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ABSTRACT 

The spectroscopic characteristics (IR and diffuse reflectance) and thermal properties 
(TG, DSC) of the solid compounds obtained by the direct reaction of pyrazine-2-car- 
boxylic acid witi. manganese(II), iron( cobaIt(II), nickel(II), copper(I1) and zinc(I1) 
are reported and discussed. The stoichiometry and thermal stability order of the com- 
pounds obtained are determined and their structures hypothesized. 

INTRODUCTION 

Several data are reported in the literature on the reaction of transition 
metal ions and pyrazine derivatives [l-20]. In a previous paper [20], we 
reported the donor behaviour of pyrazine-2-carboxylic acid towards nickel- 
(II) and iron(I1). Few data are available in the literature on the complexes of 
cobalt(II), zinc(I1) [9] and copper(I1) [7] with the same ligand. 

In the present paper extensive information on the syntheses, thermal pro- 
perties [as determined by thermogravimetry (TG) and differential scanning 
calorimetry (DSC)] and spectroscopic characteristics (IR and diffuse reflect- 
ance) of the solid compounds obtained by the direct reaction of pyrazine-2- 
carboxylic acid with manganese(II), iron( cobalt(U), nickel(II), copper(I1) 
and zinc(I1) are reported. 

EXPERIMENTAL 

Apparatus 

The DSC and TG curves were obtained using a “Du Pont” Model 990 DSC 
cell and a Model 951 thermobalance; the heating rate used was 10°C min-’ 
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on samples of l-10 mg; the furnace atmosphere consisted of air or dry 
pure nitrogen at flow rates of 50-100 ml min-’ ; all temperatures were cor- 
rected for thermocouple non-linearity and are, of course, procedural decom- 
position temperatures. The reflectance spectra were recorded using a “Beck- 
man ” DBG spectroreflectometer; the IR spectra were recorded using a 
“Perkin-Elmer” 125 grating IR jpectrophotometer. The acidity of the solu- 
tions was checked with an “Amel” 333 potentiometer equipped with an 
“Ingold” type 201 glass electrode and an “Ingold” type 303 calomel 
reference electrode. 

Reagents 

Pyrazine-2carboxylic acid was a pure grade product of “Fluka” puri- 
fied as reported previously [19]. The metal ions were in the form of perchlo- 
rate hesahydrate (“Alfa”). All other chemicals used were analytically pure. 

Preparation of the solid compounds 

The following general procedure [20] was applied: 50 ml of 0.15 M 
aqueous solution of the ligand at pH = 5 (adjusted by NaOH) were added to 
1.5 g of M(CIO,)l - 6 H,O (CL/C, 2: 2); the resulting solution was main- 
tained at room temperature for at least 2 h (scratching the wall of the beaker 
with a glass stick if necessary). The precipitate was filtered off, washed with 
water and dried in vacua over silica gel for at least 48 11. 

RESULTS 

The results obtained are summarized in Tables 1 and 2, while the thermal 
behaviour is reported in Figs. l-3. The single compounds, in particular, have 
the properties reported below. 

Bis(pyrazine-2-carboxylato) manganese(U) 

A lemon-yellow compound precipitates from aqueous solution. The sim- 
plest formula is Mn(CSH3N202)1 - 2 H20, which agrees with elemental and 
thcrmogravimetric analysis [talc. (W): C 35.62, H 2.99, N 16.62, Mn 16.29, 
0 28.47; found (%): C 35.2, H 3.0, N 16.5, Mn 16.6 (by TG in air), 0 
28.7 (by difference)]. The IR spectrum shows very intense carboxylate 
absorption bands at 1630 and 1370 cm-‘; these are characteristic of a coval- 
ently bound -COO group [7,21]. The diffuse-reflectance spectrum shows 
bands at 11750, 17500 and 25000 cm-’ assigned to metal ion d ++ d transi- 
tions and which are characteristic of an octahedral coordination 1221. 
According to thermogravimetry in air, this compound loses its water 
molecules in one step (talc.: 10.68%. found: 10.5%). The anhydrous com- 
pound is stable up to 360°C and then decomposes, through several unresol- 
ved successive steps, leading to the oxide Mn304 at 520” C (talc.: 22.62%; 
found 23.0%); the TG in N7 shows the same decomposition temperature at 
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Fig. 1. TG GI bis(pyrazine-2-carboxylate)mctal(II) compounds in air. 

