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Alkyl n i t ra tes  a re  obtained by the es te r i f ica t ion  of alcohols with ni tr ic  acid [1]. They a re  also formed 
by the reac t ion  of N~O 5 with sa tura ted  hydrocarbons  [2, 3]. In this case  ni t ra t ion of the hydrocarbon p ro -  
ceeds  in para l le l  with the ni t rooxidat ion and the yield of the n i t ra te  r eaches  75 mole % [2]. Still another  
method for  the ni t rooxidat ion of hydrocarbons  with N204 (or NO) and ozonized oxygen is proposed in the 
p r e se n t  paper .  The re la t ion  between the composi t ion of the products  and the reac t ion  conditions was studied 
on the example of cyctohexane.  

E X P E R I M E N T A L  M E T H O D  

The exper iments  were  run in a glass the rmos ta t t ed  r e a c t o r  equipped with a ref lux condenser .  The 
ozonized O 2 and ni t rogen oxides (NO or  N204) were  added separa te ly .  The feed ra te  of the ozonized 02, 
containing 2.2% of 02, was 6 l i t e r s / h ,  while the volume of the eyclohexane was 40 ml.  The feed ra te  of the 
n i t rogen oxides ,  v N O4 and VNO, was var ied  f rom 1 to 5 l i t e r s / h .  An eff icient  magnetic s t i r r e r  was used 2 
for  the mixing. The reac t ion  t ime was 2 h. 

The cyclohexyl  n i t ra te  (RONO2) and ni t rocyelohexane (RNO2) were  identified via the e lemental  analysis  
and IR spec t ra l  data a f te r  the i r  isolat ion f rom the reac t ion  mix ture  by prepara t ive  GLC. The amounts of 
RONO2, RNO 2, cyelohexanol (ROH), and cyclohexanone (R = O) in the solution were  de termined  quantitatively 
by GLC (25% poly(ethylene glycol adipate) deposi ted on Chromatone,  hel ium as the c a r r i e r  gas, 100~ and 
a f lame- ioniza t ion  de tec tor ) .  

The  methods for 02 analysis  and cyclohexane purif icat ion a re  desc r ibed  in [4]. 

DISCUSSION OF RESULTS 

Under our  exper imenta l  conditions the main reac t ion  products  were  RONO 2 and RNO 2 (Tables 1 and 
2). The se lect iv i ty  of the p roces s  in RONO 2 is quite dependent on the ra t io  of the feed ra tes  of the gases;  
i t  is maximum (80-84 mole  %) at  VN204 = 1.5 (40 ~ and vNO = 3.0 l i t e r s / h  (20~ Besides  the indicated p ro -  
ducts ,  ROH, R = O ,  and adipic acid a re  also formed:  the l a t t e r  accumulates  in amounts that do not exceed 
the yield of cyelohexanone (the acid deposi ts  in the prec ip i ta te  during exper iment) .  

The reac t ion  proceeds  at a fas t  r a t e ,  which is actually de te rmined  by the O 3 feed ra te .  When using 
N204, the total  y ie ld  of the products  when based on consumed O 3 is 125-130% at 40 ~ and ~150% at 60 ~ 
When NO is used the yield drops  to 75-90%. 

The  kinet ics  and mechanism of the oxidation of f~O9 and RH by ozone,  and also the reac t ions  of N205 
with RH and of the rad ica l s  R() 2 with 1~O 2, and also with each o ther ,  have been studied in considerable  de-  
tai l  [2-7]. This  makes  it  possible  to postulate that the mechan ism of the p roces s  in a sys tem containing 
RH, N204, O 2, and 02, is  a combination of the following steps.  

N~04 ~ 21<10~ 

i~0~ + Os ~-~ N(>3 + 03 

NOs + NO2 ~ N~O~ 
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TABLE 1. Effect  of N20 4 Feed  
Rate on Composit ion of  React ion 
P roduc t s  

T.. ~ 

20 

40 

60 

vN~O4, 
l / h  

t,5 
t,0 
t,5 
4,0 
2,0 

Concentration of r~xtuct, M 

I t 
I 

0,1t 0,05 10,03 0,02 
0,09 I o,ooi 0,03 0,04 
0,32 [0,06 10,00t 0,00t 
0,24 [o,o~ I - -- 
0,32 i0,13 !0,007 0,005 

TABLE 2. Effect  of NO Feed  Rate 
on Composit ion of React ion P r o -  
ducts 

Concentration of product, M 

l/h RONO, RNO, ROH R=O 

I l 

20 3,0 0,t7 0,0210,0031 0,005 
4,0 0,t3 0,03 10,0031 0,004 
4,8 0,09 0,04 ttraces I traces 

60 0,40 o, o/-o,oo21 o,oo, 

N()s + RH -+ i:l + HNOs 

it + NO2 "~ RN02 

tt02 + NOe -+ RO~N02 so& tlON02 + NO~ 

tt0~ + R02 -~ IIOH + R=O + 02 

The adipic acid is probably formed by the oxidation of cyclohexanone [71. It should be mentioned that 
the chain oxidation of cyclohexane, with chain propagation, by the reaction: RO 2 + RH -- ROOH + i~ practi- 
cally does not go at 20-60 ~ [4]. 

CONCLUSIONS 

1. A method was proposed for the preparation of alkyl nitrates by the reaction of saturated hydro- 
carbons with ozonized oxygen and nitrogen oxides (N204, NO). 

2. The relation between the composition of the oxidation products of eyclohexane and the reaction 
conditions was studied~ 
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