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ABSTRACT

Porous solid polysiloxane functionalized by 2-(propylamino)benzenethiol
ligand of thegeneral formulaP-(CH,),-NH(C.H,)SH, (Where P represents
[Si-Q], siloxane network) has been prepared by reaction of the immobi-
lized 3-iodopropylpolysiloxane, P-(CH,).-1 with an excess of 2-
aminothiophenol. The ligand system was evaluated for extraction and
preconcentartion of Co(ll), Cu(ll) and Ni(I1) metal ionsfrom agueous solu-
tions. The maximum retention capacity followed the sequence; Cu(11)>Ni(l1)
> Co(ll). The ligand system was also applied as a stationary phase in a
glass column and showed a clean separation of Co(ll), Ni(l1) and Cu(Il)
metal ions aqueous solution mixture. The optimum separation pH values
were5 and 4 for Co(I1) and Ni(ll) cationsrespectively, while asolution of
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0.1 M HNO, was used to elute Cu(l1) cation.
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INTRODUCTION

Preconcentration and separation of dissolved trace
metal ionsonto achemically modified solid supports
have been studied intensively in recent yearg*%3,
Polysiloxaneimmobilized ligand systemsare parti cu-
larly attractive solid supportsbecause of their highther-
mal, hydrolytic and mechanical stability inadditionto
lack of swelling in solventd?4%%, Recently thereisa
growinginterest in synthesisof inorganic polysiloxane
supports bearing organofunctionalized groups&,
Solid-phase extraction and separation of metal ions
based on such solid supports modified with asuitable
complexing agent isfrequently used®!, Preparation
of thesefunctiondized ligand sysemscould beachieved
by two methods. Thefirst method isthe sol-gel pro-
cesswhichinvolveshydrolysis and condensation of
Si(OEt), with the appropriate silane coupling agent
(RO),S X where X representsan organofunctionaized

ligand*52, Thesecond approachisthe chemical modi-
fication of thepre-prepared functionalized polysiloxane
[2229] | n addiition to extraction and separation of metal
cationsfrom organi c sol vents and aqueous solutions
these functionalized systems have been used in many
important goplicationsinclude chromatographic sation-
ary phasesd?*% and heterogeneous catalys 3%, The
aim of the present work isto investigate the optimal
anaytica conditions, including pH, anayte concentra-
tion and samplevolume, for the preconcentration and
separation of Ni2*, Co** and Cu?* metal ionsfrom aque-
ous solutions using anew prepared 2-propylamino)
benzen ethiol polysloxaneimmobilized ligand system.

EXPERIMENTAL

Reagentsand materials
Tetraethylorthosilicate, 3-chloropropyltrimethoxy
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silane, and 2-aminothi ophenol were purchased from
(Merk) and used asreceived. Diethyl ether and metha-
nol (anaytica grade) werealso used asreceived. Metd
ion solutions of appropriate concentration were pre-
pared by dissolvingthemetd chloride (andytica grade)
indistilled water. Variousbuffer solutionswith pH val -
uesintherangeof 3.5-6.0, were controlled using ace-
tic acid/sodium acetate buffer solutions.

General techniques

Analysisfor carbon, hydrogen, and nitrogen were
carried out, using an Elemental Analyzer EA 1110-
CHNSCE Instrument. The concentrationsof metal ions
inthar aqueous sol utionsweremeasured usng aPerkin-
Elmer A Analyst-100 spectrometer. Theinfrared spec-
trafor the materialswererecorded on aPerkin-Elmer
FTIR, spectrophotometer using KBr disk intherange
of 4000 to 400cmt. All pH measurements were ob-
tained using HM-40V pH Meter.

Methods of preparation
1. Preparation of 3-iodopropyltrimethoxysilane

(L-1)

The 3-iodopropyltrimethoxysilanewas prepared as
previously described™®, where 3-chloropropyl trime
thoxysilane (19.87g, 0.10mole) was added dropwiseto
asolution of sodiumiodide(15g, 0.10mole) in 100 mL
of dry acetone with stirring, at room temperature. The
mixturewasrefluxed at 70°C for 48 hours. Whitesolid
of NaCl wasfiltered off and the solvent wasremoved
under reduced pressure at 60°C. Theresiduewas ex-
tracted four timesusing 100mL of diethyl ether usnga
separatory funnel. The diethyl ether wasremoved at
35°C under reduced pressure producing alight yellow
oily product.

