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Waveguiding in a sample solution and total reflection for absorption and fluorescence
(Raman) spectrometries are reviewed. Waveguiding in liquid or air (or solid) via succe-
sive total reflections at the surface of media is an important technique to improve the sen-
sitivity of spectrometry, which is generally seen in optical fiber. When applying a liquid
(or solid) of higher refractive index to a capillary, the source light passes through the cap-
illary without attenuation (total reflection). In this case, the absorption of liquid
enhances more than elongation of the length of the capillary. A waveguiding effect is
applied not only in absorption spectrometry, but also in fluorescence and Raman spec-
trometry. A sulab-type waveguide geometry is also employed as total-reflection cells of var-

ious spectrometries.

local environment at the point of reflection.

briefly mentioned in this review.
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Evanescent waves during total reflection are utilized to observe the

Applications of optical fibers are also

waveguide; total reflection; absorption spectrometry; fluorescence spectrom-

TWAED, SHRFINRy Ry MEERIEN, ELEH
ENTVAE. ARICBCTIZEN - THRBRICBT 558
FEEEH: - HOEYEEE B & d S A R EHER EE R R OIEH
EOWTRAET 5. SR EBETSOH#BEER
WG EANOER E, BRI L TEREEZ RS
7201z, BRREMAT L L, IEHREE VR Z BN
MICHET B2 EDREPELLNS. BEHEXHE
SIERTIGHET D, FICERFHEICIOWTIEKL
ICEHENTW B, RAGHREICDCTH H 5 REEMM
N7z, BICEBEHRICET S 1988 E T TORHPI RO
5 YEELD 1996 S F TORIADH BY. X, 1990 4
FTIZDVTIE, BHLOMBHD D™,

NI | -El ectronic Library Service



The Japan Society for Analytical Chemistry

274 BUNSEKI KAGAKU Vol. 48 (1999)

LzbDTHa, RrSHLIREIZ, EATLHEMSE
S I PaNEY Y a1

2. ERHIREBEEEHR LT 2B DFFED, FxrES)—OMBETHB L Ly 7 AH
Fig. 1@V —7RICL7F v ¥ ) —X@EEEEZR FAOREIIFE 14742 LEHLE, F ¥ ET ) —DRKOE
BEGEMICELS RS, ThbblBEEaTETHRT
FANR=DIHZEBY, T LTENVORREMDT,
30} ° o © BBV EEL I EATED. COWBEITLETS
IO 7 7 4 N—HENEK L VIZDOWT, Lambert-Beer @
: EAPSBONIEREEL YD RELBNZHEL &
| i, BRICOHELIICRoTW B, L LEER
: EBHET, SHLRMCRLBEERAKEITETEHRT
| TAN-HERBEEVEERT LI LI TE eh ol
| ThbbROBHF 1332 THLF v ¥T Y —HE%E
: BB LPEOTHL D TH S, Tsunoda 571,
: K77 ANR—D7Fy FIZE7256F x5 ) —HEEN
I
I
:
1
I
|
1
1
i

N
o

BEAMERT OB S, <V T BRBE LTER
BICETEZIT>Cwab., L LEOF vy 5 ) —SEEm

TORS, BEANOAS, HiZF v YT ) -4 EEHT
DREDOREYBELOTRTH, AMLEBTREZSLZ L

refractive index BHVELN. TOBRTEHFY Y5 Y —ATORDEE
. of pyrex glass EEEIZE v a 78RR (REEKEROBYEL 2SR
L‘ o® © :/ (n=!1-174) . WISV TBEL VD) LRBRICCV. LLE
1.3 1.4 1.5 1.6 1.7 YT Y —HNTOROEITE KFIEETHY, [ A—
: P IES LD BT a 7 BRES» )RV

Relative transmission efficiency
—
o

—

Refractive index

. . o _ o LEZD.

