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In electronic spectra of solutions of iodine salts in polar solvents, a band is observed due to charge 
transfer from the iodide ion to the solvent [1]. The nature of this electron-transfer band in a CCI 4 solu- 
tion, situated at34,400 cm -i, is not quite clear. Arguments have been advanced in favor of the hypothesis 
on a transfer inside the molecule, from the anion to the cation [2, 3], and it is believed that the band arises 
due to a charge transfer from the anion to CC14 [4]. To identify this band, we used a method of studying 
liquid systems in an electric field, described in detail in [5], which in many cases makes it possible to 
determine the dipole moments of the excited states and the direction of the transition moments. For solu- 
tions of tetraalkylammonium iodide in CCI4, the nature of the band can be determined from the values 
found. In the ease of an intramolecular transfer of an electron from an anion to a cation, the angle between 
th_ee dipole moment of the ionic pair in the ground state ~ and the change in the dipole moment on excitation 
A~ is equal to 180 ~ while for a transfer to CCI 4 it should appreciably differ from this value. 

Figure I shows a scheme of the experimental apparatus designed for studying the spectra of solutions 
in a region above 280 nm by a method of modulation by an electric field. At a spectral width of the slit of 
3-5 nm, the sensitivity of AD/D (D is the optical density, AD is its change in the field) was less than I0 -s. 
A DKSSh-1000 lamp (1) served as the source. In the power-supply circuit, a filter has been provided for 
suppressing the rectified voltage ripple to a value lower than the signal of indirect modulation. In the 
Czerny--Turner monochromator (f = 1 : 10), a diffraction grating of 1200 stokes/ram (3) has been set. The 
radiation emerging from the monochromator is polarized by the Glen prism (4). We used fixed cuvettes 
with an optimal path length of from 0.3 to !5 nm and an interelectrode spacing of 1-2 mm. Cuvette (5) was 
placed in an intermediate focus. The direction of the electric field in the sample was perpendicular to the 
direction of light. The apparatus works in two modes of operation, i.e., the normal modulation of light by 
means of a rotating shutter (2), and under the conditions of modulation by the field. In the second case, the 
change in the light flux takes place only due to a change in the absorption of the compound in the cuvette 
by the action of an alternating electric field with a frequency of 400 Hz. The radiation passing through the 
cuvette is found on the cathode of a shielded photomultiplier (6) (FEU-18A or FEU-39A), the output signal 

Fig. 1. Scheme of the experimental  ap-  
paratus .  

of which is amplified by a narrow-band amplifier  (7). Since 
the samples studied were isotropic,  the change inthe absorption 
should be independent of the direction of the field [6], and there 
should be no l inear  effect relative to the field. Control exper i -  
ments have shown that the observed signal is proport ional  to 
the square of the field intensity. Therefore ,  the amplif ier  
was set at a frequency of 800 Hz, and the signal of this f r e -  
quency, af ter  synchronic detection (8), was measured  by the 
potentiometer  EPP-09  (9). The reference signal of 800 Hz 
for the synchronic detector  passes  f rom the frequency doubler 
(10). The voltage at the frequency of 400 Hz is taken f rom a 
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Fig. 2. Spectra of solutions of (CsH1~)4NI 
in CC14 at a concentrat ion of 8 �9 10 -4 mole 
/ l i t e r  (1); de*/dv (2); in an e lectr ic  field, 
in light polar ized perpendicular ly (3) and 
paral le l  (4) to the field. 

genera tor  (11) simultaneously into the frequency doubler 
and the power amplif ier  (12). With t r a n s f o r m e r  (13) it is 
possible to obtain a sinusoidal voltage up to 17 kV, which 
is passed on the e lect rodes  of the cuvettes.  For  the expo- 
sure,  f reshly prepared  solutions were used, in which the 
370-nm band appearing af ter  a t ime, o r  af ter  the breakdown 
of the cuvette, was not present .  

