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Abstract

The platinum nanoparticles/carbonized silk fabrics (Pt/CSF) composites were successfully fabri-
cated by uniformly loading Pt nanoparticles by chemical reduction method on the surface of the
CSF used for nonenzymatic and flexible glucose sensor. The carbonized silk fabrics showed good
conductivity, flexibility and stability. After loading Ptnanoparticles, the fabricated Pt/CSF compo-
sites showed high detection performance without enzyme. It had a wide linear range from 7 uM to
8.5 mM and low detention limit of 7 pM. This method indicated a great prospect for nonenzymatic
and flexible sensors.
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Vet 7] 0 WAL AL R B R 0, —LebP R dE 51 48 (8] [9] (B4 Pt, Au, Ag, Pb). &J&
EAR[10] [11] (B0 Co Oy, Fe,O)HIAETAJE[12] [13] (Bt Cu A Ni)Zn] AL &% . Hrh (P
YRR T A AR ER, 7R A A DL R AL A S 3] 72 R« Chunmei Zhang
SN[ 1417 2 A FLBRER TP 1 38 1 Pt G K FIORLRAS U 767 & 0%, &I FR A 0.1 mM. Siriwan Nantapho %5
A[15]38E %5 Au A1 Pt PTG , )25 1 B8 R 1) PYAWBDD Hi & FEL %38 o HOR Pt 9Kk A
B AT, AR 5 R A B SR B G BR 1 FLAE AR WA I8 S ) B

FVEAL AR (1) £ K 22 S0 Pl AR Ge i J7 VR0 an 22 WX ERRIEE AR [16] BRI R B AR AR [17] 8 78 2 R R
RNV —Z&E, ZLZEEHFEGTTHERNES. iz TR R, Tt kL.
Bt ZAF RO, HIR GRS, & R AP B SCHE R M B A R PR S8 A e B A 2 R 18],
DAASHIE 53 32 FH Ak 20 i v 7 PR {8 3RE M 75 i 1k 22 715 (Carbonized silk fabrics, CSF)ZR [ #)5) 53/~ Pt
K RTURL ] % 76 20 W AL IR

AT T )% (R R AR FIURL B X, 22 AT (PYUCSF) 2 14 AR B 2 W A% R3S, Pt AR UKL IS 50 14 43 BUCE B AL
AT RBA FIRIG, i) & R ] 2 2 P . JE I Ak TAE S HR 78 PUCSF 81 &7 8 (i B PR g, 45
AR HIAE R PYCSF A% AR AE 1A B 1% 100 0] 81 &7 0 BT RGP AL I e, B BUR AR AR FR (7 pM)
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Figure 1. Schematic illustration of the fabrication process for flexible Pt/CSF

1. Pt/CSF #HIBIHI &R FE

TR 22 A B £« B —3 15 em x 5 om T LUATRIR 73 0 R RS oK S REEE AR B ¥R 10 738, 28
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Figure 2. (a) Digital image of Pt/CSF in flexible state; (b) Digital image of Pt/CSF weaved
into the textile; (c)-(e¢) SEM images of the Pt/CSF;(f) TEM image of the Pt/CSF

