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ABSTRACT: Zero-dimensional boron structures have always been the focus of theoretical
research owing to their abundant phase structures and special properties. Boron clusters
have been reported extensively by combining structure searching theories and photoelectron
spectroscopy (PES) experiments; however, crystalline boron quantum dots (BQDs) have
rarely been reported. Here, we report the preparation of large-scale and uniform crystalline
semiconductor BQDs from the expanded bulk boron powders via a facile and efficient probe
ultrasonic approach in the acetonitrile solution. The obtained BQDs have 2.46 nm average
lateral size and 2.81 nm thickness. Optical measurements demonstrate that a strong
quantum confinement effect occurs in the BQDs, implying the increase of the band gap from 1.80 eV for the corresponding bulk to
2.46 eV for the BQDs. By injecting the BQDs into poly(vinylpyrrolidone) as an active layer, a BQD-based memory device is
fabricated that shows a rewriteable nonvolatile memory effect with a low transition voltage of down to 0.5 V and a high on/off
switching ratio of 103 as well as a good stability.
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1. INTRODUCTION

Elemental boron, at the critical position of metallic and
nonmetallic elements, has three valence electrons and exhibits
multicenter bonding character owing to the electron deficiency
with both classical two-center, two-electron and novel three-
center, two-electron B−B bonds.1−6 The unusual bonding
situation makes the bulk boron to have at least 16 polymorphs
that have robust stiffness, strength, toughness, and stability for
potential applications in advanced high-temperature devices.2,7

In contrast, low-dimensional boron nanostructures are expected
to have wider applications than the bulk counterpart.7−9 To
date, zero-dimensional (OD) boron cage molecules (boron
clusters), one-dimensional (1D) nanowires and nanotubes, and
two-dimensional (2D) sheets or nanofilms have been
extensively reported experimentally and theoretically.7−17

However, crystalline boron quantum dots (BQDs) are rarely
reported experimentally.
After the discovery of buckminsterfullerene (C60),

18 a series of
crystalline metal oxide and semiconducting quantum dots/
nanoparticles were synthesized to boom the various inves-
tigations on dramatically chemical and physical properties
towards wider applications in nanoscale sensors, random lasers,
and highly efficient energy conversion and storage devices.19−23

Boron is also able to form sp2 and sp3 bonding and thus is
regarded as the best candidate after carbon to form C60-like
structures and quantum dots.3 In the past decade, it has been
predicted and proved by combining CALYPSO structure
searching theories and photoelectron spectroscopy (PES)
experiments that the structure and chemical bonding of boron
nanoclusters, Bn, strongly depend on the nanocluster size.24−28

Especially, the long-sought B fullerene analogue (borospher-
enes) was found at B40 with a large highest occupied molecular

orbital−lowest unoccupied molecular orbital (HOMO−
LUMO) gap of more than 5.0 eV.29 Despite these advances,
crystalline BQDs have been rarely prepared. Therefore, it is an
urgent need to develop a facile preparation method for large-
scale and high-quality crystalline BQDs.
In this work, crystalline semiconductor BQDs have been

successfully synthesized by a probe ultrasonic procedure using
the expanded boron powders as the rawmaterial in a highly polar
organic solvent of acetonitrile. Crystal structures and surface
morphologies of the BQDs were tested by high-resolution
transmission electron microscopy (HRTEM) and atomic force
microscopy (AFM), and their optical properties were analyzed
by photoluminescence and UV/vis absorption spectroscopies.
To demonstrate the device application, a BQD-based non-
volatile memory device was fabricated, wherein the BQDs are
the materials for charge trapping in the nonvolatile device. This
work would pave the novel avenues for applications of zero-
dimensional boron materials in photoelectronics and energy
storage and memory devices.

2. EXPERIMENTAL SECTION
2.1. Materials. Acetonitrile (99.7%) and N-methyl-pyrrolidone

(NMP) (99.7%) were purchased from China National Pharmaceutical
Group Corporation. Poly(vinylpyrrolidone) (PVP, MW = 130 000)
was obtained from Sigma-Aldrich Chemie GmbH (Sternheim,
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Germany). Expanded boron powder (99.999%) was received from
Aladdin Reagent Corporation. All of the materials were used without
purification. In a typical preparation of BQDs, 30 mg of boron powder
was first added into a three-necked bottle and then 15mL of acetonitrile
was added into the bottle before the probe ultrasonication process. The
preparation was performed at an output power of 400 W and an
ultrasonic time of 60 min. The diameter of the probe composed of a
titanium alloy is 10mm, and the frequency was controlled at 20 kHz. To
avoid overheating of the solution under ultrasound, we designed a
simple cooling cycle device to keep the system at a constant
temperature. The resultant solution was centrifuged at 1500 rpm for
60 min. The supernatant containing BQDs was extracted gently. All of
the experiments were conducted at room temperature.
2.2. Characterization. Transmission electron microscopy (TEM)

