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1. Introduction. 

Recent work in the field of magnetism emphasises the relation between the 
crystal structure and magnetic properties of solids. Such relations exist in 
all crystals whether ferromagnetic, paramagnetic or diamagnetic. We propose 
in this paper to discuss the explanation of the anisotropy of diamagnetic crystals, 
particularly some nitrates and carbonates with regard to which we have data 
from the measurements of Voigt and Kinoshita* and very recently of Rabi.7 
These substances are especially simple because, as is well-known from the 
work of Kossel, Bragg and others, they consist of charged ions held together 
by electrostatic forces, so that we can attribute the magnetic anisotropy of 
the crystal to that of the individual ions. Thus, for instance, in the case of 
sodium and potassium nitrates we may reasonably look for the explanation of 
observed magnetic anisotropy of the crystal in the structure of the nitrate ion, 
since presumably the metallic ions are more or less isotropic. It is significant 
in this connection that nitric acid solution has been found by Cotton and 
Mouton$ to exhibit a measurable magnetic birefringence, thus indicating that 
the NO3- ion has a pronounced magnetic anisotropy even in the liquid state. It 
is possible to estimate this anisotropy in a purely optical way by combining the 
data for magnetic double-refraction with the measurements of the depolarisation 
of the light scattered in nitric acid. It is found that the magnetic anisotropy 
of the NO, group thus found, practically agrees with that necessary, as remarked 
above, to explain the magnetic properties of the crystalline nitrates. 

2. Relation between Structure and Magnetic Properties. 

The crystal structures of sodium nitrate and calcite have been investigated by 
X-ray methods and the two crystals are found to be homceomorphous. They 
have an axis of trigonal symmetry. The NO, or GO, groups are built up of 
three oxygen atoms a t  the corners of an equilateral triangle with the nitrogen 
or carbon atom a t  the centre, the plane of the triangle being perpendicular to 

* ' Ann. d. Physik,' 1-01.24, p. 492 (1907). 
t ' Phys. Rev.,' vol. 29, p. 174 (Jan., 1927). 
3 ' AM. Chim. et Phys.,' vol. 28, p. 209 (1913). 



the trigonal axis. Potassium nitrate and aragonite, on the other hand, brlorig 
to the rhombic system ; but here also the three oxygen atoms are arranged 
symmetrically round the nitrogen or carbon atoms in a plane perpendicular to 
the " c " axis. 

In the following table are given the principal diamagnetic susceptibilities for 
these crystals :- 

1 Axis along riiicil  
Cryrt,il system. saseeptibility is i measured. 

RarcepLibilit)- per 1 '"era~n sl'scel'- 
g,n, molec. tihilitmy per gin. 

x -  lo^. I molec. 

I 
{ 
J 

Sodium nitrate and calcite are magnetically uniaxial owing to the possession 
of an axis of trigonal symmetry. For potassium nitrate and aragonite, how- 
ever, the susceptibilities along the " b " and " a "axes-are different. But the 
difference is very small, so that for all practical purposes we may treat them also 
as magnetically uniaxial crystals. In  all the cases quoted in the table, the 
susceptibility along the axis, which we shall denote by x, is numerically greater 
than the susceptibility, x,, perpendicular to the axis. It is also significant that 
if. - x, is very nearly the same for the two nitrates, and not very different for 
the two forms of calciuni carbonate. It suggests immediately that the nitrate 
and carbonate ions are, a t  least in a very large measure, responsible for the 
magnetic anisotropy of the respective crystals. 

i ! I / x - lo8. 

/ j  trig. axis 
L hrig. axic: 

1 1  trig. axic: / 

K N O  ,........... 

CaCO, 

3. Rebtion to Magnetic BirFfrit~~gence. 

Before proceeding to connect the magnetic anisotropy of the NO,- ion in the 
crystals with its anisotropy as deduced from observations on magnetic double- 
refraction of nitric acid (liquid), we may point out tliat we would not be justified 
in assuming that the NO,- ion is necessarily identical in the two cases. For 
instance, i t  is well-linown from the investigations of Oxlcy* that many dia- 

* "Phil. Trans.,' A, vol. 214. p. 108 (1914). 
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magnetic substances show an appreciable change of susceptibility on crystallisa- 
tion, suggestillg a re-adjustment of the electron-orbits as we pass from the liquid 
to the crystalline state. We cannot therefore expect any exact numerical 
agreement betmeell the values of the anisotropy of the NO,- ion calculated from 
the two states. 

