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Abstract: With the advent of the intelligent era, the explosive growth of the amount of information has led to a strong
demand for the development of storage devices with larger capacity, greater stability and more comprehensive functions.
Among many alternative materials, organic polymers can be designed with different structures to regulate the electrical
properties, thus attracting the attention of researchers. We polymerized p-phenylene diacetonitrile and zinc porphyrin by
Knoevenagel condensation reaction to obtain the D-A type conjugated polymer PCN-ZnPor, and then tested the material,
which has good thermal stability and is soluble in polar solvents. The AI/PCN-ZnPor/ITO devices prepared with the polymer
as the active layer film showed non-volatile erasable resistive variable storage performance with a turn-on voltage of —=3.04 V,
and the current switching ratio of 7x103. After durability test, the ON state and OFF state of the Al/PCN-ZnPor/ITO device
correspond to the current basically remain at a relatively stable value, which indicates that the device has good stability and

reproducibility. Meanwhile, we performed in situ fluorescence tests on PCN-ZnPor films spin-coated on ITO substrates.
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When a voltage greater than the ON voltage (—3.04 V) was applied, no change in the shape of the fluorescence spectra was
observed, while the overall fluorescence intensity was weakened. This fluorescence quenching behavior may be related to the
charge transfer between the metal zinc porphyrin and the main chain of the polymer with a cyano group, which is consistent
with the transition of the device from the OFF state to the ON state, suggesting that intramolecular charge transfer may have
taken place in our prepared devices. This work demonstrates the great potential of porphyrin-containing polymers in the field
of high-density storage.
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Nk S AT A A R B R R W N A S, A GEBOEA  SGEm R TE AR A . FERRIR S A
LB BTG, WMRER T (1) 4 T8 25 1 X 2 5 T b SR 1) L P RE T L B SR H A 25 AR 7 A B A [ 1
RS AR R T B CHEBIE M, M R A0 3RS0 A R RRIR A IC AL BEN 01T, Tan S04 23 JIKE ik
WRRTTAEE PSR Ay BT 25 0K, $A5 T 75 I BF (6 FDA) 1188 2 Ak SR Bk S e 4 by v 72244, A LA R AP A7 i
PERIR AL Li 05 5 AL e IR PR BT IR A 8 T PR 45 T 10 D-A AL IR 3E M A HLHESL ( COF), R
BT ) P B S LB T 5647 A . Cheng 25061 5 J5 A B D-A 4 J& A4 P-Cu Al P-Zn(P Ry Hpeik ) 2 B 1 i
R 28 il A7 0, ELAS PR B 0T A Tl N T A 2 45 A9 77 . Che %5 U713 a8 X Bk W L 1 45 14
BTT(benzotrithiophene trialdehyde) 43 7l 5 X 1 55 HL F 52 {& BPy(2,2'-bipyridine-5,5"-diamine ) F1 X} FR 5% B 32
& TAPT(4,4',4""-(1,3,5-) triazine-2,4,6-triphenyl)triamine) B &, & & T D-A Wi ¥ I i HE 42 COF BTT-BPy #il
COF-BTT-TAPT, %W 5% o 942 B 28 2 H BT 4E 19 COF 2812 B 2% rh M BE B i, SEP T i i B PR VB . Yuan
SEUST A FH 43 o7 T O A R B 3 T LAZ BEL S 0 BELAS R, 45 SR 2% B 43 - - 1w 0 £ A6 mT DL BH i 4
FHZBHAR R PERE . Wang 2509 HiGE T —FhBr i B B M K #4077 16, 3 o 4 F/7K B Knoevenagel 46 75 [ b il
BT CIEERANK R, X BeGK F EHA AR5 0T R B, K L ) COF JEAZ B AR 2 F A AR 5 e kv
AL . —0.65 V I /NFF I HEL R 120 ns AR PRIFOCIHE . 285 R A AL 31/ , 1 BHL 5 76 S R OR 1 g
J5 AT B R0 B, PR TSR AR EE . AN, ZBE COF FRIZPHER AT T 5 a8 s 5,
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Tt e 4 T R PN RN X 2K 2 8 1 B A A5 3 T D-A B 85 4 b RE R A g 4% i bk (PCN-ZnPor)
FELLHOR MR, #il& T 45890 AVPCN-ZnPor/ITO W44 M4t in—AN M e FR i, #5402 3280t Bl
Sy O M TR S B AR AE A M AR, 31X T BB T 4 TR B N ORIV A UL 04 5 o) T R B R AR T AL L far
RS AW, JT R TR A SE A H TR 20 91 R —3.04 V T 2.92 V, BRI JT 52 HE A 7x103, 78 104 s A4 332 U ] A1 108 ¥k
T i SR, 145 A/PCN-ZnPor/ITO #8114 BES2 I 5 . IR S A i Fa e 4
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Pl . FHOR . DUEE I (THF) . S BE(CHLCL) L WRIE . U (=R FE M) 48 (PA(PPhs)s): 43 M 4li, iR+ T A&
OB A A R A F) L AL (ITO) T HL BB : A pg IR A PR ], Jr i B 2T 6 Q.
1.2 M5 RAE

