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The room-temperature Raman spectra of LiTa03 for all symmetry phonons are investigated. We make a new 
assignment of the phonons, which agrees with the selection rules of a C3 symmetry instead of C:!V, contrary to 
Kaminow and Johnston's previous work. The oblique phonon dispersions are obtained and tum out to be 
consistent with our phonon assignments. We obtain also the polariton dispersion curve and, from it, the low­
ftequency dielectric constant. 

I. INTRODUCTION 

Lithium tantalate (LiTa<Ja) was found to be ferro­
electric in 1949 by Mathias and Remeika, 1 and also 
to exhibit a large electro-optic effect by Lenzo 
et al.2 With the production today of high-quality 
single crystals of LiTa03 a great deal of interest 
in this material has been revived for use in elec­
tro-optic devices as well as in nonlinear optical 
experimenta. The room-temperature crystal 
structure has been studied by x-ray3 and neutron 
diffraction4 and they all agree that it is uniaxial 
trigonal belonging to the point group c3V' Ball­
man5 showed that the properties of many ferro­
electrics have a marked dependence on the melt 
stoichiometry variations and particularly for 
Li Ta<Ja the Curie temperature may change from 
540 to 700 o c, depending on the growth conditions. 
Above Te it is paraelectric and has a D31 point­
group symmetry. 3 •4 

In our work we performed a complete Raman­
scattering analysis of LiTa<Ja single crystal at 
both room and high temperature.6 We propose a 
new assignment of the normal modes, in disagree­
ment with the works by Kaminow and Johnston7 and 
Barker et al., 8 and study consistently the oblique 
phonon dispersion; we also investigate the polari­
ton dispersion and from the data we evaluate the 
low-frequency dielectric constant. 

11. THEORY 

The crystal structure of LiTa03 has been studied 
recently by several authors.3 •4 They all agree that 
its ferroelectric phase belongs to the point group 
C3v with two molecules per unit cell. This implies 
a total of 30 degrees of freedom, and the irre­
ducible representation for the vibrational modes 
are given by 

4A1 (z) + 9E(x) +9E(y) + 5A2 , 

where the A 1 andE modes are both Raman and 
infrared active, whereas the A/sare inactive in 

13 

Raman and infrared. The Raman tensors associ­
ated with the active modes are9 
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The letters in parentheses indicate the direction 
of the polarization associated with the modes, with 
respect to the crystallographic axis. 

Since all the 13 modes which are Raman active 
carry polarization, their interaction with the 
macroscopic field produced by the infrared-active 
phonons may be able to raise the degeneracy be­
tween the longitudinal (LO) and transverse (TO) 
modes, doubling the number of lines in the Raman 
scattering spectrum. The term "doubling" should 
be understood with reserve because the degeneracy 
between the LO and TO' s may sometimes be too 
small to show a detectable splitting in the spec­
trum. 

Before presenting the experimental data and 
discussing the results, we would like to discuss 
the possibility of a small distortion in the unit cell 
that can cause a lowering in the effective sym­
metry. This possibility is not academic but it is 
supported in the experimental results, as we shall 
see late r. Figure 1 displays the unit cell of 
LiTa<Ja. lf by any chance a small distortion in the 
oxygen triangles breaks down the reflection sym­
metry, the new point group will be C3 instead of 
C3 •• Even ü in the average the crystal as a whole 
shows a C3• symmetry, the response of the unit 
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FIG. 1. Structure of lithium tantalate: (c) spatial 
structure of the unit cell, open circles-0, solid cir­
cles-Li, cross-hatched-Ta; (b) model of the ferro­
electric phase; (a) model of the paraelectric phase. 

cell will be that of a C3 symmetry. Looking at the 
correlation table of the C3v group and its subgroup10 

C3v C3 C8 

A 1 A A' 

A 2 A A" 

E E E'+A" 

we see that the five A 2 inactive modes may become 
A1 active with the same Raman tensor as A1 given 
above. If that small distortion is not uniform in 
the whole crystal, we expect a very weak intensity 
in the spectrum for the five extra modes, with no 
TO-LO splitting since the A 2 modes carry no po­
larization. 

