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Measurements have been made of the optical and magneto-optic 
constants of aqueous solution;; <)f HN03• H2SO,. HCIO, and H 3PO. 
and s<'me of their salls at different concentrations. From the observed 
data the constants for the ions in solution have been evaluated. It is 
found that while the dispersion in the acids increases, the Verdet con
Slant decreases with concentration. This effect has been attributed to 
the presence of near U. \'. bands which contribute towards dispersion 
but not towards Faraday rotation. The magneto-optic anomaly factor 
for these acids is very low; y lHNO:j) = 0 ' 2, y (HCIO.) = O· 38, y (H2SO,) 
=0·53, y(H 3PO.) = 0·62. and the y value for the ions changes con
siderably with concentration. 

1. INTRODUCTION 

Recent measurements of the optical and magneto-optical constants of 
aqueous solutions of some halogen acids and their salts have shown that 
the decrease of the magneto-optic anomaly factor from unity is a measure 
of the deviation of the ions from their ideal inert gas structures (Sivarama
krishnan, 1954; Ramaseshan, 1950). It was therefore consiul:rl:u that a 
measurement of the magneto-optic constants of aqueous solll! ions of acids 
and salts with ions containing strong covalent bonds would ho of some 
interest. In this paper are reported the results ohlained frolll measure
ments of magneto-optic constants of solutions of II NO;!. liaS 0,. HCIO •• 
H 3PO. and of their corresponding salts at different con~Clllnlll\lIlS. 

2. DETAILS OF TilE EXPERIMENT AND CALC·III.A·IION 

The magnetic rotations of the different solutionw WNO nH~l\s\lrcd for 
,\5461 A. by using a Rutherford type of magnet. Tho ,,,1""1'11\10 Indices at 
different wavelengths were measured using a Pulfrich rlll'ntl'ltt'"I'lcr provided 
with an arrangement for maintaining the temperature C()II~111111. Thc details 
of the experimental set-up used and also the method or I'IIllIIllIllon have 
a1~eady beej~ reported in a previous paper by the aUlhor till 11I1I1Ii!!CI1 acids 
(SlVaramakrishnan. 1954). 
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The following simple rules have been used for the evaluation of the 
constants of the ions in solution from the data for the solution and 
the solvent. 

[XI S  Fs  -= [Xi] Fi  -I-. [X 2 ] F2  

9nV M 
(/ 2  + —2)

- 2 
 a„ or molecular dispel.- 

n 2  — 1 M 
molecular refractivity —• F is the mole n 2  2 d 

is the Verdet constant and dn/dA the optical 
1, 2 and s refer respectively to the solute, the 

where [X} represents molecular rotativity 

"go 	 Using the modified Becqueral formula 

e  (dn\ v- -y 2me 211  Ye/Aix 

the anomaly factor y for the ion is calcul ted from the formul” 

[Qiirct  
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The solutions were prepared by using Kahlbnum's purest analytical reagents 
and the acids were further distilled in the laboratory. 

3. RESULTS 

Since the contribution made by th cation towards the total rotation 
and dispersion is very small, it has not been possible to separate accurately 
the different contributions made by the cation and anion. Hence the values 
given in the tables are for both the ions together. Tables 1 and II give the 
optical and magneto-optic data for the acid solutions and salt solutions res- 
pectively. Here W is the weight % of the solute, n5 461 the refractive index 
for A 5461, (dnidA) 5461  the optical dispersion, [gi] M, [Dii m  and [Rib re 
the molecular rotativity, dispersivity and refractivity of the ions (cation and 
anion together) and yi  the anomaly factor of the ions. Figs. I to 4 show 
the variation of the Verdet constant and dispersion with concentration for 
the different acids. Table III presents the y values for the pure acids 91  

100% concentration. These values were obtained by two methods :--th e_ 

first by using the mixture rule and extrapolating from the values of Y for 

various concentrations and the other by taking the extrapolated value for 
the Verdet constant and the dispersion at 100% concentration. The 
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TABLE 1. 

Substance 

Optical and magneto-optic constants of the inorganic acids 
. 	 I 	 I 

VSOle 	
i thi 	[Qdm [Dn. 

w 	Density min./cm. 725461 	k -105461 Minpe eireM. 	7 
% add 	

[Rik 74 

per oersted 	 per I 	oersted per 
A 

I
. 

