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Abstract   Two-dimensional  covalent  organic  frameworks  (COFs)  with  specific  morphologies  including  nanofibers  and  nanoplates  are  highly
desired  in  both  nanoscience  research  and  practical  applications.  Thus  far,  however,  morphology  engineering  for  COFs  remains  challenging
because the mechanism underlying the morphology formation and evolution of COFs is not well understood. Herein, we propose a strategy of
surfactant  mediation  coupled  with  acid  adjustment  to  engineer  the  morphology  of  a β-ketoenamine-linked  COF,  TpPa,  during  solvothermal
synthesis. The surfactants function as stabilizers that can encapsulate monomers and prepolymers to create micelles, enabling the formation of
fiber-like and plate-like morphologies of TpPa rather than irregularly shaped aggregates. It is also found that acetic acid is important in regulating
such morphologies, as the amino groups inside the prepolymers can be precisely protonated by acid adjustment, leading to an inhibited ripening
process for the creation of specific morphologies. Benefitting from the synergistic enhancement of surfactant mediation and acid adjustment,
TpPa nanofibers with a diameter down to ~20 nm along with a length of up to a few microns and TpPa nanoplates with a thickness of ~18 nm are
created.  Our  work sheds light  on the mechanism underlying the morphology formation and evolution of  TpPa,  providing some guidance for
exquisite control over the growth of COFs, which is of great significance for their practical applications.
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INTRODUCTION

Two-dimensional  (2D)  covalent  organic  frameworks  (COFs),  an
eminent  representative  of  crystalline  and  porous  materials,
featuring  shape-persistent  nanoporosities,  large  surface  are-
as,  entirely  organic  backbones,  and  readily  customized
functionalities,  are  finding  enormous  applications  in  energy
harvesting, environmental remediation, industrial  catalysis,  and
chemical  separation.[1−5] COFs  are  created  following  the
principle of reticular chemistry, in which topologically structured
building  blocks  are  covalently  bonded,  yielding  extended
structures  with  strict  periodicity  and  long-range  regularity.[6−8]

Solvothermal  synthesis  is  widely  recognized  as  a  general
synthetic  protocol  for  producing  COFs.[9−11] The  reaction  is
typically  conducted  in  sealed  vessels  that  provide  desired
atmospheres  for  reaction  reversibility,  which  is  beneficial  for
crystallization and enables creating COFs with high crystallinity,
large  surface  area  and  well-defined  porosity.[12−14] During  the
solvothermal  procedure,  a  large  number  of  crystal  nuclei  are
rapidly generated once the building blocks (starting monomers)

contact  and  mix  with  each  other  due  to  their  inherently  fast
reaction  kinetics.  Thus,  massive  crystal  nuclei  would  continue
to  grow  in  an  anisotropic  fashion,  ultimately  ripening  into
polycrystalline  architectures  with  irregular  shapes  and  mor-
phologies.[15,16] For  practical  applications,  however,  COFs  with
specific  morphologies  such  as  fibers,  plates  and  spheres  are
being  increasingly  sought  because  well-defined  microstructu-
res  would  endow  COFs  with  unique  functionalities  more
suitable  for  structure-performance  enhancement  in  various
applications.[17−22] To  this  end,  several  efforts  have  suggested
that  by  leveraging  the  behaviors  in  either  thermodynamics  or
kinetics during the nucleation-growth of COFs, the morphology
of  COFs  would  be  significantly  influenced.[12,21,23] Considering
that the thermodynamics and kinetics can be regulated by the
synthesis parameters during the solvothermal reaction, specific
morphologies  can  be  generated  by  rationally  optimizing  the
type,  dosage and ratio of  solvents,  catalysts  and additives.[15,16]

