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Jii (EB-PANT) 7531 59> W e 1 it FH 33 PR3 R O 2R e A i iR 5okt Ik T & BB 3R . RImA
Cu” B, ES-PANI 238 TiO, 7EIMGHEA T = Az 6 AR 28 7R A A i PS-PANT, S B0 W €678 M TR
o, W& Cu™ AU THE B i th R (B B BB, B B A ARAFSUE I T 3%
F Cu®/Cu' FALIR I L 75 0 H o RS I LB 62 28 Ak vl b PR B 20 9t m] F) Photoshop #X 1
BRGNS o AN X F I A [R] 42 8 85 1 i B TR S O, IE T T A7 1R R ot B ik
Bk, BOPPOHL IR I L SRS R B AT AR IR AL T 2% BT R R N R T S

ES-PANI
uv \ o, uv \ (Cu2+p\{ =

CB e ( -0y CB e - LS-PANI
TO)  e——, TiO,
PS-PANI "\VBT Ho~r-\)VBT
|ES-PANI ) H,O

Bl BET O 7 R R AR SR I IR Y Cu® AT LA A T 7R R A

Fig. 1 Schematic illustration of photoelectron-regulated redox reaction of polyaniline for visual detection of Cu**
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ES-PANI, R 1EFFH
2.3 "L Cu®

Feifl 1.0 mg/mL TiO, 44K T, #4530 min, #4 5 pL TiO, 55 5 pl ES-PANI IFHIR A1 R HEA
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T EGUE Cu® FTRRARAGIN A4 AT 472, FFH Photoshop 2424152 BRUFT 15 HE R 14 2% €00 3 18 - 1 580 8 (i
(G,,) WHRIRGWRG AL, & 2 R, RINA Cu® B, 32 5 AMGIHUR , Tio, 77 A4 i 6 HE 28 7Ok
ES-PANI L PS-PANL, USR8 IRB WY G, =34 (18 2a) , BEH Cu™ MM TESESME



12

W20 . e e TR B SR ORI S A I SO 4 B 1 T A A

1897
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IR o Y Cu FAERT, B AR T 475 1 Fe 3%
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RAW(E 3A-b) s8R A Cu™ (K 3A-c) BHAY TiO, -
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—BIAE SN HLEE (I 3B) o A Cu™ I, 7E 28510
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3 a b c
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K2 ES-PANI/TIO, VR &Sk G5B EE . (a) AN
Cu™ EAMEIES, (b) LA Cu® , SNBSS, (¢)
T Cu**  SEAICHR S Jri PR X6 O WO € B

Fig.2 G, values of emeraldine salt of polyaniline (ES-
PANI) /TiO, solution in the absence (a) and presence
(b, ¢) of 0.4 mmol/L Cu®" after (a, ¢) and before (b)
UV light irradiation.

Inset; Corresponded solution

photographs in the plate wells
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BF, Br™ AT 45 AT Y Cut TR CuBr UILUE , AT PANL/TIO, VAR S BRIRIE 5, 5 AN Cu® B 15 W
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HEM Y TiO, , Cu™ F1 ES-PANI Z [B] {4 L T B ad B2 AN 3C FrzR , TiO, KT 5417 (CB) Ay
(VB) fEL3 3 —4.26 F1-7.36 eV | Cu™(-4.35 eV) FELA T ES-PANI ) HOMO HEZ%(-4.75 eV)
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-8 TiO, Cu* PANI ®

B3 (A)BDEATRS Tio, RS REIE AR . (a) A Cu™ , SEAMEIEGE, (b) A Cu™ , TE5E 5k
SEIRETS, (¢) RN Cu™ , BHMEIBET; (B)ES-PANI/TIO, ¥ 5 (a)0. 1 mmol/L Cu*,(b) 0.1 mmol/L Cu® +
10 mmol/L KBr, (¢) 10 mmol/L KBr iR & J5 &5 /M EE AT R B AL B /- (C) PR B REH A,
(D) ES-PANI %34 5% LS-PANI 463028 @ LB R 2 4]

Fig.3 (A) Photographs of TiO, solutions containing neocuproine (1 mg/mL) in the presence (a, b) and absence
(¢) of 0.1 mmol/L Cu’* after (a, ¢) and before (b) UV light irradiation. (B) Photographs of ES-PANI/TiO,
solutions containing 0. 1 mmol/L Cu*(a), 0.1 mmol/L Cu’*+ 10 mmol/L KBr (b), and 10 mmol/L KBr (¢)
under UV light irradiation. (C) Illustration of energy level for electron transfer process. (D) Schematic illustration

of photochromic mechanism on the reduction of ES-PANI to leucoemeraldine salt (LS)-PANI
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3.3 RERMERRFIE
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350 426 F1760 nm BT 3 3 ASARIAY ES-PANI W0 ([l 4B, 114k b) , 5 SCHkHRIE [ 40 ] HH—2L,

1€ 0. 1 mol/L Na,SO, %, L 100 mV/s #EFE-0.2 ~1.0 V [A]HH CV £k, i LIS 5] EB-5 ES-
PANI (95 HL R 25 WK 4C iR 76 0.24 F10.56 V BT W3] ES-PANT > B 5 (4 4504k (8] 4C,
Mk b), CV MZRVIFhMBIE R A B 2 2A WA & WREIEY] T EB-3] ES-PANI %2
frgﬂ’ﬁ

