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2 EQUILIBRIUM STUDIES OF CINCHONA ALKALOID

SULFATES WITH SULFONIC ACTID ‘RESINS IN DIFFERENT IOQNIC
FORMS 3 ' ‘

Introduction s

In this section equilibriz of quinidire sulfate
and cinchonire sulfate with sWrére divinylbenzere
copolymer based sulfonlc acid cation exchange resins of
different degree of crosslinking and in different ionlec

o
forms have been studied at room temperature (30 C).

Experimental :

Besins : Dowex 50W (Dow Chemical Co.) styrere
divingylbenzene copolymer basedlsulfonic acid catic;n
exchange resins tof.‘ relgtive degree of cerosslirking
( 4 rominal divirylbenzere content ) as 2, 4 and 8
( further feferred to as X2, X4 and X8 ).

Amberlite IR-200 (Rohm and Haas Co.) (further
referred to as IR-200) of -10, +60 mesh j this is
presumagbly styrere divimylbenzere copolymer based
sulfonic acid cation exchange resin of relative degree
of crosslirkirg about 20 ‘but has an expanded structure.
Moisture and capacity of. the regins : (1,2)

The resins were washed with distilled water,
cycled thrice between sodium chloride apd hydrochloric
acid, regererated with }.arge eicess of hydrochloric acid,

washed free of acid, filtered, airdried and stored in
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good contairers.

Moisture content was determined by heatirnrg
weighed samples (0.5 gms.) of airdry resin in clean,
dry weighing bottles, in an oven (100-10300) to a
constant weight

For the estimagtion of the capacity of the resins,
weighed samples (v~ 0.5 gms.) of alrdry resins were
contacted with 50 cee. of 1N barium chloride solution in
well stoppered flasks with frequent shaking. After two
or three days, the liberated acid was estimated by
titration with standard sodium hydroxlde solution and then
the capacity was calculated. Preliminary work had
irdicated that imcrease in contact time did rot imcrease
the iboumtcafitacid liberated. Table (2.1) gives the values
for 4 moisture content and capacity éf different resins
in the hydrogen form.

Different ionic formg of the resins :

The different ionic forms of the resins were
obtained by passing excess of the salt or hydroxide
solution through the resin bed. The resin was then washed,
filtered, alrdried, moisture content determired and the
capacity of the airdry form of the resin caculgted from
the ovendry capacity 1in the hydrogen form.

Chemie : A

Quinidine sulfate (B:P Howard, London) was
erystallised three times from hot water. Cinchonire
sulfate was prepared by dissolving circhonire (pure
crystals § Riedel, Germary) .1n ggueous sulfuric acid
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and erystallisirg out the sulfate § this was then
crystallised twice from hot water.
golution 3

The stock solution of alkaloid sulfate was first
prepared in distilled water and the concentration in gram
equivalent per liter was evaluate’d by both sulfate
estimation ( as barium sulfate ) and by determining the
optical density of the solution after suitable dilution
with distilled-water at the lrwarient wavelengths (3)
(296.5 mp for quinidire sulfate and 294.5 mp for
circhonire sulfate) with Beckmanr Model i)U Spectrophotometer
using 10 mm. matched quartz cells. |
Procedure

To study the equilibria of the alkaloid sulfate,
welghed amounts of airdry resins were placed in contact
with suitable volumes of an agueous alkaloid sulfate
solution of krown concentration, in well stoppered flasks
with frequent shaking at rooem temperature (v 300(} e

Prelimingry work was carried out to find out
the time after which further uptake did rot take place.
After sufficiently more time than this, the solutions were
analysed for alkaloid sulfate concentration in the
equilibrium mixture by taking 6ut a krnown suitable vglume
from eaeh flask and diluting to :;;. suitable volume with
distilled water. Optical density of this solution was
megsured at the invarient wavelength. :

The total sulfate in the equilibriwwmikture was
estimated gravimétiteally for each resin and 11;.éhowed no
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measurable difi‘erence' in the initial and equilibrium values.
The exchange equilibrium values were mot measurably
different when either the amount of alksloid sulfate '
solution was held constam; and the gmount of added resin
varied or when the gmount of added resin was held constant
and the gmount of alkaloid sulfate solution was varied,
provided the ratio of the initial concentration (in meq./liter)
of the resin to the initial concentration of the alkaloid
sulfate, was the sgme. Preliminary work also indicated
that for small changeé in temperature the value of Pn

was not significantly affected.

omenclature
[A] = initial concentration of alkaloid sulfate

.

