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Supplementary Figure 1. Chemical structure and FTIR characterization of DDA-Cu. a, Schematic 

diagram of the preparation reaction mechanism. b, FTIR spectra of DDA-Cu.  

Here the preparation reactions of the DDA-Cu involve the deprotonation of hydroxyl groups and 

the oxidation of amino groups. Hydroxyl protons go into solution by dissociation1 and are 

subsequently captured by acetate without being converted to water molecules. Amino groups are 

oxidized by oxygen in the air to form water molecules, that is 4(−𝑁𝐻2) + 𝑂2 → 4(−𝑁𝐻) + 2𝐻2𝑂, 

this process is the same as the synthesis of the two-dimensional amino ligand MOFs2,3. In 

Supplementary Fig. 1b, there is a –NH stretching vibration peak of 3418 cm–1 for DDA-Cu, which is 

consistent with the DDA-Cu structure described in the mechanism. 

 

Supplementary Figure 2. XPS results of DDA and DDA-Cu. a, Cu 2p peaks of DDA-Cu. b, O 1s 

peaks of DDA and DDA-Cu. c, N 1s peaks of DDA and DDA-Cu. d, Full element curves for 

DDA-Cu.  
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Supplementary Figure 3. EPR spectrum of DDA-Cu at the room temperature. The calculated g 

value is 2.2. 

 

Supplementary Figure 4. Wavelet transform of the EXAFS.  

 

Supplementary Figure 5. Theoretical models and calculated XPD results of DDA-Cu with 

dislocated, and aligned structures. Model A: DDA-Cu with a dislocated structure. Model B: DDA-Cu 

with an aligned structure, and at each linkage point a Cu atom is removed.  
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Supplementary Figure 6. Theoretical models and calculated XPD results of DDA-Cu with rotation 

structure in single cell and super cell. a–j, Rotation models with different rotation angles. Model a 

 rotation angle = 0° , c  rotation angle = 5° , e  rotation angle = 10° , g  rotation angle = 20° , i 

 rotation angle = 30°  take a single cell model with a = 11.8  , b = 7.9  , c = 3.2  , α = β = 90.0°, 

and γ = 87.7° in the P1 space group and all DDA-Cu chains rotate in the same direction. Model b 

 rotation angle = 0° , d  rotation angle = 5° , f  rotation angle = 10° , h  rotation angle = 20° , j 

 rotation angle = 30°  take a super cell model with a = 23.   , b = 7.9  , c = 3.2  , α = β = 90.0°, 

and γ = 87.7° in the P1 space group and adjacent DDA-Cu chains rotate in the opposite direction.      

With the increasing of rotation angles from 5° to 30° in single cell models and super cell models, 

the intensity peak of  001  planes decrease significantly due to the weakening of π-π layer stacking 

by rotation. Therefore, the I 0 0 1 : I 1 0 0  decreases significantly from 0.212 to 0.00031. The I 0 0 1 : I 1 0 

0  value we observed experimentally is 0.27, which is the closest to the unrotated model  a and b , 

therefore the DDA-Cu are more inclined to align in the same plane and form a strong π-π stacking 
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between layers as evidenced by the strong  0 0 1  peak . 

 

Supplementary Figure 7. Gas adsorption/desorption characterization. a,b N2 adsorption/desorption 

isotherms and pore size distribution of DDA-Cu at 77 K. The BET surface areas are ~ 127.3 m2/g  N2  

and 125 m2/g  Ar . c,d Ar adsorption/desorption isotherms and pore size distribution of DDA-Cu at 

87 K. e, Connolly surface analysis of DDA-Cu. Linear chains of DDA-Cu aligned in parallel form an 

inherent tubular pore structure.4 

 

Supplementary Figure 8. HRTEM image of DDA-Cu. The HRTEM image showed that the 

DDA-Cu consist of parallel aligned 2D sheets, which indicates a highly ordered alignment. Scale bar 

1 nm.  
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Supplementary Figure 9. Chemical stability of DDA-Cu. The soaking time was 24 hours in each 

experiment. 

