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Abstract Pyridine derivative complexes are widely

employed as biological active materials especially as

antibacterial agents. Five transition metal(II) mpk com-

plexes (mpk = methyl 2-pyridyl ketone) were synthesized

and investigated using elemental analysis, spectroscopic

techniques (IR and UV–Vis–NIR) and conductometric

measurements. The general formulae established from

experimental data were found to be [M(mpk)2(NO3)2]�
xH2O (x = 0 for M = Cd(II), Zn(II), x = 2 for M =

Cu(II)) and [M(mpk)2(H2O)2](NO3)2 (M = Co(II), Ni(II)).

These compositions were further confirmed by thermal

analysis and their thermal stability in dynamic air atmo-

sphere investigated.

Keywords Methyl 2-pyridyl ketone �
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Introduction

Many pyridine derivatives have a great diversity of effects

on micro and macroorganisms of both plants and animals

which have been attributed to their ability to form com-

plexes with transition or non-transition metals [1–4]. For

this reason, we have been interested in the study of tran-

sition metal(II) complexes of 2-pyridyl ketones with dif-

ferent anions in solution [5–7]. A weak antimicrobial

activity for our methyl 2-pyridyl ketone complexes was

observed, and a moderate one for phenyl-2-pyridyl ketone

complexes [7].

On the other hand, pyridine derivative complexes show

specific characteristics, like the formation of clusters or

coordination polymers with interesting magnetic properties

[8–10]. A literature survey indicates a high number of

publications, to mention some early papers [11, 12], but

also new papers as well [13, 14] on the thermal analysis of

pyridine–metal complexes. However, regarding the thermal

behavior of this kind of complexes there are a rather few

information [15, 16].

Usually, most of the coordination compounds are used

as biological active materials [17–21] or as source for

simple inorganic materials obtaining. Therefore, thermal

analysis is an important tool in their characterization and

respectively as method for the controlled step-wise

obtaining of basic functional materials such as CdS, ZnO,

etc. [22–27]. We report here on the thermal behavior and

spectroscopic characterization of some transition metal(II)

complexes with methyl 2-pyridyl ketone (mpk) (Fig. 1).
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Experimental

Samples preparation

The five complex compounds were obtained through syn-

thesis at room temperature and under no agitation. All rea-

gents used in the present study (Cu(NO3)2�3H2O, Co(NO3)2�
6H2O, Ni(NO3)2�6H2O, Zn(NO3)2�6H2O, Cd(NO3)2�4H2O

and mpk) were purchased from Merck and used as received.

The synthetic procedure was similar for all complexes: to

ethanolic solution (15 cm3) of methyl 2-pyridyl ketone

(2 9 10-3 mol�dm-3) was added an ethanol solution

(15 cm3) containing M(NO3)2�xH2O (1 9 10-3 mol�dm-3).

The slow evaporation of the resulting mixtures leads to

crystalline powders for Cu(II), Ni(II) and Zn(II) complexes

and single crystals for Co(II) and Cd(II) complexes [6].

Techniques

C, H and N elemental analyses were performed on a ECS

4010 elemental analyzer (from Costech Analytical Tech-

nologies). FT-IR spectra were recorded as KBr pellets with a

FTS 135 spectrometer (from BioRad Corporation) in the

4000–400 cm-1 range. UV–Vis–NIR spectra were recorded

on a V-670 spectrophotometer from Jasco, in reflection-

diffusion mode, using MgO as a standard. The magnetic

measurements were performed at room temperature using

the Faraday method. The conductometric measurements

were performed at a Consort C-533 conductometer (from

Cole-Parmer) using ethanol solutions (10-3 mol dm-3) at

room temperature also.

Thermal analysis measurements (TG, DTG and DSC) of

transition metal(II) mpk complexes were carried out in

dynamic air atmosphere (150 cm3 min-1), under non-iso-

thermal linear regimes. A horizontal ‘‘Diamond’’ Differ-

ential/Thermogravimetric Analyzer from PerkinElmer

Instruments was used during the measurements. Samples

from 0.5 to 1.4 mg contained in aluminum crucibles were

heated in the temperature range of 20–600 �C, each time

with the heating rate of 10 K min-1.

