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Optical vibrations in the Zn,P, lattice 
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Abstract. Optical vibrations in Zn3P2 crystals were investigated using reflectivity spectra in 
the 40-400 cm-' wavenumber range, absorption spectra in the 380-1200 cm-' range and 
Raman scattering spectra in the 25-500 cm-' range. From these the energies of the one- 
phonon and multi-phonon transitions were determined. The symmetry of phonon branches 
through the symmetry lines and points in the Zn,P, Brillouin zone were determined using 
group theory analysis. The selection rules of the overtones and combinations permitted in 
infrared and/or Raman spectra were derived and used to interpret the observed multi- 
phonon transitions. 

1. Introduction 

Among relatively new semiconducting materials, Zn3P2 has recently become one of the 
most promising. The growing interest in this compound is due to its possible application 
as a solar energy converter. For Zn3P2 the conditions necessary for solar energy con- 
verters are fulfilled; the location of the optical absorption edge at 1.5-1.6 eV (Paw- 
likowski et a1 1979, Fagen 1979, Misiewicz and Gaj 1981, Pawlikowski 1982) is close to 
the optimum value determined by theoretical analysis (Loferski 1956), the minority- 
carrier diffusion length is approximately 10 pm (Nauka and Misiewicz 1981) and finally 
the elements constituting the compound are abundant and cheap. The results of Zn3P2 
applications as photovoltaic photoconverters have been summarised by Pawlikowski 
(1988a, b). 

Ultraviolet detectors were made using thin Zn3P2 films by Bendett and Hunspreger 
(1981). 

Distinct photodichroism was observed for metal-Zn3P2 (oriented single-crystal) 
junctions that were applied in a light polarisation step indicator (Misiewicz et a1 1984). 

Zn3P2 is a very interesting compound both because of its application and because its 
basic properties are relatively little known. The present paper is devoted to Zn3P, lattice 
vibrations. Until now, there have been only a few papers in which results on this problem 
have been presented. Chronologically, the first infrared transmission measurement in 
the 400-750 cm-' wavenumber range was made by Radautsan et a1 (1977) at room 
temperature. A few lattice bands were found in this region, with very small resolution. 
The absorption spectra in the 500-1000 cm-' range were measured by Misiewicz et a1 
(1986a) at 295 and 80 K; 12 absorption bands were observed. Restrahlen spectrum of 
Zn3P2 at room temperature and multiphonon absorption measurements in the 40-700 
cm-l range were presented by Misiewicz et a1 (1988). 
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The aim of this paper is to present an analysis of electromagnetic wave interaction 
with the lattice of Zn3P2. Group theory methods are used in these considerations. 
Critical point analysis and compatibility relations allow us to determine the symmetry 
of phonon dispersion curves, Two-phonon selection rules for infrared- and Raman- 
active modes are determined on the basis of Kronecker symmetrised square and 
Kronecker product reductions. Theoretical predictions are used in the analysis of experi- 
mental results. Fundamental reflectivity spectra are presented at room temperature and 
liquid-helium temperature in the 40-450 cm-' range. Absorption spectra in the multi- 
phonon transition region (380-1200 cm-l) are presented at room temperature and a low 
temperature. The Raman scattering is measured in the range 25-500 cm-*. 

2. Crystal structure 

Zn3P, is one of four crystallographically similar semiconductors of the type Ai'BY, the 
others, being Cd3P2, Zn3As2 and Cd3As2 (Zdanowicz and Zdanowicz 1975). Both Zn3P2 
and Cd3P2 as well as ZnlAsT and Cd3As2 are strictly isostructural (Pistorius et a1 1977). 
According to the papers by Stackelberg and Paulus (1935) and Pistorius et a1 (1977) the 
Zn3P2 lattice possesses tetragonal symmetry, belonging to space group D:: (P4nmc). 
The unit-cell dimensions are a = b = 8.0889 8, and c = 11.4069 8, (Pistorius et a1 1977) 
it contains eight formula units and 40 atoms. The crystal structure of Zn3P2 in the first 
approximation may be regarded as a Na20  lattice (or anti-fluoride lattice) in which one 
quarter of the metal sites are vacant. As in the prototypical anti-fluoride structure, 
cations and anions occupy alternate planes normal to the c axis, and the anion sublattice 
is nearly close packed (FCC), which is a condition for semiconducting properties (Mooser 
and Pearson 1961). In this case, however, cation vacancies occur in pairs along all four 
body diagonals of the anti-fluoride subcell. The ordering of cation vacancies makes the 