After being soaked in boiling water, MeOH, DCM, THF, DMF, and 1 M NaOH for 24 hours, the 

PXRD intensity only changed slightly, showing good solvent resistance, boiling water resistance, and 

alkali resistance. When immersed in 1 M CH3COOH for 24 hours, the crystal structure of DDA-Cu 

was preserved to a certain extent. For 1M HCl, the crystallinity of DDA-Cu is almost completely lost. 

This is because the attack of proton  especially for strong acids, 1M HCl, etc.  on O/N atoms in 

DDA-Cu promotes the cleavage of the coordination bond, and then the MOF is decomposed. 

 

 

Supplementary Figure 1 . TGA curve of DDA-Cu.  
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Supplementary Figure 11. DDA-Cu films transferred on Si/SiO2 substrate.  

 

Supplementary Figure 12. AFM characterizations of DDA-Cu film. a, AFM images of DDA-Cu 

films grown at different time from 12h to 72 h. b, Corresponding height profiles across the smooth 

Si/SiO2 substrate and DDA-Cu films. 

 

Supplementary Figure 13. Schematic diagram of orientation growth of DDA-Cu film on Si/SiO2 

substrate  a  and DDA-Cu structure along ab plane  b .  
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Supplementary Figure 14. HRAFM images of a DDA-Cu film. a. Two-dimension HRAFM image 

of a DDA-Cu film. b. Three-dimension HRAFM image of a DDA-Cu film. Scale bar 4 nm.  

 

Supplementary Figure 15. TEM images of a DDA-Cu film. a. TEM image of a DDA-Cu film. b. 

HRTEM image of a DDA-Cu film. Scale bars 5 um  a  and 20 nm  b . 

 

Supplementary Figure 16. SEM image of a DDA-Cu-based device. Scale bar 100 um. 
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Supplementary Figure 17. a, I-  curves of DDA-Cu-based devices. b, The calculated values of 

conductivity.  

 

Supplementary Figure 18. Capacitance property characterization. a, Cyclic voltammetry curves in a 

three-electrode system performed at different potential range. b, Cyclic voltammetry curves of the 

symmetrical supercapacitor at different scan rates. c, Galvanostatic charge-discharge curves at 

different current density. d, Electrochemical impedance spectroscopy of the supercapacitor. e, 

Calculated specific gravimetric capacitance at different current density. f, Cycling Stability of the 

device. The device still retains a high retention of 92% after 2000 cycles, showing good cycle 

stability.  
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Supplementary Figure 19. C  tests and redox mechanism analysis of DDA and DAA-Cu. a–c, C  

curves for DDA-Cu; d–f, C  curves for DDA; g,h, The proposed redox mechanisms for DDA and 

DDA-Cu, respectively. For the evaluation of DDA-Cu, we mixed 4 mg DDA-Cu with the 40 μL 

Naifon and 9 0 μL ethanol, and dropped 5 μL of the mixture to the glassy carbon electrode as the 

working electrode. The sweep rate of C  curves for b, c, e, f is 100 m /s. The diameter of glassy 

carbon working electrode is about 3 mm. 

We further investigated the capacitive properties of DDA-Cu in a wider voltage range in organic 

electrolytes, which are not allowed in aqueous electrolytes due to the interference of water splitting 

peaks. We investigated the C  curves of DDA-Cu and DDA using a three-electrode system in 

anhydrous CH3CN containing [
nBu4N][PF ]  0.1 M , with Ag/AgCl as the reference electrode, Pt as 
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the counter electrode, and glassy carbon electrode as the working electrode. As shown in 

Supplementary Fig. 19a–c, two pairs of redox peaks were observed around 0.87   and 1.1   for 

DDA-Cu in the range of −0. -1.4  , exhibiting significant pseudocapacitive behavior. Such a large 

voltage window of 2   shows that DDA-Cu may be a good candidate for a wide voltage window and 

high energy density supercapacitor in organic electrolyte systems5. When the voltage window is 

narrowed to −0.4-0.8    Supplementary Fig. 19b, c , DDA-Cu has no redox peaks. This is similar to 

the C  curves observed in 3 M KOH, which means double-layer capacitance behaviors. This kind of 

MOF-based double-layer capacitors within a certain voltage window despite the presence of redox 

peaks in a high voltage region has also been reported for Ni3 HITP 2
 .  

