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An investigation of the mesomorphic properties of 3,5-diamino-1-dodecyl-1,2,4-triazole and 3-amino-1,5-
dodecyl-1,2,4-triazole binary mixture in the ratio of 1:0.75 (four molecules of the �rst compound and three of
the second) was performed. By means of polarizing optical microscopy, it was discovered that the experimen-
tally obtained binary mixture possesses enantiotropic mesomorphic properties (SmA phase). With the help of the
molecular dynamics simulation of both individual triazole derivatives and their binary mixture, it was shown that
the SmA-mesophase is caused by the presence of the di-dodecyl substituted triazole derivative.
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1. Introduction

3,5-Diamino-1H-1,2,4-triazole (guanazole) is widely
used as a starting material in the synthesis of macro-
cyclic compounds [1�4]. Guanazole derivatives can be
applied in many industrial sectors such as herbicides,
medical drugs, emulsion stabilizers, cationic dyes and so
on. Alkylated guanazole derivatives, which are soluble
in organic solvents, can acquire a wider practical use,
particularly in medicine [5].
The synthetic approach to alkylation of 3,5-diamino-

triazole is well known [6], but the most di�cult and time-
consuming step of the synthesis is the isolation and pu-
ri�cation of the target alkylated products. Due to the
complexity of the target product puri�cation, it is reason-
able to precede this process with computer simulation in
order to get a prediction concerning the supramolecular
organization and mesomorphic properties of the target
compounds.

2. Materials and methods

The subjects of the research are 3,5-diamino-
1-dodecyl-1,2,4-triazole (I), 3-amino-1,5-dodecyl-1,2,4-
triazole (II) (Fig. 1) and their binary mixture in the ratio
of 1:0.75 (III) (i.e. four molecules of the �rst compound
to three of the second). The component ratio of the bi-
nary mixture III was determined by experimental inves-
tigations [7]. The synthetic procedure for alkylation is
described in [8]. Compounds I and II, at present are not
yet isolated from the binary mixture III, obtained from
the synthesis.
The mesomorphic properties of the experimentally ob-

tained binary mixture III were investigated by polariz-
ing optical microscopy (POM) (Leitz Laborlux 12 Pol
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Fig. 1. Structural formula of 3,5-diamino-1-dodecyl-
1,2,4-triazole (I) and 3-amino-1,5-dodecyl-1,2,4-triazole
(II).

equipped with a Mettler FP5 hot stage), heating/cooling
rate of 5 ◦Cmin−1.
The computer simulation was carried out using the

molecular dynamics (MD) method with molecular me-
chanics (MM) parameters [9] and the Euler method [10]
was used to solve the equations of motion. The temper-
ature and pressure control were secured by the Berend-
sen's thermostat and barostat [11], respectively. The MM
model shown in Eq. 1 was chosen for the MD simulation:
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where U is potential energy of the system; kb, kα, Vϕ are
elastic constants for valence bonds, valence angles and
dihedral angles, respectively; rb is the bond length at
the current moment of time; rb0 is the equilibrium bond
length; Γ1, Γ2, Φ are sets of all valence bonds, valence
angles and dihedral angles of the system, respectively; α
is the valence angle at the current moment of time; α0

is the equilibrium valence angle; ϕ is the dihedral angle
value at the current moment of time; nϕ is the dihe-
dral barrier ratio; ϕ0 is the initial phase, Ai, Bj are van
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der Waals interactions potential parameters; rij is inter-
atomic distance between i and j atoms; qi, qj are atomic
charges of i and j atoms; ε is permittivity of medium; ε0

is permittivity of the vacuum.
The above-mentioned potentials and their constants

(excluding charges) are taken from the AMBER force
�eld [12]. The charges were calculated by the Hartree-
Fock method in the 6-311G basis set with the help
of GAMESS computer program [13]. MD simulations
were carried out by 'MDSimGrid-GPU' computer pro-
gram [14] that performs MD simulation on graphics pro-
cessing units (GPU). This program allowed the simula-
tion time to be reduced by a factor of ten.

