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Abstract 

Cinnamic acid (CA) is known to lose its definite function by forming into radicals that able to penetrate into the 

skin and lead to health issues. Incorporating CA into zinc/aluminum-layered double hydroxides (Zn/Al-LDH) able 

to reduce photodegradation and eliminate close contact between skin and CA. Co-precipitation or direct method 

used by using zinc nitrate hexahydrate and aluminium nitrate nonahydrate as starting precursors with addition 

of various concentration of CA. The pH were kept constant at 7±0.5. Fourier Transform Infrared-Attenuated Total 

Reflectance (FTIR-ATR) shows the presence of nanocomposites peak 3381 cm–1 for OH group, 1641 cm–1 for C=O 

group, 1543 cm–1 for C=C group and 1206 cm–1 for C–O group  and disappearance of  N–O peak at 1352 cm–1 indi-

cates that cinnamic acid were intercalated in between the layered structures. Powder X-Ray Diffraction (PXRD) 

analysis for Zn/Al-LDH show the basal spacing of 9.0 Ǻ indicates the presence of nitrate and increases to 18.0 Ǻ in 

basal spacing in 0.4M Zn/Al-LDH-CA. CHNS analysis stated that 40 % of cinnamic acid were being found and in-

tercalated in between the interlayer region of the Zn/Al-LDH with higher thermal stability. Field Emission Scan-

ning Electron Microscope (FESEM) images of 0.4 M Zn/Al-LDH-CA shows that the nanocomposites are in more 

compact, flaky non porous, large agglomerates with smooth the surfaces of the intercalated compound. Controlled 

release was successful with 80 % release in phosphite anion and 70 % release carbonate anion. The cinnamic acid 

was successfully inserted between the interlayer regions of Zn/Al-LDH with slow release formulation. Copyright © 

2019 BCREC Group. All rights reserved 
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1. Introduction 

Sun play a major role in providing essential 

vitamin D towards human. This happen when a 

UVB radiation hit the skin surfaces are being 

converted to previtamin D3 by the cholesterol 
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found in the skin are metabolize in liver into hy-

droxyvitamin D and turn into the useable Vita-

min D in the kidneys [1]. However, excessive ex-

posure of sun radiation could affect human 

health such as sun tanning, sunburn and some-

times lead to risky issues such as skin cancers 

[2]. Thus, researchers and industries have mak-

ing a great effort concerning human health is-

sues regarding sun exposure.  
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Organic compound, such as: cinnamic acid 

(CA) that used in sunscreen agents, have 

greatly promoted in the cosmetics industry, 

generally to serve the purpose of protecting hu-

man skin from direct exposure of sunlight. 

However, these organic compounds lose their 

functions, causes photoirradiation and cause 

health problems when using in high concentra-

tions [3]. It also able to enter human skin and 

disrupted the biological condition of human 

health. Exposure of sunlight on these agents 

cause to undergoes decomposition, induce pho-

totoxic contact dermatitis and photocross reac-

tion when interact with other molecules [4]. 

Thus, incorporating organic anions, cinnamate, 

into the two dimensional layered double hy-

droxides could solve the problems.  

Layered double hydroxides (LDHs) resem-

bles the brucite-like layers (MgOH) usually 

containing divalent and trivalent metallic 

cation with the chemical formula [M2+1–

xM3+x(OH)2][An–]x/n.zH2O., where, M2+ is the di-

valent cation, such as: Mg2+, Zn2+ or Ni2+, M3+ is 

the trivalent cation, such as: Al3+, Mn3+ and 

Fe3+, An- is the counter anion, such as: C9H7O2- 

(cinnamate), CO32–, NO3– or Cl– and x is the mo-

lar ratio of M2+/(M2++M3+) [5,6]. These layered 

double hydroxides play a great role since it 

have high stability, able to acts as protective 

barrier and able to absorb high UV radiation 

[7,8]. 

Various methods have been used to synthe-

size or intercalated the guest anion into the 

layered host such as urea hydrolysis, recon-

struction method and ion-exchange method 

[9]Co-precipitation method or direct method 

are one of the method and being used in this 

study to insert the cinnamate anions (CA-) into 

the interlayered region of zinc/aluminium-LDH 

(Zn/Al-LDH) since it is able to be produced in 

high quantity, safe and not costly. Purpose of 

choosing Zn/Al as the host materials due to 

Zn/Al-LDH are known to have better UV block-

ing properties due to increase in particle size 

and decreased band gap energy compare to 

Mg/.Al-LDH [10].  

