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Abstract

A versatile and highly tunable synthesis for nadmexfi aerogels based on the n-type organic
semiconductor perylene tetracarboxylic diimide (PTds presented. PTCDI nanofiber aerogels
are demonstrated to incorporate the organic semigmiar into a high surface area and porous
morphology, and can also be graphitized to synteesarbon nanofiber (CNF) aerogels by
thermal annealing. Using this approach, CNF aesogéh variable density and crystallinity are
synthesized. Furthermore, by incorporating metdissato the synthesis, metal-directed
assembly yields a variety of nanoscale morphologié® selection of post-synthesis thermal
treatment can result in metal-directed assemblPBEDI aerogels, low crystallinity graphitic
aerogels decorated with metal nanoparticles, ohlhigrystalline graphitic aerogels with
controllable nanoscale morphologies. The high serfaea and porosity afforded by the aerogel
morphology coupled with the intrinsic propertiesR¥CDI or CNFs is important for improving

their performance in a number of applications ideig energy storage and catalysis.
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1. Introduction

In recent years a wide variety of one dimensiod8l)(nanofibers based on conductive
carbonaceous materials, organic semiconductorsnangianic materials have been explored due
to their improved properties over their bulk coupgets ™

The organic semiconductor perylene tetracarboxylde (PTCDI) has attracted
attention due to its high electron affinity and l&pito self-assemble into nanostructures, and
PTCDI nanofibers have been integrated into fiefeetf transistors, photovoltaics, and other
electronic applicatioris™8 Carbon nanofibers (CNFs) are another type of figamic material
with drastically different electronic propertiesath PTCDI nanofibers and possess excellent
thermal and mechanical properties, as well as kigltrical conductivity. These outstanding
properties make carbon-based 1D nanofibers progiisiaterials for energy storage applications
such as supercapacitor electrodes, lithium iorebatnodes, catalytic supports, and composite
energy materiats?® Despite their high aspect ratios, PTCDI nano§bemd CNFs synthesized
through classical vapor or solution methods possessce areas below 20%p and lack the
high surface areas necessary for optimized perfocmin these applicatiohs

A larger surface area and porosity can be gainedhbyrporating CNFs and PTCDI
nanofibers in aerogels. Aerogels are a class eetdimensional materials characterized by their
low density and textural properties including hgyhrface area and porosity. The combination of
the aerogel’s textural properties and the intrigsigperties of the nanofiber has the potential to
significantly improve the performance of these mate in a variety of applications by exposing

active sites and facilitating mass transfer indblkd-staté*°



Aerogels based on any organic semiconductor aaecaly reported in the literature,
while CNF aerogels are becoming increasingly widgldied. For decades carbon aerogels have
been studied utilizing the sol-gel polymerizatidresorcinol and formaldehyde and subsequent
pyrolysis gives rise to high surface area carbomatiths with spherical nanoscale morphology
and high electrical conductivitf®® Due to the excitement surrounding the extraomgina
properties of nanomaterials which can be impartéd Berogels, future frontiers in carbon
aerogels utilize nanoscale morphologies includiraplene, carbon nanotubes, and CRIES

CNF aerogels can be achieved through non-toxiciaexpensive means compared to
their other nanoscale counterparts and have deratest potential in energy storage,
electrocatalysis, and water treatment applicafibf’s Current methods to synthesize CNF
aerogels largely rely on templates for their sysih@nd include hydrothermal carbonization of
polysaccharides on tellurium nanowire templateswali as biosynthesis by pyrolysis of a
bacterial cellulose precur$8r’. Drawbacks to such methods include the cost diiriein
nanowires and need for additional template rempvatessing steps, as well as lack of control
over the predetermined microstructure of the ndiyucurring bacterial cellulose precursor.
More recently, a method utilizing nanofibrillatedllalose derived from wood was developed,
but a number of processing steps are requireddardo synthesize CNF aerogels from wood
pulp®. The aforementioned carbon aerogels, as well @shgne aerogels are assembled in one
reaction step and subsequent heat treatment, avadeadirect route to CNF aerogels is required
to incorporate them into practical applications.

