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Abstract 

The processes of dehydration and decomposition of the Mn(II), Fe(ll), Co(lI), Ni(ll), Cu(ll) 
and Zn(ll) salts of d-tartaric acid were studied by using TG, DTG and DTA methods in air or in 
argon, and also IR-speetroseopy. 

The equations of thermal decomposition were established. For the dehydration processes, the 
kinetic parameters n, E and lnA were determined. 

Keywords: d-tartaric acid salts, 3d metals, IR spectra, thermal analysis 

Introduction 

Tartaric acid is one of the basic components of waste products from the food 
and wine industries. Tartaric acid can form three kinds of optical isomers: d, l 
and meso. Many of its salts have interesting magnetic, optical and catalytic 
properties. 

In a well-known study by Ablov and Popovici [1] on the salt of Cu(II) with 
tartaric acid, the anion structure was represented by the formula (CthTarh) 3-, 
i.e. a polynuclear complex structure was advanced. Ciurikova et al. [2] studied 
the influence ofpH on the composition of the tartrates of Co 2+ and Ni ~+, and 
found that atpH<7 the normal MCI'art) salts appeared, but different forms, such 
as M(Tart)2, may also be formed, depending on the metal/acid ratio and thepH 
range. Unfortunately, the authors did not mention which optical isomers were 
used. A short thermoanalytical study of Ca salts with the different optical iso- 
mers of tartaric acid was recently published [3]. 

Several papers [3-7] deal with investigation of the structure of oxyacid salts, 
including tartaric acid, by IR spectroscopy. As an example, Kirschner et al. [4 t 
studied Seignette salt; they established from the IR spectra that the 3550 cm 
absorption band is to be attribtited to OH groups of the crystallization water and 
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the 3192 cm -~ band to the OH groups of the acid. For Cu(II) tartrate, they found 
that the splitting of the peak at 1097 cm-" results from the two peaks of the sec- 
on.lary OH groups at 1080 cm -~, while the shift in the 1750 cm -1 band of tar- 
taric acid to i654 cm -~ is due to the coordination process. 

Pribilov et al. [8, 9] found that the final products of thermal decomposition 
of the d-tartrates of Co, Ni, Cu and Zn are the corresponding oxides. Only the 
Cu(II) salt can yield the metal. 

The aim of the present study is to shed new light on the thermal properties 
and IR spectra of the d-tartrates of 3d metals. 

E x p e r i m e n t a l  

Materials 

The complexes of d-tartaric acid with 3d metals were prepared by interaction 
of the acid or of its sodium salts with simple salts of the 3d metals in aqueous 
medium, as follows from the equations 

MX/.nH20 + d-C4H606 ---> M(C4I-I606).nH2O + 2HX 

M=Mn, Fe, Co, Ni, Cu, Zn 

(1) 

MX2.nH20 + d-Na2C4H606-nH20 ---> M(C4HsO6)-nH20 + 2NaX (2) 

M= Mn, Fe, Co, Ni, Cu, Zn 

The results of the elementary analyses of the substances obtained are given in 
Table I. The metal contents of the salts were determined by usual chemical 
analysis methods [10, 10a]. 

Methods 

TG, DTG and DTA curves in air were obtained by means of a computer Deri- 
vatograph C (sample mass 50 rag; heating rate 5~ min-l). A DuPont 1090 
Thermal Analyzer with a 951 TGA was used for TG and DTG analysis in an Ar 
atmosphere (sample mass 40 rag; heating rate 5~ min-l; Ar flow rate= 
60 ml min-~). Kinetic parameters were calculated by using the embodied Deri- 
vatograph C routine [11] and are given in Table 3. IR spectra were registered 
on an M-80 spectrophotometer. 

Results and discussion 

IR spectra 

The IR spectrum of d-tartaric acid (No. 7 in Table 2) comains absorption 
band of alcoholic-OH and carboxylic-OH in the range 3100-3600 cm-1; below 
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1650 cm -~, a few bands are observed which can be assigned to valence vibra- 
tions, v(CO), and to angular deformation, 5(C-OH). These absorption bands 
are characteristic for d-tartaric acid, so that the structural changes produced by 
its reactions with 3d metals are reflected in the structure of these bands. 

In the salts, the disappearance of the v(OH) (RCOOH) band in the 
3600 cm -1 region is observed; the splitting of the 1700 cm -1 band in v ,~(C-O)  
and v.~,(C--O) points to the chelation of d-tartaric acid with 3d metals, the acid 
acting as a tetradentate iigand. Important changes are also observed in the range 
1300--1600 cm -~, indicating the formation of M-O bonds, i.e. metal complex 
formation. 

The IR spectra of salts heated to 90~ show the complete disappearance of 
the v(OH) bands at 3200 and 3400 crn -~. Some shifts were observed for the 
bands connected with hydrogen-bonding in the complexes (at 1670, 1090 and 
1045 cm-~). When the salts are heated until the complete elimination of water 
(115-117"C), the absorption bands are more pronounced, but not shifted as 
compared with those obtained for the substances heated to 90~ Further, no 
supplementary splitting of the bands is observed, which indicates that they are 
simple isomers, not racemic. 

