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Abstract: One of the most important application of x-ray diffraction is to provide the structural details of the material to 
researchers. This technique is employed on massive scale to interpret the analysis of nano crystalline phases and to determine 
average crystallite sizes with the aid of diffraction angle or peak position and FWHM values on account of Scherer equation. 
The phenomenon of XRD can be explained as function of reflection of incident beam from the lattice planes. These results are 
also tuned for different molar density along XRD planes for any nanomaterial for molar mass and molar volume elaborated in 
this paper. We have tried to calculate molar density of composite mixture for nanostructured material in terms of molar mass 
and molar volume using XRD data of Intensity verses peak position and weight assigned for film material in composite form 
quantitatively.  
Keywords: Nano crystalline phases, XRD, peak position, molar density, molar mass, molar volume etc. 

I. INTRODUCTION 
Material characterization includes different instrumental techniques such as XRD, scanning electron morphology, Fourier transform 
infra-red spectroscopy, ultra-violet spectrophotometer and Spectro-flurometry. Applications of nanomaterial are electrical [1], gas 
sensing [2], antimicrobial properties [3], photo catalyst [4], supercapasitors [5], transistors [6], humidity sensing [7] and much more. 
Different methods of material synthesis are also reported in different articles [8]. In XRD spectra intensity along plane either 
increases or decreases with peak position, one of the strong reason given to always atomic or molecular density along plane either 
increases or decreases along the peak. In this paper molar mass is evaluated for mixture using standard equations such as weight 
fractions in terms of number of moles and molar volume is obtained from PowderX software [9] by refining cell or by reitveld 
refinement [10] by X’pert highscore software [11]. 

II. MATERIALS AND METHODS 
In this article a method was based on illustration to calculate atomic/molar density along XRD spectrum, for this purpose a screen 
printed tin oxide (SnO2) composite for 1% zinc oxide (ZnO) material/sample was under consideration. Molar mass was calculated 
from mass of substance in grams to number of moles. The number of moles for molar mass was calculated from weights of material 
to molecular weight.  

 
Fig 1. XRD pattern of 1% ZnO:SnO2 

Molar volume of 1% ZnO:SnO2 composite material is obtained by considering above XRD pattern(fig 1.) Molar volume can be 
calculated or obtained from lattice parameters a, b and c. Molar volume is obtained from PowderX software by refining cell or by 
reitveld refinement by X’pert highscore software. 
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III. RESULTS AND DISCUSSION 
Density of material is the mass to volume ratio. When we consider molar density, it is defined as ratio of molar mass to molar 
volume. As every material prepared by any method in the form mixtures, composites, additives or doped into one another remain in 
their molecular state hence molar mass is considered. In mixture state, material remains as probably in compound and molar state 
not the atomic state (except by EDAX where we obtained values in atomic and weight percentage quantitatively and separately for 
each atoms of the material/composite material).  

A. Molar mass/Molecular weight of Material can be Calculated from Following Equation 

:ܱܼ݊ % ݂ ݏݏܽܯ ݎ݈ܽܯ ܱܵ݊ଶ =
:ܱܼ݊ % ݂ ݐℎ݃݅݁ݓ ݎ ݏݏܽܯ ݈ܽݐܶ ܱܵ݊ଶ  ݅݊ ݃ݏ݉ܽݎ

:ܱܼ݊% ݂ ݏ݈݁݉ ݂ ݎܾ݁݉ݑܰ ݈ܽݐܶ ܵ݊ ଶܱ   

                                                                                                               …………………….(1) 

B. Calculation for total number of moles of %ZnO:SnO2 
In 1% ZnO:SnO2 composite mixture, 99% SnO2 is present. Let the weight of 99% SnO2 has 0.665 gm and 1% ZnO:SnO2 has 
0.00665 gm was mixed with tin oxide so as to form a mixture for screen printed film material. 
To calculate total number of moles, we have the values of molecular weight of zinc oxide (ZnO) and molecular weight of tin oxide 
(SnO2) i.e., 81.38 and 150.7088 respectively. The following formula is used [12]. 

