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The powerful psychoactive features of N,N-dimethyltryptamine (DMT) have sparked the imagination of
many research disciplines for several decades. One of the key chemical features associated with compound
identity is the determination of melting points. The descriptions of both melting points and morphology as-
sociated with DMT free base have long been a source of interest and discussion, especially when considering
that these values encountered in the scientific literature range dramatically between 38–40 °C and 73–74 °C,
respectively. Such variations in reported melting points suggest that DMT may exist in two or more polymor-
phic forms and it was the aim of this study to examine the potential polymorphism of DMT via X-ray powder
diffraction (XRPD) and differential scanning calorimetry (DSC), including fast scan DSC. DMT samples were
prepared following extraction from Mimosa tenuiflora inner barks or by laboratory synthesis and then its
crystals were recrystallized from solutions of the alkaloid using either hexane or acetonitrile. Irrespective
of source, crystals originating from synthesis were predominantly white crystals obtained using crystalliza-
tion from hexane, whereas yellow samples following recrystallization with acetonitrile. Irrespective of source
or solvent, two polymorphs appeared to exist with melting points, determined by DSC, of 57 °C to 58 °C for
Form I and 45 °C to 46 °C for Form II. Estimates for their enthalpies were 91.9 ± 2.4 J g−1 for Form I and
98.3 ± 2.8 J g−1 for Form II. Form II converted to Form I during DSC; conversion was thus prevented by fast
scanning rates of 100 °C min−1. A transition temperature (Tg) in the range −21 °C (2 °C min−1) to −13 °C
(100 °C min−1) was determined depending on DSC scanning rate. Its closeness to the melting point indicates
a tendency of Form II to convert to Form I on storage, a phenomenon that was also facilitated by grinding. This
study indicates that the presence of differently colored DMT free base crystals obtained from recrystallization
might also point towards the existence of polymorphs rather than just the presence of impurities.

© 2013 Elsevier B.V. All rights reserved.
1. Introduction

The widespread interest in N,N-dimethyltryptamine (DMT) stems
from its powerful psychoactive properties observed in humans and, for
this reason, is frequently referred to as a psychedelic/hallucinogenic
substance [1,2]. It is therefore not surprising that investigations into its
(psycho-)pharmacological profile have been long carried out in order
to elucidate themechanisms involved in the changes of thought, percep-
tion, mood and cognition brought about by this simple indole alkaloid
[3–6]. Although the synthesis of DMT was reported in 1931 [7], first ob-
servations regarding its psychoactive properties started to surface in the
literature in the 1950s [8].

The need for chemical and analytical investigations associated with
DMT [9,10] arises from several areas of inquiry which include the
: +44 151 231 2170.
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presence of DMT and related derivatives in psychoactive beverages
used for religious and recreational purposes [11,12], its abundant
presence in the plant kingdom [13], and the long-standing interest in
DMT and other N,N-dimethylated analogs as naturally-occurring sub-
stances in humans [14]. In addition, a forensic perspective develops
from the fact that DMT is a controlled substance which makes it an
attractive target for clandestine synthesis and impurity profiling studies
[15–17]. A simple but important feature of each chemical entity is the
determination of melting points. However, as far as the availability of
these data on DMT is concerned it was interesting to notice that the
melting points reported for DMT free base ranged dramatically, i.e. be-
tween 38–40 °C [18] and 73–74 °C [19], respectively.

Such variations in reported melting points suggest that DMT may
exist in two or more polymorphic forms. Generally, multiple crystal
formswith different solid state properties can exhibit differences in bio-
availability of the active drug substance [20]. Resolution of these poly-
morphs can be made by a combination of experimental techniques, in
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this case X-ray powder diffraction (XRPD) and differential scanning cal-
orimetry (DSC) [21,22]. Fast Scan DSC, where scanning rates up to
500 °C min−1 have been used, is a recently developed sub-technique
of DSC [23] which has been used in the assessment of polymorphs
that convert during analysis at conventional heating rates. Examples
of drugs thus studied included carbamazepine [24] and sulfathiazole
[25].

XRPD is a powerful tool in identifying different crystal phases and
the position of diffraction peaks and the d-spacings that they repre-
sent provide information about the location of lattice planes in the
crystal structure [26]. Each peak measures a d-spacing that represents
a family of lattice planes and shifts in peak position or small changes
in XRPD patterns can identify different hydrates of the same com-
pound or the presence of additional polymorphic forms [27]. The
aim of this study was to examine further the potential polymorphism
of DMT via XRPD and DSC, including fast scan DSC, in an attempt to
resolve the discrepancies in the melting points described in the liter-
ature and to assess the potential of the drug to form amorphous or
waxy solids. The present investigation follows on from a previous
report on an optimized isolation of DMT as reference material from
Mimosa tenuiflora inner barks [28].

