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are determined from 

(73)-1+ (74)-1+ (75)-1= 2k1+k2+k3+2k4+k5+k6, 

(73T4)-1+ (T3T5)-1+ (T4T5)-1 

= (2k 1+k2+k6) (2k4+k3+ k5)+2k1k2+2k4k5- k2k5, 

(T3T4TS)-1= 2k1k2(k3+ 2k4)+ 2k4k5(2k1+k6). 

The corresponding polarizabilities for a polycrystalline 
sample are: 
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a3= (JL2/3kT)r3A4S , 

a4= (JL2/3kT)r~3S, 

a5= (JL2/3kT)roA34, 

S 

at= L a,B= (JL2/3kT)[1- (r/q)2J, 
B=l 

where 

q= 1 +2(k1/k6)+2(k1k2/ksk6)+ (k1k2k3/k4k5k6) , 

r= 1 + (k1/k6) - (k1k2/ksk6) - (k1k2k3/k4k5k6) , 

[ 
(T,B-L3k5-k2) (TfJ-L2k1- k6)] 

r,8=1/2 l-(kdks)+ , 
k5k6 

and 
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An investigation has been made of the mercury (3P 1) photosensitized polymerization of acetylene. Benzene 
was found in the reaction products in addition to polymer and hydrogen. Effect of acetylene pressure and 
light intensity on the rate, effect of pressure on the formation of hydrogen and benzene, and effect of tem
perature on the rate of benzene formation were studied. The fraction of acetylene reacting to form benzene 
was constant at 0.29 in the range of the acetylene pressure studied. The quantum yield of the over-all reac
tion was 4.8 including the yield of benzene and 4.3 excluding it. The reaction mechanism is discussed. 

INTRODUCTION 

A NUMBER of investigations have been made on 
the mercury photosensitized polymerization of 

acetylene.1- 5 However, no qualitative, much less quan
titative, analysis of the products except for hydrogen 
has been performed. 

Melville4 proposed the following reaction for the 
primary step 

Hg*+C2H 2 =Hg+C2H 2*. 

On the other hand, LeRoy and Steacie5 suggest the 
existence of a free radical process of the type 

Hg*+ C2H 2 = C2H + Hg+ H. 

The present paper is devoted to an investigation of 

1 J. R. Bates and H. S. Taylor, J. Am. Chern. Soc. 49, 2438 
(1927). 

2 J. C. Jungers and H. S. Taylor, J. Chern. Phys. 3,338 (1935). 
3 E. K. Rideal, Proc. Roy. Soc. (London) A146, 266 (1934). 
4 H. W. Melville, Trans. Faraday Soc. 32, 258 (1935). 
6 D. J. LeRoy and E. W. R. Steacie, J. Chern. Phys. 12, 117 

(1944). 

the products and of the mechanism for the primary 
process of the polymerization of acetylene. 

EXPERIMENTAL 

The arrangement of the apparatus is shown in Fig. 1. 
A drop of mercury is contained in a cell R surrounded 
with an air thermostat for enough time to saturate 
acetylene gas before irradiation by a rare-gas-filled 
mercury vapor lamp L. Although mercury vapor may 
be consumed by acetylene,4,5 the drop of mercury will 
supply a constant pressure of mercury vapor. This was 
confirmed as follows. Irradiation and keeping in the 
dark were repeated alternately at intervals of 30 min. 
A curve of pressure decrease vs time showed no evi
dence of an increase in rate due to the variation of 
mercury vapor by the diffusion during the dark period. 

Pressure change of acetylene was measured by a 
mercury manometer M and a traveling microscope 
with an accuracy of 0.002 mm and by a McLeod gauge. 
Light intensity entering the cell was measured by a 
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FIG. 1. Apparatus. 

uranyl oxalate actinometer, and was varied by insert
ing a screen of copper wire between the cell and the 
lamp. Analysis of the products was performed with a 
mass spectrometer and with a spectrograph. Experi
mental temperature was always 30°C unless stated 
otherwise. 

RESULTS 

(a) Products of the Reaction 

The presence of hydrogen in the irradiated acetylene 
gas was identified by the mass spectrometer, while 
LeRoy did it by another method. 5 The quantity of 
hydrogen produced was measured by the McLeod 
gauge, taking the non condensable gas in a liquid nitro
gen trap as hydrogen after the irradiation of acetylene. 

Spectrum of the irradiated acetylene indicated only 
the presence of benzene, which was determined quanti
tatively by a microphotometer. Moreover, there was 
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FIG. 2. Pressure decrease vs time for various light intensities 
(quanta/hr). A, 1.76XlO17; E, 6.84X1017 ; C, 19.8XlO17; D, 
63.4XlO17. 

no evidence of spectral lines 2808, 2720, and 2687 A 
belonging to an unknown intermediate which has 
always appeared in the spectra of the products (in the 
gaseous state) of photopolymerization of acetylene6 •7 

and which disappeared immediately when the products 
were again irradiated with a mercury vapor lamp.7 

(b) Effect of Acetylene Pressure on the 
Rate of Polymerization 

As shown in Fig. 2, the pressure decrease varies 
linearly with time for lower intensities of light, but 
falls off gradually with time for higher intensities. 
Therefore the rate of polymerization of acetylene, R p , 

expressed by the pressure decrease in mm Hg/min was 
determined from the slope of the pressure-time curve 
at time zero. 

