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experimental results in this direction. There are
several possible ways in which catalase can decom-
pose H,O, without causing a detectable O%-enrich-
ment in the oxygen produced. First, the oxygen
may be produced through an action of the enzyme
on H,0, without breaking the peroxide bond, e.g.,
by dehydrogenation process. This, however, seems
most unlikely, because the peroxide bond is the
weakest link in the H;O, molecule. Since catalase is
the most efficient of all enzymes, it is very unlikely
that such an enzyme would skip the weak peroxide
bond and try to break the much stronger O-H
bonds. Secondly, one may suggest that the reac-
tion is diffusion-controlled, so that no isotope effect
is not detected. But this suggestion contradicts
experimental evidence, Chance estimated the ac-
tivation energy for the catalytic decomposition of
H,O; by catalase to be 1400 cal./mole or less,’
whereas for a diffusion-controlled reaction in aque-
ous solution at room temperatures the activation
energy should be close to 4.6 kcal./mole. The
third possibility is that the splitting of the peroxide
bond by catalase is preceded by a slower and hence
rate-determining step in which the substrate com-
bines with the enzyme; i.e., once the substrate suc-
ceeded in combining with catalase, the peroxide
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bond is immediately split irrespective of whether it
is O1%-0 bond or O'%-0' bond. The transition of
compound I to compound III in Fig. 1 has some re-
semblance to this possibility. Finally, the perox-
ide bond may not be completely broken until fairly
stable bonds have been formed between the two O
atoms and catalase. The energy consumed in break-
ing the stronger O'-0® bond is mostly compen-
sated by the energy gained in forming the stronger
Fe-0O% bonds, etc.; and if the splitting of the
peroxide bond and the formation of the new en-
zyme—substrate bonds are not isolated events but
occur in a more or less continuous transition, this
would minimize the activation energy as well as the
isotope effect. The mechanisms of most catalytic
processes, including the one illustrated in Fig. 1,
probably have some feature of this continuous tran-
sition from old to new bonds. In general, the ef-
ficiency of the catalyst depends largely on the na-
ture of this kind of transition.
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The photolysis and pyrolysis of mixtures of acetone-ds and ethane, and of acetone and ethane-ds have been studied with

particular emphasis on abstraction of H and D and by CD; and CHj, respectively (reaction 1 and 2).
Changing light intensity and introducing additional surface has no measurable
Small amounts of ethylene-ds, HD and Ds, but no Hs within the accuracy of the

found are E; = 11.5 keal. and E, = 14.8 kcal.
effect on the relative rates of (1) and (3).

mass spectrometer are found in the products of the photolysis and pyrolysis of the ethane-de—acetone mixture.

The activation energies

HD, H; but

no D, were found in the acetone-de—ethane reaction, A fifty-fold increase in surface had no measurable effect upon the HD/

D, ratio.
with temperature.

Similarly, argon does not appear to affect the ratio measurably.
The most reasonable interpretation of the hydrogen analyses appears to be that a H (or D) atom is

Both the HD/H, and HD/D, ratios increased

formed by decomposition of the ethyl radical and the H (or D) atom subsequently either abstracts H or D from acetone or

ethane, or recombines with a similar atom.

Introduction

The measurement of activation energies of meta-
thetical reactions of the type CH; 4+ HR — CH; +
R has been greatly facilitated in recent years by a
technique first introduced by Steacie' which in-
volves the use of the CDj; radical. The rate of for-
mation of CD;H is compared with the rate of forma-
tion of CD;, in the reaction of CD; with acetone-dsg
from which the CDj; radicals are generated. This
comparison is made over a temperature range and
the pre-exponential factors and activation energies
are obtained relative to those for the reaction of
CD; with acetone-ds. To obtain a meaningful meas-
urement, the amount of CD;H arising from the in-
completely deuterated acetone must represent a
very small proportion of the CD;H produced by
the abstraction of hydrogen from the compound
under investigation. This requirement demands a

(1) A. F. Trotman-Dickenson, J. R. Birchard and E. W. R. Steacie,
J. Chem. Phys., 19, 163 (1951).

