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Abstract: Semiconductor nanocrystals with 2—-10 nm are zero-dimensional materials, Quantum Dots
(QDs). A scientifically and technologically useful feature is the ability to adjust their energy gap by a)
modifying their dimensions [1-5], b) altering the surface passivation or surface reconstruction [6—
9], and (c) by attaching surface organic functional groups [6-11]. Silicon and Germanium guantum dots
offer diverse paths for property adjustment, have low toxicity, and can radiate to different regions of
the visible spectrum [12-14, 16, 19]. This makes them superior to conventionally used markers such as
organic dyes and fluorescent proteins and low production costs. They offer remarkable promise for their
wider use in future bioimaging techniques, in targeted delivery of substances and drugs to cells, as well
as in the research of processes of biological, biochemical, and biomedical interest [15, 17-20]. We
performed a computational study within the time-dependent density functional theory framework
employing the B3LYP functional [21, 22] using the Gaussian package [23]. We examined a) hydrogen
passivated pure silicon nanocrystals [4, 5, 11], and (b) pure germanium nanocrystals with various forms
of surface passivation [9, 10]. We selectively replaced hydrogen atoms with oxygen [8], nitrogen, and
chlorine atoms, and judiciously chosen organic ligands [6]. The dots’ energy gap dependence on their
dimensions was investigated concerning the manifestation of quantum confinement [1-3]. The expected
dependence of the gap is given by the equation [2]:
Eg=A+B-D™
where, A, B, and n are fitting parameters, and D is the quantum dot diameter.
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Figure 1. Hydrogen passivated SinHm quantum dots for n=a) 5, b) 17, c) 35, d)71, e) 99, f)147.
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Figure 2. Core/shell representation of the quantum dots under study. Inner and outer domains are separated by
circles. The outer shell is the region that we adjust the composition and add functional groups to examine their
effect on electronic and optical properties.

References

1. Gabay, D.; Wang, X.; Lomakin, V.; Boag, A.; Jain, M.; Natan, A. Size dependent electronic properties of
silicon quantum dots—An analysis with hybrid, screened hybrid and local density functional theory.
Computer Physics Communications 2017, 221, 95-101, https://doi.org/10.1016/j.cpc.2017.08.005.

2. Niaz, S.; Koukaras, E.N.; Katsougrakis, N.P.; Kourelis, T.G.; Kougias, D.K.; Zdetsis, A.D. Size dependence
of the optical gap of “small” silicon quantum dots: Ab initio and empirical correlation schemes.
Microelectronic Engineering 2013, 112, 231-234, https://doi.org/10.1016/j.mee.2013.07.005.

3. Bostedt, C.; van Buuren, T.; Willey, T.M.; Franco, N.; Terminello, L.J.; Heske, C.; Mdller, T. Strong
quantum-confinement effects in the conduction band of germanium nanocrystals. Applied Physics Letters
2004, 84, 4056-4058, https://doi.org/10.1063/1.1751616.

4. Anas, M.M.-a.; Gopir, G. Electronic and Optical Properties of Small Hydrogenated Silicon Quantum Dots
Using Time-Dependent Density Functional Theory. Journal of Nanomaterials 2015, 2015,
https://doi.org/10.1155/2015/481087.

5. Nishio, K.; Kdga, J.; Yamaguchi, T.; Yonezawa, F. Theoretical study of light-emission properties of
amorphous silicon quantum dots. Physical Review B 2003, 67, https://doi.org/10.1103/PhysRevB.67.195304.

6. Li, Q.; Luo, T.-Y.; Zhou, M.; Abroshan, H.; Huang, J.; Kim, H.J.; Rosi, N.L.; Shao, Z.; Jin, R. Silicon
Nanoparticles with Surface Nitrogen: 90% Quantum Yield with Narrow Luminescence Bandwidth and the
Ligand Structure Based Energy Law. ACS Nano 2016, 10, 8385-8393,
https://doi.org/10.1021/acsnano.6b03113.

7. Zhou, J.; Liu, Y.; Tang, J.; Tang, W. Surface ligands engineering of semiconductor quantum dots for
chemosensory  and  biological  applications.  Materials  Today 2017, 20, 360-376,
https://doi.org/10.1016/j.mattod.2017.02.006.

https://conferenceproceedings.international 2


https://doi.org/10.33263/Proceedings33.006008
https://conferenceproceedings.international/
https://doi.org/10.1016/j.cpc.2017.08.005
https://doi.org/10.1016/j.mee.2013.07.005
https://doi.org/10.1063/1.1751616
https://doi.org/10.1155/2015/481087
https://doi.org/10.1103/PhysRevB.67.195304
https://doi.org/10.1021/acsnano.6b03113
https://doi.org/10.1016/j.mattod.2017.02.006

https://doi.org/10.33263/Proceedings33.006008

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Zdetsis, A.D.; Niaz, S.; Koukaras, E.N. Theoretical study of oxygen contaminated silicon quantum dots: A
case study for Si29H29-x029-y. Microelectronic  Engineering 2013, 112, 227-230,
https://doi.org/10.1016/j.mee.2013.05.008.

