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SUMMARY 

Apparatus for the measurement of magnetic anisotropy 

has been constructed. It is based upon a method first 

developed by Krishnan in which the torsional force due 

to the twist on a fine quartz fiber is used to measure 

the couple acting on the crystal resulting from its 

anisotropy. By this means the diamagnetic anisotropy 

of iodoform, arsenic triiodide and potassium ehloro­

platinite were measured. The results obtained with the 

last named compound indicated the presence of ferromag­

netic impurities. A table of the diamagnetic anisotropy 

of organic compounds measured to January 1948 has been 

compiled. 



1. 

INTRODUCTION 

Although Ampere in 1825 suggested that molecular currents 

might explain induced and permanent magnetization, it was 

not until 1845 that Faraday made the fundamental discovery 

that all substances are affected by a magnetic field. The 

force Fin dynes between two magnetic poles of pole strengths 

m1 and m
2 

in any medium is given by 

where r is the distance in cm. between the poles and_,,t-' is 

called the magnetic permeability of the medium and is unity 

in a vacuum. Those substances for which_,.,u is greater than 

unity are called paramagnetic. If~ is less than unity the 

substance is diamagnetic. 

Calling the magnetic field strength H, where His measured 

in gauss, the magnetic induction B of a given homogeneous 

medium for a given field direction is the productj-lH• I, 

the intensity of magnetization induced in that medium by the 

field is given by 

Therefore 

Now the mass and volume susceptibilities, X and H, may be 



defined as 

-X :::: f( 
(' 

2. 

where p = density of the substance. The uni ts for X are 

c.g.s.e.m.u. Therefore 

Since for diamagnetic substances~ is less than one, ;x. 
must be negative. 

Many substances possess different magnetic properties 

in different directions. In general a crystal possesses 

three orthogonal axes defining the directions of three 

principal magnetic susceptibilities which are not necess­

arily equal. 
(tJ 

. Krishnan, Guha and Banerjee made the first extensive 

studies of these principal diamagMtic susceptibilities of 

crystals. They showed that aromatic organic molecules 

possess a pronounced anisotropy and that the susceptibility 

perpendicular to the plane of the molecule was much more 

diamagnetic than the two susceptibilities in that plane. 

They also suggested the possibility of determining the 

orientation of molecules in the crystal from a knowledge 

of the principal susceptibilities of the molecule and the 

crystal. 
(:l.} 

Later work by Lonsdale showed that planar organic 

conjugated compounds in general possess a greater suscepti­

bility when the applied field is perpendicular to the plane 



of the molecule. 

THEORY 

The first reasonably successful theory of magnetism was 

that of Weber (1847) who assumed that the magnetic elements 

are molecules containing orbital electric charges. For a 

magnetic body these charges are in steady motion in their 

orbits while for diamagnetic bodies the charges are at rest 

and are set into motion by electromagnetic induction upon 

the application of the magnetic field. Electromagnetic 

induction also acts upon magnetie bodies to change the ve­

locities of the charges in permanent motion but the diamag­

netic effect is negligible in comparison with the original 

moment. However· it remained for Langevin in 1906 to develop 

a theory of diama.gnetism based upon the electron structure 

of matter. 

The application of a magnetic field to an electron system 

in an equilibrium state under the influence of a center of 

force is equivalent to the superposition of an angular ve­

locity of precession, the Larmor precession, given numeri­

cally by 

w = - z~ C ff 
where H is the field l:f trength in gauss 

e the electronic eharge 

m the e·lectronic mass and 

c the velGcity of light, all in c.g.s. units. 

Now the motion of an electron in an orbit of radius r with 

angular velocity w produces at a distance the same mean 
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magnetic field as a magnet of moment f':1. as given by 

Therefore the modification of the magnetic moment corres­

ponding to a noncircular orbit by a field will be given by 

t:11'1 =: - e;(~ JI 
~-niC:z. 

ri_ is the mean square radius of the electron 

orbit projected on a plane at right angles to 

the direction of the field. 

