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only be used as an approximate guide until the
magnitudes of the rate constants are more firmly es-
tablished.

Diffusion Effect: Conclusions.—For the smaller
cell used, diffusion of radicals out of the light
beam may be neglected provided the temperature
is above 100° and the acetone pressure is above 100
mm. There is, however, a small effect present even
under these conditions, which becomes more marked
the smaller the light beam relative to the cell. In
addition surprisingly large errors can be made in
determining the volume of a small light beam so
that measurements with such beams show a wide
experimental spread. At 26°, on the other hand,
the radicals diffuse out of the beam to such an ex-
tent that it is necessary to use the cell volunie in
calculations instead of the light volume. For
these two reasons it is recommended that measture-
ments should be made with the whole reaction cell
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filled with light. This involves risking that an
unknown surface reaction contributes to the effect
being studied: the agreement between different
workers makes this risk small in the case of the ace-
tone photolysis.

For photochemical reactions in general the magni-
tude of the diffusion effect can be calculated by the
method given by Hill.%2 This method requires that
all the rate constants involved are known to a fairly
high accuracy. Even for acetone the constants are
not known well enough for a definite answer to be
given; hence it seems that for any less well known
reaction only a direct experimental test can decide
whether radical diffusion is important or not.
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XLIV. Pyridine and Mixtures of Acetone and Pyridine'

By RoserT H. LINNELL AND W. ALBERT NOYES, JR.

The rates of formation of methane and of ethane as functions of temperature, volume of light beam, cell length and pres-

sure have been determined for acetone vapor.

) p Pyridine vapor shows little or no decomposition at 2537 A. but does decom-
pose at shorter wave lengths with formation of a brown deposit, hydrogen and C: hydrocarbons.

Methyl radicals do not

abstract hydrogen appreciably from pyridine to form methane under the conditions of these experiments at temperatures

from 120 to 210°.

The reactions of methyl radicals to produce
methane and ethane during photochemical decom-
position of acetone both with and without the addi-
tion of foreign gases have been studied by several
authors recently.? If these two reactions mav be
written in general terms as

CH3 + CH3 = CQHE;
CH3 + RH = CH4 + R,‘

RC?HE = kl(CH8)2 (1j
Rere = B(CH3)RH) (2)

where Re,u, and Rcu, are the rates of ethane and of
methane formation, respectively, in molecules per
cc. per second; it is possible from the slope of a plot
of Reu./Rem,'/* vs. (RH) (where (RH) is concen-
tration in molecules per cc.) to obtain &,/ ' in
(molecules sec.) =2 cc.’2,  This has been done for
several different molecules RH by Trotman-Dick-
enson and Steacie?r bv assuming that the line goes
through the origin.

Gomer,® by a rotating sector technique, has oh-
tained recently a value for ;. If this value is ac-
cepted, absolute values of &, for several different
RH molecules can be obtained from existing data.

Due to the fact that (1) is second order with re-
spect to CH; radicals while (2) is first order, and
the fact that RH may be any molecule present (in-
cluding products of acetone photolysis, such as

(1) This work was supported in part by Contract N6onr.241, Task I,
with the Office of Naval Research, United States Navy.

(2) (a) L. M. Dorfman and W. A. Noyes, Jr., J. Chem. Phkys., 16,
557 (1948); (b) A. F. Trotman-Dickenson and E. W, R. Steacie,
Tuis Jourwar, T2, 2310 (1950); J. Chem. Phys., 18, 1097 (1950);
7. Phys. Colioid Chem., 85, in press (1951), These articles contain

references to pertinent earlier work.
(3) R. Gomer and G B Kistiakousky. /. Chem. Phys., 19, 85 (1951).

biacetyl), this method of calculation must be ex-
amined critically before the reliability of k./k"
values can be assessed. Certain aspects of this
problem have been discussed,* and systematic data
bearing on this problem are presented and discussed
in the preceding article.® The present article con-
tributes certain data of interest, and in addition the
reactions of methyl radicals with pyridine are dis-
cussed.

