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AND ACOUSTIC ATTENUATION 
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A quantitative comparison of experiment to the theoretical descriptions of two mechanisms for the optical generation of 
tunable ultrasonic waves is presented. Crossed picosecond excitation pulses drive the acoustic response either by stimulated 
BrIIIouIn scattering or absorptive heating. Bragg diffraction from the induced acoustic grating permits detection of the ultra- 
sonic disturbance and measurement of weak absorptions, optoelkIc constants and acoustic attenuation. The methods are 
applied to various Iiquids Measurement of the C-H stretch fifth overtone absorption spectrum of pure benzene in a short 
p& length ceil is demonstrated. 

LIPS TRANSIENT GRATING 1. Introduction 

Recently, a technique for the optical excitation 
ad optical detection of tunable &ras.onic waves in 

transparent or absorbing media was reported [l-4]. 
The technique, calIed laser-induced phonons or LIPS, 
involves crossed picosecond laser pulses which set up 
an optical interference pattern inside the sample and 
excite counterpropagating ultrasonic waves whose 
wavelength and orientation match those of the inter- 
ference pattern (see fig. 1). The ultrasonic waves are 
detected by Bragg diffraction of a third laser pulse [4]. 

Two distinct mechakms for ultrasonic wave gen- 
eration have been demonstrated. In optically absorb- 
ing samples, radiationless relaxation heats the optical 
interference maxima and thermal expansion drives the 
acoustic response [l]. The strength of the response is 
proportional to the absorption coefficient. In transpar- 
ent samples, stimulated Brillouin scattering (electro- 
striction) provides the necessary couphng between the 
electromagnetic field of the crossed excitation pulses 
and the acoustic field of the medium [2,3,5]. The am- 
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PULSE SEQUENCE 

DIFFRACTED 
PROBE PULSE 

Fig. 1. Schematic illustration of the LIPS transient graa 
experiment The crossed excitation pulses generate counter- 
propagating acoustic w2ves (phonons) with the wvavelcngth 
and orientation of the optic4 interference pattern. Phonon 
induced changes in the index of refraction create a diffrac- 
tion grating which Bragg diffracts the delayed probe puke. 
The phonon wavelength is given by A = u2 sin(a/2), whera h 
is the excitation wavelength and e is the angle between the 
beams. The phonon frequency Is contInuousIy tunable by 
varyin,-5. 
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plitude of the acoustic response ia proportional to the 
electrostrktive (optoelastic) constant of the medium. 
If absorption is strong, the fmt mechanism dominates 
and electrostriction effects are negligible. If absorption 
is very weak - as in overtone absorption, for example - 
the effects of both mechanisms can be comparable in 

ma_enitude. Each mechanism is characterized by the 
distinct time dependence of its acoustic response [3]_ 
Thus time-dependent Bragg diffraction of the variably 

dekyed picosecond probe pulse allows experimental 
determination of which mechanism dominates in a par- 
ticular system. This method of detection also permits 
the observation of acoustic attenuation, since the dif- 
fracted signal dimirnishes as the waves are damped. 

In this paper, we present quantitative verification 
of the theoretical description of the LIPS effect. Mea- 
surements of an overtone abso_@on spectrum, opto 
elastic constants, and acoustic attenuation constants, 
obtained from LIPS data, are reported. In addition to 
quantitatively confirming the ‘Jleoretical description, 
the experinrents described belcw also demonstrate the 
usefulness of LIPS as a quantitative and convenient 
analytical iool. Some of the important features of the 
effect are the following: (1) The propagation direction 

of the acoustic waves is determined by the geometry of 
the laser excitation beams. Thus in anisotropic media, 
it is straightforward to make measurements in a variety 
of directions [I] without mechanical contact with the 
sample. Also, because it is unnecessary to make me- 
chanical contact, measurements can be made on very 
small samples or on selected areas of a large sample. 
(2) The acoustic frequency is tunable over four orders 
of magnitude. With the current experimental appara- 
tus, acoustic wavelengths from 0.1 to 1000 ,rm can be 
generated. (3) Using a laser pulse sequence, the acous- 
tic waves can be amplified, cancelled or phase shifted 
[3]. Tlris switching of the acoustic waves occurs virtu- 
ally instantaneousIy relative to the time scale of an 
acoustic cycle. (4) As mentioned above, the acoustic 
amplitude can be related directly to absorption coef- 
ficients, optoelastic constants, and acoustic attenua- 
tion constants, offering alternate approaches for the 
determination of these pararreters. 