2. Experimental

2.1. Chemicals and reagents

All chemicals and reagents used were from Aldrich (Dorset, UK)
and were of analytical grade or equivalent. N,N-Dimethyltryptamine
(DMT) free base samples were obtained both from organic synthesis
and isolation from M. tenuiflora inner barks as reported previously
[15,28].

2.2. Sample preparation procedures

DMT samples were obtained by recrystallization of the crude alka-
loid in hexane. The free base substance was dissolved in hexane at
40 °C to give a concentration of 30 g L−1. After cooling to room tem-
perature, the solutions were placed in a freezer at −18 °C for two
days. Following crystallization, the mother solution was subsequently
removed by filtration from the precipitated material. The pure DMT
was dried gently under a stream of nitrogen, and stored at 4 °C
until analysis. The free base products were dissolved at room temper-
ature using minimal amounts of either hexane or acetonitrile until
further dissolution was not observable. The solvent of each solution
was evaporated at room temperatures under a gentle stream of nitro-
gen, giving samples W1, W2, Y1 and Y2. DMT samples W1 and W2
were predominantly white crystals obtained using crystallization
from hexane; whereas yellow DMT samples Y1 and Y2 were obtained
following crystallization with acetonitrile. Samples W1 and Y1 were
crystallized from DMT prepared by organic synthesis, while samples
W2 and Y2 were from DMT isolated from the bark of M. tenuiflora.
Crystals were used without further treatment for DSC and XRPD ex-
cept where samples of the four products were ground to determine
the effect of grinding on their physical nature. Grinding of DMT sam-
ples was undertaken manually using an agate mortar and pestle
performed using two different grinding intensities; i) brief crush
and light grind and ii) a sixty second, more intensive, grind.

2.3. Instrumentation and experimental

2.3.1. Differential scanning calorimetry (DSC)
A PerkinElmer DSC 8000 with Intracooler 2 cooling accessory and

Pyris v. 10.1.0.0420 software were used (Seer Green, UK). The furnace
temperature was calibrated using the Perkin Elmer supplied standard
reference materials indium (m.p. = 156.60 °C) and zinc (m.p. =
419.47 °C). Enthalpies of transition were calibrated with indium
with a heat of fusion ΔHf = 28.45 J g−1.

The sample size used was around 2–4 mg accurately weighed
in crimped, standard aluminum pans. All samples were cooled to
−40 °C at 50 °C min−1, held isothermally for 1 min before heating at
2, 10, 20, 50 or 100 °C min−1 to 70 °C at which the temperature set
points were held isothermally for 1 min. The cool−reheat cycle was
then repeated following cooling from 70 °C to −40 °C at 50 °C min−1,
and again, samples were held isothermally at this temperature before
subsequent reheating to 70 °C using the same temperature heating
rate described above. In addition, untreated samples (W1 and W2
only) were heated at 10 °C min−1 to 45 °C, held isothermally at this
temperature for 20 min prior to cooling to 25 °C. Samples were then
cooled to −40 °C at 50 °C min−1, held isothermally for 1 min and
re-scanned from −40 °C at 2 °C min−1 to 70 °C. Extrapolated onset
temperatures were used as the melting point (m.p.) of the samples.
Glass transition temperatures were calculated from the point on heat
flow curves where the specific heat change was half of the change in
the complete transition [21]. The DMT samples were also analyzed at
the fast scan heating rate (100 °C min−1) following grinding.

2.3.2. X-ray powder diffraction (XRPD)
XRPD patterns were collected using a Rigaku Miniflex X-ray dif-

fractometer (Osaka, Japan) calibrated using a silica standard plate.
The patterns were obtained using Cu Kα (1.54 Å) radiation, a voltage
of 30 kV, and a current of 15 mA. Samples were prepared in 0.5 mm
diameter zero background sample holders and analyzed between 3
and 60°2θ, with step increments of 0.02°2θ and scanning speed of
2°2θ min−1.

3. Results and discussion

Previouswork on the isolation of DMT fromM. tenuiflora inner barks
was guided by its history of use in humans [29,30] and the need for ref-
erence material used for analytical determinations [28]. The present
study employed fast scan DSC and XRPD to the characterization of
DMT free base and aimed to assess the potential of the drug to form
polymorphs and/or amorphous or waxy solids. Published melting
points of DMT free base and their morphological variations are summa-
rized in Table 1. The wide range observed from these data, and the lack
of more detailed investigations, led to the consideration of potential
polymorphism. The lowest melting point encountered was described
by Whitney et al. who, following its preparation, described it as a pale
amorphous solid that melted at 38 °C–40 °C [18]. At the other end of
the spectrumwas the report provided by Fish et al. that noted amelting
point of 47 °C–49 °C following its synthesis and recrystallization from
hexane. Interestingly, the authors then mentioned a conversion of this
sample to a formwith a higher melting point (71 °C–73 °C), also by re-
crystallization fromhexane, by seedingwith an authentic samplewith a
melting point of 73 °C–74 °C, respectively. More details about this con-
version, however, were not reported [19]. Another study on the isola-
tion of DMT from Acacia maidenii F. Muell. provided another example
of the conversion of melting point values by seeding. In this case, the
first melting point obtained after recrystallization from hexane was
46 °C–47 °C, andwhen the solutionwas seededwith an authentic sam-
ple (56 °C–58.5 °C), the correspondingmelting point reported thenwas
57.5 °C–58.5 °C instead [31].

