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CHARGE AND STABILITY OF COLLOIDS. PART IX.
STUDIES ON THE RELEASE OF COUNTER IONS
FROM Fe(OH), SOL ON THE ADDITION OF PAIRS

OF ELECTROLYTES

By B. P. Yapava axNDp A, C. CHATTER]I

The effect of the addition of pairs of electrolytes on release of counter ions from Fe (OH); sol
has been studied It has been found that in almost all cases the amount of released chlorine is greater
than the calculated value. This means that the mixture induces more instability a necessary consequence
of which is that there should be no ionic antagonism.

Recently various attempts have been made by several authors (Weiser,
J. Phys. Ckem., 1931, 35, 1, 1368 ; Rabinowitsch, Z. physikal. Chem., 1925, 116, 97 ; and
Pauli and others) to follow the changes in the stability of a colloid on the stepwise
addition of an electrolyte by determining the amount of counter ions released
potentiometrically. In this paper attempts have been made to study the effects of
pairs of electrolytes by the above method.

In earlier papers of this series (/. fndian Chem. Soc., 1943, 20, 115, 219, 223) the
release of the counter ions has been studied in some details, when electrolytes having
ions of varying valencies are added in single to the hydrous sols of different purity.
In this paper the release of counter ions from ferric hydroxide sol has been studied
with a view to finding out if any insight into the mechanism of coagulation by electro-
Iyte pairs can be obtained. Electrolyte pairs like KIO;+4+ K80, ; KIO;+K-citrate ;
K,SO,+K-itrate have been used. Along with this the release of chlorine ions, when
KIQj;, K9S0, and K-citrate are added in singles, is also recorded.

EXPERIMENTAL

Ferric hydrozide sol was prepared by the method given in earlier section of this
series ( /. Indzan Chem. Soc., 1943, 20, 25, 115). The potentiometric titrations were
performed exactly as described before. The volume of the sol taken in each case was
5 c.c., and the total volume of sol and electrolyte mixture was made up to 10 c.c. by
adding the requisite volume of distilled water. The maximum amount of the electro-
lyte added to the fixed volume of the sol was just sufficient to coagulate the solin an
hour. The results obtained are given in the following tables. In these tables the
electrolytes have been added up to the coagulation concentration ze., the last figure
denotes the coagulation concentration.
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TaeLe I

Chlorine displaced from Fe(OH); sol when A710-K1Oj is added to it.

N/10-K105 added, w « (1 x 108 Total [Cl]x 104  [CI] displ. x10%  [Cl} eqvt. to
{[0g] x 103

000 e c. 0°1012 volts 184 188 0'00 000

050 00881 174 179 o021 500

1-00 0'0843 2:02 210 052 10°00

180 0-0916 224 2+38 075 1600

200 00880 2'48 260 102 2000

250 0-0855 2-84 200 141 2500

800 00831 312 330 172 30700

TasLe II

Chlorine displaced from Fe(OH); sol when N/50-K,SO, is added to it.

5 R Cl t, to
Ni80-K,80,, added. = «Clx10°  Total [C1]x1208  [C1] displx 100 [HLeart. o
0'00 c.c. 01012 volts 154 158 000 000
050 00922 219 2498 070 i'co
100 0'0863 278 269 131 2:00
1'60 00838 304 320 181 300
290 00835 345 385 2:07 4700
250 00786 452 481 323 500
800 00887 526 5'83 4-05 6'00
TasLe III
Chlorine displaced from Fe(OH)j; sol when N/200-K-citrate is added.
N/200-K- | a1 Tt an ) [C1] eqvt, ta
citrate added, ™ «Cl, % 103 Total [C1]x10%  [CI] displ. x 10° {Citrate] x 10°
000 c.c. 071012 volts 164 168 000 000
160 00985 172 178 018 050
200 00985 185 101 0383 100
300 00935 208 218 57 150
400 00885 268 2:63 105 200
50 00825 320 393 175 225

800 0-0788 420 44 2-86 2'50
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TasLE IV

Chlorine displaced from ¥e(OH), sol on adding N/50-KSQ,+ M10-KIOs;.

