p r e c e d i n g 
the b a n q u e t , a n d t h e b a n q u e t a l l in t h e f r i end l y , 
i n f o r m a l a t m o s p h e r e m a i n t a i n e d at t h e c o n f e r e n c e . 

Registration 

Reg i s t r a t i on w i l l b e he ld t h r o u g h o u t t h e c o n f e r e n c e 
s t a r t i ng a t 7:45 a .m. M o n d a y , A u g u s t 20 . T h e reg i s ­
t r a t i o n d e s k w i l l b e o n t h e M e z z a n i n e f l oo r . C h e c k s 
s h o u l d be m a d e p a y a b l e t o the R o c k y M o u n t a i n 
S e c t i o n , S o c i e t y fo r A p p l i e d S p e c t r o s c o p y . 
Reg i s t r a t i on b a d g e s a re r e q u i r e d f o r a d m i s s i o n t o 
al l s e s s i o n s o f t h e c o n f e r e n c e . R e g i s t r a t i o n f ees 
a re as f o l l o w s : 

M e m e b e r s a n d N o n m e m b e r s $10 .00* 
S t u d e n t s * * 2.00 
B a n q u e t 6.00 

* T h e reg i s t r a t i on f e e w i l l be w a i v e d fo r c u r r e n t l y 
u n e m p l o y e d s p e c t r o s c o p i s t s , c h e m i s t s or o t h e r t e c h ­
n i ca l p e r s o n n e l a t t e n d i n g t h e c o n f e r e n c e . 
* * D e f i n e d as t h o s e a t t e n d i n g s c h o o l o n a fu l l t i m e 
bas i s . 

Accommodat ions 

A l l c o n f e r e n c e f u n c t i o n s w i l l be he ld at t h e B r o w n 
Pa lace H o t e l , 17th S t ree t a n d T r e m o n t P lace , w i t h 
t h e t e c h n i c a l s e s s i o n s , m i xe r , a n d b a n q u e t in t h e 
B a l l r o o m s l o c a t e d in t h e T o w e r B u i l d i n g . 

Visitor Information 

I n f o r m a t i o n o n t h e Denve r a rea m a y b e o b t a i n e d 
f r o m t h e D e n v e r - C o l o r a d o C o n v e n t i o n a n d V i s i t o r s 
B u r e a u , 225 W e s t C o l f a x A v e n u e , Denver , C o l o r a d o 
80202, (303) 892-1112 . 

Employment 

I n fo rma l e m p l o y m e n t " c l e a r i n g h o u s e s e r v i c e " w i l l 
b e p r o v i d e d w i t h a b u l l e t i n b o a r d fo r S p e c t r o s c o p i s t s 
a n d / o r C h e m i s t s A v a i l a b l e a n d P o s i t i o n s O p e n . E a c h 
p r o s p e c t i v e e m p l o y e e a n d e m p l o y e r w i l l p r e p a r e h is 
o w n i n f o r m a t i o n w i t h p l a c e o f c o n t a c t fo r t h e b u l l e t i n 
b o a r d . 
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Equipment Exhibits 

T h e la test in l abo ra to r y e q u i p m e n t , i n s t r u m e n t a t i o n , 
a n d s u p p l i e s w i l l be o n d i s p l a y in the e x h i b i t a rea 
l o c a t e d o n t h e P r o m e n a d e in t h e T o w e r B u i l d i n g . 
E x h i b i t o r s a n d / o r c o n t r i b u t o r s fo r t he r e f r e s h m e n t s 
d u r i n g t h e c o n f e r e n c e at t h e d a t e of t h i s p r i n t i n g 
i n c l u d e : 

B e c k m a n I n s t r u m e n t s 
T h e B u r h k e C o m p a n y 
C a n b e r r a I ndus t r i es 
D iano C o r p o r a t i o n 
KEVEX C o r p o r a t i o n 
Lab tes t E q u i p m e n t C o m p a n y 
Sad t l e r R e s e a r c h L a b o r a t o r i e s , Inc . 
T e c h n i c a l E q u i p m e n t C o r p o r a t i o n 
U. S. G e o l o g i c a l S u r v e y 
V a n W a t e r s & R o g e r s 
W i l k s S c i e n t i f i c C o r p o r a t i o n 

W i l k s Sc ien t i f i c C o r p o r a t i o n s e m i n a r o n the W i l k s 
M I R A N A n a l y z e r s w i t h a d i s c u s s i o n of O S H A C o m ­
p l i a n c e T e s t i n g w i l l be T u e s d a y , A u g u s t 2 1 , at 2 :00 
p.m. in R o o m 331 at t he C o s m o p o l i t a n H o t e l , Denver . 

DRI X-Ray Conference 

T h e 20th A n n u a l Denver C o n f e r e n c e on A p p l i c a t i o n s 
of X-Ray A n a l y s i s w i l l b e he ld A u g u s t 22-24, 1973, 
a l so at t h e B r o w n Pa lace H o t e l . For f u r t he r i n fo r ­
m a t i o n , c o n t a c t C. O. R u u d , M e t a l l u r g y a n d M a t e r i ­
a ls S c i e n c e D i v i s i o n , Denver R e s e a r c h Ins t i tu te , 
Un ive rs i t y of Denver , Denver , C o l o r a d o 80210. 

Conference Mixer and Banquet 
T h e c o n f e r e n c e b a n q u e t w i l l be he ld M o n d a y e v e ­
n i n g , A u g u s t 20, at 7:15 p.m. in B a l l r o o m B. T h e 
b a n q u e t w i l l b e p r e c e d e d by a h o s t e d c o c k t a i l h o u r 
f r o m 6:00 t o 7:00 p.m. in B a l l r o o m A a n d en te r ­
t a i n m e n t by t h e S h e r w o o d I n te rna t i ona l Fo l k D a n c e r s 
f r o m 6:45 t o 7:15 p .m. A b o u t 20 d a n c e r s w i l l p a r t i ­
c i p a t e . T h e g r o u p has p e r f o r m e d t h r o u g h o u t t h e 
R o c k y M o u n t a i n a rea fo r a n u m b e r of y e a r s . B a n q u e t 
t i c k e t s m a y b e p u r c h a s e d a t t h e R e g i s t r a t i o n d e s k 
un t i l 12:00 n o o n , M o n d a y , A u g u s t 20 ($6 per pe rson ) . 

T h e O u t s t a n d i n g S e r v i c e A w a r d w i l l be p resen ted 
to H a r l a n N. B a r t o n , R e s e a r c h C h e m i s t , T h e D o w 
C h e m i c a l C o m p a n y USA, R o c k y Flats D i v i s i o n , in 
r e c o g n i t i o n of h is s e r v i c e t o t h e R o c k y M o u n t a i n 
S e c t i o n of t he S o c i e t y fo r A p p l i e d S p e c t r o s c o p y . 

Banquet Menu 

A p p e t i z e r Fru i t S u p r e m e 
S a l a d Hear t s of Le t t uce — C l u b D r e s s i n g 
En t ree Roas t B a r o n of Beef 

B a k e d P o t a t o 
B r o c c o l i S p e a r s M i l a n a i s e 

Deser t S t r a w b e r r y Ice C r e a m Pie 
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Banquet Speaker 
T h e b a n q u e t s p e a k e r is Dr. V e r n o n E. Derr , D e p u t y 
D i rec to r , W a v e P r o p a g a t i o n L a b o r a t o r y , N a t i o n a l 
O c e a n i c a n d A t m o s p h e r i c A d m i n i s t r a t i o n , 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 , B o u l d e r , C o l o r a d o . 
H is t o p i c w i l l b e " R e m o t e S e n s i n g o f t he A t m o s ­
p h e r e . " 

Monday Morning Session 
B a l l r o o m A 
August 20 , 1973 
S e s s i o n C h a i r m a n — W . G. S c h r e n k , D e p a r t m e n t o f 
C h e m i s t r y , K a n s a s S ta te Un ive rs i t y , M a n h a t t a n , K a n ­
sas . 

8:50 W e l c o m e by R M S - S A S C h a i r m a n , D. B la i r 
Robe r t s . 
I n t r o d u c t i o n G. V e r n o n Whee le r , Na t i ona l S A S 
P res iden t . 

9:00 S a m p l i n g a n d A n a l y s i s of Heavy M e t a l A t ­
m o s p h e r i c Po l l u t an t s . D. L. D ick a n d R. K. 
S k o g e r b o e , D e p a r t m e n t of C h e m i s t r y , C o l o ­
r a d o S ta te Un ive rs i t y , For t C o l l i n s , C o l o r a d o . 

9:20 E n v i r o n m e n t a l E f fec ts o n the L u m i n e s c e n c e 
C h a r a c t e r i s t i c s of N u c l e o s i d e s a n d N u c l e o ­
t i d e s . G len Boutil ier a n d C. M. O ' D o n n e l l , 
D e p a r t m e n t of C h e m i s t r y , C o l o r a d o S ta te U n i ­
ve rs i t y , For t C o l l i n s , C o l o r a d o . 

9:40 S p e c t r o m e t r i c I d e n t i f i c a t i o n of E n v i r o n m e n t a l 
L e a d C o m p o u n d s . K. W. Olson a n d R. K. S k o ­
g e r b o e , D e p a r t m e n t of C h e m i s t r y , C o l o r a d o 
S ta te Un ivers i t y , For t C o l l i n s , C o l o r a d o . 

10:00 Break 

10:20 S o m e A t o m i c A b s o r p t i o n C h a r a c t e r i s t i c s o f 
a T a n t a l u m Boa t A t o m i z i n g S y s t e m . Richard 
T. Everson and W . G. S c h r e n k , C h e m i s t r y 
D e p a r t m e n t , K a n s a s A g r i c u l t u r a l E x p e r i m e n t 
S t a t i o n , M a n h a t t a n , K a n s a s . 

10:40 D e t e r m i n a t i o n of T i n in M i n e r a l i z e d R o c k s a n d 
O r e s by A t o m i c 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 ry . John P. Mensik a n d H e r m a n S e i d e m a n n , 
Jr . , C o l o r a d o S c h o o l of M i n e s R e s e a r c h I n ­
s t i t u te , G o l d e n , C o l o r a d o . 

11:00 T h e Use o f t h e " G l o m a x " D e m o u n t a b l e H o i -
low C a t h o d e L a m p fo r S e l e c t e d E l e m e n t s in 
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 . A n n C. 
Fickl in, T e r r y Rees, a n d L e o n a r d H o m a n , 
T h e D o w C h e m i c a l C o m p a n y , USA, R o c k y 
Flats D i v i s i on , G o l d e n , C o l o r a d o . 

11:20 Eva lua t i on of t he Use of t h e H e a t e d G r a p h i t e 
A t o m i z e r fo r t h e R o u t i n e D e t e r m i n a t i o n of 
T r a c e M e t a l s in Wa te r . W a l t h e r M. B a r n a r d , 
D e p a r t m e n t of G e o l o g y , S ta te Un i ve r s i t y C o l -
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10:25 B r e a k 

10:45 M a s s S p e c t r o m e t r y : I ts Use In t h e A n a l y s i s 
o f P e t r o l e u m . J . H. W e b e r a n d A . W. D e c o r a , 
U.S. B u r e a u o f M i n e s , L a r a m i e E n e r g y R e ­
s e a r c h Cente r , L a r a m i e , W y o m i n g . 

11:05 D e t e r m i n a t i o n o f t h e A 2 T o r s i o n a l F r e q u e n c y 
in T r i m e t h y l a m i n e by C o m p u t e r A i d e d M i c r o ­
w a v e Re la t i ve In tens i t y M e a s u r e m e n t s . E d g a r 
A . R inehar t , D e p a r t m e n t of Phys i cs , Un i ve r s i t y 
o f W y o m i n g , L a r a m i e , W y o m i n g , P h i l i p B. 
R e i n h a r t , D e p a r t m e n t of P h y s i c s , A g n e s S c o t t 
C o l l e g e , a n d James E. Wol l rab, M c D o n n e l l 
D o u g l a s R e s e a r c h L a b o r a t o r i e s , M c D o n n e l l 
D o u g l a s C o r p o r a t i o n , S t . Lou i s , M i s s o u r i . 

