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On the basis of electronic theory, Langevin showed that the diamagnetic
susceptibility of an atom or an ion is given by the expression

X, = —2:83x 1010 2 7_2 e.m.u.

The validity of this relation was confirmed when the same expression could be
derived from the standpoint of quantum and wave mechanics [Van Vleck (1928)].
The actual calculations of the theoretical values of susceptibilities were made
independently by Pauling (1927), Stoner (1929), Slater (1930) and Angus (1932)

who evaluated the values of X' 92 in various manner. The values obtained for
n

an ion by these workers differ fairly widely from one another.

On the consideration that the molecular susceptibility of a heteropolar salt
is the sum of the ionic susceptibilities of the constituent ions (Pascal’s law), ex-
perimental determinations of ionic susceptibilities were made by several workers
who assigned a certain value to one particular ion which was used as standard.
This procedure gave rise to many values for the susceptibility of an ion which again,
in some cases, differ widely from one another and also from the theoretically cal-
culated values.

In some cases these differences in the susceptibilities of an ion are due to the
fact that the molecular susceptibilities of salts containing the ion, used for the
calculation are incorrect because either the salts used for measurements Were impure
or the method employed for the susceptibility measurement was not quite accurate.
The authors therefore measured the diamagnetic susceptibilities of several highly”
pure inorganic salts, and utilised the results obtained to deduce the ionic suscep-
tibilities of several inorganic anions. In order to circumvent the arbitrariness
involved in using one particular value of the susceptibility of a cation when several
values for that ion have been reported in literature, the method suggested by
Bhatnagar and co-workers (1935-36) was followed. All the known values of the
susceptibilities of the cation were deducted from the molecular susceptibility of the
salt containing the ion, and the arithmetic mean of all the values thus obtained
has been taken to be the susceptibility of the anion. Similar procedure has been
followed by Prasad and co-workers (1942-44-47) for the determination of the suscep-
tibilities of calcium, strontium, barium, magnesium zinc, cadmium and lead ions.

EXPERIMENTAL.

Gouy’s method as followed by Prasad and Dharmatti (1940) was used for
the measurement of the diamagnetic susceptibility. For this purpose, a very
sensitive analytical balance and a magnet which could give a field of about 6,000
gauss with a current of about 7 amps. were used. The authors are thankful to
Father Rafael, Professor of Physics at the St. Xavier’s College, Bombay, for the loan
of the electromagnet. Other experimental details followed were almost the same
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as described by Prasad, Dharmatti and Gokhale (1942). All the necessary pre-
cautions were taken to (i) maintain the field constant, (ii) keep the tube in the same
position, and (iii) pack the substances as closely as possible to the same extent in
all cases. .

All the substances studied were highly pure or extra pure chemicals. Their
quality is indicated by the letters, written in brackets after their chemical formulae
(1st column, Table I), which convey the following meaning:—

Merck’s extra pure,

Scherring Kahlbaum pro-analysed,
B.D.H. Lab. reagents,

Scherring Kahlbaum extra pure,
May and Baker pure,

Merck’s technical,

Merck’s G.R. pro-analysed,
B.D.H.

The usual formula was used to calculate the susceptibilities, using extra pure
KCl as the standard substance (x,= —0-516x10-6). The values for the

molecular susceptibilities (x,) obtained for various salts are given in Table I

and are the mean values of at least three different packings. All the values are
expressed in -1x10-8 c.g.s. units. x  (column 3) denotes the molecular

susceptibility of the anhydrous salt and x_ (column 2) of the hydrated one. Wher-
ever the hydrated salts were used, the values of x__ were obtained by subtracting

moHEYOwW

the susceptibility value for molecules of hydration (Xu,0 = —12:96X10-6) from Xy.

Discussion oF RESULTS.

The values of y, = of salts studied in this investigation obtained by other
workers are given in the column 4 of Table I. Wherever the hydrated salts have
been used by the authors, the values of x__ given in this column are those deduced

from the same hydrated salt studied by other workers. It will be seen that in
several cases the values of y  obtained by previous workers are fairly different

from those of the authors.

In order to deduce the susceptibilities of the anions, the several values of the
various cations given under (z) experimental and (b) theoretical in Table 1T were
subtracted from the observed values of y_ for different salts. The values of the
anions obtained in each case are given under the headings (A) and (B), respectively,
in Tables TIT-X.

