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Elucidation of Cold Crystallization of Schiff-base Nickel(II) Complexes
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Cold crystallization is an exothermic, monotropic transition that occurs at a temperature below the sample’s normal
melting point during the heating process. It is thus possible to utilize the phenomenon so that a heat storage material can
eliminate the time lag between heat supply and demand. In an attempt to examine some metal complexes as potential candidates
for heat storage materials, Schiff-base—Ni complexes bearing tolyl (OT, MT, and PT) and isopropyl (IP) groups at the N-
terminal were prepared and investigated by thermal analysis, X-ray diffractometry, FTIR-DSC measurement, and DFT
calculation. The behavior of supercooling and cold crystallization observed for these four compounds led to the following two
basic guidelines for designing materials to exhibit the desired heat storage property: (1) the molecular flexibility should be
enhanced in order to increase the activated energy for crystallization; (2) the liquid state consists of a mixture of two (or more)
conformational isomers. These guidelines are useful to prevent the molecules from crystallization during cooling, and to afford
a glassy state via deep supercooling, resulting in cold crystallization in the subsequent heating process.
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Fig.2 Applied Air-conditioning Technologies for Variety of
Vehicle Types.? (ISS, Idling Stop and Start; PHEV, Plug-in
Hybrid Electric Vehicle)
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Fig.3 Thermal behavior of the cabin and heat storage material.
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Fig.4 Molecular structures of Ni(5,6-benzo-Sal-R)2: R is N-
terminal group.'!"1¥
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Fig.5 DSC curves of the three complexes during the second
heating process.
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Fig.6 Plots of In(//Tp?) versus 1/Tp during non-isothermal cold
crystallization: OT complex (conventional and flash DSC), MT
complex (conventional DSC), and PT complex (flash DSC). 2
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Fig.7 Crystal structures of the three complexes viewed along
the crystallographic b-axis.

Fig.8 Definition of planes and vertical distance for OT-a '2: P1,
chelate plane; P2, naphthalene plane; and P3, benzene ring.

171



=

Table 1 Geometric parameters of molecules in crystals. For
definitions of planes, see Fig.8.!?

o Angle /°

P1-P2 P1-P3 P2-P3
OT-a 24.1 737 49.7
OT-b 152 79.2 63.7
OT-e 16.3 81.8 65.7
MT —a 18.1 71.2 56.6
MT-b 14.7 81.5 66.9
PT-a 23.0 71.5 48.9
PT-b 21.8 71.2 50.0
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Fig.11  Atomic numbering and ORTEP diagrams of molecules
in forms Ginit and Bn. Hydrogen atoms are omitted for clarity;
viewed along face of coordination plane.'® For Ginit, Definition of
planes: ITi, chelate plane; Iz, naphthalene plane. The carbon
atoms in the isopropyl group(s) are numbered C12 (C26), bonded
to N, and C14 (C28) is the first carbon starting from the H on C12
(C26) counterclockwise around the C12-N axis viewed from the
N1 side. Atoms with primed numbers are counterparts related by
symmetry.

Table 2 Geometric parameters of molecules in crystals; for
definitions of planes, see Fig.11 (Ginit).

Angle 1/° Angle2/° Dihedral angle / ° ¥

=11y - »m/° @/ °

Ginit 0.0 26.47 9.5 114.7
Gec 0.0 26.53 10.0 1143
Bn 87.0 12.87 —88.3 —125.6

a)The dihedral angles ¢»/¢@s are (C11-N1-C12-C14)/(C11'-
N1'-C12'-C13") in Ginit (Ge), and (CI11-N1-Cl12-
C14)/(C25-N2—-C26—C28) in Bn.

DOFEFRDTNAE LT, AFERELY, G & Gee 1T
Al CASERAE & 722 S D, Ginit 38 £ OV Bn f&fh H 0 4 1 DR
MHEIE, 0° BLN87° THDHI LD, TNENFHIE
FiR (@) BLOERNER (b)) THDZ & B HEEMR LT,
TG DOFERIT Wang HORE T E —F Lz, £z g
D b ~OENFEEZEAIZ & $ 72> T, isopropyl FAM AR L
TWAHZ EHHERTE T,

WIZ, ABRO 3 FHD tolyl F% & DEE(KFEIER, TP Ok
BIZHE D Ea & 1AL EIRIC X 2 51 0 &2 @R %
17272, IP(Gini) DfEERILICIED Eald 83 kI mol™! TH Y,
PT L A% ETH o7z, ZOZENLIP X, WEETO
bR SnNDn L5425, EhnTOREMNF
M OFER % Figd2 [TRT, BT ¥y L —7 OFHEE
TN —BEOBHSICHEZIT D &, g T idmis
A LOREBHFIN, —FFTb 1 CIIBAREOH RL
DEIREE Tz, L7 o T, AR TO b 53 T DZEEFIN,
WG L OBEMRIICETE ChH L Z L PRB E i,

Netsu Sokutei 46 (4) 2019

-2852.41
Q
(5]
ot
=1
IS
<
~
K
-2852.5
<
-90 0 90 180 270
o
P2 P31
Fig.12  Potential energy curves of IP complex as a function of
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(C25-N2-C26-C28) in Bn (brown line) of the isopropyl moiety
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isopropyl moiety: opposite direction (Agr» = —Ags). Filled circles
and diamonds correspond to structures in Gine and Bn,
respectively.
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