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9.
CINCHONA ALKALOIDS : (1)

Introduction :

The mostﬁimportant alkaloid 6f cinchona is quinine,.
In addition about 20 other alkaloilds have been isolated
from einchona ( Table 9.1) of which einchonidine,quinidine
and cinchonine are important. The alkaloids chigfly exist
as salts of quinic and cinchotannic gcids and their
relative concentrations vary in different species. The bark
which is known to the trade as druggist’s bark has a quinine
content of 1.8 to 2.0 %.

- In the early years of planting, the total alkaloids
were used for medicinal purposes under the name of quinetum.
In India quinetum was gradually replaced by cinchona febrifuge
consisting of the residual alkaloids left after the removal
of quinine. The Malaria Commission of the league of Nations

redefined quinetum as a mixture of equal parts(of quinine,
Tcipchonidine and einchonine and introduced a new product
called totaquine or totaquina which 1s defined in the B.P.
as containing not leés than 70 %4 of crystallisable cinchona
alkaloids-quinine, cinchonidine, cinchonine and quinidine of
which not less than one fifth is quinine. Cinchomafebrifuge
Varies greatly in physical character and composition, for
use as an antimalarial drug. It should be of the same

standard as totaquine.

Extraction :
The greater part of the world’s production of

c¢inchona barks is employed in the mamufacture of quinirne.
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Table 9.1 ‘

Cinchona Alkaloids

Formula‘

m.p. Dextro(D) or

Cuscamidine

Name of the
alkaloid. o Laevo(L)
: c Rotatory.
Quinine . CpoHa402N; 175 8
Quinidine C2 oHz 02N> 173.5 D
Cinchonine - C49H,0N, 26Y . D
Cinchonldine Cy gHp 2 ON, 2045 L
Quinicine Ca oHa1, 02Nz Vigous D
Lfquid

epiquinine C2oH2402N, 011 D
epiQuinidine Cz oH2, 02N, ;13 D
Cinchotine Cy 9Hz,, 0N, 267 D
Hydrocinchonidine C,oHp,ONp 232 L.
‘Hydroquinine Coof2602N242H,0° 17345 L

. Hydroquinidine CzoH2¢02N2425H,0 169.5 D
Quinamine C1 9H2 402N, 185.6 D
Gbndginamine C, gHz,0,N, 121 D
Paricine G, ¢Hyg0Npe BH,0 136 -
Dicinchonine C3gHy 02Ny 40 D
Diconquinine CoFus03Ny - D
Jdvanine - - -
Aricine " Ca3Ha0uN; 188 L
Cusconine Czaﬂééo“Nz.éHéo 110 L
Cusconidine - - -
Cuscamine - 218 ' -
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For this pﬁrpose finely powdered bark 1s mixed with about

one third of its weight of sifted slaked lime and a 5 %
aqueous solution of caustic soda. The mixture is extracted‘
under stirring in steam jacketed vessels, with high boiiigg
kerosene. Three successive extractions are made. The mixed
extfacts are shaken with sufficient hot,dilute sulphuric acid
to convert the alkaloids into sulphates. The oil is separated
while hot and then neutral aqueous solutlon cooled when
quinine sulphate separates out and is subsequently purified
by recrystalli%ation fyom aqueous solutions after
decolé?ising with animal charcoal. The mother liguor
containing the other alkaloids is treated with caustic
'soda and the precipitate of quinidine, cinchonidine and
cinchonine extracted Qith dilute alcohol which dissolves the
first two,leaving cinchomine behind ; the former two can
then be separated by means of fheir neutral tartarates,

that of quinidine being considerably more soluble,

The method adopted by the Bureau of Science,
Philippines, 1s to percolate to exhaustion with alcohol, a
mixture of finely powdered bark, lime and water. The
percolate is distilled to recover the alcohol, and the gummy
residue treated with sulphurlc acid to dissolve the
alkaloids. The solution is decolourised with charcoal,
filtered and the mixed alkaloids precipitated by the addition
of sodium hydroxide. '

An ion exchange process for the separation of
alkaloids ffoﬁ einchona barks poor in alkaloids has been

'developed and waa successfully‘employed in the U.S.A.
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during the war period. This sorption procedure has been
recommended for adoption in Indla for the recovery of alkalolds
from the waste material left after the separation of barks. On
the basis of figures for quinine manufactured in 1944-45, it
is computed that the wastage of cinchona ;lkaloids from Indian
plantations is about 69,679 lbs. a good part of which is
recoverable by the application of the sorption process.

The estimatlion of individual alkaloids in mixtures
has assumed importance since the therapeutical recognition
of totaquina. A number of methods based on differences in
the solubilities of salts and polarimetric, colorimetric,
turbidimetric,fluorometrié and chromatographic methods
have been developed.
Useg_:

Tﬁe oldest and the most important use of quinine
is for the treat&ent of malarial fevers; Quinine continues
to be effective in_gpite of its prolonged usey. Quinine
possesses marked bacterieidal action and until the advent
of sulphanilamide derivatiges,éuinine and certain of its
derivatives were being employed in the*treatment of baterial
infections. Thus B -hydroxy=-ethyl apoduinine and sulpha-
pyridine give equal prd§§xec§ion to mice agalnst virulent
pneumococci and the drug_has been suecessfully used in
large number of cases of human pneumonia. Quininszhas been
used as a sclerosing agent in the treatment of internal
haemorrholds and vericose velns.

Quinine- added to aéuaphor,protects the skin

agalnst sun burne. .
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Quinine sulphate is the most‘imgortant salt of
quinine used in therapy. Other salts of quinine such as
acetyl salicylate, arsenate, benzoate, citrate, dihydro-
bromide, dihydrochloride, disalicylo-salicylate, ethyl
carbonate, glycerOphpsphate, lactate; phosphate, salicylate,
tannate and valerianate are recognisedAby the B.P.C. Quinine
éthyl carbonate and tannaté are almost tasteless and are
s¢pecially useful for children. Quininé with urea
hydrochloride is used as a local anaesthetlc. Practicaiiy
tasteless compounds are obtained by combining quinine with,
an acid mixture derived from camphoric acid and an aromatic
alcohol or a terpene alcéhol or a phenol. v

In addition to their use in pharmacy, quinkne and
quinidine and their derivatives are utilised in insectiecide
compositions for the preservation of fur, feathers, wool
felts and textiles. They are also ingredients of moth
repelling preparations. Quinine sterate is used in hair
lotions and pomades. The residual bark of éuinine factorie s
after the extraction of the alkaloids is a tanning material.
Debarked ci;chona poles are durablg and resistant to termites.

New and effective antimalarial drugs, specially,
paludrine have certaln advantages over quinine in the
treatment of malaria. These new developments have no
doubt affected cinchona expansion schemes in India. However,
from a strategic point of view, cinchona alkalolds are |
still of importance as indigenous materials particularly

in war time, when imports may.not be feasible.
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10
ION EXCHANGE STUDIRES WITH CINCHONA ALKALOIDS

Ungerer (1) first examined the uptake of salts of
quinine, cinchonine and strychﬁine on the ¢alelum form of
synthetic zeolites. Fink (2) took a patent for isolating
cinchonine, strychnine and adrenaline from their aqueous
extracts by 2 filtering material having’adsorptive propertie%,
such as asbestos and‘kaolin, cotton and asbestos or asbestos
and kieselguhr. The pH of the solutlon was suifably adjusted
to facilitate the, separation. Applezweig (3) studied the
removal of cinchona alkaloids by a»catign exchanger of
sulphoniec acid type; Three possibilities were explored :

(a) recovery of alkaloids from the mother liguor 6f the acid
extrasts of the bark after the major portion had been removed
by alkaline precipitation, (b) purification of the crude
totaquine obtained from alkaline precipitation and (e)
application of ion exchange direcply'to the acid extracts of
the bark in a cyclic system. Capacity determinations were
carried out on a 200 ce. Zeo-karb column using quinine
concentrations of 0,033 and 0.0033 M and flow rates of
approximately 5 and 50 ce./min. The capacity of a 200 cc.

bed of Zeo-karb for quinine, from acid solution ( 1 % HzS0y)
was found to be between 7 and 8 grams, before break through
(Mayer,s Reagent ). To liberate the alkaloids from the
column ammonical alcohol was used. Purification of

totaquine prepared by aikaline precipitation of acid extrécts

of the bark &as attempted by ion exchange. From 20 grams of
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totaquine precipitate, 2.5 grams of white crystalline
material was obtained. This technique was also successfully
employed in the isolation of atropine, morphine and
scopolamline. Recoveries of totagqulne from cinchona bark

and scopolamine from datura plants were also effected by
Sussman and others (4). The extract containing the alkaloids
was brought into contact with a cation exchanger and then
the cation exchanger was treated with aqueous alkall and a
solvent. In a subsequent paper, Applezweig and Ronzone (5)
described a pbrtable unit for extracting usable antimalerial
from freshly stripped cinchona bark in the field. Commercially
dried cinchona bark was macerated with 0.1 N HpS0,. The acid
was repeatedly cycled through a sulphonateé coal cation
exchanger and back'into the maceration tank. The exchanger
was regenerated with 0.5 N NaOH and stripped with aleohol,
the crude alkaloid being recovered by evaporation. Rectified '
totaquige was obtained by precipitation from aqueous solution.
An overall yield of 81,é 7 within 82 hours was obtained.
Mukherjee and Gupta (6) investigated the extraction of
alkaloids from cinchona bark with hydrochloric acid and
sulphurie ac;d over a range of acld concentrationg and
temperatures in the presence and abéence of sodium chloride
with Amberlite IR-100 and Ionac C-284. For elution, alkalil -
was used and after an interval, alcohol was percolated.

Ionae C-284 proved to be the best sorbent and showed highest
elﬁtion effeciency but tended to soften and form a jelly in
contact with alkall. Hence Zeo-karb, the next best and free

from this defect was used. Applezwelg (7) took a patent for
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the removal of quinine from a dilute sqlétion in acid with
Zeo-karb cation exchanger. The juice of the fresh material
was'passed through a column of Zeo-karb or Amberlite IR-100
or Ionac C-284. The sorbed alkaloids were eluted with
ammonical ethanol. This method was used for the extraction of
atropine, scopolamine and quinine alkaloids. Mukherjee and

" others (8) examined three cation exchange resins (Zeo-karb,
Amberlite IR-100 and Ionac C-284% ) and two anion exchange
resins ( Deacidite and Ionac A-293 ) for the sorption of
quinine sulphate, strychhine hydrochioride and other organic
bases. The results showed that a resin having high sorption
power for one alkalold may not behave similarly with another
alkaloid. The relative sorptive powers of the different resins,
for each of the alkalolds studied were given.-

Jindra (9) used an anion exchange resin of weakly
basic type for the determination of several alkaloids. 0.l to
0.2 grams of alkaloid salt was dissolved in 20 cc. of alcohol
and passed through a prepared column of Amberlite IR-4B. The
flask and the column were washed with 50 cc. of aleohol at
50°C and the alkaloidal solution -in alcohol was titrated
with 0.1 N hydrochloric acid using a mixture of 10 drops of
metpyl red and 2 drops of methylene blué as indicator. The
method was;applied to quinine and cinchonine hydrochlorides‘
and to a nﬁmber of other alkaloids. Jindra and Pohorsky (10)
have given detailed descriptions of the apparatus, reagents,
preparations of the ion exchange column and general micro
and semiﬁmicro methods of assay, applieé to c¢inchona bark

and other alkaloids. Bucke and.Furrer (11) have described
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in detail, the determination of quinine and total alkaloids
in the cinchona bark extracts By the use of lon exchange
resins. In a subsequent paper they (12) found that sorption
from cinchona bark was best with sulphurie aq;d extracfs and
the elution was best done with ethénol with or without
addition of sodium hydroxide. A quantitative sorption occured
" within 1% hours by shaking the powdered cinchona bark and
Duolite in dilute sulphuric acid but the subsequent separation
of alkaloids from the resin was found to be difficult.
Sanders and others (13) described an‘assay process using
strongly basic anion exchange columns to separate quinine
salts and ephedrine hydrochloride which was capable bf giving'
results within 0.5 %. One and two column procedures atre
deseribed. Yoshino and Sugihara (14) separated quinine and
strychnine chromatographically by sorption.on weakly acidic
cation exchange (NH,-R) resins such as Duolite C8-101 or
Amberlite IRC-50 and the subsequent elution with 0.1 - 0.3 M
ammonium chloride respectively. H-R exchanger could also be
used but then a large amount of eluting solutign was required
to separate strychnine. Toshino and others (15) classified
some organic bases (a) quinine,‘cinchoh;ne; ephedrine and
berberine (b) niéqtine and yohimbine (¢) amino pyrldine

(d) antipyrine (e) acetanilide, caffeine, theobromine and
theophylline, according'to the facktlities of being eluted-
with water from the cation exchange columns (sulphonic acid
type and carboxylic acid type in the H and NH, form), on to
which they had been sorbed. Street and Niyogi (16) separated
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a mixture of acetopheneﬁldine, sulphécetamide, promacyine
and quinine by a cémbination of chromatography and
lonophoresis on cellulosic lonexchangee sheets. Detection
was accomplisheq by examination in ultraviolet light.
Similarly (17) separation of a mixture of tablet fragments
containing amobarbital, acetylsalicyelic acid, acetophenetidlne,
caffine, codeine and quinine into its constituent parts was
accomplished by chromategraphy on modified cellulose ion
exchange papers using both horizontal eircular and ascending
eylindrical paper chromatography. Street (18) has described
a rapid metho& using ionexchange paper for the preliminary
separation and detection of a mixture of qu;nine,strycﬁnine
and nicotine in whole blood. Proteins were precipitated and
the acid filtrate was extracted with ether. The aqueous
phase was made alkaline with ammonium hydroxide and shaken
with ether to‘extract basic compounds. The ether extract was
evaporated to drynesgs and the residue was taken up in the
¢chlorofornm. Thislsolution was spotted on a cellulose cation
exchange pape£ and subjected to chromatography in an aéueous
solvent at pH 4.5. The separated compounds were detected by
their fluorescence or absorbance in ultraviolet light at
254 mp . Quinine showed a bright blue fluorescent spot and
strychnine and nicotine as dark purplé absorbing arease.
Saunders and Srivastava (19) studied the rates
of sorption on, and elution from a carboxylic acid cation
exchange resin for éuinine. The factors which influenced the

rate of sorption of quinine on Amberlite IRC-50 were found to be
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(a) the initial concentration of the solute ( ‘a' milimoles /100 cc.)
(b) the nature of solvent, sorption from 50 % éthapof solution

being more rapid than that from pure ethanol for a given value

of ‘a’ (c) the method by which the resin was converted

to the hydrogen form, aqueous 2 N aeid produeing a less

effective absorbent than alcoholic 2 N acid (d) the amount

of base already sorbed on the resin ( x milimoles ) (e) the

stirring condition (f) the particle size of the resin and

(g) the initial pH of the solution. An empirical relation

dx /dt =XKa (a-x)/ x_ ( where K = constant 3

a = initial solution concentration in milimoles / 100 cc. ;

X

]

mi;imolés sorbed by 5 grams of resin and t = time in
hours ), represented the rate of sorption quite closely
for values upto é4 hours. The interaction of quinine with
the resin was considered to be mainly a molecular sorption
. process. The sorption process has been visualised as a
diffusion of base into the resin particle under chemical
potential difference enhanced by the acid—baseAinteraction
with the resin and by the van der waal’s forces between
the base molecule and gel structure of the resin j the
effect of viscous flow into spherical particles and the
swelling of the resin caused the rate of sorption to fall
off rapidly as the resin became  saturated with base.
Saunders and Srivastava(20) also examined the sorption of
a number of organic bases from aqueous, water ethanol or
ethanolic solutions by various carboxylic acld ion exchange
resins and described the results of studies of the

equilibrium distributlions of some bases between the solutions
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and the resins. This, injthe case of quinine has been
demonstrated by showing that the distribution was Indepéndéent
of resin particle size and also that 1t was reversible. The
systems studied have been classlified into two groups. The
first consisted of very weak bases which followed a simple
dlstribution law, concentration of base in resin /concent?ation
in equilibrium solution = constant. The second group,
consisted of strong bases, the distributions mostly followed
a logaritmie law Y = A log C + B where C = concentration
of base in the equllibrium solution in moles per litre of
total phase volume and Y = corresponding base concentration
In the resin phase in mgleé of base per litre of total resin
Phase volume. Observations have also been made of the
swelling of the resins caused by saturating them with the
different bases and it was found that swelling was a
funetion of base sorbed.

Segal, Miller and Morton (21) have described the
quinine form of a weak cation exchanger as &n indicator
for the determination of the presence of free hydrochlorie
acid in gastric julee without intubation. If a special
cation (quinine) is combined with a cation exchange resin
(Amberlite IRC-50 or ¥E-96 ) and the cation 1s displaceable
only or mainly by hydrogen ion, is.reédily sorbed from the
stomach and detectable in the urine or blood, the presence
of free hydrochloric acid in gastrie juice can be detected
1f quinine appears in the urine within 2 hours, after
introduction of the complex, without subjecting the
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patient to intubation. Shay and others (22) found that the
results. of studies in patients after subtotal gastrie
reséction indicated that the tubeless method for detection
of the presence of free hydrochloric acid in the remaining
gastric pouch was not suitable in these patients bescause
of the rapid emptying of the quininium resin from tﬁe
pouch. In such patients the determination of‘pH of gastric
contents during fractional gastric anal&sis was the best
method for studyiﬁg gastric acidity. Kamp (23) determined

quinine together with caffeine and strychnine in cola

sirup by ion exchange resin.
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11. e
ESTIMATION (F CINCHONA ALKALOIDS : GRAVIMETRIC STUDIES

The illustrativg data givén below indicate that the
gravimetric sulphate estimation can be used for the determination
of the concentratipn'of the aqueous alkalold sulphate solution
and this has been used in this work for recheekiﬁg the

concentration.

Gravimetric sulphate estimation of crystallised
guinidine sulphate : ‘

A known weight of ¢ rystallised quinidine sulphate
was dissolved in about 500 ce; of distilled water, five
drops of hydrochlorig'acid (1 N) were added and
precipitation was carrled out with 1 % ageuous bariun
ehloride solution. From the weight of barium sulphate
obtained the molecular weight of the crystallised quinidine

sulphate was calculated

0.8353 gms.
0.2488 gms.

Crystallised quinidine sulphate taken

",

barium sulphate obtained

Hence molecular welght of ecrystallised
quinidine sulphate ( = 782.3

Gravimetric total sulphate estimation of a mixture

of sulphuric acid and sulphate :

A known volume of standard sulphurle acid was added

to an aqueous solution of quinidine sulphate (from the sample



used above ) and the total sulphate was estimated

gravimetrically.

it

0,6101 gms.
30,0 cco

043509 gms.
0.3503 gnms.

erystallised quinidine sulphate taken
sulphuric geid (0.,04819 N ) added

Hi

]

barium sulphate obtained

]

weight of barium sulphate required
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12 :
ESTIMATION OF CINCHONA ALKALOIDS : ULTRAVIOIET
ABSORPTION STUDIES : (1)

Introduction :

Dobbie and~Fox (2) studied the absorption spectra

of quinine and reported three maxima at 1 /) 3050,
1 /» 3500 and 1 /n 3750. The hydrochlorides of quinine
and 6-methoxyquinoline exhibited identical bands and those
given by 0;01 N solution of the sulphate of these two
differed only in the greater absorption of the former.

Manta (3) obtained the extinction curves of the
following alkaloids in 0.001 N and 0,005 N alcoholic solutions :
quinoline and p-methoxylepidine, quinidine and quinine ;
cinchonine and cinchonidine ; ethyliodoquinine and diiodoethyl-
quinine. The pair of compounds showed nearly the same form
of cﬁrve.

Heidt and Forbes (Y4) studied the absorptlon spectra
from 20,000 to 45000 cif_ and the fiuorescence spectra of the
bisulphates -of cinchonine, cinchonidine, quinine,quinidine etc.
in 0.09 M sulphuric acid solution. The curves were shifted
about 200 em® to the ultraviolet when water was used as a
solvent, ‘

Fuchs and Kampitsch (5) determined the ultraviolet
absorption specéra of pure quinine, cinchonine,quinidine and
cinchonidine under different conditions and noted two
“absorption types. The aqueous and alecoholic solutions of the

neutral salts corresponded to the type of the absorption spectra



of their bases. The influence of the pH only appeared in tﬁe
solutions of acid salts or in excess acid. The latter formed
the second type of absorption spectra. In between were found
the aqueous solutions of acid salts, which in alcoholic
solution, corresponding to the lower pH concentration, showed
a very similar spectrum to the base. In all the solvents
examined, a distinct difference between the quinine and
cinchonine spectra was noted.

Carol ($6) studied the ultraviolet absorption curve
of quinine in dilute hydrochloric acid. The location and
magnitude of the 3 regions of maximum absorption were found
to be 256.5 o e:z“.901 § 318.0 mp :tu_IHQ;

347.5 m CL‘ 168. The Besr-Lambert: law was Tollowed at

each maxima. It was suggested that quinine could be determined
directly at 347.5 mu without separation since practically all
alkaloids and synthetics exhibit negligible absorption in

this region.

Beguiristain (7) found maximum absorption in the
ultraviolet for solutions of‘quinine hydrochloride and
progressively weaker absorptions for strychnine sulphate,
morphine hydrochloride, aconitine nitrate and atropine
sulphate.

Stimson and Reuter (8) measured the ultraviolet
spectra of the 4% common naturally occuring alkaloids in
alecholic solutions or alecoholic / hydrochloric acid
sclutions and some related compounds over a pH range 1-10

to facilitate the estimation of methoxy cinchona alkaloidse
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The melting points and crystal habits are also given for
quinine,quinidine,cinchonidine, cinchonine and their dihydro
derivatives. Other compounds studied were epiquinine,
epiquinidine and totaquine.

The above indicates that the ultraviolet absorption
spectra of cinchona alkaloids are significantly affected by
the pH of the solution § however, detalled data, of interest
in the estimation of cinchona alkaloid sulphates in dilute
aquebus or aqueous sulphuric acid solutions of different pH ,
are not available.

This chipter gives the study of the ultraviolet
absorption spectra of the sulphates of four cinchona ‘
alkaloids ( as QpH»S80,.nH,0, where 9 denotes the alkaloid )
quinine, quinidine, cinchonine and cinchonidine, in aqueous
solution of pH about 1 to 7, adjusted by the addition of
sulphuric acid or sodium hydroxide at room temperature

( ~o 30°0C).

Experimental : i
Chemicals :

Quinidine sulphate (P.B.; Howard, Londen ) was
crystallised three times from hot water. Cinchonine sulphate
was prepared by ‘dissolving cinchonine ( pure crystals
Riedel, Germany ) in agueous sulphuric acid and crystallising
out the sulphate ; this was then crystallised twice from hot
water. Sulphuric acid and sodium hydroxide used wers A.R.

quallty. Distilled water was used.

g
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Solutions and procedure :
The stock solution of alkaloid sulphate was first

preparad in distilled water and the concentration in gram
equivalents per litre was evaluated by sulphate estimation

(as barium sulphate ). Measured portlon of the stock solution
was then sultably diluted with distilled water or aqueous
sulphuric acld or aqueous sodium hydroxide and the pH of the
solutlon measured with Beckman Model H2 pH meter. The ultraviolet
absorption was studied with Beckman Model DU spectrophotometer
using 10 mm. matched quartz cells in the range 250-350 mp .

The values of the extinction coefficients, £ , were
calculated by dividing the observed optical density by the
concentration of the alkaloid sulphate in gram-equivalents

per litre.
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Results :

_ ‘ Iable 12,01
Ultrgviolet absorption of .quinidine sulphate solution.