Results and discussion

The synthesized complexes are soluble in water, methanol,

ethanol, DMF, acetone and chloroform, but insoluble in

carbon tetrachloride and ethyl ether. From elemental

analysis data (Table 1) an 1:2 metal:ligand stoichiome-

try was determined. Molar conductance measurements

(Table 1) show that new compounds are non-electrolytes,

except for those containing cobalt(II) and nickel(II), which

are electrolytes of the type 1:2. Based on these observa-

tions, the chemical formulae attributed to new compounds

are [M(mpk)2(NO3)2]�xH2O (x = 0 for M = Cd(II), Zn(II),

x = 2 for M = Cu(II)) and [M(mpk)2(H2O)2](NO3)2

(M = Co(II), Ni(II)).

IR spectroscopy

In order to determine the coordination mode of the mpk

ligand, IR transmission spectra were recorded (4000–

400 cm-1) for both free ligand and for each new complex

combination (Table 2).

As can be seen in Table 2, the IR spectrum of the ligand

shows a vibration band at 1723 cm-1, which is specific to

the stretching vibration of the carbonyl group [28]. The

same vibration band appears shifted with *40–100 cm-1

toward lower wavenumbers for the complex 1–5. This

suggests that the ligand coordinates to the metal ions

through the oxygen atom of the carbonyl group.

Moreover, the vibration band which appears in the IR

spectrum of the ligand at 1585 cm-1 and corresponds to

the stretching vibration of the pyridine group (C=N) [28],

appears also in the IR spectra of the complexes at higher

wavenumber (7–25 cm-1 higher), proving the coordination

of the nitrogen atom from the pyridine ring to the metal

center.

All compounds (except for 5) exhibit a broad and rela-

tively intense band at 3400–3200 cm-1 which indicates the

presence of water molecules. This band corresponds to the

(O–H) stretching vibration. For 2 and 3, this band is

accompanied by two bands in the 900–700 cm-1 range,

assigned to the rocking and wagging modes of (O–H)

group [28]. This suggests that the water molecules are

indeed coordinated. This fact is also sustained by the X-ray

diffraction studies [6] for cobalt(II) compound. In the IR

spectra of 1 and 4 the latter bands are not observed con-

firming that 1 and 4 may rather contain crystallization

water.

Two strong vibrations at 1490–1445 cm-1 and 1300–

1280 cm-1 region, attributed to m4 and m1 vibration modes

of the covalently bonded nitrate groups [16] are also

observed. The magnitude of splitting (m4 - m1) for the

complexes studied herein is about 160–190 cm-1 sug-

gesting medium-strong covalency for the metal–nitrate

bond [29]. It is difficult to establish the nature of coordi-

nated nitrate by infrared studies. However, according to

Lever et al. [30] the number and energies of nitrate com-

bination frequencies in the 1800–1700 cm-1 region of the

C

O

N

H3C
Fig. 1 Methyl 2-pyridyl

ketone (mpk)
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infrared spectra, may be used as an empirical indicator of

nitrate coordination modes. Thus, a separation between

combination frequencies of *5–26 cm-1 indicates a

monodentate coordination of nitrate, whereas a difference

of *25–66 cm-1 suggests a bidentate nitrate [30]. The

occurrence of two or three weak bands in the combination

bands region of spectra of copper(II) and zinc(II) com-

plexes, suggests a monodentate behavior of nitrate groups.

Infrared spectrum of cadmium(II) complex contains two

weak absorptions located at 1765 and 1729 cm-1 respec-

tively, which means according to Lever et al. [30] that

nitrate groups from this complex are bidentate. The biden-

tate character of nitrate groups from [Cd(mpk)2(NO3)2]

complex has been established previously by X-ray diffrac-

tion studies [6].

The infrared spectra of cobalt(II) and nickel(II) com-

plexes show specific bands of free nitrate at 1384 cm-1

[28].

Additionally, all spectra of 1–5 exhibit one or two bands

which are not found in the free ligand spectrum. These

bands appear at lower frequencies, in the 400–500 cm-1

range, have medium intensity and correspond to the

stretching vibration of the new M–N and M–O bonds [31].

