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Abstract 35 

To realize brain-inspired devices and systems, memristor is one of the significant alternatives 36 

in breaking through the infrastructure restrictions of present logic and memory devices. 37 

Organic materials have become popular to fabricate memristive devices due to their unique 38 

properties of low cost, mechanical flexibility, and compatibility with complementary metal-39 

oxide-semiconductor technology. Metallopolymer is a new kind of promising organic 40 

materials functioning as the resistive-switching layers of memristive devices due to the unique 41 

donor-acceptor type structure, which performs good ability of tuning electron concentration to 42 

boost the migration of inner ions. Herein, a new metallopolymer MP1 containing ferrocene 43 
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and triphenylamine has been designed and synthesized, which was utilized as a resistive-1 

switching layer of memristor with active and inert electrodes of Ag and Pt, respectively. 2 

Process flow of devices has been fully developed and MP1 has been found to act as metal-3 

ions-accommodation site with the great potential to boost the formation of conductive 4 

filaments in the active region. More interestingly, the conductance of Ag/MP1/Pt memristor 5 

can be modulated under various voltage pulses exhibiting distinguished electrical properties. 6 

Additionally, synaptic functions have been successfully emulated using such MP1-based 7 

memristors. This work will greatly expand the further development of organic memristors for 8 

flexible brain-inspired systems. 9 

  10 
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1. Introduction 1 

Recently, the traditional Von Neumann computing system has severely limited the further 2 

development of artificial intelligence (AI) due to its low efficiency in transferring and 3 

processing massive data. Memristive devices (i.e. memristors) have a huge potential for 4 

developing novel highly-efficient brain-inspired computing system,[1-7] which is considered as 5 

a promising candidate to replace the present computing system. Memristor exhibits excellent 6 

properties, e.g. simple structure,[8] multiple resistance states,[9] fast switching speed,[10] and 7 

good scalability,[11] which are very beneficial as the building block of future brain-inspired 8 

systems. Physical mechanism of memristor has been widely studied and the resistance change 9 

is mainly attributed to the formation and dissolution of filaments in the resistance-switching 10 

layer between two metal electrodes.[12] 11 

Recently, organic polymer materials as the resistance-switching layers of memristive 12 

devices have been reported,[13-16] with excellent memory properties of large switching ratio,[17] 13 

low operating voltage,[18] low cost,[19] and mechanical flexibility.[20] However, the organic 14 

memristive devices usually encounter rigorous issues of low stability due to the uncertain 15 

redox properties within organic polymer materials.[14,19] On the other hand, polymers with the 16 

typical donor-acceptor (D-A) type can adjust their micro-structure to boost inner ion 17 

migration,[21-24] which plays an important role in the formation of conductive filaments of 18 

memristive devices. It has been reported that metal-containing polymers[57-66] actually belong 19 

to a new kind of D-A polymers.[25-30] Nevertheless, the explorations of using novel D-A type 20 

metal-containing polymers in memristors are extremely rare.[31-32] It will be very useful to 21 

investigate the effects of D-A type metal-containing polymers on the performance of 22 

memristors utilizing the excellent redox properties of metal center. The study of biological 23 

response for memristor of D-A type metal-containing polymers needs to be further explored 24 

as well.[53-56] 25 
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In this work, we designed and synthesized a novel D-A type metal-containing conjugated 1 

polymer MP1 by copolymerizing the ferrocene and triphenylamine monomers.[3,33] In addition, 2 

the structure was determined by nuclear magnetic resonance. The polymer has been 3 

introduced to memristor as the resistive-switching layer, and the whole process flow has been 4 

developed. The Ag/MP1/Pt memristors with crossbar structures have been successfully 5 

fabricated using the traditional silicon-based semiconductor fabrication process. The resistive-6 

switching characteristics have been clearly observed. The D-A type metal-containing 7 

conjugated polymer MP1 can benefit the formation of conductive filaments and act as metal-8 

ions-accommodation site of memristors.[34,52]. Moreover, the memristors are able to possess 9 