very highly deuterated acetone-ds. The acetone-ds
used by Trotman-Dickenson, Birchard and Steacie!
in their work on abstractions by CD; of hydrogen
from hydrocarbons contained some 309, acetone-
ds. This results in large percentages of the total
CD;H arising from the partially deuterated ace-
tone. We calculate about 809, in the case of CoHs.
Recently the reaction between CD; and CH,? was
studied in this Laboratory. Since methane hasonly
one kind of hydrogen, the significance of these ex-
periments is clear.
In the present investigation the reactions

CDs + CGHs —> CD:H + C.H; (1)
CH; + C;D; —> CH;D + C:D; (2)

were studied since they can be interpreted unambig-
uously by the observation of the CD;H/CDy and
CH,/CH;D ratios, respectively., Previous work?

(2) J. R. McNesby and A. S. Gordon, TrHIS JOURNAL, 76, 4196

(1954),
(3) J. R. McNesby and A. 8. Gordon, sbid., 76, 1416 (1954),
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showed that when acetone and acetone-dg reacted
with CD;, the same activation energy difference
(1.7 kcal.) existed as for the reactions with CHj.
It was of interest to determine whether this ac-
tivation energy difference is dependent upon the
nature of the compound from which H and D are
abstracted.
Experimental

Acetone-dg was prepared by the method described pre-
viously.* Mass spectrometer analysis showed the product
to be 97.5%, acetone-d¢ and 2.59, acetone-d;. The ethane
was Phillips research grade material and contained a trace
of methane. Acetone was distilled from commercial mate-
rial. The ethane-dg was kindly given to us by Drs. R. E.
Varnerin and F. O. Rice. It contained 97.69, ethane-ds,
2.29, ethane-ds, 0.2% CD; and a trace of CD;H. Two
master mixtures were prepared. For the study of the re-
action of CD; with ethane, the mixture contained ethane and
acetone-d; in the ratio 2.84, and for the investigation of the
reaction of CH; 4 CyDs, the acetone/ethane-ds ratio was
0.53. The light source was a flat spiral Hanovia SC-2537
lamp. The photolyses were carried out in aluminum block
furnaces, fitted with double windows, one of fused silica and
the other a Corning filter to remove the 1849 mercury line.
The fused silica, cylindrical reaction vessels were 4 cm. i.d.
X 4 cm. high. The reaction vessels were protected from
mercury vapor with a gold leaf trap. The reaction vessel
in one furnace was charged with enough silica rod to in-
crease the surface area sixfold.

The total pressure was 100 mm. for the acetone-d¢—
ethane mixtures, and 80 mm. in the case of acetone—ethane-
d¢ mixtures at each of the temperatures at which the mixture
was photolyzed.

The mixtures were pyrolvzed in Pyrex reaction vessels
using the technique described elsewhere.* The vessels were
charged at room temperature with about 100 mm. of the
master mixture in the case of acetone-ds; and ethane, and
50 mm. in the case of acetone and ethane-ds. In experi-
ments with added surface the reaction vessels were packed
with Pyrex wool and the surface area estimated from the
weight of the Pyrex wool and the approximate diameter of
the fibers.

The analysis for CD;H and CD; in tlie investigation of
reaction (1) has been described previously,* and involves
analyzing the fraction of the products volatile at —195°.
The analysis for CH;D and CHj, in the study of reaction (2)
again involved a low temperature fractionation and pre-
sented a considerable problem. When a mass spectrometer
is in general use, complete removal of mass 18 water vapor
from the instrument becomes a virtual impossibility. Since
small amounts of CD, and CD;H were present in the initial
mixture and some CH,D; was formed in the reaction, the
mass 18 peak in the mixture had contributions from a num-
ber of compounds. In addition, a large amount of CO is
formed which has a considerable contribution at mass 16,
while both CH,D, and H,O have contributions at masses
16 and 17. The Consolidated Engineering mass spectrome-