PCN-ZnPor (I 5 R AE 2 BSCHR [20]. 803957 T2 (M,) « I 40T 8 (M) R o845 50 (p) 8 o
Waters1515 fJ#E 125 38 (35 A4S, PELFI b HPLC 2% /Y THF, FrAE 26t 28 20 (PS), i 1 1 mL/min,
Kt iz 235 ("H-NMR) i iF AVANCE 11 400 #8568 HL 28 A% s S 0 04SN A5 o 58 40 -m] DS Mok 1%
(UV-Vis) i Shimadzu UV-2450 & 3255750 G EETHINAR . 28566 i Fluorolog-3-P 43 % S Gtk {15
PEIMR L@ PARSTAT2273 ML AL T AR INAS, L BT WA 0.1 mol/L Y I T 387K JR I R ¥ (n-BusNPFs)
R B WS, Ag/AgClHLIR R 2 F LA, X FL A 5 TAE AR 34 Pe AR, FH R 100 mV/s, #1543
BT (TGA) 142 B TGA 8000 # T 4 BT {345, i FEL it A8 . 2T #0563 (FT-IR) B Nicolet Nagma-IR 550 21483
IS . Fii (MS )il it Xevo G3 QTOF 1 3 ik e FH AL I 75 .
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Fig. 1 Synthesis route of PCN-ZnPor

131 4-G-TAREAB)RFE(2) &R U 7-(QRPR) T H L (2738 g, 90 mmol) , X ¥ 5 28 HIE (1)
(10.98 g, 90 mmol) . K,CO3(15.20 g, 110 mmol) LA &2 54 mL DMF ¥ 7 I A [RE Bt . s i E 65 ¢, i%
TEE T R 24 h, SRIG R HI E R . AT B A H0 X S 247 VR K i ik B 1 KoCO,s [k . 2R &
P 25 3, A L2 AR HaO Rt il NaCl ¥ iR BE % 3 1K, Jo7K NapSOs T Mt 5 o idh Ui J 9 B VR B 25 vk 4, ook
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FEB 40 (6 B8R0 A A3 il Bk (PE) - LR LR (EA), Vep: Vea=5:1), B3 TS 15 BV B (A MPIR 7= 9 25.46 g, 77 %
} 81.7%. 'H-NMR (CDCls, 400 MHz): 9.87~9.84 (s, 1H), 7.85~7.76 (d, J = 36 Hz, 2H), 7.02~6.94 (d, J = 32 Hz,
2H), 3.94~3.86 (d, J = 32 Hz, 2H), 1.85~1.75 (m,1H), 1.38~1.18 (m, 24H), 0.90~0.85 (t, J = 20 Hz, 6H).

