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The crystallization behaviour and dielectric response of trans-stilbene embedded in a small-molecule
hole-transport matrix were examined as a function of composition. In contrast to polymeric hosts, the crys-
tallizing tritolyl-triarylamine-based material - structurally related to TPD - enables a direct analysis of
mutual crystallization effects between the two molecular solids. Composite films containing 5-80% trans-
stilbene were prepared by drop casting and characterized using X-ray diffraction, optical microscopy, and
dosed charging measurements. XRD and microscopy reveal concentration-dependent phase coexistence
and morphological evolution, while dielectric measurements show a pronounced nonmonotonic depend-
ence on the composition, with an enhanced effective permittivity at intermediate concentrations (20-40%).
The results highlight the interplay between molecular crystallization and interfacial polarization as a key
mechanism governing and enhancing the electrostatic properties of stilbene-tolylamine intermolecular
composites.
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1. Introduction

Organic molecular materials play a central role in
modern optoelectronic technologies, including
organic light-emitting diodes, photovoltaic de-
vices, and photodetectors []. In such systems,
the microscopic arrangement of molecules criti-
cally determines charge transport, optical absorp-
tion, emission efficiency, and dielectric response.
Small-molecule organic semiconductors often ex-

hibit a strong tendency to crystallize, which can be
beneficial for charge transport but detrimental to
film uniformity and device stability [@].
Trans-stilbene is a well-known organic molecule
with pronounced optical and structural proper-
ties []. In the solid state, trans-stilbene readily
crystallizes and forms ordered domains the size and
orientation of which depend strongly on processing
conditions and environment. Previous studies have
demonstrated that stilbene dispersed in polymeric
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matrices, such as polystyrene, can exhibit the sup-
pressed or modified crystallization, leading to
the distinct optical and dielectric behaviour [[12
@]. In such polymer-based systems, the host ma-
trix is largely amorphous and does not participate
in crystallization.

In contrast, a comparatively little attention has
been paid to stilbene embedded in small-molecule
host materials that themselves crystallize. This situ-
ation is particularly relevant for organic electronics,
where hole transport layers are frequently composed
of low-molecular-weight triarylamine derivatives
(tuned with additional branches, e.g. tolylamine) that
exhibit strong crystallization tendencies [@]. Under-
standing how two crystallizing molecular compo-
nents influence each other is essential for controlling
structure—property relationships in such systems.

In this work, stilbene is incorporated into N-
TPTB, a tritolylamine-based small-molecule hole
transport material structurally related to TPD (see
Subsect. 2.1 for details). Both components are capa-
ble of forming crystalline phases, providing a model
system for studying mutual crystallization effects in
molecular composites. The aim of this study is to
investigate how the concentration of trans-stilbene
affects the crystalline structure, morphology, and
dielectric response of N-TPTB-based composite
films. X-ray diffraction is used to probe crystalline
ordering, optical microscopy is employed to visual-
ize domain formation, and dielectric properties are
determined using the dosed charging technique.

2. Materials and methods

2.1. Materials

Trans-1,2-diphenylethylene, (trans-stilbene) was
used as the active molecular component ordered from
Sigma-Aldrich, CAS No. 103-30-0, purity of 96%.
The host material, N-TPTB, is a triarylamine-based
small-molecule hole transport material structurally
related to the well-known compound N,N'dipheny
IN,N'bis(3methylphenyl)(1,1'biphenyl)4,4'diamine
(TPD). The naming of N-TPTB was selected to over-
come duplicates with other different abbreviations of
TPTB, this is the same material used in the previous
work of Dobuzinskas []. The full chemical name
of N-TPTB is N,N,N’,N'tetrakis(ptolyl)benzidine
obtained from T'CI Europe N.V., CAS No. 76185-65-
4, purity of 98%.

(a) (b)

Fig. 1. Structural formulae of (a) trans-stilbenes and
(b) N-TPTB.