One relatively unexplored route to CNF aerogeilizes the self-assembly of PTCDI
molecules into nanofibers, where PTCDI nanofibeiogels can serve of precursors for CNF

aerogel®. Here, we report the first synthesis of PTCDI rfdoes aerogels from inexpensive and



commercially available perylene tetracarboxylicdagianhydride (PTCDA). In this method, the
synthesis of PTCDI, self-assembly of PTCDI into efévers, and gelation are combined into one
single step to yield a PTCDI nanofiber aerogel. M/ktiie PTCDI nanofiber aerogel is useful on
its own, it can also be graphitized in an inert @dphere to yield CNF aerogels of tunable
crystallinity. Furthermore, we demonstrate thatonporation of metal salts can drive metal-
directed assembly of PTCDI and a number of nanesoairphologies can be achieved. Through
careful selection of post-synthesis thermal treatmthe metal salts can be reduced to metal
nanopatrticles in order to introduce additional\gtinaterials into the architecture, or aerogels
can be annealed above the melting temperatureeoimttal to yield highly crystalline, purely
graphitic, aerogels with controllable nanoscalephotogies.
2. Experimental

2.1 Synthesis PTCDI Nanofiber Aerogels

PTCDI nanofiber aerogels are synthesized by pregad suspension of perylene-
3,4,9,10-tetracarboxylic dianhydride (PTCDA) in eatThe concentration of PTCDA is 100
mg/mL unless otherwise noted. A 1:6 by volume amafnNH;OH:H,O is added and the
suspension is kept in a vial or cast into disk mdla gelation. Gelation takes place over 24hrs
at 80°C to yield PTCDI nanofiber hydrogels. Solvent isncved without surface tension by
supercritical drying using C{Qor freeze-drying, yielding PTCDI nanofiber aerag&@amples are
prepared using supercritical drying unless othezwisted.
2.2 Synthesis of CNF Aerogels

CNF aerogels are synthesized by high temperatwatntient of PTCDI nanofiber

aerogels in an inert atmosphere. PTCDI nanofibeygeds are annealed at 1050 in Ar for 3



hrs to yield low crystallinity CNF aerogels. Subgent firing at 2000C in He for 2 hours yields
highly crystalline CNF aerogels.
2.3 Metal Directed Assembly of Aerogels

Metal directed assembly of aerogels is achievedibgolving 1.5mM of metal salt (Nigl
HAuCl,, FeCh, PdCh, CoCh) into the PTCDA suspension. A 1:6 by volume amouoht
NH,OH:H,0 is added and the suspension is allowed to gePdbwrs at 8C°C to yield metal
directed assembled PTCDI hydrogels (M-PTCDI, M=Rii, Fe, Pd, Co). Solvent is removed
using supercritical C&Xto yield M-PTCDI aerogels. M-PTCDI aerogels araealed at 1050C
in Ar followed by 2000°C in He to yield M-CNF aerogels.

3. Resultsand Discussion

3.1 PTCDI Nanofiber Aerogels
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Figure 1 a) Synthesis of PTCDI nanofiber aerogels b) FTpecsra of PTCDA and as-produced PTDI nanofiber
aerogel c-e) XRD, nitrogen adsorption/desorptiathisrm, and pore size distribution of PTCDI nanefierogel,

respectively.

