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In-situ covalent synthesis followed by solution crystallization of the n-type semiconducting polymer derived from 

pereylenediimide-bridged silsesquioxanes (PDIB-SSQ) yielded 1D-nanoarrays of 40-100 nm widths and up to 80 

µm lengths. Morphologies and dimensions of nanostructures resulting from different base concentrations were 

characterized by SEM, fluorescence optical microscopy, SAXS, elemental analysis, MALDI-TOF-MS, and 

absorption and fluorescence spectroscopies. As revealed by SAXS, the nanostructures are composed of crystalline 

unit cells with cell parameters of d[001] = 24.8 Å and d[100] = 10.3 with multiple π-π stacking distances ranging from 

4.71 to 2.57 Å.   The ordering in polymer nanoarrays is favoured by the π-π interactions between the cofacially 

arranged PDI cores, resulting closely packed polymer arrays with the d-spacing ranging from 3.67 Å to 3.24 Å. The 

spectroscopic traces of nanoarrays in solution resembled that of the monomer except the slightly red shifted features 

of the emission spectrum associated with π-π stacking of polymer chains in aggregated form. Thin film emission 

spectra followed the similar spectral pattern with a noticeable shoulder corresponds to cofacial π-π interactions. The 

excited state lifetimes of aggregated polymer nanoarrays in both solution and solid phase were nearly identical. The 

electrical characterization of thin films made from polymer nanoarrays shows typical semiconducting behaviour 

with the electrical conductivity of 0.48 x 10-3 S/cm. The covalent synthesis followed by solution-based 

crystallization of PDIB-SSQ reported herein provides a new synthesis path to make ordered-crystalline 

semiconducting polymer nanoarrays and ultimately benefits for better understanding of their role in organic 

electronics.  

 

 

 

Introduction 

Aromatic molecules derived from fused-arenes are a common 
class of organic semiconductors known to form one-dimensional 
(1D) nanostructures through strong π-π interactions.2-13 The 
concept of self-assembly is the most widely used method to make 
such nanostructures for designing electronic and optoelectronic 
devices. A variety of self-assembled nanostructures derived from 
aromatic molecules including porphyrines,2 hexathiapentacenes,4 
triphenylenes,5 phthalocynanines,6 oligoacenes,7 and 
perylenetetracarboxylic diimide derivatives8-12 has been prepared 
by molecular self-assembly processes using non-covalent 
interactions.   
 P-type and n-type organic semiconducting materials have 
gained tremendous scientific interest due to their unique 
electronic properties and have been widely applied in organic 
field effect transistors (OFETs), organic light emitting diodes 
(OLEDs), and organic-based photovoltaics (OPVs).14-18 

However, organic based thin-film devices such as bulk 

heterojunction solar cells are strongly dependent on the 
organization of the n-  and p- type materials and their molecular 
interactions with the substrates.15-18 To improve the efficiency 
of these optoelectronic devices, it is essential to have well-
defined nanoarrays with guidable self-assembly properties.  
 Significant research efforts have been contributed to self-
assembling p-type semiconductors when compared to n-type 
semiconductors.13 N-type materials are more demanding in 
creating ordered networks with p-type semiconductors for 
electronic device applications especially for OPVs. Among n-
type semiconductors, self-organized perylenediimides (PDIs) 
are widely studied because of their promising optoelectronic 
properties as well as their propensity to form 1D nanostructures 
through strong π-π interactions.19-22 The self-assembled 1D-
structures of PDIs such as nanowires,5,22,23 nanobelts,8,9 
nanotubes,10,11 and nanofibres12 were introduced through a 
variety of techniques such as phase transfer, solvent annealing, 
vapour diffusion, and seeded growth. However, these self-
organization processes have limited control on achieving 
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nanosized structures with distinct geometries. It has been 
shown that covalent synthesis is an alternative path to make 
organized nanostructures with controlled morphologies.24,25 
Nonetheless, reports to date on preparing ordered 
nanostructures from semiconducting polymers are very 
limited.26-28 Here, we report an in-situ base-catalyzed 
hydrolysis and condensation method to prepare crystalline 
nanoarrays of polymeric perylenediimide-bridged 
silsesquioxanes (Poly-PDIB-SSQ). These nanoarrays of poly-
PDIB-SSQ were characterized by elemental analysis, MALDI-
TOF-MS, FT-IR, scanning electron microscopy (SEM), 
fluorescence optical microscopy, small angle X-ray powder 
scattering (SAXS), and solution and thin film absorption and 
fluorescence spectroscopies. 