good stability, and the retention of the resistance of on state (Ron) and off state (Roff) has been 10 

studied in details. Apart from the direct-current (D. C.) test, continuous pulse voltage signal 11 

has been applied to MP1 devices as well. Additionally, the emulation of the biological 12 

response of the human brain can be successfully realized, particularly the enhancement of 13 

short-time memory ability and paired-pulse facilitation (PPF) behavior. The results reported 14 

in this work will further contribute to the application of organic polymers in brain-inspired 15 

devices and systems in the future. 16 

2. Results and discussion 17 

2.1. Design and Synthesis of MP1 18 

Continuous resistance switching characteristics are the key to achieve multi-level storage for 19 

memristors. The designed D-A polymer contains multiple redox active units, and its 20 

continuous redox behavior will cumulatively change the electronic structure and conductivity 21 

of the material.[25,51] So, the D-A polymer MP1 has been introduced to the resistive-switching 22 

layer of memristor in the work. Ferrocene is a typical material with redox properties, and 23 

triphenylamine is rich in electrons. So as shown in Scheme 1, ferrocene and triphenylamine 24 

are used as raw materials. MP1 is based on the triphenylamine modified skeleton which 25 

contains a ferrocene center in the repeating unit. The ferrocene center in this structure can not 26 
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only provide an effective redox conductivity site, but also provide a thermodynamic sink to 1 

capture/locate charges due to the introduction of a low energy state.[25] This structural design 2 

of electronic interaction will provide more probabilities in the application of memristive 3 

devices. 4 

The synthetic routes of 1,1'-diiodoferrocene (FcI2), 4-ethynyl-N-(4-ethynylphenyl)-N-5 

phenylaniline (DEnTPA), and MP1 are shown in Scheme 1. FcI2 was prepared by the 6 

reported one-pot method.[27-29] For DEnTPA, N-phenyl-4-((trimethylsilyl)ethynyl)-N-(4-7 

(trimethylsilyl)-ethynyl)phenyl)aniline DEnTPA-1 was firstly synthesized according to the 8 

literature method,[30] followed by processing DEnTPA-1 to obtain DEnTPA. Finally, in the 9 

presence of tetrakis(triphenylphosphine)palladium(0) and copper(I) iodide, a ferrocene-10 

embedded metallopolymer MP1 was synthesized through the Sonogashira cross-coupling 11 

polycondensation reaction of FcI2 and DEnTPA.[25-29] The new intermediates and MP1 were 12 

characterized by nuclear magnetic resonance (1H NMR and 13C{1H} NMR). 13 

2.2. Physical characteristics of MP1 14 

The optical features of MP1 were investigated by UV-Vis absorption (Figure S4a) and 15 

emission spectroscopy (Figure S4b). As is shown in Figure S4a, MP1 has two absorption 16 

peaks near 290 nm and 350 nm, corresponding to the π-π* electronic transition from the 17 

terminal ferrocene and triphenylamine moiety, respectively. As is shown in Figure S4b, the 18 

maximum emission peak of MP1 is about 450 nm. Moreover, the cyclic voltammetry (CV) 19 

curve of MP1 was explored (Figure S5). As is shown in Figure S5, this stack up 20 

phenomenon is also appeared in the CV curve of the ferrocene-containing polytriphenylamine 21 

PTPAFc reported by Zhang et al.[67] However, the reversible redox peaks of ferrocene and 22 

triphenyl amine entities were not shown as expected in MP1, which may be caused by the 23 

irreversible characteristic coupling reaction of the triphenylamine unit. When the CV 24 

scanning is extended to 1.5 V, the triphenylamine moiety could be oxidized, which may lead 25 

to a positive charge at the free para-position of one phenyl ring attached to the triarylamine 26 
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and enable oxidative coupling. This irreversible characteristic coupling reaction of the 1 

triphenylamine unit could further result in the structural change of partial triphenylamine 2 

moiety.[68] After the oxidation activation, a more stabilized cross-linked structure was formed 3 

which leads to a stable current in the following CV scanning process. 4 

2.3 Physical characterization of Ag/MP1/Pt memristor 5 

The fabrication process of the memristive devices with crossbar structure is schematically 6 

shown in Figure 1a. The prepared Ag/MP1/Pt memristor was characterized by SEM to 7 

observe the internal crossbar structure. The SEM picture is shown in Figure 1b. The vertical 8 

crossbar structures can be observed obviously. The grey line is the Ag top electrode and the 9 

light-white line is the Pt bottom electrode. Each vertically overlapping part is one memristor. 10 

