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ABSTRACT

A novel amphiphilic perylenetetracarboxylic diimide (PDI) derivative, N-(4’-benzo-15-crown-5-ether)-
N-hexyl-1,7-di(4-tert-butyl-phenoxy)perylen-3,4,9,10-tetracarboxylic diimide (15C5PDI), has been
synthesized and characterized. Dimerization of 15C5PDI is induced in CHCl3 solution with the present
of K*, resulting in the formation of the slipped co-facial J-aggregates, as revealed by absorption and flu-
orescence spectroscopies. Analysis of the surface pressure-area (7-A) isotherms and spectral change
for the monolayer formed at the air/water interface, disclosed that 15C5PDI molecules adopted the H-
type aggregation mode with a face-to-face configuration and edge-on orientation on both the surface
of pure water and K* aqueous solution. Consequently, a particularly interesting fluorescence emission
change from “switch-on” to “switch-off” could be observed upon aggregation that was accompanied by
a transformation from strongly fluorescent J-type into non-fluorescent H-type packing of the 15C5PDI
dyes. Depending mainly on the coordination bonding between 15-crown-5-ether groups and K* ions, one
dimensional nanofibrils formed on the surface of the K* aqueous solution with a more closely arrange-
ment of 15C5PDI molecules relative to those on pure water subphase revealed by the 7-A isotherms
and atomic force microscopy (AFM) images. X-ray diffraction studies indicate that the film crystallinity
and general molecular order in the Langmuir-Blodgett (LB) films deposited from the KCl solution are
improved effectively in comparison with those from pure water subphase. Furthermore, the conductiv-
ity of the LB films prepared in K* solution is more than ca. 1 order of magnitude higher than those from
water.
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Appendix A.

1. Introduction

The construction of nano-structures with controlled mor-
phology for mw-conjugated organic molecules and programming
supramolecular interaction have received increasing research
interests due to the technical requirements for the develop-
ment of efficient electronic and optoelectronic devices [1-3].
The major driving force operating in these precisely controlled
nanoscopic architectures arises from various non-covalent inter-
actions including - interaction, van der Waals forces, hydrogen
bonding, hydrophilic/hydrophobic interactions, electrostatic and
metal-ligand coordination. As aresult, comprehensive understand-
ing the interplay among these factors in both solution and the thin
solid films to finely tune the packing model of organic molecules
has formed the focus of current research interests in this field
[4-6]. As an important functional dye with outstanding photo
and chemical stability as well as interesting photophysical and
photochemical properties, perylenetetracarboxylic diimide deriva-
tives (PDIs) have been intensively studied as advanced molecular
materials for sensors [7], organic solar cell [8] and organic field-
effect transistors (OFETs) applications [9-11]. Considerable efforts
have been devoted to correlating the relationship between the
Tr-orbital overlap among neighboring conjugated molecules and
carrier transport properties aiming for improving their perfor-
mance [12-16]. For instance, substituents were incorporated to
pentacene molecules to prevent C—H. - .1 forces and induce more
effective m—1r interactions between pentacence molecules, thus
leading to improved OFET properties [17-20]. Very recently, we
have designed and prepared a cyclophane of perylene tetracar-
boxylic diimide (PDI) with four phenoxy substituents at the bay
positions of the two PDI rings, which were revealed to show unex-
pectedly good n-type OFET properties and device environmental
stability resulting from the formation of intra- and inter-molecular
H-aggregates associated with the segregation effects imparted by
the flexible hydrophobic alkyl substituents at the imide nitrogens
of the PDI molecule [21,22]. It is worth noting that a signifi-
cant effort has been made toward self-assembly of symmetrical
PDI derivatives into one-dimentional (1D) nanostructures includ-
ing nanobelts [23,24], nanotubes [25,26] and nanofibers [27,10].
Depending mainly on intermolecular - stacking, the 1D align-
ment of -conjugated molecules facilitates carrier transport, which
enables their applications in optoelectronic devices. We have also
designed and prepared a series of symmetrical PDI derivatives,
and found that the nanostructural morphology was affected by
both molecular modification and the solvent effect [28,29,9,30-32].
Langmuir and Langmuir-Blodgett (LB) techniques are useful tools
to fabricate monolayer and/or multilayer films with controllable
structure and molecular orientations in the molecular level [33].
However, the application of LB techniques in the construction of
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Scheme 1. The molecular structure of 15C5PDI.

