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Summary: Two complexes [Ni(pda)(H2pda)]·3H2O (1) and [Cu(pda)(H2pda)] (2) containing 

pyridine-2,6-dicarboxylic acid (H2pda) were synthesized by room-temperature solid state reaction 

and characterized by elemental analyses, powder X-ray diffraction (PXRD), single crystal X-ray 
diffraction and infrared spectroscopy. The powder complexes were confirmed as single phase with 

their PXRD. The thermal property was studied using simultaneous thermogravimetry and differential 

scanning calorimetry (TG-DSC) techniques. The complexes were decomposed in several stages and 
the final products of their thermal decomposition were NiO and CuO, respectively. In order to 

explore application of the complexes, the nano-NiO and nano-CuO particles were produced by using 

the powder complexes as precursors at different temperatures. The particles were characterized and 
observed by PXRD and scanning electron microscope (SEM), and their average diameters of the 

pyrolysis products at 500 °C were about 12 and 30 nm, respectively. 
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Introduction 
 

Pyridine-2,6-dicarboxylic acid (H2pda) 

contains one pyridine ring and two carboxyl groups, 

it has attracted much interest in the synthesis of 

compounds for its novel topologies and interesting 

structural motifs to construct supermolecule 

architectures [1], MOFs [2, 3], coordination polymers 

[4, 5] and two-dimensional and three-dimensional 

networks [6, 7]. Stereochemistry [8], luminescence 

property [9], magnetism [10, 11], spectroscopy [12], 

reaction dynamics [13] and diversified biological 

activity [14–18] of its derivatives and complexes had 

been deeply and widely studied. Nickel and copper 

are the essential trace elements for life, and their 

organic acid complexes are widely present in the 

living body for their special biological activities and 

catalytic effects on the life system [19, 20]. 

Moreover, the theoretical and application studies of 

their complexes for organic carboxylic acids are 

emerging [21–25]. 
 

The Ni(II) and Cu(II) complexes of H2pda 

were reported in many literatures [26–30]. However, 

these complexes were almost synthesized by liquid 

phase method, which has the disadvantages of 

complicated operation, high energy consumption and 

serious environmental pollution. In this paper, the 

Ni(II) and Cu(II) complexes of H2pda 

([Ni(pda)(H2pda)]·3H2O (1) and [Cu(pda)(H2pda)] 

(2)) were synthesized by solid state reaction at room-

temperature [31]. Comparing with liquid phase 

method, such method is in accord with the conception 

of green chemistry and makes up for the 

shortcomings of liquid phase synthesis. Then their 

single crystals were successfully cultured by the 

solvent evaporation method using the powder 

complexes, which confirmed that the powder 

complexes obtained from solid state reaction at room-

temperature was pure phase. There are two ligand 

molecules in the title complexes, one of which 

removes all protons and the other retains all protons. 

And the crystal structure analysis indicates that the 

complexes are different from the reported structural 

parameters and crystallographic data [32, 33]. The 

main difference of the Ni(II) complex is the 

deprotonization degree of the ligand, and the main 

differences of the Cu(II) complex are the diversity of 

crystal water, crystal system and space group. 
 

NiO, a P-type semiconductor material with 

good chemical stability and electrical properties, is 

widely used in the fields of catalysis and composite 

ceramics [34]. CuO, a kind of antimagnetic P-type 

semiconductor functional material with unique 

physical and chemical properties such as 

photoconductivity, field emission effect, catalytic and 

electrode activity, is widely used in the fields of field 

effect tubes, electrochemistry, gas sensors, etc [35]. 

In order to explore application of the title complexes, 

the NiO and CuO particles with high purity and small 

particle size were obtained by calcination with their 
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powder complexes as precursors. Moreover, the 

particle size of oxides, which has a great influence on 

property and application, can be controlled by 

adjusting the thermal decomposition temperature 

within a certain temperature range. Many methods 

for preparing nano-NiO and nano-CuO have been 

reported such as precipitation [36], electrodeposition 

[37, 38], sol-gel [39] and microemulsion method [40]. 

However, this thermal decomposition method, which 

uses the powder complexes obtained from solid state 

reaction at room-temperature as precursors, is one of 

the more advantageous methods for simple 

preparation process and low cost. 
 

