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Salicylamide Complexes of Iron(lll), Cobalt(ll),
and Nickel(ll)

By B. 8. Pax~nU and S. L. CHOPRA

Abstract. The chelates of ¥e(IIl), Co(II), and Ni(II) with salicylamide have been
isolated. On the besis of elemental analysis the chelates have been assigned the general
formula M(O - G H, - CONH,), in cage of Co{Il) and Ni{II} but M{O . C;H, - CONH,), in
case of Fe(Ill), The IR spectra has shown that the ligand is bonded to the metal ion
through the two oxygen atoms. The magnetic data have been reported and the possible
stereochemistries have been explained.

Salicylamid-Kompiexe des Fe(1II), Co{li) und Ni{IL

Inhaltsiibersicht. Die Chelate des Fe(Ill), Co(Il} und Ni(IT) mit Salicylamid
werden dargestellt. Auf Grund der Elementaranalyse ergibt sich fiir die Metalle Co und Ni
die Zusammensetzung M(O - CgH, - CONH,); und fir Fo M(O - CH, - CONH,),. Die IR
Spektren zeigen, da8 die Liganden {iher die Sauerstoff-Afome gebunden werden. Die
magnetischen Daten werden mitgeteilt und die mégiiche Stereochemis diskutiert.

Salicylamide ‘can act as a bidentate chelating agent. The literature
reports the formation constants for the complexes of salicylamide with metal
iong 1-7) only in aqueous or alcoholic solutions Wirrsmma and WINDLE?)
have reported the formation of the Cu(ll) chelate of the formula Cu(O -
C;H, - CONH,), in aqueouns or alcobolic 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 chelates of
salicylamide with copper(Fl)?) were isolated and their structures deter-
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mined. On the basis of IR and magnetic data it was concluded that 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 salicylamide with other metals and
study their structure. In the present communication the study of the che-
lates of salicylamide with Fe(IIL), Co(Il) and Ni{II) have been reported.
The attempts to isolate these chelates by mixing or refluxing the metal salts
with rvequisite quantities of salicylamide in aqueous or alcoholic solutions
were not successful and therefore, the compounds wereisolated from different
experimental conditions.

The JR and magnetic date have been reported to elucidate the structure
and stereochemistry of the chelates. The chelates when dissolved in nitro-
bonzene did not show any conductance. The analytical results are in agree-
ment with the general formula M{O - C;H, - CONH,), in case of Co(ll) and
Ni(IT) but M(O - C;H, - CONH,), in case of Fe(ILll), (Table 1).

Tablel
Magrpetic susceptibility nnd other data of the chelates
M.P. 9 tred ©
Chelate Colour \Io(}‘)' Kot Tound % l Reqguired %%
Metal | Nitrogen| Metal | Nitrogen

Fo(1Il) Dark violat 1756 (dec) 8.00 11.56 8.70 [ 12.10 9,00
Co{Il) Bluish Pink 810 (dec) 6.10 17.87 8.27 17,77 8.48
NI Light greon L 3.67 17.86 880 | 1777 8.48

»} Turps yelow at 320°C and no further changs upto 360°C.

The infrared spectral data along with the data for salicylamide are given
in table 2.

Table2
IR Spectral dats of salicylamide and those of chelates (cm~%)

Ligand Complexes in XBr pellets
Assignments -
KBr Nujol ,
10 NI(IT
CClL % pellotsts) oull Fe(I1l) Co(XT) (IT)
» (N —H) ssym. ’ 30643 3400 38900 3340 3684 3460
v{N—H)sym 3424 3190 31856 3180 3400 3310
» {C=0) or Amide-I - 1880 16856 1640 1639 1638
4 (N —H) bending 1618%) 1630 1640 1600 1585 1400
or Amide IX

*) In ehloroform solution.
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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 carbon tetra
chloride (Table 2)19). A negative shift in » (N—H) frequencies in its spectra
in the solid state {(Table 2) may be attributed to the additional intramole-
cular hydrogen bond formation between —NH, group and the phenolic
oxygen or two —NH, groups. This intermolecular association is also sup-
ported by the positive shift in N—H bending or amide-IT band in the solid
state spectrum?)1%),