For instance,  a  fiber-like morphology was effectively created in
the  presence  of  excess  polar  solvents  including  water  and
alcohols,  which  is  thought  to  be  driven  by  the  dissolution-
recrystallization  process.[24−26] However,  it  remains  a  great
challenge  to  regulate  the  morphology  of  COFs  along  the  sol-
vothermal  route in  a  controllable  manner,  and the mechanism
underlying  the  formation  and  evolution  of  the  specific  mor-
phologies is far from fully understood.
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Surfactants  have  shown  great  potential  in  regulating  the
morphologies  of  various  nanomaterials  including  silica,[27,28]

metal-organic frameworks (MOFs),[29,30] and COFs.[31,32] By vir-
tue  of  their  amphiphilic  molecular  structure,  surfactants  are
prone  to  form  micelles  in  aqueous  solution  with  buried  hy-
drophobic  chains  and  exposed  hydrophilic  chains.[32−34]

Therefore, surfactants can be regarded as mediators that not
only function as soft templates to form specific morphologies
but  also  serve  as  stabilizers  to  relieve  the  agglomeration  of
nanomaterials.  Very  recently,  Puigmartí-Luis  and  coworkers
reported an innovative  strategy  by  using a  surfactant  pair  (a
mixture  of  both  cationic  and  anionic  surfactants)  to  prepare
sub-20-nm-sized colloidal  COFs in  water.[35] The cationic  sur-
factant,  hexadecyltrimethylammonium  bromide  (CTAB),  and
the anionic surfactant, sodium dodecyl sulfate (SDS), co-form
a  micellar  medium  that  provides  exquisite  control  over  the
growth of COF crystallites. Therefore, we envision such a sur-
factant  pair  functioning as  a  viable mediator  that  could con-
trollably regulate the morphology of COFs.

Inspired by this method, herein, we proposed a strategy of
surfactant mediation coupled with acid adjustment to engin-
eer  the  morphology  formation  and  evolution  of  a β-ketoe-
namine-linked  COF,  TpPa,  during  solvothermal  synthesis
(Scheme  1).  The  surfactant  pair  composed  of  CTAB  and  SDS
were  employed  to  generate  micelles  for  encapsulating
monomers and prepolymers, enabling the formation of COFs
with  fiber/plate-like  morphologies.  It  is  obviously  different
from  the  previous  report  of  surfactant  assisted  synthesis  of
sub-20-nm-sized COF particles.[35] We also found that adjust-
ing  the  amount  of  acetic  acid  to  endow  the  amino  groups
with  precise  protonation is  of  vital  importance  in  the  forma-

tion  and  evolution  of  nanofibers  and  nanoplates.  This  work
systematically  studied  the  formation  and  evolution  of
fiber/plate-like  morphologies  by  leveraging  surfactant  medi-
ation  and  acetic  acid  adjustment  under  solvothermal  condi-
tions,  providing  some  guidance  on  precise  control  over  the
growth of COFs.

EXPERIMENTAL

Materials
1,3,5-Triformylphloroglucinol  (Tp,  95%)  was  supplied  by  Jilin
Chinese Academy of  Sciences-Yanshen Technology Co.,  Ltd. p-
Phenylenediamine (Pa, 97%), CTAB (99%), SDS (98.5%), and 1,4-
dioxane  (99%)  were  purchased  from  Shanghai  Aladdin
Biochemical Technology Co., Ltd. Acetic acid (99.5%), ammonia
water  (25%~28%) and ethanol  were obtained from Sinopharm
Chemical Reagent Co., Ltd. All chemicals were used as received
unless  otherwise  indicated.  Silicon  wafers  and  poly(ether
sulfone)  (PES,  mean  pore  size,  0.22  μm)  macroporous
membranes  were  used  as  the  substrate  for  the  microscopy
imaging  of  COFs.  Deionized  water  (conductivity  ˂10  μS·cm−1)
was used in all experiments.