For spherically symmetrical atoms the mean square of the : 

actual orbital radius, r: is related tori by 

- ~ :z. -,,,,,.. = - ,,,,,,,,- ~ 
I °5 

Summing over then electrons of the atom and noting that the 

atomic susceptibilityXAis related to dMby 

dM [L 
XA :::: 1/ 

N ~ Avogadro's number 

10 
- -2.84.xlO ~ ---r2. 

Quantum mechanical methods for evaluation of the diamagnetic 
(3) (4) 

susceptibility have been developed by Pauling, Van Vleek, 
(~) (6) 

Slater and Gray and Cruickshank among others. ~e methods 

generally differ in the determination of the quantity r. In 
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the Pauling and Van Vleck method the expression for sus­

ceptibility becomes 

A = - 2. O I "/ O - 6 2._ .--?? : ~ [, _ '3 J;(' ( _.e If - I) - f ] 
,._ ( z- s,,.,,.) :$-,_~ 

where Z-:. atomic number, S =: screening constant while n and 
m 

1 are the principal and secondary quantum numbers respect-

ively summed over K electrons. 

Values thus calculated are generally too high. This devia­

tion becomes more pronounced as the ion or molecule becomes 

more massive. F·or example, the experimentally determined 
-6 

susceptibility of iodoform is -117.lxlO. Pauling obtains 
-6 ~-212.lxlO. Slater obtains values slightly nearer the ob-

served values by adopting modified screening constants. For 
-6 

iodoform his method yields X~ -161.3xlO. 
(6) 

The method of Gray and Cruickshank gives the closest approach 

to the experimental value. They apply the Pauling formula but 

in addition consider the effect due to the unequal sharing of 

charge between atoms. This unequal distribution of charge is 

assumed to be given by the residual electric charges as derived 

from dipole moments of the actual molecule. In this manner it 

is possible to express the fractional time each atom of a mole­

cule possesses a given charge. This fraction of the atomic 

diamagnetism of the particular atom then represents its con­

tribution to the diamagnetism of the molecule. A· simple 

example is HCl. 

The dipole moment~ is related to the residual charge,~ e"" 

and to the separation d between atoms by 
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-ly 
/,OJ x rO 

/, 2. 7 ,r rO - 5-

Expressed in terms of the charge of one electron this 

becomes 

This is interpreted to mean that the charges on Hand Cl 

are + 1 and -1 for 0.17 of the time and O for O. 83 of the 

time. 
+ 0 

The values for the diamagnetism due to H, H, Cl 
0 

and Cl are calculated by the Pauling formula and the appro-

priate fractions taken. For iodoform their method gives 

X,.,=-136.8xl0. 

A quantitative theory of the anisotropy of aromatic ring 
.'81 systems was first developed by Pauling on the assumption 

that the 2p; electrons were free to move under the influence 

of the impressed field from carbon atom to adjacent carbon 
' 

atom. The contribution of these six (for benzene) electrons 

to the magnetic susceptibility for fields normal to the 

benzene ring is given by the Pauli expression: 

X~ _ Nez. (,.o-i.) 
'f/J,-rlCz... '- /~ 

where <e1.)"-"'< is the mean square distance of the electron from 

the z axis. Due to the nodal plane of the wave functions 
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perpendicular to the z axis the same electrons make only a 

very small contribution to the susceptibility with the field 

in the nuclear plane. If, for (e>~)~ we use the value R~ 

in which R is the distance from the center of the benzene 
0 

molecule to the carbon nuclei, 1.39A, the calculated a.niso-
w -6 

tropy is An~ -49.2xl0. The value calculated from the 

Cotton Mouton constant for benzene and the depolarisation 

factor for transverse scattering of unpolarized incident 

light is -54.0xl0~
6 

The method has been extended to con­

densed aromatic ring systems with reasonably good agreement 

with directly determined experimental values. 

MEASUREMENT 

There are three general types of magnetic measurements 

possible with crystals, average susceptibility, principal 

susceptibility and magnetic anisotropy, ie. the variation 

of intensity of magnetization with direction in crystalline 

matter. Both the Gouy and Faraday methods measure average 

susceptibility but the latter method is also adaptable to 

the measurement of principal susceptibilities. The method 

developed by Krishnarlvand used in the present work is used 

for the determination of magnetic anisotropy. 