Figure 1. Perspective view of the unit cell 
and contents for Zn,P, in an ideal anti- 
fluoride structure in the two main direc- 
tions (a)  perpendicular and (bj parallel to 
the c axis, respectively. Zn atoms are indi- 
cated by the smaller circles and P atoms by 
the larger circles. Vacancy sites are indi- 
cated by full circles (Pistorius et a1 1977). 
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volume of the Zn3P2 unit cell four times the volume of the anti-fluoride subcell and gives 
the lowered symmetry. Because of the vacancies in the crystal structure, there occur 
certain distortions. The Zn atoms are tetrahedrally coordinated with phosphorus atoms; 
their nearest neighbours are at the corners of a distorted tetrahedron. Every phosphorus 
atom is surrounded by zinc atoms located on six corners of a slightly distorted cube. 
Figure 1 shows a comparison of an ideal arrangement of anti-fluoride structure with the 
real crystal structure of Zn3P2 (Pistorius et a f  1977). According to the same paper the 
ideal interatomic distances are equal to 2.48 A for Zn-P and 4.05 A for P-P. The 
displacements between the ideal and real positions are smaller than 0.3 A for the Zn-P 
distances and 0.1 8, for the P-P distances. The angular deviations are smaller than 7.5" 
from the ideal value. 

3. Theoretical analysis of lattice modes 

3.1. Symmetry of one-phonon branches 

A Zn3P2 crystal composed of 40 atoms possesses 120 phonon branches, 117 of them 
being optical (oscillation) and three acoustic modes, i.e. pure translations. 

The phonons from the regions of the Brillouin zone where the density of phonon 
states per unit wavevector is high are the only ones in each branch to participate in 
optical processes. These regions, or points, are known as critical points in the phonon 
dispersion. At the branch critical point the phonon frequency as a function of wavevector 
has a vanishing slope or changes sign discontinuously in one or more directions. The 
number of phonons in the crystal which can participate in optical processes is the sum 
of products of the numbers of critical points for that space group multiplied by the 
numbers of distinct branches at each critical point. Each of these phonons must be 
assigned to one of the irreducible representations of the crystal space group, i.e. it must 
belong to the so-called crystal species. Using the space group theory it is then possible 
to determine the optical activity of the phonons. 

The first Brillouin zone of the Zn3P2 crystal due to its symmetry Dii is formed as a 
parallelepiped as presented in figure 2. The high-symmetry points and lines in the 
irreducible part of the Brillouin zone are marked in this figure. According to general 
rules (Birman 1984), most of the critical points are those at the centre and the boundaries 
of the Brillouin zone, and they are placed at the high-symmetry points. The r point, as 

t kz 

FigureZ. The first BrillouinzoneofZn,P, with the 
representation domain, and the high-symmetry 
point and lines indicated. 
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well as the Z, A and M points, possess the highest symmetries; the X and R points and 
the 2,  A and A lines possess lower symmetries. 

Let us start with the r point. At this point there exist only infinite-wavelength 
phonons. The distribution of the total number of 120 phonon branches between irre- 
ducible representations of the D$, space group can be determined on the basis of the 
factor group analysis proposed by Fateley et a1 (1971). The total irrreducible rep- 
resentation of the crystal is the combined irreducible representation of each equivalent 
set of atoms. Starting from the site symmetry groups of the constituent elements, one 
correlates the irreducible representations of the site symmetry groups with those of the 
crystal factor group. For Zn3P2, the D4h point group is a factor group. According to 
Stackelberg and Paulus (1935) and Pistorius et a1 (1977), the phosphorus atoms occupy 
two sets of the equivalent positions of CZv symmetry, each of multiplicity 4, and one set 
of the C2 position with multiplicity 8. Zinc atoms occupy three sets of C, (Cl,) symmetry 
positions with multiplicity 8. Performing the correlation procedure, we obtain the total 
distribution of the Zn3P2 lattice modes among the irreducible representations of the 
factor group as follows in the notation of Bouckaert et a1 (1936): 

and, in the Mulliken (1933) notation, 
r = 9A1, + 4A1, +SA,, + 10A2, + 10Bl, + 5B1, + 4B2, + 9B2, + 16E, + 16E,, 
The notation of Bouckaert et a1 will be used here. For infrared dipole interaction the V 
operator of the transition matrix element 

