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Abstract: The synthesis and application of layered calcium-aluminum double hydroxides (Ca-Al LDHs) 
for the encapsulation of organic anions is discussed. The mechanism of the encapsulation process was 
explained. These types of compounds have great potential and can be used in targeted therapies, in-
cluding in drug dosing systems.
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Synteza i zastosowanie warstwowych podwójnych wodorotlenków 
wapniowo-glinowych – przegląd literatury
Streszczenie: Omówiono  syntezę i zastosowanie warstwowych podwójnych wodorotlenków wap-
niowo-glinowych (Ca-Al LDHs) do kapsułkowania anionów organicznych. Wyjaśniono mechanizm 
procesu kapsułkowania. Tego typu związki mają bardzo duży potencjał i mogą znaleźć zastosowa-
nie w terapiach celowych m.in. w systemach kontrolowanego dozowania leków.
Słowa kluczowe: warstwowe podwójne wodorotlenki, proces kapsułkowania, nanotechnologia.

Nanocomposites are defined as  high production mate-
rials that have uncommon combinations of properties 
with their unique designs. Nanocomposites are multi-
phase solid materials with a repeated distance in nano-
meter range between the phases. Additionally, they cover 
a significant variety of systems such as one-dimensional 
(1D), two-dimensional (2D), three-dimensional (3D), and 
amorphous materials [1]. Moreover, nanocomposite poly-
meric materials became the more suitable alternatives and 
are able to overcome the limitations of microcomposites 
as they are better prepared for any challenges concerning 
stoichiometry in the nanocluster phase. Nanocomposites 
differ in terms of their mechanical, thermal, optical, cata-
lytic, and other properties from the component materials. 
These properties are also considered on the interfacial 
characteristics and their morphology [2].

Layered double hydroxides (LDHs) are among the most 
favorable 2D nanocomposites and have secured signifi-
cant attention from researchers, particularly in biomedi-
cal sectors. LDH nanocomposites are also known as the 
anionic clays or hydrotalcite-like materials. In general, the 
structure of the 2D material is composed of cationic metal 
atoms as the inner layer sandwiched between two inter-
calated anionic hydroxide layers [3]. Anionic drugs, such 
as salsalate, have been used for drug deliveries through 
the exchange with the anionic interlayers due to the pres-
ence of the cationic metals. LDHs have several significant 
advantages and among the most favored are the great 
number of plausible compositions and the combinations 
of metal-anion that can be synthesized. Moreover, LDH 
has distinctive features such as high chemical stability, 
pH-dependent solubility, and good biocompatibility [4].

Additionally, LDHs are favored in the production of 
biocompatible inorganic lamellar nanomaterials due to 
their numerous appealing features such as high surface-
to-volume ratio, potential ability to accumulate specific 
molecules and timely release to targets [5]. Because of 
their unique properties, LDHs have been employed in 
innumerable applications including additives in poly-
mers and agriculture, pollution removal through the 
absorption process of organic wastes and heavy metal 
ions [3], and nanocarriers in drug delivery systems in 
pharmaceutics [6]. LDHs in pharmaceutics play a great 
role in healthcare, because numerous pharmaceutical 
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drugs could be intercalated between the hydroxide layers 
using its ionic exchange capacity. Consequently, the treat-
ment for numerous fatal diseases has been revolutionized 
by the usage of novel nano drugs or smart drugs.

Intercalation is defined as the process of inserting 
guest molecules or ions into lattices that act as hosts 
through either chemical or thermally reversible reactions. 
Intercalation reactions involve the absorption, exchange, 
or insertion of guest species to host surfaces. Intercalation 
compounds or the guest-hosts have slightly unsettled 
structures compared to the host structures. Intercalation 
is also known as the insertion, inclusion, or topotac-
tic reaction [7]. An intercalation process is reversible 
and mostly takes place near atmospheric temperature. 
However, for the reactions to happen, the temperature 
should be high enough, approximately at 120°C [8] to con-
firm the movability of the guest species. Temperatures 
over 120°C might break the bonds in the lattices resulting 
in the rearrangement of the host lattices structures  [9]. 
The critical factors that determine the success of interca-
lation or separation of layers are the dimensions and the 
functional groups of the guest molecules, the anions size, 
and the interactions of the negatively-charged anions 
with the positively-charged host [9]. Figure 1 shows the 
intercalation process that occurred between an LDH and 
its interest anions [10]. 