In the paraelectric phase LiTaÜ:J is known3 •4 to 
be centrosymmetric with D3a point-group sym­
metry, with the following irreducible representa­
tion, for the optical modes: 

A 11 +3E1 +3A2.(z) +2A1u +3A21 + 5E.(.x) + 5E.(y), 

where A 11 andE, are Raman active, A 2• and Eu 
are infrared active, and the others are inactive in 
both. 

The static dielectric constant E0 can be evaluated 
by means of the generalized Lyddane-Sachs-Teller 
relation11 

Eo=E,. n (~)2 , (1) 
i WTO 

where E,. is the high-frequency dielectric constant, 
wto and w~0 are the longitudinal and transverse 
phonon frequency, respectively, and the product 
is to be taken over all the polar modes along one 
af the axes. We want to point out that expression 
(1) was derived assuming all the modes in the 
crystal are harmonic oscillators with no damping 
consideration. Nevertheless, Cochran and Cowley11 

have estimated that any deviation from relation {1) 
for real crystals, owing to the anharmonicity, 
should be no larger than 5%. 

The properties of lattice vibrations that carry 
an electric moment differs significantly from 
those of nonpolar vibrations, in the sense that the 
radiation field af polar vibrations in the crystal 
couples to the mechanical vibrations to create a 
photon-phonon mixed excitation called polariton. 
Huang, in 1951,12 showed that in the whole range 
of frequency w and wave vector q the dispersion 
relation is given by 

(2) 

where the frequency-dependent dielectric constant 
E (w) is given by13 

(3) 

r1 is the damping factor associated with the trans­
verse phonon frequency w1, E .. is the high-fre­
quency dielectric constant, and s1 the dielectric 
transition strength. 

From expression (3) we see that for very small 
w, E(w) has very slight dependence on w and its 
value approaches E0, so that relation (2) teUs us 
that in this limiting case w and q are related to 
each other through a linear function, and can be 
written 

w/q = 1/..fE"o. (4) 

This last relation shows that we can evaluate the 
low-frequency dielectric constant from the lower 
polariton dispersion curve slope, in the limit 
where w (or q) goes to zero. This fact has been 
used lately14 •15 as an alternative way to study the 
dielectric properties of crystals. 

III. EXPERIMENTS 

Our experimenta were done in a large poled 
single crystal af LiTa03 , provided to us by Dr. 
A. A. Ballman, from Bell Labs., with a ferro­
electric Curie temperature of 625 oc. The crystal 
was oriented by Laue back-reflection x-ray photo­
graphs and cut with faces perpendicular to the 
crystallographic axis, to within 1 o precision. This 
allowed scattering symmetry for almost pure TO 
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or LO. All the Raman experimenta deseribed in 
this ehapter were obtained at room temperature, 
using the 5145-Â. line of a CRL model 52 argon-ion 
laser, a Spex double monochromator model1401, 
a photomultiplier, anda de reeording. The slit 
was seleeted in order to give us a resolution 
smaller than 1 em -1 • 

To represent the seattering geometry and the 
polarization used in the measurements, we use 
the standard Raman notation k(ij)q, where k is the 
propagation direetion of the ineident light polar­
ized along i, and q is the propagation direetion of 
the seattered light polarized along j. Sometimes 
we also use the notation k(ij)k + D.l, where l ean be 
either i or j, and by that we mean that the ligbt 
was eolleeted in forward direetion througb two 
small boles displaeed along l direetion, as sbown 
in the diagram (a) of Fig. 2. Both E and A1 pbo­
nons were measured in every possible geometry 
to seareb for any k dependenee, as well as all tbe 
Raman tensor eomponents in order to improve the 
assignment of the weakest phonons. We were also 
very eareful in ehoosing the propagation direetion 
of the ineident and seattered radiations, as well 
as its polarizations, in order to obtain data very 
close to pure-LO and to pure-TO phonons. How­
ever, owing to the high index of refraetion of the 
erystal (2.22), we eould not use any liquid mateh­
ing to avoid internai refleetion, so that its reflex 
is always present in tbe backward and forward 
seattering. 

