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 π -stacks is related to the molecular intrinsic structure and 
packing geometry, which induces the directional intermolecular 
distortion, and thus the different movement directions of the 
resulting microribbons, e.g., parallel or normal to the long axis 
of the microribbon. More importantly, through varying the side 
chains of the building block, which enables the modulation of 
the diagonal direction of the  π -stacks and thus the diagonal 
photoexcited distortion relative to the long axis of the micror-
ibbon, angular movements of the resulting microribbons were 
achieved. Our fi ndings provide an innovative strategy for the 
design of microscale systems capable of continuous and direc-
tional movement driven by light. 

 We envision that the microribbon assembled from  1  
( Figure    1  ) may make a transverse movement on a less resistant 
substrate if the irradiation intensity is reduced to avoid a mor-
phological change between stacking layers [ 20 ]  but is still suffi -
cient to induce the intermolecular distortion on the surface of 
the microribbon. Indeed, as shown in Figure  1 a and Movie S1 
in the Supporting Information, when irradiated with a 488 nm 
scanning laser (54 W mm −2 , 4 µs per pixel, 600 × 300 pixels per 
frame), the microribbon from  1  moved in the direction normal 
to the long axis of the microribbon on an OTS-modifi ed glass 
slide. More than 10 microribbons assembled from  1  were tested 
under identical conditions, and the movement speed was sim-
ilar for microribbons of the same length under identical irra-
diation conditions. The typical speed of a microribbon with a 
length of 50 µm and a width of 1 µm was ≈0.5 µm min −1  when 
irradiated with a 488 nm scanning laser (54 W mm −2 , 4 µs per 
pixel, 600 × 300 pixels per frame) (Figure  1 b). Upon a further 
increase of the irradiation intensity, the microribbon assembled 
from  1  moved faster but concomitantly began to expand later-
ally. Notably, the microribbons were observed to move to the 
right and the left randomly, analogous to the sliding out of the 
microribbons in both directions on the pristine glass slide. [ 20 ]  

  We envision that such transverse moving direction is 
dependent on molecular packing within the microribbon 
and the movements in different direction (e.g., longitudinal 
movement) may be achieved on the microribbons with dis-
tinct molecular packing geometry. To this end, we synthesis a 
symmetric PDI molecule  2 , which is expected to form microrib-
bons with different molecular packing. Well-defi ned microrib-
bons assembled from  2 , analogous to those assembled from  1 , 
were clearly revealed by the scanning electron microscopy 
(SEM) images ( Figure    2  a,b). The selected-area electron dif-
fraction pattern (SAED) and X-ray diffraction (XRD) results 
(Figure S1, Supporting Information) revealed that the molec-
ular organization of  2  within the microribbon is same to that 
observed in the bulk crystal. [ 21 ]  The molecular packing of  2  

  Molecular crystals or polymer fi lms composed of photorespon-
sive molecular motors or components have attracted substantial 
attention because of their potential applications in actuators and 
artifi cial muscles, among others. [ 1–18 ]  However, although some 
photoinduced morphological changes resulting from the collec-
tive transmission of single-molecule motions enable the move-
ment of microscale objects loaded onto their surfaces, [ 8,13,19 ]  
the ability of molecular crystals or polymer fi lms to transmit 
molecular motion to direction-controlled autonomous move-
ments remains a great challenge. We recently reported that 
layered microribbons assembled from asymmetric perylene 
diimide (PDI) molecules underwent a lateral or longitudinal 
morphological change under scanning laser irradiation. [ 20 ]  The 
photoexcited intermolecular distortions generate large morpho-
logical changes. This motivated us to investigate the possibility 
of applying photoexcited nonbonded distortions to generate the 
direction-controlled autonomous movements of the microrib-
bons on specifi c substrates. 

