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Supramolecular electrets consisted of poly(4-vinylpyridine) 

(P4VP) and conjugated molecules of phenol, 2-naphthol and 

2-hydroxyanthracene were investigated for non-volatile 

transistor memory applications. The memory windows of 

these supramolecular electret devices were significantly 

enhanced with increasing the ππππ -conjugation size of the 

molecule. An high ON/OFF current ratio of more than 107 

over 104 s was achieved on the supramolecule based memory 

devices.  

Organic non-volatile memory (ONVM) devices have received 
extensive research interest recently due to the advantages of low cost 
and easy processing for flexible electronic applications,1 such as 
radio frequency identification tags or flexible smart phones. Among 
various techniques for fabricating memory devices, the organic field-
effect transistor (OFET) memory is an emerging and promising trend 
because of its non-destructive readout based on a easily integrated 
structure and multi-bit storage in a single transistor. The device 
configuration in OFET memory is a conventional transistors with an 
additional charge storage layer between the semiconductor layer and 
gate contact. The charge storage layer can be dielectric materials 
with a long-term charge storing ability or electrostatic polarization, 
including the chargeable polymer electret,2 organic ferroelectric 
oriented-dipole dielectric materials,3 donor-acceptor polyimides,4 
and nanoparticles (NPs)5 or graphene oxide embedded gate 
dielectrics.6 However, the above approach usually requires a 
complicated synthetic or hybridization procedures. Supramolecules 
are formed through complexation between an appropriate linear 
polymer and a small molecule using the non-covalent interaction, 
such as electrostatic interaction, hydrogen bonding, metal-ligand 
coordination bond.7 to form a graft-copolymer-like structure. It could 
provide a facile way to prepare high performance non-volatile 
memory devices and omit the complicated processes of synthesis for 
new polymer electrets. 

In this study, we construct supramolecules by attaching small 
molecule, including phenol, 2-naphthol, and 2-hydroxyanthracene, to 
the polymer (P4VP) side chains via hydrogen bonding. These three 
molecules contain a different pendant π-conjugated length (Fig. 1a) 

and thus could be used to explore the effect of conjugated length on 
memory characteristics. The relationship between electrical 
properties and mechanism in the supramolecular dielectric was 
investigated. The formation of hydrogen bonds between the 
hydroxyl group of phenol and the pyridine nitrogen of P4VP was 
investigated by FTIR. Compared with pure P4VP, the FTIR result 
shows that the addition of phenol mainly affects the bands related to 
those stretching modes of pyridine ring at 1597 and 993 cm-1 (Fig 
S1, Supporting Information (SI)). The pyridine bands at these two 
positions tend to shift to higher wavenumbers with increasing the 
molar ratio of 2-hydroxyanthracene, which is attributed to the 
pyridine complexed with the hydroxyl groups. The similar shifting is 
also observed in P4VP(phenol)x and P4VP(2-naphthol)x. We further 
estimate the fraction of pyridine groups of P4VP involved in the 
formation of hydrogen bonding (Fig. 1b). The fraction of hydrogen-
bonded pyridines (fOH-pyridine)

7c is defined as  
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+
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where A is the peak area at 1604 or 1597 cm-1 and the variation  on 

the fOH-pyridine value with  the molar ratio x is shown in the Figure 1. 

The peak in the region of 1590−1610 cm−1 can be divided into two 

peaks at 1597 and 1604 cm-1 by deconvolution (Figure S1). The 

band at 1597 cm−1 is characteristic of the P4VP-only sample (the 

bottom line in Figure S1e), indicating “free” pyridine. Apparently, a 

linear relationship is observed in the case of x ≤ 0.5 for 

P4VP(phenol)x, P4VP(2-naphthol)x, and P4VP(2-

hydroxyanthracene)x. It indicates that the conjugated molecules are 

bound to the pyridine groups in P4VP chains with intermolecular 

hydrogen bonding. However, further increase of the molar ratio (> 

0.5) leads to a nonlinear behaviour. This may be attributed to the 

steric hindrance from the bulky benzene rings of the molecules and 

suppress the formation of intermolecular hydrogen bonding. Thus,  

P4VP(phenol)1, P4VP(2-naphthol)1, and P4VP(2-

hydroxyanthracene)1 exhibit the maximum fOH-pyridine of around 71%, 

70% and 64%, respectively. This may be related to 2-

Hydroxyanthracene with the most bulky benzene rings, thus leading 

to the lowest degree of hydrogen bonding. The molecular packing of 
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P4VP(phenol)1, P4VP(2-naphthol)1, and P4VP(2-

hydroxyanthracene)1 characterized by X-ray diffraction (Figure S2, 

SI) show The d-spacing values of 4.39, 4.43, and 4.69 Å, 

respectively. This suggests that the longer benzene moieties causes 

the stronger repulsion and leads to a larger d-spacing. 

