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Abstract

The model employed takes into account the main physical factors responsible for the temperature transformations of optical
spectra and magnetic properties: intramolecular transfer of the excess electron, vibronic and exchange interactions. For a single
valence tautomeric complex the vibronic problem of pseudo-Jahn-Teller effect is solved. The magnetic moment is shown to increase
gradually from 1.73up to 4.34ug. The spectrum of the isolated complex in the near infrared range is revealed to represent a band
related to the light induced transfer of an electron from the catecholate ligand to the metal ion. The suggested model is in qualitative

agreement with the experimental data.
© 2003 Elsevier Science Ltd. All rights reserved.
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1. Introduction

Transition metal complexes of Co, Mn, Fe, Rh, Ir and
Cu with ligands derived from substituted o-benzoqui-
nones show valence tautomerism [1-20]. For Co-com-
plexes the interconversion is described by the equation:

[low-spin(ls)-Co’ " (N N)sq' ~ cat®~]
> [high-spin(hs)-Co** (N" N)(sq),]

where N*N is a chelating diiminimum ligand, the
ligands semiquinone (sq) and catecholate (cat) can be
obtained from o-quinone by an addition of one and two
electrons to the empty n* molecular orbital [20]. Large
changes in optical and magnetic properties are revealed
to associate with valence tautomeric transformation.
For a complex in solution the valence tautomeric
interconversion occurs gradually over a large tempera-
ture range of about 100 K, and the magnetic moment
increases from 1.73up at low temperatures to 4—4.4up at
higher temperatures [20]. With temperature growth in
the visible range the absorption spectrum characteristic
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of the Is-Co(Ill)-tautomer (Is: low-spin) completely
converts to that belonging to the hs-Co(II)-tautomer
(hs: high-spin) [16]. At low temperatures in the near
infrared region of spectrum of complexes in solution a
band appears at 2500 nm [16]. The intensity of this band
decreases significantly as the temperature is increased
from 15 to 295 K. The nature of this band and the
reasons of its temperature transformation have not been
revealed yet.

The theoretical description of valence tautomeric
systems has been carried out in papers [20,21]. In Ref.
[20] with the aid of the density functional method the
energy spectrum of the localized states of an isolated
cobalt complex with two o-quinone derived ligands was
obtained. The electron-vibrational coupling, the elec-
tron transfer between the cat ligand and the cobalt ion
as well as between the cat and sq ligands were not taken
into account. Paper [21] was aimed at the elucidation of
the role played by intra and intermolecular interactions
in magnetic properties of isolated complexes and
crystals undergoing valence tautomeric transformation.
As distinguished from Ref. [20] the model developed in
Ref. [21] involved electron transfer processes, magnetic
exchange, vibronic and cooperative interactions. How-
ever, the problem was solved in Ref. [21] in the adiabatic
approximation. Besides [21], this approach was also
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used in a number of papers [22—24] and was shown to
give good results, when calculating thermodynamic
characteristics of systems with labile electronic states.
Meanwhile, as is well known the validity of the adiabatic
approximation for the optical band problem of electron-
vibrational Jahn-Teller systems is restricted to the case
of strong vibronic coupling and/or high temperatures.
Detailed studies also show that in Jahn-Teller systems
some light absorption spectrum regions, for whose
calculation the non-adiabatic effects are important,
cannot be described even in the favourable case of
high temperatures and strong vibronic coupling [25]. A
characteristic example are the electron transfer bands in
mixed valence systems with double-well adiabatic po-
tentials [26]. Physically similar problems also appear in
the description of optical bands arising in the infrared
region and related to light-induced electron transfer
within a single valence tautomeric molecule so far as in
this case the mixing of the tunnel states of the molecule
by molecular vibrations results in the pseudo-Jahn-
Teller effect. Here we propose a vibronic dynamic model
of valence tautomerism in a single molecule. Using it we
shall explain the peculiarities of the magnetic properties
and describe the optical band within the infrared range.
Special attention will be put on the elucidation of the
question what type of light-induced electron transfer: cat
ligand — Co ion or cat ligand — sq ligand gives rise to the
observed band at 2500 nm.

