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Abstract: A thermochemical rather simple experimental techaits applied to determine
the enthalpy of formation of Diperoxide of ciclolaone. The study is complemented with
suitable theoretical calculations at the semieropirandab initio levels. A particular
satisfactory agreement between both ways is foondhieab initio calculation at the 6-
311G basis This set level. Some possible extensibtise present procedure are pointed
out.
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1. Introduction

Ketone and aldehyde diperoxides (1,2,4,5-tetroXac@mstain two peroxy groups in a six membered
heterocycle and they are readily formed by acidigaéd oxidation of carbonyl compounds with
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hydrogen peroxide. Carbonyl oxide dimers are atsmaluo describe these compounds since they can be
generated by dimerization of a carbonyl oxide imediate derived from ozonolysis of olefins [1-3].

Thermolysis of tetroxanes derived from cycloalkae®rinds industrial use in the production of
macrocyclic hydrocarbons and lactones [4-6]. Teir®s are capable of initiating polymerization of
olefins and their utility as high temperature imitirs is under examination [7]. More recently,
tetroxanes have been found to posses an impremsivealarial activity [8]. As a result of an appaire
association between the peroxide functional grough @ntimalarial activity, a substantial effort has
been devoted to developing new peroxide antimadai@l10].

In this article, we report the experimental deteraion of the enthalpy of formation of the
diperoxide of ciclohexanone (DPCH) (Figure 1), sitlsis compound posses antimalarial activity, as
well as the theoretical results calculated fromisempirical andab-initio Hartree-Fock methods.

Figure 1. Structure of DPCH.

2. Results and Discussion
2.1. Experimental enthalpy of formation

Table 1 gives the results for a typical combuseaperiment on compound DPCH. Table 2 gives
the standard molar energy and enthalpy of comhustial formation of diperoxide of ciclohexanone,
in the crystalline state at T = 298.15 K, and iresponds to the chemical reaction:

Ci,H,0,(c) +150,(g) - 12C0O,(g) +10H,0(1) 1)

The uncertainties of the standard molar energpus fimes the final overall standard deviation of
the mean and they were estimated as outlined bgtstal methods. Vapor pressure was determined at
different temperatures and the enthalpy of sublonatvas calculated as pointed out before.

The standard molar enthalpies of formation for botstalline and gaseous states of the DPCH at
T = 298.15 K are also given in Table 2. No comlmrstnthalpy and enthalpy of sublimation have
been found in the standard literature for compargarposes.
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Table 1 Results from typical combustion experiments &. 29 K.

1 2 3 4 5 6 7 8
MoppcH/g 0.0008 0.0005 0.0010 0.0026 0.0016 0.0006 0.0007 0014.
Mgelg 0.0383 0.0405 0.0391 0.0363 0.0385 0.0385 0.0414 041@.
Med/g 0.0092 0.0093 0.0096 0.0083 0.0087 0.0075 0.0112 0176.
AT/K 0.05620 0.056515 0.05604  0.05514 0.05599 0.05315 0.05923 0.06408
(mwater+ E)AT/\J
a 809.1952 840.8873 833.7457 820.4288 833.1059 79D6.7881.2692 953.4474

mgelAUgel/Jb 698.4167 738.5346 713.0051 661.945B02.0635 702.0635754.9463 754.9463
Mee AUre/J° 85.8389 86.7720 89.5711 77.4417 81.1738 69.9774 .43908 164.2136

AU/ 31174.64131162.11831169.62431169.80831167.72931173.66031176.0331170.256

AHJkd/mol 711527 -7112.38 -7114.10 -7114.14 -7113.68 -TIA5.-7115.56 -7114.26

a‘n']water:27009
bAUge|(heat of combustion of gelatine capsules)=1823812 joule/g

‘AUg.(heat of combustion of iron wire)=9330:8293 joule/g
AU, standard specific heats of combustion

2.2. Theoretical calculation of the enthalpy ofmf@tion

In the case of the diperoxide of ciclohexanone stiitable isodesmic chemical reaction, is:

2 CHs-O-O-CH; (DMP)(g) + 2 GH12 (CH)(g) — DPCH (g) + 4 CH(g) (2)

The calculation were computed at the semiempiriahl,initio and Functional Density Theory
(DFT), with corrections for zero-point energies aliiferences irH°298 -H°0.

In order to calculate enthalpy values at 298 K,difference between the enthalpy at temperature T
and 0 K can be evaluated according to standarchtttgmamics.The sum of electronic and enthalpies
energies at 298 K at the Hartree Fock level udiregsemiempiricalab initio and Functional Density
Theory (DFT) procedures with different basis setsthe studied compounds, are also collected in
Table 3. We have resorted to the semiempiricalutations at the AM1 and PM3 levels since it is well
know that in these procedures a suitable adjustofethie elements of the F matrix is used to brhmgy t
calculated results into the best possible agreematit standard thermochemical results, largely
enthalpy of formation [11]. Semiempirical methodsee|AM1 [12] and PM3 [13-15] provide a quite
effective compromise between the accuracy of tealt® and the expense of computer time required.
A calculation performed with AM1 and PM3 is ablertdlect the experiment as effectively asamn
initio calculation using a small basis set [16].

