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Abstract   The  solubility  of  a  direct  arylation  polycondensation  (DArP)  synthesized  conjugated  polymer, i.e.,  poly(3,6-bis(furan-2-yl)-2,5-bis(4-

tetradecyloctadecyl)-pyrrolo[3,4-c]pyrrole-1,4(2H,5H)-dione-alt-1,2-bis(3,4-difluorothien-2-yl)ethene)  (PFuDPP-4FTVT),  in  various  organic

solvents was studied. The polymer is soluble in 3-methylcyclohexanone (3-MC), a green solvent from peppermint oil, besides other solvents such

as anisole, cyclopentyl methyl ether (CPME) and o-dichlorobenzene (o-DCB), etc. Based on the Hansen solubility parameters (HSP) analysis, 3-MC

is identified as a “marginal solvent” of PFuDPP-4FTVT. The morphology of the spin-coated films with 3-MC as the solvent strongly correlated with

the solution preparation conditions.  With  a  3-MC solution aged for  3  h  at  70  °C,  n-channel  organic  thin-film transistors  (OTFTs)  with  electron

mobility (μe) above 1 cm2·V−1·s−1 and current on/off ratio (Ion/Ioff) higher than 105 were fabricated by spin-coating. This is the first report on high

mobility conjugated polymers for OTFTs processible with naturally occurred green solvent.
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INTRODUCTION

Conjugated polymers (CPs) have received tremendous research
interest for their applications in optoelectronics such as organic
thin-film  transistors  (OTFTs),  organic  photovoltaics  (OPVs),  and
organic light-emitting diodes (OLEDs) due to their light weight,
mechanical  flexibility  and  large  area  solution  processibility.[1]

Donor-acceptor  (D-A)  CPs  are  one  class  of  the  most  important
high mobility CPs to date,  and the mobility of  OTFTs based on
D-A  CPs  has  exceeded  10  cm2·V−1·s−1.[2−4] Of  D-A  CPs  for  high
performance  OTFTs,  those  with  diketopyrrolopyrrole  (DPP)  as
electron-deficient or acceptor (A) unit are most studied in recent
years.[5−14] For  example,  Kim et  al.  synthesized  a  copolymer  of
DPP  and  (E)-1,2-di(selenophen-2-yl)ethene  (SVS),  which
exhibited a hole mobility up to 12.04 cm2·V−1·s−1 in spin-coated

OTFT  devices  from  chloroform.[9] Zhang et  al. introduced  urea
groups in the side chains of DPP-tetrathiophene copolymers to
enhance the packing order in films, and the resultant polymers
exhibited  field-effect  hole  mobility  up  to  13.1  cm2·V−1·s−1 with
chloroform as processing solvent.[10] Recently, we also reported
a  DPP-based  CP  named  as  TDPP-Se. Via optimizing  molecular
weight,  bar-coated  OTFTs  of  the  polymer  with o-
dichlorobenzene (o-DCB) as solvent showed a remarkably high
hole mobility of 13.8 cm2·V−1·s−1.[11]

However, most of the high mobility D-A CPs reported so far
possess  poor  solubility  in  non-chlorinated  solvents  due  to
strong  intermolecular  interaction,  and  thereby  their  OTFTs
have to be fabricated with halogenated solvents such as chlo-
roform, chlorobenzene and o-DCB.[9,11,14] It is well-known that
halogenated solvents are highly toxic and harmful to the en-
vironment.[15] Therefore, it is crucial to develop high mobility
CPs readily  soluble in environmentally  more benign solvents
to  meet  the  needs  of  future  applications.[16,17] Several
strategies  have  been  developed  to  enhance  the  solubility  of
DPP-based CPs in non-halogenated solvents, including lower-
ing  regioregularity,  increasing  side  chain  density,  using  long
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siloxane  side  chain  and  so  on.[18−25] As  a  result,  OTFTs  with
moderate to high mobility were fabricated with toluene, tet-
ralin, tetrahydrofuran (THF) and hexane.

