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AB!nRAcT 

The coordination compounds obtained by reaction of hot solutions ofdipicolinic 
acid bth the carbonates of the divalent metal ions mr&ganese(II), iron(H), cobalt(II), 

nickel(II), copper(H) and zinc(H) are studied using TG, DSC and HTRS techniques. 

For the thermal stability a sequence Mn > Fe > Zn > Co > Ni B Cu may be 
observed. This series is compared with the similar series obtained with isocinchomero- 

nit acid. The thermal stability is, for each metal of the series, isocinchomeronic > 

dipicolinic. Thermal stability is discussed in terms of the intermolecular bonds, of 
the structures and of the stability constants of the complexes examined_ 

I3ilRODUCTlON 

We have previously studied several compounds obtained by reaction between 

metal ions and heterocyclic ligands ’ - r ‘. Our interest is now centered on the complexes 

of dipicolinic acid (pyridine+2&dicarboxylic acid) 2,6-&PC with manganese(II), 

iron(H), cobalt(II), nickel(II), copper(I1) and zinc(I1). 

The study has been carried out by thermal analysis and high temperature 

reflectance spectroscopy (HTRS). 

Inslrumenralion 
The TG and DSC curves of the solid complexes were obtained by using a 

Du Pont Modei 990 DSC cell and console and 2 Model 951 t.hermobaIant~ The 

heating rate used was 10% ruin- ’ on a sample whose mass ranged from 1 to 10 mg. 

The fumacc atmosphere consisted of either dry nitrogen or air at flow rates of 50-100 
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Mntf6-Wck 14.1 14.18 
Fc(ZCHPCX - S&z0 13-4 1391 
Co(t6HPCjz - 3H& t3.3 13.30 
h’1(zMKPC)z - 3HzO 13.1 13.25 
Cu@,GHpc)+ 16.1 16-06 
~2,6-HPCk - 2He 15.1 15.15 

ml min- ‘. All temperatures were corrected for thermocouple non-linearity. The 
HTRS curvea were obtained using a Beckman DK-2A speztroreflectometer equipped 
with a heated sample holder previously described”. White glass fiber cloth covered 
with a tin cover gIass was used as a refiectance standard_ The sampIe holder atmos- 
phere consisted of dry nitrogen. 

Preparalion of compomds 

Dipicolinic acid Fluka AG purum was used_ Other chemicals employed were of 
reagent -made. 

The compounds were prepared by dissolving the metal carbonate in a hot 
aqueous solution of 2$-HrPC while ensuring that the metal to iigand ratio was I :2. 
After two days the crystals obtained were separated, recrystallized slowly from 
aqueous ethanol and dried in vacua for 48 h at room temperature. Thermogravimetry 
was used to determine the Mater content and the residual metal oxide: the metal 
content was ako established by compleximetric titration of the compounds (Table I)_ 

RESULTS A?iD DiSCUSSION 

&fmganese(fI)-pyriditze-2,64carboxyZate 

A pale pink compound is obtained_ The simplest formula is Mn(2,6HPC)2 in 
agreement with the metal determination UabIe I) and with the thermogravimetric 
data_ The compound is anhydrous and it is stable up to 430°C. In air and nitrogen 
atmosphere (Fig_ I) the decomposition OCCLII-S in two steps; in air the oxide Mn,O( 
(found 19.6 %; eaIc_ 19-70 %) is formed- 

The DSC curve in nitrogen atmosphere shows (Fig. 2) that the decomposition 
occurs through two partially overIapped endothermic peaks. 

A pale green precipitate is obtained_ The simple!st formula is Fe(2,6_HPC)a - 
2Hz0 which agrees with the metal determination (Table 1) and with the thefmo- 
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Fig_ 1. TG curyes of rnangancsc(Ii) and iron pyridine2.64carboxylaoxylata. Mn. (--..-_.-); Fe, 
( -------). Curves P and c were obtained in air and cumcs b and d under ni&rogm atmosphere_ 

/-‘--’ 
___-c--w_ 

12, 

c -\ I - ._- . . __ ‘-‘------.-._____ -_- - 
\L- ‘\-__i _ _ 

_‘- 
---, 

‘1 / 
\ i -- ------_ f 

‘\_I-. 

,;,___- j__ .e-. ___.--------.-- 

‘4. \ - 
i i i’ 

I 
i - 
! ! 
I! 
i! 

# f 1 ;I I I I 
0 100 200 300 400 500 600 700 

Tmsen%me rc) 
Fig.2 Dsccumscrfcumpkxtsinnitr~atmaspbac.~~ . . . 