 Here, we report novel direction-controlled movements of 
microribbons self-assembled from PDI molecules on various 
hydrophobic surfaces (including octadecyltriethoxysilane 
(OTS)-, 1H,1H,2H,2H-Perfl uorodecyltriethoxysilane-, and 
Scotch tape-modifi ed glass slide) under scanning laser irradia-
tion. We develop a “dynamic exciton charge model (DECM)” to 
elucidate the underlying mechanism. It is demonstrated that 
the spatial release of instantaneous excitonic dipole–dipole 
or quadrupole–quadrupole interactions of the photoexcited 
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in the microribbons, as viewed from different faces, was pre-
sented in Figure S1 in the Supporting Information. A small 
longitudinal offset between neighboring molecules of  2  gives 
rise to a strong  π -overlap along the microribbon axis as evi-
denced by the absorption spectrum (Figure S2, Supporting 
Information) where the broad absorption bandwidth centered at 
690 nm was observed. Furthermore, such longitudinal slipping 
resulted in the absorption and emission polarization parallel to 
the microribbon axis (Figure S3, Supporting Information), [ 22 ]  
which is in sharp contrast to the transversal packing of  1  micro-
ribbon (Figure S4, Supporting Information) that generated the 
absorption and emission polarization normal to the long axis 
of  1  microribbon (Figure S3, Supporting Information). [ 22 ]  When 
excited by laser (e.g., at 488 nm), the interaction of excited  2  
molecules (i.e., excitonic quadrupole–quadrupole interaction) 
within the  π -stacks is expected to generate the  π -stacking distor-
tion parallel to the microribbon axis. Indeed, the microribbon 
assembled from  2  moved along the microribbon axis rather 
than normal to the microribbon axis, as shown in Figure  2 c 
and Movie S2 in the Supporting Information. When several 
microribbons were irradiated concurrently, all exhibited longi-
tudinal movement (Figure  2 d), indicative of the reproducibility 
of the movement. The typical movement speed was meas-
ured to be ≈2 µm min −1  for a microribbon assembled from  2  
with a length of 80 µm and a width of 0.8 µm under scanning 
laser irradiation (Figure  2 c,e). The microribbons assembled 
from  2  are relatively photostable; thus, their movement speed 
can be measured as a function of the irradiation intensity. As 
shown in Figure  2 f, the movement speed of the microribbon 
linearly increased with increasing laser intensity. Notably, no 

discernible movement for the microribbon assembled from 
 2  was observed when the irradiation intensity was less than 
54 W mm −2 , indicative of the existence of a barrier threshold 
for the movement. In addition, no motion of the microribbons 
assembled from molecules  1  and  2  occurred on pristine glass 
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 Figure 1.    a) Optical microscopy images (top: bright-fi eld images; bottom: 
fl uorescence images) of a typical microribbon assembled from  1  showing 
translational movement nearly normal to its long axis under laser irradia-
tion (54 W mm −2 , 4 µs per pixel, 600 × 300 pixels per frame). b) Moving 
distance of the same microribbon assembled from  1  as a function of time.

 Figure 2.    a) A magnifi ed SEM image of a single microribbon assembled 
from molecule  2 . b) SEM image of bundles of microribbons. c) Optical 
microscopy images (left: bright-fi eld images; right: fl uorescence images) 
of a typical microribbon from  2  showing translational movement along its 
long axis under scanning laser irradiation (488 nm, 108 W mm −2 , 4 µs per 
pixel, 800 × 300 pixels per frame). d) The movement of a couple of micro-
ribbons from  2  under scanning laser irradiation (488 nm, 108 W mm −2 , 
4 µm per pixel, 800 × 800 pixels per frame). All of microribbons moved 
away from their original position after 20 min of scanning irradiation. 
e) Moving distance of the microribbons as a function of time (more than 
5 microribbons were tested). f) The moving velocity of microribbon 
assembled from molecule  2  as a function of laser intensity (488 nm, 
4 µs per pixel, 800 × 300 pixels per frame).
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are critical to the microribbon movement. We 
compared the movement velocity of the same 
microribbons on different surfaces (Table S1, 
Supporting Information). The microribbons 
exhibited a relatively fast movement on the 
hydrophobic surfaces and almost no move-
ment on the hydrophilic surfaces under 
identical irradiation conditions. This sug-
gests that the interactions between substrate 
surfaces and the bottom surface of the micro-
ribbons are different, which thereby created 
different resistance for the movement of the 
microribbon and in turn affected the move-
ment rate. We used the OTS-modifi ed glass 
slide as the substrate in the following experi-
ments unless otherwise specifi ed. 