According  to  CHEM21  and  Sanofi’s  solvent  selection
guides,  organic solvents are classified as three main categor-
ies:  hazardous  or  highly  hazardous,  problematic  and  recom-
mended.[26−28] Almost all  halogenated solvents are ranked as
hazardous or highly hazardous. Toluene and tetralin are non-
halogenated aromatic solvents that are considered to be en-
vironmentally  more  benign  than  halogenated  counterparts.
However,  according  to  aforementioned  solvent  selection
guides,  they  are  classified  as  problematic  and  hazardous,  re-
spectively.  THF  and  hexane  are  non-halogenated  and  non-
aromatic solvents. However, they are still not the recommen-
ded  solvents.  Especially,  hexane  is  ranked  as  a  hazardous
solvent due to its  high volatility  and toxicity.[29] Recently,  we
and others found that D-A CPs comprising furan-flanked DPP
moieties  showed  good  solubility  in  some  non-chlorinated
solvents  such  as  toluene, o-xylene  and  anisole.[23,30−33] We
also  fabricated  OTFTs  with  mobility  >1  cm2·V−1·s−1 by  using
anisole as the processing solvent, a recommended solvent ac-
cording  to  the  solvent  selection  guides.[23,33] However,  an-
isole is still an aromatic solvent which may take a risk because
benzene  is  a  very  toxic  chemical  during  metabolism  in  hu-
man body.[34,35]

As a non-halogenated and non-aromatic solvent, 3-methyl-
cyclohexanone  (3-MC)  is  ranked  as  a  recommended  solvent
according  to  solvent  selection  guides.[26−28] Furthermore,  3-
MC  is  a  natural  chemical  from  peppermint  oil  that  can  be
used  as  a  food  additive.[36,37] These  features  qualify  3-MC  a
real  green  solvent.  Recently,  Park et  al. fabricated  CP  charge
transport  layer  using  3-MC  as  the  solvent  for  high-perform-
ance perovskite solar cells.[38] However, high mobility CPs pro-
cessible  with  3-MC  is  not  reported  yet.  In  the  current  paper,
we select a direct arylation polycondensation (DArP) synthes-
ized CP based on furan-flanked DPP, i.e.,  poly(3,6-bis(furan-2-
yl)-2,5-bis(4-tetradecyloctadecyl)-pyrrolo[3,4-c]pyrrole-
1,4(2H,5H)-dione-alt-1,2-bis(3,4-difluorothien-2-yl)ethene)
(PFuDPP-4FTVT), reported previously by us,[33] and its solubil-
ity  in  various  organic  solvents  was  investigated.  We  found
that  the  polymer  present  moderate  solubility  in  3-MC.  With
this “marginal solvent”, n-channel OTFTs with electron mobil-
ity  (μe)  above  1  cm2·V−1·s−1 were  successfully  prepared  by
spin-coating via optimizing  solution  preparation  conditions.
To  the  best  of  our  knowledge,  this  is  the  first  report  on  CP-
based  high  mobility  OTFTs  processed  with  natural  green
solvent.

EXPERIMENTAL

Experimental  details  are  outlined  in  the  electronic
supplementary information (ESI).

RESULTS AND DISCUSSION

Solubility of the Polymer
The structure of PFuDPP-4FTVT is shown in Fig. 1. The polymer
was  synthesized via DArP  as  reported  previously.  Its  number-
average  molecular  weight  (Mn)  and  polydispersity  index  (Đ)  of
the polymer are 37.2 kDa and 2.1, respectively.[33]

The  solubility  of  the  polymer  in  different  organic  solvents
was investigated at 70 °C (Table S1 in ESI). Among twenty-five
solvents tested, eleven solvents could dissolve the polymer at
a  concentration  of  3  mg·mL−1.  Besides o-DCB, o-xylene  and
anisole reported previously, the polymer also shows good sol-
ubility  in  other  eight  solvents,  including  cyclopentyl  methyl
ether  (CPME),  toluene,  2-methyltetrahydrofuran,  chloroform,
chlorobenzene, 3-methylcyclohexanone (3-MC) and tetralin.

