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Comment on “Infrared study of the low-temperature phase transitions
in incommensurate CsHgBr ,”
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Jorio et al, in their recent papdiPhys. Rev. B59, 11 251(1999], published results of infrared studies of
Cs,HgBr, single crystal in the temperature region 10—300 K. In spite of four structural phase transitions
occurring on cooling, the authors observed only two new infrared active modes in the low-temperature spectra.
Results of our infrared measurement clearly show much more dramatic changes in the spectra with tempera-
ture. Activation of many new modes in our spectra of all three polarizations is connected with the lowering of
crystal symmetry at the phase transitions and particularly with the doubling of the unit cell below 85 K.
Therefore we can conclude that Joebal. either used inaccurate temperature control or their sample exhibited
a different sequence of phase transitions.

DOI: 10.1103/PhysRevB.63.176101 PACS nuniber63.20—e, 68.35.Rh, 78.30.Jw

Cs,HgBr, crystal has the8-K,SO, structure at room tem- have introduced extra modes at 39 and 37 tnrespec-
peraturgRT) [phase |, space gropnma Z=4 (Ref. 1)]. In tively. The latter weak mode is also seenrHiz spectrum in
the temperature range betwegp=245K andT.=232K it  the previously published papghut is not presented in Table
shows the incommensurate phégbase 1) modulated in the Il of Ref. 5.

x direction with the wave vectds;~0.15*.%~* The lock-in Factor-group analysis in phase | giv@ster subtraction of
phase transitiorfPT) of the first order aff¢ occurs in the ~acoustic modgs12B,,(z), 7Bz,(y), and 1Bg,(x) optical
ferroelastic phaséphase Ill,P2,/n11, Z=4) at the Bril- modes active in thé&lx, Elly, and Ellz polarized infrared

louin zone centet.On cooling, CsHgBr, undergoes further  (IR) spectra, respectively. However, we did not distinguish
PT’s atT ;=165K (second-order PTand T ,=85K (first-  all these modes in our spectra because of high damping and
orde) into the triclinic proper ferroelastic phagphase IV, overlapping of the most modes.

P1, Z=4) and the improper ferroelastic phagghase V, In contrast to the result of Joriet al> we observed con-
P1. Z=8) with a doubled lattice parameter in tiedirec- siderable temperature changes of the FIR spectra below the
tior; respectively* lock-in PT from incommensurate to the ferroelastic phase lIl.

Our CsHgBr, crystal was grown from the melt by the As one can see from Figs. 1 and 2 three new mgB@s157,

. ) —1 . .
Bridgman method and the crystallographic axes were dete@Nd 178 cm®) arise in Ellx spectra and two new low-

mined by x-ray diffraction. Near-normal polarized far- frequency modes appear both in gy (50 and 69 cm®)
infrared (FIR) reflectivity measurement$17-600 cm?)  andEliz (49 and 68.5 cm') polarized spectra. The consid-
were performed using a Fourier transform interferometefrable enrichment of Raman spectra below 100 tfor all
Bruker IFS 113vsame as in Ref.)5t 15 different tempera- Scattering geometries at the lock-in PT was also found by
tures between 10 K and RT using a continuous-flow OxfordPmitriev et al.ﬁ Note that Joricet al. reported an activation
CF104 cryostat. On cooling, a rate of 4 K/min was applied,of two new internal stretching mod¢$57 and 178 cm') in
with a dwell time of 20 min at each temperature before thethe Ellx spectrum only in phase IV. We observed the appear-
corresponding spectra were taken. A liquid-helium-cooled Sance of these modes already in phase Il at 205 K.

bolometer operating at 1.5 K was used as an infrared detec- The activation of new modes in phase lll is not strange
tor. because it is caused by symmetry lowering at PT to the

The FIR reflectivity spectra taken in phases I, lll, IV, and Mmonoclinic structure. Moreover, the number of theoretically

V for all three polarization&lix,y,z are shown in Fig. 1. The Predicted IR active normal modes &,(x) and By(y.2)
spectra were fitted using the same factorized form of théymmetry must increase to 20 and 19, respectively, at the
dielectric function as in Ref. 5 and both experimentall—Ill PT. It should be noted that the modes of thg sym-
(points and fitted curves are presented in Fig. 1. metry, forbidden in IR and Raman spectra in the high-
Temperature dependence of different symmetry transtemperature phase | according to the selection rules, activate
verse optical TO) mode frequencies evaluated from the FIR N the Elx IR spectra in the phase III.
reflectivity spectra is presented in Fig. 2. The values of the However, more dramatic changes of FIR spectra we
TO and longitudinal optic(LO) frequencies obtained for found at two lower PT’s, especially at the lowest IV-V PT
marginal temperaturgRT and 10 K are shown in Table I. (see Figs. 1 and)2The Ill-IV PT into triclinic proper fer-
The RT FIR spectra correspond with the spectra publishedoelastic phas¢space grougPl) is accompanied by the ap-
by Jorioet al?® It suggests that both samples are chemicallypearance of new phonon modes in the spectra of all polar-
similar and well oriented. However, in order to get a satis-izations. There are three new mod&§, 55, and 177 cit)
factory curve fit of RTElly and Ellz polarized spectra, we in the Ellx spectra, one new line at 81 cthin the Ely
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FIG. 1. FIR reflectivity spectra of GelgBr, at different temperatures fda) Ellx, (b) Elly, and(c) Ellz polarizations.

