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Abstract

This dissertation consists of four parts: 1.Fiber optical sensor technology and sol-gel
method;2.Fiber optical pH sensor used in inspecting seawater; 3. Fiber optical oxygen
sensor based on fluorescence quench in inspecting dissolved oxygen; 4. Fiber optical
near-infrared sensor in Chinese traditional medicinal classify;

In the first part, a review summarized the origin, development and excellence of
usage in chemical sensor with fiber-optical technology, the characteristic of Fiber Optical
Chemical Sensor(FOCS) are introduced. Sol-gel processes include basic theory, primary
steps, and the influence of some parameters to the sol-gel membrane performance such as
precursor, water, catalyzer, pH value, drying control chemical additives and temperature.

A review was given to summarize researches about pH sensitive membrane sensor
developed recently in the second part, which showed the optical pH sensor had received
more and mbre recognition from scientists for its advantage such as on-line and in-stiu

realized easily.

Immobilization of sensing reagents in the host matrix of optochemical sensors
greatly affects their stability. In this paper, organic dye is entrapped into sol-gel matrices to
act as reactive chromophores. Silica based sol-gel porous glasses are the most common
hosts used for organic dopants in photometric sensing. This silica matrix presents the
following desirable properties: resistance enough to physical deformation; chemical
inertness low interaction with the analyfe; high photochemical and thermal stabillit};; and
optical transparency. The sol-gel process is attractive for making porous membranes for
optical sensors because of the relatively simple chemistry and because of the low
polymerization temperature which allows encapsulation or attachment of organic probe
molecules that are unstable at higher temperature.

In this work, the main purpose is the preparation and characterization of silica based
sol-gel coatings doped with the pH sensitive chromophore. In order to optimize the

property of sol-gel membrane, quantity of the parameters and species has been



i =

experimented. Such as silica sol-gels, precursor, solution, water, catalyzer, pH value, drying
control chemical additives and temperatures, etc. This sensor shows relatively high
fluorescence intensities and long pH range from 3 to 11. Effects of the storage conditions
on the response of the layer are studied by placing it in distilled water in vials for 3 months.
No changes are observed in terms of signal change, response time, but a little dye is

detectable in the storage fluid.

In the third part, the article includes: 1. Summary; 2. Methods and principles; 3. The
manufacture of fiber-optical oxygen sensor.

First, the article summarized the definition aﬁd importance about dissolved oxygen
(DO), the general methods of measuring DO. Those deferent fluorescence indicators have
been used in oxygen sensors during more than twenty years and their deferent capability as
fluorescence indicators. There have several methods of making sensor membrane including
sol-gel process. And usage of the fiber-optical oxygen sensors in iatrology, biology, ocean
inspect etc.

The second is about methods and principles of this experiment. The Stern-Volmer
equation was described the oxygen quenching progress.

The third includes experimental. results and discussion.

Optimizing the component of sol-gel membrane by chancing species and quantity of
those parameters had mentioned content. The optode shows a satisfactory linear response
for the dissolved oxygen in water (r=0.9998, n=6) . The relative standard deviations
were less than 2.0%, the detection limit was 0.01ug/mL (S/N=3). The exposure time and
recovery time of the optode membrane are 20s and 60s respectively. The reversibility of
the fluorescence signal was evaluated by alternate measurements in oxygen saturated water
and nitrogen-purged water. The sensor has good reproducibility and long-term stability.
The interference was investigated and the selectivity of method in seawater was affirmed

by a conventional method.

Optical fiber near-infrared sensor is reported in the fourth part. To setup the standard

of traditional medicine is important to control the quality of agriculture. manufacture and
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A new means of in traditional medicine monitoring was developed by means of the
computer technique and the fiber-optic sensor technique. The distance match analysis and
~ the principle componeﬁt analysis method were applied to constructing the mathematical
model for the simultaneous determination of Glycyrrhiza urélensis from different
producing area by near-infrared spectrum. The proposed method showed a good stable and
selective recognizable performance by means of a validation test, the standard deviations of
within-day and between-day were 6.3x10” and 7.8x107 respectively. A new applied way
for NIR was developed in traditional medicine classify. The system could provide a

profitable new technique for on-line monitoring of Glycyrrhiza uralensis.

Keywords: Fiber-optical sensor; pH; Dissolved oxygen; Sol-gel process; Fluorescence

quenching; Near-infrared; traditional medicine;
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B 1. FOCS fyFEA 4544
Fig.1 The basic structure of FOCS.