2. Prepar ation of 3-iodopr opylpolysiloxane (P-1)

3-lodopropyl polysiloxane was prepared as previ-
ously reported*® by adding 3-iodopropyltrimethoxy
silane(14.5g, 0.05mol) to stirred solution of tetraethyl
orthosilicate (20.8g, 0.1mol) in 20 cm?® methanoal, fol-
lowed by 4.95cm?® of 0.42 M HCI asacatayst. The
mixture was stirred at room temperature for several
hours. Gelation occurred after 24 hours, the gel was
left for 12 hoursthen dried at 100°C overnight. The
materia was crushed, sieved, washed with successive
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TABLE 1: Elemental analysisdatafor P-1 and P-ABT

Polysiloxane Element C% H% 1% Cll
Pl Expected* 10.5 18 372 298
Found 9.7 2.2 343 299

Polysiloxane Element  %C %H %N CIN
Expected* 29.4 3.3 38 9.02
PABT  "Found 266 38 34 913

portions, of 50cm? of water, methanol and diethyl ether.
Finally the product was dried for 12 hours at 10 °C.
Thedementd andysisfor theiodopolysiloxaneisgiven
inTABLE 1.

3. Preparation of polysiloxane-immobilized 2-
(propylamino)benzenethiol ligand system (P-ABT)

2-(propylamino)benzenethiol polysiloxaneligandwas
prepared by adding an excess of 2-aminothiophenol
(6.25g, 0.05moal) to 10g of 3-iodopropylpolysiloxane
(0.027 moal) in 50 ml of ethanol in presence of 1 ml
triethylamine. The mixturewas stirred and refluxed at
60°C for 48 hours. The product was filtered off, washed
with successive portions (50 ml) of 0.025M NaOH,
water, methanol, and diethyl ether, thendriedin vacuum
oven (0.1 torr) at 60°C for 12 hours. The elemental
analysis for the 2-(propylamino)benzenethiol poly
sloxaneisgivenin TABLE 1.

Batch experiments

A 100 mg of the 2-(propylamino)benzenethiol
polysiloxane-immobilized ligand system, P-ABT was
shaken with 25 cm? of 0.02 M agueous sol ution of the
appropriate metal ions(Co?", Ni2* and Cu?*) using 100-
cm?® polyethylene bottles. Determination of the metal
ion concentration was carried out by allowing thein-
soluble complex to settle down, withdrawing an ap-
propriate volume of the supernatant using amicropi-
petteand then diluting to thelinear range of thecalibra:
tion curvefor each meta using atomic absorption spec-
troscopy. Themaximum metal ion uptake capacity was
caculated asmg of M?*/gligand. Each study was per-
formedat leastinatriplicate.

Column experiments
1. Preconcentration experiment

A glass column (250mm long, 10 mm diameter)
waswashed sequentially with 0.1 M nitric acid, water
and acetone. It wasthen oven-dried and packed with a
bed (5.0g, 60-80 mesh) of the 2-(propylamino)
benzenethiol immobilizedligand system, P-ABT. The
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packed materia was activated for each run by washing
with 25cm? of aqueous solution of 0.5 M hydrochloric
acid, followed by deionized water. Findly, thecolumn
was preconditioned by passage of 25cm? of the ap-
propriate buffered aqueous solution to equilibrate the
column as that of the working solution. Solutions
(50cm?, 100 ppm) of each metal ion at different pH
valueswereduted with aflow rateat 1.0-1.5cmmin?
by gravity. When needed, vacuum pump was used to
reach thedesired flow rate. In another experiment, the
column containing the bed (5.0 g, 60-80 mesh) of P-
ABT, wasactivated asmentioned previoudy and solu-
tionsof different concentrations (0.0005-1.0 M) buff-
ered at pH 5.5 were passed through the columnwitha
flow rateat 1.0-1.5cm® mint. The chemisorbed metal
ion waseluted by passing 50 cm?® of an aqueous 0.5 M
hydrochloric acid. Themetal ionsweredetermined by
atomi ¢ absorption spectroscopy.

