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Light-induced enhancement of exciton transport
in organic molecular crystal
Xiao-Ze Li1†, Shuting Dai2†, Hong-Hua Fang1*, Yiwen Ren3, Yong Yuan1,
Jiawen Liu2, Chenchen Zhang2, Pu Wang4,5, Fangxu Yang3,
Wenjing Tian2, Bin Xu2* and Hong-Bo Sun1*

Efficient exciton transport over long distances is crucial for organic optoelectronics. Despite efforts to improve the trans-
port properties of organic semiconductors, the limited exciton diffusion remains a significant obstacle for light-harvesting
applications. In this study, we observe phenomena where exciton transport is significantly enhanced by light irradiation in
the  organic  molecular  crystal  of  2,2'-(2,5-bis(2,2-diphenylvinyl)-1,4-phenylene)  dinaphthalene  (BDVPN).  The  exciton
transport  in  this  material  is  improved,  as  evidenced  by  the  increased  diffusion  coefficient  from  10−3 cm2·s−1 to  over  1
cm2·s−1 and a prolonged diffusion length from less than 50 nm to nearly 700 nm characterized by time-resolved photolu-
minescence microscopy (TPLM). Additionally, we confirmed the enhancement of charge transport capability under irradi-
ation as additional evidence of improved transport properties of the material. These intriguing phenomena may be asso-
ciated with the material’s twisted molecular conformation and rotatable single bonds, which facilitate light-induced struc-
tural  alterations  conducive  to  efficient  transport  properties.  Our  work  provides  a  novel  insight  into  developing  organic
semiconductors with efficient exciton transport.

Keywords: organic  semiconductor; enhanced  transport  properties; exciton  diffusion; time-resolved  photoluminescence
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Introduction
Exciton transport in organic semiconductors is critical as
it  is  the  essential  process  for  the  operation  of  organic
light-harvesting devices, such as solar cells and photode-
tectors1,2.  Only  when  photogenerated  excitons  reach  the
charge separation interface can the energy carried by the

excitons  be  utilized.  However,  the  transport  of  excitons
in  organic  semiconductors  is  often  hindered  by  various
factors,  including  strong  exciton-phonon  couplings,
strong  electron-hole  Coulomb  interactions,  and  weak
van der Waals interactions among molecules. These fac-
tors  cause  the  localization  of  exciton  wavefunctions  in 
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organic  semiconductors3,4.  As a  result,  exciton transport
is generally achieved through inefficient incoherent hop-
ping  via  Förster  resonance  energy  transfer.  Organic
semiconductors' corresponding  diffusion  coefficients
and diffusion lengths  are  typically  limited  to  below 10−2

cm2/s  and  50  nm,  respectively5−11.  These  limitations  in-
herently cap the performance of organic photovoltaic de-
vices,  which  often  require  nanoscale  bulk  heterojunc-
tions —where  donors  and  acceptors  are  intricately
mixed—to ensure that excitons need only traverse short
distances  to  the  charge  separation  interfaces.  Unfortu-
nately,  this  compromise  exacts  a  toll  on  the  devices'
charge  collection,  stability,  and  reproducibility.  There-
fore, the quest for organic semiconductors that facilitate
efficient  exciton  transport  is  urgent  for  developing  the
next  generation  of  high-performance  organic  photo-
voltaic devices.

