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The complex dielectric response function of zincblende ZnS is determined a t  300 K by dispersive 
Fourier transform spectroscopy. The frequency range studied, 150 to 450 cm-l, spans the fre- 
quency of the q = 0 transverse optic (TO) phonon mode. The frequency dependence of the an- 
harmonic self-energy function T(Y)  of the q = 0 TO phonon is calculated from these data. The 
features observed in the spectrum of T(Y) are satisfactorily assigned to  multi-phonon processes 
by comparison to theoretical lattice dynamics calculations for cubic ZnS. 

Par la methode de spectroscopie dispersive utilisant la transformee de Fourier, nous avons deter- 
mine la fonction complexe de response dielectrique du ZnS a 300 K. La gamme de frequences 
etudiees, 150 B 450 cm-l, encadre la frequence du mode phonon optique transverse a q = 0. 
Les caracteristiques observees dans le spectre of T(Y) peuvent etre attribuees de manihre satis- 
faisante processus multi-phonon par comparaison avec les calculs de dynamique du reseau pour 
la forme cubique du ZnS. 

1. Introduction 

The effects of anharmonic lattice dynamics on the properties of crystals have been 
studied by many investigators [l to  31. According to Cowley [2] anharmonic inter- 
actions in alkali halide crystals lead to considerable structure in the self-energies of 
the transverse optic (TO) and longitudinal optic (LO) phonons a t  frequencies near 
that of the LO mode. Similar results have been obtained for the case of 111-V and 
11-VI compound semiconductors in studies which employed dispersive Fourier 
transform spectroscopy (DFTS) to determine the far infrared dielectric response 
functions [4, 51. 

In  this paper we present a DPTS measurement of the far infrared complex dielectric 
function and anharmonic self-energy function r ( v )  of zincblende ZnS. We show that 
structure in r ( v )  can be related to multiphonon processes in the lattice dynamics of 
the crystal, making DFTS a useful method to determine precise phonon frequencies 
a t  the zone center and major symmetry points. 

2. Experimental Techniques 

An asymmetric Michelson interferometer [6] was used to measure the far infrared 
reflection amplitude and phase of ZnS. In  the DPTS [2] technique used in these 
measurements the sample replaces the mirror a t  the end of the fixed arm of the 
Michelson interferometer. The sample simultaneously reduces the amplitude and 
shifts the phase of the light traveling in the fixed arm relative to the case when a 
metallic mirror is a t  the end of the fixed arm. Thus the spectrum produced by the 
interferometer has an amplitude and phase which are respectively the amplitude 
reflectivity, 7 ,  and phase shift upon reflection, p, of the sample. These quantities 
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yield the complex refractive index, N ,  

which in turn is related to the coinplex dielectric function F by 

& = N2. (2) 
Our measurements were niade a t  300 K on a ZnS single crystal 2.5 x 3.7 em2 in 

size, considerably larger than the 1.8 cm diameter of the far infrared beam striking 
the sample. The frequency range where useful results were obtained was 150 to 
450 cni-l a t  an instrumental resolution of 4 cn-1. The average standard deviation 
of the data give errors of kO.01 in the amplitude spectrum and of &0.03 radian in 
the phase spectrum. Because the anharmonic self-energie function is more sensitive 
to the measured phase than the amplitude, the phase errors below 250 and above 
450 cn1-l are large enough to give large errors in the measured anharmonic self-energy ; 
hence, we report the anharmonic self-energy function only for 250 to 450 cm-l. The 
error bars shown in this spectrum are determined from an average over several runs. 

3. Results and Discussion 
The experimentally measured amplitude reflection coefficient and phase reflection 
spectra for ZnS in the frequency range 150 to 450 cm-l are presented in Fig. 1. The 
real and imaginary parts of the complex dielectric response function obtained using 
the above data are shown in Fig. 2. The zone center longitudinal optic phonon (LO) 
and transverse optic phonon (TO) frequencies are indicated in the figure. The LO 
frequency was determined using Drude’s method which consists of finding the fre- 
quency a t  which the real part of dielectric function, e l ( v ) ,  goes through zero. The 
TO frequency was determined from the position of the maximum in the imaginary 
part, eZ(v), of the dielectric response function. The values of TO and LO so obtained 
are listed and compared with previous results [7 to  91 in Table 1. It can be seen that 
our values are in excellent agreement with those obtained by other techniques. 

