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Abstract
Captopril (CPL), an anti-hypertensive drug was intercalated into the interlayer spaces of zinc–aluminium layered double hydroxide (ZLDH) for the formation of zinc–aluminium–captopril (ZCPL) hybrid nanocomposite material by self-assembly method. The concentration of CPL used was 0.08 M with pH 7.5 in a constant 3:1 molar ratio of zinc (Zn) to aluminium (Al) in the mother liquor. As a result of the successful intercalation of CPL, powder X-ray diffraction pattern (PXRD) shows the basal spacing increased from 8.90 Å in ZLDH to 9.69 Å in the ZCPL nanohybrid material. Fourier transform infrared (FTIR) spectroscopy study shows the intercalated compound of ZCPL resembled the spectra of ZLDH and CPL, thus indicating the presence of both functional groups in ZCPL spectra. CHNS analysis shows the ZCPL nanohybrid material contains 30.63% (w/w) of CPL which was calculated based on the percentage of carbon in the sample. It was also found that the BET surface area increased from 1.7 m2/g in ZLDH to 10.9 m2/g in ZCPL. The pore texture of the resulting material was also changed as the result of the intercalation and the expansion of the basal spacing during the formation of the layered intercalated ZCPL nanohybrid material.
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Abstrak
Captopril (CPL) iaitu ubat anti-hipertensi telah berjaya disisipkan ke dalam ruang antara lapis hidroksida berlapis ganda bagi pembentukan bahan hibrid ZCPL nanokomposit melalui kaedah pembentukan sendiri. Kepekatan CPL yang digunakan adalah 0.08M dan pH 7.5 dengan nisbah kepekatan tetap Zn : Al adalah 3 : 1 dalam larutan akueous. Penyisipan anion captopril dapat ditentukan dari pengembangan jarak basal PXRD daripada 8.90 Å bagi zink-aluminium hidroksida berlapis ganda (ZLDH) kepada 9.69Å bagi bahan nanohibrid ZCPL. Analisis inframerah transformasi Fourier (FTIR) menunjukkan kehadiran gabungan kumpulan berfungsi bagi ZLDH dan CPL kelihatan pada spektra ZCPL. Ini membuktikan CPL telah berjaya disisipkan di antara ruang hidroksida berlapis ganda bagi pembentukan bahan nanokomposit tersebut. Analisis CHNS menunjukkan bahan nanohibrid ZCPL mengandungi CPL dengan peratusan 30.63 % (w/w) yang ditentukan melalui pengiraan peratusan karbon di dalam sampel nanohibrid ZCPL. Luas permukaan BET telah meningkat daripada 1.7 m2/g kepada 10.9 m2/g masing-masing bagi ZLDH dan ZCPL. Struktur liang bahan nanohibrid yang terhasil juga telah berubah disebabkan penyisipan captopril telah mengembangkan jarak basal, begitu juga dengan pembentukan liang yang lebih besar berlaku hasil dari pembentukan bahan nanohibrid, ZCPL.

Kata kunci:  captopril, ubat anti-hipertensi, sisipan, hidroksida berlapis ganda, nanokomposit


Introduction
Hydrotalcites like anionic clay mineral or layered double hydroxide (LDH), comprise two dimensional inorganic nanolayers emerged as materials with numerous medical applications including gene delivery [1] and drug delivery [2]. The design of effective drug delivery has become significant in modern pharmaceutics, aiming at minimising secondary effects, increasing drug bioavailability and stability, and better localisation of the pharmaceutical action [3]. The basic structure of LDH was derived by the substitution of divalent cations in a brucite lattice by trivalent cations in such way that the layers acquire a positive charge, which is balanced by the intercalation of anions and water between the layers [4].

