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THE IFFECT OF Tilli WAVE LENGTH ON
THE PHOTOCHEMICAL DECOMPOSITION OF ETIHYLENE

IODIDE IN CARBON TETRACHLORIDE SOLUTIOH

The iodine-sensitized photochemical
decomposition of ethylene lodide in carbon
tetrachloride solution was found by Schmmacher and

Wiigl to be expressed by the equation

42.&521.,: e (023412) Io%
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when the transmission of thé solution is small. They

advanced a mechanism leading to the equation

d(Iz) ok
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The primary procegs of this mechanism is the absorption
of a quantum by an iodine molecule, with subssquent
dissociation of this excited molecule into atoms. The
decompozition 1s then a chain reactlion catalyzed by
these atoms, the mechanism being identical with that

of the thermal deconpogition.



Schumacher and Stiegere gtudied the effect
of the wave length on the reaction, and found that
the constant of egquation (1), divided by the wove
length, was one sixth as great at 5461 A as it was at 4358
R+ sinee the convergence limit of the band spectrum of
iodine vapor ig at 4995 ﬁ, they interpreted this result
28 being due to a laeck of dissociation of the excited
iodine molecules in ﬁhe hand region. Nowever, they
overlooked the fact that the absorption coefficient of
5461 $is much larger than that of 4358 A, and 1t w811
be shown in this péper that the rate does not fall off
greatly when the absorption coefficient and the transmission
are considered. Schumacher and Viig subtracted the
measured thermal reactlion from the total reaction to
obtain the photochenmical rezccbion. This will also be
shovn to be incorrect, because of the close connection
between the mechanisms. Thelr reacticn mizxtures were
not stirred during the decomposition, and their cal=-
culations of the constant denrended cn the assumption
that the reactions were small. In the present paper
are presented (1) results of measurements of the absorp-
tion coefficients, (2) & consideration of the correc=-
tion for thermal reaction, (3) a derivation of the
dependence of the rate on the absorption ecoefficient
and on the transmission of the solution, and (4)

results of experiments on the photochemical decomposition.
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Experimental

The carbon tetrachloride was purifised
according to the method of Polissar®. The ethylene
icdide was prepared according to the method of
looney and Ludlum4, and contained a small amount of
iodine. A welghed amount was dissolved in a
welghed amount of the purified carbon tetrachloride.

with thiesulfate
The solution was titrated for free iodine and the
concentration of the iodide calculatsde. 1In most
of the experiments the iodine concentration was
inereased by adding lodine which had been resublimed
from potassium iodide.

The cylindrical pyrex reaction cell was 4.0 cm.
in diameter, 2.1 cm. between the plane ends, contained
28 cec. of solution at room temperature, and had an
air space of 25 cc. above the solution. It was
always sealed during an experiment, precautions being
taken to avoid any decomposition of the carbon
tetrachloride during the seal-off. It was furnished
with a vertical magnetically operated plunger to act
as a stirrer.

The thermostat was so constructed that the
reaction cell could be placed in a small air space
surrounded by the wvapor of a boiling liquid except
for the path of the light beam. Since considerable
time was required for the cell to come to the

thermostat temperature, the cell was heated just to



-

the right temperature before being placed in the
thermostat. It was then left twenty uminutes before
being illuminated. I, the preliminary experiments,
with boiling water in the thermostat, the bemperature
of the ceell may have been a degree low; in the

later experiments ,using carbon tetrachloride)it wasg
probably within ‘20 of 75.60‘ The experiments at 990
were corrected for the thermal reaction occuring
before 1llumination. At the end of an experiment 5 cc.
of the reaction mixture at room temperature were
pipetted into slightly aeidified potassium iodide
solution and titrated with thiosulfate.

The light source was a quartz mercury are,
usually taking 5 to 5.5 amperes at 45 to 55 volise The
light was passed through a filter boE and two
lenses and a beam was-defined by a diaphragm. After
passing through the thermostat it was focused by
another lens on a lioll micro-thermopile immersed in
water. The intensity was measured hourly during a run
by removing the thermostat from the path of the beam.
The linearity of the gslvanometer deflection with the
current through it was tested and corrections were
applied where necessary. Suitable Corning glass
filters were used to 1solate the lines 4358 and 5461 R.

V/’}/Z/ e’
That the filters used absorbed all othe:ﬂlines wag seen
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in a spectroscops. A 1 cm. layer of a 10% solution of
cupric chloride. dihydrate served to abscrd infra-ved

and short ulira-vioclet.

