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STUDIES ON CONSTANT PARAMAGNETISM, PART I.*

By D. P. RAYCHAUDHURI AND P. N. SENGUPTA.

(Receifved for publication, May 8, 1936.)

ABSTRACT.—The constant atomic susceptibilities of the clements V to Mn are found to
depend on the number of electrons in the d shell in a manner analogous to the dependence of
the Bohr magueton numbers for these clements. The temperature co-efficient of susceptibility
has a very low negative valuc for compounds like VqUg, KMnO,, while it has a higher posi-
tive value for KgCryO;. Susceptibilities of V3Os in the amorphouns and the crystalline states
are different.

The study of paramagnetic substances containing atoms of the different
transition series should properly be divided into three sections according to
the nature of the chemical bond holding the magnetogenetic atom with the rest
of the molecule. When such an atom is held by (1) a heteropolar bond the
paramagnetic properties are defined by the theories of Hund, Bose, Stoner and
Van Vleck and his co-workers. The magnetic behaviour is different when the
bond is (2) homopolar or(3) metallic. While substances belonging to class (1)
show a dependence of susceptibility on temperature given by the Curic-Weiss
Law, that for classes (2) and (3)is cither (a) complex or (b) practically in-
dependent of temperature. Known examples of (b) are many metallic elements,
and a few compounds like KMnO,, KoCrgQ;, luteocobaltic chloride, V3O, and
some others, all containing atoms of the transition series.

The susceptibilitics (x) of some such compounds at room temperature together
with the atomic susceptibilities (x» ) for the magnetogenetic atom as detcrmined
from x are given below.

TABLE 1.
X108 X 108 Author.
TiOy (amorphous) ‘07 15°1 This work
v » "33 4273 "
V305 (crystalline) ‘324 41’0 »
V305 (amorphona) ('354) 43’7 Perrakis !
NHVO, ‘120 40°3 This work
(163) 445 Perrakis !
NaVOy ‘160 40°6 This work
("193) 44'3 Perrakis !
KMnO, 644 Ishiwara ?
56°5 Cullet 3
o | 580 This work
KoCr30; £ 47'8 This work
13 (506 Berkman & Zochef
63'3y Weiss & Cullet *
54 Gray & Dakers?

* Read before the Indian Physical Soclety on 15th December, 1988.
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The x. values are either given by the respective authors or have been
calculat&®l from their data by these authors, in which case they have
been put within brackets, on the basis (=46, NH;=12, Na'=7, K'=16,
all in units of —x1-107%,

The thermo-magnetic behaviour of some of the compounds belonging to
this class has been studied by the authors from room temperature to about 500°C
or less where decomposition scts in.  The mecasurements were carried out by
the translational method of Weiss and the apparatus used was the same as that
described by Foex and Forrer in Jour. de Physique, 7, 180, 1926. The upper
limit to the error may be placed at 2% for absolute and less than 1% for rela-
tive values, though the actual errors are considered to be less. To carry out
the measurcments a known weight of the substance is packed in a glass tube
(which has previously been calibrated at different temperatures), placed in a
non-homogencous  magnetic field and restored to its initiai  position by
cleetrodynamic action when the field is excited. The current necessary for this
compensation is a measurc of the force displacing the specimen, and hence of its
apparent susceptibility. As the observations are made in atmospheric air this
apparent susceptibility with respect to air can easily be converted into the true
value when the susceptibility of air at different temperatures as also the den-
sity of the material is known. When the force is too small to measure the com-
pensating current with accuracy the deflection itself may be taken to be propor-
tional to the force. In that case the working formula may be written as follows:

dy—do
™my k
= ey 4 —
Xtrqe dg—dg % [
Mg

where dg =deflection due to  glass tube alone at the temperature of the experi-
ment.

dy=deflection due to glass tube and material at the temperature of
the experiment.

my =mass of the material taken.

dg =dcflection due to glass tube and standard substance at the above
temperature.

dg=deflection due to glass tube at room temperature.

mg=mass of the standard substance.
k=volume susceptibility of air at the temperature of the experiment.
p=density of thc material under observation.
x=mass susceptibflity of the standard substance.
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The standard substance taken is conductivity water for which x is taken to
be =:719.107% and the volume susceptibility of air at t°C is taken to be given by
the relation

;,-_3'.65_1?'—; (Landolt and Bornstein's
(273+1) Tables, Vol. 2)

k

The correction factor o is of the order of -o1.107% and must be carcfully

computed when low susceptibilitics are concerned.