“ solution in meq./liter,

i

W weight of airdry resin teken in grams,

volune of glkaloid sulfate solution added

in cee,

c = capacity of the resin in meq.per gram of airdry
resin,

Dy = optical density,at the invarient wavelength,

|  of the initial comcentration of alkaloid
sulfate solution after suitable dilution,

optical density, at the same wavelength, of

» bt
i

the solution at equilibrium after the same

extent of dilution as in above,
[A] « (Dy =D, )/ Dy = the meq. of
A -

«

alkaloid in the resin phase per liter of

—i
el
1
i

solution, at equilibrium,
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Table 2,1
Capacity of different resins

Resin ¢ Moisture Capacity in meq./gm.of
the overdry resin.
X2 20.4 5e2
. 24,0 5.12
X8 27 -0 5409
IR-200 25.5 .78
Tgble 2.2

Equilibrium of aqueous quinidire sulfate with the
resin X2 in different ionic forms.

Iomnic [H] [A] [K] F d
A R
fo L 4 e _

Li 0.78 1.88 0e51 27 <1 65.4
1.16 1,88 0,77 W10 66
1460 ©1.88 1.06 564 6603
1o9% 1.88 1.28 68.1 6640
Y 0,87 2,08 0.5% 26,0  62.0
1.4 2.08 0.89 42,8 61.8
1.7% 2,08 1.08 51.9  62.1
2.18 2,08 1.35 649  61.9
NE, 0.9k 1.91 0.53 27.8 5645
1.48 1.91 0.82 43.0 55
1.91 1.91 . 1.08 56¢5 5645

2.30 1.91 1.28 670 5547



Tablé 2.2 (Contd.)

Tonic

[=],

4],

],

form A R
+ - .

K 0.89 1.92 0.50 26,0 5642
1.l+§ 1.?}2 0.82 42.7 59.0

1.85 1.92 1.05 %7 56.8

S 2319 1.92 1.25 65.1 571

+2 :

Mg 0.79 1.85 0.35 18.3  4he3
1429 1.85 056 30,3 43b

1.96 1.85 0.86 46,5  43.9

2.30 - 1.85  1.03 55.7 4.8

2.70 1,91 1.21 634 4.8

3.08 1.91 1.37 717 4.5

3o 1.91 1.50 78.5  43.6

0> 1.25 1.96 0.52 26,5  41.6
1.81 1,96 0.7% 37.8 - 4049

247 1.96 1.04 53.1 k2.l

3.13 1496 1.31 66.8  41.9

3472 1.96 1.53 78.1  4l.1

31+3 2.36 1.85 0.66 35.’? 28.0
' a.ée 1.85 0.83 W9 2749
3.53 1.85 0.96 51.9  27.2

1,10 1.85 1.10 59.5 2648

471 1.85 1.32 714 2840

5035 1.85 1.49 80.5  27.8



Equilibrium of aqueous quinidine sulfate with the

Table 2.3

resin X% in different ionic forms.
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Tonic

(=1,

P

form | [A ]A, [K 1@ A ?R
+ )

11 0.75 1.88 0.39 2047 5240
1.32 1.88 0468 36.2 51.5
1.§2 1.88 o.éé 5247 51.6
2.79 1.88 1.42 7743 5049

Na.+ 0.78 2,08 0.33 lsoé 42,3
1.30 2,08 0,56 2649 4341
1.95 2.08 0.83 399 k2.6
2.95 2.08 1.26 60.6 42,7
3.92 2,08 1.69 81:3 43.1