To reveal the possible pseudocapacitance mechanism of DDA-Cu, we investigated the C  curves 

of DDA. As shown in Supplementary Fig. 19d, there are two pairs of redox peaks in DDA at 

approximately 0.99   and 1.2  , which were speculated to be responsible for the redox peaks in the 

DDA-Cu. Based on the previous reports of the electrochemical redox mechanisms of aniline and 

aromatic hydroxyl groups7–9, the possible redox mechanisms of DDA and DDA-Cu are given in 

Supplementary Fig. 19g, h. There are two redox processes here for DDA/DDA-Cu, the first is the 

transformation of C–O to quinoid structure, and the second is the transformation of C–N to C=N. In 

conclusion, the above tests show that DDA-Cu exhibits pseudocapacitive behavior contributed by 

ligands in a high voltage region. In contrast, the aqueous DDA-Cu supercapacitors under voltage 

window  1    studied here exhibit a double-layer capacitive storage mechanism. 
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Supplementary Figure 2 . a, C  curves of DDA-Cu. b, C  curve of background. c, Optical photos 

of the electrochemical cell before testing  left  and testing  right . d, Ex-situ XPS results of Cu 2p 

region for pristine DDA-Cu  bottom plot  and DDA-Cu charged at –2    top plot . e, f, Ex-situ XPS 

results of O1s and N1s for pristine DDA-Cu  bottom plot  and DDA-Cu charged at  1.4    top plot . 

Scan rate: 100 m /s for a and b. 

As shown in Supplementary Fig. 20a, two distinct reduction peaks were observed at –0.84   

and –1.52   in cycle 1, assigned to Cu2  to Cu  process and Cu  to Cu0 process respectively. Then 

we observed rapid exfoliation of DDA-Cu powder during the first scan  Supplementary Fig. 20c . 

And we speculated that the reduced copper would disengage from the coordination environment and 

destabilize the framework material, leading to exfoliation from the electrode surface. Therefore, the 

C  curves of cycle 2 and cycle 3 are similar to the curve for pure background  Supplementary Fig. 

20b . The exfoliation was collected on conductive glass for ex-situ XPS testing. As shown in 

Supplementary Fig. 20d, compared to pristine DDA-Cu  Cu2 , 934.2 e  , the binding energy of 

copper for the electrochemically treated material significantly decreases  Cu0, 932.8 e  , which is 

consistent with the reduction peak we observed in the C  curves  Supplementary Fig. 20a . In 

Supplementary Fig. 20e, for N1s peak of pristine DDA-Cu, there are two kinds of N, the N that 

coordinates with Cu  C–NH–Cu, 399.5 e   and the terminal amino group  –NH2, 398.8 e   of the 

framework that does not coordinate with metal. For the N1s peak of the oxidized DDA-Cu, a new 
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oxidation state of N appears at high binding energy  400.5 e   assigned to the imine bond N 

 C=NH –Cu  and another new peak at 410.9 e  is assigned to the N  structure of the electrolyte 

[nBu4N][PF ]. In addition, for O1s  Supplementary Fig. 20f , there are three kinds of O for pristine 

DDA-Cu, O coordinated with Cu  530.8 e , C–O–Cu , and organic framework oxygen, C–O  533.5 

e   and C=O  532.1 e   from the common contribution of uncoordinated C=O, C–OH in DDA-Cu 

and the ester group of acetate  may be coordinated at the end of DDA-Cu chains or crystal surfaces . 

For the O1s peak of the oxidized DDA-Cu, the O coordinated with Cu  C–O–Cu  is obviously 

moved to a high binding energy position at 531.5 e   C=O –Cu . The peak at 535.3 e  is attributed 

to the F–C–O structure in Nafion adhesive. All in all, it is clear that the electrochemical oxidation 

significantly affects the binding energy of the heteroatoms in ligand backbone consistent with the 

proposed mechanism with N/O as the redox active center in Supplementary Fig. 19g, h. 

 

Supplementary Figure 21. Dependence of conductance with temperature  25–350 K  of DDA-Cu.  

