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O
ver recent years the linking of small
organic molecules on surfaces to
form 1D and 2D polymeric struc-

tures has attracted great interest,1�8 most
lately due to the demonstration that this
provides a route to nanostructured gra-
phene with controlled dimensions.9,10 A
promising approach to generate 2D poly-
mers is based on an Ullmann-type reaction,
where halogenated monomers are cova-
lently interlinked with the aid of a metal
catalyst.11 In this approach, the weakly
boundhalogensubstituents arehomolytically
cleaved off and the resulting radicals recom-
bine into covalent networks.5,12�14 The net-
work dimensionality and topology is thus
determined by the halogen substitution pat-
tern of themonomer. In the surface variant of
the Ullmann reaction, the substrate serves as
both the catalyst for homolysis and support-
ing template for the resulting network.
Todate, this route ispredominatelypursued

in ultrahigh vacuum (UHV) environments on

coinage metal surfaces.7,13,15,16 However,
successful on-surface polymerization has
already been demonstrated at the liquid�
solid interface using alternative reaction
strategies such as the Schiff base reaction17

or boronic acid condensation,18,19 which
has been previously used for the synthesis
of crystalline porous bulk materials, termed
covalent organic frameworks.20,21 Boronic
acid condensation was also demonstrated
on surfaces and yields well-ordered,
two-dimensional covalent networks with
domain sizes up to ∼50 nm, although the
π-conjugation, obtainable through the
Ullmann reaction, remains elusive for this ap-
proach. In addition, owing to the reversible
nature of the employed condensation reac-
tions, the resulting covalent networks only
exhibit limited chemical stability.22 Other
approaches under ambient conditions en-
compass electrochemical epitaxial poly-
merization as well as light and local probe-
induced polymerization.6,23,24 Yet, these
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ABSTRACT The polymerization of 1,3,5-tri(4-iodophenyl)-

benzene (TIPB) on Au(111) through covalent aryl�aryl coupling is

accomplished using a solution-based approach and investigated by

scanning tunneling microscopy. Drop-casting of the TIPB monomer

onto Au(111) at room temperature results in poorly ordered

noncovalent arrangements of molecules and partial dehalogenation.

However, drop-casting on a preheated Au(111) substrate yields

various topologically distinct covalent aggregates and networks. Interestingly, some of these covalent nanostructures do not adsorb directly on the Au(111)

surface, but are loosely bound to a disordered layer of a mixture of chemisorbed iodine and molecules, a conclusion that is drawn from STM data and

supported by X-ray photoelectron spectroscopy. We argue that the gold surface becomes covered by a strongly chemisorbed iodine monolayer which

eventually inhibits further polymerization.

KEYWORDS: polymerization . liquid�solid . homolysis . halogenated monomer . STM . XPS . Au(111)

A
RTIC

LE



EDER ET AL. VOL. 7 ’ NO. 4 ’ 3014–3021 ’ 2013

www.acsnano.org

3015

approaches remain restricted to specifically designed
model systems. The development of a more general
and flexible approach to the on-surface formation of
more robust and functional 1D and 2D polymers
motivates the transfer of the Ullmann-type reaction
discussed above from UHV to a liquid environment.
Initial attempts to achieve this goal have been limited
to the formation of dimers and more extended struc-
tures have not yet been demonstrated.25

We have therefore studied the covalent linking of
themonomer 1,3,5-tri(4-iodophenyl)benzene (TIPB) on
Au(111). TIPB is a chemically stable triply iodinated
organic building block that is composed of four phenyl
rings and three terminating iodine atoms (the structure
is shown in Figure 1a). Au(111) is chosen as a substrate
because it is the best compromise between inertness
against ambient contamination and sufficiently high
catalytic activity for the dehalogenation reaction.26

Furthermore, recent polymerization studies with the
same compound on Au(111) under UHV conditions27

facilitate a direct comparison between the two ap-
proaches and in additionwith previous studies of 1,3,5-
tri(4-bromophenyl)benzene (TBPB), the brominated
analogue of TIPB.12,14,25 As discussed above, previous
studies of TBPB in a solution environment yielded only
ordered arrangements of covalently interlinked dimers
but very few higher oligomers and no larger covalent
aggregates.25 Consequently, in the present work we
enhance the monomer reactivity by substitution of
bromine with iodine, thereby taking advantage of the
lower bond dissociation energy of the C�I bond and
explore possibilities to form more extended covalent
structures. Results of drop-cast deposition of the
monomer onto the substrate held at room tempera-
ture are compared with results obtained on substrates
that were preheated to 100 �C. The high resolution
structural characterization by STM is augmented by
chemical characterization using X-ray photoelectron
spectroscopy (XPS).