The aims of our study are to intercalate the 

cinnamate anion into the interlayer region 

LDH and investigate physiochemical properties 

of the zinc/aluminium LDH-cinnamic (Zn/Al-

LDH-CA). To the best of our knowledge, few 

studies have been done on the release behavior 

of UV absorber from the LDH interlayer region 

been reported. 

 

2. Materials and Methods 

2.1 Materials 

Cinnamic acid (>99%, Sigma), Zinc Nitrate 

Hexahydrate (98%, R&M), Aluminium Nitrate 

Nonahydrate (98.5%, R&M), Sodium Hydrox-

ide (99%, R&M), sodium carbonate (99.5%, 

R&M), sodium dihydrogen phosphite (R&M, 

99.2%) and deionized water were used. 

 

2.2 Synthesis 

Co-precipitation or direct method were used 

to synthesize zinc/aluminium–layered double 

hydroxides-cinnamic (Zn/Al-LDH-CA) which 

required the addition of base (NaOH) into the 

M2+/M3+ solution that containing the organic 

anion (CA-) [11]. First, 0.1 M of Zn(NO3)2.6H2O 

and 0.025 M Al(NO3)3.9H2O were mixed at the 

ratio of 1:2 and were stirred together with 250 

ml of deionized water. Then, 0.4 M and 0.07 M 

of cinnamic acid solution were added and the 

pH was adjusted with slow addition 2 M so-

dium hydroxide (NaOH) until reach pH 7±0.5.  

The solution must be stirred under influ-

enced of nitrogen gases to avoid carbonate con-

tamination. Then, aging process were taken 

placed in oil bath shaker for 18 hours at 70 ºC 

to ensure better precipitate crystallinity. The 

slurry that obtained were centrifuged and 

washed with deionized water for three times to 

remove impurities (Na+ and NO3–). Once com-

pleted, dried the slurry in vacuum oven at 70 

ºC overnight and kept for further characteriza-

tion purposes. 

 

2.3 Characterizations 

Fourier Transform Infrared-Attenuated To-

tal Reflectance (FTIR-ATR) Spectroscopy was 

recorded from 4000 cm–1 to 400 cm–1 by using 

Perkin Elmer Spectrum 100 spectrometer. The 

Powder X-ray diffraction Analysis (PXRD) were 

recorded from 2o  to 70o of 2θ using BRUKER 

D8 ADVANCE at Cu-K radiation (=1.5418 

nm). Thermogravimetric Analysis (TGA) were 

done by using Ntezsch TG 200 F2 Tarsus un-

der nitrogen gas flow about 50 mL/min and 

heated from room temperature to 1000 ºC with 

heating rate at 10 ºC/min. Field Emission 

Scanning Electron Microscopy (FESEM) using 

ZEISS supra 400 VP, where the ample were 

mounted on carbon tape and excess powder be-

ing removed through air blasting. Carbon, hy-

drogen, nitrogen, and sulphur (CHNS) analysis 

was done by using CHNS-932 (LECO instru-

ment, USA). The sample was weighed around 

1.8 to 3.0 mg using helium as the gas carrier 
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and undergoes combustion under high purity 

oxygen. The sustained released profile were in-

vestigated by using 0.1 M NaCl and 0.1 M Na-

H2PO3, at 275 nm for 10440 seconds until it 

reach equilibrium under Perkin Elmer UV-

Spectroscopy.  

 

3. Results and Discussion  

3.1. Fourier Transform Infrared Spectroscopy 

The FTIR-ATR spectra for the intercalated 

compound were all compared with the Zn/Al-

LDH spectra and the cinnamic acid spectra. 

The Zn/Al-LDH from Figure 1a shows the ni-

trate peaks at 1352 cm–1. The peak at 831 cm-1 

indicates the metal-oxygen vibrations happen 

in between the hydroxides layers and a small 

band between 607 cm–1 - 733 cm–1 are explain-

ing the M-O stretching modes [12] or due to the 

the inter-atomic vibration [13]. The broad peak 

at 3500 cm–1 indicates the presence of water 

molecules (OH). The presence of the intense 

peak were due to the stretching mode of the 

OH groups in the brucite-like layers and phy-

sisorbed as well as the water molecules located 

between the interlayer region of the LDHs [14]. 

