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Abstract

In this thesis, kinds of novel fiber-optic chemo- and bio- sensors based on mode-
filtered light detection (MFLD) were presented, oﬁginating from the propoéition of
MFLD mechanism. The term of mode-filtered light refers to the obse.rvation that light
initially propagating down an optical fiber can be decoupled from that fiber by
increasing the cladding RI at the core/clad interface with a permeating analyte, thus
changing the allowable propagating modes within the fiber, resulting in a continuous
and nearly linear increase in mode-filtered light with increasing cladding RI. So,
MFLD lprovides a new way to obtajn optical information for optical chemo- and bio-
sensors. Compared with conventional detection methods, in which the detector was
placed at the distal end of the fiber, MFLD has advantéges in much higher singnal-to-
noise (S/N) ratio and sensitivity, since the analyte signal is measured against a much
lower background by placing the detector at the ﬁber:iOptic profile instead of the distal

end.

The contents of the thesis include two parts. In the first part, the work has been
done toward the development and fabrication of the instruments, and discussion about
the signal sensing theories based on the fiber-optic mode-filtered light detection.

1. Develop and fabricate the mode-filtered light sénsing instruments. This'part' of
work involves several key problems as follows:

1) Coupling technology of laser source with the optical fiber;

2) The construction of the sampling device and the selection of relevant

parameters;

3} The technical platform for the treatment and modification of fiber/capillary

annular column sensing element; |

4) The selection of the size or parameters, design, machining and assembly of

the sensing instruments;

5) The construction of the multichannel detection system, the collection and

processing of the digital signals and the exploiture of relevant software;

And so on.

According to our design, we constructed an uncoated fiber-optic mode-filtered

v
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light sensing instrument based on general and fast detection and a modified fiber-optic
mode-filtered light sensing instrument with synchronization 6f selective reSponéc to
- -mixed' components Due to the novelty of this research woﬂc two of mode-ﬁltered' |
'llght sensing instruments assembled by our lab were purchased by Hong Kong Baptlst
Umvers:ty for cooperative research. On the basis of this, we further developed anovel
fiber-optic mode-filtered light equipment for capillary electr()phorems, and obtained a
patent. |

2. Derived from optical waveguide fundamentals, outstanding advantages of
MFLD in high S/N ratio and sensitivity were theoretically presented. To resolve
inconsistent change tendencies of mode-filtered light obtained in bare core sensing
system and in modified sensing system, that is, the mode-filtered light signlal declines
with the increase in analyte Rls in bare core sensing system but increases with the
increase in analyte RIs in modified sensing system, we started with light energy
radiation theory, and obtained the details of MFLD mechanism by discussing in detail
the radiant energy’s reflection and refraction at the interface, thus establishing a
mathematical model of MFLD. We concluded that thé inconsistent change tendencies
of mode-filtered light were essentially coherent. |

In modified fiber-optic sensing system, quantitative analysis of the interaction of
the analytes with the cladding is the theoretical foundatioh of fiber-optic mode-filtered
light chemo- and bio- sensing. In our study, we took example for the fused silica fiber
that we used, to deduce a mathematical expression for MFLD.. We d_erived an
expression that related the mode-filtered light signal as a function of the capacity
factor of the analyte, RI of the analyte, injected volume and concentration of the
analyte and the mobile phase linear flow velocity. Inspection of this equation reveals
that detector sensitivity for a given configuration is pnmanly determined by two
terms. One term predicts increasing sensitivity with i 1ncreasmg dlﬁ'erence between the
RIs of the analyte and cladding. This term is similar to the term that describes analyte
selectivity for standard RI detectors, except that the RI difference is relative to the
stationary phase in MFLD rather than the mobile phase as with standard RI detection.
The other tefm is analyte distribution coefficient K,. It predicts increased analyte
sensitiirity with increased affinity for fhe polymeric cladding. It also suggests that the
MFLD method is governed by both chemical selectivity and RI sensitivity. The
distribution constant can be made quite large for hydrophobic analytes by increasing

the water content of the mobile phase. However, an increase in the distribution
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coefficient also causes an increase in the capacity factor and increased retention,
‘which results in increased analysis time and consequent broadening and dilution of
the analyte zone in the mobile phase. Inspection of this equation also reveals that a
decrease in stationary phase thickness is propitious to the increase of the distribution
coefficient K; while maintaining a reasonable capacity factor, which has positive

significance in obtaining ideal mode-filtered light signal.

In the second part of the thesis, the work had been done toward chemical and
biological applications of the fiber-optic sensors based on multichannel MFLD. Using
the uncoated fiber-optic mode-filtered light sensing equipment with general and fast
detection, we achieved real-time, fast monitoring of ethanol, acetic acid and ethylene
glycol, respectively. Using the modified fiber-optic mode-filtered light sensing
equipment with simultaneous selective response of mixed components, we obtained
the synchronous optical and chromatographic information of the mixtures of
bromobenzene and toluene. Using the mode-filtered light capillary electrophoresis
equipment, we successﬁ.llly achieved chiral separation:"of D,L-tryptophan.

3. The uncoated fiber-optic mode-filtered light xsensing equipment was applied
for the real time and fast monitoring of ethanol, acetic acid and ethylene glycol,
respectively. It showed that the linear response to ethanol covered the range of
concentration 0~50%(v/v) and relative coeflficient was the value of 0.99;72. The linear
responses to acetic acid and ethylene glycol were 0~90%(v/v) and 0~60%(v/v)
respectively, and their relative coefficients were the values of 0.9980 and 0.9966. The
results were satisfied when applying the sensor for the measurements of distilled spirit
and edible acetic acid, and comparing this method with the standard methods as
control experiments. The sensor has advantages in good applicability, reproducibility,
reversibility and short response time. It can be applied for flow injection analysis (FIA)
after fixing a flow injection sampling system.

4. The modified fiber-optic mode-filtered light sensing equipment was applied
for simultaneous selective response and multichannel signal analysis of the mixture of
bromobenzene and toluene. In conventional chemical sensors, little work has been
involved in chromatography. In real complicated systems, however, selectivity is a
significant parameter to the construction of chemical sensors. Multichannel fiber-optic
chromatographic sensor with on-column synchronization of separation and assay

combines the technologies of chromatographic separation and chemical sensing, thus
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providing a feasible idea to develop multichannel and multifunctional chemical
sensors. The stationary phase coating method that we developed not only solved the
problems of the stabilit'y and life-time of the sensing membrane in the
chromatographic sensor, but also greatly improved its sensitivity and retention
behavior. At the same time, the modiﬁed surface was determined with atomic force
microscopy (AFM) to investigate the conformational aspects. For on-column
synchronization of separation and assay, it is important to distil real-time and on-
column signals of the whole chromatographic process by multichannel detection, and
obtain chemical information such as the composition and concentration of the analytes
from multi-componential systems by the analysis of these multichanne)] signals, thus
remarkably enhance measurement precision of the analytes in the multi-componential
mixtures. In this research, the partial least squares (PLS) method was applied to
quantitative analysis of the mixture of bromobenzene and toluene. Approving results
were obtained.

5. The mode-filtered light capillary electrophoresis equipment was used for
chiral separation of D, L-tryptophan with BSA (bovirie serum albumin) doped sol-gel
served as the chiral stationary phase. MFLD is a kind of fiber-optic sensing technique
based on Rl measurement. As a universal detection technique, which is a concen-
tration-based and nondestructive detection, RI measurement is always regarded in CE
detection methods. The sol-gel technique is an ideal approach to immobilize macro
biomolecules such as protein, because the biomolecules have poor thermodynamic
and chemical stability. We studied carefully the effect factors and optimization for the
experiment system. The investigation showed that the modified fiber-optic mode-
fittered light CE was a great improvement upon the uncoated one in regard to the
separation information and detection signals of the system. In view of the theory and
practice, multi-channel mode-filtered light CE has potentials in chiral separation of
the biomolecules and the pharmic molecules, and in study of biological characteristics

of the interaction of the bio-molecules with the pharmic molecules.