The heats of formation calculated through isodeseaction (2) are given in Table 4. The analysis
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of theoretical results show thab initio procedures yield better results than semiempinoaihods.
Besides, the best agreement am among experimextgabdd theoretical predictions happens for the 3-

21G basis set.

Table 2 Summary of experimental specific heats of combosind standard molar

thermodynamic function of DPCH at T = 298.15 K.

AU, (c)? -AH () -AH{ (c)f -AHY (g)°

Experience N° joule/mol kJ/mol kJ/mol kJ/mol
1 31174.641 -7115.27 -465.18 -402.84
2 31162.118 -7112.38 -468.02 -405.68
3 31169.624 -7114.10 -466.31 -403.97
4 31169.808 -7114.14 -466.26 -403.93
5 31167.729 -7113.68 -466.73 -404.38
6 31173.660 -7115.02 -465.39 -403.04
7 31176.030 -7115.56 -464.84 -402.50
8 31170.256 -7114.26 -466.18 -403.84

Average

value 31170.483 -7114.31 -466.10 -403.76
Standard
deviation 1.057055 0.241008 0.241008 0.241008

@Standard molar heat of combustion

®Standard enthalpy of combustion

¢Standard enthalpy of formation in crystalline state

dStandard enthalpy of formation in gas phase obdafiren the sublimation molar
enthalpy AHs =62.3 kJ/mol)

Table 3 Calculated electronic energy and heat of reagtioRlartree units).

-(g, +H,, ) [kI/mol]
AM1 PM3 RHF RHF B3LYP B3LYP
3-21G 6-31G 3-21G 6-31G
DPCH -560.73 -524.10 1997480.22007620.97 2010027.54 2020385.03
CH, -89.49  -74.38 104823.31 105358.23 105682.13 108P31
CH -307.08 -325.32 611026.75 614161.77 615492.778683.31
CH;OOCH, -128.30 -85.63 597260.18 600286.20 600769.65 60388
AHP® -47.91 0.28355 201.83 157.97 231.20 182.54

#Sum of electronic and thermal enthalpies at semigrapand Hartree Foclb initio
techniques with different basis sets levels;

®Heat of reaction obtained with semiempirical andtté® Fockab initio techniques at
different basis sets level&H, = Z (EO +H, )productS - Z (é’o +H Corr)

reactants
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Table 4. Enthalpy of formation of DPCH.

AH°(g)? k3 mol™

RHF RHF | B3LYP | B3LYP
3-21G 6-31G | 3-21G | 6-31G

-170.280  -200.20 -402.30| -358.17 -431.40 -382.74

AM1 PM3

@Standard enthalpy of formation in gas phase aHtiméree Foclab
initio technique levels and with different basis set.

3. Experimental Section
3.1. Material

Diperoxide of ciclohexanone (DPCH) was prepared@ndied as described elsewhere [17].
3.2. Thermochemical measurements

The measurement of the heat of combustion of dii@eoof ciclohexanone was made with an
isoperibol macrocalorimeter fitted with a stirredter bath. The substance was burned in oxygersat p
25atm.. The current of ignition was determined ¢o2bAmp. The heat capacity of the calorimeter (E)
was determined with a standard reference sampleentoic acid (Sample SRM 39i, NIST) for all
experiments. E was measured to be (856.17 + 1l4.cCEhe crystalline compounds were pressed into
gelatine capsules of massed x 10° g. The reduction of the data to standard conditimas made
through conventional procedures [18]. The atomiégims used were those recommended by the
IUPAC Commission [19,20].

The vapor pressures as a function of temperatuBPa@H were measured by a mercury manometer
through a Bodestein differential equipment and ehéhalpy of sublimation was deduced from the
temperature dependence of the vapor pressuress{@aGlapeyron equation).

3.3. Theoretical calculations

Among the most important purposes of the caloriimetiudies is to find out the molecular energy
of a set of structurally and functionally relatedletules in order to establish the corresponding
structure-activity relationships and to be ablaligcuss the main electronic features determinirg th
chemical reactivity.

It is well known that in order to make theoreticalculations of molecular enthalpy of formation it
is necessary to find suitable isodesmic chemicattrens to optimizehe corresponding molecular
structure and to perform the frequency calculatidresn the optimized equilibrium molecular
geometries applying the corresponding theoreticathiod to obtain the total electronic energy at 298
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K. Here we have chosen the Gaussian 94 packaged2igrform the theoretical calculations at the
semiempirical andb initio levels.

When one tries to get the equilibrium molecularrgeties, it is necessary to localize the absolute
minimum at the potential energy hypersurface, wiéchot a trivial task. The optimization procedure
is complete when the numerical process convergesyhen the forces are null and all the vibrationa
frequencies are real.

4. Conclusions

We have reported a rather simple and accurate énemgerimental method to determine the
enthalpy of formation of the title compound and Wwave complemented it with the theoretical
calculation of the property under study via semiiitgl, ab initio Molecular Orbital methods and
DFT procedures. The theoretical value of the epthaf formation of diperoxide of ciclohexanone, -
95.52 kcal mof, evaluated at the Hartree Fock at the 3-21 G Isasikevel, is in very good agreement
with the experimental value, -96.50 kcal folThis methodology consisting in the experimental
determination of the thermochemical property amsdciomplementation with theoretical procedures
represents a quite sensible way to study similamexderivatives molecules and at present further
studies along this line are under development.
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