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, RESINIFIED LIGANDS

\
III. RESULTS AND DISCUSSION

I1l,1s LRESINIFICATION OF LIGANDS 2

Ligands can bé resinified by (i) polyaddition
reaction, (ii) polycondensation reaction and
(1i1) insertion into polymeric matrix. We selected’
various polycondensation reactions for the

resinification of ligands.

1(a) Resinification of vic-oxime-imine 3

We began our attempts with the resinification

of vic—oxime-imines, For this purpose 2,3-dioxo-

butyranilide-2-oxime was prepared from acetoacetanilide

and transformed into imine as showm in R,III.1.

Resinification was attempted with formaldehyde under

mild acidic and basic conditions and in presence of
resorcinol, formation of dimers and copolymers was

expepted/és shown in R,III.2 and R.I1I1II.3. However

120



121

OH3CO 033?0
CH, + ONOH = ¢ = WCH + Hy0
?HCO ' ?HGO
(a)
033?0 GHB? » NA
¢ = NOH + HyNA = ¢ = NOH + Hp0
| i
NHCO _ NHCO

n

=(C10H20) 2

OR

?Hz = CHp - fﬂz

"'CH had CHZ fad GH2

(b)
R.III 1



CH3GNA CH3?NA
QH + CHZO = CHOH
Co ?O
06H5§H CGHSNCHZDH
(a)
CHBGNA CHBCNA GHBGNA GH3C§A
CNOH + ?NOH = %?OH CNOH + Hy0
?0 ?0 go Cco
b I
(b)
CH3TNA GHBGNA ?NA
?NO = CNOH CNOH
|
co %0 Co
G H N CH,0H 0 HigN=— CHy~ 0—CH5—NCgH

(e)

R. III 2



oH
CH5CNA
+ 2N CHzO 4+ . m C}:-—-NOH
OH CoO
i
NHC6H5
Y
+ n HoO
OH
-N
2 T\ CeHs- "
CI:O
CNOWH
|
CHsCNA

R I3



none of these products could be isolated, It is
believed that the reactant has undergone
degradation during the reaction. The work was

discontinued,

1(b) Resinification of 8-hydroxy quinoline 2

(Copolymers of oxiné and phenol) .

The resinification of 8=hydroxy quinoline (8Q)
wag carried out with formaldehyde. Since the functién—
ality of 8Q is 2, Soluble linear polymeric chains
.could be obtained, As we desired to prepare
insoluble resinous mass, copolymerizgtion of 8Q with
phenols having a fuﬂctionality of 3 or 4 was carried
out as shown in R.III.4, Although the two reactants
were used in the molar proportion of 1:1 (Table II
1(a)), the relative molar proportions of the two
réaétants in the product may be different depending

on the functionality and relative reactivity of the
reactants,

@el period for the formation of these products
(Table II 1(a))increases in order

- sar-{8au ¢ 8QC~ 8B ;
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In earlier investigations on the preparation of
ion exchange resins, Sheth(161) observed that the
gel period for various series 6f products increases

with reference to phenolic compound in order

R{LMA~CCB

Same cure period was used for curing the products,

1(c) Resinification of salicylaldehyde :

(Copolymers of salicylaldehyde and phenol)

Salicylaldehyde was copolymerized with phénols
having functionality of 3 or 4 using formaldeﬁyde
for polycondensation as shown in R,III,5. Molar

proportions of salicylaldehyde and phenol in the

product (Table II 1(b)) depends on the functionality

and reactivity of the reactants,

Gel period for the formation of these products
(Table II" 1(b)) increases in order
‘ SR SM < SB
It is in the same order as obserxrved above for 8Q
geries., Same cure period was used for curing the

products.
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1(d) Resinification of salicylaldehyde :

(Copoiymers of saliecylaldehyde and melamine)

Salicylaldehyde was copolymerized with
melamine using different condensing agents such as
formaldehyde, n-butyraldehyde and glyoxal, Gel period
increages with reference to condensing agents as

