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AbSTRACT

 3-Phenyl-4-methoxybenzaldehyde undergoes condensation with semicarbazide hydrochloride 
to form a Schiff base i.e. 3-phenyl-4-methoxybenzaldehyde semicarbazone (abbreviated as MBS). 
It undergoes complexation with Vanadium(II), Manganese(II), and Copper(II). The comparison of 
FTIR-spectra of complexes with that of free ligand helps ascertain the coordination points of ligand 
through the nitrogen of –CH=N– group and oxygen of group. The axial ligands have been varied 
by chloride, acetate and nitrate ions. The UV/Visible and ESR spectra of complexes predicts their 
tetragonally distorted octahedral (D4h) symmetry. The tetragonal distortion parameter (Dt) is observed 
maximum for chloride while it is minimum for nitrate along z-axis. Both vanillin and semicarbazide 
are established  biologically active compounds and hence their biological activities may be enhanced 
by their complexation and than a versatile field may be developed for further exploration.

Keywords: ESR Spectra, Tetragonal distortion, UV/Visible Spectra, 
3-phenyl-4-methoxybenzaldehyde semicarbazone.

INTRODUCTION

 Al though electron spin resonance 
(ESR) Spectrum which is also known as electron 
paramagnetic resonance (SPR) spectrum offers 
an excellent tool as well as a good concept to look 
into the structural intricacy of complex compounds 
having paramagnetic character, it has insufficiently 
been tapped in the field of coordination chemistry. 
In the most cases the usual X-band ESR in the 
range of 9.5 GHZ has been used1-5. But now a days 

several modified approaches have meritoriously 
been explored providing a better understanding of 
coordination chemistry.6-8

 To quantify the correlation between 
structural and magnetic properties of coordination 
compounds their ESR spectral studies have  
been made by several workers9-11. R. S. Smith and 
co-workers12 have reported ESR study to identify 
the site of Cu(II) in Riboflavin Binding protein while 
Smith and co-workers13 have used ESR signals of 
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complexes to ascertain their structural properties and 
their relation with biological activities. Maheshwari 
and co-workers14 have reported the distorted 
tetrahedral coordination environment around Cu(II) 
in its complexes with g|| (2.24) > gz (2.08) > g (2.0) 
suggesting dx2–y2 ground state15-17. The survey of 
literature reveals that the influence of axial ligands 
on the lowering of symmetry of octahedron has 
scarcely been made. Because of the large structural 
variability depending on the nature of axial ligands, 
we report herein the structural determination of some 
V(II), Mn(II) and Cu(II) chelates with different axial 
ligands by their spectral studies.

ExPERIMENTAL

 All the chemicals used were of Anal-R-
Grade. Vanilline was procured from the firm Acros 
Organics and semicarbazide hydrochloride from 
Merck and they were used as received. The ligand 
vanillinsemicarbazone was prepared by refluxing 
the mixture of 100 mL mlethanolic solution of 
0.01 mol (1.52 g) of vanilline, (i.e., 3-hydroxy-4-
methoxybenzaldehyde) and 100 mL ethanolic 
solution of 0.01 mol (= 1.15 g) of semicarbazide 
hydrochloride, on water bath for two hours and 
solution was cooled with stirring for ten minutes 
with mechanical stirrer whereby a colourless solid 
was observed which was left to settle for an hour.  
It was suctioned and the precipitate was backwashed 
with water. It was crystallized in ethanol. About  
1.78 g of the product was obtained (nearly 86% yield) 

Scheme 1

its melting point was recorded 228°C. The chemical 
reaction may be given as Scheme 1.

 The ligand was used for complexation 
by refluxing the respective metal salts with ligand 
taken in 1:2 molar ratio in ethanolic medium for  
2 to 4 hours. The resulting solution was left overnight 
whereby solid appeared which was washed and 
filtered and finally it was recrystallized in ethanol.