Following the implementation of liquid–liquid extraction using
60 g of powdered inner bark of M. tenuiflora, 421.4 mg of crude alka-
loids (0.7% yield) was obtained from a concentrated hexane layer at
4 °C [28]. The majority of crystal material was white in color but
spots of yellow-colored crystals were also observed. In order to
carry out a recrystallization from hexane the total amount of crude
alkaloids was re-dissolved in 10 mL of warm hexane (45 °C) which
led to the formation of two distinctly colored layers. During analytical
characterization (data not shown) it was found that both layers



Table 1
Melting points reported in the literature for DMT free base.

Melting point [°C] (Re)crystallization solventa Comment Reference

38–40 – Pale amorphous solid Whitney et al. [18]
39–44 – White solid Grina et al. [32]
44 Petroleum ether – Rovelli and Vaughan [33]
44–45 – – Sintas and Vitale [34]
44.6–46.8b – – Hochstein and Paradies [35]
45 Hexane – Julia et al. [36]
45.5–46.8 Methanol – Meckes-Lozoya et al. [38]
45.8–46.8 Xylene Fine needle-shaped crystals Gonçalves de Lima [29]
45–47 – Yellowish crystals Wisconsin Alumni Research Foundation et al. [39]
45–49 – – Hall et al. [40]
45–47 – Colorless crystals Häfelinger et al. [41]
45–47 Hexane Crystalline/colorless Wenkert and Kryger [42]
46 Ethanol/petroleum ether Plates Fleming and Woolias [43]
45 Petroleum ether – Culvenor et al. [37]
46–47c Hexane – Fitzgerald and Sioumis [31]
47 – – Ghosal and Mukherjee [44]
47 – Very fine ill-defined needles Manske [7]
47 – Off-white solid Shulgin and Shulgin [2]
47–48 – – Heinzelman and Szmuszkovicz [45]
47–49d Hexane – Fish et al. [19]
48–49 Hexane Colorless prisms Ueno et al. [46]
48.5–49 Petroleum ether Colorless needles Ueno et al. [46]
48–49 Ethyl acetate/petroleum ether – Bodendorf and Walk [47]
48–49 Hexane/ethyl acetate – Pachter et al. [48]
48–49 – – Boit [49]
49 Petroleum ether Colorless prisms Morimoto and Matsumoto [50]
49 Petroleum ether Colorless prisms Morimoto and Oshio [51]
49–50 – White, pungent-smelling crystalline solid Shulgin [52]
49–50 Diethyl ether/petroleum ether Colorless needles Hoshino and Shimodaira [53]
53.5–57.5 Hexane – Arthur et al. [54]
55.5 Hexane White crystals Gaujac et al. [28]
57 Hexaned – Poisson [55]
57 Hexane – Kan-Fan et al. [56]
57.5–58.5c Hexane – Fitzgerald and Sioumis [31]
57–59 – Crystalline solid Shulgin and Shulgin [2]
58.2 – Transparent acicular Bergin et al. [57]
64 Hexane/ethyl acetate (80:20) White crystals Moura et al. [58]
65.5 – Transparent colorless hexagonal prisms Falkenberg [59]
67 Hexane White crystals Shulgin and Shulgin [2]
67–68 Hexane – Shulgin and Shulgin [2]
71–73e Hexane – Fish et al. [19]

a In cases where (re)crystallization solvents were not explicitly mentioned, melting points were obtained from the solid free base following evaporation of a solvent during work-
up or following distillation of the crude product.

b Melting obtained from a second distillation. The first distillation yielded an oil that crystallized with a melting point of 44 °C–46 °C.
c DMT free base, isolated by column chromatography, was crystallized from hexane and yielded a m.p. of 46 °C–47 °C. It was then reported that a solution seeded with an au-

thentic sample of DMT (m.p. 58 °C–58.5 °C) gave a m.p. of 57.5 °C–58. °C which was not depressed on mixing.
d Crystallization in hexane followed by sublimation.
e Recrystallization from hexane resulted in a product that melted at 47 °C–49 °C. The authors stated that this material was then converted to a “higher melting form (71 °C–

73 °C) by crystallization from hexane after seeding with an authentic specimen of m.p. 73 °C–74 °C”. Further details were not provided.
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contained DMT where the bottom layer (yellow in color and minor in
abundance with regards to volume) represented an amorphous, high
density, and viscous form of pure DMT. The top transparent layer
consisted of DMT dissolved in hexane. The transparent layer was re-
moved and stored at −18 °C which led to the formation of white
DMT crystals (181.0 mg, 0.3% yield). Storage of the yellow layer in
the fridge at 5 °C produced a yellow amorphous solid which was
not investigated further.

