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Figure 1-1. Chemical structure of aryl acrylonitrile t-conjugate molecule.
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Figure 1-2. Photoisomerization of aryl-acrylonitrile.
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Figure 1-3. Schematic illustration of mechanochromism in the solid-state.
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Figure 1-4. Schematic illustration of AIE molecules. Mechanochromism in
the solid-state.
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Figure 1-5. Schematic illustration of D-A molecules. Mechanochromism
in the solid-state.
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B 7a I XL

B e R A RIS T % o BERD THEEOT A L ET A AR U —BRICBWCTEETH S, LimRoT, HiHo it
BRI FOERE, DTFEAGEER. TLTENLOBERHRON TS, TV —AT 27 Vo= LvagienERS 2. TOETFZ
P, BERROEIE, B ORI S0 b, Z<OMERREN TS, 20 L5 REko—Bit, BEFERL (AIE) CEMEZ LM
W7 N (AIEES) AW/ 7FdrrsrI X (MFC) 27372 E8nREW, TZTARFETIE, 7IV—AT77Va= ) v igEzad
% n %5+ a-(allyl)-4-methoxybenzene acrylonitrile Z & L, YIS E A 2 7 v I X LAOFM AT/~ 12, ZOFER, 7Y —ricF 7
ZLrEAET D 20E, BRI O THEBAORRE Z N L2/ R, e 45nm 235 439nm ~ & 7 v—o 7 "afiRZ Lz, —J, v~
= VEAT S 4IEEAREE IS BV TR 2 IO U7 #E 5. 487 nm 725 458 nm ~ KX < 7 —3 7 F L, F72 2103, WIRIRIEICE
VT 365 nm DR ERE 5 2 L TWRIERAFEW D D EA~ELE R LT, 20X 55 TieHt, L0 ERNREABEMEORITHRT 5

LB TE R,

1.EA

n BRI TEEOT A ik, HO, By, iFshs o
F7VX TN, DT T INRAEKRT AL AR, By —
BRICBWTEETH D, LERN->T, FHEO n RS TOEK
By PR, K< ERTWS D, ZodhTch, TUY—AT Y
=k AEAWE B RSTIE. BHEOE WA 72 o 3t&T
PALORBE, 7T JVHKOETT 787X, < OFTH
RIS Z 7R T 72 EOREBI® I TH D, X T, EZ B
2T —Fa—=2IPRREIN TS 2D, Zhid, Z BiEkE

E BPERTIE, BRRESLZ T A= a VOEWZ LR,

FFERT D EERICERICL D, T REOSAEFICERIC
LXo5bDTHD, (Figure2-1),
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Figure 2-1 Photoisomerization of aryl-acrylonitrile.
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FRHELLE, 22T, TV VERICEZEREERILEY (F
TRV, TxF ALY, BT =L y) | BRHERE LT
WHETDOINNTA NV T 2=V /G LI TV —AT 7 R
= bh UV n ERD T, o-(allyl)-4-methoxybenzene acrylonitrile % &
L. EDOMMERHEZ1T - 72,

2. MR LB
2-1 &Kk : Synthesis

4-methoxybenzyl cyanide & allyl carboxaldehyde % V>, K2 28%
NaOMe/MeOH % FV /= 7 % —7 = F— 7 Vi G % metahnol H T

VY, a-(allyl)-4-methoxybenzene acrylonitrile % Z L Z 4572, &L,

"H-NMR #lJ%E & PC-NMR & CTIfE S h iz,

\ OMe

NC
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(e} NC MeOH
r.t.
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Scheme 2-1. Synthesis of a-(allyl)-4-methoxybenzene acrylonitrile.

2-2 A%/ 7 a3 XA : Mechanochromism
BRICEVEHRLET Y —AT 27 a=F)ASFOEEHER
. ek LI ANE AT NADOREEITRT-, FD%., A
e AT 3 0 ISR AU & FILIN L 7= %% . BRI A 7 b o
WEH1T72 o7, (Figure 2-2), 1 [ XHBAIHIINL 2 ENIN9 2 A3 %
BTHY, HEENAZTZOHICHIRTIERAOEITHR T
FLHHANLT MLOE—Z b 71T 493 nm 5 491 nm ~ &
BRI N—7 e LT (Figure 2-2a), 2 I3 AR 2 EL N4
LHIEE BIZABTHY | WHEAT MLOE—7 1% 445 nm 725
439 nm & 6 nm 7 /b—3 7 k L7= (Figure 2-2b), 3 |3HEMKAOHIL %
FI&2anEEacd v, fiMEN2 -0 HICHIR TIERADOE
(LITHER TE P, WMHALT FADE—Z + v 713495mm H 5 410
nm~&E NIRRT V— 7 N & LTz (Figure 2-2¢), — 7 CT41d,
BB RITE A& FVIN 3 2 AT s T o o 7223 H s r g & Fn
L7cOBIHFORNE~EEL LT, AT MO —2T 1% 487
nm 75 458 nm & 29 nm & K% < 7/L— 7 h L7z (Figure 2-2d),
Tz rou—T— g VEEY, T ) — L & g
LCT—2ZW\aw, BRI ZENT 2Rtk & i L <ot o
R SICRERERNDET, S THMEAEERNKRELSEL L
OThbHEEZLNEZY, TNA—1 7 FERLE 2, 4125 L CDClL
A BICES LIEMRSE, WENER L%, ThEhosit
AT MV ERE LR PE O B AFIA Uy, B E I x 7k
DAY bV &AL &R S 727 o T2 (Figure S2-9, 10),
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Figure 2-1. PL spectra measured for the solid state of 1 (a), 2 (b), 3 (c) and 4 (d) measured before and after grinding with photographs (top) taken before

and after grinding as insets irradiation at 365 nm.
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Figure 2-2. PXRD patterns measured for the solid state of 1(a), 2 (b), 3 (c), and 4 (d) before and after grinding respectively.

