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Abstract: 
Silicon (IV) complexes with mixed ligands: 2-

fluorobenzaldehydesemi- carbazone and Schiff-bases 

(derived from 2- or 3-aminopyridine with 2-hydroxy or 

3-methoxy or 2–hydroxy-3-methoxybenzaldehyde) have 

been prepared. Complexes of the type 

[Si(FSCH)2(LH)]Cl4 and [Si(FSC)2(LnH)]Cl2 or 

[Si(FSC)2(L)]Cl (where FSCH = 2-

fluorobenzaldehydesemicarbazone , FSC = deprotonated 

semi- carbazone ligand , LH = Schiff-base ligands) have 

been proposed in neutral and basic medium , respectively 

. The resulted complexes have been characterized by 

physical and chemical methods . 

Key Wards: Silicon complexes, mixed ligands, 

semicarbazone, Schiff-bases. 
 

Introduction: 
There has been a considerable interest in the study of 

mixed ligand complexes of transition and non transition 

metals
[1-4]

 due to their important rule in biological 

processes
[5]

 . 

Since d-orbitals of silicon tend to be rather diffused and 

of higher energy than its s- and  p-orbitals
[6]

, thus its 

complexes with  donor  ligands having silicon with 

coordination number higher than four seems to be 

somewhat rare
[6]

. Recently, it has been shown that silicon 

can form complexes with penta , hexa  and even hepta 

coordination numbers
[7]

 . 

Schiff-bases represent a versatile series of ligands, the 

metal complexes of which have been widely studied
[8-12]

 . 

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
[13]

. Semicarbazone complexes of some elements 

have been reported 
[14-18]

 .   

In view of this, and since mixed ligand complexes with 

silicon (IV) have not yet been reported . In the present 

work, new silicon (IV) complexes with  mixed ligands 2-

fluorobenzaldehyde semicarbazone (FSCH; Figure 1) 

and Schiff-bases {2-pyridinosalicylidene (L1H), 2-

pyridino-3-methoxysalicylidene (L2H), 2-pyridino-2-

methoxybenzilidene (L3H), 3-pyridinosalicylidene (L4H), 

3-methyl-2-pyridinosalicylidene (L5H), 3-

iminopyridinosalicylidene (L6H)} have been synthesized 

and characterized by physical and chemical methods. 

 

Experimental: 

 
I-Analytical and physicl measurement  

Elemental analysis for the resulted complexes have been 

carried out on a CHN Analyzer type 1106 (Carlo-Erba) at 

Chemisry Department, Science College, Mosul 

University . Molar conductivities of the complexes have 

been measured in an electrolytic conductivity measuring 

set LF-42 using 10
-3

 M ethanolic solutions at 25 
0
C . 

Infrared spectra of the ligands and their complexes have 

been recorded on Pye-Unicam 1100 spectrophotometer 

in the 400-4000 cm
-1

 range using KBr pellets . Electronic 

spectra have been recorded on Shimadzu UV-Visible 

Recording Spectrophotometer , UV-160 for 10
-4

 M 

solutions of the ligands and their complexes in ethanol at 

25 
0
C using a 1 cm  cell . 

 

II- Preparation of the ligands 

2-Fluorobenzaldehyde semicarbazone ligand has been 

prepared
[14]

, by refluxing equimolar quantities of 

semicarbazide hydrochloride, 2-fluorobenzal- dehyde 

and sodium acetate solutions for about one hour . The 

precipitated semi- carbazone has been filtered off, 

washed with cold water and recrystallised    from ethanol 

(decomposition temperature =240 
0
C ) . 

Schiff-base  ligands  have  been  prepared 
[8-10]

  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 L1H=67-68, L2H=96-98, L3H= 136-140, L4H=68, 

L5H=87-89, L6H=50-54  
0
C). 