images and selected area electron diffraction (SAED) patterns were
obtained using an FEI Talos F200 S field-emission transmission
electron microscope with an operating voltage of 200 kV. An atomic
force microscope (AFM, Bruker Dimension Edge) was used to obtain
the thickness and size of the as-prepared boron quantum dots (BQDs)
in tapping mode in air. Raman and photoluminescence (PL) spectra
were performed using a laser confocal Raman spectrometer (LabRAM
HR Evolution, HORIBA Jobin Yvon, France) with a 325 nm He−Ne
laser at room temperature. The characteristic peak of a silicon wafer
located at 520 cm−1 was utilized to calibrate the Raman spectrometer.
The X-ray photoelectron spectroscopy (XPS) spectra were measured
on a Thermo Scientific spectrometer (ESCALAB 250Xi) equipped with
a pass energy of 30 eV and an X-ray source (hν = 1486.65 eV) with
monochromatized Al Kα. All of the samples were tested under a low
pressure down to 1.0 × 10−9 Pa, and the spectra were analyzed using
Advantage software with an energy step of 0.05 eV. SEM images were
investigated by a field-emission scanning electron microscope (FEI
Nova 450). X-ray diffraction (XRD) measurement was performed on a
Japanese Science Smartlab9 with a tube voltage of 40 kV and a tube
current of 150 mA. UV−vis spectra were recorded on a UV-3600
spectrophotometer at room temperature. The time-resolved PL

(TRPL) experiment was obtained by an FLS1000 photoluminescence
spectrometer.

2.3. Fabrication of BQD-PVP-Based Memory Devices. First,
after the treated dispersion was centrifuged at a speed of 1500 rpm for
60 min, the supernatant containing the BQD suspension of 5 mL was
centrifuged at a speed of 10 000 rpm for 30 min. Second, the BQD was
collected and redispersed in NMP of 1 mL and the PVP particles were
also dissolved in NMP of 1 mL. Third, the two dispersion solutions
were mixed to produce a mixture composed of BQDs and PVP, which is
referred to as BQD-PVP. Fourth, the mixture was sonicated for 30 min
in an ultrasonic cleaning machine. Fifth, a glass substrate with
prefabricated Au line electrodes was prepared using a shadow mask
by a magnetron sputtering equipment, where the thickness, width,
length, and the distance among the electrodes are 110 nm, 0.5, 25, and
1.5mm, respectively. Sixth, the film was deposited on the glass substrate
by spin coating at a speed of 800 rpm for 20 s and then 1500 rpm for 40
s. Seventh, after the film was heated at 60 °C for 1 h at a hot stage, Ag
line electrodes with 80 nm in thickness, 0.5 mm in width, and 25 mm in
length are deposited by the magnetron sputtering process. The top Ag
and bottomAu electrodes are perpendicular. Finally, 8× 8 device arrays
with the active layer BQD-PVP were fabricated. The nonvolatile
memory device with a sandwich configuration refers to glass/Au/BQD-
PVP/Ag. I−V characteristic was measured by a source measurement
unit system (Keithley 2400) at room temperature.

3. RESULTS AND DISCUSSION
A feasible probe sonication process was employed to prepare the
BQDs in acetonitrile solution, as shown in Figure 1a. The BQDs
were obtained by sonicating the boron powders for 60 min and
then centrifuging at 1500 rpm for 60 min. We employed
expanded boron powders with layered structures (Figure S1),
which resulted in the formation of BQDs under high-intensity
probe ultrasonic treatment. The dipole−induced dipole
interaction is regarded as an important cause for dispersing

