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HANDRICK METHOD APPLIED TO ISOBUTYL PHENYL
ACETONITRILE DERIVATIVES

Viorica Meltzer+*, Elena Pincu and Gabriela Cristescu

Heat of combustion for a series of isobutyl phenyl acetonitrile derivatives are
calculated using Handrick method. The literature experimental results were compared with
theoretical data obtained from Handrick group contribution method. For all six isobutyl phenyl
acetonitrile derivatives, calculated and measured heat of combustion differ only + 0,14 % on
average

Introduction

The heat of combustion can be calculated from empirical equations and group contribution
methods [1,2]. Often, the empirical equations are in conflict with experimental data. The
group contribution takes into account the compound structures and gives good results with
experimental data [3]. One of these group contribution methods is Handrick method, which
is property for complex structures of organic compounds with different aggregation states.

In this paper heat of combustion for a series of isobutyl phenyl acetonitrile derivatives are
calculated using Handrick method.

The heat of combustion was definited for the relation:
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The number of oxygen atoms required:
x:2(a+f)—q+(b_e) )
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is called the molar oxygen balance. The basic tenet of the method is that the heat of
combustion is a linear function of x, that is:
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—AcHSgg =X a+x2b' 3)

where ¢ and b are tabulated for a large number of structural groups.

Results and discussion

LELI B The structure of isobutyl phenyl acetonitrile derivatives

no. Name Structure Molecular weight
H

Ol

1 Isobutyl phenyl acetonitrile 173,26
H,C—C—CH,

2 Methyl isobutyl phenyl acetonitrile ‘ 187,29

@*C*CEN
3 Ethyl isobutyl phenyl acetonitrile 201,31

H,C—CH;—CH,

< :F C—C=N
4 n-propyl isobutyl phenyl acetonitrile ‘ 215,34

H,C—C—CH,
CH,
H,C—CH;—CH;—CH,

@C*CEN
5 n-butyl isobutyl phenyl acetonitrile 229,37

HC—CH;—CH,

6  sec-butyl isobutyl phenyl acetonitrile QCCN 229,37

H,C—C—CH,

CH,

A lot of experimental results allowed choosing the models of calculus for different organic
compounds.
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The structures and molecular weight of isobutyl phenyl acetonitrile derivatives are
presented in Table 1.

Experimental data [4] was compared with theoretical data obtained from group contribution
by Handrick method, which is much more appropriate for the structure of studied
compounds.

For all six compounds, the following groups contributed to establish the heat of combustion:

- n-paraffin;

- branched paraffin;
- benzene;

- nitrile.

for which a and b’ involved in equation (3) are given in Table 2.
LEL) ) Coefficient of equations for heat of combustion

Functional group a b
n-paraffin +5,7 +52,08
branched paraffin -3,7 +0,09
benzene -10,1 +0,07
nitrile +93 -0,01

Calculated and also experimental values for heat of combustion are shown in Table 3.
LE1N K] Calculated and experimental values for heat of combustion

0 -1 .
Compound  x (rel. 2) A H™ (keal-mol ) AcH(e)xp B AcH?h Rclfm;c error
Experimental [4]  Theoretical ’

63

1 By 1647,02 1646,45 0,57 0,035
69

2 7 1804,80 1803,14 1,66 0,092
75

3 EY 1962,20 1959,83 2,37 0,121
81

4 7 2119,62 2116,52 3,10 0,146
87

5 By 2277,02 227321 3,81 0,168
87

6 By 2279,30 227321 6,09 0,268

General structure of isobutyl phenyl acetonitrile derivatives is presented bellow:
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R

Qc C=N

H,C—C—CH,

CH,
were R = H, CH3, C2H5, C3H7, l’l-C4H9, sec- C4H9.
Dependence A H = ACH(n aiy ), with ncy, the number of CH, group from R, for

experimental and theoretical values are shown in Fig. 1.
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In both cases it is obviously a linear dependence described by the following equations:

> experimental A.H° =1646.89+157.75- ey, “)

> theoretical ~ A.H® =1646.45+156.69-n,, (5)

Conclusions

The theoretical data should correlate well with measured heat of combustion. In fact,
calculated and measured heat of combustion differ by only £ 0.14 % on average.

Relative error increase with increase of number of — CH, — groups from R radical.

Handrick method not allowed differentiation between heat of combustion values of normal
and secondary R.
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For isobutyl phenyl acetonitrile derivatives heat of combustion can be calculated with
equation (4) or (5). The differences between experimental and theoretical values of heat of
combustion are in the range of error admissible in thermochemistry.
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