Tbe fraetion of the ligbt refleeted internally is 
given by 

R =[(n -1)/(n +1))2 , (5) 

where n is the index of refraetion at the laser fre­
queney. For LiTa~, n=2.22, and this value into 
Eq. (5) tens us that about 14% of the ineident light 
is refleeted inside the erystal. The refleeted and 
ineident ligbt generate phonons propagating in dif­
ferent direetion and this may give rise, some­
times, to a mixing of the transverse and longitud­
inal modes in the speetra, mainly for those baving 
a very strong Raman aetivity. 

The oblique-phonon measurements were done 
using the setup shown in Fig. 2(a). By rotating 
the stopper through its eenter, we ean seleet pbo­
nons propagating in any direetion in the plane ZY. 
In this way, with a simple arrangement, we ean 
easily follow the oblique-pbonon dispersion, with­
out ehanging the experimental geometry and keep­
ing a more eonsistent relation between the pbonon 
intensities for all the angles. 

The A1 symmetry polaritons were studied at the 
eonfiguration X(ZZ)X + D.Y and tbe wave vector q 
were seleeted by using a stopper, sbown in Fig. 2, 

la! 
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W.. • LASER FREQUENCY (em~) 
w •PHONON FREQUENCY(cm-1) 

(b) n •INDEX OF REFRACTION 
9 •INTERNAL SCATTERING ANGLE 

FIG. 2. Scattering geometry for polariton and oblique­
phonon experimenta (a), and diagram for the momentum 
conservation law (b). 

with two boles oriented along tbe Y axis. Tbe wave 
vector is a funetion of the angle () and it ean be 
ehanged by ehanging either the distanee between 
tbe boles in tbe stopper or by ehanging tbe distanee 
from the stopper to the erystal. In this way we 
were able to obtain as low as 300 em -1 for the q 
value. Tbe seattering angle ean be measured with 
a bigb degree of preeision and an error of only 
5%, or less, isto be expeeted for angles not 
smaller than 0.5°. Observations were made in 
two different poled erystals and no appreeiable 
ebanges were deteeted in the speetra. However, 
we tried to measure tbe polaritons in a third, un­
poled erystal, and eould not observe any disper­
sion at all, even for very small q (smaller than 
300 em-1 ). We believe this pbenomenon is related 
to the domains inside the erystal and it will be 
diseussed in more detail late r. 

IV. PHONONS AND OBLIQUE PHONONS 

The optieal modes in Li Ta03 have been studied 
before by Barker et al.8 in 1970 using infrared 
refleetivity and also by Kaminow and Johnston7 •16 

in 1967 using Raman speetra. For later referenee, 
their results are tabulated in Tables I-IV. 

The A1 phonons taken at tbe eonfiguration X(ZZ)Y 
for tbe TO's andX(ZZ)X+D.Z for the LO's are 
sbown in Figs. 3 and 4. In Fig. 3 we see already 
the evidenee of seven peaks, instead of four pre­
dieted by group tbeory for the c3V symmetry. All 
those pbonons, but the one at 186 em -I, have been 
observed by Kaminow and Jobnston7 who ehose four 
(201, 253, 356, and 600 em-1 ) as tbe fWldamental 
modes, and the additional struetures are attribu­
ted to eoupling between tbe A1 andE modes, as a 
eonsequenee of a strain perturbation. Although the 
mode at 186 em-1 has not been mentioned in Ref. 
13, it seems to us to be a fundamental one. It is 
evident from botb polariton and oblique-pbonon 
dispersion sbown in Figs. 5 and 6, that is, tbe pbo-
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TABLE I. E-symmetry phonon parameters observed 
by Raman spectra, from Ref. 13. 

