
Carbo&frute Research, 104 (1982) 235-243 
Elsevier Scientific Publishing Company, Amsterdam - Printed in The Netherlands 

PREPARATION AND CHARACTERISTIC PROPERTIES OF DITHIOCARBA- 
MATE CHITOSAN, A CHELATING POLYMER 

FUCCARDO A. A. MUZZARELU, FABIO TANFA~?. SABINA M&tom, AND MONICA E~~?wJ~_LI 

Imtitute of Biochemistry, Fact&y of Medicine, Lsliversity of .&corm, IdOIOO Ancona (ItaIy) 

(Received July 27th, 1981; accepted for publication in revised form, October 2nd, 1981) 

ABSTRACT 

Dithiocarbamate chitosan was obtained by treating &tosan with carbon di- 
sulfide in a mixture of ammonia and methanol, and was studied by infrared spectro- 
metry. Dithiocarbamate chitosan having a sulfur content of 7.8 o/0 was used to extract 
metal ions in high yield from acmr c, neutral, and alkaline solutions. 

INTRODUCTION 

Chitosans of animal and fungal origin are effective, solid chelating-agents for 
transition and post-transition metal ions; the chitosan-&can complex from Aspergillus 

niger is unsurpassed as far as its ability to retain transition metal ions from dilute 
solutions is concerned’-‘. 

The amino groups of these biopolymers offer the possibility of anchoring 
various functions to the polysaccharide chain, and several derivatives of chitosan 
have thus far been prepared’. 

Recently, derivatives of other polymers carrying amino groups have also been 
studied: thiol and dithiocarbamate functionalities were introduced into polymers 
prepared by polycondensation of polyethylenimine and cyanuric chloride in the 
presence of thioureag and into various aminocelluloses treated with carbon disulfide, 
respectively1 O. 

The starting raw materials for the preparation of these polymers are synthetic 
or semi-synthetic. We demonstrate here the suitability of chitosan for introduction 
of the dithiocarbamate function in a natural aminosaccharide chain, and the efficacy 
of the derivative for scavenging transition and post-transition metal ions. 

EXPERIMENTAL 

Chitosan derivatives. - Chitosan from krill (Euphausia superba), already de- 
scribed elsewliereeL1, having a 60 y0 degree of deacetylation, [u]n + 33 O, two h after dis- 
soiution in 1% acetic acid at a concentration of loA, pK 6.6, and 28 8 “58’ and 19 “58’, 
was used for the preparation of the derivatives_ The powder (100-200 mesh, 6.5 g) was 
treated with carbon disulfide (I 8 mL), concentrated ammonia (50 mL), and methanol 

(200 mL) for 5, 24, 70, and 170 h at room temperature_ At the end of these time- 
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periods, the solid was filrered, washed with methanol and ammonia in that order, 
dried, and stored in a stoppered bottIe. After 70 h in the reaction mixture, and not 
before, the chitosan derivative appears as a bIue powder; this color persists even after 
washing, but fades away the day after the preparation. Some swelling of the deriv- 
atives was observed upon contact with water: they do not settle quickly. If their 
suspensions are brought into contact with a solution of metal ions, immediate 
precipitation occurs. In strongly acidic solution, the dithiocarbamate develops the 
detectable odor of hydrogen sulfide. 

Instrumentation. - The i-r., u-v., e-p-r-, X-ray diffraction, and atomic absorption 
spectra were recorded with the same instruments and according to the same proce- 
dures as described earlieP. SuIfur was determined with a LECO 532 automatic 
titrator. 

Metal-ion retention: batch measurements. - The chitosan derivative (100 mg) 
was stirred with the metal ion solution (25 mL, OSmbl) for I h at room temperature. 
The sulfates of the following cations were used, Cr3 +, Mn2 *, Co2 +, Ni2 +, Cu2 +, 
Zn”, and Cd*+. Lead nitrate was also used. Severai samples were used after 3, 7, 
and 10 days from the time of preparation. The approximate pH values of the solutions 
at the beginning were 0.6, 3.0, 6.8, and 12.0. 

Columns. - The columns (10 x 0.6 cm) were fed at the flow-rate of 0.5 mL/min, 
with IO-p.p.m. solutions of Cu”. Analyses were performed on IO-mL aliquots. 
Elution was performed with 0.1&f potassium cyanide. 