The Absorption Coefficients

The absorption coefficients have been
measured by several investigators, but the results
are not very accurate. Heasurements were, therefore,
made with the same apparatus used for the decomposition.
Since the values obtained agreed well among themselves,
they were used in reference to those found in the

literatures They were calculated from the equation

| 1. 3. T
@ e

where (Ig) is the concentration of lodine in equivalents
per kilogram of solution,/ﬁ,the inside thickness of the
cell = 2.1 cnm., T0 the transmisd on of the cell
containing carbon tetrachloride only, and T the
transmission of the cell containing the iodine solution.
The values obtained are given in Table I. Since they
all involve the thickness of the cell, their absolute
values moy not be as sccurate as thelr relative values.
The average values at room temperature calculated using

concentrations in mols per liter and decadic logarithms



76,69

0g°

TABILE 1
ABSORPTION CORFFICIENTS OF SOLUTICHNS OF IODINE

IN CARBCN TETRACHLORIDE

4352 A 5461 A

(1) =% (12) «
001787 121.0 000140 1310
.00240 119.4 000300 1258
Q0309 124.0 000511 1287
00329 120.0 000599 12558

Mean 121.1+1.5 isan 1278 + 23
00238 124.9 .000215 1223
»00340 124.0 +000307 1214
+00475 123.7 «0004.30 1191
001544 125.5 000140 1210
001937 126.2 0001790 1231
00308 122.3 000280 1206
+O0397 123.8 .. 000360 1210

HMean 1283.7 +.8 Mean 1214 + 8

The mesan values, calculated with the concentrations

in equivalents per liter and natural logarithms, are:

20°

76.,6°
99°

78
84
85

800
820
840
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respectively
are, 700 and 6C compared to the values of Gillam

-

and Mortona, 800 and 803 and Getmans, 800 and 100.

O
Ghosh and Murthi' give 417 for 5461 A.

The Gorrection for Thermal Rgaction

For any catalytic chain reaction in which
the thermal and photochenicsl mechanisms are identical
and the photochemical rate isﬁproportional to the
square root of the intensity, %he square of the
photochemical rate 1s equal to the square of the
observed rate minus the square of the indepondently
ohserved thermal rates. This can easily be seen for

the present case., The combined mechanism

lp {photochemical) Ip+h/ => 2 I

1; (thermel) I -5 &3

2 Colly Iy +1I = CpH,I +I,
3 Gof, 1 —  CpH, + I

4 Coll, + I = CoH, T

5 21 — I

leads to the expression

d (Is) Ic k
e = Bl B8, B (1., 1t (1
at 2t vellyly W aos)-l—k5 (1)
If the true photochemical rate is considered to be

k
P = 1«:2(02&412)\) E}g“? (Iabs)

and
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kg4
P = k2(02ﬁ412> E%E (12) = thermal ratel
Then da(Ig) 2 2
_ P
——— = | Y

Therefore, if the intensity of light is
uniform throughout the solution, a correction of only
2% should be subbtracted if the independently observed
thermal rate amounts to 207 of the total rate. On the
other hand, if the light is very strongly absorbed so
that the 1light reaction takes place in a very thin layer,
the whole thermal reaction should be subtracted. In
intermediate situations the correction iz unecertain.
To avoid this uncertainty, the temperature of the final
experiments was reduced from 99° 1o 76.60, for there the
independently observed thermal roactlion is only .5 to
3% of the total, instead of 3 to 10%. No correction for

it was made.

Effect of the Absorption Coefficient

The rate of this reaction depends strongly
on the absorption coefficient of the light useds An
equation derlvable from the following assumptions has
been given by Allmand9 and expresses this dependence
for the general case where the rate is proportional

b
to {Igpg)”e
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Consider a #in layer at a distance x from
the illuminated side of & soclution of thickness‘[l
which is éntiprely in the path of a uniform beam.
Let(%%)x be the local rate of photochemical reaction
in this layer, Igpg the rate of absorption of radiation
(Einstein;{ per unit volume per unit time) in this
layer, Iy the intensity of the radiation (Einsteins-
per uni;‘area per unit time) in this layer, f some
functd on of the concentrations, A the concentration
of the light-absorbing constituent, o the molal
gbsorption coefficiont of A (Definition Iy :=§997“a§),
Io the intensibty of radiation incldent on the solution
(Binsteins  per unit area per unit time), and %% the
average rate cf reaction in the solutione. &ssume (1)_&
and conecentrations of reactants are uniform throughout

o Bx

the solution. (2) Beer's law (EX::IOG~ ) applies.
(3) Rate at one layer is unaffected by neighboring
lavers of solution (diffusion rate for intermediate

products is small)e. Then:



In peneral the solution will not be
entirely illuminated. If the beam hasg an area a
and the solution a volume V, the average rate in
the vessel will be

e 4 =y
de _ 2afIg® - sAl

— (1 =&
VX BpE

)
Applying this equation to the present reaction, Jet
A =x = concentration of free iodine, S = concentration

k
of tcdtal iodine, free and combined, f = ko(S«x) El’
- 5

and K :-EEE@ El e Then
V Y ks
ax , I = '2‘&%
i —0 (1 -6 “ ) (S=x)
T i

3
- XE J//*b x%dx
= 2 Ll
Io {t=to) g (i-e” 2" Y(g-x)

where & and b are the icdine concentrations before and
after 11luminaztion. Since thils expresslion cannot be
integrated, the values of X were calculated from g_énd_g
by the nse of Simpson's Rule with four sections, or by the
prismoidal formula in some experiments. This
approximation introduces an error of less than «5%.

