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The Spectra of Iodine Solutions. III. The 3II1-1S+ Transition of the Iodine Molecule 
in Solution1 
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The absorption of the 3IIi - 1 Z + transition of the iodine molecule is found in heptane solution near 690 m,u and its oscillator 
strength is estimated to b e / = 2.9 X 1O-4. The upper state of this transition arises from the same electronic configuration 
as the upper state of the much stronger visible 3IIo+ — 1 S + absorption and of the 1 I I - 1 S + which is hidden by the visible 
absorption. The intensity of this infrared transition is larger than by previous estimates and it lies at shorter wave lengths. 
The present more accurate values remove some difficulties encountered by Mulliken in a previous theoretical discussion, and 
they support one of two alternative assignments in the Is and Br2 visible spectra given by him. At low temperatures in 
the ether-iodine complex, both the 3IIo+ — 1 S + and the 2IIi — 1S + transit ion peaks are shifted toward shorter wave lengths by 
about 4000 kayser. 

Introduction 

The visible absorption of the iodine molecule 
arises from transitions between the 1 S + ground 
state and the excited states 3IIo+ and 1II,3 the transi
tion 3

0 n + — 1 S + being much the more intense.33 

(Although the notat ion for A-S coupling is employed 
here, the large amount of spin-orbit coupling in the 
iodine atoms modifies considerably the properties 
of these wave functions.) The transition to the 
1II state is not directly observed, bu t its presence 
follows necessarily from theoretical considerations. 
I t must be buried under the much stronger 3 n 0

+ — 
1S transition. From the same electronic configura
tion as these excited states, there is a3!^ state which 
gives rise to weak absorption bands and continuum 
in the vapor phase in the near infrared.4 

Solution Spectrum at Room Temperature.— 
Measurements of the spectrum of iodine in «-hep-
tane solution disclosed a shoulder on the side of the 
visible absorption near 690 m/x when log e was 
plotted against the wave length (Fig. 1). This ab-

Fig. 1.—Logarithm of the molar extinction coefficient of 
iodine in w-heptane vs. frequency. The weak band near 
690 m,u is the 3IIi — 1 S + transition, while the strong band is 
the 3II0

+ — 1 S + transition (plus to some extent, the weaker 
1II — 1 S + transition) of the iodine molecule. 
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sorption is almost certainly the 3IIi — 1 S + absorp
tion, since it is near the position of the analyzed 
vapor bands and, on the basis of convincing theo
retical considerations, no other transitions should 
occur in this spectral region. By subtracting 
graphically the absorption due to the stronger visible 
transitions, the intensity of this transition could be 
estimated. I t s oscillator strength appeared to be 
approximate ly / = 2.9 X 1O -4 , which may be com
pared with the previously estimated value, / = 
4.5 X 1O-5, based upon the appearance pressure of 
the vapor absorption.3,4 Although the errors in
troduced by subtracting the visible absorption 
are likely to be quite large, the solution value is 
definitely much more reliable than tha t taken from 
the appearance pressure data . The latter could 
easily differ from the actual intensity by a factor of 
two or three, but the observed factor of six seems 
very large. I t is possible, however, t ha t the process 
of solution may have modified the intensity of this 
weak transition. 

Brown4 estimated the maximum of this weak 
absorption, which lies in the continuum, to be at 
13,660 ± 90 kayser5 in the vapor phase, whereas 
in the present work it was estimated to be a t 14,600 
± 300 kayser in solution. This difference may 
conceivably be a solvent effect or possibly it may 
be due to the high temperatures used in the previ
ous work which might cause a shift in the maximum. 

Theoretical Discussion—In the A-S coupling 
approximation, the wave functions for the 5II1 and 
1II states differ principally in their spin factors. 
The introduction of spin-orbit coupling mixes these 
wave functions with each other so tha t the 3II1 — 
1 S + transition acquires some intensity from the 
1II — 1 S M transition. The amount of mixing is 
given by a parameter which may be estimated 
from the spin-orbit coupling parameter of the io
dine a tom and the singlet-triplet splitting for the 
molecule. The latter may be obtained by an ex
trapolation from the lighter halogens. Unfortu
nately, there are two alternative assignments of the 
Br2 visible spectrum. The visible absorption of 
Br2 consists of two peaks; the stronger one at 
shorter wave lengths is certainly the 1II — 1 S + , but 
the one a t longer wave lengths, which appears as a 
shoulder on the side of the stronger absorption, may 

be either (1) 3II0 
1 S + o r (2) 3II1 -

 1S+.33 These 
two assignments yield two different estimates for 

(5) Kayser (formerly cm. - 1 ) . See "Transactions of the Joint 
Commission for Spectroscopy," J. Opt. Soc. Am., 43, 410 (1958). 
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the mixing parameter in I2. Using the present re
vised data on the infrared absorption, these two 
values predict the strength of the hidden 1II — 
1 S + transition in I2 to have a strength of either (1) 
/ = 1.1 X 10"3 or (2) / = 4.3 X lO"4. This cor
responds to either 8 or 3% of the intensity of the 
visible absorption. 

