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Kinetics of heat release during the reaction of n-decane with 
nitrogen dioxide in the liquid phase 
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The rates of heat release in the nitrogen dioxide--n-decane system at a molar ratio of  
nitrogen oxides to n-decane ([3) from 2.4- 10 .3 m 3.1 and gaseous volumes per mole of  
n-decane (V(g)) equal to 0.05--4.5 were studied in the 55.2--92.8 ~ temperature range. The 
n i t i a i  rate of the process is determined by the interaction of NO? with n-decane. The 
equilibrium constants of dissociation of N?O 4 in n-decane and Henry 's  constants of NO 2 
and N204 in an n-decane solution were determined by complex analysis of the thermody- 
namic equilibrium in the NOs--n-decane system and dependences of the initial rates on V(g) 
and /3. The experimentally observed self-acceleration of  the process in the region of  high 13 
and low T values was suggested to be due to the reaction of NsOa with intermediate 
oxidation products. The rate constants of the reaction of  NO^ with n-decane were compared 
with analogous values determined in its mixtures with HNO 3 solutions. 

Key words: nitrogen dioxide, n-decane, nitration, oxidation, heat release, kinetics. 

It has  b e e n  p rev ious ly  s h o w n  I t ha t  when  n - d e c a n e  
in te rac ts  wi th  a q u e o u s  so lu t ions  o f  HNO3,  in t he  ma jo r  
par t  of  the  k ine t i c  cu rve  the  r eac t ion  rate is d e t e r m i n e d  
by the  rate o f  t he  in te rac t ion  o f  n - d e c a n e  with N O -  
molecu les ,  a n d  on ly  the in i t ia l  rate o f  the  process  is 
d e t e r m i n e d  by t he  d i rec t  i n t e rac t ion  o f  n -decane  with 
H N O >  T h e s e  regular i t i es  are i m p o r t a n t  for eva lua t ing  
the  safety of  t e c h n o l o g i c a l  devices  using these  mixtures .  
There fore ,  in th is  work .  we s tud ied  in more  detai l  t he  
kinet ic  regular i t ies  o f  the  ox ida t ion  o f  n - d e c a n e  by 
n i t rogen  d iox ide  in t h e  l iquid  phase.  

Avai lable  data  o n  the  k ine t ics  o f  the  r eac t ion  of  
n - d e c a n e  w i th  N O  2 in t he  l iqu id  phase  were ob ta ined  in 
a na r row range  o f  t h e  m o l a r  ra t io  of  n i t rogen  oxides  to 
n - d e c a n e  ([3 = 0 .01 - -0 .05 ) .  2 Previously,  k ine t ic  data 
have b e e n  a n a l y z e d  us ing  inexac t  values of  solubi l i ty  
cons t an t s  o f  n i t r o g e n  oxides  in  n - d e c a n e .  The  k ine t ics  of  
the r eac t ion  o f  N O  7 wi th  h y d r o c a r b o n s  in the  gas phase  
at 2 5 0 - - 4 5 0  ~ has  b e e n  s tud ied  at  the level o f  e l e m e n -  
tary acts. 3 It is e s t ab l i shed  t h a t  an  increase  in  the  
t e m p e r a t u r e  a n d  p ressu re  results  in a regular  t r ans i t i on  
from a slow r e a c t i o n ,  which  p roceeds  accord ing  to the  
law o f  a s imp le  type  reac t ion ,  to a co ld - f l ame  r eac t ion  
and  t h e n  to a h o t - f l a m e  r eac t i on  wi th  the  degene ra t e -  
b r a n c h e d  m e c h a n i s m .  In  the  slow react ion,  the  r eac t ion  
orders  wi th  r e spec t  to  reagents  are close to uni ty ,  and  
the  a c t i v a t i o n  e n e r g y  is ~30 kcal m o l - t .  4 

Da t a  o n  t he  k ine t ics  of  t he  r eac t ion  of  N O  2 with 
h y d r o c a r b o n s  in t h e  l iqu id  phase  are necessary  for  de-  
ta i led  analys is  o f  t he  k ine t ics  o f  t h e r m a l  d e c o m p o s i t i o n  
of  mix tu res  o f  n i t ro  c o m p o u n d s  wi th  hydroca rbons ,  

because  N O  2 is the  m a i n  p r imary  p r o d u c t  of  d e c o m p o s a -  
n o n  o f  a lmos t  all n i t ro  c o m p o u n d s .  

