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Performance Study of Water/Alcohol Soluble Polymer Interface Materials in
Polymer Optoelectronic Devices
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South China University of Technology, Guangzhou 510640)

Abstract Four different water/alcohol soluble polymers, poly[9,9-bis(6-(N,N-diethylamino)-hexyl N-oxide)fluorene]
(PF6NO), poly[9,9-bis(6-(N,N-diethylamino)-hexyl)fluorene] (PF6N), polyethylene oxide (PEO), polyethylene imine (PEI)
were used as interlayer materials in polymer light-emitting diodes (PLEDs) and polymer solar cells (PSCs) with device
structures of indium tin oxide (ITO)/poly(3,4-ethylenedioxylenethiophene):poly(styrenesulphonic acid) (PEDOT:PSS)/Active
Layer/Interlayer/Al (or Au), where the green light-emitting polymer poly-[2-(4-(3',7'-dimethyloctyloxy)-phenyl)-p-phenylene
vinylene] (P-PPV) and photovoltaic material poly-[N-9'-hepta-decanyl-2,7-carbazole-alt-5,5-(4',7'-di-2-thienyl-2',1',3-
benzothiadiazole) (PCDTBT):[6,6]-phenyl C 71-butyric acid methyl ester (PC;;BM) were used as the light emitting layer and
light absorption layers for PLEDs and PSCs, respectively. The relationships between chemical structure and optoelectronic
properties of the polymer interlayer materials were systematically investigated. Photovoltaic measurement were used to
determine the built-in potential across the devices and consequently to understand the interface modification abilities of these
materials. It was found that the devices based on conjugated interlayer materials exhibited larger open circuit voltages than
those of devices based on non-conjugated interlayer materials, which indicates that the conjugated interlayer materials lead to
lower energetic barriers for electron. Device studies showed that the conjugated interlayer materials PF6NO and PF6N exhib-
ited much better device performance both in PLEDs and PSCs compared to the non-conjugated interlayer materials PEO and
PEI, which was consistent with the photovoltaic measurement results. PLEDs studies indicated that the devices based on
non-conjugated interlayer materials PEO and PEI exhibited dramatically decreased efficiencies when the interlayers’ thick-
nesses are more than 20 nm, while the devices based on conjugated interlayer materials PF6NO and PF6N maintained good
performances. Moreover, both PLEDs and PSCs device studies indicated that the conjugated interlayer materials show a wide
range of adaptability, which work well for both Al and Au electrode devices, while the non-conjugated interlayer materials
only work well for the Al electrode devices. Our results indicated that besides the highly polar side chain groups, the
conjugated interlayer materials’ main chains also play an important role on their excellent interfacial modification ability,
which lead to easily electron transporting and wide range of adaptability.

Keywords polymer light-emitting diodes; polymer solar cells; interlayer material; water/alcohol soluble polymer
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Figure 3 Photovoltaic characteristics of these devices with Al cathode
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Table 1 Device performances of PLEDs using different EIL/Al (Au) as a cathode in device configuration ITO/PEDOT/P-PPV/EIL/metals

Cathode Von/V LE“/(cdsA™") LE"/(cd-A™") Lina/(cdem?) LE . /(cdsA™")

Al 6.4 0.45 — 421 0.56
MeOH/Al 4.8 0.48 — 950 0.74
PF6NO(5 nm)/Al 34 6.13 8.37 11062 9.86
PF6NO(12 nm)/Al 2.8 14.89 17.56 21160 18.07
PF6NO(22 nm)/Al 3.0 12.99 15.34 8282 15.34

PF6N(5 nm)/Al 48 0.36 — 735 0.45

PF6N(12 nm)/Al 3.8 8.39 11.38 8744 12.91

PF6N(24 nm)/Al 48 10.67 11.32 5269 12.71

PEO(5 nm)/Al 3.0 478 3.53 3140 4.93

PEO(10 nm)/Al 2.8 11.53 11.46 15065 12.91

PEO(25 nm)/Al 48 247 — 426 3.19

PEI(6 nm)/Al 3.2 7.39 10.26 14073 10.33

PEI(9 nm)/Al 32 6.24 8.67 12633 9.48

PEI(21 nm)/Al 3.8 5.32 7.93 12543 8.32

Au 112 — — 16 0.01
MeOH/Au 11.4 — — 19 0.01

PF6NO(5 nm)/Au 5.8 0.46 — 253 0.51
PF6NO(12 nm)/Au 3.4 9.14 9.75 5278 10.58
PF6NO(22 nm)/Au 3.6 9.39 9.61 3942 10.56