2. Column separ ation experiment

The column was packed with thefunctionalized 2-
(propylamino)benzenethiol immobilizedligand system,
P-ABT (5.0g, 60-80 mesh). After each usethe column
wasflushed with 0.50 M hydrochloric acid, followed
by deionized water, to remove any uneluted metal con-
taminant. The columnwasthen preconditioned by pas-
sage of 25 cm?® of the appropriate buffered aqueous
solutionto equilibratethe column asthat of theworking
solution. Solution of amixtureof meta ions(Co?*, Ni%*

(CH,0),Si(CH,),-T

+ 2 Eii:D[:EH5:34 —_ =

—= Fyll Poper

and Cu?, each of 100 ppm) wasinjected in the col-
umn, then buffered solutions of controlled pH were
passed through thecolumn at aflow rate of 1.0-1.5cm?®
min by gravity. Thed uateswerecollected infractions
with avolumerange 5-10cmd. Each fraction wasdi-
luted to 50cm?® and theamount of metd ion (mg/gligand
system) in each fraction was determined using atomic
absorption spectroscopy. Theretained metalson the
ligand system were eluted with 10 cm?® of 0.50 M hy-
drochloric acid. The solution wasthen diluted to 50cm?
and themeta concentrationsin the solution were de-
termined by using atomic absorption spectroscopy.

RESULTSAND DISCUSSION

Preparation of 2-(propylamino)benzenethiol
polysiloxaneligand system (P-ABT)

The2-(propylamino)benzenethiol ligand system (P-

ABT) was prepared by two steps (SCHEME 1):

1. Preparation of 3-idopropylpolysiloxanewas pre-
pared asprevioudy reported*® , by hydrolytic poly-
condensation of 3-idodopropyltrimethoxysilaneand
tetraethylorthosilicate (TEOS) in theratio of 1:2
(SCHEME ).

3. Thenew functiondized ligand system (P-ABT) was
achieved by direct reaction of P-1 ligand systemwith
2-aminothiophenal.

Theedemental analyses of both P-I1 and the modi-
fied form P-ABT aregivenin TABLE 1. The lower
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Figure3: Uptakeof Cu(ll) by P-ABT versustime

carbon and iodine percentages for the 3-iodopropy!
polysiloxane, P-1 than the expected values, isdueto
self condensation of 3-iodopropyltrimethoxy silane
which resultintheformation of low molecular wei ght
products, whichwerewashed away.
Fromthedementd andyssof P-ABT (TABLE 1),
itisobviousthat thereaction between 3-iodopropylpoly
siloxane and 2-aminothiophenol occurred. Theresults
show that thefound percentagesof Cand N aredightly
lower than expected ones, which is probably dueto
incompl ete reaction of theiodo groupswith 2-amino

thiophenal.
FTIR spectra
Hnalytical CHEMISTRY o

TheFTIR spectraof theimmobilized 3-iodopropyl
polysiloxane (P-1) and 2-(propylamino) benzenethiol
polysiloxane (P-ABT) ligand systems are given in
figures 1 and 2. The spectrashow three characteristic
absorption regions at 3500-3000 cm* dueto v(OH)
and/or v(NH,), 1645-1560cm™* dueto 5(OH) and/or
8(NH,) and 1200-900 cm™ due to v(Si-O). The un-
smooth band around 3477 cm of P-ABT spectrum
(Figure2) isdueto theintroduction of theamino group.
The strong band at 3947cm is dueto v(C-H) aro-
matic. Thisconfirmsthat the 2-aminothiophenaol func-
tional groupischemically bonded to the polysiloxane
matrix.

Metal uptakecapacity of P-ABT

The uptake capacity of P-ABT for Co?, Ni2*and
Cu?* metd ions, wasdetermined by batch method. The
functionalized ligand system, was shakenwith buffered
metal ionssolutionsfor 48 hours. TheresultsinmgM?/
gligandaregivenin TABLE 2. Theelementd anaysis
of nitrogen of theimmohilizedligand (P-ABT) asgiven
iINTABLE 1was3.4%i.e. 2.42mmol N/gligand. Com-
paring thisva uewith themaximum meta ionuptake, it
Ispossibleto suggest that not al functiona groupsare
access bleto binding with the meta ionsassuming that
ligand to metd complexationratiois1:1. Itisclear that
uptake of metd ionsincreasesintheorder: Cu?* > Ni2*
> Co*

TABLE 2: Maximum metal uptakeby P-ABT

M aximum uptake co® N Ccu*
mg M?*/g Ligand 103.7 1068 1255
mmol M#/g Ligand 176 18 198

Effect of shakingtime

The metal ion uptake capacity of Co?*, Ni** and
Cu?wasdetermined by sheking thefunctiondized ligand
system, P-ABT with buffered solutionsof themetd ions.
Measurementswerecarried out at different timeinter-
vals. Theuptake of copper ionsversustimeisgivenin
figure 3. It isshown that the metal ion uptakeisin-
creased asafunction of shaking timeand reached equi-
librium nearly after 48 hourswhere maximum uptake
wasobtaned. Similar resultswereobservedfor theother
meta ions.