Synthesis of TpPa
To prepare the Tp solution, Tp (0.1 mmol) was first dispersed in
250  μL  of  1,4-dioxane  and  then  added  to  45  mL  of  CTAB  (0.1
mol/L) aqueous solution followed by ultrasonic treatment. Next,
3.4 mL of SDS (0.1 mol/L) aqueous solution was added. The Pa
solution was prepared by the same procedure as that for the Tp
solution. The two precursor solutions were mixed together and
charged into thick-walled glass tubes, after which acetic acid in
various amounts (0.01, 0.1, 1, 3, 5, 10 mL) was added. The tube

 
Scheme 1    Schematic presentation of the preparation of TpPa with different morphologies.
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was frozen in  liquid  nitrogen,  subjected to  three freeze-pump-
thaw  cycles,  and  then  sealed  under  vacuum.  The  sealed  tube
was placed in a thermostated water bath at 30 °C for 72 h. After
the reaction,  the acidic mixtures were neutralized by ammonia
water  at  an  amount  equal  to  that  of  acetic  acid.  Then,  the
mixtures  were  demulsified  by  100  mL  of  ethanol,  yielding
reddish-brown  precipitates.  The  precipitates  were  further
filtered,  washed  with  excess  ethanol  and  water,  and  vacuum-
dried at 70 °C for 24 h.

Characterizations
The  chemical  compositions  of  the  COFs  were  analyzed  by
Fourier  transform  infrared  (FTIR)  spectroscopy  (Nicolet  8700,
Thermo  Fisher  Scientific).  Morphological  images  of  the  COFs
were  captured  on  a  field-emission  scanning  electron  micros-
copy (SEM) system (S-4800, Hitachi) operating at 3.0 kV. Prior to
imaging, samples were coated with an ultrathin layer of gold on
an  MC1000  ion-sputtering  apparatus.  X-ray  diffraction  (XRD)
patterns  of  the  COFs  were  collected  on  a  Smart  Lab  X-ray
diffractometer (Rigaku Corporation) at 2θ of 2°−30° with a step
of  0.02(°)·s−1.  High-resolution transmission electron microscopy
(HRTEM)  images  were  obtained  on  a  JEM-2100  microscope
(JEOL)  operating  at  200  kV.  Samples  were  prepared  by  drop-
casting  COF  dispersions  on  copper  grids  followed  by  solvent
evaporation.  Atomic  force  microscopy  (AFM)  images  were
collected  on  an  XE-100  imaging  system  (Park  Systems).  The
scanning  rate  was  0.5  Hz.  Nitrogen  adsorption-desorption
isotherms  of  COFs  were  collected  on  a  surface  area  and
porosimetry  system  (ASAP2460,  Micromeritics).  Brunauer-
Emmett-Teller  (BET)  analyses  were  adopted  to  determine  the
surface  areas.  The  pore  width  distributions  were  obtained  by
nonlocal  density  functional  theory  (NLDFT).  The  pH  value  of
aqueous samples was adjusted according to a pH meter (FE28,
Mettler Toledo).

RESULTS AND DISCUSSION

In this work, a β-ketoenamine-linked COF, TpPa, was selected as
the  paradigm  for  the  investigation  of  morphology  formation
and  evolution,  owing  to  its  excellent  thermal/chemical
stabilities,  which  hold  great  promise  in  various  practical
applications.[36−39] We  noticed  that  the  presence  of  surfactants
and  acetic  acid  significantly  influenced  the  formation  of  the
specific  morphology  of  TpPa  in  the  solvothermal  synthesis.
Thus,  surfactants  and  acetic  acid  were  adopted  as  the  main
synthesis  parameters  to  investigate  the  effects  of  such
parameters  on  the  morphology  formation  and  evolution.  The
solvothermal  synthesis  was  conducted  in  aqueous  solutions
with a small amount of 1,4-dioxane working as the cosolvent to
dissolve the monomers. In the absence of surfactants and acetic
acid,  TpPa  was  obtained  as  large  aggregates  composed  of
irregularly  shaped  fibers  fused  together  (Fig.  1a).  When  acetic
acid  (5  mL)  was  introduced  into  the  synthesis  system,  well-
defined  fibers  along  with  particles  were  formed  (Fig.  1b).
However, TpPa was still  obtained as large aggregates. With the
surfactant  pair  containing  SDS  (anionic  surfactant)  and  CTAB
(cationic  surfactant)  individually  added  into  the  synthesis
system,  interestingly,  the  fiber-like  structures  disappeared,  and
small  particles  emerged (Fig.  1c).  In  this  case,  large aggregates
were not formed, mainly because the surfactants could function
as stabilizers to provide excellent dispersion for TpPa.