2. Theory 

2 1. Acoustic wuue genemtion 

The theoretical description of the LIPS effect in 
anisotropic media, has been presented earlier [I-4]. 

In the heating mechanism [1], optical absorption into 
high-Iying vibronic or vibrational levels foIlowed by 
rapid radiationless relaxation irrages the crossed exci- 
tation pulses’ Interference pattern in the form of a 
periodic temperature distribution. The impukive ther- 
mal expansion which results at the grating interference 
peaks launches counterpropagating acoustic lvaves 
along the grating direction. This results in an acoustic 
wavelength which is the same as that of the mterfer- 
ence fringe spacing, given by 

R=h/2sirrq9) (1) 

where X is the wavelength in air of the excitation 
pukes, 6 is defmed as in fig. 1,md A is the acoustic 
wavelength, i.e. the grating f,Znge spacing. 

The thermally induced acoustic strain, S?, is given 

by 111 

S, = A cos(k~x~)[l - cos(wt)] , (2) 

where k2 = 257/A is the acoustic wave vector, x2 is the 
direction of propagation (see fig. 1) and w is the acous- 
tic frequency (w/k2 = z+, the sped of sound). The 
acoustic amplitude, A, is given by 

A = (cli + 3~12) (I AT,k;/6&~, (3) 

where cl1 and ~12 are the material’s elastic constants 
[6,7], II is the volume *&em& expansivity [7], and po 
is the normal density. AT’, is the temperature jump 
at the interference maxima 

AT, = ~,IPGC,, (4) 

where 9 (erg photon-l) is the fraction of the absorbed 
photon’s energy immediately deposited into the lat- 
tice by radiationless relaxation, fi (cm-‘) is the absorp- 
tivity per unit length, I, (photons cmm2) is the inte- 
grated light intensity at the interference peaks and C, 

(erg K-’ g-‘) is the constant-volume heat capacity. 
The acoustic strain amplitude, A, as given in eq. (3) 

is for an isotropic solid continuum. In the liquid phase, 
this expression can be simplified since cl1 = ~12, i.e. 
there is no shear component to *he elasticity. Witb l Jlis, 

A = Kp4Tmk$/2w2p0, (5) 
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where KS is the liquid’s &entropic bulk modulus [7]. 
Inspection of eq. (2) shows that the qualitative 

features of the theoretical description of the LIPS 

effect include a time-dependent term due to the coun- 
terpropagation of the acoustic waves and a time-inde- 
pendent term which results from the non-propagating 

periodic temperature distribution. Since thermal dif- 
fusion occurs on a microsecond timescale, this temper- 
ature pattern can ba considered time independent on 
the nanosecond time scale of the LIPS experiment. 

Unlike the heating mechdsm, the electrostriction 

mechanism [2-41 is a consequence of the direct cou- 
pling of the laser pulses’ E field to the material’s acous- 
tic field. Previously, it has been demonstrated that the 
intersection of two different wavelength pulses in a 
sample at the correct angle, dictated by k conserva- 
tion, produces an efficient conversion of light to sound 
energy [S]. The acoustic response is a single traveling 
wave with a frequency given by the difference fre- 
quency between the two laser pulses. 

In the LIPS experiment, the two very short laser 

pulses, which intersect in the sample, are the same fre- 
quency. However, the inherent spectral width of the 

short pulses provides the required frequency difTer- 
ence and ensures that the phase matching condition is 
met at all angles of intersection, making this method a 
Wable source of ultrasound. Due to the symmetry of 
;he excitation, the acoustic response will have wave- 
vectors kk2, i.e. a standing wave will be generated. 

In the electrostriction case, the strain has the gen- 
eral form [2] 

S;! = -B cos(k2x2) sin(&) . (6) 

B, the acoustic amplitude arising from electrostriction, 
is given by 

where II is the index of refraction, c is the speed of 
light, r is the laser pulse spectral width, y is the con- 
version factor, photon erg-‘, and ~12 is the Pockels’ 
optoelastic constant [9 J. For short laser pulses, r 9 
kp, and the exponential term can be neglected. 

