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SOME PHYSICAL AND THERMODYNAMIC PROPERTIES OF n—CF2,3,2 COMPOUNDS WITH

n=4-8

M. CAMPOS-VALLETTE”
G. DIAZ F.**

ABSTRACT

Thermodynamic constants (C,, Cp and 7;) and physical properties (BT, o, B5 and v) of the n—Cp,F 5,15 compounds with
n=4 to 8 were evaluted and estimated from correlations. The values are compared with those obtained for the corresponding

mnlecules in the n—CyH o

10l +7 series and the results were found to be consistent with the published experimental data. The
liquid structure or n—perﬁuorated compounds is discussed on the basis of these data.

INTRODUCTION

Physical and thermodynamic properties
of n-—alkanes have been a topic of
extensive studies for a long time and
are well documented in the literature.
However, few works have dealt with
the corresponding n—perfluoro com-
pounds and the existing data is scatte-
red in different sources /1-4/.

In this work, physical and thermo-
dynamic constants for the n—CF
on+2 series, with n = 4 to 8, are repor-
ted and a comparison with the values
for the corresponding n—paraffins is
attempted.

Values for the heat capacity at cons-
tant volume and pressure Cy and C,,
the internal pressure 7, the isothermal
compressibility, fT, the expansion coef-
ficient, «, the adiabatic compressibili-
ty, Bg, and the velocity of sound, v
are proposed.

Correlations from the obtained expe-
rimental data in conjuction with the
statistical model of liquids recently
developed by Chandler et al. /5/ are
used to gain some insight on the liquid
structure of the n—perfluorated com-
pounds.

CALCULATIONS

The m; value can be determined
experimentally from the relationship
(dP/aT)y/6/ or calculated from «
and T through eq. 1.

) _,a\T (1)
m+p=( ﬁT)
where a = (1/V) (aV/aT)p and B; =
— (1/V) (8V/oP)T. Under standart con-

ditions P is far lower than m, therefo-

re, in such conditions may be neglec-
ted, Since the thermal compressibility

coefficients are not available they
be obtained from.
Bt/Bs = Cp/Cy (2)

with  Cp/Cy = (@ TMV2/Cp) +1 (3)
Q)

where M is the molecular weight and d
the density.

and B = 1/v2d

RESULTS

The expansion coefficients for the
n—perfluoroalkanes in C4 to C7 were
calculated by differentiating the density
respect to the temperature. (2, 7-12).

The graph of a versus the number
of carbon atoms for the n—perfluoroal-
kanes shows the same type of curve
than that observed for the correspon-
ding n—alkanes(13) (Fig. 1); the «
value for n—CgF{g may then be ob-
tained by extrapolation,

Some measurements of the velo-
city of sound have been published
for n-CgFj» and n—CgFy4 below
273 K9 and for n—C7F g between
293 K and 333 K(14)_ Considering that
v for most non-associated liquids is

a linear function of the temperature(14)
it is possible to calculate v at 298 K.
The velocity of sound for, n—CgF;g
and n—C4F( have been obtained by
extraplating the curve obtained by
plotting v versus molecular weight
at room temperature (Fig. 2).

The adiabatic compressibility for n—
perfluoroalkanes and the corresponding
n—paraffins was calculated at 298
K through eq. 4. With these values and
those reported BT (6,15) B1/B ratio of
1.3 for the n—alkanes from Cg to Cg
was obtained. This ratio was used to
calculate fr for n—C4H{g which had
not been published yet,

The above results for the n—per-
fluoroalkanes and their corresponding
n—paraffins at 298 K are collected in
Table 1.

The £ values proposed in this work
have also been consiered to calculate
ft for C4 and Cg n—perfluorated com-
pounds (not published at present),
through the ratio Cp/C'v (Eq. 2).

The experimental heat capacities at
constant pressure for the Cg and Cg
n—perfluorated molecules 17? and for
the Cg5 to Cg n—alkanes(18) are shown
in Table II. The C, values for n—Csg
Fi7 and n—CyF;g were interpolated
(Fig. 3); the C, data for n—C4Fq
has been calcufated by SARGENT
et aliil19). The C,, value for n-C4H;q
was obtained by extrapolating the cur-
ve corresponding to n—alkanes (Fig. 3).

