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Synthesis and Photovoltaic Performance of Water/Alcohol Soluble Small
Phorphyrin Derivatives for Polymer Solar Cells
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(State Key Laboratory of Luminescent Materials and Devices, Institute of Polymer Optoelectronic Materials and Devices,
South China University of Technology, Guangzhou 510640)

Abstract A series of novel water/alcohol soluble small molecular phorphyrin derivatives, Por-N, Por-NBr, Por-Cu-N and
Por-Cu-NBr, were designed and synthesized. Differential scanning calorimetry measurements indicated that the neutral
molecules Por-N and Por-Cu-N exhibited distinct melting point and crystallinity, while no observable characteristics were
realized for the quaternized molecules. All these small molecules exhibited good thermal stability as evaluated by thermal
gravimetric analysis. The photophysical properties of these small molecules were systematically investigated by UV-vis
spectroscopy in both solutions and as thin films. It was found that the absorption spectra of Por-Cu-N and Por-Cu-NBr were
slightly blue-shifted due to the formation of complex between porphyrin and copper. The highest occupied molecular orbitals
energy levels showed negligible changes as determined by cyclic voltammetry measurements. The bulk-heterojunction solar
cells utilizing these phorphyrin derivatives as the cathode interlayer and PCE10:PC;;BM as the photoactive layer were fabri-
cated. The single carrier devices revealed that the electron mobility of these phorphyrin derivatives are much higher than the
hole-mobility except Por-N. Polymer solar cell devices with the structure of ITO/PEDOT:PSS/PCE10: PC,;;BM/Porphyrin
derivatives/Al were fabricated to evaluate the function of cathode interlayer of these molecules. It was also worth noting that
the polymer solar cell devices by using these molecules as the cathode interlayer exhibited obviously improved performances
than the methanol treated device. Devices based on the molecules of Por-NBr, Por-Cu-N and Por-Cu-NBr as the cathode
interlayer and narrow bandgap PCE10:PC,;;BM blend film as the photoactive layer exhibited comparatively high power con-
version efficiency exceeding 9%. The best power conversion efficiency of 9.12% was achieved by the device based on
Por-Cu-N as the cathode inter layer, with corresponding parameters of short circuit current of 16.91 mAscm 2, open circuit
voltage of 0.79 V and fill factor of 68.1%. These observations demonstrated that the synthesized water/alcohol soluble small
molecules based on porphyrin derivatives can be prominent cathode interfacial layers for polymer solar cells.
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Scheme 1 Synthetic routes of the water/alcohol soluble small molecular porphyrin derivatives
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tion (1X 10 * mgemL ") and (b) as thin films
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I, TN NN-ZHEEHEZ (100 mL)Fd & = 2% (1
g, 13.6 mmol), MR, FIZIHFERE 6 h, A EIZE
FR, FRBREIAVKOK T, LSRR, WER
BUAH, 43 5l DA R S AL B RN /K B 2 IR, B LA
PLTC/K B B AN T4, VR e TV 7 J 49 45 Ea il 4k, K™
Wi R R E AT R SR e/ = Ok, v v
V=1:1:00)73E52 Bia=9, 3FU=aF /K
FF 2 VB8 5 VS 7F1) L 485 B PR IR VR R L TR AR (258 mg, 723
83%). "H NMR (500 MHz, CDCL;) 6: 8.90 (d, J=33.6 Hz,
8H), 8.28~7.95 (m, 8H), 7.49~7.14 (m, 8H), 4.42~4.13
(m, 8H), 2.59 (q, J=7.1 Hz, 8H), 2.54~2.49 (m, 8H),
2.16~1.89 (m, 8H), 1.76~1.54 (m, 24H), 1.53~1.41 (m,
8H), 1.13~1.02 (m, 24H); *C NMR (126 MHz, CDCl;) 6:
159.12, 135.79, 134.67, 119.98, 112.88, 68.42, 53.10,
47.11, 29.70, 27.80, 27.13, 26.44, 11.81; MS (MALDI-
TOF) caled for Cg4H;1sNsO, [M]" 1298.90, found 1299.9.
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424 5,10,15,20-m9[4-(6-(N,N,N-= ZHE R ) T EHL) K
ek /L4 (Por-NBr)