In the Gouy method a cylindrical sample of matter is sus­

pended from one arm of a balance so that it hangs between 

the poles of a magnet. One end of the sample is in a region 

of large field intensity and the other in a region of neg­

ligible intensity. The sample will experience a force along 
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its length which is balanced by weights on the other arm 

of the balance. The relation between the volume suscepti­

bility,ff, of the sample, and of the surrounding air,H~ 

to the apparent change in weight Aw of the sample on appli­

cation of the field is 

= J' a~ 

where g is the gravitational constant 

His the maximum field strength 

A is the cross-sectional area of the sample. 

In the Faraday method an inhomogeneous field is produced 

by inclining the poles of a magnet towards one another. 

The sample is suspended in the inhomogeneous field and its 

displacement is measured from the position it occupies in 

the absence of the field. The force acting on the sample 

with the field on is 

where mis the mass of the sample 

Xi ts mass susceptibility 
dJ/ c1i¥-the rate of change of field strength along the 

o/ axis. 

By orientating the crystal so that the force is exerted only 

along one magnetic axis it is possible to determine a prin­

cipal magnetic susceptibility of the crystal. However a 
('t) 

much more convenient method has been developed by Krishnan. 
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Any diamagnetic crystal suspended by a thin fiber in a 

magnetic field is subjected to several forces. First there 

is a lateral force tending to move it to the weakest portion 

of the field. 'This effect, and a second due to the shape 

asymmetry of the crystal may be conveniently eliminated by 

using a homogeneous field. A third effect acting is a 

couple due to the d.ifference in principal susceptibilities 

of the crystal. If the crystal is suspended by means of a 

thin quartz fiber wi thX;vertical and normal to the magne,tic 

field then the crystal may be twisted from its equilibrium 

position until the torsional force acting on it just exceeds 

the restoring couple due to the field. At this angle the 

crystal rapidly turns through several revolutions. Measure­

ment of this angle for two different suspensions of the 

crystal permits calculation of x;-:x-.._and1.z-J:• An independent de-,, 

termination of the mean susceptibility makes possible the 

calculation of the absolute susceptibilities from the relatioh 

To simplify the derivation of the equation relating field 

strength H with susceptibility consider a crystal suspend­

ed wi thX-1 vertical and perpendicular to H with X, the a.Bis of 

greatest susceptibility in the plane J. to~. Then~the sus­

ceptibility along the field is 

where/ i-s the angle betweenX, and H. The couple acting on 
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the crystal is 

- c:/ (-L X ,,t zV) dy 2. 4/ 

=: ~ 7✓ <V(Yr ~Xd ~ ~ 

wheref is the energy and V the volume of the crystal. The 

angle at which X, lies along H is taken as p == o , 

Let c be the torsional constant of the fiber from which 

the crystal is suspended and use X-molar instead of Xper 

unit volume. Then 

1 ~ angle through which fiber is twisted 

m ~ mass of crystal 

f1 =- moleeular weight of the crystal 

At an angle / -::: 45° the couple is a maximum. Let the corres­

ponding'\ beti(c then 

If c and Hare known the anisotropy of the crystal in the 

plane perpendicular to the suspension axis may be calculated 

from the angle through which the fiber must be twisted to 

rotate the crystal J¥' radi&rt~ from its normal rest position 

in the field. 

APPARATUS 

Measurement of magnetic anisotropy were made by a method 
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developed by KrishnaJ:J The apparatus ( see Figure 2) which 

was designed and constructed for this work is similar to 
(10} 

that described by Rogers. A quartz fiber approximately 

~- o/in diameter and 70 cm. long is prepared by the method 
(tt) 

of Strong._ This fiber is attached to the lower end of a 

female joint (c) which in turn fitted around the lower end 

of a sleeve bearing (B). 'IDle outer rim (A) of the torsion 

head was calibrated in degrees and equipped with a vernier 

scale which was, however, soon found unnecessary. For , 
convenience in turning the torsion head an non belt connect-

ed it to a shaft (F) which was turned at a convenient height 

by the disk and handle (G). The crystal to be measured was 

suspended at the lower end of the quartz fiber and hung 

between the pole pieces of the electromagnet (E). These 

pole pieces were cylindrical with a diameter of 7.5 cm. and 

a separation of 2 cm. An iron housing (D) protected the 

fiber from accidental breakage and disturbance during 

measurements. 

