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Summary: The magnctic measurements below 80K are difficult to obtain but can be useful in the deter-

mination of structure. A Gouy balance was developed and tested from room temperature down to 18K.

Measurements on some bis-amino acid copper(Il) complexes indicated ideal magnetically dilute behaviour.

Tutton’s salt of manganese indicated Curie Weis law behaviour over the entire lemperature range.

Introduction

Figgis [1] predicted that peff of planar Cu(ll)
complexes falls in the rang 1.7 to 1.9 B.M; and that of
tetrahderal complexes at 1.9 to 2.1 B.M. Lower mag-
netic moments thus occur due to metal-metal inter-
actions either by direct exchange or by indirect ex-
change through the ligands. The scope of the method
is increased by a consideration of the tempcrature
dependence. Since the strength of both antiferomag-
nctic and feromagnetic coupling can be guaged by
the temperature at which bonding evidently commen-
ces [2,3].

Insufficient low temperature measurements are
available on the biological model systems such as
copper amino acids complexes partly because of the
complexity of the technique. Villa and Hatficld have
shown that a dimer-tetrakis bis L-tyrosinato discop-
per has a triplet ground statc. The spins of the two
copper (I1) ions within each dimer are coupled.
When the temperature is lowered weak antiferomag-
netic behaviour is obtained [4]. Bis histamine copper
(IT) perchlorate has a magnetic moment of 1.9 BM.
at 25°C suggesting that there was no metal-metal in-
teraction. The arrangement of histamine is square
planner to copper (II) atoms with perchlorate groups

in the trans position vertical to the plane [5]. The
Cu(11) compiexes of tyrosine, Cu L{NO3)> and Cy L

(H20) have magnetic moments of 2.00 and 2.1 B.M.
respectively suggesting no metal-metal interaction
and approximately octahedral configuration [or the
complexes {6].

Experimental

The complexes were prepared according to the
rcported literature [1] for (I)bis alaninato copper (11)
[4]. ii) bis tyrosinato copper (I1) dinitrate dihydrate
[6] iii) Tuttons salt of mangancsc (I1). The chemicals
used were of Analar grade. Cobalt Mercury
thiocyanate was used as Calibrant, becausc it does
nol decompose, nor absorb moisture easily and packs
well. It's susceptibility at 20°C is 16.44x10°° c.g.s.
decreasing by 0.05x10°° per degree temperature rise
near room temperature [3].

Instrumental

The most common, simplest, reliable and robust
Gouy balance system was tested and developed to
record low temperature magnetic moments, It can
measure susceplibilities down to 18K. The accuracy
of the balance was + 0.1 pg.

An NMR tube (18 cm) with tight fitting cap was
used to hold the sample lower. Through the cap, a 72
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Fig. 1: Diagrammatic view of temperature dependent Gouy
balance. 1. Gas Cylinder, 2. Trolley, 3. Rotameter, 4. Weights, 5.
Beam and Rider, 6. Balance, 7. Glass tube, 8. Stand, 9. Displex
Head, 10. Thread, 11. Sample, 12. Magnets and 13. Current

supply.

cm long cotton thread was passed. The other end of
the thread was hooked under the left hand pan of the
balance. The tube was filled 11.0 cm from the foot, by
adding smail.amount -of material and tipping on the
‘bench for complete and tight packing. An ordinary
glass tube (whose diamagnetic corrections at dif-
ferent temperature were recorded) was also used to
measure magnetic moments any different magnetic
current of 1,2, and 4 amperes. This tube was slightly
.paramagnetic below 50K due to impurities in the

glass.

The foot of the tube was suspended at different
heights in the magnetic field.A diagramatic view of
the balance and cryostat is given in figure 1. The
balance was fixed on stagec and on the lower plat-
form, the cryostat rests on three adjustable bolts so
that the sample tube compartment hanges between
the two magnetic poles. The electromagnet is fixed.
A glass shield was placed infront of the suspended
tube to prevent draughts from the exposed part of
the thread affecting the measurements.

The empty tube was weighed IN and QUT of the
field at the same temperature and these measure-
ments were used to determine the magnetic suscep-
tibility of the complexes down 18K, The change in
weight of the standard Hg (Co(CNS)4 and complexes
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(Specimen)IN and OUT of the field at room
temperature and down to 18K are calculated accord-
ing to the formula:

ff = 2.84/_°7 X T(K
ue _[; N (K)
peff = effective magnetic moments.
X =Xp- Diamagnetic Correction.

T(K) = Temperature.
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Fig. 2: Gas flow rate for nitrogen gas showing the effect of
flow rate on apparent weight.

