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Chapter 6

Exploiting Spin-Peierls-like Transitions to
Induce Two Distinct Mechanisms of

Bistability in Dithiazolyl-based Materials

The use of state-of-the-art comprehensive techniques allowed us to explore and to
outline the key features of the selected set of DTA-based[1–11] materials, as reported
in the previous chapters. To complete the investigation of these materials with such
unique features, we hereby present the study of the dynamical properties of the
DTA compounds. First, we introduce the models employed in the study and their
corresponding results from the structural optimizations. Then, we present the re-
sults from the AIMD[12] simulations, discussing how thermal motion affects the
HT phases of the PDTA[13, 14] and TDPDTA[15], respectively.

By means of the dynamical and post-processing analysis of PDTA and TDPDTA,
and keeping in mind the corresponding results gathered in the past for TTTA[16–
24] and 4-NCBDTA[25], we propose a complementary stabilization mechanism, for
the TDPDTA material, which depends on the longitudinal slippage (dLG) between
monomers. The presence of the (dLG) parameter localizes the HT-TDPDTA poly-
morph on a minimum of the corresponding potential energy surface. The uniform
weakly paramagnetic molecular arrangement of HT-TDPDTA is preserved, diffe-
rently from the HT-DTA phases of other spin Peierls systems, which result as a con-
sequence of the Pair-Exchange Dynamics process.
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6.1 Introduction

Many essential aspects of the DTA-based molecular systems have been reported
in the last years[1–11], with the ultimate intent to properly describe their key fea-
tures and to put a firm point to their rationalization and possible practical appli-
cation. The major achievements obtained so far are, in order of relevance, the i)
decoupling of the static picture with respect to the dynamical one, being both essen-
tial for descriptive purposes, but necessarily to be treated separately[22, 26]; ii) the
definition of the magnitude and propagation scheme of the magnetic interactions
which permeate the molecular crystals[26], justifying the experimental evidence for
the diamagnetic and weakly paramagnetic nature of the polymorphs following the
hysteretic loop, particularly in case of the bistable systems[22–24, 26, 27]; iii) the
underlying Pair-Exchange Dynamics (PED)[23] mechanism which appears to be a
common feature among DTA-based compounds, providing solid evidence for the
phase transition which in turn, based on the nature of the substituent attached to
the DTA-ring, can lead to a first-order or second-order phase transition[25]. As high-
lighted in the comparative study between the prototype molecular TTTA system
and the 4-NCBDTA by Vela and co-workers[25], the presence of a first-order or se-
cond order process can result in a phase transition featuring a hysteretic (i.e. TTTA)
or non-hysteretic (i.e. 4-NCBDTA) response. The former process is indeed accom-
panied by the concomitant orientational re-arrangement and re-arrangement of the
interstack contacts between the molecular units composing the crystal. The resulting
LT and HT phases, in general, feature two different space groups. In the latter case,
instead, the molecular columns preserve the orientation and space group during the
heating and cooling process, presenting only a spin transition from a diamagnetic
to a weakly paramagnetic configuration.

On the light of the study and interpretation of the dynamical properties of other
DTA-based systems[23, 24], the investigation of PDTA and TDPDTA, with particu-
lar emphasis on their respective HT phases, highlighted the peculiar stability dis-
played by the TDPDTA material. By following the usual protocol, both PDTA and
TDPDTA were first analyzed by employing the static analysis through the FPBU[26]
methodology, as reported in the previous chapter. In particular, we proved that,
while all the other systems considered, i.e. TTTA, PDTA and also the non-bistable
4-NCBDTA, are able to give birth to ferromagnetic (FM) couplings if the dimers
are properly spatially arranged, on the contrary, for TDPDTA is not the case, while
employing the same geometrical variables. These variables are the interplanar dis-
tance (dIP) (see red dashed arrows in Figure 6.1a,b for the (a) LT- and (b)HT-PDTA
cases, for instance) between two nearest-neighbouring molecules and their respec-
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tive lateral slippage (dSL) (see violet bars in Figure 6.1b). Conversely, in the case of
TDPDTA, we figured out that an extra geometrical variable is needed to recover for
the possibility to have FM molecular arrangements, namely the longitudinal slip-
page (dLG) (see orange bars in Figure 6.2 for the (a) LT and (b) TDPDTA cases). The
discovery of this additional variable to account in the post-processing analysis of
the DTA-based systems has been a basic point to properly analyze and correctly in-
terpret the thermal response of the TDPDTA system. At this moment, among the all
set of systems considered, the TDPDTA is the only one to display the longitudinal
displacement between monomers and within the columns, as shown by the orange
bars in Figure 6.2, both in the LT and HT cases, respectively.
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dIP dIP

dIP

dIP

N*-N*

N*-N*
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N*-N*
dSL
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Figure 6.1: Key geometrical variables considered to describe the intermolecular ar-
rangements between radicals in the (a) LT-PDTA and (b) HT-PDTA phases.

Another important aspect that comes out from the static analysis of the aforemen-
tioned compounds is the role of the substituents. We demonstrated that they do not
play any relevant role in the definition of the magnetic interaction within the mole-
cular compounds, but only in the general geometrical arrangement of the crystals.
The whole set of electronic and magnetic properties follow the interaction of the
DTA-rings through space, by means of long-bond “pancake” interactions[28, 29] As
a consequence of the previous studies[27], at this point we aim at contextualize the
PDTA and the TDPDTA systems behavior within the interpretative picture given
for the other DTA-based materials. In particular, we want to understand the mecha-
nism of spin transition in the two aforementioned systems, as well as the stability of
the HT-TDPDTA phase.

The purpose of this chapter is to present the direct comparison between the dy-
namical results of the PDTA and TDPDTA systems, keeping as a reference the ones
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Figure 6.2: Key geometrical variables considered to describe the intermolecular ar-
rangements between radicals in the (a) LT-TDPDTA and (b) HT-TDPDTA phases.

concerning the prototype TTTA[23, 24]. Firstly, the models employed in this study
are shown, followed by their variable-cell and geometry optimizations. Secondly,
the results from the AIMD simulations are reported, in particular for the HT phases
of the two materials. Then, the data from the AIMD simulations are complemented
with i) the comparison between the average structures computed for the room tem-
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perature AIMD simulations, ii) the comparison between the experimental and com-
puted thermal ellipsoids, both in the LT and HT cases, iii) the histogram distribution
analysis of the N*-N* distances between adjacent radicals, iv) the study of the topo-
logy of the PES for PDTA and TDPDTA, respectively, by means of the Nudged Elas-
tic Band (NEB) method, for isolated columns, extracted from the respective AIMD
trajectories.