Figure 1. Preparation and structural characterization of the crystalline semiconductor BQDs. (a) Schematic diagram of preparing the BQDs from the
expanded boron powder. (b) Low-magnification TEM image of the BQDs. The inset shows a typical HRTEM image of individual BQD with a lattice
spacing of 0.181 nm. (c) HRTEM image of the BQDs. The inset shows the atomic structure of the BQD along the (024) orientation related to the inset
of (b). (d) Lateral size distribution of BQDs obeys a Gaussian distribution. (e) AFM image of the BQDs on a mica substrate. (f) Thickness profile of
the BQDs along the white line in (e). (g) Thickness distribution of the BQDs, indicating that the average thickness is around 2.81 nm.
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nanomaterials in some highly polar solvents such as the
preparation of graphene quantum dots (GQDs) using disperse
expended graphite in a polar solvent under ultrasound,30 so a
similar effect may occur between the expanded boron powders
with a layered structure and the polar acetonitrile solvent.
The structure of BQDs is analyzed by field-emission

transmission electron microscopy (TEM) and high-resolution
atomic force microscopy (AFM). The TEM images of BQDs
indicate that a large quantity of ultrasmall and uniform BQDs
have been prepared (Figure 1b,c). The high-resolution TEM
(HRTEM) images show that the BQDs with highly paralleled
lattice fringes are well-crystallized (Figure 1c). The lattice
distance of BQDs was measured to be 0.181 nm (inset of Figure
1b), which is in good agreement with the (024) lattice spacing of
a α-rhombohedral boron structure (PDF 78-1571), indicating
that quantum dots are derived from α-rhombohedral boron. The
BQDs with good reproducibility can be prepared many times, as
shown in Figure S2. According to statistical analysis of 400
quantum dots, it is shown that the average lateral size of the
BQDs is 2.46 ± 0.4 nm and the diameter of more than 80%
BQDs is in the range from 2 to 2.8 nm that conforms to the
Gaussian fitting distribution curve (Figure 1d). To further verify
the thickness of the as-synthesized BQDs, an AFM image was
obtained, as shown in Figure 1e. The thickness profile from the
AFMdata reveals that the thicknesses of BQDs are 2.45 and 3.10
nm for two different BQDs, which respectively correspond to
the number of periodic lattices of the BQDs with around five and
seven layers31 (Figure 1f). Statistical AFM analysis shows that
the BQDs with 2.81 ± 0.5 nm in average thickness (Figure 1g)
correspond to 6 ± 1 in the number of boron layers. All of the
above results demonstrate that the ultrathin and ultrasmall
BQDs have been successfully prepared in the acetonitrile
solution by the probe ultrasonic treatment.
The crystal structure of as-synthesized BQDs was systemati-

cally investigated by XRD measurements (Figures 2a and S3).
Figure 2a shows typical XRD profiles for the original boron

powder and as-prepared BQDs, which can be indexed into α-
rhombohedral boron (PDF 78-1571). Compared to that of the
commercial boron powder, the XRD peak intensity of the BQDs
decreases sharply and the peak of the (101) reflection was
broadened at around 22°, which demonstrates the highly
dispersed structure of these BQDs. In addition, a peak marked
by * can be indexed to carbon (PDF 22-1069), which is
attributed to the carbon impurities in the bulk boron.
Theoretically, if a material is monolayer which would no
interaction happening among the layers, weak or no diffraction
peak would be detected in the XRD pattern which corresponds
to the d-spacing of the layered crystals.32,33 After the ultrasonic
treatment, the disappearance of most of the peaks in the XRD
pattern of the BQDs results from the reduced crystallinity of
ultrasmall and ultrathin BQDs and the interlayer interaction
upon the dispersion process, similar to the dispersion of boron
nitride quantum dots (BNQDs).34 Consequently, the XRD
result further verifies that the BQDs are a few layers in thickness
and ultrasmall in size, which is in good agreement with the
experimental results of TEM and AFM measurements in Figure
1.
Raman spectroscopy is utilized to investigate the structure

and crystallinity of the BQDs and the bulk counterpart (Figures
2b and S4). It is observed that there are two prominent bands of
the BQDs located at 687.2 and 792.8 cm−1, as shown in Figure
2b. The two bands can be attributed to one in-plane phonon
mode (A1g) located at 687.2 cm−1 and the other out-of-plane
vibration mode (Eg) at 792.8 cm−1.35 In contrast, the Raman
spectrum of the corresponding bulk powder shows significant
blue shifts of the A1g and Eg bands of around 6.4 and 11.2 cm

−1,
respectively. This phenomenon was also observed in previous
reports about BNQDs33 and black phosphorus QDs
(BPQDs).36

To further probe the surface composition and chemical state
of the samples before and after the probe sonication treatment,
X-ray photoelectron spectroscopy was utilized (Figure 2c,d).

