
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 24 January 2011
Access details: Access Details: Free Access
Publisher Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Journal of Macromolecular Science, Part A
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713597274

Synthesis and Study of Tercopolymers
R. Manavalana; M. M. Patela

a Department of Chemistry, Sardar Patel University, Vallabh, Vidyanagar, India

To cite this Article Manavalan, R. and Patel, M. M.(1983) 'Synthesis and Study of Tercopolymers', Journal of
Macromolecular Science, Part A, 20: 9, 907 — 925
To link to this Article: DOI: 10.1080/00222338308060801
URL: http://dx.doi.org/10.1080/00222338308060801

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t713597274
http://dx.doi.org/10.1080/00222338308060801
http://www.informaworld.com/terms-and-conditions-of-access.pdf


J. MACROMOL. SCL-CHEM., A20( 9), pp. 907-925 ( 1983) 

Synthesis and Study of Tercopolymers 

R. MANAVALAN and M. M. PATEL* 

Department of Chemistry 
Sardar Pate1 University 
Vallabh Vidyanagar 388120, India 

A B S T R A C T  

Tercopolymers have been prepared by condensing a mixture of 
salicylic acid, thiourea, and any one of such comonomers a8 
0-cresol, p-cresol, o-chlorophenol, and p-chlorophenol with tri- 
oxane in the presence of 2 M HC1 as catalyst. The tercopolymers 
were characterized by elemental analyses. Their w was deter- 
mined by nonaqueous conductometric titration both against standard 
sodium methoxide and tetra-n-butyl ammonium hydroxide and also 
by the VPO method. Also made were an IR spectral study, a vis- 
cometric study in dimethylformamide (DMF), and a thermal study 
based on TGA. Chelation ion-exchanging properties of selected 
tercopolymer samples were also studied by employing the batch 
equilibration method. 

n 

IN T R O D  U C T I O N  

Copolymers from a mixture of salicylic acid and a phenolic or 
amino derivative and formaldehyde have been reported to have sever- 
al interesting applications [l-31. Some of the copolymers synthesized 
from a mixture of resorcinol, formaldehyde, and either salicylic acid 

*To whom correspondence should be addressed. 
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908 MANAVALAN AND PATEL 

[4] , 8-resorcylic acid [5] , or  p-aminosalicylic acid [6] have been 
proven to be specific ion exchangers. Moreover, copolymers obtained 
from a mixture of salicylic acid, thiourea, and trioxane in the presence 
of 2 M HC1 have also been proven to be ion exchangers [7]. The pres- 
ent paper deals with the synthesis, characterization, and chelation 
ion-exchange properties of tercopolymers. Among the three comono- 
mers  condensed jointly with trioxane (T),  two are  salicylic acid (S) 
and thiourea (T)  and the other comonomer is either o-cresol (OC), p- 
cresol (PC), o-chlorophenol (OCP) o r  p-chlorophenol (PCP). The num- 
ber-average molecular weight (m ) of the tercopolymers has been de- n 
termined by vapor pressure osmometry (vpo) and conductometric titra- 
tion methods. The IR spectral properties and the thermal behavior of 
these polymers have been studied. The batch equilibration method was 
adopted for the study of the chelation ion-exchanging properties of the 
tercopolymer samples, The effect of various electrolytes on the ab- 
sorption of Cu(II) metal ions by tercopolymers at a constant pH, the 
rates of the uptake of metal ion under specified conditions, and the dis- 
tribution of Cu(I1) ions between the polymeric ligand and the liquid 
phase have been studied. 

E X P E R I M E N T A L  

P r e p a r a t i o n  of T e r c o p o l y m e r s  

For the sake of convenience the names of the tercopolymer samples 
have been abbreviated and the significance of the abbreviation used is 
indicated in Table 1. Thus a tercopolymer designated as S.T. PCP. T-1 
is salicylic acid-thiourea-p-chlorophenol-trioxane tercopolymer. 

mer (p-chlorophenol, o-chlorophenol, 0-cresol, o r  p-cresol) with tri- 
oxane was carried out in the presence of 2 M HC1 as catalyst. In the 
synthesis of tercopolymers both salicylic a z d  and thiourea have been 
considered as parent monomers and are  polymerized either with 
chlorophenol (0- and p-) o r  cresol (0- and p-) monomers with triox- 
ane to yield tercopolymers. Four ser ies  of tercopolymers prepared 
with the above phenolic compounds in varying molar ratios a re  indi- 
cated in Table 1. 