 

III-Preparation of the complexes  

The reaction of SiCl4 with 7.5-10 ml. ethanolic solutions 

of 2-fluorobenz- aldehyde semicarbazone and Schiff 

bases ligands in 1:2:1 molar ratio M : FSCH : LH has 

been carried out . A general procedure has been adopted 

for the preparation of the complexes in neutral and basic 

medium as follows : 

 

A-Neutral medium 

 [Si(FSCH)2(LH)]Cl4 complexes have been prepared by 

the reaction of 0.5g (0.0059 mole) of SiCl4 with ethanolic 

solution of 1.06g (0.0118 mole) 2-fluoro- 

benzaldehydesemicarbazone and (0.0059 mole) Schiff-

base ligands (amounts in grams are listed in Table 1) . 

The mixture has been refluxed for 3 hrs., evaporat- ed to 

about half it
,
s volume and cooled . The resulting product 

has been filtered off, washed with cold ethanol and dried 

.

 

 

 

 

  
 



 

Table-1 :Analytical data & physical properties of the complexes 

No. Compounds Wt. of LH        

(g) 

Colour M.P. or 

d*         
0
C

 

^M  **  

EtOH 

% Analysis {Calc./ (Obs.)} 

C H N 

1 [Si(FSCH)2(L1H)]Cl4 0.5235 Yellowish 

brown 

228-230 154 46.04   

(45.66) 

3.58       

(3.46) 

15.34   

(15.21) 

2 [Si(FSCH)2(L2H)]Cl4     0.6706 Brown 239d 145 43.53   

(42.88) 

3.47       

(3.55) 

12.08   

(11.88) 

3 [Si(FSCH)2(L3H)]Cl4 0.6235 Brown 282 d 158 46.78   

(46.49) 

5.79       

(5.69) 

15.05  

(14.96) 

4 [Si(FSCH)2(L4H)]Cl4 0.5235 Pale yellow 210 –212 146 46.04   

(45.66) 

3.79       

(3.70) 

15.34   

(15.22) 

5 [Si(FSCH)2(L5H)]Cl4 0.6235 Pale yellow 244 146 46.78   

(46.39) 

5.79       

(5.42) 

15.05   

(14.85) 

6 [Si(FSCH)2(L6H)]Cl4 0.6235 Redish 

brown 

280 d 153 46.78   

(46.29) 

5.79       

(5.66) 

15.05   

(14.92) 

7 [Si(FSC)2(L1)Cl 0.5235 Grey Not melt 

or d. 

32 54.14   

(53.77) 

3.73       

(3.59) 

18.04   

(17.85) 

8 [Si(FSC)2(L2H)]Cl2 0.6706 Brown Not melt 

or d. 

75 49.80   

(49.64) 

3.58       

(3.64) 

13.83   

(13.65) 

9 [Si(FSC)2(L3H)]Cl2 0.6235 White Not melt 

or d. 

88 51.86   

(51.49) 

3.90       

(4.01) 

16.68   

(16.49) 

10 [Si(FSC)2(L4)]Cl 0.5235 White Not melt 

or d. 

30 54.14   

(53.77) 

3.73       

(3.64) 

18.04   

(17.88) 

11 [Si(FSC)2(L5)]Cl 0.6235 Pale green Not melt 

or d. 

30 54.84   

(54.39) 

3.96       

(4.03) 

17.64   

(17.48) 

12 [Si(FSC)2(L6)]Cl 0.6235 White Not melt 

or d. 

51 54.84    

(54.55) 

3.96       

(4.00) 

17.64   

(17.39) 
* d = decomposition temperature . 

**^M = molar conductivity in ohm-1 cm2 mol.-1 

 

B-Basic medium 

 [Si(FSC)2(LnH)]Cl2 or [Si(FSC)2(L)]Cl  have been 

prepared by applying same amounts used in neutral 

medium after mixing the metal salt with the ligands , 

ethanolic sodium hydroxide solution (0.0118 or 0.0177 

mole) has been added to the mixture until pH of the 

solution was 9-9.3 The product has been filtered off , 

washed with cold ethanol and dried . 

 

Results and Discussion :  

The reaction of SiCl4 with 2-fluorobenzaldehyde 

semicarbazone and Schiff–bases in both neutral and basic 

medium may be represented by the following reactions : 

 
(where LH =L1H, L2H, L3H, L4H, L5H, L6H; LnH = L2H, 

L3H; Lm =L1, L4, L5, L6) . 