Keywords: fiber optic; chemical sensor; mode-filtered light detection; multi-channel
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EUESEDEBERRRATETR, TTREIEER B EREE
FPERATE, ~RRERELSH. STREZSHRMNEER, WEXLE
BERBREREETHEHSBETRIURBRAELFANEZHNER £
RBREEALE . SRR EpfeBEet, USKHEaRFERAN. RATE
K EFRBAGT. XBEXFRERAHBFANGR, TAHIZEERRET
HHEELAFE, HETHNES, SEWER KRR~ EEHHT.

—HH, RRZSH. SHRNTRANEEEE BEBRETRA—
BEREENTR. Z—-HRTEEREME. £, P /87 HHHL
¥, PEEFLZEFRNTELNLN. REFANUESAFREFTHASA 5T
M. RERBERORETHRNKLEERRET], HT 70 FAMNI TR
MOS BAEEHHRY, 25 20 KEMRRE, AMINERTEHBEENRK
EREFUHEECLNA T RENMIATT. ROemRil TS, fdE. 2
B, EMEARETESEs T, RUZSTHES TRRBEEETEE
lppm ¥EE. 1998 FELRAFNS LEEFLEERRSN L, LERR
XHEHERXTHEATFA I REFE D MR, TURL, EEHR
ME BRI R G BEAR T — S0, RUERESREZH —RERY
BB S H IR,

RN R, BRBEWFEEYEBBRRAZEN. FURULESEY
EBBRR-ARALTITHEEEE, BNETREMETIRE, EEERE
BERKMERT, SBEEREARLFERNRNE. e aRELIx
2EEBRENEESHEMEXFERAERENMRE, RIS, B4
AR ), B (1, fRiROE 10 R B e U0 ot UL A e
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THESEYEBEARFOMAAR, SUMREEmERENEH. g%
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FAANT EXM#ALAE S . k%8 G. M. Whitesides /ME H R/ EZEMNSF
YA, FE. AENEYSFBEERRR, URAXEH. HMREAREM
ZHRFUEHNEETES, HHOEYTATURENE 2 M0, T
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WA ES IR, BTN ERBAR ML AE S EYERE RSN

ARBHNATGENRERR, C¥ESEDEBERTHBAEHEL. il
AT ERE, TSR, &4, [RAAE SR ALY R AR EN
FRSHHR, HEE. EYENHRRMLE . RE. BRER T,
RINMPAFPDEEZHEFRET HEREEMTIT. FHOERKAE pH £
RS RIhIE P F ARSI pH W, Wi H M EEIE M ERER 1000
ANERG IS A BT, 4 F(Eh5 DNA Z6REE B —MiER FOtEE M
BREERMHAHEREZTR, SERETLENAREEETRATRAEMNNR
RIS, BATERAYR-FERRNE RN TERELEEFMERKTR
E, #%& 7T DNA £MERSATHEEARFIHT. b T PREERTH
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B, FERNHRPR LT EYBNEEERA 1gG ik, RBAFREHR
BIThEBRAE BTGB, I T X ASM AL SmIgG'B #h B 40 HREI,

BRIZEER L, ¥ES5EPEBRERENSL. HRUTHORBBRXE
B, FEEYRnESE. EE8. BEOM. DNA. HE. fuisEn—8ay.
BRI RS N FYREEAMA T, THERERNEZHEYY
FHEWS DRI, FA S S 4 Y4 E R 58 B B0 T ARSI R
B R4 RY (Micro-Total Analysis System, p-TAS) BB R LR E
( Lab-on-Chip) EHBESAREMNERE, BETRKEAPREPRARZ —
oSl \KREA TRENBERNIETHR, RAKBET % REFIEHT
Bk RL. BAEEHBRHRKEREBHEEITGH LM —KFGX, D L
Harrison 1 A. Manz % AZESBEH LR 15 BHSR T AR E LR S B,
b, ENETREERBFEEMTR, Hut F7E 4 AR T R0,
3£ HPLC X R#AT T RiE, RPGHRETHEER™, & 1-1 224
RIS H—AEH (RS. Pai et al, ARFERTR). £d+LEHERR,
ERERKSH EAFRALRNBZES TR, TR ER, RERL
K alkin Agilent. Caliper 1 Shimadzu %5/ 8] 7] LAHIE H B A T &K1 B4
SIS A TR . TUUEE, FRMEBBARMIT BT RN,
DR A Rl AR R BUR R R R .
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Fig.1-1 Lab-on-chip microsystems (A) and CE portable high voltage
power supply (B).
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BN RIEROLRIEEN, TR IR Y6 b A 40 B0 T ST TR A0 R B R
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BL, BEHBEF. 55, ERNIENEEFEERR 555 E 5 8k
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Sz,

RFE 1976 4, D. J. David ERINEIE R —R KA NN, A4 HPLC
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B AL S BB FAG R pH W, HRTHEBRMHEE
—EFXHM, AT pH BSGEMEMA, HEmMEIThE RS RTs
AT 5x10°, Mi%ARSORINTESBREHNE pH WEGY,
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S BN PBE MR EE N FEREAF AR EE A LI RHE
e, TOAEEER R R Btk Re.

7 S. D. Woodruff 1 E. S. Yeung [¥I'LYE¥, Fabry-Perot F#{iRHt T 1HLF
MREE, SRERHEMAGEIRR, ERMER R, G Gaugliz FRET
AT R EFABEKPHOFNEEY, EMBERFA T 8 HE K i 5 56 R
FER AR R ATRN, ZEEBYE AR KA P R
“I, D. I. Bornhop H#HRT —MHEARMEBAEELRAUEAR, RBHRAAFH
R, FEOMATH® LC 489, TRUSHEZE pg KB '), A E. Bruno
REEEH—SERTHAHN SRR, ErnREEAERA R LEHT
DA RRELRREEY, EERRKEHRESERIEATERN R B
SHRETRBMMAR RIS,

—NMREERHEENE T ERBRNEBHARERESFE THHLER
(SPR). SPR EMEBATHAREARRED RS FHRALERPNFEALLR,
B2EAGMEPEBTRENARE. BT EBERNEEBEIE. BAHERR
REREENLERHNME, NSRBI RAET A SR HRER
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Fig.1-2 (A) The design of photon tunneling chip and sensor system. The sensor
chip is mounted on the large prism and the small prism is mounted on the chip to
extract the tunneling light. (B) Optics set-up.
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Optical Fiber

Fig.2-1 Schematic of unmodified fiber-optic mode-filtered light

chemical sensor.

BARKER S A A REOHSHROE 22 . mL—-MERA,
#RAREIEFETROEHEE, REBRERAL, THEEABES, HER
HERIEHFRERLLE, X, E—EfEERNSRAEIDEEIRE RS
0,0, MAERLMNMEBEBRE TEFRFAZE.
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Positional

Fig.2-2 The positioning stage for coupling the laser beam in
one distal end of the fiber optic.
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Fig.2-3 Position adjustment of the laser source on the positicning
stage for focusing the laser beam on the centre of a circle, O.
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Fig. 2-4 Noise comparison of the unimproved sensing

device and the improved sensing device.
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Fig,2-5 Schematic of multichannel ﬁbef—optic mode-filtered light

chromatographic sensor.
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Fig.2-6 Photographs of multichannel fiber-optic mode-filtered

light chromatographic sensing instrument.
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Fig.3-1 Fundamental structure of a fiber optic.
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Fig.3-2 Reflex and refraction of light beam on the
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surface of two mediums.
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=1+ (3-3)

i I RASRE, I NN EE, L AERERER. BT R
BIFS R, FRFRELRRED, NEHMESREHERER T, MRE
BAL . B

o={I;— A4 Ip)+d+ ALy (3-4)

Bl RIS ELL T I, RREREARRAERT L, XEANS
FEECRIME RN . B4, RN LRSS R A LR AR LRI ECE

ALy g
Alg /15 (3-5)

B

Fig.3-3 Mode-filtered light detection mechanism. Light is
transmitted in the fiber optic. n,, RI of the core; n,, RI of the
clad; and n>n, . I; is the mode-filtered light of the entire
fiber length and ¢I; is a small fraction of I.

