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Abstract Novel Ni-Al layered double hydroxide (LDH) in-
tercalated with bio-active amino acid containing dicarboxylate
was synthesized via co-precipitation reaction of Ni(NO3)2.
6H2O, Al(NO3)3. 9H2O and N,N′-(pyromellitoyl)-bis-L-phe-
nylalanine under ultrasonic irradiation. The X-ray diffraction
(XRD) results of the organo-modified LDH show that the
dianion are intercalated in the interlayer region of LDH and
expanded the interlayer distance. An optically active and
organo-soluble poly(amide-imide) was prepared by the direct
step-growth polymerization of L-phenylalanine based diacid
and 3,5-diamino-N-(4-hydroxyphenyl)benzamide in the pres-
ence of molten tetra-butylammonium bromide as a green sol-
vent. Then nanocomposite materials built from the assembly
of L-phenylalanine amino acid containing polymer and two-
dimensional organo-modified LDHwere synthesized by solu-
tion intercalation method. The structures and morphology of

the synthesized materials were investigated by XRD, Fourier
transform infrared spectra, field emission scanning electron
microscope (FE-SEM) and transmission electron microscopy
(TEM) techniques. The thermal properties of the modified
LDH and the resulting nanocomposites were studied by
thermogravimetry analysis techniques and the results showed
improved in the thermal properties of the nanocomposites in
comparison with the neat polymer. The FE-SEM, TEM and
XRD results revealed a coexistence of exfoliated and interca-
lated modified LDH in polymer matrix.

Keywords L-Phenylalanine . Sonochemical method . NiAl
Layered double hydroxides . Poly(amide-imide)s .

Nanocomposites

Introduction

Layered double hydroxide (LDH) constitutes a family of in-
organic layered materials that possess unique nanostructures
and can be considered as promising nanoscale building blocks
for novel materials [1, 2]. They are a class of natural and
synthetic mixed metal hydroxides, historically known for hav-
ing extensive anion-exchanging capabilities [3]. The structure
of LDHs is closely related to the layered structure of brucite
(Mg(OH)2), but replacement of some of the divalent metal
ions with trivalent metal ions results in a net positive charge
in each of the layers. This net positive charge is balanced by
any of a wide assortment of anions, which, along with water,
hold the individual layers together. By description, it is the
charge-balancing behavior that has defined LDHs as anion-
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exchanging, clay-like materials for several decades. The gen-
eral formula for LDH is: [M(II)1-xM(III)x(OH)2] [Ax/y]

y-1

nH2O, although some materials have been prepared using
monovalent cations. The values for x vary, but the most com-
mon are x=0.33 and x=0.25, which correspond to a 2:1 and
3:1 M(II):M(III) ratio, respectively. The most familiar natural-
ly occurring LDH is known as hydrotalcite and is a 3:1Mg: Al
LDH with carbonate as the interlayer anion. Because of the
characteristics of tunable compositions and exchangeable an-
ions, LDHs have been widely used in various fields like cat-
alysts, drug delivery materials, electrode materials, flame re-
tardant polymer additives, and chemically tailored functional
materials [4–10].

In recent time significant attention has been paid to Ni-
containing LDHs due to the high catalytic activity of the de-
riving homogeneous Ni-Al oxides, with high thermal and
chemical stability, for a variety of reactions such as steam
reforming of methanol, oxydehydrogenation of ethylbenzene,
hydrogenation of acetonitrile, and aldol condensation of ace-
tone [11–16].

The synthetic routes to layered hydroxides include co-pre-
cipitation, hydrolysis of urea, sol–gel method, and so on
[17–19]. The most widely used method for the preparation
of LDHs is the co-precipitation method, in which the mixed
alkali soda solution is added to a mixed salt solution and the
resultant slurry is aged at a desired temperature [20].

