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Results of the optical absorption study of vanadyl ion
doped in magnesium ammonium sulphate hexahydrate,
rubidium sulphate and potassium dihydrogen phosphate
single crystals at RT are reported. The nature of optical
bands suggests a C,4, symmetry of the Vanadyl complexes
in conformity with the EPR results. Powder EPR data and
optical data are correlated to obtain the MO coefficients.

Vanadyl ions (VO?*) occur coordinated to other groups
both in solids and liquids, bringing the total coordination
to five or six. Usually the metal ion is surrounded by a
distorted octahedron of oxygen ligands. However, the
behaviour of the unpaired electron in the vanadyl com-
plexes is dominated by the strong V=0 bonding; as a
result, most of the complexes possess very nearly a square
pyramid geometry (C,4,). The EPR and optical data can be
correlated to establish the symmetry and the bonding of
the vanadyl complexes. The EPR studies of VO?* ion in
Tutton’s salts [1-5] have shown that in all these
hosts, substitutional pentahydrate vanadyl complexes
[V=0(H,0)s)** are formed. These complexes have been
found to show very nearly C,, symmetry on the basis of
optical absorption studies [6—8].

The results of single crystal EPR studies of VO?* ions
doped in Magnesium Ammonium Sulphate Hexahydrate
[MASH] (Mg(NH,),(S0y),-6 H,0) [1], Rubidium Sulphate
[RS] (Rb,;SOy) [9] and Potassium dihydrogen phosphate
[KDP] (KH,POy) [10] have shown the presence of multiple
sites of the substitutional complexes in these hosts. In RS
and KDP the substitutional vanadyl complexes are asso-
ciated with the appropriate charge compensating vacancies.
Since usually the single crystal EPR spectrum of the
vanadyl ion consists of lines from multiple sites, making
the spectrum much more complex, the spin Hamiltonian
parameters (SHP) are more easily determined by crushing
the crystal into a fine powder and by recording the poly-
crystalline spectrum [6—9, 11]. The powder EPR spectra
recorded by us on a Varian E- 109 X-band EPR spectrom-
eter both at RT and at LNT have shown that in MASH.
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RS and KDP all the single crystal sites give identical
spectra and possess an axial symmetry (i.e. g, =g, and
A, =4,) within the experimental limits. The SHP do not
vary appreciably down to LNT. Our powder EPR data
(Table 1) are in good agreement with the single crystal
EPR data (using g =g., g, =1(g.+g,)/2, A =A. and
A, =(A,+A4,)/2)[1,9,10)].

The optical absorption spectra of VO* doped single
crystals of MASH, RS and KDP, recorded on a Beckman
DU-6 spectrophotometer at RT, have shown three absorp-
tion bands at: 13000, 16100, > 30000, 13200, 16200,
~ 30000 and 12000, 15300, ~ 30000 (expressed in cm™')
respectively (Figure 1). The first one being relatively
intense, the second appears as a shoulder to it; the third is
a very intense and broad band (Figure 1). Similar bands
have earlier been observed in MgNH,PO,, 6H,0O
(struvite) [11] and in some Tutton’s salts [6—8]. From the
relative positions and the nature of the absorption bands
[12] the first two bands could be attributed to character-
istic d-d bands of the vanadyl complexes with a tetragonal
symmetry, and the third intense band towards shorter
wavelengths to the characteristic charge transfer band [12].
In the present case the first two bands have been assigned
to the following expected d-d transitions, in order of in-
creasing energy: *B,, — *E, (4 ) and *B,, = ?B,,(4)).

Absorbance
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Fig. 1. The optical absorption spectra of VO*, doped in
MASH, RS and KDP single crystals at RT. The position of
the absorption peaks and their assignments are shown.
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Table 1. Powder EPR data and MO parameters of VO?* in MASH, RS and KDP.

Host Temperature g g1 A(107%ecm™) A4, (107%cm™)
RT 1.937 1.988 190 74
MASH LNT 1.937 1.988 193 75
RS RT 1.931 1.978 178 68
LNT 1.933 1.980 180 70
WP RT 1.923 1.976 204 77
LNT 1.924 1.977 206 78
P(10*cm™") K t i () (au)
MASH RT -127 0.85 0.77 0.55 2.92
RS RT -120 0.84 0.85 0.86 2.75
KDP RT =137 0.83 0.88 0.93 3.15
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(Error in g values is = 0.002 and A values is * 2).

Under the electric dipole selection rules, valid for a
tetragonal C4, symmetry, only transition 4 , is allowed and
is expected to be relatively strong while transition 4 and a
third expected transition, 2B,, — 2A,(4), are normally
forbidden and are allowed vibronically [12]. These latter
bands are expected to be relatively weak, which indeed is
the case. The third expected d-d band (4) is probably not
detectable due to being masked by the intense charge
transfer band. These observations support the assumption
that the vanadyl complexes in the hosts under study
possess very nearly a tetragonal (C4,) symmetry in con-
formity with EPR observation.

The optical absorption and powder EPR data have been
correlated to obtain molecular orbital (MO) parameters
for the vanadyl ion from the following relations [12]:

=228 y.(o-2)

for)o 2
e

where 7 and 37 are the bonding coefficients, / is the spin
orbit coupling constant for the vanadyl ion, 4, and 4. are
the energy splittings as defined earlier,

P(=2.0023 gn BB <r?))

is the dipolar coupling constant and K is the Fermi contact
parameter. A reasonable value of /=170cm™" is usually

£l

. (1

taken for the vanadyl ion [13]. By making use of the
powder EPR data (Table 1) and observed optical absorp-
tion band positions, the equations (1) have been solved to
get P, K, B3, y1 and {r~%) as summarized in Table 1.

The calculated values for {r~3) are rather low compared
to the theoretical free ion value {(r~3) = 3.67 [14]. Such a
reduction in {r)~3 in the solid state is often attributed to
bonding effects. The parameters f} and 3} indicate the in-
plane “¢" and out-of plane “n” bonding, respectively, and
parameters (1—f7) and (1—3}) indicate the covalent
nature. The values of these parameters indicate that both
the inplane “¢” and the out-of plane “zn” bondings are of
partly covalent nature, the latter being more covalent in
the vanadyl complexes under study. It can be seen from
Table | that the covalency increases from KDP to MASH.
Since in MASH the ligands to VO** are water molecules
and in RS and KDP the ligands are oxygens from SO, and
PO, groups, respectively, it appears that the water ligands
are less electronegative than the SO, and PO, ligands, and
that the PO, ligands are the most electronegative ones. The
parameter K is related to the unpaired electron density at
the vanadium nucleus and typically varies from 0.60 to
0.85 for various vanadyl complexes. This parameter shows
extreme sensitivity to the deformations of the electron
orbitals of the central vanadium ion. The values of the
MO coefficients obtained for the VO?* complexes in
MASH, RS and KDP are close to those obtained for
various axial vanadyl complexes in a variety of crystalline
hosts [6—8; 11—13]. It may therefore be concluded that
vanadyl complexes in MASH, RS and KDP possess a
“very nearly” C,, symmetry and that the EPR and optical
results are in conformity with each other.
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