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Structural Engineering of Semiconductor

Nanoparticles by Conjugated Interfacial

Bonds

Yi Peng, Qiming Liu, and Shaowei Chen*[a]

Abstract: Surface functionalization of semiconductor nanoparticles plays a significant role in the
manipulation of the nanoparticle physicochemical properties and diverse applications. Conven-
tional points of anchor involve mercapto, carboxyl and phenol moieties, forming largely
nonconjugated interfacial linkages. In this personal account, we summarize recent progress in
surface functionalization of semiconductor nanoparticles with olefin and acetylene derivatives,
where the formation of conjugated interfacial bonds leads to ready manipulation of the
nanoparticle optical and electronic properties, by using Si and TiO2 nanoparticles as the
illustrating examples. Finally, a perspective is included where the promises and challenges of
structural engineering of semiconductor nanoparicles are highlighted.
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1. Introduction

Semiconductor nanoparticles represent a unique class of
functional nanomaterials that have found diverse applications,
such as catalysis, optoelectronics, bioimaging, and
biodiagnosis.[1–3] These include a wide range of materials, such
as pure elements of silicon and germanium, and compound
semiconductors of transition-metal oxide, chalcogenide, ni-
tride, and carbide.[4–5] Analogous to their metallic counterparts,
semiconductor nanoparticles are generally stabilized with select
organic capping ligands involving a range of interfacial
linkages.[6–7] Such surface passivation enhances the dispersibil-
ity of the nanoparticles in controlled media and can lead to
ready manipulation of the materials properties, such as hydro-

phobicity/hydrophilicity, surface charge (zeta potential), opti-
cal characteristics, catalytic performance, and so on. Thus, the
selection of surface passivation ligands is important for both
fundamental research and practical applications.[8–12]

A diverse range of surface capping ligands have been used,
ranging from small molecules to metal complexes and to
polymeric matrices, involving physical adsorption or chemical
bonding.[6,13–16] In physical adsorption, the driving force entails
van de Waals interaction, electrostatic interaction, and/or
hydrogen bonding between the semiconductors and capping
ligands.[17–21] By contrast, chemical bonding is far more stable,
which can be achieved with a variey of anchoring groups.

It should be noted that in these earlier studies, the
semiconductor nanoparticle-ligand interactions involve mostly
non-conjugated linkages, which significantly limits the elec-
tronic coupling between the nanoparticle core and functional
moieties of the capping ligands. Thus, a large amount of
energy is needed to induce charge transfer across the
interface.[22–23]

One immediate question arises. Will it be possible to
functionalize semiconductor nanoparticles with conjugated
interfacial bonds? Prior research has shown that when
(transition) metal nanoparticles are capped with conjugated
metal-ligand bonds, effective intraparticle charge transfer
occurs between nanoparticle-bound functional moieties, lead-
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ing to the emergence of new optical and electronic properties
that are analogous to those of their dimeric counterparts.[24]

Recently, it has been shown that such interfacial chemistry can
be extended to various semiconductor nanoparticles, such as
silicene and titanium dioxide nanoparticles.

In this personal account, we summarize recent progress in
organic functionalization of semiconductor nanoparticles with
conjugated interfacial bonds. This is achieved by using olefin
and acetylene derivatives as the capping ligands. In the first
section, we focus on elemental semiconductors like silicon, and
compare the materials properties within the context of three
interfacial linkages, Si� CH2� CH2� , Si� CH=CH� , and
Si� C�C� , by taking advantage of the unique surface activity
of silicon-hydride (Si� H). In the second section, we extend the
study to metal oxide nanoparticles, such as TiO2, where the
formation of Ti� O� C�C� interfacial linkage is found to
facilitate charge delocalization across the core-ligand interface.
This has substantial implications in the nanoparticle photo-
luminescence properties and photocatalytic activity. Results
from these studies offer a unique chemical platform for
interfacial engineering of semiconductor nanoparticle materials
by enriching the tool box of nanoparticle surface functionaliza-
tion. Motivated by these breakthroughs, a prospective is
included highlighting the promises and challenges in future
research.

