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Controlled Surface Decoration with Functional
Supramolecular Nanofibers by Physical Vapor Deposition

Dennis Schroder, Klaus Kreger, Ulrich Mansfeld, and Hans-Werner Schmidt*

Surface decoration of support structures by physical vapor deposition (PVD) of
small molecular building blocks offers a versatile platform to realize functional
supramolecular nanofibers in a controlled manner and with tailored properties.
Here, details on the preparation of surface-decorated polyamide fabrics by PVD
using N',N3,N5-tris[2-(diisopropylamino)-ethyl]-1,3,5-benzenetricarboxamide
(1) as a molecular building block are reported. It is shown that a defined
morphology with uniform nanofiber length can be achieved, which is
controlled by the PVD conditions. The functional periphery of supramolecular
nanofibers of 1 allows the immobilization of gold nanoparticles (AuNPs).

This results in AuNP-loaded nanostructures with a high surface area, which
can be used as a heterogenous catalyst for the reduction of 4-nitrophenol in
aqueous media. The surface-decorated support structures with firmly
deposited AuNPs also provide the opportunity to conveniently reuse these
structures without compromising the catalytic performance. This approach
provides fabrication strategies for the controlled surface decoration of
macroscopic support structures with small molecular building blocks by

PVD with the potential to realize functional robust supramolecular nanofibers

for various catalytic or filtration applications.

1. Introduction

Fibrous materials with increased complexity gain growing inter-
est due to their expanded property profile including flexibility and
stiffness, controlled porosity, and high surface-to-volume ratio.
Introducing different functionalities broadens the field of appli-
cation including for example filter media with improved mois-
ture permeability, and antiviral and antibacterial properties or
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paves the way to novel applications in-
cluding fibrous membranes for wearable
electronics, energy generation, and en-
ergy storage as well as heterogeneous
catalysis.[1#]

The production of conventional and
functional fibers based on polymer
materials are performed by established
top-down techniques from solution or
melt.>7] In this context, electrospin-
ning is one of the most extensively
used techniques.l®1% A way to improve
or widen the characteristics toward
multi-structured fibrous media is to
combine different fiber types often
based on different materials.!'l This
includes for example the simultane-
ous electrospinning of two different
polymer types resulting in a hierarchi-
cally structured fiber morphology.l'!
Another example is based on one or
two different polymers, consisting of
an electrospun polymer fiber scaf
fold in which finely structured 2D
nanofiber networks are embedded.[>%"]

Another approach is based on the combination of polymer
fibers and supramolecular fibers. In contrast to top-down ap-
proaches, supramolecular fiber formation is based on a bottom-
up strategy, namely the spontaneous self-assembly of dissolved
small molecular building blocks from solution into fibrillar
objects via secondary interactions. As a result, supramolecu-
lar fibers form in situ between an existing polymer fiber sup-
port. For example, we demonstrated the preparation of poly-
mer/supramolecular fiber composites by immersing a polymer
nonwoven in a solution of a 1,3,5-benzenetricarboxamide deriva-
tive (BTA) as a molecular building block and subsequent drying
of the nonwoven.!'®'7] These composites feature a significantly
improved performance for the filtration of particulate matter.
Hu et al. demonstrated the formation of a dual-nanonet of poly-
mer nanofibers and supramolecular nanofibrils based on 1,3:2,4-
di(3,4-dimethylbenzylidene) sorbitol.*¥! These dual-nanonet fil-
ter media feature, besides a high moisture permeability, remark-
able filtration efficiencies at low-pressure drops. In another ap-
proach, we prepared compact and shape-persistent sheets based
on a network of functional supramolecular BTA nanofibers and
polyacrylonitrile short fibers by a wet-laid technique.[*! The func-
tional supramolecular nanofibers within the polymer fibers allow
efficient immobilization of gold nanoparticles (AuNPs), which
enables the use of the sheet as a reusable heterogeneous catalyst.
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Apart from the combination of different fiber types, recent ap-
proaches make use of fibers with complex morphologies. For ex-
ample, complex fiber morphologies based on central para-aramid
fibers with off-standing nanofiber branches were demonstrated
by Xu et al. They used chemical hydrolysis and physical shearing,
which resulted in surface fibrillation of the central para-aramid
fibers. These multiscale fiber morphologies feature outstand-
ing filtration performance as well as good thermal insulation
characteristics.2*?!] We demonstrated another approach to com-
plex fiber morphologies based on a central polymer fiber with
off-standing branches of supramolecular fibers. This morphol-
ogy was realized by decorating the electrospun polymer fibers
with seeds capable of initiating supramolecular fiber growth.[?2!
Similar polymer fiber/supramolecular branch — morphologies
were realized by depositing suitable patches on the polymer fiber
surface.l?>?!] In particular for hierarchical structures based on
such supramolecular and polymer fiber types, a distinct two-
step procedure is required. In the first step, the seeds or patches
were deposited on supporting polymer fibers. Subsequently,
supramolecular fibers were grown from these seeds and patches,
which acted as nucleation sites in a guided solution-based self-
assembly process. Furthermore, in seed-initiated solution-based
processes, it is challenging to achieve precise control over the
supramolecular fiber length.