nanostructure for unsymmetrical PDI derivative having the dif-
ferent hydrophobic/hydrophilic substituents is scarcely reported
so far probably because of the difficulties on the synthesis of
unsymmetrical, amphiphilic PDIs [34]. For the purpose of extensive
studies, we describe herein the synthesis and characteristics of a
new unsymmetrical, amphiphilic perylenetetracarboxylic diimide
(PDI) derivative with a hydrophilic 4-benzo-15-crown-5-ether
unit and a hydrophobic alkyl chain linked at the imide nitrogen
positions, named as N-(4’-benzo-15-crown-5-ether)-N-hexyl-1,7-
di(4-tert-butyl-phenoxy)perylen-3,4,9,10-tetracarboxylic diimide
(15C5PDI), Scheme 1. The introduction of functional crown ether
group having remarkable recognition and metal binding abil-
ity at the one side of imide nitrogen position on the PDI ring
make it possible to tune molecular packing mode by cation-
induced self-assembly, while hydrophobic linear alkyl chain linked
at the another side of imide nitrogen position is to expected to
provide sufficient flexibility for the optimization of the noncova-
lent stacking of the perylene diimide  systems. We show that
this amphiphilic molecule self-assembled into a dimeric double-
decker structure in solution and 1D nanofibrils formed from
complementary coordination between crown ether and alkali ions
at an air/water interface. In addition, the significantly improved
semiconducting properties of the nanostructures fabricated from
15C5PDI in the presence of potassium ions relative to these in the
absence of potassium ions, are also revealed by I-V measurements.

2. Experimental
2.1. Chemicals

4-Aminobenzo-15-crown-5-ether was purchased from Tokyo
Chemical Industry Co., Ltd. All other reagents and solvents were
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used as received. Column chromatography was carried out on sil-
ica gel. All other chemicals and solvents were reagent grade and
used as received without further purification.

2.2. General method

Electronic absorption spectra were recorded on a Hitachi
U-4100 spectrophotometer. Fluorescence spectra were mea-
sured on a FLS920 at room temperature. The fluorescence
quantum yields were calculated with N,N-dicyclohexyl-1,7-di(4-
tert-butyl)phenoxyperylene-3,4,9,10-tetracarboxylate diimide as
standard. AFM images were collected in air under ambient con-
ditions using the tapping mode with a Nanoscopelll/Bioscope
scanning probe microscope from Digital instruments. X-ray diffrac-
tion experiment was carried out on a Bruker AXS D8 ADVANCE
X-ray diffractometer. LB films were prepared in an alternate layer
Langmuir-Blodgett trough equipped with a Wilhelmy plate to mea-
sure the surface pressure.

2.3. Synthesis of N-(4'-benzo-15-crown-5-ether)-N-hexyl-1,7-
di(4-tert-butyl-phenoxy) -perylen-3,4,9,10-tetracarboxylic
diimide (15C5PDI)

The detailed synthetic procedures of the unsymmetrically sub-
stituted amphiphilic PDI derivative, 15C5PDI, together with the
structure characterization are described in Supplementary material
(Scheme S1).

2.4. Electrical experiments

The fundamental electrical measurements of 15C5PDI LB films
fabricated from water surface and 0.005 mol L-! potassium chlo-
ride surface were performed using a Hewlett-Packard (HP) 4140B
parameter analyzer at room temperature. Current-voltage (I-V)
curves were registered in the —30 to 30V voltage range with 1V
increments. The interdigitated electrode (IDE) array is composed
of 10 pairs of ITO electrode digits deposited onto a glass substrate
with the following dimensions: 125-pm electrode width, 75-pm
spacing, 5850-wm overlapping length, and 20-nm electrode thick-
ness. The conductivity can be calculated according to the equation
reported in the previous literatures [35,36].