Experimental 

The rates of  heat release in the two-phase NO, solution in 
the n-deeane--gas system were measured on  a differential 
automated calorimeter 5 in glass sealed, completely thermostatted 
ampules in the 55.2--92.2 ~ temperature range. Nitrogen 
dioxide and n-decane were obtained, purified, and stored 
according to a previously published procedure,  z The value of 
the gas volume per mole of the starting n-decane (V(g)) was 
varied within 0.05--4.5 L mol - j ,  In the majority of experi- 
ments, the molar ratio of nitrogen oxides to n-decane (/3) was 
varied from 2.4 ~ 10 -3 to 0.1, and several experiments were 
carried out in the ~3 range from 2.0 to 3.1. 

Results and Discussion 

T h e  shapes  of  the  curves  of  t h e  hea t  re lease  rate 
d e p e n d  on  t he  13 values a n d  ini t ia l  t e m p e r a t u r e s .  S o m e  
k ine t ic  curves  o f  the  hea t  release r a t e s  (dQ/dt) c a l c u l a t e d  
per  mole  of  n - d e c a n e  and  n o r m a l i z e d  to  the  13 va lue  are 
p r e s e n t e d  in Fig. 1. For  ~ < 2 . 9 - 1 0  -3 at  55 ~  
[3 < 0 .0 t3  at 64.6 ~ and  {3 < 0 . 0 2  a t  74.2 ~ t he  
process  is descr ibed  by a k ine t ic  l a w  o f  t h e  f i r s t -o rde r  
reac t ion .  W h e n  13 fu r the r  increases ,  a s e l f - a c c e l e r a t i o n  is 
observed  at t he  init ial  per iod o f  t h e  r e a c t i o n ,  a n d  t he  
t ime  o f  ach iev ing  the m a x i m u m  ra te  increases  as [3 
increases.  T h e  rate is m a x i m u m  w h e n  the  d e p t h  o f  
conve r s ion  is ~20%. D u r i n g  the  r e a c t i o n ,  t h e  ra te  in -  
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Fig. 1. Time dependence dQ/dt at 74.2 ~ for 13 (mol tool-i): 
0.0039 (1); 0.0073 (2); 0.013 (3); 0.020 (4); and 0.032 (5). 

creases by 1 .3- -1 .6  t imes  over  the  init ial  value. Before 
the  30% dep th  is ach ieved ,  these  curves are descr ibed by 
a f i rs t -order  e q u a t i o n  o f  the  au toca ta ly t ic  react ion:  

dq/dt  = k(l - q) + k2(1 - q)q. 

W h e n  the  t e m p e r a t u r e s  are 85.5 ~ and  h ighe r ,  the  
process  proceeds  accord ing  to the  f i r s t -o rder  k ine t ic  law 
at all expe r imen t a l  values o f  B. 

W h e n  the  V(g) value is c o n s t a n t  and  re la t ively  small  
(~0.05 L m o l - t ) ,  the  rat io  o f  the  init ial  hea t  re lease  rate 
to the  overal l  t h e r m a l  effect  o f  t he  r eac t ion  

(d Q/dt)r=o/~ (d Q/dt)" dr = (drl/dt)r= 0 
0 

up to a ce r ta in  13 value  is i n d e p e n d e n t  of  [3 a n d  decreases  
wi th  fu r the r  increase  in [3. W h e n  13 is c o n s t a n t ,  the  
(drl/dt)t-,  0 value decreases  as V(g) increases .  T h e  heats  
o f  the  processes  and  rate c o n s t a n t s  of  p a r t i c u l a r  stages 
u n d e r  some  expe r imen t a l  cond i t i ons  are p r e s e n t e d  in 
Tab le  1. 