The constant of magnetic birefringence (Cotton-Mouton constant) of nitric 
acid has been measured by Cotton ancl hfoutoii and = 6.3 x lo-'* a t  about 
16" 6. for light of wave-length h = 5 -78 x lo-' cm. They, however, used acid 
of density 1.49, which corresponds to a concentration of about 90 per cent. 
Since the magnetic birefringence of water is negligibly small, we will not be 
far out if we estimate the value of the constant for 100 per cent. acid at  

In order to evaluate the magnetic anisotropy of the molecule from the Cotton- 
Mouton constant, we require to know the optical constants of the molecule. 
Prom the recent work of Eragg* on the birefringence of crystalline nitrates, we 
have very strong reasons to believe that HNO, moleculc possesses an axis of 
optical symmetry, which is perpendicular to the plane of the NO,- ion ; the 
moment induced in the inolecule by unit field of the incident light-waves, 
acting along this axis, equal to C, say, being less than when i t  is acting perpen- 
dicular to it ( = A). On actual calculation from Bragg's data, the ratio of 
these momcilts CIA comes out equal to 0.60. However, since the Cotton- 
&Iouton constant refers to the liquid state it is only proper that we should use 
the value of the optical anisotropy calculated from measurements under the 
same conditions. Recently careful nleasurements have been made in the authors' 
laboratory by Nr. S. Venkateswaranj on the depolarisation of the light scattered 
by nitric acid of different concentrations. The value of the depolarisation factor 
extrapolated for 100 per cent. acid = 0.64. Calculating from this value we 

according to the two hypotheses that have been proposed for light-scattering. 
Even though the experimental data a t  present available are not sufficient to 
decide definitely which of the two hypotheses is correct, the data are more in 
accord with the hypothesis which gives the latter value of CIA, viz., 0.50.t 

* ' Roy. Soo. Proc.,' A, vol. 106, p. 346 (1924). 
7 ' Indian Journal of Physics,' vol. 1, p. 235 (1927). 
I See K. S. Krishnan, ' Proo. Indian Ass. Sci.,' vol. 9, p. 251 (1926). 
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Now the magnetic anisotropy of BNO, rnolecule can be calculated from the 
C'otton-Mouton constant, C,,, of liquid nitric acid, with the help of the relation 

where no is the refractive index of the liquid outside the field, k: is Roltzmann's 
constant, C'and A'are the susceptibilities of the molecule along and perpendicular 
to the axis respectively. A being greater than C, it is evident from the above 
expression that in order to get a positive value for magnetic birefringence, 
as is actually observed. C' should be numerically greater thail A', i.e., the dia- 
magnetic susceptibility of the KO3- ion along its axis should be numerically 
greater than for perpendicular directions --in conformity with the ob~ervatioras 
on crystals. 

Actually substituting values for C,, and Ct/A in the cxpressioi, we obtain 
C' -- = - 6.7  X 1\)-30 

or - 8 - S x lo--'" 

corresponding to the two values of CIA. 
Now according to the assumptions we have made 

X = K C '  

and j ~ ~ - - N h '  

where N is the Avogadro number per gram n~olecule. 

Therefore X ,  -xL = - 4 .1  x lo-" 
or - 5.3 x lowc, 

which may be comparcd with the observed values 

- 5.4 x 10 -' for XaNO:] 

and - 5.8 x lo-' for KXO,. 

It may also be mentioned iilcidentally that the absolute value of the suscepti- 
bility of NO,- ion is the same in the crystals ailcl in nitric acid. If from the 
average susceptibilities of KaKO, and KKO, we deduct tbr: contributions 
from the Nnf and ICf ions as given by Joos,#: me get for the average snseepti- 
bility of NO,- ion respectively the vaiues- 

x = - (25.9 - 6.5) x 10-" - --I0*2 x lo-" 

and = - (31.7 - 14.5) x = -- 1 7 . 2  x 10-6 
per gram molecule. 

