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Synopsis 

The reaction of poly(viny1 chloride) containing N-methyl-N-carboxymethyl dithiocarbamate 
(PSDC) with metal ions in a heterogeneous system and the effect of y-irradiation on the reactivi- 
ty were studied. Slurried PSDC has an affinity for a number of metal ions in aqueous solutions. 
On the basis of analyses for nitrogen and sulfur and on infrared spectra, a possible chelating 
structure for PSDC was deduced. The gaseous products evolved during the gamma radiolysis of 
PSDC under vacuum were measured. Although the dithiocarbamate group bonded to the main 
chain gave some protection against the dehydrochlorination of poly(viny1 chloride) component, a 
small amount of the carboxymethyl group was decomposed. It was found that with y-irradiation 
doses up to 30 Mrad, only about 1 mole-% out of 17.6 mole-% of N-methyl-N-carboxymethyl di- 
thiocarbamate in the polymer was decomposed. It was shown that the reactivity of the irradi- 
ated PSDC in water toward metal ions was almost the same as that before irradiation. 

INTRODUCTION 

Previous work by the authors on the reaction between powdered poly(viny1 
chloride) containing N-methyl dithiocarbamate (PMD) and metal ion showed 
that the reactivity in methyl alcohol was not affected by y-irradiation from 
cobalt 60 in the dose range of 10-30 Mrad.' However, the PMD powder did 
not show any reactivity toward metal ion in aqueous solution because of the 
hydrophobic property of the polymer. Also, in methyl alcohol solutions, the 
rates of the reaction were rather low. Antiradiation polymers which react 
with metal ions in aqueous solutions have more practical uses than antiradia- 
tion polymers which do not react with metal ions in aqueous solutions. Am- 
berlite-50, a well-known ion exchange resin having a carboxylate group 
(COO-), was found by us to have a remarkable radiolysis in aqueous media. 

Our studies of antiradiation polymers have now been extended to examine 
the reactivity of poly(viny1 chloride) containing N-methyl-N-carboxymethyl 
dithiocarbamate (PSDC) with metal ions in aqueous solutions and the effect 
of y-irradiation on this reactivity. The syntheses and the properties of this 
polymer, e.g., the reactivity with Cu, Ni, and Ag in homogeneous dimethyl- 
formamide solution were already reported by one of the authors.2 
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EXPERIMENTAL 

Synthesis of PSDC Slurry 

A detailed discussion of the synthesis of PSDC has been published by the 
authors elsewhere.* Poly(viny1 chloride) (D.P. = 800) manufactured by 
Sumitomo Chemical Co., Ltd., and sodium N-methyl-N-carboxymethyl di- 
thiocarbamate, which was prepared from sarcosin, carbon disulfide, and sodi- 
um hydroxide, were dissolved in dimethylformamide separately, and both so- 
lutions were mixed in an amber-colored flask equipped with a mechanical 
stirrer. During the reaction, the flask was immersed in a constant-tempera- 
ture bath kept at 50°C. The reaction mixture was then poured into a 10% 
aqueous solution of sodium chloride. A cotton-like swollen polymer was pre- 
cipitated. The polymer was separated by filtration and immediately dis- 
persed in distilled water and stirred vigorously. This slurry was centrifuged, 
and then the supernatant was decanted. These operations were repeated 
several times until chlorine ion was not detected in the supernatant. The pu- 
rified PSDC was preserved in a small quantity of water. The swollen poly- 
mer thus obtained is hereafter called PSDC slurry. The degree of substitu- 
tion of N-methyl-N-carboxymethyl dithiocarbamate group was determined 
by an analysis for sulfur and nitrogen of a perfectly dried sample of PSDC. 

Reaction with Metal Ions 

Metal acetates, 25 mmoles, were dissolved separately in 1 liter water; 20 ml 
of this solution was placed in a 100-ml glass-stoppered Erlenmeyer flask. To 
this solution was added 5 ml of a slurry containing about 0.1 g PSDC. The 
slurry was shaken on a mechanical shaker a t  given temperature. This made 
the initial concentration of metal ion 20 mmole/l. After a given time, the 
polymer was collected by filtration, washed repeatedly with water, and dried 
under vacuum. The dried polymer was analyzed for metal and the infrared 
spectra were taken. The filtrate was diluted and the concentration of metal 
ion was determined with atomic absorption analysis using a Perkin-Elmer 
107 analyzer. 