FLGL B

If we compare S and A series we find that gel

period is same for melamine and resorecinol products,

" 1(e) Resinification of (i) oxine and (ii) salicyl-

aldehyde =

(Copolymers of (i) oxine and (ii) salicylal-
'dehyde with poiyvinyl alcohoi)

Polyvinyl alcohol reacts with aléehyde forming
acetals resulting in intra-~chain rings or interchain
cross-links (ReIII,6), This cross-linking cean be
taken advantége of iﬁ forming ligand: resins, Thus

.oxine Will be linked to polyvinyl chain through acetal
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S

links, Similarly, salicylaldehyde will form.acetal
bot

links with polyvinyl alcoho;&at a much slower rate,

Addition of starch in the process was with the view

of modifying the porosity of the products.

1(f) Resinification of phenols 2

Condensation producté of m—aminophenol with
formélaehyde or furfuraldehyde and copolymers of
resorcinol with m-cresol and of bisphenol A with
(i) thiourea and (ii) H-acid using formaldehyde

were prepared for comparative studies.

III.2 RESINS IN DIFFERENT FORMS 2

Since the resinified ligands contain phenolic
an¢ amino functions depending on the ligands and
phenols used, they can exhibit acidic (and basic)
characteristicss For this reason, they were converted
into (1) acid form by treatment with excess acid and

waghing it free from soluble acid, (ii) basic form
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by treatment with excess alkalli and washing it free
from soluble base and (iii) NH,- form by treatment
with eXcess NH4OH and washing it free from soluble

bases

In case of 8~hydroxyquinoline, it can exist in
(i) protonated form, (ii) unionized or neutral form
and (iii) anionic form, Unionized or neutral form will
be in equilibrium with zwitter ion form. Acid form
refers to the neutral (unionized) or zwitter ion
form and base form refers to the anionic form of
8=~hydroxyquinoline, Similarly, in case of salicyl-
aldehyde, acid form refers to its unionized or neutral
form and base form to its anionic form, These

products were used as required,

ITI.3 AWALISIS OF RESINS :

Acid form resins of 8Q series and NH4 form
resins of 8Q and 8 series were analysed for N. On
the basis of this analysis, formulae of repeat units

of these resins were suggested in Table II.2., It is



assumed that NH4 form ié mainly of 8-hydroxy

guinoline or salicylaldehyde, Using these formulae, we
suggest the structures as shown in § III 1 and

S IIT 2 and\preSent the mole fractions of the
reactants in the resins in Table III { and % wt of

repeat units in the resins in Table IITI 2.

Copolymer composition can be calculate from
N-analysis of the samples as ohly one reactant (or
monomer) contained N in 8Q series, If A4»B4B3 énd
B3 are ;s shown in § III 3, totél number of moles

(MA) of repeating unit 4 in 100 g of copolymers is

_ &
14

and % wt of A repeat unit in copolymer

My

= M, x Mol. wt, of A.
Hence, % wt of B repeat unit in copolymer
= 100(M, x Mol wt of A)
and number of moleg of B repeat unit in copolymer

100-(%a x Mol wt of a) = 1y
"Mol wt 'of B

Similarly, % wt of repeat wnits is calculated

from N-analysis of NH,-form of resins of § series,
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on the basis of the consideration that

'Cﬂz. CHO ( Mywte2134)

OH

III.4 COPOLYCONDENSATION :

Bventhough we started with 121 mole proportions
of reactants for condensation reaction with
forn}aldehyde, mole proportions of these reactants
in copolymers obtgined are diffexjent and are

dependenton the rate constants of the reactions,

If the reactants A (8-hydroxyquinoline or
salicylaldehyde) and B (‘m- or p-substituted

phenolic compoufxd) react with C (formaldehyde),

~



Wwhere = da and

at
of A and B, with
concentrations a

Hence

141

A+ C -
B+ ¢ —K—
da - kac and
at
-4 k'be
dt -

- db ‘are the rates of reactions

rate constants k and k' and the

and bs
da - ka
db k'b

On integration, Wwe get the expression

where a4

e bk/kl

i am—

%o b,

and bO are the initial conéentrations of

A and B respectively,

If k & ki,

the composition of the copolymer

differe from thet of the initial reaction nmixture.



