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HORBgE AL (R AR A SR Z A SR TEREAE ) R G e A R AR R, B A BUFE A
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ARSI DI AT BB/ A ALK ( Graphene-TiO, , GN-TIO, ) & & M BHE g W BfF 57 , SR 1 A 28 4 JBE 1~ IR i
FEIETE (GFAAS) Kl By AR . 48 T S0 A PRI T RE 1 A2 e BF9E T GN-TiO, &2 & AR B 445 Fn
FR BN 15 AT 72 KW AR LR I T ARAERE & B S PR i R YRR A I A

2 SLIEES

2.1 UFE5RF

AA-6300CF Ji I BOETE L ( HA R HEAH]) 5 pH-3SC RRREETT ( il REALART ) 5KQ2200DB %
B A U i (VL0 B LD P A8 A BR A A ) 5 THZ-C AU TR R 5 2 (R AL SE AU B A IR A D) 5
Milli-Q SP H14[i7K R 48 (36 [ Millipore 237 o

ST BT A ) B R R U I 8 D O3 A 4, b o B A TR0 G 03 ) U AL 920 Ph (NO, ), A
CA(NO,), TR IR, TARW WOE W02 L0 B, KR

GN-TiO, MR i 48 7 i R SCk [15], 555 Humers EALIE & AL A 28, SRS BRI T .
FESEARTIIA 120 mL 98% ¥ H,S0, F12.5 g NaNO, ,i2 H1 4 CAA s AWiHE, JFIA 5. 0 g £1 5243,

2012-07-17 Wk ;2012-11-18 $£%

ARSCR T PRI TEAL 15 ) 28 Al o [ 2 T A5 S 6 3 T O G W B X0 H (2012-16)
* E-mail: jiaqiong@jlu.edu.cn




418 o B Ak 2 E4 5

IFUBEFE A R IB I 15.0 ¢ KMnO, , ZEHIIREELE 15 CLLF Ikl s2 540 78 (3543 ) CHiEHE 30 min;
SR N AGE 7 KB K, FHEE 98 °C L 4kEeBiE 15 min; A 10 mL 30% H,0,, E#udig, H 5% HCl
PRI R UEW P IC SOT s IR LB K oh e, 7EHEAR T 60 °C T4 24 b, BNS 844k A S5 A, SRITH
Ji-BE Rl 2 GN-TI0, B, BT 72 A  FE A A B8 - LB IF P A 0. 23 ¢ &N, = R 1
F£17 b, HTCK CBEGEU 2 WK, 0 A5 BN A U8 DFH] 50 mL Jo/K S B i , 20 A BRI 0 T s , 4+
24 h; A 5 mL VKESTR , AkSR38FE 6 hy A 2 mL LB F/K, BERE 3 d ¥ Frfs i IS 7K 75+ 80 °C 4t
T, BN R TE 450 C= AT RRE 2 h, RIS GN-TiO, MR,
2.2 AEWEFRELIEN

Pb < 283. 3 nm ATHLI 10 mA ; Cd A IUE K 228. 8 nm, XTHLJE 8 mA . BR4%EiH 7 95 :0. 5 nm,
ST BGC-D, A FH 7 0.5 MPa; I 77 2. e S g (. AR 20 L, AR i) 1%
Mg(NO,), 3 uL, 0.5% NH,H,PO, 5 pL, A RBPFHERFILE 1,
F1 ABPERAEEN

Table 1  Operation conditions of graphite furnace

2 R s ] S et 2 T s A] S
Pb g+ﬂ33;‘%‘ Temperature Time }Mmﬁﬁ Cd g+ﬂ33§§ Temperature Time ﬂy;/[{mﬁit

Step ( C ) ( S) anner Step ( C ) ( s) anner

1 150 20 RAMP 1 150 20 RAMP

2 250 10 RAMP 2 250 10 RAMP

3 850 10 RAMP 3 750 10 RAMP

4 850 10 STEP 4 750 10 STEP

5 850 3 STEP 5 750 3 STEP

6 1800 2 STEP 6 1800 2 STEP

7 2500 2 STEP 7 2400 2 STEP

STEP: BB 2UT1 il s RAMP : 3Tl
STEP: Step temperature elevating ; RAMP:; Ramp temperature elevating.
2.3 WRBAEIRSELE
RGBS« BRIBGE B GN-TiO, WRBHFRI, I 10 mL AS[RIHREE R Ph? +8 Cd° +7 ¥, & FIE AR 525 L
s, BUF W 0.45 wm JEMEUE IS, GFAAS TII5E 42 i B 7 2, 4 (1) THET LB ik
V(C,-C)

m

(1)

X, Q N (pne/g) ,V AEBRE THER AT (mL) , C, R4 8B T HRE (wg/L) , C Wt
S < TR (/L) m R RRRERI B R (g)

