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Abstract:

Silicon (1V) complexes containing mixed ligands:3-fluorobenzaldehyde
semicarba- zone and Schiff-bases (derived from 2- or 3-aminopyridine with 2-hydroxy
or 3-methoxy or 2-hydroxy-3-methoxybenzaldehyde) have been synthesized . Complexes
of the type [SI(FBSCH)2(LH)]Cl, , [SI(FBSC)2(L,H)]Cl; and [Si(FBSC)2(L)]CI (where
LH = Schiff-base ligands , FBSCH = 3-fluorobenzaldehyde semicarbazone , FBSC =
deprotonated semicarba- zone, n = 2 or 3) have been proposed . They are characterized
by elemental analysis , electrolytic conductivities measurements , infrared and
ultraviolet spectra . The results indicate that the ligands FBSCH and Schiff-bases acted
as bidentate chelating ligands, and the resulteing complexes have octahedral geometries

—:alitnl)

OISk gl Sh g0t —F 1 UG (e e S dgglad) (1V) GuSelad] @i judaad o
—¥o St —Y ) S — ¥ g S oa Y ae G st Y ) - Y e ABAA) Ciud el gl
[SI(FBSC),(L)ICI $ [SI(FBSC)o(LH)ICl> 8 [SI(FBSCH),(LH)ICI, gl a ) | (ailguall 3y (oS siisa
FBSC ¢ (g b Siasu silgaal) 3hg sl —¥ = FBSCH ¢ wiad ) 8 Iail€d = LH ¢ua) b uaaal) & dinall
saliall G8a) Jalasl) aladialy Aol cldeall cuadd L (¥ o) Y= n o Ot Ada JIe QusbuSaad) =
O il cadg L Apedll) Gsd AadY) by gl peal) cad dad) cishy A Sl Aluagl (uldy
S g ) Al el (g ¢ Al Gud) Al S JSE Jaad Ciud 3] ghy FBSCH i ailsyll
. b

I ntroduction

Since d-orbitals of silicon tend to berather diffused and of higher energy than
itss and p-orbitals, thusits complexes with donor ligands have silicon with
coordination number higher than four seem to be somewhat rare[1] . Recent work
showsthat silicon can form complexeswith penta, hexa and even hepta coordination
numbers([2] .

Semicarbazones are ligands bonding through the nitrogen and oxygen atoms to the
central metal ion forming models for metal-ligand bonding sites in several enzymes [3]
Semicarbazone complexes of some elements have been reported [4-6] .

* Received on 16/2/2005 - Accepted on: 9/ 6/2005
*Prof. Dr., Chemistry Department, Education College, Mosul Univer sity,
**|_ecturer, Chemisrty Department, Science College, M osul Univer sity



Schiff-bases represent a versatile series of ligands , the metal complexes of which
have been widely studied [7-9] . Recently , there has been considerable interest in the study of
mixed ligand complexes due to their important biological processes[10,11] .

Since mixed ligand complexes with silicon (IV) have not yet been introduced , the aim

of the present work is , therefore , the preparation and characterization of new silicon (1V)

complexes with mixed ligands 3-fluorobenzaldehyde semicarbazone (FBSCH) and Schiff-

bases { 2-pyridinosalicylidene (L1H) , 2-pyridino-3-methoxysalicylidene (LoH) , 2-pyridino-2-

methoxybenzilidene (LsH) , 3-pyridinosalicylidene (L4H) , 3-methyl-2-pyridinosalicylidene
(LsH) , 3-iminopyridinosalicylidene (LgH) : Figure 1} .
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Figure 1. Model structures of the ligands

Experimental

|- Preparation of the Ligands

3-Fluorobenzaldehyde semicarbazone has been prepared [4] by refluxing equimolar
guantities of semicarbazide hydrochloride , 3-fluorobenzaldehyde and sodium acetate
solutions for about one hour . The precipitated semicarbazone has been filtered off , washed
with cold water and recrystallised from ethanol (m.p.=230 °C)

Schiff-base ligands have been prepared [7] by refluxing equimolar quantities of 2- or
3-aminopyridine and the appropriate aldehyde for about one hour . The formed Schiff-bases
have been filtered off from their cold solutions and crystallized from hot methanol (m.p. of
LiH = 67-67.8, Lo,H = 96-98, LsH = 136-140, L4H = 68, LsH = 87-89, L¢H = 50-54 °C).

