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SYNOPSIS

A scries of oxine oontaining‘polymers, preparcd by
condensation techniques and by the coupling of oxine to
dingzotised poly (amino-styrenes), have beeﬁ investigated in
terms of their total capacities for Co(II), Wi(II), Cu(Iii),

Zn (I1), Al(III), and UOZ(II) as a function of pH and their
rotes of equilibration with solutions of metal ions. Other
chelating polymers containing salicylic acid, alizarin or
pyridyl azo resorcinol as the functional group have also been
cxanined to deternine their bohaviour with the same six metals.

An attempt to determine the magnitude of the stability
constants for the metol-resin complexes, uranyl and coppelr-
polystyrenc chelates, has been made. It has been shown that
the uranyl values lic somchwat lower than the stability
constants of the corresponding metal-mononer complexes, whilst
the copper values are of the same order as the corresponding

netal-nonomer complex.
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—3-
intermediate (3) is then reacted with trimethylamine to produce

the exchanger (4)

"'(:Fi'*(:Pﬂ2f-

CH2C| \vHZ[:J.( CH3) 3
Ci~

(3)
(4)

Barly commercial resins showed considerable variation among

individual batches; and even among beads within a batch7?89 that
led to differing capaoitiesvand gwelling and hence seledtivitiesg.

In recent yeéfs however the manufacturers have succeeded in producing
a@equately homogeneous material. Most of the metal ion separations
carried out by ion-exchange chromatography have been based on the
stability of their complexes (when a competing chelate is added)

or on the differences in the degree of-disgociation of the substances
being separated. This is best exemplified, in the separation of

the rare ecarthe;, use is made of their complexes with citric acid

_or ethylene diamine tetra-acetic acid. This lack of selectivity

has not deterred the use of conventional jon-exchangers, in fact

using the optimum conditions (i.e. pH and/or complexing agents) and

by appropriate selection of eluting agents they can be used for a

wide variety of analytical applications. It is the necessary
"puffering" of a solution containing metal ions with similar properties,
that hes. restricted ion-exchangers to mostly analytical‘

techniques and water desalination processes.
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oxinates and dissociation constants for the various complexes used,
Stary was able to determine the metal chelate (competing) stability.‘
From his results Stary indicated that ferric ions could be selectively
extracted from aluminium (III) at pH 2, the aluminium oxinate
extracts above pH 3.0. He also showed that metal oxinates with a
higher Ko value (where Ko was the equilibrium constant or extraction
constant) could be selectively separated from all other metal
oxinates with lower Ko values. It was possibiy the knowledge of
preferentidl selectivity of some metal chelates to others that
initiated the preparation of resins containing special functional
groups. These resins have been designated chelating resins or
chelating ion-exchange resins,

The precise origin of chelates used as a mecns of separating

metal ions, using chromatographic techniques was by Erlenmeyer

co

and Dahn* « These workers used a column of powdered 8 hydroxy—
quinoline and attempted the separation of various cations. During
the infancy of chelate ion exchangers only two outlooks were
proposed for the choice of chelate. Skogseid19 and other workers
éttempted to prepare resing containing groups which were analogous
to highly selective organic chelates for example dipicrylamine,
O-hydroxy azo compounds and & diketone oximes, in the‘belief that

the polymers will show a high selectivit& gimilar to the monomers.

This belief, however; is not true for all resins, for instance

Heller and co-workers2® gtudying poly—(l-hydroxy—4-vinylpyridinium)

resin suggested on the basis of the monomer the N-oxide;, that the
resin should yicld stable co-ordination compounds with uranium

or transition metals. The work proved contrary and it was concluded
that it may be due to the impossibility of forming suitably

directed covalent bonds with two adjacent planar aromatic
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in which the uranyl ion is bound by covalent or partially covalent

linkages to the thoghonate functional unit in the resin matrix. The
idea that chelate ion exchangers can form 1:2 metal complexes is
open to discussion. Where monomers are polymerized,; the resulting
polymer could form 1:2 chelates, since it may have a high ratio

of chelater. sites. A resin capable of forming 1l:1 complexes is

Dowex A-l, an iminodi-acetic acid (IDAA) polymer. Lowwenschuss

and Schmuckler25 studied the structure of the resin when containing

copper. The resin studied by these workers contained 2.5m mole of
iminodiacetic acid/g. of roginand had a capacity for Cult,