T h e  reac t ion  of  a l ipha t ic  h y d r o c a r b o n s  wi th  a n  equi-  
l ib r ium mix tu re  of  N O  2 a n d  N20 ,  , is a c o m p l i c a t e d  
process  cons is t ing  o f  c o n s e q u e n t - p a r a l l e l  s tages  o f  ni t ra-  
t ion  a n d  oxidat ion .  The  i n t e r ac t i on  b e t w e e n  hyd roca r -  
b o n  and  N O  2 plays the  m a i n  role for r e a c t i o n s  in gas 
and  l iquid phases .  U n d e r  e x p e r i m e n t a l  c o n d i t i o n s ,  not  
m o r e  t han  3% n - d e c a n e  exists  in the  gas phase .  The  

Table 1. Rate constants and thermal effects of the reaction of n-decane with NO 2 
in the liquid phase 

f 13 V(g) 0,~o2 kt k,  
/ ~  /tool rnol -I  /L  mol -I  /kcal mol -I s -1 

55.2 0.0025 32 
55.2 0.0032 33 
55.2 0.0077 0.056 34 
55.2 0.0093 0.049 34 
55.2 0.011 0.033 33 
55.2 0.055 0.067 47 
55.2 0.061 0.090 48 
55.2 0.074 0.061 52 
55.2 0.11 0.057 49 
55.2 0.17 0.10 47 
64.6 0.0025 
64.6 0.005 
64.6 0.0085 22 
64.6 0.01 0.0073 22 
64.6 0.013 0.069 32 
64.6 0.024 0.048 30 
64.6 0.061 0.041 40 
64.6 0.072 0.084 38 
64.6 0.10 0.058 40 
74.2 0.0039 0.051 20 
74.2 0.0059 0.076 28 
74.2 0.0073 0.064 28 
74.2 0.012 0.091 32 
74.2 0.012 0.053 32 
74.2 0.013 0.064 39 
74.2 0.016 0.070 42 
74.2 0.020 0.087 42 
74.2 0.023 0.077 43 
74.2 0.028 0.0148 52 
74.2 0.032 0.044 58 
74.2 0.039 0.119 60 

3.5- 10 -5 
3.5- 10 -5 
2.5 - 10 -s  
2.1 �9 I0 -5 
1 . 9 . 1 0  -s 
9.8 �9 10 -6 
8.7 �9 10 -6 
8.1 �9 10-6 
6.6- 10 -6 
6.9- 10 -6 
9.8.10 -5 
1.0- t 0 -4 
9.4 .10  -5 
8 .9 .10 -s 
7.4- I0 -5 
5.1 10 -s 
3.4 10 -s 
3.3 10 -s  
2.5 10 -s  
2.6 10 -4  
2.7 10 -4 
2.7 10 - 4  
2.6 10 -4 
2.6 10 -4 
2.5 10 -4 
2.3 10 -a 
2.0 10 -4 
1.8 10 -4 
1.6 t0 -4 
1.5 10 -4 
1.3 10 -4 

1.2-  10 -4  
1.2. 10 -4 
4.8. 10 -s  
4.8- 10 -5 
7.2- 10 -5 
8.9- 10 -s  
5.2- 10 -5 
5.5- 10 -s  

1.5- 10 -4 
1.2- 10 -4 
1.3. 10 -4 
1.4- 10 -4 

3" tO -4 
3" 10 -4 
8- [0 -4 
6" 10 -4 

4.4" 10-4 
3.4" 10 -4 
3.2- 10 -4 
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ratio of concentrations of NO 2 in the liquid and gas 
determined from the ideal gas law and Henry 's  law is 
about ten. When the reaction rate constants in the liquid 
and gas are close, z the contribution of the gas-phase 
reaction to the overall rate is not greater than 0.3%. The 
fact that (drl/dt)r-_ o decreases as V(g) increases testifies 
that the liquid-phase reaction makes the main contribu- 
tion to the overall heat release rate, which is limited by 
the bimolecular interaction of NO 2 with the hydrocar- 
bon. The initial rate of heat release is determined by the 
expression 

(d Q/d0t=0 = k" �9 ."NO~ " CNo2(liq) " QNO2/I 3, 

where k ' / L  mol - t  s -~ is the rate constant of the reac- 
tion of n-decane with NO 2 in the liquid phase; CN%(liq) 
is the concentration of NO 2 in the liquid phase; 7NO, is 
the stoichiometric coefficient of NO 2 in the react;on 
equation; and QNO~ is the thermal effect of the interac- 
tion per mole of NOz. After transformation we obtain 

(dQ/dt)r= 0 = k" QNO2" nNo2(liq)/[3. (1) 

where k / s  -1 = 3'NO2" k ' ' C a ( l i q )  is the effective con- 
stant; Ce(li q) is the concentration of n-decane in the 
liquid phase; and nNo2(liq) is the number of moles of 
NO 2 in the solution per mole of n-decane. 