In liquids, the optoelastic parameter usually mea- 

sured is p tin/& [lo-141, which can be related to 
Pockels’ constants by the relation [IS] 

It can be shown 1161 using standard acoustic the- 
o$ [O] and experimental data [17] that for liquids, 

P11=P12- (9) 

This condition states that it is impossible to induce 

birefringence in a liquid by an applied strain. There 
are exceptions to this for certain liquids [18] _ How- 
ever, for most liquids, including those studied below, 
eq. (9) is valid. In this case, 

P atdap = hn3p12 (10) 

and the electrostrictive acoustic amplitude becomes 

B = k2P@mJ) M2UpPOTC . 01) 

As described ln detail below, eqs. (5) and (11) 
allow quantitative verification of the theoretical treat- 
ments of the LIPS generating mechanisms by compar- 
ing known values of the optoelastic constants of liq- 

uids with those obtained from LIPS measurements. 
In a number of experiments, both the absorption 

and electrostriction mechanisms contribute to the 
acoustic strain. In these situations, the total strain is 
just the sum of eqs. (2) and (6), i.e. 

S2 = cos(k2x2){d [1 - cos(wt)] -B sin(wt)) , (12) 

where the relative contributions of the two mecha- 
nisms are determlu-d by the magnitudes of A and B. 

2.2 Experimental observables 

The observable in a LIPS experiment is the inten- 
sity of the diffracted probe pulse due to the induced 
acoustic disturbance. The efficiency of light diffrac- 
tion from a phase grating in the Bragg limit [?9--211 
is given by 

9 = sil-&rnI~d/h cos Go) , (13) 

where 17 is the diffraction efficiency, nl is the peak- 
null difference in the refractive index arising from the 
acoustic disturbance, d is the grating thickness, and 
$0 is the Bragg diffraction angle. This relation is for 
s-polarized light. In the experiments discussed below, 
diffraction is from pure ultrasonic p.hase gratings and 
eq. (13) applies. Diffraction from mixed amplitude 
and phase gratings in LIPS experiments has been 
described previously [4]. 

The density dependence of the refractive index is 
given by 



6n = (aniap) 6p , 04) 

where 611 is the change in II, and the change in density, 
6p, is related to the acoustic strain by [6 J 

sp = -p& _ (15) 

The peak-null difference r: 1 is therefore 

12 I = -P w/apm pd - s2 ndd , (16) 

and inserting this into eq. (13) gives, for n < 1, 

(17) 

The mechanisms of phonon generation marjfest them- 
selves in the term Sz, the oscillatory nature of which 
gives rise to the characteristic LlPS modulation of *he 
diffracted signal. The theoretical description of Sz 
given in section 2.1 provides the direct connection 
between the modukrtion of the diffracted signal and 
the samples’ absorption cross section and optoelastic 

constant. 

33 1. Memureme;lt of lveak absorf9tion 
if the sample’s optical absorption is very weak, the 

contributions of both me :hanisms to the total strain 
are comparable. The heating mechanism results in 
material displacement away from the interference 
peaks (expansion), while for most liquids, it has been 
determined that the acoustic fields driven electrostric- 
tively have a net material displacement towards the 
interference peaks (contraction). Thus the contribu- 

tions to the acoustic disturbance for the heating and 
electrostriction mechanisms are usually opposite in 
sign as written in eq. (12). Taking this into account in 
the peak-null difference in strain yields 

t) = {(kdjx cos do) p(an/ap) 

x {A [l - cos(wr)] - 5 sir@)}}’ . (18) 

~(1) 0; (A - 5)’ at l= :5-, zr, . . . . (j+ $)r, wherej is an 
integer and T is the acoustic period (&/w). At r =zr, 
37 ._., (j+ $)T, n(f) c: (A f 5)“. Measuring the diffmc- 
tion efficiency at two appropriate times gives the mag- 
nitude of A relative to 5, e.g. 

(19) 

First, B b basically independent of wavelength even 
for substantial cbanSes in wavelength. Therefore a 
plot ofA/B vxsus X yields the absorption spectrum. 
In addition, both A and B are Linear in tie excitation 
pulse intensity. Thus the ratio A/B is independent of 
the Iaser intensity and is directly proportional to the 
absorption strength. If B is known, or if a suitable 
absorpticn standard is used (as described below), the 
molar extinction coefficient as 2 function of wave- 
length can be obtained from a LIPS experillent for 
very weakly absorbing samples. This 1s in effect a type 
of coherent optoacoustic spectroscopy in which the 
thermal energy is channeled into a single acoustic fre- 
quency and detected by Bragg diffraction. 