The  key  to  unlocking  the  full  potential  of  organic
semiconductor  devices  lies  in  enhancing  their  transport
properties.  Over  the  past  few  decades,  substantial  re-
search  has  been  dedicated  to  this  end,  and  recent  years
have witnessed several promising breakthroughs. For in-
stance, coupling excitons to photons allows for the prop-
agation of excitation energy in the form of polaritons at
speeds approaching light12−14.  However, this typically re-
quires  sophisticated  structural  design,  and  polaritons
flow is also beyond the scope of exciton transport. Simi-
larly,  isolated  self-assembled  nanostructures  have
demonstrated  remarkable  efficiency  in  exciton
transport15−19,  with  reports  of  diffusion  lengths  reaching
4.4  μm in  nanofibers15,  and diffusion coefficient  as  high
as 6.4±0.2 cm2·s−1 in nanotubes18. Despite these advance-
ments, the utility of these nanostructures in practical de-
vices  remains  limited.  Additionally,  the  reported  high
diffusion coefficients are often measured during the ini-
tial,  ultrafast  phase  of  exciton  dynamics  (within  15  pi-
coseconds),  which  may  not  accurately  reflect  the  true
transport  capabilities  of  excitons  over  their  entire  life-
time. While the exploitation of triplet excitons with their
longer  lifetimes  has  been  reported  to  enhance  diffusion
lengths  to  the  micron scale  or  beyond20−22,  the  diffusion
coefficient  of  triplet  excitons  is  not  significantly  im-
proved  compared  to  singlet  excitons.  Thus,  there  is  a
critical  need  for  organic  semiconductors  that  can  effi-
ciently transport singlet excitons throughout their entire
lifetime to be suitable for device applications.

Here,  we  have  synthesized  a  molecular  crystal  featur-
ing  a  twisted  molecular  structure.  Through  a  post-pro-

cessing step involving light irradiation, we have achieved
a  spectacular  enhancement  in  the  diffusion  coefficient,
elevating  it  by  three  orders  of  magnitude  to  a  value  of
1.45±0.19  cm2·s−1.  This  value  is  comparable  to  those  in
some inorganic semiconductors that exhibit efficient ex-
citon transport, such as perovskite crystals and 2D mate-
rials  (see Table  S3)23−25.  Concurrently,  the  diffusion
length has been increased from less than 32 nm to 672 ±
44 nm. We have systematically excluded the influence of
water and oxygen on exciton transport during the irradi-
ation  process,  attributing  the  marked  improvement  in
transport  properties  to  the  structural  modifications  in-
duced within the crystal lattice. Furthermore, we demon-
strate enhanced charge transport upon irradiation, as ev-
idenced  by  increased  dark  current  from  being  unde-
tectable  to  exceeding the sensitivity  limit  by an order  of
magnitude.  These  observations  indicate  a  comprehen-
sive  enhancement  in  the  material’s  transport  properties.
Finally, we discuss possible underlying mechanisms. The
rotatable  and  twisted  molecular  structure  lays  the
groundwork for structural changes upon irradiation. The
formation of C–H···π and H···H interactions between in-
termolecular  functional  groups  is  instrumental  in  pre-
serving the crystal's long-range order and reducing struc-
tural  disorder.  Consequently,  the  exciton behavior  tran-
sitions  from  incoherent  hopping  to  a  more  delocalized
transport  mechanism,  conducive  to  improved  perfor-
mance  in  semiconductor  devices.  This  work  provides  a
novel  perspective  on  preparing  organic  semiconductors
with efficient transport properties, opening new avenues
for  their  application  in  next-generation  high-perfor-
mance  devices  such  as  flexible  organic  photovoltaics,
highly  sensitive  photodetectors,  efficient  organic  light-
emitting diodes (OLEDs), and advanced organic field-ef-
fect  transistors  (OFETs)26−30.  These  developments  hold
promise  for  transforming  key  areas  including  wearable
electronics, energy harvesting systems, and environmen-
tally sustainable technologies. 

Method
 

Crystal growth method
1 mg BDVPN was added to a 20 mL glass bottle and dis-
solved  in  dichloromethane,  followed  by  a  slow  addition
of  petroleum  ether  along  the  inner  surface  of  the  bottle
(dichloromethane/petroleum  ether: V/V=1/2).  The  en-
tire system was placed in a stable location at room tem-
perature,  shielded  from  direct  light.  After  the  slow
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evaporation progress, needle-like crystals exhibiting cyan
emission  were  selected  for  subsequent  analysis  and
characterization. 