 

Results and Discussion 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Scheme 1: Preparation of Poly-PDIB-SSQ nanoarrays by base-

catalysed hydrolysis and condensation method. 

 

 As previously reported,24 the perylenediimide-bridged-

triethoxysilane precursor (PDIB-silane) was prepared by 

condensation of 3,4,9,10-tetracarboxyanhydrideperylene with 

3-aminopropyltriethoxysilane in anhydrous ethanol. The 

polymerization of the PDIB-silane was performed in a 1:1 ratio 

of chloroform and methanol solution in the presence of 

ammonium hydroxide as a base and is depicted in Scheme 1. In 

a typical procedure, freshly prepared PDIB-silane was 

dissolved in chloroform solution (10 mg/mL) and placed in a 

clean vial after filtering through a 0.45µm filter. Two distinct 

layers (red colored bottom layer and colorless upper layer) were 

formed just after the addition of methanol/NH4OH solution. 

The polymerization was induced by the addition of the alcohol-

base solution resulting an aggregated light red suspension in the 

upper layer and a translucent red colored bottom layer in few 

minutes. However, this time interval could be longer if the 

bottom layer was not disturbed by the addition if methanol. 

Figure 1 shows optical photographs capturing the visual 

changes of the polymerization and self-assembly process over 

different time intervals. After 24 hours of reaction time, a 

solution with light yellow color to dark red color from top to 

bottom was observed. The polymerization process was 

continued up to 48 hours to yield a dark red homogeneous 

suspension and was analyzed by electron microscopy. The 

SEM images confirmed the complete formation of 

nanostructures with lengths of up to 80 µm for the reaction with 

the base concentration of 14.4 mmol/mL (Entry II in the Table 

1) whereas in other two cases (Entry I & III in Table 1) random 

aggregates, nanoparticles, and featureless structures were 

abundant (see Figure 2).  At this stage, the solution was 

allowed to evaporate slowly at steady rate to yield crystalline 

sticks grown from sheets along the walls and up straight from 

the bottom of the vial (see Figure S1). The post purification of 

polymer nanoarrays was performed by centrifuging the 

suspension after 48 hours of reaction time, followed by repeating 

the two-solvent aggregation and slow evaporation method with 

no base (see experimental section for detail procedure).  

 

Figure 1: A series of optical photographs detailing the 

formation of poly-PDIB-SSQ nanoarrays. 

 

 

Figure 2: SEM images of Poly-PDIB-SSQ nanostructures taken after 
48 hours of reaction time for three different base concentrations; (a) 
7.2 mmol/mL, (b) 14.4 mmol/mL, and (c) 21.6 mmol/mL).  

Table 1 summarizes the reaction conditions and dimensions of 

nanoarrays prepared in three different base concentrations. The 

repetitive reactions were performed and confirmed that the optimum 

base concentration for the formation of nanoarrays was 14.4 

mmol/mL.  We observed that at higher base concentration (21.6 
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mmol/mL), formation of random and featureless structures was more 