LDHs generally represented by the general formula [MII1-x MIIIx (OH)2]x+ (An-)x/n ∙yH2O, where MII is the divalent metal cation (Mg2+, Ca2+, and Zn2+), MIII is the trivalent metal cation (Al3+, Cr3+, Fe3+, and Co3+), and An− is the anion (Cl−, CO32−, and NO3−) [5]. Nowadays, LDHs are well-known materials due to its interesting properties such as excellent anion exchange capacity [6], good adsorptive removal of dye and phenol [7, 8], act as a controlled release formulation for nonsteroidal anti-inflammatory drugs (NSAIDs) [9] and has the potential to be used as drug delivery system [10]. It also has widespread application in the fields of catalysis [11], intumescent flame retardant [12], polymer [13], photocatalytic activity enhancement [14], ultrahigh energy density and stable supercapacitor [15], and good to be used as energy storage [16]. The layers of LDH possess positive charges which are counter-balanced by the anions present in the interlayer spacing and those anions are exchangeable with other suitable negatively charged species. The interlayer anion exchange capability of LDHs can be used to intercalate negatively charged functional biomolecules such as vitamins [17], DNA [18], and drugs within the LDH layer [19, 20]. Thus, LDH has the potential as a drug vehicle and could be used to regulate the release of drug from the drug intercalated LDH. Sustained drug release has the advantages as it could reduce the frequency of the drug intake and improve the patient’s compliances [5].

In this study, captopril (CPL) drug which is a primary drug used for hypertension [14], was intercalated into the  interlayer spaces of ZLDH by self-assembly method. The chemical structure of CPL is shown in Figure 1.
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Figure 1.  Chemical structure of  CPL

The physicochemical properties of the zinc–aluminium–captopril (ZCPL) nanohybrid material will be discussed 
in this paper. The synthesised ZCPL nanohybrid material is expected to become a promising nanocarrier for CPL as a controlled release formulation for anti-hypertensive drugs. 

Materials and Methods
All the chemicals used in the synthesis were obtained from various chemical suppliers and used without any further purification. All solution was prepared using deionised distilled water. Zinc nitrate hexahydrate [Zn(NO3)2∙6H2O], aluminium nitrate (AlNO3∙9H2O), sodium hydroxide (NaOH), CPL (C9H15NO3S) were obtained from Sigma-Aldrich (USA), at 98% purity and used as received.

The synthesis of ZCPL was done by self-assembly method. A mother liquor containing zinc cation (Zn2+) and aluminium cation (Al3+) with Zn/Al initial ratio (Ri = 3) and CPL was prepared and the pH value that was adjusted to about 7.5. The concentration of CPL was 0.08 M and the reaction was carried out by stirring the solution under nitrogen atmosphere. The solution was aged for 18 hours in an oil bath shaker at 70 oC. The resulting precipitate was centrifuged, thoroughly washed, and dried in an oven at 70 oC for 3 days and kept in a sample bottle for further use and characterisations. A similar method was adopted for the preparation of ZLDH with nitrate anion (NO3−) as the intergallery anion by omitting the addition of CPL solution in the mother liquor.

Powder X-ray diffraction (PXRD) patterns of the samples were obtained by a Shimadzu diffractometer XRD-6000, using the filtered CuK radiation. FTIR spectra were recorded by a Perkin-Elmer 1750 spectrophotometer. KBr pellet containing 1% sample was used to obtain the FTIR spectra. The surface morphology of the samples was observed by a scanning electron microscope (SEM), using JOEL JSM-6400. CHNS-O analyser, model EA 1108 of Finons Instruments was used for CHNS-O analysis. The surface characterisation of the materials was carried out by nitrogen gas adsorption desorption at 77 K using micromeritics ASAP 2000. Samples were degassed in an evacuated-heated chamber at 120 oC overnight.
[bookmark: _GoBack]
Results and Discussion
Powder X-ray diffraction
Figure 2(a) shows PXRD patterns of ZLDH, CPL, and ZCPL. The PXRD patterns show a sharp, intense, and symmetry peak indicating a well-ordered nanolayered structure was formed in the resulting materials. As shown in the figure, CPL anion was successfully intercalated inside the interlayer of ZLDH with the increased of the basal spacing from 8.90 Å in ZLDH to 9.69 Å in the nanocomposite, ZCPL. The expansion of the basal is due to the inclusion of CPL anion into the ZLDH lamella, which is bigger than NO3−.
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Figure 2.  The PXRD patterns of (a) ZLDH, ZCPL, and CPL and (b) FTIR spectra for ZLDH, ZCPL, and CPL

