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Fig. 1. Schematics of a TFBG.

2.2 GO-TFBG #%1%&

KM 5K T 9 e K S EEAE A ), e ik
JE4 0.1 mg/mL ) GO LB 8. GO % I
H s M i R, B HAETC K CBEH R 100 1%
B 1 mL ¥ 10 mg/mL ) GO &t~
LT 9 mL JoK OB, FRE 1 mL _FIR o8
FAPECT 9 mL JOK S, A3 81 EE A 0.1 mg/mL

050702-2


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 3B Z 3R Acta Phys. Sin. Vol. 71, No. 5 (2022) 050702

1) GO LB, A T 348 R AR 4218 GO
oK R, B SR AR EE 0 (1000 r/min, 2 min)
JEWCETEW, EE 3K, B HoR T R A GO )
[ A 2 I 2 B 5 P 0 JHE 87 S0 (12000 1/min,
15 min) BURHBUTIE, R 2 e bk LRy
/INRGT GO, TEFEWARTTTE D) Al 345 ROoT AE X 5]
1) GO 94K . FF RN TCK SR, i
FLTEAE K.

A TR (100 W, 13.56 MHz, 7 min) Ab
PRI Si/S10, 1S, SR H KT AE, [ &
RS SE Al T . B 30 uL A9 GO 43 ik i 7
Si/SiO, J R0, # i A SR T @7+ 71 AL
Bt (AFM, KHf2 FM-Nanoview 1000 AFM) F14]
i B T 2 08% (SEM, Hitachi S4800) MWLM H: 3¢ i
e

fif AR A 8°, XA 1 em HLARFiAE 3
PRI K AL T 1560 nm Ay TFBG. 55 3¢
FHIR S AR T 2% TEBG A X 254140 2,
IRIGBICLT il A GO LB B 1 B
12U 10 min. BUHJEAE 40 C FEAE T4 2 h )5,
GO 1] PR i BE LA 2R 1.

SERCR A pH = 7 BYBEFREh 5% vh S MR L B AN
[ ¥ FE i PbCly, CACly, CuCl, R AR, X EEf:
UE T AR AR A U 4 i B Tk B A2 £k, i
R pH B8k, 7RI 2 BRI AR JESE- & v,
TFBG B IX 25 TR A b, DI £ i 7
T T DX SR T, B DR W 5 iR B T
Jeffi ] 1 mL 22 ppig R IX op gk 2 Yk, e hoGE
Rogs, 2RI 0.5 mL fFFM, 5 min
JRie B SOEE. Hie bl TR ARV B 2 = vk
SE BRI

[ it
T TR
FEAGIR ~ Po - @© I

K2 fREsSiRTH

Fig. 2. Platform for sensing experiments.
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Fig. 3. Drying process of GO aqueous dispersion and GO

ethanol dispersion on the substrate.
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Fig. 4. AFM images of the film prepared by (a) GO ethanol dispersion and (b) water-based dispersion; (c), (d) SEM images of the
film prepared by the water-based dispersion.

1 pm 1 pm

K5 (a) GOWBAETH (b) GO R MUE TFBG HIF X KM 62 RAMBEIEIR; (c), (d) GO WRBUS M X K im 1 SEM F1%

Fig. 5. Optical microscope image of the surface of the TFBG grid area (a) before and (b) after GO coating; (c), (d) SEM images of
the surface of the grid area after GO coating.
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Fig. 6. (a) Comparison of transmission spectrum before and after GO coating; (b) transmission spectra of GO-TFBG under differ-

ent concentrations of Cd?*; (c) response of the resonance peak near 1539.5 nm to Cd**; (d) semsor response of GO-TFBG film
formed using aqueous GO ethanol dispersion.
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Fig. 7. Responses of GO-TFBG to different concentrations
of (a) Pb*" and (b) Cu?*.
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Fig. 8. Response of light intensity at 1539.46 nm to differ-

ent concentrations of heavy metal ions. The error analysis is

derived from five GO coating-test-wipe-coating cycles.
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R ORISR TR TR H

Table 1.  Performance comparison of different heavy metal ion sensors.

R HE R
Rt WIR2S BT
dB/(nmol-L 1) dB/(pg'LY) nmol-L pg-Lt
Ph* 0.426 2.06 0.13 0.027
ATAE [ ey Cd* 0.385 3.43 0.16 0.018
Cu?* 0.019 0.03 1.19 0.076
FET3 Ak Pb** 6.274 1.3
TFBG!! SPR Pb? 1.335x103 6.443x10°3 8.56x1073 1.774x1073
TFBGW! SPR Cdz+ 8.897 1
PR T Ph? 24.131 5
TFBGL RS Pb2* 1.036x104 0.5x103 1.207 0.25
TFBG!2 SPR Pb2* 0.1 0.021

