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ABSTRACT. Recent attompts to intorpret the magnetic and optical behaviour of
copper acctate monohydrate on the basis of Cs symmetry are considored to be incom-
plote us theso fail to givo satisfactory explunations of many phenomonon.

We have assumed Cj, symmetry for electronic states of each half of the cumplex
a8 shown by e. p.r. obgervation to find out more accurate and complote expressions for
tho exchango interaction cofficient (J), speetroscopic splitting factors and magnetic
suscoptibilities. With the assumption of Cj, symmotry we find that the bonding between
two halves of tho complex is a mixture of & and §-type instead of pure s or §-type as
obtainod with the assumption of Cy symmetry.

Copper acetate monohydrate is the most extensively studied (Guha 1951,
1965, 1966; Figgs et al, 1965; Mookherji et al, 1959, 1963; Mathur, 1965; Abe
et al, 1957; Bleancy et al; 1952; Yamada ef al, 1957, 1958; Graddon, 1961;
Tonnot et al, 1964) copper salt with subnormal magnetic moment. Apart from
its antiferromagnetic behaviour it manifests a characteristic dimeric optical
absorption band which is z-polarised (Yamada et al, 1957; 1958; Graddon, 1961;
Tonnet et al, 1964). It may be noted, however, that (1) the g-valucs calculated
from the magnetic susceptibility data do not agree with the e.s.r. data; (Mookerji
et al, 1963) (2) under C,, symmetry of the complex, as postulated by the pre-
vious workers (Figgs et al, 1965; Tonnet et al, 1964; Forster et al, 1964, Hansen
et al, 1965; Ross et al, 1959a, b) a §-bond can account for the observed values
of g but not that of J (the singlet-triplet separation 300 em-1), whercas a o
bond can account for J but results in making g,= 2 as against the observed
values of 2.345-2.4> (Abe et al, 1957; Bleany et «l, 1952), (3) there is a strong
controversy regarding the assignment of the dimeric absorption band (Tonnet
et al, 1964; Forster et al, 1964; Hansen ef al, 1965) at 28000 cm—1.

In this paper we shall mako an attempt to remove these contradictions by
assuming that the symmetry of each half of the complex is Cyy and the overall
symmetry is Dg;,.

* The brief roport of the paper was prosented at the International Congress on
Magnetism, Boston, 1967.
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THEORY

a.  Singlet-triplet sepuration (J)

In the following section we shall caleulate the cffeet of direet exchange inter-
action between the diveetly linked Cu?! orbitals, which are, in turn, modified by
the admixture of water and carboxylate oxygen orbitals (s and p), and shall neglect
the interaction through the carbon orbitals (which we call super-exchange). The
Hamiltonian for the whole complex, of which each half consists of one Cu?t central

jion and five oxygen ligands, can be written as

H = H,+H,+1+H,+H,

2 . 1 1
= (11F1+HF2)+(HV1+H72)+{—%g—!’l"ri-z —Zggs (TB +-- ) }
1

T4z

- _ = — =
+(IILSI'I"-IILSz)+ﬂH{(L1+2Sl)+(L2+2SZ)} - (D)

where ‘1’ and ‘2’ refer to the first and the sccond ion in all the terms except the
third where vy, Y4s, V12 Zegr and R have their usual significances.

For cach unit the ligand ficld interaction under the C,, symmetry can be re-
presented by Ross (1959b)
H, = oD/ (h-tyi 28— ) — (222 —12)— 0 (22— ) (22—t — gt
—6y%22— 6222 12222) -} ' (28— 62222 | Gyt —y9) | e (2
The cigenvalues and eigenfunctions corresponding to II,4-IIp are then (Ghosh
et al, 1967)
E,,, = 6DTF +/(60+18y)--3(20—¢)?, E, = —4D+-60+ 24y
By, = —4D—30—12y T (38--2¢);
[6> = £1¢e> [V[far—yp>, 0> = v[ga>—p |y _y>
le> = 1¢a>, |d> = |$u>, |e> = [ggy>;

where

’ 2 , ~ 2
D= 4 = 72 3 152 _
31oeDr o 2190'9-,8 - e’y = @

(3]

ey'Ft

Ny
o *

€ = g. A/Tepe'# (p is a numerical constant), u2+4v? = 1

and Y. = 8(D+37)—[36(c-+3y)>+3(30—e¢)2]
e VG 3)

$’s are the d-orbitals modificd by the appropriatc combinations of the ligand
and p-orbitals.
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The different valence bond configurations will be a,a,; @b, @gb;; @,Cq, gy,
a,dy, asdy; a.e,; age, and there will be ionic configurations a,a,, asa,; @,0;, @gbs;
)0y, GoCy; Gydy, agdy and aje;, age,. It can be shown then that J is given by Ross
et al, (1959a)

J = —2(1—855%)"28:4(Z3 A3 — Z3 A28 45) + Boa®By— By}
where '

Saa = J ax(L)ag(1)dvy = p* [ $221(1)P,,2(1)d0;+V? [ Pra —ya 1(1)Pz3 —ys,2(1)d0;

+2uv [ pe21(1)par—y2,2(1)do, . @)

and A4,, 43, B, and B, are respectively one clectron coﬁlomb, one electron exchange,
two clectron coulomb and two electron exchange intiegrals respectively. Similar
to S,, they involve the mixing coefficients x and v.

