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1. IHE OBJEGE ¢

The object 1s to study ion ekchange resin -
alkgleid systems and their usefulress towards practical
application.

le2  SYNTEETIC ION EXCHANGE BESINS : (1-10)

Ion excharge materigls are of a wide varisty.
These may be irorganic or organic and of different shape
and size, The cormon gereral structursl principle is a
framevork with electric surplus charge and mobile
councter lons. However, various types of materials behave
markedly differently. Organic ion exchange resins are
the most significant of the ion exchange materials.
These are gels and the matrix consists of an irregular;
macromolecular, three dimensionsl rstwork of hydrecarbbn
chains. The ionic groups attached to the matrix may be
of various types suchk as,

- - -y ‘-
- 03 - CO00 “PO3 = AsOj3

for catlon exchangers and

+ ’ + 3t \+
- NH; > NH, A, =8

for anlon exchangers. Hence, lon excharge resins are
crosslinked polyelectrolytes. They are insoluble, but
have a limited swelling in water, depending on the
crosslirking. The ion excharge behaviour of the resins 1is
mairly dependent on the nature of the fixed ilonic groups.
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Commercial ion exchangers are imsoluble solids.
Recently liguid lon exchargers, such as long chain
aliphatic amires and fatty acids or alkyl phosphates have
become of great interest.

Orgahic synthetic resins in gereral, have
superior echemical and mechanical stability, exchange
capacity, exchamge rates and versatility. Imorganic
m>ater1als possess better thefmal stabllity and resistance
to radistion,

A wide variety of organle ion exchange resins
have been prepared and some are available commercially
under various trade names. The synthes:!.s of lon excharge
resin should yield s threedimensional, erosslirked matrix
of hydrocarbon éhain;s‘carrying ionic groupse. The resins k
can be prepared by condensation polymerisation of addition
polymerisation and the ilomogenic groups ean be introduced,
before, during or after the polymerisation., These groups
mzy be of ore or more types giving mormfurnctionsl or
multifunctiongl cation excharge or anion exchange or
amphoteric resins.

Most of the earlier cation exchange resins were
condensation products of pherol derivatives and aldehydes.
Most of the»presentf commersial resins are addition
polymers prepared from viryl moromers. These resins have
a better chemical and themmal stability than the
condensation polymers and their degrge of érosslinking

and particle size can be more easily controlled.
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The morofunctionzl sulfonic acid cation exchange
resins avallable are cr%slirkgd polystyrems with
sulfonic écid groups, introduced by sulfongtion of the
polymers The crosslinking pgent used is d;y,ixwlbenzem.
Amberlite IR-120, Dowex 50, Nalcite HCR, Permutit Q,
Duolite C-20 and C-25 and Lewalit 5-100 are resins of
this type. Thé structure may be imagired as s

esses0seee - CH2 - GH"“".-GHQ - CH - GHa -

@S%ﬂ OS%H

[ Y XXX NNNTR 'CHa - CH - CHg - CH - CHa CH -
5034 SOo4H

Pure divirylbenzers 1s rnot readily avallable j
hence the resins are prepared with g commercial product
consisting of a mixture of the different divirylberzems
isomers ( about 40 to 55 % ) and ethylstyrers ( about 60
to 45 ¢ j. Ethylstyrere 1is also imorporated irto the
matrixe By varyirg the divirylberzere content, the
degres of crosslirking can be adjusted in a simple and
reproducible manrer. The rominsl DVB contegxt is used to
indicate the degree of crosslirkirg j it refers to mole
percent of pure divirylbemzems ( mot of the commercial
product ) in thé polymerisation mixture. Resins with low
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degreo of crosslinking, swell stromgly and are soft amd
gelatinous. Resins with high DVB content swell much less
and are tough and mechanically more stable. The copolymer
beads are prepared by the pearl polymerisation technique.
The mommers, from which stabilissrs have been removed,
are mixed and a polymerisation catalyst, such as
benzoylperoxide 1is adQed. The mixture 1s then added to a
thoroughly aglitatsd aque&us solution at a required
temperaturs ( usué,l;y 850 to 10000 )e The mixture foms
smz_:\ll droplei;s, which remain suspended. A suspension
stabiliser ( gelatin, polyvirylalecohol etc. ) in the
aqueous phase prevents agglomeration of the droplets. The
size of the droplets depends mainly on the nature of the
stabiliser, the viscosity of the solution and the
agltation anml can b2 varied within wide limits, The polymer
is obtainmad in the form of falirly uniform beads.