132 22-[(4-(3-TAALE) F ) 2PL ] = (1 H-9w8)(3) 894 1 250 mL [RGB i A 5 2553 1
ff I % (50 mL, 589 mmol) AL 4 2(24.24 g, 70 mmol) . R4 HH il A< 15 min HE3hH< 3 K, B H
BRI A AT =5 £ 12 (450 uL, 6 mmol), Ff F &0 76 4R A0 A 5 WL, dht O e HEOGF S5 I 3 Jls i, 2
W FHEPE 3 he 7EF BN N 150 mL f4 NaOH ¥ ¥ (0.1 mol/L) X S W #EA T ¥ K, 2R R AE B 3 1K,
JC7K NapSOs T 1 o 2 U8 J5 10 08 W L2 vk 4, 2 AR 4R 240 UR I 7] PE-EA, Ver: Vea=5:1), TG ENRE @
K 24.02 g, 7 % K 74.2%, 'H-NMR (CDCls, 400 MHz): 7.95~ 7.85 (s, 2H), 7.12~ 7.08 (d, J = 16 Hz, 2H),
6.85~6.82 (d, J = 12 Hz, 2H), 6.68~ 6.65 (m, 2H), 6.16~ 6.13 (m, 2H), 5.92~ 5.89 (s, 2H), 5.42~ 5.39 (s, 1H),
3.81~3.78 (d, J = 12 Hz 2H), 1.78~1.73(m, 1H), 1.33~1.23 (m, 24H), 0.9~0.86 (t, J = 16 Hz, 6H).

133 10,20-= (4-38 KK H)-5,15-= [4-3-T AR m) F AL | vhok(4) o9 o KEIEM T 4-BEHIE(9.26 g,
50 mmol) LA K Ak & 4 3(23.12 g, 50 mmol) 1) 300 mL CH,Cl, Jil A %] 500 mL [& i B . i %% 15 min & %
AR, AL = 98 LR (450 L, 6 mmol) , F AR T 4R A AT [ IS Be L, 4 B2 06 RS B, 3 s mil o i i T~
Pk 24 h, SRJE AR AL 7] A T RUE SRR (9.99 g, 44 mmol), #4kSEJ )W 3 h, MIA 1 mL = Z e K ),
H,0 518 F1 NaCl ¥ 1 20 Ve 5, B A L2 R JC/k MSO, T4, B2 e, o A 2 4l (BE I 57 4 PE-CH,CL,,
Vet Vema,=2: 1), TGS 8L 6 F K 5.12 g, 773N 8.2%. 'H-NMR (CDCls;, 400 MHz): 8.94~ 8.85 (m, 4H),
8.84~8.78 (m, 4H), 8.14~8.06 (m, 8H), 7.94~ 7.86 (m, 4H), 7.32~ 7.28 (m, 4H), 4.15~4.11 (d, J = 16 Hz, 4H),
2.75~2.85 (s, 2H), 2.02~1.95 (m, 2H), 1.70~1,20 (m, 48H), 0.95~0.85 (t, J = 40 Hz, 12H).,

134 10,20-= (43 A R HK)-5,15-= [4-G-T AR K IEE) R K | ek (5) 9ok KL A9 4(5.00 g, 4 mmol)
Vs fif T 80 mL U7, SRS ) S0 FHE A 15 min, A T JC/KBEER B (2.96 g, 16 mmol) iy HT i
VW 20 mL, 80 °C N HEFE M i X BIH WO R A SR CFEMRE A, B EER . ERME T IA
40 mL 7K, il CH,CL £ HU 3 1K, Jo7K NapSO4 T M i 7% o o U S5 19 D8 W 0 25 W 4, ood 42 46 (6 B 770 >4 PE-
CHCly, Veg: Ve, =2:1) , H 25 T 120, f J5 15 8 & @ [E (K 438 ¢, 72 %K A 81.5%. 'H-NMR (CDCl;,
400 MHz): 9.03~ 8.98 (m, 4H), 8.94~8.89 (m, 4H), 8.12~ 8.06 (m, 8H), 7.92~ 7.87 (m, 4H), 7.30~ 7.27(m, 4H),
4.16~4.11 (d, J = 20 Hz, 4H), 2.02~1.94(m, 2H), 1.65~1.15 (m, 48H), 0.98~0.82 (t, J = 16 Hz, 12H).