Here, the concept of the Pair-Exchange Dynamics (PED) mechanism is reviewed.
The PED concept was established in previous works[23] while characterizing TTTA
and 4-NCBDTA compounds, from a dynamical point of view. The purpose of this
paragraph is to present to the reader the general features of the PED process, which
is considered to be the dominant dynamical process characterizing the majority of
the DTA-based compounds, in order to later introduce, in the Results section, the
alternative stabilization mechanism found to operate in the TDPDTA material.

The illustrative cartoon of the PED mechanism is reported in Figure 6.3. The PED
process is associated to the dynamical interconversion of the molecular arrange-
ments, within the crystalline system, between two degenerate states separated by
an energy barrier. The two degenerate minima, hereafter referred as (· · ·A-A· · ·A-
A· · ·)n and (-A· · ·A-A· · ·A-)n, respectively, present an alternated structure featur-
ing ⇡-eclipsed dimers alternated to ⇡-shifted dimers. The transition point, instead,
is found to belong to a uniform stack propagation of the molecular disposition,
(· · ·A· · ·A· · ·A· · ·A· · ·)n, where the previous dimers are no longer available. The
PED occurs in the picoseconds timescale regime. The key points gathered along
with the analysis of the TTTA[25] and 4-NCBDTA[25] are the fact that the PED is a i)
function of the temperature, and ii) it is independent from the presence or absence
of an hysteretic loop, as shown by TTTA and 4-NCBDTA, respectively. By increasing
the temperature, the interchange between the two minima in the LT phase becomes
subsequently more and more probable. The uniform stack propagation configura-
tion between the two degenerate LT minima is found when the system has enough
energy to overcome the barrier separating the two. The experimentally resolved
HT phase displays the same uniform trend like the intermediate structure found
between the two LT minima. Hence, it follows that the HT structure can be the di-
rect result of the PED mechanism which induces the LT polymorph to move to the
HT polymorph[23]. If the activation of the PED is coupled with the variation of the
interstack contacts between molecules, then we refer to a first-order phase transi-
tion. The LT and HT phases also belong to different space groups, in general terms.
Whereas, if the transition between dimerized and regular stack within the crystal is
coupled with the PED process, but the space group of the crystal is preserved, then
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Figure 6.3: Illustrative scheme of the Pair-Exchange Dynamics process.

we refer to a second-order phase transition.

Together with the characterization of the PED process, another important question
concerning the stability of the HT phases of TTTA and 4-NCBDTA was also an-
swered. In fact, by employing the detailed study of the thermodynamical properties
of the systems, and, in particular, accounting for the Helmholtz free energy[25], it
was found that the stability of the HT phases derived from the fact that the system
is not a minimum on the PES but on the Free Energy Surface (FES), as a result of
entropy contributions.
The TDPDTA material is peculiar because it does not strictly fall in descriptions
above, neither for the first-order phase transition nor for the second-order one, but
instead it can illustratively be placed somewhere in the middle, this is because it
presents a hysteretic loop with a transition occurring between the LT!HT poly-
morphs, while keeping the same space group in both.

In the following sections the TDPDTA system is introduced, as well as the PDTA
materials, reporting not only the experimental features by also illustrating with a
comparative scheme where the respective susceptibility curves are placed, high-
lighting step by step the interesting nature of these compounds and why it plays
a new key role in the panorama of the DTA-based compounds.
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6.2 Susceptibility Curves

The first aspect of the TDPDTA compound that immediately captured our atten-
tion, way before studying it through the static analysis[27], as reported in Chapter
5, is its experimental characterization reported by Oakley and co-workers[15]. As
a brief recap, the TDPDTA material is a three member ring molecular system (see
the molecular structure in Figure 6.4 associated to the red curve), presenting an un-
paired electron that is formally located on the nitrogen belonging to the DTA-ring.
By X-ray diffraction refinement, two different polymorphs were resolved, one at 150
K, corresponding to the low temperature system (LT) and the other at 293 K, corre-
sponding to the high temperature (HT) one. These two polymorphs both belong to
the triclinic space group P 1̄. The hysteretic behavior appears in the range between
T#

C= 50 K and T"
C= 200 K. The LT polymorphs present an even alternation of quasi-

⇡-eclipsed dimers and ⇡-shifted ones. The HT phase, instead, displays a uniform
trend arrangement like the one presented also by the other systems analyzed[13–
25]. The magnetic coupling computed between two radicals, hereby labelled as A
and B, throughout the Heisenberg Hamiltonian formulation JAB = EBS -ET

1 is equal
to ca. -69 cm�1 in the case of the HT-TDPDTA, while in the case of the LT phase,
the coupling is JAB = -781 cm�1. This is quite surprising compared to the order of
magnitude of the couplings computed[27] or indirectly derived by experimentalist
fitting the proper models[15] to the susceptibility curve of the other DTA-based sy-
stems. In general, the JAB values associated to the LT and HT structures are one
order of magnitude bigger (cf. JHT-PDTA

AB =-110 cm�1 vs. JHT-TDPDTA
AB =-69 cm�1) com-

pared to the one found in the TDPDTA case.

Differently from the system above is the PDTA[13, 14, 27], which resembles in al-
most every aspect the prototype molecular compound TTTA. PDTA shows a very
extended hysteresis loop, encompassing room temperature. Moreover, both the LT
and HT polymorphs have been resolved at 323 K, allowing for a direct comparison
of the structural differences. The LT phase is diamagnetic, where the geometrical
arrangement is a column stack of ⇡-eclipsed dimers alternated to ⇡-shifted ones.
The ⇡-eclipsed dimers present a strong antiferromagnetic coupling of the order of

1 From the Heisenberg Hamiltonian Ĥ = �2 JABŜA · ŜB for a pair of A and B radicals, the JAB value
is computed as the energy difference between biradical open-shell singlet S and triplet T states,
�E

S-T = E
S �E

T = 2JAB. Open-shell singlet systems can localize alpha spin density and beta spin
density on different radicals. In our case, within the DFT framework, once the broken symmetry
approximation (BS) is applied, the energy difference can be expressed as: ES �E

T = 2(ES
BS �E

T)/(1
+ Sab). The resulting Sab overlap between the alpha (a) SOMO and the beta (b) SOMO is very small,
which means that the orbitals are localized on each of the two radicals. This leads to Sab ⇡ 0. As a
conclusion JAB = E

S
BS � E

T.
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magnitude of ca. -1600 cm�1. This strong coupling prevents the possibility for the
crystal to display any FM coupling in the LT configuration. Conversely, the HT
phase instead is proved to be weakly paramagnetic[13, 14], also by means of the
theoretical evidence[27], as we reported in the previous chapter. An important note
about the uniform stacks of the HT phases, as Vela and co-workers[23] pointed out,
is that they belong, a priori, to an average structure that appears as a consequence
of the molecular exchange between two possibly minima belonging to the potential
energy surface of the system investigated. This last point will be corroborated by
the analysis of the AIMD simulations reported in the Results section.