Experimental 
 

Materials and instruments 
 

Pyridine-2,6-dicarboxylic acid (H2pda) was 

obtained from Jinan Henghua Sci. & Tec. Co., Ltd., 

while Cu(Ac)2·H2O, Ni(Ac)2·4H2O and ethanol was 

purchased from Tianjin Guangfu Fine Chemical 

Research Institution. All chemical reagents purchased 

were of analytical pure and without further 

purification. 
 

The C, H and N analyses were performed on 

an Elementar Vario EL CUBE instrument. The 

contents of Ni and Cu in the complexes or oxides 

were determined by the EDTA titration. The PXRD 

patterns were obtained by a Rigaku D/max-II X-ray 

diffractometer using Cu Kα radiation. Fourier 

transform infrared spectra (FT-IR) were measured 

with potassium bromide pellets in the range of 4000–

400 cm–1 on a Nicolet iS50 FT-IR spectrometer. 

Thermogravimetry and differential scanning 

calorimetry analyses (TG and DSC) were performed 

by a SDT Q650 thermal analyzer and the 

measurements were recorded from ambient 

temperature to 800 °C at a heating rate of 10 °C min–1 

under a nitrogen flow of 100 mL min–1. Single crystal 

structure determination was performed with a Bruker 

SMART APEX ΙΙ CCD diffractometer equipped with 

a graphite-monochro-matized Mo Kα radiation (λ = 

0.71073 Å). SEM images were measured on a Tescan 

MAIA3 field emission scanning electron microscope 

system. 
 

 Synthesis of [Ni(pda)(H2pda)]·3H2O (1) 
 

H2pda (0.668 g, 4.00 mmol) and 

Ni(Ac)2·4H2O (0.498 g, 2.00 mmol) were mixed and 

carefully ground in an agate mortar, and two drops of 

ethanol were added as initiator. The irritative acetic 

acid gas was released during the grinding process, 

indicating that the reaction did happen. No irritant 

produced after about 4 h of grinding, and the product 

(it was directly prepared by room-temperature solid 

state reaction without separation and purification, and 

it called the powder complex in this paper) was green 

powder and its PXRD pattern was determined. 

Subsequently, the powder was dissolved with a 

suitable amount of distilled water, and the filtered 

liquor was heated and concentrated to about 30 mL. 

The green crystals of [Ni(pda)(H2pda)]·3H2O (1) in 

about 71% (based on H2pda) were generated after 10 

days. Anal Calc. (Found, %) for NiC14H14O11N2 (1): 

C 37.79 (38.01), H 3.17 (3.30), N 6.30 (6.16) and Ni 

13.19 (13.13). FT-IR (KBr, cm‒1 ): 3391(s), 3099(w), 

1594(s), 1446(m), 1382(m), 769(s), 723(m), 549(m), 

436(s). 
 

Synthesis of [Cu(pda)(H2pda)] (2) 
 

The reactants of H2pda (0.668 g, 4.00 mmol) 

and Cu(Ac)2·H2O (0.399 g, 2.00 mmol) were mixed 

up well together. The synthetic method of 2 was 

similar to that of 1. The product obtained was blue 

powder and its PXRD pattern was determined. 

Subsequently, the blue crystals of [Cu(pda)(H2pda)] 

(2) in about 64% (based on H2pda) were generated 

after 14 days. Anal Calc. (Found, %) for 

CuC14H8O8N2 (2): C 42.49 (42.10), H 2.04 (2.16), N 

7.08 (7.17.) and Cu 16.06 (16.21). FT-IR (KBr, cm–

1): 3409(s), 3102(w), 1622(s), 1380(w), 1348(w), 

594(m), 444(m). 
 

Preparation of nano-NiO and nano-CuO 
 

The powder complexes 1 and 2 were 

calcined in a KSL-100X muffle furnace at 400, 500, 

600 and 800 °C for 0.5 h, respectively, under an air 

atmosphere. The nano-NiO and nano-CuO with a 

narrow-size distribution were generated. The effect of 

calcination temperature on the particle size of nano-

NiO and nano-CuO was investigated. 
 

