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ABSTRACT

The 1:1 molar cocrystal of 2,4,6,8,10,12-hexanitro-2,4,6,8,10,12-hexaazaisowurtzitane (CL-20) and 1-methyl-3,5-dinitro-1,2,4-triazole
(MDNT) is reported to show a detonation velocity 100 m/s faster than S-HMX. To establish a scalable synthesis method, the
solubility of e-CL-20 and MDNT was investigated. Solubility data for the educts in three solvents, as well as the cocrystal in ethyl

acetate, were recorded using the soil body method in the temperature range 283.1-323.1 K. The results obtained in this study, in

combination with data from the literature, revealed points of equal molar solubility in ethyl acetate at 291.3 K and acetone at 249.9

K. Additional investigation of three solvent/anti-solvent mixtures at 293.1 K delivered a promising molar solubility ratio of 1:0.6

for CL-20 and MDNT over most of the mixing range for an ethyl acetate/isopropanol mixture. Crystallization from ethyl acetate

and ethyl acetate/isopropanol at the given temperatures produces phase-pure cocrystal samples. A novel solvate crystal structure

of CL-20 with tetramethyl urea was characterized.

1 | Introduction

CL-20 (2,4,6,8,10,12-Hexanitro-2,4,6,8,10,12-hexaazaisowurtzitan
e) and MDNT (1-methyl-3,5-dinitro-1,2,4-triazole) in a 1:1 molar
ratio form a promising cocrystal with a lower mechanical
sensitivity than CL-20. Cheetah calculations predict 100 m/s
faster detonation velocity for the cocrystal than for HMX at
their respective TMD (cf. Supplemental). The cocrystal was
first synthesized in 2016 by Anderson et al. via liquid-assisted
resonant acoustic mixing (RAM) in acetonitrile, isopropanol, and
acetone [1]. While solubility data are of secondary importance
for mechanical crystallization methods such as RAM and liquid-
assisted grinding [2], precise knowledge of the phase diagrams
of the pure substances and the cocrystal is crucial for solution-
based crystallization methods such as evaporation, cooling, and
antisolvent crystallization, in order to control and optimize the
crystallization process [3]. The literature on CL-20 contains at
least 50 solubility data sets in pure solvents [4-6] and nine data
sets in binary solvent mixtures [5, 6]. In the case of MDNT, only

six data sets regarding the solubility in pure solvents are available
[7]. To obtain meaningful solubility data sets with the soil body.
method, care must be taken to ensure that no solvates or educt
crystals are formed.

This study intends to identify solvents in which the coformers
can be dissolved in a molar solubility ratio close to 1:1 at a
temperature range suitable for technical cocrystallization. In
case of anti-solvent crystallization, a pair of solutants must be
found in which the coformers have a high solubility in the
solvent and a low solubility in the antisolvent, in addition to an
ideally 1:1 molar solubility ratio of the coformers over the entire
solvent/antisolvent mixing range.

In this study, we present temperature-dependent (283.15-323.15K)
solubility data of CL-20 in acetone, MDNT in acetonitrile and
cyclohexanone, and the CL-20/MDNT cocrystal in ethyl acetate.
The solubility data of pure solvents were fitted with the Van’t
Hoff equation and Apelblat’s extended model equations for pure
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TABLE 1 | Purity of materials/solvents used for solubility determina-

tion.
Material Source Mass fraction [%]
¢-CL-20 SNPE 99.4°
MDNT ICT >99 2
Ethyl acetate VWR 99.5°
Tetramethyl urea Sigma-Aldrich 99°
2-Propanole Roth 99.8°
Acetonitrile Fisher Scientific >99°
Cyclohexanone Sigma-Aldrich 99.5°
Acetone Roth >99.5°

#Determined via HPLC.
bProvided by suppliers.

solvents. Furthermore, solubility data of CL-20 and MDNT in
solvent mixtures of isopropanol with ethyl acetate, acetonitrile,
and acetone were determined at 293.15 K. These curves were fitted
using the Jouyban-Acree model.

2 | Experimental

CL-20, MDNT, and some of their solvates are capable of detona-
tion when initiated, e.g., via static electricity, friction, or impact.
Appropriate care must be taken when handling these materials.
The handled amounts should be kept as small as possible.