So the representation of infrared-active one-phonon modes is found to be 

The pure translations, i.e. acoustic modes, also possess r; + r; symmetry but they 
vanish at the r point. The polarisability tensor, which is responsible for the Raman 
scattering process, in the D:i structure possesses components as follows (Loudon 1964): 

r = 9 r : + 4 r ; + s r :  +ior;+ior:+sr;+4r,f+9r,+i6r:+i6r; (1) 

r; +r;. (2) 

rIR = 9r;  + isrj. (3) 

and so we obtain the Raman-active one-phonon modes 
rR = 91-7 + lor: + 4r;  + i6r ; .  

Group theory analysis allows us to evaluate the phonon branches throughout the Bril- 
louin zone. We can distribute the 120 one-phonon modes between irreducible rep- 
resentations of the symmetry points and lines. For the high-symmetry points we obtain 

Z = 16Z1 + 16Z2 + 9Z3 + 19Z4 

A = 14AI + 14A, + 16A3 + 16A4 
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All these irreducible representations are double degenerate. By means of the com- 
patibility relations, determined according to the standard procedure of representation 
decomposition (see, e.g., Streitwolf 1967, Birman 1984), a schematic model of the 
phonon branch symmetry evaluated through the Brillouin zone is proposed in figure 3 .  
The Kovalev (1965) tables of irreducible representations are used. In this figure, only 
infrared- or Raman-active modes are included. The branches are developed from r to 
r through X, R and Z points ( rAXWRUZAr) and from to Z (TZMVASZ) (see also 
figure 2). It should be mentioned that group theory does not make it possible to choose 
between representations A, and A, at the A point and between Zi and Z, representations 
at the Z point (going from M to Z). The same ambiguity takes place at the W line (see 
figure 3). 

3.2. Two-phonon transitions 

The general wavevector conservation rule requires that in both the sum and the dif- 
ference of phonons their wavevectors must be equal to zero. This condition is fulfilled 
at the r point and, owing to symmetry properties, at the above-listed critical points. If 
in a two-phonon process the two modes belong to different irreducible representations, 
one has a combination state. If they are partners of the same space group of irreducible 
representations, one has an overtone state. For combination states the transition is 
allowed if the Kronecker product of the irreducible representations is common with 
the V vector representation (for the infrared dipole allowed transitions) or with the 
polarisability tensor representation (for the Raman allowed transitions). For overtone 
states the symmetrised Kronecker square of the phonon irreducible representations 
must be used to determine the selection rules (Birman 1984, Streitwolf 1965). 

~ l r ~  
A; U4 

1000) 100 5 1 I 

Figure 3. Schematic model of the phonon branches symmetry through the symmetry points 
and lines of the Brillouin zone. Coordinates of the symmetry point in 2 n ( l / a ,  l /a,  l /c) .  
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Table 1. Two-phonon processes in Zn3P2 at the r point. 
~~ ~ 

IR allowed 

Combinations 
Species r;@r: r:@r.; r; gr: r; @r: i =  1 , 3 , 4  
Polarisation r; I-; r; r; 

Raman allowed 

Overtones Combinations 
Species [KI(*i [ri- l ( 2 )  [r:],,, i = 1 , 5 4 5  r; @r: i = 3 , 4 , 5  r; @r: i = 3 , 4  
Polarisation r; ri,r;,r: r; r: r; 

As the first result we obtain that all two-phonon overtones are infrared dipole 
forbidden and Raman allowed. Such a situation is typical in crystals possessing inversion 
symmetry (Birman 1984, Streitwolf 1967). Infrared dipole permitted combinations as 
well as overtones and combinations allowed in Raman scattering processes are presented 
in table 1. By means of the same method the selection rules for two-phonon processes 
at the Z ,  A, M, R and X critical points are determined. The results are collected in 
table 2. 

