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The Photolysis of Azomethane 

BY GEORGE S. FORBES, LAWRENCE J. HEIDT AND DARRELL V. SICKMAN 

Measurements of quantum yields provide a 
valuable check upon hypotheses regarding energy 
chains in the corresponding thermal reactions. 
Carried out in monochromatic light, and at tem
peratures where a wholly negligible fraction of 
molecules present can be activated in unit time 
by collisions, the energy available after reaction 
can be calculated, and then apportioned among 
various combinations of molecules presumably 
involved'in subsequent collisions. The tempera
ture coefficients, also, of such photolyses have an 
obvious bearing upon the interpretation of the 
data for the thermal reactions. 

Ramsperger1 reported a quantum yield some
what over two for the photolysis of azomethane, 
using the treacherous method of light-filters. 
Under his experimental conditions the non-
actinic light was from one-third to five times the 
light absorbed, and he apparently overestimated 
the necessary corrections. The initial reaction he 
wrote C H 3 - N = N - C H 3 + hv —*• C2H6 + N2. 
The energy of the photon at 366 m/x, 83,000 
cal./mole and the heat of reaction, 20,000 cal./ 
mole add up to 103,000 cal./mole of which the 
ethane would be expected to retain the greater 
part. Ramsperger has argued that each newly 
formed ethane molecule might provide energy of 
activation (51,000 cal./mole) for one new azo
methane molecule, and thus bring the total de
composition up to the value observed. 

We found it hard to understand why the quan
tum yield, if two, should be independent of both 
temperature and pressure as stated by Ramsper
ger. We were convinced that measurements at 
additional wave lengths (Ramsperger made use of 
X 366 nijU only) would afford additional informa
tion. 

We carried out four series of measurements, at 
initial pressures of 664, 377, 184 and 181 mm., 
respectively. Six wave lengths of monochroma
tic light were employed. We found that the 
quantum yield, 4>, approaches unity as its upper 
limit for initial decomposition at low pressures. 
The photochemical temperature coefficient if / 
>226° was found to be zero, in agreement with 
Ramsperger, as became reasonable in the light 

(U Ramsperger, TmS Jot/RNA!., 50, 123 (1028). 

of the revised quantum yield. But at 260° this 
coefficient was no longer negligible. 

Experimental 
The monochromator, spark source, uranyl oxalate acti-

nometer and trapezoidal gas reaction cell, as well as details 
of operation and the necessary corrections, were essen
tially the same as in recent work on ozone in this Labora
tory.2 3 At XX 366 and 313 m/i a constricted mercury arc4 

replaced the spark; its oscillations were controlled by thin 
annular films of mercury within ground joints.5 The 
monochromatic intensities back of the exit slit ranged 
from 3.8 X 10 l 6 to7.4 X 1017 quanta per minute. 

The actinometer cell used at XX 366 and 335 m/i was 
trapezoidal in form, 3 cm. deep, and held 11 cc. of a solu
tion containing 0.003 mole of washed uranyl oxalate and 
0.003 mole of oxalic acid per liter. At X 313 m,u the same 
solution was used in a rectangular cell 5 mm. thick, and 
holding 5 cc. The quantum yields have been shown 
by Forbes and Heidt6 to be identical with those previously 
established by W. G. Leighton and Forbes.7 At XX 254 
and 208 m/i the rectangular cell was used with a solution 
0.001 M in uranyl sulfate and 0.005 molal in oxalic acid, 
standardized in this wave length range by Brackett and 
Forbes.8 Since the gas cell and the actinometer cell were 
exposed alternately as described below, the fluctuations in 
intensity of the light source were not followed radio-
metrically. 

The reaction cell was fused into the wall of a quartz 
beaker which served as a thermostat. A ring of felt sur
rounding the space between the front window and the exit 
slit tended to hold the temperature of the former at the 
temperature inside the cell. Two immersion heaters 
regulated automatically, or by hand, held temperatures 
constant within 0.05°. A layer of thermostating liquid 
over the meniscus of the mercury in the regulator in each 
case was found to increase greatly the sensitivity of the 
make-and-break to temperature changes. Water was 
used in the thermostat from 0 to 70°, diethylene glycol 
70 to 125°, M-butyl phthalate 125 to 200° and castor oil 
200 to 300°. Temperatures were recorded with a set of 
Anschiitz thermometers. The monochromator was piv
oted under the light source9 so that its exit slit could swing 
into line with reaction cell or actinometer cell as desired. 