The effect of heating rates on the DSC heating scans of W1, W2, Y1
and Y2 are shown in Figs. 1–4. It is clear from cursive examination of
these figures in toto that, at various heating rates, two endotherms
were apparent which would correspond to two polymorphic forms
of DMT. Increase in scanning rate increases the apparent size of endo-
therms or exotherms since DSC measures heat flow as a function of
time and makes more apparent any change in heat flow. The heat
flow will increase with increase in heating rate [60]. Adapting con-
ventionally used classification, the higher melting polymorph was
deemed Form I whereas the lower melting polymorph was termed
Form II. Again, the scans corresponding to reheats all displayed a
glass transition indicating the ability of DMT to form an amorphous
state. Tables 2 to 5 give the melting points and thermodynamic data
of W1, W2, Y1 and Y2, respectively.

One of the advantages of fast scan DSC was that the fast rates pre-
vent transformation of a sample during the heating process which
provides a scan more representative of the original material [23].
Fig. 1 shows the DSC of sample W1 that was recrystallized using hex-
ane from DMT prepared by organic synthesis. Taking DSC scans from
sample W1 at 100 °C min−1 as a starting point (Fig. 1a), it can be
seen that there were two melting endotherms present with onset
temperatures of 47.5 °C and 58.3 °C for Form II and Form I, respec-
tively. At 50 °C min−1 sample W1 (Fig. 1b) again displayed two en-
dotherms, in this case with an exotherm positioned between them
indicating that when Form II melted, some recrystallization occurred
into Form I prior to the melting of Form I. As the heating rates were
further decreased (Fig. 1c and d), this recrystallization became more
obvious, and indeed at 2 °C min−1, there was less evidence of the
melting of Form II which indicated that conversion to Form I occurred
during the scanning of the samples (Fig. 1e). Fast-Scan DSC allowed
melting of the metastable polymorph to be separated from any subse-
quent recrystallization because the later event was moved to a



Fig. 1. DSC scans of sample W1 showing initial scan (upper) and re-scan (lower) curves obtained at a) 100 °C min−1 b) 50 °C min−1 c) 20 °C min−1 d) 10 °C min−1 and
e) 2 °C min−1; f) structure of N,N-dimethyltryptamine (DMT).
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temperature higher than the melting temperature, i.e. providing sep-
aration of the events. Ford and Mann [23] demonstrated the use of
Fast-Scan DSC in characterizing the polymorphic transitions of nifed-
ipine. Using glassy material, the drug exhibited a number of transition
events in the range 95 °C–110 °C at a heating rate of 10 °C min−1 and
transitions from Form III to Form II and hence to Form I were easily
observed. At higher scanning rates, the ratio of Form II to Form I
changed during recrystallization and the relative amount of Form I
increased with increase in scan rate (up to 300 °C min−1) [23]. Fur-
ther confirmation on the usefulness of Fast-Scan DSC was clearly
demonstrated for carbamazepine which enabled the characterization
of lower melting polymorphs by preventing multiple external events
due to overlapping recrystallization [24].

In DMT sample W1, the general increase in the heat of fusion corre-
sponding to Form II as the heating rate was increased (Table 2) further
confirmed that the untreated sample contained both polymorphic
forms. Assuming that 100% conversion to Form I occurred at
2 °C min−1, an estimate for the enthalpy of fusion of Form I was
made at 91.9 ± 2.4 J g−1.

The re-scans show the glass transition temperatures (Tg) and are
given in Table 2 with the 100 °C min−1 scan displaying only a glass
transition and no subsequent recrystallization. The glass transition



Fig. 2. DSC scans of sample W2 showing initial scan (upper) and re-scan (lower) curves obtained at a) 100 °C min−1 b) 50 °C min−1 c) 20 °C min−1 d) 10 °C min−1 and
e) 2 °C min−1.
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represents the transformation from a glassy state to a rubbery state
[61] and occurs at the Tg. Below this temperature the molecules are
locked in position and relatively incapable of movement, whereas
above the Tg, molecules are able to move and crystallization is fa-
vored. Decreasing heating rates showed an endotherm corresponding
to the melting of Form II preceded by a recrystallization exotherm.
This follows the expected thermodynamic theory that the less stable
polymorph will crystallize from a melt on crystallization [62,63].
The recrystallization became more apparent as the heating rate
decreased and concomitantly moved to lower temperatures. As
expected the glass transition became less apparent with decreased
scanning rates as the measured heat flow into and away from samples
is reduced at lower scanning rates [23]. Assuming that the exotherm
corresponded to 100% conversion to Form II, an enthalpy of fusion for
this polymorph was estimated at 98.3 ± 2.8 J g−1.

