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Abstract

This study examines quantum confinement and
surface orientations on NiO quantum dots’ elec-
tronic properties. It compares NiO nanocrys-
tals produced via atmospheric pressure mi-
croplasma and femtosecond (fs) laser ablation
in water, finding both methods yield quantum-
confined nanocrystals with a defined face-
centered cubic lattice. Notably, fs-laser synthe-
sis generates crystalline nanocrystals from both
crystalline and amorphous targets. While the
electronic properties, i.e. energy of the high-
est occupied molecular orbital (HOMO) and
lowest unoccupied molecular orbital (LUMO),
of microplasma-synthesized NiO nanocrystals
are consistent with existing literature, the elec-
tronic characteristics of NiO nanocrystals pro-
duced by fs-laser, particularly the high lying
LUMO level, are unusual for NiO quantum
dots. Supported by density functional the-
ory calculations, we show that the observed
level positions are related to the different po-
lar and nonpolar faces of the nanocrystal sur-
face. Bulk Nickel oxide (NiO) is a Mott-
insulator with an antiferromagnetic ordering!
and for many applications can act as a p-type
semiconductor. For example NiO thin-films
are used as hole-transport layer in perovskite
photovoltaic cells®? or as catalytic surfaces to

break down nitrite and nitric oxide?*, oxida-
tion of carbon-monoxide® or photocatalytic re-
actions®7. However, for many applications its
wide-bandgap or the energy level alignment in
general poses a significant challenge as it lim-
its the efficiency of e.g. light absorption and
emission or reactivity. Dimensionality reduc-
tion, going from 3D bulk NiO to 0D quantum-
dots, i.e. NiO nanocrystals in the quantum-
confinement regime®?, provides means to tailor
the bandgap and electronic structure and thus
control the energy range relevant for light ab-
sorption and emission and to enhance catalytic
properties®!?. Additionally, it largely increases
the surface-to-volume ratio which benefits cat-
alytic reactions that are facilitated at the cata-
lyst surface.

It is well-known that the crystallographic ori-
entation of the NiO surface strongly influences
the Fermi energy and surface potential®!!.
Hence, controlling the dominant type of surface
orientation of the NiO nanocrystals is essential
for all possible applications.

Different synthesis methods can contribute to
modify these characteristics and allow modulat-
ing surface energies associated with these ori-
entations!?, an aspect of particular significance
for nanocrystals characterized by quantum con-
finement sizes, i.e. smaller than the NiO exciton
Bohr radius of 7.7 nm”.
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Plasma technologies provide an effective way
to synthesize nanocrystals over a wide range of
sizes'®. The utilization of microplasma dis-
charge has proven to be a viable method for
localized and precise synthesis, yielding NiO
nanocrystals characterized by quantum confine-
ment sizes, a well-defined size distribution, and
specific attributes in terms of shape and compo-
sition!®. An alternative synthesis route is rep-
resented by short-pulsed (ns, fs) laser-induced
plasma processes in liquid media!®'7. The size
of NiO nanocrystals can be readily manipulated
by adjusting synthesis parameters such as laser
fluence and pulse duration'®'. Using fs pulse
laser ablation in water allows for an environ-
mentally friendly and cost-efficient production
of nanocrystals as it eliminates the need for
stabilizing agents or surfactants, resulting in
cleaner and purer NiO surfaces?.

In this study, we explore and compare
how plasma-based synthesis alters the elec-
tronic structure of NiO nanocrystals, partic-
ularly the energy alignment of the frontier
orbitals, i.e. the highest occupied molecular
orbital (HOMO) and lowest unoccupied molec-
ular orbital (LUMO). We compare the elec-
tronic characteristics of NiO nanocrystals pro-
duced through two methods: atmospheric pres-
sure microplasma and fs pulsed laser-induced
plasma ablation in water. Both methods yield
crystalline NiO nanocrystals with a well-defined
face-centered cubic lattice (Fm-3m) with sizes
in the quantum confinement regime. Notably,
in the case of fs-laser synthesis, the phase of the
target did not exert influence. While the opto-
electronic characteristics of NiO nanocrystals
produced by microplasma are in accordance
with commonly reported results in the litera-
ture!®2124 the electronic features observed for
NiO nanocrystals synthesized by fs-laser are
peculiar as we find a much larger bandgap due
to the high lying LUMO levels. First-principles
calculations suggest that the difference of the
electronic properties observed for NiO obtained
by the two different synthesis methods can be
traced back to different dominant surface ori-
entations, which in turn strongly influences the
electronic properties.

Microplasma synthesis. Low-resolution
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Figure 1: (a) Representative transmission elec-
tron microscopy (TEM) micrograph of NiO par-
ticles synthesized by microplasmas. (b) High-
resolution TEM image showing lattice fringes
of the quantum dots. (c¢) SAED pattern. (d)
Size distribution of the NiO crystals.

transmission electron microscope (TEM) im-
age (Fig. la) confirms the presence of NiO
nanocrystals synthesized by the microplasma
technique. In the corresponding high-resolution
TEM image (Fig. 1b) we can observe individ-
ual NiO nanocrystals and well-defined lattice
fringes confirming the crystalline phase of NiO
quantum dots. The fringe patterns in the high-
resolution TEM images allow us to directly
identify distinct lattice spacing values of 0.21
nm and 0.24 nm. These values correspond to
the lattice planes associated with the (200) and
(111) planes of the NiO cubic phase with values
of 0.209 nm and 0.242 nm (Fig. 1lc) according
to JCPDS file number #780429. Overall, the
TEM analysis highlights the presence of a well-
defined crystal structure of the NiO nanocrys-
tals with diameters ranging from 1.5 nm to 5.0
nm and a mean of 3.28 nm (Fig. 1d), which is

well within the quantum confinement regime?.

fs-laser ablation. For the fs-laser ablation-
based synthesis in water we use two differ-
ent types of targets, namely crystalline Ni and
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Figure 2: Results for crystalline Ni targets are
given in (a)-(c) and for amorphous Ni targets
(d)-(f). (a, d) Representative TEM micrograph
of NiO particles produced by fs laser (Ni metal-
lic target). (b, e) high-resolution TEM image
with lattice fringes of NiO quantum dots. (c,
d) TEM diffraction SEAD pattern.

amorphous NiO. In both cases TEM and SEAD
confirm a well-defined NiO cubic lattice of the
produced nanocrystals (Fig. 2) irrespective of
the target used. To note that while large ag-
glomerates (> 25 nm, Fig. 2a and 2d) are
observed, these are formed by much smaller
nanocrystals (Fig. 2b and 2e), which exhibit
mean diameters of approximately 4 nm (see
Fig. SI1 in the SI), regardless of the target
used. The crystallinity and sizes of individual
nanocrystals produced by fs-laser are compara-
ble to the results obtained by microplasma syn-
thesis, however agglomeration is one distinctive
feature of the NiO nanocrystals produced by
fs-laser ablation!.

A closer analysis of the TEM images (Fig. 2b
and 2e) and SEAD patterns (Fig. 2c and 2f)
suggests a wide range of possible lattice planes
such as (111), (200), (220), (222), and
(4 0 0). In the case of the amorphous target
(Fig. 2f), an additional plane, (4 2 0), was iden-
tified.

Electronic properties. In general, the op-
tical transitions of metal oxides are tied to var-
ious energy states within the material, primar-
ily determined by the near-band edge between
HOMO and LUMO levels. For p-type metal ox-
ide semiconductors, additional transitions cor-

respond to energy states introduced by intra-
band defects, such as metal deficiency or an ex-
cess of oxygen. NiO films exhibit a reduced
bandgap when prepared at the highest oxygen
flow ratio, attributed to Ni vacancies or inter-
stitial oxygen atoms?®. Figure 3 summarizes
the measured values of HOMO/LUMO levels,
of the synthesized NiO nanocrystals as well as
the values related to NiO bulk. The literature
values for the bandgap of bulk NiO, and ac-
cordingly the VBA and CBM, vary between ex-
periments and typically fall within the range of
2.3-3.6 eV?.

The valence band maximum (VBM), or to be
precises HOMO level, was determined by means
of XPS (Figs. S2, S3). The Fermi level (EF)
was established through Kelvin probe measure-
ments (Figs. S7, S8), and the bandgap (Eg)
was obtained from ultraviolet-visible (UV-VIS)
transmittance using Tauc plot (Fig. S4, S5, S6).
The conduction band minimum (CBM), repre-
senting the LUMO level, was determined from
the VBM measurements adding the bandgap
E,.

Both, NiO nanocrystal samples synthesized
by fs-laser exhibit a large bandgap above 5.4
eV. Upon comparing these results with those
of the NiO nanocrystals synthesized by mi-
croplasma (Fig. 3a), a large difference in the
bandgap value is observed, the latter exhibit-
ing a bandgap of only ~ 3.7eV. This clearly
underscores significant variations in the elec-
tronic properties of NiO nanocrystals depend-
ing on the employed synthesis method. While
the HOMO levels, irrespective of the synthe-
sis methods lie within the negative range 6.70
eV to 6.75 eV, the LUMO values for both sam-
ples produced by fs-laser exhibit an upward
shift to -1.23 eV and -1.30 eV with respect
to the microplasma-produced NiO nanocrys-
tals, which show a value of -3.02 eV. Figure 3
also includes the level energies obtained from
first-principles calculations of NiO nanocrys-
tals, which will be discussed in the following
in more detail.

