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Lead-based relaxor ferroelectrics with the perovskite-type structure (ABO3) show a broad and frequency-
dispersive maximum of the dielectric permittivity. These materials have been extensively studied over the 
last decade due to their superb dielectric, electro-elastic, and electro-optical properties. Particular interest has 
been directed towards solid solutions of relaxor and normal ferroelectrics such as (1-x)PbZn1/3Nb2/3O3-
xPbTiO3 (PZN-xPT), which show an extremely high piezoelectric response close to the morphotropic phase 
boundary. For PZN-xPT the MPB corresponds to x ~ 0.08-0.10. 

Acoustic emission studies [1] revealed two nanoscale structural transformations in PZN-0.1PT on cooling at 
temperatures higher than the dielectric-permittivity maximum Tm: (i) a nucleation of dynamic polar clusters 
at the Burns temperature TB ~ 730 K via coupling of incoherent atomic displacements from their positions in 
the ideal perovskite structure and (ii) merging of the pre-existing polar clusters into larger polar nanoregions 
at the intermediate temperature T* ~ 525 K, which results in slower flipping dynamics. On further cooling, 
PZN-01PT undergoes two phase transitions: cubic to polar tetragonal at TC1 ~ 450 K and polar tetragonal to 
polar monoclinic (or orthorhombic) at TC2 ~ 340 K. 

X-ray diffuse scattering (XDS) along 〈110〉∗ is typical of Pb-based perovskite-type relaxors and it arises 
from Pb- and B-site cation shifts in PNR correlated in the cubic {110} planes. Hence, the temperature 
evolution of the XDS reflects the development of PNR in terms of size and fraction. In order to follow the 
development of PNR through the whole sequence of phase transformations and transitions we measured the 
XDS as a function of temperature for PZN-0.1PT. 

Synchrotron single-crystal X-ray diffraction experiments were conducted at the beamline F1 of HASYLAB/ 
DESY, using a radiation of wavelength  = 0.4000 Å and a MarCCD 165 detector. Data were collected at a 
sample-to-detector distance of 100 mm with a step width of 0.5° and an exposure time of 150 s per frame. 
The high-temperature measurements were performed on heating using a beam-line developed gas-stream 
heating device. Reciprocal lattice sections were reconstructed using the beam-line developed software 
RASTM. Line profiles along the 〈110〉∗ directions were taken at eight equivalent reflections of {640} (see 
red ellipses in Fig. 1). The background was determined by a second perpendicular line profile and 
subtracted. A subsequent profile fit was carried out using a Lorentzian profile for the Bragg reflection and a 
Gaussian profile for the XDS. 

Figure 2 shows the temperature evolution of the intensity ratio diff Bragg⁄  averaged over eight 
equivalent {640} reflections. The diffuse scattering intensity is increasing with temperature decrease below 
the Burns temperature TB ~ 730 K and exhibits a maximum near T* ~ 525 K. Below T* the intensity ratio 

diff Bragg⁄  drops and becomes zero below the first critical temperature TC1. This is due to the combined 
effect of the suppression of the diffuse scattering and an enhancement of the Bragg reflections due to the 
formation of polar ordering (see also Fig. 1). Since the latter becomes very strong below TC1 the intensity 
ratio diff Bragg⁄  becomes basically zero. However, even below TC2 there are still diffuse scattering 
streaks observable in the reconstructed layers (Fig. 1) which persist even to low temperatures [2]. This 
implies that the PNR coexist with long-range ordered polar species in the whole temperature range of the 
ferroelectric state in PZN-0.1PT.  



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Acknowledgements 
Financial support by the DFG (MI 1127/5-1 and INST 152/526-1) is gratefully acknowledged. 
 
References 

[1] E. Dul’kin, M. Roth, P. E. Janolin, and B. Dkhil, Phys. Rev. B 73, 012102 (2006). 
[2] N. Waeselmann, B. Mihailova, B. J. Maier, C. Paulmann, M. Gospodinov, V. Marinova, and U. 

Bismayer, Phys. Rev. B 83, 214104 (2011) 

Fig. 2: Temperature evolution of the diffuse scattering originating from PNR in PZN-0.1PT. The circles denote the ratio 
between the diffuse scattering intensity and the Bragg reflection intensity averaged over eight symmetry-equivalent 
{640} reflections. The red line represents a guideline for the eye. The blue arrows mark the characteristic temperatures 
according to acoustic emission measurements [1].

Fig. 1: Reciprocal-space-layer sections reconstructed in  from synchrotron single-crystal X-ray diffraction data 
at four distinct temperatures. The red ellipses mark the {640} symmetry-equivalent reflections used in Fig. 2.


