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Abstract: The poly[(9,9-bis((6'-(N,N,N-trimethylammonium)hexyl)-2,7-fluorene)-alt-(9,9-bis(2-(2-(2-methoxyethoxy )ethoxy)
ethy1)-9-fluorene)) dibromide (WPF-6-oxy-F)] and graphene oxide (GO) was blended and irradiated with gamma ray
under ambient condition. This WPF-6-oxy-F-GO composite was investigated as a hole-transporting layer (HTL) in
organic solar cells (OSCs). Compared with the pristine GO, the sheet resistance (Rg,) of irradiated WPF-6-oxy-F-GO
was decreased about 2 orders of magnitude. The reason for the decrease of Ry, is the effect of efficient m-n packing
resulted from the formation of C-N bond between WPF6-oxy-F and GO. As a result, the efficiency of OSCs was dra-
matically enhanced ~ 6.10% by introducing irradiated WPF-6-oxy-F-GO as a HTL. WPF-6-oxy-F-GO is a sufficient can-
didate for HTL to facilitate the low-cost and high efficiency OSCs.

Keywords: water-soluble conjugated polymer, graphene oxide, organic solar cells, hole-transporting layer.
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Figure 1. Blending process of WPF-6-oxy-F-GO.
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Figure 2. (a) Device structure of OSC with HTL; (b) current density-voltage (J-V) curves of OSCs w/ and w/o HTL.

Table 1. Summary of Photovoltaic Parameters with Irradiated WPF-6-oxy-F-GO

Vo [V] J. [mA/em?] FF [%] Efficiency[%] R, [Qcm’?] Ry, [Qem?]
WPF-6-0oxy-F-GO-0 kGy 0.696 12.34 61.92 5.33 6.88 171.35
WPF-6-0xy-F-GO-20 kGy 0.695 12.96 61.96 5.60 5.54 184.53
WPF-6-0oxy-F-GO-50 kGy 0.696 13.05 64.56 5.87 5.27 186.15
WPF-6-0xy-F-GO-100 kGy 0.695 13.39 65.36 6.10 4.86 193.00
ITO only 0.674 10.51 49.50 3.50 13.52 110.62

Voe: Open circuit voltage. Ji.: Short circuit current. FF: Fill-factor. Ry Series resistance. Ry, Shunt resistance.
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Figure 3. Work functions of WPF-6-oxy-F-GO with different radi-
ation doses.
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Figure 4. Sheet resistance of WPF-6-oxy-F-GO with different radi-
ation doses.

7N o= A7) ARE, Ry BAF, 223 d= upete] =
AE vepdnh. AFE 724 v g 717 AL GO2
A7l AEEE 1.5%10*S/emo]# WPF-6-oxy-F 1.2x107S/
emo|u, 7Hupid o] ZAFE WPF-6-oxy-F-GO2| AAE 7]
AEEE ~ 001 S/eme=E FA F71elith. ol= bd =
Aol £18le] WPF-6-oxy-Fo} GO Alolol] C-N g-f2a%to] &
dgoll wghA] WPF-6-oxy-F} GO sheet Alo]oll n-ne] A3
o] Z7ksl7] wiiel WAge] Ao =y A7) Axwrt
PEE AoE AN w2tk WPF-6-oxy-F-GO BF}
o] WA E 27k Frot J, w3 Aol 2.Sm.* Figures
29} 4ollM = RIS 4= Ql%ol, TS ZAkete] WA o]
7H4E WPF-6-0xy-F-GOE f7[H|$HA]e] AFddso=
ARERE W, F7IEIFEA1E U0k FEZF 24 ST &
3], 100 kGy2] A#e =z ZAFE WPF-6-oxy-F-GO2| 735, 7}
d =2 282 YERAATHV,~0.69V, J=13.39 mA/cm?,
FF=65.36% 2|3 PCE=6.10%).

ARglE A REEA i fUHgRAY] &
o IS mRE oz gdEA k. uEA BEEA] &
e B QJske] AR WPF-6-oxy-F-GO 1S AFM
o7 BNl om, 1 Axk= Figure 590 A2I3kt). 0, 20,
50 ZL&]3L 100 kGy= 7w o] AR WPF-6-oxy-F-GO2]
root mean square(rms) roughness #5212t 1.12, 2.79, 4.06,
3.52 28] 3 3.09 nmo]t}, ZupaAo] 2AEA] ok WPF-6-
oxy-Fo| Bletst vl wgl S o, Zhepido] AR WPF-6-oxy-
F-GO2| rms %ol S71814 T} L ]+ planar backbone
ZE 7 WPF-6-oxy-F7} GO sheets®} WH3-2- E3lo] C-N
ATS FAFOEA AR o]k GO Atel9] ZHAo] F7kst
71 el WPF-6-oxy-F-GO2| A&7]7} S71sk Aot

e 50 kGy H= 2 opde] PO AR, ms
o] thA] fhashes Aol HFEULE. o= AR rbie]
NIA| 7} AXHEA WPF-6-oxy-F} GO2] 2H8-717F A3t %]
o2 B2 WS f=dted C-N Z3te] 47t S7ieict. wEt

Polymer(Korea), Vol. 38, No. 1, 2014



42

2t -

Figure 5. AFM images of (a) 0 kGy: (b) 20 kGy; (c) 50 kGy; (d)
100 kGy irradiated WPF-6-0xy-F-GO. The scale bar and z-range
represent 5 pm and 40 nm, respectively.
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