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Fig. 1  Infrared Spectroscopy (a) and X-ray Diffraction (b)

spectra of nanometer TiO, grafted ligands
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Fig.2  X-ray Photoelectron Spectroscopy spectra of N and S

elements on the packing surface
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Fig.3 Scanning Electron Microscope photos of nanometer TiO, grafted ligands (a) and coated with polymer (b)
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mL = R YR LA 0.5 mL/min 3t 3 3 26 B/
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I, 4 Jm B 0 DR B T A, o 0.5
mL/minff,Sh** (Cd** Ba®* [A[UL #4354 97.94% |
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Table 1  The influence of velocity on recovery rate of metal ions

NI 42 ) 8 TR IR (% )

SEET
0.5 mL/min 1.0 mI/min 1.5 mL/min 2.0 mL/min
Sh3+ 97.94 96.03 92.18 85.43
Cd** 95.65 94.44 90.57 86.74
Ba?* 94.04 93.41 90. 56 85.05
2.3.2 WA pH

&)@ B SRR FTE B L A P R e T S
VARV R A O s K — AR BRI 4 e AU 6.2,
Vv ) pH A & T 4 PH B 1 A L S A
TR L T A R, 4 8 BH S A RE A R
Fif. B 100 mL 100 pe/L ) Sb** .Cd** .Ba’ " {EA ¥
W, IR BR N KA pH A, 78 e i 285 [
FHZE O AL B, BB fS FH ICP — MS il 2 vk B2, if
BN, G ER BEE pH ARG, [ AR 25 BUE
BIXT = 4 8 25 I W R 32 2 W e, Y pH =7
B, 1 SRR TR B e R AL
2.3.3 YR AERR

B 100 mL 100 pg/L 1A 48 25138 o [5 AH A%
BN fi A [R) S B 5k B v 0 4 s 5 1A T ki,
VEBL /K€ 2531 100 mL, 4] ICP — MS A5 5 4 /e
BB AR 2 (2) TGRS0 B A DL
F2, AL, L2410 mL.5 mol/L AR F10.25 mL =2,
BRI A 1 A VR RIS, Sb” ™ [ Cd®* [ Ba™ " [Pk R
435k 98.43% 98.28% 99.07%

2.4 [SPAHARHLGORHT W PR ALPE Ko e BHPE fi
2.4.1 WA E T2

FE30°CT, AR 11§ A 067 AR — A fb ok [ AH A5
HUFCRLXT ) 46 e B2 43591 5,10 ,15,20 .30 .40 mg/L
(g Sb** (Cd** Ba®* JEATHRFE, 4351 ] Langmuir J5 7
Fl Freundlich FREHATING . 76 =R B FIREEI R
10 mg/L i, 7E 10 ~90 min Py /0 B & — B[R] ¢
F IR, JF ] Lagergren — 20 [t J5 B THAG . U

462 PEBLIRRE B g TR A AR

Table 2 The influence of the elution liquid on recovery rate of

metal ions
) & JE BT (%)
Vel
sh**  cd**  Ba’*
10 mL 1 mol/L h§ & 88.45 89.92 90.94
10 mL 3 mol/L fi§fig 92.46 91.54 93.26
10 mL 5 mol/L hl§fi& 95.03 96.05 96.72

10 mL 1 mol/L fi§fig +0.25 mL. = Z % 91.78 92.65 92.82
10 mL 3 mol/L iR +0.25 mL =ZfE} 94.43  96.91  96.09
10 mL 5 mol/L iR +0.25 mL =Z %l 98.43 98.28 99.07

A 55 R FEH , Langmuir J7EE LSRR AE T Freundlich
JifeEo Hh Langmuir J7 72 3155 A4 1 F0% B 120 531 S
13.9 mg/g . 12.9 mg/g 1 11.2 mg/g, 5520545 L 5L
ARFFG U I AR A B 3R T B 5 T5C 57 1 4] AH 25 H
SRR ST Cd* Ba’t iy I R T B4 TR IR
B Langmuir 75 R 545 21 (4 W% B 5 K (8
0 B SR B TR B 5 T 7 A T AR A ST 5 T
Fft Sb** .Cd** 1 Ba®* . i Freundlich J7 FE15 31 n
(IERUENCIRTIE0 S I =R 7 311K 7 e W DA NFIR R 8Ew
o TR =Fh 5o FH Lagergren 1 — 2% 3 Jj 2 J7
PTG R IR C R B = T 0. 99, W I AF &
WS 1 ML B A2
2.4.2  [EAHAREUINE I 277 AR

