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ABSTRACT: The detection of alkane vapors has strong
implications for safety, health, and the environment. Alkanes
are notoriously difficult to detect because of their chemical
inertness at room temperature. Herein, we introduce a tunable
photoinduced charge transfer strategy to selectively detect
alkane vapors under ambient condition. A unique donor−
acceptor nanofibril composite comprising a compatible
interface was fabricated, which is preferential for alkane
adsorption. Then the enhanced adsorption disrupts the charge
transfer across the interface and decreases the photocurrent,
enabling the design of alkane gas sensor. We demonstrate a
critical relationship between the tunable donor−acceptor
interface and alkane response. The composite sensor is able to provide specific distinction between different alkanes based
on their kinetics of the response profiles, and outstanding general selectivity against the common polar solvents. The work
described herein may provide a basis for a new type of sensing material for detecting inert chemicals at room temperature.
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Alkanes are primary energy sources, important industrial
crude materials, and solvents for modern society. While

serving people, they also pose risks to security, the environ-
ment, and human health. For example, alkane vapors and the
ammonium nitrate fuel oil mixture (ANFO) are extremely
explosive, and have brought numerous disasters in recent
years.1−4 Besides, alkane vapors are proven to cause systemic
toxicity to the human nervous system.5−7 A reliable, quick, and
portable detection method for alkane vapor is necessary for
industrial control and public safety. However, current
technologies still face great challenges in alkane vapor
detection, particularly with trace level sensitivity and real-time
monitoring. Traditional instrumentation, such as gas chroma-
tography coupled with mass spectrometry or photoionization
detection, and ion mobility spectrometry, are often slow,
expensive, and not sufficiently selective.8 On the other hand,
the chemical inertness of alkanes hinders the design of reaction-
based chemical sensors. To initiate the sensing reactions, some
sensors have to be operated at an elevated temperature (>400
°C) at the expense of selectivity, portability, and power
consumption.9 At the low temperature range, the intermo-
lecular interaction with alkanes is dominated by the van der
Waals force. Therefore, we determined that the key for the
development of room temperature alkane sensors is to optimize
the van der Waals interaction between alkanes and sensor

materials and to transmit the interaction process into a
measurable physical quantity.
Herein, we report an approach based on the tunable

photoinduced charge transfer (PCT) process in an organic
nanofibril donor−acceptor (D−A) composite. It has a unique
D−A interface composed of interdigitated soft alkyl chains,
with large surface area and three-dimensional porosity, which
provides the preferential adsorption for alkanes through
solvophilic (van der Waals) interaction into the D−A interface.
Since the PCT efficiency is sensitive to the slight distance
change, the adsorbed alkanes at the D−A interface are expected
to be able to fractionally interrupt the original interfacial
interdigitation, leading to an overall distance increase, which
weakens the PCT and, thus, decreases the electrical
conductivity.10−14 To achieve the desired structure and the
sensing ability, the building-block molecules for the D−A
composites are selected as a long alkyl-substituted arylene-
ethynylene tetracycle (ACTC) as the donor (Figure 1a), and
perylene-3,4,9,10-tetracarboxylic-3,4,9,10-diimide (PTCDI)
modified with different side chains, dodecyl (-DD), cyclohexyl
(-C6), and propoxyethyl (-PE), as the acceptors (Figure 1b).
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Through molecular coassembly in solution, three fibril
composites, ACTC/PTCDI-DD, ACTC/PTCDI-C6, and
ACTC/PTCDI-PE, were fabricated and showed significant