In summary, the infrared spectral data suggest that the

mpk ligand acts as bidentate ligand coordinating through

pyridine nitrogen and carbonyl oxygen. The coordination

sphere of the metal is completed by the nitrate anions in the

case of copper, zinc and cadmium complexes, and by the

water molecules for cobalt and nickel complexes.

UV–Vis–NIR spectroscopy

In order to obtain information referring to the geometry of

these compounds, the UV–Vis–NIR spectra were registered

at room temperature in the 50,000–5500 cm-1 range and

the data obtained were correlated with magnetic moment

values (Table 3) and ligand field parameters 10Dq, B and b.

The UV spectrum of the free ligand displays two

absorption bands at 44,050 cm-1 and 37,450 cm-1 which

have been assigned to the p ? p* and n ? p* transitions,

respectively. These transitions have been found also in the

spectra of the complexes but shifted to lower wavenumbers

(Dm = 6000–8000 cm-1) confirming the coordination of

the ligand.

The electronic spectrum of copper(II) complex displays

two d ? d bands with maxima centered at *17,640 and

14,290 cm-1 respectively. These spectral features are

similar to those reported for the copper (II) ions in a

tetragonal distorted octahedral ligand field [32]. For octa-

hedral species of d9 ions the value of 10Dq parameter is

Table 1 Elemental analysis and physico-chemical properties of the complexes 1–5

No. Compound %C exp. (calc.) %H exp. (calc.) %N exp. (calc.) Color/look Ka (X-1 cm2 mol-1)

1 [Cu(mpk)2(NO3)2]�2H2O 35.99 (36.05) 3.91 (3.86) 11.51 (12.01) Violet red/crystalline powder 23

2 [Co(mpk)2(H2O)2](NO3)2 36.99 (36.44) 4.01 (3.90) 11.98 (12.14) Red/single crystals 47

3 [Ni(mpk)2(H2O)2](NO3)2 36.80 (36.44) 4.25 (3.90) 11.73 (12.14) Green/crystalline powder 49

4 [Zn(mpk)2(NO3)2] 37.90 (38.97) 4.16 (3.24) 12.13 (12.99) Colorless/crystals 25

5 [Cd(mpk)2(NO3)2] 35.89 (35.14) 3.01 (2.92) 11.12 (11.71) Colorless/single crystals 30

a Ethanol solutions, 10-3 mol L-1 at 20 �C

Table 2 Characteristic infrared absorption frequencies (cm-1) of mpk and 1–5 complexes

No. Compound m
(O–H)

(m4 ? m1) (NO3)-

coord

m(C=O) m(C=N)

Py

m4(NO3)-

coord

m(NO3)-

free

m1(NO3)-

coord

dr

(O–H)

dw

(O–H)

mpk (L) – – 1723 1585 – –

1 [Cu(mpk)2(NO3)2]�2H2O 3413 1767

1745

1682 1610 1492 – 1306 – –

2 [Co(mpk)2(H2O)2](NO3)2 3216 1660 1600 – 1384 – 970 781

3 [Ni(mpk)2(H2O)2](NO3)2 3225 1656 1598 – 1384 – 973 792

4 [Zn(mpk)2(NO3)2] 3416 1772

1747

1731

1629 1603 1470 – 1291 – –

5 [Cd(mpk)2(NO3)2] – 1765

1729

1678 1592 1445 – 1283 – –
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equal with energy of band observed in visible region of the

spectrum [32]. The absorption maxima, their assignments,

the calculated ligand field parameters and the magnetic

moment are presented in Table 3.

The reflectance spectrum of [Co(mpk)2(H2O)2](NO3)2

consist of two bands located at 22,125 and 10,150 cm-1

which correspond to d ? d transitions 4T1g(F) ? 4T1g(P)

(m3) and 4T1g(F) ? 4T2g (m1) respectively [32]. The spec-

trum clearly indicates the octahedral geometry of Co(II)

complex. This geometry was confirmed by X-ray diffrac-

tion measurements [6]. The calculated values of Dq, B and

b reasonably agree with those available experimentally for

octahedral Co(II) complexes [33].