However, a fundamental aspect is how to precisely control
the formation and morphology of polymer or supramolecular
nanofibers at the interface on substrates. A promising approach
that allows the defined surface decoration with tailored short
fibers on substrates is based on chemical or physical vapor de-
position (PVD), which has recently been demonstrated for vari-
ous polymer and supramolecular materials.[>"?! In contrast to
solution-based self-assembly processes, the use of additional tai-
lored seeds is not required. In addition, the fiber length can be
precisely controlled by the evaporation time.[?"]

Another appealing aspect in this context is the introduction
of functionality into the periphery of such fibers, which can ul-
timately be used for metal particle immobilization by attractive
secondary interactions.

Here, we demonstrate the controlled surface decoration of a
woven fabric with short and uniform functional supramolecular
fibers by PVD (Figure 1). A polyamide fabric with defined fiber
diameter and porosity was selected as model support. N, N3, N°-
tris[2-(diisopropylamino)-ethyl]—1,3,5-benzenetricarboxamide
(1) was selected as molecular building block, which is capa-
ble of forming supramolecular columns via three strands of
hydrogen bonds. The supramolecular fibers feature an amino-
functionalized surface suitable to efficiently immobilize gold
nanoparticles (AuNPs) from the solution. We demonstrate that
the AuNP-loaded mesostructured fabric can be beneficially used
and reused as a heterogeneous catalyst in the model reaction,
i.e., the reduction of 4-nitrophenol to 4-aminophenol.

2. Results and Discussion

2.1. Preparation of Supramolecular Nanofibers by PVD

1,3,5-Benzenetrisamides are a well-investigated class of
supramolecular materials, which is characterized by the for-
mation of three helical hydrogen bonds resulting in fiber-like
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Figure 1. A) Chemical structure of the molecular building block,
N',N3 N3-tris[2-(diisopropylamino)-ethyl]—1,3,5-benzenetricarboxamide
1. B) Schematic illustration of the PVD process. C) Corresponding woven
fabrics decorated with supramolecular nanofibers of 1 prepared using
PVD. D) The functional surface of the supramolecular nanofibers (in
blue) on the woven fabric (in grey) allows the immobilization of AuNPs
(in red) which can be used as heterogeneous catalysts for the reduction
of 4-nitrophenol to 4-aminophenol in the presence of NaBH,.

