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ABSTRACT: Tip-enhanced Raman (TER) spectral images of functionalized plasmonic metal
nanoparticles contain a wealth of information about molecules and the nanoscopic local optical ﬁelds
that are used to interrogate them. Akin to tip convolution eﬀects in atomic force microscopy, the
shape of the probe inevitably aﬀects TER spectral images in ways that are not fully appreciated.
Herein, we examine high-resolution TER spectral images of silver nanocubes functionalized with 4bromothiophenol (BTP), which we record using an imperfect probe. We highlight artifacts that are
encountered in both topographic atomic force and TER nanoimages. We also derive the orientation of
BTP molecules on the surface from the recorded enhanced spectra both with and without the
plasmonic tip. We ﬁnd that the role of the probe, an imperfect one, in particular, is not trivial to dissect
in the context of gauging molecular orientation via TER spectral imaging.
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spatial resolution3,5 (or better11) has been demonstrated.
Notwithstanding the limited spatial resolution that is aﬀorded
by the methods that are conventionally used for TER tip
visualization (e.g., scanning electron microscopy), topographic/morphological characterization is in itself insuﬃcient.
Namely, understanding the spatially varying resonances,9,12
vector components,7 and magnitudes of optical ﬁelds in the
TER geometry is a prerequisite for faithfully rationalizing
Raman and nonlinear9 spectral nanoimages. That the atomistic
makeup of the junctions evolves over typical measurement
time scales13 adds further complexity to the problem. In part,
this motivated our use of structures such as nanocubes5 and
nanowires14 in prior TER experiments, where reproducibility
can be gauged by virtue of the symmetric nature of the
nanostructures.
Herein we record topographic atomic force microscopy
(AFM) and TER maps of chemically functionalized silver
nanocubes coated with 4-bromothiophenol (BTP). The
nanocubes themselves are highly uniform. The recorded
AFM and TER spectral nanoimages broadcast imperfections
in the nanoscopic makeup of the sputtered plasmonic probe
used to record them. We analyze the images and the bulk,
surface-enhanced, and TER spectra of BTP. We derive
molecular orientations from the recorded enhanced Raman

INTRODUCTION
There is much more to tip-enhanced Raman (TER) scattering
than mere ultrasensitive detection and chemical nanoimaging.1
Nanoscale chemical reaction imaging,2 mapping three-dimensional molecular orientations on the nanoscale,3,4 and local
optical ﬁeld nanoimaging5−8 are a few examples of what is
possible through a careful analysis of TER spectral images.
Chemically functionalized metallic nanoparticles, including
crystalline and faceted nanospheres, nanocubes, nanoplates,
nanorods, and nanowires, have all been used with the last
application in mind.1 In the case of nanocubes, it was found
that junctions formed between the tip shaft/apex and the cube
sides/edges lead to optimal optical ﬁeld nanolocalization and
enhancement.5,9 In the limit of an ideal (e.g., conical) TER
probe, the apparent edge width in the recorded TER chemical
images is related to the radius of the tip apex. Indeed, sharp/
high-aspect-ratio probes have been used to interrogate
molecules located around the edges of plasmonic nanocubes
with ∼2 nm spatial resolution.3,5 That said, the majority of
TER probes, sputtered ones, in particular, are imperfect.
Namely, nanometric corrugations are not uncommon, in
particular, toward the apexes of metallic tips fabricated through
metal evaporation or sputtering. Even though they provide
adequate enhancement in TER point spectra, the nanostructural makeup of the enhanced ﬁeld beneath the tip is often
complex. This is why it is important to understand the eﬀects
of using an imperfect probe on TER spectral imaging,9,10 in
particular, in measurements targeting plasmonic nanoparticles
and nanostructures.
Plasmonic probes used for TER are seldom thoroughly
characterized over the length scales of relevance to highspatial-resolution optical measurements, where nanometer
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spectra both with and without the plasmonic probe. We ﬁnd
that the inferred orientation of molecules on the cube does not
change appreciably when the tip is brought into contact with
the surface. We rationalize this observation on the basis of the
tip makeup, aspects of which may be inferred from the
recorded topographic and chemical nanoimages. We begin
with a brief exposition of the theoretical and computational
methods used in this work.
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functions centered at each of the computed vibrational
resonances and broadened (fwhm = 8 cm−1) to mimic their
experimental analogues.
The spectrum of oriented BTP molecules is simulated
following7,20
⎯⎯⎯⎯→
⎯⎯⎯⎯⎯→
ı
Sn2α ∑ EsL R zTR yTR xTαn′R zR yR x ElL