The prepared Ag/MP1/Pt memristor was also characterized by the optical microscope, as 11 

shown in Figure 1c. The scale bar is 500 µm. The Ag top electrode and the Pt bottom 12 

electrode can be clearly observed. In order to figure out the thickness of the organic MP1 film, 13 

a test by the typical profilometer of DektakXT Bruker was conducted as shown in Figure S1. 14 

It can be observed that the average thickness of MP1 film is about 27.96 nm. This indicates 15 

that the process of preparation can be suitably applied to the industrial production. In order to 16 

figure out the uniformity of the MP1 film in the experiment, a three-dimensional atomic force 17 

microscope (AFM) image of MP1 is shown in Figure 1d. It can be observed that the MP1 18 

film has been prepared uniformly on the substrate. 19 

2.4 Electrical characteristics of MP1 memristor 20 

The electrical characteristics of MP1 memristors were measured by the Keithley 4200A 21 

semiconductor analyzer. During the measurement process, the silver (Ag) top electrode was 22 

applied with positive bias, while the Pt bottom electrode was grounded. Figure 2a shows the 23 

current-voltage (I-V) curve of the initial forming process of Ag/MP1/Pt memristor. The 24 

electroforming process usually needs a large voltage to promote the formation of conductive 25 

filaments. It can be observed in Figure 2a that when the initially applied voltage increases 26 



  

7 

from 0 V to 3 V, the Ag/MP1/Pt device is tuned from the high resistance state (HRS) to the 1 

low resistance state (LRS) and the working current increases obviously. Then, when the 2 

applied voltage decreases from 3 V to 0 V, the working current is proportionally reduced, 3 

which indicates that this memristor is maintained at the LRS due to the forming of conductive 4 

filaments.[35] 5 

After the forming process, a double-sweep-voltage was applied to the device to measure 6 

its I-V characteristics. As a result, resistive-switching behavior can be clearly observed under 7 

dual voltage sweeps. The I-V curve in Figure 2b shows that when the applied voltage 8 

increases from 0 V to 2 V, the resistance of the device is shifted from the HRS to the LRS and 9 

the working current increases obviously, i.e. the SET process.[36] By applying a negative 10 

voltage sweeping from 0 V to -3 V, the resistive state of the device returns to the HRS from 11 

the LRS, i.e. the RESET process.[37] The switching ratio of Ron/Roff for the device is ~103, 12 

which can be potentially used for the industry. 13 

The further applications of memristor need the devices possessing the ability of long-14 

term memory (LTM). So, the data retention of Ag/MP1/Pt has been measured and shown in 15 

Figure 2c. The black symbol and line represent Ron, while the red symbol and line represent 16 

Roff. The time of Ron and Roff can last for about 5000 s. The Ron/Roff ratio of Ag/MP1/Pt 17 

memristor is higher than that of the Ag/MP1/SiO2/Pt memristor shown in Figure S8. The 18 

detailed data of electrical characteristics of the Ag/MP1/SiO2/Pt memristor have been shown 19 

in the Supporting Information.[38] 20 

The classical nonlinear conductive mechanisms of memristive device include the Poole-21 

Frenkel (PF) emission, Schottky-like emission, and space charge limited current (SCLC).[38] 22 

To determine the conductive mechanism of the Ag/MP1/Pt memristor, the double-logarithmic 23 