Computational results. To rationalize the
observed dependence of LUMO energies on
the synthesis conditions, we conducted first-
principles calculations of the electronic struc-
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Figure 3: (a) The energy band diagram of the HOMO and LUMO levels of NiO QDs. As reference
the CBM and VBM of bulk NiO bulk are include. The bulk values of the CBM and the VBM are
known to vary between different measurements?, which his indicted by the multiple values given in
the diagram. The band diagrams are compared to first-principles calculations of NiO nanocrystals
with a diameter of 1.1 nm and 2.5 nm with nonpolar (001) and polar (111) surfaces. HOMO
and LUMO wavefunctions of the NiO nanocrystals (d = 2.5 nm) with (b) nonpolar and (c) polar
surfaces. Here orange (green) indicates the isosurface of the wavefunction with positive (negative)

sign.
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ture of NiO particles. We considered nanocrys-
tals with a diameter of d = 1.1nm and d =
2.5nm, with either nonpolar surfaces, (100)
equivalent (Fig. 3b), or with a polar (111) sur-
face (Fig. 3c). It is known that NiO surfaces
of thin films with different lattice orientations
can have quite different Fermi energies and
bandgaps”!. We find that the HOMO posi-
tion is only weakly affected by the nanocrystal’s
crystal surface orientation, while the LUMO
shows a strong dependency on the surface ori-
entation. This is also reflected in the wave-
functions, which is similar for the HOMO wave-
function for both non-polar and polar nanocrys-
tals (Fig. 3b-c), while the LUMO wavefunc-
tion is delocalized over the nanocrystals for the
nonpolar nanocrystal (Fig. 3b) but localized
at the polar surfaces of the polar nanocrys-
tals (Fig. 3c). This does not only hold for the
HOMO and LUMO shown here but also for the
next several lower (higher) occupied (unoccu-
pied) frontier orbitals (Fig. S9). The LUMO
energy of the polar nanocrystals is drastically
reduced compared to the non-polar nanocrys-
tals, accordingly, the corresponding HOMO-
LUMO gap of the polar nanocrystals is also
much smaller than that of the non-polar ones.
The computational results show correlation of
the HOMO and LUMO energies between NiO
nanocrystals synthesized using fs-laser abla-
tion and non-polar simulated NiO nanocrys-
tals. Similarly, the HOMO and LUMO ener-
gies of the polar nanocrystals correlate with the
level energies measured for the microplasma-
synthesized nanocrystals, suggesting that the
different synthesis methods tend to stabilize dif-
ferent surfaces.

Comparison micro-plasma vs fs-laser
ablation. Two synthesis methods tend to fa-
vor the stabilization of distinct surfaces, re-
sulting in either polar or nonpolar nanocrys-
tals.  NiO produced through microplasma
synthesis exhibits well-separated nanocrystals.
The examination of agglomeration or non-
agglomeration serves as a crucial method for
substantiating the inherent characteristics of
surfaces synthesized through microplasma and
laser techniques. This comparative analysis
specifically aims to affirm the polar attributes

of microplasma-synthesized surfaces and, con-
versely, the non-polar characteristics associated
with laser-synthesized surfaces. In the con-
text of nanocrystal synthesis via laser ablation
in water, a noteworthy observation emerges.
It is evident that the nanocrystals generated
through this process tend to exhibit a predis-
position toward assuming a non-polar nature.
Consequently, this inclination leads to the ag-
gregation or agglomeration of these nanocrys-
tals. Thus, our experimental results corrobo-
rate the formation of distinctive surfaces with
respect to the synthesis method utilized. Non-
polar nanocrystals pose a distinct challenge to
the well-established Derjaguin, Landau, Ver-
wey, and Overbeek theory?6 2%, This challenge
stems from the theory’s incapacity to explain
the colloidal stability of non-polar nanocrys-
tals, primarily due to the absence of charge
stabilization. More precisely, van der Waals
forces come into play, drawing NiO nanocrys-
tals towards each other. However, electro-
static forces, encompassing the repulsion be-
tween charged particles, counteract this attrac-
tion, preventing the nanocrystals from coming
too close. This phenomenon provides a ratio-
nale for the observed agglomeration in polar
(111) and nonpolar ((200), (220), (400), and
(420)) nanocrystal surfaces synthesized through
laser-based methods. Intriguingly, these ag-
glomerated structures, by the end of the pro-
cess, exhibit nonpolar properties due to the ex-
cess of nonpolar surfaces within the agglomer-
ates (Fig. 2c and Fig. 2f). In contrast, the non-
agglomeration observed in polar nanocrystals
synthesized through microplasma-based meth-
ods remains distinctive in its behavior. play,
drawing NiO nanocrystals towards each other.
However, electrostatic forces, encompassing the
repulsion between charged particles, counter-
act this attraction, preventing the nanocrystals
from coming too close. This phenomenon pro-
vides a rationale for the observed agglomera-
tion in polar (111) and nonpolar ((200), (220),
(400), and (420)) nanocrystal surfaces synthe-
sized through laser-based methods. Intrigu-
ingly, these agglomerated structures, by the end
of the process, exhibit nonpolar properties due
to the excess of nonpolar surfaces within the
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agglomerates (Fig. 2c and Fig. 2f). In con-
trast, the non-agglomeration observed in polar
nanocrystals synthesized through microplasma-
based methods remains distinctive in its behav-
ior. During the cooling step of the fs-laser syn-
thesized NiO nanocrystals are ejected into wa-
ter and tend to form relatively small agglomer-
ates (d = 25 nm).

In summary, by employing two distinct syn-
thesis methods, we compared the properties of
resulting NiO nanocrystals. Each technique
yielded different nanocrystal configurations, in-
fluencing the electronic structure and energy
levels. Our focus centered on exploring the po-
sitions of the HOMO and LUMO levels in NiO
nanocrystals, considering the impact of quan-
tum confinement and a strong dependency on
the surface orientation. Synthesis by fs-laser
synthesis produced unexpected results, reveal-
ing that a peculiar NiO nanocrystal surface
orientation induced significant changes in the
LUMO levels. For this, we employed compu-
tationally intensive hybrid density functional
theory calculations at the CAM-B3LYP level
to precisely characterize electronic structure.
This comparative analysis using different syn-
thesis techniques enhances our understanding
of how synthesis parameters and nanocrystal
properties influence electronic structure. Ex-
perimental data agree well with DF'T calcula-
tions. This study contributes to a comprehen-
sive understanding of the electronic properties
of NiO nanocrystals, a crucial aspect for cus-
tomizing applications.

Methods

Synthesis by microplasmas. The synthesis
of the NiO nanocrystals has followed a method-
ology previously used for the synthesis of a
range of other metal and metal oxide nanoparti-
cles?*33. Briefly, the synthesis setup consists of
a microplasma reactor with two ceramic tubes
placed coaxially in which the inner tube (O.D.-
1.3 mm, [.D.-0.7mm) contains a 0.5 mm diam-
eter nickel wire (99.99% purity, purchased from
Alfa Aesar) whereas the outer ceramic tube
(O.D.-3mm, I.D.-2mm) hosts precursor gases.
Both tubes pass through double copper elec-

trode which is powered by a radio frequency
(13.56 MHz) power supply. Both wire and ce-
ramic tubes were placed through a “T” shaped
metal Swagelok fitting where gas inlets also con-
nected. Whereas the other end of the wire and
inner ceramic capillary are placed in such a
way that the wire is exposed to the precursor
gas placed inside the two electrodes. All these
components were placed in support through a
perspex frame. The deposition process is per-
formed for different oxygen concentrations with
constant 500 sccm He gas flow, 56 sccm oxygen
gas (10 % oxygen gas fraction) flow and 70 W
RF power. The entire process was carried out
for a duration of 2 minutes and characterized
using different techniques. These films were
used to study the material properties.

Synthesis by fs-laser in water. NiO
nanocrystal agglomerates are fabricated by
femtosecond laser (Libra Solo Ultrafast Opti-
cal Parametric Amplifier-OPerA) ablation in
deionized (DI) water of a 5 mm thick metallic
Ni and/or amorphous NiO target. The target
is immersed in 6 mL of high purity DI water
with a resistivity of about 15 M(2 The power is
about 500 mW, with a pulse of 83 fs at 1 kHz
frequency, and a wavelength of 400 nm for 1 h
of irradiation. The laser beam was shaped and
focused onto a spot on the target surface by an
optical lens with a focal length of 250 mm. The
focal point area of the laser beam on the target
is estimated to be approximately 1 mm2. The
target is rotated for better homogeneity and to
avoid irradiating the exact same spot for the
next pulse.

Transmission electron microscopy
(TEM). The crystal structure and morphology
of the NiO nanocrystals were elucidated using
TEM (JOEL, JEM-2100F), Gatan DualVision
600 Charge-Coupled Device (CCD) at acceler-
ating voltage of 200 kV. For TEM, samples were
prepared by depositing 40 pl of the nanocrys-
tal colloidal solution in ethanol onto a holey
carbon-coated grid (400 mesh, #S187-4, Agar
Scientific) with an ultrathin carbon film (3 nm
thick) and allowed to evaporate under ambi-
ent conditions overnight. The d-spacing values
of the crystal planes were measured on the
digital image using ImageJ software. The sam-
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ples were prepared initially by depositing the
nanocrystals onto a n-type Si substrate, then
scratched, redispersed as a colloid in ethanol
(purity 99.8%, Sigma Aldrich).

First-principles modeling. Bulk nickel
oxide is a Mott-insulator with an antiferro-
magnetic ground state!, that is very diffi-
cult to accurately describe using local (semi-
local) density functional theory (DFT). While
DFT-+U gives reasonably accurate results for
bulk NiO343 it is doubtful that surface and
finite size effects present in nanocrystals are ac-
curately captured. Therefore, we employ here,
while for the studied particle size computa-
tionally very expansive, hybrid density func-
tional theory calculations at the CAM-B3LYP
level of theory?® to accurately describe the elec-
tronic structure of the nanocrystals. The re-
sults are obtained for a fairly large basis set
of def2-TZVP quality3’, a comparison with the
smaller def2-SV(P) basis set can be found in
the supporting information (Fig. S10). Addi-
tionally we provide a short comparison of or-
bital energies obtained with a semi-local func-
tional (PBE3%3%) screened hybrid functional
(HSE06%%42) and a global hybrid functional
(PBE03:44).