RESULTS AND DISCUSSION 

The i-r. spectra of the dithiocarbamate chitosan (DTC-chitosan) exhibit bands 

DithmcarbarTXite chitOSCU3 

I I I 1 I I 
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Fig. 1. 1.r. spectrum of dithiocarbamate chitosan showing alteration in the region 1400-1550 cm-~. 
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Fig. 2. Ratios between i.r. bands (0) 1650/1480; (x) 1370/1480; (i) 1650/940, and (I) 1370/940 
cm-1 showing that the formation of DTC-chitosan occurs in t5 h. 

at 1480 (assigned to N-C=S) and 940 cm-l, with evidence of generalized alterations 
in the 1400-1550 cm-l range (Fig. 1). The ratios between the absorption bands at 
1650 and 1370 cm-l (not altered with respect to untreated chitosan), and those 
denoting alterations at 1480 and 940 cm -I, fohow the trend in Fig. 2. It may be 
noted that these ratios drastically decrease during the initial 5 h of reaction, and thus 

it seems that the DTC-chitosan formation is rather rapid. 

TABLE I 

2 BVALL’ES FOR ICRILLC~~TOSAN AFXS DTC-CHITOSANAFTERVARIOUSLENGTHSOFCONTACTTLMEWITH 
THEREACIIONhIlXTURE 

Time (h) 20 d (llm) 

Krill DTC 

0 923 19”58 0.958 0.444 
5 8”43’ 19”58 1.012 0.444 

24 8”19’ 19”58’ 3.061 0.444 
70 S”13’ 19”58’ 1.074 0.444 
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As far as chitin is concerned, the i.r. spectra do not show appreciable differences 
between the treated and untreated chitin, however the ratios at 1650 and 1480 cm-l 
decrease from 2.67 for chitin to 2.36 for DTC-chitin. The latter, in fact, possesses 
limited chelating power. The X-ray diffraction spectra reveal significant alterations 
depending on the time of contact of chitosan with the mixture. The 28 reading for 
the krill chitosan, aheady reported”, progressiveIy changes to values Iisted in TabIe I. 
While the e.s.r. spectrum of the original krill chitosan is a featureless single line, those 
recorded for DTC-chitosan show a sextet of signals whose coupling cons’tint is 85 G. 
Moreover, five pairs of signals are present having constants 25-30 G. The experiments 
described here were conducted mostly on DTC-chitosan containing 7.8 % S. 

Allowing for a moisture content of 5%, the degrees of substitution for the 
polymer containing 7 % sulfur was: 21% dithiocarbamate, 39 % free amine, and 40 % 
acetamido; for the polymer containing I 1% sulfur was: 35 % dithiocarbamate, 25 % 
free amine, and 40% acetamido. 

All of the foregoing experimental evidence indicates that chitosan readily 
reacts with carbon disulfide to produce a derivative possessing distinct characteristics. 
Modification of the free amino groups of chitosan to give NH-CS-S groups alters 
the elemental composition of the polymer and the macromolecular conformation as 
well, mainly because of hydrogen-bond rupture. 

Upon stirring, the DTC-chitosan releases to water (pH 9.5) a component of 
small molecular size, as revealed by u-v_-visible spcctrophotometry on the lyophilized 
water before and after dialysis. One major component of the residue seems to be the 
ammonium ion arising from dissociation of the ammonium dithiocarbamate, as 
shown from the strong i-r. spectral bands at 1395 and 650 cm-‘. 

Transition-metal ions are effectiveIy collected by DTC-chitosan. Numerous 
measurements by atomic absorption spectrometry showed that both cations and 
amino complexes in the pH interval tested (5.0-12.0) are totally (95-100%) retained 
by DTC-chitosan used 4-19 days after its preparation_ At pH 3.0, retention is rather 
low but still appreciable for most of the cations studied. However, tests on Co and 
Mn performed with DTC-chitosan powder previously kept on filter paper for 3-l 1 
days, indicate that the percentages of retention decrease, presumably because of 
oxidation, hydrolysis, and loss of hydrogen sulfide: DTC-chitosan should therefore 
be stored in sealed bottles. The exceptional retention ability of DTC-chitosan is 
evident in the case of amino complexes of Cu, Ni, Co, and Cd, which are totally 
retained within one h of contact and impart typical colors to the white powder, as 
described in Table II. 