The magnet consisted of four windings, each with approxi­

mately 290 turns of #12 enameled cotton covered copper wire. 

Each winding was flanked by two pancake cooling coils of 

3/8 inch copper tubing through which refrigerated water was 

passed during the determination. 

The field of the magnet may be calibrated by means of a 

search coil consisting of a known number of turns of copper 

wire on a non-magnetic core and a b~llistic galvanometer in 
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series with the search coil. Figure 1 is the resulting data 

pt otted as field strength versus current through the magnet. 

The torsional constant of the fiber may be calculated by 

observing the period of oscillation of a substanae of known 

mass and shape or by determining the angle of rotation of 

a crystal of known anisotropy. Since considerable difficulty 

was observed in obtaining peproducible results by the former 

method the latter was adopted. Crystals of 1,3,6 triphenyl­

benzene, the anisotropy of which has been determined by 

Krishnarl'1and checked by Lonsdale, were adopted as a standard. 

Since the area of the search coil used in calibrating the 

field was not known very precisely, it was thought best to 

determine the ratio 

:::!::1- ( X1 -_ >( L) 
M '1~-% 

which is a constant at constant current. This value was 

determined at field strengths of approximately 4000, 6000 

and 8000 gauss. In most cases it was possible to make all~ 

measurements at 4000 and 6000 gauss. 

METHOD 

The crystal to be examined was first weighed on a miero­

balance and then mounted with the desired direction vertical 

on a two-circle goniometer. A short piece of glass fiber 

was attached to the crystal with a trace of shellac and then, 

while the shellac was still fluid, was orientated by means 

of a micromanipulator until the length of the fiber coinci-
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ded with the axis of the goniometer. The micromanipulator 

maintained the fiber in this position until the shellac 

had dried. 

The glass fiber and crystal were then removed from the 

goniometer and attached to the quartz fiber. Measurements 

were then taken at approximately 4000 and 6000 gauss. In 

general four measurements were made at each field strength 

and averaged. 

When the magnet is first activated the crystal turns so 

that the maximum susceptibility of the desired zone lies 

along the field. By adjusting the torsion head it is 

possible to attain a position at which the crystal remains 

in the same position in the presence or absence of the field 

This is the zero point for the determination. As the torsio'h 

head is now turned from this zero point the crystal slowly 

turns at a much smaller angle. When the crystal has turn-
0 

ed through 45 any further turning of the torsion head will 

cause the crystal to spin rapidly around. 

The orientation of the crystal in the zero point position 

may be conveniently determined with the aid of a telescope 

equipped with a right angle prism so that observations be 

taken with the line of sight along the suspension axis~ 

A piece of straight iron or nickel wire rs suspended be­

tween the poles of the magnet and the cross-hairs of the 

telescope adjusted to it. The telescope was equipped with 

a calibrated dial so that the angle between ' the zero posi-
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tion of the cross-hairs and a prominent edge of the crystal 

could be readily measured. 

RESULTS 

The equation relating anisotropy to field strength and 

angle of twist may be written 

~(x,-xz.) z. c 
M("'-~ -½) ~ Na 

a constant at constant current 

This value was determined for four crystals of triphenyl­

benzene weighing 1.189, 1.484, 3.185 and 0.744 mg at current 

strengths corresponding to 4,000, 6,000 and 8,000 gauss. 

The values obtained were: 

4,000 gauss 

6,000 gauss 

8,000 gauss 

-I- -1:Z 
1.35 - 5 X 10 

0. 559 ±_ 11 X 10- 0
' 

0. 29 "!:. 3 X 10 _,;i_ 

The values for 4,000 and 6,000 gauss were used in almost all 

subsequent work. 