I-V curves and the linear fits to the SET and RESET process are plotted in Figure 2e,f. At the 24 

low voltage region, the current is dependent on the voltage, obeying the ohmic conduction 25 

with the linear relationship. At the high voltage region, a sharp increase of current with the 26 
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increased voltage indicates that the Ag/MP1/Pt device switches to the LRS. The I-V behavior 1 

follows Child’s law (I ~ V2). Therefore, the resistive switching mechanism is in agreement 2 

with the SCLC model,[39-40] revealing the filaments model. 3 

According to the analysis of conduction mechanism of memristor, as shown in Figure 2d, 4 

when the Ag top electrode is applied with a positive voltage, the Ag atom will be oxidized: 5 

Ag → Ag+ + e-. It has been found that MP1 may act as metal-ions-accommodation site and 6 

help the formation of conductive filaments in the active region. Due to the presence of an 7 

applied voltage, there is an electric field inside the device from the top electrode to the bottom 8 

electrode. Electrons move toward the positive voltage source, and Ag+ ions move toward the 9 

bottom electrode along the electric field.[49] When Ag+ ions reach the bottom electrode (Pt), 10 

the following chemical reaction near the bottom electrode will occur: Ag+ + e-→ Ag.[39-40] As 11 

the reaction proceeds, the Ag atoms gradually reach a nucleation near the bottom electrode 12 

and extend toward the top electrode. When the stacked Ag atoms completely connect the top 13 

and bottom electrodes, the device will change from the HRS to the LRS. The conductive 14 

channels formed by the Ag atoms are called conductive filaments.[47-48] 15 

2.5 The emulation of the biological synaptic responses of the human brain using MP1 16 

memristor 17 

2.5.1 The enhancement of transition from short-term memory to long-term memory 18 

To observe the memory ability,[41-42] forty large voltage pulses with the amplitude of 1 V, 2 V 19 

and 3 V were used to stimulate the device, respectively. Immediately, small voltage pulses of 20 

0.1 V were applied to measure the conductivity change of the device. The results are shown in 21 

Figure 3. When the amplitude of applied voltage pulse is 1 V, the memristor has not been 22 

stimulated to open. The conductivity of the device declines only after 65 ms. But when the 23 

amplitude of the applied voltage is 3 V, the device conductance can be stimulated larger than 24 

that by being applied with 1 V pulses. The duration of the high conductance state can reach 25 

~1000 ms. The enhancement of transition from short-term memory to long-term memory can 26 

be observed with the increase of the amplitude of the applied voltage pulse. The phenomena 27 
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are consistent with synaptic responses in the human brain where the larger the external 1 

stimulus is applied, the stronger the synaptic connectivity is. In addition, forty large voltage 2 

pulses with amplitudes of 1 V, 3 V and 5 V were applied to the Ag/MP1/SiO2/Pt memristor 3 

which is shown in Figure S9. 4 

2.5.2 Paired-pulse facilitation 5 

From the review of biological systems, short-term plasticity (STP) is important for the neural 6 

computation of biological synapses. In biological synapses, calcium ions can enter the 7 

endings of the cranial nerves for the rapid production of transmitters, which induces an 8 

instantaneous increase of the connections, i.e. the STP. Paired-pulse facilitation (PPF) is a 9 

typical example of the STP. The conductance of memristor is affected by the internal ion 10 

migration, which is similar to the synaptic weights. As shown in Figure 4a, when two pulses 11 

with the same amplitude of 4 V are applied to the Ag/MP1/Pt memristor,[43-44] the current 12 

generated by the second pulse is larger than that generated by the first pulse. The ratio of the 13 

amplitudes of the two current spikes is called the PPF index. The PPF index shown in Figure 14 

