Polym. Korea, Vol. 47, No. 3, pp. 309-319 (2023)
https://doi.org/10.7317/pk.2023.47.3.309

A3}l BN o EO A

bl

02.'-'

=4
am

= A
==

HI

=
-
L-I-olil-# . HI-E?:l# HIEjE - M . 7IXH=-* :':|0|x“

FoFH Tt BRI}, #akef st A x|a-eta)

(2022 12€ 13Y¢ HS, 20239 29 1Y 4, 20239 2¢ 7 A9

Synthesis and Surface Anchoring Property of Partially Fluorinated Hockey
Stick-Shaped Reactive Mesogens

Ui-Chan Nam®, Bo-Kyoung Park®, Tae-Joon Park, Sung-1l Yoon, Jae-Hoon Kim*, and E-Joon Choi'
Department of Polymer Science and Engineering, Kumoh National Institute of Technology, Gumi 39177, Korea
*Department of Electronic Engineering, Hanyang University, Seoul 04761, Korea
(Received December 13, 2022; Revised February 1, 2023; Accepted February 7, 2023)

=58 410y 1akz)o] 3k wske] @ FETh HZ LC

W74 S48 A8 AR A8sh7] fsire v
Aol M wjgkete] ERVAANARE FIA717] flste] v HEARM)E =9 Bt ASieh 257k
o8 RME| Efje]l me el weo] o)zt yAuXel] vlAls G A A77E F7E ol & <
TellME HoA A 523 RM-fARTE S712E¥ RM-] E?J | A EH(VA) 2Ee] A5 iAo wAl=
QP2 ARSI T RM A58 T2 'H NMR 2 FTIR 23 "I‘Mt"*} AR E ARS-sle] A sl
ok AIRFARE R 71(DSCYE ARE-ste] dxdo] A 1/\}6‘ AFAE (POM)E AR8-ste] Fots]s #a

,9_

SRAA VA AL AT, 9] F
=42 Blec,

STk s712HE RMA Z2joln|=(PDAl A EAle] Ed=S

AE Y5 2E L0E FYST B34S HAse] VA-RE 4L ﬂ]&é& F 2713317
Abstract: In order to apply electro-optical properties of liquid crystals (LC) to practical devices, uniform alignment of
directors is an essential requirement. Recently, it has been reported that introducing a reactive mesogen (RM) can improve
the anchoring energy for surface alignment. So far, studies on the azimuthal anchoring energy of the planar alignment
mode related to rod-like RMs have been mainly reported. In this study, the effect of introducing an asymmetric bent-core
RM, ie., a hockey stick-shaped RM, on the polar anchoring energy of vertical alignment (VA) mode was investigated.
The structure of the obtained RM was identified using '"H NMR, FTIR spectroscopy and elemental analysis. Their meso-
morphic behavior was characterized by differential scanning calorimetry (DSC) and polarized microscope (POM). The
VA-mode cell was fabricated by spin-coating a mixture of RM and VA agents, injecting LC with a negative dielectric
constant, and photocuring by UV-irradiation, and the electro-optical properties were evaluated.

Keywords: reactive mesogen, hockey stick-like mesogen, vertical surface alignment, nematic liquid crystal, polar anchoring
energy.
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Figure 1. Molecular structure of hockey stick-shaped RMs.

Alef 3 M=, Resorcinol, 3-hydroxybenzaldehyde, sodium
chlorite, sodium phosphate monobasic monohydrate 2 NN
dicyclohexylcarbodiimide(DCCY= Sigma-AldrichAH@]=)2] #|
#< 4-dimethyl aminopyridine(DMAP), 2,3-difluorophenol,
2,4-difluorophenol, 3,4,5-trifluorophenol, 2,4,6-trifluorophenol,
4-hydroxybenzoic acid, 6-chloro-1-hexanol, 4-benzyloxybenzoic
acid, p-toluenesulfonic acid, hydroquinone 2 10% palladium
carbon> TCIAHE)2] A|F-E, acrylic acid= JunseirH (Y =)
o] AL, K= F)adstehE=h)e] AlFs 2= ARSI
o}, 29| vl s A (@)l AlES ARSI
| x5 I8t AHE-$F magnesium sulfate™ Sigma-
AldrichA}2] A& AR-313H. Flash column chromatography=
Merck HE)2] 0.040 -0.063 mm silica gelS A&-3Fe] 4=
RS