22.2. Measurement of optoehtic constants 
As cm be seen from eqs. (18) and (1 l), the signal 

depends on p anlap. This constant can be determined 
from LIPS experiments either by utilizing an absorp 
tive standard or an electrostrictive reference. In the 
former case, a dilute absorption standard is used to 
produce a k.nown acoustic strain amplitude, A, 
through absorptive heating. Measuring A/B as in eq. 

(19) then gives 5, and p anlap can be calculated from 
eq. (11). Expliciffy, using eqs. (11). (S), and (4) and 
the relation K, = vgpg, we have 

P anlap = WA) v,apcSrik~CV. (20) 

In eq. (20), a, /I, c, C,, 4 and 7 are known constants 
and the remaining parameters are obtained directly 
from the LIPS experiment. Measurement of optoelas- 
tic constants in this manner provides a means to rlgor- 
ously test both the absorption and electrostriction 
models of LIPS generation. An expeliment of this 
type is described below. 

In the limit of zero absorption (A = 0), optoelastic 
constants can be obtained by a second method which 
is simpler. Samples with unknown constants have their 
diffraction efficiency compared to 2 reference sample 
with a known constant. Rearrangement of eqs. (18) 
and (11) with A = 0 gives 

where the subscripts u and r stand for unknown and 
reference, respectively. This procedure is demonstrated 
below. 

Measuring the ratio AfB is useful for two reasons. 
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22.3. Measurement of acoustic attenuation 
Typically, the intensity of the oscillating LIPS sig- 

nal gradually dies away due to acoustic attenuation. 
Measurement of the rate of decay allows determiua- 
tion of the attenuation rate constant. It is most con- 
venient to compare the intensities of the diffraction 
maxima in successive acoustic cycles, and to calculate 
the attenuation rate constant, ff, as 

where j > i and hi and hi are the experimentally mea- 
sured LIPS diffraction maxima in the jth and ith 
aco~ustic cycles. Since attenuation normally varies as 
the square of the acoustic frequency v 1221, the quan- 
tity cr/v2 is reported. 

At ultrasonic frequencies, acoustic attenuation in 
many liquids occurs on a nanosecond time scale, mak- 
ing LIPS a convenient technique for attenuation mea- 
mrements. In applying LIPS to the measurement of 
o*her experimental observables, corrections for acous- 
tic attenuation may be necessary. We note that attenu- 
ation effects during the excitation pulses (<IO0 ps) 
are almost always negligible and have not been 
accounted for in the theoretical treatment of the LIPS 
excitation mechanisms; these could be included if 
desired [2]. 

3. Experimental 

The details of the laser system are schematically 
illustrated in fig. 2. The laser is an acoustooptic Q- 
switched and mode-locked Nd: YAG system which 
produces 1.06 pm pulse trams at 400 Hz. Single pulses 
of 100 ps duration and W.5 nJ in ener=v are selected 
by a Pockels cell. The selected single pulse is then fre- 
quency doubled to produce 532 run, 70 ps, 20 @, 
TEMno pulses. The remaining IR pulse train is also 
doubled to produce a green pulse train which synchro- 
nousIy pumps a dye laser. The dye laser is capable of 
providing =15 fl, 30 ps six@e pulses in the wave- 
length range of 550-700 tnn. Frequency narrowing 
of these pulses to ~1 cm-l is accomplished by two 
intracavity etalons. A dye laser single puke is selected 
by cavity dumping with a Pock& cell. 

Depending on the experiment, either the dye or 
the green (532 mu) single pulse is passed through a 

I_ IPS SETUP 
YAGLASER PC P 

I 

/ 532nm, I 

Fig. 2. Transient grating experimental arrangement. A single 
1.06 r.rm pulse is se!ected from the Nd:YAG mode-locked 
pulse tram and frequency doubled to 532 nm. The rest of the 
pulse train is frequency doubled to synchronously pump a 
tunabb dye hrser_ The Bregiliffracted part of the probe pulse 
is the transient gratin, sigraL Either the 532 nm pulse or the 
dye laser pulse is split htG the two excitation pulses and 
recombined at the sample to generate the acoustic response 
(532 run excitation shown in diagram). The other pulse probes 
the induced ultrasonic grating after variable delay. PC = 
Pockels cell; P = polarizer: PD m photodiode; DC m dye cell; 
E 5 etalon; BS s beamsplitter. 