Pb2+, Fe3+ and Th4+ ions of 2.4 to 2.5 m moles of metal ions/g of
Dowex A-l. Because lg of resin contained 2.5m moles of IDAA it

was found that metal ions were complexed hy the resin in the
stoichiometric ratio of 1l:1, independent of valency. This is totally

different to the behaviour of IDAA in solution,; where metal ions
combine with more than 1 molecule of IDAA, in accordance with their
valency. The net result of this, is that the complexes in the
resin were more stable than those formed in solution. |

The synlesis of chelate ion exchangers is historically
parallel to that of normal conventional ion exchangers. The
preparation of both phenol-formaldehyde condensation polymers and
‘derivatives of polyétyrene were used. However, it was a
polystyrene xregin-containing an active group similar in structure

to dipicrylamine that was the first chelate ion exchanger prepared.
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resins of defined structure, but is also hindered by the production
of secondary products observed by Smets et affi The majority 6f
the polymers synthesised in the above manner were soluble in some
organic solvents, this is beneficial Tor detailed studies of the

physicochemical behaviour; but is also detrimental for some

applications.

(2) Condensation Resins

In numerous cases the chelating agents, because of their
structure are able to enter into condensation reactions as one

.of the reactants. Aromatic amines, phenol and phenol derivatives

are capable of this. In general formaldehyde (or other suitable
aldehydes) and a crosslinking agent, together with the chelate
condense to form a resin gel. Several papers have been published
concerning condensation chelate ion exchangers; although Millar35
has strongly criticised the technique. The difficulties lie in
insufficient control of crosslinking, none too stable products and
the conditions employed may destroy or alter the chelating sites
present in the monomer. Several pepers describing ¥he condensation
of phenol (or-its derivatives), formaldehyde (and/or furfuraldehyde)
and 8-hydroxyguinoline have appeared over the last twenty years.
1i11in36 prepared such a polymer, but the information concerning

i% was very brief, Parrish3 ' prepéred a resin from oxine,
resorcinel and formaldehyde which showed some chelating properties
similar to those of oxine itself, but the capacity of the resip“was
very low. This is in complete contrast to the resin prepared by
Pennington and Williams38, their resin had a capacity for Cu(II)

at pHT7 of approximately 4.0m moles/g: of resin. This resin had the

greatest selectivity of all their resins tested, and its capacity



=11~
was equal to that of Amberlite IRC-50 (cérboxyiié acid ion~
exohqngé resi:;); These condensation oxine resins were prepared
in strong alkaline conditions, Degeiso39 and co~workers
prepared both acid and base catalysed oxine-formaldehyde polymers,
The aci® catalysed polymers had the advantage of lower molecular
weights and were soluble in some organic solvents. They attempted
to show the degree of crosslinking with capacity for metal ions,
by preparing various regorcinol cross~linked polymers
incorporating oxine. Unfortunately, only one set of results were

given for the crosslinked polymers and showed a significant

decrease in capacity, compared with the linear 8-hydroxyquinoline -

formaldehyde polymer. The rate of equilibration of these resins

was not attempted, but they did prepare a series of crosslinked
(using resorcinol), 8-hydroxyquinoline-formaldehyde, base

catalysed polymers. These resins ware not investigated, a

few properties referring to solubilities were however gubted.

A recent technique used for preparing oxine condemsation polymers
was published by Bernmhard and Grass40. They obtained the resin
by direct condensation of metal oxinates with resorcinol and
furfuraldehyde, whereby the arrangement of the planar 8-hydroxy-
quinoline groups became independent of the preparation. A
separation of Ru, Zr, U and Ce was accomplished by using the
polymer derived from Ba~oxinate. A polymer derived from

41

0 and’Y9o. In a later paper "y

Na~oxinate was used to separate Sr

they showed by means of the distribution coefficients, that the
selectivity of chelate resins depended on the addition of certain
ions e.g. Ba and Al during the preparation.

