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Abstract
Full Text
N. G. BAKHSHIEV

A NEW SPECTROSCOPIC METHOD FOR
STUDYING THE ANISOTROPY OF ELEC-
TRONIC TRANSITIONS IN POLAR MOLECULES
(Presented by Academician A. N. Terenin, 11 IV 1963)

It is known that electronic transitions in molecules are characterized by a cer-
tain anisotropy. The direction of the vector D of the dipole moment of the
corresponding transition coincides with the direction along which the displace-
ment of electron density occurs when the molecule absorbs or emits a quantum
of light. Knowledge of the absolute orientation of the vector D relative to the
molecular skeleton is important for understanding its electronic structure and
is of considerable interest.

At present a number of methods are known that make it possible to study the
polarization of electronic transitions in molecules. All of them (with the excep-
tion of the case of crystals) are based on creating, by one means or another, and
studying an artificial optical anisotropy of the sample, which is a consequence
of the intrinsic anisotropy of the molecules composing the substance and which
manifests itself when the randomness of their orientation in space is disturbed.
The latter is achieved as a result of the action on the system under study of
fields of mechanical (1−6) or electrical (7−8) forces, and in particular cases also
of intense polarized light (9−11). Information on the absolute orientation of the
moments of electronic transitions is then obtained as a result of analyzing data
from polarization measurements (absorption dichroism or the degree of polariza-
tion of fluorescence). We note that the usual methods of polarized fluorescence
of optically isotropic objects (solutions, amorphous solids, etc.) make it possi-
ble to determine only the relative orientation of the absorption and emission
oscillators in a molecule (12−14).

In the present work the idea is set forth of a new spectroscopic method for study-
ing the anisotropy of electronic transitions in polar molecules, which does not
require the creation of artificial optical anisotropy of the sample or the carrying
out of any polarization measurements. In this method, the determination of
the absolute orientation of the vector D of the moment of an electronic tran-
sition relative to the molecular skeleton is based on studying the influence of
intermolecular interactions on the absorption and fluorescence spectra of the
molecule under consideration (15−19).

In works (18,19), on the basis of a theory (16) describing the influence of uni-
versal (20) intermolecular interactions (orientational, induction, dispersion, etc.)

sovietrxiv.org/items/ru-196301.68384 Machine Translation

https://sovietrxiv.org/items/ru-196301.68384


Fig. 1

Figure 1: Fig. 1

on the position of the electronic spectra of molecules in liquid two-component
solutions, a general spectroscopic method was proposed for determining the per-
manent dipole moments of molecules in the ground ( ⃗𝜇𝑔) and first excited ( ⃗𝜇𝑒)
electronic states, as well as the angle 𝛼 between the moments ⃗𝜇𝑔 and ⃗𝜇𝑒. It is
not difficult to show that the vector Δ ⃗𝜇, which is the vector difference of the
moments ⃗𝜇𝑒 and ⃗𝜇𝑔, coincides in direction with the vector D of the moment of
the corresponding electronic transition and thereby directly indicates in which
direction the electron density is displaced when the molecule absorbs or emits a
quantum of light (we assume here that the absorption and emission oscillators
either coincide in direction or form a small angle with one another).

It is known that the vector of the electric moment of any overall neutral system
of electric charges (in particular, a molecule) is determined by the equality (21)

⃗𝜇 = ∑
𝑖

𝑒𝑖R𝑖, (1)

where the summation extends over all elementary charges (electrons and nuclei)
entering into the system, and R𝑖 is the radius vector drawn to the charge 𝑒𝑖
from some arbitrary initial point 𝑂. If R1 and R2 denote the radius vectors
of the centers of gravity of, respectively, the positive and negative charges of a
molecule in the ground state (Fig. 1a), then

Fig. 1

⃗𝜇𝑔 = −𝑄(R2 − R1) = −𝑄l𝑄, (2)

where 𝑄 is the total charge.

Let, as a result of excitation, a redistribution of the electron density occur in
the molecule, accompanied by transfer of part of the negative charge −𝑞 in the
direction 𝐼 − 𝐼 (Fig. 1b). Naturally, in this case the center of gravity of the
negative charges will shift, whereas the center of gravity of the positive charges
(nuclei) will remain practically unchanged. Then

⃗𝜇𝑒 = 𝑄R1 − (𝑄 − 𝑞)R2 − 𝑞R3 = −𝑄l𝑄 − 𝑞l𝑞 = ⃗𝜇𝑔 + Δ ⃗𝜇. (3)

