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Abstract—From thermochemical studies of organometallic compounds, a host of thermodynamic parameters viz.,

heat capacity, entropy, Gibbs energy etc., can be evaluated. The present communication deals with the evaluation of

enthalpy of combustion and thereby estimation of enthalpy of formation of crystalline trisacetylacetonato chromium(III)
[Cr (C,H,0,), (c)] or [Cr (acac), (c)] bomb-calorimetrically. The enthalpy of combustion (A H) and enthalpy of formation
(AH") values have been evaluated to be -7997-16 + 10 k] mol™"and -1470-315 # 15 k] mol™ respectively. Experimental data

obtained are in good agreement with one another.
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INTRODUCTION

Thermochemical studies of organometallic compounds of
s, p, d and f block elements have evoked a lot of interest
among the researchers of various fields since long as they
provide a lot of physico-chemical data for scientists to
deal with (Cavell et al, 1977, Lalancette et al,, 2018, Ismail
1991, Semyannikov et al, 2005, Pathak 2016, da Silva
etal, 2011, Thakur et al, 1995, da Silva et al, 1988, Thakur
et al, 1992, Melia et al, 1968) which can be applied in
various fields ranging from material chemistry to energetic
and from environmental chemistry to biochemistry.
Available literature also buttresses such facts. Quantitative
measurements of enthalpy changes involving various
physico-chemical and biological processes are tedious
tasks and usually done through the help of various types
of calorimeters (Ribeiro da Silva 2010) or otherwise. The
data so obtained as a consequence of such thermochemical
investigations by several investigators are, therefore, of
much empirical importance. The present paper deals with
the bomb- calorimetric evaluation of enthalpy of combustion
and thereby estimation of enthalpy of formation of trisacety
lacetonatochromium(III) [Cr (C.H,0,), (c]].

EXPERIMENTAL

Preparation  of chromium(III)

[Cr (C.H,0,), (9)]:

Trisacetylacetonato chromium(Ill) was prepared
by adding 5g of chromium(lll) oxide [CrO, (s), Merck
grade] gradually in very small amounts to about 25g of
acetyacetone (b.p. 137-140°C) with constant stirring until
the exothermicity of the reaction subsided and the solution
turned violet. Stirring continued for another 10 minutes
when 5 ml of C,H.OH was added. The solution was heated
over a steam bath for about 4 hours and then allowed to
cool in a freezer for about an hour when dark pink solids
separated out. After aqueous-washing of the precipitate
(ppt) several times, it was recrystallised in minimum
volume of benzene with the addition of small amount of
light petroleum (b.p. 40 -60°C). It was then cooled in a
freezer for an hour whereby shining pink crystals of the
compound separated out. It was then filtered and dried in
vacuum (m.p. 215°C). The said compound was analysed for
chromium. (Found: Cr = 15%); calculated for Cr (C,H,0,),;
14:9%. It may be sublimed without any residue. However,
preparation of the said compound as reported by few other
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investigators is also given here (Fernelius et al, 1957,
Chaudhuri, et al, 1982). The compound is usually prepared
by the action of acetylacetone (Hacac) on Chromium (III)
oxide (Fernelius et al, 1957)

Cr,0, + 6 Hacac — 2 Cr(acac), + 3 H,0

Derived from gum benzoin and used as food
preservatives, benzoic acid is a colourless crystalline
solid occurring naturally in many plants (Qualley et al,
2012) and fruits including berries (~0.05%) and serves
as an intermediate in the biosynthesis of many secondary
metabolites. Benzoic acid usually contains phthalic acid
and benzylbenzoate as impurities, hence for calibration of
the bomb calorimeter extra pure benzoic acid usually called
certified grade pure benzoic acid is utilized. It is usually a
stable compound and relatively non-toxic.

‘Toshniwal’ static oxygen bomb calorimeter having
capacity of 303 ml and which can withstand a pressure
of 200 atm. was used in the present work. The mean heat
capacity of the bomb calorimeter was determined by
burning a certified grade pure benzoic acid and it was found
to be 10550 + 10 J°C g™

The problems of not using differential scanning
calorimetry (DSC) in the present work were manifold. First
of all the reference sample should have a well-defined heat
capacity over the range of temperatures to be scanned
and secondly either the power supply remains constant
throughout or the heat flux remains constant throughout
during scanning of the sample, which are difficult to control.
Moreover, due to a combination of relatively poor sensitivity,
slower than normal scan rates (typically 2-3°C/min, due
to much heavier crucible) and unknown activation energy,
it makes imperative to deduct about 75-100°C from the
initial start of the observed exotherm to suggest a maximal
temperature for the material (Wikipedia). Moreover, DSC
curves reveal considerably less energy release than the
true reaction-heats of the oxidation of organic materials
which may be due to the low oxidation rate of some primary
volatile products, especially carbon monoxide, inevitably
forming during the oxidation of organic and carbonaceous
materials at the temperatures of DSC experiments
(Varhegyi et al,, 1986).