PF6N(5 nm)/Au 10.2 — — 21 0.03

PF6N(12 nm)/Au 5.6 1.16 — 768 2.34

PF6N(24 nm)/Au 4.8 6.83 8.87 2674 8.90

PEO(5 nm)/Au 11.6 — — 32 0.01

PEO(10 nm)/Au 13.4 — — 72 0.02

PEO(25 nm)/Au 12.6 — — 64 0.56

PEI(6 nm)/Au 8.8 0.81 — 609 137

PEI(9 nm)/Au 9.4 0.23 — 226 0.23

PEI(21 nm)/Au 10.0 0.28 — 282 0.29

“Device performance at 100 cdsm % ® Device performance at 1000 cdem .
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Table 2 Photovoltaic performances of PSCs using different ETL/Al
(Au) as a cathode in device configuration ITO/PEDOT/PCDTBT:
PC7;BM (1:4)/ETL/metals

Cathode Jo/(mAecm %) V,/V  FF/% PCE/%
Al 7.03 0.83 56.86  4.74
MeOH/Al 7.00 087 5632 490
PF6NO/AL 7.27 0.93 6284  6.07
PF6N/AL 6.87 0.93 61.13 5.58
PEO/Al 6.25 092 6026 495
PEI/Al 7.06 092 5593 5.19
Au 5.64 075 4898 296
MeOH/Au 5.83 0.80  43.07  2.87
PF6NO/Au 5.63 0.91 65.17  4.77
PF6N/Au 5.39 090  63.06 437
PEO/Au 5.25 0.52 422 1.83
PEV/Au 5.43 0.88 51.7 3.92
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e AN RN R TR TR X (i o)
(PF6NO, PF6N)#: 2 T dF L4 26 St 1fi 1 i #4 kL (PEO,
PEI), 7 4f (I TV EANALHITRE ), FR e s 2 ek 4
JB G FE AR S R R IR R W R, U WA BRA R BT S AR PR
H14b, SRR B )2 3R a0 St iz i ot
HAEEILY .

4 KIGERS
41 BEVMARXZMENTIEF

KRS E 1TO M BRI ki &t L 8s1K, N
Wi, TCVRPEM, 28T KRN R A REE 75 Pk e i L
AN T, TEJEM ITO BRI £k 4 min
O,-plasma 4bFEJ, JiEbr—)Z 40 nm JE{) PEDOT:PSS
(Baytron P4083, Bayer AG), J T 150 Chn#uts 20
min. ZJ&, KRIEHE P-PPV(T MG &1 v bR RN
A B2\ FRE VR T PEDOT )2 B, S 90
nm &R OGE . BT E /AR B bR PRONP®
PF6NO™ PEO (aldrich, M, 10000), PEI (aldrich,
branched, M,,~25000)%) %51 H 2, @ ke
AT AR AR 5~25 nm YU IR, ik T
AHUZ BRI e N LS 28 W, i P 4%
BEOY I ZEHEES, A, A0 i R O FE AR AR R 4R A
0.16 cm’ ZEHE T 48 riA 281, FH RS R R A o6 B
Jr, AN A T A
42 RBREYKIABEMES&

KRS E 1TO MIBEE ik &t Les 1K, W
P, JCYPEI, 28T /KR S AL 75 Pk R i T 1
AN TS . PR ITO BEFIE R 25 4 min
O,-plasma AbFEJS, fgik—/Z 40 nm JE[) PEDOT:PSS
(Baytron P4083, Bayer AG), Jf1 150 Chn#ub#t 20
min 2 )5, K6 A B PCDTBT (1-material):PC71BM
(aldrich)(1 : H)IEA: —FA(1 @ 3)WWER T PEDOT
JZ b, 143 90 nm JEINETE)Z. W AR R R
PF6N, PF6NO, PEO, PEI 4 AT FE, T i ik
eI L HIPS R BEAE 5 nm A4 WO, B Eis T H L

PSR k. AR iR S AR 4R A 0.16
om’. ZRHE T 4 A 1 35 P B SEURE i AN 5 B ol i
AN AT 3
4.3 BB IFGRERNK

F 102 5 B A R i Y6 7 (Auto SE Spectro-
scopic Ellipsometer, HORIBA Jobin Yvon)illf3. 454
K A AR A A LR T ())- U (V)-8 FE (L) B i
i keithley 236 HLUEAIRS IE PR ARSI, REY)
K BH R R 6 AR AR 2 il 2k DA KSR B 06 — A A
B AM 1.5G BLK B 64T (Oriel model
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