2. Hamiltonian of the valence tautomeric molecule

Each valence tautomeric molecule is supposed to
consist of a cobalt ion (a) and two ligands b and ¢ (cat
and sq or two sq). The ligands are assumed to occupy
equivalent positions. The five d-orbitals @,, (x =1-5) of
the Co-ion are taken to form two groups (Fig. 1). The
energy gap between the group of low-lying orbitals @3,
(®a4, Qa5 and the higher in energy orbitals @,;, @., will be
considered well above than the separation of states in
each group. The six electrons of the Is-Co(II)-ion are
paired up in the orbitals ¢,, (¢ =3-5) (Fig. 1(a)). The
unpaired electron in the 1s-Co(II)-ion may occupy either
of the two orbitals ¢,; or ¢, (Fig. 1(b)). The lowest in
energy occupation schemes for the hs-Co(II)-ion look as
follows: two of the low-lying orbitals ¢,, (¢ =3-5) are
doubly occupied and the other three orbitals are singly
occupied (Fig. 1(c)). For the ligands the only molecular
orbital ¥4 (d =b, ¢) is taken into account (Fig. 1(d and
e)).

The Hamiltonian of an isolated molecule is written in
the form:

h=H,+H, +H, )]

where H. is the electronic Hamiltonian determining the
wave functions and the eigenvalues of a molecule in the
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Fig. 1. Schemes of orbitals for the Co-ion and o-quinone derived
ligands. (a) 1s-Co(I1)-ion, (b) Is-Co(II)-ion, (c) hs-Co(II)-ion, (d) cat-
ligand, (e) sq-ligand.

fixed nuclear configuration, the Hamiltonian H, con-
tains the kinetic and potential energies of all electrons as
well as their interelectronic repulsion. Ay is the Hamil-
tonian of free lattice vibrations and H.y is the Hamilto-
nian of vibronic interaction. As a basis set we take the
states of a molecule with localized electrons arising from
its four configurations [21]:

I. Is-Co(Ill)(a), cat(b), sq(c);

I1. 1s-Co(IT)(a), sq(b), cat(c);

III. Is-Co(IT)(a), sq(b), sq(c); 2
IV. hs-Co(II)(a), sq(b), sq(c)

For the construction of the electronic wave functions of
the localized molecular states the following spin cou-
pling scheme is applied

§u+§b:’silb7 Silb—’_‘si:g (3)
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where S is the total spin of the molecule, S, is the
intermediate spin, S,, S;,, S. are the individual spins of
the Co-ion and the ligands, respectively. In the accepted
spin-addition scheme the general form of the electronic
molecular wave functions can be presented as follows:

@SS )My = > Cure CM o
mg,my,
|(I){l(a)(Sama)(Dé(Sbmb)q){*(S(’ch (4)

here j = 1-4 refers to the configuration (Eq. (2)) from
which the state originates, M is the projection of the full
spin S, S=12forj=1,2,S=1/2,1/2, 3/2 for j=3 and
S=1/2, 3/2, 3/2, 5/2 for j=4, « =0 for unique states
arising from configurations I and II (j=1, 2), but for
j=3, a=1, 2 and corresponds to the label of the d-
orbital with the unpaired electron in the Is-Co(II)-ion
(Fig. 1(b)). Analogously, for j =4 « acquires the values
3-5 that point out to the singly occupied d-orbital of the
lower group of orbitals in the hs-Co(II)-ion (Fig. 1(c)).
Finally, m,, my,, m., m,, are the projections of spins S,,,
Sp, Se, Saup, respectively, CS*m‘S m, are the Clebsch—
Gordon coefficients, (I)"“)(S m) and @ (S,my) (d=b,