TaBLe I

A TvpicAL METHANE AxALvsIS USING HicH RESOLUTION
MASS SPECTROMETRY: PHOTOLYSIS OF ACETONE-ETHANE-ds
MIXTURE AT 361°

m/e 15 16 17 18 19 20
Peak height 204.9 266.7 42.1 57.0 3.4 59.6
CD;, 7.5 0.0 49.5 0.5 39.6
Al 204.9 249.2 42.0 7.5 2.9
CD;H 0.2 0.4 1.5 1.2 2.8

A2 204.7 258.8 40.5 6.3 0.1
CH.D: 0.6 1.8 3.7 59 0.1

A3 204.1 257.0 36.8 0.4

CH;D 7.2 265 34.3 0.4

Ad 196.6 230.5 2.5

CH, 198.5 230.5 2.5

(4) J. R. McNesby, T. W. Davis and A. S. Gordon, THis JOURNAL,
76, 823 (1954).
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ter in use in this Laboratory is equipped with a high resolu-
tion slit arrangement which facilitates separating the mass
17 due to OH and the mass 16 due to O, from the corre-
sponding 17 and 16 peaks arising from CH;D, CD,H, and
CH,, CD,, CH,D, respectively. The mass spectrum of
CH, measured on the high resolution instrument compared
very well with the cracking pattern in the literature after
suitable adjustment of the instrument, and with that pre-
viously measured on our instrument without high resolution.
It was therefore assumed that the cracking pattern of CD,,
CD;H, CD;H, and CH;D agreed with the literature with the
most recent CD;H pattern being used.® A typical methane
analysis is given in Table I.

Results and Discussion

Two methane producing reactions occur when a
mixture of acetone-ds and ethane are photolyzed or
pyrolyzed.

CD; + CoHs —> CD:H + C.H; (1)

Mixtures of acetone-ds and ethane were photo-
lyzed in the range 246-405° and pyrolyzed from
477-324°. Since the CD3H/CDj ratio for the pho-
tolysis and pyrolysis of acetone-d; is only about 0.03,
no correction in the CD;H/CD, ratios was applied
when mixtures were run. The results are given
in Table II. No trend with time was observed in
the CD3;H/CD, ratios since the reactions were
stopped after about 195 reaction. A least squares
evaluaticn of the Arrhenius plot gave E, — E; =
0.21 £ 0.04 kcal. (standard deviation). Since F;
= 11.3 = 0.2 keal.,* £, = 11.5 £ 0.2 kcal. The
Arrhenius plot gives the ratio of pre-exponential
factors A;/4; = 1.21. It is of interest that the
cruder experiments of Trotman-Dickinson and Stea-
ciel gave F; — F3 = 0.1.

TapLE II
REacTtIoON OF METHYL-d; RADICALS WITH ETHANE AND
ACETONE-dg
T, °C. ¢, min. CDsH/CD« k1/ks H:/HD
246 2 2.82 0.99
246 4 2.77 0.98
275 2 2.86 1.01
275 3 2.85 1.00
309 1 2.89 1.02
309 2 2.84 1.00
309 3 2.86 1.01
336 1 2.85 1.00
336 2 2.87 1.01
405 1 2.93 1.03 7.2
405 2 2.95 1.04 7.1
105 3 2.99 1.05 6.7
477 9 2.97 1.05 6.5
498 12 3.02 1.06
501 5 3.01 1.06 6.4
524 2 2.98 1.05 5.2
524 4.7 3.00 1.06
320 10 2.80 0.99
320 15 2.82 0.99
315 1 2.85 1.00
313 2 2.80 0.99
315 3 2.81 0.99
257° 2 2.7 0.98
257 4 2.78 0.98
¢ Light intensity one tenth of other rumns. ¢ Six X in-

crease in surface area.
ses.

