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 The synthesis of CuCrO2 crystals by mixing CuO and Cr2O3 has 

been carried out using the solid reaction method at a temperature of 

1200 0C. The characterization of the structure used XRD and 

analyzed using GSAS software. The results of characterization using 

XRD showed that no other phase occurred. This is evidenced by the 

absence of other phases from the results of refinement of measurement 

data with reference data and a value of χ 2 which is 1.222. The lattice 

parameter values resulting from the refinement of the CuCrO2 X-ray 

diffraction pattern are a = b = 2.9715 Å and c = 17.1104 Å with a 

cell volume of 130.584 Å 3. In addition to the lattice parameter 

values, the distance between atoms was also obtained, both Cu - O, 

Cr - Cr, and Cr - O. 
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Introduction 

In recent years, antiferromagnetic materials have become the subject of relatively large 
studies in material physics. Lattice systems and geometric structures in two dimensions (2D) 

have become a concern. One of the interesting studies is delafossite compounds [1–9]. 

CuCrO2 is a very interesting focus for p-type of TCO. This compound is transparent to visible 
light even though there is a forbidden 3d dipole centered on Cr in the visible region. CuCrO2 

has a measured hole mobility of 11 cm2/Vs with a charge carrier concentration of about 4,75 

x 10
17

 cm
-3

 in the dopant impurity [10]. 

CuCrO2 structure in the space group number 169 at room temperature (in hexagonal form 
with lattice parameters a = 2.976 A and c = 17.1104 A at room temperature). Only the 
octahedron of CrO6 has TN = 24 K and shows short magnetic correlations along the c axis. 

The maximum magnetic moment of CuCrO2 is around 3 μB [11,12]. 
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Analyze the structure of a crystal in general using X-Ray Diffraction (XRD). XRD analysis 
result data is matched with a database, one of which is ICDD (International Center for 
Diffraction Data). However, the use of ICDD is still very limited to phase matching and 
analysis of the atomic position of the composition of crystals, but it has not been able to 
analyze other crystal structure parameters such as lattice parameters, bond lengths between 
crystal atoms and volume. Therefore, we need crystal structure software analyze such as 

Rietica, PCW and GSAS (General Structure Analysis System). 

The software that can analyze the complete crystal structure both lattice parameters and 
bond lengths between atoms is GSAS. GSAS is a software that can simultaneously analyze all 

the data generated by X-ray diffraction and neutron diffraction [13,14]. The GSAS method 
refers to the refinement method based on Rietveld analysis. This analysis refers to the 
refinement of the structure by matching the overall X-ray diffraction pattern to obtain 

microstructure data more accurate [15].  
Several studies have used GSAS software to analyze the structure of a crystal [13,14]. 
However, no one has analyzed the structure of CuCrO2 and the bond lengths between its 
atoms that synthesized by solid state reaction method used GSAS. Therefore, in this study, 
analysis of CuCrO2 structure (refinement data, lattice parameters and spacing between 
constituent atoms) was carried out using GSAS software. 

 

Experimental Method 

CuCrO2 crystals were synthesized through a solid reaction method of the preparation oxide 

CuO (Physical Analysis 99% from Sigma Aldriech) and Cr2O3 (Physical Analysis 99% from 

Sigma Aldriech) mixed with a stoichiometric ratio of 2 : 1 [7,16]. The material is then crushed 

for 4 hours using a mortar to make it homogeneous and to obtain a relatively small particle 

size [13,17]. With a relatively small particle size, it is expected that it will facilitate diffusion 

between particles during sintering so that CuCrO2 crystals will form in a single phase 

according to equation 1. 

 

2CuO + Cr2O3  2CuCrO2 + ½ O2 (1) 
 

The sample is then compacted in a mold with a pressure of 200 bar so that it forms a pellet 

with a diameter of 1 cm. Samples were heated in a furnace at a temperature of 1200 0C with 

an increase in temperature of 1 0C per minute and held for 12 hours [16]. The analysis of the 

crystal structure in the sample using the Philip PW1710 X-ray Diffraction. The measurement 

of the diffraction pattern of the sample was carried out with an X-ray beam from a Cu Kα 

anode tube with a wavelength of λ = 1.5406 Å in a continuous step mode.  