The important peak in FTIR-ATR spectra 

that give out recognition for CA functional 

group are as shown in CA spectra in Figure 1b 

were C–H out of plane bending vibration at 945 

cm–1. The CA is a type of aromatic rings with 

monosubstituents, which can be observed from 

a sharp peak at 683 cm–1 and sometimes at 710 

cm–1. Besides that, the presence of peak at 

3200 cm–1 to 2600 cm–1 indicates the presence 

of OH group that overlapping with C–H ab-

sorptions was observed in CA FTIR-ATR spec-

tra. The presence of C=O stretching, C=C 

stretching and medium intensity stretching of 

C–O group can be detected at wavenumber 

1676, 1629, and 1285. However, the axial de-

formation of the  C–H bond of the aromatic 

rings can be observed at wavenumber of 3200 

to 2600 [15]. 

The important functional group that deter-

mines the incorporation of CA into Zn/Al-LDHs 

interlayer region are C=C, C=O, and C–O 

groups. The broad spectra peak in Figure 1c 

and Figure 1d, between 3300 cm–1 to 3500 cm–1, 

indicates the presence of OH stretching. As for 

Figure 1c, the presence of small peak at 1638 

cm-1 which are stretching mode of C=C group 

and the incomplete intercalations due to    

presence of intense peak at 1354 cm–1, which 

contribute to stretching vibration of N–O   

(NO3–) were observed.  

Thus, the concentration of CA were in-

creased to 0.4 M and the presence peak at 1641 

and 1206 cm–1 in Figure 1(d) spectra indicates 

the presence of C=C stretching and C–O 

stretching were observed. Presence of 3381   

cm–1 indicates presences of water at the inter-

layer and intralayer region of LDHs. Besides 

that, the peak at 1352 cm–1 that at first could 

be observed in FTIR spectrum of LDH-Host 

were disappear from the FTIR-ATR spectrum 

Figure 1. FTIR spectrum for  (a) Zn/Al-LDHs, 

(b)  CA,  (c) 0.07 M Zn/Al-LDH-CA and (d)  0.4 M 

Zn/Al-LDH-CA  

Figure 2. XRD pattern for (a) Zn/Al-LDH,  (b) 

CA, (c) 0.07 M Zn/Al-LDH-CA and (d) 0.4 M 

Zn/Al-LDH-CA 
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of 0.4 M LDH-CA. This shows that the incorpo-

ration of cinnamate anion in between the LDHs 

was completely happened when the concentra-

tion of CA were increase up to 0.4 M. The ef-

fects of concentration influence the intercala-

tion process of CA into the Zn/Al-LDH where it 

need a certain amount of anion to replaced ni-

trate which first existed in the interlayer of 

LDH. The observed wavenumber of the interca-

lated compound were shifted to the lower re-

gion in the spectra. These phenomenona hap-

pen due to the electrostatic interaction between 

the organic anion (guest) and the inorganic lay-

ered structure of the LDH (host) [16]. 

 

3.2 Powder X-Ray Diffraction Analysis 

Formation of 4 sharp peaks in symmetrical 

manner in the XRD pattern of Zn/Al-LDH as 

shown in Figure 2. This indicates that the LDH 

precursors are in bioinorganic network [11], 

with the calculated basal spacing using Bragg’s 

Law formula was 9.0 Å which determines the 

presence of nitrates that corresponded to the 

sum of the thickness of the anions, NO3– and 

the brucite like layers sheets of the layered 

compound [17].  

Once the incorporation of organic anion into 

the interlayer region of the LDH show in-

creases in basal spacing which indicates that 

occurring entrapment and replacement of anion 

takes placed. Furthermore, the Bragg reflec-

tions were shifted to the lower angle region due 

to intercalation of the organic anions decreases 

the crystallinity of the LDHs [18]. This can be 

seen through the XRD pattern of 0.07 M of    

Zn/Al-CA from Figure 2, when 0.07 M of cin-

namic acid being introduced into the LDHs in-

terlayer region. The presence of new peak at 

lower region of XRD pattern was observed. This 

shows that the intercalation process has taken 

placed when using 0.07 M CA. However, the 

presence of co-intercalation of guest anion and 

the nitrate existed in between the interlayer 

spacing corresponded to the FTIR spectrum 

were observed. Thus, concentration of organic 

anion should be increases in order for it to re-

place the nitrate ions completely. 