RESULTS AND DISCUSSION

In Figure 1a,b we show STM images of the surface
acquired following room temperature deposition of
TIPB dissolved in nonanoic acid (9A) from solutions
with different concentrations. These images were ac-
quired while the sample was still covered with a liquid
film with the STM tip immersed into solution. For the
lower concentration (0.02 mmol/L; Figure 1a), the
images show predominantly monolayer coverage with
some short-range ordering. The angle between differ-
ently oriented domains is a multiple of 30� and, thus,
indicates formation of nonequivalent rotational do-
mains (see Figure 1a and Supporting Information).
Higher resolution images (Figure 1a, lower middle
inset) show trigonal features in a quasi-close packed
arrangement. These features are highly reminiscent of
that recently reported for the brominated analogue

Figure 1. STM topographs of TIPB on (a, b) Au(111) and (c)
graphite(0001). All images were acquired in 9A solution. (a)
Obtained with a concentration of c = 0.02 mmol/L. The STM
image represents small domains of ordered TIPBmolecules,
where individual adsorbed TIPB molecules in the second
layer are highlighted by white arrows. White dotted lines
indicate orientations of first layer domains. The insets
depict the chemical structures of TIPB, a domain of TIPB
molecules directly adsorbed on the Au(111) surface, and a
zoom-in of second layer TIPB. (b) Obtained with a concen-
tration of c = 0.04 mmol/L, resulting in an increased cover-
age of the second layer. The inset shows a zoom-in, where
some features of the first layer are still visible. The terminat-
ing iodine atoms are highlighted by white dots. The line-
profile shows a clear dip in the monolayer features, con-
firming the formation of a bilayer system. (c) Obtained with
saturated solution on graphite. A molecular overlay indi-
cates the tentative arrangement within the well-ordered
monolayer. STM tunneling parameters: (a) It = 12 pA, Ut =
0.26 V; (b) It = 61 pA, Ut =�0.62 V; (c) It = 46 pA, Ut = 0.74 V.
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TBPB both in UHV and in layers formed by drop-casting
ethanolic solutions.12,14,25 We attribute these features
to intact TIPB monomers. Also present in Figure 1a are
isolated bright features (examples aremarked bywhite
arrows) that, as shown in the lower right inset, have a
clear 3-fold symmetry. These are identified as second
layer TIPBmolecules and the experimentally measured
vertex�vertex dimensions of 1.4 ( 0.1 nm are in
excellent agreement with the geometry optimized
structure of intact TIPB molecules with an iodine�
iodine distance of approximately 1.4 nm.
For higher concentrations (0.04 mmol/L; Figure 1b),

we observe a higher density of TIPB in the second layer
with an apparent height of∼0.13 nm (see profile inset)
with respect to the first monolayer. While there is no
long-range ordering in the second layer, the image in
Figure 1b shows features with a clear bright protrusion
at each molecular lobe which are assigned to the
peripheral iodine atoms of single molecules. It is
noteworthy that, for self-assembly at the liquid�solid
interface, stable adsorption in the second layer is rather
uncommon and has only been observed in very few
systems.28

Although highly disordered, it is interesting to com-
pare the relative placement of molecular pairs in the
second layerwith those in the first layer and also in TIPB
monolayers adsorbed on graphite. For this reason we
show in Figure 1c a representative STM image of a self-
assembledmonolayer of TIPB on graphite using 9A as a
solvent. This structure is well-ordered and densely
packed. The molecular overlay indicates the structural
model and the bright protrusions marked by the white
circles are identified as cyclic arrangements of four
iodine atoms that stabilize the structure by halogen�
halogen interactions.29,30 For adsorption of TIPB on the
second layer on Au(111), we observe similar local
arrangements where three or four iodine atoms meet.
Another common junction observed in Figure 1a, two
trigonal features meeting end-to-end, is also observed
in the second layer; see for example the molecular pair
at the bottom of the right inset to Figure 1b. In addition
there are molecular junctions on the TIPB monolayer
on graphite where an iodine atom from one molecule
sits between two iodine atoms on a neighboring
molecule (see molecular pair at the bottom center of
the overlaid schematic of Figure 1c). There are many
examples of this motif in Figure 1b. Overall we suggest
that the second layer TIPB may be considered as a
disordered version of the nanoporous monolayer
physisorbed on graphite. Note also in Figure 1b the
molecular arrangement forms partially completed
nanopores with comparable dimensions and, in
some cases, shapes to those formed on graphite.
From the above discussion it is thus concluded that
at room temperature the second layer TIPB mol-
ecules remain intact on the surface and the halogen
substituents are not split-off. We are not able to