PH = 7.0 ' Concentration = 0.1139 meq. / litre.

S A ) S
250 4557 £5C 280 3538 310 '2959
252 3275 281 3547 315 3705
25% 2705 282 © 3530 317 4013
256 2520 284 3485 318 RIS
258 2494 286 3398 320 4390
260 , 258 288 3310 322 4565
262 2634 290 3222 325 4742
264 273§ 292 3099 330 4986
266 2880 294 2923 335 4635
268 3002 295 2836 340 3275
270, 3125 296 2739 345 1827
272 3230 297" 2660 350 9131
274 3328 298 2581 360 2722
276 3.5 - 300 2476 - -

278 3503 305 2528 - -




‘Ultraviolet absorption q;‘ffguinidine sulphate solutione

Table 12,02

121

pH = 6.8 Concentration = 0.1139 meq. / litre.

Wavelength Wavelength Wavelength

in mMA ¢ in mM ¢ in mu €
250 4513 276 3389 305 2528
252 3275 278 3485 310 2932
254 2696 280 3538 315 3697
256 2511 282 3513 320 4381
258 2476 284 3434 325 4758
260 2528 286 3371 330 4952
262 2608 288 328) 335 4627
264 2722 290 3214 340 3319
266 2855 292 3073 345 1818
268 2985 294 2906 350 9042
270 3099 296 2739 360 2634
272 3214 298 2972 - -
274 3310 300 2467 - -




Table 12.03
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Ultraviolet abs@gptggﬁ-ggjguinidiﬁe sulphate solution.

pH = 5.4 Conecentration = 0.1139 meq. / litre.

Wavelength Wavelength Wavelength

in 74U ¢ in mly in mu 6
250 5777 278 3355 310 3002
2252 4601 280 3389 315 3723
254 3872 281 3398 | 320 4408
256 3406 282 3389 325 4773
258 3047 284 3336 328 4882
260 2792 286 3266 330 1961
262 2669 288 3167 - 332 4969
264 2678 290 3125 335 L6 5%
266 2757 292 3011 340 3426
268 2871 294 2871 345 1993
270 2968 296 2696 350 1115
272 3082 298 2561 360 491.7
274 3161 300 2476 - -
276 3258 2564 - -

305




Ultraviolet absorption of guinidine sulphite solution.

Table 12,04

123

pH = L.k Concentration = 0,1139 nmeq. /vlitre.

Wavelength Wavelength Wavelength

in mu 6 in mu 6 in mu €
260 4417 282 2713 310 3398
262 3222 284 2739 315 3987
264 2528 2286 2739 320 12,08
266 2283 288 2757 325 4565
268 2230 290 2766 330 4785
270 207 292 2748 335 4758
272 2344 294 2731 340 3997
274 2423 296 2696 345 3248
276 2520 298 2686 350 263k
278 2608 300 2705 360 1818
280 2669 309 2941 - -




Table 12,05

Ultraviolet absorption of quinidine sulphate solution.

12

‘¢

pH = 3,9 Concentration = 01139 meq./ litre.

Wavelength - Wavelength Wavelength in

in mMu € in mMU in mu é
260 5549 286 2353 317 %293
262 4327 288 241 318 436k
264 2390 290 2485 320 N
266 1914 292 2537 322 13k
268 . 1791 29k 2608 325 Lh62
270 1791 295 2634 330 4679
272 1852 296 2664 332 L7679
27% 19%0 297 2705 335 4794
276 1993 298 2739 337 4707
278 2098 300 2836 30 g
280 2178 305 3178 345 3950
282 . 2248 310 3746 350 3574
28 2310 315 415h 360

2686




Ultraviolet absorption of quinidine sulphate solution.

Table 12, 06

125

[

pHE = 3.7 Concentration = 0011391meq./ litres
Wavelength Wavelength Wavelength
in mu - € in mu in mA €
262 3714 28Y% 212k 315 4240
264 2397 286 2204 320 Lyo5
266 1818 288 2292 325 RN
268 1615 290 2380 330 4618
270 1598 292 2468 335 4846
272 1642 294 256k 34%0 472Y
274 1703 296 2661 345 4398
276 1782 298 2757 350 4065
278 1870 300 2915 360 3152
280 1958 305 3310 - -
282 2037 310 3802 - -




Ultraviolet absorption of quinidine sulphate solution.

Té.ble 120 07

126

pH = 1.8 Concentration = 0,1139 meq./litre.

Wavelength Wavelength Wavelength

in mM 67 in MU in MmMU 6
262 4127 28k 155% 315 4513
264 2310 286 1703 320 L4778
266 1388 288 ‘1852 325 4311
268 1036 . 290 2037 330 1473
270 9822 292 2230 335 4909
272 965.8 294 2432 340 5277
274 1028 296 2652 345 5479
276 1106 298 2889 350 5100
278 1203 300 3125 355 5040
280 . 1299 305 3679 360 4364
282 1431 310 4179 370 2599




Ultraviolet absorption of quinidine sulphate solutlion.

Table 12,08

127

pH = 1.2 - Concentration = 0.,1139 meq./litre.
. Wavelength Wavelength Wave length
in mu 6 in mU in M 6
262 4240 28Y% 1590 315 L522
264 2324 286 1721 320 4478
266 1405 288 1870 325 %302
268 1063 290 - 2046 330 461
270 965,8 292 2230 335 486
272 961, 0 294 olly] 340 5250
274 1036 296 2669 3Ly 5445
276 1115 298 2906 350 5371
278 1212 300 3125 355 5023
. 280 1308 305 3697 . 360 4364
282 1440 310 1188 370 2616




&

Table 12,09

Ultraviolet absorption of cinchonine sulphate solution

PH = 6.6 Concentration = 041387 meq./ 1itre.

Wavelength Wavelength Wavelength -

in o 6 in mu 6, in mu
250 1543 28l 4657 307 3215
252 1708 286 4686 308 3057
254 1881 288 4708 309 2833
256 2076 289 Y702 310 2646
258 2278 290 4708 311 2537
260 2509 291 4650 312 2530
262 2762 292 4528 313 2762
264 2978 294 L1333 314 311
266 3222 296 %110 315 3367
268 3418 298 3872 316 3252
270 3663 300 3893 317 2804
272 3893 301 3973 318 2213
27y 4110 302" 4023 319 1608
276 4276 303 39k 3201153
278 4427 304 3763 325 237.9
280 4521 305 359k . -

282 4592 306 3338 - -

128



Table 12,10

Ultraviolet absorption cinchonine sulphate solution,

PH = 6.1 Concentration = 0,1387 meq./litres

Wavelength Wavelength Wavelength

in mu 6. in mu é; in mu
250 1528 28l 4628 307 324k
252 1665 286 4646 308 3078
254 1845 288 4696 309 2869
256 2032 289 4715 310 2653
258 2256 290 4678 311 . 2537
260 2473 291 461 312 2545
262 2711 292 4506 313 2754
26 29k 201 43k0 3tk 3093
266 3187 296 %110 315 3360
268 3402 298 3872 316 3253
270 3634 300 3872 37 2797
272 3865 301 3959 318 2250

. 274 4081 302 3999 319 1622
276 Lokub 303 3937 320 1204
278 ¥oh - 304 3756 325 245, 1
280 4506 305 3584 330 122, 6
282 4578 306 3388 - -

129



- Table 12,11

130

Ultraviolet absorption of cinchonine sulphate solution.

pH = L Concentration = 0,1387 meq./1litre.

Wavelength Wavelength Wavelength

in m ¢ inmu € n ms €
250 1514 284 %643 307 332k
252 1658 286 4693 308 3158
254 1824 288 W722 300 - 2942
256 200%4 - 289" 4743 310 2726
258 2213 290 4715 311 2581
260 2403 291 4643 312 2574
262 2668 292 4578 313 2797
264 2913 20k 4397 314 3158
266 3129 296 4196 315 3410
268 3360 298 3942 316 2623
270 360k 300 3951 31y 2869
272 3828 - 301 4052 318 2300
274 4037 302 4088 319 1687
276 u232,€ 303 4023 320 1204
278 4383 304 3858 325 252,3
280 4513 305 - 3669 330 11,8
282 4592 306 3489 . 340 86. 52




Table 12,12

Ultraviolet absorptlon of cinchonine sulphate solution.

pHE = 4,0 Concentration = 0,1387 meq./litre.

Wavelength Wavelength Wavelength

in mu é in my €‘ in my €
250 1342 286 3604 310 4801
252 1312 288 3815 311 LoL3
254 1326 290 4009 312 479k
256 1362 292 4146 313 Lo7h
258 1420 294 4261 31 5241
260 1kg2 295 4318 315 5408
262 1601 296 . 435k 316 5393
264 1716 298 4300 317 5104
266 1875 300 4672 318 4672
268 2032 301 48360 319 4167
270 2206 302 4996 320 3719
272 2308 303 5083 325 2192
274 2560 30k 5078 330 1507
276 2732 305 5076 335 1067
278 2920 306 5047 340 706, 5
280 3100 307 5032 350 216.3
282 3252 308 Lol 360 793
28h 3439 309 4381 - -
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Table 12,13

Ultraviolet absorption of cinchonine sulphate solutlon.

pH =+3.7 Concentration = 0,1387 meq./litre.

Wavelength Wavelength Wavelength

in my 6 in my In mu E

| 250 1298 286" 3388 310 ‘521;1

252 1254 288 3619 311 5205
254 1212 290 3872 312 5234
256 120k 292 4052 313 5429
258 1254 294 Lhros 314 5659
260 1305 295 4340 315 5784
262 1385 296 4420 316 - 5768
26k 1486 298 L1571 317 5565
266 1622 300 LgLy 318 5176
268 1745 301 5032 319 4768
270 1932 302 5212 320 4276
272 - 2076 303 528 325 2610
274 2250 304 5314 330 1817
276 2430 305 5371 335 1283
278 2617 306 5386 340 879. 6
280 2804 307 5364 350 302.8
282 2991 308 5350 360 23.7
28Y% 3186 309 5314 - -

132



Table 12, 1%

-

Ultraviolet absorption of cinchonine sulphate solution.

| pH = 3.6

Concentration = 0,1387 meq./litre.
Qavelength ' Wavelength Wavelength
in my in mu in my

250 1312 286 3208 310 5696
252 120k 288 © 347k 311 5675
25% 1148 290 3749 312 5718
256 . 1006 292 4017 313 5883
258 1118 294 Lok6 31 6099
260 1147 295 4354 315 6272
262 1190 - 296 LL8l 316 6258
264 1283 298 4700 317 6027
266 1377 300 5047 318 5708
268 1500 301 5248 319 5314
270 1641 302 5500 320 | L8Ly5
272 1802 303 5538 325 306%
274 1975 304 5645 330 2113
276 2143 305 5696 335 1529
278 2343 | 306 5732 340 1023
280 2537 307 5746 350 317.3
282 2762 308 5746 360 . 108,1
28% 2913 300 5732 - -
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Table ‘12, 15

Ultravioq.ét absorption of cinchonine sulphate solution.

pH = 3.4 ' Concentration = 0.1387 meq./litre.

Wavelength Wavelength Wavelength

in mu é in my é in o ‘
250 1262 286 2985 311 6099
252 1125 288 3273 312 6142
254 1023 290 3604 313 6287
256 © 9804 292 391k | 31k 6503
258 olk, 5 294 %4218 315 »6764
260 95L7 296 . g9 316 6604
262 966.1 298 4787 317 6503
26k 1023 300 5154 318- 6229
266 | 1110 301 54143 319 - 5746
278 1218 302 5580 320 5334
270 1348 303 5732 325 3453

272 W86 304 5825 330 2436
o7 1658 305 5912 335 1716
276 1831 306 " 5970 340 1132 .
278 2032 307 . 6013 350- 396.5
280 2250 308 6113 360 122,6
282 65 309 L 6027 - .

28 2739 310 6070 - -




Table 12, 16

‘Ultraviolet absorption of cinchonine sulphate solutlion.

13:

pH = 3,2 Concentration = 0.,1387 meq./litre.
Wavelengtﬁ Wavelength Wavelength
in mu é‘ in my in my
250 1262 284 2610 309 6374
252 1104 286 2869 310 6380
25% 1002 . 288 3186 311 6387
256 922,8 290 3511 312 6uls
258 865,2 = 292 3879 313 6618
260 850, 7 294 4196 31k 6834
262 879. 6 296 4513 315 6893
264 908, L 298 L38% 316 6950
266 993.1 300 ‘5321 317 6792
268 1088 301 5522 318 6518
270 1197 302 5732 319 6142
272 1326 303 5898 320 5732
271 1507 30% 6070 325 3735
276 1604 305 6130 330 2646
278 1896 306 6/27:2 335 1867
280 2008 307 6308 340 1254
282 2335 308 6330 350 403, 7




- Table 12,17

Ultraviolet absorption of cinchonine sulphate solution.

pH = 1.8 Concentration = 0,1387 meg./litre.

Wavelength Wavelength Wavelength

in my é in mu in my
250 1212 284 2271 309 6877

. 252 1009 286 2560 310 6921

254 865, 2 288 2927 311 6993
256 757, 0 290 3302 312 7065
258 663, 0 292 3735 ' 313 7181
260 605, 6 294 4160 314 7353
262 591, 2 296 4563 315 7461
264 612,8.© 298 5011 316 7498
266 663, 3 300 5479 317 7353
268 735.3 301 5732 318 . 6974
270 836.% 302 588X 310 6776
272 959, 0 303 6128 320 6345
274 1104 304 6330 325 L op6
276 1277 305 6460 330 3028
278 1471 306 6633 335 2148
280 1701 307 6733 340 11k -
282 1968 308 6848 360 461, 4
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Table 12,18

Ultraviolet absorption of cinchonine s'ulphate solution.

pH = 1.2 Concentration = 0,1387 meq.Litre.

Wavelength Wavelength Wavelength

in mu 6 in me E in mu 6
250 125% 286 2574 311 6971
252 1023 288 2942 312 7065
25 876.6 290 3316 313 7209
256 764, 2 292 3749 314 7353
-258 670, 5 204 L1367 315 7461
260 620,0 296 k592 316 7534
262 598, 4 298 5024 317 7389
264 605, 6 300 5516 318 7152
266 656, 0 301 57 2l 319 6776
268 7353 302 5956 320 6345
270 836.4% - 303 6142 325 4340
272 951.7 304 6330 330 3071
274 1102 305 6488 335 2177
276 1283 306 6618 340 1463
278 1478 . 307 6733 350 475,7
280 1723 308 6807 360 W, 2.
282 1975 309 6848 - -
284 310 6907 - -

2263
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Table 12,19 \
Values of v, (inmi ) and € for the minima and maxima of ultraviolet absorption spectra

( figure 12.1 ) of quinidine mﬁwwsmdm in aqueous solution of pH about 1 to 7, m&.sm.nmm by
the addition of sulphuriec acid or sodium 5@3&.@@ 4t room temperature ( e~ 30 o u.
( v/z. and van stand for the wavelengths in mu for minima and maxima respectively ).

pH v,z €/10 yw €/10 yz. €/10 Nz €/10 AN €/10 DX €/10

7.0 258 248  280,5 356  302,5 2% - - - = 331 500
6.8 258 248 280,5 354 302,5 24+ - - - - 331 .98
5. 263 266 281 340  302,5 oWy . . . - 331 g8
b4 268 222 - - - - - - - - 333 W82
3.9 269 180 - - - - - - - . 33 48
3.7 270 160 - - - . - - - - 3355 8k
.8 270,5 95 - - - - 317 458 325 432 346 5u8
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Table 12,20

Values of v, (in mu ) and m for the minima and maxima of ultraviolet absorption spectra

( figure 12.2') of cinchonine sulphate in aqueous solution of pH about 1l to 7, adjusted

) .
by the addition of sulphuric acid or sodium hydroxide, at room wm,avmu.mdswm (ev30C).

( V:.a and YM stand for the wavelengths in mg  for minima and maxima respectively ).

oHE NN €0 AX  €/10 «yz €/10

66 289 W2 209 388
61 - - 289 W2 299 388
A - - 289 W7k 299 390
k0 253 130 - - - -
3.7 256 120 - - - -
3.6 257 110 - - - -
3k 259 95 - - - -
3,2 260 82,5 - - - -
1.8 262 60 - - - -
1,2 262 - 60 - - - -

NE €10
302 403
302 400
302 .09
304 660
306 540
307.5 575

Pl €/10
31L,5 254
31,5 254
31,5 254
311 R: 751
311 520
310,5  567.5

N E/10
315 336

315 336
315 34l
315.5 540
315.5 580
315.5 630
315.5 675
316 698
316 750

316

750




Table 12,21
Alkaloid salt : Quinidine sulphate

Evaluation of invarient point :

Table No. Optical Density at Difference  Calculated optical
pH (1) (2) of Density at

)\296 mAL A298 mu (1) and (2) N296.5 mu

12,01 7.0  0.312 0.294 0.018 0.307
12,02 6.8  0.312 0.293 0.019 0.307
12,03 5.k 0,307 0,292 0.015 0.305
12,04 4.4 0.307 0.306 0.001 0.307
12,05 3.9  0.303 0.312 0.009 0,305
12.06 3.7 0,303 0.314% 0.011 0.307
12,07 1.8  0.302 0.329 0.027 0.309
12,08 1.2  0.30% 0.331. 0,027 0.311
Average optical density at \ 296.5 mu =0,307
Value of € at ) 296.5 mu =2698
Varistion in optical density
at N296.5 my =0,006

% Variation in optical density
at N296.5 mu =t1.0 %
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able: 12,22

Alkaloid salt : Quinidine sulphate

Bvaluation of invarient point

-
L
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Table No. Optical Densaity at Difference Caleulated
&) (2) of Optical Density

pH >\3QO mu )325 me ~ (1)and (2) at}\320.5 mu
12,01 7.0 0,500 0.541 0.041 0.504
12,02 - 6.8  0.499 0,542 0.043 0.503
12,03 S 04502 0.539 0.037 0.506
12,04 R 0.502 0.520 0.018 0.504
12,05 3.9  0.503 0.508 ' 0.005 0.50k
12,06 3.7  0.50% 0,505 0.001 0.504
12,07 1.8 0,510 0.491 0.019 0.508
12,08 1.2 0,510 0.490 0,020 0.508
Average optical density at )\320’.5 mu = 0,505
Value of € at  \320.5 mu = W43k
Variation in optical density at N\320.5 mu = 0.005
4 Variation in optical density at M320.5mu =% 0.5 % .



Table 12.23

Alkaloid salt : Quinidine sulphate

Bvaluation of invarient point :

142

Table No. - Optical Density at Difference  Calculated
1 (2) of ) Optical Density
, (1)and (2) ' at
PH 330 me . \335 mu N33%.gen
12,01 7.0  0.568 0.528 0,040 0.536
12,02 6.8 . 0.56%  0.527 0.037 0,53k
12,03 5.4 0.565  0.530 0.035 0.535
12,0 ke 0,545  0.542 0.003 0,543
12,05 3<9 0.933 0.546 0.013 0.543
12.06 3.7 0.526 0.552 0.6264 0,547
12,07 1.8  0.510 0.559 0.049 0.549
12,08 1.2  0.508  0.554 0,046 0.5u%
Aver;ge optical density at A3 mw = 0;539.m
Value of € at >\33’+ i9“- ' = 4733
Variation in optical demsity at ‘h33h-®u = 0,015

% Variation in optical density at N334 mu=f1.4 4



Tablé 12,24
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Alkaloid salt ¢ Cinchonine sulphate

Evaluation of invarient point :

Table No. Optical Density at Difference Calculated
(1) (2) of Optical Density
(1)and (2) at
pH ?\291\L mp 7\2% mu 7\291&-:5 mp
12.09 6.6 0,601 0.570 0.031 0.593
12,10 6.1 0.602 0.570 0.032 0.594
12,11 bk 0.610 0,582 0.028 ' 0.603
12.12 4.0 0.591 0.604% 0.013 0459
12.13 3.7 0.586 0.613 0.027 0.593
12.1% 3.6 0.589 0.622 0.033 0.597
12,15 3.4 0.585  0.624 0,039 0.595
12.16 3.2 0.582 0.626 0. 044 0.593
12,17 1.8 0.577  0.633 . 0.056 70,591
12,18 1.2 0.578  0.637 0.059 0.593
Average optical density at >\29l+..5 miu = 0,595
Value of £ at )\29%5 mu = 4289
Variztion in optical density at A29%.5 mp = 0,012

% Variation in optical density at M29k.5 mu =%1.0 ¢



Table 12.25

Values of >\ and E for the invarient points of ultraviolet
absorption spectra ( figures 12.1 and 12.2 ) of cinchona
alkaloid sulphates in aqueous solutions of pH about 1 to 7,
adjusted by the addition of sulphuric acid or sodium hydroxide,

0
at room temperature ( ¢ 30 C).

Alkaloid salt B Wavelength

in m/J. €

»*

Quinine sulphate 296.5 2452 1.1 ¢
321.0 3974 +1.3¢%

, 334.0 4235 T1.4 7
Quinidine sulphate 296.5 2698 t1.07
320,5 W3y 0.5 %

334.0 4733 Tl4 7

Cinchonine sulphate 294.,5 4289 t1.09

%
Cinchonidine sulphate 294 .5 4128 t0.89%

% Data for quinine sulphate and cinchonidine sulphate are from

Shri.S.S.Kanhere of this laboratory.
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Discussion @

\

The data ( tables 12.19 and 12.20 ) together with
the data of Shri S.S.Kanhere of this laboratory, lndicate
that the ultraviolet absorption speetra of each of the
alkaloid sulphatescan be, bré?ly divided into three groups :
(a) pH 7-%.5, (b) pH 4.5-3.5 and (¢) pH 3.5-1.0. The spectra
of quinine and qulnidine sulphates are simllar but not the
same 3 the same applies to thoée of cinchonine aﬁd cinchonidine
sulphates. The spectra of guinine and quinidipe sulphates are
distinetly different from those of cinchoniné and cinchonidine
sulphates. \

For quinine and quin;dine sulphates there are three

-invarient points, ( tables 12;21 to 12,23 and 12.25 ) and
for cinchonine and cinchonidine sulphates, there 1s one
invarient point, ( tables 12.24 and 12.25 ) where the
extinetion coefficient, € , is independent of pH withiﬁ
+ 1.0 to 1.5 %,

These data ( tables 12.19, 12.20 and 12.25 ) can
permit the estimation of one alkaloid sulphate in dilute
aqueous solution, in presence of sﬁlphuric acid or in the
absence of presence of other alkalold sulphates studied,

by suitable choice of experimental conditions.
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THE SELECTIVITY COEFFICIENTS OF SULPHONIC ACID CATION

EXCHANGE RESIN AMBERLYST~15 IN SULPHATE_AND CHL® IDE

SOLUTIONS ¢ (1)

Introduction :

~ The cation exchange equilibria of univalend cations
with sulphonic acid cation exchange resins in aqueous
solution have peen the subject of 1nvestigatioﬁ of several
workers, (2-29). In most of these studies chloride solutions
have been used and the postulated theories have been applied
with varying success. Since,there is no satisfactory method
yet available for accurately predicting the selectivity
coefficients, 1t was considered to be of interest to study
the selectivity coefficients for sulphonic acid cation exchange
resins with univalent cations in aqueous sulphate solution and
to compare the results with those for univalent cinchona
alkaloid cations in aqueous solution of cinchona alkaloid
sulphates.

This study is concerned with the exchange

equilibria of the recent sulphonic acid cation exchange
resinsAmberlyst - 15 with the aqueous sulphate and cploride

0
solutions (e 0.04% N ) at room temperature (ew 30 C ).