II-Preparation of the Complexes:



A-Neutral Medium

Complexes of the type [Si(FBSCH),(LH)]Cl, have been prepared by the reaction of
SiCl, with ethanolic solutions of 3-fluorobenzaldehyde semicarbazone and Schiff-bases
ligands in 1:2:1 molar ratio using (7.5-10 ml.) .The mixtures have been refluxed for 3 hrs. ,
evaporated to about half their volumes and cooled in ice-bath . The resulting products have
been filtered off , washed with cold ethanol and dried .
B-Basic medium

Complexes of the type [SI(FBSC),(L3H)]Cl, or [SI(FBSC),(L)]Cl have been prepared
by the reaction of SiCl, with 3-fluorobenzaldehyde semicarbazone and Schiff-bases in 1:2:1
molar ratio . Ethanolic sodium hydroxide solution has been added to the mixtures until pH ~9-
9.3 .The products have been filtered off , washed with cold ethanol and dried .

llI-Analytical and Physical Measurements

Elemental analysis for the resulted complexes have been carried out on a CHN
Analyzer type 1106 (Carlo-Erba) at Department of Chemistry , College of Science , Mosul
University . Molar conductivities of the complexes have been measured in an electrolytic
conductivity measuring set LF-42 using 10° M ethanolic solutions a room temperature .
Infrared spectra have been recorded on Pye-Unicam 1100 spectrophotometer in the 400-4000
cm™ range as KBr discs . Electronic spectra have been recorded on Shimadzu UV-Visible
spectrophotometer , UV 160 for 10* M solutions of the ligands and their complexes in
ethanol at 25°C usingal cmcell .

Results and Discussion

The reaction of SiCl, with 3-fluorobenzaldehyde semicarbazone and Schiff-basesin
both neutral and basic medium may be represented by the following reactions:

SiCls + 2FBSCH + LH — [SI(FBSCH), (LH)]Cl4
(1) neutral medium
SiCl4 + 2FBSCH +LH +2NaOH — [Si(FBSC)2(LH)]Cl, +2NaCl +2H,0
(1) basic medium
SiCl4 +2FBSCH +LH +3NaOH— [Si(FBSC),(L)]Cl +3NaCl +3H,0
(111) basic medium
(whereLH=LH,LH,LsH,L4H ,LsH,LgH ;LpiH=L>H ,LsH ;L =L1,Ls,Ls,Le)

The resulting complexes are solids , moderately soluble in methanol , soluble in
ethanol and dimethylformamide . The elemental analysis reveals that the complexes have the
composition | , 1l and Il in neutral and basic medium , respectively . lonic nature of the
complexes is confirmed by the conductance studies in ethanol medium . The values of the
molar conductivities for the complexes prepared in neutral medium are closer to the range
reported for 1:4 electrolytes in ethanol solution , whereas the molar conductivities of the
complexes prepared in basic medium are closer to the range reported for 1:2 and 1:1
electrolytes in ethanol solution [12], respectively, (Tablel) .



The infrared spectra of semicarbazone ligand (Figure 2) shows a strong band at about 1680
cm™ which was attributed to the C=0 group [4,13] . This value shifted towards a lower
frequency on coordination , in neutral medium , indicating the formation of a chelation
between the oxygen of the C=0 group and the metal ion [4,13]. Meanwhile, in basic medium
, this band disappears in the complexes and a new band is observed at 1350 cm™ dueto  C-
O group , thereby establishing coordination of the ligand through the enolic oxygen atom
[13,14]. The next strong band at 1580 cm™* which is attributed to ve-y [5,15] shifted towards a
lower frequency on coordination [5,13-15] which was due to the decrease of the bond order as
aresult of metal nitrogen bond formation [5] . The position of the ligand bands in the range
3400-3500 cm™ remains unaltered in the complexes indicating that there is no coordination
through the NH group [4,5].

The spectra of Schiff-bases (Figure 2) show a strong band in the region 1630-1644 cm™ is
due to C=N stretching vibration [7] . This band shifts towards a lower frequency , which
demonstrate that the imine nitrogen is coordinated to the metal ion [7] . The next other band
in the region 1576-1587 cm™* is due to vy remained unaltered upon coordination [7] .
Moreover the shift in the C-O (phenolic , methoxy) vibration band on complexation supports
the coordination of phenolic and methoxy groupsto the metal ion [7,16] .

The spectra of all the complexes show new bands around 520-580 ,725-735 cm™* due to vs.
n and vs.o , respectively .The presence of these bands strongly supports the coordination of
the ligands under investigation with the metal ion (Figure 2) [4,7,14] .
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Figure 2. Infrared spectraof : A =theligand FBSCH ; B =theligand L¢H ;
C=the complex [S(FBSC),(L¢)]Cl

The electronic spectra (Figure 3) of the ligands and their complexes in ethanolic
solutions have been recorded . The maximum is at about 228-235 and 320-360 nm which are
due to the electronic transition © - «* in the aryl ring , n— n* and n — n* in C=N group ,
respectively [4,14,17] . On complexation , a blue shift (305-310 cm™*) was observed due to the

polarization in the C=N bond caused by the metal-ligand electron interaction during the
chelation [7,17] .
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Figure 3. Electronic spectraof : A =theligand FBSCH ; B = the ligand L¢H ; C= the complex
[SI(FBSC)(Le)ICI