RE-)RG-5)BEREERATHIFE. o BB — P E A T RIER
RUEOL, FBAX—EAH I 71 AL ¥ R A R B R B R AR = 8
Y S R LR B A I B Y {5 R EL BT B 45
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i Surface 2
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Fiber optic /\ M

(B) Light propagating in the sensing element

Fig.3-4 Output of mode-filtered light as signal in the

sensing element of the sensor.
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R
iofk:
ptr+a=1 (3-8
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bt FEHH. FRKCEE. WERHAE, R, SHEARE AR E K
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HRS 8 By EFE 1, ASESR—EMHERN RS, —H B
ERBITHEN o, ARWBMAHBANE Y n, WERAFUBENE. R
BHEGRBRLUMDIBH B\ By By B Tt HRIRFRHHBR
BT R, MWRNLCHERS Bp, MTVITHBp, 53K

* sin?(6 -9
Py = L3 =————sfn2( 1= %) (3-10)
E; sin (91 + 92)
? 2(g _ @
Pn = Ef" =—_—'—tan2( L 2) (3-11)
Ey, tan (el + 92)

ES LN EE ) B, ST R, AR

2
in2 8 sin2 ¢
r, = 2| =1-p, = S02%sin2%, (3-12)
E, sin’(8, +9,)

2
E, sin2 8,sin2 6,
v, =2t | =1-p, = (3-13)
" (Em') " Sinz(el + Gz)cosz(ﬂl - 92)
A, 6,10, 2 Snell EE: n, sinf, =n,sinb,
X FERROANE, F
pl = p.L] + p//l , Tl = T.LI + TI/I (3-14)
2 2

BASHHEBEAS (6,=0) KIFEBRIETN, W

2
o =0, =0, =(ﬁ%) (3-15)
2 H
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(3-16)

FEFE 2, ASHEHEENANAE | BB ESE. AR, #5182

_ Sinz(ez - 91)_ 0
v Sinz(ez + 91) o

tanz(Bz = 91) =p
tanz(ez + el) "

plll—

;o §in2 6,sin2 o _ .
T Oray

L simesm28
" Sinz(ez + 9, )cosz(ez - el) "

J=tutln g (3-17)
2

Tz = T'Lz + Tm = T‘ (3'18)
2

MARG-17E 4, S 2 RS e, 57 1 8R4 Hp, KRR,

RELT IR, METRE | MR, BREET FE 2 BRS T
oy Hit, RMAFLEAE 1 MR IHp, R EBRROEIART
BATERARET. B Snell EHEN(3-10). B-1)FKGE-14), RIEE
TASHESEEERE | BAERTO=147)FAFTHE n,=1.33 HEFHFRA A
B, JR&tHp, BEAG A0, B0 HisR (A 3-5). HERLLEN, BEEANAIEA,
REMRELEEA, TH Z#2X3—BBITENEKE, EEIRFA
(0648 MIMHIE, RETHER LFA. XHiH, EATHAAKAXITI AL A
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1. Light from fiber to solution 1 2
2. light from air to fiber

Reflectance, p

T T T T
¢ 20 40 €0 80 100

Incident angle, degree

Fig.3-5 Reflectance p relative to the incident angles in the

fiber optic/capillary sensing element.
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S (RN £0,=40%), LBILIRITH S B T AT BRI 4T AR AL NBTAR AT B8
HIRSTEAS M. B 3-6 BoR, LEBARIFHE o, AT nn=147)1, ¥ n,
Wk, RELEAD, %0, BAEXT o, 0, i REEHEERBBEAEX
g EF.

2



H=F ETRAARRRETENRTERABEA SRR

0.20

0.18

0.16

Reflectance, p
o o @ 2 2 9 o
S R 8 8 8 % =
1 i ] 1

o
8

T T T T Y T
10 12 14 18 18 20 22

Refractive index, n,

Fig.3-6 Reflectance p relative to the refractive index n,

in the fiber optic/capillary sensing element.
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WA AT AR E A FREAAIG ), NBESH LA, HERN, HRAE8
FESBIGR, RHNRENTUERE - BWE, HTRUEEETMEN
FEERENRES, WAL LTRSS LR —BHFESRABES. ALk
b, BEgEBRRANENERERFESRRERK, TRAMAANERX R/
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I,=Lp (1-p) (3-20)
REHRIEAE LREE N KRHEF
In=L p"' (1-p) (3-21)

EFWK n, WHETHER N0, HWEBIVTEH, R p BED, B4
p' » FIEIRBIHE n, BUEHNERNEAESHREC I 1)

I, =L{t- ¢) (3-22)
I, =L (- o) (3-23)
I =L o™ (1-0) (3-24)
Ig, n, Solution
Fiber optic
m,
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Fig.3-7 Detection of the mode-filtered light at N

point where the incident light is reflected N times.

THRIKILEITHE n, MABEE - RKRENE R RHPEERE
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FRAT Y n, HRTTEADN

REXE-20)MX(E-29)F
Bl =T =T =1o8™ 1= 0)-150"(1-9) (3-27)
AR RIEELE S A
A IF:iAI” (3-28)

N=l
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BB S, Al ATBAKT 0, BATLUMNF 0, 5EEKE NHR
Slhp « p’ . ¥ N=1 B, BRIENATDAL, B o, WEKERK: TEA
HABE VKRS EEERE 2 £ 3 kKRS, ERSBARNBEREN
R NN SR R, RRBERIEN S SHH n, HRKTIR
A,

LR RN B R F W R B RSB RN, R
ARG FAR. RIVBHTOTFLASE: MREAESEAHRERE 1
FIRE 2 (B 3-4 (B)) WRSHLHER; FE1 5578 2 FIRS LEHRAZL
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Afc=0ca-Bc (3-30)

MTHERLSHOTERTE, A0c KMEHE 0 BHE, EUEEMRD: EX
BENRITEEA, S(A6)5A0 BN REMXR, WA
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ok — B
THEMNESEAZERIEF ST ZATLETH R LG TR SA6, 4
KHFRIER . BIE Snell 5F8: sinb=n,/n,, THFH:
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BT 0, Sn28k (ERIMERAMIIEE P, 6.4 1.34), THEEMLIRERARIL:
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¥ (3-32) RARA (3-33) X A[18.
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Fig.4-1 Reflectance p versus incident angle in

ethanol sensing system.
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Fig.4-2 Signal intensity varied with the launch angle

of the laser source to the fiber face normal.
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Fig.4-3 Response curve of the sensor to ethanol with different
concentration (v/v): a. 0; b. 20%; c. 30%; d. 40%; e. 50%; f.
30%; g. 0. |
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Fig.4-4 Calibration curve for measurement of ethanol by the
sensor. The linear response covers the concentration of
0~50% (v/v) and the relative coefficient is 0.9972.
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wFRBR AR, EECEET, WHENKNRSHEANES AR
X, MESHEREEX. TH, HASNAYWRNFTHERDSRBL, &
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Fig.5-1 Reflectance p versus incident angle in acetic

acid sensing system.
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5.3.3 KRHE

WEEAFEANA, BE—aEmE, Bk 650mm KBOEFAXT. B
¥ARKREREREE ST HSIAETHE, BRI, RitEHLCRAL
T,
5.3.4 FERICLGI07

R EEERE 5.00ml, FFHHAHPEBKHE 500ml 5. UIEBAETR
<A, FH 0.IN NaOH tr¥EBRBR ERRAE 1| A BAEA.
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Fig.5-2 Signal intensity varied with the launch angle

of the laser source to the fiber face normal.
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Fig.5-3 Real-time response of the sensor to acetic acids with
different concentrations (v/v): a. 0; b. 20%,; c. 40%; d. 60%,; e.