Figure 2. XRD, Raman, and XPS characterizations of the BQDs. (a) XRD patterns of the BQDs (red line) and bulk boron (black line); the peak
marked by * can be indexed to carbon (PDF 22-1069). (b) Raman spectra of the BQDs and the bulk counterpart irradiated by BQDs by a 325 nm laser,
where the blue shift of the peaks (Eg and A1g) of the BQDs in comparison with the bulk indicates that the BQDs are ultrasmall and ultrathin. High-
resolution XPS spectra of B1s core-level electrons of boron powder (c) and BQDs (d).
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The XPS survey-scan spectra of BQDs and boron powder are
shown in Figure S5. In addition to the B band, the bands
corresponding to N, C, and O were also detected. It is generally
considered that the C and N bands may originate from
impurities from the external environments because the samples
are inevitably exposed to air before the measurements. In
addiiton, the excess C species also come from the impure
introduction of the bulk powder, which has been confirmed by
Rama spectrum (Figure S4). Figure 2c,d shows the high-
resolution B1s core-level electrons of the boron powder and the
BQDs, respectively. The spectrum of BQDs is fitted into four
characteristic peaks: 187.1, 187.6, 188.3, and 188.5 eV,
respectively. All of the peaks correspond to the B−B band,37

which indicate that the crystal structure of boron remains intact
after the probe ultrasonic treatment. In comparison with the
XPS peaks of the boron powder, the main peaks of the BQDs are
red-shifted slightly and the trend is consistent with the reported
phenomenon observed in 2D boron sheets.37 This result further
confirms the formation of BQDs after ultrasonicating the boron
powder in the acetonitrile solution.
To confirm the optical band gap of the as-synthesized BQDs,

the UV−visible absorption spectrum of the BQDs was
performed (Figure 3a). From the absorption spectrum, the
optical band gap can be calculated via the Tauc plot formula.38

The equation is given as α = A(E − Eg)
1/n/E, where A is a

constant, α is the absorption coefficient, Eg is the optical band
gap, and E is the photon energy. For indirectly allowed
transition, n = 2, namely, (αhν)1/2 = hν − Eg (inset, Figure 3a).
The calculated optical band gap Eg is estimated to be 2.45 eV,
which is higher than that of the corresponding bulk of around
1.80 eV (Figure S6), indicating the occurrence of a significant
quantum confinement effect in the BQDs. The as-synthesized
BQDs, showing a light brown phase, can be dispersed in the
acetonitrile solution (the inset at the bottom left of Figure 3a).
The solution is very stable at room temperature for more than
three months without any noticeable aggregation, which is
determined by the Tyndall effect.
Furthermore, the room-temperature PL spectra of the BQDs

and the boron powder are used to characterize the optical
properties, where the red and black lines refer to the PL spectra
of the BQDs and the boron powder, respectively (Figures 3b and
S7). The room-temperature PL spectrum of the BQDs shows a
broadened and strong emission band centered at 505 nm (the
photon energy is 2.46 eV). The measured PL peak position of
the boron powder is 689 nm (the photon energy is 1.80 eV) (the
inset of Figure 3b). In good consistence with the UV/vis
spectrum, the remarkable blue shift of around 184 nm in the PL
spectra is detected and can be attributed to the significant

quantum size effect in the BQDs. Additionally, the broadened
emission peak is similar to the observation in the GQDs
resulting from the ultrasmall size and surface defect edge.39

To explain the PL mechanism of the BQDs, the time-resolved
PL (TRPL) spectroscopy was performed. The fluorescence
lifetimes of the BQDs and the boron powder are shown in Figure
S8. The fluorescence decay curve of BQDs indicates two
exponential decays with fast (1.36 ns, 75.32%) and slow (9.29
ns, 24.68%) decay components, which correspond to recombi-
nations from the intrinsic and defect-induced states, respec-
tively. This experimental result is similar to themeasured exciton
and localized states in BNQDs34 and GQDs39 as well as the
traditional semiconductors such as Si and ZnOnanocrystals.21,23