From all the previous study , the proposed geometry of the complexes is shown in Figure 4 .
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Figure4 . Mode structures of the complexes : A = complexesin neutral medium ; B; and B, = complexesin
basic medium

Table 1 :Analytical data & physical properties of the complexes



No. Compounds Colours | M. P.or oy % Analysis (Calc. /Obs.)
d.* *x C N H
°c

1 [SI(FBSCH),(L1H)]Cl,4 Grey 246 d 142 46.04 3.58 15.34
45,79 3.49 15.24
2 [SI(FBSCH),(L,H)]Cl,4 Brown [ Not melt 149 43.53 347 12.08
or d. 43.24 3.38 11.95
3 [Si(FBSCH),(L3H)]Cl,4 Brown 249d 155 46.78 5.79 15.05
46.48 5.68 14.95
4 [SI(FBSCH),(L4H)]Cl,4 Yellow | 198-200 149 46.04 3.58 15.34
45.66 3.46 15.21
5 [Si(FBSCH),(LsH)]Cl,4 Green 220d 149 46.78 5.79 15.05
46.39 5.42 14.85
6 [SI(FBSCH),(LgH)]Cl4 Pale 270d 158 46.78 5.79 15.05
brown 46.29 5.66 14.92
7 [SI(FBSC)»(Ly)CI Grey | Not mdt 40 54.14 3.73 18.04
or d. 53.86 3.62 17.79
8 [SI(FBSC)2(L.H)]Cl, Brown 195 - 78 49.80 3.58 13.83
197d 48.33 4.02 14.11
9 [SI(FBSC)2(LsH)]Cl, White [ Not melt 93 51.56 3.90 16.68
or d. 50.98 4.01 16.39
10 [SI(FBSC)2(L4)]CI White [ Not melt 37 54.14 3.73 18.04
or d. 53.67 3.87 17.79
11 [SI(FBSC)2(Ls)]Cl White | Not met 43 54.84 3.96 17.64
or d. 54.66 4.03 17.55
12 [SI(FBSC)2(Le)]CI White | Not met 45 54.84 3.96 17.64
or d. 4.45 4.04 17.48

* d= decomposition paint ; **~y = Molar conductivity in ohm™cm?mol™

Table-2: IR spectraof theligands & their complexes ( frequencies expressed in cm™)




*Correspond to compoundsin Table 1

. DNH | Vc=0| DNH,| Vco| Ve=N| Ve=N| Vc-o| Vs-o| Vs-N
Comp-* | VE=N | (semi) | (semi) | (semi) | (semi)| (®y)| (sB)| & OH
(semi)
FBSCH | 1580| 3400| 1675| 1450 1575 1630 | 1280
& Li H 3100
1] 1540| 3400 1655| 1450 1575 1600 | 1320 730 | 530,580
3000| 650
71 1540 | 3400 1450 1330| 1575| 1600| 1320] 730 | 530,580
655
FBSCH | 1580 | 3400| 1675| 1450 1575 1635| 1280
& L, H 3100
> 1535 3400| 1655| 1450 1573| 1600 | 1320] 730 | 520,580
2000 | 650
8 | 1535| 3400 1450 | 1330| 1573| 1600| 1320] 730 | 520,580
655
FBSCH | 1580 | 3400| 1675| 1450 1575 1630 | 1280
& LyH 3100
3| 1540 3400| 1655| 1450 1574 1604| 1320] 750 | 520,570
2000 | 650
9| 1540 3400 1450 | 1330 | 1574| 1604| 1320] 750 | 520,570
655
FBSCH | 1580 | 3400| 1675| 1450 1587 | 1640 | 1280
& Lo H 3100
4 1540 3400 1650 | 1450 1585 | 1600 | 1325| 735 530,570
2850 | 600
10| 1540 3400 1450 1325| 1585| 1600| 1325| 735 530,570
605
FBSCH | 1580 | 3400| 1675| 1450 1575 1630 | 1280
& LsH 3100
5| 1535 3400| 1650 | 1450 1575 1595| 1320| 750 | 530,580
2095 | 600
11| 1535 | 3400 1450 1330| 1575| 1595| 1320] 750 | 530,580
610
FBSCH | 1580 | 3400| 1675| 1450 1587 | 1630 | 1280
& LgH 3100
6| 1535| 3400| 1655| 1450 1585 | 1595| 1320| 730 | 520,580
2095 | 600
12| 1540 3400 1450 | 1300| 1585| 1595| 1320] 730 | 520,580

610
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