50% beamspli?ter, and the resulting two pulses are 
recombined to form the interference pattern which 
excites the acoustic waves. The other single pulse 
becomes.the probe which is brought in at the appro- 
priate angle for Bragg diffraction. Time resolution is 
obtained by variably delaying the probe pulse. A 
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retrcreflector is drawn along a precision optical rail by 
a motor which provides continuous scanning of the 
probe delay. A ten-turn potentiometer, also driven by 
the motor, provides a voltage proportional to ‘the 
probe delay. This voltage drives the x a.. of an x-y 
recorder. The dBacted signal is detected by a large- 
area pbotodiode and a lock-in amplifier. The output 
of the lock-m drives they axis of the recorder. When 
the delay-line motor is run, a time-resolved plot of the 
diffracted signal is obtained. 

In the LIPS measurements of &he fifth vibrational 
overtone of benzene (described below), the diffracted 
intensities at fured probe delays were recorded as a 
function of the excitation wavelength. In this experi- 
ment, the tunable dye Iaser provided the excitation 
puises. The spectrum w2s recorded between 590 and 
620 mu, point by point- 

The elastooptic constant of ethanol at 532 nrr was 
measured using malachite green oxalate (MG) (East- 
man Kodak) as an absorption standard. The MC 
absorptivity was measured at moderate concentrations 
with a Cary 17 spectrometer and the low absorptivity 
standard was obtained by dilution. Elastooptic con- 
stants of other liquids were determined using ethanol 
as the electrostrictive reference. In this case, two 
matched 1 cm cuvettes were used, one for the refer- 
ence end one for the unknown. This allowed rapid 
measurement of diffraction intensities of both sample 
and reference by moving a translation stage which 
brougbt one, then the other cuvette into the beam 
paths. Laser power drift was less t&n 1% between 
measurements. 

To obtain accurate measurements of acoustic atten- 
uation constants, it was found necessary to take into 
consideration the gaussian spatial profde of the exci- 
tation pulses. This was accomphshed by making the 

probe spot size one-half the size of the excitation 
spot size and making the excitation angle large enough 
to provide a significant number of fringes (>15) witbin 
the probe spot size. 

Tile focusing parameters, used in ab the experi- 
ments, were an ~200 pm spot size at the beam waist 
for the excitation pubes and an ==!OO pm spot size for 
the probe. The probe was focused by a lens its own 
focal length away to ensure a consrant spot size as the 
delay line was scam-red. The power dependence of the 
signal was checked routinely and was always found to 
be line= in the probe intensity and quadratic in *he 

excitation intensity as expected (see eq. (17), ie. 
AS a &.J_ Only the first order of d&action was mom- 
tored and diffraction efficiencies were on *Jle order of 
10-S-10-6. 

4. Results and discussion 

The existence of two different mechanisms for the 
generation of the LIFS effect is illustrated by the 

influence of MG concentration in et&not- on the time 
dependence of the sigmd, as shown in fig. 3. The 532 
nm excitation pulses are strongIy absorbed by MG and 
are basica& not absorbed by ethanol_ Malachite green, 
having a 2 ps lifetime 1231 and a zero fluorescence 
quantum yieid in EtOH deposits heat into the solution 
and drives the acoustic response thermally. Ail the 
excited MG molecules return to the ground state with- 
in the pulse duration such that the probe is diffracted 
soiely by the ultrasonic phase grating, This permits 
direct comparison of the signal in EtOH with and 
without MG. 