Condensation of a mixture of salicylic acid, thiourea, and a comono- 

C o p o l y m e r i z a t i o n  of S a l i c y l i c  A c i d  (S), T h i o u r e a  
( T I ,  a n d  p - C h l o r o p h e n o l  ( P C P )  w i t h  T r i o x a n e  ( T )  
i n  t h e  P r e s e n c e  of 2 M HC1 - 

A mixture of salicylic acid ( 12.5 g, 0.9 mol), thiourea (7.6 g, 1.0 
mol), p-chlorophenol (1.2 g, 0.1 mol), and trioxane (6.0 g, 2 mol) was 
refluxed with stirring at 13OoC in an oil bath for 4 h. During this time 
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the solid product which separated out was filtered off, washed with 
hot water, and finally with benzene to remove unreacted monomers. 
This was followed by steam distillation to remove the last traces of 
unreacted monomers. The yellow-colored tercopolymer thus ob- 
tained was purified by dissolving in 10% NaOH and reprecipitating by 
dropwise addition of 1:l HC1. The tercopolymer was washed with 
boiling water and dried. The tercopolymer did not melt up to 160°C. 
The sample was designated as S.T. PCP. T-1, yield 3.5 g. 

A p p a r a t u s  a n d  M e t h o d s  of  C h a r a c t e r i z a t i o n  

E 1 e m e n  t a 1  An  a 1 y s i s . Halogen and sulfur content in all  the 
tercopolymer samples were estimated by the Carius method and nitro- 
gen by the Kjeldahl method. 

The number-average molecular weight (Mn) of the tercopolymer 
samples in pyridine against a 0.01 M solution of tetra-n-butyl ammo- 
nium hydroxide (TBAH) was estimated by the method reported for p- 
hydroxybenzoic acid-formaldehyde polymers [ 81. A Metrohm Herisau 
Konductoskop E 365, Switzerland, was used for  the conductometric 
titrations. The tercopolymer solution in the titration vessel  (conduc- 
tance cell EA645, England) was s t i r r ed  with a magnetic s t i r r e r .  Ti t ra-  
tions of a solution of tercopolymer samples in pyridine were also 
carr ied out against a 0.01 M solution of sodium methoxide (NaOMe). 
The DP of the tercopolymer samples was estimated from the results 
of conductometric titrations. A Hewlett-Packard model 302 B vapor pres-  
su re  osmometer (vpo) was used to  calculate the mn of the tercopoly- 
mer  samples. 

sured at 35 f 0.1"C with an Ubbelohde-type dilution viscometer (made 
of Pyrex glass). The solvent and solution were passed through a sin- 
tered glass crucible (G-4) to free them of any dust particles. The in- 
t r insic  viscosity [77] measured from a linear plot of 77 /c v s  concen- 

The IR spectra  were taken in KBr on a UR- 10 spectrophotometer. 
Thermogravimetric analysis (TGA) of all the tercopolymer samples 
was carr ied out at a heating rate of lO"C/min. 

The solution viscosity in DMF of the tercopolymer samples was mea- 

tration (Table 1). SP 

I o n -  E x c  h a n g e  P r o p e r t i e s  

To ascertain the effectiveness of particular moiety present in a 
given polymeric chain in the metal uptake, ion-exchange studies of all 
the tercopolymer samples with Cu2+ ions was carr ied out by using the 
batch equilibration method [9]. Tercopolymer samples (S.T. PCP. T- 1 
and S.T. PCP. T-2), described earlier, were ground to pass  through a 
300-mesh size and swollen under the conditions of study. They were 
used in all experiments described for batch equilibration in an ion- 
exchange study. 
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9 12 MANAVALAN AND PATEL 

S t u d v  of t h e  E f f e c t  of V a r i o u s  E l e c t r o l v t e s  on  t h e  
M e t a l  I o n  U p t a k e  u n d e r  E q u i l i b r i u m  C o i d i t i o n s  a t  
a F i x e d  p H  