~ Assuming 90% conversion of comonomer (R, C or B)

and the conversion of the ligand (8Q or 8) evaluated
on the basis of the mole composition as derived

from anglysis, values of the'&égo k/k' are calculated
and presented in Table III,3. _

The results indicate that with the ligand 8Q or 3,

the reactivity of R, C or B increages in order ’
B{RZGC

and with R or B, the reactivity of the ligand (8Q or §)

increases in order

SLB e

I1I,5 SOLUBILITY OF RESINS =

Solubility of these resins in different solvents
was studied, It was observed that these resins are
insoluble in water and organic solvents (8QC and
SB are very slightly soluble in DMF),. They are also
insoluble in 3N acid except resins of V series which

were slightly soluble, Similarly these resins are
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reging of different series increases in order @

a~series ¢ P-series [/ 8Q-series [ S-seriss.

Water content of the resins can be related to
(i) degree of cross-linking, (ii) concentration and
soivation tendency of fixed ionogenic groups (iii)
concentration, valency and solvation tendency of counter
ions and (iv) electrostatic interactions of ions in
the resins. Since we are comparing acid form of the
regins, the counter ions are the same, Fixed ionogenic
groups are a.so0 the same with difference in their
chelation characteristics, Hence electrostatic
interactions will be comparable. The major factor
affecting the variation in water content in each
geries will then be relative degree of cross-linking.
We can suggest that the degree of cross-linking in a

series increases in order

(1) B8R £ 8@B ¢ 83 £ 8Q¢ for 8Q series,
(ii) sM 4 SR 4 SB for § series,
(iii) MSG ~ HMSB Z HSF for A series and

(iv) PI3 £ Fulk £ FCOR £ FA £ FBHa for P series,



resins of P series. The range of values of D, is
comparable for resins of 8Q and S series,

However, the range of values of D, expands in order
8Q series { S series { P series
The wide range of values of D, for resins of
P geries may be related to the differences in

monomers and condensing agents used in

copolycondensation,

III,8 DPORE VOuLUME AND POROSITY OF RESINS =

Pore volume (PV) of the resins is calculated

by the expression =

PV = i _ A
Dg Dy

and porosity (%P) of the resins is calculated by

the expression 2

% P = (1-D/D,) x 100.



Calculated values of PV and %P are presented
in Table IIIL.4. The values of pore volume lie in
the range (i) 1,00 = 1,61 for resins of 8Q series
(ii) 0.80 - i.83 for resins of S series and
(iii) 059 = 2,23 for resins of P series,

Similarly the values of porosity lie in the range
(1) 6045 = 64,3 for the resins of 8Q series (ii)
1 52,9 = 6745 for resins of S series and (iii) 5046 -

75.7 for resins of P series,

Porosity is necessary for the diffusion process,
A rate theory was derived for the rate control by
" pore diffusion " i,e, interdiffuesion in pores
of the solid which are freely accessible to the bulk
fluid outside and in which the composit;on of the
fluid does not differ from that outside when

equilibrium is established(166).
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I11,9 pH TITRATION OF RESINS :

Results of pH titration of resins dre presented
graphically in figures I1I.1. The curves indicate
the weak acid, (and weak base) nature of the resins,.
Titrations haVerbeen carried out over a wide range of
alkali concentrations, Even then constancy of ion
uptake could not be obtained, Hence maximum ion
uptake (i.e. cation exchange capacity -~ CEC) possible
for the monomers used was calculated and is presented
in Table III,5. Calculations were also made for the
theoretical CEC for (i) the resins which can be
obtained by condensing the monomers with formaldehyde
and (ii) the resins prepared in this work and having
the strﬁctqres as suggestedh(ik is seen that for the
resins 8QC, 8QB and 5B, CEC vaiue is not more than 8,
Hence values of ion uptake above 8 for these resins
ébuld indicate alkali sorption by them, Thus ion
uptake in pH titration curve is indicative not only

of ion exchange but also of solute sorption.

