
Russian Chemical Bulletin, International Edition, Vol. 59, No. 7, pp. 1303—1306, July, 2010 1303

Published in Russian in Izvestiya Akademii Nauk. Seriya Khimicheskaya,  No. 7, pp. 1273—1276, July, 2010.

Full Articles

1066�5285/10/5907�1303 © 2010 Springer Science+Business Media, Inc.

Thiocarbamoyl chitosan as a novel sorbent with high
sorption capacity and selectivity for the ions of gold(III), platinum(IV),
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Thiocarbamoyl chitosan (TCC) was synthesized by grafting thiourea on chitosan backbone
in eutectic composition of ammonium thiocyanate—thiourea. Insoluble products with the ami�
no group functionalization degree of 0.3—1.1 can be prepared by varying the conditions of
polymer�analogous (synthesis in a gel) transformation. Structure of the synthesized chitosan
derivatives was characterized by elemental analysis, diffuse reflectance infrared spectroscopy,
and the solid state 13C NMR. Study of sorption properties of TCC shows high sorption capacity
and selectivity for the ions of gold(III), platinum(IV), and palladium(II) as evidenced by results
obtained at pH 2 in the presence of 100—1000�fold excess of iron(III), copper(II), zinc(II), and
nickel(II). Sorption capacity of TCC for all ions increases with the increase in the degree of
substitution and changes in the series: AuIII > PdII > PtIV.
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Due to the hydrophilic nature, polysaccharides pos�
sess high sorption capacity for different substrates, includ�
ing the metal ions. As the adsorbent aminopolysaccharide
chitosan is superior to the known cellulose�based materi�
als owing to the presence of the amino groups, which
compared with the hydroxyl group are the stronger elec�
tron donors for metal ions.1,2 The cross�linked chitosan

can adsorb the ions of nearly all elements of the Periodic
Table.3 Development of mining technology, the separa�
tion and recovery of noble metals are topical issues. They
involve not only improvement of the separation proce�
dures but also development of novel sorbents with ad�
vanced uptake performance. There are known several sor�
bents designed specifically for the gold(III) ions and the
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platinum group metals. They are based on copolymer of
ethyleneglycol vinyglycidyl ether and vinylpyrrolidone
modified with thiourea4 and also on the basis of polymeric
thioether, polythiopropane.5 General disadvantages of the
above�mentioned materials, which limited their applica�
tions, are low sorption capacity and low accessibility of
the sorbents with a complex polymeric structure.

Chemical modification of chitosan by grafting the sul�
fur�containing groups on the chitosan backbone allows
one to increase its sorption capacity and selectivity for the
platinum group metals and the precious metals.6—8 How�
ever, the density of the sulfur�containing fragments suffi�
cient to ensure the higher sorption capacity cannot be
achieved employing the above�mentioned modification
methods. The aim of the present work was to develop the
synthetic method for thiocarbamoyl chitosan character�
ized by a high functionalization degree and investigate its
sorption properties for ions of platinum(IV), palladium(II),
and gold(III).

Results and Discussion

Previously9 for the preparation of thiocarbamoyl chi�
tosan (TCC) the use of "the synthesis in a physical gel"
procedure was suggested, which included the treatment of
chitosan with lithium thiocyanate. This procedure is based
on the property of chitosan to disperse, swell, and partially
dissolve in the solutions of lithium thiocyanate discovered
in our group. It is of note that the water molecules are the
competitive nucleophile for the starting reactants and for
the reaction product; the side reactions with water mole�
cules lead to the destruction of the thiocarbamoyl group
and, consequently, to the decrease in the degree of substi�
tution (DS). To overcome this problem, the eutectic two�
component composition of ammonium thiocyanate—thio�
urea rather than water was used to form gel. This eutectic
composition serves simultaneously as both the solvent and
the reactant, i.e., the reaction proceeds in a nonaqueous
gel (Scheme1).

