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Optothermal spectroscopy is a technique used for studying 
optical absorption in a wide range of materials2. The measure- 
ment is done by detecting the heat generated by the absorption 
of radiation. This is done by means of a sapphire window in 
thermal contact with the sample under study. A common configu- 
ration3 €or optothermal spectroscopy is shown in figure 1. 
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Figure 1.. Cross sectional view of the optothermal detector. 

The detection unit consists basically of a thin sapphire plate 
("window") and a ring shaped piezoelectric crystal glued 
together. The sample to be studied is placed on top of the 
sapphire. A light beam of suitable wave-length is directed 
from below. The beam passes through the hole in the piezo- 
electric crystal and through the sapphire. Absorption of the 
light in the sample is followed by heat generation and through 
heat conduction a temperature rise is obtained in the sapphire. 
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The resultant thermal expansion of the sapphire stresses the 
attached piezocrystal. The piezocrystal transforms the mecha- 
nical stress to a voltage which is amplified and processed4 in 
electric curcuits. The incident light beam is chopped with a 
frequency in the range 1 to 1000 Hz. The above procedure is 
then repeted for each period resulting in a periodic signal 
from the piezocrystal. 

Chopping the light is important for two reasons. First, varia- 
tions in the ambient temperature will not affect the result. 
Second, only heat generated within a certain distance from the 
window contributes to the signal. This distance is known as 
the thermal diffusion length. Heat generated deeper in the 
sample is not transfered to the window during one period 
because heat conduction is a slow process. Values of the 
thermal diffusion length for some frequencies are shown in the 
table below. 

1 

thermal diffusion length (nun frequency (Hz) 

1 0.21 
10 0.068 

100 0.021 

1000 0 - 0 0 6 8  
L 
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Optothermal spectroscopy has been applied to a wide range of 
measurement problem. The most frequently used clinical appli- 
cation is the measurement of Hemoglobin(Hb) in whole blood. 
This is done without dilution or other preparations of the 
worth mentioning is the measurement of oxygen concentration 
in blood, sedimentation of red blood cells’ and glucos concen- 
tration in plasma. Optothermal spectroscopy has also found 
application in the field of dermatology. For instance, hydra- 
tion and penetration of drugs in the skin have been measured. 

It is interesting to make a comparision between optothermal 
spectroscopy and other optical techniques. Transmission and 
reflectance spectroscopy are commonly used in clinical diag- 
nosis. The absorption of optical radiation is common for all 
techniques. Thus all techniques relies on the fact that certain 
molecules absorbs radiation of certain wavelengths. However 
the detection of the absorption is different for the different 
techniques. In transmission spectroscopy the beam passing 
through the sample is measured. Very weak absorptions can be 
detected. The drawbacks are that no light-scattering can be 
allowed and that the thickness of the sample must be suitable 
and wellknown. In reflection spectroscopy light reflected in 
the sample is collected and measured. This technique can be 
used for light-scattering samples however it is usually diffi- 
cult to obtain quantitative information. Only if the sample is 
applied to a carrier with welldefined scattering propertics it 
is possible to make quantitative measurement. Optothermal spec- 
troscopy relies on detecting the light absorbed in the sample, 
thus the light not transmitted or reflected. This is an advan- 
tage since the signal is then proportional to the concentration 
to be measured. Optothermal spectroscopy is less sensitive to 
lightscattering than other techniques6. It can therefore easily 
be applied to lightscattering samples without the need for any 
preparation of the sample. The measurement of Hb is a good 
illustation of this fact. The second advantage with opto- 
thermal spectroscopy is that the thermal diffusion length 
determines the thickness of the analysed volume (as long as 
the sample is thicker than the thermal diffusion lenght). The 
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thermal diffusion length is determined by the thermal proper- 
ties of the sample and by the chopping frequency. In conclusion 
one finds that optothermal spectroscopy can be applied to a 
large number of measurement problems. The result can easily 
be quantitatively interpreted and the sources for errors are 
few. 
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