72, WD PXRD HIEZ{To 7o kEH. FEMAYTIIL A FIN L 7214
DE—7 BRRITHTE > TV DT 28B4 LT (Figure 2-3), ¥
bbb, ZOAH 7 8a I XNIHAE LOESIE &5 THET
Y—i727Vu=h)AOsFRMAEERN, Loz
AR & > TR L e b2 e B 2 T,

2-3 £ : Photochemical reactivities

B RRIC X o TR L 72 2 YA (in CHCL)WZYGIR (365 nm) % FRS L 7

LA, MEEIER,POEOEIR~SL BT 2T ZBEIL 72
(Figure2-4), F£7-=. XELOATRENEEE 2, [FEROEIRIZH L 54y
M7 RT Y T % LIZOBICHER (365 nm)RE LIRiE O A
fbEMRLIZE 2 A, FERIZHEEZ( LT (Figure S2-11), L7278
S TABIGII KK T OEEFIC L 2B EBI5 ClEn <, 2 DR
BICEDbDTHDZ EWNmRBEINT,

irradiated
at 365 nm

——

-

Figure 2-4. Photographs of 2 solution in CHCI; before and after UV irradi-
ation. irradiation at 365 nm.

L72iR> T, WIROWINA Y MAREIC L Y 2 D0EbEE -T2,

2 [E A% CH:CL ICEAfE L 1.0x10* MICFRI L7=, ZDW%K% 0.2 cm
& D i A T A MTMATIL AT MVOREZITo 72, KRIZ

T T A'NAD BN 365 0m DL T A b EBE L7z (Figure
2-5), fES. JEIEMS L7214 T 280 nm OWRILAS SH L L, B —7
NAEEIZHEE RSN AT SABRELLE, &b, B
BN TH2IZ 450 nm ([ZRIE R BE SN2 &b, H
ICRZDERITFELTIERSRIRERTH D Z EDRHL NI S
7o 400 nm AT HERMUR A R D 2 ENOLARBERIT, 25T
HBMACIZ L D IS TH D 2 E DR STz,
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Figure 2-5. UV-vis absorb spectra of 2NA solution in CH2Cl (1.0x10* M)
measured irradiation before and after irradiation at 365 nm as insets.

T 2 R % CHCL IR L 1.0x10° MICFRHIE L, HE A~y
MVRIE 21T o 72, ZOWIRE R & BITIZ ., 365 nm D~
T A NERY L7 (Figure2-6), IR BRIAEZ 05 | VAW
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WHANLT MVERELIZEZ A, 425 nm IZH - TR FR
ZODFNIEIE S K (peak top 399, 420 nm)IZ A L LT, Fo, A
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Figure 2-6. Photographs and PL spectra of 2 solution in CH2Cl. irradiation
at 365 nm.

I TIRBE D ML 218 9 7212, 'H NMR A2 hLVHIIE
#417- 72, NMR tube |Z 2 O CDCLIEIE &M%, JIRBEATHR O 'H
NMR A2 kv DZE{L% B - 7= (Figure 2-7.) NMR tube % fili/k D A
STV T AT, 365 nm DOYEJRE Y L 72 (Figure 2-7), #&
B FERICIEGAIRIE O FLH 0 DR 2 I AR~ 2{b L T
BRPEBE LT, 7o, BAEKIZE LIREED NMR tube % 7
JWIRA ML DI, BEEIZT 18 BilIEFE Lz & 2 A, EARK
IR -7z, ZNBHO 'HNMRJIEZITo7- & 2 A, KFRMHEEZICE
W, A M UHED 3.83 ppm FITISH IS BEMELEDO A R ¥
H3k B87 ppm)eEZbNLY 7Ly hEBIILE, 2 b0k
ﬁﬁ@ﬁﬁ%30&L1%n%m@%ﬁm%%mbtk:5\%%
FHZ & o TO3%EMALAHEIT LTV D Z EAREE N, F7-,
et D BMACIK DOFES LR ZEAL LAg N Z &b, A@@Eﬁﬁm
1. AL U7z isomer MM 2> B A S LCTHIH L. B2 2T C
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irradiation
at 365 nm under dark
1 min 18 h

[
= initial
isomer
| \
! [
i
3 min } ‘ ’
i I - 3
\
:2;' dark ‘ initial isomer
1 i Omin 3.0 0.0 ‘
: - 3min 1.0 1.9 =
I T dark 18 h 11 1.9 :

X - carts per Million : Proton

Figure 2-7. '"H NMR spectra of 2 measured irradiation before, after and
under dark with photographs taken before and after irradiation as insets.
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3-1 {bZ¥K & : 4-hydroxybenzylcyanide (TCI co.), 1-naphthalenecar-
boxaldehyde (TCI co) 2-naphthalenecarboxaldehyde. (Sigma-Aldrich), 9-
phenanthrenecarboxaldehyde (Sigma-Aldrich), Biphenyl-4-calboxalde-
hyde (TCI co.), 28% NaOMe/MeOH (Wako co.) (xZ D F FEM L7z,
MeOH, FiKIFARZ T T F EMA Lz, KRKITA A5

Wik (v~ FRFRBALSHOE 27 T4 > WL200) 2 CTER LT
Gz, A A RWMIED — N U v ik, BIERAY 2L A 4 KSR
H¥iE (CPC-P) &M\ iz, £/KI%, HFEE 0.06x10* S/m TIT-o7=,

3-2 HIEEEE : 'HNMR, “C NMR Ol E121% JEOL ECZ400S % i
AL, TMS 2 & TcEH 7 0 kL AR EEICHW, EZ okl
LEPNEEAECHNCTHEHR Lz, R TRKIARZ bk,
Flame-T 7 7 A /S—43 %% & DH-mini % > 7 AT 0 7 U YERT
WELE (F—vxyr AT AR) , ®mAEALT MBI
A7 B VILFP-8300 (HAS ) #6 L UVF-4500 4 kA (H
NINA T WA T R) TRz, B XS E R O 7 — 2 IR
1% . Rigaku/R-AXIS RAPID (CuKor= 154187 A) ¥k Xk O
Rigaku/XtaLAB Synergy-S/Cu (CuKa A= 1.54187 A) EI¥TEt 2l [ L 7=