Transient photoluminescence-microscopy (TPLM)
The  exciton  diffusion  was  characterized  by  the  home-
built TPLM. It is similar to a PL confocal microscope but
with  some  modifications.  A  405  nm  femtosecond  pulse
laser generated through the second harmonic generation
of an 810 nm femtosecond laser (MaiTai)  with a repeti-
tion rate of 80 MHz was focused onto the surface of the
sample  using  an  objective  lens  (Olympus,  100X,  Apo,
0.95  numerical  aperture),  generating  a  Gaussian-distri-
bution  spot  close  to  the  diffraction  limit.  Unless  other-
wise stated, all measurements were done with a low aver-
age incident power of ~5 nW. Then the PL from the pho-
toexcitation  densities  was  collected  by  the  same  objec-
tive.  The  resulting  collimated  beam  passes  through  a
notch  filter  (405  nm,  Edmund)  to  remove  the  reflected
and scattered excitation light. Then the PL beam was fo-
cused to  an image plane by an achromatic  lens  (f =  200
mm, Thorlabs), resulting in a total magnification of 111.
A single-photon detecting  avalanche  photodiode  (APD)
(MPD PDM Series 20 μm) that is attached to the timing
electronics (PicoQuant PicoHarp 300) was mounted on a
two-axis motor stage (Thorlabs) at the image plane. The
time evolution of the PL map was then recorded by scan-
ning the time-resolved APD. 

Spectrally resolved PL
The  measurement  is  based  on  the  same  excitation  light
path of the home-built TPLM. The PL signal was led out
of  the  TPLM  system,  and  the  spectra  were  recorded  by
Andor Kymera 193i. 

Time-resolved PL decay
The  measurement  of  time-resolved  PL  decay  was  based
on  the  same  excitation  light  path  of  the  home-built
TPLM, but  the PL signal  was collected by leading it  out
of  the  TPLM  system  and  sending  it  to  another  APD
(MPD  PDM  Series  20  μm)  that  is  also  attached  to  the
timing  electronics  (PicoQuant  PicoHarp  300).  The  dif-
ference with the APD used in TPLM is that the PL signal
is focused within the APD photosensitive area through a
lens with a short focal length. This configuration enables
the  APD  to  capture  the  complete  PL  signals  accurately,
thereby preventing errors in PL lifetime characterization. 

UV-vis measurements
A Shimadzu UV-2700 spectrophotometer was employed
to  measure  the  UV-vis  absorption  spectra.  The  sample
for  the  measurement  was  prepared  by  gently  grinding
BDVPN  crystals  into  microcrystals  and  smearing  them
onto the quartz slice. 

Electrical measurement
Au  with  a  thickness  of  120  nm  was  deposited  by  vapor
deposition on top of SiO2/Si that had been pre-modified
with  octadecyltrichlorosilane  (OTS).  Subsequently,  the
Au  was  mechanically  transferred  to  the  sample  using  a
probe and adhered to the sample.  The dark current was
measured using a Keithley 4200 SCS in an ambient envi-
ronment and at room temperature. 