RM2| ST}, ScincorHFHF)e] NICOLET 6700 FT/IR
4541 719F BrukerAHM]=7)¢] Biospin 400 MHz 'H NMRS-
AREste] RES- FhA B HE e RS 424
3159tk NMR A #ollX+= Sigma-Aldrich®] oME-dE A&
3t B EZH DAHTMS) = AHE-e grfle] S50}
A e 3|38 71Fo R sol 8 o)Fxw ke THUT,
ThermoFisherAH("]=+)2] Flash 2000 YAE24 7] S AFE-5}o]
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Scheme 1. Synthetic route to RMs; regents and conditions: (i) 4-(benzyloxy)benzoic acid, DCC, DMAP, CH,Cl,, r.t. 24 h; (ii) resorcinol in

THF, NaClO, and NaH,PO, in H,O, r.t. 24 h, N, atmosphere; (iii)

di- or tri-fluorophenol, DCC, DMAP, CH,Cl,, r.t. 24 h; (iv) 10% Pd/C,

H,, THEF, r.t. 12 h; (v) 4-[6-(acryloyloxy)hexyloxy]benzoic acid, DCC, DMAP, CH,Cl,, r.t. 24 h; (vi) 4-(benzyloxy)benzoic acid, DCC, DMAP,
CH,Cl,, r.t. 24 h; (vii) 10% Pd/C, H,, THF, r.t. 6 h; (viii) 4-[6-(acryloyloxy)hexyloxy]benzoic acid, SOCl,, pyridine, CH,Cl,, 80°C 5 h, N,

atmosphere.

g B/ 2/dv)eh Bla-E A EkiTh S RMe] €4
AEE Netzsch HEY )] DSC 200 F3 DSCE ARg-ale] 2
2717 sl RM-I 2 RM-IIof] Wisle] 2}z 1 C/min 2
10 T/min =2 439 th MettlerAH(Z>9122)2] FPS2HT
L=Z2AAX 7 B&% Carl Zeiss’HE4)2] Axioskop 40
Pol POM< ARg-ste] A4 B H7g74te] Ftxss #3st
Act.

RM-la2|
2E w2} RM 3 RMHIES 43K
24 4a(1.00 g, 2.70 mmol), 4-(6-(acryloyloxy) hexyloxy)
benzoic acid®(0.79 g, 2.70 mmol), DCC(0.56 g, 2.70 mmol),
DMAP(0.04 g, 0.27 mmol)E ©] 3 eH(DCM) 100 mLol]
WAL 2447 FRF WA WhE TR § AHsle] ureas
AYH L, S/TE 33] Ao o ureas A AT Sl E
AAEFAZIAL, DCMS @ A7l 2 ARg-ste] A=
eI IS AT o] % &S AUTFAIA 22
ZA/3E-S CHCL/CH;OHE &mim]-gnf o2 Algale
AN A W] v Bd-g ATh FEE: 17.6%; IR
(KBr pellet, cm™): 3080(aromatic CH), 2946, 2871(aliphatic
CH), 1739(conj. C=0), 1606, 1513(aromatic C=C), 1443, 1413
(CH, bend), 1250, 1202, 1158, 1058(C-O ¥ C-F); 'H NMR
(400 MHz, acetone-ds, J in ppm): 8.34-8.31 (d, 2H, ArH),
8.18-8.15(d, 4H, ArH), 7.77-7.75(t, 2H, ArH), 7.55-7.51(d, 2H,
ArH), 734-730(t, 3H, ArH), 7.15-7.11(d, 2H, ArH), 636-631,
5.87-5.83(d, 2H, CH,=CH), 6.19-6.11(m, 1H, CH,=CH), 4.21-
4.16(m, 4H, OCH,), 1.90-1.85(m, 4H, OCH,CH,), 1.76-51
(m, 4H, OCH,CH,CH,).

1=}

RM-Ibe| &4, Quantities: 4b(1.00 g, 2.70 mmol); 4-(6-
(acryloyloxy)hexyloxy)benzoic acid®(0.79 g, 2.70 mmol);
DCC(0.56 g, 2.70 mmol); DMAP(0.04 g, 0.27 mmol). 343
WS RM-1a9] §d ol 71ad viek 2t} 55 13.8%;
IR(KBr pellet, cm™): 3074(aromatic CH), 2952, 2866(aliphatic
CH), 1732(conj. C=0), 1607, 1511(aromatic C=C), 1412(CH,
bend), 1259, 1200, 1172, 1065(C-O 2 C-F); 'H NMR(400
MHz, acetone-ds, 0 in ppm): 8.34-8.31(d, 2H, Ar-H), 8.18-
8.14(d, 4H, Ar-H), 7.76-7.73(t, 2H, Ar-H), 7.54-7.49(d, 3H,
ArH), 7.27-7.25(m, 1H, ArH), 7.15-7.11(m, 3H, ArH), 6.37-
6.31, 5.87-5.83(d, 2H, CH,=CH), 6.19-6.11(m, 1H, CH,=CH),
421-4.16(m, 4H, OCH,), 1.90-1.85(m, 4H, OCH,CH,), 1.76-
1.51(m, 4H, OCH,CH,CH,).