The conductance of DDA-Cu film gradually increases with the temperature increasing from 25 K 

to 340 K. Meanwhile a linear relationship between ln G  and 1000/T  210–350 K  was observed 

indicating a typical semiconducting characteristic of the material, similar to other semiconducting 

MOFs10–12. 
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Supplementary Figure 22. Characterization of semiconductor properties. a, Hall effect 

measurements of DDA-Cu at 298 K. b, Mott–Schottky plots of DDA-Cu.  

Hall effect results indicate that DDA-Cu is a typical n-type semiconductor  Supplementary Fig. 

22a . We obtained the average carrier density and Hall mobility of 3.11×1017 cm–3 and 0.32 cm2/ s 

 Table S  , respectively, which exceeds p-type K3Fe2[PcFe–O8] MOF based on Hall effect 

measurements13. Also, we observed a positive slope in the linear region of Motto-Schotky curve 

 Supplementary Fig. 22b , indicating the n-type semiconductor of DDA-Cu. These experimental 

characterizations fully demonstrate that DDA-Cu is an n-type semiconductor. Semiconductor 2D 

framework materials are dominated by p-type, such as COFs14. The reported conductive 

semiconductor MOFs are mostly p-type; therefore DDA-Cu is a rare highly conductive n-type MOF 

 Table S7 . 

 

Supplementary Figure 23. a, Infrared diffuse reflection spectrum of DDA-Cu. b, [F R × hʋ]0.5 vs. 

hʋ.  

The electrical band gap was calculated by poltting the [F R × hʋ]0.5 vs. hʋ to get the 

extrapolating gap value, where ν refers to frequency, h refers to Planck constant. Here, the F R  was 

calculated by means of the following Kubelka–Munk  K–M  function 11: 
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𝐾

𝑆
= 𝐹(𝑅) =

(1−𝑅)2

2𝑅
  1  

, where the K is the absorption coefficient, S is a scattering factor, R is the reflectance. 

 

Supplementary Figure 24. Energy level diagram of DDA-Cu. 

 

Supplementary Figure 25. Band structure of DDA-Cu. a, Band structure along Z-G-…-C paths. 

Eg
indirect means indirect band gap. b, Partial enlarged picture of band structure along E-C path. The 

coordinate of the data point at C is  4.177, 0.0021  above the Fermi level. Therefore, DDA-Cu 

exhibits semiconductive features in all in-plane paths  Z-G, Y-A, B-D and E-C . However, it exhibits 

metallic characteristics along π-π stacking path  G-Y, A-B, and D-E . This anisotropic charge 

transport behavior is a manifestation of the structure-activity relationship15,1 .   
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Supplementary Figure 26. The proposed mechanism for the synaptic properties of DDA-Cu. CB: 

conduction band;  B: valence band; h: hole; e: electron; Ef: the fermi energy; ET: the energy level of 

trap states.  

The conductance of the DDA-Cu film  that is proportional to carrier concentration  represents the 

synaptic weight of the photoelectronic device, which will change with light stimulation leading to the 

synaptic plasticity. When the light is on, photogenerated electrons are excited to the CB  process 1 , 

leaving photogenerated holes in the  B. Some of the photogenerated holes are recombined with 

electrons immediately  process 2 . And some are captured by trap states slowly  process 3; the trap 

states may be caused by dangling bonds at the edge of the material, etc. , resulting in the slow 

accumulation of photogenerated electrons in CB. Therefore, the photogenerated current gradually 

increases. As all trap states are filled, the electrons in CB reach a maximum concentration and the 

photogenerated current is gradually saturated. When the light is removed, the trap states gradually 

release holes  process 4  to recombine with electrons  process 5 . This leads to a slow decay of the 

photogenerated current, illustrating the synaptic plasticity. 
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Supplementary Figure 27. a, Temperature distribution of device 1-8 under white light illumination 

 white light, 30 mW/cm2 ; b–e, Temperature at the center of the device channels over time. The light 

is on for the first 25 s and the light removed for the last 20 seconds. 