■

2

(4)

n

in which molecular polarizability derivative tensor elements (
ı
αn′ ) of the molecule are oriented with respect to vector

METHODS
Theoretical. A development version of NWChem was used
for all of the calculations reported here.15 Geometry
optimization of the bare and silver-bound BTP models (see
Figure 1A) was performed using the Perdew−Burke−

⎯⎯⎯⎯⎯→

⎯⎯⎯⎯→

(3)

components of the local electric ﬁeld, assuming ElL, s = EzL in
the TER geometry, after (i) projecting the molecule into the
laboratory frame and (ii) rotating the molecule (using rotation
matrices Rx,y,z and RTx,y,z) until the experimentally measured
relative intensities are matched. We revisit this analysis in the
ensuing sections.
Experimental Section. Bulk Raman spectra of BTP
(powder, Sigma-Aldrich) were recorded using a commercial
confocal micro-Raman system (LabRam HR Evolution,
Horiba). Spectra were recorded using 250 μW of a 632.8
nm laser source focused onto the BTP crystals using a 100×
(NA = 0.95) air objective. The same confocal Raman system
was used to record surface-enhanced Raman spectra from
BTP-functionalized silver nanocubes on glass. Note that the
integration time we used was 30s for these measurements. The
latter mentioned sample that was used for surface-enhanced
measurements was prepared by ﬁrst depositing a 10 μL stock
solution of 100 nm silver nanocubes (nanoComposix) onto a
glass coverslip. After the drop was air dried, the substrate was
rinsed with excess amounts of ethanol. Subsequently, 20 μL of
1 mM ethanolic solution of BTP was deposited onto the
dispersed nanoparticles. Excess/unbound BTP molecules were
washed oﬀ using ample amounts of ethanol, and the ﬁnal
sample was dried using a stream of dry nitrogen. The sample
used for TER measurements was identical in every regard,
except for the fact that the chemically functionalized
nanoparticles were supported by a Si substrate.
Our TER setup is described elsewhere in more detail.3,5 For
the purpose of this work, as-purchased silicon probes
(Nanosensors, ATEC) were coated with 100 nm of Ag and
used for AFM (tapping mode feedback) and TER (SpecTop,
Horiba Scientiﬁc) topographic/chemical imaging. For the
latter, TER signals were collected when the tip was in direct
contact with the surface. A semicontact mode was nonetheless
used to move the sample relative to the tip (pixel to pixel). For
TER measurements, a 633 nm diode laser (∼100 μW) was
focused onto the tip apex at a ∼65° angle with respect to the
surface normal using a 100× air objective (Mitutoyo, 0.7 NA).
The polarization of the laser was set to coincide with the tip
axis using a half-waveplate. The backscattered light was
collected using the same objective, ﬁltered through a series
of long pass/dichroic ﬁlters, and recorded using a chargecoupled device (CCD) camera (Andor, Newton EMCCD)
coupled to a spectrometer (Andor, Shamrock 500) equipped
with a 300 l/mm grating blazed at 550 nm.

In the above, gm is the degeneracy and the primes denote
derivatives with respect to the mth vibrational state, α′m and β′m
are the isotropic and anisotropic polarizabilities, and α̃ ′ij,m (i, j =
x, y, z) are elements of the 3 × 3 molecular polarizability
derivative tensor. Ensemble-averaged Raman spectra (theories
1 and 2 in Figure 1B) are represented as sums of Lorentzian

RESULTS AND DISCUSSION
Experimental and theoretical Raman spectra in the 950−1250
cm−1 spectral region are compared in Figure 1B. The Raman
spectrum of BTP crystals (powder) can be compared with the
calculated ensemble-averaged spectrum of the isolated

Figure 1. (A) Geometrical structures of the two models used to
simulate the theoretical spectra shown in panel B, wherein theories 1
and 2 were obtained using the isolated and silver atom-bound
structures. (B) Experimental and theoretical Raman spectra in the
950−1250 cm−1 spectral region are shown on the same plot. The C−
S(H) and C−S(Ag) peaks that mark chemisorption are highlighted in
the theoretical spectra. Note that the theoretical spectra were
ensemble-averaged following eqs 1−3. The experimental powder,
surface-enhanced (SERS), and tip-enhanced (TERS) Raman spectra
are all shown in panel B. In the ball-and-stick model, yellow, red, gray,
and blue denote sulfur, bromine, carbon, and silver, respectively.