2.2. Sample preparation

Composite films of trans-stilbene and N-TPTB
were prepared using the drop-casting technique.
Solutions were prepared in tetrahydrofuran (THF)
containing a fixed mass of trans-stilbene (1.5 g)
and varying amounts of N-TPTB. The mixtures
were formulated to obtain trans-stilbene concen-
trations of 5, 10, 20, 40 and 80%. In this work,
the stated percentages refer to the correspond-
ing trans-stilbene:N-TPTB:mass ratios (e.g.
5% = 0.05:1, 10% = 0.10:1, etc.). Pure trans-stilbene
and pure N-TPTB solutions were also prepared to
serve as reference samples. Square iron-alloy sub-
strates with dimensions of approximately 2 x 2 cm
were used for film deposition. Prior to deposition,
the substrates were cleaned sequentially in distilled
water and acetone using an ultrasonic bath, with
each step lasting 5 min. Following ultrasonic clean-
ing, the substrates were dried under ambient condi-
tions. The prepared solutions were deposited onto
the substrates using a pipette, and the solvent was
allowed to evaporate slowly at room temperature,
resulting in the formation of composite thin films.

2.3. X-ray diffraction measurements

X-ray diffraction measurements were performed
using a Rigaku SmartLab multipurpose diffractome-
ter equipped with a Cu sealed tube source operating
at 40 kV and 50 mA. Cu K radiation was used, and
measurements were carried out in Bragg-Brentano
geometry. Diffraction patterns were collected in
a continuous scan mode over the 26 range of 5-30°
with a step size of 0.01° and a scan speed of 2° min™.
Diffraction peaks corresponding to trans-stilbene
were identified and numbered using reference data
from the Crystallography Open Database (COD). In
addition to the trans-stilbene reflections, strong dif-
fraction maxima attributable to N-TPTB were also
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observed; however, because this material is not yet
established within industry and no validated refer-
ence diffraction pattern is available, the assignment
of these reflections remains provisional.

2.4. Optical microscopy

Film morphology was examined using an OLYM-
PUS BX41 optical microscope equipped with a Pix-
elINK PL-B623 digital camera under both polar-
ized and non-polarized illumination. Images were
collected at locations selected to capture the domi-
nant patterns present within each sample. Multiple
regions were examined to ensure a representative
assessment of the film surface.

2.5. Dosed charging measurements

The dielectric properties of the composite films
were investigated using a dosed-charging tech-
nique based on the repetitive corona charge dep-
osition and measurement of the resulting surface
potential []. The sample was placed on a rotat-
ing disk, undergoing sequential charging and po-
tential-measurement stages during each revolu-
tion. The deposited charge was determined from
the electric current flowing through the base elec-
trode during electrification, while the surface po-
tential was measured using a noncontact Kelvin
probe. For each rotation, the charge and potential
values were recorded over time, producing the cor-
responding kinetic curves. Charging cycles were
repeated until an equilibrium surface potential
was reached, indicating a steady balance between
charge deposition and leakage through the film.

From the charge-potential kinetics, the effec-
tive capacitance can be determined by dividing
the charge dose delivered during each cycle by
the corresponding increase in surface potential.
The dielectric permittivity of the film is propor-
tional to this effective capacitance when the poten-
tial is close to zero; therefore, the permittivity is ob-
tained by extrapolating the capacitance of the first
charging cycle to U > 0 and using an independent
measurement of the film thickness d

d
3:S_C(U) lu 0> (1)

&y

where § is the square area of the film.

Accurate determination of the film’s relative per-
mittivity requires an independent measurement of
the film thickness. In this work, the thickness was
measured mechanically using a micrometer with
a precision of approximately one micron. The layer
thickness was recorded at nine different locations
across the sample surface, and the resulting val-
ues were averaged. If the thickness is difficult to
determine or remains unknown, the dielectric re-
sponse can instead be expressed as the permittivity
normalized by the film thickness, ¢ = ¢/d. This
normalized permittivity also characterizes the di-
electric properties of the layer and is useful for ana-
lysing not only composite films but also multilayer
structures [|1§].