3. Results and discussion
3.1. UV-vis absorption and fluorescence spectra in solution

The electronic absorption and emission spectra of
15C5PDI in CHCl3 (10-°molL-') and in the presence of
K* ions (5x10-%molL-') with the concentration ratio of
[K*]/[15C5PDI]=0.5 in this solution are characteristic (Fig. 1).
For 15C5PDI in CHCl3, the absorptions at about 549 and 514 nm
can be attributed to the 0-0 and 0-1 vibronic band of the Sy-S;
transition, respectively, while the observed absorption band
around 407 nm to the electronic Sg-S, transition, Fig. 1 (solid
line). The good agreement of the peak positions and extinction
coefficients for 15C5PDI with those observed for similar PDI
derivatives bearing other substituents on the imide nitrogen is
explained by the presence of nodes in the HOMO and LUMO at
this position [28,37-40]. The fluorescence spectrum of 15C5PDI
in CHCl3 presented as a mirror image of the Syp-S; absorption
band with an emission maximum at ca. 574nm, Fig. 1 (solid
line). The peak positions and vibronic fine structure correspond
well to those of known PDIs with a similar substitution pat-
tern at the bay positions [32,41,42]. After potassium ions were
added into the solution of 15C5PDI with a concentration ratio of
[K*]/[15C5PDI]=0.5 in this solution, the absorption of 15C5PDI
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Fig. 1. UV-vis absorption (left) and fluorescence spectra (right) of 1 x 10~> mol L~!
15C5PDI in chloroform solution (solid line) and after addition of K* ions (KCl)
with the concentration ratio of [K*]/[15C5PDI]=0.5 in this solution (dash line). The
excited wavelength was 515 nm.

changed significantly in the ratio of the intensities of the 0-0/0-1
peaks, while peak positions of absorption maxima of 15C5PDI
remained almost unaltered, Fig. 1 (dashed line). This phenomenon
was an indication of parallel center-to-center transition dipole
moments of two perylene moieties in the J-type aggregates in
which 15C5PDI molecules form a slipped co-facial configured
species by complexation of the crown ether units of 15C5PDI
molecules with potassium ions [43,44]. Most interestingly, the
fluorescence of the aggregated state was increased in comparison
with that of the monomeric state, while the emission maximum
remained essentially the same, but with the loss of fine structure
Fig. 1 (dashed line). Additionally, fluorescence spectra of 15C5PDI
with various mole rations of K* ions have been measured by the
quantitative titration experiments of 15C5PDI (10~> molL~1), Fig.
S1 (Supplementary material). We observed a gradually increase in
the emission intensity by gradual addition of K* ions into solution
of 10> mol L1 15C5PDI (from [K*]/[15C5PDI]=0 to 1 with a step
of 0.1), which more clearly confirm the effect of ionic strength and
aggregation on fluorescence spectra in solution. Concomitantly,
the fluorescence quantum yield of 15C5PDI is improved from 5.2%
for the isolated 15C5PDI to about 13.6% upon aggregation. As a
consequence, the “switch-on” of the fluorescence of 15C5PDI is
achived during the transition from the monomeric state into the
aggregated state upon addition of K* ions which fits well with
the feature of J-type packing of the PDI dyes [41]. Furthermore,
fluorescence decay time of the 15C5PDI solution without and with
K* ions was also measured respectively, Fig. S2 (Supplementary
material). A single component exponential population decay with
a time constant of 0.1766 ns was obtained for 15C5PDI solution
alone, while a two component exponential population decay
for 15C5PDI solution with K* was revealed with time constants
of 0.1816ns (20.4%) and 4.3267 ns (79.6%). According to earlier
researches for PDI-based donor-accepter fluorophores [25,45-47],
the shorter lifetimes obtained for 15C5PDI solution alone or in the
presence of K* are likely due to a photoinduced electron transfer
from covalently linked 15-crown-5 macrocyclic unit (as donor)
to PDI core (as accepter) within 15C5PDI, while the component
of 4.3267 ns can be assigned to the fluorescence of PDI core. As
K* ions were added into 15C5PDI solution, the intramolecular
electron transfer within 15C5PDI was inhibited, and as a result
the fluorescence of PDI core was restored due to the interaction
between 15-crown-5 macrocyclic units and K* ions.