Results and discussion
Needle-like  crystals  with  cyan  emission  (Fig. 1(b))  were
obtained via  the slow evaporation of  BDVPN molecules
(Fig. 1(a))  in  a  mixed  solvent  comprising
dichloromethane  and  petroleum  ether  (V/V=1:2).  The
molecular  structure  and  packing  mode  (Fig. 1(c))  were
characterized  by  single-crystal  X-ray  diffraction
(SCXRD)  measurements  (see  Section  5,  Supplementary
information). The BDVPN crystals exhibit a broad pho-
toluminescence (PL) spectrum with a peak wavelength at
484 nm and a  full  width  at  half  maximum of  78  nm,  as
depicted  in Fig. 1(d).  Additionally,  as  illustrated  in Fig.
1(e),  the  PL  transient  measurement  reveals  a  single-ex-
ponential  decay  with  a  lifetime  of  1.9  ns,  indicative  of
highly  efficient  radiative  recombination  of  singlet  exci-
tons.  Unless  otherwise  specified,  all  PL  signals  were  de-
tected  under  low-power  excitation  (5  nW)  to  avoid  po-
tential  high-order  recombination  processes  that  might
occur  under  high-power  excitation.  Notably,  the  crystal
edges  exhibit  intense  emission  under  UV  illumination
(Fig. 1(b)), a characteristic indicative of a significant op-
tical  waveguiding  effect.  This  suggests  that  the  crystal
features  a  well-suited  geometric  waveguide  structure,
highly  ordered  molecular  alignment,  and  low  optical
loss. These characteristics provide an ideal optical cavity
for applications such as low-threshold amplified sponta-
neous emission31,32.

Exciton  diffusion  was  characterized  using  Time-re-
solved PL Microscopy (TPLM), a powerful tool that has
been  extensively  employed  in  a  variety  of  semiconduc-
tors  exhibiting  strong  PL  emission,  including  molecular
crystals20,  perovskites33−35,  and  2D  materials36−38.  In  our
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experiment,  a  405  nm fs  laser  (5  nW) was  focused on a
spot close to the diffraction limit at the surface of a BD-
VPN  crystal,  and  the  photogenerated  excitons  recom-
bined  radiatively  while  diffusing  outward  from  the  ini-
tial  position. A single-photon detector avalanche photo-
diode (APD) that was connected to the Time-Correlated
Single  Photon  Counting  (TCSPC)  module  was  posi-
tioned at the confocal image plane (Fig. 2(a)).  Using the
scanning APD (Fig. 2(b)), the exciton transport is visual-
ized by tracking its spatially and time-resolved PL emis-
sion  because  PL  intensity  is  proportional  to  the  exciton
density at low excitation. The measurement result of the
intrinsic BDVPN crystal is presented in the left panel of
Fig. 2(c),  where  the  PL  intensity  is  normalized  at  each
time slice to display the diffusion process. The negligible
broadening  of  PL  width  indicates  limited  exciton  diffu-
sion,  a  common  trait  in  organic  crystals.  Subsequently,
the sample was taken out from TPLM and underwent ex-
posure to a collimated strip-shaped 405 nm continuous-
wave (CW) laser (4 W·cm−2) for some time (middle pan-
el of Fig. 2(c)). Surprisingly, after undergoing irradiation
treatment for about 45 minutes, the enhancement in ex-

citon  diffusion  is  visible,  as  evidenced  by  the  gradual
broadening of the PL width in the right panel of Fig. 2(c).

To quantify relevant diffusion parameters, MSD mod-
el was applied39: 

MSD = σ2
int (t)− σ2int (0) = 2Dt+MSDoffset ,

where σint(t)  represents  the  width  of  Gaussian  exciton
distribution, MSD is mean-squared displacement, which
grows linearly over time. The diffusion coefficient (D) is
proportional to the slope, while MSDoffset is a constant to
accommodate  the  fitting  error. Figure 2(d) displays  the
temporal  evolution  of  MSD  before  and  after  irradiation
treatment. Before irradiation treatment, a diffusion coef-
ficient  of  0.0030±0.0036  cm2·s−1 was  produced,  which
signified  the  intrinsically  weak  exciton  diffusion  coeffi-
cient  of  the  BDVPN  crystal.  As  the  error  interval  is
smaller  than  the  value,  the  actual  diffusion  coefficient
should be less than the error interval, i.e., 0.0036 cm2·s−1,
due to the limitations of the testing precision. Following
a  10  minute  irradiation  treatment,  the  diffusion  coeffi-
cient  increased  to  0.036±0.006  cm2·s−1 and  subsequently
rose to 0.18±0.02 cm2·s−1 after 45 minutes. As a result, the
diffusion coefficient increased significantly by two orders
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of magnitude,  surpassing 0.1 cm2·s−1 within one hour of
irradiation. Notably, when employing TPLM for exciton
diffusion  testing,  we  avoided  the  potential  effects  of  fs
laser irradiation at  a fixed position by programmatically
scanning the piezoelectric displacement stage. Addition-
ally, the time range of the MSD used to extract diffusion
coefficients  is  2  ns,  covering  the  entire  duration  of  the
exciton's lifetime. Therefore, the diffusion coefficient ob-
tained  reflects  the  exciton's  transport  capacity  through-
out  its  lifetime,  not  solely  during  the  ultrafast  initial
stages.