The mean values of the susceptibilities of the several anions obtained by using
the experimental values given under (A) in Tables IIT-X are given in the 2nd column
of Table XI. The mean values of the susceptibilities of the several anions
obtained by using theoretical values given under (B), that is, Pauling’s, Slater’s,
Angus’ and Hartree-Stoner’s values, severally are given under the 3rd column of
the table and are indicated by letters P, S, A and H and S, respectively. Values
given under other columns in this table are as follows:—

Under the 4th column.—Values of Xanion experimentally obtained by other
workers,

Under the 5th column.——Values obtained by adding up the values of the
susceptibilities of the constituent ions of proper valencies theoretically
calculated by Pauling, Slater and Angus. For example, Xso,” 18 taken

to be xg+si+4x,-2 [cf. Angus (1932) 1.
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Authors’ values,

Values of other workers.

Zn3(P04) 4H,0 (B)

Compounds.
- X Xma Xma
(a) Sulphates,
1. NaySO0, (A) 52-68
2. K,804 (A) .. 70-74 | 70-23(13a); 67- 10(1) ; 65 00(7); 73-10(1).
3. (NH,),S50, () .. .. 71-63 | 63-20(15); 67-00 (32).
4. (aS0,.2H,0 (B) 70-40 | 44-53 | 48-68(23); 23-98(16).
5. Sr804 (C) .. 57-99 | 57-81(13a); 52-40(15); 60-30(23).
6. BaSO, (A) . .. 65-82 | 71-42(13a); 71-44(22); 59-20(15).
7. MgSO,.7TH,0 (A) 137:30 | 4668 | 45-11(13a); 41-00(15).
8. ZnSO4 TH,0 (A) 143-20 52:48 | 47-30(13n); 44-60(15).
9. C€dSO4 (E) .. .. 83-97 | 59-23(16); 58-60(15).
(b) Persulphates.
10. Na,S,04 (F) 87-16 e
11. K,8,04 (G) . 104-60 | 100-29(13a); 102-40(7).
12, (NH,),5,04 (D) 97-45 | 100-30(15).
(c) Sulphites.
13. Na,S05 (A) 42-98
14. NaHSO,; (F) 36-71
15. K,80, (H) 64-60 | 63-70 (15).
16, CaSO03 (H) 38-97
(d) Nitrates.
17. NaNO; (A) 25:28 | 23-80(13a); 25-00(26); 26:35(5); 25-60(15
18. KNO; (A) 3386 | 33:66(5);32- 96(13&), 3-70(26);34-00(15
19. NH,NO; (B) 33-05 | 33-60(15); 32-60(32).
20. Sr(NOj), (A) 53-53
21. Ba{NOj;), (A) 66-43 | 65-69(22); 66- 39(13&) 62:90(15).
22, Pb(NO,), (A) 77-03 | 82-15(13a); 71-:20(15).
(e) Chlorates,
23. NaClO, (A) cryst. 33-27 | 37-80(15).
24, KCIO, (A) .. 36-81 | 36-77(13a); 44-30(32); 40-70(9).
25. Ba{ClOy),.H-0 (A) recryst 100-70 87-74 | 102-54(22).
(f) Todates.
26. NaIOz (A) .. 51-77
27, KIO; (A) . 64-43 | 63-10(9); 59-60(26) 65- -90(32); 65-80(15).
(9) Carbonates.
28. LizCO;4 (C) 29-32 | 30-52(13a); 29-40(15).
29, K,C04 (A) 59-91 | 67-44(13a); 56-90(15); 76-02(5).

30. 8rCO4 (A)~- 43-19 | 47-23(23);46-65(13a); 25-25(5); 44-20(15
31. BaCOj3 (A) 51:50 | 56-20(22);58-80(13a);43-42(5);53-50(15
(k) Phosphates.

32, Na,HPO, (A) .. 57-54 | 56-66(13a).
33. K,HPO, (B) .. 76-00

34, (NH,),HPO, (B) 74-38 | 71-00(15).
35. Cay(POy), (B) .. 104-90

36. 181-00 | 12916

3
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Tasre IIL,
XSO4”
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bad = ~— > = = b b =

(A)

(18) 42-28 41-74 .. 36-73 4149 36-02 43.38 .. ..
(6) 42-28 43-74 . 33-73 38-49 35-82 42-88 . -
(13a) 34-28 3374 .. 28-63 33-49 27.62 36-68 38-98 43.97
(15) 37-48 43-54 46-83 38-03 42-39 42-22 42-38 39-68 43-67
(6w) 36-68 38-34 . 33-13 38-29 . {géﬁgg .. .
(14) 39-68 4174 | . .. 3553 33-99 22-82 37-68 23-48 10-97
(11 | 3628 37-74 . 33-93 39-09 . 41-53 .. .
(10} 40-48 41-54 .. 33-83 39-99 36-82 42-38
(32) 39-08 40-94 45-03 .. .. . ..
(8a) 38-88 39-54 .. 37-53 .. 40-42
(8b) 38-88 40-74 .. 35-73 . 36-52 .