N, 0.92 1.91 045 23.6 48.9
1.5% 1.91 0.7% 38.8 48.1
2.30 1.91 1,10 576 47.8
3447 1.91 1.68 87.9 48.5

K+ 0.88 1,92 0,34 17.7 38.6
1.48 1,96 0.57 29.1 38.5
233 1.96 0.89 b5 38.2
3409 1.92 1.23 6.1 39.8
3456 1.96 1.41 71.9 39.6




Tgble 2.3 (Contd.)

pwe (1] [+ [ n  m

A
Mg 1,14 1.92 0.36 18.8 31.6
1.51 1.92 049 25.5  32.4
1.90 1.92 0.61 31.8 32.1
2.85 .  1.92 0.90 46,9  3L.6
3.38 1.91 101 58.1 32.8
3.81 1,91 1.25 65.5 32.8
422 1,91 1.38 7243 32.7
on 2 1.35 . 196 041 20,9 304
2,02 1.96 0.61 31.1 30.2
2.68 1.9 0.81 h1.3 30.2
3435 1.96 1,02 52.0 304
4,02 1.96 1.20 61.2 29.9
475 1.96 1.42 724 29.9
5,38 1.96 1.63 8342 30.3
'’ 1.53 1.89 0430 159  19.6
" 2.06 1.89 0440 21.2 19.4
2.51 1.89 049 25.9 19.5
3.05 1.89 - 0.59 3.2 19.3
3.52 1.8{9 0.72 38.1 20.5

4,02 1.8 + 0.81 2.3 20.1
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Equilibrium of aqueous quinidine sulfate with the
resin X8 in different ionic forms.

Tonic

o]

o]

(2],

60.2

form A ?R
N j

Li 0.76 1.88 0.27 el 35.5
1.13 1.88 0,40 21.3 3544
2.52 1.88 0.88 14648 3449
3.1% 1.88 1.11 5§.0 35.2{"
3.81 1.88 1.36 72.3 35.7

Y 0487 2,06 0.26 12.6 29.9
1.45 2.06 041 19.9 28.3
2,08 2.06 0.59 28.6 28 .4
3.28 2,06 1,00 48.5 30.5
4.37 2.06 1.27 61.7 294
543 2.06 1.5 76,2 28.9

M, 0,93 1.89 0.33  17.5  35.5
1.50 1,89 0.52 27.5 3.7
2.25 1.89 0.78 41.3 4.7
3.4l 1.89 1.14 60.3 334
51 1.89 1.53 81.0 3349

K 0.89 1.96 0.23 11.7 25.9
142 1.96 0.36 184 254
2.29 1.96 0.59 30,1 25.6
329 1.96 0.83 Lo 2943
4.32 1.96 1.18 273




Table 2.4 (Contd,)

Tonic [H] [A] [1] P, P
fO m . A‘ ,{' -€ .

Mg+2 1.27 loéZ 0.27 1k.1 21.3
2.55 1.92 0.53 27.6 20.8

3.78 1.92 0.78 40.6 20,6

45 1.91 0.91 47 46 20.5

5,08 1.91 1.05 55.0 20.7

5.73 191 1.8 61.8 20.6

6435 1.91 1.32 69.1 20.8

Zﬁ+2 2.10 lo§6 0.4? 21.4 20.0
' 3.40 1.96 o.éé 35.2 20.3
4.76 1.96 0.95 48,5 20.0

543 1.96 1.11 5646 20.5

6.1% 1.96 1.27 64.8 20.7

7.13 1.96 146 4.5 20,5

> 2.85 1.85 0.50 27.0 17.5
3.91 1.85 0.68 36.8 17k

o Ol 1.85 0.87 47.0 17.2

5.85 1.85 1.07 57.8 18.3

6.81 1.85 1.21 654 17.8

7493 1.85 14k 77 «8 18.1

8.86 1.85 1.57 848 1747




Table 2.5
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Equilibrium of aqueous quinidine sulfate with the -

réesin IR-200 in different ionic forms.

