THE MAGNETO-OPTIC ANOMALY OF
ELECTROLYTES IN AQUEOUS SOLUTION—II

By S. RAMASESHAN
(From the Department of Physics, Indian Institute of Science, Bangalore)

Received January 16, 1950
(Communicated by Prof. R. S. Krishnan, F.A.sc.)

1. INTRODUCTION

IN a preliminary study by the author on the magn.eto-optic anon}aly in
electrolytic solutions (Ramaseshan, 1948) it was noticed that solutions of
the alkali halides had values of the anomaly greater than that for water. On
the other hand the presence of sodium chlorate and the alums in water always
decreased its y value. This difference in behaviour between the simple alkali
halide ion and the other more complicated ones induced the author to under-
take a systematic measurement of the magneto-optic and optical constants
of a large number of ionic solutions. In a previous paper (1950) the results
obtained with seventeen univalent halide solutions have been reported. This
paper gives the results obtained with other ionic solutions especially those
containing ions with covalent linkages in them such as nitrates, sulphates,
chlorates, bromates, iodates, etc. Amongst the substances that have been
studied are 13 halides, 13 nitrates, 8 sulphates, 5 hydroxides, 9 chlorates,
bromates and iodates, of monovalent and divalent elements. From the
measured values of the Faraday effect and dispersion in these solutions the
magneto-optic anomaly has been evaluated. The ionic rotations have also
been computed. The last part of the paper gives the values of the magneto-
optic anomaly of gases and vapours calculated from data obtained from
Landolt and Bornstein’s tables.

2. RESULTS

The magnetic rotation of the different solutions were measured for
A5461 (Hg green) with water as the standard substance. The refractive
indices were measured for A5893, A5461 and 2M358. The experimental
methods used have already been described in the previcus communications
by the author. The specific rotations of the ions in solutions are evaluated
~from the simple Verdet rule for mixtures.

[VJ =[V.]x + [V Ix,
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where [V], [V,] and [V,] are the specific rotation of the solution, ions in
solution and water and x; and x, are the number of grams of the substance
and water in 100 grams of the somtion. The specific rotation [V] «=V/d,
where V is the Verdet constant and d'is the density and the molecular rotation
[V], =[V] ¥ M where M is the molecular weight. The magneto-optic
anomaly for any solution is calculated from the modified Becquerel formula

V ==y e[2med. (A dnfdd),

where dn/dA is the dispersion for the solution for the wavelength A for which
the Verdet constant is measured. The solutions were made from purest
chemicals. Some of the compounds were prepared in the laboratory.
Usually a 4-molar solution was made, Table I gives the optical and magneto-
optic constants of water and the other solutions. M is the molecular weight
X, and X, are the number of grams of substance and water in 100 c.c. of
solution, d is the density, n the refractive index and On is ngegsn yugus  Vsaas
is the Verdet constant for the solution for Ag,e, [V,]y is the molecular rota-
tion of the ions in solution and y is the magneto-optic anomaly,

TABLE |

Optical and magneto-optic constants for water

Nggvy I 2z W! e AnX10°8 ' Vi ’ 100y
= & man v - . . “
1-33239 I 1-33381 1 1-33063 714 . 0:01547 ] 76
TaBLE I

The optical and magneto-optic constants of univalent nitrates in svlution
(4-Normal .s'olution)

AN 1Y 3. A G AR DG

x10 X 10

N0, .| 6302 | 2w | 8320 osa | o 805 | 1360 | 210° | 53
LINO; - 64:95 | 2760 | 8942 | 11600 | 130626 | 847 | 1481 | 268 | 080
NaNOg..| 85-01 | $4:00 | 8404 | L1814 136543 | 867 | 1462  9.70° | 9o
KNOg .| 0101 | 4048 | 8083 | L2127 | 136621 871 | 1440 | 478 | 0800
NH,NO;| 80°05 | 32-02 | 81-44 | 11346 | 130811 | 883 | X0-10° | 6-30° | 60-0
AgNO; | 16989 | 08:00 | 84-39 | 1.5234 | 1.30882 | 1065 | 16:04 | 9-00' | 50-8

R TR &y gy

M ' Xy l Xy d l Hiay lAquO“ "w wi‘]M 100y
i
l

i
!