Figure 6.4: Susceptibility curves of PDTA (black) and TDPDTA (red), put in com-
parison.

In general, temperature can be used as external stimuli to trigger the phase transi-
tion in molecular compounds, switching between two states of the same material,
and two different magnetic states. In this sense, it was already speculated to use
DTA-based materials as molecular switches[30]to be employed in devices for sto-
ring data[22, 23, 27], or to create highly accurate sensors. However, many intrinsic
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difficulties, mainly correlated to the controlling aspects of the PED mechanism, re-
ported to be responsible for the switching, are still to be bypassed. Before facing the
practical aspects and possible advantages of the use of DTA-based systems, more
fundamental issues need to be sorted out.

By comparing the two respective susceptibility curves of PDTA (in black) and TD-
PDTA (in red), as reported in Figure 6.4, it can be seen that a hysteresis loop is
present in both cases, but it appears at very different temperature ranges, without
overlapping. While in the PDTA case the transition between the LT phase to the HT
is abrupt and neat, synonym of a sudden structural re-arrangement whose inter-
conversion involves both the spin and space group change (i.e. first-order transition),
in the case of the TDPDTA, instead, it is smoother. The hysteretic TDPDTA curve
shows a large extent of the loop, comprising a range of ca. 150 K, whereas the PDTA
curve is ca. half of the TDPDTA one. Note that, while in the case of PDTA an impor-
tant geometrical re-arrangement occurs, involving the columns of radicals that ends
up in a different space group featuring a herringbone disposition, in the case of the
TDPDTA the space group is preserved, maintaining the stacking direction.
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6.3 Structural Models

The interpretation and study of material properties follows the proper selection of
representative structural models. These have to comprise the correct arrangement
of the molecular units in space, but also, throughout the proper approximations,
the correct set of forces acting on the system. In this case, because we are dealing
with organic molecules, we have to account for the proper long-bond interactions
through the Grimme dispersions[31, 32] functions.

Structurally, both in the case of PDTA and TDPDTA polymorphs, LT and HT re-
spectively, we made use of supercells composed of eight molecular columns, each
of which formed by a stack of four molecules, as reported in Figures 6.5 and 6.6.

 

 
(a) 

 

 
(b) 

 

  
 

(c) 
 

 
(d) 

 

  

Figure 6.5: Side-view and top-view of the PDTA supercells for the a)-b) LT and c)-d)
HT polymorphs.

In Figure 6.5 the geometry of the molecular columns for the LT-PDTA phase (Figure
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6.5a,b) and for the HT-PDTA (Figure 6.5c,d) are displayed. The LT structure features
the aforementioned alternated arrangement between dimerized configurations with
shifted ones, while the HT polymorph presents the classical uniform trend, charac-
teristic of the HT DTA-based phases (see Figure 6.5c,d). It can be noticed that in the
LT case, the structure presents a lateral displacement, which in turn coincides with
the shifted configuration, highlighted by the dashed line (see Figure 6.5a,b).
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(d) 

 

  

Figure 6.6: Side-view and top-view of the TDPDTA supercells for the a)-b) LT and
c)-d) HT polymorphs. The distances within the columns in the LT phase (a) present a
different dashed line with respect to the HT phase. This is done with the purpose to
highlight the intermediate nature of the structure, which is found to lay in between
a dimerized (LT) and a regular structure (HT).

Figure 6.6, instead, summarizes the structural characteristics of the supercells em-
ployed in the study of the LT-TDPDTA (Figure 6.6a,b) and HT (Figure 6.6c,d), re-
spectively. Note that, in this case, the general disposition and orientation of the
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molecules and columns is the same in both the polymorphic phases. The LT struc-
ture, in particular, features a peculiar arrangement along the stacking direction of
the columns which places itself between a dimerized configuration and a uniform
distribution, the last one well caught by the HT phase instead. Note also that the
displacement that appears in the LT phase occurs along the longitudinal axis of the
molecule, differently from the LT-PDTA case (see Figure 6.5a,b). These systems are
the background on top of which we built the research here presented. Because of the
lack of experimental data from the original papers[13–15] describing the resolved
structures of PDTA and TDPDTA, in order to explore how the thermal motion af-
fects the behavior of each compound at different temperatures, we obtained several
intermediate structures by interpolating the X-ray cell parameters of the HT phases
with respect to the cell parameters of the same cells optimized by means of the
variable-cell (VC) algorithm at 0 K, as reported in the scheme of Figure 6.7a,b.

 
 

 
(a) 

 
(b) 

  
 

 

150 K
180 K

220 K
260 K

300 K
323 K

120 K

160 K
180 K

293 K

Figure 6.7: Schemes showing the corresponding (a) PDTA and (b) TDPDTA struc-
tures obtained at different temperature by means of a linear interpolation of the
experimental HT polymorphs cell parameters with the ones obtained by VC opti-
mization at 0 K. In (a) the experimental LT and HT structures have been resolved
at the same temperature (blue dot at 323 K) while in (b) the LT phase has been re-
solved at 150 K and the HT one at 293 K (see the respective blue dots position). The
red dots, both in (a) and (b), display the structures obtained by interpolations.

Our attention is focused on the HT polymorphs, being the one presenting both struc-
tural and magnetic flexibility with respect to the LT phases. The corresponding
intermediate structures are first geometrically optimized, keeping frozen the inter-
polated cell parameters, and allowing for the molecules, from the respective HT
models (Figures 6.5c,d and 6.6c,d), to “adapt” to the new cell. Once the geometry
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optimizations of the intermediate HT structures are completed, then the resulting
systems are employed in the AIMD simulation. Each AIMD simulation employed
in this study consists of two steps, namely the i) equilibration and the ii) production
run. The equilibration is essential to adapt the system coming from the geometry
optimization to the fictitious thermal bath. In all cases reported here, the systems
are equilibrated for ca. 3 ps. Once completed, it follows the production run. The
goal of step ii) is to collect statistically relevant samples of the structures at a specific
temperature. Each production run is carried out for 10 ps. By means of the AIMD
technique, the HT-PDTA polymorph is investigated at 150, 180, 200, 220, 260, 300
and 323 K (X-ray resolved), respectively, while the LT-PDTA phase is studied at 323
K (see Figure 6.7a). In the case of HT-TDPDTA instead, the structures at 160, 180
and 293 K (X-ray resolved) are studied, and at 150K in the case of the LT polymorph
(see Figure 6.7b).