difference in the D−A interfaces, resulting in a large divergence
in photocurrent generation and the corresponding sensing
performance. Among them, ACTC/PTCDI-DD, which is a
bulk-heterojunction from homogeneously coassembled
PTCDI-DD and ACTC nanofibers (Figure 1c), showed the
best sensing performance for alkanes. According to the control
experiments, we confirmed that besides the compatible surface
for alkane absorption on the molecular level, the availability of
adsorbed alkanes to tune the D−A interface is another
necessary feature for the successful detection of alkanes, on
the structural level. By monitoring the photocurrent change
upon exposure, alkanes can be detected and further
distinguished in different molecular sizes based on their unique
kinetics of absorption and disassociation. Moreover, the sensor
provides opposite response trends to alkanes over common
polar solvents, which leads to good general selectivity for real
world applications. Through these investigations, we proved the
critical role of tunable D−A interface in the process of alkane
detection and our work extended the concept of organic D−A
heterojunctions to a design strategy for novel chemical
sensors.15−21

Nanofibers comprising PTCDI-DD, PTCDI-C6, and
PTCDI-PE were fabricated via a previously reported solution-
based self-assembly method, respectively.22 These nanofibers
are tens of micrometers long and hundreds of nanometers wide
(Figure 2a,d,g, and Figure S2a,c,e). Their structures are rigid
without significant bending or intertwining. The one-dimen-
sional growth of these fibril structures results from the strong

Figure 1. Molecular structures of (a) ACTC and (b) end-substituted
PTCDI molecules, PTCDI-DD, PTCDI-C6, and PTCDI-PE. (c) SEM
image of ACTC/PTCDI-DD nanofibril composite with large number
of ultrathin ACTC fibers attached onto the larger PTCDI fibers; scale
bar = 3 μm. (d) Scheme showing the alkane sensing mechanism based
on the tunable PCT process at D−A interface.

Figure 2. SEM images of (a) PTCDI-DD nanofibers and (b) ACTC/PTCDI-DD nanofibril composite; (d) PTCDI-C6 nanofiber and (e) ACTC/
PTCDI-C6 nanofibril composite; (g) PTCDI-PE nanofibers and (h) ACTC/PTCDI-PE nanofibril composite. Scale bar = 5 μm. The statistical
photocurrent enhancement measured for the three nanofibril composites, (c) ACTC/PTCDI-DD, (f) ACTC/PTCDI-C6, and (i) ACTC/PTCDI-
PE, depending on the molar ratio of ACTC to PTCDI in the precursor solutions used to fabricate the nanofibril composite through the coassembly
method.
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π−π stacking interaction between PTCDI skeletons along the
long axial direction, which is dominant over the relatively weak
interaction in the lateral direction.23,24 The extended π−π
stacking results in effective π-electron delocalization, which in
turn leads to enhanced charge migration along the nanofiber’s
backbone.25−27 The end-substituted groups (-DD, -C6, and
-PE) comprise the surface of the PTCDI nanofibers. In
comparison, the nanofibers assembled from ACTC molecules
are much thinner (Figure S1), consistent with a previously
reported result.28 These nanofibers are several micrometers
long and tens of nanometers wide. They twisted and merged to
form a spatial network with nanometer-size porosity, which
make the ACTC nanofibers relatively soft and fluffy, ensuring
the ease of the D−A distance changing after alkane adsorption.
Meanwhile, the much smaller size of the ACTC fibers is
conducive to constructing a large area D−A interface area by
allowing more ACTC fibers to attach to the surface of the
PTCDI fiber, as illustrated in Figure 1c. A large D−A interface
is important for efficient photoinduced charge separation, as
demonstrated in numerous bulk-heterojunction photovoltaics.
By coassembling PTCDI and ACTC molecules in an

appropriate solvent, nanofibril composites with varying
interfacial contact were obtained between the two nanofibers
depending on the side groups (Figure 2b,e,h). In these
composites, the ACTC and PTCDI nanofibers maintained
similar morphologies as when they are fabricated separately. In
the ACTC/PTCDI-DD composite, the ACTC nanofibers were

