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ABSTRACT

The energy of combustion of perfluoro-2,7-dimethyloctane has been measured in a
rotating bomb calorimeter, A U°(l) = —3198.2+8.6 kJ mol~!. The enthalpy of formation,
A H°(l) has been obtzined by combination of the experimental data with the accepted values
for the enthalpies of formation of water, carbon dioxide and aqueous hydrofluoric acid.

INTRODUCTION

No experimental data are available for the standard enthalpies of forma-
tion of branched aliphatic fluorocarbons [1]. It is evident therefore that
experimental determination of A;H° values of these compounds would be
desirable. This paper reports the measurement of the standard combustion
energy of liquid perfluoro-2,7-dimethyloctane. The standard molar enthalpy
of formation of the liquid and gaseous substance has been derived using
these data.

EXPERIMENTAL
Materials

Perfluoro-2,7-dimethyloctane was prepared by condensation of perfluoro-
amyliodide in acetic anhydride at 95°C. The products were separated by
distillation. A pure sample of perfluoro-2,7-dimethyloctane was obtained by
rectification using a Perkin-Elmer rotary column. By chromatographic anal-
ysis the sample was shown to contain only 0.08 mol% C,F;;I. The total
content of impurities was found to be 0.14 and 0.08 mol% by the method of

* Dedicated to Professor Edgar F. Westrum, Jr., on the occasion of his 70th birthday and in
honour of his contribution to calorimetry.
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fractional melting in a microcalorimeter [2] and by using the melting
procedure in a Mettler differential scanning calorimeter, respectively.

Apparatus and procedure

The energy of combustion was determined using a rotating bomb calorim-
eter. The inner surfaces of the bomb body and the bomb head were lined
with platinum. The free volume of the empty bomb was 0.120 dm’. The
crucible, the oxygen-inlet tube and the electrodes of the electrical ignition
circuit were made of platinum. The bomb could be rotated axially and
end-over-end simultaneously, the power of rotation being 2.9 J min~'.
Details of the calorimetric apparatus and procedure have been given previ-
ously [3].

The temperature rise was measured by a copper resistance thermometer
(R=50 Q) and a bridge circuit [4]. The sensitivity of the temperature
measurements was + 5 X 107° K.

The energy equivalent € of the calorimeter was determined by combustion
of thermochemical standard benzoic acid, sample K-2, supplied by the
All-Union Scientific Research Institute of Metrology. The combustion en-
ergy of benzoic acid was equal to—26434.0+2.2 J g~! under certified
conditions at 298.15 K. The value of the energy equivalent, as adjusted to
the conditions when the bomb was empty, was 95136 + 18 J 2~ 1. The error
8 in € (as well as in A U° and A_H?°, see below) was calculated according to
the formula

&= to.os[ZAz/"(” - 1)]1/2

where n is the number of experiments.

Weighed amounts of the substance were sealed in terylene film bags. The
masses of the bags containing the liquid sample were checked within 2 h
before each combustion and were found to be constant up to 2xX107° g.
The bags were placed in a platinum crucible along with a known mass of
vaseline oil used as auxiliary material.

An appropriate amount (10 cm®) of water was added to the bomb. The
bomb was closed, flushed, and charged with purified oxygen to a pressure of
4.0 MPa. Provision for ignition was made with the aid of a terylene film
strip. The electrical energy of ignition (1.4-1.5 J) was measured by the
degree of discharge of the capacitor [5].

Rotation of the bomb was started 100 s after the ignition and continued
throughout the rest of the experiment. Correction for the heat of rotation
was excluded when calculating the heat-exchange correction [6].

After each run the combustion products were analysed for CO,, CF,, HF
and HNO,. The amount of CO, was determined by the Rossini method {7].
The total amount of HF and HNO, was found by titration with 0.8335 N
NaOH, HNO, was measured colorimetrically by reaction with phenol di-
sulphonic acid [8], HF was determined by subtraction of the other results.
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Further details of the analytical procedure have been described elsewhere
[9].

Qualitative tests for CO made with indicator tubes after three runs were
negative within the limits of their sensitivity (0.0001 mol%).

RESULTS AND DISCUSSION

The results of the combustion experiments are presented in Table 1. The
ratios of amounts of CO, and HF found by analyses to those calculated
from the sample mass are also given in this table. Since the initial tempera-
ture in all experiments was very close to 298.15 K, €’ was approximately
equal to € +¢' (cont), and €'R_,,, was just AUz, (AU for the isothermal
bomb process) at 298.15 K [10].

The energy of combustion of terylene film, A U°/M = —229279+6.3]
g~ !, that of vaseline oil, AU°/M = —459332+10.5 J g™, the resulting
ratio of the mass of carbon dioxide to that of the film = 2.2897 + 0.0006 and
to oil = 3.1650 + 0.0011 were measured previously [11]. The amount of CF,
was calculated in each run from the mass of the sample and amount of CO,
found, as well as from the mass of the sample and amount of HF found. The
results of the two methods agree within experimental error (see Table 1), but
the first method was assessed as being more accurate and was used for the
calculation of A U°/M. The energy of the CF, hydrolysis producing CO,(g)
and HF - 20H,0 was taken from ref. 12 as AU°= —173.1 + 1.3 kJ mol ™"

No organofluorine compounds other than CF, were detected by mass-
spectrometric analysis made after four runs.

The energy correction to standard states was made according to the
procedure described by Good and Scott [13]. The solubility and the dissolu-
tion energy of CO, in HF solution were taken from ref. 14, and the energies
of dilution of HF solutions from ref. 15.

The correction for C,FI in the sample to the A U°/M value was
estimated to be about —1 J g~ .

The standard energy and enthalpy of combustion, as well as the A, H®
values derived for the liquid and gaseous states, are listed in Table 2. The
values of A U° and A_H° refer to the reaction

C,oFy(l) + 410, (g) + 11H,0(1) + aq.
= 10CO, (g) + 22HF(soln., HF - 20H,0)

The molar mass of C, F,,(M = 538.0748) was calculated using the table
recommended by IUPAC [16]. The following key values were used in the
calculations [17]

A H°(CO,, g) = —(393.51 + 0.13) kJ mol~"
A H°(H,0, 1) = —(285.830 + 0.042) kJ mol "
AH°(F~, aq.) = —(335.35 + 0.65) kJ mol
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TABLE 2

Results and derived quantities for C,F,, at 298.15 K

AU A.H() AcH() A H® AcH(g)
(kJ mol™1) (kJ mol™ 1) (kJ mol™1) (kJ mol™1) (kJ mol™1)
—3198.2+8.6 —3184.6 £ 8.6 —4687.9+8.7 488+1.1° 4639.1+8.8

* Estimated value.

The enthalpy of vaporization of perfluoro-2,7-dimethyloctane, A H°(298) =
—48.8 + 1.1 kJ mol ™!, was estimated using group contributions from ref. 18.
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