2.1 | Materials

e-CL-20 (lot number 573S98) was purchased from SNPE; its chem-
ical purity was determined by H-NMR and high-pressure liquid
chromatography (HPLC) to be 98.3% and 99.4%, respectively.
MDNT was synthesized and purified through recrystallization
at Fraunhofer ICT and determined to have a chemical purity of
>99% by HPLC. Powder X-ray diffraction (PXRD) measurements
confirmed the phase purity of e-CL-20 and MDNT. The solvents
were used without further purification, and the materials for this
work are listed in Table 1.

2.2 | Characterization Methods

An X-ray powder diffractometer D8 Advance from Bruker was
used for all powder diffraction analyses. The instrument was
equipped with a copper tube, a radiation shield, an autosampler,
and a silicon strip detector (LynxEye) and collimators set to 2.5°.
The scanning ranges were set from 5° 26 to 50° 26 for all samples.
The stepsize for all measurements was 0.019°. Single crystal data
were recorded on a Rigaku Synergy-S equipped with a copper
tube, HyPix-6000 detector, and an Oxford Cryostream+ device.
XRD data were evaluated with the Bruker DIFFRAC, Rigaku
Crysalis, and SHELX program suites [8-10].

Sample masses were determined using a Kern 770 analytical
balance (accuracy 0.1 mg).

Thermogravimetric analysis (TGA) was carried out using a TA
Instruments TGA Q5000 V3.15 build 263. Samples were heated
from 298 to 573 K at the rate of 5 K min in a platinum pan. The
sample quantity was between 0.9 and 4 mg.

Friction and impact sensitivity were measured with the BAM
method. Stepwise reducing the energy input after initiation
events, the reported value corresponds to the highest possible
energy threshold, which resulted in 0 out of the 6 attempts
causing initiation.

2.3 | Solubility Determination

Solubilities were investigated with the soil-body method. At
least 0.05 g of the coformer or cocrystal material was placed
in a glass container and mixed with solvent, ensuring that
the solvent is saturated and thus an unsolved solid fraction
remains. The container was sealed and shaken at 600 rpm in
a thermoblock mixer model MKR 23. The sample was shaken
at a given temperature tolerance + 0.2 K for at least 5 h. A
syringe with an attachment filter was heated 5 K above the set
solution temperature to prevent subsequent crystallization in the
syringe or in the filter. Using the syringe, at least 40 uL of excess
solution was removed, filtered, placed in a crystallization dish,
and weighed. Following complete evaporation of the solvents,
the residual (“soil body”) was weighed, and the mass fraction
in the solvent at a known temperature was calculated using
Equation (1).

My, — M,
wi — ry empty (1)

Mgy — mempty

w; corresponds to the mass fraction of the dissolved solid. my;,
and mg, correspond to the mass of the dried solid and the total
solution in the crystallization dish, and m,,,,, to the mass of
the empty crystallization dish. At least six measurements were
averaged to their arithmetic mean w;, to obtain one data point.

The solubility values are calculated as mole fraction x;, according
to Equation (2),

=z = @
Zz=1 ]\Z

where w, represents the mass fraction of the solvent and M; and

M, represents the solute’s molar mass and the molar mass of the

components of the mixture.

If the solubility error f (Equation (3)) was less than 5%
f== 3)

The solubility determination was considered reliable. This error
tolerance is in the range of comparable solubility studies [5] [6],
as well as to solubility data from different methodologies and raw
materials, which often show relative differences of more than
5% [5]. Note that the relative error increases with decreasing
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solubility, while the absolute standard deviation for all tested
substances, except for tetramethyl urea (TMU), was similar.

PXRD was utilized to assess the phase purity of the sediment
and exclude solvents. Regarding the solubility measurements on
the cocrystal, it should be noted that the equilibrium sediment
contains only pure cocrystal and no coformers, as the presence
of coformers would falsify the phase diagram and thus the
measurement result [3].

2.4 | Theoretical Solubility Models

The correlation of the measured data was fitted with the Van’t
Hoff equation (Equations (4) and (5)) and the modified Apelblat
equation (Equation (6)) for pure solvents. Binary solvent mixtures
were fitted with the Jouyban-Acree model (Equation (7)).

The van’t Hoff equation (Equation (4)) is a frequently used
theoretical equation derived from thermodynamics [11].

AHsol + ASsol
RT R

In(x;)=- 4)
The molar fraction of the solute x; is calculated through the
enthalpy of solution AH,,, the entropy of the solution AS,,;, the
ideal gas constant R and the absolute temperature T

The van’t Hoff equation can be simplified.