homogeneously spread over the much larger PTCDI fibers,
forming a continuous nanofibril network (porous film). The
composite film possessed few gaps and cracks as shown in the
large-area SEM image (Figure 2b). The good dispersion of
ACTC nanofibers on the PTCDI-DD is primarily due to the
hydrophobic interdigitation between the long alkyl chains of
ACTC and PTCDI-DD.17,27 Such a composite is considered to
be a cooperative self-assembly rather a simple self-sorting.29 In
contrast to the ACTC/PTCDI-DD, the ACTC/PTCDI-C6 film
showed less uniformity, indicating relatively poor interfacial
contact between ACTC and PTCDI-C6 nanofibers (Figure 2e).
This is attributed to the weaker attraction between linear alkyl
chains and cyclohexyl groups. The ACTC/PTCDI-PE film
showed an almost complete phase separation with little
interfacial contact between ACTC and PTCDI-PE nanofibers
owing to the incompatibility of hydrophilic propoxyethyl chains
to alkyl chains (Figure 2h). Such morphological differences are
also confirmed by optical microscopy images (Figure S2). On
the other hand, we confirmed from the absorption spectra of
the composites that no charge transfer band is observed in the
longer wavelength range (Figure S3), which typically indicates
the formation of a steady-state charge transfer complex.30

With the structures determined, we turned our investigation
to the photocurrent generation of nanofibril composites. First,
we evaluated the dependence of the photocurrent enhancement
(defined as the ratio of the current under illumination to the
current in the dark for each device, Iphoto/Idark) on the molar

Figure 3. (a) Photocurrent change (baseline corrected) comparison upon a saturated n-dodecane vapor exposure of ACTC/PTCDI-DD (black),
ACTC/PTCDI-C6 (red), and ACTC/PTCDI-PE (blue) composites at room temperature. (b) Relative photocurrent response (baseline corrected)
of ACTC/PTCDI-DD (ACTC:PTCDI-DD ratio is 1:2) composite to time curves measured at room temperature for saturated vapors of n-hexane
(C6H14, 1.6 × 105 ppm), n-octane (C8H18, 1.0 × 104 ppm), n-decane (C10H22, 2.1 × 103 ppm), and n-dodecane (C12H26, 2.2 × 102 ppm) (from top
to bottom). The relative photocurrent response is defined as (1 − It/I0) × 100%, where It is the photocurrent at time t; I0 is the photocurrent at the
time zero. (c) Principal component scores for the responses of four alkanes exposures (5 trials for each alkane); the colored circles present the
clustering results for the four alkanes.
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ratio of ACTC to PTCDI to study the maximum levels of
photoconductivity for the three composites (Figure 2c,f,i). All
I−V curves of the composites display approximately linear
behavior (Figure S4), indicating that the density of trap states is
low. Although the calculated energy levels of ACTC and
PTCDIs indicate a similar driving force for the PCT process in
all three composites (Figure S5), the maximum photocurrent
enhancement is quite different over the composites due to the
different D−A interface, with ACTC/PTCDI-DD and ACTC/
PTCDI-C6 composites showing a clear maximum. Increasing
the amount of ACTC nanofibers present increases the D−A
interfacial area and, thus, enhances the photocurrent. On the
other hand, too much ACTC, which is highly resistive, blocks
the percolation pathways, resulting in a decrease in
conductivity. Thus, an optimal molar ratio of ACTC to
PTCDI was observed for both composites. The ACTC/
PTCDI-DD composite showed an enhancement 1 order of
magnitude larger than the ACTC/PTCDI-C6 composite. This
is attributed to the improved interfacial contact as observed
during the morphology study. By contrast, the photocurrent
enhancement of the ACTC/PTCDI-PE composite is similar to
the pristine PTCDI-PE and showed a negligible dependence on
molar ratio due to the lack of interfacial contact between the
two materials. The photocurrent enhancement data also
correlate well with the yields of fluorescence quenching in
the three composites (Figures S6 and S7), which indicates that
the difference in photocurrent enhancement indeed arises from
the divergence of PCT efficiencies by morphological reason.
As we postulated, the favorable adsorption of alkanes at the

