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6.1 Ion sxchance kinetics ( L - 24 )

For the effective use of ion exchange resins, the
‘ understanding of the rate of exchange is essential, in
addition to that of exchange equilibria, The factors, which

in general, increase the exchange rates are

( 1 ) decrease in the particle size,
( i1 ) increase in the rate of stirring, |
( 111 ) increase in the connentragion of solution,
( iv )\increase in temperatﬁre,
( v ) decrease in the ionic size,
and ( vi) decreaée in the relative degree of

erosg~linking of the resin,

When a resin bead is placed in a solution, as an
approximation, it is plausible to assume that the bulk of
the solution is being instantaneously mixed by stirring, but
in the vicinity of the solid surface, there is a thin film
of immobile solution, in which diffusioﬁ is the only transport
process, The ion exchange reaction is, hgnce, governed by
( a ) diffusion through the Nerst £11m and ( b ) diffusion
through the resin bead. The two extreme cases are those
in which one or the other of the diffusion processes is

mainly operative.

Film diffusion is favoured by highly swollen resins,
small ions, sméil particle size, inefficient stirring and
dilute solutions. Particle diffusion is favoured by, higher
‘eross-linked resins, large ions, large particle size,

efficient mixing, and stronger solutions.
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The mathemabical treatment has been worked out for
various cases of simple nature, making plausible assumptions.

[Still, the actual rate equations are quite complex,

Although no chemical activation is involved in ion-‘
exchange reactions, the rate of exchange is increased to some
extent by rise in temperature, becﬁuse of the effect on the
diffusion coefficients and film thickness., The value of the
calculated apparent activation energy is usually small. This
suggests that the liquid in the pores of the resin is similar.
in structure, to the aqueous solution. The slowing down of
the diffusion in the resin particle is a consequence of the
hindered path, the ion has to travel through the tangle
of the polymer chains;

On the other hand, the diffusion of the large
organic ions in resins, requires a higher eneréy of acﬁivation
than in water and should be due to steric obstruction of the
network and the need for a local distortion of the structure

to allow the ion to pass from pore to pore,

The interpretation of diffusion data for different
types of ions is complicated by the differences of water

content which are usually lnvolved.

Most practical operations of ion exchange resins,
whether in the laboratory, or on a large scale, can be
operated more effectively on the‘cclumn principle than by the
batch method. The usual methods of operating columns can be

divided into : ( A ) displacement, in which the ion on the

*
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column is sharply displaced by another, more strongly sorbed,
and ( B ) elution, in which the ion is more gradually moved
down the column by treatment)with a more weaklyisor@ed element,
( 4 ) leads to sharp bands travelling at a rate determined

by the flow of the incoming solution. ( B ) leads to bands
somewhat diffuse at the boundafies, travelling at a rate
dependent on the relative affinity of the resin for the two
ions. ( A ) is useful in dealing with large quantities,

while ( B ) is the preferred process for obtaining optimum

separation of substances, but in small quantities.

In either case, the highest efficiency would be -
reached, if the liquid passing down the column, came to full
equilibrium with each layer of resin bed. However, this would
require an infinitesimally slow rate of flow. In practice,
non-equilibrium conditions would prevail with reduced
efficiency. The essence of column operation is to choose an
appropriate compromise between efficiency and speed compatible
with the required result. It is possible to caleculate the
performance of the column under conditions whcrg film or
particle diffusion are rate detérmégg. A more_prabtical
approach, which covers any type of non-equilibrium, is to
apply the plate theory. According to this, the column is
considered to consist of a number of‘sectiong ('theoretical
plates’ ) in each of which overage concentration of the
solution in the pores can be considered as efféctively in

equilibrium with the average amount of solute sorbed by the

resin. The effectiveness of the column can be judged from the
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number of theoretical plates, it appears to contain and

thus the elution curve may be predicted.

~

6.2. Exchange kinetics of cinchona alkaloid sulphates
with resins.

6e2e2+ Introduction :

In the previous chapters, the equilibrium uptake
of einchona alkaloids by resins had been considered. This
section deals with the study of the rates of exchange
( ef. section 1.3.b. ) from the aqueous solutions of alkaloid |
sulphates by the resins. The study includes the efféct of
(a2 ) the relative degree of cross-linking bf'the resin
( b ) the concentration of the external solution ( ¢ ) the
size of the alkaloid molecule ( d ) temperature ( e ) the

particle size and ( £ ) the structure of the resin.

6+2.b. Experimental

Resins and chemicals : These were from the same stbcks as

used earlier.

Solutions : The procedure for the preparation and estimation
of the aqueous solutions of the alkaloid sulphates was the

same as described earlier.

Procedure for rate gtudies : A known weight of the air-dry.

resin ( concentration of resin in meq. / litre, on the basds
of effective capacity = the concentration of the agueous

alkaloid sulphate solution in meq../ litre. ) was kept in a
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clean, dry, three necked pyrex flask ( capacity 500 cc. )
clamped in-a fhermostat ( Townson and Mercer model, constancy
of temperature being £ 0.02 °C ). The central opening of
the flask was closed with a quickf{it metallic stopper with a
glass stirrer and a regulator on the stirrer motor to control
the speed. The other two openings of the flask were closed
with quickfit glass stopperse.

450 ec. of the aqueous alkaloid suiphate solution
of known concentration were poured into the flask ( with the
"help of a short stem, clean, dry funnel ) through the side
opening and the stop-watch was started when about half
the volume of the solution had been added. The stirrer was
switched on as soon as the addition of the solution was
complete ( complete gddition required about 20 seconds.).
After a definite time, the stirrer was switched off and
15 or 10 seconds ( depending on the particular resin ) were
allowed for the settling down of the resin particles.

A suitable volume was quickly pipetted out ( the pipette end
just dipping in the solution to avoid the sucking up of the
resin particles ) into well stoppered clean)dry test -tubes
and stirring re-started. Further samples were taken out

similarly.

Usually, 30 cc. of the reaction mixture ﬁas pipetted
out ( six samples, each of 5 cc. ) or 40 cé.‘( four samples,
each of 10 cc. ) depending on the initial alkaloid sulphate
concentration from an initial total volume of 450 cc. of the

added solution, during one run.

»
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The contents of the test tubes were suitably

diluted by adding known volume of distille§ water with a
pipette and the optieal density,' Do, was noted at the

* invarient wave-length ( 296.5 mw for quinine sulphate and
quinidine sulphate and 29%.5 mp for cinchonine sulphate and
cinchontidine sqlphatc )e The original aqueous solution of the
alkaloid sulphate was diluted to the same extent and the
optical density, - Di , measured at the respective

invarient wave-lengths.

Then, ( Di - Do / Do ) represents the value of
x/ (b =-x), wvhere b = the concentration of the alkaloid
the concentration of the

t.

I

sulphate at time ¢t = zero and x

alkaloid sulphate at any time t

n

Preliminary work was done with differéht spéeds
of stirring ( 400 r.p.n. to 1000 r.p.n. ) and it was
observed that after a rate of stirring of abogt 700 r.p.me,
the rate of the reaction was practically independent of the .
stirring rate. Hence throughout this work, the spped'qf the
stirrer was kept at ~~ 800 - 900 r.p.m. It was also
observed that when the stirrer was switched off, 15 seconds
were quite sufficient for settling down of the resin

particles ( 10 seconds , in case of IR-120, IR-200 and Amb-15 ).

Runs were cabried out with different concentrations
of the same alkaloid sulphate solution with the
0
corresponding calculated weights of the resin, at 35 C

)
and 45 C. The runs were always checked for reproducibility.

-



The values of x / ( b -x ) obtained with
different concentratlions of the four alkaloid sulphates
with different resins at 3500 and hSOC are given in the
following tables.

6.2.6« BRES ULTSE

Tables ( 6.01 to 6.16 ) give the data for the
exchange rate ( at 3500 and MSOC ) of the guinine sulphate,
quinidine sulphate, cinchonine sulphéte and cinchonidine
sulphate, 6f different concentrations, with resins from

XltOXQO&

Figures ( 6.01 to 6.07 ) give the plots of x/(b-x)
against t, for quinine sulphate (of different concentrations)
with resins X 1 to X 20, at 35°C and 45°C, as an illustration
of the similar plots for the other alksloid sulphates.

Tables ( 6.17 to 6.30 ) give the data for the
exchange rate ( at 35004and #500 ) of the gquinine sulphate,
quinidine sulphate, cinchonine sulphate and cinchonidine
sulphate, of different concentrations, with resins IR-200,

IR-120 and Amb-15, of different particle diameters.

Figures ( 6.08 to 6.10 ) illustrate the plots of
x/(b-x) against t, for the four alkaloid sulphates
(of different concentrations ) with resins IR-200,IR-120
‘ 4]
and Amb-15 ( of different particle diameters ) at 35 C
0 ' .
and 45 C.



