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A general and approximate method based on the concept of a point charge point dipole
method is applied to some compounds to estimate the g values of molecules with a para-
magnetic ion in the presence of a strong crystalline electric field. The paramagnetic ion con-
sideren is Cu2* and the compounds are Cu(en)2 Cl,.2H,0, Cu(NH3)4SO -H,O and Cu(NH4)2
(80,),-6H,0. An attempt is made to study the model for nonionic structures An allowance 1s
made “for covalent bonding. The presence of the Jahn-Teller effect is accounted for. The results

agree fairly well with experimental values.

Introduction

On the basis of experimental data the constants oc-
curing in the spin-Hamiltonian are calculated and
from this exact information about the symmetry of
the crystalline field and the nature of the neighbours
of the paramagnetic ion can be obtained. One of the
constants, the spectroscopic splitting factor (g),
equal to 2 for free spin but, owing to imperfect quen-
ching of the orbital levels, is generally different and
varies from 1.98 in many chromium compounds to
sometimes 6 in Co* depending upon the nature of the
spin system used. A theoretical study of the constants
is rather difficult because exact information about the
nuclear magnetic dipole and electric quadrupole mo-
ments, spin-spin and spin-orbit interactions is not
available.

Recently NARSIMHAMURTY and PrEmswarup! de-
veloped a general method for calculating the constants
of the Spin-Hamiltonian. The method applies the first
order perturbation theory involving the relative po-
sitions of certain energy levels, and so it is approxi-
mate and the general method is applied to three com-
pounds of copper ion viz. copper tetramine sulphate
monohydrate, copper ammonium tutton salt, and cop-
per diethylenediamine chloride doubly hydrated.

Theoretical Aspect

The principal values of the g tensor are related to
energy values of the levels in which the configuration
ground state is split under a tetragonal symmetric
crystalline electric field. Approximately

2-8 1 / (Ex~Ey), (1)

8L = 2-27 | (Ey-E,), (2)
where gi and g1 are g values parallel and perpendi-
cular to the tetragonal axis of symmetry. E, is the

8l
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energy of the lowest orbital level and E, and Eg are
those of higher levels split from the upper triplet. The
spin-orbit coupling constant 1 is equal to —829 cm™!
for the free copper ion, but varies with the lattice. The
Hamiltonian of a paramagnetic ion in a lattice palced
in an external magnetic field can be written as

H = Helect + Hcf+ HLS + HSS +ﬂ H(L + ZS)

where the symbols have their usual significance. As
paramagnetic resonance studies are mainly concerned
with the lowest level and the levels near it, one is
required to consider the levels which are produced by
the H, .oy + H.; part of the Hamiltonian, the remain-
ing smaller terms being used as perturbation over the
splitting produced by them. The problem is further
simplified by relating the matrix elements of H in
the secular equation to the eigen-states of H,,., which
is degenerate in our case. The matrix elements of the
reduced Hamiltonian are formed from the crystalline
field parameters which are related to the field for
tetragonal symmetry as

Vegst = 4272 Y0 + APPAY 0 1+ AL s Y %0 (3)

crys

where 45072, A0 7% and Ay*4rt are crystalline field
meters. These can be calculated for atoms and mole-
cules as

AP = 6(x /5)h /"A_/‘B_Mc:|2_
[

.
*)
R 3_/‘_A+ﬂ+ﬁ -
3 2 ab bb ™,
5 /35a\F iy,
Tt = | —0 | ———
At 3 < 2 > as

where 7% and 7* are the average values of 2 and 7* for
3d eletrons and are equal to 0.9 X 10-6 cm? and
1.3 X 10-32 cm* respectively 2, and uy, up, uc are the
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effective dipole moments of different atoms or mole-
cules as indicated in Figure 1. The general expression
for calculating the effective dipole moments can be
written as

utt = o™ 4+ py z E, (5)
s=t

where p, is the polarizability of the t-th particle and
E, represents the field at the ¢-th particle due to the
charge g, and dipole moment  of the s-th particle.

Fig. 1. Atomic configuration surrounding a Copper ion in

general for the three cases considered. Cu(en),Cl,-2H,0:A

=N, B = Cl, C = H,0, Cu(NH,),SO,H,0:A = N, B = H,0,

C = H,0, Cu(NH,),(SO,),6H,0:A = H,0, B = H,0, C =
H,O

The configurational ground state of Cu** is 2D.
Since the ion has 9 electrons in its outermost orbit it
can be treated as a positive hole in a complete shell
and can be represented by a single electron wave func-
tion. A 5 X 5 matrix is then calculated from the equa-
tion

Ve = AL 72 [[Y, W Y 0V,m” Sin6® dO dg

+ AL [fY, W Y LY, m Sin® dO do

+ A [fY,m Y4 Y, Sin® dO dg
(6)
with the help of Table 3! and the orthonormal pro-
perties of the splerical harmonics. The matrix on so-
lution yields four different eigenvalues, one of which
corresponds to a doublet and the other three to sing-
lets. Susceptibility can also be calculated from the
energy values as calculated with the help of the fol-

lowing equations 3

4\ 0376 21 %)
=1 — 4
E,E,) T E,E,
LA\ 053
w=\'"gE ) T TEE,

assumed to be true for all the three cases.
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Results and Discussion