In(x,) = T/LK +b ©)

with the model parameters a and b. However, this linearization
is only obtained when the solution behaves ideally and AH,,, not
temperature dependent, which is seldom the case [11].

The modified Apelblat equation [12] is a widely accepted semiem-
pirical solubility model for pure solvents, defining three model
parameters A, B, and C.

In(x)=A+ T/LK +Cin(T/K) (6)

A and B show variations in the activity coefficient of the solution,
and C shows the influence of the enthalpy of solution. Often, the
modified Apelblat equation is shown to be more accurate than the
theoretical Van’t Hoff equation [6, 13].

Mixing effects and the temperature dependence of the solubility
in binary solvents can be described with the Jouyban-Acree model
(Equation (7)) [14].

2 0

T (x5 —xb)n

- ™

In(x;) = xg In(x;), + x; In (), + x0x]
n=0
x? and xg are the initial mole fractions of the solvents a and b.
(x;), and (x;), are the mole fractions of the saturated solubility of
the solute in pure solvents a and b, and J,, model constants.

If (x;), and (x;), are expressed through the modified Apelblat
equation, x} is substituted with (1 — x¢) and all constants are sub-

sumed in the constant Terms A, to A,. The following simplified
Equation (8) is obtained [14].

2
A 0 xg
In(x) = A, + 22 + A, In(T) + A0 + A28 4 A, (x2)
T T T
3 4
x? x?
+A7% + A, % + Ayx%In (T) 8)

2.5 | CL-20/TMU Solvate Preparation

To obtain single crystals for a novel solvate of CL-20 and TMU,
observed when working in the TMU system, 0.1 g of CL-20 and
2 g of solvent were added to a 5 mL glass vessel. Forming an
undersaturated solution, it was mixed in the vessel for 24 h at
600 rpm. 1.5 g of solvent was evaporated under vacuum at 20°C
and 30 mbar for 72 h. High-quality crystals were removed from
the mother liquor and washed with 20 mL of isopropanol. TGA,
friction and impact sensitivities, density, as well as PXRD and
single crystal data of the solvate were measured.

3 | Results and Discussion
3.1 | CL-20 and MDNT Solubility in Pure Solvents

Relevant published solubility data for CL-20 and MDNT in pure
solvents are displayed in Table 2. Only data sets that yield
comparable coformer solubilities when mixed in a 1:1 molar ratio
were included. The temperature dependence of CL-20’s solubility
is very weak [5].

MDNT’s solubility has a much stronger temperature dependence
for most solvents [5, 7]. For solution-based crystallization, the
solvents of interest are those in which CL-20 is comparatively
highly soluble and/or has a significant temperature-dependent
solubility.

Of the five solvents examined, only the dataset of TMU shows
a variance greater than 5%. This was caused by the formation of
a solid solvate crystal, preventing consistent data recording. The
solvate crystal was confirmed by PXRD measurements. In the
case of other pure solvents, no additional phases were observed
in the soil body, within the detection limits of the PXRD method.
Thus, all solubility determinations apart from the TMU studies
were not hampered by solvate formation.

Measured solubility data are presented in Figure 1, with fits
derived from the van’t Hoff model, and in Figure 2, with fits
from the modified Apelblat model. The model parameters and the
correlation coefficients for the fits are presented in Table 3. The
modified Apelblat equation describes the data more accurately
than the van’t Hoff model, with correlation coefficients of at least
0.986.

The temperature dependence of the cocrystals’ solubility in ethyl
acetate is low, analogous to pure CL-20. The cocrystal was
obtained phase pure across the entire measured temperature
range, indicating good temperature tolerance of crystallization
from ethyl acetate. We assume this tolerance is based on the
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TABLE 2 |

dinitro-1,2,4-triazole (MDNT).