At the r point, from the 60 possible transitions, only six of them are infrared and 13 
are Raman permitted by the group theory selection rules. At the high-symmetry points 
we obtain the numbers of two-phonon optical active modes as 16 infrared and 29 Raman 
allowed. Other combinations expected between the branches from the different critical 
points are not considered in this paper. 

Table 2. Two-phonon processes in Zn3P2 at high symmetry points 

IR allowed 

Overtones 
Species [Z,](,, i = 3, 4 [MJ(2) i = 1, 2 [Qt](2) Q = R, X i = 1 , 2  
Polarisation r; r; r; , r; 

Combinations 
Species Q, 8 Q 2  P3 @ P4 K ,  @ KZ, K = R, X Q, @ Q, Q = Z , A ,  M;P  = A, M 
Polarisation r; r: I-; r; i =  1 , 2 ; j = 3 , 4  

Raman allowed 

Overtones 
Species [Z,1(2) [Ailf2) [A,lf2) [Mllf2) [ Q h  Q = R , X  
Polarisation r;, r; r: r;,r: r;,r; ri, r;, r; 

i = l , 2 , 3 , 4  i = l , 2  j = 3 , 4  i = l , 2 , 3 , 4  i = 1 , 2  

Combinations 
Species Z 3 @ Z 4  A 3 @ A 4  M,@M4 K1@Kz P I @ P z  Q I @ Q ~  Q,@Q, 
Polarisation r; r: rs r; r; r;,r; r; 

K = Z , A  P = A , M  Q = R , X  Q = Z , A , M  
i =  1 , 2  
j = 3 , 4  
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4. Experimental results 

Single Zn3P2 crystals were grown by the directed physical transport method described 
in detail by Misiewicz and Kr6licki (1985) and Misiewicz et a1 (1986b). The sample 
oriented by means of X-rays were cut from an ingot, mechanically polished and finally 
etched in bromine solution in methanol. High-resistivity crystals with a hole con- 
centrationp in the range of 1013 cm-3 at room temperature were used. 

4.1. Reflectivity and absorption spectra 

Reflectivity spectra were measured at room temperature and 10 K in the 40-450 cm-' 
wavenumber range (Misiewicz et a1 1988, Wrobel and Misiewicz 1989). Absorption 
spectra in the 380-1200 cm-' range at the same temperature were determined using 
transmission and reflectivity values. Measurements were done using a Bruker model 
Fourier interferometer and Beckman spectrophotometer. Unpolarised light was applied 
in these measurements. 

Figure 4 presen_ts reflectivity spectra in the reststrahlen region at 295 and 10 K. As is 
expected, a complex reflectivity structure is observed. In the whole wavenumber range, 
three regions can be found in the reflectivity spectra. The first (40-115 cm-') consists of 
six peaks visible at room temperature. At low temperatures the structure becomes 
clearer. The relatively broad peak at around 100 cm-' splitsinto two independent peaks. 
The second set of very prominent features is located at 240-360 cm-'. We observed five 
relatively broad maxima at room temperature and seven sharper peaks at 10K. In 
between these ranges a relatively flat reflectivity plot is seen. At room temperature, only 
a few weak transitions in the range 150-185 cm-' can be found (see also the previous 
paper by Misiewicz et aZ(1988)). A decrease in the temperature causes the two maxima 
in this region to increase. A more detailed analysis of the temperature dependence of 
reststrahlen spectra will be published by Wrobel and Misiewicz (1989). 

An analysis of the measured reflectivity spectra was performed by means of the 
Kramers-Kronig method and the spectral dependences of the dielectric constants were 
determined. According to Barker (1970), the energies of the transverse optical (TO) and 
longitudinal optical (LO) modes are determined from the maxima positions in the 
imaginary parts of the dielectric constant and the energy loss function. Table 3 collects 
the TO and LO phonon energies appropriate to Brillouin zone centre. Thirteen pairs of 

L I 

0 200 400 
Wavenumber icm-')  

Figure 4. Reflectivity spectra of Zn,P, in the reststrahlen region. 
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phonons at 295 K and 16 pairs at 10 K were found: this remains in accordance with the 
numbers of reflectivity peaks. 