X-ray crystallography 
 

The single crystal of [Ni(pda)(H2pda)]·3H2O 

(1) or [Cu(pda)(H2pda)] (2) was selected and fixed 

with epoxy cement on fine glass fibers, which was 

then mounted on a Bruker SMART APEX ΙΙ CCD 

diffractometer with graphite-monochromated Mo Kα 

radiation (λ = 0.71073 Å). The structure was solved 

with the SHELXS-97 program and refined on F2 by 

using SHELXL-97 program [41]. All nonhydrogen 

atoms were refined anisotropically and hydrogen 

atom positions were refined in isotropic 

approximation using a riding model. The crystal data 

and structure parameters of the complexes are 

summarized in Table-1, and the selected bond lengths 

and angles are listed in Table-2. CCDC numbers are 

1921383 for 1 and 1921384 for 2, and these data can 

be obtained free of charge via 

http://www.ccdc.cam.ac.uk/conts/retrieving.html. 

http://www.ccdc.cam.ac.uk/conts/retrieving.html
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Table-1: Crystal data and structure refinement parameters for 1 and 2. 
Complex 1 2 

Empirical formula NiC14H14O11N2 CuC14H8O8N2 

Formula weight (g·mol‒1) 444.98 395.76 

Temperature (K) 293(2) 293(2) 

Crystal system Monoclinic Monoclinic 

Space group P21/c P21/c 

a (Å) 13.6696(5) 13.4230(7) 

b (Å) 10.0440(4) 10.3112(5) 

c (Å) 13.7673(5) 13.8035(7) 

β (°) 115.1670(10) 114.260(2) 

V (Å3) 1710.78(11) 1741.79(15) 

Z 4 4 

Calculated density (g·cm‒3) 1.728 1.509 

Absorption coefficient (mm–1) 1.201 1.296 

F(000) 912 796 

Crystal size (mm) 0.25 × 0.21 × 0.17 0.36 × 0.32 × 0.26 

Theta range (°) 2.970 to 27.544 2.970 to 27.524 

Limiting indices ‒17≤ h ≤ 17, ‒13≤ k ≤13, ‒17≤ l ≤17 ‒17≤ h ≤17, ‒13≤ k ≤13, ‒17≤ l ≤17 

Reflections collected / unique 26196 / 3925 (Rint = 0.0270) 26601 / 3992 (Rint = 0.0231) 

Completeness to theta = 25.242 99.9% 99.6% 

Max. and min. transmission 0.7456 and 0.5991 0.7456 and 0.5597 

Data / restraints / parameters 3925 / 9 / 263 3992 / 48 / 226 

Goodness-of-fit on F2 1.085 1.006 

Final R indices [I >2σ(I)] R1 = 0.0453, wR2 = 0.1263 R1 = 0.1629, wR2 = 0.4182 

R indices (all data) R1 = 0.0545, wR2 = 0.1335 R1 = 0.1656, wR2 = 0.4193 

Largest diff. peak and hole (e·Å‒3) 0.374 and ‒1.171 1.357 and ‒1.922 

 

Table-2: Selected bond distances (Å) and angles (°) for 1 and 2. 
Complex 1 Complex 2 

Ni1―O1 2.1699(17) Cu1―O1 2.201(11) 

Ni1―O3 2.0953(18) Cu1―O3 2.170(10) 

Ni1―O5 2.1954(18) Cu1―O5 2.234(15) 

Ni1―O7 2.0997(18) Cu1―O7 2.157(9) 

Ni1―N1 1.9606(19) Cu1―N1 1.951(9) 

Ni1―N2 1.9662(19) Cu1―N2 1.949(9) 

N2―Ni1―O7 78.59(8) O3―Cu1―O5 93.8(4) 

O1―Ni1―O5 91.39(7) O3―Cu1―O1 154.4(4) 

O3―Ni1―O5 93.21(7) N1―Cu1―O3 76.7(4) 

O3―Ni1―O1 155.92(7) N1―Cu1―O7 103.2(4) 

O3―Ni1―O7 92.85(7) N1―Cu1―O5 101.5(4) 

O7―Ni1―O5 155.09(7) N1―Cu1―O1 77.8(4) 

O7―Ni1―O1 92.86(8) O7―Cu1―O3 93.0(4) 

N1―Ni1―O5 104.37(7) O7―Cu1―O5 155.3(4) 

