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This paper introduces 6,13-bis(triisopropylsilylethynyl) pentacene (TIPS pentacene) doped liquid crystal (LC) 
alignment properties on a rubbed polyimide (PI) layer as a function of the doping concentration of TIPS pentacene. 
Pretilt angles, photomicrographs, and electro-optical properties of TIPS pentacene doped LCs were comparable to 
those of pure LCs. However, TIPS pentacene in a LC medium supported twisted nematic-liquid crystal displays (TN-
LCDs) to improve electro-optical properties. The threshold voltages observed in the TN cells decreased as the TIPS 
pentacene concentration increased. In addition, suitable response times were observed in TN cells.
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1. INTRODUCTION 

Colloidal systems have become an interesting research topic in 
areas from academia to industry over the past few years. Reflect-
ing these trends, the field has been enriched by the introduction 
of liquid crystal (LC)-colloidal systems, in which the dispersive 
medium is LC materials [1]. A colloidal system that is applied to 
the liquid crystal display (LCD) can improve performance char-
acteristics, providing low threshold voltage and fast response 
times, due to high dielectric anisotropy, reduction of the order 
parameter or a decrease in the screening effect [2-7]. In short, 
nanomaterial science research in LCDs has great potential to ad-
vance display technology. Many groups have reported LC doping 
with ferroelectric and ferromagnetic particles, metallic nanopar-
ticles or inorganic nanoparticles such as Au, Ag, TiO2, carbon 
nanotubes and polymer-stabilized domain structures [8-15]. 
Some groups have shown that Sn2P2S6 and BaTiO3 nanoparticles 
increase the orientational order parameters of the LC mixture 
and the isotropic-nematic transition temperature [16-19]. Re-
cently, Hwang et al. have shown that good LC orientation could 
be achieved without an alignment layer and the pretilt angle of 

LCs could be controlled in polyhedral oligomeric silsesquioxane 
(POSS)-doped LCDs [20-22]. 

In this study, we investigated the alignment properties of 
6,13-bis(triisopropylsilylethynyl) pentacene (TIPS pentacene) 
doped LCs and the electro-optical (EO) characteristics of a 
twisted nematic (TN) cell with TIPS pentacene doped LCs. 
Previously, the properties of pentacene doped LCs such as EO 
characteristics, dielectric permittivity, and rotational viscosity 
were studied by H. K. Shin et al. [23]. However, study on soluble 
TIPS pentacene for LC was not yet reported. The TIPS pentacene 
which is known as a promising material for use in organic thin-
film transistors (OTFTs) [24,25] functioned as a charge trap for 
internal impurity ions. This contributed to a driving operation 
with a lower threshold voltage in the TN cells.

2. EXPERIMENTS

Indium tin oxide (ITO) is usually used as an electrode material 
in LCD applications due to its transparency, high conductivity, 
good etchability, hardness and good adherence on many types of 
substrates. Before preparing the LC alignment layer, the surface 
of ITO glass (Samsung Corning 1737) substrates were cleaned 
supersonically in acetone, isopropyl alcohol, and deionized wa-
ter solutions sequentially for 10 min; then, they were dried using 
N2 gas. Cleaned ITO glass substrates were uniformly coated with 
homogeneous polyimide (PI, SE-7492, Nissan Chemical) by spin 
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coating. The conditions of prebaking and imidizing for LC align-
ment were 80℃ for 10 min and 230℃ for 1 h. The final cured 
PI layer had a thickness of approximately 50 nm. PI layers were 
rubbed with a cloth to promote homogeneous alignment. The 
definition of the rubbing strength (RS) has been given in previ-
ous papers [26]. An RS of 300 mm was used on the PI surface in 
this experiment, and represents strong rubbing for LC alignment. 
These substrates were fabricated in an antiparallel configura-
tion and TN cells with cell gaps of 60 μm and 5 μm, were used to 
measure the pretilt angle and electro-optical (EO) characteris-
tics, respectively. Empty cells were then injected with pure and 
TIPS pentacene-doped LC by capillary action. Positive nematic 
LCs (MJ001929 from Merck, TC=72℃, Δε=8.2, Δn=0.077) and TIPS 
pentacene purchased from Sigma-Aldrich were used. TIPS pen-
tacene dispersed in dichlorobenzene solvent was added to the 
LCs, and after the solvent evaporated, the TIPS pentacene-doped 
LC was introduced into the cells. Concentrations of TIPS pen-
tacene in the LC medium were 0.0 wt%, 3.0 wt%, 5.0 wt%, and 
10 wt%. The pre-tilt angles of LC mixtures on the PI layer were 
characterized by an Autronic Melchers TBA-107 analysis system, 
employing a crystal rotation principle. The transmittance of LC 
cells (60 μm cell gap) with a latitudinal rotation from -70o to 70o 
was measured and then the oscillation of transmittance was ob-
served through as variations in the birefringence produced by LC 
cell rotation(Ed. note: Unclear. Please confirm). The observed os-
cillation was compared with ideal oscillation simulated from the 
given information of each homogeneous LC cell. LC alignment 
was observed using a photomicroscope (Olympus BXP51) with 
a cross polarizer. Finally, TN cells (5 μm cell gap) were fabricated 
to measure the EO properties of the transmittance and response 
time (RT) via an applied AC voltage signal.

