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INTRODUCTION

PLATZMAN made a major contribution to the understanding of the electronic spectra
of inorganic ions in solution in a model proposed by him and Franck® for the
optically excited states of the halide ions in solution, i.e. their charge-transfer-to-
solvent (CTTS) states. This model was later modified and extended to account for
other CTTS spectra and for their environmental effects®®. The doublet splitting
shown by the spectra of I~ and Br~ was interpreted by Franck and Scheibe® as
due to complete detachment of the excited electron. Im their model, Platzman and
Frank retained the picture of effectively free halogen atoms (keeping the solvation
structure of the parent ions) but considered the electron to be bound in the field of
the polarized medium, with the charge mainly concentrated on the solvation layer.

A recent refined analysis® of the halide spectra in various solvents has provided
evidence for additional CTTS bands, which have been interpreted in terms of different
binding states of the electron. However, there is no experimental evidence for the
presence of “free”” halogen atoms in the CTTS states. Considerable charge expansion,
as in Rydberg transitions®®, may account for the properties of these spectra. Similar
doublet splitting is shown by spectra of various iodine compounds, which are due
to internal transitions®. Moreover, even if complete electron detachment is achieved,
the state of the halogen atom should be different from that in equilibrium, where
charge-transfer intcractions are established between the atoms and solvent
molecules™®, The lifetime of the CTTS state is probably determined by diffusion
of the atom from excitation site or relaxation of solvation layer. Therefore, photo-
chemical experiments with a resolution in the picosecond time scale may shed light
on its nature.

In the microsecond time scale, the fate of excited halide ions in solution is well
known from flash photolysis experiments. These and steady-state photochemistry
experiments have provided ample evidence that chemical annihilation of the CTTS
state occurs by reaction (1):
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The solvated electron was identified by its spectrum® and by its chemical effects®,
But the halogen atoms could not be observed owing to their fast conversion to the
dihalide ions

(3] X X=X,

which were identified in solution. Only by using the matrix isolation technique,
could iodine atoms produced from I- in boric acid glasses be identified by their
atomic spectrum in the vacuum U. V.12,

Here we wish to describe a first study of the photolysis of I~ in the nanosecond
time scale, using the laser technique. The iodine atoms were identified in various
solvents not by their atomic absorption, which is masked by that of I~ and the solvent,
but by the absorption of the I-solvent complexes. From these experiments and from
others involving the laser photolysis of I,~, new information on reaction (2) is
provided.

EXPERIMENTAL

Irradiation was conducted at 265nm with a frequency quadrupled neodymium laser
(Holobeam) delivering single pulses of 215 ns duration. The transient spectra were measured at
right angles to the laser beam, using the light output from a pulsed 250 W Osram xenon lamp.
The reaction cell, with an =8 mm effective optical path, was enclosed in a temperature-controlled
jacket. i :

Ethyl and propyl nitriles (both Eastman) were redistilled from Drierite. Fresh 1,2-dimethoxy-
ethane (Eastman) was used without further purification, and all the other reagents were of
the highest purity available commercially. Tetraheptylammonium iodide {Eastman) was used
for preparing iodide solutions in ethyl and propy! nitriles and in dimethoxyethane. All iodide
solutions were freed from air by bubbling argon, but not the L~ solutions in order to avoid
evaporation of I, However, O, was found to have no effect on the results.

The hydrolysis of iodine in water at pH ~6-0 cannot have a significant effect on the results
reported below. At the concentrations of I, used Iess than 5 x 10~ mol dm—2 of I was observed
(determined from the absorption of I,~ at 287 nm). This [{~] was less than 10 per cent that of the
iodide initially added to the iodine solution, With I, alone the solutions produced very faint
transient absorption. Also, no transient absorptions were observed from the organic solvents in
the absence of 1.

RESULTS AND DISCUSSIONS

To reduce the rate of reaction (2), the concentration of 1~ had to be kept below
10 moldm—3, The extinction coefficient of I~ in water at 265 nm, at room
temperature, is = x14 dm®molcm— (1-4 m%/mol) and, therefore, under these
conditions the system could not be studied. Two methods were used to enhance
light absorption: (a)the temperature and solvent sensitivities of the iodide
spectrum®# were utilized to shift the band of I~ to longer wavelengths, {b) some I~
was transformed to I,~, which absorbs strongly in this region.

