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Abstract

The phonon vibration frequencies of PbZr, Ti; - ,03( 2 =0.25~0.40)at I' point in the Brillioun zone were cal-

culated by using the rigid-ion model in the frame of the virtual erystal approximation. The results show that the transverse

optical phonon frequencies of PbZr, Ty, Oy shift toward the lower frequency with inereasing composition x of Zr, which

is in accordance with the data of Raman experiments.
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PbZr, Ti,_ O, BRI Zr AR 8Enm T 5,
£ £ =0.25 Fl = =0.4 B 43 51 A 440C #1 399C ,H L
BT #R gk 48 LR AR A 1 B,

5 PbTiO; Mk HEE LKL, Zr FETEEAEO
~0.4 X8 ,PZT BT G, (Pdmm)F [E]HE. AR
HILL,ME Tig PZT, RITIEE PT ¥R a=0
=3.904A,c = 4.150A, & & T 50 B 445 4 (5 H1 X
FHE=ANHEBPEE a.b.c HH¥N):Pb(0,0.
0).Tigk Zr(0.5,0.5,u).0,(0.5,0.5.v) .0,(0.5,
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Fig.1 The structure for the cell of PbZr, Ti;_ Oy

0,0).0:(0,0.5,w), HH ©=0.541.v=0.112,
=0.612, A W AR H F T X : Pb-O.Ti-0.Zr-O
#1 O-0.
1.2 BEREU. ARREBEIMRPESFER
MFPZTIE Zr H#HyH 0.25—0.4 1 Raman ¥
EHMBERNARIT Y NEEHADHTR . AAN
Raman @kﬁﬁﬁ,[ﬁ%ﬁbﬂ&l’fﬁ*@&*ﬁfﬂ
B HEFHERRE BTHROSHRREALHAGMHENER
KEHES AT ANMIKE T HFEFFRBAZNE,
XHREFENESEM,. CAFEZIIEREHTES
EUFRBSAETINRDICY ENRE R
EEFEMNEE . SIARBREBEEE BANE T
ZOBRFHMNELABEMNERFABLR SEN
TiMZrBEF HEB m=mypx+ myp(l—x) R
BEpEER S D EREAEAE G TR,
EZERFNMEE FEAERR PT B MH&KD
HFERBS M2 REBRW PZT & Tif, H
f£x=0.25-0.4 MEFRTHLERKBEM, NEK
fAEEGMNEAN PTIHESRE X, ANIHSE T
BIRIBE ST PZT, XA L5 Raman i . ML= T
BRI gE R RS B AR R F R EA Born-May-
er BB o M B R, W F7 &8 4 W FH A TR g 1
WA SR AT Z MR S WoES!
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2.1 S x=0R I SOEFIRIIME

MICHER2  =0.25~0.4 B Raman i #MHEH =
=0BIPT M I SRR LE |, ARLRBER
B #kl6].

MEIAJUBIAGEEEEMMEERBOAHE,
BEMBE T SREARYERETHEERS M
WEREFHEAR, LPRPHTBATHEC A HK
SRR B R STE E MR . Bkl Raman 3%

F1l HAXEM2ITRHIBHESIER PTHIE
Table 1 Extrapolated data of PT from
experimental data of Ref.[2]

KHEX | PRELERE(m ) | SIMHEEETREE(m D
A{TOy) 646 636
ALTO:) 359 349
ALTO,) 147 159
E(TO;) 289 297
E(TO,) 220 2158
E(TO,) 88 117

MEWYE THERESEBIE T SHCFE T O
SRERMBAEES. W - BRENMKASEFHEESEm
HOE T ROE¥A FaBMAEmSE T, LI
AR MO B3 PZT X E4EET
ML T A e F 1 0 Bl 225 M X AR
KHEHARE, HHFME Raman B LR AF XA
OBRMERE . X5 PZTHESFEEERMKEES
EmA X!

2.2 FREBSRBERIITE

HERMNABAREREERNTEALR Zr A&
PZT WA FHE.ITATESEIE XE[5].
EERIBEEMARHNEN WA THEEBEXRRS
PURHE Zr A « B, RATEER 2 P b &
%%,Aw:w\,—wﬂ,ﬁpgﬁfﬁ'j@ x {3 E S PT(RIH
BH =0 EZE LR Ao F,w, MERE 1
AN ERBEWE, MITESH o, REALIAIHE
SR ARTE T SRmE.

THE R M Zr A m, e BB\ LA
AR, HOBREEERK BEESLBERLE
A —EE£H £ 6 MraItER+, Aw BB HER
A(TONHEBEAKFLEMEN, KRS M BEHE
BH/NTFEREMHE.

HI3IAMT 6 MRIEXPEFHRSITKE,
EA(TONERX P  THUZDEFF O, R FHZ J5m
HBRREBMNE IFXRERRBREEA G A,
(TONEESAAERIREA .