Fig. 2 shows the DSC of sample W2 that was recrystallized using
hexane from the M. tenuiflora plant extract. Comparison of the scans
obtained at 100 °C min−1, (Figs. 2a and 1a) indicated that DMT W2
contained proportionately more of Form II. Indeed, at 50 °C min−1

the sample displayed almost exclusively the melting of Form II
(Fig. 2b) but its enthalpy of fusion was 73.5 ± 0.5 J g−1 and indicated
that there was some Form I in the sample. Scans at 20 °C, 10 °C and

image of Fig.�2


Fig. 3. DSC scans of sample Y1 showing initial scan (upper) and re-scan (lower) curves obtained at a) 100 °C min−1 b) 50 °C min−1 c) 20 °C min−1 d) 10 °C min−1 and
e) 2 °C min−1.
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2 °C min−1 (Fig. 2c, d and e) confirmed the prevalence of Form II in
this sample compared with DMT W1 and that again it converted to
Form I at the slower heating rates. The values of the enthalpies of fu-
sion (see Tables 2 and 3 for comparison) confirmed the apparent
higher ratio of Form II in sample W2. Estimates across the heating
rates of the melting points of Form II and Form I in DMT W2
(Table 3) were 42.8 °C to 46.9 °C and 56.1 °C to 58.4 °C, values not
dissimilar to those found for DMT W1 (Table 2).

The reheat curves for DMT W2 (Fig. 2) showed similar trends
to DMT W1 except that the recrystallization exotherm was closer
in position to the melting endotherm for Form II indicating that
recrystallization to Form II in DMTW2was not as easily accomplished
as in DMT W1. This is evidenced by the lower enthalpies of fusion in
the reheated sample of DMT W2 (Table 3) compared to those of DMT
W1 (Table 2). The reasons for the increased difficulty in recrystalliza-
tion to Form II are not easily understood since the initial heat should
destroy the thermal history of the sample. In summary, both samples
DMT W1 and W2 were a mixture of polymorphic forms whose
melting points reflected the melting points found in the literature
while explaining the literature discrepancies because two forms had
not previously been identified. In addition, the Tg values (Tables 2
and 3) accounted for the potential for amorphicity in DMT because

image of Fig.�3


Fig. 4. DSC scans of sample Y2 showing initial scan (upper) and re-scan (lower) curves obtained at a) 100 °C min−1 b) 50 °C min−1 c) 20 °C min−1 d) 10 °C min−1 and
e) 2 °C min−1.

Table 2
Thermal data of DMT W1 obtained by DSC. [Key (n = 3) except where standard deviations are not given (n = 1), nt = no transition].

Heating rate Initial heating Secondary heating

(°C min−1) Form II Form I Form II Form I

Onset (°C) ΔHf (J g−1) Onset (°C) ΔHf (J g−1) Tg (°C) Onset (°C) ΔHf (J g−1) Onset (°C) ΔHf (J g−1)

2 44.8 ± 0.1 10.0 ± 3.4 58.4 ± 0.1 91.9 ± 2.4 −21.8 ± 0.9 46.5 ± 0.1 98.3 ± 2.8 58.6 11.1
10 46.2 ± 0.1 26.1 ± 1.3 57.8 ± 0.1 86.8 ± 1.3 −19.2 ± 0.4 45.6 ± 0.1 51.8 ± 9.9 nt nt
20 46.7 ± 0.1 23.0 ± 2.1 58.3 ± 0.1 85.2 ± 21.1 −18.5 ± 0.4 45.9 ± 0.1 12.1 ± 3.6 nt nt
50 46.7 ± 0.3 42.5 ± 4.6 57.7 ± 0.1 57.9 ± 7.0 −16.7 ± 0.1 nt nt nt nt
100 47.5 29.2 58.3 76.1 −13.0 nt nt nt nt
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Table 3
Thermal data of DMT W2 obtained by DSC. [Key (n = 3) except where standard deviations are not given (n = 1), nt = no transition].

