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National Chiao Tung University

ABSTRACT

It has been confirmed by our recent researches that the dispersion of a
proper amount of nanomaterial in a liquid crystal (LC) cell enables the reduction
in ionic concentration effectively. Based on this key result, in present study,
ionic properties of LC cells doped with single, and binary- and ternary-mixed
carbon-based nanomaterials were investigated by means of dielectric
spectroscopy. By using Barbero’s theoretical model to fit dielectric spectra of
each cell, the dopant effect of carbon-based nanomaterial with different
dimensions on the ionic concentration in LC cells were discussed.

Three types of carbon-based nanomaterial were used in this study. They are
zero-dimensional buckminsterfullerene (0D-Cg), one-dimensional carbon
nanotubes (1D-CNT), and two-dimensional graphene nanoplatelets (2D-GNP).
Experimental results show that the ratio on reducing ionic concentration of

single-doped LC cells, compared to that of pure counterpart, is promoted with



increasing the dimension of nanodopant. Furthermore, we found that binary- and
ternary-mixing carbon nanodopant, and then dispersing into LC cells lead to the
reduction in ionic concentration more effectively. Among the cells with different
dopant-conditions, we concluded that the ternary-doped LC cell constructed by
doping C60, CNT, and GNP with their corresponding optimized concentrations
reveals best ability on suppressing ionic effect. According to abovementioned
results, it is suggested that certain type of carbon nanomaterial is responsible for
restraining specific types of impurity ions. In addition, it also implies that the

percolation effect does not obtained in the ternary-doped cell.
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TV MELE Y LRI ER B o - BGNP LR SRS 2
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E7 doped with a monodopant

dopant Cso CNT GNP
Concentration
(Wt%) 0.01-0.1 0.05 0.01-0.1
E7 doped with a binary dopant
dopant Ceo/CNT Cso/ GNP CNT/GNP
Concentration 0.03/0.05 0.03/0.1 0.05/0.1
(wWt%)
E7 doped with a ternary dopant
dopant Cso/ CNT/GNP

Concentration
(wWt%)

0.03/0.05/0.1 (ternary dopant 1)

0.010/0.017/0.033 (ternary dopant 2)
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Property Notation Value Units
Cleaning point T, 59 °C
Optical anisotropy An 0.2255
(20 °C, 589 nm) Ne 1.7472
No 1.5217
Dielectric anisotropy  A¢ 14.3
(20 °C, 1 kHz) & 5.2
&l 19.2
Bulk Resistivity 1.0 x 10 Om
(20 °C)
Viscosity n 39 mm?s”
(20 °C)
Elastic constant Ky 11.01 x 1072 N
(20 °C) Kass 17.01 x 107 N
Ksa/ Ky 1.54
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Physical property Value Units
Average C—C distance 1.44 A
FCC lattice constant 14.17 A

Ceo Mean ball diameter 6.83 A

Ceo ball outer diameter 10.18 A

Ceo ball inner diameter 3.48 A
Tetrahedral site radius 1.12 A
Octahedral site radius 2.07 A
Mass density 1.72 g/cm®
Molecular density 1.44 x 10*  cm™
Compressibility (—d in V/dP) 6.9x 10  cmdyne
Bulk modulus 14 Gpa
Structural phase transitions 255, 90 K
Binding energy per atom 7.4 eV
Electron infinity (pristine Cgp) 2.65 eV
lonization potential (1%) 7.58 eV
lonization potential (2") 11.5 eV
\Vol. coeff. of thermal expansion 6.2x10° cmiK
Band gap (HOMO-LUMO) 1.7 eV
Spin-orbit splitting C (2p) 0.0022 eV
Velocity of sound (transverse) 2.1 % 10° cm/s
Velocity of sound (longitudinal) 3.6 x 10° cm/s
Debye temperature 185 K
Thermal conductivity (at 300 K) 0.4 W/m
Phonon mean free path 50 nm
Static dielectric constant 4.0-4.5

Standard heat of formation 9.08 kcal/mol
Index of refraction (at 600 nm) 2.2

Boiling point (at sublime) 800 K
Resistivity 10°-108 Q-cm
Vapor density N/A

Vapor pressure (at room temperature) 5x10° torr
Crystal form hexagonal cubic (at 800 K) 8 x 10~ torr

P~p SES Research = &
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Physical property Value Units
All values are for single-wall carbon nanotubes unless otherwise stated.
Average diameter 1.2-1.4 nm
Distance from opposite carbon atoms 2.83 A
Analogous carbon atom separation 2.46 A
Parallel carbon bond separation 2.45 A
Carbon bond length 1.42 A
C—C tight bonding overlap energy ~2.50 eV
Group symmetry (10, 10) Csv
Lattice: bundles of ropes of nanotubes Triangular Lattice(2D)
Lattice constant 17.00 A
Lattice parameter: (10, 10) armchair 16.78 A
(17, 0) zigzag 16.52 A
(12, 6) chiral 16.52 A
Density: (10, 10) armchair 1.33 glem?
(17, 0) zigzag 1.34 glem®
(12, 6) chiral 1.40 glem®
Interlayer spacing: (n, n) armchair 3.38 A
(n, 0) zigzag 3.41 A
(2n, n) chiral 3.39 A
Fundamental gap: = metallic 0.00 eV
semiconducting ~0.50 eV
Maximum current Density 10" Alm?
Thermal conductivity ~2000 W/m-K
Phonon mean free path ~100 nm
Relaxation time ~10" S
Young's modulus ~1 TPa
Young's modulus (MWCNT) 1.28 TPa
Maximum tensile strength ~100 GPa

P~ p SES Research = &
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Property Typical value - Typical value - Units

parallel to surface  perpendicular to surface

Density 2.2 2.2 grams/cc
Carbon content >99.5 >99.5 percent
Thermal conductivity 3,000 6 watts/meter

Thermal expansion (CTE) 4-6x10°  05-1x 10° m/m/deg.-K

Tensile modulus 1,000 na GPa
Tensile strength 5 na GPa
Electrical conductivity 10’ 102 siemens/meter

B~ p XG Sciences
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Material

Pl

Example of accrual use

Characteristic

Solid contents (%)

Viscosity (cp)

Standard curing schedule
Decomposition temperature (°C) in air
Film hardness

Visible transmission (%) at 10 #m film
Refractive index

Volume resistivity (10" Q-cm®)
Dielectric constant at 1 KHz
Dielectric loss at 1 KHz

Pretilt angle (°C)

Auto equipment
Excellent printability
8+04

215+ 20

80 °C/15 min—>
460

3H

91

1.64

3

3

0.003

2

B~ p NISSAN CHEMICAL INDUSTERIES, ITD
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