(VA7) o DSCHHTIE, HERIERTI DSC-60 plus & vy, #EH
SRS 0~ 250°Ci“€‘ 20 °C/min O F-JRHFE THIE L 7= BRIl
E LTz, HFBMEIILHEB/ERT O STZ-171-TP/TLED % v 7z,
F7. Eﬁ_mﬁi%@‘é—ﬁﬂi%é%&fﬁ%@ Motication 1080BMH I L %
iPhone 12 pro % H\ 7z,

3-3 HHF¥E . DFT #4513 Gaussian 03 suite 27 L. B3LYP/6-
31G(d)¥} X U' CAM-B3LYP/6-31G(d)iEIC & 2 ek CHEMi L7z, 7
02T THLEIL GaussView 7' 12 77 A X W ERL L T2 9,

3-4 &5k : a-(1-naphtalenyl)-4-methoxybenzene acrylonitrile (1) DAk
WELL T DO FNEICHE > TIT o 72, —H 7 7 A =31 2-naphthalenecal-
boxaldehyde (0.5 mmol, 78 mg), 4-methoxybenzylcyanide 2 (0.75 mmol,
110 mg), MeOH (1.0 mL), 28% NaOMe/MeOH (0.2 mL) # il x., =i
THEEL72, 1 BRI, AT L7- A @ E R Z %S R (MeOH i)
IZCEME LS L7z, "H NMR WEOR R, B A% I E R
(68 mg, 0.24 mmol, 48% yield) Tz,

a-(1-naphtalenyl)-4-methoxybenzeneacrylonitrile. White solid (68 mg,
0.24 mmol, 48% yield)) Tm = 106.2 °C, Tc = - °C. 'H NMR (400 MHz,
CDCl3): 8 (ppm) 8.16 (s, 1H), 8.06 (d, J= 7.2 Hz, 1H), 7.98 (t,J=4.0, 5.2
Hz, 1H), 7.92 (t, J = 7.6, 8.4 Hz, 2H), 7.72 (d, J = 9.2 Hz, 2H), 7.60-7.55
(m, 3H), 7.02 (d, J=9.2 Hz, 2H), 3.88 (s, 3H). *C NMR (100 MHz, CDCls)
S (ppm) 160.6, 138.1, 133.5, 131.5, 131.4, 130.4, 128.9, 127.5, 126.9,
126.8, 126.7, 126.3, 125.5, 123.4, 114.9, 114.5, 55.5.

a-(2-naphtalenyl)-4-methoxybenzene acrylonitrile (2) D& IZLL T O F
NEIZ9E > TIT o7, —H 77 A=, 2-naphthalenecarboxaldehyde
(0.5 mmol, 78 mg), 4-methoxybenzylcyanide 2 (0.75 mmol, 110 mg),
MeOH (1.0 mL), 28% NaOMe/MeOH (0.2 mL) Z iz, =i CHIHR L
7”_o 1 IRFRE#2 . BT U7z B R 2 IR G I (MeOH ¥E#r) 12 TR

HZg M L7z, 'H NMR JEDRER, B Z AR (68 me,
0.24 mmol, 48% yield) TfF7-,

a-(2-naphtalenyl)-4-methoxybenzeneacrylonitrile. Collorless solid (68
mg, 0.24 mmol, 48% yield)) T = 137.1 °C, T. = 88.0 °C. 'H NMR (400
MHz, CDCls): 8 (ppm) 8.27 (s, 1H), 8.07 (d, J = 8.8 Hz, 1H), 7.92 (d, J =
8.4 Hz, 2H), 7.86 (d, J = 6.4 Hz, 1H), 7.67 (d, J = 8.8 Hz), 7.58 (s, 1H),
7.56-7.50 (m, 2H), 7.00 (d, J = 8.8 Hz, 2H), 3.87 (s, 3H).; °C NMR (100
MHz, CDCl): 8 (ppm) 160.6, 134.0, 133.2, 131.6, 130.1, 128.8, 128.7,
127.8,127.5,127.4,127.2,126.8, 125.4, 118.4, 114.6, 111.3, 55.5.

a-(9-phenanthrenyl)-4-methoxybenzene acrylonitrile (3) D& AITLLT O
FRIZH > T{To7lz, —H 7 F A2 9-phenanthrene carboxalde-
hyde (0.5 mmol, 103 mg), 4-methoxybenzylcyanide (0.75 mmol, 110 mg),
MeOH (3.0 mL), 28% NaOMe/MeOH (0.3 mL)% Iz, =i CHEHR L
f:o 1 IR, AT U 7 B8 G R 2 0 5 1 it (MeOH YR C [E1IX

B2 L7, 'H NMR JIIEOFER, B A S AEMAR (133 mg,
0 40 mmol, 79% yield) TH7z,

a-(9-phenanthrenyl)-4-methoxybenzeneacrylonitrile. Yellow solid (68
mg, 0.24 mmol, 48% yield)) T = 187.2 °C, Te = 117.8 °C. 'H NMR (400
MHz, CDCls): § (ppm) 8,78 (d, J = 8.4 Hz, 1H), 8.70 (d, J = 8.4 Hz, 1H),
8.26 (s, 1H), 8.14 (s, 1H), 8.02 (t, J= 7.2, 6.8 Hz, 2H), 7.76-7.69 (m, 4H),
7.66-7.63 (m, 2H), 7.04 (d, J = 8.8 Hz, 2H), 3.89 (s, 3H).; °C NMR (100
MHz, CDCl3): 8 (ppm) 160.8, 138.5, 131.2, 131.1, 130.6, 130.4, 129.6,



128.6, 128.0, 127.7, 127.2, 127.2, 127.1, 126.7, 124.5, 123.5, 122.7, 117.8,
115.4, 114.6, 55.6.