An approximate Cp/CV ratio of 1.32
at 293 K was obtained for the n—C,F
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42 (with n = 4 to 8) series by inser-
ting in eq. 3 the values of C,, @ and v
proposed in this work. The 1sothermal
compressibility, S, was then obtained
through eq. 2 as a function of the f; va-
lues reported above. The S data are
shown in Table I and compared with
the data available.

Internal pressure data has been re-
ported for n—CsF14(10), n—CgF4(21)
and n—C7F16(5225; for the n—C4Fqq
there is only one determination at
260 K(7). No value has been published
for n—CgF1g. The m ; values at 298
K for the n-perfluoroalkanes were
calculated with « and 81 data proposed
in the present work, For the n—paraf-
fins in C5, C7 and Cg, the internal
pressure was determined from measu-
rements of volume at differnt pressures
and temperatures taken from the
literature(6), The evaluated constants
are shown in Table IIl and compared
with reported data.

DISCUSSiON

A. Physical constants.

The similatity between plots of «
versus the number of carbon atoms for
the n-—perfluorated and n-—alkanes
compounds (Fig. 1) indicate that the
best « values calculated for n—C5Fpo
and n—CgFy4 are those found from
density data in references 8, 9 and 2
respectively.

The compressibilities of the n—per-
fluorated liquids are found to be twice
larger than those corresponding to
n—alkanes, Table I. In both series
of molecules § decreases proportionally
as the number of carbon atoms increases

For the n—alkanes and the n—per-
fluorated compounds the absolute vis-
cosity, n is about three time smaller
than that corresponding to the n—per-
fluoroalkanes(3> 9, 14), However, the
viscosity of the n-—perfluorate com-
pounds is very sensitive to temperatu-
re and decreases as the temperature
increases\-»

The velocity of sound in liquids
is proportional to 0—9 where o is
the mean distance between particles
at a given temperature 16). The ob-
served v values for the n-—alkanes are
approximatively twice larger than the
n—perfluoroalkanes (Table I). A low
sound velocity derives from a weak
intermolecular interaction potential,
a characteristic feature of perfluorocar-
bons.

The observed correlations of the
different parameters studied here for
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both series of molecules agree well
with reported data(9, 21,22

From the above results, the calcula-
ted constants for the n—perfluoroalka-
nes are consistent with the existence
of numerous large-size cavities in
the liquid state. A similar conclusion
has been obtained from NMR studies
in analogous systems(24). The existence
of the cavities may explain the ability
of these .compounds for dissolving
gases. On the other hand, the F.._.F
intermolecular repulsion must make
the interactions between the n—perfluo-
rated molecules weaker than those
existing in n—alkanes and this behaviour
is clearly seen from the calculated
pysical constants,

The above conclusions agree with
Chandler’s view that the structure
of non associated nonpolar liquids
mainly de(pends on the shpae of their
molecules(*

B. Thermodynamical constants.

The hight value for the C,/C,
ratio of n—C4F (g is probably due to
the uncertatinty in velocity of sound
obtained by extrapolation or by the
calculated C, value(19). The publised
heat capacity for n—C7F16(2 ) does
not follow the tendency observed here.
Fig. 2 and Table L.

The calculated internal pressures
shown in Table IIl agree well with
the reported experimental data. In ge-
neral for normal liquids the m; decreases
as the temperature increases, so the
n—C4H18 m; value obtained by extra-
polation ) "is not consistent with
the above results.

In particular it is interesting to com-
pare m; of this work with the ratio
(AH| — AHg)AV| deduced(2) from
Chandler’s theoretical considerations.
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FIGURE 1
Expansion coefficient vs, number of carbon atoms at 298 K. The point on the
discontinuous line is the extrapolated value
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Velocity of sound, v, versus molecular weights for n—perfluoroalkanes at 298 K.

