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It is argued that diﬀerences between homo- and heterochiral dimers of the title compound in the
gas phase cannot be responsible for the diﬀerent sublimation behaviour of racemic and
enantiomerically pure crystals near room temperature.
In a recent publication in this journal,1 a detailed quantumchemical study of a-(triﬂuoromethyl)lactic acid (TFMLA)
aggregates is presented. It extends well beyond an earlier study
used to support infrared spectra of TFMLA and its dimers in
supersonic jets2 (ref. 80 in ref. 1). The quantum chemical
results indicate a slight preference for the most stable heterochiral dimer structure in the gas phase compared to the most
stable homochiral dimer, thus conﬁrming the lower level result
obtained before.2
In contrast to the authors of ref. 1, we would argue that this
slight preference is irrelevant for the observed preferential
sublimation of racemic TFMLA near room temperature,
because dimers are not present in signiﬁcant amounts in the
gas phase under such conditions. Rather, the sublimation
preference must be rooted in the properties of the solid state
alone,2,3 as in related cases.4–6
First of all, it was shown experimentally2 that most of
the sublimation selectivity of TFMLA is of thermodynamic
origin,7 rather than kinetically controlled. Therefore, only the
equilibrium vapor and solid phases have to be analyzed. For
the dimerization equilibrium 2M " D, the dimensionless
equilibrium constant Kp can be written as Kp = pDp1/p2M with
the standard pressure p1 = 1 bar and the partial pressures pM
and pD of the monomer M and the dimer D.
In terms of the dimer/monomer ratio pD/pM, this means
pD/pM = KppM/p1. By analogy to the slightly less volatile
benzoic acid case, where the vapor pressure reaches 10 3 bar
only around 370 K,8 one can safely exclude a vapor pressure of
TFMLA at 300 K in excess of 10 4 bar. Actually, we estimate
the room temperature vapor pressure pM E 5  10 5 bar
from a gas phase cell measurement2 and comparison to
the calculated IR band strength. Therefore, the dimerization
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constant Kp would have to exceed 103 in order to lead to a
signiﬁcant (>10%) dimer fraction near room temperature.
This is clearly not the case, as shown by a comparison to
other carboxylic acids, for which it has been determined
accurately.9,10 The change of Kp(300 K) with chemical
substitution is modest, because the standard Gibbs energy
is determined by the rather uniform standard enthalpy of
dimerization of carboxylic acids11 and the similarly uniform
standard entropy of dimerization.12 At higher temperatures,
the vapor pressure increases, although this increase and therefore
the growing importance of dimers is somewhat attenuated by a
decrease in the dimerization constant. However, it was experimentally established that the vapor pressure diﬀerence
between enantiomerically pure and racemic TFMLA is
already large at room temperature.2 All this rules out a
signiﬁcant role of dimers in the vapor pressure diﬀerence of
TFMLA samples of diﬀerent enantiomeric purity.
The authors in ref. 1 could actually use their high quality
computed free enthalpies for the dimers and monomers to
estimate the gas phase equilibrium constant in the rigid rotor
and harmonic oscillator approximation.13 One can be
conﬁdent that their data will predict an equilibrium constant
on the order of 102, well below that needed to form substantial
amounts of dimers at the equilibrium vapor pressure near
room temperature.
There is also independent experimental support from room
temperature gas phase spectra that pD/pM is less than 0.1,2
because otherwise there would be spectroscopic evidence for
the dimer vibrations at room temperature (see Fig. 3 and 5 in
ref. 2). We wish to point out that these dimers do exist and can
be prepared in supersonic jets.2 They are simply not favored
under conditions of room temperature thermodynamic equilibrium with the solid. In this context, it should be emphasized
that dimers connected by the a-hydroxy group (dimer B in
ref. 1) are not relevant in the gas phase because of their high
energy1 and they are consequently not observed.2
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Finally, one could argue with Occam’s razor. While racemic
crystals of TFMLA still have a narrow stability range, such
racemic compounds are not stable at all in the so-called
conglomerate formers.14 As a consequence, volatile conglomerate
formers show thermodynamically controlled enantio-enrichment
from the very ﬁrst excess molecules in the solid,2 because
S- and R-conﬁgured molecules evaporate independently with
the same likelihood, thus leaving any initial enantiomeric
excess behind, if the size of the vapor phase is chosen
appropriately. When going through a list of these conglomerate
formers,5 even focussing on the most volatile ones, one does
not notice a propensity for typical gas phase dimer formers
such as monocarboxylic acids. Quite in contrast, one ﬁnds
many multifunctional molecules in the list which tend to form
intermolecular networks and will deﬁnitely not evaporate as
dimers. Therefore, conglomerate formation as an extreme
disposition for self-disproportionation does not correlate with
gas phase dimerization. On the other hand, there are deﬁnitely
gas phase dimers with much more pronounced chirodiastaltic
eﬀects than TFMLA,15 but with less pronounced crystal
vapor pressure diﬀerences, such as methyl mandelate.16 This
empirical lack of correlation suggests that gas phase dimers are
unlikely to play a systematic role in explaining vapor pressure
diﬀerences between enantiomerically pure and racemic solids.
The combination of weak chirality recognition15 in carboxylic
acid dimers (an energy argument) and weak dimerization
propensity in all but the most volatile carboxylic acids11
(an entropy argument) rules out a signiﬁcant vapor phase
inﬂuence on the sublimation behaviour of TFMLA at environmental temperatures. In contrast to the conclusion drawn in
ref. 17 and rather unspectacularly, the thermodynamic
stability of the crystal must be decisive. This allows to
focus the theoretical treatment on this challenging task.1 It is
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exciting to see the progress which theoretical chemistry is
making towards the accurate ab initio prediction of such subtle
crystal forces.18
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