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1 INTRODUCTION

The main goal of crystal engineering is to realize
the intermolecular interactions in the context of crys�
tal packing toward the design and synthesis of func�
tional materials [1–5]. Aakeröy and Beatty said that
predicting and controlling the competition between
intermolecular forces are part of every crystal engi�
neering effort [6]. Thus, how do we unravel the bundle
of often inter�related interactions and identify strong,
directional, reliable non�covalent interactions [7–9].

In the last few years the analysis of molecular crys�
tal structures using tools based on Hirshfeld surfaces
has rapidly gained in popularity. Hirshfeld surfaces
were named after F.L. Hirshfeld, whose “stockholder
partitioning” scheme for defining atoms inmolecules
suggested to us an extension to defining a molecule in
a crystal [10]. This approach represents an attempt to
venture beyond the current paradigm�internuclear
distances and angles, crystal packing diagrams with
molecules represented via various models [11, 12]. 

Molecular Hirshfeld surfaces [13] in the crystal
structure were constructed on the basis of the electron
distribution calculated as the sum of spherical atom
electron densities [14, 15]. For a given crystal structure
and a set of spherical atomic densities, the Hirshfeld
surface is unique [16]. The normalized contact dis�
tance (dnorm) based on both de and di (where de is dis�
tance from a point on the surface to the nearest nucle�
us outside the surface and di is distance from a point on
the surface to the nearest nucleus inside the surface)
and the van der Waals (vdW) radii of the atom, as given
by Eq. (1) enables identification of the regions of par�
ticular importance to intermolecular interactions. The
combination of de and di in the form of two�dimen�

1 The article is published in the original.

sional (2D) fingerprint plot [17, 18] provides a sum�
mary of intermolecular contacts in the crystal [13].
The Hirshfeld surfaces mapped with dnorm and 2D fin�
gerprint plots were generated using the Crystal�Ex�
plorer 2.1 [19]. Graphical plots of the molecular Hir�
shfeld surfaces mapped with dnorm used a red�white�
blue colour scheme, where red highlight shorter con�
tacts, white represents the contact around van der
Waals separation, and blue is for longer contact. Addi�
tionally, two further coloured plots representing shape
index and curvedness based on local curvatures are al�
so presented in this paper [20]

(1)

In this work, we prepared a new complex of
[NH2(CH3)2][Zn(Ox)1.5] ⋅ DMF ⋅ H2O (I) (Ox = oxalate),
which shows an intricate 2D classical honeycomb�like
architecture. Furthermore, we concern on the detail
analyses of Hirschfeld surface and fingerprint plots of I.

EXPERIMENTAL

Materials and methods. All reagents were pur�
chased from commercial sources and used as received.
Thermogravimetric analyses (TGA) were carried
out with a Metter–Toledo TA 50 in dry dinitrogen
(60 mL min–1) at a heating rate of 5°C min–1. 

Synthesis of I. A mixture of Zn(OAc)2 (0.1 mmol),
1,3,5�benzenetribenzoic acid (H3Btb) (0.1 mmol),
DMF (8 mL) and HNO3 (0.1 mL) was placed in a vial,
heated to 105°C for 3 days under autogenous pressure,
and then cooled to room temperature at a rate of
5°C/h. Colorless crystals were obtained after 4 days.
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The resulting crystals formed were filtered off, washed
with water and dried in air. The yeild was 35% based on Zn.

X�ray crystallography. Single crystal X�ray diffrac�
tion analysis of the compound was carried out on a
Bruker SMART APEX II CCD diffractometer
equipped with graphite monochromated MoK

α
 radia�

tion (λ = 0.71073 Å) by using ω–ϕ scan technique at
room temperature. The intensities were corrected for
Lorentz and polarization effects as well as for empiri�
cal absorption based on multi�scan techniques; the
structures was solved by direct methods and refined by full�
matrix least�squares fitting on F 2 using SHEXL�97 [21].
Absorption corrections were applied using the multi�
scan approach with the program SADABS [22]. The
hydrogen atoms of the organic ligands were placed in
calculated positions and refined using a riding model

For C8H17N2O7Zn 

anal. calcd., %: C, 30.16; H, 5.38; N, 8.80. 

Found, %: C, 30.20; H, 5.30; N, 8.79.

on attached atoms with isotropic thermal parameters
1.2 times those of their carrier atoms. Large sections of
the structure consist of void space filled with disor�
dered solvate molecules and counter cations. The
dimethyl ammonium cation was generated from de�
composition of dimethyl formamide. Indeed, the unit
cell volume includes a region of disordered DMF and
water molecules which could not be modeled as well
discrete atomic sites, but their compositions can be
confirmed by elemental analysis data, and TGA. Thus,
they are included in the final formula. Table shows
crystallographic data of I.