N1―Ni1―O1 77.14(7) O7―Cu1―O1 92.8(4) 

N1―Ni1―O3 78.82(7) N2―Cu1―O3 103.8(4) 

N1―Ni1―O7 100.51(8) N2―Cu1―N1 179.5(4) 

N1―Ni1―N2 176.32(8) N2―Cu1―O7 77.0(4) 

N2―Ni1―O5 76.50(8) N2―Cu1―O5 78.2(4) 

N2―Ni1―O1 99.30(7) N2―Cu1―O1 101.8(4) 

N2―Ni1―O3 104.76(7) O1―Cu1―O5 91.3(4) 
 

Table-3: Parameters of hydrogen bonds for 1 and 2. 
Complex D―H···A d(D―H) (Å) d(H···A) (Å) d(D···A) (Å) ∠(DHA) (°) 

1 

O9―H9A···O2 

O9―H9B···O11 

O10―H10A···O6 

O10―H10B···O4 

O11―H11A···O1 

O11―H11B···O8 

C3―H3···O5 

C12―H12···O3) 

0.85 

0.85 

0.85 

0.85 

0.85 

0.85 

0.93 

0.93 

1.62 

1.71 

1.67 

1.94 

2.22 

2.08 

2.52 

2.55 

2.4634(1) 

2.5135(1) 

2.4750(1) 

2.7432(1) 

2.7790(1) 

2.6006(1) 

3.2018(1) 

3.2728(1) 

171.0 

156.0 

157.0 

157.0 

123.0 

119.0 

130.0 

135.0 

2 
C5―H5···O7 

C10―H10···O1 

0.93 

0.93 

2.48 

2.44 

3.2089(2) 

3.1943(2) 

136.0 

138.0 
 

 

Results and discussion 
 

Description of the structure 
 

Description of [Ni(pda)(H2pda)]·3H2O (1). 

The asymmetric unit of 1 contains one Ni(II) center, 

one pyridine-2,6-dicarboxylic acid molecule (H2pda) 

(which contains O1, O3 and N1), one pyridine-2,6-

dicarboxylate dianions (pda2‒) (which contains O5, 

O7 and N2) and three crystal water molecules (Fig. 

1). The bond angles (N1―Ni1―O3 78.82°, 

N1―Ni1―O1 77.14°, N2―Ni1―O1 99.30° and 

N2―Ni1―O3 104.76°] add up to 360.02°, so the 

O1, N1, O3, N2 and Ni1 atoms are almost in the 

same plane. The geometry around Ni(II) can be 

described as a slightly distorted octahedron with the 

O1 and O3 atoms of H2pda and the N1 and N2 atoms 
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building the equatorial plane and the O5 and O7 atoms 

of pda2‒ occupying the axial positions. Hydrogen 

bonds of 1 are listed in Table-3, and the extensive 

hydrogen bonds are formed through the interactions 

of O atoms from carboxyl groups and free crystal 

water molecules, which result in a 3D network (Fig. 

2). 

 
 

Fig. 1: Molecular structure of 1. 
 

 
 

Fig. 2: 3D network structure of 1. 
 

Description of [Cu(pda)(H2pda)] (2). The 

asymmetric unit of 2 consists of one Cu(II) center, 

one pyridine-2,6-dicarboxylate molecule (H2pda) and 

one pyridine-2,6-dicarboxylate dianions (pda2‒) (Fig. 

3). Average value 2.186 Å of Cu1―O1 (2.201 Å) 

and Cu1―O3 (2.170 Å) is very close to that 2.196 Å 

of Cu1―O5 (2.234 Å) and Cu1―O7 (2.157 Å), so 

the O1, O3, O5 and O7 atoms are almost in the same 

plane. Average value of Cu1―N1 (1.951 Å) and 

Cu1―N2 (1.949 Å) is 1.950 Å, and the average 

value is shorter than that of Cu―O bonds due to 

Jahn-Teller effect. Thus, the geometry around Cu(II) 

ion can be described as an axially compressed 

octahedron with the O1, O3, O5 and O7 atoms 

building equatorial plane, and the N1 and N2 atoms 

occupying axial positions (Fig. 3). Hydrogen bonds 

of 2 are given in Table-3 and the 3D spatial network 

structure is formed by weak hydrogen bonds 

(C5―H5···O7 and C10―H10···O1) between 

molecules (Fig. 4). 