When the concentration of cinnamate anion 

increases up to 0.4 M, the basal spacing in-

creases from 9.0 Ǻ to 18.0 Ǻ, concludes that the 

cinnamate was presence in between the inter-

layer region of the LDHs. This to the topotactic 

ion exchange reaction [19] between the cinna-

mate from the solution and the nitrate in the 

interlayer region in gaining the enthalpy and 

entropy [20] causes the cinnamate to replaced 

nitrate position. This explains the increases in 

basal spacing of the LDHs before and after the 

interleave process of cinnamate anion takes 

placed in between the LDHs region. The pres-

ence of intense and sharper peaks at 5º ob-

serves in 0.4 M Zn/Al-LDH-CA from Figure 2 

concludes that the hybrid materials (Zn/Al-

LDH-CA) were well intercalated with high 

crystallinity [21]. 

 

3.3 Spatial Orientation and Molecular Struc-

ture 

Based on the basal spacing of the interca-

lated compound, the gallery height of inter-

layer region of the Zn/Al-LDH that preoccupied 

with CA- anions is 13.2 Ǻ, when subtracted the 

layer thickness of the Zn/Al-LDH (4.8 Ǻ) [22]. 

Assuming from the molecular structure and 

charge orientation of the cinnamate anion, the 

anion were consider to orientated in bilayer ar-

rangements in between the interlayer region of 

the LDH as the interlayer space are much 

Figure 3. Illustration on (a) molecular structure of CA and (b) Spatial orientation of CA in between 

the LDH interlayer region  

(a) (b) 
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more bigger than the anion size, where the 

functional group of carboxylate were facing the 

hydroxide layers as shown in Figure 3b. Figure 

3 shows the illustration on the molecular struc-

ture and the proposed spatial orientation of 

CA- intercalated in between the Zn/Al-LDH.  

 

3.4 Thermogravimetric Analysis 

The thermal behavior of the nanocomposites 

and the host were investigated by using ther-

mogravimetric and differential thermogravim-

etric analysis as shown in Figure 4. Thermal 

decomposition of pure cinnamic acid (Figure 

4a) happened at maximum temperature of 210 

ºC with 99.7% weight loss. The thermal decom-

position of the inorganic host, Zn/Al-LDH as 

shown in Figure 4b, exist two exothermic reac-

tions. The first decomposition happen at 127 ºC 

with 7.5 % weight loss that can be diagnose as 

the removal of the physisorbed water at the in-

ternal and external of the LDH structures The 

second exothermic reaction indicate that the 

process of dihydroxylation of the metal oxides 

and decomposition of the nitrate ions [15,16], 

at maximum temperature of 239 ºC with 16.4 

% weight loss. 

Comparisons on decomposition temperature 

were made between the pure CA, Zn/Al-LDH 

and intercalated compound. The intercalated 

compounds were observed to achieve three 

stages of exothermic reactions as shown in Fig-

ure 4c. First exothermic reaction indicates the 

decomposition at temperature of 74 ºC with 

weight loss 3.3 % indicates the removal of wa-

ter or moisture in the interlayer region. The 

next thermal decomposition happens at 219 ºC 

with 6.2 % weight loss indicates the removal of 

interlayer anion and the dihydroxylation of the 

OHˉ layer. Last stages exothermic reactions oc-

cur at 389 ºC with 58.9 % weight loss. The 

third exothermic reactions lead to the major 

decomposition on the organic moiety leaving 

only less volatile metal oxide [16], which in this 

study is the zinc oxide and aluminium oxide 

comes from the layered structure of hydrox-

ides. The TGA/DTG data which are correspon-

dence with the FTIR data indicates that the 

nanocomposites form are not simply the mix-

ture of two different compound but a strong su-

pramolecular interactions (electrostatic attrac-

tions between opposite charges, H-bond and 

van der Waals force) between the guest anion 

and host layers [23]. 

 

3.5 Carbon, Hydrogen, Nitrogen, and Sulphur 

Analysis 

The percentage of Carbon and Hydrogen in-

crease up to 29.4 % and 15.3 % indicates the 

presence of the intercalated organic anion as 

shown in Table 1. The total percentage loading 

of cinnamate anion being intercalated in be-

tween the interlayer region of the LDHs was 

calculated to be 40%. The polarity of the guest 

anion, the surface charge density and unoccu-

pied interlayer space were the reasons that af-

fect the values of the percentage loading [24]. 

