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Several iron(III) complexes of tridentate dibasic salicylidene/substituted salicylidene 
amino acids (ONO donor set) have been prepared and characterized. All iron(III) com- 
pounds possess dimeric pseudo - octahedral structure established on the basis of elemental 
analysis, magnetic moment studies, superimposable infrared spectra of these complexes with 
those of nickel(II), cobalt(II), manganese(II), magnesium(II) and zinc(II) complexes, and 
thermogravimetric analysis. 

The stability of salicylideneamino acid Schiff bases (I) is observed only in 
the presence of suitable metal  ion [1]. Nickel(II), cobalt(II),  manganese(II) ,  
magnesium(II)  and zinc(II) complexes of salicylideneamino acids have 
dimeric pseudo - octahedral  structures through coordination of aqua 
molecules in the trans apical sites (structure II) [2-7]. The manganese(H) 
salicylidene leucine Schiff base, however, gave a four-coordinated an- 
hydrodimer  (structure III). The enhanced stability of these metal complexes 
may be at tr ibuted to the two chelate rings at the metal atom [1]. There is a 
report  on a dimeric iron(HI) complex, [(Salgly) Fe(gly)Fe(salgly)] 
OH(structure  IV, Slagly H2 salicylidene glycine, gly H = glycine) containing 
terminal  salicylideneglycine and a bridging glycinate ion [8]. We have been 
unable to confirm this repor ted  synthesis, all variations of which led to the 
hi therto unidentif ied dimeric iron(III) complex containing bridging 
salicylidene glycinate ion with coordinated aqua molecules (structure V). 

In this communicat ion we describe the preparat ion of several iron(III) 
complexes of tr identate dibasic salicylidene amino acids. These complexes 
have been characterized on the basis of elemental analysis, magnetic suscep- 
tibility measurements,  infrared spectra and TG analysis. 
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Structures: Salicylideneglycine and its complexes 

Experimental 

To a warm solution of salicylaldehydc (1.5 g in 50 ml ethanol) hot 
aqueous glycine solution (1 g in 15 ml water) was added and the solution 
was refluxed for 30 minutes. To the  clear solution freshly prepared hot 
aqueous solution of iron(II) sulphate (1 g in 10 ml water) was added and the 
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resulting solution thus obtained was refluxed for two hours. During heating, 
the solution turned deep red and then deep red crystals separated gradually 
from the solution. The whole mixture was then kept in the refrigerator for 
cooling when huge crystals separated. These were collected by suction, 
washed with ice cold water, ethanol and finally with ether. The deep red 
shining crystals thus obtained were dried over silica gel. 

A further crop may be obtained from the mother liquor by the addition 
of anhydrous sodium acetate, yield 3 g. 

Similar procedure were adopted for the preparation of the other iron 
(III) compounds. All the compound are highly crystalline, have deep red 
colour and are soluble in water and ethanol but more soluble in pyridine. 
The compounds are insoluble in acetone, dioxane, ether and other common 
organic solvents. The compounds are neutral to litmus, and they are decom- 
posed by dilute mineral acids and strong alkalies. On warming the aqueous 
solution, the compound decomposes. The compound on treatment with 
dilute HC1 yields a colourless solution which on treatment with thiocyanate 
solution gives blood red colour thus indicating the trivalent oxidation state 
of iron. 

Analys i s  and  m e a s u r e m e n t s  

Iron was estimated volumetrically after decomposition of the compound 
with cone. H2SO4. Nitrogen was estimated by the Dumas method, and 
chloride was determined as silver chloride. Microanalyses of carbon and 
hydrogen were done at CDRI, Lucknow (Table 1). Infrared spectra (Table 2) 
were taken in the form of KB r pellets. Thermogravimetric runs were made 
by a MOM derivatograph in a stream of air with a 5 deg per minute heating 
rate (Table 3). About 100 mg of the finely crystalline compounds were 
heated in each TG run. 

Resul ts  and  d i s cuss ion  

Schiff bases of type (I) containing ONO donor set react with metal(II) 
[M(II) = Ni(II), Co(II), Mn(II), Mg(II) and Zn(II)] ions to give trans aqua 
- p - bis (salicylideneaminoacidato) - di-metal(II) cation (structure IV) [2- 
7]. Dimeric structures for niekel(II) and cobait(II) complexes have been es- 
tablished after considering the magnetic moments and electronic spectra of 
the respective complexes [2-4]. Besides the nickel(II) and cobait(II) corn- 