(13) 31-88 36-94 . 33-53 32-59 25-92 4218 .. ..
(12) .. .. . . . .. . .. 39-12
(B)

(18) 44-28 37-34 . 31-23 29-99 19-82 43-48 41-48 26-97
(1) 44:34 41-94 . 33-15 36-46 32-52 43-50 36-91 29-81
(1) 45-20 44-62 .. 3411 37-80 34-23 4379 3703 30-03
(29) 41-48 36-14 .. 31-43 . .. 42-48 .. .
TasLe IV.
szos’

Na,S5,04 K58,04 (NH,),8504
Ref. Nos. X x X

ma = 87-16 | "ma = 104-60 | “ma = 97-46

(A)
(18) 7676 75-60
(6) 76-76 77-60
(13a) 6876 67-60 ..
(15) 71-96 77-40 72-65
(Bw) 71-16 72-20 .
(14) 74-16 75-60
(1) 7076 71-60
(10) 74-96 75-40 ..
(32) 73-56 74-80 70-85
(8a) 73-36 73-40 .
(8b) 73-36 74-60 .
(13) 66-36 7080 -
B)

(18) 7876 71-20
(1) 78-82 75-80
(1) 79-68 7848
(29) 75-96 70-00
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TagLE V.
x503,,
Na,80, NaHSOz* K,80, CaS0,
Ref, Nos. X X x x
ma = 42-98 ma = 36:71 ma. = 64-60 ma — 38-97
(A)
(18) 32-58 28-58 35-60 31-17
(6) 32-58 28-58 37-60 28-17
(13a) 2458 24-58 27-60 23-07
(15) 27-78 29:11 37-40 32-47
(6w) 26-98 29-71 32-20 2757
(14) 2998 27.28 35-60 29-97
(11) 26-58 25-58 31-60 28-37
(10) 30-78 2768 3540 28-27
(32) 29-38 26:98 34:80 ..
(8a) 29-18 26-88 3340 31-97
(8b) 29-18 26-88 34-60 30-17
(13) 22-18 2338 30-80 27-97
(B)

(18) 34-58 32-51 31-20 25-67
(1) 34-64 32-54 35-80 27-59
(1) 35-50 32-97 38-48 2855
(29) 31-78 31-11 30-00 25-87

* Values of XH'H used for deducing values of XSO3” are :—

Zero for (18B), (1B), (29B), and (15A); +1-1 X 10~° for (6w) and —2-93 x 10 % for the rest.

Tasre VI.
XNO:;'
NaNO, KNOy - NH,NO3 Sr(NO3), Ba(NOg); | Pb(NOy),
Ref. Nos.| x X X X X X oo
me = 25-28/ “ma = 33-86| “ma = 33:05;{ "ma = 53:53| " ma = 66-43| "ma = 77-03
(A)
(18) 20-08 19-36 18:51 18-31
(6) T 20-08 20-36 17-01 18-21 ..
(13a) 16-08 15:36 .. 14-51 14-11 15-51
(15) 17-68 20-26 20-65 18-96 21-41 23:46
(6w) 17-28 17-66 - 16-91 .. .
(14) 18-78 19-36 .. 14-76 11-71
(11) 17-08 17-36 .. 17-31 ..
(10) 19-18 19:26 . 17-76 18-71 .
(32) 18-48 18-96 1975 .. ..
(8a) 18-38 18:26 .. 20-52
(8b) 18-38 18-86 .. 18-57
(13) 14-88 16-96 14-06 13-26
B)
(18) 21-08 17-16 - 1276 10-21 ..
(1) 21-11 19-46 16-00 1656 13-42
(1) 21-54 20-80 16-67 17-42 13-56
(29) 19-68 16-56 .. ..
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Tasie VIIL.
Xc104”
NaClO, K10, Ba(Cl10;),
Ref. NOS. x x x
ma = 33-27 ma = 36-81 ma = 87:74
(A)
(18) 28:07 22:31 28-97
(6) 28-07 23-31 28-87
(13a) 2407 - 18-31 2477
(15) 25-67 23-21 32-07
(6w) 25-27 20-61 ..
(14) 26-77 22.31 22.37
(13) 92.87 19-91 23-92
(1) 2507 20-31 ..
(0 2717 29.21 29-37
(32) 2647 21-91 ..
(8w) 26-37 21-21 31-17
(8b) 26:37 21-81 2922
(B)
(18) 29.07 20-11 | 20-87
(1) 29-10 2241 27.22
(1) 29-53 ° 23-75 28:08
(29) 27-67 19-51 1 ..
TasLeE VIII.
xms’
- NalO; KIO,
Ref. Nos. X X
ma = 5177 ma — 64-43
(A)
(18) 46-57 49-93
(6) 46-57 50-93
(13a) 42-57 45-93
(15) 4417 50-83
(6w) 4377 48-23
(14) 45-27 49-93
an 43-57 47-93
(10) 4567 49-83
(32) 44-97 49-53
(8a) 44-87 48-83
{8b) 4487 49-43
(13) 41-37 47-53
(B)
(18) 47-57 4773
(1) 47-60 50-03
(1) 48-03 51-37
(29) 46-17 47-13