360°C. The DSC curve in an atmosphere of air shows only one endothermic 
peak for the water loss, while an exothermic peak appears up to 345°C for 
the decomposition process. 

Bis(pyrazine-2-carboxylato) iron(H) 

A dark red-violet compound precipitates from aqueous solution_ T’ne 
simplest formula is Fe(C,HJ&O,), - 2 H20, which agrees with elemental and 
thermogravimetric analysis [talc. (%). C 35.53, H 2.98, N 16.57, Fe 16.52, 
0 28.40; found (%): C 35.4, H 3.0, N 16.6, Fe 16.5 (by TG in air), 0 28.5 
(by difference)]. Its IR spectrum is similar to that of the manganese(I1) com- 
plex described earlier, and shows vcoo absorption bands at 1650-1350 
cm-‘. Octahedral coordination of this complex is postulated from diffuse- 
reflectance data which show characteristic bands at 13700 cm-’ (lAl,-- 
1 T1,) and 21300 cm-’ (Tzg + K* CT.) [ 221. The thermogravimetry and DSC 
in air show that the two molecules of water are evolved between 155 and 
230°C (in only one endothermic process) (talc.: 10.65%; found: 10.4%). 
The anhydrous compound starts to decompose rapidly at 28O”C, and leads 
to the oxide Fez03 (talc.: 23.62%; found: 23.6%) through an exothermic 
process; in an atmosphere of N, the initial decomposition temperature is 
delayed (320°C) and the residue does not reach constant weight. 



Fig. 2. TG or bislpyrazinc-l-carl,osplate)meLal( II) compounds in nitrogen. 

Bis(pyrazine-2-carbosyla to) co balt(II) 

_A yellow-orange compound precipitates from aqueous solution with the 
simplest formula CO(C~H~N~O~)~ - 2 HI0 [talc. (%): C 35.20, H 2.95, 
N 16.42, Co 17,27, 0 28.14; found (W): C 35.7, H 2.9, N 15.9, Co 17.5 (by 
TG in air), 0. 28.0 (by difference)]. The absorption bands at 1630-1350 
cm-’ in the IR spectrum, and at 9100 cm-’ (4T1, + 4T,)-20400 cm-’ 

]‘Tig - 4T1,(P)] shown in the diffuse-reflectance spectrum allows the hypo- 
thesis of a covalently bound cobalt(II)-carboxylic group and an octahedral 
coordination [22]. Also in this complex, the two molecules of water are 
evolved in one step [talc.: 10.55%; found: 10.8% (by TG in air)] between 
170-22O”C, while the decomposition process takes place in the temperature 
range 300-410” C (315” C --f in an atmosphere of N,), giving the oxide Co0 
(talc.: 21.96%; found: 22.3%). The thermal decomposition trend is con- 
firmed by the DSC curve. 

Bis(pyrazine-2-carboxylato) nickel(H) 

X pale light-blue compound precipitates from aqueous solution. The sim- 
plest formula is Ni(C5H3N202)2 - 2 Hz0 according to elemental and thermo- 
gravimetric analysis [talc. (so): C 35.23, H 2.96, N 16.43, Ni 17.22, 0 28.16; 
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Fig. 3. DSC of bis(pyrazine- 2-carboxylate)metal(II) compounds in air. 

found (%): C 35.1, H 3.0, N 16.5, Ni 17.1 (by TG in air), 0 28.3 (by differ- 
ence)]. Its IR spectrum is virtually identical to the others described previ- 
ously, suggesting the presence of a bridging carboxylate group (ucoo at 
1630-1360 cm-‘). The electronic spectrum of this complex eshibits absorp- 
tion bands at 11000 cm-’ (‘AZ8 + 3T29), 16100-17000 cm-’ [3_42F. - 
‘Tr, (F)] and 26700 cm-’ [3A2, * 3T1, (P)], according to the data reported 
by Matthews et al. [23] for the octahedral nickel(II)clipicolinate comples. 

This compound loses its water molecules in a single step (cal.: 10.56%; 
found: 10.9%) in the range 185-235”C, as confirmed by the endothermic 
peak in the DSC curve. The anhydrous compound is stable up to 310°C 
after which it decomposes through some unresolved steps leading to NiO 
(talc.: 21.91%; found: 21.8%) at 390°C (TG in air). This oxidative decompo- 
sition is proved by the exothermic peak that appears in the DSC curve. The 
TG in an atmosphere of N1 shows an unchanged initial decomposition tem- 
perature (310” C). 