In the IR spectrum of Co(Tart).2H20, for instance, two large absorption 
bands are found in the v(OH) (3100-3350 cm -1) and v,~(C.--'.O) (1625- 
1650 cm -~) regions, which can be attributed to crystallization water. Since the 
coordination number of Co 2+ is 6, it follows that d-tartaric acid occupies 4 co- 
ordination sites, the remaining two being occupied by two water molecules. The 
frequencies v(OH) (3300 cm -l) and 5(OH) (1300 cm -I) are no longer present 
(pointing to deprotonation, but with characteristic shifts for coordination: 
Av,.~(C-O)=-70 cm -1 and Av,im(C-O)=+20 cm -1. New absorption bands 
characteristic of M-O bonds appear at approximately 300, 400 and 520 cm -1. 
The frequency v(OH) (R-OH) at 3620 cm -1 is present, showing that the alco- 
holic-OH groups of tartaric acid do not take part in the coordination process or 
form hydrogen-bonds. However, merely from the above data it is difficult to say 
whether the structure of the complex is monomeric or polymeric. 

Most of the IR spectra of the 3d metal salts of d-tartaric acid are similar, in- 
dicating a presumably octahedral structure, with the acid acting as a tetradentate 
ligand and with two coordinated H20 molecules. Only the data on the Cu(II) 
complex do not conform to this assumption, the latter most probably having a 
tetrahedral structure (Table 2). 

Thermal analysis 

For all the studied complexes, the thermograms are similar with respect to 
the dehydration step both in air and in Ar. Differences appear in the decompo- 
sitions of the anhydrous salts and consequently in the natures of the residues. To 
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Table 3 Kinetic parameters of the dehydration steps of the M(C4H4Od.nH20 

No. Reaction order Activation energy Pre-exp. factor 

n E/kl M -I lg/l 

1 . M n  0.82 88.0 11.39 

2.Fe 0.94 100.5 13.18 

3.Co 0.95 91.0 12.03 

4.Ni 2.03 42.9 4.95 

5.Zn 0.86 110.3 15.76 

.•4"C 100 Residue: 1400- 
~ 13.80% ~ 32.33% -- 

llOl.g'Cll (5.78mg) _ (13.53mg) 
90 "1 �9 .333.2"C I ~ 12oo. 

. : / i r c  ~--~ I -.= 
8o [ .....~ ~ ,o8o 

~,o . L~2,.,,~ / ~ 800 

50 �9 ~ 400 

97z~-c 6.o2x 
3O 

0.0 20.0 40.0 60.0 80.0 I00,0 120.0 140.0 160.0 180.0 200.0 220.0 
Time (min) 

-5 

4 

�9 .-r 

- 2 ~  

~ I 
Fig. 1 Thermoanalytical curves of Mn(Cd-I406).(2-x).H20, x= 1/12 (argon, DuPont 1090) 

illustrate this, the thermal curves of the Mn and Co salts (Figs I and 2) and the 
derivatograms of the Co and Zn salts (Figs 3 and 4) are presented. The general 
equation for the thermal decomposition of the studied salts can be written as: 

M(C4H406).nH20 -a2o. M(Cd-I406) c~14o, MOx 

Only Zn tartrate eliminates the crystal water in two steps. 
The 'moisture-free' mass obtained after dehydration and attributed to 

M(Tart) was taken as reference in the evaluation of the results obtained on both 
instruments. The derivative curve (DTG) was considered, where not clear-cut 
differences were observed between the dehydration and decomposition steps. 

J. Thermal Anal., 46, 1996 
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Manganese salt 

The mass change due to water loss in Ar atmosphere (Fig. 1) corresponds to 
less than 2 molecules. Organic decomposition between 240 and 480"C takes 
place in two steps (evidenced on derivative). The residue at 480~ could be at- 
tributed to MnO2. Up to 1000*C, this decomposes to MnO, which is stable in 
Ar. After cooling to 800"C and air admission, this is readily oxidized to Mn304. 
A similar process takes place in air. Organic decomposition steps are not sepa- 
rated in the DTG curve. The residue at 420~ corresponds to Mn203, which 
further decomposes to Mn304 as reported by Puerta and Valerta [12]. The for- 
mula of the initial complex can be assumed to be 

Mn(C4I-I4Os).(2-x)H20, x =  1/12 

Iron salt 

Less than 3 water molecules are lost between 20 and 150~ Two unresolved 
steps can be seen up to 300~ (both in air and in Ar). The residue in air at 
300~ in Fe203. In Ar, at almost the same temperature, a residue corresponding 
to FeO(OH) is found, which subsequently decomposes to a nonstoichiometric 
oxide FeO~ at around 750~ The assumed formula is 