Using the surface energies for the different
surface orientations'? we estimate the energet-
ically most favorable structure from a Wulff
construction which is essentially terminated by
nonpolar surfaces symmetry equivalent to (100)
which is observed to be the natural cleav-
age plane®. Additionally, we consider capped
nanocrystals which model the experimentally
observed possibility of cut planes resulting in
polar (111) surfaces™7. All structures are re-
laxed using neural network potentials#®, before
obtaining the electronic structure at the CAM-
B3LYP level of theory.

Supporting Information Avail-
able

Experimental material characterization and
properties measurements.

Band energy diagrams and Kelvin probe mea-
surements.

Details of the first-principles calculations.
Atomic structure coordinates.
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Agglomerated NiO nanocrystals
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Figure S1: Typical size distribution of NiO nanocrystals agglomerates fabricated by fs laser
in water.

Additional material characterization and properties measurements

X-ray photoelectron spectroscopy (XPS) was performed by direct deposition of NiO QDs
on gold-coated silicon substrates. Analysis was performed using an ESCALAB Xi+ spec-
trometer microprobe (Thermo Fisher Scientific) with a focussed monochromatic Al Ka X-ray
source (hr = 1486.6 eV, 650 pm spot size) operating at a power of 225 W (15 kV and 15 mA)
and the photoelectrons were collected using a 180° double-focusing hemispherical analyser
with a dual detector system. The energy scale of spectrometer was calibrated with sputter
cleaned pure reference samples Au, Ag and Cu (Au 4f7/2, Ag 3d5/2 and Cu 3p3/2) posi-
tioned at binding energies 83.96 eV, 368.21 ¢V and 932.62 eV, respectively. The base pressure
in the analysis chamber was better than 5x10-9 mbar, which increased up to 5x10-7 mbar
with charge neutraliser (flood gun) operated at 100 pA emission current. For the Fermi level
alignment, a copper strip was used to make a good electrical contact between the sample
and the spectrometer. For all the samples analysed, the survey spectra were recorded with
a step size of 1 eV and a pass energy of 150 eV and the narrow scans were recorded with a
step size of 0.1 eV and a pass energy of 20 eV. This pass energy gives a 0.65 eV width for

the Ag 3d5/2 peak measured on a sputter cleaned Ag sample. The spectra obtained were
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charge corrected using Au core level and valence band spectra.

The optical characteristics of the NiO nanocrystals were evaluated by forming films on
quartz substrates. Measurements were taken with a Perkin Elmer-Lambda 1050+ spec-
trometer. The optical transmittance (T) of the films was recorded in the transmittance
compartment and the corresponding absorption coefficients were estimated to produce Tauc

plot in the assumption that reflectance was negligible.
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Figure S2: XPS valence band spectra of NiO produced by microplasmas show the energy
difference between the energy level of the valence band maximum (VBM) and the Fermi

level (EF).
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Figure S3: Corresponding XPS analyses of fs laser synthesis NiO nanoparticles Sample A
and B, respectively.
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Figure S4:
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Valence band XPS evaluation data of NiO nanoparticles produced by fs laser

when a Ni metallic target (Sample A) and when a NiO amorphous target (Sample B) was

used.
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Figure S6: Optical band gap evaluation of NiO QDs produced by fs laser when a Ni metallic
target (Sample A) and when a NiO amorphous target (Sample B) was used.

15



Unexpected electronic features of NiO quantum dots produced by femtosecond pulsed laser ablation in water

Band energy diagrams and Kelvin probe measurements.

The Kelvin probe (KP Technologies APS04) is operated in air with a 2 mm gold alloy tip,
after calibrating the tip work function against a sputtered Au thin film®!. Additionally, the
Kelvin probe (KP) setup is equipped with a surface photovoltage module which measures the
surface contact potential difference (CPD) induced by a monochromated white light source
and an air photoemission module, which uses a deuterium lamp source (AX = 1 nm) to
induce photoemission of electrons from the samples.
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Figure S7: Energy band diagram of NiO nanoparticles with values of highest occupied molec-

ular orbital (HOMO) and lowest unoccupied molecular orbital (LUMO). The Fermi Energy
(dashed line) was determined by Kelvin probe measurements.
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Figure S8: Energy band diagram of NiO nanoparticles with values of highest occupied molec-
ular orbital (HOMO) and lowest unoccupied molecular orbital (LUMO). The Fermi Energy
(dashed line) was determined by Kelvin probe measurements.
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Details of first-principles calculations

All first-principles calculations are carried out with the quantum chemistry package Turbo-
mole®? at the CAM-B3LYP level of theory®® employing a semi-numerical approximation for
the exact-exchange contribution on the energy functional®. We use the def2-TZVP basis
set along with the corresponding density fitting basisS>5¢. All electronic structure calcula-
tions are converged with regard to the total energy change with a precision of 10~7 a.u.. All
calculations are spin-unrestricted, where the initial guess for the wavefunction is prepared
such that the magnetization is anti-ferromagnetic, with spin up on Ni atoms in sublattice A

and spin down on sublattice B.

Wavefunctions of frontier orbitals

In figure S9 the wavefunctions of the 4 highest occupied and 4 lowest unoccupied frontier

orbitals are summarized.

HOMO-3 HOMO-2 HOMO-1 HOMO LUMO LUMO+1  LUMO+2 LUMO+3

Figure S9: Wavefunctions of the occupied and unoccupied frontier orbitals for NiO nanocrys-
tals (d = 2.5nm) with (a) nonpolar and (b) polar surfaces. Here orange (green) indicates
the isosurface of the wavefunction with positive (negative) sign.

Influence of the basis set on the orbital energies

In figure S10 we compare the dependence of the orbital energies on the size of the basis set,

namely the small def2-SV(P) basis set and the fairly large def2-TZVP basis set. While the
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orbital energies are overall shifted to lower energies the overall effect remains moderate and

notably the HOMO-LUMO gap remains roughly unchanged.
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Figure S10: Comparison of the frontier orbital energies for the highest (lowest) occupied
(unoccupied orbitals) for def2-SV(P) and def2-TZVP basis set for the NiO nanocrystals
(d = 1.1nm) with (a) nonpolar and (b) polar surfaces and for the NiO nanocrystals (d =
2.5nm) with (¢) nonpolar and (d) polar surfaces.
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Table S1: Summary of the HOMO and LUMO energy as well as the HOMO-LUMO gap
E,qp calculated using the def2-TZVP basis set of the small NiO nanocrystal (d = 1.1nm)
with (a) nonpolar and (b) polar surfaces for different exchange-correlation functionals. In
(b) the PBE calculation did produce a negative HOMO-LUMO gap and is not reported.

(a) ‘ HOMO (eV) ‘ LUMO (eV) ‘ Egop
PBE -4.89 -4.70 0.19
HSE06 -6.22 -2.75 3.47
PBEO -6.59 -2.31 4.28
CAM-B3LYP -8.01 -1.41 6.60
(b) ‘ HOMO (eV) ‘ LUMO (eV) ‘ Egop
PBE X X X
HSE06 -6.14 -5.32 0.82
PBEO -6.50 -4.95 1.55
CAM-B3LYP -7.86 -4.12 3.74

Exchange-correlation functional

In table S1 we compare the effect of different exchange correlation functionals, namely the
semi-local PBE functional5"®, the screened hybrid functional HSE065 5!, the global hy-
brid PBEO functional®'?513 and the long-range-corrected hybrid functional CAM-B3LYPS?
for the small NiO nanocrystal (d = 1.1nm). While the absolute number differ between
the hybrid functionals PBEO and CAM-B3LYP, they produce the same overall trend when
comparing nonpolar with polar nanocrystals and both predict the correct Mott insulating
behavior of Nickel-Oxide. The pure functional PBE on the other hand fails to capture this
and predicts a quasi-metallic behavior with a small HOMO-LUMO gap for the nonpolar
nanocrystal and a negative HOMO-LUMO gap for the polar nanocrystal. The screened hy-
brid functional works HSE06 well for the nonpolar surface but performs rather poor for the

polar surface which may be related to the difficulty to describe localized defect statesS'.
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NiO (d = 1.1) nonpolar

Cartesian coordinates of the structures

Species x(A) y(A) z(A)

O -3.10121 0.99122 -3.10121
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O -3.14865 0.99901 0.99901

0 0.99901 -3.14865 0.99901

Ni 2.81110 2.81110 2.81110

O 3.10121 0.99122 3.10121

0O -0.99901 3.14865 0.99901

Ni -3.00951 -3.00951 -1.02887

0O -0.99901 -0.99901 -3.14865

0O -0.99122 3.10121 -3.10121

Ni -1.01187 3.15184 -1.01187

O 1.05794 -1.05794 -1.05794

O -3.10121 3.10121 -0.99122

Ni 1.02918 1.02918 -1.02918

O 0.99901 -0.99901 3.14865

O -3.00590 3.00590 3.00590

Ni 1.02887 -3.00951 3.00952

O 3.10121 -0.99122 -3.10121

O 3.00590 -3.00591 3.00590

Ni -2.81110 2.81110 -2.81110

O -3.10121 -0.99122 3.10121

Ni 3.00951 1.02887 -3.00951

Ni -1.01187 1.01187 -3.15184

O -3.14865 -0.99901 -0.99901

Ni -1.02887 -3.00951 -3.00951

Ni -3.15184 -1.01187 1.01187

0O 0.99122 -3.10121 -3.10121

Ni 3.00951 -3.00951 1.02887

Ni 1.01187 -1.01187 -3.15184

O 3.14865 0.99901 -0.99901

Ni 1.02918 -1.02918 1.02918

Ni -1.01187 -1.01187 3.15184

O 3.14866 -0.99901 0.99901

Ni -2.81110 -2.81110 2.81110

Ni -1.01187 -3.15184 1.01187

O 0.99901 3.14865 -0.99901

Ni 1.02887 3.00951 -3.00951

Ni 1.01187 3.15184 1.01187

O 3.00590 3.00590 -3.00590

Ni -3.00951 -1.02887 -3.00951

Ni 3.15184 1.01187 1.01187

O 3.10121 3.10121 0.99122

Ni 1.01187 1.01187 3.15184

Ni 3.15184 -1.01187 -1.01187

O 3.10121 -3.10121 -0.99122

Ni -3.15184 1.01187 -1.01187

Ni 2.81110 -2.81110 -2.81110

0O -0.99901 -3.14865 -0.99901

Ni -3.00952 3.00951 1.02887

Ni -3.00952 1.02887 3.00951

O -3.10121 -3.10121 0.99122

Ni -1.02917 1.02918 1.02917

0O 0.99901 0.99901 -3.14865

0O -3.00590 -3.00590 -3.00590

Ni 3.00951 -1.02887 3.00951

O -1.05794 -1.05794 1.05794

O 1.05794 1.05794 1.05794

Ni 3.00951 3.00951 -1.02887

O -1.05794 1.05794 -1.05794

0 -0.99122 -3.10121 3.10121

Ni -1.02918 -1.02918 -1.02918

0O -0.99901 0.99901 3.14865

0 0.99122 3.10121 3.10121

Ni -1.02887 3.00952 3.00951
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NiO (d = 2.5) nonpolar