The nNo2(liq) value can be calculated taking into 
account the equilibrium of dissociation of N204 in both 
phases, equilibrium distribution of nitrogen oxides be- 
tween the phases, and mass balance with respect to the 
number  of moles of n i t rogen oxides per mole of 
n-decane: 

f(g) 
N204(g ) 2 NO2(g) 

KN(liq) 
N204(liq) 2 NO2(Uq) 

(where K(g) (atm) and KN(liq) are the dissociation 
constants of N20 4 in the gas phase and in a solution of 
n-decane; KH(NO2) and KH(N20, d are Henry 's  con- 
stants for solutions of NO 2 and N204 in n-decane, arm), 

nNO2(g) + 2nN204(g) + nNo2(liq) + 2nN20~(liq) = 13,(2) 

where nNo2(g), nN~o4(g), nso:( l iq) ,  and nN~o4(liq) are 
the numbers of Moles of NO 2 and N20 4 in the gas 
phase and in a solution of n-decane calculated per mole 
of n-decane in the system. The numbers of moles of 
NO 2 and N204 in solution are referred to one mole of 
n-decane, and the sum of moles in the solution is the 
following: 

s'n = 1 + nNo2(liq) + nN204(liq). 

Under the majority of experimental conditions, nNo2(liq), 
nNoo4(liq) << l; therefore, 22n = 1 and the molar frac- 
tions of NO 2 and N20 4 in solution are numerically 

equal to their number of moles. In this case, the nNo2(g), 
nN204(g), and nN204(liq) values are expressed through 
nNo2(liq) as follows: 

nN204(liq) = [KN(liq)]-I �9 [nNos(liq)]2, 

nNo2(g ) = KH(NO2) - V(g)(RT) -t �9 nNo2(liq), 

nN204(g) = Ktt(N204)" V(g)[RTKN(liq)]-t '[nNo2(liq)]2. (3) 

The solution of Eqs. (1--3) gives the following ex- 
pression for the heat release rate: 

(dQ/dt)r= 0 = 2kQNo2/{[(KH(N02).  V (g ) /RT  + l) 2 + 
+ 8(KH(N204). V(g)/RTKN(Iiq ) + t/KN(liq)). ~]1/~. + 
+ KH(NO2) �9 V(g)/RT 4- 1 } = 
= 2k.QNo~./{[(n.xo2(g)/nyo:,(liq) + I) 2 + 

+ 8(nN204(g)/(nNO,.(liq)) ~- +- 
+ nN204(liq)/(nNo2(tiq))2)" !3] 1/~- + 
+ (nNo~(g)/nyo,.(liq) + l) 2 }. (4) 

Depending on external experimental conditions (V(g), 
13, and Tvalues), the expression for the rate (Eq. (4)) is 
simplified in three limiting cases. 

1) At relatively high temperatures and great values of 
V(g), the majority of nitrogen oxides exists in the form 
of NO,  in the gas phase. The second term under the 
square root can be neglected, and for the initial heat 
release rate we obtain 

(d Q/dt)r=o = kQNoz/[ KH(N02)  " V(g)/ R T + ~1, 

and for the inverse value of the initial  rate 

1/(drl/d0t= 0 = QNo2/(dQ/dOt~o = l / k  + KH(NO2) - V(g)/kRT. 

The experimental dependences of QNo2/(dQ/dt)r=_o 
on V(g) at different temperatures are presented in Fig. 2. 
The k and KH(NO2) values were determined from the 

QNoj(d Q/dOr~0/h 
"6 

I 

5 

3 

2 

3 

0 ~tltIlll,l,tlTt~ll,lt~1,111tlll,~t t ,vlll,,,,,tIItl 

0 [ 2 3 4 5 
V(g)/L tool -t  

Fig. 2. Dependence of QNoJ(dQ/dt)t.=o on V(g) at different 
temperatures (~ 74.2 (1); 85.5 (2); and 92_8 (3). 
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tangent slope and a segment cut on the Y axis. The 
temperature dependence of KH(NO~_) is determined by 
the equation 

KH(NO2) = l . l" I03exp(--1300/T) atm. 