It  is  well  known  that  the  solvent  has  a  profound  effect  on
the film morphology and microstructures,  and thereby OTFT
device performance of CPs. Hansen solubility parameter (HSP)
is  a  tool  to  study  polymer-solvent  interaction  and  has  re-
cently  been  used  to  correlate  solvent,  film  morphology  and
device performance of various organic or polymeric semicon-
ductors.[39−44] Therefore,  HSPs  of  PFuDPP-4FTVT  were  deter-
mined  by  fitting  the  solubility  test  results  of  the  polymer  in
twenty-five solvents (Table S1 in ESI) with HSPiP software fol-
lowing reference method.[45] As shown in Fig. 2, the coordin-
ates of the center of the blue sphere correspond to the HSPs
of  PFuDPP-4FTVT  with δD=18.12  MPa0.5, δP=4.18  MPa0.5 and
δH=2.78 MPa0.5, respectively. Herein, δD, δP and δH denote the
dispersive  solubility  parameter,  the  polar  solubility  parame-
ter,  and the H-bonding solubility  parameter,  respectively.  All
“good  solvents”  are  inside  the  HSP  sphere  and  all  “bad
solvents”  are  outside  the  HSP  sphere.  The  radius  (R0)  of  the
blue sphere, equal to 4.20 MPa0.5, defines the solubility limita-
tion  of  PFuDPP-4FTVT.  The  HSP  distance  between  the  poly-
mer  and  the  solvent,  called Ra,  is  the  measure  of  how  alike
they are, and can be described as Eq. (1):

R2
a = 4(δD1 − δD2)2 + (δP1 − δP2)2 + (δH1 − δH2)2 (1)

In principle, the closer the coordinates of the solvent to the
sphere  center  are,  the  stronger  the  relative  affinity  between
the polymer and the solvent, and thereby higher solubility of
the polymer in that  solvent.  The ability  of  the solvent to dis-
solve the polymer can be quantified as relative energy differ-
ence (RED) between the polymer and the solvent, which is ex-
pressed by Eq. (2):

RED =
Ra

R0
(2)

According  to  the  RED  values  summarized  in  parentheses
on the right side in Fig. 2 and Table S1 in ESI, the twenty-five
solvents  can  be  classified  as  “good  solvent”  (with  RED  less
than 1), “marginal solvent” (RED close to 1) and “poor solvent”
(RED  larger  than  1).  Four  representative  solvents  3-MC,  an-
isole, o-DCB and cyclopentyl methyl ether (CPME) were selec-
ted to further study the solubility of  the polymer.  These four
solvents  can  be  classified  as  recommended  (3-MC  and  an-
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Fig. 1    Chemical  structures of PFuDPP-4FTVT and selected solvents
3-MC, anisole, o-DCB and CPME.

  Yan, D. S. et al. / Chinese J. Polym. Sci. 2023, 41, 824–831 825

 
https://doi.org/10.1007/s10118-023-2937-z

 

https://doi.org/10.1007/s10118-023-2937-z


isole),  problematic  (CPME)  and  hazardous  (o-DCB)  according
to solvent selection guides.[26] 3-MC and anisole, with RED val-
ues  close to  1,  are  two “marginal  solvents”,  while o-DCB and
CPME  are  two  good  solvents  with  RED  values  obviously  be-
low 1.  The solubility of  PFuDPP-4FTVT in the four solvents at
70 °C was measured as 17.9 mg·mL−1 for 3-MC, 12.0 mg·mL−1

for  anisole,  158.6  mg·mL−1 for o-DCB  and  49.7  mg·mL−1 for
CPME.  The  solubilities  of  the  polymer  in  two  “marginal
solvents”  are  much  lower  than  those  in  other  two  good
solvents, consistent with above HSP analysis. The solubility of
the  polymer  in o-DCB  is  much  larger  than  that  in  CPME,  al-
though the RED values of these two solvents are very close. It
is  suggested  that  the  contribution  of δD to  the  cohesion  en-
ergy  density  is  greater  than  that  of δP and δH.[40] This  incon-
sistence might be attributed to the closer δD values between
o-DCB and the polymer (19.2 MPa0.5 versus 18.12 MPa0.5).

