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1. U &I

WL, WAL EEROTHINZATS ), WEROFOI
By - FRME & KGR OO FHE 2 G h R, 207z
O, WETFIEWHE - AL - MR- ARG L) IR
TRV T4 L 2 ), F727LER VI D
TAARATL—DEH)IZERALEN L Db H L. DT
OGRS, BV, IREEZAL, BEHEEZ OSBRI X
D, Bex BB T S, JHUTHRRD T OKRE fifik
LB X O O EALIZHE ) B O ZLISER T 5. 3
bbb, WA TOWEBLOHFZHEEL, Zox—2L
e HREEEAC RIS 5 2 L 1E, AT & S 7% bRk
BRSO 225 LIRS E, RS TOMEEx vy Y
Fe & RBRRFERE (FICRHETVF VL) [I5HEESNS.
— Iz, Wil AV 75 RIS E LToREr e 5
ZEDTRETH Y, RHUREFEMEIT X0 RO FIRNER I
Bk EHT 5.

Wb T O & 2 8RS 5 7290121%, DFo3205
WREIHVLNE. Thbh, REEERENE (dif-
ferential scanning calorimetry, DSC), i Yt #Hif#%#% (polarized
optical microscopy, POM), X#EIHi% (X-ray diffraction, XRD)
THbH. TOWHGTHEOMRE TR - W - AR
OMIER ZRT2IEDSCIZ L Y Bl REECTH 5. T 72,
FOHTRHWEME o TVDENE D D IEPOM B L O
XRDIZE D EFETH I EAMEETH L. S HIZXRDIZ L
D, 100ALL FOIEFICRVENIEZ RS2 2 &%
HETH D, XRDITW AT OMES L OF % 8T %
OO THERZMNETFETHS. LrL, XRDEH
WThH, RS TORBI0ALT O A Y7 v IO
LALLM S REIRKFEEPLAEL LT 0 — F i
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ABHTIE, FBERTHIRREDTOERBER TOBES 1 F I 7 AR 3H LV EHEIFE%E
BAT5. Thid, RBFICE-TECIREDPFOEHEZHRET 5 LARICIORBDTDESBEEH
FTHEVIHNTHY, BEENEIMMEETFRENEZAVIFETHS. FHICKEHNTIE, BEEEH
PEEFREFECLELRERZREN EREREZE0) EFRFECL2TAI DL ZOLICOVTEHL R
N3, ¥/, EEENEIBEFRENEERACCALENO COBTH SR VAF V2T 5T
CRBOBERES LUBES 1 F I 7 ABEIIOVTENT 5.

¥—T7—F: BESEEFRENE WSS I X, BEIFE

NH =T — VIZHEINTL T, S OME % M-S
LI ENHEEE DT ENLITLITAEL S, RIEFTIE,
RIS+ S B D 3 i 53T VB v 5ok I ] 40 17k 7 - S T T
#: (Time-resolved electron diffraction, TRED) ZIn/H L, <
D - BB L OS2 L2 5Hl - BIZ 5 28 LTk
BRI R R T B R > TR
TooHoNBEIKIES T2 V75 v BRRGEFEIE
DOEEDERAEDLRICEL o TR Y LD 71— R EHT R
Thb. TIT, BRUG - IWEEEZRT AV 7 v 5k LBl
FHZ X o THEEZMLZ L WEMRREL 2T 5720
12, SBHREOFIBOMITKIEOESZ WS, 25 TR
ZPRFT A EIED, SIS X o TRIS L 2 WRESHIR
RFEEONFOHFGEEELINE, N o TV FIA X%
IR L, SIS X 5 TA V7V 3RIE U B SO A
ERELNSEDLWEELE B, ZOES NI
ERIFHOKE a® (Kat, ps:107°H) »oT /#
(F /78, ns:107°8) OB A 7 — v CHRERFINIZIER 2
ZEIZED, ToRAR A LA B s DN ITHEER
Ppfig 2859 5. 72, AFETIE, ZOMEELD
B L FREIZ, ZOMBEZIRI D 9 BInokEz e
THIELWEEE 2D, ZOMESEWKIEZFMNT 5T
1, XAREEET L — 5 — % v 72 7 R [ 457 Xl
PWEICL->TOEHAWETHS. LrL, KETHERS
Y ETHO T B XHIEARBEITHFE I 2 BEH 72
W, B IR ] 3R FE R IR O M 2 BT 5
TDITBRIIBRY — Ve b EEZTVE. ZNENOFE
DOYFH % Table 112 F L7z
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Table 1 The methodologies to understand the molecular structure in liquid crystalline phase.

