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Sal icy lamide Complexos o# !ron(l l t )v Cobaf t ( l l ) , 
and Nickel( l l ) 

By B. S. Panhu and S. L, Chopea 

Abstrae t. The ehelates of Fe(III), Co(II), and Ní(II) with salicylamide have been 
isolated. On the basis of elemental analysis the ehelates have been assígaed tho general 
formula M(0 • CflH4 • CONH2)2 in case of Go(II) and Ni(II) bat M{0 • C6H4 • CONH2)a in 
case of Fe (III), The IB spoetra lias ehown that the ligand is bonded to the metal ion 
throngh the two oxygeil atoras. The magnetie data have been reported and the posaible 
ster e o chem i stri es have been explained. 

Sal icylamid-Kompiexe des Fe(III), Co(II) und 3STi(IX 
Inhaltsübersicht. Díe Chelate des FeíIII), Co(II) und Ni(II) mit Salicylamid 

werden dargestellt. Auf Grund der Elementaranaly se ergibt sioh für die MetalleCo und Ni 
die ZuBammensetzung M(0 - C6Ha - CONH2)a und für Fe M(0 • C9H4 • €ONH2)3. Die IR-
Spektren zeigen, dafi die Liganden über díe Sauerstoff-Atome gebunden werden. Die 
magnetischen Daten werden mitgeteiít und die mogiíche Stereochemie diakutiert. 

Salicylamide • can act as a bidentate chelating agent. The literature 
reporte the formation constanfcs fox* the complexos of-salicylamide with metal 
ions1-7) only IN aqueous or alcoholie solutions Wiersema and Windle8) 
have reported the formation of the Cu(II) chelate of the formula Cu{0 • 
C6H4 • CONH3)2 in aqueous or alcoholic solutions. On the basis of EPR, it 
has been proposed that the ligand is bonded to the metal through the pheno-
lic oxygen and the nitrogen of the amide group. Three isomeric ehelates of 
salicylamide with copper(II)9) were isolated and their structures deter-
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2) A. K. Chakkaburtty, D, Seít and P, Ray, J. Indian chem. Soc. 30, 491 (1953). 
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FL) P. H. Gokk and P. G. Newssíak, Analytica chim. Acta [Amsterdam] 31, 111 (1964). 
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mined. On the basis of IR and magnetie data it was concluded tliat the bond-
ing of the chelating agent was through the phenolic oxygen and the carbonyl 
oxygen of the amide group but not through the nitrogen of the amide. This 
prompted us to isolate the complexes of salieylamide with other metáis and 
study their strueture. In the present communication the study of the che-
lates of salieylamide with I1e(III)3 Co(II) and Ni(II) have been reported. 
The attempts to isolate these chelates by mixing or refluxing the metal salts 
with requisito qnantities of salieylamide in aqueous or alcoholic solutions 
were not successful and therefore, the compounds wereisolatedfrom different 
experimental conditions. 

The IR and magnetie data have been reported to elucídate the structure 
and stereochemistxy of the chelates. The chelates when dissolved in nitro-
benzene did not show any conductance. The analytical resulta are in agree-
ment with the general formula M{0 • C6H4 • CONHa)2 in case of Co(II) and 
Ni(II) but M(0 • C9H4 • OONHa)8 in case of Fe(IH), (Table 1). 

Table 1 
Magnetie susceptlbility and other data of the che]atea 

Che late Colour M.P. 
°c i*ett Pound % | 

Metal | Sflfcrogon ¡ 
Roquired % 

Metal | Nitrogen 

¥o(III) Dai'k vlolot 175 (dec) 6.00 11,96 8.70 1 12.10 9.00 
Co(II) Bluish Pbik 310 (dec) 5.10 17.67 8,27 17.77 8.48 
MUII) Light- greon 3.57 17.05 8.30 ; 17.77 8.48 
*) Turas ycllow at 320 °0 and no furthar changa upto 350 °C. 

The infrared speetral data along with the data for salieylamide are given 
in table 2. 