The sulfonation of the beads 1s simplse, if
proper precautions are taken. The cracking of beads may
be avolded by first swelling the beads in an organic
solvent such aé toluerme, nitz;obemem ete. It is
advisgble to transfer. the sulfonated beads first to a
highly concentrated electrolyte solution, whieh causes
less swelling axd then to dilute the solutioﬁ stepwise.
sulfonation with concentrated sulfuric acid or
chlorosuifonic acid results in practically complete
momsulfonation of all the berzere pirgs. |

Highly porous, macromolecular ion exchange
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r2sins are prepared by a variai'.ion in the conventional
rearl polymerisation technique. An orgahic solvent, which
is a good solvent for the momomers, but a poor solvent for
the polymer 1s added to the polymerisation mixture. As
polymerisation progresses, the solvent is squeezed out by
the growing copolymer regions. In this way, spherical
beagds are obtained with wide porss which permit access

to the interior of the beads even when mormpolar solvents
are used. The recent Amberlyst ilon exchange resins are

of this type. L

Cation exchangers with specific prefereme for
cortain cations can b made by introduéing éroups which
form strong complaxes, preferably echelates with these
catlons. Resins with chelating Imirndiacetie acidir::g ;
now commercislly avallagble, '

Most of the egrlier anion exchange resins were
condensation products of aromatic or aliphatic gmires and
aldehydes, dihaloparaffins or hgloepoxides. Most of these
contain weakly basic groupss.

1 The more important anion exchangers are
erosslinked polystyreres, into which stronéyor weakly basic
groups are latroduced by chloromethylation gnd subsequent
anination. Reaction with" tertiary alkylamines gives strong
base quaternary ammonium groups and reaction with primary
or secondary alkylamires or gmmonlia gives weak base amino
groups. Anion exchangers with strong base quaternary
phosphonium and tertiary sulfonium groups have also been

prépared.
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Amphoteric ifon exchangers contain both acidie
amd basic groups. Snakecage polyelectrolytes are a novel
variety of amphoteric resins. These are prepared from
conventional ion exch:s\ngers by polymerisation of monomeric
counter ions within the resin. '

For specific purposes fon exchargers in the form
of pellets, rods, belts etc. have been prepared by
cementing lon exchange particles together with an irert
binder or by impregnating suitable suppérting carriars.

' Ion exchange membranes have been prepared by
various methods. The membranes may be homogemeous or
hetergemous and have become of significant interest
recently, particularly for desalting of water.

1e3 °  CINCHONA ALKALOIDS : (11)
Introduction s ‘ B
| Quinine is the most important of the cinchona

alkaloids. In additdon-ubout 20 other alkaloids have been
isolated from cinchona of which cinchonidire, quinidime
and cinchonire are important. The alkaloids chiefly
exist as salts of quinic and cinchotannic aclds and
their relative concentrations vary in different speciss.
The bark which 1s krown to the trade as druggist’s bark
has a quinire content of 1.8 to 2.0 %. ’

In the early years of planting, the total
alkaloids were used for medicinal purpos{as under the
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ngme of q‘uine’tum.‘ In Iidia_ciqirétmg wgs'gradually
replaced by cinchona febrifuge consisting of the
rosidual alkaloids left after the removal of quinime.
‘The Malaria Commission of the League of Nations
redefired quiretum as a mixture of equal parts of
quinire, cinchonidire and circhonire and introduced a
mw product called totaquire or totaquina which is
defirned in the BePs as containing mi less than 70 %

of crystallisable cinchona alka.loids-quini;e;
cimhan;dirg; cinchonine and quinidine of which mt less
than ore fifth is quinire. Cinchona febrifuge varies
greatly in physical character ami. cémpositiézi,tor

use as an antilhalaria} drug; It should be of the same
standard as totaquime.