328 

I 
100 

I 
200 

I 
300 

I I 1 

400 500 600 70 
TerrpKctrre PC) 

Fig 3. TG cumxs of cubzlt(II) and nickcl(II) pyridine-2_GiMxyhtcs Co, (-------): Ni,(-------)_ 
Curves u and c were obhned in air znd cun-cs b and d unda nitrogen acmospbcrc. 

gravimetric data_ The water molecules are lost in two separate steps in air or in 

nitrogen mg. 1). The weight ‘iosses are respectively 4.3% (talc. 4.27%) ard 4.3% 

(talc. 4.27%) for the first and second step. Both the reactions are endothermic 

(Fig 2). The decomposition of the anhydrous compound occurs in two steps in air or 

in nitrogen (Fig. I). In air the second step gives a constant weight corresponding to 
the oxide Fe,Os (found 19.1%; caIc_ 18.91%). 

On the DSC curve in nitrogen atmosphere (Fig. 2) endothermic peaks only 
appear for the decomposition reaction_ 

Cbbd (Il)-pyridine-,3,,6re 

A purple compound is obtained, whose simplest formula is Co(2,6-HPC) - 

3H,O in a_greement with the metal determination (Table 1) and with the thenno- 
gravimetric data, The TG curves in air or in nitrogen (Fig 3) show only one step for 
the water loss (found i_._ 3 3%; ca!c. 12.19%)_ The anhydrous compound decomposes 
through two steps giving, in the air atmosphere, the oxide Co,O, (found 18.1%; 
cak IS.1 1%). 

ihe DSC curve in nitrogen (Fig. 2) shows only’one peak for the dehydration 
while the decomposition occurs throught~o endothermic peaks_ . . _ 
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A green compound is obtained, corresponding to the simplest formula Ni(2,6- 

HPC)2 - 3Hz0 according with .the metal determination (TabIe I) and with the 
thennogravimetric data. The three water moIecules are lost in only one step in air or in 
nitrogen atmosphere (Fig. 3) (found. 12.1%; cafe. 12.20%) then the anhydrous 
compound decomposes in two steps, partially overlap_ped, giving in the air the oxide 
NiO (found 16.7%; talc. 16.86%). 

The DSC curve in ni%ogen atmosphere (Fig. 2) giives for the dehydration an 
initial small endothermic peak overlap@ by a very large one. 

The decomposition of the residue in nitrogen gives a small endothermic peak 
immediately followed by another, much Iarser peak. 

According to the TG curve the blue copper complex is anhydrous and its 
simplest formula, in agreement with the metal determination (Table I), is Cu(2,6- 
HPC),. The anhydrous compound decomposes very rapidly in air atmosphere 
(Fig. 4) to @ve the oxide CuO (found 20.7%; talc. 20.10%) while in nitrogen atmos- 
phere the decomposition is not very fast and does not reach a constant weight. The 
DSC curve in nitrogen atmosphere shows that the decomposition occnrs oniy through 
endothermic peaks. 
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Fik 4. TG amxs of coppa and zinc(Il) pyridheZ,64i+oxyIa~cs. Cu, (-------); 21, (-------). 
Curvcso~dcu-irc~inairandcurvcsbanddundanit~~scrt. 
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Zinc(II)-pyridine-2,,bre 
This whitt compound precipitates as the dihydrnte Zn@&HPC), - 2H20 in 

accordanoe with the TG data and the metal determination (Table 1). The water 
molecules are lost only in one step in air or in nitrogren atmosphere (found 8.5%; 
talc_ 8.41%) (Fig_ 4). The decomposition of the anhydrous compound occurs in two 
steps in air or in nitrogen (Fi,_ 0 4) In air the second step gives the oxide ZuO (found 
18_8%: cak IS-85 %) whik in nitrogen it does not reach a constant weight_ 

The DSC shows only one endothermic peak in nitrogen atmosphere (Fig. 2) 
for the dehydration, while for the decomposition of the anhydrous compound it gives 
oniy endothermic peaks. 