pronounced during the polymerization process whereas nanoparticles 

with sheet-like structures were formed at lower base concentration 

(7.2 mmol/mL). These morphology changes during the 

polymerization process clearly suggest that optimum base 

concentration is critical for controlling the formation of organized 

nanoarrays. The elemental analysis of the polymerized product 

confirmed the partially cross-linked poly-PDI-bridged 

silsesquioxane structure with residual ethoxy groups. The incomplete 

condensation is typically common in base catalyzed hydrolysis of 

alkoxysilanes for the preparation of poly silsesquioxanes as the 

percent of hydrolysis depends on the base concentration as we 

observed in our previous work.24,25 The base catalyzed condensation 

usually has less condensing ability compared to acid catalyzed 

hydrolysis on silanols with electron donating groups.29 The 

experimental percentages of carbon and hydrogen content were 

1.08% and 0.64% higher than the calculated contents of carbon and 

hydrogen for fully condensed formula of R-Si2O3 (R= C30H20N2O4).  

Since in our case, the difference in carbon and hydrogen content 

agrees well with the structural formula with a residual ethoxy unit 

incorporated, the estimated degree of hydrolysis is five ethoxy 

reactive sites per PDI unit. Therefore, the formula of the polymer 

structure is a silsesquioxane network with the formula of R-Si2O3 

where R is C32H25N2O4. MALDI-TOF-MS analysis of polymer 

revealed the molecular weight distribution with four peaks of higher 

m/z [M-] at 2274, 2393, 2973, and 3120. These spectral traces 

confirmed five maximum repeating units of PDI per polymer chain 

with respect to the fully hydrolyzed monomer molecular peak of m/z 

at 591(see Figure S2).       

 

Table 1: Reaction conditions and Morphology description of 

Poly-PDIB-SSQ nanostructures. 

 

*The concentration of PDIB silane precursor used for each 

reaction is 10 mg/mL in chloroform solution. 

 

Further characterization using FT-IR spectroscopy (Figure S3) 

confirmed the presence of characteristic bands for the formation of 

Si-O-Si bonds and the retention of Si-C linkages during the base-

catalyzed polymerization. The alkyl chains -CH and diimide 

carbonyl stretching vibrations were observed at 2993-2885 and 1692 

cm-1, respectively. The presence of aromatic C-C stretching (1593-

1553 cm-1) and N-C vibrations (1440 cm-1) further supports the 

successful retention of perylenediimide units to the silsesquioxane 

core. The well-defined absorption at 1343-1253 cm-1 confirms the 

presence of Si-C bonds in Si-PDI units. The absorption of Si-O-Si 

was observed at 1098-1016 cm-1, suggesting the formation of a 

silsesquioxane network. 

The influence of solvent processing and recrystallization on the 

morphology of nanoarrays was evaluated by re-dissolving the crude 

crystalline solid in a 1:1 mixture of chloroform and methanol 

followed by either drop casting or spin coating onto a glass substrate.  

Thin films were characterized by SEM and fluorescence optical 

microscopy. SEM images showed long thick stack of poly-PDIB 

rods like structures, having widths ~ 100-200 nm and lengths ~ 60-

80 µm (Figure 3a-b). The longer lengths of these arrays suggest that 

crystallization initializes by individual nucleation sites to have well-

defined interchain packing of PDI units within the silsesquioxane 

network, allowing the formation of micrometer lengths structures. 

Further characterization of a spin-coated sample of nanoarrays by 

fluorescence optical microscopy using a Rhodamine filter (excitation 

wavelength - 545 nm) confirmed incorporation of polymerized PDI 

units (Figure 3c-d). These post-processing results strongly support 

the formation of organized one-dimensional polymer nanoarrays via 

in-situ covalent synthesis. 

Figure 3: SEM images (a-b) and fluorescence optical 

microscopy images (c-d) of Poly-PDIB-SSQ nanoarrays after 

solvent processing. 