Experimental :
Materials ¢ Resin used was the sulphonated styrene-~

diviﬁyi:benzene copolymer type sulphonic acid cation exchange
resin Amberlyst - 15 ( Rohm and Haas Co.),{ this is further
referred to as resin Am-15) of different parpticle sizes.
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of -
The chemicals used were;either A.R. or of C,P.grade.Distilled

water was used.
Moisture and capacity of the resing (30,31):

The resin Am-15 was first soaked in methanol and
then washed with distilled water, cycled thrice between
sodium chloride énd hydfoehlorie acid, regenerated with a
large excess of hydrochlorie acid, washed free of acig,
filtered, air-dried, sieved and storéd in a good containers
A number of partiecles ( ev 50 to 60 ) of resin were measured
for the particle dlameter, with a travelling microscope and
the average value was taken as the avérage\particle diameter,

Cad ‘

Moisture contént was determined by heating weighed
samples (o2 0.5 grams ) of air-dried resin in clean, dry
weighing bottles, in an oven ( 100 - 10300 ) to a constant
weight. 7 moisture content was then ealculated.

For the éstimation\of the capacity of the resins,
welghed samples ( e 0.5 gms.) of air-dried resins were )
contacted with 50 cé. of 1 N barium chloride solution in
we11~stqppered flasks with frequent shaking. After two to
three days, the liberated acid was estimated by titration
with standard sodium hydroxide solution, and then the e
capacity was calculated. Preliminary woek had indicated
that increase in contact time did not. increase the amount
of acid liberated. Table (13.1) gives the obtained values

for % moisture conteﬁt and capacity of resid of different

particle sizes.
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Solutiong : .

The solutions of salts were prepared by dissolving
known weights in distilled water to known volumes. The
sulphate solutions were rechecke& by sulphate estimation
( as barium sulphate ) and chloride soluﬁiongji; Mohr' s
method. The solutions were then suitably diluted ( cO(JQOHLN )
and concentrations accurately calculated.

Determination of selectivity coefficients :

Weighed quantities of alr-dry resins were
contacted with known volumes of salt solutions ( ¢20.04 N )
in well stoppered flasks with fPequent shaking at room
temperature (6\33000 Y. Preliminary work was carried out to
find out the time, after which further exchange did not take
Place. After sufficiently more time than this, the solutions
were analysed for acid liberated, by titration with standard
sodium hydroxide solution.

M
The selectivity coefficient K , for the

H
exchange reaction
ﬁ* + M <x— M + H
is given by
+
M H
K = _“:' € L€
FE l M
| T dé e
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+ + . -
Where [H]e and [M]e denote the concentrations of
hydrogen ions and alkali metal ions in gm. equivalents /

litre, in aqueous solution at equilibrium,
T T
and [H]e and [M]e denote the gm. equivalents of

resin in the hydrogen form and in the alkali metal form,

per litre of the solution, at equilibrium.

Hence the selectivity coefficient is given by

. D
TR T

Where [HEL- denotes the gm. equlvalents of resin in hydrogen

form added initially, per litre of solution, and [M{I‘ ‘
denotes the initial concentration of cations M in aqueous
solution, in gm, equivalents per litre,

Hence, by substituting the proper values, the

selectivity coefficients were cgleculated,



Table 13.1

Capacity of catlon exchange resin:

a Moisture ‘ Capaéity
R esin (mm) (2) ]

Meg.per gm,  Meq.per gm,
alir-dry resin oven-dry resin

Am=15 .13 25.9 3.39 %, 58

Am-15 0.8% 25,4 b2 k. 58
Am-15 0.58 26,7 3,36 4,58

Am" 15 0, 37 230 5 ‘ 3; 51 LI‘. 58
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Results ¢ '

Table 13,2
Exchange equilibrium between lithium chloride and resin
Am-15 ¢ 10° [M‘l - i
?mm)' 10° [ If']‘. 10° [ H:Je x, K :
0. 84 1, 030 0, 7868 0,76% 0,83
1,718 1, 1550 0, 672 0, 88
2, 558 1. 5050 0, 588 0,92
3. ¥16 1,7860 0, 523 0,95
5,136 2, 1990 * 0,428 0,99
6,831 2, 4980 0, 366 1,07
10, 240 2,8730 0, 280 .15
0, 58 1,011 0,7686 0,760 . 0,79
1. 683 1. 1190 0.665 0,81
2, 521 1. 4690 0.583  0.86
3. 366 1, 7430 0, 518 0. 89
5, 039 2, 1680 0,430 0,97
6.717 2, 41430 0.36%  0.99
10, 100 2,8000 0. 277 1,03

13, 1++0 3. 1020 0,231 .25




Table 13,3

Exchange equilibrium between sodium chloride

and resin Am-.1l5 ¢

10 [lvi’] = L, 00
£

2 s 2 —
s 10 [H]L 10 [ﬁ':]e Xy K
0, 84 1. 05% 0.8680 0.823  1.29
1,752 1, 3050 0.7%5 1M1
2,630 1,7670 0, 672 1,62
3,496 2, 1360 0,611  1.80
5. 242 2. 6350 0, 503 195
6,997 2,9730 0, 425 2,1k
10,%90 3.3970 0.32% 2,70
0, 58 1,011 0.8373 0,828 1, 28
' 1, 685 1, 2830 0,762 1,51
2, 522 17300 0, 686 1, 66
3.372 2,1000 0,623 1,82
5, 042 2. 6680 0.517 - 2,01
6,717 2,9650 0.M41 2,26
10, 110 3.3500 0,331 2,55
13,440 3. 5420 0, 263 2.77
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Table 13, k4
Exchange equilibrium between potassium chloride
2 | _*
and resin Am-15 ¢ 10 M| =400
4

N — - M
- a 10° [Hﬂ. 10° [f] T K

0. 8% 1,035 0.8932 0.863  1..81
1,708 1, 3550 0, 794 1,97
2, 564 1, 8740 0,731 2. 39
3. 430 2.2730 0. 663 2. 59
5. 116 2.8730 0, 561 3.27
6. 885 3. 2590 0, 475 3.99
10, 250 3, 6720 0,358 6. 27
0, 58 1,012 ”0. 8713 0,862 .73 .
1,685 1, 3310 0,790 1,88
2, 521 1,8190 0,721 2, 07
3. 366 2,2380 0, 665 2, 52
5. 046 2,8550 0, 566 3.25
6,723 3.2120 0, 478 3.73
10, 080 3, 6240 0,359 5, 42

13. 450 3.7880 0, 282 7, 0%




Taéle 13,5

Exchange equilibrium between lithium sulphate

2 | 4
and resin Am-15 ¢ 10 [M]{ = 4,10

ut
a2

—] - M

-2 b 2 -+ —
- 0 [H]. 0 [H] K
(1?1111) ! ¢ 1 e K H

0, 84 1,035 0, 8ok 0,821  1L19
1,710 1,2800 0, 749 1,35

2, 56k 1. 6920 0,660  1.36

3. 417 2, 0110 . 0,589 1,38

5. 126 2,4850 0,485 L4y

6.831 2,7850 0, 108 1,46

10,230 3.1730 0,310 1, 54

13, 670 3. 41470 0,252 1,77

0, 58 L007 °  0,8439 0,838 1. 3%
1, 680 - 1,2630 0,752 1,35

A 2, 521 1, 6670 0, 662 1, 3%

3.35% 1,9760 0, 588 1,33

5. 058 2, 1570 0,486 141

6,717 2,7580 0411 143

10,110 '3. 1300 0, 309 1, W4

13, 450 3, 3770 0,21 1,56




" Table 13,6
Exchange e\quilibr ium between sodium sulphate
;and resin Ame1l5 ¢ 102 [ ML]£ = 3.99
' 2 |7+ 2 + - M
P P R
0,8% 1, oég . 0,9188 0,886 2. 45
1,714 1, 4050 0,820 2,46
2, 56k 1, 8990 0, 741 2, 58
3. 423 2, 2980 0, 671 2,76
5 112 2,8350 - 0, 555 2,80
6,828 3. 1850 0, 466 3. 43
10, 250 34 5470 0, 346 4, 17
13, 660 3.7220 0,273 5, 07
0, 58 1, 006 0,8855 0,880 2¢10
1. 679 1, 3660 0,813 2,27
2,518 1,8600 0,739 2,46
3. 366 2,2510 0, 669 2, 60
5. 038 2,8000 0. 556 2,93
6.717 3, 1440 0, 4+68 3. 24
10, 080 3. 4860 ' 0,346 3. 61

13, 440 3. 6790 0, 274 4, 36
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‘ Table 13,7

Excharige equilibrium between potassium sulghate

and resin Mm-15 £ .- 100 | W ;= w00
() 1 [—H?L 10 [ H{le' Xy Kz
0, 8% 1,023 0.9181 0.898 ° 2,60
1.713 1, 4300 0.839 2,81
2. 563 1,9670 0,768 3.19
3. 420 2, 3980 0,701 3. 50
5,130 3. 0350 0.592 Ly 5k
6,834 3.3970 0497 5.5k
10, 230 3.7220 0, 364 7. 58
13.700 3.8960 0,284 1447
0, 58 1, 001 0,8923 0,891 2,35
1, &2 1, 4070 " 0,837 2,77
2, 520 1.9490 0,774 3. 2%
3.3% 2, 3740 0,707  3.51
504  2,9920 0,593 4,30
6,720 3.3770 0,502 545 -
10,070 3,730 0.370  8.18

13, 4140 3,8710 ' 0, 288 11;86




Val
ues of X for resin Am-15 (1)

Table 13,8

0, 1+0

L k2

7. 60

3.0

7. 45

1k, 50

0, 50

L 40

6, 50

3.12

11,00

5. 140

11, 40

138

7 %0

2,85

10, 00

L, 22

9.90

1,36

13,20

24 57

8.80

3. 60

9, 00

2. 30

6. 50

3. 00

7. 00

1

-~

2

8
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Discugsion ¢ .

According to complete Donnan theory, the selectivity

M
coefficient; K is given by
H

M ‘ - -

where Yy , Yz denote the activity coefficlents of alkall
metal ion and hydrogen ions in solution, ?ﬁ ) 7H denote
the activity coefficients of alkali metal ions and hydrogen
ions in the resin phase, 77 denotes the internal swelling
pressure and V, , 'ﬁﬁ denote the partial molar volume
of alkalili metal ions and hydrogen ions in the resin.

The change in the selectivity coefficient, should
therefore, be considered to be due to the change in one or

more of the three terms in equation (1).

Effect of nonexchanging iong :

The comparison of figures (13.1 and 13.2 ) indicate}
that the selectivity coefficients for lithium-hydrogen, sodium -
hydrogen and potassium-hydrogen exchange for Am-15 are
substantially higher when the nonexchanging ion is sulphate .
than when it is chloride. The order of the selectivity
coefficient is mostly Li < H< Na < K in the chloride solution,
while it is H < Li < Na < X In the sulphate solution. This is
To be attributed to the changes in the first term of

equation (1) and there may also be some contribution by

-
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changes in second term of equation (1), due to sorption of
small quantitiss of electrolyte by the resin due to the Donnan

)
membrane effect,

Effect of the mole fraction, i% , of the counter ion

in the resin phase :

Figures (13.1 and 13.2 ) indicate that for 1lithium-
hydrogen, sodium-hydrogen and potassium-hydrogen exchange
in sulphate solution and chloride solution, the selectivity
coefficient either decreases with increase in'fk or
decreases with inerease in i& over some range and is
practically constant over some range. This effect is to be
attributed to the changes in the first two terms of equation
(1). Small contribution may also be attributdd to some
volume changes 1In the resin particle as iﬁ increases.
Another contributory reason may be that the resin, may be,
to some extent, micrdéheterogeneous (20) . The competing
counter ions ¥ s would be taken up by the different regions
to different extents. For smaller values of'ih s the counter
ions would be mostly taken up, by regions having greater
affinity for them ; for larger values of Xy , the counter
ions would be taken up relatively to greater extent, by

regions having lower affinity for them,

Effect of ‘a’ and structure :

Figures (13.1 and 13.2 ) indicate that for resin
Am-15% the selectivity coefficients are essentiallyyindependent

of ‘a' , It is also observed from the calculations that for



some values of the selectivity coefficients (1), there are

%o corresponding values of the relative degree of crosslinking,
X, while other values obtained for X, vary significantly with
iﬁ (table 13.8). This means that the resin Am-15 is
structurally of different type than the conventional gel

type resins though this 1s also styrene divinylbenzéne

copolymer type sulphonic acid cation exchange resin (1).
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14 : .
EQUILIBRIUM STUDIES OF ORGANIC CATIONS WITH:

ION EXCHANGE RESINS

Kressman and Kitchener (1) found that the affinity
of some large organiec cations viz. quaternary ammonium salts
and t he quininium ion, for a phenol sulphonate resin
inereased with increasing size of the ion. This suggested
that van der Waals forces contributed largely to the affinity
and the coulomb forces were less Important. This was supp;rted
by thezreater affinity for the resin of the trimethyl-n-
amylammonium ion than of the isomeric tetraethylammoniam ion.
The rates of exchange, on the other hand, decreased with
increasing ionle size. The saturation capacity was the
same for the 1arg§st of the guaternary lons studied, viz.
pheﬂylbenzyldimethylammonium ion, as per lgnorganic ions.
This indicated that all the molecular peres within the resin
were larger than the effective diameber of this ion.

Richardson (2) desecribed the purification of
direct cotton dyes based on the observation that selective
diffusion of ionic species into the bulk of the resin
structure depended on the molecular dimensions of the ion.
By this means,” the large organic anlons of the dye could be
effectively separated from those of the much smaller
diluent salts.

Kressmen (3)‘studied the sorption of aclds on
De-Acidite E and on the highly porous Decolorite for

the separations based upon ionlc size. Inorganic acids,

164



H,S80,, HC1 were taken up rapidly by both resins from

0.01 N gsolutions at 2200. Some dye acids were also taken
up rapidly by Decolorite and more slowly and to limited
extent by De-Acidlite E. The form of the klnetics and the
interruption tests indicated that the rate deter%?hg step
was diffusion in the solid particle. Separation of
inorganic salts from dye solutions and the feasibility of
separating dye acids have been suggested.

Hale and others (4) studied the sorpfion of
guaternary ammonium lons by sulphonated polystyrene resins
of different crosslinking. In colunn experiments using
neutral solutions of the quaternary chlorides, the amount
sorbed was found to decrease with increase in the degree
of crosslinking of the resin and in general with increase
in the size of the organic cation. In equilibrium studies
with a 15 € DVB resin the amount of tetramethylammonium
ion, tgken up from alkaline solutlon was equal to the °
theoretical exchange capacity of the resin but at pH 5 the
uptake was about half the full capacity. This marked
dependance of the-sorption on pH ( which is not observed
with simple inorganic cations ) ¢orresponded to a sharp
decline in the affinity of the organic cation for the resin
as the latter sorbed more of the quaternary ion.

Richter (5,6) studied the selectivity of ion
exchangers on the basis of soap like structures. A poly
soap consisting of polyvinylpyridine which was 40 %
quaternized with dodecylbromide and crosslinked with 1 %

DVB has been used and its 8electivity against bromide and



Cthloride ions has been lnvestigated. '

Yakhontova (7) observed that the streptomycine
ions ( str+++) were sorbed at a much slower rate than that
of the mineral ions. The sorption process was slow, being
limited by the rate of diffusion of the organic cation into
the particles and true equilibrium was not; in general,
reached. It has been suggested that the streptonium ion was
sorbed on the grain surfaces and penetrated into the
interior only to a certain depth setting up a concentration
gradient along the radius. As the particle size decreased,
exchange became more complete and finally true equilibrium
was reached.

Tamanmushi and Tamaki (8) determined the sorption
isotherms of alkylammonium chlorides ( methyl, butyl, hexyl,
octyl, decyl and dodecyl ammonium chlorides ) on cation
exchange resins ( %ﬁberlite IR-120 'and Dowex 50 X 2 ) and
of sodiumdodecyl sulphate on an anion exchange resin
( Dowex 1 X1 ). It was observed that as the chain length
of the alkyl group‘of the cationic detergents increased,
the influence of the pore size of the resins became more
‘evident., The sorption of the lower homologu¢s was chiefly
of the ion exchange type whereas that of dodecyl ammonium
chloride or sodiumdodecyl sulphate was considered to be
the superposition of the ion exchange type and the
van der Waals sorption type.

Miller and others (9) studied the equilibria

o+ + +
and kineties of exchange of H for Na and NEt, with a
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sulphonated styrene DVB copolymer of deliberagtely enhanced
crosslinkggacompared with the conventional exchanger,

Zeo-Karb 225, the secondary intermeshed product was markedly
more selective but both ions had higher diffusion

coefficients inside the latter resin.
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15

EQUILIBRIUM STUDIES OF CINCHONA ALKALOID SULPHATES
WITH SULPHONIC ACID RESINS :

Introduction :

Detai1ed study of eéuilibria between sulphonie
acid cation exchange resins and cinchona alkaloid sﬁlphates
( Chapter 9 ) are not available, and hence it was
considered to be of interest to undertake these studies.
The present study includes the effect of (1) degree of
crosslinking of the resin, (2) the ratio of resin
concentration to alkaloid sulphate concentration,

(3) particle size and (%) molecular size, on the equilibria .
of sulphonie acid cation exchange resins and two of the
cinchona alkaloid sulphates - quinidine sulphate and
ceinchonine sulphate. Bhe §imilar studies with the quinine

sulphate and cinchonidine sulphate were carried out by

S«S.Kanhere (1),

Experimental :

Resins €2) : Resins used were sulphonated styrene
divinylbenzene copolymer type sulphonic acid cation exchange
resins of different degree of crosslinking, X. Thesa
included Dowex 50 resins ( Dow Chemical Co. ) of X =1 ,

2, 4, 8, 12 and 16 ( these are further referred to as

.resins X1, X2, X4, X8, X12 and X16 '), sample of a similar
resin ( from Permutit Co., London ) of X = 20 ( this is

further referred to as resin X20 ), Amberlite resins
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(Rohm and Haas Co.) Amberlite IR-120, Amberlite IR-200 and
Agberlyst-15 ( these are further referred to as resins
IR-120, IR-200 and Am-15).
Moisture and capacity of the resins : ( Chapter 13 )

Table 15.01 gives the values.
Chemicals £€3) : ( éhapter 12 ) Quinine sulphate ( Government
Quinine Factory, Madras, India ) was erystallized eight times
and cinchonidine sulphate ( Fluka, AG, Switzerland ) was
crystallized four times from hot water.
So;utiéns and procedure : The stock solétiqn,of the alkaloid
sulphate ( as QpHpS0,.nH20, where é'denoteé the alkaloid
base ) was first prepared in distilled water and its
concentration in gram,eéu;valents ( half the molecular weight
of the alkaloid sulphate ) per litre was evaluated by
sulphate estimation ( as barium sulphate ):

To study the exchange eéuilibria of the alkaloid
sulphates with the resins, weighed amounts of air-dry resins
were placed in contact with suitable volumes of the aqueous
alkaloid sulphate solution of known concentration, in well
stopperedfflasks, with frequent shaking at room temperature
(c\a30°C'). Preliminary work was carried out.to find out the
‘approximate time within which equilibrium for different
resins with agqueous solution of alkaloid sulphate was
attained. After sufficlently more time than this ( about
‘% days to 25 days, depending on X ), the solutlons were
analysed for alkaloid sulphate concentration in the equilibrium
mixture by taking out a known volume from each flask and

»
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diluting suitably with distilled water. Optical density of
this solution was measured at the invarient wavelengthi(S).
The total sulphate in the equilibrium mixture was estimated
gravimetrically for each resin ( from X1 to X20 ). The total
sulphate thus estimated showed that no measurable change in
the sulphate concentration occured when estimated initlally
and after the equilibrium. This indicated that, on the whole,
the alkaloid sulphate molecules were not sorbed as such to a
measurablekextent. Preliminary work also indicated that the
values of Py, at room temperature, 3500 and 4500 d1d not

differ significantly,

Nomenclature :
[ 4],

W = welght of alr-dry resin taken in grams,

initial concentration of alkalold sulphate
solution in meq./1litre,

v = volume of alkaloid sulphate solution added im cc.,

capacity of the resin in meq.per gram of alr-dry

resin,

Dy = optical density, at the invarient wavelength, of
the initial concentration of alkaloid sulphate
solution after suitable dilution,

Dq = optical density, at the same wavelength, .of the

| solution at equilibrium after the same extent
of dilution as in above,
[7{] e [Al._. (Dy -D,) / Dy = the meq. of alkaloid
in the resin phase per litre of solution, at

equilibrium, “
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3 .
W.C.107/ v = the meq. of resin per litre of the

=,

solution in the hydrogen fornm, initially,

[‘ﬁ’l{ / [A:L. = the ratio of the initlal

concentration ( in meq./litre) of the resin to

oy ]
]

the initlal concentration of the alkaloid sulphate,

7],/ 4], -
A 1 s e A p the % exchange of alkaloid

sulphate at equilibrium,

PR = 100, [A}E/ [H:l“ = the 4 resin capacity exchanged

at equilibrium,



172

éesults :

" Table 15,01
Capacity of cation exchange resins
" 3 Capacit
a Mo isture pacity
ReS in (mm) (%) ~
Meq.per gm, Meq. per gm,
air-dry resin oven-dry resin,

X1 0,215 20,3 k, 18 Fe 2k

X2 0, 215 20, 4 ] 4, 14 5. 20

XL 0, 215 24, 0 3.89 5. 12

X8 0,215 27.0 3.72 5. 09

Xl2 0,215 26,0 3.73 5, Ok

X16 0,215 24,7 3 5k k,70

X20 0,215 16,8 3,69 4, 43
IRI120" O, 8% 30,0 3.47 L, 96
IR-120 0,58 30,8 3043 k96
TR-120 0,37 - .29,9 3.13 k.96
IR-120 0,23 28,5 3. 5% 496
IR-200° 1,13 27,2 3. 48 4,78
IR-200 0O, 8% 28,8 3,40 4,78
IR-200 O, 58 28,1 3 bl 4,78
R-200 0,37 25,5 . <356 %, 78
Am-15 1.13 25,9 ' 3..39 L, 58
Am.15 0, 8% 25, % 3. 42 4, 58
Am-15 0,58 26,7 3.36 4 58

Am-15 0,37 23, 5 3,51 k, 58




Table 15,02
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Equilibrium of aqueous quinidine sulphate with resins

' X1 to Xi,
s |F] o] [F], r ow e
£ £ e 4 B

X1 0.8531 2,000 0. 435} 0.4263 2427 56,93
1,6980 2,000  0,8728 0,8487 ' 43,64 5141
2.1330 2,000 1, 0530 1, 0660 52, 65 49,40
2,9220 2,000  1,3738 1, 4610 68.69 47,03
3.6150 2,000 - 1,6438 1,8070 82,19 45,50

X2 1, 6830 2,000 0,9018 . 0,8%15 45, 09 53. 58
2., 1420 2, 000 1, 0802 1, 0710 5, 01 50, 42
3,3340 2,000 1, 6178 1, 6670 .80, 89 48, 53
4, 1780 2, 000 1,9310 2,0890 96,55 46,22

X 1,2801 2,000 0, 6066 0, 6400 30,33. 47.35%
19780 2,000  0,9506  0,9890 47,53 48,05
2.5370 2,000 1, 2185 1.2680 60,92 148,01
3.8330 2,000 1,8020 1.9160 90,09 46,98
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Table 15,03

~Bquilibrium of aqueous quinidine sulphate with resins

X8 to X20
Resin [H]L [A:L: “K{}e R Py Po
X8 0,9111 2,000 0. 3766 0, 4555 18,83 41,33

Xl2 2,8650 2,000 0, 7062 1, 4320 35,31 ok, 6k

X16 L, 2600 2,000 0,7292 2.1300 366 17,12

10, 6500 2, 000 1, 7842 5. 3250 89,21 16, 7%

X20 2.7730 2,000 0,1258 1. 3865 6,29 4537
5. 5340 2,000 0, 2722 2,7670  113.61 4,918

8,1160 2,000 0, 4712 L4, 0580 23. 56 5. 806

11,0000 2,000 0, 7050 5. 5450 3% 25 6. 354

I L UD WSS KD MD UL B WS A b e S R AR B T B ACH W NS WS W N WD SN VIR D W IR R B R B SR W R R AR TR W R w DR MR GR U0 N W WG et wk WOR 6 A W e AR MG WS WA NS S



Table 1 50 Ol+

Equilibrium of aqueous quinidine sulphate with resins

IR-120 and IR-200 of different particle diameters.