Clearly the temperature of each device fluctuates in a small range  < 1 K , and there is no obvious 

increase with the light on. In addition, according to the temperature dependence of conductivity, with 

a 1 K increase in temperature  299–301 K , the device current increases by a maximum of ~ 0.14 nA 

at  DS = 5  , which is significantly smaller than the measured EPSC of ~ 5 nA  based Si/SiO2 

substrate  in our manuscript. Therefore, the thermal effect of lighting can be ignored here. The 

similar result also has been reported before17. The increase in photocurrent should be attributed to the 

generation of photogenerated carriers in DDA-Cu  Supplementary Fig. 27 . 
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Supplementary Figure 28. The ∆PSC of devices based on Si/SiO2 substrates stimulated by white 

light, red light   20– 25 nm  and yellow light  590–595 nm ; Excitation time is 3 s, and interval time 

between two light pulses is also 3 s. Source-drain voltage   DS  is 5  .  

 

Supplementary Figure 29. U −vis−NIR absorption spectra of DDA-Cu. 

 

Supplementary Figure 3 . a,b, The ∆PSC of device based on Si/SiO2 substrate stimulated by white 

light  excitation time is 10 s, 20 mW/cm2 . The  DS is 5  . c,d, The ∆PSC of device based on flexible 

PET substrate stimulated by white light  excitation time is 10 s, interval time between two light 

pulses is 15 s, 20 mW/cm2 . The  source-drain is 5  .  
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Supplementary Figure 31. a–h, Single-pulse light response signals of 8 randomly selected flexible 

devices.  White light, excitation time =10 s, 20 mW/cm2  i, the ∆PSC values of 8 flexible devices. 

The low variance of 0.007  nA 2 shows that the light response of the devices has good reproducibility, 

and the optical synapse performance of different devices remains highly consistent. 
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Supplementary Figure 32. a–h, Double-pulse light response signals of 8 randomly selected flexible 

devices.  White light, excitation time = 10 s, interval time = 15 s between two light pulses, 20 

mW/cm2  i, The ∆PSC values of 8 devices. The low variance of 0.003  nA 2 shows that the light 

response of the devices has good reproducibility, and the optical synapse performance of different 

devices remains highly consistent. 
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Supplementary Figure 33. a, Decay curves of different duration time of light. b, The exponential 

fitting of decay curve for 10 s irradiation time. c,  ariation of time constants t1 and t2 with irradiation 

time.  

All decay curves  Supplementary Fig. 34a  are fitted by a double-exponential function  𝑦 =

𝐴𝑒(−𝑥/𝑡1) + 𝐵𝑒(−𝑥/𝑡2) + 𝐶 . The constants, t1=2.83 s and t2= 51.30 s are obtained by fitting the decay 

curve with the duration time of 10 s  Supplementary Fig. 34b . The shorter one, t1 and the longer one, 

t2 usually correspond to shallower trap states and deeper trap states in material, which are closely 

related to the STP and LTP features, respectively, and we observed a positive correlation between the 

time constants and the duration time  Supplementary Fig. 34c . Those results are consistent with the 

previous report18. 

  

Supplementary Figure 34. The transition of STP to LTP via different light frequency. 
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Supplementary Figure 35. The transition of STP to LTP via spike number. 

 

Supplementary Figure 36. Schematic diagram of pattern-recognition of devices array 

 

Supplementary Figure 37. The ∆PSC of a DDA-Cu-based device which is placed for 1 day and 45 

days. 
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Supplementary Figure 38. The bending tests of the flexible device array. The bending radius is ~1.  

mm. 

 

Supplementary Figure 39. Device performance comparison based on bending test 

 

Supplementary  ables 

 

Supplementary  able 1. Atomic coordinates of the DDA-Cu MOF. 

Space group: P2/m 

a = 11.8 Å, b = 7.9 Å, c = 3.2 Å, α = β = 9 . °, and γ = 87.7° 

atom X Y Z 

Cu 1 
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0.889020026 
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C 6 