As shown inFigure 1a, PTCDI nanofiber aerogels are synthesized by irga®@TCDA
with ammonium hydroxide. PTCDI is known to self-@sble into nanofibers due to stroregt
interactions between perylene cdfedt high concentrations of PTCDA, a large, entaxg|
nanofiber network assembles and is capable of fagnai freestanding hydrogel. In order to
preserve the pore structure of the hydrogel dutimg drying process, solvent removal is
performed using supercritical G@r freeze-drying, yielding a PTCDI nanofiber aezbbgrhe
successful conversion of PTCDA to PTCDI is verifieding FTIR Figure 1b). Peaks
corresponding to the anhydride at 1775 and 1763 doe to the asymmetric and symmetric
C=0 stretches disappear and are replaced with iped&s from C=0, C-N, and N-H stretches at

1650, 1275, and 3130¢hrespectively. Using XRD, the crystal structuretioé nanofibers is



studied Figure 1c). After the reaction, the product has prominentkpest 22.6, 29.2, 31.6, and
35.# corresponding to the (002), (11-2), (12-2), an@g4jlplanes in PTCDI (monoclinic P21/n

space group), respectivély

.
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Figure2 a-b) SEM and TEM images of PTCDI nanofiber aersgeld diffraction pattern (inset), respectivelySanulated
diffraction pattern of PTCDI nanofiber on the [30dne axis. The missing reflections (red circlesfd) appear as weak
spots in the experimental diffraction pattern duelduble diffraction. The diffraction pattern shothat the fibers have the
monoclinic P21/c crystal structure and the fibeesaligned in the 10-3 direction.

The textural properties of the resulting aeroge¢s sdudied using nitrogen porosimetry.
The nitrogen adsorption and desorption isotherrassaown inFigure 1d and form a Type IV
(IUPAC definition) shape indicative of a mesoporooaterial. The calculated BET surface area
is 123 nf/g, similar to other semiconducting aerogels in fhieraturd®. The pore size
distribution is studied using Barrett, Joyner, dtalenda (BJH) methods, indicating that the
material is made up of predominantly mesoporesOf¥) and macropores (greater than 50nm)
with a very small contribution of micropores (ledsan 2nm) Figure 1€). These textural
properties are significantly impacted by the methedd for solvent removaFigure S1, Table
S1), with supercritically dried samples having a lEglsurface area than PTCDI aerogels. The
density of PTCDI nanofiber aerogels using a PTCD¥hoentration of 100 mg/mL is 89.4
mg/cn?, which is easily tuned by adjusting the PTCDA aartcation resulting in densities
between 323 and 22 mg/€ifFigure S2). The minimum concentration of PTCDA required to

reach a critical nanofiber entanglement to formeadtanding hydrogel cylinder is 25 mg/mL.



Formation of nanofibers is verified using SEM anfM as shown irFigure 2. SEM
reveals the three-dimensional (3D) nature of thegeds which are composed of many micron
long nanofibersKigure 2a). PTCDI nanofiber aerogels contain a highly porstuscture with a
large amount of free-space, reflecting the low dgrns the material. Using TEM, individual
nanofibers with widths between 100 and 200 nm so&ied and found to have a textured, as
opposed to smooth, surfacBigure 2b, S3). SAED of isolated nanofibers is performed to
determine PTCDI molecule orientatiomget Figure 2b). The experimental diffraction pattern
matches that of a monoclinic p2c/1 (space groupctybtal in the [301] orientation, shown in
the indexed simulated diffraction patternFigur e 2c. The crystal orientation is annotated on the
fiber, indicating PTCDI assembly along the nandfibgis in the (10-3) direction and in the
(002) direction along the nanofiber width. Thistie first reported synthesis of a PTCDI
nanofiber aerogel from the inexpensive and comralycavailable PTCDA compound. PTCDI
is a well-known n-type organic semiconductor anchisenducting aerogels of any type have
been scarcely reported in the literature, with ¢hbased on organic semiconductors even less
reported.Table S2 summarizes the properties of reported semiconuyeterogels. The PTCDI
nanofiber aerogel can be used as a standaloneiahateapplications such as photocatalysis,
batteries, and electronic applications due to thteinisic properties of the PTCDI building
block®*8 In addition to these applications, PTCDI nanafiaerogels can be used as precursors
for the synthesis of CNF aerogels.