0 	.. 
15-58 , 1.0852 
28.52 I 1•1659 

HNOs .. 	40•39 	' 1.2430 
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TABLE IT. Optical and magneto-optic constants of the salts 

Substance 
Vsol. 1  

VV 	 , 	1 
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values thus calculated are in very good agreement. It must be mentioned 
that great care was taken in the measurements of the rotation, refractive 
index and dispersion. The values of the molecular refractivity of the acids 
and salts are in complete agreement with the results obtained by previous 
workers. The y values for 100% HNO3  and I-1 2SO 4  are very close to the 
extrapolated values reported by Darwin and Watson (1927). 

no. 1. Variation of Verdet constant with concentration. 
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fpa. 2. Variation of Verdet constant with concentration. 
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/JO 50 
Wa.% of acid 

Fm. 3. Variation of dispersion with concentration. 

Ir 	 Z5 	 • $0 
W % acid 

Fm. 4. Variation of dispersion with concentration. 



198 	 V. SIVARAMAKRISHNAN 

TABLE III. Magneto-optic anomaly of pure inorganic acids 

Substance 

HI •90 

1 

HNO3  

H C104  

H 2SO4  

H3P0 4  

•20 

-38 

-53 

•62 

4. DISCUSSION 

The most striking result obtained in this investigation is the fact that 
all the acids having ions with strong covalent bonds have y values much 
smaller than those for the halogen acids in which the ions have practically 
the inert gas structure. As it has not yet been possible to get a quantitative 
relation connectini the strength of binding, covalency, the electronic con- 
figuration and the magneto-optic anomaly factor, we shall content our- 
selves with pointing out certain very interesting features that emerge out of 
the present investigation. 

One notices from the curves that while the Verdet constant in HNO3 
and other acids decreases, the dispersion in these acids increases with increase 
in concentration. On the other hand, in the case of the halogen acids both 
the Verdet constant and the dispersion increase with concentration. It IS 
therefore evident that in HNO 3, etc., the near ultra-violet bands while con- 

tributing considerably towards dispersion are practically inoperative magnetos 
optically. This would also explain the low value of y obtained in the case 
of these acids. It is proposed to measure the magneto-optic rotation near s  
the absorption bands for it is felt that further studies on the dispersion 
magneto-optic rotation would throw some light on this problem. 

In the acids it is found that y (HNO 3) < y(HC104) < 71 (11259,e)  
(< y H3PO4) <y (HC1) and in the salts also it is in the same order as in t" 
acids. This appears to agree well with R. Serber's (l932) rough rule 

in 
t  

the case of molecules, namely that molecules with complicated cores sh
oo  
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have lower values of y. It may be mentioned that in the case of salts although 
a small increase in rotativity with concentration was detected, not much 
weight could be attached to this as the actual magnitude of the total rota- 
tion was very small. In all the acids studied here, the magneto-optic rota- 
tivity of the ions increases and dispersivity decreases with concentration and 
hence the anomaly factor increases considerably with concentration, the 
percentage of increase being most striking in the case of HNO 3. This 
systematic increase or decrease may be partly due to the stepwise process of 
dissociation and hydration that occur at various stages. There is also 
considerable evidence to show that the ions containing covalent bonds are 
deformed when the concentration is increased. For instance the comprehen- 

sive study of the Raman spectra of metallic nitrates (J. P. Mathieu and 
N. Lounsbury, 1951) at various concentrations shows that the nitrate ion 
experiences a deformation which is indicated by the splitting of the v, de- 
formation frequency of the ion at 1370-1390 cm:' Further according to 
Venkateswaran (1936), the NO 3  group changes from a pyramidal form to 
a plane equilateral type. This is supported by the shift of the Raman free- 

; quency from 1297 cm.-' in the acid molecule to 1051 cm. --1  in the ion. Similar 
changes are known to occur in the case of the SO 4—, P0,--  and C104-  ions. 
For example, the Raman frequencies 409 and 1038 decrease with increasing 
concentration in H 2SO4. Forieyne (1938) has observed the diminution 
with concentration of the force constants of the perchlorate ion. But in 
these acids the dissociation and hydration would necessarily introduce other 
complicating effects. 

From these observations, it could be generally concluded, that there 
is loosening in the structure of the ions with increase in concentration and 
as the strength of the binding decreases the value of the magneto-optic 
anomaly factor increases. 

In conclusion, the author wishes to thank Prof. R. S. Krishnan and 
Dr. S. Ramaseshan for their keen interest and helpful discussion. 
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