a-(p-biphenyl)-4-methoxybenzene acrylonitrile (4) DA FILLL T O F)E
WZE»> TiT>7=, —H 7 7 X = biphenyl-4-calboxaldehyde (1.0
mmol, 182 mg). 4-methoxybenzylcyanide (1.1 mmol, 162 mg), MeOH
(1.0 mL), 28% NaOMe/MeOH (2.4 mL)% Iz, W CEHE L=, 16
Weffi %, BEROHTIIC & 0 BERMEIL LT eled, Al Lo
B R & S EE (MeOH HE#)IC TR LA ZEf gk Lz, 'H
NMR HIE OFER. BB % #EE A E A (263 mg, 0.84 mmol, 84%)IC
T,

a-(p-biphenyl)-4-methoxybenzeneacrylonitrile. Light yellow solid (68 mg,
0.24 mmol, 48% yield)) Tm = 187.2 °C, Tc = 117.8 °C. '"H NMR (400 MHz,
CDCL): 6 (ppm) 7.96 (d, J= 8.4 Hz, 2H), 7.70 (d, J = 8.4 Hz, 2H), 7.65 (d,
J=2.4Hz, 2H), 7.62 (d, J=2.8 Hz, 2H), 7.48-7.45 (m, 3H), 7.40-7.36 (m,
1H), 6.89 (d, J = 8.8 Hz, 2H), 3.86 (s, 3H). '*C NMR (100 MHz, CDCl3) §
(ppm) 160.6, 142.9, 140.1, 139.7, 133.0, 129.7, 129.0, 128.0, 127.6, 127.4,
127.2,118.4,114.6, 111.0, 55.6.

4. K

AR Chapter Tlix, HH 7TV —nA7 27V a= ) VL Ra BB TO
BRI LTz, T 2, 4 I3HEOOIRG A FUIN9 5 TR an
TN—V T "aemd AR ) 7aI X hwRLE, MAT21E, R
PRI K DV IRIEOONEOANSEA~EROENER LI, 20O
EORDFRHEELITITHI 2 LT, L ERNRCEEM B
BREHCORT D Z LT B,

5. e

Figure S2-1. '"H NMR spectrum of 1 in CDCls.
Figure S2-2. *C NMR spectrum of 1 in CDCls.
Figure S2-3. '"H NMR spectrum of 2 in CDCls.
Figure S2-4. *C NMR spectrum of 2 in CDCls.
Figure S2-5. '"H NMR spectrum of 3 in CDCls.
Figure S2-6. *C NMR spectrum of 3 in CDCls.
Figure S2-7. '"H NMR spectrum of 4 in CDCls.
Figure S2-8. *C NMR spectrum of 4 in CDCls.
Figure 2-9. PL spectra measured for the solid state of 2 measured before

and after grinding with photographs taken before and after grinding as insets.

(Ex. 365 nm)
Figure 2-10. PL spectra measured for the solid state of 4 measured before

and after grinding with photographs taken before and after grinding as insets.

(Ex. 365 nm)

Figure S2-11. Photographs of 2 solution in CHCls.and argon babbling irra-
diation at 365 nm.

Figure S2-12. Results of DFT calculated by 1-Z and 1-E isomers.
Figure S2-13. Results of DFT calculated by 2-Z and 2-E isomers.
Figure S2-14. Results of DFT calculated by 3-Z and 3-E isomers.
Figure S2-15. Results of DFT calculated by 4-Z and 4-E isomers.
Figure S2-16. DSC analysis of 1.

Figure S2-17. DSC analysis of 2.

Figure S2-18. DSC analysis of 3.

Figure S2-19. DSC analysis of 4.
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B n B RONSWEER (7 Ly, TxFr AL U RE) CHRENET 7 Ve b AET ARV CHIE LIS T2 8 m L.,
EDOTHEEE AT ) 7 vAr s v I XL (MFC) #iEOHB AT 5 2 L 2 B & L7z, Knoevenagel fiiAIZ KXW AR LIZY v —43 1D
BRI RE AT MVORIEEITIR-oTmE A, 2=y b B/ ~—LRBORNEZ R LTz, D%, BB ZEM LR, 2-77
ZLrT 7 0a=hN VELEE LTI, 436 nm D 486 nm ~L Ly K7 L7z, ®MHEANT LD hL—AnD, o=y v
B/ Vv—HREFA—HRKEBZOND ZODNRY ROFERRLTEND Z &b, niifea=y MOEMNHELZ L TAN /) 704
7 u I XAMFC)ZRT T ERRBEINT, /2, E7x2=A7 27V a= M) AEREE LS TIZBNTH, HAEART MR L Yy R 7 b
B LT, TORFIZ. MFC 708 LWy T O e fadt L 70 2 2 E 3 ifF S b,

1.EA

7 R F 1T HOMO-LUMO /R R¥E ¥ » F)vh | T34 &
R E, FxDOEFIZRKELFLHLTWD, Zhb O
BOZ I, FTHROMEZRFEHEICKEIKFELTND, D
728 n Ry T ORRFHEH O IL, KD T D EEREVEM BHERS
L RERFEERFITEDEERAICITDRLTWS, il xiE
TSRS IGE LRGN ELT DA ) 7 vdasn
2 v 7 (MFO)r T, TORBISEWENBETTE U —F =2
VT 4 A4 7 ~ORRPIFESNIERZBOTNS Y, Chapter 112
RYIEY . MFC 283 55 Takit & LT, BEFHEHKE (AIR)
EARTRAUNTE o BRIEEMRER N TND 2, Zhvbidbd
Wy oD Z IR TEHEE AN AR &> T TRoTHEE A B Y . 4y
TEXT~—2BRTEZLICL s TRERNV PV 7 beRET 2
LR LTV D,