* Absolute value of n was not determined accurately.
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TABLE III
The optical and magneto-optic constants of sulphates in solution
(1 Normal)
\% V; ;
wo x| X || e [swxaod] Veger | Wk 100y
l
HgSO4 - 98.07 9.80 93-90 1~0370 * 775 15'10’ 5'80’ 69'2
Li,SO, .. 109-94 | 1100 | 93-02 | 1.0402 | 1-35056 745 | 15:13° [ 7.41’ | 713
N2,SO,..| 142:06 | 14.20 | 92.81 | 1.0662 | 1-35114 748 | 1526’ | 907" | 7T1-6
K,SOg ..| 174:26 | 17-50 | 89-16 | 1-0658 | 1-35144 756 | 14-91" |11.22" | 69.2
(NH,)SO,| 132-14 | 13-20 | 90-50 | 1-0371 | 1-85600 781 | 15-43° (14-37° | 69-3
* Absolute value of » was not determined accurately.
TABLE IV
The optical and magneto-optic constants of hydroxides (4 Normal)
‘V 3
M| X | X | 4 moos  |Anx105 Yoe | [Vile | 490,
HOH 18-02 1-0000 | 1-33239 715 | 15.47 | 2.78" | 78
LiOH ..| 2395 958 | 97-74 | 1.0732 | 1-36691 788 | 17-32° | 5-50° | 77
NaOH ..| 40+00 | 16.00 | 95-57 | 1.1157 | 1-36770 792 | 17-48 | 6-65" | 77
KOH 56-11 | 2244 | 90-96 | 1.1340 | 1-36816 796 | 17-08" | 7-52° | 788
NH,OH* 35-05 3-50 | 15-66 | 0-9917 | 1.33503 730 | 15-66" | 8-60° | 76-3
* 1 Normal solution.
TABLE V
" The optical and magneto-optic constants of chlorates
M X]_ XQ 4 25893 Aﬂ x10° 25143}; [Yg{g 100)’
HCIO; .| 8447 | 33.78 | 82.02 | 1.1580 1-36780 813 | 15-85’ | 7-92° | 68-4
LiClO;..| 90.40 | 36-36 82-58 | 1-1894 | 1-36820 798 | 16-36’ | 8.93" | 72.0
NaClO; ..| 106-30 | 42.52 | 82.92 | 1.2544 | 1.36880 790 | 16-56" | 932" | 73.6
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TABLE VI

The optical and magneto-optic constants of bromates and iodates

V.
M b Xe d nsgps [Bax105 Vot | L Vi | 100y
HBrOg ..| 128-93 '33.57 77-67 | 1-1634 . 880 | 16-65 |15-46’| 67-0
NaBrOg..| 150.92 45.27 | 8674 | 1-3201 . 890 | 18.58" |17-18'| 73-3

HIOg ..| 175-93 52.77 | 88:61 | 1.4138 | 1.40150 1051 | 22-61° | 29-75"| T5-5

LilOg ..| 181:86 | 54-5¢ | 89-04 | 1-4358 | 1.40367 | 1008 | 21.69’ |26-41 | 75:5

TaBLE VII

The optical and magneto-optic constants of divalent chlorides

M ' X, X, d 25893 DB x10° Y{Sligé. [Xi]OM 100y
CaCl, --| 1110 444 768.68 | 1-2308 t 862 | 20-85" |26-27 | 85-9