The detailed process of K*-induced self-assembly of the 15C5PDI
was examined by K*-triggered spectroscopic evolution of 15C5PDI
in the region of 350-650 nm recorded in CHCls, as shown in Fig. 2.
Compared with two main absorption bands at 549 nm and 514 nm
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Fig. 2. Absorption spectra of 15C5PDI with various mole rations of K* ions. KCI
(103 mol L") in CHCl3/CH30H (95:5, v/v) was added gradually to a solution of
15C5PDI (107> mol L~!, 3 mL) in CHCl3. The arrows indicate the direction of the spec-
troscopic change from progressively increasing the concentration ratio of K* ions to
15C5PDI: [K*]/[15C5PDI] from O to 1 with a step of 0.1(the concentration of K* from
0to 107> mol L~! with a step of 10-® moIL").

in chloroform as free monomer, the decrease for low-energy 0-0
transition absorption at 549 nm was more obvious than the high-
energy 0-1 band at 514 nm with gradual addition of K* ions into
solution of 10~ mol L~1 15C5PDI (from [K*]/[15C5PDI] =0 to 1 with
a step of 0.1, and the concentration of K* from 0 to 10~ mol L~!
with a step of 10-6molL-1). As a result, the relative intensity of
0-1 transition absorption increased, suggesting strong - stack-
ing and a typical J-type aggregation behavior with slipped co-facial
dimer formation [32,42,48]. Furthermore, the dimer formation was
monitored by variation of the absorbance at 514 nm (the so-called
dimer band) and 549 nm (monomer band) of 15C5PDI during addi-
tion of KCl in CHCI3/CH30H (95:5, v/v). As can be seen from Fig. 3,
the change almost saturates until [K*]/[15C5PDI] value reach about
0.5, in particular the change of the monomer peak is most sharp in
the region of 0 <[K*]/[15C5PDI] < 0.5, indicating that encapsulation
probably continues until the available sites are saturated, i.e. until
two 15-crown-5 macrocyclic units from two 15C5PDI molecules
bind one K* ion in a eclipsed dimer.

K
nK* + 2 monomer(15C5PDI)=dimer - K; (15C5PDI

,K; — 15C5PDI) (1)
0.6
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Fig. 3. Variation of the absorbance at 514 and 549 nm of 15C5PDI during addition of
KClin CHCl3/CH30H (95:5, v/v). The curve going up with [K*] represents the change
at dimer peak and should be referred to the right axis, while that going down is the
change at monomer peak and should be referred to the left axis.
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Fig. 4. Plot of log [Monomer] vs. log [Dimer-K*] in CHCl3/CH30H. The inset shows
the dependence of monomer and dimer concentrations on [K*]/[15C5PDI].

Eq. (1) is proposed with the speculation that the equilibrium
between monomer 15C5PDI (upon addition of K* ions) and the
corresponding dimer, (15C5PDI-K*-15C5PDI) should be exist in
the present system. The monomer and dimer concentrations could
be calculated from the spectral changes during titration using
the method described by West and Pearce [49]. If Eq. (1) was
available, the slope of 2 from a plot of log [monomer]| vs. log
[dimer-K*] would be obtained. As expected, a region with slope
~2.0 continues until [K*]/[15C5PDI] =ca. 0.5 (Fig. 4). Consequently,
the complete conversion from monomer to dimer with a very high
formation constant, K=(8.140.2) x 10'! L2 mol~2, for Eq. (1) with
n=1 is obtained, when two 15C5PDI units bind one cation. After
this point ([K*]/[15C5PDI]=0.5), the slope of the plot approaches
zero, especially beyond the region [K*]/[15C5PDI] > 1, revealing that
dimerization is not occurring in this region, Fig. 4.

