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ABSTRACT

Insoluble porous solid macrocyclic 1,4,7,10,13-pentaazapentadecane-3,14-
dione-1-propyl-N-propyl polysiloxane ligand system of the general formula
P-(CH,),-NH-(CH,),-C.H,,O,N,, (where Prepresents[Si-O] _siloxane network)
has been prepared by the reaction of macro-silane agent with tetraethyl
orthosilicate. The macro-silane agent was prepared by thereaction of iminobis
(N-2-aminoethylacetamide) ligand with 3-iodopropyltrimethoxysilanein 1:3
molar ratio respectively. The new prepared polysiloxane system exhibits
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high potential for the uptake of metal ions (Fe*, Co*, Ni?*, Cu?*, Zn?*, Ag",
Cd?, Hg? and Pb?"). Chemisorption of the metal ions by the ligand system
at the optimum conditionswas found inthe order: Ag*>Pb* > Hg? > Cu?*

> Ni% > Fe** > Co*> Cd* >Zn*

1.INTRODUCTION

Preconcentration and separation of dissolved trace
elementsby achemically modified solid supportshave
been studied intensively in recent yeard**%. The
polysiloxaneimmobilized ligand systems have become
particularly attractive solid supports because of their
mechanical, therma and chemical stability. Theseor-
ganic/inorganic hybrid material s have a so become of
great importancein science and industry, because of
their widespread applications. The polysloxaneimmo-
bilized ligand systems can be synthesized primarily by
the sol-gel process'#19. Thesol-gel method include
hydrolysisand polycondensation of Si(OEt), and an
appropriate silane coupling agent™9, Further chemi-
ca modification of functionalized polysloxaneimmobi-
lized ligand systems has been used to produce new
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polysiloxane derivatives?>?. The incorporation of
chelating groupsonto polysiloxanesisfinding itsway
into anincreasing number of gpplicationsinareassuch
asextraction of metal cationsfrom organic and aque-
ousmedium+? useasstationary phasesinliquid chro-
matography'®28 and for the catalysis of reactions
(17,2728 Such materials have many advantagesover or-
ganicresins, dueto their high thermal, hydrolytic and
mechanica stability, in additionto lack of swellingin
solvents*3, Many techniqueshaverecently been ap-
plied to characterize their chemical structures®-%l. In
thiswork, anew functionadized macrocyclicligand sys-
temwasmadetoinvestigateitsmetal uptake capacity
toward some metal ionsincluding (Fe*, Co?*, Ni?,
Cu#, Zr?t, Agt, Cd?*, Hg?* and Pb?") in agqueous sol u-
tions
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2.MATERIALSAND METHODS

2.1 Reagentsand materials

Tetraethylorthosilicate, 3-chloropropyltrimethoxy
silane, ethylenediamine and iminodiacetic acid, were
purchased from (MERCK) and used asreceived. Ac-
etone, diethyl ether and methanol (spectroscopic grade)
were used asreceived. Meta ion solutions of the ap-
propriate concentrationswere prepared by dissolving
themetal chlorides (in case of Fe**, Co?*, Ni?*, Cu®,
Zn?* and Cd?*) and metal nitrates(in caseof Agh, Hg?*
and Pb?*) indeionizedwater, (dl of themwereanandar
grade salts). Different pH ranges (3.5-6) were con-
trolled using aceti c aci d/sodium acetate buffer solutions.

2.2. General techniques

Anaysisfor carbon, hydrogen, and nitrogen were
carried out, using anlemental Anayzer EA 1110-CHNS
CE Instrument. Theinfrared spectrafor thematerials
wererecorded on aPerkin-Elmer FTIR, spectrometer
using KBr disk in therange 4000 to 400 cm™. All pH
measurementswereobta ned using HM-40V pH meter.