The resulted complexes are solids, moderately soluble in 

methanol, soluble in ethanol, dimethylformamide and 

dimethylsulfoxide . The  elemental   analysis reveal that 

the complexes have the composition I, II and III in 

neutral and basic medium, respectively (Table 1) . The 

molar conductivities values  approached those expected 

for 1:4, 1:2 and 1:1 electrolytes
[19]

 for complexes of type 

I, II  and III, respectively . 

 

The infrared spectra(Table 2) of semicarbazone ligand 

(Figure 2) showed a strong band at about 1675 cm
-1

 

which was attributed to the C=O group
[16,18]

 . This value 

shifted towards a lower frequency on coordination, in 

neutral medium, indicating the formation of a chelation 

between the oxygen of the C=O group and the metal 

ion
[14,17]

 . Meanwhile, in basic medium, this band 

disappeared in the complexes and a new band was 

observed at 1335 cm
-1

 due to C-O group, thereby 

establishing coordination of the ligand through the enolic 

oxygen atom
[17,18]

 .The next strong band at 1580 cm
-1

 

which was attributed to υC=N shifted towards a lower 

frequency on coordination which was due to the decrease 

of the bond order as a result of metal nitrogen bond 

formation
[13-20]

 . The position of the ligand in the range 

3400-3500 cm
-1

 remained unaltered in the complexes 

indicating that there is no coordination through the NH 

group
[14-15]

 .The spectra of  Schiff-bases  (Figure 2) 

showed  a strong  band  in the region 1630-1640 cm
-1

 as 

due to C=N stretching vibration
[5,9]

 . This band shifted 

towards a lower frequency, which demonstrated  that the 

imine nitrogen was coordinated to the metal ion
[5,9]

 . The 

other band in the region 1575-1587 cm
-1

 as due to υC=N(py) 

remained unaltered upon coordination
[9,11]

. Moreover the 

shift in the C-O(phenolic, methoxy) vibration band on 

complexation supported the coordination of phenolic 

oxygen and methoxy groups to the metal ion
[9,11]

 . 

 

 

 

 

 



 

Table-2: IR spectra of the ligands & their complexes  (frequencies expressed in cm
-1

) 

Comp.
* 

 

 υC=N 

(semi) 

 υNH  

(semi) 

υC=O  

(semi) 

δNH2  

(semi) 

υC-O  

(semi) 

υC=N  

(Py) 

υC=N  

(S.B) 

υC-O  

&OH 

υSi-O  υSi-N 

FSCH & 

L1H 

1580 3400 1675 1450 - 1575 1630 1280  

3100 

- - 

1 1535 3400 1650 1450 - 1574 1604 1320  

2900 

755  

650 

520  

580 

7 1540 3400 - 1450 1335 1575 1600 1320 750  

700 

530   

580 

FSCH & 

L2H 

1580 3400 1675 1450 - 1576 1635 1280  

3100 

- - 

2 1535 3400 1650 1450 - 1575 1595 1320  

2700 

730  

600 

520  

580 

8 1535 3400 - 1450 1335 1575 1595 1320 730  

700 

530  

570 

FSCH & 

L3H 

1580 3400 1675 1450 - 1576 1630 1280 - - 

3 1540 3400 1655 1450 - 1575 1590 1320 730   

650 

525  

575 

9 1540 3400 - 1450 1335 1575 1595 1320 740  

650 

530  

575 

FSCH &  

L4H 

1580 3400 1675 1450 - 1587 1640 1280  

3100 

- - 

4 1540 3400 1650 1450 - 1585 1695 1320  

2800 

735  

650 

535  

580 

10 1540 3400 - 1450 1335 1587 1695 1320 735  

600 

530  

580 

FSCH & 

L5H 

1580 3400 1675 1450 - 1576 1630 1280  

3100 

- - 

5 1535 3400 1650 1450 - 1575 1600 1320  

2700 

735  

650 

530  

575 

11 1535 3400 - 1450 1335 1575 1595 1320 736 

600 

530  

575 

FSCH & 

L6H 

1580 3400 1675 1450 - 1587 1630 1280  

3100 

- - 

6 1540 3400 1650 1450 - 1585 1600 1320 

2710 

735 

650 

525  

575 

12 1535 3400 - 1450 1335 1585 1600 1320 740  

630 

525  

575 
*Correspond to compounds in table -1 Semi = semicarbazone     S.B. = Schiff base            Py = pyridine 