15T
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TasLe IX,
XCO;«;”
Li,CO, K,CO,4 SrC0;, BaCO0,
Ref. Nos. X X X X
ma = 29-32 ma = 59-91 ma = 43-19 ma = 51-50
(A)
(18) 28-92 30-91 26-69 21-70
(6) 27:92 3291 28-69 21-50
{13a) 20-92 22-91 18-69 13-30
(15) 26-12 32:17 2759 27-90
(6w) .. 27-51 2349 ..
(14) e 30-91 1919 8-50
(11) .. 26-91 24:29 ..
(13) 21-32 26-11 17-79 11-60
(10) 27-92 30-71 25-19 22-50
(32) 27-32 30-11 .. ..
(8a) 27-92 28-71 .. 26-10
(8b) 27-92 29-91 - 22:20
(B)
(18) 28-06 26-51 15-19 550
(1) 27-99 31-11 21-66 18-20
(1) 27-99 3379 23-00 19-91
(29) 27-92 25-31 .. ..
TasLe X.
XPO4”I
Na, HPO,* K,HPO,* | (NH,),HPO*|  Cag(PO,), Zng(PO,),
Ref. Nos. x X X - X X
) ma = 57-54 ma = 76-00 ma = 74-38 ma = 104-90 ma = 129-16
(A)
(18) 44-21 44-07 .. 40:75
(6) 44-21 46-07 . 36:25 ..
(13a) 36-21 36-07 .. 28-60 4433
(15) 42-34 48-80 49-58 42-70 45-38
(6w) 42-64 4470 .. 35:35 .
(14) 41-61 44-07 .. 38-05 21-08
(13) 33-81 39-27 .. 35-95 ..
(11} 3821 40-07 .. 36-55
(10) 42-41 43-87 .. 36-40
(32) 41:01 43-27 4485 ..
(8a) 40-81 41-87 .. 41-95
(8b) 40-81 43-07 N 39-25
B)
(18) 49-14 42:60 .. 32-50 48-08
1 49-20 47:20 e 35-38 41:22
(1) 50-06 49-88 .. 36-82 41-40
(29) 46-34 41-40 .. 32-80 o