UV–Vis–NIR spectrum of nickel(II) complex shows two

bands at 16,340 and 10,720 cm-1 which are commonly

assigned to 3A2g(F) ? 3T1g(F) (m2) and 3A2g(F) ? 3T2g(F)

(m1) d ? d transitions of a six-coordinated Ni(II) ion

(Table 3) [32]. For d8 ions in an octahedral environment,

the energy of m1 corresponds to 10Dq and the value of Dq is

obtained from it [33]. The values of Dq, B and b are in

good agreement with those expected for Ni(II) compounds

in an octahedral geometry [33].

The electronic spectra of [Zn(mpk)2(NO3)2] and

[Cd(mpk)2(NO3)2] do not display d ? d transitions but

can be seen one absorption band for each complex in the

region 16,000–18,000 cm-1, which may be assigned to a

ligand ? metal charge transfer L ? M. Both combina-

tions are diamagnetic. The conductometric measurements

show that Zn(II) and Cd(II) complexes are non-electro-

lytes. Considering these results and infrared data we can

conclude that zinc and cadmium complexes are charac-

terized by an octahedral geometry and a dodecahedral one,

respectively. The geometry for last compound was con-

firmed by X-ray diffraction measurements [6].

Thermal analysis

Figures 2, 3, 4, 5, and 6 present the thermal analysis curves

of the investigated compounds 1–5. The results concerning

thermal decomposition of the five complexes are presented

as follows.

Thermal analysis of [Cu(mpk)2(NO3)2]�2H2O

For [Cu(mpk)2(NO3)2]�2H2O, the thermoanalytical curves

(Fig. 2) reveal three well-defined steps of thermal decom-

position. A sample of 1.202 mg was used for analysis. The

observed mass variation (Dmexp = 6.77%) during the

first step corresponds to the loss of two water moles

(Dmtheor = 7.70%). The low temperature of dehydration

(25–80 �C) is an indicative of their nature, namely, crys-

tallization water.

The second stage of decomposition occurring between

140 and 160 �C (experimental mass loss 64.40%) might be

interpreted as the loss of both nitrates and one mpk ligand.

At this point, exothermic effect (Table 4) very good

Table 3 Electronic spectra, magnetic moments and ligand field parameters for mpk and complexes 1–5

No. Compound Absorption maxima (cm-1) Assignments leff (B.M.) Dq (cm-1) B (cm-1) b

mpk (L) 44,050 p ? p* – – – –

37,450 n ? p*

1 [Cu(mpk)2(NO3)2]�2H2O 17,640 (m3) dxz; yz ! dx2�y2 1.84 1600 – –

14,290 (m2) dxy ! dx2�y2

2 [Co(mpk)2(H2O)2](NO3)2 36,230 p ? p* 4.29 1145 885 0.911

28,735 n ? p*

22,125 (m3) 4T1g(F) ? 4T1g(P)

10,150 (m1) 4T1g(F) ? 4T2g

3 [Ni(mpk)2(H2O)2](NO3)2 37,735 p ? p* 2.97 1072 646 0.627

29,585 n ? p*

16,340 (m2) 3A2g(F) ? 3T1g(F)

10,720 (m1) 3A2g(F) ? 3T2g(F)

4 [Zn(mpk)2(NO3)2] 16,800 CT – – – –

5 [Cd(mpk)2(NO3)2] 18,180 CT – – – –
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coincides with the gravimetric one (Fig. 2), while the

experimental mass loss of 64.40% is much more than

theoretical one (52.57%). A possible explanation of this

anomalous behavior may be the removal of a small amount

of copper(II) complex by the evolved gases of decompo-

sition. The last mpk molecule oxidative decomposition

follows as a third step, strong exothermic one (Table 4)

temperatures ranging from 160 to 410 �C (24.99% on TG

curve). The occurrence of ligand molecule bonded to the

metallic center, after the second stage, was confirmed by an

additional experiment. The process implies decomposition

of initial compound at the same conditions (in air and at

10 K min-1), up to 160 �C, and then spectroscopic IR

analysis of the formed residue. IR spectrum (Fig. 7) dis-

plays characteristic bands of mpk ligand (1632 cm-1 for

m(C=O), and 1586 cm-1 for m(C=N)).