 

Fig. 1. (a) Chemical structure of supramolecule electrets and 
schematic configuration of the pentacene-based OFET memory 
device. (b) Variations of hydrogen-bonded pyridines (f) of 
P4VP(Phenol)x, P4VP(2-Naphthol)x, and P4VP(2-
Hydroxyanthracene)x with mole ratio (x).  

   The electrical characteristics of P4VP(phenol)x, P4VP(2-
Naphthol)x, and P4VP(2-hydroxyanthracene)x were evaluated using 
a bottom-gate/top-contact OFET configuration and p-type pentacene 
as a charge transport layer (Fig. 1a). The polymer electret film 
reveals a smooth surface with a small RMS roughness of 1.8-2.9 nm 
(Figure S3, SI). The transfer characteristics of the pentacene OFET 
devices with P4VP(2-Hydroxyanthracene)x as electrets are shown in 
Figure 2. These curves exhibit a typical p-type accumulation mode. 
The 300-nm-thick SiO2 wafer has the capacitance of 10.9 nF/cm2. 
The supramolecular dielectric exhibits the capacitance of 8.3~8.7 
nF/cm2. The saturation-regime field-effect mobility (µ) of the 
pentacene OFET using these supramolecule electrets are 0.1~0.2 
cm2V-1s-1, as summarized in Table 1. The surface structure of 
pentacene on the supramolecular electrets was also characterized by 
AFM (Figure S4, SI). The pentacene crystals showed similar grain 
sizes of around 220~237nm on the supramolecular dielectrics 
surface. Even though changing the molar ratio of 2-
hydroxyanthracene, the supramolecule dielectric layers showed 
similar roughness of 2.9~1.8 nm (Figure S4, SI). These surface 
structure analyses indicate that the morphology did not have a 
significant influence on the electrical memory behaviour and 
electrical properties.  

To evaluate the electrical memory performance, the device was 
operated by applying appropriate gate pulse (± 100V) for one second 
to lead the shifts of the transfer curves. These gate pulses resulted in 
the different conducting states (high- (ON state) and low-
conductance (OFF state) states) at zero gate bias conditions (Vg = 0 
V). When applying a positive gate bias (Vg = 100 V for 1 s), the 
transfer curves were substantially shifted in the positive direction, 
served as the writing process, leading to a high drain current (ON 
state) at Vg = 0 V. When applied a reverse gate bias (Vg = -100 V for 
1 s), the transfer curve was shifted to negative direction served as the 
erasing process. The shifting of the transfer curves through applying 
a writing and erasing gate bias is defined as the memory window. 
Figure 2 and shows the typical transfer curves of the OFET memory 
devices based on the pentacene thin film with P4VP(2-
Hydroxyanthracene)1. The summary of the memory performance are 
shown in Table 1. P4VP(2-Hydroxyanthracene)1, P4VP(2-
Hydroxyanthracene)0.5 and P4VP(2-Hydroxyanthracene)0.3 show the 
memory windows of 76, 61 and 52 V, respectively. Note that, the 
fOH-Pyridine for P4VP(2-Hydroxyanthracene)1, P4VP(2-
Hydroxyanthracene)0.5 and P4VP(2-Hydroxyanthracene)0.3 are 64, 43 
and 22, respectively. This suggests that the memory window is 
enhanced with the increased fraction of the hydrogen bonding 
between hydroxyl groups and pyridines. In comparison, we prepared 
the pentacene-based device with 2-hydroxyanthracene as the electret 
(Figure S5d, SI). The pentacene devices made on the 2-
hydroxyanthracene thin film exhibits a narrow memory window of 
11 V. This limited charge trapping ability may be attributed to the 
strong π-π interaction within 2-hydroxyanthracene, leading to the 
fast relaxation of the trapped charges.  

 

Fig. 2. (a) Shifts in transfer curves for pentacene OFET memory 
device with P4VP(2-Hydroxyanthracene)1. (b) Retention time of the 
P4VP(2-naphthol)1-based device. 

