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Fluoride sensitive optical probe of microstructured polymer optical
fiber modified with sol-gel thin film

YANG Xing-hua'* ,PENG Li-rong', TENG Ping-ping”’, YUAN Li-bo', WANG Li-Ii’

(1. College of Science, Harbin Engineering University , Harbin 150001 ,China;
2. Institute o f Harbin North Spetial Vehicle Research , Harbin 150056 ,China;
3. State Key Laboratory of Transient Optics and Photonics, Xi’an Institute of Optics and
Precision Mechanics , Chinese Academy of Sciences, Xi’an 710119, China)

Abstract: An optical fluoride probe was fabricated based on Microstructured Polymer Optical Fibers
(MPOFs) modified by morin-Al complex doped silica gel films. The structure of this probe was based
on microstructured polymer optical fibers with microholes and these microholes could be used as the
substrate of sensing materials and minor reaction pools. The deposition of sensing layer was realized
by a sol-gel process. When the sol doped with morin-Al was inhaled into the optical fiber, the sensing
layer was formed on the inner wall. Furthermore,the trace liquid could be hold in the MPOF, and the
process of sensing were carried out in the microholes of MPOF. The sensing process was undertaken
based on fluorescence process, and the sensing probe shows different fluorescence intensities to differ-

ent fluoride ion concentrations in the aqueous solution, for the fluoride ion has a stronger queeching
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effect to the morin-Al in gel matrix. Experimental results show that the range of response is 5—50

mmol/L under the condition of pH in 4. 6.

Key words: Microstructured Polymer Optical Fiber(MPOF) ; sol-gel; optical sensing; fluoride sensing

1 3 =

JCET AL A FA RN RS B2 % e T4
SFRANY A SERRAE T EEAE A [ R
TS5 G LT 1) R 8 Ry B O £F A% T 11 B il 42 it
TR AR T AR K TS 7 O £F (Microstruc-
tured Optical Fiber, MOF)5|# T AfTH) 17 2%
R A SR U BIF 5 s 5 R A AT B 8 22 11 G
TE 3% R B B B S AL 45 1 45 i U
AR AT LA 8] R 78 51 LR A R T DL SE BOG T
)25 FPEURIIRE . HRDE MOF T4k 27 18 s
R TR — A7 S 30 2o %o Ol 21 P R L 18 2 T A8
W BURRZ AT DK 33 O 1 ] 28 10 A% ol A 2 A% IR
PRI KA IR HA R L 2 T AR A R
AJ SR R R R AR TR

A o 5 - BE I (sol-geD F AR N 1% J A
il A A T2 T R L AR R R O R
& LB (CTEOS) | IE fif: 12 /i (TMOS) %5 2 i
IR A LK i) 22 (8] A 46 o ST U AR R
W I SR 5 S BRAL  SCHRIE W 22 LAY B JE
Sol-gel JiE A HI ok [ 7 22 A UG 423 1k 27 ik
I EFEE R o W S AL R Ak 2 pHL AR
Yy % I A H R i R A 8 sol-gel $ER 5 MOF
S5 45 Tl 75 AL AR R E .

SRS T i /N B R T 0 AR A AR R AT IR
WA S ) TR 2 AR R A
DA PR b A T S IRV B I Ak 2
AR DA Z5T R o T LA 5 1 48 0 A 1 1 65 9100+ 4 R
R P A TR TR U6 1A 5 T o 4 R 1) SR B 2=
X NAR 77 AR 5 BURE o G HE 2 X i i 3 iR 2k
o BEAh s G Al P e Ik A H e Ty T A R
91 41, i S it B A% JRRAR A D IR T R A B vk
SRR s — MO A A A B A AR T A S A
F ARl Gl A S A AR 9 2R A & W B ik s
Fo)o S8 AE T s HE AL T, — 2845 55 1 98
WL Eh S W 5T 491 G P S IR S 2 T (— 7 IEL ARG i
it 400 ) 700 ) 00 ER SR TR S DN R (Rl 2 PR R O SR
ATRVRETOH B

AR SCHE sol-gel B H AN T 451 R &
Y196 £F (Microstructrued polymer optical fiber,
MPOF) N & L1 1 & i, I e B AR 0K
(Morin) 542 &% .4 F F1ER . 5 Morin
T B8 5 4 BE A0 R0 2R BREC & P v AT 3
Morin 3 ¥ 85 . 9 6 K AR VK il G i) 46 % Fo
A S i B A A SRRk

