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Molecular rotors, or amphidynamic crystals, which consist of static groups and dynamic components, have a rich
potential to provide functional properties such as ferroelectricity and to control them by molecular motion. A nuclear
magnetic resonance (NMR) relaxation study, which is very important to elucidate molecular motion in amphidynamic
crystals, is described. In the molecular complexes having 1,4-diazabicyclo[2.2.2]octane (DABCO) as a rotator, DABCO
reorientation about its pseudo C3 rotation axis was shown to reach up to the order of 10~! THz around the phase transition
temperature, which frequency is comparable to that of motion in the liquid phase. The correlation time of reorientation
is compared with the free rotation time of a hypothetical free rotator.
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Fig.1 (a) Pulse sequences for measuring spin-lattice relaxation
time. (b) Example of magnetization recovery curve in the Ti
measurements.
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Fig.3 Temperature dependence of spin-lattice relaxation rate.
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Fig.4 Structure of DABCO-2(2-CIBA) trimeric unit at 293 K.?
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[Bl#59 25 DI ET DM M gr, & BT 20088 & Bb
D, E LI T, rq ldEHMEEEFR 1rad 7205 [EHE S
DO A & LTER LT,

ZZTHY LTV 5 DABCO & FHE R D4, DABCO
DTEDTHO2 OO NIFTZIED, 45T OHE 3 IR Frih
ZElfE#EE UC 2n/3 BEIMESZ L TWbH EEZ LN,
RGT % A BEEERF & Ui 3 B FailE v (2 mlEEd
% HHBEEGZ2EET 5, # 3 BxFdEEo Y © DABCO
T OEMTE—A L b [, BEEEOAREL o &T5 L,
oy O — M EHAEE) OEE) = R VX —F 13,

E=Liw
2
TEz oD, —F, =R XF—ESEANC L VIRE TIC
BT, Boltzmann E# &, & VT, —#[RIEEDEE)

VX —E I

2]

1

=— 22
E 2“T (22)
LFRTZLELTED, QDREQR L VIBEEE—RA T
DOEEET-O, BE TIZBT AEHROMAEE o & LT, (23)
XBB{LND,

1/2
5
1

CRED, ZOEEET 1 rad [R5 0B 5 7,
i1,

I 12
T =0 =
kT

ThHEzb6n5,
L7=3-> T, HHEELET &RKE L7Z DABCO 43175 2n/3
rad 72T [El#E4 5 OB 5 B IX

/2
2my (2L
[3 ) " (3 J[/«BT]
L7 b, 223 K 128 1T 2% DABCO-2(4-NO2BA) % &t 1
DABCO 53 T-OFR A VT, #E 3 BRI E D 0 O
T AL MEI=311x10%kgm? & Afi~7-.19 ZoE%E
AT, DABCO H HiI[BlH5 743 2n/3 rad 72 1) [AI#ES 5 O I1Z B
T B M &, IR T OB E L TRz, Fig.5(b) & Fig.6(b)
DFRO—FEHBENZNTH D, T b ORI OFHLFEBI R
Mz, ® AR TH 5, Fig.5(b)? DABCO-2(2-CIBA) T,

(23)

24

(25)
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SfiEE Z T e — T & D E RS

T BT I\ T, A BRI O F2BRME & B HRIfiR -7 2n/3 rad
T EHRT D DICET DR DL,

TC

X= (znj (26)
Ter
3

X y=37&72%, £7-, Fig.6(b)® DABCO-2(4-NO:BA)T
TAEEOKIBAT y =27, T IEBEOERMT y=74 £ 725,
IR ZARE LT BHRIEHCE TV ClE, y=1, /1, <2 D%
A, iSRG EO B AR OB bHIBT R, 1F
AL EARBERE ReE2 L5 THD, 2 BERFTORA
MOBEITOWTIEIARHTH 52, HHEEBERIZIIRZIZE
EWE ) ICEbND, UL s, B2 10™ s 72
72D EAEOS T & OMEERICEEAE T T, Hid
MART vy VR, HEBENRZ b0 L TSN
b, ZNOSOLAMOREIBMTIE, #3 BEfEoEby
12 60°[I#E L7=F2fM @ DABCO & FRMFET D LI Ich
602,19)

[E &1 & LT benzoic acid FHEMRDMDVIZ, oL F
w7 e 5K TH D carbazole 7 EKE H W
DABCO 7> 1 = ®ERSE R HE S Tw5d (Fig7), +Y

Lo

(b)

Fig.7 (a) Structure of DABCO-2(3,6-Cl-carbazole) trimeric
unit at 298 K. (b) Disorder of DABCO viewed along molecular
pseudo Cs rotation axis.”

DABCO & 9H-carbazole ¥ 7213 3,6-dichloro-9H-carbazole
(3,6-Cl-carbazole) & @ 1:2 4y 1 & 1A DABCO-2(Carbazole)
72 5 ONZ DABCO-2(3,6-Cl-carbazole)lZ DWW T H vz 7 e
b A AR T 3 KOV DABCO i [ 1= E)
ORI 7, DIREZEALT — X %, ThEh, Fig.8 L Fig.9
R, EMRIE BPP ORI Lk TR R TH D, FEFEE
ORI Z DIREN L 0 EEMICT 7 L, fE b x
NF¥—H/NEL o TWD, HEMEEIN LV ES -
TWBZ &A%, Figs.8(b), 9(b) D7k D — A BIH I,
DABCO 7y 1% # 3 [lxtFriih E 4o 0 1 [ml#5d 5 B H Bl
ERZR LT L&, 2n/3rad 72V RIS 2 DI T 5 HER %,
BE T oOEKELTRLEDLD TH D, DABCO-
2(Carbazole)¥s L INXDABCO-2(3,6-Cl-carbazole)l%, ZLE4,
T.=318 K B LU 245 K ITHAIER & &0 Z & 28 DSC 2 bk
HEENTVE Y TNENO LT r=138LWy=167T
HY, HHEERZZIT SN TWDLZ ENRTFHEIND, T8
T HAEBERERE & F o, FhER, 23x10712s & 0.4
THz, BL33%x10"12s & 03 THz ¢ BbN D, iETO
S F D RERILEL ORI ps DA —F— 20 THH 1D,
T. T TiX, DABCO 4y ¥ O FELAEENIIRIA T D4y 118
BOHINIE SN TND EF X L), MR TIL DABCO
3D 3 B FREl = o W ORLIANC disorder 234 U TV 5,
# 21X, DABCO-2(3,6-Cl-carbazole) Tl, 298 K IZF\W\THI
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30°FOEEE L TR LD 4 DOEMIZ 0.19~0.34 ORfEsR
THHLTNDZ LN X EERET»D PRI