To  verify  the  roles  of  surfactants  and  acetic  acid  in  the
formation  of  specific  morphologies,  these  reagents  were
simultaneously  introduced  into  the  synthesis  system.  When
the  surfactants  and  acetic  acid  were  both  added,  TpPa  with
specific  morphologies,  that  is,  nanofibers  and  nanoplates,
was  formed  (Figs.  2a−2f).  Thus,  this  result  indicates  that  the
presence  of  both  surfactants  and  acetic  acid  significantly  in-
fluences the morphology formation of TpPa.

We  further  investigated  the  effects  of  acetic  acid  on  the

a
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Fig.  1    SEM images  of  TpPa synthesized under  different  conditions:  (a)  without  surfactants  and acetic  acid,  (b)  with  acetic  acid  only,
(c) with surfactants only.

 
Fig. 2    Effects of acetic acid on morphology formation and evolution under the mediation of surfactants. SEM images of TpPa formed
with different amounts of  acetic acid:  (a)  0.01 mL,  (b)  0.1 mL,  (c)  1 mL,  (d)  3 mL,  (e)  5 mL,  and (f)  10 mL.  (g)  The pH values of  aqueous
solutions corresponding to different amounts of acetic acid.
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morphology  evolution  under  the  mediation  of  surfactants.
The pH values of aqueous solutions were measured as 4.0, 3.4,
2.5, 2.1, 1.9 and 1.8, corresponding to acetic acid amounts of
0.01, 0.1, 1, 3, 5 and 10 mL, respectively (Fig. 2g). When the pH
values  of  the  aqueous  solutions  decreased  from  4.0  to  2.5,
TpPa exhibited a  plate-like  morphology with a  planar  size  of
up to a few microns (Figs. 2a−2c). As the pH value decreased
to  2.1,  the  plate-like  structures  coupled  with  the  fiber-like
morphologies  were  formed  (Fig.  2d).  As  the  pH  values  con-
tinuously decreased to 1.9 and 1.8, the plate-like morphology
disappeared, while a fiber-like morphology appeared (Figs. 2e
and 2f). Therefore, the above results clearly indicated that the
addition  of  acetic  acid  into  the  synthesis  system  together
with  mediation  by  the  surfactants  effectively  created  TpPa
with  plate-like  and  fiber-like  morphologies.  Alternatively,
plate-like and fiber-like morphologies could be precisely and
continuously  tuned  by  adjusting  the  pH  values  (by  acetic
acid) during surfactant-mediated synthesis.

Aspects  of  the microstructures  including the porosity  pro-
perties,  crystalline characteristics  and height  profiles  of  TpPa
nanofibers  and  nanoplates  were  further  characterized.  TpPa
nanoplates  (in  ~85%  yield)  and  nanofibers  (in  ~78%  yield)
formed at  pH values  of  2.5  and 1.8,  respectively,  were  adop-
ted  in  these  investigations.  The  nitrogen  adsorption-desorp-
tion isotherms of TpPa nanofibers and nanoplates are shown
in Fig.  3(a),  and  both  exhibited  the  typical  Type-I  isotherm
curve with fast adsorption kinetics at low relative pressure, in-
dicative of microporous characteristics. The BET surface areas
of the TpPa nanofibers and nanoplates were calculated to be
322.1 and 72.8 m2·g−1,  respectively. In addition, based on the
NLDFT model, the pore widths of TpPa nanofibers and nano-
plates  were  calculated  to  be  1.42  and  1.34  nm,  respectively.
Notably,  the  surface  area  of  TpPa  nanoplates  is  lower  than
that  of  TpPa  nanofibers,  suggesting  the  relatively  low  nano-
porosity of  TpPa nanoplates.  The reason is  probably that the
nanopores of TpPa nanoplates could be partially blocked dur-
ing  the  synthesis,  which  will  be  discussed  later.  The  crystal-
line  characteristics  of  TpPa  nanofibers  and  nanoplates  were