 

 SAXS characterization of Poly-PDIB nanoarrays confirmed 

their crystallinity and polymer chain ordering (Figure 4). The 

XRD pattern shows well-resolved multiple orders of Bragg 

peaks correspond to the Miller indices of (h00), (0k0) and (00l), 

where (h, k, l are 1,2,3..).  The first (001), third (003), and 

fourth (004) Bragg peaks of (00l) were easily detected at 2θ 

angles of 3.56°, 10.56°, and 14.15° but the second Bragg peak 

(002) was not observed. The lower 2θ angle was observed for 

the first order (001) reflection compared to the literature 

reported value (2θ(001) = 5.01°) for typical aggregated molecular 

PDIs.30 However, such decrease in the first order reflection 

Entry 

# 

NH4OH 

concentration 

(mmol/mL) 

Morphology description 

I 7.20 

Mostly nanoparticles and short 

nanoarrays (length from 10 µm 

to up to 55 µm with width 

ranging from 80-200 nm). 

II 14.4 

Long nanoarrays and sheets 

length up to 80 µm with width 

ranging from 60 – 200 nm 

III 21.6 

Few nanoparticles (100 -200 

nm in size), random 

aggregates, and featureless 

structures 
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angle was previously reported for self-assembled PDI-

nanobelts.9 The lower 2θ(001) is indicative of an increased 

interlamellar spacing due to the formation of silsesquioxane 

network upon hydrolysis.  

 The interchain separation distance d[001] is 24.8 Å and is in 

agreement with the interchain packing distance of self-

assembled molecular PDI nanobelts reported in the literature.9  

Using the spacing of (001) combined with the spacing of its 

two higher order reflections (003) and (004), the possible 

ordering of PDI cores within the silsesquioxane network could 

be assigned to the layer by layer ordering where the layer of 

PDI cores is separated from the next layer of PDIs by the 

siloxane network as depicted in Figure 5. 

Figure 4: SAXS diffraction pattern of Poly-PDIB-SSQ 

nanoarrays. 
 

 The first and second order reflections of (h00) 

corresponding to the ordering of perylene cores within a layer 

of polymer chains were also identifiable at 2θ angles of 8.41° 

and 16.82. The interchain distance d[100] measured is 10.5 Å, 

which is close to the perylene core width of 9.2 Å.31 This 

suggests that the most probable ordering of the PDI cores is 

edge-to edge as shown in Figure 5 due to the large 

interdigitation caused by the sterically hindered siloxane 

network. The similar ordering of perylene cores was previously 

reported for columnar stacks of alkyl substituted 

perylenediimides liquid crystals having the (100) cell parameter 

distance of 10.3 Å.31 The Miller indices (101) and (103) 

assigned to the peaks found at 9.45° and 11.57° further 

evidence that the ordering of polymer layers is correlated to the 

edge-to-edge ordering of PDIs.  

  

 

Figure 5: Schematic representation of possible ordering of 

polymer nanoarrays according to X-ray diffraction pattern. 

 Four different (010) out-of-plane reflections correspond to 

π-π stacking interactions were also observed in the XRD pattern. 

The first (010) reflection at 18.80° shows its second order 

reflection at 34.85° and the d-spacing was 4.71 Å to 2.57 Å 

respectively. The reduced d-spacing indicates much closer 

packing of polymer chains along the (010) plane. The second, 

third, and fourth reflections with d-spacing of 3.47 Å, 3.67 Å, 

and 3.24 Å confirm the presence of the π-π stacking of 

neighbouring, cofacially stacked perylene cores which results in 

the formation of nanoarrays. The thin film UV-visible absorption 

studies discussed later on further evidence the cofacial ordering 

of polymer chains in neighbouring stacks. Overall, the reduction 

in π-π stacking distance from 4.71 Å to 2.57 Å indicates the 

closely packed polymer layers along the four different (010) 

planes.  