Runs at 477° and higher are pyroly-
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Evans and Polanyi® have developed a theory of
relationship between the dissociation energies of
the bonds R;—X and Ry-X and the activation ener-
gies for the metathetical reactions

P+ X—Ri—> PX + Ry (4)

They conclude that, provided certain conditions are
fulfilled

1
5 [Dri-x — Dry—x] = Ey — E; (n

Although it is questionable that the theory is ap-
plicable to reactions (1) and (6)

it is nevertheless true that equation (I) is obeyed for
these two reactions with very high precision. Ac-
cording to the work of Stevenson® Dcp—nm —
Degar = 5.0 keal.  The Evans—Polanyi theory
predicts Es — Ey = 5.0/2 = 2.5 keal. It has been
found? that £y — E; = 2.7 kecal. and E; — E; = 0.2
kecal. It follows that Es — E; = 2.5 kecal,, in ex-
cellent agreement with the prediction of this theory.

As Table II shows, changing the light intensity
by a factor of 10 has no appreciable effect on the
relative rates of formation of CD;H and CD,. A
sixfold increase in surface area similarly has no
appreciable effect.

TABLE III

REAcTION OF CH; WITH ACETONE AND ETHANE-dg
The units of CDy, HD, D; are mass spectrometer peak

heights. The units of the quantity whose log is given in
column 8 are min. 2. ]
T, ! CH./ [(HD)?tg(CD.)J
°C. min. CDs CHzDb ki/ks  HD D: [Dy/i(CDy]1/2
254 1 15.3 28.9
254 2 15.8 29.8
254 3 .. 12.5 23.6 .. ..
328 2 439 8.62 16.3 3.0 38.3 —1.79
328 4 431 7.99 15.1 19.5 56.6 —-1.21
328 6 440 8.84 16.7 8.8 72.4 —-1.71
361 2 419 6.74 12.7 4.6 28.2 —1.51
361 3 470 6.72 12.7 9.1 53.1 —1.47
358° 2 841 3.6 23.0 —1.75
360° 3 673 ... 9.8 35.3 —1.44
406 1 501 4.79 9.05 5.0 19.7 —1.31
406 2 473 4.89 9.23 12.7 35.0 —1.14
406 3 539 5.11 9.65 15.2 56.2 —1.31
451 1 450 3.81 7.20 11.7 22.6 —-0.93
451 2 428 3.92 7.40 27.8 44.7 —0.86
507 1 529 3.02 5.70 9.6 5.9
507 2 479 3.21 6.05 9.2 5.3
507 3 521 3.19 6.02 15.8 7.8
507 10 621 38.1 17.6
507¢ 2 549 6.1 2.0
507°¢ 2 501 5.6 1.9
5077 2 680 5.9 1.9
5077 3 810 6.0 2.0

e This CD; is not a reaction product except partly at 507°.
It represents that portion of the CD, originally in the sample
which entered the mass spectrometer in the analysis.
® Only high resolution runs reported. ¢ Surface increased
6 X. 9 Surface increased 20 X. ¢ Surface increased 50 X.
/ Argon pressure 3 X mixture pressure.

(5) M. G. Evans and M. Polanyi, Trans. Faraday Soc., 34, 11
(1938).
(6) D, P. Stevenson, Discs. Faraday Soc., 35, (1951).
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A mixture of acetone and ethane-ds was photo-
lyzed and pyrolyzed over the temperature range
254-507°. The results are given in Table I1I. Since
the precision of results at 254° was quite poor, runs
at this temperature were not included in the Arrhen-
ius plot shown in Fig. 1, although they do fall within
experimental error of the extrapolated line. The
filled circles in this plot are data published recently
by Rice and Varnerin.” No trend could be ob-
served with time in our data, and each run was
given equal weight in the statistical analysis. The
two methane forming reactions were

CH; + CH;COCH; —» CH, + CH.COCH; (7)
CHs + CzDs —_—> CHsD -+ C2D5 (2)

From the Arrhenius plot shown in Fig. 1, E, —
E; = 523 %+ 0.16 kcal.,, and 47/4: = 0.20. A
value for E; — E7 of 2.0 kcal. was reported recently
by Rice and Varnerin.” This value was obtained
from pyrolysis data over a temperature range of
only 50°. As Fig. 1 shows, the approximate k7/k;
values obtained by Rice and Varnerin are in good
agreement with our extrapolated values. It is prob-
able that their measurements were subject to errors
at least as large as ours. Their points may fall on
our extrapolated Arrhenius plot within experi-
mental error. The comparison of the two sets of
data illustrates that either a very large tempera-
ture range or a large number of determinations is
required to ensure accurate values for the activa-
tion energy. The value of E7is 9.6 % 0.1 kcal. and it
follows that £, = 14.8 £ 0.3.