Fig. 1 Light tliansmlssmn efﬁaenfy througl-l a s_m— Yo7 4 N—REREL L E ¥ 2101, EEPER AR
gle-looped capillary cell (length = 70 cm, i.d.= 2 : s ae ”

mm) applied using solvents with various refractive NOBEHFAHBEAIAR TR E % > TL 5", Tsunoda b

indices X, Fx¥I Y —#EL LT, Poly(tetrafluoroeth-

POWER
SUPPLY

LENS

—

DRAIN LIGHT
SOURCE DISPLAY

FLOX INJECTION >
ANALYZER OPTICAL GUIDE

SAMPLER PRE-AMP I 5
- PC~88
PHOTO-DIODE | METER 01

( 3552)
TR~
COMMERCIAL

REAGENT ~ CARRIER RECORDER

(MIXING SOLUTION) (DEIONIZED WATER) DETECTOR

l PRINTER

DRAIN

Fig. 2 (1) TIllustration of the flow injection system for phosphate measurement
The commercial detector used in this study was for HPLC ( JASCO, model 870 UV).
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Fig. 2 (2) Designs of the mirror-coated long-path cells
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Fig. 3 Response to the different diameters of poly-
styrene

Polystyrene gel of different particle size were dis-
solved at a concentration of 20 mg/ml.

AL LTH b L 2R L (Fig. 8). Aust
ik, B200um, EE40mmDF ¥ E¥S ) =K
FYRFRED-LOIZONWT, C-HMEHIEED < v
AL Z A7z, ERE K OBELEOIE X, 37 200
um, B 2m D 1RKDKT 7 4 8—TH v, 52Uk
flid, BHKART (CCD) ZHEERKSBE THE
L7 (Fig. 4).
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Fig. 4 Diagram of the instrumental setup and in
situ probe

A: CCD detector; B: spectrograph; C: holograph-
ic filter; D: beam splitter; E: lens; F: ST-connec-
tor; G: fiber optic; H: Tefron tube filled with poly-
mer; I: bulk polymer; J: laser with bandpass filter;
K: mirror.
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Fig. 5 Calibration curves of perylene fluorescence
for fibers of 0.61, 1.50, and 12.0 m

The lower left point of each calibration curve is the
detection limit.
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Fig. 6 Fluorescence in total reflection media
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Fig. 7 Fluorimetric flow cells inspected
Arrows show the direction of excitation. Fluores-

cence collected from the direction of the side view
in the figure. A light guide was attached to the
number 3 (side excitation) and the number 4 (vor-
tex) cell, which is a glass cylinder (diameter, about 1
mm), for introducing the laser light to the cell.
The degree of angle between the light guide and the
number 3 cell wall is 85°, which is calculated from
the critical angle of the total reflection at the bound-
ary between Pyrex (np™ = 1.474) and a solvent pos-
sessing a refractive index lower than that of benzene
(np® = 1.47489). In the case of the liner cells
(Nos. 1 and 2), a tungsten plate was buried at one
end of the capillary cavity to avoid the direct inci-
dence of laser light into the solution. Capillary
diameters for the number 3 and number 4 cells are
2mm id. and 3 mm o.d. The number 1 cell pos-
sesses 2 mm i.d. and 4 mm o.d.; the number 2 cell, 2
" mm i.d. and 8 mm o.d.
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Fig. 8 Schematic of the waveguide Raman sam-
pling experiment

The quarfz cell (e) is mounted such that the laser
focus(g) is at the front of the coupling prisms which
is-also coincident with the rotation axis of the cou-
pling angle, ¢, adjustment. The incident laser
directions varied through the angle ¢ to find the
allowed angles for beam coupling. The waveguide
sample (a, b) is held fixed relative to the spectrome-
ter. The out-coupled light (c) can be analyzed for
mode structure. The light is in- and out-coupled
with high-index prisms (d) made of a Schott glass
LaSF5. The Raman signal is collected through the
cell and directed into the spectrograph system (f).
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Fig. 9 Schematic diagram of the system

1: SOWG (slab optical waveguide) flow cell, 2: He-
Ne laser (633 nm), 3: polarizer, 4: convex lens, 5:
prism coupler, 6: aperture, 7: PSD. Arrows shows
the direction of the positional shift of light beam
center. '
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Fig. 10 Schematic diagram of the photothermal
signal detection system on slab optical waveguide