Copolymerisation of salicylic acid with phenol and
formaldehyde under acidic conditions at 100°C has been carried

out by Japanése ﬁbrkegs42§43Q44, put the capacities appear to be
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In a later paper47, these authors using the same resin determined
rates of equilibration and capacities for several ions. They
concluded that the resin was selective for uranyl ions.over all
other metal ions they investigated. They verified this statement,
by removing uranium from uranium ores using this resin and compared
the salicylic resin with a resorcylic acid-formaldehyde resorcinol
copolymerAS. From the results they obtained they concluded that
the salicylic acid polymer was a stronger acid than the resoroylic
acid polymer, and therefore uianyl ion bound to the former should
be more stable at pH2. The purity of the uranium eluted from these
resin was gencrally > 90%.

A number of condensation polymers formed from m-phenylenediglycine
and formaldehyde, or anthranilic acid, resorcinol, o-aminophenol
and formaldehyde37’38’49 have been prepared. Such polymers form
complexes with Mg(II), Fe(II), Co(II), Ni(II), Cu(II) and zZm(II)
at pHS5. The o-aminophenol resin prepared by Gregor and co—workers49
had a capacity for Fe(II), Co(II) and Ni(II) of 0.20 %o 0.40 m moles/g
of resin. Gregor attributes this equivalent absorption to complex
Tormation between the amine groups of the resin and metallic cations.
A similar synthesis was adopted by Pennington and Hilliams38 for the
preparation of o-aminophenoif??&mever, their resin had a capacity
of 2.5 m moles of Cu(II)/1 g of resin at pH 5.0. The difference
could be due to Gregor using 0.001fl metal ion solutions and Pennington
and Williams 0.0l metal ion solutions for capacity measurcments.

This appears unlikely however, since an increase in 10 fold

concetration of metal ion, resulis in a five fold increase in
capacity. This is certainly applicable to copper and Gregors'
m-phenylene diglycine resin. A reagsonable explanation was

provided by Parrish, who suggested that the resin made by Gregor
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et al, from o-aminophenol and formaldehyde would be expected to
contain substituted amino groups. To overcome this difficulty
Parrish synthesised an o-am;nobhenol resin starting froﬁ o-nitrophenol,
resorcinol and formaldehyde, and then reducing the nitro groupe.
ThisAresin exhibited chelation propgrties, and it was possible to
separate copper from calcium on a 1l0-cm column of the resin at
pH 5.5. Pollard, Nickless and Cooke®Q algo synthesised such resins
containing o-aminophenol, m-phenylene diglycine, anthranilic acid
and resorcinol., They used them to separate such metals as

magmesium and copper.
Condensation of cyclic maleic hydrazide with formaldehyde

in the presence of resorcinol leads to an ion-exchanger (1). This

rosin 21 yag reported to be specific for Hg(II) and mercurous ions in

weak acid solutions

Chelate ion exchangers formed by condensation of formaldehyde and
its derivatives, with various crosslinking agents and the appropriate
complexing agent have certain disadvantages. In general such resins

have slow rates of metal ion uptake, due to the high density of

the polymers. 43 11ar3) exemplifies his criticism by referring to
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the preparation of pyrogallol carboxylic acid resins of Parrish37
and the B-resorcylic acid resins of the Chemical Research Laboratory,
TeddingtonSz. He suggests that much of the carboxylic function

may have been lost during condensation, in thcb the carboxyl

group, labilized by ortho-and para-hydroxyls is replaced by an
entering :me thylene gioup. Pollard, Wickless and Cookego also had
difficulty in preparing consistent polymers containing ?-resorcylic'

acid and its derivatives. Deuel and Hutschnekerd3 suggested that

in condensation resins, the chelating agent would not be chemically
bound to the polymer network, but poussibly held by molecular

entanglement,

3. Subsequent Introduction of chelating groups into

condensation resins

In a few cases it is possible to synthesize the resin
maxtrix by cqndensation and then to introduce the desired ;helate
molecule by subscquent reaction with the solid matrix. A typical
exarple of this process is o-phenylene bis (ox¥acetic acid)
rosin54’55’56. In the first step (o-Bydroxyphenoxy) acetic acid,

pyrocatechol and formaldehyde are condensed, forming an insoluble

resin. In the second step the free phenolic groups are converted
to ether groups by reaction with chloroacctic acid. This resin53
was rceported to be specific for zirconium. The influence of the
conditions of the preparation on the quality of the resin, empecially
the rate of crosslinking was investigated., The capacity of the