3.2. The solid state packing and optical properties of 15C5PDI in
Langmuir-Blodgett (LB) films

To further insight into the effect of packing mode on opti-
cal properties, we prepared a completely aggregated film of
amphiphilic 15C5PDI by Langmuir-Blodgett method [50]. Based on
the pressure-area (77-A)isotherms for the monolayer of 15C5PDI on
the surfaces of pure water and 0.005 mol L~! KCI aqueous solution
at room temperature, the limiting molecular areas (extrapolated to
7 =0 for condensed region) of 1.24 and 1.06 nm?2 per molecule were
obtained, respectively (Fig. 5A). These values are considered to cor-
respond to the mean molecular area of the slipped cofacial 15C5PDI
molecules stacked closely with an “edge-on” configuration in the
monolayers, where the long axis of 15C5PDI molecules is almost
perpendicular to the surface of both pure water and KCl aqueous
solution (Fig. 5B and C), in comparison with the corresponding
energy-optimized conformation obtained from DFT calculation
(Supplementary material, Scheme S2). Therefore, the conjugated
planes face each other to form m-stacked aggregates. Furthermore,
asmaller molecular area (1.06 nm?2 per molecule) of 15C5PDI on the
KCl subphase relative to that on the pure water subphase (1.24 nm?
per molecule) implied the formation of a more compact struc-
ture due mainly to the binding effect of K* ions between adjacent
15C5PDI molecules associated with the strong hydrophobic inter-
action among the long alkyl chains of adjacent 15C5PDI molecules
in addition to the - stacking interaction between the PDI rings.
It is worth noting that the 7-A isotherms of the 15C5PDI change
depending on the KCI concentration in the subphase (Supplemen-
tary material, Fig. S3), while the corresponding experimental data
are compiled in Table S1 (Supplementary material).
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The absorption and fluorescence spectra of LB films of 15C5PDI
deposited on quartz from the surface of water are essentially the
same as those from KCl solution in which aggregation is induced by
K* ions (Fig. 6, lines a and b), implying the similar packing model
for 15C5PDI molecules in the LB films with or without KCI. The
obvious band broadening was observed for both absorption and
fluorescence in the LB films relative to that in solutions (Fig. 6,
lines c and d), which could be ascribed to the effect of the closely
compacted molecular assembly. In comparison with the absorp-
tion spectra of 15C5PDI in solutions, the absorption spectra of both
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Fig. 6. UV-vis absorption (A) and fluorescence spectra (B) of 15C5PDI LB films
deposited from water (line a) and 0.005molL~' aqueous KCl surface (line b);
1 x 107> mol L' 15C5PDI in CHCl; solution (line ) and after addition of K* ions with
[K*]/[15C5PDI] =0.5 (the concentration of K* was 5 x 10~ mol L-1) in this solution
(line d). The excited wavelength was 515 nm.

LB films show a blue-shifted component with a broad maximum
at 510nm (0-1 band) and an red-shifted component at 560 nm
(0-0 band), meanwhile the intensity of the vibrational transitions
within the progression follows the order 0-1>0-0 (Fig. 6A). This
indicates that for 15C5PDI there is a greater m-electron delocal-
ization in the LB films than in solutions caused by the more planar
conformation of the PDI macrocycle and closely packed face-to-face
T stacks in H-type aggregates. Consistent with the absorption mea-
surement, the emission spectra of the 15C5PDI LB films showed a
significant red shift (about 78 nm) of the emission maxima with the
loss of fine structure and significant broadening upon aggregation
(Fig. 6B). The emission maxima in the longer wavelength region
as compared to that in solutions should be attributed to emis-
sion from the low-energy exciton state of H-aggregates formed by
the interaction between adjacent 15C5PDI molecules in a cofacial
arrangement [30,42,51]. Particularly, in contrast to the signifi-
cantly enhanced fluorescence for aggregates of 15C5PDI in KCl
solution, the drastically quenched fluorescence in LB films could be
observed in comparison with aggregated 15C5PDI in KCl solution.
The fluorescence quenching efficiency is calculated to be as high
as 90%. This further confirmed the different stacking of 15C5PDI
molecules in their aggregates accompanied by a transformation
from strongly fluorescent J-type into non-fluorescent H-type pack-
ing of the molecules [41].

