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A Rare Thermally Induced Single Crystal to Single Crystal Transformation
from a 2D Chiral Coordination Polymer to a 3D Chiral Coordination Polymer
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A rare single-crystal to single crystal (SCSC) transformation
assisted by hydrogen bonding was induced thermally. A
2D homochiral coordination polymer {[Ni2(L-tar)2(H2O)2]-
(H2O)3}� was irreversibly converted into a 3D homochiral co-

Introduction

Single crystal to single crystal (SCSC) transformations
have received considerable interests in crystal engineering,
because transition from one structure to another is difficult
due to the restricted movements of molecules.[1–5] Thus, nu-
merous efforts have been employed to investigate SCSC
transformations. SCSC transformations may be categorized
into four main types according to the driving forces leading
to the conversion: (a) Many SCSC transformations are
caused by temperature changes. Several complexes demon-
strate distinct crystal architectures under different tempera-
tures with reversible transitions found.[1] (b) Many SCSC
transformations are induced by guest desorption/absorp-
tion, and several 3D complexes display shrinking or ex-
panding to pursue optimal packing when they download/
upload different guests.[2] (c) Many SCSC transformations
result from guest exchange. Several 2D complexes show
sliding and many 3D complexes display shrinking or ex-
panding to accommodate guests.[3] (d) Many SCSC trans-
formations are triggered by thermal treatment. The removal
of bonded water creates coordination unsaturation in metal
centers that can react topochemically with neighboring
atoms.[4] This type also includes thermally induced photo-
polymerization. Most of the reported polymerization cases
involve the polymerization of unsaturated carbon bonds of
ligands. It was reported recently that photo-induced elec-
tronic transfer can also trigger SCSC conversion.[6] How-
ever thermally induced SCSC transitions are still very ra-
re.[4e,4f,4j–4l]

[a] Department of Chemistry, Nankai University,
Tianjin 300071, People’s Republic of China
Fax: +86-22-23598473
E-mail: liuxin64@nankai.edu.cn

[b] School of Materials Science and Engineering, Nanyang Techno-
logical University,
Singapore 639798, Singapore
Supporting information for this article is available on the
WWW under http://www.eurjic.org or from the author.

Eur. J. Inorg. Chem. 2008, 2971–2974 © 2008 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim 2971

ordination polymer, and the structure was confirmed by X-
ray crystallography and XRD.
(© Wiley-VCH Verlag GmbH & Co. KGaA, 69451 Weinheim,
Germany, 2008)

In this contribution, we report a rare thermally induced
2D–3D SCSC transition assisted by hydrogen bonding. It
is also worthy to note that this SCSC transition involves
formation of new covalent bonds, because just a few papers
report that the single-crystalline nature of the coordination
polymers is retained when structural transformations are
accompanied with changes in the coordination environment
of the metal ions.[1a,2a,4e,4f,4j,4k] Such changes usually result
in a loss of crystallinity.[7] The 2D chiral {[Ni2(-tar)2(H2O)2]-
(H2O)3}� (1; -tar = -tartarate) complex was previously
reported,[9] and we prepared it hydrothermally. Compound
1 crystallizes in the chiral orthorhombic space group
P21212. It was used to investigate SCSC transformation as
well as dehydration/rehydration processes and their influ-
ence on the stacking mode,[8] because it contains an exten-
sive hydrogen-bonding network, through which the adja-
cent 2D layers are linked to a 3D supermolecule. After the
dehydration of uncoordinated and coordinated water mole-
cules to give the anhydrous {Ni(-tar)}�(2) form, remark-
able changes in molecular arrangement occurred. The struc-
ture of compound 2 was determined by X-ray single-crystal
diffraction, which revealed that it crystallizes in the chiral
orthorhombic space group I222. The Flack parameters of
two crystals are close to zero. The b and c axes in 1 corre-
spond to the c and b axes in 2, respectively. XRD tests of
bulk 1 and 2 were performed, and they attest to their purity
(Figure S1).

Results and Discussion

The dimeric entity of compound 1 is Ni2(-tar)2(H2O)2,
depicted in Figure 1a. Each Ni2+ ion is coordinated by two
halves from two different tar ligands by chelating through
the hydroxy oxygen atom (Ni2–O3) and the carboxyl oxy-
gen atom (Ni2–O1). The octahedral configuration of the
Ni2+ ion is supplemented by an aqua molecule (Ni2–O17w)
and a nonchelating carboxyl oxygen atom of another dimer
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(Ni2–O5#3). Each dimer is linked to another four dimers to
construct a corrugated 2D sheet through four links: car-
bonyl oxygen atoms O2, O5 in one tar ligand are bonded
to two other Ni2+ ions and Ni1, Ni2 are bonded to two
hydroxy O atoms O2#2, O5#3 from two other dimers (Fig-
ure 3a). The Ni–O distances range from 2.0047(17) to
2.0960(18) Å, which are comparable to the reported val-
ues.[9] Adjacent sheets are linked to a 3D supermolecule
through H-bonds between coordinated water molecules and
uncoordinated carboxyl oxygen atoms in an adjacent sheet
(Figure S2).