Conditions of thiocarbamoylation of chitosan and the
degrees of substitution (the ratio of the amino group func�
tionalized by the thiourea residue to the total number of
amino groups in raw chitosan) are given in Table 1. The
reaction mixture is a soft gel, which was stored at a certain
temperature without stirring. The optimum reaction tem�
perature is 130 °C. At T < 110 °C, the reaction mixture is
heterogeneous and that decreases the reaction rate; at
T > 150 °C, the product yield is markedly decreased due to
destruction of the polymeric chain. Optimum reaction time
is ~4 h. Degree of substitution remains low, when the reac�
tion time was reduced to less than 2 h, while no increase in
the substitution degree was observed, when the reaction
time was extended beyond 6 h. After the reaction was
completed the gel was subjected to the cold extraction
with water until no SCN– ion could be detected in the
extract. The polymer prepared is insoluble neither in acid�
ic nor in basic medium.

The composition and structure of the polymer were
characterized by elemental analysis (see Table 1) and dif�
fuse reflectance IR spectroscopy. It is impossible to reveal
the thiocarbamoyl groups against the background of the
intensive absorption bands of the residual acetyl groups
(degree of acetylation (DA) — 0.16) at 1655 cm–1 (Amide I)
and at 1592 cm–1 (Amide II). However, in differential
spectrum obtained by the subtraction of the spectrum of
the product from the spectrum of the raw chitosan, a band
at 1404 cm–1 assigned to the  group was obser�

ved. The presence of the absorption band at 2057 cm–1

characteristic of the S=C=N— fragment indicates small
content of the thiocyanate ions, which can be ionically
bound onto the polymeric chain. The presence of chitosan
thiocyanate is inevitable due to isomerization (Scheme 2)
known for ammonium thiocarbamide and ammonium
thiocyanate in different protic solvents.10 Thiocyanic acid
(pKa 0.82) is a fairly strong acid and its total removal by
water is impossible.

The grafting of the thiocarbamoyl group was ambigu�
ously shown by the solid state 13C NMR spectroscopy. In

Scheme 1



Sorbents from thiocarbamoyl chitosan Russ.Chem.Bull., Int.Ed., Vol. 59, No. 7, July, 2010 1305

Table 1. Reaction conditions of chitosan thiocarbamoylation and degree of substitution (DS)  of the products

Reaction conditions Product characteristics

T/°C Reactant : Chitosan Time/h Yield (%) N (%) S (%) nN/nS DS

Effect of temperature

110 14 : 1 2 49 9.26 5.18 4.08 0.22
130 14 : 1 2 42 9.04 6.83 3.02 0.50
150 14 : 1 2 33 11.19 10.35 2.47 0.66

Effect of the reactant excess

130 01 : 1 4 72 8.04 1.64 11.2 0.10
130 02 : 1 4 71 9.13 4.28 4.88 0.26
130 04 : 1 4 86 9.65 9.26 2.34 0.75
130 10 : 1 4 85 10.02 12.11 1.89 1.12

Effect of the reaction time

150 14 : 1 5 13 19.36 13.76 3.22 0.45
150 14 : 1 8 15 17.81 16.32 2.49 0.67
110 14 : 1 5 91 9.56 7.87 2.78 0.56
110 14 : 1 8 90 9.72 8.04 2.76 0.57

Fig. 1, the 13C NMR spectra of chitosan species with
different degrees of thiocarbamoylation are shown. In con�
trast to the spectrum of the raw chitosan, the 13C NMR
spectra of TCC along with the signal at δ 175 characteris�
tic of the C atom of the carbonyl group exhibit the signal
at δ 184, which can be assigned to the carbonyl C atom of
the thiocarbamoyl group. The relative intensity of this sig�
nal increases with an increase in the degree of substitution.
The analytical data suggest the formation of intermolecu�
lar covalent cross�links between amino groups of the neigh�
boring macromolecules: RNHCSNHR. However, the
polymer possess high swelling ability in water, hence, the
level of cross�linking is probably not high and, in the
13C NMR spectra, no signals were assigned to the cross�links.

