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A B S T R A C T   

Low-cost and scalable sol–gel chemistry was employed to obtain ferroelectric-ferrimagnetic BaTiO3-CoFe2O4 
nanocomposites. In a novel one-pot synthesis method, both the constituent phases of nanocomposites are formed 
during the same time and symbiotically participate to each other’s growth. X-ray powder diffraction evidences 
the phase purity of the systems, with average crystallite sizes in the order of 20 nm for the BaTiO3 phase. The 
optimization of the synthesis conditions, precursors, and chemical agents for nanoscale BaTiO3 and BaTiO3- 
CoFe2O4 nanocomposites is presented, together with the magnetic and/or dielectric properties of the obtained 
materials. BaTiO3-CoFe2O4 nanocomposites with up to 20% CoFe2O4 volume fractions were found to display 
ferrimagnetic properties at room temperature akin to those of CoFe2O4, while preserving a dielectric behavior 
reminiscent of BaTiO3. Preliminary results describing the spin coating of BaTiO3 and BaTiO3-CoFe2O4 nano
composites as thin films are also reported.   

1. Introduction 

There is an ever-growing number of technological applications 
which requires new materials with improved performance, or materials 
not built up of rare and/or expensive chemical elements. For example, 
multiferroics are considered for the next generation electronics [1], as 
they may e.g., display magnetoelectric effects allowing the switching of 
magnetic states with small electrical voltages [2]. It is thus necessary to 
design materials with tightly coupled magnetic and dielectric properties. 
A possible route toward such new materials are composite materials 
homogeneously combining magnetic and dielectric materials on the 
nanoscale (e.g. bi-phasic nanocomposites of ferroelectric BaTiO3 and 
ferrimagnetic CoFe2O4 [3–6]). BaTiO3 has a tetragonal structure and is 
ferroelectric at room temperature (ferroelectric Tc ~ 393 K) [7]. 
CoFe2O4 has an inverse spinel structure and is ferrimagnetic below 
~790 K. CoFe2O4 (CFO) has a relatively large magneto-crystalline 
anisotropy and relatively high saturation magnetization [8] and may 
hence be employed as a “hard” magnetic phase in “hard/soft” bi- 
magnetic nanocomposites [9]. Such nanocomposites, with both large 
coercivity and high saturation magnetization inherited from their hard 
and soft constituent phases, respectively, could be used as permanent 
magnets [10]. 

A few strategies have been considered to obtain nanocomposites of 
transition metal oxides with strongly coupled constituent phases. 
Satisfactory results were obtained using preformed particles of one of 
the phases as “seeds” for particles of the second one, thus warranting the 
homogeneous dispersion of the first phase (e.g. CoFe2O4) within the 
matrix formed by the second one (e.g. BiFeO3) [9,11]. A tight integra
tion and magnetic coupling were evidenced in those systems [9,11]. 

The approach was further refined in a low-temperature sol–gel syn
thesis in which the particles of both phases are instead symbiotically 
formed at the same time; each growth participating to that of the other 
phase [12,13]. This “all-in-one”, one-pot synthesis method, could suc
cessfully be used to obtained novel (Pb,Zr)TiO3-CoFe2O4 [14] and 
LaFeO3-CoFe2O4 [13] nanocomposites. Interestingly, it was shown in 
the latter case that the corresponding sols could be spin coated onto 
substrates, yielding bi-magnetic composite thin films of LaFeO3- 
CoFe2O4 [15]. 

In the present article, we report the optimization of the synthesis of 
BaTiO3 nanoparticles and BaTiO3-CoFe2O4 nanocomposites using sol
–gel chemistry. The nanocomposites were synthesized using a novel one- 
pot method involving the symbiotic growth of each constituent phase. 
The structural properties of the compounds are presented, and their 
physical (magnetic and/or dielectric) properties illustrated. The 
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feasibility to obtain bi-phasic thin films by spin coating is also discussed. 

2. Experimental details 

Chemical reactions and heat treatments were optimized to synthesize 
phase-pure single-phase nanoparticles of BaTiO3 (BTO), as well as 
BaTiO3-CoFe2O4 nanocomposites rather than solid solutions. Synthesis 
details including solvents, chelating agents, precursors, and other re
actants, as well as temperatures and processes are given throughout the 
article. The final materials were obtained in powder form, from solu
tions. In some cases, the obtained solutions were spin coated on cleaned 
Si wafers (2 cm × 2 cm). The spinning speed was set at 3000 rpm and 
spinning time 30 s. The coated wafer was then baked on a hot plate at a 
temperature of 200 ◦C for 5 min. The baked dry wafers were then 
annealed at 650 ◦C for 1 h (heat ramp of ~ 6 ◦C/min; normal furnace 
cooling). 