221

Tables ( 6.31(to 6.34% ) give the data forthe
slope from the plot of x/(b-x) against ¢ ( the intercept,
in all cases = zero ) and values of K at different
concentrations for the four alkaloid sulphates with resins
X1, X 2 and X 4 and IR-200 and Amb-15, of different

0 0
particle diameters,at 35 C and 45 C,.

Tables ( 6.35 to 6.38 ) give the data for t he
slope and intercept from the plot of x/(b-x) against ¢t )
at different concentrations, at 3500 and 4500, for the
four alkaloid sulphates with resins X 8 to X 20 and
IR-120 of different particle diameters.

Tables ( 6.39 and 6.40 ) give the values of X in
( minute )—1. ( gram-equivalent per litre )—1 at 3500 and
4500 for the four alkaloid sulphates with resins from
X 1 to X 20 and resins IR-200, IR-120 and Amb-15(of

different particle diameters).

Table ( 6.41 ) gives the slopes and intercepts
0 0
of the plots of log X against X, at 35 C and 45 C, for the
four alkaloid sulphates (from figures 6.11 to 6.1k ).

Tables ( 6.48 and 6.49 ) give the experimental and
calculated ( from figures 6.11 to 6.14 ) values of log K
at 3506 and %500, for the four alkaloid sulphates with
resins X 1 to X 20 . |
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Table ( 6.42 § gives the slope and intercept of
the plot of E against X for the four alkaloid sulphates
( from figures 6.15 and 6.16 ). ,

Tables ( 6.43 and 6.44 ) give the slope and
intercept of the plot of K against 1/ a for the four
alkaloild sulphates at 3500 and 4500 with resins IR-200 and
Amb-15 ( from figures 6.17 to 6.20 ) and values of Yy and B ,

Table ( 6.45 ) gives the slope and intercept of
the plot of | K against 1 / a for the four alkaloid
sulphates at 3500 and 4500 with resin IR-120(from figures
6.21 to 6.24% ).

Table ( 6.46 ) gives the slopes and intercepts
of the plot of E against a, for the four alkaloid
sulphates with resin IR-120 ( from figures 6.25 and 6.26 ).

Table ( 6.47 ) gives the experimental and
calculated ( from figures 6.21 to 6.24% ) values of K for the
four alkaloid sulphates with resin IR-120 of different

particle diameters, .

( The apparent energy of activation, B, is given
in calories, the average particle diameter, a, is given in mm,
in further data, unless otherwise mentioned. y denotes the
tenperature coefficient K 45?/ K 350. The temperature
is in C. ).









222

Table 6, 01

Exchange rate of quinine sulphate with resins X 1 and X 2,

35°¢ ys°¢c

Values of x/(b-X) when b =

£
Resin (min,) 1,047 1,047x23 1.047/2 1, 046/2 1,046/4%
X1 5 0,95 0, 60 0, 4 0. 58 0, 28
10 1,87 1, 24 0, 89 1. 25 0, 58
15 2,82 1,98 1.43 1,98 0,94
20 3,57 2. 69 2,02 2,78 1.35
25 4,45 3.45 2,62 3.67 1,78
30 5.15 L, 09 3.13 4,36 -
X 2 5 0.71 0, 42 0, 32 0, 39 0, 18
10 1,50 0,96 0, 66 0.83 0. 39
15 2,33 1. 54 1,07 135 0, 59
20 2,99 2,16 1,50 1.87 0,83
25 3.57 2,67 1,96 2, 46 1,11
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Table 6,02, a.

Exchange rate of quinine sulphate with resin X 4,

223

35°¢ u5°c
t Values of x/ ( b= x ) when b =
Resin (min,) 1,047 1,047 x 2/3 1,047/2 1,04 1,046/2
p R 5 0, 42 0, 26 0, 20 0, 46 0, 23
10 0,94 0, 54 0, W 1,03 0, 48
15 1,37 0,91 0, 68 1,71 0,78
20 1,71 1, 26 0,96 2.28 1,00
25 2,03 1,56 1,25 2,87 1. 47
30 2,29 1,93 153 3.36 1,86

Table 6, 02, b,

Repetitlon of the exchange rate of quinine sulphate with
0
resin X 4, at 35 C, when b = 1,047 meq,/litre,







Table 6,03. .

Exchange rate of quinine sulphate with resin X 8.
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35°¢C 45" C
Values of x / (b=x ) when b =
o
Resin (min,) 1.047x2 1,047  1,047/4% 1,047/2 1,046 1, O46/4

X8 5 0. 33 0,32 - 0,19 o, 42 -
10 0, 48 o, 47 0,20 0, 41 0, 6% 0,25
15 0,62 0,59 - 0, 5k 0.83 -
20 0,71 - 0,69 0, 43 0, 66 1. 00 0, 54
25 0,81 0,80 - 0.76. 1, 14 -
30 0,91 0,88 0, 69 0,84 1,27 0, 89
40 - - 0,91 - - 1,20
50 - - - - - 1,49







/2,0



Table 6, Ol

Exchange rate of quinine sulphate with resinsg X 12 and X 16,

35°C

0

45 C

Values of x / (b=x ) when b =

Resin (mt;n.) 1.047  1,047/2 1,047/4 1, 047/8 1,046/2 1,046/4
X 12 10 - - - - 0,32 0,30
15 0,30 0, 29 0,30 - - -
20 - - - e 0. 46 0, 46
30 0. 41 o, 42 0, 42 - 0, 57 0, 57
40 - - - - 0, 69 0. 68
45 0,51 0,52 0.53 - - -
50 - - - - 0.76 0,78
60 0, 62 0, 62 0, 63 - 0,84 -
75 0,71 0,70 - - - -
90 0,80 0,76 - - - -
X116 20 - - - - 0, 35 0, 36
30 - 0, 29 0, 29 0, 29 - -
40 - - - - 0,50 0, 50
60 - 0, 42 0, Lt 0, 41 0. 58 0, 62
80 - - - - 0.71 0,70
90 - 0,53 0, 54 0,52 - -
100 - - - - 0.82 -
120 - 0, 62 0, 64 0. 59 - -
150 - 0,70 - - - -







Tabl'e 6, 05

Exchange rate of ‘quinine sulphate with resin X 20,
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t

0

35¢C

u5°c

Values of x / ( b= x ) vhen b =

Resin ( min, ) 1.047/% 1,047/8 1 046/% 1. O46/8

45

60

90
120
135
180

240

0. 077

0,108

0, 141

0, 178

0. 079

0,111

0, 14k

0, 172

0,100

0,155

0,211

0, 26X

0,100

0,148

0,208

0, 264
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Table 6, 06

Exchange rate of quinidine sulphate with resing X 1 and X 2,

0 ]

35¢C t 45 C

t Values of x / ( b= x ) when b =

Resin ( min, ) 1,000 1,000/2 1,005x1 1,005/2
- S |

X1 5 0,95 0, 46 0,72 0. 48

10 2,12 0,96 1,56 1,02
15 311 L3 2.4 1,66
20 3.80 Lok 3,42 2,25
25 %, 31 2.4%3 4, 25. 2.73.
30 - - 5. 00 3.27
X 2 5 0, 67 0. 30 0,52 0. 38
10 1,38 0, 60 1.17 0,81
15 2, 02 0,95 188 1,30
20 2,59 1,28 2,62 1,80
25 2,93 1,66 3.33 2,28
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Table 6,07

Exchange rate of quinidine. sulphate with resins X &+ and X 8,

35°¢c T
H

Values of x / (b=x) when b =

E

Resin (min,) 1,000 1,00/2 1,00/4 1,000 1,00/2 1,00/

X4 5 0,38 . 0,17 - o4 0,22 -
10 0.8% 0,36 - 1,06 0,45 -
15 1,27 0,57 - .64 071 -
20 1,61 0,80 - 12,15 1,00 -
255 .86  1.08 - 2,59  1.3% -

X8 5 0, 29 - - 0, 38 - -
10 0, 42 - 0,21 0, 57 - 0,25
15 054 . 0.73 - -
20 0,62 - oM 0,86 - 0, 52
25 0.7L - L0l - -
30 - - 0,65  L12° 0.83
40 - - 0,80 - - 1,08

50 - - 092 . - 1,29




229

Table 6,08

Exchange rate of gquinidine sulphate with resins X 12 and X 16

0 0

35 ¢ o u5¢

t Values of x / (b=x ) when b =

Resin (min,) 1,005 1,005/2 1,005/% 1,005 1,005/2 1,005/%

X1l2 10 0,21 0, 20 - o 30 0, 27 -
20 0,30 0,31 - 0, 14 oLl -
30 0. 37 0, 38 - 0,59 0,51 -
10 0, 43 0% | 0., 65 '0, 60 -
50 0, 48 0. k9 - 0.73 0, 67 -
60 0, 5k 0, 5% - 0,83 0.7% . <
X1 30 - 0, 27 0, 28 - 0.38 0. 38
60 - 0, 41 0, 41 - 0.55 0, 5%
90 - 0, 49 0,48 - 0, 69 0, 67
120 - -0, 57 0,56 - 0.81  0.78

150 - 0, 64 0, 64 - - -
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-Table 46. 09

Exchange rate of quinidine sulphate with resin X 20 .