At  this  point,  the  question  arises:  why  is  the  exciton
diffusion greatly enhanced? One plausible explanation is
the  involvement  of  oxygen and water,  as  previous  stud-
ies  have  suggested  that  light  can  facilitate  the  entry  of
water and oxygen into materials,  leading to the produc-
tion  of  reactive  species40−42.  These  species  can  alter  the
semiconductor's  molecular motif  or electronic state,  po-
tentially  changing  exciton  transport  properties.  To  ex-
clude the impact of water and oxygen on the exciton dif-

fusion  under  irradiation,  we  performed  the  irradiation
treatment  in  air  (Sample  S1)  and  nitrogen  environment
(Sample S1-1), respectively. Sample S1-1 was obtained by
cutting  sample  S1  to  minimize  potential  discrepancies.
Figure 2(e) illustrates the diffusion coefficient as a func-
tion of irradiation time, for one is in ambient air and the
other is in the nitrogen cabinet. The diffusion coefficient
increases  with  irradiation  time,  with  similar  trends  and
values,  suggesting  that  water  and  oxygen  in  the  air  did
not play a role in enhancing exciton diffusion. Addition-
ally, we conducted a control experiment in a vacuum en-
vironment,  further  confirming  that  the  observed  en-
hancement of exciton transport under light irradiation is
independent  of  environmental  factors  (see  Section  8,
Supplementary information).

To  further  investigate  the  extent  of  light-induced  en-
hancement of exciton diffusion and its underlying mech-
anism. We extended the duration of irradiation in the ni-
trogen cabinet and periodically measured the exciton dif-
fusion  parameters  and  PL  characteristics.  Throughout
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more  than  100  hours  of  irradiation,  a  continuous  en-
hancement in the exciton diffusion was noted (Fig. 3(a)).
The enhancement of the exciton diffusion coefficient can
be categorized into two stages. In the first stage, the dif-
fusion  coefficient  increased  from  ~10−3 cm2·s−1 to  ~0.1
cm2·s−1 within  the  first  hour,  corresponding  to  the  red
dotted line  in Fig. 2(e).  This  was  a  rapid  process  during
which  the  diffusion  coefficient  increased  efficiently.  In
the second stage, the diffusion coefficient increased grad-
ually  in  the  next  hundred  hours,  finally  exceeding  1
cm2·s−1.  This process entailed a prolonged duration dur-
ing which the diffusion coefficient gradually reached sat-
uration.  Similar  results  were  verified  on  other  samples
(see  Section  2,  Supplementary  information),  and  pro-
longed  irradiation  didn't  lead  to  a  further  increase  but
decreased diffusion coefficient due to degradation due to
excessive  irradiation  (Fig.  S2).  Additionally,  we  show
that the irradiation conditions that enhance exciton dif-
fusion  are  not  limited  to  CW  laser;  the  irradiation  of
pulsed  femtosecond  laser  and  incoherent  LED  also  in-
creases the diffusion coefficient of  BDVPN crystals,  and

the  efficiency  depends  on the  amount  of  irradiation ab-
sorbed  by  the  crystal  (see  Section  3,  Supplementary  in-
formation). Simultaneously, we demonstrate that in tests
utilizing TPLM, low-power (5  nW) femtosecond excita-
tion  laser  irradiation  does  not  impact  the  exciton  diffu-
sion  properties  of  the  crystal  (Fig.  S3(b)),  particularly
when  employing  a  method  of  scanning  displacement
stage. So, the validity of the data results is ensured. In in-
vestigating  the  stability  of  the  diffusion-enhanced  state,
we  found  that  enhanced  exciton  diffusion  represents  a
relatively stable state, with a diffusion coefficient exceed-
ing 0.1 cm2·s−1 being sustained for at least several months
(see Section 4, Supplementary information).

