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ABSTRACT. Inthe Octahedral complexes of the transition metal ions the tomperature
independent high-frequency contribution to puramagne susceptibilly X', coming from the first
excitad configuration has been estimated. This contribution must be difforentiated from the
usual high-frequency contribution coming from the ground configuration denotod by Xx5. The
magnitude of this contribution depending on a particular ion and a particular complex
varios roughly from 19 to 9% of the room temperature susceptibility value and is thus
quite significant. This means that the magnitudes of the crystal field parametor A, the spm-
orbit coupling constant in the crystal { ote. usually obtained from the ground configuration
alone will be altered somewhat in the temperature range 200°K to 300°K when this
additional contribution is also taken into account.

INTRODUCTION

During the past decade there has boen a good amount of work on tho para-
mzgnetic susceptibilities of the complexes of the transition metal ions (Uryu,
1956; Chakravarty, 1959; Basc ef al 1960, 1961, 1962). But in all these investi-
gations the ground configuration has only been taken into cousideration on the
assumption that the excitod configurations will not contribute significantly be-
cause of their large energy separations from the ground configuration. Tt is the
purpose of this paper to show that actually it is not so. The second order tem-
perature independent Van Vieck susceptibility coming from the first excited con-
figuration (first excited configuration corresponds to one electron excitation from
the ground configuration) is quite appreciable in the type of complexos under
consideration. A preliminary theoretical account of this contribution has beon
already given by Griffith (1961). But his interest was mainly confined with showing
roughly the cffect of this contribution to the Bohr magneton number g, But
it is easy to realise that the ., would bo rather insensitive to small alteration of
the susceptibility values due to the contribution coming from the excited fon-
figuration. We have, howover, calculated this contribution for the individual
ions Ti*+ through Cu?t+ and show that it is roughly betwoen 1%, and 9%, of the
room temperature susceptibility value. In our calculations we have assumed the
hydrated complexes of the transition metal ions to be approximately octahedral
in symmetry. The reason is that the slight departure of the crystalline electric
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fiold from octahedral symmetry will not alter the magnitudes of this contribution
vory much so that our conclusions will bo correct to a very high degree of approxi-
mation. 'This assumption, on the other hand, reduces the labour appreciably.

THEORETICAL ASPECTS

For the theorotical aspocts one should consult Griffiths (1961) and thorefore
we should mention here only the important points. Since the Hamiltonian for

-
for the magnetic porturbation involves the orbital angular momentum L and

-
because L is one-electron operator, the matrix cloment of the magnetic Hamiltonian
is non-vanishing hetwoen the torms of the ground and first oxcited configuration.

But since the orbital angular momentum -]-:()f the free ions gets somewhat reduced
whon the jons form the octahedral comploxes we must take this fact also into
considoration. We denoto this orbital reduction factor by k. The value of this
roduction factor has boon assumed to be 0.9 (Owen and Thornley, 1966). We
believe this is & reasonable value in the type of comploxes wo are considering.
It should also be noted that we have czleulated this high frequency contribution
¥’ in the strong field approximation (Ballhausen. 1962). The final expression
which wo have used can he shown to be

L ENp T <t KLY Lo
X 3 Z En—' <0 ( )

whero ¥, is the ground state belonging to the configuration ¢y, e, and ¥, are the
spin-allowed excitod states belonging to tho configuration 1" 1e,n1, Other confi-
gurations will have no effect because L is a one-olectron operator. We write X'
to difforentiate it from the usual high frequency contribution coming from the
ground configuration which is customarily denoted by x5 En—E, is the energy
separation betweon the ground and the excitod statos. The onergy scparations
have been found from the experimontal optical absorption spectra of these com-
plexes (see the references at the end of table 1). The strong field wave functions
in the crystal field of octahodral symmetry have been dorived by us using tho
methods of Tanabe and Sugano (1954) which we do not presont here. The correct-
ness of the wave functions was checked by finding the olectrostatic enorgy matrix
oloments and comparing them with Tanabe and Sugano matrices. x's calculated
in this way are presented in table 1 and are compared with the room temperature
susceptibility values for the ionic complexes. The calculation for the 3d® system
has no been done because the ground state of this system is & %A, state and there
i8 no sextet preéent in the first excited configuration.