6.4 Computational Information

The optimization of the supercells described above is performed by means of the
CP2K[33] code at DFT level, using the PBE functional[34] within the spin unrestricted
formalism. Norm-conserving Goedecker-Teter-Hutter[35–37] pseudopotentials are
used for all atomic species in combination with the Gaussian TZV2P basis set[38]
and a �-point sampling of the Brillouin zone. A 600 Ry cutoff is used for truncating
the plane waves expansion. The Grimme’s D3 dispersion potential[32] is added to
the Kohn-Sham DFT energy in order to account for the van der Waals interactions
between molecules. The same setting applies also in the case of the AIMD sim-
ulations, within the canonical ensemble (NVT). The Canonical Sampling through
Velocity Rescaling (CSVR) stochastic thermostat is employed[39]. A timestep of 1fs
was used.

The calculations of the energy profiles are performed by means of the NEB algo-
rithm (version 6.2), part of the Quantum Espresso suite[40] (version 5.4.0) at DFT
level. The ultrasoft pseudopotentials at PBE[34] level with kinetic energy cutoff at
35 Ry and �-point sampling of the Brillouin zone are used to describe the atomic
species, within the spin unrestricted formalism. The Grimme’s D2[31] dispersion
functions are also used for taking into account the van der Waals interactions be-
tween molecules. The calculation of the NEB energy profile for the PDTA system
counts 12 intermediate images, 14 in the case of TDPDTA.

The PES scans are computed at the same level of theory like the NEB, employing
ultrasoft pseudopotentials at PBE[34] level with kinetic energy cutoff of 70 Ry for
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truncating the plane waves expansion, adding the Grimme’s D2[31] dispersion cor-
rections and �-point sampling of the Brillouin zone, within the spin unrestricted
formalism.

Finally, the single point NEVPT2[41–43] calculations (see Figure 6.20a,b), are per-
formed by means of the Orca[44] code (version 4.0.1.2), using an active space of 10
⇡-electrons and 10 ⇡-orbitals for the PDTA case, with the Karlsruhe basis set def2-
TZVP[45–48] from Ahlrichs and co-workers. In the case of the TDPDTA instead, an
active space of 14 ⇡-electrons and 14 ⇡-orbitals was employed, with the same basis
set. The configurations investigated at NEVPT2 level are the one sampled from the
PES scans for the PDTA and TDPDTA systems, firstly evaluated at DFT level.

6.5 Results

6.5.1 Optimum Configuration of HT-PDTA and HT-TDPDTA
Polymorphs

The results for the optimized HT polymorphs of the PDTA and TDPDTA systems
are here presented and discussed. The variable-cell optimized structures, in both
cases, are hereafter referred as HT-0. Whereas, the optimized geometry of a single
column, extracted from the HT-0 structures, respectively, are denoted as HT-0-ISO.
The VC and geometry optimizations are performed within the periodic boundary
conditions (PBC) framework.

First, the HT-PDTA structure, resolved experimentally at 323 K (see Figure 6.8a),
is displayed. The molecular disposition of the ⇡-slipped dimers follows a uniform
trend. The interplanar distance (dIP) between two neighboring molecules is 3.42 Å
(highlighted by the red double-head-dashed arrows), while the N*-N* distance is
3.72 Å (highlighted by black dashed bars). The lateral slippage (dSL) between first-
neighbors is equal to 1.34 Å (highlighted by violet bars). The variable-cell optimiza-
tion of the structure at 0 K, see Figure 6.8b, converges towards a dimerized structure.
Note that an alteration between ⇡-⇡ eclipsed and ⇡-shifted dimers appears, resem-
bling the LT-X-ray structure (see Figure 6.5a). Like in the case of HT-TTTA-0[23],
the HT-0 structure from PDTA preserves the general column orientation, whereas in
the LT phase a herringbone geometry is found. This indicates that the HT-0 struc-
ture obtained from the optimizing process is most likely a metastable configuration,
laying in between the two X-ray resolved polymorphs, and not yet experimentally
detected. The monoclinic space group from the X-ray configuration is also kept in
the HT-0 structure. The cohesive energies per molecule are -23.3 kcal mol�1 and
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-24.1 kcal mol�1 in the HT-0 and LT-0 systems, respectively.

Note the slight distortion appearing in the HT-0 column as reported in Figure 6.8b.
The dIP distance between the dimerized molecules is 3.13 Å, while the shifted central
one is 3.45 Å. If the column HT-0 (Figure 6.8b), extracted from the VC-optimized su-

Figure 6.8: Sampled columns from the HT-PDTA (323 K) as resolved by (a) X-ray,
(b) VC optimized at 0 K and (c) the VC optimized column geometrically optimized.

percell, is further geometrically optimized, the distortions found in Figure 6.8b dis-
appear, confirming the non-negligible effect that the surrounding columns have (see
Figure 6.8c). The conformations resulting both in the HT-0 and HT-0-ISO models are
in agreement with the molecular disposition depicted by the LT conformation.

In the HT-TDPDTA (X-ray) structure, resolved at 293 K, molecules pile up in a uni-
form arrangement. The interplanar distance (dIP) is equal to 3.35 Å (highlighted by
the red double-head-dashed arrows), while the dSL slippage is equal to 1.60 Å (high-
lighted by violet bars). In this case, the presence of the longitudinal displacement
(dLG), as already introduced above, has to be considered. The dLG parameter is equal
to 2.42 Å (see orange-bars on the lateral view of Figure 6.9a). Finally, the N*-N* dis-
tance is 4.45 Å (highlighted by black dashed bars). By means of the VC-optimization
procedure, the structure as reported in Figure 6.9b is obtained. The resulting struc-
ture at 0K is very close to the experimentally resolved one at 293 K. Note a tiny com-
pression of the geometrical parameters, dIP, dSL, dLG and N*-N*. Nevertheless, the
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structure is practically frozen (see Figure 6.9b). The cohesive energies per molecule
are -28.7 kcal mol�1 and -29.4 kcal mol�1 in the HT-0 and LT-0 systems, respectively.

This is the very first indication that something is preventing the molecules to dimer-
ize, like in the PDTA case (see Figure 6.8b,c). The space group of the system is also
preserved, suggesting for the possibility that the HT-TDPDTA phase, as resolved
by X-ray, is not any longer a metastable configuration like in the other cases[23, 25],
resulting from a fast inter-conversion between two degenerate states belonging to
a minimum of the PES, but, somewhat, it belongs to a minimum of the PES. If this
mechanism is confirmed, it might be one possible way to overcome the dimerization
process that, usually, is seen as an irreversible degrading mechanism appearing in
organic molecular magnets.