1) In a molecule of copper diethylene diamine chlo-
ride 4, the Cu atom is surrounded by 4 nitrogen atoms
of the two ethylenediamine groups which make a
square coordination. On one side of this plane there
is one chlorine at a distance of 2.89 A from the copper
atom and on the other side a water molecule at a di-
stance of 2.68 A. N atoms are at a distance of 1.99 A
from the Cu atom. From the molecular shape a tetra-
gonal symmetric field can be assumed to be acting on
Cu*. The basic concept behind the point charge point
dipole model is that d wave functions don’t overlap
with the wave functions of the surrounding ligands,
which is not strictly the case. Hence the wave func-
tions of the whole complex must be considered. This
is studied as the effect of covalent bonding by Owens
and many others. Owen has suggested to replace A by
a21” where a2 is called covalency factor and accounts
for the covalent bonding. 1" is nearly the same as 1.
In this case® 02" =—414 cm™ o2 is calculated by sub-
stituting the experimental values of g and 4E in Eq.
(1) or (2) and dividing the values of 1 so calculated
by the free ion value of 1. The expressions after ac-
counting for covalent effects

gl = 2-8 «21’ | (E2-Eo),

gL = 2-2a21" | (Es-Ey), (8)
have been used. The results calculated are given in
Tables 1, 2 and 3. The required polarizabilities and
permanent dipole moments are

PN = 176 X 10‘24 c.C., /.I,N = 0,
P = 3.01 X 10%cc., g =0,
1.48 X 102 cc., umo = 1.87D.

Py

i) A unit cell of Cu(NH,), SO, - H,O contains 4
formla molecules 4. There is a tetragonal symmetric
crystalline field acting on the Cu ion. There are four
coplanar nitrogen atoms of amine group at a distance
of 2.05 A from the copper atom. One H,O is above
this plane and the other below it at a distance of 2.59
A and 3.37 A respectively on the tetragonal axis. a2’
= -390 cm™! is necessary in this case to explain both
the values of g and g1 observed experimentally. The
data calculated appear in Tables 1, 2 and 3.

ii1) In case of Cu(NHa)2 (SO4)2 - 6H20, the crystal-
line field acting at the copper is ion more or less cubic.
There are 6 water molecules all at equal distances of
nearly 2 A and forming a distorted octahedron. The
cubic field leaves a nonmagnetic orbital doublet low-
est. This gives rise to a Jahn-Teller effect, due to which
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Table 1. The effective dipole moments () and crystalline field parameters (Ar) for the three complexes.

Effective dipole moments

s cegar. Felll perpmrers Cu(en),Cl,2H,0 Cu(NH,),S0,H,0 Cu(NH,),(SO,),'6H,0
UN 274 D 291 D

HH20 295 D 377 D
pel 228 D

HH30 325 D

HHO 270 D

A0 26904  cm-! 23000 cm-t ...

AP -14511  cmt -13200 cm-! -38266  cm-!
At 17159  cm-t 16000 cm-! 22871  cmt

Table 2. The Eigenvalues for the three complexes.

Level Cu(en),Cly2H,0 cm-! Cu(NH,),SOH,0 cm-! Cu(NH,)3(SO,)s6H,O cm-!

E, 4815 4150 6790

Es 1338 850 3689

E, 252 846 -5533

E, -11634 -11096 -7829
Table 3.The calculated values of g, AE and y and experimental values of g, 4E and a2.

. AEexp AEca Calculated Experimental (;ﬁ.lcula;ej
~1

Complex o cm a gl g gl x10-8
Cu(en),Cl,-2H,O 0.5 14786 14710 226 2.05 225 205 1756 1348
Cu(NHy),SOH,O 0.510 14200 13946 2.23 2.05 222 205 1770 1351
Cu(NH,),(SO,)s6H,0 0.8° 12300 12600 245 2.09 245  2.09 2160 1412

the positions of the water molecules are shifted to
lower symmetry positions (Tetragonal, where 4 water
molecules are shifted at distances of 1.9 A and two
others at a distance of 2.15 A from Cu*) which leads
to the removal of orbital degeneracy. The estimation
of the shift in energy due to the Jahn-Teller effect is
given by VanVleck 7

Dgq = D’ * (2/105) = 1500 cm™! in our case

where D’ and 7* have their usual meaning. a2’ in this
case has been calculated to be —695 cm1. Accounting
for this effect the data calculated are given in Tables
1, 2 and 3.

Comparison of the results indicate that the calcu-
lated values agree fairly well with the experimental
values of g and the discrepancy is within the range of
experimental error. This is so because of the applica-
tion of a covalency factor which describes the coval-
ency in a particular molecule. (1-42) is a measure of
the degree of mixing of the orbits or the strength of
the bonds which are formed. &% = 1 for a purely ionic
complex and a2 = 0.5 for a purely covalent complex.
The presence of covalent bonds with the neighbours
of the paramagnetic ions also reduces the effective

charges of the neighbours with the result that the ener-
gy gap of the splittings is reduced and a higher value
of g is obtained. It was argued 8 that the reduction in
2 and the effective charges are in the same ratio and
hence the covalent bonding does not affect the results
but in the absence of any quantitative treatment, we
believe that the former factor is more important than
the latter and reduces the experimental values of g.
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