* Values of XH'” used for deducing values of XPO ,.» &re the same as those used in Table V.
1
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Tapre XI.
1st ion
2nd 3rd 4th 5th
+6 -2
504" 37-55 3432 (P) 33-6 I.C.T. (13a) S 4+40
3733 (8) 416 Pauling (18) 51-80 (P)
3835 (A) 390 Kido (10) 5401 (8)
3788 (H & S) | 40-1 Trew (12) 4631 (A)
37-0  Sugden (27)
$,04" | 7315 | 7498 (P) 75-50 Kido (10) 25t L o001 707"
7731 (S) 74-0 Sugden (27) 9819 (P)
79-08 (A} 101-97 (S)
72:98 (H & S) 875 (A)
+4 -2
805" | 2962 | 30-99 (P) 22-30 1.C.T. §TT+30
32-64 (8) 36-50 Kido 45-20 (P)
33-88 (4) 45-18 (S)
2969 (H&S) | 39-38 (A)
+5 -2
NOjy’ 17-88 1530 (P) 142 1.C.T. N 430
17:31 (8S) 18-2 Pauling
1800 (A) 20-1 Kido 37-91 (P)
1812 (H & 8) 184 Raychaudhari 39-56 (S)
33-86 (A)
181 Rao
195 Rao
18-9 Trew
180 Sugden
+5 ~2
ClO;’ 24-86 23:35 (P) 30-2 Kido Cl +30
2624 (8) 258 Trew 4351 (P)
2712 (A) 30-2 Trew 43-93 (S)
2359 (H & S) 26-0 Sugden 3816 (A)
. +5 -2
10y’ 46-80 47-65 (P) 52-2 Kido I""+30
48-82 (8) 45-0 Hollens and Spencer 6548 (P)
49-70 (A)
46-65 (H & 8) | 47-4 Trow 6173 (8)
47-3 Rao and Shreeraman 5592 (A)
51-4 Trew
41-10 Rao and Shreeraman
” +4 -2
CO3 24-83 18-82 (P) 22-0 Pascal (13a) c +30
24-74 (8) 30-2 Pauling 37-95 (P)
26-19 (A) 281 Kido 39-60 ()
2662 (H & 8) 29-5 Trew 33-90 (A)
+5 -2
PO, | 40-53 | 43:08 (P) 35-4 Pascal (13a) PTT4+40
4325 (8) 47-2 Kido 52:10 (P)
4454 (A) 54:26 (S)
40-18 (H & 8) 46-564 (A)

The comparison of the experimental values of the anions obtained by the
authors with the various values given in the 3rd, 4th and 5th columns brings out the
following observations which are discussed under separate headings.
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(a’) Xs0,”

It will be seen that with the exception of the values obtained by Sugden and
Kido all the values given under the 4th and 5th columns differ widely from that of
the authors. Sugden’s value is compiled from values given in I.C.T., Vol. VI and’
Stoner’s Magnetism and Matter. High value of Pauling and the low value given
in L.O.T. are due to low and high values of cations used in deducing them. The
values given under the 5th column are unusually high. The values given under
the 3rd column, specially those obtained by using Slater’s and Hartree-Stoner’s
values, are in very good agreement with that of the authors.

Prasad and co-workers (1942-44) have determined the susceptibilities of Ca,
Sr and Ba ions by the statistical method, and found them to be 10-65, 22-61 and 32-30,
respectively. On deducting these values from the molecular susceptibilities of
CaS0y, Sr80, and BaSO, the values obtained for the susceptibility of the SO, icn
are 33-88, 35-38 and 33-52, respectively. These values are slightly lower than that
obtained by the authors,

(B) Xsyo0"

Tt will be seen that the value obtained by the authors for the S,05” ion agrees
well with that compiled by Sugden and is not far different from Kido’s value deduced
from the molecular susceptibility of ammonium persulphate. The mean values
obtained by using Hartree-Stoner’s and Pauling’s theoretical values for sodium and
potassium ions are in good agreement with the experimentally deduced value.
The values given in the 5th column are all higher than the experimental value.

(C) Xsoa”

In this case again the agreement between the mean values obtained by using
Hartree-Stoner’s and Pauling’s values for cations with the authors’ value is quite
good. The low value given in the I.C.T. is due to the erroneous values of sodium
sulphite and disulphite which were probably used to deduce the susceptibility value
of the sulphite ion. The high value obtained by Kido is due to the low value of
potassium ion used to deduce the value of the sulphite ion. The values given under
the 5th column are far different from the experimental values, and are again un-
usually high.

The value of the susceptibility of sulphite ion obtained by deducting the
statistical value of the susceptibility of Cat? found by Prasad and co-workers
(1944) from the molecular susceptibility of CaSOs, is 28-32 which agrees well with
the value obtained by the authors.

(d) XNO:;'

The experimental value is in very good agreement with those calculated by
using Angus’, Hartree-Stoners’ and Slater’s values for cations. It is also in excellent
agreement with those deduced experimentally by various workers, with the exception
of those given in the I.C.T. and obtained by Kido; in the former case the low value
is due to the use of high values for cations. Values given in the 5th column are
nearly twice that of the experimental value.

The value of the susceptibility of the nitrate ion obtained by deducting the
statistical values of the susceptibilities of Srt2 and Ba+2 found by Prasad and
co-workers (1942-44) from the molecular susceptibilities of Sr(NOg), and Ba(NOj),
are 15-46 and 17-06, respectively; the latter value is in good agreement with that of
the authors.

