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Luminescence on silicon nanoparticles is very important effect due to their potential use as light emitters
in displays or general illumination and as fluorescent probes for bioimaging. Si particles ranging from 1 to 5
nm in diameter exhibited photoluminescence (PL). However, the origin and characteristics of the lumines-
cence are associated not only with the nanoparticle size but also with its shape and the nature of its surface.

The diamond-like structure of core Si atoms in small clusters can by stabilized only by termination of the
dangling bonds of the surface Si atoms. The smallest (1 nm in diameter) model of blue-emitting Si particles
with a diamond-like structure is an H-terminated, reconstructed Siy4 cluster cage with one silicon tetrahedron
in the interior (SisSi,4H,4). But H-terminated clusters are rather unstable in air and will be oxidized. The pres-
ence of O at the particle surface can introduce states within the band gap that lead to red-shifted emission. An
effective means of stabilizing the silicon surface and PL properties is to graft an organic monolayer onto the
H-terminated surface through a hydrosilylation reaction. These particles are quite resistant to oxidation.

Here the non-conventional tight-binding (NTB) method proposed by Khakimov' has been used for
studying clusters with 29 silicon atoms. Geometries of fully and partially passivated nanoparticles have been
fully optimized, without symmetry constraints, by a computational approach combining the above method
with molecular dynamics (MD).

We studied the surface-dimerized Siy cluster, with unbonded orbitals saturated by hydrogen atoms and
hydrocarbon or hydroxyl groups. In particular, one, two, four and all hydrogen atoms of the SiygHy4 cluster
were substituted by CH; or OH groups. Only the C-Si, C-H and O-Si, O-H bonds and associated bond angles
were optimized, while the remainder of the cluster was treated as a rigid body. The diameter of the SigHy4
nanocluster is ~1.1 nm. The cluster core of silicon atoms has 0.78 nm diameter.

On methylation of the SiygHy4 cluster, the HOMO-LUMO gap narrowed up to 0.81 eV. That’s less on
0.17 eV than for pure SigH,4 cluster (0.98 eV). Atom-atom repulsive energy, which includes electrons corre-
lation effects is decreased by ~10% upon methylation. The covalent binding energy between silicon atoms is
also diminished. That is probably caused by partial outflow of the electron density to the peripheral silicon
atoms which are bonded with hydrogen. The charge on silicon atoms neighboring the methyl group remained
the same as for the hydrogenated cluster. However, additional flow of electron density from the cluster to
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carbon atoms is observed, leading to charge depletion at the core of the cluster. We have also calculated ver-
tical and adiabatic ionization potentials of this system. Particular, the difference between vertical and adiabat-
ic ionization potentials, when considering relaxation only of the methyl groups, was found to be 0.07 eV. The
charge state of the cluster did not affect the repulsive force between the central silicon atoms. The charge in-
duced into the cluster is basically allocated on peripheral silicon atoms while the charge on the central atom
was kept constant. The clusters covered by hydrogen atoms were also indifferent to the cluster charge varia-
tions. Detachment of an electron from the cluster decreased the negative charge on the carbon atoms. Increas-
ing the number of methyl groups on the cluster led to narrowing of the HOMO-LUMO gap. For the fully me-
thylated Siyy cluster (Si,o(CHs).4), the double positive charged state was found to be most preferable. The di-
ameter of the Si,g cluster covered fully by methyl groups was ~1.35 nm.

Calculations of the pure and hydrogenated Siyy cluster with one and two hydroxyl group on the sur-
face were also performed. The neutral Si,g cluster with one —OH group was found to be less energetic favora-
ble (by 2.89 eV) than bare Si,y, but was the most stable among the charged clusters with the same structure.
Its vertical ionization potential was 11.2 eV. Its electron affinity was -0.58 eV. Adding one more (OH) onto
this cluster increased the electron affinity up to -2.68 eV, while lowering its ionization potential to 2.23 eV.
These clusters with a few hydroxyl groups were less stable than the parent SiyoHy, cluster, at least when con-
sidering only Si-O-H bond relaxation. The cohesion energy of the SiygH,3-OH cluster was -183.7 eV. Substi-
tuting one more hydrogen atom on the surface with a hydroxyl group led decreased the cohesion energy by
0.43 eV.

We also considered clusters with oxygen atoms bonded to one or two silicon atoms of the cluster sur-
face. Oxygen bonded to one Si of the bare cluster made the negatively charged cluster more stable (by 3.17
eV) than the neutral one. The same oxygen bonded to the hydrogenated SiygH,4 made the neutral cluster more
favorable than other charge states. The vertical ionization potential for this cluster was 13.9 eV. The oxida-
tion of H-terminated nanoparticles upon heating or under 254 nm UV radiation in Swihart’s experiment”™,
and the stability of the hydrocarbon covered particles, can be easily explained by breaking surface Si-H
bonds, which requires ~3.75 eV, initiating subsequent oxidation. The Si-CH; binding energy is ~5.5 eV and
therefore these bonds are stable against UV irradiation or moderate heating.
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W3YUYEHUE 3AKOHOMEPHOCTEHN TU®DY3UN U BIUAHUE PEJIKO3EMEJIBHBIX DJIE-
MEHTOB HA ®U3NYECKHUE 3PPEKTBI B KPEMHUU
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B mocnennue rojpl, KpEMHUM JISTHPOBAHHBIA pelKo3eMelbHbIME 3ieMeHTamu (P33), npuBnekaer
BCe OOJIbIlIee BHUMAaHNE HAYYHBIX MCCIEIOBATENCH M TEXHOJIOTOB KaK MEPCIEKTHBHEIN MaTepHal Isl HaHO-
¥ ONITONIEKTPOHUKHU. DPPEKTUBHOCTH ke npuMmeceil P30 B KpeMHNH, IPOSBIIEHNE X YHUKAIBHBIX CBOMCTB
B 3JICKTPOHHBIX CTPYKTYpax 3aBUCUT KakK OT CHEKTpa MEKTPUUECKU U ONTUYECKH AKTHBHBIX LIEHTPOB, CO-
nepxanux P39, Tak u o01eld KOHIIGHTpaIuy, a Takke Mexanu3ma nuddysun P33 B kpemHHeBOH mMaTpuile
[1-5].

OCHOBHBIMHU 337]a4yaMM HACTOSIIEr0 HCCIEN0BaHUS SBJISUIUCH CIEAYIOIIME: HCCICA0BAaHUE 3aKOHO-
MepHocTel nuddy3un, pacTBOPIMOCTH, dIEKTPHYECKUX CBOWCTB P30 B MOHOKpHCTAIUIMYECKOM KPEMHHU U
UX B3aUMOJICHCTBUA C MPHUMECAMHU OBICTPOAM(PPYHAUPYIOUIMX M YaCTO HEKOHTPOIMPYEMBIX NPHUMECHBIX
371eMeHTOB, ¢ TepMo- (T/1) u pagunanvonnsivu aedekramu (PJI), a Takxe cBorictB p-n, MIIT u MCII cTpyk-
Typ Ha OCHOBE KpeMHHUs, JJerupoBaHHoro P30.

[TpoBeneHbl KOMIUIEKCHBIE UCCIICIOBAHMS 3aKOHOMEpHOCTEH MU Py3un U pacCTBOPUMOCTH MpUMeceit
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