3570 | 45°C
t Values of x / ( b= x ) when b =
Resin ( min, ) 1.00/% 1,00/8 1,00/% 1,00/8
X 20 45 0, 10k - 0, 148 -
60 - 0, 081 - 0, 12k
90 oc 15’4' - oo 223 - .
120 - 0,129 - 0,196
135 0, 19k - 0, 303 -
180 . 0,233 0, 160 0, 377 0, 269

2140 - 0, 19% - 0, 345
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Tzble 6,10

Exchange rate of cinchonine sulpha;t:e with resings X 1 and X 2,

35¢C ¥5°C

t Values of x / ( b= x ) when b =
Resin ( min, ) 0,957 x 2/3 0,957/2 0,957 x 2/3  0,957/2

X1 5 0, 63 0,45 0,76 0, 55.
10 1,43 1,01 1,69 1. 19
15 2,32 1. 66 12,88 2,02
20 3.36 2,36 4,20 2.9%
25 4,43 .07 5.55 3.83
0 - 572 389 7.18 %.96
X2 5 0, 46 0, 30 0, 57 0, 140
10 1,01 0, 6l 1.26 0.86
15 1,65 1, Ok 2,10 1.39
20 2, 41 151 3.13 1,98
25 3.29 1,98 4, 29 2,68

30 L, 23 2. 60 5. 69 3.50,




Exchange rate of cinchonine sulphate with resinsg X 4 and X 8.

Table 6,11
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35°C

45°¢

Values ov X/ ( bex ) when b =

t
Regin ( min, ) 0,957 0.9'57x§. 0.95'7/2 0.957 0.957;% | 0,957/2
i
X4 5 - 0. 25 0, 16 - 0,33 0. 22
10 - 0,52 0,38 - 071 | o.u6
15 - 0,87 0. 60 - 114 0.7
20 - 1,26 0,87 - 1. 67 1,05
25 - 1,68 115 - © 2,31 K
.30 - 2,18 Lu6 - 3.3 1.83
X8 5 0, 36 - 0, 18 0, 48 - - 0,22
10 0, 69 - 0, 39 0,96 - '0. 48
15 0,91 - 0. 59 1, 28 - 0,78
20 1.1% - 0,85 1. 59 - 1.12
25 1,27 - 1, Ok 1.86 - 1,43
30 L.43 - 1, 24 2, 14 -

.75




Table 6,12

Exchange rate of cinchonine sulphate with resin X 12,

233

0

35¢C

0

45 C

Values of x / ( b= x ) wvhen b =

t

Regin ( min, ) 0,957 0,957/2 0,957 0,957/2

X 12 5 - - 0,36 0.33
10 0, 38 0, 34 0. 55 0. 52
15 - - 0,70 0, 65
20 0, 56 0,52 0.82 0.77
25 - - 0.95 0,90
30 0, 66 0, 64 1,08 1, Ok
40 0,84 0,77 - -
50 - 0.97 0. 87 - -
60 1. 08 0.98 - -
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Table 6,13

Exchange rate of cinchonine sulphate with resins X 16 and X 20,

o 0

35°C | us°c

£ Values of x / ( b= X ) when b =
Resin ( min, ) 0,957/%  0,957/8  0,957/%  0.957/8

£ 16 15 - - 0.40 0,30
30 0% 03 0. 57 0. 51
45 - - 0,71 0.63
60 0, 5k 0,53 0.80 0,73
75 - - 092 . 0,80
90 0. 65 0, 63 1,01 -
120 0.73 0,71 - -
150 0.80 0.78 - -
X 20 60 0.09 0,10 0,17 0,18
120 0.15 0. 16 0. 29 0.29
180 0,20 0,21 0. %3 0. 42




Table 6,1k

Exchange rate of cinchonidine sulphate with resins X 1 and X 2,

35°¢ ; w5 ¢

%

& Values of x/ ( b-x ) vhen b =

Resin ( min, ) L.091 1,091x2 L0l/2 1,077 1, 07751 1,077/2

X1 5 0,94 0,68 045 123 0.82  0.62
10 2,18 1,51 0.98 ' 2,83 1,90 1,40
15 3.51 2,47 L6k k4,57 3.10 2,26
20 k.90 3.45 2,37 6.4k 4, 28 3.28
25 6. 27 k31 3.03  7.89 5. 42 L, 18
30 7.72 5. 38 3.92  9.32 6, 50 5. 18
X2 5 0.72 0. k46 0, 30 0.97 0. 58 0, 43
10 1.68 1,01 0,68 2,24 1.30 0.9k
15 2,84 1.68 1,12 3.69 2,12 1.52
20 4, 21 2. 4 165 5. 147 3. 06 2.9
25 5.70 3.12 2, 14 6.86 4,10 2,90




Table 6,15
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Exchange rate of cinchonidine sulphate with resins X % and X 8,

35¢C

u5°C

Values of x/ ( b-x ) when b =

£

Resin ( min, ) 1.091 1. 0Lk 1.09Y/2 1077 LO077x: 107772

iy 5 0, 41 0, éé 0, 19 0, 54 0,32 0.‘25'
10 0,9k 0.56 Ok 120 071 0,53
15 1.58 0.93 0, 67 2, 01 1.1 0,85
20 2,28 1. 33 0,97 3. 00 l.;’7 0 1,21
25 3,07 .78 L2840 2,27 1, 62
30 4, 08 2,31 1,67 5,19 3,01 5,10

X8 5 038 s 0,17 051 - 0,23
10 070 - 0.3 097 - 0. 50
15 0,01 - 0, 58 1,31 - 0,80
20 1,18 - 0; 83 1. 56 - 1, 1%
25 1,27 - 1.03 1.83 - 144
30 14 - 1L.2% 2,07 - 1,78




Table 6, 16

Exchange rate of cinchonidine sulphate with resin X 12,

237

35°¢

45 C

t Values ;)f x/ ( b\.. X ) wﬁén b=
Resin ( min, ) 1,1 1. 91/2 | 1. 077 1, 077/2
X 12 5 - - 0.3% 0,30
10 0.35 0. 32 0.51 0. 19
15 - - 0. 65 0. 63
20 0,52 0, 49 0,76 0, 74
25 - - 0. 87 0,83
30 0, 65 0, 62 0.98 0,95
40 076 073 - -
50 0, 87 0.82 - -
60 0.98 0.93 - -




" Table 6,17
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Exchange rate of einchqnidine sulphate with resins X 16 and X 20,

35°¢ ‘ 45°C
t values of x / ( b~ x ) when b =
Resin ( min, ) 1.091/% 1,001/8 1,077/% . 1.077/8
X 16 15 ; - 0. 37 0,30
30 0.39 0, 39 0, 56 0,52
L5 - - 0,67 0, 63
60 - 0,57 0.56 0,78 0,72
75 - - 0085 -
90 0, 69 0, 67 - -
120 0.79 0,77 - -
150 0. 87 - - -
X 20 60 0, 145 0,106 0, 213 0. 245
120 0,212 0,171 0, 368 0.371
180 0.266 0,236  0.49% 0,490
240 0, 322 0,301 0, 641 0,610
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. . Table 6,18
Exchange rate of quinine sulphate with resin IR.200
of different particle diameters. |

0 o

35 C ; ‘ 45 C
a t Valves of x / ( b~ x ) when b =

(mm) (min,) 1, 046/2 1,046/ 1,046/2 1, 0u6/M%

0.37 5 0.1 0. 09 0.22 0,10
10 0.37 0,18 0. 48 0,22
15 057 02 075  0.35
20 0.83 0. 40 L7 0.4
25 L04 052 140 0,66
30 1.32 - 1.73 -

0. 58 5 0,12 0, 06 0.1k 0. 08
10 0. 2k 0.11 0.31 0. 16
15 0. 36 0.18 0,48 0.25
20 0, 49 0,25 - 0,63 0,35
25 0. 59 0. 33 0.77 0. 46
30 0,70 - 0.93 -

0, 8% 5 - - - 0, 05
10 0,17 0,08 0.21 0,10
15 - - - 0.16
20 0.31 0,17 0,41 0,21
25 . - - 0,28
30 0. 16 0,28 0,58 -
40 0. 58 0. 140 0.78 -

50 "~ 0,69 0,51 0,96 -
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Tabfpe 6, 19