(Fig.7(b)) .® Fig.9(b) CH I T/ Z 417z 297 K D AHEARAH
7,28, 2n/3 rad O HHERRICEST DR LD o T
WAHR, SR TIE 203 rad DYy TR L w/6rad D
VX TERSOTWDETFRIND DT, MBERHE 7 I,
/6 rad O H H[EIRRIZE T D] (n/6) 7, & Ll _& &5

26D,

400 200 90
4 T T

DABCO—2(Carbazole)

o+ () (b)

—20F 7.=318K 13 kI mol '

DABCO-2(Carbazole)

45.08 MHz '"HNMR T,

4 3 12 2 4 6 8
10°K/T

Fig.8 Temperature dependences of (a) proton relaxation rate
and (b) the correlation time of DABCO reorientation in DABCO-
2(Carbazole).

400 200 T/K 99 70

L DABCO-2(3,6-Cl-carbazole) DABCO-2(3,6-Cl-carbazole)

(a) (b)

6.2 kJ mol”’

6.2 kJ mol”

45.08 MHz 'HNMR T,

4 ‘ é ‘ 1‘2 | ‘ {6 2 4 6 8
10°K/T
Fig.9 Temperature dependences of (a) proton relaxation rate

and (b) the correlation time of DABCO reorientation in DABCO-
2(3,6-Cl-carbazole).

Table 1 Comparison to hypothetical free rotator. The ratio y of
the experimental correlation time 7. to the free rotation time
(27/3) 7, which is given by Eq. (26).

Compounds motion I/kgm? Y givenby (26)
Tetramethyl- oo 535107 12 (298 K) *
pyrazine
NH4CIO4 NHarot  4.8x10™ 1.3 (140 K) **
DABCO-2(2- DABCO 45
CIBA) o rot 3.1x107 3.7 (323 K)
DABCO-2(4- DABCO 31%10° 7.4
NO:2BA) Cs rot : (280 K, HTP) ***
DABCO- DABCO 45
2(Carbazole) C3 rot 31077 1.3 (18 K)
DABCO-2(3,6- DABCO 45
Cl-carbazole) C3 rot 3.1x107™ 1.6 245K)

* 7,/s=22x10"exp(760/T) from Takeda and Chihara®
** 1 /s=3.4x10""exp(350/T) at T< 140 K from lkeda and

McDowell”; Cs rotation was assumed
*#*% HTP: High Temperature Phase



5. HeENE

EROFCHLS AR L TWAZ ENAHNTND, AF
NERT VE=ZT AL T DEBE, HFEEETD
DABCO 4y DR [AESE) 2 s L T4 L 5 (Table1),
B A Esh 25 S < BV E BHEBEERISGESWD TN NOFEIE &
2D yEIZAFAIET y=12 LUSMIRE WY, ToE=D
LA A TIE, BEIZ 140 K 3L CHBEERIZNME D TS50
TW5, DABCO % [R5 T- & 92 o —& —BI5 7 OEE)T,
MRS TRV ERICR S TWHEEHI T ENTE
51259, FELAN S B HEEE~OBUT S E 2o
BlE&EICR>TVE LD EFHREND, —EOREERD B H
FEIZOWTEMAENDEZ > TWVD EE-> TRV BN,

INFETRTERL LT, BEENMR O T
BRFRIEIE 1L, o TiES AT 5 E TR THARFET
o EEbns, LrL, WMEICKRRRIMND, T—HfiF
M OFEREHEGHOBED, EHOMNEWV D EEG TR,
R EOHBNBIAS HE R T BIZITES TRV L S IZED
N5, 40D NMR DIEFEIZHE b 6T, Thbd, =
NTITEBS L B L CE =0 NMR HEER, 47
U b BB EICITME L T n s E b EBAO O E S &
LTCETFONLDOTIEZRVWNEBbID, o T EEORFSE
W20, $t MHz o B E R HE L TRY, SHZ< AN
BN TV A ABERA 2 AV /- NMR {813, s E ik
DETEDL LIS, BUMEEEZ b DKARA D
FET D4 B, BERBEEOBEFREMME IR L L7 NMR
IEENEHIAFTEDLEITR-THLRWEEDND,
DUt WESR2 B IR0, HARETH 5 JEOL-Mu25 2
EWHEBNRIRFBENTWEHRRIH L L5 THDH, H
EEI o TNDEDNA U H—F v bERFZE L THIERN
IFE A ERW R, 4 # U 7 O STELAR #E:2> 5 Fast
Field Cycling NMR Relaxometer 23 iR S 11TV 5, Z D%
EiL, FIRE M OBISKEEEZIET S 0T
HoT, bo b JKHREREITIO ZENTEDH LI TH D,
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