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Abstract of the thesis presented to the Senate of Universiti Putra Malaysia in 

fulfilment of requirement for the degree of Master of Science 

 

SYNTHESIS OF ZINC-ALUMINIUM-HIPPURATE NANOCOMPOSITE BY 

VARIOUS METHODS. 

 

BY 

 

FAIZA BINTI ABDUL BAHAR 

 

DECEMBER 2009 

 

 

 

Chairman: Mohd Zobir bin Hussein, PhD 

 

Faculty    : Institute of Advanced Technology 

 

 

 

Zinc-aluminium-layered double hydroxide (ZAL) with nitrate as counter anion was 

prepared by direct co-precipitation method at constant pH, 7.5 under N2 (g) atmosphere. 

The anion of hippuric acid (HA), as an organic guest was chosen to be intercalated into 

the interlayers of Zn-Al-layered double hydroxide (ZAL) inorganic host by direct co-

precipitation method for the formation of Zn-Al-hippurate nanocomposite (ZAH), a host-

guest type of material. 

 

Various parameters, such as Zn to Al initial molar ratios, Ri which are 2, 3, 4, 5 and 

concentrations of hippurate anion in a range of 0.06 to 0.15 M, have been studied for 



 ii 

the formation of Zn-Al-hippurate nanocomposite synthesised by direct co-

precipitation method (ZAHDM). X-ray diffraction pattern shows expansion of the 

precursor basal spacing compared to ZAL in order to accommodate the hippurate 

anion, which is larger in size than the nitrate. ZAHDMs synthesised at 0.15 M HA for 

all the ratios were chosen for further characterizations because sharper, symmetrical 

and more intense peaks were observed for these samples compared with samples 

prepared with other concentrations. In this study, ZAHs was also prepared by indirect 

anion exchange method (ZAHXMs) and reconstruction method (ZAHRMs). 

 

The nanocomposites prepared by these different methods show that the highest basal 

spacing values were observed for the nanocomposite synthesis by direct co-

precipitation method (ZAHDMs) and the lowest were obtained by using anion 

exchange method (ZAHXMs). This shows that different crystalline structure was 

observed for the different method of synthesis of the nanocomposites. The final ratio, 

Rf value for ZAHDM and ZAHRM nanocomposites were near to its initial molar 

ratio, Ri but for ZAHXMs (synthesis by anion exchange method), the Rf obtained are 

only in the range of 0.90 – 1.72 compared to their Ri of 2 – 5. The BET specific 

surface area values obtained for ZAHXM also show the lowest value compared to 

ZAHDM and ZAHRM nanocomposites. These show that the method of synthesis also 

plays the role in determining the resulting properties of the nanocomposites. 

For ZAHDMs and ZAHXMs nanocomposites,  the accumulated release profile of HA 

from the interlayer of the nanocomposite in a sodium aqueous solution were studied 

and values of the percentage release were obtained by separately put each of the 
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nanocomposite into the sodium carbonate aqueous solutions at various concentrations 

of 0.0025, 0.005 and 0.01 M. The release rate of HA was found to be faster for 

nanocomposite prepared by indirect anion exchange method, compared to the one 

synthesised by direct co-precipitation method. The data of the HA released from the 

nanocomposites into various aqueous carbonate solutions were then fitted into various 

models of release kinetics. In which, the release of the intercalated guest for both 

ZAHDM and ZAHXM were found to be governed by pseudo-second order kinetic. 
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Abstrak tesis yang dikemukakan kepada Senat Universiti Universiti Putra Malaysia 

sebagai memenuhi keperluan untuk ijazah Sarjana Sains 

 

 

SINTESIS ZINK-ALUMINIUM HIPPURAT NANOKOMPOSIT DENGAN 

PELBAGAI KAEDAH. 

 

BY 

 

FAIZA BINTI ABDUL BAHAR 

 

DISEMBER 2009 

 

 

Chairman: Mohd Zobir bin Hussein, PhD 

 

Faculty    : Institute of Advanced Technology 

 

 

Hidroksida berlapis ganda Zink-Aluminium (ZAL) dengan nitrat sebagai anion lawan di 

dalam ruang hidroksida berlapis ganda disintesis melalui kaedah pemendakan bersama 

serentak pada pH 7.5 di dalam keadaan dialirkan gas nitrogen. Asid hippurik, iaitu satu 

bahan organik telah dipilih untuk disisipkan ke dalam ruang antara lapisan hidroksida 

berlapis ganda Zink-Aluminium (ZAL) melalui kaedah pemendakan serentak untuk 

membentuk nanokomposit Zn-Al-hippurat (ZAH). 