interface results in an increased D−A distance, which is
evidenced as a decrease in photocurrent. To verify this
mechanism, the photocurrent responses of the three ACTC/
PTCDI composites (at their optimal ACTC to PTCDI molar
ratios) were compared upon the exposure to a saturated vapor
of n-dodecane at room temperature. A rapid decrease in
photocurrent was observed upon exposure, followed by a
relatively slow recovery after removing the analyte source for all
three ACTC/PTCDI composites (Figure 3a). Among them,
the ACTC/PTCDI-DD composite showed the largest photo-
current change, which is over ten times greater than ACTC/
PTCDI-C6 and over two hundred times greater than ACTC/
PTCDI-PE. This order of difference correlates closely with the
estimated PCT efficiencies due to their common origin, the D−
A interface. For the ACTC/PTCDI-DD composite, the donor
and acceptor nanofibers are interconnected by flexible alkyl
chains, which is very similar to the alkane molecules. One
would expect a favorable adsorption at the interface (following
the common chemistry principle, “like dissolves like”), leading
to a high local concentration of alkanes. The flexibility of the
alkyl chains at the interface provides freedom of movement for
the D−A distance upon the adsorption and diffusion of alkane
molecules at the interface.31,32 Although this movement is in
the submolecular distance range, it is enough to sufficiently
interfere with the PCT efficiency.17 In ACTC/PTCDI-C6, the
PCT efficiency is moderate due to the partially formed D−A
interface, and its response, as expected is moderate. In ACTC/
PTCDI-PE, the lack of an alkyl-compatible D−A interface
results in the lowest response, even though the phase separated
ACTC nanofibers themselves should still adsorb alkane
molecules, whereas, without the efficient PCT process, the
observation of a photocurrent response to alkane vapors would
be difficult. Additionally, the large photocurrent caused by the
high PCT efficiency is desired for chemiresistive sensing

materials, which may enlarge the potential detectable
concentration range and lower the detection limit with an
enhanced signal/noise ratio. Consequently, the interface
morphology is closely linked to the sensor performance.
To further verify the high sensitivity ACTC/PTCDI-DD

composite toward alkanes, the composite was also exposed to
the saturated vapors of n-hexane, n-octane, and n-decane.
Overall, the composite responded to alkane exposures with
photocurrent decrease in different yields. The saturated hexane
vapor provided about 12% photocurrent reduction, and with
the increasing alkane length, less reduction was observed (for
example, 6% for dodecane) (Figure 3b). Generally, as the vapor
was diluted, the amplitudes of photocurrent response
decreased. When the alkane vapors were diluted to 1% of
their saturated concentrations, the responses of the composite
still remained at least seven times larger than the general noise
level of the baseline (Figure S8). Based on the criteria that the
signal-to-noise ratio is greater than 3, the limit of detection
(LOD) is below these concentrations. We expect that the LOD
can be significantly lowered if the detection system is further
optimized through professional engineering.
Furthermore, it is interesting to see from Figure 3b that the