spectra, and four new modéa5, 80, 156, and 169 cn) Raman scattering specftd.This is caused by the essential
appear in theEllz spectra. Joricet al® observed only two change of the crystal symmettthe loss of the glide plane
new IR modes below | ;, but strong temperature changes of at the 1lI-1V transition. Note the difference between the
mode activities at IlI-IV PT's were observed also in the spectra at 90 Kjust aboveT,,) and at 140 K(just below

TABLE I. Frequencies of TO-LO modes observed in FIR spectra afitiBse | and 10 K(phase V),

—1

in cm
Elix Elly Ellz
10K RT 10K RT 10K RT
Au BSu Au BZu Au Blu
22.8-23.4 22.3-25.2 25.1-25.7
29.0-29.5 29.3-30.0 31.1-33.0 30.8-31.3
32.5-36.5 31.6-34.0 32.5-34.3 40.9-41.4 37.2-42.0
38.0-39.0 40.0-42.0 39.5-41.6 45.3-46.5
43.5-45.0 44.6-47.0 43.4-45.7 43.0-47.2 52.9-53.9 51.4-60.7
47.0-49.0 47.5-49.3 56.0-58.0
50.0-52.0 51.2-52.4 59.3-63.0
54.5-55.0 55.4-57.4 56.2-57.5 65.3-68.0
60.6-62.3 60.4-62.6 58.7-80.4 68.2-72.0 66.4-83.7
65.5-67.7 64.0-64.7 75.5-84
71.0-72.0 67.5-70.6 84.6-85.5
74.0-75.0 73.5-76.3 88.8-90.8
77.5-79.7 77.3-96.3 78.0-81.4 156.8-159.7 156.3-170.0
83.0-86.0 87.0-88.5 161.1-166.8
87.0-98.0 151.5-154.2 167.0-170.0
153.5-154.4 158.5-165.5 157.2-170.6 171.5-172.3 173.2-175.0
155.0-158.6 167.3-171.0 180.8-181.2
165.0-166.5 181.7-183.0
169.3-170.6 167.0-182.8
176.0-178.0
183.0-190.0
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FIG. 2. Temperature dependences of TO phonon frequencies obseriacEirk, (b) Elly, and(c) Ellz FIR reflectivity spectra.

T, 1), where the structure remains the same. The strengths of In conclusion we have to stress that we have observed
the new modes are generally proportional to the square of theonsiderable temperature changes of the FIR spectra for all
order parametét therefore they are best seen at lower tem-polarizations in all low-temperature phase I, IV, and V.
peratures. Particularly dramatic changes of the spec¢aimost doubling
While the space group is not changed at the first-ordethe number of the IR active moflevere seen belowl,.

IV-V PT, essential enrichment of FIR spectra was observeghe number of IR active modes in ti&lx, Elly, andEllz

for all polarizations due to the unit cell doubling along the  hojarized spectra, taken at RT, increases from 4, 5, and 6,
axes and corresponding folding of the BriIIouin zone belo_Wrespectiver, to 21, 18, and 17 modes, respectively, obtained
T p. The number of symmetry allowed IR active modes iny; 10 K. Such strong temperature evolution of the IR spectra

the spectra for all polarizations theoretically increases up t9oq5nqs to the substantial transformation of the crystal lat-
81 in phase V. Therefore the considerable change of IR spe¢r. 4t |ock-in PT, two low-temperature PT’s, and corre-

f;atggﬁicﬂcyjgfughzgt:geaggﬂgﬁcggﬁ ;C]Eil\\,lg rl%;jﬁozztgsponding changes of mode activities. Our spectra obtained in

: Y SPE e the phase IV are similar to the Joré al. spectrd at 10 K.

in the Ellz spectrum is observed together with significant : . .
Therefore we can conclude that Joebal. either used inac-

narrowing of lines in phase V due to the lower phonon X o ;
damping. Similar behavior was observed in recent FIR spect_:urate temperature control or their sample exhibited a differ-

tra of CsCdBr, single crystaP which exhibits similar se- €Nt Sequence of phase transitions.

guence of the PT’s. However, no changes were observed in ] ) )
the Jorioet al® FIR spectra belowl . One authofYa.l.S) would like to express his gratitude to

Additional anomalies similar to reflection bands appear incolléagues at the Institute of Physidragug for kind hos-
the IR spectra of all polarizationsee Fig. 1 at low tem- pitality during his stay at the Institute. This work was sup-
peratures and at frequencies above 225 trithey are mul-  ported by the Grant Agency of the Academy of Science of
tiphonon absorptions and/or bands connected with a higfhe Czech RepublitProject No. A1010828and by the Min-
transparency of the sample and consequent reflection froistry of Education of the Czech Republiproject Kontakt
the back surface. ME 100).
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