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Abstract Nanofilms were prepared
by consecutively alternating
adsorption of Mg—Al (2:1) layered
double hydroxide (LDH) and
polysodium 4-styrenesulfonate
(PSS). The charge density of
oppositely charged materials
strongly affect film properties like
thickness and ordering. The specific
charge of the colloid particles
(LDH) and macromolecules was
determined with the particle charge
detector. The sequential build-up of
the thin films was followed by
spectrophotometry and X-ray dif-
fraction. The surface morphology
of the multilayers was characterized
by atomic force microscopy. The

influence of the charge density of
the applied materials and of the
mass ratio of LDH/PSS on the film
thickness were studied.
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Introduction

Application of multilayered nanofilms in membrane
technology requires tailored film properties with a well-
known structure. The size of discontinuities in nano-
structured materials makes membranes able to separate
different particles by filtration so that these materials
gain widespread application in nanotechnology for
separating fluids and gases. The micro- and nanopore
containing materials like zeolites and activated carbon
are well known in the separation of C4~Cg hydrocarbons
or CO, from CHy, hydrocarbons from natural gas or
CO, from N, [1-6]. Applied nanostructured materials in
our present knowledge are chemically homogeneous like
silicates, carbons, polymers etc. Polymer/phyllosilicate
multilayer films were already prepared by layer-by-layer
deposition [7-17]. The structure is stabilised by electro-

ides - Membranes - Multilayers

static forces between the negatively charged silicates like
montmorillonite and the positively charged cationic
polyelectrolyte. The adsorbed polymer layers on any
planar surface (glass or polymer) order the nanothin
silicate lamellae [7, 8].

Layered doubled hydroxides are natural or synthetic
materials composed of positively charged octahedral
sheets separated by exchangeable anions (ClI7, NOj~,
CO5*", SO,*") and water molecules. The crystallo-
graphic, physical and chemical properties, particle size
and specific area depend on the way of preparation and
the composition of the starting mixtures. The size of
anions determines the layer distance [18]. The general
formula of LDHs are: [M,,>" M,’" (OH),] (A" )
yH,0, where M?* can be Mg>", Fe?", Co?", Ni*",
Zn*" and M*" may be AP*, Cr*", Fe’*, Co’* [19,
20]. Several industrial applications are known. LDHs
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Fig. 1 LDH/PSS nanofilm preparation by layer-by-layer immer-
sion technique
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Fig. 2 Charge titration (PCD) of 1 w/v% Mg-Al LDH suspension
by 0.01 w/v% PSS solution

are used in air and water purification, as catalysts in
production of intermediates and fine chemicals [21, 22],
in various hydrogenating processings. Surprising but
promising experiments were performed in applying
LDHs in photochemistry, medicine and enviromental
chemistry [23]. LDHs polyanions were used to prepare
membranes. Ultrathin membranes form in the colloid
suspension and in aqueous polymer solutions by
applying the immersion technique in which the layers of
positively charged LDH and negatively charged polymer
layers alternate. Inorganic colloid particles can also be
used to form membranes of LDHs with phyllosilicates
or negatively charged particles. Heterocoagulation
occurs between the two inorganic oppositely charged
particles. The membranes are stabilized by electrostatic
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Fig. 3 Thermogravimetric (TG), differential thermogravimetric
(DTG) and differential termoanalytic (DTA) curves of a LDH,;
b LDH/PSS composite; ¢ PSS
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Fig. 4 XRD-patterns of LDH powder and LDH/PSS composite

forces and stable layers are formed in the ca. 10-100 nm
size range.

Materials and methods

A hydrotalcit-type LDH Mg-Al (2:1) was prepared
from aluminium nitrate nonahydrate (AI(NO3); - 9H,0)
and magnesium nitrate hexahydrate (Mg(NOs), 6H,0).
The two compounds were dissolved in boiled-off

distilled water before the NaOH containing NaNO;
solution was added dropwise and was stirred for 5 h in
N, atmosphere at 60 °C and then subsequently at
ambient temperature (hold in N,): The precipitated
LDH was washed with water and dried at 65 °C. The
powdered sample obtained was characterized by X-ray
powder diffraction and thermoanalytic measurements.

The sodium salt of polystyrene sulfonate (PSS, Al-
drich) was applied as the negative component of film
preparation. 0.5 and 1 w/v% of LDH suspensions and
0.25, 0.5 and 1 w/v% of polymer solution were used.
The nanofilms were prepared on Menzel Superfrost
glass (Fischer Sci. Co.) by layer-by-layer deposition
(Fig.1).

The charge of LDH and PSS was measured by the
particle charge detector (PCD2, Miitek Analytic GmbH,
Germany) [24, 25]. For the PCD titration the cationic
sufactant hexadecylpyridinium chloride (HDPCI) was
used to determine the specific charge of the negatively
charged macromolecule. The so-called charge equivalent
points belonging to zero potential was used to calculate
the specific charge of PSS, 4.1 meq/g. The negatively
charged PSS was mixed with the LDH suspension in
different volumes and potential values were
detected after 20 min equlibrium time. A volume of
1.23 cm® 0.01 w/v% PSS solution was sufficient to neu-
tralise 10 cm® 1 w/v% LDH suspension (Fig. 2).
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Light absorbance of the films was measured with the
Uvikon 930 UV-Vis two-way spectrophotometer. We
recorded the absorbency after deposition of every layer.
The results were corrected by considering the absor-
bance of the glass silde. X-ray diffraction (XRD) mea-
surements were performed in a goniometer fitted to a
Philips PW 1820 generator (CuK,, 40 kV, 30 mA; Ni
grids as filter). The basal spacing was derived from the
basal reflections (001).