11:20 T h e U s e of a S m a l l C o m p u t e r in S p e c t r o -
c h e m i c a l C a l c u l a t i o n s . Char les T. Ape l , C a l v i n 
J . M a r t e l l , J u a n i t a V. P e n a , a n d O l i ve r R. S i m i , 
Un i ve rs i t y of C a l i f o r n i a , Los A l a m o s S c i e n ­
t i f i c L a b o r a t o r y , Los A l a m o s , N e w M e x i c o . 

11:35 C o m p u t e r P r o g r a m fo r E m i s s i o n S p e c t r o ­
g r a p h ^ C a l c u l a t i o n s . H a r l a n N. B a r t o n , T h e 
D o w C h e m i c a l C o m p a n y , USA, R o c k y F la ts 
D i v i s i o n , G o l d e n , C o l o r a d o . 

11:50 R a d i a t i o n E f fec ts in X - R a y P h o t o e l e c t r o n S p e c ­
t r o s c o p y . C. D. Wagner , S h e l l D e v e l o p m e n t 
C o m p a n y , Be l l a i re R e s e a r c h Cen te r , H o u s t o n , 
T e x a s 7 7 0 0 1 . 

12:05 L u n c h 

Tuesday Afternoon Session 
B a l l r o o m A 

August 2 1 , 1 9 7 3 

S e s s i o n C h a i r m e n — Har l an N. B a r t o n , T h e D o w 
C h e m i c a l C o m p a n y , USA, R o c k y Flats D i v i s i o n , 
G o l d e n , C o l o r a d o a n d J . H. W e b e r , U.S. B u r e a u o f 
M ines , L a r a m i e E n e r g y R e s e a r c h Cen te r , L a r a m i e , 
W y o m i n g . 

1:30 T h e D e t e r m i n a t i o n of Rare Ea r ths in P l u t o n i u m 
by X - ray E m i s s i o n A n a l y s i s . A . G. M i l le r , A t ­
l an t i c R i c h f i e l d H a n f o r d C o m p a n y , R i c h l a n d , 
W a s h i n g t o n . 

1:45 S o m e Poss ib l e A p p l i c a t i o n of X - ray D i f f r a c t i o n 
i n Pa in t P i g m e n t A n a l y s i s . I n g r i d Ma tzne r , U.S. 
B u r e a u of R e c l a m a t i o n , Denve r Fede ra l C e n ­
ter , Denver , C o l o r a d o . 

2:00 A C o m p a r i s o n o f M e t h o d s of S a m p l e P r e p a ­
r a t i o n a n d o f C a l c u l a t i o n s f o r M e a s u r e m e n t s 
a n d f o r P r e c i s i o n fo r X - ray S p e c t r o m e t r y of 
C o l u m b i u m a n d T a n t a l u m O r e s . O r n e l i o d e 
S o u z a , F u n d a c a o d e C i e n c i a e T e c h n o l o g i a , 
P O R T O A L E G R E - B R A S I L . 
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2:15 X - R a y S p e c t r o m e t r y as a C o n t r o l M e t h o d f o r 
I n o r g a n i c I m p u r i t i e s in t h e P r o d u c t i o n o f 
C h e m i c a l P r o d u c t s . O r n e l i o d e S o u z a , F u n -
d a c a o d e C i e n c i a e T e c n o l o g i a , P O R T O 
A L E G R E - B R A S I L . 

2:30 B reak 

2:45 Pa t te rn R e c o g n i t i o n in A n a l y t i c a l C h e m i s t r y . 
J im McGi l l a n d B r u c e R. K o w a l s k i , D e p a r t ­
m e n t of C h e m i s t r y , C o l o r a d o S ta te Un ive rs i t y , 
For t C o l l i n s , C o l o r a d o . 

3:00 F o r m u l a t i o n a n d A p p l i c a t i o n of S t a n d a r d s f o r 
I n t e r - l a b o r a t o r y a n d P r o j e c t C o n t r o l . W a l t e r 
E. H i l l , Jr . , A m a x E x p l o r a t i o n , Denve r , C o l o ­
r a d o . 

3:15 S t a n d a r d s — A n O l d , O f t en I g n o r e d b u t I n d i -
s p e n s i b l e A n a l y t i c a l T o o l . Elsie J . Rowe a n d 
L. D. M u l l e n , A m a x E x p l o r a t i o n , Denve r , C o l o ­
r a d o . 

3:30 Fu r the r A d v a n c e s i n t h e C e r t i f i c a t i o n o f N a t u ­
ral G r a p h i t e C a l i b r a t i o n S t a n d a r d s . H. E. Tay ­
lor, R. B r o w n , a n d M. L J a c o b s , A c c u - L a b s 
R e s e a r c h , I n c o r p o r a t e d , W h e a t R i d g e , C o l o ­
rado , a n d C. Le is tner , U l t ra C a r b o n C o r p o r a ­
t i o n , Bay C i ty , M i c h i g a n . 

3:45 T r a c e E l e m e n t A n a l y s i s of Z e o l i t e s a n d Re­
la ted M a t e r i a l s — A C o m p a r a t i v e S t u d y . A. J . 
El lgren a n d R. G. Pa rkhu rs t , U n i o n C a r b i d e 
C o r p o r a t i o n , T a r r y t o w n T e c h n i c a l Cen te r , 
T a r r y t o w n , N e w Y o r k . 

4:00 D e t e c t i o n Sens i t i v i t y in S u b - M i c r o n M e t a l 
O x i d e P o w d e r s U s i n g t h e E l e c t r o n M i c r o 
P robe . C. G o r d o n C leaver , G e n e r a l E lec t r i c 
C o m p a n y , V a l l e c i t o s N u c l e a r Cen te r , P l e a s a n -
t o n , C a l i f o r n i a . 

4:15 P r e c i s i o n a n d D e t e c t i o n L i m i t s of Ra re Ea r th 
E l e m e n t s in S y n t h e t i c G l a s s S t a n d a r d s by 
E l e c t r o n P r o b e A n a l y s i s . Robert H. Heidel 
a n d G e o r g e A . D e s b o r o u g h , U.S. G e o l o g i c a l 
Su rvey , D e n v e r Federa l Cen te r , Denve r , C o l o ­
r a d o . 
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Abst rac ts of P a p e r s P r e s e n t e d 

(9 :20 a.m.) E N V I R O N M E N T A L E F F E C T S O N T H E 
L U M I N E S C E N C E C H A R A C T E R I S T I C S OF N U C L E ­
O S I D E S A N D N U C L E O T I D E S . Glenn Boutilier a n d 
C. M. O ' D o n n e l l , D e p a r t m e n t of C h e m i s t r y , C o l o r a d o 
S ta te Un i ve rs i t y , For t C o l l i n s , C O 8 0 5 2 1 . 

T h e e f fec t of pH o n t h e f l u o r e s c e n c e a n d p h o s ­
p h o r e s c e n c e c h a r a c t e r i s t i c s of the d e o x y n u c l e o ­
t i d e s a n d n u c l e o s i d e s has b e e n i n v e s t i g a t e d . S i l ve r 
is k n o w n to i n c r e a s e t h e p h o s p h o r e s c e n c e i n tens i t y 
o f DNA. T h e pH d e p e n d e n c e o f t he s i l ve r c o m p l e x 
w i t h the i n d i v i d u a l n u c l e o t i d e s a n d n u c l e o s i d e s w i l l 
be e x a m i n e d . 

(9 :40 a.m.) S P E C T R O M E T R I C I D E N T I F I C A T I O N O F 
E N V I R O N M E N T A L L E A D C O M P O U N D S . K. W . Olson 
a n d R. K. S k o g e r b o e , 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 ta te Un ive rs i t y , For t C o l l i n s , C o l o r a d o 
8 0 5 2 1 . 

I d e n t i f i c a t i o n of t h e c o m p o u n d f o r m s of lead in 
t h e e n v i r o n m e n t is i m p o r t a n t in d e f i n i n g t h e m o d e 
o f t r a n s p o r t f r o m s o u r c e s t o s i nks . C o m p o u n d i d e n ­
t i f i c a t i o n is c o m p l i c a t e d by t h e e x t r e m e c o m p l e x i t y 
o f e n v i r o n m e n t a l m a t r i c e s . I d e n t i f i c a t i o n o f l ead 
s p e c i e s by s p e c t r o m e t r i c m e t h o d s w i l l be d i s c u s s e d . 

(10:20 a.m.) S O M E A T O M I C A B S O R P T I O N C H A R ­
A C T E R I S T I C S O F A T A N T A L U M B O A T A T O M I Z I N G 
S Y S T E M . Richard T. Everson a n d W. G. S c h r e n k , 
C h e m i s t r y D e p a r t m e n t K a n s a s A g r i c u l t u r a l E x p e r i ­
m e n t S t a t i o n , M a h a t t a n , K a n s a s 66506 . 

F lame less a t o m i z i n g of s a m p l e s w i t h t h e use of 
a t a n t a l u m boa t a t o m i z i n g s y s t e m p r o v i d e s a m u c h 
m o r e sens i t i ve m e a n s of d e t e c t i o n i n 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 , p r o d u c i n g in s o m e c a s e s , as 
m u c h as a 10 4 t o 10 5 f o l d i n c r e a s e In sens i t i v i t y over 
t h e c o n v e n t i o n a l f l a m e . 

S i n c e f l a m e l e s s a t o m i z i n g of s a m p l e s p r o v i d e s 
a m u c h d i f f e ren t e n v i r o n m e n t t h a n d o e s t h e c o m ­
m o n l y u s e d f l a m e a t o m i z i n g t e c h n f q u e o n e m u s t 
be a w a r e of c e r t a i n e x p e r i m e n t a l p a r a m e t e r s , w h e n 

(9 :00 a.m.) S A M P L I N G A N D A N A L Y S I S OF H E A V Y 
M E T A L A T M O S P H E R I C P O L L U T A N T S . D. L Dick 
a n d R. K. S k o g e r b o e , 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 ta te Un ive rs i t y , For t C o l l i n s , C o l o r a d o 
8 0 5 2 1 . 

Da ta i l l u s t ra t i ng t h e a d v a n t a g e s a n d d i s a d v a n ­
t a g e s of v a r i o u s f i l t e r i ng m a t e r i a l s c o m m o n l y u s e d 
f o r t h e c o l l e c t i o n of a t m o s p h e r i c p a r t i c u l a t e s w i l l 
b e p r e s e n t e d . 

M O N D A Y 
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u s i n g t h e t a n t a l u m b o a t s y s t e m , w h i c h m a y a f f e c t 
t h e i n t ens i t y o f t he a b s o r p t i o n s i g n a l . 

S o m e of t h e e x p e r i m e n t a l p a r a m e t e r s c o n s i d e r e d 
in th i s r e p o r t a r e : 

(1) T h e t e m p e r a t u r e of a t o m i z a t i o n . T h e t e m ­
p e r a t u r e of t h e t a n t a l u m boa t a t t h e t i m e a t o m i z a t i o n 
o c c u r s is d i r e c t l y re la ted t o t h e n u m b e r of g r o u n d 
s ta te a t o m s p r o d u c e d . 

(2) T h e ra te of h e a t i n g t h e t a n t a l u m boa t . T h e 
ra te at w h i c h t h e boa t is h e a t e d a f fec ts t h e ra te 
of f o r m a t i o n a n d d i s a p p e a r a n c e of t h e g r o u n d s t a te 
a t o m s , w h i c h in t u r n a f f ec t s t h e i n tens i t y of t h e 
a b s o r p t i o n s i g n a l . 