When ion exchange is coupled with sorption of
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gstrong electrolytes,” the equilibria are more
complex, If we consider the sorption of the strong
electrolyte AY by the ion exchanger in A form ( or
A+ﬁ form), We suggest that (i) the ion exchanger
contains counter ion A prior'té sorption, (ii) sorbed
ions A are indistinguishable from exchangéd ions A
in the resin and (iii) mobile ions A and f are
subject to electrostatic forces in the system. Much
lower concentration of coion in the cation exchanger
than in the extermal solution has been explained in
“terms of such electrostatic forces related to

Donnan potential and is termed as Donnan exclusion,
The efficiency of exclusion increases with decreasing
éolution concentration and with increasing capacity
and degree of cross-lihking of the cation exchanger.
Hence distribution coefficient of the coion rises

with increasing concentration,

Further, ion pair formation betﬁeen the counter
ions énd fixed ionogenic groups localizes the counter
ions in the ion exchangegand reduces the efficiency
of the electrolyte%xclusion. Thus weak acid cation

exchanger in acid form is very little ionized and



hence\do not exclude acids(167) and weak base anion
exchanger in base form would not exclude bases. In
the case of resinsg under investigation, it is
suggested that sorption takes place before the
completion of ion exchange and hence the range of
ion uptake can be split into three 2 (i) range of
ion exchange, (ii) range of iom exchange + Sorption

and (iii) rangé of sorption.

Concentration (Cg) of alkali in solution at
“equilibrium was calculated and plots z# were obtained
for ion uptake versus log Cge These curves are
similar in nature to pH titration curves, However,
plots fér ion uptake versus C, are different, These
are presented in Fig,llI,2. Breaks have been observed
and are presented in Table III 5/1. Ion uptake at
these breaks do not correspond to the maxium CEC
values calculated for the resins, Hence no simple
generalizations can be made, However, three regions
are observed in most cases and can be interpreted |

as suggested above, If we assume that ion uptake

corresponding to the first break in each éurve relates
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to the concentration of effective ionogenic groups
in the resin (Withov.f sorption), we can calculate
apparent pK, values as follows . (Alternatively

the concentration of fixed ionogenic groups can be
considered to be the calculated CEC values of the

resins and apparent pK, values can be calculated),

if ﬁ-, R =nd BB indicate H't R (resin anion)

and RH (resin) in resin phase, for the equilibrium

pK,= ~log K, and pH = - log H

Hence pH = pK, + log [R]/[RH].
For the weak acid resin, when the dissociation is

50%,

-

[RH—?] , logf—g]/ E;Iﬂ* 0

PE,

&

and ~pH

i

If we assume that ‘

(5]/ [wa) =\H)/(Na)
where (H) and (Na) indicate concentrations of E*and Na®
in solution in contact with the resin, at 50% .

¢onversion,
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t%;i = {£1+1££i and
o2

pK, = pH + 1og['Na+] - 1og{(;R] +[RH]f /2
Calculated values of pK, are presented in Table 5/2,

The values lie between 10.30 and 10.62 for these
resins. Values of pK, obtained by Sheth(161) for
PCR, FA, FBHa, FTB and FuA and those obtained by
Sprengling and Lewis(168) for methyl and methylol
derivatives of phenol are presented in Table III 5/3. From
these values one can suggest that formation of
methylene bridges would increase pK, values of the

phenolic systen,

IIT.10 ION EXCHANGE EQUILIBRIA 2

Preliminary studies of ion eichange by the
resins ® indicgted that cations like Cu(II), Ni(II),
Co(I1), 4n(II), etc. were taken by the acid form
of these resing, under basic conditions but not under

acidic conditions, Hence, ammonical conditions were
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considered suitable for ion exchange studies of

these ions.