most favourable product was 2.1m moles of Zq/g of resin at pH 4«7

A resin which complexed copper at low pH was prepared by Parrish37,

who diazotized a resin of the o-aminophenol type and coupled it
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The preparation, properties and analytical applications of this

resin have been reported in numerous papers. Ideally reference

should be made to Dow's manual describing chromatographic
separations63.
A technigue used by several workers is nitration of

polystyrene, reduction to the amine, diazotisation and subsequent

coupling with the desired chelate. Parrish® yged this product

and preparcd a Tresin incorporating 8-hydroxyguinoline. The rate

of absorption of metal ions was slow, two weeks were required
for the attainment of equilibrium. It was found that copper,
nickel, énd cobalt were strongly absorbed in the pH range 2-3.
Zinc, manganese, aluminium, magnesium and calcium wvere not taken
up below the pH values 1.5; 2.0, 2.8, 4.0 and 4.8 respectively.

The uptake .of o00ppeX - ions was enhanced by the presence of cHhride
ions in the pH range 0.5-1.5. This could be attributed to the
residual amine groups left on the benzene nucleus (approximately
40% left as coupling was only 60% efficient) bechaving as anion
exchanger with the (Cu 014)2~ species. Coupling of 8-hydroxyquin-
oline to styrene in this manncr was also used by :Davies45 et aly
unfortunately only the capacity of the resin for dopper ions was
quoted (1l.4m equiv/g B fori of resin).

A possible starting material for preparation of polystyrene
chelating polymers is poly-p-lithium styrene65. This may be
prepared from poly—p-iodostyreneééwith butyllithium,; the iodine
could be exchanged almost guantitatively with lithium, no inter or

intra molecular side rcactions being detected67. A selection of

the reactions which have been carried out are given:—
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A paper describing the preparation of cross—linked polymers derived

from 4~hydroxystyrene was published by Packhamég, and later used
69

by Blasius™”y Normal clectrophilic substitution reactions on
poly-4-hydroxystyrene are restricted to the position ortho
to the hydroxyl group, and thus lead to polymers with potential

chelating functions. The polymers were prepared from 4-acetoxy
styrecney; D.V.B.y and<xxl—az0~bisisobutyronitrile in benzene at
6500. Hydrolysis of cross linked poly-4-acetoxystyrene proceeded
smoothly in alkaline aqueous dioxon. Subsegquent reactions were
carried out, resulting in the formation of approximatcly twenty
polymers, having functional groups ranging from —8030H to

~C(Me )=N~-OH. The highest combined capacity for nickel and copper
was for the 3, 5-(SO3H)2 resin (5.97 m equiv/g ), —C(Me)=N-OH
(1.18 m equiv/g), vhilst a methyl Ketone derivative had no
affinity at all. |

A chelate ion exchanger51 reported to be specific for copper
ions, was prepored when a styrene-divinylbenyene-maleic anhydride
copolymer was treated with hydrazine. The hydrazine-treated
copolymer was then converted to the oxalyl derivative.

The preparstion of chelating polymers using the technigues
described in this scction appear to be relatively successtul. This

is indeed so in the case of Dowex A-l, probably the most widely

studied pclymer. The procedure used by Parrish and Davies et al,

namely diazotisation of chelate molecules on 1o polystyrcenc is a

70

gomewhat precarious scheme. Bazilevskaya and co-workers reported
the conditions for azo coupling of polystyrene diazonium chloride

with oxine. Azo coupling depends on time, temperaturc, solvent

and pH. Probably the most interesting analogues of polystyrene
gsince the chloromethyl derivative are the poly-p-lithium and the

4-hydroxyl derivatives.
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Regardless of synthetic procedure adopted, Gregor49 suggested
that a chelate group suitable for use in a resin must have the
folloving properties:

(1) be capable of resin formation or substitution in a resin
matrii;
(2) be sufficiently stable to withstand the polymerization

or resinification reactions and
(3) be compact so as not to be hindered sterically by the

dense resin matrix,

An additional requirement is that both arms of the chelate
structure be present on the sane monomér in proper spatial
configuration. In addition to these criteria for the chelate,
Blasius and Brozio71 suggested that the resin itself should
have; in addition to the demanded selectivity, sufficient
mechanical and chemical stability, especially towards acids
and bases. The resin should also have an effective'eXGhange
capacity of at least 1m equiv./g of air dr}ed Tesin, and the
rate of the. complexation reaction to be relatively high.
Chelating ion-exchangers are distinguished from the ordinary type

of ion=~exchanger by three main properties.