1.3.5 10,20-= [(1,1'-3K)-4-F @K 1-5,15-= [4-(3-T A AR E) 52K ] Felak(M1) 894 7 100 mL Schlenk
b, A 4-HP R R 2 0 R A5 R B (2.32 g, 10 mmol) | fb-A 4 5(3.94 g, 3 mmol) LA K Pd(PPhs)s(55 mg) .
o5 3 e, INATEZK B2 16 mL, JC/K YA Wik 8 mL 1 4 mol/L ) KoCOs ¥k 4 mL, Ar 5[ F, T 85 C
FLR 48 h, W HI B E R . AL NaCl % W, Fl CHClLy 2B 3 ¥k, A HLZE I JC/K Nap SO Tt % o it vk e
(RINE R B 25 W 4, 1t AR SR 4l (PR N PE-CHLCla, Vop: Voo, =2:1), THRG IS B S0 H) 1.44 g, 72K 34.2%.
IH-NMR (CDCls, 400 MHz): 10.06~ 10.03 (s, 2H), 9.04~ 8.94 (m, 8H), 8.14~ 8.08 (m, 12H), 8.0~ 7.92 (m, 4H),
7.88.0~7.84 (d, J = 16 Hz, 4H), 7.30~7.26 (m, 4H), 4.15~4.12 (d, J = 12 Hz, 4H), 2.05~1.95 (m, 2H), 1.54~1.15
(m, 48H), 0.98~0.81 (t, J = 68 Hz, 12H). 3C-NMR(100 MHz, CDCls): 191.0, 2C; 158.6; 150.4; 147.6; 146.6, 2C;
141.3; 141.2, 2C; 140.0; 139.7; 135.9; 135.8, 2C; 135.6, 4C; 134.5; 133.9, 2C; 133.1; 132.0; 131.9; 130.4, 4C; 128.4,
3C; 127.8, 4C; 126.9, 4C; 126.8; 125.2; 124.2; 121.6; 120.8; 120.2; 114.3, 4C; 114.2; 110.5; 103.6; 75.2,2C; 38.1,2C;
31.9, 3C; 31.8; 31.5, 4C; 29.9, 3C; 29.6, 2C; 29.3, 3C; 27.4, 4C; 22.7, 4C; 14.1, 4C, MS(m/z): 1364.703 6 (100.0%),
1365.7070 (97.3%), 1366.7005 (57.4%), 1367.7038 (55.8%), 1366.7103 (46.9%), 1368.6993 (38.6%), 1369.7027
(37.5%),1368.7072(26.9%),1370.706 0(18.1%),1367.7137(14.9%),1369.710 6(8.5%), 1 367.701 6(8.4%), 1 368.704 9
(8.2%), 1371.7094 (5.7%), 1369.708 3 (3.9%), 1368.7170 (3.5%), 1370.7139 (2.0%), 1365.7006 (1.5%), 1366.7040
(1.4%), 1372.7127 (1.3%), 1370.699 8 (1.3%), 1370.7117 (1.3%), 1371.703 1 (1.2%), 1365.7099 (1.2%), 1366.7132
(1.1%), Exact Mass: 1364.703 6, My: 1367.1940,

1.3.6 PCN-ZnPor #94-p Ki 8K M1(1.36 g, 1 mmol) FlIBA{R M2 Xf 2K . Z % (156 mg, 1 mmol) fill A% 100 mL
RSB o, I A AL IR BE 200 pL, 65 C F Iyt &, Y50 B 5 o AF JCoK YRS rf g i i AR N, 3 U
J (D8 430 25 8 1K R B e 0 T . D R IR, 65 °C N 48 h i, B HI B =i, R8I
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D5 7 WGE o BE R AN L ZS VR AR I, AE R ZUBE P 0 JE K R B h PR DTVE, SRR 1 U IE T . IR B R [
602 mg, * %K 41.1%, 'H-NMR (CDCls, 400 MHz): 9.15~8.90 (s), 8.39~7.92 (m), 7.40~7.12 (m), 4.30~ 4.05
(s), 2.07~1.48 (m), 0.97~0.87 (s). GPC (THF): M, = 0.66x10% M,/M, =181,
14 SH[EHFE5NEK