08 e, K.SO, +

®10", = 201x10%  Tolal [C1)x 10* [CH] displ. x 108 [C]]&e'ﬁa;jox[?‘%‘]
000 e.c. 01012 volts 1'54 1-58 000 0'00
025 0911 203 210 082 350
050 008BO4 244 283 095 6-00
100 00845 2:96 308 1-50 1100
150 QOGBOY 340 356 1'98 1800
175 ou786 ) 373 3-92 234 1850
200 00768 399 421 268 2100
‘TABLE V

Chlorine displaced from Fe(OH); sol on adding A7/200-K-cit.+ N/10-KIQs,.

1 e, KCitr+ - 4CIx10°  Total [CI]x10% [CI} displ x 100 [C1 et to (G
000 ¢.c. 01012 volts, 1'54 i858 000 000
025 00957 1'91 167 039 300
050 00934 209 2'16 058 550
100 00907 2:32 240 082 10°50
1°50 00862 2717 2:88 1'30 1580
200 00814 297 308 1°50 2050
2'60 o072 393 412 284 2550
TABLE VI

Chlorine displaced from Fe(OH), sol on adding N/10-KIO;+ N/50-K380.,.

Leg Ki0a+ x XClx107  Total [ClIx103 (O displ.x 108 [OY eget to RO
000 ¢.c. 011012 volts 154 158 000 000
010 00928 2:14 223 065 1020
020 0-0856 283 287 1-39 19‘40
040 00807 343 363 208 1080
80 00786 418 4741 283 1120
080 00704 512 548 3°90 1160

100 00628 884 T4 [ 3-0] 1200
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TasLe VII

Chlorine displaced from Fe(OH); sol on adding N/200-K-cit.+ NV/50-K2SO,.

05 c.o. Boeitr f. «01x10%  Total [(1]x10* [C)] displ.x 105  LOU & R0 o]
2P

000 c.c. 071012 volts 154 1'58 000 0'00

010 00986 17 176 018 045

030 00968 1'83 1'89 081 0'85

060 00921 220 228 071 1'45

090 0°0868 271 281 123 205

120 00820 328 345 187 265

150 00759 313 440 282 325

TasLg VIII

Chlorine displaced from Fe(OH); sol on adding N/10-KIQO;+ N/200-K-cit.

1 e-e KIOs - X01x103  Total [CI}x10° [C) displ.x109  [O 2%t t0 [904
000 c.c. 0°1012 volts 154 1'58 000 0°00
050 00914 226 238 078 1025
100 00842 2-99 315 187 10°50
200 00827 317 335 177 11:00
2'50 0°080¢ G 3865 207 11'25
300 007TS 388 413 265 1160
400 00753 423 451 293 1200
TaBLE IX

Chlorine displaced from Fe(OH); sol on adding N/50-KoSO, + AV/200-K-citrate.

08 ce KaSO, n «CIx10%  Total [Cl]x 103 [C1] displ. x 10? [C'gf‘gﬁ] to [80.]
000 e.c. 0°1012 volta 154 158 000 000
0°50 00932 211 218 060 125
100 0-0888 282 262 104 1'50
2700 00867 272 2'83 1-25 200
26) 00852 2'88 302 1'44 225
300 00841 300 313 1-58 2°50

400 00810 339 3585 187 800
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DiscussioNas

From the above results the following tables have been calculated.
Concentration of Fe(QOOH)3 sol, as Fe,O4=9'018 g/litre.

Chlorine content of the sol=0012 g. ion/litre.

Purity of the sol i.e., FeqgQ3s/Cl=7510.

TABLE X

Displacement of chlorine ions from Fe(OH); sol by ions of different valency.

Displace- y . Displace- . s Displace- .
Electrolyte i";gg';i‘}fxgc' . i ]glfgtgfa‘;' Electrolyte ;‘(;gg‘f?(flgci’le (et lectrolyte i‘ggg';":&m A i lostear
added. (OH), sol 1yte ﬁ(loc;?:l added. (OH)s sol ]yt’.t’e< :lag:ied added. H), sol, Iyte*a;gcsled
%108, x = 108. x 103, :

N{10-KIO, N/50-K 80, N{200-K-citrate
60 c.c. 023 5-00 050 c.c. 070 1-00 060 c.c. 0'lg 0'50
100 052 10'00 100 131 200 100 033 1-00
160 076 15-00 1°50 161 300 1-50 057 150
200 102 2000 200 2:07 400 200 108 200
250 1+41 2500 225 323 450 2°25 176 228
3'G0 172 3000 250 4°06 500 2:50 286 260

From the above table it will be seen that the amount of chlorine displaced in
the case of ferric hydroxide sol increases with KeSO4 as compared to KIOjg, and
then again decreases with K-citrate. This can be explained on the basis of the
purity of the sol. We have observed previcusly that with these sols there is always
a certain purity after which chlorine ions released is less than the equivalent
of the added electrolyte, whereas with less pure sols the released chlorine is greater
than the added electrolyte. The ferric hydroxide sol is purer than this limit.