The UV-Vis-NIR  absorption spectra  of  the  polymers  in  four
different  solvents, i.e.,  3-MC,  anisole, o-DCB  and  CMPE,  were
recorded. As shown in Fig. 3(a), the spectra in four solvents all
have a  similar  shape,  with  a  weak absorption band centered
at  ~450  nm  ascribed  to  the π-π* transition  and  a  strong  ab-
sorption  band  at  600−900  nm  originated  from  the  in-
tramolecular  charge  transfer  (ICT).  Absorption  maxima  were
at  798,  798,  795  and  789  nm  in  3-MC,  anisole, o-DCB  and
CMPE,  respectively.  Pronounced  vibronic  peaks  in  the  ICT
band  presents  along  with A0-0/A0-1 ratios  >1.5,  indicative  of
the  strong  aggregation  of  the  polymer  in  all  four
solvents.[46,47]

To  ascertain  the  strong  aggregation  of  PFuDPP-4FTVT  in
solution,  its  temperature-dependent  UV-Vis-NIR  absorption
spectra  in  above  four  solvents  were  recorded  with  the  tem-
perature no higher than 100 °C, the highest temperature used
for  OTFT fabrication.  As shown in Fig.  3(b)  and Fig.  S1 in ESI,
the  0-0  peak  was  obviously  blue-shifted  along  with  reduced
A0-0/A0-1 as  the  solution  temperature  was  enhanced,  indica-
ting partially disaggregation of the polymer chains.  The blue
shift  (>20  nm)  and  reduction  of  0-0  peak  in o-DCB  are  the

largest (Fig. 3c and Fig. S1 in ESI), implying the strongest dis-
aggregation of the polymer upon heating in this solvent. This
phenomenon  is  consistent  with  the  highest  solubility  of  the
polymer in o-DCB. The degree of disaggregation of the poly-
mer in CPME looks similar to that in 3-MC and anisole (Fig. 3c),
although the solubility of the polymer in CPME is much larger.
Note that CPME has the lowest boiling point (106 °C) among
all  four  solvents,  and the absorption spectrum at  100 °C was
not measured.

The absorption spectra upon cooling from high temperat-
ure (90 °C for CPME solution and 100 °C for other three solu-
tions)  were  also  measured  (Fig.  S2  in  ESI).  In  anisole, o-DCB
and  CPME,  the  spectra  at  same  temperature  in  heating  and
cooling  processes  were  almost  overlapped,  indicating  the
very  fast  re-organization  or  re-aggregation  of  the  polymer
chains upon cooling in these solvents. However, in 3-MC, the
spectra  in  cooling  process  always  showed  a  blue  shift  along
with  lower A0-0/A0-1 compared  to  the  spectra  measured  at
heating  course.  This  means  the  re-organization  of  the  poly-
mer chains in 3-MC was relatively slow upon cooling (Fig.  S1
in ESI).

OTFTs Performance
Top  gate/bottom  contact  (TGBC)  OTFTs  were  fabricated via
spin-coating with 3-MC as the solvent. The semiconductor layer
was  spin-coated  and  thermally  annealed  at  200  °C  for  10  min
prior  to  the  deposition  of  PMMA  dielectric  layer  and  gate
electrode.  An  ultra-thin  polyethylenimine  ethoxylated  (PEIE)
layer  was  inserted  between  the  gold  source/drain  electrodes
and  the  polymer  layer,  allowing  the  efficient  injection  of
electrons.[48] Device  fabrication  details  are  depicted  in  ESI.
Considering  the  slow  re-organization  of  the  polymer  in  3-MC,
the  polymer  solutions  were  aged  for  3  h  at  the  given
temperature prior to spin-coating. Three solution temperatures,
50,  70  and  100  °C,  respectively,  were  used  to  explore  the
influence  of  solution  temperature  on  device  performance.  All
the devices exhibited typical n-channel operation behaviour. As
shown  in Fig.  4,  with  the  devices  fabricated  at  the  solution
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Fig.  2    Hansen  solubility  parameters  of  PFuDPP-4FTVT.  Blue  sphere  centered  at  (18.12,  4.18,  2.78)  MPa0.5 with  radius R0=4.20  MPa0.5

