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Development of novel sulfur-containing liquid crystalline polymers and their
application to various polarizing films
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We developed new sulfur- or thioether-containing liquid crystalline polymers
based on bisphenyl benzoates and bistolans that are representative mesogenic structures. At first,
we designed polymers with such mesogenic structures in the sinde chains, and revealed that they form

well-defined liquid crystal phases that are distinct compared with those for ether counterparts,
due to sulfur attractive interaction. In addition, we synthesized a bifunctionalized
photo-polymerizable thioether-containing liquid crystalline monomer, and successfully fablicated its
uniaxially aligned film. In conmparison to the ether counterpart, it showed higher birefringence,
promising its usefulness for high birefringence materials. Finally, polymers with
thioether-containing bisphenyl benzoates in the main chains also synthesized. They formed liquid
crystal phases, and were vitrified at ambient temperature, showing their potential for liqui
crystal film applications.



(N)
Tt
TT -TT
1
AIBN
6 (m) 1-8
(M) 1.0x10%2.0x10% (Mo/My) 34 ]
(DSC)
N
(Sm)
6
( )
()
(117°)
(105°)
C(SmC) S
2.
30°

1-4

(POM)

TTA



Sm \ j:\gOW\/\S_Q ﬂ O_S,V,e

R: F and Me

SmA ( 374) ( < >
29A) 2 P 29 >

3
( ) ( BPM-S)
BPM-S POM DSC

66°C 40°C N
64°C 67°C N BPM-S

LC242(BASF ) BPM-S
L242
LC242 BPM-S LC242

0.5wt%
( 10°C) 365 nm POM
BPM-S
550 nm 0.14 LC242 0.13 0.1

0.20

0.15 r

Birefringence

0.10 r

3. (a) (BPM-S) (b) BPM-S  LC242

0.05 : : :
400 500 600 700 800

Wavelength (nm)



tert- S%SQ{
m O

(m 69 © Orag” 0
GPC Mn n
2.0x108%-1.0x10* 140
POM DSC m=7 Iso
120 |
2 100 |
POM E LC L
Sm S 80
£
© 60
m 6 G
40 . . . -
N 5 6 7 8 9 10

Carbon number of alkylene linker / m

4.

8

1. Y. Arakawa, S. Inui, K. lgawa and H. Tsuji, Alkylthio- and akyl-substituted asymmetric
diphenyldiacetylene-based liquid crystals: phase transitions, mesophase and single-crysta
structures, and birefringence, Lig. Cryst., 2019, DOI: 10.1080/02678292.2019.1590744, in press,
( )

2. Y. Arakawa, K. Komatsu and H. Tsuji, Twist-bend nematic liquid crystals based on thioether
linkage, New. J. Chem., 2019, 43, pp. 6786-6793, DOI: 10.1039/c8nj06456¢, ( ).

3. Y. Arakawa, Y. Sasaki and H. Tsuji, Supramolecular hydrogen-bonded liquid crystals based on
4-n-alkylthiobenzoic acids and 4,4-bipyridine: Their mesomorphic behavior with comparative
study including alkyl and alkoxy counterparts, J. Mol. Lig., 2019, 280, pp. 153-159, DOI:
10.1016/j.molliq.2019.01.119, ( ).

4. Y. Arakawaand G. Konishi, Development of High-Birefringence Liquid Crystals for Future Optical
Materials, J. Synth. Org. Chem. Jpn., 2018, 76, pp. 1076-1085  DOI:
10.5059/yukigoseikyokaishi.76.1076, ( ).

5. Y. Arakawa, H. Kuwahara, M. Tokita, G. Konishi and H. Tsuji, New fabrication approach to
develop a high birefringence photo-crosslinked film based on a sulfur-containing liquid crystalline
molecule with large temperature dependence of birefringence, Mol. Cryst. Lig. Cryst., 2018, 662,
pp. 197-207, DOI: 10.1080/15421406.2018.1467619.

6. Y. Arakawa, S. Inui and H. Tsuji, Novel diphenylacetylene-based room-temperature liquid
crystalline molecules with alkylthio groups, and investigation of the role for terminal alkyl chains
in mesogenic incidence and tendency, Lig. Cryst., 2018, 45, pp. 811-820, DOI:
10.1080/02678292.2017.1383521.

7. Y. Arakawa, Y. Sasaki, N. Haraguchi, S. Itsuno and H. Tsuji, Synthesis, phase transitions and
birefringence of novel liquid crystalline 1,4-phenylene bis(4-alkylthio benzoates) and insights into
the cybotactic nematic behavior, Liq. Cryst,, 2018, 45, pp. 821-830, DOI:
10.1080/02678292.2017.1385103.

8. Y. Arakawa, Y. Sasaki and H. Tsuji, Novel hydrogen-bonded liquid crystalline complexes between
4-akylthiobenzoic acids and 4-phenylpyridine, Chem. Lett., 2017, 46, pp. 1657-1659, DOI:
10.1246/cl.170745 .

16
1 , , 49
(2018).
2. Y. Arakawa, “Synthesis, phase transitions and birefringence for alkylthio-containing rod-like
mesogens”’, XXII Conference on Liquid Crystals (2018).

3.
, 2018
4, b
, 2018
5. -

" To08 .
6. , . 165



10.

11.

12.

13.

14.

15.

16.

(2018).

Y. Arakawa, Y. Sasaki, T. Akita, Y. Uchida and H. Tsuji, “Mesomorphic Behavior for a
Homologues Series of 4-n-Alkylsulfanylbenzoic Acids”, 27th International Liquid Crystal
Conference (ILCC 2018).

67 (2018).

67
(2018).
Y. Arakawa, H. Kuwahara, M. Tokita, G. Konishi and H. Tsuji, “New Fabrication Approach to
Develop a Highly Birefringent Photo-Crosslinked Film Based on a Sulfur-Containing Liquid
Crystalline Molecule with Largely Temperature-Dependent Birefringence”, The 21st International
Symposium on Advanced Display Materials & Devices (2017).

66 (2017).
161
(2017).
4- /-
66

(2017).

1
2018 84511

2018

https://researchmap. jp/yukiarakawa/