Species x(A) y(A) z(A)

Ni 3.09222 7.32571 3.09222
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Ni -3.11472 -3.11472 -5.23132

Ni -5.16225 -3.08274 -7.30246

Ni -1.04658 -1.04658 -1.04658

Ni -3.13130 -3.13130 3.13130

Ni -5.24190 -3.12426 1.03913

Ni -7.33689 1.03450 3.10062

Ni 5.20523 -3.10837 -5.20523

Ni 3.09222 -3.09221 -7.32571

Ni 1.03913 3.12426 5.24191

Ni 5.23132 -3.11473 3.11473

Ni 3.13734 -3.13734 1.04210

Ni -1.03554 -1.03554 7.34932

Ni 1.03883 1.03883 -5.25198

Ni -5.21017 5.21017 1.03033

Ni 7.34931 -1.03554 -1.03554

Ni -5.21017 -1.03033 -5.21018

Ni 3.08275 5.16226 -7.30245

Ni 7.16849 -1.02902 7.16849

Ni -3.10062 -7.33689 -1.03450

Ni 3.12426 5.24190 1.03913

Ni -1.03554 7.34931 -1.03554

Ni 5.20523 5.20523 3.10837

Ni -7.30245 -5.16225 -3.08275

Ni -1.02902 7.16849 7.16849

Ni -7.16849 -1.02901 -7.16849

Ni -7.29928 -5.12430 5.12430

Ni 7.16849 7.16849 -1.02901

Ni -7.16849 7.16849 1.02902

Ni 1.03913 -5.24190 -3.12426

Ni 6.91007 6.91007 6.91007

Ni -6.91007 6.91007 -6.91007

Ni 1.03032 -5.21017 5.21017

Ni -7.11728 -7.11727 -5.09392

Ni 1.04658 -1.04658 1.04658

Ni -7.32571 3.09222 -3.09222

Ni -7.15082 -7.15082 3.04171

Ni 1.03554 -1.03554 -7.34932

Ni -3.10837 5.20523 -5.20523

Ni 1.02736 -7.31741 -5.17129

Ni -7.34931 -1.03554 1.03554

Ni 1.04211 3.13734 -3.13734

Ni 1.03450 -7.33689 3.10062

Ni 5.17129 -7.31741 -1.02736

Ni -3.08275 7.30245 5.16226

Ni 5.16764 5.16764 -5.16764

Ni 5.17129 1.02736 7.31741

Ni -3.08275 -5.16225 -7.30246

Ni -7.31741 1.02736 -5.17129

Ni 5.25198 1.03883 -1.03883

Ni 3.09222 3.09222 7.32571

Ni -3.11472 5.23132 3.11473

Ni -3.10063 1.03449 7.33688

Ni 5.12430 -5.12430 -7.29928

Ni 1.04476 1.04476 3.14507

Ni -3.14507 1.04476 -1.04476

Ni 5.21018 -5.21018 1.03033

Ni -5.24190 -1.03913 3.12426

Ni 5.09391 -7.11728 7.11728

Ni -3.09222 3.09222 -7.32571

Ni 3.12426 -1.03913 -5.24190

Ni 1.02902 7.16849 -7.16849

Ni -3.13734 3.13734 1.04210

Ni 3.13734 -1.04210 3.13734

Ni -3.04171 -7.15082 7.15082

Ni 5.16226 3.08275 -7.30245

Ni -5.12430 7.29928 -5.12430

Ni -7.30246 3.08275 5.16225

Ni 5.24190 3.12426 1.03913

Ni -5.16225 7.30245 3.08275

Ni -5.12430 5.12430 -7.29928

Ni -5.21017 -5.21017 -1.03033

Ni 3.08275 7.30246 -5.16225

Ni 1.03554 7.34931 1.03553

Ni -5.12430 -5.12430 7.29928
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Ni 3.08274 -5.16225 7.30245

Ni -5.24190 3.12426 -1.03913

Ni -1.03033 5.21017 5.21017
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Ni 3.13734 3.13734 -1.04210

Ni 7.30246 5.16225 -3.08274

O 1.02418 7.21321 7.21321

Ni 5.12430 7.29928 5.12430

Ni 7.29928 5.12430 5.12430

0O -1.03270 -7.35165 -1.03270

Ni -5.16225 -7.30246 -3.08275

Ni -1.03033 -5.21018 -5.21018

O -1.02419 -7.21321 7.21321

Ni -5.12430 -7.29928 5.12430

Ni -1.03913 -5.24190 3.12426

O 7.21321 -7.21321 -1.02419

Ni 3.09222 -7.32571 -3.09222

Ni 7.30245 -5.16225 3.08275

O 7.06976 -7.06976 7.06976

Ni 3.08274 -7.30245 5.16225

Ni -1.03912 3.12426 -5.24190

O 7.35165 1.03270 -1.03270

Ni -5.24190 1.03913 -3.12426

Ni -1.04211 3.13734 3.13734

O -1.03271 1.03270 7.35165

Ni -5.21018 1.03033 5.21017

Ni 7.30246 3.08275 -5.16225

O 7.21321 1.02418 7.21322

Ni 3.13734 1.04210 -3.13734

Ni 7.32571 3.09222 3.09222

O -3.13747 -1.04593 3.13748

Ni 3.12426 1.03913 5.24190

Ni 7.29928 -5.12430 -5.12430

O 1.03270 -1.03270 7.35166

Ni -3.13734 -1.04211 -3.13734

Ni -3.12427 -5.24190 1.03913

O 1.03270 7.35165 -1.03270

Ni -3.12426 -1.03913 5.24190

Ni -7.11728 5.09391 7.11728

O -1.04841 1.04841 -1.04841

Ni 5.24190 -1.03913 -3.12426

Ni -1.02901 -7.16849 -7.16849

O -7.06976 7.06976 7.06976

Ni 5.21017 -1.03033 5.21017

Ni 1.03450 -3.10062 7.33688

O 3.07435 7.20582 -7.20581

Ni -3.09221 7.32571 -3.09222

Ni 1.04476 -3.14507 -1.04476

O 1.04841 -1.04841 -1.04841

Ni 1.02736 5.17129 7.31741

Ni -7.15082 -3.04171 7.15082

O -5.09115 7.21102 -7.21101

Ni 5.16225 7.30246 -3.08275

Ni -7.33689 -3.10062 -1.03450

0O -7.21321 -1.02419 7.21321

Ni -1.04210 -3.13734 -3.13734

Ni 7.34932 1.03554 1.03554

O -7.35166 -1.03270 -1.03270

Ni -5.16225 3.08275 7.30246

Ni -7.31741 5.17129 -1.02737

O 1.03090 7.34216 3.10393

Ni 1.03883 5.25198 -1.03883

Ni -1.04658 1.04658 1.04658

O 1.02768 7.32643 -5.14557

Ni -1.03913 -3.12426 5.24190

Ni -1.03554 1.03554 -7.34931

O -7.20582 7.20581 3.07435

Ni 7.32571 -3.09221 -3.09222

Ni 7.16849 -7.16849 1.02902

O -7.21101 7.21101 -5.09116

Ni 7.30245 -3.08275 5.16225

Ni 6.91007 -6.91007 -6.91007

O 1.04585 -1.04585 3.14226

Ni -1.03913 5.24190 -3.12426

Ni -1.03554 -7.34931 1.03554

O 1.04268 -1.04267 -5.25450

Ni 7.16849 1.02902 -7.16849

O -7.34216 -1.03090 3.10392
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O -7.32643 -1.02768 -5.14557




O 3.10392 7.34216 1.03090

O 3.14226 -1.04585 1.04585

O -3.10392 7.34216 -1.03090

Unexpected electronic features of NiO quantum dots produced by femtosecond pulsed laser ablation in water