Ernzerhof (PBE) functional16 with the def2-TZVP basis17 set.
The same level of theory was used to calculate the vibrationalmode-dependent molecular polarizability derivatives, which
were collated to model the averaged scattering activities
(Sm)18,19
Sm = gm[45αm′ 2 + 7βm′ 2]

(1)

in which
αm′ =

1
′̃ , m + αzz
(αxx
̃′ , m + αyy
̃′ , m)
3

(2)

and
βm′ 2 =

1
′̃ , m)2 + (αyy
′̃ , m − αzz
[(αxx
̃′ , m − αyy
̃′ , m)2
2
′̃ , m 2)]
+ (αzz
̃′ , m − αxx
̃′ , m)2 + 6(αxy
̃′ , m 2 + αxz
̃′ , m 2 + αyz
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Figure 2. Sequentially recorded AFM (A) and 1070 cm−1 TER (B) maps of a BTP-functionalized silver nanocube. The left edge of the cube is
highlighted with a red arrow, and it is further analyzed in the main text. In panel B, the response was time-integrated for 0.25 s at each pixel, and the
step size was 5 nm in both directions.

Figure 3. High-spatial-resolution TER maps of the left edge of the cube are shown in panels A (lateral step size = 2 nm) and B (lateral step side = 1
nm). The position of the red arrow in Figure 2A is preserved in both panels A and B. The dashed horizontal lines in panel B trace the intensity
proﬁles plotted in panel C. The inset of panel C indicates the vertical positions at which the cross-sections were taken. The response was timeintegrated for 0.25 s at each pixel for all of the results shown in this ﬁgure.

rules in the recorded enhanced Raman spectra as opposed to
the level of theory used in this work.
Sequentially recorded AFM and TER images of an isolated
BTP-functionalized silver nanocube are shown in Figure 2.
Prior to describing the recorded topographic and chemical
images, it is important to note that (i) the cubes used in this
study are highly uniform (see Figure S1) and (ii) TER maps of
plasmonic silver nanocubes that are recorded with sharp AFM
probes trace a square-shaped proﬁle.3,5 (Also see Figure S2.)
As such, the observed deviations from a cubical shape in the
topographic map (Figure 2A) and from a square-shaped
scattering proﬁle in the TER image (Figure 2B) arise from the
asymmetric and corrugated nature of the sputtered plasmonic
probe used. Tip−sample convolution is a well-known source of
AFM artifacts. For instance, it is well appreciated that the ﬁnite
sharpness of a probe eﬀectively leads to smoothing and
broadening of sharper topographic features. Another classical
topographic imaging artifact is associated with the so-called
double-tip eﬀect, wherein the probe tip makes more than one

molecule (theory 1). The experimental/theoretical spectra
contain two predominant resonances at 1067/1062 cm−1 and
1097/1089 cm−1, which can be assigned to the C−Br and C−
S(H) stretching vibrations, respectively. The higher frequency
C−S(H) stretching mode is replaced by the C−S(Ag) stretch
upon chemisorption, whereas the lower frequency mode is
mostly unaﬀected by the change in the chemical environment
at the para position. This is evident in the surface and TER
spectra (denoted as SERS and TERS in Figure 1B) and the
corresponding ensemble-averaged spectrum of the Ag-bound
molecule (theory 2). In addition to the observed frequency
shift of the C−S stretch upon chemisorption, the experimental
(SERS and TERS) and theoretical (theory 2) enhanced Raman
spectra exhibit nearly identical frequency diﬀerences (∼10
cm−1) between their two major resonances. That said, and in
addition to the consistently underestimated calculated
resonance maxima, the relative intensities of the two modes
are not well captured in silico. In the ensuing sections, we will
show that this discrepancy arises from the modiﬁed selection
C
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Figure 4. (A) Ensemble-averaged theoretical Raman spectrum calculated at the minimum energy geometry of the Ag-bound BTP model is
compared with a spatiotemporally averaged TERS spectrum. (B) Spatiotemporally averaged SERS and TERS spectra are, in turn, compared with a
theoretical Raman spectrum computed according to eq 4. The near-ﬂat orientation of the molecule that was used to simulate the theoretical
spectrum following eq 4 (theory 3) is schematically depicted in the inset.