2. Elemental Semiconductors

Silicon is a remarkable semiconductor and has been widely
used in electronics, optics, and photovoltaics.[25–29] For nano-
sized silicon, it shows novel, tunable optical and electronic
properties, where surface functionalization plays a critical role.
Early studies[30–31] have shown that porous silicon can be
readily functionalized with alkenes/alkynes through ethyl-
aluminum dichloride (EtAlCl2) mediated hydrosilylation.
Similar surface chemistry has also been employed to stabilize
and functionalize silicon nanoparticles by the formation of
Si� C, Si� C=,[31–39] and Si� C�[40] interfacial bonds, in addition
to other covalent linkages, such as Si� O,[41] Si� N,[42–43] and Si-
halide.[44]

Experimentally, to covalently functionalize silicon (includ-
ing Si nanoparticles, silicene quantum dots, etc), the silicon
surface is in general activated by chemical etching to produce
silicon-hydride moieties (Si� H). When the hydrogenated Si
surface is exposed to olefin or acetylene derivatives, surface
hydrosilylation occurs under relatively mild conditions, such as
UV photoirradiation, heat, microwave or (organo)metallic
catalysts, leading to the formation of Si� CH2� CH2� or Si-
CH=CH� interfacial linkages.[32,34,45–46] The former involves
saturated interfacial bonds, whereas the latter exhibits con-
jugated characters.

Such surface modification is schematically depicted in
Figure 1a. For instance, for alkenyl-capped silicon nano-
particles prepared with acetylene derivatives (e. g., 1-ethynyl-3-
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flurobenzene, 3-ethynylthiophene, phenylacetylene),[32] the
conjugated characteristics of the interfacial linkage is found to
lead to diminishment and a slight red shift of the photo-
luminescence emission (Figure 1a), as compared to the alkyl-
capped counterparts, due to enhanced interfacial conductivity
and the formation of a deep trap in the nanoparticle.[34] These
observations suggest a ready control of the nanoparticle
electronic property (bandgap) simply by the disparity of
surface functionalization.

Notably, for alkyl-passivated Si nanoparticles, the core
bandgap is also found to diminish, albeit slightly, as compared
to that of the hydrogenated precursor. This has been
demonsted in ab initio calculations by Reboredo and Galli.[47]

Interestingly, they observed an apparent shift of the relative
energy (with respect to the vacuum) of the LUMO and the
HOMO with the carbon chain length, which led to a decrease
of the ionization potentials and electron affinities of the silicon
cores, in comparison with the hydride-terminated counter-
parts. In addition, calculations based on time-dependent
density functional theory (TD-DFT)[48] also showed that in
excitation spectral measurements within the energy window of
zero to three times the bandgap, the absorption of silicon
nanoparticles capped with methyl/hexyl groups could increase
by up to 45%.

In another study,[49] Li et al. carried out DFT studies to
examine the differences between alkyl- and alkenyl-modified
silicon nanoparticles. The alkyl-modified nanoparticles were
found to exhibit a type-I energy structure, which showed only
limited charge transfer across the interface; whereas the
alkenyl-modified counterparts displayed a type-II energy
configuration owning to interfacial conjugation that facilitated
interfacial charge transport (Figure 2a). In complementary

experimental studies, they anchored 4-ethynyl-N,N-bis(4-
methoxyphenyl)aniline (MeOTPA) onto Si nanoparticles (Fig-
ure 2b) and measured the optical absorption and photo-
luminescence properties.[50] From Figure 2c, one can see that
MeOTPA functionalization led to the formation of a type-II
energy structure of the nanoparticles, and hence enhanced
absorption and red-shift (by 70 nm) of the photoluminescence
emission, as compared to the decyl-capped ones. These were
ascribed to direct relaxation of the charge-transfer excited state,
in good agreement with results from DFT calculations.

Recently, Veinot and coworkers[33] prepared Si nano-
particles covalently grafted with ploy(3-hexylthiophene)
(P3HT) to form a donor (P3HT)-acceptor (Si nanoparticles)
interface. Because of the formation of conjugated Si-thiophene
interfacial bonds, the resulting Si@P3HT hybrids exhibited
effective quenching of the photoluminescence, a behavior
totally different from that of a physical mixture of silicon

Figure 1. (a) Borane-catalyzed functionalization of hydride-terminated sili-
con nanoparticles with olefin/acetylene derivatives to yield an alkyl/alkenyl
surface capping layer. Reprinted with permission from ref.[32] © 2014
American Chemical Society. (b) Synthesis of phenylacetylene-capped silicon
nanoparticles. Reprinted with permission from ref.[40] © 2014 The Royal
Society of Chemistry.