(a) High Selectivity - The affinity for particular metal ions
to a certain chelating ioﬁéexchanger depends mainly on the
chelating gfoup and not on the size of theion, its charge or
other physical properties which affect ordinary ion-exchangers.

(v) Bond Strength — In ordinary ion exchangers the bond strength

is of the oxder 2—3k.ca1/mole and exclusively electrostatic,
with chelate ion exchangers the bond energy is 15—25k,cal/mole.

(¢) Kinetics - With conventional ion-exchangers, the exchange

procesé .1S. more rapid and controlled by diffusion only. The



-]
exchange process in a chelating exchanger is slower and controlled
by a particle diffusion mechanism or by a second order chemical
reaction.

Although above 150 papers have been published on chelate
ion--exchangers, the value of much of it is suspect, either on
account of failurc to characterize the material adegquately, or
because of insufficient evidence of chelation. Nickless and
Marshall72 in their review article are strongly critical of such
papers; but emphasize that study of chelate formation is not
easy eyen in simple systems. Gregor and co—workers 13 determined
the stability constants of metal ions with the resins polyacrylic

acid and polymethacrylic acidi, by potentiometric titrations of

the resin with sodium hydroxide both in the presence and in the
absence of complexing metal ions. In order to calculate the

constant from experimental data they used a modified Bjerrum's

method. TeySsie309 used a distribution technique to evaluate

the binding constants of a dispersed suspension of polymethacroyl
acetone for copper and nickel ions. In addition to indicating
that the resin had a larger binding constant for copper than
nickel, they also suggested that the physical éhape of the polymer
was important. Using a similar type of distribution technigue,
Loewenschuss and Schmuckler?d determined the étability constants
of Cu(II) andWi(II) complexes of Dowex A-l1. In this method
varioﬁs competing chelates were used whose concentrations were

constant, but the quantity of resin used was varied. This method
ig defined as being "anti-Schubert"; since Schubert‘s74 method

wvhich is well known for the determination of stability constants

of complexes, uses conventional ion exchangers (constant anounts)
and varies the competing chelate. Both methods result in
initially the derivation of the distribution coefficient which is

dependent on competing chelate-metal ion stability. Other
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papers involving chelate formation of metal ions with Dowex A-1l
which are informative have been presented by Schmuckler75 and
Eger and oo—workers76; There are numerous other publications
involving chelating properties and properties in gensral of
both Dowex A~-l and other chelating ion exchangers which have
becn mentioned in several review arti01952§953971972977“80'

The applications of chelatc ion exchangers are few, with
the exception of course of Dowex A-l. Three chelating'ion-
exchangers were evaluated by Davies and co—workers81 for the
extraction of uranium from seca-watder. Their performences were
comparcd with conventional ion exchangers and inorganic
absorbents c.g. basic zinc carbonate; titanium hydroxide and
lecad sulphide. In general the authors found the inorganic
absotsents to be superior,; due to the poor rate of uptake of
both ion and chelate exchangers.

Updake of uranium from sea water

Time of Uptake Functional

contact ug/g of group

(days) ary O+
Absorbent form
Zeocarb 226 resin 36 1.5 C00 Na
8-hydroxyquinoline resin 81 13 .N=Ncq35N0Na
ggfffrgé?frll arsonie 112 1,010 ~As0(0Na ),
Basic Zinc Carbonate 23 512 ) uptake (ug/g
Titanium hydroxride 21 268 ) of metal base)