 

 

 
Figure - 2 : Infrared spectra of : a- the ligand FSCH ; b- the 

ligand L3H ; c- the complex [Si(FSCH)2(L3H)]Cl4 

 

The spectra of all the complexes (Figure 2) showed new 

bands around 520-580 and 730-755 cm
-1

 due to υSi-N and 

υSi-O , respectively . The presence of these bands strongly 

supported the coordination of the ligands under 

investiga- tion with the metal ion
[11,15]

 .  

The electronic spectra of the ligands and their complexes 

in ethanolic solutions have been recorded . The 

maximum at about 228-233, 260-280 and 320-355 nm 

which were due to the electronic transition -
*
 in the 



 

aryl ring, n-* and -* in C=N group, respectively
[21,22 ]

 

. On complexation , a blue shift (305-315 nm) was 

observed due to the polarization in the C=N bond caused 

by the metal-ligand electron interaction during the 

chelation
[21]

 . 

 

Conclusions: 
According to the analytical, physical and spectral data, 

some observations have been achieved that lead to 

establish the following points: 

1.2-fluorobenzaldehydesemicarbazone acts as bidentate 

chelating ligand joint to silicon (IV) ion through the 

azomethine nitrogen and carbonyl oxygen atoms . 

2.Schiff base ligands act as bidentate chelating ligands 

joint to silicon (IV) ion through the imine nitrogen and 

phenolic or methoxy oxygen atoms. 

3.Silicon (IV) ion is probably hexa-coordinated , leading to 

octahedral geometry (Figure 3). 

 
Figure –3 : Model structures of the complexes :   a – in 

neutral medium ; b and c = in basic medium 
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 تحضير وتشخيص معقدات جديدة للسليكون مع مزيج من الليكاندات
 3منال الشماعو   2سالم حسين و   1زهور فتحي داؤد

  العراق ، جمهوريةالموصل ،جامعة الموصل، كلية التربية ،قسم الكيمياء 1
 العراق ، جمهوريةلموصلا ،جامعة الموصل، كلية الزراعة ،قسم الكيمياء 2
 العراق ، جمهوريةالموصل ،جامعة الموصل ،كلية العلوم ،قسم الكيمياء 3
 :ملخصال

امممحامممع حامم حلونع الممسليحلواترممال ححح(IV)تمم تحتيرممعقحات ممسليحون ممنع   ح
ح-3أ حح-2فن ق حبلملوسعهاعمسح ماع اقبام  ح ا ل مسح معاحمحلوا مت  حام حح-2

ح-3-هعسق   مممأح-2اعث   مممأحأ حح-3هعسق   ممأحأ حح-2أاعل بقعممسع حاممممح
  حCl4[Si(FSCH)2(LH)]اعث   مممممأحبلملوسعهاعمممممسالحأاتقيممممميحلو مممممع ح

[Si(FSC)2(LnH)]Cl2أ حح[Si(FSC)2(L)]Clحميعممممممممممم حFSCHححح=
=حوع المسحلو ماع اقبام  حامملنحالم ححFSCفن ق بلملوسعهاعسح اع اقبام  ،حح-2

=حوع السليحا ل سح عااحفمأحلو  ماحلواتتماسنح لو ا مسىح نم ححLHبق ت  ،ح
 لوت لوأحلح خ يحلوات سليحلولاتج حباقلئقحفعمعائع ح  عاعائع حل

ليح،حات ممممممسليحلو مممممنع   ح،حامممممممع حاممممم حلونع الممممممس:ححالكلماااااات المةتاحيااااااة
  اع اقبام  ح،حا ل سح عا



 

 


