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SYNOPSIS 

Copper was preconcentrated from aqueous solutions by adsorption on polymethyl meth- 
acrylate, polymethacrylonitrile, and their copolymers prepared by group transfer polymer- 
ization. Atomic absorption spectrometry was used to determine the metal ion. The copper 
(11) ion was collected from aqueous solutions starting from pH 2. In both homopolymers 
and copolymers, an increase of retention starting from pH 2 to 7 was observed. Below pH 
2, no retention was observed. The retention of the ion from the aqueous phase on the 
polymers was above 90% at pH 7 . 0  1996 John Wiley & Sons, Inc. 

INTRODUCTION 

With increasing attention to the effect of toxic ma- 
terials on public health, development of analysis 
methods capable of determining trace amounts of 
such materials has become necessary. On the other 
hand, modern technology requires extremely pure 
materials, and it is important to determine trace 
amounts of impurities in any of these processes. For 
these reasons, determination of trace element con- 
centration is an important subject of chemistry. 

Copper is a highly toxic metal. Although an adult 
human body contains 100-150 mg copper, daily in- 
take exceeding 3.7 mg causes cell poisoning. Its effect 
is partly as an irritant, causing vomiting, painful 
diarrhea, and cardiac failure. Accumulation of more 
than 200 mg of copper in the body is poisonous. 

The most common technique for determining 
trace amounts of metal ions is preconcentrating the 
element to be determined. This is done on a matrix 
of polymeric resins, which selectively binds the de- 
sired material. After this procedure, the concen- 
trated material can be analyzed by spectrophoto- 
metric methods.'-1° 

In this work, preliminary results on the precon- 
centration of a toxic ion, copper, on a polymeric ma- 
trix is reported. 
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The polymeric resins used in this work were po- 
lymethyl methacrylate (PMMA), polymethacrylon- 
itrile (PMAN), and their copolymers, all synthesized 
by group transfer polymerization (GTP). GTP is a 
new polymerization method introduced by the 
DuPont group in 1983. In GTP, polymeric chains 
grow from one active end only, resulting in linear 
unbranched polymers."-'4 

In such chains, the N and 0 groups, which should 
be mostly responsible for the interaction between 
metal ions and resins, are not masked. This property 
is believed to enhance the ability to hold metal ions. 
Another important property of GTP is to give 
monodisperse polymers at room temperature; the 
molecular weights and heterogeneity indexes of the 
resins used in this work are given in Table I. 

Since the pH value of the solution effects the 
holding ability of the resin, the pH dependence is 
also studied for a wide pH range. 

EXPERIMENTAL 

Materials 

Methyl methacrylate and methacrylonitrile (Aldrich 
Co.) were freed from inhibitor by treating with 5% 
aqueous sodium hydroxide solution, washed with dis- 
tilled water several times, then dried over calcium 
hydride. The monomers were obtained by fractional 
distillation. Tetrahydrofuran (THF) (Aldrich Co.) 
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Table I 
and Copolymers Used in Preconcentration Studies 

The Molecular Weights and the Heterogeneity Indexes for Polymers 

Polymer and 
Copolymer Systems M,, x 10-4 MluIMIl 

PMMA 
PMAN 
cop  I" 
cop  IIb 

2.45 
2.30 
2.40 
2.45 

1.15 
1.05 
1.10 
1.05 

' C o p I =  l M M A + I M A N .  
b C ~ p I I = 4 M M A + 1 M A N .  

was refluxed over Nahenzophenone (Aldrich Co.) 
until dry, then distilled into the reaction flask prior 
to use. Methyl trimethyl silyl dimethylketene acetal 
(1 -methoxy 2-metyl-1-trimethylsilyl-1 -propene) 
(MTS) (Aldrich Co.), tris(dimethy1 amino)sulfonium 
difluoride (TASHF,) (Aldrich Co.), and other chem- 
ically pure materials were used without further pu- 
rification. 