 The molar conductivity of complexes was 
determined in dimethylformamide using sistronic 
direct reading 304 conductivity meter. The FTIR-
Spectra (KBr) were recorded in the range of 200-4000 
cm-1 on a Nicolet Manga-550 FTIR spectrophotometer 
and their UV/Visible spectra were recorded on 
a Hitachi U-2000 spectrophotometer. The ESR 
spectra were recorded on X-band EPR-Varian E-line 
Century Series spectrometer. The magnetic moment 
of complexes was determined by Gouy balance at 
room temperature. Microanalytical values with other 
physical parameters are presented in Table 1.

Table 1: Microanalytical values, Molar conductivity and Magnetic susceptibility values of ligand 
vanillinsemicarbazone (VSCH) and complexes

% Composition Cal/(Found)
S.No. Ligand & Complexes Colour Yield% Metal Carbon Hydrogen Nitrogen Clhlorine m l in ohm–1

         (BM) cm2mL–1

  1 Ligand  86 – 51.50 5.15 20.00 – – –
     (51.67) (5.26) (20.09)
  2 [V(MBS)2Cl2] Blue 78 9.30 39.47 4.00 15.32 13.05 3.75 17.00 
    (9.44) (40.00) (4.07) (15.55) (13.14)
  3 [V(MBS)2(CH3COO)2] Blue 70 8.60 44.30 4.20 14.01 – 3.74 15.00
    (8.68) (44.99) (4.77) (14.31) 
  4 [V(MBS)2(NO3)2] Dull 71 8.40 36.20 3.50 18.00 – 3.77 17.00 
  Blue  (8.60) (36.42) (3.70) (18.88)
  5 [Mn(MBS)2Cl2] Light 67 10.02 39.21 4.00 15.24 12.98 5.95 18.00
  Pink  (10.11) (39.70) (4.09) (15.44) (13.05)
  6 [Mn(MBS)2(CH3COO)2] Light 73 9.20 44.30 4.70 14.10 - 5.84 20.00
  Pink  (9.30) (44.66) (4.73) (14.21)
  7 [Mn(MBS)2(NO3)2] Pink 77 9.04 36.00 3.50 18.70 - 5.96 20.00
    (9.21) (36.18) (3.68) (18.76)
  8 [Cu(MBS)2Cl2] Green 72 11.40 39.40 3.88 15.10 12.70 1.98 16.00 
    (11.49) (39.45) (3.98) (15.20) (12.85)
  9 [Cu(MBS)2(CH3COO)2] Light 75 11.00 43.98 4.59 13.95  2.01 15.00
  Green  (11.06) (44.03) (4.67) (14.01)
 10 [Cu(MBS)2(NO3)2] Whitish 70 10.39 35.61 3.58 18.40  1.97 17.00 
  Green  (10.48) (35.67) (3.63) (18.49)   
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RESULTS AND DISCUSSION

 Very low values of l are predicting their 
non-electrolytic character leading to their formulation 
as [M(MBS)2X2]18-20.

FTIR Spectra
 The important FTIR bands of interest 
absorbed by free ligand and its complexes are 
presented below in tabular form.

appeared in the FTIR-spectra of the complexes. In 
chloride complexes, i.e. complex no. 2,5 and 8 a new 
band appears at 365-370 cm-1 which indicates the 
presence of coordinated Cl- ions at trans positions34. 
In complexes no. 4, 7 and 10 three medium intensity 
bands are present in the range of 1445-1460, 1310-
1320 and 1000-980 cm-1, that confirm the presence 
of unidentately coordinated nitrate (NO3¯) group35-37. 
The band at 1000-980 cm-1 is the characteristic 
absorption band for coordinated nitrate group and 
the absorption band at 1445-1460 cm-1 confirms the 
monodentate coordination mode of NO3

–group38. 
Furthermore two bands appearing at 1620-1630 
and at 1300 cm–1 in complexes 3, 6 and 9 may 
safely be assigned to the asymmetric and symmetric 
stretching of monodentate acetate ion39,40.

