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Abstract

In this paper, poly(3,4-ethelenedioxythiophene)/graphitic carbon nitride (PEDOT/g-C3N4) com-
posites were prepared by chemical oxidation polymerization. The obtained composite was ana-
lysed by Fourier transform infrared spectroscopy (FT-IR), ultraviolet-visible absorption spec-
troscopy (UV-vis), X-ray diffraction (XRD), scanning electron microscopy (SEM), and transmission
electron microscopy (TEM). Electrochemical determination of heavy metal ions (Cd?* and Pb2+)
was carried out by differential pulse voltammetry (DPV) on composite-modified glass carbon
electrodes. The results showed that PEDOT/g-C3N4+/GCE exhibited the wide linear responses for
Cd?+ and Pb?+, ranging from 0.1 - 3.6 pM and 0.1 - 2.8 pM with detection limits (S/N = 3) of 0.0384
pM and 0.00641 pM, respectively. The experimental results showed that PEDOT/g-C3N4 can be
used to detect heavy metal ions (Cd2+ and Pb2+).
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1. 5|8

AR, BEEJEMZAEM, W CdT R P, T O™ E RIS YR R I 1. R, XE 4
RIS R VE SR B R RO T A M K S TR — . [, SRR T B, R
PR TR (ARSI it A 5 [ R SR S R I . — (2] B IR F Ak 2 AT B AR )
AWiRRE, BACERINEA S TR AR, ROV HATHER . R R g0 #5228 17
A= T N R BR[3]. TE & BRI F B, B kb R 22k (DPV) BRI & B i A vk 3
IR, TR RN, TSI =R ZiEMH. B8R, T IEHGRAMEL. GHLgeKARRm A1
WAREEEB MG TN A DA B F AR AS VAL il & 25 4 8 TR 18 1 0 ATid 42 (4] PEDOT B R UF 1
e R 1 S i, RHATNHR ZHSHEREEWZ —. BTHMEEDN « RS . Ban)
HL S5, I T RIS 5 %5 (5], PEDOT TE ¥ 2 AU E BN 2 KIS, tReIRiEfT . & T
B, HEECRE, FAEYME RS E6]. g-CaNy & B EBUR A 85 I sn 2 i — gk gty . T
B RGE AL SRR LR A TS 1, DO UKL, AR IR I B SR 7], AP
JAR, EEERE T 5 2 S MO SR A R B 2 A5, SR AR AR . B, B4 N AR
W B R ERE, FERRN sp” Fetbnbne &R 7 06 7 540 8806 2 BRI . B
g-CNy B A R TbnE R0 N J5EF, (2 g-CN, ML F3802E, MWLM s Al 2= A P R R PRI
BRI, g-CaNg 4K il B 5 B B s S MMM RS &, WA S0 CPs 46 [8]. ASCRAML A%
#14 T PEDOT R &¥M PEDOT/g-CiN, B &Y T B Cd* A1 Pb> . [K 4 PEDOT 2 ¥ L faf i
FoRer. RUFMnrn T¢: LL R 55 b & A nl W P &R OB A7, K e 53R T A4 K R -NH FI-NH, 2 [7]
1 g-CN, AT E & S5, PRI B4 8 B 7 5 NBURII S &Mk TR 7E AL A 5 4 ) 25 5 T A
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2. SEEGER4y
2.1. SERGHA IR 18 &

3,4- L4 S EW (EDOT) 99% H RBFHEA R AR ToK =&k 98% Filgplhr T = H IR A H]
PRE M2l Eeb 3 T AL A IR A 7] BEBRAN(NaAc) 7 M4l K Sum ik 2R A IR A 7] BEERER 7 i
FEEBOE ARG PR A F] s BEERE A AR BOZ A 43RG PR A F] 5 IKEEFR(HAC) 7 4 K I FUE Ak
ZAAAERAF s BRFACH B 2RI SOT A A E PR A F] s SR 4l R SuE A R A IR A
Al AT RIEECR ARG R AT s oK LEE el KIEBOE A AFIG PR A . F NaAc
HAc #1457 0.1 M ] ABS 22 (pH = 4.5).