In this review, studies since 2002 on how to synthesize 
LDHs, the structure of LDHs, the intercalation process 
for numerous types of drugs in different LDHs hosts, and 
their controlled release process were collected and stud-
ied. This review aims to report and examine the latest 
development in LDH nanoparticles as an efficient drug 
delivery system. Consequently, the review provides an 
outlook on possible progress to be made and future chal-
lenges that might be encountered.

 BACKGROUND OF LAYERED DOUBLE 
HYDROXIDES

Very good properties and distinguishing performance 
of nanomaterials have captured significant attention 
and applications of nanomaterials are widespread. For 
instance, in the electrochemical field, the unique charac-
teristics that nanomaterials possess including large sur-
face area and excellent physical, chemical, mechanical, 
and electrical properties are desirable. The large surface 
area of nanocomposites plays a dynamic role in enhanc-
ing the kinetics of electrochemical reactions by provid-
ing a great number of active sites. Additionally, selectiv-
ity towards target analytes could be achieved by further 
functionalizing the nanocomposites with desired chemi-
cal moieties [11].

LDHs are layered crystalline materials that have the 
significant potential of being nanofillers for polymers 
because they permit easy interlayer exchanges of ionic 
species. This property was demonstrated in thousands of 
studies over the years, where the anionic clay materials 
were successfully dispersed in a wide range of nanoscale 
matrices after a suitable organic modification [12].

STRUCTURE OF LAYERED DOUBLE HYDROXIDES

Naturally formed LDHs were found in 1842 in Sweden. 
The double-sheet structures were formed by a reaction 
between bases and diluted solutions of metals. The first 
LDH structures were synthesized by W. Feithnecht, 
a German scientist, in 1942 [13]. The LDHs from the syn-
thesis conformed to a general formula of:

 [M(II)1-x M(III)x (OH)2]+ [An-x] · yH2O
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Fig. 1. Schematic diagram of ethylene glycol (EG) intercalation into a Mg-Al LDH [10]
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where: M(II) and M(III) were divalent and trivalent 
metal cations, respectively and n- was n-valent anion. 

The early LDHs had layered crystal structures with 
large variations that depended on the nature of the cat-
ions, M(II) to M(III) molar ratio, and the type of used 
anions. The reported suitable range for the synthesis of 
the LDH compounds was 0.2 ≤ x ≤ 0.33. For example, the 
ratio of M2+/M3+ was between 2:1 and 4:1 [4].

LDHs resemble brucite, Mg(OH)2 where in brucite, the 
Mg2+ is bound to six OH− ions, resulting in the octahe-
dral structure that is connected, thus forming an infi-
nite 2D layer. The brucite layers are positively-charged 
because the trivalent ions were replaced with divalent 
ions, and the positive charge of the interlayer spaces is 
then balanced by the localized anions. To stabilize the 
resulting LDH structures, water molecules are inter-
leaved in the interlayer spaces. The positively-charged 
brucite types are octahedral sheets that alternate with 
carbonate anions interlayers. The carbonate anions are 
arranged with water molecules. The structure of the LDH 
is illustrated in Figure 2 [11].

The size or the ratio of the anions charges were shown 
as vital factors in LDHs formation. Large-sized anions 
contained low charges and were not able to stabilize 
homogenously between the positively-charged layers. 
Therefore, the host-guest relationship was compulsory 
between the host inorganic layers and the dimension of 
the guests in the interlayers [4]. 

For ages, LDHs or hydrotalcite-like materials were 
derived from hydroxy carbonates like calcium, magne-
sium, and zinc. The unique properties of LDH nanopar-
ticles allowed them to have a controlled release system 
of intercalated species within targeted cells. One of their 
unique properties is the ability to remain stable under 
basic conditions but break at lower pH levels in a cell’s 

lysosome. There are numerous types of LDHs used in 
nanomaterial applications. The best known LDHs are 
Zn-Al LDHs, Mg-Al LDHs, and Ca-Al LDHs. These LDHs 
are comprised of two metal cations, a trivalent cation, 
and a monovalent or a divalent cation [14]. However, 
among these LDHs, Zn-Al LDH and Mg-Al LDH are the 
most studied around the world and there are hundreds 
of documented reports regarding their synthesis, char-
acterizations, and the results in drug delivery systems 
compared to Ca-Al LDHs [15].