(3) T h e c h e m i c a l c o m p o s i t i o n of t h e s a m p l e . 
S i n c e v a p o r i z a t i o n of t h e s a m p l e f o l l o w e d by t h e r m a l 
d e c o m p o s i t i o n a n d a t o m i z a t i o n a re r e q u i r e d s t e p s 
b e f o r e a b s o r p t i o n c a n t a k e p l a c e , t he c h e m i c a l 
c o m p o s i t i o n of t h e s a m p l e is i m p o r t a n t , i.e. d i f f e ren t 
c o m p o u n d s of Z n , s u c h as Z n C I 2 , Z n S 0 5 , and Z n 
( N 0 3 ) 2 h a v i n g s a m e c o n c e n t r a t i o n s of Z n , g a v e 
d i f f e ren t a b s o r p t i o n s i g n a l s . T h e s a m e e f f ec t has 
been s t u d i e d w i t h M n and C u . A p o s s i b l e e x p l a n a ­
t i o n o f t h i s o c c u r r e n c e w i l l be d i s c u s s e d . 

(10:40 a.m.) D E T E R M I N A T I O N O F T I N IN M I N E R A L ­
IZED R O C K S A N D O R E S B Y A T O M I C A B S O R P T I O N 
S P E C T R O P H O T O M M E T R Y . John D. Mensik a n d 
H e r m a n J . S e i d e m a n n , Jr . , C o l o r a d o S c h o o l of 
M i n e s R e s e a r c h Ins t i tu te , G o l d e n , C o l o r a d o 8 0 4 0 1 . 

T w o m e t h o d s a re 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 t i n in g e o l o g i c m a t e r i a l . T h e m e t h o d s s ta r t 
w i t h an a m m o n i u m i o d i d e s u b l i m a t i o n f u s i o n w h i c h 
is l e a c h e d w i t h h y d r o c h l o r i c a c i d . T h e resu l t an t 
s o l u t i o n is e x t r a c t e d w i t h m e t h y l i sobu t y l k e t o n e — 
t r i oc t y l p h o s p h e n e o x i d e ( M I B K - T O P O ) for t i n t e n o r s 
f r o m 50 p p m t o o n e pe rcen t , o r s u b j e c t e d t o s e l e c ­
t i ve p r e c i p i t a t i o n a n d r e s o l u t i o n fo r s a m p l e s r a n g i n g 
f r o m 0 . 5 % t o 7 5 % t i n . T h e t i n c o n t e n t is a n i t r o u s 
o x i d e - a c e t y l e n e f l a m e fo r t h e o r g a n i c phase or a n 
a i r - h y d r o g e n f l a m e fo r t h e a q u e o u s s o l u t i o n . T i n 
is read at a w a v e l e n g t h of 2863 A . Da ta a re g i v e n 
fo r c o m p a r a t i v e assays o n t i n - b e a r i n g m a t e r i a l . 

(11:00 a.m.) T H E U S E OF T H E " G L O M A X " * D E ­
M O U N T A B L E H O L L O W C A T H O D E L A M P FOR S E ­
L E C T E D E L E M E N T S IN 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 . Ann C. Fickl in, T e r r y Rees , a n d 
L e o n a r d H o m a n , T h e D o w C h e m i c a l C o m p a n y , 
U S A * * , R o c k y Flats D i v i s i o n , P. O. B o x 888, G o l d e n , 
C o l o r a d o 8 0 4 0 1 . 

T h e resu l t s of a s t u d y o n t h e use o f t h e " G l o m a x " 
d e m o u n t a b l e h o l l o w c a t h o d e l a m p are d i s c u s s e d 
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i n c l u d i n g o p t i m u m o p e r a t i n g c o n d i t i o n s , sens i t i v i t i es , 
and d e t e c t i o n l im i t s f o r severa l e l e m e n t s i n c l u d i n g 
a l u m i n u m , n i o b i u m , s i l i c o n , s e l e n i u m a n d u r a n i u m . 

T h e p e r f o r m a n c e o f t h e d e m o u n t a b l e h o l l o w 
c a t h o d e l a m p is a l so c o m p a r e d t o t h e c o m m e r c i a l l y 
ava i l ab le sea led h o l l o w c a t h o d e l a m p s as a s o u r c e 
fo r 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 . 

*Trade name for the demountable hollow cathode lamp manu­
factured by Barnes Engineering Company. 
* * A prime contractor for the U.S. Atomic Energy Commission 
CONTRACT AT(29-1)-1106 

(11:20 a.m.) E V A L U A T I O N O F T H E USE O F T H E 
H E A T E D G R A P H I T E A T O M I Z E R FOR T H E R O U ­
T I N E D E T E R M I N A T I O N O F T R A C E M E T A L S IN 
W A T E R . W a l t h e r M. B a r n a r d , D e p a r t m e n t of G e o l o g y , 
S ta te Un ive rs i t y C o l l e g e , F redon ia , N e w Y o r k 14063 
a n d Marvin J . F ishman, U. S. G e o l o g i c a l Su rvey , 
D e n v e r Federa l Cen te r , Denver , C o l o r a d o 80225. 

A n a l y s i s o f f ou r s t a n d a r d r e f e r e n c e w a t e r s a m ­
p les fo r C u , Pb, C d , M n , a n d Cr by 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 p h o t o m e t r y u s i n g a hea ted g r a p h ­
i te a t o m i z e r p e r m i t s an e v a l u a t i o n of t h e a t o m i z e r 
fo r t h e r ou t i ne , p r a c t i c a l ana lys i s o f w a t e r s a m p l e s . 

T r a c e m e t a l ana l ys i s of w a t e r by d i r e c t c o m p a r i ­
s o n w i t h a q u e o u s s t a n d a r d s is i m p r a c t i c a l b e c a u s e 
of m a t r i x i n t e r f e r e n c e . A n a l y s i s by c o m b i n i n g a 
c h e l a t i o n a n d s o l v e n t e x t r a c t i o n w i t h s u b s e q u e n t 
a t o m i z a t i o n is e f f ec t i ve fo r C u , Pb , a n d Cr , b u t no t 
fo r C d and M n . A n a l y s i s by s t a n d a r d a d d i t i o n s a p ­
pea rs t o be re l i ab le , bu t t i m e c o n s u m i n g . 

T h e sens i t i v i t y of t h e a t o m i z e r fo r A s , H g , Se a n d 
c e r t a i n o the r e l e m e n t s is t o o l o w fo r p r a c t i c a l , 
r o u t i n e ana l ys i s of t h e s e e l e m e n t s in m o s t na tu ra l 
w a t e r s . 

A l t h o u g h t h e h e a t e d g r a p h i t e a t o m i z e r has h i g h 
c a p a b i l i t i e s of sens i t i v i t y a n d d e t e c t i o n l im i t s fo r 
m a n y e l e m e n t s a n d m a y have po ten t i a l a p p l i c a t i o n s 
fo r s p e c i f i c p r o b l e m s e n c o u n t e r e d in w a t e r ana l ys i s , 
i ts use fo r d e t e r m i n a t i o n of t r a c e me ta l s in w a t e r s 
of v a r i e d c o m p o s i t i o n , e s p e c i a l l y by l a b o r a t o r i e s 
e n g a g e d in t h e ana l ys i s of l a r g e n u m b e r s of 
s a m p l e s , is l i m i t e d . 

(11:40 a.m.) S O M E L I M I T A T I O N S O N A N A L Y S I S O F 
E L E C T R O N B E A M D E C O M P O S A B L E S M A L L PAR­
T I C L E S : P O L L U T I O N S T U D I E S . G e o r g e A . Des -
b o r o u g h , Robert H. He ide l , and J a c q u i e M. T r i p p , 

10

Rocky Mountain Conference on Magnetic Resonance, Vol. 15 [1973], Art. 1

https://digitalcommons.du.edu/rockychem/vol15/iss1/1
DOI: https://doi.org/10.56902/RMCMR.1973.15.1



M O N D A Y 

U. S. G e o l o g i c a l Su rvey , D e n v e r Federa l Cen te r , 
Denver , C o l o r a d o 80225. 

Da ta in t he l i t e ra tu re o n s i ze a n d c o m p o s i t i o n 
of a i r b o r n e lead pa r t i c l es b a s e d o n e l e c t r o n m i c r o -
p r o b e ana l ys i s l is t f o u r t e e n d i s t i n c t lead c o m p o u n d s 
w i t h s a m p l e c o m p o s i t i o n s of e a c h m o l e c u l a r 
s p e c i e s . 1 Pa r t i c l e s izes r e p o r t e d w e r e f r o m 2 urn 
in d i a m e t e r to 0.2 urn a n d s m a l l e r . 2 Quan t i t a t i ve 
c h e m i c a l da t a w o u l d be n e c e s s a r y t o p r o v i d e 
f o r m u l a s fo r t he r e p o r t e d c o m p o u n d s . I n f e r red a l so is 
t h a t t he l e a d i n g b e a r i n g p a r t i c l e s a n a l y z e d a re so l i d 
( s p e c i f i c a l l y n o n - p o r o u s or non- f lu f f y ) s i ng le c o m ­
p o u n d s as d i s c r e t e pa r t i c l es w i t h o u t t he c o m p l i ­
c a t i o n s of p a r t i c l e s c o m p o s e d of m o r e t han s i n g l e 
c o m p o u n d s . 

S i g n a l a n d b a c k g r o u n d i n tens i t y d a t a o b t a i n e d 
in ou r l a b o r a t o r y g i v i n g the u n c e r t a i n t i e s d u e to 
c o u n t i n g s ta t i s t i c s , m i n i m u m d e t e c t a b i l i t y l im i t s , 
a n d m a s s sens i t i v i t y o f lead c h l o r i d e s i n d i c a t e i n ­
su f f i c i en t p r e c i s i o n a n d sens i t i v i t y t o o b t a i n c h e m i c a l 
f o r m u l a s fo r p a r t i c l e s as s m a l l as 0.2 urn . 

1. Gary L. Ter Haar and Michael A. Bayard, Composition of 
Airborne Lead Particles, Nature 232. 553 (1971). 
2. Walter C. McCrone, Environmental Pollution Analysis, Ameri­
can Laboratory, JL 8 (1971). 

(1 :30 p.m.) T H E USE O F M A S S S P E C T R O M E T R Y IN 
O B T A I N I N G T H E A M I N O A C I D S E Q U E N C E OF 
O I I G O P E P T I D E S . K laus D. H a e g e l e , B r e n t L a r s e n * 
a n d Dominic M. Desiderio, I ns t i tu te fo r L ip id Re­
s e a r c h a n d D e p a r t m e n t of B i o c h e m i s t r y , Bay lo r 
C o l l e g e o f M e d i c i n e a n d * U n i v e r s i t y of T e x a s G r a d ­
ua te S c h o o l of B i o m e d i c a l S c i e n c e s , H o u s t o n , T e x a s 
77025. 

M a s s s p e c t r o m e t r y is use fu l fo r o b t a i n i n g the 
a m i n o a c i d s e q u e n c e of o l i g o p e p t i d e s , e s p e c i a l l y 
w h e n e v e r t h e N - te rm inus is b l o c k e d , or , w h e n e v e r 
a ve r y s m a l l a m o u n t of ma te r i a l is ava i l ab l e . T o w a r d s 
th i s e n d , w e have i nves t i ga ted a se r i es o f p e p t i d e s 
(d i t h r o u g h oc ta ) w h i c h have b e e n d e r i v a t i z e d w i t h 
s t ab le i s o t o p e s . It is n e c e s s a r y t o N-ace ty la te a n d 
N, O , _S p e r m e t h y l a t e o l i g o p e p t i d e s t o p r o v i d e su f f i ­
c i e n t v a p o r p r e s s u r e fo r m a s s s p e c t r o m e t r y . T h u s 
f o u r de r i va t i ves w e r e e m p l o y e d for e a c h p e p t i d e : 
C H 3 C O + C H 3 , CH3CO + C D 3 , C D ? C O + C H 3 , and 
CD3CO + C D 3 . W i t h s u c h a f a m i l y o f de r i va t i ves , 
it is p o s s i b l e to u n e q u i v o c a l l y a s s i g n v a r i o u s ion 
s t r u c t u r e s t o t h e p e a k s in a m a s s s p e c t r u m . T h e 
p e p t i d e s e m p l o y e d in t h i s s t u d y c o m p r i s e a t r y p t i c 
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h y d r o l y s i s f r a g m e n t o f a b i o l o g i c a l l y a c t i v e p e p t i d e . 
T h e m a s s s p e c t r a of t h e s e p e p t i d e s n o w e n a b l e us 
t o o b t a i n a m i n o a c i d s e q u e n c e s of u n k n o w n b i o ­
l o g i c a l l y ac t i ve o l i g o p e p t i d e s . 