[ 2. (a) PUCSF BAREVZSHIIRZASE; (b) PUCSF BARRABIAMHHEF; (o~() &
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) Pt AR MURL I (111) (200) (222)fT 5 THI[20]. LEAL, HARBP R B S R n] il ik A 2= B AT B (EIS) i 7T
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[ 7] LA R AR #4578 HL B (Rer)» 38 Zview A HUA T PYCSF AR FHPLE 973 2 PYCSF #RHT Rer
4 300 Q, CSF MR Rer A 515 Q, UEHATE CSF KM 54K Pt 4K BN LA J5 5 BB R 5 Bt B R 4
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T SETE 0.1 M PBS (PH = 7.4) W I8 IR Z35(CV) I FL PYCSF HUARA B AL 22 B . 72 &
5 mM # & HER) PBS 1, LA 50 mV/s FFAREE A 5T 7 PYCSF Al CSF 1) CV M2k (] 4(a) NE ] LLE
i, FRAl) CSF XTI AT MERA N, fE5E T Pt 9KBRILLSS, PYCSF IR RL 8 2 A R 4T 1
RitEfe, H OV &I =N, EERBERERET, £-0.2 V0.1V (vs. Ag/AgClHLHA T ML R
ANBABR HLIRIE, FE-0.2 V AL EE — N SH AR U4 2 HH T PRI 2 T 4 267 40 P W B g R, AT E PY/CSF 3R T
TR AR B R T A, Mt R AR DR, R PR R TR E 0.3 VI HLE N 4 Pt-OH Bl Pt-O %
fR[21] [22]. fESEHAFRT, 7£-0.05 V ALHIL—ABAMRIE, Z0g 5 i 3R AU B = P R R 5
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Figure 3. (a) The XRD pattern of the Pt/CSF; (b) The electrochemical impedance spectra
of the Pt/CSF and CSF in 5 mM [Fe(CN)6]>"*" solution
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Figure 4. (a) Cyclic voltammetry of Pt/CSF and CSF electrode in PBS solution contained 5 mM glucose at a scan
rate of 50 mV/s; (b) Cyclic voltammetry of the Pt/CSF in PBS solution contained 1 mM glucose with scan rates
ranging from 50 - 450 mV/s; (c) Calibration plots of the redox peak currents (I, & I,;) from the Pt/CSF with the
square root of the scan rates; (d) Amperometric response of Pt/CSF electrode to glucose at different voltages

[ 4. (a) PYCSF LA K CSF MRESE 5 mM BEEFERY PBS A& 7E 50 mV/s 3R TAEY CV Bk ; (b) PYCSF
MRESE | mM BEFER PBS iR RFE 50~450 mV/s FRIFERTHI CV fiLk; (o) IEERMITRF SR
LMlaHhs; () AEITIERETRERMNE
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Figure 5. (a) Amperometric responses of Pt/CSF to addition of glucose in PBS solution at 0.5 V, the inset picture is the am-
perometric response of Pt/CSF to the low concentration of glucose; (b) Linear calibration curve of i-t currents to glucose
concentration

[ 5. (a) Pt/CSF EEARXTEEHER) i-t BHZk, #EEJ PYCSF BAHEREEERMNERIA; (b) RN SEEHER
ERZ& M &z

PURMBR(AA) JRER(UA) FEME. 22 ZF0E R0 FL0E S50 0 AT 565780 2708 A7 0 T Pt Fi A 27 81 26 A% ek
PROVRINAT Ay, DRI B R 2 110 80 260 0 A SR 88 122 7 A7/ I S ) R PO 5 . A A R A 0 L 3 25 7K
-, AHFFCIE LR I A PE(L mM), FERE0.1 mM), AA (0.02 mM), UA (0.02 mM), Z2£4#(0.1 mM)
FIFLFEO.1 mM)IFTHLIA i-t ’IZKWT 5T PYCSF HIEFEPE U1 & 6(a) B, TEASINFEIEIRE S, 7T DO S22 & (1)
LA N, I FLH A bl H A T S s n i B 234 0, R B PYCSF HIARON R T LA R A (i 4%
PEo SEBR b, BT Pt PUORBURI AR 2 SRR I —HE, HUARTE 0.5 V BEXT AAL UA G — 52 1
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N T VEAL PYCSF HEIA R E 1, FATINK 1 HARAEHE 50 mV/s (4 5E %2 T 1 CV 2 an &l 6(b),
20k 100 MEFE, VEE RGEREE LT RA B . R PR R AT B SR 1 A A R I MR AR AR AR
BATR T [F—A PYCSF HEARAE S 1 mM &4 PBS ¥ UH AN F S RS R CPIE, 8200 dh i ]
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Table 1. Performance comparison of glucose sensor based on Pt nanoparticles