Bis(py razine-2-carbox yla to) copper(U) 

A light-blue compound precipitates from aqueous solution with the sim- 
plest formula CU(C~H~N,O~)~ - 2 H,O) [talc. (%): C 34.74, H 2.91, N 16.20, 
Cu 18.38, 0 27.77; found (%): C 35.0, H 2.9, N 16.0, Cu 18.2 (by TG in 



air), 0 27.9 (by differcwce)]. Charactcrist.ic absoq>tion hall& appear in tlw 
IR sprectrum at X40-1350 cmsl (IJ~~~,) and in the diffuse-reflect~:;lnc~~ spt?c’- 
trum at 15100 cm-’ (metal ion d - - d transition) and 25600 cm-’ (cI? -% 
;rr”C.T. 1221. The TG in air sl~ows one step corresponding to the loss of two 
water molecules (cak.: 10.415; found: 10.1%) in the rai& 90-1PO’C: ilIId 
the osidative decomposition process (255-320°C) Icads to CuO (talc.: 
23.00%; found: 22.5%); the beginning of the latter ~~OWSS in the ‘I’G CUWC. 
obtained in iU1 atrnospherc: of N1, is pract-ically unchanged. The IISC cum’ 

confirms the themlal decomposition trend oi the complcs. 

A w1iil.e compound precipitates from aqueous solution with the simplest 

fommla Zn(CSHJNz02)Z - 3 150 according to clcmcntal and thcrmogrnvi- 
metric analysis [talc. (7;): C 3i.55,11 2.90, ti 16.12. %II lS.Sl. 0 27.62,; Tound 
(76): C 34.5, H 3.0, N 15.9, Zn 19.1 (by TG in air). 0 27.2 (by diffcrcncc)l. 
Its IR spectrum is similar t.o t.lie others described previously and slwurs vCyoo 
absorption bands at 1630-1360 cm-‘, while no absorption bands xc: prcscn t- 
in t.he visible reflectance spwtrum. The t.hermogtxvimrt~ ;md DSC in air 

show that the two water molecules me evolved in the rxngc~ l-10-195°C 
(Gdc.: 10.36%; found: 10.1%); the decomposition oI the anhydrous corn-- 
pound starts at. 2’75°C and the esothcrmic process kads to ZnO at 515°C 
(CA.: 23.41%: found: 23.87); in an ;Itrnosphc~rc of N-. the initial cIcc:omImsi- 
tion temperature is delayed (2S5” C) and the wsicluc* &ws not. rcwch const.i~l~t. 
weight. 

CONCLUSION 

Pyrazine-2-carboxylic acid. hecause of tlic carlwsylic 
tion, can act as chelating agent forming a very stddc 

[24]_ The spectroscopic data confirm this hypotlwsis showing t.110 N-M-O 
sequence of the l~oncl in all analy& compounds. In fact tlw IR slwctrum 01 
p_:mziile-2-carbosylic acid shows wry intense absorption I~~ncls cciitrcxl 
around 1700 cm-’ and just below 1300 cm-’ which are characteristic oT il 

free carbosylic group [ 211; these absorption h,ands are shifted to a shortrr 
wave-number (G1650 cm-‘) and to a higher wave-number (>1350 cm-‘), 
respectively, consistent with a cuvalcntly bound -COO group [7,21 I. ‘I’hc* 
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diffuse-reflectance spectra agree with our hypothesis by analogy with the 
spectrochemical series of the frequencies 1253, and suggests an octahedral 
configuration about the metal ion, especially 5~ the Mn(II), Fe(II), Co(U) 
and Ni(II) derivatives (21-23) which probably have a structure of the type 
shown above with the pyrazinoic groups in a trans-planar position. In the 
case of the copper(I1) complex the water is more weakly bound and there is 
probably a tetragonal distortion along the copper-water axis. 

The following thermal stability order for the examined divalent metal ions 
has been calculated by the experimental data of TG in an atmosphere of N1 
(initial decomposition temperature): (Mn(I1) > Fe(I1) > Co(I1) B Ni(I1) > 
Cu(II) < Zn(I1); this is in agreement with the literature [26-281. The general 
series found by Irving and Williams [ 291 for the stability of similar com- 
plexes in solution is practically the reverse of the above series for the thermal 
stability; this can be explained on the basis that the strength of intermole- 
cular bonds plays a notable part in the thermal stability of the solid com- 
pounds [ 261. 
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