1.3
1.2

1.1
1.0
09}
0.8t
0.7t
0.6+

log ki/ke

.

1.1 1.2 1.3 14 1.5 1.6 1.7

1000/T.

Fig. 1.—The Arrhenius plot for the difference in activation
energy between abstraction by CH; of H from acetone and D
from ethane-ds. The filled circles represent the data of Rice
and Varnerin.?

It is concluded that E; — E, = 3.3 = 0.6 kcal.
If it is assumed that CH; and CD; are confronted
by equal activation barriers in the abstraction of
hydrogen, this result is surprisingly high. If CH,
and CD; are significantly different when attacking
a molecule such as ethane, then the results indi-
cate that ethane presents a higher barrier to CHj
than to CD;.

Since a small amount of CD4 was preseut in the
ethane-dgy it was somewhat difficult to determine
whether CD, was being formed during the course of
the reaction. If CD,1s not a reaction product, the
CH,/CD, ratio should be proportional to the time

(7) F. O. Rice and R. E. Varnerin, THIS JoURNAL, TT, 221 (1955).
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of reaction in the early stages since
CH,/CD, = rt/(rit + [CDulo) (1n

where ¢ is time, [CD,], is the concentration of CDy
originally present and r, and 7, are the rates of
formation of CH4 and CDy, respectively. If CD,is
a product, the ratio should be proportional to
time at very small times, and as time goes on the
ratio should become indepeudent of time. Figure 2
shows that this reasoning leads to the conclusion
that CDy is not a product in the photolysis but is a
product in the pyrolysis at 507°.

./
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pYROLYSIS SO7°

I I !

t M
Fig. 2—The photolysis and pyrolysis of mixtures of
acetone and ethane-de. The figure illustrates that CD; is
formed in the pyrolysis at 507° but not in the photolysis at
lower temperatures.

It is possible that the reaction

D + C2D3 e 2CD3 (8)
or that the reaction
C:D; —> 2CD; (9)

becomes appreciable in the region of 500°. The two
methanes CD, and CD;H can then be formed by
abstraction of D and H, respectively, by CDs.

Of special interest is the observation that small
amounts of HD, D, and ethylene-d, are formed in
both pyrolysis and photolysis of the acetone-eth-
ane-dg mixture. Mercury photosensitization can
give rise to D atoms in the photolysis if the effi-
ciency of the gold leaf trap is poor. However, HD
and D, formed in the pyrolysis must arise from a
thermal reaction. The fact that the HD/D, ratio
increases with temperature in photolysis and pyrol-
ysis suggests that D atoms can react in the fol-
lowing ways

D + CH;COCH; — DH + CH,COCH;, (10)
D + CDg —> D: + C;D; (11}
M+D+D—>D:+M (12)

The activation energy for reaction (11) is undoubt-
edly considerably higher than for reaction (10), so
that (11) cannot be important relative to (10).
Since E,;; is about zero, the important hydrogen
producing reactions must be (10) and (12). To de-
termine whether M in reaction (12) represents a
wall, the surface/volume ratios were increased by
factors of 20 and 50 in some pyrolysis experiments.
The results in Table III show that the HD/D; ra-
tios were not appreciably affected. If (10) and (12)
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are the important reactions, for small percentage
conversion

(HD) = ki(A)(D)t

(D) = kix(M)(D)%
where ¢ is the time of reaction in minutes. The con-
centrations (A) and (M) are each proportional to
the (CDy,) which is present as an impurity in the
CyDs. No CDy, is formed during the photolysis.