Exchange réte of quinidine sulphate with resin IR.200
of different particle diameters,

0

35°c % y5°c

a t Valuesofx/(b-x’)whenb=
(mm) (min,) 1.00/2  1.00/%  1,005/2  1;005/%

0, 37 5 0, 17 0,10 0, 21 0,11
10 0,35 0,19 0,48 0, 24
15 0, 56 0, 27 0.76 0. 37
20 0. 7% 0, 37 L07 . 052
25 0.93 0. 46 L2 0,68
30 - - 1.78 Z

O RS BR T TRS AN G ) GO WP S A S R S S D D S A U W A A U W M O S o W T e e A TR S I N T S I W SN W WO SIS R WIS T D D AW WM T YRR W U T W A W

0, 58 5 - 0,10 0. .07 0,15 0, 08

10 0, 22 0,13 0. 29 0,15
15 0. 35 0. 19 0, 49 0.23
20 0, 46 0,26 0, 67 0,32
25 0, 57 0, 3% 0,82 0, 40
30 0, 68 - 0,98 A

0, 84 5 0, 08 0, 05 0, 10 0. 07
10 0, 16 0, 0, 20 0, 12
15 0, 2% 0, 1% 0,31 0.17
20 0,32 0, 18 0. k2 0,23
25 0,40 0.23 0.52 0. 29




Table 6,20 | 241

Exchange rate of cinchonine sulphate with resin IR.200
of different particle diameters.

! 0
35°¢ 45°C !
a t Values of x/ ( b= x ) when b =

(mm,) (pin)  ©,957/2 0._957‘/*+ '0,957/2  0,957/%4

0, 37 5 S 0.1 0, 07 0,21 0, 10
10 0,33 0,16 0. Wt © 0,20
15 0,52 0,23 - 0,71 - 0,30
20 0,74 0,35 1.02 O 42
25 0,99 0,45 1.37 Q.55
30 1,26 0,56 1,78 0,71

0,58 5 0,10 0, 05 0,13 0, 07
10 0, 22 0, 10 0. 29 0,13
15 0. 3% 0. 16 0. 45 0. 18
20 0, 438 0, 22 0.62 0,25
25 0,61 0, 28 0.83 0. 3%
30 0,76 0.35 1,04 0, 43

0, 8% 5 - - 0, 09 0, O%
10 0, 13 0, 06 0, 19 0, 10
15 - - 0, 29 0, 15
20 0, 28 0, 12 0, 36 0, 22
25 - - 0.51 0, 27
30 0. 43 0, 19 0, 59 0, 3%
40 0. 59 0, 26 - -
50 0, 74 0,37 - -







Table 6,21

Exchange rate of cinchonidine sulphate with resin IR.200
of different particle diameters,

0

35°¢ 450

a t Values of x / ( b~ x ) when b =
(mm.)  (min,)  L.0772/2  L,077/%  L,077/2 1, 077/%

0, 37 5 0,15 0, 07 0,23 0,11
10 0, 3% 0. 19 0. 50 0,23
15 0, 54 0.25 0.78 0.33
20 0,78 0, 36 1,13 0, kg
25 1, O4 0, 47 14 0, 61
30 1.3% 0, 63 1,03 0.78
0, 58 5 0,11 0, 05 0,15 0, 07
10 0, 2k 0, 12 0,31 0,16
15 0. 36 0, 18 0, 18 0, 24
20 0,52 0, 2k 0, 67 0.33
25 0, 66 0,31 0.86 0,42
30 0.83 0, 41 1,08 0,53
0, 8% 5 0, 08 0, 04 0,11 0. 05
10 0,17 0, 06 0,24 0,11
15 0, 25 0,11 0. 37 0, 16
20 0, 3% 0,15 0. 49 0.23
25 0. 45 0, 22 0, 65 0, 30

30 0, 5L 0, 27 0,80 0. 36
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Table 6,22

Exchange ratte of quinine sulphate with resin Amb.15
of different partilcle dalmeters.

35°¢ us°c
a t Values of x / ( - x ) when b =
(mm, ) (min, ) 1, 052/2 1, 052/2

0, 37 5 0, 19 0, 22

10 0. 39 0, 4k

15 0, 58 0, 66

20 0,78 0.93

25 0,96 1,11

30 L15 1.40
0, 58 5 Q12 0, 14

10 0, 2k 0, 29

15 0, 35 0, Ltk

20 0, 47 0,59

25 0, 58 0.73

30 0, 68 0,88
0, 8l 5 0. 09 0,11

10 0,18 0,21

15 0, 27 0,32

20 0.35 0,43

25 0, k2 0,52




Table 6,23 244

Exchange rate of quinidine sulphate with resin Amh.1%5
of different particle diameters,

35°¢ | 45°¢
a t Values of x / ( ba x ) when b =

(mm, ) (min, ) 1. 004/2 1, 004/2
0,37 5 0,18 0,22
10 0.33 0.46

15 0,51 0, é9

20 0. 59 0.93

25 0.85 1,17

30 0,99 1,37

0, 58 5 0,12 0, 15
10 0, 24 0. 29

15 0.35 0, L

20 0, 47 0, 56

25 0, 58 0,72

30 0, 66 0.85

0, 84 5 0, 08 0.12
10 0, 17 0, 2k

15 0,26 0,35

20 0, 35 0, 46

25 0,41 0, 57
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Exchange rate of cinchonine sulphate with resin Amb.15
of different particle diameters,

35°¢ - usc
a t Values of x/ (b-x) when b =
(mm, ) (min, ) 0.957/2 0.957/2
0, 37 5 0,18 0,21
10 0,36 0,
15 0.53 0. 67
20 0,72 0.93
. 25 0,92 1.18
30 1, 1% 1. 45
0, 58 5 0,11 0,12
10 0,21 0, 26
15 0,31 0, 40
20 o, 43 0, 54
25 0, 56 0,70
30 0, 68 0,87
0, 8l 5 0, 08 0, 10
10 0,15 0. 19
15 0.23 0,29
20 0,32 0, 41
25 0, 39 0,51




Table 6.2 246

Exchahge rate of cinchonidihe sulphate with resin Amb.15
of different particle dlameters,

35°¢ u5°c
a t Values of x/(b-x) when b =
(rm, ) (min, ) 1.077/2 1. 077/2
0, 37 5 0, 19 0, 22
10 0. 39 0. 45
15 0, 59 0.70
20 0.80 0.95
25 1,04 1,25
30 1,26 1,54
0, 58 5 0,13 0,15
10 0,25 0,29
15 0,37 0, 45
20 0,51 0, 63
25 0, 64 0,80
30 0,78 0.97
0, 84 5 0, ® 0,10
10 0, 18 0, 20
15 0, 27 0.30
20 0. 37 0. k2
25 0, +5 0. 55

30 0, 55 0, 66




Exchange rate of quinine sulphate with resin IR-120 of

Table 6,26

different particle diameters,

2

35°¢C

450G

a t Values of x/ ( b-x ) when b =

(mm ) (omin, ) 1.047x2 1,047 1,052/2 1,046x2. 1,046 1,052/2

0,23 5 - - 0,15 - - 0.19
10 - - 0, 26 - - 0. 36
15 - - 0.35 - - 0.48
20 - - 0, 42 - - 0, 57
25 - - 0,48 - - 0, 68
30 - - 0,53 - - 0,77

0, 37 5 0, 16 0, 16 - 0, 2k 0, 22 -
10 0, 24 0,23 - 0. 38 0, 34 -
15 0, 30 0,30 - 0, 46 0, 42 -
20 0, 36 0. 36 - 0, 5% 0,51 -
25 0,41 0, 41 - 0, 62 0. 58 -
30 0. k5 0, 45 - 0,70 0, 66 -
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Table 6,27

Exchange rate of quinine sulphate with resin IR-120
of different particle dlameters,

0

35°¢c | 45°¢

a t Values of x / ( b= x ) when b =
(mm, ) (min, ) .47 x 2 1, 047 1,046 x 2 1, 046

0, 58 5 0,12 0,11 0, 17 0,15

10 0, 17 0, 16 0, 25 0.23
15 0,21 0,21 0.31 0,30
20 0, 26 0,25 0.37 0,35
25 0, 29 0. 29 042 0.41
30 0. 32 0,32 o, 47 0, 46
0,84 5 0,10 0, 09 0, 1 0. 14
10 0,15 0, 14 0,22 0,22
15 0,20 0, 18 0. 29 0. 29
20 0, 24 0, 22 0. 34 0. 33
25 0,27 0,25 0. 39 0. 38

30 0, 30 0. 29 0, 43 0, 4+2




(X)) 7x<



Table 6, 28 - 249

- Exchange rate of guinidine sulphate with resin IR-120

of different partilels dlameters.

