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Metal–ligand coordination is one of the most important 
interactions in supramolecular chemistry. In terms of creating 
self-organizing structures via self-assembly processes, 
terpyridines and their derivatives have been actively used in the 
last two decades. The manifestation of tridentate properties with 
the formation of dendrimeric terpyridine ligands makes it 
possible to produce metal-containing polymers used as various 
sensors.1–5 An interesting emerging field is the development of 
terpyridine antitumor agents.6–10 Besides, terpyridine derivatives 
can be applied in photodynamic therapy.11,12 The redox and 
photophysical properties of various terpyridine architectures 
allow one to use them in the design of LEDs and LECs.13–15 The 
application of terpyridines in catalysis is also known.16,17 

Currently, a large number of works are devoted to the creation 
of smart materials with shape memory and self-healing 
properties.18–21 Functionalization of polymer chains with 
terpyridine ligands allows one to obtain self-healing metallo
polymers due to the inclusion of reversible metal–ligand 
coordination interactions.22 The initial approach to the creation 
of such systems was to impregnate terpyridine-containing 
polymers with salts of various transition metals.23 Thus, it was 
possible to obtain self-healing systems with an internal healing 
mechanism due to reversible interactions, but metallopolymers 
produced in this way often lacked the ability of autonomous 
healing (occurring without the influence of temperature or 
irradiation), as well as high-strength characteristics.

Previously,24–26 we proposed a new one-step protocol for the 
preparation of new types of self-healing copolymers of 
acrylamide, acrylic acid and mixed-ligand metal chelate 

monomers (MCMs) functionalized with 4'-phenyl-2,2':6',2''-
terpyridine. The incorporation of the metal-containing monomer 
directly into the polymer chain, as well as the absence of an 
impregnation step of the final polymer product, significantly 
improve the mechanical properties of the final polymer films and 
also allow for autonomous internal healing. Hence, it is of 
interest to expand this type of MCMs.

This work is devoted to the synthesis and investigation of the 
complex of nickel acrylate with 4'-phenyl-2,2':6',2'-terpyridine. 
The structure of the complex and its analysis, activation energies 
of solid-phase polymerization and heat of double bond opening, 
the values of which can affect the final composition, structure 
and properties of self-healing polymers, are presented.

Crystallographic data and main refinement parameters for 
the  obtained complex are given in Tables S1–S5 (Online 
Supplementary Materials), the general appearance of the 
compound is shown in Figure 1.† The Niii ion has a coordination 

Nickel acrylate

4'-Phenyl-2.2' :6',2''-terpyridine

NiAcr2PhTpy

A new complex of nickel acrylate and 4'-phenyl-2,2':6',2''-
terpyridine, analogs of which have been previously used to 
obtain self-healing metallopolymers, has been prepared.  
The complex was analyzed by X-ray diffraction, IR and 
UV absorption spectroscopy, differential scanning 
calorimetry and thermogravimetric analysis. The values 
of effective activation energy of solid-phase polymerization 
and heat of double bond opening for this complex have 
been calculated.

†	 Crystal data for NiAcr2PhTpy. C27.50H22.50Cl1.50N3NiO4.50 
(M = 578.87), at 273.15 K, triclinic, P1

–
 (2), a = 8.464(2), b = 10.921(2) 