(©) Xcioy’

The experimental value for the susceptibility of the chlorate ion is in fair
agreement with those calculated by using Pauling’s, Slater’s and Hartree-Stoner’s
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values for the cations. It also agrees very well with the values reported by Sugden
and Trew. The high value reported by Kido is due to the high value of the suscep-
tibility of sodium chlorate from which the susceptibility of the chlorate ion has been
deduced while the revised value of Trew is high because of the low value of the
susceptibility of potassium ion used to calculate it from the molecular susceptibility
of potassiuin chlorate. The values given in the 5th column are very much higher
than the experimental value.

) The value of the susceptibility of the chlorate ion obtained by deducting the
statistical value of the susceptibility of Ba+2 obtained by Prasad and co-workers
(1942), from the molecular susceptibility of Ba(ClOg)e is 27-72 which is slightly
higher than that obtained by the authors. '

(.f) X105"

Tt will be seen from Table X1 that the authors’ value for the susceptibility of the
iodate ion is in good agreement with the values obtained by using the theoretical
values of Pauling, Slater and Hartree-Stoner for the cations. The best agreement
is obtained by using Hartree-Stoner’s values. The experimental value also agrees
with those obtained by other workers with the exception of Kido’s and Trew’s
revised values. The values of these workers are high because of the fact that they
have been deduced by using low values for the cations. The values computed in
the 5th column are very much higher than the experimental value.

(g) XCO;;”

The authors’ value for the susceptibility of the carbonate ion is in good agree-
ment with the values calculated for the ion, by using Slater’s, Angus’ and Hartree-
Stoner’s values for the cations. Use of Pauling’s values gives a very low value for
the carbonate ion. The authors’ value is also in fair agreement with the experi-
mental value obtained by Pascal; the values reported by other authors are definitely
higher. The high values obtained by Pauling is due to the fact that the values
of the susceptibilities for sodium and potassium ions chosen by him for deducting
the susceptibility of the carbonate ion are lower than those used by Pascal. The
values given in the 5th column of the table are very much higher than the experi-
mental values.

The values of the susceptibility of carbonate ion deduced by deducting the
statistical value of the susceptibilities of Sr*2 and Ba*t2 found by Prasad and
co-workers (1942-44) from the molecular susceptibilities of SrCO; and BaCOg are
20-58 and 19-20 respectively. These are definitely lower than those obtained by the
authors.

(h) XPO4III

The authors’ value for the susceptibility of the PO, ion agrees well with the
mean value calculated by using Hartree-Stoner’s values for the cations. The values
obtained by using Pauling’s, Slater’s and Angus’ values for the cations are definitely
higher than the authors’ value. The authors’ value does not also agree with those
obtained by other workers. The low value reported by Pascal is due to the high

value of sodium ion used by him for obtaining the value of x,, «, while the high

value of Kido is due to the fact that he deduced the value of the phosphate ion
from the susceptibility values of the primary and secondary phosphates of alkali
metal by assuming that the susceptibility of the hydrogen ion is zero. The values
given in the 5th column are very much higher than the authors’ value.

The value of the susceptibility of the phosphate ion obtained by deducting thé
statistical value of the susceptibility of Ca found by Prasad and co-workers (1942)
from the molecular susceptibility of Cas(PO,); comes out to be 36-47 which is
definitely lower than the authors’ value but agrees well with that found by Pascal.
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Computation of the tonic susceptibilities.

The magnetic method has been employed by several workers for the elucidation
of the molecular constitution of some compounds. This purpose is achieved when
the experimental value of the molecular susceptibility of a compound agrees within
reasonable limits with the molecular susceptibility calculated according to Pascal’s
law by using the jonic or the atomic susceptibilities of the constituents in a certain
configuration. Prasad and Dharmatti (1940-41) found during their investigation
of some sulphur, selenium and tellurium compounds that a good agreement between