The final analysis of the VC-optimized HT-TDPDTA configuration is pursued by
geometrically optimizing, like in the PDTA case (see Figure 6.8c), the column ex-
tracted from the HT-0 supercell (see Figure 6.9b), to obtain the HT-0-ISO configura-
tion (see Figure 6.9c). Removing the effect of the surrounding columns allows for a
certain degree of relaxation of the atomic positions. In fact, it can be noticed that,
while the dIP variable is practically the same like in the X-ray configuration, the dSL

parameter, in general terms, increases (dIP
X-ray = 1.60Å! dIP

HT-0-ISO = 1.72 Å), while,
on the contrary, the longitudinal slippage dLG shrinks. This modest re-arrangement
is simply induced by the absence of the steric effect from the other columns. What
is significant, again, is the stability displayed by the system, also in this case. The
molecular alignment, as well as the geometrical parameters investigated, confirms
the tendency of the system to preserve the spatial configuration that is not subjected
to any change.
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Figure 6.9: Sampled columns from the HT-TDPDTA (293 K) as resolved by (a) X-ray,
(b) VC optimized at 0 K and (c) the VC optimized column geometrically optimized.
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6.6 Dynamics of the HT Polymorphs at Room
Temperature

In the next section, the results from the AIMD simulations are reported, compa-
ring the HT-TDPDTA (293 K) and HT-PDTA (300 K) cases, respectively, to better
understand the stability of the regular arrangement of the ⇡-stacks detected in the
HT-TDPDTA phase. First, the monitoring of the N*-N* distances for a set of three
dimers contained in a representative column of the two materials is shown and com-
mented, also describing the average structures of the systems obtained from the
respective trajectories. Next, by comparing the experimentally detected thermal el-
lipsoids with respect to the computed ones from the HT trajectories, in both cases,
both the models and the theoretical approach employed are validated. The discus-
sion is then complemented by the computation of the N*-N* distances distribution
analysis, a valid tool to detect the presence of the PED mechanism[23]. The PED
mechanism is then re-interpreted by taking advantage of the NEB algorithm, which
allows to guess an optimal energy path connecting, in the PDTA case, the two struc-
tural minima and to estimate the energy barrier separating them. We conclude the
discussion of our results by presenting a series of PES scans, developed to define
the role of the three geometrical displacements introduced above, dIP, dSL and dLG

respectively.

6.6.1 Average Structures Configuration

The dynamical analysis of the HT-PDTA (300 K) and HT-TDPDTA (293 K) starts by
analyzing how the trajectories of the selected systems evolve under the same condi-
tions. In this case, this is done by monitoring the N*-N* distances between dimers
(see Figure 6.10b,c). Both in the LT-PDTA and LT-TDPDTA cases, the respective
trajectories behave as expected, preserving the ⇡-dimers. This is indeed a clear in-
dication of the fact that the LT structures both are to a minimum of their respective
PESs. The situation evolves in a more interesting way by focusing on the HT phases,
instead, as reported in the Figure 6.10a,c.
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Figure 6.10: Trajectories for (a) PDTA and (c) TDPDTA, and their average structure.

First of all, one column from the supercell used in the simulation is selected.
Then, by means of a visualization software like, in this case, VMD[49], the N*-N*
distances between the dimers selected are tracked, to depict their evolution in time
along with the trajectory (see Figure 6.10a,c respectively). The direct analysis of
these profiles can give a glimpse of the general response of the system to tempera-
ture.

The HT-PDTA (300 K) material displays a trajectory evolution as expected by a sys-
tem featuring the PED mechanism[23]. In fact, the distinctive periodic switching
of the distances of the upper and lower dimers in the column (highlighted in black
and blue colors, respectively in Figure 6.10b), with respect to the middle one (red
bar), is recognized. The average distances associated to the geometrical variables
are also reported. In particular, the N*-N* distance is ca. 3.70 Å (black dashed line),
the dIP ca. 3.50 Å (red dashed double-head arrows) and finally dSL is ca. 1.30 Å
(violet bar). The average distances are very close to the experimentally resolved
ones (see Figure 6.8a), corroborating what already has been reported in the case
of TTTA[16–24, 27] and 4-NCBDTA[25]; thus the HT-PDTA (300 K) structure is the
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result of the continuum fast interchange between the two LT degenerate states (-
A· · ·A-A· · ·A-)n and (· · ·A-A· · ·A-A· · ·)n. At higher temperatures, only the exchange
rate between the degenerate configurations increases. An additional amount of en-
ergy will inevitably induce the decomposition of the crystal, and, in turn, the loss of
its physical-chemical properties.

The HT-TDPDTA (293 K) system, see Figure 6.10c,d, displays a similar trajectory
to the HT-PDTA (300 K) one, but at a closer look, the N*-N* oscillations present
smaller amplitudes compared to the PDTA case. It looks like an exchange is still oc-
curring, but this time there is no swap between the distances associated with dimer
1 and dimer 2. The system does not undergo any dimerization process, maintaining
in average, instead, the interplanar distance dIP, as reported in Figure 6.10d. Like
in the previous case, the average supercell was computed by averaging the whole
set of structures sampled along with trajectory in the production run. The match
of the average structure with the experimentally resolved one is good, but this was
somehow expected on view of the VC-optimization results aforementioned.

Of course, the semi-quantitative analysis reported until now of the AIMD systems
is not sufficient on its own to confirm the absence of the PED mechanism in the TD-
PDTA material, as well as to confirm the presence of a complementary stabilization
mechanism operating. To this purpose, in the next section, the thermal ellipsoids
from the experimental characterization and computed from the AIMD trajectories
are compared, being a more sensitive and reliable tool for assuring the presence of
the PED process[23] as well as the quality of the in silico experiments.
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6.6.2 Thermal Ellipsoids

To prove that our analysis is properly catching the correct picture of the systems
under investigation, the experimental and computed thermal ellipsoids are com-
pared. The computation of the ellipsoids from the trajectories of the two systems
are performed by evaluating the Anisotropic Displacement Parameters (ADPs)[50].
For sake of comparison, the ADP values have been computed also for the LT-PDTA
and LT-TDPDTA structure (see Figure 6.11a,c and Figure 6.12a,c for the PDTA and
TDPDTA cases, respectively).

 
 

(a) PDTA-LT (Exp.) (b)  PDTA-HT (Exp.) 