Y. Thermal Anal., 36 1990 
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pounds,  other compounds provided superimposable infrared spectra (Fig. 1) 
and ver)~ similar and comparable thermogravimetric curves [2-7]. Since high 
spin 3d~ compounds show very weak forbidden transitions in their 
electronic spectrum [9-10] and a magnetic moment  (,u = 5.94 B.M) which is 
of little value for identification of the stereoehemistry, we compared  the 
present  complex [Fe2(salgly)2(H20)4](OH)2 with repor ted  similar types 
complexes viz. [Ni2(salgly)2(H20)4], [Co2(salgly)2(H20)4], [Mn2(salg- 
ly)2(H20)4], [Mg2(salgly)2(H20)4] and [Zn2(salgly)2(H20)4], the dimeric 
structures of all of them have been established through studies of their dis- 
tinctive electronic spectra, magnetic moments and infrared spectra (Table 3) 
[2-7]. All the compounds show a broad strong absorption band in the region 
of 3200-3400 cm- which can be assigned to the v (H20)  stretching vibra- 
tion. A strong band at -1660 cm -1 is observed and is assignable to eoor- 
dinated v (COO). The v (C = N) stretching vibration occurs at 1630-1660 
ena -1 in free ligands of similar nature and this band undergoes a negative 
shift in the complex indicating nitrogen coordination of the azomethine 
moiety [11]. The aromatic v (C = C) stretching vibration appears at -1545  
cm -1 [11,12]. The v (C-N) stretching vibration of the CH2-N group appears 
at about 1340 em -1 [13]. The band at 1300 cm -1 is an evidence of a strong 
bonding of the metal ion with the phenolic oxygen [14]. Elemental  analysis 
and infrared spectra are not consistent with the formula [(sal- 
gly)Fe(gly) Fe (salgly)] (OH) [8]. 

Wove number, crn -~ 

3000 2000 
4 I I 

"I / 
t W 

1500 1000 900 800 7130 
I I I I I 

~ j . " " l  f " t  

I I I I II  v q - 
1 ! I ~ . . _ . . ~  t 

" " ,  �9 

tI'V' '" v 
. . . .  t'Fe(SQI gly) (H20) 2 ]213H)2 

t -  

O .=_ 
E 
C s 

Fig. I Infrared spectra of eobaltClI) and iron(m) complexes of salieylidcneglyeine 

The mass loss data obtained from the TG curves of all iron(III) com- 
plexes indicate that the coordinated aqua molecules are lost stepwise - two 
water molecules are removed at about 110 ~ while the remaining two aqua 
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molecules are lost at 150-180 ~ The corresponding cobalt(II) complex does 
so in the range 100-120 ~ (Table 3). Contrary to Behara's claim [4] that the 
aqua molecules of [Co(salgly)(H20)2]2 cannot be easily removed, we found 
that the water molecules can be removed completely-at 120 ~ No such mass 
loss can be effected for the corresponding manganese(II), magnesium(H) 
and zine(II) complexes at such a low temperature [5-7]. 

Thus, from the mass loss data (Table 3), it is evident that the iron(III) 
compound after losing two water molecules first favours an intermediate five 
coordinate square pyramidal dimerie species which on further heating loses 
the remaining two water molecules and favours square planar geometry. 
This square planar compound on further heating at higher temperature 
decomposed to yield Fe203 [15]. 

-2H20  
{[Fe (sa lg ly) (H20)2]  (OH)}2  �9 {[Fe (salgly) ( H 2 0 ) l ( O H ) } 2  

90-110 ~ 
150-180 ~ 

Fe203 �9 {[Fe(salgly)](OH)}2 
2,4oo-50o ~ 

{ [Fe(sa l -a -a lan)  (H20)2]  ( O H )  ]'2 - 2H20  �9 { [Fe(sa l -a-a lan)  ( H 2 0 ) ]  ( O H )  ]'2 
90-110 ~ 

150-180 ~ 

Fe203 �9 { [Fe(sal-a-alan)](OH) }2 
240o-500 ~ 

From the above studies it is evident that the formation of dimeric species 
is not dictated by crystal field stabilisation energy (C.F.S.E.), which is zero 
for iron(III) (3d5-system) and those of nickel(II), cobalt(II) and zinc(II) are 
-12 Dq, -8 Dq and 0 respectively, but by the nature of the donor set (ONO 
for the present study) and more importantly by the size of the metal ions 
(Fe 3 + = 0.53 ~ ;  Co 2 + = 0.72 ~ ;  Ni 2 + = 0.69 ~ ;  Zn 2 + = 0.74 ~;  Mg 2 + = 0.80 
A) [161. 

The author appreciates the assistance of Mr. R.N. Adhikary, Department of Chemistry, 
Burdwan University, in doing the thermogravimetric studies. He is also grateful to Dr. G.B. 
Kauffman, Department of Chemistry, California State University, U.S.A., and Dr. S. Thakur, 
Reader in Chemistry, Burdwan University, India for facilities and constant encouragement. 
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Zusemmenfassung -- Mit dreizahnigen dibasichen substituierten und unsubstituierten 
Salizylidenaminos/iuren (ONO Donorset) wurden einige Eisen(III)-komplexe hergestellt und 
diese beschrieben. Mittels Elementaranalyse, TG-Analyse, der Untersuchung des magneti- 
schen Momentes und des Vergleiches yon IR-Spektren mit denen von Nickel(II)-, 
Cobalt(II)-, Mangan(II)-, Magnesium(II)- und Zink(II)-komplexen konnte festgestellt wet- 
den, dab alle Eisen(III)-komplexe fiber eine pseudooktaedrische Dimerenstruktur verffigen. 
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