Compilation of relevant available solubility data for 2,4,6,8,10,12-hexanitro-2,4,6,8,10,12-hexaazaisowurtzitane (CL-20) and 1-methyl-3,5-

Solvent Xcr—20 [—] Xypnt [-] [7]
293-208 K 323-333K f(T) 303K  343-348K £(T)
Acetone 0.112[4]  0.112[4] 0361  0.487 (323K) eXp(—1508.700% +3.957)
Acetonitrile 0.049[5]  0.075[5] exp(—13.487 — 2247
0.105 [6] 0.114 [6] 2.0751n(T) [5]
Ethyl acetate 0.083[4]  0.083[4] exp(—0.686 — 2220 — 0.148 0.476 exp(—3166.300% +8.706)
0.091 [5] 0.066 [5] 0.2711n(T) [5]
0.103[6]  0.096 [6]
Ethanol 0.093 —0.003T +5107° T2  0.009 0.058 eXp(—4112.200% +9.207)
(4]
Isopropanol 1107 [6] 11074 [6] 0.000 0.036 exp(—5356.200% +12.295)
Cyclohexanone 0.158 [5] 0.161[5] exp(~1.310 — 222 _
0.158 [6] 0.161 [6] 0.0591n (T) [5]
Tetramethyl urea 0.203 [6] 0.254 [6]

TABLE 3 |

Fitted solubility functions for 2,4,6,8,10,12-hexanitro-2,4,6,8,10,12-hexaazaisowurtzitane (CL-20), 1-methyl-3,5-dinitro-1,2,4-triazole

(MDNT), and the cocrystal in pure solvents obtained from the measured data.

Van’t Hoff equation

Modified Apelblat equation

In(x;) = T/—K +b

B
In(x;))=A+ TR + CIn(T /K)

CL-20-

MDNT-

MDNT-

Cocrystal-Ethyl CL-20- MDNT- MDNT- Cocrystal-Ethyl

Acetone Acetonitrile Cyclohexanone acetate Acetone Acetonitrile Cyclohexanone acetate
—738.345 —413.725 —805.213 241.763 —34.528 74.747 -31.172 —-30.990
0.631 0.268 1.493 —3.405 859.058 —3736.269 664.657 1479.343
¢ 5.229 —11.114 4.867 4.112
R? 0.987 0.977 0.985 0.976 0.989 0.995 0.986 0.987
0,40 - 0,40
%
0,35 L 0,35 -
_ Y _ %
20,30 A 20,30 4
X X
c c
S 0,25 20,25
[$] [S]
g g
© 0,20 © 0,20 1
(o] o]
= =
0,15 0,15 -
0,10 0,10
0705 T T T T T T T 1 0105 T T T T T T T T T T 1
280 290 300 310 320 330 280 290 300 310 320 330

Temperature [K]

FIGURE 1 | Mole fraction solubility of @, MDNT in acetonitrile; A,
MDNT in cyclohexanone; [ll, CL-20 in acetone and the 4, cocrystal in
ethyl acetate. The standard deviation is shown through error bars. All data
are described with the modified van’t Hoff equation.

Temperature [K]

FIGURE 2 | Mole fraction solubility of @, MDNT in acetonitrile; A,
MDNT in cyclohexanone; [ll, CL-20 in acetone and the 4, cocrystal in
ethyl acetate. The standard deviation is shown through error bars. All data
are described with the modified Apelblat equation.
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FIGURE 3 | Mole fraction solubility of @, MDNT and [, CL-20 in
acetone/isopropanol mixtures, against the volume fraction of isopropanol
in the solvent mixture.
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FIGURE 4 | Mole fraction solubility of @, MDNT and [, CL-
20 in acetonitrile/isopropanol mixtures against the volume fraction of
isopropanol in the solvent mixture.

relatively low excess enthalpy of the cocrystal, in comparison with
other cocrystals [2].

3.2 | CL-20 and MDNT Solubility in Binary
Solvents

For antisolvent crystallization, suitable antisolvents are those
in which both CL-20 and MDNT are as insoluble as possible.
The optimal solvent mixture should have a molar solubility
ratio between the coformers of 1:1 across the entire mixing
range. Therefore, isopropanol was examined as an antisolvent,
in combination with the solvents acetone, acetonitrile, and ethyl
acetate.

The measured and fitted solubility data for the solvent mixtures
are presented in Figure 3-5. Model parameters and correla-

0,16

0,14

o

N

N
1

o

N

o
1

0,08 +

Mole fraction x [-]
g
1

0,04 H

0,02 4

0,00 4

T T

—
0,0 0,2 0,4 0,6 0,8 1,0
Volume fraction [-]

FIGURE 5 | Mole fraction solubility of @, MDNT and [, CL-20
in ethyl acetate/isopropanol mixtures against the volume fraction of
isopropanol in the solvent mixture.