response profiles for alkanes show dramatically different
kinetics during and after exposures. This difference enabled
us to classify different analytes within the series of alkanes.
When the sensor was initially exposed to an analyte, the
photocurrent of the composite immediately started a rapid
decrease, indicating the alkanes began to be adsorbed and to
interrupt the PCT process. After this stage, the rates of
photocurrent decreasing behave differently according to each
alkane. Figure 3b shows the relative photocurrent responses
upon five exposures of the four alkanes, along with the time-
magnified curves for the first exposures. For the n-hexane, after
the rapid decrease, a stage with relatively stable photocurrent
was reached during the exposure. Due to the weak interaction
and low molecular weight, the average staying time at the
interface is low for short chain alkanes. This stage may imply a
quasi-equilibrium state between alkane molecule adsorption
and disassociation from the surface.33 These steady stages
gradually disappeared with the increasing length of alkane
molecules. For n-dodecane, such stages totally disappeared, due
to the stronger interaction with the alkyl interface, which makes
the disassociation rate slower than the adsorption rate during
the exposure period. The longer staying time may allow larger
alkanes to diffuse deeper into ACTC/PTCDI-DD interface.
Additionally, because of their larger size, the interruption to the
photocurrent should be more effective at the D−A interface. So
we attribute the larger current decrease observed for n-hexane
than the other normal alkanes to its higher vapor concentration.
Consistently, if all alkanes are produced at the same
concentration, the longer alkanes will cause larger photocurrent
changes. For example, a saturated vapor of n-dodecane has a
comparable vapor concentration as the 1% dilution of n-hexane,
but the former produces about one magnitude of order higher
response than the latter (Figure S8a and d). It should be noted
that the analytes are not limited to normal alkanes. For
example, cycloalkane vapor is also detectable due to the same
adsorption mechanism (see Figure S9 for saturated cyclohexane
vapor). Due to the bulkier conformation compared n-hexane,
the saturated vapor of cyclohexane caused a larger decrease
than n-hexane at similar vapor concentrations.
After exposure, the photocurrent recovered at different rates

depending upon the species of alkanes (Figure 3b). Due to the
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mechanism of interruption to the PCT by alkanes adsorbed at
the D−A interface, the photocurrent change should be
temporary with the alkane molecule desorption. Therefore,
the alkane length also controls the photocurrent recovery rates.
To quantitatively compare them, different alkane recovery
curves were fitted with a single exponential function with good
correlation and the recovery time is indexed by the lifetime
term, τ (Figure S10). For n-hexane, n-octane, n-decane, and n-
dodecane, τ is about 1.7, 3.5, 4.4, and 11 s, respectively. This
variation of photocurrent recovery kinetics supports the
disassociation abilities of the different alkanes at the alkyl
interface of ACTC/PTCDI-DD composite. Considering the
vaporization process of the alkanes from their liquid phase, they
disassociate from the homogeneous top layer of the liquid
phase, just as the case here in which alkanes disassociate from
the alkyl interface of the ACTC/PTCDI-DD composite. For
the vaporization process, when the partial pressure does not
reach the saturated vapor pressure (Psat), the disassociation
process is dominant. Therefore, Psat could describe the general
disassociation ability of molecules from an analogous interface.
For example, if the Psat is low, the dissociation should be hard
and slow. So, we listed the τ value and Psat for each alkane to
demonstrate the close connection of these two terms (Table
S1). Additionally, it is noted that for the alkane vapors at lower
concentrations, the recovery kinetics were maintained even
though the amplitudes of the response were much smaller
(Figures S8 and S9b). These results indicate that the kinetic
characteristics are caused by the thermodynamic nature of
alkanes themselves, and are an important fingerprint to further
distinguish specific alkanes. The principle component analysis
(PCA) method was applied to quantitatively analyze the
photocurrent responses curves for the four alkanes (Figure S11
for methods). The principal component scores show compact
clustering for same alkanes and clear separations for different
alkanes (Figure 3c). Therefore, the sensor has the potential to
distinguish different alkanes by applying the PCA method to
the sensing data. With reproducible test conditions and
standardized compound library, the sensor could help to
determine the specific alkanes. Then, combined with signal
amplitude, we could finally ensure the kind and concentration
of detected alkanes.
The structure of the tunable D−A interface plays a critical

