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The extensive l i t e r a t u r e  of "active" nitrogen chemistry does not appear t o  I record any study of competition between organic subs t ra tes .  
inves t iga t ion  of consumption of hydrocarbon i n  the  competition between an o le f in ,  
ethylene, and a paraf f in ,  propane. 
i f  no t  a l l ,  experimental conditions.* 
both primary a t tack  by one or more components of "active" nitrogen and of secondary 
a t t a c k  by reac t ive  in te rmedia tes  must be considered possible.  

This paper r epor t s  an 

Reaction probably went t o  completion under most, 
Consumption of hydrocarbon as a result of 

Expcrimental 

Apparatus and metnods a r e  described more completely elsewhere, 3'4. 
ni t rogen  w a s  generated by e l ec t rode le s s  glow discharge supported by 2450MHz 
microwaves a t  a t o t a l  pressure of 321 Torr. 
150p mole set.-' and 1.3t0.2~ mole set.-' f o r  l i n e a r  flow, N2 flow and N(4S) flow, 
respec t ive ly .  
Hydrocarbon subs t ra te  w a s  introduced countercurrent3 i n t o  the ac t ive  nitrogen stream 
a t  autogenous temperature (approx. 5G°C) a c m .  (.G87 sec.) downstream from t h e  glow 
discharge. 
downstream from the  subs t r a t e  i n l e t .  Amounts of recovered r eac t an t s  were determined 
by g a s  chromato raphy on s i l i c a  &el.4 
were determined by propor t iona l  counting of CO2 obtained by combustion of t h e  gas 
chromatographically pu r i f i ed  compounds i n  0 2  over CuO a t  450°. 
ethylene were Matheson products. 

Active 

Transport rates were 230cm. sec.-l, 

!he l a t t e r  w a s  measured by n i t r i c  oxide "emission" t i t ra t ion . '  

The gas stream psssed through l i q u i d  p i t rogen  t r a p s  5Gcm. (.22,sec.) 

Relative a c t i v i t i e s  of 14Clabeled compounds 

Propane and labeled 
g 

Cold ethylene w a s  P h i l l i p s  Research Grade. 

Data 

Table I s m a r i z z s  2ercep.t consumption of ethylene consequent upon reac t ion  of 
t h e  pure subs t ra te  and t h r e e  o f  i ts mixtures with propane with s i x  d i f f e ren t  r a t i o s  
of N(4S). Table I1 sunmarizes analogous data f o r  propane. 
given i n ' t h e  two Tables a r e  derived from the  same s e t s  of experiments. 
summarizes apparent r e l a t i v e  s p e c i f i c  rates o f  consumption, IlkCpH4/kC3H8tt. 

ra t ios  were calculated by means of e . 1, the  expression which would be appropriate 

i f  the r e l a t i v e  r a t e s  of consmption depended en t i r e ly  on t h e  bimolecular reaction 
of each of the subs t r a t e s  with the  same reagent. Table I V  summarizes molar 
r a d i o a c t i v i t i e s  o f  recovered r eac t an t s  o r  product ethane r e l a t i v e  t o  t h a t  of reactant 
ethylene f o r  t he  reac t ion  of equimolar mixtures of 14C-labeled ethylene and ordinary 
propane. 

The data fo rmix tu res  
Table I11 

lhese 

c ~ ~ ~ / ~ c ~ H ~ I ~  logC(C2H4)J (C,H4)tIq10gC(C,H8)o/(C~H8)tI ,(I) 
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Zhbie I 

Eerccnt Consumption of Ztcylene 

(Total  Hydrocarbon) Average Percent Consumption 
(N)a Pure (C&4),/ (c3H8) e 

C2H4 nb 3.0 nb 110 n6 -0.33 nb 

4 19 3 13 3 25' 10 - 
2 24' 3 27 3 37+ 1c 51 6 
1 3?+ 4 45 4 4 7 X  16 56 9 
21 3 45 2 59 1 - 730 2 

1 1 2  7PX 3 87 3 93 10 90 7 
, 116 9;o 2 - 93 7 84 3 

I 

a. 

b. 

Flow ra te  of N(4S) i s  l.3*O.& mole sec.-l throughout. 

Number of independent determinations averaged t o  give t h e  tabulated figure. 

Table I1 

Percent Consumption of Propane 

a. 
b. 

41" 2 39 3 39 10 37 7 

480 2 - 4 5 7  4 4 3  

now r a t e  of N(4S) is l.3?S10.2p mole set.-' throughout. 

Number of independent determinations averaged t o  give t h e  tabula ted  
figure.  