Tonie

P

- K P L P L D A
. A ,
Li - 2.87 1.88 0.73 38.8 25.4
3.84 1,88 0.97 51.6 25.3
74 1.88 1.16 61.7 24,5
 6.58 1.88 1.53 8L.4 23.3
N 2,14 2,06 0.49 23.8 22.9
3.88 2.06 0c7§ 38.3 204
6.38 2,06 1,22 59,2 19.1
7476 2.06 141 68 4 18.2
N, 2.07 1.91 0.55 28.8 2646
3.1 1.91 0.7% 38.8 23.8
.15 1.91 0.95 49.7 22.9
6.2k 1.91 1.30 68.1 20.8
7.28 1.91 Lok 754 19.8
8.3k 1.91 1.58 82.7 18.9
y 1.34 1,96 0.26 13.3 19.4
3406 1.96 0.57 29.1 18.7
.01 1.96 0.73 37.2 18.2
5,06 1.96 0.87 RN 17.2




Table_2,5. (Cont
f;g;ﬁe [H:L [A:L. [A]{ P, Py
+2

Mg 2492 1.85 046 2449 15.8
3.98 1.85 0.61 33.0 15.3
14489 1.85. 0.70 37.8 4.3
5.86 1.85 0.80 43.2 13.7
7.80 1.85 097 524 12.4
10.8 1.85 1.21 65.4 11,2

v |
Zn 2.99 1,56 0.k 224 14.7
' 4,38 1.96 0.61 31.1 13.9
5.95 1.96 0.82 41.8 13.8
7.52 1.96 0.97 4945 12.9
10.10 1.96 1.26 643 12.5
11.90 1.96 1.38 704 11.6
12,90 1.96 147 75.0 114
+3 . . .
A 1.9% 1.89 0.27 4.3 13.9
) 3.30 1.89 0.45 23.8 13.6
4429 1.89 0.56 29.6 13.0
5.81 1.89 0.74 39.1 12.7
7.78 1.89 0.93 49,2 12,0
9.68 1.89 1.15 60.8 11.9
11.60 1.89 1.30 68.8 11.2
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Table_2.6

Equilibrium of aqueous cinchonire® sulfate with the
resin X2 in different ionic fomms.

Tonie [ H] [A :] [K:l P Py
form /{/ Jy <

A
Y - ' -
L 0476 2.12 0.65 30.7 85.5
1.21 2.12 1.05 49.5 86.8
1.50 2.12 1.30 61.3 8647
1.9% 2.12 1.67 78.8 86.1
Na 1.13 2.15 0492 42,7 8.4
1.36 2.15 1l.12 52.1 82.3
1.80 2,15 1.48 68.9 82,2
2,25 2.15 1.85 8640 82,2
N, 0,90 1.96 0.69 35.2 7647
1.13 1.96 0.86 4349 76.1
1.3k 1,96 1.02 52,0 76,1
1.79 1.96 1,36 69 4 76.0
2,25 1.96 1.69 8642 75.1
K 0098 2.13 0,68 31.9 694
1.2 2.13 0.87 40.8 68.5
1.71 2413 1l.16 4.5 67 .8

1.99 2.13 1.3% 62.9 67.3




Table

Contd

0

Ionic

T W

form R,
- 42 : ;
Mg 0466 2.05 0.47 2249 71.2
0.77 2.05 0.5% 2643 70.1
1.15 2.05 0,77 3746 66.9
1.53 2.05 0.98 47.8 64,0
1.92 2,05 1.21 59.0 63.0
“+2 ’ o '
Zn 0.82 2.15 0.58 27.0 70.7
1.25 2.15 0.76 3543 60.8
1.83 ¢ 2.15 1.07 49.8 5845
3.21 2.15 1.60 T o 49.8
3.76 2.15 1.69 78.6 .9
+3
Al 1.03 2.09 0.43 20.6 41.8
1.57 2.09 0.62 29.7 39.5
° 1.97 2,09 0.76 3644 38.6
2.37 2.09 0.91 43.5 38.4
2.91 2.09 1.06 5047 36.4
3.46 2,09 1.22 58 o4 35.3
.08 2.09 1.31 6247 32.1




. Iable 2.7

41

Equilibrium of aqueous einchonine sulfats with the
resin X4 in different ionic forms.

