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high pressures* 
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THE PRESENT work was undertaken to investi
gate the possibility of a phase transformation 
of ZnS from wurtzite (hexagonal) to zinc 
blende (cubic) structure and to determine the 
pressure dependences of the Raman-active 
phonon frequencies of wurtzite. ZnS is un
usual by virtue of the existence of two nearly 
identical solid phases at <.tmospheric pressure. 
In both phases, a given atom has the same four 
symmetrically-placed nearest neighbors, and 
even the second-nearest neighbors are iden
tically situated in both structures. The first 
difference arises with the third-nearest neigh
bors; in wurtzite , the third-nearest neighbors 
are slightly closer than in the cubic zinc blende 
structure. It is the slight difference between 
the structures that leads to the many interest
ing properties of these materials that are 
discussed in detail in Berman's work[l] and 
in references cited therein. 

The single crystal of wurtzite from which 
samples used in these experiments were cut, 
was obtained from Harshaw Chemical Co. 
Back-reflection Laue X-ray photographs of 
this crystal showed well-defined spots char
acteristic of a high-quality crystal. The crystal 
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was examined under a polarizing microscope 
for evidence of stacking faults, and a central 
section that showed colored bands was ex
cluded from this study. Raman spectra were 
excited with an argon-ion laser at 488 and 
514·5 nm, and the spectra were analyzed by 
means of a Spex double-monochromator with 
photon-counting detection. A modified Drick
amer-type of high-pressure optical cell [2] was 
used to obtain spectra of samples under pres
sures up to 40 kbar at room temperature. 

Wurtzite belongs to the space group C~,,

P6amc and all atoms occupy C3V sites. The nine 
possible optic modes of the four-atom primi
tive cell have the following symmetries: 
IA 1 +2B1 +1E,+2E2 . TheA, andE, branches 
are both Raman and i.r. active, the E2'S are 
only Raman active, and the Bl 's are neither 
i.r. nor Raman active. Because the crystal is 
only slightly anisotropic, the A, and EI sym
metry modes are accidentally degenerate 
within the resolution of this experiment [3] 
and are nearly degenerate with the corres
ponding F 2-symmetry modes of the zinc 
blende structure of ZnS, if a slight correction 
is made for the different densities of the two 
phases. These modes are, however, split into 
longitudinal and transverse branches by the 
macroscopic electric field that elevates the 
frequency of the longitudinal branch. 

The atmospheric-pressure frequencies and 
their pressure and volume dependences [4] ob
tained in this study are listed in Table I. The 
assignments of the multi-phonon spectra 
listed in Table I are based upon an interpola
tion of the phonon dispersion curves deter
mined by neutron scattering for the cubic 
phase [5]; however, the data are inadequate to 
assign unambiguously the critical points that 
contribute to this spectrum. Within experi
mental precision, the values of the frequencies 
and pressure derivatives were independent of 
the orientation of the crystal with respect to 
the spectrometer and to the high-pressure 
cell. The longitudinal and transverse optic 
branches of Al and EI symmetries are located 
at 350 and 276 cm- 1 respectively in agreement 
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Table I. Pressure dependencies of raman frequencies in ZnS (hexag
onal) at 298K 

Frequency (cm- I) Pressure dependence 
(I atm) I:!.Vvl l:!.P (cm- I/k bar) 

181 -0·35±0·05 
219 0·63±0·05 
276 0'62±0'0] 
350 0-43±0'01 
399 0·52±0·08 
424 0·40±0·02 
449 0·60±0·07 
617 1'06±0'06 
642 1·18±0·05 
673 ] · ]5±0·08 

with reported data[3 , 5-9]. The vibrational 
frequencies increase with pressure with one 
exception, a zone-edge transverse acoustic 
mode (2T A). This negative pressure-depen
dence of the transverse acoustic branch at the 
zone edge is consistent with observations for 
ZnTe[lO] and Rbi [11]. No attempt was made 
to follow the weak E2 [6 , 8]. 

The volume dependences of the frequencies 
are represented in Table I in terms of the 
equation: 

V(P) = vocYo/V) Y 

where Vo and Vo are the volume and fre
quency, respectively, at atmospheric pressure. 
The mode Gruneisen, 1', is defined as: 

d In v 
1'=- dlnV" 

The difference between the y's for the trans
verse and the longitudinal mode is interesting: 

and 

VTO(P) = 276 cm- 1(VO/V) 1'8. 

The closeness in the magnitudes of these 
Gruneisen constants for the TO and LO 
modes in wurtzite (TO: 1·8; LO; 1·0) and in 
zinc blende (TO: 1'75[12]; LO: 0'99[9])as 
determined by Mitra and coworkers reflects 
the similarity of the force constants in the two 
structures. The difference between the volume 

Mode Gruneisen 
(Volume dependence) Assignment 

- 1'8±0'4 2TA 
2·4±0·] LA 
1·8±0·2 A,(TO), E.(TO) 

0'99±0'16 A,(LO), E,(LO) 
1·1±0·4 TO+TA 

0'75±0'29 LO+LA 
1·1 ± 0·03 2LA 
1·3 ± 0·4 2TO 
1·5±0·3 TO+LA 
]·4±0·2 2LO 

.dependences of the TO and LO phonons is 
not surprising; it represents the pressure de
pendence of the electrostatic interaction that 
splits these modes and is related to the djelec
tric constants of ZnS as discussed below. The 
available data from 1 atm to 40 kbar are in
adequate to indicate whether the mode 
Gruneisen constants are volume dependent. 

