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ABSTRACT

The crystal struclures and the bonding characteristics in (Ba,Pb,_.)TiO; have been mvestigated by X-ray
diffraction analysis and infrared specirophotometry. As Ba®" ion in BaTi0; were substituted by Ph*" ion, the
structures were changed 1o orthorhombic from tetragonal, and also the covalenl character mn Ti-O bond mcreas-
ed, and then the dielectric constants decreased gradually. In the mixed oxide containing Pb®' ion more than
50%, the charge-transfer energy of titanium 1on ncreased.
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Fig. 1. X-ray patterns of (Ba,.Pb)Ti0,

iR &, AzFv|el g et 244
A58 24 XA cvAEat 3 o2 salsdch
X-4 #A7)+= RIGAKUAR] DMAX-Mlag AHEsld e
v, &A% AJHE UAZEE AReste] 35 kY, 15 mA 9]
F4 e ZAEc

Aoy ey e BRUKERALY] IFS-665 AH&
Flgem i adERS ;?c]—;&}u].%.% lEEAR
Akg3led SHIMADZU UV-210082 & bmf—} =k
£ SETKOA} 520055 Ab4-8h9d &2, A3 432 Hewlett-
Packard+}2] 4278A LCRulelZE Al&-a|ed A]ldi’% ks of
+£AFE EA dFde e ddale 7R 25
E ErhA¥EA ARG
AzpabpE Cohen vPHW o R A 4bsled om, ] 4ibg)
2 Nelson-Riley #55 2}g-s}o] A4bslele) $54
= =AY Agsade 2ee Fahdon

4

X-4 zd9Ye® BaTi0s9l Ba~ =]« PB2- o]&g
g ziads YT HatE webrRatch
Fig. 12 (Ba;-,Ph)Ti0s2] X-4 47 gigle], o] &

~260-

Table 1. Lattice Parameters of (Ba;-.Pb)Ti0s Cera-

nics

X a b c c/v/a-b
0.0 3.9906 4.0223 4.0403 1.0085
0.1 3.9665 39689 4.0070 1.0099
0.2 3.9480 3.9459 40127 10161
0.3 3.9475 39522 4.0284 1.0199
0.4 392094 3.9380 4.0355 1.0259
0.5 3.9094 3.9355 40398 1.0299
0.6 3.8961 3.9164 4.0227 1.02938
0.7 38951 3.9093 4.0236 1.0311
0.8 3.8789 3.9027 4.0432 1.0392
0.9 3.8766 3.8969 4.0683 1.0440
1.0 3.3666 3.8961 4.0541 10445
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Fig. 2. Infrared active normal vibrations of a TiOg~
octahedron; v,: high-frequency “streching” vib-
ration; vy lower-frequency “bending” vibration.

AEFAA, (002), (200), (112) % (211)¢] L4
b olee] 2Rgo] Zrldel wel T R
B w7} A, PRt o] go] 302% o4 AD
21009 sjdAe] $A2 S Eelge % 4
o] (BaioPh)TION & AHF2E P o] &9
9] 3740 ok el S0, P eleel 8
20 o4 ADY A ApPAA P22 Wl 7
T 4 aleh
HQ22PE Cohen B S0 o2 Aads
J415hol, Table 19] 45ich ol 42} 2] Phe* o2
%ﬂ-%ﬂﬂﬂlMﬂ%ﬂﬂﬁﬂﬁ%c%%-%ﬁ~%ﬂﬂ
1od, & hEe) el T Radhmz Aol
4 3k
Tng—J Ba't o]f22 Phit o]0 3
- 2o WE A gsdE e 2AE

o M e

i 32 oy
8 &

S

2
e

Rt
=

o

4
n"*’
ﬂ[" e

13k4) 2

|'n

2
O 2

ECEEE



(Bay P )Ti0; Alefe]e] 7z} "z B4

Table 2. Tnfrared Bands (em™ of (Ba,— .Pb)Ti0; Ce- .

