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Reaction of malate ion with Mn(II), Co(U) and Ni(II) gave maiatotriaquo 
complexes of these ions, while Cu(II) gave the malatoaquo complex- The structures of 
these complexes were predicted frcm elemental analysis and IR spectra Thermal 
decomposition of the complexes using TG, DTG and DTA gave supporting evidence 
for the predicted structures. A correlation between the thermal stability of these 
complexes and the covalency of the M-O bond was made. 

The IR spectra of metal salts of oxy-acids such as lactic, citric and tartark acids 
have been studied by several investigators”- b*e. Goulden’ has found that the OH 
in-plane bendins band of the hydroxyl group in the lactate ion (1275 cm- ‘) is shifted 
to 1390 cm-l upon chelation to zinc. Girard and Lecomte’ have studied the IR 
spectra of potassium salts of bismuth and antimony tartrates and proposed the 
stl-uctui-es 
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Kirschner and I&sling4 concluded from the IR spectrum that the structure of 
copper tartrate is 



Several authors have reported recently on the behaviour of malic acid com- 
plexes of a few metal ions in aqueous media such as Ni(II), Ba(II) and Cu(iI)‘-‘_ 
Parentheticaliy it is of interest to note that no study has been done on the solid salts 
obtained throu& the reaction of malic acid and transition metal ions. We wish to 

rewrt on the preparation of the complexes M’M - nH,O (M’ = _Mn(II), Co(U), 

Xi(U), and Cu(Ii); M = malate ion C,H40z’; n = I or 3), the IR spectra of these 

complexes and thdr thermal decomposition by TG, DTG and DTA. 

Prepration of the complexes_ The complexes malatotriaquonickel(II), malate 
triaquomanganese(II)_ malatotriaquocobalt(l1) and malatoaquocopper(ll) were 

prepared accordin, 0 to the following procedure. SO mmol of sodium hydroxide 

dissolved in the minimum amount of distilled water were added to a solution con- 

tainin~ 25 mmol of mak acid in the minimum amount of water_ The solution was 

placed in an ice bz?h and zn aqueous solution of 25 mmol of MCI, was then added 

with stirtins The copter complex separated after about 5 min. while the other 
complexes needed longer times and scratching of the container was n ecessary. The 
neutral complexes were isolated by filtration, washed with water, ethanol and diethyl 
ether and dried in vacua over CaClt- 

TABLE 1 

ASALVTlCAL DATA FOP THE CDSfPLEXES 

--- 

co~kx Co&r 

TABLE 2 

Ml-i2 (&a? 1740 I412 - 1160 
MnM3H~ 1600 1440 160 1095 3s20 
CoM3H-O 1612 1450 162 1088 3m 
KiSL3Xa 1610 1445 165 1090 3490 
CuM_)LIo la0 1435 165 11cO 35m 



TABLE 3 

TG A-SD DTA DATA FOR MAUTOAQUO COMPLEX-ES’ 

Proess TG DTA 

Temp. Resti& 41 ,O Temp. Peak Pea& 
range “C Found GIL range “C Iemp. mxtureb 

‘C 

(Gl&O~)Mn_3H~ + (C&Os))Mn 

(GHr03Mn -, (GH4Wn 
(C4Z%24))Mn -+ MnO2 
MnOl, 

-210 
23S293 
297-#33 
433 

45235 77.6 77.96 
247-300 70.3 70.61 
312425 32-l 3272 

(GELOs)Ni_3HzO -+ (GH.&i)Xi 
(G&O;))u'i+ MO 
MO 

40-295 70.5 70.58 56-220 118 cndo 
303400 X.82 30.52 29sl25 342 ao= 

(GH405)cu.H_~ -, (C4H.zOKu 40-180 
(GHzO4Cu - cue 1-32 
cue 432 

77.4 77.59 
69.72 70.12 
35.62 35.92 

83.6 83.14 
37.4 37.25 

90-218 
218-300 

62-200 
- 

312-136 
336 

62-180 
190-43s 
435 

160 mdo 
280 endo 
347 ao= 

115 endo= 
135 endo 
344 ao= 

103 endo 
2306 aoc 

a Each whc is the mean of five dcfcfminations. 
b Endo = endotbcrmic; ao = exathumic. 
c The proass is d&nod by more than one puk. 
d In such cases the first peak tcmpgature is considered. 