Tasre XII.
ion
Values computed by authors.
Slater’s values
Ion. Constitution. for the central
Authors. atom and Pascal’s values
double bond for central
oxygen and atom and
+ Pascal’s value oxygen.
for single bond
oxygen.
(0] O—
80,7 \S/ 37-55 36-92 30-94
o’ No—
00— —0
O , ] (o]
AN /7
S,05" 5—0—0—=8 73:15 73-83 61-88
2Usg o / \O
70
505" O=S\ 29-62 28-30 27-58
O—
N
Noy’ N—O— 17-88 31-02 16-94
o’
o N
ClOy’ >Cl——0—- 24-86 35-38 31-33
(o]
(o]
105/ >I—0-— 46-80 53-19 56-33
O
O—
COy” O=C< 24-83 22-52 18-58
00— .
/oZ '
PO O=P—0— 40-53 28-64 43-47
No—
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the observed and the calculated values could be obtained on using (i) the ionic suscep-
tibility of sulphur, selenium, tellurium ions calculated for different valency states
according to Slater’s method, (ii) Pascal’s value for the oxygen of the (— O —)
type, and (iii) Slater’s value for the susceptibility of double bond oxygen (13:15),
if the binding is weak and Pascal’s value (3-36) if the oxygen binding is strong.
Hence the susceptibilities of several ions studied in this investigation whose con-
stitutions (column 2, Table XII) are too well known, were calculated by using
Slater’s value for double bond oxygen and Pascal’s value for single bond oxygen
of the type (— O —). The values obtained are given in column 4 of the Table XII.
In addition, values have also been calculdted for these ions by using Pascal’s values
for the atomic susceptibilities of the constituent atoms, and are given in the last
column of the table.

The table shows that in the case of the sulphate, persulphate, sulphite and
carbonate ions the agreement between the experimental values and those given in
column 4 is very good while in the case of other ions the two values differ very
widely. There is, also a good agreement between the experimental values for
NOy', SO3” and PO, ions and those given in column 5 of the table; in the case of
other ions there is no agreement between the calculated and the experimental values.

In calculating the values in column 4 of the above table distinction has been
made between the double bond and single bond oxygen atoms and different values
have been assigned to the two types of these atoms. It is possible that all the oxygen
atoms attached to the central atom in the anions studied in this paper, may contribute
equally to the total diamagnetism of the anions irrespective of whether they are
attached by a single or a double bond ; the agreement obtained in some cases between
the *values calculated in column 4 of the above table and the experimental values
may then be only spurious. If it is assumed that the contribution of susceptibility
of each oxygen atom is equal to that calculated by Slater’s method, values calculated
for all the anions would be the same as given in Table XI, column 5, under the designa-
tion (S). These values are in all cases higher than the experimental values. The
difference between such calculated and experimental values gives the depression in
diamagnetism caused as a result of the formation of bonds of the oxygen atoms
with the central atom. From such values, the depressions caused by the binding
of each oxygen atom with the central atom have been calculated on the assump-
tion that the depression due to the binding of each oxygen atom is the same. The
values obtained are shown in the following table.

TasLE XIII.
- .
Ion. Bond depression
per oxygen atom.
80, 4-12
8,04” 3-61
804" 5-19
NO,’ 7-26
Cl04’ 6:36
104/ 4-98
CO," 4-92
PO 4-58

It will be observed from the above table that, with the exception of the NOg’
and ClO-' ions, the depression caused by the formation of a bond with each oxygen
atom is approximately the same for all the anions studied in this investigation and
nearly amounts to 4-6 units. The high values obtained in the 5th column of the
Table XI can thus be explained on the basis of the depression caused by the oxygen
bond with the central atom.



158 'MATA PRASAD & D. M. DESAI: MAGNETIC SUSCEPTIBILITIES

Verification of the susceptibilities of anions (Table XTI).

The values of the anions obtained in this investigation have been utilised to
calculate the molezular susceptibilities of various salts containing these ions
using Slater’s values of the respective cations. These calculated values have been
compared in the following table with those experimentally observed for these
salts by various workers.

Tasre XIV.
Substance. Xm (cal.) Xm (observed).
1. Hy,80, .. 37-50 39-00 Kido
39-00 Farquharson
43-20 Endo
2, Li,80, .. 38-17 41-60 Kido
42-00 Meyer (13a)
3. (8,80, .. | 116-64 116-50 Pascal (13a)
4 Rb,S0, ..| 8912 | 8835 Pascal (13a)
5, T80, .. | 163-88 112-57 Trew
113-60 Nevgi
126-22 Meyer (13a)
6. BeSO, .. 37-88 38-45 Meyer (13a)
37-10 Kido
7. SnSQ, .. 7515 62-26 Meyer (13a)
8. H,y80; .. 29-71 36-50 Kido
9. TLSO; .. | 156:09 99-30 Trew
10. HNO; .. 1779 19-8 Kido
11. LiNO; .. 18-46 22-7 Kido
12. CsNO; .. 57-36 79-87 Meyer (13a)
13. RbNO; .. 43-60 41-42 Pascal (13a)
14, Cs,C0, .. | 10373 10410 Pascal (13a)
15. Rby,COy .. 76-05 74-09 Pascal (13a)