RESULTS AND DISCUSSION

Recording temperature rise by burning a weighed amount
of the sample in a specified amount of water in presence of

excess of 0, (g) under pressure, the enthalpy of combustion
(A H) of the compound was evaluated using the relation

AH=MW At [1]

where, M is the formula weight of the crystalline
complex, W the water equivalent of the bomb calorimeter
and At, the temperature rise per gram of the sample due
to calorimetric combustion. Mean water equivalent of
the bomb calorimeter was obtained experimentally by
burning certified grade benzoic acid and was found to be
10550 + 10 J°C'g’. The molar enthalpy of combustion of
the sample was given in table 1.

By substituting the supplementary thermochemical
data  from  the standard reference sources
(Wagman et al, 1965, Weast 1986), the standard enthalpies
of formation of [Cr (C,H,0,), (c)] was computed using the
relation AH = X AH° (products) - £ AH® (reactants). The
auxiliary enthalpy of formation data for products like
metal oxides, CO, (g) and H,0 (1) have also been taken from
standard reference sources (Codata 1978, Weast 1978
Lange’s Handbook of Chemistry. (1973).

Table 1: Molar Enthalpy of Combustion (A H) of
[Cr (C,H.0,), ()]

(Molar mass = 349:32 g mol™?)

Experiment No. 1 2 3
Wt. of the sample (g) 0-3385 0-5435 0-6324
Temperature rise (°C) 0-737 1-179 1-368
Temp. rise per g of the 2-180 2169 2163

sample At (°C)

Mean temperature rise per gm of the sample, At = 2-:170

Now, -AH=MxW x At
=349-32 x 10550 x 2:170
=7997157-42 ] mol™!
=7997.16 k] mol!
Therefore, A H =-7997-16 £ 10 k] mol™*

where, M = molar mass of the sample, W = water
equivalent of the bomb calorimeter = 10550 J°Cg%, and At
= mean temperature rise per gm combustion of the sample
=2.170 °C.

Computation of standard enthalpy of formation (AH®)
of [Cr(C,H,0,),(c)]:
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By substituting supplementary data from literatures
[17-18], standard enthalpy of formation of trisacetylaceton
atochromium(III) [Cr (C,H,0,), (c)] was computed.

Cr(C;H,0,),(c) + 0, (g) (excess) = ¥ Cr,0, (c) + 15CO,
(g) +10:5H,0 1) AH=AH

A H =% AH° (products) - X A H° (reactants)

AH =% AHCr,0, () + 15 AH°CO, (g) + 10-5 AH°10H,0
(1) - AH° Cr(C,H,0,),(c)

Therefore,
AH°Cr(CH,0,),(c) =% AH°Cr,0, (c) + 15 AH°CO, (g)
+10-5 AH°10H,0 () -A H

= 1 x (112815 + 15 x (-393'5)
+10.5 x (-285-8)

- (-7997-16)

-564-075
+7997-16

-5902-5 -3000-9

=-9467-475 + 7997-16
=-1470-315 = 15 kjmol™.

+

The present value of -1470-315 15 KkJmol*
was compared with those obtained by Hill and Irving
{AH® .= -366-48 + 0-67 kcal/mole} (Hill et al,1967) and Silva
and Ferrao, {-1564-8 = 8-9 kJmol'} (da Silva at el, 1988).
However, Melia and Merrifield (Melia at el, 1968) have
calculated the standard heat of formation and entropy of
gaseous tris (acetylacetonato) chromium (III) at 298-16°K and
1 atmosphere pressure to be AH?° = -344-7 + 1-0 k cal mole™
and $° . -S °=142-4 +1-0 cal deg ! mole respectively.

29816 0

CONCLUSION

Oxygen consumption calorimetry is used to measure
the heat of combustion of the pyrolysis products and the
maximum amount of heat released per unit mass per degree
of temperature (Jg—'K™!) is a material property that appears
to be a good indicator of flammability or efficiency of the
process (Lyon etal, 2004). As we all know, chemical, physical
and biological changes are often accompanied by energy
transfer. The high negative value of AH® of [Cr(C,H,0,),(c)]
indicates the exothermicity of the reaction and stability of
the compound. The enthalpy of formation a compound can
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be correlated to the efficiency of a heat engine. The higher
the negative value of standard enthalpy of formation of a
compound, the more heat will be given off, and therefore the
more fuel-efficient the compound would be.
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