The S.T. PCP. T-1 tercopolymer sample (25 mg) was s t i r red in 
a solution of a given electrolyte (25 mL) of known concentration and 
the pH was adjusted to the required value using either 0.1 M HNOJ or  
0.1 M NaOH. The mixture was s t i r red for 24 h at 25°C. T? this sus- 
penzon 2 mL of a 0.1 M solution of Cu(II) metal ion was added and 
the pH was adjusted tofhe required value (in the present case 4.5). 
Stirring was continued at 25°C for 24 h. The filtrate and the washings 
were collected, mixed, and titrated against standard EDTA to estimate 
the metal ion [lo].  A blank experiment was also carried out in the 
same manner and for the same time period without adding the terco- 
polymer sample. The difference in the metal ion concentrations in the 
blank and in  the actual experiment was used to calculate the amount of 
metal ion taken up by the tercopolymer under the given conditions of 
the experiment. The experiment was repeated in the presence of sev- 
eral  other electrolytes and also with S.T. PCP. T-2 tercopolymer. The 
results a re  reported in Table 4. 

E v a l u a t i o n  of t h e  R a t e  of M e t a l  I o n  U p t a k e  

In order to estimate the time required to reach the equilibrium 
state under given experimental conditions, a ser ies  of experiments of 
the type described above have been carried out in which the metal ion 
taken up by the tercopolymer sample was estimated from time to time 
at 25°C in the presence of 25 mL of 1 M NaNOs solution at pH 3. The 
time interval of the experiment was vaTied from 0.5 h to a time beyond 
which there was no change in the amount of metal ion absorbed. It is 
assumed that under the given experimental conditions the equilibrium 
state is established in 24 h. The amount of metal ion taken up by the 
same amount of polymer is expressed as %I attainment at the equilibrium 
state by using the formula 

Amount of metal ion absorbed X 100 

Amount of metal ion absorbed at equilibrium 

The results of this study are  presented in Table 5. 

E v a l u a t i o n  of D i s t r i b u t i o n  of M e t a l  I o n s  a t  
D i f f e r e n t  pH V a l u e s  

The distribution of Cu(I1) metal ions between the tercopolymer phase 
and the aqueous phase was estimated in the presence of 1 M NaNOs solu- - 
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tion at 25°C. The experiments were carr ied out as described earlier 
at different pH values ranging from 1 to 7. The distribution ratio D, 
is defined by 

mg of metal ions taken up by 1 g of tercopolymer 

mg of metal ions present in 1 mL of solution 
D =  

The results are presented in Table 5. 

R E S U L T S  AND D I S C U S S I O N  

The tercopolymer samples were yellow amorphous powder having 
a melting point of -160°C. They were soluble in pyridine and DMF 
and developed a violet color with aqueous f e r r i c  chloride solution. 
Elemental analyses values are presented in Table 2. From this, the 
tercopolymer composition has been calculated. 

The number-average molecular weight (w ) and the average degree n 
of polymerization (m) of the tercopolymers as estimated by nonaque- 
ous conductometric titrations are shown in Tables 1 and 2. The (an) 
of the tercopolymer samples estimated by the VPO method, as given in 
Table 1, var ies  from 400 to 550 g/mol. The (an) of the tercopolymers 

estimated from conductometric titration and VPO methods is compar- 
able. It has been observed that tercopolymers containing cresol  (o- 
and p- ) showed higher molecular weights than those of tercopolymers 
containing chlorophenol (0- and p-). This may be due to the lower re- 
activity of chlorophenols compared to cresols  toward their  reaction 
with formaldehyde. 