TRED XRD DSC POM
Use for the phase determination A O O O
Use for the estimation of the molecular structure (>10A) X O X X
Use for the estimation of the molecular structure (<10 A) O A X X
(If photoactive)
Time-resolution (fs—ps) O O X O
(This work) (Possible) (Possible)
Scattering cross-section (Sensitivity) O A
Low damage O A

2. BEREEIEEFREITEA

2.1 BEERFEIFEEFREITTE S D> TE

=0Oh

T A ) P B - T 2 13, U R A
RESINEKRYT - Tu—THEo—HTHY), K7 (i
) B L —F—DNE v 2R Ta—7 (Rl JGICE
TSV A ER VS, NEEL30~100kV THI# S 7z
BEMOKN - 7aA PR 3.7~7.0pmTdH 0 FHT - 55
THEEEL D QNS Vo, BBWCIEAZET - 5T
WCkoTHITENE, 2F ), 70— TGITETH OV
AEHWERYT - 7u—=73Ic L), LRFEZOK
B7xz5 M0 (7228, :10°8) 268 F / Bo
BRI A & — IV COSIMIMICIE A B RF - 0 F O s
B D S EATUTRE & 70 B, v PR ) 409 -k I T 12
i, 2000 EACICHIO TR SN METFETH Y, SLig
& o TEL 2 &% s S ORIR LS 7 2 By
B O FRMEEBE Y OfEs 4+ 3 7 ZFHIIC
FlflibnTER 51T, 20104ERPHBRICA- T, #E
IR ] 5317 B -5 I T 2 03 A R s i DR S A L C
EED L, ARMORES 4 F 3 7 2 %FHIT 572012
HRETFHETH LI LIRS s oY
BoWES 4+ 37 A0, [5F8m] LiFEhs. Zolsh
TEW | XD, BEEERICED L) IZGTDEVTY
S ONFEBMIL 2 EHRE o7z, BE L
DHTNVAYFINA VT F— A= a3 LWL DhD5F
Bl ASERINTVEDOT, BRLTH S5V,

T O v TR IRE ] 55 il B - AR 1 T L O A B LA~ D A R
P, BTFHROBET L ORELIT RIS XBO T & X
% £ 1000 152> 5 1000015 &5 <, BFMAVE W H % 1k
TRIRFET, BERET, EFET, KIEETFLvwo7
BIER T2 BRI HEE SNE Z L ITERNT 5.
ZFD, B (A IVF— 130~100keV) DOWE
OB HB TR, 10~100nmBEFEE 2 ), BRI
WCHW O N L HEHZZ DEADI10~100nm & W 5 A5 7
KL eohwEw )R ELS. LHrL, 2
D 10~100nm & 9 JERIEFEIG - A EWE~ 0 e
BAEE =T B, L7205o T, i E R 0% B -
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PETIE, BILTW2EBOERTXTHRGNRE S T
WHrZEERY, FRWITEHNY T FIVIEE LGS T LT
REL 5. 72721, WELBIHIFEA D TRV E W) T LI,
ZEHELORBEEWETE R 2 D720, #BoNzRPX
o & EBRORBE R BN 5 Z LWL 2 5. Lizho
T, HBEFHBL o2 ) EHBEIN TS XRD Z HWT
MR OWEZH S, TOMEDIEo &) & Lz
W LT, i R R 43 B TR I A & AT OGRS
OREREREIE T A F I 7 AR ERT L% EXRD &l
IRE R 20 B TR T O A 2 AU AT RO H i b,