The metal contained in the reacted PSDC was determined as follows. The 
polymer was oxidized with plasma oxygen using an International Plasma Cor- 
poration Model 1003B and the metal oxide was dissolved in a small quantity 
of hydrochloric acid and diluted. The concentration of the solution was de- 
termined by the method mentioned above. 

y-Irradiation of PSDC 

The PSDC slurry was sealed in an ampoule tube with air. The dried 
PSDC was sealed under vacuum. Both samples were irradiated with y-rays 
from cobalt 60 with a dose rate of 1.0 Mrad/hr. The dried PSDC was irradi- 
ated to determine the radiolysis of the N-methyl-N-carboxymethyl dithiocar- 
bamate group. The method of measuring the gaseous products has been re- 
ported el~ewhere.~ 
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Measurement of Infrared Spectra and ESR 

The measurements of the infrared spectra and ESR were made with a Per- 
kin-Elmer 180 high-resolution infrared spectrometer and a Varian E-9 elec- 
tron spin resonance spectrometer, respectively. For the ESR measurements, 
films of PSDC were prepared from a solution of dimethylformamide by evap- 
oration of the solvent. 

RESULTS AND DISCUSSION 

Preparation of PSDC Slurry 

The synthesis of PSDC was reported in detail by one of the authors else- 
where.2 In this paper, PSDC was synthesized at 5OOC. After a given time, 
the reaction mixture of PSDC and dimethylformamide was poured into water 

TABLE I 
Poly(viny1 Chloride) Containing N-Methyl-N-carboxymethyl Dithiocarbamate (PSDC) 

Reaction Nitrogen, Sulfur, SDCa in polymer, 
Polymer time, hrb wt-% wt-% mole-% 

PSDC-1 1 0.8 4.8 4.7 
PSDC-2 2 1.3 5.9 6.7 
PSDC-3 3 1.6 7.2 8.5 
PSDC-4 4 1.8 7.9 9.7 
PSDC-5 5 2.2 9.3 12.2 
PSDC-6 6 2.3 10.3 13.4 
PSDC-17 7 2.8 12.7 17.6 
PSDC-27 7 2.5 11.7 15.5 

~~ 

a SDC: -CH2-CH- 
I 
S-CS-N( CH,)CH,COONa. 

b Reaction condition: poly(viny1 chloride), 20 g; sodium N-methyl-N-carboxymethyl 
dithiocarbamate, 20 g; dimethylformamide, 600 ml; H,O, 12  ml; 50°C. 

or methyl alcohol. However, no slurry-like precipitate of the polymer ap- 
peared and no turbidity was even observed. A PSDC slurry could be ob- 
tained by dropping the reaction mixture into 10% sodium chloride aqueous 
solution. The aqueous solution included in the PSDC slurry was repeatedly 
replaced by pure water until chloride ion was not detected. This purified 
PSDC slurry was stored in distilled water; 5 ml of the PSDC slurry contained 
about 0.1 g polymer. This suggests that PSDC is quite different from poly- 
(vinyl chloride) and is hydrophilic after substituting chlorine with a N- 
methyl-N-carboxymethyl dithiocarbamate group. However, the precipitated 
PSDC did not dissolve in water and methyl alcohol. PSDC of varying de- 
grees of substitution was obtained by controlling the reaction time, and the 
degree of substitution was calculated from an analysis for sulfur or nitrogen. 
The results are summarized in Table I. Unless stated otherwise, all future 
references in this work will be to PSDC-17 or PSDC-27. The degree of sub- 
stitution for PSDC-17 and PSDC-27 was higher than any other PSDC prepa- 
ration. 
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Reaction of PSDC Slurry with Metal Ions 

PSDC slurry, 5 ml, was added to 20 ml of an aqueous solution including 25 
moles/l. copper ion. This means that PSDC was treated with 20 mmoles/l. 
copper ion as the initial concentration. This mixture was shaken for about 
30 hr a t  50°C. Analysis showed the copper content of the treated PSDC to 
be 8.57 wt-%. PSDC-17 treated with copper ion is hereafter abbreviated as 

McLaren et al.* studied the interaction of copper ion and nickel ion with 
the carboxylate group of poly(acry1ic acid). They reported that these metals 
formed complexes in which two or more carboxylate groups were involved, 
depending upon the polymer concentrations. In the case of PSDC-17, on the 
assumption that every carboxylate group is bound with copper as shown in 
compound I, the theoretical value of carboxylate reacted is 17.6 mole-%. 
However, the copper analysis suggests a value of 24.6 mole-% was obtained. 
In the present investigation, y in I should be less than 17.6 if physical adsorp- 
tion could be neglected: 

CU-PSDC-17. 

