CHAPTER IlI

EXPERIMENTAL SECTION

3.1. Reagents

Tetraethoxysilane (TEQS) wes used & a silica souce, while
hexadecyttrimethylammonium bromide (CTAB) senved as a cationic  surfactant.
Agueous sodium hydroxide (NaOH) wes used as a catalyst. TEOS and CTAB were
obtained from Huka. Sodium hydroxide (NaOH), nitric acid (HNO8), hydrochloric
add (HCD), hydrogen peroxide (H2Q2) ad organic solvents were purchased from
Merck. Stock solutions of metal ions were prepared from analytical reagent grade
Zn(N03)2'6H20, Pb(ND3)2, CA(N03)24H0 ad Cu(N03)2'3H20. All agueous
solutions were prepared with high purity water obtained with a Milli-Q system (>18
MQ/cmB deionized weter from Millipore system ZMQS5VOQY).  1-Phenyl-3-methyl-
4-stearoyi-5pyrazolone (HPMSP) wes syrthesized acocording to Jensen [48].

3.2. Equipments

Ponder X-ray diffraction pettemns were messured on a Riguku DMAX
2200/Uttima. X-ray diffractometer with nickel filtered CuKq radiation. The BET
suface area and pore Size distribution were determined by N2 adsorption-desorption
isotherm a 77 K using Quantachyome Autosora-1 nitrogen adsorptometer. A Perkin
Bmer AAnalyst 100 atomic absorption spectrometer equipped with Perkin Elmer
single element hollow cathode lamps ad air-acetylene bumer wes used for
determination of metals. The operational conditions were those reconmmended by the
menufacturers. A HP8453 UV-visible  spectrophatometer wes used for spedra
recording and absorbance measurements. The pH wes determined with a Denver pH-
meter calibrated againt two standard buffer solutions of pH 4.0 ad 7.0.

3.3. Experimental

The experiment wes separated into three parts. BExperiment began with
synthesis and characterization of metenials followed with the study of the extraction
properties. Conditions for effective extraction were optimized with respect to different
experimental parareters in both batch ad counn methods. The paraneters
including type of metal, pH of sanple solution, selectivity of HPMSP doped
mesoporous silica to metal extraction and effect of divers ions in metal solution were
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investigated by batch method. Various conditions evaluated by colunn method were
amounts of metal ions, concentration and volume of eluent. In the final part, the
application of HPMSP doped mesoporous silica to metal extraction from food sample
wes studied.

3.3.1. Synthesis of materials

The synthesis of HPMSP doped mesoporous silica, besed on procedure
reported by Boos and coworker [18], wes camed out with the aid of cationic
surfactant following this general procedure,

CTAB wes dissolved in an agueaus solution of 01 M NaOH by stirring a
60 °C for 4 hours to give adear solution. MeOH and extracting molecules (HPMISP)
were then added to the termplate solution under stirring for 4 hours. After its
dissolution, TEOS wes added. After further stirring at 60 °C for 1hour and at ambient
temperature for 23 hours, the resulting synthesis gel of composition 1 TEOS 140
HO 13 MeOH 018 CTAB 0.06 HPMSP wes filtered, washed with 0001 M
HNOS and waeter. The silica wes then dried in an oven a 110 °C ovemight. The
synthesis of nontdoped mesoporous silica wes aso perfomed using the sare
procedure. Schermetic diagram for the synthesis of bath metenials were summarized in
Foure 31

CTAB + NaOH CTAB + NaCH
60°C, 4hours 60°C, 4hours
I
Methanol + HPVISP Methanol
60°C, 4 hours 60°C, 4hours
V
TEOS TECS
60°C, 1 hour 60°C, 1 hour
fRT, 23 hous URT, 23 hours

HPMISP doped mesoporous silica Non-doped mesoparous silica

Hgure 31 Schemtic diagram for the syrthesis of HPMVISP doped and non-doped
mesoparous slica.
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3.3.2. Characterization ofmaterials

The characterization of meterials conprised the determination of organic
metter contents in mesoparous silica and the investigation of physical properties of
meterials such as crystallinity, mesoporosity, suface area ad poe size. All
characterization procedures were described below.

3321 Determination of organic metter contents

The organic metter contents in mesgparous silica wes determined by
calcination according to the following procedure.

The mesoporous silica after dried a 110 °C was placed in a muffle fumace.
The sanple wes heated from room temperature to 100 °C &t arate of 1 °c/min and
held for 1 hour at that temperature, then heated to 540 °C a arae of 1 °c/min and
kept a 540 °C for 10 hours. After calcination process, the sanple weight loss wes
calculated. The thermel profile for calcination is demonstrated in Hgure 3.2

540°C |Ohrs 540°C

1 °C/min

100°C 1hr

1 °C/min

Room temperature

FHoure 32 The themmal profile for calanation of HPMSP doped and nondoped
mesoporous silica.

