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Synthesis and structural investigation of La,O3 doped anthracene nanocrystallites as
an advanced dielectric material
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In recent years organic-inorganic hybrid nano materials have been significantly studied. These samples can prevent
leakage and tunneling currents through ultra-high vacuum chambers, drug electrochemical sensors and electronic chips.
Moreover, they can be used as controller gate dielectrics in nano transistor devices and memories.

In the present work, La,O3 doped anthracene (Ant) nano crystallites are synthesized by a sol-gel method, and their
nano structural properties are studied by XRD, EDX and SEM techniques. The obtained results indicate that Ant-La,O3
nano particles with amorphous structure at a temperature of 300°C are suitable as a gate dielectric for organic nano

transistor devices.
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INTRODUCTION

In recent years, organic-inorganic hybrid nano
materials have been the subject of thorough studies.
These materials are obtained by a sol-gel method
[1]. The most important challenge for hybridation is
the phase separation between the organic and
inorganic components. Thus, to overcome this
problem, strong bonds such as hydrogen bonds and
especially covalent bonds have been used to
increase the interaction between the two phases [2].
These nano materials combine the benefits of the
organic phase such as flexibility, light weight, easy
reactivity and those of the inorganic phase such as
high mechanical resistance, chemical and physical
stability and good optical properties. Due to their
potential use in some fields such as optics,
optoelectronics, electronic devices and drug
electrochemical sensors, these materials are used in
industry, as well as in research laboratories [3].

Pentacene as an organic material with polycyclic
aromatic hydrocarbon (PAH) structure and five
benzene rings is a strong gate insulator and can be
the appropriate choice for research on organic
electronic devices such as organic thin film
transistors, organic field-effect transistors and
polymer electrolyte fuel batteries [4-8]. Anthracene
is a PAH compound with three benzene rings, more
accessible and cheaper than pentacene with
approximately the same properties. Therefore, the
use of anthracene can be more affordable on
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industrial scale [5].

The application of high-k dielectric materials
such as Gd203 [9], A|203 [10], Zr0O; [11], Y,03
[12], CrO- [13], HfO, [14] and La,O3 [15-16], has
been investigated in inorganic electronic devices.
Among them, La,O3; with a high dielectric constant
(K=27) [17], largest band gap and minimum energy
networks is more attractive as a gate insulator than
others. Moreover, La,Os; has a hexagonal crystal
structure at low temperatures [17] and can be used
as an important component in automobile exhaust-
gas convectors. Also, it is a promising agent in
catalytic materials and optical filters [18].
Furthermore, La;Os; has been employed as an
antibacterial agent for water purification [19-20].
Thus, La;O3 has attracted much attention in recent
years [21]. Therefore, we performed a series of
experiments to synthesize La,Oz-Ant nano hybrid
composites by a sol-gel method and studied their
nano structural properties with XRD (X-ray
diffraction), SEM (scanning electron microscopy)
and EDX (energy dispersive X-ray) techniques. The
obtained results showed that the sample containing
0.28 g Ant, synthesized at 300 °C can be used in
nano-chip devices.

EXPERIMENTAL PROCEDURE AND DETAILS

The Ant-La;Os; nano crystallites were prepared
by a sol-gel procedure (figure 1). First, lanthanum
chloride (LaClz.7H20, 5.9 g) was dissolved in 300
ml of distilled water under magnetic stirring at
room temperature. Then, cetyltrimethylammonium
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bromide (CTAB, 2.7 g) was added to the solution at
room temperature on stirring until the solution
became completely transparent. Subsequently, 6.0
ml of ammonia was added to the solution to adjust
the pH value between 6.0-10.0. Following the
addition of ammonia, the solution turned opaque.
After vigorous stirring for 2 h, Ant (0.07 @)
dissolved in 2 ml of o-xylene was dropwise added
and the solution was vigorously stirred for 24 h,
then was dried at 80 °C for 72 h. Finally, the
resultant white solid product was washed with
distilled water and ethanol, centrifuged to remove
the undesirable ions from the final product and
dried at 80 °C. In this way Ant-La,Os powder was
obtained. The same procedure was performed with
two more amounts of Ant (0.14 g and 0.28 g), then
all products were calcined at two different
annealing temperatures (300 °C and 500 °C) for
studying the effect of temperature and
concentration on morphology.

The crystal phases of the nano crystallites were
identified by XRD analysis. Morphology analysis
was performed using SEM technique. The size of
nano crystallites was determined using X-powder
software.
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Fig. 1. Steps of Ant-La,Os; powders preparation
RESULTS

The structural features of the Ant-La,Oz nano
crystallites were analyzed using XRD analysis.
Figure 2 displays the XRD patterns of the calcined
Ant-La,0O3 at 300 °C. It shows that by increasing
the concentration of Ant, the number of peaks
decreased. Figure 3 displays the XRD patterns of
Ant-La;0; at two temperatures (300 and 500 °C).
Here, by increasing the temperature, the quantity
and intensity of peaks increases.
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Fig. 2. XRD patterns of Ant-La,O3 at different Ant
concentrations.