3.3. Structural characterization of the 15C5PDI LB films

The quality of deposited LB films of 15C5PDI has been further
assessed using X-ray diffraction (XRD) technique. The LB films of
15C5PDI deposited from the surface of water or potassium chlo-
ride solution give clear diffraction peaks in their low angle region,
Fig. 7. The XRD diagram of the LB films deposited from the surface of
water (Fig. 7A), shows a broad (00 1) Bragg diffraction peak falling
at 260=3.64°, corresponding to an interlayer spacing of 2.43 nm
according to the Bragg equation. That d-spacing is assigned to the
distance between two adjacent 15C5PDI molecules in the longitu-
dinal direction. Comparison between above-mentioned low-angle
XRD result (2.43 nm) and a geometry-optimized, molecular length
of 15C5PDI (2.60 nm, Supplementary material, Scheme S2), leads
to such a conclusion that the molecules are packing with the
molecular plane titled to the substrate surface in which the tilt
angles of the PDI rings are around 69.2°. This implied the for-
mation of H-type (face-to-face) aggregation based on the exciton
theory [38]. As shown in Fig. 7B, in the low-angle range, the XRD
diagram of LB films of 15C5PDI deposited from the surface of ion-
containing subphase shows two well-defined diffraction peaks at
260=3.64° and 11.8°, which are ascribed to the diffractions from the
(001) and (003) planes, respectively. This implies that LB films
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Fig. 7. X-ray diffraction patterns of 15C5PDI LB films formed on water surface (A)
and 0.005 mol L-! potassium chloride surface (B).

of 15C5PDI deposited from the surface of ion-containing subphase
had a long-range order across its thickness [22]. Compared with
the LB films deposited from water, a small increase of average d-
spacing (2.48 nm) was obtained, which results in a little bit larger
orientation angle (72.5°) between PDI plane and substrate sur-
face, revealing the slipped cofacial arrangement with an “edge-on”
conformation of the 15C5PDI molecules in the LB films (Supple-
mentary material, Scheme S3). In present case, the coordination of
the K* ions with the crown ethers from the neighboring molecules
increases the hydrophilicity and makes the plane of PDI more per-
pendicular to the surface of water, and closer packing is possible
for the PDI rings and thus increases the distance between the
interlayer [52]. This is in accordance with the results from 7 to A
isotherms. In addition, a high-order diffraction in 15C5PDI LB films
deposited from the surface of ion-containing subphase was found at
0.31 nm corresponding to the mr-stacking, which is consistent with
the typical distance for effective - stacking between aromatic
molecules. Such effective co-facial - stacking among PDI rings
of 15C5PDI molecules should be expected to decrease the barrier
to charge transport, which in turn contributes to the higher con-
ductivity revealed for the devices fabricated with the films (vide
infra).

The morphology of the films formed on the surface of either
water or ion-containing subphase was examined by atomic force
microscope (AFM). The film prepared from the surface of water

3.00

1.50

"] 1.50

0
3.00 pm O

Voltage (V)

Fig. 9. I-V curves of 15C5PDI LB films formed on water surface (solid line) and
0.005 mol L' potassium chloride surface (dash line).

result in a membrane-like structure, which consisted of numerous
nanoparticles with the average diameter of ca.50 nm, Fig. 8A. On the
other hand, depending on the coordination bonding between 15-
crown-5-ether groups and K* ions in cooperation with intermolec-
ular - interaction between neighboring 15C5PDI molecules, the
long one-dimensional (1D) nanofibrils with average width of ca.
75 nm, over 2 pm in length were obtained on the surface of the film
formed on ion-containing subphase, Fig. 8B. The success in prepar-
ing 1D nanofibrils from 15C5PDI by introduce of potassium ions
(KCl) was confirmed unambiguously by the elemental signatures
of C, O, N and K in energy-dispersive spectrometry (EDS) as shown
in the inset of Fig. 8B. The obvious difference on the morphology of
the two kinds of 15C5PDI films indicates the effect of a synergistic
interplay among noncovalent interactions, including -1 interac-
tion, van der Waals, hydrophilic/hydrophobic, and metal-ligand
coordination, on fine controlling and tuning the molecular pack-
ing conformation of PDI molecules in the corresponding films. It
is worth note that the size- and morphology-adjustable nanos-
tructures are highly desired for fabricating nano-scale molecular
(opto)-electronic devices which often require a wide variety of
channel lengths to achieve the optimum gate or optical modulation.