2.3. Methodsof preparation

2.3.1. Preparation of 3-iodopropyltrimethoxyslane
(L-1)

The 3-iodopropyltrimethoxysilanewas prepared as
previously described™, where 3-chloropropyl trime
thoxysilane (19.87g, 0.10mole) was added dropwise
toasolution of sodiumiodide (15g, 0.10 mole) in 100
mL of dry acetonewith stirring, at room temperature.
Themixturewasrefluxed a 70°C for 48 hours. White
solid of NaCl wasfiltered off and the solvent wasre-
moved under reduced pressure at 60°C. Theresidue
wasextracted four timesusing 100 mL of diethyl ether
usingaseparaory funnd. Thediethyl ether wasremoved
at 35°C under reduced pressure producing alight yel-
low oily product.

2.3.2. Preparation of diethyliminodiacetae DEIDA

This compound was prepared as previously re-
portedi?21, by adding iminodiaceticacid (30.0g, 0.4
mol) to 300 ml of absoluteethanol withirring, towhich
thionyl chloride (93.86 g, 0.8 mol) wasadded dropwise.
Thereaction mixturewas stirred and refluxed at 80°C
until al theiminodiacetic acid wasdissolved. Thereac-

= Fyf] Paper

tionwas allowed to proceed under reflux for further 5
h. The mixture was cool ed to room temperature and
theexcessof ethanol and SO, wasremoved by evapo-
ration under vacuum. Theresiduewasdissolvedin 100
ml distilled water and 150 ml of chloroform wasadded.
Then 33% of sodium hydroxide solution was added
dropwisewith shaking after each addition, so that the
diethyliminidiacetate passed into thechloroformand the
pH of the solutionwas adjusted to around 7. Theagque-
ous layer was extracted repeatedly with chloroform
(4x150 ml). Thelayer of chloroform was separated
and then dried for 2 hours over anhydrous MgSO,.
Thechloroformwasremoved at reduced pressureand
theresidue product wasdried in vacuum (0.1 torr) for
at least 1 hour.

2.3.3. Preparation of iminobis(N-2-aminoethyl
acetamide) ligand (L-IBAEA)

Diethyliminodiacetate (18.9, 0.1 mol), wasrefluxed
with (12.0g, 0.2moal) of ethylenediamine, in 100 ml of
ethanol at 70°C for 48 hours. Ethanol wasremoved at
reduced pressure and theresidue product wasdriedin
vacuum (0.1 torr) for at least 1 hour.

2.3.4. Prepar ation of macro-silaneagent L -macro

Theiminobis(N-2-aminoethylacetamide) ligand
10.99g0.05mol, wasreacted with (43.5g, 0.15mol)
of 3-idopropyltrimethoxyslaneunder reflux in presence
of ethanol (50 ml) for 8 hours. Ethanol wasremoved at
reduced pressure and theresidue product wasdriedin
vacuum (0.1 torr) for at least 1 hour.

2.3.5. Preparation of polysiloxane macrocyclic
ligand system (P-macr o)

Themacrocyclicligand system wasprepared by
adding (5.89g, 0.01 mal) of themecrocyclicSlaneagent
to(6.24g, 0.03mal) of tetraethylorthosilicatein 20 ml
ethanol while stirring, followed by 5.67g of H,O. The
mixturewas|eft with stirring, gel ation occurred within 1
minutethegel wasleft for 12 hoursand dried at 100°C.
Themateria was crushed, sieved, washed with suc-
cessiveportions (50 ml) of water, methanol and diethyl
ether. Finally the product was dried for 12 hours at
100°C.

2.3.6. Metal uptake experiments
A 100 mgof functiondized polysiloxane-immobi-
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lized macrocyclicligand system was shaken with 25
mL., 0.01 M of agueoussolution of thegppropriate metd
ions(Fe*, Co?**, Ni?", Cu?*, Zn?*, Ag', Cd?, Hg* and
Po?*) using 100mL polyethylenebottles. Determination
of themetal ion concentration was carried out by al-
lowing theinsoluble complex to settle down and ap-
propriatevolumeof the supernatant waswithdravnusing
amicropipette then diluted to thelinear range of the
calibration curvefor each metal . Each study was per-
formed at least inatriplicate. Themeta ion uptakewas
calculated as mg of M™/g ligand. Metal uptake was
examined at different pH valuesand different timein-
tervas.