B 0.5 mL (1) 10 mg/L A B T8, A E]
AT 20 40 60 100 120 140 160 mL 3255 T 7k {4
e, 76 pH =7, #58 0. 5 mL/min S50 N 2 [E 41
FEBUIMEZERL, I 10 mL S mol/L iR 1 0. 25 mL =
ST (AR VIR R DG , P 1 10 W€ 25 31 100 mL,
RG] S - A R E & STk
b, it AMER IR B U B AR bRz il 2R B i 2k . SR
S5 R F IR TR/ T 100 mlL,
2.4.3 SRR AL ;B S PEREXT

YRR TR T RS S A B T LA AR
G577 ARG, R —SE 4w B HAT AR 5 1) W B RE
J1o ZEAACBKISEHL R 6.2, pH > 6.2 I, K H
PR LB R 0, o o] DA B I L T A R
To AR TR 54T AR N AR Y ST 2
NGAER KRG, NI T BT 32 48 F 1 %2 1%
P, M SR AR AN Y 5 T2 T8 )57~ 52 ) R 5 HAR T Y
DAL D 8 X R A B 0 A J5 - B e e A
71, HAREEAEA TR 3 A JIRIVERT, 32 BRI T
AXSFR, AN BB, A7 52 R TR 1Y
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FH 50— J7 TG 0T % 43 J8 5 19 TC o7 W 2 g
MR R R Bl L0 0 A8 R 5 B 2s , TIR 5
B &, AR R BRI EC & W0 Ae e e o BER 5 A
A RAC A P T HAT B S R RRAE , R 5 R
AR E Y EEAAIMER R, BR TR T
Hh ] BC A, B R TR TR ELAA, AT LSBT (Lewis
SEHRER) (Cd* (Lewis KR ) JE AR A2 il A4, Ba®
(Lewis TR ) (1M B2 56 T 40k ALK i i A
FRER TRl . AR R i B A
[ A A UL 78 3R T B A7 A P LA SR LA
VEFRGR KRR Ab 2205 1, DI e T R B 25 o

Sk T VA 1TSS IOV AR A K S A A R
PERE B2 SRR - B IEN IR - &SR
B AR B ok AR TS B0 H . X
SRR R B AHAE U N FEAR RIS, 2l e
&4 S’ (Cd®T Ba® " IR A IR T A A | PR AN
M, AR 6 Uk, T3 SR A E B, 45 2R 0
F 3. MR 3 YBT3 R LR 40 K
AR AR g I B T e R RN B B 1 B A (RSD <
5.5% ) s RAK M - BIEN I - ZILm IR B 90
K AR AR A IR B T A SR AT T i, (H R
2£(RSD 25 9.9% ~11.6% ) ; 912K — 8 A8 1 W 5
[l 28 e A%, FO PR & 22 (RSD 2 8. 8% ~
11.5% ) . REVEEN K AR B, i F
L3 AN ST B i RURLZ 8] F 20 21 45
P 2550 5 4K — SR A R IEDR A W o Dy B — ok
SR i WL e 9 ok — ALK S HE A T2 I
NE X TSR R BL S A5 R 1Y, B S 0 A i
5, AR 5] B9 3 R AN BT8R, e 2900 I ok
ZERAR IR L 5T I SR A B AL AR Ok — A Ak
BRE G MR

3 [RARZEICRH W Bk R L
Table 3

A comparison of adsorption performance of the SPE

packings

[l (% )
Sh** Cd** Ba®* | Sb** Cd** Ba®*
97.94 95.65 94.04 | 5.4 4.7 5.1
96.87 94.23 93.67 | 10.2 11.6 9.9
88.33 85.26 86.84 | 11.5 9.3 8.8

RSD(% )

s

RMEA TR A
RoWasgk A Ak
Ak AR

2.5 SEBRARRENLE 85 R 55 0T IR R

IR K F0 T 7K & 1 L, v s 40
UE, AR 2= pH 1~ 2, fE =l T A ki 30
min, ¢ 100 mL 7K, 9895 pH =7, L4 0.5 mL/min i
HOETS YK Ti0,/ TSC 54 BAHA UM, R /ME A
AR EiE T, A 10 mL 5 mol/L fiffig +0.25 mL =
CEEREVEI L 0. 5 mL/min Ji B, /K E 2 2
10 mL, 28 0.45 pm 885 H] ICP - MS il & i
W Sb* Cd* Al Ba® " (IR E