= 1. BT ptEUHEE L RS TIEXL

op AR PR (uM) 2R P REE (LA/uMem?) 2 3Lk
Pt-HCS 100 0.3~10 mM. 10~50 mM - [14]
Pt-MWCNTS/CSF 50 0~5 mM 288.86 [18]
rGO-Pt-GOx-Nafion 197.2 0~31.75 mM 5.67 [23]
Pt/Au/BDD 7.7 0.01~7.5 mM - [15]
Pt/CSF 7 0.007~8.5 mM 28.39 ATAE
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Figure 6. (a) Amperometric response of Pt/CSF to 1 mM glucose, 0.1 mM sucrose, 0.02 mM AA, 0.02 mM
UA, 0.1 mM maltose and 0.1 mM lactose; (b) The CV curve of the Pt/CSF in PBS at a scan rate of 50 mV/s
for 100 cycles; (c) The CV curves of the Pt/CSF under different bent conditions at a scan rate of 50 mV/s; (d)
The picture of the Pt/CSF electrode under a slightly bent

[& 6. (a) T340 Sucroses AA. UA. Maltose. Lactose. glucose FIEERMIRININ; (b) PYCSF EETE
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A M ZRAS I R BdE 45 R B S5 2 T, [BIUCRZTN 93.19%~102.73%, FXTFRdEImZE /N, KT 4.23%. 45
RRI, Pl (02T PUCSF [ Ak 2% A% 38w T A 52 B ot e (0 860 267
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Table 2. The detail results of the Pt/CSF electrode determine glucose in human serum samples

5% 2. Pt/CSF HR7E A LI BN EE TR 1R

FEA IR B (mM) R AR B (mM) R (%) W2 (%, N =3)
1 5 5.06 101.19% 1.63%
2 10 10.27 102.73% 4.23%
3 15 14 93.19% 1.06%
4. &g

AWEFE, FARE T AR A LR, RSB 22 A R AR R, s L

EJFFAERRAC AT R T 5 R A8 Pt GOKBURL. BTl 55 1K) PYCSF R 4 B AL K B3 77 M 261 R Xt
HIEPRE N R RE BT, BB AL T (7 pM 2 8.5 mM), ARAIAS IR (7 pM)ZEAL 55, [FlB Pt/CSF
fE IR A R AP AR e M D G R RS e M, T N T M T o Sl i ) 2 A A L — 2 1

I o
S
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21572132)F_Eilg M RFER AR ZE R 2 (16JC1400703)  /E 3 1 BG83 RS2 AES 20 B A O Al B i 52 8 K
ek B AR S 23 (AEMD) (A RHRAE .

SE

(1]

(9]

[10]

(11]

Gao, W., Emaminejad, S., Nyein, H.Y.Y., et al. (2016) Fully Integrated Wearable Sensor Arrays for Multiplexed in
Situ Perspiration Analysis. Nature, 529, 509. https://doi.org/10.1038/nature16521

Wang, L., Wang, L., Zhang, Y., et al. (2018) Weaving Sensing Fibers into Electrochemical Fabric for Real-Time
Health Monitoring. Advanced Functional Materials, 28, Article ID: 1804456. https://doi.org/10.1002/adfm.201804456

Cai, W., Lai, T., Du, H., et al. (2014) Electrochemical Determination of Ascorbic Acid, Dopamine and Uric Acid
Based on an Exfoliated Graphite Paper Electrode: A High Performance Flexible Sensor. Sensors and Actuators B:
Chemical, 193, 492-500. https://doi.org/10.1016/j.snb.2013.12.004

Kirangan, K.D., Aksoy, M. and Topgu, E. (2018) Flexible and Freestanding Catalase-Fe;O4/Reduced Graphene Oxide
Paper: Enzymatic Hydrogen Peroxide Sensor Applications. Materials Research Bulletin, 106, 57-65.
https://doi.org/10.1016/j.materresbull.2018.05.032

Lin, S., Feng, W., Miao, X., et al. (2018) A Flexible and Highly Sensitive Nonenzymatic Glucose Sensor Based on
DVD-Laser Scribed Graphene Substrate. Biosensors and Bioelectronics, 110, 89-96.
https://doi.org/10.1016/j.bios.2018.03.019