350¢ § 456~

. Values of x/(b-x) when b =
a
(mm, )  (min,) 1, 00k 1, 004/2 1, 004 1, 004/2

0,23 5§ - 0,17 - " 0.21

10 - 0, 28 - 0,38
15 - 0.36 - 0.50
20 - 0. 43 - 0. 59
25 - 0. b9 - 0.71
30 - 0, 5k - 0,78

T G D A S S MR S R W R G G N W I AR G I M GO N BN S SIS SO G2 B S TR N S S D GI5 W T S5 wib B 00 b B W S TIE R M N S BB W B8 W 4R K AR WE &S

i, 005 1,005/2 1, 005 1, 005/2

0, 37 5 0,15 0,11 0,20 0, 1+
10 0, 23 0,20 0. 33 0, 29
15 0, 30 0,26 0, 42 0,38
20 0.36 0,31 0, 50 0, 46
25 0, 40 0, 36 0,57 0,53
30 0, 4t 0, 40 0. 65 0, 60

I A I A BN VD G G M W B B S S M 6 G G O G KA O B D SO A P KD B W A A R L A S T W S e S S A0 4B S I G S N B K S O e S s

0,58 5 0,12 0. 09 0. 16 0,10
10 0,17 0,13 0, 24 0, 18

.15 0,21 0.16 0. 32 0, 27

20 0,24 0,21 . 0.38 0.33

25 0,29 . 0,25 0,143 0. 39

30 0.32 0,29 0.49 0. 45
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Table 6,29

Exchange rate of cinchonine sulphate with resin IR.120
of different particle diameters,

0 o)

35¢ i 45 ¢

a & Values of x/ (b-x) when b =

(mm,)  (min,) 0,957 0,957/2 0,957 0.957/2

0,23 5 - 0, 14 - 0, 17

10 - 0, 27 - 0, 3k
15 - o, 41 - 0,53
20 - 0, 54 - 0,72
25 - 06k - 0,88
30 - 0,73 - 1,03
oy 5 o1 010 o025 o013
10 0,30 0, 20 0,43 0,25
15 0,11 0.29 0, 57 0,38
20 0.8 0,38 0,70 0,52
25 0,55 0, 47 0.80 0, 64
30 0, 62 0,53 0,92 0,75 4
Z;‘;" ) 5 0, 14 0, 08 0, 18 0,10
10 0, 22 0,15 0, 30 0, 19
15 0, 29 0,21 0,41 0,30
20 0,35 0,28 0. 52 0, 39
25 0. 39 0.33 0, 58 0,18




2»—-
Table 6,30 51
Exchange rate of cinchonidine sulphate with resin IR-120

of different particle diameters,

35°¢C u5° e j

a t Values of x/ ( b= x) when b =
(m,) (min,) LO77 LOm7/2 LO7  L077/2

0,23 5 - 0,16 - © 0,20
10 - 0.31 - 0,40
15 . 0,17 : 0, 63
20 - 0,63 - 0.85
25 . . 0.75 - 1, 08
30 - 0.87 - L2y
:):;;““ 5 0,21 0,11 0, 28 0,15
10 0,35 0, 22 0, 0,31
15 0, 46 0, 32 0, 65 0, 4¥7
20 0, 56 0, 43 0,80 0,63
25 0, 64 0,53 0,92 0,76
30 0,71 0, 59 1, 06 0,89
;):;z‘s““ 5 0,15 0, 08 0,21 0,11
10 0, 2% 0,17 0,35 0,21
15 0,32 0.25 0,46 0,34
20 0, 38 0,32 0, 57 0,45
25 0, 4 0. 37 0, 67 0, 56
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6.2.d. Discussion :

The up?ake of cations from dilute agueous solution
of cinchona alkaloid sulphate salts has been considered earlier
to occur, in general, by two mechanisms, the exchange
mechanism and the (molecular ) sorption mechanism. The
value of PR y Obtained by extrapolating the plot of PR
against ( 100 - Py ) to ( 100 - Py ) = 0 , and termed as
P po s has been considered as the contribution of the exchange

mechanism to the experimental value of PR .

If C denotes the capacity of the resin in meq.
per gram of alr-dry resin, C. Py / 100 is termed as the
effective exchange capacity of the resin and is denoted by Cef'
If b denotes the concentration of the alkaloid sulphate in
meg. per litre, and g the weight of the air-dry resin in grams
per litre used in the rate experiment, then g was always kept
equal to b / Cup o This means that the concentration of the
alkaloid sulphaté in agqueous solution per litre was always
kept equal to the concentration of the resin per litre,
the effective capacity being used, instead of the actual
air-dry capacity of the resin, in the caleulation of the
concentration of the resin in meq. / litre. This condition

was obgserved in all the runs which have been carried out.

The rate of exchange may be determined by film
diffusion or particle diffusion or both, depending on the
particular experimental conditions. The mathematical solutions

have been worked out in literature for some simple cases

-
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involving simple 1norganié cations. However, &ven those
calculations are difficult and the application to the large
organic cations would bes more so. Hence a simplified brocedure,
iavolving the application of the second order law, similar

to that used by‘Naehod and Wood ( 18 ) for simple cations,

has been applied to obtain relative rate constants and their

co-relation to other variables.

For the condit;on,when the concentration of the
salt solution, b , in meq. / litre is equal to the
concentration of the resin, in meq. / litre, the effective
capacity being used instead of air-dry capacity, the second

order rate constant K is given b&

3
10 ' X

=

]
|

.

bot (b"‘X)

(b-x) :
where o is the concentration in meq. / litre when time t =t .

Hence the plot of x/(b-x) against t should be linear, pass
through the origin and the slope, S , is given by b.K/}.O3 ..
Therefore the slope should be proportional to b , and the

slope divided by b/lO3 gives thi value of K in (minute)—l.

( gram-equivalents per litre ) .

When the data for résins X1, X 2 and X % are .
considered, it is observed that ( tables 6.01 and 6.02,
6.06 and 6,07, 6.10 and 6,11, 6.1% and 6.15 and figures
6.01 to 6;03 ) the above conditions are applicable upto
atleast 50 to 70 4 of exchange after which there is a

«



Slope from the
In all cases =
_ econcentrations

Table 6,31

plot of x /( b=~ x ) against t ( the intercept,
zero ) and values of K at different
(b), for quinine sulphate with different resins,

254

¢

35°¢ | us"c ‘
a .
. ] Al

Resin  (mm,) b ‘8lope., 10 K b 8lope, 10 K
X1 0,215 1,047 1,875 79,1  1,046/2 1,225 234, 2
1,047x%3 1,300 186533 1, 046/% 0,595 227,'5

1,047/2 0,940 179.6 - - -

X2 0,215 1,047 1,515 1446  1,046/2 0,815 155.8
1,047x%3 1,040  148,3  1,046/% 0,395 151, C

1L, 0¥7/2 0,750  143,2 - - -
X4 0,215 1,047 0,890 85.0 1,046 0,975 93.1
1, 047233 0,610 87.38 1,046/2 0,485 92,7

1. 047/2 0,460 87.46 - - -
IR-200 0,37 1,046/2 0,365 69,77 1,046/2 0,480 91,7
" 1,046/% 0,195 74,56 1,046/% 0,235 89.8
0.58 1.046/2 0.235 o2  1,046/2 0,315 60, ¢
1, 046/% 0,125 4,79 1,046/4 0,165 63. ¢
0,84% 1,046/2 0,155 29,63 1,046/2 0,210 40, ]
1, 046/% 0, 085 32,49  1,046/4 0,105 %40, 1
b5 0,37 1.052/2 0,385 73,19 L.052/2 O,Mk5 8, ¢
0,58 1.052/2 0,240 45,62 1,052/2 0.290 55 |
0.8% 1,052/2 0,170 32,32 1,052/2 0,210 3949




Table 6,32

, Slope from the plot of x/(b-x) against t ( the intercept,
in all cases = zero ) and values of K at different concentrations (b)
for quinidine sulphate with different resins,

255

0

ws'e

: 35°¢C ' 3
: 1 +1

Regin (mm, ) b, Slope, 10 K b Slope, 10 K
X1 0,215 1,000 1.880 188,0  1.005x%3 1,L430 2134
1,000/2 0,925 185,0 1,005/2 1,040 207, 0
X2 0,215 1,000 1,285 128.5 1.005x%; 1,040 155, 2
1,000/2 0,605 121,0 :.00§5/2 0,79 157.2
X% 0,215 1,000 0,805 80,5 1,005 0:97% 9745
1,000/2 0,375 75,0 1,005/2 0,455 91,0
IR-200 0,37 1,000/2 0,360 72,0 1,005/2 0,490 9745
1,000/% 0,185 - 740 1,005/% 0,250 99,5
0,58 1,004/2 0,230 Li5,82 1,004/2 0,320 63.7
1, 00h/L 0,130 51,79 1,00%/% 0,160 63.7
0.8% 1,004/2 0,160 31.87 1.004/2 0,210 41,8
1.004/% 0,090 35,86 1,004/ 0,115 45,8
Ambo 15 0,37  1,00/2 0,340 67.7% 1.004/2  O,455 90,
0,58 1,004/2 0,230 45,82 1,004/2 0,290 577
0.8% 1.004/2 0,165 32,87 1. 004/2 0,230 45,8




Table 6,33

Slope from the plot of x/(b-ic) agdinst t ( the intercept, in all
cases = zero ) and values of K at different concentrations (b),
for cinchonine sulphate with different resins.