Previous experience with the photolysis of ozone23 

had convinced us of the fundamental importance of rigor
ous purification of reactants and the elimination of stop
cocks. The purifying train as well as the reaction cell 
was thoroughly flamed, and degassed by means of a diffu-

(2) Forbes and Heidt, ibid., 66, 1671 (1934). 
(3) Heidt and Forbes, ibid., 56, 2365 (1934). 
(4) Forbes and Harrison, / . UpI. Soc. Am., 11, 99 (1925). 
(5) Forbes and Heidt, T H I S JOURNAL, 53, 4349 (19311. 
(6) Forbes and Heidt. ibid., 56, 2363 (1934). 
(7) W. O. Leighton and Forbes, ibid., 52, 3139 (1930). 
(S) Brackett and Forbes, ibid., 55, 4459 (1933). 
(ft) Forbes, Kistiakowsky and Heirlt, ibid., 54, 324« (1982). 
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sion pump backed by an oil pump. The supply of azo-
methane (two samples separately prepared) was frac
tionated before each filling of the cell with rectification in a 

tower packed with glass beads and held at —80°. The 
distillate, entirely free from color in the liquid state, was 
outgassed at —80° until about a third of it had evaporated, 
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TABLE IV 

TEMPERATURE COEFFICIENT OF <j> FOR AZOMETHANE 
X = 366 m/x, k = 3.0 

P p t Q A B Time A P 0 
184.2 184.2 0 
185 (183) 26.6 23 0.33 7.6 34.5 1.90 1.1 
187 (181) 26.3 26 .33 8.6 52,0 2.75 0.94 
190 (178) 26.3 31 .32 10.0 37.5 1.95 .79 
209 (159) 260.0 32 .30 9.5 38.0 (4.4-1.3) 1.3 
213 (151) 260.0 29 .29 8.5 20.0 (2.05-0.75) 1.2 
219 (149) 260,0 29 .29 8.5 33.5 (3.15-1.2) 1.1 
227 (141) 28.2 27 .27 7.2 60.5 2.1 0.73 
230 (138) 28.2 27 .26 7.0 95.5 3.0 0.69 

and then stored in a liter bulb. In view of these precau
tions it appeared proper to assume that initial pressures in 
the reaction cell represented azomethane exclusively. 
After introduction of gas, this cell, together with the spiral 
quartz manometer, was sealed off from the rest of the 
apparatus. The mercury manometer to which the zero 
readings of the quartz manometer were referred repro
duced pressure changes within 0.05 mm. 

Tables I to IV include all our photolytic measurements 
where Q and B are respectively quanta incident upon, and 
absorbed by, the gas per minute, with omission of the 
factor 10ls. A is the percentage of incident light absorbed 
by the gas. The average total pressure during a photolysis 
is P and the average partial pressure of azomethane calcu
lated from Ramsperger's mechanism is p. The tempera
ture of the cell, t, follows. Time of a given photolysis is 
in minutes. The manometer and barometer readings in 
millimeters of mercury have been corrected to 0°, and the 
gas pressures reduced to 0° by means of the simple gas 
law. Following Ramsperger, our quantum yields, 0, rep
resent the increase in the number of molecules, in the react
ing system, per quantum absorbed, and were calculated by 
use of Ramsperger's absorption coefficients, k, except at 
208 ran, beyond the spectral range covered by him, where 
the absorption, in our cell, was evidently complete. As he 
obtained these data by using a spectrograph and cali
brated screens, after the method of Ramsperger and 
Porter,10 the uncertainties inherent in the filter method 
could not have vitiated the results. We were, however, 
obliged to make the undesirable assumption that the 
variation of extinction coefficients with temperature is 
unimportant over a range of 240°. Except at 260°, the 
highest temperature employed by us, the velocity of de
composition in the absence of light was negligible. 

Discussion of Results 

In order to make the corrections for transmitted 
light as small as possible the wave lengths 208 
and 335 mix (the latter corresponding to an ab
sorption maximum of azomethane) were first em
ployed. The initial value of <f> is seen to be close 
to unity at 181 mm., a pressure intermediate be
tween Ramsperger's greatest pressure and his 
next smaller one. But at 377 and 665 mm. 4> 
= 0.77, indicating clearly the increase in deacti
vation with pressure. The decrease in <j> at all 
pressures, as decomposition increased at room 

temperature, is very striking. Ramsperger gives 
four averaged quantum yields only, one for each 
of four initial pressures, but we calculated rela
tive values of 4> for each of his twenty separate 
experiments, and found that his values also de
creased with increasing decomposition at room 
temperature. The decrease of <£ with increase 
of initial pressure was less noticeable in Rams
perger's results, because three out of four of his 
pressures were much smaller than any of ours. 
He observed that "a very slight deposit was 
formed on the front window of the reaction 
chamber" upon raising temperature from 20 to 
100°. Such a deposit was evident to us almost 
immediately after beginning of illumination by 
X 208 mix in the pressure range in which we oper
ated. No deposit was formed at X 366 mix. The 
photolysis of even one millimeter of gas was at
tended by a decrease in 4> far greater than ex
perimental error whenever a deposit was formed. 
As our material was insufficient in amount to per
mit of refilling the cell after each twenty-minute 
run, we had to resort to graphical treatment of 
results to eliminate this complication. In Fig. 
1, plots of 4> against pressure change yield 