It is important to note that the dielectric per-
mittivity is calculated from the first charge dose
(i.e. at the limit of U > 0) and therefore provides
the closest estimate of the intrinsic dielectric per-
mittivity of the layer. This is because the geometric
capacitance of the layer is charged before signifi-
cant effects of surface charge injection—extraction
or bulk polarization begin to manifest. The non-
linearity observed in the initial part of the ef-
fective-capacitance kinetics reflects the onset of
charge injection and extraction processes, while
the sharp rise in the final stage indicates the onset
of charge transport through the film. The poten-
tial at which this through-layer charge flow begins
is referred to as the limiting charging potential of
the film. Typically, materials with higher dielectric
constants exhibit higher limiting charging poten-

tials [[Ld, pd.

3. Results

3.1. X-ray diffraction analysis

The concentration-dependent structural evolu-
tion of the trans-stilbene/N-TPTB composites was
examined using X-ray diffraction, and the corre-
sponding patterns for all investigated compositions
are presented in Fig. .

In the low-stilbene region (0-10%), the dif-
fraction patterns are dominated by a reflection at
260 = 10.7°, which remains fixed in position across
all compositions. The increased intensity and
sharper profile of this peak at 5-10% stilbene in-
dicate an improved structural coherence within
the unchanged N-TPTBlike packing. No additional
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Fig. 2. X-ray diffraction measurements performed for
pure trans-stilbene, pure N-TPTB (labelled as 0%)
and trans-stilbene different concentrations (5, 10, 20,
40 and 80%). Intensities are reported in kcps (kilo-
counts per second).

major reflections appear in this range, showing that
small stilbene additions do not modify the funda-
mental structure.

Increasing the concentration to around 20% re-
sults in a noticeable reduction in both intensity and
sharpness of the 10.7° reflection. Although the peak
is still present, its broadening signals the onset
of structural reorganization and a gradual loss of
coherence within the original packing motif. Sub-
tle changes in weaker reflections and background
shape also emerge, marking this composition as
a transitional point between the low-stilbene and
high-stilbene structures.

With a further increase to 40% stilbene and
above, the diffractograms undergo a pronounced
transformation. The reflection at 10.7° is no longer

dominant and is drastically reduced, together with
the low-angle reflection at 7.6° that is characteris-
tic of NTPTB. At the same time, the peak associ-
ated with stilbene at 12.0° emerges and remains
stable for both the 40 and 80% samples. This be-
haviour indicates the formation of a stilbene-rich
lamellar arrangement that replaces the original
N-TPTB-like structure.

Throughout the entire concentration series,
several smaller reflections at intermediate angles
remain visible, including those around the 17°
region. These features show only minor variation
with composition and are characteristic of internal
molecular repeats common to both structural mo-
tifs. They are therefore not indicators of the main
structural transition, which is defined primarily by
the evolution of the 7.6, 10.7 and 12.0° reflections.

3.2. Morphological characterization

In the high-stilbene samples, the optical micro-
graphs reveal distinct crystalline textures with
a strong contrast under polarized illumination.
Pure trans-stilbene, Fig. E(a—b), exhibits elongated,
brightly coloured birefringent domains, indicative
of a well-developed crystalline order. At 80 and 40%
stilbene, Fig. E(c—f), the films retain visible crystal-
line regions, though the domains become more
fragmented and less directional. Under cross-po-
larization, these compositions still display scattered
bright features, confirming the presence of bire-
fringent crystallites dispersed within the film.

At intermediate concentrations of 20 and 10%
stilbene, Fig. E(g—j), the films transition toward
more uniform and finer-grained morphologies.
Only isolated bright spots appear under cross-po-
larised light, indicating that larger birefringent
crystals are largely suppressed. At 5% stilbene,
Fig. H(k—l), the films appear almost featureless in
both illumination modes, suggesting a predomi-
nantly homogeneous microstructure with a mini-
mal optically detectable crystallinity. Pure N-TPTB,
Fig. B(m-n), shows a slightly mottled texture with
a weak birefringence, consistent with small, irregu-
lar ordered domains characteristic of this material.

