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ABSTRACT: Long-chain saturated hydrocarbons and alkoxysilanes
are ligands that are commonly used to passivate perovskite quantum
dots (PQDs) to enhance their stability and optical properties.
However, the insulating nature of these capping ligands creates an
electronic energy barrier and impedes interparticle electronic
coupling, thereby limiting device applications. One strategy to solve
this problem is the use of short conductive aromatic ligands that allow
delocalization of the electronic wave function from the PQDs, which,
in turn, facilitates charge transport between PQDs by lowering the
energy barrier. This is demonstrated with methylammonium lead
bromide (MAPbBr3) QDs prepared using benzylamine (BZA) and
benzoic acid (BA) capping ligands. Optimized BZA-BA-MAPbBr3
QDs are highly stable and show very high photoluminescence (PL)
quantum yield (QY) (86%). More importantly, the BZA-BA-MAPbBr3 QD film exhibits higher conductivity and carrier
lifetime and more efficient charge extraction compared to PQDs with insulating ligands, as indicated by electrochemical
measurements and transient photocurrent and photovoltage spectroscopy.

Semiconductor quantum dots (QDs) are highly valued
materials for optoelectronic applications because of their
novel optical and electronic properties.1−9 This is partly

due to strong quantum confinement in the nanometer size
regime.10−12 In addition, their low-cost solution processing is a
major advantage for device fabrication. Semiconductor QDs
based on organometal halide perovskites with the formula
APbX3 (A = methylammonium (MA) or cesium, X = Cl, Br, I)
have recently shown great promise for light-emitting diode
(LED) and photovoltaic (PV) applications. However, one of
the most important challenges hindering their practical use is
instability in the presence of oxygen, moisture, temperature,
and UV light.13−22

One approach for stabilizing the perovskite quantum dots
(PQDs) is to use molecular ligands to passivate the surface,
such as long alkyl chains and alkoxysilanes, that enhance
optical properties and improve stability because of their
hydrophobicity and steric hindrance toward infiltrating water
and oxygen molecules.8,9,17,20−29 However, these capping
ligands are insulators and present energy barriers that obstruct
charge carrier transport within the PQD solids. This not only
inhibits charge transport at the interface of PQDs and

conductive contact layers but also impedes PQD electronic
coupling in the solid film. In consequence, it is challenging to
fabricate PQD films with enough light absorption and
sufficient charge transport to compete with unprotected
perovskite polycrystalline films or inorganic capped
QDs.30−35 A major focus toward increasing charge transport
and interdot electronic coupling is tuning the length of the
capping ligands.36−40 This has led to the use of short ligands
that contain multiple functional groups to passivate diverse
defect sites and decrease the distance between QDs toward
increasing charge transport in molecular electronic junc-
tions.41−47 In addition, bifunctional aromatic capping ligands
have been used as an effective tool for linking a conductive
contact film with QDs at their interfacial region as well as
strengthening the coupling between QDs in the solid
film.36,37,46,48−55 Furthermore, surface passivation of colloidal
PQDs with conjugated aromatic capping ligands were
previously reported; however, the conjugated ligands were
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used in conjunction with oleic acid.56 Therefore, surface
passivation of colloidal PQDs with exclusively conjugated
capping ligands has yet to be established.
The problem of concurrently preventing moisture pene-

tration and improving charge transport can be solved by
introducing hydrophobic capping ligands with conductive
properties. This enables water-resistivity as well as lower
charge-resistivity in a PQD solid. Prospective capping ligands
with hydrophobicity and conductive properties include
aromatic, alkene, and alkyne compounds with an unhindered
positive or negative terminal ion that will interact strongly with
the ions of the perovskite lattice. Aromatic compounds are
especially promising because of the special stability from its
resonance delocalization of π-electrons. Coupled with stability,
addition of electron-donating and -withdrawing groups to the
aromatic system enables fine-tuning of its electronic structure
and energy level alignment, which is essential for solar cell and

LED device fabrication. Benzylamine has been previously used
to passivate crystalline perovskite for solar cells.57,58 Wang et
al. surface-passivated formamidinium lead iodide (FAPbI3)
films with aniline, benzylamine, and phenethylamine and
observed that benzylamine has the optimal steric arrangement
in conjunction with the perovskite surface to block moisture
and enhance stability. Moreover, Zhou et al. observed highly
efficient surface passivation of defect regions that suppressed
thermal photoinduced degradation.
Herein, we introduce for the first time colloidal MAPbBr3