3. RESULTS AND DISCUSSION 

Based on the experiment described above, it was possible to 
prepare LC mixtures and uniform PI coated substrates. Following 
the preparation of elements, the behavior and orientation char-
acteristics of TIPS pentacene doped LC mixtures on the rubbed 
PI layers were studied. LC alignment properties including pretilt 
angle and photomicrographs were observed to verify the practi-
cal application potential. Figure 1 presents the pretilt angles of 
TIPS pentacene doped LCs as a function of doping concentra-
tion in regard to TIPS pentacene. The resulting values were built 
up in a low range of angles from 0.05o to 0.28o, including adapt-
ability to TN and IPS modes with a low pretilt angle. Also, these 
were found to be very similar values. This result indicates that 
the pretilt angle of the TIPS pentacene doped LC mixture was not 
affected by an increase in doping concentration. 

Figure 2 shows the photomicrographs (the polarizer is crossed 
Nicols) of the LC cell with TIPS pentacene doped LC as a function 
of doping concentration of TIPS pentacene. Good LC alignment 
without light leakage was observed in all samples. Clear and 
stable images of LC cells, regardless of the doping concentration, 
indicate that the TIPS pentacene/LC mixture was well dispersed. 
Also, TIPS pentacene doped LCs on the rubbed PI layer were not 
affected by the optical properties of the LC cell, and are therefore 
appropriate for LC applications. 

The electro-optical characteristics of TN cells with TIPS pen-
tacene doped LC on the rubbed PI layer were confirmed to esti-
mate their potential for LCD applications. Figure 3 shows plots 
of the voltage-transmittance (VT) curves of the TN cells. Excel-
lent V-T characteristics were observed under all conditions. The 
threshold voltages of TIPS pentacene doped TN cells were less 
than 1.42 V (3.0 wt%: 1.42 V; 5.0 wt%: 1.42 V; 10.0 wt%: 1.31 V) at a 
transmittance of 90%, while one of the pure TN cells was over 1.46 

V. The lowest threshold voltage for a TN cell (1.31 V) was shown 
at a 10.0 wt% doping concentration of TIPS pentacene. Thresh-
old voltage decreased as the concentration of TIPS pentacene in-
creased. This difference can be attributed to doping TIPS penta-
cene into the LCs, which induced increased dielectric anisotropy 
in the LCs. The dielectric anisotropy is an important parameter 
that defines the lower threshold voltage for LCDs [27]. Also, the 
reduced screening effect caused by ion charges within the TN 
cell might be an additional factor for threshold voltage suppres-
sion. The screening effect arising from the increased population 
of adsorbed ion charges on the alignment layer under an applied 
voltage across the TN cell causes a decrease in the effective volt-
age for the LC medium [28,29]. This screening effect increases 
the threshold voltage required for the display. TIPS pentacene 
can rectify the interface properties due to sufficient ion trapping 
via charge transfer in a field, and make the double-layer effect 
less effective, causing the observed amount of moving charges to 
decrease [28,29].

The response time characteristics including rising and falling 
time for the TN cells with TIPS pentacene doped LCs are shown 
in Fig. 4. Total response times were similar for pure LC and 3 wt% 
TIPS pentacene/LC TN cells, while those of high doping concen-
trations of TIPS pentacene increased as TIPS pentacene concen-

Fig. 1. Pretilt angles of TIPS pentacene doped LC on rubbed PI layer 
as a function of TIPS pentacene doping concentration.

Fig. 2. Photomicrograph of LC cells with TIPS pentacene doped LCs 
on the rubbed PI layer as a function of doping concentration of TIPS 
pentacene; (a) 0.0 wt%, (b) 1.0 wt%, (c) 2.0 wt%, and (d) 3.0 wt%.
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tration increased. In a previous study, response time increased 
in the CNT doped TN cell because of the increase in viscosity 
[30]. In this study, it is possible that the remaining solution that 
did not evaporate affected the response time. The response time 
performances of TN cells with TIPS pentacene doped LCs are 
summarized in Table I.