80%.
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BRABPEREMLLTHR. JR—MERWE/LRRESIATERR, WEF
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e EEL, HitfiRE. FRIEBFESHR “BR” TEEHTEOL
FHREBIFEARTMABRME. B 5-3 EERT ZERBHAAYHSIE. FRE
B, MEMELEERBHEL, ZERSELHNRAUPAIEFERERNEIEZE R
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Fig.5-4 Calibration curve for measurement of acetic acid by
the sensor. The linear response covers the concentration of
0~90% (v/v) and the relative coefficient is 0.9980.
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5.4.4 RAGEPERIBHAE

ERHABENRENEP, &HILMRESTRANEBRER EE. &N
RO HI6) 24 B SS R R R e T E N ENE T T RIE. )10 4
FC AT HIAS R BE(0~90%, viv) U BR IR IR HE VR, A BISIABHE S, A 5HE
bria B N RABARE S, RERREEE, B2 T HEREBNTEHE,
WME 5-4 Firm. GRER, 7 0~90%(v/v) IR B TE B R XS B8 A I s 48 M A 2K
FAXRECH 0.9980. HEARSIAEAE, RUHERBAGES, FATEMH
£ BB LD, PEERN 3.40%VN), BEAME, HAEN 3.57% .

EREEES, SARNRETHTRTE:

BRE (%) = Y ’;3'060 %100

AP N 2EFIEMRERRNEERE, V EEFIMIRERHFEH B(ml),
W REERNE@E). AiZTENEaBNMREN 3.67%. URMEEERE #
PR TERATHER, RIB IR ERBRBAHENREAN 2.7%, FTLLAR,
AR TEMENSGRE—E, &GRAR 5-1.

Table 5-1 Determination of the acetic acid content in an Yuhe edible
vinegar by the sensor and a standard acid-base titrimetric method.

Method Sensor Standard titration method

mean+SD’ (%) 3.67%0.14 3.57+0.05

*The mean is the average value of five measurements and the

SD is the standard deviation.
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FARE ETEARRERERCA R RER
FZoWRIRE

6.1 BIE

BT BRI 5 RO AR LA B R DRI N A T Z BN
ERETARY %0 1912081 B T e BRI BRAF RO A 2 A, HEERRRE, FREMRK,
EOMNT S FERE I ARBEENSN . XS XSRS
A HE R OB R AT 3

Z_BEBWANBEENENK -8, AEEENTLURY, ek
TEBEMIERENE™, Z _BieBUERR A EREN ISR
R, BB R EL S . RN R, HRREERBEK
BEREMALEY, BUNLEERRENY, SRHANNRELSYNRR,
—TRARBRERGERSERT LN TBLEY, HRERMBREK. X
AT ETFERRNRERIMBAETERB AU EABRBN Z _MHTT
WisE, HARBBRELE G RHITHE, TRER, SEHRSNZ B
EHEROSAWE. MZBER. BRERMHEL, WEBZ _BHRBEER, X
AAES S EMUER. X 61 5l TLHYRBHFTSHERD. NRPTLL
EH, ZTHMEKNFHELERK. ERRENSPELiITwE, #Rb=
AAAYRIGTHEEERA, ZEBRENERNMNARHBA, RUER
. Bk, ERENEAMLEEERED, ZZBAKEBAREERR D BN RE.

Table 6-1 Rls of some materials (20°C)

Materials H,0 C,H,0H CH,COOH  C,H,(OH),
RI 133299  1.36143 1.3717 1.4316
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Fig.6-1 Reflectance p versus incident angle in

ethylene glycol sensing system.
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6.3.1 {XERFNIX T
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20% 4L S0
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BN HERBRSaiZz 8 0, 10, 20, 30, 40, 50, 60, 70, 80, 90ml
F 10 4 100ml FEMEF, MABKBEZZE, BEHMK 0, 10%, 20%, 30%,
40%, 50%, 60%, 70%, 80%. 90%(v/V)I]Z —EEIRERS K.

HEFIBG Z _BESER, 2HREA A Be
6.3.3 LRAH*

ABEEARAH A, BE—6EMAE, BEK 650nm MBXSAXL. B
BARIRBEN Z —BEEA H3IABEE, BRI, AHENERH
Wb,
6.3.4 MHKXE (HRMTFLZNEZ ZFHIR)

EHAREURES A 0.1011g THEZMRP, K 25ml, FEFIOA 0.IN BBLE R
W S0ml, REBBAWSE, HE 30min, RE, M 20%BYLEEE 30ml,
6N TRERH 25ml, A 02N BRICHBRMIIFHERBRE ZRREBE, I 1%
feR 2ml, SEREZREARITEE, ERERLHT, H—ZEKR.

B HRAFREES B 0.1001g THERHE S, LT PHWE L.

58



$AE ETERAOIERRNRETEBIATRBNAT L M AE

6.4 KR5ViE
6.4.1 5

HFREXS RIS R EXT CCD TEMRERIE M, LREHIZEEN 25°C.,

4500

e 0
4000 - e %  30% (vv)
fus &  60%(viv)
3500 - ': .
2 em L
S 3000 - .“ .
F )
L]
E 2500 - “ "
- &
-E *
2000 - . A
=
£, 1500 -
o a “
1000 ®
o .
500 — N “
m eeoailn % &
D [} ] 1 T 1 1
0 5 10 15 20 25 30 35

Launch angle, degree

Fig.6-2 Signal intensity varied with the launch angle

of the laser source to the fiber face normal.
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Fig.6-3 Real-time response of the sensor to ethylene
glycol with different concentrations: a. 0; b. 20%; c.
40%; d. 60%.
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ERER—EEKT. RERTHERSENT, BMMARE. ABEHK
(5B X ERE T OB AT RENGE. B 63 TERT %R
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Fig.6-4 Calibration curve for ethylene glycol by the sensor.
The linear response covers the concentration range of 0~60%
(v/v) and relative coefficient is the value of 0.9966.
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MBI AEAUEEWRL R, BT ZRERARARCRIGFRMZEEYERERENHYR

FEERMREAED, FRAMNBRHAREEMKREFTATRIHE:

Z %= W x1000x2

100

RF V, A% B E EERARBRARER B ERmD), V REEFERE
FER M BARER BN ERMm), N Z2HRARRARESBRNLSERE, M
RZ_EHERER, W RN AR, SRUGBHER A 7B KEARES
WEREAEIRE 2 HREE 578 16.23%M 42.97%

GBI R RS HER A J B T THE. W 10 BERHIFHAR
WERZ ZRBFEEE, FA5IAEHES, NeS5EanEsn gt
B8, REMREEER, THRIAZ-_EBHENTESLZ, B 64 Fir. 4%
BIR,  0~60%(vVNZ _BIRETEREAMEEREEMR, HXRBEER
0.9966. EXFEM A M1 B M EH, ASIATHE, RAXKEABLEFES, R
BN TIERZ ERERRE AN, F 62 FIH TR A B B fRER MK
N, WNRPATUEH, i AF B RRESHUEH 16.28%F 44.40% (v/v).
FAEBRBUENTESHREFEZHRREAEMALE, RITRALRBZUE A
B BFAEXHRES AN 0.31%FE& AR 3.33%((FEf B), SERERSAHE.

Table 6-2 Concentration measuremernts of the sample A and B by the sensor, (v/v, %)

_ﬁmﬁ
Detection times i 2 3 4 x S

Sample A 16.36 1620 16.00 16.54 16.28 0.23
Sample B 44.11 4404 45.05 44.40 0.56
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KHTEEREER, FAETHEHME (AFM) X C, M C, BiHn#Eai R m
HKIFESLELT TRAL. LAHPGEERY, A LN TIIER R R O MRk b:
R Wil
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. XARRATEORENREBE/D -RFEFRE, FEREVERHUTT
ERAY, RBTHEMNER.