The absorption coefficient was determined for wavenumbers higher than 385 cm-' 
at 295 K and 450 cm-' at 10 K. At room temperature a row of steps is visible in the range 
385-550 cm-' (figure 5(a ) ) .  The local absorption maxima are located in the ranges close 
to 580 and 680 cm-'. This structure, in general, is reproduced at low temperatures but 
the absorption background is much smaller than at 295 K (figure 5 ( b ) ) .  There are 14 
transitions visible at 295 K and at least 25 of them at 10 K in the 454-720 cm-' range. 
The main maxima close to 580 and 680 cm-' are, at low temperatures, shifted towards 
higher energies in comparison with room-temperature spectra. Figure 6 presents the 
higher-energy part of the multi-phonon transition region. The fine structure in the 
absorption plot in this region is visible only for high-quality and low-concentration 
samples. The spectra at room temperature and 10 K are similar. A lower absorption 
background and more visible absorption features are noticed at 10 K. On decrease in 
temperature a high-energy shift of the prominent structures also exists. For wave- 
numbers higher than 1250 cm-' there is the beginning of an acceptor photoionisation 
process (Misiewicz et a1 1986a). . -  

4.2. Raman scattering spectra 

The Raman scattering spectra of Zn3P2 were measured in back-scattering geometry at 
room temperature using polarised light. A krypton ion laser beam with a power of 0.5 W 
at 676 nm wavelength was employed. A 3-4 m double-grating Spex spectrometer, a 
cooled GaAs photomultiplier and a photon-counting system were used for collecting 
the spectra. The scattered light was detected in the 25-500 cm-' range. Measurements 
were performed under the following conditions: e 1 c I e and e I c I /  e, where e is the 
electric vector of the incident and scattered light and c the tetragonal axis of the crystal. 

0- 600 700 
400 500 

Wavenumber (cm-1) 

I I I I I 
500 600 700 

Wovenumber (cm-'I 

Figure 5. Absorption coefficient spectra of Zn,P, in the two-phonon range at (a) room 
temperature and (b)  10 K. 
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I 295 K 
0 

These notations are equivalent to the following: y(xx)y or x(yy)X (VV) and y(xz)Y or 
x(yz)X(VH); there is no difference between thex andy directions in the Zn,P, unit cell. 
After careful analysis of the measured spectra, a large number of transitions were found. 
In the VV case, 33 peaks were observed and 43 peaks for the VH configuration (figures 
7 and 8). In the VV configuration the 20 prominent transitions are located in the 26-360 ’ 

e i c l l e  

0 
N 

i 

I I I I I room temperature in two configurations: 
e 1 c / /  e (VH), (y(xz)y), and e i c 1 e MO 300 100 

Wavenumber shift l cm- ’ )  (VVL (Y(..)j’). 
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i I 1 1 I 
100 60 2 

( b )  f I I I 

e I c i e  /I 

I I I I 
90 70 50 30 

Wavenumber shift (cm-') 

Figure 8. Raman spectra of Zn3P, at room temperature in the low energy range e 1 c / I  e 
(VH), ( ~ ( x z ) ? )  - a,  and e I c / I  e (VV), ( ~ ( x x ) ? )  - b configurations, respectively. 

cm-I range. Four weaker peaks were also found in this region. In the VH configuration, 
28 prominent and five weaker peaks are found in the same region. The wavenumbers of 
the prominent transitions are collected in table 4. 

Finally it should be said that uncertainties in the wavenumber position in the infrared 
and Raman spectra are +- 2 cm-'. 

5. Discussion 

According to the distribution of the Zn3Pz modes among the irreducible representations 
(1,2), we should expect nine single one-phonon transitions and 15 double-degenerate 
transitions to be infrared active. From the analysis of reflectivity spectra, we obtain at 
least 26 one-phonon transitions at room temperature and 32 one-phonon transitions at 
10 K (see table 3). On the assumption that, at 295 K,  some of the one-phonon transitions 
are temperature broadened, the total number of 32 observed zone-centred phonons 
remains in agreement with the total number of permitted phonons. It is necessary to 
assume that some of the theoretically double-degenerate representations are split. 