 
 

Fig. 3: Molecular structure of 2. 
 

 
 

Fig. 4: 3D network structure of 2. 
 

PXRD analysis 
 

In order to verify the formation of 1, the 

powder complex obtained by solid state reaction was 

measured by powder X-ray diffraction. The strong 

intensity of the diffraction peak indicates a good 

crystalline state of 1. The three strong peaks of the 

powder sample appear at 2θ = 11.63°, 21.33° and 27.51° 

(Fig. 5b), while the three strong peaks of the crystal 

sample appear at 11.57°, 21.29° and 27.45° (Fig. 5a), 

and at 2θ = 27.84°, 16.78° and 19.30° for H2pda, and at 

2θ = 12.88°, 21.03° and 28.30° for nickel acetate 

(JCPDS No. 25-0901). Comparing with the reactants, 

the peak locations in PXRD pattern of the powder 

complex are significantly altered, which confirms the 

formation of 1 [42]. Subsequently, the powder sample 

of 1 was dissolved in an appropriate amount of distilled 

water, and the green crystals were precipitated after 10 

days. In order to check the phase purity of the powder 

complex 1, the PXRD pattern of its crystal sample is 

also measured and compared (Fig. 5a). As can be seen 

from Fig. 5a and Fig. 5b, the positions of their 

diffraction peaks match well, indicating the consistency 

of the two samples and the high efficiency of the solid 

state reaction at room-temperature. Fig. 5c represents 

the PXRD pattern obtained by simulating diffraction 

with single crystal diffraction data. Comparing the 

PXRD patterns of the first two with the simulation 

result, the diffraction peak positions of the former two 

are similar to those of the third one, indicating the purity 

of the sample again. 
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Table-4: Experimental data and calculated results for PXRD of 1. 
No. 2θ(°) h k l dexp(Å) dcal(Å) I/I0 No. 2θ(°) h k l dexp(Å) dcal(Å) I/I0 