 

Pelbagai parameter, seperti nisbah kandungan logam Zn/Al dalam bahan pemula iaitu 

2, 3, 4 dan 5 dan kepekatan anion hippurat dari 0.06 – 0.15 M telah diuji dalam 

pembentukkan nanokomposit Zn-Al-hippurat yang disintesis melalui kaedah 
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pemendakkan bersama serentak (ZAHDM). Corak pembelauan sinar-x menunjukkan 

berlakunya pengembangan jarak antara ruang bagi perumah bagi menempatkan anion 

hippurat, yang saiznya lebih besar berbanding anion nitrat. ZAHDM yang disintesis 

pada kepekatan HA 0.15 M bagi setiap nisbah yang telah dipilih bagi pencirian 

selanjutnya kerana ia menunjukkan puncak yang simetri dan tajam jika dibandingkan 

dengan sampel lain yang disintesis pada kepekatan berbeza. Di sini, nanokomposit 

juga disintesis melalui kaedah penukaran anion secara tak langsung dan kaedah 

pembinaan semula. 

 

Nanokomposit yang disintesis  melalui tiga kaedah yang berbeza menunjukkan jarak 

antara ruang bagi  nanokomposit yang disintesis melalui kaedah pemendakan bersama 

serentak (ZAHDM ) adalah yang tertinggi dan jarak antara ruang yang terendah 

diperolehi melalui kaedah penukaran anion secara tak langsung (ZAHXM). Ini 

menunjukkan perbezaan struktur hablur dapat deperhatikan pada semua  kadeah yang 

berbeza dalam penyediaan nanokomposit. Nilai nisbah akhir, Rf bagi ZAHDM dan 

ZAHRM nanokomposit menghampiri nilai nisbah awal, Ri tetapi bagi ZAHXM yang 

disediakan melalui kaedah penukaran anion secara tak langsung, nilai Rf yang 

diperolehi cuma pada julat 0.90 – 1.72 berbanding nilai Ri iaitu 2 hingga 5. Nilai luas 

permukaan spesifik yang diperolehi oleh ZAHXM juga menunjukkan nilai terendah 

jika dibandingkan dengan ZAHDM dan ZAHXM nanokomposit. Ini menunjukkan 

bahawa kaedah yang berbeza juga memainkan peranan dalam penentuan ciri-ciri 

nanokomposit. 
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Bagi nanokomposit ZAHDM dan ZAHXM, profil pelepasan terkumpul HA
-
 dari 

ruang lapisan nanokomposit di dalam larutan akues natrium diselidiki dan nilai 

peratusan pelepasan HA
-
 diperolehi dengan memasukkan setiap nanokomposit secara 

berasingan ke dalam larutan akues natrium karbonat pada pelbagai kepekatan iaitu 

0.0025, 0.005 dan 0.01 M. Kadar pelepasan HA
-
 didapati lebih cepat bagi 

nanokomposit yang disediakan melalui kaedah pertukaran anion secara tak langsung 

berbanding dengan kaedah pemendakkan serentak. Data dari profil pelepasan telah 

dipadankan kepada beberapa model pelepasan kinetik. Didapati bahawa, pelepasan 

anion HA yang tersisip pada ZAHDM and ZAHXM didapati mengikuti kinetik tertib 

kedua. 
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LIST OF ABBREVIATIONS   

   

ASAP Analysis of surface area and porosity 

 

 

BET Brunauer, Emmett and Teller 

 

 

 

BJH Barett, Joyner and Halenda 

 

 

C constant 

 

 

CHN carbon-hydrogen-nitrogen  

 

 

FTIR Fourier transform infrared  

 

 

HA hippuric acid 

 

 

HA
-
 hippurate 

 

 

k rate constant 

 

 

LDH Layered double hydroxide 

 

 

M
2+

 Divalent metal cation 

 

 

M
3+

 Trivalent metal cation  

Mf final concentration of HA
- 

 

 

Mi initial concentration of HA
- 

 

 

PXRD Powder x-ray diffraction 

 

 

R Ratio 

 

 

Rf 

 

Final ratio 

 

 

 

 

 

Ri Initial ratio 

 
 

 

SEM 

 

Scanning electron microscopy 

 

 

t1/2 time taken for the HA concentration to increase to half of its initial values  