7.2 XREH

7.2.1 {LEREIHH

BB T —ENAT/EAEABERINN SHRERLE 2-5. &
FE 2 i BUF A AR B 633nm B FABOEIR(1.5mW 633nm CW laser diode
module, RS stock no. 111-346, RS Components), {E41Z8 (74900 series, Cole-Parmer
Instrument Company), 0.2ul {HE## (Rheodyne model 7520), XE/EHE
JiERL, CCD RMBLEHBERERA (RERKEMFRLAF). MTT—4
SEMREA, TTUEBOLREAENREANA. ¥ —RER 2000m MEEERE
B HBA—B AR 250um MEHAEYF, RAEHNA—nEHEHEHBHE
B, R hESEEASER, BHAEHE . CCD RAURAEEEHET
EMmEE, HFEEAEERENMENEE, 8 MASCE WA~ R AL
REEREN, KENGESLEERRBRBHIBEREREXEF B FILHE.
KEREHXRIEITITK.

7.2.2 XFIF{LRE
TIREEK, EREHE
R, fild, WREFREEAAFTHI
WKL, othrd, BimginRERAmM
W_E, athd, LEHEmeam
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FE, obral, BmIm AR

B, AT, WIRIEREA AL AR

R, el BRHARKEARUERERETELBEN
2l ]

chlorodimethyloctadecylsilane, A.R., Aldrich Chemical Co.Inc.

chlorotrimethylsilane, A.R., Aldrich Chemical Co.Inc.

AFNE, JERB UERTBARTRFELAF

ARTHE, KEHECESGCFTRAF

BRF 1 B#8E (AFM), SEIKO SPI3800N Probe Station & SPA-400 SPM Unit
WQT-410 LM ARSI, JEHE ZFE T

B3200S-T A H K4 5%, VaEEE (L) HRAFR

7.2.3 KB A

7.23.1 C,# C, BiitA MW T

HH 420mm KK . H2H 2001 m FI5EE, M“%% 350mm KRIEDE
ARG TY 48 /DT, BREHEBE, FZHARNKLT. BEREZVBENBEH
B 2M MRERPIEN 2 D, RERKAHTE. W, ZRERKHR. B
BAE 250w m KEAE 360mm, FRBRILAE 2 /N, RKXAFE. A,
TRBKLEF . BEBHETNEAERT HOCHMMET, HESEPT
FHRER. RAEHENLTHXAGNEHAERA 30ml FEM 08z #
chlorodimethyloctadecylsilane ¥+, @B KRG 24 PEf, BHEAMELH
%, A 30ml FEM 10ml ) chlorotrimethylsilane IR 5P, KEHBHEE
P 12 /hef. UL EBREERSPIRT TEHAT, HFERIERKITK.

B2 FRRENRT DOEABAE Y. ATREATHNHEZENG,
EBRALTZ AL BHENRHETE, HTEBREBREH, AGdEmAS
MENTTRRKBOBRESEBMRENELZEKES.

7232 {HSRM

AR EE, MK ERSIME, FUEZRHIE 11 Vmine FEA 02ul &,
HSERMEEAETAE PS54, FENRKELESH CCD mill, Mt
=N 1RA T So ik N
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7.3.1 G, ¥ C, #EHFAIRETLERAY AFM RAER LLIMHEHHFIE

FAREMAEETEEERERTRE, PENRRMELEEEEZH
BREOMEARFNROEEEANOR®. AEREAZRTEHRD, REAR
DIFTE Lewis MR, HEBRZHIZHRIRBHMKNEIERR. RTRABRE C,
BiifE, REMESFE—LRENNERER, TSRO EENANRERN
R

A C, RTINS C,s 116 /5 R E 1T 2b 3 7T A Rt N B X s R
H, EREER C, B C, BHER. TFNEEHRE. K HERN R
TEESERREXE, BAXHRTBAIERENBAANE C, HEHE
H, £W5 C, HEEM. ZFEREEZHNREE LT EMTRMGHES
S AN P REEHESE i L

(A (B}

Fig.7-1 AFM images of conformational aspects on the surfaces of (A) blank slide
substrate and (B) C ;- and C,- modified slide substrate. We can conclude that the
modified slide surface has formed the nano-scale multiple C,¢- and C,- layers.
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HTHE C, M C, BHHMREBINFE, RIODUBEHAERER, A AFM
3t C 0 C BHMBI A REMERET T RIE. B 7-1 BREBHHTOH
BAER (A) M2 C, M C BBz FER (B) WREMHEE., WEST
DEMMEL, ZAMBNHANEEEERERNER, A IHEBRH C;,
C EaBMmERkA b, #E C, M CHAHTIENS., T8N, XTHEE
FRREHRBSER. BHE C, M C, B/ XTI, X
SN (A BR (B) BTHR7AREAEER SR KRBk,

RIS ERAMT 450038, FRER ERENASIIRE. B 72 BiE
FALB A Lot . NEFTLUEE, & 2940cm™ 1 2872cm” £F AR K
i, tAETEREE RO, FOREGE R th N ELZE 2940cm™ 4.
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Fig.7-2 Infrared spectrum of C; and C, modified slide surface.

7.3.2 {AHRFL4HMRL

 ZERFLED, BT BTN TR Y B, R,
HTHEABENABRENETRMREE, FERERIBMRE, EXERF
EAEORERE, B 1pWmine KIS EHHTTE, TR R 6
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fEBGRTNE, HESRATRLARR.
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signal = —————=
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n, —BEHFE
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Vi —— TR I3 R AR
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k —AEBHT
M EXATLUEH, BE U B, NERKBRENESREFF. HRE
BAREADBE, HEREESIHS BRI EAKREK.
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Fig.7-3 Chromatographic response to a small sample volume of
bromobenzene. Conditions: mobile phase, pure water; flow rate,
1.0pl/min. A 0.2pl sample containing 2.0pg of bromobenzene was
injected.

B 7-3 BRRARENRASFRADNNPNES, BEFERTH 0.2u
BE 2ug REMELBBEIANBAEFHRBOEBIORABRFES. ATH
s KA E SR, RINBATFEEKLLRSE, 855
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MR KEMTES LR EFSEERARBERRNE N SEMARE RS NAT

THREBARANBEKESESRUNRR. NE 74 TTLLEH, BEERsAT
FEIBRMMK, ARMRABNESHEA, ARMKERDMN, REH
BEAEAE SR X—ERN THAELETERSHFETIENMRIHE
EHNE.

25

Relative Signal

T ¥ T T
0 10 20 30 40 50
% methanol

Fig.7-4 Analyte signal versus % methanol in the mobile
phase obtained for bromobenzene at the flow rate of
1.0ul/min.

RINHBRATRY, Z—4FRE5BERERERYEH. RINZEMES
R E S MAREAREHARET, UERRNNESHREE. NOER
®Ed, XPRHATERET k. FEETEEGEABEN)HHMRE
genMEESH. AHRER (7-0) TUME, k EEABAESHERER
gEm. MREEERX (-0 PRESHAE. HFAESEA—L, RATTLR
/A 7-5 TRAAMESESERATZAMRE. ANBTHELTUESY, 3
kEANTF 1E, FSEKEFRE WH kEXT1E, FEHEKERARD.
X—RAET k #MmB—E G, FUYRZRENFRERNE FBUES
RS, (ERIEIRET .
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Fig.7-5 Normalized relative signal for bromobenzene as a

function of the capacity factor. The solid line is the function as
predicted by Eq.1.
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73.3 HEBREMARER S BERXEBERS I

