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Carrier-transporting channels of organic semiconductors have two Scheme 1. Two Fundamental Types of & Orbital Combination:
fundamental configurations viaorbital combination:z-conjugated ~ #-Conjugated Configuration (Type I) and z-Stacked Configuration

. . ) . T 11
configuration (type B and zz-stacked configuration (type IPas (Type 1)
shown in Scheme 1. Organic semiconductors based on type | have 7.9 Ava .’ A
attracted considerable interest in a wide variety of applications such “\._. .| .
as light-emitting diodedtransistors, lasers; sensor$,solar cells] Channl I
and memory devicesHowever,m— stacking interaction plays a Typel Type Il
vital role in improving the mobility of OFE™P,the self-assembly
of disk liquids® and the formation of aggregatésOne typical Scheme 2. Friedel—Crafts Postfunctionalization of z-Stacked

’ . . PVK—PF SOS
class of supramolecular organic semiconductors (SOSs$iacked
polymers such as polivinylcarbazole) (PVK)2 whose hole- Mn . &2 on BFy Et20
@'@ CH,Cl, n ngld and

transporting properties are attributed to the intrachaior stacking =2 @ @ O buiky PFM
alignment. PVK has been exploited in applications such as organic PFOH
photoconductive materiald, host materials for WOLEDs and PVK-PF @ O
phosphorescent OLED$,and conductance switching materigds. 77
However, there are only few reports on the development of an .
essential strategy for tuning the semiconducting properties of
SOSs.

In this Communication, we offer a general method to utilize the
steric effect of bulky moieties for tuning carrier behaviors in PVK
SOS system and explore their applications in nonvolatile flash ‘ ) o
memory. To construct this unique system, a useful FrieGefts (50 nm) /Al sandwich device. For PVK, no conductance switching

postfunctionalization of PVK to incorporate nonplanar phenylfluo- Pehavior is observed when the voltage across the device is swept
rene moieties (PFM) is also developed. from 0 to—3.0 V or O to 3.0 V (see Supporting Information). For

PVK—PF, as a typical SOS model, was prepared via Friedel PVK—PF, the device was initially at a low-conductivity state when
Crafts reaction between PVK and tertiary alcohol PFOH, using BF ~ SWept negatively from 0 te-3 V. However, when it was swept
Et,O complex as a Lewis acid catalyst, as reported in our previous Positively from 0 to 3 V, a sharp increase in the measured current
work (Scheme 236 GPC measurement revealed #gof PVK to occurred at about 2.2 V (the second sweep in Figure 2a), indicating
be 42 226, with a PDI of 2.09. After the covalent attachment of the device transition from a low-conductivity statel0-'* A, OFF
PFM, theM, of PVK—PF increased to 59 095, with a comparable state) to a high-conductivity state-{0’" A, ON state). The
PDI of 2.25. transition from the OFF state to the ON state is equivalent to the

In the UV—visible absorption spectra (Figure 1a and 1b), the “write” process. The device in its high-conductivity state exhibited
modified PVK—PF shows a broad profile, significantly different good stability during the subsequent positive sweep (the third
from the three strong absorption bands at 295, 330, and 345 nmsweep). It remained in the ON state even after the power was turned
observed in that of PVK. PVK and PVWKPF also exhibit different off (the fourth sweep). One of the most important features in this
light-emitting behaviors, as shown in Figure 1c and 1d. There are system is the “erase” process in which the ON state can be
two emission peaks at ca. 371 and 450 nm for PVK. The intensity recovered by the simple application of a reverse voltage at about
of the peak at 450 nm tends to be increased with the number of —2.0 V (the fifth sweep). The sixth sweep shows a stable OFF

improves the thermal stability, but does not affect the hole-injecting
ability of PVK—PF, as revealed by TGA and cyclic voltammetric
(CV).

The electrical characteristics of the polymers are demonstrated
by the currentvoltage (—V) curves of an ITO/PVK or PVK-PF

scans, indicating the formation of photoinducestacked face- state same as that of the first sweep, which allows the application
to-face conformations among the carbazole (Cz) moiéties. of PVK—PF in a rewritable flash memory device. An ON/OFF
broad, structureless band attributable to excimer emission was alsccurrent ratio of more than *as been achieved (Figure 2b). The
detected at about 411 nm in solid state. In contrast, PPk effect of continuous read pulses-efl V on the ON and OFF states

exhibits a single, stable emission peak at about 380 nm in both was investigated (Figure 2c). No degradation was observed of the
solution and solid film (Figure 1d). The resul'_[s mdlcgte th?t rigid OFF and ON states after fead cycles, indicating that both states
PFMs can prevent Cz groups from undergoingtacking align- are insensitive to read cycles. There was no significant degradation
ments. In addition, the introduction of bulky PFMs into PVK also i the device currents of both the OEF and ON states &fte of
t Nanjing University of Posts and Telecommunications. continuous strgss test (Figure 2d), demonstrating the stability of
#Fudan University. both the material and the electrode/polymer interfaces.
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300 AW S0 s fﬂzr densities. The nonvolatile feature of the device can probably be
' ® wsE attributed to the rigidity and adaptability of the bulky PFM to
o PVKPE ug sr-stacked surroundings. This leads to a highly stable conformation
:*Z‘E at the ON state with intrachain alignments, which is supported by
ot 20, 2 N H"': optimized geometric conformations (see Supporting Information).
Fkaveengih o M avelength () A reversal of the electric field breaks the stacks due to thermal
a0 a0 s0 600 injecting at the electrode/polymer interface, causing the sample to
gm A @ 110 switch back to its initial stat€2The nonvolatile feature and “erase”
5:: :: process are expressively different from the electrical behaviors of
%M s other PVK derivatives with flexible space¥s.
Eoz 02 In summary, we proposed a concept of SOSs basedsiacked
& 000300 500 eoo" polymers and developed an effective Frieg€rafts postfunction-
‘Wavelength (nm) Wavelength {nm)

UV—visible ab ) di . alization of PVK to construct the PVKPF SOS system. At the

Figure 1. —Visiple ai SOTptIOI’l spectra an uorescence spe; : 1 ;

330 nm) of PVK and PVK-PF in solution and solid film: (a) in diluted zame tltr)ne, ;ve demofnstrat(.ad thﬁ first n(];)rnvolat.lle ﬂr?.S: rrr:em_o%/

CH,Cl, solution (1.0x 1075 mol/L); (b) in solid film spin-coated from evice based on conformation change effects, in which the rigi

toluene solution; (c) PL of PVK in different number of scan in diluted PFMs play a crucial role, not only in the ON/OFF current ratios

solution; (d) PL of PVK-PF in different number of scan. but also the nonvolatility of the memory device, by controlling
intrachainz-stacked interaction.
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