Modification of chitosan under the conditions de�
scribed above serves both to graft the functional group on
the chitosan backbone and to form the cross�linked su�
pramolecular structure of the polymer, an important ad�
vantage for its further application for the uptake of metal
ions. Sorption properties of TCC with the degree of sub�

stitution of 0.4, 0.7, and 0.9 for the ions of platinum(IV),
palladium(II), and gold(III) were studied (Table 2). As it
follows from the data obtained, the sorption capacity of
the sorbents increased with an increase in the degree of sub�
stitution, i.e., the number of the sulfur atoms of the thio�
carbamoyl groups. The maximum sorption capacities
for the PtIV, PdII, and AuIII ions of 1.25, 3.43, and
3.82 mmol g–1, respectively, were achieved. The sorption
capacity of TCC at pH 2 decreases in the series: AuIII >
> PdII > PtIV >> CuII > FeIII > ZnII. The comparison of the
sorption capacity of TCC for 3d and noble metals shows that
introduction of the sulfur atom, which is a soft base, notice�
ably increases the affinity for the precious metal ions,
which are the soft acids according to the concept of hard and

Scheme 2

R = H, chitosan

Fig. 1. CP�MAS 13C�{1H} NMR spectra of raw chitosan (1) and
TCC with DS = 0.78 (2) and 1.12 (3).
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Table 2. Data on static exchange capacity of TCC with different degree of substitution (DS), pH 2

DS Exchange capacity/mmol g–1

AuIII PdII PtIV FeIII CuII ZnII

0.4 2.07±0.07 1.78±0.04 0.86±0.03 0.010±0.002 0.052±0.002 0.004±0.003
0.7 3.15±0.08 2.99±0.05 1.16±0.05 0.011±0.002 0.047±0.003 0.002±0.001
0.9 3.82±0.09 3.43±0.08 1.25±0.07 0.010±0.003 0.047±0.006 0.002±0.002

soft bases and acids defined by Pearson (see Table 2). As
a result, no effect on the uptake of platinum, palladium,
and gold ions were found on evaluating the sorption selec�
tivity at pH 2 using the solutions containing the interfer�
ing iron(III) ions in the 50—1000�fold excess relative to
the extracted ion (concentration of  0.1—0.4 μg L–1). Thus,
this sorbent can be used for extraction of gold from the
model and real solutions containing the mixtures of the
gold(III) and iron(III) ions, including hydrometallurgical
effluents and solutions obtained by oxidation of the gold�
containing organic materials, such as brown coal and peat.

In summary, we were able to develop the method for
the preparation of the sorbent for selective and efficient
precious metal uptake from the solutions containing in�
terfering ions.

Experimental

Chitosan (Sonat, Moscow) with the degree of acetylation
DA = 16% determined by the 1H NMR spectroscopy was used.
The average molecular mass of chitosan of 2.5•105 Da was de�
termined by viscometry.11 All reagents were used as purchased.
Elemental analysis was performed on a Perkin—Elmer auto�
mated analyzer. The degree of substitution was calculated based
on the elemental analysis data by the following equation
DS = nS/(nN – nS), where nN is nitrogen content (mol.%), nS is
sulfur content (mol.%). The IR reflection spectra were recorded
on a Perkin—Elmer Spectrum One spectrometer equipped with
diffuse reflectance accessory (DRA). Solid�state 13C NMR
spectra were recorded on a Bruker Avance AV�300 spectrometer
(300 MHz).

Thiocarbamoyl chitosan (TCC). A mixture of chitosan (3.3 g,
0.02 mol), ammonium thiocyanate (4.22 g, 0.056 mol), and thio�
urea (2 g, 0.026 mol) was heated up to 130 °C for 10 min (gel
formation step), then heated at 130 °C for 4 h. After cooling, the
product was subjected to cold extraction with water (in the
Soxhlet extractor) until no SCN– ion (the salts of FeIII) could be
detected and dried at 50 °C to constant weight. Yield 3.7 g.
Found (%): C, 37.79; H, 6.32; N, 9.63; S, 8.47. For degree of
substitution of 0.68 was calculated (%): C, 37.52; H, 6.28; N,
9.78; S, 8.86.