Extraction : .
The greater part of tie world’s production of

cinchona barks is employed in the mamifacture of quinire.
Far this purpose i‘imly powder2d bark is mixed with

about ore third of its weight of sifted slaked lime and
a 5 % aqueous solution of caustic soda. The mixture is ex
extracted under stirring in steam jacketed vessels, with
higiz boiling kerosere, Three succassive-extractigns are
made. The mixed extracts are shaken with sufficlent hot,
dilute sulfurlc acid to comvert the alkaloids into
sulfates. The oil is separated whils hot and then reutral
aqueous solution cooled when {;uinire salfate separates

out ard is subsequently purified by recrystallisation

3
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from aqueous solutions af'ter decolorising with animal
charcogl. The mother liquor containing the other
alkaloids is trsated with caustic soda and the
precipitate of quinidine, cinchonidire and cinchonine
extracted with dilute aleohol which dissolves the first
two, leaving cinchonire behind j the former two can then
be separated by means of their reutral tartarates, that of
quinidire being sonsiderably more soluble, o

The method adopted by the Bureau of Science,
Philippires, 1s to percolate to exhaustion with alcohol, a
mixture of firely powdersd bark‘, lime and water. The
percolate 1s distilled to recover the alcohol, and the
gumny rosidue tregted with sulfuric acid to dissolve the
alkaloldse The  solution is decolorised with charcoal,
filtered and the mixed alkalolds precipitated by the
additlion of sodium hydroxide. |

An 1lon exchange process for the ssparation of
alkaloids from cinchona barks poor in alkalolds has been
developed and was successfuily employed in the U.S.A.
during the war period. This process was suggested for
the recovery of alkalolds from the waste material left
after the separation of the barks in India. The analysis
ofﬁ the alkaloids is based on processe\s such as |
polarimetry, colorimetry, turbidimetry, fluorometry and
chromatographye
Uges

The oldest and the most important use of quinine

9



10

is for the treatment of malarial fevers. Quinire contimes
to be effective ingpite of 1ts prolonged use., Quinire
possesses marked bactericidal action and until the advent
of sulfanilamide derivatives, quinime and certain of its
derivatives were being employed in the treatment of
bacterial infections. Quinime has been used as a
sclerosing agent in the treatment of internal haemorrhoids
and verdsose veinse Quinime adde;i to aciuaphor, protects the
skin against sun burn. Quinine sulfate 1s the most
important salt of gquinime used in therapy. Quinire ethyl
carbonate and tannate are almost tasteless and are
specially useful for children, Quinire with ureg
hydz;ochloridq is used as a local anaesthetic. Practically.
tasteless compounds are obtaired by combining éuinine with
an aclid mixture derived from camphoric acid ard an aromatiec
alcohol or a terpere alcohol or a pherol., In addition te’
their use in phammacy, quinire and quinidire and their
derivatives zre utilised in insecticide compositions for
the preservation of furl, feathers, wool felts and
textiles. They are also ingredients of moth repelling
preparations. Quinire sterate is used in hair lotions and
pomades. The residual bark of quinine factories after the
extraction of the alkaleolds 1s a tanning material.
Debarked cinchona poles are durable and resistant to
fermiteSo New and effective antimalarial drugs, specially,
paludrire have certaln advantages over quinire in the

treatwent of malarias. These rew develcpments have mo
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doubt affected cinchona expansion schemés in India.
However, from a strategic point of view, cinchona
alkaloids are still of importancs as indigemous
materials particularly in war time, when imports may
ot be feasibdle. b