LD =
√
2Dτ

To  analyze  irradiation-induced  changes  in  PL  emis-
sion properties, we performed measurements of PL tran-
sient and spectra. The exciton lifetime, as determined by
PL  transients  (see Fig.  S11 for  original  data),  exhibits  a
slight  decrease  as  the  irradiation  time  increases  (blue
dotted line in Fig. 3(c)). The diffusion lengths, calculated
using  the  formula ,  increase  significantly
from around 30 nm to approaching 700 nm (red dotted
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line in Fig. 3(c)), surpassing most reported results for or-
ganic semiconductors (see Table S3)5,43,44. Meanwhile, we
analyzed the PL spectra over tens of hours of irradiation,
observing  a  consistent  red  shift  throughout  the  process
(Fig. 3(d)).  Hence,  within  a  nitrogen  cabinet  that  is
shielded  from  moisture  and  oxygen,  the  red  shift  in  PL
spectrum and the reduction in exciton lifetime due to ir-
radiation  indicate  alterations  in  the  crystal's  structure,
which  fundamentally  transformed  the  exciton  transport
properties  of  the  crystal.  Furthermore,  the  structural
changes  were  confirmed  through  powder  X-ray  diffrac-
tion (PXRD) analyses of BDVPN microcrystals under ir-
radiation (see Section 7, Supplementary information).

We are  now exploring  not  only  exciton  diffusion  but
also  charge  transport,  recognizing  that  these  processes
are  characterized  by  different  mechanisms.  Exciton
transport  can be influenced by long-range dipole-dipole
interactions  between  molecules,  whereas  charge  trans-
port  predominantly  relies  on  nearest-neighbor  interac-
tions  tied  to  wavefunction  overlap45.  Despite  these  dis-
tinctions, both types of transport are crucial properties of
materials  and  share  similarities,  such  as  being  signifi-
cantly  impeded  by  disorder  and  enhanced  by  electronic
coupling.

Given  the  BDVPN  crystal's  inherently  low  charge
transport  capabilities,  directly  characterizing  its  charge
mobility  through  methods  like  Field  effect  transistor
(FET)  devices  or  space-charge-limited  currents  (SCLC)
was  challenging.  To  circumvent  this,  we  characterized
the changes in the dark current to assess the impact of ir-
radiation  on  charge  transport.  The  lateral-electrode  de-
vice  is  shown  in Fig. 4(a).  A  405  nm  CW  laser  with  a
maximum power output  of  60  mW·cm−2 was  utilized in
this  experiment. Figure 4(b) illustrates  that,  in  the  ab-
sence  of  irradiation,  the  dark  current  of  the  BDVPN
crystal  remained  as  low  as  10−14 A,  a  value  that  scraped
the  lower  limit  of  our  detection  equipment's  sensitivity,
indicative of highly inefficient charge transport. Howev-
er, the current is increased after subjecting the sample to
irradiation  for  approximately  2  hours.  The  experiment
was conducted by irradiating the sample and then moni-
toring  its  dark  current  over  time.  The  dark  current  in-
creased  to  around  10−13 A  after  the  irradiation.  We  also
observed  similar  results  in  another  device,  and  the  im-
proved  charge  transport  properties  persisted  even  after
the  device  was  kept  in  a  dark  and  dry  container  for  18
hours  (see  Section  6,  Supplementary  information).  Al-
though  BDVPN  crystal  did  not  exhibit  efficient  charge

