
MercurySensitized Photolysis of C2F4
Norman Cohen and Julian Heicklen 
 
Citation: The Journal of Chemical Physics 43, 871 (1965); doi: 10.1063/1.1696862 
View online: http://dx.doi.org/10.1063/1.1696862 
View Table of Contents: http://scitation.aip.org/content/aip/journal/jcp/43/3?ver=pdfcov 
Published by the AIP Publishing 
 
Articles you may be interested in 
Mercury on Earth (F4) 
Phys. Teach. 43, 122 (2005); 10.1119/1.1855757 
 
Degradation behavior of amorphous silicon solar cells fabricated by mercurysensitized photochemical
vapor deposition with hydrogen dilution 
Appl. Phys. Lett. 67, 3468 (1995); 10.1063/1.115249 
 
MercurySensitized Photolysis of Propylene Primary and Radical Reactions 
J. Chem. Phys. 42, 1262 (1965); 10.1063/1.1696107 
 
The MercurySensitized Reaction between Hydrogen and Nitrous Oxide 
J. Chem. Phys. 14, 539 (1946); 10.1063/1.1724191 
 
The MercurySensitized Reaction Between Hydrogen and Nitric Oxide 
J. Chem. Phys. 12, 47 (1944); 10.1063/1.1723906 
 
 

 This article is copyrighted as indicated in the article. Reuse of AIP content is subject to the terms at: http://scitation.aip.org/termsconditions. Downloaded to  IP:

129.49.170.188 On: Sat, 20 Dec 2014 20:32:10

http://scitation.aip.org/content/aip/journal/jcp?ver=pdfcov
http://oasc12039.247realmedia.com/RealMedia/ads/click_lx.ads/www.aip.org/pt/adcenter/pdfcover_test/L-37/327320036/x01/AIP-PT/JCP_ArticleDL_101514/PT_SubscriptionAd_1640x440.jpg/47344656396c504a5a37344142416b75?x
http://scitation.aip.org/search?value1=Norman+Cohen&option1=author
http://scitation.aip.org/search?value1=Julian+Heicklen&option1=author
http://scitation.aip.org/content/aip/journal/jcp?ver=pdfcov
http://dx.doi.org/10.1063/1.1696862
http://scitation.aip.org/content/aip/journal/jcp/43/3?ver=pdfcov
http://scitation.aip.org/content/aip?ver=pdfcov
http://scitation.aip.org/content/aapt/journal/tpt/43/2/10.1119/1.1855757?ver=pdfcov
http://scitation.aip.org/content/aip/journal/apl/67/23/10.1063/1.115249?ver=pdfcov
http://scitation.aip.org/content/aip/journal/apl/67/23/10.1063/1.115249?ver=pdfcov
http://scitation.aip.org/content/aip/journal/jcp/42/4/10.1063/1.1696107?ver=pdfcov
http://scitation.aip.org/content/aip/journal/jcp/14/9/10.1063/1.1724191?ver=pdfcov
http://scitation.aip.org/content/aip/journal/jcp/12/2/10.1063/1.1723906?ver=pdfcov


THE JOURNAL OF CHEMICAL PHYSICS VOLUME 43, NUMBER 3 1 AUGUST 1965 

Mercury-Sensitized Photolysis of C2F4t 
NORMAN COHEN AND JULIAN HEICKLEN 

Aerospace Corporation, El Segundo, California 

(Received 10 March 1965) 

Tetrafiuoroethylene was decomposed by mercury photosensitization at temperatures from 21° to 224°C. 
At pressures below 60 mm, the only product was c-CaF6 and its production was linear with the C2F4 pressure 
and enhanced by raising the temperature. The CF2 radicals produced during photolysis can either recom
bine or add to the substrate: 

ks 
2CF2-+C2F., 

k7 
CF2+C2F.-+c-CaF s· 

The rate constant ratio k71k6t was found to be 395 exp ( -67001 RT) (liter/mole·sec)!. 

I. INTRODUCTION 

THE room-temperature mercury-sensitized photoly
sis of C2F 4 yields perfluorocyclopropane (cyclo

CaFa) as a product, and the yield of this product 
increases linearly with the C2F4 pressure.t-a It was 
proposed that the c-CaFa results from the addition of 
singlet CF2 radicals4 to C2F4• Recently Cordischi, 
Lenzi, and Meles have subjected C2Fr 0 2 mixtures to 
x and 'Y radiation and found C-CaFa as one of the 
products. Its yield was linear with the C2F4 pressure, 
and it was produced with an activation energy of 6.7 
kcal/mole over the temperature range -20° to +25°C. 
Presumably, the C-CaFa was formed by the same 
mechanism as in the photolysis. We have re-examined 
the photolysis in detail from room temperature to 
224°C to determine the Arrhenius parameters of the 
reaction-rate constant. 

