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RECENT measurements by the author (1947, 1948) of the Faraday rotation 
in cubic crystals for wave-lengths in the visible region have shown that the 
Verdet constant of most cubic crystals could well be expressed by the 
modified Becquerel formula (Darwin and Watson, 1927) 

where dn/dX is the dispersion of the substance and y is a constant called the 
magneto-optic anomaly. These studies have indicated that the magneto- 
optic anomaly is very intimately connected with the nature of. the binding 
between atoms or ions. A determination of the magneto-optic anomaly 
in electrolytic solutions, where the ions arc comparatively free, would there-' 
fore be invaluable in the understanding of the results obtained with crystals. 

Very little systematic work I~as been done so far on the Faraday rota- 
tion of ionic solutions. Moreover, all the investigators on this subject 
[Jahn (lS91), Anderson and Asmussen (1932), Okazaki (1934) and 
de Mallemann (194211 have only measured the magnetic rotation of solutions 
and not their dispersions and as such no datafor the magneto-optic anomaly 
for solutions are available. It was with a view of filling up this gap in the 
literature that this series of investigations was undertaken by the author. 
Further, it has been shown from theoretical considerations (Rosenfeld, 1930) 
that the value of y for atoms having the inert gas structure is unity. It is 
therefore of some interest to find out how far this is true in the case of alkali 
metal ions and halogen ions which have the inert gas configuration. ... 

This paper reports the measurement of the Faraday rotation and the 
dispersion of seventeen univalent halide solutions and from these the magneto- 
optic anotnaly of the solutions have been evaluated. The rotations and 
values of y for the free ions have also been estimated. It is found that the 
magneto-optic anomaly of ions having the inert gas configuration is very 
qcarly the theoretical value qf Qne, 
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The apparatus that was used in these experiments has already been 
described (Ramaseshan, 1946; 1947). The source of light was an intense 
mercury arc with a Zeiss filter for separating out the h 5461 radiation. The 
light after passing through a double field polariser went through a longitudinal 
hole in the pole pieces of a Rutherford magnet and was received by an 
analyser. The analyser could measure rotations upto O.OlO. 

The solutions to be studied were placed in between the two pole pieces. 
Two identical cells with glass end pieces of the same thickness were made. 
When both the cells were filled with pure water their magnetic rotations in 
the same field did not vary by more than 1 in 2,000. One of the cells was 
filled with pure double distilled water and the other with the solution. By 

'a siinple sliding arrangement the two cells could be brought between the 
pole pieces alternately, the-two occupying exactly the same position. This 
arrangement removes any errors that may arise due to the non-uniformity i 
of the field. For any current flowing through the magnet the rotations for 
the water and the solution were consecutively measured. This avoids errors 
due to fluctuations in the mains voltage. The mwurements were made at 
room temperature which was about 25" C. 

The solutions were prepared from Kahlbaum's or Merck's purest 
analytical reagents. A Cmolar solution was accurately prepared. The 
density of the solution was measured with a specific gravity bottle. 

The refractive indices of the solutions were measured for h 5893 (Na), 
X 5461 (Hg) and h 4358 (Hg) by means of Pulfrich refractometer. A special 
water circulating arrangement kept the temperature constant during the 
course of the measurement. The values of the ~efractive index are accurate 
to one unit in the fourth place of decimals and the values of the dispersions 
are accurate to two units in the fifth place. 

The specific rotations of the ions in solution are evaluated from the 
simple Verdet rule (1858) 

Cvtl = [Vil x, + [Vwl x2, 

where [&I. [ViJ and [V,] are the specific rotations of the solution, the ions 
in solution and water, x, and x2 are the number of grams of salt and water - 

in lOOgrams of' solution. The specific rotation is defined as v] = Vld, 
where V is the Verdet constant and d is the density. of the substance. The 
molecular rotation is [V], = MVId, where .M is the molecular weight of the 
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substance. The magneto-optic anomaly y for any solution is calculated 
from the modified Becquerel formuin. 