Ion exchange equilibrium is presented
graphically by an ion exchange isotherm and can be
described in terms of selectivity coefficient,

distribution coefficient or separation factor

If ZA represents the molar ionic fraction of
monovalent counter ion A in the resin and NA the
molar ionic fraction of A in solution in contact

with resin,

i = Cza
AT and
Caa
N, = - e
Caa® CsB

s

where CB;A and ORB are the concen‘tration,\ of monovalent
ions A and B in the resin and CSA and Cgp the
concentrations of A and B in solution at equilibrium,
Ion exchange isotherm can be cbtained by plotting

éA versus NA’
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A plot of C, versus Cg 1is another form of
exchange isotherm ., The molar selectivity

coefficient is presented as

Xp/a = (Cgy/ Orp) (Cgp/Cs4)

and rational selectivity coefficient is represented as

r =
KB/A = (ZA/ZB)(NB/EA)
When the valency of counter ions is the same, i.e.
nA = nB,
Knjy = &
B/a = %B/A
If the counter ions have different valancies, say

1 for A and 2 for B
| Kpa * (Cgu/Cra)= "Kpyy ® (No/ %)

The molar distribution coefficient for the
monovalent ion A is
KD.f-———-—cRA
Csa
Distribution coefficient is usually used in the

following form 2

* Mp 2(m mole/g)
~D.A T :

Cgy(m mole/ml)

B s
“as
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Molar separation factor (SF) for the monovalent ions

A and B is expressed as

SFB/A = (CRA/GRB)(CSB/GSA)

It is usually evaluated from the ion exchange isotherm
as a ratio of two rectangular areas which lie above
and below the isotherm and touch the latter at a point

Wwhich corresponds to the experimental conditions,

For a system in which the ion exchange shows
no prefrence for A ar B, the ionic fractions of 4 and B
in the ion exchanger would be the same as those in
solution and the plot of Zvs N (i.e, ion exchange
isétherm) would be linear and diagonal. Actual ion
exchangeis would usually prefer one ion to the other.
If A is preferred throughout, the isotherm would lie
above the diagonal in the plot of ZA vs NA and if
B is preferred, the isotherm would fall below the
diagonal, Selectivity thus neccssiates a non-linear

isothernm.
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III.11 COPPER ION BXCHANGE 2

To consider the establishment of equilibrium,
copper ion exchange by the resins was studied for
different periods of time, Copper ion uptake versus
time is plotted in Fig,IIX.3 The plots indicate
that equilibrium is established in all cases.
(Equilibrium is assumed to be established in 48 hours

for 8QM and SB).

Molaxr distribution coefficient s have been
calculated as CL/GY and are presented in Table III.6.

The values are increasing in order

8QC £.8QB £ 8GR £ 8QM for 8Q series

SR £ sB { sM for S series
MSB { M3G { MSF for A series
and FIB ¢ Fua{ FA{ FBHa for P series.

If the distribution coefficient is expressed as
M,}/Cs‘ (=ﬁ§), the values (presented
in Table III.6) are increasing in order
 8QC ¢ 8GR { 8QB ¢ BQM for 8Q series
SR € 8B ¢ 8M for S series
MSF £ MSB < MSG for A series
and FIB £ FuA { FA { FBHa for P series,
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III.12 NICEEL ION EB{CHANGE :

To consider the establishment of equil%brium,
nickel ion exchange by the resins was studied for
different periods of time. Nickel ion uptake
versus time is plotted in Fig.III.4., The plots
indicate that equilibrium is established in all cases,
(Bguilibrium is assumed to be estzblished in 48 hours

for 8Q4, 8QB and Si),

Moiar distribution coefficients have been
calculated as C}/CL and are presented in Table III.7.

The velues are increasing in order 3

3QC ¢ 8B 8QR ¢ 8QM for 8Q series
SR £ SM ¢ SB for S series
and MSF < #5B { MSG for A series

Values of M}/Gé are also calculated and presented

in Table III.7; The values are increasing in order

8QC € 8QR £ 8QM ¢ 8QB for 8Q serieg
SR ¢ 8B £ SM for § series
and MSF { MSB & 108G for A series,

-1
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IIT.13 4INGC ION EBXCHANGE s

To consider the establishment of equilibriunm,
zinc ion exchange by the resins was studied for
different periods of time, 4inc ion uptake versus
time is plotted in Fig.IIl.5. The plots indicate
that equlibrium is established in all cases.
(Bquilibrium is assumed to be established for

S in 48 hours).