Lu, Q.; Dong, H.; Hu, J.; Huang, L.; Zhang, Y.; Li, M.; Liu, M.; Li, Y.; Wu, C.; Li, H. Insight into the Effect
of Ligands on the Optical Properties of Germanium Quantum Dots and Their Applications in Persistent Cell
Imaging. Langmuir 2020, 36, 12375-12382, https://doi.org/10.1021/acs.langmuir.0c02477.

Melnikov, D.V.; Chelikowsky, J.R. Absorption spectra of germanium nanocrystals. Solid State
Communications 2003, 127, 361-365, https://doi.org/10.1016/S0038-1098(03)00445-9.

Garoufalis, C.S.; Zdetsis, A.D.; Grimme, S. High Level Ab Initio Calculations of the Optical Gap of Small
Silicon Quantum Dots. Physical Review Letters 2001, 87, https://doi.org/10.1103/PhysRevLett.87.276402.
Zhong, Y.; Sun, X.; Wang, S.; Peng, F.; Bao, F.; Su, Y.; Li, Y.; Lee, S.-T.; He, Y. Facile, Large-Quantity
Synthesis of Stable, Tunable-Color Silicon Nanoparticles and Their Application for Long-Term Cellular
Imaging. ACS Nano 2015, 9, 5958-5967, https://doi.org/10.1021/acsnano.5b00683.

Cotta, M.A. Quantum Dots and Their Applications: What Lies Ahead? ACS Applied Nano Materials 2020,
3, 4920-4924, https://doi.org/10.1021/acsanm.0c01386.

Chinnathambi, S.; Chen, S.; Ganesan, S.; Hanagata, N. Silicon Quantum Dots for Biological Applications.
Advanced Healthcare Materials 2014, 3, 10-29, https://doi.org/10.1002/adhm.201300157.

Mohammed Asadullah, J.; Sadaf Jamal, G.; Abdul, M.; Mohammed, J.; Mohammed, A.; Mohammed Tahir,
A.; Mohammed Abul, B. Quantum Dots: Next Generation of Smart Nano-Systems. Pharmaceutical
Nanotechnology 2019, 7, 234-245, https://doi.org/10.2174/2211738507666190429113906.

Tu, C.; Ma, X.; House, A.; Kauzlarich, S.M.; Louie, A.Y. PET Imaging and Biodistribution of Silicon
Quantum  Dots in  Mice. ACS Medicinal Chemistry Letters 2011, 2, 285-288,
https://doi.org/10.1021/m11002844.

Gorshkov, K.; Susumu, K.; Chen, J.; Xu, M.; Pradhan, M.; Zhu, W.; Hu, X.; Breger, J.C.; Wolak, M.; Oh, E.
Quantum Dot-Conjugated SARS-CoV-2 Spike Pseudo-Virions Enable Tracking of Angiotensin Converting
Enzyme 2 Binding and Endocytosis. ACS Nano 2020, 14, 12234-12247,
https://doi.org/10.1021/acsnan0.0c05975.

Yao, J.; Li, P.; Li, L.; Yang, M. Biochemistry and biomedicine of quantum dots: from biodetection to
bioimaging, drug discovery, diagnostics, and therapy. Acta biomaterialia 2018, 74, 36-55,
https://doi.org/10.1016/j.actbio.2018.05.004.

Bailey, R.E.; Smith, A.M.; Nie, S. Quantum dots in biology and medicine. Physica E: Low-dimensional
Systems and Nanostructures 2004, 25, 1-12, https://doi.org/10.1016/j.physe.2004.07.013.

Ding, C.; Zhu, A.; Tian, Y. Functional Surface Engineering of C-Dots for Fluorescent Biosensing and in Vivo
Bioimaging. Accounts of Chemical Research 2014, 47, 20-30, https://doi.org/10.1021/ar400023s.

Becke, A.D. Density-functional thermochemistry. III. The role of exact exchange. The Journal of Chemical
Physics 1993, 98, 5648-5652, https://doi.org/10.1063/1.464913.

Schéfer, A.; Horn, H.; Ahlrichs, R. Fully optimized contracted Gaussian basis sets for atoms Li to Kr. The
Journal of Chemical Physics 1992, 97, 2571-2577, https://doi.org/10.1063/1.463096.

Gaussian 09, Revision A.02. Frisch, M.; Trucks, G.W.; Schlegel, H.B.; Scuseria, G.E.; Robb, M.A,;
Cheeseman, J.R.; Scalmani, G.; Barone, V.; Mennucci, B.; Petersson, G. Gaussian, Inc., Wallingford CT,
2016.

https://conferenceproceedings.international 3


https://doi.org/10.33263/Proceedings33.006008
https://conferenceproceedings.international/
https://doi.org/10.1016/j.mee.2013.05.008
https://doi.org/10.1021/acs.langmuir.0c02477
https://doi.org/10.1016/S0038-1098(03)00445-9
https://doi.org/10.1103/PhysRevLett.87.276402
https://doi.org/10.1021/acsnano.5b00683
https://doi.org/10.1021/acsanm.0c01386
https://doi.org/10.1002/adhm.201300157
https://doi.org/10.2174/2211738507666190429113906
https://doi.org/10.1021/ml1002844
https://doi.org/10.1021/acsnano.0c05975
https://doi.org/10.1016/j.actbio.2018.05.004
https://doi.org/10.1016/j.physe.2004.07.013
https://doi.org/10.1021/ar400023s
https://doi.org/10.1063/1.464913
https://doi.org/10.1063/1.463096

