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Electrochemical sensor of Cd?* based on PANI/EG
interlaminar composites

KAN Kan, WANG Jue, FU Dong, GONG Hainan, YU Qian, ZHANG Xiaochen®
(Institute of Advanced Technology, Heilongjiang Academy of Sciences, Harbin 150000, Heilongjiang, China)

Abstract: Using expanded graphite (EG) prepared by electrochemical oxidation method as carbon
framework, porous tower-like polyaniline (PANI) was orderly coated on the surface of EG sheets to
construct PANI/EG interlaminar composites via vacuum-assisted intercalation in-sifu oxidation polymerization
method. The structure and composition of PANI/EG composites were characterized by SEM, TEM, XRD,
FTIR, Raman, XPS and BET. The glassy carbon electrode was modified by PANI/EG interlaminar composites,
and Cd*" was detected by square wave anodic stripping voltammetry. The electrochemical behavior of the
modified electrodes was measured by CV and EIS. The results showed that PANI/EG interlaminar composites
exhibited a layered hierarchical structure. The electrode modified by PANI/EG12 containing EG content of
12% (based on the mass of aniline, the same below) was employed for Cd*" electrochemical detection. The
sensitivity was 7.814 A/(mol/L), the limit of detection was 3.24 nmol/L and the linear range was 0.25~6.0
umol/L. The sensor had good repeatability and anti-interference.

Key words. polyaniline; expanded graphite; heavy metal ions; cadmium ion; electrochemical sensor;
functional materials
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CHI660E U fb2z T ARG, i R4/ ; PHS-3G
B pH i, BB ISR A RA R .

12 #H&
1.2.1 @wiLFEHA &K e 2

FREL 90 g f1 525 180 g WAiARIR A LB IR . 7E
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PEBERR A o CPEBE Bk R B TS PE B2 26 g
W3 B A FeL AR B T 'S R FH o
13 EL2EEFRNEBLZMEENR

K =ik & ilis PANI. EG 1 PANI/EG ¥
) CA> R PERE AT AL 24T R . LA 4 mm ELAEAY
MCPEBE B AR O TAE R, 1 em® B R LA M X HL
W, Ag/AgCl Wil RS bt A Akt
7E (25+1) °CT#E T, WM pH i@t pH THI &,

K FH 7 0 AR 22 7 (SWAS V)EAT Ca> i ket
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Fig. 1 Morphology characterization of EG
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Fig. 2 SEM images of PANI (a), PANI/EG16 (b), PANI/
EG12 (c) and PANI/EGS (d)
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Fig. 3 XRD patterns of EG, PANI and PANI/EG interlaminar
composites

% 4 >& PANI 1 PANI/EG & & BHE FTIR 354,
4fi PANI 9 FTIR 351 E I 4 A B2 RAE I
1571 cm™' 2y PANI WERIRE) C=C 45 Rz ;
1493 ecm™' S PANI WZEIAY C=C ffigidiEshig,
1304 ecm™' 2 C—N {HZEHESIE; 1154 cm™' 25 PANI
FRER Q )5 N LI N=Q=N f4adi shm g,

PANI/EG & &M EHY FTIR %K I [FFEFETE PANI
FRFAIE W AC g, (RO i I 4B EG & i
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W
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Fig. 4 FTIR spectra of PANI and PANI/EG interlaminar
composites
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W - e i 25 IR it 28 . EG R PANT A% 5 A9 e 2% 1T AR
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BRI N 18 B - IO R 48 W 4 S BLAT 13 i Js R T 7 iy
2k . FEFINTE 7 0.5~0.9 AUTE R B H3 W R,
UtHl PANVEG & &M 2450, BR)Z LA AN
FUAFAE - A FLEFE PANL VR & T B BEG R 205 A
AR A R R B R K AR FLES R (T Tb ).
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EGS8. PANI/EG12 1 PANUEGI16 (4 Sger 435K
192.56. 263.31 f1 222.37 m*/g., 45 &I IrHras 5,
M EG & REKIT, PANI/EGS £ 4 # PANI 75 2
B, H I T HERBLIR PANI #2, HIANT E AR
B FLALEL, SER R Sper BK. 24 EG &R
F i, PANI/EG16 FEfh ) PANT 78 2400, L
A FLER D, FLIBRE, T Sper FE4IK. PANI/EG12
i HAE PR PANT U 2, R BA M)
A5 Sgero PANI/EG12 FE & B FLBRAG F) T B 7
13515 , i PANI/EG12 7] DL SZ BT Cd>* ity e sk g ff
A TR AR A 4

EG
PANI/EG16

G
PANI/EGS
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500 10.00 15I00 20I00 25b0 30.00 3500
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Fig. 5 Raman spectra of EG, PANI and PANI/EG
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Fig. 6 N, adsorption-desorption isotherms of EG, PANI,
and PANI/EG interlaminar composites

