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Abstract An optical fiber sensor based on metal-organic frameworks (MOFs) was designed and fabricated. It
consisted of a section of no-core fibers (NCFs) spliced between two single-mode fibers (SMFs) and a ZIF-8 nanofilm
coated on the surface of the NCFs with the in-situ crystallization. When an optical signal was coupled from SMFs
into NCFs, a variety of high-order modes were excited and multimode interference took place. The interference
result was exceptionally sensitive to changes in the refractive index of the environment surrounding the NCFs. The
porosity of the ZIF-8 material and its specific adsorption ability for ethanol molecules were availed. The adsorbed
ethanol molecules filled the pores of the ZIF-8 nanofilm, which resulted in changes in the refractive index of the
nanofilm and the condition for multimode interference in the NCFs. Consequently, shifts in the transmission
spectrum occurred. Trace ethanol in an aqueous solution was thereby detected. The experimental results show that
the sensor has a sensitivity of 1.3 nm * %' and a lower detection limit of 1% (ethanol/aqueous solution, volume
fraction). The proposed optical fiber sensor, with a simple structure and being easy to prepare, can be applied to
the detection of trace organic molecules in water.
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Fig. 1 Schematic diagram of the optical fiber sensor
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Fig. 2 (a) Model of the SNS fiber structure with ZIF-8 film; (b) distribution of optical field in coreless fiber
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with in-situ crystallization technology
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Fig. 6 SEM photos. (a) Cross-sectional view of the fiber without ZIF-8 film; (b) cross-sectional view of the fiber with

ZIF-8 film; (c) further enlarged cross-sectional view of the fiber; (d) side view of the fiber with ZIF-8 film
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Fig. 8 Transmission spectra of the sensor in deionized water and ethanol solution without or with ZIF-8 film on coreless fiber

surface. (a) Transmission spectra of the sensor without ZIF-8 film; (b) transmission spectra of the sensor with ZIF-8 film
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Fig. 9 Transmission characteristics of the sensor in different volume fractions of ethanol solution. (a) Transmission spectra

(simulation result); (b) transmission spectra (experimental result); (c) comparison of transmission peak offset

between simulation and experimental results

G TR V1 7 A A A B A SRR R AR 1Y)
AT EARAR N T RE G E AL RS A i VR B2
FEPE S 43 IR TR O 190.3%.5 % 1 10 %
1) TR VR T A i 114 i 7 i R] R 52 B ) s 3000 3
SEFANE 10 PR AL IR IR B E0C 19011
T LTV B T R B ] 24908 1 min, R & B E] 2
3 min, B B £, BEEAR R0 B0 BET , A% TR 1 i)
O st T R 52 sf [ A iz i, XoF A6 001 R, AR 43
A 1090 B BV W IT e Wil o7 BF [R] 2987 6 min, Pk
FEFRIZ) 7 min, L, 3 F ZIF-8 40K #E Y
SNS HLFA& B HLAT B 1y i o K A2 e

SR FH R A% TR I 2 R 1T R 2 A2 B3
SRR RSE I, SRy T A 2O A A B R 1
BRI L SR BUAR TR BON 10 %0 By 2BV W g I )
G2 BRI R ol R P s T A TR EE L 4 )
I TEFRESIEE N 25 °C .30 °C .40 C.50 ‘CHI 60 C
A4 JERee 28 B IR 2 SR AR 11 R . Bl 2R
B R BE AN TH 5+ 375 5 3 1) 325 S 0 2 3 i 1 K D
KI5 ks . X J& i T ZIF-8 4 K i s Xt 2, B4y 1
PR S 2 I 2 T 5 A 88 0 T 4 B AT 51
ZIF-8 YK RS 7 A T8 R A 3 5 3R AR Ak, A% 888 %
TR BE AR R EEPE R 0. 11 nm/°C . I, FEIZOG A%

2328002-7



PRI

[ —— 1% ethanol
1564 3 ethanol

=] ——5% ethanol

£ ——10% etha.no}/\

< 1560

0 s \

5 [

9} \\

£ 1556 \

z \

'x \

g

S 1552} \

0 5 10 15 20 25 30
Time /min
(&1 10 A& BARAE A [RIARFR S0 0 2 B i v i i Joz K 52 i)
Fig. 10 Response and recovery time of the sensor for

different volume fractions of ethanol solution
JE A e FH A R v T B IR R MR AT R RIS oy
NG B S O BEAR RS BRI W S A SR it
T,

il
/" ——in 10% ethanol at 25 'C
‘. 47/ = = in10% ethanol at 30 'C
C4s - - - -in 10% ethanol at 40 'C
—-— in 10% ethanol at 50 ‘C

