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INTRODUCTlON

Fhotoacoustic spectroscopy has become an extremely useful technique in the
study of optical and thermal properties of condensed matter. In the present
Technique the specimen is placed inside a specially designed closed chamber
the photoacoustic cell, which contains a sensitive microphone and a dry gas
coupling medium,such as air or a monoatomic gas. The specimen is irradiated by
modulated electromagnetic radiation through a Transmission window located in a
_cell wall. The energy absorbed by the specimen is converted into heat either
partially, or fully in the absence of luminescent or photochemical reactions.
Sequentially this periodic heating of the specimen gives rise to pressure pulsa-
tions in the gas and these are detected by a microphone suitably located in the
cell. The output signal from the microphone is electronically processed and
recorded as a function of the wavelength of the incident radiation. This pro—
vides the photoacoustic spectrum of the specimen and corresponds to its true
Optical absorption soectrum,being characteristic of the test material. A study
of the phase of the photoacoustic signal as a function of modulation frequency
could be used toobtain information about certain thermal parameters of the
specimen. Other applications of the photoacoustic effect include the study of
photochemical changes, of phase-transitions, as an indicator in imaging etc.

GENERAL CRITERJA FOR CELL DESIGN

The photoacoustic cell is the central part of the experimental system and the
ultimate performance of the system ie. the signal to noise ratio.(SNR), and
its optical resolution depend on the cell design. The design of the cell will
depend mainly on the nature oi the test specimen (Le. powder, liquid, solid

etc.) and the type of problem. The following factors are general considera—
tions in the design of a cell.
(i) Volume:- The theory of the photoacoustic effect (I) predicts that the

photoacoustic signal varies inversely with the volume of the tiller-gas. How—
ever, there are certain physicsl limitations imposed by factors like diameter
of the microphone and its location, which depends on :— whether it operates in
the acoustically resonant or non-resonant mode; the size of the specimen; the
thermal diffusion length of the filler-gas in keeping the volume to-a minimum.
The thermal diffusion length of the filler—gas is defined as u = (Zug/m)
where u = thermal diffusivity of the gas and m = an = modula ion frequency.
It is important to keep the distance between the specimen and transmission

» window 1 > ug within the operating range of modulation frequency. Aamodt and
Murphy (3) have shown thatthe photoacoustic signal amplitude decreases with
19 for the cell when 19 < u . Therefore this fact should be taken into
account beforeminimizing t e volume.
(ii) Background Noise:- This arises from the absorption of the direct and
scattered radiation by the window and inner walls of the cell and should be
minimized. Another precaution is to minimize the amount of thermal radiation
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fal ling on The microphone diaphragm.

iiil) AcousTic lsolaTion:- The use of a lock-in amplifier for The analysis of

The microphone signal eliminaTes The noise presenT In The phoToacousTlc signa

aT frequencies uTher Than The modulaTion frequency. The acousTlc isolaTion can

he'lmproved by using a modulaTion frequency absenT from The frequency-specTrum

of The environmenTal noise, buT This may be unsulTable in siTuaTions where The

dominanT noise is of low frequency. As The phoToacousTic signal ampliTude

varies as m'i or if} 2, depending on The reIaTive opTical and Thermal properTies

of The specimen [I], so a high modulaTion irequency will yield a low SNR. For

opTicaI specTrum sTudies H is Therefore necessary To employ a low modulaTion

frequency and use acousTic meThods To aTTenuaTe The exTernaI noise before iT

reaches The microphone. One meThod of achieving This objecTive is .To use Thick

cell walls of a'dense maTerial.

By using a resonanT-Type phoToacousTic cell wiTh The apprOpriaTe modulaTion fre-

quency The sensiTiviTy of deTecTion is increased and The SNR is consequenle

enhanced.