2+ + c u  

c=s 
N(CH,)CH,COONa 
I 

s 

I 
I c=s 

s 
I 
I 
c=s 

N(CH,)CH?COONa N(CH,JCH,COOCul 
I 2 

The copper content in PVC or PVC containing N,N-dimethyl dithiocarba- 
mate group which was treated with the same experimental condition as men- 
tioned above was less than 0.05 meq/g. Therefore, it is reasonable to neglect 
the physical adsorption. 

A hypothetical chelation complex of Cu-PSDC-17 is shown in 11: 

- CH2-CH- 
I 

-CH2- CH- 

C U Z +  

I 
1 
I 

S 

c=s 
N(CH,)CH,COONa 

# 

I1 
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Fig. 1. Change in infrared spectra in the range of 800-1600 em-' for PSDC-17 and Cu-PSDC- 
17: (-) PSDC-17: ( -  - - -) CU-PSDC-17. 

According to formula 11, y in I was calculated to be 13.4. This value 
suggests that about 76% N-methyl-N-carboxymethyl dithiocarbamate group 
was reacted with copper ion. The reaction of one mole dithiocarbamate 
group with one mole copper ion took place in the aqueous heterogeneous sys- 
tem. Formula I1 has already been discussed in a previous paper.2 The reac- 
tion between PSDC and copper acetate in dimethylformamide was confirmed 
from an elemental analysis of the precipitate. The infrared spectra of Cu- 
PSDC-17 and Cu-PSDC obtained in the homogeneous dimethylformamide 
solution were virtually identical. As shown in Figure 1, the absorptions of 
1480 cm-l and 910 cm-' which are attributed to VN-c (N-C=S) and UN-c  

(-S-CS-N), respectively, decrease remarkably in Cu-PSDC-17. This dif- 
ference in absorption behavior is considered to be one evidence in favor of the 
suggested chelation. 

Effect of Reaction Conditions on Reaction of PSDC with Copper Ion 

Effect of Reaction Time. The relation between the reaction time and 
the amount of copper ion reacted with the polymer is shown in Figure 2. The 
temperature ranged from loo to 5OoC, the initial copper ion concentration 
was 20 mmoles/l., and the pH was 5.8. It can be seen from Figure 2 that the 
PSDC slurry reacted more rapidly with copper ion than did PMD. For the 
PSDC slurry, the equilibrium was obtained within 30 min. 

For comparison, the reacted value of copper obtained for the dried PSDC 
powder is also shown in Figure 2. The dried PSDC was less reactive and the 
amount of reacted copper decreased. Decreased wettability of the dried 



738 

3.0 

m 
\ -2.0- 
E 
z 

I .o 

NAKAGAWA, TANIGUCHI, FUJIWARA 

- 
0 

n 0 

* UI 

" " 
U 0 0 "3 

6. ,m 

- n * U G  " - 
- 

L - 
a - 0 

I 1 I 1 1 

PSDC may account for this behavior. The hydrophilic groups of PSDC may 
have combined firmly with each other through hydrogen bonding to form a 
weakly crosslinked structure in the dried PSDC powder. For this structure, 
the hydrophobic poly(viny1 chloride) component may have covered the hy- 
drophilic groups and produced a powder which was difficult to wet. The dry 
powder, when added to an aqueous solution of copper, did not sink but float- 
ed on the surface of the aqueous solution. 

Effect of pH. It was thought that the formation of carboxylate anion 
would be favored in a high pH environment. As a result, the amount of cop- 
per reacted with the polymer would increase in the same region. The 
amount of copper reacted with PSDC is given as a function of pH in Figure 3. 
Measurement in the region above pH 6 was impossible because copper hy- 
droxide was precipitated. The equilibrium between PSDC and Cu2+ should 
favor the chelate as pH increases. As can be seen in Figure 3, the amount of 
copper increased with high pH value. In addition to the increasing carboxyl- 
ate anion, the high pH region might favor the formation of a copper complex 
such as compound 11. 