The calibration was checked against crystals of known ani­

sotropy, potassium chlorate and eatechol. For potassium 
-I. (I) 

chlorate the average obtained was 1.76 x 10. Krishnan re-

ports 1.73 x 10:
6 

Catechol gave values of 2.78 and 2.80 x 10-' 

with the "c" axis vertical. 
_,, 

Krishnan had reported 2.7 x 10. 
-6 

With the ttb" axis vertical the reported value is 30. 5 x 10. 

Measurements on two different orystals with this axis ver-

± 0 0-6 tical gave an average of 26.2 .3 x 1. 

Crystals of iodoform, arsenic triiodide and potassium 

chloroplatinite were provided by Professor Linus Pauling. 
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(o). 

The crystals of iodoform are hexagonal, Groth reports 
(,:y ~ 

a:c = 1:1.1084. Higgins and Noble report ao= 6.818A, 
-c

0 
= 7. 524A, Z :::;;- 2 molecules per unit cell. The mean of 

measurements on three crystals of 33.93, 5.88 and 14.77 mg. 

was 

X,, -x.L - 28.6 + 0.4 X 10 -'-

where the 0.4 is the average deviation of the individual 

values from the mean. The mean experimental value has been 
(IV 

reported by French and Trew aa 

=- -117.1 X 10 - " 

Therefore since 

X ~ = ~ [ X // -t- z X: -1l 

X.1- :::: -128.8 x 10-b 

X ,, = -100.2 x 10 - " 

(1) 
The notation adopted is that of Krishnan in which, for 

magnetically uniaxial crystals the gram molecular suscep­

tibilities along and perpendicular to the ax.is are repre­

sented by X,, and X-..,. respectively. A complete description of 

the notation is given in the last section. 

Arsenic triiodide is trigonal with a:c = 1:2.998 according 

to Groth. The average magnetic susceptibility is reported 
(1//) 

by Ghulam Farid as 

Xa..,A> = -109.4 X 10-b 



16. 

The mean of several measurements on two crystals of 18.27 

and 10.65 mg. was 

Therefore 

v _ -104.2 X 10-<-
/\.. ff 

)( ..L ~111. 9 X 10 -G. 

Potassium chloroplatinite, K2Pt014 , is tetragonal with 
(t2) 

a: e = 1: 0.4161 according to Gr·oth. The structure has been 
(19 

determined by Dickinson. Z = 1 molecule per unit cell. 

Magnetic measurements gave irregular results with poor 

reproducibility among the d-ifferent crystals. While two 

crystal~ did give identical orientation in the magnetic 
0 

field, another or·ienta ted at 21 to this position and gave 

much lower anisotropy values. :&furthermore in all three 

cases the anisotropy decreased with increasing field 

strength. The values obtained are: 

at 4,000 gauss 

X,. - X..1. - -47.2 

,:::; 

at 6,000 gauss 

X,,-X...1. -

-66.2 

-33.8 

-49.1 X 10 

... 37 .9 

-35.0 

_<,, 

--19.3 6 
.... 3Q.7 X 10-
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(t'-) 

Feytis reports the mean susceptibility of K2PtC14 as 

X 
_6 

~ = -147.74xl0 

Therefore at 4,000 gauss: 

- '-
)c_ ,, - -180.5 X 10 

X.1... 

while at 6,000 gauss: 

XII 

x.L 
-6 

= - 137.5 X 10 

DISCUSSION OF RESULTS 

The results obtained with potassium ohloroplatinite are 

most unexpected and should perhapS: be taken with a grain 

of salt. The anisotropies are exceptionally high and the 

variation of susceptibility with field s·trength has never 

been previously observed. Iron is a common constituent 

of native platinum. Only a trace of a paramagnetic sub­

stance is necessary to invalidate diamagnetic measurements. 

However this possibility does not explain the variation of 

the anisotropy with field strength since, on the classical 

Langevin theory, paramagnetism as well as diamagnetism is 

independent of field strength. Furthermore there is no 

prior published work on the anisotropy of platinum compounds 

and other diamagnetic compounds of the tranai tion metals 
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except that of potassium nickelocyanide, K2Ni(CN)4 by Rogers 

who only reports X=-127.8 I 
X,=-144.2 x 10. 