Z

It will be seen from the above table that the calculated values of the salts are
in good agreement with most of the observed values; many of the observed discre-
pancies occur with the experimental values obtained by Meyer. It is of interest to
note that wherever there is a disagreement between the calculated and the experi-
mental values, it is mainly due to those theoretical values of cations which do not
agree with ithe experimental values, for instance the value of the thallium ion cal-
culated by Slater’s method is very much higher than that obtained by Trew (1936) and
hence the calculated and the experimental value® of thallium salts given in the
above table are widely different.

IRENMEYER’s RELATION.

Tkenmeyer (1929) found a linear relation between the molecular susceptibilities
of alkali and alkaline earth halides in solution and the number of electrons (Z) in
the molecule. The relation has been expressed mathematically as:

Xy = C1Z2+Cy

where C is a general constant while Cy is a constant specific for a given series of salts.
The relation was examined in the case of a number of thallium salts of organic and
inorganic acids by Trew (1936) who found that it holds generally but there were
some definite deviations which she attributed to the specific effects due to the
crystalline form of the compounds investigated. Prasad and co-workers (1942-44-47)
- have found that the relation is definitely non-linear if various salts containing the
same cation are considered. They have, however, found that the pattern obtained
by plotting x  against ZZ is similar for corresponding salts of chemically related

elements, such as (1) Ca, Sr, Ba, (2) Mg, Zn, Cd, and (3) Tland Pb. Following these
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investigations, the values of y_ for corresponding salts of sodium and potassium
containing the anions studied in this investigation were plotted against XZ and
the graphs obtained are shown in Fig. 1. The graphs definitely show that a linear
relation does not hold in the case of these salts. The pattern obtained for sodium
salts is strikingly similar to that for the corresponding salts of potassium. The
deviations from linearity observed in the case of both sodium and potassium salts
may be real and may be due to different susceptibility contribution of the different
anions and not due to the reasons given by Trew.

e

Fig.1.

leo NITRATE

CHLORATE
SULPHITE
SULPHATE
PHUSPRATE
{ODATE.
FERSULPHATE

POTASSIUM SALTS —
Mna 9

100 | 80

NP O P

3q }7e
Bo }so
K 7o f50 4 SODIUM SALTS
6o }40

so |30

4+0Q 20

—-x3

14 2Q 30 40 sO 6Q 70 g0 %0 g Ko t12a 130 (40

The authors take this opportunity to thank Dr. 8. 8. Dharmatti, M.Se., Ph.D.,
F.Inst.P., for the keen interest he took in this work.

One of the authors (D. M. D.) is grateful to the authorities of the University of
Bombay for the award of a scholarship which enabled him to carry out the investi-
gation reported in this paper.

SUMMARY.

Magnetic susceptibilities of a number of pure salts containing §0,”, 8,05”, SO3”, NO;’, Cl0Oy/,
I0;4’%, CO4”, and PO, "ions have been determined by the use of a modified form of Gduoy’s balances.
The values for the susceptibilities of the anions have been deduced from the data by using all
the known values for the cations reported in literature. The following values have been fixed
for these anions as the most reliable values.

Xs04” = 37555 Xg,04" = 3155 Xg0,7 = 29625 xn0y = 17885 Xoio4" = 24865 X107 = 46-80;
Xoog" = 24+83; Xpo,”* = 40-53. (All values multiplied by —1 X 108.)

These values have been compared with the values reported by various workers and in some
cases the causes of disagreement of the reported values with the authors’ values have been dis-
cussed. The average values have also been compared and found to be in good agreement with
those obtained by using the theoretical values of the cations calculated by Pauling’s, Slater’s,
Angus’ and Hartree-Stoner’s methods. Values have also been calculated for these anions by
using Slater’s values for the central ion and oxygen atoms surrounding them and from the
differences between the calculated and the observed values, bond depression per oxygen
atom has been calculated on the assumption that each oxygen produces same depression in
combining with the central atom.

Ikenmeyer’s relation has been discussed in the case of some of the sodium and pefassium
salts studied in this investigation. The patterns obtained on plotting yx, for corresponding

salts of sodium and potassium against the total number of electrons in the compounds are
strikingly similar in nature showing a chemical resemblance of these salts.
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