The LDH nanosheets are anticipated to be used as building
blocks for the production of different functional nanocompos-
ites (NCs). However, for a successful development of high
quality NCs containing lamellar materials, it is an essential
requirement to develop methods of preparing stable uniform
dispersions of the inorganic phase in the nanometer length
scale. One approach that can yield miscible clay-polymer dis-
persions is the direct intercalation of macromolecules into the
lamellar structure of the inorganic host. On the other hand, a
more effective but much more demanding approach would be
the exfoliation of the layers into individual nanoplatelets. In
this method, inorganic layers with a very high aspect ratio may
become thoroughly separated and dispersed in the polymer.
NCs synthesized in this form will show greater thermal and
mechanical properties as a result of the molecular-level inter-
actions between the clay particles and the polymers [21–26].

Poly(amide-imide)s (PAI) as a high performance conden-
sation polymer, combine the superior mechanical properties
associated with the amide group and the high thermal stability
of the imide ring in the same polymer [27, 28]. Aromatic PAIs
with chiral structures are biologically very important. In poly-
condensation, we use amino acids as chiral inducting agents.
So polymers based on amino acids are expected to be biode-
gradable and biocompatible [29, 30].

This work aims at reporting the synthesis of the
organically-modified LDH by the co-precipitation reaction
of the Al(NO3)3. 9H2O, Ni(NO3)2. 6H2O and bio-active N,N

′-(pyromellitoyl)-bis-L-phenylalanine under ultrasonic irradi-
ation and its influence on the properties of polymer-based
NCs. The model polymer used is a PAI containing amino acid
and phenol moiety. This polymer is so interesting material and
there are several reasons for choosing it as a functional poly-
mer. First of all, it is good processable polymer. Furthermore,
the introduction of several functional groups as well as phenol
moiety and amino acid bulky substituents will result in in-
creasing chain packing distances and decrease intermolecular
interactions, leading to the better interaction with modified
LDH. NCs of the above polymer and modified NiAl LDH
were prepared by ultrasonic techniques. The properties of
the hybrid materials were studied by Fourier transform infra-
red (FT-IR), X-ray diffraction (XRD), field emission scanning
electronmicroscopy (FE-SEM), transmission electronmicros-
copy (TEM) and thermogravimetric analysis (TGA)
techniques.

Experimental

Materials

Nikel (II) nitrate hexahydrate [Ni(NO3)2.6H2O], aluminum
(III) nitrate nonahydrate [Al(NO3)3.9H2O], pyromellitic
dianhydride (PMDA), sodium hydroxide (NaOH), tetra-
b u t y l a m m o n i u m b r o m i d e ( T B A B ) , 3 , 5 -
d i n i t r o b e n z o y l c h l o r i d e , 4 - am i noph en o l , 3 , 5 -
dinitrobenzoylchloride, glacial acetic acid, propylene oxide,
hydrazine monohydrate, 10 % palladium on activated carbon
and L-phenylalanine were purchased from Merck Chemical
Co. (Darmstadt, Germany) and used without further purifica-
tion. N,N-Dimethylformamide (DMF) was distilled over bar-
ium oxide under reduced pressure before use.