The most likely explanation is that traces of a ferro­

magnetic impurity were introduced at some step in the pre­

parative process. Ferromagnetic substances do show a 

marked dependence upon field strength. Only small ag• · 

1w-omerates of such impurities would be necessary to explain 

the observed behavior. 

It seems desirable that specially purified potassium 

chloroplatinite be prepared and the above measurements 

repeated. Although the crystals available were tested for 

diamagnetism the results were inconclusive. 

Iodoform and arsenic triiodide are noteworthy in the wide 

deviation of their experimental average susceptibilities 

from the semi-theoretic-al values of Pascal. Pascal's value 
-6 

for iodoform, uncorrected for bond deviations, is -142.7 x 10 

as compared with an · experimental value of -117.1. 1lhe 
_, 

theoretical value for arsenie triiodide is -178,0 x 10, the 

experimental is -109.3.. Furthermore this deviation increases 

as the atomic number of the atoms attached to the core atom 

increases. The deviations for the t .rihalo:inethanes are: 

CHC13 -,o 
CHBr -17 3 

CHI3 -25 

The discrepancy cannot be explained on the assumption that 

the field induced by one halide atom due to its diamagnetism 

decre~_ses the effect of the external field at the remaining 
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two halide atoms. Calculation shows this internal field 

to be of the order of l'iO_, gauss at the distances invol v~d 

in iodoform. 

Electronic interaction of the halogen atoms sufficient 

to distort the electron orbitals may account for this de-

. viation. Even on a classical basis, however, it is diffi­

cult to see how a quantitative or semiquantitative treat­

ment of such an 'interaction may be carried out. 

A TABLE OF DIAMAGNETIC ANISOTROPIES OF ORGANIC COMPOUNDS 
(,, q} 

The notation adopted is that of Krishnan. In the case of 

magnetically uniaxial crystals, the gram molecular sus­

ceptibilities along and perpendicular to the axis are re­

presented by x,, and X..1.respectively. In crystals belonging 

to the orthorhombic system, the three crystallographic 

axes coincide with the magnetic axes and the susceptibilities 

along them are denoted by Xer, Yh and~. For monoclinic 

crystals the (010) plane must contain two of the magnetic 

axes; these are denoted by ;x, and X.2. where X, is greater thanX:2-. 

The third axis, X3 lies along the nb" axis. The X, axis 

makes an angle p with the "c" axis and{J-,P to the "a" axis, 

f3 being the pbtuse angle between the "c" and "a" axes. K1 

and K2 are the molecular susceptibilities in the plane of 

the moleeule, K3 is normal to that plane. 
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MONOCLINIC' SYSTEM 

Compound Crystal Suscep- Molecular Sus- Refer 
tibility x /0 6 ceptibili ty ,,-/tJ6 ence 

-x:, - x~ - )c J y -I<, - k -ff :z.. -, 

p-acetotoluide 78.7 110.3 84.,l 
0 

7&0 17 

anthracene 45.9 233.2 91.9 8.0° 45.9 52,7 272.5 1 

azobenzene 93.2 142.5 88.l 65.6° 76.4 54.0 193.4 18 
(trans) 

benzenehexa- 158.9 160.8 161~ -60.8° 17 
Chlo.ride 

benzidine 88.,l 128,3 118.8 8Q0° 17 

p-benzoquinone 27.l 67,l 25,9 3lp0 242 27.9 68.0 9 . 
1, 2benzpyrene 104.8 260,8 186.6 ( ) 17 

biphenyl 63.4 146.5 98.9 20.l 66_9 66.9 174.7 1 

bromanil 135.8 155.3 135.4 13.7° 17 

catechol 48.5 79.0 76.3 2.2° 9 

chloranil 93.9 11&2 96.2 13.4° 17 

chrysene 88.0 2q8. 136.l 12,7° 88.0 83_3 3108 9&19 
• 

cinnamic acid 58:4 852 1214 -74l 18 
(trans) 

. . 
coronene 90. 270. 300. 20.