analyzed  by  HRTEM  imaging.  The  HRTEM,  fast  Fourier  trans-
form (FFT) and inverse fast Fourier transform (IFFT) images of
TpPa  nanoplates  and  nanofibers  are  shown  in Figs.  3(c)  and
3(d),  respectively.  The  clearly  observed  lattice  fringes  con-
firmed that  both TpPa nanofibers  and nanoplates  were crys-
talline.  Besides,  XRD  patterns  of  TpPa  nanofibers  and  nano-
particles exhibit distinct peaks at ~4.7°, corresponding to the
(100)  crystallographic plane (Fig.  S1 in the electronic  supple-
mentary  information,  ESI).  Broad  peaks  also  emerge  at  ~27°,
which corresponds to the (001) plane. This provides evidence
for  the  synthesis  of  TpPa  nanofibers  and  nanoparticles  with
periodic  structures.  Moreover,  the  height  profiles  of  TpPa
nanofibers  and  nanoplates  were  measured  by  AFM  (Figs.  3e
and  3f).  The  thickness  of  the  TpPa  nanoplates  was  ~18  nm,
while  the  diameter  of  the  TpPa nanofibers  was  ~20 nm.  The
TpPa  nanoplates  were  observed  to  be  relatively  thick,  while
the TpPa nanofibers had a high length-diameter ratio. In addi-
tion,  the  chemical  compositions  of  the  nanoplates  and  nan-
ofibers were characterized. FTIR spectra confirmed the forma-
tion of a β-ketoenamine linkage, as the characteristic bands of
C＝C  and  C―N  bonds  at  1580  and  1256  cm−1 appeared,  re-
spectively  (Fig.  S2  in  ESI).  These  typical  peaks  matched  well
with  those  of  TpPa  reported  in  previous  work,[36,40] eviden-
cing the successful synthesis of TpPa.

To gain insight into the evolution mechanism of TpPa nano-
fibers and nanoplates, a time-dependent SEM imaging meth-
od was adopted to probe the nucleation-growth process. The
pH  values  for  the  synthesis  of  TpPa  nanoplates  and  nan-
ofibers were 2.5 and 1.8, respectively. We first checked the ap-
pearance of the reaction solutions at reaction durations of 0,
0.5, 1 and 72 h. As the reaction proceeded to 72 h, the colors
of both types of reaction solutions gradually darkened, imply-
ing continuous reactions (Fig. S3 in ESI). To perform SEM ima-
ging, the reaction solutions formed from various reaction dur-
ations  were  then  subjected  to  vacuum  filtration  using  PES
macroporous substrates, causing TpPa to deposit on their flat
surfaces.  For  the  TpPa  nanofibers,  when  monomer  solutions
began  to  contact,  a  large  number  of  short  fibers  featuring  a
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Fig. 3    Characterizations of TpPa nanoplates and nanofibers. Nitrogen adsorption-desorption isotherms (a) and pore width distributions
(b)  of  TpPa  nanoplates  and  nanofibers;  (c)  HRTEM  image  of  TpPa  nanoplate  with  FFT  (top-right)  and  IFFT  images  (bottom-right);  (d)
HRTEM image of TpPa nanofiber with FFT (top-right) and IFFT images (bottom-right); (e) AFM image of TpPa nanoplates (inset shows the
corresponding height profile); (f) AFM image of TpPa nanofibers (inset shows corresponding height profiles).
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low  length-diameter  ratio  were  rapidly  formed  (Fig.  4a).  As
the synthesis duration increased to 0.5 and 1 h, the length of
the fibers became longer (Figs. 4b and 4c). Finally, as the syn-
thesis  duration  was  prolonged  to  72  h,  distinct  long  fibers
with a high length-diameter ratio were formed, which is con-
sistent with the morphology observed by SEM and AFM ana-
lysis  (Fig.  4d).  For  the  TpPa  nanoplates,  small  plates  along
with short fibers appeared once the monomer solutions were
mixed  together  (Fig.  4e).  When  the  synthesis  duration
reached 0.5 h, except for the small plates (not shown herein),
massive  short  fibers  were  formed  (Fig.  4f).  As  the  synthesis
duration  proceeded  to  1  h,  remarkably,  plate-like  structures
with  a  large  number  of  fibers  fused  together  emerged  (Fig.
4g).  Ultimately,  when  the  synthesis  duration  was  prolonged
to 72 h, a plate with a planar size of up to a few microns was
formed (Fig.  4h).  The  above results  demonstrated a  continu-
ous and dynamic morphology evolution process of TpPa nano-
fibers and nanoplates.