  To confi rm the photoinduced intermo-
lecular distortion, the fl uorescent switching 
dynamics, which reveal the behavior of the 
excited-state nonbonded distortion, [ 23 ]  was 
studied by time-resolved fl uorescence spec-
troscopy. Spectral trajectories measured by 
irradiating one end of microribbons of  1  and 
 2  with a nanosecond pulsed laser (532 nm, 
12 µW pulse −1 ) and collected by the spec-
trometer with a resolution of 8 ms show that the  π -stacking 
emission spectrum periodically changed within certain time-
scales (Figures S5 and S6, Supporting Information). Although 
observed spectral changes are minor (the time resolution of 
fl uorescence spectroscopy used in this work is not high enough 
compared to the fast dynamic  π -stacking distortion process), 
the statistical emission band of the microribbon from  1  and  2  
did show slightly blueshifted and redshifted in the begin-
ning, respectively, and then restored to its original position 
(Figures S5 and S6, Supporting Information) within ≈24 ms, 
indicating that the system rapidly and periodically switched 
from the photoinduced intermolecular distortion to the orig-
inal  π -stacking structure. These switching dynamics within the 
 π -stacks are comparable to those observed during the excited-
state nonbonded distortion of locked PDI oligomers. [ 23 ]  To 
further understand how the photoinduced intermolecular dis-
tortion induces the directional movements of the microribbons, 
we propose a DECM model based on theoretical calculations of 
photoinduced intermolecular excitonic dipole–dipole or quad-
rupole–quadrupole interactions that distinguish the different 
movement of microribbons from  1  versus  2 . From the calcula-
tions of HOMO_LOMO states, as shown in  Figure    3  , the main 
difference between  1  and  2  is that the photoexcitation creates 
a dipole in  1  but quadrupole in  2 , due to their different molec-
ular structure. Consequently, the distortion of microribbons 
is driven by releasing instantaneous excitonic dipole–dipole 
or quadrupole–quadrupole interactions, which create certain 
preferred internal relative motions in between the molecules 
that in turn translate into an overall movement of microribbon 
along a preferred direction. Applying the DECM, the preferred 
molecular motion is determined, as shown in Figure  3 . Using 
the experimentally measured crystalline structures as input 
(the molecular packing of  1  in the microribbons was shown in 

Figure S4, Supporting Information), we construct a molecular 
array to represent the microribbons from  1  and  2  in Figure  3 , 
respectively. Upon photoexcitation, a charge-transfer bound 
electron–hole pair (exciton) is created on each molecule with 
the electron (negative charge) and hole (positive charge) placed 
on different aromatic rings within the molecule, which cre-
ates the dipole in  1  (Figure  3 c) but quadrupole in  2  (Figure  3 f). 
For  1 , by minimizing the dipole–dipole interactions, we found 
a shearing motion between the neighboring  1  molecules, as 
indicated by green arrows in Figure  3 c. This shearing motion, 
having a larger vertical component than the horizontal compo-
nent, is possibly facilitated by the tails of alkane chains. With 
the dipoles instantaneously appear by photo excitation and dis-
appear by exciton decay, there will be a collective back-and-forth 
shearing motion in between many molecules, which translate 
to an overall transversal movement of the  1  microribbon, as 
indicated by the red arrow in Figure  3 c. In contrast, the motion 
of  2  microribbon is driven by releasing instantaneous excitonic 
quadrupole–quadrupole interactions along  π -stacks. With the 
light-induced instantaneous quadrupoles dynamically appear 
and disappear, there will be a collective lateral breathing motion 
(expansion and contraction) in between many molecules, which 
translate to an overall longitudinal movement of the  2  micror-
ibbon, as indicated by the red arrow in Figure  3 f. Furthermore, 
by calculating the forces along the motion direction, the speed 
of  2  microribbon is expected to be faster than that of  1  micro-
ribbon, consistent with experimental results. 