TO (cm- 1) ID (cm- 1) r (cm- 1) 

75 9.5 
80 

140 3 
163 

206 3 
248 

251 5 
278 

316 3 
318 

383 6 
452 

462 3 
474 

596 5.5 
648 

662 7.5 
870 

non going to zero in the polariton dispersion, while 
the one at 202 em -l stays there; in the oblique­
phonon both modes disperse but in opposite direc­
tions, making it clear that we have, in fact, two 
A1(TO) phonons in that region instead of onere­
ported before.7 •8 

lf we were to attribute the additional structure in 
the transverse A 1 spectra to strains, which may 
cause an E mode to become Raman active for a 
(ZZ) filter, we expect those peaks to be much 
weaker than the fundamental E-type modes origi­
nating them. What happens is exactly the contrary, 
the additionallines in the A1 (TO) spectra are much 
stronger than those around the same frequency in 
the E spectra. We see no choice other than to ac­
cept every peak as a fundamental A1-type mode. 

A look at the spectrum Z()(X)Z in Fig. 7, which 
should give us E(TO) +A1 (LO), shows a new pho­
non at 751 cm-1 • Although it is very weak in the 
(ZZ) configuration and is not visible in Fig. 3, we 
can see it clearly if we enlarge the spectrum about 

T ABLE 11. A1-symmetry phonon parameters observed 
by Raman spectra, from Ref. 13. 

TO (cm- 1) ID (cm-1) r (cm-1) 

201 7.5 
245 

253 7.5 
347 

356 4 
399 

600 4 
864 

TABLE ITI. E-symmetry phonon parameters of LiTa03 
determined by infrared reflectivity, from Ref. 12. 

TO (cm- 1) ID (cm-1) r (cm-1) 

142 14 
(165) a (165) 11 
(175) (175) 7 

192 
(215) (215) 13 
(238) (238) 19 
253 9 

278 
316 14 

345 
375 26 

(405) (405) 24 
455 

462 6 
474 

594 32 
(673) (673) 34 
(750) (750) 22 

855 

a Bracketed modes are very weak in reflectivity. 

ten times. So we decided to assign it as an A 
mode. Figure 5 shows the evidence of anothe~ 
A1(TO) at about 460 cm-1 dispersing in the oblique­
phonon with the A1 (LO) at 401 em -1 • The seven 
phonons we started with plus those two we just 
mentioned, makes a total of nine A1 (TO) modes, 
some of them very weak as we have noted, but 
still very clearly belonging to the A1 symmetry. 

These extra phonons assigned as A1 type can be 
understood if some kind of disorder lowers the 
symmetry of the crystal from c3V to c3. In this 
case, according to the correlation table for the 
C3v point group discussed in Sec. TI, the A 2 in­
active modes transform into A 1 and become ac­
tive. Looking at the unit cell of LiTa03 in Fig. 1, 
this hypothesis seems very reasonable if we con­
sider that the structure of oxygens, upon which 

T ABLE IV. A1-symmetry phonon parameters of LiTaO 
determined by infrared reflectivity, from Ref. 12. 3 

TO (cm-1) ID (cm-1) r (cm-1) 

200 28 
241 

241 30 
345 

357 11 
388 

596 18 
625 

657 56 
(760) a 

760 862 44 

a Bracketed modes are very weak in reflectivity. 
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202 

594 XCZZIY 186 

800 

FIG. 3. (ZZ) spectrum of the A 1 (TO) phonons in 
LiTaOs. 

the unit cell is based, may not be very well 
aligned to allow a refiection plane. A small dis­
tortion in an oxygen layer, with respect to the 
next one, may break down the refiection symmetry 
and the crystal becomes c3. 