Molar distribution coefficients have been

calculated as O:’:,/Cé and are presented in Table III.8.

The values are increasing in order :
8WB 8GR ¢ 8WM { 8QC  for 8§ series
SR { 8B £ 8M for S series

and  MSB { HMS8G (¢ HSF for A series,

Values of ML/C! are also calculated and presented
in Table IIE[.B, The values are increasing in order
8QB { 8GR ¢ 8GM ¢ 8QC  for 8Q series
SR { SB £ 8H for 8 series
and MSB &< MSG ¢ MSE for A series,

£
&
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II1.14 AuXanl ION UPTAKE 3

Na and I\TH4 ion uptakes by the resins were
studied under similar conditions of pH as adopted
for the transition metal ion uptake. It has been found

that Na- ion uptake increases in order :

84l ( 8 ( 8(B £ 8QR for 8Q series
SR (- 8B { 8M for S series
and PTB { FuA ( FBHa( I'CR { Fi for P series

Similarly, N’H4 - ion uptake increases in order

8QC € 8B £ 8QR ¢ 8WM for 8y series
SR { 8B { sM for S series
ana FPTB { FCR { Fud ( FBHa { FA for P series,

III.15 HAGIESIUM ION BACHANGE :
It was observed that Mg(II) ion exchange took

place with the resins of 8Q series, Hence Mg(II)

ion uptake by these resins was studied for different
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periods of time. Mg(II) ion uptake versus time
is plotted in Fig.III.6. The plo“b:indica‘bes that

equilibrium is established in all cases,

Molar distribution coefficients have been
evaluated as C%/Cé and are presented in Table III.9.

The values are increasing in order 3

8@B { 8Qi € 8qQC ¢ 8@

Values of Mk/q; are also calculated and
presented in Table III¢9. The values are

increasing in order 3

8QM £ 8yC { 838 { 8GR

II1.16 COPPER ION EACHANGE :

(dilute solution)

b} Copper ion exchange from dilute solution was

also Studied for different period of time.

)
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KD( = 0_}/6%) and K;( M;/C'S) have been evaluated and
the values are presented in Table III1.10. The values

of Kp are increasing in order :

8QC ( BQR { 8QM L 8QB  for 8Q series
and gM { SR K SB for S series.

The values of K%‘ are increasing in order :

8QC < BQR < 8QMK 8QB for 8Q series
and sM ¢ SR < SB for § series.

Since studies have been made at two
concentrations, plots have been obtained for
Ky or K; versus (4 and are presented in Fig.IIL.7.
The plots indicate tk;at Kp and K; increases with

dilution for any resin of 8Q or S seriess

The negative slope increases in order
8QM ¢ 8QC £ 8Qr £ 8@B for 8Q series

and SM{ SR £ 8B for S series,
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III,17 NICKEL ION EXCHANGE :

Nickel ion exchange from dilute solution
was also studied for different periods of time,
®
K, and K, have been evaluated and are presented in

Table I1I,11s The values are increasing in order :

8QR < 8QC ¢ 8Q@QB £ 8QM for 8Q series
sMm < sB < sm for S series,

*
The values of KD are increasing in order :

8QR ¢ 8QC L 8QYM £ 8QB for 8Q series
and SM ¢ sB < SR for S series

Since studies have been made at two
concentrations, plots have been obtained for
Ky or K versus Cy and are presented in Fig.IIL.S.
The plots indicate that Ky and K increases with
dilution for any resin of 8Q or S series. The

negative slope increases in order :

8QB £ 8QC € 8QrR £ 8QM for 8Q series
and sM < 8B < SR for S series.
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II1,18 4INC ION EXCHANGE :

(dilute solution)

Zinc ion exchange from dilute solution
has been studied for different periods of time,
Ky and K; 'haVe been evaluated and are presented
in Table III,12¢ The values of Kp are increasing

in order :

8QB=Z8QC ¢ 8QM £ 8QR for 8Q series
and B € SR £ sM for S series,

*
The values of KD are increasing in order :

8QC € 8QM < 8B £ 8QR for 8¢ series
and 8B L SR £ su for S series.

