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Measurements have been made of the optical and magneto-optic
constants of aqueous solutions of HNO,;, H,SO,, HCIO, and H,PO,
and some of their salts 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-
stant decreases with concentration. This effect has been attributed to
the presence of near U.V. bands which contribute towards dispersion
but not towards Faradav rotation. The magneto-optic anomaly factor
for these acids is very low; y (HNO,) = 0-2, y (HCIO,) = 0-38, ¥ (H,SO,)
=0-53, y(H,PO,) = 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 i1deal inert gas structures (Sivarama-
krishnan, 1954; Ramaseshan, 1950). It was thercfore considered that a
measurement of the magneto-optic constants of aqueous solutions of acids
and salts with ions containing strong covalent bonds would bo of some
interest. In this paper are reported the results obtained lrom mceasure-
ments of magneto-optic constants of solutions of HNQ),, 11,5 O,. HCIO,,
H,PO, and of their corresponding salts at different concentiutions.

2. DETAILS OF THE EXPERIMENT AND CALCULATION

The magnetic rotations of the different solutions were moensured for
A§46l A by using a Rutherford type of magnet. The relructive Indices at
dlfferent wavelengths were mcasured using a Pulfrich refiuetomefer provided
with an arrangement for maintaining the temperature conalmil,  I'he details
of the experimental set-up used and also the methad of culoylution h:we

already been reported in a previous paper by the authar oy fyl

(Sivaramakrishnan, 1954). vgen acids

193



Y

194 V. SIVARAMAKRISHNAN

The following simple rules have been used for the evaluation of the
constants of the ions in solution from the data for the solution ang

the solvent.
X, Fs=[X:]F, + [X:]Fs 0

where [X] represents molecular rotativity (;?—29 %-Yz)z I:;-I, or molecular disper-

. 9n dn M - )
sivity (PF 2 A d° or molecular refractivity T2 d F 1s the mole
fraction, 4 the density, V is the Verdet constant and dn/dA the optical
dispersion. The subscripts 1, 2 and s refer respectively to the solute, the

solvent and the solution.

n—1M

Using the modified Becqueral formula

e dn
V=7 3mes ! (Eﬁ)k @
the anomaly factor y for the ion is calcul ted from the formul-
VPR ... T 3
Ymee A [Di]m

The solutions were prepared by using Kahlb~um’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 1s 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 e
pectively. Here W is the weight % of the solute, ., the refractive index
for A 5461, (dn/d));., the optical dispersion, [2;],, [Dily and [Rils 2
the molecular rotativity, dispersivity and refractivity of the ions (cation and
anion together) and y; the anomaly factor of the ions. Figs. | t0 4 shov
the variation of the Verdet constant and dispersion with concentration for
the different acids. Table TII presents the y values for the pure acids &
1009, concentration., These values were obtained by two methode"‘the
ﬁrsP by using the mixture rule and extrapolating from the values of ¥ fof
various concentrations and the other by taking the extrapolated value fof
the Verdet constant and the dispersion at 100% concentration. The 0