Synthesis of layered double hydroxides

Co-precipitation method

The co-precipitation technique is the most commonly 
applied in the production of LDHs from aqueous solu-
tions that contain divalent, M(II), and trivalent, M(III), 
metal cations with various compositions, and the addi-
tion of aqueous sodium hydroxide (NaOH) as bases. The 
process is also known as simultaneous precipitation of 
MII(OH)2 and MII(OH)3 in a super-concentrated solu-
tion. The products obtained from the method are finite 
crystallites with a large particle size distribution [17]. 
The co-precipitation technique used to prepare LDHs is 
often defined as a simple and economically friendly tech-
nique. The technique permits direct synthesis of anions 
with LDHs with a broad range of possible interlayers that 
range from anions of simple inorganic to anions of com-
plex organic compounds. Additionally, the quantity of 
synthesized  LDHs could be scaled up or down.

To synthesize LDHs using the co-precipitation method, 
four fundamental components to be considered are [18]:

– divalent cations, M(II), from a soluble source to pro-
duce the layers, 

– trivalent cations, M(III), from a soluble source to pro-
duce the layers, 

– materials for the interlayer anions commonly in the 
form of soluble ionic compounds; sodium carbonate is 
used if carbonate is the desired outcome, and conversely 
for sodium nitrate, 

– a strong base that is capable to precipitate the LDHs. 
The most suitable bases are sodium hydroxide, potas-
sium hydroxide, ammonia, and urea. 

ION EXCHANGE METHOD

While the co-precipitation method is known as the 
direct method, the ion exchange method is known as the 
indirect method. The ion exchange method is usually 
used in the synthesis of LDHs because it is cost-effec-
tive. Consequently, a majority of hybrid hydrotalcites are 
obtained through the ion exchange method from a nitrate 
or chloride hydrotalcite. 

The most common and inexpensive LDHs contain car-
bonate anion and these LDHs are the most stable. LDHs 
are more stable when more densely charged carbonate 

[M2+
1–xM3+

x(OH)2]x+

Basal spacing (d)
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[An–
x/n · yH2O)]x–

M2+/M3+

H2OAnion, An–

Fig. 2. An illustration of the first synthesized LDH structure [4]
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anions compared to nitrate ions are present, higher inter-
action with the inorganic layers inhibits the exchange 
reactions. Large amounts of nitrate hydrotalcite are vital 
for the smooth and scalable preparation of organic hydro-
talcites [19]. If the co-precipitation technique is inapplica-
ble, the ion exchange technique is employed to produce 
a specific anion-pillared LDH with equivalent specific 
functions [20]. However, the ion exchange method has its 
disadvantages, one of which is a precursor that should be 
prepared in the early steps. Figure 3 shows how the target 
anions are connected with guest anions that are present 
in the interlayer regions of a pre-formed LDH.

SOL-GEL METHOD

The materials obtained in the sol-gel method show 
controlled pore size and have a high specific surface area. 
Additionally, LDHs are preferably synthesized through 
the sol-gel method because they are purer [21]. The reac-
tions taking place during a sol-gel technique occur in 
alcohol magnesium ethoxide dissolved in hydrochloric 
acid (HCl) with a solution containing aluminum tri-sec-
butoxide solutions. The mixture of solutions is heated 
under reflux condenser while stirring to obtain the gel. 
The substrate is immersed in the aged sols to control the 
film thickness. Time plays an important role in the sol-gel 
method because as the solvent gradually evaporates, the 
condensation and the cross-linking reactions accelerate. 
These reactions cause the viscosity of the sol to increase 
uniformly until it reaches the gelling point [22]. 