In fig. 3, the important feature is the frequency of 
oscillation in the signal. The grating fringe spacing 
(2.47 m) and the sound velocity of EtOH IlO] 
(I.14 X IO5 cm s-l>, give an acoustic period of 2.13 
ns. In pure ethanol (fig. 3a), the signal vanishes every 
1.07 ns (exactly twice each acoustic cycle), and the 
maxima occur at c = $-, $7, etc. This demonstrates 
that the acoustic disturbance has the same form as 
given in eq. (6) for the electrostriction mechanism. 
Fig. 3c shows data from a 5 X 10e5 M SoWion of MG 
with all other conditions identica! to those for tig. 3a. 
Now the signal vanishes once every acoustic cycle, with 
the peaks located at t = +r,$, etc. These data demon- 
strate that the acoustic disturbance is given by eq. (2) 
and results from the absorption mechanism. With high 
MG concentrations, the magnitude of the acoustic dis- 
turbance generated thermally by absorption over- 
whelms the electrostrictive effect and only the absorp- 
tive heating mechanism is observed. In the absence of 
absorption, as in pure ethanol, only the electrostrictive 
mechanism is observed_ In intermediate cases, as 
shown in fig. 3b, where the effects of absorption and 
electrostriction are ofcomparable magnitudes, both 
mechamsms are observed. The total acoustic distur- 
bance in this case, is the sum of the two effects. Fig. 
3b alsc demonstrates that the induced strains arising 
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Fig. 3. LIPS transient grating data from pure ethanol and 
so!utions of malachite green in ethanol. Excitation ,I = 532 
MI; probe h = 566 mn. Fringe spacing d = 2.47 pm; acoustic 
cycle use = I.13 ns. Experimental canditions other than ssrn- 
pie were identical throughout. (a) Pure ethanot Electrostrie 
tively-generated standing wa~c causes diffraction intensity to 
osciJJste twice each acoustic cycle. (b) 5 X IOH N malachite 
green in ethanol. Electrostriction and optical absorption pro- 
duce comparable responses. (c) 5 X IO-’ M malachite green 
in ethanof, Optical absorption effect dominates. Diffrxted 
signal osciktes once esch acoustic cyck 

from the two mechanisms are of opposite sign. If they 
were of the same sign, the fmt peak would be larger 
than the second, in contrast to the data [see eq. (IS)]. 

To verify t!te quantitative aspects of the theoretical 
models for both mecher~ms of LIE’S generation, the 
value of the optoelastic constant, p &lap, of ethanol 
was determined using hr,G as the standard, following 

the procedure outlined in section 2.2.2. From eq. (20), 
the known values of the necessary constants (47 = l), 
k2, and experimental determination ofA/B in five 
separate measurements, we found p an/?@ = 0.4 I 0.1. 
This value is in good agreement with values in the lit- 
erature (see table 1). The rather large uncertainty in 
the measurement originates from problems ~5th the 
IMG standard. It was found that at the very low con- 
centrations necessary for the determination, the MC 
solution would become completely transparent in a 
couple of hours after preparation. This was observed 
first in the LIPS signal and later verified by measure- 
ment of the optical density using a Gary 17 spectromet- 
er and a 10 cm cell. The discoloration is quite anoma- 
lous as [MG] = 1V4 hl solutions can stand at room 
temperature for weeks with no change in optical den- 
sity. This made determination of A/B difficult as all 
measurements had to be completed within 10 min in 
freshly prepared solutions. Nevertheless, the value of 
o &z/ao is in agreement with the accepted value and its 
determination serves to confii the LIE’S theory as 
described in section 2. Thus, the theoretical descrip 
tion provides a quantitative account of the LlPS 
effect. 

A better method for determining optoelastic con- 
stants using the LIPS technique, which avoids the use 
of absorption standards, uses a reference liquid with 
known optoelastic constant, as described in section 
2.2.2. Table 1 gives the optoelastic constants of sev- 
eral liquids obtained in this manner, using eq. (21) and 
ethanol as the reference. In this experiment the signal 
obtained at t = $7 for the sample liquid is compared 
to that obtained for ethanol. The exact position of fr 
depends on the speed of sound and was determined 
for each Liquid by a time-resolved LIPS experiient 
which produced data like that in fig. 3a. Corrections 
to peak heights were made for some strongly damping 
Liquids but this correction never resulted in more than 
a 3% change in the value of p anlap. Comparison of 
the experimental results obtained in this manner to 
the literature values in table 1 shows agreement to 
witbin 4% which is comparable to *he agreements 
among the literature values. 

Table 1 aiso lists the acoustic attenuation constants 
measured in the various liquids utilizing t9e temporal 

information provided in a LIPS experiment. All the 
constants obtained agree very well rtith measurements 
by other workers. Only the attenuation constants of 



~!kstic and acoustic attenuation constants for Iiquids measured at 25°C 3, 

Sample Optoclastic conant p anlap 

observed literature 

Acoustic attenuztion 
IO”u/v’ {neper cm --I s2) 

observed literature 

eth2noI 0.351 [IO] 0.356 [Ill 732 6 65 [IO] 55 [26] 
methanol 0.320 f 0.005 0.335 [ZJ 0.329 1131 452 4 30.2 [7] - 
urban tetrachloride 0.4s f 0.02 O.Sll [IO] 0.432 [14] SOD f 100 550 [IO] 545 1251 
chIorofoIm 0.47 2 0.01 0.459 [lo] 0.470 [13] 580 f 90 3s9 [IO] 413 [2S] 
carbon disulphide 0.735 _’ 0.005 0.715 [IO] 0.712 [13] 995 t 10 971 [24] - 
acetone 0.351 f 0.004 0.351 [lOj 0.356 1121 82k 8 71 [IO] 30 1271 
benzene _ Slcli 30 818 [IO] 840 (271 

a) h = 6.70 pm. 