role of transmitting the alkane adsorption to photocurrent
change in the coassembled ACTC/PTCDI-DD composite. We
confirmed this mechanism by two control samples, which lost
the sensing performance without the desired interface even
though the same materials were used. In the first control
experiment, the PTCDI-DD nanofibers and the ACTC
nanofibers were prepared separately via solution-based methods
and then mechanically mixed to a visually homogeneous
state18,28 (Figure 4a). However, in the microscopic scale, their
shapes did not significantly change after the mixing, and the
PTCDI-rich part and ACTC-rich part are segregated by
obvious boundaries, leading to a very low PCT efficiency. To
improve this situation, we drop-cast a solution of ACTC onto
PTCDI-DD nanofibers that were already deposited on a
substrate. This method was previously used to fabricate highly
photoconductive structures with high yield of charge trans-
fer.17,18 The morphology clearly indicated that the PTCDI-DD
nanofibers retained their structures after surface coating and
ACTC formed a uniform dense film on the surface of the
PTCDI-DD nanofibers (Figure 4b). As expected, this ACTC
drop-cast composite shows a remarkable photocurrent

enhancement compared to the postmixed sample (Figure
S13a). Then we compared the sensing performance of the
coassembled, postmixed, and drop-cast samples horizontally. It
was found that the order of response of hexane to dodecane in
each sample is the same and the overall sensing performance
follows the order coassembled sample ≫ postmixed one >
drop-cast one. Accordingly, their photocurrent enhancement
and responses to dodecane are compared to discuss the tunable
D−A interface impact on the sensing performance (Figure 4c).
Considering the morphology, the low PCT efficiency and weak
response to alkanes of the postmixed sample should be due to
the phase separation, specifically, the already interrupted D−A
interface (Figure S12b). Therefore, the interruption to the D−
A interface contributed from alkanes is very minor. On the
other hand, the drop-cast sample performed even worse, which
is likely caused by the nonporous ACTC film (Figure S13b).
Although the ACTC coating helps to improve the D−A
contact, the dense coating reduced the porosity of the PTCDI
nanofiber film, likely blocking the small pores and shrinking the
larger ones, which seriously deteriorated the vapor access of
alkanes at the D−A interface. Without enough molecules to
reach the D−A interface, the failure of sensing is expected. In
contrast, the coassembled composite demonstrated the largest
sensing response, mainly due to the optimal D−A interface,
which not only possesses the large area D−A contact (affording
high photocurrent), but also provides a uniform bulk D−A
heterojunction structure consistent with the porosity formed by
the coassembly of the ACTC and PTCDI-DD nanofibers, thus
maximizing the adsorption of alkanes at the D−A interface.
The exposures of common solvent vapors mainly increase

the photocurrent of ACTC/PTCDI-DD composite in different
yields, whose responses are reversed to alkanes (Figure 5 and

Figure 4. (a) Postmixture of PTCDI-DD nanofibers and ACTC
nanofibers; (b) PTCDI-DD nanofibers covered by subsequently drop-
cast ACTC molecules; scale bar = 5 μm. (c) Comparison of the
relative photocurrent responses upon exposure to saturated vapor of
dodecane (red) and photocurrent enhancements (blue) among the
three morphologies of the ACTC/PTCDI-DD composites.
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S14). This divergence demonstrates the outstanding general
selectivity of ACTC/PTCDI-DD composite for alkanes over
common solvents. Like alkanes, the adsorption of interferents
could also happen at the interface, though it is not optimized
for them. With the interfering molecules accumulated at the
D−A interface, the charge transfer process might be enhanced
by the strong built-in dipole of the interferents, which is also
observed in the organic thin film solar cells.34−36 With greater
charge separation, the photocurrent increases during the
exposure of the polar interferents (dipole moments listed in
Table S2 for reference). Additionally, in some chemicals, the
dipole structures may include some electron donating groups,
which can directly donate electrons to the PTCDI fiber upon
light irradiation.26 With this additional electron source, the
composite achieves an additional two orders greater response
than other interferents, as hexylamine here. In contract, due to
the nonpolar structures and no electron donating ability, alkane
adsorption only enlarges the D−A distance, thus weakening the
charge transfer process. Therefore, the difference of dipole
moment is likely the origin of the outstanding general
selectivity of the ACTC/PTCDI-DD composite.
All above experiments are conducted for vapor detection, but