¢) are the wave functions of the Co-ion and the ligands
complying with the configuration j. The evident form of
these wave functions is listed in Ref. [21]. With the aid of
wave functions (Eq. (4)) the matrix elements of opera-
tors H, and H., were calculated. One can find the
detailed description of the calculation procedure in Ref.
[21]. In the basis of the states |j(«)S(S,,)M ) only the
following matrix elements of the operator H. are non-
Zero:

((@)S(Sp)M|H,|j(0)S(S,)M) = A; — J(S(S+ 1)
_Sa(Sa + 1) - Sb(Sb + 1) - SC(SC + 1))7
(=3, 4),

(L(O)1/2(0)M|H,|3()1/2(0)M) = 1,

20)1/2(1/2)M|H,|3()1/2(0)M) = —%,

2O)1/2(1/2)MH,|3()1/2()M) = —\fm

(10)1/2(0)M|H,|2(0)1/2(1/2)M) = 1, )

here 43 and 44 are the energies of the states
13()S(Sap)M > (=1, 2) and [4(a)S(Sup) M) (2=3-
5) with allowance only for crystal-field splitting and
intra and intercenter Coulomb interactions, these en-
ergies are counted off from the energy of the states
FO12(Sep )My (j=1, 2), J3 and J; are the multi-
electronic exchange parameters for states of configura-
tions III and 1V, respectively. The parameters ¢; and ¢,
describe the electron transfer from the cat®~ ligand to
the Is-Co(II)-ion and from the cat>~ to sq' ~ ligand [21].
As in Ref. [21] we only take into account the interaction

of the Co-ion with the local full-symmetric (breathing)
Aj-mode. Reading of the vibrational coordinate Q from
its equilibrium position in the states [j(0)1/2(S,,)M )
(j=1, 2) we write the operator of the linear electron-
vibrational interaction in the following form [21]:

H,, = V(") —)(Q— Q)= V(g (6)

here 7 represents the set of electronic coordinates of the
Co-ion, v = (j(0)1/2(S,,)M|V(P|j(0)1 /2(S,,)M), Qo=
—vlhw, (=1, 2), w is the vibrational frequency. The
matrix elements of the operator V'(7) are expressed as
follows [21]:

JO1/2(S )MV (D]O)1/2(S)M) =0, (=1, 2),
(H()S(S )MV (P)]j()S (Si) M)

=0,0,,0s,5, 0550 par's (7)
(/:3a 4)
Finally,
hao 0?
H, = — 8
=" (7 50) ®)

From Egs. (5) and (7) it follows that the states |3(c)3/
2(1)M » and |4(x)S(S.»)M ) represent the eigenstates of
the electronic Hamiltonian H, and are not mixed by the
vibronic interaction either with each other or with other
states. The solution of the vibronic problem for these
states is trivial:

el(i, n)=A3—;J3—2l;§w+hw(n+;), (g, =29),
v3 1

ez( , n>=A4+2J4 2h+ha)<n+2), (g, =0),

63( , n>=A4+3J4—2;i)+hw<n+;>, (g5 =24),

e4(5, n>=A4 7J4—2l}i}+hw<n+;), 0

where the numbers g; indicate both the spin and the
orbital degeneracy of the molecular states, n is the
quantum number of the harmonic oscillator. In turn, the
six states |j(0)1/2(S,p)M > and |3(x)1/2(S,»)M ) are
connected by electron transfer. Each of them interacts
with full- symmetric vibrations. As a result the pseudo-
Janh-Teller problem arises. The hybrid vibronic wave
functions corresponding to the dynamic vibronic pro-
blem are written as the expansions over the unperturbed
electronic (|j()1/2(S,5)M ), j=1, 2, 3) and vibrational
states:
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o0

6
D, (F, @)=Y > 1qC,liM)
i=1

n=0
=) 7,()(C},[1(0)1/2(0)M)
n=0

+ CL[2(001/2(1/2)M) + C2,|3(1)1/2(0) M)