The thermal stability order, for the divalent metal ions examined, shown by the 

experimental data is 

Mn(II) > Fe(H) > Zn(II) > Co(II) > Ni(I1) > Cu(II) 

The temperature _cequence thus determined is in agreement with that previously 
found for quinolinic (2,3-H2PC), lutidinic (2,4-H,PC) and isocinchomeronic (2,s 

H,PC) acids_ This sequence is in inverse order to the sequence reported by Anderegg” 
for the stability constants of those complexes in solution, which is 

Cu(I1) > Ni(I1) > Co(I1) > Zn(I1) > Fe(I1) > Mn(I1) 

log Bz 16.52 13so 12-75 11.88 IO.36 8.49 

in agreement with the general scquencc proposed by Irving and Williams’3. 
A hypothesis to justify this behaviour has been previously reported’. The 

thermal stability order is also the reverse, except for zinc, of the ion “elcctronegativity 
density” estimated from the second and third ionization potential and from the ionic 
radii I*, a5 previously proposed I O, while it is the reverse of the enthalpies of formation 
of _-us ions in their vaIencc states, as found by George and McClure’ ‘_ 

The reaction of the metal(U) carbonates with aqueous solutions of pyridine- 
2,6dicarbo_xilic acid affords all complexes of the type M(2,6_HPC), - nH,O where M 
is the divalent metal ion and 0 I n 5 3, whi!e it wns impossible to obtain, by any 

means, the complete series with the 1: 1 liEad-metal molar ratio_ 

Thus examining the 23-pyridinecarboxylic acid complexes previously studied, 
the onIy possible comparison is with the isocinchomeronic complexes having the same 
2: I iigand-metal molar ratio. while the Iuticlinic and quinolinic acids give 1: I 

@and-metal molar ratio complexes. The thermal stability of each series of the 

pyridine carboxylic acid compIexs for each metal ion is 

M(2,1HPC)z > M(2&HPC), 
isocinchomeronic > dipicoiinic 

New considering the hypothesis that the strength of the intermolecular bonds 
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plays a notable part in the thermal stability of the solid compounds, the proposed 
the_rmal stability scale can be explained by the fact that the bond strength between the 
@and and the central ion is greater for the dipicolinic acid complexes than for iso- 
cinchomeronic acid complexes- This agrees with the constant stability scale of the 
copper complexes proposed by Petitfaux and Foumaise16_ The higher stability 

CU(~&-HPC)~ > Cu(2.IHPC), 

log Bz 16.4 14.3 

constant of the 2,6-pyridine-dicarboxylic acid complexes can be justified by the fact 
that this acid acts as a terdentate ligand I ’ involving cmrdination from two equivalent 

TABLE 2 

DIFFUSE REFLECTASCE SPECCRA OF CXXbfF+UXES OF PYRIDISE-z6-DICARRDJCYUC ACID 

Complex AbsorpIbn manko (nm/ 
-_____-___ ------- 

Mn(26-HPC)t 510 (vu-y weak knd) 
Fd26Hpc)z - 2H_& 485 
CdZGHPC)z - 3HzO 480 (sh). 520 (sh). 595 
Eii(2dHPC)t - 3Ha 630 
Cu(2GHPCb 755 
zn(LiaiPCk - 2Hzo nomaxima 

Omo- 

I I t I 
400 500 600 700 na 

Fig_ 5 High tempaature r&w curva of nick&pyridinc-2,6bo&ate~ 
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terdentate monoanionic 2,6-HFC Iigand molecules giving, as confirmed by the 
reflectance spectra (T’abIe 2), octahedral structure through two chelated five membered 
rings that strongIy stabilize the complex. 

In all cases the rcfkctance spectra of the anhydrous compound are similar to 
those of the complexes from which they were obtained, e.g. the nickel compound 

(Fig- 5). suggesting that the water molecules are not present in the coordination 

sphere in accordance with the thermal data. 
Another possible explanation lies in the different charge densities and charge 

distribution in the pyridine t-in, * Any back coordinated charge from the metal to the 

pyridine ring will be Iocaiized mainIy on the 2-, 4- and 6_positions, the electron 
withdrawing croups such as POOH in positions 2-, 4- and 6- cause the eiectron 

density in thering to be lowered so that the a-bonding is lowered and the x-bond 
incrcascs but the increase in z bond strength is insufficient to offset the reduction in 
G-bonding_ 

in the dipicolinic complexes there is also the interaction of the Gcarboxyl 
groups with the metal ion that brings about symmetrical charge distribution through 
the two carboxyl groups, the aza-group and the metal ion giving a system with a 
higher stabiiity constant and lower thermai stability compared with the isocinchome- 
ronic compIeaes where the charge distribution is not symmetrical, giving a non- 
uniform charge density, unlike the case of the dipicolinic complexes. This accounts 
for the higher stability of the soiid lattice of isocinchomeronic acid complexes com- 
-pared with those of dipicolinic acid. 
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