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Executive summary

Extraction Study of Metal lons by Silica Gel modified with Benzothiazo Ethylacetate

Introduction: Silica gel has been modified with chelating group in order to use in many fields of
application such as an ion exchanger, liquid chromatography. Of particular interest is the use of
these materials as adsorbent of metal ions from dilute solutions. The preparation of chemically
modified silica gel with organic molecules containing nitrogen, sulfur, oxygen and the'study of the
adsorption of metal ions are great interesting. Because the heavy metals such as Pb, Cu, and Cd
are widely used in many applications, but the poliution of these metals is one of the most
environmental problems because of their toxicity. However, the quantification detgmination of
heavy metal in trace level is very difficult, because the amount of metals is lower tha“r'\- LODs of the
instrument such as flame atomic absorption spectrometry (FAAS). Moreover, problem from non
suitable matrix involves in unable direct determination. Thus solid-phase extraction (SPE) is
intended to achieve (i) removal of unwanted molecules from the sample, (i) removal of sample
matrix or solvent exchanger and (iii) preconcentration for determination by FAAS. The objective of
this work is a synthesis of silica gel chemically modified with benzothiazolyl moiety and a study of
the adsorption of Pb, Cu, Ni, Co and Cd from aquecus soliution. The optimum condition,
thermodynamic results and the application of this modified silica gel to preconcentration of natural

water are reported.

Methodology:

Synthesis of Si-Benzo. Benzothiazolyl-functionalized silica gel {Si-Benzo) was prepared via 3
steps: 1. the synthesis of 2-benzothiazole ethyl acetate 2. the preparation of 3-aminoproply silica
gel (Si-Amine) and 3. the reaction of Si-Amine and 2-benzothiazole ethy! acetate via amide
lankage. The functional group on modified silica gel was characterized by ATR-Spectroscopy. The
organic moieties were characterized by nuclear magnetic resocnance spectrometer (DPX-300
Brucker Biospin for solid state NMR; Varian 400 MHz for solution state NMR) and elemental
analysis. | |
Adsor;;tion*studies: The effects of solution pH and contact time on the sorption of metal ions
were evaluated on batch method. A suspension of 20 mg of Si-Benzo in 5.00 mL of metal solution
at a concentration of 10 ppm for Pb2+, 5 ppm for Cuz*. Ni2+. Coz+ and 2 ppm for Cd2+, was
mechanically stired at room temperature. The temperature was controlled at 298+1 K for

adsorption isotherm experiment. After extraction, the solid phase was separated by centrifugation
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at 3500 rpm for 5 minutes. Residuat metal concentration of the supernatant was determined by
FAAS. The column method was investigated to obtain the optimum conditions for sorption and
desorption of each metal. A mini-column was prepared by using homemade columns. The metal
ion solutions were adjusted to appropriate pH before passing through the mini-column at a
controlled fiow rate. The sorbed ions were desorbed by passing 5.00 mL of 1 % HNG; at a flow
rate of 0.5 mL/min. The sample volume effect was investigated by varying the sample volume from
25 to 100 mL. The effect of iriterfering ion was also studied by adding the interfering ions (Na+, K+,
M92+. Ca’ as nitrate salt, CI, SO, as sodium salt) at 3 levels of concentration (10, 100 and 1000
ppm). Real sample analysis. The application of Si-Benzo to.Pb2+ and Cu2+ preconcentration was

investigated in real sample systems: CU pond, tap water, and drinking water using the column

method under the optimum conditions.