With a mean size of approximately 10 µm and an ori-
entation that is parallel to the glass substrate, the LDHs 
synthesized from the sol-gel method are easily observed. 
These surface properties are caused by the condensation 

process, cross-linking reaction, and nanoparticle aggre-
gation and coalescence. Figure 4 shows scanning electron 
microscope (SEM) images of LDHs obtained from the sol-
gel method. When comparing images presented in Fig. 4c 
and 4d, the increase observed in  thickness is nearly 500% 
from NiAl-A to NiAl-5d.
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Fig. 4. SEM images of thin films: a) CoNiAl, b) CoNiAl-2d, 
c) NiAl-A, d) NiAl-A-5d, e) SEM image and corresponding 
elemental map of Mg-Al film [36]
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HYDROTHERMAL METHOD

The synthesis of LDHs through the co-precipitation and 
sol-gel methods could be optimized  using the hydrother-
mal method because it helps to improve the crystallinity 
and size of the LDHs crystallites. There are several steps 
involved to attain the increased particle size of LDHs. 
First, the metallic salts are dissolved in a solvent before 
being placed in a stainless-steel reactor. The stainless-steel 
reactor is then heated with temperatures ranging between 
30°C to 300°C under high pressure and the synthesis time 
might last several hours or days [23]. The hydrothermal 
synthesis method involves the use of oxides suspension, 
hydroxides, or both oxides and hydroxides of M2+ and M3+ 
cations through the addition of solutions containing acid 
or salt to the suspension. High temperature and pressure 
are the conditions necessary for the reaction to occur. 
There major advantage of the hydrothermal method com-
pared to the co-precipitation method is that it does not 
produce  wastes that might be dangerous to the environ-
ment such as NO3−, Cl−, and OH− [21]. Furthermore, the 
hydrotalcite content is increased with the increase in tem-
perature and time of synthesis. However, the hydrother-
mal method is not suitable for industrial implementations 
because the method requires a large amount of energy to 
heat the solutions and a long time to complete the synthe-
sis with better results [23].

INDUCED HYDROLYSIS METHOD

The induced hydrolysis method involves the precipita-
tion of M3+ cation hydroxide at a pH slightly lower than 
the pH of the M2+ cation hydroxides used. The aqueous 
suspension of M3+ mixed with the M2+ suspension and 
sodium hydroxide (NaOH) solution is added simultane-
ously to the mixture to maintain a fixed pH value [21]. 
Induced hydrolysis silylation or silane grafting is a series 
of LDH synthesis processes that utilize the induced 
hydrolysis method. The method is effective in modify-
ing the surfaces of inorganic materials such as glass and 
silicon. Examples of the LDHs synthesized using this 
method are Mg6Al2(OH)16CO3·4H2O (Ht), Mg-Al-Htd-Sil 
(Hd–Si), Mg-Al-Htw-Sil (Hw–Si), Mg-Al-Sw-Sil (HSw–Si), 
and Mg-Al-SDS-APS (HG–Si) [24].

Figure 5 shows the morphologies of some silylated 
products. Based on the transmission electron micro-
scope (TEM) images, the surface of the small Hd–Si plate-
lets, obtained using dried Ht in an ethanol medium, is 
smooth, similar to the raw Ht surface. However, the sur-
face of Hw–Si sample crystals that used rich in water Htw 
as the substrate exhibited a rough surface. The HSw–Si 
sample displayed a spherical aggregation with a unique 
fluffy structure. On the other hand, large, tightly bonded, 
plate-like particles with rough surfaces were observed 
for the HG-Si sample. The different reaction media might 
contribute to the difference in the morphologies of the 
products.