2.3 EETI(Zr) ~O hEHTK

EHEEGREER P RITEAEATESE.
BB, BT TIUZOMNMWERER TIi M Zr B K
BWAHAHASH  WHTHE PTHAERBRE S
FEESE BRXMEEELLEHERY RAEKNE
BTi(Zn) ~O A EEEA, By REHREERITE
Aw #ITEE K E/ N TLRE, VT HLRHE
S AR OE R A ESXERBELILT
W, 85 0.4 AN BIESE « K 85.00(e2/A), 8
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Table 2 Comparison of Aw calculated by the mass defect model with that of experimental data
{ the unit of frequency:cm ')

x=0.25 x=0.30 x=0.35 x=0.40
B
) HE E% i L® HE £ HHE
A(TOy) -10.0 -3.87 —-12.0 —4.47 -14.0 —5.01 —16.0 —5.47
A(TOY) -11.7 -19.0 -14.0 —-21.6 -16.3 -24.5 - 18.7 -27.2
A(TO)) -13.3 —3.35 -16.0 —-3.98 - 18.6 -4.59 -21.3 -5.20
E(TO;) -16.7 -0.35 —20.0 - 0.46 -23.4 -0.52 -26.7 -0.57
E(TO,) —13.3 -10.9 -16.0 -13.1 - 18.6 —14.8 -21.3 —16.4
E(TO;} —-53.3 -2.29 - 64.0 -2.86 —74.6 -3.36 -85.3 -3.77
£33 s MEDEERTRIIRIE
Table 3 Vibration amplitudes of atoms in six modes
B P Pb Ti(Zr) O, O; O,
A{TO;) 4 —0.0206 0.2773 0.6344 —-0.5099 —0.5099
A (TG z —0.0686 0.7312 —0.6243 -0.1880 —0.1880
A (TO)) z 0.5468 —0.4882 —0.3967 —0.3905 —0.3905
E{TO;) Y 0.0290 -0.1185 0.7758 —0.0461 -0.6173
E(TO;) Y -0.1550 0.7264 —0.0606 —0.6433 —0.1748
E{(TO,} Y 0.5163 —0.4347 -0.4184 -0.4718 —0.3829

1 3.562(1/A) Byt PT 28k, itBE R L
FA4BE2E r=025~0.40 EHEHTESLRGERE
B ELEX .

FRERBEM BT RITBEREH T &
BENNE. B A(TOEEZ , ERIIBHZ F.X
RERNEWHIR A (TO) B FERRE. BERITA
FRIRREELRRETE PT S5 ME, 77 LAHFEN , 4
THIREESLRAENTFRAEN HFEEEE
KA EX HEE A3 & E AR,
2.4 SHFITiE

XFHERTANEERER TEHEER
G IMBERIIEE Zr BEF X Ti B aBRHH
KK BEERSL NERBHFEL ITEERSH
—$E BS5LRENREER REHTFHET
BB, EMTRESE.

HTFARARERORSFAAR, EFHERX
S5ERYHFERFHNEEFEMEX, AREFHR
g Z2 M AMENEHYEEHREASRK,
RIMNAFHEMIE X GEHERBRTHITHRE. R
A(TODSN RIS RIEEE R, FHRBAHXSE
WA EEEEMAERX BUSEMHTRMES
B AL AR B B ATE R, A, K EBEEEK F oyl
HMENFERLE LR XX —KIEHA Zr B3I AW X
BB KR .

H1TF Raman SLEAVRME T I SHIRNAEG

B . EXRBEBEEARXVPTARBRESHEZUCERIR
EARFHHE BERIMNMXIILBEIEXTHAD
ERHRANEATESGR BRE, RMATLUKE. I
RERGERUEFENPZTRIENAR LR, MAE
AR AN F AR SEMET, 7T U B il
EHAEHXR. H—rE . UHREREBERUESR
FRVEEN TiZ)-O W E RN ATAGRT2HE Y
Raman iE I8 RHEA T PZT BREWE PT A4S,
HHT Zc EFHOXFEN, IR T PZT FHR AT .H
oM E REL. R PZT REXHF /NEHE
B ZrTiO; 5 PbTiO; B 43 &, T ZrTiO; Rt iE
H PbTIiO; B2, BT UAE RN B ES E S EME
5YRTE—-HHUEG . NiZRBLEEERZFH.

x4 BERET(Z)~ONEBENR . x=0.48

Ao HHER MIFLEMH em™’
Table 4 The calculated A@w for x = 0.4 with the changed
force constants between Zi{Zr) and O atoms

(the unit for frequency:cm™ '}

x=0.40
B

k%8 itE
A TO) -16.0 -7.20
A {TOy) -18.7 -35.2
A {TOD -21.3 -5.40
E(TG;) -26.7 -1.00
E(TO,) -21.3 -21.5
E(TO,) —85.3 -4.10
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Fig.2 Computed results for PbZr, Ti;_ ,03{x =0.25~
0.4) with the changed force constants. The shaded circles

denote experimental data

3 #iF

Rt B AR R AT LA MR IR R SR &5 1
MISERE BIRR B RSN AFHE, A3 IE B aT DASES
B PZT XEEMIE B . X BELIEMSRET N, A
FEAEUATUSRMEYREE EO#R HAT
PZT &M R 2t R RIS FRAER BRI
EMRRE  EXEERSIT EFE -ENRR
. &4 R BAE X TEBEE PZT REEMITE,
HRMNWItEEEEMEER] X LR R
R T HRRAEN.
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