Fe(C4H406).(3-x)H20, x =  1/9 

,2~ f 
| 73.0"C 

~oo t"'~k ls.ss*/. 2s- 225 

80 + 115~70C - - '~ 

60 

20 

0 �84 

-2(3 
0 

56,79 % 225- 550 
380.g~ 

~ I (0.968mg) 
718.5"C 2 .47%550-950  Residue: 

, = - - 23 ,86% 
~ 827"5~ (g.56mg) 

I00 200 300 400 500 600 700 800 900 to00 l l00 

,7 

6 

' A 

. _  

-3 "~ 
O 

12I 

Ternperoture  ('C) 

Fig. 2 Thermoanalytical curves of Co(C=l-14Od.(3-x).H20, x=2/9  (argon, DuPont 1090) 

J. Thermal Anal., 46, 1996 
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Cobalt salt (Figs 2 and 3) 

The dehydration process is identical in air and in Ar, the mass loss pointing 
to less than 3 water molecules. The decomposition takes place at a higher rate 
in air, leading to CosO4, which at about 1000~ gives a residue of CoO. In Ar 
at 550~ the sample mass corresponds to CoO0.s, which further decomposes to 
metallic Co up to 950"C. The initial complex formula may be assumed to be 

C0 (C41-140d.(3-x)H20, x-2/9 m000" 0 

\ 
! I i i w | | i ~ 

0 rain ~00 

Fig. 3 TG, DTG and DTA curves of Co(Cd-1406).(3-x).H20, x=2/9 (air, Dcrivatograph C) 

Nickel salt 

Unlike the other salts, the Ni 2+ salt of d-tartaric acid is highly hygroscopic 
and the water loss is not well evidenced either in air or in Ar. The decomposi- 
tion takes place in two well-defined steps both in air and in Ar. The mass of the 
400~ sample residue in Ar corresponds to NiO0.75, and that in air to NiO. In 
Ar, further heating leads to metallic Ni, while in air, a nonstoichiometric oxide 
results. The initial combination is assigned the formula 

Ni(C4H406).3H20 

Copper salt 

Copper forms the only anhydrous tartrate as concerns the salts we studied: 
up to 200~ there is a plateau both in air and in Ar. Only one decomposition 

J. Themzal Anal., 46, 1~)6 
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step is observed in Ar, leading to Cu20, and then to Cu at about 900~ which 
readily re, oxidizes to Cu20 and CuO upon air admission. In air, two steps are 
observed in the ITIG curve, with Cu~O formation at 280"C, which rapidly oxi- 
dizes to CuO, the stable form up to 1000~ A simple formula is attributed to 
the Cu(II) salt: 

CB(C4H406) 

*e . . . . . . .  *C 

-36.C r " - - - ~ "  

0 rain 200 

Fig. 4 TG, DTG and DTA curves of [Zn(Cd-I40~).2H20]2-H:O 

Zinc salt 

The Zn salt is unique (among the investigated ones), exhibiting a two-step 
dehydration process in both air and Ar. The first pertains to a mass loss equiva- 
lent to about half a water molecule (weakly bonded), whereas the second loss 
corresponds to two more strongly bonded ones. In air, the decomposition takes 
place in two well-defined steps, the first being endothermic and the second exo- 
thermic, leading to ZnO at 450~ and to nonstoichiometric oxide upon further 
heating. The decomposition steps for the other substances studied were all exo- 
thermic. In Ar, the mass loss within the range 250--4500C is less than that 
observed in air. The sample mass at 450~ cannot be assigned a definite for- 
mula. Most probably a carbonaceous residue strongly held on the ZnO surface 
is formed (which in air readily burns). Upon further heating this slowly decom- 
poses, the process overlapping with the sublimation of ZnO in an Ar flow (ZnO 
was found on the cold parts of the TG quartz tube). The initial complex formula 

J. Tnetraal AnaL, 46, 1996 
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[Zn(C4H406).2H2017-H20 

takes into account the existence of weakly-bonded H20. 

Conclusions 

The thermoanalytieal investigation of some 3d metal salts of d-tartaric acid, 
M(II)(C4H40~).xH20 (M(II)=Mn, Fe, Co, Ni, Cu, Zn) was performed in both 
oxidizing (air) and inert (Ar) atmospheres. The dehydration processes were 
practically identical in both cases, with minor instrumental differences. With 
the exception of Cu, the TA and IR data seem to indicate an octahedral struc- 
ture, with the tartrate anion acting as a tetradentate chelating ligand and with 
two coordinated water molecules: M(II)(C4H40+).2H20. 

However, the observed water deficit (for the Mn salt) or excess (for the Fe, 
Co, Ni and Zn salts) points to the formation of some macromoleeular structure, 
which the above data alone are unable to determine definitely. 

The subsequent decomposition processes, as expected, differ. In air, they 
take place at lower temperature and are generally exothermic, whereas the re- 
verse is true in Ar. The final (1000~ residues are higher oxides in air, whereas 
in Ar metallic phases can be obtained (for Co, Ni and Cu). 
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