Equipment

X-ray diffraction analysis (XRD) over 2θ=1.8 to 40°, in steps
of 0.02° was carried out using a X-ray diffractometer (Bruker,
D8 Advance, Germany) with Cu-Kα radiation (λ=0.154 nm,
monochromatization by primary graphite crystal) generated at
100mA and 45 kV. The diffraction patterns were collected at a
scanning rate of 0.05°/min. Basal spacing were determined
from the position of the d(003) reflection. The d-spacing of
the hybrid materials was analyzed by using Bragg’s equation
(nλ=2d sinθ). Where n is an integer, λ is the wavelength, θ is
the glancing angle of incidence, and d is the interplanar spac-
ing of the crystal. FT-IR spectra of the samples were recorded
with a Jasco-680 (Japan) spectrometer at a resolution of
4 cm−1 from 400 to 4000 cm−1. Vibration bands were reported
as wavenumber (cm−1). The powdered samples were mixed
with dry KBr and pressed in the form of pellets for the mea-
surement. Band intensities are assigned as weak (w), medium
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(m), shoulder (sh), strong (s), and broad (br). Inherent
viscositie was measured by a standard procedure using a
Cannon-Fenske routine viscometer (Germany) at the concen-
tration of 0.5 g/dL at 25 °C. Specific rotation was measured by
a Jasco Polarimeter (Japan). TGA was performed on a
STA503 TA instrument (Hullhorst, Germany) in a nitrogen
atmosphere by heating rate of 10 °C/min from ambient tem-
perature to 800 °C at nitrogen atmosphere. Themorphology of
the nanostructure materials was examined by FE-SEM [HITA
CHI; S-4160, (Tokyo, Japan)]. The powdered sample was
dispersed in H2O, and then the sediment was dried at room
temperature before gold coating. The nanostructure morphol-
ogy of the novel materials was also examined by TEM. The
TEM images were obtained from a Philips CM120 (Eindho-
ven, Netherland) using an accelerator voltage of 100 kV. The
reaction was carried out on a MISONIX ultrasonic liquid pro-
cessors, XL-2000 SERIES (Raleigh, North Carolina, USA).
Ultrasound was a wave of frequency 2.25×104 Hz and power
of 100 W.

Preparation of chiral diacid

N,N′-(Pyromellitoyl)-bis-L-phenylalanine as diacid com-
pound was prepared by procedure reported elsewhere [30].

Preparation of organo-modified Ni2Al LDH under ultrasonic
irradiation

Intercalation of N,N′-(pyromellitoyl)-bis-L-phenylalanine in
the NiAl–LDH was carried out in one step under ultrasonic
irradiation. 0.02 mol of Al(NO3)3.9H2O and 0.04 mol of
Ni(NO3)2.6H2O were dissolved in deionized water to obtain
solution 1. An aqueous solution containing NaOH (0.02 mol)
and N,N′-(pyromellitoyl)-bis-L-phenylalanine (0.02 mol) was
prepared and stirred at R.T. Solution 2 was added to solution 1
and the obtained suspension was sonicated for 1 h to furnished
modified NiAl-LDH. Finally, the resulting precipitate was fil-
tered and washed by deionized water and then dried at 60 °C
for 24 h. For comparative study, NiAl LDH-CO3

2− was pre-
pared under identical reaction conditions without using diacid
compound.

Synthesis of diamine with phenol side chain

3,5-Diamino-N-(4-hydroxyphenyl)benzamide as a diamine
monomer was prepared according to the reported proce-
dure [31].

Polymer synthesis

The one-step polyamidation reaction of equimolecular
amounts of diamine 4 and diacid 3, using molten TBAB as a
reaction medium and TPP as a homogenizer, gave the

optically active PAI. A typical reaction was carried out as
follows: 0.10 g (3.43×10−4 mol) of diacid monomer 3,
0.083 g (3.43×10−4 mol) of diamine 4, and 0.44 g of TBAB
(1.37×10−3 mol) were placed in a round-bottom flask and
ground completely for 5 min; then, 0.36 mL (13.72×
10−4 mol) of TPP was added and the mixture was ground for
3 min. It was heated until a homogeneous solution was formed
and then, 0.52 mL (1.98×10−3 mol) of TPP was added. After
that, the solution was stirred for 12 h at 120 °C to obtain a
viscous solution. The resulting viscous solution was poured
into 30 mL of methanol, filtered and dried at 80 °C for 6 h
under vacuum to give 0.16 g (90 %) of yellow powder PAI.
The optical specific rotation was measured ([α]Na,589

25 =−
61.20) at a concentration of 0.5 g/dL in DMF at 25 °C. The
inherent viscosity was also measured (ηinh=0.36 dL/g) under
the same conditions.