The photochemistry of pyridine vapor seems to
have received little attention, although the spec-
trum has been analyzed.®

Experimental

The purification of the acetone and the general gas analy-
sis procedure have been described in previous articles.?
One modification was introduced since one of the trouble-
some aspects of earlier procedures was the incomplete sepa-
ration of ethane from methane and carbon monoxide at the
temperature of liquid nitrogen. This was accomplished by
using liquid nitrogen cooled to about —215°. Liquid
nitrogen was placed between the walls of a cylindrical double-
walled vessel which could be connected to an oil-pump.
This jacket was placed inside of a standard dewar vessel,
and the entire dewar and jacket were filled with liquid nitro-
gen. Pumping on the nitrogen lowered the temperature to
the desired point. The temperature was measured by a
thermocouple attached to the outside of the finger in which
the gases were condensed. This finger was placed in the
inner cylinder of the double-walled vessel. Analyses of
known mixtures indicated that carbon monoxide and meth-

(4) W. A, Noyes, Jr., J. Phys. Colloid Chem., B8, in press (1951).
‘This paper was presented at the symposium on reaction kinetics organ-
ized by the Division of Physical and Inorganic Chemistry, American
Chemical Society, Minneapolis, June 20, 1950.

(3} A. J. C. Nicholson, THIs JourRNaL, 78, 3981 (1951).

(8) 1. Sponer and H. Stiicklen, J. Chem. Phys., 14, 101 (1946),
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ane could be removed quantitatively from ethane by a
Toepler pump under these conditions.”

Pyridine was Eastman Kodak Co. practical grade. It
was precipitated as the zinc chloride double salt and re-
crystallized from absolute ethyl alcohol. The pyridine was
liberated by concentrated sodium hydroxide and then stored
over sodium hydroxide sticks. It was purified finally by
bulb to bulb distillation, the middle third being retained.

A Hanovia $-100 medium pressure mercury arc was used
usually as a light source. Radiation at 3130 A. was ob-
tained by interposition of a Pyrex plate 1 mm. in thickness.
Longer wave lengths are not absorbed by the system under
investigation, but some radiation at 3020 A. would be trans-
mitted by the Pyrex and absorbed by the acetone. For
2537 A. radiation a quartz cell 5 cm. long filled with chlorine
gas at 1 atm. pressure was interposed. A Hanovia SC2537
end-on lamp was used as a source of mercury resonance ra-
diation. A Hanovia water cooled hydrogen lamp was used
in a few experiments when wave lengths below 2000 A. were
needed. An aluminum spark similar to that described by
Wiig and Kistiakowsky® was also used.

Results

(a) Effect of Pressure on ky/ki'/2—Methane
and ethane were determined during photolysis of
pure acetone in two different cells, one approxi-
mately 10 cm. in length and the other approxi-
mately 20 cm. in length. The calculations were
performed by two methods: (1) by assumption
that the true rates are given by the number of
molecules formed per second divided by the volume
of the light beam itself; (2) by the assumption
that the true rates are given by the number of mole-
cules formed per second divided by the volume of
the vessel. In some instances the light beam was
allowed to fill the entire vessel so that the two
methods of calculation give the same ratio of con-
stants.

Table I shows data obtained at different temper-
atures at various acetone pressures,

(b) Photochemistry of Pyridine.—The exposure
of pyridine to 2537 A. radiation at temperatures up
to 240° produces little or no decomposition. The
quantum yield of gaseous products is estimated to
be below 1075, No decomposition was observed
for the mercury photosensitized reaction at 2537 A.

The mercury arc without any filter, a hydrogen
discharge tube, and an aluminum spark all caused
some decomposition of the pyridine, but the results
are not quantitative. It is concluded that radia-
tion of wave length less than 2000 A. is essential for
this decomposition. A polymer is deposited on the
walls when these short wave lengths are used, and
in this respect pyridine resembles benzene.! The
polymer was extremely inert and resembled cu-
prene. Since it absorbs the radiation, the reaction
does not proceed far before the rate becomes im-
measurably slow. At low pressures of pyridine the
polymer was more uniformly distributed throughout
the vessel, and more gaseous products could be ob-
tained.

The analysis of the products obtained at these
short wave lengths was difficult because of the small

(7) Detailed data showing the usefulness of the method and other
details concerning the work herein described may be found in the Ph.D.
Thesis of R. H. Linnell, Department of Chemistry, University of
Rochester, 1950. This thesis has been circulated as a report to the
Office of Naval Research, United States Navy.