Structural analysis was performed by X-ray powder diffraction 
(XRPD) using a D-5000 diffractometer with CuKα radiation operating at 
40 kV and 30 mA. The data were collected in the range 2θ = 20–80◦, 

with a step size of 0.02◦. Rietveld analyses were performed using the 
FULLPROF suite [16]. 

Magnetic field-dependent magnetization of the samples was 
collected using a superconducting quantum interference device (SQUID) 
magnetometer from Quantum Design Inc. Magnetic hysteresis loops 
were recorded at T = 5 K and 300 K in the − /+ 5T field range. Direct 
current demagnetization (DCD) curves were collected at T = 5 K on the 
same instrument. Dielectric measurements were performed in the tem
perature range of 100 K–500 K and frequency range of 100 Hz–2 MHz, 
using an Agilent E4980 precision LCR meter and cryostat from JANIS. 
Polarization P - electric field E hysteresis loops were recorded at room 
temperature using a custom Sawyer-Tower circuit. Powder from the 
samples was sintered into cylindrical pellets whose sides were coated 
with silver paste electrodes. 

3. BaTiO3 nanoparticles 

A solution with 0.1 M concentration was prepared by dissolving 
0.00169 mol (0.4417 g) of Ba-nitrate Ba(NO3)2 (Sigma–Aldrich, ≥99% 

Fig. 1. XRPD patterns for BTO nanoparticle systems prepared using the glycine route, using different final annealing temperatures: (a) 1000 ◦C, (b) 700 ◦C, (c) 
600 ◦C, and (d) 500 ◦C. Reflections for BTO, BaCO3, and Ba2TiO4 are identified in the different panels. The pie-charts shown in the insets represent the quantitative 
phase analysis performed using the Reference Intensity Ratio (RIR) method. 
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purity) and 0.00169 mol (0.4803 g ≡ 0.5 ml) of Ti-isopropoxide Ti[OCH 
(CH3)2]4 (Sigma–Aldrich, ≥97% purity) in 16.9 ml distilled water. 
0.00338 mol of chelating agent (0.2537 g of glycine or 0.649 g of citric 
acid) were then added, together with a small amount of nitric acid (1.2 
ml). The solution was stirred using a magnetic stirrer at a temperature of 
80 ◦C for a duration of 20 min. The temperature was then increased to 
150 ◦C and maintained until a gel formed (typically approximately 30 
min). The temperature was then increased to 300 ◦C until flameless self- 
combustion. The obtained powder was crushed in a mortar, transferred 
to a furnace, and annealed at 350 ◦C for 1 h and subsequently at a 
suitable higher temperature for a longer time (10 h). The synthesis was 
repeated several times for different annealing temperatures from 500 to 
1000 ◦C. As illustrated in Fig. 1, the syntheses resulted in BTO powder 
with an additional barium carbonate BaCO3 phase. For high annealing 
temperatures, the amount of BaCO3 phase decreases, albeit another 
impurity phase (Ba2TiO4) starts appearing in the XRPD patterns (see 
Fig. 1b). The optimal annealing temperature (i.e. leading to the mini
mum amount of BaCO3 and no other secondary phases) was found to be 
650 ◦C when using glycine as a chelating agent, and 700 ◦C when using 
citric acid. 

To obtain pure BTO powder, the samples annealed at the optimal 
temperatures were washed in acetic acid for some time and then dried at 
~160 ◦C for some hours, to eliminate the BaCO3 phase. The cationic Ba/ 
Ti ratio was estimated from X-ray fluorescence to 1:1 within experi
mental error, suggesting the presence of negligible amounts of BaCO3. 
The XRPD data of pure BTO powders obtained using both chelating 
agents and after washing are shown in Fig. 2. BTO adopts a tetragonal 
structure with space group P4mm. Lattice parameters estimated from the 
refinements of the XRPD data and average crystallite sizes estimated 
from Williamson-Hall plots [17] are presented in Table 1. Lattice pa
rameters and c/a values are larger than that of bulk BTO, as observed 
earlier in several studies of size dependence effects in BTO nano
structures [18–20]. It has also been reported that the higher the calci
nation temperature, the larger the crystallite size and tetragonality of 
BTO powders [21]. 