Results, Discussion and Conclusion: in the modification stage, silica gel was activated via the
reaction of organosilane oomﬁound. The amine group can react with 2-benzothiazole ethyl acetate
to form amide linkage. The novel modified silica gel was characterized by 1BC NMR solid state to
confirm that the organic moieties were obtained on the silica surface. The 130 NMR signals are : )
188.48 ppm (-NHCO-), O 122.97-168.46 ppm (C in aromatic), O 42.94 ppm (~HNCH,CH,CH,-), &
2276 ppm (-HNCH,CH,CH,-), and 0 10.33 ppm {(—-HNCH;CH,CH,-). The elemental analysis
results show the difference of %C, %H, %N in each synthetic step indicating that the variation of
the organic moieties was obtained. For batch method study, the results show that the optimum pH
ranges for metals extraction were 4-6. The difference of adsorption for each metal probably due to
their size, degree of hydration and their binding constant with the ligand immobilized onto phase.
The contact times to reach the equilibrium were less than 10 minutes. The adsorption isotherm
fitted the Langmuir's model showed the maximum sorption capacities of 0.22, 0.14, 0.013, 0.007
and 0.005 mmol/g for Pb2+, Cu2+, C02+, Cd2+, and Ni2+, respectively. Si-Benzo shows comparable
capacity level to several sorbents presented in pn:evious reports, especially the sorption capacity for
Pb(ll). In the flow system, a column packed Si-Benzo at 20 mg for metal ions was studied at a flow
rate of 2.5 mL/min. The sorbed metals were eluted by 1% HNO; at a flow rate of 0.5 mL/min. As
sodiurn, potassium, magnesium, calcium, chloride and sulfate are found in all natural water
sampléé and have the capability to complex with many metal ions. Therefore, the presence of
these ions may be resulting in the reduction of overall extraction. Thus, the effect of interfering ions
(Na', K', Mg®", Ca”", CI and SO,”) at 3 levels of concentration (10, 100 and 1000 mg/L) on the
sorption efficiency of Pb2+ and Cu’" was studied using the recommended column method under the
optimum condition. The recoveries of Pb>" and (.‘.u2+ in the presence of interfering ions were

insignificant different in comparison with the value observed in its absence. This result
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demonstrates that Si-Benzo may be used to enrich lead and copper ions from natural water
\ 2 o2

samples. The application of this modified silica ge! to preconcentration of Pb *and Cu’ for pond

water, tap water and drinking water under the optimum conditions gave high accuracy and

precision (%RSD < 7).
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Abstract

A new chemically modified silica gel with benzothiazo ethylacetate (Si-Benzo) has been
synthesized. This sorbent was characterized by ATR-spectrometry, solid state NMR
spectrometry and elemental analysis. The metal sorption properties of Si-Benzo were studied
towards sz". Cu2+, Ni2+, Co2+ and Cd2+. The determination of metal ions was carried out on
FAAS. For batch method, the optimum pH ranges for metals extraction were 4-6. The contact
times to reach the equilibrium were less than 10 minutes. The adsorption isotherm fitted the
Langmuir's model showed the maximum sorption capacities of 0.22, 0.14, 0.013, 0.007 and
0.005 mmolfg for Pb2+, Cu2+, Coz+, Cd2+, and Ni2+, respectively. In the column system, a mini-
column packed Si-Benzo at 20-70 mg for metal ions was studied at a flow rate of 255 mUmin.
The sorbed metals were eluted by 1% HNO; at a flow rate of 0.5 mL/min. No interference from
Na, K, Mg", ca, Cf and SO,” at 10, 100 and 1000 mg/L was observed. The
preconcentration factor obtained was 20 for Pb2+ and Cu2+. The preconcentration procedure was
applied to the analysis of natural water samples. The accuracy was evaluated by spiked

method. The results showed that the preconcentration of Pb2+ and Cu2+ for pond water, tap

water and drinking water from chulalongkorn university under the optimum conditions gave high

accuracy and precision (%RSD < 7).
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TumIusn He™ Avwdawlwihmrrma W dhasstwanimaae wuinldusd Tasamindlufiug
[ e 2 J - R, - -~ ©n R 1
damIana Hg tReld8@nusasiia Vil uaz VIl waznwidsuad Fonseca WazADME [15] 189w

. A . gt - o 3+ 3+ 2+ [
silica-propylpiperazinedithiocarbamate @ uiaana Cr , Fe  uwa: Co e

— .
N LN 7/
T, _ s Si0, | /Sn—-CHz—CHZ—CHz—(Iil-CHz-CHz),,—NH—C\C
saozl ;'Si-—CHZ—CHz—CHz—NH—C\/G —i—© e S
I S S7\'s
v - Vi(n=1) VIl (n=2) VIl (n=3)