Vanadium(II) Complexes
 The V(II) complexes exhibit magnetic 
moment 3.74-3.77 BM. V(II) is a d3 system for 
which ms = 3.88 BM. The experimental value of m 
is less than ms value for three unpaired electrons. 
In octahedral symmetry, V(II) has 4A2g crystal field 
component of 4F term is singly degenerate and 
hence no orbital contribution is expected. Therefore, 
complexes should exhibit mvalue close to ms, i.e. 3.88 
BM. But as the next excited crystal field component 
of 4F is 4T2g which causes the mixing of the singly 
degenerate A2g term with triply degenerate 4T2g term. 
Subsequently magnetic moment value of a complex 
is given by meff = ms(1–4l/10Dq) where l is spin orbit 
coupling constant which is positive for d3 system40. 
The d-d transitions cause four absorption bands 
in UV/Visible spectrum of V(II) complexes. Their 
assignments may be given as-

1 4 4 a
1 1g g

359800 9880 cm B E 10Dq Dt4
-n = - → → =

1 4 4
2 1g 2g11400 11430 cm B B 10Dq-n = - → → =

1 4 4 a
3 1g 2g s13000 13200 cm B A 10Dq 4D 5Dt-n = - → → = - -

and 
1 4 4 b

4 1g g s
2518200 19000 cm B E 18Dq 2D Dt4

-n = - → → = - -   
 The various crystal field parameters were 
calculated from these transitions and are given below 
in Table 3.

Table 2: Important FTIR bands in cm–1 of free ligand 
and its complexes

Bands Assignment in Position in Metal
 Free Ligand Complexes

3525(Br) nO –H(Phenolic) 3525 cm–1

3470 (S) nN –H(asy) 3465
3290 (S) nN –H(sy) ~3290
3090 w nC–H(aromatic) ~3090
2960 nCH3(asym) 2965
2875 nCH3(sym) 2875
1690 (S) nC=O 1650-1660
1640 (S) nC=N 1590-1610
New bands  
495-500  nM–N
420-425  nM–O

 The broad band appearing at 3525 in 
FTIR spectrum of the free ligand is assigned to 
nOH (Phenolic)21-23 of the free ligand which remains 
almost intact even after complexation. It shows non 
participation of phenolic oxygen in co-ordination. 
Sharp absorption at 3470 cm-1 and 3290 cm-1 may 
be due to nN–H(asy) and nN–H(sym) respectively24-25. 
Their positions do not undergo change appreciably 
in FTIR-spectra of the complexes and hence it is 
inferred that group is not participating in coordination.   
group of ligand absorbs sharply at 1690 cm-1 26-27. 
This band undergoes negative shift and absorbs at 
1650-1660 cm-1 in FTIR-spectra of all the complexes. 
It supports the coordination of carbonyl oxygen of 
ligand to metal ions.

 A band at 1640 cm-1 in the FTIR spectrum 
of the ligand has been attributed to nC=N stretching 
vibrations. In complexes this band undergoes red 
shift and appears at 1590-1610 cm-1. It confirms 
the coordination of N of azomethine moiety of the 
ligand28-31. A tacit support for the above propositions 
is brought out more clearly from the far FTIR spectra 
of the complexes which display new weak bands 
appearing at 495-500 cm-1 and 420-725 cm-1 due to 
nM–N & nM–O stretching vibration respectively32-33.

 In addition to these, some other bands also 

Table 3: Values of Crystal Field Parameters (in cm–1) 
of vanadium(II) complexes

Complexes Dq(xy) Dq(z) Dt Ds

[V(MBS)2Cl2] 1140 819.76 183 –628.75
[V(MBS)2(CH3COO)2] 1142 828.125 179.12 –656.75
[V(MBS)2(NO3)2] 1143 833 177.14 –663.925
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 These values support tetragonally distorted 
octahedral (really D4h) symmetry around V(II) in 
complexes40.

