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Analytical Methods Based on Heat-induced Optical Beam Deflection and

Their Chemometric Applications on Chemical Reaction

Xing-Zheng Wu*, Toshiyuki Hobo*, Takehiko Kitamori** and Tsuguo Sawada**

Analytical methods for chemical reaction based on heat-induced otical beam deflection
are reviewed. The heat-induced optical beam deflection methods include photothermal beam de-
flection method and reaction heat-induced beam deflection method. The principles. instrumen-

tations, and recent developments of the two methods are discussed. Applications of photothermal

beam deffection method on photochemical reaction systems, single cell analysis, and im-
munoasssays are emphasized. The applications of reacton heat-induced beam deflection method
for obtaining quantitative and dynamic information on chemical reaction system are introduced.
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Fig.1 Illustration of the general experimental setup for

photothermal deflection spectroscopy.
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Fig.2 Typical photothermal beam deflection signal mea-
sured for pea leaves with a 680nm excitation beam
modulated at 18Hz {14W -m?), and a strong non-
modulated white beam (270W - m-2). The insert
was measured with a better time resolution. and
indicate modulation beam on and off; and indi-

cate nonmodulated beam on and off® .
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Fig.3 Photothermal deflection spectra of various in vit-

ro and in vivo photosynthetic systems. A : 10
monolayers (solid line) and amorphous films
(dot line) of Chlorophyll a. B :

plasts (solid lineand algal cells (Dunaliella ter-

Isolated chloro-

tiolecta) (dot line) deposited on filter paper. C
: Green (solid line) and red (dot line) maple
leaves. All spectra were measured in filted wa-
ter. The spectra shown in B and C were mea-
sured in the presence of a strong background
light (160W -m-2) 10!,
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Fig.4 Photothermal deflection spectra of a monolayer

of OTS on polished silicon in contact with (a)
air; (b) CCl4; (c¢) perfluorodecalin; and (d)

etched silicon in contact with air'2).
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Fig.5 Determination curve of IgE in human serum!#.
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Fig.6 Absorption spectra of single leukemia and nor-
mal white blood corpuscles and buffer blank ob-
tained by photothermal beam deflection

method!7) .
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Fig.7 IMustration of the experimental setup for reac-

tion heat-induced beam deflection method!® .
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Fig.8 Typical decay curve of probe beam deflection

signal induced by neutralization heat!s' .
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Fig.9 Calibration curve of NaOH by reaction heat-in-
duced beam deflection!8’ .
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Fig.10 Beam deflection siganl for decomposition re-
action of H,0; catalyzed by enzyme catalase
with a reaction cell where reaction medium is
interfaced with CCls phase?® .
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Fig.11 Illustration of the thermooptical flow injection
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Fig.12 Deflection signals for neutralization reaction
(A) and redox reactions in the presence (B)
and absence (C) of Mn2*in the reaction medi-

um beforechand??! .
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Fig.13 Reaction rates obtained by deconvolutions of
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