
RADICAL RECOMBINATION REACTIONS 
P A R T  11. T R I F L U O R O M E T H Y L  A N D  H E P T A F L U O R O - n - P R O P Y L  R A D I C A L S 1 ' 2  

G. O. PRITC~I~IRD,~ G. 1-1. ~ " I I L L E R , ~  AND J,  R. DACE@ 

A B S T R A C T  

h~listures of hesafluoroacetone and perfl~~oro-di-n-propyl lictone were photolyzed, and 
I / ?  112 

the ratio of the ratcs of formation of the three fluorocarbons, X C ~ F , ~ / R C ~ F ~ R C , ; F ~ . , ,  \\,as fo~111d 
to equal 1.77+0.10 over a 107' ternperature range. 

I N T R O D U C T I O N  

In this paper we are conceriled with the photolytic cogeneration of CF3. and C3F7. 
radicals in a gas-phase system, and the temperature dependeilce, if any, of the three 
reconlbi~lation reactions: 

with respect to each other. 
I11 a steady-state condition we have 

k l-2/k:!: kyi = ~ ~ ~ ~ ~ ~ / ~ ~ / 2 2 ~ ~ ~ ~ / 6 2 ~ ~ ~ ,  [I] 

provided these reactions are the only sources of the three fluorocarbons. 
At the pressures used there are no third-body restrictions affecting the recombinations, 

and the sillall temperature dependence associated with the collision number will cancel 
out in expression [I]. Thus any teinperature variation of this ratio must be due to  differing 
activation energies for one or all of the processes. 

E S P E R I M E N ' T A L  

The apparatus has essentially been described previously (1). The 3130-A radiation 
was colliillated by a single quartz lens and a stop, passed through a blue glass (Corning 
9863), and into a 157-1111, cylindrical, 10-cm-long quartz reaction cell, fully illuminating 
it. The cell was surrounded by an outer steain jacket. Refluxing liquids used to attain 
temperatures other than 100" were xylene, 140"; o-dichlorobenzene, 180"; and tetralin, 
207". 

The radical sources were the two ketones, (CF3)ZCO and (C3F7)ZCOl purified as 
described previously (2, 3). No detectable impurities were fouild in the mass spectra. 
Photolysis of the ketones i~ldividually in the temperature range of our experilneilts yields 
CO and the corresponding fluorocarbon in a 1:1 ratio via a free-radical mechanism 
(2, 3). 

liManz~script received Jzuze 23, 1961. 
I Contribzllion front the Chemistry Depa~tntent ,  University of California, at Santa Barbara, Goleta, California, 

and the Chemistry Department, Royal Military College, Kingston, Ontario. 
ZFor Part I of this series see reference 1. 
3Uniuersity of California. 
.'Royal Military College. 

Can. J. Chem. Vol. 39 (19G1) 

1968 

C
an

. J
. C

he
m

. D
ow

nl
oa

de
d 

fr
om

 w
w

w
.n

rc
re

se
ar

ch
pr

es
s.

co
m

 b
y 

12
9.

12
.2

17
.8

3 
on

 1
1/

10
/1

4
Fo

r 
pe

rs
on

al
 u

se
 o

nl
y.

 



PRITCI-IARD ET AL.: RADICAL RECOMBINATION REACTIONS 1969 

A Toepler pump was attached to  the reaction cell to  ensure complete lnixing of the 
ketones before irradiation. After photolysis, the CO was separated a t  - 195" and measured 
in a gas burette. The remainder of the reaction mixture was condensed into a tube 
containing thoroughly outgassed distilled water. After the contents had warmed up, 
the tube was shalten vigorously and reattached to  the vacuum system. Blanlc experi- 
ments showed that  this procedure renloved all of the (CF3)zCO and most of the (C3F7)2C0 
as hydrates. C2FG was then separated on \&lard - Le Roy stills a t  -160°, and C4F10 a t  
- 120". The purity of all the products was checked inass spectrometrically. A fraction 
collected a t  -80" was sliglltly larger than that required by radical balance and contained 
C6F14 and some unreacted (C3F7)2C0. Perfluorohexane was identified unambiguously 
froin the relative peak heights a t  masses 110 (CzFb+), 131 (C3FS+), and 169 (C3F7+) in 
the mass spectrum (4). 

The ultraviolet spectruln of the heavier lretone was taken on a Cary Model 14 recording 
spectrophotometer. There is strong absorbance bet.rveen 2500 and 3G00 A, with structure 
between 3000 and 3500 Lq. The absorbance maximum is a t  3130 A ;  molar extinction 
coefficient 32.0 1. mole-' cm-I. This is about four times as large as that  for (CF3),C0 a t  
3130 A (2). Mixtures of the Icetones gave additive spectra. 

RESULTS 

The data are collected in Table I. Due to the clear-cut nature of the photolysis mecha- 
nisms, C6F14 has been calculated fro111 CO - (CzFG + C4F10). Co~~sideratioll of runs 4 to 
10 indicates the constancy of the ratio k1-2/k:!~k~!~ over 107", so that further experi- 
mentation did not appear worth while. 

No experinlents below 100" were envisaged due to  the temperature and pressure 
dependence of the quantum yields, especially for (CFJ2C0,  in this range. However, 
even a t  100" in the early experiments (run 3 is given as an example), a suppression of 
CF3.  products was found. Ratios deduced from them were not considered reliable due 
to  the small amounts of C ~ F G  obtained. Runs 1 and 2 give data for the ketones when 
they were photolyzed separately. The percentage deco~npositions are in accord with the 
high-pressure quantuln yields, 0.6 for (CF3)2C0 and 1.0 for (C3F7)2C0 a t  100°, and the 
enhanced absorbance of the heavier over the lighter lcetone a t  3130 A. Examination of 
runs 3, 4, and 5 shows suppression of the (CF3)2C0 photodeco~~~position with increasing 
(C3F7)2C0 concentration. This call only be due to the very efficient deactivation of the 
excited species (CF3)2CO*' by the heavier lcetone. As expected, this effect lessens with 
rising te~npera ture .~  Decrease in the initial (C3F7)2C0 concentrations enabled us to  
approximate to  the ideal fluorocarbon product ratio of 1 : 2 : l .  