A WTW 8120 pH meter was used to measure the 
pH of solutions. To prepare the CuC1, solutions and 
to wash the resins and for pH adjustments, HCl and 
NaOH were used. Pure CuC1, (7 g) was dissolved in 
water and diluted up to 500 mL. The concentration 
of the solutions was checked by AAS and diluted to 
the necessary c~ncentration."-'~ 

Polymerization 

The monomer mixture (5.0 ml), the initiator MTS 
(0.10 ml), and THF as solvent (50 ml) were mixed 
under an atmosphere of dry nitrogen. The catalyst, 
TASHF2, was then added as a solution (0.10M) in 

Table I1 
Grams of Homopolymers and Copolymers at 
Different pH Values 

The Amount of Copper Adsorbed Per 

Amount Adsorbed (mg Cu/g Resin)" 

PH PMMA PMAN CopIb CopII' 

2.71 1.05 1.18 1.28 1.35 
3.95 1.58 1.73 1.88 2.01 
4.47 1.91 1.86 2.14 2.35 
5.42 3.09 3.00 3.93 3.79 
6.15 3.57 3.38 4.26 4.16 
7.18 4.53 4.54 4.80 4.60 

a Cu concentration, 5 mg/g resin; pH = 7; particle size, 841- 

bCop I = 1 MMA + 4 MAN. 
'Cop I1 = 4 MMA + 1 MAN. 

500 jtm. 

acetonitrile. The mixture immediately warmed; after 
cooling, the polymer was precipitated in petroleum 
ether (b.p. 30-40). It was redissolved and reprecip- 
itated, then dried in vucuo at room temperature 
overnight." 

Preconcentration was performed by batch and 
column techniques. 

Batch Technique 

The exchange capacity for copper ion is as follows. 
50 ml of 15 ppm copper solution (pH 7) and 0.1 g 
resin were stirred vigorously at a rate 350 for 2 h. 
After filtering the resins, copper was determined in 
the filitrate by the AAS method. Copper analysis was 
also carried out on the eluate, which was obtained by 
the treatment of the resin with 1 mol/l HC1. 

The effect of particle size and time of mixing on 
adsorption were studied in similar experiments. 

t 

I - 
2 4 6 PH 

Figure 1 Amount copper adsorbed versus pH for all 
polymers studied 1, PMMA, 2, lMAN + 4MMA, 3,4MAN 
+ lMMA, and 4, PMAN. 
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Table I11 Preconcentration of Copper Ions from Dilute Solutions 

c u  Sample 
Concentration Volume 

%Retention Polymer (mg/mL) (mL) 

PMMA 
PMAN 
4 MN + 1 MMA 
1 MN + 4 MMA 

0.25 
0.25 
0.25 
0.25 

1000 
1000 
1000 
1000 

97 
99 

100 
99 

Effect of pH 

50 ml solutions of 10 ppm Cu(II), with varying pH 
from 2.71 to 7.18, were mixed with 0.1 g of resin and 
stirred vigorously for 30 min. At the end of this pe- 
riod, the amount of copper adsorbed on the resin 
was determined by AAS. After each experiment, ho- 
mopolymers and copolymers were washed first with 
HC1 and then with distilled water. Eluent water was 
tested by AgN03 to check the removal of acid. 

Column Technique 

Resins (1.5 g of each) were left in distilled water for 
24 h and were filled into 0.5 cm diameter columns 
by a compression pump. Columns were washed with 
0.1M of HC1 solution for 24 h and then washed with 
distilled water until they gave no chlorine reaction. 
Dilute copper solution (pH 7) was passed through 
the columns at a flow rate of 3 ml/min; the adsorbed 
copper, which was eluted with 1M HCl, was analyzed 
with AAS. 