ST I IR Zeta AT HEAT T RAE (K 4D)  HCl B4%)5 ES-PANI BB, =NH"— 3E[,
I Zeta AL 17.8 mV R EHFHIME] 51.0 mV, HIL, Zeta B AY KR RS IMF W] ES-PANT 19 D1 il
%o AN, ES-PANI () Zeta HLAI{EES A 51.0 mV, B BAT RAFAY /- HRE E M
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Fig.4 (A) FT-IR spectra, (B) UV-vis absorption spectra, (C) Cyclic voltammetry and (D) Zeta potential
(£) of EB-PANI (a) and ES-PANI (b)
3.4 KAMFEHMIKE
N T AFEAE L BROCR X HCL #8235 I [A] 't BRSO il B2 DG BRI ] R4 1 A5 4001k
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& FIESE 0.5 mol/L HCl A4 i EK I . 4K 5B Bz, 25 HCL K 0.5 mol/L I, AG, (E7E
PG A 15 h BFR B, AR5 Bl B R AR, PR B A IR G B )15 by, Ak, JEHR
FOHREERXT AG, fERISZEANE 5C B , B ROVREE R T, AG,, (B TR, 72 RO IRLEE 35°C I ik 5]
V-5 R THRXS AG, (ST HEN T B SRR BTZE A 06, PRI, e 35°C defE S i . 78

SN A 35°C I, B SCRRINHRI I I, AG,, BT JFAEDGRR 15 min BIAFE (I 5D) | HI ik
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Fig.5 Effects of (A) HCI concentration, (B) agitating time, (C) incubation temperature, and (D) irradiation
time on AG, (the difference of G, value of ES-PANL/TiO, mixtures with and without 400 wmol/L Cu®" under
UV light irradiation)
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TERMEAAE T X Cu® AT AT ARG, Forr Cu™ b2 3 4 s 6 7 8 910
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HRAEFATEAY ES-PANI/TiO, REWBERE Cu™ i Fig. 6 Photographs for the optimized colorimetric
AL A ’%ﬁﬁ Photoshop DGR A R AR (amaE detection of Cu®* with the naked eyes in the plate wells,
Yoy g Gavg o PEEESE— RSTEDE X 35 ,1iE1[Ziﬂjz|j‘] Gavg and linear relationship between G,,, value and logarithm of
B, Gangj Cu™ MR EETE 0. 04 ~400 pumol/ L JWHINZME  cu® concentration (from 1 to 10): 0, 0.04, 0.1, 0.4,
KA BRI RAERIA RN 0.998, H 30 BUMTHHAL 1.0, 4.0, 10, 40, 100 and 400 pmol/L
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3.7 TREMEW

i TG ES-PANI iBsuE M 1 ES-PANT I 2 #5 T25011 2,10 24 172 h RGBS A 1Y
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Fig.7 (A) Linear relationship between absorption value (A =600 nm) and the logarithm of Cu®* concentration ;
0.04,0.1,0.4,1.0, 4.0, 10, and 40 pmol/L. (B) CVs of ES-PANI solution at ITO electrode at different pH
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Y TR PANL/TIO, S FL T 1Y R, Fig.8 Photographs for the colorimetric response to Cu

ions (0. 4 mmol/L) and several other metal ions
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JHPIIRRIAT B2 53, LS, Photoshop XA H AR AR AT AR IR E Bl (i 284k, il 3 Al 5
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Photoelectron-Regulated Redox Reaction of Polyaniline
for Visual Detection of Trace Copper

YANG Qian-Hui, HAO Qing, LEI Jian-Ping* , JU Huang-Xian "
(State Key Laboratory of Analytical Chemistry for Life Science,
School of Chemistry and Chemical Engineering, Nanjing University, Nanjing 210023, China)

Abstract A photochromic sensing platform composing of emeraldine salt of polyaniline ( ES-PANI) and
titanium dioxide nanoparticles (TiO, NPs) for visual detection of trace copper was developed. Under ultraviolet
light irradiation, the greenish ES-PANI could be oxidized to dark blue pernigraniline salt by the photogenerated
hole of excited TiO, NPs. In the presence of Cu™, a light yellow leucoemeraldine salt was visually observed.
The overall mechanism of color change was verified to be corresponding to the different redox states of PANI
regulated by Cu species during the photochromic process. By integrating the advantages of both photoelectric
property and visual detection, the redox reaction-based sensing mechanism led to a good sensitivity and high
selectivity in the detection of Cu’* with the detection limit of 0.4 pmol/L. Besides the naked eye, two color
recognition methods including reading mean green intensities in Photoshop and recording ultraviolet absorbance
in microplate reader were also studied. This method was successfully applied to Cu’* detection in human hair
with satisfactory recoveries. More significantly, this sensing platform was really simple, low-cost and able to
detect an array of analytes within several minutes without requiring sophisticated equipment. This photoelectron-
regulated colorimetric strategy provided a novel concept for the design of visual sensing platform, and could
develop the portable test kits for rapid detection in clinical diagnosis.
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