* G. Joos, ' Z. f .  Pllysik,' vol. 32, p. $85 (1926). 
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The value calculated from Quincke's results for nitric acid of about 63 per cent. 
concentration 

- - - 17 x 1 0 - 9 e r  gm. molec~le.'~ 

4. Relatioil to the Structure of Ions. 

We have to look for the explanation of the observed magnetic anisotropy 
of the NO3- ion in its peculiar electronic structure. The three 0-atoms are 
distributed symmetrically round the N-atom as centre, all of them lying in the 
same plane. PaulingJf has recently suggested a dynamical model from entirely 
independent considerations, where he assumes six of the electroils to move in 
pairs in orbits connecting the central N-atom in turn with the three 0-atoms, the 
other eighteen electrons being distributed about the three 0-atoms. (Of course 
we exclude the K-electrons as contributing negligibly to the susceptibility.) 
If we now assume that the electron-orbits connecting the N- and 0-atoms are 
in the plane of the atoms, and the other orbits are orientated more or less 
isotropically, the diamagnetic susceptibility perpendicular to the plane of Nos- 
ion will be numerically greater than for directions in the plane by an amount 
equal to the contribution from the six binuclear orbits. Taking the other 
electron-orbits to be all of equal size, it is found on calculation, from the 
assumption made above, that the susceptibility of a binuclear orbit should be 
much less than that of one of the other orbits. Too little is known a t  present 
regarding multinuclear electron-orbits to enable us to verify how far this con- 
clusioil is in accord with the general theory of diamagnetism. The results seem 
to suggest that these binuclear orbits, if elliptical, should have a large 
eccentricity. 

However, the main conclusion that the anisotropy arises from the six binuclear 
orbits, seems to gain a further support from the fact that the C0,- ion, which 
has an essentially similar structure, exhibits a magnetic anisotropy (defined by 
- xI) almost the same as for the NO,- ion. In this connection i t  need hardly 

be emphasised that further data on the magnetic susceptibilities of a number 
of crystals of this type, e.g., nitrates, silicates, carbonates and borates, would 
be highly desirable and we have initiated experirnei~tal work in this direction. 

* The susceptibility of nitric acid ih assumed, consistently with our assumptiow, to  be 
entirely due to the NO, ion, the hydrogen atom, having lost its electron, contributing 
nothing to it. 

t L. Pauling, ' J. Am. Cheln. Soc.,' vol. 48, p. 1139 (1926). 
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5. ,Szlil~?iaary. 

Crystals of sodium and potussicm nitrates exhibit a marked diamagnetic 
anisotropy, the susceptibilitv perpenclicalar to the plane of the NO,- ion being 
greater than for directions in the plane ; the difference of srrsccptibility in the 
two directions is the sanze for the til-o crystals. 

Attributing this anisotropy to that of the NO,- ion, i t  is found that its 
magnitude is exactly ~vhat  we should expect from the known value of the 
magnetic birefringence (Cotton-Xo-uton effect) of nitric acid licluid. 

An explanation is suggested on the basis of its electronic stracture ; C0,- ion 
which has essentially the same strcrctnre, gives almost the sanze anisotropy. 

A Nc;w Diflerentiul Dilatomciir fr the Deferal%i$andion of Volume 
GTza:xges d u ~ i j t g  ,Solid i j c~ t ion .  

By 6. J. Sarnas, Ph.D., 31.Sc., A.R.C.X., 3Ietallurgical Research Laboratory, 
Wl~iversity of Sheffield. 

(Connmni-iicated by C. H. Desch. F.R.8.-Received April 6, 1927.) 

In recent years, the practical requirements of the metal industries have made 
i t  necessary to study the factors which govern the production of good castings. 
One of the most important of these factors is the change of volume which accom- 
panies solidification. The experimental methods which have hitherto been used 
to determine this change have given discordant results, and it has seemed 
desirable to devise a new method, Iess liable to error. The new form of 
volumenometer which is the subject of this paper is intended to eliminate most 
of the errors inherent in the older methods. It has been applied to the measure- 
ment of the volume changes of two eutectic alloys, those of lead and tin and of 
t in and bismuth, the former of which contracts during solidification, whilst 
the latter shows a distinct expansion. The results indicate that the method is 

trustworthy. 
Previous Metlzods of iicaszc~errzcnt. 

The older methods, which have been used for the experimental determination 
of the changes in volume, associated with the change in state of bodies, may be 
divided into the following classes :- 

(a) The coefficiel~ts of expansion of the solid and liquid, over limited ranges 