Fourier transform infrared spectroscopy
Figure 2(b) shows the FTIR spectra for CPL, ZLDH, and ZCPL nanocomposites. The FTIR spectrum for ZLDH shows a broad absorption band at around 3474 cm−1 which is due to the presence of OH stretching modes of the hydroxyl group in LDH. The band at 1642 cm−1 is due to the bending vibration of the interlayer water molecule. A sharp and intense peak located at approximately 1389 cm−1 is attributed to the stretching vibration of NO3− [22]. Another band at 829 and 641 cm−1 are due to the translation vibrations at Zn–OH and deformation vibration of OH–Zn–Al–OH, respectively [23].

The FTIR spectrum for CPL shows the characteristic frequencies at 889 cm−1 due to the –CN bending vibration, 1595 cm−1 due to the nitrogen ring, and 1749cm−1 indicating the carboxylate ion (COO−) from COOH group. Characteristic peak at 2568 cm−1 indicates the presence of –SH group of CPL [24].

As expected, the FTIR spectrum of ZCPL resembles a mixture of both the spectra of CPL and ZLDH, indicating that both functional groups of CPL and ZLDH simultaneously present in ZCPL and confirms the intercalation of CPL in the interlamellar of ZCPL. The presence of the absorption band at 1386 cm−1 indicates the presence of CPL anion in ZCPL replacing NO3− in ZLDH. This shows that CPL has higher affinity than NO3− towards the inorganic interlamellar, thus occupies the interlamellar region between the inorganic layers and prevents further co-intercalation of NO3−. The most important feature in the FTIR spectra is the presence of new band at around 2980 and 610 cm−1 which indicates the presence of S–H and C–S stretching, respectively. This new band at 1593 cm−1 is due to the nitrogen ring of CPL, which confirms the presence of CPL in the interlayer spaces of the ZLDH.

Spatial orientation of  captopril drug in Zn-Al-CPL nanocomposite 
Based on the  three dimensional molecular structure of CPL, the calculation obtained using Chem 3D Ultra 8.0 software is ilustrated in Figure 3(a). The length, height, and thickness of the CPL molecular structure were estimated to be 5.9, 5.0, and 3.2 Å, respectively. The ZLDH is composed of inorganic layers with  octahedral coordinated Zn2+. The CPL was suggested to be oriented in the interlayer gallery of ZLDH in a monolayer arrangement and was held in the orientation as shown in Figure 3(b) by the electrostatic attraction from the excess positive charge of  ZLDH [21]. In the proposed spatial arrangement of CPL within the interlayer of ZLDH, the molecular structure of CPL is expected to be slightly slanted.
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Figure 3. 	(a) Molecular structure of CPL and three–dimensional molecular size of CPL and (b) proposed spatial orientation of CPL in the interlayer of ZLDH

CHNS analysis
The CHNS analysis shows that ZCPL contained 30.63% of carbon, and 8.70% of sulfur which indicate that CPL was successfully intercalated into the lamellae of ZCPL. The percentage of nitrogen of 3.10% is due to the presence of NO3− in ZLDH. And since the CPL also contains nitrogen atom, the 4.48% of nitrogen detected in CHNS analysis is due to the nitrogen atom of CPL.

Isotherm, surface area and pore size distribution
Figure 4(a) shows the adsorption–desorption isotherm for ZLDH and ZCPL nanocomposite material. As shown in the figure, the adsorption–desorption for ZCPL was Type IV, indicating a mesoporous-type material (20–500 Å) [25], with adsorption of a slow uptake of the adsorbent at a relative pressure of 0.05–0.8. Further increase of a relative pressure to >0.8 resulted in a rapid adsorption of the adsorbent, reaching an optimum at more than 45 cm3/g at STP. A general shape of the isotherm for ZCPL did not differ very much from ZLDH; the Type IV isotherm remains. However, as shown in Figure 4(a), the adsorbate uptake was slow in the relative pressure range 0.05–0.9, after that rapid adsorption was observed. An optimum uptake of 5 cm3/g at STP, indicates the slow uptake of the nitrogen gas. Desorption branch of the hysteresis loop for ZCPL was narrower compared to that of ZLDH, indicating different pore texture of the resulting material. This can be related to the different pore structure when NO3− was replaced by CPL during the formation of ZCPL with the formation of interstitial pores between the crystallite, different particle size, and morphology. 
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Figure 4.  (a) Adsorption–desorption isotherms for nitrogen gas at 77 K for ZLDH and ZCPL and (b) BJH pore size distribution for ZLDH and ZCPL