ALY HE 25V BT TE 4544 2 AVPCN-ZnPor/ITO (944 f il i 45 31 . K 1TO LIS BRI I LB FK . &
fis PN TERGER A 15 min, 285 F N BT PCN-ZnPor Y B I (B % 10 mg/mL) 50 L JiE W 16 1TO 3
JI§ b, ES#EFN 800 r/min T 4% 20 s, BT 1500 r/min FHF4E 45 s, IS 76 80 C FEZ TRk, BT
W 298 100 nm. £ 1.33%107° Pa i H.25 | SRS, 38 i F AR 2R B 10 07 ik, 1| FH AR ASE R 76 3 4 )2
TP L —)2FIEH AL T (B 500 um, JEEE A 200 nm) o #0922 Pk BB 2 B A Bk b il & 2R T Y
Keithley 4200-ACSC - AR S5 HrAUTE 8 IR N Il .

2 HR5HE

2.1 PCN-ZnPor HIZ5HIFNIAFEE MR

PCN-ZnPor f'H-NMR EE U E 2 s . 7EMK X AL, (20088 (5) A 9.15~8.90 Ab i A% fi i, AH 43 1T FR
k8, XTI a {37 E AL PR EA TG 4 A ML 2O FE 1Y Btk 19 8 A~ Ho 7 8.39~7.92 il 7.40~7.12 b (% 4 1%,
U RN K Sy 28, X1 b A7 # Ak PCN-ZnPor T 458 11 28 I~ Ho TEm 31X Ak, 4.30~4.05 b A% 4 0%,
BT R 4, VU@ T o 7 B A 55 BERER 4 > Ho 2.07~1.48 4bAOAZ RGN, AU AR R 52, %R T d i &
A Bl SUEHE 1) H DA BB b e B 1 I R SRR R 6 119 He 0.97~0.87 AR AR 4 AR 12, X R )
HErh R bR BE R A Y 4 A H R B9 12 4 Ho R ARBRTE X B S 4 Bl o 7EA 25 TR B S 13 390 (A
ik ) 1) 5 0 T, A 37 DRI o8 3 DX b o B A% i e, L B R4 TR 5 PCN-ZnPor H H A9 40— 2L, JEBH T PCN-
ZnPor 454 A IE AP

d
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¥l 2 PCN-ZnPor [fJ'H-NMR [&lii%
Fig.2 'H-NMR spetrum of PCN-ZnPor