Since studies have been made at two
concentrations, plots have been made obtained
for KD ox K; versus Cg and are presented in
Fige, II1,9., Plots are nearly horizontal of'ha%e
a Very small slope,

7
'
"
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IIT.19 MAGNESIUM ION EXCHANGE 3

( dilute solution )

Magnesium ion exchange from dilute solution
has been studied for different periods of time
for 8Q series. Ky and K; have been evaluated
and are presented in Table III.13s The values of

KD are increasing in order :

8QB £ 84uM £ 8QC L 8QR

*
end the values of KD are increagsing in order :
8QB < 8QC £ 8QM £ 8@QR .

Since studies have been made at two
concentrations, plots have been obtained for
KD or K; versus Gy and are presented in
Pigs III,10. Plots are nearly horizontal or

have a small slope,
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II1,20 COPPER ION EXCHANGE 3

( ammonium salt effect )

Copper ion exchange by the resins was

carried out from solutions of different
concentrations of Cu(II) ions in presence of
0.2M NH, ions. Hence values of K, and Kf Wwere

4 Df\ D
calculated and are presented in Table III.14.

%
KD or KD versus Os has been plotted in Fig.
IIT.11, The plots are volcano-shaped for resins of

8(Q series and zigzag for resins of 5 series.

III.21 NICK&ZL ION EXCHANGE :

(ammnium salt effect )

Nickel ion exchange by the resins was
carried out from solutions of different
concentrations of Ni(IIL) ions in presence of
0«2M NH4 ions. Hence values of Ky and K; were
calculated and are pregented in Table III 15. Kp
or K% versus OS has been plotted in Fig. III 12,
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The plots are concave in general except for SB

which is horizonfal and for BQR which is convex.

III.22 4INC ION EXCHANGE :

( ammonium salt effect )

Zinec ion exchange by resins was carried out
from solutions of different concentrations of
4n(II) ions in presence of O;ZM NH, ions. Hence
values of K and K; Wwere calculated and are
presented in Table III.16. Ky or K; versus Cg
has been plotted in Fig, III.13, The plots generally

*
indicate increase in Kb or KD "With dilubion.

IIT.23 DISTRIBUTION COEFFICIENT =

We now consider the dependence of digtribution

coefficient on various factors.
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Further we consider the dependence of the
distribuﬁion coefficient on the presence of salt
in solution. For the purpose we calculate Dg/D
for G, ='0.01, 0.02, 0.03 and 0.04 from the figures
presented earlier.(D representg the distribution
coefficient and Dg that in presence of 0.2M NH,
for the same concentration of metal ion in solution).
These velues are evaluated and plots of log Dg/D
versus GS are presented in Fige II1I.14. The results
indicate that the curves are linear, in general,
in case of Zn and Ni ions and nearly linear in

some cases of Cu ions, Hence we can suggest that
= )
log Dy / D =K' + 503

where K' and p are constants, We can evaluate KXK' and
p from %he graphs. This expression correlates )
D,/D with Cj for a definite relative concéntration
of salt in solution. Similarly one can express the
variation of DS/D with the concentration (C) of
salt in solution for a definite concentration of
metal ion as -

log D /D = KC

Where K is termed as salting out constant,
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Thus
Kt = K¢

~

We suggest from the curves that (i) the slopes
of the curves for Ni are opposite in sign to those {or
Zn and (ii) K' is positive for Zn and negative for

Ni for %he reéins studied and NH4 ions,

III.24 SOLVENT UPTAKE :

Solvent uptake is useful in studying the
solubility parameter of the resins. Taking the
solubility parameter as 23.4t;ater, 14.5 for methanol,
9+2. for benzene and 9,9 for acetone, we plot
solvent uptake versus solubility parameter in
Fig.I1I.15, The maximum in the curve gives us an idea
of the solubility parameter of the resin. The values
are increasing in order :

8UB £ 8QM € 8QC £ 8QR for 89 series

and sB < SR ¢ SM for § series,
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ITI.25 MAGNETIC MOMEBNT =