Table IV 
Retention 

The Effect of Mixing Time on 

Amount Adsorbed (mg Cu/g Resin)" 
Time 
(min) PMMA PMAN Cop Ib CopIIc 

5 4.47 4.50 4.73 4.54 
10 4.47 4.49 4.75 4.57 
15 4.51 4.53 4.78 4.59 
20 4.52 4.55 4.81 4.60 
25 4.53 4.56 4.79 4.61 
30 4.50 4.54 4.80 4.60 
40 4.53 4.56 4.82 4.59 

a Cu concentration, 5 mg/g resin; pH = 7; particle size, 841- 

bCop I = 1 MMA + 4 MN. 
' Cop I1 = 4 MMA + 1 MN. 

500 pm. 

Copper Analysis 

The amount of copper in the solvent left after the 
removal of the resin, and the recovered copper from 
the solvent obtained by washing off the resin, were 
analyzed by atomic absorption spectrometry (Shi- 
madzu AA 670). 

The working conditions were as follows: wave- 
length, 324.75 nm; cavity cathode lamp, Cu; and slit 
width, 0.27 nm. 

RESULTS AND DISCUSSION 

Retention ratios versus pH values obtained from the 
batch technique for 0.5 ppm Cu solution are given 
in Table I1 and plotted in Figure 1. For all polymers, 
the retention increases rapidly and steadily as the 
pH of solution is increased, with no retention below 
pH 2 and almost complete ( >90% ) retention at pH 
7. Results obtained from the column technique at 
pH 7 are also similar, with 97-100% retention with 
the polymers studied (Table 111). 

A t  low pH values, the high H+ ion concentra- 
tion at  the interface electrostatically repels posi- 
tively charged metal ions, preventing their ap- 
proach to the polymer surface. For this reason, 
low retention values a t  low pH values observed 
are in line with expectations. The rate of adsorp- 

Table V Preconcentration Capacity 
Determination in Polymers 

Polymer Capacity (mg Cu/g Resin) 

PMMA 
PMAN 
cop I" 
cop I Ib  

6.10 
6.50 
6.17 
6.10 

"Cop I = 1 MMA + 4 MN. 
bCop I1 = 4 MMA + 1 MN. 
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Table VI The Effect of Particle Size on Preconcentration 

Particle Size 
( w 4  

Amount Adsorbed (mg Cu/g Resin)" 

PMMA PMAN c o p  I b  cop  IId 

> 841 
841-500 
500-350 

4.35 
4.45 
4.65 

4.62 
4.80 
4.87 

4.48 
4.60 
4.65 

4.37 
4.50 
4.61 

a Cu concentration, 5 mg/g resin; pH = 7; mixing time = 30 min. 
bCop I = 1 MMA + 4 MN. 
' C o p I I = 4 M M A + l M N .  

tion has been found to be very high. More than 
95% of the retention occurred in the first 5 min 
(Table IV) . 

Although the capacities of the resins given in Ta- 
ble V (pH 7) are not high, this should not affect 
their usefulness for preconcentration of trace 
amounts. The results given in Table VI show that 
retention does not depend on particle size. 

Retention percentages and capacities of both 
homopolymers and their copolymers were com- 
parable. This indicates that the effectiveness of 
0 groups of PMMA and N groups of PMAN are 
similar. 

We could not find any value in the literature 
for the retention of copper by PMAN and for its 
copolymers with methyl methacrylate. In studies 
on Co, Mn, Ni, and Fe ions on polyacrylonitrile 
(PAN) resin, a maximum retention of 85% has 
been observed at  pH 6.  The resin used in that 
study was synthesized by free radical polymeriza- 
t i ~ n . ~ - "  

In conclusion, we can state that the almost 
complete retention in a neutral environment in- 
dicates that PMMA, PMAN, and their copoly- 
mers synthesized by GTP should be very useful in 
preconcentration of copper. Further work is in 
progress on the retention of Cu on PMMA and 
PMAN synthesized by free radical polymerization. 
I t  is hoped that the results will clarify the rela- 
tionship between retention and polymerization 
mechanism. 
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