The capacity of DTC-chitosan was studied as a function of the concentration 
of metal ion in the range OS-10_Om~, at three pH values: 3.0, 6.8, and 12.0 (final 
values). The results obtained following the batch conditions indicated above are shown 
in Figs. 3,4, and 5. Even at low pH (3-O), the capacity of DTC-chitosan is appreciable 
for a number of cations, especially Co2+, Nizf , Cu2 +, and Cd2 * (more than 5 ok 
w/w for the Iatter two) (Fig. 4)_ At pH 6.8, the capacities indicated in Fig. 4 at 5mM 
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Fig 3_ Capacity of DTC-chitosan for metal ions at 20” and pH 3 10.2 as a function of the metal-ion 
concentration (100 mgi25 mL). Each clltVe applies to 3 different DTC-chitosans obtained after 5, 
24, and 70 h, within the experimental error (&7%). 
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Fig. 4. Capacity of DTC-chitosan for metal icns at 20” and pH $3 &OG z& a function of the metal- 
ion concentration (lpi, m&25 u?JJ. Each c~~~~e$p@ies to 3 diEerent DT~+&ans obtained after 
$24, and 70 h, with& th&e$$iz&n~ eris_r (f’p/o). ’ r2 5 
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Fig. 5. Czpacity of DTC-chitosan for metal ions at 20” and pH 12.0 &0.2 as a function of the 
metal-ion concentration (100 mg/25 mL). Each curve applies to 3 different DTC-chitosans obtained 
after 5,24, and 70 h, within the experimental error (&7%). 

metal-ion concentration are 0.8 o/0 for Mn2+, 1.5% for Co’+, 3.0% for Ni2+, 4.0% 

for Cr3+, 7.2 y0 for Cd2+, and 6.7 y0 for Cu 2+ In ammonia solution (pH 12), the _ 

respective capacities are: 3.7 % for Co’+, 3.8 % for Ni’*, 4.7 % for Cu2*, and 11.7 % 
for Cd2+ Within experimental error (+7 %), the DTC-chitosans obtained after . 

various times of reaction possess the same capacities. 
It was therefore anticipated that chromato@aphic columns would effectively 

remove metal ions from water. Fig. 6 shows saturation curves obtained with 10 p.p.m. 
Cu2’ solution at pH 9.5 (initial value)_ At the 10 p.p_m_ level, Cu2+ is totally removed 
from a mass of water 100 times larger than the DTC-chitosan in the column; the 
resulting breakthrough curve is not ve’y steep. The quantitative elution of Cut+ 
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Vdume (mL1 

Fig. 6. Breakthrough curves for a lO-p.p.m. Cu+ neutral solution fed to a 0.6 x 10 cm column at 
a flow rate of OS mL/min; (1) first cycle; (2) second cycle, after elution with 0.1~ potassium cyanide 
and washing. 

was performed with 0.1 XI potassium cyanide: the elution peaks were not very sharp 
and some taling occurred (30 mL to elute 90% of the Cut+ present). This result 
demonstrates that, despite of the powerful complexing agent used, the metal ion is 
very strongly retained on the modified chitosan. 

Similarities exist between DTC-chitosan and CDT-celluloses: for instance, the 
capacities for Cu are: 8 mg Cu/g DTC-chitosan (O.SmM) and 4 mg Cujg DTC-cellulose 
(0.125m;M); those for mercury are: 25 mg Hg/g DTC-chitosan (0.5m&%), and 20 mg 
Hg/g DTC-cellulose (0.1 m&f) under comparable conditions’e. The retention percen- 
tage for cobalt at pH 3 is 71 for DTC-chitosan but only 5 for DTC-cellulose; for 
cadmium at pH 3 is 100 for DTC-chitosan against 65 for DTC-ceIluIose. A simihu-ity 
also exists in the high (100 o/0 or close) retention percentages ior rhe ammonia com- 
plexes at pH 10.&10.5 (Compare Table II of this work with Fig. 1 of Ref. 10). 
Where the experimental conditions adopted permit, a comparison may also be made 
with the polymers obtained from cyanuric chloride treated with polyamines and thio- 
urea: at OSrnh1 concentration, copper is completely retained, even at pH 3 (compare 
Table II and Fig. 3 in this work with Figs. I and 2 of Ref. 9), however, the capacity 
of DTC-chitosan is much higher (50 mg Cu/g DTC-chitosan at 5rnM Cu) when 
compared with 32 mg Cu/g DTC-cellulose at 16mM Cu. 