4a is calculated to be 2.5. It can be found that the PPF index increases/decreases with the 15 

decrease/increase of the pulse interval, respectively. The red dots in Figure 4b plot the 16 

relationship between the PPF index and the pulse interval, which can be well fitted by the 17 

function of y = 𝐴𝐴1 × exp(−∆𝑡𝑡 𝑡𝑡1⁄ ) + 𝑦𝑦0, A1, t1, and y0 are constants, ∆t is a time interval 18 

variable.[45-46] The fitting parameters are shown in Table S2. The fitting curve is similar to 19 

the curve of the biological synaptic responses. 20 

3. Conclusions 21 

In summary, a new strategy was proposed to successfully synthesize the novel D-A ferrocene-22 

containing metallopolymer MP1 for brain inspired memristive devices. In addition, the 23 

Ag/MP1/Pt and Ag/MP1/SiO2/Pt memristors have been successfully fabricated. The 24 

metallopolymer MP1 was used as the resistive-switching layer and the insertion of SiO2 can 25 

reduce power consumption which is the most challenging task for the brain-inspired system. 26 
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The hysteresis curves were achieved in both Ag/MP1/Pt and Ag/MP1/SiO2/Pt devices. 1 

Moreover, the continuous pulses were applied to the Ag/MP1/Pt memristor to simulate the 2 

synaptic behaviors of human brain, including the transition from short to long-term memories 3 

and paired-pulse facilitation. This work will further promote the development of organic and 4 

polymeric D-A memristors in the brain-inspired system. 5 

4. Experimental section 6 

4.1. Synthesis of MP1 7 

Synthesis and Characterization of MP1:[5] To a mixture of DEnTPA (40 mg, 0.136 mmol) 8 

and FcI2 (60 mg, 0.136 mmol) in a mixed solution of triethylamine (10 mL) and dry THF (10 9 

mL) under nitrogen were added copper iodide (2 mg, 0.0068 mmol) and 10 

tetrakis(triphenylphosphine)palladium (8 mg, 0.0068 mmol). After being stirred for 30 min at 11 

r. t., the mixture was then heated to reflux overnight. When the reaction was complete, the 12 

mixture was cooled down to r. t., and the solvent was then removed under reduced pressure. 13 

The residue was chromatographed over a silica gel column by eluting with dichloromethane 14 

and methanol to give a red solid, which was precipitated in hexane to afford the desired 15 

compound (60%). The number-average molecular weight (Mn) is 5.6 × 103 g mol-1, weight-16 

average molecular weight (Mw) is 9.7 × 103 g mol-1, and polydispersity index (PDI) is 1.7. 1H 17 

NMR (tetrahydrofuran-d8, 400 MHz): δ 7.96~6.99 (m, ArH), 5.05~4.23 (m, FcH). FT-IR 18 

(KBr pellet, cm-1): 3054 (C-H stretching, Fc), 2196 (C≡C stretching), 1590 (C=C stretching, 19 

Ar), 1500 (C=C stretching, Ar), 1288 (C-N stretching, Ar), 1110 (C-C stretching, Fc), 1035 20 

(C-C stretching, Fc), 832 (C-H bending, Fc), 493 (C-Fc stretching, Fc). The 1H NMR 21 

spectrum of MP1 is shown in Figure S3. As is shown in the figure, the broadened peak at δ = 22 

8.00-6.50 ppm is attributed to the aromatic phenyl protons, while the characteristic signal at δ 23 

= 5.10-4.00 ppm is attributed to the ferrocene moiety. 24 

4.2. Device fabrication 25 
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Firstly, the wafers were cleaned using dilute hydrofluoric acid and deionized water. Next, 80-1 

nm-thick platinum (Pt) was deposited onto the Si substrate as the bottom electrode through a 2 

shadow mask by physical vapor deposition (PVD) with electron beam assisted sputter. After 3 

that, the MP1 resistive-switching layer was deposited by spin-coating, followed by a thermal 4 

annealing process. Finally, 80-nm-thick metallic Ag was deposited through a shadow-mask as 5 

the top electrode by PVD with electron beam assisted sputtering. The final Ag/MP1/Pt 6 

memristors with the two-terminal structure were characterized by using the scanning electron 7 

microscope and optical microscope. In addition, the Ag/MP1/SiO2/Pt has been fabricated for 8 