the sensing mechanism does not limit the detection only in gas
states. To broaden the application fields and further verify the
sensor mechanism, small amounts of liquid of alkanes and
interferents were dropped onto the surface of the ACTC/
PTCDI-DD composite when the photocurrent was being
measured (responses to alkanes in Figure S15 and interferents
in Figure S16). Overall, the results for both alkanes and
interferents agreed with the trends observed in the vapor
exposure experiments, but the amplitudes of photocurrent
responses were much larger, owing to the much higher
concentrations of analytes at the D−A interface. Within a few
seconds after the initial contact, the short chain alkanes (n-
hexane, cyclohexane, and n-octane) evaporated and the
photocurrents recovered to the baseline quickly, which
demonstrated the robustness of the D−A interface between
ACTC and PTCDI-DD nanofibers. In contrast, the recovery
for the larger alkanes took a longer time due to their higher
boiling points and stronger interaction at the interface.
In summary, the ACTC/PTCDI-DD composite demon-

strated outstanding sensitivity and selectivity to alkanes, which
result from its compatible and tunable D−A interface. Dodecyl
side chains of ACTC and PTCDI-DD help construct the

homogeneous D−A interface via solvophilic interaction, and
such compatibility also contributes the adsorption of alkanes
onto the interface. The coassembly method offers the structural
features of large-area but highly porous D−A interface for the
ease of interruption by alkanes. These two correlative designs
enable the detection of alkanes in both vapor and liquid states.
Thanks to the kinetic differences of alkane adsorption and
disassociation at the interface, the sensor could further provide
selectivity among the different sizes of alkanes. Along with the
good general selectivity over the common solvents, the ACTC/
PTCDI-DD composite becomes an outstanding candidate of
sensing materials for real-world alkane detection. Additionally,
the strategy of tuning D−A charge transfer could be a helpful
reference for chemical sensor development.

■ EXPERIMENTAL SECTION
Materials. Alkanes and the interferents, such as n-hexane,

cyclohexane, n-octane, n-decane n-dodecane, ethanol, acetonitrile,
tetrahydrofuran, ethyl acetate, dichloromethane, acetone, and hexyl-
amine, were obtained from Sigma-Aldrich. The nanofiber building
block molecules, ACTC, PTCDI-DD, PTCDI-C6, and PTCDI-PE,
were synthesized following previously reported methods.17,28

Fabrication of PTCDI, ACTC Nanofibers, and ACTC/PTCDI
Nanofibril Composites. ACTC nanofibers, PTCDI nanofibers, and
ACTC/PTCDI composites were fabricated using a similar solution-
based method as previously published.22 For single component
nanostructures, a 0.1 mM chloroform solution of the building block
molecule was prepared. For ACTC/PTCDI composites, the
concentration ratios of ACTC and PTCDI were equal to their desired
molar ratios and the sum concentration was fixed at 0.2 mM in
chloroform solution. One milliliter of the prepared solution was
quickly added to 9 mL of ethanol at room temperature while shaking.
Then, the oversaturated solution was kept at 4 °C for 12 h. Some
reddish (for PTCDI and ACTC/PTCDI) and pale white (for ACTC)
aggregates formed at the bottom of the test tubes. The top clear
solution (ca. 9 mL) was carefully removed from the test tubes, leaving
the samples in ca. 1 mL solvent. The remaining materials were shaken
to form a quasi-uniform mixture, which was ready to be transferred to
substrates or electrodes.

SEM Characterization. The above prepared materials were drop-
cast onto silicon wafers and left in a vacuum oven to dry at room
temperature. The SEM characterization was performed with an FEI
Nova Nano 630 (FEI Corporation) equipped with a helix detector. All
images were captured in the immersion mode in low-vacuum mode
(with 0.43 Torr water pressure).