The decay curve clearly indicates that the emission from intrinsic
states shows a shorter recombination lifetime than that from
defect states. Therefore, we can reasonably conclude that under
the laser excitation with a wavelength of 325 nm the main part of
the emission originates from the intrinsic state of the BQDs,
while the small part of the emission is attributed to the defect
states because of the presence of vacancies or interstitial atoms.
The preparation process of quantum dots was investigated by

performing additional experiments indicated as below: the effect
of the ultrasonic time and ultrasonic powers on the size of the
BQDs was probed. The BQDs were marked as BQDs-1, BQDs-
2, BQDs-3, and BQDs-4 for the quantum dots synthesized at
400 W for 1 h, 400 W for 2 h, 550 W for 1 h, and 400 W for 4 h,
respectively. Then, the BQDs were obtained by centrifuging the
supernatant containing BQDs at a rate of 1500 rpm for 1 h. The
obtained small-particle-size BQDs with the calculated average
lateral size of 2.46± 0.4 nm for BQDs-1 (Figures 1d), 2.32± 0.4
nm for BQDs-2, 1.58± 0.2 nm for BQDs-3, and 5.8± 0.8 nm for
BQDs-4 (Figure S9), respectively. It is obviously noticed that
the size of the BQDs decreases more apparently with the
increase of the sonication power than the extension sonication
time according to the TEM results and the size distribution
images (Figures 1 and S9). For prolonging the ultrasonic time
up to 4 h, it is found that the average lateral size is increased to
5.8 ± 0.8 nm, as analyzed from the size distribution curve of the
BQDs. This phenomenon is also observed in the synthesis of
GQDs, so we can deduce that the BQDs-4 are produced at early
stages in the acetonitrile solvent under the probe ultrasonic
treatment and then the BQDs-4 rapidly appear to aggregate
again to reassemble the larger nanoparticles due to the strong
thermal effect from the high energy generated during the
prolonged probe sonication.39 From the HRTEM images, all of
the BQDs have a lattice-fringe spacing of 0.181 nm, which
corresponds to the (024) lattice fringes of the α-rhombohedral B
structure (PDF 78-1571). Furthermore, the standard XRD

Figure 3. Optical characterizations of the BQDs. (a) UV−vis spectrum of the BQDs. The inset shows the corresponding photograph of the BQDs
dispersed in acetonitrile under visible light irradiation. (b) PL spectra excited by a 325 nm laser, where red and black lines represent the BQDs and the
boron powder, respectively. The inset corresponds to the magnified PL spectrum of the boron powder.
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diffraction pattern of α-rhombohedral boron is shown in Figure
S3. Compared with those of BQDs-1, the quality and
crystallinity of BQDs-2 and BQDs-3 with a smaller size (inset
of Figure S9) are relatively low. Therefore, the above
characterizations are all mainly for the BQDs-1 and the
fundamental device application of as-synthesized BQDs-1 is
also further investigated in the following section.
To evaluate the device application potential of the BQDs, we

fabricated a rewriteable nonvolatile memory devices with a
sandwich configuration of glass/Au/BQD-PVP/Ag, where the
BQD-PVP were selected as an active layer for the memory
device (Figure 4). Previously, C60,

40 black phosphorus,36 and
GQDs41 composited in polymers have been extensively studied
in the organic−inorganic hybrid nanomaterials with a distinctive
resistance-switching effect for emerging data storage devices. As
a potential application, we describe a nonvolatile memory effect
of the BQD/PVP-based device. The BQD-basedmemory device
displays an electrical bistability (Figure 4a). It is observed that in
the device starting with the low-conductance state (LCS) the
current slowly increases with the applied positive voltage (stage
I, off state). Nevertheless, the current shows an abrupt increase
from 1.6× 10−5 (stage II) to 1.3× 10−2 with a high-conductance
state (HCS, stage III, on state) when the applied positive voltage
increases up to about 0.5 V, which demonstrates that the
switching characteristic of the device transforms from LCS to
HCS. The electrical transformation from the LCS to the HCS is
identical to a set/write process in nonvolatile devices. The
device exhibits a high stability in the HCS during the subsequent
voltage scan (stage IV) and can be maintained when turning off
the electrical power, indicating that such a device has a
rewriteable nonvolatile memory characteristic. After applying a
negative voltage of−0.7 V (stage VI), the device can be returned
to the LCS state again, which is identical to the reset/erase
process of the device. During the subsequent negative voltage
scan, the memory device remains in the LCS (stage VII). Such
write (set)/erase (reset) processes have been cyclically tested
many times, and no considerable degradation was observed.

