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Rotational Isomers of n-Pentane
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The n-pentane molecule has three possible rota-
tional isomers, TT (trans-trans), TG (trans-gauche)
and GG(gauche-gauche). It was reported by
Mizushima et al.1) and Sheppard et al.2) that in
the solid state only the TT form exists and in the
liquid state the TT and TG forms coexists. Theoret-

Fig. 1. Infrared spectra of n-pentane.

Curve A: liquid at room temperature, thick-
ness 4mm.

Curve B: solid at liquid nitrogen temperature.
The spectra were measured by a Hitachi FIS-1

spectrometer.
The vertical lines show the frequencies of Raman

lines.

ical considerations1,3,4) forecast the stability of the

GG form. However, no experimental evidence has

been reported as yet. We have recently measured

the far infrared spectra of n-pentane in the liquid

and solid states and succeeded in finding a band

due to the GG form.

In Fig. 1 the spectra in the region 500-100cm-1

are shown. The solid state spectrum shows only the

Fig. 2. Infrared spectra of n-pentane at various
temperatures.
The measurements were made by a Hitachi EPI-
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TABLE 1. OBSERVED AND CALCULATED FREQUENCIES

OF n-PENTANE IN CM-1

* This band is weak and the frequency somewhat

deviates from what calculated for the TT form.
This band may be ascribed to the impurity
band.

bands of the TT form. In the liquid state new bands

appear. The details of the spectra in the region

600-300cm-1 are shown in Fig. 2. In the liquid

state at -90℃ the bands at 470, 386 and 334cm-1

appear in addition to the 400cm-1 band of the
TT form. The 470 and 334cm-1 bands are assigned
to the TG form, since they are in agreement with
the frequencies of the TG form calculated from
the force constants of propane (see Table 1).5) The
TG form does not have any calculated frequencies
near 386cm-1. The intensity of the 386cm-1 band
increases far more largely than the 470 and 334cm-1
bands at higher temperatures as shown in Fig. 2
Furthermore, the observed frequency, 386cm-1, cor-
responds very well to the value, 395cm-1, calculated
for the GG form. Accordingly, this band is assigned
to the GG form. The intensity increase in the ab-
sorption of the 386cm-1 GG band at higher tem-
perature shows that the GG form is less stable than
the TG form. The energy difference between the
two forms could not be accurately obtained, since
the 386cm-1 band has a shoulder due to the TT band
at 400cm-1. All the observed bands shown in Fig.
2 are assigned to the TT, TG, and GG forms as
shown in Table 1. The bands due to the GG' form
could not be found.

After this work was finished Snyder6) proved exist-
ence of the GG form from the CH2 wagging vibra-
tions. The conclusion is in agreement with ours.

5) A. Tomonaga and T. Shimanouchi, to be pub-
lished. 6) R. G. Snyder, private communication.