Raman tensor (4) analysis shows that, in the VV configuration, only nine r: and 
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TableS. Infraredovertones at rcalculatedfrom thedataofTable3comparedwith transitions 
observed in VV Raman scattering (in cm-I). 

IR 88 128 141 156 172 206 337 365 492 
calculated 114 122 142 157 178 209 338 368 

Ramanobserved 86.5 125 144 159 171 212 340 363 499 

lor: one-phonon transitions should be visible and, in the VH configuration, 16r: 
double-degenerate ones. In the measured VV configuration spectra it is easy to find 20 
distinct peaks and to ascribe them to one-phonon branches at r. To understand the 
number of prominent transitions observed in the VH configuration, one has to assume 
a splitting of the double-degenerate transitions (one-phonon branches at r). If we do 
this, the agreement between theory predictions and experimental results is reasonable. 
As can be seen in table 4, seven modes are observed in both VV and VH configurations; 
most of them are located in the low-wavenumber region 2 6 7 9  cm-'. 

Mutual exclusion rules require, in the case of the crystal with inversion symmetry, 
that the one-phonon modes observed in infrared and Raman spectra be different. The 
Zn,P, crystal possesses inversion symmetry and so the same transitions should not be 
observed. Of the total number of 74 one-phonon transitions in Raman scattering and 
reflectivity spectra, almost 60 of them are different (compare tables 3 and 4) and thus 
the rule seems to be well satisfied. 

Group theory predicts no overtones of infrared-active phonons at r to be allowed in 
the infrared (see table 1). If only a few coincidences are neglected, this condition is well 
fulfilled at both 295 and 10 K. 

Another theoretical prediction, i.e. that all infrared overtones should be Raman 
active in the VV configuration, is fulfilled quite reasonably in the measured range (80- 
500 cm-'). Only a few of the infrared r overtones are not consistent with the transitions 
observed in the Raman spectrum (table 5). 

All Raman-active r overtones should be Raman active also in the VV configuration, 
as is indicated in table 1. In the measured spectra we can find most of the expected 
overtones (table 6); so this condition is quite well fulfilled. 

All combinations between infrared-active and Raman allowed transitions at the r 
point should be visible in the infrared (see table 1). As presented in tables 7 and 8, all 
transitions observed in the two-phonon absorption range may be ascribed to some 
combinations of the infrared and Raman permitted one-phonon modes. 

Table 6. Energies of Raman overtones calculated using table 4 correlated with transitions 
observed in Raman spectra at the VV configuration (in cm-'). 

52 69 78 90 102 123 140 158 168 184 218 240 264 282 
74 90 100 123 140 173 186 Calculated 55 

Observed 50 70 76 93 125 144 159 171 190 222 258 

303 337 376 410 444 463 483 
318 342 381 424 449 516 Calculated 288 

Observed 292 340 340 384 411 452 463.5 486 511 
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The other transitions observed in Raman spectra in the VV-4 and VH-15 con- 
figurations might be explained in terms of one-phonon combinations allowed in the VV 
or VH configurations. However, one should also take into account transitions at other 
critical points, predicted by group theory (see table 2). 

For energies higher than two-phonon overtones and combinations calculated by 
using the data from reststrahlen and Raman spectra (tables 3 and 4), one expects three- 
phonon transitions. In these terms we may explain the spectra presented in figure 6. 
Three-phonon transition selection rules were not studied in detail. Nevertheless, by 
means of symmetrised Kronecker cube calculations, we obtain that there are infrared- 
active three-phonon overtones [r;] (3) in r; and the overtones [r;](3) in r; polarisations 
(remember that two-phonon overtones are forbidden in infrared; see table 1). Using 
this result we can explain most of the transitions in figure 6 (table 9). 