3322 Crystallinity, mesoporosity. suface areaand pore Sze

The crystallinity of meterials wes detemmined by X-ray diffraction. The
sanples were evenly dspersed onto gass dides. Pattemns were collected using a
nickel filtered QKo radiation (k = 15406 A) at 40 kv, 30 mA. Scattering pattems
were collected from 1.0 0to 10 0 with scantime of 1 min per2 0 Sep.

The mesoporasity of meterials wes determined by N2 adsorption-desorption
isoterms at 77 K. Surface area calculation wes medke using the Brunaur-Emmet-Teller
(BET) equation. Pore-size distribution wes calculated using Barrett-Joyner-Halenda
(BIH) method.
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3.3.3. Extraction properties ofmaterials

The sorption properties of nondoped and HPMISP doped mesoporous silica
were studied under bath batch and column methods. Various perameters such astypes
of metal, pH of sane solution and the presence of divers ions in metal solution were
studied by batch method. For the colunn method, the operational variables such as
amounts of metal ions, concentration and volume of eluent were optimized. The salts
of all metal used for the extraction experiments wes meta nitrate unless Stated
otherwise.

3.3.3.1. Batch method

All batch experiments were performed in triplicate and carmied out according
to the general procedure unless spedified otherwise.

0.2 g of sorbents were added to 25 mL of 200 ppm metal solution. The
mixture wes stirred for 24 hours at 25 °c in themmoregulated beth. The solid wes then
separated by centrifugation. The amounts of metal in the supematant solution were
determined by flame atomic absorption spectrometry. The metal extraction (mol/kg)
wes calculated by Nf = (n-ne)/m where NIf is the number of ndles of metal extracted
on the silica suface; n is the initial mole of metal ions in solution; lie is the number of
noles of metal ions in solution at equilibrium; and mis the mess of the silica.

3.3.3.2. Colunmn method

0.7 g of silica wes packed in a columm (30 mMmx 95 mm i.d.). The packed
column was then washed with water and conditioned with 001 M HNG8. An aliquot
of the metal solution wes passed through the packed colummn at a flow rate of 1 mL
min'l The packed column wes then waeshed with deionized weter to renove the
unextracted metal ions. For the desorption process, the adsarbed metal on the HPMISP
doped silica wes eluted with acid solution. The concentrations of the metal ions in the
solution after passing the packed colunn and in the eluent were determined by flame

atomic absorption spectrometry.
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3.3.4. Application of HPMSP doped mesoporous silica to the metal extraction from
food sample

As the mgjor aim of this work is to areate the new functionalized silica for
being as an efficient sorbent in the metal extraction field. Thus, the feasibility of using
HPMSP doped mesoporous silica for trace metal analysis in food wes dermonstrated.
Two types of food such as fish and mussel were applied as matrix sarples. Qe of the
digestion methods desaribed below wes performed prior to the metal extraction
Jorocess.

Microwave digestion method

A portion of 10 g sarples wes placed into the digestion vessdl, then 5 mL of
concentrated HNOB was added and the vessdl were sedled and placed in a six-position
pressurized bob. The sarple wes mineralized in an Perkin Bimer micronave oven
asfollows: 5mnat 10 ,5mna600 ad5minat 1000 . After codling, the
digested sanmple wes filtered through a Whatmen No.| filter paper, transferred to a S0
mL of volumetric flask and diluted to the merk with deionized weter. The digested
solution wes then ready for the metal extraction experiment described previously in
3331 In addition, a blank solution wes trested in the same mamer to as=ss the
degree of contamination during the digestion rocess.

Wt digestion method
6 g of eech sanle were placed into a Philips beaker and dried in an oven a&

60 °C for 30 min and at 100 °¢ for 3 hours. Then 10 mL of concentrated HNGB wes
adoed into the sande. The beaker wes covered with awetch gass and placed on ahat
plate. During the digestion, the concentrated HNO3 and hydrogen peroxide may ke
adoed to the mixture in order to prevent the sanrple from drying out and to destroy the
existing organic matrix. When the sanyde wes completely digested, it wes evaporated
to near dryness and the solution wes filtered through a Whatman No.| filter peper,
transferred to a 50 mL of volumetric flask and diluted to the meark with deionized
weter. The digested solution wes then ready for the metal extraction experiment. In

addition, a blank wes prepared using similar procedure.
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