The sequence of images demonstrates a clear
concentration-dependent reduction in crystalline
domain size and birefringence as the amount of
trans-stilbene decreases. Highly ordered crystalline
textures dominate at high stilbene content, while
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Fig. 3. Optical microscopy images of trans-stilbene/N-TPTB composite films, shown under polarized (left)
and cross-polarized (right, ‘[x]’) illumination. Samples correspond to (a-b) pure trans-stilbene, (c-d) 80%,
(e-f) 40%, (g-h) 20%, (i-j) 10%, (k-1) 5% and (m-n) pure N-TPTB.

intermediate compositions exhibit mixed mor-
phologies with diminishing birefringent regions.
At low stilbene levels, the films appear largely
amorphous or finely dispersed, and pure N-TPTB
shows only weak structural ordering. This progres-
sion indicates that stilbene strongly promotes crys-
talline domain formation within the composite,
and its dilution leads to a continuous suppression
of long-range order in favour of more uniform,
low-contrast microstructures.

3.3. Dielectric properties

To assess the dielectric behaviour of the trans-
stilbene/N-TPTB composites, corona-charging
measurements were carried out to record the evo-
lution of surface potential and the corresponding
capacitance-voltage characteristics for each film.
These measurements provide two complementary

outputs: time-dependent charging curves reflecting
the film’s ability to accumulate charge under unipo-
lar corona exposure, and C-V dependences from
which the effective capacitance and apparent per-
mittivity are extracted. Because the corona method
probes the combined response of the film, its thick-
ness and internal interfaces, the resulting dielectric
parameters represent effective values influenced by
both material properties and geometry. The meas-
ured charging and C-V curves are presented in
Fig. @

The corona-charging measurements reveal sys-
tematic differences in the charging behaviour of
the composite films across the concentration series.
Pure stilbene, 80 and 40% samples exhibit a rapid
potential build-up and reach high limiting poten-
tials within several seconds, reflecting their rela-
tively thin films and an efficient charge uptake. In
contrast, the 20, 10 and especially 5% compositions



130 ISSN 1648-8504 eISSN 2424-3647 R. Dobuzinskas et al. / Lith. J. Phys. 66, 125-135 (2026)

(a) (b) (k) 5%
) £ -
S 2 S
R
O
t(s) U (V) t(s)
(© 80% (4 _ 40% M 5%
: § £
=) £ 9
& B
o O
t(s) U(v) U (V)
(e) S0% ,(-f\) 40% (m)
£
- S) -
=) 35; =)
O
t(s) U(v) t(s)
(®) 200 (D) 20% (n)
] 'S 5
= &) c
o O
t(s) U (V) U (V)
(1) 10% (J) 10% (o)
: g g
= e &
O o
t(s) U() U()

Fig. 4. Dosed charging characteristics of N-TPTB/trans-stilbene composite films at different trans-stilbene
concentrations. Samples shown are (a-b) pure trans-stilbene, (c—d) 80%, (e-f) 40%, (g-h) 20%, (i-j) 10%, (k-1)
5% and (m-n) pure N-TPTB. For each concentration, charge-kinetics data are followed by the corresponding
capacitance—voltage characteristics. All positive-polarity capacitance-voltage curves are compiled together in
the final overlay panel (o).

display a slower and weaker potential growth, in the surface potential. Across the series, both
consistent with their larger thicknesses and re- the slope of the charging curve and the final lim-
duced charging efficiency. Pure N-TPTB shows iting potential vary with composition, indicating
the intermediate behaviour with a smooth rise that the microstructure and geometry of the films
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strongly influence their ability to accumulate and
retain surface charge.

The capacitance-voltage plots in the right-hand
panels (Fig. @) provide the quantitative basis for
determining the effective capacitance of each
film. In these measurements, capacitance is ob-
tained directly from the slope of the Q(U) curves
at sufficiently slow charging rates, and is read from
the potential-dependent C(U) traces shown for
each composition. Stilbene-rich films (pure, 80
and 40%) exhibit large capacitances throughout
most of the voltage range, whereas the 20 and 10%
samples show a lower, more gradually varying ca-
pacitance. The lowest values appear in the 5% and
pure-N-TPTB films, where the C(U) curves are
comparatively flat, consistent with a weaker polar-
izability and the thicker, more uniform morphol-
ogy revealed by microscopy.