Figure 1. (a) Dimeric entity in 1; (b) dimeric entity in 2; (c) projec-
tions of the 2D sheet of 1 onto the bc plane; (d) projections of the
3D network of 2 onto the bc plane. Lattice water molecules and H
atoms are omitted. Symmetry operations for 1: #1: x – 1/2, –y +
3/2, –z + 1; #2: –x, y + 1/2, –z + 1/2; #3: –x + 1, y – 1/2, –z + 1/2;
for 2 #1: –x, –y + 2, z; #2: x – 1/2, –y + 3/2, –z + 1/2; #3: –x +
1/2, y + 1/2, –z + 1/2. Selected bond length and angles are listed in
Table S1.

Thermal gravimetric analysis (TGA) of 1 was performed
under an N2 atmosphere, and it shows loss of all water
molecules in the range 83–150 °C (Figure S3). The number
of water molecules removed (weight loss of 16.8%) corre-
sponds to the theoretical calculation by using the empirical
formula (17.8%, 5H2O). As-synthesized crystalline solid 1
was dehydrated under vacuum at 150 °C overnight, which
led to crystalline solid 2. The thermal behavior of 1 is iden-
tical to that of 2 at temperatures higher than 150 °C (Fig-
ure S3).

To confirm the simultaneous structural transformation
with the dehydration treatment and the thermal stability of
1, variable-temperature X-ray powder diffraction (VT-
XRPD) was recorded under vacuum in the temperature
range 25–160 °C. Noticeable diffraction intensity variations
in the XRD patterns of complex 1 were observed in this
range, accompanied with position shifts of the Bragg peaks,
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which can be ascribed to structural rearrangements follow-
ing the departure of the water molecules (Figure 2). Upon
heating, the pattern suddenly changed between 85 and
100 °C, which agrees with the TGA results. Attempts to re-
hydrate 2 to give 1 were unsuccessful; therefore, this SCSC
conversion is irreversible.

Figure 2. XRD patterns of compound 1 at variable temperatures.

In order to predict the transformed structure and analyze
this process, it is useful to analyze H-bonds and geometric
proximity.[4e,4f,4j,4k] The hydrogen-bonded network in 1 pro-
vides favorable conditions for the SCSC process to take
place (Figure S4). The geometric proximity of the carboxyl
oxygen atoms and the Ni2+ ions appears to be beneficial
for topochemical reactions to occur. The short Ni2B···O7
distance (4.080 Å) is maintained by the O–H17Bb···O7
(1.850 Å) hydrogen bond. The short Ni1···O11D distance
(4.100 Å) is maintained by the O–H13a···O11D (1.850 Å)
hydrogen bond (Figure 3a,b). When aqua molecules are re-
moved, these carboxyl oxygen atoms are expected to bond
to these Ni2+ ions owing to this topochemical geometry
more than other neighboring Ni2+ ions. After the removal
of coordinated waters, four new covalent bonds are formed:
Ni2B–O7, Ni1–O11D, Ni1C–O11, and Ni2–O7A, the bond
length of which is 2.038 Å, which is shorter than the dis-
tances (2.047 Å) between the Ni2+ ion and the carboxyl
oxygen atoms in 1 (Figure 3c,d). Thus, a simple and sensible
mechanism can be figured out. Aqua molecules are released
by heat stimulus under vacuum. The removal of coordi-
nated water molecules creates coordination unsaturation at
the Ni2+ centers. They can be treated as Lewis acids. There
are Lewis base uncoordinated carboxyl oxygen atoms in ad-
jacent sheets, which react with the Lewis acids.

Although minimum movements of atoms and conforma-
tional changes can lead to this conversion, it is ac-
companied by a change in the space group from P21212 to
I222. The SCSC process leads to a higher density. A homo-
chiral complex is supposed to demonstrate positive or nega-
tive Cotton effects in the CD spectra.[10] In DMSO solu-
tion, sample 1 mainly displayed negative Cotton effects;
sample 2 displayed notable negative Cotton effects (Fig-
ure S5).



Transformation from 2D to 3D Chiral Coordination Polymer

Figure 3. Schematic representation of the SCSC conversion of the units in 1 to form the 3D network in 2: (a) and (b) geometric proximity
and H-bond analysis; (c) view from the a,c direction before conversion; (d) view from the a,c direction after conversion. H-bonds are
represented by dashes, with lengths indicated in (a) and (b). Distances between adjacent Ni and O atoms in (b) are also represented by
dashes with lengths indicated; newly formed bonds are shown in (c) and (d). Uncoordinated water molecules are omitted. Distances [Å]:
Ni2B···O7 4.080, Ni1···O11D 4.100, Ni1C···O11 4.080, Ni2···O7A 4.080; H-bonds [Å]: O–H17Bb···O7 1.850, O–H13a···O11D 1.850, O–
H13Ca···O111.690, O–H14Bb···O7 1.690. Attention: marked atoms in (c) and (d) follow those in (a) and (b) for the sake of clarity, but
these labels may differ from their true codes.