The morphology of the films was observed by the
AFM Nanoscope 111 (Digital Instruments, USA) piezo
scanner with scanning capability of 12.5 um in x and y
direction and 3 pm in z direction, tapping-type tip of
silicon (Veeco Nanoprobe Tips RTESP model, 125 pm
length, 300 kHz).

Thermoanalytic measurements were performed by
the Derivatograph Q-1500-D (MOM, Hungary). The
powder samples were heated from room temperature to
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Fig. 9 AFM images of LDH/
PSS multilayers after deposition
on the glass surface. a 0.1 w/v%
LDH suspension and 0.25 w/
v% PSS solution at n=17 (PSS/
LDH=2.5); b 1 w/v% LDH
and 0.25 w/v% of PSS solution
at n=10 (PSS/LDH =0.25)
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1,000 °C with 5 °C/min, mass-stable Al,O3 was used as
the reference.

Prior to film preparation the glass slides were cleaned in
chromic acid for several hours to remove contaminations,
then carefully washed with distilled water and dried. The
(negative) glass slides were immersed in the LDH-sus-
pension for 10 min followed by rinsing with distilled water
to remove the excess of suspension. An ultrathin LDH
monolayer forms on the surface (Fig. 1). The positively
charged LDH-film adsorbed the polyanions when
immersed into the polymer solution so that a one-layer
LDH/PSS hybrid film formed on the glass surface. The
immersion period was 10 min followed by half a minute
rinsing with distilled water and drying with N,.

Results and discussion

In order to gain information about interaction between
PSS and the LDH bulk-phase charge equivalent
amounts of PSS were added to LDH suspensions. After
the coagulation, the precipitates were filtered, dried and
characterized by XRD and thermogravimetric mea-
surements (Fig. 3). TG and DTG curves of LDH indi-

cates two endothermic reactions at 223-372 °C:
dehydration of the interlayer water at 200-223 °C;
nitrate decomposition, escape of nitrogen oxides and
further dehydroxylation at 372 °C. For LDH/PSS the
position of the two peaks is shifted to somewhat higher
temperatures (Fig. 3b). The loss of water in pure PSS
takes place at about 100 °C and further dehydration of
the structural OH-groups occurs at 2433 °C (Fig. 3c).
The prolonged exothermic peak indicates the combus-
tion of carbon at 554 °C.

Results of XRD measurements of LDH and LDH/
PSS are represented in Fig. 4. The Bragg reflection at
d=5.3 nm shows the distance of the LDH particles in
the composite.

LDH/PSS films were produced from a suspension of
0.1 w/v% LDH with PSS concentrations of 0.25 w/v%,
0.5 w/v% and 1 w/v%; then more concentrated LDH
suspensions of 0.5 and 1 w/v% were applied. Results of
spectrophotometric measurements at A=400 nm are
shown in Fig. 5. Light absorbance of the films increases
linearly with the number n of layers when n>5. The
absorption is also proportional to the layer thickness
(n=10: ten layers PSS and ten LDH layers). The effect
of LDH concentration on the light absorbance at con-
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stant polymer concentration is seen in Fig. 5c. Light
absorption barely changes with the amount of polymer
while the LDH concentration significantly influences this
property. The influence of the PSS/LDH mass ratio in
the bulk liquid phase is shown in Fig. 6. The higher the
LDH/PSS ratio, the thicker the films and the slope de-
creases. The reflections characteristic of double
hydroxide at 20=11.7° and 23.4° and of the LDH
intercalation compound at 5.5° appear in every XRD
pattern. The intensity of the Bragg reflections charac-
teristic of LDH decreases with increasing concentration
of the anionic polymer, which indicates the insertation
of higher amounts of polymer in the film (Fig. 7a). The
intensity of Bragg reflection also significantly depends
on the suspension concentration (for n=10 see Fig. 7b).
Films made from 0.5 w/v% and 1 w/v% LDH suspen-
sions and containing five layers of LDH/PSS indicate a
basal spacing of 0.76 and 0.38 nm. The experiments
demonstrate that the diluted PSS-solution is sufficient to
produce higher amounts of LDH in the multilayer film
(Fig. 8). The higher the concentration of the polymer,
the lower the XRD peak intensity; thus, higher amounts
of PSS reduce the LDH binding in the film.

The AFM images of films prepared from 0.1 w/v%
and 1 w/v% LDH suspensions and 0.25 w/v% of PSS
are seen in Fig. 9a and 9b. Both images show
I pmx1 pm areas and the height is charted in the 250
and 600 nm range. The difference between the two
images is evident: less-ordered superpositioned lamellae
by appling 0.1 w/v% of LDH and well-ordered disc-like

structures at 1 w/v% LDH. The more highly ordered
structure (Fig. 9b) confirms the results of XRD mea-
surements.

To determine the film thickness, the deposited
amount of LDH was calculated from the absorbance
values by using a calibration curve (absorbency vs. LDH
amount). From the mass of films and an assumed den-
sity (OLpu/pss = 1.42 g/cm?) the film area and thickness
were determined. The thickness changed between
1,020 nm and 1,300 nm, in accordance with the results
of other measurements.

Conclusions

Nanofilms of LDH/PSS were prepared and character-
ised by light absorbency, XRD and AFM measure-
ments. At too high PSS/LDH mass ratio thinner films
were formed because the polymer forces the suspension
down from the surface during immersion. Well-ordered
films were obtained from diluted PSS solutions.
Changing the polymer concentration at constant LDH
concentration causes only weak difference while the
LDH concentration is more important. As the charge of
PSS is much higher than that of the LDH lamellae, an
increase in PSS concentration does not lead to the
insertion of a larger number of LDH layers.
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