2 v M AHLER

B Morin-Al 7= A B POLREE N 1o — € #
JEF 2 RKIG W POEmE R T T 51, Z [0
FEe ke B - IR R BR3h 27 5 R

. I()
- 1+Kw[M]

Forp M P K0 U B2+ Ksw D9 VE R R, AT I
F 5 B W MR A0 980 5 B AT G L AT
JE TR 38K 9 S 58 JEE i)

I

3 MPOF k4 F # R L4 &

FREL 0. 033 g Morin F 1 ml Z, FEp, 7840 1
fi#fE A 0. 031 g AL(NO,), « 9H,O, i Z % 4%
Vi A% Morin-Al BC G WA . ¥ —E =M IE
iR B (TEOS) |, &K & F (EtOH) | ff B 5
(KH-560) 4% B8 — % Ll 58 40 iR & (R 1) il
BER 60 C. fimA 0.1 mol/L iy HCL % Wi & 5
pH % 3, £ 40 min A R IH T8 B35
AH S B I B AR 4 19 Morin-Al %5, 4k 22
Pibk BT & Morin-Al 17 118, B 2 52 10
() P A 5 T it 6 0 A SRS B AR A . T
N1 h R A

R1 TE gel BHZEmELLL
Tab.1 Proportion of reagents for different sol-gel films

ml

’?% Vreos Vinseo VHZO(E‘) Vion @59
1 2.4 0.6 1.2 2
2 1.1 1.9 1.2 2




B

B e A5 R T MV I A8 A 140 2 4 3R W DI T S s 1 A S R Sk 85

SR F BT 45 1 R & W10t 2F (MPOF) &
18 AL 7 W B HEF . AR 42 800 pm, fL48 95 pm
WE 1 PR RSB AE A MPOE 14, 2558 %
e MPOF 4 %8 B B ¥ 59 (% i 8. ¥ Morin-
sol-MPOF #£ i & T 1 1 4 b % IR R b, 1 1%
2 d. #1483 Morin-gel-MPOF & 845 3k ,

Bl1 Saf v
Fig. 1 Cross-section of MPOF

4 Morin-gel-MPOF 4% &K k& 89 12
b 0 4% R AE

Fl SEM % fF T Morin # 2% i gel J& %}
MPOF N &8 L i 6 16 45 5. 18 2 Ca) X & 1
Hr 1SS L O A R DR IR B R Z R N gel
MR RIAF MBS R K AW, &6k B
N gel B RE R R ¥ 5, 29 280 nm, B 3R R

B 2(h) XTI 2 S5 4 s FL N Y gel JBE R
TR E., NBAETTLIE S, BREE T R
PIFIER AR 18 ML T A gel )23 R F5 48
AR5 L 4 PR B T I R AR O B i R R

LEL 5.0kV X80 100 um WD 7.7 mm

(a) 15 MPOF # 3k
(a)Probe 1

'y E
g % o0
‘ 2
LEl _5.0kV X80 100 um WD 7.7 mm

(b) 2 5#H%
(b)Probe 2
Kl 2 Morin-gel-MPOTF 4 3k i 47 41 HL i 121
Fig. 2 SEM of cross-section of Morin-gel-MPOF

probes

Al IF S e T gel 48 A T JE 3L A O 2R T
A UL A T T T BB R AE AL . R I Bl AS
e L3 s gel JRJRBE - 33 2 890 nm., i
Sh B Ry gel U AESN 1A TR 5 MPOF 2
2 (Wt BT I A 2 AR L BT ) T
il # 1 gel J2 38 B4 i FERIE

5 Morin-gel-MPOF 4% B3 3k 69 M 5%

Morin-Al 43 B fry 5 J5 1B 9 W 4l o 3% 2 /R
Morin-Al f IR IR F 420 nm. AR 38 W I8 3%
50 BRI K O 405 nm B K IR LA LED 1
NP G B i S RO 1 WL AR LR
3.5 Vo OIR&AEE 5 DB AR 10 mm, K]
e E A T M E A 3. A Morin K
58 JSC U S 8 B HY o B SR KT L 2 Sk S AR
i) L B FEW AR S . AR RIRERY Tl
AR5 R Rk 21 2 B e o L AT 98 58 AU