Figure 2. (a) Electronic transition in (left) Type-I and (right) Type-II
molecular orbital energy level aligned organically functionalized silicon
nanoparticles. (b) HOMO (red) and LUMO (green) isosurfaces from TD-
DFT analysis of a 3.1 nm Si849H344 nanoparticle capped (left) by hydride
only and (right) by hydride and four MeOTPA ligands. Isosurfaces are for a
fixed, absolute value of electron orbitals, 0.009 Å � 3/2. (c) (left) Absorption
and (right) photoluminescence spectra of MeOTPA and decyl-passivated
silicon nanoparticles in dichloromethane. Reprinted with permission from
ref.[50] © 2015 American Chemical Society.
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nanoparticles and P3HT. Scanning tunneling spectroscopic
measurements indeed showed the formation of an apparent in-
gap state near the valence band (VB) edge that was attributed
to the HOMO level of P3HT.

Modification of Si surfaces with acetylene derivatives can
also be achieved by nucleophilic substitution of halide-
terminated surfaces with organolithium reagents.[40] As shown
in Figure 1b, Ashby et al.[40] prepared phenylacetylene-capped
Si nanoparticles using lithium phenylacetylide. They found
that the Si� C�C� conjugated linkage further improved the
conductivity of the Si nanoparticles and the thermoelectric
activity, as compared to other silicon-based materials. This was
accounted for by a higher Seebeck coefficient due to a higher
concentration of charge carriers introduced by conjugated
capping ligands. Nevertheless, studies have been scarce
focusing on the charge transfer property of Si� C=C� modified
Si nanoparticles.

Recently we carried out a series of studies whereby
transition-metal nanoparticles were functionalized with con-
jugated metal-ligand bonds and observed apparent intraparticle
charge delocalization between the particle-bound functional
moieties.[24] One unique phenomenon is nanoparticle-medi-
ated intervalence charge transfer (IVCT), as manifested by
spectroscopic and electrochemical measurements using ferro-
cene as the molecular probe. For semiconductor nanoparticles,
because of the apparent bandgap and reduced electrical
conductivity of the nanoparticle cores, IVCT is generally
impeded. Yet under appropriate stimuli, the nanoparticles may
become electrically conductive by, for instance, photoirradia-
tion and thermal excitation, such that intraparticle charge
transfer can occur. This has indeed been demonstrated
recently.[51–52] In one study,[51] silicon nanoparticles, with a
diameter of 2.96�0.46 nm and bandgap of ca. 2.6 eV, were
functionalized with vinylferrocene (VFc) and ethynylferrocene
(EFc) by surface hydrosilylation under UV photoirradiation
(Figure 1a). The formation of Si� CH2� CH2� Fc and
Si� CH=CH� Fc interfacial bonds was confirmed by FTIR
measurements, and XPS studies suggested a full monolayer
coverage on the nanoparticle surface, which stabilized the
nanoparticles against aggregation, as manifested in TEM
measurements. Interestingly, square-wave voltammetric
(SWVs) measurements of the SiEFc nanoparticles showed only
a single pair of voltammetric peaks in the dark (blue curves,
Figure 3a) that were ascribed to the redox reaction (Fc $Fc+

+ e-) of nanoparticle-bounded ferrocene moieties, indicating
no apparent IVCT. Yet, under UV photoirradiation (black
curve), two pairs of voltammetric peaks could be deconvo-
luted, at the formal potentials of � 0.032 and +0.093 V (red
and green curves), consistent with results observed in earlier
studies of metal nanoparticle-based IVCT.[24,53–55] This was
interpreted by photoenhanced conductivity of the Si nano-
particle cores that facilitated intraparticle charge transfer. In

sharp contrast, for SiVFc where the ferrocene moieties were
bound onto the nanoparticle surface by saturated interfacial
linkages, voltammetric measurements yielded only a single pair
of peaks both in the dark and under UV photoirradiation
(Figure 3b), indicating that the saturated linkages effectively
impeded electronic communication between the ferrocene
moieties on the nanoparticle surface and they behaved
individually. Similar behaviors have also been observed with
silicene quantum dots.[52]

Germanium is another semiconductor in the same group.
A range of synthetic strategies have been reported in the
literature for the preparation of germanium nanoparticles, and
amine derivatives represent the most commonly used ligands
for the surface functionalization of the nanoparticles.[56–58] The
limitation of nanoparticle surface chemistry is likely due to the
instability of the nanoparticles under ambient conditions.