—J7, WSEOMEENE =y RO BYENICEMET S Z LT
=y MAtO2ERE2 L5 Y v h—0F8ENHS Y, Z ok
I, WImOMREE L=y FEEE, TR T ARA Y Iv—%
FAVWTHEMICKETS 2 LT, 2=y FNATORAIREOTEK
AR, EAREED S BRREE~DE R ED AR e Y h
BMAMEFTE D, TNETICERIX, 7o 7By T2 Yr=}
UNHERE L E T VXNV CTHIE Lo 7 A ~— 10, REEKE
DE) 2 F L RBEOHRBERETH O NS, FEMATIEL 2 E N
THZLILE->TLy R¥ 7 FD MFC ZaRT R ERE2HRE LT D
Y, TNFETILHEZ L O MFCHRULE R E SN TSR, 7%
NEHTHROMZZ4ET D MFC T4 ik, Bx OMBRY #H L
DT TH L, T FTBUVRITMA X0 BRI EWN
EEwEE (ALY, TxF ALY, BT x=Ly) THEKS
a7V —n77Va=r) o=y haT7/LX LV THEE L
Ur =031 AR L, T i MFC FEREDFIB % iR
HZEEHEME L

2. fREELE

2-1 &% : Synthesis

BRMOY v —0F X ZBEOGR TR LN, HIDIZ, Vv
H—& LTHWS 1,10-bis(p-cyanometylbenzyloxy)decane D&k % 1T
7= (Scheme 3-1) , 4-hydroxybenzylcyanide & 1,10-dibromodecane
EEEICHW, Y4 VT LYo —F A% dimethylformamide
(DMF) H1Z TATV, I 51% TR, fBonizbamaz v Cl
A= FOEREIT oI, KRBT VAT AT FEHAWN,
THF f1C7 2 =7 = —=FIViFGEIT) LIk »> Tk, Th
i, 'THNMR I TRE S iz,

KoCO,
/—@OH +  BiCyHpBr — /—@ocszoo@—\
NC DMF N N
100°C, 24 h C c
3.0 equiv.
e}
3.0 equiv.
potassium-tert-butoxide @ N / @
_ =
THF O OC1oHz00 O
NC CN
rt,21h

W W
1 2 3 4
Scheme 3-1. Synthesis of 1, 2, 3, and 4.

2-2 A% ) 7 v I XA : Mechanochromism

BRICEVEE LY U — OB EEZ, ik i Al
HART MVORIEETIR ST, EDh, FLEEEFAWT 3 4Rk
PR FIIN L7, BERNEAT MVOWEEITRol, &
NENOFER, 1 ITEBORNEZ N2 2 an3dEsacho ., gz
MAT=DHIZAIRTIEFHAOEITHER TE T, AT ML
DE—7 F v 713493 nm M5 491 nm 727 v—v 7 F& LT
Too 3 IIHEMBRNL Z FIINT A0 & bICHEATHY . AR
7 MVOE—271% 490 nm & 2 L% R S 72035 7 (Figure 3-1a, ¢),
— 7T, 2 IR A EIN LR R, EE S A~ S L
L., #HAT RO E =713 436 nm 7> 5 486 nm ~ & 50 nm K&
{ Vv F¥7 b L7z (Figure 3-1b), #EAX7 D hL—R %]
E3 5L, 438 nm OFEHIFNSEHBKRLEEZEZ NN ANV R L,
486 nm D= X~ —IRREERK LB X DN D o OBEBH T
ETHZENRTENTZ, ZDOZEND 21TFR2=y FME DR
DRI Z M2 52 L TRESHMEED ., =X v ~—% BT
HTETHRENVLY KT N T5H, MFC 51 THDHZ ENRIES
Nz, %I T 4 OFREZRTHDE, =7 Fy 7HIKRIL 485 nm
M6 487 nm & K& 2283 ATl e o 7= (Figure 3-1d), L 72>
L., HBAORIIE 2 N % 5 LLRT OB IEART FLD L — A0 51T,
430 nm & 480 nm O _FEIHDFE NN AR TEN D, 2 biT.
P2 A RIS W TH 2= FETT TIZ 480 nm DFL
N RERTZF U —IREZEK L T oIl basi s X
hoto b BR LU, £10F1,2,3 1280 C, filEINZ 5%,
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Figure 3-1. PL spectra measured for the solid state of 1 (a), 2 (b), 3 (c) and 4 (d) measured before and after grinding with photographs (top) taken before

and after grinding as insets irradiation at 365 nm.
= solid

40

a) b) — solid
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Figure 3-2. PXRD patterns measured for the solid state of 1(a), 2 (b), 3 (c), and 4 (d) before and after grinding respectively.

CDCl3 |2V &8 'TH-NMR JIiE 21778 o 7o, F5R, Rt TOE—2

DEFBRI N2 b, 727V r= U VRS OR
PEAL TIE 2R 2 & AURIB & iz (Figure 83-7), £7-. MFC Z/R L
72 2 OHWAIRNG % N 2 2 Wi OB R R E AT A A7 AT,
HOLEEE 2~ bV & ITE L 7= (Figure S3-8), #tif. Fhi il & I3l
%L HIT 370 nm THo7z, LU, HEMRAOTILZ I 2 7= 1% oEot
AN MVEBE LA, MATHOFNE— 7 NEWK
EMZY 7 P LTWDEREBRBIE SN, Tk, MRS %
MzBZETLRHNZF U ~—2 B LT, XU RFX Yy v
TIEPIRE -T2 Z EICHKT D EER L,

2-3 ¥R X BREIPFHIE: Powder X-ray diffraction (PXRD) analysis
FEAR BT 2 N 2 2 wift O A AR Ik L PXRD #IE 2170
EAREDOBIRE 2R T, iR, RTOF T NI T, MR
BIRIIL A EIIN9 5 2 & TREGIEME F L TV D2 @8 Lz,
ZOZEND, BEMAMAZEINT 22T, BENLTELT
7 AR~ LTV D 2 E BB E 72 o572 (Figure 3-2), =
7= MFC & & 7 2 A 5L, RAEMOE—7 20 =11.8, 14.2

deg.) S FLE T SR 3 s o 7‘_0 INbET Ty ITONRNEHNTA
BT D EENEH 937, 621 A YT, LonL, Zhbo A
WCFEY 9 2 TR EREEDS 2 ICIX RN 7= 5 e o7z,
2-4 Y —F 27 1 I X A : Thermochromism