The sample was placedon the SOWG (slab optical
waveguide) surface. The excitation beam from an
Ar ion laser was introduced onto the SOWG through
an optical fiber. The probe beam from He-Ne laser
was coupled into the SOWG and outcoupled with
prisms. Insert shows the relative position of the
pump beam against the probe beam.
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Fig. 11 A polygonal, TIR (total internal reflec-
tion)-ring resonator enables extension of the cavity
ring-down concept to condensed matter spec-
troscopy

A light pulse is totally reflected by prism A, creating
an evanescent wave, which excites the stable modes
of the resonator B.

FUL—ME2AEFTT ACEZELL, N 2EAS
5, SR RAFIVVENTILZLVETSY—%F, Ni¥T
LU TRHE S, ZORMICOWTERFEEEERE
kY, BBEEIANAR Yy VETHELES., 29
LA bEMERE LT, KheryEra—Fz#EFo
DNA M2 HBARTINNV L, 7o ARBICEELT
L5 EHBREREENT VWS, 2D DNA S o#BE
FEZDWT, EFSEGESHE Sh0. BRI
BT LHBFEERRE FEL LT, =Ry Vb
BEEFHT2ERFEIENTH S, Bz, ks
EDE - 72 BRIZONT, MR ETV LY X
BoOBENXSH 2 ZOFETHNET S LATELD, &
BATEOED 68 BT 5 BB ORI, ASEE #EDH
EAELREL, HRHEOBR,» O L ERT B L
7o, BOGHREOABEREFEE, BABREXDOT 7T A%
WTHRE L LITR IR, SRS HREIRINIC
DWT, - F N7 Frbay) & F—=FL7=RY
AFNAZ 7Y L—MIOWTHEERIT-72™. X7 7
AN— (a7/279 v F) OLCEBRITREER (Vv s
v MELEEELAZEOEER,PLOI Ry Y B
WAFGEICHA L., CoLExavEIEberEES
HBDT, BEDONY 7759 2 FORTHLEREAT
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572, BT AN—DAT b LRIZRY T
v EERALSE7 pH £ v —pRE S e, TR
EHEBOI Ry &Y MERESERFABRBSCHET
B5YAF AT, pH OBPEHEIZ3~12 Tho/2™. B
WCARYAF L EFEEROBREDSHFIT < Vo0
THRARLNTWE™, X, FEEICHEE 27 s
VT EVICOWTERR T < vEEESEA S v
ZHEBEE LT, TIVRL/ZBR/EEDEHIICE T
WhA, ZREOESE, FEREOWEE L/2~LHT
TALERTI VEELANRY P VELR AR, 7
FA/BERICRETOERFAEEEZ TINE Y Y
MEDBAEELZEZ LML, BTHEL RN D
BB, N, FEAFERD, WELT 1 ROKER
HER WY, S RETHbM:. X, FFY
VEREEF MU 7 A (SDS) % &y D:O/CCL DRI % &
REHE TR, ASHT 5 R EOREROMO KD
KEEND. SDS DERBD A F IV HiE Cs, DR 3
o:t,X%ﬁmﬁEK%WLTw%:tﬁﬁwﬁéh
7250, EICTNVA Y /KOREIBTAERY - B8
FEBEIZOVWTHRS N2, LV BEROED, F
DRFEFEDLDIVEBEODIODIEIFRSNEY. &
NayrFA4 Y7 7 AN— DT IR L 2R
DOFREMY VN7 ERUHL, SRV aA—-AFFTS
—EFEEMLT, 2R FTIR 21To 72, T OEEM
X 40nm TH 5 Z LHHEE I Nz, & FT-IR I
FoT, P7EFNENVE—RAT 4 NVIEDIFAALDES
VORESDY, S ¥ 82 B & RS2
FRLNIz. ERET < UvREL LT, BEROF
BB MNA (22X F V4= b7 =Y ) R MNBA
4-=1raxRvyIYFU3TERT I AX EFY
¥Y) ORFUEFALNSZDY, EBKTHIFATY
AL ECHEESEINCHBE2EESET, €B/BR
DRE 2R L9058, MIEOSTFHEE LR IEIC O W
TR ZENRTVS, BREEXEEEOK 7 7 4
N=Z AT, MHBEERAEIC X 2 EEOMES 2R RIX
DR EIT LN, Bl Lee IF, TVIZT A
74 NVAIINA:YAG L—F— 2 &RFAETAHL
T, TVIZTAREFLEE, =FI<v—L—H—7T
4+ VLU TRITRHBEE SN 2T 5V AT 0 %
F# L 72", N, Hayashi HIEBOHEEICOWT, &K
WEGTOREAELZEL RO ART PV el
L7127,