The dielectric parameters of the films calcu-
lated from the experimental curves are shown in
Table 1. The effective dielectric permittivity of
the trans-stilbene/N-TPTB composites exhibits
a strong, non-monotonic dependence on compo-
sition. At low stilbene concentrations, the permit-
tivity decreases significantly, reaching a minimum
at 10%, indicating a dielectric response dominated
by the N-TPTB matrix with a limited polarization
contribution from stilbene. With increasing stil-
bene content, the permittivity increases markedly
and reaches a maximum at intermediate concentra-
tions of 20-40%.

The measured capacitance varies strongly with
film thickness, and this geometric effect must
be considered before interpreting compositional
trends. Because capacitance scales inversely with
thickness (C « 1/d), the thinner films at high stil-

bene content (25-35 ym) naturally exhibit larger
capacitances, while the thicker low-stilbene films
(80-100 um) show correspondingly reduced val-
ues even when their intrinsic permittivity is not
lower. When the thickness-corrected permittivity
values are examined, a nonmonotonic dependence
on stilbene concentration emerges: low concentra-
tions (<10%) yield modest ¢ values characteristic of
a predominantly N-TPTB-like matrix, intermedi-
ate mixtures (20-40%) show enhanced permittiv-
ity consistent with increased internal heterogene-
ity, and high stilbene fractions (80-100%) recover
large € values associated with thin, polarizable stil-
bene-rich films.

Figure E compiles the concentration-dependent
dielectric parameters extracted from the coro-
na-charging experiments and summarized in Ta-
ble 1, presenting both the effective permittivity and
the limiting potential as a function of trans-stilbene
content. The permittivity values display a distinctly
nonmonotonic trend, rising from the low-stilbene
region to a maximum at intermediate and high stil-
bene fractions, while the limiting potential shows
an opposite evolution, decreasing as stilbene be-
comes the dominant component of the compos-
ite. For comparison, the curve labelled ‘equivalent’
shows the permittivity predicted by the Lichteneck-
er-Rother mixing formula, calculated using the in-
dividual permittivity of pure N-TPTB and pure
stilbene. The experimental data for the composite
films follow this mixing line only partially: compo-
sitions around 40 and 80% stilbene yield permittiv-
ity that exceed the predicted values, whereas devia-
tions remain within the uncertainty associated with
thickness variations. This comparison highlights
that the measured dielectric response cannot be

Table 1. Dielectric parameters of N-TPTB and trans-stilbene composites at different trans-stilbene concentra-

tions.
céﬁtﬁfﬁf‘fisﬁein Masssglrl;)ep;);tion, Limiting potential, | C(f)l.,,» | Dielectric permittivity, | Thickness,

N-TPTB, % N-TPTB v pF/em? &al mm
Pure N-TPTB 0:1 270 400 6.8 15
5% 0.048 : 0.952 450 85 9.6 100

10% 0.091:0.909 200 90 8.1 80

20% 0.167 : 0.833 400 157 6.2 35

40% 0.286:0.714 300 280 104 33

80% 0.444 :0.556 400 480 15.2 28

Pure stilbene 1:0 100 500 14.1 25
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Fig. 5. Dielectric permittivity ¢ (left scale) and limit-
ing potential U (right scale) of N-TPTB/trans-stilbene
composite films at different trans-stilbene concentra-
tions. The curve labelled ‘equivalent’ represents val-
ues calculated using the Lichtenecker-Rother mixing
formula [12].

explained solely by volume averaging and instead
reflects additional microstructural and interfacial
contributions that are addressed in the subsequent
discussion.

4. Discussion

The optical microscopy images and the XRD pat-
terns show the same concentration-dependent
structural evolution, each from a different perspec-
tive. At high trans-stilbene content, the microscopy
reveals large, well-defined birefringent crystalline
domains, especially in the pure and 80% stilbene
samples. This correlates directly with the XRD re-
sults, where the 10.7° N-TPTB-like reflection is
strong together with the low-angle 7.6° and the ap-
pearance of 12° peak indicates distinct layered crys-
talline arrangements characteristic of stilbene-rich
compositions.

As the stilbene content decreases to 40 and
20%, the microscopy shows mixed morphologies
with granular or partially disrupted crystalline
regions. This matches the XRD transition zone,
where the 10.7° peak weakens and broadens while
the new low-angle reflections begin to emerge.
Both techniques capture a coexistence of multiple
packing motifs, consistent with partial phase reor-
ganization.