Computer

Spectrometer

Detector fiber

Connector

LED ): él j Probe

Lens  _~—==—"> Analyte

3 SEERE KOLE R B

Fig. 3 Sketch of experiment setup and optical path



86 P o

K% T

PN F- A MmN . LA 2 S8k
Bl , &l 4(a),80 mmol/L B9 F~ ¥ X 8k 26 6
(VR R AR B =83 06 . S I8 Hh Y L Y28 VL 1 R e o )
EH E B, Morin-Al 1 % §F s i F 495
nm, JoR R pH W] 5 AR 4k, Bl 7 pH A
5.8 BRARE 1.0, RATSREEE K 170 Y0, MEW L
Bl B B RS W P R OH ZFHL AP, fifi 495
nm KVER, M4 pH<2.5 B, &8 MPOF N
7 R AEAE U L T L pH BRI i U R R R
X T RE A P O i TR 1k 23 ) L 45 B 1 A I 1 2%
Wi, pH TE 4.0~6.0 I, 58 % & BHacta e .

fi A NaF i pH=14. 6 122 vh % W I
il o T S K AR S % 92 P % VR IR M 30 min,
SR 5 A2 WU Wk 22 K PRI 3 5 46 7S 50 43
THIBR 25 . PIFK Ay i iy il 22 40 18] 4 (b) Kz 4Ce) s
Morin- Al 75 ¥ K 5o F2 v & 35 W A0 B A 22 4k 2407
F 495 nm,

Horp 1 S B AEAR 5875 [ N A VR K IE 4 (D), i
R B B AT WL AE 10 ~100 mmol /L, m i H A —
el O A N 0 A e A e N A A

4000r
——
_ 3o 580 mmol/L I T4
=
= 2000}
5
= 1000t
=
450 475 500 525 550 575 600
A/nm
(a) TR A% AR S X o fg g Bz ' 1%
(a) Typical response curve of probe to F~
o1
1300
= 1200F 1200
£ 00 1 100
z 1 000
Z 1000F 0.00 0.04 0.08
Q
|
800+
600 ) ) : -
00 02 0.4 06 08 1.0

Concentration of fluorine/(mol/L)

(b) 1545 3k S SO R 171X i)

(b) The most sensitive region of probe 1

B8 &
36001
3600
3000} 3000
3 2400
£ 2400} 1800
2 1200
£ 1800f 600
2 0.00 0.04 008
= 1200f
600

OiO O.Il 0.I2 0:3 Ol.4 0i5
Concentration of fluorine/(mol/L)
(©) 2 "5 R s B BRI 1 [X 7]
(¢) The most sensitive region of probe 2
Bl 4 fRIRER X F o e i
Fig. 4 Responses of probes to F~

AF/Ac=14. 3 a. u. /mmol. 2 =& 5 v i £k B
WANFE 3Ce) KM EELE 0. 1 mol/L ZHJ,0. 1
mol/L 2Z J5 5 BE BEA AN AR . DB 1 [ AT L 7E
5~50 mmol/L, tb{H AF/Ac=62 a. u. /mmol,
H 1S58 MI, 2 582G &M R 8,
X JE i T It AR AR KH-560 F [ i) 7R FUAE KL 1
5 TEOS 345 2 il = 4k 45 /i 2 2] 7 97 15 ™ 2%
FLESH B P 1 — Si— O— Si— M 45 B A7 A [l 19
BN Z AL, AT KH-560 2 54 %1 2 S48 k&
BEZ L 1 S, @S Y ek F 5 )l
s BT A e it 2 G A

AR T — FpE AL MPOF & 15 5 i
RI7E MPOF Py 6 1 58 e B, 45 4% 48 gel 5 1 i
H AR5 MPOF 258 JEA7 4 AL, &, F 2 H B A 1
HLFAG IR R, SR BB T # A A B LA R A BG
B )12 TR0 S A R K 42, R sol-gel
ST 48 7R R AT AL . 7E MPOF P R 0B
[ S QY (7N S (=1 B i & <
Morin, J& 3 2 ] A F~ g % & B Morin-Al &
AP R 5 VR K AR IR T F Ok,
RISl 1 W & i .l XS L, R B TEOS,
KH-560 . H,O.EtOH fid tk 2}y 1. 1.1.9.1. 2.2 ml
) MPOF £ 3k 7F 5~ 50 mmol/L E.45 # 4f i )
R



5514 W e L S5 L Ve I - B G R AR A 1) G 205 ) 3R W DG 2T 9 8 1 1% i ok 87
based on microstructured polymer optical fibre[ J].