6. DBEEBITENT 74 NN—DIEHH
KT 7 AN—Z B HBWICRHCEZ i, )

TR : SR LSBTGS AV 3 ST B OB ER - BEREL 281

B0 TWAD, BICFDOZ LIERE > TWDHR
LIZDOWT I TETNEZ L1235, T3 Munro
SiE, KHOLBHEEREY I~ VHEATHET 5720
2, %77 AN—ZHCTVBEY, k774 8—-%F5<
YEELD T H—TIT %A, BEDLOSENE, BT 7
AN—DREENY 2 757 Y FOKTILEL LS.
ZONy 775y FOKRTEZEWIZ, HYHD7 7
A N—HPRE I N, ICP-AES H B0 REE S TE831C
DOWT, AOEREWETA NI =R T 74 3—2HW»
7277 7 —Ru—FHEHV SN, BRI O
Wz EP 2 F—F L2 18mDK7 7 A N—=FHVS
N0, WERFEEDO T < VA HEFET Y —k
DREABIHET 7 A N=DHC SN0, 774
Nl E LA E X Vv — L= —THH X
¥, BETA+ MALLTEESNICOT 2 HEFRES
nTwa®, I, Hadamard 6% &8 5 < ¥ 5%0k
BOWE & 7 < Y ROFBU, Fv 1 v OHEIR® <
CRFIEDE= 5 ¥ 7 e fihb ik cilis s &
AT B2, OB FEELZHELAZVY, BROER

N DOWEILFH DL P ERRTE ORhE & HHEOH

LIVIECAVLENRTR S, BL7u—(f YTV
va VOB, BERAREEVOEE R
WHDBMEIZONT, BT 7 45—V A7 APFH SN
Twb. X, ZikEREENEREITHBOEER
R T VARE IO FT RO 12 BT B0 E
A BRI 7 48— R SRz ERO T T AR
BRPOBRDO GTFEREIEBET I RO T 7 AN
—THREEBEZT, ¥4 2704 v 273 5—ChHikk
EEREDEETH VAT LANPREENRTVE, £E
— R 7 A n—2HwL L, HOTHSGHRLTLESD
LB BN, BOENREEHFETS729D GRIN L
VR (graded index L ¥ X) OFHIFREIRLY,
X, CCD &HEERBERL AT 7 4 N—DHAFDLEI
OWTHREENZ., < Y v 7 AL —-F—FHE
A4 71t (MALDI) FRATHR:HEEEZE 5575 (TOFMS)
E, K77 AN BEET T AE VHBEEOM
AELEDLREINTHEY, BEOWBELL &
H7 7 4 N— 2 AR EEORERICOVT O
B fTbn", By < YEELSREANOR A 2k
T 7 A N—DRFE TR SN,

PSR 7 48— % & B8 I e A,
SHEMBEOH LW L5FIIRAEDOTHY, REDMN
E, BEHCBI 25O - B, 2oL
HArZEzoNnb. FRTHNLIZDOIZZDIZAD T

BHY, FIZEHEXBGHE, X AN T —GhER L
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Z ZTEL NG Do 20 EEIC IR CIRH S hTn
L. FHAWICBIE—0EHELT, SHRIBRLTY
CCLEEBVRVWEEZ .
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