FAR IR SIZ G K 0. 02 ¢ W BT 4 R 25 1 W2 B 551 FH 28 AR /K DRSS ICAVEE A 5 miL 1.5 mol/L HNO,
W2 B A b T RAR G 4 LR BUE WU 0.45 wm JRBEITUEJS , GFAAS W 4 & B Tk 2
2.4 HFmiE

R TR ARSI A T AT, B T AR ERE S GSD-1, GSD-2, GSR-1, GSR-2 il GSR-6 {1 M#r
HERE R IEATINE , FREL 1. 0000 g #£5 F 50 mL 3R VUG LM BetR 4K A 10 mL HCI, 15 mL HF,
5 mL HNO, #13 mL HCIO, T-fi ik i8R Ao, 2 HCIO, H HA, A bk R IR /K phpeAr B , 1
JA 5 mL HNO, , 4k£: 50 2 HCI0, HM'E /R, F 2 mL 50% HNO, EEHGREL, I A D EK M ER 7
IYERIR)E KRS JH A pH 5.0, E A ZE 50 mL,

3 #RE5WE

3.1 EREHHRL

3.1.1 pH ERIEN /BB W R Ph> + Cd> +7 T 20 B4 o, HNO, ¥ W Z BT 5 pH
18, 428 B TR IR W EE 7359 R Ph?+ 60 pg/L, Cd*+ 3 pg/L, A 0.02 g GN-TiO, W I3, 25 16 T 3k % %
B 1 h,GFAAS 5 4 Jd B TR 25 R LI 1, ZEMBRRT R I B, W B SR %E Ph? + 11 Cd® + 1 R o o i
pH (A RIS IS K ZJGBEE pH AN, W 5 AR AN AR |, scF 42 1Y 7™ A AT RS B TR 3L i
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pH (BB WY HY 5 48 B 50 4 W BRERUAD R 2 THT A9 45 45 00 50, BT LA SR 30 1 A A 1 W2 B 68 7, T >4
VAW pH (E SN | 3505 S S0 G2 s , BT AW B i R T 2, Sy S S o 1 W o - Lol 4 7
ULV , e pH (HM 5.0,
3.1.2 WMFIAENZM 7EEE Pb’+, Cd+EW 30 -
IR B pH A R AR TR SE I 5 R, B8 T o Po
GN-TiO, Wi [ 7] f) FH 2 6 W B BB A 5% 0, 4 GN- /
TiO, FEJEE 4 0.01 ~0.1 g I, W FflHBE GN-TiO, i
ARG . AR S0 BRI e 0. 02 g,
3.1.3 WBish A WK HE S 0.02 ¢, % 10F
LT YR I ] (10 ~ 180 min ) X W Fff 5 S i, 4%
HEW] 76 10 ~ 60 min, GN-TiO, W %F Ph? +Fl N S
C -+ F W2 BEF 5 B[] 8 A€ TR K 24 ) K T e
60 min J7 , W B 3% il Fsf (1] 14 38 K A B T 2%
I, JE S S R 60 min 1 R I
SRR W BRIk R 1% A A0 PR RN B ) 2 R,
IR FHABL— 2 50 1 A BRI — 2 8 2 R4 3 2 i
W—R B2 = RN

20

0ug/g)

1 pH {EX] P> +F1 Cd® + M B 4 52 0
Fig. 1 Effect of pH on adsorption of Pb’+ and Cd*+
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P AU = RS i R an il 2 A&l 3 Fis . GN-TiO, Wt Pb> +F1 Cd® +idf 2 ) AL —
G h 12 EAS ARG b ADLA 10 B W BRSSO SRR, 2 Ak 2 T
HRAEA =2 2y T2 5 R W LAAS AR (9 31 ) 2 2800, 85 R 3R W T HEEAH 3119 GN-Ti0, Xf Pb”+
Cd*+H9 q, (g, ,PH’+4 30.65 pg/g, Cd*+4 1.49 pg/g) 43514 5L RGN ¢, {6 (q, ., ,Pb*+H
30.30 pg/g,Cd*+H 1.66 pg/g) WBAFG , #E—2LU0] GN-TiO, XJ Pb’+F1 Cd®+ W B PR A G 40 — 4
Bl IR
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Fig.2  Pseudo-first-order kinetics plots for adsorption of Fig.3 Pseudo-second-order kinetics plots for adsorption of

Pb’+ and Cd*+ onto Graphene-TiO,( GN-TiO,) Pb>+ and Cd’+ onto GN-TiO,
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3.1.4 R AZE PSS ECEFRETHBEE (AG) K572 (AH) FEZE (AS) BIEH LU AR .
Kd:%e (4)  ®2 WHHRI¥SH(293.15 K)
e Table 2 Thermodynamic parameters for Pb™ and Cd**
AGZ—RTand (5) adsorption at 293.15 K
AS AH AG° (kJ/mol) AH°® (kJ/mol) AS° (J/mol K)
InK, =—— 6
1% R RT (6) Pb —12.11 0.006 41.32
o R(8.314 J/mol K)fRFREE/RAMH L, TR cd 29.63 0.025 101.16