CHCI; and CC4 are significantly different due to the as 10m7 are measurable), demor&rating the very sensi- 

poor sipal to noise ratio produosd by those liquids. tive nature of the method. 
LIPS may become an important experimental 

method for the measurement of acoustic attenuation 
and other acoustic observables due to the versatility it 
permits. Conventional pulse-echo and cw techniques 
[28] are limited to large sample dimensions by the 
phjrsical size of the piezo-electric transducer used to 
generate tie ultrasonics and generally requires mechan- 
ical contact with the sampb. The LIPS technique, hav- 
ing nearly no size limitations, has great potential in the 
study of extremely small specimens such as fiber optics, 
phospholipid membranes, or domains of amorphous 
crystals. 

LIPS as a tool for absorption spectroscopy shares 

a common feature with optoacoustic spectroscopy 
[30] in that it detects the absorption of light by non- 
radiative relaxation processes which produce phonons. 
However, in a LIPS measurement the phonons are gen- 
erated coherently, which provides the potential for the 
increased sensitivity that usua3y accompanies coherent 
measurements. 

In addition to making acoustic measurements, LIPS 

c3n 31~0 be used to measure very weak absorption 
spectra.in a manner discussed in section 22.1. Fig. 4 
shows a spectrum of the ftith vibrationai overtone of 
the benzene C-H stretching mode. The spectrum was 
taken point by point, and the data have an appearance 
like those in fig. 3b. The spectral information is derived 
from the relative heights of the signal measured at :T 
and :r. Eq. (19) was used to determine the parameter 
A/B zt each waveIength. 

BENZENE OVEffTONE 

V= 6 C-H STRETCH 

Inm PATH LENGTH 

The line shape and the position of A,,, shown in 
fig. 4, are virtualIy identical to that obtained by an 
earlier dlermaI lensing study [29]_ The spectrum qual- 
ity is only moderate, mainly because the dye laser sys- 
tem employed was not constructed to be readily tuned 
over a wide wavelength range. However, the important 
feature is that this spectrum was taken with an effec- 
tive path length of o+y 1 mm, i.e. a maximum optical 
den& of=1 X IC-’ (optical densities at least as low 

(nm) 

_ 

Fig. 4. A spectrum of the u = 6 tnnsition of a C-H stretch of 
benzene in a 1 mm path of pure benzene. The spectrum is ob- 
tained from the LIFTS transient grating experiment as a func- 
tion of excitation wavelength for 2 fixed probe puise wavs 
length The data have an appearance like those of fg. 3b. The 
strength of the acoustic response at any wavekngth is directly 
related to the absorptivity. T%us the technique is a type of 
coherent optoacoustic spectroscopy. 
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5. Concluding remarks 

In this paper we have dsmonstrated the application 
of the laser-indilccd phonons method to the measure- 
ment of weak absolptions, optoe!astic constants, and 
2coustic attenuation parameters. These measurements 
have also quantitatively confirmed the theoretical 
descriptions of the two LIPS excitation me~&ar&ms, 

stimulated BriUouin scattering and absorptive heating. 
The experiments presented here concentrated on liq 
uids, but the effect has also been observed in other 
media, e.g. solids and phospholipid bilayers. The 
method provides a technique for the optical generation 
of ultrasonic waves tunable over many orders of mag- 
nitude. Previously it has been demonstrated that the 
acoustic waves, once generated, can also be optically 
amplified, cancelled or phase shifted. Thus LIPS may 
find applications in optical communications and opti- 
cal logic. Since it is not necessary to make mechanical 
contact to the sample, LIPS may be useful in material 
testing in situations in which conventional acoustic 

techniques are impractical. Finally, the technique 
should prove useful in the study of excited state- 
phonon interactions, lattice dynamical properties 
(including phase transitiors), and processes which can 

be probed by acoustic waves. 
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