RS I IAE SR B AR R R IR A E R AKE. RETENX
(7-1), ESHRRNSHFTRSIKE. THREURSEENECHRRENS
DA%, EEER, BROTUHERURERTNREREWY, RXBAR
AP BEEEFHRERT B SN TROFAFRS BESRBRU LB
By, BAERSYERT, AldEESRAVEARTRATROEEIRR.
EXHERT, BRIELRNSBERRBAFESHITERRE, T URMNE
SESOWE, HRAXREHMTR SR HERE. B 7-6 RFFREREEN
fEEW Mg, WIMEELK, HEEHE Wnin, ZRIEHERY, HHE
¥R J5E B e LR ST AR AR 2R o
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Fig.7-6 Calibration curve for bromobenzene in pure
water stationary phase at 1pl/min.
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FRABRNETEL B LENERF S, TRAOBWBB/LUTR. RITHZX
ERENZTREWHTERET TR, SHXRREENRER, LTEHRE
THBENRENPENEREAIRERNGEE, wE 77 foR. NEE 2 5F
HEEAE, HPBE 2 MABEEUHR 064, HiE 3 WAEKN 071, &
B4 MAEEH 080, TLUFH, FFEEMTHENEE | ZEE 4 RKHEAK,
BESE M NN MEESIKKRR TR, XEHTRANBBERRH
SHYRMEFREERN. KRRV, FESVRENPERSWERAF
RFHERIERIN, HER T R3S LR R BN AHRTR.
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Fig.7-7 Multichanne! mode-filtered light signals for 0.2pl sample containing
0.2pg of bromobenzene(B) and 10ug of toluene(T). Conditions: mobile phase,
pure water; flow rate, 1pl/min. The results predict that the sensor has potentials
for simultaneous selective response to mixed components and for development of
multi-signal and multi-functional sensing in a unique sensor.
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C=x"-bte (7-2)

Kb C AaHPRE: x ASHTYRNENESHE: b ARBPRKEE: .
HERRE., SEARESEE, RE (2) TAKLDT:

C=x-b+e (7-3)

K CARERE, RARAKERST AR « ARIESIER,
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Fig.7-8 Multichannel mode-filtered light signal analysis
for bromobenzene.
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Fig.7-9 Multichannel mode-filtered light signal analysis
for toluene.
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WA AFES VLR Y. ETFREAFRNEARUNFRLESEWHBERENATH

MR ARMER, B 4 MEEMSITE S AERE PLS #E, &
113 15 AFRBHESRPRE, FRREHRT T HERLE 7-1. & 7-2.
HRITR, BFWREGTRERE THEORE. Z—4RKY, FRAKAE
KEBRPHZBERAGFE, ROERT Z AR RS S ERI,

Table 7-1. Concentration prediction for bromobenzene (%, m/m)

Estimated concentration Actual concentration Relative error
0.0914 0.10 -0.086
0.4787 0.50 -0.043
0.0933 0.10 -0.067
0.1117 0.10 0.117
0.1062 0.10 0.062
0.2082 0.20 0.041
0.1795 0.20 -0.103
0.1851 0.20 -0.074
0.1939 0.20 -0.030
0.5209 0.50 0.042
0.5145 0.50 0.029
0.4791 . 0.50 -0.042
0.4872 0.50 -0.026
0.0223 0

-0.0029 0
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Table 7-2. Concentration prediction for toluene (%, m/m)

Estimated concentration Actual concentration Relative error
1.0812 1.00 0.081
0.3390 0.30 0.130
0.4500 0.50 -0.100
0.9182 1.00 -0.082
0.2065 0.20 0.033
0.3223 0.30 0.074
0.5299 0.50 0.060
1.0939 1.00 0.094
0.0280 0
0.1795 ’ 0.20 -0.103
(.2893 0.30 -0.036
0.5347 0.50 0.069
0.4616 0.50 -0.077
1.0449 1.00 : 0.045

2.1465 2.00 0.073
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W GEMEY KD FRBEERMEYENSE, BEAEARTER KRG TRIEH
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Fig.8-1 Schematic of mode-filtered light capillary e¢lectrophoresis instrument.
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B#& L, REepBASTUiBTEARNASA, SENREETLUENE. £
A ETFEAT AN EOEREAT =S50 e L

BESRFEHHF, —HE BIO-RAD A7 M HPE100 B 418tk (X A%
ERE, HiERRRmHBEES 12KV, B—-RRRRERRREAE SKV, i
BN 110-120pA, BAEFA 200pA, H—HRERBER 30KV/03mA B
BYE, B EEETFEHMANRELE.

AF/BRERER, AEAFHIEFBACEAFHEATRRTLAARME, A
HEMY bk FRACEBHTRA TR,

CCD RMBREBERERG (RERBHMERAF) .
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AR ET Sol-Gel .18 BSA FH B AN E MMM B L E 0B QB

HEREH IR =EERESE (RS Components Ltd,, Co. HK) T
B WE 22 fn, BRHFEA-BREHES, AERREEFATHEHESE
f—%, BRELHBASIERLSNENERE T, AEHREHEAERHEA=
B, HTZENARSEREATIERLEARM A —A, BT LR ERE
F, RN A 3 S R R S b — B

Tee Connector Capillary  Fiber Optic

4

Plastic tubing

/

Silica rubber

Capillary

Fig.8-2 Sampling system designed for mode-filtered light capillary
electrophoresis .

RBHEEZEGR S I ELFIEARE BHEARGENLEAENE &
MU RFNAEZER. BAEECE—MKTNEERIREL, EREBRT
RIRETBASERE, TTLASCE R B AKMBARR. BER 03mm MNE&E, 38
HAXAMNRERE. WRESERERFEERBIRTRE, RERKERLT.
CCD RUBHEEEABENTMLIEE, FRETHEERE 3 MONEE, B§
MEAWE 3 AR REEAEE, RENE SRR hBRERERERR
FHTHNLE. KERAHLREBITIE.
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WM AFMTUETUE TR ETFSRENFRARANMOFLE S EPEBERERARR

8.2.2 WFIF{LER

TR, ERERE

LB, SYidl, IR R

HE, SMrall, MsAeERIT

WE, Sbal, WK ERRT

BiER, Srivet, WIRSERPRT LSRR

R, et R REAERMEE RBAELERART

AL, AT, KT R R iR

BN, el KIMEERRT

HE®, 4Vl LERkEEm

o-HER, e, LERAEES

= (BERE) EERHE (Tris) , #MPLERAFFTFEPO

WZE XS (TEOS) , PELERBILT

R, e, ROULERRT

TR, e, RKEmERRZ

BSA, SLEF, HRAREYMBAFRAE

L-288, £4iAM, Aldirich Chem. Co.

D-8E8, H£4AH, Aldirich Chem. Co.

D, L-65E &, 4£4iA5, Aldirich Chem. Co.

E2lf -

Tris Z: ¥ Tris BT ZRKBMWK, EEE pH EHBROBEMTHY pH
E38.5.

PH=2.2 f Mecllvaine Zriil: RS9 0.0632g, PR 2.0580g IR& MK
% 100ml.

EEMBW (10mM) : 0.0102g #F 5ml PH =2.2 #1 Mcllvaine 3.

BEFHEME (AFM) , SEIKO SPI3800N Probe Station & SPA-400 SPM Unit

B3200S-T A R4 %, VEREHEE (LB FRAE
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FAE ET Sol-Gel {1 BSA FiEE RN S MR BT LBHE RRGIA

LG k&

8.2.3 KWAE
8.2.3.1 TR ESGRIEREEX
8.2.3.1.1. XHMEMEHOBI&

B—RERZN 4000 m BES, N—iniH PR —BRRERRM L 48
i, BEX—BRNEE. BR—-HARR S3oem HERE, RABILAREAE
BEFEHMEGRTERIE 24 b, BERKAZKK. 8. AEEE. %E 8-
ST EMERRL, EHTRAER 10mM ) HCL, 530 24 /AT,
8.2.3.1.2. HMjkEH

7 10mM ) HCl FRBEHBATMRA, Ll 10mM K HCl {ERIETR
W, EHAN 120p0ANEMT, BkEds L, EBRXEHT, FEHER
SCETRTR M EIAFSR, FRAENLAREHNE TH10mM 9 HCLIEHAE —
FMshAPE.
823.13. KRR

BV IFEAFENAFARE. 58 10mM B HCl IS ERHEN RS
B, 75 160pAIERER T, ibfE10-20s, EHEFRRMEERIFWIRA 10mM B9 Tris
B, #ITEHESEBK. BKETZEA 10mMHCI HEEREE UHE
Tris SR CRBERN. FERENEZRTHT. RKETRMBEERS
£3% 0.45um BB (Cole-Palmer Instrument Company, USA) ifig.