1.+ ION BXCHANGE STUDIES WITH CINCHONA ALKALOIDS

- Urgerer (1&) first examined the uptake of salts
of gquinine, cimchonin® and strychnim on the calcium form
of synthetic zeolites., Finik (13;) took a patent for
isolating cinchonire, strychhine and adrenalire from
their aqueous extrgets by a filtering materlal having
adsorptive properties, such as asbestos and kaolin, cotion
and asbestos or asbestos and kieselguhr.l The pH of the
solution was suitably adjusted to facilitate the separation.
Applezveig (14) studied the removal of cinchona alkaloilds
by a cation’ exchanger of .sulfonic acid type. Three
possibilities were explored : (a) recovery of alkaloids
from the mother liguor of the éc:ld extracts of the bark
after the major portion had been removed by alkallre
precipitation, (b) purification of the crude totaquire
obtained from alksline precipitation and (e) application
of ion exchange dirsctly to the acid extracts of the bark
in a cyelic system. Capacity determingtions were carried
out on a 200 ce. Zeo-karb column using quinire
concentrations of 0.033 arfd 0.0033 M and flow rates of



12

approximately 5 and 50 cc./min. The capacity of a 200 cc.
bed of Zeo-karb for quinire, from acid solutic\m (1 % Hp80,)
was found to be betwsen 7 and 8 grams, before break through
(Mavar’s Reagent ). To liberate ‘the alkaloids from the
column gmmonical alcohol was usede Purification of
totaquire prepared by alkalire precipitation of acid
extractsof the bark was attempted by ion exchange. From

20 grams of totagquire precipitate, 2.;5 gramns of white
erystalline magterial was obtalred. Recoveries of totagquine
from cinchona bark and scopolamine from daturs plants were
also effected by Sussman and others (15). The extract
containing the alkaloids was brought into contact with a
cation exchanger and then the cation excharger was treated
with aqueous alkali and a solvent. In a subsequent paper,
Applazweig and Ronzore (lé) described a portable unit for
extracting usable antimé.lerial from freshly stripped
cinchona bark in the field. Commercially dried cinchona
bark was macerated with 0.1 N HzS0,. The acld was repsatedly
cycled through.a sulfonated coal cation exchanger and back
into the maceration tank. The exchanger was regererated
with 00,5 N NaOH and stripped with alcohol, The crade
alkaloid being recovered by evaporation. Rectified
totaguire was obtained by precipitation from aqueous
solution, An overall yield of uBloé % within 82 hours was
obtainsed. Mukherjee and Gupta (17) invesfigat«ad the
extraction of alkaloids from cimchona bark with
hydrochloric acid and sulfuric acid over a range of acid
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Concentration: and temperatures in the presence and
absence of sodium chloride with Amberlite IR-100 and
Ionac C-28%. For elution, alkali was used and after an
interval, alcohol was percolated. Ionac C-28%4 proved to
be the best sorbent and showed highest elution effecliency
but tended to soften and form a jelly in contact with
alkali. Hence Zeo-karb, the next best ani fres from this
defect was used. Applezwelg (18) took a patent for the '
removal of qulinine from a dilute solution in acid with
Zeo-karb cation exchanger. The julce of the fresh material
was passed through a column of Zeo-karb or Amberlite IR-100
or Tonac C-284. The sorbed alkaloids were eluted with
amonical ethaml. This method was used for the extraction
of atropine, scopolamirg and quinire alkaloids. Mukherjee
and others (lé) examined three cation exchanée resins
(Zeo-karb, smberlite IR-100 and Ionac C-284%) and two
énian exchange resins ( Degcidite amd Ionac A—2§3 ) for
the sorption of quinine sulfate, strychnire hydrochloride
and other organic basese. The results showed that a resin
having high sorption power for ore alkaloid may not
behave similarly with amther alkaloid. The relative
sorptive powers of lthe different resins, for each of the
alkaloids studied were given.