Figure 5. NF versus distance curve (A) is recorded while tracking the relative intensities of the C−Br/aromatic C−C vibrations of BTP. The
dashed vertical/horizontal lines in panels A and B mark the NF value used in the TER experiments (A), the corresponding tip−sample distance as
the force is steadily increased/the cantilever is bent after contact is established (A,B), and the corresponding relative intensity at the inferred tip−
sample distance (B).

point of contact with the analyte. The two eﬀects together
explain the deviation from the cubical shape that we observe in
the AFM image in Figure 2A. Namely, the artifacts toward the
top, right, and bottom of the nanostructure can be understood
on the basis of the double-tip eﬀect (top) and convolution with
a coarse probe apex (right and bottom). The left side of the
cube is otherwise relatively sharp. Taken together, we can infer
several aspects of the nanoscopic makeup of the probe: Its
right side is sharp, its left and top sides are relatively coarse,
and its bottom side features an additional nanostructure that
makes a second point of contact with the top part of the cube.
Indeed, the latter may be used to rationalize the apparent
double edge in the topographic image.
The local optical ﬁelds that are traced through TER mapping
in Figure 2B are consistent with the probe shape that may be
inferred from the topographic AFM map. The broad
distribution of local ﬁelds toward the right and bottom part
of the cube are consistent with ﬁelds deﬁned by the interaction
between the coarse left and top sides of the probe and the
sides/edges of the cube. In the same vein, the apparent double

edge toward the top of the cube supports the double-tip
picture, wherein two regions of the probe interact with the
cube at two diﬀerent position of the probe relative to the tip.
(Also see Figure S3.) Conversely, the left side of the cube
features a sharper local optical ﬁeld distribution that is visible
in Figure 2B and even more apparent in higher spatial
resolution images of the left edge that are shown in Figure 3.
Indeed, decreasing the lateral step size from 5 (Figure 2B) to 2
nm (Figure 2A) unveils a sharp and highly spatially localized
local ﬁeld proﬁle that is reminiscent of its analogues in previous
work from our group.3,5 Pushing the lateral step size down to 2
nm (Figure 3A) and even 1 nm (Figure 3B) allows us to infer a
spatial resolution on the order of 1 to 2 nm (Figure 3C). This
is again consistent with values reported in recent papers from
our group.3,5,21
The theoretical Raman spectrum of the silver-bound BTP
complex that was computed according to eq 1 and discussed as
part of Figure 1 is reproduced in Figure 4A, expanded to
include all Raman-active peaks in the 800−1800 cm−1 spectral
region, and compared with a spatiotemporally averaged TER
D
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spectrum taken at regions of high optical ﬁeld enhancement.
(See Figure 3.) The discrepancy between the two spectra in
Figure 4A in terms of the relative intensities of the observable
vibrational states is evident. Indeed, surface selection rules in
TER preclude comparing the experimental spectra to
ensemble-averaged spectra, as discussed elsewhere.3,7 A
spectrum that takes into account surface selection rules and
the preferred orientation of BTP molecules on the surface was
computed according to eq 4. The resulting spectrum is
compared with TER and surface-enhanced Raman spectra in
panel B. The signiﬁcantly improved agreement in terms of the
relative intensities of the various signatures of silver-bound
BTP is evident. Namely, the relative intensities of the C−S and