FT-IR peaks (KBr, cm−1): 3311 (m, br, NH and OH
stretching), 3100 (w, C-H aromatic), 2970 (w, C-H aliphatic),
2922 (w, C-H aliphatic), 1776 (m, C=O imide, asymmetric
stretching), 1717 (s, C=O imide, symmetric stretching),
1665 (s, C=O amide, stretching), 1600 (s), 1544 (s), 1512
(s), 1446 (s), 1377 (s, CNC axial stretching), 1210 (m, CNC
transverse stretching), 1071 (m), 865 (m), 835 (s), 757 (m),
727 (s, CNC out-of-plane bending), 687 (w), 526 (w) [31].

Synthesis of PAI/modified NiAl-LDH NCs

For preparations of polymer based NCs, 0.1 g of the PAI was
dispersed in 20mL of absolute ethanol and a uniform colloidal
dispersion was obtained after sonication for 30 min at room
temperature. Then the suspension was mixed with the differ-
ent amounts of diacid modified NiAl-LDH (2, 4 and 8%wt) to
produced polymer based NCs followed by sonication for 1 h
at room temperature. The solvent was removed and the ob-
tained solid was dried in vacuum at 80 °C for 2 h.

Result and discussion

Synthesis of novel modified NiAl-LDH

Owing to its layered structure, LDH is an outstanding choice
as nanofiller considered for preparation of multifunctional
polymer/layered crystal NCs. But, its use as nanofiller is lim-
ited by its layers high-charge density and high content of an-
ionic species and water molecules. To facilitate the intercala-
tion of polymer in the layers of LDH, the interlayer space
should be modified with appropriate organic anions with in-
tention of increasing both the interlayer distance and the hy-
drophobicity of LDH layers. In this study, at first, chiral bio-
degradable dicarboxylic acid based on pyromellitic
dianhydride (1) and L-phenylalanine amino acid (2) was pre-
pared in reflux acetic acid solution (Scheme 1a). Then this
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bio-safe diacid was used for efficient synthesis of novel mod-
ified NiAl LDH in one-step under ultrasonic irradiation as
shown in Fig. 1. This Figure only serves to emphasize the
process of adsorption and does not provide information on
the order in which the adsorbent molecules are present along
with carboxylate ions ionically bound on the surface.

Synthesis of amino acid containing PAI

In the recent time for the more efficient and at the same time
more green polymerization process, attracted attention has
been done to the new class of potential solvents a namely ionic
liquid. In the present investigation, molten TBAB was used as

solvent and catalyst for the formation of optically active and
organo-solube PAI by the direct polymerization reaction of
chiral diacid three and diamine four as shown in Scheme 1b.
The incorporation of a chiral unit into the polymer backbone
was obtained by measuring the specific rotations of resulted
polymer. Chemical structure and purity of this polymer was
confirmed in our previous study [31]. Several polymer based
NCs were prepared from the reaction of the L-phenylalanine
containing PAI and different amount of the diacid modified-
NiAl LDH under ultrasonic irradiation. The presence of am-
ide, imide and phenol groups in the backbone of the polymer
matrix causes hydrogen interactions with functional groups of
the modified-LDH.
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Scheme 1 Preparation of
phenylalanine containing diacid
and chiral PAI

Fig. 1 Preparation of diacid-
modified NiAl LDH under
ultrasonic irradiation
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Characterized techniques

FT-IR analysis

The FT-IR spectra of the NiAl LDH structure with interlayer
carbonate anions and modified LDHwith chiral dicarboxylate
are shown in Fig. 2. The broad band at 3500–3400 cm−1 is due
to the O–H stretching modes of layer hydroxyl groups and
water molecules. The broadness arises from the very different
strengths of hydrogen bonding between these species. The
bands are asymmetric and abroad shoulder around
3000 cm−1 is due to the O–H stretching mode of interlayer
water molecules hydrogen-bonded to interlayer carbonate an-
ions (Fig. 2a). Water molecules are also responsible for the
medium-weak band at 1640 cm−1, owing to the irregular de-
formation mode [32–34]. The band at 1370 cm−1 is due to the
anti symmetric υ3 mode of carbonate anions in the interlayer.
The bands at 600, 570 and 425 cm−1 are due to Ni–O–Al
deformation mode and Ni–O and Al–O stretchingmodes [35].