3.2 Carbon Nanofiber Aerogels



Polycyclic aromatic hydrocarbons (PAHS) like PTABtk temperature stability and at
high temperatures will undergo decomposition oropygis. This property has led them to be
used as sacrificial materidls While PAHSs fully oxidize in the presence of oxpgén an inert
environment both thermal decomposition and gragdtibn occur. This property is exploited in
order to graphitize PTCDI nanofibers into CNFs. dglined inFigure 3a, CNF aerogels are
synthesized by thermal treatment of PTCDI nanofiberogels at 1050C followed by an
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Figure 3 a) Graphitization process from PTCDI nanofiberoget to CNF aerogel. b) Photographs of PTCDI némeofi
aerogel (left) and CNF aerogel (right). c-d) TGAimert atmosphere and Raman spectra of PTCDI naegroéierogel, and
CNF aerogels treated at 1050°C and 2000°C, respécte) XRD of CNF aerogels treated at 1050°C 20@0°C.

additional treatment at 2000 to increase crystallinity. TGA of PTCDI nanofibaerogels
conducted in an inert environment shows that aelangss change occurs between 400600
followed by a relatively stable mass until the nmaxim temperature of 100€C, indicating
thermal decomposition and the formation of a mdrermally stable phaseFigure 3c).
Decomposition products are likely gaseous speciel as carbon dioxide and carbon monoxide

that are fully cleared from the aerogel. During thermal 1050°C treatment step there is a



visible color change from dark-red to black, furtimplicating the loss of perylene cores and
formation of a graphitic phaséigure 3b). Despite the clear chemical transformations, CNF
aerogels treated at 1050 and 20@ still possess modest surface areas of 46 and %8 m
respectively. This surface area is likely capabilenoreasing by post-synthesis activation using
carbon dioxide or potassium hydrox{é&&> A comparison of the textural properties of CNF
aerogels produced from this method to those froevipusly reported routes is shownTiable

S3. Additionally, after treatment at 2000@, CNF aerogels are stable up to 780in air and
above 1000C in an inert atmosphere, making them suitablehfgh temperature applications
(Figure $4).

Characterization of CNF aerogels treated at 10802000°C is performed to study the
chemical and structural transformations as a resiliermal annealing. Raman spectroscopy is
a vital technique for characterization of graphitiaterials and can be utilized to study
crystallinity, defects, and conversion to graphjiftase¥’. Important Raman peaks in graphitic
materials are the G peak due to the in-plaggpBonon at 1575 ci as well as the D peak at
1350 cm* which requires a defect in order to activate anihdicative of the density of defects
in a graphitic material. Before carbonization, tRaman spectrum of the PTCDI nanofiber
aerogel has peaks at 1302, 1378 and 1572 due to C-H and C=C vibrations in the material
(Figure 3d). After treatment at 105%C, the spectrum becomes that of a graphitic materta
wide D and G peaks at 1362 and 1582*¢indicating that graphitization occurs during the
annealing step. However, the extremely broad D@peaks indicate the low crystallinity of the
material lack of a fully sphybridized structure. Subsequent treatment at 2@0@esults in
extreme narrowing of the D and G peak consistetit emhancement in the crystallinity of CNF

aerogels. Further chemical changes are probed UsIig to verify loss of the vibrational

10



structure of PTCDI nanofibers during thermal treatin In the FTIR spectrum, peaks previously
referenced for PTCDI are lost after treatment &018nd 2000C and the classic IR spectrum
for a graphitic structure is adopted which consifta drifting baseline and lack of notable peaks
(Figure $4).

After treatment at 1050C, XRD shows complete conversion of the PTCDI @lyst
structure in the PAH aerogel to a graphitic streeetwith a dominant peak at 38orresponding
to the graphitic (002) lattice plane and a minaakparound 50which can be deconvoluted into
peaks corresponding to the (100) and (101) pfan@sgure 3e). The broad (002) peak is
indicative of the low crystallinity in the materibdading to a distribution of interlayer spacings.
Subsequent treatment at 2080 results in a narrow (002) peak with significanithzreased
intensity due to enhanced crystallinity in the matgin agreement with Raman spectroscopy.
Using the Scherrer equation, the crystallite smederogels treated at 1050 and 20Q0are
calculated to be 1.0 and 8.7 nm, respectfVely