ramics

cation-Ti0y
lattice mode

2388 (s, b}

X Vg So-Tuo

0.0 6776 (m, sh}
5275 (s, sp)
0.1 | 6367 (m, sh)
540.1 (s, sp)
0.2 | 644.9 (m, sh)
5457 (s, sp)
0.3 | 7265 (m, sh}
661.1 (m, sh)
5633 (s, b)

04| 7306 (m, sh)
6624 (m, sh)
5625 (s, b)

0.5 726.9 (m, sh)
661.5 (m, sh)
567.1 (s, sp)
06| 7633 (m, sh)
665.3 (m, sh)
5613 (s, sp}
0.7 | 7431 {m, sh)
665.5 (m, sh)
561.3 (s, sp)
08 | 7481 (m, sh)
657.7 (m, sh)
549.7 (s, sp}
0.9 | 765.3 (m, sh)
677.6 (s, sh)
561.3 (s, sp)
10| 7714 (m, sh)
6925 (s, sh)
L 5710 (s, sp)

Abbreviations used: vp-o0; stretching, Sure; bending,
sh; shoulder, s; strong, m; medium, b; broad, sp;
sharp,

4719 (s, sp)
4706 {5, sp) | 270.1 {s, h)
4694 (s, sp) 2704 (s, h)

4712 (s, sp} | 2604 (s, b)

469.6 (s, sp) | 262.9 (s, b)
4709 (s, spy | 2700 (s, )
466.0 (s, sp) | 297.0 (s, b)
467.8 (s, sp) | 2716 (s, )

466.0 (s, sp) | 2493 (s, b}

467.2 (s, sp)

258.7 (s, )

4684 (s, sp) | 262.7 (s, b}
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Table 3. Force Constants of (Ba;_ Ph)TiOy

mol fraction froce conslance {dynes/cm)
{x) k. (stretching) ky (bending)
0.0 0.754>10* 543810
01 0.824 % 10* 5.662 X 10*
0.2 0.853 10! h.706 101
0.3 (.942 > 10! 5.513x 10!
0.4 0.942 X 1Y 5885101
0.5 0.965 10 5.949> 10#
0.6 0,946 10¢ 5,827 % 10*
0.7 0.940 > 10* 5.849>10*
0.8 (0.881 10! 5707 10*
0.9 0.942 x 107 5.842 X 10
L0 0.996 % 10* 5.958 % 10
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Tahble 4. Abscrption Edge Frequencies (cm ™) of (Bay—.

Ph)TiO,

X frequencies (cm™Y)
Q.0 25800
0.1 25600
0.2 25400
0.3 25300
0.4 25300
0.5 25300
0.6 26000
0.7 26200
0.8 26700
0.9 26500
10 270040
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Fig. 3. Orbital configuration in perovskite (Ba,_.Pb,)
TiQs.
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Table 5. Curie Temperature and Dielectric Constants
at 25C of {Ba,_.Pb)TiO,

Curie dielectrc

X temperature (€) comstant
0.0 130 2374
0.1 184 1177
0.2 233 655
0.3 251 423
04 305 209
0.5 338 180
0.6 389 127
07 396 1566
0.8 432 212
0.9 462 416
i0 489 369

xySel Felgls Adsboliate] #)sl slrgA|d, 1
A=t el CvAs AAE d4e fegens
shzlch

=gl AHAAY BaliOe 2xwlstel) o) abdkz)
Aol x AP A R, Al A o A kA, A ) o
A sipAA e el ddols itk o & Ao 3
Aalabalel 7l Aol ExelME ApurEate] apel
AA =a, 7FgHAde] AR T wly A
AL Z3eled Table 5ol vIelbuiol).