-

ﬁa’m"ii'fuﬁmn"ﬁﬂ‘i:qnﬂ‘twmlaou%aé’m%‘umﬂﬁum’mnTu‘Emaﬂﬂmﬁ'uazhwiatﬁaa
w y ma da - P
NINTINW [16-18] LT® TANUIANAUNY 2-mercapto-5-phenylamino-1,3,4-thiadiazole 813130LNUATIA
W A 2 24+ 2+ ) 2+ -l .~ YR N ] 1
Windu Pb™, Cd, Cuo uszHg fvzduanudududnldie 1520 it daunsdszgndnng

- . ar 3 - al - . .
TasunInan#fifinsfinwugwfiondn  [(19-21] 1w $dnueaniling 2-pyridinecarboxyaldehyde
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phenylhydrazone sansaldusnvosnanloaanlans: dun Mn®", Fe*, cd*, zn>", Co’', Pb> uaz
cu” TaulHinaindauil (mobile phase) fiflnaelsindaulafarasaiiuasdsznay

uanmnﬁn’rsﬁ’ﬂuﬂ‘s-‘ﬁamwav’hum‘[ﬂ{[umqa (macromolecute) fitiiufaulavesinddy 1iu
Luanalunguan@naniu ‘ﬁam‘%’umﬂuawﬁufdw 9ladisuaziannunainnans a371891%289
Duhart LazAKE [22] WU calix[4]arenebiscrown-6 wwyliauinasfidaudatudanieasmansanyn
FiFronaanninvanfonmafinefvlduddafidseininwdasnimatauuusaanad

ftadaieiandfiiing benzothiazolyl 1Huasdiizznay iudunudndunibifinuinawsaifia
saedaunulans (metaligand  complexes) 6@ 'it"mr_hwaa‘éunuﬁunsjuﬁuﬁmﬁqﬂﬁ 1.2
azaaululasiauuszdanailuny venzothiazolyl 9z1seWn @RI donor  atom lupnszftonon
TanzunindduasFudifinavon 15u 2-(o-hydroxyphenyl}-benzothiazole (L1) 9:Anaznaniy Cu’,
cd”, Pb”, Co uar NP luarsaraneniWiwed acetic-acetate [23] W38 N-benzothiazol-2-yl-
benzamide (L2) \iaasidadanlany cu™, N, P uaz zn” [24] wy benzothiazolyr'ﬁ@iaag:ﬁ'ma
diazacrown ether (L3} ®1130&3H 4 Ag(l) WU liquid-membrane transport sthafiamuduwas [25]
wanIndi SafiTowin 2-mercaptobenzothiazole (L4) iiaaaiiafeuldnyu Bi, Cd, Co,
Cu, Au, Pb, Hg, Ni, Tl U8z Zn [26] #38 mercaptobenzothiazole figiafiy calix[4jarenes (L5) Saldlu
nsa319 Ag-lon Selective Electrode @9wudn fianudunwizda Ag” nile Hg® wn [27] &
S. Afsaneh Uasftu: [28] “leTﬁ’m’né'ﬂmJ':"ﬁﬁn’lwsaﬁ"auﬁunuﬂunsjuﬁ 1oun ‘2-mercapto-
benzothiazole (L6) tWelfillwwazasudslumaninanuiduiuves Ag- lasldasazany sodium
thiosulfate  (iludrrlassulansaansnidarasuds luewissiiswrmdunniaaima e
(T (preconcentration factor) 1YL 300 FIANNAMIQATULINAL 343 pglg uss %R.S.D.
i 2.04 (n=7)