Figure 3 shows the pressure dependence of the rate 
Rp in mm Hg/min at 30°C. In agreement with Melville 
and with LeRoy and Steacie the rate increased pro-
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FIG. 3. Rate of pressure decrease vs acetylene pressure. 

100 

portionally with the pressure, and then flattened off at 
higher pressures. The latter fact has not been noted by 
previous investigators. 

(c) Effect of Light Intensity on the 
Rate of Polymerization 

The rate Rp is directly proportional to the light 
intensity as shown in Fig. 4, which is consistent with the 
results of Melville and of LeRoy and Steacie. 

(d) Effect of Acetylene Pressure on the 
Formation of Hydrogen 

The mean rate of formation of hydrogen in 20 min 
plotted against pressure is shown in Fig. S. The rate 
increases rapidly with pressure at lower pressures to a 
maximum at about 5 mm and then decreases gradually. 

6 B. L. Dunicz, J. Am. Chern. Soc. 63, 2461 (1941). 
7 Z. Kuri and S. Shida, Bull. Chern. Soc. Japan 25, 116 (1952). 
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(e) Effect of Acetylene Pressure on the 
Formation of Benzene 

The mean rate of formation of benzene in 20 min is 
plotted against pressure as shown in Fig. 6. It may be 
seen immediately that Fig. 6 is analogous to Fig. 3. 
Although the rate of formation of benzene is not the 
value at time zero, the discrepancy may not be so large. 

(f) Effect of Temperature on the Rate 
of Benzene Formation 

The logarithm of the pressure of benzene formed was 
plotted against liT in the range of 14-30°C. The ap
parent activation energy calculated from the slope is 
9 kcal/M, which is, however, not so reliable because of 
the small temperature range. 

GOr-------------------------~~~ 

so 

60 70 

FIG. 4. Rate of pressure decrease 'liS light intensity. 

(g) Quantum Yield 

The quantum yield of the over-all reaction in the 
region of constant rate was found to be 4.8, including 
the yield of benzene, and 4.3 excluding it. These values 
are comparable with the value of 4.5 obtained by LeRoy 
and Steacie.6 

DISCUSSION 

The observed hydrogen must be formed by either of 
the following schemes: 

{
Hg*+ C2H2 = Hg+ C2H 2 * 

C2H2*=C~+H 

Hg*+C2H2= C2H + H + Hg. 

(I) 

(II) 

Scheme (1) means that the excited mercury atom 
produces excited acetylene, which splits into a hydro-

o~~~~~~~~~~ o ",0 50 60 70 80 90 100 

p(aHa (11111\) 

FIG. 5. Rate of formation of hydrogen 'liS acetylene pressure. 

gen atom and a radical in its life time, while scheme 
(II) indicates normal acetylene separates a hydrogen 
atom in an effective collision with an excited mercury 
atom. Scheme (II) cannot explain the decrease of 
hydrogen evolution at higher pressures. On the con
trary deactivation of excited acetylene molecules by 
the normal molecules in scheme (1) increases at higher 
pressures, the effect of which is to diminish the rate of 
hydrogen evolution. Hence to account for hydrogen 
evolution scheme (I) is the probable primary step. 

For the formation of hydrogen molecules, the fol
lowing reactions will occur according to LeRoy and 
Steacie8 

.{a
b 

H+C2H2=C2Hs 
C2Hs+ H= C2H2+ H2 

(III) 

H+C2H 2=C2H+H2• (IV) 

Since reaction (III)b occurs only with high hydrogen 
atom concentrations,S it may be neglected because of 
the light intensity and mercury vapor pressures em
ployed and the quantity of hydrogen evolved. Therefore 
hydrogen must be formed by reaction (IV). 

It is evident that benzene will be formed from the 
successive addition of acetylene to excited acetylene. 

Finally, the over-all reaction mechanism of the 
mercury photosensitized polymerization of acetylene 

15r-----------------------------~ 
"'0 • 

FIG. 6. Rate of formation of benzene 'liS acetylene pressure. 

8 D. J. LeRoy and E. W. R. Steacie, J. Chern. Phys. 12,369 
(1944). 
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may be given as follows 

Hg+hv=Hg* 

Hg*=Hg+hv 

Hg*+C2H2=Hg+C2H 2* 

C2H2*+C2H 2= (C2H2)2 

(C2H2h+ C2H2 = CsHs (benzene) 

C2H 2*=C2H+H 

C2H +nC2H2 = polymer 

H+C2H 2=C2H+H2 

H + C2H 2 = C2H 3 

C2H3+nC2H2= polymer. 