Effect of Temperature. In Figure 4, the amount of copper reacted with 
PSDC is plotted versus temperature of the solution. The discernible differ- 

PH 
Fig. 3. Amount of copper reacted as a function of pH. PSDC-5, 30°C, 1 hr. 
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ence of the amount of the copper reacted appears to be rather small in the 
temperature range of 10-6OOC. This suggests that the reaction took place 
mainly through ionic mechanism and did not depend on the diffusion of cop- 
per ion into the polymer slurry. 

Effect of Initial Concentration of Metal Ion. The relation between the 
initial concentration of copper ion and the amount of copper reacted a t  50°C 
is shown in Figure 5. The amount of copper on the ordinate axis was ob- 
tained by an elemental analysis of the chelate after 0.1 g PSDC was reacted to 
equilibrium with 25 ml copper solution of the given initial concentration 
shown along the abscissa. The concentration shown on the right-side ordi- 
nate was the final concentration of the solution. From these results, the 
amount of PSDC required to treat a certain given volume of copper solution 
can be estimated. For example, the copper contained in a 25-ml copper solu- 
tion whose initial concentration is 3 mmoles/l. will be removed by 0.1 g 
PSDC-17. 

Selectivity of PSDC Slurry Toward Other Ions 

The PSDC slurry was estimated to have a reactivity toward a number of 
other metals, and a study of some of these complexes was undertaken. In 
some cases, the selectivity of chelating polymers was determined simply by 
batch equilibration according to the same method as used in the case of cop- 

Cu concentration, m md/l 
Fig. 5. Amount of copper reacted as a function of initial concentration of copper and final con- 

centration of copper in 25 ml after treatment with 0.1 g PSDC-17. 5OoC, 3 hr. 
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Fig. 6. Amount of metal reacted with PSDC-17 as a function of time: (0) Ag; (0) Cu; (0) Cd; 
(0)  Co; (0) Zn; (A) Sr; (0) Ni. 5 O O C .  

per. The results are shown in Figure 6. Each metal ion reacted to equilibri- 
um within 30 min. Aqueous acetate solutions of each metal were used. The 
pH of the solutions were between 6.7 and 7.7, except copper acetate and chro- 
mic acetate. 

The observed pH values were as follows: Cu2+ (5.8), Cr3+ (4.78), Cd2+ 
(6.91), Co2+ (7.59), Zn2+ (6.77), Sr2+ (7.71), Ni2+ (7.56), and Ag+ (6.90). The 
order of the reactivity obtained was Ag+ > Cu2+ > Cr3+ > Cd2+ > Co2+ > 
Zn2+ > Sr2+ > Ni2+. From Figure 6, it is clear that the PSDC slurry is selec- 
tive as a chelating polymer and has a large affinity for Ag. The reaction of 
PSDC with univalent silver ion was investigated in a homogeneous dimethyl- 
formamide solution.2 The adsorption of Ag with the N-methyl-N-carboxy- 
methyl dithiocarbamate group was estimated in addition to the reaction of 
this group with Ag. The same type of binding of Ag was considered to occur 
even in the case of the heterogeneous system. If Ag were bound only to the 
carboxylate group for PSDC-25 with 15.7 mole-% substitution, then 1.82 
meqlg polymer of Ag would theoretically be reacted. However, the observed 
amount was two times this calculated value. 

Radiolysis of PSDC and Effect of ?-Irradiation on Reactivity of PSDC 
Toward Copper Ion 

Radiolysis of PSDC Under Vacuum. It was stated in previous papers 
that the N-methyl dithiocarbamate group3 and the N,N-dialkyl dithiocarba- 
mate group5 bonded to the main chain of poly(viny1 chloride) provide protec- 
tion against radiolysis of the neighboring poly(viny1 chloride) component. 
Also, radiolysis of the dithiocarbamate group produced very little evolved 
gaseous products. Therefore, it is possible to assume that N-methyl-N-car- 
boxymethyl dithiocarbamate having the -CH-S-CS-N moiety would 
show protection against the radiolysis of the polymer. 
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Fig. 7. Evolved gaseous products as a function of dose: (0) PVC; (0) PSDC-17; (0) PSDC-5; 
(0) PSDC-3; (0) PSDC-1. 

v) 