MRG4780108



unfl 1 uml 7

o0 L

L6

A e - s _
71 1.2 dradnvesdunuaniing benzothiazoly! iilussfiusznay

1.4 JaUsraoduaztaunavasnwidy

Lﬁaamnﬁunu@fﬁﬁv\g benzothiazolyl Juasdtsznavsuninifiadiaanuloasulansle
wamnuagziia lasawizngulanzwin s‘fmfu'lumu%ﬁ'uﬁﬁatﬁan‘ﬁLmuefﬁﬁugﬁandmmﬁm%‘u
winufdaddneariialwilasrimasilulwsRaddnies uazfineniladviifinadenmsanalason
Tanzninfouvuuunfuazasdud loud pH - v lunsana audutueasarsazaofiids:
drauynisaadulaseulan: darmsluadiuaeduisasaiazas navadlasauuninaea
(interfering ions) @amsafauazdurniaaimaivanututu laglassulansAlinasas dud
cd®, co”, o, Pb? uaz NP wananil farhmmesaumaiuaudiduleaaanlanslwiian
WRAIETTN AN
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2.1 w3asiipuazainnl

1. Flame atomic absorption spectrometer ju AAnalyst 100 {Perkin-Elmer)

- LY ) - 1 Fy ol 4 p [ o
dminanaialanswinriladn g lasldinmzminiiies faufigiiofmuadiaisaf 2.1

4 - A ) g kg =
A179n 2.1 W']ﬂ3JUilB%ﬁ’l“?ﬂﬂ’ﬁ@ﬁ?ﬂ’lﬂlﬁ&l’lﬂﬂﬂ‘lﬁ:@l']LII.Ylﬂuﬂ FAAS

Operating condition Cu Pb Cd Co Ni
Wavelength (nm) 324.8 283.3 228.8 240.7 232.0
Slit width (nm) 0.7 0.7 0.7 0.2 0.2
Lamp type HCL HCL HCL HCL HCL
Lamp current (mA) 15 10 4 30 25
C,H, flow rate (mL min”) 3 3 3 3 3
Air flow rate {mL min") 10 10 10 10 10

*Hollow cathode lamp

2. Nuclear magnetic resonance spectrometer 400 MHz {Bruker) fMIVANIRBUAN U
2189 RunUENANATILS

3. Nuclear magnetic resonance spectrometer (DPX-300 Brucker Biospin): 13C-NMR solid
statedniuanarsudnyaedinuaaiithum ndioudasuiunududa '

4. CHON/S analyzer ju PE 2004 series Il (Perkin-Elmer)

5. UV-Vis spectrophotometer (Varian Cary 50)

6. pH meter T;u pH 211 (Hanna instruments) ‘

7. Peristaltic pump (ISMATEC) 19373 Tygon tubing R 3607 i.d. 2.79 mm wall 0.86 mm

8. Mini-column 1% stomach tubing tdurMgUININITZINIL 2.8 mm EWMILLTIRAG

« A & as [V = v
‘IIENLL'LNLwaﬁﬂﬂ’m’ﬁﬂnﬂ1u'§:UUﬂaﬂl.ml.l.ﬂ:ﬂ’l‘j‘twuﬂ’l’ml‘llu'uu‘ﬂaﬂﬂﬁz
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2.2 §151AH

- [IN] LY .!' A [¥]
mmaiinnsfiadu AR grade lflummassdlarhidiumshldudansdn & miudaah
- -l A [
a:mﬂaumﬁmﬂu commercial grade LTW dichloromethane, hexane, methanol Uf: ethyl acetate

3 ' L o = [ o
ﬁl:ﬁ'\m'maunau'l'n TIUATTRITIAUUNTUA UFAIAIANIIN 2.2

“ - ) (-
A171IN 2.2 T’]Uﬂ‘TTmTLﬂNU']J'ﬂuﬂluﬁ']u']ﬂU

msnd ' Vitndnaa
3-Aminopropyltriethoxysilane Acros Organic
2-Aminothiophenol Merck

Ethyl cyano acetate Fluka
Single standard solution Cu, Pb, Cd, Co WR: Ni 1000 ppm Fisher Scieniiﬁc
Calcium nitrate Merck
Magnesium nitrate ' Merck

Nitric acid Merck
Potassium hydroxide Merck
Potassium nitrate _ BDH

Silica gel 60 ' Fisher Scientific
Sodium chloride Carlo Erba
Sodium nitrate Carlo Erba
Sodium sulfate anhydrous - ' Carlo Erba

a Fr .
2.3 maasndanwafiBonnan s benzothiazolyl

o AJ J 1 h . b o 8 L :
muaTondinaafitieudadan benzothiazolyl vldaidu 3 Tuaaw aait

