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Improved Charge Transport of Crystalline Conjugated Polymer Blended with Insulating Polymer
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Herein, we have studied hole transport properties in a crystalline conjugated polymer blended with an insulating polymer by
measuring macroscopic and local current density—voltage (J-V) characteristics. =~ More specifically, we employed a
benzodithiophene-based crystalline conjugated polymer (PBDB-T), and insulating polystyrenes with low and high weight-average
molecular weights (PS-L and PS-H). With decreasing PBDB-T weight fractions, hole mobility was slightly improved for
PBDB-T/PS-L and more clearly increased for PBDB-T/PS-H blend films. Absorption spectra of these films show that PBDB-T is
more molecularly ordered in the order of PBDB-T solution, in PBDB-T neat, PBDB-T/PS-H blend, and highest in PBDB-T/PS-L
blend films. In addition, two-dimensional grazing incidence X-ray diffraction (2D-GIXD) patterns of them show that PBDB-T is
more crystallized in the order of in PBDB-T neat, PBDB-T/PS-H blend, and in PBDB-T/PS-L blend films. Thus, these findings
suggest that highest hole mobility is not simply due to highest crystallinity of PBDB-T. We further studied local conductivity of
these films by using conductive atomic force microscopy (C-AFM). As a result, we found that hole conductivity is modestly
improved homogeneously in PBDB-T/PS-L films while it is significantly increased locally at phase-separated PBDB-T rich domains

in PBDB-T/PS-H films. We therefore conclude that hole mobility would be enhanced in phase-separated PBDB-T rich domains
where PBDB-T crystallites are concentrated and hence connected together by tie chains.
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Figure 1. Chemical structures of materials employed in
this study: a) PBDB-T and b) PS.
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Table 1. Molecular weights of polymers employed.

Mw Mn Mw/Mn
PBDB-T 80,000 57,000 1.4
PS-L 3,610 3,470 1.04
PS-H 131,000 127,000 1.03
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Figure 2. a) J-V characteristics of a hole-only device
based on PBDB-T neat film. Broken and solid lines
represent fitting lines by using equations 1 and 2,
respectively. b) Hole mobility in PBDB-T/PS blend films
plotted against the weight fraction of PS in the blend: blue

squares and red circles represent the mobility in
PBDB-T/PS-L and PBDB-T/PS-H blend films, respectively.
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Figure 3. Absorption spectra of PBDB-T in chlorobenzene
(gray line), PBDB-T neat (black line), PBDB-T/PS-H (red
line), and PBDB-T/PS-L (blue line) blend films.
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Figure 4. 2D-GIXD patterns of a) PBDD-T neat, b) PBDB-T/PS-L blend, and c¢) PBDB-T/PS-H blend films.
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Table 1. Coherence length of PBDB-T crystallites in films.

Coherence length Lc / nm

Lamella (100) n-stack (010)
PBDB-T 4.33 1.98
PBDB-T/PS-L 133 2.81
PBDB-T/PS-H 7.21 1.91
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Figure 5. AFM images of PBDB-T/PS-L films with different PS fractions: a) and e) 0 wt%, b) and f) 20 wt%, c) and g) 50 wt%,
and d) and h)80 wt%. Upper and bottom images are height and hole current images, respectively.
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Figure 6. AFM images of PBDB-T/PS-H films with different PS fractions: a) and e) 0 wt%, b) and f) 20 wt%, c) and g) 50 wt%,
and d) and h)80 wt%. Upper and bottom images are height and hole current images, respectively.
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Figure 7. Schematic illustration of hole transport in a) PBDB-T neat, b) PBDB-T/PS-L blend, and ¢) PBDB-T/PS-H blend films.