K1 SEM Al TEM i — 25 %] PANI/EG12 &2 541
BHAESUMALES AT T b, AR WA 7. dnlEl
7a iz, PANI A ¥ A RAEA 88 7 R 3R . A
7o R, PANI LB JZ YR 80~100 nm, f18L/=
WEBAETE R KRR fLES . K 7c N
PANI/EG12 ) TEM &, J§J24R ¥ PANI 4 3 b kA7
TEA7 58 7 J2 300 B i (1 538 HRTEM & (& 7d ),
(8T 2 NP I 9 K ALY FLAR Dy 2~5 nm, A
BH I SR AT SEAORZ MW W . X —&5 85 BET
MRS R —3, PANVEG S & B RHURR 1) 2544 FIZH

IR HE T BE BAT B ) A A AR R BE o R P N
—J7 1, EG BAREA KA S, AR T
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Bif, fd HMIs 559 PR 7 PRt 3 ik

a, b—SEM [l; ¢, d—AFBKMFERN TEM
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Fig. 7 Morphology of PANI/EG12

[l 8a ¥ PANI/EG12 f) XPS 4115 % . H114 8a
A[F1, PANVEGI2 HH&H C. NHOJLHR, JFFE
IR N 79.78% . 9.24%F1 10.98%. K 8b~d
3 PANI/EG12 9 C 1s. N 1s #1 O Ls @543 ¥ XPS i
K., C ls R LI K 288.3 eV (C=0 ), 286.5 eV

(C—0), 2854 eV (C—N) fil 284.6 eV (C—
C/C=C ) FHF (A 8b)P, N 1s AT HIE 0 3 N4
HEWE, 43518 401.2 eV (NY), 3993 eV (—NH—)
13982 eV (—N=) (Kl 8¢c), O ls IEn[HIEH
532.7 eV ( O=C—OH/C—OH ). 531.4 eV
(C—0/C—0—C) Il 530.4eV (C=0/0—C=0)
FRAF I (18] 8d )P, XPS 23 M4k 4 55 FTIR Al Raman
FAFLE AT A, UL T PANI L7 1E EG RI2E A
I R F6 T L IR T PANIVEG B & 41K . PANI/EG12
AFRHY &/ E BRI & A B AR & A KE R IK
YL, TTLLE HMIs A28 JUIE I8 s Ee g, AT
R B AR HMIs 59 fAiE 7161,

2.2 PANI/EG EAH#EIE CAd* Bl 4E

PANVEG JZ & & B B A 2R 945, X
A )T LA Y 35 1% I HMTs BB . EG B 4242 7
T PANI T ERE, i PANI/EG 201 &2 A1k E
AR A2, I, PANVEG JZEIE A
BB PEREDE A9 HMIs H fh =i A5 B AU b
Bl AR SWASV I 8F5Y PANIVEG & A AKX
JR A Cd> Y HL AL 2EAG I SR
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K8  PANI/EGI2 ) XPS £3%i%& (a), C1s(b). N 1s
(c) MO 1s (d) MEAPHER

Fig. 8 XPS spectrum (a) as well as C 1s (b), N 1s (c) and
O 1s (d) high resolution spectra of PANI/EG12

K 9a > PANI/EG12 &4 B Al X A [ i i Cd>
1) SWASV i 2, WEJLFh 0.25~6.0 pmol/L,
& 9 R, Cd™ ¥ L AE-0.76~-0.72 V Z [H]
Vst FEL AT I 2 A B A B I as T R . FE CdT R IE R
0.25~6.0 umol/L i FEIP , Wi S L 35 Cd* ik i S B1
BRI R, MlgLt i y=7.814x-1.416
(y MWIRIEF, x b Cd* ¥k ) (& 9b) nl%i,

PANI/EG12 &M LA % CA> K () 58 Bl 7.814
A/(mol/L), #% %k R*=0.9993 HE 30 #E U F1 LOD
HEAXGH, PANIVEGI2 W46 H A% Cd* il 6 il
BeBRHy 3.24 nmol/LE", T B di Ak 2R A4 B (it fig
FRER B TR i ( Bante931-Cd ) ) By A6 I 4% BE
1 pmol/L. JE-F M A: JE G BE X Cd> i RSl i B
J5 pg/L(W N 44.48 nmol/L)., 7 3CH#I 45 1Y
PANI/EG 12 {4 i A E AT B AR A Rz A PR

60
a
——6.00 pmol/L
50 550 hamol,
——5.00 pmol/L
——4.50 pmol/L
40 —4.00 mgl/L
< ——3/50 pmol/L
P ——3.00 pmol/L
& 30 — 2.50 pmolL
puil ——2.00 pmol/L
—— 1.50 pmol/L
| —— 1.00 pmol/L
20 0.50 Egl/L !
0.25 pmol/L -
10 ZA\
-090 -085 -0.80 -0.75 -0.70 -0.65 —0.60
R vIAY
50
b

