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B-XRD1071 - Crystallite size analysis of a

catalyst material by the Scherrer method

Introduction

The Scherrer method is a typical method for evaluating the crystallite size of powder samples. The method assumes that

the broadening of diffraction peaks due to crystal lattice strain can be ignored, and calculates the crystallite size based on

the fact that the crystallite size in the direction perpendicular to the lattice plane of the diffraction peak is inversely

proportional to the full width at half maximum of the peak. Cerium oxide (CeO₂) is a functional oxide nanoparticle used as

a base material for exhaust gas cleaning catalysts and transparent electrolyte sheets. Since the performance of these

materials depends on the particle size and crystallite size of the CeO₂ nanoparticles, evaluating their sizes is very

important. In this example, we measured the X-ray diffraction pattern of CeO₂ nanoparticles and evaluated the crystallite

size using the Scherrer method. 

Measurement and results

Calculation of crystallite size by the X-ray diffraction method is performed by measuring a standard sample containing

sufficiently large crystallites and applying Scherrer equation to the difference in peak widths between the standard and

measured sample. Figure 1 shows the X-ray diffraction patterns of the measured sample CeO₂ nanoparticles (average

particle size is 10 nm), and the standard sample of CeO₂ containing large crystallites. When the crystallite size was

calculated from the integrated widths of peaks using the Scherrer equation, the crystallite size in the direction

perpendicular to each (hkl) was calculated as 8.9 to 9.2 nm (Table 1). The obtained values were approximately equal to

the average particle size, which indicates that the CeO₂ nanoparticles are single crystals with the particle size nearly

identical to the crystallite size. 

rigaku.com • September 2024 • pg. 1

https://rigaku.com/products/x-ray-diffraction-and-scattering/xrd/application-notes/b-xrd1071-crystallite-size-analysis-catalyst-material


Figure 1: X-ray diffraction patterns of the measured sample (top) and standard sample (bottom) 

Table 1: Crystallite size of CeO₂ nanoparticles

(h k l) Crystallite size (mm)

CeO₂ (1 1 1) 9.08(4)

CeO₂ (2 0 0) 8.79(8)

CeO₂ (2 2 0) 9.16(5)

CeO₂ (3 1 1) 9.18(7)

CeO₂ (2 2 2) 9.1(2)
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CeO₂ (4 0 0) 9.10(18)

CeO₂ (3 3 1) 8.88(14)

CeO₂ (4 2 0) 9.2(2)

CeO₂ (4 2 2) 8.98(14)

CeO₂ (5 1 1) 8.95(16)

CeO₂ (4 4 0) 9.1(3)

CeO₂ (5 3 1) 9.13(17)
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Related products

MiniFlex

New sixth-generation general purpose benchtop XRD syste

m for phase i.d and phase quantification

SmartLab

Advanced state-of-the-art high-resolution XRD system powe

red by Guidance expert system software

SmartLab SE

Highly versatile multipurpose X-ray diffractometer with built

-in intelligent guidance

SmartLab Studio II

Windows-based software suite for Rigaku's X-ray diffractom

eters
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