2.3.7. Recovery of metal ions from their ligand
complexes

Recovery of metal ions was carried out by two
methods. Thefirgt wasby treatingthemeta complexes
of theimmobilized ligand sysemwithEDTA. A definite
amount of themetd-ligand complex (100 mg) wasmixed
with35mL of EDTA (0.1 M) at pH 10 using ammo-
nium buffer. Themixturewasl|eft with shaking for 72
hours. Themetd ion concentration which detached from
the solid ligand complex and bound to EDTA was di-
luted and determined by means of atomic absorption
spectroscopy. The second method was achieved by
washing theligand complex with50mL of 1.0 M HCI
for 30 minutesthen diluted and determined using aomic
absorption spectroscopy.

3.RESULTSAND DISCUSSION

3.1. Preparation of 3-iodopropyltrimethoxysilane
(L-1)

The3-iodopropyltrimethoxys inewasobtained from
thereaction of 3-chloropropyltrimethoxys lanewithan
excess of sodiumiodideusing acetoneasasolvent un-
der reflux (SCHEME 1). Thedementd andysisresults
of theproduct aregiveninTABLE 1.

Fromthedementd andysisgiveninTABLE 1itis

acetone

reflux 48 hr, 70°C
(CH30)38|(CH2)3| + NaCl

SCHEME1

(CH30)5Si(CH,)sCl + Nal

clear that most of chlorine atomshave been replaced
by iodine. Thedight decrease of the percentage of C,
H and | from the expected valuesisobviously dueto
incompletereplacement of Cl withl.

3.2. Preparation of diethyliminodiacetate (DEIDA)

Thediethyliminodiacetate was prepared by direct
reaction of iminodiacetic acid with absoluteethanol in
the presence of thionyl chlorideasgivenin SCHEME
2. Thedemental analysisisgiveninTABLE 2.

TheFTIR spectrum of the diethyliminodiacetateis
showninfigure 1. The spectrum showstwo character-
istic bands at 1738 cm™* and 3352 cm? for v(C=0)
ester and v(N-H) secondary amine stretching vibra-
tionsrespectively. The spectrum showsa so an absorp-
tionband at 1372 cm?, which belongsto CH,, bending
vibration of thediphatic ethoxy groups.

i o 7 ;= + — . %
e - 3 A Etes LA 1883 [

Figurel: FTIR spectraof diethyliminodiacetate (DEDA)

TABLE 1: Elemental analysisdatafor 3-iodopropyltrimethoxy
silane, L-I

Element C% H % Cl% | % Ci
Expected 24.8 53 0.0 43.8 6.0
Found 23.2 4.6 15 40.5 6.0

TABLE 2: Elemental analysisdatafor diethyliminodiacetate,
DEIDA

Element C% H % N % CIN
Expected  50.8 8.20 7.30 8.00
Found 51.2 8.3 7.31 8.17

HN(CH,CO,H), + EtOH SOCl,
70°C, 32 hrs
NaOH

NH(CH,COCI),*Cl- + so, Chlorofor

CHEME?2

Au Tudian Yourual



MSAIJ, 4(4) July 2008

Nizam M.EI-Ashgar and Monzr S.Abdel-Latif

277

o]

I
CHZ_C_OCZHS
HN + 2H,N(CH,),NH

CHZ_ﬁ_OCZHS

7/ \
CHZ_C_NH NHZ

EthanoI/Requx‘
-2C,H:0OH

HN

CH,—C—NH

NH,
DEIDA Il
(@]

SCHEME3

I
CH,~C—NH  NH,

Ethanol/
Reflux

CH,—~C—NH  NH,
Icl _/
L-IBAEA

3(CH30)3SI(CH)3l + HN

i OMe
OMe CH,~C—NH NH/\/\SIi—OMe
Meo—S~ NN OMe
' |
OMe CHz—ﬁ—NH NH\/\/Sli—OMe
o OMe
L-Macro
TEOS/Ethanol
_ I~
/O =
S~
o CH,~C—NH  NH " si—0—
S~
0—S~ "N ~
N o) Ny
o/ / Ny
CH,~C—NH  NH_~_Si—0—>
S~
[ N2
P-Macro iy
SCHEME4

TABLE 3: Elemental analysisfor macrocyclic polysiloxane
ligand system, P-macro

Element C% H% N% CIN
Expected 31.7 53 10.9 40.1
Found 28.2 4.6 9.2 427

TABLE 4: Maximum metal uptake capacity by P-Macro
polysiloxaneligand system

Metal ion Fe* Co® Ni¥* Cu®* zn* cd* Ag' Hg* Pb*
Maximum
uptake (mg
M™/g ligand)
3.3. Preparation of iminobis(N-2-aminoethyl aceta-
mide) ligand (L-1BAEA)

This ligand was prepared by the reaction of
diethyliminodiacetate (DEIDA), with ethylenediamine.