O -7.21321 7.21321 -1.02419

O 5.14557 -1.02769 7.32643

O -7.06976 -7.06976 -7.06976

O 3.10392 -1.03089 -7.34216

O 5.25450 -1.04267 -1.04267

O -7.21321 -7.21321 1.02419

O -5.09116 -7.21102 7.21101

O -3.10392 -1.03090 7.34216

O 1.04267 1.04267 5.25450

O 3.07435 -7.20582 7.20582

O -3.14226 -1.04585 -1.04585

O -7.20582 -7.20582 -3.07435

O -5.14557 7.32644 1.02769

O 3.10392 1.03089 7.34216

O 1.04585 1.04585 -3.14225

O -5.14557 -1.02768 -7.32644

O 3.14226 1.04585 -1.04585

0O 3.09673 -7.33213 3.09674

O 3.09674 7.33213 -3.09674

O -5.14557 1.02768 7.32643

O -5.21822 1.03956 -5.21823

O -5.10613 7.28724 5.10613

O -5.25450 1.04267 -1.04268

O -5.24328 1.03608 3.12015

O -5.13709 7.32037 -3.08435

O -5.25450 -1.04268 1.04267

O 3.13747 1.04593 3.13748

O 3.12015 -1.03608 5.24328

O 3.10392 -7.34216 -1.03090

O 3.12015 1.03608 -5.24328

O 3.13748 -1.04593 -3.13748

O 5.24328 -1.03608 3.12015

O -7.21102 -7.21102 5.09115

O -5.21823 -1.03956 5.21822

O -5.14557 -7.32644 -1.02768

O 1.03090 -7.34216 -3.10392

O -5.24328 -1.03607 -3.12016

O 3.08435 -7.32037 -5.13710

O 1.02768 -7.32643 5.14557

O 5.21823 1.03955 5.21823

O -3.09575 5.20414 5.20414

O -7.34216 1.03090 -3.10392

O 5.24328 1.03608 -3.12015

O -3.12164 5.23477 -3.12165

O -3.12015 -1.03607 -5.24328

O -3.12015 1.03608 5.24328

0O 5.20414 -3.09575 5.20415

O 5.20414 5.20414 -3.09575

O -3.13748 1.04593 -3.13748

O 5.23478 -3.12164 -3.12164

O -5.13710 -7.32037 3.08435

O 5.10613 -7.28724 5.10613

O -3.12165 -3.12164 5.23478

O 5.21822 -1.03955 -5.21822

O 5.13709 -7.32037 -3.08435

O -3.12982 -3.12982 -3.12981

O 7.34216 1.03090 3.10392

O -3.08435 -7.32037 5.13709

O 1.04840 1.04841 1.04840

0O -5.10613 -7.28724 -5.10613

O -3.09674 -7.33213 -3.09674

O 1.03270 1.03271 -7.35165

O 7.32643 1.02769 -5.14557

0O 5.09116 7.21101 7.21102

O -7.35165 1.03270 1.03271

O -1.04585 1.04585 3.14226

O 5.14557 7.32643 -1.02768

O -7.21321 1.02419 -7.21322

O -1.04267 1.04268 -5.25450

O -3.07435 7.20582 7.20582

O 1.03270 -7.35165 1.03270

O 7.20582 -7.20582 3.07435

O 1.02419 -7.21321 -7.21321

O 7.21102 -7.21101 -5.09116
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O -1.03090 -7.34216 3.10392




O -1.02769 -7.32644 -5.14557

O 7.21101 7.21101 5.09116

O -7.28724 -5.10613 -5.10613

Unexpected electronic features of NiO quantum dots produced by femtosecond pulsed laser ablation in water

O 7.20582 7.20582 -3.07435

O 3.13748 3.13747 1.04594

O -7.32037 3.08435 -5.13710

O -1.02769 7.32643 5.14557

O -1.04593 3.13747 -3.13748

O 1.03607 -5.24328 3.12015

O -1.03089 7.34216 -3.10392

O 7.28724 -5.10613 5.10613

O -1.03608 -3.12015 -5.24328

O 7.32643 -1.02769 5.14557

O 7.32037 -5.13709 -3.08435

O 1.03956 -5.21822 -5.21823

O 7.34216 -1.03090 -3.10392

O -1.03956 -5.21823 5.21823

O -3.08435 -5.13710 7.32037

O -1.04268 -1.04267 5.25450

O -1.03608 -5.24328 -3.12015

0O 5.20176 -5.20175 -5.20176

O -1.04585 -1.04585 -3.14225

O 7.32037 5.13710 3.08435

O 7.33213 3.09674 -3.09674

O 7.21321 7.21321 1.02419

O 7.28724 5.10613 -5.10613

O 7.34215 3.10392 1.03090

O 7.06976 7.06976 -7.06976

O -1.03607 5.24328 3.12015

O 7.21102 -5.09115 -7.21101

O -1.03270 7.35165 1.03270

O -1.03955 5.21823 -5.21822

O 7.32643 -5.14557 1.02769

O -1.02418 7.21321 -7.21321

O 7.33213 -3.09674 3.09674

O -1.03089 3.10392 -7.34216

O 7.35165 -1.03271 1.03271

O 7.32037 -3.08434 -5.13710

O -1.04585 3.14226 1.04585

O 7.21321 -1.02419 -7.21321

O -1.03607 3.12015 5.24328

O 7.20582 3.07435 -7.20582

O -1.04841 -1.04841 1.04841

O -1.04593 -3.13748 3.13748

0O -7.21102 -5.09116 7.21101

O -1.03270 -1.03270 -7.35165

O 5.25450 1.04268 1.04267

O -7.32644 -5.14557 -1.02769

O 5.13710 7.32037 3.08435

O 5.14557 1.02769 -7.32643

O -1.02768 -5.14557 -7.32644

O 5.10613 7.28724 -5.10613

O -3.14226 1.04585 1.04585

O 1.04267 -5.25451 -1.04268

O -3.09674 7.33213 3.09674

O -3.10392 1.03090 -7.34216

O 1.02768 -5.14557 7.32643

O -3.08435 7.32037 -5.13710

O 5.14557 -7.32643 1.02768

O -7.34216 3.10392 -1.03090

O 5.20176 5.20176 5.20176

O 5.09116 -7.21101 -7.21101

O -3.12164 -5.23478 3.12164

O 3.08435 7.32037 5.13710

O -3.10392 -7.34216 1.03089

O -7.20582 3.07435 7.20582

O -7.32644 1.02768 5.14557

O -3.07435 -7.20582 -7.20582

O -3.09674 3.09673 7.33213

O 7.32037 3.08435 5.13710

O 1.04593 3.13748 3.13747

O 5.13709 3.08435 7.32037

O -7.34216 -3.10392 1.03090

O 1.03608 3.12015 -5.24328

0O 5.24328 3.12015 -1.03608

O -7.33213 3.09674 3.09674

O -3.13748 3.13747 -1.04593
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O 5.10613 -5.10613 7.28724




O 5.21822 -5.21822 -1.03956

O 1.04585 3.14225 -1.04584

O 1.03608 5.24329 -3.12015

Unexpected electronic features of NiO quantum dots produced by femtosecond pulsed laser ablation in water

O -3.12016 -5.24328 -1.03608

O 3.08435 5.13709 7.32037

O 3.09575 5.20414 -5.20414

O 5.23478 3.12165 3.12165

O -7.28724 5.10613 5.10613

O -5.20414 5.20414 3.09575

O 5.20414 3.09575 -5.20414

O -7.32037 5.13710 -3.08435

O 3.12981 -3.12982 3.12982

O -3.12982 3.12981 3.12982

O 1.03607 -3.12016 5.24328

O 3.12164 -3.12164 -5.23478

O -3.12164 3.12164 -5.23478

O 1.04594 -3.13747 -3.13747

O -5.23478 -3.12164 3.12164

O 5.20414 -5.20414 3.09575

O -7.32037 -3.08435 5.13709

O -5.20414 -3.09575 -5.20414

O -1.04267 -5.25450 1.04267

O -7.33213 -3.09674 -3.09674

O 3.12164 3.12164 5.23478

O -7.32037 -5.13710 3.08435

O 1.04267 5.25450 1.04267

O -5.20176 5.20176 -5.20176

O 1.03090 3.10392 7.34216

O 1.02769 5.14557 -7.32643

O -5.10613 5.10613 7.28724

O -7.20582 -3.07435 -7.20582

O -7.32643 5.14556 1.02769

O -3.13747 -3.13747 1.04593

O -5.24328 3.12015 1.03608

O -7.21101 5.09116 -7.21101

O -5.20414 3.09574 5.20414

O 1.03955 5.21822 5.21823

O 1.04585 -3.14225 1.04585

O 5.24328 -3.12015 1.03608

O -5.13710 3.08435 -7.32037

O -3.09575 -5.20414 -5.20414

O -3.08434 5.13710 -7.32037

O 3.12015 -5.24328 1.03608

O 1.03090 -3.10392 -7.34216

O -3.12015 5.24328 1.03608

O 3.08435 -5.13709 -7.32037

O 3.12015 5.24328 -1.03608

O 5.10613 5.10613 -7.28724

O -5.21823 -5.21823 1.03955

O -5.21822 5.21823 -1.03956

O 5.21822 5.21822 1.03955

O -5.10613 -5.10613 -7.28724

O 7.34216 -3.10392 -1.03090

O 5.13710 -3.08434 -7.32037

O 7.21101 5.09115 7.21101

O 3.12983 3.12982 -3.12982

O -5.20176 -5.20176 5.20176

O 7.32643 5.14557 -1.02768

O 3.09674 3.09674 -7.33213

O 3.12164 -5.23478 -3.12164

O -1.02769 5.14557 7.32643

O -3.09674 -3.09674 -7.33213

O 3.09575 -5.20414 5.20414

O -1.04267 5.25450 -1.04267

O 3.09674 -3.09674 7.33213

0O -5.23478 3.12164 -3.12164

O 7.20582 -3.07435 7.20582

O 3.13747 -3.13748 -1.04593

O -5.20414 -5.20415 -3.09575

O -1.03090 -3.10392 7.34216

O -5.13710 -3.08435 7.32037

Ni 3.04171 -7.15081 -7.15082

O -1.04585 -3.14225 -1.04585

O -5.24328 -3.12016 -1.03608

Ni -5.17129 -7.31741 1.02736

O 3.12165 5.23478 3.12165

Ni -5.09391 -7.11728 -7.11728
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Ni 7.31741 5.17129 1.02737




Ni 7.11728 5.09392 -7.11728

Ni -1.03883 5.25197 1.03884

Ni 5.21018 5.21018 -1.03033

Unexpected electronic features of NiO quantum dots produced by femtosecond pulsed laser ablation in water