transport  capabilities  or  endowment  for  application  in
electronics,  the  increased  dark  current  did  signify  the
holistic  effect  of  irradiation  on  the  material's  transport
properties,  showcasing  enhancements  in  both  exciton
diffusion  and  charge  transport.  These  results  highlight
the  potential  benefits  of  irradiation  in  improving  the
transport performance of BDVPN crystal.
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Since the properties of materials are always closely re-

lated to their structures, the enhancement of exciton dif-
fusion combined with the changes in PL spectra and life-
time indicates changes in the crystal structures that facil-
itate  improved  exciton  transport.  To  delineate  the  pre-
cise  structural  alterations  that  contributed  to  the  ob-
served results,  we  tried  to  characterize  the  crystal  struc-
ture  after  the  post-irradiation  treatment.  However,  the
uneven  distribution  of  absorbed  irradiation  throughout
the  crystal,  which  leads  to  differences  in  properties  and
crystal  structures,  presented  challenges  for  the  single
crystal  diffraction  test.  Consequently,  we  resorted  to  a
qualitative analysis based on the structure of the pristine
crystal.

On the one hand, the molecular structure is  suscepti-
ble  to  alteration.  This  is  illustrated  with  Interaction  re-
gion indicator (IRI) analysis, with the sign(λ2)ρ function
represented  on  IRI  isosurfaces  through  color  mapping,
clearly  illustrating  the  nature  of  the  interaction  regions.
Figure 5(a) shows the standard coloring method and the
corresponding  explanation  of  sign(λ2)ρ on  IRI  isosur-
faces. The sign(λ2) denotes the sign of the second largest
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eigenvalue  of  Hessian  of ρ,  which  distinguishes  attrac-
tive and repulsive interactions. The regions with ρ>0 and
thus  large  magnitude  of  sign(λ2)ρ imply  a  relatively
strong  interaction,  while  areas  with ρ≈0  suggest  very
weak  interatomic  van  der  Waals  interaction46,47.  There-
fore, the BDVPN crystal features van der Waals interac-
tions  (represented  by  green  isosurfaces)  between  adja-
cent molecules, alongside strong repulsions (represented
by red isosurfaces) between the hydrogen atoms on vinyl
and naphthalene. This steric hindrance induces the but-
terfly wings and naphthalene to deviate from the central
benzene,  facilitated by the rotatable  single  bonds,  there-
by  creating  a  highly  twisted  molecular  structure  (Fig.
S5(a)). This rotatable and twisted molecular architecture
lays  the  groundwork  for  structural  modifications  under
irradiation.

On  the  other  hand,  specific  molecular  interaction  is
conducive  to  the  maintenance  of  packing  order.  As
shown in Fig. 5(b), despite adjacent molecules exhibiting

a considerable intermolecular distance (the centroid dis-
tance between adjacent molecules' central  benzene rings
is 5.321 Å (1 Å = 0.1 nm), and the interface distance be-
tween  central  benzene  rings  is  4.698  Å,  exceeding  the
typically defined π-π interaction distance48), the intrinsic
crystals without irradiation treatment exhibit weak near-
est-neighbor  interactions  that  hinder  efficient  exciton
and charge transport.  However,  the presence of  C–H···π
interactions  (2.950  Å)  between  adjacent  naphthalene
rings and H···H interactions (2.331 Å) between the ben-
zene  rings  of  neighboring  butterfly  wings  promotes  the
establishment  of  a  long-range  ordered  packing  mode.
This can also be intuitively visualized through Hirshfeld
surface analysis47. As shown in Fig. 5(c), the red spots in-
dicate  the  presence  of  short  contacts  of  C···H,  while  the
white and blue regions represent the contacts close to van
der Waals separation49. Notably, the minimal proportion
of  C···C  contacts  (0.6%)  suggests  a  lack  of  π-π  interac-
tions  between  molecules.  In  contrast,  the  predominant
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contributions  of  C···H  (40.3%)  and  H···H  (59.1%)  con-
tacts emphasize the roles of the C–H···π interactions and
H···H  interactions  as  the  main  driving  forces  in  the
molecular  arrangement.  Therefore,  the  crystal  long-
range  order  and  low  structure  disorder  are  likely  main-
tained  throughout  the  process  of  irradiation-induced
structural  changes,  which  bias  the  crystal  towards  more
efficient  exciton transport.  Nevertheless,  further  investi-
gation  is  necessary  to  elucidate  the  precise  structure  af-
ter  irradiation  treatment  and  its  correlation  with  the
crystal’s transport properties.

