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SUMMARY 

180-mult i labeled anhydrous n i t r i c  a c i d  (89 atom 

Yo "0) was prepared by exchange with H,"0, n e u t r a l i z a -  

t i o n  wi th  NHs, and d i s t i l l a t i o n  from methane s u l f o n i c  

a c i d .  The use of t r i f l u o r o m e t h a n e  s u l f o n i c  a c i d ,  sul- 

f u r i c  a c i d ,  and oleum was a l s o  i n v e s t i g a t e d ,  b u t  t h e s e  

a c i d s  were found u n s u i t a b l e  due t o  r a p i d  oxygen exchange. 

The e x t e n t  of exchange was monitored by conve r t ing  wa te r  

t o  methanol,  n i t r i c  a c i d  t o  n i t r o a n i s o l e ,  and ana lyz ing  

by f i e l d  i o n i z a t i o n  mass spec t romet ry .  

A s tudy  undertaken t o  measure t h e  room tempera tu re  vapor  p r e s s u r e s  

of e x p l o s i v e s  by i s o t o p e  d i l u t i o n  t echn iques  ") u s ing  nonfragmenting 

f i e l d  i o n i z a t i o n  mass spec t romet ry  (FIMS) ( 2 )  r e q u i r e d  t h e  p r e p a r a t i o n  

of ' 80 -mul t i l abe led  anhydrous n i t r i c  a c i d  f o r  t h e  s y n t h e s i s  of  s t a b l e  

i s o t o p e  m u l t i l a b e l e d  e t h y l e n e  g l y c o l  d i n i t r a t e ,  n i t r o g l y c e r i n ,  and penta-  

e r y t h r i t o l  t e t r a n i t r a t e .  A h igh  e x t e n t  of l a b e l i n g  was r e q u i r e d  t o  maxi- 

mize t h e  dynamic range of  t h e  d i l u t i o n  a n a l y s i s  by minimizing i n t e r f e r e n c e s  
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between l a b e l e d  and u n l a b e l e d  compounds. ( 2 )  

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

I n  s p i t e  of  i ts  a p p a r e n t  

a n h y d r o u s  n i t r i c  a c i d  h a s  been  r e p o r t e d .  Because  t h i s  m a t e r i a l  may be 

u s e f u l  i n  many s y n t h e t i c  p r o c e d u r e s ,  w e  h a v e  d e c i d e d  t o  d e s c r i b e  i t s  

p r e p a r a t i o n  i n  t h i s  communica t ion .  

The g e n e r a l  a p p r o a c h  t o  t h e  p r e p a r a t i o n  of HN”O3 was t o  exchange  

n i t r i c  a c i d  w i t h  H , ” O ,  ( 3 )  n e u t r a l i z e  w i t h  ammonia, d i s t i l l  o f f  t h e  ex- 

changed w a t e r ,  d i s s o l v e  t h e  NH4N1’O3 i n  a s t r o n g  a c i d ,  and d i s t i l l  off  

t h e  a n h y d r o u s  H N l s 0 3 .  An i n i t i a l  s y n t h e s i s  by t h i s  scheme,  i n  which t h e  

l a b e l e d  n i t r i c  a c i d  was d i s t i l l e d  f rom oleum, r e s u l t e d  i n  a p r o d u c t  which 

was u n e x p e c t e d l y  l o w  i n  l e 0  ( 3 9  atom % ” 0  v s .  a p r e d i c t e d  80%). 

d e n t l y  t h e r e  was a f a i r l y  r a p i d  oxygen e x c h a n g e  be tween t h e  n i t r i c  a c i d  

and t h e  S O , - s u l f u r i c  a c i d  s o l v e n t .  