Ni 7.33688 -3.10062 1.03450

Ni -3.12426 5.24190 -1.03913

Ni 1.04476 3.14507 1.04476

Ni 7.15082 -3.04170 -7.15082

Ni 5.16764 -5.16764 5.16764

Ni -3.13734 -3.13734 -1.04211

Ni -1.04476 -3.14507 1.04476

Ni -7.16849 -7.16849 -1.02902

Ni -3.09222 -3.09222 7.32571

Ni 5.21018 1.03033 -5.21018

Ni -6.91008 -6.91008 6.91007

Ni 5.24190 -3.12425 -1.03913

Ni -5.25198 1.03883 1.03883

Ni 1.03554 -7.34931 -1.03554

Ni 5.16225 -3.08275 7.30246

Ni 3.10062 -7.33688 1.03450

Ni 1.02901 -7.16849 7.16849

Ni 5.20523 3.10837 5.20523

Ni -1.02736 5.17129 -7.31741

Ni -7.34931 1.03554 -1.03554

Ni -3.08275 5.16225 7.30246

Ni -5.17129 1.02736 -7.31741

Ni -7.16849 1.02901 7.16849

Ni -5.20523 -3.10838 5.20523

Ni 5.20523 -5.20523 -3.10837

Ni 1.04658 1.04658 -1.04658

Ni 5.12430 5.12430 7.29928

Ni -3.13129 3.13129 -3.13129

Ni 1.03554 1.03553 7.34931

Ni -1.03450 3.10062 7.33689

Ni 3.14507 1.04475 1.04476

Ni -3.10062 -1.03450 -7.33689

Ni 1.03913 -3.12425 -5.24190

Ni -1.03450 -7.33689 -3.10062

Ni -3.14507 -1.04476 1.04475

Ni 1.04210 -3.13734 3.13734

Ni -1.02737 -7.31741 5.17129

Ni 5.17129 -1.02736 -7.31741

Ni -7.29928 5.12430 -5.12430

Ni 7.15082 -7.15082 -3.04171

Ni 5.25198 -1.03883 1.03883

Ni -7.30246 5.16225 3.08274

Ni 7.11727 -7.11728 5.09392

Ni -3.04170 7.15082 -7.15082

Ni 1.03033 5.21017 -5.21017

Ni -1.04475 1.04476 -3.14507

Ni -3.10062 7.33688 1.03450

Ni 1.03913 5.24190 3.12426

Ni -1.03883 1.03883 5.25197

Ni 5.09392 7.11728 -7.11728

Ni -7.33689 -1.03450 -3.10062

Ni 7.33689 1.03450 -3.10062

Ni 5.17129 7.31741 1.02737

Ni -7.31741 -1.02736 5.17129

Ni 7.31741 1.02736 5.17129

Ni -7.11728 -5.09391 -7.11728

Ni 1.04476 -1.04476 -3.14507

Ni -3.11472 -5.23132 -3.11473

Ni -7.31741 -5.17129 1.02736

Ni 1.03883 -1.03883 5.25198

Ni -3.10838 -5.20523 5.20523

Ni 1.02736 -5.17129 -7.31741

Ni -7.15082 7.15082 -3.04171

Ni -3.11473 3.11472 5.23132

Ni 1.03883 -5.25198 1.03883

Ni -7.11728 7.11727 5.09392

Ni 3.10062 1.03450 -7.33688

Ni -7.15081 3.04171 -7.15082

Ni 1.02736 7.31741 5.17129

Ni 5.23132 3.11473 -3.11473

Ni -7.33689 3.10062 1.03450

Ni 1.03450 7.33689 -3.10062

Ni 1.03450 3.10062 -7.33688

Ni -5.23132 -3.11473 -3.11473
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Ni 3.10838 5.20523 5.20523




Ni -1.04476 3.14507 -1.04476

Ni 7.11727 -5.09392 7.11727

Ni -1.04476 -1.04476 3.14507

Unexpected electronic features of NiO quantum dots produced by femtosecond pulsed laser ablation in water

Ni 7.31741 -5.17129 -1.02736

Ni 7.31741 -1.02736 -5.17129

Ni 3.14507 -1.04476 -1.04476

Ni -1.02737 -5.17129 7.31741

Ni 7.33688 -1.03450 3.10062

Ni 3.10062 -1.03450 7.33689

Ni -1.03883 -5.25197 -1.03883

Ni -1.02736 7.31741 -5.17129

Ni -5.17129 7.31741 -1.02736

Ni -7.30245 -3.08274 -5.16225

Ni -1.03450 7.33689 3.10062

Ni -5.09392 7.11727 7.11728

Ni 3.11472 5.23133 -3.11472

Ni 7.11728 7.11728 -5.09391

Ni 3.10063 7.33689 -1.03449

Ni -5.20523 5.20523 -3.10837

Ni 7.15082 7.15082 3.04171

Ni 3.04170 7.15082 7.15082

Ni 3.11473 -3.11473 5.23132

Ni -5.16764 -5.16764 -5.16764

Ni -3.08275 -7.30245 -5.16225

Ni 3.13129 -3.13129 -3.13130

Ni -5.20523 -5.20523 3.10837

Ni -3.09222 -7.32571 3.09222

Ni -5.16764 5.16764 5.16764

Ni 3.10837 -5.20523 -5.20523

Ni 5.12430 -7.29928 -5.12430

Ni -7.32571 -3.09222 3.09221

Ni 3.11473 -5.23133 3.11473

Ni 5.16225 -7.30245 3.08274

Ni 7.33689 3.10062 -1.03450

Ni -5.20523 3.10837 -5.20523

Ni -3.12426 1.03913 -5.24190

Ni -5.23132 3.11473 3.11473

Ni 3.11473 3.11473 -5.23132

Ni -3.13734 1.04210 3.13734

Ni -1.03883 -1.03883 -5.25198

Ni -5.25198 -1.03884 -1.03883

Ni -1.03450 -3.10062 -7.33689

Ni 3.13129 3.13130 3.13130

Ni 7.15082 3.04171 7.15082

Ni 5.24190 1.03913 3.12426

Ni -5.17129 -1.02737 7.31741
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NiO (d = 2.5) polar

Species x(A) y(A) z(A)

Ni 3.24615 7.23138 2.93391

Unexpected electronic features of NiO quantum dots produced by femtosecond pulsed laser ablation in water

Ni -2.95876 -3.25984 -5.43078

Ni -4.97619 -3.22245 -7.50728

Ni -0.90478 -1.19023 -1.20456

Ni -2.99214 -3.28822 2.99763

Ni -5.05853 -3.26808 0.89319

Ni -7.17658 0.88111 2.94479

Ni 5.31516 -3.25767 -5.37110

Ni 3.26000 -3.20869 -7.51351

Ni 1.18315 2.96977 5.10733

Ni 5.41448 -3.24042 2.93731

Ni 3.29138 -3.30111 0.88754

Ni -0.89431 -1.17401 7.15149

Ni 1.19713 0.89398 -5.40815

Ni -5.10665 5.05171 0.87897

Ni 7.50168 -1.18700 -1.18247

Ni -5.01373 -1.16676 -5.34830

Ni 3.23330 5.00543 -7.47697

Ni 7.37798 -1.18894 6.99396

Ni -2.95706 -7.50281 -1.19417

Ni 3.30259 5.04837 0.88855

Ni -0.88171 7.18969 -1.19325

Ni 5.37452 5.05379 2.98499

Ni -7.14244 -5.28570 -3.23892

Ni -0.87851 7.07313 7.02593

Ni -7.06094 -1.18826 -7.35262

Ni -7.10398 -5.28417 4.98455

Ni 7.36074 7.02355 -1.18344

Ni -6.97639 6.96178 0.87850

Ni 1.18877 -5.36147 -3.24087

Ni 7.11808 6.78765 6.72824

Ni -6.77098 6.76413 -7.04049

Ni 1.17235 -5.37025 5.03672

Ni -6.92560 -7.24871 -5.26688

Ni 1.18738 -1.19354 0.90626

Ni -7.13346 2.95793 -3.25787

Ni -7.06684 -7.22614 2.90178

Ni 1.18323 -1.19447 -7.45968

Ni -2.98736 5.00674 -5.38907

Ni 1.17751 -7.45807 -5.34508

Ni -7.15984 -1.18330 0.88426

Ni 1.19155 2.98908 -3.31604

Ni 1.17761 -7.45580 2.95613

Ni 5.36209 -7.42868 -1.17549

Ni -2.93753 7.21781 5.01831

Ni 5.35373 5.06028 -5.27830

Ni 5.32214 0.87477 7.18011

Ni -2.95782 -5.36085 -7.39166

Ni -7.19357 0.87495 -5.29033

Ni 5.42734 0.89330 -1.19385

Ni 3.25093 2.96125 7.22414

Ni -2.94167 5.13357 2.94255

Ni -2.95256 0.88598 7.25067

Ni 5.39850 -5.38130 0.88648

Ni 1.19303 0.89073 2.98247

Ni -2.99277 0.89020 -1.18325

Ni -2.94878 2.93435 -7.41132

Ni -5.11867 -1.17878 3.00043

Ni 5.25890 -7.33024 6.93928

Ni -3.01075 3.01705 0.89196

Ni 3.25384 -1.17873 -5.41215

Ni 1.18063 6.98189 -7.33751

Ni 5.28613 2.96087 -7.41521

Ni 3.30554 -1.18104 2.99370

Ni -2.87932 -7.28503 7.00640

Ni 5.35257 2.94943 0.89121

Ni -4.99838 7.14494 -5.30609

Ni -7.20416 2.92638 4.97565

Ni -5.09133 -5.38188 -1.17632

Ni -5.06327 7.17475 2.93273

Ni -4.98575 5.00060 -7.50019

Ni -4.93212 -5.28921 7.10364

Ni 3.24143 7.10887 -5.30213

Ni 1.19462 7.22492 0.88829

Ni 3.27258 -5.36274 -1.19134

28

Ni 3.26007 -5.31512 7.20804




Ni -5.13074 2.97928 -1.17593

Ni 3.29338 2.99528 -1.18200

Ni 7.48956 4.96625 -3.20740
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Ni 5.24431 7.11568 4.98331