(1 :45 p.m.) P R O D U C T I O N A N D E X A M I N A T I O N O F 
L O W P R E S S U R E S U L F U R M I C R O W A V E E X C I T E D 
E L E C T R O D E L E S S D I S C H A R G E L A M P S . A l lan H. 
Chi lds a n d W. G. S c h r e n k , C h e m i s t r y D e p a r t m e n t , 
K a n s a s A g r i c u l t u r a l E x p e r i m e n t S t a t i o n , M a n h a t t a n , 
K a n s a s 66506. 

E l e c t r o d e l e s s d i s c h a r g e l a m p s (EDL) c o n t a i n i n g 
d i f f e r e n t su l fu r c o m p o u n d s ( e l e m e n t a l su l f u r , H 2 S , 
S 0 2 , Z n S , N a 2 S , and C S 2 ) have b e e n f a b r i c a t e d 
u s i n g q u a r t z t u b e s 3 0 m m l o n g by 8 m m i .d. a n d H e , 
Ar , Ne, Kr , or X e as a f i l l g a s . In tens i t y a n d s tab i l i t y 
o f t h e E D L have b e e n o b s e r v e d u s i n g f i l l g a s p res ­
s u r e s v a r y i n g f r o m 10u t o 1700u at 2 1 6 9 & , 4695A , 
5453X ( su l fu r l ines) a n d 3840X ( S 2 b a n d h e a d ) . 
Da ta a re p r e s e n t e d s h o w i n g t h e e f f ec t s t e m p e r a t u r e 
a n d j a c k e t i n g h a v e o n t h e in tens i t y a n d s tab i l i t y of 
t h e EDL . O p t i m u m c o n d i t i o n s f o r e a c h su l fu r c o m ­
p o u n d a n d f i l l g a s a re g i v e n a l o n g w i t h c o n s t r u c t i o n 
r e p r o d u c i b i l i t y of t h e l a m p s . 

(2:00 p.m.) T H E USE O F L I G H T G U I D E S IN U L T R A ­
V I O L E T S P E C T R O M E T R Y . C. W . Frank, G l e n T r i s -
c h e n , D e p a r t m e n t of C h e m i s t r y , Un i ve rs i t y o f I o w a , 
I o w a C i ty , I o w a 52242 a n d G. B. D rehe r , I l l i no i s 
G e o l o g i c a l Su rvey , U r b a n a , I l l i no is 6 7 8 0 1 . 

A d i s c u s s i o n of t h e v a r i a b l e s a n d a p p l i c a t i o n s 
a s s o c i a t e d w i t h l i gh t g u i d e s is p r e s e n t e d . V a r i a b l e s 
s u c h as l igh t g u i d e d i a m e t e r , l eng th a n d g e o m e t r y 
a re d i s c u s s e d a n d c o m p a r e d t o a lens s y s t e m . 

(2 :15 p.m.) P H O T O T A U T O M E R I S M O F F L A V I N S 
A N D M O D E L D Y E L A S E R . Ph i l S o o n S o n g , Depa r t ­
m e n t of C h e m i s t r y , T e x a s T e c h Un ive rs i t y , L u b b o c k , 
T e x a s 79409. 

F lav ins , p a r t i c u l a r l y l u m i c h r o m e s a n d a l l o x a z i n e s , 
t a u t o m e r i z e u p o n e x c i t a t i o n by t r a n s f e r i n g p r o t o n 
f r o m N-1 t o N-10 i n t r a m o l e c u l a r l y d u r i n g the l i f e t ime 
of t h e f i rs t e x c i t e d s i n g l e t s ta te . F l u o r e s c e n c e o c c u r s 
f r o m t h e e x c i t e d s ta tes of t w o t a u t o m e r s , c o v e r i n g 
s p e c t r a l r e g i o n o f 440-650 n m . T h e p h o t o t a u t o m e r -
i sm of f l av i ns c a n be c a t a l y z e d e f f i c i e n t l y by g e n e r a l 
b a s e s s u c h as p y r i d i n e a n d A f u n c t i o n a l a c i d - b a s e 
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of a c i d - b a s e c a t a l y z e d p h o t o t a u t o m e r i s m a n d e n e r ­
g e t i c s of t h e e x c i t e d s ta te e q u i l i b r i u m w i l l be d i s ­
c u s s e d . S i g n i f i c a n c e of t h e p resen t resu l t s w i l l b e 
e m p h a s i z e d in t e r m s of i ts a p p l i c a b i l i t y of as a 
bas is of c o n v e n i e n t d y e laser . 

(2:45 p.m.) A T A B U L A R M E T H O D FOR O B T A I N I N G 
E M P I R I C A L F O R M U L A S F R O M H I G H R E S O L U T I O N 
M A S S S P E C T R A L D A T A . F. D. Guffey a n d J . H. 
W e b e r , U. S. D e p a r t m e n t of t h e In te r io r , B u r e a u of 
M i n e s , L a r a m i e Ene rgy R e s e a r c h Cen te r , L a r a m i e , 
W y o m i n g 82070. 

P r o c e s s i n g of h i g h r e s o l u t i o n m a s s s p e c t r a l d a t a 
p r o d u c e s a l a rge n u m b e r of e x a c t masses of i o n s 
for w h i c h e m p i r i c a l f o r m u l a s m u s t be d e t e r m i n e d . 
V a r i o u s m e t h o d s of o b t a i n i n g e m p i r i c a l f o r m u l a s 
f r o m t h e e x a c t m a s s e s a re in use , bu t a l l m e t h o d s 
e i t he r r e q u i r e ex tens i ve d a t a p r o c e s s i n g a n d m a n i p ­
u l a t i on or l e n g t h y t a b l e s o f p o s s i b l e f o r m u l a s . By 
c o n s i d e r i n g o r g a n i c i ons t h a t c o n t a i n up t o t h r e e 
h e t e r o a t o m s (N , O, 3 2 S , 3 4 S ) a n d u s i n g t h e K e n d r i c k 
m a s s s c a l e (CH 2 = 14.0000 m a s s un i t s ) , a m i n i m u m 
n u m b e r of t a b l e s , b a s e d o n l y o n t h e d e c i m a l p o r t i o n 
o f t h e mass , c a n be f o r m e d . W i t h t h e s e t ab les a n d 
t h e e x a c t m a s s of t h e i o n , t h e a t o m i c c o m p o s i t i o n 
of t h e ion (CnH 2 n + z H a O b 3 2 S c

3 4 S d ) c a n be d e ­
t e r m i n e d . 

(3:00 p.m.) A M A T H E M A T I C A L A N A L Y S I S OF T H E 
R E S O L U T I O N IN F INE S T R U C T U R E O F I O N I Z A T I O N 
E F F I C I E N C Y C U R V E S . D. W . K. Sever in , A. B. D e n i -
s o n , B. Os te r l i t z , a n d J . H. W e b e r , U. S. D e p a r t m e n t 
of t h e In te r io r , B u r e a u of M i n e s , L a r a m i e E n e r g y 
R e s e a r c h Cen te r , L a r a m i e , W y o m i n g 82070. 

A h i d d e n w e a l t h of i n f o r m a t i o n is bu r i ed in e x ­
p e r i m e n t a l i o n i z a t i o n e f f i c i e n c y c u r v e s . V a r i o u s 
m e t h o d s have been p r o p o s e d fo r n u m e r i c a l l y reso l v ­
ing t h e f i n e s t r u c t u r e , b u t an a s s e s s m e n t of t h e 
m e t h o d s has been l a c k i n g . A c r i t i c a l , m a t h e m a t i c a l 
e v a l u a t i o n of c u r r e n t m e t h o d s f o r r e s o l v i n g f i n e 
s t r u c t u r e is p r e s e n t e d . 

(3:15 p.m.) E X C I T O N S T U D I E S V I A D E L A Y E D 
F L O U R E S C E N C E M E A S U R E M E N T S IN P Y R E N E - d 1 0 

D O P E D F L U O R E N E . A. B. Denison, O n d e r P e c k c a n , 
T . M. K i t e , D e p a r t m e n t of P h y s i c s a n d L. J . N o e , 
D e p a r t m e n t o f C h e m i s t r y , Un i ve r s i t y of W y o m i n g , 
L a r a m i e , W y o m i n g 82070. 
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De layed F l u o r e s c e n c e m e a s u r e m e n t s have b e e n 
m a d e as a f u n c t i o n of t e m p e r a t u r e (90° K-300° K) 
t o d e t e r m i n e t h e re la t i ve c o n c e n t r a t i o n of m o b i l e -
t r i p l e t - e x c i t o n s in a s i ng le c r ys ta l of p y r e n e - d 1 0 

d o p e d f l u o r e n e . E x c i t o n t r a p p i n g is o b s e r v e d as the 
t e m p e r a t u r e is l o w e r e d w h i c h is i n d i c a t e d by i n ­
c r e a s e d i m p u r i t y t r a p p h o s p h o r e s c e n c e a n d a 
s i m u l t a n e o u s d e c r e a s e in d e l a y e d f l u o r e s c e n c e i n ­
tens i t y . 

(3:30 p.m.) O P T I C A L A N D ESR S P E C T R A OF O N E -
D I M E N S I O N A L C R Y S T A L S . G. M. Cole , Jr., A . B. 
D e n i s o n * a n d S. L. Hol t , D e p a r t m e n t of C h e m i s t r y 
a n d * D e p a r t m e n t of Phys i cs , Un i ve rs i t y of W y o ­
m i n g , L a r a m i e , W y o m i n g 82070. 

T h e ESR a n d a b s o r p t i o n s p e c t r a of seve ra l c r y s ­
ta ls of t he t ype R M C I 3 [R = ( C H 3 ) 4 N + ( C H 3 ) N H 3 + , Cs+ , 
R b + ; M = M n 2 + ( M n 2 + , C U 2 + ) ] have b e e n o b s e r v e d 
d o w n to l i q u i d h e l i u m t e m p e r a t u r e s . T h e c rys ta l s 
s h o w l o n g - r a n g e , o n e d i m e n s i o n a l e x c h a n g e c o u p ­
l ing even at r o o m t e m p e r a t u r e . 

(3:45 p.m.) T I M E - R E S O L V E D S P E C T R A OF V I S I B L E 
R A D I A T I O N IN B U L K T I T A N I U M C O M B U S T I O N * . 
C. C. Runyan, J . C. M o u l d e r , a n d A. F. C la rk , C r y o ­
g e n i c s D i v i s i on Ins t i t u te fo r Bas i c S t a n d a r d s N a ­
t i ona l B u r e a u of S t a n d a r d s , Bou lde r , C o l o r a d o 80302. 

U t i l i z i ng a h i g h - s p e e d m e c h a n i c a l shu t t e r e l e c ­
t r i ca l l y d r i ven by a p h o t o d i o d e - a c t u a t e d t i m e - d e l a y 
c i r c u i t , the p r e s e n c e of t i t a n i u m a n d i ts o x i d e s is 
s p e c t r a l l y m o n i t o r e d a b o v e t h e s u r f a c e of t h e b u r n ­
ing T i me ta l as a f u n c t i o n of t i m e . S p e c t r a a re 
p h o t o g r a p h i c a l l y t a k e n w i t h a g r a t i n g s p e c t r o m e t e r 
and c o m p a r e d fo r v a r i o u s s t a g e s of t he c o m b u s t i o n 
p r o c e s s as d e t e r m i n e d by the s h a p e of t he to ta l 
e m i t t e d i n tens i t y c u r v e . T h e c o m b u s t i o n of t he b u l k 
t i t a n i u m s p e c i m e n s is i n f r a r e d l a s e r - s u p p o r t e d in 
o x y g e n . 

