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Assuming that the exchange integral takes positive 2
values, the magnetic susceptibilities within the range a0 2
10 to 300°K were calculated for the Me-Me system with =
the following electron structures: d' d', d* &, & &,
dd, &P &#d, &d, d&dd, &£d, Fd dd,
&d &, d*d, & &, d°d’. The magnetic moment of - it
this system was shown to change with the increase of - %.0“
the exchange integral | from p = V2{VS(S,+ 1)+ A\
VSAS:+Dius to v = 2V S(S+1ys, where S = o A\ LY o
NEF Y s @
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Introduction

In papers ! and ? the equations are given and the
theoretical magnetic susceptibility curves are plotted awr o
for the system Me-Me with the following electron
structures : d' d', d*d?, dP &3, dtdY, 44, d*d,
d&d, d¢d', &d, d*d, d*d3, d&Pd, dE, &P 2o 0
ds d°. 4 a0 200 -.r 200

The calculations have been made for various negative Fi . - . .

. igure 1. Magnetic susceptibility curves and their reciprocals

values of the exchange integral J. for various | values according to the temperature for a d'd’

In order to obtain a full view of magnetic properties electronic structure of the Me-Me system.
of the Me-Me system, similar calculations have been
made for the above electron structures of this system X
with the exchange integral | taking positive values. amj

ws g

Calculations aose

In order to calculate the magnetic susceptibility of ot 1%
the Me-Me system, the magnetic susceptibility equations
for this system in various electron structures were used; P Y N
these were given in papers ! and 2. The calculations VRN g X’%
have been made for the following values of J, 0, 450, et Y 0 L
+100, 4150, .... +500 cm~', and at temperatures >
T lying in the range: 10, 20, 30, .... 300°K for each a0k
value of J. 208

Some results of these calculations are given in 2
Figures 1-15. 1In these figures the values of the ex- 00
change integral ] are given in cm™'.

The numerical values of the magnetic susceptibility aom
were calculated in an ELLIOTT-803 computer in the — 2
Department of Numerical Methods, University of 4 w A

Wroclaw. . . S . .
roctaw Figure 2. Magnetic susceptibility curves and their reciprocals

(1) W. Woiciechowski, Inorg. Chim. Acta, 1,319(1967) for various | values according to the temperature for a d’d’
(2) W. Woijciechowski, Inorg. Chim. Acta, 1,324(1967). electronic structure of the Me-Me system.
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Figure 3. Magnetic susceptibility curves and their reciprocals

for various ] values according to the temperature for a d*d”
electronic structure of the Me-Me system.
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Figure 4. Magnetic susceptibility curves and their reciprocals
for various ] values according to the temperature for a d*d*
electronic structure of the Me-Me system.

Discussion

In the case of the positive of the exchange integral
] the magnetic moment computed on the basis of the
Curie law, is increasing for all examined systems
(Table 1).

The values of the magnetic moments p, and . given
in Table I were calculated under assumption that the
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Figure 5. Magnetic susceptibility curves and their reciprocals
for various | values according to the temperature for a d*d’
electronic structure of the Me-Me system.
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Figure 6. Magnetic susceptibility curves and their reciprocals
for various ] values according to the temperature for a d’d'
electronic structure of the Me-Me system.

contribution of each electron to magnetic susceptibility
of the Me-Me system is the same.

For the exchange integral J = 500 cm™', in all
cases, the reciprocal value of the magnetic suscep-
tibility, plotted against the temperature takes the linear
form with Weiss constant equal to zero. For indirect



331

Table I. The magnetic moments for the Me-Me system (in o)
Electronic
No structure J (in cm™") Beme/ V' 2 AMe-Me W 2 (412 /2
. 0 1.73 2.44 1.73 1.73 1.73
1 d'd 500 2.00 2.83 2.00 2.00 2.00
L 0 2.84 4.01 2.84 2.84 2.84
2 & d 500 3.48 492 3.48 3.48 3.48
o 0 3.87 5.47 3.87 3.87 3.87
3 d'd 500 492 6.96 4.92 492 4.92
o 0 4.90 6.92 4.90 4.90 4.90
4 d'd 500 6.35 8.99 6.35 6.35 6.35
. 0 5.90 8.34 5.90 5.90 5.90
5 d'd 500 7.80 11.01 7.80 7.80 7.80
o 0 2.36 3.34 2.73 193 2.33,
6 d'd 500 273 3.87 3.15 2.23 2.69
o 0 3.01 4.26 3.96 2.13 291
7 d'd 500 3.48 492 425 2.46 3.35
» 0 3.68 5.21 4.67 233 3.50
8 d*d 300 421 5.95 5.31 2.65 3.98
o 0 439 6.20 5.67 252 4.09
9 d'd 500 492 6.95 6.34 2.84 459
o 0 3.26 4.62 3.58 2.92 3.25
10 dd 500 421 5.95 461 3.75 4.18
b 0 4.04 5.71 465 3.28 3.97
11 d'd 500 493 6.96 5.71 4.03 4.87
. 0 4.64 6.55 5.53 3.49 451
12 & & 500 5.64 7.97 6.73 4.26 5.49
o 0 4.44 6.27 4.74 4.10 4.41
13 d'd 500 5.64 7.97 6.02 5.21 5.61
0 493 6.96 5.50 4.27 4.88
14 d'd 500 6.35 8.99 7.10 5.50 6.30
0 5.39 7.71 5.75 5.13 5.44
15 & d 500 7.09 10.00 7.47 6.67 7.04
"
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Figure 7. Magnetic susceptibility curves and their reciprocals Figure 8. Magnetic susceptibility curves and their reciprocals