RM-llag| M. A% "4z 238 Ze23d 4-6-
(acryloyloxy)hexyloxy)benzoic acid®(1.75 g, 5.90 mmol)S
23, flame drying® 2 8-S 23] A|AS ¥, SOCI, 20
7N Z T} o]F Ao wHkEPHA pyridine 0.05
mLE AA3] A71sIT) o]ojA] =5 80 T7HA] &4 5
AIZE &Rt SRzt WS E F o9 SOCLE &
AEFate] AAT 3, 6¢(3.00 g, 5.90 mmol)e} 7= DCM
50 mLE FA7FAZTh 917]9] pyridine 0.2 mLE H:3] &
7HA hydroxyl RFSES 93] 83llAIZ] 5, d=20llA] 48
AlZF FRF 98 T XPAFTE ¥ T8 F pyridines 5
T2 FE5] AASIAL, DCME T d)gu = 2183}
of AGARMEINTE AASIGIT oF SHlE SF
AAX A& T W eSS FEAAZAIA WA 3

A =S Ay 50.3%; IR(KBr pellet, cm™):
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2948(aliphatic CH), 1753, 1719(conj. C=0), 1601(vinyl C=C),
1510(aromatic C=C), 1473(CH, bend), 1199, 1169(C-0), 1018,
1002(C-F); 'H NMR(400 MHz, CDCls, 6 in ppm): 8.31-
826(m, 4H, ArH), 8.15-8.01(m, 4H, ArH), 7.55-7.52(m, 2H,
ArH), 7.41-737(m, 4H, OCH,), 6.99-6.92(m, 4H, ArH), 6.41-
6.36(m, 1H, CH=CH,), 6.14-6.07(m, 1H, CH=CH,), 5.82-5.79
(m, 1H, CH=CH.,), 4.18-4.15(m, 4H, OCH,).

RM-lIbe| &M, Quantities: 4-(6-(acryloyl oxy)- hexyloxy)
benzoic acid® (1.75 g, 5.90 mmol); 6d(3.00 g, 5.90 mmol).
4 PES RMLa] TOIN 7158 vlek Pk 458
43.2%; IR(KBr pellet, cm™): 2948(aliphatic CH), 1753, 1719
(conj. C=0), 1601(vinyl C=C), 1510(aromatic C=C), 1473
(CH, bend), 1199, 1169(C-0), 1018, 1002(C-F), 'H NMR
(400 MHz, CDCL, & in ppm): 8.31-826(m, 4H, ArH), 8.15-
801(m, 4H, ArH) 7.55-7.52(m, 2H, ArH), 741-7.37(m, 4H,
OCH>), 6.99-6.92(m, 2H, ArH), 6.86-6.78(m, 2H, ArH), 6.41-
6.36(m, 1H, CH=CH,), 6.14-6.07(m, 1H, CH=CH,), 5.82-
579(m, 1H, CH=CH,), 4.184.15(t, 2H, OCH,), 4.07-4.03(,
2H, OCH.).

Myl &% MG E JSRAHLE)S] AL607022
ARSI 2 ()0 FHE oS ke vty HP R
A MerckAHe] MLC-6608(An: 0.083, Ae: -4.1, T;: 90 T)&
AHESFATE VA cell ANZA] 30| X E 7]l AFZAA
cell gap®] 3.31 um7} H == 3t} Stanford researchAH(M]
=)2] DS345 function generatorS AF&-3}e] 1 kHz square
wave AC(LF) AA S 2A7FAZ T} OrielAH (7] )2l 6293
lampE ©]-&-3}] 365 nmellA] 20 mW/em?e] A|7] 2 koA
& A F7EsE AAEIH Nikonr K2 #2)9] POME
ARgste] AC A QI7F el wheE Fetxz o] wst