*This work is supported by NASA-Marshall Space Flight Center 
under Contract H-92145A. 

(4:00 p.m.) C O H E R E N T O P T I C A L F ILTERING FOR 
P H A S E C O N T R A S T P H O T O G R A P H Y IN C O M B U S ­
T I O N R E S E A R C H * . J . C. Moulder and A. F. C la rk , 
C r y o g e n i c s D i v i s i on , Ins t i tu te fo r Bas i c S t a n d a r d s , 
Na t i ona l B u r e a u of S t a n d a r d s , Bou lde r , C o l o r a d o 
80302. 
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T h e e x p a n d e d and c o l l i m a t e d o u t p u t b e a m of a 
15 m W h e l i u m - n e o n laser is u s e d t o t r a n s - i l l u m i n a t e 
a c o m b u s t i o n c h a m b e r . Phase d i f f e r e n c e s in the 
w a v e f r o n t c a u s e d by r e g i o n s of v a r y i n g i n d e x of 
r e f r a c t i o n a re t r a n s f o r m e d in to i n tens i t y v a r i a t i o n s 
in t h e i m a g e p l a n e of a f o u r i e r t r a n s f o r m lens by 
use of a H i l be r t t r a n s f o r m f i l te r p l a c e d in t h e f o c a l 
p l a n e (spa t ia l f r e q u e n c y p lane) of t h e lens. Th i s 
m e t h o d is c o m p a r e d t o s c h l i e r e n and s h a d o w p h o ­
t o g r a p h y a n d i n t e r f e r o m e t r i c t e c h n i q u e s . H i g h - s p e e d 
m o t i o n p i c t u r e s us ing t h e p h a s e c o n t r a s t m e t h o d 
t o s t u d y t h e c o m b u s t i o n in o x y g e n of t i t a n i u m a n d 
m a g n e s i u m s u p p o r t e d by a C 0 2 laser w i l l be p re ­
s e n t e d . 

*This work is supported by NASA-Marshall Space Flight Cen­
ter under Contract H-92145A. 

T U E S D A Y 

(9 :00 a.m.) H I G H - R E S O L U T I O N N U C L E A R M A G ­
N E T I C R E S O N A N C E W I T H M E T A L E L E M E N T S . 
G a r y E. M a c i e l , D e p a r t m e n t of C h e m i s t r y , C o l o r a d o 
S ta te Un ive rs i t y , For t Co l l i n s , C o l o r a d o 8 0 5 2 1 . 

T e c h n i q u e s have b e e n d e v e l o p e d f o r o b s e r v i n g 
t h e h i g h - r e s o l u t i o n N M R s p e c t r a o f a va r i e t y o f n u ­
c l i d e s by t h e pu l se Four ie r t r a n s f o r m m e t h o d . Ma jo r 
of n u c l i d e s by pu l se Four ie r t r a n s f o r m m e t h o d . Ma jo r 
e m p h a s i s in ou r r e s e a r c h g r o u p has b e e n o n n u ­
c l i d e s of me ta l e l e m e n t s . 

T y p i c a l N M R s p e c t r a a n d N M R s p e c t r a l c h a r a c ­
t e r i s t i c s of r e p r e s e n t a t i v e me ta l n u c l i d e s w i l l be 
p r e s e n t e d . P r o s p e c t s fo r h i g h - r e s o l u t i o n N M R a p ­
p r o a c h e s w i t h m e t a l n u c l i d e s in c h e m i c a l a p p l i c a ­
t i o n s w i l l b e d i s c u s s e d . 

(9 :20 a.m.) P U L S E FOURIER T R A N S F O R M 2 0 7 P b N U ­
C L E A R M A G N E T I C R E S O N A N C E . Jerry L. Dal las 
a n d G a r y E. M a c i e l , 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 ta te Un ive rs i t y , For t Co l l i n s , C o l o r a d o 8 0 5 2 1 . 

H i g h - r e s o l u t i o n 2 0 7 P b N M R s p e c t r a have b e e n 
o b t a i n e d o n a va r i e t y of Pb (11) a n d P b ( I V ) s p e c i e s 
in i n o r g a n i c and o r g a n o m e t a l l i c s y s t e m s . T h e pu l se 
Fou r ie r t r a n s f o r m t e c h n i q u e has b e e n e m p l o y e d . 

C u r r e n t and p r o j e c t e d c a p a b i l i t i e s of 2 0 7 P b N M R 
a p p r o a c h 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 p r o s ­
pec t s fo r v a r i o u s k i n d s of a p p l i c a t i o n s . 
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(9:35 a.m.) 3 1 P N U C L E A R M A G N E T I C R E S O N A N C E 
A S A N A N A L Y T I C A L T O O L . Douglas W. L o w m a n 
a n d Gary E. M a c i e l , D e p a r t m e n t of C h e m i s t r y , C o l o ­
r ado S ta te Un ivers i t y , For t C o l l i n s , C o l o r a d o 8 0 5 2 1 . 

T h e pu l se Four ie r t r a n s f o r m N M R t e c h n i q u e w i t h 
3 1 P has b e e n e x p l o r e d fo r i ts a n a l y t i c a l p o t e n t i a l 
in p h o s p h o r u s - c o n t a i n i n g c o m p o u n d s . E m p h a s i s has 
b e e n on v a r i o u s t y p e s of p h o s p h a t e s p e c i e s . 

Pe r t i nen t 3 1 P N M R s p e c t r a l c h a r a c t e r i s t i c s w i l l 
b e d i s c u s s e d , as w e l l as t h e k i n d s of 3 1 P N M R a p ­
p r o a c h e s tha t a p p e a r p r o m i s i n g f r o m t h e a n a l y t i c a l 
po i n t of v i e w . 

(9:50 a.m.) A N O N B R E A K A B L E N U C L E A R M A G ­
N E T I C R E S O N A N C E S A M P L E C O N T A I N E R FOR 
R A D I O A C T I V E M A T E R I A L S . La r r y R. Cr i s le r , D o w 
C h e m i c a l U.S.A.* , R o c k y Flats D i v i s i o n , P . O . B o x 
888, G o l d e n , C o l o r a d o 8 0 4 0 1 . 

O u r o r g a n o a c t i n i d e r e s e a r c h e f fo r t s have s t i m u ­
la ted the d e v e l o p m e n t of seve ra l s a m p l e h a n d l i n g 
i n n o v a t i o n s . Of p a r t i c u l a r i n te res t is t h e n u c l e a 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 i c i n v e s t i g a t i o n of 
r a d i o a c t i v e as w e l l as w a t e r - a n d a i r - sens i t i ve c o m ­
p o u n d s . T h e p o t e n t i a l fo r a c c i d e n t a l r a d i o a c t i v e 
c o n t a m i n a t i o n re lease by b r e a k a g e o f a s t a n d a r d 
g l a s s N M R t u b e is c o n s i d e r e d an u n a c c e p t a b l e 
h a z a r d . T o e l i m i n a t e t h i s p o t e n t i a l , a s i m p l e n o n -
b r e a k a b l e Te f l on® s a m p l e c o n t a i n e r has b e e n d e ­
s i g n e d a n d f a b r i c a t e d . 

A br ie f d e s c r i p t i o n of t h e c o n t a i n e r s d e s i g n a n d 
s p e c t r a l e x a m p l e s of i ts u t i l i t y w i l l be g i v e n . 

*A prime contractor for the U. S. Atomic Energy Commission 
CONTRACT AT (29-1)-1106. 

(10:05 a.m.) P R A C T I C A L A P P L I C A T I O N S O F N U ­
C L E A R M A G N E T I C R E S O N A N C E T E C H N I Q U E S IN 
F O S S I L FUEL R E S E A R C H . F. P. Miknis and A . W. 
D e c o r a , U.S. D e p a r t m e n t of t h e In te r io r , B u r e a u of 
M i n e s , L a r a m i e E n e r g y R e s e a r c h Cen te r , L a r a m i e , 
W y o m i n g 82070. 

T h r e e p r a c t i c a l a p p l i c a t i o n s of n u c l e a r m a g n e t i c 
r e s o n a n c e (NMR) s e p e c t r o s c o p y in f oss i l f ue l r e ­
s e a r c h have b e e n c h o s e n f o r d i s c u s s i o n . T w o o f 
t h e s e e x a m p l e s — a p u l s e d N M R assay m e t h o d f o r 
o i l sha les a n d p u l s e d N M R s t u d i e s of f l u i d s in p o r o u s 
m e d i a — d e a l w i t h t h e e x p l o r a t o r y and d e p o s i t e v a l u ­
a t i on a s p e c t s of foss i l f u e l r e s e a r c h . In t h e p u l s e d 
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assay m e t h o d t h e f r e e i n d u c t i o n d e c a y (FID) s i gna l 
a m p l i t u d e l i near l y c o r r e l a t e s w i t h t h e a m o u n t of r e ­
c o v e r a b l e s h a l e o i l , t h u s a l l o w i n g t h i s t e c h n i q u e t o 
b e a p p l i e d t o a rap id e v a l u a t i o n of o i l - sha le d e p o s i t s . 
S im i l a r l y , in N M R s t u d i e s of f l u i d s in p o r o u s m e d i a 
t h e f r e e f l u i d i n d e x (FFI ) , o b t a i n a b l e by N M R m e t h o d s 
p r o v i d e s i n f o r m a t i o n a b o u t t h e po ros i t y , p e r m e a b i l i t y 
and w a t e r s a t u r a t i o n of p e t r o l e u m reservo i r s . T h e 
t h i r d e x a m p l e — c h a r a c t e r i z a t i o n of p e t r o l e u m f r a c ­
t i o n s by N M R — p r o v i d e s i n f o r m a t i o n abou t t h e c o m ­
p o s i t i o n of v a r i o u s p e t r o l e u m f r a c t i o n s . He re , a h i g h -
r e s o l u t i o n N M R s p e c t r u m , p r o t o n o r c a r b o n - 1 3 , e x ­
h ib i t s c h e m i c a l - s h i f t d i f f e r e n c e s a t t r i b u t a b l e to d i f ­
f e r e n t t y p e s of h y d r o g e n s o r c a r b o n a t o m s in t h e 
f r a c t i o n . F r o m th i s i n f o r m a t i o n an " a v e r a g e " m o l e c u ­
lar s t r u c t u r e f o r t ha t f r a c t i o n c a n b e o b t a i n e d . 

(10:45 a.m.) M A S S S P E C T R O M E T R Y : ITS USE IN 
T H E A N A L Y S I S OF P E T R O L E U M . J . H. Weber a n d 
A . W. D e c o r a , U. S. D e p a r t m e n t of t h e In te r io r , 
B u r e a u of M i n e s , L a r a m i e E n e r g y R e s e a r c h Cen te r , 
L a r a m i e , W y o m i n g 82070. 

T h e s p e c t a c u l a r g r o w t h in m a s s s p e c t r o m e t r y 
d u r i n g t h e last t h r e e d e c a d e s is a resu l t o f i ts ana l y ­
t i ca l a p p l i c a t i o n s t o c o m p l e x m i x t u r e s . P e t r o l e u m 
is a c o m p l e x m i x t u r e of h y d r o c a r b o n s c o n t a i n i n g 
s m a l l q u a n t i t i e s of o x y g e n — , n i t r o g e n —, a n d su l f u r -
b e a r i n g c o m p o u n d s a n d t r a c e s of me ta l l i c c o n ­
s t i t uen t s . M a s s s p e c t r a l m e t h o d s f o r ana l yz i ng t h e 
c o m m o n d i s t i l l a t i on c u t s of p e t r o l e u m are d e s c r i b e d 
w i t h e m p h a s i s o n t h e h i g h e r b o i l i n g c u t s . 