Jindra (20) used an anion exchange resin of
weakly basiec type.for the determination of ssversl
alkaloidse 0.1 to 0,2 grams of alkaloid salt was
dissolved in 20 cce. of alcohol and passed through a
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prepared column of Amberl:{te IR;#B. The flask and the
column were washed with 50 cce Of aleohol at SOOC: and
the alké.loidal solution in alcohol was titrated with

Oe.1 N hydrochloric acid using a ixzixture oi‘ 10 drops of
methyl red and two drops of methylene blue as indicator.
The method Was applied to quinire and cimmnine
hydrochlorides and to a mmber of other alkalolds.

Jindra and Pohorsky (21) have given detailed deseriptions
of the apparatus, reagents, preparation: of the ion
exchange columnsard ge neral’micro and semmicro methods
of assay, applied to cinchona bark and other alkaloids.
Bucke and Furrer (22) have described in detail, the
determination of quinins amd total alkaloids in the
cinchona bark extracts by the use of ion exchange resinse.
In a subsequent paper they (23) found that sorption from
cinchona bark was best with sulfuric acid extracts and
the elution was best dore with ethanol with o&- without
addition of sodium hydroxide. A quantitative sorption
ocoured within 14 hours by shaking the powdered cinchona
bark and Duolite in dilute sulfuric acid but the
subsequenﬁ separation of alkalolds from the resin was
found to be difficult. Sanders and others (24) described
an assay process using strongly basic anion exchange
columns to separate quinire salts and ephedrire ‘
hydroechloride which was capable of giving results within
0e5 %+ Ore and two column procedures are described.
Yoshino and Sugihara (25) separated quinirs amnd stryéhmm
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chromatographically by sorption on weskly acidic cation
exchange (MNH,-R) resins such as Duolite Cs-101 or
Amberlite IRC-50 and the subsequent elution with

Oel= 063 M gmmonium éhlozjide respectively. H-R exchanger
could also be used but then a large amount of eluting
solution was required to separate strychnine. Yoshiro

and others (25) classified some organic bases (a) quinire,
ceinchonine, ephedrine and berberine (b) nicotine and
yohimbire (¢) amiro pyridine (4) antipyrim (e) acetanilide,
caffeins, theobromine and theophylline, according to the
facilities of beipng eluted with ﬁater from the cation
exchange ‘columns (sulfonlc acid type and carboxylic ascid
type in the H and NH, fomm), on to which they had been
sorbed. Street and Nlyogi (27) separated s mixture of
acetophenetidim, sulphacefamide, promacyire and quinine
by a combination of chromatography and 16mphorasis on
cellulosic ion excharge sheets. Detectlion was accomplished
by examination in ultraviolet light., Similarly (28)
separation of a mixture of tablet fragments containing
amobarblitgl, acetylsalicyclie acid, acetopherstidire,
caffire, codeire and quinine intc its constituent parts
was accomplished by chromatography on modified cellulose
ion exchange papers using both horizontal circular and
ascending cylindrical paper chromatography. Street (29)
has described a rapid method using ion excharge paper

for the preliminary separation and detection of a mixture
of quinine, strychnire and nicotine in whole blcod.



