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Fig. 1. Structures of graphene quantum dots and B3Ns-doped graphene quantum dots.
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Table 1.

polarizability (, second hyperpolarizability 7 of
GQD-n and B3N3-GQD-n.

Calculated polarizability «, first hyper-

e a/(10% 8/(10°5 v/(10°9
Czm2.J 1) C3m?.J 2 Ctm*J?)
GQD-0 8.856 0 1.807
GQD-1 9.455 4.167 2.069
GQD-2 10.070 4.630 2.312
GQD-3 10.666 7.037 2.521
GQD-4 11.298 8.505 2.875
GQD-5 11.928 2.332 3.185
GQD-6 12.549 0 3.380
B3N;-GQD-0 8.206 0 1.381
B3N;-GQD-1 8.803 3.871 1.735
B3N;-GQD-2 9.413 0.330 2.011
B3N;-GQD-3 10.019 10.875 2.310
B3N;-GQD-4 10.629 6.387 2.689
B3N;-GQD-5 11.259 9.293 3.157
B3N3-GQD-6 11.883 0 3.446
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Fig. 2. The polarizabilities o of GQD-n and B3N; -GQD-n.
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Fig. 3. The second hyperpolarizabilities 7 of GQD-n and
B3N3-GQD-n.

3.2 BMRMNAEKEFLSRESEIERIN

F 2451 T GQD-n il ByN,-GQD-n Y i £k
I FHUR R AR R, Toib A B E T
BT BNy B BIG T a1, B
FRAII ARG C=C S H 3 L 7 m 4k
AU S R R T, e RS HE (HOMO)
RER TR, eIk A3 FHLIE (LUMO) RERFFIL,
L AT 2 > FRUERE 22 (HLG) W/, X XA &R
G2 o P A FE BN AR SO A A SR T
FE R IO K A7 F 200—380 nm (3L 48 41
X, 7E ] WL B o 4 B, 2 — s B M S
B AEL PG A R, B 4 45 T AR GQD-0,
GQD-6, B;N;-GQD-0, B3N;-GQD-6 fity 48 4h-1] I,
WG, AR, T AT G S A A A
WO AT 2. SN AR C=C U5 H M
RT3 B ) o A AR A B R v A B
RN E KWK LA T4, hods i
B3Ny M5 &3 KA S i R AT s g
P2z (W& 2), FEOGRH L 50-AT WL O3S &
AR B, GQD-0 AY Ayax M 308.6 nm, GQD-6
B Ao A 365.3 nm, S KRR ZIS T 56.7 nm;
B3N3;-GQD-0 1 A\ N 254.6 nm, ByN;-GQD-6
B Apax N 320.6 nm, Fe RWIEK LR T 66 nm.
O S B HGE T RB AT A B R
PO RS I B4 1),

057801-4


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 % 3R Acta Phys. Sin. Vol. 70, No. 5 (2021)

057801

# 2  CQD-n il ByN,-GQD-n ) HOMO figgk . LUMO figgt . HOMO-LUMO #8%¢ % (HLG) Flife R K N 3TRE
Table 2.  Calculated HOMO energy level, LUMO energy level, HOMO-LUMO energy gap (HLG) and maximum absorp-

tion wavelength A, of GQD-n and B3N;-GQD-n.
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Fig. 4. Ultraviolet-visible absorption spectra of GQD-0,
GQD-6, B3N;-GQD-0 and B3N;-GQD-6.
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GQD-0 ~6.606 -0.995 5.611 308.6
GQD-1 —6.324 ~1.287 5.037 316.7
GQD-2 -6.203 ~1.419 4.784 334.1
GQD-3 ~6.266 ~1.387 4.878 353.3
GQD-4 -6.078 ~1.584 4.493 355.1
GQD-5 -6.038 ~1.627 4.411 354.8
GQD-6 ~6.126 ~1.554 4.572 365.3

B;N;-GQD-0 -6.982 -0.778 6.204 254.6
B,;N,-GQD-1 ~6.594 ~0.987 5.607 253.4
B;N;-GQD-2 -6.593 ~1.227 5.366 256.9
B,;N;-GQD-3 -6.403 -1.207 5.196 252.2
B;N;-GQD-4 —6.443 ~1.398 5.044 263.6
B,;N;-GQD-5 -6.273 ~1.370 4.903 268.4
B;N;-GQD-6 -6.348 ~1.307 5.041 320.6
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Effect of edge on nonlinear optical property
of graphene quantum dots”
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Abstract

Graphene is a two-dimensional material with single-layer honeycomb lattice structure formed by sp? hybrid
connection of carbon atoms. Graphene has excellent optical, electrical, thermal and mechanical properties, and
it is considered to be an ideal material for future flexible optoelectronic devices. In recent years, the nonlinear
optical properties and regulation of graphene nanostructures have attracted experimental and theoretical
interest. Graphene has good delocalization of m-electrons and its unique plane structure, showing good nonlinear
optical properties. Graphene quantum dots can be regarded as small graphene nanoflakes. Their unique
electronic structure is closely related to the non-bond orbitals on the boundary/edge. Therefore, it is very
important to study the boundary/edge effect on the electronic and optical properties of nanographene. In this
paper, effects of the number of edge C=C double bonds and Borazine (BsN3) doping on the nonlinear optical
properties and UV-Vis absorption spectrum of graphene quantum dots are studied by the quantum chemical
calculation methods, respectively. It is found that the symmetry of hexagonal graphene quantum dots decreases
and the symmetry of charge distribution is broken when C=C double bond is introduced into the armchair
edge, which leads the second-order nonlinear optical activity to be enhanced. During the transition from
armchair to zigzag edge, the polarizability and the second hyperpolarizability of hexagonal graphene quantum
dots and B3Ns-doped graphene quantum dots increase linearly with the number of introduced C=C double
bonds incrrasing. In addition, the edge also has an important influence on the absorption spectrum of graphene
quantum dots. For graphene quantum dots and B3;Ns-doped graphene quantum dots, the introduction of C=C
double bond at the armchair edge increases the highest occupied molecular orbital energy level and also reduces
the lowest unoccupied molecular orbital energy level, which reduces the energy gap between the frontier
molecular orbitals, and thus resulting in the red-shift of the maximum absorption wavelength. The doping of
BsNj; ring will increase the energy gap between molecular frontier orbitals of graphene quantum dots, leading
the UV-Vis absorption spectrum of graphene quantum dots to be blue-shifted. This study provides theoretical

guidance for controlling the nonlinear optical response of graphene quantum dots by edge modification.
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