On the basis of elemental analyses, tercopolymer composition has 
been calculated. Thus, the total number of moles of chlorophenol re- 
peating unit (x) in 100 g of chlorine-containing tercopolymers is given 
by 

percentage of chlorine 

35.5 
Moles of chlorophenol (x) = 

Hence, the weight percentage of chlorophenol (0- and p-) repeating unit 
in the tercopolymer is x X 140.5%. Similarly, y, the percentage of sul- 
fur  and hence the percentage of thiourea repeating unit, can be calcu- 
lated. 

peating unit is 
Therefore, the weight percentage of salicylic acid (comonomer) re- 
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9 16 MANAVALAN AND PATEL 

From this it follows that 

{ 100 - [ (x X 140.5) + (y X 88)]}/molecular mass of comonomer 
repeating unit 

wil l  be equal to the number of moles (2) of comonomer repeating unit 
per 100 g of the tercopolymer. Thus, tercopolymer composition will 
be given by 

o-chlorophenol repeating unit:thiourea repeating unit: 
salicylic acid repeating unit = x:y:z (Table 1) 

Titration against standard sodium methoxide in pyridine furnished in- 
formation about the total number of moles of both COOH and phenolic 
OH groups. Titration against standard TBAH would furnish informa- 
tion about COOH groups only [8]. It can be shown that if  the amount 
of 1 M TBAH required for 1 g of tercopolymer is equal to "a" mL and 
the amount of 1 M NaoMe required for 1 g of tercopolymer i s  equal to 
"b" mL, then therat io  a: ( b  - 2a) = salicylic acid repeating unit: 
phenolic comonomer repeating unit. It was found that the tercopoly- 
mer  composition calculated by the conductometric titration method i s  
nearly equal to the composition estimated on the basis of elemental 
analysis. The results a r e  presented in Tables 1, 2,  and 3. 

tained from viscosity measurements. The intrinsic viscosity [q] of 
the tercopolymers obtained from a linear plot of 77 /c vs concentra- 
tion i s  shown in Table 1. It has been found that those tercopolymers 
having higher molecular weight showed higher intrinsic viscosities. 
The values of [q] calculated by the application of Huggins' relation 

Reduced viscosities of solutions of tercopolymers in DMF were ob- 

SP 

and Kraemer' s relation 

a re  found to be nearly the same. The sum of Huggins' constant (K') 
and Kraemer' s constant (K") is found to lie between 0.46 and 0.50, 
which is very close to the expected value of 0.50 [ 111. The values 
a re  shown in Table 1. 

spectra of all the tercopolymers are found to be similar in all aspects. 
The broad band in the spectra extending from 2500-3600 cm-' has in- 
flections at  -2900 and 2800 cm-' which may be due to intermolecular 
H bonding. The inflections at -2900 and -2800 cm", a comparatively 
broader band at -1455 cm-', and a small but sharp band at -800 cm-' 
a re  all characteristic vibrations of C-H of the -CH- bridges [ 121. 

IR spectra of the tercopolymer samples are  shown in Fig, 1. The 
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C 0 .- 
u( .- 
i 
: 

3600 3200 2800 2400 2000 1600 1200 800 400 

Frequency (ern-') 

FIG. 1. IR spectra of tercopolymers of (a) S.T. PCP. T-1, (b) S.T. 
PCP. T-2, ( c )  S.T. OCP. T-4, (d)  S.T. OCP. T-5, ( e )  S.T. OCP. T-6, 
( f )  S.T. OC. T-7, (g)  S.T. OC. T-8, and (h)  S.T. PC. T-10. 

This affords c lear  evidence for the existence of methylene bridges in 
the tercopolymers. This is further confirmed by the bands appearing 
in the 1180-1300 em-' range due to methylene bending (twisting and 
wagging) modes [ 121. The sharp band at 1670 cm-' is assigned to 
the C=O stretching vibrations of the COOH group of salicylic acid. 
The IR spectra also show strong absorptions in the 2900-3300 cm-' 
region due to uNH and the 1600-1610 cm-' region due to uC=N [13]. 
Absorption bands in the 850-860 cm-' region, attributed to the C=S 
group, have alsp been observed [14]. The weak band observed in the 
2380-2400 cm- region may be due to the presence of the SH group 
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which indicates that the tercopolymers exist in equilibrium in the 
keto I and enol II tautomeric forms as indicated below [ 151. 