Fig. 3 shows the temperature dependence of dielectric permittivity 
εr(T) and loss-tangent Tanδ(T) recorded at various frequencies 100 Hz ≤
f ≤ 2 MHz for BTO. Two dielectric anomalies; a hump at 286 K and a 
broad peak at 392 K (as shown by arrows in Fig. 3a), are clearly noticed 
from the εr(T) curve. These dielectric anomalies reflect the ortho
rhombic to tetragonal and tetragonal to cubic structural phase transi
tions of BTO across 286 and 392 K, respectively. The rhombohedral to 
orthorhombic transition across 190 K [7,22] is on the other hand not 
clearly visible in the present εr(T) data nor Tanδ(T). The observed value 
of dielectric constant (εr ~ 120 at 300 K) is significantly smaller as 
compared to their bulk counterpart (εr ~ 1000 at 300 K for single crystal 
of BTO) [7]. The ferroelectric nature was further confirmed from the 
hysteresis and partially saturated polarization versus electric field loop 
(P-E loop) recorded at room temperature (inset of Fig. 3a). 

4. BTO-CFO nanocomposites 

The integration and coupling of the two phases of a nanocomposite 
and its morphology critically depend on the synthesis method [12]. 
While a suitable morphology may be obtained by using preformed 
particles as seeds for the second one [9], it was shown that a novel one- 
pot synthesis method, in which particles from both phases concurrently 
form, could be used to prepare strongly coupled phases [13]. Another 
advantage of that synthesis is that the formation of each phase partici
pates to that of the other one in a symbiotic effect [13]. Bi-magnetic 
LaFeO3-CoFe2O4 (LFO-CFO) nanocomposites were synthesized using 
the one-pot method. The detailed analysis of the structural and 
morphological properties of the nanocomposites revealed that the for
mation of the CFO phase and associated heat production promoted the 
growth of LFO, which in turn restricted the growth of CFO, yielding 
smaller particles [13]. The one-pot method has also successfully been 
used to synthesize ferroelectric-ferrimagnetic PbZr0.52Ti0.48O3-CoFe2O4 
nanocomposites [14], as well as hard-soft bi-magnetic hexaferrite-spinel 
oxide SrFe12O19-CoFe2O4 nanocomposites relevant to permanent mag
nets [23]. Nevertheless, applying this one-pot synthesis method to 
obtain BTO-CFO nanocomposite is non-trivial and requires careful 
optimization because of the concurrent formation of undesirable phases 
like BaCO3 and Ba2TiO4 even during the synthesis of single-phase BTO 
(as mentioned in the previous section). 

In the present case, two 0.1 M sols were first separately prepared at 
room temperature by dissolving the precursors in distilled water. The 

Fig. 2. XRPD patterns (black symbols) together with 
the Rietveld refined data (red line) of (a) BTO glycine 
650 ◦C and (b) BTO citric acid 700 ◦C; the goodness of 
fit parameters Rp, Rwp, RB and χ2 are respectively 
(glycine) 22.7, 27.7, 19.8 and 1.94 and (citric acid) 
16.4, 22.4, 16.7 and 1.80. The blue lines at the bottom 
represent difference between the measured and 
simulated patterns and vertical green lines shows the 
Bragg’s peak position. Inset shows the polyhedral 
representation of the structural unit cell of BTO where 
Ba2+ (green), O2− (red) and Ti4+ (blue) ions are 
located at the edge, face center and body center of the 
pseudo-cubic structure, respectively; drawn using 
VESTA [26].   