E{— . Al ry R p )
() [:L [:]c [Je A _?B-L

0,37 2. 662 2, 000 0.9510 1,311 47,55 36,26
( ]R-120) 3i8H1 2,000 1.3990 1,920 69,93 36,41
5. 053 2, 000 1,8750 2,526 93.73 37,10

5. 248 2, 000 1,98%0 2, 624 99,81 37,80

0, 58 2,765 2, 000 0,8286 1. 3820 41,43 30, 03

(R-200) 4, 136 2, 000 1, 2270 2, 0680 61, 33 29, 66
5.487 2,000 L 99%0 27430 79.68 29,04
6. 898 2, 000 1,9230 3. kg0 96,17 28,05

0, 37 2,395 2, 000 0, 882k 1, 4470 Y, 12 30, 48
(IR-200) 331 2,000 1, 3100 2, 1650 65.48 30,24
‘ 5,74 2,000 1, 6760 2,8720 83,82 29,18

7,186 2,000 1,9690 3. 5930 98,47 27,40




of different particle diameters.

Equilibrium of agueous quinidine sulphabe with Aim-15

Table 15,05

[+,

7.

(1, ) [ H],C & "A "R
1,13 2,045 1,998 0, 5853 1, 023 29,29 28,63
2.548 1,998 0, 7478 1,276 37,43 29,36
3.407 1,998 0,9819 1.705 9,15 28,82
Ly, bl 1,998 1, 2240 2, 124 61, 24 28.82
5. 090 1,998 1, 4650 2. 548 73433 28,78
0. 8% 2, 060 1,998 0, 6080 1, 031 30, 43 29, 51
2.576 1,998 0.,7630 1, 289 38,19 29, 61
3.531 1,998 0.9856 1.717 49,33 28,74
L, 20l 1.998 1, 2350 2, 1k9 61,80 28,76
5.132 1,998 1. 4+650 2. 568 73.33 28, 55
0, 58 2,021 1,998 0, 6501 1,012 32, 5% 32,17
2,533  1.998 0, 8097 1, 268 40,52 31,96
3.372 1,998 1, 0650 1, 688 53,30 31,58
Y, 212 1,998 1,320 2, 108 66, 07 31, 3%
5024 1,998 1,575 2, 514 78.8%  3L,35
0,37 2,109 1.998 0, 6661 1, 055 33.3%  3L.%9
2. 638 1,998 0.8206 1,320 k1L.53  3LL45
3. 522 1,098 1092 1,762 5%, 70 3103
4,398 1,998 1. 368 2, 202 68.%7 31,11
5. 247 1,998 1, 615 2, 626 80,85 30,79
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Table 15,06

Equilibrium of aqueous cinchonine sulphate with resins

X1 to X8
Resin [’if] ‘ :[A] s [’A’] R P P
'e y, L e A R
11 1, 3% 1,998 0,7702 0, 6737 38.55 57. 18
1. 692 1,998 0,9147 0,84%70 45,78 5, Ok
2,095 1,998 1,078 L0477 53,98  5Lk46
3.388 1,998 1,683 1.6960 ~ 84,22 Lo, 66
3.997 1.998 1,943 1.999 97,23 L8, 60 -
X2 1,275 1,998 0,7197 0, 6381 36, 02 56,49
1,592 1,998 0,8666 0,7969 43, 37 54, 1
1.968 1,998 1,0280 0,984  5L4% 52,23
3,181 1,998 1,593 1, 5920 79.77 50, 10
3.95 1998 Lo9kx3  L982 97,25 ko, 0k
T L427 1,998 0,7752 0,714k  38.80 5k 34"
2,207 1,998 1,141 1, 1050 57,11 5L 71
2.831 1L998 L. uk3k 14170 71,80 50,67
4,266 1,998 1,962 2.1350 98,19 45.99
X8 L421 1,998 0,623%  0,7106 31,20 143,86
2,225 1,998 10,9988 1.1130 - 50,00 L 88
2,828 1998 12740 L4160  63.7% 45,03
3.719 1, 998 1. 6590 1,860 83.03 Ll 60
1 5.562 1,998 11,9720 2.783 98, 68 35,45
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Table 15,07
Bquilibrium of aqueous cinchonine sulphate with resins
X12 to X20
Resi [’E] . [A] : [T:] R p p
e ) A e A R
Xi2 3. 003 1.998 0,8085 1, 5030 4o, 48 26,93
. 307 1,998 1, 1840 2, 1550 59.29 27,50
5.992 1,998 1, 6810 2,9980 84,10 28,04
7. 536 1.998 1,9660 3.7600 98, k2 26,10
9,306 1.998 1,9760 L, 6060 98,91 21,22
X16 L, 267 1,998 0, 9074 2. 1340 L5, b1 21,26
6.37% 1.998 1. 3890 3.1890 69,52 2L.79
8,521 1,998 1,8490 L, 2670 92,53 2L70
X20 2,776 1,998 0, 1348 1, 3890 6,747+ L4, 859

5. 534 1.998 0, 3611 2,7690 18,07 6, 52
8,137 1.998 0, 6186 4, 0720 30,96 7. 60
11, 06 1.998 1, 0030 5s 5400 50, 23 9,07




Table 15,08
Equilibrium of aqueous cinchonine sulphate with resin

IR.120 of different particle diameters,

a
(mm, )

H —A]‘ [I’] R P P
[j :}i L 4 e ' % R

0, 58

0. 37

1,918 1,914 0, 8648 1, 002 45, 19 45, 09
2,84 L9l  1,2960 L489 67,72 L5148
3.601 1,91+ L6770 L1929  87.62 45,43

1.893 1ol 0,8288 0,9893 143,31 43,77
2,757 1,914 1, 2700 1, 4400 66, 34 46, 06
3, 620 1,914 1. 6890 1.8910 88,24 L6, 66

Table 19, 09°

Equilibrium of agueous cinchonine sulphate with resin

IR-200 of different particle daimeters,

GO AN

o

(mm) ..

0, 58 2,153 1,998 0,7632 1, 077 38,19 35. 45
2,885 1,998 1, 003 1, 443 50, 23 3%, 78
L, 321 1,998 1, 446 2, 163 72,41 33,18
5.732 1,998 1,825 2.868 91, 33 31.8%

0,37 2, 059 1.998 0, 6981 1,032 3%, 93 33.90

2.751 1.998 0.9196 1. 377 46,03 33,44
4, 138 1,998 1,3530 2,071 67.70 32,69
5. 492 1.998 1. 7450 2,748 87.34 31,78

A}
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Equilibrium of agueous cinchonine sulphate with

Table 15, 10

'resin 4m-15 of different particle diameters,

a

(=],

[%]z

[<l.

R

(mm, ) A R
1,13 2,554 1,91+  0,9031 1.335 47,19 35,36
3.423 1,914 1,1790 1,788 61, 59 34, 43
4279 L9l L4520 2,236 75.86 33,93
5, 073 1.91% 1, 6890 . 2,651 88, 2l 33.29
0.8% 2,60k  Lo1% 0,978  1L361 .43 3n86
3.44% 1L91%  1,1790 1,801 6L % 3419
L, 257 1,014 1, 4¥320 2, 224 74, 85 33, 65
5, 148 91+  1,7180 2,690  89.7%  33.36
0, 58 2,519 - L9l 0, 8839 1,316 46, 18 35,11
3.399 1..9l%  1,1600 1,776 60,57 3k 10
Y, 199 1,91% 1, %160 2.19% 73,98 33.72
5, 035 1,914 1,685 2,631 88, 00 33. 45
0, 37 2, 64k 1,914 0.9294 1,381 48,56 35, 1%
3. 522 1,914 . 1,21k 1,840 63,46 3%, 48
b7 L9l k97 2,308  78.23  33.90
5. 300 1,763 2,770 92,12 33, 27

1,914
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Table 15,11

Average valuesof Bp , ( de, Py ) for the four alkaloid

SUlphates with resins of different X and values of PR

(i, e, PRo ) from the plots of PR against ( 100 - Py )y
figure (15,1), vhen extrapolated to (100-P, ) = zero,
marked with dots,

Resin Quinine Quinidine Cinchonine Cinchonidine

sulphate sulphate sulphate sulphate

X1 48, 3. 47. 2 48,3 48.7

X2 48,2 47.0 43,8 L8,

X Lo, L 47.8 k9.5 k9.5

X8 40, 0 39.5 LYy, 6 45,3

X12 25,5 24,8 27. 4 29.2

X16 18,2 - 17.4% 2L, 6 22,3

Xao 5‘9 5: 7 ?O 7 7. 5

% Data taken from the Ph, D, Thesis of Shri S, S,

Kanhere ,
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Table 15, 12

Values .
Average of PR for the four alkalold sulphates with resins

IR-120, IR.200 and Am.1l5 of different particle diameters,

Resin a Quin ine* Quinidine Cinchonine Cinchonidine *
: (mm, ) sulphate sulphate sulphate sulphate
R.120 0,23 - 40,5 - - -
0, 37 - 36.6 k5.3 k3.1
0, 58 40,1 - 45, 5 42,8

' 0, 8L 40, 3 - - -
Average value of PR 40, 3 36, 6 Lg, 4 43,0
IR-200 0,23 30,9 - - -

0.37 30,7 © 29,6 33.9 334
0.58 30, k 29.8 32.9 32,9
0, 8% 30, % - - -

B 113 30,2 - - -
Average value of P"R 30,5 29,7 33. % .33. 1
Ampl5 0. 37 - 3.8 3L1 342 35.2

0. 58 32,0 3.5 341 35.2
0, 8% 31.8 - 3% 0 349
1,13 31,9 - 34,2 34,8
Average value of PR 31.9 31,3 34, 1 35,0

¥ Data of these columns are taken from the Ph, D, Thesis

of Shri S, S, Kanhbre,
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Digcusgion : -

The synthetiec ion exchange resins consist of a
hydrocarbon network to which 1onogénic groups are attached
and the surplus electric charge is balanced by mobile counter
ions. The hydrocarbon network is hydrophobic but the ionogenic
groups are hydrophilic. Hence, when the resin particle is
placed in water, it sorbs water and swells to a limited extent.
The amount of water sorbed and the extent of swelling
decrease with increase 1n X. When the ion exchange resin
particle is placed in the solution of an electrolyte, ion
exchange occurgs in equivalent amounts and after some time-

a state of equilibriuﬁ is reached. The calculated selectivity
coefficient 1s either fairly constant 6r varies within
relatively narrow limits for simple monovalent catioens. The
selectivity coefficients for alkall metal ions with resins

in hydrogen form in sulphate solutions were deseribed

earlier (2). When similar calculations are carried out for
exchange in solutions of the two cinchona alkaloid sulphates,
quinidine sulphate and cinchonine sulphate studied, with
resins in the hydrogen form, the seléctivity coefficients were
found to vary rather widely. prever, the calculated values
of Py ( Tablesl5.02 to 15.10 ) were either fairly constant
or varied within relatively narrow limits when R or PA was
varied. This is a significant difference in the exchange
behaviour of the sgmple alkall metal cations and these organic
cations. The plausible assumption may be made that the uptake
of such organic cations or bases from solution by the resin

A\



takes place by two mechgnisms_: exchange mechanism and
(molecular ) sorption mechanism (4,5). The exchange for
the cation QH+ where Q is the organic alkaloid base, 1is
postulated as

+ +

R + QH —> RQH + H

However even for the most swollen or porous resin, all the
replacgable hydrogen ions in the resin phase are not
exchanged due to relatively large molecular size of the
exchanging species as compared to the overall spacing between
the lonogenic groups in the swollen resin § hence the percent
of the replacable hydrogen ions actually exchanged is

considerably below 100. The reverse reaction
+ +
RQE + H ——5 HR + OH

is considered to be negligible in the absence of added
hydrogen lons due to the operation of nonexchange interactions,.
The sorptidn mechanism is postulated as ‘
QH+ + H0mm==2 g + H;o

Resin + Q ~——> Resin. Q.

The uptake of Qﬁ by sorption mechanism by the resin is

not considered because of the observation that the sulphate
ion concentration in the solution, initially and after
eéuilibrium, was practically unchanged as studied in fhe
preliminary work.

\ Sorption of solute on the resin 1ls subject to two

types of interactions, the Loqgon interactions between the

18
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solute molecules and the resinmatrix, and the dipole -dipole
interactions of the polar solvent molecules with one another
and with the polar groups of the solute. The sorption of
the solute for sulphonic acid resins decreases with decrease
in the equilibrium concentration of the solute in the solution
and increase in X of the resin. |

~ From the observed values of PR , the contribution
due to exchange mechanism was calculated by plotting Py
against ( 100 - Py ) and obtalning the value of Py at (100 -P, )
equal to zero, by extrapolating the plot ( Figure 15.1) j;
this value of PR 1is denoted hereafter by Pg, (Tables 15.11
and 15.12). It should be reasonable to assume that at,
(100_- Pp ) equal to zero, the contribution due to sorption
mechanism is zero, since then the concentration of the solute
in the exte?nal solution at equilibrium 1s éero. The value of
( PR - Pgo ) is considered to be the contribution to the value
of PR by sorption mechanism. .

On the basis of the above, the experimental results

( Tables 15.02 to 15.07 ) may be considered. For resin X1
which, in the swollen state is highly porous, as the degree
of crosslinking is low, the values of Pp, for the four
alkaloid sulphates are given in(Tables{15.11.ar. 15.12). The
difference ( Pg - Pgy ) 1s the contribution due to the sorption
mechanism and this increases with increase in the equilibrium
concentration of organic cations ( and hence the base ) in
the external solution or with decrease in Pp . For the resin

X2, similar remarks hold. The difference ( Pp - Pgp, ) is the

~

~
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Contribution due to sorption mechanism and is less than that
for resin X1, this decrease being due to the increase in X,

For the resin X4, the contribution due to the °
sorption mechanism is negligible for quinidine sulphate and
is to a lgsser extent than that for resin X2 for einchonine
sulphate. For quinidine sulphate solution the value of Py is
practically independent of P, and the average value is taken
as the value of Pp, , the contribution due to exchange
mechanism. For these resins ( X1, X2 and X4 ), since the
swelling is relatively large, the pore diameter could not
be considered to be responsible for the decrease in the
value of Pgéz from 100,

For the resin X8 the values of Py for both
quinidine sulphate and einchonine sulphate solutions are
practically 1ndepen§ent of PA é:_R. The average of PR is
taken as the value of PR, and represents the contribution
due to the exchange mechanism §j this value of Pp, is
relatively less than that given for the resins X1, X2 and Xh.
The decrease is more for quinidine sulphate than that for
cinchonine sulphate. This decrease is to be attributed to the
reduced pore size because of higher X. The higher value of PRo
for cinchonine sulphate than that for quinidine sulphate is
possibly due to the smaller molecular size of cinchonine than
that of quinidine . For resins of higher degree of crosslinking
(%12, ¥16,and X20) similar remarks hold. The values.of Py
are essentially iﬁdependén% of P or R and the average value
is taken as Ppo - This is again higher for cinchonine sulphate

T
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than that for quinidine sulphate for each resin. The value
of Py, decreases as X increa;és. It is observed that the
decrease in the value of Prq when X increase from 8 to 12
and again from 16 to 20 is relatively more than the decrease
in Py, for other increases in the value of X. This may be
related to the shape and size of the exchanging species
affecting their ability to diffuse into the resin as the
pore diameter decreases with increasing X.
Similar studies were carried out with resins

IR-120, IR-200 and Am-15 of different particle size
(IR-120 : a = 0.58, 0.37 ; TR-200 : a = 0.8%, 0.58, 0.37,

0.23 5 Am-15 : a = 1,13, 0.8%, 0.58, 0.37 ). It was observed

»

that the values of Pg were practically independent of ‘a’ and
P, . Tables (15.08 to 15.10 ) give the data for different
values of‘a’ for each of the three resins. The values of Pgp,
are given in table 15.12. The resins X8,IR-120,IR-200 and
Am-15 presumably have almost same value of X but IR-200 and
Am-15 are consideraﬁly more porous than X8 and IR-120 ;
hence the pore dlameters for IR-200 and Am-15 are larger
than those for IR-120 and X8. However the values of Pp, for
IR-200 and Am-15 are substantially less than those for
IR-120 and X8. It may be that the overall spacing of the
ionogenic groups is less for IR-200 and An-1% than that

for IR-120 and X8.
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16

EFFECT OF ADDED _SULPHURIC_ACID ON EQUILIBRIUM EXCHANGE
OF CINGHONA\ALKALdID SULPHATES WITH SULPHONIC ACID RESIHS :
‘mm“mm

Introduction :

This chapter is concerned with the study of the
‘effect of added sulphuric acid on equilibriuam exchange of four
¢inchona alkaloild sulphates with sulphonic acid cation

exchange resins,

Experimental : (Chapter 15 )

To study the eéﬁilibria of cinchona alkaloid sulphates
with different reéins in presence of added sulphurie acid,
stock solutions of these alkaloid sulphates of known
concentrations containing known (different) concentrations of
sulphuric acid were prepared., Then weighed amounts of air-dry
resins were placed in contact with suitable volumes of the
prepared stock solution ( alkaloid sulphate with added |
sulphuric acid ) in well stoppered flasks, with frequent

shaking at room temperature (r\>30°C).

Nomenelature_: (Chapter 15)

Results : ( Tables 16.01 to 16.17 )



—— = o

Equilibrium of resin X4 with aqueous cinchonine sulphate

Table 16, 0L

with added sulphuric acid of different concentrations,

Concenteation
of added H,50y

=], [+], [7.

-3
1,010 N, 10

-2
1,010 N, 10

1,010 N, 10

1,010 N

1

0, 3886
0, 7865
1. 1820

0, 3838
0,7637
1, 1490
1, 9450

0, 7879
1. 5570
1,9600

1, 1600
1, 5380
1.9380

0,9819
0.9819
0,9819

0,9601
0,9601
0,9601
0,9601

0,9601
0,9601
0,9601

0,9601
0,9601
0,9601

0, 2018

0, 3954
0, 5832

0, 2006
0, 3922
0. 5611
0, 873k

0, 3674
0, 6558
0,7989

0.2930
0, 3640
0, k215

0, 3958
0,8009
1, 2040

0, 3997
0, 79 5%
1, 1980
2, 0270

0,8208
1, 6220
2, 0410

1, 2090
1, 6020
2, 0180

200 5)'"
40, 26

5939

21,83
40,85
58, 45
90,97

38,26
68,31
83,22

30, 52
37.91
43,90

51,91
50, 26
49,32

5k, 62
51, 36
48,82
1, 88

L6, 62
42,12
%0, 77

25,25
23, 67

2L 75,
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Tabhle 16,02
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Equilibrium of resin X8 with aqueous cinchonine sulphate

with added sulphuric acid of different concentrations

Concentration )
of added H,S0, [E]j, [Al: [_A——J e R P g
-l . .

1, 010 H, 10 0, 7243 0,9601 0, 3098 0,754% 32,28 k42,79
1,1230  0,9601 O, 4643  1,1400 148,37 41,35
L4%80  0,9601 - 0,5962  1,5610 62,10 39,79
1, 8660 0,9601 0, 7089 1,940 73,84 37,98

1,010 N, 0, 7411 0,0601 0, 2220 0,7720 23,13 29,95
1, 4830 0,9601 0, 3978 1, 5440 L1, 44 236283
18630  0,9601  OL7kk  1,0410 _Lo.Lk2 25,46




Table 16, 03
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Bquilibrium of resin X4 with aqueous cinchonidine sulphate

with added sulphuric acid of different concentrations,

Concentration - L
of added H,50, [H:L; [Al: [A:Ie R Pa PR
1,010 W, 10‘3 0.7886 1028 O, Wi72  0,7672 40,58 52,89
1,1660 1,028 0,548  1,13L0 57,86 50,99
L5570 1,028 0,7750 1,5150 75,39 49,76
1,010 N, 10'2 0.3300 1,028 0,1963 0,3803 19,10 49,99
‘ 1,1840 1,028 0,5798 1.1520 56,40 48,99
1,550 1,028 00,7560 1,5130 73,53 48,61
L.oklk0 1,028 0,9285 1,8910 90,33 47,77
1,010 W10 0,7416 1,028 0,3307 0,721 32,17 k%, 5
L1510 1,028 0,504 11190 19,65 k35
1,5530 1,028 O,ép22 1,5110 65,39 43,27
1,9450 1,028 0,8172 11,8920 79,4 Lp, 02
1,010 N, 0,8137 1,028 0,2036 0,7916 19,81 25,02
1,1550 1,028 'o. o741, 1240 26,69 23,74
15480 1,028 00,3486 1,5060 33,91 22,51
1,932¢ 1,028 O, 4ok 11,8790 40,80 21,71




Table 16, Ok
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Equilibrium of resin X8 with aqueous cinchonidine sulphate

with added sulphuric acid of different concentrations

Concentration
of added HyS0y, [ H]‘(' [A:L [A:le R PA PR
-l B '
1, 010 N, 10 0,3951 1,028 0,1701 0,384%3 16,55 43,06
1,1510 1,028 O, 4673  1,1190 45,45 40,61
1,5380 1,028 10,6087 L4960 59,21 39,58
1,9360 1,028 0,7513 1,8840 73,08 38,79
1, 010 N, 0,7973 1,028 0,2169 0,7756 21,10 27,20
1, 1600 1,028 0,3116 11,1280 30,31 26,86
1.5450 1,028 0,39%2 1,5030 38,34 25,52
1,340 1,028 0,484l 1.8810 47,00 25,03




Taple 16, 05

194

Bquilibrium of resin IR-200 ( a = 0,58 mm, ) with aqueous

quinine sulphate with added sulphuric acid of different

concentrations,
Concentration
=3
1. 048 ¥, 10 0,6197 0,9391 0,1984 00,6600 21,12 32,00
1,2380 0,9391 00,3870 1,318C 41,21 31,27
1,7200 00,9391 0,534 #,8310 56,9% 31,10
2.2020 0,9391 O0,6747 2,340 71,85 30,65
2,7300 0,9391 0,8224 2,0070 87,58 30,13
-2
1,048 N, 10 0,6163 00,9391 00,1808 00,6563 19.26 29,34
1,7220 0,9391 0O,4997  1,8330 53,21 29,02
2,1910 0,9391 0.6241 2,3320 66,46 28,49
2,7350  0,9391 0,7759 2,9130 82,62 28,36
-1
1, 048 N, 10 1.2380 0,9391 0,3130 11,3180 33,34 25,28
1,7360  0,9391 0O,%375 1,8480 46,59 25,21
2,2020 0,93901 0,5405 2,344%0 57,55 24, 56
2,6010 0,9391 0,6339 2,7700 67,50 24,37
1,048 N, 11,5220 0,9391 0,2566 1,6210 27,33 16,87
2,0680 0,9391 0,3423 2,2030 36,44 16,55
3.8020 0,9391 0,5950 L4, 1450 63,36 15,29




Table 16,06

Equilibr‘ium of resin Am-15 ( a = 0,58 mm,) with aqueous .

quinine sulphate with added sulphuric acid of different

concentratlons,
Concentration :
of added HyS0, [ H:L:, [Al{. [ A]e R Py PR
-1

1,048 N, 10 1,2150 0,9391 0O, 4375 1, 2940 L6, 59 25,92
11,6890 0,9391 0,5483 1,7980 58,38 25,90
2,70%0  0,9391 0O,6747 2,8780 71,85 2496

1, 048 XN, 1,4890 0,9391 O,2644 1,5860 28,16 17.75
2,7130  0,9391 0O,1%33 2,8890 47,21 16,34
33,3720 0,9391 00,5347  3,5910 56,94 15,86




Equilihrium of resin IR.200 ( a = 0,58 mm, Ywith aqueous

gquinidine sulphate with added

Table 16, 07

196

sulphuric acid of different

concentratilons,
Concentration _ f
of added H,S0, ['Ei-l. LA;J‘. [’A‘]e R Py P
-3

1,048 N, 10 1,2310 0,956 0,370+ 1,2830 38,60 30,09
11,7000 0,9596 0,5064% 1,7800 52,79 29,65
2,2020 0,9596 0,6525 2,2920 68,00 29,64
2,7380 0,9596 0,7945 2,8540 82,79 29,01

: -2

1, 048 "N, 10 1,2310 0,956 0,3454% 1,2820 36,00 28,08
2.1930 0,956 O,6084 2,280 63,40 27,75
2,7520 0,9596 00,7504 2,8680 78,20 27,27

-l .