In the FT-IR spectrum of modified NiAl LDH, the broad
band in the range of 3200–3600 cm−1 mainly from O-H
groups of the hydroxide layers. The absorption bands at
2930–3100 cm−1 correspond to the νasym and νsym (C-H)
modes of CH2 group in the chiral dicarboxylate mole-
cules (Fig. 2b). The other dicarboxylate bands originat-
ed from various functional groups are also found at
1770–1700 cm−1 (C=O), and 1300–1000 cm−1 (C-O).
This collective information indicated that diacid mole-
cules were combined within LDH layers through elec-
trostatic interactions.

The FT-IR of the neat PAI and NCs of PAI and different
amount of modified NiAl MLDH (2, 4 and 8 %) are shown in
Fig. 3a-d. The FT-IR spectrum of chiral PAI showed

absorptions of amide (N-H) and phenol (OH) bonds appeared
around 3300–3600 cm−1. The aliphatic C-H stretching peak
was also appeared at around 2965 cm−1. Strong absorption
bands were observed at 1778 and 1726 cm−1, which they
can be attributed to the asymmetric and symmetric stretching
vibrations of the imide carbonyl groups. The bands of C-N
stretching and ring deformation appeared at 1377 and
727 cm−1, respectively. In the spectrum of NCs in compres-
sion with the neat PAI, the formation of new absorption bands
in the range of 450–700 cm−1 could be attributed to the M-O
stretching. Thus from the FT-IR spectroscopy, the interaction
between PAI and modified LDH and their complex formation
have been confirmed (Fig. 3b-d).

XRD analysis

Figure 4a and b show the powder XRD patterns of NiAl-LDH
and modified NiAl-LDH. The XRD patterns of both samples
display the characteristic reflections corresponding to two-
dimensional hydrotalcite-like materials i.e. (003), (006) and
(110) in each case, indicative of R3m symmetry and a hexag-
onal lattice [35]. The basal spacing value (d003) of LDH phase
in pristine NiAl–LDH is approximately 0.76 nm, consistent
with that of carbonate-intercalated LDH materials [36]. The
position of the basal reflections in diacid modified LDH was
shifted towards higher d value indicating the expansion in the
interlayer distance (Fig. 4b). In the XRD pattern of modified
LDH, the d003 has shifted to 4.20°, corresponding to anFig. 2 FT-IR spectra of the (a) NiAl LDH and (b) diacid modified-LDH

Fig. 3 FT-IR spectra of the (a) neat PAI, (b) PAI/modified LDH NC2%,
(c) PAI/modified LDH NC4 % and (d) PAI/modified LDH NC8 %
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interlayer distance of 2.16 nm. It is noteworthy that basal
spacing d003 is expanded by 1.40 nm after intercalation of
dicarboxylated anions. Hence the XRD results reveal that
the diacid anions are successfully intercalated into the LDH
galleries (Fig. 4b).

The XRD patterns of the neat PAI, PAI/modified
NiAl-LDH NC2 %, PAI/modified NiAl-LDH NC4 %
and PAI/modified NiAl-LDH NC8 % are shown in

Fig. 4c-f. For neat PAI, no crystalline peak was ob-
served, indicating that this polymer is amorphous. The
XRD patterns of the PAI/modified NiAl-LDH NCs (2, 4
and 8 %) are characterized by the disappearance of the
diffraction peaks corresponding to the LDH irrespective
of the variation in LDH content (Fig. 4c-e). This com-
plete disappearance of LDH peaks may be due to the
partial exfoliated structure, in which the gallery height
of intercalated layers is large enough and the layer cor-
relation is not detected by XRD (Fig. 4c-f). Although
XRD provides a partial picture about distribution of
nanofiller and disappearance of peak corresponding to
d-spacing does not always confirm the exfoliated NCs,
a complete characterization of NC morphology requires
microscopic investigation.