The magnetic rotations of the solutions were measured for X 5461 with 
water as the standard substance. The absolute value of the Verdet constant ' 

for X 5461 for water has been taken as 0.01547' per crn. per oersted at 2 5 O  C. 
(Rodger and Watson, 1896). 

Tables I-VII give the optical and the magneto-optic constants for 
water and the different alkali halidc solutions. In these M is the molecular 
weight, X, and 'X, give the number of grams of salt and water in 100 c.cs.-of 
solutie~r, d the density, n the refractive index and A n  = nwal - nem, 
V,,,, the Verdet constant of the solution, [V,],, the molecular rotation of 
ions in solution calculatcd from the Verdet mixture rule and y is the magneto- 

optic .anomaly for the solutions. The value of Y+2)2 9" for each solution 

has also been included in the tables. These values will be made use of in . , 
the calculation of the value of y for the individual ions. 

The optical and magneto-optic corrstunts for water 

The nlugrtelo-optic data for univalent cltloride solutions , , 

-(4 Normal) - 
- -- - --- ---- -------- 

hl r, x, I r v848,xlo7 ivd.xlo : roo, 

I I I I 

HCI . 36.M 14.60 92.16 1 1.0674 , 18-30' / 12-81' 77.8 

* Super saturated solutio:i. .-- -. 
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TABLE 111 
The optical data for univalent chlorides in solrztiolts 

. (4  Normal) 

HCI . 1.36401 1.36576 , 1.37272 1 871 1 82.n I 

Tile optical data for uni valent bromide solutiotu 
(4 Normal) 

N 8CI .. 1.36879 , 1.37051 1 1.37742 8BB 82.00 
I 

KCI .. 1.36811 I.36982 I 1.37686 / 8% 
I i 

kbcl * * i  '1as71U 
1 *37866 

I 
1-37053 i 8BO 

CSCl 
I 

1-38108 1 1.38282 1 1.38980 1 87Z 

8Se+ 

61 0 8 2  

81 091 

N#.C\ 
I 1 I*S7018 I 1.37192 1.37887 I 869 1 81.92 

I I L I - -- - 

TABLE IV 
The magneto-optic dara for unkalent bromide solutions 

I I X1 

' 
jvun x los [vilM x lo 1 0 4  Xa j 

HBr 

UBr .. 1.86 , 34.71 S.64 / 1.2428 / !23*66' 24.62' / 81.1 

NaBr .. 102*@1 41.16 80.43 I.305W 84.66' 26-82' , 84.3 
i 

KZlr .. 119011 , 47.60 84.72 1.3235 86 23*83' / 26-81' 83.1 

N H 4 h  
I . 97.95 j :19*18 / 82.03 1.2121 23.98' ' 28-24' 84.4 

I 1 I I I 
I 

TABLE V 



TABLE VI 
The magneto-optic data for imivalt.nt iodide solutiorrs 

(4 Normal) 

TABLE VII 
Tlte optical-data for univalent iodide sohtions 

(4 Normal) 

- - 

4. THE MAGNETO-OPTIC ANOM~LY OF THE IONS 

I ''6898 I ''6461 I 1141101 / A# x 106 b+r x 10' 

.From the data obtained in the previous section the magneto-optic 
anomaly of the ions as distinct from that of the solution can be caloulated 
in the following way. Tbe specific rotation of the ions can be calculated 
from one of the twb mixture riles. 