 Characterization of poly-PDIB-nanoarrays by absorption 

and fluorescence emission spectroscopy in chloroform solution 

(Figure 6) shows characteristic spectral features similar to 

molecular PDI. The absorption spectrum confirmed three 

pronounced peaks with a shoulder at 425 nm, which 

corresponds to the 0-0, 0-1, 0-2, and 0-3 electronic transitions 

from left to right respectively.30,32 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6: UV-visible absorption (top) and PL emission 

(bottom, excited at 497 nm) spectra of poly-PDI-SSQ 

nanoarrays in CHCl3: MeOH ratios. 
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 The fluorescence spectrum in 100% (v/v) chloroform 

solution depicts the similar spectral features in a mirror image 

of the absorption with some overlapping between longer 

wavelength absorption band and the shorter wavelength 

emission band. This overlapping is typical for closely packed 

PDI systems as reported previously.30,32  

 The absorption spectrum of poly-PDIB-SSQ nanoarrays in 

chloroform (CHCl3) to methanol (MeOH) 1:1 solvent mixture 

shows pronounced electronic transitions from ground state to 

higher levels of electronic states (0-1, 0-2, and 0-3) with a 

rather weak shoulder from the 0-0 transition. Such spectral 

changes imply strong molecular packing between the polymer 

chains, similar to the spectral signatures reported for self-

assembled molecular PDI nanobelts.9 Poly-PDIB-SSQ 

nanoarrays showed complete aggregation in methanol (“poor” 

solvent) due to the limited solubility. The overall intensity of 

three absorption peaks somewhat reduced with slight blue shift. 

However, there is no sign of a pronounced absorption band 

emerging at longer wavelength (around 565 nm) that 

corresponds to the formation of π-π interactions in co-facial 

configuration of molecular stacking.8,9,19 The fluorescence 

spectra taken in 1:1 and 0:1 chloroform to methanol solutions 

show slight red shifts (~5 nm) of emission maxima at 537 nm 

and 577 nm with no fluorescence quenching, which supports 

the lack of co-facial π-π interaction in “aggregated” form of 

poly-PDIB-SSQ nanoarrays in solution phase.  However, a 

slight decreased in emission was observed in 0:1 chloroform: 

methanol mixture due to limited solubility resulting in 

aggregation of polymer chains. 

 

 

 

 

 

 

 

 

 

Figure 7: Thin film PL emission (excited at 485 nm) spectra of 

poly-PDIB-SSQ nanoarrays from 1:0, 1:1, and 0:1 

CHCl3:MeOH solutions. 

 

The fluorescence emission spectra of poly-PDIB-SSQ 

nanoarray thin films spin coated from 1:0, 1:1, and 0:1 

CHCl3:MeOH solutions are shown in Figure 7 and exhibit 

similar spectral features as their solution phase emission 

spectra. The shoulder peak at 630 nm was noticeable in thin 

films prepared from 1:0 and 1:1 solutions compared to that of 

in 0:1 thin film. Although considerable fluorescence quenching 

was not observed in all three cases, thin film absorption spectra 

(Figure S4) showed dramatic changes in spectral maxima at 

shorter wavelength with a pronounced absorption band also 

emerging at longer wavelength (~570 nm). The shorter 

wavelength absorption peaks that correspond to 0-1 and 0-2 

electronic transitions are attributed to π-π interactions within 

the closely packed polymer chains. The longer wavelength 

band confirmed the presence of co-facial π-π interaction in 

solid state suggesting that thin films show similar structural 

morphology as crystalized polymer nanoarrays.  The co-facial 

π-π interactions observed in thin films is in agreement with the 

co-facial ordering suggested from the powder diffraction data. 

Excited state lifetimes in solution and solid state are in 

agreement with their characteristic optical signatures (see 

Figure 8). The nanoarrays in 1:0 and 1:1 CHCl3:MeOH 

solutions showed longer excited state lifetimes than those in 

their corresponding thin films due to closely packed nature of 

polymer chains in thin films.  Interestingly, the excited state 

lifetimes of the 0:1 CHCl3:MeOH solution was nearly identical 

to that of its corresponding thin film (3.8 ns vs 3.4 ns, 

respectively) suggesting that there are some similarities of 

polymer chain packing in “aggregated” form in solution phase 

and thin films. This behaviour also coincides with the lack of a 

pronounced shoulder at 630 nm in emission spectra of both 

solution and thin film in Figure 5 and Figure 6 respectively. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 8: Excited state emission curves of poly-PDI-SSQ 
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nanoarrays in solution and in thin films created from 1:0, 1:1, 

and 0:1 CHCl3:MeOH solutions. 

