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Most materials expand on heating, known as positive thermal T il T ' T
expansion. There are some instances most of which have been oor 'PL§5$15P5T20 : é)o_spm_am_gmg
discovered in the past decade to exhibit a negative thermal 0.7} PLTI0 # PLKT10! 0.7PT-0.38ZT .
expansion (NTE}-® The nature of NTE behavior originates from P R : 1
the effect of atomic vibrations, (e.g., the low-energy transverse mode £ FSTIS PT
(ice)2 the coupled rotation of rigid polyhedra (Ze@s, Fe[Co- x 217 1* PCT3 | ) 6p1-0.38F )l
(CN)g]),1# and active vibration modes of carbon fullerenes and ‘E’ 28 m e v |
nanotubesy,from the effect of magnetic transition (Invar alloy), a5l i

. . o Nt 1 q
or from the changes in electron configuration (Seso, YoCUAl).2 , : 0.4PT-0.6BF
The occurrence of NTE materials immediately found their important 42r L ) . ]
technical applications in many fields, because the overall thermal 102 105 108 111 114 197

expansion coefficient (TEC) could be tailored by introduction of Tetragonalty (c/a)

NTE materialst? In particular, zero thermal expansion (ZTE) is Figure 1. Average volumetric TEC as a function ofain the PbTiQ-
. . . based solid solutions studied previouSly.
very interesting, where the volume neither expands nor contracts

with the temperature fluctuation® The ZTE could be achieved 65.2 RS ey ey sy
to form composite by combining the materials with positive thermal aasl :::g'-;mfgg ]
expansion with NTE materials. However, the fabrication of ZTE “:644_ :::g'__:PT-o'_:sBF 1
composite is hampered by the poor thermal stability of NTE § T oa—t—— — e, .
compounds. For example, Zp®s will be decomposed at a _354-0' &"H-H:::' 1
relatively low temperature (777C).! The requirement of ZTE will Z6361 S "4
be satisfied if the ZTE is available in a single phase. Up to now, =632] .-._.—._.EJ%"“‘&.\ P
rare materials exhibit the novel ZTE, such as Invar alloys and Fe- 362 ol “&,\):// 1
[Co(CN)].>* Moreover, the ZTE generally appears in a low ' (PR
temperature (below room temperature). The ZTE over a wider i
temperature range would be very useful for the applications. 0 100 200 300 400 500 600 700
PbTiO; (PT) as an important perovskite-type multifunctional Temperature (°C)
material exhibits a unique NTE in the perovskite fanfif).The Figure 2. Temperature evolution of unit cell volume in fy)PbTiO;-

unit cell volume of PT contracts over a wide temperature range in XBi(Znw2Tix2)Os yBiFeQ; solid solutions. The data of 0.7PT-0.3BF is shown
. . . S for comparisorf2

the ferroelectric phase (2390 °C) with an average intrinsic

volumetric TEC (1.99 x 1075 °C™1).°> The NTE of PT-based

compounds can be controlled over a large range frebnll x

1075to —3.92 x 107 °C~1, which covers the range found in almost J X ) ) ’ )
all other known NTE oxide& However, a low or ZTE could only (1-x-y)PBTIOsXBi(Zny/2Ti12) Os-yBiFeQ; solid solutions (labeled

be achieved by sacrificing the temperature range, that is, reducing®S PT-BZT-BF) were synthesized by a modified solid-state reaction
the Curie point Tc), such as for Pésd-ao2gTiOs (—0.11 x 1075 method. The details of high-temperature X-ray diffraction and
°C1, 25-130°C) 2 It is a challenge to expand ZTE to the high- Raman scattering spectroscopy are reported in the Supporting
temperature range. On the basis of our previously studied RbTiO Information. The lattice parameters of PT-based solid solution are
based compounds, we could only access a low expansion or zTEC@lculated based on the XRD patterns.

by reducing the tetragonality/g), resulting in the decrease inthe ~AS shown in Figure 2, the temperature dependence of unit cell
ZTE temperature range (region Il in Figure 1). To obtain the ZTE Volume gives an abnormal behavior as the BZT is introduced to
in a wider temperature range, a kind of PbTiased compound the PT lattice. With increasing content of BZT, the sharp variation
should be found in the region | wheea is large and the absolute ~ Of volume becomes more and more obscure, which is different than
value of TEC is low (Figure 1). Recently, in the PbTi€BiMeOs the known PbTi@based compoundsThe Tc is, moreover, more
(Me is cations with an average valené®), the Bi substitution enhanced, indicating a broader NTE temperature range. As a little
plays an unusual role in which boffx andc/a are considerably magnitude of BF (10 mol %) is introduced to 0.7PT-0.3BZT, the
enhanced, owing to the strong coupling between the Pb/Bi cations volume nearly does not depend on a wide temperature fluctuation.
and the B-site cations with strong ferroelectricity activity, such as From room temperature to 500C, 0.7PT-0.3BZT and 0.6PT-

Ti, Zn, and Fel It is possible to find the novel ZTE in the PbTi© 0.3BZT-0.1BF exhibit a neglectable volume change with an average
Bi(Zny2Ti12)O0z3 and its related solid solutions. In this study, we volumetric TEC of—0.60 and—0.31 x 10°° °C™, respectively
report a ZTE in PbTi@-Bi(Zny,Ti1)Os-based solid solutions over  (region | of Figure 1). These values are smaller than that of large

a large temperature range up to 5@ and show an evidence for
a relationship between NTE and ferroelectricity.
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190 F (a)' e oerrosmzrotr | and 0.6PT-0.3BZT-0.1BF can be kept close to that at room
180r e, —a—07PT-038BZT ] temperature by the highs, and thus the ZTE is produced; however,
170F S, - 07PT-036F ] in 0.7PT-0.3BF, the rapidly decreasdd results in the rapid
: ::g H:::R':::’“Hm. decrease im/a ratio and thus a greatly enhanced NTE. Therefore,
Fiaol "\"*\_::' 1 the NTE of PbTiQ-based compounds is controlled by the behavior
130 . "] of the temperature dependenceRaf

120 e ] In conclusion, PT-BZT solid solutions exhibit an unusual NTE,
110 ] while their tetragonal character and Curie temperature are consider-

1.14 ﬁ:‘ P(4,(1TO)) —==NTE (c/a) }:-': ably increased. The 0.7PT-0.3BZT and 0.6PT-0.3BZT-0.1BF solid
112t (b) solution exhibits a ZTE over a wide temperature range. The lattice
dynamics results indicated that the NTE property of PT-based solid
solutions is strongly correlated with the ferroelectricity, which is a

110F e g

*
Ty —~8
108} — T, ]

o106l ©4 © /o —a . e ] new mechanism for NTE oxide. In the future search of ZTE
. 3 — I~ e . . ;
© sl OO e ] materials, ZTE could be found in those ferroelectrics where the
102l Y B N e - 1 ferroelectric soft mode could be well maintained with increasing
1jon- ;Y; o‘ oi’; e ] temperature.
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Figure 3. (a) A1(1TO) frequency, and (lj/aas a function of temperature
in PbTiOs-based solid solutions. The insert of panel b shows thefP
PbTiGs.

Supporting Information Available: Details of XRD and Raman
scattering spectra for PbTiased compounds. This material is

NTE 0.4PT-0.6BF £3.92 x 1075 °C 1)% and ZrW0g (—2.73 x X X
available free of charge via the Internet at http://pubs.acs.org.

105 °CHland close to that of ZTE Fe[Co(CN)—0.44 x 10°°
OC—l)'4
Owing to the special properties of NTE and ferroelectricity of
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