columnar assemblies.l?*3!! Attaching short or bulky side aliphatic
or aromatic groups to the amide groups typically leads to ma-
terials with high melting points and also high decomposition
temperatures.l®?) In particular, the latter is a prerequisite to
be used in PVD processes. Recently, we have studied a 1,3,5-
benzenetricarboxamide with peripheral functional side groups,
i.e., N,N-diisopropylaminoethyl substituents (1, for details, see,
Section S1, Supporting Information), those supramolecular
fibers were capable of immobilizing metal nanoparticles.[** The
thermal properties, of this BTA derivative were determined by
thermogravimetric analysis (TGA) and differential scanning
calorimetry (DSC, see, Section S2, Supporting Information).
TGA reveals no weight loss up to a temperature of ~300 °C
indicating a high thermal stability without decomposition into
fragments. The DSC experiments yield a melting point of 275 °C
and an isotropization temperature of 298 °C indicating the us-
ability of 1 at evaporation temperatures below 300 °C. In the first
set of PVD experiments, we found that 1 starts to evaporate at a
temperature of 230 °C under a pressure of 10~° mbar. Thus, the
compound sublimes under these conditions. High performance
liquid chromatography (HPLC) analysis of 1 after PVD compared
to a sample before PVD shows only a single peak confirming
that no decomposition takes place (see, Section S3, Supporting
Information). In addition, we performed fourier transform
infrared (FT-IR) spectroscopy before and after PVD (see, Section
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S4, Supporting Information). The spectra are almost identical,
which is in agreement with the findings of the HPLC analysis.
Importantly, both FT-IR spectra feature amide A (N—H stretch
vibration) at 3244 cm™!, amide I (C=O stretch vibration) at
1638 cm™! and amide II (superposition of N—H bend and C—N
stretch vibrations) at #1553 cm™'. These vibrations indicate that
hydrogen bonds are formed between the amide groups of BTA
molecules ultimately resulting in a columnar arrangement of
the BTAs.33] Thus, vapor deposited 1 are present in an ordered
fashion on the substrate. To investigate the morphology of
the vapor-deposited BTAs, we performed a combinatorial PVD
experiment on the same silicon substrate. For this, we applied
the same conditions as used before; however, a shutter initially
covering the substrate was moved by 1/5 at a given time resulting
in a stepwise gradient. As a result, we received five individual
sectors with a total vapor exposure time of 5, 10, 15, 30, and
45 min. For each sector, the morphology was analyzed using
scanning electron microscopy (SEM) as depicted in Figure 2.
During the first 5 min under these conditions, 1 appears to
be deposited on the silicon substrate in a non-homogeneous
droplet-like manner, which becomes a fully covered layer after
10 min. This initial formed layer, which is also referred to as
a wetting layer, is often found as a deposit of small molecules
prior to subsequent object formation. Consequently, this wetting
layer acts as a nucleation sites for the supramolecular fiber
growth. With increasing evaporation time, the supramolecular
nanofiber growth proceeds largely perpendicular to the substrate
in a roughly linear fashion resulting in a densely packed fiber
mat. The fiber mat thickness ranges from ~0.2 to 2.3 um after
evaporation time of 10 to 45 min. Both aspects, the initially
formed layer of nucleation sites and the adjustable evaporation
time at a constant building block feed allow precise control of
the supramolecular fiber length, in contrast to solution-based
self-assembly processes.

2.2. Surface Decoration of Woven Fabrics with Defined
Supramolecular Nanofibers

Woven or nonwoven fabrics are mechanically stable fibrous
porous structures. Thus, these fabrics can be regarded as macro-
scopic support materials with a high surface-to-volume ratio,
which are readily accessible by liquid media. In contrast to non-
wovens, woven fabrics are characterized by their defined geom-
etry including the fiber diameter and the pore size and shape,
which we use as a model support structure. Here, we have se-
lected a mono-layered interwoven polyamide fabric with a fiber
diameter of 35 uym and mesh width of 50 um (see, Section S5, Sup-
porting Information). To prepare a fully surface-decorated woven
fabric with BTA nanofibers, square pieces of 7.6 cm X 7.6 cm were
placed in the vapor deposition chamber. PVD was performed at
a pressure of 107° mbar and a source temperature of 230 °C for
120 min. To ensure complete coverage of both sides of the fab-
ric, the support was flipped by 180° and the PVD process was
repeated. The morphology of the vapor-deposited supramolecu-
lar nanofiber on the woven fabric was investigated by scanning
electron microscopy and is depicted in Figure 3. The overview
image reveals that the entire polyamide fabric is densely and
homogeneously covered with supramolecular BTA nanofibers
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side view