HTF O CSHBRGCIFEEEFTROLLIE. BFRJEE. KAZRE (LED). ¥¥
ABOLE (D) %. BUtRRMRENEREN, BaMT, STEERERKAN
G454, BRREMEKEEEERN LT —ERRRE, MENERSE: BRAE,
MBI RAER R, EREENEZEII-TRR~ELS, BEKEFETRTE,
TEtEeE R, BEER S eamERk. Be. MH. IBESE LM LED LIRS
HEE, MEEE, RHGEFRERRE, BFEN 20-30nm , AEFEMBEKEEN
550-1800nm. {E M TF% FOCS M FIM I LSRRI K, 1 LED HIEAZE—5E
MRS, YRR AR N R BS 2 8T, DU IR BT T B K UM H B b R RR
B, HANEKESRIAETHELRR . SEREN. M RaS. RE0LER
AT FHNE, EMEELEREE AR, KERESSIRRBESTE.
K E REFNGARE R P I IR EIRE SRS MRS . BOHEE
ﬁﬂ,%ﬁﬁ¢,ﬂumﬁﬁmﬁéﬂ%ﬁ¢;ém%ﬁM%gﬁ%%%ﬁ%%ﬂ%
“ep, AEHREERATOES: LED KU HBA SRS P, TFETEHEE
& BTHRENRHEFRRWERERRESA, LA S5HRNEZ BHRSRES
SEH. RIBFTEAEKTER, FOCS AR FAETEAARRMEREAE. &
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SHRERARERAE, £ AR TH—BRABEELSTE, LEKKT 450nm &,
AT NENREEERAE. FRHANESFETLLREIRE, tha] LR REUK
A FTLMBURBEER, BATLUERESE S XK., FHSE BT g, (ERNIHREE
XSS AR S AR I A R KT BT TABLK 43, XA Rl
ANSABUBIRMBRBHYE R TI. RBCAXBIIERSREE, £ 25D
25 [A) I B 40 B B IE LN 2 P A E KA

M AT, FOCS BREAENZE. WMETE. BEVM. T8V, £9. hFF
FRT— R EFER.

1980 X EEFEELK E Peterson FRE THEF LE—FIH T HUAD &
¥ pH A9 FOCS, 1984 S 3R&E T A T B MK P& S 4 KM FOCS. £ 44 FOCS #
EZSuS IR KRR, MU BAN I & i E 3 FOCS, wytet pH (5248
FEEF Nisy SO COx O SBUEIRES . JEATH RS . A HIIZ LWL RS e
WEBERIERAA RRIL BT

VRN RS BRI FE AR, WO R a5 et
M7 RBEPERAR, JeLE R 5875 i FBRR TR R AN R 8UF, 5K
WHENAMEKAZEH R SHES TREANER TFEREINX, AERSHSN
ST IVR RS & 5 LRI S R A E TR TR,

2 WE-BURE (Sol-gel) HI& NG44
2.1 FAEmle
Sol-gel ¥ARAMFRARBAEL A ER, REYERA T R F AT
RRL. BRI BAIRRRE LSRR R, TUIERAE, 2HE—E R A3 k5.
FIE T R BRI T A BB PR Z5 4, T B UR A0 B B AT B 2 R 43
YR B B  EVS IR B, T 7E & Fh L5 L 48RS, 4 e A AP B . Sol—gel
B EABEEATREL.
() BHL: BERBNNTRY—&BENEBHEET WEESIKS FRARBNETT
M(H0)." (Z A M BEFINME) . AEFTHEA ST RZIE M H R,
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B—E AABRARRER—URIEHEERE

M (H:0) " <= —M (Hz0) o1 (OH) “*+H" -
) KEERN: FEER)TFRIEY, WEEEHEMNOR.0 hEBMWETFM), &
KRR: M(OR)w+xH:0 — M(OH),(OR).s + x ROH
RN R RELEHEAT, BHZEA M MOH) ..
3) HERRN, FH:
KIKYEZE: -M-OH+HO-M — -M-0-M- + H.0
KEEAEZ: -M-OR+HO-M — -M-0-M- + ROH

2.2 WERBR-BEERGIBRAEA T Z0E

BB T2 HERREETHU TR A ERZRR:
%EﬁﬂAmﬁﬁ% M
B (CndaERE)

R
) S(m—z)
7]
L] ;;
% & .

BER

Fig.2 The basic sol-gel progress for membrane fabricating.

2.3 BR-BEIEPSENER o
Sol-gel iIHIEF/KMBMAERKEEZUTILHSENZEW: FEY, ke,
LT, pH EFNEEL,

2.3.1 BB
B -EERE TR R RS SR AEE . L. ZBINIL. Wik, Sk,
Be&REEEAAAESREE. ESREARRA. WETHEEIARN. 5KESEE,
BRI T 40V N T B — BRART: P AE A RT IR ) o
BAERTHEBGRNE MY, SBEEEERE—ENRME, BX2HLE
B L RHE R HEANEE — A VA R AR SRR RS, WEENRE ML
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