4. CONCLUSIONS 

In conclusion, we measured TIPS pentacene doped LC align-
ment properties on the rubbed PI layer as a function of dop-
ing concentration of TIPS pentacene, including pretilt angles, 
photomicrographs, and EO properties. The pretilt angles of TIPS 

pentacene/LCs on the rubbed PI layer varied in the low range of 
0.05-0.28o, which are applicable to TN LCDs. No LC cells showed 
misalignment or local defects. Using a practical TN cell, excel-
lent V-T characteristics were observed under all conditions. The 
threshold voltages of TIPS pentacene doped TN cells were mea-
sured to be 1.46 V to 1.31 V. The threshold voltage decreased as 
the concentration of TIPS pentacene increased. The TIPS penta-
cene doped LC had suitable response time characteristics for the 
TN LCD on the rubbed PI layer compared to conventional pure 
TN LCDs.

REFERENCES

[1]  M. Kleman and O. D. Lavrentovich, Soft Matter Physics: An In-
troduction, Springer-Verlag, New York (2003). 

[2]  H. Qi, B. Kinkead, and T. Hegmann, Adv. Funct. Mater. 18, 212 
(2008) [DOI: http://dx.doi.org/10.1002/adfm.200701327]

[3]  Y. Shiraishi, N. Toshima, K. Maeda, H. Yoshikawa, J. Xu, S. Ko-
bayashi, Appl. Phys. Lett. 81, 2845 (2002) [DOI: http://dx.doi.
org/10.1063/1.1511282]

[4]  F. Haraguchi, K. Inoue, N. Toshima, S. Kobayashi, K. Taka-
toh, Jpn. J. Appl. Phys. 46, L796 (2007) [DOI: http://dx.doi.
org/10.1143/JJAP.46.L796]

[5]  S. Kobayashi, Y. Saeki, S. Kodaira, K. Takatoh, T. Kineri, H. 
Hoshi, N. Toshima, S. Sano, J. Soc. Info. Display16, 871 (2008). 

[6]  S. Kaur, S. P. Singh, A. Choudhary, A. M. Biradar, K. Sreeni-
vas, Appl. Phys. Lett. 91, 023120 (2007).[DOI: http://dx.doi.
org/10.1063/1.2756136]

[7]  H. J. Kim, Y. G. Kang, H. G. Park, K. M. Lee, S. Yang, H. Y. Jung, D. 
S. Seo, Liq. Cryst. 38, 871 (2011) [DOI: http://dx.doi.org/10.1080
/02678292.2011.584637]

[8]  B. J. Liang and S. H. Chen, Phys. Rev. A 39, 1441 (1989) [DOI: 
http://dx.doi.org/10.1103/PhysRevA.39.1441]

[9]  V. Y. Reshetnyak, S. M. Shelestiuk, and T. J. Sluckin, Mol. 
Cryst.  Liq. Cryst.  454, 201 (2006) [DOI: http://dx.doi.
org/10.1080/15421400600654108].

[10]  W. Dobbs, J.-M. Suisse, L. Douce, and R. Welter, Angew. 
Chem. 118, 4285 (2006) [DOI: http://dx.doi.org/10.1002/
ange.200600929].

[11]  G. Zhang, X. Chen, J. Zhao, Y. Chai, W. Zhuang, and L. Wang, 
Mater. Lett. 60, 2889 (2006) [DOI: http://dx.doi.org/10.1016/
j.matlet.2006.02.009].

[12]  S. Y. Lu and L. C. Chien, Opt. Express 16, 12777 (2008) [DOI: 
http://dx.doi.org/10.1364/OE.16.012777].

[13]  Y. C. Yang and D. K. Yang, Appl. Phys. Lett. 98, 023502 (2011) 
[DOI: http://dx.doi.org/10.1063/1.3533396].

[14]  S. T. Wu, T. S. Mo, A. Y. H. Fuh, S. T. Wu, and L. C. Chien, Jpn. J. 
Appl. Phys. 40, 6441 (2001) [DOI: http://dx.doi.org/10.1143/
JJAP.40.6441].

[15]  S. J. Jeong, K. A. Park, S. H. Jeong, H. J. Jeong, K. H. An, C. W. 
Nah, D. Pribat, S. H. Lee, and Y. H. Lee, Nano Lett. 7, 2178 (2007) 
[DOI: http://dx.doi.org/10.1021/nl070116u].

Fig. 3. V-T curves for TN cells with TIPS pentacene doped LC on the 
rubbed PI layer as a function of doping concentration of TIPS penta-
cene.

Fig. 4. Response time for TN cells with TIPS pentacene doped LC on 
the rubbed PI layer; (a) rising time, (b) falling time.