top view

Figure 2. SEM images of vapor deposited 1 on the same silicon wafer at
different evaporation times in a combinatorial approach of the PVD ex-
periment comprising five different sectors (evaporation rate = 1.4 ug s™',
Toource = 230, Teupstrate = 25 °C). The five different vapor exposure times,
i.e.,, 5,10, 15, 30, and 45 min, were realized by successively covering the
substrate with a shutter for the given time. The left column shows top view
images and the right column side views images. Dashed red lines in the
side view images are a guide to the eye indicating the height of deposited
fiber mat of 1 ranging from 0.2 um (for 5 min) to 2.3 um (for 45 min).
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Figure 3. SEM micrographs of surface-decorated woven fabrics with de-
fined supramolecular nanofibers. A) Overview image and B, C) different
magnifications of the polyamide woven fabric with fibers of 1. PVD con-
ditions: T =230, T =25 °C. p = 107% mbar, deposition time
120 min.

source substrate
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(Figure 3A). Atlarger magnifications it can be seen (Figure 3B,C),
that the supramolecular nanofibers of the vapor-deposited build-
ing blocks were grown perpendicularly from the surface of the
support structure, in a similar manner as observed before for the
solid silicon substrate. Additionally, the nanofiber morphology of
1 was found to be almost identical when viewed from either the
front or back side of the woven fabric (see, Section S6, Support-
ing Information). This indicates that the nanofiber formation via
PVD is a robust and reproducible process. This was also demon-
strated by several repetitions of the PVD experiment with other
neat woven fabrics of the same kind. From these images, we were
able to estimate a supramolecular fiber diameter of ~350 nm.
Yet, the nanofiber length after 120 min of evaporation cannot be
clearly recognized. Owing to the defined structure of the woven
fabric, we were able to superimpose a neat woven fabric with a
surface-decorated fabric with a high degree of accuracy. This al-
lows us to identify the starting point of the nanofiber growth as
well as the ending of the supramolecular nanofibers. Applying
these processing conditions, we determine a uniform length of
the supramolecular BTA fibers to be 8 um (see, Section S7, Sup-
porting Information).