  
(c)  PDTA-LT (AIMD) (d)  PDTA-HT (AIMD) 

  

Figure 6.11: Experimental thermal ellipsoids, (a) and (b) for the LT-PDTA and HT-
PDTA, respectively. In (c) and (d) instead the thermal ellipsoids computed from the
AIMD trajectories, for the LT and HT phases, respectively.

The pictorial representation of the thermal ellipsoids derived from the AIMD si-
mulations, both in the LT-PDTA and -HT configurations, are in very good agree-
ment with respect to the experimental counterpart.
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More specifically, by looking at the experimental and computed isotropic displace-
ment BISO

2 parameters for the DTA-rings for both systems, as reported in Table 6.1,
it can be seen that the respective values are of the same order of magnitude. A
systematic tiny overestimation tendency is found in the case of the LTAIMD values.
This might be a side effect of the time sampling of the structures in the trajectory
file. Yet, the good representation is not undermined by it.

 
 

(a) TDPDTA-LT (Exp.) (b)  TDPDTA-HT (Exp.) 

 
 

 
 

(c)  TDPDTA-LT (AIMD) (d)  TDPDTA-HT (AIMD) 

 
 

 
 

 
 

(a) TDPDTA-LT (Exp.) (b)  TDPDTA-HT (Exp.) 

 
 

 
 

(c)  TDPDTA-LT (AIMD) (d)  TDPDTA-HT (AIMD) 

 
 

 
 

Figure 6.12: Experimental thermal ellipsoids, (a) and (b) for the LT-TDPDTA and
HT, respectively. In (c) and (d) instead the thermal ellipsoids computed from the
AIMD trajectories, for the LT and HT phases, respectively.

The TDPDTA thermal ellipsoids confirm our assumption that the system is par-
ticularly stable, also in the case of the HT phase (see Figure 6.12c,d). Looking at
the values reported in Table 6.1, the computed ones match with the experimentally
resolved values. The amplitudes of the thermal ellipsoids, as reported in the cor-
responding images, both in the experimental and computational cases, are indeed
portraying a stable system presenting a feeble thermal motion. Also in this case a

2 The BISO factor is defined as BISO = 8⇡2Ueq where Ueq is the sum of the eigenvalues of the symmetric
atomic mean-square displacement tensor U, averaged over all directions, i.e. Ueq= (U11 + U22 +
U33)/3.

182



tiny discrepancy between experimental and computed values, for the HT phase, is
found. The computed values are in fact smaller than the experimental ones, but
again, they properly catch the dynamics of the system. Comparing the HT-PDTA

Table 6.1: Experimental and computed ADPs parameters for DTA rings of the HT-
TTTA(298 K), LT-PDTA(150 K)/HT(300 K) and LT-TDPDTA(150 K)/HT(293 K) sy-
stems, respectively. Notice that the anisotropic Uij parameters are reported referring
to the stacking direction of the different systems. In the case of TTTA and PDTA the
column stacking is along y, i.e. U22, while in the case of TDPDTA is along x, i.e. U11.
*Reference[23].

1-C 2-C 3-S 4-N 5-S

TTTA* HT
U22 BISO U22 BISO U22 BISO U22 BISO U22 BISO

0.03 2.31 0.04 2.37 0.06 3.25 0.06 3.32 0.06 3.08

U22 BISO U22 BISO U22 BISO U22 BISO U22 BISO

PDTA

LTEXP. 0.03 2.50 0.03 2.65 0.05 3.61 0.05 3.68 0.04 3.25
LTAIMD 0.03 2.69 0.04 3.04 0.05 4.13 0.06 4.41 0.05 3.67
HTEXP. 0.04 2.83 0.04 3.16 0.06 4.49 0.06 4.42 0.05 4.14
HTAIMD 0.04 2.94 0.04 3.48 0.07 5.32 0.07 5.29 0.06 4.43

U11 BISO U11 BISO U11 BISO U11 BISO U11 BISO

TDPDTA

LTEXP. 0.01 0.91 0.01 0.81 0.01 1.14 0.02 1.19 0.01 1.07
LTAIMD 0.01 0.85 0.01 0.85 0.02 1.30 0.02 1.33 0.02 1.30
HTEXP. 0.02 1.86 0.02 1.80 0.03 2.31 0.03 2.14 0.03 2.21
HTAIMD 0.02 1.21 0.02 1.21 0.02 1.67 0.02 1.66 0.02 1.66

 
 
 
 
 
 
 
 

 

and HT-TDPDTA values with respect to the HT-TTTA system in Table 6.1, it can
be noticed that the DTA-ring of the PDTA system is the one presenting greater
BISO values, hence displaying larger oscillations due to thermal motion with respect
to TTTA and TDPDTA. The values reported refer to the anisotropic parameter Uij
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along the stacking direction. In the case of TTTA and PDTA this is along the y axis,
thus U22, whereas in the case of TPDDTA it is along the x axis, hence U11. The analy-
sis of the thermal ellipsoids shows clearly the direct effect of the presence/absence
of the PED mechanism (see Figure 6.11b,d). The amplitude of the thermal ellipsoids
is significantly increased when the PED process is active, like in the case of TTTA
and PDTA, in line with the large oscillations associated to the N*-N* distances (see
Figure 6.10a). Its absence, instead, produces considerably smaller oscillations, again
matching the N*-N* distances profile reported in Figure 6.10b.

The set of data reported in Table 6.1, as well as the graphical visualization of the
thermal ellipsoids associated with the structures investigated, demonstrate the high
quality of the calculations performed with the intent to describe the molecular mag-
net systems. This is, in fact, an important achievement, that allows to safely interpret
the results of our dynamical simulations.

6.6.3 Distances Distribution Analysis

The histogram representation of the N*-N* distances, performed along with the in-
creasing of the temperature, as reported in Figure 6.13 for PDTA and in Figure 6.14
for TDPDTA, provides some additional information to the analysis of the thermal
ellipsoids. Within the sampled column selected for the analysis, the three stacking
dimers are identified, from bottom to top, as Dimer 1 (black), 2 (red) and 3 (blue)
(see the legend in Figures 6.13 and 6.14). The monoclinic PDTA system at 150 K
displays a bimodal character distribution of the N*-N* distances. In particular, the
black and blue bars coinciding with the top and bottom dimers are located around
the same maximum peak at ca. 3.4 Å, whereas the intermediate dimer (in red), finds
it maximum around ca. 3.9 Å. In fact, only one of the two possible molecular dis-
tributions, thus (-A· · ·A-A· · ·A-)n or (· · ·A-A· · ·A-A· · ·)n, is caught, being the PED
frozen.