According to our interpretation, ali the nine pho­
nons observed should be accepted as fundamental 
A1 type and the crystal point group as C3 • To re­
inforce our point of view we want to point out that 
Barker et al., 8 to fit his infrared reflectivity with 
classical oscillators, needed at least six A1 pho­
nons (see Table IV). 

The A1 (LO) taken at X(ZZ)X + I::.Z is shown in 
Fig. 4, where we indicate with an asterisk the 
peaks coming from other symmetries, ali of them 
consequences of the scattering geometry that pick 
up slightly oblique phonons instead of pure LO. If 
we compare this spectrum with those for the A 
oblique phonon (Figs. 5 and 8) we can see that it 
corresponds to ~ around 10°. Of the two peaks 
around 580 em -1 , one is a polariton of the oblique 
phonon and the other is the TO created by back re­
flection inside the crystal. The peak at 419 cm-1 

does not correspond to the exact position of the 
LO, but to an oblique phonon whose branch goes 
from 458 em -1 (TO) to 401 em -1 • Its exact fre­
quency is 401 cm-1, as shown in Fig. 7. This 
completes our discussion for the A1 modes and the 
final assignment is in Table V. 

X(ZZ)X+AZ 

200 

FREQUENCY (em ·I} 

FIG. 4. (ZZ) spectrum of theAt<LO) phonons in 
LiTaO:J. The Unes indicated with an asterisk are spill­
over from other symmetries. 

z~ 
y 

100 

FIG. 5. Low-frequency (ZZ) spectra of theA 1 oblique 
phonons. <f;= O• correspond, to pure LO and tj>=9o• to 
pure TO phonons. 

The E phonons, polarized in the XY plane, are 
shown in Figs. 9 and 10, taken in the configura­
tions Z(XZ)Y and X(ZY)X + I::.Y. The E(TO) spec­
tra (Fig. 9) shows nine peaks; one of them has 
been assigned by us as a spill over (asterisk) 
(namely, the one at 200 em -1 ) to make it consis­
tent with the oblique-phonon dispersion, to be 
discussed in Sec. V. This strong spill over seems 
reasonable if we bear in mind that at that position 
two strong A1 (one TO and one LO), and one strong 
E(LO) are present. 

In the beginning we doubted the assignment of 
the structure around 70 cm-1 (see Fig. 9) as a 
phonon. We thought first of a spill over of the A1 

modes at the same frequency or even a second­
order broad band. However, if we investigate 
that region in more detail, we see clearly the ex­
istence of two peaks (see Fig. 11 ); one is a true 
E(TO) at 69 cm-1 and the second peak is a spill 
over of the (much stronger) A1 at 81 cm-1 • 

If we disregard the peak at 200 em -1 in the 
E(TO) spectra (Fig. 9) we need one more phonon 



4912 PENNA, CH-AVES, DA R. ANDRADE, AND PORTO 13 

---""' A(TO) --_..a--"(! 

AI LO) 
400 

200 

_.11>' ... 

JY ... <r 
.IY ... 

... .c­
... .cr 

... 4" 

~--cr 
E(TO) >--.o--~ 

o 30 60 
cJ (deg) 

-

-

q...o-

I 

90 

FIG. 6. Oblique pbonon dispersion curves of the most 
dispersive modes in LiTa<>,. 

to complete the nine predicted by group theory. 
Though we could not find the missing phonon in the 
appropriate E(TO) configuration, because it is 
very weak, its existence becomes evident from the 
oblique-phonon dispersion shown in Fig. 12, where 
it disperses with the E(LO) at the same frequency 
(345 cm-1 ). 