3. Results and discussion

3.1. Mesomorphic properties of the guanazole
derivatives binary mixture

The study of the binary mixture III by polarizing op-
tical microscopy revealed that it forms an enantiotropic
SmA phase. On heating, the SmA phase was observed
between 110 and 113 ◦C and on cooling it showed a typ-
ical texture with myelin �gures (Fig. 2a) between 111
and 103 ◦C. On cooling from the isotropic liquid, it �rst
appeared in the form of battonets (Fig. 2b), which then
transformed quickly into a homeotropic texture with bire-
fringence visible only around air bubbles (Fig. 2c).

Fig. 2. Photomicrographs of the binary mixture III: a)
myelin �gures in SmA phase, T = 111◦C, on heating,
b) battonets of the SmA phase appearing from isotropic
liquid, T = 111◦C, on cooling, c) homeotropic texture
of SmA phase, T = 106◦C, on cooling.

3.2. Computer simulation of guanazole derivatives
supramolecular organization

MD simulation of the supramolecular organization of
the individual compounds I and II was carried out to
clarify which of them causes mesomorphic properties of
the binary mixture III. First, however, it was necessary to
perform a simulation of the binary mixture III, in order
to ensure that the model is suitable for the identi�cation
of mesomorphism of this class of compound.
The modeling was performed as follows: the simulated

system had comprised 140 molecules (80 molecules of
compound I and 60 molecules of compound II) and pe-
riodic boundary conditions were superposed on the sys-
tem; the external pressure was 1 atm. The simulation
was carried out at 107 ◦C (on cooling) and the system
monitoring interval was 10 ns. When the simulation was

Fig. 3. Supramolecular organization of the binary mix-
ture III: a) � only vectors connecting two nitrogen atoms
of the central fragment of molecules are shown, b) � only
central fragments of molecules including NH2-groups are
shown, c) � only alkyl substituents of molecules are
shown.

completed, the SmA-mesophase of the binary mixture III
was identi�ed by visual analysis (Fig. 3).
Next, a series of computational experiments, model-

ing of the supramolecular organization of the individual
compounds I and II, was performed, according to the
following scheme. At the �rst stage, two systems of 160
molecules each (compound I and compound II) were as-
sembled. The periodic boundary conditions were super-
posed on both systems and the external pressure was set
to 1 atm. The systems monitoring intervals were 10 and
40 ns, respectively. The simulations were performed at
112 ◦C for compound I and at 113 ◦C for compound II.
The choice of the simulation temperatures was based on
the assumption that the presence of the impurities usu-
ally leads to a decrease in melting points. The analysis
of the performed MD simulations established that the
system of compound II showed layered supramolecular
organization corresponding to a SmA phase (Fig. 4). As
for the system of compound I, such layered organization
was not found (Fig. 5).

Fig. 4. Supramolecular organization of compound II:
a) � only vectors connecting two nitrogen atoms of the
central fragment of molecules are shown, b) � only cen-
tral fragments of molecules including NH2-groups are
shown, c) � only alkyl substituents of molecules are
shown.

Thus, the results of the performed computational
experiments show that mesomorphic properties of the
binary mixture III are likely caused by the di-
alkylsubstituted derivative II. It should be emphasized
that at this stage of work, the binary mixture III has not
yet been separated into individual components.

4. Conclusions

A binary mixture of mono- and di-dodecyl substituted
triazole derivatives with the component ratio of 1:0.75,
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Fig. 5. Supramolecular organization of compound I
(only alkyl substituents are shown) from di�erent view
angles.

respectively, was synthesised. Investigation of the me-
somorphic properties showed that it exhibits an enan-
tiotropic SmA mesophase. The complexity of separation
did not allow pure, individual components to be obtained
and to prove experimentally which of them is responsible
for the mesophase formation. MD simulation carried out
by �MDSimGrid-GPU� computer program, developed by
us, showed that it is di-alkylsubstituted component that
caused the appearance of SmA phase in the binary mix-
ture.
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