The chemical composition of CNF aerogels treatetbad and 2000C is studied using
XPS Figure S5). Treatment at 1050C results in a graphitic aerogel with 1.78tirogen
remaining from the imide group. The C1s spectrumagle up of a dominant peak at 284.0 eV
due to C=C bonding in the aerogels and minor paak85.0, 286.4, and 288.4eV corresponding
to C-O, C=0 and O-C=0 bonding, respectiVélAdditionally, a shakeup feature at higher
binding energy indicative of the Spybridized carbon is present and a small pealower
binding energy of unknown origin is observed, botild potentially be due to a minor carbide
species. CNF aerogels treated at 2000contain a similar C1s spectrum and no nitrogen is

detected in the sample after treatment, suggeatmgely carbon composition.
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Figure 4 a-b) SEM images of CNF aerogel treated at 1050fC2D00°C, respectively c,d) TEM images of two etiéhce
CNF morphologies in aerogels treated at 1050°CTéEfY images of accordion-type and platelet-type €NFesent after
2000°C treatment, respectively.

CNF aerogels treated at 1050 and 200@are structurally characterized using SEM and
TEM (Figure 4). After 1050°C firing, the high surface area, 3D morphology cosgd of
nanofibers is largely maintained. CNFs have a rafgeidths predominantly between 100 and
200 nm and are several microns in length. Afteattreent at 2000C, the aerogel still maintains
nanofiber morphologies, but nanofibers are packedendensely with less free space. This is
also reflected in the density increasing from 4&gfcn? after 1050°C treatment to 82.8 mg/cm

after 2000°C treatment.
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TEM of nanofibers treated at 1080 shows that two distinct morphologies of nanofber
are present. As seen kingure 4c, some nanofibers exhibit highly irregular struetuthat do not
contain straight edges. This is likely due to tleenpeting decomposition and graphitization
processes taking place between 500-8D0The other type of nanofiber contains a muchelarg
degree of ordering and quite smooth eddagure 4d). High magnification reveals that both
types of nanofibers are made up of disordered graplayers with lattice fringes and a
crystalline structure, in agreement with the br{@@PR) peak observed in XR[FigQure S6).

High temperature treatment at 200D results in remarkable graphitization and incrdase
crystallinity of nanofibers, with the two distincanofiber morphologies present at 10%D
persisting in the aerogel despite graphitizatibigre 4 e-f). Both nanofiber morphologies
exhibit stacking of the graphitic (002) plane pewieular to the nanofiber axis as opposed to
along the nanofiber axis as seen in the precur3@D®P nanofiber aerogels. During thermal
treatment, PTCDI is undergoing decomposition araplgitization simultaneously. Thus, it is
hypothesized that these competing reactions, irtiaddto the high temperatures used for
treatment, result in highly mobile atoms that remige into these structures, but the reason for
deposition into these two distinct morphologies uisclear. Due the graphitic orientation
perpendicular to the axis, nanofibers with smoathes are a platelet-type carbon nanofiber and
the irregular fibers have an accordion-type morpgpl The aerogel is predominately composed
of accordion-type morphology fibers, with fewernhane third of nanofibers being platelet type.
Such platelet fibers have previously been repoliat only synthesized using vapor phase
methods as a result of catalytic processes dutirguical vapor depositiéh To our knowledge,
this is the first documentation of the accordiopeiynorphology of CNFs. Accordion-type CNFs

maintain ordering perpendicular to the fiber axlsyt also feature irregular stacking
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approximately every 10-20nm along the nanofibes aeading to uneven nanofiber edges. Both
platelet and accordion-type CNF morphologies havgd domains composed of (002) planes, in
agreement with the observation of an enhanced @¢2ction peak in XRD.