Spectra
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the organic solvents another transient absorption was observed, and its build-up
was complete within the duration of the pulse. These two types of transients are
similar to those observed with I, in hydroxylic solvents™, and they are similarly
interpreted. . _

Figure 1 shows the tramsient absorption bands produced from 10-% moldm—3
solutions of I-, 20-40 ns after the puise, and Table I summarizes the spectral data,
We assign these bands, which are completely developed within the duration of the
pulse, to charge transfer (CT) complexes of iodine atoms with solvent molecules.
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FiG, 1. Transient absorption spectra produced from the laser photolysis of 10~2 mol dm—3 I-:
in various solvents. Absorbance read 20-40 ns after the pulse.

TaBLE I. SPECTRAL PROPERTIES AND QUANTUM YIELDS OF IODINE ATOMS PRODUCED
IN THE PHOTOLYSIS OF IODIDE IN VARIOUS SOLVENTS (25°C)

In™ ey v egged Emax (1)
Solvent V) St {eV) {eV) {dm?® mol-! cm—1)
H,08 12-60 0-36}l 4-87 5-15 1040
CH;CN 12-20 0-7, 0-75f 4-53 4-80 2300.
CGHCN 11-84 04 443 448 1800
CH,(CH,),CN 1167 03 414 435 8500
CH,OHS§ 10-85 O-604f 377 397 1350
(CH;),CHOH} 10-15 0-704] 3-26 316 1550
CH,0(CH,),0CH, 965 06 296 290 4000

* From Ref. (14).

T Present work: optical excitation at 265 nm; other data at 254 nm. Quantum yield based on
Emax(l™) = 14 % 10* dm® mol— cm~L, )

1 From expression (3),

§ The spectral data for hydroxylic solvents is from Ref. {13).

I From Ref. (15).

T Assumed to equal I, of (CH;0),CHCH,"); Ref, (16) gives Inx97 eV,

Since 1o data are available with these particular solvents, the assignment is supported
by comparine the transition enercies with theorv iy was calenlated ko ncing the
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where ‘I, is the ionization potential of solvent. Relation (3) was found to apply to
“iodine atoms in hydroxylic solvents. The agreement is good although nitrile complexes
““dre expected to ‘display some m-character (sec Table I, where data for hydroxylic

" solvents were also included).

10 all our experiments the CT spectra of iodine atoms were overlapped by the
-absorption ¢f I,~, and in no case could we observe their decay kinetics. After the

""p'ﬁlse';: the ‘absorption continued to grow in relatively slowly, which indicates that at

- - :all wavelengths studied the extinction coefficients of “I-solvent™ radicals were lower

o than’ that of I,~. However, owing to their decay the growth in absorption was
. particularly slow at wavelengths close to their absorption maxima.
-+ I water jodine atoms absorb at 255 nm“®, which is strongly overlapped by the
. absorption of 1. Therefore, it was not possible to detect them in aqueous solutions
. of iodide. This overlap had to be considered also in the case of methyl and ethyl
nitriles. The corresponding spectra were corrected for depletion of I~ at the end
of the pulse. This depletion was taken as equal to the amount of I, finally produced
and before it appreciably decayed. (Under the conditions employed, 1 atoms were
completely converted to I,~; see below.) The latter was determined by assuming
emaxlle™) = 14 x 10* dmPmol~tcm— (140 m*/mol), the same value as in water®”,
Apax Of I, is little affected by solvent (compared to water, AA< 410nm was
observed) and, as in the case of I;7"®, g, is not likely to be appreciably sensitive
to solvent. More direct support for this assumption was provided by evaluating
the quantum yield of reaction (1), ¢y, from the amounts of light energy absorbed
by I~ at 265 nm and of I,~ produced. For CHyCN the value thus derived shows
excellent agreement with available data obtained from steady photochemistry
experiments®® (Table I). This is important to note, since for CH;CN the correction
for depletion of I~ was most pronounced and could affect the determination
of Az
On the basis of the same assumption, e,,,, of the I-complexes was evaluated:
Emaxtl) = 14 < 104Dy, (D Do x(I:)], dm*mol*cm~t, where D is optical density.
The values (Table I) lie in the range covered by other iodine—solvent complexes®, but
compared to other nitriles the value for propyl nitrile appears to be exceptionally

high. The ILysolvent CT bands also display marked solvent sensitivity for
(19)