V. P. Desas and A. S. Chakravarty

508

(u) *g96l 1o 2 esog (w)
1861 ‘Yomrmosy, pus yostaig (1)

£2961 ‘al10138Y) (])
i$gg1 uasualdiop (3)

{1961 10 72 ‘esog (M) 0961 ‘10 72 ‘asog (f)
1961 ‘Ioye[yoy pue uuvureH (J) ‘¥

1961 ‘YWD

‘gge[ ‘uesueBiop (1)
gg[ ‘uesucBiop (o) .

t9Q6l om)oy pue sowjoH (P) L9861 ouoT (9) f9g6l UeEnJ pus uuswreq (q) 9961 ‘70 # uuBUSH (W)

616 wOTFI 09631 000€1 31 s He (03: CldolLa]

€9°6 «01P1 9% $E1 000931 1 (594" (c3s"N e +*(O°H)DD 4400 «Pg

€3'F 1869F 08861 +0DG8 1 (@ 3)°Le +(z29"N°Ve +2(O°HIN  +IN oPE
{ 200003 9 (e A

ov'e w0801 or 19 | 0038 8T (c9°1)0Ly—(z29%) L +*(O°H)OD  +290 P

FA 109631 LE" €91 50001 31 (o) Hg+— (2 ")Le +°(O%H)SL  +29d oPE

26°0 “0PL8 00°18 00012 31 treeds  O'HET'COSNUNED  +eUN

881 wOVLR 69°031 2000¥1 31 (96" Y)C g+ (9™ Hs +2(O°HMD  +e0 e

oL'1 w019¢ 0Z°L6 200¥PL1 41 LIy Vs +2(0"HMD  +¢

eL'S #0199 Le° €91 200811 31 (9:°1)°Ls+"V» +(O"H)A +gA <P
H 2001L1 81 (0%9)°Le+—

£6°'9 - 1390€ oL 181 00393 9 (o) Le+"Le +A0"H)A +eA Pe

e 8811 8%°¥8 200803 41 C Pt 7% +(O"HNL  +elL P

% _m 3,008 98 A

h 4 {ejuemiedxy poje[mOIe)  EOUSISIIP (3« 3)
K7 ( MV \M.wv fBweug  |<|7]>] uwonmsweiy soxerduo) L) § “8guop




Magnetic Susceptibilities of the 3d* Complexes 509

DISCUSSION

We have caleulated x; for the octahedral ¢omplexos of thoe 34" transition
motal ions. The same calculation can also be dofe for the tetrahodral complexes
and in these cases the magnitudes of ¥’ would be even bigger becauso the energy
scparation E,—E, appoaring in the denominator of oqn. (1) is usually much loss
than that in the octahedral comploxes. Tt is evident from table 1 that at the room
temperature the contribution of y’; to the ground eonfiguration total paramagnetic
suscoptibility varies from 19, to 9%, dopending on the particular complex. This
contribution from the excited configuration will alter the crystalline fiold para-
motors, the offective Landé factors as well as the spin-orbit coupling parameter
somewhat appreciably in the temperature range 200°K—300"K in the manner
explained below.

In calculating the suscoeptibility oxpression in the ground configuration,
the Hamiltonian that is usually considered is given by (Abragam and Pryce,
1951)

H = [IFftf 1on + VC’ubil' +A(1 “l’zz)'—aglzsz
- o -
- a2’ S+, 8,)+A(L+-28). H 2

whore Veyu, is the crystalline electric fiold potential of octahedral symmetry,
A is the strength of the crystal field of tetragonal or trigonal symmotry, —a and
o' are the offectivo Landé factors in tho axial and perpendicular diroetions, I'z is
the z-coniponent of the effective orbital angular momentum, ¢ is the spin-orbit
coupling parameter in tho crystal. . A, ¢ and o arce tho paramoters first intro-
duced by Abragam and Pryce (1951) for the orbitality degonerate ground statos
such as in V3+(3d2), Fo?+(3d%) and Co?*(3d?). Now, as soon as tho oxpressions
for the susceptibility, involving tho parameters A, ¢, a and o' are obtained by
using the above Hamiltonian, one makes a trial and error caleulation to fit the
theory with the oxporimentsl susceptibility curve at different tomporatures. In
this way one gots the magnitudes of the above mentioned parameters. Tho fitting
of the data are done in most cases within 1%, accuracy. It is very important
to note that the contribution from the oxcitod configuration which varies from
1%, to 9% in different cases must bo taken into consideration along with the
major contribution from the ground configuration before interproting the sus-
ceptibility vs. temperature curve. As a result, all the paramoters appoaring in
the above Hamiltonian will have different magnitudos compared with thosa
calculated without considering the said contributions. It is important to note
that the magnitudes of the parameters will differ significantly in the range
100°K to 300°K but not appreciably at temperatures bolow 100°K Lecause the
magnitude of susceptibility goes on increasing as tho temperature decreases whereas
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this high-frequency contribution from the excited configuration is temperaturc
independent and therefore remains the same at all temperatures.
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