1. 048 N, 10 0,6183 0,956 0,147 0,643 15,60 24, 21
1.2530 0,9596 0,3052 1,3060 31,80 24,35
1.7130 0,9596 O,4222 1,7850 43,99 2k, 64
2,1960 0,956 0,5316 2,2880 55,40 24, 22

1,048 N, 0,7670 0,9596 0,1362 0,7993 14,20 17,76
1,5280 0,956 0,2629 1,520 27,39 17,21
2,0630 0,9596 0,3436 2,1490 35,80 16,65
2, 7480 0,9596 0O,4%529 2,8630 47,20 16,48
3.4270 0,956 0,5456 3,5720 56,79 15,91




Equilibrium of resin Am-15 ( a = 0,58 mm,) with aqueous

Table- 16, 08

197

quinidine sulphate with added sulphuric acid of different

concentrations,

Concentration

of added H,S0, [Hlé [Ali [I e R P, Py

_ .1 &

1, 048 N, 10 0,6059 0,9596 0,1516 0,631% 15,80 29,02
o 1,2230 0,956 0,293 1,2750 31,20 2L k47
2,1700 0,9596 0,5201. 2,2610 5420 23,97
. 2,7040 0,996 0,6352. 2,8170 66,19 23,50

1,048 N, L,430 0,9596 0,2571 1,5560 26,80 17, 22
2,0200 0,956 0,3473 2,1050 36,20 17,20
2.6850 0,956 0,472 2,7990 46,60 16,65
3,3720 0,956 0,5431 3,5140 56,59 16,11




Table.l16, 09

Bquilibrium of resin IR-200 ( a = 0,58 mm, ) with agueous

cinchonine sulphate with added sulphuric acid of different

198

concentrat ions,
Concentration
of added Ha50u [ ] [ ] [E:Je " P "
-3
1, 048 W, 10 1,2350 00,9819 0,419  1,2570 42,05 33,4k
I,7170 0,989 0O,5602 1L,7480 57,95 33,15
2,194%0  0,9819 0,716 2,2350 72,93 32, 64
2,7330 0,9819 0,8712 2,7840 88,72 31,87
-2
1,048 N, 10 1,2370 0,9819 0,3906 1,2600 39,78 31,59
L7110  Q,9819 00,5319 L,7430 54,17 31, O
2,1890 0,9819 0,66L8 2,2290 67,70 30,38
2,7370  0,9819 0,8106 2,7870 82,54 29,61
-1 ’
1. 048 N, 10 0,6203 0,9819 10,1750  0,6317 17,81 28,20
1.2410 0,9819 0,3406 11,2640 34,68 27,45
1,7260  0,9819 O,4630 11,7580 47,15 24,82
2,2040 0,9819 0,574 2,2450 58,55 26, 08
1,048 W, 1,5120 . 0,9819 0,2729  1,5390 27,79 18,05
2,0610 10,9819 0,3580 2,0990 36,46 17,37
2,7270 0,981 O,4548  2,7760 46,33 16,68
3. B340 0.9819 3.5960 55,71 15,93

0, 5470




Teble 16, 10

Equilibrium of resin Am-15 ( a = 0,58 mm, ) with aqueous

cinchonine sulphate with added sulphuric acld of different

concentrations,
Concentration .
of added _stou [ H:L: [A]i [ A]e R Py PR
-1 . ‘ '

1,048 W, 10 1,2170 0,9819 00,3242 1,2400 33,01 26,63
1,6820 00,9819 O,4432 1,7130 45,13 26,35
2, 1450 0,9819 10,5551 2,1850 56,53 25,87

1, 048 N, 0,7501 00,9819 ©,1457 0,7638 14,85 19,4k
1. 4830 0,9819 0,2682 1,5100 27,32 18,0
2, 6040 0,9819 O, 4490 2,7430 45,73 18, 67
3.3720  0,9819 0,5365 3., 4340 54, 64 15,92

199



200

Table 16,11

Zquilibrium of resin IR-200 ( a = 0,58 mm, ) with agueous
cinchonidine sulphate with added sulphurie acid of

different concentrations,

Concentration

3 SO, | H|. ) a ;
of added HySOy [T{:L [/—\l. [A:]e R Py 3

el
~4

12360 1028 O.h229 12020 41,13 3422
1.7180 1,028 0.579% 1,6710 56,36 33.73
2,1960 1,028 00,7243 2,1350 70,46 32,99
2,7400 1,028 0,8865 2.6660 86,24 32,35

1,048 N, 10

-2
1,048 N, 10 1,7180 1,028 0,5361 1,6710 52,15 31,21
2,2010 1,028 0,675L 2,1400 65,67 30, 68
2.734%0 1,028 0,8213 2,6600 79,89 30, 0L

1

—

1, 048 N, 10 12310 1,028 0,3317 11980 32,27 26,95
11,7080 1,028 O,L501  1,6620 44 66 26,87
2,1880 1,028 00,5748 2,1280 55,91 26,27
2,7h40 1,028 0,7044 22,6600 68,52 25,67

1,048 W, 1.513C 1,028 0,2781 L4720 27,05 18,38
2,0630 1,028 0,3645 2,0060 3546 17,67
2, 7440 1,028 0, 4603 2,6600 L4 99 16,78
3.4310  1.028 0,555 3.3370 54,20 16,25




Table 16,12

Equilibrium of resin Am-15 ( a = 0,58 mm, ) with aqueouss

cinchonidine sulphate with added sulphuric acid of different

concentrations,
Concentration _
of added H,S0, LH:L [ A_L. [A] a R L}i PR
-1 »
1. 048 N, 10 1.,2150 1,028 0,3353 1,1820 32,61 27,58
1,600 1,028 O,4603 1,6480 L4 77 27,16
2,1600 1,028 00,5758 22,1010 55,02 26,66
2,6880 1,028 0,6915 2,6150 67,26 25,72
1. 048 W, 1L.4810 1,028 0,2628 1.4410 25.57 17,795
2,0210 1,028 00,3470 11,9660 33,76 *17, 16
2.6080 1,028 O,u450  2,6230 43,29 16,50
13,3660 1,028 00,5396 3,2740 52,49 16,03

201



) for resin X4

against ( 100 - P

re 1640
Plot of P

Fi

b AP ARISED e SN L & % A > s T
+ ] TEga=TRan Fersateeey ssadees TRt T 71
oy Famaydebsd i 2 i Syt pau shgeyuiiquns suusi
o ot pyr e Shon by sen s taiidtdi N T
4 Hiter S Eo i
by PHp L AT e +
b Xx».” umxcv 1t + v vk e o4 3 . ne
L £33 jypes sasy b ey Tt +
43 SR it be oanac 3eses:
it id [ o e 51
s i} pa, I H
A s ey T s 3
ey T
o+ T : 5 e
I by
2
[ o T 1T
& T T : .ﬂwr‘dx
H 3 TR ¥ 33 T
NS S AT L : 3 3 Xghin
; AR A i e i g e
1 bt o ya v Ly T LA 54 padse
iy fygunmonan 1t e S ERARYE AR
1 1 T T +- T+t . = 4
i HEH s e FHEh
L 1 I s T T ¥
1 1 < 13 i 3t ) AN
DR 3 1 1 % 3
e S e ks, i - 7 : :
A ; t
Bs; Ht'gm 1t e + ¥ peaas)
BhEt Hib 5 t \ 32 aettes
A : T T
A 7 T4 ST
11
ey b4 1 L LT
-4 )
ST i - to 3
t ot b pa.
+ .
s 1
T 1 Rl :
iy ; {hass raas by ;
et b 3 ¥ s Eachise s any
Y , : ;
7 } AT e, o T t it
t t 5 Ve T YRR RS (soas
; i i It L R i e ¥
jeunge 3 TR ¥ 1 T RO S mpae g T - et
Lax I i t 3¢ AT t s ST i 5 s o
s, 5 + + awymgs kinesh 4% S uund
Py T e bk T a4 13 d l
1 pe i Fgavasy ¥ seayLs ok gy 3
T 3 e 3 il
y £ i 1 ; T et T4 z t iy
t » T T ¥ T3 N T = T+
;4 I ] Huho i '
ioea Eaal 1 3
it = oot fasal ntizas, 2 1L Sasdx
oy S T4 v + b N = -
Piag Bab: 1 §
e oy eates aaryben : NS 3 igs:
it R AT T HNSTE T {5 5},
it e g Hrt H h S2331 et ity
: FetRe 1
X ! 11, sagtreryaiy 3 SekyeRiE) @Lv ! TH
EEaEsRc] puaeeyuny bty ) HEHHT oL R e N i feaet
y Ay o v T o -
e 3 AR LE s I Yo P
2 38 oy ot N pHAd et 473 S EERY Kok tesahes j3awes ] igSakin, T
ee ) NE 3 ! 2degdues: [hednpuepnicasaieh fodgnvay) rewey siase
3 T ¥ ry Tty "o o Kansebusygaye T
0 1 BT TTEEEN TN ohtalrayniyns rinvdaens S5 Ny GiyeaiicH et
N Py e b = e e R A S an ta s g p e mes, ! Tonarey + Ly SekpdezsRiastis
1 Jastasuest L T Fapatiad T ; s t 3 R
e 37 -+ RS RSB Syt -+ F o iRe3as
: o NG HILRTH Y it setsipiecis T i,
o : - pé ey
! 7 poeEsuna tivesunnl: 1 sheyigmharbs. asdryshigein
; THHE ? NI TR L e geireyd HES SR ©
¢ i3 44 ¥ S EWu P e
T Y sonslaren
3 N : , ; St SRt D
i s Sinsws ; 3 : = + y <35,
: H i T a0 : : R LR
t3 e T e ¥ ST 3 e e
; ; L g\ ) i [T
o w Fedddspuni s e e R e 1 via]
g ety T R aERh e s vush TEyw H ehes
x i EEEt e gsneEs e, T AT : et Iien
\ piirhiiad e patnkud 2o dat 1 Sy 1 ¥ 1
b $ Epaalyy As— .ut... oy [ bpw: X i 3 A 3
e sududaid bapic sbusR S IR e retarpndiass 3 ity 33 ! tT A
¢ Felrupyosansy bncgrein) geyeakeelotes ) Abosy o bin stpne bEnEh U : s ] [»)
i Y e st ve b 3 - e jsagxslsakacede rh 1 =
; T e Ses AR SERpAROA SRR Ll RELT HET arralegs "ol i
B ! RU .:u..’W» 1SS 12k T 1t w6 B4 B 1 i3z 3 {
. T e R e e et rhe gy tt } LONEH ¥
FR ety ; | } ;
4 B e 3 Py Fat [SEETIEY § gy S a1 T 33
; H R IR R R LI RET i f e e -
z el =) by TR L $Hd 5 T :
e B Tt
a1, + uW T4 i 3 Thit T3t he e H T 1 :
¥ v St e izt it E ’: t 1 vpl t
g =HE it fo HHEEy g n e
I om Sipte paeaysayl s BN Sy brogbEp Aghpsnsanasrey
ifedsibists AUATESTN 14 o . it fesel UL LSS ; e T
AR - 4 Iy ) pPY S shagilh L4 sy } ¥ I >
i P - -~ 4 - M PRaN < e = ¥ 8 1 A3 1y g
5 Hoptne sissl RN 3 AT R AT a4 1 1 Sjisss-piiss il 134t T
i R hise gt H T g AT TR b i
b 3 g S Rowrst 2.2 % Acvoce b3 t 1 b A 2] 13
I uﬂ.rn LT 1 _ﬁﬁu“} [ oyssagysy BHEHDT eSS yres fevaresenl asa i B3 7
i xS D AR e oo g 4T I
o At o Swedu b8t "4 b » 4 T 11 I APSY Tt T
2t o e it 147 t FEs e SEApEGuvye Cuvatavys el enein s T
Hads IREE TS 28 v erai Iy TP iy T3 v + . by
$i fou b pop Ui rvbh sangl od ot s 150y soaas rapRyns ISSaN 51 T3P X
v o Sod wirs : 3 + 38 b1 1T + s T e
i Tz F o R pR e R R R T HE
1 5oL R SRyt Fegey s i speshen
I S 1 B e PRt b ped st FT et reu e sk ol Feaneaia s Py sebusay T geatou Pty rab gz guchizerusts T

w
J N g

> C100- ')




B0

40

20

= Y LI HM..RIM.HW: LTI a3, - ot v » -
T T gt PR LS g e Sauptn gy . Y 3 TR
e asasit H, b3t m.;ﬁrr: g Kanke2saud . ‘. - s s geinss AR
bert r 41 nin i peThd : i thi e T
e H g The T e T 31
2akd 1 T + Tt t an sl
¥ © ke + Taghat +
= aees 4 Tty 1
St e torl T T s
sET D I b H
i Dyvae Lo Rt X H ras
L & : SRR T
i ise; Lol iy 1 1 Baai
i o 4 e T 2o by 1 -
* = + ST ghusk TR
ik pe s e dda ko T i -
Feswas bu s o ek paiTviacs 1 . ¥ gt fo;
H o |+ P 3 4
% < T 1+ 1 IR [Bew
+ - B -t i i ¥
t 5 i T T :
: intEidy + (LA i 1
rih ey 2 -t ¥ +
1 e he 7 T i T ¥ b
! 2! SERY e ome o [3iasraonest }
¥ o ‘rﬂw.. B4 s gy .~ Ty w
T T ST
3y Ty t
paves ! A8 y Ty 1 (AR sasL) Fvat b8 1
I T ol 13y " ha 4 3 e ¥ e +
Lol ¥ < - 3 - w.rl‘ 0 B 3 “ -
; ags AgppupLN t 2epbigsaast] %
i SIS Eansess: 1
: ! Pt LR
i T 1 Sies 13 Salleas H
ke g SR S 3T 3 3 il y 43 SN PID 05 {a)
SPEA A T g 1 i< s ¥ sl O s 4
v & s T Prpriritis ve
T + 1 o o W {
e T by e - ¥ V) v
24 T i ¥ 't ] o :
drbres vy Nt i ysare.
— vt & =
& ? + t i
pases: i3 st ot th e 5 Liet e t
: H BT B i > b
¥ Ly s v + > +
e e e e s PP L T O R e b pancl sow 5
1 S ARLEs Syvstrnrat SErdvasea H bl THE } : HE S e i mh
i T 1Y I3 )y ) >4 I S oy
o ¥ T [$u s ekt va 1 ) e = St Ry Negah sng +
b e . Py
35 o¥ selepisiesiuicliint i, IS pakints pepu Iebietes; 1 {30 { ist pieveloesctisnste
3 5 344 4l Ve 1 i .
: | ot sen, 2 Mty gty o \ s it bt
; R _ R s st e
i ! tHaNE i R AR R
s whsme s ot 43 (Bepae) !
T X b T Tk e . "l 5 pavd e xeqveveasts
¢ =T SHEb T savesiioiaelacs Nutevi I Eheke: I D tiagpinty Rt
e F P e ast St e e anns) e oDty 3
% i ainta i nthin ; T 3 T
s PR PR AT 4 1S Ao e Seas va g
i Py henss sive Yoy s th : isatl ot ot R, [Avantynnans
iy 3 2
prigd Shrprds i T P v SRS W & I e 1 et
3 ﬁ ETe 238 AW SN k) > PRAROIE R 1 "
I A L AT Dy R LT U Vs oe e S il
FENT SN TRl Y gy po e pu pona
R er ST e Ran e Tot s 4 "
- i gt ?Fﬂv ¥ % Hadd e Y T
r - T by T % 1o Seay
s A\ o) i 3
£ T HET o
. ; EStea i seEit: Sy iaies R i
I PRER S b T
4suw sie T Fnowss ons o 3 y
[t T by fSahy e $ >
¥ Tt ¢ i asy
T4 e LTy > ChwA Y. = R
S\ EEEINE v Haals gy o ik b
+ 2RVt Rde At il ], (es ¥ ot TS nay TR s
i [kt slhus ol Tttt g5 on) ERrekgits e XA s: ogs oy
: TN et Ay g e Y siee
O g css T e o P Sasts: 3! L
J o i hYT + py T pes r o} 1
H ¥ 1 b T 1.
- T SR HT Cogalat Feeies:
ER Ty Loy ey AR H R T
¢ ad by " ' Iu o by pos 3 190X
o et s ion s -4 oy : Htr
i . ST T ey iy
: t
117 Exwadbans ety T
ia Tt T 11 e o +
i uss: SRS aErEs duy 7 + 3
e e T ot + H
L ey R RRE i frale St rasna soatabass !
o Boaid pA.DUS sk peddlsearane el rgald e d T
" A fiet by g v hdayn Ly i ey e o & ook p e ot
o i It t ¥ 13 Y
il bt W gy Y
L A e ot L e e
Pl i ook 0! b3 Z ¥ ¥y 4 h ya (S pe
pass s 2 ; Htr I %
Pl et SRETs hesotbashy bespEues s abayRoaky davay : B T TR
Ka337EY et e enad ps S et asSeragamitosal B3 oEs NatH 3 ¢ i
HHH Eereoateas. * aerass o3 Tt e t
i e TR R TEyress s T TN
i St atts thesessacey I b e et gpasrat sl NSO Freth
S T Faredjane: Hox s ¥ ; SEh, 2Eenias
Py pe . 15 Hsagbasetnsen: jes e ¥ T N1 T Y 1 o
pasgl! bt re ISR T HYHy : R NHEE gSER TS
e Sseeyiesstoiiye L i s 3
Hi- 1 fesrioqppe fopmapaloy e ¥ PERsdaYy it
s g TR peedvelsugindynweaya: 11 y +
11: : i3 po: [Sppbyyat s e iy 1
Haotiu SRS LB P U R el
LRI R R T i T L
pIsey z T4 1 pos Y 1
3554 1. i sswrsatrens mwﬁ& Tt revhaas)
- Jﬂ“ 1384 (raaetyids * rin ik o w8
P gl 43 & g STV yiirell B 9 Set
MR EG LT L (tass ey
Pt BOURA pls FEPTE gt vy NS E 1Y \
Ut R P aiis X
P umn ypuew g a1 T oy
e SE i s oot bane: S AT '
[E SEET A RSS2 APET 1= o e ey e T e A
R IR s it ;.m ,:M Tees 14

— 5 (100-Py)

40 60

20



202

Table 16,13

Values of P ( with added sulphuric acld ) for the four alkalold sulphates with resin X4

from the plots of Pp against ( 100 - P, ), figures (l6ol & 1602 ) , vhen extrapéleated to

( 100 - Py = zero )
* *
Values of wm Values of vw Values of vm Values of mm
hmmmoﬂ for quinine- ._‘l»mmmoM_ for quinldine- ﬁmmmo.u for cinchonine for cinchoni-
sulphate sulphate sulphate dine sulphate
.IH. - lu- ' )
9,774 N, 10 22,0 9,774 N, 10 20,0 1,010 N, 10,2 13.2
-2 -2 - . -1
9,774 N, 10 42,2 9,774 N, 10 Lo, 4 1, 010 K, 10 38. 4 41,8
-3 -3 | -2 N
9.774% N, 10 48,2 9,774 N, 10 - 47,3 1,010 N, 10 43,0 47.6
-3 _ -3 -3
1, of. N, 10 ho,1 1,000 N, 10 47,6 1,010 N, 10 L6, 2 47, 4
, ,
Zero 4o, 4 Zero 47,8 Zero 49,5 49,5

-

% Data of these columns are taken from the Ph, D, Thesis of Shril S, 5, Kanhere,
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Table 16, 1l

Values of Pn (with added sulphuric acid ) for the four alkaloid sulphates with
resin X8 from the ‘plots of vw ~agalnst ( 100 - ®y .) , figures ( 1603 to 16:04 )

when extrapdlated to ( 100 - P = zero )
% *
Values of B Values of Pa. Values of £, Values of Pp
ﬁmn moM for quinine for quinidine mmm mob for. e¢inchonine for cinchonidine
. sulphate sulphate sulphate sulphate
1. 083 N, 23.8 24,0 1, 010 W, ’ 16,7 20,5
-1 -1
u.c Omw Z.o 10 wﬂoo Hwﬂo W ) u..o 016 Zo 10 wm' m Wmo m
Zero 40, 0 39.5 Zero Ly 6 45,2

* Date of these columns are taken from the Ph, D, Thesis of Shri S, S, Kanhere,



re 16,0

1

N

E

% TIRriTtrs CLAT T TS S o priog £ e eend 1T gt oo (197
s Fuddl S by yu 505 ngiypn Selepn inu il v urg s ¢ e Ystd Farwin \
: gt ot it PR SESRRERRE Stets e RA RIS (1T LRI e T R
e I G e bof sy~ gl SRS ey O S T R e
1 [E950% Akl gucnua iy guisera s Prener Y Liritpt
P s DL S T ot apen 54 s lod Saght el g 24 e [pisissces
T ot 4 L