2) At relatively low temperatures and small V(g), the 
traction of nitrogen oxides in the gas phase is low. In the 
first term under the square root, the nyo~(g)/nNo,( l iq)  
value can be neglected compared to unity, and in the 
second term, we neglect the nN~od(g),/((n~,~o,(liq))2 value 

- ' - �9 �9 3 " " "  a 

compared to n..N,2od(hq)/((nyo2(hq))'. In th~s c se, the 
initial rate is determined by the expression 

(dQ,/dt)t= o = 2kQNo,/[1 + ~/KN(liq)] I/2 -. 1. 

When 13 are substantially smaller than Ky(liq), the 
[~;/KN(liq)]t/2 term can be neglected compared to unity, 
and finally, the initial rate becomes independent of 13: 

(dQ/dt)r= 0 = kQYo2. 

3) As [3 increases, the equilibrium of the NO~ dinaer- 
ization is shifted to N204, and the relative traction of 
NO~ in a so lu t ion  of n-decane  decreases. The 
[13/Ky(liq)]d2 term affects the value of the rate, and 
beginning from certain 13 values, we can neglect unity 
compared to [13/KN(liq) ]I/2: 

(dQ/dt)r= 0 = 21CQNo2[KN(liq)/B]I/2. 

The dependence of log[(dQ/dt)r=o/Q~4o,] on logl3 at 
different temperatures and V(g) = 5" 1() - t  L tool -I is 
presented in Fig. 3. As 13 increases, the horizontal re- 
gions of the curves are regularly alternated with regions 
in which the logarithm of the rate decreases and the 
tangent slope is equal to ~ -0.5.  The abscissa of the 
intersection point of the horizontal and sloped regions 

I~ Q/dt),'=o/QNO? 
I 

- I  

- 2  I l l  I I  i I ]  I l l l l l l , l [ l l l l l l l t l  I I I I I I I | I I I l I I ~ I I H I ]  

--2 -1 log~ 

Fig. 3. Dependence of log(dQ/dt)t=o/Qyo ~ on tog~3 at differ- 
ent temperatures (~ 55.4 (1); 64.6 (2); 74.'2 (3); and 85.5 (4). 

of the curves is determined by the KN(liq) value and is 
equal to 4KN(liq). The temperature dependence of 
KN(liq) is described by the 8.2. 105exp(-6757/7) ex- 
pression and is close to the dependence determined by 
the direct method. 6 

The k values determined from different dependences 
within the experimental scatter of data are expressed by 
the temperature dependence established for the oxida- 
t ion of n-decane by NO 2 in solut ions of HNO 3 
(k = 3.5" 1018exp(-17.6 �9 103/7). l The values of the 
KN(liq) and KH(NO2) constants established in this work, 
in combination with the value of the dissociation rate 
constant of N204 in the gas phase, allow one to deter- 
mine KH(N204) = 4.5- 102exp(-2400/7) from the ther- 
modynamic cycle. The KH(NO2) and KH(N204) values 
for the two-phase system at 90 ~ established in the 
present work are by 7 and 50 times lower than the 
previously determined values. 6 The error of thermo- 
starting in the determination of partial pressures of NO 2 
and N204 mentioned in Ref. 6 should result in underes- 
timating, in the limiting case, by several times, the 
K~(NO2) and KH(N2Od) values compared to the data of 
this work. It can be assumed that one reason for overes- 
timating the values of KI.I(NO2) and Kt.t(N204) in Ref. 6 
is the underestimation of the concentration of nitrogen 
oxides in the liquid, which is due to the great indetermi- 
nacy in determination (from the absorption at the same 
wavelength) of comparable and small concentrations of 
N20 4 and an admixture in the form of HNO~. The 
reaction of n-decane with NO 2. which occurs to a cer- 
tain extent during the thermodynamic experiment, can 
make a certain contribution to the decrease in the con- 
eentrarion of nitrogen oxides in the liquid. The number 
of moles of NO 2 and N20 4 in the liquid phase decreases 
during the reaction. For example, at 60 ~ the reaction 
occurs by 10% during -40 rain, which is comparable 
with the time of the thermodynamic experiment. Ac- 
cording to the data in Ref. 6, KH(NO2) V(g) >> RT, and 
under these conditions, a proportional dependence of 
QNo2/(dQ/dOt=o on K(g) should take place, which was 
not observed in our experiments. 