Evi -  

W e  t h e n  d e t e r m i n e d  t h e  e x t e n t  o f  oxygen e x c h a n g e  w i t h  f o u r  d i f f e r e n t  

a c i d s .  I t  was f i r s t  n e c e s s a r y  t o  d e v e l o p  a f a s t  and  r e l i a b l e  method f o r  

m e a s u r i n g  t h e  i s o t o p i c  abundance  of  ’*O i n  t h e  n i t r i c  a c i d  and I n  t h e  

w a t e r .  N i t r i c  a c i d  c o u l d  n o t  be  a n a l y z e d  p e r  se b e c a u s e  of i t s  c h e m i c a l  

r e a c t i v i t y ,  and ammonium n i t r a t e  a l s o  c o u l d  n o t  be a n a l y z e d  p e r  se by 

- _  

_ _  
t h e  mass s p e c t r o m e t e r  b e c a u s e  of i t s  t h e r m a l  i n s t a b i l i t y .  M o l e c u l a r  

w a t e r  c o u l d  n o t  be  a n a l y z e d  d i r e c t l y  b e c a u s e  of t h e  H,O background i n  

t h c  s p e c t r o m e t e r  vacuum s y s t e m .  The ” 0  abundance  i n  t h e  n i t r a t e  was 

d e t e r m i n e d  by d i s s o l v i n g  t h e  NH4Nl8O3 i n  methane  s u l f o n i c  a c i d  and a d d i n g  

a s o l u t i o n  of a n i s o l e  i n  m e t h y l e n e  c h l o r i d e  t o  p r o d u c e  n i t r o a n i s o l e ,  

which c o u l d  be e a s i l y  h a n d l e d  by t h e  mass s p e c t r o m e t e r .  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  a b u n d a n c e s  of t h e  p a r e n t  i o n  mass p e a k s  153 (-NQ2),  1 5 5  

(-N”O’*O), and 157 ( - N l a 0 2 )  a l l o w e d  c a l c u l a t i o n  o f  the e x t e n t  of oxygen 

e x c h a n g e .  The i s o t o p i c  abundance  i n  t h e  w a t e r  was d e t e r m i n e d  by r e a c t i n g  
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the  water with dimethyl s u l f a t e  and measuring t h e  r a t i o  of masses 32/34 

of the  methanol product. The much lower i o n i z a t i o n  e f f i c i e n c y  of g by 

f i e l d  i o n i z a t i o n  compared with t h a t  of MeOH e l i m i n a t e s  t h e  p o t e n t i a l  

i n t e r f e r e n c e  of res idua l  4 i n  t h e  mass spectrometer. The MeOH method 

f o r  &O i s o t o p i c  a n a l y s i s  i s  prefer red  over the  Cq, e q u i l i b r a t i o n  proce- 

dure ,  which i s  inadequate a t  high "0 concent ra t ions ,  and over  t h e  more 

complicated NaOBr method. (4) 

The r a t e  of oxygen exchange was then determined under anhydrous con- 

d i t i o n s  between n i t r i c  ac id  and methane s u l f o n i c  a c i d  (Eastman), t r i f l u o r o -  

methane su l fonic  a c i d  ("Trimsyl," 3M), s u l f u r i c  a c i d  and oleum. 

(39 atom % "0) was dissolved i n  t h e  ac id  (10- t o  20-fold excess  i n  oxygen), 

allowed t o  exchange, converted t o  n i t r o a n i s o l e ,  and t h e  decrease i n  l80 

content determined. For f r e s h l y  d i s t i l l e d  methane s u l f o n i c  ac id  t h e  ex- 

change was q u i t e  slow, thus  v a l i d a t i n g  t h e  a n a l y t i c a l  method descr ibed 

above. Af te r  one hour a t  37OC the  "0 l a b e l  had diminished from 39.4% 

t o  38.7% -- within measurement e r r o r .  

In  t r i f luoromethane su l fonic  ac id  a t  room temperature t h e  '.'O l a b e l  de- 

creased t o  27% i n  1 5  min. 

immediately ( i n  the  t i m e  i t  took t o  d i s s o l v e  t h e  WN1'03 and convert 

t o  ni t roanisole--about  5 min). The most rapid exchange was i n  &So,;  

"0 content  f e l l  t o  10% immediately and t o  2% (complete exchange) i n  

30 min a t  room temperature. The presence of water i n  the  s u l f u r i c  ac id  

probably served t o  a c c e l e r a t e  the  exchange process. Thus, methane su l -  

fon ic  ac id  was c l e a r l y  t h e  reagent  of choice f o r  t h e  s y n t h e s i s  of HN"03. 