DESIGN OF PRESENT CELL

The presenT cell was designed To sTudy powder specimens and To have a large

illuminaTed surface area ie. 2cm diameTer, buT TheToTal effecTive volume was

kepT as small as possible by appropriaTe geomeTry. Figure l shows The fixed—

volume phoToacousTic cell consTrucTed from a single piece of brass and having

an effecTive volume N 2 cm3. IT is a caviTy of cylind rical shape of diameTer

2cm and depTh 0.4cm. A 2.54cm diameTer condenser microphone (B&K 4l44) To-

geTher wiTh iTs maTching preamplifier (EEK 29|6T ¢ 08 0375) are inserTed inTo

a side hole so ThaT The microphone diaphragm is parallel wiTh The cenTral axis

of cylindrical caviTy. The microphone chamber is connecTed To The specimen

caviTy by means of a capillary oi 0.i2cmgiameTer and lengTh 3,5cm. Two needle

valves inserTed inTo The cell walls permiT The inTroducTion of differenT gases

info The cell. in order To minimize The background noise The inner walls of

The cell are highly polished and an opTical Iy TransparenT window of Can used

Tor TransmiTTing The incidenT radiaTion.
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RESULTS AND DISCUSSION

Only a lock—in amplifier (Brookdeal Model FL355) with the absence of phase

shifting provision for the reference signal was available in the early stages

of the work. Figure 2 shows the spectrum of lkw Hg—Xe lamp obtained by PAS

method using carbon powder as the irradiated specimen. The spectral energy dis-

tribution obtained closely resembles that for the standard data of this type of

lamp. The mercury emission lines of the lamp can be seen clearly resolved at

the expected values of wavelergth.

In the case of a slngle-beam photoacoustic spectrometer, it is necessary to

correct the observed spectrum of the specimen for the variation of the source

intensity with wavelength. This is usually done by taking the ratio of the ob-

served spectrum of the material and the power Spectrum of the lamp. This

manual method of correction proved tedious and inaccurate for the Hg-Xe lamp

due to the presence of its strong mercury emission lines superimposed on the

continuum spectrum. The problem was overcome by replacing this lamp by a lkW

Xe lamp which has a large wavelength region free from emission lines. Further-

more a recent design of lock-in amplifier (Brookdeal Model 950i) was acquired

with a phase adjusting facility for the reference channel which improved signal

detection. The photoacoustic spectrum of Xe lamp is shown in figure 3. The

maximum noise (Le. the acoustic signal registered by the microphone for cel

without a test specimen at peak wavelength A = BZInm) level measured was less

than ZOuV.

To study the dependence of photoacoustic signal amplitude on the incident

intensity the wavelength of the monochromator was fixed at A = 465nm and the

widest slits Le. 0.5cm of the monochromator were used. The input electrical

power to the lamp was varied and the corresponding amplitude of the photoacoust—

ic signal was measured keeping the modulation frequency constant. This process

was repeated for different modulation frequencies. The average intnesity of the

incident radiation is proportional to the product of input electrical power and

reciprocal modulation frequency. The dependence of PA signal amplitude on this

'relative intensity‘ is shown in figure 4. The PA signal shows a saturation for

higher values of intensity indicating the limit of the particular cell for detec-

tion. On the other hand the particular design could give the same sensitivity

of detection but using only a low power lamp.

The modulation frequency dependence of PA signal for this cell is shown in fig-

ure 5. Two resonance peaks are seen at l94.2Hz and 365.4Hz. With the needle

valves fitted to the cell, the inner geometry of the cell is quite complex for

analysis by analogy with electrical circuits. However, for a simpler geometry

shown on top right corner of figure 6, the analysis of equivalent electrical

circuit under resonance conditions predicts the presence of two peaks. The fre-

quency values of these peaks calculated by putting the relevent parameters for

this cell were 254.2Hz and l0|0.9Hz respectively. P close agreement was found

with the experimentalresults shown in figure 6 for this geometry.

It is concluded that the theoretical study of the acoustic impedance as a func-

tion of frequency for various geometrical parameters can lead to the improved

design of such resonant type systems and can be used for prediction of the fre-

quency response of the cell.
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Figure 2:— Specfral energy disfribufion of a lkW Hg-Xe arc |amp as obfained by

_ PAS using carbon powder as specimen.

 

N O  
 

P
A

S
I
G
N
A
L

A
M
P
L
I
Y
U
D
E

[
m
V
)

n O

 

O
300 500 700 900

WAVELENGTH ( nm)

Figure 3:- Spec‘rral energy disfrlb'u‘i'ion of a Ikw Xe arc lamp as obfained by

— PAS mefhod using carbon powder as specimen.
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Flgure 4:- Dependence of The
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