To determine the YNO~ values, we compared the 
published values of the heats of the reaction of n-decane 
with HNO3 I and those of the interaction of n-decane 
with NO 2 obtained in this work. The extent of the 
oxidation of n-decane and the corresponding thermal 
effect of the reaction increase as t3 increases. 

The observed thermal effect of ~20 kcal tool -1 NO 2 
can be explained by the fact that the oxidation of 
n-decane to dimethyl-substituted octodecane occurs ac- 
cording to the overall equation 

2 C~0H22 + 2 NO 2 = C20H4: z + 2 HNO2, 
AH = -20.8 kcat (mot NO2)-t. 

The heat of formation of n-eicosane was used to calcu- 
late the heat of this reaction. 7 By analogy to other 
hydrocarbons, the heat of formation of a branched iso- 
mer should be by 1--3 kcal tool -I  lower. 
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The oxidation to C?0H42 can occur at low values of 
13, when the iso-decyl radical formed in the primary act 
of the oxidation 

C10H22 4. NO 2 _+ C8H17C-HCH3 + HNO2" 

has comparable probabilities of recombining with a similar 
radical and entering the secondary reaction of the oxida- 
tion by nitrogen dioxide. 

Heat effects lower than 38.5 kcat (tool NO2) -I can 
be explained by the nitration reactions with the reduc- 
tion of NO 2 to NO 

010H22 4- 1.5 NO 2 ---~ CloH21NO 2 + 0.5 NO + 0.5 H20 , 

:~H = - - 3 0 . 8  kca l  ( too l  N O 2 )  - t  

and oxidation to alcohol, aldehyde, acid, and finally, to 
CO:; NO 2 is reduced to NO 

3 010H22 + 0.3 NO 2 = 30 CO a + 0.3 NO + 33 H20. 

A]-[ = -38.5 kcal (tool NO2) -[. 

When NO 2 is reduced to NO. the heats of the 
nitration and oxidation to different products differ by 
only 8 kcal tool - l .  

The heat effects of >38.5 kcal (tool NO2) -1 can be 
explained only by the reduction of NO 2 to N 2 during the 
nitration 

8 C,IOH22 + 10 NO 2 ----- N 2 + 8 C10H21NO 2 + 4 H20 , 

• = - - 4 4  kca l  (tool NO,.) -~, 

or during the oxidation of n-decane to alcohol, alde- 
hyde, acid, and up to CO2: 

4 C10H22 .*" 2 NO 2 = 4 CloH21OH + N2, 
,.xH = - 9 3 . 4  kcal ( tool  N O 2 ) - I ;  

4 CaoH22 + 6 NO 2 = 4 CgH19COOH 4- 3 N 2 + 4 H2O , 

43.,// = - t 1 4 . 4  kcal (tool N O 2 ) - t ;  

12C~oH22 + 186 NO 2 = 120 CO 2 + 93 N 2 + 131 H20. 
,SH =--112,2 kcat (tool NO_~) -t.  

It has been previously shown 2 that I ]o  deep oxidation 
with evolution of CO or CO 2 occurs during the reaction 
of NO 2 with n-decane at small 13. Nitro derivatives, 
alcohol, NO, H20, .and partially N 2 were the main 
products of the reaction. 

The experimentally observed thermal effects of the 
reaction of n-decane with NO 2 (at great [3) and with 
solut ions of H N O  3 calcula ted per both mole of 
n-decane and mole of NO 2 can be explained only by the 
fact that the oxidation to CO 2 and reduction of NO 2 
to N 2 occur to a certain extent. For the oxidation 
reactions without decomposition of the carbon chain, 
the heat per mole of n-decane is lower than the experi- 
mental heat. 