LAl 7K A0S AR S D E 20 U0, TSR T fi
2, LIGRHER 2279 3 A BRIA Sb™ (Cd”" (Ba " Ak
IR TR A B, 15 B LAk 4 1 201 [l
SR E L AR R, &2k FE SbP Cd* |
Ba®" ) 5 0 28 (8 X 7 5K BRI 3 4, Sb™
Cd®* F1 Ba®" (1 J5 5 A6 HH BR 43 51 4 0. 061 pe/L,
0.013 pg/L #10.075 wg/L,

4 AERIEER (n=6) BRARIBIR (n =20)
Table 4

Analytical results (n = 6) and detection limits

(n=20) of the sample

e S TEM G ME(E Ba®tMRE(N
815 ]
(pe/L) (pe/L) (pg/L)
7K 0.42 0.23 2.56
K 1.53 3.01 10.6
LT K 0.11 0.14 0.87
kR ECR (%) 97.6 ~106.0  98.8 ~103.0  99.2 ~101.0
KRR (ne/L) 0.061 0.013 0.075
3 44

AIFTERGEIN K —E AR LS y — I I PN 445 T 48 2
PO = W R B R TAMIE I e, S5 T, Bk 2 O
K, FIAFAI K TiO,/ TSC 52 & [ AH 22 A} R
FRSF2h 200 ~300 nm, X Sh** Cd** Ba®* [ [ 45
BN 13.9 mg/g 12,9 me/g 1 11.2 me/g, W
EICRR T 94. 0% , PERE DL T SCHR[ 17 ] 5k HI3LIR
A P AR A BRI . 32 [ETRH A% BUEURH i 2 i o
Sh** [Cd** il Ba®* [ B £F 45 Langmuir 257545 R Al
Lagergren W sh J12F AR W BRI R A A 2 Bf

IR TR T A AT AL TOHLIR G R A AR
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the Surface of Nanometer Titanium Dioxide
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Highlights

Solid phase extraction packing was self-made by bonding organic group with N and S ligating atoms on the

surface of nano titanium dioxide, the composition and structure of the packing were uniform and stable.

The extraction adsorptions of Sb’*, Cd** and Ba’* by self-made solid-phase column with self-made packing

were better than the solid phase extraction column made by physical blending technology.

kinetics equation, which was chemical adsorption.

AN

Ba” ' Sb-

Nano TiO,

Cd
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thiourea
modified

T

Solid phase extraction column

ICP-MS 8
|::> 6 kinetic fitting curve

The static adsorption process was in accordance with Langmuir isotherm model and Lagergren second order

The contents of Sb’*, Cd** and Ba’" in water sample were determined by SPE combined with ICP-MS with

satisfactory results.
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Abstract: At present, the solid phase extraction packing of organic ligand/nano inorganic composite material is
used to separate and enrich metal ions, which has become a hot research topic in analytical chemistry. A novel
nano-Ti0,/TSC solid-phase extraction packing was prepared by grafting thiosemicarbazone containing N, S
coordination atoms onto the surface of nano-TiO, by condensation reaction and is described in this paper. The
structures and the property of synthesized composite were characterized and analyzed by Infrared Spectroscopy,
X-ray Diffraction Scanning, X-ray Photoelectron Spectroscopy, and Electron Microscopy. The composition and size
distribution of the packing particle were more uniform (the particle size is 200 —300 nm) and more stable than the
solid phase extraction packing made by physical blending technology. The saturation adsorption capacities of Sb> ",
Cd’" and Ba’" on the solid phase extraction column prepared by this method at 30°C were 13.9 mg/g, 12.9
mg/g, and 11.2 mg/g, respectively. The recoveries of three metal ions were 97.94% , 95.65% and 94.04% ,
respectively under the optimal experimental conditions. The data has good reproducibility with RSD < 5. 5%.
Thus, the adsorption property of the new nanometer TiO,/TSC composite solid phase extraction packing is an
improvement on the styrene-methyl acrolein-thiosemicarbazide coated nano-titanium dioxide packing and nano-
titanium dioxide packing. The contents of Sh**, Cd** and Ba’* in water samples were determined by Inductively
Coupled Plasma-Mass Spectrometry coupled with the TiO,/TSC composite solid phase extraction packing, which
yields detection limits of 0.061 wg/L, 0.013 pg/L, and 0.075 wg/L for Sb’*, Cd** and Ba’*, respectively.

Key words: nano-titanium dioxide; bond ligand; Solid Phase Extraction; adsorption property; heavy metals
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