16

Y -

Proteins were precipite;ted and the azcid flltrate 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 evsporated to
dryress ard the residue was tzken up in the chloroform.
This solution was sﬁ}:ted on a cellulose cation excharge
paper and subjected‘ to chromatography in an aqueous
solvent at pH 4.5. The separated compounds were detected
by their fluorescence or absorbarnce in ultravioclet light
at 254% xﬁjz. guinine showed a bright blue fluorescent spot
and strychnine and nicotine as dark purple absorbing "
areass

Saunders and Srivastava (30) studied the rates
of sorption on, and elution from é. carboxylic acid
cation exchange resin for éuininee The factors which
influenced the rate of sorption of quinine on Amberlits
IRC~-50 were found to be (a) the initial concentration
of the solute ( a miliimoies /100 cco) (b) the nature
of solvent, soi.-ption from 50 % etharmol solution being
more rapid than that firom pure ethamol for a given value
of a (e¢) the method by which the resin ﬁas eonverted
to the hydrogen form, aqueous 2 N agecid producing a less
effective absorbent than alcoholic 2 N acid (&) the
amount of base already sorbed on the resin (x millmoles) :
(e) the stirring condition (f) the particle size of the
resin and (g) the initial pH of the solution. An
empirical relation dx / 4t = Ka ( a-x)/x 2
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(where K = constant § a = initial solution concentration
in mn:i.moles / 100 cc. ;' X = milémoles sorbed by 5 grams
of resin and t = time in hours), represented the rate of
sorption quite élesely for values upto 24 hourse The  :i':
interaction of quinine with the resin waé considered to
be mainly a molecular sorption processe. The sorption
process has been visualised as a diffusion of base into .
the resin particle under chemical potential differerce
enhanced by the acld-base interaction with the resin

and by the van der Waal's foreces betwsen the base molecule
and gel structure of the resin ; the effect of viscous
flow iﬁto spherical particles and the swelllirng of the
resin caused the rate of sorption to fsll off rgpidly

as the resin became saturated with base. Saunders and
Srivastava (31) also examired the sorption of a mmber
of organiec bases from agueous ethamol or ethamlic
solutions by various carboxylic acld ion exchange resins
and described the results of studies of the equilibrium
distributions of some bases between the solutions and
the resins. This, in the case of quinire has been
demonstrated by showing that the distribution was
independent of resin particle size and also that it was
revérsible. The systems studied have been classifled into
two groups. The first consisted of very weak bases

which followed a simple distribution law, concentration
of base in resin/ _concentration in equilibrium solution

= constant. The second group, consisted of strong bases,
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the distribtutions mostly fo.llowed a logarithmic law

Y= Alog C+ B where G = concentration of base in the
equilibrium solution in moles per liter of total phase |
volume and Y = cqrrespoming base concentration.in the
resin phase in moles of base per liter of total resin
phase volume. Observations have alsc been made of the
swelling of the resins caussd by saturating them with the
different bases and it was found that swelling was a
function of base sorbed.

Sgal, Miller amd Morton (32) ﬁave described the
quinire form of a weak caticn excha;:gar as an 1ndicator
for the detemuination of the presence of free hydrochloric
acid in gastric julce without intubation. If a special
cation (quinine) 1s combined with a cation exchange resin
(Amberlite IRC-50 or XE-96) and the cation is displacegbla
only or mainly by hydrogen iony 1s readily sorbed from
the stomach aml detectable in the urim or blood, the
presence of free hydrochloric acid in gasTtric julcs can
be detected if quinine appears in the urine within 2
hours, after introduction of the complex, without
subjecting the patient to intubation. Shay and other (33)
found that the regults of studies in patients after ‘
subtotal gastric resection indicated that the tubeless
method fci- detection of the presesnce of free hydrochloric
acid in the remaining gas”tric pouch was. ot suitable in
these patients because of the rapid emptying of the

quininium resin from the pouch. In such patients the
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detemminstion of pH of gastric contents during
fractiongl gastrie analysis was the best method for
studyinz gastric acidity. Kamp (34) determired guinine.
together with caffeine and stryéhnine in cola sirup by

ion exchange resin.

