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ABSTRACT
The frequencies assigned to the longitudinal acoustic

mode for the n-C4F o, n-C¢F 4 and n-CgF g trans confor-
mers allow to obtain a better dispersion curve for the n-per-
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fluoroalkanes, this information may be used in the struc-
tural study of polymers.

The longitudinal acoustic mode (LAM) of molecular

chains is observed in the Raman spectrum. An extended



molecular carbon chain may be approximately described
by a continuous rod! where the frequency v of its longi-
tudinal motion is given by

v =50 Ed)? )

in which E is the Young’s elastic modulus associated to
the internal compressibility of the rod, d the density, L
the length and m the vibration order with odd integer
values according to the Raman selection rules. LAM fre-
quency depends on chain length, therefore the above re-
lation is used in the study of polymers to determine E or
the length of the extended regular segments (TTT....T)
in the solid state. Nevertheless, the LAM frequencies can
be modified by coupling with other internal motions or
by the perturbations originated by masses and forces at
the ends of the chains?.

The LAM spectral region for n-C4F,q, n-C¢F ;4 and
n-CgF,g in the liquid and solid states are shown in Fig. 1;
the most intense bands have been assigned to longitudinal
acoustic modes®. Rabolt et al.* plotted v versus 1/n for
some n-perfluorated compounds from Cy to Cyqg; n is
the number of carbon atoms. The plot has been completed
with the frequencies measured in this work for the solid
state and with other published frequencies determined
only in the liquid state for n-CsF,, and n-C,F¢**
(Fig. 2).

The normal coordinate treatment carried out® has
shown that there is coupling between the rocking // (CF;),
the stretching (CC) and the LAM vibrations; this fact ex-
plains the difference between the experimental values and
those obtained by relation 1.

Figure 1 shows that the frequencies observed in the
liquid state are lower than the corresponding ones mea-
sured in the solid state; this shift may explain the separa-
tion of the LAM frequencies concerning the n-CsF,, and
n-C,F,¢ compounds from the experimental curve (Fig. 2).

The LAM frequencies for the perfluoro-n-alkanes in C4,
C¢ and Cg may also be placed on the experimental curve
v versus the phase angle, ¢. Fig. 3. These frequency values
allow to find out more precisely the non-linear portion of
that curve. The non-linear part is slightly differente from
that determined by Rabolt et al.%; to obtain the curve
they used frequencies which corresponds to vibrations with
numerous nodes (m # 1) and very weak intensities. The
difference between the non-linear parts of the curves pro-
bably arise from perturbative effects, principally as a con-
sequence of the total masses at the ends of the rods, as
noted by Krimm?.

The variation of the LAM bandwidth in the spectrum
of the melt state my be related to a conformational disor-
der. A muitiplet in the region of LAM frequencies was
observed for the n-alkanes®; the multiplet lines are assigned
to different rotational isomers in the liquid state. When
the length chains increase, the number of rotamers also
increase and the multiplete structure is replaced by a
broad band. For n-perfluoroalkanes shorter than n-C,F,

it has been concluded that different isomers do not exist .

in appreciable quantities in the melt state*; the LAM
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Fig. 1: Raman spectra of n-perfluoroalkanes in the frequency range
250to 80 cm™!.

a. liquid state.

b. solid state.
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Fig. 2: Inverse dependance of LAM frequencies on the number of
carbon atoms for the n-perfluoroalkanes.
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Fig. 3: Experimental (-—) and theoretical (----) dipersion curves

for the n-perfluoroalkanes. Qis the phase angle.
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bands of this compounds do not present multiplete structu-
re, which is consistent with spectra obtained in this work
(Fig. 1). However, the bandwidth modifications are in
agreement with the results which can expected only from
temperature effects and change of physical state. Further-
more, the spectral analysis for the n-perfluorated com-
pounds in C4, Cg and Cg demostrate that LAM vibrations
of their conformational isomers have different frequen-
cies®. This fact may explain the lack of multiplete structure
of the LAM band for the n-perfluoroalkanes shorter than
n-CyoFp.
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O uso de colunas capilares de vidro veio abrir uma nova
dimensdo nas separagdes cromatogrificas, conferindo um
grande desenvolvimento a cromatografia com fase gasosa
de alta resolu¢do (CGAR). Sua introdugio data de 1960,
quando Desty ef al' apresentaram a primeira versio
de um equipamento capaz de estirar automaticamente
longas extensdes de capilares de vidro. Outro marco na his-
toria desta técnica foi a elaboragdo de capilares de silica
fundida, material de alta pureza e grande flexibilidade,
o que facilitou sobremaneira o manuseio das colunas®?.

Uma discussdo detalhada das vantagens da cromatogra-
fia com fase gasosa de alta resolu¢do (CGAR) face a croma-
tografia com fase gasosa convencional (CG) pode ser en-
contrada em recente publicagao®. E certo contudo que a
expansdo da CGAR em escala comercial é fato recente,
devido as dificuldades de alta qualidade, e necessidade
de modificagdes mais ou menos extensas nos projetos ori-
ginais dos cromatografos. Resulta dai ndo ser o CGAR
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uma técnica jd estabelecida a nivel de livro texto, pois
mesmo as obras mais recentes vem sendo ultrapassadas
pela evolugdo rapida do conhecimento. Esta tendéncia
j& havia sido percebida por Berezkin et al* que através
de um levantamento bibliogrifico mostraram que o nd-
mero de publicagdes em CG estava assim distribuido:

NO publicagdes por assunto*

Assunto
1975 1980
Colunas capilares 13 29
Colunas empacotadas 6 4
Métodos 37 36
Andlise de impurezas 18 16

* Exclusive o J. High Resolut. Chromatogr. Chromatogr. Commun.
cujo volume 1 data de 1978.