256

Regin
X1
X2

Xh

IR. 200

Amb. 15

(mm, )
0, 215
0,215

0, 215
0. 37
0, 58

0, 8k

0,37

0. 58
0, 8%

35°¢ ¥5°C
el - +4L
b Slope, 10 K Slope, 10 K
0.957 x 2/3 L2455  195.1 1480  232.0
0,957/2 0.965  201.,7 1,105 2310
0.957 x 2/3 0.940 147, 3 1,115 174, 8
0,957 x 2/3 0,540 8%, 63 0,700  109.7
0.957/2 0, 395 82, 5% 0,485 101, %
0,957/2 0, 345 72,00 0,460 96, 14
0,957/% 0, 175 73,16 0,210 87.78
0,957/2 0,230 18,07 0,310 6k, 79
0.957/% 0,110 45,98 0, 145 60, 60
0.957/2 0,145 30,31 0,195  40.76
0,957/ 0, 065 27.17 0,110 45,98
0,957/2 0, 360 75.23 0,450 9k, O
0.957/2 0,220 45,98 0.275  57.%8
10,957/2 0, 160 33,4 . 0,205 42,85




cgses

= zero ) and values of K at different concentrations (b),

Table 6, 3%
Slope from the plot of x / (b-x) against t ( the intercept, in all

for cinchonldine sulphate with different rdsins,

257

35¢C

' . 45 C '
4l &

Resin (mm, ) b Slope, 10 K b Slope, 10 K
X1 0.215 1,01 1,950  179.2  1.077 2,425 225,2
1, 01x¥3 1,365  187.7 L O77+% 1.630 227.0
1.091/2 0,990 181,95 1,077/2  1.230 228, 4
X2 0,215 1,091 1,410  129.2 1,077 1.880 174, 6
1, ®lxy; 1,000 137.5 1,077xy; 1,215 169, 2
1.091/2 0,675  123,7 1.077/2 0.915 169.9
X4% 0,215 101l 0,865  79.29 1,077 1,065 98,9
1.091xy3 0,570 78,36 1,077x3; 0,685 95. 39
1.01/2 0420 77,00 1,077/2 0,545 101, 2
3R-200 0,37 1.077/2 0,360 66,85 1.077/2 0,500 92.85
1.097/+ 0,180 66,85 1L 077/% 0,245 90,99
0.58 1.077/2 0,260 48.27 1,077/2 0,325 60, 3¢
1.077/% 0,120 ¥5.57 1L.077/% 0,165 61, 28
0,84 1,077/2 0,170 3L,97 1L.077/2 0,250 146, 142
1,077/%+ 0,080 29,71 1L, 077/% 0,120 L, 57
Amb-15 0,37  1.077/2 0,400 74,29 1,077/2 0,470 87. 2¢
0.58  L.077/2 0,255  ¥7.36 L077/2 0,305 56, 62
0.8% 1,077/2 0,180 33.%3 1.077/2 0,210 38,99




Table 6,35 | 258

Slope and Intercept from the plc;t of x/(b-x) against t , at
different concentrations (b) for quinine sulphate
with different resins,

| . ! 3500' [ )"‘Soc

1

_ +1
inter- b Slope. 10 inter.

-+
Regin  (mm, ) b Slope, 10
’ ~-cept, -cept,

X 8 0,215 1,0u7x2 0,225 0,270 1,046 0, 300 0, 360
1, 047 0, 225 0,270 1.046/% . 0,300 zero
1.047/2 0,220 0,200 - - -
1. 047/% 0,225 Zero - - -

X 12 0,215 1,047 0, 062 0,240 1,046/2 0,109 0, 250
1,047/2 0,062 0,240 1,046/4+ 0,105 0,250
1o 01{'7/"“ o. 062 o; 2"*'0 -’ - -

X 16 0,215 1,047/2 0,030 0,2k0  1,046/2 0,052 0,290
1. 047/% 0,030 0,240  1,046/% 0,052 0,290
1.047/8 0,030 0, 240 - - -

X 20 0,215 1.04/4% 0,0055 0,050 1,046/4 0,0125 O, Ohk
1,047/8 0,0055 0,050 1,046/8 0,0125 0,033

]R-120 0,23 1.052/2 0,145 0,120 1.052/2 0,205 0,160

0,37 1.04xx 0,115 0,120 1.046x2 0,153 0,230
L0 0,115 0,120 1. 046 0,153 0,200

0.58 1, 047xX 0.095 0,060 1, 046x2 0,120 0,120
1,04 0,005 0,060 1,046 0,120 0,110

0; 8% 1,047x12 0,085 0,040 1,046x2 0,110 0, 100
’ 1, 047 0, 085 0, 040 L o6 0, 110 0, 100




Tablg 6,36
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Slope and intercept from the plot of x/(b-x) agalnst ¢t, at

different concentrations (b) for quinidine sulphate

with different resins,

o]
3
: a - +1
Resin  (mm,) B Slope.10 iInter- b
. -cept.
X8 0,215 1,000 0,225 0,180 1,000
‘ 1, 000/% 0,220 zero  1,000/k
X 12 0,215 1,005 0,060 0,190 1.005
' 1.005/2 0,060 .0,190 1,005/2
X 16 0215 1,005/2 0,025 0,260 1,005/2"
1,005/% 0,025 0,260 1,005/%
X 20 0,215 1,000/% 0,009  0,07% 1,000/%
1.000/8 0,0055 0,063 1,000/8
IR-120 0.23 1,004/2 0,130 0,150 1, 004/2
0,37 1.005 ©0,0966 0,160 1,005
1.005/2 0,0966 0,110 1,005/2
0,58 1.00% 0,080 0,030 1,004
1,004/2 0,080 0,050 1.004/2

0

L5 ¢
. t *1
Slope, 10 inter-
-cept.
0,285 0,270
0, 265 zZero
0, 080 0, 310
0, 080 0, 260
0, 035 0.330
0, 035 0, 310
0, 017 0, 070
0, 012 0, 050
0,205 0,180
0,155 0,170
0, 155 0, 140
0,125 0, 120
0, 125 0, 070




Table 6,
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Slope and intercept from the plot of x/(b-x) against t , at

different concentrations (b) for cinchonine sulphate

with different resins,

0

35°¢ 45 C
a , +1 ' > +1
Resin  (mm,) b Slope, 10 inter- b 8lope, 10 inter-
: -cept, ~cept,
X8 0,215 0,957 0,400 0,280 0,957 0,40 0,590
0.957/2 O, 405 zero 0,957/2 0,490 z2ero
X 12 0,215 0,957 0,115 0,380 0,957  0.270 0,280
0.957/2 0,115 0,200 0,957/2 0,265 0. 250
X 16 0,215 0,957/% 0,030 0,380 0,957/% 0,075 0,350
0,957/8 0,030 0,360 0,957/8 0,075 0,280
X 20 0,215 0,957/4 0,010 0,025 0,957/4% 0,021% 0, 035
0.957/8 0,010 0,025 0,957/8 0,021% 0,035
IR-120 0,23 0,957/2 0,265 zero  0,957/2 0,350 . zero
0,37 0,957 0,185 0,100 0,957 0, 245 0,190
0,957/2 0,190 ZerTo 0.‘957/2 0, 250 zZero
0.58 0,957 0,120 0,090 0,957 0.190 0,110
0.957/2 0,130 zero 0,957/2 0,190 zero

¥




Table 6, 38
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Slope and intercept from the plot of x/(b.x) against t , at

different concentratieng (b) for cinchonidine sulphate
with different resins,

a
Resin (mnm,) b
X8 0,215 1,091
1.091/2
X 12 0,215 1,091
1. 01/2
X16 0,215 1,001/%
1,.0:1/8
X 20 0,215 1,001/%
1,001/8
IR.120 0,23 1.077/2
037 1,077
1L 077/2
0,58 1.077
1.077/2

