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ABSTRACT 

The magneto-optic rotation for A 5461 A and the optical dispersion 

have been measured for some acids and their salts at various concentra- 
tions and from these data the specific Verdet constant, the molecular 
magnetic rotativity, optical dispersivity and the magneto-optic anomaly 
factor have been estimated. It is found that all these constants vary con- 
siderably with concentration thereby revealing that the intrinsic magneto- 
optic polarisability of the ions varies with concentration. Therefore 
the values, extrapolated to infinite dilution have also been determined 
and from these the specific Verdet constant and the magnetic rotativity of 
the different anions and cations have been found out. 

1. INTRODUCTION 

The magnetic rotation of the plane of polarisation of electrolytes in aqueous 
solutions has been the subject of many experimental studies. Much of our present 
knowledge of the Faraday rotation of ions in solution is due to the investigations 
of Anderson and Asmussen (1932), Okazaki (1933, 1935) and De Mallemann (1939, 
1942), who have accurately determined the values of magnetic rotations for differ- 
ent ions in solution. The values reported by these authors have been obtained 
from studies on Solutions of fairly high concentrations. It is well known that the 
ionic rotation varies considerably with concentration. Even from the data pre- 
sented by the above workers, one notices that the rotations of the ions vary as much 
as 10 to 15% with concentration. Hence if one wants to compare the magneto- 
optic properties of different ions, one has to find the ionic rotations at various con- 
centrations and extrapolate it to infinite dilution. It was with a view to fill up this 
gap in the literature the present investigation was undertaken. Also the molecular 
magnetic rotativity, optical dispersivity, and the magneto-optic anomaly factor of 
the substances in aqueous solutions have been determined. The results are pre- 
sented below. 

2. METHODS OF CALCULATION 

The experimental set-up and the procedure are similar to that described in 
an earlier publication of the author (1954). The magnetic rotation and the optical 
dispersion have been measured at large number of concentrations and the calculated 
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values of ionic rotation, rotativity and the dispersivity were extrapolated to infinite 
dilution. The values of Verdet constant were accurate to 1%. The values of Verdet 
constant for the halogen acids reported in an earlier publication of the author 
(1954) were found to be greater than the correct value by 2 to 3% due to a systema- 
tic error. An error of 2% in the value of Verdet constant at dilute solutions would 
introduce an error of more than 5% in the values of ionic rotations and the anomaly 
factor. Necessary care was taken in the present studies to avoid any such error. 

The following simple mixture rules have been employed for the evaluation 
of the magneto-optic constants of ions in solution from the data for the solution 
and the solvent. 

[X) 	=-- 	w1 	[X)2  w2 

where [X] represents either the specific Verdet constant 

V 
[V] =--- d  

or the magnetic rotativity 

9n V 
[Q] r= (n 2  -I- 2) 2  d ' 

or the molecular dispersivity, 

[D] 	
9n 	dn I 

(n 2  -1- 2) 2  dA d ' 

w 1  and w2  are the weight percentage of the solute and the solvent in the solution, 
V is the Verdet constant and dn/c/A the optical dispersion. The subscripts 1, 2 
and sol. refer to the solute, the solvent and the solution respectively. The mole- 
cular magneto-optic constants are obtained by multiplying the specific Verdet con- 
stant, rotativity add dispersivity of the solute by its molecular weight M and are 
denoted by [V]m, [,.12]m and [D]m respectively. The values of the magneto-optic 
anomaly factor for the salts in solution are calculated from the relation 

Vali 	el2nic 2  • A [Djm 

All the solutions were prepared from Kahlbaum's or from Merck's pure analytical 

reagents. 
3. RESULTS 

Table I gives the magneto-optic data of the acids and salts studied here. Only 

the results at two representative concentrations from the large number of concentra- 
tions at which measurements have been made, are 

given in this table along with 

the extrapolated value at the zero concentration. [Vim [C2],,t, 
[DIM and y are 

respectively the molecular specific Verdet constant, molecular rotativity, molecular 
dispersivity and the magneto-optic anomaly factor of the salts in solutions for the 
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TABLE I 

Magneto-Optic Data of Acids and Salts in Solution 

, 
• VIM*  

Verdet constant t I 
Substance 	% 	Density 	 .. in radians 

mins./cm. /oersted i 	x 10° 
ii  

[Dim 
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x10° 
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% Density yerdet constant 
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TABLE I-(Contd.) 

wavelength A 5461 A. In Table 11 are given the calculated values of ionic rotations 
and rotativity for A 5461 A from the extrapolated results. The ionic rotations and 
rotativity of the anions were determined on the assumption that the rotation due to 
the hydrogen-ion is zero. From these values the constants for the cations were 
evaluated. The values given in the table for the cations are the mean of many 
values got from different halogen salts. 

It is worthwhile to remark here that at the same higher concentrations, the 
values of magnetic rotations of the substances in solution determined now by the 
author agrees fairly well with those of other workers (Anderson and Asmussen, 
1932; Okazaki, 1933 ; De Mallemann, 1941). But it can be seen from the tables 
that the values of [V]m, [Sl]m and [Djm of the ions vary considerably with concentra- 
tion. Since the values of magnetic rotation and rotativity increases by about 10% 
with decrease in concentration, the estimated values of ionic rotation and rotativity 
in the present studies are greater than those of other observers who have obtained 
them from their results at higher concentration. The values of specific Verdet 
constant and rotations of the anions given in Table 11 are accurate to 2 to 3% only 
and the values of these constants for the cations are very uncertain. This can be 
easily understood when one remembers that the values of rotativity of the salt 
itself (both anion and cation together) is accurate to 2% only. This explains the 
disparity in the values of ionic rotations for cations reported by various workers. 
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TABLE El 

Molecular Rotation and Rotativity of the Ions 

Anions 
Specific Verdet 

constant 
in radians x 10 6  

. Rotativity 
in radians 

x 106 
Cations 

Specific Verdet 
constant 

in radians x 10 6  

Rotativity 
in radians 

x106  

Cl- 401 318 	LP 6 —4 

Br- 736 588 	Na' 90 75 

1649 1315 	K+ 114 96 

NO3-  67 40 	NH 4 + 142 107 

C104- 	79 45 	Ca++ 48 11 

SO4-  - 146 ; 94 Sr ++ 88 15 

PO 4- 214 157 Ba++ 228 141 

From a study of Table II, one can get the following series of inequalities for the 
ionic rotation and rotativity just as in ionic refractivity. 

<Br <1; NO3-  <C104  < SO4-  < PO4-  - - 

Li+ < Na+ < K+ < NH 4+; Ca+ + < Sr+ + < Ba+ 

Another important fact that can be noticed from Table I is that whether one 
uses the simple Verdet rule or the rotativity rule due to De Mallemann 

9n _ V 
1(n 2  + 2) 2  d 

on the assumption that the Lorentz Lorenz polarisation field exists in ionic assemb- 
lies, or the rotativity rule (nV Id) derived from the Drude form of equation, the 
variation of ionic rotativity with concentration is quite considerable thereby clearly 
indicating that the intrinsic magneto-optic polarisability of the ions in solution 
varies with the concentration. This could be probably due to the presence of 
undissociated molecules or formation of complexes in solution or the hydration 
of ions due to water molecules. 

In conclusion, the author thanks Professor R. S. Krishnan and Dr. S. Rama- 
seshan for their kind interest and encouragement throughout the course of these 
investigations. 
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