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Abstract

The polyaniline/carbonized silk fabrics (PANI/CSF) composites were successfully fabricated by
using carbonized silk cloth as the substrate and aniline as the precursor via chemical polymeriza-
tion method. Afterward, we used this composite as work electrode to investigate its performance
as a pH sensor. As a result, the as-prepared pH sensor shows excellent properties: high sensitivity
(50.5 mV/pH), good linear range (pH: 3 - 11), fast response (27.52 s/pH) and good stability. Fur-
thermore, the sensor can reserve the excellent performance even under bending state, which in-
dicates its potential application in flexible and wearable pH sensor.
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1. 5|8

SEPLNT pH AG B P I B T IRR R 2 . PRSI B 2 4 PSR AR P~ S8 AT S K[ 1] [2]
[3] [4]. FE5E10 pH KI5 7% 32 BEALHE L6y E AT pH HEARAS NS o 6 o b E e 1 7 B, (ERS BC el 211K,
TeiE N 5 ZE R B pH A A A0 o 1T pHL FEL AR 25 RS 00 DRI ARG 0 225 SR SR RS B I A 2 (0 S AR
B, R RIBES pH HIAR, (R T R A sk e SR, o DU A RS AR
BE = A DASE T ROA SRR pH MIE%E, SRR S4B 1 — 2 FE R 5], Rk, BrfEn
B pH FARIC I R NS T A

AR, T SHEEYIFRNHE pH (2S8R B A BAMKEE . ATk, A S PR Lr S50
R BT O TS [6] [7]. 1B NI R G 2 — R K (polyaniline, PANI), EAKAA
il 2% T2 T8 | R AT A A 1 X pH 8 R BRI A, B2 N T pH B RN I & [8] [9] [10].
Yoon [ 1115538 HAL = TURR K 75 720K SRR A B R T R R A0KAE b, DLAE v TAEHAk, I
DL/ SR (Ag/AgCY NS LU, il 4% T BA RME) pH AL %35 . Park [12]5@ I AR AT EER
LK BERRERE AR R, 2 )55 Ag/AgCl 2L WAL AR AR 22, SEIL T X pH M R A
FE I AL AR o

FRYGFIA I 78 3L ht, ASHT 58 AL 2247 (Carbonized silk fabrics, CSF) NS HIFEE, SRR A,
— DA R RN A5 (PANT/CSEY I E A4k 25, DULE AP EMEN TAEEN, Ag/AgCl NS
HIAR, PRIC T HAE NN pH ARSI PERE . 45K, PANI/CSF B REUE &, WapiPus ., 2 [
JUL R tEE S, JEHAETIAPRE T, KA AT DUR KRR E I R B .

2. SEI§

ARSI AT RFIAE: KE, EHRMHEC), ZEMPINaOH), T/KLEE, + HEMRRESDS), i
TR, BERE AVRBER A8 . DL R T E AL RN R A AR AR, TR Paifh. 5
56 v A5 P P B IR 2% o YL (PBS) A bl W R A A A IR AN — e L T . L SUAA T
SAMSILK F R A A . SL56 o B 17K 38 25 81 K.

2.1. HRIBIE

Wl 1 fi, PANI/CSF £ & AR LU AL JG (2240 936 e, RN ATIRAE, l 22 R & ik
& TR o ARSI B AR BT o
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Figure 1. Schematic of the preparation of PANI/CSF
& 1. ##% PANI/CSF di2HR~EE

WAL LA ) 4 K — B 22 U0 P oK RN 25 88 7K A i e 10 3 ha, TR T e i E
FEE IR, 76 750°C, @A(S0 scem) AR T, Kike 2 /i, BRI #3 2fiib 245 .

BRI TRACLLATHIH 45 76 200 ml 0.1 M ) HCL K4, I\ 20 mmol ZEf% A1 5 mg SDS, i
30 . ZJE, W RIS ML AT E TR, BE LN, R emSEmae g, BT
K, BT 20 mmol HIIBRRREIAT, WAL K ERARE T 0C~SCHHEET, KM 12
B o 2 JE A BAT TR R S A P 25 B K e S B, BRI A 3R R M Ak 2.4 (PANT/CSF) o

2.2. HRIEGEHIRIESERERAE

PANI/CSF Ff 5 (R AO0E 3 0 FH 4 [ 258 ) 9 UlltraPlus 3% %% 5494 B0 88 (FE-SEM) #E47 WL . %
IR/Nicolet6700 Z1 A RE SO fh BEAT 2L /MRS RN ; KA SenterraR 200-L $i7 6 1 (SO 5 k47 H2
SO6TENNA, WOBHUR AN 532 nm.