TftMe 2 
IB. Speetral dato of aalieylamide and thoso of chelates (cm"1) 

AB3lgiiments 
CClj'») 

Llgand 
KBr 

pellets") 
Mljol 
mull 

Comp 
redil) 

Loxeís ín KBr ] 
Co(II) 

oellets 
N1<II) 

y (N—H) asym. 
v {N—H)sym 
v (C=0) or Amlde-I 
¿(»-H>bendlng 

or Amide II 

3543 
3424 

1618+) 

3400 
31fl0 
1680 
1C30 

3300 
3185 
1085 
1640 

3340 
3180 
1640 
1000 

8584 
3400 
1639 
1505 

3460 
3310 
1Q38 
1600 

*) In chloroform solutlon. 

P. J, Krueger and D. W. Smith, Cañad. J. Chem. 45, 1611 (1967). 
n ) A. J. Gorbow» Tetrahedron [London] 23, 863 (1967). 
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The intramolecular hydrogen bonded structure I has been proposed for 
the ligand on the basis of its IR spectra in a dilute solution in carbón tetra 
chloríde (Table 2)10). A negativo shifb in v (N—H) frequencies in its spectra 
in the solid state (Table 2) may be attributed to the additional intramole-
cular hydrogen bond formation between —NH2 group and the phenolic 
oxygen or two — NH2 groups. This intermolecular association is also sup-
ported by the positivo shift in N—H bending or amide-II band in the solid 
state spectrum11)12). 

The —C—NH2 group can coordínate either through the oxygen of 
C—O group or through the nitrogen of the —NH2 groups. The IR spectra of 
the compounds of all the metal ions Fe(III), Co(II) and Ni(II) show a nega-
tivo shift in the carbonyl stretching frequency as compared to free salicyl-
amide in the solid state (Table 2). It indícates strongly that the coordination is 
through the carbonyl oxygen13)14). A positivo shift in v (N—H) frequencies 
in the case of Co(II) and Ni(II) chelatés as compared to the solid ligand also 
indirectly supports the coordination through the oxygen óf the amide group. 
A negative shift in 5 (N—-H) bending or amide-II band also favours the 
coordination through the carbonyl oxygen leaving the nitrogen of the NHa 

group free. This is because the coordination through the nitrogen atom 
should result in an increase in the Ó (N—H) bending or amide-II band16), 
In the Fe (III) chelate v (N—H) asym and v (N—H) sym appear at 3 340 crn-1 

and 3185 cm-1 as compared to 3400 cm-1 and 3190 cm-1 respectively in 

i2) L. J. Bellamy, The infrared spectra of complex molecules, p. 203, John Wiley & 
Sons Inc., New York 1964. 

is) p. p. Sjngh and R. Rivet, Cankd. J. Chem. 46, 1773 (1968). 
I*) W. Gerbabd, M. J. Lapphrt, H. Pyszoba and J. W. Waüis, J. chem. Soc. 

[London] 2144,1960. 
15) K. Nakamoto, Infrared spectra of Inorganíc and coordination compounds, p. 143, 

John Wiléy & Soné Inc., New York 1963. 
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the case of salicylamide in the solid state. There is a large negativo shift 
in v (N—H) asym as compared to v (N—H) sym. It is possible because one 
hydrogen of —NH2 groups is iuvolved in the intramolecular hydrogen 
bonding with phenolic oxygen residue of the other ligand group in the same 
molecule of the chelate. The second hydrogen of the —NHa group forms a 
hydrogen bond with the phenolic oxygen or — NHS group of the other che-
late mole cu] e. 