In  polar crystals the lattice absorption bands arise from the direct interaction of 
infrared radiation with the crystal lattice phonons. The strongest of these interaction 

Fiquency km-7 - 
Fig. 1 Fig. 2 

Fig. 1. Far infrared amplitude reflectance (full curve) and phase shift ( q ~  - n) upon reflection 
(dashed curve) from ZnS 

Fig. 2. Real (full curve) and imaginary (dashed curve) far-infrared dielectric function of ZnS 
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T a b l e  1 
Observed long wavelength optical phonons for cubic ZnS (cm-1) 

51 

technique TO LO 

this work (DFTS) 273 350 
reflection [7] 214 350 
measnrements 
neutron scattering [8] 274 3 350 + 3 
Raman scattering [9] 271 352 

is between a photon, and a single long wavelength optical phonon (the q = 0 TO 
phonon) which gives rise to the main resonance bands. Besides this band there are 
other weaker bands which are more important from our point of view because they 
determine the details of the anharmonic self-energy function. These bands arise from 
the interaction of an incident photon with a pair of phonons. Two types of mechanism 
have been proposed as responsible for this sort of coupling : anharmonic forces [lo] 
or second order electric moment [Ill. These mechanisms are described in detail by 
Kleinman [lo] and Lax [ l l ]  respectively. 

To calculate the full frequency dependence of the imaginary part of the anharmonic 
self-energy, r ( v ) ,  we follow the procedure described in a previous paper [12], as- 
suming that the structure in anharmonic self-energy functions r ( v )  arises primarily 
due to  anharmonic forces. We are able to  calculate r ( v ) ,  using our measured values 
of E ~ ( V ) ,  e2(v), and v T 0  and taking the values of E,(O) and ~ ( m )  from [13]. These quanti- 
ties are related by 

The anharmonic self-energy function T(v)  so calculated is shown in Fig. 3. 
We now propose the assignments for the observed features in the spectrum of 

T(v) in terms of two phonon decay processes. The critical point frequencies a t  X, L, 
and W have been calculated on the basis of it simple lattice dynamical model by 
Talwar and Agrawai [S]. Within the experimental resolution most of the features 
observed and marked in the spectrum of r ( v )  shown in Fig. 3, agree quite well with 
the frequencies in this calculation. The major discrepancies occur a t  the features 
numbered 3, 4, and 5.  These discrepancies can be removed by careful choice of the 
longitudinal acoustic frequencies LA(L) and LA(X). Our selection of LA(L) = 195 cm-l 
is 6 cm-l higher than that calculated by Talwar and Agrawal. This value for LA(L) 

frequency (cm-9 -- 
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T a b l e  2 
Assignments of features in Fig. 3 in terms of two phonon summation process 

features assignments expected obscrved 
freq. (cm-l) freq. (cm-l) 

252 
273 
301 
373 
390 
402 
413 
422 
428 

252 
272 
302 
377 
391 
399 
411 
420 
427 

exactly matches neutron scattering data [8] and also accounts well for the prominent 
peaks a t  features 3 and 4, marked in Fig. 3, which cannot otherwise be explained. 
Similarly the calculated value for LA(X) (203 ern-1) is lower than neutron scattering 
measurements. We chose LA(X) = 211 em-1, close to the neutron scattering values, 
and are thus able to explain the feature (5). The feature numbered (9) was assigned 
using the selected frequencies of [9] a t  the W symmetry point. Thus, our measure- 
ments as well as neutron scattering data suggest that  the theoretical lattice dynamical 
model calculation of Talwar and Agrawal does not account very well for the longi- 
tudinal acoustic frequency a t  major symmetry points, X and L. 

The complete list of expected and observed features is given in Table 11, from which 
one can see that the observed features agree quite well with the calculated frequencies. 
Thus the technique of DPTS if carefully performed can provide improved values for 
the phonon frequencies at, the zone center and major symmetry points in the Brillouin 
zone. 
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