resolve individual molecules in the underlying layer
at this concentration.
In order to promote covalent interlinking, the

Au(111) substrate was preheated to 100 �C on a hot plate
under ambient conditions and 5 μL of TIPB solution
with a notably higher concentration of c = 0.80mmol/L
was drop-cast on the surface. The sample remained on
the hot plate for ∼120 s and was then allowed to cool
down under ambient conditions. After this procedure,
the solvent was almost fully evaporated. The sample
was immediately characterized by STM and various
aggregates such as 1D chains, open rings, closed
pentagons, hexagons, heptagons, as well as more
extended and irregular networks are clearly recogniz-
able. Representative examples are depicted in Figure
2a. An analysis of the separation of the 3-fold vertices
within this network is consistent with the formation of
covalent aryl�aryl bonds. The experimental value,
1.3 ( 0.1 nm was found to be common in all types of
aggregates. This value is in excellent agreement with
both the figure calculated using density functional
theory27 and UHV experiments on topologically
similar covalent networks,12 verifying covalent bond
formation.
The domain size observed in Figure 2a is comparable

with those formed in UHV, but the total area covered
by the covalent networks is smaller.27 Moreover the
formation of domains with up to 25 molecules with
lateral dimensions up to 10 nm represents amajor step
forward from previous liquid studies, where no closed
polygons were formed.
A more detailed analysis of the covalent structures

reveals that several molecular lobes that do not take
part in the covalent interlinks are often still terminated
by iodine. Incomplete dehalogenation might be a
possible reason for premature termination of the
polymerization, hence mostly resulting in oligomers
of finite size. Also the STM images predominantly
show aggregates on substrate terraces, suggesting
that the reaction is not restricted to step-edges.
Changing the solvent to a shorter fatty acid, namely,
heptanoic acid, while applying the same preparation
protocol yielded similar results (see Supporting
Information).
The catalytic role of themetallic Au(111) substrate in

iodine homolysis was confirmed through control ex-
periments with similar deposition protocols using as
substrates both graphite(0001) and Au(111) intention-
ally terminated with iodine. The latter sample was
prepared by immersing a freshly flame annealed
Au(111) sample into 3 mM aqueous KI solution for 180 s
and subsequent rinsing with ethanol (cf. Supporting
Information). Drop-casting of TIPB solution on these
substrates preheated to 100 �C did not yield any
covalent structures. Both surfaces proved inactive for
iodine homolysis, confirming the important catalytic
contribution of the bare Au(111) surface, and,
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moreover, showing that Au(111) becomes catalytically
inactive by iodine adsorption.
For deposition onto bare Au(111) held at 100 �C,

some of the covalent aggregates are not directly
adsorbed on the metal surface, but on top of an
intermediate monolayer. This conclusion is supported
by the STM data, where covalent aggregates appear
∼0.10�0.20 nm higher than the first monolayer. On
the contrary, covalent structures obtained in UHV
experiments are directly supported on metal surfaces
and appear lower than the split-off iodine atoms in
STM images.27 The STM appearance of the covalent
structures in Figure 2 directly compares to those
obtained in polymerization studies carried out pre-
viously on iodine-terminated Au(111).17,31,32 Further-
more, in UHV, the contrast within closed pores of
covalent networks either appears significantly lower
than the polymers or the halogens, that is, indicating
empty pores, or with inhomogenous features due to
entrapment of molecules or atoms within the pores,
whereas in Figure 2a the pore interiors appear with
uniform contrast and the same height as the surround-
ing. In addition, the covalent aggregates are rather
weakly adsorbed, as shown by the occasional observa-
tion of their detachment and displacement during STM
imaging (compare Figure 2b and c).
Additional STM experiments were carried out in

order to investigate the origin of thismonolayer. Figure
3 shows an STM topograph acquired after the sample
was annealed at 100 �C for 120 min. We interpret this
image as showing adsorbed iodine on Au(111) inter-
mingled with an array of dark pores. Higher magnifica-
tion images show a more detailed view of the directly
adsorbed first monolayer; see close-up in Figure 3c.
Examples for frequently observed pairs of spherical
featureswith 0.5 nm spacing are highlighted bypairs of
blue arrows. This distance cannot be matched with
any intramolecular distance of TIPB or its networks.