31.324.7 329 591 7.2 214 2115 172.4176.0
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Figure 2: FTIR spectra of iminobis(N-2-aminoethyl
acetamide) ligand (L-IBAEA)
(SCHEME 3).

TheFTIR spectrum of theiminobis(N-2-aminoethyl
acetamide) ligand; L-IBAEA isgiveninfigure 2. The
spectrum shows a characteristic absorption band at
1648 cmt for v(N-C=0) amide, Sretching vibrationand
no band for the ester carbonyl v(C=0) vibration. This
confirmsthat thereaction between diethyliminodiacetate
and ethylenediamineiscompl ete. The spectrum shows
two peaks at 3357 and 3466cm™* which assigned for
thev(N-H) and v(N-H,) stretching vibrations. Thespec-
trum also showsaband at 1561 dueto 6(N-H) bend-
ingvibration.

3.4. Preparation of polysiloxaneimmobilized mac-
rocyclic, ligand system (P-Macr o)

Thisligand system was prepar ed in two steps

() Preparation of themacrocyclic silane agent precur-
sor by thereaction of iminobis(N-2-aminoethyl ac-
etamide) ligand (L-IBAEA) with 3-iodopropyl
trimethoxy silanein 1:3 molar ratio respectively
(SCHEME 4).

(1) Hydrolytic polycondensation of the previous pre-
cursor with tetraethylorthosilicate (TEOS) in 1:3
molar ratio respectively (SCHEME 4).
Thedementa analysisresult of P-Macroisgivenin

TABLE 3. Thelower Cand N percentagesthan those

expected is probably due to incompl ete substitution

reaction of theiodidewith L-IBAEA amino groups.

The nitrogen percentageindicatesthat each gram of P-

Macro ligand system conatins 1.3 mmol of themacro-

cyclicorganofunctionaized group.

Thesuggested structureof theP-Macro (SCHEME

4) isbased on the stoichiometry of thereactantsin step

I1. Thefound elemental analysisresultsof P-Macro
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TABLE 5: Characterigtic color sof themetal complexesof P-M acro polysiloxaneligand system

Metal ion Fe Cco*

Ni*

cu” Zzn®* cd® Ag° Hg®" Pb*

Color of M-pmacro complex Brown Violet

Green

Blue White  White Black Red Yellow

okl

Figure3: FTIR sectraof themacr o-slaneagent (L -macr o)

Figure 4: FTIR spectra of macrocyclic ligand system
(P-macro)

mg Mg lgand sysem
EB

o 10 o u 40 B0 =1} T an
PH

|+—pHz3.5 —=—pH=d ——pH=4.5 ——pH=5 —r- pH=5.5 ——pH= & |
Figure5: M etal uptakeof Pb(l1) by P-M acr o ver sustime

compared with that expected (TABLE 3) may confirm
the proposed structure.

TheFTIR spectrum of the macro-silane agent (L-
Macro) is shown in figure 3. The spectrum shows a
charcteristic absorption bands at 1648 cm™ for v(N-
C=0) amide, stretching vibration. Broad bandswere
observed at 3452 cm! and 1077 cm* which assigned
for hydrolyzed and condensed slanol groupsrespectively.

TheFTIR spectrum of themacrocyclic polysiloxane
P-Macroisgiveninfigure4. Thespectrum showsthree
characteristic absorptions at 3000-3500 cmr? for

overlapping v(O-H) and v(N-H), 1646.6 cm* for v
(N-C=0) amide and 950-1250 cm for v(Si-O-Si)
sretchingvibrations.