22 ERBREyNT7YT

Fig. 1138 &35 M 5 B TR Ik oty M7 v
ARY A AP R N R R =B L i B e A A TS T
T xh MPONSNVAZIET DT 25 ML —H—, &
THEEEEDL T+ MV —F, BFH/ OV 2N
LRSS LI IEEREY, B SVAZIOEYT 25
Wi, BB Y — 20T 5 ZUOHities o 2
27 72 A ML —F =124, 0 PEEA800nm, /<
WV ANEATHI100 fs, 1 750V A4720 D87 =25 I mI L b, #
DRLASIKHZBREDF ¥ V%7 74 7 L—HF —DOFA#
IEEAHWONE, 272 VB L—YF—05bHhEnh
LISV AER Y THETA—=THIIE—LAT) v ¥ T
SEES A, WES0nm D T T — TR A = R Rk g R
WX &I OV A (B - 266nm) ICEL, FOEN
WOV A % JEH20nm AR L DA MBIZIRE L, SEEREIC
IVBFHSNVAZNDT S, £HEBEEY 7747 LKL
FERAEICEE LD OZFMT A, FFENEHO®E
TRIETIE, 74 MY — Rl 30~100kV OB
MHENENRTEBY, BHEIh/iT /) — FEDBTETH/S
VANE SN L. BRSOV 2R SN, EEAO
WX DPOEE N, WEHCAS - s, #OLR 7Y —
LCHRIER R T 5. #GA 7 ) — v Lo
CCD (charge coupled detector) #1 A 7 D X 9 7 Z Rk Ick
BTHAMSN S, 179V AN ) oBEFHiE, 10°~10°
REETH Y, BFHRITHE LD 0100 um OB G =
N5, AREEENEEOE IR T, SBT3V R E
B, FRMEOHVETREBL D, 74+
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Fig. 1

Schematic illustration of the experimental setup for time-resolved electron diffraction. A chirped pulse amplifier generates an optical pulse

with a wavelength of 800 nm, pulse duration of 120fs, power of ~2.5mJ, and repetition rate of 1kHz. BS: beam splitter, SHG: second
harmonic generation, THG: third harmonic generation, FS: fused silica optical windows, FC: faraday cup, ODL: optical delay line, and CCD:

charge coupled detector.

Ar cluster ion beam
SiN (30 nm) irradiation

coated Si wafer l SiN removed

- > E > @ > 9

Metal mask

Fig. 2

SiN membranes

Back side Sample solution
&>  Si&SN
removed 0:
Si removed Front side 2000 rpm

28% KOH -a Spi

N g pin-coat on
60-70°C B ) R the front side
1-2 days SiN remained

Protocol to make a SiN membrane. Si wafer is coated with a SiN thin film on both sides. Irradiation using an Ar cluster ion beam removes the

SiN thin film on one side of the wafer. Si etching with a KOH solution. The SiN membrane for the sample substrate. The sample solution is

spin-coated onto the front side of the substrate.

HY—=RET ) =R ETELRTELTILEN DS
25, FEEICT7 > AV —=FET ) — NPT VERET S
72, 7+ b AYV—FKET ) — FHEBICIXEENLELE 4
5., BTRBEBHWAHO 7 VIRTTH L0, 7SIV AIE
BT 2 OBEORVEFRENS Z &1k, BHwIiZh
L—FA70BBRIZH2™. oF 0, FEHICHEDR:
WP OV 2, EREMARIZE DT I I~10ps D73
WAMRIZMTTLE S, LaL, s ToT
B LE L, 1~10ps DR ETED D UL T4 Z D
WA F I AZFNT A LR TH L. WD T
ZALZ AL &5 R Y 7, IEIEEFE RIS X - Tk
EAREN, B BERKIEASR, Tu—7ETHIC
& L CREBIEZ DU ST, SBHIIRE S5, —H#21S,
BIRITABMEICH LT A=V ELRTVEEZDS
NTWD, LaL, s o E TRy 25 c v
LEFBEIZ 1SV A Telumd 72 ) B 1~ 10/~
FETHY IN—T VAP, Z0z0, BHEIZHAZD
B RS Lt T, BohEBHREINEICET
WARDO Y A=V X LR MR TE-Z8IEINET
T\,