1 11.63 1 1 ‒1 7.606 7.604 100.0 29 33.66 2 1 ‒5 2.660 2.662 2.8 

2 12.93 2 0 ‒1 6.842 6.829 3.5 30 34.30 0 3 ‒3 2.612 2.613 9.8 

3 14.17 0 0 2 6.243 6.247 17.1 31 34.93 5 1 ‒1 2.566 2.570 2.1 

4 14.88 1 1 1 5.948 5.947 17.5 32 35.65 0 4 0 2.516 2.516 1.4 

5 15.27 2 0 ‒2 5.798 5.804 24.9 33 37.08 3 3 1 2.423 2.423 6.1 

6 16.82 0 1 2 5.321 5.308 3.6 34 37.90 5 2 ‒3 2.372 2.374 6.7 

7 17.61 0 2 0 5.031 5.032 19.3 35 39.88 5 0 1 2.259 2.256 3.7 

8 18.42 1 0 2 4.812 4.816 3.1 36 40.39 1 4 2 2.231 2.230 1.4 

9 18.99 0 2 1 4.669 4.668 13.2 37 41.05 4 3 ‒4 2.197 2.195 4.3 

10 20.10 3 0 ‒2 4.415 4.418 8.1 38 41.74 1 1 ‒6 2.162 2.161 1.2 

11 20.45 1 1 2 4.339 4.344 19.6 39 42.51 4 3 1 2.125 2.126 1.9 

12 21.33 0 0 3 4.162 4.165 31.9 40 43.45 0 0 6 2.081 2.082 4.6 

13 21.96 3 1 ‒2 4.045 4.046 16.9 41 44.18 1 4 3 2.048 2.047 2.0 

14 22.73 2 2 0 3.909 3.907 16.3 42 44.64 4 3 ‒5 2.028 2.027 1.6 

15 23.13 0 1 3 3.842 3.848 13.1 43 45.76 3 3 3 1.981 1.982 3.0 

16 24.16 2 0 2 3.681 3.686 25.5 44 46.99 2 5 ‒1 1.932 1.931 3.6 

17 25.64 2 2 1 3.472 3.473 11.1 45 47.33 7 1 ‒3 1.919 1.921 2.2 

18 25.94 2 0 ‒4 3.432 3.438 16.8 46 48.59 5 3 1 1.872 1.872 1.4 

19 26.41 3 2 ‒1 3.372 3.371 5.5 47 49.12 4 3 ‒6 1.852 1.851 1.6 

20 26.95 3 1 1 3.306 3.309 1.1 48 49.50 3 5 ‒1 1.840 1.840 2.7 

21 27.51 0 3 ‒1 3.240 3.240 29.3 49 51.61 0 3 ‒6 1.770 1.769 1.0 

22 27.81 0 2 3 3.206 3.208 6.3 50 52.37 3 5 1 1.746 1.745 1.9 

23 28.53 0 0 4 3.126 3.124 2.4 51 54.08 2 4 ‒6 1.694 1.693 1.1 

24 29.22 1 3 1 3.054 3.053 25.6 52 55.32 2 5 3 1.659 1.659 1.6 

25 30.12 4 1 0 2.964 2.962 9.9 53 56.83 0 6 ‒2 1.619 1.620 1.3 

26 31.72 4 2 ‒2 2.819 2.825 3.3 54 62.32 4 6 ‒3 1.489 1.489 1.4 

27 32.05 4 1 ‒4 2.790 2.789 2.8 55 62.56 6 5 ‒1 1.484 1.483 1.1 

28 32.72 5 0 ‒2 2.735 2.738 2.7 56 66.52 4 2 6 1.405 1.406 1.3 
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Fig. 5: PXRD patterns of 1. 

 

The index of PXRD data bases on the 

computer program [43], and the results for the 

powder complex 1 are listed in Table-4. All PXRD 

data of the powder sample can be calculated, and the 

calculated dcal value is consistent with the 

experimental dexp value and the largest relative 

deviation between dcal and dexp is less than 0.3%. As a 

result, the powder complex prepared is a single phase, 

its crystal structure belongs to monoclinic system 

with the cell parameters of a = 13.699 Å, b = 10.064 

Å, c = 13.805 Å and β = 115.17°. At the same time, 

the calculated cell parameters are consistent with the 

results of single crystal structure analysis and these 

results can enrich the PXRD database. 

 

The PXRD patterns of the complex 2 is 

shown in Fig. 6. Comparing with the raw materials, 

the peak locations of the powder resultant are altered 

obviously. The strong peaks which come from 

reactants of H2pda and copper acetate (JCPDS No. 

27-1126) are disappeared in PXRD pattern of the 

powder product, and this suggests the new compound 

formation. Then, the powder sample is dissolved in 

distilled water to grow the single crystal. Blue 

crystals are precipitated after 14 days. And as can be 

seen from Fig. 6, the PXRD pattern of the powder 

sample matches well with that of the single crystal 

sample and the simulation result. 
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Fig. 6: PXRD patterns of 2. 
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Table-5: Thermal decomposition data of 1. 

Possible pyrolytic product DSC peak (°C) 
Mass loss (%) 

Assignment 
mexp mcal 

{Ni[C5H3N(COO)2C5H3N(COOH)2]}·3H2O 143 (endo.) 11.63 12.15 Loss of 3H2O molecules 

{Ni[C5H3N(COO)2C5H3N(COOH)2]} 277 (exo.) 20.11 19.78 Loss of 2CO2 molecules 

[Ni(C5H4NCOO)2] 385 (exo.) 52.05 51.28 Dissociation of residual ligand 

NiO  16.21 16.79  

 

FT-IR analysis 

 

Infrared spectra of H2pda and the complexes 

are shown in Fig. 7. The strong peak at 1699 cm–1 for 

H2pda is attributed to that of the free carboxyl group. 