Tonie [H]\ [A] | [K] P P

form Y ) e A R

+ ) A

Na 0.79 2.43 0.51 21.0 64 o6
1.31 2.43 0.83 342 634
1.96 2.43 1.28 41.8 65.3
2.9% 2.43 1.89 77 .8 64 .3

+

NH, 0.87 2.06 0.58 28.3 . 66.7
1.37 2.06 0.92 447 67.2
1.71 2.06 1.1% 55.3 6647
2.18 2.06 143 694+ 656
2.34% 1.96 1.57 79.1 67.1

+ .

K 0.88 2.13 0.5% 254 614
1.48 2.13 0.89 41.8 60.1
2.26 2.13 1.34 62.9 5943
3.32 2.13 2.01 O ol 60.5




A

Zabls 2.7 (Contd.)
%gzz:e [HL [A]/{ [A-]—e PA PR
+2 -
Mg 0.75 2,05 0435 17.1 46.7
1.1% 2.05 0.52 25.4 k5.6
1.5 2.05 0.72 351 46.8
2.10 2.05 0.98 47.8 4647
2.78 2305 1.27 61.9 - 45,7
+2 | .
1.2 2.15 0.65 30.2 45.8
2.89 2.15 1.13 52.6 39.1
3.84 2415 145 67.5 37.8
4,77 2.15 1.66 77.2 34.8
5.56 2.15 1.81 842 32.6
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Zable 2.8 _ .
Equilibrium of aqueous cirnchonire sulfate with the
resin X8 in different ionic forms.

L Bl m

Ionie [II]
form 4/

NE, 0.95 2.21 046 208 uB.4
1.70 2.21 0.82 37.1 48.2
2.26 2,21 1.09 4%.0 48.2
3.38 2.21 1.61 72.9 47.6°
N
K 0.96 2.21 0.43 19.5 W .8
2.12 2.21 0.9¢ 43.9 45.8
3.29 2.21 1.43 64.7 43.5
426 2.21 1.85  83.7 k3.4
+2
Mg 0.78 2.05 0.28 13.7 35.9
1,92 2.05 0.66 . 32.9 34k
2.59 2.05 0.86 42,0 33.2
2.90 2.05 0.95 4643 32.8

3,18 2.05 1.03 50.2 32.4




Iable 2.8 (Contd,)

pae [x]  [a]  [7] 0w m
:+2 . . ) ’
Zn 2.16 2.15 0.66 30.7 3046
2.77 2.15 0.82  38.2  29.6
3.87 2.15 1.10 51.2 284
4.55 2.15 1.27 59.1 27.9
575 2.15 1.57 73.0 27.3
+3 . . ’
Al 1.95 2.09 0.49 23.5 25.1
‘ 2,60 2.01 0.6k 3046 246
3.27 2.01 0.80 38.3 .5
3.91 2,01 0.93 W5 23.8
4o 54 2.01 1.07 51.2 23.6
5450 2.01 1.28 61.3 22.8
7.81 2.01 1.75 81.8 22.4
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‘l‘a,ble g’igo{k
Equilibrium of aqueous cimchonire sulfate with the
résin TR-200 in different ionic forms.

Tonie [H] [A] [K] P p
' . LA, R
form ¥ ; e A A

Na 1.9% 243 0.65 26,8 . 33.5
2.92 2.43 0.91 374 31.2
3.87 243 112 k6.l 28.9
5.82 2443 1.53 63.0 26.3
7476 2443 1.81 74.5 23.3
NH;+ 2.08 2.00 054 27.0 26.0
‘ 3.10 2.00 0.77 38.5 2.8
.18 2,00 1.03 51.5 2.6
7.29 2.00 1.52 7640 20.8
8.32 2.00 1.66 83.0 20.0

+3
Al 1.9% 2.15 0.47 21.9 T4e2
3.31 2.15 0.58 27.0 13.7
4,25 2.15 0.77 35.8 13.2
5.83 2.15 1.00 46.5 12.9
7.75 2.15 1.38 6.2 11.8