comparison. The 50 nm SiO2 was deposited between MP1 layer and Pt layer by PVD with 9 

electron beam assisted sputtering. The other layers were deposited with the same process as 10 

for Ag/MP1/Pt. 11 

 12 
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Scheme 1. Schematic representation of the synthesis of FeI2, DEnTPA and MP1. 3 
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 1 
Figure 1. The physical characterization of Ag/MP1/Pt memristor. a) The whole process of the 2 
preparation of Ag/MP1/Pt memristor. b) The scanning electron microscope (SEM) picture of 3 
the crossbar structure of Ag/MP1/Pt memristor. c) The optical microscope (OM) of the 4 
crossbar structure of Ag/MP1/Pt memristor. d) The atomic force microscope (AFM) image of 5 
MP1 film. 6 
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 1 
Figure 2. The electrical properties of MP1 memristor. a) The forming process of Ag/MP1/Pt. 2 
b) The typical I-V curve of Ag/MP1/Pt memristor. The value of Y-axis has been taken as 3 
logarithm. c) The retention of resistance of Ag/MP1/Pt memristor. d) The schematic diagram 4 
of the formation of conductive filaments in Ag/MP1/Pt device. Fits to log (I)-log (V) curves of 5 
the Ag/MP1/Pt using the SCLC model, showing e) the SET process and f) the RESET process. 6 
Fitted slopes are indicated. 7 
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 1 
Figure 3. Pulse experiments of transferring from temporary short-term memory (STM) to a 2 
permanent long-term memory of Ag/MP1/Pt memristor. a) The schematic diagram of the 3 
continuous pulse of applied voltage and the read voltage. b) The process of the change of 4 
conductivity of MP1 memristor after the simulation of an applied voltage of 1 V. c) The 5 
process of the change of conductivity of MP1 memristor after the simulation of an applied 6 
voltage of 2 V. d) The process of the change of conductivity of MP1 memristor after the 7 
simulation of an applied voltage of 3 V. 8 
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 1 
Figure 4. The relationship between the double pulse facilitation index and the pulse interval 2 
and the fitting map. 3 
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Part I. Experimental Section 1 

General Experimental Information: All materials for chemical synthesis were purchased from 2 

Sigma-Aldrich, J&K or Acros Organics and used without further purification. Commercially 3 

available reagents were used as received unless otherwise noted. The solvents used in the 4 

polymerization reactions were dried and distilled appropriately prior to use. 1H NMR and 13C 5 

NMR spectra were measured in deuterated solvents, and the instrument was a Bruker AV 400 6 

MHz FT-NMR spectrometer, in which the chemical shift (δ in ppm) used tetramethylsilane as 7 

the internal standard of 1H and 13C nuclei. Fourier transform infrared (FT-IR) spectra were 8 

measured by a Perkin Elmer Paragon 1000 PC spectrometer, and KBr pellets were used for 9 

solid state spectroscopy. On the Agilent 1050 HPLC system with visible wavelength and 10 

fluorescent detector, the molar masses (Mn and Mw) and polydispersity indexes (PDIs) of 11 

polymers were examined by size exclusive chromatography (SEC). The UV-Vis absorption 12 

spectra were obtained on a HP-8453 diode array spectrophotometer. The photoluminescence 13 

(PL) spectra were measured with a PTI Fluorescence Master Series QM1 spectrophotometer. 14 

The electrochemical properties of MP1 were investigated by CV studies in the thin film state. 15 

Thicknesses of all thin layer electrodes were measured by the KLA-Tencor P6 surface 16 

analyzer. The electrochemical properties of MP1 were investigated by CV in thin film state. 17 

CV measurements of MP1 thin film on a glassy carbon electrode were taken in 0.1 M solution 18 

of tetrabutylammonium hexafluorophosphate (n-Bu4NPF6) in anhydrous DMF. The 19 

ferrocene/ferrocenium couple was used as the internal standard at a scan rate of 50 mV s-1 The 20 

electrical characteristics and pulse tests were carried out by the Keithley 4200A 21 

semiconductor analyzer. The scanning electron microscope (SEM) picture of the crossbar 22 

structure of Ag/MP1/Pt memristor was carried out by Hitachi S4800 with the ion-containing 23 

sputtering instrument E-1010. The optical microscope (OM) of the crossbar structure of 24 