< B33k
Zn o £

SI7|AEIE RM2| ¥TO0| HS. Figure 2 ¥ 39 DSC3
N 17— 128 2t -2+ A70A] Aol RM-T 2
RM-T19] FEA =5 VERNSITE Table 1 2 29 DSColA
AR Frolem(T) 3 AEHHSHAH) 7S et
ERHSIT}. Figure 2(a)ol Bt 5d719] 2,3-91]el] B4} o]
Z|gHe RM-1a®] DSC €455 YRt olw DSC
oM ol X Ak 25 XA 91319 1T/
min S22 250 T7X] 27831900t 2324 Figure 2(a)
A & ARl 12} 7MEA TV FEH At T 3
U AE BTk WA ofgk FEI (7.1 k/mol)E 7S W
2285 CyllA Xl §, dojo] ogjst BdvaE Holx
A, o] 2 25(100 CellA 23 92556 kiimohZ
Bt} o= JA-AA] MOl 25(Ty,) A5 2457t st
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Figure 2. DSC thermograms of RM-I (scan rate = 1°C/min): RM-
Ia (a): Of the two 2nd heating curves, the lower one was recorded
separately after preheating to 110°C; RM-Ib (b).
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¥ =(45.3 kI/mol)E YER AT} 181} RM-Ibi= o7& 5
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k9, 250 T7HA] 71GAlelle Sukgo] WAlsle] o] 7 = 7lH oz Belon, 107 Colla wlavdimavd2 7he)
Fol S W " onlEth XdOl_ (T8 79202 Bl &, 60 CollA AAse

RM-I9] 9ol 2% HIE 272 o] DSC =(T)E Y ZH(supercooling) &2 H AT} 23} 71E Aldl=
scan-g AAEIATH AA, 73T s 2R B T3 T7F ZH2F 110 T2} 138 CollA] Yebgttt. whA] RM-
L=(145 CYHA scans ’\‘/\] (Table 1 ¥ Figure 3(a, ¢) 3=2); lla= 7FEATol SHEA] W AVdS FAstaL, WAl F7F

gaﬂ, Aot Al gE e xR 22 25250 Ty7HA| A WAdS FA3stE, SHA] HlA/dS @ (monotropic)

scans A A|(Table 2 2 Figure 3(b, d) &%). &, RM-II= o2 FTS & F U

RM-IZ} 28] DSCO| 237hH&E=E 10 C/minZ 3t F Figure 3(c)°l Jﬂ“iWH 2,4,6-912] 0l E47F AHX| ke

A RM-IIb®] DSC &4 =S HAFI 12} 71E A v =
Figure 3(a)llAl & & l5=o] FeA7E Hd$A1719] 3,4,5- - s B Ty 2 Tl sidste 2719 FE9=(AR)

el X2 RM-lla= 12+ 714 A 2709] FE9=E5 £ 107 C2} 124 CollA 242+ 24.5 kJ/mol 2 31.0 kJ/mol2]
ERHRICE Table 19141 115 CollA] vpehd st FL(AH, = 712 Jdehfiich Wzt Aol o] 2 935 vep)
45.8 kl/moly T,ell sdahH, 138 Collx] bt oFek 5¢ Qo TR T2 27F 120 T 2 114 CollA] mi7pei 2o

(AH= 1.4 kJ/moly& SHAAA = (TH)= A=At o vepdlen, spyzt oz sl 7.5 87 CollA Yepfdd
olo] Wzt Alell= 37He] W F A7} vERsTE. 136 TollA o} 2z} 71GAlele 9 T, 120 ColA vebdtt web

Table 1. Transition Temperatures (7, C) and Enthalpies (AH, kJ/mol) for As-prepared RMs

RM DSC run® T, AH, T.¢ AH,¢ T; AH,
I 1-H 85, 100 7.1, 55.6 - - - -
2-H (80) (45.3) - - - -
Ib 1-H 79 51.0 - - - -
1-H 115 45.8 - - 138 1.4
Ia 1-C (60) (20.7) 107 0.3 136 1.5
2-H 110 39.7 - - 138 1.4
1-H 107, 124 24.5,31.0 - - - -
b 1-C (87) (23.3) 114 0.4 120 2.1
2-H 120 30.0 - - - -

“Abbreviations: 1-H: 1st heating; 1-C: 1st cooling; 2-H: 2nd heating; *The values in parenthesis represent the crystallization temperature (7,) and
enthalpy change (AH,), respectively; ‘For a monotropic smectic phase, transition temperature (7.) and enthalpy change (AH,).

« 1stcooling « 1stcooling : + 1stcooling
«— 1stcooling

1stheating —

T

40 60 80 100120140 20 40 60 80 100 120 140 160 180 200 60 80 100 120 140 60 80 100 120 140 160 180 200
Temperature (°C) Temperature (°C) Temperature (°C) Temperature (°C)
(a) (b) (c) (d)

Figure 3. DSC thermogram of RM-II recorded over two different scan temperature ranges (scan rate = 10 ‘C/min): (a, b) RM-Ila; (c, d) RM-IIb.