Table 1 
List of lattice parameters, c/a ratio for BTO obtained from Rietveld refinement 
for the various samples. The average crystallite size D and strain η estimated 
from Williamson-Hall plots is also indicated.   

a (Å) b (Å) c (Å) c/a D 
(nm) 

η ×
10− 4 

BTO nanoparticles 
BTO-Glycine 

650 ◦C 
4.0034 
(2) 

4.0034 
(2) 

4.0207 
(3)  

1.0043 44(2) 4.3 
(4) 

BTO-Citric acid 
700 ◦C 

4.0025 
(2) 

4.0025 
(2) 

4.0232 
(2)  

1.0051 43(2) 17.0 
(3) 

BTO-CFO nanocomposites 
BTO-CFO 95:05 

Citric acid 
700 ◦C 

4.0061 
(7) 

4.0061 
(7) 

4.0219 
(15)  

1.0039 26(1) 8.7 
(4) 

BTO-CFO 90:10 
Citric acid 
700 ◦C 

4.0073 
(9) 

4.0073 
(9) 

4.0225 
(14)  

1.0037 16(1) 18.0 
(4) 

BTO films 
BTO-Film-None 3.9945 

(2) 
3.99452 
(2) 

4.0398 
(2)  

1.0113 12(1) 11.0 
(2) 

BTO-Film-EG 3.9969 
(2) 

3.9969 
(2) 

4.0361 
(3)  

1.0098 11(1) 22.0 
(2) 

BTO-Film-EA 3.9986 
(7) 

3.9986 
(7) 

4.0221 
(10)  

1.0058 13(1) 19.0 
(3)  
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first one containing stoichiometric amounts of the precursors of CFO i.e., 
0.00143 mol (0.4162 g) of Co-nitrate Co(NO3)2⋅6H2O and 0.00286 mol 
(1.1554 g) of Fe-nitrate Fe(NO3)3⋅9H2O (Sigma–Aldrich, ≥98% purity 
for both nitrates) dissolved in 14.3 ml of distilled water, and the other 
containing stoichiometric amounts of the precursors of BTO i.e., Ba- 
nitrate Ba(NO3)2 and Ti-isopropoxide Ti[OCH(CH3)2]4; see the prepa
ration of sol in previous section about BTO nanoparticles. The amount of 
chelating agent added (whether glycine or citric acid) is added such that 
number of moles of agent is equal to addition of number of moles of 
precursors. Suitable volumes of each of the two clear solutions were then 
mixed at room temperature and stirred for 20 min. This composite sol 
was then heated to 80 ◦C and stirred for 20 min. Next, the temperature 
was increased and maintained at ~150 ◦C, promoting the formation of a 
gel. The temperature was then increased to ~250 ◦C until flameless self- 
combustion. The obtained powder was crushed in a mortar, transferred 
to a furnace, and annealed in air at 350 ◦C for 1 h, followed by a final 
annealing at a higher temperature for 10 h. The different steps involved 
in the synthesis are illustrated in the flow chart presented in Fig. 4. 

As for single-phase BTO nanoparticles, both glycine and citric acid 
were considered as chelating agents. In the case of glycine, the final 
annealing temperature was 650 ◦C while for citric acid it was 700 ◦C. 
Akin also to the BTO system, the obtained BTO-CFO composites need to 
be washed with acetic acid to remove secondary BaCO3 phases. In 
addition, it was observed that increasing the CFO content led to an in
crease in the BaCO3 content. 

The XRPD patterns of BTO, CFO, and BTO-CFO synthesized using 
glycine are shown in the left panel of Fig. 5; results for nanocomposites 
with smaller CFO volume fractions obtained using citric acid are pre
sented in the right panel. The XRPD curves for BTO-CFO composites 
prepared using glycine match that of a pure tetragonal phase with low 
intensity peaks related to CFO phase for the composite with higher CFO 
composition, i.e. BTO-CFO 80:20. Additional reflections not related to 
CFO may also be observed in the BTO-CFO 80:20 data, owing to the 
presence of some amounts of Ba2TiO4; this suggests that the optimum 
final annealing temperature might be slightly different than 650 ◦C in 
BTO-CFO with significant amounts of CFO. No such phase is observed in 
the BTO-CFO composites with lower CFO contents prepared using the 
citric acid route presented in the right panel of Fig. 5. The XRPD data for 
those samples were refined, without considering CFO as a secondary 
phase owing to its low content. The obtained lattice parameters and 
average crystallite sizes are presented in Table 1. 