35°¢ ‘
¥l
8lope,10 inter- b
-cept,

0,410 0.240 1.077
0,390 zero 1,077/2
0, 120 0,260 1,077
0,120 0,220 1,077/2
0, 040 0,360 1,077/%
0. 035 0,340 1,077/8
0,0110 0,075 1,077/%
0,0108 0,035 1,077/8
0, 300 zero 1,077/2
0, 215 0,110 1.077
0, 215 zero 1,077/2
0,135 0,110 1,077
0,130 zero 1,077/2

45°¢
el
8lope,10 inter-
-cept,
0,540 0,440
0, 520 zaero
0,230 0, 200
0,235 0,250
0,070 0. 340
0. 070 0, 300
0,0237 0,070
0,0237 0,070
0, 420 Zero
0,305 0,160
0,310 Zero
0, 215 0, 150
0, 215 z28r0 "
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Values of K in (minute)

1

Table 6,39

v ( gram-equivalent' per H»ﬁwmvs

four alkalold sulphates wilth resins from X 1 to X 20,

9

at umoa_msm rmoa for the

¢

Quinine sulphate

Quinidine sulphate : Ginchonlne sulphate Cin

IR

LS B

a
Resin  (mm,) K39
1 0,215 181.,7
2 0.215 1454
L 0,215 86,61
.8 0,215 21,27
X 12 0,215 5.893
X1 0,215 2,852
0,215 0, 5229

X 20

K 45 K 35
230, 8 186, 5
153, 4 247
92,95 77.75

28, 67 22, 25

10, 00 5.971
%97 2,188
1.195 0. 6665

K 45

210, 2
156, 2
oly, 25
27.50
7,962
3.483
1,366

mwowumuu@ mswﬁsmﬁm
K 35 K 45 K 35 K 45
198. 4 2315 182,8 226,8
143, 1 173. 6 130. 1 171, 2
83. 58 105, 5 78, 22 98,49
42, 15 5L, 2 36, 36 48,90
12, 01 27.86 11, 00 21, 66
3.135 7.835 3. 36 6. 50
1. 045 2, 237 0,9990 2, 201
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Table 6,40

1 1

. - . - O 0
Values of K In ( minute ) , ( gram-equivalent per litre ) at 35 C and 45 C for the

four alkaloid sulphates with resins d8.200, Amb.l5 and IR-120 (of different particle diameters, ),

i

Quinine mﬁwwwmﬂm, Quinidine sulphate Cinchonine msu.ww_m.ﬁm Cinchonidine sulphate
. - , { ’ {

a

Resin  (mm,) K 35 K 45 K 35 K 45 K 35 K 45 K 35 K 45
IR-200° 0,8% 31,06 40,15 33.86 - 43,82 28,74 43, 37 30, 64 45, 50
0,58 46,3k 61, 6k 48,80 63.75 47, 02 62, 64 46, 42 60,82
0, 37 72,16 90,80 73, 00 98,50 72,62 91,96 66, 8k 91,92
Amb15 0,8% 32,32 39.92 32,87 45,82 33,4k 42,85 33.43 38.99
0, 58 45, 62 55. 13 45.82 57.77 45,98 57 48 47.36 56, 63
0,37 73,19 8k, 61 677k 90, 63 75. 23 ok, 04 74 29 87,28

IR.120 0,84 8,117 10, 51 - - - - - -
0, 58 9. 074 11,47 7.969 12,46 13, 2k 19.85 12,29 19,96
0,37 10,98 14, 66 9, 620 15,43 19,68 25,95 19,96 28, 63

0,23 13,78 19,48 12,95 20,42 27,69 36,57 27.86 39,00
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. Table 6,41

Slopes and intercepts of the plot of log K against X
from , figures ( 6,11 to 6. 14 ),

. l 35°¢ o 45°C
Alkaloid
: Inter~ Inter-
sulphate Slope -cept. Slope -cept.
Quinine sulphate - 0,1324 2,41 - 0,1180 2. 43
Quinidine sulphate - 0,1279 2. 38 - 0,1130 2,43

Cinchonine sulphate - 0,1133 2,38 - 0,00605 2, 43
Cinchonidine sulphate - 0,1141 2,35 - 0, 09566 2,42

Table 6,42

Slopes and intercepts of the plot of E against X
from, figsures ( 6,15 and 6,16 ),

Alkaloid sulphate " Slope tercept.

Quinine sulphate ' 645 900
Quinddine sulphate ] 2250
Cinchonine sulphate 775 2200

Cinchonidine sulphate . 827.5 31500
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S

,- ’ Table 6,43
Slopes and intercepts of the plot of K against 1/a
of resin IR-200 from, figures ( 6.17.4 to 6,20,4 ¥ and

values of y and E,

. Slope . Slope
Alkaloid sulphate

3 50 C . )+50 c Y E
Quinine sulphate 26575 3400 1,272 4676
Quinidine. sulphate 27,75 36,75 1, 324 5474
Cinchonine sulphate 27. 00 36,25 1,343 5738

Cinchonidine sulphate 25,75 35,25 1,369 6115

Table 5, .

Slopes and intercepts of the plot of K against 1 / a of
resin 4mb.15 from, figures ( 6,17.B to 6,20.B ) and

values of vy and E,

Alkalold sulphate Slope Slope Y B

35°c  us'c
Quinine sulphate 26,75 32,00 1,196 3490
Quinidine sulphate 26,25 33,50 1,277 4750

Cinchonidine sulphate 27,50  32.50 1.182 4419
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Table 6, 45

Slopes and intercepts of the plot of X against 1/ a
of resin IR-120 from , figures ( 6.21 to G.ék 5.

Coo3se gy u5°c \
.'fxlkaloid sulphate Slope .gxterceﬁﬁ gloge Intercept
Quinine sulphate 1,78 6.1 ' 3.05 6.25
Quinidine sulphate 184 %9 = 2.98 7,45
Cinchonine sulphate e 4(5 L, 1 6. 32 9.00
Cinchonidine sulphate 5,86 - 2,3 7,12 7.90

Table 6, 46

Slopes and intercepts of the _plot of E against a
of resin IR-120 from, figures ( 6.25 and 6.26 ),.

Alkaloid sulphate Slope “?htercept
Quinine sulphate © - 6562,5 - 8200
Quinidine sulphate - 687.5% 9050
Cinchonine sulphate + 3462,5 4500

Cinchonidine sulphate .+ 7875.0 4900
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Experimental and calculated ( from figures 6.21 to 6,24 )
values of X for the four alkaloid sulphates with
resin IR.120 of different particle diameters.

T W TR T WS T U W T B Wh A mb W B I W W WP o O

Alkaloid salt ¢ Quinine sulphate.

k 3500 Loy K”+5OC .
a .
(mm, ) Experi- Calcu. Experi- Calcu. ¥ B
mental, lated. mental. lated,
0,84 8,117 8. 217 10,51 9,879 1,202 3589
0,58 9,074 9,168 11,47 . 11,508 1,255 | 4433
0,37 10,980 10,910 14, 66 14, 595 1,338 5662
0,23 13;780 135851 19.48 19,51 1. 409 6685
Alkaloid salt =& Quinidine sulphate
0,58 7.969 8,070 12,46 12,587 1. 55 865k
0,37 9.620 9.87% 15.43 15,506 1,570 8798
- 0,23 12,950 12,900 20, 42 20, 41 1,582 8937
Alkaloid salt ¢ Cinchonine sulphate
0.58 13.24% 13,41 19.85 19.89 1, 484 6433
0.37 19.68 18,70 25.95 26, 08 1.395 5451
0,23 27,69 27.58 36, 57 36,48 1,323 5321
Alkaloid salt ¢ Cinchonidine sulphate
0,58 12,29 12,40 19.96 20,17 1,627  9L79
0.37 19.96 18,14 28, 63 27.15 1597 7859

0,23 27.86 27,51 39. 00 38,86 1.413 6730
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Table 6,48

Experimental and caleulated ( from figures 6,11 and 6,12 )
values of log K for quinine sulphate and quinidine sulphate

with resin X 1 to X 20

------------------

Alkaloid salt : Quinine sulphate

Log K 35 ‘ Log K 45
] A1 - [ &
Regin Bxperl. Calcu. Experi. Calcu- Y E
mental, 1lated, mental, lated,

12,2593  2,2776  2,3632 2,312 1,082 1544
22,1626 2,142 2,1858 2,19k 1,119 2190
b 1,9376 © 1,880%  1,9682 . 1,958 1,196 3481
8 13277 L3508 LS5 LU86 1366 6066
X12 07703 08212  1,0013 10I% 1,55 8650
X 16  0.4551-  0,2916 . 0,6064% - 0,542 1,780 11230
X 20 L.718%  1.7620  0,0773  0.000 2,032 13820

W O S0 G AR T S S W T AU G G WA RN R GG G A SR AR SR RN R SR U R U BRGSO G S U NN NG S S AR SR OUT T A W Thg SN TR G Gt S S S Sk A O O O 08 T B e AR B W

Alkaloid salt : Quinidine sulphate
1 2,2706 2,2521  2,3226 2,3120 1,148 2687
2 2,00%  2,12%2  2,1937  2,1940 L% 3132
b 1,8007  1,868% . 1,9743  1,9580 1,220 4020
8 LWk 1,3568  1L.,4393  1L.4860 1,347 5797
X 12 0,7761  0,8452 - 0,9000 - 1,0140 1L.¥5 7573
X 16 0. 3959 0. 3336 0, 5420 o,5420 = 1,615 9350
X 20 1,8238  1.8220  0,135%  0,0700 1,770 11130
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Table 6,49 N 69

Experimental and calculated (' from figures 6,13 and 6, 1% )
valueg of log K for cinchonihe sulphate and cinchonidine sulphate
with resing X 1 to X 20'.