S R s s

e |
il

e R R eyt BT e

5
30

% 3.
1 LRI T T Ry
s iy prtegiiiastie i e
T i L g Tt
; S Wy RS B B 3
IS "
syestesopt surssvapet powne T w b o3
o A g oy T T
2 Fedskseitls shny LEIRY H T
" H T v T T ehel
b/ 3 I - t
: i e i aas] ”Lﬂ ah .wa
» e b a gpted " +
o " t e
by b Lt 3w
iy i
o

g 4
§ I
: t
-t pasead
m i
4 7
7 : -
. - HIET o
g 1313 4
4
: ! r : e
jeg =3 3. 3T \f o e + < r~ T T
m T 4 + v i edi
! . 1 + -+ e
& = Fages fi it paRss: i sSEiss!
e ek} s A {3t
i T paan
3 “ s bty it H TR ares
st ¥ SHN O
o T estd
Ve vt 4 oy 1 T
e ; AT T o
4 & 83 52s%;
W iSEE SIEEaTL
- Spagasass s
s 2 4 HHW
-+ N 13
eyt (yesuas gl s
p=sss, aesat
: eses AT
ﬂn._Txrxx sy STEE vy i
I = i
bvet Feges T T
it H - <
ryReess 3 o 1373 w.m._
Ty 1t e e W
i tHy- Tiired
* e RENyYY vhryisids
I g 4
-w F TS
jnsypau 3
n.n ke w' % s S AT 3
D, :a e ASEFEa. arkiss -
uﬁlv i + + I Fuy -
s EEaNER : Sl Q
IS i y 3
il Sl clebest ¢ i EIHETET O
i 8 : it Fenaam : nvRsRawasauY
a p e R t Rguaws auy e
e s L S poy T :: oasay o . pe
Tas serhey el T ! 1 re.
» . 3 Ly
a¥faas L i e 382 { ;
-1 - T34 1. by X 1 by 0 i
grst fouas Sohas byt L ' tpe
e n: s ediauguons T
11 % T e EHT e e ¥ 3 ¥ T
n.?&.;u\n.“\lw N £33 xwrﬁ? 7 ryed faset febddons i
@Lat A b & vt . = 1 S
P e R 3] i <
(Igaldte + 5 it at
” Sl b e N b ¥ bd I
42 s ; & 2
S AR G LD oy e Bt b
1 g i
TN leﬂ»;nhwﬂ £51 T 1 + ﬁ..ww + ;
r1 33 pal T 33 %
el [ BAich sekves = i o iy
hmwrm st s Fepaats pai iz 5 o
. e e afscpe TSF N -
Ha g, ol u.ww.t T 3 i3 e 1 2 1
A L HTEE 3 7 [eas ST tih
i i HHde e o i O
” -4 3 3 1 3 ki .- A + :
ARG TN i e T oy
|3 danl } wxd} iy +1H
S H : aswiy fheg Epow B
H T soey [Biwsnuepn 1]
Sdadh sTAER 3. S ewR e NNy H
SERAN ha + ~ﬂ4 I3
o) ) onyeguin) s un)
ot R f . i
go PG T ;
pasgamgar £ z o t by + ega
IO N o + 4 ok
b SEs TOTE & sy SR Poaut shuws Sawcl FAil BEche Sakit setes DUCEE T
IS oSt ik o4 + TS FPQEs St oS NI DU LY § S S iy P i
areaddiss it i tT...T; LI ST eI pe =y b "y
it S A prags +1 1 H
v

——7 Cloo-Fy)



Figure 16

s vt ' T s vusud woss
: { a2 eas,
s Bug riat] 343 RaalaRs & T rrpitoriat >
L Bepak 3 e Tiianbani o
(T : v
I gk 1 T g « "
& 24 : ot BT O
o, Foit13 : + :
: k) pR T R A
-1 1 + R4 s % by
=3 T o T
e =
i T £ T i 3
o + - 4 T s
342 ' 11 :
Oz T T Raassyl
ey oo X + i
O SESEISS: ! :
» ravgas 1 ¥ sEeuin!
nﬂ.. S8y 4 T =t
I
Ay dut a8 i 3
3 v.‘.».? .MJ t A e <
o Robmlipe $ A ~Q
b ) - 1
[ r, . _«ﬂf T e
FAN T 1
o by : s
% : ]
P i o + e T+
Li7% el H P e o
3 L e ]
3
Vet hpr ity
% TR et b 14 O
r e agang
sRsragranyisinie +r 4
T a Juy 4
uas T i
P v g ghr HRb +
: i (1SN o3 b 3
paiiins LT ; §
{3t itk 3 aded
- () parsaires: s
e gumr ] t +. L o
e
i

~HEEai et biea pnsste s Ny Firiy]
Sassmaaby + + ~t \ t 1 peppwl Eydeyagay
eusn &) < 1 a3 sk fyravaydpnmyevpdiny wazvy O

3 RARE
; et et et i
t i
Fy -y e \Iu
< sspitepis Rasgos ey T C
P R shesey:
+ it it ok -
. 2 m ”)
+ i AERYLS v
1 t saddbudss v =
- »s .l
;! iResel
+ L v ] T
> T gasiantecs i
+ T Agdewni + It .
< v i o e b
1 < LG sy
+ .- £9 w.ﬂ,w.ﬁrin: Erg
] N e i it
SRR pit s vy il b by
H S : iR oo s
s T T it Resh
} ey ibessm jata v 13 3 - -
T e 4 YN0 B
58 Epoks T T Pt
EiH et ety Wy PR vt a Pl bnesines
e : T QR T P 4
A T O S T esitisanete £ £ ot O
441+ +-CN T T T 3fahilelitistuedaloc sacddmtes Ty 4 s +orit BRI TENO

Iy Yool 3 S LEPAT 1 ity gae%, et e Ry (gupassues ansl N

0 L2k LTIs g agh 0 A %CNN T L5+t y o4 +t et g seduph & It ¥ AETyIE } RS e
i} : s gt PrEpsyus % : % o TEE T N
AHEHE e OSHT, T u, poss byedyshcan o H B RE Liarasstaaapetassrpan:

(r. — ¥ = - i ’ + 2 -y M1LT) A

m; lM e i 1 T ¥ T ..r!.&in ¥ h.& m M:E..n”.‘ :r e wf_ ’s ‘_.m £ 7 Sa0

4 P e § s 1 Tps + 14
et Pl - i i byt +- - A

; RO RO L geashiiatizy ErERnis S i 4y

cr Cuftist Wit dya IF R et SEs St esv s padiena k. 35t £\

[ i HE s ET e .unzm.fa - 7 yok 252] : 144 3 o wed Tt s £ -+
B 1 o T oA ol ESee 1 T ELee:
ey SRpeas 3 ) T 1 % adn 22t B
Ty e R.iﬁtuwﬂ?t It Ty y Raablatiatadonnls e

L i R e s e e pem, g TS T e £ Hig- $srevavarniuguas Tt R
e P ¥ ++ v + e 3 T eI g g

[ X5 4\71. T 2% S 32 v ko 90 £ e S 3 2o B i .y - Rapots
TW.«..., wpad 3] T Mty Dol st = a3yt pevris iy anw bt % e
u....x?..ufh.;i..w 4 w& uﬂﬁmm.: 3 esys i renet vt arnyau ixe "
paat 1 +] Ry I i 47 S Eabywe slvabeieds o 3t Eareegan

T Jwet 1 i
“w ST H T (it AR SR R T
o .k i ug S v + e B aE AR BT LS I
HiyeH Vs den A Sawh SEam s b 4 2 +
i e FAgey ¥y by + e v reagseY Y, i ¥
5 A% 1 by .

[a TR J5 Shek g 1 st t
A 5 Ealt TR £ O
, s Srirapes: T

el <43 H it See ke res A3 ST LEN
. w 3 .# jeasuseysed /nu g Tl m 1rv
#hs sk gbumn 3 b 4
TR easeehy; T T CHIL T i
) RIS + etyeery £
b e s 4 1 AESEEappaa e o
it RIH % + T b rrld L5
2 3 ~. +1 fns . solotetdle ot 4
u H 3 Lely Il PG phe g . e bd
e % SSEjAEsTIsnY e ; st
jag e Bale, = T Ee 77l o g 2 :
EE AN v ' w1 e ve ed § o
pe vy b = it 1wes rpgni et MI +
i + [UkeRs! L L TS\ T 5 o

>~ C?Do-—PA)




4

Con WA BT TR TR W b o 2 e S TN FRRE 3 LRE CUR LR T3 T LI s 17 & SURTIR N P e s ST S SR L 1] PFTTETTON

Frrnannsy TETTIILE e s Ty
> '\ 144 FRERE 10 BUN SIS § obivg § FuAng an sl s pne maden sopay SpLin sty Soguies Senay T o TS e ases st b ere pai o pa o8 axpasvmvetsavs: i
P s SRt T $ lrm..owi.» o1 rT_ T FRT 1 P seeet o .}Mulihr. > m jusad Ml Py te e et aes 28 RpLss [a¥a}idhaade vy o Wﬂ i % a1
TE 1 Sehd [E vy uhpn oy nals apetia Satde sqvud plivag mecht DRwps e L s Baig o Pomihl w4 SEE fbviug & 5abesty 1T s 3 be s g is
v e T I Mw‘,m..!,m. PREEY r3hwsiex] P IR S RS S S TR dad shaen e Al e iare M et iid fo £ e it sedes, s rae S h.w 24 do et
+ : o . L jEaTRtuSaawy Soretnusas Lin k) SEd oy ¥
L . . T e sl uvys sunait s 1 it hye L~ %

+ £ - T £ T

Ry 00113

e SET et O
gy Y.
g SADR:
= e
o Tty
1 DL R
2 S
e
g s st A v
5 Tty ; I
£ e e T
; - 1 T
e, -
B e
T,
”; SEanrs
T
13 1 o
24
.“ Sy
3 st O
" L s A0y
i Fesass,
T3 T
1 + ot
2 :
=
=
" o ek
) 3 + gs
L %
Y it
% acr oy
fowaas x
i I
= u. A
- -1
3.
g e el s “‘m
o +r = 1 yphugguane
1 L : ; s O
8O b 1 X : T 1T WO
it TR k) b
st Wb - S par? 17 R
galslopeieh iy t ;
ey e o pugul %
K 1«1uﬁ m., i ot )
¥ e + d "
Jepttr] (& v.uu i s +
2 i3 7
E»I\Tr - re
+ e Ly 1 %
1 Fam )b = 7 :
R & noes 14 b} I 3
60 R g R T e It & Ths fife)
ik A y pa & JEs a8 i
@ 0% S T AN 1 ﬁri Sijtive) a b sk T Y A
£ T e : \_(u,i g A RS TTYS H 1145 s 1
LG S Troyrh i o ] Tt tH
~ B teadtn tasp: snadons” Ty n e % Bt
LA 23D Sghans spaglaans  SWagS " ; 1
Qi A e Ty Save 1 e b M +
Wit by b : t + :
oo -.IEH" t»J. PyEsEoes uﬂrL 3 i bo Sue o :m 4
(Pesgagpurys. gestugarayin L - i
fod QUL £ ;
p Fadeir ,A.Ml " ) P01 )
s iyt H-Erd 4 T35t b it 3
e R B : s O
i s=scsrnits Ty e RO ieisamereiiysags ~N
1 P 1H g Lot R SeaNe ek,
+ + + Y by ¥ Fa
Hi SEERaisR Savde rthd ot
Y i . A
fersaey : e T + ¥
R ragiefreet e o gtins ERst I T AT
Ak B RS R : TESEiEsich it
g poR S R . .* . Ry \ru.»hl Nmnv.ouwn.x Pt gt " 4 t e
[T ey Sl is Erbed FSS33 brint . Bty fesan wpy sesely sahudcs 1 1 frsegsessain:
| SR W Hiter e SRR TR E el T E 24 3 - [ » Ly g L R S L PIET T TS
ol Ll IR NSRS EEAREA §: J83 o TR CRes S ol (e ¥ Lshteed | o £

~
m

o

— (100-Pa)



Figure 16.08
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Table 16, 15

Values of PR (with added sulphuric acid ) for the four alkaloid sulphates with

resin IR-200 ( a = 0,58 mm, ) from the plots of Py against ( 100 - mb ) , figures

Zero 30, & 29,8 32.9 32,9

( 1605 to 16:0% ) , when extrapolated to ( 100 - P, = zero). .
. mM_ | Values of vw Values of w Values of mm Values of vm
2 : for quinine for quinidine for cinchonine for cinchonidine
sulphate sulphate sulphate sulphate ... ...
1,048 N, 13.8 14,2 12,6 12, 4
-1
1,048 N, 10 23.7 2k, 0 23.8 2%.2
-2
1,048 N, 10 28,1 26,8 28,8 29.0
-3
1,048 W, 10 30,0 28,6 3,6 318
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Table 16,16

Values of Pp (with added sulphuric acid ) for the four alkaloid sulphates with

resin JAm-15 ( a = 0,58 mm, ) from the plots of P azalnst { 100 . ﬁw ), figures

R
( 1609 & /612 ), when extrapolated to ( 100 - P = zero ),
) Q Values of Py Values of Pa Values of Po Values of Pr
H250y for quinine for quinidine for cinchonine for cinchonidine
sulphate sulphate sulphate sulphate
1,048 N, 13.2 15, 1 12,8 13.2
-1 .
1, 048 W, 10 2k, U 22,5 2, b 25.0

Zero 32,0 3.5 34, 1 3%.2
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Initial slopes (S) of the plots of K

+  Table 16, 17

alkaloids ( Tigures 16,01 to 16, 12 ).

against Awoonmp ) for four cinchona

Quinine Quinidine Cinchonine Cinchonidine

Resin mSwaum.dm m.c.u.wuwwmdm mSkuH\wm.wm mGH.rOUm(dm

W.o.moMr 9& S mm S0, A@ S mw»mox C,M_ s mﬁ.mo: QM_ S
N : ’ \\
X 1 , -1

(a = 9. 771410 0,10 9,774-10 0,15 1,010, 0,2k 1,010, 0. 14

0,215 mmy) -2 -2 -1 -1
9,774,410 0,06 9,774.10 0,05 1, 010+10 0,13 1, 01010 0, Ok

. -3 -3 -2 -2
9,774 ,10 Zero  9,774%.10 0,02  1,010°10 0,15  1.010:10 0. 03

=k -% -3 -3
;10, 410.10 0,02  1,000410 0,02  1,010.10 0,07  1,010+10 0, 09
0, 00 Zero 0,00 0,02 0,00 0,14 0,00 0, 09

X8

(a = 1. 083 0,06 1,083 0.06 1,010 0,17 1,010 0, 08

0,215 mm,) -1 -1 -1 ]
1. 083+ 10 0,02 1,083.10 0,01  1,010-10 0,10  1,010.10 0,07
0, 00 0,02 0,00 0,02 0,00 0,01 0,00 Tor0
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Table' 16, 17 (Continued)
Quinine Quinidine Cinchonine - Cinchonidine
Resin sulphate sulphate sulphate sulphate
[E.s0, ()] s [Hes0, (M)] 8 [E.50, ()] 8 [E.50, (M) 8
TR~ 200 :
(a= 1, 048 0,04 1,048 0,04 1,048 0,08 1,048 0, 08
0. 58 mmy) -1 -1 -1 -1
1, 048 -10 0, 03 1. O48 +10 Zero 1, 048 <10 0, 06 1. 048 *10 0. 03
-2 -2 -2 -2
1, 048 «10 0,02 1,048 10 0,02  1.048 -10 0,05  1,048:10 0, O
-3 -3 -3 | -3 .
1, 048 <10 0,02 1,048 110 0,02 1,048 410 0,03 1,048°10 0, Ol
0, 00 0.0% 0,00 0,02 0,00 0,05 0,00 0, 03
Am-15
(a = 1. 048 0,06 1,048 0,02 1,048 0,07 1,048 0, 06
0.58 mm) -1 -1 -1 -1
1, 048 +10 0,03 1,048 +10 0,03 1,048 10 0,03 1, 04810 0, Ok
0, 00 0,04 0,00 0,01 0,00 0, 00 0, 06

0, 05
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Discussion :

Tables { 16.01 to 16.12 ) give the results-ﬁﬁ'?a for
four cinchona alkaloid sulphates with resins X4, X8, IR-200
and Am-15 at various concentrations of added sulphuric acid.

It is observed that the value of P decreases as the value

R
of ?A inereases when the concentration of t he added acid is
Increased. The plots of By against (100-F ) are linear and

by extra polation, the values of B, = are obtained, (figures

16.01 to 16,12 ). When the concentration of the added acid
on

is low, the value of By 1is relatively less dependent of Py,

Tables (16.13 to 16.16 ) give the values of
Pro for four cinchona alkaloid sulphates with resins X4
X8, IR-200 and Am-15 at varlous concentrations of added
sulphuric acid. It is observed that when the concentration
of added acid is increased, the value of PRO is decreased.
This decrease is small when the concentration of added agid
is low. ‘ |

The reduction in the value of PRo in the presencs
of added sulphuric acid can be considered to be due to (a)
the regenerative efféct of the H' lons when present in
considerably large excess and the (b) deswelling of t he resin
particles. This regenerative effect and the deswelling effect
is decreased as the concentration of the added acid is
reduced and hence, then the value of PRo increases,

When the added acid concentration is high but

constant, the value of PR decreases as PA increases and

)
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the plot of P against ( 100 - B ) is linear. The decrease
in value of PR with ( 100 - Py, ) can.not be solely due to the
éorption of base Q, since‘such effect is either negligible
6% relatively much less in the absence of added acid.'This'
reduction in the value of Py may be considered to be due
to the sorption of strong electrolytes from external
solution ( 1 - 20 ), when present in high concentration. Since
sulphuric acid is present in high concentration, some H#ions
and sulphate lons are sorbed in accordance with Donnan
membrane effect. As a consequence of this, some QH%ions are
also sorbed to comply with Donnan membrane eéuilibrium _
requirement. This sorption of QH* ions will increase with the
increase in the eéuilibrium'concentration of QH+ ions in the
external solution. Hence the value of Py decreases as the
value of ( 100 - Py, )decreases. When the concentration of
added acid becomes much less the value of Pp also becomes
much less dependent on P, . )
Table (16.17) indicates that for the gel type )
resins X4 and X8, the value of the initial slope S (figures
16.01 to 16.12 ) is significantally higher for einchonine
sulphate. Also the values of t he slope S for the macromolecular
resins IR-200 and Am-15 are relatively less than those for the
gel type resins X4 and X8. This brings out another point of .
difference in the behaviour of the gel type resins and the
macromolecular resins.
These observations are of interest in relation to
the practical aspects of .the recovery of alkaloids by ion

exchange process,using agueous sulphuric acid as extraction

solvent with alkaloid raw material.
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17 ,

. STUDIES_ON_THE UPTAKE OF THE ALKALOID BASES BY RESINS
Iy ETHANOLIC AND AQUEOUS ETHANOLIC SOLUTION.

Introduction :

Earlier ( Chapter 15 ) , the ( molecular ) sorption
of the alkalold bases by the resins was suggested. It was,
therefore, considered of interest to further study the
uptake of the bases from the solution. The solutions were
prepared in ethanol ( sp.gr. 0.806 ) and aqueous ethanol
( 20 % by volume ).

Experimental : ( Chapter 15 ) )

Ethanol ( sp;gr. 0,806 ) and caustic soda ( A.R.)
were used. The bases were precipitated by slow addition of
caustic soda solution, to a stirred aqueous solution of the
alkaloid sulphate. A4 slight excess of caustic soda solution

‘was added to ensure complete precipitation. The precipitated
base was filtered at the pump and then stirred with about
300 c.c. of water and again filtered at the pump. This was
repeated till the washings were free from caustic soda. The
base was then dried in an oven ( 100~ 10400 ) and its
melting point was checked.

The same known weight of resins X8 and IR-200 were
placed in well stoppered flasks and same volume of the base
was added to each flask. The contents were freguently shaken
at room temperature (c\>30°c) « After known time interval the

solution was decanted, a known portion suitably diluted with
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_ solvent from the same stock and the optical density ( at
296.5 mp for quinine and 29%.5 mp for cinchonine ) recorded.
Original solution of each base was also diluted to the

same extent and the optical density was recorded.

Nomenclature : :
[:a:l. = initial concentration of the alkaloid base
L

solution in meq./litre,

W = welght of air-dry resin taken in.graﬁs,
= volume of alkalold base sclution added in cc.,
c = ecagpaclity of the resin in meqg.per gram of air—dry
resin,

'Di = optical deﬁsity, at the invarient wavelength, of

| the initial ( at time t = zero ) solution of the

alkaloid base, after suitable dilution,
Dbt = optical density, at the same wave-length of thé

solution of the alkaloid base at time t =t ,
after the same extent of dilution as in above,
- [A:].;‘( Di -Dgt ) / Dy = the meq.of the
alkalofa form of the resin, per litre of

1
o
 —

o~
L

' solution, at time t = t ,
Ei]i = W;C;IO%/ v = the meq.of resin,per litre of the
solution, in the hydrogen form, at t = O,
[ﬁ] /,[;] L= the ratio of the initial concentration
( in meq./1litre ) of the resin to the initial

o)
i

concentration of the alkalold base,
At 100, [A]{/ [A]‘-_z the % exchange of alkaloid
base at time t = §,

o
i
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the 7 resin capgeity
t’

i

100. [K:]t / [—}ﬂ‘

exchanged at time t

The corresponding values, for[ﬁj & > Pap  and
Py when t = time after which equilibrium had
been reached, are denoted by [Kj P Pp and
Pp respectively,



Results ¢

e

Table 17,1

The uptake of quinine in 20 % ethanolic solution by resins

X4 angd IR-200

P

T L -

Resin Time P!&t pRt
(t)

X4 6 Hours 2,332 2,456 0,6333 0,943 25,8 27,2
(a= 16 Hours 2,332 2,456 1,040 0,0493 42,3 Wy, 6
0,215 mm) %0 Hours 2,332 2,456 1,301 09495 53.0  55.8

Y Days 2,336 2,456 1,501 0,9510 61,1 6, 2

7 Days 2.33% 2,456 1,643 0,950k 66,9 70, b

10 Days 2,340 2,456 1,739 0,9523 70,8 743

17 Days 2,334 2,456 1,831 0.9779 745 78, 4

26 Days 2.33% 2,456 L8842 09778 750 78,9

0 Days 2,334 2,456 1,842 0,9798 75,0 78.9

TR-200 6 Hours 3,085 2,015 0,6175 1,531  30.6 20,0
’ 22 Hours 3,083 2,015 0,8578 1530 43,6  27.8
' Hours 3,083 2,015 10310 1,530 5L2 335

L Days 3,098 2,015 L0610 1537  52.7 343

7 Days 3,084 | 2,015 11,1910 1.531 50, 1 38.6

10 Days 3.000 2,015 1,2090 1,535 60, 0 9.1

17 Days 3,089 2,015 11,2430 1,534 61, 6 40, 2

27 Days 3,085 2,015 11,2610 1,532 62,6 40,9

40 Days 3,083 2,015 1,2610 1,531 62,6 ° 40,9

s

Data for .resin X are from (1).
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Table 17.2

The uptake of quinine in alcoholic solution by

resins,
Resin - Time (g J [ ] [_* + R p P
A z
(hours) t Rt
XY 8 11,16 33,35 2,925 0,334 8.8 25,1
(a = 17 1,16 33.35  3.8Wh 0,334 1.5 33.0
0, 215 mm,)
L 11,16 33.35 L, 498  0,3247 13,3 38,0
96 11,16 33,35 40930 0,3347 148 42, 3
X8 8 1,21  33.® 3, 008 0, 3388 9.1 26, 8

(a= 72 11.23 33,09 474 0,330% 13,5  39.8
0, 21% mm.)