Figure 10 shows the E(LO) spectrum taken at 
X(ZY)Z + AY, where eight peaks are indicated as 
phonons and four as spill over (asterisk). The 
ninth missing phonon is a very weak one, at 470 

401 ZIXXl! 

FIG. 7. (XX) Raman spectrum of LiTaOs, showing 
Aj(LO) +E(TO). 

z~ 
y 

850 750 650 
FREQUENCY (cm-1) 

FIG. 8. High-Frequency (ZZI spectra of tbeA 1 oblique 
phonons. 

cm-1 , and disperses with the A(LO) at 465 cm-1 • 

That is the only place where we can track it (Fig. 
5). Three out of the four spill over (143, 316, and 
590 cm-1 ) are a result of the internai back reflec­
tion, giving origin to a scattering of the type 
X(ZY)K which activates the E(TO) phonons, and 
the peak at 186 cm- 1 is a consequence of the 
slightly oblique symmetry of the scattering which 
can be checked with Fig. 12. Our final assignment 
for the E phonons is given in Table VI. 

Assuming the crystal has C3 symmetry with nine 
E and nine A1 Raman active modes, we can evalu-

TABLE V. A1-symmetry phooon parameters observed 
by Raman spectra, from this work. 

TO (cm-1) 10 (cm-1) r (cm-1) 

81 21 
82 

186 15 
200 

202 26 
246 

250 24 
354 

355 13 
401 

458 13 
465 

594 14 
660 

661 29 
750 

751 29 
866 
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141 

* 

Z(XZIY 316 

FREOUENCY (CIII-1) 

FIG. 9. (XZ) spectrum of the E(TO) phonons in LiTa03• 

The line indicated with an asterisk is spillover from 
other symmetries. 

ate the low-frequency dielectric ·constant using the 
Lyddane-Sachs-Teller relation. With E,. =4.9, 17 

we obtain from Eq. (1) the following results: 

€ 0 =48 in the Z direction 

and 

€ 0 =57 in the XY plane. 

Yamada et al.18 measured the values 46 and 53, 
respectively, using an admittance bridge at 10 
kHz, which are in fairly good agreement (less 
than 7%) with our results. 

The oblique phonons for A1 symmetry were 
studied in the X(ZZ)X + ""~ configuration, where 
""~ representa the phonon propagation direction 
with respect to the crystal Z a:xis. For ~ = 90• the 
phonon is propagating along Y a:xis and we are 
collecting pure TO; for ~ = oo, the propagation 
direction is Z, giving a LO symmetry. The spec­
tra were taken for each 5° interval between o• and 
90• and are shown in Figs. 5 and 8 for six different 
angles. 

The firstA1(TO) at 81 cm-1 has a dispersion 
with the firstA 1(LO) at 82 cm·t, whlle the second 
pair of TO's, 186 and 202 cm-1 , disperses in op­
posite directions; one to the E(TO) at 141 cm·1 

and the other to the A1(LO) at 246 cm·1 • When the 
two peaks start splitting apart and they become 

200 

X(ZY)X+AY 

FIG. 10. (ZY) spectrum of theE(LO) phonons in 
LiTa<>s. The Unes indicated with an asterisk spillover 
from other symmetries. 

Z(XZ)Y 

FIG. 11. (XZ) spectrum of the E(TO) phonons. This 
spectrum is the same shown in Fig. 9, enlarged 10 times. 

more pure LO, the A1(LO) at 200 cm-1 is enhanced 
showing that it must disperse with the E(LO) at 
the same frequency. Since the A1(TO) at 202 cm·1 

disperses to the A1(LO) at 246 cm·t, the A1(TO) 
at 250 em -1 , visible in the spectra until 50°, has 
to go to the E(TO) at 249 cm·1 • The next two 
A1(TO)'s at 355 and 458 cm-1 go toA1 (LO)'s at 
354 and 401, respectively (Fig. 5). 