+ CY3(D)1/2(1)M) + C3,3(2)1/2(0) M)

+ CS[3(2)1/2(1)M)) (10)

here y,(g) denotes the harmonic oscillator wave-func-
tions and the index v indicates the hybrid states of the
valence tautomeric molecule. For numerical calculations
of the eigenvalues and eigenvectors of the vibronic
dynamic problem 60 unperturbed oscillator states were
taken into account (general dimension of the vibronic
matrix 360 x 360). For given below parameter values
increasing the number of basic states does not lead to
any change in the energy of the lowest 60 vibronic states,
which means that the dimension of the adopted basis set
is sufficiently large.

3. Magnetic moment

The Van Vleck equation

> gS(S + 1) exp [~ E(S)/kT]

2 2.2 LS
_ , 11
HmE S g exp [~ E(S)/kT] (b
S

and the electron-vibrational levels obtained by diago-
nalization of Hamiltonian (Eq. (1)) are used for
calculation of the magnetic moment of the valence
tautomeric molecule. As a matter of fact, Eq. (11)
contains the summation over the hybrid levels E,(1/2)
corresponding to the hybrid wave functions (Eq. (10)) as
well as the summation over the pure vibrational levels
e;(S,n) (Eq. (9)) arising from the localized states |3(c)3/
2(1)M» and |4(a)S(S.»)M ). After substitution Eq. (9)
in Eq. (11) the expression for x> appears as follows:

2,2
, & up |3 E,(1/2)
= — e J—
w=m e [ kT

v

+7’ lha) (15 exp [_6156342)}
sinh {}

2kT

9 e,(1/2)
+ J—
4P { kT

315 e,(5/2)
e )

} +45 exp {— 63(3/2)}

kT

z=2 Z exp {— EV](CIY{Z)} + :

X (4 exp {— 615637{2)] +3exp {— ezgj{Z)]

+ 12 exp [— 63;37{2)} +9 exp {— 64;57/12)}>

(12)
e(S) = e/(S, n)—hw(n+1/2) (13)

For the calculation of the temperature dependence of
the magnetic moment the following key parameters were
used: v3=1050 ecm !, vy, =1575 ecm ™', J3=40 cm !,
Jy=30cm ', A3=1145cm ™', 4,=2018 ecm ™, £, =
1075 em ™', =73 em~ !, hw =390 cm ' (Fig. 2,
curves 1, 2). The values of the parameters v;, Jj, 4;,
(j=3, 4), t, t, are close to those estimated in Ref. [21]
from the crystal field model and experimental data. The
variable temperature magnetic moment is depicted in
Fig. 2. It is seen that with temperature rise the magnetic
moment increases gradually from 1.73up to 4.34ug (Fig.
2, curve 1). The valence tautomeric interconversion
takes place in temperature range of about 100 K. The
essence of this result is clear from the adiabatic potential
scheme (Fig. 3). The numbering of the adiabatic
potential branches U;(S;|¢) coincides with that given
in Ref. [21], wherein the analytical expressions for
U;(S|g) were derived. The sheets U;(S;|lq¢) (i=6-9)
have an oscillator shape and correspond to the localized
states |3(¢)3/2(1)M > and |4(«)S(S,)M ). For these
states the electron-vibrational levels represent pure
harmonic oscillator levels (Eq. (9), Fig. 3). The shape
of the adiabatic curves U;(1/2]q) (i=1-5) is not
parabolic. These curves originate from the states
F(O)1/2(S,)M > (=1, 2) and |3()1/2(S,,)M » coupled
by electron transfer. As it was said above the numerical
diagonalization of the total Hamiltonian / (Eq. (1)) in
the basis of the states |j(0)1/2(S,,)M > (j=1, 2) and
|3(a)1/2(S5)M >y gives the vibronic levels with the
energies E,(1/2). From Fig. 3 it is seen that the lower
three vibronic levels are approximately equidistant and
similar to the harmonic oscillator energy levels. In the
higher vibronic states the electronic and nuclear states
are completely mixed, and their spectrum cannot be
interpreted in a simple way. For given parameter values
the minimum of the adiabatic potential sheet Uy(1/2|q)
is the lowest one, and it is followed by the minima of the
sheets Us(5/2|q), Us(3/2|q), U(1/2|q). The ground
vibronic level (Ey(1/2)) possesses the spin 1/2, and
therefore the low temperature limit of the magnetic
moment is 1.73ug (Fig. 2, curve 1). The magnetic
moment retains the value u <2ug up to T=120 K
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Fig. 2. Plot of the magnetic moment versus temperature for the parameters: A3 = 1145 cm ™!, 4, =2018 cm ', v3=1050 cm !, v, = 1575 cm 1,