(11:05 a.m.) D E T E R M I N A T I O N O F T H E A 2 T O R S I O N ­
A L F R E Q U E N C Y IN T R I M E T H Y L A M I N E BY C O M ­
P U T E R - A I D E D M I C R O W A V E R E L A T I V E I N T E N S I T Y 
M E A S U R E M E N T S * . E d g a r A . R ineha r t , D e p a r t m e n t 
of Phys i cs , Un ive rs i t y of W y o m i n g , L a r a m i e , W y o m i n g 
82070. P h i l i p B. Re inha r t , D e p a r t m e n t o f P h y s i c s , 
A g n e s S c o t t C o l l e g e , Deca tu r , G e o r g i a 30030 . 
James E. Wol l rab, M c D o n n e l l D o u g l a s R e s e a r c h 
L a b o r a t o r i e s , M c D o n n e l l D o u g l a s C o r p o r a t i o n , St . 
Lou is , M i s s o u r i 63166. 

T h e v i b r a t i o n a l f r e q u e n c y c o r r e s p o n d i n g t o t h e 
f i r s t e x c i t e d s ta te of t h e A 2 t o r s i o n a l m o d e has b e e n 
d e t e r m i n e d by m e a s u r i n g t h e re la t i ve i n tens i t i es 
of t h e J = 1 •> 2 t r a n s i t i o n s a t 34842 M H z a n d 34883 
M H z w h i c h c o r r e s p o n d to t h e A 2 a n d g r o u n d s ta te 
t r a n s i t i o n s , r espec t i ve l y . S i m i l a r m e a s u r e m e n t s w e r e 
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c o n d u c t e d o n t h e d e g e n e r a t e t o r s i o n a l s ta te t r a n s ­
i t ions at 34855 M H z a n d 34814 M H z . In e a c h c a s e 
t h e re la t i ve i n t e g r a l s w e r e p l o t t ed as a f u n c t i o n of 
p ressu re f r o m 5-40 m T o r r at a t e m p e r a t u r e of 297 K. 
By u s i n g t h e s ta t i s t i ca l w e i g h t s a n d i g n o r i n g a n y 
d i f f e rences in the d i p o l e m a t r i x e l e m e n t s a n d f r e ­
q u e n c i e s of t h e o b s e r v e d l ines , t h e re la t i ve i n tens i t y 
m e a s u r e m e n t s y i e l d e d v a l u e s of 252 ± 7 c m - 1 a n d 
266 ± 11 c m - 1 f o r t h e t o r s i ona l f r e q u e n c i e s o f t h e A 2 

a n d E s ta tes , r espec t i ve l y . T h e s e v a l u e s c o n f i r m t h e 
ba r r i e r h e i g h t of 4.4 kca l m o l e - 1 . 

*This research was conducted in part under the McDonnell 
Douglas Independent Research and Development Program. 

(11:20 a.m.) T H E U S E OF A S M A L L C O M P U T E R 
IN S P E C T R O C H E M I C A L C A L C U L A T I O N S * . Char les 
T. A p e l , C a l v i n J . M a r t e l l , J u a n i t a V. P e n a a n d 
O l i ve r R. S i m i . Un i ve rs i t y of Ca l i f o rn i a , Los A l a m o s 
Sc ien t i f i c L a b o r a t o r y Los A l a m o s , N e w M e x i c o 87544 

A Fo r t ran IV p r o g r a m , p rev ious l y d e v e l o p e d f o r 
em iss i on s p e c t r o s c o p y a p p l i c a t i o n s , has b e e n i m ­
p r o v e d , c o n v e r t e d t o Bas i c l a n g u a g e , a n d a d a p t e d 
to a PDP-11 c o m p u t e r w i t h 12 K of c o r e m e m o r y 
and a T T Y i n p u t - o u t p u t t e r m i n a l . S t a n d a r d s a n d 
s a m p l e d a t a a re i n p u t , c a l c u l a t e d , and c o m p a r e d . 
Da ta m a y b e i npu t e i t he r as t r a n s m i t t a n c e s o r d e n ­
s i t ies . Users have t h e o p t i o n of us i ng o r i g n o r i n g 
b a c k g r o u n d a n d i n te rna l s t a n d a r d c o r r e c t i o n s . A s 
an a id in t h e s e l e c t i o n of a p r o p e r i n te rna l s t a n d a r d , 
o n e m o d e w i l l , w i t h a s i n g l e i npu t of d a t a , p r i n t o u t 
a c o m p a r i s o n of resu l t s o b t a i n e d f r o m c a l c u l a t i n g 
bo th w i t h a n d w i t h o u t t h e i n te rna l s t a n d a r d s d a t a . 
Da ta a r e i npu t " l i v e " a t t h e t e l e t y p e t e r m i n a l as t h e 
p r o g r a m is b e i n g e x e c u t e d a n d m a y b e e d i t e d w i t h ­
ou t t e r m i n a t i n g t h e run by a s u b r o u t i n e i n c l u d e d 
in t h e p r o g r a m . 

*Work performed under the auspices of the U.S. Atomic 
Energy Commission. 

(11:35 a.m.) C O M P U T E R P R O G R A M FOR E M I S S I O N 
S P E C T R O G R A P H S C A C U L A T I O N S . H a r l a n N. Bar ­
t o n , T h e D o w C h e m i c a l C o m p a n y , U S A , * , R o c k y 
Flats D i v i s i on , P. O. B o x 888, G o l d e n , C o l o r a d o 
8 0 4 0 1 . 

A f o r t r an t i m e s h a r e c o m p u t e r p r o g r a m is d e ­
s c r i b e d fo r t h e c a l c u l a t i o n of s i x i m p u r i t y e l e m e n t 
c o n c e n t r a t i o n s in a p l u t o n i u m s a m p l e f r o m p h o t o ­
g r a p h e d o p t i c a l e m i s s i o n s p e c t r a . T h e s t a n d a r d 
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A S T M m e t h o d o f c a l c u l a t i o n , e m u l s i o n c a l i b r a t i o n 
c u r v e a n d a n l y t i c a l w o r k i n g c u r v e s , is f o l l o w e d . 
I n te rna l s t a n d a r d i z a t i o n is p r o v i d e d b y o n e c o b a l t 
l ine for Fe, N i , a n d Cr c a l c u l a t i o n s a n d a s e c o n d 
f o r A 1 , S i , a n d G a . R e c o v e r y f a c t o r s c a l c u l a t e d by 
a l i q u o t a n d e l e m e n t fo r c o n t r o l s t a n d a r d s of k n o w n 
c o n c e n t r a t i o n s m a y b e o p t i o n a l l y a p p l i e d t o the 
c a l c u l a t i o n of s a m p l e i m p u r i t y c o n c e n t r a t i o n s . D is ­
c a r d of c o n t r o l s t a n d a r d s by e l e m e n t a n d a l i q u o t 
a n d s a m p l e by a l i q u o t is p r o v i d e d . S a m p l e a l i q u o t s 
a r e a v e r a g e d a n d if o u t of s p e c i f i e d l im i t s , p r i n t o u t 
is s h o w n as a " l e s s t h a n " o r " g r e a t e r t h a n " l im i t . 
A n a l y t i c a l w o r k i n g c u r v e s a r e r ead i l y c h a n g e d , b e ­
ing s t o r e d as a f i l e c o m p o s e d o f c o n c e n t r a t i o n and 
c o r r e s p o n d i n g i n tens i t y ra t i o po in t s . 

*A prime contractor for the U. S. Atomic Energy Commission 
CONTRACT AT(29-1)-1106. 

(11 :50 a.m.) R A D I A T I O N E F F E C T S IN X - R A Y P H O T O -
E L E C T R O N S P E C T R O S C O P Y . C. D. W a g n e r , She l l 
D e v e l o p m e n t C o m p a n y , Be l l a i r e R e s e a r c h Cen te r , 
3737 Be l la i r B o u l e v a r d , H o u s t o n , T e x a s 7 7 0 0 1 . 

I r r ad ia t i on by t h e A l or M g K X - rays in p h o t o -
e l e c t r o n s p e c t r o s c o p y c a n i n d u c e c h e m i c a l c h a n g e , 
r e f l e c t e d in t h e s p e c t r a r e c o r d e d . T h e c a l c u l a t e d 
d o s e ra te in t h e s u r f a c e layers c a n be of t he o r d e r 
of 1 0 8 r a d s per s e c o n d , so tha t c h e m i c a l c h a n g e s 
in n o n - c o n d u c t i n g s a m p l e s a re no t s u r p r i s i n g . For 
e x a m p l e , i o d i n e is f o r m e d f r o m i n o r g a n i c i o d i d e s , 
C r + 6 is r e d u c e d t o C r + 3 , a n d t h e n i t r a te g r o u p of 
c e l l u l o s e n i t ra te is d e s t r o y e d a n d pa r t l y c o n v e r t e d 
to r e d u c e d n i t r o g e n . E x p e r i m e n t s w i t h s m o o t h q u a r t z 
d i s c l o s e t h a t a h y d r o c a r b o n layer is f i r s t a b s o r b e d 
in a s t e a d y - s t a t e bu t u n d e r i r r a d i a t i o n it b u i l d s up 
laye r u p o n layer as a resu l t o f c r o s s - l i n k i n g and 
l o w e r e d vo la t i l i t y . T h e s e resu l t s d e m o n s t r a t e tha t 
c a r e m u s t be t a k e n to m i n i m i z e t h e X - r a y e x p o s u r e 
fo r r a d i a t i o n sens i t i ve m o l e c u l e s and g r o u p s . 

(1 :30 p.m.) T H E D E T E R M I N A T I O N O F R A R E E A R T H S 
IN P L U T O N I U M BY X - R A Y E M I S S I O N A N A L Y S I S . 
A . G. M i l l e r , Federa l B u i l d i n g , A t l a n t i c R i ch f i e l d 
H a n f o r d C o m p a n y , R i c h l a n d , W a s h i n g t o n 99352. 

A sens i t i ve a n d a c c u r a t e m e t h o d f o r m e a s u r i n g 
t r a c e ra re ea r t hs in p l u t o n i u m or u r a n i u m by X- ray 
e m i s s i o n ana l ys i s has b e e n d e v e l o p e d . P l u t o n i u m 
is s e p a r a t e d f r o m t h e ra re e a r t h s by s o l v e n t e x t r a c ­
t i o n u s i n g t r i - i s o o c t y l a m i n e . T h e ra re ea r t hs are 
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t h e n c a r r i e r - p r e c i p i t a t e d as f l u o r i d e s a n d c o l l e c t e d 
on a M i l l i p o r e f i l t e r in an " i n f i n i t e l y " t h i n layer . T h e 
ra re ea r t hs on t h e f i l t e r a re c o u n t e d a n d r a t i o e d 
to an i n te rna l s t a n d a r d , t e r b i u m . T h i s w o r k has dea l t 
w i t h s a m a r i u m , e u r o p i u m , g a d o l i n i u m , d y s p r o s i u m , 
a n d the e l e m e n t s t ha t p r o d u c e s p e c t r a l i n t e r f e r e n c e s . 
Howeve r , t h e m e t h o d is e q u a l l y a p p l i c a b l e t o t h e 
o the r ra re ea r ths , a s s u m i n g s p e c t r a l i n t e r f e r e n c e s 
a re a v o i d e d . D e t e c t i o n l im i t s a re o n t h e o r d e r of 
0.1 ug in 100 m g of p l u t o n i u m o x i d e . T h e p o o l e d 
s t a n d a r d d e v i a t i o n f o r s p i k e r e c o v e r i e s o f t h e 
f o u r ra re e a r t h s a t t h e 1 u g leve l is 8 % . 

