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5 UMMA R Y 

Methods are pmsented for the prepamtion on mole scale 
of nitmmethane and methyl n i t m t e  enriched w i t h  q g e n - 1 8  or 
nitl.qgen-15. Enrichment i n  each a t h b  position i s  disnused.  

. -  
In the course of detailed studiesLB' by nicrowave sFectroscopy 

1 of the two molecules methyl nitrate 

primarily at the determination of their detailed molecular Geometry, 

it proved necessary to nrmare small samnles of these Polecules 

enriched in each discrete atomic position with nitro~en-15 nnd 

oxygen-18. 

and it is with this in mind that we hnve decided to publish sone 

aspects of thin work in detail, in order to assist othcr workers 

engaged in similar work on related nolecules. 

and nitromethane?, aimed 

These enrichments have proved to be quite challengina, 

Our spectroscopic work was conducted at samnle pressures of 

1 - 10 Tim" in an absorption cell and associated vacum line 1.2 litres 

in volume. 

was therefore fairly small (%10-' mole). 

this scale  greatly increases preparative and smFle handlinp nroblems, 

the present work has been conducted on 

a comnromise between isotone uswe and Drmarative di'ficultyr. 

The size of sample required, even for repeated dosinp, 

However, since work on 

mole scerle, thiR renresentinq 

The work has depended considerahly on three sinnle bnt efficient 
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reactions. 

(935 enriched) and d5?I0 

preparntion of Cl! 0 NO? hy d i rec t  e ~ t e r i i i c a t i o n ~  oi c.p. methanol 

with $5N03, required conversion in to  more suitnhle isotopic na te r ia l8 .  

The three methods used were:- 

(1) 

The isotopic materids a t  our disposal were oxyaen-18 gas 

(955 enriched) which, except i n  the  
3 

15  
3 

The "brown ring" reaction f o r  conversion of d5V0 in to  15NO:- 3 

"errous monium sulnhate ra ther  thnn ferrous sulphate w a s  used 

i n  t h i s  reaction, accordinq t o  the  method fo r  netemination of n i t r a t e  

civen b:. Vogel . H NO ( M . 4  f l )  w a s  d i s t i l l e d  under vacuun in to  

4 0  ml of ferrous/sulphuric acid mixture contained in a 15" nl flask.  

"110 (?.hmoles) w a s  renoved from the  mixture under vacuum by Centle 

:mrninR. 

(9) 

4 1 5  
3 

Conversion of n i t r i c  oxide in to  nitropen dioxide:- 

7 m n  + (3 + FTCI 
2 

I n  d i f fe ren t  circumtances t h i s  reaction could he used f o r  e i ther  

nitrocen-15 o r  oxyKen:l? enrichment. 

used, enriched 11 0 w a s  ?repared. This reaction was conveniently 2 3  
conducted on 

xanifold (255 m l )  of a simple vacuum system incorporating a mercury 

manometer . 

'%ere n l % X  excess of NO was 

mole scnle hy allowing the  Eases t o  mix i n  t h e  

E sodium n e l l e t  (0.023 e) was melted by ren t le  heathy: under VSCUUI* 

and allowe? t o  reect w i t h  oxypen-18 E R S ,  my excess sodium beinK 

h:rdrol:rse0 in  the  second stnse. Water ( Q . ' l l O  r )  wns wei&ed and 
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condensed onto t h e  sodium oxide under vncuum. 

Preparation of the  two CH 0N160180 species was achieved using 

i n  reaction (21, followed by hydrolysis of t he  H 0 in  the  
3 

16 18 
"0 

presence of the  s to i ch ime t r i c  quantity of oxycen f o r  t he  reaction:- 

0 2 

The enriched n i t r i c  acid produced was then used i n  the  d i rec t  

3 es te r i f ica t ion  of c.p. methanol i n  t h e  presence of concentrated 

sulphuric acid. The overall  oqgen-10 enrichment was WO%. Two 

drops of methyl n i t r a t e  were formed 

aqueous solution f a c i l i t a t i n g  separation by d i s t i l l a t i on .  