  To gain insight into how the instantaneous photoinduced 
intermolecular distortions translate into an overall movement 
of the microribbons, we explored the role of the scanning laser 
in the resulting movements. The necessity of the scanning 
laser was proved by the failure of the microribbons from  1  or 
 2  to move under constant laser irradiation. We observed that 
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 Figure 3.    a) HOMO and LOMO charge distribution of  1 . b) Structural arrangement of the 
microribbon from  1 . c) Photoinduced charge distribution, 1 molecular motion, and micror-
ibbon movement. d) HOMO and LOMO charge distribution of  2 . e) Structural arrangement of 
the microribbon from  2 . f) Photoinduced charge distribution,  2  molecular motion, and micro-
ribbon movement.
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the microribbons were damaged, rather than underwent move-
ment when the high intensity of the constant laser irradiation 
was applied. Under scanning laser irradiation, the photoexcited 
distortion (separation or contraction) and the followed res-
toration of the  π -stacks would occur point by point along the 
microribbon, somehow like earthworm movements; the spa-
tially dynamic variance between the photoexcited distortion and 
restoration would create a certain displacement after each scan-
ning circle. For better understanding of the whole process, an 
illustration was performed in  Figure    4  c,d. We anticipated that 
the laser scanning speed could modulate the spatial dynamic 
variance of the photoexcited distortion and the followed res-
toration of the  π -stacks and in turn infl uence the movement 
velocity of the microribbons. To truly refl ect the dependence 
of the movement velocity on the scanning irradiation, we com-
pared the movement distance of the same microribbon from 
 2  after 200 scanning frames (i.e., the same scanning circles). 
As typically shown in Figure  4 a, the movement velocity of the 

microribbons from  2  was indeed dependent 
on the laser-scanning speed. The moved dis-
tance of the  2  microribbon after 200 scan-
ning frames initially increased quickly with 
the increasing scanning speed from 2 to 
12.5 µs per pixel and then decreased with 
the further increasing scanning speed, sug-
gesting the existence of an optimal dynamics 
of the photoinduced distortion and restora-
tion for the microribbon movement. Notably, 
the fl uorescence spectra and intensity of the 
microribbons remained unchanged after 
the movement (Figure  4 b), indicating the 
reversibility of the nonbonded distortion that 
enables the continuous movements of the 
assembled microribbons. 

  We also exclude the possibility of forces 
induced motion from other sources. First, 
a temperature gradient along the thickness 
direction of the microribbon could be set 
up and cause a gradient stress in the thick-
ness direction. However, such a gradient 
stress should only cause out-of-plane mor-
phological changes (analogous to those 
induced by surface stress anisotropy gen-
erated by the photocyclodimerization, [ 6,7 ]  
photoisomerization, [ 24 ]  polymerization, [ 12,25 ]  
or drying [ 26,27 ] ), rather than result in direc-
tional movements. Likewise, the gradient 
photoexcited nonbonded distortion along 
the microribbon thickness direction, which 
results from the high absorption of the PDI 
molecules in the microribbon, could create a 
gradient stress along the thickness direction. 
However, such a gradient stress should also 
cause out-of-plane morphological changes. 
In addition, the radiation pressure that cor-
responds to a force in the light propaga-
tion direction [ 28 ]  could be also set up to be 
along the microribbon thickness because 
the microribbons were irradiated from the 