40
<:f:L 301
ES
20
y=7.814x-1.416
10+ R=0.9993
0 .

o 1 2 3 4 5 6
Cd* ¥ B /(umol/L)
K9 PANIEGI2 Kl A [m] e B Cd* 1) SWASV Hik( a );
WA N LS Cd™ R MR (b)
Fig. 9 SWASV curves of PANI/EG12 for detection of Cd*"
with different concentrations (a); Linear relationship

of between response current and concentration of
Cd* (b)

5 VRS — MBI B B A A A s AR
FL B S B 7 FH ) E B2 bR o A SRAB M i A LA 5
(S VE, AT LIGEE S A Ar . dEdrAE R 8, Jf AT
S AT o Wi 7 FL, S P AFDR AR o g 22 (RS D) AT DA s A8
T FEL AW 1 B A R R A I T A . AR SCER A
#% 7T 9 X PANVEGI12 BMfifit, JEHTF 1 pmol/L
CA™ WA, APPA 6 i r A i S A M, 25 51 L
10a, H1 &l 10a A 41, PANI/EG12 &4 Bl % Cd**
RSN B A M R A, MRl LAY RSD ol 2.14%.

BT P SE PO B 1 A 8 75 T B A iy
FEAR R . AR ILAF B 7 E R H AR B A e
FLIL, U2 5 30 A G R . A< SC L 1 pmol/L Cd**
WM BRR R, A 10 umol/L A9 H L& TIF
WLEE Cd™ K o 1y L AL . KL Na 3875 1k 4
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Fig. 10 Reproducibility (a) and anti-interference (b, c) tests

of PANI/EG12
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S0 £ 52 )
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T CV F1 EIS i,

11 i PANVEGI12 iR E CV fEM e
PR 4L . WK 11 P, B DR PR OB R,
CV R AE (1) A g, MR EETE L4 .
PEER 100 YK , R IG ( AL, AL=1,.1 — I, )} 103.78
nA, FIRIEAR AL 20 1.04 pA, BEIFH 12 K
PEIIAL, WA A2 %4 0.001 V BYZE{L, R,
FEPE AR E MDA R b, H R R 3 B B R 1
e €N s O P ik < B N & QOB IR L v g S ST 8L
WAL, N R AR R T Ay, A RN
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Fig. 11 Cyeclic stability CV diagrams of PANI/EG12
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W, %1525 T PANI X [Fe(CN)o]> " B - XF B 1% Bt A1l
EG 5 T FEIEN . EG 1Y AL e/, HiH
EG T E e S A1, X 4w B 7 A9 A AL S S R
R/, PANT B N J5TH—NH, 4 [Fe(CN)g >+
BT XA — 2 BB, BT L[Fe(CN)s* ™+ B F
XF7E PANT |- (AL IE J5 B 0 A BT 3 . PANI/EGS
1 EG />, PANI 2R, i3 EG X
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Fig. 12 CV curves of EG, PANI and PANI/EG interlaminar
composites
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MET R MR . 22915, PANVEG12 f&4H AR Y
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Fig. 13 CV curves of PANI/EG12 at different scanning rates

(each curve increased by 10 mV/s); Linear relationship
between redox peak current and scan rate (b)
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Fig. 14 Nyquist plots and equivalent circuit of EG, PANI
and PANI/EG interlaminar composites
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Table 1 Fitting parameters calculated by electrochemical
impedance of EG, PANI and PANI/EG interlaminar
composites

A LA RJQ R/Q C/F Z,/Q
PANI 54.01 118.4 0.843 1.722
PANI/EGS8 54.87 94.06 0.792 1.475
PANI/EG12 56.56 74.82 0.841 0.751
PANI/EG16 55.46 67.27 0.791 2.057
EG 56.41 49.54 0.682 0.892

3 #Hit

(1) RAHEAFAESS T EG IE%, &
Ja Rk B H 2B R AR A, Wit T
53D 5 E PANI £U7E EG 2RI S KL,

(2) PANVEG ZRIE &M Z LB RR T
PANI A P EAKTE EG A B FZERM . PANY
EG12 & f A0 Ca> K (BB 7.814 A/(mol/L),
MK ZRE R*=0.9993; KuillHBR N 3.24 nmol/L; #&
SR 0.25~6.0 umol/L 5 5 & M K hit T4 B 4f.

(3)PANI/EG &4 s M R B Cd> 5 53 iy A6
RO EZIA R TR 3D 4345k, PANT B
HLALA TG RS A EG B4R B k2 R BE = 5 T Y
rEAER o

ARSCH £ ) PANI/EG 28] & A0 RHE N —2
fE R R BT RE, TR Tt fE cd® Rtk
AL IRER T o
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