Thermal analysis of [Co(mpk)2(H2O)2](NO3)2

Figure 3 shows the thermoanalytical curves (TG, DTG,

DSC) of [Co(mpk)2(H2O)2](NO3)2 recorded at 10 K min-1

in dynamic air atmosphere using 0.843 mg of sample. As

can be seen from these curves, it undergoes a decomposi-

tion process with three major steps. First, between 57 and

132 �C the two coordinated water moles are removed from

coordination sphere. The experimental mass loss of 7.42%

is in good agreement with calculated one of 7.80%. On the

second stage, which starts at 132 �C and finishes at 334 �C,

26.60% of the entire cobalt(II) complex is lost. This time,

thermal decomposition of two nitrate groups takes place

(calculated mass loss 26.89%). The process is accompanied

by a weak exothermic effect.

The final step occurs in the temperature range 334–

417 �C and represents a succession of two ligand moles

eliminations. The strong release of heat which character-

izes the transformation (DH = -12575.1 J g-1) indicates

both destruction of all metal-ligand bonds and spontaneous

combustion of the organic fragments (experimental weight

loss 48.66%, calculated weight loss 52.49%). The mass of

the obtained residue corresponds to CoO (found 16.9%,

calculated 16.26%) formation. The violent combustion and

spontaneous uncontrollable increase of sample’s tempera-

ture, forces the TG/DSC Analyzer to stop the temperature

program and allow it start again only when the initial

temperature is to be reached.

Thermal analysis of [Ni(mpk)2(H2O)2](NO3)2

In the case of [Ni(mpk)2(H2O)2](NO3)2 complex, 1.402 mg

were used for thermal analysis experiment (Fig. 4). The

first step of decomposition is an endothermic process

ranging from 90 to 135 �C. Experimental mass loss of

about 8.92% may be attributed to the loss of two coordi-

nated water moles (calculated value 7.8%). The next stage,

a weak exothermic one (Table 4) occurs between 190 and

230 �C. Due to a spontaneous detachment of two nitrate

groups and one ligand mole, an experimental mass loss of

60.85% is registered (sharp profile), which is significantly

larger than theoretical one of 53.14%. This phenomenon

may be explained through the removal of a small amounts

nickel(II) complex, in the same time with the release of

heat, just after the chemical reaction.

On the last step, the TG curve of nickel(II) complex

shows a mass loss of about 27.55% (250–440 �C) which

probable corresponds both to oxidative decomposition of

the second ligand mole and to removal of new amounts of

nickel derivatives. The stage III is accompanied by a strong

exothermic effect with a decrease of the system enthalpy

about -4407.2 J g-1 (Table 4).

Thermal analysis of [Zn(mpk)2(NO3)2]

For [Zn(mpk)2(NO3)2] a sample of 0.79 mg was heated

in the temperature range 20–600 �C at 10 K min-1. The

thermoanalytical curves (Fig. 5) exhibit five stages of

decomposition, as follows: on first stage (20–60 �C) the

mass loss of 3.25% along with a weak endothermic effect

indicates a drying of complex (almost constant mass loss

rate of 0.01 mg min-1—DTG curve). Between 195 and

273 �C the weight loss is 20.98% which roughly coincides
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with the value of 21.35% calculated for the loss of two NO2

moles from the complex. Insignificantly thermal effect

corresponds to this stage. Further decomposition of the

previously formed intermediate occurs at 270–435 �C with

an endothermic effect of 395.7 J g-1 and a loss mass of

29.6% versus 28.07% one meaning the theoretical loss of a

single mole of mpk ligand. On the last stage, oxidative

decomposition of the second ligand molecule proceeds

with a release of heat (Table 4). The mass loss of

35.32% (calculated 31.78%) suggests that this process is

accompanied by a removal of a small amount of

decomposition products (4th DTG peak). This is a possible

interpretation of the fact that at the end of this stage

remains 15.55% zinc(II) oxide as final residue in contrast to

the theoretical value of 18.79%.