Transmission /dB
&

—-16+} ) ) -+~ in 10% ethanol at 60 C
1500 1520 1540 1560 1580 1600
Wavelength /nm

11 AR T AZ A e TR EC 10206
R B
Fig. 11 Transmission spectra of the sensor immersed in a 10%

(volume fraction) ethanol solution for different temperatures
:,: N
4 én ©

AW IF 5 T — R T G R A LA
ZIF-8 ZR IR A BARE-JIG ES- FRLSEG 2 A% Tt 1)
ZIF-8 B4} 22 L1 FONS 215 53 18 S M R A g
T W B 253 I 1 Z1E-8 4 K RS PR L B o
PRSI I ES LY T E R A NITE G WS )
TR S ECLE SR R A WS B T
K o S EERAGI  SEER MBI AE SRR I
& CTARTROI B I BT 1L K A 2178 1A% IR
R KPR P A R AR AR SRS I iR T 3k
1%, REEWE 1.3 nm « %6 1IP0I B A i L
WRAZHENE . A 5 HAt B SR AS I 7 i A L
SRR B BB 7R 7K P fc A AL A D D7 T EAT
— 7 AN TR 5

Z % X #

[1] Turner J A. A realizable renewable energy future[]].

(2]

(3]

[4]

(6]

(7]

(8]

(9]

[10]

[11]

2328002-8

5 413 523 H3/2021 £ 12 A/RF2E
Science, 1999, 285(5428): 687-689.
Luo DX, HuZS, Choi DG, etal. Life cycle energy
and greenhouse gas emissions for an ethanol
production process based on blue-green algae []J].
Environmental Science &. Technology, 2010, 44
(22): 8670-8677.
Zhang K, Lively R P, Dose M E, et al. Diffusion of
water and ethanol in silicalite crystals synthesized in
fluoride media [J]. Microporous and Mesoporous
Materials, 2013, 170: 259-265.
Wang L. Studies on methods for determination of
ethanol and trace element content in the blood [D].
Changsha: Central South University, 2013.
A M h OB R o T R S R E R AR
[D]. Kib: PhEgRY, 2013.
Wong C L., Dinish U S, Schmidt M S, et al. Non-
labeling multiplex surface enhanced Raman scattering
(SERS) detection of volatile organic compounds
(VOCs) [J]. Analytica Chimica Acta, 2014, 844:
54-60.
Harraz F A, Ismail A A, Bouzid H, et al. Electrical
porous silicon sensor for detection of various organic
molecules in liquid phase [J]. Physica Status Solidi
(a), 2015, 212(8): 1851-1857.
Nagarajan V, Chandiramouli R. Borophene nanosheet
molecular device for detection of ethanol-a first-
principles study [J]. Computational and Theoretical
Chemistry, 2017, 1105: 52-60.
Hu Y L, Wang H'Y, Zhang L., et al. An improved
method for determination of a small quantity of
alcohol in serum with the alcohol dehydrogenase[]J].
Chinese Journal of Health Laboratory Technology,
2008, 18(1): 47-48, 106.
R, EEGHE, 5K o, 55 MR CE AR E
PR QL] b E AR, 2008, 18
(1): 47-48, 106.
Mo Y H, Xue ] C, Zeng X B. Application of rapid
detection technology in determination of trace ethanol
in soy sauce fermentation [J]. China Condiment,
2018, 43(4): 187-190, 194.
T, B, /N DRSHUR DB R AR 6 v R
e S B DU N sk ). e [ R R
2018, 43(4): 187-190, 194.
LiJ R, Sculley J, Zhou H C, et al. Metal-organic
frameworks for separations[J]. Chemical Reviews,
2012, 112(2): 869-932.
Park K S, Ni Z, Cotée A P,

chemical and thermal stability of zeolitic imidazolate

et al. Exceptional

Proceedings of the National
of the United States of
America, 2006, 103(27): 10186-10191.

frameworks [ J ].

Academy of Sciences



[12]

[13]

[14]

[16]

[17]

[18]

[19]

ARIL L
Wu H, Zhou W, Yildirim T. Hydrogen storage in a
prototypical zeolitic imidazolate framework-8 [J].
Journal of the American Chemical Society, 2007, 129
(17): 5314-5315.