QDs with only short conductive aromatic capping ligands.
MAPbBr3 QDs were successfully synthesized using benzyl-
amine (BZA) and benzoic acid (BA) capping ligands. In the
optimal synthesis, BZA-BA-MAPbBr3 QDs are observed to
have a high photoluminescence quantum yield (PLQY) of 86
± 5% (vs fluorescein, 95%), indicative of a well-passivated
surface. Moreover, transient photovoltage (TPV) and transient

Figure 1. UV−vis absorption and PL spectra of (a) BZA-BA-MAPbBr3, (b) APTES-OA-MAPbBr3, and (c) OCTA-OA-MAPbBr3 QDs. Insets
are digital photographs of the respective QD solution. (d) TEM image of BZA-BA-MAPbBr3 QDs (scale bar 50 nm). The lower left inset is
HRTEM image with lattice spacing (scale bar 1 nm), and the upper left inset is XRD pattern with symbols assigned to the cubic phase. TEM
images of (e) APTES-OA-MAPbBr3 (scale bar 50 nm) and (f) OCTA-OA-MAPbBr3 QDs (scale bar 20 nm).
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photocurrent (TPC) spectroscopy as well as electroanalytical
measurements, such as electrochemical impedance spectrosco-
py (EIS) and cyclic voltammetry (CV), have provided
evidence that BZA-BA-MAPbBr3 QDs in solid film possess
highly desirable electrical properties compared to PQDs
passivated with the commonly used insulating long alkyl
chains and alkoxysilanes.
Methylammonium lead bromide quantum dots (MAPbBr3)

QDs were synthesized following a previously reported
procedure.20,59 A precursor solution consisting of PbBr2,
MABr, benzylamine (BZA), and benzoic acid (BA) dissolved
in N,N-dimethylformamide (DMF) was injected into toluene.
The colloidal BZA-BA-MAPbBr3 QD solution was then
purified using centrifugation and cotton-plug filtration.
Optimization of PQDs with the highest quantum yield (QY)
was determined by adjusting BZA and BA concentrations
discretely. Detailed information about the synthesis is in the
Supporting Information. The highest relative QY obtained
from BZA-BA-MAPbBr3 QDs is 86% (vs fluorescein, 95%).
The ultraviolet−visible (UV−vis) absorption and photo-
luminescence (PL) spectra of BZA-BA-MAPbBr3 QDs are
displayed in Figure 1a. As shown, the BZA-BA-MAPbBr3 QDs
exhibited a strong absorption peak at 520 nm and slight Stokes
shift in PL at 525 nm. The full-width half-maximum (fwhm) of
the PL band from these PQDs is 27 nm. MAPbBr3 QDs
containing the insulating capping ligands (3-aminopropyl)-
triethoxysilane (APTES) and oleic acid (OA) as well as
octylamine (OCTA) and OA were also synthesized according
to the literature to compare with the BZA-BA-MAPbBr3
QDs.20,60 Panels b and c of Figure 1 correspond to the UV−
vis absorption and PL spectra of the APTES-OA-MAPbBr3 and
OCTA-OA-MAPbBr3 QDs, respectively. The APTES-OA-
MAPbBr3 QDs have a sharp exciton absorption peak at 520
nm and PL peak at 523 nm, while the OCTA-OA-MAPbBr3
QDs have a much broader absorption band centered at 496 nm
and PL peak at 514 nm. The fwhm of the PL band from
APTES-OA-MAPbBr3 QDs is 25 nm, while that of OCTA-
OA-MAPbBr3 QDs is 33 nm. The PLQY (vs fluorescein, 95%)
values were calculated to be 46% and 71% for APTES-OA-
MAPbBr3 and OCTA-OA- MAPbBr3 QDs, respectively, which
are very similar to previously reported values.20,56,60 In
comparison, the PLQY values for the PQDs passivated with
insulating ligands are lower than those of the PQDs with BZA/
BA aromatic capping ligands, which is at 86%. We suggest that
the difference in PLQY is less determined by the difference in
the effect of spatial quantum confinement due to the different
ligands or particle size and more related to the density of trap
states of the PQDs that is critically influenced by the
effectiveness of passivation by the ligands.
To determine the size and shape of the PQDs, transmission