The surface properties of ZLDH and ZCPL are summarised in Table 1. The intercalation of CPL has increased the BET specific surface area from 1.7 m2/g in ZLDH to 10.9 m2/g in ZCPL, which is due to the inclusion of bigger guest anion than the counter anion, NO3−. The intercalation of bigger anion of CPL resulting in the expansion of basal spacing of the resulting ZCPL nanocomposite and creates more pores in the crystallites, therefore the surface area increased significantly. Table 1 also shows that the BET average pore diameter for ZCPL was lower than that of ZLDH with 203 and 217 Å, respectively. On the other hand, the BJH desorption pore volume of ZCPL was higher than that of ZLDH.

Table 1.  Elemental and surface properties of ZLDH and its intercalated compound, ZCPL
	Material
	Basal spacing
(Å)
	
% 
C
	
% 
N
	
%
S
	BET Surface Area 
(m2g-1)
	BJH Desorption Pore Volume (cm3g-1)
	BET Average Pore Diameter 
(Å)
	BJH Average Pore Diameter 
(Å)

	ZLDH
	8.90
	0.0
	3.10
	0.0
	1.7
	0.010
	217
	161

	ZCPL
	9.69
	30.63
	4.48
	8.70
	10.9
	0.282
	203
	199



The BJH pore size distribution for ZLDH and ZCPL are presented in Figure 4(b). Both materials show mesoporous type of material, with the adsorption isotherm Type IV. The BJH pore size distribution for ZLDH shows a broad peak at around 701 Å while for ZCPL an intense peak centered at around 756 Å indicating modification of pore texture in agreement with the formation of a new intercalated compound, ZCPL with basal spacing of 9.69 Å.

Surface morphology
Figures 5(a) and 5(b) show the field effect scanning electron microscopy (FESEM) morphology of ZLDH and ZCPL. ZLDH shows the typical morphology of LDH which shows agglomerates of compact and flake-like structure. The morphology of ZCPL shows a porous rod-like structure as the result of the intercalation of CPL into the layered structure of ZLDH. As shown in the figures, there was no significant difference in the morphology of the two samples. They were also very similar to the morphology of other intercalated compound of nanocomposites which has been reported earlier [22, 26].
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Figure 5.  Scanning electron micrograph for ZLDH (a) and ZCPL (b) at 10, 000x magnification


Conclusion
The layered organic–inorganic nanohybrid was prepared using anti-hypertensive drug, CPL as an anionic guest and intercalated into the interspaces host of ZLDH by self-assembly method. The initial Zn: Al molar ratio of the mother liquor was 3:1 with pH 7.5 after the addition of NaOH. The PXRD pattern shows the basal spacing increased from 8.90 Å in ZLDH to 9.69 Å in ZCPL to accommodate the CPL anion to form hybrid nanocomposite of ZCPL. FTIR spectra of ZCPL resembles the functional groups of ZLDH and CPL and confirmed the CPL drug was successfully inserted into the interlayer structure of ZLDH. The BET surface area of the material increased from 1.7 m2/g in ZLDH to 10.9 m2/g in ZCPL if 0.08 M of CPL was used in the formation of nanohybrid. The pore texture of the resulting materials also changed as a result of the intercalation and the expansion of the basal spacing together with pore formation between the crystallite during the formation of the resulting intercalated ZCPL nanocomposite. The synthesised ZCPL nanohybrid material is expected to become a promising nano carrier for CPL as controlled release formulation for anti-hypertensive drugs. 
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