A result simijlar to the one observed here was obtained Wy Weiser (/. Phys.
Chem., 1931, 35, 9) with ferric hydroxide sol, using KNO;, K.S0,, K-citrate and
KsFe (CN)s. In his case also, with uni-univalent electrolyte the displaced chlorine
was the lowest, then it suddenly increased when K,SO, was used and decreased
again in the case of K-citrate and K3Fe(CN)s. In Weiser’s case also, a similar
effect is noticed as Fe (OH); was purer than the limiting stage. The twc results
are summarised in the following table.
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TasLe XI
Concentration of Weiser's sol=6'46 Concentration of author’s sol=9018
g./litre. g./litre.
Chlorine content =0 0158 g. ions/litre. Chlerine content=0012 g. ions/litre.
Purity of Weiser's sol = 408'7, Purity of author’s sol=7510.

Dmp]uwment of [ (_“]'x 10° from Displacement of [C}] x 10° from

Electrolytes used. sol used by Weiser. sol used by author,
KNQ4
KIO, 1-72
K,80, 4 87 408
K-citrate 410 2-86
Ky Fe (CN), 317

From the results recorded in Tables IV-IX, the following tables have been
calculated in which the release of chlorine ions as observed and calculated when
adding one electrolyte in presence of another is given. The theoretical release due
to the combined effect of both the electrolytes has alco been calculated and given
in columns 2 and 5 of the following tables.

TasLe XII

Displacement of chlorine ions from Fe(OH);s sol when A/50-K SO, + AN/10-
KIOs and N/200-K-citrate + M/10-K1Oj; are added to it in pairs.

0Ss KOt Cue 0w LSEEEED cue ow (Ol iecr
o125 0'80 052 028 028 - @39 350
050 001 095 050 039 '('_J-rss a0
100 122 1450 100 070 082 11-00
150 145 108 150 083 140 1600
175 160 2:34 1880
200 270 243 2:00 120 150 2100

250 2'60 150 254 2600
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TasLe XIII

Displacement of chlorine ions from Fe(OH); sol when MN/10-KIO;+ N/S0-
K250, and N/10-KIO 3+ N/200-K-citrate are added in pairs to it.

1c.c KIO; + 1ce KIO + [C1] eqyt. to elec-
c.c. of Kg§0‘- Cale. Obs. c.c K-ciu?. Cale. Obs. troly]t,e(};.dded x 103,

010 067 0°65 10°20

025 062 0718 1026

0°20 082 189 10°40

- 050 0770 157 10'60

040 104 205 10°80

.- 100 0°86 177 11'60

060 132 283 1120

. 126 097 07 11°25

. 150 109 265 1150

080 162 3'90 11'80

100 183 586 200 157 293 12°00
TasLE XIV

Displacement of chlorine ions from Fe(OH)3 sol when N/200-K-citrate+ N/50-
K.S80, and N/50-KoS0 4+ N/200-K-citrate are added in pairs to it.

too KS6  oae obs.  1e% Bl ca Obs.  yoieleiald s,
0’10 025 018 1'20
0'30 0'60 0’31 160
060 080 o1 220

- . 025 0'80 060 225
0'50 088 104 2'50
0'90 1-27 123 280
100 377 332 100 103 126 300
. 125 112 14 325
1:20 1'56 187 - 840
s "o 1'50 1-27 155 350
1'50 071 282 2:0 175 197 4°00

From the above results we find that with ferric hydroxide sol, in almost all
¢ases, amount of released chlorine is greater than the calculated value. This means
that the mixture induces morte instability than the combined effects of the two electro-
Iytes when taken in singles. A necessary consequence of this is that there should be
no positive ionic antagonism 7., the amount of electrolyte necessary to coagulate
should be less than than the additive. This has been observed by previous workers
with these sols but with other pairs of electrolytes.
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