electron microscopy (TEM) measurements were conducted,
with images shown in Figure 1d−f. The average diameter of
the BZA-BA-MAPbBr3, APTES-OA-MAPbBr3, and OCTA-
OA-MAPbBr3 QDs are 6.3 ± 1.2, 6.8 ± 1.1, and 3.8 ± 0.9 nm,
respectively. High-resolution TEM (HRTEM) was used to
determine the lattice spacing of BZA-BA-MAPbBr3 QDs. As
shown in the lower left inset of Figure 1d, a lattice space of
0.28 nm was observed. This is an indication that the (002)
crystal face of cubic CH3NH3PbBr3 exists within the crystal
lattice structure.61 For further verification of the perovskite
cubic phase presence, X-ray diffraction (XRD) was used to
determine the QD crystal structure, as displayed in the upper
left inset of Figure 1d. XRD peaks at 14.82°, 21.21°, 26.65°,

30.08°, 33.76°, 37.05°, 43.14°, 45.89°, 48.49°, 53.48°, 55.89°,
and 58.24° indicate crystal planes assigned to the cubic phase
of MAPbBr3 perovskite, confirming its formation.61

To elucidate the organic surface layer of the PQDs, FTIR
spectroscopy was employed to probe its capping ligand
composition. For BZA-BA-MAPbBr3 QDs, a weak peak at
3398 cm−1 is observed, indicating the presence of primary N−
H stretching, as shown in Figure 2a. As presented in Figure

2b,c, stronger N−H stretching from BZA free ligand and
MAPbBr3 bulk occurs at 3291 and 3478 cm−1, respectively. In
the 3100−3000 cm−1 region, where aromatic C−H stretching
occurs, three peaks at 3064, 3056, and 3028 cm−1 are observed
for BZA-BA-MAPbBr3 QDs, while three sharper peaks at 3085,
3065, and 3032 cm−1 are observed in BZA free ligand. This
shift in aromatic C−H stretching from BZA free ligand to
BZA-BA-MAPbBr3 QDs provides evidence of ligand binding
and change in vibrational modes from the unbound to bound
states of the benzylamine molecule on the perovskite crystal
lattice. Only one very strong and broad peak is observed for
MAPbBr3 bulk in this region, which corresponds to an
ammonium salt. In addition, several aromatic C=C stretching
and amine N−H bending peaks are expected to be in the range
of 1700−1500 cm−1 for BZA-BA-MAPbBr3 QDs, BZA free
ligand, and MAPbBr3 bulk; however, the region is too complex
to distinguish. The most evident peaks for the presence of
monosubstituted aromatic compounds are in the 770−730 and
720−680 cm−1 regions, where strong aromatic C−H bending

Figure 2. FT-IR spectra of (a) BZA-BA-MAPbBr3 QDs, (b) BZA
free ligand, and (c) MAPbBr3 bulk.
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peaks at 752 and 715 cm−1 are detected for BZA-BA-MAPbBr3
QDs and peaks at 738 and 697 cm−1 are detected for BZA free
ligand. Further detail in this region is illustrated in Figure S2.
The MAPbBr3 bulk contains no peaks in this region. In
addition to the shift, as in the aromatic C−H stretching, the
two aromatic C−H bending peaks are much broader in the
BZA-BA-MAPbBr3 QD FTIR spectra compared to BZA free
ligand, which may reflect upon a change in vibrational modes,
lifetime of vibrational states, and/or higher variety of
vibrational modes from being bound in inhomogeneous
positions on the MAPbBr3 crystal lattice.
To investigate photogenerated charge carrier dynamics,

time-correlated single-photon counting (TCSPC) was used to
measure the fluorescence lifetime of the MAPbBr3 QD solid
film, as shown in Figure 3. Details of the measurement are
described in the Supporting Information. The fluorescence
decays were fitted using a double-exponential function:

τ τ= − + −L A t A texp( / ) exp( / )1 1 2 2 (1)