In a recent article by Gaske1182, the author forecasts the
possible use of an economic ion exchanger’for the removal of
uranium from sea water. A poly-(triaminophenol—glyoxal) chelating
polymerﬁs was coated on an inert support and used in column
chromatography followéd by atomic absoIption spectrometry to

determine copper concentrations.
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PAR functional groups should have superior selectivities for
cu(II) over Ni(IT), and for U0,(II) over zn(IT). Since the
log k1 values of the PAR chelate monomer with U02(II) and Cu(II)
are greater than those of Ni(II) and Zn(II) by a factor of

approxinately 103.
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hyde solution were héated on a steam bath until a homogenous
melt was formed. A small quantity of oxalic acid was added; and
the mixture heated until it solidified. A volume of water was
added to the brange-red solid and further heating continued
for 1 hour. Absorption of the water occurred after 1 hour, and
1 ml. of concentrated hydrochloric acid added. Heating of the

organge-red solid occurred for a further 16 hours, after which

time the solid was crushed and screcned.
The 30- %o 60~ mesh portions of the resin were washed

thoroughdy with water, and left  Soxhlet extracting with

ethanol overnight. This procedure was ﬁo\remove any unreacted
oxine and any low molecular weight polymers. The ethanol
extracted resin was washed with O.1lm ~- HCl and finally washed
with deionised water until nearly neutral (pH of final washing
was 3.5)« No colour changes were observed during washing
procedures, the colour of the resin was orange-red. The resin
was air-dried; stored in a stoppered bottle, and a dried,sahple

of the resin submitted for elemental microanalysis.

(2) Azo coupling of the chelate molccule to a suitable

condensation matrix

(2) Preparation of a p-nitrophenol-formaldchyde

phenol copolymer

Sodium hydroxide (0.90 moles) was dissolved in the minimum
amount of water, the p-nitrophenol (0.30 moles) was added and
constantly stirred. To the yellow suspension formed, phenol
(0.30 moles) was added, followed by the carcful addition of
paraformaldeyde (0.90 moles). During the addition of paralformalde-

hyde a vigorous =®eaction eansued. The resulting black gel was cured
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in an air oven at 13400 for two days. The brittle mass obtained
was crushced in a mortar andscrecnced, tﬁc 30t's - 60's mesh size
rctaincd,

The colour of the resin was dark green, it was allowed to
Soxhlet cxtract using cthanol for 16 hours. . A small quantity
was retained, which was further washed with O0.1m-HC1l, the colour
of.thc rcsin changing from grecen to red. Thesample was washed with
deioniscd water, air dricd and stored in a stOppered bottle. A
small quantity of this was dried and submitted for clemental
microanalysis. The bulk of the p-nitro-phcnol-formaldehyde
phenol copolymer was’roducod to the amino derivative. The rosin
was placed into a l-litre round bottom threc neck flask. The
flask was fitted with a mechanical stirrer (with a mercury scal)
and = water condenscr, whilst the third neck was stoppered.
Stannous chloride (1 mole) was dissolved in approximatcly 500 ml
of concentrated hydrochloric acid and 200 ml of water. This
solution was pourcd into thc flask, and allowed to recact with
the resin at 90-10000 for five days with continuous stirring.
After reduction had occurrcd the solution was decanted from the
resin, and the solid washed scveral times with water., The resin
was washed scwral times with 2m sodium hydroxide solution (to
destroy the (R*NH3)ZSnCl6 complex), water, 0.1m-HC1l and finally
with deionised water. A small portion was retained, allowed to air
dxry and storcd,

Microanalysis and the determination of amino groups by non-

agqueous titrationeg were obtaincd. The colour of the resin had
darkened slightly. Themoist amino rcsin was converted to the
diazonium sulphatc. To a wecll stirred suspcnsion of the resin in
approximately 1500 ml off ice-—cold water; 375 ml of 1.0 sulphuric
acid and 0,5 molc of sodium nitrite (dissolvod in 300 ml of water)

were: added dropwisc, simultancously. The roaction vesscl was
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externally cooled between 0% and 500. After addition of the
acid and nitrite solution, the resin was allowed to diazotize for
18 hours with constant stirring and external cooling maintained.
The acid/nitrite solution was decanted off, and the diazo polymer
washed scveral times with ice-cold water. The polymer was added
to an ice cold solution of 8-hydroxyquinoline (0;30 moles) in
aqueous alcoholic (1:1) sodium hydroxide (1.5 moles). The rate