Parikh(86) observed that oxine-urea resin is
quite similér fo the chelating ligan& in behaviour
in its monomeric and polymeric forms(169) and forms
complexes with Cu(II), Ni(II) and Co(II) ions of the
same structure irrespective of the nature of the
anion used. On the other hand, he observed that
galicylaldehyde-urea-resin formed complexes with
Cu(IIr), Ni(II) and Co(II), whose nature depended

on thé nature of the anions used,

We have prepared Cu(II) loaded resin - 8QR.
We consider that basic Cu(Il) complex with the resin
is formed, Its mol,wt. is guggested as 1388,5 per Cu atom,
Hence molar mass suscéptibility is calculated as
1410 x 10~°, Applying the diamagnetic correction
of’754, we obtain the corrected molar mass susceptibility
as 2164 x 10, Hence the magnetic moment of the
copper(II) ion in the complex is evaluated as 2,26 B.M.

It may‘be.noted that the chelating kesi¢» chelex 100
forms - MX complexes(17C).
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III1.26 IR SPECTRA :

IR spectra of phenol -~ formaldehyde condensates
have been gtudied by Bender(171), Hunter amnd
Grisenthwaite(172), Nakamuré(173), Conley and
Bieron(174), ete. They show one or more bands in
700-000 cm;1 region indicating the number and
position of substituents on the ring., Charles et al '
(175) have noted that C-0 stretching frequency near 1100 ggfi
éereéses slowly as the mass of the metal increases
along the series Mg, Ca, Zn, Cd and Pb. Since 8QR
resin is a hard mass.difficult to grind, the spectra
have less intense bands than expecteds Further, since
8GR contains only a small proportion of oxine in
reléxion to xGSOrcinoi, the bands related to
resorcinol will be in prominance and the bands related
to oxine or its chelate would be weak or absent.

\

In 4000~3000 c:m"'1 region, a broad band has been

observed Wwhich may be related to the water present

in the resin,



A band observed at 1490-1485 em~! in these

spectra is characteristic of the phenyl ringe

A band at 1105-1100 om™ ' is attiibuted to

C=0=groups.

Bands observed at 520 and 1835 on~! in acid

form of the regin are not observed in its salt forms,

IIT.27 CONCLUDING REMARKS =

We consider 'the following as some important

results and conclusions of this work :

(1) vic-oxime=-imines of 2,3-dioxobutyranilide
] could not be resinified.

(ii) Oxine and salicylaldehyde were resinified (a)

using acidic comonomers such as resorcinol, ete

(b) using basic comonomers such as melamine, etec

239

(c} using condensing agents such as formaldehyde,

été. and (d) employing acetal copolymerization.



(i4di)

(iv)

- (v)

(vi)

The resins have low column density and

high void volume fraction in general,

It is concluded from the pH titration curves
that ion uptake at higher alkali concentrations
involves ion exchange and electrolyte sorption.
pK, values of the resins which are treated

as very Weak acids are evaluated,

Ion uptake of Cu(II), Ni(II), Zn(II) and

Mg(II) ions by these resinified ligands has
been studied under different éonditions. it

has been observed that (a) eventhough oxine
would precipitate Cu(II), Ni(II) and Zn(1I)
ions under acidic conditions also, resinified
oxine can take up these ions under basic
conditionsbnly, (b) distribution coefficient

of these metal ions varies with its concentration
but nature of variation depends on the speecific
metal ion and (c¢) when salt effect is studied
by the addition of ammonium salt to the solution,
the nature and extent of salting out of the
metal ion depends on the specific ﬁature of

the metal ione. It is noted that anomalous

behaviour is observed for Cu(II) ions,

240



(vaii)

(viii)

241

Magnetic moment of a Cu complex of
resinafied oxine is calculated on the
basis of a\consideration that 131 complex
of Cu with oxine in resin is formed as is
observed with chelax-100,

IR spectra have bands of relatively weak
intensity because of the hardness ( and
immiscibility) of the resin and its

gompleXes.