Thermal analysis of [Cd(mpk)2(NO3)2]

Thermogravimetric analysis of 0.46 mg [Cd(mpk)2(NO3)2]

complex (Fig. 6) indicates an oxidative decomposition

with three steps: the first one, in the temperature range 80–

190 �C, exhibits an experimental mass loss of 10.61%,

which may be explained by the loss of one nitrate group

(theoretical mass loss Dmtheor = 12.97%). This process is

not accompanied by a notable thermal effect. The second

step takes place between 189 and 410 �C, and involves

both the loss of last nitrate group and of one ligand mpk

mole. On DSC curve it can be seen a small endothermic

effect. The experimental loss of mass (Dmexp = 37.85%) is

very close to the theoretical one (Dmtheor = 38.28%). The

last step, from 410 to 515 �C, represents a strong exo-

thermic oxidative decomposition (Table 4) with an exper-

imental loss of mass of 25.76% versus theoretical one ofTemperature /°C
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Table 4 DSC thermal parameters of complexes 1–5 for the heating rate of 10 K min-1

Complex compound Selected temp. range

Ti - Tf (�C)

Thermal

effect

Heat flow

(mW)

Max. temp.

Tmax (�C)

Transferred heat

DH (kJ kg-1)

[Cu(mpk)2(NO3)2]�2H2O 141.5–159.7 (2nd step) exo 3.2 144.1 -171.7

275.6–415.5 (3rd step) exo 31.4 399.4 -5573.0

[Co(mpk)2(H2O)2](NO3)2 353.7–414.1 (4th step) exo 360.9 438.6 -12575.1

[Ni(mpk)2(H2O)2](NO3)2 95.2–138.7 (1st step) endo -3.2 120.0 265.4

193.0–225.1 (2nd step) exo 2.2 208.7 -171.9

392.3–447.2 (3rd step) exo 81.9 426.4 -4407.2

[Zn(mpk)2(NO3)2] 251.6–307.4 (3rd step) endo -1.8 272.9 395.7

448.1–529.6 (5th step) exo 24.6 497.4 -5932.9

[Cd(mpk)2(NO3)2] 368.4–489.5 (3rd step) exo 13.2 452.0 -7972.6
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25.31%. At this stage, the last molecule of mpk is separated

from metal center. In fact, this exothermic effect includes

two energetic contributions: of the first and the second

mole of mpk decomposition. The final product indicates

CdO (found: 25.35%; calculated 26.77%).

A final comment about thermal effects which accom-

panied the last step of decomposition for all complexes is

necessary. In all cases, the processes are strong exoener-

getic and correspond to oxidative degradation of the second

mole of mpk. Only for cobalt(II) complex the thermal

effect is double; this behavior is due to simultaneously

elimination of the two mpk ligand moles in contrast to

others complexes where only one decomposes at this stage

(Table 4).

Conclusions

Thermal behavior and spectroscopic investigation of five

mpk complexes were carried out. Methyl 2-pyridyl ketone

acts as bidentate ligand through N and O atoms, while

nitrate groups are monodentate in copper(II) and zinc(II)

complexes, bidentate in cadmium(II) complex and ionic in

cobalt(II) and nickel(II) compounds according to IR data.

The metal ions are six-coordinated, the coordination

environment being slightly distorted octahedral, except for

the cadmium one which is eight-coordinated. Cd ion is

surrounded by two N, O bidentate mpk ligands and two

bidentate coordinating nitrate anions, leading to a

dodecahedral coordination environment.

Thermal analysis reveals decomposition processes in

multiple stages. Data obtained from TG and DTG curves

confirm also the presence and the nature of water mole-

cules and the stoichiometry of the studied metal com-

plexes. Generally, water elimination occurs in the first step

and the decomposition of nitrate groups and organic

ligands in the next stages. The last step of decomposition

for all complexes is strong exothermic and corresponds to

combustion of the second of mpk mole. In the case of

cobalt(II) complex, the thermal effect is double because at

this stage both mpk ligands simultaneously decompose.
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