23 EABERER B LER

o> X9 VT i AR [ R R T TR S B
HEHE, EAE10~100nm D B E 2 5. 20k
I e AR, SEMETHMELRLLDLOTH
D, ZOREEMIIMO CHEHELRRL Y b THEH. LM
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B RURHER B, WA T2 T ENT 7 ADHIE
RO FLIZAE Y F Yy A MT5T L THAD. Fig. 212, M
ERBAVY Y F X A MURELR H VIO /ER R
T, RE30nm DT EINV T 7 A% T Y 3 U EE LM
BRETY Y 2 (100) 1 IS E S & 72 354K %
Wh, RMZE&ER~AZ %L, 44+ E—aBGRTI 2
~MHFHc X gLy ) a VRO - e i T 5. 20—
DALY a VERBRE LD V) a vk KRk
) AIRIEH (28w%, 60~70%) FHWT, BT v
F T A KBALH ) T AKBERTIEELTY 3 i
Iy Frr7E3NGnicd, FHEOEY ) T U E72T 0%
D, BVIEEIMERENS. 2oy avEOHT
B, HERE O A 500um X 500um TH 0, JEA
A30nmTH L. TOET ) T UEO IR E B
BhLDbDR A Y F Y X MT 5. REOERIL, i
BEEHR D) YA —F—IZLDET 5.

3. BEEREEIBEFREITEDRENDIE
A

3.1 &&HSOEEE (Z4EFER)

W RSN HHNRIBIE, V7 vk BERIRE
EOWEOERGDLREICL > TEDY o 70— F X
¥<TdHsb (Fig.3a). TDA V7 YIS - &t
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Photoresponsive

Non photoresponsive b 4 »f

Fig. 3 A schematic of the differential diffraction method. (a) The peaks from the photoresponsive moieties are buried in a broad halo pattern from the
long carbon chains. (b) The differential diffraction method can detect the peaks from photoresponsive moieties.
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Molecular structure and lattice parameters of the liquid crystal. (a) Chemical structure (b) POM image of the LC thin film at 80°C under

crossed Nicols. The white scale bar demonstrates 200 um. (c) Differential scanning calorimetry. (d) The static X-ray diffraction pattern with
several peaks indicated by arrows. Blue arrow particularly indicates the (001) peak. Inset figure shows the lattice parameters in the LC phase.
Rectangular columnar phase of C2/m was assigned according to the extinction rule.
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WETAHIENTREELA.
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IS L7l % #4325 ", Fig. dallalliilfs 20tz ¥
7 M FOoFERE R, OG0 FIEHRRISUSNE

EKISHO Vol.23 No.3 2019

Fig. 5 Electron diffraction patterns from a z-COT-based LC thin film.
(a) The electron diffraction pattern without photoexcitation.
(b) Differential diffraction pattern obtained with and without
photoexcitation. Reprinted with permission from reference 1) .
Copyright 2017, American Chemical Society.

WAV F VI (Yrutrsrs2y) 2L, Rl
TNVFNVIEBAVF L HEEZRS LHIMBELTVWS. 20
ST POMB LUDSCIC LD, BiRTEMHERT &
b7z (Fig.dbye). 72, XRDIZL Y, OGS
TOHTEF—WHRTHY, T4 A7 OKEFHN (a, bl
) O a=62A, b=02ATH B LW brol
(Fig. 4d). L?*L, XRDTIZZ DHFOERE S (cH )y
M) O, TIVFVEISAELL T - R T —
NRE—VIZHMBNTLIY, RETHIEIITE LD
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Fig. 6
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Al

electron
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!
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060

Ultrafast time-resolved electron diffraction of a z-COT based LC thin film. (a) Differential electron diffraction pattern at —50, 100, 300,

and 500 ps. Red and blue arrows indicate positive and negative peaks. (b) Simulated differential electron diffraction pattern on the basis
of the MD calculation of columnar z-stacked structure containing 2.9% of excited molecules. (¢) Structural dynamics of the photoexcited
columnar LC. The dynamics of the columnar LC structure were observed using time-resolved electron diffraction. The white arrows indicate
the periodicity of the stacked molecules (4.55A) as well as the z-stacking distance between the biphenyl moieties (3.7 A). The yellow arrows

indicate the displacement of molecules.
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HErE 20, SEIMRIRENC X 0 SE B oM I8y % &
FHREINTEZ T, 2 ORI % 48 v s 1 )7 R
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