2.3. Immobilization of AuNPs on the Supramolecular Nanofibers

To demonstrate the use of the functional periphery of the
supramolecular nanofibers decorated on the fabric, we investi-
gate the immobilization of AuNPs. For this purpose, we synthe-
sized AuNPs according to the well-established procedure of Git-
tins and Caruso.**l This involves the reduction of tetrachloroau-
ric(III) acid in toluene and subsequent stabilization and trans-
fer to aqueous media using dimethylaminopyridine (DMAP) as
a non-acidic ligand. UV/vis spectroscopy of the dark red solu-
tion in water shows an absorption maximum at 520 nm at-
tributed to plasmon resonance of the AuNPs (see, Section S8,
Supporting Information). Using dynamic light scattering (DLS)
we found a uniform particle size distribution and no indica-
tion for agglomerates. The average diameter of the AuNPs was
found to be ~10 nm. We used this aqueous solution to immo-
bilize the DMAP-stabilized AuNPs on the functional surface of
the short supramolecular nanofibers on the woven fabric by dip-
ping the mesostructured fabric into the AuNPs dispersion. To
remove non-immobilized AuNPs, the fabric was washed with
water and then dried. SEM investigations of the AuNP-loaded
surface-decorated woven fabrics reveal that the overall morphol-
ogy of mesostructured woven fabric remains largely unchanged
(Figure 4A,B). The first evidence for successful deposition of the
AuNPs on the supramolecular nanofibers was obtained by us-
ing a back-scatter detector during SEM. This results in bright
features on top of the supramolecular nanofibers in the mi-
crographs, which is indicative of the presence of metal parti-
cles. Since the mesostructured woven is very densely packed
with supramolecular nanofibers, no statement can be made on
the AuNPs immobilization capability of the polyamide woven
support (Figure 4C,D). Thus, we used a neat polyamide wo-
ven fabric as a reference and immersed it in the AuNPs dis-
persion followed by a washing step; however, no AuNPs were
found on the fabric demonstrating the importance of the func-
tional periphery of the supramolecular nanofibers for the AuNPs
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Figure 4. AB) SEM images at different magnifications of AuNP deco-
rated mesostructured woven using an Inlens detector. C,D) SEM im-
ages at different magnifications using the same woven and a back-
scatter electron detector reveal bright areas on top of the supramolec-
ular fibers indicating the presence of gold particles. E) Distinct individ-
ual AuNPs on mechanically detached supramolecular nanofibers as re-
vealed by TEM featuring a uniform particle size distribution. F) Corre-
sponding histogram of the diameter of the immobilized AuNPs deter-
mined by evaluating 100 particles showing an average particle diameter of
46+0.7 nm.

immobilization. After detaching and transferring small frag-
ments of supramolecular nanofibers with immobilized AuNPs
onto substrates, we investigated several nanofibers by transmis-
sion electron microscopy (TEM, Section S9, Supporting Infor-
mation). TEM micrographs of different fibers reveal that dis-
tinct AuNPs on the supramolecular fibers are present, which
appear to be arranged in a thread-like manner. At higher mag-
nifications, small non-agglomerated AuNPs with uniform parti-
cle size distribution were identified (Figure 4E; Section S9, Sup-
porting Information). The average diameter of the immobilized
AuNPs was determined to be 4.7 nm (Figure 4F). Compared to
the diameter of the as-prepared AuNPs determined by DLS, this
value is smaller by a factor of about two, which is attributed to
an overestimation of DLS values.*>! To determine the amount
of AuNPs that is loaded onto the surface-decorated woven fab-
ric, we performed inductively coupled plasma-optical emission
spectrometry (ICP-OES). Three individual samples each for the
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mesostructured woven were analyzed yielding a gold content of
21 pg.

2.4. Immobilized AuNPs on Mesostructured Woven Support for
Heterogeneous Catalysis

Ultimately, we investigated the surface-decorated woven fabrics
loaded with AuNPs as heterogeneous catalysts for the reduction
of 4-nitrophenol to 4-aminophenol in the presence of NaBH,.
The AuNP-catalyzed reduction of 4-nitrophenol is a frequently
studied model reaction in which the degree of conversion can be
readily investigated by UV-vis spectroscopy. In this case, the re-
action kinetics are monitored by following the progression of the
absorption at 400 nm. This absorption is attributed to the sodium
4-nitrophenolate, which is immediately formed by the addition of
alarge excess of NaBH,. In the presence of the AuNP catalyst, the
absorption of 4-nitrophenolate is steadily decreasing and simulta-
neously a new absorption at ~300 nm is increasingly established
due to the formation of 4-aminophenolate (Figure 5A). The de-
crease in the reactant, i.e., sodium 4-nitrophenolate, (c,/c,) over
time with and without the immobilized AuNP catalyst is plotted
in Figure 5B. As anticipated, the absence of AuNPs precludes any
discernible conversion. In contrast, the immobilized AuNP cat-
alyst on the woven support facilitates a rapid reaction, resulting
in a conversion of up to 95% within 4 min. The progression of
the conversion, as illustrated in Figure 5B, also indicates that the
reaction rate of the 4-nitrophenol reduction to 4-aminophenol fol-
lows pseudo-first-order kinetics, which is related to the substan-
tial excess of NaBH, . Consequently, plotting —In(c,/c,) over time
revealed a linear relationship (Figure 5C). The apparent kinetic
reaction rate constants (k,,,) were derived from the slope of the
linear regression and found to be k,,, = 1.16 min~". Compared to
previously reported k,,, values on reusable fiber-based systems
in literature,3**°l and in particular to our recent findings,*"’
this k,,, seems to be relatively high. With respect to the lat-
ter AuNP-loaded supramolecular/polymer fiber composite, this
finding may be attributed to easier accessibility to reactive cat-
alytic sites.