The total gaseous products produced with doses up to 30 Mrad at 25°C 
were examined by the variable pressure method and mass spectroscopy and 
found to comprise mostly carbon dioxide. These results are shown in Figures 
7 and 8. For comparison, Figure 9 also shows data of the radiolysis of poly- 
(vinyl chloride) containing N,N-dialkyl dithiocarbamate (PDM, PDE). In 
the case of PMD and PDE, the amounts of the evolved gaseous products had 
already been shown to decrease with the degree of substitution of dithiocar- 
bamate  derivative^.^^^ As can be seen from Figure 7, however, the opposite 
results were obtained in the radiolysis of PSDC. The results of Figures 7 and 
8 suggest that radiolysis of N-methyl-N-carboxymethyl dithiocarbamate 
group did occur. No hydrogen chloride was detected by mass spectroscopy of 
the evolved gases. This suggests that N-methyl-N-carboxymethyl dithiocar- 
bamate protected the poly(viny1 chloride) component from degradation by 
y-irradiation. 

Support for this explanation can also be found in the ESR spectrum at  
-196°C shown in Figure 9. The ESR spectrum of the y-irradiated PSDC 
membrane showed absorption at  the high g-values of 2.069, 2.054, 2.036, and 
2.030. These are strongly anisotropic and are virtually identical with those of 
the irradiated poly(viny1 chloride) containing N,N-dimethyl dithiocarba- 

Fig. 8. Mass spectrum of gaseous products evolved from PSDC-17 with irradiation of 30 Mrad. 
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Fig. 9. ESR spectrum of y-irradiated PSDC-17. Dosage, 10 Mrad. 

mate. An exception for 'irradiated PSDC is the extremely sharp absorption 
at  a g-value of 2.008. This sharp spectrum soon diminished when the sample 
was kept a t  room temperature. The ESR and mass spectroscopy results 
suggest that y-irradiation of PSDC produces radiolysis and a rather stable 
sulfur radical with the evolution of carbon dioxide. The mechanism is illus- 
trated below: 

-CH2-CH-CH2-CH- -CH,-CH-CH,-CH- 
I 
I 
I 

S 

c=s 
N(CH,)bH, + CO, + Na 

I 
c1 - I 

I 
I 

S 

c=s 
N(CH,)CH,COONa 

I 
c1 

t 
-CHz-CH-CH2-C- - CH2-CH-CH2-C- 

II 
I 
I 

*S 

c s  
N(CH,)CH,COONa 

I 
c1 - I 

I 
I 

S 

c=s 
N(CH,)CH,COONa + Ha 

I c1 

Effect of y-Irradiation on Reaction of PSDC Slurry with Copper Ion. 
Irradiation of PSDC-17 with a total dose of 30 Mrad produced 120 pmole/g 
polymer of gaseous product. For pure carbon dioxide, this volume of gaseous 
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Fig. 10. Amount of copper reacted with y-irradiated PSDC as a function of time: (0)  PSDC- 
17, 30 Mrad; (0) PSDC-17, no irradiation; (e) PSDC-27, no irradiation; (0) PSDC-27, 10 Mrad; 
(9) PSDC-27,30 Mrad. 

product would imply the degradation of only 1.07 mole-% of the dithiocarba- 
mate group. However, gases other than carbon dioxide were obtained, and 
therefore the mole-% of the degraded dithiocarbamate is less than 1.07. 

If the PSDC slurry shows the antiradiation properties in an aqueous sys- 
tem, the application of the treatment to a radioactive waste solution might be 
possible. For the so-called “cold run” experiments, the PSDC slurry was ir- 
radiated and then treated with copper ion. A commercial cation exchange 
resin having sodium carboxylate group was irradiated with 30 Mrad under 
the same conditions as the irradiation for the PSDC slurry. An increase in 
the viscosity of the water solution was observed. This implies that degrada- 
tion of the main chain took place, and the moiety containing carboxylate was 
dissolved in the water solution. Such a phenomenon was not observed in the 
case of PSDC. The effect of y-irradiation for the dose range of 10-30 Mrad 
on the amount of copper ion reacted with the PSDC slurry is shown in Figure 
10. It might be said on the basis of the results of Figure 10 that y-irradiation 
of these doses cannot produce the significant changes in the reactivity of the 
PSDC slurry toward copper ion. The rate of the reaction was rather slow in 
the first stage, as shown in Figure 10, and this is probably due to slow diffu- 
sion of the ion into the polymer, because of the formation of crosslinked 
structure by y-irradiation. 

Studies are in progress to determine the reactivity of the PSDC slurry 
toward radioactive metal ions in an aqueous system. 
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