 

Table 1. Position of CuCrO2 constituent atoms to obtain reference XRD patterns 

Atomic 
Position 

x y z Occupation 

Cu 0 0 0 1 

Cr 1/2 1/2 1/2 1 

O 1/9 1/9 1/9 2 
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The reference diffraction pattern data is obtained from the CuCrO2 wick off table data with 

space group number 169 and the atomic positions shown in Table 1. The reference structure 

of R-3m is in hexagonal form with lattice parameters a = 2.976 Å and c = 17.1104 Å. This 

reference data is obtained from the American Mineralogy Crystal Structure Database. The 

sample XRD measurement results data then refinement with a reference diffraction pattern 

using GSAS software to obtain lattice parameter data and the distance between sample 

atoms. 

 
Result and Discussion 

GSAS software was used to determine the crystallography of the sample. The resulting 
crystallographic data are in the form of lattice parameters and the distance between atoms 
based on the principle of refinement of the sample X-ray diffraction data combined with the 

reference X-ray data as shown in Figure 1.   

 
Figure 1. Refinement Curve between The Observation Curve and The Calculation Curve by Means 

GSAS 

 

Figure 1 shows that the refinement curve between the observation curve (measured using 
XRD) and the calculation curve (the calculated curve using the reference) looks almost 
coincided. The red curve shows the crystal intensity of the XRD results, while the green 
curve shows the intensity of the reference analyze. The difference between the two curves 
which indicates that the curve from the normalized error distribution only leaves the 
background peaks from the sample measurements (purple curve). The quality of the fittings 
is also showing a very good level. This is indicated by the value of χ of 1.222 which is close to 
the value of 1 and the value of Rp which is only 12.65%. The value of χ shows the level of 
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truth of the experiment. If the χ value is close to 1, the research will be close to ideal. The 

value of χ is still within the limit because the maximum value allowed is 1.3  [14].  

Each of the atoms in the crystal will reflect the X-rays that are dropped on crystals in all 
directions, but only in one particular direction the reflected waves will make constructive 
interference. Suppose that the sequence of atoms in the crystal is d each other, then each of 
these fields on the atom will reflect part of the beam X-rays that are dropped on the crystal. 
The wave front reflected by the second plane will left behind that reflected by the leading 
plane because the waves reflected by the second plane will have distance additional 2 d sin θ 
where θ is the angle of rays measured from the surface of the crystal. If the difference is equal 
to an integer multiple of the wavelength, the beams are reflected by interfere constructively 
so as to provide and the intensity will be maximum. This theory is known as Braggs Law. 
Thus, a fundamental statement for maximum interference in X-ray diffraction in the crystal is 
indicated by equation 1 [15].  
 

2 d sin θ = nλ        n = 1, 2, 3, …… (1) 
 
The X-ray diffraction pattern of the model with the diffraction pattern of the sample fits 
without any other phase. The diffraction pattern of CuCrO2 with a distinctive peak at each 2 
theta angle indicates that the resulting sample is a single phase of polycrystalline CuCrO2. 
The diffraction peaks produced in this study have a small widening pattern, which indicates 
a large sample crystal size. This means that the width of the diffraction peak provides 

information about the size of the crystal [18]. 

The large crystals have a large area of X-ray reflection. The diffraction peaks are generated by 
constructive interference of rays reflected by the crystal planes. In the theory of wave 
interference, the greater the number of interference gaps, the narrower the fringe size on the 
screen. Multiple slit interference with an infinite number of slits produces a small, but very 
bright, number of fringes. That is why large crystal sizes tend to have a narrow peak width. 

The crystal structure data of the refinement results are shown in Table 2. 