represents  the  soluble  sphere  of  PFuDPP-4FTVT.  The  solvents  tested  are  listed  in  right  column,  in  which  the  numbers  in  parentheses
denote relative energy difference (RED) values.
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temperature of 70 °C as example, near-ideal transfer and output
curves  along  with  the  diminished  dependence  of μe on
threshold  voltage  (VT)  were  observed.  This  indicates  that  the
extracted  mobility  values  are  reliable.  The  performance  of  the
devices  fabricated  from  3-MC  was  obviously  influenced  by
solution temperature. As shown in Table 1, the devices show the
average  electron  mobility  in  saturation  regime  ( )  of  0.60,
1.08 and 0.76 cm2·V−1·s−1 with the solution temperatures of 50,
70 and 100 °C, respectively. The μe values extracted form linear
regime  were  very  close  to  those  extracted  form  saturation
regime,  consistent  with  high  mobility  reliability  factors.  Other
three  solvents  anisole, o-DCB  and  CPME  were  also  used  to
fabricate the devices for  comparison.  The 70 °C aged solutions
were  also  delivered  the  best  device  performance,  with 
values  of  1.49,  1.08  and  1.19  cm2·V−1·s−1 for  the  devices
processed with anisole, o-DCB and CPME, respectively (Fig. S3 in
ESI  and Table  1).  With  anisole  and o-DCB  as  the  solvents,  the
devices fabricated with 70 and 100 °C solutions all showed 
above 1 cm2·V−1·s−1. the device performance with CPME was not
very  sensitive  to  solution  temperature.  The  close  to  1
cm2·V−1·s−1 was also obtained with the solution temperature of
50 and 100 °C. Obviously, the OTFTs processed with 3-MC at 70

°C  had  comparable  performance  with  those  processed  with
other  three  solvents.  This  is  the  first  report  on  CP-based  high
mobility OTFTs processed with natural green solvent.
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The  influence  of  solution  aging  time  on  device  perform-
ance was also investigated at the solution temperature of 70
°C  (Table  S2  in  ESI).  The  performance  of  3-MC  processed
devices  is  noticeably  influenced by the aging time.  The 
values  were  0.65,  0.75,  1.08  and  0.52  cm2·V−1·s−1 for  the
devices with 0, 1, 3 and 6 h solution aging, respectively. Aging
is also important for anisole processed devices. Without solu-
tion  aging,  the  of  the  devices  processed  from  anisole

was 0.90 cm2·V−1·s−1,  lower than the  of the devices with
3 h aged solution. In contrast, the device mobility was weakly
dependent  on  aging  time  when  two  good  solvents  (o-DCB
and CPME) were used. Without aging, the devices also exhib-
ited the  of 1.11 and 0.92 cm2·V−1·s−1 for o-DCB and CPME,
respectively.