Table 1. Characteristics of pentacene based OFET memory devices 
with supramolecular electrets 
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Small molecule ratio 
µ 

(cm2V-1s-1) 
On/Off [a] 

∆VTh
[b] 

(V) 

Phenol 

1:0.3 0.21 3.8×107 11 

1:0.5 0.19 3.2×107 27 

1:1 0.16 2.9×107 43 

2-Naphthol 

1:0.3 0.20 5.5×107 29 

1:0.5 0.26 7.1×107 47 

1:1 0.23 6.2×107 61 

2-
Hydroxyanthracene 

1:0.3 0.17 2.1×107 52 

1:0.5 0.16 1.5×107 61 

1:1 0.12 1.1×107 76 
[a] On/off drain current ratios of reading at Vg = 0 V. [b] 

∆VTh is 
defined as VTh (erasing)-VTh (writing). 

The conjugation length of the electret may affect the memory 
window significantly. Table 1 and Figure S6 (SI) shows the memory 
windows of the pentacene based OFET memory devices on different 
polymer electrets, P4VP(2-Hydroxyanthracene)1, P4VP(2-Naphthol)1 

and P4VP(Phenol)1. The order of the VTh shift at the devices is 
P4VP(2-Hydroxyanthracene)1>P4VP(2-Naphthol)1 > 
P4VP(Phenol)1. It suggests the π-conjugation length enhance the 
memory window significantly. The LUMO levels of phenol, 2-
naphthanol and 2-hydroxyanthracene are -0.01, -0.95 and -1.6 eV 
(Figure S7, SI), respectively, indicating that the longer conjugation 
length enhances electron affinity. When applying a positive gate 
bias, electrons tend to accumulate at the semiconductor/dielectric 
interface. Due to the external electric field, the electrons overcome 
the LUMO energy barrier between pentacene (-2.9 eV) and the 
tunnelling layer, P4VP (-0.54 eV), and sequentially transfer to the 
small molecules. Therefore, the low-lying LUMO level of the small 
molecules possess stronger electron affinity to drive the electron 
transfer, then leading to the increased amount of trapped charges. 
The above result suggests a simple methodology to tune the 
transistor memory characteristics through conjugated length the 
electret. Note that the LUMO level of phenol is slightly higher than 
P4VP, but the memory device was still able to exhibit charge storage 
ability. It may be attributed to the formation of hydrogen bonding, 
facilitating the stabilization of trapped charges.  

The time during which the stored charge is retained in the 
dielectric layer is defined as the retention time, as shown in Figure 
2b. The charge retention time of the pentacene on P4VP(2-
Hydroxyanthracene)1, P4VP(2-Naphthol)1 and P4VP(Phenol)1 

electrets were monitored (Figure S8, SI). The retention time of the 
ON and OFF states of the device at a gate voltage of 0 V are 
maintained for 104 s. Note that, the P4VP(2-Naphthol)1 device 
shows superior stability and highest on/off current ratio of around 
107(Table 1 and Figure 2b). The higher on/off ratio is mainly 
attributed to its highest hole mobility (0.23 cm2/Vs), resulting in a 
larger ON-state current, and a stable charge trapping capability, 
which leads to a stable low OFF-state current. The multiple 
switching stability of the P4VP(2-Naphthol)1 device was evaluated 
through write-read-erase-read (WRER) cycles (Figure S9, SI). The 
operation conditions of WRER cycles are summarized as the 
following. The drain current was measured at Vd =100V. The 
writing, reading and erasing were at the gate voltages of -80, 0 and 
80 V, respectively. The responding ON and OFF current of the 
device could be maintained over 100 cycles. The good stability and 

reversibility suggested the potential applications using organic 
semiconducting nanowires for non-volatile flash-type memories. 

Conclusions 

A simple method to prepare supramolecular thin film electrets is 
developed for non-volatile pentacene-based OFET memories with 
high performance. The intermolecular hydrogen-bonding interaction 
between P4VP and small molecules is confirmed by FTIR 
experiment. Quantitative analysis of the FTIR results reveals that at 
x <∼0.60 almost all of the added small molecules are hydrogen 
bonded to the P4VP chains. The hydrogen bonding becomes 
incomplete when x exceeds 0.60 and saturates at x > 0.90. Besides, 
the effect of the molar ratio and conjugation lengths of electrets on 
OFET memory performance were revealed. The pentacene OFET 
memory device based on P4VP(2-hydroxyanthracene)1 polymer 
electret exhibited the largest memory window (76V). This clearly 
indicates that the magnitude of memory windows is related to the 
fraction of the hydrogen-bonded benzene rings and conjugated 
lengths. Furthermore, the memory devices with P4VP(2-naphthol)1 
as electret exhibited high ON/OFF ratio of 107and the ON or OFF 
state could be retained over 104 s. This study reveals a promising 
method to fabricate supramolecular electrets of memory device 
elements and analyse the memory properties of those devices with 
different supramolecular electrets. 
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