Heating rate Initial heating Secondary heating

(°C min−1) Form II Form I Form II Form I

Onset (°C) ΔHf (J g−1) Onset (°C) ΔHf (J g−1) Tg (°C) Onset (°C) ΔHf (J g−1) Onset (°C) ΔHf (J g−1)

2 42.8 ± 2.0 18.0 ± 6.0 57.3 ± 0.6 83.8 ± 0.7 −21.5 46.5 ± 0.1 98.3 ± 2.8 45.1 87.7
10 44.5 ± 0.3 43.8 ± 6.7 56.1 ± 0.4 64.1 ± 6.7 −20.0 ± 0.3 44.6 ± 0.0 10.9 ± 3.7 nt nt
20 45.2 ± 0.4 58.4 ± 17.9 56.8 ± 0.4 42.1 ± 15.6 −18.5 ± 0.3 45.1 ± 0.2 0.9 ± 0.1 nt nt
50 45.3 ± 0.2 73.5 ± 0.5 57.1 ± 0.3 0.5 ± 0.4 −16.3 ± 0.4 nt nt nt nt
100 46.9 83.4 58.4 24.9 −12.8 nt nt nt nt

Table 4
Thermal data of DMT Y1 obtained by DSC. [Key (n = 1), nt = no transition].

Heating rate Initial heating Secondary heating

(°C min−1) Form II Form I Form II Form I

Onset (°C) ΔHf (J g−1) Onset (°C) ΔHf (J g−1) Tg (°C) Onset (°C) ΔHf (J g−1) Onset (°C) ΔHf (J g−1)

2 44.8 32.3 58.8 79.5 −20.8 45.6 92.1 nt nt
10 44.9 29.9 56.9 79.7 −18.8 44.9 39.6 nt nt
20 45.1 32.5 57.5 69.4 −17.8 45.4 12.1 nt nt
50 45.0 22.8 56.4 38.4 −16.5 nt nt nt nt
100 47.2 39.3 58.8 23.6 −12.0 nt nt nt nt

Table 5
Thermal data of DMT Y1 obtained by DSC. [Key (n = 1), nt = no transition].

Heating rate Initial heating Secondary heating

(°C min−1) Form II Form I Form II Form I

Onset (°C) ΔHf (J g−1) Onset (°C) ΔHf (J g−1) Tg (°C) Onset (°C) ΔHf (J g−1) Onset (°C) ΔHf (J g−1)

2 nt nt 56.8 59.5 −20.6 45.0 92.7 57.1 21.7
10 43.8 15.8 56.5 69.8 −19.5 44.8 24.3 nt nt
20 44.1 19.9 56.5 71.8 −17.5 45.2 2.1 nt nt
50 44.3 7.1 55.6 50.4 −16.4 nt nt nt nt
100 47.9 5.7 58.5 49.0 −12.4 nt nt nt nt

Table 6
Summary of XRPD data for major peaks from DMT sample W1.a
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of the closeness of the Tg to ambient temperatures. This also will ex-
plain the difficulty in obtaining a sample consisting of either pure
Form I or pure Form II.

One attempt to obtain pure Form 1 was by heating the untreated
samples to 45 °C and holding the samples at this temperature for
20 min to allow conversion of the Form II in the sample to Form I,
prior to cooling and then re-scanning at 2 °C min−1. Fig. 5 displays
that this approach indeed worked and it was estimated that the
Fig. 5. DSC scans of samples W1 (a) and W2 (b) showing curves obtained at 2 °C min−

1 after heat treatment at 45 °C.
heats of enthalpy for Form I obtained from DMT W1 and W2 were
93.4 and 86.8 J g−1, respectively. Again there is the probability of
amorphousness remaining in the sample following the isothermal
hold.
Peak 2theta FWHM d-Value Intensity I/Io

1b 7.60 0.200 11.6223 793 70
2 9.04 0.212 9.7739 800 71
3 12.05 0.271 7.3384 402 36
4 12.86 0.259 6.8779 596 53
5 14.52 0.153 6.0951 254 23
6b 15.22 0.235 5.8163 1138 100
7 17.73 0.188 4.9982 723 64
8 18.17 0.259 4.8781 1023 90
9b 19.20 0.224 4.6187 690 61
10b 19.57 0.200 4.5322 489 43
11 19.90 0.176 4.4578 501 44
12 20.41 0.106 4.3475 320 29
13 20.54 0.235 4.3203 349 31
14 21.44 0.200 4.1409 254 23
15 22.35 0.271 3.9744 468 42
16 22.85 0.188 3.8885 486 43
17 23.19 0.259 3.8323 295 26
18 24.56 0.118 3.6215 263 24
19 25.42 0.224 3.5009 391 35
20 26.29 0.200 3.387 250 22
21 27.30 0.247 3.2639 481 43
22 30.65 0.376 2.9144 240 22

a,b: major peaks attributed to polymorphic Form II.
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Table 7
Summary of XRPD data for major peaks from DMT sample W2.a

Peak no. 2theta FWHM d-Value Intensity I/Io

1b 7.56 0.141 11.6837 2827 60
2 8.96 0.176 9.861 567 12
3 11.97 0.153 7.3873 1002 22
4 12.77 0.153 6.9262 981 21
5b 15.17 0.153 5.8354 4737 100
6 17.68 0.106 5.0122 383 9
7 18.07 0.176 4.9049 811 18
8 18.17 0.059 4.8781 576 13
9b 19.75 0.071 4.4913 311 7
10 19.83 0.118 4.4734 319 7
11 22.29 0.118 3.9849 284 6
12 22.84 0.176 3.8902 483 11
13 24.09 0.200 3.6911 407 9
14 27.22 0.071 3.2733 302 7
15 30.68 0.129 2.9116 274 6

a,b: major peaks attributed to polymorphic Form II.