The emerging of the bimodal distribution for the phase at 150 K, and its subsequent
disappearance as temperature increases (see Figure 6.13b-e), exposes the change in
the dynamics governing the crystal. The variation of the temperature to higher va-
lues is already displayed by the histogram reported for the PDTA system at 180 K,
where the two distance probabilities begin to blend to form a unimodal distribu-
tion. This feature becomes more and more important as the temperature increases,
as reported in Figures 6.13c,d. At 300 K the bimodal character reported for the struc-
ture at 150 K is no longer observed, now replaced by a unimodal distribution of the
distances. The process portrayed is, actually, the activation of the PED mechanism.
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(a) 150 K (b) 180 K 

 

  

(c) 220 K  (d) 260 K 

  

(e) 300 K 

 
 

N*-N* distance distribution (Å) N*-N* distance distribution (Å)

N*-N* distance distribution (Å)

N*-N* distance distribution (Å)N*-N* distance distribution (Å)

Figure 6.13: Distance distribution analysis of the HT-PDTA at (a) 150, (b) 180, (c)
220, (d) 260 and (e) 300 K, respectively.

This is an important clue that, at this temperature, not only the structure presents a
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uniform trend propagation, but also it is the most probable[23], like also in the case
for the TTTA material. The similarities between TTTA and PDTA, as extensively
reported and discussed, are the proof of concept that the same thermodynamical
mechanism is also governing the stabilization in the HT-PDTA (300 K) phase. As a
consequence, while the LT-PDTA polymorph belongs to a minimum of the PES, the
HT phase, as shown by the transition from a bimodal to unimodal character with
the increasing of the temperature, belongs to a transition point.

Figure 6.14: Distance distribution analysis of TDPDTA at (a) 120, (b) 180 and (c) 293
K, respectively.

Thus, the stabilization featured by the HT-PDTA polymorph is a consequence of the
fact that, like in TTTA, it is a minimum of the Free Energy Surface (FES)[23]. By
applying the same analytical procedure to TDPDTA, see Figure 6.14a-c, a unimodal
Gaussian distribution is found for the N*-N* distances, in all the three cases. The
range of distances spanned by the N*-N* oscillations is much narrower compared
to the one spanned by the PDTA system.
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These data are in agreement with the experimental thermal ellipsoids analysis, re-
ported in Figure 6.12, proving that TDPDTA preserves it stability along with the
scaling of the temperature. In conclusion, based on the collected data, the TDPDTA
material is, for the moment, the only spin Peierls DTA-based material known not
subjected to the Pair Exchange Dynamics mechanism. This is even more intrigu-
ing because it means that the spin transition, which is actually proved to occur as
reported by the experimental susceptibility curve (see Figure 6.4), is actually gene-
rated by another kind of process.

Extra in silico experiments are performed and reported in the next sections to pro-
perly draw a conclusion on this peculiar system. The NEB algorithm is, afterwards,
used with a three-fold purpose, thus i) to provide an estimate of the energy barrier,
associated to the full activation of the PED process, separating the two degenerate
minima in the PDTA, ii) to study the direct effect that the increase of the dIP value
has on the barrier, and finally iii) to estimate the energy barrier connecting the LT-
TDPDTA column with a HT-TDPDTA one.

6.6.4 The Pair-Exchange Dynamic Mechanism via Nudged Elastic
Band Algorithm

The PED mechanism found in the PDTA compound is further explored with the
help of the NEB[40] computational technique within the periodic framework, by
employing an isolated column model representative of the two degenerate LT-PDTA
states (see Figure 6.15). Provided the two configurations, namely the (-A· · ·A-A· · ·A-
)n and (· · ·A-A· · ·A-A· · ·)n molecular arrangements, fully optimized at the same
level of theory as described above, the NEB algorithm provides a linear interpo-
lation between them. The generated intermediate structures provide a reasonable
guess for the energy barrier associated with the PED. In particular, the effect of the
thermal expansion in the crystal is explored, by increasing the dIP variable, starting
from the HT-0 optimized configurations (see black-dotted line in Figure 6.15). The
three dIP values employed are in line with the values obtained upon optimization
and from the X-ray structures.

The energy barrier associated with the intermediate uniform stack molecular ar-
rangement, thus the HT polymorph, is ca. 5.4 kcal mol�1 higher in energy with
respect to the dimerized configurations. By expanding the dIP variable from 3.42
Å to 3.47 Å (black-dotted line to blue-dotted line in Figure 6.15), therefore mimic-
king the thermal expansion effect, the energy barrier separating the two degenerate
minima decreases to ca. 2.9 kcal mol�1. This is also in line with the Probability
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Figure 6.15: NEB profiles of the dimerized and regular structures of the PDTA. In
particular, the effect of increasing the interplanar distance dIP is investigated, from
the dIP = 3.32 Å, moving to dIP = 3.42 Å and dIP = 3.47 Å. Note how, as the dIP

value increases, consequently the energy barrier associated with the intermediate
structure decreases. The energy barrier separating the experimental structures is ca.
5.4 kcal mol�1.

Distribution Functions (PDF), reported by Vela and co-workers in the case of the
prototype TTTA system, where the increase of the temperature induces an increase
of the interplanar distances and, conversely, a decreases of the energy barrier in the
double-well model[23].

The regular structure of the HT-TDPDTA polymorph, as already assessed previ-
ously, does not belong to a saddle point of the PES. As a consequence, the double-
well model applied in the case of the PDTA compound is not appropriate for de-
scribing the three-member ring system. Yet, the NEB algorithm can be exploited
to guess, in qualitative terms, the energy barrier connecting the two polymorphic
phases of the TDPDTA material. The models employed in this analysis are also sin-
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gle columns, representative of the LT and HT molecular arrangements, respectively.
The corresponding NEB profile, connecting the two isolated column arrangements
of TDPDTA, is reported in Figure 6.16. Notice that the regular structure is less stable
with respect to the dimerized one. The energy barrier separating the two configura-
tions is ca. 7.5 kcal mol�1 .

These conclusions open a brand-new window in the DTA-based materials characteri-
zation panorama. TDPDTA, for the moment, is the only know material to display
bistability associated to two stable coexisting phases with two different magnetic
responses and not featuring the PED mechanism. It is also the only DTA-based sy-
stem to show a longitudinal slippage (dLG) between neighboring molecular units. It
can thus be concluded that the dLG parameter is, a priori, responsible for the stabi-
lization process undergone by TDPDTA. This might be a promising way to control
and exploit the DTA-based materials.
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Figure 6.16: NEB of the TDPDTA system between a LT dimerize configuration
(point = 0.0) and a HT regular one (point = 1.0).
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6.6.5 Maps Scans: Evidence of the Role of the Longitudinal Slip-
page

To corroborate the key role played by the longitudinal displacement (dLG) in the
stabilization mechanism acting on the regular TDPDTA system, a set of PES scans,
based on dimer models within the periodic framework, are employed and thus pre-
sented in this section. The main goal is to assess how the energy landscape is in-
fluenced by the combination of the dSL and dLG parameters, at fixed dIP values. In
the case of the TDPDTA material, three dIP values are used, at 3.1, 3.2 and 3.3 Å
(from HT-0), respectively, to also explore the effect of the change of the interplanar
distance between monomers, whereas in the case of the PDTA material, for sake of
comparison, the dIP is considered at 3.2 Å (from HT-0).