0,40
0,35

0,30

[l

Mole fraction x

0,054

0,00 T T T T
240 260 280 300 320

Temperature [K]

FIGURE 6 | Molar fraction solubility curves of 1-
methyl-3,5-dinitro-1,2,4-triazole (MDNT) in acetone (red);
2,4,6,8,10,12-hexanitro-2,4,6,8,10,12-hexaazaisowurtzitane  (CL-20) in
acetone (green); MDNT in ethyl acetate (grey), and CL-20 in ethyl acetate
(blue).

tion coefficients for the fits are presented in Table 4. The
Jouyban-Acree model yields the most promising correlation
coefficients of at least 0.992. PXRD measurements reveal no
additional crystalline phases, except the CL-20/MDNT cocrystal
in the soil residue after the crystallization from the solvent
mixtures.

3.3 | Solvent Selection for Cocrystallization

In conjunction with published data [6, 7], two intersection points
with an equal molar solubility in pure solvents were identified
(Figure 6). For ethyl acetate, the intersection point is at 291.3 K,
and for Aceton at 249.3 K. Consistent with previous studies,
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TABLE 4 | Fitted solubility functions for 2,4,6,8,10,12-hexanitro-2,4,6,8,10,12-hexaazaisowurtzitane (CL-20) and 1-methyl-3,5-dinitro-1,2,4-triazole

(MDNT) in binary solvents gained from the measured data.

Jouyban-Acree model

In(r) = A, + 22 + A In(T/K) + A + A, T"/K + A, (;/; +4, (;‘/I): + A, ‘;‘/I’( + Ayx°In (T/K) with T = 293.15 K
MDNT- CL-20-Ethyl MDNT-Ethyl
CL-20-Acetone-  MDNT-Acetone- CL-20-Acetonitrile-  Acetonitrile- acetate- acetate-
Isopropanol Isopropanol Isopropanol Isopropanol Isopropanol Isopropanol
A, 0.069 0.180 0.053 0.170 0.052 0.0591
A, 0.069 0.180 0.053 0.170 0.052 0.0591
A, —5.509 1.495 2.041 0.495 0.251 2.429
A, —0.072 -0.330 -0.111 —0.128 —0.061 0.024
As —0.072 -0.330 -0.111 —0.128 —0.061 0.024
A, -0.210 0.292 0.034 0.249 —0.153 —0.692
A, 0.285 0.155 0.191 —0.945 0.254 0.819
Ag —0.067 —0.138 —0.108 0.616 —0.084 —0.286
Ay 1.000 1.000 1.000 1.000 1.000 1.000
R? 1.000 0.998 1.000 0.995 0.999 0.992

MDNT shows a higher temperature dependence of its solubility
than CL-20 in acetone and ethyl acetate.

Ethyl acetate was chosen as a suitable solvent for technical
cocrystallization because the temperature at the intersection
point of equal solubility is close to room temperature. Therefore,
crystallization processes are easier to regulate and scalable.
Furthermore, cocrystallization from ethyl acetate yields a pure
product in the investigated temperature range of 283 - 323 K. This
indicates significant temperature tolerance in the crystallization
process.

The solubility ratio of the coformers in the binary solvent
mixtures is displayed in Figure 7 and generally decreases with
increasing volume ratio of isopropanol. For anti-solvent cocrys-
tallization, the binary ethyl acetate-isopropanol mixture at 293.1K
is favorable. At that temperature, the molar solubility ratio for
the coformers is closer to one across the entire mixing range, in
comparison to the two other mixtures.

3.4 | CL-20/TMU Solvate Characterization

Contrary to reports from the literature [6], no coherent solubility
data could be determined for CL-20 in TMU (see Figure 8). CL-
20 and TMU were observed to form a solvate crystal, which
distorts the solubility measurements. Single-crystal diffraction
was applied to determine the structure of this unknown solvate
crystal. Its unit cell and crystallographic data are presented in
Figure 9 and Table 5, respectively. The discovered CL-20/TMU
solvate exhibits a molar ratio of 2:3 for CL-20:TMU.

PXRD analysis of a solid sample obtained by crystallizing CL-20
from TMU (see Figure 10) suggests that the CL-20:TMU solvate is
the major component after drying. The simulated diffractogram

1,0 5

0,8

o
[«2)
1

molar ratio p [-]
o
N
1

0,2 4

0,0 -
0 0,25 0,5 0,75 1

Volume fraction [-]

FIGURE 7 | Molar ratio of the solubility mole fraction from
2,4,6,8,10,12-hexanitro-2,4,6,8,10,12-hexaazaisowurtzitane (CL-20) to 1-
methyl-3,5-dinitro-1,2,4-triazole (MDNT) in acetone/isopropanol (blue),
acetonitrile/isopropanol (green), and ethyl acetate/isopropanol (orange).

does not convincingly align with the observed data, except for
the first strong reflection. We assume that a strong preferred
orientation towards (h00) reflections is present. This is suggested
by the strongest reflections observed at regular intervals of
approximately 7.5°, matching the simulated theta values for h00
reflections. Note that discrete CL-20 and TMU layers are oriented
perpendicular [100] in the solvate crystal structure.