The MAPbBr3 QDs were casted into a solid film on
insulating borosilicate glass as well as TiO2 as a compact/
mesoporous electron transporting material on conductive
indium tin oxide (ITO) substrate to determine whether
there is quenching of photogenerated free carriers due to
charge collection. Depopulation of photogenerated carriers as a
result of charge collection from the conductive substrate is
elucidated in the observed change in rate and amplitude of the
fast and slow decay components derived from the fitted double
exponential function.62−64 A shorter lifetime and larger
amplitude of the fast component reflects effective extraction
of photogenerated charge carriers. As shown in Figure 3a, the
BZA-BA-MAPbBr3 QD sample casted on the insulating
borosilicate glass contains a fast decay component (τ1) of
2.92 ns that contributes 48% to the total amplitude and a slow
component (τ2) of 21.9 ns with 52% contribution. While on
the ITO-TiO2 substrate, the fast component is 0.64 ns with
79% of the total amplitude and the slow component is 11.3 ns
with a 21% total amplitude. The decrease in photogenerated
charge carrier lifetime is indicative of more effective charge
transfer and transport. For the APTES-OA-MAPbBr3 QDs, as
presented in Figure 3b, the fast decay component became
slightly shorter from 1.24 ns on borosilicate to 0.77 ns on ITO-
TiO2 substrate, while the lifetime of the slow component
remained almost the same. In addition, the fast component
becomes more dominant in relative amplitude, which may
indicate increased quenching or charge transport of photo-
generated free carriers. The OCTA-OA-MAPbBr3 QDs, as
shown in Figure 3c, follows a similar trend observed in the
APTES-OA-MAPbBr3 QDs. The lifetime of the fast decay
slightly decreased from 1.41 ns on borosilicate to 0.51 ns on
ITO-TiO2, while the longer lifetime did not change
significantly. The following equation was used to calculate
the average photogenerated charge carrier lifetime of the
MAPbBr3 QDs:

τ
τ τ
τ τ

⟨ ⟩ =
+
+

A A
A A
1 1

2
2 2

2

1 1 2 2 (2)

The average lifetime of the MAPbBr3 QDs on conductive
ITO-TiO2 and insulating borosilicate glass was used to
determine the electron-transfer rate constant (Ket) from the
equation65−67

τ τ
= −

+
K

1 1
et

(PQD TiO ) (PQD)2 (3)

where τ(PQD+TiO2) and τ(PQD) are the fluorescence decay on
ITO-TiO2 and borosilicate substrate, respectively. For BZA-
BA-MAPbBr3, APTES-OA-MAPbBr3, and OCTA-OA-
MAPbBr3 QDs, the electron injection rate constants are
calculated to be 55.7, 4.35, and 1.99 μs−1, respectively.
Accordingly, passivating MAPbBr3 QDs with BZA and BA
compared to APTES and OA as well as OCTA and OA has
improved the electron injection rate by more than 6-fold and
2-fold, respectively.
For further characterization, the charge transport properties

of the PQDs passivated with conductive aromatic ligands were
examined by electrochemical impedance spectroscopy (EIS).
The EIS measurements were carried out on fluorine-doped tin
oxide (FTO) glass with films of MAPbBr3 QDs and taken in
the frequency range between 1 MHz and 0.1 Hz at open-circuit
voltage. Further detail of the EIS measurement is found in the

Figure 3. Time-resolved PL spectra of (a) BZA-BA-MAPbBr3, (b)
APTES-OA-MAPbBr3, and (c) OCTA-OA-MAPbBr3 QDs on
SiO2−B2O3 and ITO-TiO2.
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Supporting Information. Figure 4a shows the Nyquist spectra
of the different PQD films with the equivalent circuit in the

inset, and Figure 4b displays the film thickness of each PQD
used in EIS measurements. Increasing the thickness-to-surface
area ratio will increase the impedance of the film.68 Even with a
thicker film (1.64 μm), BZA-BA-MAPbBr3 QDs are observed
to have a lower impedance compared to APTES-OA-MAPbBr3
(542 nm) and OCTA-OA-MAPbBr3 (792 nm) QD films. This
supports the conclusion that the films composed of PQDs with
conjugated ligands are more conductive. In the Nyquist
spectra, the first intercept of the semicircle on the real axis
from Figure 4a corresponds to the series resistance (Rs).
Compared to the other two PQD solid films, APTES-OA-
MAPbBr3 and OCTA-OA-MAPbBr3, with Rs values of 35.0 Ω
and 36.8 Ω, respectively, the BZA-BA-MAPbBr3 QD solid film
has less series resistance with a Rs value of 28.6 Ω. The
mechanism in the EIS measurement is reduction of PQD film
from electron transport in the FTO working electrode;
therefore, the Rs is highly dependent on the interaction
between the PQD film and FTO substrate. The conductive
aromatic capping ligands with sp2 bond hybridization and
electron delocalization allows sufficient electron cloud overlap
with the PQD core, which can explain the lower series
resistance compared to the other PQD films with insulating
capping ligands. The second intercept in the Nyquist spectra
represents the charge-transfer (RCT) ability of the material,
which is heavily dependent on the interaction of the electrolyte
used in the measurement. Tetra-n-butylammonium hexafluor-
ophosphate (Bu4NPF6) electrolyte was used in a similar
spectroelectrochemical setup previously reported for PQDs.69