A strong and wide absorption band appeared near 

1600 cm–1 for the complexes, indicating that the 

carboxyl group in the ligand is not completely 

deprotonated. Comparing with FT-IR spectrum of 

H2pda, the peaks at 2625 and 2546 cm–1 disappear in 

1, indicating N atom in pyridine ring is coordinated 

[44]. A wide intense absorption band near 3391 cm–1 

is determined as the v(O―H) vibration [31] from 

crystal water molecules and H2pda. In Fig. 7b, there 

is an absorption band at 3099 cm–1, which is assigned 

to v(C―H) vibration [45]. The absorption peaks at 

1594 and 1382 cm–1 are designated as the vas(COO‒) 

and vs(COO‒) vibration, respectively [46]. The 

difference value ∆v is 212 cm–1 and the higher ∆v 

value compare to Na salt of carboxylate implies the 

carboxylate groups adopt a monodentate mode 

coordinated with Ni(II) ion [47-49]. The absorption 

band at 1446 cm–1 is attributed to the v(C=C) 

vibration. The absorption peaks at 769 and 723 cm–1 

are respectively assigned to the rocking and wagging 

vibrations of hydroxyl group. The absorption peaks at 

549 and 436 cm–1 are designated to v(Ni―N) and 

v(Ni―O) vibrations, respectively [50]. 
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Fig. 7: Infrared spectra of H2pda, 1 and 2. 

 

In Fig. 7c, the wide intense absorption of 2 

about 3409 cm–1 is assigned to the stretching 

vibration of hydroxyl from H2pda. The peaks near 

1380 and 1348 cm–1 are attributed to the vs(COO‒) 

vibrations, and this group is also reflected in FT-IR 

spectrum by the vas(COO‒) vibration at 1622 cm–1. 

The higher ∆v value (242 and 274 cm–1) compare to 

Na salt of carboxylate indicate a monodentate 

binding of the carboxylate groups to Cu(II) ion [48, 

49]. Comparing with infrared spectrum of ligand, the 

peaks at 2625 and 2546 cm–1 disappear in 2, 

indicating N atom on the pyridine ring is involved in 

the coordination. The peak at 1436 cm–1 is attributed 

to the v(C=C) vibration, and the peaks at 594 and 

444 cm–1 are designated as the v(Cu―N) and 

v(Cu―O) vibrations, respectively. 
 

Thermal analysis 
 

Thermal analysis of complexes is helpful to 

understand their stability and coordination structure 

[51]. The thermal studies of the powder complexes 

were carried out in the range of 30–800 °C under 

nitrogen atmosphere. The TG-DSC curves of 1 are 

depicted in Fig. 8. The first mass loss of 11.63% is 

close to three crystal water molecules (Calcd. 

12.15%), the process is endothermic (DSC maximum 

at 143 °C), and this confirms the existence of 

crystalline water molecules. In the second stage, there 

is an exothermic peak at 277 °C in DSC curve, and 2 

mol of CO2 molecules are removed from the structure 

with a mass loss of 20.11% (Calcd. 19.78%). The 

third stage occurs with 52.05% mass loss (Calcd. 

51.28%) and it belongs to the oxidative 

decomposition of 2-pyridine carboxylate ligand. The 

final residue is NiO with 16.21% (Calcd. 16.79%). 

The possible thermal decomposition process [52] is 

shown in Table-5. 
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Fig. 8: TG-DSC curves of 1. 
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Table-6: Thermal decomposition data of 2. 

Possible pyrolytic product DSC peak (°C) 
Mass loss (%) 

Assignment 
mexp mcal 

{Cu[C5H3N(COO)2C5H3N(COOH)2]} 133 (endo.) 11.22 11.12 Loss of CO2 molecule 

{Cu[C5H3N(COO)2C5H4N(COOH)} 282 (exo.) 56.91 57.66 Dissociation of residual ligand 

CuCO3 290 (endo.) 10.84 11.12 Loss of CO and CO2 molecules 

CuO  21.03 20.10  

 

The TG-DSC curves of 2 are depicted in Fig. 

9. In the first stage, there is an endothermic peak at 

133 °C in DSC curve, and 1 mol of CO2 molecule is 

removed from the structure with a mass loss of 

11.22% (Calcd. 11.12%). The second mass loss 

corresponding to the exothermic peak at 282 °C is 

56.91% (Calcd. 57.66%), 1 mol of H2O molecule, 2 

mol of CO molecules and 2 mol of ‒C5H3N groups 

are removed from the structure in this stage, and the 

pyrolysis product is copper carbonate (Found 

31.87%, Calcd. 31.22%). The final stage mass loss is 

10.84% (Calcd. 11.12%), owing to the release of 1 

mol of CO2 molecule. The final residue is CuO with 

21.03% (Calcd. 20.10%). The possible thermal 

decomposition process is shown in Table-6. 
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Fig. 9: TG-DSC curves of 2. 