Magnetic susceptibility data 
Fe (III) chelate: The magnetic moment for this chelate was found to be 

6.00 B.M. (Tablel) which indicates that the chelate is spin free. The expect-
ed spin only valué for magnetic moment is 5.92 B.M. The experimental 
valué is in good agreement with the expected valué of magnetic moment. Xt 
is indicative of the octahedral stereochemistry involving sp3d2 hybrid bonds. 
The magnetic data in combination with the spectral data is in favour of the 
structure III for the Fe (III) chelate. 
Co(II) chelate: The magnetic moment for this chelate was found to be 
5.10 B.M. It suggests that the eompoimd is spin free. It rules out the possibi-
lity of square planar and tetragonal structures which are favourably of the 
low spin type, having magnetic moment in the range 2.4—2.8 B.M.18). For 
the spin free state the spin only magnetic moment valué is expected to be 
3.88 B.M. For tetrahedral Co(II) the higher level áf, d* mixes with the ground 
state d* dg because of the weak ligand field17), The excited state d£ d* is 
responsible for the full orbital contribution. The excepted valué for magnetic 
moment is 5.20 B.M. when the full orbital contribution is considered in the 
equation (1) 

= [4 S(S + 1 ) + L (L + L)]1'2* ( 1 ) 

The experimental magnetic moment lies between 3.88 B.M. spin only valué 
and 5.20 B.M. This valué of 5.10 B.M. for bis (salicylamide) cobalt(II) in 
combination with IR spectra favours a tetrahedral configuration for the 
chelate. 

Ni(II) chelate : A magnetic moment of 3.47 B.M. is indicative of spin 
free state for the chelate. It rules out the possibility of a square planar 
structure which is expected to be diamagnetic in character. In tetrahedral 
Ni(II) the ground state is d* d* which will have a full orbital contribution. 
Most of the Ni(II) tetrahedral complexos in the absence of considerable 
lowering of symmetry and electrón delocalization on the ligand show 

16) I1. A. Cotton and G. Wilkinson, Advanced Inorganie Chemistry, p. 873, Wiley 
Eaatern University Edition, 1970. 

17) M. 0. Day and J. Selbin, Theoretical Inorganie Chemistry, p. 308, Affiliated 
East-West Press Pvt. Ltd., 1962. 
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valué in range 3.6—4.0 B.M. at room temperatura. The valué of 3,57 B.M. 
for magnetic moment of Bis (salicylamide) Nickel(II) is closer to the expeet-
ed valué for tetrahedral configuration. The tetrahedral configuration is 
supported for the chelate as represented in structure-II. 

Experimental 
Salicylamide ivas prepared and purified by the method used by Rambaoiier and • 

Miksch18). All the other chemicals used were of AR grade. Co(IÍ) and Ni(II) chalates 
• • • 0.02 mole (2.74 g) of salicylamide was dissolved in 20 mi of alcohol and then neutralized 
by titration with 0.2 N NaOH. This solution was added to 0.01 mole of Co(II) or Ni(II) 
acetate dissolved in water with constant stirring and this resulfced in the separation of a 
compound, It was filtered out, washed with small quantities of deionized water and dried 
under vaeuum. Then it was washed with hot bcnzene, dried and recrystallized from alcohol. 

Fe(III) chelate; The Fe(III) chelate was soluble in water but decomposed o a solution. 
So it conld not be 'prepared by the method used for thoso of Co(II) and Ni(II) chalates. 
0.03 mole (4.11 g) of salicylamide was stirred with 0.03 mole (1.2 g) of sodium hydroxide in 
alcohol (20mi) for 30 minutes. It was added to 0.01 mole (1.625g) of ferrxc chloride dissolv-
ed in a mínimum quantity of alcohol. This mixture was stirred for an hour and then fil-
tered. The fíltrate was evaporated at room temperature over calcium chloride in a vaeuum 
desiecator to isolate the dark violet colonred complex. The compound thue obtained was 
washed with hot benzene and dried. It was recrystallized from alcohol. The analysis for 
metal and nitrogen was done by the standard methods. 

Infrared absorpt ion measurement: The IR spectra were recorded in KBr pelleta 
on a Perkin-Elmer IR Spectrometer model 337. Magnetic measurements: The magnetic 
susceptibility data for the chelates were obtained using G-Oüy Method. 
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