This electrolyte contains hydrophobic butyl-alkyl groups that
interact favorably with the hydrophobic ligands, such as
OCTA, APTES, OA, BZA, and BA through London dispersion
forces. In addition, the hydrophobic electrolyte disfavors the
polar FTO glass. As a result, the charge transfer from the FTO
to the electrolyte is a much slower process with a RCT of 102
Ω. The BZA-BA-MAPbBr3 QD film has not only the lowest Rs
but also the lowest RCT at 61.0 Ω, compared to APTES-OA-
MAPbBr3 QD film at 87.6 Ω and OCTA-OA-MAPbBr3 QD
film at 66.9 Ω. To qualitatively compare the BZA-BA-
MAPbBr3, APTES-OA-MAPbBr3, and OCTA-OA-MAPbBr3

QD films, the lifetime of the charge transfer was calculated to
be 0.6, 4.4, and 3.2 ms, respectively.70 In addition, the charge
mobility (μ) was calculated using the above lifetimes and the
diffusion length (Ld) of a previously reported MAPbBr3
film,71,72 which turn out to be 0.01197, 0.001640, and
0.002258 cm2 V−1 s−1 for the three samples, respectively
(details are in the Supporting Information). Overall, these
measurements and calculations have provided evidence that
the conductive aromatic ligands enhance the conductivity and
charge transport of the QD film.
To substantiate PQD film reduction in the EIS measure-

ments and examine the redox activity of the BZA-BA-
MAPbBr3, APTES-OA-MAPbBr3, and OCTA-OA-MAPbBr3
QD films, cyclic voltammetry (CV) measurements were
conducted. As shown in Figure 5, only minor change in
current density is observed with FTO substrate as the
electrode compared to CV measurements with PQD film
deposit. In addition, the positive and negative potential sweepsFigure 4. (a) Electrochemical impedance responses of FTO

without film deposited and with BZA-BA-MAPbBr3, APTES-OA-
MAPbBr3, and OCTA-OA-MAPbBr3 QD film deposited. (b)
Cross-sectional SEM images of the different QD film deposits
used for EIS measurements. Scale bars represent 2, 1, and 1 μm,
respectively.

Figure 5. Cyclic voltammograms of (a) BZA-BA-MAPbBr3, (b)
APTES-OA-MAPbBr3, and (c) OCTA-OA-MAPbBr3 QD film.
FTO electrode with QD film deposit is represented by the blue
line, and FTO without QD film is in red.
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show the current density increases higher in BZA-BA-
MAPbBr3 QD film, as depicted in Figure 5a, compared to
the APTES-OA-MAPbBr3 and OCTA-OA-MAPbBr3 QD films
shown in panels b and c of Figure 5, respectively. When area
under the curve, which is the power per active surface area of
electrode, is compared, the BZA-BA-MAPbBr3 QD film is 1.6
and 2.7 times higher than APTES-OA-MAPbBr3 and OCTA-
OA-MAPbBr3 QD film, respectively.
From specific oxidation and reduction peaks in the CV

diagram, bandgap energy values are calculated to be 2.26, 2.30,
and 2.35 eV, for BZA-BA-MAPbBr3, APTES-OA-MAPbBr3,
and OCTA-OA-MAPbBr3 QD films, respectively. These values
are in good agreement based on the bandgap energies
calculated from the UV−vis absorption spectra (Figure S1),
which are 2.25, 2.33, and 2.32 eV, respectively. Using the
oxidation and reduction peaks corresponding to the band
energies referenced to an internal standard (ferrocene/
ferrocenium), the highest occupied molecular orbital
(HOMO) and lowest unoccupied molecular orbital
(LUMO) energy levels were calculated. For OCTA-OA-
MAPbBr3 QDs, the energy levels are −3.55 eV LUMO and
−5.90 eV HOMO. For BZA-BA-MAPbBr3 QDs, the LUMO
energy level is lower at −3.96 eV as well as the HOMO energy
level at −6.22 eV. This result could be due to an inductive
effect, where the more electronegative sp2 carbon atoms in the
ligands are drawing more electron density away from the
perovskite lattice, thus lowering the LUMO energy level.
Furthermore, APTES-OA-MAPbBr3 QDs may have the same
effect as the APTES ligand has on electronegative oxygen
atoms. The calculated HOMO energy level for these PQDs is
−6.13 eV, and the LUMO is −3.83 eV. Considering the work