Although the percentage of nitrogen decreases 

Figure 4. TGA/DTG thermogram for (a) CA, 

(b) Zn/Al-LDH and (c) 0.4M Zn/Al-LDH-CA 

  
C 

(%) 

H 

(%) 

N 

(%) 

S 

(%) 

0.4 M Zn/Al-LDH-CA 29.4 15.3 1.8 nd 

Zn/Al-LDH nd 0 3.00 nd 

Table 1. CHNS percentage for Zn/Al-LDH and 

0.4M Zn/Al-LDH-CA  
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from 3 % to 1.8 %, there are 1.2 % of nitrate 

that still exist in between the interlayer region 

which are correspondent with PXRD results 

that show presence of nitrate at 9.0 Ǻ in 0.4 M 

Zn/Al-LDH.  

 

3.6 Microscopic Morphology 

FESEM images for Zn/Al-LDH as shown in 

Figure 5(a) represents the stacking of plate-like 

sheets with sharp edges. Meanwhile, after 

intercalations with 0.4 M cinnamate anions, 

the surfaces of the intercalated compound show 

much more compact, flaky non porous large ag-

glomerates surfaces (Figure 5(b)). 

 

3.7 Sustained Release Behaviour 

Two types of salt anions were used, which 

are 0.1 M sodium chloride and 0.1 M sodium di-

hydrogen phosphate to investigate the effect 

anions salts towards the de-intercalations of 

CA out of the interlayer region of the LDH 

structure. The ability of the LDH structure to 

undergoes de-intercalation process are due the 

ion exchange process causes the intercalated 

CA to be able to removed out from the inter-

layer region, thus forming a new type of nano-

composites. Figure 6 shows the illustration of 

the formation of new type of nanocomposites 

thru ion exchange process. 

Based on Figure 7, the presences of “burst 

effect” were observed 100 seconds and 399 sec-

ond for carbonate salts solutions and phosphite 

salts solutions at the beginning of the release 

profile. Bursting effect happen due to the burst 

release of the CA adsorbed on the LDHs sur-

faces. The percentage release of CA out from 

the LDH layer by using salts anion containing 

PO33– and CO32– are 80 % and 70 %. The per-

centage release using PO33– were higher com-

pare to the CO32–, This happen due the rate of 

exchange ability increases as the increasing af-

finity and decreasing in ionic radius causes the 

curve for PO33– much more higher compare to 

the CO32– [24]. Furthermore, the higher electro-

static interaction between phosphate anions 

and the interlayers region of the LDHs struc-

ture also causes the release of CA under phos-

(a) 

(b) 

Figure 5. FESEM images for (a) Zn/Al-LDHs 

at 1.00KX and (b) 0.4 M Zn/Al-LDH/CA at 

3.00K  

Figure 6. Illustration on the formation of new 

type of nanocomposites through ion-exchange 

process  

Figure 7. Sustained Release Profile of CA using 

0.1 M phosphite and carbonate anions salts 
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phate influence to be much higher compare to 

carbonate influence. Both curve shows equilib-

rium state after 180 second for CO32– and 420 

second for PO33– and follow by the slow release 

of CA out of the interlayer region of LDHs 

structure. Besides that, the release rate of the 

anion out from the LDHs matrix were being 

controlled by rigidity of the layers and the dif-

fusions length, which explained limited releas-

ing amount of CA out from the LDHs matrix 

for both salts anions conditions [17]. Nonethe-

less, the release of CA out from the interlayer 

region still in small portion compare to the di-

rect application of CA 

 

4. Conclusions 

The effect of concentration plays major roles 

for the guest anion to replace the existed anion 

which are nitrate. In both FTIR and PXRD pat-

tern of 0.07 M CA shows that the CA are 

started to replaced nitrate. Thus, the concen-

tration were increased up to 0.4 M and the 

presence of new generation peak in FTIR-ATR 

such as at 3381 cm–1 for OH group, 1641 cm–1  

for C=O group, 1543 cm–1  for C=C group and 

1206 cm–1  for C–O and increases in basal spac-

ing from 9.0 Ǻ to 18.0 Ǻ in basal spacing in 0.4 

M Zn/Al-LDH-CA stipulate that the intercala-

tion were successful.. The calculated percent-

age of intercalated CA found in between the in-

terlayer region was 40 % reaffirmed that CA 

being intercalated in between the LDH inter-

layer structure. The nanohybrids were ther-

mally stable state and changes in morphology 

structure reaffirmed successful intercalations. 

Controlled release was successful and depend-

ing on electron affinity, where PO33– higher 

than CO32– with 80 % release and still in slow 

release manner. Throughout the observations, 

the intercalations were successful using 0.4 M 

CA anion concentration with slow release for-

mulation under different salt solutions. 
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