Figure 4 shows the sizes of Ant-La;Oz nano
crystallites at 300°C and 500°C, determined by X-
powder software. X-powder analysis indicated that
the size of the nano crystallites increased by
increasing the temperature (figure 4a and 4b) and
decreasing Ant concentration (figure 4c to 4e)
ranging from 30-48 nm (Table 1).
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Fig. 3. XRD patterns of Ant-La;O; at different
temperatures (300 °C and 500 °C).

Table 1. Comparison of the size of Ant-La,O3 nano

crystallites.
Size of nano  Calcination
. Sample

crystallites temperature
41 nm 300°C 0.07 g Ant/La;0Os
48 nm 500 °C 0.07 g Ant/La,0Os
41 nm 300 °C 0.07 g Ant/La>Os
40 nm 300 °C 0.14 g Ant/La;0s
30 nm 300 °C 0.28 g Ant/La,O3

The same pattern is confirmed in figure 5 which
shows images obtained by the SEM technique at
two different annealing temperatures. These images
illustrate the micro structural alteration of the nano
crystallites. On the surface of the sample calcined at
300 °C (figure 5a), no recognizable crystal particles
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Fig. 4. Study of nano crystallite peaks using X-powder
software.

are found. For the sample calcined at 500 °C (figure
5b) a regular shape of grains with clear boundaries
can be seen.

Figure 6 shows the results of the EDX analysis
confirming that the nano crystallites consist of La
and O atoms.

DISCUSSION

According to the XRD results, at 300°C the nano
crystallites have amorphous structure and with
increasing Ant concentration the amorphicity
increases. On the other hand, at a temperature of
500°C, the particles display crystalline structure.

SEM images confirmed the results of the XRD

analysis and showed that La,O3 nano particles with
Ant are in a film-layer form with amorphous
structure at 300°C, while the structural phases
change. The amorphous structure of La,O3 at 300°C
[18] can reduce leakage and tunneling currents;
moreover, upon adding Ant, the final structure at
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Fig. 5. SEM images of ANT-La,O3 nano crystallites:
(a) at 300°C (b) at 500 “C.
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amorphous and Kk-dielectric increases. As a result,
La,O3 hybrided with Ant can be used as a good gate
dielectric in nano electronic devices and organic
nano transistors.

CONCLUSION

In the present work, the structural characteristics of
Ant-doped La,Os nano particles prepared by a sol-
gel method were studied at different temperatures
and concentrations. The experimental results
showed that Ant-La,O3 with amorphous structure at
300°C can be suggested as a good gate dielectric for
nano electronic devices and organic nano
transistors.
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CHUHTE3 U CTPYKTYPHU U3CJIEABAHNA HA AHTPAIIEHOBU HAHOKPUCTAJIN,
JOTUPAHU C La;03, KATO CbBPEMEHEH JJUEJIEKTPUYEH MATEPUAJI
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(Pesrome)

Hpe3 NOCJIICAHUTC I'OJWHH HHTCH3MBHO Ca HU3CJICIABAaHU XI/I6pI/I}IHI/I OPraHNYHO-HCOPTraHUYHU HAHOMATCpHaJIH. Te
Morar Ja np€aoTBpaTiaT U3THYaHE U TYHCIIHU TOKOBE B KaME€pPHU CbC CBPBX-BHUCOK BAKYYM, CIICKTPOXUMUYHU CCH30PH 3a
JICKapCTBa U CJICKTPOHHU YHUIIOBEC. OcBeH TOBa T€ MOrar Jla C€ MU3MOJI3BAT KAaTO KOHTPOJIHHM AJUCICKTPUIN B HAHO-

TPaH3UCTOPHU NIPHOOPH ¥ ITAMeET.

B HacrosimaTa paboTa ca CHHTE3MpaHH 110 30J1-TeJI MeToJla aHTpaneHoBH (ANt) HaHOKpuCTaNnTH, 1oTUpaHHu ¢ LayOs,
TexHuTe HaHO-CTPYKTYpHHM cBoicTBa ca m3cnensanu upe3 XRD, EDX wu SEM wmeromu. Ilomydenure pesynratu
nokasBaT, 4e Hanodactuiure Ant-La,Os ¢ amopdHa crpykrypa ca noaxozsuy npu 300°C 3a KOHTPOIHN AUEIEKTPULIN

B OPraHWYHU HAaHOTPAH3UCTOPHH MPUOOPH.
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