FEERMEAERICECAMIETLTWS, Zoffn
%, PBDB-T/PS-L7 L > N E FIFRIC, K2blZRd v/ =
R ERBEFFEOM N & —E L T\ 5, PSHLERAI80 wt% D
T Ly RIIZB W CERMENMZIEE 7 &2 o7z DiL, Mk
B J7 [A1\ZPBDD-T & PS-HAMFH 3 B L 7272 912, PBDB-TD
EIREER S el Thdr B LND, v v D
7 AN BPS D43 T A K & WA I IR 0 B & A3
HEL, BEHT R —0O/NE @S T DR IR
5 Z L CTHBEETMOMSHESEEERT B2 6N
%9,
DUEOKEEE LD DH L, PBDB-T=— b K,
PBDB-T/PS-L7 L-> N, PBDB-T/PS-H7' L > REIZE 1T
5 BAFEEMEOBE T, K7I2RT XL D 72, PBDB-TOMEH
b7 5 TR EEREE OB DICER L TW5 R s
%, PBDB-T=— M TiZ, PBDB-TO#EMEDME < 4756
TR 2458 LTV B 7o Bk i EIc Ik
N AL CAEESND Z L1/ B, PBDB-T/PS-L7 L
RIEClix, PBDB-TOREMMEN R b EV S D DELAKICH
— IO T A AR T ITHNL THEEL TR,
PBDB-T=— ME[EERICERERELFEICIERD FA A A
HWENDZ D, ZHIZH LT, PBDB-T/PS-H7 L v
K& Cix, PBDB-TOREMMEIF=— FEL Y T&E<
PBDB-T/PS-L7 L > RIEL D KL FRRETH L H DD,
FIBEIZ X WPBDB-TY v F R A A NTHE ST N M S
TWA T DEFEI 2308 L Ctie chainlZ X 0 fiEh s 7=
DEMBIENRDRIATONE EEZXHNDT,

EXl2)

ROV CFFT xR ERICE T DR O %
53 FPBDB-TIZ DWW CIE LIS R 2 RFt LTz, = R
. PBDB-T=— MEL Y bifiixKTHHPSEDT L K
B W TRBEENR L35 Z EBnahote, K T8ED
PS-LEV L @S TEOPS-HE~ t U v 7 ACHWEHE
12, KVBEICELBBERM T2 2 B30tz W
I AR L7 & N 2D-GIXDHIE DfE BT, 85 F &
DPS-LE DT L RFEIZ IV TPBDB-TORE RN K b &
<L RNTEDTEOPS-HE D7 L FiE, PBDB-T=—
FEDNEIZAER IR T LTWD 2 &3 hotz, T72b
%, PBDB-T D IE L& K7 1ZPBDB-T O fif i it Tl i ¢
R, £ T, FEROFRFTEMEERE AR D720
C-AFMll E #fT o 72 & Z A, PBDB-T=— KK &
PBDB-T/PS-L7 L v RETCIZH— e TH D Z &
2> HPBDB-TORE S T- M LI REETH 728, Bl
B FICIEMRICERE SN TS EB 2 b5, Zhicxkt
L., PBDB-T/PS-H7 L' > RIETI{E~A 7/ 12 A— ML A
— VOV EAEIEN SR DS E TR L, B RAA VR
PBDB-TV v FHZEHK L TWABZ LR hoiz, ZD

PBDB-T YV v FHIZ W CESLREHEN B ICm E LT
W5 Z &5, PBDB-T/PS-H7 L > RIETIIPBDB-TD
faMEIEPBDB-T/PS-L7 L > R @< X220 b 0D
PBDB-TV v FHIZ TRME SN D728, &fbdh T2
% Z & Ttie chainlZ X W FEOO L AlREMER B E V. EfL
ERHEN B L SR SN D, L3 o T, flsmi ek
BT L CIIMSEIC L VR T R2RMET 2 I
L0 EMEEEE AN LSBT LN TE S LS
Do

SE Xk

1) Kb, ARsSE, HAREHEDT IR 76 [R5
ETHEEE, 76, 1171 (2005).

2) H.D. Kim, R. Iriguchi, T. Fukuhara, H. Benten, H. Ohkita,
Chem. Asian J., 15, 796 (2020).

3) M. Pope, C. E. Swenberg Eds., Electronic Processes in
Organic Crystals and Polymers (Oxford University Press,
New York, 1999) 2nd ed., p. 381.

4) K. Midori, T. Fukuhara, Y. Tamai, H. D. Kim, H. Ohkita,
ChemPhysChem, 20, 2683 (2019).

5) 1 Osaka and K. Takimiya, Polymer, 59, A1 (2015).

6) A.C. Arias, N. Corcoran, M. Banach, R. H. Friend, J. D.
MacKenzie, W. T. S. Huck, App!l. Phys. Lett., 80, 1695
(2002).

7) K. Gu, C. R. Snyder, J. Onorato, C. K. Luscombe, A. W.
Bosse, Y.-L. Loo, ACS Macro Lett., 7, 1333 (2018).