P COOH 
I 

- -CH2 --N=C-NH-CHa SH I -()-CHz - 

Ri 
n 

where R = CH3 o r  C1, and R1 = OH. 

difficult to assign the exact, correct  s t ructures  to them. By consider- 
ing the structure of salicylic acid-formaldehyde polymers [ 161 and 
also the cross-linked structure of u rea  o r  thiourea-formaldehyde 
homopolymers, p-hydroxybenzoic acid-formaldehyde 8, and p-cresol- 
formaldehyde polymers [ 171, the most favorable s t ructures  suggested 
for  the tercopolymers are 

The polymers under study are tercopolymers and hence it is very 

COOH R 

where R = C1 o r  CH3, and R1 = OH. 

B 
-CHa -NH-C-NH-CHI 

IV 

where R = C1 o r  CHs, and R1 = OH. 
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92 0 MANAVALAN AND PATEL 

COOH R 

I c=s 
I NH 
I 
V 

where R = C1 or  CHs, and R1 = OH. 

FOOH R 
I 

CHI 
i 
NH 
I c=s 
I 

NH 
I 
VI 

where R = C1 or  CHs, and R I  = OH. 

Fig. 2. Examination of the TG analysis results reported in Table 3 re- 
veals that each tercopolymer sample undergoes degradation in two 
steps. The samples lose nearly 8% weight when decomposition com- 
mences around 200°C. Beyond this tempelature the rate of weight 
loss increases rapidly. The rate of loss in weight becomes much higher 
around 500°C. Decomposition is complete around 660°C when 70-90% 
mass loss has  been observed. The first step in degradation of the ter-  
copolymers, which appears from 200-325°C as reported in Table 3, 
may be due to decarboxylation of the “salicylic acid units” present in 
the tercopolymer chain [ 16, 181, and the further degradation in the 
second step which appears from 300-660°C may be a random degrada- 
tion reaction affording simpler degradation products [ 191. The energy 
of activation calculated from the thermograms is presented in Table 3 
[20]. The results of the kinetic parameter indicate that all these ter-  
copolymers follow nearly the same mechanism of degradation. The 
energy of activation ranges from 14.41 to  21.04 kJ/mol. Degradation 
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FIG. 2. Thermogravimetry of tercopolymers (a) S.T. PCP. T-1, 
(b)  S.T. PCP. T-3, ( c )  S.T. OCP. T-5, (d) S.T. OC. T-6, and ( e )  S.T. 
PC. T-9. 

of tercopolymers appears to be almost entirely due to the breaking of 
methylene bridges [2 11. It is extremely difficult to draw any conclu- 
sions from the magnitude of thermal activation energy because the de- 
composition mechanism is expected to be complicated [22]. 

I o n - E x c h a n g e  P r o p e r t i e s  of  S . T .  P C P .  T - 1  a n d  
S . T .  P C P .  T - 2  T e r c o p o l y m e r s  

The results of the experiments carr ied out for batch equilibration 
in the ion-exchange study of tercopolymer samples S.T. PCP. T-1 
and S.T. PCP. T-2 a r e  presented in Tables 4 and 5. 
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922 MANAVALAN AND PATEL 

TABLE 4. Evaluation of the Influence of Different Electrolytes on 
the Uptake of Cu(I1) Metal Ions: [Cu(NOs ) a ]  = 0.1 mol/La 

Weight (in mg) of the metal ion taken up in the 
presence of 

Electrolyte 
(mol/L) NaC104 NaCl NaNOs N& so4 

0.01 1.2b (1.07)' 0.35 (0.29) 1.20 (1.10) 2.63 (2.42) 

0.05 2.01 (1.85) 0.92 (0.89) 1.78 (1.55) 1.40 (1.21) 

0.10 2.14 (2.03) 2.01 (1.54) 2.05 (1.96) 1.05 (1.02) 

0.50 2.89 (2.50) 2.62 (2.12) 2.48 (2.12) 0.98 (0.91) 

1.00 3.45 (3.02) 3.20 (2.78) 2.81 (2.52) 0.52 (0.3) 

%olume of electrolyte solution, 25 mL; volume of metal ion solu- 
tion 2 mL; pH, 4.5; time, 24 h; 25°C. 

&.T. PCP. T- 1 tercopolymer. 
'S.T. PCP. T-2 tercopolymer. 