Figure 3. SWVs of (a) SiEFc and (b) SiVFc nanoparticles in 0.1 M TBAP in
DMF in the dark and under UV photoirradiation (365 nm, 6 mW). SWVs
collected with the blank supporting electrolyte are also included. Nano-
particle concentration: 10 mgmL� 1; increment of potential: 2 mV; ampli-
tude: 25 mV; frequency: 15 Hz. Red and green curves in (a) are the
deconvolution fits of the voltammograms acquired under UV photo-
irradiation. Reprinted with permission from ref.[51] © 2016 WILEY-VCH
Verlag GmbH & Co. KGaA, Weinheim.
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Similar to the silicon counterparts, alkyl/alkenyl-capped
germanium nanoparticles can also be made by hydrogermyla-
tion of alkenes/alkynes on hydrogenated germanium
nanoparticles,[59] a unique property that can be exploited, for
instance, for the preparation of germanium nanoparticles with
a hydrophobic or hydrophilic surface. Further research is
desired to expand the tool box for germanium nanoparticle
functionalization, in particular, involving conjugated interfacial
bonds, such that more complicated manipulation of the
nanoparticle optical and electronic properties can be achieved.

3. Metal Oxides

Metal oxides represent a large family of semiconductor
materials, and carboxylic acids have been widely used as surface
capping ligands for metal oxide nanoparticles,[60–75] where
several structural models have been proposed to account for
the interfacial bonding interactions between � COOH and
metal oxide surface, such as monodentate ester, bidentate
chelating, bidentate bridging, H-bonded, etc. Yet, the chemical
nature of the interfacial linkage has remained under active
debate.[76] Although electron transfer can occur across the
carboxylic-oxide interface, the electronic coupling between the
nanoparticles and surface ligands remains relatively weak,
limiting the efficiency of interfacial charge transfer.[60–62,68]

In recent years, a variety of anchor groups, such as boronic
acid, hydroxamic acid, and phosphonic acid, have also been
used to replace carboxylic acid/carboxylate ligands for metal-
oxide nanoparticle surface functionalization, where the struc-
tural stability is enhanced due to the increasingly robust
chemical bonding.[77–86] For example, metal oxide nanoparticle
surface can be functionalized with phosphonic acid derivatives,
forming (� M� O� P� ) bonds[87–88] or with boronic acid which
can condense with the hydroxy goups on metal oxide surface
to form (� M� O� B� ) bonds.[77]

Other anchoring groups have also been used for metal
oxide nanoparticles. For instance, isocynate (� NCO) ligands
can adsorb onto metal oxide surfaces by additive reaction with
surface hydroxy groups forming (� NHCOOM� ) bonds.[89–90]

Pyridine moieties anchor onto semiconductor nanoparticles
surface by strong coordination between the lone-pair electrons
on pyridinic N sites and Lewis acid sites of metals, leading to
efficient electron-withdrawing injection.[91–93] Tetrazole has
several N as coordination sites to form � M� N� bonding.[94]

Acetylacetonate can chelate a metal ion at an oxygen defect of
a metal oxide surface.[95] Phenolic hydroxy derivatives, such as
catechol, dopamine, calixarene, sulfocalixarene, and fullerol,
have also been used for metal oxide/cholcogenide surface
functionalization, where condensation reaction with surface-
bound hydroxy groups leads to the formation of � M� O� R
bonds.[96–105]

It should be noted that in these earlier studies, the ligand-
oxide interfacial bonds are mostly nonconjugated in nature. In
a recent study,[106] we demonstrated that metal oxide nano-
particles could also be functionalized with conjugated inter-
facial linkages by using acetylene derivatives as the capping
ligands. The resulting nanoparticles exhibited markedly differ-
ent optical and electronic properties, as compared to those
capped with conventional ligands like carboxylic acids.
Experimentally, TiO2 nanoparticles were used as the illustrat-
ing example, because of its wide applications in diverse areas.
The nanoparticles were prepared and capped with acetylene by
a two-phase synthetic approach.[106–107] Experimental studies,
in conjunction with DFT calculations, were carried out to
investigate the chemical and electronic structure of the inter-
face. Firstly, DFT calculations suggested that energetically the
most stable interfacial linkage was Ti� O� C�C� which
resulted in the shortening of the C� O bond and elongation of
the C�C bond, as compared to their pristine counterparts, due
to partial charge transfer from the π-electrons in C�C to
TiO2. Figure 4a depicts the density of state (DOS) plots of a
TiO2 slab with and without surface ligands. Clearly, the DOS
profiles of TiO2 slabs functionalized by acetate or ethyl ligands
are similar to that of a pristine TiO2 slab with a band gap of
2.2 eV. However, for the TiO2 slab functionalized with
acetylenyl ligands, a new state emerged between the valence