ZL AN 3 M7« 7 [ BRUKER EQUINOX-55 HUA# N7 H-£1 AM 6 1A, 313 i BV >l 400~4000 em ™'
S HNA] I OERE (UV-vis) 7047 : 35 E UNICO UV-4802 HUEE 4k - W] WA o« X-SF 20 R AT 48
BRUKER AXS D8 ! X $FEATHHX, Cu-Ka 48551 =0.15418 nm) A4EEHE, AR TEEN 20 =10°~80".
FHEBBL(SEM) 3 HT: HARH LA S-4800 By Kk A M 7 WAEL (S KV). B BHE(TEM) 3 Hr: H
A HITACHI /A & H-600 #Y3i% 5} #17 SME(100 KV). HALZEPERENNR: B RIS A IR A 7 BT
{E¥k CHI 660C fL2% T AF¥k .

2.2. g-C;N, 9E R

B, TN 10 sWRE, BN, DA 8P 10°C FIFHREFINAZE 500°C, B 5 fRIE 2
/NIE, FERLEEM D 10°C BOTHEE R, In#AE] 550°C, FAAMEIR 2 /M. &5, CEHHRA AFIEE, 15
PO E AR AR, LK CEEMABERKIESE G, AT 60°C T, 53] g-C3Ny.

2.3. PEDOT/g-C;N, BI& R

B, % EDOT (0.3 g, 1 mmol)FIMIA 30 mL &4+, FJE A — @ &M g-CsNy H 5 4351 30 708t .
T K &AM 8R(0.65 g, 4 mmol)IIAF] SmL & A5, [FINTEE R 30 2080, SRJ5, K Wi/ o8 1 [ MLV TE
BE—, FRFM TR 24 0. BJE, RN —ABEREE, duE, KRS, KRG
KGR E A JER I, RIGIEEZSEMT 60°CT 4 24 /I, 193] PEDOT/g-CsNy. ARIFERI 715,
FEAMN g-CNy BITESHL T, 193] PEDOT 454,

2.4. BBALEMEEMIR

T 2 RN IR F M (GCE) R T AT Vs AL 3], B GCE £ B3 5z _EEAT IO TR, B A AT BE 351 9 S e
R/ =5 R (1.0, 0.3, 0.05 pm)ZER} . SR I I 1) B AR o0 S FHAB ALK . IRAER . S TR VR
PR, I E R AR 40°C AR BT o

AB 1 PRI P 1 % 3855 0y BT A ) 4% R R T AN P R . B eI | mg A M ENE T 4 mL A E
AEAUK PR AW (1:1), 85 AEFE 30 min 152 BIF . BEJS I -T0H ERE RS IR 5 SRR R 2
AEBREF R R, AR IR R TR

TEFRAR 22 DRI 23 ik ph R340 7E. CHI 660C AL T ARG FdkAT . =ik R st il (Py). &
LB (SCE). LAE B (GCEs) 4 i MR ZIEELE 5 mM [Fe(CN)G* ™A1 0.1M KCI (50 mL, &L
LD FRAER AT, FERERN: —02~0.8 Vi FHIEEN: 50 ms. fo Bk R ik i & 4 8 5 1
JETE PH = 4.5 [f) ABS P H 47, BANEEHEMN-1.2 VI8N E-0.2 V, k9N 50 ms, fkid
#4100 ms.
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3. KUWEHRE TR
3.1. ZISMSKIESHT

1 #& g-C3Ny, PEDOT A1 PEDOT/g-CsN, 4K B A EHILL /MG E R . 7F g-CoN, i, 813 em™
Ak (Pl 7 AR R T T = BRI S AR Bh . HBLTE 890 em ™' A fr) 5504 AT A R T A8 Bk L (1 AR T AR X
[9]o Z4¥AFf C-N H1 C=N HUHES RSN S BUFEIEAE 1230~1650 cm ™' SEE P HFI[10].  HBLLE 3000~3500 cm ™!
[X 35k [ BE HR Bl U 2 R 5 A e N-H BRI 48 & 2 38 (-NH) I 4EIRZh 5 2 [ 11]. XF e B A,
K, EAPRE 3 BIRED 220 T PEDOT. £ 1515 em ™ A 1320 em™' AL 4R ARG 23 591 2 L84 () C-C
ASKF B A 4 R s AR (B R PR 50 . £ 12,091,139 AT 1088 cm ' {2 2, AL ) C-O-C ZhIREN[12].
%1 974,918,833 1 693 cm ' AL fHEHF R WEM A Th C-S-C #HIRFERBNIE[13]. SRT, 7£ PEDOT/g-C3N, B
BB SN T g-CaNy FIRFIENE . JRIK W RE & PEDOT FHRFIEIE T 55 #2000 g-CaN, HIRRIELE .