bottom surface. Again, this vertical force cannot cause transla-
tional movements. Furthermore, the failure of the movements 
of microribbons assemble from molecules  6  and  7  (see Sup-
porting Information) as control experiments suggested that 
forces along the thickness direction (that should be also set up 
in these microribbon under identical conditions) could not be 
the driving force for the resulting movement of the microrib-
bons. Second, a temperature gradient spatially along the long 
axis of the microribbon (the scanning irradiation direction was 
consistent with the long axis) could be also set up and cause a 
gradient stress in the microribbon long axis. However, because 
photothermal effects work relatively slower, [ 29,30 ]  the decreased 
laser scanning speed should increase temperature-driven 
effect and thereby speed up the movements. However, on the 
contrary, the movement speed of the examined microribbon 
(Figure  4 a) decreased with the decreasing laser-scanning speed 
(more than 12.5 µs per pixel), thereby ruling out the possibility 
that a temperature gradient spatially along the long axis of the 
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 Figure 4.    a) Moving distance of a typical microribbon from  2  (10 µm in length and 1 µm in 
width) after 200 scanning frames as a function of laser scanning speed. b) Fluorescence spectra 
of a microribbon assembled from  2  recorded at the same position before (black) and after 
(red) movement. c,d) Schematic representation of the directional movement process excited by 
scanning laser. The photoexcited separation (c) or contraction (d) of π-stacks and the followed 
restoration of the π-stacks would occur point by point along the microribbon upon a scanning 
laser. The spatially dynamic variance between the photoexcited distortion and restoration would 
create a certain displacement after each scanning circle.
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irradiation of the microribbons from  1  by a 635 nm laser (the  1  
microribbons have negligible absorption at 635 nm, Figure S2, 
Supporting Information) could not result in the microribbon 
movement, ruling out the possibility that the optical force 
from light scattering could create the movement. In addition, 
the scanning irradiation of the  2  microribbons by 515 and 
635 nm lasers ( 2  microribbons have relatively strong absorption 
at 515 and 635 nm, Figure S2, Supporting Information) also 
resulted in the similar translational movements, suggesting 
that the larger dipole moment possibly induced by a 488 nm 
laser is not necessary. 

 The observation of directional translational movements 
of the microribbons assembled from  1  and  2  motivated us to 
further explore achieving angular movements of microrib-
bons. If the diagonal direction of the photoinduced intermo-
lecular distortion relative to the long axis of the microribbon 
can be achieved, angular movements of the resulting micror-
ibbons could be created. To this end, two PDI molecules,  3  
and  4 , which bear 3,5-dimethoxy and 2,3-dimethoxy substitu-
ents on their phenyl groups, respectively, were synthesized 
and self-assembled into microribbons. SAED and XRD results 
(Figures S7 and S8, Supporting Information) reveal that the 
molecular organization of  3  and  4  within  π -stacks is similar 
to that observed in the microribbon from  2 . Therefore, the 
photoinduced distortions of  3  and  4   π -stacks should be also 
similar to that of  2  microribbon, which results from instanta-
neous quadrupole–quadrupole interactions. However, distinct 
from that of  2  that has no angular offset relative to the micror-
ibbon axis (Figure S1, Supporting Information), the  π -stacking 
direction of  3  and  4  had an angular offset of 5° and 10°, respec-
tively, relative to the long axis of the microribbon (Figures S7 
and S8, Supporting Information). Consequently, under scan-
ning laser irradiation, a microribbon from  3  exhibited an 
angular movement across the substrate surface accompanied 
with a warp of the microribbon, as illustrated in  Figure    5  a and 
Movie S3, Supporting Information. We postulate that the warp 
of the microribbon resulted from the uneven velocity of the rel-
atively long microribbon, not from its softness. To support this 
hypothesis, a shorter microribbon from  3  was studied under 
identical conditions. As shown in Figure  5 b, the short micro-
ribbon exhibited only an angular movement without the shape 
change. To further prove the microribbon from  3  is not soft, 
the differential scanning calorimetry measurement was per-
formed and the endothermic peak at 191 °C, assignable to the 
melt of the microribbon, was observed (Figure S9, Supporting 
Information); this phase transition temperature is much higher 
than that of  1  microribbons (138 °C), suggesting molecule  3  
has stronger molecular packing than  1 . Notably, the micror-
ibbon from  4  with a larger angular offset exhibited a rotational 
movement (i.e., a stronger angular movement) (Figure  5 c and 
Movie S4, Supporting Information), because of the larger offset 
between the diagonal direction of its  π -stacking relative to the 
long axis of the microribbon. Interestingly, the microribbon 
from  4  exhibited the contrary rotational movements upon irra-
diation of different surfaces (bottom or top) of the microrib-
bons (Movies S5 and S6, Supporting Information), indicating 
that the photoinduced rotation direction is determined by the 
diagonal direction of the  π -stacking in the microribbon relative 
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 Figure 5.    a) An angular movement of a long microribbon (≈50 µm) 
assembled from  3  (top: bright-fi eld images; bottom, fl uorescence images) 
under scanning laser irradiation (488 nm, 108 W mm −2 , 4 µs per pixel, 
700 × 350 pixels per frame). b) An angular movement of a short micro-
ribbon (5 µm) assembled from  3  under scanning laser irradiation (488 nm, 
108 W mm −2 , 4 µs per pixel, 400 × 400 pixels per frame). c) A rotational 
movement of the microribbon assembled from  4  under scanning laser irra-
diation (488 nm, 108 W mm −2 , 4 µs per pixel, 300 × 250 pixels per frame).
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to its long axis. More interestingly, the microribbons from  3  and 
 4  with one end hung on a copper grid also exhibited a warping 
movement under SEM measurements (Figures S10 and S11, 
Supporting Information), indicating scanning electronic exci-
tation resulted in similar intermolecular distortions that trans-
late into the movement. These above observations allow us 
to conclude that the movement direction and behavior of the 
microscale assemblies can be simply modulated by altering the 
molecular organization within the microribbon, which can be 
easily achieved through chemical modifi cation. 