The rate of polymerization Rp is then 

(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

(7) 

(8) 

(9) 

(10) 

R p = ~4k4[C2H2*][C2H2]+ ~/k{C2H][C2H2] 
+~9/k9[H][C2H2], (11) 

where ~4, which is the chain length up to benzene, was 
taken as constant,9 and ~7' and ~9', which are those up 
to higher polymers, were assumed to be proportional to 
the pressure, that is ~7' = ~{C2H2], and ~9' = ~9[C2H2]. 
By steady-state method we obtain 

where 

100.----------------, 

PC .. H .. (mmJ 

FIG. 7. [C,H,]/Rp vs acetylene pressure. 

9 L. F. Dorfman and F. J. Shipko, J. Am. Chern. Soc. 20, 4723 
(1955). 

This equation shows qualitatively the pressure de
pendence of Rp in Fig. 3 and quantitatively the effect 
of light intensity in Fig. 4. 

Equation (12) leads to 

[C2H2]2 / Rp = {k3k4[ C2H2]2 

+ (k2k4+k3ks) [C2H2]+k2ks}/KI ab. (13) 

which shows [C2H2]2/Rp is a function of the second 
power of the pressure. The results are in good agreement 
with the prediction since it was found that k2kS was 
almost negligibly small. Then [C 2H 2]/R p must vary 
linearly with pressure which is observed as shown~in 
Fig. 7. 

The rate of formation of benzene RB on the basis of 
the above mechanism is 

By the steady-state method, we have 

where L=k3k4' This equation is of the same form as 
Eq. (12) and so indicates [C 2H 2]/RB should also vary 
linearly with pressure. The experimental resultO-is in 
good agreement with this prediction as shown in Fig. 8. 

The fraction of acetylene reacting to form benzene 
is given by 

the comparison of which with the experimental results 
is shown in Table 1. It is seen the fraction is remarkably 
constant at 0.29, which is comparable with the corre
sponding ratio of 0.21 in the radiation polymerization 
of acetylene,9,lO but slightly larger. 
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FrG. 8. [C,H,]/RB vs acetylene pressure. 

10 C. Rosenblum, J. Phys. Chern. 53, 474 (1948). 

 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:

131.111.164.128 On: Sat, 20 Dec 2014 17:00:20



MER CUR Y PH 0 T 0 SEN SIT I ZED POL Y MER I Z A T ION 0 F ACE T Y LEN E 135 

TABLE 1. The fraction of acetylene reacting to form benzene. 70 r------------------., 

PC,H, (mm) 

5 
10 
15 
20 
30 
40 
50 
60 
70 
80 
90 

(Interpolated values of Rp and RB.) 

Rp (mm/min) 

0.056 
0.085 
0.090 
0.098 
0.099 
0.100 
0.103 
0.105 
0.105 
0.105 
0.105 

0.0063 
0.0091 
0.0098 
0.0105 
0.0108 
0.0108 
0.0112 
0.0112 
0.0112 
0.0115 
0.0115 

0.30 
0.29 
0.30 
0.29 
0.29 
0.30 
0.29 
0.29 
0.29 
0.29 
0.29 

The rate of formation of hydrogen molecules RH2 

from reaction (8) is 

RH2 = k8[H][ C2H 2]. 

The steady-state equations lead to 

I abs[C 2H2] 

RH2=M , (16) 
(k 2+ka[C 2H 2]) (k6+k4[C 2H 2]) 

where M = kak6k8/ (ks+ k9). Equation (16) is analogous 
to Eqs. (12) and (14), which suggests that Iabs/RH2 is 
proportional to the pressure at constant light intensity, 
in agreement with observation as shown in Fig. 9. 

CONCLUSION 

We suggest from the above discussion the following 
diagram for the mercury photosensitized polymeriza
tion of acetylene. 

10 

O~ __ ~ ___ ~ ____ ~ ____ ~ ____ ~ 

o 10 60 

l' ('.Ita (II"") 

FIG. 9. I.b ./RH2 vs acetylene pressure. 

This scheme for benzene formation from C2H 2* is 
analogous to that for the photopolymerization of 
acetylene. The formation of benzene in both cases ap
pears to suggest that similar reactions are occurring. 
If to form benzene, the starting electronic state of the 
acetylene molecule be the same, the spectrum of the 
unknown intermediate, characterized by the lines 2687, 
2720, and 2808 A, produced in the photopolymeriza
tion of acetylene might appear also in the case of the 
mercury photosensitized polymerization; nevertheless 
it does not. It seems probable that the mercury photo
sensitized polymerization of acetylene proceeds through 
the triplet state, while the photopolymerization of 
acetylene proceeds through the singlet state. The results 
of radiation polymerization of acetylene9•10 resemble 
considerably the mercury photosensitized reaction. How
ever, future work is needed to decide all the points in 
question. 
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