APPLICATION OF LAYERED DOUBLE 
HYDROXIDES

Applications in biological and pharmaceutical fields

Plant-based products have been widely used as medi-
cations to treat numerous diseases since a long time ago 
and the information from a long history of the traditional 
medicine practice give rise to contemporary medications. 
Natural resources make up almost 20% of the pharma-
ceutical compounds and their by-products that are acces-
sible today. Outstanding properties such as extraordi-
nary chemical diversity, macromolecular specificity in 
both chemical and biological properties, and less toxicity 
exhibited by natural products make them more appealing 
in researches to find novel drugs and develop new-gen-
eration drugs such as target-based drugs [25]. However, 
biocompatibility and toxicity of most natural compounds 
are the leading causes of natural products not pass-
ing the clinical trial phases of new drug development. 
Furthermore, when large-sized materials are used, natu-
ral drugs obtained show vivo instability, poor bioavail-
ability, poor absorption, poor solubility, and problems 
related to specific-target delivery. To solve this problem, 
the use of new target-based drug delivery systems that 
target specific body parts is the only option. Consequently, 
the development of advanced medications with controlled 
drug release and delivery properties can only be achieved 
through the study of nanotechnology [25]. 

Compared to biomolecules, LDH lattices could with-
stand harsh environments similar to other layered inor-
ganic materials. LDHs have high adsorption ability, high 

Fig. 5. TEM images of silylated LDHs: a) Hd–Si, b) Hw–Si, 
c) HSw-Si, d) HG–Si

a) b)

c) d)
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cation exchange capacity, high internal surface area, reac-
tions between the interlayers, and less toxic properties 
that make them valuable in the biological and pharma-
ceutical fields [26]. To enhance their stability (safer drug 
preservation), numerous bio-functionalized molecules 
such as deoxyribonucleotides, peptides, proteins, and 
medication were intercalated with LDHs. Additionally, 
drugs without any structural deformation can still be 
retrieved through size, morphology, chemical composi-
tion, charge density, salt concentration, pH, and surface 
properties manipulation, therefore the LDHs release pro-
file can be controlled. The manipulation makes it easy 
for the LDHs to infuse in the plasma membrane, allow-
ing them to transport the biomolecules efficiently to the 
targeted cells. Since the LDHs’ controlled release proper-
ties depend on the salt concentration and pH of the envi-
ronment that they are in, the biomolecules are often pro-
grammed to end in the lysosome, which is slightly acidic 
and rich in electrolyte [27]. 

Applications of Ca-Al LDHs in drug delivery systems 
(DDS)

The most significant phenomenon within the scope 
of drug delivery system is the process of drug release. 
The drug release process encompasses the migration of 
the drug solutes from their starting point through the 
delivery system to the external surface and ends at the 
release medium [26]. LDHs are widely used in drug deliv-
ery applications known  as the drug delivery systems 
(DDS). DDS are formulated to alter the pharmacokinet-
ics and the biodistributions of drugs. Furthermore, DDS 
are utilized as drug reservoirs because of their ability to 
enhance several crucial properties of “free” drugs such 
as improving the drug’s solubility, in vivo stability, and 
ability to remove damaged tissues, therefore protecting 
the drug from degradation [28].

LDHs have explosive growth in the controlled synthe-
sis on the prospects of its usage in clinical therapy espe-
cially in their biocompatibility and toxicity of the LDHs 
and the anticancer drugs that interleaved LDH materials 
[28]. The possibility of controlling the release of drugs 
from their interleaved layered materials makes LDHs 
excellent candidates as delivery hosts in the pharmaceu-
tical field. Therefore, some layered materials are studied 
as potential hosts in DDS, for example interleaved anti-
cancer agents such as cytarabine [30]. Studies on LDH-
chitosan hybrid or enteric polymers which have  recently 
developed organic-inorganic nanohybrids based drugs 
delivery system, showed great biocompatibility, ordered 
structure and evaded drug leaching. 

The applications of Ca-Al LDHs in drug delivery sys-
tems were reported in some studies. LDHs were already 
widely used in anionic drugs DDS due to their bio-
compatibility and ability to perform anion exchanges. 
A study reported that Ca-Al LDHs were used as vehicles 
for drug anions because they did  not transmit acute cyto-