An important feature of deposited AuNPs on macroscopic
supports is the potential to remove and reuse the heteroge-
neous catalysts while the catalytic activity is maintained. To ver-
ify the reusability, we performed three consecutive cycles of the
catalysis experiments. For each cycle, the same round-shaped
AuNP-loaded mesostructured woven fabric was immersed in a
freshly prepared reaction mixture containing 4-nitrophenol and
removed after completion of the reduction to 4-aminophenol as
confirmed by absorption measurements. Figure 5D depicts the
progress of the reaction by absorption measurements over time
for three consecutive runs. In all three cycles, the time to com-
plete the reaction as well as the k,,, remains the same. Conse-
quently, a reduction in the catalytic activity of the supramolecular
nanofiber carrying the AuNPs cannot be observed. This indicates
that the morphology of the supramolecular nanofiber remains
intact. This also indicates that the AuNPs on the supramolec-
ular nanofiber maintain their reactivity and do not leach to the
solution.

To verify these findings, we conducted SEM, TEM, and
ICP-OES measurements on dried samples (see, Section S10,

© 2024 The Author(s). Advanced Materials Interfaces published by Wiley-VCH GmbH

85UB017 SUOWIWOD) 8AIT1D) 8 edldde ayy Aq pausenob ake sa[olie YO ‘88N Jo Ss|ni 10} ArIqIT 8UIIUO AB|IM UO (SUORIPUOD-PUB-SWSH W0 A8 | 1M ATeIq Ul UO//:SdNY) SUOIIPUOD pue SWie | 8U1 88S *[5202/£0/92] Uo AriqiTauliuo A8 |IW ‘ineifeg 1eeisienlun Aq 65200v202  IWPR/ZO0T OT/10p/W00 A8 | Aelq 1 jpuljuo peoueApe//:Sdny woly pepeojumod ‘Sz ‘v20Z ‘0SEL96TZ


http://www.advancedsciencenews.com
http://www.advmatinterfaces.de

ADVANCED
SCIENCE NEWS

ADVANCED
MATERIALS
INTERFACES

Open Access,

www.advancedsciencenews.com

www.advmatinterfaces.de

A 1,2 — 0 min B 1,0{ = ° ° ° °
—1 min —
= 3 min o 0.81 e reference
o o=
= 0,84 Q
o g 0,6
3 064 =
Q t 0,4
< 0,41 o -
4]
~
0.21 A S 0.2 ]
L A LT 00— =
" 300 350 400 450 500 ' 0 1 2 3 4
Wavelength [nm] Time [min]
E 4 D
. 10- Run 1 Run 2 Run 3
2 -
2 3 £ 0,81
5 5
= 21 O 0,6
= =
- k=1.16 min"! =
L 04 = . .
11 <0
~ o
S L
c O 0,21
= 0o . . .
. . . . 0,0 —— — —
0 1 2 3 0 2 4 6 8 10 12
Time [min] Time [min]

Figure 5. A) Temporal evolution of UV/vis spectra recorded from 250 to 500 nm during the reduction of 4-nitrophenolate to 4-aminopenolate using
NaBH, and AuNP decorated mesostructured woven as heterogenous catalyst. B) Decrease of the 4-nitrophenolate concentration (c,/cq) over time with
and without AuNP-deposited catalyst on mesostructured woven fabric. C) Determination of k,,, from the slope of the linear regression. D) Reusability
experiments of the AuNP decorated mesostructured woven in three consecutive catalytic cycles. Reaction conditions for (A-D): 1.5 mL of 0.1 mm
aqueous 4-nitrophenol solution, 1.5 mL of 100 mm aqueous NaBH, and 21 ug of immobilized AuNPs on mesostructured woven fabrics. The reaction

is performed at 25 °C with stirring at 600 rpm.