3.5. Metal uptake

Themeta ion uptake capacity of Fe*, Co?*, Ni?,
Cu*, Zret, Ag, Co?, Hg?" and P? asmgM™ /gligand,
wasdetermined by sheking thefunctiondizedligand sys-
tem (P-Macro) with buffered metal ionssolutions.

Maximum metal uptakecapecity by P-Macroligand
systemisgivenin TABLE 4. Theligand system shows
high extraction capacity for Ag*, Pb? and Hg?". Itis
clear that uptake of metal ionsincreasesin theorder:
Ag*>Pb* >Hg?>Cu?* > Niz>Fe* >Co?* >Cd?* >Zn?

The colorsof the meta ions complexesof theim-
mobilized ligand systemsaregiveninTABLEDS.

3.5.1. Effect of shakingtime

Themetal ion uptake capacity of Fe**, Co?, Ni%,
Cu?, Zn?*, Ag', Cd*, Hg?* and Pb?*, wasdetermined
by shaking thefunctionalized ligand system (P-macro)
with different pH buffered solutions of the metal ions.
Measurementswerecarried out at different timeinter-
vas. Theuptakeof lead metal ionsversustimeisgiven
infigure5. It isshown that the metal ion uptakeisin-
creased asafunction of shaking timeand reached equi-
librium nearly at 48 hours where maximum uptakeis
obtained. Similar resultswere observed for the other
metal ions.

3.5.2. Effect of pH

Theeffect of pH onthemetal ion uptake capacity
of Fe*, Co*, Ni?*, Cu*, Zn*, Ag*, Cd**, Hg** and
Po?* by thefunctionalized ligand systems (P-macro) at
48 hoursshakingtimeisgiveninfigure6.

Theresultsshow an increase of meta ion uptake
withincreasing pH vaueand reacheditsmaximum nearly
at pH 5.5. Lower uptake capacity occursat lower pH
valuesdueto protonation of amine groups.

3.6. Recovery of theligand system from itsmetal
complexes

Therecovery of metal ionsafter extraction by the
immobilized ligand system, was examined to evaluate
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Figure6: M etal uptakeby P-Macr o ver suspH values, (48

hr shakingtime)
TABLE 6: Maximum metal uptakever susamount recover ed
of metal ionsby EDTA

mg of Metal ion/g ligand system
Metal Maximum uptake Amount recovered % Efficiency

Fe®* 313 15.3 49.1
Co* 24.7 20.5 82.9
Ni%* 329 25.7 78.1
cu** 59.06 36.0 61.0
zn? 7.2 55 76.3
cd* 214 12.3 575
Agd' 2115 3.05 1.4
Hg* 172.4 40.0 23.2
Pb** 176.0 96.7 55.0

the preconcentration and reuse efficiency of these
functiondized polysiloxanes. Therecovery of metd ions
(Cu?, Hg?, Pr* and Ag") fromtheir ligand complexes
(at their optimumvaues) usngan ED TA solution showed
variableefficiencies. Theresultsaregivenin TABLE6.

It isobserved that the efficiency of metal ion recov-
eryisinthefollowing order: Co?*> Ni?* > Zn?* > Cu?*
> Cd2+Pb2+> Fe’3+ > ng+ >Ag +

Ontheother hand washing theligand complex with
HCIl (1 M) removed nearly al themetal ionsand pro-
duceacleanimmobilized ligand system.

CONCLUSION

Theimmobilized ligand system P-Macrowas pre-
pared by sol gel method. Themacro-silane agent was
prepared firstly by thereaction of iminobis(N-2-amino
ethylacetamide) ligand with 3-iodopropyl trimethoxy
silanefollowed by hydrolytic polycondensation with
tetragthyl orthosilicate (TEOS). Elemental andysisand
FTIR spectrasuggest theincorporation of the macro-
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cydicligand onto the polysiloxanematrix. Thisimmo-
bilized ligand system exhibitshigh potentid for extrac-
tionof metd ionsincluding Fe*, Co?*, Ni, Cu?*, Zr?*,
Ag', Cd?*, Hg?* and Pb?* from agueous sol utions. Maxi-
mum metal uptake capacity occurred at pH 5.5.
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