The measured density of the sample was 1.56 g/cm?; the fric-
tion, impact, and electrostatic discharge (ESD) sensitivities were
<360 N, 15 J, and 270 mJ, respectively. The solvate is thus less
sensitive than e-CL-20.
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FIGURE 8 | Incoherent solubility mole fraction data of 2,4,6,8,10,12-
hexanitro-2,4,6,8,10,12-hexaazaisowurtzitane (CL-20) in tetramethyl urea.

FIGURE 9 | Unit cell of the CL-20-TMU solvate. Note that
2,4,6,8,10,12-hexanitro-2,4,6,8,10,12-hexaazaisowurtzitane (CL-20) and
tetramethyl urea (TMU) each form discrete layers in the b-c plane of the
unit cell. CL-20 molecules can be found in configurations similar to those
of the e-CL-20 and the 3-Cl1-20 polymorph in each layer.

TABLE 5 | Crystallographic data for the 2,4,6,8,10,12-hexanitro-
2,4,6,8,10,12-hexaazaisowurtzitane (CL-20):tetramethyl urea (TMU)
solvate.

2(C6 H6 NlZ 012)

Formula 3(CsH;; N, 0)
Crystal system Orthorhombic
Space group Pna2, No. 33
a(A) 23.6833(3)
b(A) 27.3559(4)
c(A) 15.9816(2)
Cell volume (A3?) 10354.1(2)

Z 8
Radiation Cu-Ka
Measurement temperature (°C) 28(2)
Calc. density (g/cm®) 1.57

R, /WR, (for F? > 30(F?)/ all data) 0.069/0.206
CCDC—reference 2490496

H K L 20/ deg d7 A 1 Zrel IF(HKL)I MU FWHM
2 0 0 7.459 11.84165 100.00 960.68 2 0.071
4 1] 0 14.951 5.92083 965 602.40 2 0.071
6 1] 0 22507 3.94722 0.60 229.07 2 0.071
8 0 0 30.164 2.96041 0.85 371.55 2 0.071
10 0 0 37.961 2.36833 0.67 42210 2 0.071
12 0 0 45.946 1.97361 0.10 204.14 2 0.071
14 0 0 54.175 1.69166 0.00 34.55 2 0.071
16 0 0 62.718 1.48021 0.02 116.99 2 0.071
18 0 0 71.670 1.31574 0.00 62.90 2 0.071

1 PXRD CL-20 crystallized from TMU
| CL-20: tetramethylurea | 2: 3 solvate
PXRD simulation based on SXRD data
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FIGURE 10 | Powdered X-ray diffraction (PXRD) measurements of
the sample (black) and the simulation of the solvate (red) based on SXRD
data.

TGA analysis of the sample assumes a complex, stepwise decom-
position process of the solvate, before the known decomposition
of CL-20 at 220°C (Supporting Information).

4 | Conclusion

The solubility of CL-20 in acetone, of MDNT in acetonitrile
and cyclohexanone, and of the cocrystal in ethyl acetate was
determined in the range from 283.15 to 323.15 K.

Additional educt solubilities were determined in three binary
mixtures with isopropanol at 293.15 K.

The MDNT solubility exhibits a moderate temperature depen-
dence, which is typically higher than the solubility of CL-20
in the same solvents. The cocrystal’s solubility exhibits a low
temperature dependence; therefore, cooling crystallization is not
a viable option. Ethyl acetate at 291.3 K and acetone at 249.9
K offer a 1:1 molar solubility ratio for the coformers and are
thus suitable solvents. For antisolvent crystallization, the ethyl
acetate/isopropanol system at 293.1 K is suitable with a CL-20 to
MDNT molar ratio of 1:0.6.

The novel characterized CL-20-TMU solvate conclusively
explains observed variations of the coformers’ solubility data in
TMU. TMU is therefore not a viable solvent for cocrystallization.
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