 

Particle size and morphology of nano-NiO and nano-

CuO 

 

The nanometer NiO and CuO were prepared 

by pyrolysis reaction with the powder complexes 1 

and 2 as precursors. The complexes were calcined at 

400, 500, 600 and 800 °C for 0.5 h, respectively, and 

the PXRD patterns of the pyrolysis products are 

shown in Fig. 10. The main strong peaks of their 

PXRD patterns are consistent with the standard 

diffraction card of NiO (JCPDS No. 47-1049) or CuO 

(JCPDS No. 45-0937). At the same time, the PXRD 

patterns are also very consistent with that of NiO 

(A.R.) or CuO (A.R.). As shown in Fig. 10, the 

diffraction peaks become sharper when the pyrolysis 

temperature is increased gradually, and this indicates 

that the particle size of NiO and CuO grows 

gradually. Calculated by the X-ray single peak 

Fourier analysis method [53], the average diameters 

of the NiO at 400, 500, 600 and 800 °C are 7, 10, 14 

and 33 nm, and the average diameters of the CuO at 

400, 500, 600 and 800 °C are 23, 29, 31 and 37 nm, 

respectively. 
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Fig. 10: PXRD patterns obtained by calcination of 1 

(a) and 2 (b) at 400, 500, 600 and 800 °C. 

 

Figs. 11 and 12 show the SEM images of the 

nano-NiO and nano-CuO obtained from calcining 1 

and 2 at 500 °C. As can be seen from Figs. 11 and 12, 

the nano-NiO and nano-CuO particles are almost 

spherical, and their average particle diameters are 
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about 12 and 30 nm, which are basically consistent 

with the PXRD calculation results. Since the 

dispersion treatment is not performed, the particles 

are agglomerated together. The content of nano-NiO 

or nano-CuO is determined by EDTA coordination 

titration, and the purity of nano-NiO or nano-CuO is 

high, reaching more than 99.9%. The nano-NiO and 

nano-CuO prepared by pyrolysis have the advantages 

of simple operation and uniform particle size. And 

nano-NiO and nano-CuO of desired particle size can 

be prepared by controlling calcination temperature. 

Therefore, the preparation method of the nano-NiO 

and nano-CuO has popularization and application 

value. 

 

 
 

 

 
 

Fig. 11: SEM images of nano-NiO. 

 

  
 

 
 

Fig. 12: SEM images of nano-CuO. 

 

Conclusion 

 

The complexes 1 and 2 were synthesized by 

solid state reaction at room-temperature, and 

characterized by EA, PXRD, FT-IR and TG-DSC. 

The powder complexes were confirmed as a single 

phase from the PXRD results. The crystal structure of 

the complexes belonged to monoclinic system with 

P21/c space group, and the cell parameters were a = 

13.6696(5) Å, b = 10.0440(4) Å, c = 13.7673(5) Å 

and β = 115.1670(10)° for 1, and a = 13.4230(7) Å, b 

= 10.3112(5) Å, c = 13.8035(7) Å and β = 

114.260(2)° for 2. The Ni(II) or Cu(II) ion was hexa-

coordinated by four O and two N atoms, and forming 

a distorted octahedron. The TG-DSC curves of the 

complexes were mainly due to dehydration, as well as 

the ligands decarboxylation and oxidative 

decomposition. The nano-NiO and nano-CuO were 

prepared by thermal decomposition with their 
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complexes as precursors, the particle size of NiO and 

CuO gradually grew with the increase of pyrolysis 

temperature, and their average diameters of the 

pyrolysis products at 500 °C are about 12 and 30 nm, 

respectively. The particles size of NiO and CuO can 

be changed by controlling the pyrolysis temperature 

of the precursors. The Ni(II) and Cu(II) complexes of 

pyridine-2,6-dicarboxylic acid can be synthesized by 

room-temperature solid state reaction without the 

need for purification and separation, and the 

synthesis method has the advantages of simple 

operation, high yield, energy saving and 

environmental friendliness. 
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