0 

90. 90. 480. 10 

cyanuric acid x,-~~-=24.2 X 1 -x~::: 2~9 20 
dihydrate 

( ) • cyanuric tri- 72?, 101.2 70_9 7Q9 71_2 101~ 19&21 
chloride 

cyclodiketone X -x = 552 X 3 -X.i. =--28.0 18 
.C24H44 02 

I '2. • 

l,2,5,6dibenz- 109. 150. 310. 13.5° 110. 110. 358. 22 
anthracene 

dibenzil 90.5 146.5 98.9 83.9 
0 

917 91J 199.5 l 

p-dibromo- 86,;3 118.5 95~ 8~0° 9 
benzene 
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Compound Refer 
ence 

- x, -;x-..,__ -x, y -K, -k:.,___ -K J 

p-dichloro- 70.0 106_2 
benzene 

79_9 86.9 ° 9 

4,4'cliehloro- 165_0 
0 

129.9 104_5 -285 9 
diphenyl 

. 

dimesityl 161.2 188.7 165.0 -55.8° 9 

dihydro- 95_3 168.3 1023 -3_7 • 17 
anthracene 

. 
p-dinitro- 37.8 91~ 78.8 -3q6 ° 9 

benzene 

dtphenic . acid 12Q2 138_0 138_2 - 3,4° 9 

diphenyl acety- 98_5 149_4 99.9 -625° 81.5 67.8 198.5 2 
lene 

diphenylamine 77.5 124~ 125_3 ( ) 17 

p-diphenyl- 96.8 2 \~. 14fl4 -14.i' 9q8 8~1 271.3 9& 
benzene 19 

., 
diphenyldi- 938 188. 109.6 -88.5 109.4 75.3 20~7 24 . 
acetylene 

. 
diphenylethyl- 99_9 14~8 98.8 -6W 85.8 501 209.6 2 

ene ( sym) 
, .. 

durene 77_3 1170 .,. 109_3 -20.2° 77_3 85.6 14Q7 9 

fluoranthrene 88_6 198. 128.6 9_6., 9 

fluorene 72.6 156_6 · 109_6 10 .. 9° 72p 72.6 193_6 9 

hexachloro-
benzene 

129,4 136.2 1711 52,6 128. 128. 182 .. 9 

hexamethyl- 1011 • 102.7 163.8 ( ) 101.]. 102.7 163.8 9 
benzene 

maleic acid 4~3 62.3 4~9 ( ) 18 
melamine 58.l 77.6 59.8 250., 58.1 58,1 79?, 29 
naphthacene 93. 263. 125/j ( ') 17 

naphthalene 39_4 1614 687 12.0" 394 43.0 187.2 l . • • 
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Compound Refer 
ence 

-x -Xz. -x5 y - 1,, -1<2.. - li5 
' 

naphthalene 135.6 19f:10 139.5 -4.70 17 
tetrachloride 

naphthazarin 57;3 170;3 77). ( ) 5'(3 573 . 14Ql 10 

naphthol 60.5 112.4 122~ 28.7° 9 

p-naphthol 62;3 148p 80~ 9~,° 46.6 50F 1944 1 

naphthoquinone 389 12q8 55,8 -62.5° 9 , 
r 

( ) oxalic acid 53.1 55.0 60.1 53.1 527 624 2 
dihydrate • ' 

perylene 9ij5 226.8 156.4 - 35.2° 17 

phenanthrene 74. 200, 114. 
0 

- 3.J. 74. 74. 240. 9 

phthalocyanine 166. 538. 563. ( ) 165 .. 120. 982. 2 

pyrene 8Q6 l'.ZS. 206. 251)" 80p 80p 3Q~3. 9 

quinhy drone 882 1426 104.3 l~l." 17 . . 
sorbic acid 558 

' 
56,9 62,6 ( ) 5~9 4~2 43_6 27 

stearic acid 210,0 23q7 20&2 ( ) 18 

stearolic acid 199 .. 6 21~4 2026 ( ) 18 • 

stilbene 97,4 154. 96,6 - 65.9" 85,8 5Ql 209.6 9&2 
,ii 

succinic acid 53.1 58.1 52). ( ) 53.1 486 60.7 18 . 
s-tetrabromo- 134.7 174.9 137 .. 5 -6'7.0° 17 

benzene 

l,2,4,6tetra- 100.9 142,6 100,7 -689' 9 
chlorobenzene 

0 

thianthrene 117.9 1603 1096 -40.0 17 
~ . 

