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Ranjanet al. [Phys. Rev. B65, 060102R) (2002] have recently presented results of a powder neutron-
diffraction study of the high-temperature monoclinlé';XT) to low-temperature monoclinid:(};AT) phase tran-
sition in Pb(Tj_,Zr,) O3 discovered by Raginét al. [Phys. Rev. B64, 054101(2001)]. They attribute the
presence of superlattice reflections in the diffraction data to tilting of oxygen octahedra and propose a mono-
clinic space grougPc for the Fi,” phase. It is shown that for the model proposed by Raataal., the correct
space group of thEhT phase should b€c. This has also been corroborated by a group-theoretical approach
to the problem. A different set of refined structural parameters forGhespace group obtained from the
Rietveld analysis of the powder neutron-diffraction data of Raejaal. is also presented.
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Recently Nohedat al. studied the well-known solid so- Ranjanet al. proposed a simple model for visualizing the
lution Pb(Tiy_,Zr,)O3; (PZT) piezoelectric ceramic using structure of theFkAT phase. In this model, they considered the
high-resolution synchrotron x-ray data.They showed that stacking of two monoclinic cells of thé m type in the[001]
the tetragonal phaseF¢) of PZT for x=0.500 and 0.520 direction. Then they introduced a®point instability of the
transforms to a monoclini€m phase Ef™) at 200 and 250 form® a%a’c™, doubling thec parameter. They argue, be-

K, respectively. Raginget al® presented evidence based oncause of such an antiphase tilt about [@@1] direction, the
electron-diffraction data for yet another low-temperatureC centering and mirror planes of tém space-group are
phase transition from the monoclin@m phase to another destroyed, resulting in the space-group symmétty The
monadlinic phaseF(knT) in which thec parameter is doubled. P c space-group possesses 27 refinable positional coordinates

Superlattice reflections characteristicgiarameter doubling 219 10 refinable thermal parameters, but in keeping with the
are seen in the electron-diffraction data but were not discerr@nysically intuitive model for the=y to Fy phase transi-
ible in the synchrotron x-ray diffraction data of Nohestaal. tion, Ranjanet al. cam_ed out a constrained Rietveld re_fme—

o HT ment involving only six/severimodel-I/model-1l of Ranjan
The presence of two transitiorige., from F to Fy,; and . ! o .

HT LT X ) . . _etal) independently refinable positional coordinates and
Fuw to Fy) were also confirmed in the physical propertiesg, - isotropic thermal parameters. While their Rietveld re-
measurements by Ragiet al. (dielectric and resonance fre- finement with thePc space-group yields a reasonable fit to
quency measurementahich showed anomalies at two dif- thejr neutron-diffraction data, we show here that the correct
ferent temperatures. Very recently, Ranjetnal.* presented space group corresponding to the model used for the con-
powder neutron-diffraction data far=0.520 in the tempera-  strained refinement is actualiyc and notPc.
ture range 280 K-10 K and confirmed the appearance of |t is clear from both Fig. 2 and Table | of Ranja al.
superlattice reflections corresponding to tA§" to F§'  that the pairs of oxygen atoms(8-O(5'), O(4)-O(6'),
phase transition below 210 K. These superlattice reflection®(5)-O(3"), O(6)-O(4") are related through a translation of
cannot be accounted for by tkm space-group proposed by (3,3,3). Similarly there is a pair of oxygen atoms near the
Nohedaet al. This caused Ranjagt al.to propose a different origin and the body-centered position of tRe unit cell.
space-group symmetry. Likewise is the case for the Zr/Ti and Pb atoms inside the

Ranjanet al. motivated their selection of thE}, struc-  unit-cell of the Pc space group. Hence the monoclinic cell
ture based upon the experience with superlattice reflectionrghosen by Ranjaet al. is in fact a body-centered cell and
in the ABO; perovskite family. Familiar perovskites such as not primitive. With a new choice of unit cell axes, the correct
SITiO;, LaAlO;, and KMnF; undergo transitions in which space-group becoméSc. Taking theb axis as the unique
the antiferrodistortive transitions involve octahedral tilts axis, the unit cell axes of th€c and Pc space-groups are
brought about by instabilities at tHie(q=1%,%,2) andM(q  related assc=ap+Cp, bc=bp, cc=—ap, where the sub-
=1,1,0) points of the cubic Brillouin zon&From the spe- scripts P and C refer to the unit cells of thé>c and Cc
cific superlattice reflections in their data, Ranjanal. in-  space-groups, respectively. It is important to emphasize that
ferred that themi™ to FLT transition involved an antiphase theC centered unit cell of th& ' phase is different from the
tilting of octahedra driven by aR-point instability. C centered unit cell of th(FHT phase proposed by Noheda
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TABLE |. Refined structural parameters aridl factors of 250

Pb(Z1y 4gTip5) O3 at 10 K with Cc space-group. Lattice param- 20001 ° J L |
eters: a=9.9948(8) A, b=5.7093(6) A, ¢=5.7312(7) A, ‘ . ;
B=124.511)°. R factors: Rg=4.01, R,=6.78, R,,=8.64, R, 15001
=7.84. a

€ 1000 . J
Atoms X y z BA?) 8 64 & 6

500

Pb 0.00 0.75 0.00 1(m) et st/ o AVAY SR A A e
ZrTi 0.2162) 0.25 0.1974) 0.5(3) 01 vlv gli e
o1 —0.0441) 0.25 —0.0923) 0.92) 20 4 60 80 100 120
02 0.1961) 0.4831) —0.0932) 0.7(2) 20 (degree)
03 0.1961) 0.01711) 0.40712) 0.7(1)