LA | o ‘
1 1 NMITILATIEN 2-benzothlazole ethyl acetate [29]

S NH; N
@ + NC/\I,/O\/—>Hea[ ©: A\ + NH;
Z g l S 0
O
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. o
AUUBINTY ethyl cyanoacetate (6.0 g, 53 mmol) UR: 2-aminothiophenol (6.6 g, 53 mmol) 11
o e o J o = - A o 4
120 °C muldutsenmealulasiawdius 2 Tl Warasmmubusailagunniivaauirazaodae
. & v oA o v [Ty - [ v
dichloromethane mnuuﬁnlnmqnm‘fwﬂaﬂmﬂmm'[nnﬂmau'l.'nfnammmﬂumgmm unsly
dichloromethane (Tudar: sldufasustidwhduinies (11.1 g, 50.0 mmol, 94%)

Toys 'H-NMR spectrum (CDCly, 400 MHz.): & (ppm)
8.03 (d, J = 8.4 Hz, 1H, ArH)

7.88 (d, J = 8.4 Hz, 1H, ArH)

7.48 (t, J = 7.6 Hz, 1H, ArH)

7.39 (t, J = 7.4 Hz, 1H, ArH)

4.26 (q, J = 7.2 Hz, 2H, -OCH,CHs)

4.16 (s, 2H, ~CH,COOCH,CHs)

1.31 (t, J = 7.2 Hz, 3H, -OCH,CHj)

& J
W 2 MAI8N 3-aminopropyl silica gel (Si-Amine)

\ Toluene O\ /\/\
oH * EtO—Si\/\/NHz ——— o—Si NH,
/ Reflux, N, yd + EwOH
——QOH EtQ ___0/

Si-Amine

HRUTANMIAR 25.0 g 1 dried toluene 150 mL W&L@y 3-aminopropyitriethoxysilane 10 mL
a v g v 2 -~ o - =~
auuazmsInsnduanaumeldussomalulasaudune 24 lue  devawmaniuana

- v Y o - [ .
qannil Weoudy nissmesuddisieeantasgygnme §19d7 dichloromethane (2X200 mL)
P o~ R RV g . . - - Py .
GunTanmianlaiin Si-Amine tiululadinmefinalflunmmaesasdsly

o[ BuR 13C—NMR spectrum (solid state NMRY): § (ppm)
43.38 (-Si-CH,CH,CH,NH,)
_26.17 (-Si-CH,CH,CH,NH,)

10.09 (-Si-CH,CH,CH,NH,)

70Ya Elemental Analysis: C 5.890, H 0.978, N 2.352
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. _
i
fWuN 3 MsaTan benzothiazolyl silica gel (Si-Benzo)

o,
e g T s
o PPt

Toluene Reflux

O 5
0 /U\/L C + CH,CH,OH
e -

Si-Benzo

HaY Si-Amine 25.0 g lu dried toluene 150 mL st benzothiazole ethyl acetate 1.0 g A%
> Y - - P A a o
wazlanuiouni 100 °c neldussenmelulasowdvwiem 24 Flue  dievasuauifiureiy

-~ [y [ a % .
am“ﬂu“ﬂﬂuﬂ')n’ﬂd'ﬂﬂﬂLl%\]@]']ﬂlﬂ'jﬁﬂﬂ'faﬂf!fymv'lﬂ'lﬂ ﬂ']\'l@.f'lﬂ dichloromethane (2X200 mL) U/s

1 u

[ - - I o e “e PRV g . &
methanol (2X200 mL) aldvasudidmfaailuniaims Sonddmieaf l@iin Si-Benzo (Aiuluia
- « o ]

Famafinalflunmanassialy

ﬁaga 13C-NMR spectrum (solid state NMR): & (ppm)
188.48 (-NHCOCH,-)

168.46 (-CH,CNS)

153.056 — 122.97 (ArC)

42.94 (-Si-CH,CH,CH;NH;)