In order to confirm the semiconducting behaviour of poly-

PDIB-SSQ nanoarrays, electrical conductivity of polymer thin 

films were evaluated by spin coating the recrystallized polymer 

sample onto glass substrate. Test diodes with the configuration 

of ITO/poly-PDIB-SSQ/Ca-Al were fabricated. As shown in 

Figure S5 (a), IV curve of a test device of poly-PDIB-SSQ 

shows the characteristic organic semiconducting curve with the 

open circuit voltage (VOC) of 0.25 V. The asymmetrical nature 

of the curve is attributed to the difference in the work functions 

of electrodes. Electrical conductivities for both poly-PDIB-SSQ 

nanoarrays and the silane precursor were measured from their 

IV curves and conductivities were compared. The conductivity 

vs voltage curves are depicted in Figure S5 (b). The electrical 

conductivity of poly-PDIB-SSQ was 0.48 x 10-3 S/cm, which is 

lower than the conductivity of its monomer (1.26 x 10-3 S/cm). 

The lower conductivity of poly-PDIB-SSQ nanoarrays 

evidences that the ordering of PDI units within the 

silsesquioxane network has impacted on electrical properties.   

Conclusions 

We have developed a in-situ covalent synthesis method to 

prepare crystalline nanoarrays from a n-type semiconducting 

polymer derived from poly(perylenediimide silsesquioxanes). 

These structures have dimensions of 100-200 nm in width and 

60-80 µm in length as determined by SEM. SAXS confirmed 

their crystallinity and showed well-resolved Bragg reflections 

with multiple (010) out-of-plane reflections. Fluorescence 

spectroscopic signatures in an aggregated state in solution (1:1 

CHCl3:MeOH) show a slight red shift (~5 nm) compared to the 

solvated polymer with no fluorescence quenching. 

Interestingly, no distinct spectroscopic shift in absorption was 

observed upon aggregation in solution.  In thin films, however, 

aggregation appears to play an important role in the 

photophysics of nanoarrays. Thin films of polymer nanoarrays 

show typical semiconducting behaviour with the electrical 

conductivity of 0.48 x 10-3 S/cm. This covalent synthesis 

followed by solvent-based crystallization of semiconducting 

polymers into organized nanostructures offers new insight for 

the preparation of novel 1D polymer nanoarrays. Nonetheless, 

research findings described here ultimately will benefit for the 

design of novel polymeric nanostructures having improved 

electronic properties for solar cells and other applications of 

conjugated polymer materials.  

Experimental 

Materials. 3,4,9,10-tetracarboxyanhydrideperylene, anhydrous 

methanol (99% purity), and Ammonium hydroxide (28%) were 

purchased from Aldrich chemicals. 3-

aminopropyltriethoxysilane was purchased from Alfar Aesar 

and used as received.  Unless otherwise specified, all chemicals 

were used as received.  
Characterization. Proton NMR spectra were recorded on a 500 

MHz Jeol using CDCl3 as a solvent for the silane precursor. 

FTIR spectra were measured using a Perkin-Elmer Spectrum 

One FT-IR spectrometer equipped with a universal ATR 

sampling accessory. Mass spectra were acquired by the 

University of Kentucky Mass Spectrometry facility. Matrix-

assisted laser desorption ionization mass (MALDI-TOFMS) 

spectra were obtained on a Bruker Daltonics (Billerica, MA) 

Ultraflextreme time-of-flight mass spectrometer with 
SmartBeam II Nd:YAG/355 nm laser operating at 200 Hz and 

laser focus set to “small” focus setting.  Laser attenuation was 

optimized to obtain the best signal-to-noise (S/N) ratio, keeping 

maximum resolution. The sandwich method of sample preparation 

was employed with the matrix of ∝-cyano-4-hydroxycinnamic acid. 