1stheating — 1sthheating —

1stheating —

— Endo
— Endo
«— Endo
«— Endo

2nd heating —
2nd heating —
2nd heating —
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Table 2. Transition Temperatures (7, C) and Enthalpies (AH, kJ/mol) After Preheating to 250 C

RM DSC run* T, AH,? . AH, ¢ T AH,

s 1-C (43) (5.3) 137 0.1 182 0.2
2-H 68, 88 2.8,3.3 - - 110 0.4

b 1-C (73) (13.2) 158 0.4 178 2.1
2-H 140 15.6 - - - -

“Abbreviations: 1-H: Ist heating; 1-C: Ist cooling; 2-H: 2nd heating. *The values in parenthesis represent the crystallization temperature (7;) and
enthalpy change (AH.), respectively. “For a monotropic smectic phase, transition temperature (7.) and enthalpy change (AH.s).

RM-lIbe TR 714 wavds 343 & & vt
Figure 3(b, d)°l= RM-IIE EZ o] 7Hsd &

[¢)
(20~250 C)ollA 7HE—>Zt->7HE Al LojA]= DSC 4
T2 BHYon, I BAZA3E Table 29 YERNIT}. Figure
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== 717} 182, 137 2 43 CollA Vet oloix 23} 7}
A T T B T7F 242 68, 88 2 110 CollA LEbsT).
Figure 3(d)elA] RM-IIbE 13 WA T, T, 2 Toll sigse
W w371 178, 158 2 73 Col|A] zhzk Yyttt 23} 7}
Aol e 22 7,5t 140 CollA YeRsit) o]x3 RM-I12]
9= RM-19] A5} g2 G743 sidshes 2 9as
DSC @8 = Aol Fod 4= glolth g o]9f 7Ho]
250 C7HA) 74 220ske 73, A1 145 T7RA] 71l 230

sl -l vls) Exo] w=Ae] eyt FHA AL 1 A7)
Q] ghell 2 Hepb 2SR, o] F72t L &
gEpx]#] et} o]# 3k A= DSCAelA 7HEA 97 s)
Hhg-o] Fa=|o] Exfo] Frteltiets, L WiAVde] 5492
A 7t FasH st fAE 1S ow|gitt
37| AEIE RMe| &SIEA|. DSCE A4 o] 2es
7|82 A POME AME3le] RMS a3 of dojxl 3
81248 Figure 49 JERISIL old] 52 2 W7 S5
DSC 243} Y 2122 3t FUH. POMOZE #34
o] L= DSC 4] Azl A3tk RM-la 2 b
7HE 9 WA @A AR s sl 382 E (erystal
texture)7+ LFERY A THFigure 4(a) 3%). RM-1la2] 544 o
AE W7 G vldE 130 2100 Colx s

Figure 4. Optical textures taken at given temperature (magnification: x200). As-prepared sample: RM-Ia: on heating at (a) 91 C; RM-Ila:
on cooling at (b) 130 C; (c) 100 C; on heating at (d) 100 C; (e) 130 'C; RM-IIb: on cooling at (f) 118 C; (g) 110 C; thermally cured sample:
RM-IIa: on cooling at (h) 160 C; (i) 130 C; RM-IIb: on cooling at (j) 170 C; (k) 143 C; on heating at (I) 120 C.
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Figure 5. Schematic illustration of the fabrication of VA-mode cell.
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Figure 6. POM images of VA cell without LC. Under a polarizer:
(a) Ia; (c) Ib; (e) Ila; (g) 1Ib. Under crossed polarizers: (b) Ia; (d) Ib;
(f) Ia; (h) IIb.
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Figure 7. Schematic representation of (a) VA cell: alignment of
hockey stick-shaped RM; (b) VA-mode cell: alignment of LCs with
(-) dielectric constant; formation of pretilt angles by UV curing at
10 V.
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Figure 8. POM images of VA-mode cells taken before and after UV curing (4 = 365 C; ¢ = 30 min; = 10 V): the (-) LC (Merck, MLC-
6608: An = 0.083; Ae = -4.1; T;; = 90 C) was injected, and the square wave AC (10 V; 1 kHz) was applied. POM images were taken in
off (=0 V) and on (V= 10 V) states; also included is a change in optical texture taken during the switching process (0 V. — 10 V).
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Figure 9. A schematic diagram of vertical alignment reflecting the
molecular structure attached to the surface of ITO coated glass sub-
strate: (a) RMs; (b) a typical LC with negative dielectric constant.
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