In comparison with other CNF aerogel methods, ttesgnted synthesis requires fewer
steps than a chemosynthesis route requiring renavtallurium templates and bioderived route
requiring digestion steps of wood pulp. Additiogalthe method is highly tunable due to the
many parameters that can be controlled in the sgiglof the PTCDI precursor which can direct
the density and textural properties and is unaeikeyvin the predetermined architecture of
bacterial cellulose derived CNF aerogels. Furtheemthe synthesis can be easily adapted to
control the nanoscale morphology and to introdudglitmonal active materials into the
architecture, as described below. A comparisonasaipeters and properties of CNF aerogels
synthesized from various methods is showfable S3.

3.3 Metal Directed Assembly of PTCDI and Graphitic Aerogels for Composite Materials and
Controllable Nanoscale Morphologies

In order to synthesize aerogels composed of cdalbiel nanoscale morphologies, metal
salts are incorporated into the PTCDA suspensioimgwsynthesis. The addition of a metal salt
also serves to increase catalytic activity by forgncomposite materials. Using this approach,
metal ions can interact with PTCDA and lead to mdieected self-assembly of PTCDI (M-
PTCDI aerogels). The annealing temperatures cacalefully selected in order to synthesize
graphitized aerogels decorated with metal nanapesti as well as aerogels with no trace of
metal. We describe the synthesis and charactenzaif nickel directed assembly of CNF

aerogels (Ni-CNF aerogels) by incorporation of Ni@to the PTCDA suspension. Additional

14



examples are contained in the Supporting Informaaod show that gold, cobalt, iron, and
palladium can all be used for metal-directed as$gmb
After gelation of the PTCDA suspension in the pneseof NiCh, a dark-red hydrogel

forms, which is then supercritically dried to fommNi-PTCDI aerogel. As shown in the FTIR
spectrum irFigure S6a one additional peak at 3360 ¢remerges that is not present in PTCDI
aerogels. This corresponds to Ni coordinated tanttregen in the imide. Additionally, shifting
of peaks is observed as a result of Ni coordinatgsulting in the imide C=0 shifting from 1650
cm™ to 1690 crit. After annealing at 1058C and 2000C, the expected graphene IR spectrum
is obtained indicating loss of perylene cores araplgtization occurring during annealing. This

is also supported by the recovery of the grapRaman spectrum after annealifggur e S7c).
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Figure5 SEMimage, EDS spectrum and TEM image of a-c) NGBI aerogel, d-e) Ni-CNF aergel treated at 105@R0

Ni-CNF aerogel treated at 2000°C, respectively.
Using SEM, EDS and TEM, the 3D physical morphol@gy chemical composition of

the M-PTCDI and thermally treated aerogels (M-CIdF§ studiedKigure 5). SEM shows that
Ni directed assembly results in an extremely deresefiber network in which nanofibers are
closely packed in a bush-like morphology and maagafibers originate from the same point.
Additionally, EDS confirms the presence of nickatlachlorine in the M-PTCDI aerogels after
supercritical drying(Figure 5b). Using TEM, M-PTCDI nanofibers are observed witldtvs
around 100-200 nm and predominantly smooth edgegii(e 5¢). After treatment at 1058C,
SEM indicates that the nanofibers are more irreggaitel have more curvature after annealing.
The composition is studied using EDS, which shdwesgresence of nickel and the elimination

of chlorine in the aerogelF{gure 5d,e). At high temperatures and under inert or reducing

conditions, metal salts such as Ni@lill reduce and form metal nanoparticles, whiléocime is
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released as HCI g&s TEM imaging confirms the formation of Ni nanopeles with diameters
around 20nm, and assembly directly on CNHg\yre 5f). A portion of Ni nanoparticles contain
carbon shells and some areas contain hollow oniong/hich a graphitic shell catalytically
grows and redeposits prior to nickel evaporatioilck®l is commonly used as a chemical vapor
deposition substrate in the growth of graphenetdLlits catalytic behaviéf. Thus, it would be
reasonable to expect nickel to play a catalytie fol the growth of additional carbon structures
during thermal treatment, but hollow carbon onians the only structures observed. However,
CNF aerogels synthesized using HAu@hibit additional branching and assembly of Au
nanopatrticles directly the branch tips as a resul catalytic role in their formatiorF{gure
Soh).