Fig. 6 shows the field dependence of magnetization of the BTO-CFO 
nanocomposites recorded at T = 300 K (left) and T = 5 K (right). BTO is 
expected to show diamagnetism. However, the two nanocomposites 
have magnetic properties reminiscent of the ferrimagnetic behavior of 
CFO, up to room-temperature (left panel). The coercivity Hc of the 
nanocomposites was found to be 0.51 T and 0.77 T at T = 5 K, and 0.13 T 
and 0.14 T at T = 300 K for BTO-CFO 90:10 and 80:20, respectively. The 

magnetic field dependence of the remanent magnetization was recorded 
at low temperatures using the DCD protocol [24,25], i.e. after saturating 
the system in a field of − 5 T, and recording the remanent magnetization 
for a series of increasing reverse (positive) fields H (see Fig. 7a). The so- 
called remanence coercivity Hcr (MDCD(Hcr) = 0) is around 1 T in both 
cases, suggesting a similar anisotropy for both materials. The ratio Hc/ 
Hcr increases from BTO:CFO 90:10 to BTO:CFO 80:20, suggesting that 
the increase of coercivity with the increase of CFO content may reflect 
differences in particle size distribution [12]. The derivative of MDCD 
curve with respect to the reverse field yields the irreversible suscepti
bility χirr which reflects the distribution of particle switching field dis
tributions. As seen in Fig. 7b, the χirr(H) curves of both composites show 
relatively sharp peaks, suggesting a relatively homogeneous process of 

Fig. 3. Temperature dependence of (a) dielectric permittivity εr(T) and (b) loss-tangent Tanδ(T) recorded at various frequencies 100 Hz ≤ f ≤ 2 MHz for BTO citric 
acid 700 ◦C. Inset shows the Polarization versus electric field loop (P-E loop) recorded at room temperature and at a frequency of 500 Hz. 

Fig. 4. Flow chart describing the different steps of the synthesis of BTO-CFO 
nanocomposites. 
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magnetization reversal, and again a similar magnetic anisotropy for 
both nanocomposites. 

The εr(T) and Tanδ(T) curves recorded at various frequencies 100 Hz 
≤ f ≤ 2 MHz for BTO-CFO 95:05 nanocomposite are shown in Fig. 8a and 
8b, respectively. The incorporation of CFO inside the BTO nanoparticles 
decreases the dielectric constant (εr ~ 12 at 300 K) as well as lowers the 
transition temperatures (224 K and 350 K at 73 kHz) as compared to 
BTO nanoparticles. Moreover, the dielectric permittivity shows strong 
frequency dispersion, which might be associated with the disruption of 
long-range ferroelectric ordering by the addition of non-ferroelectric 
CFO phase inside BTO. Nevertheless, The P-E loop recorded at room 
temperature (inset of Fig. 8a) displays similar hysteresis loops as single- 
phase BTO (inset of Fig. 3a). For BTO:CFO 90:10 nanocomposite, the P-E 
loops are shifted from the origin (not shown in the manuscript), possibly 
due to the leakage currents and non-linear dielectric effects associated 
with the conductive CFO phase. 

5. Spin-coated thin films: Preliminary results 

For many applications, it is necessary to use thin films and/or micro- 
and nanostructures obtained after patterning thin films [4]. However, 
the solutions obtained above before combustion could not be spin coated 
onto substrates owing to the employed chelating agents, which restrict 
the maximum dimensions of the final materials. 

Several trials were conducted using different precursors and agents, 
at first with nanoscale BTO. A suitable recipe was obtained to prepare 
phase pure solutions, which could be successfully spin coated onto 
substrates. A 0.3 M solution was prepared as follows: 0.766 g Ba-acetate 
Ba(C2H3O2)2 (Sigma–Aldrich, ≥99% purity) was dissolved in 5 ml 
glacial acetic acid and stirred at 60 ◦C until the Ba-acetate dissolved 
completely. The solution was then cooled to room temperature. Then 
1.02 ml of Ti-butoxide Ti(OCH2CH2CH2CH3)4 (Sigma–Aldrich, ≥97% 
purity) was added to the solution, as well as 0.335 ml of ethelyne glycol 
(EG) as chelating agent to form stock solution. Next, the solution was 
diluted with equal volume of 2-methoxyethanol (5 ml) and stirred for 

Fig. 5. XRPD patterns for (a) BTO-CFO 90:10, (b) BTO-CFO 80:20 (c) CFO and (d) BTO with glycine route; (e) and (f) shows the XRPD patterns and Rietveld re
finements for BTO-CFO 95:05 and BTO-CFO 90:10 using citric acid route. The goodness of fit parameters Rp, Rwp, RB and χ2 are respectively (95:05) 21.8, 18.3, 11.38 
and 2.6 and (90:10) 24.9, 23.07, 10.45 and 5.15. 