Study of sorption capacity of TCC. TCC (2.5 mg) was stirred
with a solution containing either PtIV (20—300 mg L–1) or AuIII

(50—800 mg L–1), or PdII (50—800 mg L–1) (5 mL) at pH 2
(0.01 M HCl) for 18 h. The sorption capacity was calculated by
the comparison of the initial and resulting metal concentrations
in the solution determined by atomic absorption spectroscopy
(Thermo Soolar M6, USA). Sorption of the FeIII, ZnII, and CuII

ions were carried out using the solutions with increasing concen�
trations of metal in the range of 10—300 mg L–1 (0.01 M HCl),
the sorption capacity was calculated by the amount of metal on
the loaded sorbent after its decomposition with aqua regia. The
metal concentrations were determined by the atomic absorption
spectroscopy.

This work was financially supported by the Council on
Grants at the President of the Russian Federation (Pro�
gram for the State Support of Ph.D. Young Scientists of
the Russian Federation, Grant MK�1119.2009.03).

References

1. S. Babel, T. A. Kurniawan, J. Hazard. Mater., 2003, B97, 219.
2. G. Crini, Prog. Polym. Sci., 2005, 30, 38.
3. Y. Gao, K.�H. Lee, M. Oshima, S. Motomizu, Anal. Sci.,

2000, 16, 1303.
4. A.s. 1275911 SSSR; Byul. Izobret. [Invention Bull.], 1986,

262 (in Russian).
5. Pat. RF 2134307; Byul. Izobret. [Invention Bull.], 1999, 355

(in Russian).
6. E. Guibal, N. von Offenberg Sweeney, T. Vincent, J. M.

Tobin, React. Funct. Polym., 2002, 50, 149.
7. Y. Baba, H. Noma, R. Nakayama, Y. Matsushita, Anal. Sci.,

2002, 18, 359.
8. S. Chen, G. Wu, H. Zeng, Carbohydr. Polym., 2005, 60, 33.
9. A. V. Pestov, Yu. A. Skorik, Yu. G. Yatluk, in 10th Intern.

Conf. on Chitin and Chitosan, Book of Abstrs (Montpellie,
6—9 September, 2006), Montpellie, France, 2006, 76.

10. S. F. Belevskii, M. A. Sarukhanov, Yu. Ya. Kharitonov, M. A.
Ismail, Zh. Neorg. Khim., 1997, 42, 502 [Russ. J. Inorg. Chem.
(Engl. Transl.),1997, 42, 436].

11. A. I. Gamzazade, V. M. Slimak, A. M. Skljar, E. V. Stykova,
S. A. Pavlova, S. V. Rogozin, Acta Polymer., 1985, 36, 420.

Received June 11, 2009;
in revised form April, 1 2010


	Full Articles
	Thiocarbamoyl chitosan as a novel sorbent with highsorption capacity and selectivity for the ions of gold(III), platinum(IV),and palladium(II)
	Abstract
	Results and Discussion
	Experimental
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 25
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
    /CourierA
    /CourierA-Bold
    /CourierA-BoldOblique
    /CourierA-Oblique
    /MathFont1
    /NewStandardA
    /NewStandardA-Bold
    /NewStandardA-BoldItalic
    /NewStandardA-Italic
    /NewtonC
    /NewtonC-Bold
    /NewtonC-BoldItalic
    /NewtonC-Italic
    /PragmaticaC
    /PragmaticaC-Bold
    /PragmaticaC-BoldOblique
    /PragmaticaC-Oblique
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 202
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 202
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 605
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.48760
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /RUS ()
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.001 840.999]
>> setpagedevice