and c = 14.882(3) Å, a = 98.04(3), b = 94.65(3) and g = 105.43(3)°, 
V = 1302.9(5) Å3, Z = 2, μ = 0.940 mm–1; reflections collected = 5119; 
final R indices [I > 2s(I )]: R1 = 0.0921, wR2 = 0.2501; R indexes (all 
data): R1 = 0.0983 and wR2 = 0.2576. 
	 X-ray diffraction studies were carried out on single crystals on an 
Agilent XCalibur CCD diffractometer with EOS detector. Data 
acquisition and processing, determination and refinement of unit cell 
parameters were performed in the CrysAlis PRO program.27 The structure 
was solved by dual methods using SHELXT and refined by full-matrix 
least-squares methods against F2 by SHELXL using Olex2.28–30 All non-
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number of 6. The coordination sphere is formed by three nitrogen 
and three oxygen atoms with the following bond lengths (Å): 
Ni–N(1), 2.096(5); Ni–N(2), 1.980(5); Ni–N(3), 2.072(6); 
Ni–O(1), 2.112(5); Ni–O(2), 2.186(5); Ni–O(3), 1.989(5). The 
acrylic acid anions involved in the complexation are differently 
coordinated with regard to the Niii ion. One anion acts as a 
bidentate ligand and the other is coordinated as a monodentate 
one. The difference in C–O bond lengths is much smaller in the 
carboxylate group of the bidentate ion compared to the 
monodentate ion, which is caused by delocalization of electron 
density and relative alignment of O(1)–C(22) and O(2)–C(22) 
bonds. The O(4)–C(25) bond in the monodentate anion is double. 
Account should be taken of the monodentancy of both acrylate 
anions in the case of copper as a complexing agent with 
coordination number 5, noted in our previous work.32 Apparently, 
such difference in the dentacy of acrylates is related to the size of 
the metal cations of the complexing agents.

Also of note is the similarity of spatial environment of the 
metal ion with that of analogous bipyridine complexes with 
nickel and copper acrylates, in which metal ions were six-
coordinated and acid anions were coordinated differently, 
whereas, e.g., the zinc ion coordinated both acid anions 
bidentatively (Table S6).33 The same double bidentate 
coordination of acrylate anions is also shown by the complex of 
copper acrylate with di(2-pyridyl)amine.34 It is probable that the 
observed difference in the type of coordination is related to the 
type of ligand and synthesis conditions.

The difference in the length of metal–nitrogen bonds in cases 
of coordination of one or two terpyridine ligands is also of 
interest. The classical coordination of a metal to a ligand leads to 
the formation of bis-terpyridine clusters. When the terpyridine 
derivative is coordinated with a metal acrylate, the metal–
nitrogen bond lengths would decrease (see Table S6).35 This fact 
may also have a beneficial effect on the self-healing of the 
polymers derived from such complexes due to the enhanced 
coordination interactions.

The results of elemental analysis of the herein obtained 
complex NiAcr2PhTpy (Table S7) are close to the theory. The 
main characteristic bands analysis of the IR spectrum of 
NiAcr2PhTpy (Figure S1) was carried out in accordance with 
data.36 The intense absorption bands at 3550–3300 cm–1 
probably indicate the intermolecular hydrogen bonds presence 
due to the small amount of solvent molecules in the monomer; 
vibrations in the region of 3060 cm–1 refer to the C–H vibrations 
of the pyridine rings. The peak at 1637 cm-1 relates to the C=C 
bond and the peaks at 1557 and 1415 cm–1 correspond to the 
asymmetric and symmetric vibrations of the COO– acrylic acid 
ion; the symmetric vibration band is shifted to a lower frequency 
region relative to the COO– vibration of nickel acrylate 
(1440 cm–1) apparently due to coordination with terpyridine. The 
1603 and 1570 cm–1 peaks correspond to the skeletal vibrations 
of the pyridine rings, and 1613 cm–1 to the C=N vibrations. The 
=C–H bond deformation vibration band characteristic of 
monosubstituted benzenes is observed at 770 cm–1, as for 
the  spectrum of the very terpyridine.37 The peaks in the 
660–680 cm–1 region can be attributed to M–O vibrations. It is 
important to mention the shift of the 1040 cm–1 peak of the 
pyridine rings strain vibrations in the free ligand to 1017 cm–1 
(inset in Figure S1), which is caused by the Lewis acid-type 
coordination of the terpyridine.38

In the absorption spectrum of NiAcr2PhTpy in UV and visible 
ranges (Figure S2), attention should be paid to the absorption 
band in the region of 430 nm related to the metal–ligand charge 
transfer and absent in the spectrum of phenylterpyridine, which 
indicates successful complexation.