I8.200 ly 11,11 33,00 L5430, 3359 4,7 13.9
(a-= 8 11,12 33,00 2,527 0,3360 7.6 22,7
0.58 mm) ), 11,15 33,00  3.8%7 0,3371 1L.6 346

72 11,1% 33,09 4,165 0,336k 13,0  37.4

Data for resin X4 are from (1).
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Table 17,3

The uvptake of cinchonine in alecoholic solution

by resins,
Resin Tine(t) [’ﬁ] [A] . l::i.j R P P
; A Rt
(hours) 4 4 t
oA 8 1,67 33.11 2,74  0.3%29 8.3 23.5
(4 = 17 11,68 33,11 4118  0,3529 12,% 35,3
0.215 mmy) Ul 11,68 33,11 4,603 0,352 14,0 39, 4
96 11,67 33,11 L,922 0,3529 149 Lo, 2
X8 4 11,16 33,01 1408 00,3382 L3 12,6
(a = 8 11,20 33,01 1,848 0,33k 5.6 16, 5§
C, 215 mmg 18 11,19 33,01 2,201 0,3391 6,7 19,6
120 11,21 3301 2,376 0,337 7.2 2L2
®-200 % 1LI% 33,01 L408 03377 M3 12,6
(a = 8 11,13 33,01 1,760 0,3373 5.3 . 15,8
0, 58 )

Data for resin X4 are from (1).
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Table 17, U

The uptake of cinchonine in alcoholic solution

by resin ¥8 ( a = 0,215 mm,)

T4 E], [A]. [}i} R P p
e 4 4 t At Rt

| 11, 16 33.01 1,408 0. 3382 4,3 12,6
11, 20 33,01 1,848 0, 3394 Ti% 16,5

18 11, 19 33,01 2,201 0.3391 6.7 19.6
120 11,21 33.01 2,376 0.3397 742 21,2
L 11, 2k 6.61 0,9187 1, 699 13,1 8.2
11, 2% 6.61 1, 4790 1,700 22, 4 13,1

18 11, 25 6,61 1,7030 1,701 25,7 15,1
120 11, 19 6,61 2,3640 1. 693 35.8 ) 21,1
L 11, 19 3.30  0,6855 3,392 20, 8 6.1

11,18 3.30 1,3030 3. 386 39.5 117




Tahle 17.5

The uptake of cinchonine in alecoholic solution

by resin IR-200 { a = 0, 58 mm, )

219

TimaCt) ?{]‘[]- [‘;’: R P
T:'.me(t) y A £ _& At

(hours) Rt
L 11, 14 33,01 1,408 0, 3377 L, 3 12,6
8 11,13 33,01 1,760 0. 3373 5.3 15.8
8 11,15 6,61 1,345 1, 687 20, 3 12,1
18 . 11, 14 6,61 1,893 1, 685 28,6 17,0
120 11,15 6,61 2,936 1, 687 W LO 26.3
L 11, 14 3.30  0,5035 3. 375 15,2 4,5
8 11, 14 3.30  0,9477 3.375 28,7 8.5
18 1.13 3.30 1,7440 3. 370 52,8 15.7
120 11,12 3.30 3. 0890 3.368 93,6 27,8




The equilibrium uptake of quinine in 20 % ethanolie

Table 17,6

solution by resing,

220

i

H:J,z [Al«, [Kje.

Resin R PA PR
Xy 0,8002 2,456 0,7369 0,3258 30,0 92,1
1, 577 2,456 1,390 0,6422 56,6 - 88,1

2,351 2,456 1,950 0.9568 79,k 83.0

3.131 2,456  2,24p L275 o9L2 7.6

3.929 2. 456 2,360 1,600  96,1. 60,1

693 2,456 2,430 1911 98,9 5L8

18 L505 2,456  0,5977  0,6127 2.3 39.7
2.233 2,456  0,9080  0,9090 37,0 %0, 7

2,987 2.456  1,2530 .1.2160 51,0 41,9

3.738 2,456 1,560 1, 522 63.5 L1,7

L, Log 2,456 1,881 1,831 76,6 41,8

IR~ 200 - 1, 029 2,005 0,434 0.5135 21,7 L2, 2
’ 1.98% 2,005 0,8198  0,9893 40,9 41,3
2,830 2,005 11,1730  1,4110 58,5 L1, 5

3.752 2,005 1,505 1.8710 75,1 Lo, 1

Data for resins X% and X8 are from (1),



Table 17,7

Summary of tables 17,2 and 17,3

221

Resin Time Value of PRt Tor
{hours)
quinine cinchonine
R 8 25,1 23,5
17 33,0 353
L1 38.0 39. 4
95 42,3 b2, 2
x8 L - 12,6
26,8 16, 5
18 - 19,6
72 9.8 -
120 - 21,2
R-200 b 13.9 12,6
8 22,7 15.8
2l 3k, 6 -
72

374 -
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Table 17.8

Summary of tables 17,4 and 17,5

Value of P when
Resin Time . R
(hours) concentration of cinchonine
(meq. /1itre) =
33.01 6. 61 3,30
%8 L 12,6 8.2 6.1
16,5 13.1 11,7
18 19,6 15,1 -
120 21,2 21,1 -
IR.200 L 12, 6 ) L
8 15,8 12,1 8.5

0 15,7
120 - 26. 3 2.8




*Discusgsion : R23

The cinchona alkalolds, quinine, quinidine,
cinchonine and cinchonidine are weak bases. Their uptake,
Trom alecoholic solution by resins in hydrogen form is a
relatiyely slow process. Tgbles 17.1 and 17.2 indicate thaf
the rate of uptake is slower in.aleoholic solution than that
in 20 7 aqueous alcoholic (by volume) solution. Table 17.1 also
indicates that the uptake of quinine in 20 4 aqueous alcoholic
solution is to a lesser extent by resin IR-200 than that by
resin X#. Table 17.2 indicates that in alcoholic solution
the initial uptake of quinine by resins X4,X8 and IR-200 is,
eomparab@e. This is of interest since the resins IR-200 and
X4 are more porous than the resin X8. Table 17.3 indicates
that the uptake of cinchonine by resins X8 and IR-200 is
comparable and is to a lesser extent than that for resin Xh.
. Purther comparision of data in table 17.3 indicates that the
uptake of quinine and cinchonine by resin X4 in alcoholie
solution is at comparable rates but the uptake of cinchonine
by resins X8 and IR-200 is to a lesser extent than the uptake
of quinine by these reslns in aleoholic solution,although
cinchonine is a.smaller molecule than quinine., Tables 17.%
and 17.5 indicate that the rate of uptake of cinchonine
by X8 and IR-200 in alcoholie golution inereases with
increase in the cinchonine concentration in solution. Table
17.6 gives the equilibrium uptake of quinine in 20 % aqueous
éthanol‘by resins X4,X8 and IR-200, The total uptake, at
equilibrium should be determined, as suggested earller, by



two mechanisms : (a) the exchange mechanism and (b) the

" mechanism
molecular sorptiogc For resin X4 the value of Pp 1increases
with increase in (100 -P, ) . The plot of Py against
(100 - Py ) wes extrapolated to zero value of (100-Py ), .
gives the value of PRo as 49.5. This is in good agreement
with the value of PRo for quinine sulphate in agmaous
solution with resin X4 ( chapter 15 ), This ig the
contribution of exchange mechanism to the observed value of
PR « The difference PR - PRo is the contribgtion of the
sorption mechanism to the observed value of Pp o This
contribution is considerably greater 1n this case than in
the case of quinine sulphate in aqueous solution and provides
support to the postulation of two mechanisms.

As the degree of crosslinking of the resin 1s
increased, the contribution of the sorption mechanism is
reduced due to lesser &xtent of swelling of the resin (2).
With resin X8 ( table 17.6) the uptake of quinine from 2Q %
gquégggzggiution indicates that the value of Pgp 1is
practically indepgndent of PA and the average value of
PRo is ¥1, This value is in agreement with the value of ?Ro
for quinine sulphate in aqueous solutlon with resin X8
(chapter 15) . Hence the contribution of sorption mechanism
is , here also, practically negligible. For resin IR¥200
the value of PRo from the average value of PB in table
17.6 is 41, This value is substantially higher than that

given for quinine sulphate in aqueous solution for resin

IR-200., Hence the difference 10,5 should be the contribution



of the sorption mechanism to the total uptake of quinine
" by resin IR-200. However, the value of PR in this case
is practically independent of Py . This should indicate
that the sorption contribution is practically independent
of Py for resin IR-200. This is ce mavkeddifference in the
behaviour of resin IR-200 and that of resins Xk and X8.

The obser?gtion that the contribution of the
exchange mechanism to the observed value of Pg , 1i.e.
PRo , 1s same for uptake from aqueous aleoholic solution of
quinine and aqueous solution of quinine sulphate by resins
X4 and X8 indicates that the exchange mechanism provides
the same value of PRo for a resin of such type and a given
alkaloid j it is independent of the nature of solvent and
whether the exchanging species is Qﬁ?or Qe However the
contribution of sorption mechanism to the observed valué
of Py appears to be dependen§ on the solvent medium and
concentratign and hence is a rather specific effect.waev?r
for‘resin IR-200 the‘behéviour ismnarﬁﬁﬂy different from that
of resins X4 and X8.
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1. S.S.Kanhere, Ph.D.Thesis (1964). 1 :
2. D.JPatel and S-LoBafna, Ind.Eng.Chem. B‘_, 1(1965)0



18
COLUMN_STUDIES_WITH CINCHONINE SULPHATE

Introduction

“Eo¥lier,Kanhere (1) has made a preliminary study
of relative column behaviour of sodium sulphate and quininé
sulphate. The variables studied are (a) the degree of
crosslinking, (b) the particle size and (¢) the structure
of the resin. Elution has been studied with N/10 sulphuric
acid, 1 N sulphuric acid and ethanol, ( after the base was
liberated in the resin particle with sodium hydroxide ).

In this chapter, a similar preliminary study of

the column behaviour of cinchonine sulphate has been made.

Experimental :
Regins and Chemicals ¢ ( Chapter 12 and 15 )

Procedure_for column studies :

Preparation of the column : A known weight ( same
as used by (1) of the air-dry resin was taken and slurried
with distilled water. This slurry was transferred to a column
( length cv125 ems. and diameter ~v1 cm. 3 fitted with a
zZero porosity disec near the bottom ). The column was back-
washed with distilled water and then t he resin was allowed to
settle down slowly under gravity and bedvolume was estimated.
The weight of the resin taken was so adjusted as to give a

bedlength of 18 ems. for each resin studied.

Bun_(a). Exchange with cinchonine sulphate solution s
Cinchonine sulphate solution ( concentration =

2 meq./litre ) was passed through the column and the effluent

&

226



R27

was collected in samples of suitable volumes at a flow rate’
of 10 cc. / minutes

| The concentration of cinchonine sulphate; in each
sample was estimated by measuring the optical density at
29%.5 mp with or without suitable dilution with distilled
water. Knowing the optical dengity of the influent cinchonine
sulphate solution at the same wavelength and with the same
extent of dilution, the % exchange of cinchonine sulphate per)
sample was calculated from % exchange = ( D1 -Do)§ 100 /Di ,
where Do represents the observed opticﬁl density at 29%.5 mp
after suitable dilution with distilled water, and Di represents
the optical density of the influent cinchonine sulphate
éolution at the séme wavelength with the same extent of
dilution. After the run wasg 9ver, the column was washed with
about five bedvolumes qumssiwiesy of dlstilled water.

Run_(b). Elution of the column :

~

(1 ) FElution with N/10 sulphuric acid s N/10 sulphuric acid
was passed in the column and the effluent was collected‘in
samples ( each of 250 cc.) at a flow rate of 10 cc./minute.
The concentration of cinchonine sulphate in each sample’ of

the effluent was estimated by measuring the optical density,
at 29%.5 mp of each sample with or without suipable dilution
with distilled water. Knowing the optical density of the .
influent einchonine sulphate solution of run (4), at the same
wavelength and with the same dilution, the % elution of
cinchonine sulphate per sample was calculated from, Do.100/Di.
as given above. Flow of N/10 sulphurie acid was discontinued

after some samples had been €ollecteds



(i1) Elution with 1 N sulphuric acid ¢+ Then 1 N sulphurie
acid was’passed in the above column and the effluent was

again collected in samples ( egch of 250 cc.) at the same
flow rate. Several such samples were collected and the .

% elution for each sample was calculated as desceribed above.

(111) Elution with ethanol : The flow of 1 N sulphuric acid

was then stopped, acid washed with water, and an excess of

1 N sodium hydroxide solution was passed through the column

at a slow rate, to liberatec the einchonine in the resin phase.
Ethanol was then passed in the column to elute the liberated
cinchonine. The effluent was collected at a flow rate of

1 ec¢,/minute. The optical density of the effluent was noted

at 294.5 mp after suitgble dilution. Knowing the optical
density of the cinchonine solution in alcohol (concentration

= 2 meq./litre ) at the same wavelength and with the same
dilution, the % elution of cinchonine was calculated. The run

was then discontinued. .

The column was then emptied out and a column of the
next resin was set up. The run was then repeated in the same
way as above. In this way, runs were carried out with resins
X4, X8, X12 and X16 and resins IR-200 and Am-15 of different
particle diameters. The results are given in the following
tables.

( Break-through capacity was calculated at

99 % exchange for each run. )
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e | 9
Results Table 18,01 22

Exchange with cinchonipe sulphate solutlon, In a column of

resin X,
Column capacity = 16,3 megq. each sample = 500 ce.
Sample % Sanp le % Samp 1% %
No, exchange  No, exchange No, exchange
1 100, 0 5 . 100, 0 9 69 6
2 100, 0 é 100, 0 10 20, 5
3 100, 0 7 99. 5 11 12,5
L 100, 0 8 96,5 12 -
Table 18,01 a
Elution of cinchonine sulphate / ciné\tonine from the above
column of resin Xk, each samle = 250 ce,
Eluent Samp le % = Sample % = Sample %
No, elution No, elution Mo, elution
N/10 H,80, 1 157, 1 b 38,2 7 ok, k
(flow rate 2 59,5 5 3L 4 8 -
10 ce./min,) 3 L6, 2 6 27, 6 9 -
(flow rate 2 170, 2 5 74, 8 8 45,0
10 ce./min, ) 3 115, 0 6 63,0 9 9.5
Ethanol ( One lot of 250 ce, at 1 cc/min,)

0.7711 meq., of cin;onine was found in the effluent.

After this the run was discontinued,




Exchange

resin X8

Column capacity = 19, Ot meq.

Table 18,02

with cinchonine sulphate solution in a column of

each sample = 250 cc,

230

Sample % Samp Le % Sample %
Yo, exchange No, exchange Wo, exchange
1 100,0 100,0 13 9L L
2 100, 0 100, 0 14 7%.3
3 100, 0 9 100, 0 15 50, 0
L 100, 0 10 100,0 16 29,5
5 100, 0 11 99. 5 17 23. 1
6 100,90 12 98. 2 13 -
. Table 18,02 a
Elution of cinchonine sulphate / ¢ :’anibn ine from the above

colunn of resin X8,

gach sample = 250 cc,

Sample

Eluent Samp le % Sample 4 %
No, elution No, elution No, elution

N/10 Hp80, 1 9.8 3 8.7 5 7.4

(flow rate 2 9.k 4 8.0 6 -

10 ce,/min,)

1 N H,S80, 1 iko, 1 4 58. 6 7 %0, 6

(flow rate 2 8, 7 5 52,9 -

10 ce/min,) 3 67. 2 6 46,3 9 -

e Sed M SER T LD SN SR W TGN B R SR AN D D RTH A NI TR A W D S S P OB M M S PR W S S D LEE VA VED LML TEE N MR S04 TR S CI SES LN LN AT ANS CI S $@ 430 TR O ME TN SN R £W N S

Ethanol

( One lot of 250 ce, at 1 ce/min,)
3,86 meq, of cin%nine was found in the effluent,

After this the run was discontinued, ‘

»
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Ta.b le 180 03

BExchange with cinc!;onine sulphate solution in a column of

Column capacity = 22,05 meq, Each sample = 250 ce.
Sampde % Sample % Sample %
%. exchange Yo, exchange No, exchange
1 100,0 5 100,0 9 . 46, 6
2 100, 0 6 100, 0 10 35.6
3 1000 O 7 99. 0 ll ' -
L 100,0 8 79.8 12 -
Table 18,03 a
Elution of cinchonine sulphate / cin%‘onin‘e from e above
column of resin X12, each sample = 250 ce.
Eluent Samp le % Samp le % ~  Sample ., %
No, - elution Yo, elution No, elution
N/10 HpS0, 1 0,13 3 0, 12 5 0, 10
(flow rate 2 0,12 L 0, 10 -
10 ce,/min,)
1N Hp80, 1 10.8 b 10, & 7 9.5
(flow rate 2 10,5 5 10,0 8 -
10 cec,/min, ) 3 10, 6 9.7 9 -
Ethanol ( One lot of 250 cc, at 1 ce,/min,)

2, 478 meq, of".cin%}bnine was found in the effluent,

ey N
After this the run was discontinued,
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Table 18,04

g e B o of
Exchange with cingpnine sulphate solution In a column o

resin Xlé. ‘ *
Column capacity = 21, 3 meq, &ach sample = 100 ce,
Sample %. Sample % Samp le %
No, exchange No, exchange No, exchange
1 100,0 5 100, 0 9 98.8 )
2 100, 0 6 100,0 10 92,5
3 100, 0 7 100, 0 11 77,0
b 100, 0 8 100, 0 12 63.5
Tgble 18,04 a
Elvution of cing;‘pnine from the above column of resin
X16, |
Bluent
Bthanol . ( One lot of 100 ce, =zt 1l ce,/min, )

0,2851 meq, of cinchonine was found in 100 ce, of
the effluent,

After this the run was discontinudd,
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Table 18,09

Exchange with cinchonine sulphate solution in a column of

resin IR.200 ( a = 1,13 mm,)

Column capacity = 15,70 meq, each sample = 250 ce. |
Sample % Samp le % Sample %

No, exchange 0. exchange No, eXchange

1 ol 7 6 63. 6 11 36,9

2 91,6 7 5649 12 33.5

3 88.7 8 510 13 3.1

L 7949 9 45.6 14 -

5 70,3 10 ho,1 15 -

Table 18, 05 a
Elution of cinchonine sulphate/ cinchonine from the above
column of resin IR.200, each sample = 250 ce,
Eluent Samp le % =~ Sample % Samp le T g
No, elution No, elution No, elution
N/10 Hy80, 1 20,0 3 7.6 5 549
(flow rate 2 9.8 L 6.k 6 5¢3
10 ce. /min,)
1 N H,80, 1 67, 6 Y 20,1 7 12,1 )
(flow rate 2 35.2 5 17, 4 -
10 cec,/min.) 3 26, 2 6 15,8 9 -
Ethanol ( One lot of 100 ce, at 1 ce, /min, )

1,887 meq.of cinchonine was found in 100 cc, of the
effluent,

After this the run was discontined,
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Table 18,06

Exchange with cinchonine sulphate solution in a colum of
resin IR.200 ( a = 0,84 mm,)

Column capacity = 15,32 neq. each sample = 250 cec,
Samp le % Sample 9 Samp_ le 7 )
aNg. exchange Wo, exchange No, exchange
ks 99.3 5 92,k 9 65,7
2 98,k 6 86, 4 10 58.7
3 97.8 7 t8156 11 50, 2
b 95, 0 8 7L, 1 12 43, 0
Table 18,06 a
Elution of cinchonine sulphate / cinchonine from the above
column of resin IR.200, each sample = 250 ce,
Eluent Sariple % Samp le %~ DSample %
~ No, elution No, elution o, elution
§/10 Hp80, 1 68,0 3 18.8 5 1L %
(flow rate 2 26,7 L 2 6 10,3

10 ce,/min,)

1 N H,S0, 1 104, 3 L é?. 5 7 13. 6
(flow rate 2 4o, 7 5 18.9 . -
10 ce./min, ) 3 32,5 6 16,9 9 -

-...-n-—-a—n—u-q—-—um--—-.-a-.n-----.—-—-n—-u-n-u—nu——nuau——uuun—m—wu-uun-——nu—.

Ethanol ( One lot of 100 cc. at 1 ce, /min, )

1. 508 geq. of cinchonine was found in 100 ce, of the
effluent, ' :

After this the run was discontinued,
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18,07
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Bxchange with cinchonipe sulphate solution In a column of

resin IR-200

( a=0,58 mm,)

Column capacity = 15,47 meaq.

each sample = 250 cc,

Sample % Sample % - Sample % '
No, exchange Yo, exchange Yo, exchance
1 99.7 6 98.5 11 50,8
2 99.7 7 95.7 12 L0, 1
3 99. 6 8 939 13 30,9
L. 99.5 9 84,8 KL 23.9
5 99.0 10 63.9 15 -

Table 18,07 a

Elution of cinchonine sulphate / cinchonine from the above

column of resin IR.200

each sample = 250 cc,

Eluent

Samp le % Sample % Samp le %
Yo, elution No, eluthon No. elution
N/IO HyS0, 1 135, 0 3 26,7 5 17,8
(flow rate 2 L1, 0 22, 1 15.3
10 ce,/min,)
1N H2SO’+ 1l 1370 4 27. 5 17. 2 :
(flow .rate 2 ,63, 6 22,6 -
10 ce,/min, )3 34,1 6 1949 9 -

SO S N S R I G S WS N AN GO AP A TE G TEY N WO M WE A WS R N Y T I 0 O 0 Ak W et W ool S M W NSRS K e S M I e O A - o o ot B

Ethanol

( One lot of 100 ce. at 1 ce,/min, )

2, 014 meq, of cinchonine was found in the effluent.
After this the run was discontinued,
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Table 18,08

Exchange with cinchondine sulphate solution In a column of
resin IR-200 (.a = 0,37 mm,)

Column capacity = 16, 03 meq, each sample = 250 cec,
Sample % Samy le % Samp Le % '
No, exchange No, eXchange o, exchange
1 100,0 6 100, 0 11 69,1t
2 100, 0 7 99.7 12 L6, 2
3 100, 0 8 .99, b 13 27.6
L 100, 0 9 97.2 14 16. 6
5 100,0 10 88,6 15 -

Table 18,08 a

Elution of cinchonine sulphate/ cinchonine from the above

column of resin IR-200, each sample = 250 cc,

Eluent Samp le g Samp le % Sample %
No, elution No, elution - Wo, elution

N/10 HpS0, 1 225.7 3 29.0 5 17.7
(flow rate 2 40, 0 4 19,9 6 15.3
10 ¢ce./min,) 3
1 N H,50, 1 166,8 L4 29.0 7 17. %
(flow rate 2 59, 1 5 23.9 8 - .
10 ce./min,) 3 37,8 6 19.9 9 S -

T WR S G S S e W SR A S M GO W W S R SR GER A M WO M DM N G A3 SRR AN D CED WD MEE MR S W AT D W W S W ek SR S Ui WO SR WM R G P TR YRS . ewe W AR S MK G S T B

Ethanol ( One lot of 100 ce. at 1 ce,/min,)
2,237 meq., of cinchonine base was found in the effluent

After this the run was discontinued,




Figure 18

a8 o eI LYILL Iy = 2
[ =2 T t..lm J,MW*_ DL s Tn o L £ LSRR S TOR SR .ﬁ»llw&h[ B3 i Bip b M L4 Mo Ll g AN o v
gl T [ETL) [TE S Lot SE et £ 4 o b aemy v & SO e UL W e eeny 5 af o
: iistngEn i R s R S e s Sy S e s
: ' 34 d jomfmaidi L B P I e A D T TR
T e T PRt T Tbornnl e e el i e s B e g e e s g
ke T Py ey & s de rberd bt T [ ap i Duwa sus & pugdaheiuy s gutedrps &) P g e e M L T ST
SN R T S553% pheey]Shan hpanhatabmig SOMMTt S I Pt ietas £ LS N cam il Wiy s § SR W e Lok v b ok Raliol oSG o ponlfo o
5 s ey LR P E P T ST Tl TR P L C e ey e At B S e e s e S S
X 2 R T S AT IR b e Yspray g pe rbapt e A puibipdbdads etk
& o e e B e e A I At et coc s e o
o4 fupun PAL M vadels ubuliegtins wl ol il AlaDl Sihe F st P T ot orionst bl
o TR e A e T B T e A e e Lo e
s Eealn s St MU e e adaopualihu s o re
FomTEn Sri s o e At e o )
ool I nidoed e B e g S ey
S e S s IEC Lot M CETa
P ST are il
-4~
JI
T
HH ; o
HH
B e e »
. i )*Vk(\
A ry saaes
o 4] 455! 1
: i At X
HED i : =i i
o5 tadan oy : 25 i
Gty it + w rHS STt 3
u seba $ 1 T B raRasaes ot
ra B - ) T 2
1 ¥ T ens s A% Fma v = T 4'
7 18 : T it e tiea i
H ¢ YW es I 3 o p
B Tsdut ”M Eehpe 7 S aw: Sl + it 1
R fpaeia " than gy ity L SE Py o o 3
iy x i S : _
nd (b §n o —_— i
u,;n,& Sl it e b BEE i 12
pis{o] prgiivsetsnguasirpnalrsyifayiyon Byl
f pE PEWSE VRN 0 P QWL NG &1
B Py ?%E SESEITTs preds o2 LA
e +1M R T4 IR T T M;I i
e 13 ,.uwvt.* ie ~X(4w,;.»:\wv%7. ey ey
i s e e Rt FEEE o
gat=t : T Rrales -
¥ < 3 I waee..mﬁyiu APV -
gs: CREES TSR aAs,
x e T by
e S s T e
sy & ] Jn.quvaﬁl.“..?: b
., s alys: i S e hartet ey
b ows o MU el g s 4r
tfr T T N A I I T P ). T
r raream e neste PO Sy R s Sy mph e
o + L g S e
33 (SEEiNgotiypanstngs of avtue yduad
: aes o Y b e e
| k = - o
: praed] i
H &, RS = ] 3
ki ' Wﬂq fgEateipdnis
» i . 3 It 3
¢ peiast
s — T wﬁ Tathnry 9
5 = % fartiptabusites 3
5 oY e Wactiivioeval
It .ﬂ h - v Jﬂé‘r i b H
f Aeuns S e e Dk et E >R v s B L 2
il e R MU E Yo be vt vt saim i :
s piyelrhre oy e ST Tt H
£ it e e : : o 3
: ReVRRAT oy LS RS pesas et vox oo iy 1 Y el T +
# i CaRElsn o NI, R LT RO ROt S Al 5 |
\ _ EL b Lt g R e e . :
4 o L g T e T R Y Re
s Safiad B hn e S Yete i :
i i ST R T R S H
4 1. » . Z
i " EIONE IR AT SRS S IR < Bty -+
s s TRRN TR el e TN by e
4 : o s ey Rv R at v oy Phd.
] TERIP it H i Y Juds «©
3 T R T
K eehey Sagwr selotaboe Hhauwiy frex
i R R Eor T
4 S ain by S e T 4 e
' A s o uloes 4 Se g as suany T e
. e ol S SNt vag S5 SOF S LY i Z 9 29 2
m.. by b PRYET R SO s ; T Arii.m! mhuﬂ,.d..u. thr?TlJr Koo
: i NI TR T L Sk 01 i R L e T T
: WY At U TR SR e (R AT
il Lo Rt et il e e TR o e
N A Ty aand TSI —\uﬁr‘ P e e s e st s
; Hi it e FEREITRY .1 Eh SR MPRIRIECS P e e tethde -
Feiinyid TP wirt Saewn v s nuds e Tl 3§ e wy s So U ¥ RES Py 2
! BT Cra ] faryn pyaee Sbn g Fe i e s ooy L.rvxr.l.ﬂ.s»;v“.w by A
H 1:;%»«?\ b [ et Fis oot ok § Lt o St £ Iy e ] .2 ; — o *
5 gty Pedn ey agalfin « WSV Piswah o 2oL gy 4t ol buis u gl S S e Pan ae w o be AN
. R Y SR B T AL ETo aTain s oo i T
+ bt e T L N T L T T R NS S s B e 11 S S .
RraraRhEannh

% ) o o
o) o 5 ) vy w

S~ h 3 < L

> Sampld No.