| —e— PEDOT R

S PEDOT/g-CN W
S| g-CN,

o >

g \/

E +g-C3N4

=

g

=
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Figure 1. FTIR spectra of g-CsN4, PEDOT, PEDOT/g-C3N,
[& 1. g-C;N,, PEDOT, PEDOT/g-C3N, BULT S St ik &

3.2. MBS
g-C3Ny, PEDOT il PEDOT/g-C3N, H A MBS - T Wt wn & 2 Fros . WEH LG H, g-C3Ny

—=—g-C\N,
—e— PEDOT
——PEDOT/g-C\N,

Absorbance(a.u.)

300 400 500 600 700 800
Wavelength(nm)

Figure 2.UV-vis spectra of g-CsN4, PEDOT, PEDOT/g-C3N,
[& 2. g-C3N,, PEDOT, PEDOT/g-C;5N, BIR S E
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IS B T AE 270 2 430 nm &b, BN TEREAIIRHERE . PEDOT #1 PEDOT/g-C3N, UK
7 HILTE K2 400~600 nm AL AT VAR TR AW EFE K E[14], I H B8R 2 NED IR - KT~
AEHI I . B4k, PEDOT/g-CsNy 7E 600~667 nm AW I & T J& T PEDOT AR AL 7 Fl/ sk XU Ak 7
[15], 1X3RHH PEDOT Ml g-C;N, 2 (B B H — & m-n #HHAEH .

3.3. XRD 43

<3 2R T g-C3N4, PEDOT Fl PEDOT/g-CiN, B AR XRD i, EET, g-CN, FIfThHE N
27.3°, XA LLASE T A SR 002) AT L, VENA SRR 458 . PEDOT
PEDOT/g-C3N, [1] XRD Bi7EL) 20 = 26.2°4btH o HFFEVE, X /2 BT PEDOT 431 [A] z-m HERE it
B WAk, BT FeCly 7E PEDOT F1 PEDOT/g-CsN, 4525, 1Z4H 43 FeCl, ARBLIMIHTH It H BLTE 20
~33°,35°, 49°F1 54" 240 16].

——g-C\N,
—0— PEDOT
—»—PEDOT/g-C\N,

Intensity(a.u.)

20 30 40 50 60 70 80
20(degree)

Figure 3. XRD patterns of g-C;N,, PEDOT, PEDOT/g-C3N,
3.g-C;N;, PEDOT, PEDOT/g-C;N, B XRD [&]

3.4. SR HT

K 4 Fpe 5 43518 g-C3Ny, PEDOT, PEDOT/g-C3N, [ SEM Al TEM Ef%. WEATR, g-CN, R
B T TR B )2 IR EE G, PEDOT W27 TSR K AR G548 . 3T s 284, W FFE 9 Te R
FTEPRGE M. 7E1E] 5(0)rh, AT RUR TSN ) PEDOT 40,2855 i IR g-C3Nyo

'.’ s, s - R 4 et ~ -
£ 5 <ilg

Figure 4. SEM images of (a) g-C;N,4 (b) PEDOT (¢) PEDOT/g-C;N,
[& 4. (a) g-C3N, (b) PEDOT (c) PEDOT/g-C;N, B33 R 5 E
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Figure 5. TEM images of (a) g-C;N,4 (b) PEDOT (c) PEDOT/g-C;Ny
5. (a) g-C5N, (b) PEDOT (c) PEDOT/g-C;N, BYiE 5 F 55 [E

3.5. AL AR
N TS g-C3Ny, PEDOT, PEDOT/g-CsN, [ HiL Ak 2235 1, 7E 5 mM [Fe(CN)g]* " #10.1M KCI (50 mL,
R LDRREER AR S GCE #ATHER R M, WK 6 Fiax. WEF A LLE H