Ni 7.37782 4.94921 4.93516

O 7.29842 -7.39823 -1.17724

Ni -5.01723 -7.42992 -3.24707

Ni -0.87753 -5.32625 -5.39649

O 7.28535 -7.22967 6.90310

Ni -5.01157 -7.49549 4.93034

Ni -0.89687 -5.42404 2.96820

O 7.51504 0.88669 -1.17338

Ni 3.25810 -7.45949 -3.22515

Ni 7.45369 -5.35197 2.91623

O -0.88433 0.87916 7.22337

Ni 3.20936 -7.40509 5.02809

Ni -0.89737 2.95542 -5.37972

O 7.39213 0.88157 6.99614

Ni -5.05975 0.88853 -3.25031

Ni -0.89641 3.01772 2.97152

0O -2.96433 -1.18970 3.01531

Ni -5.06260 0.88773 5.08470

Ni 7.41157 2.94924 -5.32300

O 1.17581 -1.18960 7.16471

Ni 3.30208 0.89832 -3.28120

Ni 7.40646 2.93140 2.94442

O 1.17160 7.16618 -1.19091

Ni 3.29701 0.88760 5.04336

Ni -2.99695 -5.41658 0.89827

0O -0.90441 0.89382 -1.19568

Ni -2.96543 -1.17853 -3.31693

Ni -7.02846 4.98372 6.93241

0O -6.93476 6.92014 6.88046

Ni -2.96740 -1.19107 5.13875

Ni -0.88286 -7.28178 -7.36876

O 3.21042 7.00285 -7.29979

Ni 5.39588 -1.19520 -3.29695

Ni 1.18475 -3.25938 7.15912

O 1.19190 -1.20198 -1.18622

Ni 5.40006 -1.17951 5.01391

Ni 1.18763 -3.27912 -1.18636

O -4.91520 7.09885 -7.37973

Ni -2.95786 7.15598 -3.26741

Ni -6.97459 -3.16901 6.96621

0O -7.02995 -1.16144 6.99734

Ni 1.17156 5.02343 7.10432

Ni -7.24759 -3.24499 -1.17965

O -7.17031 -1.17949 -1.19268

Ni 5.31666 7.12868 -3.20891

Ni 7.56756 0.88517 0.88720

O 1.16830 7.25711 2.96670

Ni -0.89809 -3.28212 -3.29278

Ni -7.16003 4.98481 -1.17846

O 1.18657 7.13204 -5.33368

Ni -5.02857 2.91904 7.09087

Ni -0.89295 0.89660 0.89815

O -7.12487 7.03652 2.94856

Ni 1.17599 5.14924 -1.19267

Ni -0.89480 0.88677 -7.54989

O -7.09617 7.02232 -5.21363

Ni -0.89813 -3.25589 5.13027

Ni 7.38434 -7.32164 0.88456

O 1.20255 -1.20211 3.00203

Ni 7.53585 -3.23505 -3.26118

Ni -0.88204 -7.55959 0.88991

O 1.19889 -1.19788 -5.37192

Ni 7.49572 -3.26097 4.98495

Ni 7.31060 0.88251 -7.32290

O -7.17988 -1.17640 2.96665

Ni -0.89175 5.12690 -3.28563

O 1.18207 7.03689 7.08859

O -7.19266 -1.17995 -5.24389

Ni -0.87477 5.10750 5.07676

O -0.88252 -7.52271 -1.19136

O 3.27197 7.16120 0.87488

O -0.87151 -7.30019 7.09740

O 3.28214 -1.18689 0.89157
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O -7.03283 7.08675 -1.18083




O 3.24551 -1.17740 -7.50378

O -4.89717 -7.40668 7.02095

O -2.96580 -1.18762 7.17092
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O 3.23508 -7.40802 7.02200

0O -2.97653 -1.20076 -1.20530

O -7.03059 -7.30659 -3.21362

O -4.98877 7.15881 0.87817

O 3.28081 0.87926 7.23463

O 1.20203 0.89175 -3.29291

O -4.96266 -1.17825 -7.54514

O 3.32095 0.89227 -1.20478

O 3.23079 -7.43296 2.96087

O 3.23848 7.16596 -3.26311

O -5.04152 0.87936 7.20393

O -5.03986 0.89870 -5.34818

O -4.96442 7.08595 4.94177

O -5.06900 0.88574 -1.18993

O -5.05960 0.88036 2.99051

O -5.01524 7.14959 -3.25933

O -5.06724 -1.19377 0.89925

O 3.28495 0.89515 3.01622

O 3.27385 -1.18083 5.14391

O 3.28423 -7.49941 -1.17788

O 3.29123 0.88321 -5.38037

O 3.26030 -1.18754 -3.28493

O 5.36594 -1.19458 2.96479

O -7.02527 -7.31214 4.91131

O -5.06999 -1.19184 5.03377

O -5.01397 -7.51365 -1.18565

O 1.17599 -7.41558 -3.23125

O -5.08098 -1.18569 -3.26345

O 3.20103 -7.48137 -5.27748

O 1.17356 -7.45459 5.00662

O 5.38002 0.89319 5.02566

0O -2.92696 5.08704 5.03061

O -7.15077 0.88482 -3.25420

O 5.41748 0.89443 -3.28133

0 -2.97932 5.13015 -3.24446

O -2.97811 -1.17345 -5.43657

O -2.98791 0.88808 5.12109

O 5.36725 -3.24142 5.08082

0O 5.33776 5.09560 -3.26004

O -2.96680 0.89039 -3.30928

O 5.34855 -3.28415 -3.24274

O -4.94959 -7.43380 2.94715

O 5.22987 -7.48710 4.94524

0O -2.98373 -3.25731 5.08999

O 5.38056 -1.18480 -5.40372

O 5.30829 -7.46011 -3.22650

0O -2.96832 -3.26641 -3.30990

O 7.53358 0.88887 2.95171

O -2.94994 -7.39596 4.98196

O 1.20571 0.90083 0.90091

O -4.99659 -7.38889 -5.29405

O -2.95142 -7.50737 -3.24658

O 1.17015 0.88848 -7.55848

O 7.50062 0.88463 -5.25930

O 5.26373 7.04654 7.04561

O -7.18174 0.88832 0.87620

O -0.89672 0.88906 2.97504

O 5.33304 7.21143 -1.17184

O -7.10164 0.87471 -7.37256

0O -0.90216 0.89456 -5.41164

O -2.94541 7.08331 6.99515

O 1.17464 -7.56117 0.88392

O 7.37021 -7.36598 2.90941

0O -2.92645 7.19502 -1.17914

O 1.18165 -7.32080 -7.40576

O -0.88134 -7.43652 2.98212

O 5.34340 -1.18521 7.11821

O -6.89973 -7.26167 -7.14846

O -0.87687 -7.48106 -5.32701

O 5.36772 -1.19030 -1.19185

O -7.08043 -7.42371 0.86842

O 7.38998 7.08360 4.89665

O 1.19181 0.89661 5.05697

O 7.29491 7.10063 -3.19546

30

O -0.88402 7.17839 4.95415




O -0.88967 7.17006 -3.22815

O 7.51519 -1.17245 5.03735

O 7.43829 -5.26377 -3.22343
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O 7.42599 -1.17394 -3.27735

0O -0.89628 -5.38248 5.09816

O 5.35533 -5.30133 -5.35587

O -0.90026 -1.18796 5.07044

O -0.89272 -5.39742 -3.29549

O 7.49989 2.95010 -3.25034

O -0.89424 -1.19059 -3.30615

O 7.50314 5.02001 2.93787

O 7.50611 2.94315 0.88600

O 7.31360 7.08846 0.87489

O 7.41463 4.91111 -5.25407

O 7.45230 -5.31903 0.87671

O 7.25405 6.87892 -7.25530

O -0.88504 5.08465 2.96622

O -0.87506 2.95668 -7.45565

O -0.88237 7.13994 0.89195

O -0.88907 5.11541 -5.37797

0O -0.89137 2.99382 0.90270

O -0.87795 7.02754 -7.35849

O 7.50989 -3.23636 2.96444

O 7.38733 2.91483 -7.38421

O 7.47081 -1.19125 0.87595

O 7.51437 -3.20957 -5.24113

O -7.06916 -5.25236 7.10289

O 7.35132 -1.17852 -7.38055

O -0.88514 2.95283 5.05576

O -7.10735 -5.29227 -1.18323

O -0.90246 -1.19889 0.89924

O -0.89123 -3.31344 2.99330

O -0.87491 -5.27191 -7.44917

O -0.87725 -1.17800 -7.47375

O 5.36966 0.88889 0.89406

O 1.18889 -5.38916 -1.19008

O 5.30746 7.14738 2.93193

O 5.32160 0.88803 -7.40752

O 1.16791 -5.28877 7.24774

O 5.23319 7.13049 -5.22441

O -3.00071 0.89210 0.90650

O -7.16885 2.98435 -1.18930

O -2.97090 7.15784 2.97110

O -2.98274 0.88384 -7.54102

O -2.94381 -5.37371 2.96757

0O -2.93828 7.17639 -5.31226

O 5.28732 -7.41099 0.87350

O -7.11507 2.90874 7.09699

O 5.30435 5.05991 5.05568

0O -2.93969 -7.46894 0.88050

O -2.97076 2.96613 7.24227

O 3.21556 7.15098 5.01334

O -2.95523 -7.31375 -7.34300

O 5.24037 2.94680 7.20169

O -7.18089 0.88264 4.96029

O 1.19339 2.96935 3.01491

O 5.41347 2.94919 -1.18621

O 7.40044 2.92333 5.03142

O 1.18188 2.95788 -5.35875

O -3.00697 2.97606 -1.19139

O -7.22515 -3.25384 0.88661

O -7.14242 2.95629 2.95556

O 5.26112 -5.29184 7.07737

O -7.16969 -5.25279 -5.20755

O -7.20060 2.93558 -5.26522

O 5.41391 -5.36412 -1.19791

O 3.30847 2.97144 0.89904

O 1.18868 -5.35363 2.95148

O 1.18580 3.01916 -1.19986

O -0.90155 2.99239 -3.25291

O -0.88112 -3.27036 -5.38015

O -2.96651 -5.37448 -1.19261

O 7.46500 -5.22714 4.98065

O 1.18143 -5.33906 -5.40539

O 5.39011 2.96032 2.94722

O -2.93112 -5.30879 7.23847

O 5.37149 2.92610 -5.37131
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0O -2.96514 2.97399 2.99281