toxic effects on the human body [31]. In another study, 
Ca-Al LDHs were tested and proved as able to carry 
hydroxide-methotrexate (MTX) nanohybrid, an anti-
cancer drug, for an anticancer application. Through the 
Fickian diffusion mechanism, the study confirmed that 
the drugs were successfully released at pH 7.4 from the 
nanoparticle matrix system [32]. Another investigation 
studied the controlled release of vitamin C (VC) interca-
lated with Ca-Al LDHs by comparing three samples of 
pure VC, physical mixtures of VC, and Ca2Al-NO3 and 
Ca2Al-VC. Each sample was separately tested at pH 7.4 
(phosphate buffer) for time intervals of up to 300 minutes. 
Figure 6 shows the amount of VC released after analyzing 
the characteristics of the UV-Vis spectra. After 20 min-
utes, almost 100% of the VC was released by the pure VC 
and the physical mixture of VC and Ca2Al-NO3. However, 
the VC release time in phosphate buffer was significantly 
extended when Ca2Al-VC was employed. This proves that 
after 120 minutes the release of VC had reached equilib-
rium and was followed by slow release [31].

The use of LDHs in polymer modification

Furthermore, by not only focusing on the LDHs abil-
ity in the controlled release and slow release of drugs in 
drug delivery systems (DDS), LDHs too are able to act 
as an important nanofiller in the synthesis of polymer 
nanocomposite. They are widely known for its ability in 
improving the stability of heat and flame retardancy of 
polymer composites [34]. The usage of LDHs as nanofiller 
for the synthesis of polymer nanocomposites are mainly 
because of their two core characteristics; numerous inter-
calating anionic species in their geometry of layered crys-
talline, plus the interchange ability of interlayer anions 
with other larger anionic species.

A cone calorimeter test to prove the ability of LDHs in 
improving the stability of heat and flame retardancy of 
polymer composites. Cone calorimeter test is used to assess 
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the flammability of a polymetric. The parameter monitored 
in this test is the heat release rate (HRR), where the oxygen 
consumed amount during combustion is calculated. HRR 
represents as a critical variable that shows how quick a fire 
can reach to an uncontrollable stage, thus providing infor-
mation on the size and speed of the fire’s grow [34].

Figure 7 shows LDHs substantially lowers the peak 
heat release rate (PHRR) and flattened the HRR curve. 
Based on the graph shown, as the concentration of LDHs 
increases, the burning rate of material reduces. Under 
the external heat flux of 30 kWm-2 and 35 kWm-2, the cone 
calorimeter shows a PHRR value of over 600 kWm-2 for 
polyethylene with little amount of LDHs concentration. 
However, a significant reduction was shown in the PHRR 
as the concentration of LDHs was increased, from 600 
kWm-2 to 500 kWm-2. The PHRR lowered to below 300 
kWm-2 at much higher LDHs concentration [34]

Moreover, LDHs too are used in improving the thermal 
stability of polymer composite by observing the thermal 
decomposition behaviour of polypropylene and flame 
retardant (PP/FR)-composites under the thermogravimet-
ric analysis (TGA) [35].

Based on Figure 8, polypropylene-composites TG 
curves are similar to neat polypropylene. By comparing 
to neat polypropylene, the decomposition temperatures 
at 50% mass loss (T50) and onset decomposition tempera-
tures at 10% mass loss (T10) of PP-composites are slightly 
higher than neat PP. This thus prove that flame retardant 
(FR) filler used demonstrate a catalysing effect in ther-
mal decomposition thus improving the PP matrix ther-
mal stability [35].

INSTRUMENTS USED TO MEASURE THE 
EFFICIENCY OF LDHS APPLICATIONS

Powder X-ray diffraction 

Powder X-ray diffraction (PXRD) is a rapid analytical 
method to study the structures of crystals, atomic spac-

ing, and detect the presence of defects in crystal struc-
tures. PXRD is used mainly for the determination of the 
analyzed crystalline materials phase and the method 
also offers information on the dimensions of the crystal-
line materials unit cell [36]. The cathode ray tube inside 
a PXRD generates X-rays which are filtered to form the 
monochromatic radiation, collimated to concentrate, 
and directed towards the sample. The conditions satisfy 
Bragg’s Law when the interactions of the incident rays 
with the sample form constructive interference. The law 
relates the wavelengths of the electromagnetics to the 
angle of diffraction and the lattice spacing in the crystal-
line sample [37]. In this project, the powdered samples of 
SA-Ca-Al LDHs were analyzed in 2 thetas within the 5o 
to 70o range and the step size was 0.03o while the count 
time for each point was 2 seconds.