Magneto-Optic Study of Some Inorganic Acids and Salts 195

. : inoreanic acids
TasLe 1. Oprical and magneto-optic constants of the inorg
[Q2Im
. || W Vsn}l. Z—-—;i) min./cm. (D1l (Ridu | i
: ., | Density { min./cm. | 75461 5461 2
Supstance I % acid per oersted per A oel:-sted Pk A .
; | | 1
o 1
! g | . 1-02 | 32-82 | 10-78 | 06
| g e 2 -ran | : . 10-67 | -07
' 15- : . 1-35533 ©  442-5 1.207 | 31-17
| éﬁiﬁ l %.?ggg -g%ﬁg 1-37387 505- 1 1.339 | 20.54 | 10-60 | .08
HNO 14039 1 1.2430 | -01335 | 1.38866 | 561.1 | 1-439 | 28-27 | 1043 | .09
8 | 50-81 | 1-3073 | -01256 | 1-39789 | 597-1 | 1.631 | 26-70 1o-§s -1‘11
62 | 1.3676 | -01161 | 1-40260 = 609-8 1.882 | 24:40 | 10-13 | -1
0 ™ .. ‘ 4 - 1-52 | 15:56 " -gg
. 9.1 |1-0501 | -01506 | 1-33093  368-3 1-659 | 15-33 . .
| 17 1-1018 | -01471 | 1.34567 | 371-2 1.824 | 15-09 | 12-69 | -22
HC104 ... 19-1 (1-1185 | -01462 | 1-34769  372-3 1-862  15.11 | 12.67 | .22
! 25.95 | 1.2448 | 01385 | 1-36249 . 379-1 2.078 | 14-81 | 1268 | -25
45.88 | 1.3515 | -01332 | 1.37613 ' 384.6 | 2.173 | 14-44 | 12.68 | .27
| 60 1.5261 | -01253 | 1-39828 @ 399-0 | 2-324 | 14-60 | 12-65 | -29
¥ .. . . 3.27 | 16-59 | 13-77 | -36
' 27.23 1 1.1938 | -01524 | 1.36776 | 393-3 | 3.626 | 16-52 | 13-73 | -40
46.72 0 1-3598 | 01482 | 1.89207 | 409-7 | 3-896 | 16-49 | 13-64 | .43
HS0, .. 6255 | 1-5217 | -01435 | 1-41412 | 421-6 | 4-.104 | 16-40 | 13-61 | -45
/i, 1-6868 | -01365 | 1-43266 | 4324 | 4.270 | 16-56 | 13-54 | -47
92 1-8121 | -01250 | 1-43163 | 418-4 | 4-669 | 16-69 | 13-49 | .51
L0 . .. . .. 5.41 | 20-26 | 14-87 | 48
12.26  1.0646 | -01549 | 1-3459 ' 376-9 | 5-507 | 20-11 | 14-80 | 50
24.29 { 1-1394 | -01552 | 1-35818 | 388-7 | 5.579 ! 19.83 | 14-71 | -51
. 37 1-2289 | -01556 | 1-37225 | 402-7 | 5-708 ' 19.83 | 14:50 | -33
H3sPO, ... 53-94 | 1:3667 | -01558 | 1-39315 | 415-1 | 5.809 | 18.79 | 14-43 | .36
61 1 1.4326 | -01561 | 1-40266 | 421.8 | 5.869 | 18-66 | 14-39 | .57
87-4 1-7128 | -01567 | 1-43979 . 448-6 | 6.172 | 18-60 | 14.32 | .80
100 ll-SﬁB -01571 | 1-45805 @ 459-4 | 6-362 | 18-60 | 14-32 | .62
I
TABLE II.  Optical and magneto-optic constants of the salts
Vaol, dn [£:]
Substanc W' . mil'l-/t'm.l : (—— . M1 [D;]
e % acid Density DEE 7461 A\ 5404 mu;é:‘m. ilne R |
oersted per oersted | Per A
NaNOQj; .| 32.32 { 1.2 ; .
8 .| 25:56 | 1.1733 | . . |
NELNG { 01496 | 1-35869 : 439.8 3-28 | 31-48 | 1307 | 0-19
+NOg -] 3485 | 1.1476 | . . -
Coeh ; 01483 | 1-37913 | 507.7 | 4.678 | 36.04 15-30 | 0.23
a""“' #a 24'39 . .
(NH.S0, .| 33-58 | 1-1909 | -01634 | 1.38550 | 41~
. ¢ 417-9 9.74 31-21 93.47 0-56
NH4CIO, .l 15.99 = :
1-0725 01508 | 1. 34506 -
Na.PO 373-1 5:197 | 22.64 1754 | 0.4]
i e -1 17-82 | 1.0823 | .01588 1-349907
(NH,)sPO 386-2 1 13:68 | 4036 | 26.56 | 0.6
47310y | 14-62 | 1.0021 01649 136148 401
T | 13:46 | 41.51 | 26.74 | 0.59
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values thus calculated are in very good agreement. It must be mentioneg
that great care was taken in the measurements of the rotation, refractive
index and dispersion. The values of the molecular refractivity of the acigs
and salts are in complete agreement with the results obtained by previgyg
workers. The y values for 100% HNO; and H,SO, are very close to the
extrapolated values reported by Darwin and Watson (1927).
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Fig. 1. Variation of Verdet constant with concenrtration.
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TasLE 111. Magneto-optic anomaly of pure inorganic acids

Substance v
HCI 79
HBr -86
HI .90 i
HNO, .20 |
HCIO, .38 |
H,S0, .53 |
H,PO, .62

4. DISCUSSION

The most striking result obtained in this investigation 1s 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 connecting 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 HNOs
and other acids decreases, the dispersion in these acids increases with ncreas
in concentration. On the other hand, in the case of the halogen acids bt’:ﬂ!1
the Verdet constant and the dispersion increase with concentration. [t 1S
therefore evident that in HNOQ,, etc., the near ultra-violet bands while cOF
tributing considerably towards dispersion are practically inoperative magnetor
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 1%
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 (HNOQ,) « y(HCIO,) < ¥ (H§s(3£
(7 H3P01) < y (HCI) and in the salts also it is in the same order as ,
acids.  This appears to agree well with R. Serber's (1932) rough rule

the case of molecules, namely that molecules with complicated COTes 5
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' i f salts although
have lower values of y. 1t may be mentioned that in gzzczse(:eited k. maok
1l increase in rotativity with concentration Wi , Aoy
v id be attached to this as the actual magnitude of the totfl ro
\f’elght v s;all In all the acids studied here, the magneto-opt}c rota-
v Wa; t;er¥ons inc;reases and dispersivity decreases with concentration and
E::ge Othe eamamaly factor increases considerably with concentration, t}'{e
percentage of increase being most striking in the ;ase of iH:IOrs.CCS'Zh;?
systematic increase or decrease may be partly dl{C to the steprsh pro: .
dissociation and hydration that occur -at various _stages. 1 erg 15;,1
considerable evidence to show th'flt _the 10nS contan}mg covalent bonds are
deformed when the concentration 1s mcreased: For instance the com;areh&n—
sive study of the Raman spectra of metal]lc nitrates (J. P. Mat'hleu z-?nd
N. Lounsbury, 1951) at various c.oncen_tratlons shows th_at. the nitrate ion
experiences a deformation which 1s indicated by the splitting of the“v3 de-
formation frequency of the ion at 1370-1390 cm.™ Further flccordmg to
Venkateswaran (1936), the NO, group changes from‘a pyramidal form to
a plane equilateral type. This is supported by the shift of the ‘Raman' fr:ee-
~ quency from 1297 cm.™! in the acid molecule to 1051 cm.™! in the 1on. SlIPl]ar
~ changes are known to occur in the case of the SO,—, PO, — anf:l C_IO i~ ions.
For example, the Raman frequencies 409 and 1038 decrease with Increasing
concentration in H,S0Q,. Forteyne (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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