G FIR Az ARGt AL A 1 2% TR K 4 R
BT AR TE (P> 10 pg/L, Cd**: 3 ug/L)E.
Bl 2 VR BE A 3G N, A% IR 1) SRR B T AR
GO I LL3d a2 i v AR R 285/ T BRE5
I E SR B, fEmERTE (pH < 5) &4/,
T GO REREM S E, i E25E A FEET )
W 5t 1 FELAar Y B 4R B 24 pH > b A, R
F5E L B T GO 548 B 1 2 [ e £ 11
TE R, BERS 28 A AE T b7 32 5 s 7290 e ah, TR
o 4 @ B A RS R FE GO RS,
GO FRIAIP HL Tk 55, SR B ik B e 1
W B 75 T BE % B U ARSI, GO R R I
TR, [FIRE S (A% RS ) RALEERR MG, ST
Hede e pH = 7 B, [E-7 A TADE BB 2 1 25
Fay BOL FRBLA S 5 iAWl IR B E A R B 4%
&, IHHE GO-IE TR AL BN X W 2402, i HA4x
PRS2 AR R A KRR IR M R B e Rl i
BN INEL . MERESESEE T
B2 45 A, GO R Y HL P2 R AR, [R] B X FH
BFRIECT e, ASch, A ER 15 Tk
TR, R A AR PRI A R A B0 .
1R TASCE OB A [FS5 0 E 4 s
BT R I PERE. GO-TFBG 1445 k4 A % 7 26
M GO RO KT A FIH T GO Ry Hi b~
PRSI FH 2R AR S SRR R A R B T F A
B HARE T GO EiE28 & ARl Al
TR GO WL, fff 49K IS, & GO
A% B 51 BV ER /Al B | T G R S
F 2, RSPS54k R A CE B T b 9ok Ao
W, bHEm TR 1) RAEE . (BRSO T

FRIREAA AN R Z A, FTiRE) GO JER e H i
AWK, BAA DS, FIe 1M X 2
GO TERALE I SR I AR A PERE. FLICI5 K
T A ZMERE T, AREEEFE GO RibfF
TESE AN RN . R RE 1 5B FRR AR G, AN
Al 4@ T4 GO BIZEREIT A Ph* > Cu?t >
Cd*+ > Zn?+ P12 S fIdE R & 48 & T4
e e W B 7E GO T 2435 7K i [|] i A2 7E Cu?t,
CdZt Al Ph2H B i, X Ph2rEs 1 (L itk fsi) 1
M 1 2 B R 145 T S [RIFAAAE. Cu+ il Cd? 5 F-h,
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T5 GO i E5, Wi S ks ity 55 42 i 1.

4 % b
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T, B 1 AR R R PR A 2 AR (] Al e AT
R R I BENLYE, PRUE T 8 1240 2 18] P fig
1) —BCPE . X AS A B A T 25 SR R W], GO-
TFBG % Cu* B By M B AH XTS5, Mk Ph2+Hl
CAZT B T HIRMIFRAA AT 35 1010 mol /L (ng/L &%),
FHIV ) R AUE 43504 0.426F1 0.385 dB/(nmol-L 1)
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Graphene oxide modified tilted fiber Bragg grating for
102 level heavy metal ion sensing”
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Abstract

Graphene oxide (GO) is an ideal label-free sensing material with its super large specific surface area and
abundant surface functional groups. Considering its insulating characteristic, the GO is suitable for optics-based
heavy metal ion sensing. However, given the large surface tension of water and the hydrophilicity of GO, the
agglomeration or wrinkles of GO nanosheets is usually inevitable during coating with aqueous dispersion. This
reduces the accessible surface area and surface functional groups of GO, thereby degrading the sensing
performance. Here, an ultra-sensitive GO functionalized tilted fiber Bragg grating (TFBG) sensor is designed to
detect heavy metal ions in aqueous solutions. Firstly, a strategy of free energy manipulation is employed to
avoid the wrinkles and agglomeration of GO nanosheets. In the scenario of aqueous dispersion, the GO
nanosheets will wrinkle as the water droplets evaporate and shrink. In contrast, using the lower-surface-tension
ethanol as the dispersant and a high-surface-energy substrate processed by oxygen plasma, the dispersion will
evenly spread on the substrate instead of forming droplets. When ethanol evaporates, GO nanosheets are
attached to the substrate in largest possible area to reduce the free energy of the system, by which a GO film
without agglomeration or wrinkles can be obtained. Secondly, the intrinsic sensitivity of TFBG is conducive to
the detection of heavy metal ions in water. Mode interference occurs between the cladding mode and the core
mode in the TFBG, and the wavelength and intensity of the interference are highly sensitive to the surrounding
temperature, stress, and refractive index. Combining the above characteristics, the GO functionalized TFBG is
highly sensitive to Pb?*, Cd?*, and Cu?" ions in water. These heavy metal ions are adsorbed by the GO, and
thus causing the effective refractive index to increase. The results show that the adsorption of heavy metal ions
makes the interference peaks red-shifted in the transmission spectrum. The lowest detection limit for Pb?* and
Cd*" can reach 107'% mol/L (ng/L level), and the corresponding sensitivities are 0.426 and 0.385 dB/(nmol-L )
(2.06 and 3.43 dB/(ug-L')), respectively. These superior sensing performances benefit from the high specific
surface area and accessible carbonyl groups of the unfolded GO, and also rely on the excellent intrinsic
sensitivity of TFBG. The GO functionalized TFBG sensor has a promising potential application in environment

monitoring.

Keywords: titled fiber Bragg grating, graphene oxide, heavy metal ions, surface energy
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