C−Br stretching vibrations are better captured. (See Figures 4
and 1.) Moreover, the intensities of these two bands relative to
the aromatic C−C stretching vibration at 1560 cm−1 are
optimally matched in Figure 4B. The inferred geometry of BTP
(rotated around Y by 8°, as depicted in the inset of Figure 4B)
is similar to the geometry of structurally related aromatic thiols
on silver.3
The similarity between the spatiotemporally averaged
surface-enhanced and TER spectra suggests that the probe
does not signiﬁcantly aﬀect the orientation of BTP molecules
on the surface. To further examine the latter, we tracked the
relative intensities of the 1068/1560 cm−1 bands as the tip
approaches the edge of a silver nanocube in Figure 5. This was
done by decreasing the tapping amplitude to ∼0.2 to 0.3 nm
while approaching the sample toward the quasi-static tip,
thereby collecting a standard force−distance curve simultaneously with TER signals. The snap-to-contact even is wellestablished in Figure 5A, as is the position corresponding to
the cantilever deﬂection value (NF) used throughout TER
mapping in this work (force in contact, NF = 20). The derived
relative intensity of ∼1.7 in Figure 5B (at NF = 20,
corresponding to ∼1−3 nN) is consistent with the relative
intensity that is derived from the analysis of the spatiotemporally averaged TERS spectrum in Figure 4. Even though the
relative intensity changes by a factor of ∼2 as the pressure
exerted by the tip onto the sample is increased, the relative
intensity diﬀerence recorded corresponds to only a few degrees
of rotation around the Y axis in the laboratory frame, as shown
in Figure S4. While this is unexpected, given the corrugated
nature of the probe, it is very possible that the region of highest
ﬁeld enhancement is not necessarily at the apex of the probe
that is in contact with the surface of the cube. In other words,
the signal arises from a region that is not experiencing the peak
force exerted at the probe apex. Both the double-tip nature of
the probe that can be visualized in Figure S3 and higher ﬁeld
enhancement at junctions deﬁned by the shaft of the tip and
the nanoparticle surface can be invoked to rationalize these
observations.
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TER tip characterization. Moreover, this work shows that TER
point spectroscopy is not trivial to interpret, as our results
suggest that the point of contact is not necessarily the position
at which the optical cross-sections are optimally enhanced.
Finally, the analysis of molecular orientation via TER can easily
be complicated by the shape of the probe. As such, caution
should be exercised in performing such an analysis. Overall,
this work does not provide an exhaustive overview of tip
artifacts in TERS. Other considerations, the most mundane of
which is the tip geometry (contact angle, conical vs pyramidal,
protruded vs at the end of the holder), also aﬀect the recorded
spectral images and should be further investigated.
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CONCLUSIONS
In conclusion, this work describes TER images and spectra
recorded from a chemically functionalized plasmonic silver
nanocube using an imperfect plasmonic probe. Several aspects
of the nanostructural makeup of the probe were evident from
both AFM and TER maps of the nanostructure. We show that
high-spatial-resolution TER mapping is possible using the
sharper side of an otherwise coarse and corrugated probe. We
also infer the orientation of BTP molecules on the cube from
surface-enhanced and TER spectra. Beyond the focused scope
of this work, our platform and approach may be used for 3D
E