[V,] - [V,] s, + [V,] xp - Verdet (1 858) 
or 

H1 . . 
Li 1 .. 
NaI .. 
KI . . 

de M allemann (1926 

where [V] is the specific rotation, n the refractive ipdex and xl and x, the 
weight percentage of the salt ard water, The subscripts s, i and w stand 

80*& 

79.54 

70.24 

79.31) 

1.39621 

1.41427 

1.41884 

1.41520 

'19 931 NtI.1 .*I 1.41544 

1452 

1423 

1435 

1 4 s  

I 
1.39811 ' 1.40973 

1.41711 1 1.43860 
I 

1437 

1.41071 

1.41804 

1.41831 

1.4S11B 

1 -42043 

1 t42981 
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for the solution, ions and water. The second formula has been derived I 
from the first on the assumption that the Verdet rule is only true for gaseous 
mixtures and that in other cases, a correction for the Lorentz field has to I be introduced. The correction factor was obtained from the accurate 
experimental results of de Mallemann and Gabiano (1933) who found that 1 

AIthough experiments have not yet decisirely indicated the suderiorify of either 
of the mixture rules, the one due to de Mallemann is used in the following 
calculations as it has a greater theoretical justification. It is dear from the 
above that if the dispersion of the ions can be calculated from the dispersion 
data for the solutions the value of y for the ions can be evaluated. 

The mixture rule for refraction is given by I 

differentiating this equation we have 

The dispersion of the ions can be directly crlculated from this formula. 
If we put 

1 x - = [R] the refractivity. 
n + 2  d 

9n 1 dn ( n a 7 3 ~  x d a = [Dl the dispersivity . 

and 
9n [V] = [Q] the rotativity. (ie+T 

Then the mixture rules can be written as 

[R,] = fR,] x, + [R,] x, . refraction 

[D,] - ID,] .I-, + [D,] x, dispersion 
[Qs] = [Q,] s, - I  I&,] x, relation (de Mallemann) 

[V,] = [V,] XI + [Vw] x, rotation (Verdet) 

Since V = y e/2mc2 ( A  dtt/dA) 



The fonnul~  given above make the following assumptions (a) the Lorentz- 
Lorenz formula for refraction is true in ionic assemblies and (b) the optical 
and magneto-optical properties of water do not change due to the presence 
of the ions in solution. It is also quite obvious that tlie valuc of y obtained 
by this method gives only the anomaly of the hydrated'or solvated ion. 

Table VIIl gives value of' y,,, for the 17 halides calculated from the 
data given in Tables 11 to VII. The table also gives the value of the 
Molecular Dispersivity [D,],, = M [D,] the molecular rotativity [SZ,],, and the 
molecular rotation IV,],, of the alkali halides ion in solution. The errors 
in the values of ID,],,, [SZllN, [V,],, and Y , ~ ,  would be of the order of 3 to 
4 per cent. 

TABLE Vl l l  
- - -  - -- _ _ .  __ _- 

I 1 lD.1. I I UAI. I lmr(ions, 
1 - - 

I 

1 lCl ..I 11.57 12-61 , 9-73 
LiCl ..I 10-iR 13.10 , 10.01 
NaCl .. 11.33 14.50 I 11-14 
KC1 .. 12-16 1 15-45 12-00 . 
R bCl .., 13-38 16.70 1 12-80 
CSCl .. 16.10 19.82 16.24 

I 

84 I 

93 
98 
96 
96 

101 
Ni14('I .. 14-.i.i 16.72 12-94 1 89 

I 

11 Br ..I 5 . 6 4  ' 24.10 ' 18.59 1 88 
I.iBr .I 20.89 24.62 18-95 
SaHr ..! 20.75 25.82 1 2(,.G'7 
K Br .. 21-88 I 26.81 20.80 
N I I , H ~  .. 22-22 48-24 i 19.82 

91 
BO 
BC, 
86 

I 1 

111 . 50.7 49-40 38.5 1 7G 
Li l .. 43.7 51.00 39.0 90 
?i a1 .. 45.0 1 5:1-01 40.5 1 01 
K I . 46.8 1 .i4.96 42.0 / 91 
NHII .. 47.2 50-23 , 43.2 1 R1 
- - - - - - - - - - - - - - ----.-A ---- - , 