Lee, H., Hong, Y.J., Baik, S., ef al. (2018) Enzyme-Based Glucose Sensor: From Invasive to Wearable Device. Ad-
vanced Healthcare Materials, 7, Article ID: 1701150. https://doi.org/10.1002/adhm.201701150

Zhao, Y., Fan, L., Hong, B., ef al. (2016) Nonenzymatic Detection of Glucose Using Three-Dimensional Pt Nanoclus-
ters Electrodeposited on the Multiwalled Carbon Nanotubes. Sensors and Actuators B: Chemical, 231, 800-810.
https://doi.org/10.1016/1.snb.2016.03.115

Shim, K., Lee, W.C., Park, M.S., et al. (2019) Au Decorated Core-Shell Structured Au@ Pt for the Glucose Oxidation
Reaction. Sensors and Actuators B: Chemical, 278, 88-96. https://doi.org/10.1016/j.snb.2018.09.048

Shen, C., Su, J., Li, X., et al. (2015) Electrochemical Sensing Platform Based on Pd-Au Bimetallic Cluster for
Non-Enzymatic Detection of Glucose. Sensors and Actuators B: Chemical, 209, 695-700.
https://doi.org/10.1016/j.snb.2014.12.044

Chung, J.S. and Hur, S.H. (2016) A Highly Sensitive Enzyme-Free Glucose Sensor Based on Co;0, Nanoflowers and
3D Graphene Oxide Hydrogel Fabricated via Hydrothermal Synthesis. Sensors and Actuators B: Chemical, 223, 76-82.
https://doi.org/10.1016/.snb.2015.09.009

Vennila, P., Yoo, D. and Kim, A.R. (2017) Ni-Co/Fe;0,4 Flower-Like Nanocomposite for the Highly Sensitive and Se-

DOI: 10.12677/ms.2019.911122 991 PR R


https://doi.org/10.12677/ms.2019.911122
https://doi.org/10.1038/nature16521
https://doi.org/10.1002/adfm.201804456
https://doi.org/10.1016/j.snb.2013.12.004
https://doi.org/10.1016/j.materresbull.2018.05.032
https://doi.org/10.1016/j.bios.2018.03.019
https://doi.org/10.1002/adhm.201701150
https://doi.org/10.1016/j.snb.2016.03.115
https://doi.org/10.1016/j.snb.2018.09.048
https://doi.org/10.1016/j.snb.2014.12.044
https://doi.org/10.1016/j.snb.2015.09.009

N
Zo
4

(19]

[20]

lective Enzyme Free Glucose Sensor Applications. Journal of Alloys and Compounds, 703, 633-642.
https://doi.org/10.1016/j.jallcom.2017.01.044

Li, H., Guo, C.Y. and Xu, C.L. (2015) A Highly Sensitive Non-Enzymatic Glucose Sensor Based on Bimetallic Cu-Ag
Superstructures. Biosensors and Bioelectronics, 63, 339-346. https://doi.org/10.1016/j.bi0s.2014.07.061

Xu, J., Xu, N., Zhang, X., et al. (2017) Phase Separation Induced Rhizobia-Like Ni Nanoparticles and TiO, Nanowires
Composite Arrays for Enzyme-Free Glucose Sensor. Sensors and Actuators B: Chemical, 244, 38-46.
https://doi.org/10.1016/j.snb.2016.12.088

Zhang, C., Zhang, R., Gao, X., et al. (2018) Small Naked Pt Nanoparticles Confined in Mesoporous Shell of Hollow
Carbon Spheres for High-Performance Nonenzymatic Sensing of H,0, and Glucose. ACS Omega, 3, 96-105.
https://doi.org/10.1021/acsomega.7b01549

Nantaphol, S., Watanabe, T., Nomura, N., ef al. (2017) Bimetallic Pt-Au Nanocatalysts Electrochemically Deposited
on Boron-Doped Diamond Electrodes for Nonenzymatic Glucose Detection. Biosensors and Bioelectronics, 98, 76-82.
https://doi.org/10.1016/1.bi0s.2017.06.034

