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ABSTRACT Ethylenediamine, dithiocarbamate thioureido and amidine ligand functionalized nanopar-
ticles, with average diameters ranging from 4 to 8 nm and containing 1.1 mmol of ligand/g, were readily
obtained by nanometer carbon beads modified with silane coupling agent, and then functionalized. By
means of TG, FTIR, TEM and other analytical methods, the configuration of nanocomplexant was
investigated. It is concluded that the complex groups are covalently linked with the carbon nanobeads.
Its sorption characterstics for transition metal cations were studied. The nanometer complexant exhibits
very high selectivity, capacity and rate of complexing. The surface functionalization of the nanoparti-
cles is a useful technique to produce ultrafine ligand—functionalized nanoparticles with a high density
of ligands.
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T, T, BORH WRERAE S RRE S, REENESTRE. TEREMNINTHKE
R TRIBT S B rREI N 0 | B U8 Ml S ok SRR T 1 S9U. A3CR AR BER
FUXTAORBRRLFHOREHEATIBM, H &K E DTSR

1 &= B8 F &

SCIG R B AR TR A TNT-RDX (EZGBIEEHIE, N-0-(HIE)—- ERE=HEE
Rk, B, REEERREN. Rk, FBE. HE EE. REE. REREMIRERY R
OFra. Aglt . Audt | Pd?t | Pttt Cu?t . Zn?*t | Co?t ., Ni*t . 1 Fe3+ &BEF4H
i a73::9] 10-8 mol/L H pH E4HHM 10, 20, 3.0, 40, 50, 60, 7.0 OE2l]
PRAEVE .

KRR FREAE S N-0-(H 28 ERE=FEERENEIIERT, B
N, BOSE, RIKERE, TEFKER, 7 50 CHEETEZSTH 24 h, BRIFERHKZ
BEESTEEN. BEESH & EE B PRI T8 75 7 BUE BBk iy B 2300 7 i
BEAEIEHF, MASEENFRER, EERTHERN; BOABHARET, KIKH
HEMRABRESAVEN, TE /KGR, 750 CERTEZS T 24 h, BRITEHNIKRETR
MERBSTESHN. BEREEH L ZKETRASORRN T8 754 S F o s BREIRr %
BWR, 7E 106 CTIHRERN; B OSBEEIKRRTF, KA ZRE, TEF/KER, 50 CHE
BTEZETHE 24 h, BRFFNHKESHRES S TEAR. BRESH L _KEE ALK
BFHEESBESHBENERBRT, BHERN; BOaEHagnF, KIKARE. 8T
K%, 750 CERBTEZTHR 24 h 5, BEFESHESHABRER 1 mol/L HEREWH, 50
CTHHERNY; BOSBEHARF. A 20 mL ¥REN 2 mol/L MEEMIBWIEER, REHT
BFKESRMH pH~7, 7£ 50 CHEREZ T 24 h, BRIIRHIK EHRES T FESH.

A5 50 mL . 1x107° mol/L Ay Aut | Pd*t I Pt** SFE-FHIMERW, 7EAR pH
BRI &GT, P4 0.1 g KESFESH 15 min, FIERHEBE FHAKE L FEEH,
FHATEFKERPIK. BWAERREEWT 250 mL A8, HHALTEFKHREZE. X
H ICP- R FRAEHEIN B REAHEREF. 27/ 50 mL 437]& 5 mg Fe3*, At Cu?t,
Ni2t, Co?t F1 Ca?t; 15 ug Audt; 150 ug Pt4t f1 50 pug PA%+ WKTE pH = 1 &M, P45 0.1
g AKBIIRERE 2 FESFIMPORKES 2 FE S/ 15 min, HFNERESHSREE T ICP-
JRF R 56
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KR & &; F Bruker Equinox-55 BIZLAMEIHNU Ak E 2 F& SR B S YIRRA R4
%), A IRIS Advantage BISFRFHAEIR - ZSHEIE N EBER TSR E TIRE.
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2.1 S5¥RIE