TABLE 5 
~~ 

Distribution ratios, D, 
of Cu(I1) metal ions 
as a function of the pH 

Rates of Metal ( M t )  
Cu(n)  Ions Uptake 

Percentage of the Distribution ratio 
Time attainment of the (D X 10' mL/g) 
(h)  state of equilibrium PH CU( II) metal ions (6%) 

0.5 45. 55a ( 38. 2)b 2.0 - - 
1 50.1 ( 40.5) 2.5 - - 
2 59.6 ( 50.6) 3.0 1.80 ( 125.5) 

3 65.5 (55.8) 4.0 2.05 ( 19.52) 
4 76.4 ( 66.4) 5.0 3.05 (2.58) 

5 87.5 (77.5) 6.0 9.04 ( 8.50) 

6 95.6 (97.3) 7.0 9.98 (9.21) 

a ~ . ~ .  PCP. T- 1 tercopolymer. 
bS.T. PCP. T-2 tercopolymer. 
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SYNTHESIS AND STUDY OF TERCOPOLYMERS 92 3 

I n f l u e n c e  of E l e c t r o l y t e s  o n  t h e  C u ( I 1 )  M e t a l  
I o n  UDtake  

The data presented in Table 4 reveal that the amount of metal ions 
taken up for a given amount of tercopolymer sample depends on the 
nature and concentration of the electrolyte present in the solution. At 
an electrolyte concentrations below 0.05 M, not enough anions a re  
present to complex Cu (11) completely. Aran electrolyte concentration 
of 0.05 M, an excess of anions is present. From here on the Cu(II) 
ions uptake by the tercopolymers increases with an increase in the 
concentration of C1-, NOS- and C104-, but decreases with an increase 
in the concentration of SOa*-, This can be explained in te rms  of 
stability constants of the complexes which Cu( II) forms with these 
ligands [23, 241. Sulfate forms rather strong complexes with Cu(II) 
{(S042’: K1 -2.36 at p = 0) [25] while C1-, NOS-, and c104’ form 
weak complexes (Cl’: K1 -0.14 to 0.05 at p = 1 to p = 0 [26 , NOS -: 
K1 --0.49 at p = 0 [27], and C104-: K1 -0.72 at p = 0 [28]) \ . There- 
fore, C1-, NOS- and clod- cannot be expected to influence the posi- 
tion of the Cu(I1)-salicylate equilibrium as  much as Sol*-. The 
amount of metal ions taken up by S.T. PCP. T- 1 tercopolymer, which 
is slightly more than that of S.T. PCP. T-2, may be due to the greater 
salicylic acid content in the former. 

R a t e  of M e t a l  UDtake  

The rates of metal adsorption by the tercopolymers were measured 
for Cu(II) ions in the presence of 1 M NaNOs to determine the time re- 
quired to reach the equilibrium stage, Table 5 shows the dependence 
of the rate of Cu(II) metal ions uptake on the nature of the metal. Ex- 
amination of the results of the tercopolymers S.T. PCP. T-1 and S.T. 
PCP. T-2 indicates that Cu(I1) ions required about 6 h for the estab- 
lishment of equilibrium. Comparison of the rate of uptake of Cu(I1) 
metal ions by S.T. PCP. T-1 and S.T. PCP. T-2 made on the basis of 
the data presented in Table 5 reveals that the rate of metal uptake by 
the former is, on the whole, greater than that of the latter. This may 
be due to the higher salicylic acid content present in the S.T. PCP. 
T- 1 tercopolymer. 

D i s t r i b u t i o n  R a t i o s  of M e t a l  I o n s  at  D i f f e r e n t  
pH V a l u e s  

The results of the effect of pH on the amount of metal ions dis- 
tributed between two phases are  presented in Table 5. This data in- 
dicate that the amount of Cu(I1) ions taken up by S.T. PCP. T-1 and 
S.T. PCP. T-2 increases with an increase in the pH of the medium. 
This study was carried out up to pH 7.0 in order to prevent the hy- 
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924 MANAVALAN AND PATEL 

drolysis of metal ions at higher pH values. The distribution ra t io  be- 
comes 5 t imes  grea te r  as the pH is var ied  f rom 1 to 7. Comparison 
of the distribution coefficients of Cu(If) ions for these tercopolymers 
reveals that there  is not much difference in the values. 
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