A&“s~s. Carbon, hydrogen and metal microanalyses were performed by the 

Alfred Bemhardt microanalytical Iaboratory, .Mulheim, Germany. The rt~~lts of the 

analyses are shown in Table I. No conductivity or NMR spectra of these complexes 

were measured because of their low soIubility in the usual solvents. 

IR mearemenfs. The spectra of the complexes were recorded on a Pye Unicam 

SP 1100 recording IR spectrophotometer. The samples were analysed as KBr discs. 

The exact position of the peaks was checked by expansion of the peaks and the results 

are shown in Table 2. 

Thermal ~anafyses. TG, DTG and DTA were carried out in a Paulik-Erdey 

MOM derivatograph under static (air) atmosphere and dynamic nitrogen at a fiow 
rateof20mI min- I. The samples weigbin g 100 rng were placed in platinum crucibles 

andhcatcdataratcofS”Cmin-‘. z-A1,03 was empIoyed as a reference material for 
the DTA measurements. The resuIts are tabulated in Table 3 and are shown in Fig. 1. 

RESULTS AND DISCUSSION 

(A) IR spectra 

All the complexes prepared in this study-behave as non-electrolytes in the 
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Fig I_ Tk TG. DTG ar?d DTA Curves of nda:o aqucecom PW of 4) Mn(iO. @I C&W, (~1 
N(ii) and Cu(Il). 

usual organic solvents, i.e., nitrobenzcne, D.&IF, ctc Table 2 lists. the wax, iI,._ 
. 

koo spa.* VM akmk. aim vcsn stretching hands for mak acid and for the 
complexes. The IR spectrum of Aartaric acid shows a peak at.1750 cm- I, which is 
indicative of free carboxyl groups ‘_ Upon ~~rdination of Aartrate to copper(U), a 
shift in this peak tq lower frequency (I 634 cm- I) was observe& This _bknd was 
inteqrckd by Ekilar Jr. et aL9 and by iCirschner * 9 as being. due to CoordiLIslttd 
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carboxylate groups. The IR spectrum of malic acid shows the corresponding v,, SP_ 
at 1740 cm”, whereas the complexes under investigation show a strong peak 
at 1600-1612 cm-’ and none at 1740 cm’ ‘. It was thus concluded that both carbo- 
xylate groups of malic acid are coordinated to the transition metal ion in the complexes. 

Comparing the C-O stretching frequencies of the secondary alcohol group of 
&art&c acid with that of malic acid, it is found that there appears a sharp peak.at 
1097 cm-’ for the former while the iatter appears at 1160 cm-‘, It was also noticed 
that upon coordination of d-tartaric acid to Cu(II), this band splits into two _pe-zks at 

1080 and 1063 cm-‘_ This splitting was taken as an indication of a much stronger 
attraction by the copper ion for one hydroxyl group than for the othera. 

Complexes of malic acid showed one strong band at 1088-i 100 cm- i. This is an 
expected result because in malic acid there is only one alcoholic hydroxyl group and 

coordination of its oxygen to the metal ion will reduce its C-O stretching frequency. 

It may also be noted that the O-H bending peak at 1450 cm’ ’ remained almost at the 
same position for both malic acid and its complexes_ This shows that there is no loss of 

proton by the alcoholic OH group upon coordination. 
The metal ions under investigation are capable of extending their coordination 

number to six. Therefore, from the appearance of new bands of the wag&g or 

rocking’ rm ’ ’ mode of coordinated water at 850,820, 820 and 850 cm-’ in the IR 
spectra of the complexes of Mn(iI), Co(il), Cu(II) and Ni(I1) respectively, it is 
concluded that water molecules are coordinated to the metal ions. 