ݏ݈݁݉ ݂ ݎܾ݁݉ݑܰ =
 ݁ܿ݊ܽݐݏܾݑݏ ݂ ݏݏܽܯ
  ݈݁݉ ݁݊ ݂ ݏݏܽܯ

 

ܱܼ݊ ݂ ݏ݈݁݉ ݂ ݎܾ݁݉ݑܰ =
ݏ݉ܽݎ݃ ݊݅ ܱܼ݊ ݂ ݏݏܽܯ

ܱܼ݊ ݂ ݏݏܽܯ ݎ݈ܽܯ   

ܱܼ݊ ݂ ݏ݈݁݉ ݂ ݎܾ݁݉ݑܰ =
0.00665

 81.38  

ܱܼ݊ ݂ ݏ݈݁݉ ݂ ݎܾ݁݉ݑܰ =  ݈݉ 0.000817154
Similarly  

݁݀݅ݔ ݊݅ܶ ݂ ݏ݈݁݉ ݂ ݎܾ݁݉ݑܰ =
ݏ݉ܽݎ݃ ݊݅ ݁݀݅ݔ ݊݅ݐ ݂ ݏݏܽܯ

݁݀݅ݔ ݊݅ݐ ݂ ݏݏܽܯ ݎ݈ܽܯ   

݁݀݅ݔ ݊݅ܶ ݂ ݏ݈݁݉ ݂ ݎܾ݁݉ݑܰ =
0.665

 150.7088 

ܱܼ݊ ݂ ݏ݈݁݉ ݂ ݎܾ݁݉ݑܰ =  ݈݉ 0.004412
Total number of moles is the sum of Number of moles of zinc oxide (ZnO) and Number of moles of tin oxide (SnO2) 

:ܱܼ݊ ݂ ݏ݈݁݉ ݂ ݎܾ݁݉ݑܰ ݈ܽݐܶ ܱܵ݊2 = 0.004412 mol + 0.000817154 mol = 0.00522912 mol 

C.  Calculation for Total Mass of Mixture 
Similarly ݂ ݏݏܽ݉ ݈ܽݐݐ ܼܱ݊: ܵ݊ ଶܱ = ܱܼ݊ ݂ ݏݏܽܯ ݊ܵ ݂ ݏݏܽܯ+ ଶܱ  

:ܱܼ݊ ݂ ݏݏܽ݉ ݈ܽݐܶ ܱܵ݊ଶ = 0.00665 + 0.665 = 0.67164 ݃݉ 
By considering values obtained from part B and Part C, Equation 1, becomes, 

2ܱ݊ܵ:ܱܼ݊% ݂ ݏݏܽܯ ݎ݈ܽܯ =
:ܱܼ݊ % ݂ ݏݏܽܯ ݈ܽݐܶ ݏ݉ܽݎ݃ ݊݅  2ܱ݊ܵ
:ܱܼ݊% ݂ ݏ݈݁݉ ݂ ݎܾ݁݉ݑܰ ݈ܽݐܶ ܱܵ݊2  

:ܱܼ݊% ݂ ݏݏܽܯ ݎ݈ܽܯ ܱܵ݊2 =
0.67164

0.005229124  

:ܱܼ݊% ݂ ݏݏܽܯ ݎ݈ܽܯ ܱܵ݊2 = 128.44 ݃݉ 
Molar mass of 1% ZnO:SnO2 is 128.44 gms 

D.  To Evaluate the Molar Volume  
Molar volume is the product of unit cell parameters a, b, and c along x,y and z  axis in crystal lattice obtained from different 
software’s like PowderX software by refining cell or by rut weld refinement or by X’pert highscore software in origin. After 
refining cell, lattice parameter were evaluated in following table 
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Table1. Refinement data for 1% ZnO:SnO2 
ZERO    LAMBDA              A       B        C                         ALPHA     BETA    GAMMA   
  -0.026      1.54060        4.73661  4.73661  3.18588           90.000    90.000       90.000 
    0.002      0.00000        0.00018  0.00018  0.00012            0.002      0.002          0.002 
VOLUME (A*B*C)   :  71.47671 cc 

    

Molar volume obtained from refinement data shows value of 71.47671 CC. Cell volume was interpreted for the input of XRD data 
of 1% ZnO:SnO2 into PowderX software after subtraction, subjected to baseline correction using different standard methods. 

E.  To evaluate molar density of 1% ZnO: SnO2  
As we know, from the definition of molar density [13],   

݈ܽ݅ݎ݁ݐܽ݉ ݂ ݕݐ݅ݏ݊݁ܦ =
݈ܽ݅ݎ݁ݐܽ݉ ݂ ݏݏܽܯ ݎ݈ܽܯ

   ݈ܽ݅ݎ݁ݐܽ݉ ݂ ݁݉ݑ݈ܸ ݎ݈ܽܯ

 

:ܱܼ݊ %1 ݂ ݕݐ݅ݏ݊݁݀  ݎ݈ܽܯ ܱܵ݊ଶ =
:ܱܼ݊ %1 ݂ ݏݏܽ݉ ݎ݈ܽܯ ܵ݊ ଶܱ

:ܱܼ݊ %1 ݂ ݁݉ݑ݈ܸ ݎ݈ܽܯ ܵ݊ ଶܱ
 

:ܱܼ݊ %1 ݂ ݕݐ݅ݏ݊݁݀  ݎ݈ܽܯ ܵ݊ ଶܱ =
128.44

71.47671 

:ܱܼ݊ %1 ݂ ݕݐ݅ݏ݊݁݀  ݎ݈ܽܯ ܵ݊ ଶܱ = 1.7975 ݃݉/ܿܿ 

 Thus Molar densities of any nanostructured material can be calculated with above method in terms of molar mass obtained from 
weights of composite material and molar volume obtained from reitveld refinement using different software.  