The dSL and dLG parameters are varied, starting from the ⇡-eclipsed configuration,
in the ranges from 0 to 4.4 Å and 0 to 7 Å, respectively, with a step of 0.2 Å. Each
PES scan comprises an overall set of 770 structure dimers. The single point energy
calculations are carried out in the periodic framework by means of the Quantum
Espresso suite (see Computational Information section) at PBE-D2 level. Clearly,
these are simple models not accounting for the effects of the neighboring columns.
Nevertheless, the predictive power is still significant. The PES of the TDPDTA (dIP

= 3.3 Å), reported in Figure 6.17, displays the effect that the longitudinal displace-
ment conveys. By exploring the dLG variable, a second minimum, which coincides
with the regular molecular disposition of the HT phase, hereafter labelled as C, ap-
pears, other than the global minimum A, this coinciding with the quasi-dimerized
configuration (LT phase). The energy barrier separating points C and B computed
by evaluating the minimum energy path connecting points A, B and C in the PES, as
reported in Figure 6.20a, is ca. 1.4 kcal mol�1. This energy barrier, valid for a set of
dimer models, was validated by means of the NEVPT2 method (see Figure 6.20a). In
fact, by comprising the effect of the surrounding columns, the energy barrier would
possibly increases. This was already assessed by the NEB calculation (see Figure
6.16), for one TDPDTA column, within the same theoretical framework.

The decrease of the interplanar distance, dIP, between monomers has no conse-
quences for the formation of the second minimum (point C) in the PES, as reported
in Figure 6.18a,b, for the dIP = 3.2 Å and dIP = 3.1 Å, respectively. The only tangible
effect is to decrease the energy separation between the two minima, A and C.

By accounting for the same geometrical variables, namely the dSL and dLG, also in

190



Figure 6.17: The scan map of the TDPDTA system. Note the presence of two minima
in the PES, “connected” by the A, B and C points. The configurations for the points
A, B and C are also reported with the respective parameters.

the PDTA case, then a second minimum appears in this case too (see Figure 6.19).
The minimum path connecting points A, B and C was explored both at PBE-D2 level
and, for validation purposes, at NEVPT2 level as well, as reported in Figure 6.20b.
The energy difference separating the dimer models in point B and C, respectively,
is < 1 kcal mol�1. The reason why this second minimum is not observed experi-
mentally is that, laying higher in energy, it would require higher temperatures to be
populated.

191



(a)-TDPDTA  
(dIP = 3.2 Å) 

 

 
 

(b)-TDPDTA  
(dIP = 3.1 Å) 
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Figure 6.18: The scan map of the TDPDTA system, computed by decreasing the dIP

variables to 3.2 Å and 3.1 Å, respectively.
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Figure 6.19: The scan map of the PDTA system. Note the presence of two minima
in the PES, “connected” by the A, B and C points. The configurations for the points
A, B and C are also reported, with the respective parameters.
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Figure 6.20: The minimum energy profiles path connecting point A, B and C have
been investigated both via DFT and NEVPT2 methods, in order to estimate the
energy barrier separating the two minima. The energy difference between point
B (saddle point) and C (second minimum) are of ca. 1.4 kcal mol�1 in the case of
(a)TDPDTA system, and ca. 1 kcal mol�1 for the (b)PDTA material.
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6.7 Conclusions

The study of the DTA-based materials presenting bistability is currently a hot topic
in the material science framework. The implications of the possible uses of these
molecular magnetic materials are wide and do not limit themselves to a mere chemi-
cal curiosity. The potential to apply these systems in new and strategic fields like
the quantum computing or, more in general, the data storage, is prompting an ex-
tensive and exhaustive research, with the ultimate goal to have the full control over
their properties. So far, a huge achievement was gained by discovering the PED[23]
mechanism, a stochastic process responsible for the phase transition and, in turn, the
existence of HT polymorphic structures of TTTA, PDTA and 4-NCBDTA. In the case
of the PDTA system, it was possible to confirm the presence of the PED mechanism,
operating in the same manner as in the prototype TTTA system. In this case, the
increasing of the temperature induces the system to consequently increase the rate
of exchange between molecular distances. The lateral slippage is found to be the
main responsible for the PED activation, as observed by in the AIMD analysis (see
Figure 6.10a) and by means of the NEB technique, inducing the LT-PDTA system
to lose the ⇡-eclipsed and ⇡-shifted characteristic molecular disposition, favoring a
uniform trend (see also the histogram distances distribution analysis, Figures 6.13
a-e). This process was believed to be ubiquitous among the whole HT phases of the
spin Peierls DTA-based family. By means of an extensive and exhaustive investiga-
tion over the dynamical properties of both PDTA and TDPDTA compounds, it was
possible to uncover, for the first time, an alternative stabilization process to which
last material undergoes.

Depending on which mechanism has to be employed while designing new DTA-
based systems, two different parameters have to be account. Specifically, if the com-
pound is required to display the PED process, then the energy barrier separating
the two degenerate states configurations needs to be known. Whereas, if the new
DTA-based compound has to feature the complementary stabilization mechanism,
then the energy separating the two minima has to be account properly.

In conclusion, the nature of the DTA-based compounds still comprises different and
never-seen-before processes which may have an important technological impact in the
future. The experience gained by analyzing the prototype TTTA material, applied
to a very similar scenario, in this case the PDTA, and as a comparative tool to the
TDPDTA, gave us the chance to describe for the first time the stabilization process
featured by TDPDTA. Moreover, it was possible, by screening in details the AIMD
simulation trajectories as well as complementing their study by means of post pro-
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cessing data, like e.g. the thermal ellipsoids, to confirm our discovery and to pro-
vide a simple but valid way to predict the chemistry of the DTA-based materials
(PES scans). The researcher can now have the possibility to explore and to engi-
neer new DTA-based systems, expanding the spectrum of materials which might
feature the PED process or the alternative spin transition mechanism employing the
longitudinal displacement (dLG) of the radicals.
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