The photophysical properties in solution were performed on 

fluorescence spectrometer (Perkin Elmer LS 55) and UV-visible 

spectrometer (Perkin Elmer, Lambda 35). Scanning electron 

microscopy (SEM) observations were performed on a 100CX JEOL 

at 80 keV.  Thin film emission spectra and excited state lifetimes 

were acquired using a Nikon Eclipse TE2000-U inverted microscope 

with a 1.4 numerical aperture objective and a 485 nm ps pulsed 

diode laser with EMCCD camera detection (Princeton Instruments 

ProEM 1024).  Solid state (concentrated thin film) absorption 

spectra were acquired using a Agilent Technologies Cary Series UV-

Vis-NIR Spectrophotometer.   

 

Typical Procedure for the preparation of poly-PDIB-SSQ 

nanoarrays: 50 mg (0.063 mmol) Freshly prepared 

perylenediimide-bridged silane (50.0 mg, 0.063 mmol) was 

dissolved in 5.0 mL of chloroform and then sonicated for one 

minute. The solution was filtered through a 0.45 µm syringe 

filter into a 20 mL vial. In a separate vial, 4.0 mL methanol and 

1.0 mL ammonium hydroxide were mixed and were added 

gently to the first vial with no disturbance to the silane solution 

in the vial. Unless the bottom layer was disturbed in which case 

the top layer would take on an opaque red color, the methanol 

ammonium hydroxide solution formed a clear top layer (see 

Figure S1(a)) and the perylenediimide bridged silane in 

chloroform comprising a translucent red lower layer. The 

interface between these two layers was opaque and red, 

growing overtime until no clear distinction could be made 

between the layers. After 48 hours, a dark red homogenous 

suspension was obtained. At this stage solution was allowed to 

evaporate slowly to yield long red color needles in the lower 

portion of the vial as shown in Figure S1 (b). FTIR stretching 

(cm-1): 2993-2885 (C-H stretching of alkyl chains), 1691 

(diimide carbonyl stretching), 1594-1647 (aromatic C-C 

stretching), 1440 (N-C stretching from perylenediimide), 1379-

1250 (Si-C stretching), 1098-1016 (Si-O-); MS (MALDI-TOF, 

negative): m/z = 2274, 2393, 2973, and 3120 [M-]; Elemental 

analysis (%): Experimental- C 63.56, H 4.14, N 4.70, Si 9.31; 

Calculated (assuming product was fully hydrolysed)- C 62.48, 

H 3.50, N 4.86, Si 9.74. 

 

Post purification of polymer nanoarrays: The suspension 

obtained after 48 hours of reaction time was centrifuged and 

washed with methanol to yield a red solid. The wet solid was 
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dissolved in minimum volume of chloroform in a vial and equal 

volume of methanol was slowly added to form two layers. The 

solution was tightly capped and kept with no disturbance. After 

48 hours, the solution was allowed to evaporate slowly to yield 

crystals.   
 
Electrical Characterization Measurements: The thin-film 
devices were prepared on glass/ITO substrates. The substrates 
were subsequently cleaned in 2- propanol and acetone in an 
ultrasonic bath for 15 minutes each. As a first step, the sample 
dissolved in chlorobenzene (10 mg/mL) was spin coated to give 
a film thickness of 300-400 nm under inert atmosphere. The 
substrates were transported into vacuum evaporator and a layer 
of aluminium (~50 nm) was thermally evaporated on top of the 
sample layer with a coating of 2 x 6 mm through a mask. The 
final devices were transferred to a glass chamber under a stream 
of nitrogen gas. The chamber was sealed for device 
characterization while maintaining the temperature of the 
devices at room temperature. The IV curves of the devices were 
measured using a Keithley 2400 source meter that connected to 
a PC supported with LabView. Conductivities were obtained 
from IV curves and plotted against sweeping voltage. 
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