The last part of the spectra are shown in Fig. 
8, and they are about the same for both A1 andE 
phonons. Ata glance it looks like the phonon at 
594 em -1 is changing position when we go from 
TO to LO configuration. In fact, what is happen­
ing is the following: in the TO symmetry, what 
we see is the polariton of the phonon at lower fre­
quency, whose intensity goes to zero when the 
spectra becomes more and more pure LO, and 
the consequence of the back reflection inside the 
crystal (giving pure TO) starts enhancing in the 
spectra until ~ =0°, where it dominates com­
pletely. This will become more clear ü we re­
member that the spectra for 70°, 50°, and 30° are 
three times enlarged with respect to that at 90°, 
while the two remaining spectra at 10° and oo are 
enlarged about ten times. The last phonon, non­
e:xistent in the A1(TO) symmetry, starts to be­
come clear as the spectra changes from TO to 
LO. For the E phonon the same thing happens. 
This made us believe that the A1(LO) at 866 cm-1 
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z~ 
y 

FIG. 12. (YZ) spectra of the E oblique phonons. .P= o• 
corresponds to pure TO and .P= 90" to pure LO phonons. 

TABLE VI. E-symmetry phonon parameters observed 
by Raman spectra, from this work. 

TO (cm-1) ID (cm-1) r (cm- 1) 

69 21 
70 

141 10 
200 

249 7 
275 

316 12 
345 

345 ? 
379 

382 20 
459 

462 13 
470 

591 18 
659 

660 29 
866 

A(LO)Q--o--o---o--<,__~-o--o---o--Q E I LO) 

200 

A(LO) >-~-o---o---o---o---o-~--o--- AlTO) 

-
:1~g1 >---o----o---o--~----o---o-- ~rrn 

Ef~o~ ~--o---o---o---o- -o---o---o--o--= A(TO) 

A(LO) --o---o---o---o---o----------- A(TO) 
A( LO) 

200 :.:-:.o---o--o--.o--.o---o--.o--.o-- E(LO) 

A(LO) ~--o--.o---o--.o--.o--~-o-~- AfTO) 
E(TO) ..---o---o---o---o--o---o---o--o-- E LO) 

I 

o 30 60 90 
~ (deg) 

FIG. 13. Oblique phonon dispersion curves of the 
least dispersive modes in LiTa03• 

Ar TO A,-LO E-TO E-LO 

69-70 
81-82 

- ---141 
18~ 

20a.___. 20014-.. ---200 

246 -249 

316__......275 
250-

35~354 

,.--401 
45o-

465-

345-345 

---
379 

382 

462--459 

--470 
-----591 

594 660-693 
661-660 
751-750 

866---
866 

FIG. 14. Numerical map of the oblique phonon branches 
in Li.TaOg. 
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disperses with the E(LO) at the same frequency. 
The E oblique phonons spectra are shown in 

Fig. 12 for five arbitrary angles taken at 
X (ZY)X + C.<P up to 500 em_,. All the phonons that 
change character to A1 in the oblique dispersion 
have been discussed above, while the ones having 
dispersion keeping the same character can easily 
be seen in the figure. 

The experimental points of the oblique-phonon 
dispersion, for both A 1 and E, are shown in Figs. 
6 and 13. Figure 14 provides also a numerical 
map showing the branches. 

The oblique phonon dispersion measurements 
are very helpful to complete the phonon assign­
ment for both TO and LO' s and turns out to be a 
very accurate method to determine the exact pho­
non frequencies, especially for cases where the 
cross section is very small and therefore of diffi­
cult detection. 

To conclude this pape r, we want to comment on 
the previous assignments made by Kaminow and 
Johnston7 • 16 and Barker et al.8 In Refs. 7 and 16 
four phonons were assigned as A 1 and they do co­
incide with four of ours (see Table 11), but with 
respect to the E phonons there are three of them 
(see Table I) which are in striking divergence with 
the oblique phonon dispersion; the E(LO) at 163 
em_, has neve r been observed by us and the E(TO) 
at 206 cm-1 and E(LO) at 248 em_, will correspond 
to ours if we exchange TO by LO and vice versa. 