Atalow stilbene content (10 and 5%), the optical
images appear uniform and nearly featureless, with
essentially no birefringence. This is fully consist-
ent with the XRD data, where the lamellar stilbene

peaks disappear and the N-TPTB-like peak domi-
nates but with reduced coherence. Pure N-TPTB
exhibits a slightly textured, weakly birefringent
appearance, in line with its XRD pattern showing
small, disordered domains. Altogether, the micros-
copy and XRD results provide a coherent picture
of a progressive loss of stilbene-driven crystallinity
and a shift from ordered lamellar structures toward
amorphous or finely dispersed morphologies as
the stilbene fraction decreases.

The combined structural, morphological and
dielectric results demonstrate that the electrical
response of trans-stilbene/N-TPTB composites
is governed by the interplay between molecular
crystallization and interfacial effects. Intermedi-
ate compositions appear to promote the formation
of interconnected stilbene-rich domains within
the N-TPTB matrix, enhancing polarization and
charge storage capabilities. In contrast, low and
high stilbene concentrations lead to less favourable
structural arrangements that limit an effective di-
electric response.

To interpret the dielectric behaviour of
the trans-stilbene/N-TPTB composite films, it is im-
portant to note that the measured capacitance and
the resulting effective permittivity depend not only
on intrinsic material properties but also on the film
thickness and microstructural heterogeneity. Vari-
ations in stilbene concentration lead to systematic
changesin morphology - from uniform, low-contrast
films at a low stilbene content to increasingly inter-
connected and eventually highly crystalline domains
athigher concentrations — and these structural trans-
formations strongly influence charge accumulation,
interfacial polarization, and the field distribution
within the films. Because the dosed-charging me-
thod senses the overall response of the film-substrate
stack, thinner and more polarizable films naturally
exhibit a higher apparent capacitance, while thicker
or more weakly ordered samples display lower val-
ues. Consequently, the extracted dielectric permit-
tivity reflects both composition-dependent polariza-
tion mechanisms and geometric factors, and should
therefore be viewed as an effective parameter that
captures the combined influence of microstructure,
interfaces, and thickness variations across the series.
The concentration-dependent dielectric response of
trans-stilbene/N-TPTB composites can be rational-
ized by considering interfacial (Maxwell-Wagner-
Sillars) polarization, microstructural percolation,
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and trap-assisted charge dynamics under corona
charging. At alow stilbene content (<10%), the com-
posite is dominated by N-TPTB domains with dis-
persed stilbene molecules; the limited number and
continuity of stilbene-rich interfaces suppress in-
terfacial polarization, yielding a low effective per-
mittivity. At intermediate compositions (20-40%),
stilbene-rich domains become sufficiently intercon-
nected to form extended interfaces with the N-TPTB
matrix. These heterogeneous boundaries support
charge accumulation and polarization at differing
local conductivities and permittivity, enhancing
the effective dielectric response. Simultaneously,
the partial percolation of stilbene-rich pathways im-
proves the field-assisted dipolar alignment without
tully crystallizing into large, defect-laden grains. At
a high stilbene content (=80%), the excessive crystal-
lite growth and aggregation introduce internal barri-
ers and trap states at grain boundaries. Corona-de-
posited charges increasingly undergo trap-assisted
leakage and non-uniform potential build-up, reduc-
ing the net polarization efficiency and thereby the ef-
fective permittivity. The non-monotonic &(n) trend
observed here is therefore consistent with a compe-
tition between (i) beneficial interfacial polarization
at composite heterojunctions and (ii) detrimental
charge trapping and microstructural discontinui-
ties once large stilbene crystallites dominate. Finally,
because the dosed charging method senses the to-
tal capacitance of the film-substrate stack, thick-
ness variations and interfacial layers contribute to
the measured dielectric permittivity values. This
motivates reporting ¢ as an effective quantity and fo-
cusing on robust compositional trends; conversion
to ¢_is feasible once thickness and geometry are in-
dependently validated.