FIG. 1. Observedopen circle} calculated(solid lineg, and
difference (lines at the bottom of the figurepowder neutron-
et al. Two of the axes of the monoclinic unit cells for both giffraction patterns of Pb(Fi,sZros) O at 10 K. Inset depicts the
the space-groups are aloffdl0) directions of the elementary observed and calculated profiles for the superlattice reflections
ABO; perovskite cell. However, the third axis for t&c  (marked with arrows
case is alongl12 of the elementary perovskite cell whereas
it is parallel to(100 for theCm

For the Rietveld refinement of thE} phase, Ranjan
et al. have considered two slightly different models. In
model I, thex,y components of the fractional displacements
of the four oxygen atoms 3, 4, 5, 6 at=1/4 (Fig. 2 of

Also the refined parameters were found to be identical within
their respective estimated standard deviations. This indirectly
validates the model proposed by Ranjgnal. Table | lists

the various refined structural parameters along with Rhe

Ranjanet al.) from their ideal perovskite positions were as- fz;ctorgiorlrgtl)defl I (:I RCanJaret al. Itis wgrth ment|ort1)||ng
sumed to be identical. In model 11, they components of the &t X =(1.21) for theCc space-group is comparable to
fractional displacements were considered to be different. ReX” — (1.20) for thePc space group obtained from the same
finement with model 1l led to nearly equal values of the dgta in R_ef. 4._The new set of values of the posm_onal coor-
positional coordinates as obtained by Nohedal. for all ~ dinates given in Table | matches very wedfter using the
the positional coordinates of atoms except yheoordinates coordinate transformatigrnwith those obtained by Ranjan
of the planar oxygen aton(8, 4, 5 and 6 of Fig. 2 of Ranjan ©t al. Figure 1 depicts the observed, calculated and the dif-
etal) In the present work, we have, therefore, refined thderence plots after the completion of the refinement for
structure of theF" phase using model Il of Ranjaet al. ~ model Il. _
taking Cc as the correct space-group. The coordinates given 1he software packadeisoTROPY allows us to discuss.
in the International Tables for CrystallograpHipr the C1c1 the sequence of transitions included in the paper by Ranjan
space groupcorrespond to the choice of origin in talide et al. in terms of irreducible displacement modes. The onset
plane. This origin is shifted through bp with respect to of ferroelectric poIarizaEio_n tran_sforms und@m:l%m as
the origin of the Pc unit cell shown in Fig. 2 of the components of thé', irreducible representatiofiR).
Ranjanet al. (We use the IR notation of Miller and Lo%e Depending
The Cc space-group has only one Wyckoff site symmetryUPON the direction of the polarization, several phases
4(a) with general coordinates. The unit cell consists of fourc@n result. As can be seen frolSOTROPY, the subgroups
molecules of Pb(Zs;Tig.49 Os, and the asymmetric unit of and polarization directions allowed by just polarization
the structure consists of five atoms: one Pb at 0.00, 0.7#9nset areP4mm,(a,0,0); Amn2,(a,a,0); R3m,(a,a,a);
0.00, one Zr/Ti at 0.25 dxy;, 0.25+ dyy;, 0.25+ 5z, and  Pm.(a,b,0); Cm,(a,a,b); and P1,(a,b,c). Some of these
three oxygen atoms, O1 at 08@Xq;, 0.25+ yg;, 0.00 subgroup structures are the phases represented in Fig. 1 of
+ 6201, 02 at 0.25 dXop, 0.50+ 8y, 0.00+ 5zo,, and  Nohedaet al”. The Cm(Fy) structure of PZT corresponds
03 at 0.25+ 6Xpg, 0.00+ dygs, 0.50+ 8zpz. The various [0 the polarization directiong,a,b) with components of
&'s represent the refinable parameters. In keeping with th€dual magnitude along andy and a different magnitude
structural model used by Ranjat al, Pb was fixed at 0.00, @longz. -
0.75, 0.00, andy;= dyo;= 0. Also, as per model Il of Ran- Antiphase tilting of oxygen octahedra transforms under
V.79, U.UU, Ti o1= Y. ,asp n 5010 1.
jan etal, oXop= oz, OYor=— Yoz, and 8zgy,= 6zas. Pm3m as the compon_ents of+ th&, IR. .Usmg
Thus out of the 15 positional coordinates for the asymmetri¢SOTROPY to couple thel’, and R, IR’s, we obtain three
unit, only seven are independent and were considered fdrossible antiphase tilt systems that can combine wittCire
refinement. The refinement converged smoothly within a fevferroelectric structurea”a"c®, a"a"¢”, a~b~c”, which
cycles with reasonably godd factors. Subsequently, we re- result in space-groupsm, Cc, P1, respectively. The tilt sys-
moved the constraints and refined all 12 positional coorditem we are seeking is this a™c™. A single antiphase tilt
nates independently as allowed by the space-g@uapbut a’a’c™ along thec direction of theCm phase considered
no significant improvement resulted. The weighRdactor by Ranjanet al. is sufficient to reduce the symmetry G,
decreased only marginally from 8.64 for the constrainedbut the Cc symmetry also allows tilts in theb plane to
model to a value of 8.55 for the unconstrained refinementappear. FromsoTROPY we obtain forCc the lattice vectors
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(-1,-1,-2), (-1,1,0, (1,1,0 and origin (—3,0,—3), in This space-group is consistent with the group theoretical
terms of the cubi®m3m coordinates. treatment for the antiphase tilting of oxygen octahedra in the

To summarize, we have revisited the space-group of th&m3m paraelectric phase. We have presented the results of
FLT phase of PZT as per the model proposed by Raejail.  Rietveld refinement of th&}, phase for the correct space-
The correct space-group for this modelGx and notPc. group Cc using powder neutron-diffraction data.
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