REBULTS.
TABLE 2.
VQUQ (nyst}-
Temp. x1-0f Temp. x 108 Temp. x-108
30°C ‘321 183 ‘318 317 ‘312
61 ‘320 212 314 162 ‘310
9% *319 253 314 396 311
124 319 a86 ‘313 4l ‘310
156 317 485 f-309
522 309
TABLE 3.
V()4 (amorphous).

Temp. x108 Temp. x-168 Tewmp. x- 108

3'C 337 213 ‘332 362
96 *336 53 "332 304
13 '335 87 ‘330 448 337
181 ‘333 s ‘33t suB

‘329

320
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TABLE 4.
NHVO3;.

Temp. X108 Temp. X108 Temp, x'108
33°C “120 536 ‘122 848 ‘130
385 ‘120 628 124 95 133
464 ‘121 752 126 102°4 136

TABLE 5.
KMnOy.

Temp. x'168 Temp. x-108 Temp, x:108
30:2°C 160 882 ‘187 1530 ‘183
485 ‘158 102°§ 156 1632 ‘153
564 159 1230 ‘155 1725 183
69'8 158 1368 .155 190°3 "16a

TABLE 6.
K’Cl'.o-;.
Temp. X108 Temp. x'108 Temp. x'1d
25:6*C ‘108 214 ‘130 362 ‘12§
fi3 11t
8s 113 256 ‘128 ¥ "1y
122 11§
a8y 133 o2 ‘.

165 117
328 ‘184 4% ‘134
®s ‘s

TiOg=The materinl was prepared hy the action of ammonia on TiCl, and was
amorphous.  ‘The precipitate was dried and heated at 400°C for about

an hour,
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Vg0 3—The amorphous powder was prepared from Merck’'s NH,VO3 by pro-
longed heating at about 180°C. When decomposed by heating at
higher temperatures traces of other oxides of vanadium, which are
more paramagnetic, are formed. These can again be oxidised to
form Va0, by adding HNOj; and re-heating at rather low
temperature to drive away the acid.

The crystalline varicty was prepared by melting the amorphous substance
(at 660°C) in a platinum crucible.

It is to be noted that therc is a difference of 1-3 units in the x, values of
the amorphous and crystalline varicties. We shall come to this later on.

The results show that for both the varieties, amorphous and crystalline,
there is a reduction in the x value amounting at 500°C to about 4% of the values
at room temperature.

Our values for X are in cach case lower than Perrakis’ as may be seen from
table 1. In the course of preparing amorphous VgOj by the method specified
we found values for x-10% = 358, -353, -343, the progressive lowering correspond-
ing to a gradual lowering of the temperature at which NH,VOs was reduced.
The purest we could get had a value x = :338-10™® when heating teok
place at a temperature below 200°C. This on re-heating with HNOjy gave the
same value. Apart from the question of the presence of other more paramagnetic
oxides, it may so happen that for the amorphous variety the susceptibility
depends to some extent on the size of the particles.

NH,VOg—The material was Merck’s preparation. It begins to decompose at
about 50°C. Within this short range the result shows a constant
paramagnetism. This is in conformity with Perrakis’ observations
(loc. cit.), whose measurements extended from 17°C to 45°C.

KMnO,—The material was Kahlbaum’s preparation ‘for analysis. = It gave at
first a x value=-215-10"% whence the value came out to be
66-4-107%. ‘This was in agreement with Ishiwara’s value of 64-4.
But as Coliet has remarked that she found a value of §6-5 after
repeated re-crystallisation we followed a similar procedure. After
re-crystallisation the x value lowered and came to §7-7. This ob-
servation incidentally removes the discrepancy between the values
of the above two authors.