Overall, on the basis of the aforementioned results, we un-
derstand  the  morphology  formation  and  evolution  of  TpPa
nanofibers and nanoplates in the presence of acetic acid un-
der the mediation of these surfactants. For morphology form-
ation, surfactants play two important roles in the synthesis of
TpPa.[32,34] The first role is to act as a dispersion stabilizer. The
hydrophobic  chains  of  the  surfactants  were  enriched  on  the
surface of the monomer and the prepolymers, driven by non-
covalent  interactions.  However,  the  hydrophilic  chains  were
aligned  outside  the  monomer  and  the  prepolymers  toward
the aqueous solutions, preventing them from agglomeration.
The  other  role  is  to  slow  down  the  growth  kinetics  of  TpPa
nuclei  on  the  spatial-temporal  scale  compared  to  the  case
without  surfactants.  The  surfactants  enabled  micellar  encap-
sulation  of  monomers  and  prepolymers  to  slow  the  growth
kinetics instead of direct and fast amine-aldehyde condensa-
tion,  capable  of  controlling  the  growth  of  TpPa.  Therefore,
when the surfactants were absent, the monomers would rap-
idly react with each other and further polymerize into a large
number  of  small  crystal  nuclei,  thus  ripening  into  large  ag-
gregates.  When  surfactants  were  added,  these  molecules
wrapped  monomers  and  prepolymers  to  form  dispersed  mi-
celles, slowing the reaction kinetics. In addition, acetic acid is
indispensable  in  providing  specific  morphologies  because  it
also  functions  as  a  catalyst  for  the  synthesis  of  COFs.[11] The

catalyst  facilitated  the  formation  of  highly  crystalline  COFs
rather  than  amorphous  forms.[41,42] Thus,  ultimately,  when
surfactants  and  acetic  acid  were  added  to  the  reaction  sys-
tem simultaneously, TpPa with fiber-like or plate-like morpho-
logies could be effectively prepared (Fig. 5).

Regarding the morphology evolution, under the mediation
of surfactants, the amount of acetic acid was adjusted to vary
the pH value of  the reaction solutions,  enabling precise con-
trol over the protonation of amine monomers. Protonation of
amine  monomers  would  reduce  their  reactivity  with  alde-
hyde  monomers,  because  the  protonated  amino  groups  of
the amine monomers are not capable of effective nucleophil-
ic  attack  to  the  carbonyl  groups  of  aldehyde  monomers.[43]

Hence, the morphology evolution behaviors of TpPa can be well
regulated.  Because  the  formation  of  TpPa  followed  a  nucle-
ation-growth  process,  monomers  with  high  reactivity  would
be rapidly converted into prepolymers (that is, oligomers and
crystal  nuclei)  so  that  they  could  be  further  ripened  into
highly  crystalline  TpPa  according  to  dynamic  chemistry.[44,45]

