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Development of Infrared Absorption Measurement Method Using the
Photothermal Deflection Effect of Thallium Bromide lodide (KRS-5)
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O Infrared absorption measurement technique based on the photothermal deflection
effect of thallium bromide iodide(KRS-5) is developed. The optical system for infrared
absorption measurement by this technique consists of a crystal block of thallium
bromide iodide (KRS-5), an XY axis translation stage, an off-axis parabolic reflector,
a He-Ne laser, and a position sensitive detector. To estimate the sensitivity of the
system, its typical frequency characteristics and the thermal diffusion length of a block

of KRS-5 were measured. Based on this result, we analyzed frequency characteristics
of the measuring system on a carbon black sample, and estimated the detection limit
of absorption that is characteristic for some irradiance levels at the sample surface.
Also, infrared absorption spectrum measurement of several samples using the step
scan FT-IR spectrometer is carried out for the evaluation of infrared absorption
measurement by this technique. The result of these absorption spectrum measurement
agreed well with the result of the transmittance measurement of the sample. In
conclusion, the measurement technique developed by us seems to be very useful for

the absorption measurement in the infrared region.
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Fig.1 Optical layout for photothermal deflection
infrared spectroscopy using thallium bromide
iodide (KRS-5) as the probe material.

Table 1 A comparison of physical constants between KRS-5 and the liquid medium used before.

Density Specific heat Thermal Thermal '_remperature cqefﬁcient of
conductivity diffusivity index of refraction
Dg/cm@DDJ/gDDD]DD/cmDDD]DcmzlsDD 0O okKoOo
Air 1.205x 103  1.01 256% 104| 2.10x 107 o 10°®
Carbon 3 4 4
totorachloride 1.59 0.87 1.04x 103| 7.50x 10 5x 10
Pure water .998 4.18 5.93x 10| 1.14x 1073 5x 108
KRS-5 7.37 0201""| s5.44x 10°| 3.67x 10° 2.4%x 107

[ Orhis is shown by a value of KRS-6.
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Table 2 Comparison of the estimated thermal diffusion length
u ¢ of KRS-5 obtained by measurement and calculation.

Frequency 5 (Hz) 10 (Hz) 15 (Hz)
Calculated value 152 108 88
Measured value 148 102 88
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Wavelength (u m)
20 10 5 4 25
4 T T T T T T T

absorption spectrum

500

1000

1500

2000

2500

3000

3500

0

4000

Wavenumber (cm 1)

Fig.11 Absorption spectrum of the silicon grease
measured according to the photothermal
deflection effect.



KRS-50000000000O0OCO0000O0O0OOCOO 333

gboobooboobboboobboobobon
gogno

s§0o0oOon

goooobbbooogooooobobobooog
goooobbbooogooooobobobooog
O0000gKRS-SOODODOoOoooooobooobo
gooooboboo0oooooobbooooog
goooobbbooogooooobobobooog
gooobDgKrRS-50000000000XYODOO
ooboboboooduobbOUOdHe-Ne OO OO
gooobooboboooboono
goooobbbooogooooobobobooog
gooooobobbob KrRS-50000O0000O0
00o00ob000ob D000 bobbOO0O0OUO0OKRS-50
oooooboboo0ooooobobbooooog
goooobbbooogooooobobobooog
gbooooboobobooobooboobobo
t4umi00O0000O00ODOODO0ODOOOO0O0O0OO
ooooogooboboooooogoooboboooo
gboboboboooooooobonbg xgoa
gooobooboxgooooboobooboobo
gooobooboboobobooobooboboog
gooodgoobto aop 0000000000DOO
gbooboooobooboboobooboobog
gboboboboboooooooobobooog
oooooboboo0ooooobobbooooog
0oooboobOobooo FT-IROODO0ODbDOOOO
goooobbbooogooooobobobooog
goooobbbooogooooobobobooog
0000ob0o0ob0obO0o0ob0ob0DO0oOKRS-50000
oooooboboo0ooooobobbooooog
goooobgoboo

EEERN

goooobbbooogooooobobobooog

goooobbbooogooooobobobooog
gooobooobobobobooobogon

m 17

1

2)

3)

4)

5)

6)

7

8)
9)

10)

11)

m

ogoooooo

A.C. Boccara, D.Fournier , and J.Badoz : "Thermo-optical
spectroscopy: Detection by the "mirage effect” , Appl. Phys.
Lett., 36(1980)130-132.
W.B.Jackson, N.M. Amer, A.C.Boccara, and D.Fournier :
"Photothermal deflection spectroscopy and detection”, Appl.
Opt., 20(1981)1333-1344.
M.J.D.Low, C.Morterra and A.G.Severdia : "An approach to
the infrared study of materials by photothermal beam deflection
spectroscopy" , Material Chemistry and Physics,10(1984)519-
528.
P.G.Varlashkin and M.J.D.Low : "FT-IR Photothermal Beam
Deflection Spectroscopy of Solids Submerged in Liquids",
Appl. Spectrosc.,40(1986)1170-1176.
M.J.Smith,C.J.Manning,R.A.Palmer,and J.L.Chao : "'Step Scan
Interferometry in the Mid-Infrared with Photothermal
Detection”, Appl.Spectrosc.,42(1988)546-555.
H.Minato,A.Nishimoto and Y.Ishido : "Infrared absorption
measurement using the photothermal deflection effect of
thallium bromide iodide (KRS-5) : Examination of basic
characteristics" , Review of Scientific Instruments, 69(1998)
3896-3901.
W.S.Rodney and I.H.Malitson : "Refraction and Dispersion
of Thallium Bromide lodide", J.Opt.Soc.Am., 46(1956)956-
961.
000D O0O"0D0D00D00O"0D0O000(@OAar.
A.Mandelis : "Absolute optical absorption coefficient
measurements using transverse potothermal deflection
spectroscopy", J.Appl.Phys., 54(1983)3404-3409.
A.Rosencwaing and A. Gersho : "Theory of the photoacoustic
effect with solids",J.Appl.Phys.,47(1976)64-69.
H.Minato,Y.Kakui,A.Nisimoto and M.Nanjo "Remote
Refractive Index Meter for Salinity Sensor",IEEE Trans. Inst.
Meas.,38 (1989)608-612.

(01999.11.2500 0 O



334

gooooooooooooe3dnnlon

gogd

oopooo

Hideyuki MiNnaTO
goobo0oobooobooooooooooo
pooooooo

E-mail:minato@etl.go.jp
goobo0oooooooooobooboooo
g00ooooo0oOoOooooooooo

ooooooog

Akio NisHIMOTO
pooooo0o0oOoooOoOoO0o0oO0OO000o
oooooooo

E-mail:nishimoto@etl.go.jp
pgoooooooOoOoOooooDoOoOooOOoo0Ooo
DooooOo0o0oooOoooooo0oo

ooopoooo

Yoshinari sHipo
0000ooo00oOoooooOoOooooo
gooooooo

E-mail:ishido@etl.go.jp
000oooU00oOoooUOoDOooooOoOoooOD
goobo0oobooobooooooooo

M 18 M