SrCl,  ..| 158-56 63-42 63-19 | 1-2661 | 1-38549 920 | 20.14" |27-30" | 768
BaCl,*.. | 208-28 62-46 62-14 [ 1-2460 | 1-37643 842 | 19.04’ |30-70"| 70-4
MgCly ..| 95-24 3809 76-61 | 1-1470 | 1-37751 892 |19-80° (25-00" | 78-0
ZnCly ..| 136-30 6452 66-96 | 1-2148 | 1.39251 933 |20.13" [27-80" | 75-7
CdCl, ..| 183-33 73.23 57-10 | 1-3043 | 1-39963 951 | 20-92° | 32-10" | 77-4

* 3 Normal solution. 1 Accurate value not determined.
TABLE VIII

Magneto-optic constants of divalent bromides

v v,
M X, 108 [x’1]6” 100y
CaBr, .| 199.91 79-96 31-22 48-6' 5.9
StBr, o 247446 98-98 31-70 19.7 6.0
MgBr, . 184-15 73:66 30-8¢' |- 48.1 744
ZHBIQ . 22521 9000 32-00' 49.6' 770
CdBr, L 21224 108-00 33.70' | 537 77.9
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TaBLE IX
Magneto-optic constants of divalent iodides
. _
Visse1 [V:] !

M X2 x10° x10 100y

Znl, . 319-2 95-76 32.03’ 102- 27 67-8

Cdl, 366-2 169-86 29.06 10643 68-3

TaBLE X _
Magneto-optic constants of divalent nitrates (4 Molar solution)
v, V.
X, M e 100y
S ]

Ca(NO;), . 65-64 | 13-46 5-80 430
Sr(NOg)» .. 8466 13-80' 6-81 43-3
Ba(NOQ;),* .. 26-13 15-24 10-21’ . 65-1
Mg(NOg). .. 59.33 12-96¢ 4.16 43-2
Zn(NOQ;), .. 75-76 14-37 7.03’ 44-4
Cd(NOgj), . 9495 16-21’ 11-04’ 48.7
Pb(NOs). .. 66-24 19-81 33:00 503

* 2 Molar Solution.
TABLE X1
Molecular magnetic rotation of substances

Substance [Vi]ux10
2
NaF . 2-20°
KF ' .. 3.2¢
NH,F . 4-71
MgSO, .. 5.40°
ZnSO, . 8- 20’
Cds0, .- 11-90’
HgCl, . . 37.58’
Hgl,* Ll 129.8¢
Mg(BrO,)s . 3587
Zn(BrOs), .. 37.82’

* Pyridine Solution,
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3. DiscussioN OF RESULTs

Tables XII and XIII give the difference between the molecular magnetic
rotation of different compounds. One notices that the additivity rule is fairly
valid. From these tables the ionic rotations have been computed (Table XIV)
assuming that the rotation for the hydrogen ion is zero. This is only strictly
true if the hydrogen ions in solution consist of free protons. The metal ions
have much smaller rotation than the acid ions. Tables XV and X VI give
the values of the magneto-optic anomaly for all the solutions for which
measurements have been made so far. It must be mentioned here that the
y value for water is 0-76.

It has been reported in a previous paper that the y values of free ions
having the inert gas configuration is very nearly unity and that any deviation
of the electron atmospheres from the inert gas state is immediately indicated
by the decrease of the anomaly. In the case of ions with strong covalent
linkages the electron atmosphere would have considerably departed from the
inert gas state and consequently on the basis of the above observation the
y value in such ions should be extremely low. This is found to be so in the

TABLE XII

Molecular Rotation
(In minutes x 10)

H | Li | N | K |NH, | Ca | S | Mg | 2Zn cd

CI-F N . |12:30 { 12-20 | 1200 | .. . . . .