Supporting Information). The SEM micrographs demonstrate
that the surface-decorated morphology remains intact, with no
significant change observable. This indicates a strong adhesion
of supramolecular nanofibers to the woven fabric. Similarly, TEM
of fragments of supramolecular nanofibers revealed a similar pic-
ture of deposited AuNPs with an average size of 4.7 nm, indi-
cating that the AuNPs are firmly immobilized. This finding is
consistent with ICP-OES analysis of the reaction solution after
catalysis, which showed no gold within the detection limit of the
method.

3. Conclusion

Here, we presented a feasible approach to realize tailored
surface-decorated support structures by PVD comprising uni-
form supramolecular nanofibers based on N!,N3 N°-tris[2-
(diisopropylamino)-ethyl]—1,3,5-benzenetricarboxamide (1) and
a polyamide woven fabric. Unlike solution-based self-assembly
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processes, the PVD process enables precise control of the
supramolecular fiber length on different substrates without
the use of pre-deposited seeds. The functional periphery of
supramolecular nanofibers of 1 facilitates a robust immobiliza-
tion of AuNPs, which can be used as a heterogeneous catalyst
for the reduction of 4-nitrophenol. The catalytic reaction pro-
ceeds with an k,,, of 1.16 min~", which we attribute to ready ac-
cessibility to the reactive catalytic sites on the surface-decorated
support. Beneficially, such surface-decorated fabrics with immo-
bilized AuNPs, be easily removed and reused without compro-
mising the catalytic performance due to the robust mechani-
cal stability of and between the integral components. We an-
ticipate that the tailored preparation of surface-decorated sup-
port structures by PVD can be conveniently transferred to other
functional uniform supramolecular BTA nanofibers. The ratio-
nal design of the functional BTA could pave the way to the devel-
opment of mesostructured surfaces for various applications in
(photo)catalysis, filtration, or antibacterial coatings.
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4. Experimental Section

Preparation of Supramolecular Nanofibers of 1 on Substrates by PVD:
For PVD of 1, a modified vapor deposition chamber PLS 500 from Balz-
ers was used. Quartz crystal sensors were mounted near the substrate
holder and used to monitor the evaporation rate. About 500 mg of 1 was
weighed into a quartz crucible, which was placed into an effusion cell used
as a heating source. As substrate a silicon wafer was used. At 230 °C tem-
perature of the effusion cell and 10~¢ mbar, a constant apparent evapo-
ration rate was monitored by the quartz crystal sensors and found to be
1.4 pug s~ For the preparation of step thickness gradients, a combina-
torial set-up was used to obtain five different sectors by moving a shut-
ter at a distinct distance in a similar manner as described previously.[?°]
At the end of each experiment, the vacuum chamber was ventilated with
air.

Surface Decoration of Woven Fabrics with Defined Supramolecular
Nanofibers of 1. For the preparation of a fully surface-decorated woven
fabric with BTA nanofibers, the same PVD setup as outlined above was
used. As support material, a polyamide woven fabric with a uniform fiber
diameter of 35 um and a mesh width of 50 um was used and cut into
a square piece of 7.6 cm X 7.6 cm having a mass of ~#200 mg. The cut
piece of the fabric was clamped into a custom-made 3D-printed holder
and fixated in a substrate holder, which was located ~35 cm above the ef-
fusion cells in the vapor deposition chamber. A closed shutter covers the
substrate holder prior to the evaporation process. PVD was initiated at a
pressure of 107¢ mbar and a source temperature of 230 °C of the effusion
cell. A constant evaporation rate was monitored by quartz crystal sensors
and determined to be 1.4 ug s~'. The shutter was fully opened and af-
ter an evaporation time of 240 min, the chamber was ventilated with air,
opened and the custom-made holder was flipped by 180°. Subsequently,
the process was repeated to ensure complete coverage of both sides of
the mono-layered woven fabric with supramolecular nanofibers.