Aoz FAlel e A2 YAl Al g o
Exmse] gloe|® W ol o4 = BaTiOse] Pb**
oja] AgHsE Aol wo ﬂ—Eoﬂ»ﬂ L}E]ra-l-t}

=72 Az} }z;_} 42139, 3, BaT0
I AR met Awael Frlso, s,
xy Beel i Astolext TH' o2 abels] rizis)
shalel] e Aol et =z gmelers
zo)elA) ek,
£, 25T 2RE §A45E Table 5o vieky
ol P o] Frbale) Wb wwd W fH4
Sahé PETh o)t ABOA sZErviolE 7 ad)
B0 454345z 4%% £ U0 3, 4548y
“} 27kt B Aeled AFe] oAz &
A5 ek Ao ke,

1.3 =

AEHazle|=F%al BaTiOe Ba™ Aelol Pp+

A 294 A 451992

Adlel, 30 mol% o)A} )&=y i
Aol A APl A 2w sbate).
Pt olgoz Aage e TOS Fe T
Ti-O Z%e 7spgich
FHRALAE Po* el 2o d0mol% olE2
e 9 @2 Asho)lEAele#E FlAE, 40
mol% o|4 #HHE Wi o7t 2rlsled. oleld
Po** o o] AHF2 Ti0 Hge] 7pefzic)
4 TrO®] FAhws) 271958 4ol ere £}
g},
B P elgo] AnAE SHATE dAdew

Tl Sr,].

=}
7}

Aok 2177 4o

of g T,

i;;

REFERENCES

L G. Blasse, “New Compounds wilh Peravskite-Like St-
ructure,” [ Imorg. Nuc! Chem, 27. 993 (1965).

2. R Sabatier, M. Wathle, J. Besse and G. Baud, “Perov-
skiles Oxyfluorces et Oxygenees Lacunaires du Mo
(VD) et du W(VID.” sbud, 33, 1597 (1971)

3. Y. Hilachi and S. Suzuki, "Preparation of Cubic Perov-
skites A(BzsWas)0; (A=Ba or Sr, B=Na or Lu," ]
Am. Ceram. Sec, 70, C-89 (1987).

4. J.A. Alonsa and 1, Rasmmes, “On the Influence of Lhe
Non-bonded Pair of Pb(I) 1 the Novel Ordered Pe-
rovskite PBLScyse(TioasTeoss) 105" J Phvs Chem So-
licls, 49, 385 {1988).

5. M. Yonezawa, “Low-Fining Multilayer Capacitor Male-
rials,” Ceramsc Bull, 62, 1375 (1983)

6. A. Hallivall, U. Kumar, R E. Newnhan and L.E. Cross,
“Dieleciric and Ferroelectric Properties of Ceramics
in the Ph{ZnsNbys)0+-BaTiOy-PhTi05 System,” Solid
State Chem, 66, 671 (1587)

7. M.C. McQuarrie, “Barium Titanate and Other Cera-
mic Ferroelectric,” Am. Cermmm  Soc. Bufl, 34, 328
(1955),

8 TR. Shrout, SL. Swartz and MJ. Haun, “Dielectric
Properties in the Phi{Fe;Nby)0sPhNiaNber)Os So-
lid Solution System,” :hrd, 63, 808 (1984).

9. 5.L. Swartz, T.R. Shrout, W.a. Schultz and L.E. Cross,

-263-



10,

11.

12.

13.

14.

16.

17,

18.

14.

Lol - & - FMSHE - SRR

“Dielectric Properties of Lead-Magnesium Niobate
Ceramics,” J. Am. Ceram. Soc, 67, 311 (1984).

K.H. Yoon and D.H. Kang, “Influence of BaTiO; Con-
tent and Firing Temperature on lhe Dielectric Pro-
perties of Ph(Mg2Nby)0: Ceramics,” /. Korean Ce-
ram. Soe, 26, 249 (1989).

K. Uchino, 5. Nomura, L.E. Cross, RE. Newnham and
5J. Jang, “Review Flecirostrictive Effect m Perovski-
tes and its Transducer Application,” J. Mater. Res,
16, 569 (1981).