1.5 SUMMARY OF
LABORATORYS (35,36)

THE BARLIER WORK DONE IN THIS -

1. The sulfates of four cinchona alkaloids ( as
QpeH280,.nH,0, whers-Q is the alkaloid base), ciuinim,
quinidine, cinchonine and cinchonidins, were studied for
their exchange beliaviour with styrensz divinylbsnzene
copolymer baséd sulfoniec acid cation exchange resins.
The varlables studied were the relative degree of
crosslirking of the resin, the particle size of the resin
and the ratio of resin concentration to alkaloid sulfate
concentration. The behaviour noted with alkaloid sulfate
was of different type as compared to that of simple
alkali cations (37). For resins of higher degree of
crosslinkim, the same fraction of the resin capacity

is exchanged irrespective of the ratio of resin
concentration to the alkaloid sulfate concentration
This value varies with the relative degree of
crosslinking of the resin. For low ¢rosslinked resins,
the effective exchange capaéity is, to a small extent,

deperdent on the ratio of the resin concentration to
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alkaloid sulfate concentration (38).

2 Several anslytical methods for the estimation
of alkaloid sulfates in dilute aqueous solution in the
absence and presence of sulfuric acid were explored.

3. Ultraviolet absorption studies were made for
aqueous solutions of cinchona alkaloid sulfates (quinire,
quinidine, cinchonine and cinchonidine ) of differsnt
pH (adjusted by addition of sulfuric aeid or sodium
hydroxide ) and the ultraviolet absorption at invarient
wavelangths was used for the estimation of the alkaloid
sulfate in dilute agqueous solution (39).

4 Exchange equilibpia of quinine, quinidine,
cinchonine and cinchonidine sulfates in the presence of
added sulfuric acid of differsant concentrations were
studied with the imberlite IR-200, Amberlyst -15, Dowex
50-%4 and Dowex 50-X8 resins.

Se The uptske of the four bases from aleoholic
and aqueous alecoholic solutions was also studied.

6o The exchange rates for dilute agueous solution
of quinine, quinidine, cinchonine and cinchonidine
sulfates with varlous resins wers studied at 35 and }-1-500:0
A simplified procedure was adopted by applying the
second order law to the exchange process. For low
crosslirked resins the rate of excharge, over a ;good
part of the exchange reaction, was uniform and the rate
constants were evaluated. For higher crosslirked resins,

the exchange was by two exchange rates § one relatively

-

20



Y oe -

-

fast \and ofoshorter duration, and the other relatively
slow and of longer duration, The second order law was
applied to the slower rate and the relative rateconstants
were evaluated. The rate constants were a furction of

relative degree of crosslinking and of particle size of

the resing. The temperature coefficients and the gpparent -

energles of activation were evaluated for the four
alkaloid sulfates.

7 A preliminary study of the column behaviour
of quinine and cinchonin® sulfates 1n agueous solution
with the different resins was carried out. Elution was
studied with aqueous sulfuric acid of different
concentrations and then by liberation of the base with

canstic soda solution and elution with distilled ethaml.

21



References @

1.

2e

3e

ke

5o

6e

7

8.

9.

10.

1l.

12.

Calmon,C. and Kressman, TeR«E., (Bditor). Ion
Exchangers in Organic and Biochemistry, Interscience
Publishers, 1957,

Dowex, Ion Bxchange, The Dow Chemical Compary, Midland,
Michigan, 1959.

Helfferich, Fe, Ion Exchange, Mc Graw Hill Book
Comparny, Ince., 1962,

Kunin,R., Ion Exchange Resins, John Wiley and Sons.,
1958,

KitchreryJeAs, Ion Exchange Resins, John Wiley and
sonse., 1957.

Nachod,FeCe, (Editor), Ion Exchange, Academic Press,
1949.

Nachod,F.C., and Schubert,J., (Editor), Ion Exchange
Techmology, Academic Press., 19%6.

Salmon,Jeke, and Hale,D.X., Ion Exchange, Laboratory
mamal, Butter Worths Scientific Publications., 1959
Samaelson,0., Jon Exchangers in Analytical Chemistry,
John Wiley and Sons., 1953.