Effect of pH
Theeffect of the pH on uptake of metal ions (Co*,
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Figure4: Utakeof metal ionsby P-ABT versuspH values,
(48 hr shaking time)
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Figure5: Preconcentration of Co(l1), Ni(I) and Cu(l1) asa
function of metla ion concentration (5.0 g of ligand
system; flow rate1.0-1.5cm®*min?; pH =5.5)
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Figure6: Separation of amixtureof Co(lI),Ni(l1) and Cu(ll),
(5.0gof ligand system; flow rate=1.0-1.5 cm®*min’; total
eluent volume=500 cm?®)

Ni2*and Cu?") by P-ABT isshown in figure 4. The
results show anincrease of metal ion uptakewithin-
creasing pH valueand reached itsmaximum at pH 5.5.
Minor uptake capacity occurred at low pH values (pH
=3.5) dueto protonation of aminegroups. Thisreduces
theability toformmetal complexes. Itisclear that the
metd uptakestartsto decrease after reaching the maxi-

—= Fyll Poper

mum value. Thisis probably dueto theformation of
hydrolyzed speciesof metal iong=!.

Preconcentr ation of metal ions

Theability of P-ABT to preconcentrate metd ions
from agueous sol ution was eva uated us ng aqueous so-
lutionsof metd ionsat different concentrations. There-
asultsaregiveninfigure5. Theamount of meta ionre-
covered by theligand system increaseswithincreasing
concentration up to themaximum vaue. Themaximum
chemi sorption valueswere obtained at concentration
of 0.5M of theeluted metal ionsand foundto be 127
mg Cu, 108 mg Ni and 105mg Co per gram ligand
system. Accordingto theelementa analysisof P-ABT,
theN analysiswasfoundto be 3.4%:i.e. 2.43mmol N/
gligand. Thesevauesgiveapreconcentration efficiency
of the column in percentages of 82.3%, 75.7% and
73.4% for copper, nickel and cobalt respectively. At
low meta ionsconcentration, ~100% extractionswere
achieved. Thispromisesthe column to preconcentrate
thesemeta ionsefficiently.

Separ ation of metal ions

Separation of amixtureof metal ionsCu(ll), Ni(11)
and Co(Il) was performed by eutionwith buffer solu-
tionsat different pH vaues. Threebandswere observed
by controlling the pH. A blue color band of Cu(ll) was
observed upstream followed by a green and a pink
bands of Ni(Il) and Co(ll) respectively. These bands
were eluted cleanly from the mixture by pH control.
Figure 6 shows the separation of Cu(ll), Ni(Il) and
Co(Il) metd ionsasafunction of eutionvolumeat vari-
ablepH vaues. Complete separation of Co(ll), Ni(ll)
and Cu(lI) from solution mixture was performed and
improved by stepwise pH control of theeluent . The
desorbed amount of metal wascal culated fromtheto-
tal fractions of 500 cm?. Threewdll resolved peaks of
cobalt, nickel and copper ionswereobtained, at pH 5,
pH 4 .and 0.1 N HNO, respectively. This promisesthe
ligand system to be efficient in aclean separation of
thesemetd ions.

CONCLUSION

Theimmohbilized 2-(propylamino)benzenethiol ligand
system was prepared by treatment of the 3-iodopropyl
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polysloxanewith 2-aminothiophenol. Thisimmobilized
ligand system exhibitshigh potential for extraction of
Co*, Ni# and Cu?* metd ions. Thisligand system has
been shown to be an effective solid-phase preconcen
tration agent for cobalt, nickel and copper at pH 5.5.
Theligand system exhibitshigh potentia for separation
of amixture of Co*, Ni?* and Cu?" metal ionsfrom
agueous solution by pH control.
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