of addition of +the resin was over a period of 1 hour. Stirring

was continued for a further T days between 0 and SOC. The cxcess

solution was decanted off, the resin washed several times with
ethanol, and allowed to Soxhlet extract using cthanol for 16

hours. This procedurc was mainly to remove any oxine that had
precipitated during the coupling procedurec. The polymer was
washed with water, 0.1M-HCl and finally with deionised water.
The sample was allowed to air dry and screened, the portions
passing the 30~ mesh and retained on the 60~ mésh gcreen wers
stored in a stoppered bottle. Again a perﬁectly dry s:;ample vas

o

submitted for analysis. The coiour of the final product was
brown~-red,

Reaction sequence

(See over)
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(b) Preparation of 4-Nitroso-Resorcinol-formaldehyde

polymer and copolymers of the same with phenol

Iour resins were prepoared, one a 4-Nitroso-Resorcinol-
formaldchyde polymer and three copolymers of 4-Nitroso-Resorcinol-
formaldehyde with phenol., The 4-Nitroso-Resorcinol was prepared
according to Henrich's methodgo. The procedure essentially

involves the reaction of isoamyl nitrite with resorcinol in

alcoholic potassium bydroxide solution, at 0°8., The resulting

red solid was washed with ethanol and finally with ether. The

red potassium salt was not converted to the "free" A-Nitroso-
Resorcinol ®s the latter is much less stable. The potassium salt
of 4~-Nitroso-Resorcinol (0.20 mole) was dissolved in a small

quantity of water containing sodium hydroxide (0.20 mole). To

this dark red solution an agueous solution of formaldechyde (0.40
mole) was added carcfully. A vigorous reaction ensuecd, the
temperature of reactants rising to 90-100°C, The dark almost
black solution was cured in an air oven for 7 days. After
approximately 4 hours during the solution began to "gel"., This
resin vas designated Wo.l. Three other resins were prepared in a
gimilar manner to the above procedure but varying amounts of
phenol were added to cach i.e. Resin No.2 contained an equimolar
amount of phenol (0.20 mole), Resin No.3 0.06 mole of phenol,
and Resin No;4 0.12 molc of phenol. A similar increase in
femperature was observed on addition of formaldehyde, but in

general the time taken for the solutions to gel was longer than

for Resin No.l. Resins 2,3 and 4 were also curcd for 7 days at
100°¢. All four samples were ground separately in a mortar to
30-60's size. The resins were Soxhlet extracted using ethanol

for 16 hours. A small quantity was retained from cach; which was
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further washed with O,1M-HC1l and finally washed with deoinised
water. The bulk of these samples were air dried and stored in
bottles, a small quantity of each was thoroughly dried and |
microanalysis obtained. TheScxzhlet extracted resing were
converted to the amino derivative as described previously (2(a)) but
using 0.50 mole of stannous chloride, 250 ml of ethanol and
250 ml of concentrated hydrochloric acid. The reaction period
was 7 days at a temperature of T70-80°¢. The procedure for washing
the resin was identical with that described in 2(a). Air dried

sgmples were retained in stoppered bottles and perfectly dried
samples submitted for microanalysis and estimation of amino groups.

The four amino polymers were converted to the diazonium sulphate
derivative using 250 ml of molar sulphuric,acid and 0.30 moles

of sodium nitrite dissolved in 200 ml of water. The technique
used was similar to that described previously. The coupling of

the aZo polymers to oxine (0.20 moles) in an ethanol-water solution
Sl:l) 6ontainin@ sodium hydroxide (1.0 mol?) was also standaxd
practise. The vashing} screening and sampling technigues were
exactly the same as in the preparafion of the p-nitrophenol-~

formaldehyde phenol copolymer.

(3) A7%0 coupling of oxine molecules to a polystyrene-

divinylbenzene copolymer

The starting material was & lightly cross=linked polystyrene-
divinylbenzone bead, mesh size 20-30. (Amberlite XAD-2) manufactured
by Rohm and Haas, Resinous Product Division. The synthetic procedures
employed have been previously used by Davies et a145 who nitrated
swollen beads using a fuming nitric aoid/concentrated sulphuric

acid mixture at 70°C, The nitroderivative was reduced to the

poly(amino styrene) using stannous chloride. The diazonium
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