(1:45 p.m.) S O M E P O S S I B L E A P P L I C A T I O N O F 
X - R A Y D I F F R A C T I O N IN P A I N T P I G M E N T A N A L Y ­
S IS . I ng r i d Ma tzne r , U. S. D e p a r t m e n t of t he In te r io r , 
B u r e a u of R e c l a m a t i o n , D e n v e r Fede ra l Cen te r , 
C o l o r a d o 80225. 

T h e p u r p o s e o f t h i s p a p e r is to d i s c u s s a d i f ­
f e ren t m e t h o d of pa in t p i g m e n t ana l ys i s . T w o d i f ­
f e ren t c l asses of pa in t s w e r e c h o s e n f o r our s tudy . 
O n e w a s a v iny l r es in pa i n t a n d the o t h e r T y p e II 
and T y p e IV red l e a d pa in t . T h e resu l t s of t h i s s t u d y 
c o u l d c o n c e i v a b l y be a p p l i e d t o o t h e r t y p e s of 
pa in t s . E s t a b l i s h e d w e t c h e m i c a l m e t h o d s fo r pa i n t 
p i g m e n t i d e n t i f i c a t i o n a r e t i m e c o n s u m i n g in t h a t 
t hey r e q u i r e pa i n t p i g m e n t s e p a r a t i o n f r o m t h e 
v e h i c l e . 

X - ray d i f f r a c t i o n m e t h o d s a re n o n d e s t r u c t i v e a n d 
c a n be u s e d on a t o t a l pa i n t s y s t e m . T h e s e m e t h o d s 
a p p e a r to b e fas te r e s p e c i a l l y fo r r o u t i n e q u a l i t a t i v e 
i nves t i ga t i ons . A s l ong as i n t e r m e d i a t e a n d f i na l 
p r o d u c t s of p i g m e n t m a n u f a c t u r e a re c r y s t a l l i n e 
it c o u l d b e a use fu l t o o l i n m o n i t o r i n g pa in t m a n u ­
f a c t u r i n g p r o c e s s e s . T h i s c a p a b i l i t y p r o v i d e s a 
v a l u a b l e t o o l fo r q u a l i t y c o n t r o l of f i n i s h e d pa in t 
p r o d u c t s . 

(2 :00 p.m.) X - R A Y S P E C T R O M E T R Y A S A C O N T R O L 
M E T H O D O F I N O R G A N I C I M P U R I T I E S IN T H E P R O ­
D U C T I O N O F C H E M I C A L P R O D U C T S . O r n e l i o d e 
S o u z a , F u n d a c a o de C i e n c i a e T e c n o l o g i a , Rua 
W a s h i n g t o n Lu iz , 675 — C a i x a Pos ta l , 1864 90.000 
P O R T O A L E G R E (RS) — B R A S I L . 

S y n t h e t i c c h e m i c a l p r o d u c t s c a n be a n a l y s e d 
by c o m p a r a s i o n w i t h s y n t h e t i c s t a n d a r d s . T h e re l a ­
t i o n s h i p b e t w e e n i n tens i t y of r a d i a t i o n a n d c o n c e n ­
t r a t i o n c o m m o n l y is used f o r c a l i b r a t i o n c u r v e s or a 
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ru le of t h r e e b e c a u s e it is fas te r . Be t te r resu l t s 
c a n be o b t e n e d by u s i n g a p a r a b o l i c e q u a t i o n o f 
s e c o n d d e g r e e . Seve ra l e l e m e n t s w e r e d e t e c t e d 
a n d a n a l y s e d in n i o b i u m o x i d e p r o d u c t i o n (Fe, T i , 
S i , T a , Zr , Hf, A l , Ca , Cr , M n , N i , etc. ) a n d t h e 
p r e c i s i o n c a l c u l a t e d . 

(2:15) A C O M P A R I S O N O F M E T H O D S O F S A M P L E 
P R E P A R A T I O N A N D O F C A L C U L A T I O N S F O R 
M E A S U R E M E N T S A N D FOR P R E C I S I O N FOR X - R A Y 
S P E C T R O M E T R Y O F C O L U M B I U M A N D T A N T A L U M 
O R E S . O r n e l i o d e S o u z a , F u n d a c a o d e C i e n c i a e 
T e c n o l o g i a , Rua W a s h i n g t o n Lu iz , 675 — C a i x a 
Pos ta l 1864 9 0 . 0 0 0 — O O R T O A L E G R E ( R S ) — B R A S I L 

T h e m a i n p r o b l e m s w h i c h a p p e a r in X - ray f l u o r ­
e s c e n c e s p e c t r o m e t r i c ana l ys i s of c o l u m b i u m a n d 
t a n t a l u m o r e s a r e : (a) o v e r l a p p i n g of t h e Nb a n d 
T a l i n e s ; (b) w i d e r a n g e of c o n c e n t r a t i o n s e n c o u n ­
t e r e d in n i o b i u m o x i d e a n d / o r t a n t a l u m o x i d e w h i c h 
m a y va ry f r o m 4 to 8 0 % , c a u s i n g g r e a t d i f f e r e n c e s 
in a b s o r p t i o n a m o n g t h e s a m p l e s ; (c) h e t e r o g e n e i t y 
a m o n g s a m p l e s a n d s t a n d a r d s . 

. U s i n g on l y a s i l i c o n a n a l y s i n g c rys ta l t o a v o i d 
the o v e r l a p p i n g l ines a n d f o r a l l a n a l y s e d e l e m e n t s 
(Nb , T a , Fe, M n , T i , a n d Z r ) , f ou r s e q u e n t i a l m e t h o d s 
w e r e c a r r i e d o u t ; t h r e e m e t h o d s of c a l c u l a t i o n fo r 
r e l a t i on a m o n g in tens i t y a n d c o n c e n t r a t i o n w e r e 
used a n d t h e t h e o r e t i c a l a n d p r a c t i c a l d e v i a t i o n s 
w e r e c a l c u l a t e d for t hese m e t h o d s . 

(2:45 p.m.) P A T T E R N R E C O G N I T I O N IN A N A L Y T I ­
C A L C H E M I S T R Y . J im McGi l l a n d B r u c e R. K o w a l -
s k i , D e p a r t m e n t of C h e m i s t r y , C o l o r a d o S ta te U n i ­
vers i t y , For t Co l l i n s , C o l o r a d o 8 0 5 2 1 . 

Pa t t e rn R e c o g n i t i o n is an e m e r g i n g d i s c i p l i n e 
w i t h i n t h e f i e l d of A r t i f i c i a l I n t e l l i g e n c e t h a t c a n b e 
used t o s o l v e c h e m i c a l p r o b l e m s . O b j e c t s , usua l l y 
c h e m i c a l c o m p o u n d s , a re c h a r a c t e r i z e d by c h e m i c a l 
and p h y s i c a l p r o p e r t i e s a n d e x a m i n e d by s e v e r a l 
p a t t e r n r e c o g n i t i o n c o m p u t e r p r o g r a m s t o e x t r a c t 
use fu l i n f o r m a t i o n . T h e c o m p u t e r p r o g r a m s c a n 
p r e - p r o c e s s t h e o r i g i n a l m e a s u r e m e n t s t o f o r m n e w 
fea tu res , d i s p l a y t h e o b j e c t s in t w o - s p a c e t o a l l o w 
an a p p r o x i m a t i v e v i sua l ana l ys i s of t h e m u l t i v a r i a n t 
da ta , f i n d l i keness a m o n g o b j e c t s , a n d s e p a r a t e t h e 
o b j e c t s a c c o r d i n g t o s o m e c r i t e r i o n . 

T h e t e c h n i q u e s h a v e s u c c e s s f u l l y b e e n a p p l i e d 
to seve ra l c h e m i c a l p r o b l e m s i n c l u d i n g s p e c t r a l 
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ana lys is , s o u r c e i d e n t i f i c a t i o n , c h e m i c a l s c r e e n i n g 
and t h e s o l u t i o n o f ma te r i a l p r o b l e m s . 

A br ie f i n t r o d u c t i o n t o p a t t e r n r e c o g n i t i o n 
m e t h o d s w i l l be p r e s e n t e d a l o n g w i t h d e s c r i p t i o n s 
of a p p l i c a t i o n s t o seve ra l p r o b l e m s , i n c l u d i n g x - r a y 
p o w d e r d i f f r a c t i o n pa t te rns . 

(3:00 p.m.) F O R M U L A T I O N A N D A P P L I C A T I O N OF 
S T A N D A R D S F O R I N T E R - L A B O R A T O R Y A N D 
P R O J E C T C O N T R A L . W a l t e r E. H i l l , Jr. , A M A X Ex­
p l o r a t i o n , Inc. , 12620 W e s t C e d a r Dr i ve , P. O. Box C, 
Denver , C o l o r a d o 80226 . 

S t a n d a r d s a r e an e f fec t i ve m a n a g e m e n t t o o l in 
d e f i n i n g p r e c i s i o n a n d a c c u r a c y f r o m c o m m e r c i a l 
l abo ra to r i es o n s p e c i f i c p ro j ec t s . T h e y p r o v i d e a 
bas is fo r t h e s e l e c t i o n of w h i c h l a b o r a t o r y to use 
for c e r t a i n t y p e s of a n a l y s e s ; an i m m e d i a t e c h e c k 
on e a c h set of r esu l t s a n d a m e a n s of d e f i n i n g c o n ­
f i d e n c e l im i t s o n t h e a n a l y t i c a l w o r k at t h e c o n c l u s i o n 
of t he p ro jec t . 

(3:15 p.m.) S T A N D A R D S — A N O L D , O F T E N 
I G N O R E D B U T I N D I S P E N S A B L E A N A L Y T I C A L 
T O O L . Elsie J . Rowe a n d L. D. M u l l e n , A M A X Ex­
p l o r a t i o n , Inc. , 12620 W e s t C e d a r D r i ve , P. O . B o x C, 
Denver , C o l o r a d o 80226 . 

A M A X E x p l o r a t i o n has d e v e l o p e d a c o n t i n u o u s 
p r o g r a m of s t a n d a r d s i n t e r s p e r s e d w i t h a l l s a m p l e s 
for ana lys i s . T h i s p r o v i d e s an e x c e l l e n t t r a i n i n g a i d 
for l a b o r a t o r y t e c h n i c i a n s ; a d a t a base f o r t r o u b l e ­
s h o o t i n g s y s t e m a t i c e r r o r s ; a n d a h i g h d e g r e e of 
qua l i t y a s s u r a n c e o n a l l ana l y t i ca l resu l t s . T h e s y s ­
t e m a t i c use of t hese s t a n d a r d s , as c o n t r o l s a m p l e s 
has p r o v e d t o b e b o t h v a l u a b l e a n d i n d e s p e n s a b l e 
to ana lys t , l abo ra to r y m a n a g e m e n t a n d t h e s u b m i t t o r 
of t he s a m p l e s . 

(3:30 p.m.) F U R T H E R A D V A N C E S IN T H E C E R T I ­
F I C A T I O N O F N A T U R A L G R A P H I T E C A L I B R A T I O N 
S T A N D A R D S . H. E. Taylor , R. B r o w n , a n d M. L. 
J a c o b s , A c c u - L a b s R e s e a r c h , Inc. , 9170 W e s t 44 th 
A v e n u e , W h e a t R i d g e , C o l o r a d o ; a n d C. Le is tner , 
U l t r a - C a r b o n C o r p o r a t i o n , P. O. B o x 747, Bay C i ty , 
M i c h i g a n 48706 . 