The uniform LB films of 15C5PDI with well-defined nanostruc-
tures would be promising candidates for applications in electronic
devices. To demonstrate the potentials of these nanostructures,
two kinds of 15C5PDI LB films (20 layers) formed on the surface of
water (film 1) and ion-containing subphase (film 2) were carefully
deposited onto glass substrates with ITO IDEs, respectively, and the
electron conductivity measurement was conducted in situ. Fig. 9
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Fig. 8. AFM images of 15C5PDI LB film formed on water surface (A) and 0.005 mol L-! potassium chloride surface (B).



L. Zou et al. / Colloids and Surfaces A: Physicochem. Eng. Aspects 465 (2015) 39-46 45

shows the current-voltage (I-V) properties of film 1 and 2. Accord-
ing to the equation reported in the literatures [35,36], the electronic
conductivity is calculated to be about (4.2+0.1) x 10~2 Scm~!for
film 1 and (6.3£0.4)x 10-8Scm™! for film 2, respectively. All
experiments have been conducted at least three times on five dif-
ferent pieces of films to ensure reproducibility. The stable and
reproduced I-V curves of different LB films of 15C5PDI are obtained
and shown in Fig. S4. Comparing with film 1 formed on the pure
water surface, the significantly improved conductive capability of
the film 2 formed on the surface of ion-containing subphase, should
be attributed to readily m-stacks with adjacent molecules and the
better film crystallinity and higher ordered molecular arrangement
in the film 2 of 15C5PDI molecules. The absence of traps and/or
defects in the 1D nanofibrils with more efficient - stacks and
metal-ligand coordination interactions should favor charge trans-
port. It should be noted that no valuable I-V curve from the cast film
of 15C5PDI molecules (the chloroform solution of 15C5PDI was cast
onto glass substrates with ITO IDEs) was obtained due to its dis-
ordered. These aggregates with high current modulation could be
useful for a wide range of electronic and sensor devices.

Itis worth noting that, as shown in Fig. 6B, the fluorescence of LB
films deposited from both water (line a) and aqueous KCl surface
(line b) exhibited a significant quenching in the both case due to
the formation of H aggregates. As a result, both the fluorescence
quantum yield and lifetime of the resulting LB films could not be
detected. It is difficult for us to scale non-emission properties with
conductivity. However, the [-V measurements revealed that the
conductivity of the LB films prepared on the surface of K* solution
subphase is more than ca. 1 order of magnitude higher than those
from water due to readily -stacks with adjacent molecules and the
better film crystallinity and higher ordered molecular arrangement
in the film 2 of 15C5PDI molecules. Therefore, the conductivity of
the films is more sensitive to film crystallinity and ordering than
emission properties when the films have not emission properties
detected.

4. Conclusion

In summary, we have synthesized successfully an unsym-
metrical, 15-crown-5 functionalized perylene diimide, 15C5PDI.
The fluorescent J-type and non-fluorescent H-type aggregates of
15C5PDI were obtained by K* ion-induced self-assembly in CHCl;
solution and at the air/water interface, respectively. Aggregates
with distinct morphologies and nanostructures for 15C5PDI were
controllably prepared on the surface of water and K* ion-containing
subphase. The I-V measurements revealed that the conductivity of
the LB films prepared on the surface of K* solution subphase is more
than ca. 1 order of magnitude higher than those from water. The
present study would be valuable for the design and preparation of
PDI-based nano-electronic and nano-optoelectronic devices with
good performance.
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