If in addition we consider the ionic terms, their effect will be to depress the
ground singlet. Now one electron integrals involve the mixing coefficients as
43, v? and 2uv whereas in the two eclectron integrals they occur as ut, v, 4v3/u,
4vp® and 2x2v2.  Since in the present case u<<<<1 and v =~ 1 the effect of mixing
of ¢z2 and ¢x3—y3 states is much more felt in the onc electron integrals, and the two
electron integrals remain almost unaffected if the integrals involving two different

types of orbitals are neglected. The net effect of this will be to depress the singlet
by an appreciable amount.

b. Spectroscopic splitting factors and the gm tonic susceptibilities :

Expressing the sum of the spin-orbit and the magnetic perturbations in the
form of the Spin Hamiltonian it can be shown that

ge=2 {1— 2434V k'l }

ad—‘Eaa

g, =2 {1.. 2(uV/I—V)R/'k) L }

ao_Eaa

1— 8viR: 'k, Cs }
Eu—Ez,

g.2f% -J’lkT(l__ e—D,'kT\_a%eJ' —O'[kT (26-D/kT +1) ] {D’

o =

9,48~ J'[kT(y_g— DIkT)_5, e J'[kT (g, — DIET +1)-1a,] I D

X
I

N [g—ig B—(J"‘l"D)IkT_aa‘e— J'IkT(ze—leT+l)_1a' ] IDI
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where

D = l+e—J',kT+2e"(J'+D)”CT’ J = J+D,+D”.

v (5)

where R;' and k(s = z, y,2) are the spin-orbit and orbital reduction factors a’s
the high frequency terms (the super-seripts ‘1’ and ‘3’ indicate whether they ori-
ginato from the singlet or the triplet state, {; is the S—0 coupling cocfficient for
the dimer, Dy’s are the spin-Hamiltonian parameters and D = D,— § (D,+D,)

RESULT AND DISCUSSIONS

With the theory outlined above it was found that by a suitable choice of the
parameters D,o,y,d,¢, B’s and ki's the observed e.s.r., susceptibility and the
optical absorption data could be correlated to a good extent with one another.

This is shown in table 1.

Table 1

Ligand field coefficients and the observed and the calculated values of

g1’s, K¢'s and the optical absorption

Salt : Copper acetate monohydrate

**[ 0 =—1425 cin-}, y=—252 cm™1, 8 =583 em™1, & = —"750 em-1,
D =17cem™1,

R’z =0.84, k'e=0.69, R'z;=0.77, k’z=0.77, R’y=.69, 'y, =0.69,
Ep—Eg =27000 em~1 (28000 cm™1), E,—Eg; =11000 cm=1 (11000 cm=-1),
Bs—E, =14500 om~1 (14400 cm™1), E,— E, =15000 om=1 (14400 om=1) ;]

J’ =300 om™1 (300 cm~1)

Temp. gu (obs) gy (cal) (9::;3/2 gi(cal) Ky-K. K\~K, K :Kt
(obs) (obs) (cal) (obs) (cal)
300°K 2.344 2.345 2.073 2.065 279 284 863 846
(4.01) (£ .005)
240°K 2.345 2.065 275 283 840 851
200°K 2.3565 2.075 265 270 801 807
140°K 2.370 2.080 204 209 538 550
90°K 2.42 2.445 2.08 2.085 129 124 207 207
(+.03) (£.03)
**The values within the square brackei refer to 300°K only. The values within the

parentheses refer to the observed values.

-+The anisotropies and susceptibilities have been redetermined in this laboratory and are in

good agreement with earlier values.
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Now x and v caloulated from the values of o, 3, v and ¢ by using eqn.(3)
come out to be 0.124 and 0.984 respectively. Using these values and the table
of integrals calculated by Ross and Yates (1959) we find J = —138 om=! for
Zeff,? = 7.3 and Zeff z3—y3 = 7. Thus the calculated value of J is still nearly
50% off from the observed one. However it may be noted that J has been
calculated under certain limitations. These are : (1) the integrals used for the
calculation correspond to pure d-orbitals, whereas the orbitals actually involved
contain admixtures of the ligand s and p orbitals; (2) the integrals of the type
(d23/dz?—y3) are not available and have been neglected; (3) the effect of super
exchange which is transmitted through the carbén 7—orbitals have not been
considered. In C, symmetry they do not mix “Wlth the ground ionic states
but they do so under C,, symmetry.

It is here seen that the effect of orthorhombicity on J is quite considerable
and the anomaly between g and J can be removed by considering it. In this con-
nection it may be pointed out that the abnormally large J of copper thioacetate
may be due to the large orthorhombicity introduced by replacing two oxygen

ligands by sulphur. Of course the reduction of Zgy due to larger electron dona-
tion capacity of sulpher atoms may be another factor.

In the present calculation the dimeric band has been assigned to either
3av¢— 3aay and 1lgp, 154, transitions, the latter being stronger at low tempera-
ture. We make the following justifications for it :

(1) the band is weak;

(2) the ligand ficld parameters o, 8, y, € are quite large compared to ordi-
nary copper salts, as can be expected due to comparetively shorter ligand
distances so that a large scparation between the components of the orbital
doublet appear to be quite reasonable and

(3) under C,, symmetry both the ground state [a> and the excited state
|6> span A4, representation so that an electric dipole type transition
between them should be z-polarised as has been actually observed.

Thus it is reasonable to assume that the dimeric band originates from a
Laporte forbidden type transition.
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