When the temperature was lowered a stream of
Nitrogen gas (99% pure B.0.C) was passed into the
sample compartment in order to prevent condensa-
tion of impurities. The gas flow was controlled by a
rotameter and needle value. At the time of actual
measurement the gas flow was turned down (since
higher flow rates had an appreciable effect on the
weight measurement). Fluctuations formed by this
technique were within the range of instrumental
error Fig. 2. Similarly helium gas (99% pure B.0.C)
was used from 120K down-wards.

The weight of the empty tube increased by
0.0059g at 120K and as the temperature was lowered
the weight went down by 0.0035g.The weight was
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Fig. 3: The changes in weight of the empty tube a. Out of
the field, b. in the field as the temperature is lowered. Arrow
indicates change from Nitrogen to Helium Gas.

stable for period of hours at 18K. A difference in
weight was observed when the heavy gas was changed
for nitrogen to helium due to the difference in boun-

cy (Fig. 3).

The cooling was achieved by a closed cycle
cyrogen system with a heater of (Air products Dis-
plex Model CS-202). The temperature at the cold
end of the cooler and on the actual cold tail differ by
4-8K. This was checked at 25 points in an actual run
between 300 to 18K.

Calibration

Room temperature calibration was made by Hg
(CO{SCN)4 and CuS0O45H20 while Tutton salt of
MnSO4(NH4)2SO46H;0 powder was used as
calibrant for the entire range of temperature. It is
one of the few compounds for which the temperature
dependence of the suceptibilities is known down to
18K and which does not show any anomlous be-
haviour,

Results and Discussion

Tutions salt of manganese
(MnSO4(NH4)28046H20) has a magnetic suscep-
tibility which obeys the Curie Weiss law. Figure 4 il-
lustrates the degree of experimental scatter to be ex-
pected from measurements taken on the balance.It is
somewhat higher than measurements taken with
more sophisticated apparatus but is sufficiently ac-

MEASUREMENT OF MAGNETIC SUSCEPTIBILITIES
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Fig. 4 The inverse molar susceptibility and magnetic
moments of MnSO4 (NH4)2 S04 6H>0 between 294K and 18K,
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Fig. 5. Temperature dependence of the inverse molar
susceptibility and ‘magnetic moments of bis-tyrosinato
copper(Il} from 294K to 13K measured with internal
thermocouple.

curate and is much easier to use than most equip-
ment operating down to 20K.

The magnetic moment of bis-tyrosinato Cu(II)
reported by McAullif & Murray [6] at room tempera-
ture was 2.0 while Villa and Hatficld obtained 1.89
B.M. [4]. The structurc of amino acid copper (I1)
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complexes would suggest that there may be some
magnetic interactions between the copper caused by
super exchange involving the carboxylate group
which occupies the fifth coordinate position of the
copper while the rest of the coordination sites of that
molecule coordinate to another copper. Our results
are similar to thosc of Villa and Hatficld and indicate
an anamoly in the temperature dependence below
50K as did their resalts. Therefore there seems to be
some cxchange effect possibly caused by the carboxy-
late Fig. 5.
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Fig. 6: Temperature dependence of the inverse molar
susceptibility and magnetic moments of bis alaninato copper(Il)
from the temperature 294K to 18K.

In case of bis alaninato copper (I) (Fig. 6) no
such evidence suggesting exchange can be deduced
from the crystal structure and indeed the room
temperature magnetic moments of 1.87 B.M. is
higher and the temperature dependence close to the
Curie Weiss law. There is some scatter in the results
which might indicate a very low temperature anomaly
but some curvature is to be expected with copper
compounds due to a contribution to the magnetic
susceptibility from the temperature independent
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Fig. 7. Temperature dependence of the inverse molar
susceptibility and magnetic moments of bis histidinato
copper(ll) dinitrate dihydrate from the temperature 294K to
13K measured with internal thermocouple.

term resulting from the E ground state of undistorted
copper(II). Errors in the individual points are lower
at low temperature due to the greater change in mass
recorded.

The magnetic moments of bis-histidinato copper
(I) di--nitrate dihydrate would suggest that the mag-
netic behvaiour would simply be due to one unpaired
electron in an isolated copper (II) ion. Infact, as the
temperature  dependent magnetic susceptibilities,
demonstrate, the magnetic behaviour is complex
(Fig. 7). In particular there seems to be curvature in
the region 150 to 250K and another change between
80-100K. This latter effect is greater than that found
by the other compound and is unlikely to be due
soely to instrumental problems such as flow gas chan-
ges (Fig. 2). Information is not available about any
changes in crystal structure caused by temperature
effects in these crystals, but it would appear that an
ordinary cffects does occur in the case of the com-
plex which is not present in the others studied.
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