Figure 4. (a) Total density of states (TDOS) and interfacial configurations of
a pristine TiO2 slab (black curve) and slabs functionalized by carboxyl
(-COOH, red curve), alkynyl (-C�C-, green curve) and alkanyl (-CH2-
CH2-, blue curve) ligands. (b) Bader charge transfer between alkynyl ligand
and TiO2 slab, where the cyan area indicates electron loss and yellow area
indicates electron gain. The isosurface value is 0.003 e au� 3. (c) Photo-
luminescence spectra of TiO2-HC8 at various excitation wavelengths. The
shadowed ones represent maximal emissions at select excitation wavelengths.
(d) Schematic illustration of the TiO2-HC8 band structure based on the
photoluminescence results. Reprinted with permission from ref.[106] © 2018
American Chemical Society.
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band (VB) and conduction band (CB), which was denoted as
the interfacial state (IS, ca. 0.5 eV above VB). Further
calculations of the Bader charge (Figure 4b) showed that about
1.2 electrons were transferred to the TiO2 slab per ligand.
Experimentally, the photoluminescence emission (Figure 4c)
of octyne-capped TiO2 (TiO2-HC8) nanoparticles indeed
suggested the formation of a new interfacial state, with two
emission peaks observed at ca. 355 nm and 420 nm under the
excitation of 294 nm and 354 nm, respectively. The first one
was contributed to bandedge emission, while the second one
to CB-IS transition, consistent with results from DFT
calculations. This is summarized in Figure 4d. That is, a new
interfacial state is formed as the result of the interaction
between the C�CH anchor and TiO2. This may be exploited
for a deliberate manipulation of the nanoparticle optical and
electronic properties and applications.

For instance, when a chromophore, such as ethynylpyrene
(EPy), was bound onto TiO2 via a � C�CH anchor, a strong
sensitization was observed.[106] UV-vis absorption measure-
ments (Figure 5a) showed that the S0!Sn transition of the

pyrene moiety in TiO2-EPy red-shifted slightly, as compared
to EPy monomers.[108–109] In addition, from Figure 5a inset,
the effective bandgap of TiO2-EPy was found to decrease to
2.94 eV, as compared to that of TiO2-HC8 (3.51 eV), due to
dominating electronic transitions via the IS. Consistent results
were obtained by steady state photoluminescence (SSPL)
measurements, as depicted in Figure 5b. Monomeric EPy
exhibited several sharp peaks at around 382, 402 and 425 nm
due to S0!Sn transitions when excited at 355 nm, while these
peaks were diminished for TiO2-EPy and a new peak centered
at 420 nm emerged, which was the same as that of TiO2-HC8.
This indicates that the photoluminescence was due to the
recombination of CB electrons and IS holes of TiO2.
Furthermore, the photoluminescence quantum yield (ϕ) was
estimated to be about 36.6% for TiO2-EPy, as compared to
only 6.9% for TiO2-HC8, indicating that the photolumines-
cence was sensitized due to charge donation from the pyrene
group to TiO2 CB. A schematic diagram of the charge transfer
pathway was illustrated in Figure 5c. Besides SSPL, time-
resolved photoluminescence (TRPL) was also carried out to
study the charge transfer dynamics using a pulsed laser
excitation at 337 nm. As shown in Figure 5d, EPy monomers
showed a long lifetime of 16.52 ns, while the TiO2-HC8
exhibited a markedly shorter lifetime of 1.18 ns. As for TiO2-
EPy, two lifetimes were identified at 1.66 ns (98.4%) and
9.76 ns (1.6%), which could be assigned to the fast decay via
IS and the slow decay of pyrene, and the dominant pathway
was the fast decay from TiO2 CB to IS. This again confirmed
the efficient charge donation from pyrene to TiO2 CB, which
is consistent with SSPL results. However, when pyrene was
anchored on TiO2 surface via � COOH, no obvious change
was observed, compared to pyrene carboxylic acid monomers
(PyCA), suggesting low-efficiency charge transfer via the
� COOH anchor. This unique structure was successfully used
as a dye (pyrene)-sensitized photocatalyst for the degradation
of methylene blue (MB), where the degradation rate constant
was about 4 times that of TiO2-PyCA (Figure 5e–f).