When  the  pH  value  was  1.8,  pronounced  protonation  of
amino groups inside prepolymers occurred, resulting in a sig-
nificantly  inhibited  prepolymer  ripening  process.  Under  the
influence  of  the  encapsulation  of  surfactants  and  retarded
ripening  process,  the  prepolymers  were  prone  to  grow  into
nanofibers  along  one  dimension  rather  than  the  entire  two-
dimensional plane (Fig. 6).  Because the growth was confined
in  one  dimension,  consequently,  as  the  synthesis  duration
was extended to 72 h, the short fibers evolved into long fibers
which was driven by the noncovalent forces among the COF
interlayers.[46] This  can  be  proven by  time-dependent  SEM
imaging  analysis.  In  contrast,  when  the  pH  value  was  2.5,
amino  groups  inside  the  prepolymers  exhibited  moderate
protonation. The ripening process was not largely inhibited as
earlier,  and  in-plane  growth  (that  is,  along  the  two-dimen-
sional  plane)  occurred  with  the  assistance  of  surfactants.
Thus,  initially,  alongside the short fibers,  small  plates reason-
ably emerged, as demonstrated previously. Moreover, moder-
ate  protonation  favored  the  assembly  and  fusion  of  short
fibers  in  two  dimensions  instead  of  propagating  in  one  di-
mension, eventually giving rise to the formation of plates (Fig.
6).  This  result  can  account  for  the  relatively  low  BET  surface
area of TpPa nanoplates. The main reason is that the morpho-
logy  evolution  inevitably  influenced  the  BET  surface  area.  In

 
Fig. 4    SEM images of TpPa nanofibers and nanoplates formed at different synthesis durations. TpPa nanofibers formed at 0 h (a), 0.5 h (b), 1
h (c), and 72 h (d). TpPa nanoplates formed at 0 h (e), 0.5 h (f), 1 h (g), and 72 h (h). Insets are schematic diagrams of the corresponding TpPa
morphologies.
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particular,  the  nanofibers  were  assembled  along  the  one  di-
mension,  while  the  nanoplates  were  produced  by  assem-
bling and fusing of  the nanofibers along the two dimension.
Therefore,  the  nanopores  could  be  partially  blocked  by  the
assembly  and  fusion  of  nanofibers,  compromising  the  nano-
porosity  of  nanoplates  to  some  extent.  Overall,  the  morpho-
logy formation and evolution of TpPa can be described as the
synergistic  enhancement  of  surfactant  mediation  and  acid
adjustment.  In  addition,  TpPa  nanofibers  possess  high  crys-
tallinity  and  a  large  surface  area,  making  them  very  prom-
ising in the fabrication of high-performance separation mem-
branes, which will be presented in future work.

CONCLUSIONS

In  summary,  we  have  developed  a  strategy  of  surfactant
mediation  coupled  with  acid  adjustment  to  controllably
engineer  the  morphology  formation  and  evolution  of  TpPa.
The  surfactants  can  encapsulate  the  monomers  and  prepoly-
mers  to  form  micelles,  thus  creating  well-defined  nanostruc-
tures with either nanofibers or nanoplates. Moreover, acetic acid
played  an  important  role  in  the  formation  and  evolution  of
nanofibers  and  nanoplates,  as  the  amino  groups  inside  the
prepolymers can be protonated precisely, enabling control over
the  reaction  process  by  slowing  their  ripening  processes.
Therefore, nanofibers and nanoplates can be effectively formed

and  continuously  evolved  by  the  synergistic  enhancement  of
surfactant  mediation  and  acid  adjustment.  TpPa  nanofibers
exhibited a high length-diameter ratio with a diameter down to
~20  nm  and  a  length  of  up  to  a  few  microns.  However,  TpPa
nanoplates  possessed  a  thickness  of  ~18  nm.  This  work
elucidated  the  mechanism  underlying  the  morphology
formation and evolution of TpPa, which is expected to pave the
way  to  precisely  control  the  growth  of  COFs  and  may  find
significant applications in diverse fields.
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