0 

tolane 98,5 149.4 99.9 -6~5 8lp 67.8 198_5 18 

urea nitrate 5Q6 5~6 49.5 ( ) 20 

urea oxalate x,--xz. =1~54 X:!"-Xz.. :::-15.8' 20 



23. 

ORTHORHOMBIC AND UNIAXI.AL SYSTEMS 

Compound Crystal Susceptibility Molecular Sus- Refer-

X /0 6 ceptibili ty ence 
X /0 6 

-x~ - x, -Xe::. -x,, -X.t - K, - I<;,, -(,<.~ 

acetnaphthene 11~6 721 1456 l 
• . 

alizarine 113. 84. 194 .. 17 

anthroquinone 103t 620 1855 17 . . 
azobenzene 157.0 109.7 742 18 

( cis) 
,. 

benzil ;_ ·_; 8QO 125.6 1 

benzophenone 88_0 886 1493 1 . .. 
IJ'-bi:phenol 105.7 140 .. 6 89_8 17 
cyarturic triazide 102.0 80.0 28 
dianthracene 26~7 243 .. 6 1751 17 

1,2,5,6dibenz- 169, 110 .. 229. 110. 110, 358. 22 
anthracene 

dimethyldibenz- 329. 145. 155. 17 
phenanthrene 

m-dinitrobenzene 43.6 57.3 105.8 17 

o-diphenyl- 112,6 1323 2103 23 . . 
benzene 

duodecahydro- 1545 2096 17 . . 
triphenylene 

i-erythritol 687 755 18 . 
fluorene alcohol 74?, 125. 18 

fluorenone 721 . 129.0 97.3 9 

hexaethylbenzene X.1.-Xr,"'"66. 25 

hydrazobenzene 88~ 88? 1493 1 • 

hydroquinone 63. 64. 9 

iodoform 1002 128~ .. 
maleic anhydride 421 32.9 325 18 . --·-·-"" 



Compound 

d mannitol 

naphthyl-
amine 

m-nitroaniline 

pentaerythritol 

pentaerythritol 
tetraacetate 

pentaerythritol 
tetranitrate 

pentaerythritol 
tetraphenyl­

ether 

24. 

-X.« -)(6 - X~ --X,, -X.u 

113.3 100.0 105.6 

9~9 89.5 109.6 

64p 66p 7~1 

83.6 88.3 

159.7 1829 

124.9 116.4 

29Q9 279.l 

phloroglucinol 12~1 8~1 8~1 

resorcinol 

retene 

salol 

succinio an-
hydride 

o-toluidine 

p-toluidine 

s-trinitro-
benzene 

l,3,5triphenyl 
benzene 

triphenyl­
carbinol 

triphenyl­
methane 

urea 

66.4 74~ 61.0 

244. 147. 105. 

121). 9 0,8 152.6 

50_7 44~ 4~6 

117_3 200.2 12q,6 

64.7 8 9.2 6 6,1 

67.6 74p a1p 

313. 155. 14Ql 

17~3 148~ 166_0 

1694 1747 . , 

3184 3441 . . 

49.2 49.2 103_2 

Re:fer­
ence 

18 

9 

9 

18 

18 

18 

18 

17 

26 

17 

1 

18 

9 

17 

17 

9 

9 

17 

20 



25. 

TRICLINIC SYSTEM 

Compound Crystal Susceptibility 
X 10" 

-,i( I - x~ -A3 

trans-trans-methyl 5~4 7q9 8~4 
fumarate 

trans-trans-methyl 
muconate 

82,6 1092 . 

Reference 

30 

30 
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