The galvanometer deflections were made nroportional to

I, by multiplying by the wave length.
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The results of the measurements are given in

Table 2, in which Exp. is the mumber of the

experiment, G. the galvanometer deflection in
centimeters, 4t the time of illumination in minutes,
3203= the iodine before and after illumination
expregsed in ce. of (005438 N thiosulfate required to
titrate Scec. of the solution at room temmerature, T
and T respectively the calculated transmissions of

the solubtion at the beginning and at the end of

illunination, {CgH,X,) the initial concentration of
othvlens iodide in equivalents (02f4123 per Iilogram
of solution. )

Although tho results at 99° are not as
relisble as those at 76.6%, a value of the
tomperature cosfficient was calculated from the mean
velues of K. It is 1.7 per 10° at 4358 A and 1.6 at
5461 2, compered to the value found by Schumacher and

wiigt, 1.57



Expe.

28
30
34
35

26
a1

Leq

32

a7

42
43
44
51
53
61

g

Wave
4.36
277
370
4,36
3.88

Wave
277
2.58
3.09
2.70

Wave
5.19
5.29
3.98
4 .47
4 .50
3.95
2.26
342

flave
3.19
3.11
2.51
2.66
2.75
1.31
2.54
2.28

RESULTS OF THE KINETIC MEASUREMENTS

TABLE 2

At 850 T, T
initial final — -
length 5461 &, temperature 99°:
30.0 .20 3.67 .71 L0018
30.0 .20 5.22 .71  .00012
40.0 .20 4.38 71 .00053
45,0 1.26 6.32 .115  .000019
45.0 1.26 5.85 115  .000042
length 4358 A, temperature 99%:
30.0 .20 1.10 .97 .82
60.0 .20 2.60 .97 .67
60.0 5.05 10.47 .41 .16
60.0 5.05 9.79 .41 .18
length 5461 A, temperature 76.6°:
90.0 1.05 5.25 .16  .00012
60.0 1.05 4.05 .16  .00092
116.5 .76 5.07 .27 00016
125.5 .76 5.70 .27  .000054
$0.0 1.06 4.78 .16  .00026
154.0 3.01 8.30 .6056 .0000006
257.5 3.01 7.79 .0056 .000001S
252,0 2.39 6.16 .016 .00024
length 4358 A, temperature 76.6%:
61.0 7.31 9.11 .27 .20
128.0 7.35 11.25 .27 .14
116.3 3.18 5.80 .57 .36
241.0 3.18 6.45 .57 .32
138.5 3.23 6.71 .57 .30
270.5 3.01 6.33 .59 .33
245.5 3.01 9.58 .59 .18
225.5 2.39 4.68 .66 v

T BB G S W S WD W N W

- bilot used in caleulating the mean.

]2

(CBH412)

<1174
1174
01174
£1174
<1174

liean

<1174
1174
«1174
1174

Hean

«1174
01174
1174
« 1174
1174
« 1323
« 1323

- 06615

lean

<1174
« 1174
<1323
<1323
« 1383
1323
« 1323
06615

HMean

@Intensity reduced by means of a fine screen.

10° x

5.18
5.69
5.08
5.54
5.52

5.40 = .22

6.29
6.95
6.28
6.28

6‘45 i 020

1.798
1.788
1.845
1.797
1.803
1.922
1. 7772
1.740

1.809 £ .039

1.910
1.980
1. 923
1.080P
1.907
1.9622
1.821
2.080

1.945 = .058
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Discussion of the Results

The values of the specific rate are not
greatly different at the two wave lengths. This
indicates that iodine molecules, under ths conditions
of these experiments, dissoclate nearly as often
when excited by 54615&5 when excited by 4358@ and

in carbon tetreckloride solvtion
therefare that, there existe no threshold frequency
for the dissociation at the convergence limit of
iodine vapor. It 1s propeed to axplore the band

region further by undertiding experiments with yellow
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Swamar

The absorption coefficients of golutions
of iodine in carbon tetrachloride have been measured
at 4358 and 5461 X. At 200, for 4358 and 5461 g they
are respectively 121 and 12803 at 76.6°, 124 and 1210
at 990, 124 and 1210, when the concentrations are
expressed in equivalents per kilogram of solution and
natural logarithms are used.

The relative raﬁes of the iodine=~
sensitized photochemical decompdsition of ethylene
iodide in carbon tetrachloride gsolution with wave
lengths 4358 and 5461 g have been determined, Vhen
the effect of the absorption coefficient is considered,
the specific rates are not greatly different at the
two wave lengths, indicating that under these experimentel
conditions, iodine molecules exeited with light of
band reglon frequency (as far as A= 5461) disasociate
nearly as often as those exelted with light of the

frequency of the region of continuous absorption.
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