
Polymorphic transition of DL-norleucine from the α-form
to the γ-form was investigated with temperature-scanning time-
resolved FT-IR spectroscopy.  The dynamic FT-IR measure-
ments revealed the precursory structural changes in the aliphat-
ic parts prior to the main overall polymorphic transition. 

Polymorphism of amino acids has been widely investigated
by X-ray diffraction, differential scanning calorimetry (D.S.C.),
solid-state nuclear magnetic resonance and vibrational spec-
troscopy for several decades.  It was recently reported from
D.S.C. measurements by Matsumoto et al. that aliphatic α-
amino acids with a normal alkyl side chain of the even carbon
number, such as DL-2-amino butanoic acid (DL-ABA) and DL-
norleucine (DL-NL), have a very interesting polymorphic trans-
formation upon heating.1 (1) The α-γ transition for DL-NL is
reversible and very drastic, while the A-B transformation for
DL-ABA, irreversible and gradual, (2) transition temperature
(Tt) is impervious to water content (WC) for DL-NL.  In the
case of DL-ABA, on the other hand, Tt responds to WC strong-
ly.  

There remain, however, several questions to be examined
about the crystalline phase transition of the two amino acids.
One is that what is responsible for the differences between them
in their transformation as pointed out above.  Detailed structural
changes in the process are also an important point to be studied
for understanding the polymorphism.  To address the questions,
FT-IR spectroscopy with temperature-scanning was employed
for the investigation of structural changes of DL-NL in the poly-
morphic transition in the present study.  

DL-NL was purchased from Sigma Chem. Co. and recrys-
tallization from water was performed three times for purifica-
tion.  Rapid-scan time-resolved infrared spectra of DL-NL under
the crystalline phase transition were measured with a Bio-Rad
FTS-575C FT-IR spectrometer equipped with an infrared
microscope UMA 500.  A single scan was performed for each
spectrum at the spectral resolution of 4 cm-1 and with the time
resolution of 190 ms.  The temperature of the sample was con-
tinuously elevated at the heating rate of 5 °C/min with a Mettler
FP82HT temperature controller to carry out comparative studies
with the previous D.S.C. results by Matsumoto et al.1 A series
of spectra was collected at the interval of 1.6 × 10-2 ºC under the
conditions.  

Infrared spectrum at 30 ºC (data not shown) is almost iden-
tical to the previous results by Tsuboi et al.2 and Matsumoto et
al.3, indicating that the recrystallized DL-NL used in this study

adopts the α-form.  Representative time-resolved IR spectra in
the fingerprint region at the temperature of 117-120 ºC are
shown in Figure 1.  No significant spectral changes were
observed upon heating to 117 ºC except in several spectral
regions associated with the aliphatic groups.  This indicates that
overall drastic structural changes are not induced below 117 ºC,
as reported in the previous calorimetric studies by Matsumoto
et al.1,3,4 The minute spectral changes in the aliphatic vibra-
tional modes will be discussed in detail elsewhere with the
results of experiments on deuterated compounds and normal
mode analyses for several plausible conformational isomers of
DL-NL.  
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Upon further elevation of temperature up to 118 ºC, drastic
spectral changes occur in many spectral regions.  Notable bands
that significantly decrease in absorbance are the COO− symmet-
ric stretching band at 1414 cm-1, the CH bending band at 1340
cm-1, NH3

+ rocking mode at 1118 cm-1 and the coupling mode
of the CH2 rocking and the C-C stretching at 1072 cm-1, and the
COO− bending band at 810 cm-1.  These bands are characteris-
tic of the α-form.  The bands at 1325, 1042 and 923 cm-1, on
the other hand, appear upon the α-γ crystalline transition.  The
peaks at 1325 and 1042 cm-1 correspond to the ones at 1340,
1072 cm-1 observed in the spectrum of DL-NL with the α-form,
respectively.  The feature at 923 cm-1 is assignable to the CH2
rocking mode for the γ-form.  The bands corresponding to the
counter crystalline form are not clearly identified for the ones at
923 and 810 cm-1 at present.  The six representative bands men-
tioned above are summarized in Table 1.  Above ~119 ºC, how-
ever, the spectra were almost identical with each other, indicat-
ing that the α-γ structural transformation of DL-NL occurs as in
the narrow temperature range as around 1 ºC, which is in good
accordance with the previous D.S.C. results.1,3,4 When the sam-
ple is cooled down to room temperature, its spectrum is identi-
cal with the one before heating, showing that the α-γ polymor-
phic transformation of DL-NL is reversible. 

In order to examine polymorphic transition of DL-NL in
more detail, absorbance changes were calculated for vibrational
modes that significantly change their intensities.  The results for
the six representative bands are shown in Figure 2.  Drastic
absorbance changes are observed at ~118 ºC for many bands
including the representative bands.  The very sharp structural
transition revealed by FT-IR spectroscopy is in good agreement
with the previous D.S.C. results.1,3,4 It should be noted that the
main transition occurs in the very narrow temperature range for
DL-NL.  When the time-resolved spectra were measured at the
time resolution higher than several hundreds millisecond, how-
ever, gradual absorbance changes prior to the main spectral
changes were clearly observed for the vibrational modes due to

the aliphatic parts of the molecule, while the bands due to the
NH3

+ and COO− groups, that have strong inter- and intra-layer
interaction through hydrogen bonds, show no clear absorbance
changes prior to the main transition.  The first observation of
the precursory structural changes in the aliphatic region was
achieved by the moderate high time-resolved FT-IR spec-
troscopy.  This indicates that structural changes in the aliphatic
group are induced prior to those in the whole molecule includ-
ing the polar region.  The differences in absorbance changes
between the aliphatic groups and the polar ones suggest that the
gradual structural changes in the aliphatic region trigger the
overall polymorphic transition.  
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