Ind.Eng.Chem., Anmal review on unit operations, Ion
Exchange section, published yearly beginning in 1948,
The wealth of India, Raw Materials, Vol. II,P.
163-173, Courcil of Scientific and Industrial
Research, Delhi. (1951).

Ungerer,E., Kolloid.Z., 36, 228 (1925). Chem.Abst.,
19, 2431 (1925).



13.

14,
A 15-

16.

17.

184
194

20.
21,

224
23,
2t
25

26.

28.

23

ApplQZWEig, No, JoAm.Chem‘&cc,éﬁ, 1990 (191"11')0
Sussman,Se, Mindler,A.B. and Wood, We, ChemeIndse,

27, 455 (1945).
’Applezweig, Ne and Ronsone, SeRe, IndeEng.Chem.,

38, 576 (1946) ; also engireering Board, Ft.Belvoin,
report 240 (194%5). ‘
Mukherjee, S. and Gupta, M.L.S., J.Proc.Inst.Chemists
(India) 21, 83 (1949).

Applezweig, N., U.S.Patent 2,509,051 (May 23, 1950).
Makherjee, ‘S., Gupta, M.L.S. and Bhattacharya, R.N.,
JeIndian Chem.Soce, 27, 156 (1950). ° '
Jindra,A., J.Pharm.Pharmacol., 1, 87 (1949).

Jinira,Ae and Pohorsky, Je, J.Pharm.Pharnacol.,

3, 344 (1951). Casopio Ceske Lo Kekarnictva, 63, 57 (1950).
Bucke,J. and Furrer,F., Arzreimittel-Forsch, 3, 1-10
(1953).

Bucke,J. and Furrer,F., Arzneimittel-Forsch,4, 307
(1954). ’

Sanders,Ls., Elworthy, P.Hs ard Fleming, R., J.Pharm.
Pharmacol. 6, 32 (195%). '
Yoshim,T. and Sugihara, M., Kagaku to Kogyo (0Osaka),
31, 91 (2957). |
Yoshim,T., Kobashiri, N. and Sugihara, M., Kagaku to
Kogyo, 31, 229 (1957), Chem.Abst. 31, 17106 e (1957).
Street,H.V. and Niyogi, S.K., Analyst, 86, 671 (1961).
Street, I-f.V. and Niyogl, S.K., JePharm.Sci., 51,

666 (1962) . - ' |



24

39. Street’ ,Hov‘, Clin.Chim A\ata., Z’ 226 (1962) ; Chen.

A ot
:;M PRYE )

Abst. 52, 111+69 d (1962).

,':30. Saunders, L. and Srivastava, Re, J'.Chem.soc.,2915 (1950). ,

31. Saurders, L. and srivastava, ReS., JeChem.Soc.,

2111 (1952).

32. s#gal, H.L., Miller, L.L. ard Morton, J.Je, Proc.S0C."
Exptl. Biol. Med., Z&, 218 (1950).

33. Shay, H., Ostrove, R. and Siplet, H., J.im.Med.Assoc.,
156, 224 (1954).

3. Kamp, W., Pharm.Weekblad., 99, 1092 (1964) j Chem.
Abst. 62, 7590 a (1965).

35. Kanhere, S.S., Ph.D.Thesis (Baroda 1964).

36+ Shah, ReS., Ph.DeThesis (Baroda 1966).

37. Kanhere, S.5., Patel, DeJ., Shah, R.S., Bhatt, ReA.
and Bafna, Sele., J.Ind.Chem.Soc., 42, 589 (1965) 3
Errata (Nov. 1965)«

38. Kanhere, S.8., Shah, R.S. and Bafpa, Se¢L., J.Pharm.,
sc. (accepted).

39. Kanhere, S.8., Shah, R.S. and Bafna, S.L., Indian
J.Chem., 3, 251 (1965).