J=40em~ ', J,=30em ™, hw =390 cm ™', ,=73 cm (1, 2) t; =1075 cm ™l (3) 1, =850 cm” (4) t; =800 cm ™', The curves 1 and 2 were

calculated in the vibronic-dynamic and semiclassical models, respectively.
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Fig. 3. The adiabatic potentials of an isolated complex in the case of
the parameters: 43 = 1145 em™ !, 4,=2018 em ™!, 1, =1075 cm ™',
tr=73ecm™ ', J3=40cm ', J;=30cm ™', 3 =1050 cm ', vy = 1575
em ™!, liw =390 ecm~!; (1) hybrid vibronic levels with v = 0—4-thick
solid lines, (2, 3, 4) harmonic oscillator levels for n =0, 1, 2; (2) e5(1/2,
n)-thin solid line, (3) e3(3/2, n)-thin dashed line, (4) e4(5/2, n)-thick
dashed line.

(curve 1) and this is confirmed by experiment [16,20].
Then with temperature rise the levels with the energies

E(1/2) and e4(5/2, 0) are populated, and the magnetic
moment increases significantly. The obtained values of
the magnetic moment at low and high temperatures as
well as the width of the temperature range wherein the
transformation occurs are close to experimental ones. A
more precise fitting of experimental data for the
problem with eight parameters ¢, t, 4;, v;, J; (=3,
4) seems to be excessively flexible. For comparison in
Fig. 2 the magnetic moment curve obtained in the
semiclassical approximation is also shown (curve 2). We
notice that in the adiabatic approach the low tempera-
ture limit x(0)=1.73ug. One can also see that for
temperatures 7"<70 K the magnetic moment values
calculated in the vibronic dynamic and adiabatic models
are the same. Beginning from 7=70 K the curve
obtained in the semiclassical approach lies higher. The
maximum discrepancy takes place in the range 120 <
T <220. However, the difference between the magnetic
moment values obtained in both models is less than
22.3%. At temperatures 7T >220 the curves draw
together. Curves 3 and 4 in Fig. 2 are calculated with
the same parameters 4;, v;, J;, 1, as curves 1 and 2, but
for the transfer parameter ¢; smaller values are taken.
For the value 7, =850 cm ™' the magnetic moment
increases abruptly (Fig. 2, curve 3), because the gap
between the minima of the sheets Uy(1/2|g) and Uy(5/
2|g) decreases. For the parameter 7; = 800 cm ! (Fig. 2,
curve 4) the minimum of the adiabatic potential sheet
Us(5/2]q) becomes lower than that of the sheet Uy(1/
2|q), the level e4(5/2, 0) is the ground one, and the low
temperature limit of the magnetic moment corresponds
to the spin S = 5/2.
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4. Charge-transfer band

The shape of the charge-transfer band arising under
absorption of unpolarized light is described by the
equation:

1 , —
LR B D) Bhs o)

MM v>v v
|<¢1!M|dxex + dyey|¢v’M’> |2 (14)

here N, =2 exp [—E,(1/2)/kT] is the equilibrium popu-
lation of the vth vibronic level, the partition function z
is determined by Eq. (12), p,,() is the line shape
connected with the transition between hybrid vibronic
states v and v'. This line shape is assumed to be
Gaussian:

(E, — E, — hQy’

AQ2) =
P, (£2) 52

(15)

1
Nory) exp
To smooth the quantum discrete structure of the entire
band the second moment of the individual line 4 should
be comparable with the hw value. As well as in Ref. [26]
we put here A = i =390 cm ~'. Finally, e, and d,, (« =
X, y) are the components of the polarization and dipole
moment vectors, respectively. The symbol |{...)|* means
the averaging over the light polarization. Eq. (14) only
accounts for optical transitions between hybrid states v
because in the |j(«)S(S,,)M > basis the operators d, and
dy have only non-vanishing diagonal matrix elements.
Substituting Eq. (10) into Eq. (14) and carrying out the
averaging over the light polarization one obtains

LR 3D 30 3D DEt e

v>v v nn 0

C1, Ch Cl, L (T + dld) (16)
where the matrix elements d”and a”y’ are given in Ref.
[21]. For numerical calculations of the absorption
coefficient the transitions between 70 lowest states
were calculated (the full number of transitions taken
into account was 2485). The temperature dependence of
the absorption coefficient K(Q) ~ QF(Q) is presented in
Fig. 4. For all temperatures the charge-transfer band
remains essentially asymmetric and possesses a shoulder
in the high-frequency range (4 = 2000) as well as a long
tail in the low-frequency range. Meanwhile the position
of the band maximum at A, =2500 nm remains un-
changed with temperature rise. For the absorption band
at T =295 K two curves are shown in Fig. 4. The first of
them accounts for all possible optical transitions be-
tween the 70 hybrid states taken into consideration,
while the second one is calculated with the allowance
only of the transitions between the ground vibronic state
and the excited ones. We see, that the contribution of
the optical transitions between the excited hybrid states
even at 7'=295 K is less than 24% in area and amounts

2000 2500 3000 3500 4000
A, nm

Fig. 4. Temperatures dependence of the absorption coefficient for the
parameters: 43 = 1145 em™ !, 4,=2018cm™ Y, 1, =1075cm ™!, 1, =
73 cm ™!, J3=40 cm ™!, J,=30 ecm ™!, v3=1050 cm ™!, vy =1575
cm— l, @ =130° how =390 cm ™~ ! T=295 K: dashed line-contribution
to the band shape of the optical transitions between the ground hybrid
state and excited ones.

to 22,5% in the band maximum height. When decreasing
temperature, this contribution falls because of the
decrease in the populations of excited states. With
temperature rise the intensity of the charge-transfer
band diminishes. However, the difference in the inten-
sity of the band at temperatures 15 and 150 K is not
significant. Ranging from 150 K a noticeable decrease in
the band intensity is observed. Finally, at 295 K the
height of the band maximum at 2500 nm becomes 2, §
times smaller than that at 15 K. The peculiarities of the
temperature behaviour of the charge-transfer band can
be explained as follows. In the temperature range 15-70
K the lowest two vibronic levels with v=0 and 1
corresponding to S =1/2 are mainly populated. There-
fore at these temperatures the charge-transfer band has
its maximum intensity, while the magnetic moment
acquires its minimum value 1.73up (Fig. 2, curve 1).
With temperature increase the harmonic oscillator levels
with spins 5/2, 3/2, 1/2 start populating. A redistribution
in the population of the states with different spin values
takes place. So far as the degeneracies g; of the oscillator
levels ¢;(S/n) with i=3, 4 (Eq. (9)) are high in
comparison with the degeneracy g, =2 of the hybrid
levels v, the relative Boltzman population of the latter
ones N,/z decreases with temperature. This results in the
fall of the intensity of the charge-transfer band (see Eq.
(14)). It should be stressed that the obtained tempera-
ture dependence of the charge-transfer band is in
accordance with that of the magnetic moment so far
as the temperature increase of the magnetic moment
(Fig. 2, curve 1) indicates on the population of the
harmonic oscillator levels ¢;(S,0) (i =3, 4) with higher
spin values.