2-3 THOHNI 2R 72 2 OFARIRIC X 2 AR, nEi &

STHEERZIINDNOBEETolz, AT4 KFF A LRI
FEARAZ TR, AT — 12T 30°C 25 200°C D, 10°C
TOREZFIE LN bHEEBEE LAY MAHEEZIT-
7o FESE. 200 °C OWERFIC 2 BRMFET 28 T2 B8 Lz, LavL,
FIRBRIZB W THAEBICKE REITA b7 (Figure 3-
3) . TNFTNOREIZENTEXARY MVHIEZIT > T2/ R,
JHERL TV RTE (30 C)DH AT LD E— 2 % 436 nm,

- solid = solid
= grinded = grinded
; 10 20 30 40 5‘0 0 10 20 30 40 50
26 (deg.) 26 (deg.)
180 °C DAY MO E—7 % 445 nm ([ZTEUHIL 7=, +72b
H21E, 9nm by RV 7 b5 —F7 8 I XLEHELTDH n’i%;’g

B BECHTDHEEY—27 by T BT ry N LERER, 2

uwcﬁﬁ#65~7byfﬁVyFV7bLTw5%%ﬁ%6#
\Z72 > 7= (Figure $3-9), F 7=, MFC KFIZFEEL L 7= 486 nm DE L
— IR EBWZL A, MATIICONTE/ ~v—2=> |
kD 436 nm OEIEE— 27 s BAAXIIIZ ﬁf#k%<k R 8
BEIN, IROOBRIY, 2 1 3IMATHZLIZL>THTO
E@%E%Mh\%%J:yF%TE%VV~%Wm¢7:tT\

Ly Ry 7 halRITEExLN,

200 °C

PL (norm.)

600

wavelength (nm)

650 700

550

400 450 500

Figure 3-3. Photographs and normalized emission spectra of 2 through 30
°C -200 °C (Ex. 365 nm).



2 DEWIMERE D=, 0 °C 225 250 °C O T DSC MIE 21T
-7 (Figure S3-11), f55%., ALE%E 191.4 °C, FEMLIREZ 169.6 °C
T L7z, T ORE & BRI X 2B R o le

27,

2-5 7 =— VLB : Annealing treatment
ATEDOMBVLIR AT S 121800 2 AT A RH T A THA, 200 °C
FCTHMALZOLIZRIRICR D E Tlm L, R, moddk
NG, AR RODZEOQICTERRSNT, TO%, HEA
R MREZEITo T2, #ER, P—F7/B2IXL0v 7 FE—7
135D 449 nm, MFC D7 FE—27 Toh % 489 nm., MIZ TH 2T

536 nm 2R — 2 &/~ L7z (Figure 3-4), Z1U5HOFEEMND 2 1%,

v Rk, =X U ROk, A TEGIENIC X DB 2 L
KD ZIREFET D EWNRBINT,

PL (norm.)

350 400 450 500 550 600 650 700 750

wavelength (nm)

Figure 3-4. Photographs and normalized emission spectra of 2 annealed.

3. EBRIE

3-1 {bZEFE A : 1,10-Dibromodecane (TCI co.), 4-hydroxybenzylcyanide
(TCIL co.), 1-naphthalenecarboxaldehyde (TCI o) 2-
naphthalenecarboxaldehyde. (Sigma-Aldrich), 9-
phenanthrenecarboxaldehyde (Sigma-Aldrich), Biphenyl-4-
calboxaldehyde (TCI co.), potassium-tert-butoxide (Wako co), K.COs
(Wako co.), DMF, THF, EtOH, MeOH, n-hexane [3% D £ £ H L 7=,
FERIK T A A il (v~ PRERAStov 27 74~
WL200) (2T L TR, A4 ZMBIET— Y v O, &
PERAD 2L A A 22l iF (CPC-P) &7z, KL, HESR
0.06x10* S/m T1T~ 7=,

3-2 HIESEE - 'H NMR, °C NMR Ol (21 JEOL ECZ400S % f#
L7, TMS # 8 HE 7 naRLAZERICH N, B okl
D EWNEEAEC AN CTHER Lz, SATHRBIN AR vk,

Flame-T 7 7 A /S—%3 48 & DH-mini % > 7 AT o 7 R T
WELE (F—vxyr AP A R) , #mAgEANT FABIOFIE
ALY R VT FP-8300 (HASYJE) 38 X OVF-4500 FE 6 e Rt (H
SINAT YA T R) THREZ, R X BIE (XRD) 1%-150 °C
TITFo 7=, HEEIZEHE (SHELXT) Cff% . SHELXL & OLEX2
FEREY 7 2T Ry r—VEHFEHLT 2 ETo7A~ Y v o
Af/NCRIFIC I VBB Le, XBREYT (XRD) X7 —i%, 7
77 74 ML CuKa i (X #RIEE : 1.5418 A) T Rigaku
SmartLab FIHTFF 2 L CHIE S/, DSC ofrix. HEcsfErr
# DSC-60 plus & FHVY, &EHEH, TR S 0~250 °CE T 20 °C/min
O FIRBE TME L 72BRICHE Uiz, MR T — 2%, Lambda
Vision £ /NJIE R 5 — 2 MS-TEMP/GRT600-K01 % fv /-, 18

HRHEZR 121X, ASONE VOLTEGA /3U — A % — 3 — VPS-160SD % [
Ay

3-3 HHEF¥  DFT #4513 Gaussian 03 suite % {8/ L. B3LYP/6-
BIGAIEIC L Bk THEME LTZ 2, 7u T 4 THEIX Gauss
View 71 77 A X W ERL LT=,