an o i l  on the  surface of the  

The above synthesis f a i l ed  t o  y ie ld  any microwave spec t ra l  

features a t t r ibu tab le  t o  CH~'Oi?O,, t h i s  r e su l t  being explicable in  

terms of the  accepted mechanism ?or the  es te r i f ica t ion  reaction, i.e. 5 

C H ~ - " ~ H  + no+ 2 + CH~-"ONO? + H' 

The synthesis of CH;Rl)lV12 therefore required a sample of 
6 "&enriched methanol. This w a s  prenared by the  reaction :- 

usinv sodim h-rdroxide nreuared by reaction ( 3 ) .  Methyl iodide 

nole) w a s  d i s t i l l e n  in to  a CariuR tuhe (10 cm x 1 an) 

contain?'np vnter mole) nnd sodiun hydroxide mole). "he 

contents were sealed under v~~cuum nnd heated a t  90°C fo r  f ive  days. 

Ses idwl  i e thv l  iodide vas Fumed of? a t  -7poC and t he  methyl alcohol 

d i s t i l l ec!  in to  t!ie z i t r a t ion  mixture. 
18 16 TIC enrickyent nrocedures fo r  end CE N 0 0 had a comaon 3 

reuction requence:- 
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where t h e  a s t e r i s k  ind ica tes  i so topic  enrichment, and t h e  d in i t rogen  

t r i o x i a e  and sodium hydroxide were prepared u s i n r  reac t ions  ( 7 )  and 

(3) above. 

Kornblum e t  d7,' and y i e l d s  of 50-602 have been obtained us ins  DI .F  

o r  BfS0 118 solvent .  Here t h e  nore i n v o l a t i l e  D W O  was used t o  

f a c i l i t a t e  removal of t h e  nitrornethane product b:r d i s t i l l a t i o n .  

t h e  poor s o l u b i l i t y  of sodium n i t r i t e  i n  IWSQ, cood yie lds  of n i t r o -  

methane were obtained with reac t ion  t i n e s  of about 30 ninutea,  m i n e  

The second sta(p of t h i s  sequence has been s tudied by 

Despite 

mole q u a n t i t i e s  of reac tan ts  and m.5 cm3 of D"PO (dr ied over 

The nitromethane Froduct tended t o  contain sone calcium hydride). 

minor impuri t ies ,  such as methyl iodide,  which were d i f f i c u l t  t o  

r m v e  completely on t h i s  scale .  

Two problems were encountered i n  connection with reac t ion  (i) 

above. 

water was prefer red ;  

t h e  reac t ion  wan found t o  be very i n e f f i c i e n t ,  produciny n i t r a t e  

r a t h e r  than  n i t r i t e  ion with evolut ion of n i t r i c  oxirle. Tor t h e  

oxygen-18 enrichment, therefore ,  a m i n h m  of excess water was 

determined such t h a t  both n i t r i t e  y i e l d  and oxypen-18 eprichnent level 

were s a t i s f a c t o r y )  

of sodium hydroxide, leading t o  an oxyqen-18 enricb.ent  l e v e l  of 

1.20% i n  nitromethane. 

d id  not apply, and a more d i l u t e  so lu t ion  of sodium hydroxide w a s  used, 

giving a higher  n i t r i t e  y ie ld .  

In order  t o  optimise oxyeen-18 usage a minimum of excess 

however, at  biCh sodium hydroxide concentrat ions 

t h i s  corresponded t o  a IbO mole per  cent so lu t ion  

For t h e  nitropen-15 enrichment t h i s  considerat ion 

4 second d i f f i c u l t y  arose f r o m  unrencted sodiun hyeroxide frm 

reaetrul. nl, which i f  car r ied  over i n t o  reac t ion  ( i i )  tend& t o  



Prdpamtion of methyl n i t m t e  and n i t m e t h a n e  

destroy the  nitromethme y ie ld  with the  formation of a yellow product. 

This d i f f i cu l ty  was eliminated by neutralising t h e  excess dkali by 

t h e  addition of carbon dioxide, p r ior  t o  runoval of excess water 

from the  n i t r i t e  reaction. 

One of us (S .V. )  thanks the  Science Research Council f o r  the  

award of a &-search Studentship. 
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