C 7 

C 8 

C 9 

C 10 

C 11 

C 12 

C 13 

C 14 

N1 

N2 

O1 

O2 

O3 

O4 

H1 

H2 

H3 

H4 

H5 

H6 

0.316760004 

0.785420001 

0.214579999 

0.109070003 

0.890929997 

0.998640001 

0.00136 

0.680860043 

0.319139987 

0.231920004 

0.768079996 

0.772859991 

0.227139995 

0.998629987 

0.00137 

0.314399987 

0.685600042 

0.604330003 

0.395669997 

0.599420011 

0.400579989 

0.906650007 

0.17757 

0.822430015 

0.908649981 

0.091350019 

0.815909982 

0.184090018 

0.921509981 

0.078490019 

0.346509993 

0.653490007 

0.348690003 

0.651309967 

0.660969973 

0.339030027 

0.395280004 

0.604719996 

0.16336 

0.83664 

0.858449996 

0.141550004 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Note: This model was obtained by geometric optimization using the Forcite module of the Materials 

studio software package, using the Universal force field, and the electrostatic and van der Waals 

interaction were solved with Ewald method and atom-based method, respectively. The convergence 

criteria for the energy and force of the optimization process are 0.001 kcal/mol and 0.5 kcal/mol/ , 

respectively. Optimization process preserved unit cell symmetry and fixed atoms in the same plane. 
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Supplementary  able 2. Conductivity comparison with reported 1D MOFs. 

Materials Conductivity (S•m–1) Method State Reference 

DDA-Cu 

1 

2 

Cu(fum)(4-phpy)2 

Cd(nip)(4-Clpy) 

Cd(nip)(4-Brpy) 

Cd(nip)(4-Phpy) 

Co(adc)(4-ppy) 

Co(adc)(4-bppy) 

PMC-1 

[Cu-(abpy)]n 

[Pt–Rh–Pt4–Rh–Pt–

Cl–]n 

[Ag(3-cyanopyridine)2(

NO3)]n 

[Ag(dpbd)(ClO4)] 

[Ag2(bmsb)(ClO4)2] 

[Cu5(m-4-SpyH)7(m-I)I

4]n 

{[Cu2(m-I)(m-4-Spy)3]I

}n 

[Rh2(acam)4Br]n 

[Rh2(acam)4I]n 

9.4 

3×10–9 

5×10–8 

6×10–4 

8.5×10–4 

1×10–3 

1.4×10–3 

2.6×10–5 

2.5×10–6 

1.0-3.3×10–1 

9.3 

3.5×10–4 

 

1×10–9 

 

2.1×10–5 

1×10–4 

6.8×10–6 

 

2.7×10–7 

 

2×10–5 

2×10–5 

Two-probe 

Two- probe 

Two- probe 

Two- probe 

Two- probe 

Two- probe 

Two- probe 

Two- probe 

Two- probe 

Two- probe 

Two- probe 

Four- probe 

 

Two- probe 

 

Two- probe 

Two- probe 

Two- probe 

 

Two- probe 

 

Two- probe 

Two- probe 

film 

pellet 

pellet 

film 

film 

film 

film 

film 

film 

single crystal 

pellet 

single crystal 

 

pellet 

 

single crystal 

single crystal 

single crystal 

 

single crystal 

 

pellet 

pellet 

This work 

19 

19 

20 

21 

21 

21 

22 

22 

23 

24 

25 

 

26 

 

27 

28 

29 

 

29 

 

30 

30 

Note: Solvent molecules are omitted in the formulas for reference 3 and 4. All values are obtained at 

297 K. 

 

 



25 
 

Supplementary  able 3. Conductivity comparison of conductive COFs/MOFs films.   

Materials Conductivity (S•m–1) Method Temperature Reference 

DDA-Cu 

I2-doped PAE-PcCu 

Cu3(HHTP)2 

I2-doped Cu(Ni(pdt)2) 

TCNQ@Cu3(BTC)2 

2D Pd3(BHT)2 

Cu[Ni(pdt)2] 

9.4 

0.2 

8.7 

0.01  

7 

2.8 

1×10–6 

Two-probe 

Two-probe 

Two-probe 

Two-probe 

Four-probe 

Four-probe 

Two-probe 

297 K 

297 K 

297 K 

297 K 

297 K 

297 K 

297 K 

This work 

31 

32 

33 

34 

35 

33 

 

Supplementary  able 4. Cg comparison based solid-state supercapacitors. 