£ 100 mL # OKFRER S, KXIA 5,10,15,20-
VY [4-(6-(N,N- — & B 2 Jik ) O %0 2 ) 2K JE 1k Tk (Por-N)
(100 mg, 0.08 mmol)FI{R Z.%%(730 mg, 6.6 mmol), LATG
AKPUE PRI (10 mL) A1 — I JE A6 mL)fEEF, Ik
250 CHFERMN 3 d, HAMEERG 12 h A &R 2 4.
AV R, JOE e T VU SRR S AR OB IR 2 dE, £
HLBOME. FIANCROERF, 505 B B A A,
DA BRI ARG, I8 I8 Sy N A R 2R T TR
GIEFIT, B0 E, DLAMERGE G, SRR 87 mg,
FE 62.6%). "H NMR (500 MHz, CDCls) ¢: 8.87 (s, 8H),
8.10 (d, J=8.4 Hz, 8H), 7.35~7.17 (m, 8H), 4.29~4.18
(m, 8H), 3.58~3.41 (m, 8H), 2.09~1.85 (m, 16H), 1.71~
1.57 (m, 16H); “C NMR (126 MHz, CDCl;) 6: 159.02,
135.76, 134.70, 119.93, 112.84, 68.18, 34.02, 32.93, 29.48,
28.21, 25.65.

425 510,1520- @ (4-(6- & T A A ) R ) vh ok 4R
(Por-Cu)

1E 250 mL P R I 5,10,15,20-PU (4-(6-1R2 C
AL L) IR (Por) (500 mg, 0.37 mmol), LA=%& ki
(150 mL)fEWER. TlaE R, — R E DA i
(30 mL)¥AARIBEERE. INARE b, BN 6 h, &
TR Z TR E N e 4 S, W ETE IR, 43 AR AL
BRSOk, SR BE AR A, WA LA
T 5, K= i ek R Cf e e/ — R, VL
=2 I3 EAF R BAREY), A =& oK R A
YA ) B 4 it P UK ER 41 6 [ 442495 mg, 0.355 mmol,
% 96%). MS (MALDI-TOF) caled for CggH7,BryCuN4Oy4
[M]" 1387.16, found 1391.2.

42.6 5,10,15,20-79 [4-(6-(N,N-= L R T A XK
L o4R(Por-Cu-N)

- 5,10,15,20- Y (4-(6- ¥R O 4 FE ) 28 58 ) b mgk 4
(Por-Cu) (350 mg, 0.251 mmol) JI A Z 250 mL /)= 1%
o, eSS, RSB FIMA NN-F
k(100 mL)PE ARS8 = 2 (1 g, 13.6 mmol), il
A A, BIZURFER N 6 h. A8 & iR 5 I B ]
AVKKH, DA SRR WER A HLA, AR RIS
NI RANE K BE 2 IR, DLC/KBR RN T 18 )5, I3 JiE
TV A3 SR A o [ R, R = 4 ek ek e A O v T/ —
AW/ =0, Viviv=2:3 " 0.1)4 853 iR
W, A= & e/ JE K B VR A VA T EE 4 S IR R AT
#4290 mg, 7= 85%). MS (MALDI-TOF) calcd for
CygsH,1,CuNsO; [M]" 1343.82, found 1344.8.

427 5,10,15,20-v9[4-(6-(N,N,N-= T2 &) T AIL) K
FK]vloik4R 21 4% (Por-Cu-NBr)

£ 100 mL P HKFRR S, KA 5,10,15,20-

VY [4-(6-(N,N- — £, JE 21 Kk ) O 48 2k ) 7% 2k ] 0k mik 4
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¥ F R

(Por-Cu-N) (100 mg, 0.073 mmol) 1R Z.4t(730 mg, 6.6
mmol), PAIG/KPUSRIE (10 mL)AT — FZEIFAR(6 mL)fE
T, A 50 CHERE 3 d, HAEEERE 12 h #h 2>
HIROKE. AHRER, W80 ET VS E 5 AR RN )
ROKE, IFRAOBER. BINCIR RS, BO0 815
RO, DU EFEEMG, i Sk i
LR OBEIRA AT, S0, LLamBises, e
(92 mg, FEE 69%).
4.3 KPHE MR HEIHIE

ITO FHBFFIKIH LB T/K, W, TIE5EHR,
EETK, B UG E IO A T A
THEALE R ITO FHIEHEASE TGRS T H
O,-plasma 4L 5 min, [ 2500 remin ' i —Z 40 nm
J& PEDOT:PSS (Baytron P4083, Bayer AG), 150 ‘C#ik
P 20 min. #EE% PCE10: PCBM (1 : 1.5)&E KA
IR AE PEDOT:PSS 7 /A& %)= |, 453 100 nm JZ )
YRR, BnMIRATAEMIECEL 0.5 mgemL " IR, Beik
EEYEE b, AE R TR, 4 ITO 3 HBEEIN S
B, W S RIS T E R AR AL
e, BRAF AT R RS AR AT 0.04 em?, RIS
ZAPETE AL BRI A5 4F F PRS0 I A0 55 38 i o 28 40k
fi] A AT L3
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