function of the FTO substrate, which has been reported to be
between −5.0 and −4.4 eV,73 the BZA-BA-MAPbBr3 QDs
have a more favorable LUMO energy level for electron
transport than OCTA-OA-MAPbBr3 QDs. However, APTES-
OA-MAPbBr3 QDs have a LUMO very similar to that of BZA-
BA-MAPbBr3 QDs and yet still show a paralleled performance
with OCTA-OA-MAPbBr3 QDs in EIS and CV measurements.
Therefore, it is concluded that the energy level alignment in
the PQD films with the FTO substrate did not significantly
impact these electrochemical measurements; however, to some
extent, it favors BZA-BA-MAPbBr3 and APTES-OA-MAPbBr3
QDs over OCTA-OA-MAPbBr3 QDs.
To provide further evidence of improved electrical proper-

ties from PQDs passivated with conductive aromatic ligands,
local transient photocurrent (TPC) and transient photovoltage
(TPV) decays were measured using conductive atomic force
microscopy (AFM). Details of the TPC and TPV measure-
ments are in the Supporting Information. As shown from the
AFM topography images in Figure 6a−c, a 100 × 100 nm2 area
identified as the red square with similar film thickness was
measured for BZA-BA-MAPbBr3, APTES-OA-MAPbBr3, and
OCTA-OA-MAPbBr3 QD solid film on FTO substrate. The
charge transport time, recorded from TPC, corresponds
directly to the conductivity and charge mobility of the
material. TPC decay curves are displayed in Figure 6d. Charge
transport lifetimes of 1.52, 2.15, and 1.97 μs were measured for
BZA-BA-MAPbBr3, APTES-OA-MAPbBr3, and OCTA-OA-
MAPbBr3 QD films, respectively. Therefore, BZA-BA-
MAPbBr3 QDs outperform the PQDs with insulating capping
ligands because charges are able to travel faster through the
PQD layer between the two electrodes. To analyze the charge

Figure 6. AFM topography images of (a) BZA-BA-MAPbBr3, (b) APTES-OA-MAPbBr3, and (c) OCTA-OA-MAPbBr3 PQD films. Red
squares indicate the areas measured. (d) Normalized TPC decay curve and (e) normalized TPV decay curve from the corresponding PQDs.
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recombination behavior of the PQD solid films, the charge
carrier lifetime was measured by TPV. A longer charge carrier
lifetime signifies a slower rate of recombination and therefore
more efficient charge extraction. The TPV decay curves, as
depicted in Figure 6e, translate to 2.92, 2.43, and 2.28 μs
charge carrier lifetimes for BZA-BA-MAPbBr3, APTES-OA-
MAPbBr3, and OCTA-OA-MAPbBr3 QDs, respectively. BZA-
BA-MAPbBr3 QDs have not only a faster charge transport time
but also a slower charge carrier lifetime, which is desired for
device applications that rely on efficient charge transport and
extraction.
In summary, we report the synthesis and characterization of

MAPbBr3 QDs surface-passivated with conductive aromatic
capping ligands, benzylamine, and benzoic acid. The BZA-BA-
MAPbBr3 QDs are observed to have a high PLQY of 86%. In
addition, compared to PQDs with insulating capping ligands,
BZA-BA-MAPbBr3 QDs demonstrated higher conductivity
based on EIS and TPC measurements and longer charge
carrier lifetime based on TPV measurements. Furthermore,
using cyclic voltammetry, it is shown BZA-BA-MAPbBr3 QD
film generates much greater current density than APTES-OA-
MAPbBr3 and OCTA-OA-MAPbBr3 QD film. The combina-
tion of high PLQY of the colloidal PQDs in solution, which
usually correlates to lower trap density,74−77 and improved
electrical/electronic properties of the PQD film is desirable for
potential optoelectronic device applications.
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■ NOTE ADDED AFTER ASAP PUBLICATION
This article published November 14, 2018 with incorrect
values for the electron injection rate constants. The correct
values published November 19, 2018.
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