Br—Cl .| 11:49 | 11-42 | 12.27 | 11.36 | 11-52 | 11-16 | 11-20 | 10-50 | 10-91 | 10-8

1-Cl .| 36:79 | 37-90 | 38.54 | 39.51 | 3945 | .. . .. .. o
TABLE XIII

Molecular Rotation

(In minutes X 10)

c! Br I | NOs ( OH | Cl0; | %S0,
Li-K - | 059 | 0.42 | 1.60 | 076 | (2+72) | 1.00 | 0-80
Na-Li .| 140 | 130 | 204 | 0-85 | 1156 | 0.43 | 0-83
K-Li .| 235 | 2-29 | 3.6 | 1.95 | 2:02 | .. 1-91
NH,-Li ..| 3:62 | 3.72 | 5.23 | 3-46 | 3-10 . 3-47
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TapLe XIV.
Ionic Rotations
(In minutes X 10)

H .« — | Ca . 13 | F . 060 | ClOg.. 792 | NOy.. 2:10
Li. -« 060 | Sr .. 238 | CI ..12:41 BrO; .. 15:46 | SO, .. 2-90

Na ... 172 | Ba .. 58 | Br .. 2410 | IO .. 29:75 | OH .. .90

K .. 270 | Mg .. e | I . 49-40

‘Rb .. 409 | Zn .. 280

Cs o T2 |.Cd .. 684 |
NH, .. 415 | Hg .. 1266 |

case of nitrates, sulphates, chlorates, bromates and iodates (Tables XV and
XVI). Further it must be remembered that each of these substances contains
at least one metal ion for whichy =1. The value of the anomaly for the
acid radicals (in NO;, SO,, ClO,, BrO,, I0,) must therefore be consider-
ably lower than the values given in Tables XV and XVI. These figures seem
to lend very good support to the idea that the presence of covalent bond
decreases the value of y of a substance. If this were true then the anomaly
should be lowest in the groups that contain the strongest covalent bonds.

TABLE XV
Magneto-optic anomaly of 4 Normal solutions

H Li Na . K NH,
cl S X 196 81-4 81-1 79.6
Br s 81-1 §4.3 83-1 83-4
I -l 79.8 82:9 834 85:1 84+7
NO; . 533 586 59-2 580 60-0
%S0,* .| 692 7.3 1.6 89-2 69-3
OH .l 7640 70 77-0 76-8 76-3
C10; | 684 72-0 3.6 .
BO; . 6710 | T3 :
I0; . | 5 | 755 . .

* 2 Molar solution.
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| TABLE XVI
. IOOy (4 Molar solutzans)
Ca Sr { Ba Mg Zn Cd
Cl, 85-9 76-8 79-4 78-0 75.7 77-4
Br, 5.2 76+2 744 77-0 71-9
I 67-8 683
. (NOy), 43-0 433 65-1 432 444 487

An idea of the strengths of these bonds can be obtained from certain Raman
frequencies of these groups. Table XVII gives the Raman frequency
(Hertzberg, 1946) and the force constants as also the values ofthe anomaly
for 4 Normal solutions of salts containing these ions. One notices that the

ions that have the greatest frequency, i.e., the strongest binding have the
least value of y when dissolved in water.

The anomaly for pure acids are given in Table XVIII. The low values
are most probably due to the covalent linkages that exist in these acids in the

pure state. The solutions of the acids in water have a much higher value

TABLE XVII
100y ‘
: . |Raman frequency Force const.
o Ofsglgggfal cm. "t £%10°% dynes fcm.
NOg 58 1050 10-39
SO, 64 981 9.07
ClOg 73 930 5-55
BrOs 74 806 5-25
10 = .. 75 779 5-35

of the anomaly.

TaAaBLE XVIII !
Acid 100y

H,S0, L 4zes

HBr 380

HCI 62:0
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The divalent halides of Zn and Cd which are known not to dissociate com-
pletely in water have low values of the anomaly. Tl}e ammonium salt
solutions have a lower value of y than the corresponding alkali salt solu-

tions probably due to the covalent N-H bond.
4. MAGNETO-OPTIC ANOMALY IN GASES AND VAPOURS

The studies in ionic solutions indicate that there is a relationship between
the strength of binding and the magneto-optic anomaly ofamolecule. Tt was
therefore thought worthwhile to collect together the values 01.‘" the.anomaly of
gases and vapours and to find whether there is any similar rele}tlonshlp there also.
Darwin and Watson (1928) have calculated the anomaly in the case of only
five gases Oy, Hp, N3, CO, and N,O. In the case of other gases and vapours
there are measurements of the Faraday effect for one or two wavelengths in
the visible region (Landolt & Bornstein Tables). The dispersions of the
gases were also obtained from the same source and the values of the ano-
maly have been calculated. Table XIX gives the value of y of the different

gases and vapours.