S XXMk Optics Express ,2007,15(25) ;16478-16483.

(1] W4 % UM 3 & AL & A s ko [6] HAUTAKORPI M, MATTINEN M, LUDVIGS-
R RSB R (1], &2 # 5% 14,2008, 16 EN H. Surface-plasmon-resonance sensor based on
(3):375-380. three-hole microstructured optical fiber[ J]. Optics
YAO Q.SHI Y K,LIU X, et al.. Design of detec- Express,2008,16(12) :8427-8432.
ting system for transformations of oxyhemoglobin (7] HO H L, HOO Y L, JIN W, et al.. Optimizing
and blood flow based on fiber-optic sensor[J]. Opr. microstructured optical fibers for evanescent wave
Precision Eng. , 2008,16(3) :375-380. (in Chinese) gas sensing[J]. Sensors and Actuators B,2007,122

EAREUE Y S NSO X E sy a (1):289-204.

(ERRSE[]]. o2 #5551 42,2007,15(4) ;478-485. [8] YU X, KWOK Y C, KHAIRUDIN N A. Absorp-
ZHAO M F, LIAO Q, CHEN Y,etal.. Fiber sen- tion detection of cobalt(II) ions in an index-guiding
sor for biomass online testing[ J 1. Opt. Precision microstructured optical fiber[J]. Sensors and Actu-
Eng. »2007.15(4) :478-485. (in Chinese) ators B,2009,137(2) ; 462-466.

[3] #A#F . TR, EAR LFERINERGERLS [9] GHASEMPOUR A, LEITE A, REYNAUD, et
R EEE S E g D). b 455 42,2008, al.. Hybrid sol-gel planar optics for astronomy[J].
16(11):2092-2097. Optics Express ,2009,17(3) :1970-1975.
HU X N.WANG Q L.CUI CH Y. Application of i [10]  GORSKI L, MALINOWSKA E. Fluoride selce-
ber optic sensor measurement system to spinning tive sensors based on polyurethane membranes
superconducting rotor instrument[ J]. Opt. Preci- doped with Zr (IV)-porphyrins [ ] ].  Analytica
sion Eng. » 2008,16(11):2092-2097. (in Chinese) Chimica Acta,2005,540(1) :159-165.

[4] YANG X H, WANG L L. Silver nanocrystals modi- 11 VIVEROS L. PALIWAL S. MCCRAE D et al. .

fied microstructured polymer optical fibres for
chemical and optical sensing[J]. Optics Communi-
cations ,2007,280(2) :368-373.

[5] YANG X H, WANG L L. Fluorescence pH probe

EER N

1979 —) B BIB LI IR
BBz A R0, 2002 4F, 2005 4
TFARACITE 27 o3 0] AR A 2 L AL
£i2,2008 4 T [ B} 2 B 75 & 06 2 4
B HUBURHE 52 0T 3R AT Wl 124 0, 3222 A
2B RE AR R BOG T % 8% 4 1 BF
3% . E-mail.;
BREA986—) B A O Z WK N B LHE R
2009 4F FARACARO K 4R 2% 2, EE N F B AL
A Al A% IR i T R R N I AR A B 5
glirong1986(@163. com
BEFF(1980—) 2 B TLM /R EE N, TRIG. 2007 4
TARICKZ KB LA, TENERFEFOIR, E
dfj_03@163. com

yangxh(@ hrbeu. edu. cn

E-mail: pen-

mail;

A fluorescence-based biosensor for the detection of
organophosphate pesticides and chemical warfare
agents[J]. Sensor and Actuators B,2006,115(1) ;
150-157.

BRI (1962—), 5, BIRTLIGIKIE N,
iz Jﬁii%ﬂfﬁ o MERIE TR R
BB EEMNFOCLT LI a8 K 2 2
655 4R W 98 . E-mail.:
(@hrbeu. edu. cn

yuanlibo

FETF (1957 =), 4o, BEVE 75 % N, #
B LA, E R R 2k
KB ST (5 O F 5= £4E. £
BB ST AT L AR G F AR O LR,
BAWIICET  Fe PG A% £F 4 1 DF 4l 55

E-mail: llwang@opt. ac. cn





