





ABSTRACT
A new titanium (IV) butoxide-cyanopropyltriethoxysilane (Ti-CNPrTEOS) hybrid material was successfully synthesized as sorbent for the extraction of polar aromatic amines. The sorbent was synthesized by hydrolysis and condensation of titanium (IV) butoxide and cyanopropyltriethoxysilane with the presence of hydrochloric acid as catalyst via sol-gel method. Under the optimum synthesis conditions (tetrahydrofuran as solvent, 1.2 M of hydrochloric acid catalyst, 4 mol of water content with ratio of titanium (IV) butoxide and cyanopropylteriethoxysilane of 1:1 and aging temperature of 60°C), the sorbents were characterized by Fourier Transform-Infrared, Field-Emission Scanning Electron Microscopy-Energy, CHN elemental analysis, Brunauer–Emmett–Teller (BET) desorption and thermogravimetric analysis. A solid phase extraction (SPE) method has been developed using Ti-CNPrTEOS sorbent for the determination of aromatic amines and optimum experimental conditions were sample at pH 7, dichloromethane as conditioning solvent, 10 mL sample loading volume, 5 mL of acetonitrile as the eluting solvent. The limit of detection (LOD) and limit of quantification (LOQ) using Ti-CNPrTEOS SPE sorbent (0.01-0.20; 0.03-0.61 µgL-1) were absolutely lower compared with those achieved using silica-cyanopropyl (Si-CN) SPE sorbent (0.23-1.47; 0.75-4.91 µgL-1) and C18 SPE sorbent (0.36-0.98; 1.54-2.56 µgL-1). The recoveries and repeatability obtained from water samples using the sol–gel Ti-CNPrTEOS SPE sorbent were 57–99% and RSDs 1–4%, n=5. The lowest recovery of non-polar diethylaniline, DEA (57%) indicated that the sorbent was very selective towards the extraction of polar aromatic amines. Ti-CNPrTEOS sorbent was also successfully applied as sorbent for solid phase membrane tip extraction (SPMTE). Under the optimum extraction conditions; 15 mL of sample at pH 7, acetonitrile as conditioning and desorption organic solvent, extraction time of 15 min and desorption time of 15 min, the method showed good linearity with acceptable reproducibility (RSD 2.5 – 3.6%, n = 5) and LOD and LOQ for Ti-CNPrTEOS SPMTE (0.13 – 6.23 ngL-1; 0.53 – 5.67 ngL-1) were lower with those achieved by C18-SPE (0.36-0.98 gL-1; 1.54-2.56 gL-1). The application of the Ti-CNPrTEOS SPMTE sorbent was successfully carried out by analysis of aromatic amines in river water sample with the recovery between 49–99%. The lowest recovery of non-polar DEA (49%) indicated that the sorbent was very selective towards the extraction of polar aromatic amines. The newly developed method using Ti-CNPrTEOS sorbent was proven as a simple, rapid, cheap and solvent efficient extraction technique. 
ABSTRAK
Bahan baru titanium(IV) butoksida-cyanopropiltrietoksisilane (Ti-CNPrTEOS) telah berjaya disintesis sebagai penjerap untuk pengekstrakan aromatik amina kutub. Penjerap tersebut disintesis melalui hidrolisis dan kondensasi titanium(IV) butoksida dan cyanopropiltriethoksisilane dengan kehadiran asid hidroklorik sebagai pemangkin melalui metod sol-gel. Berdasarkan kepada kondisi sintesis optimum (tetrahidrofuran sebagai pelarut, 1.2 M kepekatan pemangkin asid hidroklorik, 4 mol kandungan air, nisbah 1:1 titanium(IV) butoksida dan cyanopropiltriethoksisilane dan suhu penuaan pada 60°C, penjerap tersebut dicirikan dengan menggunakan Fourier Transform-Inframerah, Field-Emission Scanning Electron Microscopy-Energy, analisis CHN elemen, penjerapan Brunauer–Emmett–Teller (BET) dan analisis termogravimetri. Kaedah pengekstrakan fasa pepejal (SPE) telah dibangunkan menggunakan penjerap Ti-CNPrTEOS dan kondisi eksperimen optimum adalah sampel pada pH 7, diklorometana sebagai pelarut melembap, 10 mL isipadu muatan sampel, 5 mL acetonitril sebagai pelarut pengeluar. Had pengesan, LOD dan had kuantiti, LOQ untuk penjerap Ti-CNPrTEOS-SPE (0.01–0.20; 0.03-0.61µgL-1) menunjukan keputusan yang lebih rendah berbanding yang diperolehi menggunakan penjerap Si-CN SPE (0.23-1.47; 0.75-4.91 µgL-1) dan penjerap C18-SPE (0.36-0.98; 1.54-2.56 µgL-1) dengan selektiviti lebih tinggi untuk pengekstrakan aromatik amina kutub. Kebolehulangan yang diperolehi daripada sampel air menggunakan penjerap Ti-CNPrTEOS SPE adalah 57-99% dan RSD 1-4%. Kebolehulangan terendah untuk dietilanilin, DEA tidak kutub (57%) menunjukkan penjerap adalah lebih selektif terhadap pengekstrakan aromatik amina kutub. Penjerap Ti-CNPrTEOS telah berjaya digunakan sebagai penjerap untuk pengekstrakan membran tip fasa pepejal (SPMTE). Berdasarkan kondisi pengekstrakan optimum; 15 mL sampel pada pH 7, acetonitril sebagai pelarut organik pelembap dan penyahjerap, masa pengekstrakan 15 min dan masa penyahjerap 15 min, kaedah ini menunjukkan julat linear yang baik dengan kebolehulangan yang diterima pakai (RSD 2.5–3.6%, n = 5), LOD dan LOQ (0.13 – 6.23 ngL-1; 0.53–5.67 ngL-1) adalah lebih rendah berbanding yang dicapai melalui C18-SPE (0.36-0.98 gL-1; 1.54-2.56 gL-1). Kebolehulangan yang diperolehi daripada sampel air menggunakan penjerap Ti-CNPrTEOS SPMTE adalah 49-99% dan RSD 1-4%. Kebolehulangan terendah untuk DEA yang tidak kutub (49%) menunjukkan penjerap adalah lebih selektif terhadap pengekstrakan aromatik amina kutub.Ti-CNPrTEOS telah terbukti teknik pengekstrakan yang mudah dan efektif masa, kos dan pelarut.
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