Photocurrent Enhancement Measurement. The photocurrent
measurements in Figure 2c,f,i, and Figure S4, Figure S12a, and Figure
S13a were carried out using a two-probe method on a Signatone S-
1160 Probe Station combined with an Agilent 4156C Precision
Semiconductor Parameter Analyzer. The measurements took place in
a shielded dark box to eliminate unwanted light and electromagnetic
radiation. The electrodes were fabricated using photolithography on a
silicon wafer covered with a 300 nm SiO2 layer. The gold electrode
pair was 15 μm in width and 5 μm in gap, and fully covered with the
sensor materials via drop-casting. A tungsten lamp (Quartzline, 21 V,
150W) was used as the light source for the photocurrent enhancement
measurement. The light was guided by an optical fiber and the
intensity reaching the sample surface was 60 mW·cm−2, as measured
by a Melles Griot broadband power/energy meter (model:
13PEM001).

Vapor and Liquid Sensing Measurement. The electrodes used
in the sensing experiment were interdigitated electrodes fabricated on
a quartz wafer, with 20 fingers on each electrode. Each gold electrode
pair was about 5 mm in total width, 100 μm in gap. The total area was
about 5 mm × 5 mm in size. For ACTC/PTCDI composites, about
0.2 mL of the quasi-uniform mixture was drop-cast onto the electrode
and dried in a vacuum oven at room temperature. For the postmixed
composite, 1 mL of the quasi-uniform PTCDI nanofiber suspension

Figure 5. General selectivity of the ACTC/PTCDI-DD composite
sensor. The bars in each column represent the relative photocurrent
positive response of the ACTC/PTCDI-DD composite to the
saturated vapors of (a) (1) n-hexane (C6H14), (2) n-octane (C8H18),
(3) n-decane (C10H22), and (4) n-dodecane (C12H26); (b) (1) ethanol,
(2) acetonitrile, (3) tetrahydrofuran, (4) ethyl acetate, (5) dichloro-
methane, (6) water, (7) acetone, and (8) hexylamine at room
temperature.
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and 0.5 mL ACTC nanofiber suspension were mixed and shaken for 4
h. Then ca. 0.3 mL of the postmixture was drop-cast and dried on an
electrode with a similar procedure. For the ACTC drop-cast
composite, about 0.2 mL of quasi-uniform PTCDI nanofibers was
drop-cast and dried on an electrode. Then 0.1 mL of 0.1 mM ACTC
chloroform solution was drop-cast on the PTCDI nanofiber layer. The
composite was dried in a vacuum oven at room temperature. After the
deposition, the electrodes were connected to an Agilent 4156C
Precision Semiconductor Parameter Analyzer for photocurrent
measurement. The electrode was fixed in a transparent holder, and
was kept 5 cm away from the optical-fiber head, which delivered visible
light from a tungsten lamp (Fiber-Lite Fiber Optic Illuminator model
190, Dolan-Jenner Industries, Lawrence, MA, 01843). The illumina-
tion intensity on the electrode was set at ∼20 mW·cm−2. In a typical
vapor preparation, 50 mL of pure liquid was sealed in a 4 L amber
glass bottle for 1 day at room temperature to reach the liquid−vapor
equilibrium state. Before the measurement, the vapor was removed
with a 50 mL glass syringe with a 20 cm metal needle. The vapor was
also diluted with the same syringe by mixing dry air. The syringe was
mounted to a syringe pump (Model: NE-4000, New Era Pump
System. Inc.) and fitted with a 5 mm needle. The needle end was fixed
1 cm away from the top of the electrode by a holder. In an alkane
exposure test, 5 mL of vapor was pumped from the syringe at a speed
of 110 mL·min−1, so each exposure time is ca. 3 s. The next exposure
occurs 1 min after the previous exposure. In the liquid sensing
experiment, an Eppendort Reference Physio Care pipet was used to
transfer 5 μL of pure liquid onto the surface of the nanofibers quickly.
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