(10) Knrnsperger and Por t iT RNAl-, 48 , 12H7 (H12H.I 

A f ( I division = 5 mm.). 
Fig. 1.— A <f>/ A P shown as independent of / (if 

t > 226°), and dependent on wave length only. 
Curve A at X 366 m/x; circles at 25°, single-flag 
circles at 100°, double-flag circles at 226°. Curve 
B at X 208 mix; all experiments at 21°. The 
solid circle resulted just after heating the front 
window to 100° for twelve hours. Curve C at X 
335 m^; all experiments at 21°. No break re
sulted (solid circles) upon heating the front win
dow to 100° for twelve hours. 

a straight line within the limits of experimental 
error, which might be expected if the falling off 
in the light entering the cell, for small changes 
in extinction by the deposit on the window, werr 
roughly proportional to the thickness of this dt-
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posit. The opacity of the deposit is greatest at 
X 208 mft due in part to increased scattering. 
Interference rings were plainly seen after the de
posit had become well developed, an observation 
in harmony with the fact that the light intensity 
was greatest at the center of the window, and fell 
off toward the edges. The deposit could be 
partially dispelled by gentle heating of the front 
windows over twelve hours, as is evident from 
Fig. 1 upon comparing experiment 1-6 with l-7a 
at 208 m^. On the other hand, no increase in 
transmission at X 335 m/j, was observable—com
pare 1-4 with 1-5, also 1-8 with 1-9. The falling 
off in </> with increase in decomposition was like
wise much less rapid at X 335 m,u than at X 208 
m^—compare series 1-2, 1-4, 1-5, 1-8, 1-9 all at 
335 mix with 1-1, 1-3, 1-6 and 1-7 all at 208 m/i. 

Unfortunately we had material insufficient to 
trace the relation between <f> and X over the en
tire wave length range. Still, series 2a where <p 
= 0.25 at X 254 mn may properly be compared 
with the average of series 2-1 and experiment 
2-3 at X 208 m/x, 4> — 0.54. This increase in <j> 
with size of the quantum indicates that the proba
bility of dissociation before deactivation increases 
in the same sense. At X 254 imx the light energy, 
110,000 cal./mole, is more than twice the activa
tion energy, 51,000 cal./mole while at 208 my the 
ratio is nearly three. But even with this great 
excess of energy there is no evidence that a second 
azomethane molecule is activated and subse
quently decomposed. 

In view of the fact that <f> is halved in going 
from X 208 mju back to X 254 ray., the approximate 
equality in 4> for initial decomposition at XX 366, 
335 and 208 mju is at first sight unexpected. How
ever, the maximum in absorption at X 335 m,u 
appears to correspond to absorption in the N = N 
bond, for the N-C bond does not absorb in this 
region as is evident upon examining for instance 
the absorption curve of acetamide.11 Owing to 
the stability of the N = N bond and the fact that 
the two N-C linkages are both adjacent to it, a 
smaller quantum might well produce dissociation 
than in the case where a larger quantum is ab
sorbed beyond the first absorption maximum, 
presumably by a single N-C bond. 

The temperatures represented by the various 
points in Fig. 1, plot a, are distributed in random 
fashion along the (approximately) straight line, 
the slope of which, as pointed out above, is to be 

Hl) "International Critical Tables." Vol. V, p, 384. 

referred to the increase in the deposit upon the 
front window. It therefore seems permissible 
to draw the conclusion that the effect upon 4> of 
an increase in temperature of 206° is incapable 
of detection. If the photolysis were a chain re
action at 226° the large percentage of molecules 
in high vibrational states at this temperature 
might contribute noticeably to the quantum 
yields.12,13 At 260°, however, the dark reaction 
has become equal to one-third of the photo
chemical reaction, and the contribution of such 
molecules to the photochemical reaction rate is 
no longer negligible. 

We are indebted to Dr. O. K. Rice for the op
portunity to discuss with him various aspects of 
this research. 

A subsequent paper will deal with approximate 
physical analyses of the reaction products both 
thermal and photochemical. In the light of 
these data it would appear that the reaction 
mechanism is closely similar in both cases. 

Summary 

Quantum yields, <j>, for photolysis of azometh
ane at 181, 184, 377 and 665 mm. were measured 
by reference to a uranyl oxalate actinometer. 
Purification and photolysis alike were carried out 
in a train without stopcocks, following the tech
nique and precautions developed in previous re
searches. Six monochromatic radiations were 
employed. By graphical methods allowance was 
made for deposition of difficultly volatile decom
position products upon the front window. 

The quantum yield <j> approaches unity as its 
upper limit for initial decomposition at low pres
sures. 

A temperature increase, 20 to 226°, had no 
effect on <j>. Evidently reaction chains are absent 
in this temperature interval. But in the vicinity 
of 260° the photochemical temperature coefficient 
became measurable. 

With increasing pressure <j> falls off rapidly, ap
parently because of collisional deactivation. 

In the region 366 to 335 m̂ u approximately, 4> 
passes through a maximum apparently corre
sponding to a maximum of absorption by the 
N = N bond. With increasing quanta <j> next 
decreases to a minimum, then increases again 
when the N-C bond begins to absorb. 
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(12) Sickman and Allen, T H I S JOURNAL, 56, 1251 (1934). 
(13) Leermakers, ibid., 66, 1537. 1899 (1934). 