&1 3 (a) it A B4 M1, M2 #1 PCN-ZnPor 1 FT-IR /&1, M1 F1 PCN-ZnPor (i EHEAAA], {HZ PCN-ZnPor
1E 2250 em ! Ab IR T —ANH B T RUE B 4 4R shid 2, g — 2P UER] T PCN-ZnPor 544 1 IE# 1 . &1 3(b) f
7 PCN-ZnPor 7EAN [ P4 75 750 v 1) 58 211 DLW O% %, PCN-ZnPor 78 FF 2RV W 1 BT £ 81 Wi (280,
417, 507, 543, 583 nm) . FEME S5 B SO D, X LW S I 2088 7 13, 8. 7. 7. 7nm. TEM PRI
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5ER 114 IN-FEY 5 b e D YA 3K LS WS AR T @ TR, AL T 3. 7. 6. 13, 15 nm, SEER AR R I,
HF B4 W AT 0 P e BREE T S, 3R IR Ry B A R RS L SR R N-FE b s e TR AR 4 ) 35 R, %5 it PCN-ZnPor
V90 ] A A A gt ol 2 1 i, 5 B0 A8 A WO S TA] B RE LB ARR, SR TR 28 AR Mk B2 KT R3S
PR, BRI, ZEARCPEIS b, o TR A 5 PV 50 TR B A i i A B AR, O S R BE R0 2 KT RS, T
FEAR T nom* PR 5 ZER W RE 1, (AR RIS 2T RS o 18] 3(c) s R AEBUR I Kl 420 nm ', PCN-ZnPor 7
AR PR R AR S 98 GG B . RV, 606 nm A1 655 nm A0 HBR T 2 AR IR, 2@ 6 B AR vk
10,1100 il 8.7x 100 FEAR M B 38 A ST I W, 3% 2 IR 23 B0 T 3 nm Fl 2 nm, 2658 BE AR Uk B AR
2 8.7x10° Fl 6.3x100 111 75 T 55z 58 19 N-FH 56 bk g e P38 0 v, A BE T 0D VS, X 2 S I AC e S 43l 4175
T 2 nm Fl 2 nm, PG5BT R 5.7%100 Fl 3.4x100, W T FIBPEAS K, &40+ B 9O 615 R B K L
KRR IS, VW] 73+ N T REAATE & HL i 7% 7% o K1 3(d) JIT s 2 PCN-ZnPor 1 #E 73 Hr it 4 . PCN-
ZnPor (W5l FREE T 3 B Be: 265 1 A B B A 6 #A 70 i il B2 U2 265 °C, AR ELZEN 7.9%, iX Al BEJE Ko PCN-
ZnPor B FH — CN A2 55 26 2 B B 46 A0 IR EE Oy 528 °C, SR HL 3 30.1%, iX A] AE & 4 )8 BEnb
b1 372 42 P Tk 5 AT 1 93 A5 55 3 S BCRY R E AT i J& T PCN-ZnPor 55140 5 20 . PCN-ZnPor #1FHH
AR AR IR P AL B, U0 A B B i g e k.
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& 50t
0 —
1 1 1 1 1 J 40 1 1 1 1 1 1 1 I
550 600 650 700 750 800 100 200 300 400 500 600 700 800
Wavelength/nm T/°C

&3 (a)Bfk M1, M2 LLE PCN-ZnPor ) FT-IR % [#l; PCN-ZnPor TER B (2K A7« N-HT B Ge B v o 14 (b) 46 4h-
Al UL RS I DL (o) 56 6E (B & 3 K 420 nm); (d)PCN-ZnPor 1£ N, AV ST 4 (THEHE N 20 C/min)

Fig.3 (a) FT-IR spectra of monomers M1, M2 and PCN-ZnPor; (b) UV-Vis absorption and (c¢) photoluminescence spectra of PCN-ZnPor in
dilute toluene, chloroform and NMP solutions (lex = 420 nm); (d) TGA curve of PCN-ZnPor measured in N, (Heating rate: 20 “C/min)
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Fig. 4 (a) Cyclic voltammograms of PCN-ZnPor film coated on Pt electrode in deaerated acetonitrile solution on basis of 0.1 mol/L n-

BuyNPFg (Scan rate: 100 mV/s); (b) HOMO/LUMO energy level of PCN-ZnPor as well as corresponding work functions between Al
electrodes and ITO
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Fig. 5 (a) Structural diagram of AI/PCN-ZnPor/ITO device; (b) AFM images of the polymer PCN-ZnPor and its corresponding cross section
profile (5 pmx5 pm); (c) Roughness distribution of a plane with R,=4.08 nm
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Fig. 6 (a) Current-voltage characteristic curves of AI/PCN-ZnPor/ITO device; (b) Retention of AI/PCN-ZnPor/ITO device at ON as well as
OFF state at a constant voltage(—1.0 V); (c) Effect of continuous read pulses of —1 V (pulse width = 1 ps; pulse period =2 ps) at ON as

well as OFF state currents of Al/PCN-ZnPor/ITO device; (d) Endurance of the AI/PCN-ZnPor/ITO device at switched pulses of £3.5 V
(pulse width = 100 ms; pulse period = 200 ms), read at =1 V
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Fig. 7 Fluorescence emission spectra of polymer PCN-ZnPor film
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