The dimeric entity of compound 2 is [Ni2(-tar)2], which
acts as a structural repeating unit (Figure 1b). The Ni2+ ion
is chelated by two tar ligands in a cis orientation, with O1
from the carboxylate group and O3 from an adjacent OH
group, and each tar ligand chelates the two metal centers in
the dimer. The octahedra show rhombic distortion, with
four Ni–O short distances [2.035(4)–2.038(4) Å] and two
longer Ni–O distances [2.115(4) Å] in a cis orientation from
the corresponding hydroxy oxygen atoms. Each dimer is
linked to eight other dimers to form an infinite 3D polymer
(Figure 2d) through the eight linkages (Figure S1b). The 2D
sheet of 2 is formed on the ac plane in a similar way to
that of 1. A new Ni–O–C–O–Ni bridge in the b direction
constructs the 3D framework.

Conclusions

This 2D–3D SCSC transition results from thermally in-
duced polymerization of 2D homochiral networks into a
3D homochiral framework. To the best of our knowledge,
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this is the first 2D–3D SCSC transition involving homochi-
ral coordination polymers, which enriches the possibilities
in crystal engineering. It is helpful to answer how we can
build a convertible structure.

Experimental Section
1: A solution of Ni(OAc)2 (1 mmol 0.289 g) and -tartaric acid
(1 mmol, 0.150 g) in water (20 mL) was placed in a 25-mL Teflon-
lined autoclave, sealed, and heated to 150 °C for 2 d, followed by
cooling to 25 °C in air. The green crystals were filtered, washed
with water and ethanol, and then dried in air. Yield: 65.7% (based
on Ni). C8H18Ni2O17 (503.64): calcd. C 19.05, H 3.61; found C
18.75, H 3.87.

2: As-synthesized crystal 1 was dehydrated under vacuum at 150
°C overnight, which led to crystalline solid 2. Yield: 100% (based
on Ni). C8H8Ni2O12 (413.56): calcd. C 23.21, H 1.93; found C
23.03, H 2.00.

Single-Crystal Structure Determination: Measurements were car-
ried out with a Bruker SMART 1000 CCD diffractometer with
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Mo-Kα monochromated radiation (λ = 0.71073 Å) at 113(2) K. An
empirical absorption correction was applied. The structures were
solved by direct methods and refined by full-matrix least-squares
against F2 by using the SHELXS-97 and SHELXL-97 programs.
Anisotropic thermal parameters were assigned to all non-hydrogen
atoms. The hydrogen atoms were set in calculated positions and
refined as riding atoms with a common fixed isotropic thermal pa-
rameter. Analytical expressions of neutral atom scattering factors
were employed, and anomalous dispersion corrections were incor-
porated.

Crystal Data for 1: {[Ni2(-C4H4O6)2(H2O)2]3H2O}�, M =
2.157 Mgmol–1, orthorhombic, space group P21212, a =
7.8141(8) Å, b = 11.0629(8) Å, c = 17.9430(14) Å, α = β = γ = 90°,
V = 1551.1(2) Å3, Z = 4, Dcalcd. = 2.157 Mgm–3, T = 113(2) K,
m(Mo-Kα) = 3.816 mm–1, –10�h�10, –14�k�14, –22� l�23,
GOF = 1.008, Flack parameters 0.016(10), wR2 = 0.0510 (for 813
independent reflections [R1 = 0.0328]), R1 = 0.0286 [I�2σ(I)].

Crystal Data for 2: {Ni(-C4H4O6)}�, M = 2.658 Mgmol–1, ortho-
rhombic, space group I222, a = 4.9740(11) Å, b = 9.055(2) Å, c =
11.472(2) Å, α = β = γ = 90°, V = 516.68(19) Å3, Z = 8, Dcalcd. =
2.658 Mgm–3, T = 113(2) K, m(Mo-Kα) = 3.816 mm–1, –5�h�5,
–10�k�10, –13� l�13, GOF = 1.121, Flack parameters
–0.01(6), wR2 = 0.0935 (for 813 independent reflections [R1 =
0.0392]), R1 = 0.0384 [I�2σ(I)].

CCDC-634956 (for 1) and -650895 (for 2) contain the supplemen-
tary crystallographic data for this paper. These data can be ob-
tained free of charge from The Cambridge Crystallographic Data
Centre via www.ccdc.cam.ac.uk/data_request/cif.

Supporting Information (see footnote on the first page of this arti-
cle): Additional figures, selected bond length and angels, and TGA
analysis
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