IV. CONCLUSION 
This paper will be our effort to suggest the basic reason behind high or low intensities observed in x-ray diffraction pattern along the 
planes. The main reason is total number of counts present along peaks. These counts are high for high intensities and low for low 
intensities. XRD pattern of different composite material may differ in intensities because of strain, dislocation densities, different 
interplaner spacing.  The above values are obtained from different standard mathematical formulae for molar mass is 128.44 gm., 
molar volume 71.47671 cc and molar density 1.7975 gm/cc for 1% ZnO: SnO2. The value of molar density for any composite 
material will be calculated from above standard equation and mathematical formulae. Molar density is directly proportional to molar 
mass and inversely proportional to molar volume. Molar density of any composite material in different percentage can be calculated 
with above formulaes.  

REFERENCES 
[1] Dighavkar C. G., Patil. A. V., Borse. R.Y., Patil. S. J. effect of firing temperature on electrical and structural characteristics of screen printed TiO2 thick films, 

Optoelectronics and advanced materials-Rapid communication, Vol-3, No.10, October 2009, p. 1013-1017. 
[2] Borse. R.Y., Salunke. V. T., Synthesis and characterization of nanostructured ZnO thick film gas sensors prepared by screen printing method, Sensors and 

transducers, Vol.9, special issue, December 2010, pp-161-170. 
[3] Kumari Subham, Jaskirat Kaur, Mouli chakroborty, Suba G. A. manuel, Pradeep N., Green synthesis of zinc oxide nanoparticles, using the extract of 

CALOTROPIS GIGANTEA, FOENICULUM VULGARE and MURRAYA KOENIGII and their antimicrobial properties, Journal of advanced scientific 
research, 2020, 11 (3), 183-188. 

[4] Suchithra Padmajan Sasikala, Nibila. T.A., Kunnathaparambil Babu Babitha, Abdul Azeez peer Mohammad, Ananthakumar Solalappan, competitive 
photodegradation performance of ZnO modified bentonite clay in water containing both organic and inorganic contaminanats, Sustainable environment 
research, (2019) 29:1,  https://doi.org/10.1186/s42834-019-0001-z 

[5] Purushothaman K.K., Priya Subha V, Sadayappan nagamuthu, Subbukalai Vijay, G. Murlidharan,  Synthesizing of ZnO nanopaetals for`supercapasitors 
applications, Micro &Nano Letters 6 (8) 668-670, IEEE Xplore. 

[6] Yutava ohya, Tsukasa Niwa, Takayuki ban, Yusutaka Takahashi, Thin film transistor of ZnO fabricated by chemical solution route, Jpan,J. Appl. Phys. Vol. 40, 
(2001) pp-297-298 

[7] Borse. R. Y., Garde A.S., effect of firing temprature on humidity sensing properties of SnO2 thick film resistor, sensor and transducer, Vol. 111, issue 12, 2009, 
pp-155-165. 



International Journal for Research in Applied Science & Engineering Technology (IJRASET) 
                                                                                           ISSN: 2321-9653; IC Value: 45.98; SJ Impact Factor: 7.429 

                                                                                                                Volume 8 Issue XII Dec 2020- Available at www.ijraset.com 
     

©IJRASET: All Rights are Reserved 874 

[8] Ajay Vasudeo rane, Sabu Thomas, method of synthesis of nanoparticles and fabrication of nanocomposites, methods for synthesis of nanoparticles and 
fabrication of nanocomposites, Micro and nano technologies, 2018, p-121-139, https://doi.org/10.1016/B978-0-08-101975-7.00005-1 

[9] C. Dong, PowderX: Windows-95-based program for powder X-ray diffraction data processing, Journal of applied crystallography, 32(4) 838-838, 
doi:10.1107/s0021889899003039 

[10] Mithun Rani Nath, Aninda Nafis Ahmed, M. A. Gafur, Muhammad Yusuf Miah, Study on the reitveld analysis for synthesized zinc oxide nanoparticles, AIP 
conference proceeding’s, 1980, 030012 (2018) https://doi.org/10.1063/1.5044291 

[11] Mohammad A.A, first principles calculation on electronic properties of zinc oxideby zinc-air system, Journal of King saud university-engineering services, 
2017, 29, 278-283 

[12] https://toppr.com, chemistry formula, Number of moles formula 
[13] https://toppr.com, chemistry formula, Molar density formula 

 

 

 

  



 