Treatment at 2000C surpasses nickel's boiling point of 1480, allowing a highly
crystalline and fully graphitic CNF aerogel to lyathesized with altered nanoscale morphology.
SEM shows that the 2000 Ni-CNF aerogel maintains the nanofiber morphologyts Ni-
PTCDI and Ni-CNF 1050C aerogel counterparts at the microscale. EDS wosfihat all nickel
has evaporated and none remains after treatm&@0&°C (Figure 5g,h). Additionally, TEM
reveals the starkly different nanoscale morpholagyhe result of the Ni-directed assembly. As
opposed to platelet and accordion type morpholofgiesed in the absence of NiCINi-CNF
aerogels contain highly irregular stacking of th@2) lattice plane. At temperatures as high as
2000°C, carbon atoms can readily diffuse, dissolve tkeli and be redeposited into irregular
structures as seen kigures 5i, S8. The large degree of disorder and nonuniform, packf
(002) domains leaves more vacant space in the @kdfior. This is significant because the
irregularity results in an increased number of disfeand can lead to additional active sites for

catalysis™% This morphology also gives access to a largeesamible surface area for gas
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storage in the nanofibers, while the high crystélfi maintains the good stability of CNFs. As a
result of this phenomenon, the surface areas @@ Nk aerogels treated at 1080 and 2000C
are 102 and 43 ffy, respectively; increased relative to self-asdgmiithout metal at 1050C
treatment and comparable with classical self-asBemb2000°C treatment. Other nanoscale
morphologies are formed using gold, cobalt, palladiand iron directed assembly including
nanoflowers, nanoleaflets, and nanofibers of diffierwidths Figure S9-S10). These aerogels
contain a broad range of compositions which candmgrolled by selection of the post-synthetic
thermal treatment and include 1) interfacing metdisectly with the PTCDI organic
semiconductor (M-PTCDI), 2) forming a compositecg@l with metal nanoparticles assembled
on the low-crystallinity graphitic nanoassembliéd-CNF-1050), and 3) forming aerogels
entirely composed of the highly crystalline graghiianoassemblies of altered morphology (M-
CNF-2000).

The compositions of M-PTCDI aerogels are summarinetiable S4. Hybrid structures of
plasmonic metals and semiconductors possess imggaptoelectronic properties and are
capable of plasmon-enhanced performance in phetiytatand solar energy applicatiofis®
Treatment at 105C leads to the formation of metal nanoparticlesedded on carbon
nanofibers which have been demonstrated to havaneeld electrocatalytic activity, gas sensing
performance, and lithium storagé®>>°° Lastly, metal content can be completely elimidatte
yield a variety of nanoscale morphologies presert highly crystalline aerogel and demonstrate
the wide parameter range of the reported synthesis.

4. Conclusion

In this study, we have demonstrated the synthekia aew organic semiconductor

aerogel based on PTCDI nanofibers, as well as ikefaod highly tunable synthesis of CNF
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aerogels by graphitization of PTCDI nanofiber aeteg We show that careful selection of
PTCDA concentration can control the final aerogehsity and by choosing the annealing
temperature for graphitization, the crystallinify@NFs can be tuned. Furthermore, metal salts
can be incorporated into the synthesis in ordesymothesize aerogels with many different
nanoscale morphologies. Selection of annealing éeatpre for metal directed assembly can
lead to CNF-metal nanoparticle composites or higitgphitized, fully carbon aerogels with
different nanoscale morphologies. Integrating nirggaemiconductor nanofibers and conductive
CNFs into aerogels combines the intrinsic properté the building blocks with the textural
properties of the aerogel and represents a magp 8t improving and optimizing the
performance of this class of materials for appicret in photovoltaics, electrodes for energy
storage applications, as well as gas storage apiplits, among others.
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