PEDOT/g-C3N, & I M) GCE &I HLH A GCE S 3R i IEAs ra it , Wi Wi L i 2 & ) B BUR
THBAES . EATUMRENIIAN g-CN, BRI e R EMEL, BAT LK) z-n BN HA 23 Bkt

BT R T

40}
20}

]

F o

[

=
20 F

© — &GN,

——PEDOT

40 ——PEDOT/g-C\N,
'60 il | 1 1 /] 1 1

-0.2 0.0 0.2 0.4 0.6 0.8
Potential/V(vs.SCE)

Figure 6. CV measured with g-C;N,, PEDOT, PEDOT/g-C3N, composite-modified glassy carbon electrode (GCE) in a so-
lution of 5 mM Fe(CN)s* ™ containing 0.1 M KC1

[& 6. g-C;N;, PEDOT, PEDOT/g-C5N, 7E 5 mM Fe(CN)> " #1 0.1 M KC1 FEIEIFMA L E

K 7 NAHEI M GCEs 7E 0.1 M ABS (PH = 4.5)%0 ' 2 uM Cd*' A1 Pb* 1) DPV B4k i FTR, Cd™
F PO R AR I 2 B R B L B 5, CdTTAN POPTIIEAL 2 I 20 N—0.81 V F1-0.58 V. W TR,
PEDOT/g-CsN, APt GCE B i riR B 5 m, FEJEFE PEDOT/g-C3Ny e & WIRFE T %
oo RIVER, 39 T S AR R ERE, e R LA TV R .

N7 RGHTE 5T PEDOT/g-C3N, (1 LA 46 MU §E, R DPV VE RSN TF B, fER AR S HOR E T,
W9 T PEDOT/g-C5N, 7 0.1 M ABS (pH = 4.5)41 %} Cd* F1 Po> By AL 2R M P BE . 40 1&] 8 Frow, ME
AL I PEDOT/g-CsN, 5t Cd* il Po> #5 B A Bl R MR IE I,  JLrPrE—0.8 v BT HE BHLAG FRL IO
CA* LI, —0.6 V HHIT A FLIREIE /& P> IR s L0, I HLIX P A BRI i o B B A AR L&
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Figure 7. DPV of g-C3N,, PEDOT, PEDOT/g-C;N, composite-modified GCE in 0.1M ABS (pH = 4.5) containing 2 uM of
Cd** and Pb**
7. g-C3N,, PEDOT, PEDOT/g-C;N, &40 GCE EIEFH&M Cd*'F1 Pb* (2 uM) DPV BIHRZLE
(a) (b) soF
or i 80|
5 Zat =%
83t 2.8 uM E 40
< 4 &2 < 9r £
o -
= 1} y=1.6021x +0.2147 Z 20p {{;:‘7)'323“5'1612
§ 3 of RI-09923 £ i 0.1 uM of oo ‘
5 0 1 2 3 4 ";" 0 1 2 3
Concentration/pM Concentration/mM
Q 2 O
20
1
__/
0F 0
-1.0 -0.8 -0.6 -0.4 -0.2 -0.7 -0.6 -0.5 -04 -0.3 -0.2
Potentral/V(vs.SCE) Potentral/V(vs.SCE)

Figure 8. DPV response of the PEDOT/g-C;N, composite-modified GCE for the individual analysis of (a) Cd** over a con-

centration range of 0.1 - 3.6 uM; (b) Pb>" over a concentration range of 0.1 - 2.8 uM. The inset shows their linear equations
as well as correlation coefficient

8. PEDOT/g-C;N, Xt Cd*"F1 Pb* Ry S 544 MAY DPV BhZX[E]; (a) Cd*', ZMSEEIR 0.1~3.6 pM; (b) Pb™, ZiEsE
B 0.1~2.8 pM; HEANEEBMIRE - BiRihLZE

VB PEDOT/g-CsN, B A A [FINH I 28 Cd* A0 Po> (AT Btk 7618 8 i@ &, T LAE kI cd**
(LR IR FE T N 0.1~3.6 uM, HIRIIIZR M7 FEA y(nA) = 1.6021x + 0.2147 (R* = 0.9923); il Pb> 14k
PEIRFETE A 0.1~2.8 uM.o MRS (2R 175 FE N p(uA) = 27.3213x + 5.1612 (R* = 0.9844) . i y(uA)LE
PR B FERLAE, x AR Cd* A1 PO* (B (uM).  Cd* 1 P> B B A IR (LOD) 23 1) 9 0.0384 uM
F10.00641 uM (S/N = 3),