Percentage decolupositions were calculated from the ratios (C2FG + +C4Flo)/(CF3)2CO 
and [CO - ( C ~ F G  + $C4FlO)]/(C3F7)2CO. 011 a time basis the latter are not entirely 
self-consistent as the voltage to  the lamp was not stabilized. For the short period of a 
particular experilllent constant light intensity can be assumed. In any case small 
sporadic intensity fluctuations are of no consequence. Expression [I] is not subject to 
stationary-state limitations, and will remain constant until either ketone is completely 
consumed. \;lie collclude that  expression [I] = 1.774~ 0.10. 

=The  other possibili ty of losing CF3. prodzicts, 

CF3. + (C3F7)?CO -+ [CF3(C3F7)?CO.] -+ C3F7. -+ CF3COCaF7, 

wofcld lead to excess C3F7 prodzicts, which was not observed, and contrary t o  the experi?rte?ztal Fnd ings ,  the 
effect would i n c r e a s ~  w i th  te?izperalure a s  such reactio?ts reqziire a n  aclivation elaergy of about 6-7 kcal /mole  
(see reference 10). 
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TABLE I 2 u 

Reactants (mole cc-I X lo6) Products (mole X loG) yo decomposition 
Z 

kl-2 
- - p-ppp-p -- - 

L., 

Terup. Time 0 
R u n  ("C) (SCC) (CF3) ?CO (C3F7) ?CO CO C?FG ( 2 1 0  C G F I ~  k1 - ,  12 k ( C F 3 ) C 0  (C3F7)nCO 2 
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DISCUSSION 

(a) Pre-exponential Ratios 
Assuming identical activatioil energies and steric factors for radical recoinbination 

reactions we have kl-z/k:!Iki!i = Z1.,/Z:!qZ'z!i. By simple collision theory this reduces 
to approxinlately 2 in radical-radical systems. (The picture is somewhat inore coinpli- 
cated if  disproportionation reactions occur.) Using aCF3  = 4.0 A and aC3F7 = 6.5 A, 
we obtain 2.2. 

Kerr and Trotman-Dickensoi~ (5) have shown that the experimental values for the 
combination of unlilie radicals, in inany cases, lie close to 2, and are independent of 
temperature, indicating that coinbination occurs on every collision. Calvert (6) has 
pointed out while this may be so for simple alltyl radicals, it is not true where one of the 
radicals is highly polar as a potential barrier to recombination exists. In the CH3. + CF3- 
system (I) we noted a decreac: froin 3.0 to 1.8 over 140°, which was attributed to the 
polarity of the CF3. radical, leading to a value of El., = 2 ltcal/mole. I t  has been 
pointed out (6, 7) that radicals formed in photolytic systems inay not be thermally 
equilibrated, as evidenced in sonle cases by increasing disproportionation/recoinbina- 
tion ratios with rising tenlperatures and falling pressure. If the disproportionation, 

occurred to a large extent, increasing with temperature, it could account for the observed 
decrease in kl-2/k:!Ikk!5. There was no positive evidence for it (1) ; also, the reaction 
has not been suggested in other CI-13. + CF3. systems (8, 9). The polar effect appears 
to be real. 

Data from other similar systems are scant, as the determination of expression [I] was 
not the objective of the experiments. For C ~ H S  + C3F7., it is 3.0, and admittedly 
scattered (5), and 2 f l  for CH3. + CzF6  (lo), both ratios being temperature inde- 
pendent. Other gas-phase values a t  room tenlperature are 2.2 for CF2C1. + CF2C1CF2- 
(11) and 1.9 for CFzCl. + CFC12 (12). 

Polar effects are being further studied by the cophotolysis of (CH3)zCO and (C3F7).$ZO; 
the results will be presented in a later publication. 

(b) il ctivation Energies 
In the present system we have El.? - +El-l - $Ez-z = 0. The only reasonable assump- 

tion is that all three activation energies are equal. We inay infer that there is a barrier 
to recombination of about 2 ltcal/mole for all simple perfluoroalltyl radicals. 

If we consider the system 

X .  + R-H --t X-H + R .  

X .  + X .  -t X?, 

where X .  is CF3.,  CzF5. ,  or C3F7., the activation energy 01 the first reaction will be 
determined mainly by the R-1-1 and X-1-1 bond strengths, and the repulsive forces 
between X .  and R-H, and X-1-1 and R. (13). As the activation energy for the second 
reaction remains constant, we may assume that the repulsive forces in the first do not 
vary significantly with X . .  If D(X-1-1) is constant, the activation energy should not 
vary with X . .  

Price and Icutschlie (10) have summarized the available data for CF3., CzFj., and 
C3F7. radicals. For CI-I4 we have the following E-$E values ( ~ 0 . 5  ltcal): 10.3, 10.6, 
and 9.5 ltcal, and for I-12: 8.8, 11.9, and 12.3 ltcal. For CF3. and C3F7. radicals only, we 
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have for Dz:  9.7 and 13.8 ltcal, and for CzHs: 7.5 and 9.2 ltcal. However, the last figure 
may be high by 1-2 kcal (14). Some correlation does exist, although CF3. + Hz and CF3. 
+ DZ are exceptions. 
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