BN S cCDO R, RIFENRH;FLE.

8.2.3.2 sol-gel 112 BSA FHERRRKBROEHAW Rk
8.2.3.2.1. REAMEMEEALE

B —RERA 200 m fEE, W—SEHFH—BRRRERRRTE 48
M, BEHAR, BEZRABNT. BREZARMEATRE 2M NERPEL
2 B, ARG ER. W, SRBEKSR. BRE—BAR 2500 m B4
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WRMAFMTEE TR EFSBURARERHOHMEFSEYSRERSNATR

E, REMBENEE 2/ 0, KAFRE. WE. ZREEKEE. Beptsd
MEAFTET M0CHET, ERSRPTHRER.
8.2.3.2.2. sol-geliRHAACH

FrARAELDT:

TEOS, 15ml;

H20, i4.5ml;

HCI (0.1M), 0.5ml

FRHGEEY 5 4. BEIEER sol-gel ATIKAREH

FREL 0.05g BSA, BHEMA 0.5ml FIBERREMIEH(pH=6.8)F, RBRAEXLHE
&,

¥ sol-gel RIE{RYS AN BSA iR E B HIR S, WM.
8.2.3.2.3. sol-gel@IEBSAFHEEHRE

EABRADOBAEZAE T, REEBHEAEN sol-gel i, HEHY 5
areh, BESK sol-gel BRHHERETER. BAANBHAETET 4CHHE T
H—A.
823.24. KWHH

BFECEIAS AE, # pH=22 MHRBHMAREHE I AREER, @
HRBABRMEHAET. 10KV THaBE10-20s, ¥R D, L-ARRSASHY
W, RIEHEERREUR pH=2.2 KBFRREMEH, 7 10KV HEBETHITEHE
Bk, TARENEZR/RTHRT. BRETEHRBAEELRNET 045um BB
(Cole-Palmer Instrument Company, USA) idiE.

BAEAE S cCORM, AHEPTRIFLHE.

83 LR5HE

8.3.1 Sol-gel REBREME AFM RAEL

AT %% sol-gel B BSA THEEMRENREEHFE, BIOUKBEHE
#R, F AFM X sol-gel 32 MEH A REMFRMT T RIE. B 8-3 RREBM
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ST KT Sol-Gel B BSA %ﬁﬁﬁﬁ&‘l&ﬂﬁﬁiﬁ%)’tﬁﬂ%ﬂﬁ IR

MZEARBEHER (A) L sol-gel RENBRFFEMR (B) MRALKRE. AE
PR URIERRE N, TAMBHEAFNREOTERENER, BHE sol-gel B
i J R T KL RE R R

Fig.8-3 AFM images of conformational aspects on the surfaces of
(A) blank slide substrate and (B) sol-gel modified slide substrate.

8.3.2 ¥MEXRMKHML

BMNEARATREBHHXEREAE AT REAETAET T AR
3 CE BIRUHIOFIT. H 8-4 RENMEMBERAMN HERARNERRBE S KRN LN
AERMAAIENEES. WEE | THE 3, FRAMNTBEENMA, R
R8T BT AL RN .

HE, NEHRETUEE, ROFTFNENTREXEERIREEBUM4ER
EMEBANELRS L BEEE - PHTIRASE. ERHEEXT, GHEEw
AEXEHAERAE, HETERELESHEARNEW. X T BERATLENRR
gL r REBREEAT, WRRAHPD,
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Fig.8-4 Mode-filtered light CE with unmodified sensing element of 530pum i.d.
capillary/400pm fiber optic annular column for separation of gylein and alanine.
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BAE HT Sol-Gel HI2 BSA FHEEHN L HESA LM BHE BRHR

&i-[L+Llnr—z+iln~ri+ !
2 2k k, n k r, qn

R, K AREZRE, q, WHRRER, TR 1, 2. 3 RrATRENE., JEMR

Bl (BERIMERE) SR, ov HBRAGHRETIRE. B, EHh058AE

FIBKIREN

] (8-1)

2
AT, = %’— (82
1

EXRE, BAEEREX, AEPLIBEABNEBESERK, HEANRE™
. HTRA/EAEREEBOHTE, BHENEEHERIACEREEE
mENREMNREE, FHib, PRERKNERAZENEGTRFEROEAE
dik. BRN, AEMEREAEUEMPRESRLE, KERAAZERRE
FIFHH. - AR RIVEFER, B 34 MERRFERABELREHTX
ERIRE R AT B RIERN. |

350

Current, pA
2
1

Voltage, kV

Fig.8-5 Working curves of the current versus the voltage in three
different dimensional annular column sensing elements. Capillary/fiber
optic:1. 530pum/200um; 2. 320um/200um; 3. 250um/200pum.
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Fig.8-6 Mode-filtered light CE for chiral separetion of D, L-tryptophan with
320pum/200um capillary/fiber optic annular column sensing element.
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BAE ET Sol-Gel Hi BSA F-HEE 48 M4 0 M 7B YL 37 B B0 e SRR 9

RMNFETARAERNBAEFREEBRTHO B TIENRE. BIBMER
WRY, WESHERFERKE, KXAEESEREETHEOAE. BRFHAR
WHETE, B RRER T ET U ERKHRE, HREEERNERRE T
EENEFEEE. BEOMER, ERXEHT, SCEREMENNABRA, HH
E—aRiHE, REHEEXRPHBRAREEIIEEE. S EMRE, A
HMPER, —BAEERH. B 8-5 £ 3 HARERMIREBME Bikf TER
ESEREE. 3 BARERMTREEBITHHET sol-gel €IE BSA HIRE
B4, FTRXH N 200pum Hf2. B 8-5 R, 7€ 530um. 320um A1 250um HFIFAR
BEMEREKD, ER 250um FIFREEBITH T ULRBERIT Rk T,
BEH 10kV B, LA 170pA: TRIAETERK LERELMRK, BRI,
SEMH S, BREEEK. T, ARMNMHTRER EE, KERRRE
BTN T HRA R B R MR B H N R+ 5F .

1.22
1211
1. LB
1. 16}
1. 14F]
1. 12f]
1.1
1. 0B[]

o

¥

Xowar.

AT P e
o

L I I 1 L L
1

Tailing factor
L
i e e

1. 06
104l
1. 02f

(=
th

% isopropanol

Fig.8-7 Effect of the isopropanol content in the buffers on the
tailing factor.
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Fig.8-8 Mode-filtered light CE for chiral separetion of D, L-tryptophan with
250um/200um capillary/fiber optic annular column sensing element.
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F\FE BT Sol-Gel €118 BSA F A EAMN LB HRIIEFHERE BIKPIR

X—pUEIE 3 FAREE R IR BT R — 4347 % 8 B R R i B 45 5
A LAB BB B 8-6 &L 320um FB4E/200um JEAFORAEE B IK b BT IRB 1
SiEEMEAEAES, STNRAREEER. BFTR, ARAELEFRAK,
TRAESHREEART. JBIMER s30um WIRREARTHAR, KBHNER
W E 8-6 . AERNBEMIIES, BRILEA 250um E4%E/200um JELFHER
WU, BITHEN 10kv, FIRREREBRTHE 8-6, X—45RNE 8-8 Fi
N

BRINCLRFREMME, MAARODMNEAEAREHITERSE, KA
BANSBRRARFHEABESHTRMERE T IEENEX. RELEH
FHRASHFEFERERD, SBREoMHEER, FBRIKE TR, BRBREH
fn. MHE 8-4 Hskig P R HIX—E5 R

BA1RHA sol-gel f11E BSA FHHH E*ﬁﬁnﬁj’ﬁ?iﬁiﬁj’ﬁ%ﬂﬁ HEERR L
. BHHREADY, EEMERTIMARREED BRI NS BER, Fik
RRERAZEBENEH. BINERTARKENRARENERNEW. BEEAT LR
RREFEIREF RN —A25, BERTLAN | BRB\ERNHRIELT, THEEN
%. NE 87 FFH, RRBIREN 5%, BEARGRIFHNE, BARNE
W, HRETEUAAR.