In addition, the 2D FFT of this STM image indicates
hexagonal symmetry. Interestingly, there is a clearly
visible hexagonally arranged group of inner spots
(marked by the dashed circle in Figure 3c), but also
faint outer spots can be recognized (two spots are
exemplarily marked by arrows). The inner spots corre-
spond to a period of ∼1.7 nm, indicating both a more
or less regular spacing and a nonrandom azimuthal
orientation of the dark pores. The outer spots corre-
spond to a period of ∼0.5 nm and can be separated
into two groups of hexagonally arranged spots that
are rotated by ∼16� with respect to each other. The
period is similar to the nearest neighbor iodine�
iodine distance in the various coverage-dependent
superstructures found for pure iodinemonolayers on
Au(111).33 The presence of chemisorbed iodine with-
in the first monolayer is further substantiated by XPS
data (vide infra). Based on these experiments, we
propose that iodine from cleaved bonds adsorbs on,
and poisons the Au(111) surface thus inhibiting any
further catalytically supported iodine homolysis.
We further propose that chemisorbed iodine also dis-
places partially formed covalent networks from the
surface leading to weak adsorption in a second layer.
XPS experiments were performed in order to con-

firm the presence of chemisorbed iodine on the gold
surface. Different sample preparationswere compared:
drop-casting TIPB in 9A solutions with two different
concentrations (0.02 and 0.80 mmol/L) onto Au(111)
either held at room temperature or heated to 100 �C.
First, 5 μL solution were applied to a freshly flame
annealed Au(111), then after 2 h, where the surfaces
were held at the respective temperature, the samples
were rinsed with pure ethanol and immediately trans-
ferred to theXPSchamber.No further annealingor further
treatment was carried out before the measurement.
Spectra highlighting the binding energy region of

the I(3d) core levels are depicted in Figure 4. In the XPS

Figure 2. (a) STM topograph of covalently interlinked structures from TIPB polymerization; the sample was prepared by
deposition of 5 μL of TIPB solution in 9A (c = 0.80mmol/L) onto Au(111) held at 100 �C and cooling down after 120 s. The STM
image depicts covalent aggregates on top of a first monolayer; close-ups (A�D) of frequently encountered covalent
aggregates are presented on themiddle: (A) one-dimensional chains, (B) closedhexagons, (C) closed heptagons, and (D)more
extended structures as merged rings; besides that, more extended irregular structures and open rings were frequently
observed. (b, c) Consecutively recorded STM images revealing the detachment of covalent aggregates. As highlighted by
white circles covalently interlinked aggregates that were still present in (b) have disappeared in (c). STM tunneling
parameters: (a) It = 63 pA, Ut = �0.752 V; (b, c) It = 58 pA, Ut = �0.624 V.
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data of room temperature deposited TIPB with 0.02
mmol/L (black curve in Figure 4) four peaks can be
discerned that correspond to spin�orbit doublets of
two chemically distinct iodine species. The spin�orbit
doublet at binding energies of 621.4 eV (I-3d5/2) and
632.8 eV (I-3d3/2) arises from unreacted TIPB with
binding energies comparable to similar iodinated