O -2.96848 2.99769 -5.39569

O 5.37271 -5.37925 2.92258

O -7.10691 -3.24724 5.00985
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O -0.89948 -5.36361 0.88923

O -7.17586 -3.24233 -3.22173

O 3.26545 2.94727 5.06624

O -7.11337 -5.33244 2.95491

O 1.19936 5.09619 0.90030

O -5.08899 5.06677 -5.35530

O 1.17977 2.98266 7.15416

O 1.18158 4.97830 -7.46499

O -4.94090 4.97779 7.11461

O -7.06736 -3.23873 -7.36752

O -7.16971 4.95511 0.87916

0O -2.96622 -3.29395 0.90443

O -5.14509 2.96099 0.88334

O -7.05256 4.94928 -7.33032

O -5.07620 2.95118 5.01686

O 1.17916 5.08913 5.06810

O 1.20269 -3.26328 0.90458

O 5.37398 -3.29591 0.88480

O -4.97335 2.94306 -7.41511

O -2.97351 -5.38345 -5.40506

0O -2.93291 5.00581 -7.46720

O 3.29301 -5.40831 0.88384

O 1.18534 -3.25291 -7.42321

0O -2.96018 5.14581 0.88361

O 3.21569 -5.25694 -7.53878

O 3.27333 5.13262 -1.19608

O 5.22735 4.98059 -7.36531

O -5.05769 -5.39248 0.88504

O -5.03093 5.02262 -1.18486

O 5.36607 5.02396 0.89256

O -4.94497 -5.25968 -7.48384

O 7.49038 -3.26704 -1.17027

O 5.31713 -3.21011 -7.41077

O 7.37316 4.89603 7.09407

O 3.27526 2.97239 -3.27786

O -5.03153 -5.34870 5.04570

O 7.40277 5.04708 -1.18537

O 3.25649 2.93852 -7.49877

0O 3.25699 -5.33023 -3.26596

O -0.87886 4.97685 7.14650

O -2.93052 -3.26553 -7.54231

O 3.22459 -5.36943 5.05340

0O -0.89250 5.12182 -1.18846

O 3.21967 -3.23624 7.13580

O -5.09404 2.94395 -3.24920

O 7.33700 -3.21588 7.03919

O 3.31236 -3.29405 -1.18221

O -5.03912 -5.34075 -3.27411

O -0.87619 -3.25126 7.21597

O -4.96906 -3.20066 7.20428

Ni -5.06191 -7.42874 0.88505

0O -0.90181 -3.30568 -1.19554

O -5.06560 -3.29476 -1.19153

Ni -4.96246 -7.32621 -7.21226

O 1.18527 5.13664 -3.26067

O 3.24992 5.07487 2.95608

Ni 7.48211 5.05730 0.88749

O 3.21555 4.95209 7.22372

O 3.23509 5.07951 -5.39450

Ni 7.20933 4.91607 -7.23206

O -7.16914 4.94679 4.96087

O -5.07165 5.07456 2.92303

Ni -0.89660 5.14179 0.88930

O -7.22918 4.94526 -3.25446

O 3.28316 -3.31076 2.98061

Ni 7.49304 -3.25044 0.88287

O 1.19368 -3.25184 5.07121

O 3.25906 -3.27802 -5.37868

Ni -0.89334 -3.32377 0.89558

O 1.19703 -3.26034 -3.31526

O -5.11818 -3.26589 3.00091

Ni 5.38905 0.89035 -5.40835

O -5.06786 -3.25386 -5.34788

Ni -5.05392 0.89302 0.89226
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Ni 3.24889 -7.45691 0.88975




Ni -0.88149 5.06360 -7.43565

Ni -5.04410 0.87561 -7.40181

Ni 1.19149 0.89727 -1.18305
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Ni 5.39800 -5.37738 -3.25407

Ni 1.18086 0.88283 7.13795

Ni -0.87803 2.93153 7.15818

Ni -2.98055 2.96856 -3.27798

Ni -2.93910 -1.19176 -7.47742

Ni 1.17659 -3.27522 -5.39711

Ni 3.29004 0.90187 0.89863

Ni -3.01219 -1.19495 0.90450

Ni 1.18950 -3.30665 2.99378

Ni -0.89020 -7.52764 -3.25088

Ni 5.31881 -1.16515 -7.46919

Ni -7.13965 4.94671 -5.24177

Ni -0.87347 -7.51124 5.03803

Ni 5.42483 -1.19757 0.88796

Ni -7.22580 4.96556 2.93191

Ni 7.25419 -7.19880 4.91912

Ni -2.88896 7.01637 -7.25464

Ni 1.17296 5.04359 -5.34243

Ni -0.89411 0.90059 -3.29012

Ni -2.95373 7.23158 0.88693

Ni 1.18353 5.12877 2.94928

Ni -0.89411 0.89250 5.13183

Ni 5.23547 7.02923 -7.23534

Ni -7.16261 -1.17877 -3.25892

Ni 7.54605 0.89365 -3.28079

Ni 5.29938 7.21059 0.87976

Ni -7.15772 -1.16706 5.03242

Ni 7.44550 0.87344 5.05109

Ni -6.91509 -5.21466 -7.26797

Ni 1.19652 -1.19929 -3.28423

Ni -2.98701 -5.36381 -3.23234

Ni -7.18199 -5.31282 0.87224

Ni 1.18975 -1.17874 5.15442

Ni -2.98483 -5.34035 5.06502

Ni 1.17527 -5.33106 -7.39806

Ni -7.05042 6.99911 -3.21256

Ni -2.99581 2.99140 5.09797

Ni 1.17909 -5.40131 0.89284

Ni -6.98872 6.97589 4.96537

Ni 3.21740 0.89416 -7.43007

Ni -7.04793 2.87149 -7.36963

Ni 1.17728 7.10378 5.05058

Ni 5.35424 2.98542 -3.29421

Ni -7.23767 2.94592 0.88507

Ni 1.17292 7.18359 -3.23489

Ni 5.33941 5.09775 -1.18751

Ni 1.17313 2.97478 -7.41327

Ni -5.05243 -3.28898 -3.26933

Ni -2.99378 5.10420 -1.18531

Ni 1.19007 2.96730 0.90274

Ni 3.27038 5.09927 5.01169

Ni 5.26472 -5.33007 5.04031

Ni -3.01090 -3.27331 -1.19374

Ni -0.89805 3.00808 -1.19804

Ni -7.00836 -7.27114 -1.18280

Ni -2.95267 -3.23838 7.16294

Ni 7.24219 -5.24976 6.96187

Ni -6.81346 -7.01624 6.70600

Ni 5.38485 -3.25164 -1.19482

Ni 7.45729 -5.33394 -1.17174

Ni 1.19122 -7.44732 -1.18228

Ni 5.30700 -3.20212 7.16106

Ni -0.87482 -5.37016 7.23712

Ni 1.17655 -7.38315 7.05715

Ni 5.30784 2.95564 5.02877

Ni -0.88267 -5.40306 -1.19253

Ni -7.20158 0.88015 -1.17364

Ni -2.92096 4.99001 7.16111

Ni -7.20773 -3.25371 -5.26273

Ni -7.05710 0.87915 7.01343

Ni -5.02289 -3.25259 5.09547

Ni 3.24537 5.12852 -3.24059

Ni 5.30979 5.02207 7.13745

Ni -5.04087 5.09703 -3.26959
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Ni 3.25421 -3.27832 5.12354




Ni 3.30797 -3.28336 -3.28088

Ni -5.05341 5.03234 5.05125

Ni 7.24821 7.02587 -5.21301
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Ni -7.16301 -3.25562 2.93445

Ni 7.25600 7.03238 2.90446

Ni 3.25448 -1.17305 7.16991

Ni 7.52734 2.97968 -1.17968

Ni -4.99053 -5.32736 -5.31327

Ni -5.02316 7.22985 -1.17469

Ni -5.10655 2.96919 2.98485

Ni -5.05878 -5.36454 2.96650

Ni -4.95577 6.92149 6.97516

Ni -0.89503 -1.19540 -5.42994

Ni 3.27236 -5.39980 -5.31701

Ni 3.21961 7.20637 -1.18058

Ni 3.25369 2.97265 2.99981

Ni 3.23397 -5.41803 2.95621

Ni 3.18794 6.99258 6.96668

Ni -0.89753 -1.18214 2.97400

Ni -5.01253 2.96161 -5.34768

Ni -2.95599 -7.43870 -5.26605

Ni 7.42261 -1.17197 -5.27800

Ni 3.25556 2.96210 -5.35175

Ni -2.94647 -7.52594 2.93019

Ni 7.47441 -1.18732 2.94244

Ni -5.09988 -1.17528 -1.17886

Ni 5.28824 -7.49550 2.95956

Ni -0.87119 7.21130 -5.33237

Ni 7.25402 2.91102 7.06376

Ni -2.96515 0.88262 -5.42585

Ni -0.89038 7.15130 2.95349

Ni -5.04112 -1.18363 7.15959

Ni -3.01006 0.89180 3.00643

Ni 3.28474 -1.18449 -1.18939

Ni -0.88225 -3.24849 -7.50233

Ni 5.42966 0.89202 2.96945
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