(8) E. O. Wiig and CG. B. Kistiakowsky, THis JournaL, 64, 1806
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(9) Cf. J. E. Wilson and W. A, Noyes,
(1941).
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TaBLE I
EFFECT OF PRESSURE ON &y/k; /?

When only one value of ky/k'/t is given, the light beam
filled the entire cell. The products were measured in a
volume of 820 cc. at 25°.

ka/

Total ke
prod- R/l X
ucts Time, Fraction of total Pres. X 1018 1018
X 103 min- gas products sure, light cell
mm, utes co CH, C:Hs mm. vol, vol,
Cell: 9.8 cm. X 2.8 cm., inside dimensions. Light beam
diameter: 1.23 cm. (entrance), 1.33 cm. (exit).
T = 120°
25.92 700 0.494 0.285 0.221 56 50 2.8
19.85 360 .468 348 184 92 50 2.8
18.91 268.5 451 .388 161 122 50 2.8
20.72 249 .440 406 154 154 4.6 26
20.74 190 .439 417 144 207 4.2 2.4
19.55 180.5 .429 419 .152 209 4.1 2.3
19.91 170 .425 437 138 237 4.1 2.3
13.77 131.5 ,448 439 .203 131.5 3.3
14,37 206.7 .461 .237 .302 48 3.2
27.65 107.1 435 .411 ,154 238 3.0
17.3¢ 65.0 .440 .408 .152 232 ~3.1
13.69 215.8 .446 393 .161 116.5 5.1 2.8
26.61 110 .433 .385 .182 185 3.2
21.12 240 .423 402  .175 171 4.0 2.2
T = 150°
19.59 207 .439 ,490 .0813 156 8.7 4.9
20.94 194 .417  .505 .0778 188 8.1 4.6
17.14 305 .432 475 ,0928 82.5 11.5 6.5
17.47 535 465 411 124 45,0 12.1 6.8
Cell: 19.8 cm. X 2.4 cm., inside dimensions. Light beam
diameter: 1.1 cm. (entrance), 1.4 cm. (exit).
T = 120°
11.52 448 0.466 0.142 0.392 6.3 5.2
25.42 410 .473 .304 .323 17.2 4.7
26.05 231 474 241 ,285 32.2 4.1
34.4 200 474 289 237 55.9 4.0
21.38 65 .450 377 .173 131 3.6
25.78 180 485 246 269 42,0 4.0
24,06 160 476 276 .248 45.1 4.3
23.04 226 479,233 .288 29.6 4.2
23.12 225.5 475 .231 .204 29.7 4.2
28.22 180 441  ,399 .160 118.2 5.8 3.0
17.72 108 445  ,395 .160 1245 5.6 3.0
T = 180°
15,92 336 0.439 0,413 0.148 10.5 23.3
22.86 162 .420 487 .093 32,6 19.1
24.78 123 413  .505 .0824 49.1 16.8
40.12 130 .399  .558 .043 88.7 17.5
T = 210°
27.12 549  0.416 0,502 0.082 9.4 46.1
31.83 251 .396 .524 080 26.0 28.2
49.89 180 382 593 025 66.4 32.4

quantity. Empirically the hydrocarbons had the
formula about C,H,, and considerable hydrogen was
formed. Thus tentatively the products may be
assumed to be a mixture of H,, C;H, and C,H..
No product containing nitrogen could be identified,
but the work in this respect should not be consid-
ered to be conclusive.

(c) Reaction of Methyl Radicals with Pyri-
dine.—Mixtures of acetone and pyridine vapor
were irradiated by 3130 A. radiation which is ab-
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sorbed only by the acetone. The rates of ethane
and of methane formation were determined. The
results of these experiments are shown in Table II.

TaBLE II

PHOTOCHEMISTRY OF ACETONE-PYRIDINE MIXTURES AT
.
3130 A.

The light beam filled the cell in all of these experiments,
and k:/#'/2 is calculated as though the pyridine were not

present, The products were measured in a volume of 820
cC.
Total Pyri
prod- Acetone dine &
ucts Time, Fraction of total pres- pres. :/
X 102  min- gas products sure, sure, ki /2
mm. utes co CH, Cz2He mm. mm. X 10!