3-4 &% : 1,10-bis(p-cyanometylbenzyloxy)decane D &I LA T O F
NEWZGE > TIT o 72, —H 7 F A= 4-hydroxybenzylcyanide (8.7g,
66 mmol), 1,10-Dibromodecane (3.0 g, 33 mmol), Ko2CO; (8292 mg, 60
mmol) % ZNZFFUM A, DMF (50 mL) H1C 100 °C TM#E L 7=, 24
Wefi %, RONIRG W &2 KIS B, WolIEH, H-Ekz Y7 on
AL THEMNL TLC 21TV, BT hrv< 7T 74— (SO,
dichloromethane) UL L 7=, 5%, B %E A AEAK6869 mg, 17
mmol, IV 51%) THT=,

1,10-bis(p-cyanometylbenzyloxy)decane. White solid (885 mg, 1.9 mmol,
38%); '"H NMR (400 MHz, CDCls): § (ppm) 7.22 (d, J = 8.4 Hz, 4H), 6.89
(d, J= 8.8 Hz, 4H), 3.96 (t, /= 6.4, 6.8 Hz, 4H), 3.67 (s, 4H), 1.81 (tt,J =
6.4, 7.2, 8.0 Hz, 4H), 1.45 (m, 4H), 1.33 (m 8H); 3*C NMR (100 MHz,
CDCl3): & (ppm) 159.0129.1, 121.6, 118.3, 115.2, 68.2, 29.6, 29.4, 29.3,
26.1,22.9.

1,10-Bis(a-(2-naphtyl)-4-methoxybenzeneacrylonitrile)decane £ % i
UToOFIETAIT/R 272, —H 7 7 A =2 ¥ 2-naphthalene
carboxaldehyde (0.6 mmol, 94 mg), 1,10-bis(p-cyanomethyl
benzyloxy)decane (0.2 mmol, 80 mg), THF (6.0 mL), potassium-tert-
butoxide (1.6 mmol, 180 mg)% Z UM%, =i THFE L7z, 21 5
e, IRGEIRICA Z ) — V& INAMNTH U 7o 3 s @ 14 & W 5 1R
i (MeOH VEIf), HZEFMH LTz, D%k, REMIC/ il Lz
Mz MER L ZEm Lz, Bt Lz ER 2 %5 ABUC CTRIR L7, 'H
NMR (50 °C)D#ER, BB % BAEA (92 mg, 0.14 mmol, 23%)i2C
B,

1,10-Bis(a-(2-naphtyl)-4-methoxybenzeneacrylonitrile)decane. White
solid (92 mg, 0.14 mmol, 23%); Tm = 159.9 °C, Tc = 95.5 °C. 'H NMR (400
MHz, CDCls, 50 °C): & (ppm) 8.25 (s, 2H), 8.04 (d, /= 7.6 Hz, 2H), 7.89
(d, J=8.0 Hz, 4H), 7.85 (d, /= 9.2 Hz, 2H), 7.64 (d, J = 8.8 Hz, 4H), 7.55
(s, 2H), 7.51 (m, 4H), 6.97 (d, J= 8.8 Hz, 4H), 4.01 (t, J= 6.4, 6.8 Hz, 4H),
1.81 (tt, J=6.4, 6.8, 8.0 Hz, 4H), 1.56-1.43 (br, 16H).

1,10-Bis(a-(1-naphtyl)-4-methoxybenzeneacrylonitrile)decane £ % i
UToFIBEBTIHTR>7, —H 77 X aH 1
naphthalenecarboxaldehyde (0.6 mmol, 94 mg), 1,10-bis(p-
cyanomethylbenzyloxy)decane (0.2 mmol, 80 mg), THF (6.0 mL),
potassium-tert-butoxide (1.6 mmol, 180 mg)% ZILZAUIN %, iR T
U7z, 21 Befilth . IRA VAR &N 24T H U 72 B R 2 W 5| A
(EtOH ¥Eir), BEZZHift L7-, IREWICA X J — V&N L ZE
U7, Hri L7z@R 2 W)El ABUS THEI L, 'H NMR OfE R,
H 899 % B E R (95 mg, 0.14 mmol, 70%)1Z TH&7z,

1,10-Bis(a-(1-naphtyl)-4-methoxybenzeneacrylonitrile)decane. White
solid (95 mg, 0.14 mmol, 70%); Tm = 191.4 °C, T. = 161.6 °C. '"H NMR
(400 MHz, CDCls): 6 (ppm) 8.15 (s, 2H), 8.06 (d, /= 7.2 Hz, 2H), 7.99 (m,
2H), 7.94 (t, J= 7.6 Hz, 4H), 7.71 (d, J = 8.8 Hz, 4H), 7.59-7.54 (m, 6H),
7.01 (d, J= 8.8 Hz, 4H), 4.03 (t, J = 6.4 Hz, 4H), 1.83 (tt, /= 6.8, 7.2 Hz,
4H), 1.50 (4H) 1.43-1.33 (br, 8H).

1,10-Bis(a-(9-phenanthrenyl))-4-octyloxybenzeneacrylonitrile)decane (%
UTFTOFIEIZXVEREITo, —H 77 A2H 9
phenanthrenecarboxaldehyde (0.6 mmol, 123 mg), 1,10-bis(p-
cyanomethylbenzyloxy)decane (0.2 mmol, 80 mg), THF (6.0 mL),
potassium-tert-butoxide (1.6 mmol, 180 mg) % ZILZIUIN %, iR T
U, 21 BRI, IRBWIRIC A Z 7 — L2 2T L7 i o
[ A 2 % 518 (EtOH ¥air), HZEif Uiz, IRaMIc=% / —n
MM L2280 Uic, AT L7 [ERZ2 RG] ABUCCTREIYL L7,
FEE. B9 %E P E K (87 mg, 0.11 mmol, 18%)Z T,



1,10-Bis(a-(9-phenanthrenyl))-4-octyloxybenzeneacrylonitrile)decane
Yellow solid (87 mg, 0.11 mmol, 18%); Tm = 191.0 °C, 7. = 140.4 °C. 'H
NMR (400 MHz, CDCl3): 6 (ppm) 8.77 (d, /= 8.0 Hz, 2H), 8.70 (d, /= 8.4
Hz, 2H), 8.25 (s, 2H), 8.13 (s, 2H), 7.99 (t, J = 6.4, 7.6, 4H), 7.74 (d, J =
8.8 Hz, 8H), 7.66 (d, J = 8.4 Hz, 4H), 7.02 (d, /= 8.4 Hz, 4H), 4.04 (t, J =
6.8, 6.4 Hz, 4H), 1.83 (tt,/=6.4, 6.8, 8.0 Hz, 4H), 1.53-1.47 (br, 4H), 1.42-
1.31 (br, 8H).