aromatic compounds.34 This iodine species is referred
to as Iphenyl in the following. The additional spin�orbit
doublet at 619.0 eV (I-3d5/2) and 630.5 eV (I-3d3/2) is
attributed to iodine chemisorbed on Au(111) as identical
binding energies were obtained in XPS control measure-
ments on iodine terminated Au(111) surfaces (cf. Sup-
porting Information). These binding energies are also
consistent with XPS spectra for iodine adsorbed on other
coinage metals, where the characteristic I-3d5/2 peaks
were found at 619.0 eV for Cu�I and 619.4 eV for Ag�I,
respectively.35 Chemisorbed iodine is referred to as IAu in
the following. The presence of IAu for room temperature
drop-cast samples indicates that spontaneous dehalo-
genation of TIPB molecules already occurs without addi-
tional thermal activation. However, drop-casting a low
concentration solution on Au(111) held at 100 �C (blue
curve in Figure 4), leads to the disappearance of Iphenyl.
This indicates amounts of unreacted or partially reacted
TIPB below the detection limit, while the IAu peak in-
creases in intensity. The onset of dehalogenation at room
temperature is an obvious limitation for self-assembly of
well-ordered TIBP structures on Au(111).
The XPS measurements obtained after room tem-

perature drop-casting 0.80 mmol/L solution appear
different (red curve in Figure 4). While IAu is clearly
present, Iphenyl is only visible as a small shoulder,
indicating an enhanced dehalogenation rate at room
temperature for higher concentrations. Interest-
ingly, IAu increases for the high concentration, 100 �C
drop-cast samples (green curve in Figure 4), but also
Iphenyl becomes slightly more prominent. This confirms
larger amounts of chemisorbed iodine when solutions
with higher solute concentration are applied and

Figure 3. (a) STM topograph obtained after drop-casting 0.80 mmol/L TIPB solution in 9A onto Au(111) at a surface
temperature of 100 �C and extended heating for 120min (b) corresponding FFT to (a); the inner hexagonally arranged group
of diffuse spots (marked by the dashed circle) corresponds to a real space distance of∼1.7 nm and indicates a regular spacing
and a preferred azimuthal orientation of the dark pores. The outer faint spots (examples marked by arrows) correspond to a
real space distance of ∼0.5 nm. The outer spots consist of two hexagonally arranged groups that are rotated by 16� with
respect to each other. (c) Close-up to (a); the pairs of blue arrows highlight 0.5 nm spaced spherical features that are assigned
to nearest neighbor chemisorbed iodine atoms. STM tunneling parameters: It = 35 pA, Ut = �0.359 V.

Figure 4. XPS measurements of TIPB deposited onto
Au(111) from 9A solution under ambient conditions. Two
different concentrations, 0.02 and 0.80 mmol/L, were ap-
plied and the Au(111) surface was either held at room
temperature or preheated to 100 �C. After maintaining
the respective surface temperature for 2 h, the samples
were rinsedwith pure ethanol. The curves are vertical offset
for clarity, but were not normalized otherwise. All spectra
were acquired under similar conditions, thus intensities
directly correspond to iodine concentrations. The spectra
show I 3d3/2 and 3d5/2 spin�orbit doublets and typical
binding energies for the chemically distinct iodine species
Iphenyl and IAu are indicated by the vertical dashed lines,
respectively.
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implies that for low concentration the Au(111) surface
is not saturatedwith iodine. Enhancement of Iphenyl can
be explained by the STM data, which show that for
higher concentrations, the covalent aggregates be-
come larger and, accordingly, less soluble. These data
provide explicit support for our interpretation of the
STM image shown in Figure 3.
The onset of the reaction at room temperature is in

accordancewith UHV experiments on 1,3,5-triiodoben-
zene on Au(111), where covalently interlinked aggre-
gates were likewise already observed at room tem-
perature.27 In general, the Au(111) surface is known to
act as a catalyst for the homolysis of carbon�halogen
bonds.8,9,36 However, in contrast to iodine homolysis,
the cleavage of bromine substituents on Au(111)
requires thermal activation, as demonstrated in UHV
andambient conditionsat temperaturesof140 to180 �C12

and 200 �C,25 respectively. The reactivity difference
between iodinated versus brominated monomers can
be rationalized by pronounced differences in the carbon�
halogen bond dissociation energy, with C�Br bonds
(3.49 eV in bromobenzene) being significantly
stronger than the C�I bonds (2.84 eV in iodo-
benzene).37 Whereas, according to a systematic DFT
study, the binding energy of bromine on Au(111)
amounts to 2.26 eV and is even slightly higher than that
of iodine of 2.14 eV.38 In any case, halogens strongly
chemisorb on Au(111), as further expressed by a high
desorption temperature. Syomin et al. reported an I2
desorption peak maximum at 450 �C for temperature-
programmed desorption after C6H5I exposure on gold.36