5. DISCUSSION OF RESULTS 

From the scrutiny of the tables, one notices that while the contribu'tion 
of the anion to the ~iingnetic rotation is considerable, that due to the cation 
is comparatively small. Further the variation in rotation produced by a 
change in the acid rzdical is much more proaoul~ced than that produced 
by a changc in the metallic radical. Tui?lc IX gives the differences 
of the values of  [V,],, for thc conipot~nds. From these the ~iiolecular 
magnetic rotation of individual io11s may bc co~nputcd if the valuc for one 
of the ions is arbitrarily fixed. As an approuimation. it may be assumed 
that the rotation due to the hydrogen ion is zero. On this basis llie average 
ionic rotations have been computed and given in Table X. Since the values 
for the cations arc small they are less accurate than those for the aniong, 
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If the iqnic rotations are plotted against the atomic number, curves very 
similar to those obtained by Fajans and his collaborators (1924) for ionic 
volumes and ionic refractivities are obtained. One can see that the addi- 
tivity rule is only approximately valid. This is probably because the solut 
tions a p  to9 concentrated. But unfortunately in the case of (iilute solu- 
tions the rule cannot be tested as large errors enter in the measurement of 
the dispersion and Faraday rotation. 

Molecular rotation in mins. x 10 -- 
H I Li I Na I li I NH4 

Ionic rotations in mins. x 10 

I I 
CI-F . . . . . . 
Br-CI - 1  11-40 1 11-42 

I-CI I 3R.79 i 37.90 

n B r  I 1  
I 

Table XI give the y -values for the different halide solutions. The value 
of y for water is 0.76. One notices that the presence of the halides of alkali - 

metals in water increases its y value. 'This obviously means that the y value 
of the ions is higher than tila1 of wiiter, a fact which finds proof from the 
figures in Table VIII. The experiments of the author on crystals (loc. cit.) 
indicate that the presence of covalent linkages tend to reduce the value of y. 
If this were true the lower values of y of HCl, HBr and HI than those for 

corresponding halides of the alkali metals may either be due to the acids 

' I 

12.30 12.20 1 12.00 

11.27 1 11.36 11.112 

38.64 1 39.61 
I --- 

-- _ _ -  - - . -  - - 

- - -- - - 

1.i-H .. 
Na-Li .. 
K-Li .. 
N HI--Li .. 
- -- ----- --------------- 

- - 

0.60 

1-40 

2.311 

3-82 

- - - -- - - - - 

0.42 I 1-60 

1-30 

2.29 

3-72 

2.04 

3-06 

6.23 



not being completely dissociated or due to the formation of other types of 
groups by the free hydrogen ions. The values of the anomaly for the pure 
acids HC1 and HBr are respectively 62% and 38%. The low values are most 
probably due to the covalent linkages that are known to be present in these 
acids in the pure state. In solutions, however, the values of y are higher 
than those for the pure acids because of the ionisation. 

TABLE XI1 
The magneto-optic anomaly in rare gases 

The magneto-optic anomaly of 4 normal solution 

- --- - - 100 Y / LI I Li 1 Ha I K I NH4 
- -- ---- ---- -.------.- I .  

(;as 
10-6 min. 

V6re1 per cm. per oersted 

C I .. 
Hr .. 
I 

Neon 1 1 - I 116-6 

Argon 8.2 I 100.6 

. As alieady pointed out Rosenfeld has shown that for gases having the 
inert gas configuration the value of y is unity. The author has calculated 
the values of y for argon and neon from the optical and magneto-optic data , 

given in Landolt and Bornstein Tables. The values of the Verdet Constant 
and the value of the anomaly for these gases are given in Table XI1. 

- -_  _ .  __I I _  - - -  - 
One notices that the values of y for these gases are 1 16 and 1.00. Neon 

has an exceedingly small Verdet constant of 1 * 1 x minutes per cm. 
p r  oersted; only a sixth of the value found in hydrogen gas. Since no 
other substance has been found to have a y value of more than 1, it is quite 
probable that this high value of y in neon is due to experimental errors. 