- 
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x p r r 2 n c  &ltt1\. ., 3 c z c t l v l t l c s  

"kC _. / k c  Ii I' 

( rot-1 -!y-roccrbon) 
(14 2'14 3 8 

1 

(CPf i4 )  J (  C3II.S 1 0  I Sz>craco' 

3.c 1.c 0.35 

- o.:? 1.1 - 

2 (0.30)  0.33 1 . 2  2.9 

1 (1.2) 1.5 1.7 2.3 

2/3 - 2.0 - 3.5 

1 /2  (2 .9 )  4.1 5.4 5.2 

( 4 . 0 )  - 4.5 3.1 1/5 

a. Numbers i n  t h i s  column a r e  calculated from the  data fo r  pure subs t ra tes .  
(Total  Hydrocarbon) i s  t,d.cn a r b i t r a r i l y  as the  concentration of one of the 
pure hydrocarbons. 
of pure hydrocarbons. 

Values a re  based on data fo r  i den t i ca l  concentrations , 

Ilelative 1,iolar Ac t iv i t i e s  of Recovered 
Reactants and Product Etiannea 

b o t &  ii drocarbon P 

2 0.9s 7 - 0.01c 1 

1 0.98 4 - - / 

- 0.8 1 0.0lC 1 

0.3') 2 0.5 1 O.OlC 1 

a .  
b. 
c. Indistinguishable from the value found for ,unreac ted  propane. 
d. Flow r a t e  of N(4S) was 1.z20.2p mole set.-' throughout. 

Conpared t o  unrcacted ethylene; hydrocarbon r e a c t m t s  e q u b o l s .  
'&e number or^ indepcndcnt ex?erimcnts. 

I 

I 
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Discussion 

The systematic var ia t ion  of the  r a t i o  IlkC a /k 'I over the range of concentration 
parameters summarized i n  Table I11 demonstrateg thaE3r8lative consumption 
competing hydrocarbons is not determined simply by t h e  r e l a t i v e  r a t e s  of a t t ack  of 
N(4S) (or any s e t  of r eac t ive  species) on ethylene and propane sinc? such determination 
would l ead  t o  constancy of the r a t i o .  
data of Tab les  I and I1 by comparison of the consumption of a given substrate  a t  a 
f ixed concentration upon reac t ion  witln a fixed proportion of N(4S) i n  the presence and 
absence of t he  competing substrate .  
and I1 by i d e n t i c d  superscr ipts .  
eq. 1 i s  derived were correct, ccnd Leeping in mind the similar degrees of consumption 
of the two A x t r a t e s ,  -.ddition of the second subs t r a t e  should always substant ia l ly  
suppress the consumption of the f i r s t  and should have the l a rges t  e f f ec t  when substrate  
is i n  excess over reagent. 
suppression is  absent or negligible.  
excess. 
of percent consumption of pure hydrocarbon on the  ra t io ,  (pure hydrocarbon)/(N), 
pa r t i cu la r ly  with propane f o r  which a twelvefold decrease i n  the r a e o  is associated 
with increase  in percent consumption by a f a c t o r  of only  1.65. 
consistent with destruction of t he  subs t r a t e  by both a t tack ing  reagent and react ive 
+itexmediates arising from the primary a t t ack  i f ,  as the proportion of N(*S) i s  raised,  

/ t h e s e  intermediates a r e  increas ingly  consumed by the  reagent before they can a t t ack  
the substrate .  This f ea tu re  i s  also present with ethylene but  t o  a smaller extent. 

of 

A s i m i l a r  conclusion can be drawn from the 

Such matched poin ts  a r e  designated i n  Tables I 
If the  simple model of t h e  competition from which 

In f a c t ,  with ( reactant  hy&ocarbon)/(N)>/l such 
It becomes s ign i f i can t  only when N(4S) i s  i n  

The complexity of the reac t ion  is also ind ica ted  by the shall.ow dependence 

Such behaviour i s  

, Except with the l a r g e s t  excess of N(*S), t h e  value of 1'kC,Hd/kC2HiI (Table 111) 
increases with decrease i n  the r a t i o  (CpH.+)o/(CjH~)o a t  c o n s t i t  -val;es of (total 
hydrocarbon)/ (N). 'Ihis systematic change i s  cons is ten t  with occurrence of competition 

'between the  two substrates  with respec t  t o  t h e i r  destruction by r eac t ive  intermediates 
arising from primary a t t ack  of the reagent. More spec i f i ca l ly ,  (cf. Tables I and 11) 

.ethylene appears t o  be more sens i t i ve  t o  consumption by intermediates a r i s i n g  from 
propane than vice versa. Presumably, t he  e f f e c t  of a t t a c k  by r eac t ive  intermediates 
can be reduced or eliminated by using s u f f i c i e n t l y  l a rge  excesses of N(*S) t h a t  the 
i n t e m e d i a t e s  r eac t  with t h e  l a t t e r  r a the r  than with hydrocarbon. 
h g g e s t s  that the values of 1'kC,H,/kC3He11 obtained w i t h  t h e  l a r g e s t  excess of N(4S) 

' Ih is  analys is  

-most closely approximate t h e  &e va l i e -o f  t h i s  r a t i o  f o r  primary a t t ack  
t h a t  this t rue  value is at  l e a s t  5. 
/(N) = 116 below.) 