FIGURE 2

The points on the discontinuous line are the extrapolated values.
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FIGURE 3

Heat capacity at constant pressure, C,, vs. carbon atoms. The points on the
discontinuous line are the interpolated or extrapolated values. X at 293 K and

0 at 290 K.
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TABLE I. Some physical properties of n—perfluoralkanes and n—paraffins at 298 K.
od ¥b 380 BCT nd of v By Bt B/ nf
n—C4F10  236/8/ 410 410 542 1.17°  n-—C4Hj9 1.71 964/14/ 19 247 130 025
n—CsF12  206/9/ 440 322 425 n—CsHyp 145 1052/16/ 147 18 123 034
4.18/9/  1.27/9/ 18/6] 122
n—CgF1q 1.88/2/ 480 260 343 n—CgHyg4 130 1113/16/ 124 161/15/ 130 045
3.32/21) 1.51/9/
n—C7Fjg 1.75/12/ 557 186 246 n—C7Hjg 121 1165/16/ 109 1.42/15/ 131 069
234/22/  2.0/3/
n—CgF1g 16 650 134 177 30° n-CgHyg 1.1 1238/16/ 094 1.19/15/ 127 098
a Thermal expansion coefficient (x10—3deg.—1).
b Velocity of sound (m.sec—1).
c,c’ Adiabatic and isothermal compressibility coefficients (x10—4 atm—1).
d Viscosity (cp.) at 253 K.
e Extrapolated values.
f Reference /13/.
TABLE II. Heat capacity of n—perfluoroalkanes and n—paraffins.
n—CqFj9 n—CsFy n—CeF14 n_C7F1¢ n—CgF1g
Cp(liQ? 304 (293K)/19/  45.0(293K) 61 (293K)/17/  943(293 K)/20/ 93 (293 K)/17/
77.0 (293 K)
57.4 (273 K)
59.3 (273 K)/9/
CplCy (293K) 1,5 19/ 1.4 1,3 13 13
n—C4Hj0 n—CsHjp n—CeHy4 n—C7H16 n—CgH;g
¢ (liq)b (290K) 32.3¢ 39.34 46 07 53.04 5998
a cal. mole—1K—1.
b 18
c extrapolated value
TABLE 111, Internal pressure of n-perfluoroalkanes and n-paraffins.
a/‘fli‘ m; cale b mj (ref) a/ft mij calc. 7y (ref).
n—C4Fjp 7.73(258K)  2000(258 K) 2274 (260K)/7/ n—C4Hjp  6.92(298K) 2063 (298 K) 1880 (260K)/7/
4.50 (298 K) 1341 (298 K)
n—CsH|, 757 (293K) 2220 (293K) 2120 (300K)/10/
n—CsFp 5.0 (298 K) 1490 (298 K) 1390 (300 K)/10/ 2200 (298K)
n—-CgF14 5.65 (298 K) 1683 (298 K) n—CgH4 8.12 (293 K) 2379 (293 K) 2285 123/
5.89 (303 K)/21/ 1784 (303 K)/21/ 8.0 (298 K)/21/ 2383 (298K)/21/
'n—C7F1g  735(298K) 2190 (298 K) n-C7Hjg  84(293K) 2461 (293 K)
746 (295 K)/22/ 2200 (293 K)/22/ 8.1 (293 K) 2361 (293K) 2980 (298K)
6.97 (300 K)/22/
n—CgHjg  8.72(293K) 2568 (293K) 2452 (293 K)
n—CgFjg  93(298K) 2771 (298 K)
} a atm, deg. —1.
b atm,
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RESUMO

As propriedades fisicas (BT, o, B e v) eas constantes termodindmicas (Cy, Cpe ;) dos compostos n—CpF o, 1 5 com n=4 até 8

foram avaliadas e estimadas a partir de correlacdes. Os valores s@do comparados com aqueles obtidos para as moléculas corres-
pondentes nas séries n—CyFo,, > e os resultados encontrados sdo consistentes com 0s dados experimentals da literatura,
A estrutura liguida dos compostos n—perfluorados é discutida com base nesses dados.

REED, T.M. Fluorine Chemistry, New
York, Academic, 1964. v. 5.
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