A0

The —C—NH, group can ccordinate either through the oxygen of
C=0 group or through the nitrogen of the —NH, groups. The IR spectra of
the compounds of all the metal ions Fe(IIl), Co(Il) and Ni(Il) show a nega-
tive shift in the carbonyl stretching frequency as compared to free salieyl-
amide in the solid state (Table 2). It indicates strongly that the coordination is
through the carbonyl oxygen 3)14). A positive shift in v (N--H) frequencies
in the case of Co(II) and Ni{II) chelates as compared to the solid ligand also
indirectly supports the coordination through the oxygen of the amide group.
A negative shift in § (N—IH) bending or amide-II band also favours the
coordination through the carbonyl oxygen leaving the nitrogen of the NH,
group free. Thisg is because the coordination through the nitrogen atom
should result in an increase in the ¢ (N-—H) bending or amide-II band?5).
In the Fe(III) chelate v (N-—H) asym and » (N—H) syun appear at 3 340cm—?
and 318D em~* as comparoed to 3400 em~! and 3190 cm-! respectively in

NH, NH, WO\}L O & 5
\9 \O\ O/ \O'/
O.v‘l—.'l 0_...—’”'—-"0 ‘\\ O !
\ X N\
O\ A/\l
N
I ]I HZN m
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the case of salicylamide in the solid state. There is a large negative shift
in v (N—H) asym as compared to » (N—H) sym. It is possible because one
hydrogen of —NH, groups is involved 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 —NH, group forms a
hydrogen bond with the phenolic oxygen or —INH, group of the other che-
late molecule.

Magnetic susceptibility data

Fe(III) chelate: The magnetic moment for this chelate wasg found to be
6.00 B.M. (Tablel) which indicates that the chelate is spin froe. The expect-
ed spin only value for magnetic moment is 5.92 B.M. The experimental
value is in good agreement with the expected value of magnetic moment. 1t
is indicative of the octahedral stereochemistry involving sp®d? hybrid bonds.
The magnetic data in combination with the spectral data is in favour of the
structure I1I for the Fe(Ill) chelate.

Co(IL) chelate: The magnetic moment for this chelate was found to be
5.10 B.M. 1t suggests that the compound 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.1%). For
the spin free state the spin only magnetic moment value is expected to be
3.88 B.M. For tetrahedral Co(II) the higher level d3 d¢ mixes with the ground
state d¥ d3 because of the weak ligand field?). The excited state d3 d} is
responsible for the full orbital contribution. The excepted value for magnetic
moment is 5.20 B.M. when the full orbital contribution is considered in the
equation (1)

Hore = [48(8 +1) + L (L 4 1}~ 1)
The experimental magnetic moment, lies between 3.88 B.M. spin only value
and 5.20 B.M. This value of 5.10 B.M. for bis (salicylamide) eobalt(Il) 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(IT) the ground state is d} di which will have a full orbital contribution.
Most of the Ni(II} tetrahedral complexes in the absence of considerable
lowering of symmetry and electron delocalization on the ligand show uy
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value in range 3.6—4.0 B.M. at room temperature. The value of 3.57 B.M.
for magnetic moment of Bis(salicylamide) Nickel(Il) is closer to the expect-
ed value for tetrahedral configuration. The tetrahedral configuration is
supported for the chelate as represented in structure-IT.

Experimental

Salicylamide was prepered and purified by the method used by RamBacHBR and .
Mixsc 28). All the other chemicals used were of AR grade. Co(iI) and Ni(I} chelates
-++0.02 mole (2.74 g) of salicylamide was dissolved in 20 ml of alcohol and then neutralized
by titration with 0.2 N NaOH. This solution was added to .01 mole of Co(I1) or Ni(IT)
acetate dissolved in water with constant stirring and this resulted in the sepuration of a
compound. It was filtered out, washed with small quantities of deionized water and dried
under vacuum. Then it was washed with hot benzene, dried and recrystallized from alcohol.

Fe(I11) chelate: The Te(IIl) chelate was soluble in water but decomposed on solution.
So it could not be prepared by the method used for those of Co(Il} and Ni{II) chelates.
0.08 mole (4.11 g) of salicylamide was stirred with 0.03 mole (1.2 g) of sodium hydroxide in
aleohol (20m]l) for 30 minutes. It was added to 0.01mole (1.625¢) of ferric chloride dissolv-
ed i a minimum quantity of aleccheol. This mixture was stirred for an hour and then fil-
tered. The filtrate was evaporated at room temperature over calcium chloride in & vacuum
desiceator to isolate the dark violet coloured complex. The compound thus obtained was
washed with hot benzene and dried. It was recrystsllized from alcohol. The analysis for
metal and nitrogen was done by the standard methods.

Infrared absorption measnrement: The IR spectra were recorded in KBr pellets
on a Perkin-Elmer IR Spectrometer model 337. Magnetic measuremonts: The magnetio
susceptibility data for the chelates were obtained using Govy Method.
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