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Abstract High resolution 1H and

(pivalic) acids have been studied at different
temperatures. A sharp decrease in the chemical
shift of the carboxyl proton and hysteresis of
chemical shift have been found for triethylace-
tic acid at the liquid-solid phase transition.
A new line at 5.3 ppm has been observed for
both acids in the brittle crystal phase and
assigned to the signal of the non-hydrogen-
bonded carboxyl proton. The difference of expe-
rimental data for the studied acids indicates,
that triethylacetic acid does not exist in the

plastic crystal phass.

The plastic crystal phase is normally found in
the case of bulky molecular systems,'| for which the
entropy of fusion is very small. Trimethylacetic acid
(TA) is one of the most studied plastic crystals, and

it is particularly suitable for high resolution NMR
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2-6 The absence of high resolution Ty

experiments.
NMR lines for other aliphatic derivatives of acetic
acid less bulky than TA has been Fuund.7 The changes
in the NMR spectra at the liquid-sclid phase transi-
tion of the carboxylic acids more bulky than TA have
not been studied. The present paper investigates the
temperature dependence of the high resoclution 1H and
13¢ NMR spectra of triethylacetic acid (TE) and
compares this with the analogous data for TA.

The spectra were recorded at 90.02 MHz (1H)
and 22.64 MHz (13C) on a fourier transform Bruker
CXP 100 spectrometer; experimental details were the
same as in Ref.6,8. Commercially obtained TE (99 %)
was purified additionally by vacuum sublimation and
azeotropic distillation. Monocrystals grown in a
vacuum at 0.1 mm Hg were used in preparing the spect-
ral samples. The same TA as in Ref.6 was used for
the continued 'H NMR study.®

Figure 1 presents the 1H NMR spectra of TE at
different temperatures as well as the temperature
dependence of the chemical shifts of carboxyl proton
and carbonyl carbon., The existence of narrow 1H and
13C NMR lines has been found for TE in the solid
phase (Fig.1a). The line-widths vary from about
30 Hz to 80 Hz with the temperature change. While
the change in the spectra of TE at the liguid-solid
phase transition is very similar to that found for
the odd-carbon fatty carboxylic acids,8 it is very
different from the case of TA (Fig.2). A comparison
of the temperature dependences of the chemical shift
of the carboxyl proton of TE (Fig.1b) and of TA
(Fig.2b) indicates, that the character of phase

transition at the melting point for TE is similar to
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FIGURE 1. The 'H NMR spectra (a) of TE (T,=312 K) at:
(1) 315, (2) 295, (3) 284, (4) 273, (5) 250 K, and

(b) the chemical shifts of carboxyl proton and carbo-

nyl carbon as a function of decreasing (1) and incre-
asing (2) temperature (A-B - supercooled liquid). The
spectra are recorded after accumulation of 10 - 500

transiets at the same height of the highest peak.
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FIGURE 2. The 'H NMR spectra (a) of TA (T_=309.6 K,
Tt=280 K) at: (1) 327, (2) 309, (3) 300, (4) 295,
(5) 265, (6) 240, (7) 225 K, and (b) chemical shift
of carboxyl proton as a function of decreasing (1)
and increasing (2) temperature; (3) the chemical
shifts of the cyclic dimers.9 The spectra are recor-
ded after accumulation of 10 - 500 transiets at the
same height of the highest peak.
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the plastic-brittle crystal phase transition of TA
at Tt. Consequently, TE, unlike TA, does not show a
plastic crystal phase.

A sharp decrease in the chemical shift of the
carboxyl proton of TE at T<T_ (Fig.1b) and of TA
at T< Tt (Fig.2b), and the hysteresis of chemical
shift have been found. A new line at 5.3 ppm, which
is absent in the spectra of liquid TE and TA, has
been observed (Fig.la and 2a). As the temperature
decreases, the intensity of this line increases
while the intensity of the carboxyl proton line
decreases correspondingly. This fact allows the
assignment of that line to the carboxyl proton. This
conclusion accords with the absence of such a line
for deuterated TA ((CH3)3CCDUD, 99.3 %). The chemi-
cal shift of the observed line is comparable with
the value of the chemical shift of the monomers
5.2+0.6 ppm calculated from the concentration depen-
dences of TA in cyclohexane.9 While it is likely
that this line is due to the presence of monomers,
it may also be explained as being the signal of the
end-proton of the carboxyl group of the open-chain
polymers, the chemical shift of which is expected
to be the same as for the monomers.

The 1H NMR lines of the ethyl group of TE at
the liquid-solid phase transition show no sudden
change but only broadening (Fig.l1a). Extensive
broadening is found for the methyl line of TA at the
liquid-plastic crystal phase transition and narrowe-
ring is observed at the plastic-brittle crystal phase
transition (Fig.2a).

The high resolution 13C NMR spectra of solid TE

have been observed in a narrower temperature range
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than the proton, because of extensive intensity
decreases. The character of temperature dependence
of the chemical shift of the carbonyl carbon of TE
(Fig.1b) is different from the analogous one for the
carboxyl protaon. No change in the chemical shift of
the ethyl carbons of TE, only broadening of the lines
to about 80 Hz, has been observed at the phase tran-
sition. These facts are essentially different from
the results for TA.6

The obtained experimental high resolution NMR
data for the studied acids at the phase transitions

indicate the great potential of NMR for such studies.
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