22.76 (-Si-CH,CH,CH,NH,)

10.33 (-Si-CH,CH,CH,NH,)

Toya Elemental Analysis: C 8.929, H 1.613, N 2.430

2.4 msanalansuiinaiy Si-Benzo wssuuuung

#1 Si-Benzo Wi minusinanlndifios 20.0 mg lanaaanaasspuaiduruaudna 13
mm @NRTezaL cu” utw 5.0 mgl Y3u1as 5.00 mL i pH enudainy (UL pH 289
AIATAINIY 1% KOH UR: 5% HNO;) AuaNTassuduiniasnuusiindn (magnetic stirrer) fat
nafmanzas ﬁqmﬁqﬁﬁao uun‘ﬁv'um‘sa:muﬁummuﬁoﬁwm‘%aam‘mmﬁlmﬁ 3500 rpm tHutan
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Pl & A - [ [” - .
5 wifi iurussazasash ldanviadiinalanzndimsaiasioinaiia FAAS lasaiunmw
N19331% (standard calibration curve) uazynmimasaidi 3 srdmiulansudscoiia
- A a Y )
lossulanzafiadug Mmmmesedluwimandoriu  Tasarnudutuvasmsazanslossu
o v e [V 4 '
TanzBuaunlaiiuail
2+ a
®198=8N8 Pb M 10.0 mgi
2 LY *
fsasany Cd 1t 2.0 mg/L
2 [
fsazany NI g 5.0 mgiL
2 A ¥
§1IAZ818 Co  1iiudiu 5.0 mg/l
" L ' ~ w ¢ o A
finmdadunfinadanisanalaveminluszvuwumaaail
' - o - o P )
1. pH Mminzauiiinissiafidsz@ninmanniiga
o v 1Y -l e
mmmasadnanldnsnlitedulasldesazanalancsh pH 1-6 -
-l a af [y o - . of -
2. nalflumsadaihlimmsdalusininwinniga
a oM o v o w % -l «l .
mmaeassdinldnanlithadu lasldarazaolansii pH Aivwunzsay uazldiianlunis
analugag 5-60 wifi
- ot ad - ol ] o
3. lelmAfurasmigady iefinwmn@ninranmigaduszniv SiBenzo fivlassulans
4‘ . et . . - :J‘ ] X ]
uazNBMIAINTININIQATUFIER (maximum sorption capacity) vaaailnildelaaanlanzuda:
- [ vy W u - w o
sia  Ymmeassastnan 1 iten  lasldasaraelessulanzi pH  waztianlunisanan
P -~ X <9 o v f
wanzan Agunndl 208 + 1 K il enudiduvaissazaelansilinaassaglugis 5.0-300.0
mg/L
' v W - a [ I - @
meanututuredlassulanziasiala hindnudulinalansigngaduda
vhwiinwes Si-Benzo ' | | '

2.5 mMsanalanzmiinaay Si-Benzo Tuszyuaasu

haaauniawaidudvgudnanalszanm 2.8 mm ﬁm‘sqﬁ":mﬂa Si-Benzo dhminuyinen
1n&ifins 20.0 mg (Wiodmitnduamuanuminzay) andwmasazss Cu’ [ dudu 5.0 mgll 3o
gTRZAY Pbo 1TuTM 10.0 mgiL) i pH 4.5 U31a3 5.00 mL Tanfidasnmslna flow rate) 183
mia:mumuﬂaé‘uﬁmm‘n’aomi‘fimwﬂu{wu peristaltic pump (uamd’agﬂﬁ 2.1) ﬁqmnqﬁﬁao
né’wlmfuﬁ'lmwz‘laaauTam:ﬁgnﬂﬂiuluﬂaé’uﬂﬂumummzmuﬁ’w:ﬁmm:amﬁmm 5.00
mL Tasfidanmiinafimunsauwidionnu

ﬂﬂmia;mu'laaauTan:ﬁ';humnﬂaé'uﬁua:mm:mu‘?’l'zj:'l@i’ TWenaladFinadansdae
inaila FAAS lagadanminasguaud@oadumsadaluszuuiund
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