The two alternative coupling parameters also give 
two estimates of the 3II0

+, 3II1 separation. These 
are (1) 3860 kayser and (2) 4660 kayser and the 
maximum separation for the extreme case of com
plete spin-orbit coupling is 5067 kayser.3a These 
values are all much smaller than the interval 5540 
kayser for the observed separation using Brown's 
data. The present investigation ,however, indicates 
that the observed interval is 4600 ± 300 kayser, 
at least in heptane solution. 

Independent of the amount of singlet-triplet 
mixing, calculations indicate that the sum of the 
strengths of the 1II — 1 S + and 3II1 —

 1S + transitions 
probably should be somewhat larger in iodine than 
in the lighter halogens.6 Using the two estimates 
of the strength of the 1II — 1 S + transition given in 
the preceding paragraph, two different estimates of 
the total strength are obtained. Only assignment 
(1) gives a total intensity that is larger than the 
observed intensity for the same quantity in Cl2. 
Mulliken considered assignment (1) the most 
likely one at the time of his paper, even though 
there were several difficulties.3a Most of these dif
ficulties are eliminated by using the frequency and 
intensity for the infrared band found in the present 
study, so that assignment (1) for the Br2 and I2 
visible spectra is probably correct. 

In additional effect of using the present frequency 
and intensity of the infrared band is to predict a 
position of the 1 I I - 1 S + that is in the banded re
gion of the 3IJo+ - 1 S + visible absorption. Since the 
1II state has a repulsive potential curve going to the 
atoms in their ground states, absorption to this 
state should result in dissociation. 

A complete explanation of the strong intensity of 
the 3IIo+ - 1 S + visible band of iodine may yet alter 
the above discussion. This transition is forbidden 
under the coupling assumptions used to derive the 
above singlet-triplet mixing. Two possible mech
anisms have been proposed for its strong intensity 
but neither is very satisfactory.351 One of these in
volves the mixing of the upper state of the 1S + -
1 S + (N, V), which appears near 190 m/x, into the 
8LT0

+ state. Measurements of the 1 S + — 1 S + in
tensity in solution show that this intensity is much 
smaller7 than previously supposed; therefore, a 
much greater mixing of the 1 S + with the 3LT0

+ 

would be required to explain the observed intensity 
than is reasonable.33 

Behavior of the 3II1-1S+ Transition in Com
plexes at Low Temperatures.—A study of the 
weak 3II1 - 1 S + absorption in complexes was made 
in an effort to ascertain if shifts occurred for this 
absorption similar to those which occur in the visi
ble absorption peak upon complexing. Unfortu
nately, for most complexing solvents at room tem
perature, a considerable fraction of the iodine pres

to) R. S. Mulliken, /. Chem. Phys., 8, 234 (1940). 
(7) J. S. Ham, I. R. Piatt and H, McConnell, ibid.. 19, 1301 (1951). 

ent is uncomplexed. The absorption of the un-
complexed iodine masks any shoulder or peak cor
responding to a shifted 3II1 —

 1 S + transition in the 
spectrum of complexed iodine. 

At low temperatures, however, nearly all of the 
iodine is complexed in some solutions8 so that there 
is no absorption of free iodine to obscure the posi
tion of this weak band. Figure 2 shows a portion 
of the spectrum of iodine in a hydrocarbon glass 
containing 5 volume per cent, of diethyl ether. The 
visible iodine band is shifted from 520 m,u at room 
temperature to 433 m/i for the ether complex at low 
temperatures.8 At low temperatures, there ap-
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Fig. 2.—Optical density of a solution of iodine in a glass 
containing ether at low temperatures. 

pears an absorption near 530 mix of about the same 
intensity (emax 25) as the 3II1 —

 1 S + observed near 
690 van for free iodine at room temperature. This 
may reasonably be identified as the same absorp
tion shifted in the complex at low temperature. It 
is doubtful that this absorption could be due to the 
presence of uncomplexed iodine since it is at 
slightly longer wave lengths than the absorption of 
uncomplexed iodine at room temperatures and since 
the equilibrium constant is probably immense at 
low temperatures. Although AH is not known for 
the ether-iodine complex, it should be —2 kcal./ 
mole or less (the dioxane-iodine complex has AH = 
— 3.5 kcal./mole9). When this is combined with 
the equilibrium constant at room temperature,10 an 
estimate of the equilibrium constant at liquid ni
trogen temperatures is about 106, so that less than 
0.02% of the iodine would be uncomplexed if the 
solutions reached equilibrium. 

If this interpretation is adopted, the frequency 
shifts of the 3II0

+ - 1 S + and 3H1 - 1 S + bands of 
iodine are 3900 and 4300 kayser, respectively, in 
going from uncomplexed iodine at room temperature 
to iodine in the ether complex at low temperatures. 
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