Table 9
Summary of XRPD data for major peaks from DMT sample Y2.

Peak no. 2theta FWHM d-Value Intensity I/Io

1 9.02 0.200 9.7956 3418 32
2 12.02 0.200 7.3566 10,834 100
3 12.83 0.212 6.8940 8726 81
4 13.58 0.176 6.5149 325 3
5 15.03 0.212 5.8894 2277 22
6 17.71 0.188 5.0038 920 9
7 18.11 0.224 4.8942 5178 48
8 19.84 0.224 4.4711 887 9
9 20.52 0.165 4.3245 268 3
10 21.75 0.200 4.0826 449 5
11 22.30 0.212 3.9832 659 7
12 22.79 0.200 3.8986 427 4
13 23.82 0.153 3.7323 457 5
14 24.16 0.235 3.6805 4384 41
15 25.39 0.200 3.5050 600 6
16 25.72 0.235 3.4607 262 3
17 27.27 0.224 3.2675 1265 12
18 27.78 0.235 3.2086 269 3
19 28.79 0.259 3.0983 306 3
20 30.57 0.200 2.9218 289 3
21 32.65 0.271 2.7403 262 3
22 36.68 0.341 2.4479 261 3
23 41.11 0.282 2.1938 262 3
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The two additional samples of DMT, crystallized from acetonitrile,
were subjected to similar experimental conditions and studied. Mac-
roscopically and microscopically, DMT Y1 and DMT Y2 were both yel-
low and appeared denser and less crystalline when using optical
microscopy. DMT Y1 behaved similarly to DMT Y2 under DSC analysis
conditions. Fig. 3a shows a preponderance of Form II in sample
DMT Y1 as demonstrated for the heating rate of 100 °C min−1. As
the rates decreased the amount of unconverted Form II decreased
(Fig. 3b–e). However the measured heats of fusion, with the excep-
tion of one sample, were consistently less for DMT Y1 (Table 4)
than DMT W1 (Table 2) or DMT W2 (Table 3) and this confirmed
the apparent increased amorphicity of this sample. Estimates across
the heating rates (Table 4) of the melting points of Form II and
Form I in DMT Y1 were 44.8 °C to 47.2 °C and 56.4 °C to 58.8 °C, re-
spectively. The DSC re-scans of DMT Y1 (Fig. 3a–e) were similar to
those of DMT W2 (Fig. 2a–e).
Table 8
Summary of XRPD data for major peaks from DMT sample Y1.a

Peak no. 2theta FWHM d-Value Intensity I/Io

1b 7.59 0.200 11.6376 1067 52
2 9.01 0.200 9.8064 1666 81
3 12.00 0.200 7.3689 1394 68
4 12.80 0.235 6.9100 1443 70
5 14.49 0.176 6.1077 241 12
6b 15.21 0.200 5.8201 1593 77
7 16.78 0.282 5.279 258 13
8 17.69 0.212 5.0094 795 39
9 18.10 0.235 4.8968 2078 100
10b 19.18 0.212 4.6235 1390 67
11b 19.55 0.200 4.5368 854 42
12 19.84 0.176 4.4711 683 33
13 20.45 0.212 4.3391 453 22
14 20.62 0.200 4.3037 373 18
15 21.43 0.235 4.1429 301 15
16 21.75 0.165 4.0826 276 14
17 22.31 0.247 3.9814 698 34
18 22.84 0.224 3.8902 419 21
19 23.14 0.188 3.8404 361 18
20 23.77 0.188 3.7400 294 15
21 24.14 0.247 3.6836 649 32
22 24.57 0.200 3.6201 262 13
23 25.38 0.247 3.5063 429 21
24 26.26 0.247 3.3908 325 16
25 26.63 0.165 3.3445 219 11
26 27.26 0.224 3.2686 827 40
27 27.81 0.176 3.2052 209 11
28 28.78 0.188 3.0994 266 13
29 30.60 0.341 2.9190 248 12
30 32.65 0.165 2.7403 212 11