Film Morphology and Microstructures
To  understand  the  influence  of  the  solvent  and  solution
temperature on device performance,  the film morphology and
microstructures were studied by using atomic force microscopy
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Fig.  3    (a)  Solution  UV-Vis-NIR  absorption  spectra  of  PFuDPP-4FTVT  (1×10−5 mol·L−1)  in  four  different  solvents;  (b)  Temperature-
dependent  solution  UV-Vis-NIR  absorption  spectra  of  PFuDPP-4FTVT  (1×10–5 mol·L−1)  in  3-MC  upon  heating;  (c) A0-0/A0-1 at  different
temperatures in four different solvents.
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Fig. 4    (a) Typical transfer and (b) output characteristics and (c) saturation μe versus VG of the OTFT devices based on PFuDPP-4FTVT spin-coated
from 70 °C 3-MC solution with 3 h aging.
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(AFM) and grazing incidence X-ray diffraction (GIXRD).[49−51] For
all the thin films spin-coated with different solvents and solution
temperatures,  only  the  weak  (100)  diffraction  peaks  were
observed in the out-of-plane direction and no any signals were
detectible  in  the  in-plane  direction  (Fig.  S4  in  ESI).  In  addition,
paracrystalline  disorder  parameters  (g)[52] of  all  the  films  were
above  15%  (Table  S3  in  ESI).  All  these  indicate  that  PFuDPP-
4FTVT is a near amorphous polymer.[36] Then, we postulate that
the  device  performance  of  the  polymer  mainly  correlates  with
film morphology and delicate inter-chain packing that is unable
to detected so far. Fig. 5 shows the AFM topography images of
the polymer films spin-coated from 3 h aged solutions at 50, 70

and  100  °C.  For  the  films  processed  with  3-MC,  the  film
morphology was very sensitive to the solution temperature and
aging  time.  As  shown  in Figs.  5(a)−5(c),  the  film  from  the
solution  at  100  °C  was  uniform  as  indicated  by  small  root-
mean-square  (RMS)  roughness  (0.57  nm)  and  featured  short
and  finely  fragmented  fibrous  morphology.  With  decreasing
the  aging  temperature  from  70  °C  to  50  °C,  the  RMS
roughness  of  the  films  was  increased  from  1.04  nm  to  2.65
nm, respectively. For the film from the solution aged at 50 °C,
the isolated large size aggregates distributed through all  the
film,  which  is  detrimental  to  the  charge  transport  in  OTFTs.
Although some of large size aggregates presented in the film

Table 1    The performance data of spin-coated OTFT devices based on PFuDPP-4FTVT with different solvent and solution temperature. a

Solvent Temperature b
(°C)

μave
e,sat μmax

e,sat ( ) c

(cm2·V−1·s−1)

μave
e,lin μmax

e,lin ( ) d

(cm2·V−1·s−1)

VT e
(V)

Ion/Ioff 
f γsat (γlin) g

3-MC 50 0.76±0.08 (0.85) 0.73±0.10 (0.84) 9−11 105−106 75% (79%)
70 1.08±0.03 (1.11) 1.03±0.05 (1.09) 8−10 106−107 80% (79%)

100 0.60±0.01 (0.61) 0.60±0.02 (0.61) 10−12 106−107 78% (77%)
Anisole 50 0.64±0.21 (0.86) 0.63±0.22 (0.84) 14−17 106−107 68% (72%)

70 1.49±0.19 (1.72) 1.48±0.27 (1.65) 7−9 104−105 80% (79%)
100 1.23±0.07 (1.30) 1.20±0.07 (1.27) 10−12 104−105 72% (75%)

o-DCB 50 0.61±0.07 (0.68) 0.57±0.05 (0.62) 9−11 105−106 75% (70%)
70 1.08±0.12 (1.22) 1.02±0.02 (1.04) 8−10 105−106 71% (70%)

100 1.05±0.08 (1.12) 0.97±0.09 (1.03) 10−13 106−107 70% (71%)
CPME 50 0.94±0.02 (0.96) 0.91±0.03 (0.95) 6−8 105−106 76% (80%)

70 1.19±0.05 (1.25) 1.01±0.10 (1.09) 5−9 105−106 82% (84%)
100 0.95±0.11 (1.05) 0.88±0.11 (0.97) 6−8 106−107 82% (78%)

a All solutions were aged at given temperatures for 3 h prior to spin-coating; b Solution temperature; c Average and maximum (in parentheses) mobilities in
saturation regime; d Average and maximum (in parentheses) mobilities in linear regime; e Threshold voltage; f Current on/off ratio; g Mobility reliability factor.