Fu r the r a d v a n c e s in t h e c e r t i f i c a t i o n o f na tu ra l 
g r a p h i t e c a l i b r a t i o n s t a n d a r d s fo r s p a r k s o u r c e 
m a s s s p e c t r o s c o p y , e m i s s i o n s p e c t r o s c o p y , a n d 
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n e u t r o n a c t i v a t i o n ana l ys i s w i l l be d e s c r i b e d . Da ta 
w i l l be p r e s e n t e d fo r t h e e l e m e n t s l e a d , b a r i u m , 
z i n c , c o p p e r , c h r o m i u m , and n i c k e l . D e s c r i p t i o n of 
c e r t i f i c a t i o n t e c h n i q u e s s u c h as i s o t o p e d i l u t i o n 
s p a r k s o u r c e m a s s s p e c t r o m e t r y w i l l b e d i s c u s s e d 
as w e l l as s ta t i s t i ca l t e c h n i q u e s used t o e v a l u a t e 
d a t a . 

(3:45 p.m.) T R A C E E L E M E N T A N A L Y S I S OF Z E O ­
L ITES A N D R E L A T E D M A T E R I A L S — A C O M P A R A ­
T I V E S T U D Y . A . J . EUgren a n d R. G. Pankhu rs t , 
U n i o n C a r b i d e C o r p o r a t i o n , T a r r y t o w n T e c h n i c a l 
Cen te r , T a r r y t o w n , N e w Y o r k 1 0 5 9 1 . 

A s t u d y has b e e n m a d e of t h e a p p l i c a t i o n o f 
a t o m i c 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 , 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 , a n d x - ray f l u o r e s c e n c e s p e c t r o ­
s c o p y t o t h e ana l ys i s of t r a c e e l e m e n t s in zeo l i t es 
a n d r e l a t e d ma te r i a l s . Resu l t s on zeo l i t es , N B S 
g l a s s e s a n d U S G S I n t e r n a t i o n a l R o c k S t a n d a r d s 
a re c o m p a r e d f o r e v a l u a t i n g t h e re la t i ve me r i t s of 
e a c h t e c h n i q u e . A t o m i c a b s o r p t i o n t e c h n i q u e s e m ­
p l o y e d c o n s i s t e d of b o t h a q u e o u s p h a s e e x c i t a t i o n 
a n d g r a p h i t e f u r n a c e f l a m e l e s s p r o c e d u r e s . E m i s ­
s i o n s p e c t r o g r a p h i c p r o c e d u r e s i n v o l v e d DC-a rc 
e x c i t a t i o n u s i n g o n l y g r a p h i t e as a d i l uen t -bu f f e r 
w i t h s p e c i f i c e x c i t a t i o n p a r a m e t e r s . T h e x - ray f l uo r ­
e s c e n c e p r o c e d u r e e m p l o y e d is a d i r e c t - p r e s s 
p o w d e r t e c h n i q u e us ing t w o d i f f e ren t m a t r i x co r ­
r e c t i o n p r o c e d u r e s fo r c o m p a r i s o n . Resu l t s us ing 
t h e a b o v e m e n t i o n e d i n s t r u m e n t a l t e c h n i q u e s are 
c o m p a r e d fo r t h e f o l l o w i n g t r a c e me ta l c o n s t i t u e n t s : 
N i , Cr, V, M o , C u , Ba, Z n , La, Pb , A g , T i , Zr , S b , S n . 

(4 :00 p.m.) D E T E C T I O N S E N S I T I V I T Y IN SL IBMI -
C R O N M E T A L O X I D E P O W D E R S W I T H T H E E L E C ­
T R O N M I C R O P R O B E . C. G o r d o n C leave r , G e n e r a l 
E l ec t r i c C o m p a n y , V a l l e c i t o s N u c l e a r Cen te r , V a l -
l ec i t os R o a d , P l e a s a n t o n , C a l i f o r n i a 94566. 

H i g h q u a l i t y s t a n d a r d p r e p a r a t i o n s c o m p r i s e d of 
s u b m i c r o n p o w d e r s o f A l 2 0 3 , F e 3 0 4 , W 0 3 a n d U 0 2 

w e r e s t u d i e d by t h e e l e c t r o n m i c r o p r o b e t o d e t e r m i n e 
t h e e f fec t of pa r t i c l e s i ze o n m e a s u r e d x - ray i n t e n ­
s i t i es a n d m i n i m u m d e t e c t i o n v a l u e s f o r m i n o r and 
t r a c e e l e m e n t c o m p o n e n t s . T h e U 0 2 p o w d e r w a s 
p r e v i o u s l y m e a s u r e d by an e l e c t r o n m i c r o s c o p e 
a n d w a s d e t e r m i n e d t o b e m a d e up of m i c r o s p h e r e s 
in t h e 500 X to 5000 X s ize r a n g e . It w a s w i t h i n the 
r e s o l v i n g c a p a b i l i t y of t h e e l e c t r o n m i c r o p r o b e t o 
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image t h e s m a l l e r p a r t i c l e s in t h e p r e p a r a t i o n . T h e 
o ther o x i d e s c o n t a i n pa r t i c l es m o r e i r r e g u l a r in 
shape , a n d s ize m e a s u r e m e n t s by e l e c t r o n m i c r o ­
p robe w e r e c o n f i n e d t o t h e .25 M m t o .75 / t m r a n g e . 

It w a s e x p e c t e d t h a t m e a s u r e d x - ray i n t ens i t i es 
w o u l d fa l l off e x p o n e n t i a l l y w i t h d e c r e a s i n g p a r t i c l e 
d i ame te r fo r d i a m e t e r s less t h a n the d i m e n s i o n o f 
t he p r i m a r y e x c i t a t i o n v o l u m e . Howeve r , p l o t t e d 
da ta for e a c h se r i es of m e a s u r e m e n t s w a s o b s e r v e d 
t o f o l l o w a l inear t r e n d w i t h p a r t i c u l a r d i a m e t e r . 
O p e r a t o r t e c h n i q u e s fo r s ize d e t e r m i n a t i o n w e r e 
ca re fu l l y r e v i e w e d a n d t h e c o m p l e t e se r i es o f 
m e a s u r e m e n t s w e r e r e p e a t e d seve ra l t i m e s w i t h 
cons i s t en t resu l t s . 

T h e c o n s e q u e n c e of t h i s l inear d e p e n d e n c e is 
the c o n c l u s i o n tha t use fu l q u a l i t a t i v e e l e m e n t a l 
d e t e r m i n a t i o n m a y be o b t a i n e d f r o m any p a r t i c l e 
w h i c h c a n be l o c a t e d by t he a b s o r b e d s p e c i m e n 
c u r r e n t s i g n a l o f t h e e l e c t r o n m i c r o p r o b e . It w a s 
our e x p e r i e n c e t h a t a p r a c t i c a l m i n i m u m s ize r a n g e d 
b e t w e e n .1 / i m f o r U 0 2 a n d .25 /*m fo r A l 2 0 3 f o r 
the s p e c i m e n c u r r e n t s i g n a l . 

A m e t h o d of d e t e r m i n i n g the m i n i m u m d e t e c t i o n 
l imi t in s u b m i c r o n s a m p l e s is p r e s e n t e d . T h r e e s i g m a 
va lues a re a s s u m e d as a m i n i m u m d e t e c t i o n c r i t e r i a 
as m e a s u r e d for se lec t e l e m e n t s in t h e .25 / i m pa r ­
t i c les . A s ize c o r r e c t i o n f a c t o r is i n t r o d u c e d t o 
n o r m a l i z e the t r a c e e l e m e n t l ine i n tens i t y as m e a ­
su red o n the i n f i n i t e s t a n d a r d . C a l c u l a t e d s e n s i t i ­
v i t ies fo r d a t a o b t a i n e d at n o m i n a l b e a m p a r a m e t e r s 
fo r 10 s e c o n d a c c u m u l a t i o n t i m e s r a n g e d b e t w e e n 
. 1 % a n d 9 % . T h e bes t c a s e rep resen t s a h i g h 
y i e l d f l u o r e s c e n t l ine m e a s u r e d in a h i g h Z p a r t i c l e 
by a g o o d a n a l y z i n g c r y s t a l . T h e w o r s t c a s e r e p r e ­
sen ts the o p p o s i t e of t h e s e t h r e e f a c t o r s . O n c e t h e 
tab le of m i n i m u m d e t e c t i o n v a l u e s w a s g e n e r a t e d 
fo r .25 fim pa r t i c l es , it b e c a m e a s t r a i g h t f o r w a r d 
p r o c e d u r e to e x t r a p o l a t e ava i l ab le sens i t i v i t y fo r 
o the r e l e m e n t s in p a r t i c l e s of la rger or s m a l l e r 
d i m e n s i o n s b e c a u s e o f t h e l inear d e p e n d e n c y o f 
m e a s u r e d x - ray i n tens i t y in pa r t i c l es b a s e d u p o n 
the i r m e a n d i a m e t e r . 

(4:15 p.m.) P R E C I S I O N A N D D E T E C T I O N L I M I T S 
OF R A R E - E A R T H E L E M E N T S IN S Y N T H E T I C G L A S S 
S T A N D A R D S B Y E L E C T R O N - P R O B E A N A L Y S I S * . 
Robert H. Heidel and G e o r g e A . D e s b o r o u g h , U. S. 
G e o l o g i c a l Su rvey , Denve r Federa l Cen te r , Denver , 
C o l o r a d o 80225. 
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W i t h t h e ava i l ab i l i t y o f s o m e n e w ra re -ea r t h 
e l e m e n t (REE) m i c r o p r o b e s t a n d a r d s 1 , a p r e c i s i o n 
a n d d e t e c t i o n - l i m i t s t u d y f o r t hese e l e m e n t s fo r t h e 
e l e c t r o n p r o b e a n a l y t i c a l t e c h n i q u e has been c a r r i e d 
ou t . D a t a w e r e o b t a i n e d o n an 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 ( A R L - E M X - S M ) m i c r o p h o b e o p e r a t e d 
at 15 kV a n d s p e c i m e n c u r r e n t of 30 n a n o a m p e r e s o n 
b e n i t o i t e ( B a T i S i 3 0 9 ) . T h e La l ines o f t h e ra re e a r t h s 
w e r e u s e d w i t h YLa- b e i n g d i f f r a c t e d a n d d e t e c t e d 
w i t h a K A P c r ys ta l a n d g a s - f l o w c o u n t e r . A D P 
c r y s t a l s w i t h s e a l e d - w i n d o w p r o p o r t i o n a l c o u n t e r s 
w e r e u s e d f o r t h e La l ines of t h e o the r e l e m e n t s . 

M i n i m u m d e t e c t a b i l i t y l im i t s ( C D L ) w e r e b a s e d 
o n f o u r s y n t h e t i c f u s e d REE g l a s s s t a n d a r d s w i t h 
m a j o r c o n s t i t u e n t s of a l u m i n u m , s i l i c o n , a n d c a l ­
c i u m o x i d e s of a b o u t 30 w e i g h t p e r c e n t of t h e o x i d e 
and 4-4.5 w e i g h t p e r c e n t o f t h e ra re -ea r th o x i d e s 
in f ou r s t a n d a r d s . X - ray i n tens i t y da ta w e r e a l s o 
t a k e n o n t h e ra re -ea r th m e t a l s y t t r i u m , d y p r o s i u m , 
e r b i u m , a n d y t t e r b i u m . B i r k s ' 2 c r i t e r i o n fo r t h e ( C D L ) 
w a s u s e d fo r t h e r e p o r t e d l im i t s . . ( C D L . S ) fo r t h e 
ra re e a r t h s r a n g e d f r o m a p p r o x i m a t e l y 800 t o o v e r 
3000 p p m d e p e n d i n g o n t h e s p e c t r o m e t e r c h a n n e l , 
w a v e l e n g t h , a n d s p e c t r a l l i ne u s e d , a n d f l u o r e s c e n t 
y i e l ds . 

* Publication authorized by the Director, U. S. Geological Sur­
vey. 
1. M. J . Drake and D. F. Weill, New Rare Earth Element Stand­
ards for Electron Microprobe Analysis: Chem. Geol., 10, 179 
(1972). Center of Volcanology, University of Oregon. 
2. L S. Birks, "X-ray Spectrochemical Analysis", [2d e d . ] : 
Interscience, New York, 1969, p. 8 1 . 
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