Attenuated total reflectance Fourier transform 
infrared spectroscopy 

Attenuated total reflectance Fourier transform infra-
red (ATIR-FTIR) spectroscopy is a tool used to measure 
the infrared spectra of both liquids and solids. The ATR-
FTIR spectra can still be obtained without diluting the 
samples in a matrix such as Nujol oil. To characterize 
an organic compound, the ATR-FTIR spectroscopy only 
needs a drop of liquid or a dispersed solid sample on its 
internal reflection element (IRE) for analysis. The tech-
nique utilizes and detects the unique and identifiable 
spectrum characteristics of most substances because the 
Fourier transform infrared (FTIR) spectroscopy is able 
to identify structures of functional groups such as C=O, 
C-H, and N-H. The beam diffraction is preferred com-
pared to the absorption and reflection beams. This proj-
ect requires a resolution of 4 cm-1 and a frequency range 
between 4000 to 450 cm-1. The FTIR technique is favored 
for the coating analysis because of its simplicity as well 
as  rapid and effective results. Figure 7 shows a spec-
trum comparison of liquid 4-methyl- 2-pentanol using 

Fig. 7. Graph of variation of heat release rate (HRR) with time Fig. 8. Graph of percent weight loss with temperature in thermo-
gravimetric analysis (TGA)
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the ATR-FTIR spectroscopy and transmission FTIR spec-
troscopy [38].

Carbon hydrogen nitrogen sulfur analyzer

Carbon hydrogen nitrogen sulfur (CHNS) analyzer 
is a commercially available analyzer used to analyze 
carbon, hydrogen, nitrogen, and sulfur in organic sub-
stances in solid, liquid, or volatile viscous forms [38]. The 
CHNS analysis is widely used in various fields includ-
ing polymers, chemicals, pharmaceuticals, food, and the 
environment.

Accelerated surface area and porosimetry 

One of the parameters used in the accelerated surface 
area and porosimetry system is the Breuneur-Emmet-
Teller (BET) analysis. The BET method was used in char-
acterizing a porous material’s surface area through the 
semi-empirical fitting of the gas-adsorption isotherms 
[39]. The BET is an extended concept of Langmuir adsorp-
tion to multiple molecular layers. The technique measures 
the phenomenon and correlates it to physical proper-
ties such as the total surface area, pore size distribution, 
micropore analysis, and the porosity of the materials. 
Most standard BET methods require several milligrams of 
the dried sample before the analysis of suspended parti-
cles and small samples like nanocomposite wet preps [38].

CONCLUSIONS

This review discussed the synthesis and applications of 
LDHs. Recent developments in the biological and pharma-

ceutical applications of LDH nanoparticles and their role 
as efficient DDS were also reported. Among the available 
methods used to synthetize LDH nanoparticles, the ion 
exchange and hydrothermal methods have proved to be 
the best. Ion exchange has always been used as an alterna-
tive technique whenever the co-precipitation method was 
used to produce specific anion-pillared LDHs with equiv-
alent specific functions. Additionally, the hydrothermal 
method avoids producing of wastes that might be danger-
ous to the environment. However, based on the numer-
ous studies on LDHs as efficient DDS, the best synthe-
sis of LDHs for DDS applications was the co-precipitation 
method. The observation was supported by the successful 
release of the intercalated anions from the LDHs.

RECOMMENDATIONS

The application of controlled release in drug release 
systems using Ca-Al LDHs could be improved by trying 
different pH ranges. The time taken for the drugs to be 
released in the target cells could also be observed and 
further studied. 

The applications of LDHs, especially Ca-Al LDHs, 
should not be limited to biological, pharmaceutical, and 
drug delivery systems but could also include other fields 
such as environmental and agricultural applications. For 
instance, LDHs could be used in wastewater treatment 
to remove anionic pollutants such as heavy metal ions, 
taking advantage of the high removal efficiency and the 
environmentally friendly properties of the LDHs.

Additionally, the applications of the LDHs to reduce the 
environmental effects caused by the fossil fuels depletion 
and in the controlled release of herbicides in agriculture 
that employs Ca-Al LDHs through various methods for 
a better environment could be further investigated.
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