The NH4N1'03 

A f t e r  1 4  h r  a t  37' i t  was 27%. 

In  oleum t h e  "0 content  decl ined t o  23% 

The e q u i l i b r i a :  &SO, f & o  + so, 
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may have c o n t r i b u t e d  to  t h e  i s o t o p i c  exchange i n  s u l f u r i c  a c i d  and oleum. 

CH3S03H,  on t h e  o t h e r  hand, cannot  r e a d i l y  undergo spontaneous "mono- 

molecul a r" dehyd r a  t i o n .  

W e  then proceeded with t h e  s y n t h e s i s  of HN"O3 by t h e  fo l lowing  

r o u t e .  H N l s 0 3  (7.6 g ,  39 atom % "0) was ob ta ined  by vacuum d i s t i l l a -  

t i o n  of t h e  i n i t i a l  ba t ch  of l a b e l e d  NH4N03 from 30 m l  of f r e s h l y  d i s t i l l e d  

methane s u l f o n i c  a c i d .  

of H,'"O (95 atom Yo " 0 )  ob ta ined  from Monsanto's  Mound Labora to ry .  

p r o p o r t i o n s  were chosen so a s  t o  maximize oxygen t r a n s f e r  t o  t h e  n i t r i c  

a c i d  while  a l lowing  a r easonab le  r a t e  of exchange. The exchange was 

c a r r i e d  o u t  a t  75' t o  minimize thermal  decomposi t ion of H N 0 3 .  

The HN1803 was then allowed t o  exchange with 13 m l  

The 

A t  t h i s  

temperature  and c o n c e n t r a t i o n  t h e  t, f o r  exchange was c a l c u l a t e u  LO be 
z 

- 33 h r ,  based on t h e  k i n e t i c  d a t a  of  Anbar and Guttman. ( 3 )  

t h c  exchange was fol lowed by p e r i o d i c a l l y  removing 0.05 m l  a l i q u o t s ,  

P r o g r e s s  of 

n e u t r a l i z i n g  wi th  NH3, pumping o f f  water, conve r t ing  t o  n i t r o a n i s o l e  

and ana lyz ing  by FIMS. A f t e r  6 d a y s  t h e  n i t r i c  a c i d  was 75 atom % "0 

l a b e l e d .  T h i s  was n e u t r a l i z e d  wi th  N b ,  the water  removed by vacuum 

d i s t i l l a t i o n ,  t h e  NH,N1'03 d i s s o l v e d  i n  methane s u l f o n i c  a c i d ,  and t h e  

HN1@O3 d i s t i l l e d  i n t o  a l i q u i d  n i t r o g e n  t r a p  under vacuum. 

was 5 .7  g anhydrous HN"O3 ( 7 5  atom % " 0 ) .  

The y i e l d  

T h i s  n i t r i c  a c i d  was t h e n  sub jec t ed  t o  a second exchange with 13 ml 

of H,I8O ( 9 8  atom % "0) for 1 4  d a y s .  

because of t h e  lower HN03 c o n c e n t r a t i o n .  The n i t r i c  a c i d  was then re- 

covered a s  above;  t h e  f i n a l  y i e l d  was 4 . 3  g anhydrous HN"03 (89 atom % 

l e g ) ;  t h e o r e t i c a l  f o r  complete exchange was 91.8 atom % "0. 

The exchange pe r iod  was l o n g e r  

The method d e s c r i b e d  e n a b l e s  t h e  s y n t h e s i s  of '80-mult i labeled 

anhydrous n i t r i c  a c i d  by exchange with %'"O, wi thout  l o s s  of l a b e l  i n  
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t h e  recovery of t h e  a c i d  from t h e  aqueous medium. 
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