Bao, Q., Yang, Z., Song, Y., et al. (2019) Printed Flexible Bifunctional Electrochemical Urea-pH Sensor Based on
Multiwalled Carbon Nanotube/Polyaniline Electronic Ink. Journal of Materials Science: Materials in Electronics, 30,
1751-1759. https://doi.org/10.1007/s10854-018-0447-5

Lee, K., Kim, J., Park, G., et al. (2017) Feasibility Test of a Liquid Film Thickness Sensor on a Flexible Printed Circuit
Board Using a Three-Electrode Conductance Method. Sensors, 17, 42. https://doi.org/10.3390/s17010042

Chen, C., Ran, R., Yang, Z., et al. (2018) An Efficient Flexible Electrochemical Glucose Sensor Based on Carbon Na-
notubes/Carbonized Silk Fabrics Decorated with Pt Microspheres. Sensors and Actuators B: Chemical, 256, 63-70.
https://doi.org/10.1016/j.snb.2017.10.067

Wu, Y.S., Wu, Z.W. and Lee, C.L. (2019) Concave Pd Core/Island Pt Shell Nanoparticles: Synthesis and Their Prom-
ising Activities toward Neutral Glucose Oxidation. Sensors and Actuators B: Chemical, 281, 1-7.
https://doi.org/10.1016/j.snb.2018.10.042

Lu, F., Zhang, C., Cheng, J., et al. (2018) Ball-Like Pt Nanoparticles on GO-Modified Carbon Fiber Cloth with High
Electrocatalytic Activity for Methanol Oxidation. International Journal of Electrochemical Science, 13, 9007-9016.
https://doi.org/10.20964/2018.09.67

Dhara, K. and Mahapatra, D.R. (2018) Electrochemicalnonenzymatic Sensing of Glucose Using Advanced Nanomate-
rials. Microchimica Acta, 185, 49. https://doi.org/10.1007/s00604-017-2609-1

Wang, G., He, X., Wang, L., ef al. (2013) Non-Enzymatic Electrochemical Sensing of Glucose. Microchimica Acta,
180, 161-186. https://doi.org/10.1007/s00604-012-0923-1

Pu, Z., Tu, J., Han, R., et al. (2018) A Flexible Enzyme-Electrode Sensor with Cylindrical Working Electrode Mod-

ified with a 3D Nanostructure for Implantable Continuous Glucose Monitoring. Lab on a Chip, 18, 3570-3577.
https://doi.org/10.1039/C8LC00908B

DOI: 10.12677/ms.2019.911122 992 PR R


https://doi.org/10.12677/ms.2019.911122
https://doi.org/10.1016/j.jallcom.2017.01.044
https://doi.org/10.1016/j.bios.2014.07.061
https://doi.org/10.1016/j.snb.2016.12.088
https://doi.org/10.1021/acsomega.7b01549
https://doi.org/10.1016/j.bios.2017.06.034
https://doi.org/10.1007/s10854-018-0447-5
https://doi.org/10.3390/s17010042
https://doi.org/10.1016/j.snb.2017.10.067
https://doi.org/10.1016/j.snb.2018.10.042
https://doi.org/10.20964/2018.09.67
https://doi.org/10.1007/s00604-017-2609-1
https://doi.org/10.1007/s00604-012-0923-1
https://doi.org/10.1039/C8LC00908B

	Pt Nanoparticles/Carbonized Silk Fabric Composites for Flexible Electrochemical Glucose Sensor
	Abstract
	Keywords
	铂纳米颗粒/碳化丝布用于柔性非酶的电化学葡萄糖传感器
	摘  要
	关键词
	1. 引言
	2. 实验
	2.1. 电极材料制备
	2.2. 电极材料的结构表征和性能测试

	3. 结果与讨论
	3.1. Pt/CSF复合材料的结构表征
	3.2. Pt/CSF复合材料对葡萄糖响应的电化学性能表征

	4. 结论
	致  谢
	参考文献