N T FEESE CA* R PO, (EMIFIRISRIGAE R, #F58T PEDOT/g-CsN, 7E 0.1 M ABS (pH = 4.5)%}
RIS I Cd> Fl P> 21t 6 2 . 1€ 9 5 PEDOT/g-CsN, Kl Cd>* 1 Pb>' (¥ DPV ih£& /& LA K Cd> il Pb**
FRIASI£5 1 T FE A AE 5% 22 8. MBI TR al LA, Cd> Al PO AULR PEVE L 0.1~2.8 uM, Cd** Al Pb> f 46 H
B4 0.0547 uM AT 0.00794 uM . 6 8] PEDOT/g-CsNy 7 — £ W FE VL A, -t n] LA Cd* A1 Po*" [A) I A6

DOI: 10.12677/ms.2019.96074 586 PR R


https://doi.org/10.12677/ms.2019.96074

R, IR « BT AR A

(a)

Current/pA

-1.0 -0.8

-0.6
Potentral/V(vs.SCE)

O m——
60 @ cda* (]
@ | inear Fit of Pb*"
= Linear Fit of Cd**
< 45T y=21.9224x + 3.0524
E R*=0.9911
=30
=
&
5l y=2.3403x + 1.4897
R> = 0.9994
0 L
1 1 1 1
0 1 2 3
Concentration/pM

Figure 9. (a) DPV response of the PEDOT/10wt%g-C;N, composite-modified GCE for the simultaneous analysis of Cd**
and Pb** over a concentration range of 0.1 - 2.8 uM; (b) the respective calibration curves of Cd** and Pb*

[E 9. (a) PEDOT/10wt%g-C3N, B B AR Cd** (0.1~2.8 uM)FI Pb?* (0.1~2.8 uM)EIEFA&MES DPV BiZEE; (b) #3M)
Cd*'F1 P> 53 RIS RIHIREE - BLRERLKE

% PEDOT/g-C3N, &1 () AR AT B 7 TR0 50, MIE 10(a) AT AB HE, #E 1 uM Cd* Al Po™ /3 M b
IR, OMNIREE RN S R IARHER A T A BB T Zn®, Ni*¥, Na', Mn®", Li', K. 45 R R,
PEDOT/g-C3N, &4 1) Ha AT 8 40 42 Ja LA B P TP RE 77, A Cd™ A Po> (¥ HLJAi e 47 251K,
WREMT£10%. [ 100)iT LB H, EEYBHERAE 7 RN BG BRI IR R, T R cd®

PO AT — 5 ) 5 b B FH A

(@) 4]
1.2
1.0

0.8 1

10+M/IO

0.6
0.4

0.2 1
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Blank Ni?* *
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25
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T
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Figure 10. Interference of (a) metal ions (10-fold concentration) on the peak currents of Cd*" and Pb*" simultaneous detec-

tion; (b)Stability curves of PEDOT/g-C;N,/GCE

[ 10. (a) PEDOT/g-CsN, B BB AR ES FFHE; (b) PEDOT/g-C3N, B BB AR OB IR 5 & (B

4. g

ASCR AL E AL % T PEDOT/g-CsNy EAMEL, I8 & AR AE T B Hd AT 1 458 45 Bt [R]
T 06 Cd> A P> () FELAL S 5 o 5 BRI, g-CsN /E 9 B A A B NG N 17 355 4 67 55 (-NH) A1 (-NH,),
B9 7SRRI CdP R POY I BE f1: R PEDOT 5 g-C3Ny ZIE M B z-n 1EJH, 385 7 HEH
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BHOSEM, RIEH T EAI RN BEtkaERE: EaMEXT Cd™ 12 RNk E i A
0.1~3.6 uM; Pb* LR IEIR TGy 0.1~2.8 pM: Cd* F1 PO> S AICKS I B (LOD) 23 %114 0.0384 pM Al
0.00641 uM (S/N = 3). PEDOT/g-C;N, B &M kLE BER Sl H &8 5 1 7 A k& .

E&WE
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