By analo_ey with copper tartrate trihydrate?, we expect the malatotriaquo 
complexes of Mn(II), Co(H) and N(H) to have the following structure 

0 
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while the malatoaquocopper(I1) compiex-has the following structure 
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‘Thein crease 4x1-. the difference between v,, &,, and,- v&, ‘__, (A), has 
becntakenasa measure of increasing covalency of the. M-O bond in, the. tartrate 



Fig. 7-_ llhc DTX cu~cs of mshla aqu<lcomplcxa of (a) M n(U). (b) Co(U), (c) M(M) and (d) Cu(II). 
as recorded under a nitrogen atmosphc~e. 

complexes of Co(II), Ni(lI), Cu(ll), _Wn(IJ), and Zn(XI)’ ‘_ Themalatoaquocomplexes 
presented a band ar 16OiKJ612 cm-’ @able 2) for v,, mm., and at 1435-1450 
cm- I for vm ,,=. Thus, the cwalcnt character of the M-0 bond follows the 
order: Mn c Co < Ni < Cu. 

( B) Thermal decomposiirion 

Results of the thermal decomposition of the complexes under investigation 

were not alike. Furthermore, for the s3me complex, the thermal decomposition may be 
c,haxqed by changing the atmosphere from air to dynamic nitrogen at a flow rate of 
20 ml mine’_ The thermoanalytical curves, TG, DTG, and DTA for the complexes 
of &In(U), Co(U), LXi(II) and Cu(II) are shown in Fig. I (a, b, c and d), while the 
DTA cu~cs under niuogen atmosphere are shown in Fig- 2 (a, b, c and d) for the 
mme order of the metal ions. The general feature of the thermal decomposition for 
_Mn(Ii) and Co(II) complexes are as follows 

~f(.&+!aktO)(H~O), 3 M(Malate) f 3&O (1) 

?ti(,SIaIate) --, M(MaIea&) + Hz0 (2) 

_M(Malcatc) ---, Metal O.xide (3) 

The temperature ranges for reaction (1) are 90-210 and 45235°C for &In(n) 
and Co(Il) complexes respectively as shown in Figs. I and 2, and TabIe 3. There are 
two ovcriapping peaks for the loss of the three water moiecuk. This result can be! 

explained by assuming that the structure of the complexes changes from octahedral to 
tetrahedral (- 2H20) prior to the loss of the third water molecule_ 
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Reaction (2) occurs at a temperature range 235-293 and 347-30°C for Mn(II) 
and Co(H) compIexes respectively. Another water molecule is lost in this reaction. 
In air or nitrogen the reaction oa~~rs as follows 

-“gi A0 
0 -,@ -p . 

“\ <- (4) 

0-C 
0 

Both the first and the second reactions are endothermic_ Reaction (3) is charac- 
terized by two exothermic peak maxima (DTA) in air or in nitrogen for both Mn(II) 
and Co(II) complexes (Figs. 1 and 2) which suggests that decomposition of the 

complexes is a muItistep reaction_ The residue of this decomposition was found to be 

MnO, and Co,O, above 433°C and 425°C respectively (Table 3). 

The thermal decomposition curyes (TG, DTG, and DTA) in air and nitrogen 
for Ni(II) and Cu(!I) compIexes are shown in Figs. 1 (a, c and d) and 2 (c and d) and 
the data are presented in Table 3. The structure of the maIatotriaquonicke1 complex 

is octahedral, while that for the Cu(II) compIex is tetragonaI_ In both complexes, 
reactions (I) and (2) overfap. This is represented as 

M(Malate)(HzO), + M(MaIeato) t (n + I) Hz0 

(where n = 3 in the Ni(I1) complex and I in the Cu(II) complex). 

(5) 

The thermal decomposition of the maleatonickel(Ii) complex is similar in air 

and in nitrogen, while for the corresponding copper(U) complex different reactions 

occur_ In air the third peak is the highest, while in nitrogen the DTA shows three 

overlapping exothermic peaks pro_gressiveIy decreasing in height. The last two peaks 

are much smaher in nitrogen than in air which indicates that in the Iast stages of 

decomposition atmospheric oxygen plays an important role. The decomposition of 

the maIeatonickeI(J1) and copper(I1) are exothermic and the residue was NiO and CuO 
(Table 3) above 400 and 432’C respectiveIy. 

If the initiaI decomposition temperature is taken as a measure of the thermal 

stability of the compIexes, we can conclude that the stability of the malate complexes 

decreases in the following order; Mn(90”) > cO(45”) > Ni(40”) z Cu(4WC), 

which is exactly opposite to the order of increasing covaiency of the M-O bond. 
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