Thermal properties

The thermal behavior of the pristine NiAl–LDH and diacid
modified NiAl-LDH was examined by TGA techniques

Fig. 4 XRD patterns of the (a) NiAl LDH, (b) modified-LDH, (c) PAI/
modified LDH NC2 %, (d) PAI/modified LDH NC4 % (e) PAI/modified
LDH NC8 % and (f) pure PAI

Fig. 5 TGA thermograms of the (a) NiAlLDH-CO3 and (b) diacid
modified-LDH

Fig. 6 TGA thermograms of pure PAI and NCs with different amount of
modified LDH

Table 1 Thermal properties of the pure PAI and different NCs

Samples Decomposition temperature (°C) Char yield (%)b LOIc

T5
a T10

a

Pure PAI 352 376 43 34.7

NC2 % 370 393 47 36.3

NC4 % 381 401 51 38.0

NC8 % 390 410 56 40.0

a Temperature at which 5 and 10 % weight loss was recorded by TGA at
heating rate of 10 °C min−1 in a N2 atmosphere
bWeight percent of the material left undecomposed after TGA at maxi-
mum temperature 800 °C in a N2 atmosphere
c Limiting oxygen index (LOI) evaluating at char yield at 800 °C
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(Fig. 5). As can be seen in Fig. 5, the weight loss for pristine
NiAl–LDH occurs essentially in two steps: the first one at low
temperature (ca. 40–210 °C) corresponds to removal of
water physisorbed on the external surface of the crystal-
lites as well as water intercalated in the interlayer gal-
leries; the second one in a wide temperature range of
ca. 230–680 °C involves dehydroxylation of the layers
as well as removal of volatile species (CO2) arising
from the interlayer carbonate anions [15, 37]. The or-
ganic modification of the LDH changes it’s the thermal
decomposition behavior in comparison to the unmodi-
fied sample. According to Fig. 5b, the presence of a
larger weight loss step within 400–600 °C for
modified-LDH compared to the LDH confirmed the
presence of interlayer surfactant anions in LDH. The
residual weight percent values at 800 °C of the NiAl-
LDH and diacid modified LDH which was obtained
from the TGA thermogram are 63, and 49 wt %, re-
spectively. In comparison to LDH-CO3

2−, residual
weight percent of the diacid modified LDH were de-
creased. These results confirmed the presence of inter-
layer surfactant anions in LDH (Fig. 5).

The thermal stability of the neat PAI, PAI/modified NiAl-
LDH NC2 %, PAI/modified NiAl-LDH NC4 % and PAI/
modified NiAl-LDH NC8 % were study by TGA technique
and the temperatures at which 5 % (T5), 10 % (T10) degrada-
tion occur and the residue at 800 °C are shown in Fig. 6 and
Table 1. The onset of decomposition temperature of the NCs

was higher than that of pure PAI, shifting toward higher tem-
peratures as the amount of modified-LDH was increased. The
increase in thermal stability of PAI matrix upon incorporation
of modified-LDH could be attributed to the higher heat
transfer capacity of modified-LDH that facilitated heat
dissipation within the composites, thus preventing the
accumulation of heat at certain points for degradation.
The residues at 800 °C of the NCs with different mod-
ified LDH content are higher than that of pure PAI
(Fig. 6). According to the TGA data, a small amount
of NiAl-LDH acted as effective thermal degradation re-
sistant reinforcement in the PAI matrix, increasing the
thermal stability of the resulting hybrid materials.

The limiting oxygen index (LOI) is a measure of the
percentage of oxygen to be present to support the com-
bustion of the materials and it can be used to evaluate
the flame-retardancy of them. Theoretically, char residue
(CR) can also be used as a criterion for evaluating LOI
of materials.