10.0 nm

−10.0 nm

a

RMS=2.65 nm

3-MC 50 °C 20.0 nm
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Fig. 5    AFM topography images (2 μm × 2 μm) of PFuDPP-4FTVT films spin-coated with different solvents and solution temperatures. The films
were spin-coated from 3 mg·mL−1 solutions with 3 h aging. The substrates were at room temperature during spin-coating.
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from  the  solution  at  70  °C,  the  film  was  featured  as  a  more
continuous fiber-like network structure on the surface, which
is in favor to the efficient electron transport. This observation
is  consistent  with  above  discussed  device  performance.  The
correlation  between  film  morphology  and  device  mobility
was  also  observed  when  the  aging  time  at  70  °C  was  varied
from 0 h to 6 h. As shown in Fig. S5 (in ESI), the films from the
solution  without  aging  showed  similar  morphology  to  that
prepared from the 3 h aged solution at 100 °C. With 1 and 3 h
aging,  the  fibrous  structures  of  the  films  became  clearer.
Further  increasing  aging  time  to  6  h  led  to  more  rough  film
with large size aggregates, like that presented in the film from
3  h  aged  solution  at  50  °C.  This  evolution  of  the  film
morphology  is  also  consistent  with  the  device  mobility
variation trend as shown in Table S2 (in ESI). The dependence
of film morphology on above solution preparation condition
can be ascribed to the nature of  “marginal  solvent”  of  3-MC.
At 100 °C, polymer was well-dissolved. Uniform film featured
with small RMS was formed due to the slow re-aggregation or
re-organization  rate  of  the  polymer  chains  during  the  spin-
coating process.  At 50 °C,  the polymer chains might strongly
aggregate  in  solution,  leading  to  the  film  with  large  size
aggregates and then high surface roughness. At 70 °C, aging
is  necessary  for  the  formation  of  aggregates,  but  long-time
aging  (such  as  6  h)  causes  the  formation  of  very  large
aggregates.  The  appropriate  aggregation  degree  of  the
polymer in the 3 h aged solution at 70 °C led to the film with
appropriate morphology.

Unlike  the  films  spin-coated  from  3-MC,  the  films  pro-
cessed from anisole at three different temperatures exhibited
similar  morphology  with  featureless  inter-connected  large
domains, except for the very large RMS roughness of the film
prepared from the 50 °C solution (Figs.  5d−5f).  This may cor-
relate  with  the  fast  re-organization  of  polymer  chains  in  an-
isole upon cooling or solvent evaporation in spin-coating pro-
cess.  The  morphology  of  the  films  prepared  from  two  good
solvents o-DCB and CPME is insensitive to solution temperat-
ure.  All  the  films  were  very  uniform  with  finely  fragmented
fibers  and  small  RMS  roughness  regardless  of  solution  tem-
perature  and  aging  time.  The  poorly  inter-connected  fiber-
like  nanostructures  in  the  film  spin-coated  from  the o-DCB
solution  at  50  °C  were  observed,  consistent  with  the  lower
mobility of the devices fabricated at this temperature.

CONCLUSIONS

In  conclusion,  a  DArP  synthesized  CP,  PFuDPP-4FTVT,  is
soluble in a natural green solvent 3-MC, which is identified as
a  “marginal  solvent”  by  HSP  analysis.  In  addition,  the
reorganization  or  re-aggregation  of  the  polymer  is  relatively
slow  upon  cooling  in  this  solvent.  Thereby,  the  device
performance  strongly  correlates  with  solution  preparation
conditions,  including  solution  temperature  and  aging  time.
With the solution aged for 3 h at 70 °C, n-channel OTFTs with
electron  mobility  above  1  cm2·V−1·s−1 were  successfully
fabricated.  This  work  demonstrates  that  high  mobility  OTFTs
processed  with  non-aromatic  green  solvent  are  attainable via
appropriate  design  of  CPs  and  optimization  of  device
fabrication conditions.
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