Cell: 19.8 cm. X 2.4 cm., inside dimensions.

T = 120° N
22.74 90 0.479 0.379 0.142 109.8 16.6 4.2
23.97 311 469 .233 ,208 25.7 20.5 4.2
29.45 186 . 473 288 .240 56.0 20.1 3.8
T = 180°
39.52 187 0.427 0.507 0.066 55.1 22.3 16,
30.39 176 421 509 070 457 20.7 18.2
7" = 210°
52.22 152 0.391 0.574 0.035 49.3 22.5 32
26.4% 248 394 547 058 243 23.8 34
Discussion

An examination of the data given in Table I will
show in every case that the value of k;/k;'/* tends to
increase at low pressures. This is true at all of the
temperatures given, and it makes no difference
whether the volume of the light beam or the volume
of the cell is used in the calculations. The difficulty
of choosing the proper volume to give the correct
answer has been discussed elsewhere.*® Usually,
the agreement among various authors is better if
the cell is filled with light and the volutme of the cell
is used.

The trend in k,/k'* with pressure may be due
either to a possible effect of the walls or to the neces-
sity for a third body for reaction (1). If the walls
have an appreciable effect, the nature of the reaction
occurring on them must be such as to lead to either
too much methane or too little ethane relative to
the reaction in the gas phase. No conclusive evi-
dence exists for peculiarities of this type, but the
necessity for a third body for reaction (1) needs to
be explored.

A third body for reaction (1) may be introduced
in several ways: (1) a truly triple collision may be
necessary, t.e., Ren, = ki(CHg)%(4); (2) two
methyls may form a complex which can either be
stabilized by collision or redissociate. This leads
to an expression of the type

Regm. = B(CHa)¥(4)/(1 + £'(4)) (3)

(3) one methyl may form a complex with another
molecule, such as A which may either dissociate or
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react with the second methyl to form ethane. This
leads to an expression of the type

Regms = B(CHa)¥(A4)/(1 + k/(CHs)) (4)

((4) denotes the concentration of acetone in the
present experiments since this gas is presumed to be
the one which acts as the third body).

The choice between the four possibilities, z.e., a
simple reaction (1) with no necessity for a third
body and the three methods of introducing the
third body is not absolutely definite. However, it
will be noted in the data in Table I that in all cases
the values of k,/k,'* approach constancy at high
pressures. This definitely disagrees with the first
alternative in the preceding paragraph but is ade-
quately accounted for by equation (3). The dif-
ficulty lies in choosing between equations (3) and
(4),5 but on the whole the evidence favors (3)
rather than (4). In any case it is apparently not
permissible to omit the third body completely from
the rate expression unless the pressure is quite high.
If it is so omitted, it must be remembered that the
constant &y is in reality a complex constant.

No positive conclusions are possible from the
data on the direct decomposition of pyridine except
that absorption in the first banded region in the ul-
traviolet® does not lead to decomposition. Whether
the pyridine molecule dissociates into acetylene and
HCN at short wave lengths as might be expected by
analogy with benzene® cannot be determined.

It is evident from the data in Table II that
methyl radicals abstract hydrogen far more easily
from acetone than they do from pyridine. There s
sufficient scatter in the data to make it impossible
to calculate any constant for the reaction

CH; + C:H:N = CH, -+ GHN (5)

since ky/k;"* calculated as though the pyridine
were not present agrees within experimental error
with the values at corresponding temperatures in-
terpolated from the data in Table I. It may be
concluded either that the steric factor for reaction
(5) 1s not over one per cent. of the steric factor for
reaction (2) (if RH is acetone) or that the activa-
tion energy for reaction (5) is at least 2 keal. greater
than for reaction (2).

It should be remarked in conclusion that the
data in Table I lead to the activation energy differ-
ence By — 1/2 E; for reactions (1) and (2) which
agrees with that obtained by other authors.?®?
This is true whether the rates at high acetone pres-
sures are used, or whether rates at low acetone
pressures are used, but it is not possible to use the
values at high pressures for one temperature and at
low pressures for another and obtain the correct re-
sult. Thus ethane formation would seem to have
the same activation energy either at low pressure or
at high, and in both cases the evidence indicates it
to be small.
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