X(ZZ)X+l!Y 

~~ 

FIG. 15. A 1 polariton spectra in LiTa03. 

FIG. 16. Lowest A 1 polariton as a function of O. The 
circles are the experimental points and the dashed line 
is just a visual guide. 

Barker et al.8 used six oscillators (Table IV) to 
fit the infrared reflectivity parallel to Z though 
only four were assigned as fundamental. They are 
more or less the same assigned by Kaminow and 
Johnston. The extra features along Z are: TO's 
at 657 and 760 em-', and LO's at 625 and 760 
cm-1 • The modes at 760 cm-1 wereassignedasA1 

typebyus, while the mode at 657 cm-1 must corre­
spond to our A1 at 660 cm-1 • The mode at 625 is 
just nonexistent in our data. Along the perpendic­
ular direction, they used 13 oscillators to fit their 
spectrum of which nine are regarded as fundamen­
tal, namely, 142, 165, 215, 238, 253, 316, 375, 
462, and 594 cm-1 • The main divergences with 
our assignment lies on the ones at 165, 215, and 
238 em - 1 • We cannot support those phonons since 
the first one is in contradiction with our oblique­
phonon data and of the other two we have no hints 
in the spectra. For the extra features in the per­
pendicular direction, we have no comments: it is 
just too much. 

44( -

420 -

4000 
I I I 

0.5 1.0 1.5 2.0 25 

e (degl 

FIG. 17. llighest A 1 polariton. The circles are the 
experimental points and the dashed line is justa visual 
guide. 
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FIG. 18. Dispersion curve of the lowestA 1 polariton. 

V. POLARITONS 

As was discussed in Sec. 11, only four A1 pho­
nons are allowed by group theory, ü we consider 
the crystal as having a c3U symmetry. Instead, 
we have found at least nine phonons belonging to 
this A 1 symmetry and attributed this to some lat­
tice disorder, lowering the real symmetry to c3, 
where nine A 1 modes are expected. Only two out 
of nine showed an appreciable change in frequency 
as a function of q. Several spectra are shown in 
Fig. 15, corresponding to angles between 2° and 

X(ZZ)X+AY 

FIG. 19. LowestA 1 polariton spectra in LiTa03• 

Medium angles. 

X (ZZ)X+l1Y 

8=0.50 

8=0.60 

8=0.70 

9=o.ao 

8=0.90 

FIG. 20. LowestA1 polariton spectra in LiTaOs. 
Small angles. 

O. 7°, taken at room temperature. Figures 16 and 
17 show the experimental curves for both polari­
tons as a function of 9, the angle between incident 
and scattered lights. From the momentum conser­
vation law we can evaluate the magnitude of the 
wave vector 9 [Fig. 2(b)] for any given 9, and ob­
tain the polariton dispersion curve. Since the 
higher dispersion curve gives no information 
about the static dielectric constant, we consid­
ered only the lower dispersion curve shown in 
Fig. 18. From its slope at zero frequence, we 
obtain the phonon contribution to the low-frequen­
cy dielectric constant, using expression (4). Do­
ing that we obtain 

( aq )2 
E 0 = B =44, 

w •=o 
which is in very good agreement with the result 
obtained by applying the Lyddane-Sachs-Teller 
relation in Sec. IV (48) and with the measurement 
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done by Yamada et al. 18 using an admittance bridge 
(46). We want to emphasize that the phonon dis­
persing to zero in the polariton is the second one 
(186 cm-1 ) instead of the lower-frequency phonon 
(81 cm-1 ). There is a tendency to believe that the 
polariton going to zero is the lowest one, with no 
crossing f e ature. On the other hand, the almost 
vanishing split LO-TO in the lowest phonon (81 and 
82 em - 1 , respectively) must c reate a very weak 
electric field and as a consequence, a very weak 
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