for various ] values according to the temperature for a d*d!
electronic structure of the Me-Me system.

for various ] values according to the temperature for a d*d'
electronic structure of the Me-Me system.
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Figure 9. Magnetic susceptibility curves and their reciprocals
for various | values according to the temperature for a d°d’
electronic structure of the Me-Me system.
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Figure 10. Magnetic susceptibility curves and their reciprocals
for various ] values according to the temperature for a & d?
electronic structure of the Me-Me system.

values of the exchange integral, ie. from | = 0 to
] = 500 cm™! the magnetic susceptibility obeys, in the
small range of temperatures, the Curie-Weiss law. In
low temperatures the curves xu™! = f (T, J) arc con-
vergent to the straigh line given by the dependence
ym b= (T, ] = 500 cm~') (Figures 1-15).

On the basis of the Figures 1-15, may be assumed,
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Figure 11. Magnetic susceptibility curves and their reciprocals

for various ] values according to the temperature for a d*d’
electronic structure of the Me-Me system.

¥
o
oo
R
A
a080}
Q0601 167
2
by % 0
BN
aok L
a0s0 7500 {20
¥
2000 . 0
0 o a0 Joo

~7

Figure 12. Magnetic susceptibility curves and their reciprocals
for various | values according to the temperature for a d* d?
electronic structure of the Me-Me system.

that for the values of T>500 cm~!, in the considered
range of the temperature, the magnetic susceptibility
will take the same values as for the value | = 500 cm .

Thus the two straight lines, yy™! = f (T, J=0) and
sy~ ! = f (T, I>500 cm™") limit the ferromagnetic
properties of compounds which are exhibiting the
Me-Me system.
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Figure 13. Magnetic susceptibility curves and their reciprocals
for various ] values according to the temperature for a d‘d’
electronic structure of the Me-Me system.

r
R
anr
*
N
a0 &
o 60
=
A\ N\®
o ®
=]
oo 40
3;0 3_3)
o0 ) 20
7
o00 L . 4
14 .4 . 74 a0

—-7

Figure 14. Magnetic susceptibility curves and their reciprocals
for various | values according to the temperature for a d° d’
electronic structure of the Me-Me system.

It is characteristic that in the case of big values of
the exchange integral ] the magnetic moments depend
only on the number of electrons 2S, of the metal ions
interacting with themselves.

The table makes it clear that the magnetic moment
of the Me-Me system for big ] values is equal to

Wojciechowski
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Figure 15. Magnetic susceptibility curves and their reciprocals
for various | values according to the temperature for a d’d*
electronic structure of the Me-Me system.

x
N
F-0
A= VE(VS(5) + B C527T)) Ads
7>500cm™
A= 2V5(511) Aug
S5 rSp

4 7

Figure 16. Temperature dependence of the reciprocal ma-
gnetic susceptibility for high values of ] and for J=0.

B =2 VSES+us n

where S= $;+S,. This means that in the case of
positive | values the magnetic changes from the
value (2):

b= VZ{VSETS)+ VSSt Djss ()

| Metul-Metal Interaction in Coordination Compounds - 111.
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Table Il. The dependence of the magnetic moments for the
Me-Me system on the value of quantum number 2S
_ Electronic Buwerme  =2ySGFD
2S=2(5,+5) structure (for J=500 cm ) (in um)
in s
2 d'd' 2.84 2.84
3 d’ d 3.86 3.87
& d 4.92
4 & d 4.92 4.90
= d'd' 5.95
3 &d 5.95 395
d*d’ 6.96
6 d*d' 6.96 6.94
d*d? 6.96
d*d? 7.97
! 4 dt 7.97 7.94
d*d* 8.99
8 4 dr 8.99 8.96
9 . d d* 10.00 9.95
10 d' d 11.01 10.95
to the value
p = 2 VS(S+ Dus, 3

where S = S/+8S,.

Inorganica Chimica Acta | 1:2 | September, 1967

Aess

M =2V5(Sel) , $75,7Se

—_—

& Fe )

|

A =VZ{VS (500 + VJT:(&'W}/IA

14 7

Figure 17. Temperature dependence of the magnetic moment
t.r on the exchange integral J for a d” d” and d” d™electronic
structure of the Me-Me system.
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