Wang D W, Li Z W, Zhou J, et al. Simultaneous
detection and removal of formaldehyde at room
temperature: Janus Au@ ZnO @ ZIF-8 nanoparticles
[J]. Nano-Micro Letters, 2017, 10(1): 1-11.

Gao Q L. Research and application on single-multi-
single mode fiber structure [D]. Harbin: Harbin
Engineering University, 2009.

RS . AR R R R 25 1) B 5 5 N T
[D]. ME/REE: ME/RUEE TR, 2009.

Han L, Shao M, Sun H N,
characteristics of in-fiber Michelson interferometer
based on multimode interference [J]. Laser &
Optoelectronics Progress, 2019, 56(17): 170628.
whsE, W, IME D, AF. RTFEEITWMELAD
P e AT AR IR U] O S5Otk ¥4
PR, 2019, 56(17): 170628.
Guo CY, Wang DD, Mu C L.

fiber sensors based on graphene/graphene oxide[]].

et al. Sensing

Progress on optical

Laser & Optoelectronics Progress, 2020, 57 (15):
150003.

SR, £UE, BRIk, ETA84/80A &0
HOLLH R et (] WOt 5ot T o7 i,
2020, 57(15): 150003.

Zhang H R, Zhou C M, Fan D, et al. Fiber cavity
ring-down refractive index sensing method based on
frequency-shifted interferometry [ J]. Laser &
Optoelectronics Progress, 2019, 56(17): 170627.
SIS, FIREL, J, SF. OSGEFER T R G T
SERGIROT IR LT . WOt 5oth Fo#E g, 2019,
56(17): 170627.

Zhang Z 1., Gao L., Sun Y Y, et al. Strain transfer
law of distributed optical fiber sensor [J]. Chinese
Journal of Lasers, 2019, 46(4): 0410001.

FAEAK, md, PNHH, S S ROGLT L g AR
feid LA BEJE (1], B Ok, 2019, 46 (4):
0410001.

Kim K J, Lu P, Culp J T, et al. Metal-organic

framework thin film coated optical fiber sensors: a

[20]

[21]

[22]

[23]

[24]

[25]

[26]

2328002-9

5 413 523 H3/2021 £ 12 A/RF2E
novel waveguide-based chemical sensing platform[]].
ACS Sensors, 2018, 3(2): 386-394.

Hromadka J, Tokay B, Correia R, et al. Carbon
dioxide measurements using long period grating

optical fibre coated with metal organic
framework HKUST-1[J]. Sensors and Actuators B:
Chemical, 2018, 255: 2483-2494.

Lu G, Hupp J] T. Metal-organic frameworks as
a ZIF-8 based Fabry-Pérot device as a
selective sensor for chemical vapors and gases [J].
Journal of the American Chemical Society, 2010, 132
(23): 7832-7833.

Yuan H Y. Research on multi-physical monitoring

Sensor

SEensors:

technology based on no-core fiber sensing [D].
Nanjing: Nanjing University of Aeronautics and
Astronautics, 2018.

REGY . BT IEOCL L B 2 ) P BRI
FE[D]. Fat: BRI AT RY:, 2018,

Chen Y F, Han Q, He Y, et al. Study of single
mode-multimode-single mode refractive index sensor
based on no core fiber[J]. Chinese Journal of Lasers,
2013, 40(9): 0905001.

MM &, BRRE, MU, SF BT ORSOLA RS2
P AR R B AR e [T TP oL, 2013,
40(9): 0905001.

Zhao Y, Jin Y X, Jin S Z. Numerical simulation of
spectral transmission characteristics of single-mode-
multimode-single-mode fiber structure[J]. Journal of
China University of Metrology, 2011, 22(4): 349-
355.

BT, A%, At SMS JELT 4 R A A A
BT, hETE R, 2011, 22(4): 349-
355.

Hromadka J, Tokay B, James S, et al. Optical fibre
long period grating gas sensor modified with metal
organic framework thin films [J]. Sensors and
Actuators B: Chemical, 2015, 221: 891-899.

Guo F F. Research on the adsorption of ZIF-8[D].
Beijing: Beijing University of Chemical Technology,
2015.

505 . ZIF-8 e Fft e RE P52 [D]. dbut: deatfk
T.R2#, 2015.