11.7 2.15 1.5% 71.7 11.3
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Discussion ‘
The synthetic organic ion exchamge resins (4,5)
co n.{ist of Oan irregular, three dimensional metwork of
hydrocarbon chains, to which fomgenic groups are attached
and the surplus electric charge is balanced by mobile
counter lons. The hydrocarbon retwork i;-, hydrophobic but
the iomgenie groups afe hydrophilic. Hence when the resin
particle is placed in water, it sorbes water and swells
to a limited extent. The amount of water sorbed and the
extent of swelling depend: on the degree of crosslirnking
and the counter ions. The selectivity coefficients for
alkali metal ions with resins in hydrogen form in sulfate
solutions had been studied earlier (6). When calculations
were carried out for exchange in solutions of the
cinchona alkaloid sulfates studied, with resins in different
lonie forms, the calculated values of E,were either
practically constant or varied to a small extent (7) when

PA was varied. The resultg were ot measurably different

when either the amount of alkaloid sulfate solution was
held constant and the amount of added resin varled or
when the gmount of added resin was held constant and the
amount of alkaloid sulfate solution was varied, provided
the ratio of the initial concentration (in meq./liter)

of the resin to the initial concentration of the alkaloid
sulfate, was the same. It 1s suggested that the value of
the equilibrium constant for the excharge (8-16) of the
cation QH+ is large and the equilibrium
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MR + QH* T/ RQH + M+ '1s shifted very much to the right ;
however, all the replaceable metallic ions in the resin
phase are rot accessible for excharnge or thé available
capacit:{ is only a fraction of the total capacity
pnt'o‘nabl:}r due to the size of the organic counter ions.
It is likely that the marked shift of the eciuilibrium to
the right is afded by the operation of ronexchange
interactions (1,15,16) and that the interactions tend to
increase the extent of exchange with increase in [A] .
This may be feasible to some extent by further expar‘xs:lgn
of and / or further separation between some segments in
the swollen (4-5) or expan&ed" resin retwork and should
depend on the degree of crosslinking and the extent to
which exchange has already occured. If the further expansion
- and / or segment separation is sufficient to accommodate

some more organic cationsby exchange; PR should increase
with increagse in [A] or decrease in PA « On the other

hand, if the further eipansion and / or segment separation
1s too small to accommodate- some organic cations‘py
exchange, P, should remailn practically constant with
increase in [A] or decrease in P&

For resins X2, X4 and X8 in the alkall metal
forms, that 1is lithium, sodium and potassium for both
the alkaloid sulfates the Values of Pp are in the order

I1 > Na >, K which is also the order of increasing naked
ionic redil and decreasing water content of the swollen
resin (]""“"5) .

AN



For resins in divalent ionic forms, magresium
and zine, the orde} is Mg > Zn which 1s also the order of
irereasing maked lonle radii.

For resins in the ionic form of long of different
valance the order éﬁethe Pp velues is momovalent > bivalent
> trivalent ; that 1s, the value of Pp decreases with
increase in valance of the counteridon .

The values of Pp for the resin X2 in BH, form
for both the alkaloid sulfates may be considered to be
between the values of PR for sodium and potassium forms.
But as the degree of crosslirking increases, that 1s for

the resins X% and X8, the values of P, for Ni, form lie:

between the values £6r Li and Na forms of the respective
resins. ~

The effect of the degree of crosslirking is
significant, The valuesof Py for both the alkaloid

sulfates decrease as X increases. This is so for each

of the ionic forms of the resin§iThis could be attributed
to the decrease 1n the swelling of the resin as the degree
of crosslirking increases § hence the mmber of accessible
exchange sites for the alkalodd in the interior of the
resin decreases.

In gereral, the results indicate that the PR

values with quinidire sulfate for a resir in a partiéular
jonie form are significantly lower than those for cimchonire
sulfate for the same resin in the same ionic form. This
should be attributed to t?e differemce in the size of

k
\

it
¥

&



»

quinidine as compared to that of cinchonire.
Conclusion @

It may be concluded that the value of Pp
decreases with increase in the size of the alkaloid
molecule, increase in the degroe of crosslinking, increase
in the ionic radius of the methllic counter ilon of the
same group (Li, Na and K) and inerease in the charge of
the metallic counter ion of tre same period (Na, Mg and Al).

1
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