II. EXPERIMENTAL 

Tetrafluoroethylene was prepared and purified as 
discussed elsewhere.2 The Hg-sensitized photolysis was 
carried out in a 5-cm-Iong quartz cell of 5.0-cm diam. 
The cell was in a 10-cm-Iong, asbestos-wrapped alu
minum oven. A quartz window at the open end of the 
oven prevented cooling by convection. Irradiation was 
from a Hanovia low-medium pressure spiral-shaped 
mercury-resonance arc at one end of the cell. A Corning 
9-54 glass filter removed unwanted radiation below 
2200 A. In all cases, the lamp was allowed to warm 
up for at least 15 min before photolysis was begun. 

At the conclusion of each run, the contents of the 
cell were collected and passed through a Beckman 

t This work was supported by the U. S. Air Force under Con
tract No. AF 04(695)--469. 

1 B. Atkinson, J. Chern. Soc. 1952, 2684. 
2 J. Heicklen, V. Knight, and S. A. Greene, J. Chern. Phys. 42, 

221 (1965). 
3 D. Saunders (unpublished work of this Laboratory). 
4 J. Heicklen, N. Cohen, and D. Saunders, J. Phys. Chern. 69, 

1774 (1965). 
6 D. Cordischi, M. Lenzi, and A. Mele, Trans. Faraday Soc. 

60,2047 (1964). 

GC-2A gas chromatograph, utilizing a 16-ft silica gel 
column. Identification of products was made by pre
viously determined retention times for various fluoro
carbons, and the principal product c-CaF6, was cali
brated so that peak areas could be converted to 
concentration units. 

The lamp intensity was determined by irradiation 
of mixtures of N20 (Matheson, degassed) and C2F4 in 
approximate ratios of 40: 1. The N20 is sensitized by 
Hg(6 aPi) to give N2+O with a quantum yield of 
unity,6,7 and the trace amounts of C2F4 consume the 
o atoms formed.8 From the N2 yield, the 2537-1 
radiation entering the cell was thus determined to be 
5.6X 1016 quantum/sec. 

Experiments were performed at several tempera
tures from 21 ° to 224°C. At higher temperatures, the 
c-CaFa was found to decompose. Typical C2F4 pressures 
ranged from about 1 to 30 mm. At 175°C, C2F4 pres
sures up to 320 mm were investigated. In several 
instances, the duration of photolysis was varied to 
ensure that c-CaFa yields were linear with time. 

The temperature variation from run to run at a 
given nominal temperature was ±2°C as measured by 
a thermocouple. 

The C2F4 pressures of less than 10 mm were meas
ured with a McLeod gauge; higher pressures were 
measured with a manometer. 

III. RESULTS 

In all runs at temperatures of 224°C or lower and 
at C2F4 pressures of 60 mm or less, the only product 
formed was c-CaFa. Furthermore, the c-CaFa yield was 
found to be linear with C2F4 pressure and with duration 
of photolysis, within experimental error. At tempera
tures of 287° and 337°C, the C-CaFa yield was con
siderably less than expected on the basis of lower-

6 R. J. Cvetanovic, W. E. Falconer, and K. R. Jennings, J. 
Chern. Phys. 35, 1225 (1961). 

7 M. G. Bellas, Y. Rousseau, O. P. Strausz, and H. E. Gunning, 
J. Chern. Phys. 41,768 (1964). 

8 D. Saunders and J. Heicklen, Aerospace Corporation Report 
No. TDR--469(5250-40)-2 (15 February 1965). 

871 

 This article is copyrighted as indicated in the article. Reuse of AIP content is subject to the terms at: http://scitation.aip.org/termsconditions. Downloaded to  IP:

129.49.170.188 On: Sat, 20 Dec 2014 20:32:10



872 N. COHEN AND ]. HEICKLEN 

TABLE I. Photolysis of CtF •. 

(CtF.) (CIF.) Xl()4 Exposure time 
41 (c-C8F,) (mm) (mole/liter) (min) 

T=21°C 

2.3 1.25 70.0 0.0024 
4.25 2.3 32.0 0.0038 
7.9 4.3 30.0 0.0061 
8.4 4.6 30.0 0.0085 

13.5 7.4 30.0 0.010 
19.5 10.6 32.0 0.0052 
24.5 13.3 30.0 0.015 
26.5 14.4 26.0 0.016 

T=36°C 

0.9 0.47 65.0 0.00096 
3.0 1.5 30.0 0.0029 
8.85 4.6 30.0 0.0094 

19.5 10.1 30.0 0.027 
30.5 15.8 30.0 0.013 
30.5 15.8 45.0 0.029 

T=122°C 

1.0 0.41 15.0 0.012 
3.75 1.53 30.0 0.042 
8.4 3.4 30.0 0.096 

20.5 8.3 15.5 0.23 
21 8.6 7.5 0.25 

T=175°C 

0.865 0.31 20.5 0.021 
2.0 0.72 16.0 0.067 
5.05 1.8 15.0 0.15 
9.25 3.3 9.16 0.165 
9.35 3.35 3.5 0.22 
9.6 3.4 14.5 0.23 