Materials Cg (F/g) Rate (A/g) Class Reference 

DDA-Cu 

Ni3(HITP)2 

Ni-MOF 

Activated-CC 

CCG@SSF 

Carbon SSCs 

SWCNT film 

CNT/PANI 

Carbon nanotube 

GF@3D-G 

PG-CC 

aRGO20 

118 

111 

96.7 

4.4 

27.2±0.6 

101 

35 

31.4 

7.3 

30 

79.19 

53 

0.1 

0.05 

1 

(10 mV/s) 

4 

0.125 

30 

1 

0.25 

1 

0.5 

1 

MOFs 

MOFs 

MOFs 

Activated carbons 

Activated carbons 

Activated carbons 

SWCNT 

SWCNT 

SWCNT 

Graphene 

Graphene 

Graphene 

This work 

6 

36 

37 

38 

39 

40 

41 

42 

43 

44 

45 
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Supplementary  able 5. Performance summary of optoelectronic synapse devices. 

Materials Device Wavelength (nm) PPF Imaging 

function 

Flexible 

devices 

Ref. 

DDA-Cu 

Au/LSNO/Au 

ITO/Nb: SrTiO3 

IGZO 

Pd/MoOx/ITO 

(PEA)2SnI4 

MoS2 

CS: pentacene 

CS: Dif-TES-ADT 

C3N4 

CsPbBr3 QDs 

a-IGZO/CdS 

2T 

2T 

2T 

2T 

2T 

2T 

2T 

3T 

3T 

3T 

3T 

3T 

White light, 620, 590  

365, 450, 520, 730 

459, 528, 630 

380–385 

365 

470, 590, 660 

310  

365–660 

White light 

350–400 

660, 520, 450 

Green light 

121 %, Δ t = 1 s 

≈ 138 %, Δ t = 1 s 

≈ 145 %, Δ t = 0.5 s 

/ 

/ 

/ 

120 %, Δ t = 1 s 

≈ 102–130 % 

≈ 240 %, Δ t = 0.3 s 

≈ 120 %, Δ t = 0.04 s 

107 %, 112 %, 117 % 

119 %, Δ t = 0.3 s 

√ 

√ 

√ 

/ 

√ 

/ 

/ 

/ 

√ 

/ 

/ 

√ 

√ 

/ 

/ 

/ 

/ 

√ 

/ 

√ 

√ 

/ 

/ 

/ 

This work 

46 

47 

48 

49 

50 

51 

52 

53 

54 

55 

56 

Note: “2T” and “3T” represent “two-terminal” and “three-terminal”, respectively. “Δ t” means 

“interval time between light spikes”. “√” and “/” represent “present” and “no present”, respectively.        

The devices in this work display a high PPF value  121 %  with achieving multi-wavelength 

synaptic response similar to those reported for two-terminal/three-terminal devices recently. 

Compared with traditional multi-layer composite devices, our devices achieve similar optical 

synaptic functions using only one MOF material as the active layer with the advantages of simpler 

device fabrication and avoiding complex interfacial compatibility problems. More importantly, the 

imaging function and flexibility characteristics exhibited by our device indicate its important 

potential in flexible optoelectronic devices in the future. 
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Supplementary  able 6. Hall effect results of three devices. 

Sample Carrier Carrier density  Hall coefficient  Carrier mobility  

1 

2 

3 

Average value 

n-type 

n-type 

n-type 

/ 

3.22726E17 cm–3 

2.99617E17 cm–3 

3.09418E17 cm–3 

3.10587E17 cm–3 

–19.33531 cm3/C 

–20.82657 cm3/C 

–20.16688 cm3/C 

–20.10959 cm3/C 

0.30528 cm2/Vs 

0.31635 cm2/Vs 

0.32649 cm2/Vs 

0.31604 cm2/Vs 

 

Supplementary  able 7. Type of semiconductor MOFs. 

Materials Type  Technology Ref. 

Cu-CAT-1 

K3Fe2[PcFe–O8] 

Fe3(THT)2(NH4)3 

Ni3(HITP)2 

(ZnC2O3H2)n 

NTU-9 

Ni-HAB 

[Co3(THT)2]
3− 

FeTHT 

p  

p 

p 

p 

p 

p 

n 

/ 

/ 

FETs 

Hall effect 

Hall effect 

FETs 

Mott−Schottky plot 

Mott−Schottky plot 

FETs 

/ 

/ 

57 

13 

10 

58 

59 

60 

61 

62 

63 
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