Table 9. Three-phonon infrared overtones observed in infrared absorption at 10 K (energy 
in cm-') 

Measured 733 817 86 1 934 1019 1081 

Calculated 
fromtable3 729 bo In  822 3LOlo 856  TO^, 928.5 3Loii 1020 3ToI5 1089 3L016 

There are no theoretical calculations of the phonon spectrum for Zn3P2; so we 
cannot interpret the obtained results in detail yet. By using polarised light in infrared 
measurements, we shall be able to show which branches belong to LO and TO types and 
give more information on the Raman-active phonons. 

It is also necessary to measure Raman scattering spectra at low temperatures to 
obtain a much sharper structure than that at room temperature and to discriminate 
between one-phonon and multi-phonon transitions. It is very important to understand 
the physical reason for the splitting of doubly degenerate modes at the r point. A cause 
of this might be connected with the displacements of the atomic positions in the ideal 
anti-fluoride cell. The other explanation might be based on the fact that in the Zn3P, 
unit cell the same atoms are located in a few different crystallographic positions. This 
may cause some perturbation in the lattice dynamics. 

There areonly afew dataonlatticevibrationsinother Ai'By compounds, i.e. Cd3P2, 
Cd3As2 and Zn3As2. For Cd3P2 (a compound isostructural with Zn3P2), reflectivity 
spectra were presented only within the 150-450 cm-' range at several temperatures by 
Gelten and Van Es (1984). Comparing our reflectivity plots for Zn3P2 with those of 
Cd3P2, we find the same number of reflectivity peaks in both spectra. This is expected 
owing to the same symmetry of both crystals. 

More data are available for Cd3As2 crystals of Cit symmetry. The infrared reflectivity 
of Cd3As2 was measured by Gelten and VanEs (1981), Thielmann et a1 (1981) and 
Houde etal (1986). These papers present reflectivity spectra in the 120-400 cm-' range. 
The most interesting spectrum consisting of at least 11 features was presented by Houde 
et a1 (1986). In the other two papers, only a few (three and five, respectively) modes 
were observed. 

Raman scattering was measured for Cd3As2 by Jandl etal (1984). In this study, nine 
features were observed in the spectrum. The very small numbers of modes observed are 
in sharp contrast with the number of infrared-active modes expected for this compound. 
This discrepancy is explained by weak dipolar moments and polarisability tensors in the 
Cd3As, structure (Jandl et a1 1984, Houde et a1 1986). 
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For the Zn3As2 layers grown by MBE, Raman scattering spectra were measured in 
the 20-260 cm-' range by Pangilinan ef a1 (1989). More than 30 modes were observed 
in these spectra for different light polarisations. The higher quality of the Zn,As2 layers 
may give better resolution of the Raman spectra for Zn,As, in comparison with Cd3As2 
(Jandl et a1 1984). There is also a distinct difference between the carrier concentrations 
in the semiconductors discussed above; from 10l8 cm-3 for Cd3As2, through 1017-10'8 
cm-, for Cd3P2 and Zn3As2 to about lo1, cm-' for the Zn3P2 crystals used in the present 
paper (all data are at room temperature). This small free-carrier concentration value 
may correlate with the high resolution of the Zn3P2 lattice mode spectra. 

6. Summary 

The symmetry of the infrared- and Raman-active one-phonon branches for Zn3P2 was 
determined on the basis of group theory. Critical point analysis and compatibility 
relations allowed us to find the symmetry of phonon branches through the symmetry 
lines and points in the Brillouin zones. Selection rules of the overtones and combinations 
for all high-symmetry points were derived. The theoretical results were applied to 
interpret the experimental results. 

The experimental part of this paper presents, for the first time, Raman scattering 
spectra of Zn3P2 and reflectivity and absorption spectra in the whole fundamental 
vibration range (40-1200 cm-'). From the reflectivity results the set of infrared-active 
one-phonon modes was determined. The main transitions in Raman spectra were also 
ascribed to one-phonon branches at the r point. The other Raman transitions and 
singularities in the absorption spectra were interpreted in terms of overtones and two- 
phonon combination bands. Most of the theoretical predictions match the experimental 
results well, which leads us to the conclusion that the Zn,P, crystal symmetry cannot be 
simplified to any cubic structure. 
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