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BCDI technique 

Bragg coherent diffraction imaging (BCDI) is a lens-less imaging technique explored over the last 

20 years mainly due to the development of the coherence properties of X-rays delivered in 

third/fourth-generation synchrotrons1 and, more recently, X-ray free-electron laser (XFEL)2 

facilities. The low emittance of the radiation, characteristic of these machines, coupled with high-

quality focusing optics leads to a small-sized focused coherent X-ray beam capable of illuminating 

one single nanocrystal. In BCDI, if the beam is coherent in both longitudinal and transverse 

directions, it is possible to know the phase shift of the diffracted beam caused by atomic-scale 

displacements in the crystalline structure of the single isolated nanocrystals, as established by 

equation (1).3 Therefore, the technique is sensitive to atomic displacements and one can reconstruct 

in 3D the electron density and the displacement field of a nanocrystal, if the oversampling criterion 

is met4. A deeper discussion on the characterization of nanocrystals using coherent X-ray sources 

can be found elsewhere.3,5 This technique has been used to probe the displacement field 

distribution of several systems under in situ conditions, including catalytic processes6,7, 

cathode/anode materials under working conditions (charging/discharging)8–10, and crystal growth 

and dissolution processes.11 BCDI has also been applied to characterize BTO nanocrystals12,13. 



 
Figure S1. XRD patterns showing the (002)/(200) enlarged region of the samples synthesized by 

the hydrothermal approach. The commercial tetragonal sample was included in the plot. 
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Figure S2. Rietveld refinement of the XRD patterns shown in Figure 2 of the main text. The result 

of the refinement is shown as a red solid line, and the difference function, as a black solid line. 

The inset in the plots show the (110)/(101) peaks, which are split when tetragonal phase is present. 

The inset is not displayed for the sample BTO butanediol because this peak was saturated and 

excluded from the refinement. 
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Figure S3. (a) Raman spectra of the BTO powders. The bands highlighted in the yellow boxes 

(185, 310, 515 and 715 cm-1) are originating from the tetragonal structure of BTO. (b) FTIR spectra 

of the BTO samples synthesized under different conditions, and the commercial sample. All the 

samples were thermally treated for 20 h at 120 °C in order to avoid surface 𝑂𝐻! groups coming 

from water. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure S4. Williamson-Hall plots for the samples commercial, 240 °C, and no alcohol. The straight 

lines represent the linear fits for each sample. The reflections indexed as cubic phase were plotted 

in gray, and the tetragonal symmetry peaks are shown in black. 
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Figure S5. Example of the peak fitting done for the Williamson-Hall approach for the samples 

BTO commercial (a,b) and BTO butanediol (c,d). (a) Lorentzian function fit for the (101) and 

(110) tetragonal reflections (peaks 1 and 3) and (101) cubic reflection (peak 2). (b) the same for 

the peaks (012), (021), and (120) tetragonal reflections (peaks 1, 3, and 4) and (012) cubic 

reflection (peak 2). (c) Fit for the (101) reflection and (d) for the (012). T and C stand for tetragonal 

and cubic phases, respectively. 

 

 

 

 

 

Table S1. PDF fit residuals rw (%) and tetragonal distortion (t) for the fits done over 1.2-80Å range. 
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Model 
Sample 

 
commercial 240 °C ethanol butanediol no alcohol PG 

cubic 19 16 15 18 14 14 
tetragonal 9 10 10 9 11 11 

t 0.015(2) 0.015(2) 0.016(2) 0.016(2) 0.013(2) 0.013(2) 
 

Table S2. PDF fit residuals rw (%) and tetragonal distortion (t) for the fits done over 1.2-10 Å 

range. 
  

commercial 240 °C ethanol butanediol no alcohol PG 

cubic 14 14 14 12 13 12 
tetragonal 9.7 9.8 10 9.8 8.8 9.4 

t 0.014(1) 0.014(1) 0.014(1) 0.014(1) 0.013(1) 0.011(1) 
orthorhombic 9.7 10 10 8.5 8.5 8.6 
rhombohedral 16 10 12 9.3 9.8 9.4 

 

Table S3. Size and inhomogeneous strain components extracted from the Williamson-Hall plot 

𝛽"#"	𝑐𝑜𝑠𝜃 versus 4	𝑠𝑖𝑛𝜃 for the BTO samples synthesized through the hydrothermal approach and 

the commercial sample. C and T denote cubic and tetragonal phases, respectively. 

Sample Intercept (10-4) Size (nm) Inhomogeneous strain (slope) (10-4) 

BTO commercial 
C: 1.4 

T: 2.7 

C: 293.2 

T: 153.3 

C: 18.4 

T: 1.9 

BTO-240 °C 
C: 16.1 

T: 18.8 

C: 27.7 

T: 23.7 

C: 3.2 

T: 5.8 

BTO ethanol 
C: -2.6 

T: 3.4 

C: - 

T: 102 

C: 17.3 

T: 7.6 

BTO butanediol 17.4 32 21.7 

BTO no alcohol 
C: 1.4 

T: 9.1 

C: - 

T: 45 

C: 28.7 

T: 2.37 

BTO PG 17.0 33 14.9 
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