Using the Lichteneker and Rother formula In
e=V Ing + V, In g to calculate the dielectric
constant of two media for granular materials and
their mixtures [@], we can evaluate the equivalent
dielectric permittivity for our film when we know
the individual dielectric permittivity values of stil-
bene and N-TPTB materials separately. Here V|
and V, are the volumes of the first and second me-
dia (V=V + V), and ¢ and ¢, are the permittivity
values accordingly. The curve for such a calcula-
tion is shown as a solid line in Fig. E and is called
the equivalent dielectric permittivity of the mixture
film. We see that the permittivity of our films with

stilbene concentrations of 40 and 80% little sepa-
rates from the calculated curve and the values are
higher, although they do not exceed the error limits
calculated by varying the thickness of the layers.

Despite the scatter observed for the 20 and 40%
stilbene compositions, the results in Fig. E indi-
cate that the limiting charging potential decreases
monotonically with increasing stilbene content.
This behaviour is somewhat unexpected when
viewed alongside the relatively high permittivity
values of these films. A higher permittivity would
normally suggest an improved polarization and
therefore a greater ability to sustain the surface po-
tential; however, the opposite trend appears here,
implying that charge carriers increasingly find
conductive or semiconductive pathways through
the microstructure as stilbene content rises. These
pathways reduce the effective ability of the layer
to retain charge and therefore lower the limiting
potential. The microscopy images support this in-
terpretation: films with more pronounced granular
morphologies contain interconnected structural
features that can facilitate charge transport, allow-
ing injected carriers to bypass the bulk polarization
and reach the substrate more readily.

5. Conclusions

The results demonstrate that trans-stilbene/N-
TPTB composites exhibit a clear composi-
tion-driven evolution of structure, morphology,
and dielectric behaviour, forming a coherent struc-
ture—property relationship. At low stilbene levels,
the films retain a N-TPTB-like packing and weak
morphological ordering, which correlates with
reduced permittivity. Intermediate compositions
(20-40%) mark the emergence of heterogeneous,
partially interconnected stilbene-rich domains
that maximize interfacial polarization and yield
the highest effective dielectric response. At higher
stilbene contents, lamellar stilbene phases domi-
nate and enhance intrinsic polarizability, although
the increasing grain-boundary pathways lower
the limiting charging potential. Together, these
findings show that the interplay between molecular
crystallization, microstructural heterogeneity, and
charge-accumulation dynamics governs the dielec-
tric performance of this binary system, with inter-
mediate compositions offering the most favourable
balance of structural order and interfacial effects.
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Santrauka

Siuo tyrimu pristatomas trans-stilbeno kristalizaci-
jos ir dielektrés skvarbos sarysis, jterpiant j mazos mole-
kulinés masés skyliy pernasos matrica TPD tipo maza-
molekuling medziaga N-TPTB. Skirtingai nei polimerai,
N-TPTB yra linkes kristalizuotis dél tritolilo-triarilami-
no funkciniy grupiy, kurios struktariskai artimos TPD,
taciau kristalizacijos efektas iSreik$tas maksimaliu che-
miskai struktdriniu badu. Tokiu budu sistema leidzia
nagrinéti maksimaliai iSreikstus tarpusavio kristaliza-
cijos reiskinius tarp dviejy molekuliniy kietyjy faziy.
Buvo pagaminti ir istirti kompoziciniai pléveliniai meé-
giniai, turintys 5-80 % trans-stilbeno, panaudojant lieji-

mo i$ tirpalo metoda. Jy strukttrinés ir fizikinés savybés
analizuotos rentgeno difrakcijos, optinés mikroskopijos
ir dozuoto jkrovimo metodais. Rentgeno difrakcija ir
mikroskopija atskleidé koncentracijai jautry faziy koeg-
zistavima ir mikrostrukttiros kitima, o dielektriniai ma-
tavimai parodé ry$ky nemonotoniska priklausomybés
nuo sudéties pobudj: efektyviausia dielektriné skvarba
jvertinta tarpiniuose misiniuose (20-40 %). Rezultatai
rodo, kad molekulinés kristalizacijos ir tarpfaziy polia-
rizacijos tarpusavio sgveika yra pagrindinis mechaniz-
mas, lemiantis ir stiprinantis elektrostatines stilbeno-to-
lilamino kompozity savybes.
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