  In addition, we fabricated microribbons from other PDI 
molecules ( Figure    6  ) with methoxy-substituted phenyl moie-
ties directly linked to the perylene core (molecule  6  and  7 ) and 
investigated their laser-driven movements. No movements 
were observed in these microribbons, even after the irradia-
tion intensity was increased to 200 W mm −2 . We believe that 
the rigidity of the phenyl groups directly linked to the per-
ylene core restricts the excited-state intermolecular distor-
tion and thus results in no movement. The introduction of a 
methylene linker increases the fl exibility for the excited-state 
geometric distortion and thus favors the movement of the 
resulting assemblies, as observed in the cases of molecules  1–4 . 
To further support this hypothesis, we extended the investiga-
tion to PDI molecules with alkyl side chains (Figure  6 ) that can 
form similar microribbon morphologies. The alkyl side chains 
(molecules  8 – 10 ) are more fl exible than the phenyl group, and 
they indeed result in a faster movement of the resulting micro-
ribbons, as shown in  Table    1  . Theoretical calculations showed 
that according to DECM,  8–10  are expected to exhibit longitu-
dinal movement because their HOMO/LOMO distributions 
support quadrupole–quadrupole interaction, in good agreement 
with the experimental results, i.e., along the long axis of the 
microribbon. 

   In conclusion, we report that the direction-controlled con-
tinuous movement of self-assembled microribbons can be 
achieved using scanning light irradiation as an energy input. 
We develop a theory of “dynamic exciton charge model” to elu-
cidate that the photoexcited intermolecular distortions create 
preferred internal motion in between the molecules that in 
turn spatially translate into an overall directional movement of 
microribbons. Through chemical modifi cation of side chains 
of the building block to modulate the diagonal direction of the 

 π -stacks and in turn the diagonal photoexcited distortion rela-
tive to the long axis of the microribbon, angular movements 
of the resulting microribbons were also achieved. Our fi nd-
ings provide an innovative strategy for the design and control 
of microscale systems capable of continuous and directional 
movement driven by light, which is distinct from those molec-
ular motor-based systems.  

  Experimental Section 
 Detailed synthesis of molecules  1 – 10  and self-assembly of these 
molecules into the microribbons are described in the Supporting 
Information. 

  Movement Measurements : A schematic of imaging of microribbon 
movement by confocal laser scanning microscopy (CLSM Olympus 
FV1000) is shown in the Supporting Information. Transmission tunnel 
images of the microribbons on a surface-modifi ed glass slide were 
recorded with an Olympus FV1000 inverted confocal laser scanning 
microscopy coupled with three continuous wave lasers (488, 515, and 
635 nm). The laser scanning takes place in a left-right and then top-
down direction. The scanning speed of the laser and scanning frame 
can be set in the range of 2–200 µs per pixel and 800 × 800 pixels, 
respectively (in specifi c experiments, different scanning speed and frame 
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 Figure 6.    Chemical structures of PDI derivatives.

