
Accepted Manuscript

Semiempirical study on the absorption spectra of the coronene-
like molecular models of graphene quantum dots

Mikhail F. Budyka

PII: S1386-1425(18)30852-7
DOI: doi:10.1016/j.saa.2018.09.007
Reference: SAA 16448

To appear in:
Spectrochimica Acta Part A: Molecular and Biomolecular
Spectroscopy

Received date: 24 May 2018
Revised date: 14 August 2018
Accepted
date:

2 September 2018

Please cite this article as: Mikhail F. Budyka , Semiempirical study on the absorption
spectra of the coronene-like molecular models of graphene quantum dots. Saa (2018),
doi:10.1016/j.saa.2018.09.007

This is a PDF file of an unedited manuscript that has been accepted for publication. As
a service to our customers we are providing this early version of the manuscript. The
manuscript will undergo copyediting, typesetting, and review of the resulting proof before
it is published in its final form. Please note that during the production process errors may
be discovered which could affect the content, and all legal disclaimers that apply to the
journal pertain.

https://doi.org/10.1016/j.saa.2018.09.007
https://doi.org/10.1016/j.saa.2018.09.007


AC
C

EP
TE

D
 M

AN
U

SC
R

IP
T

 1 

Semiempirical study on the absorption spectra of the coronene-like molecular models 

of graphene quantum dots  

Mikhail F. Budyka 

Institute of Problems of Chemical Physics, Russian Academy of Sciences, 142432, 

Chernogolovka, Moscow Region, Russian Federation. E-mail: budyka@icp.ac.ru 

 

Abstract  

Polycyclic aromatic hydrocarbons of the general formula C6n2H6n (coronene family) were 

used as molecular models of graphene quantum dots (GQDs). Absorption spectra of the model 

compounds were calculated by ZINDO/S method. The S0  S1 transition energy (E1) was 

found to decrease with n as E1 = 4.75×n-0.633 eV. This transition is forbidden in symmetric 

compounds but 'switches on' upon symmetry breaking. The energy of the first bright optical 

peak (Ebr) was found to decrease with n as Ebr = 6.31×n-0.6 eV. The data obtained corroborate 

the earlier finding that the size-independent optical properties of GQDs are determined by 

relatively small isolated sp2 clusters separated by sp3 (oxygen-contained)  'defects' rather than 

the whole (corrupted) graphene sheets; such nanoparticles actually are not quantum dots. 

GQDs of pure (without defects) graphene sheets with fully π-conjugated sp2 systems should 

exhibit size-dependent optical properties due to the quantum confinement effect.  
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1. Introduction 

The fundamental building block of all graphene materials is a graphene layer, which, 

according to the recommended nomenclature, is defined as 'a single-atom-thick sheet of hexa-

gonally arranged, sp2-bonded carbon atoms occurring within a carbon material structure' [1].  

Graphene quantum dot (GQD) consists of a single to several layers of graphene sheets 

several nanometers in lateral size. Graphene composed fully of the sp2-hybridized carbon 

atoms exhibits no fluorescence due to a zero optical bandgap. Compared to 'infinite' graphene 

sheet, experimentally obtained GQDs are limited in size and always contain both the sp2 and 

sp3 carbon atoms (and heteroatoms); both these factors open the optical bandgap (splitting 

valence and conduction bands to discrete molecular orbitals) and result in fluorescence.  

Apart from the ability to emit light (photo- and electroluminescence), GQDs are 

inexpensive, nontoxic, photostable, water-soluble, biocompatible, and environmentally 

friendly objects.  Due to the combination of these remarkable properties, GQDs can find 

possible numerous applications as photodetectors, solar cells and light-emitting diodes [2,3], 
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