The DTC-chitosan is much easier and less expensive to prepare than DTC- 
cellulose because the latter requires preparation of aminocellulose from O-tosylcellu- 
lose; the same may be said for polymers prepared from cyanuric chloride in hazardous 
solvents. 

DTC-chitosan is thus superior to chitosan and to the six derivatives previously 
described, including thiourea and S-acetylmercaptosuccinic anhydride derivatives, as 
far as manganese, cobalt, and nickel at pH 2.5 and 5.5 are concerned, because their 
retention values are generally higher for DTC-chitosan than for the derivatives in- 
dicated and for chitosan itself (compare Table II in this work with Table I of Ref. 8). 
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CONCLUSIONS 

The regularly distributed amino groups of chitosan allow ready and rapid 
derivatization with carbon disulfide. The use of commercial chitosan, a natural poly- 
amine, permits the avoidance of such tedious and expensive steps as the amination 
of cellulose and polycondensation with cyanuric chIoride. Dithiocarbamate chitosans 
having suIfur contents of 7.8 % are readily prepared at room temperature within 
a short time and without any preliminary treatment, thus avoiding polymer degrada- 
tion. The procedure has advantages over several known methods of substituting the 
hydroxyl groups of cellulose with amino functions, which cause side reactions and 
often give Iow degrees of substitution and breakdown of the polymer chain. 

Dithiocarbamate chitosan possesses good retention capacity for transition and 
post-transition metal ions; even the amino complexes are totally retained under the 
conditions adopted; this seems to be a peculiar characteristic not matched by other 
derivatives thus far examined. In any case, this derivative possesses higher capacities 
than other cheiating polymers, with the exception of the chitosan-glucan complex”- 7. 
The DTC-chitosan is a useful metal-ion scavenger and may be used effectively to 
remove a number of metal ions from dilute solutions; it retains cations efficiently 
even at low pH values, and gives amino complexes with high yields. In all instances, 
retention occurs very rapidly because of chelation by N and S atoms. 

ACKNOWLEDGMENTS 

This work was carried out under the auspices of ANIC, Divisione Chimica 
Secondaria, Milano, Italy. 

REFERENCES 

1 R. A. A. M~ZZARELLI, Chirin, Pergamon Press, New York, 1977. 
2 R. A. A. MUZZARELLI, Natural Chelating Polymers, Pergamon Press, New York, 1973. 
3 M. G. MUZZARELU. U.S. Pat., 3,635,818 (1972). 
4 R. A. A. MUZZARELLI, F. TANFANI, AND G. SCARPINI, Biotechn. Bioeng., 22 (1980) 885-896. 
5 R_ A- A. MUZZARELLI, F. TANFAM, G. S~ARPINI. AND E. Tuccr. J. Appl. Biochem., 2 (1980) 54-59. 
6 R. A. A. MUZZAREL LI, F. TANFANI, M. E!HANUELLI, AND S. GENTILE, J. Appl. Bioch,pm., 2 (1981) 

38&389. 
7 R. A. A. MU~~ARELLI, Ger. Offen. 2,923,802, Dec. 20, 1979; Ital. Appl. 781625, June 14, 1978. 
8 R. A. A. MUZZARELU AND E. R. PARISER, Pruc. Zsz. Conf. Chirin Chitosan, Zst, MITSG 78-7, 

MIT Press, Cambridge, Mass., U.S.A., 1978, p. 339. 
9 K. -YAMA, T. ROKUSHA, m K. NAOMI, J. Appl. Polym. Sri, 22 (1978) 3075-3980. 

10 S. Inw, M. MUROI, A. HA~~AGUCHT, R. ~VZATSUSHITA, AND M. KOYAMA, Anal. Chim. Acta, 113 
(1980) 139-147. 

11 R.A.A.Mu -LI, F_ TANFANI, M. &~ANKIELU, M. G. MUZZ%RELLI, AND G. CELIA, J. Appf. 

Biochem., 3 (1981) 316-321. 