‘gmax
Kinetics

The growth kinetics of I,~ was studied at 380-390 nm. All solutions contained a
large excess of I-([I~)/[F] = 100}, therefore only reaction (2) should be considered for
1 atoms. The same applies for I,~, since its decay was relatively slow. Under these
conditions the growth of I,~ should follow a first-order kinetics with

4 Kops = szI_] +k_g,

where k. and % . are the rate constants of reaction (2). in the forward and backward
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TasLE IT. RATE CONSTANT OF THE REACTION I+ 7~ = [,~ IN VARIOUS SOLVENTS

Uil . 2(exp) Kstealo)
Solvent 1°C (10 poise) (10 dm®mol~*s1) (10" dm® mol-1sY)

H,0 25 890 1302 074
75 379 2-6 2:03

CH,CN 4 420 1-7 1-45
25 3-45 23 1-90

52 2-82 2-9 2-55

C,H,CN 25 413 2.1 1-60
CH,(CH,),CN 25 5-51 1-4 1-20
CHO(CH,),0CH; 25 4-55 12 1:45

* From Ref. (20).
t From Debye’s expression: k = 8R7/30007.

[1°], 10-4m
&

25

2
{173, 107%m
Fic. 2. The dependence upon [I~] of the observed first-order rate constant for the
formation of I,~ in CH;CN, as monitored at 385 nm.

absorbed all thelight to yield I atoms by reaction (5)10;
(5) Im—2 > I +L

The formation kinetics of I, was still considered to be determined only by reaction (2),
since (a) I~ was in excess and (b) varying the concentration of I, was shown to have
no effect on the kinetics. The general solution of the kinetics of reaction (2) is

_ 1 My Jeq— o
(6) 1= kz{I-"] "l‘k_g In [Iz_}eq - [12]— ’

where {I,~}, and [I,~]., are the initial and equilibrium concentrations of I,—, respec-
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6 8
1], 104m-

Fic. 3. The dependence upon [I-] of the observed rate comstant for the
formation of I,— in water. Lower line: I~ alone; upper line: I~ in presence
of 6105 mol dm® I,. Kinetics monitored at 385 nm.

became apparent that for organic solveats, within the limits of error, ko, is propor-
tional to [I7), i.e. k_, is relatively low.

The previous values for k, in water at room temperature are 7-6 x 10° % and
9-8 x 10° dm®mol—1s—1 13 The lowest value was obtained from pulse radiolysis
experiments® where the formation of IOH™ as a precursor might complicate the
kinetics'??,

The high values of k, imply a diffusion-controlled mechanism, and this is verified
by comparing them with values calculated from Debye’s expression

8RT
(N kg = 30007

Apart from water at 25°C, where the iodine species are probably small compared
to the H,O aggregates, the agreement is within 20-30 per cent.

The line intercepts in Figs 2 and 3 give k_,, the rate constant of the back reaction.
However, as seen from the figures, considerable error may be involved in their
determination; in the organic solvents they are too low to be estimated. The value
for water at 25°C, k_, = (4+2) x 1085, is much higher than the value recently
determined, k_, = 7 10° s~1¥3, The latter was obtained from laser photolysis of I,
solutions, under conditions where [I]>[I-], so that recombination of iodine atoms
could be a major process.

Using our values of k, and k_, the equilibrium constant of reaction (2)
K, (25%) = (3+2)x 10> moldm— was derived. Previous values were 113 x 10°@®,
1-2x 102D and 1-4 x 104 mol dm™3¢®, In the organic solvents k_, <10°s~1 (Fig. 2)
and K, is at least 100 times higher than that in water. A similar increase in stability
constanis on replacing water by organic solvents is shown by polyhalide ions, e.g.
the loe X values of I.— in water and acetonitrile are 2-9 and 66 respectively. Solvation
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