The effects of pressure on the phonon fre
quencies of wurtzite are related to the mixed 
ionic-covalent character of ZnS. I n order to 
avoid confusion on the matter of different 
effective charges, the discussion of the pres
sure dependence of these phonon spectra will 
be restricted to a single model, involving 
Szigeti's effective charge[13], sZlel. This 
effective charge can be determined from the 
dielectric constants and phonon frequencies 
In terms of the following equation. 

Here, Eo and Eoo are the low and high fre
quency dielectric constants respectively[14], 
}L is the reduced mass, Va is the volume per 
ion pair, and s is the correction factor for the 
short-range interaction of atomic and elec
tronic polarization. It should be noted that in 
an uniaxial crystal, s is not necessary unity 
since short range dipolar interaction does not 
vanish. 

The variation of the effective charge with 
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volume can be expressed as: 

[a In (sze)] = [a In s] 
a In V T a In V T 

= a In VTO + 1 a In (Eo - Eoo ) 
a In V 2 a In V 

+1 aln(Eoo +2) 
2 a In V 

A value of this derivative was calculated using 
the ratios (VLO/VTO)2 along with the Lyddane
Sachs-Teller relationship and published data 
on the change of refractive index with pres
sure[l5]. The change of refractive index with 
pressure was computed for the ordinary direc
tion since the principal contribution to the 
change in the ratio (VLO/VTO)2 [= Eo/Eoo ] arises 
from the change in the static dielectric con
stant and not from the change in high fre
quency dielectric constant. Thus , variations 
of latter contribution with crystallographic 
direction can be neglected. Details of this 
calculation are described in Table 2. 

The effective charge was found to be 0·86 
and 0·821el at I atm and 40 kbar pressure 
respectively. A value of 1·0±0·3 was obtained 
for a In sta In V. The contributions arising from 
the different terms are enumerated in Table 2. 
The largest contributions arise from change 
in frequency of the transverse mode and 
change in static dielectric constant. 

The origins of the pressure dependence of 
the TO-LO splitting, from which this result 
was derived, can be understood in terms of 
this model by rearranging equation (1) to give: 

and comparing this with the experimental 
data: 

V[O(P) -Vfo(P) = [9'2(±0'4) X 103 

+3·86(±0·30) X 104~J (cm- 2
). (2) 
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Table 2. Some properties of hexagonal ZnS 
at298K 

Property Value at: I atm 40 kbar Other 

EO 8·29[a] 
Em 5'II[b] [c] [c] 

(lIwhITO)2 1·62±0·OI 1'50±0'01 

sZlel 

dIn liTO 
aTrIV=YTO 

I din (Eo-em) 
2" din V 

dln(Em+2) 
din V 

0 ·861el O·821el 

-1 ·81±0·19 

2·41 

-0·07 

[a] Cubic value, SLACK G. A., ROBERTS S. and 
HAM F. S. , Phys. Rev. 155, 170 (1967). 

[b] From refractive index of PIPER w. W., MARPLE 
D. T . F. and JOHNSON P. D. , Phys. Rev. 110, 323 
(1958). 

[c] Calculated from pressure dependence of refractive 
index (ordinary) as determined by VEDAM K. and 
DAVIS T. A., Phys. Rev. 181 , 1196 (1969). 

This comparison indicates that the linear 
volume dependence of equation (2) arise 
mainly from the linear volume dependence of 
the effective charge. 

Both the size and the sign of a In sta In Vare 
of interest. The sign is consistent with Szigeti's 
explanation that as the pressure is increased 
and the ions are forced closer together, the 
short-range repulsive term or ionic distortion 
becomes more dominant and a In sta In V 
would be positive. The magnitude compares 
well with theoretical value of unity obtained 
for a deformation dipole model for KCI[16], 
although the numerical value may be for
tuitous. The value of a In sta In V for ZnS is 
subject to many errors especially to the ap
proximate nature of the Lyddane-Sacks
Teller relationship and to any anharmonicity 
of the phonons. The lack of independent mea
surements of low-frequency dielectric con
stants at high pressures is unfortunate; 
however, the calculated change of the static 
dielectric constant with pressure (- 2 X 10- 3 

kbar- I ) is consistent in both sign and magni-
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tude with values for MgO (- 1·9 X 10- 3 kbar- 1) 

[17] and RbCI (-9,7 X 10-3 kbar-1)[18]. 
The literature is confusing on the matter 

of the phase transformation. Cline and 
Stephens [4] state that hexagonal ZnS trans
formed to the cubic form under pressure; one 
can only conclude from their information that 
the transformation took place in the range 
0-45 kbar. Bridgman [19] on the other hand 
reports that no pressure-induced transforma
tion was observed in the absence of shearing 
force in the 0-50 kbar range. No spectral 
change indicating a first-order transition to the 
zinc blende structure was observed at any 
pressure for any sample orientation in this 
study. The atmospheric- and high-pressure 
spectra show a smooth shift of peak positions 
with pressure and no significant change in 
intensity of the 276-cm- 1 peak relative to 
that of the 350-cm- 1 peak , that would have 
been expected to accompany a phase trans
formation [7]. The absence of a phase trans
formation is not entirely surprising, however, 
in view of the fact that wurtzite is both denser 
[20] and more compressible[18] than zinc 
bien de. The only known transformation of 
ZnS is that of zinc blende at 117 kbar[21]. 
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