(HD) = ki8(CDs)(D)t
(@ = k2 ()" (cDO(D)

[24

where 8 and « are dimensionless, temperature in-
dependent, proportionality constants. It follows

that
akio/ k't = (I_lp),/ [_(_%:] /2
(CDy)t/ | (CDyt

The data in Table III indicate that £y, — /2 Exs
~ 12 kcal. This value seems rather high when
compared with the value of 9 kcal. obtained by
Harris and Steacie® for the reaction of a hydrogen
atom with acetone but the precision of our data is
such that Ey — !/2E2 may be as low as 9 kecal.
Table 111, column 7, shows that there is no evidence
that the D atom recombination is influenced by
the wall. The addition of argon may have a slight
effect on the D atom recombination, but the effect
is not measurable in the present system. The de-
tailed mechanism of D, formation cannot be as-
certained at this time, but homogeneous D atom
recombination is a possible process.

In the case of acetone-d¢—ethane mixtures, H,
and HD were formed but D, was absent. The H,/
HD ratio decreased with increasing temperature.
These observations are consistent with the follow-
ing reactions

(111)

C.H;—> CGH, + H (13)

H + C.He—> H; + GH; (14)
M+H+H—H;,+M (15)

H 4+ CD;COCD; —> HD + CD,COCD; (16)
Hy _ kis(CoHe) + kis(H)(M) (1v)

HD ~ k(CD;COCDy)

At high temperatures, the energy of activation
difference from the Arrhenius plot of Ho/HD would
tend toward Ei; — Eui, which is probably close to
zero; at low temperatures a similar plot of Hz'/2/
HD ratios would produce an apparent Ey; — !/2Ess.
The latter activation energy difference would be
about 10 kcal. Since both mechanisms are opera-
tive in the temperature range studied, the observed
energy of activation difference should be roughly 5
kcal. The data in Table II indicate an apparent
activation energy difference of about 4 + 2 kcal.
When these results are taken along with the results
for acetone—ethane-ds case discussed previously, the
consistent mechanism of Hs, HD and D, formation
represented by reactions 10~16 is in agreement with
the results within experimental error. The ethylene
produced should be approximately equal to the to-
tal hydrogen formed. The data obtained in this
work show that this is at least approximately true,
so that the only important ethylene producing reac-
tion also produces hydrogen.

(8) C. M. Harris and E. W. R. Steacie, J. Chem. Phys., 13, 354
(1943).
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Wijnen and Steacie® studied the photolysis of a-
tetradeuterodiethyl ketone in an effort to investi-
gate the reactions of ethyl radicals. At tempera-
tures above 200° they concluded that the ethylene
produced was not the result of disproportionation,
but was largely due to the decomposition of the
pentanonyl radical.

CH;CD,COCD;CH; —> 2CH:CD; 4 CO (17)
CH;CDg + CHsCDzCOCDzCHa e
CH;CD.H + CH,CD,COCD,CH; (18)

CH,CD,COCD,CH; —>

CH.CD; + CD,CH; + CO (19)
However, it was evident that some other ethylene
producing reaction was taking place, since C,D,Hs
was formed considerably faster than the C,D,H,

(9) M. H.J. Wijnen and E. W. R. Steacie, Can. J. Chem., 29, 1002
(1951),
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at temperatures of 300° and above. The authors
apparently did not analyze for hydrogen in this
work. Our work supports the thesis that the ethyl
radical can decompose to give ethylene and a hy-
drogen atom in the region of 300°. It is probable
that it is this decomposition of the CH;CD, radical
which caused the elevation of the C,D,H,/CyD,H;
ratio in the work of Wijnen and Steacie.? If the
decomposition of the ethyl radical is an important
reaction above 300°, hydrogen must appear in the
products. In a later paper, Kutschke, Wijnen
and Steacie!® found no hydrogen in the products of
the photolysis of the diethyl ketone, but all of their
experiments were done at temperatures below 300°,
where none would be expected.

(10) K. O. Kutschke, M. H. J. Wijnen and E. W. R. Steacie, THIS
JourNAL, T4, 714 (1952).
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The g-Particle Radiolysis of Acetylene'”

By LEoN M. Dorrman® anD F. J. SHIPKO
RECEIVED APRIL 26, 1955

The §-particle radiolysis of acetylene has been investigated at room temperature for the system tritium-acetylene.

