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THERmDYNAMIC STABILITY IN THE SERIES OF THRINUCLEAR 

p3-OXOACETATES Fe;‘MHO(CH3COO)6(H20)3 2H20, WHERE 

M = Mn, Fe, Co, Ni IN THE PROCESS OF THEIR THERMOLYSIS 

Yakubov Kh. M., Nasonova T. A., Abdullaev Sh. Kh. 
TadIlk State Unlversrty, Dushanbe, USSR 

The results of dernvatographic lnvestlgatlons of thrlnuclear heterovalent 
acetate pn-oxoclusters with the general formula , - 

Fe!jHMHO(CH3COO)6(H20)3 2H20, 

where M = Mn, Fe, Co or Ni in quasi isothermal conditions are presented in the 
report. It has been shown, that thermal decomposition of the investigated com- 
pounds exists m the temperature interval 60 - 350 ‘C and consists of a few steps. 
Endothermal process exlstlng in the interval 155 - 195 OC has been studied tn 
detalles. The series of thermodynamic stability Mn Fe CO Ni has been 
constructed on this decomposition step thermolysts temperatures of the studied 
clusters. 

The interest for thrnnuclear carboxllate clusters of transition elements 
combines with their original physlco-chemical properties, condttloned by their 
internal molecular exchange interactions betwen metal tons. The vartatlon tn 
the complexes Fe2MO(CH3COO)6(H20)3 2H20 of 3d-metal makes it possible 
construct the series of thermodynamtc stability. 

The report 1s devoted to the lnvestzgatlon of metal nature influence on 
thermodynamtc parameters of thermal decomposttlon processes of heteronuclear 
acetates with the general formula Fe~‘MHO(CH3COO)6(H20)3 2H20, where 
MH = Mn, Fe, Co, N1. 

Heteronuclear ,u3-oxoacetates of 3d -elements have been synthestzed by 
chlonde mixtures of Fe(II1) and M(H) in the ratio 2 : 1, urlth calcium acetate 
surplus in aqueous solution of acetic acid /l /. Element analysis results of the 
synthesized complexes are represented m the table. 

Table - The results of element analysis of the synthesized heteronuclear acetate 
complexes x) 

No. : Compound C : H : Fe3+ : A$+ 

1. Fe~1MnHO(CH3COO)6(H20)3 2H20 
22.8 4.51 8.30 8.6 
23.0 4.47 7.8 8.8 

2. Fe~FeHO(CH3COO)6(H20)3 2H20 22.6 4.58 17.7 8.6 
22.9 4-46 17.8 8.8 

3. Fe~Co’10(CH3COO)6(H20)6 2H20 22.1 4.46 17.9 Q 
22.8 4-41 17.7 9.3 

4. Fe~N1110(CH3COO)6(H20)3 2H20 23.3 4.51_ 19.0 9.0 
22.9 4.41 17.7 9.2 

xl Over the line is found (%I under the line 1s calculated (%> 
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Thermal analysis has been carned out on denvatograph “Q-15OOd” of the 
system Paullk-Paul&-Erday in quasllsothermal regune with the use of quasi- 
Isobar crucible (P =0.7 atm). The weight of the lnvestlgated sample was 200mg. 
The sample was heating w&the rate corresponding to the programmator regime I. 

Acetate clusters’decomposltlon In quasllsothennal isobar regime 1s shown 
m the Figure. As you can see m the Flgyre, the process of complex decompo- 
sltlon m quaslequllrbnum condltlons 1n the temperature Interval 0 - 250 OC pro- 
ceeds on three linear laws. Thermolysls of the studled compounds under the 
higher temperatures 1s complex, that IS, probably, combn-ki with the change of 
Internal heat content of the samples under their decomposltlon. 
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Fig. Thermolysls of the clusters Fe~IM110(CH3COO)6(H20)3 2H20 under 
quasllsobar-lsothermsl condltlons (P = 0.7 atm). Decomposltlon rate 

1s 0.4 mg/min. 

Preparative and mass-spectrometry anal sis of fugltlve and solid products 
of the first thermolysls step of the complexes T the first line sectlon m the Fig. ) 
has shown, that it may be described by the scheme: 

Fe2MO(CH3COO)6(H20)3 2H20 - Fe2MO(CH3COO) (H 0) + 2H20 (I) 
6 2 3 

Experimentally found values of mass loss (5.3 - 6.0 % for the complexes 
with different M) are In well agreement with theoretlcally calculated (5.8 %). 
Colncldence of the thermolysls curves of this step for the complexes with dlf- 
ferent MIS ,well explalned by the suggested scheme (I ). Supersphere water mo- 
lecules don t form coordinated bonds with the complexformlng metal, that 1s why 
their removal from the complex does not depend on metal nature. 

Mass-spectrometry analysis of gaseous thermolysls products of the acetates 
m the temperature interval corresponding to the second destructlon step has 
shown, that a considerable quantity of steam and acetlc acid are m the gaseous 
phase, moreover, concentration dependences of the lasts on temperature have 
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been found to be cophase. It makes it possible suggest, that H20 and CH3COOH 
are formed at the same process result, namely: 

(II) 

The last reaction is confirmed by the element analysts data of solid thermolysis 

products. 

It is known, that indirect estimation of thermodynamic stabtllty (for the 
construction of stability series) may be done on the data of thermal expelrment 
in quaslequlltbrmm condlttons /2/. Constructed on thermolysls temperatures 
the series of thermodynamtc stability of the compounds colncldes wtth the stabl- 
llty series constructed on equlltbrlum constant values under the standard tem- 
perature. 

On thermolysls temperatures of the second decomposition step of the our 
investigated clusters you can construct the next series of thermodynamic stab1 - 
llty: Nl Co Fe Mn. 

The strength of the bond metal-llgand is growing from manganese to nlkel. 
This stabdlty series correlates with the series of the energy of extrastabllisa- 
tlon by crystal field (ESCF > for highspin octahednc 3d-ions. 

It must be pointed out, that thermodynamic stability series found by us and 
constructed on the temperatures of the second thermolysls step of the studied 
oxoacetate clusters coincides with the serves of the change of exchange Integrals 
/3/ and quadrupole splittings in gamma-resonance spectra /4/ of these compounds 
that uxltcates in favour of the same influence of heterometal nature M on physlco- 
-chemical properties of the clusters. 

IIIComparatlve thermodynamtc stability of the clusters with the general formula 
Fe2 MIIO(CH3COO )6(H20 13 m the dependence on heterometal M nature : 

Nl Co Fe Mn, has been studied by the method of thermal analysis. 
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