Table 1. Response time of TN cells with TIPS pentacene doped LC on 
the rubbed PI layer.

Response time of LCD
Concentration of 

TIPS pentacene 

in LCs (wt%)

Rising Time 

(ms)

Falling Time 

(ms)

Total 

(ms)

0.0 2.772 12.737 15.509
3.0 2.307 14.317 16.624
5.0 4.768 12.656 17.424

10.0 13.22 16.975 30.195

Voltage (V)

Tr
an

sm
itt

en
ce

 (%
)

Time (ms)

Tr
an

sm
itt

en
ce

 (%
)

Time (ms)

Tr
an

sm
itt

en
ce

 (%
)



85Trans. Electr. Electron. Mater. 14(2) 82 (2013): J.-W. Lee

[16]  M. Gupta, I. Satpathy, A. Roy, and R. Pratibha, J. Colloid. In-
terf. Sci. 352, 292 (2010) [DOI: http://dx.doi.org/10.1016/
j.jcis.2010.08.027].

[17]  O. Kurockin, O. Buchnev, A. Iljin, S. K. Park, S. B. Kwon, O. Grabar, 
and Y. Reznikov, J. Opt. A: Pure Appl. Opt. 11, 024003 (2009) 
[DOI: http://dx.doi.org/10.1088/1464-4258/11/2/024003].

[18]  A. Glushchenko, C. I. Cheon, J. West, F. Li, E. B¨vv¨vktanir, Y. 
Reznikov, and A. Buchnev, Mol. Cryst. Liq. Cryst. 453, 227 (2006) 
[DOI: http://dx.doi.org/10.1080/15421400600653852].

[19]  A. Mikulko, P. Arora, A. Glushchenko, A. Lapanik, and W. 
Haase, Europhys. Lett. 87, 27009 (2009) [DOI: http://dx.doi.
org/10.1209/0295-5075/87/27009].

[20]  S. J. Hwang, S. C. Jeng, and I. M. Hsieh, Opt. Express 18, 16507 
(2010) [DOI: http://dx.doi.org/10.1364/OE.18.016507].

[21]  S. J. Hwang, S. C. Jeng, C. Y. Yang, C. W. Kuo, and C. C. Liao, 
J. Phys. D-Appl. Phys. 42, 025102 (2009) [DOI: http://dx.doi.
org/10.1088/0022-3727/42/2/025102].

[22]  S. C. Jeng, S. J. Hwang, and C. Y. Yang, Phys. Rev. B. 56, 14993 
(1997) [DOI: http://dx.doi.org/10.1103/PhysRevB.56.14993].

[23]  H. K. Shin, J. H. Seo, T. H. Yoon, J. C. Kim, H. S. Woo, S. T. 
Shin, Jpn. J. Appl. Phys. 48, 111502 (2009) [DOI: http://dx.doi.
org/10.1143/JJAP.48.111502].

[24]  S. K. Park, T. N. Jackson, J. E. Anthony, and D. A. Mourey, 
Appl. Phys. Lett. 91, 063514 (2007) [DOI: http://dx.doi.
org/10.1063/1.2768934].

[25]  R. Hamilton, J. Smith, S. Ogier, M. Heeney, J. E. Anthony, 
I. McCulloch, J. Veres, D. D. C. Bradley, T. D. Anthopoulos, 
Adv. Mater. 21, 1166 (2009) [DOI: http://dx.doi.org/10.1002/
adma.200801725].

[26]  D. S. Seo, S. Kobayashi, M. Nishikawa, Appl. Phys. Lett. 61, 
2392-2394 (1992) [DOI: http://dx.doi.org/10.1063/1.108174].

[27]  J. Stöhr, M. G. Samant, J. Luning, A. C. Callegari, P. Chaud-
hari, J. P. Doyle, J. A. Lacey, S. A. Lien, S. Purushothaman, and 
J. L. Speidell, Science 292, 2299 (2001) [DOI: http://dx.doi.
org/10.1126/science.1059866].

[28]  Y. Reznikov, O. Buchnev, O. Tereshchenko, V. Reshetnyak, A. 
Glushchenko, and J. West, Appl. Phys. Lett. 82, 1917 (2003) [DOI: 
http://dx.doi.org/10.1063/1.1560871].

[29]  H. Y. Chen, and W. Lee, Opt. Rev. 12, 223 (2005) [DOI: http://
dx.doi.org/10.1007/s10043-005-0223-7].

[30]  H. Duran, B. Gazdecki, and T. Kyu, Liq. Cryst. 32, 815 (2005) 
[DOI: http://dx.doi.org/10.1080/02678290500191204].


