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Abstract In this study, the functionalization of a tapered optical fiber using graphene oxide is monitored in real time by a
chaotic correlation fiber loop ringdown system, and hemoglobin sensing is achieved experimentally with the functionalized
graphene oxide tapered optical fiber as the sensor element. The functionalization of the tapered optical fiber surface using
graphene oxide can be divided into hydroxylation, silanization, and graphene-oxide deposition. The effect of transmission
loss 1s analyzed during functionalization according to the change in the ringdown time. The functionalized tapered optical
fiber is tested via scanning electron microscopy. Moreover, the sensitivity of hemoglobin sensing is evaluated using
different concentrations of graphene oxide in the functionalization process. The experimental results show that the
functionalized tapered optical fiber exhibits a considerable increase in sensitivity by an order of magnitude compared with
the unfunctionalized tapered optical fiber. The sensitivity of the functionalized tapered optical fiber is influenced by the
concentration of graphene oxide during functionalization; sensitivity increases with concentration. These results can
potentially be applied in the field of biosensing.
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Fig. 1 Experimental setup of chaotic correlation fiber loop ringdown system
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Fig. 2 Characteristics of chaotic fiber laser. (a) Spectrum; (b) time series
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Fig. 3 On line and real-time monitoring of graphene oxide

deposition process
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Fig.4 Scanning electron microscope (SEM) images of graphene oxide functionalized tapered optical fiber. (a) Graphene oxide

functionalized tapered optical fiber; (b) surface of graphene oxide functionalized tapered optical fiber; (c) enlarged SEM image of

graphene oxide

T HEI e £ P i T — J= 20 Y A A 2206 15
SA A AT 2 M TR 0 JRE J3E W AAR IR SR T A 22 0 T R B vk
JEE A AR AT A Y, — Mok UL, 7 B A S 0 T
AT ARG BB B A SR
3.2 SUBARHEIRELERLTEREE

A S b e T G T AR AL ST A S AR
R SOCL H G RGE T B HEIR LT IR A L E T
KR 3 OC2 % Hh B3R O B9 11 AR ¢ 535 Hh 2k
Kl 5Ca) iz, T LA R B SOL B9 A1 A5G 52955 it 42
— R B S W, D A AT AR i 2 () Y I ] ) B
37 ns, XN S O LRI K E N 7.54 m, v A

1.0 <(a) o peaks
exponential fit

g 0.8 H t=37ns y=0.972exp(—/77.869)+0.024
_g R=1
g 0.6
£ 04
[=]
]

0.2

0 50 100 150 200
Time /ms

77.88 nso LU I 2T A S WA R 1Y £ B K
B ), X6 A [R] e B 1 2T 8 1 3 YR AT A I, g vk )
TR 25 B8 7K ol e A% SRR O A BUR 3 35 ) ) B i 2T 2
FR R AR A an 5] 5(b) [ 7, Bl 2 I 21 2 1 v B 1) 34
T, 3 5 B TR AR R W s e LA B R 0. 925, &
B Ab B 45 K 6 (a) B s, I R R Gk F)
0.400 ps '(mg/mL) ' ¥ 0.5 mg/mL & 1k 1 8504 I
A Z 5 B HETE O 274 S A BT 4 51 A BIE WA G
SR EG RGP, BEEZ A0 &, 2L mE6(b)
B, 0 RO K #) 1,059 s '(mg/mL) ', 5 R
REALHEIE LT A HL , RBUE 4R T 2. 6545,

180t
* e experimental results
> linear fit
2 7I5) "
4]
g 7o}
2 765}
5’ .
T60F  y=-2.4320+77.72 BN
R=0.925 -
55 "

0 0.2 0.4 0.6 0.8 1.0
Concentration /(mg-mL™)

BI5  HEROCL AL IR RE - () 1A OG 58357 il 2k 5 (b) 357 o 18] 1M 20 35 P9 9% B2 19 72 Ak 56 &

Fig.5 Sensing performance of tapered optical fiber. (a) Autocorrelation ringdown curve; (b) relationship between hemoglobin

concentration and ringdown time
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Fig. 6 Sensing performances of unfunctionalized tapered optical fiber and graphene oxide functionalized tapered optical fiber.
(a), (c) Unfunctionalized tapered optical fiber; (b) 0.5 mg/ml. graphene oxide functionalized tapered optical fiber; (d) 1 mg/mL

graphene oxide functionalized tapered optical fiber
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Table 1 Comparison of sensing performances among different hemoglobin sensors
Type of sensor Sensing unit Sensitivity Reference
Electrochemical sensor Nanoparticles modified electrode 0.17mA/(mg-mL™") [24]
Optic fiber sensor D-shaped photonic crystal fiber 0.83nm/(g-L ") [25]
Optic fiber sensor Micro-tapered long period fiber grating 2nm/(mg-mL ") [26]
Optic fiber sensor Tilted fiber Bragg gratings 8.144 nm/(mg-mL™") [27]
Optic fiber sensor Graphene oxide functionalized tapered optical fiber 8.917 ps™'/(mg-mL™") Proposed
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