Supplementary material has been deposited with
the Cambridge Crystallographic Data Centre (CCDC
no. 1028787; deposit@ccdc.cam.ac.uk or http://www.
ccdc.cam.ac.uk).

RESULTS AND DISCUSSION

X�ray crystallography reveals that in the asymmet�
ric unit of I, each Zn(II) atom is six�coordinated by
three oxygen atoms from four high symmetric Ox
ligands and exhibits a slightly distorted tetrahedral ge�
ometry (Zn(1)–O(1)#1 12.086(2) Å, O(1)Zn(1)O(1)#1

168.92(11)о: #1 –x, –y, –z. (Fig. 1). The Ox and
H2(CH3)2 are also generated from DMF molecule un�
der acid catalysis. In this crystal, the Zn(II) centers are
polymerized through the Ox units to yield two�dimension�
al layer with hexgonal pore along the xz plane (Fig. 2). The
free DMF and cation hold at the emptyhexagonal cavity
with adimension of 10.8(7) Å edge distances (Fig. 2). 

The Hirshfeld surfaces of title compound are illus�
trated in Fig. 3, showing surfaces that have been
mapped over a dnorm range of –0.5 to 1.5 Å, shape in�
dex (–1.0 to 1.0 Å) and curvedness (–4.0 to 0.4 Å).
The surfaces are shown as transparent to allow visual�
ization of the cavities and the potential donors and ac�
ceptors around which they were calculated. The weak
interaction information discussed in X�ray crystallog�
raphy section is summarized effectively in the spots,
with the large circular depressions (deep red) visible
on the dnorm surfaces indicative of hydrogen bonding
contacts. The dominant interactions for the com�
poundcan be seen in Hirshfeld surface plots as the
bright red shaded area in Fig. 3.

The fingerprint plots for Zinc oxalate cluster com�
pound are presented in Fig. 4. The C⋅⋅⋅O interactions ap�
pear as two distinct spikes of almost equal lengths in the 2D
fingerprint plots in the region 2.03 Å < (de + di) < 2.47 Å as
light sky�blue pattern in full fingerprint 2D plots.
Complementary regions are visible in the fingerprint
plots where one molecule acts as a donor (de > di) and
the other as an acceptor (de < di). The fingerprint plots
can be decomposed to highlight particular atom pair
close contacts. This decomposition enables separation
of contributions from different interaction types,
which overlap in the full fingerprint. The proportions
of interactions contain 13.4% Hirshfeld surface from
the full motif.

Crystallographic data and structure refinement details for
complex I

Parameter Value

Fw 197.40

Crystal system Trigonal

Space group P�32

a, Å 9.379(2)

b, Å 9.379(2)

c, Å 8.216(2)

V, Å3 625.9(3)

ρcalcd, g cm–3 1.047

Z 2

μ, mm–1 1.946

F(000) 192

θ Range, deg 2.12–25.68

–5 ≤ h ≤ 13, Index ranges hkl

–10 ≤ k ≤ 12, 

–11 ≤ l ≤ 9

Reflections collected 2658

Independent reflections 692

Rint 0.0395

Reflections with I  > 2σ(I) 376

GOOF 1.050

R1, wR2 (I > 2σ(I)) 0.0440, 0.1184

R1, wR2 (all data) 0.0825, 0.1442

Δρmax/Δρmin, e Å–3 0.406/–0.291
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To study the stability of the polymer, TGA of com�
plex I was performed (Fig. 5). The compound I shows
two of weight loss steps. The first weight loss began at
51°C and completed at 287°C. The observed weight
loss of 28.1% is corresponding to the loss of the free
DMF and H2O molecules (calcd. 27.3%). The second
weight loss occurs in the range 356–415°C, which can
be attributed to the elimination of organic Ox and

Me2NH2. The 20.5% mass remnant at 680°C is con�
sistent with ZnO (21.1% predicted).

Thus, we have successfully synthesized one new
polymer, which shows an intricate 2D classical honey�
comb�like architecture. The detail analyses of Hir�
schfeld surface and fingerprint plots gave a mode of
non�covalent interactions in the title compound.
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Fig. 4. Fingerprint plots Full (a), resolved into C⋅⋅⋅O (b) for the I.
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Fig. 5. View of the TGA in I.