If the transfer parameter 7; is decreased (Fig. 5), but
all other parameters are taken the same as in Figs. 2—4,
for T=15 K the intensity of the band at 2500 nm
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vanishes. For instance, for 1; =800 cm ~ ' the ground is
the harmonic oscillator level e4(5/2, 0) and the popula-
tions of all other states at 15 K are negligible. Therefore
K(Q) turns to zero. This result does not contradict the
temperature dependence of the magnetic moment, for
t; =800 cm ™', 1(0) = V35 (Fig. 2, curve 4). On the
other hand, for 7, =0 cm ! and #, = 1300 cm ~ ! a band
with a negligible intensity can be obtained. Meanwhile,
the overlap of the orbitals of the Co-ion and of the
ligands is far stronger than the overlap of the orbitals of
the ligands b and ¢ [21], consequently, the parameter ¢,
is well above than the parameter #,, so that the value
1, =1300 cm ' is set too high for the problem under
consideration. All above said allows us to assume that
the band at 2500 nm appears mainly from the light
induced electron transfer between the cat ligand and the
Co-ion (Fig. 4). It should be also mentioned that the
temperature behaviour of the charge-transfer band
presented in Fig. 4 resembles the experimental one
obtained in paper [16].

5. Concluding remarks

We have considered the problem of valence tauto-
meric transformation in an isolated complex. In the case
of comparable parameters of vibronic interaction and
metal-ligand electron transfer the adiabatic approach
proves to be invalid for the description of the charge-
transfer band in the near infrared range. So far as the
localized molecular states arising from configurations
[1s-Co(III), cat, sq] and [Is-Co(II), sq, sq] are coupled by
electron transfer the dynamic pseudo-Jahn-Teller pro-
blem appears. Solving this problem, we have obtained
the temperature dependence of the shape of the charge-
transfer band as well as of the molecular magnetic

5

4 /—\:

2000 2500 3000 3500 4000
A, nin

Fig. 5. Absorption coefficient as a function of transfer parameters:
T=15K, 43=1145cm ™!, 4,=2018 ecm !, J5=40 cm !, J, =30
em ™!, 03 =1050ecm ™Y, vy =1575ecm ™!, o = 130°, hiw =390 em L. (1)
n=1075em™ ", =73 em ™ (2) 1 =900 cm ™!, =73 cm~; (3)
f1=80cm ', =73cm ;@) =800cm ', ,b=73cm ;5 1, =
Ocm ™', ,=1300 cm ™.

moment. The calculations carried out show that the
optical band in the infrared range may be assigned to
light-induced electron transfer from the cat ligand to the
Co-ion. At the same time the suggested model repro-
duces the course of the temperature dependence of the
absorption spectrum in the infrared range. The compar-
ison of the magnetic moment curves obtained in the
vibronic dynamic and semiclassical models demon-
strates that in a sufficiently wide temperature range
the latter model provides quite a good description of the
magnetic properties. It is worth nothing that the
developed vibronic approach makes it possible to
explain simultaneously the spectroscopic and magnetic
characteristics of a single valence tautomeric molecule.
However, it should be noted that the valence tautomeric
transformation is always accompanied by the change of
the vibrational frequency (frequency effect) [27]. This
effect arises from quadratic electron-vibrational inter-
action and was analysed for spin crossover systems in
our paper [27]. In future we are going to extend the
model suggested in Ref. [27] to valence tautomeric
systems. It should be also mentioned that during the
valence tautomeric transformation the ligand—metal
distance changes appreciably with temperature increase.
This effect leads to the temperature dependent vibronic
coupling parameters and also needs a special considera-
tion. The other problem we are going to address in
future is the spin—orbital interaction, however, it is
known to be sufficiently reduced for Co-complexes with
ligands derived from substituted o-benzoquinones [20].
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