Based on the experimental STM and XPS results, we
propose the following reaction scheme. Even for room
temperature deposition of TIPB molecules, initial de-
halogenation spontaneously occurs, while the reaction
rate becomes significantly enhanced at 100 �C and for
higher concentrations. The catalytic activity of Au(111)
is required for the activation of polymerization,
as shown by control experiments on intentionally
iodine-terminated Au(111) surfaces and graphite
(0001). Following dehalogenation, radicals recombine
and form new covalent aryl�aryl bonds. However,
extended covalent aggregates are not observed after
room temperature deposition, possibly due to the
limited room temperature mobility of the radicals,
and there is clear evidence that unreacted monomers
remain on the surface. Drop-casting onto heated
substrates results in covalent aggregates that are
adsorbed on a monolayer of chemisorbed I and

unreacted or partially reactedmolecules. The presence
of split-off iodine atoms is unambiguously confirmed
by XPS experiments. Owing to the progressive adsorp-
tion of split-off iodine atoms onto the Au(111) surface
the substrate becomes catalytically inactive for iodine
homolysis suppressing further coupling reactions. The
chemisorbed iodine layer not only poisons the sub-
strate, but also displaces covalent aggregates into the
second layer, where they are only adsorbed weakly.

CONCLUSION

It has been shown that the polymerization of the
triply iodinated monomer TIPB can be initiated by
deposition from solution onto a preheated Au(111)
surface. In contrast to similar experiments under am-
bient conditions with TBPB, the brominated analogue
of TIPB, more extended covalent structures that consist
of up to 25 monomeric units were obtained, while the
brominated monomer yielded only dimers, consistent
with the enhanced reactivity of iodinated precursors
for the proposed polymerization reaction. Interest-
ingly, most of the covalent structures were found on
top of a chemisorbed monolayer. The presence of the
covalent aggregates in a second layer is unique to the
solution approach and has not been observed in UHV
experiments. The observed displacement and detach-
ment during STM imaging indicates a rather weak
interaction with the underlying first monolayer acting
as a buffer to Au(111). This observation is particularly
interesting for the development of strategies to trans-
fer these covalent aggregates from the catalytically
active surfaces that are indispensable for their synthe-
sis to alternative surfaces that are more promising in
terms of applications.
Overall, the increased reactivity of iodinated com-

pounds make them more promising candidates than
their brominated analogues for polymerization under
ambient conditions and permits the use of relatively
inert surfaces such as gold. Our results indicate that, to
further improve the order and size of the covalent
networks, it will be necessary to reduce the effect of the
iodine-induced deactivation of the catalytic surface.
This raises several interesting scientific issues and there
are several possible strategies, for example, methodol-
ogies for the partial removal of iodine through the
introduction of other reagents and through the synth-
esis of modified monomers, which adsorb more
strongly on the gold surface. The results presented
here strongly motivate such studies.

MATERIALS AND METHODS
The STM experiments were conducted with an Agilent

Technologies 4500 PicoPlus STM using a PicoScan controller.
Commercially supplied (111) terminated gold films on mica
(Georg Albert, Physical Vapor Deposition) were used as

substrates and prepared by flame-annealing prior to the experi-
ments. STM tips were mechanically cut from a platinum/iridium
(80/20) wire. The atomic lattices of graphite(0001) and Au(111)
were used for lateral calibration of the STM, and experi-
mental distances were derived with an accuracy of <0.1 nm.
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Themonomer 1,3,5-tri(4-iodophenyl)benzene (TIPB, SigmaAldrich)
was used as supplied and dissolved in nonanoic acid (9A, Sigma
Aldrich) and heptanoic acid (7A, Sigma Aldrich). During the
deposition, the substrate was either held at room temperature
or preheated to 100 �C on a hot plate under atmospheric
conditions. Samples for XPS were prepared under ambient
conditions, with the substrate either held at room temperature
or preheated to 100 �C. The samples were kept at the respective
temperature for 2 h, rinsed with pure ethanol, and then
transferred into the XPS chamber. A Kratos AXIS ULTRA DLD
instrument with amonochromated Al KR X-ray source (1486.6 eV)
was used and operated at 10 mA emission current and 12 kV
anode potential. The lens mode used was hybrid-slot and pass
energies 80 and 20 eV were used for the wide and high
resolution scans, respectively. Spectra were acquired at room
temperature.
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