It is easy to see that the direction of the vector Δ ⃗𝜇 coincides with the direction
𝐼 − 𝐼 , along which charge transfer occurs upon excitation, i.e., ultimately, with
the direction of the transition moment vector D. Thus, if the magnitude and
absolute orientation of the moment ⃗𝜇𝑔 relative to the molecular skeleton are
known (which, generally speaking, in most cases presents no special difficulty),
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then, by determining from spectroscopic data by the method (18,19) the values
of ⃗𝜇𝑒 and 𝛼, one can directly obtain information on the polarization of the
electronic transition under study by finding the direction of the vector

Δ ⃗𝜇 = ⃗𝜇𝑒 − ⃗𝜇𝑔. (4)

Let us turn to specific examples. Earlier, in work (19), the values of 𝜇𝑔, 𝜇𝑒, and
𝛼 were determined for a number of phthalimide derivatives, and considerations
were presented concerning the electronic structure of the indicated molecules
in the ground and first excited electronic states. In this case the moments ⃗𝜇𝑔
were calculated on the basis of the vector-additivity scheme by means of the
expression

𝜇2
𝑔 = 𝜇2

0𝑔 + 𝜇2
𝑥𝑔 + 2𝜇0𝑔𝜇𝑥𝑔 cos[ ̂𝜇0𝑔, 𝜇𝑥𝑔], (5)

where ⃗𝜇0𝑔 and ⃗𝜇𝑥𝑔 are, respectively, the dipole moments of the phthalimide
molecule and of the substituent, while the quantities ⃗𝜇𝑒 and 𝛼 were found from
spectroscopic data (18,19). Let us try to determine the absolute polarization of
the long-wavelength electronic transition in the molecules of 3-aminophthalimide
and 4-aminophthalimide in two ways—from the electronic structure of these
molecules and with the aid of the spectroscopic method developed here.

According to (19), the processes occurring in these molecules upon absorption
or emission of a light quantum in the region of the long-wavelength transition
can be expressed by the following scheme

[chemical reaction scheme]

i.e., as a result of excitation, there is an enhancement of the conjugation of the
amino group with the ring, accompanied by charge transfer from the nitrogen
atom to the oxygen of one of the carbonyl groups along the chain of conjugated
bonds. Obviously, in this case the transition-moment vector D must coincide
with the straight line 𝐼—𝐼 , passing through the corresponding N and O atoms
(Fig. 2 b, g).

[Figure with vector constructions and molecular structures, panels a, b, v, g]

Fig. 2

Taking as the principal direction from which the angles are measured the direc-
tion of the dipole moment ⃗𝜇0𝑔 of unsubstituted phthalimide (clockwise positive,
counterclockwise negative), it is not difficult, from the structural model of the
molecule, to determine the values of the desired angles 𝜗. The corresponding
values are given in the next-to-last column of Table 1.

On the other hand, the direction of the vector D can be determined, as shown
above, from the vector relation (4). In Fig. 2 a, v the corresponding con-
structions are shown for both molecules studied. As in (19), the values of 𝜇𝑔
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were calculated by formula (5) from the condition 𝜇0𝑔 = 2.14 D (22,23) and
𝜇𝑥𝑔 = 1.50 D (24,25), the angles between the moments 𝜇0𝑔 and 𝜇𝑥𝑔 being taken
equal to 90∘ and 30∘, respectively, for 3-amino- and 4-aminophthalimide. The
values of the angles 𝛾 were determined from the construction, while the angles 𝛼
and the moments 𝜇𝑒 were taken from work (19) (see Table 1). The final results,
i.e., the values of the angles 𝜗 between the direction of the vector Δ ⃗𝜇 and the
vector ⃗𝜇0𝑔, are given in the last column of Table 1. Comparison of the values of
𝜗, determined

⋯obtained by different methods attest to their good agreement (the deviation
in both cases lies within ±10∘).

Thus, the proposed method can apparently be used to study anisotropy and to
determine the absolute polarization of electronic transitions in polar molecules.
As already indicated, when it is used there is no need to create an artificial
optical anisotropy of the sample or to carry out polarization measurements. It is
only necessary to know the positions of the absorption and fluorescence spectra
of the molecule under study in a series of solvents, as well as the absolute
orientation of the moment ⃗𝜇𝑔 in the ground state relative to the molecular
skeleton.

Table 1

Substance

𝜇𝑔, D ac-
cording
to (18)

𝜇𝑒, D ac-
cording
to (19) 𝛾, deg

𝛼, deg,
accord-
ing to

(19)

𝜗, deg,
by

electric
dichro-

ism

𝜗, deg,
by

spectr.
method

3-
aminophthalimide

2.6 4.9 35 20∘ 4 −3

4-
aminophthalimide

3.5 6.7 13 15∘ 37 42

In conclusion it should be noted that, as was already mentioned, we have not
dealt here with more complex cases: noncoincidence in the direction of the os-
cillators of absorption and emission, the role of various relaxation (intra- and
intermolecular) processes, etc. All these phenomena, which may affect the ap-
plicability of the method, deserve special consideration.
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