77.8 

70.5 

70.8 
- 

Since free ions of the alkali metals and the halogens have the inert gas 
configuration they too should obey the Becquerel formula, i.e., y -- I .  Table 
VIII shows that y value of the ions in solution varies from 0.90 to 1-00. 
It must be remembered that in the calculation of the anomaly for the ions 

70.0 

81.1 

82- 0 

70.6 

89.4 

W.7 

81.4 

84-3 

81.1 

83.1 

83-4 , 86.1 



many assumptions have been made, for instance the validity of the Lorcntz- 
Lorenz formula for refraction in ionic assemblies. Further the values of 
Y found are those for solvated or hydrated ions and the energy of solvation 
as found from absorption spectra data (Gurney, 1936) is quite considerable. 
Nevertheless these experiments and calculations show that in inert gases 
atad itz ions having the inert gas configuration the Faraday efect very nearly 
obeys the uttn~od$ed Hecquerrl formula,(i.e., y = 1 .00). 

Fajans and Joos (1924) have found that the molecular refractivity of ions 
in solution is much larger than the value for the same ions in the crystalline 
state. This differe~lce in the refractivity they attribute to the distortion of 
the electron atmospheres by the crystalline fields. Table XI11 gives a 
collection of the data of molecular refractivity dispersivity, magnetic rolativity 
magnetic rotation and the magneto-optic anomaly for ions in solution and 
the crystallirie state for the four substa~ices NaCI, KCI, KBr and KI. 

TABLE XIII,, 
Refructivr ar~d ntugnrto-optic constants of &trrls al~d their solutions 

It is clear from the table that in every case the value of the constant 
for the ions in solution is much greater than that for the ions in the crystalline 
state. One notices also that these differences are largest in the case of the' 
magnetic rotation and rotativity. These figures seem to indicate that 
Faraday' effect can be used as a sensitive tool for the determination of any 
distortions in the electron atmospheres in atoms or ions. 

In conclusion, the author wishes to thank Prof. R. S. Krishnan for the 
kind interest he took in these investigations. 

--- --.--- --- 

Sol~stu~ce - . - - - -- - - - - ---- - - - - -- 
c r y .  ~nln. cry. )  SO,^. [cry. 1 SO,". 

SUMMARY 

The Vrrdet constant and dispersions of 4-normal solutions of seventeen 
univalent halides have k e n  measured. From these, the values of the magneto- 
optic anomaly habe been estimated. The magneto-optic anomaly of the 

- -  
I -  

NaCIi I 0 . M O  II.18 1 1 . 8  8.W 11.14 1l.M 14.m 

18.46 

26-01 

54.96 

KC1 .. 10.W 

W 

82 

79 

79 

11-43 

15.05 

21.76 

KBr .. 
KI .. 

R 

96 

Oh 

91 

14.05 

1'3.92 

10.22 

18.38 

36-90 

12.58 

21.88 

45.80 

8-23 

16.41 

28.74 

12.00 

20.80 

42.00 

12-29 

21.63 

44.01 



free ions of the alkali halides as distinct from that of the solution have been 
evaluated. It is found that the value of the anomaly of the free ions 
having the inert gas configuration is very neai the theoretical value of 1. 
The ionic dispersivity and rotativity of the individual ions have been esti- 
mated. It is found that the additivity rule is approximately valid. The 
pure acids, HCI, HBr and HI, have values of the anomaly much lower than 
those for their solutions. This has been attributed to the presence of co- 
valent linkages in the acids in the pure state. The anomaly for the rare gases 
neon and argon are very nearly unity. It is found that the values of mole- 
cular refractivity. dispersion, rotativity, rotation and the magneto-optic 
anomaly of the iclns i n  solution arc higher than thosc for the ions in the 
crystalline state. 
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