  Table 1.    Summary of the movement of the microribbons assembled 
from  1  to  10 . [ 21 ]  

Microribbon from 
molecule

Movement velocity* Movement direction 
or behavior

 1 0.3 ± 0.1 µm min −1 Transversal movement

 2 0.7 ± 0.2 µm min −1 Longitudinal movement

 3 0.4 ± 0.2 µm min −1 Angular movement

 4 0.7 ± 0.1° min −1 Rotational movement

 5 1.5 ± 0.3° min −1 Rotational movement

 6 – –

 7 – –

 8 2 ± 0.5 µm min −1 Longitudinal movement

 9 1.7 ± 0.1 µm min −1 Longitudinal movement

 10 1.6 ± 0.2 µm min −1 Longitudinal movement

 * For convenient comparision, the laser irradiation mode was set identical (488 nm, 
54 W mm −2 , 8 µs pixel −1 , 700 × 200 pixels per frame).
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resolution were used). All images and movies were recorded by CLSM 
using objective lens (Olympus, UPLSAPO 100 XO; 1.40 NA, 100×). 
Pictures and movies were processed by Olympus Fluoview software. 
Their selected area fl uorescence spectra were measured on the same 
apparatus in a XYLamda scanning mode and processed by Olympus 
Fluoview software. 

  Time-Resolved Spectral Trajectories Measurements : A nanosecond 
pulsed laser (532 nm, repetition rate: 1 KHz, pulse duration: 4.5 ns) 
was used as the pump beam for the photoexcitation of one end of the 
microribbon. The pump beam was focused to a 10 µm diameter spot 
using an objective lens (20×, numerical aperture: 0.4). Emission went 
through the same objective lens and a semi-transparent mirror before the 
collection by the spectrometer (Andor SR-500i-B2-R) with a resolution of 
8 ms. All experiments were carried out at room temperature. 

  Optical and Structural Characterization : The emission polarization was 
measured by a custom-built optical microscopy equipped with a 50×, 
0.9 NA excitation objective at room temperature in air. Linear dichroism 
measurement was carried out on an Olympus ix 81 inverted optical 
microscopy coupled with Olympus polarizer with 0.1° adjustment 
of polarization direction. Transmission electron microscopy (TEM) 
images and SAED patterns were obtained with an FEI Tecnai G 2  T20 
(120 KV) electron microscopy. XRD measurements were carried out 
with a Philips X’PertPro instrument (40 KV, 40 mA). SEM measurements 
were performed with a Hitachi S4800 scanning electron microscopy 
where the accelerating voltage and the current were set as 10 KV and 
10 µA, respectively. UV–vis absorption spectra of the microribbons 
suspended in ethanol were measured on a PerkinElmer Lamba 35 
spectrophotometer. 

  Theoretical Calculations : A series of density-functional-theory (DFT) 
calculations to examine optical excitations of molecules  1  and  2  was 
performed. Ground (G) and excited states (Sn, where n is the order 
of excitations) of monomers are optimized with the B3LYP functional 
and the 6–31G* basis set through time-dependent DFT [ 31–33 ]  method 
in the Gaussian 09 package which has been successfully used to 
describe the optical excitation of  π -conjugated molecules. [ 34,35 ]  Based on 
frontier molecular orbital analysis, it is found that the HOMOs of both 
molecules are located on the phenyl rings, while the LUMOs located on 
the PDI core. Because the excitation lifetime is obviously shorter than 
the molecule movement resonant time scale, it is suffi cient to consider 
only the fi rst excitation states (S1). Thus, electrons transfer from phenyl 
rings to PDI cores upon excitation, creating one single large dipole on  1  
but two opposite small dipoles on  2 . 

 A “dynamic exciton charge model” to elucidate the excitation-induced 
instantaneous intermolecular excitonic electrostatic interactions was 
developed to reveal possible motions of molecules relative to their 
original  π – π  stacking structures. For simplicity, the excitonic charge state 
was represented by placing a positive and negative point charge at the 
center of phenyl ring and PDI core, respectively. On  1 , the two charges 
are equal; on  2 , the positive charge is half of the negative one. Then, the 
electrostatic potential energy is minimized by scanning on a number of 
crystalline patterns to account for possible molecular motions. A system 
size from 5 × 3 × 3 up to 50 × 30 × 30 molecules is used, which all give 
similar results.  

  Supporting Information 
 Supporting Information is available from the Wiley Online Library or 
from the author.  
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