Regarding  the  mechanism  of  exciton  diffusion  in  or-
ganic semiconductors, certain efficient exciton transport
phenomena cannot be adequately explained by incoher-
ent  exciton  hopping  alone.  Materials  with  lower  disor-
der,  reduced  reorganization  energy,  and  enhanced  elec-
tronic coupling have facilitated higher degrees of exciton
delocalization.  These  optimizations  promote  the  transi-
tion  of  exciton  transport  from  incoherent  hopping  to-
wards a more coherent phase, giving rise to an interme-
diate  regime  in  exciton  transport  between  full  localiza-
tion and full delocalization stages45. Furthermore, coher-
ent  transport  phenomena have  been observed at  certain
low  temperatures  or  within  some  natural  light-harvest-
ing complexes50−52. In the case of our BDVPN crystal, the
diffusion  coefficients  as  low  as  10−3 cm2·s−1 in  intrinsic
samples  without  irradiation  are  characteristics  of  inco-
herent  hopping,  characterized  by  weak  interaction  and
strong localization of excitons5. The dramatic increase to
approximately  1  cm2·s−1 following  irradiation  signals  a
departure  from  the  constraints  of  incoherent  hopping,
suggesting  that  exciton  transport  has  entered  a  new
regime15.  Delocalization  due  to  possibly  increased  elec-
tronic  coupling,  reduced  reorganization  energy,  and  a
decrease  in  structural  disorder  within  the  crystal  lattice
must have played a significant role in the enhanced exci-
ton transport process3,15. 

Conclusions
In  summary,  we  have  discovered  an  intriguing  phe-
nomenon  of  irradiation-induced  enhancement  in  exci-
ton  transport.  This  enhancement  elevated  the  intrinsic
exciton  diffusion  coefficient  from  10−3 cm2·s−1 to  1
cm2·s−1, and diffusion length from less than 32 nm to ap-
proaching 700 nm. We have ruled out the effects of oxy-
gen and water on the enhanced exciton transport, and we
speculate that the structural alterations of the crystal are
responsible  for  the  improved  exciton  diffusion.  More-

over,  we  show evidence  that  irradiation not  only  boosts
exciton  diffusion  capability  but  also  enhances  charge
transport characteristics.  The crystal's  twisted and rotat-
able  molecular  structure  appears  to  be  intricately  linked
to structural changes induced by irradiation, with the in-
termolecular  interaction,  such  as  C–H···π  interactions
and H···H interactions, playing a pivotal role in preserv-
ing the  packing order  in  the  process  of  structural  varia-
tion. This altered, ordered crystal structure is speculated
to  enhance  the  exciton  delocalization,  thereby  orches-
trating a significant shift from localized hopping to more
efficient  delocalized motion.  Future  inquiries  are  antici-
pated to thoroughly explore and characterize the post-ir-
radiation structures, aiming to establish a direct correla-
tion between these modifications and the material's aug-
mented transport properties. Our research shines a spot-
light  on  a  fascinating  phenomenon:  the  irradiation-in-
duced  enhancement  of  exciton  diffusion  within  an  or-
ganic  molecular  crystal  (BDVPN),  offering  a  promising
route  to  overcome  the  historical  challenge  of  inefficient
exciton transport.
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