18 6.45 15.5 0.13 
19 6.8 3.0 0.26 
32 11.5 3.0 0.53 
39 14 30.0 0.84 
63 22.5 6.25 1.04 
65 23.5 3.0 1.05 
99 35.5 2.0 0.55 

153 54.5 2.0 0.48 
187 67 1.0 0.79 
200 72 4.25 1.23 
227 81.5 2.1 0.83 
265 95 1.0 1.1 
319 114 1.0 2.06 

T=224°C 

1.2 0.39 15.0 0.054 
2.5 0.81 17.0 0.11 
8.3 2.7 30.0 0.39 

22 7.1 10.4 0.83 

temperature runs because of thermal decomposition. At 
175°C and pressures of 100 rom or higher, a secondary 
product was formed in trace amounts that was tenta
tively identified as n-CsFe. The data are tabulated in 
Table I. It can be seen that the reproducibility is not 
very good, particularly at the greater pressures. In 
most cases the errors were such as to cause <p(e-C3Fe) 
(e-CaFe yield, molecule per quantum) to appear too 
small, probably due to thermal decomposition of e-CaFe. 
Log-log plots (Fig. 1) of <p(e-CaFe) as a function of 
initial C2F, concentration for C2F, concentrations less 
than about 10-8 molejliter at five different tempera
tures are all linear with slope unity, indicating that the 

production of e-CaFe is first order In C2F4, as was 
determined previously. I-a 

IV. DISCUSSION 

The results are consistent with the previously given 
mechanism2 

1. 

Hg+h~Hg*, (1) 

k. 

Hg*+C2FrHg+C2F,*, (2) 

k. 

C2F 4 *+ C2F rC2F, **+ C2F " (3) 

k. 

C2F,**---7C2F4, (4) 

k. 

C2F,*---72CF2, (5) 

k. 

2CFrC2F4, (6) 

k, 

CF2+C2Fre-CaFe. (7) 

The sequence of Reactions (3) and (4), although 
kinetically indistinguishable in this work from a one
step deactivation, has been included to conform with 
previous results.2 Reaction (2) is the only possible 
fate of the Hg* atoms, so that the rate of formation 
of upper vibrational levels of electronically excited 
C2F, (designated C2F.*) is controlled by fa only, which 
is presumed to be constant throughout all the experi-

~ .., 
U 
I 

f> T • 36'C 
o T • 122'C 
• T • 175 'C 

100 <> T • 224'C 

FIG. 1. <I>(c-C31'8) vs (C.F.). 
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ments. The C2F4* molecule can either fission to form 
two CF2 radicals, presumably in the singlet electronic 
state [Reaction (5)], or be collisionally deactivated 
into lower vibrational levels with insufficient energy to 
decompose [Reaction (3)]. These states are designated 
C2F.** and presumably belong to the same electronic 
state as C2F.*. The only possible fate of C2F4** is de
excitation to ground-state C2F, [Reaction (4) J. 

From this mechanism, two limiting cases can be 
distinguished for the quantum yield of e-CaFe formation, 
<p(e-CaFe) : 

<p(e-CaFe) = [k7/(I..ke) 1] (C2F4) (Ri»R7) , (8) 

(R7»Rs) , (9) 

where Re and R7 stand for the rates of Reactions (6) 
and (7), respectively. If <p(e-CaFe) be plotted vs C2F4 

concentration, the limiting low-pressure value for the 
slope will be k7/(krJ,.)1. The intercepts of the plots of 
10g<p(e-CaFa) vs log(C2F.) give k7/kN,.1 from which 
k7/kai can be calculated, since fa is known. These values 
are tabulated in Table II. An Arrhenius plot of k7/ka1 
vs T-l is shown in Fig. 2. The points up to 224°C are 
seen to be on a straight line, the slope of which gives a 
value of 6.7 ±0.2 kcal/mole for E7- (!) Ea. The pre
exponential factor is 395 (liter/mole· sec) l. 

Recently, Dalby9 has obtained from the flash pho
tolysis of C2F4 a value of ka= 1.3Xl08(T/300)lX 
exp( -1200/ RT) liter/mole 0 sec. This expression be
comes ka=2.6X108 exp( -1600/RT) liter/moleosec 
when put in the ordinary Arrhenius form. Using 

TABLE II. k7/kat at various temperatures. 

T (0C) 

21 
36 

122 
175 
224 

k7/katX loa 
(liter/moleosec)t 

4.3 
6.2 

89 
216 
430 

9 F. W. Dalby, J. Chern. Phys. 41,2297 (1964). 

N 

~IO-I 
:: .. 
o 
E 
"-

; 

FIG. 2. ka/k7. vs 1'-1. 

this expression gives k7= 6.4X 106 exp( -7500/ RT) 
liter/mole 0 sec. 

In order that the value of k6/ka could be determined, 
experiments at 175°C were carried to C2F4 pressures 
high enough to obtain the falloff in the slope of 
<p(e-CaFe) vs (C2F4). Although a definite falloff is 
observed, the scatter in the data is so large that k6/ka 
can only be estimated roughly; the best estimate is 10-2 

mole/liter. 
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