G G B W W R B e A -

Alkalofd salt ¢ Cinchonine sulphate

|

Log3 K 35 ' “log K 4§ \
Resin Experi.: Caleul- Experi- Caléu Y E
mental, ated, mental, lated,

3%
X 1 2.2975 2,2667 2, 3645 2.3339 1,168 3015

X 2 2,156  2.153%  2,2395 2,2379 1,214 3791
X % 19221  1,9268  2,0232  2,0458 1,315 5338
X 8  1.6248  LW36 17093 - 1.6616 L.542 8435
Xl2  1..0795  1,020% 1.4 1,277% 1,807 11530
X 16 0.4962 0, 5672 0, 8941 0,8932 2,118 14620
X 20 0,091 0,110 0,345  0,5000 2,483 17720

LA L R L Y o iR ] W B G U S S S O G W S U G W S S S B M O R e S B b OG0 B WL B e S W G 0 G O uy e e S - e
4

Alkalold salt ¢ Cinchonidine sulphate

12,2620 2,235 2, 3556 2, 3243 1,226 3967
2 2,114  2,1218  2.2335 2,2287 1,279 4795
¥ 18933  1.8936  1.993% 2,037k 1,393 6452
8 1,5606  1.,4372  1,6893  1,6547  1.650 9759
X£12 L0k 0,9808 13357  L272l 1955 13070
X 16  0,5263 0,524+  0,8129  0.889% 2,317 16380
X 20 1.9996  0,0680  0,3425  0.5068  2.74%7 19690
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gradual deviation frém linearity . This is illustrated by a
~ typieal run with resin X 4 ( table 6.02.,b. and figure 6.03 )
which was carried oubt in duplicate to obtaine. more points.
The values of K were obtained according to the above procedure
for resins X 1, X 2 and X 4 with quinine sulphate, quinidine
sulphate, cinchonine sulphate and ciﬁchonidine sulphate at

35°C and 45°C ( $ables 6.31 to 6.3% ).

‘The applicability of the second order law in the
above cases supports the two assumptions : firstly, the
heterogeneous system behaves apparently as a homogenous
system and secondly, the values of the activity coefficients
may be ignored. The gradual change of the slope of the plot
of x/(b-x) against t , during the latyer part of the exchange
may be attributed to the variation in the diffusion inside
the resin papticle.’

With resin X 8 ( tables 6.03, 6.07, 6.11 and 6.15
and figure 6.0% ) when x/(b-x) is plotted against t , it is
observed that, the plots are quite linear. At low value of b ,
the line passes through the origin but it does not, when the
value of b is inereased j howeQerlthe sloée remains almost
independent of b « The value of the 1ntercep§ on y-axis
incrgases as b increases and then éradually 5ecomes

practically independent of b .

This behaviour'may'be explained as follows :
As the degree 6f eross-linking of the resin increases,
the pore size decreases. The rate of exchange, then, may

be considered to be determined by either of the two :

«
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The first is possibly the rate of egchange with surface and
near surface groups, which is relgti%ely quite fast and of a |
short duration. The second rate is the rate of exchange at
the less easily accessible exchange sites inside the resin'
particle. This is dependent on the slow diffusion of the
organic cations inside the resin particle and is relatively
slow and of longér duration. As the value of b is decreased,
the first will presumably decrease, but the second is

presumably independent of b .

At higher values of b , it may be supposed that
the surface and near surfacé sites get quickly exchanged
and then the fate of exchange is dependent on the diffusion
of cation inwards. Hence, the increase of concentration in
the external solution does not influence the slow rate of

exchange with inner and less accessible sites.

In order to maintain a unifo?m method of
calculation, the rate constant XK was calculated for
b = 1 meq./litre for X 8 from the vaiues of the slope
( tables 6.35 to 6.38 ) . This choice is, of course, rather
apbitrapy, but is useful as will‘be indicated further,

because of simple co-relations, this permits.

For resins X 12, X 16 and X 20 ( tables 6.04, 6.05,
6.08, 6.09, 6.12, 6,13, 6.16 and 6.17 and figures 6.05 to
6.07 ) the slopes Qf the plot of ¥/(b~x) against time t
becomeg practically independent of ‘b and at higher values
of b the lines do not pasé through the origin. The same

-
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. remarks, as given above for X 8 , apply here also. The same
method for the ealculation of the values of K ( i.e. at
b = 1 meq. / litre ) is adopted here also.

Table ( 6.39 ) gives the value of X obtained in
0
this way for the four alkaloid sulphates studied at 35 C
0
and 45 C.

When the wvalues of log K are plotted égainst X,
( figures 6.11 to 6.14% ) fairly linear plots are obbained
for the four alkaloid sulphates studied and the slopes and

intercepts of the lines are given in table ( 6.41 ).

The values of log K calculated according to the
above valdes of slopes and intercepts are compared with the

experimental values of log K in tables (6.48 and 6.49 ).

The data of the above tables indicate that the
value of K or the exchange rate decreases as X increases.
The values for quinine sulphate and quinidine sulphate,
which are optical isomers differ by a small amount. Same
is true with the optical isomers, cinchonine sulphate and
cinchonidine sulphate. At higher values of X, the values
of K for quinine sulphate and quinidine sulphate are smaller
than those for einchonine sulphate and einchonidine sulphate.
This is due to smaller molecular size of cinchonine and

cinchonidine than that of quinine and quinidine.

From the calculated values of log K, based on the
values of slopes and intercepts from table (6.41 ), the

values of apparent energy of activation, E, are calculated
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w

and are given in tables ( 6.48 and 6.49 ) . The piots of
E against X ( figures 6.15 and 6.16 ) are linear and the

slopes and intercepts are given in table ( 6.42 ).

It is observed that the value of E increases
with X . The value is low at low value of X , but becomes
fairly high at high values of X . This increase in E with
inerease 1n X , is to be attributed to the increase in
resistance to diffusion of the cations inside the resin
as X increases . The values of slopes and intercepts are
different for each alkaloid by small amounts, indicating
that even for the optical 1lsomers, some spegific effects

exist,.

The resins IR-120, IR~200 and Amb-15 were studied
with different particle diameters. The behaviour of IR-120
is similar to that of X 8 but 6f IR-200 and Amb-15, is
similar to that of X 1, X 2 or X & , |

| The resins IR-120, IR-200 and Amb-15 are considered

- to have practically thg same reigtive degree of cross-linking ,
but IR-200 and Amb-15 are considerably more porous than
IR-120. This inereésed porocity is the reason for the
difference in the behaviour of IR-120 on one hand and

IR-200 and Amb~15 on the other hand.

The values of K were calculated by the same
procedure as given before and are given in tabie (6,40 ),

It is observed that though the value of Pp is less for

L3
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IR-200 and Amb-15 than those for IR-120, the values of X

are considerably higher for the former than those for the
later. It is further observed that the values of K decrease
as particle diameter a increases. The plots ( figures 6.17
to 6.24 ) of X againstnl/a ( tables 6.18 to 6.30 ) are
linear and the slopes and intercepts of the lines are given
in tables ( 6.43 to 6.45 ). The plots for IR-200 and Amb-15
pass through the origin, but those for IR-120 do not. The
values of E calculated from fhe values of K , according to
the plots of K against 1/a ( table 6.45 j figures 6.21 to
6.2% ) are given in table ( 6.47 ) . The plots of E against a
( figures 6.25 and 6.26 ) are linear and the slopes and the
intercepts are given in the table ( 6.46 ). The values for
IR-200 and Amb-15 are independent of the particle diameter,
but the values of E for IR-120 are not j here the values of
E decrease with increasing particle diameter for quinine
sulphate and quinidine sulphate but increase with increasing
. particie diameter for cinchonine sulphate and cinchonidine
sulphate. Thlis difference. is significant in relation to the
'‘molecular size of the alkaloids. The values of slopes and
intercepts and the values of E are some-what different

for each alkaloid, supporting the assumption that some

specific effects are also operative, even for optical isomers.
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