The total heats of oxidation of n-decane by solutions 
of HNO 3 and NO2 calculated per mole of n-decane 

[Qt(HNO3) and Qt(NO2), kcal mol - l  of n-decane] are 
related to the heats of oxidation of  n-decane calculated 
per mole of HNO 3 and NO 2 (QHNo3 , 
kcal (mol HNO3) -I and Qyo,, kcal (mol NO2) - t )  by 
the correlat ions Qt(HNO3) - =  7HNO3" QHNO3 and 
Q,,(NO2) = "/No~'QNor The difference in the heats 
Qt(HNO 3) - Qt(NO2) in the case of the same reaction 
products in the oxidation by solutions of HNO 3 and 
NO 2 is equal to V.HNO3- Z~HI, where zXH 1 is the heat of 
the process: 

2 HNO 3 + NO = 3 NO z + H20,  

~//1 = 8.2 kcal (mol HNO3) -I (5) 

o r  YHNO 3 �9 AH 2, where AH 2 is the heat of the process: 

8 HNO 3 4- N 2 = 10 NO 2 + 4 H20 ,  

~H 2 = [7 kcal (tool HNO~) -1. (6) 

According to Eqs. (5, 6), the stoichiometric coeffi- 
cients of HNO 3 and NO 2 are related by the correlations 
YHNO 3 = 0.66 VNO~ or :q{No; = 0.8 YNO2 , respectively. 
The thermal effect of the oxidation of n-decane per mole 
of NO2 at 13 values equal to 2 and higher, which are 
close to the number of moles of  NO 2 formed in the 
oxidation of n-decane by solutions of HNO3, i is equal 
to -70 keal (mol NOa) -t .  This thermal effect can be 
the result of the oxidation and nitrat ion reactions with 
the partial reduction of NO 2 to N 2. According to known 
data, 2 N 2 and NO in the oxidation products are corre- 
lated as I : 2, hence: 

0.8~yo2 �9 17 �9 0.34 + 0 66vyo ~ ,  _ �9 8.2 - 0.66 - "fNO,_ - 70 = --575. I 

The value of 9.3 was obtained for )'No,, while ) 'HNO3 ~- 

6.6. The temperature dependence of the rate constant of 
the reaction of NO 2 with n-decane  in the two-phase 
system can be presented in the form k" = 8.0" l016 
exp(-17.6-103/7) ,  L tool -I  s -I .  The pre-exponential 
of the rate constant in the three-phase system is 1.4-fold 
higher, which can be explained by the change in the 
dielectric and solvating properties of the medium with 
partial dissolution of HNO 3 in n-decane.  

Since the conditions under which the acceleration 
appears correspond to the condit ions of the maximum 
format ion of N20 4 in so lu t i on  (high con ten t  of  
NO 2 + N204, low temperatures), it can be assumed 
that the interaction of N204 with the products of the 
n-decane oxidation containing C - - O - - H  or C=O is the 
reason for the acceleration during the process, in this 
case, the rate of the catalytic stage is determined by the 
expression 

/(2" Cdec ~ = k2 '  " CN204 ~ CROH.  ~~ 

where k 2" is the rate constant of the reaction of N20 a 
with alcohol; CROH,~ ~ is the concentration of the 
alcohol formed in the oxidation of n-decane;  and 
CN,04 ~ is the concentration of N204 in n-decane. The 
effdctive rate constant of the catalytic stage slightly 
changes as the concentration of N204 in the system 
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increases, which can be explained by a single decrease in 
the concentra t ion  of  the alcohol due to a deeper oxida- 
t ion with the increase in the total content  of ni trogen 
oxides per mole of  n-decane.  Using the values of k 2 and 
C-^~un,~, ors Ibr !3 - 0.012--0.016 and Cdcc ~ and CN2O4 ~ 
calculated from the dissociation constant  Ky ~ for [3 = 
0.012, we obta ined the value of  120 L tool - l  s -~ (with 
the same order of magni tude  as that directly measured 
previously 8) for k 2" at 74.4 ~ This confirms the as- 
sumption that the accelerat ion is related to the reactions 
of N204. 

This work was supported by the Internat ional  Scien- 
tific Technical  Cen te r  (Project No. 124). 
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