S. Nomura, J. Kuwata, SJ. Jang, LE. Cross and R.E.
Newnham. “Electrostriction m Pb(ZnysNby)Os" Ma-
fer Res Bull, 14, 769 {1974,

K. Uchino, 5. Nomura, L.E. Cross, S.J Jang and RE.
Newnham, “Electrostricuve Effect in Lead Magnesium
Niobate Single Crystals,” [ Appl. Phys. 51, 1142
(1980).

H. Taguchi, M. Nagao, M. Shimads, Y. Takeda and
0. Yamamoto, “X-Ray Photoelectron Spectroscopy
Study of (Ndi-CaMnDaeg(05<x<10)," J Solid Siate
Chem., T7, 336 (1988).

. CMNR Rao and ]. Gopalakrishnan, "New Directions

in Solid State Cherustry,” Cambridge Umiv, Press,
Cambridge, 1986, P31

JR. Belsick, A.A. Hallival, U. Kumar and RE. New-
nhan, “Phase Relations and Dielectric Properties of
Ceramics ut the System Pb(Zni;sNbem)Os-SrTi0-Ph-
TiOy™ Am. Ceram. Soc Bull, 66, 664 (1987)

T.R. Shrout and Hallival, “Preparation ot Lead-Based
Ferroelectric Relaxors for Capaciors,” nd, 66, 704
(1987).

B.0. Cullity, “Elements ol X-Ray Dilfraction,” 2nd ed.
Addison-Wesley Publishing Campany, 1978,

SD. Ross, “Inorganic Infrared and Raman Spectra”
McGraw Hill, London, 1972,

. V. Suhba, CNR. Rac and JR. Ferraro, “Infrared

and Eleclronic Spectra of Rare Earth Perovskiles: Or-
tho-Chromites, -Manganites and -Ferrites,” Appl. Spe-

21

2z

24,

29

30.

3L

~264-

ctre, 24, 436 (1970).

N. Ramadass, ]. Gopalakrishnan and M.V.C. Saslri,
“Preparation and Characterization of LayTiIMOs(M=
Co, Ni, Cu and Zn) Perovskites,” J Inorg. Nucl Chem.,
40, 1453 (1978).

AF. Corsmut, HE. Hoefdraad and G. Blasse, “Vibra-
tional Spectra of Ordered Perovskiles,” 7bid., 34, 3401
(1972).

. 1T, Last, “Infrared-Absorption Studies on Rarwm Ti-

{anate and Related Materials,” Phys. Rev, 105, 1740
(1957).

G. Blasse and AF Corsmit. "Electromc and Vibratio-
nal Spectra of Ordered Perovskues” [ Sohd Sitate
Chem, 6, 513 {1973)

. IT.W. De Hair, AF. Corsmut znd G. Blasse, “Vibratio-

nal Spectra and Force Constants of Periodates with
Ordered Perovskite Structure,” J [norg Nucl Chem.,
36, 313 (1974).

. G Blasse, “Vibrational Spectra of Selil Solution Se-

res with Ordered Peravskite Structure,” ibid, 37,
1347 (1975).

. K. Nakamoto, “Infrared and Raman Spectra ol Inorga-

me and Coordination Compounds,” 4th ed, John Wi-
ley and Sons, 1986,

. NS. Hush and RJM. Hebbs, “Progress in Inorganic

Chemistry,” Vol 10, p. 259, John Wiley and Sons
{1968).

;. Shirane and R Pepinsky, “X-Ray and Neutron Dif-
trachion Sludy of Ferroelectric PbTi0y" Acia Cryst,
9, 131 (1956).

T. Yamamoto., H. Igarashi and K Okazalki, “Dielectric,
Electromechamcal, Oplical and Mechanical Properties
of Lanthanum-Modified Lead Tilanate Ceramcs,” J
Am. Cerma. Soc, 66, 363 (1983).

I. Kuwata. K. Uchuno and 5. Nomura, “Phase Transi-
tian in the Pb{Zn,Nba:)0; System,” Ferroelectrics, 37,
579 (1981)