& 8-8 REMBPHEN SHFARNEBAERKN=HELNMNES,
250pum FAE200um AR REERTH. 5E 8-6 ik, FTRGRBAHE
¥, BRIOBFHERTHRECERNTFENS, HEYN L-EERM D-AE®R
RrscaT B R _ERE T EENREE.

—

84 %t

LEEERBEEBATRNKRUNAERBACEEBRERAEM, &6
4 KB BRI —F 2 F s RIS ERIBIEBHE RIKNUHIF
THH. BAEHRKE—HBENNSBEFER, RABCRNAELEIE. L. A
SER BN, ZEHENEISGERT T RIRESE. FHSEERXELESN
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W ASF I FE TR 2T ZBERARBR T AU E S EPW SRR S NARA

Bk, RINTUELDRETRFUEFIURETREY KT TURER.
DNA. EHM. BRFYERN 7B EHEEEROIERR. ZULENIES, §

HEGEMGPKRBRL. 73 TE80R. BRESTHREFIRTRERANHA, H#

&

BRAHERTE (LIF) BMEERAFE MR EH’ — P ARG BRAE LR

BHIZhRE.
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M kFESLEESUEER: ET2EEAFEBARANFENZSEPEBRERS AT

SRR

2 EEPERERBNEESRAFARBRYE: —RRESSH. STk
RESRLNEES, —RRBMELN. 9ORR LSRR . RN,
WASESEEMEBEBREENZESN. SURLEEEYAEBRER—£
SAFHEERE, BNETREMEFISE REELMEBELIERT,
Bt BRI RIS BREUR. N EEREBUE AR EERANES
ERMTIZERHEAEMIEORE, SMEEESRANTER —HZESF
S, KHEBEAN R EANRBEAEEE S RN T,

ERFULSEBERD, FEAFQOENHOEBIELELE, SHUAETRSHE
AR EEERE —REE. REONE, EXRNEBRERSD, XS
Wit SR T Gl BN AN bR THRBNEMELEES. FLETFx
SHBMNEEEBRLERUEERESHRBRN—REERE.

S IR R — R T H R B SRR MR, fEh—
HERARREAR, FIHNEANCHERFENAE. ERMBHEEGE (HPLC) HE
MEHEk (CE) HBEAT, ¥ Rl MEEN—FHBEALAN—ESBANK
vk, BIOCE—HES A% R KMERRY — ik EBRE S EHHNL
S RN E AR, TREAEEENEENN. B, R AN
.25 450 43 O < 5 S R B T 1R B N T B R B P SR
R BRI, TOARMAER R0 R B .

TR A/ B AR B AR — A X RABTRENL
AHRERATERETHNRE. G SENETHREMN SR RFHR
AT B R R R B OTLC MISBELR, ATRUABIMGIE SR, KA.
WA BIEISEN. MEERETAE6E (AFEEN) TEXEENAZR,
EXFAUTRNERANRBE .. EERAEE (WCOD) P, KHEREN
L R BT AT EEEMEW, SRR AAEENIER, BT HRES
MR SRR A . TFREITEE Y S RE AT EA N B R
WO RN, B4 EALR R R LA E E R RERE N SRR RNREE

[T

Jnl
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i

MEANEE. EEREGEN. HEHBAERE, BR—EETS5 0 EE R
BREXEEN. FEik, FHREBREHZAAAMNEREHITE SO FAE,
PABR X REMEHEP L, MBRREFER &Y E el RS, SiEEr,
BEEXARMEEN EHERE R TINE, —BEROERBLLE, —RREERE.
MERERANE/ETERROERL, CERHEBRROREESHEANBRENS
%o

FRIXNETAAERELRUNVEANE, BHTHR—AFHAET
RN A EEBRAAANESEYLBRE. BRI NAL LRI R
AL, MR/ E A RKIRBBESAWE, FKECICA BT =4 X8
KES, HTHAANEHERLEELA KR HEAT R, BBz
AARKMP B AT REBENERILMREUE. SERNBXRI N eERIES
EYERBRENAEGERRET —&FHNER.

RBXFEBE, RS TETEAARERR OB AR R
KE. BT AN FEEREW N B R IE N G5 B B R
BAEMERIKEE. ZUANLEERSED, —REPBROEAR, TE
ARANELGRY, EEEBRBRAMWENEZEREN—NEESY. LBEA
RS EITRACELZBRBFCEIEERGUEEBRIAREGEREER, F
AEETESALAABRBENRSERPSAS VRN EEERN, FRIA®
FIAE St (CCD) MFBERNMER, TYMERNEASNRNSEMNE
BERSHRT, NTTARBREZEENZELUREARBRBRET —&FHEN
BEg. BNRBRAESHGFRTEBERT Gl BREPBREAREERER
Farf e, RBENGIBEEHLERTRANHEEE. iﬂ&ﬁﬁiﬁﬁ%ﬁ
H—APMEEZAZRES ZEERURNER A IEIREPHREH. EHES,
X X e B IR TR AT, WTIRIRE T RP YR AR FRE
ZUEER, EERABUASREYPIASAEMNEE. EHMAXEBT 2
FTRIEMRB/D _RAEITRE, PRRAYERBITTERSN, KBTH
BHER. FAEABLEAEBIKEEFRTET sol-gel 818 BSA (4-1MiH
AEA) FHESHNREZRERSETFHIRIHMAE. RIVPELEEHKX
Bt CE E4YMAFHAY S FRFERFS L. EAREDKY FRAYHS T
ZIEMEERNEYREL, STURBREFNNA

il
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M AEMUESUR LR EFZREEARAREEMNHALESEYERE RSN AR

B M

IATHREBREANETF, EXEATFHEORFLEEY, ANEIT L

FHARRA B R, FIRFRME, FREBMAER, £IBHGHRE
AR AEE, FOREMIATR. SFIREFAREESE, THFLRY 45
TAA", faxtEh 0 R RIER AR, I TUEREFRAT, THbF,
AKAE A FHREE WY, ZHFERTA—MEAFBI, L0 FHK
PR, SIRRA—AGATEY 0, EER—KORL M EE KR
2k, ZRFNERE THILM AR R AR X R, L5 LN
KRR, RERR, FHBRAEHGAR. FFRARE—FH AR, FH
FAHALSERE L RENEARAR, HTREFLOMTRT, AFLRX
A CBRTXRD ot h SARMESATA: SHHI B A R AR,
SRR TEARKRORI, SHLGSRAMROAL, A &L, TRLE
T 4 BEATH OSBRI, RSB HALIE L T EARENY
.

EEABTEEFELRARNFILETHLTHABRTENXR. &
RTE3VAEBELHZARN—BRA—BEAHRERLEZHRAZRET R
693k k.

HXTHBH TS RIE. AHEAARMEKRHHEORBIY, ARk
TR 6 Rkt

RXHMETEZR T oV FHFEERL, HENAGHRTLKRLE
Flgeg ey, RWRe9sh, ARRFREGHE,

B ALRENRSLE. F4. F0F, R NEAAFLIHGRET,
Bt @A LT H BB TS T EESHFR.

Bt AP A LML, AEHAELE, EFNGIHEREEF,
XE IR AE, EARiTiE, EERRREE T ERE.

XL TAEADL AT EFARILERE, LFAIFR
AB A B ARFRL G S LT R FHRFELAGNE, E—FRTREY
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