TABLE XIX
Gas Neon Argon H, HCI H,S [IBr H,0
100y 116+5 100 99 92.8 89.8 80-8 78
Gas SOz 4 Cl, CoO Na COQ (CN)Q (NgO)
100y 72:5 ] 707 65+6 630 | 53.7 48:1 320
z
Gas } CgHg C-_;H4_ C2H5 CaHs CH3C1 |
100y 66-7 61-2 60+ 1 580 48-3 l
) ' |
Gos | CHCl, { C,HBr ccl, cs,
0y | 701 774 60-4 36-0

The anomaly in most gases and vapours range from 0-32 to 1-00. The
high value of 1-16 in the case of neon is probably due to experimental errors.
The y value of argon is almost exactly the theoretical value of unity. The
lower value of the constant found in the other gases must obviously be due
to the failure of Larmor’s theorem in molecules. Unfortunately the deter-
mination of the ratio of the angular momentum of an electron to its magnetic
moment in 2 molecule is a very complicated process and has been accomplished
and that too approximately, in the case of the hydrogen molecule (Van Vleck,
1932). It would be of some interest to find out whether there is any relation-
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ship between the magneto-optic anomaly and the valence foree constant of &
molecule. The values of the force constant can be caleulated directly from
data on Raman and infra-red spectra.  Table XX gives the values of y and
the force constants for all the gases for which data are available.

TasLe XX

. Foree constant | ,

(ras X 10 dynes/cm, o)
L UN)y .« 17-73 482
Pty . 168 il
0 - 1182 ' ud
Ny . 047 72

1o Hu0 . T Yk
o e o 400 i
) 11;!»"; ' 4"1" 90
Hel . b 1b R
Ha - 4199 g
(= . 8l 14
Cel, . 408 6

From Table XX one can sce that the anomaly is very intimately con-
nected with the strength of binding, stronger the binding, the lower is the
anomaly. (There are of course many discrepancies, e.g., HBr, CS,.CCl,, ete.)
On this basis it is possible to understand why the value of CH,CL (¢ 0-48)
is lower than that for CHCl, (y - 0:70). The stretching foree constant
for - C-His 479 « 10" dynes/em. while that for C Clis only 3-64 - 10?
dynesfem. and the latter compound contains more C- Clbonds than the former.
But on this basis it is impossible to explain the intermediate value of ¢ 060
for CCl,. The extremely low value of 0-36 for 'S, does not also find an
explanation on this basis.

The author wishes to record his grateful thanks to Prof. R, S, Krishnan
for his kind encouragement during these investigations,

SUMMARY

The paper records the magneto-optic rotation and the dispersion for
a large number of ionic solutions,  From these data the magneto-optic tno-
maly for these solutions have been evaluated,  The ionic rotation for the
different substances have also been estimated,  Amongst the substances
studied are halides, nitrates, sulphates, hydroxides, chlorates, bromates
and iodates of monovalent and divalent elements. The anomaly in some
pure acids have also been determined. The magneto-optic anomaly for
about twenty-three gases and vapours have been caleulated from the data
given in Landolt and Bornstein's tables. It is found that the presence of

A 4
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ions with covalent linkages decreases the value of the anomaly for water, the
decrease being greater if the strength of the covalent bond is greater. In
the case of gases also the value of the anomaly is lower for gases in which the
strength of the bonds is greater. There are some vapours that do not follow

this rule.
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