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1. Samples preparation and description 
Ceria nanoparticles were prepared by the LIQUID-MIX [1] method using 99.99% Cerium nitrate from 

Alpha Aesar as precursor. Cerium nitrate was dissolved in milli-Q water and citric acid was added to the 
solution. This solution was then mixed in a heated plate until a foam was obtained and dried in a stove at 
105 °C for two days. The dried foam was subsequently grinded with an agate mortar and finally calcined 
in air at T = 300 °C in a platinum melting pot in order to obtain a nano-crystalline CeO2 powder (NANO). 
Samples with an average crystallite size of 4 nm were obtained. 

A Ceria powder from NIST with particle size distribution of (380.6 ± 4.5) nm (MICRO) was also 
measured [2]. Finally, a ceria single crystal of 20 μm lateral dimension and ~10 μm thickness (CRYSTAL) 
has also been measured in order to extend in four orders of magnitude the analysis of particle size.  

 
2. Ce3+ estimation on the NANO sample 

At room pressure, the lattice parameter (aCUBIC) can be expressed in terms of the ionic size as √34 𝑎஼௎஻ூ஼ = 𝑟஼௘రశ + 𝑟ைమష (1) 

where 𝑟஼௘రశ and 𝑟ைమష  are the ionic radii of Ce4+ and O2- ions. The change in the lattice parameter due to the 
presence of Ce3+ can be then expressed as √34  (𝑎ே஺ேை − 𝑎ெூ஼ோை) = 𝑐 [𝑟஼௘యశ − 𝑟஼௘రశ + 14 (𝑟௏௢ − 𝑟ைమష)] (2) 

Where c is the Ce3+/Ce4+ ratio, VO represents an oxygen vacancy and then the VO/O2- ratio is c/4. The lattice 
parameters are 𝑎ே஺ேை  and 𝑎ெூ஼ோை  , for the NANO and MICRO ceria respectively. We also used 𝑟஼௘యశ = 0.1283 
nm, 𝑟஼௘రశ = 0.1098 nm, 𝑟௏బ = 0.138 nm and 𝑟ைమష = 0.124 nm [3]. Taking the aCUBIC obtained at room pressure 
and the difference between 𝑎ே஺ேை and 𝑎ெூ஼ோை . 
 
3. Consideration of non-hydrostatic conditions  

In order to clarify the origin of the discrepancy we considered the possible effect of non-hydrostatic 
conditions as proposed by A. K. Singh [4]. Following Singh’s formalism in a cubic system, the strain 
produced by the deviatoric stress component due to non-hydrostatic compression will affect the measured 
lattice parameter 𝑎௠(ℎ𝑘𝑙) obtained for the Bragg peak (hkl).  𝑎௠(ℎ𝑘𝑙) = 𝑀଴ + 𝑀ଵ[3𝛤(ℎ𝑘𝑙)(1 − 3𝑠𝑖𝑛ଶ𝜃)] (3) 

 
Where with some approximations [5] 𝑀଴ ≈ 𝑎௣ , 𝑀ଵ = −𝑎௣(𝛼𝑆𝑡/3) , 𝛤(ℎ 𝑘 𝑙) = ℎଶ𝑘ଶ + 𝑘ଶ𝑙ଶ + 𝑙ଶℎଶ ℎଶ + 𝑘ଶ + 𝑙ଶൗ  , 𝑆 = (𝑆ଵଵ − 𝑆ଵଶ − 𝑆ସସ/2) , t is the 
uniaxial stress component, 𝑆௜௝  are the elastic compliances and θ the diffraction angle. Thus the plot of 𝑎௠(ℎ𝑘𝑙)  vs 3𝛤(ℎ𝑘𝑙)(1 − 3𝑠𝑖𝑛ଶ𝜃) , called gamma plot, would correspond to straight lines. These gamma 
plots were constructed for all the measured points for the NANO sample. Some representative ones are 
presented in Figure S1. As it is shown in this figure, the experimental points cannot be fitted with a straight 
line. The R2 values varies between 0.2 and 0.6, indicating that the non-hydrostatic conditions are not the 
origin of the variation of the measured lattice parameters 𝑎௠(ℎ𝑘𝑙). 
 



 
Figure S1: (a) Gamma plot for selected pressures for the NANO sample where the 𝑎௠(ℎ𝑘𝑙) is normalized using its 
value at abscise equal to 0, i.e. Γ = 0. (b) Pressure evolution of the obtained intercept (M0/am (Γ = 0)), slope (M1/am (Γ = 
0)) and the coefficient of determination R2. 
 
Reference 
1. Pechini M.P. Method of preparing lead and alkaline earth titanates and niobates and coating method using the 

same to form a capacitor. U.S. Patent 3,330,697, 11 July 1967. 
2. Quantitative Powder Diffraction Standard (SRM 674b) Consisting of Fine-Grained, High-Purity, Equi-Axial Grains That 

Are Not in An Aggregated State. Standard Reference Material from NIST, 674b, X-Ray Powder Diffraction Intensity Set; 
NIST: Gaithersburg, US, 2011. 

3. Shannon R.D.Revised Effective Ionic Radii and Systematic Studies of Interatomie Distances in Halides and 
Chaleogenides  Acta Cryst. 1976, A32, 751–767. 

4. Singh A.K. The lattice strains in a specimen (cubic system) compressed nonhydrostatically in an opposed anvil 
device. J. Appl. Phys. 1993, 73, 4278–4286. 

5. Singh A.K.; Kenichi T. Measurement and analysis of nonhydrostatic lattice strain component in niobium to 145 
GPa under various fluid pressure-transmitting media. J. Appl. Phys. 2001, 90, 3269. 

 

0.0 0.2 0.4 0.6 0.8 1.0
0.990

0.995

1.000

0.997

1.000

1.003

-0.01

0.00

0 20 40 60 80 100

0.2
0.4
0.6

M
0/a

m
(Γ

=0
)

M
1/a

m
(Γ

=0
)

P (GPa)

R
2

P (GPa)
   1    11
 31    51
 70    88

a m
 / 

a m
(Γ

=0
)

3 (1 - 3 sin2θ) Γ(hkl)

a)

b)


