
Graphitization induced Structural Transformation of Candle Soot Carbon into Carbon 

Nano Onion as a Functional Anode for Metal-ion Batteries
Anil D. Pathak#*, Darshna Potphode#, Chandra S. Sharma

Creative & Advanced Research Based On Nanomaterials (CARBON) Laboratory,

Department of Chemical Engineering,

Indian Institute of Technology Hyderabad, Kandi-502285, Telangana, India
*Corresponding author email: anildaliprasad@iith.ac.in

# Equal contribution

Section S1

The interlayer spacing (d002) (eq.S1) is calculated by Bragg’s law , crystallite height (LC) 

along c-axis (eq.S2)  and crystallite size (La) along a-axis (eq.S3) were evaluated by Debye-

Scherrer formula.
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where, λ is a wavelength of 0.154059 nm for Cu Kα radiation. θ(002) and θ(100) are the Bragg 

angles corresponding to the diffraction peaks at 25ο and 43ο, respectively. k1 (0.94) and k2 

(1.84) are Scherrer parameter for Lc and La, respectively. β(002) and β(100) is the full width at 

half maximum (FWHM) for corresponding diffraction peak.

Section S2
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We used Gaussian suite of computer programs with B3LYP functional and 6-31+G(d,p) basis 

sets to calculate the highest occupied molecule orbital (HOMO) energy and the lowest 

unoccupied molecule orbital (LUMO) energy [1]. Here, we have modelled graphitic structure 

by taking four layers of graphene with interlayer distance of graphitized candle soot carbon 

calculated from XRD pattern (i.e. d200) at each graphitization temperature and energy gap 

evaluated based on difference in HUMO and LUMO energy.

Section S3

To determine the appropriate kinetic for the given transformation reaction is relatively 

straightforward with the use of classical Arrhenius equation [2] as follow:
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where Lc is the crystallite size along c axis, ko is the pre-exponent kinetic constant, EA is the 

activation energy of the process, R is the gas constant, T is the absolute temperature and t is the 

time. The above equation can be modified as:
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By plotting, ln (dLc/dt) versus (1/T), the activation energy during graphitization process, can 

be estimated from the slope of the graph and pre-exponent kinetic constant from the 

intersection value on y axis.

Section S4

Therefore, we used the diffraction patterns of graphitized candle soot carbon to evaluate the 

average crystallite size (dXRD) and microstrain (ε) at each graphitization temperature using the 

Williamson-Hall relation eq. (6) [3,4].
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where, β(total) is the sum of the full-width at half-maximum (FWHM) of the XRD peak due to 

FWHM  of micro-strain (βstrain) and  FWHM of crystallite size (βsize).  K1 the Debye-Scherrer 



constant (0.94), λ the incident X-ray wavelength, and θ the diffraction angle.

By plotting along x-axis and  along y-axis, the micro-strain (ε) and 
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crystallite size (dXRD) may be estimated from the slope of the line and the intersection with 

the vertical axis, respectively [5,6]
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