1,10-Bis(a-(p-biphenyl))-4-octyloxybenzeneacrylonitrile)decane (3 LL T
DOFNEIC LY G EAIT 272, —H 7 7 A2 $ | Biphenyl-4-
calboxaldehyde (0.9 mmol, 164 mg), 1,10-bis(p-cyanomethylbenzyloxy)
decane (0.2 mmol, 80 mg), THF (6.0 mL), potassium-fert-butoxide (1.6
mmol, 180 mg)% TN ZNINZx, =R THA Lz, 21 K%, BE
TRIBIZ A & — v EINZHTH U= s [l R % % 58 (EtOH 7k
W, BZEERR LT, REWICT Y 2 — 2 MM LzEm LT,
Hrid L7z @205 ABUC TN Lz, f2R. BRI & 5 A ik
(163 mg, 0.22 mmol, 75%)IZ THF7=.

1,10-Bis(a-(p-biphenyl))-4-octyloxybenzeneacrylonitrile)decane Y ellow
solid (87 mg, 0.11 mmol, 18%); Tm 219.7 °C, T: 203.8 °C. 'H NMR (400
MHz, 50 °C, CDCls): 8 (ppm) 7.94 (d, /= 8.0 Hz, 2H), 7.69 (d, J = 8.4 Hz,
2H), 7.63 (dd, J= 6.8, 8.8 Hz, 4H), 7.55 (d, J = 8.0 Hz, 2H), 7.47-7.31 (m,
10H), 6.96 (d, J= 8.8 Hz, 2H), 6.87 (d, J= 8.0 Hz, 2H), 4.01 (t, /= 6.4 Hz,
4H), 1.82 (tt, J= 6.8 Hz, 4H), 1.36 (br, 6H).

4.

A Chapter TiE, B#H7 VX AEHOMKRZH LR Nr=y M
BI D0 1TORBCEH L, FTH2-F 77X Ly 77 u=1Y
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BT A AL ) 7 I XLtV —Frn I X LERKE L,
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AR NP I S

5. e

Figure S3-1. 'H NMR spectrum of 1,10-bis(p-cyanometylbenzyloxy)
decane in CDCls.

Figure S3-2. C NMR spectrum of 1,10-bis(p-cyanometylbenzyloxy)
decane in CDCls.

Figure S3-3. '"H NMR spectrum of 1 in CDCls.

Figure S3-4. '"H NMR spectrum of 2 in CDCls.

Figure S3-5. '"H NMR spectrum of 3 in CDCls.

Figure S3-6. '"H NMR spectrum of 4 in CDCls.

Figure S3-7. '"H-NMR spectra of 1, 2 (50 °C), and 3(top: 0 min, bottom: 3
min.).

Figure S3-8. PL (solid line) and PL excitation spectra (dash line) of 2 in
solid measured before and after grinding (excitation at 370 nm).

Figure S3-9 Plot of PL spectrum peak top vs temperature of 2.

Figure S3-10 DSC profiles measured for the solid state of 1.

Figure S3-11 DSC profiles measured for the solid state of 2.

Figure S3-12 DSC profiles measured for the solid state of 3.

Figure S3-13 DSC profiles measured for the solid state of 4.

Figure S3-14. Results of DFT calculated by 1.

Figure S3-15. Results of DFT calculated by 2.

Figure S3-16. Results of DFT calculated by 3.

Figure S3-17. Results of DFT calculated by 4.
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Figure S2-1. '"H NMR spectrum of 1 in CDCls.
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Figure S2-11. Photographs of 2 solution in CHCls.and argon babbling irradiation at 365 nm.
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Figure S2-12. Results of DFT calculated by 1-Z and 2-E isomers.
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Figure S3-1. '"H NMR spectrum of 1,10-bis(p-cyanometylbenzyloxy) decane in CDCls.
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Figure S3-2. .°C NMR spectrum of 1,10-bis(p-cyanometylbenzyloxy) decane in CDCls.
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Figure S3-3. '"H NMR spectrum of 1 in CDCls.
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Figure S3-4. '"H NMR spectrum of 2 in CDCls.
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Figure S3-5. '"H NMR spectrum of 3 in CDCls.
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Figure S3-6. '"H NMR spectrum of 4 in CDCls.
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Figure S3-7. '"H-NMR spectra of 1, 2 (50 °C), and 3(top: 0 min, bottom: 3 min.).
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Figure S3-8. PL (solid line) and PL excitation spectra (dash line) of 2 in solid measured before and after grinding (excitation at 370
nm).
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Figure S3-9. Plot of PL spectrum peak top vs temperature of 2.
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Figure S3-10 DSC profiles measured for the solid state of 1 (20 °C/min).
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Figure S11. DSC profiles measured for the solid state of 2 (20 °C/min).
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Figure S12. DSC profiles measured for the solid state of 3 (20 °C/min).
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Figure S13. DSC profiles measured for the solid state of 4 (20 °C/min).
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Figure S3-14. Results of DFT calculated by 1.
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Figure S3-15. Results of DFT calculated by 2.
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Figure S3-16. Results of DFT calculated by 3.
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Figure S3-17. Results of DFT calculated by 4.
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