B M RERAEMNATE i JRAE B Ab 2 TAE W R AT, A5 04 CHI 660E. PEREMIAMAR R, HFR
5 °0.1 M ) PBS V. WA pH {8 H— € W EE ) HCI Al NaOH VAR AT, VBT pH {8 B MR 8 -4T 5
2N pH KA

3. ER5i1i8
3.1. PANI/CSF S AR SEHRAE

K 2 4 PANI/CSF E &M BHATEA R B ZR T HI SEM K, M E 2(a)#11E 2(d), BURRRR BILE R
WIRFAE T PANI/CSF BIOMIESE . Kl 2(a)J87n T AWM BRI, KIET i 2miEg, 28
PO HE g R G . 1 2(0)BIR T BARBRAL 2 AT TR TR 454, HRTH O ROk 5 .
BB R, W 2(0) iR, AT LUR LR A BEAN K 27 4k 2 ARFPIREF 4 05 51 A= K AR AL 22 A0 1 R TH - B 2(d)
i PANI/CSF #1H /] SEM B, MWEH eI LIEH, £ 80 nm RIKZKIES 2 PAlifE e A e e, Ay
HRE. WERIEERIEY T PANI/CSF &M EHIRIIHI &, RARMBPRMSIRILAK B35 5 1 4 K
TEBRA 2247 (3R TH -

I LT AN Gy B 1 I — B4R 50 PANI/CSF 2 & M RHI L84y« 14 3(a)y PANI/CSF
L ANR ORI, I TR, 78 1581 em ' Al 1490 e FRIMR AT I o) %7 T 588 4 Jige vh SRR FIBE FA () C=C 4t
MHZEIRSD, 1299 cm ™" Ab AW ISt B T — 55 FEf% b C-N SR ZE R N[ 13]. EEERMZ, 1226 cm™
A 1110 om ' AR IR SO X6F 7 F- SR A g SR 4R 0 e 20 ) C-NPRI C=N B IRIIR BN 14], X P ANRFAE W 1 74
WEBH 7 PANI/CSF H R e R G W R . PANI/CSF HIFLE561E W& 3(b)fn, 7 1171 ecm ' Al
1171 cm™ ' Ab AT UG T 7 F 2 830 TR i) C-H B AT C-C 4. BbAh, 1E 606 cm ' F1 571 cm ' FIPIANGT ST 14
S IR B R AE I [15]0 10 1334 e AR FROAIT 555 0 JU)tof I8 - SR S e v 3 40 e 56 v 1) C-NTE, IR T
PANI/CSF A SR 40 W0 i R FRL IO AFAE, XS LA MR SE R — 8. LR RAFE I 7 & & MR %
MAEAE, FEHRREN LTI
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Figure 2. (a-d) SEM images of PANI/CSF with different magnification
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Figure 3. (a) Infrared absorption spectrum of PANI/CSF; (b) Raman spectrum of PANI/CSF
E 3. FRMAEERTRBRER AR LGNRNEIEEER

3.2. PANI/CSF E4M AT pH B FHEMAIERERR

LA PANI/CSF & MBS TAEHM, Ag/AgCl WS LR, FIF LAk 27 T AE Sl I 5 7 H Al 2 )
(1) L3 22 B VA pHL B 128 Ak R SR AR 78 L% pHL i SV R o 14] 4(a) /2 FBA BB VA VR pH 284y me 97 i 2k
WEATR, FEERR pH 3 204 % 4.76, 6.56, 8.14, 9.74 F1 11, Xt EHEES pH 228 R #
MU, IXGERR, TERRTEAET, PANI Wl HY, HORSEMERE AL gl 14k, IG5l & 1 HAL ek
A, [FRE, TERCPEEICH, PANT IR HgE b A, RAE R FAREfE . M5 HT M) pH (B LA Hh
R 4b) o, PEMLA TN E =-0.05051 pH + 0.60112 (R* = 0.988), iXEMA pH A3 £ 11 HIX
], HALX pH HHEA RIFIELIER R, HARBEN 50.51 mV/pH.

ik — R IT PANV/CSF 124 pH A& 35 (1735 me K2 (8], % PBS ¥ pH {E H 4.28 i & % 6.86,
TR AL SR A28, S5 R 4(c)Fr, HBALHIL pH A 4.28 X1 0.3800 V F %% pH N 6.86
HFREF 0.2241 V, WS A] Ay 71 s, B LATH S0 HL S 2w 2 1) Ay 27.52 s/pH.e ] 4(d) g 815 P Ik ith 25 1
PBS A pH {EH2EH 9.35 FEZE 7.05, 5.58, 3.08, ARJEHH 3.08 iZLTHHE 9.40, &l —/MEH,
SRS A pH B R S H A, B AT A S MHIE pH FRIHRALHF R R AE RN, XRHT
PANI/CSF £ pH & B&&% HA R4 i[5 m] 52 .
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Figure 4. The performances of PANI/CSF based pH sensor (a) potential response at different pH levels; (b) the linear fitting
curve of potential to pH values; (c) response time test; (d) potential response in a cycle of pH ranges

[ 4. £F PANI/CSF # pH & BRI REFRAE (a) R pH ERIEBAINRL; (b)ERALS pH ERINARILL; (NIRRT B
s (d)— pH BRI AR ER LG K2

BT RMEVEEL REE . N AR RS S, R MRV AR B E R E E R AR . R AR
fiT%f [H—/™ PANI/CSF pH f&/&%%, 7F 4 MAEM pHAE F, ralicsk THAE 1, 3, 5, 7 RWHEEWN,
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—EMIRRETE . NIk B 2 AR N, X3 1% pH ARIBE & —@ MM, N THRAHERAZE
PE pH FEEWTF R, FRATFE PANI/CSF Ab-F IEFRAF — 2 2 RS F T TIES M. & 5(b)FR
PANI/CSF pH &S 7EW FORS PRI AIA pH EALMEM A L, NEFTLAE, EFRET
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Figure 5. The stability and flexible tests of PANI/CSF based pH sensor (a) the potential response at different pH levels in a
week; (b) the linear fitting curve of potential to pH value under normal state and bending state
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