TR (K) K, AR AT 2 P15 80, AH R AS 1
(AT LA InK, X 1/ T VERI IS & RPR AR T T
HARR|, K250 TR 293 15 K BT S5L
B, MFR2 AL, AG<O, BEHI W it /2 T DL [/ R #6475

#3 THHETRRATE

Table 3 Tolerance limits of interfering ions

TIE T 5 R R S L

Ratio of interfering ion to analyte

T T

Interfering ion

AH>0 , 150 B R B o o A WA 2 107 Sk T i A R O L cdr
SEFRAOHETT ; ASO0 , L BIMBH i B A K 3R N 1000 1009
3.2 FHiEEM * o 1000
: e i Ca®* 400 600
XN BE B TP B X P> A Cd™ FRIN 58 52 ) Zn* 400 800
HAR#ELT Na*, K*, Ca™, Mg™", Zn>", Cu”", Mn®", Cu2 200 400
AV SEBE PRI, FEAR 22 AN 5% A1 i Mn?* 100 300
AP 50 200

T, 52K RS FR R AR (F3), G5REH,
T 5 A B ) P2 R Cd> B 2 T S T4
3.2.2 S AEMeE

KRB S A IR F 0.1 ~ 100 we/L ¥R EESE I Ph*+410.01 ~ 10 pg/L

Cd>+ 52 , e PEAHSE R0 R® 4 0.9951 F110.9974, Ph>+ 1 Cd* + AU HIBR (S/N=3) 4514 0. 086 £l
0.006 pg/L, TEM B NT I, 05 2 B9RG 26 BE 03 0 3. 2% F 2. 5% , 2RI 5 15 1Y R 508 RS %
I o

3.2.3 FEMOM BT MESYE RS T 2 T A bR HERE S P+ R Cd® + I E (R 4)
SEHMAHE SR EEARST . F T 28RS P>+ Cd> + TN | [R] B R AT s DS 56 (2 5) |, s
[ R K 96. 8% ~105.0% .,

R4 FRHET R (n=3)

Table 4 Determination of Pb*+ and Cd*+ in certified reference materials

Pb Cd Pb Cd
PRUEVIRC  hRe(n WARHE PREGL W || PRIERIRC bR AR PRI AR
CRM Certified Measured Certified Measured CRM Certified Measured Certified Measured
(ng/'g) ) (ng/'g) (ng/'g) (ng/'g) (ng/g) (ng/'g) (ng/s)
GSD-1 0.088 0.071 24 21 GSR-2 0.061 0.071 11.3 11.9
GSD-2 0. 065 0.071 32 31 GSR-6 0.07 0.07 18 19
GSR-1 0.029 0.037 31 31
5 BRI E KR IR (n=3)
Table 5 Sample analysis and spike recovery test
Pb Cd
b N4 B JnpR{E A& I EE JndrAiE Al
Sample Measured Spiked Recovery Measured Spiked Recovery
(ng/'g) (ng/'g) (%) (neg/'g) (ng/'g) (%)
1.0 102. 4 0.05 103.7
1 0.92 0.071
2.0 98.7 0.1 105.0
1.0 104.7 0.05 102.3
2 0.78 0.0069
2.0 96.8 0.1 99.1
1.0 103.4 0.05 97.6
3 0.74 0.077
2.0 101.9 0.1 98.3
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Determination of Pb(I) and Cd(ID by Graphite Furnace Atomic
Absorption Spectrometry after Preconcentration with
Graphene-Titanium Dioxide Composites

GU Xiao-Wen', LU Xue-Ju', JIA Qiong*', ZHOU Wei-Hong' , LIU Yun-Ling’
"(College of Chemistry, Jilin University, Changchun 130012, China)
*(State Key Laboratory of Inorganic Synthesis and Preparative Chemistry, Jilin University, Changchun 130012, China)

Abstract A method for the determination of lead and cadmium was developed with graphene-TiO, composites
(GN-TiO, ) as adsorbents combined with graphite furnace atomic absorption spectrometry. Effects of various
experimental conditions on the adsorption capacity were investigated. The optimized conditions were; sample
pH as 5.0, contact time as 60 min, and adsorbent dosage as 0.02 g. Results showed that the processes could
be simulated by a pseudo-second-order model. The adsorption process was proved to be an endothermic one.
LODs of lead and cadmium of the developed method were calculated as 0. 086 pg/L and 0. 006 pwg/L with
RSDs of 3.2% and 2. 5%, respectively. Furthermore, the present method was applied to the determination
of lead and cadmium in different reference materials and real tea samples with satisfactory results.

Keywords Graphene-titanium dioxide composites; Graphite furnace atomic absorption spectrometry; Lead;

Cadmium
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