3

L TEEIN

P33t Eee O]

14

-

P

p4-43 |4

3

12

fias

=

’3\,‘"

a

"an

&

i

A

1

T

ik

13

X

IRA SRS K

K ae Bk
TS

Tt

PANS:

T

T

4]

]

143

133

-

by

¥
T

3
M3

b

pEgan

2O}

SyeEssusyy

r.a

'e

¥

-+ 1t

i~

T

133

A

!

(E3)

o
segens

14
T

AR NFE
1T

L

Ly bt

T

Mg i

e B AL

LR

R

53 ved

A TR T TR TS

Ensegessans

s

N

+h
4
L

e

/

7
pw
H 7
} !
M HM
o 17 - - Y
SHELI e it : RO syzesatbadd i SN0
13 T e iy +
: TEE s doahs i g 3 A% } : H
3 [reald + o
: = ot o L t :
e T e X} Sy HH :
il o R E 3 i il R
TN » X 4 4”» s
ot £ ST ; 3E2 : i
) 2 g N ; 2
- JEvR At e I3t A s pni 13
ol 1 Ny 223 an gk S.“ = 53 m Sore N
f e b e ras ST vl Ry
[+ zww f s 3 . T e +
oY 15 ax A ! -
= frivriy e givts Sedoiuy |ay uy yat et
4 e B FE AL : i
ful J»r. i reystiy ¥ 1
i (34 + B!
1
m . o)
A 5 131 i
.y e e

4

{

T

LT

1.

%r'

ing

I

£eR

'3

FRTTE

{H

143

2 H B
oy T2
gEis

3 5

Sy Brrreer

Ry i bdmgen gy
ot 33

YEt3

1

£y

3

T TALEIITEASY

e

whrgpess

3

b1 iy
b+

pusunafeugepups

F

i3

8

W

D
L

3
3

> Sampbe M.




Table 18,00

237

Exchange with cinchonine sulphate solution in a column of

resin Am-15 ( a = 1,13 mm,)
‘ Column capacity = 15,29 meq, each sample = 250 cec,

Sample % Sample % Sample %

No, exchange No. exchange No, exchange

1 97.6 6 81.5 11 42,9

2 950 7 69, 12 37.2

3 91,0 8 63, 4 13 3k

L 88,8 9 52,7 AL -

5 83.9 10 47,6 15 -

Table 18, a

Elution of cinchonine sulphate/ cinchonine from the above

column of resin Am-15,

each sample

= 250 ce,

Eluent Sample % Sample % Sample %
No, elution To, elution No, elution
N/10 H,S0, 1 0,1 3 13.5 5 8.3
(flow rate 2 19.3 b 9.5 6 -
10 ce./min,)
1 N H,S0, 1 97. 6 3 3L1 5 9.5
(flow rate 2 39,6 L 25,0 6 14, 6 .

10 ce./min,)

A s W W B OO U Y YW G AN IR T WD St W RS UK G Nt TR I W0 SEn Ul SR B VN WM W R T A a6 R GRS WA WS 6 M W KD e e TR S A TS B A W OB T R Y M T S

Bthanol

~

( One lot of 100 ¢e, at 1 cc,/min,)
1,796 meq. of cinchonine base was found in the effluen

After this the run was discontinued,
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' Table 18,10
Exchange with cinchonine sulphate solution in a column of
resin m-15 ( a = 0.84 mm, )
Column capacity = 15,32 meq. each sample = 250 cc,
Sample % Sample % Sample % -
No, eXchange No, . exchange No, exchange
1 98.8 6 86,3 11 47,5 .
2 98.1 7 79.0 12 37.9
3 96.9 8 72.3 13 32,8
5 90, 6 10 54, 8 15 -
) Table 18,10 a
Elution of cinchonine sulphate / cinchonine from the above
column of resin Am-15, each sample = 250 ce,
Bluent Samp le % Saim le % Samp le %
Wo, elution - No, alution No, elution
N/10 H,80, 1 6k, L 3 16,0 5 10,3
(flow rate 2 ok, 5 4 12.8 6 8.7

10 ce,/min,)

1 N H,S80, 1 106, 8 Yy 22,7 7 12,6 .

(flow rate 2 48,2 5 19,2 -

10 ce,/min) 3 30.1 6 15,8 9 -
Ethanol ( One lot of 100 ce, at 1 oc./min.)

L 470 meq, of cinchonine base was found in the
effluent,

After this the run was discontinued,
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Table 18,11

» £
Exchange with cinchonine sulphate solution in a colwmn of

resin Am-1l

Column cap

5 (a=0,5 mn,)

acity = 15,47 meq. each sample = 250 ce,

Sample % Samp le % Sample % )
No, exchange No, exchange No, exchange
1 100, 0 6 97.9 11 w78
2 100, 0 7 9%9 12 - 38.7
3 100, 0 8 9L.5 13 30,5
L 99,6 9 8k, 5 1h 26,3
5 99,0 103 72,5 15 -

Table 18,11 a

Elution of cinchonine sulphate/ cinchonine from the above

column of resin Am-15, each sample = 250 cc,

Eluent Samp le % -  Sample % Sample %
No, elution No, elution No, elutipn

N/10 H,50, 1 140, 5 3 23.9 - 5 15.5
(flow rate 2 34,9 L 17,0 6 12,3
10 ce,/min,)
1 N H,S0, 1 138,0 L 25,0 7 1k, 9
(flow rate 2 56, 0 5 20, 6 8 -
10 ce,/min,) 3 33.3 6 17.9 9 -

W S L) AR SR AR GED WU KE R S AR S W DS

Ethanol

TR S o CH SIS S G G S U B M) 06 S SRS TUR M TUD WS R CHS S A W SN SR GV S THR K R KR A ek I S MDA S T e S e P

( One lot of 100 ce, at 1 ce,/min,)

1.7890 meq., of cinchonine base was found in the
effluent,

After this the run was discontinued,
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. Table 13,12 240

Exchange with cinchonine sulphate solutlon in a column of
"resin Am-15 ( & = 0,37 mm,)

Column capacity = 16,03 meq, each sample = 250 cc.
Sample % Sample % Sample % .
No, exchange No, exchange No, exchange
1 100, 0 6 100, 0 11 65.9
2 100, 0 7 100, 0 12 4,1
3 100, 0 8 99. 6 13 26, 6
L 100, 0 9 98,1 14 16, 0
5 100, 0 10 87.7 15 -
_ Table 18,12 a
Elution of cinchonine sulphate/ cinchonine from the above
column of resin n-15 each sample = 250 cec,
Eluent Sample % Sample % Samp le %
No, elution No, elution No, elution
W/L10 H,80, 1 225, It 3 26, 6 5 16,5
(flovw rate 2 b1, 6 Y 20,0 6 13, 5

10 ce,/min,)

(flow rate 2 59,8 5 21,7 8 -
10 ce,/min,) 3 38.3 6 17.9 9 - .
Ethanol ( One lot of 100 ce. at 1 ce,/min,)

1.922 meq. of cinchonine base was found in the
effluent,
After this the run was discontinued,
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Table 138,13 a, (Q)

Summary of column data for tables 2701 a, b to 7.05 a, b¥ ,
" The numerator of the fraction in the brackets gives the number of samples and the denominator,

the valume of each sample,

Breal-through

a Column ‘exchange - exchange wwmmwxﬁwwmwms - thro
. . \ . with capacity in capacity in
Resim (mm,)  capaclty wwo amw with quinine med, ,per med. meq. , per med, :
in meq, Na S0y Sulphate  of %total resin of effective. Y
solution MMHMwmos capacity awms. wwmws@mwmwmww< = (4/B)
in meq, Na, 50y MMWMMMmo sulphate soln,
(A) (B)
X4 0,215 16,3 Yok 8,05 16.3 6.97 0.767  0.331 0. 670 2,32
(8/250) (38/100)
0,215  19.0 40,0 7,62 _ 190 %71 0,353 0,226 0. 563 3.78
(9/250) (37/100)
X12 0,215 22,0 25,5 562 _ 220 2% 0,07 0,070 0. 276 12,9
({11/250) (21/100)
X16 0,215 2.3 18,2 3,88 _ 2B3 LY 091 0,025 0,135 37.3
(10/250) (18/50)
X20 0, 215 21,0 5.9 1,24 21, 0 Q. 123 0,905 zZero -
(4/100+ 9/250)  (12/50)

% Data of the above column are taken from (1)



Table 18,13 b (Q)

Summary of column data for tables 7,06, a,b to 7.12 a,b, %

The numerator of the fraction in the brackets gives the number’ of samples and the demominator,
the volume of each sample,
a Colunn exchange. exchange wwmmw|dssosmr Break-through
Resin (omm) capacity P C with ‘zwﬁs capaclty In capacity in
in medq, Ro ef Na, 50y quinine meq, ,per med, meq, , per med,
solution sulphate of total resin of effective Y
in meq, solution  capacity with resin capacity = (8/9)
in meq, Nap,S0y,  Quinine with quinine-
sulphate sulphate
N , , soln, A
H.o Ne w. :v Wo @- .No @t ; @c HO. Huoo ~
TR-120 0,84 16,1 40,3 6,51  _16.15 2.86 0.387 0,025 0,061 15,8
(9/250) (2k4/100)
0, 58 1 40,3 6 3 3
2
5 5 ¥.3 623 —  0.533 0,052 0,125 10, 3
(9/250) | (2L/100)
. H“‘Q WO Nm
0, 37 15.7 40,3 6,31 - 0.670 0,103 0. 253 6. 52
(8/250) (, 22/100) .

T WA AR L W S W W W A e S b B e R A A A e e A S e O G DR A B W D T W WL WP A D W R W NG S G W G W G D S N S W A e S S WG el M G G DU S W GUE mp W T ASY U T P B R SNE S MG WS T o S G e MG R SR VR WG D WD W WO ) W W B

( Continyed on next page )
i
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Table 18,13 b (Q) ( Continued from the previous page ) %

1, 2, 3. h, Se 6. 7. 8e % 10, 11,
R.200 1,13 157 30,5 478 157 2.91 0. 271 sero -
(10/250) (26/100)
0.8% 153 33055 67 _ 3 3.55 0.555 0,023 0,077 23,6
(10/250)  (567100)
0.5 1553305 M2 0T w09 o8 0,090 0,297 7. 50
(9/250) | (25/100)
0,37 16,0 30.5 488 wmro_ w7 0.796 0,182 0, Pk L, 37
(9/250) (28/100)

% Data of the above ‘i@lifan are taken from (D)

A,




Table 18,13 ¢ (@)

. 244
Summary of column data for tables 7,0le to 7.12 c, %
The numerator of the fraction in the brackets gives the number of
samples and the denominator, the volume of egch sample,
Amount iIn meq,, eluted with : .
- (a ) Elvent - Total Total
lesin mm, s .
N/]_O stg!‘. 1N stoli- Ethanol eluted uneluted
. in meq,
l‘ 20 3; )-‘-‘ 5. 6. 7'
0, 169 3. 02 2,38
S 0, 215 5 57 1,40
(5/250) (9/250) (1/100)
0, 007 0, 641 1,88
8 0,215 2. 53 3.18
(3/250) (4/250) (1/100)
0, 005 0, 127 0, 041
£12 0,215 0,173 2,51
(4/250) (6/250) (5/10)
0, Ol
¥16 .0, 215 - - 0, 040 1,10
(5/10)
0,127 0, 241
IR-120 0,58 - 0. 368 2.77
(6/250) {1/50)
0. 219 0. 329 )
Ol 37 ) - — Oo 5)','8 20 73
(6/250) (1/50)

( contlnued on next page )
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Table 18,13 ¢ (@) %

( Gontinued from the previous page ).

S
(W) 4

10 20 30 )+O 50 6. 70
0, 245 0, b5k 2,21
R-200 1,13 2,909 ZeTro
(5/250) (6/250) (1/100)
0. 475 0.756 2,32
0, 8L , —_— 3.55 Zero
(5/250) (6/250) (1/100)
0, 608 1, 06 2,41
0. 58 4, 09 zero
(5/250) (6/250) (1/100)
1,02 L k5 2, 28
0, 37 o 4,75 Zero
(5/250) (6/250) (1/1.00)

194

* Data of the above tablen are taken from (1)
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Table 18,13 a, (C)

Summary of column data for tables 18,01 to 13,04

The numerator of the fractlon in the brackets gives the number of samples and the denominator,
L
the volume of each sample,

*

Resin a Column
(mm, ) capacity Pro  Caop

in meq,

1 2, 3, W, 5,

Xy 0,215 16,3 W9.,5 8,07
X8 0,215 19,0 Lh, 6 8. 4o
Xl2 0,215 22,0 27, 6, Okt
X16 0,215 21,30 21,6 L, 60

B

mxomemm exchange  Break-through wummwrawwocmw
with with capacity in -capacity in ,

3 cinchonine meq, per med. meg, per meqg, ¥
Na,50,, sulphate of total resin of effective _,
solution wowmdwos wcapaclty with resin capacity'

. n mede " Na.30 Cinch » with einchonine Y
20y, nchonine
in medq, sulphate sulphate soln, =(8/9)
6, 7e 8, 9. 10, 11,
16,3 8.99 : ‘
, — 0.767 0. 429 0,868 1,78
(8/250) (11/500)
19,0 . 1
? 7.33 0,853 0,289 0, 647 2,96
(9/250) (17/250) ;
22,0 Y, 30 0,907 0, 158 0, 578 5. 72
(11/250)  (10/250)
NH‘
3 2. 26 0,918 0, 08l 0,391 10,8
(10/250)  (12/100)

% Data of the above coluims are taken from (D
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Table 18,13 b (C).

Summary of column data for tables 18,05 to 18,12

The numerator of the fraction In the brackets gives the number of samples and the demominator,
the volume of each sample,

|

Resin

IR~ 200

a

(mn, ) Column wxasmsmm exchange
capacity P_ . C with with
in meq. Ro o ia 250y, ¢inchonine
solution sulphate
in megq, solution
. in meq,
m. w. :. “. m‘ :ﬂ‘
1L13 157 334 ook 157 3.91
(10/250) (13/250)
0.8%  15.3 33.% 5,12 _ 153 ', 66
9 , (10/250) (12/250)
0,58 155 34 517 155 5,10
(9/250) (14/250)
0.37 16,0 3% 535 160 572
(9/250) (1k/250) -

Break~through
capacity in
med, ¢ per med,
of total resin
.mm@mo 1ty with

Na,S0y Cinchonine

Break-through
.capacity in
of eftfective
resin capacilty
with

owwowmwwsm hm)« V
sulpha =
sulphate s5lution &
mo @C M‘OQ uuu_.o
0,271 zero - -
0, 555 0,032 0, 097 17.6
0, 678 0, 160 0, 480 L, 24
0,796 0, 250 0,748 3. 18

la-“gtli"ulnlll-nlclxl'l-.lalul.‘-l.l..li._.l:l.l.tc.l-li-ll.l-ai:Iti-l.ll‘tltlll\n.llllll‘lnl-:lal.llllnl-ll..l‘i"iii‘lﬂii“ioﬂi."i-"'i«l""llllliili““‘

( Continued on next page )
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fable 18,13 b (C). (Continued from the prewious page)
1. 2, 3 4, 5 . 6, 7. ) 8. % 10, 11,
Am-15 1,13 15. 3 34,1 5,21 - H 13 . - zZero -

(13/250)

0.84% 15,3 ™1 G222 - 77 - 0,032 0.095 =
(13/250)

Oo W@ HW_- m wr.o u. Wo NW - Wo r.m - Oo Hmu. Oo r.ﬁw -
(1k/250)

Oo ,.wﬂ H&o 0 ,wx.o 1 Wo M_.*N - mo _Mu-llll - OQ NWO Oo QWN -
(14/250) .

% Data of the above columns are taken from (1)



Table 18,13 ¢ (C).
’ 249

Summary of column data for tables 18,01 a to 18,12 a.

The numerator of the fraction in the brackets gives the number of

salples and the denominator, the volume of each sample,

Amount in meq.,eluted with

a Eluent Total Total
Resin (mm, ) N/10 H,o0y 1T N H S0, Ethanol eluted uneluted
. in meq,
1‘ 2. 3. L;‘. 5' L] 7.
T 0,215 %92 w71 | 0.771 R 1. 58
(7/250) (9/250) (1/250)
%8 0, 215 0.216 2, 50 3.86 6,57 0.76
(5/250) (7/250) (3/250)
X12 0. 215 0. 003 0. 357 218 2,8% L 46
(5/250) (7/250) (1/250)
X16 0. 215 - - 0. 285 0.285  1L98
' (1/2.00)

T N G T I T e A R R SN WM GO MY A R D T AR U0 S AR W e WO MR TR M W I G WA W W WU TR R M A T SN S W O B M W S B e G A e SR L TOE W At ok S R e W S o M

(Continued on next page)
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Table 18,13 ¢ (C), (Continued from the previous page)

1 2. 3,
R-200 1,13 0278
(6/250)
0. 8L 0.747
(6/250)
0. 58 1. 29
(6/250)
0. 37 L7L
(6/250)
Ama15 1,13 0, 45%
(5/250)
o8y  2-%83
(6/250)
0' 58 1& 22
(6/250)
0,37 ~ L72
§6/250)

e Se
0,972 1,89

© (7/250) (1/100)
1,28 L51
(7/250) 1/100)
.60 2,01
(7/250) (1/100)
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The conclusions of the tables (18.01 to 18.12 a.)
are summarised in tables ( 18.13 a, b, ¢ ), together with
results obtained under similar conditions by (1) .As with
quinine sulphate, the bresk-through is relatively less sharp
for cinchonine sulphate also for resin X4 and both, the
shagpness and the break-through capacity decrease as X
inereases. The values for cinchonine sulphate are relatively
higher than those for quinine sulphate. This should be
attributed to the difference in the molecular size of gquinine
and einchonine . The break-through capacity of cinchonine
sulphate per meqg. of total capacity of the resin, as well as ,
per meq. of effective capaclty of the resin ( obtained by
multiplying the total capacity by P, / 100 ) decreases
markedly as ¥ inereagses due to reduced rate of diffusion in-
the resin particles

Elution of cinchonine from the column with N/10¢
sulphuric acid becomes less efficient as X increases. §ane
is true for elution with 1 N sulphuric acid. The elution
in both the cases is relatively easler for cinchonine than
that for quinine. Elution with 1 N sulphuric acid is better,
as may be expected,than with N/10 sulphurie acid. Elution of
1iberated cinchonine with ethanol also becomes less .
efficient as X increases. The lower efficiency of elution
with X increasing, 1s due to reduced rate of diffusion
through and from the resin particles .

The conclusion from the effect of degree of
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erosslinking is that loyer degree of crosslinking is to be
pr;ferred, as this would permit higher break-through capacity
due to higher rate of exchange and higher effective capacity
of the resin., However if X is reduced below k4, the volume
changes during exchange would be relatively more and )
molecular sorption also may matter, which would be undesirable.

.Regin IR-200 and Am-15 have been studied with
different particle diameters. The uptake from cinchonine
sulphate solution is markedly increased by decrease in
particle size. This 1s due to increases in the exchange rate
with decreasé¢ in the particle size.With resins IR-200 and
Am-15 which are more porous than X8, though of X about 8,
the rate of exchange is relatively higher than that for X8
and hence the uptake and elution are relatively more efficient.
The elution is also better than that for Xi. However, the
effective capacity for IR-200 is less than that for X4 or X8,
Elution of quinine is relatively easiler with ethanol than that
of einchonine which may be due to better solubility of
quinine in ethanol. ‘ .

The above,together with the results of (1),
indicates that a resin of relatively high erosslinking,such
as X 20,woulé be suitable for removing small cations from
a solution of alkaloid salt § by passing the solution through
the column, the small cations will be preferably taken up by
the exchanger while most of the organic alkaloid cétions will
pass through. The acid in the effluent, then, may be removed
with a weakly basic resin such as Amberlite IR-4B.
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. On the other hand for recovery of alkaloid from raw .
material, the choice should be between X4 and IR-200, the ‘
Particle size being small ; however, the pressure-drop would
increase as the particle size is decreased. Hence a compromise
has to be made. Further detailed work should indicate which

of the two should be preferred on the overall considerations.
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