Chemical evidence shows that evolution of oxygen begins at
about 165°C producing MnOg asa product. Our magnetic evi-
dence is it conformity with this. Above 150°C the slight lowering
of the x valuc of KMn(Q, is practically balanced for a small range
of temperature by the higher susceptibility of the Moy produced
and from about 175°C the x value begins to increase,
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K 4Crgt)¢—This 1s also Kahlbaum’s ‘ for apalysis.” The bebaviour of this sait is
different from that of the vthers i that bere s a gradual mncrease m x
with temperature.  This increase continues up to the nmacling aant
(cir. 396°C) (where it amsunts W an excess of about 16% over the
room temp. valuc), beyond which there 18 a shight reduction.
Here also, as in KMnt ), reorystalinatun lowered the value. As
may be scen from talde 1 the vaiues are lower thag thuee found by
other authors. That the yradual indesse dws pot arise from
gradual deonposition is manifested by  the fact that the initial
valoe of x 1sregained on cooling.  To be sure about the resalt the
measurenents were reguated on three different samples, eachina
difficrent ampoule, and cight independent sets of readings were
taken with them. Gray and Dakers® expect on certain grounds
that the polychromates should bhave a positive tempersture
cucfhcient.

CONCLUSION

From the results of our measurements we conclude :

(1) Some substances showing the phenomenon of constant paramagnetism

have a negative coefficient of susceptibility, the mean values of which are as
follows :—

V30, (amorphous)—6-10"%, Vg0, (cryst.)—8-167%, both between 30° and
50°C; KMpUg~310™* between 30 and 160°C. The rather high valoe for
KMnO, may be due to some undetected paramagnetic impurity.

(2) KzCrg);, however, has a positive cocfBcient which is higher in valoe
than the negative values. (Mean value= 3-1.107* between room temjarature
and 400°C.)

These values may be compared with the temperature  coefficient of susceptibi-
lity for regular paramagnetics, which is of the order of = 37.107%.

(3) For the consccutive clements Ti-Mn in the first transition scries the
constapt atomic susceptibilitics as determined from their oxides show o gradual

increase with atomic number.

At No, l Hlement. _ x,
22 T 15
23 v »
24 Cr rl
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A parallel hehaviour occurs for regular paramagnetics (i.e., those obeying the

Curic-Weiss Law), where the magncton numbers gradually incrcase with
increasing number of 3d clectrons in the ion.*

(4) From the above similarity of behaviour we can risk the suggestions
that:—

(i) Tron, cobalt and nickel will have a constant atomic susceptibility in
compounds where the valency is fully saturated. These values will diminish i
the order iron-cobalt-nickel.

Morcover:

(i)  Such a compound will be paramagnetic or diamagnetic according as the
paramagnetic atomie susceptibility of the transition element is greater or less than
the total diamagnetic susceptibility of the rest of the molecule.

(5) ‘The x\ value is not an absolute constant for the atom, but is suscep-
tible to changes in the crystalline ficld, as is manifested by the different values for
amorphous and crystalline VgUs.

DISCUSSION.

Qur values for x. differ slightly from those found by other observers, being
lower than theirs except only for Mn where it is higher by only 1-2 units from
Collet’s value. Discrepancics occur in correcting for diamagnetism, as some of
the authors do not state the values used by them. Itisto be noted that para-

magnetic contamination of water or of the material should increase the x value
and not diminish it.

INDIAN ASSOCIATION FOR THE
CurmivaTion oF Science,
210, BOWBAZAR STREET,
Cacurra

* This has been pointed ont by the anthors in Science and Cultare, 1, 587, 1936 and the

analugy of behaviour extended to other transition scries vide, Ray Chaudhuri and Das Gupta,
Science and Cultare, 1, 654, 1936,
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