Similar effects of acetylene capping ligands on nanoparticle
electronic properties are anticipated for oxides of other
transition metals with the number of d electrons varied from 1
to 10, on the basis of DFT calculations.[106] This suggests that
such interfacial engineering may seve as a generic, effective
strategy in manipulating the materials properties and applica-
tions of metal oxide nanoparticles.

The electrochemical properties of TiO2 nanoparticles can
also be controlled by the nature of the interfacial bonds. In
another study,[107] EFc was again used as the molecular probe
and capping ligands for TiO2 nanoparticles. The TiO2-EFc
(Figure 6a) nanoparticles were synthesized in the same
manner,[106] and exhibited a bandgap of about 3.3 eV, as
manifested in the Tauc plot in Figure 6b inset.[110] Consistent
behaviors were observed in photoluminescence measurements

Figure 5. (a) UV � vis spectra of EPy monomers, TiO2-EPy, and TiO2-
HC8. Inset shows the Tauc plots of TiO2-EPy and TiO2-HC8. (b)
Normalized steady-state photoluminescence spectra of EPy monomers, TiO2-
EPy, and TiO2-HC8. (c) Schematic diagram of charge transfer pathways at
the TiO2-EPy interface. (d) TRPL decay profiles of EPy monomers, TiO2-
EPy, and TiO2-HC8. (e) UV � vis spectra of a methylene blue solution
containing TiO2-EPy or TiO2-PyCA as photocatalysts before and after UV
photoirradiation for 15 min. Insets are digital photographs of the solutions
under UV photoirradiation for a different period of time (up to 30 min). (f)
The corresponding degradation rate of methylene blue. Reprinted with
permission from ref.[106] © 2018 American Chemical Society.
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(Figure 6b), where an emission peak can be identified at
351 nm (3.5 eV) under the excitation of 288 nm, due to the
recombination of CB-VB. Interestingly, a second emission
centered at 459 nm was observed when the nanoparticles were
excited at 362 nm, which was most likely due to the
recombination of CB-IS, as discussed earlier.[106] In addition,
electrochemical measurements showed photo-induced IVCT.
As shown in Figure 6c, a pair of voltammetric peaks can be
observed in the dark at the formal potential of E°’= +

122 mV versus Fc+/Fc, due to the redox reaction of the
ferrocene moieties on TiO2. However, under UV (365 nm)
photoirradiation, two pairs of voltammetric peaks appeared
with the formal potentials of � 28 mV and +170 mV. This is
consistent with the IVCT characteristics of a Class II
compound.[111–112]

4. Summaries and Perspectives

In summary, breakthroughs from recent studies have shown
that intraparticle charge transfer of semiconductor nano-
particles can be enhanced with conjugated core-ligand inter-
facial linkages, akin to the metal counterparts. This can be
achieved by using olefin and acetylene derivatives as the
capping ligands, where the reduced interfacial impedance
facilitates electronic coupling between the organic ligands and
nanoparticle cores. Such unique interfacial chemistry can be
exploited as an effective addition to the tool box for
nanoparticle surface functionalization and structural engineer-
ing, a critical step towards their diverse applications.

This raises an immediate, interesting question. Will the
same chemistry be applicable to other semiconductor nano-

particles, such as metal chalcogenides, nitrides, and carbides?
Note that these semiconductor nanoparticles have also found a
wide range of applications, where a fundamental understand-
ing of the mechanistic control of their optical and electronic
properties plays an indispensable role.[113–114] Development of
effective chemistries for the deliberate surface functionalization
represents a key strategy.

Strategically, this involves rational design and engineering
of both the point of anchor and the attached functional
moiety. For the former, a great deal can be learned from
advances in organometallic chemistry;[115] whereas the latter
entails tailoring the chemical structure of the capping ligands
for specific properties/applications, some of which are high-
lighted above. Notably, the ligand-core interfacial charge
transfer may be further manipulated by the incorporation of
electron-withdrawing/-donating moiety into the capping li-
gands. Apparent effects have been observed with metal
nanoparticles.[116–118] An immediate question arises. How will
such interfacial engineering impact the DOS and energy of the
IS and hence the optical and electronic properties of semi-
conductor nanoparticles? These will be the focus of future
studies.
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