A 1A, SAMLERARGEBE T, RIS RN R Ak a1
B TESHE 1577.8 cm~1(-NH) |, 1454.5 cm™!(-N-CH,) 1 1195.0 cm~!(Si-CH,) 4 %1%
WA 814.4 cm™!(-NH) AEFHRI, RAENKBFHREELA Z_EER; KRR
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B FEEFITE 1502.0 cm ™! (-N-C=8) FHERYHMTE 615 cm ™! (C-S) BFRUL, FTIHFEMHK
RTHRERARRRIER; SRRRER S TESRLIMEEE SHRBR FHRE &
ZREE A GORBOR TR LIS EIE E A LAY, 7E 1400.4 cm ™ (-N-CS-N-) HH &R, F*
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Fig.1 IR spectra of the nanometer car-
bon beads and the nanoadsorbent (a)
the nanometer carbon beads, (b) the
ethylenediamine nanoadsorbent, (c)
the dithiocarbamate nanoadsorbent,

(d) the thioureido nanoadsorbent

B 2 FH, SKRESSFESHA TS
RUCFE 1656.0 cm™1(-C=N-) , 2055.9 cm~!(-
N*+H;-SCN---SOCN-) I 1618.0 cm~!(-N+Hs
- N-H), TEGARL FHY R A PR RE A

N-p-(R %)~ ARE=FEE#EKEN
PRI 231 C, EHKRENIGRFHRE D
B b N--(B %)~ EREEEERLIEY
’H TG E (A 3).

MIER 1 PRBRETERAKES FES
FrpZ 8, ERREMGREN SRS F
4 1.17 . 1.07 1 1.14 mmol/g, LT[ A5 Z)]
MRBDTFESHINHAELEHX (B 4).

MABRK TR _EEIRLE, SEtE
FRITRE, 9k _EEGSTEATMNZ
A 4~8 nm (& 5).
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IR spectra of the nanometer carbon
beads and the nanoadsorbent (a) the
nanometer carbon beads, (b) the ni-
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Thermo—gravimetric analysis of the
carbon nanobeads and the nanoad-
sorbent (a) carbon nanobeads, (b)

ethylenediamine nanoadsorbent
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Table 1 Elemental analysis data of the carbon nanobeads and the nanoadsorbents

Name Content of element(mass fraction, %)
C N H Si S
Carbon nanobeads 86.63 2.552 2.193 <0.05 <0.05
Ethylenediamine adsorbent 71.51 6.092 3.441 3.28 <0.05
Dithiocarbamate adsorbent 68.01 6.425 3.257 3.00 6.863
Thioureido adsorbent 66.11 8.974 4.064 3.01 3.651
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Fig.4 Configuration of the nanoadsorbents (a) ethylenediamine adsorbent, (b) dithiocarbamate
adsorbent, (c) thioureido adsorbent,(d) amidine adsorbent



5%

TINTE: HARBRTHRE AL 545

5 QRBRFMAKZ _RERSFESFINBH bG8

Fig.5 TEM photos of the nanometer carbon beads and the ethylenediamine nanoadsorbent.

(a) nanometer carbon bead, (b) ethylenediamine nanoadsorbent

2.2 RHMESESHRENXER

HE 6 fE 7 Al I, 9k _BEEN FESHHPKREFRRE S TEEHERRBRER
HERHARERET, RARSIRMEEE.
% Aut, Pt** fl PA** £ pH (B8 3 ZE4RS, HRMEEXEF] 90%; Pd** 7 pH = 7 i,

HIRMRER 7% 2), RUNKEHRES S TEESH EAREN R M EEYE, EARBRE
AT PA?t 5 Au®t, Pt*t §943 8. 7E pH {20 3 ZEARE, XF Audt, Ptt fl P2t gk =ik
B 95% LIk (58 3).
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Fig.6 Extraction as a function of pH for the

ethylenediamine adsorbent

110

Percent extrac ted

70

30}

©
o

50

101 ¢

7 HOREFRREE S TEERGRME S

REEMBERRA

Fig.7 Extraction as a function of pH for the
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R 2 HABRERS FESHERR pH BN ARERETHRMES? R (%)
Table 2 Percent extracted (mass fraction, %) of the metal ion by the thioureido adsorbent at
different pH