This rewriteable nonvolatile feature allows the application of
BQD-PVP nanocomposites in the advanced flash memory
device.
To further understand the device operating mechanism, the

experimental and fitting curves of I−V are analyzed using the
theoretical space-charge-limit current (SCLC) model. Four
visible stages are noticed in the I−V curve during the positive
voltage sweep (Figure 4a). As can be seen from the inset of
Figure 4b, the curve of ln(I) vsV1/2 in the voltage range from 0 to
0.4 V can be fitted as a straight line (stage I, off state). The linear
feature suggests that the conductive mechanism can be
attributed to the thermionic emission,42 which results from
PVP as an insulating polymer with a large barrier. The
conduction is dominantly originating from the charge injection
from the electrode to the BQD-PVP active layer. In stage II, a
linear relation is observed in the plot of ln(I) and ln(V) for the
voltage sweep from 0.4 to 0.5 V with a slope of 1.96 (Figure 4b),
which indicates that the current is approximately proportional to
the square of the voltage, which is in good accordance with the
SCLC model. When the voltage exceeds 0.5 V (threshold
voltage), the injected carriers increase exponentially, which leads
to the increase of current exponentially as I−Vα (α =175.3) in
stage III. During the process, the carriers are transferred from the
PVP to the BQDs and captured by the BQDs, which is ascribed
to the lower energy level of BQDs (band gap = 2.46 eV) than
PVP (band gap = 3.4 eV) and a lower free-carrier concentration
than the trapped one caused by the BQDs, similar to the carrier
transfer in the BPQD-based device.36 Subsequently, the curve of
ln(I) vs ln(V) is in accordance with the Ohmic behavior (slope
1.06) in stage IV when the applied voltage is higher than the
switching voltage (Figure 4c) suggests that the current has a
nearly positive correlation to the applied voltage. The charges
will be again detrapped as the negative voltage is applied, and the
built-in electrical field will disappear (stage VI). Therefore, the
memory device returns to the LCS, and the erasing/resetting
operation of the device is carried out.

Figure 4. Properties of the BQD-based nonvolatile memory device. (a) I−V characteristics of the BQD-based device. The inset shows the schematic
diagram of the device. (b) Fitted lines of experimental data in the off state. Hollow dots correspond to the experimental data. (c) Fitted line of
experimental data in the on state. (d) Maintain-ability measurement of the BQD-based nonvolatile device with a reading voltage of 0.1 V under the on
and off states.
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To probe the stability of the device during the operation, a
maintain-time test was implemented in the on and off states.
After the testing of 10 min at a reading voltage of 0.1 V, no
obvious fluctuation was observed under atmospheric conditions
(Figure 4d). An on/off current ratio of approximately 103 has
been achieved, which would promise a low misreading rate
during the operation of the memory device. The device has a
good reproducibility, as shown in Figure S10. Importantly, the
low transition voltage of 0.5 V is desirable for low-power and
low-voltage devices, which is significantly lower than BPQD-
PVP (1.2 V),36 molybdenum disulfideMoS2-PVP (3.5 V),

42 and
poly(vinylcarbazole) (PVK)-carbon nanotube (CNT) (1.8 V)-
based diodes.43 This feature makes it to have potential
applications in the advanced memory devices with low-power
consumption. Previous studies have demonstrated that the pure
PVP devices showed no switching behavior,40 which indicated
that the memory effect in our device could be attributed to the
presence of BQDs.

4. CONCLUSIONS
In conclusion, we have successfully prepared large-scale and
uniform crystalline semiconductor BQDs from the expanded
boron powders in the acetonitrile solvent by high-power probe
sonication treatment. The as-synthesized BQDs are 2.46 ± 0.4
nm in lateral size and 2.81 ± 0.5 nm in thickness. The size and
crystallinity of the BQDs can be further controlled by different
process conditions. A strong quantum confinement effect occurs
in the BQDs, which is proved by UV−vis and photo-
luminescence spectroscopy techniques. It is found that a large
blue shift up to 184 nm occurs in the BQDs in comparison with
the bulk counterpart, which corresponds to the band gap
variation from 1.80 eV for the bulk to 2.46 eV for the BQDs. The
quantum size effect would render an important alternative for
the BQDs as the material for charge trapping in the advanced
memory devices. The fabricated BQD-based device shows a
rewriteable nonvolatile memory effect with a low switching
voltage of only 0.5 V and electrically bistable behavior with an
on/off switching ratio of more than 103. The synthesis of the
BQDs compensates for zero-dimensional vacancies of crystalline
boron experimentally; meanwhile, this finding would pave the
novel avenues for the 0D crystalline boron quantum dots in
highly efficient and high-performance photonic, sensing, and
memory devices.
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