Fig. 6. Compared isothermal magnetization curves of BTO-CFO composite powders (90:10 and 80:20) at (a) T = 300 K and (b) T = 5 K respectively (650 ◦C 
glycine samples). 
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one hour at room temperature to form a homogeneous mixture. Satis
factory results were also obtained using ethanolamine (EA) instead of 
ethylene glycol as chelating agent, as well as without chelating agent. 
The flow chart in Fig. 9 illustrates the different synthesis steps. 

The obtained solutions were spin coated on cleaned Si, baked at 
200 ◦C for 5 min, and annealed at 650 ◦C for 1 h, forming thin films. In 
Fig. 10, we show the XRPD patterns of pure BTO films obtained using EG 
and EA as chelating agent, and without chelating agent. The three XRPD 
patterns show pure tetragonal BTO phase; yet with some reflections with 
small intensities related to the substrate. Lattice parameters and average 
crystallite sizes are presented in Table 1. The thickness of the films was 
estimated to about 50 nm by using the profilometer. Substrates were 
found to be not conductive enough to permit dielectric measurements. 

The one-pot synthesis method has also been employed to obtain thin 
films of LaFeO3-CoFe2O4 [13]. The synthesis of films of multiferroic 
BTO-CFO was hence attempted. Although we could not obtain phase 
pure films, we present the results obtained by combining the know-how 
gathered during the syntheses of BTO thin films and BTO-CFO nano
composites, as the results suggest that phase pure films could be ob
tained after further optimization of the synthesis and heat treatments (e. 
g. quenching, aging the solution). 

As for the nanocomposites, two solutions were prepared separately 
and mixed. The BTO solution was prepared as mentioned in the previous 
section using EA as a chelating agent. For the CFO solution, cobalt ac
etate tetrahydrate and iron nitrate nonahydrate were used as precursors; 
EA was used as chelating agent and 2-methoxyethanol [14]. The two 
solutions were then mixed with the required proportions to match the 
composition to be prepared. The composite solution is mixed for about 
one hour to insure homogeneity. Although 650 ◦C was found to be the 

Fig. 7. Normalized (a) direct current demagnetization (DCD) curves and (b) switching field distributions of BTO-CFO composite powders (90:10 and 80:20; 650 ◦C 
glycine samples). 

Fig. 8. Temperature dependence of (a) dielectric permittivity εr(T) and (b) loss-tangent Tanδ(T) recorded at various frequencies 100 Hz ≤ f ≤ 2 MHz for BTO-CFO 
95:05 (citric acid 700 ◦C samples). Inset shows the Polarization versus electric field loop (P-E loop) recorded at room temperature and at a frequency of 500 Hz. 

Fig. 9. Flow chart describing the different steps of the synthesis of BTO and 
BTO-CFO films. For BTO films, the BTO sol is spin coated on the Si substrates, 
and baked and annealed in the same conditions as indicated. 
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best annealing temperature for BTO films, a higher temperature was 
necessary in the case of the composite films. Tetragonal BTO phase is 
clearly observed in a BTO-CFO 90:10 film annealed at 700 ◦C (see 
Fig. 11), however, a secondary phase is present. 

6. Conclusion 

In summary, the optimization of the chemical synthesis of BTO and 
BTO-CFO nanostructures was presented. In the case of the BTO-CFO 
nanocomposites, a novel composite sol-based synthesis technique for 
complex oxide nanocomposites was employed. We have identified the 
suitable solvents, chelating agents, temperatures, and other synthesis 
conditions permitting the synthesis of nanoscale BTO and BTO-CFO, as 
confirmed from XRPD studies. Thin films of BTO could also been ob
tained, while the conditions for phase-pure BTO-CFO needs to be refined 
further. The reported magnetic and electric properties suggest that 
multiferroic bi-phasic BTO-CFO thin films may be fabricated. The re
ported magnetic and electric properties suggest that multiferroic bi- 
phasic BTO-CFO thin films may be fabricated. Once the optimum syn
thesis conditions of the nanostructures in “bulk” and film forms are fully 
established, it will be very relevant to investigate the structural, 
morphological, and interfacial properties of the systems in more detail 
using high-resolution transmission electron microscopy. 
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