Metal ion pH
1 2 3 4 5 6 7
Audt 100 95 90 83 80 71 64
Pd?+ 100 100 96 73 19 10 7
Pt4+ 100 100 96 91 87 82 68

® 3 OKBKERS FEEHERRA pH EXAREREFHRMESX (%)
Table 3 Percent extracted (mass fraction, %) of the metal ion by the amidine adsorbent at
different pH

Metal ion pH
1 2 3 4 5 6 7
Audt 100 100 98 97 95 87 60
P4zt 100 100 98 90 80 50 23
P4t 100 100 96 96 96 96 95

2.3 WEMRFIRK BAFERELNE
R 4 PHERGEATEARE 1 W SHmARMRILERA, SkESTEERE
AR ESHEMRHE.

£ 4 kRS TEEHHBSWEMRHE (mmol/g)

Table 4 Results of maximum extracted capacity studies (mmol/g)

Metal ion Aglt Audt Pd2+ Pt4t

Carbon nanobeads 0.11 0.21 0.21 0.10
Ethylenediamine adsorbent 2.11 4.53 4.78 1.89
Dithiocarbamate adsorbent 2.81 4.46 3.31 1.28
Thioureido adsorbent 2.86 1.63 1.30 0.66
Amidine adsorbent / 2.89 2.76 1.28

# 5 PHERGEATEARE 1~ RHEEN LERA, SKESTEEFRAESE
TR A R B K.
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& 5 SRBETHRMESERNFIET 50% 1 95% FHEHINTE (min)

Table 5 Time required for 50% and 95% extraction of various metal ions

Time required/min

Adsorbent type Cation 50% 95%
Agt <0.5 2
Ethylenediamine Audt <0.5 6
Pd?+ <0.5 2
Pti+ <0.5 2
Agt <0.5 1
Dithiocarbamate Audt <0.5 1
Pd?+ <0.5 2
Pttt <0.5 1
Agt 2 10
Thioureido Audt 5 10
Pd?+ 3 10
Pt4t 3 10
Audt <0.5 1
Amidine P42+ <0.5 2
Pttt <0.5 1
2.4 EHFMEAR

LBERSTEAHNARRES ) TESNNLE S BETFAA ZRIAE, AR
MAEERBETRNESRSREARANXER. 6 B 7 RAMKZ - EESSFEEH
MPAKRBRRES TESFERARETEERM AR SRS T, EERENRHEEE. 5
REEI TEEHIMKER S FESHNREBE T AR RERE SN 1619, AfES
FHRAURBIRER S TE SRR ER S FESHM B LBET Avdt | P2 I Pttt
RS ERES. % pH = 1 B, SUKRBURER S FEARX Avt, Ptét f1 P2t (TR Kk
2l 92%, T Fe®*, Cu®*, Ni** il Co** MRHERZE 4%, AT fl Ca?t HARILH, FIKPKEE
ETEAFIRM Au®t, Pt** fI PA®, 72 pH = 1 Bf, HBMRIAT] 95%, Xf Fe3*, Ni+
Co?™ A* M1 Ca EANRRM (£ 6). AR, FKFRER) FEAFMIMKKESSTES
FIFERRM R ERE T, BERRRE AT Pd, At fl Pt SREBEFS5EHLR
BETHOE.

® 6 KEATESHMARLEBRE THRMESE (pH=1.0)
Table 6 Percent extracted (mass fraction, %) of the metal ion by the adsorbent at pH=1.0

Metal ion Audt Pd2t Ptét Ca2t Fe3t A3t Cu?+ Ni2+ Co2+
Thioureido adsorbent 96 95 92 0 1 0 3 1 2
Amidine adsorbent 96 95 95 0 0 0 12 0 0
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