Ag/MP1/Pt memristor was acquired by DM6000M of LECIA analyzer. The atomic force 25 

microscope (AFM) image of MP1 film was carried out by Dimension icon analyzer. 26 
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Synthesis 1 

FcI2 was synthesized according to a modified literature procedure.[1-3] An oven-dried 250 mL 2 

two-necked flask was charged with ferrocene (5.0 g, 26.9 mmol), tetramethyl ethylenediamine 3 

(10 mL, 67.2 mmol) and hexane (100 mL). When the resulting mixture was cooled to 0 ℃，4 

28 mL of the solution of n-BuLi (2.4 mol L-1) in hexane was added dropwise under N2 5 

atmosphere. After being stirred for 12 h, the resulting bright orange suspension was cooled to 6 

-78 ℃ and a solution of I2 (15.0 g, 59.2 mmol) in dry THF was added. The mixture was 7 

allowed to warm to room temperature (r. t.) and continued to stir for 2 h. Then the reaction 8 

mixture was quenched with the solution of Na2S2O3 (100 mL) and stirred for 15 min. The 9 

organic phase was separated and dried over Na2SO4 after which the solvents were removed 10 

under vacuum. After the flash column chromatography, a dark red crude oil, containing FcI2 11 

accompanied by minor amounts of ferrocene and monoiodo-substituted ferrocene FcI was 12 

obtained (7.6 g). The crude product was extracted by n-hexane and FeCl3 aqueous solution 13 

(0.5 mol L-1). When Fc/FcI contaminants had been removed, the organic phase was washed 14 

with water, dried over Na2SO4, filtered and evaporated to a dark red oil. The product was 15 

further purified via silica gel chromatography by using hexane as eluent to afford a dark oil 16 

(2.5 g, 21%).1H NMR (CDCl3, 400 MHz): δ 4.37 (pseudo-t, 4H, J = 1.6 and 2.0 Hz, CpH), 17 

4.18 (pseudo-t, 4H, J = 2.0 Hz, CpH). 13C NMR (CDCl3, 100 MHz): δ 77.59 (CpI, CH), 72.28 18 

(CpI, CH), 40.29 (CpI, CI). 19 

DEnTPA-1 was synthesized according to a modified literature procedure.[4] A mixture 20 

containing 4,4'-diiodotriphenylamine (6.0 g, 12.1 mmol), CuI (115 mg, 0.6 mmol), 21 

Pd(PPh3)Cl2 (421 mg, 0.6 mmol), triethylamine (30 mL) and THF (30 mL) was degassed at r.t. 22 

for 30 min and then trimethylsilylacetylene (5.2 mL, 36.3 mmol) was injected under N2. After 23 

being stirred for another 30 min, the reaction mixture was heated to 50 ℃ and stirred 24 

overnight. Water was added to quench the reaction and CH2Cl2 was used for extraction (50 25 

mL×3). The organic layer was collected, dried over anhydrous Na2SO4, filtered and 26 
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concentrated under reduced pressure to give the crude product, which was purified over silica 1 

gel chromatography using hexane/CH2Cl2 (10:1, v/v) as eluent to afford a light-yellow sticky 2 

solid (4.3 g, 81%). 1H NMR (CD2Cl2, 400 MHz): δ 7.35~7.28 (m, 6H), 7.13~7.07 (m, 3H), 3 

6.99~6.95 (m, 4H). 0.23 (s, 18H). 13C NMR (CD2Cl2, 100 MHz): δ 147.97, 147.10, 133.40, 4 

130.10, 126.16, 124.86, 123.64, 117.47, 105.52 (ArC), 93.95 (C≡C), 0.24 (Si (CH3)3). 5 