Figure 2 shows the spec t rum of the solution of 
(CsHiT)aNI in CC14 at a concentrat ion of 8 �9 10 -~ mole / l i t e r .  
The peak of the band is present  in the 34,400-cm -1 region. 
The changes occur r ing  on applying the field are  i l lustrated 
by curves  3 and 4 for radiation polarized perpendicular ly to 
and parallel  to the field, respect ively .  The change in the 
absorption in a field with an intensity F is cha rac te r i zed  by 
a value S = &D/cdF 2 (c is the concentrat ion of the solution, 
and d is the length of the optical path). For  small  changes 
in the optical density,  AD = AI/I ,  where AI is the change in 
the intensity I in the field. The main e r r o r  during the 
measurement  of AI is introduced by the instability of the 
source.  The curves  shown in Fig. 2 were obtained after  
averaging the spectra ,  taken with different cuvettes.  During 
the t rea tment  of the spectra l  data, the difference in the 
form of the modulation of the signals of ZXI and I must  be 

taken into account. Under the conditions we used, during a modulation by a field with a frequency co, the 
outgoing signal var ies  as sin2wt,  while the form of modulation during the measurement  of I is nearly 
rect i l inear .  In the case of a s t r ic t ly  rec t i l inear  modulation, the value of the co r rec t ing  fac tor  for AD is 
equal to v/2.  The maximum voltage of the field in the experiment  was 80 kV/cm.  In the frequencies  region 
above 34,500 cm -1, the s ignal /noise ratio dec reases ,  due to a drop in the intensity of the source,  decrease  
in the sensit ivity of the detector ,  and the beginning of the absorption by the solvent; however,  for the purpose 
of our  investigation it was sufficient to study par t  of the band. We should note that CC14 does not exhibit 
any changes in absorption in the field. 

A charac te r i s t i c  feature of the spec t ra  obtained is that the sign of the effect is independent of the 
polar izat ion of light. Figure 2 (curve 2) shows a section of the spect rum of the f i rs t  derivative de*/dv,  
obtained graphically by differentiation of the spec t rum of e*(v). The fo rm of the spec t rum of the f i r s t  der iv-  
ative is close to the fo rm of the spec t ra  in the field. 

We shall now consider  the resul ts  f rom the point of view of the Liptei theory [5]. For  the absorption 
coefficient in the field e~F, the theory gives an expression,  which after  cer ta in  adjustments has the form 

~F (v) = ~* (v) + F ~ ( ~* (v) A ~* (v) B , ~* (v) C 
15hcv i 15h~c% 2 

ds* (v) B de* (v) C d28*(v) C ) 
-~ dv 15h-~ - -  d ~  15h2c% ' dv 2 3~c= , (l) 

where • is the angle between the direct ion of the field F and the direction of the polarizat ion of the light 
wave. Since for the molecules  of ammonium salts  /~ ~ 15D, and the polarizabil i ty is ~ ~ 4 0 . 1 0  -24 cm 3, the 
polarizabil i ty of the molecule in the ground and in the excited states can be neglected. By neglecting also 
the dependence of the matr ix elements  of the dipole moment on the intensity of the electr ic  field [5], we 
obtain 

= t~ (3cos~x_ I) ~ a (2) 
A 30 

~ - + (  3cos2 Z - -  
3 - & ; )  

kT 
(a) 

C 5 2 z = fe (AI~) + (3 cos 2 Z - -  1) f~ (3 (mA~02 - -  (51~) ~. (4) 
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Here,  f2 = 3e/(2e + 1) is a fac tor  determining the difference between the field inside the chamber  and the 
external field, e is the static die lectr ic  constant,  and ~ is the unit vector  of the transit ion moment.  