a,b: major peaks attributed to polymorphic Form II.
In comparison to the other three samples, DMT Y2 displayed
an increased prevalence of Form I in the sample (Fig. 4a) at
100 °C min−1. Indeed, at 2 °C min−1 there was little evidence for any
melting or conversion from Form II to Form I (Table 5) during heating.
The enthalpies of fusion (Table 5) of the initial heats were less than the
other samples and confirmed that DMT Y2 initially was the most amor-
phous of the samples and contained the highest level of Form 1 of
DMT. For DMT Y2 the melting ranges of Form II and Form I were
43.8 °C to 47.9 °C and 55.6 °C to 58.5 °C, respectively. The DSC re-scans
(Fig. 4a–e) were once again similar to the other rescans with the excep-
tion of that obtained at 2 °C min−1 which displayed evidence for the
melting of both Form II (seen in all other samples at 20°, 10° and
2 °C min−1) and Form I which melted after some recrystallization. This
Fig. 6. XRPD patterns from DMT samples W1 (a) and W2 (b).

image of Fig.�6


Fig. 7. XRPD patterns from DMT samples Y1 (a) and Y2 (b).

Fig. 8. XRPD patterns from DMT sample Y1 that were a) untreated b) lightly ground
and c) more heavily ground.

155A. Gaujac et al. / Microchemical Journal 110 (2013) 146–157
probably equated to a conversion to Form I of ~18% given the value for
the enthalpy of this event (21.7 J g−1).

This raises interesting insight into the cause of yellowness in the two
samples DMT Y1 and DMTY2. There are the possibilities that the yellow
color is caused either by the solvent used during recrystallization (hex-
ane or acetonitrile) or by the presence of amorphousness in the sample.
In an attempt to rule out solvent effects, and assuming that they were
not lost from the enclosed DSC aluminum pans during heating, the
effect of heating rate on the observed Tg values is shown in Tables 2
to 5. The apparent value of the Tg generally did increase with increase
in heating rate, a phenomenon recognized for other glassy materials
Fig. 9. DSC scans of sample Y1 from a) untreated b) lightly ground and c) more heavily
ground material obtained at 100 °C min−1.

image of Fig.�7
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[64] but the similarities in their values for the four samples at a given
heating rate seemed to preclude the presence of a second impurity in
the sample that promotes the color. The data thus suggest that this
was solvent-mediated through increased amorphicity in the sample
rather than a specific solvent–DMT interaction.

The XRPD data obtained fromanalysis of diffraction peaks fromDMT
samples W1, W2, Y1 and Y2 are provided in Tables 6–9, respectively.
XRPD spectra obtained from DMT samples W1 and W2 are shown in
Fig. 6, while those from DMT samples Y1 and Y2 are presented in
Fig. 7. The XRPD pattern obtained from sample DMT Y2 exhibited
fewer peaks than observed in DMTW1 and Y1 and this pattern was at-
tributed to a predominance of the Form I polymorph. This was con-
firmed following XRPD analysis of heat treated samples held at 45 °C
and determined to consist of Form I by DSC (Fig. 5). Peaks attributed
to Form II were then identified and d-values assigned to prominent
peaks characteristic of the two polymorphic forms determined in the
mixed samples (Tables 6–9). The XRPD data from DMT W2 indicated
that Form II was more prevalent in this sample while DMT W1 and Y1
presented as more equal mixtures of the polymorphs.

Sample preparations for XRPD analysis ideally include grinding of
samples to decrease particle size and minimize preferential orienta-
tion of crystal lattices [26]. However, due to the low thermal stability
of the Form II DMT polymorph, the incidental thermal energy intro-
duced during mixing and grinding was found to alter the polymorph
contents in the samples. This was verified by XRPD and fast scan DSC
analysis (100 °C min−1) of untreated samples and subsequent to
light grinding and more heavily ground samples. A decrease in the
content of the meta-stable Form II DMT polymorph was observed in
all four DMT samples following grinding treatments; the extent of de-
crease was related to the degree of grinding. Typical XRPD and DSC
spectra from grinding experiments are provided in Figs. 8 and 9 re-
spectively, from analysis of sample DMT Y1 and demonstrate the re-
duction in Form II in lightly ground materials and the apparent
absence of the meta-stable form following a heavier grind. Such
data also confirm the apparent instability of the Form II of DMT.

4. Conclusion

The data provided in this paper have shown that DMT can be
recrystallized from the solvents hexane and acetonitrile to give crys-
tals that are a mixture of two polymorphs. The fact that two clearly
exist explains the variation in melting points reported previously in
the literature. It seems possible that use of the latter solvent gives
crystals with a greater amorphousness and a yellow coloration. This
solvent dependency was independent of the source of DMT, whether
it was extracted from natural products or synthesized in the laborato-
ry. The XRPD data correlated with the fast scan DSC data (Figs. 2–5a at
100 °C min−1) and confirmed that all four samples studied contained
at least two polymorphic forms of DMTwith varying ratios of concen-
tration, the proportion of which appears unrelated to sample color.
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