DEnTPA was synthesized according to a modified literature procedure.[4] A solution of 6 

DEnTPA-1 in THF (50 mL) and methanol (50 mL) was treated with NaOH (936 mg, 23.4 7 

mmol). The mixture was stirred at r. t. overnight. After the solvent was removed under 8 

reduced pressure, the crude product was purified by a flash chromatography with 9 

hexane/CH2Cl2 (10:1, v/v) as eluent to afford the pure product as a light-yellow viscous oil 10 

(87%). 1H NMR (CDCl3, 400 MHz): δ 7.37~7.34 (m, 4H, ArH), 7.31~7.27 (m, 2H, ArH), 11 

7.12~7.08 (m, 3H, ArH), 7.01~6.98 (m, 4H, ArH), 3.04 (s, 2H, C≡CH). 13C NMR (CDCl3, 12 

100 MHz): δ 147.85, 146.77, 133.42, 129.82, 125.80, 124.56, 123.39, 116.16, 116.16 (ArC), 13 

83.85 (ArC≡C), 76.82 (C≡CH). 14 
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Part II. Supplementary Tables and Figures 1 

 2 

Figure S1. The measurement of the thickness of MP1 film by probe type profilometer. 3 
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 1 
Figure S2. The SEM picture of the sectional structure of MP1 film on the substrate. 2 
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 1 
Figure S3. 1H NMR spectrum of FcMMP1 in THF-d8. 2 
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 1 
Figure S4. a) UV absorption spectra of MP1 in THF. b) PL spectra of MP1 in THF. 2 
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Figure S5. CV curves of MP1 in 0.1 mol L-1 TBAP DMF solution. 2 
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Figure S6. FT-IR spectra of MP1 by using KBr pellet method. 2 
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Table S1. Molecular masses and PDI of MP1 via SEC in the THF solution. 1 
 2 

Polymer Mn(g mol-1) Mw(g mol-1) PDI(Mw/ Mn) 
MP1 5.6×103 9.7×103 1.7 
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Figure S7. The typical I-V curve of Ag/MP1/SiO2/Pt memristor. 3 
  4 
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Figure S8. The retention of the resistance of Ag/MP1/SiO2/Pt memristor. 2 
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 1 
Figure S9. Pulse experiments of transferring from temporary short-term memory (STM) to a 2 
permanent long-term memory of Ag/MP1/SiO2/Pt memristor. a) The schematic diagram of 3 
the continuous pulse of applied voltage and the read voltage. b) The process of the change of 4 
conductivity of MP1 memristor after the simulation of an applied voltage of 1 V. c) The 5 
process of the change of conductivity of MP1 memristor after the simulation of an applied 6 
voltage of 3 V. d) The process of the change of conductivity of MP1 memristor after the 7 
simulation of an applied voltage of 5 V. 8 
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Table S2. Fitting parameters of the functional relationship between PPF index and pulses 1 
intervals. 2 

Parameter A1 T1 Y0 
The fitting value 5.22 30.88 0.96 

 3 
  4 
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Part III. Supplementary Statements 1 

In order to save the power consumption, we tried to introduce the SiO2 layer into Ag/MP1/Pt 2 

memristor. The typical I-V characteristic of Ag/MP1/SiO2/Pt is shown in Figure S7. The 3 

memristors were initially at the HRS. When the applied voltage was swept to 5 V, there was a 4 

jump in the current of the device. When the applied voltage was swept from 5 V to 0 V, LRS 5 

was maintained due to the formation of conductive channels. Correspondingly, when the 6 

negative voltage was applied to the device, the device would return to the HRS. It can be 7 

found that the working current of Ag/MP1/SiO2/Pt device is one order less than the device 8 

without SiO2. It is obvious that the working current of the devices has indeed been lower than 9 

the devices without SiO2. But the time of the switching from HRS to LRS and the set voltage 10 

have increased obviously. So, the issue of power consumption has not been completely solved 11 

by introducing the SiO2 layer to Ag/MP1/Pt memristors. 12 