Gold Nanoparticle Loading: AuNP immobilization on the supramolec-
ular nanofibers was done by dipping a round-shaped piece of mesostruc-
tured woven with a diameter of 12 mm (m = 720 pg) into an aqueous
dispersion of the freshly prepared DMAP-stabilized AuNPs for 1 h. After
deposition of the AuNPs, the woven fabric was removed from the immer-
sion solution and washed with ultrapure water until an excess of non-
immobilized AuNPs was removed. The AuNP-loaded woven fabric was
subsequently dried in a vacuum (<5 mbar) at 40 °C for 15 h.

UV/vis Spectroscopy:  Absorption measurements were performed on a
Jasco Spectrometer V-670 with a scan speed of 400 nm min~' at 25 °C
using a quartz glass cuvette (D = 10 mm). Baseline correction was carried
out by measuring a blank sample with Milli-Q water before measurements.

SEM: Scanning electron microscopy was performed with a Zeiss 1530
FESEM at 3 kV using an Inlens detector. Samples were fixed via a double-
sided adhesive conductive carbon tape on an SEM sample holder and sub-
sequently sputtered with platinum (2 nm) prior to SEM investigation. For
visualization of AuNP a back-scatter detector was used at 10 kV.

TEM: Transmission electron microscopy was performed on a JEOL
JEM-2200FS. For the investigation of the AuNPs distribution on the
supramolecular fibers, a lacey carbon-coated copper grid (LC400, EMS,
USA) was wiped over the surface of the mesostructured woven to trans-
fer supramolecular fiber fragments on the TEM grid. The same procedure
was applied for the analysis of the AuNP size distribution on a mesostruc-
tured woven after that was used three times in the catalytic reduction of 4-
nitrophenol. All samples were investigated at room temperature using the
bright-field mode with energy filtering at an acceleration voltage of 200 kV.

ICP-OES: Inductively coupled plasma-optical emission spectrometry
measurements were carried out using a PerkinElmer Avio 200 equipped
with an S10 autosampler, Echelle polychromator, Argon humidifier, and a
DBI-CCD detector. The samples were calibrated against a single gold stan-
dard (PerkinElmer Pure, Gold 1000 mg L=" in 10% HCI) with concentra-
tions of 0.05, 0.1, 0.5, 1, and 10 mg LT, respectively. For sample prepara-
tion, the AuNP solution before and afterimmersion of the mesostructured
woven fabrics as well as the reaction solutions after catalysis was evapo-
rated completely at 70 °C, dissolved in 0.5 mL of aqua regia, and diluted
with 9.5 mL of deionized water (18.2 MQ cm).
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Reduction of 4-Nitrophenol by AuNP-Loaded Mesostructured Woven Fab-
rics as Heterogeneous Catalyst: The catalytic activity of the AuNP-loaded
mesostructured woven fabrics was examined by the reduction of 4-
nitrophenol to 4 aminophenol. For this, 1.5 mL of a 0.1 mm 4-nitrophenol
solution and 1.5 mL of a 100 mm NaBH, solution were put in a quartz
cuvette. Subsequently, a round-shaped Au-loaded woven fabric with a di-
ameter of 13 mm was completely immersed in the reaction solution us-
ing a tweezer. Then the reaction was stirred at 25 °C and 600 rpm for
15 min. The progress of the reaction was monitored by absorption mea-
surements taken every minute in the range of 250-500 nm with a scan
speed of 400 nm min~".
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