The thermal studies results are summarized in Figure 2 and 
Table S8. The decomposition proceeds in four steps according 
to the TGA curve. The first step occurs up to 275 °C and is 
due to dehydration, and a region of loss of physically adsorbed 
water molecules up to 120 °C can be distinguished. 
The second step is observed at 280–300 °C and is characterized 
by the highest decomposition rate and maximum exothermic 
effect (133 J g–1), indicating solid-phase monomer poly
merization conjugated with decarboxylation processes. 
Second stage mass loss can be attributed to both outgassing 
and the beginning of phenylterpyridine decomposition, 
determining a different decomposition character at the third 
stage in the 300–380 °C region. Complete decarboxylation 
and decomposition of the obtained metallopolymer to the 
metal-containing phase is observed in the last fourth step.

The phenylterpyridine thermal behavior was also investigated 
to clarify the decomposition mechanism of the metallocomplex 
(Figure S3). There are two endothermic peaks on the DSC curve, 
the first belongs to the melting process (210 °C). The second 
peak with a minimum at 350 °C corresponds to the decomposition 
process accompanied by complete mass loss. Probably, the 
endothermic melting peak of phenylterpyridine at 210 °C is 
shifted to 260 °C for the obtained complex (see Figure 2), which 

hydrogen atoms were refined with anisotropic displacement parameters. 
All hydrogen atoms were refined isotropically on calculated positions 
using a riding model with their Uiso values constrained to 1.5 times the 
Ueq of their pivot atoms for terminal sp3 carbon atoms and 1.2 times for 
all other carbon atoms. Disordered moieties were refined using bond 
lengths restraints and displacement parameter restraints. This report and 
the CIF file were generated using FinalCif.31 
	 CCDC 2338563 contains the supplementary crystallographic data for 
this paper. These data can be obtained free of charge from The Cambridge 
Crystallographic Data Centre via http://www.ccdc.cam.ac.uk.
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Figure  1  General view of the complex of nickel acrylate and 4'-phenyl-
2,2':6',2''-terpyridine (NiAcr2PhTpy) without solvent molecule.
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Figure  2  (1) TGA, (2) DSC and (3) DTG curves of NiAcr2PhTpy (heating 
rate is 10 K min–1).
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may indicate the breaking of metal–ligand coordination bonds. 
Then solid-phase polymerization and outgassing reactions begin, 
causing a different slope from the phenylterpyridine 
decomposition region (see Figure S3) at 280–300 °C on the 
TGA curves of the metal complex (see Figure 2).

DSC data were obtained at different heating temperature rates 
to estimate the effective activation energy of solid-phase 
polymerization [Figure 3(a)]. The dependence of the heating rate 
logarithm on the temperature of the exothermic peak maximum 
of solid-phase polymerization was plotted in lnb – 1/T 
coordinates in accordance with ASTM E698 [Figure 3(b)].39 

The effective activation energy of solid-phase polymerization 
Ea ≈ 129 ± 2 kJ mol–1 was calculated (see Online Supplementary 
Materials) based on the obtained data. It was not possible to 
compare the activation energy calculated by DSC with the 
analysis by TGA due to the co-occurrence of polymerization and 
decomposition of terpyridine fragment. However, the obtained 
activation energy value is close to the values determined for 
similar nickel complexes.40 

Thus, a new metallocomplex based on nickel acrylate and 
4'-phenyl-2,2':6',2'-terpyridine for further preparation of self-
healing metallopolymers based on it was obtained and 
characterized. The X-ray diffraction analysis reveals that the 
complex possesses a primitive triclinic lattice, where the 
coordination number of Niii is 6. The presented heat of opening 
of double bonds and activation energy of solid-phase 
polymerization, along with structural parameters, may affect the 
final composition, structure and properties of self-healing 
polymers.

This work has been carried out in accordance with the state 
tasks (registration nos. 124013000757-0, 124013000722-8 and 
124013100858-3) using the equipment of the Federal Research 
Center of Problems of Chemical Physics and Medicinal 
Chemistry RAS.

Online Supplementary Materials
Supplementary data associated with this article can be found 

in the online version at doi: 10.1016/j.mencom.2024.04.022.
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Figure  3  (a) DSC curves of NiAcr2PhTpy at different heating rates; 
(b)  Arrhenius dependence of the heating rate logarithm on the inverse 
temperature.