We shall evaluate the t e rms  in Eq. (1), consider ing that p = 15D, and assuming that in this case (an 
e lec t ron t ransfer) ,  A~ coincides in direct ion with ~ .  The problem becomes  more complicated because 
the t e r m s  depend differently on the angle 0 between ~he direction ~" and ~ and on the polarization of light, 
but cer ta in  numerica l  relat ionships can be established. The fourth, sixth, and seventh t e rms  in (1), even 
under most  favorable conditions, are  lower in their absolute values by at least  one o r d e r  of magnitude than 
the second, third, o r  fifth t e rms .  Thus, if we take into account the accuracy of the experiment,  the data 
introduced, and also the al ternative qualitative cha rac te r  of the suggested conclusions,  then it is reasonable 
to l imit  ourse lves  to the considerat ion of the second, third, and fifth t e rms ,  and to use the following exp re s -  
sion for  the t rea tment  of the resul ts :  

S = e ( ~ ) A - - e ( ~ )  B _  __ de(v) B (5) 
15hcv dv 15hc 

The f i r s t  component in (5) is due to the orientational anisotropy of the dipole molecules in the field, 
the second and the third also take into account the change in the frequency of the transit ion,  caused by the 
difference between the Stark displacements  of the levels  of the ground and the excited states.  The form of 
the third component is determined by the fact  that the absorption band is shifted in the field without a change 
in its form.  

In the calculat ions,  the dipole moment of (CsH17)4NI is assumed to be (18 • 3)D. The calculation was 
ca r r i ed  out at three points of the spect rum at frequencies of 30,000, 30,950 and 31,600 cm -1, and gave the 
values O = 62 ~ �9 2 ~ and &/~ = (20 ~ 10)D. The magnitude of the angle shows that a charge t ransfer  to the 
solvent is real ized.  This does not contradict  the value of A/z. The values 0 = 62 ~ should, apparently,  be 
given a significance of a cer ta in  averaged charac te r i s t i c ,  since the transi t ion of the electron to the CC14 
molecules  can be real ized in different direct ions.  For  an in t ramolecular  t ransfer  e = 180~ charac te r  
of  the spec t ra  in the field should be qualitatively different. For O = 180 =, the t e rm A is predominant,  and 
the fo rm of the spec t rum will coincide with the form of the band, while S has different signs for • = 0 and 
• = 90 ~ Hence, in par t icular ,  it is seen that a qualitative conclusion on the c loseness  of the angle e to 
54~ ' ,  when A = 0, and, consequently,  on the in t ramolecular  electron t ransfer ,  can be derived directly 
f rom the form of the spec t ra  in the field. 

According to e lec t r ica l  dipoles [7] and spectroscopic  investigations,  ammonium salts  in nonpolar 
solvents are  noticeably associated,  even at concentrat ions of 10-3-10 -4 mole / l i t e r .  To exclude the possible 
associa t ion effects in long cuvettes,  spec t ra  were taken of solutions diluted to 5 . 1 0  -5 mo le / l i t e r .  The 
c h a r a c t e r  of the spec t ra  in the field did not change, which confirms the conclusion on electron t ransfer  to 
the solvent. 

1. 
2. 
3. 
4. 
5. 
6. 

7. 
8. 

LITERATURE CITED 

M. J. Blandamer, T. E. Gough, and M. C. R. Symons, Trans. Faraday Soc., 62, 286 (1966). 
M. J. Blandamer, T. E. Cough, and M. C. R. Symons, Trans. Faraday Soe.,"5-9, 1748 (1963). 
V. V. Sergievskii, and Yu. G. Frolov, Zh. Strukt. Khim., 8, 891 (1967). 
M. J. Blandamer, T. E. Cough, and M. C.R. Symons, Trans. Faraday Soc., 62, 301 (1966). 
V. Liptei, Modern Quantum Chemistry [Russian translation], Vol. 1, Mir, Moscow (1968), p. 274. 
I. M. Kanevskii, V. A. Gribanov, F. P. Chernyakovskii, and L. A. Blyumenfel'd, Zh. Fiz. Khim., 45, 
869 (1971). 
J. A. Geddes, and C. A. Craus, Trans. Faraday Soc., 32, 585 (1936). 
G. S. Denisov, E. V. Ryl'tsev, and D. N. Suglobov, Opt. i Spektrosk. 233, 628 (1967). 

1660 