 
Table 2. Crystallographic data and lattice parameters from Refinement of measurement data and 

reference data for CuCrO2 crystals 

Crystal System Rombohedral 
Space Group R-3m (169) 
Parameters a (Å) b (Å) c (Å) 
 2,9715 2,9715 17,0765 
Standard Deviation 0,0004 0,004 0,0027 

 Α Β Γ 
 900 900 1200 
Cell volume (Å3 ) 130,584 
Crystal Size (nm) 132 
χ2 1,222 
wRp 16,1 % 
Rp 12,65 % 

 
The value of the CuCrO2 crystal lattice parameter obtained using the X-ray diffraction 
method has the same value as the crystal lattice parameter measurement using other 
methods such as the neutron diffraction method. This is because both the X-ray diffraction 
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method and the neutron diffraction method have the same measurement principle, namely 
the Rietveld method. The comparison of CuCrO2 lattice parameters measurements with X-
ray diffraction and neutron diffraction methods is shown in Table 3. 

 
Table 3. Comparison of the results of measurements of CuCrO2 lattice parameters with different 

methods 

Method 
Measurement 

Parameters χ
2 

Cell 
Volume 

(Å3) 
Reference 

 a = b (Å) c (Å)    
X Ray 
Diffraction 

2,9715 17,0765 1,222 130,584 This Research 

Neutron 
Diffraction 

2,9760 17,1104 2,97 131,2 [1] 

 
Table 4 shows the distance between the atoms of CuCrO2 from the refinement of the XRD 

diffraction pattern of the sample. The distance between atoms is very useful if we want to 

know the physical properties of CuCrO2 crystals, for example to determine the effect of 

doping other ions on the physical properties of CuCrO2 crystals. 

Table 4. The Distance Between Atomic Composer CuCrO2 Results of Refinement Using GSAS 

Software 

Vector Distance 
Between Atom 
(Å) 

Field Index Nearest Atomic Coordinates 

x y z 

Cu – O 1,897 1 0 0 0 0 0,111 

Cu - O 1,897 -1 0 0 0 0 -0,111 

Cr – Cr 2,971 1 -1 -1 -1 -1 0,5 

Cr – Cr 2,971 1 -1 0 -1 0 0,5 

Cr – Cr 2,971 1 0 -1 0 -1 0,5 

Cr – Cr 2,971 1 0 1 0 1 0,5 

Cr – Cr 2,971 1 1 0 1 0 0,5 

Cr – Cr  2,971 1 1 1 1 1 0,5 

Cr – O  1,960 -101 -1 -1 -0,6667 -0,3333 0,5557 

Cr – O  1,960 -101 0 -1 0,3333 -0,3333 0,5557 

Cr – O 1,960 -101 0 0 0,3333 0,6667 0,5557 

Cr – O 1,960 -201 -1 -1 -0,3333 -0,6667 0,4447 

Cr – O 1,969 -201 0 -1 -0,3333 0,3333 0,4447 

Cr – O 1,960 -201 -1 -1 0,6667 0,3333 0,4447 

 

Figure 2 shows the crystal structure of CuCrO2. It appears that there are 2 important 

elements, namely Cu-O dumbbells and CrO6 layers where each element affects the physical 

properties of CuCrO2 crystals. The electrical properties of CuCrO2 are influenced by Cu-O 

dumbbells [19], [20]  while the magnetic properties are influenced by the planar CrO6 [12,21]. 

If the distance between Cu - O gets bigger, the atomic volume will be bigger which will make 

the electrons along the dumbbell move easier so that it will increase the conductivity value 

[16,22]. 
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Figure 2. Crystal Structure CuCrO2 [12] 

 

Magnetic properties are influenced by the bond length between Cr and O atoms. Each Cr ion 

is surrounded by 6 closest neighbors and 6 next closest neighbors [23]. Only the octahedran 

portion of CrO6 shows a short magnetic correlation along the c axis [11,12].  
 

 Conclusion 

The synthesis of single CuCrO2 has been successfully carried out using the solid reaction 

method. The results of characterization using XRD showed that no other phase occurred. 

This is evidenced by the absence of other phases from the results of the refinement of 

measurement data with reference data and the value of χ which is still within the normal 

limit, namely 1.222. The lattice parameter values resulting from the refinement of the CuCrO2 

X-ray diffraction pattern are a = b = 2.9715 Å and c = 17.1104 Å with a cell volume of 130.584 

Å 3. In addition to the lattice parameter values, the distance between atoms was also 

obtained, both Cu - O, Cr - Cr, and Cr - O. 
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