According to Van Krevelen [38], there is a linear relation-
ship between LOI and CR only for halogen-free polymers
(Eq. 1):

LOI=(17.5+0.4CR)/100 (1)

From this equation, a higher char yield will improve flame
retardance. PAI and NCs, containing 2, 4, and 8 wt.% of NiAl-
LDH had LOI values 34, 36, 38, and 40, respectively, were

Fig. 7 TEM micrographs of the
(a, b) modified LDH and (c, d)
PAI/modified LDH NC4 %
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calculated from their CR (Table 1). On the basis of the LOI
values, such materials can be classified as self-extinguishing
materials.

TEM study

TEM images of diacid modified NiAl LDH and NC of PAI
with 4 % of diacid modified LDH with two different magni-
fications are shown in Fig. 7. For modified LDH the nanopar-
ticles show plate-like morphology. The average diameter of
dispersed particles is around 20–50 nm (Fig. 7a and b). In
NC4 %, TEM observations reveal a coexistence of organo-
nanosilicate layers in the intercalated and partially the exfoli-
ated states. TEM micrograph shows two-dimensional objects
which are oriented largely parallel to the grid surface and thin
sheet like object with similar lateral dimensions. Both modi-
fied LDH (Fig. 7a and b) and PAI/modified LDH NC4 %
(Fig. 7c and d) present disc-like images, which are actually
the LDH platelets lying flat on the substrate. In

addition, the picture also shows that some platelets are
overlapping on the edge.

FE-SEM study

Morphological information of diacid modified NiAl LDH and
NC of PAI with 2 and 8 % of the modified LDH characterized
by FE-SEM is shown in Fig. 8. The crystal morphology of
modified LDH displays platelet-like structure with lateral di-
mensions ranging over few micrometer and thickness over
few hundred nanometers (Fig. 8a and b). Modified LDH is
composed of densely-packed plate-like particles with the vis-
ible edges and the thickness of about 30–50 nm. The FE-SEM
images of PAI/modified LDHNC2% (Fig. 8c and d) and PAI/
modified LDH NC8 % (Fig. 8e and f) are shown in Fig. 8.
According to these photograph in the NCs, the micrograph
exhibits the good dispersion of LDH into polymer matrix. It
seems that the particles are distributed uniformly in the poly-
mer matrix.

Fig. 8 FE-SEM photographs of
the (a, b) modified NiAl LDH, (c,
d) PAI/modified LDH NC2 %
and (e, f) PAI/modified LDH
NC8 %
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Conclusions

Novel organo-modified NiAl LDH was prepared in one-step
by co-precipitation reaction under green conditions by using
ultrasonic irradiation. The XRD results of the modified LDH
show that the diacid is intercalated in the interlayer region of
NiAl-LDH and enlarge the interlayer distance. An optically
active and thermally stable PAI with phenol moiety was pre-
pared in high purity and good yields by the direct polymeri-
zation of diamine with phenol side chain and diacid monomer
based on L-phenylalanine amino acid in TBAB as a green
solvent. Three NCs of synthesized PAL and modified LDH
were prepared by loading different amounts of LDH (2, 4 and
8 %) into PAI matrix. The hydroxyl groups on the side chains
of the PAI could provide better compatibility and bonding,
which cause to suitable homogenous dispersion of modified
LDH in the obtained NCs. XRD and FT-IR results pointed to
the incorporation of the modified LDH within the PAI matrix.
The morphology of the modified LDH and NCs was exam-
ined by FE-SEM and TEM and the results indicated that the
LDH platelets are distributed within the PAI matrix.
Thermal stability from TGA measurements was shown
to be enhanced compared with those of pure polymer.
The presence of amino acid as a biodegradable segment
in both novel modified LDH and optically active PAI,
make the obtained NCs materials more susceptible for
better biodegradation process.
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