9 

\!nitrogen which is s ign i f i can t ly  involved. 
accepted. ' 

%or propane. Ilhe l a t t e r  study provides a value of 1.0 x lo6 M 'set.-' f o r  t he  specif ic  
\a te  of reac t ion  of C S H ~  at 50°C. 
from HCN y i e l d s  produced by reac t ion  with ethylene, this constant should be adjusted 

Uownward 30 t o  p k ,  e.g. t o  7 x lo5 M-'sec.-'. 
evaluated from experiments in which propane was in molar excess over propane i t  may also 
be s ign i f i can t ly  high because i t  does not correct  for the consequences of a t t a c k  by 

,,'reactive, intermediates a r i s i n g  from initial a t t a c k  by N(*S). 
h i s  elegant mass spectrometric study7 of t he  reac t ion  of N(*S) with ethylene t h a t  the 

b a t e  of primary a t t a c k  i n  t h e  (v i r tua l ly  temperature independent) reac t ion  of N(4S) 
(with ethylene is equal t o  or  less than 7 x lo6 M-'=ec.-'. 
dspecific rates of primary a t t a c k  by N(4S) on ethglene and p r b p a e ,  respect ively,  in 
the  v i c ih i ty  of 10 is  thus indica ted  by earlier work. 
t 
I 

and indicates  
(See fu r the r  discussion of t he  data a t  (hydrocarbon) 

3 'Be above discussion t a c i t l y  asrmmes t h a t  N(4S) is t h e  only component of "active" 
Ilbat this is BO f o r  ethylene is widely 

The work of Jones and b l u e r 6  suggests t h a t  it is erobabl also t h e  case 

Since nitrogen atom cancedtrations were determined 

Since the  constant was apparently 

Heerron has estimated from 

A retboe OS lthe r a t i o  of 

Agroemmt w i t h  the  present 

\ 
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r e s u l t  is well  within the range of the mutual uncertaint ies .  Herronls work fur ther  . 
es tab l i shes  t h a t  hydrogen atoms produced i n  the react ion of N(4S> with ethylene 
compete with the reagent f o r  the  substrate  and, i n  f a c t ,  provides the  model upon which 
i n t e r p r e t a t i o n  of the oresent d a t a  i s  based. 

!he d a t a  of Table I V  es tab l i sh  t h a t  even with a s ixfo ld  excess of N(4S), 
synthesis  of propane4 i n  the reac t ion  mixture a t  l e a s t  in p a r t  from fragments 
or ig ina t ing  i n  ethylene is not  detectable.  Production of ethylene e j t h e r  by de- 
gradation of propane or synthes is  a t  l e a s t  i n  p a r t  from fragments or iginat ing in 
propane occurs 
concentrations of the hydrocarbons. Presumably such processes a re  more important 
with propane i n  excess over ethylene. 

s ixfold excess of N(4S) a r e ,  accordingly, reduced by such replacement of consumed 
ethylene, the reduction being g r e a t e s t  with excess propane. 
reversa l  of the trend t o  higher  values of tlkC2H4/+jHst1 with increasing excess of 

N(4S) which is apparent i n  the data of Table 111. It can a l s o  account f o r  the 
unusual sequence of values of t h i s  r a t i o  with increasing proportion of propane 
observed with (hydrocarbon)/(N) = 6 and t o  a l e s s e r  extent  when t h i s  r a t i o  equals 2. 
!he data  of Table I V  a l s o  e s t a b l i s h  t h a t  ethane is produced from both ethylene and 
propane. 

t o  H detectable  extent  with a s ixfo ld  excess of N(4S) and equal i n i t i d  

!he values of 1~c3n8'1 obtained with a 

!his e f f e c t  results in 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

Footnotes 

Paper V I  i n  the s e r i e s ,  "Reactions of Active Nitrogen with Organic Substrates." 

l h i s  statement is based on a study of the  e f f e c t  of trapping times on droduct 
y i e l d s  in the reac t ion  of "active" nitrogen with propylene by Dr. Y. IPitani 
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Y. Shinocaki, R. Shaw and N. N. Licht in ,  J. Am. Chem. Soc., 5 $1 (1964). 

P. T. Hinde, Y. Titani and N. N. Licht in ,  z., in press.  

P. Harteck, G. G. Mannella and R. R. Reeves, J. Chem. Phys., 3 608 (1958). 

Y. E. Jones and C. A. Winkler, Can. J. Chem., 42 

J. T. Herron, J. Phys. Chem., 69 2736 (1965). 

1948 (1964). 
&? 

d 