The

100 e.v. yields for the over-all rate of disappearance of acetylene to form cuprene and benzene, the only volatile product, and

of benzene formation are: —Gc,n, = 71.9 and Geens = 5.1,
pendent of acetylene pressure and radiation intensity, and has an average value of 0.21.

The fraction of the acetylene going to form benzene is inde-
Since the ratio of the rates of

cyclization and polymerization is independent of acetylene pressure, the two processes are not competitive for the same trimer

intermediate.
states of acetylene.

Such a state has been characterized in a recent analysis of the acetylene ultraviolet spectrum by Ingold and King.

A mechanism is suggested in which the reaction paths are determined by the formation of different excited
Cyclization is initiated by an excited molecule, in a triplet state, which may have a bent configuration.

Ex-

periments with deuteroacetylene show that exchange occurs between the isotopic acetylene molecules, indicating that car-

bon-hydrogen bond rupture does occur in the radiolysis.

Introduction

The radiation polymerization of acetylene to
form cuprene is one of the earliest hydrocarbon ra-
diolyses studied,*® and the over-all yield for the re-
action has been quite accurately established.®
The reaction has been investigated from many
points of view, and in recent years attention has
been directed chiefly to the question of transfer
mechanisms occurring in the primary process when
mixtures are irradiated. One aspect of the reac-
tion, which may be of particular importance in
understanding the role of excited electronic states
has been largely neglected. This concerns the for-
mation of benzene. Benzene has been identified” as
a product, and the significance of its formation has
been pointed out.! No kinetic analysis has yet
been carried out in which both the rate of cycliza-
tion to form benzene and the over-all reaction rate
have been determined over any variation of condi-

(1) The Knolls Atomic Power Laboratory is operated for the United
States Atomic Energy Commission y the General Electric Co., Con-
tract No. W-31-109 Eng. 52.

(2) Presented before the 127th Meeting of the American Chemical
Society, Cincinnati, Ohio, April, 1955.

(8) General Electric Research Laboratory, Schenectady, N. V.

(4) 8. C. Lind and D. C. Bardwell, Science, 62, 423 (1925).

(5) W. D. Coolidge, ibid., 63, 441 (1925).

(6) S. C. Lind, D. C. Bardwell and J. H. Perry, THI1S JOURNAL, 48,
1556 (1926).

(7) W. Mund and C. Rosenblum, J. Phys. Chem., 41, 469 (1937).

(8) C. Rosenblum, ibid., 83, 474 (1948).

tions, such as pressure and intensity. A knowledge
of the relationship between these rates is essential
to an understanding of the mechanism of the radiol-
ysis.

In the present investigation, the rate of the ace-
tylene polymerization, initiated by tritium B-par-
ticles, has been determined at room temperature
for the system Ty,—C,H,. The tritium serves as a
highly intense source of 3-radiation. The incident
intensity is readily determinable from mass spec-
trometric analysis of the starting tritium along with
the known nuclear properties of this isotope. In
some of the runs, mixtures of acetylene and deutero-
acetylene were used to determine whether dissocia-
tion occurs during the course of the reaction.

Experimental

The acetylene reactant and the tritium were purified as
follows. Technical grade acetylene was degassed at —140°,
then purified by bulb-to-bulb distillation at —95°. Routine
mass spectrometric analysis of the acetylene, carried out
before each run, failed to disclose the presence of any im-
purity, so that impurity, if any, amounted to certainly less
than 0.1% of the reactant acetylene. Partially deuterated
acetylene, used in three of the runs, was made by passing
deuterium oxide over calcium carbide which had been pre-
viously degassed. The deuteroacetylene was then subjected
to a similar distillation purification. The tritium gas was
stored on a uranium bed and degassed and desorbed as re-
quired for each run. The tritium contained varying
amounts of hydrogen, with the purest gas consisting of
about 85%, tritium.