https://doi.org/10.1021/acs.jpcc.1c10459
J. Phys. Chem. C XXXX, XXX, XXX−XXX

The Journal of Physical Chemistry C

■

pubs.acs.org/JPCC

Article

(21) Wang, C. F.; O’Callahan, B. T.; Krayev, A.; El-Khoury, P. Z.
Nanoindentation-Enhanced Tip-Enhanced Raman Spectroscopy. J.
Chem. Phys. 2021, 154, 241101.

REFERENCES

(1) El-Khoury, P. Z.; Schultz, Z. D. From Sers to Ters and Beyond:
Molecules as Probes of Nanoscopic Optical Fields. J. Phys. Chem. C
2020, 124, 27267−27275.
(2) Li, Z. D.; Kurouski, D. Plasmon-Driven Chemistry on Monoand Bimetallic Nanostructures. Acc. Chem. Res. 2021, 54, 2477−2487.
(3) El-Khoury, P. Z.; Apra, E. Spatially Resolved Mapping of ThreeDimensional Molecular Orientations with Similar to 2 Nm Spatial
Resolution through Tip-Enhanced Raman Scattering. J. Phys. Chem. C
2020, 124, 17211−17217.
(4) Cai, Z. F.; Zheng, L. Q.; Zhang, Y.; Zenobi, R. Molecular-Scale
Chemical Imaging of the Orientation of an on-Surface Coordination
Complex by Tip-Enhanced Raman Spectroscopy. J. Am. Chem. Soc.
2021, 143, 12380−12386.
(5) Bhattarai, A.; Novikova, I. V.; El-Khoury, P. Z. Tip-Enhanced
Raman Nanographs of Plasmonic Silver Nanoparticles. J. Phys. Chem.
C 2019, 123, 27765−27769.
(6) Bhattarai, A.; Cheng, Z. H.; Joly, A. G.; Novikova, I. V.; Evans, J.
E.; Schultz, Z. D.; Jones, M. R.; El-Khoury, P. Z. Tip-Enhanced
Raman Nanospectroscopy of Smooth Spherical Gold Nanoparticles. J.
Phys. Chem. Lett. 2020, 11, 1795−1801.
(7) Bhattarai, A.; Joly, A. G.; Hess, W. P.; El-Khoury, P. Z.
Visualizing Electric Fields at Au(111) Step Edges Via Tip-Enhanced
Raman Scattering. Nano Lett. 2017, 17, 7131−7137.
(8) Kato, R.; Umakoshi, T.; Verma, P. Raman Spectroscopic
Nanoimaging of Optical Fields of Metal Nanostructures with a
Chemically Modified Metallic Tip. J. Phys. Chem. C 2021, 125,
20397−20404.
(9) Wang, C. F.; El-Khoury, P. Z. Multimodal Tip-Enhanced
Nonlinear Optical Nanoimaging of Plasmonic Silver Nanocubes. J.
Phys. Chem. Lett. 2021, 12, 10761−10765.
(10) Wang, R.; Kurouski, D. Elucidation of Tip-Broadening Effect in
Tip-Enhanced Raman Spectroscopy (Ters): A Cause of Artifacts or
Potential for 3d Ters. J. Phys. Chem. C 2018, 122, 24334−24340.
(11) Lee, J.; Crampton, K. T.; Tallarida, N.; Apkarian, V. A.
Visualizing Vibrational Normal Modes of a Single Molecule with
Atomically Confined Light. Nature 2019, 568, 78−82.
(12) Bhattarai, A.; O’Callahan, B. T.; Wang, C. F.; Wang, S. Y.; ElKhoury, P. Z. Spatio-Spectral Characterization of Multipolar
Plasmonic Modes of Au Nanorods Via Tip-Enhanced Raman
Scattering. J. Phys. Chem. Lett. 2020, 11, 2870−2874.
(13) Roslawska, A.; Merino, P.; Grewal, A.; Leon, C. C.; Kuhnke, K.;
Kern, K. Atomic-Scale Structural Fluctuations of a Plasmonic Cavity.
Nano Lett. 2021, 21, 7221−7227.
(14) Bhattarai, A.; Crampton, K. T.; Joly, A. G.; Kovarik, L.; Hess,
W. P.; El-Khoury, P. Z. Imaging the Optical Fields of Functionalized
Silver Nanowires through Molecular Ters. J. Phys. Chem. Lett. 2018, 9,
7105−7109.
(15) Valiev, M.; et al. Nwchem: A Comprehensive and Scalable
Open-Source Solution for Large Scale Molecular Simulations.
Comput. Phys. Commun. 2010, 181, 1477−1489.
(16) Perdew, J. P.; Burke, K.; Ernzerhof, M. Generalized Gradient
Approximation Made Simple. Phys. Rev. Lett. 1996, 77, 3865−3868.
(17) Weigend, F.; Ahlrichs, R. Balanced Basis Sets of Split Valence,
Triple Zeta Valence and Quadruple Zeta Valence Quality for H to Rn:
Design and Assessment of Accuracy. Phys. Chem. Chem. Phys. 2005, 7,
3297−3305.
(18) Cardona, M.; Guntherodt, G. Light-Scattering in Solids.2. Basic
Concepts and Instrumentation - Introduction. Top Appl. Phys. 1982,
50, 1−18.
(19) Murphy, W. F.; Holzer, W.; Bernstein, H. J. Gas Phase Raman
Intensities - a Review of Pre-Laser Data. Appl. Spectrosc. 1969, 23,
211.
(20) Banik, M.; El-Khoury, P. Z.; Nag, A.; Rodriguez-Perez, A.;
Guarrottxena, N.; Bazan, G. C.; Apkarian, V. A. Surface-Enhanced
Raman Trajectories on a Nano-Dumbbell: Transition from Field to
Charge Transfer Plasmons as the Spheres Fuse. ACS Nano 2012, 6,
10343−10354.
F

https://doi.org/10.1021/acs.jpcc.1c10459
J. Phys. Chem. C XXXX, XXX, XXX−XXX