Manganese(II) Complexes
 Mn(II) complexes recorded 5.84-5.96 BM 
magnetic moment at room temperature showing the 
presence of five unpaired electrons. So, they are 
high spin octahedral complexes25,41,42. UV/Visible 
spectra of these Mn(II) complexes displayed four 
bands of very low intensity. Mn(II) is a d5-system 
for which the ground state term is 6S which under 
octahedral symmetry transforms as 6A1g. The other 
higher states are of quartet or doublet spin states. 
So, obviously these transitions are spin forbidden 
and hence of low intensity. The assignment of these 
bands may be given as below:

1 6 4 4
1 1g 1g18000 18150 cm : A T ( G)-n = - →

1 6 4 4 4
2 1g g 1g24000 24150 cm : A E or A ( G)-n = - →   

1 6 4 4
3 1g g26000 26300 cm : A E ( D)-n = - →   

  1 6 4 4
4 1g 1g27100 27500 cm : A T ( G)-n = - →   

 These spin forbidden transitions are not 
governed by 10 Dq and really depend on Racah 
parameters B and C. Dq values have however been 
derived using Tanabe-Sugano diagram. The Table 
4 displays the Dq, B, C and nephelauxetic effect(b)
of Mn(II) complexes.

Sugano & Tanabe52 the splitting of 2D of d9 Cu(II) 
may be given as in Scheme 2.

Table 4: Crystal Field Parameters (in cm–1) of 
Manganese(II) complexes

Complexes Dq B C b(%)

[Mn(MBS)2Cl2] 904.5 753.77 3312.46 24.48
[Mn(MBS)2(CH3COO)2] 879.5 768.68 3072.4 20.36
[Mn(MBS)2(NO3)2] 954 763.24 3273.52 20.49

 From these values it could be inferred 
distorted octahedral symmetry around Mn(II) in these 
complexes43-47.

Copper(II) Complexes
 These complexes exhibit magnetic moment 
1.97-2.01 BM which is indicative of  six coordinated 
distorted octahedral symmetry of Cu(II) complexes 
with appreciable distortion along z-axis48-50. In UV/
Visible spectra they displayed a very broad band 
ranging between 11,500-18500 cm–1. The band was 
resolved by Gaussian analysis using Fortran Fitting 
Program. Each of the resolved spectra displayed four 
bands. Taking the cue from the reports of Liehr51, and 

Scheme 2

So, the four bands may be assigned as below:
1 a a

1 7 611500 11800 cm : 4Ds 5Dt-n = - τ → τ = +   
  

1 a b
2 7 713900 14000 cm : 10Dq-n = - τ → τ =   

1 a b
3 7 6 s t16215 16500 cm : 10Dq 3D 3D-n = - τ → τ = + - + l  

 1 a c
4 7 7 s t17400 17700 cm : 10Dq 3D 3D / 2-n = - τ → τ = + - + l

 On the basis of energy associated with 
different transitions, the various crystal field 
parameters were calculated and values have been 
given in Table 5.

Table 5: Crystal Field Parameters (in cm–1) of 
Copper(II) complexes

Complexes Dq Dt Ds l

[Cu(MBS)2Cl2] 1400 546.15 2192.5 –800
[Cu(MBS)2(CH3COO)2] 1390 563.79 2195.26 –793
[Cu(MBS)2(NO3)2] 1395 594.35 2207.06 –790

 The results fairly suggest tetragonally 
distorted octahedral (D4h) symmetry of Cu(II) 
complexes53-54.

ESR Spectra of Complexes
 The X-band ESR Spectra of V(II) complexes 
in polycrystalline form at room temperature displayed 
eight groups, each consisting of five super hyper 
fine lines. V(II) is a d3 system with three unpaired 
electrons and hence S = 3/2. Thus zero field 
operates here and three ESR signals are expected 
as per the selection rule of DMs =. As 51V has nuclear 
spin, I = 7/2, the interaction of electron spin with 
nuelear spin (7/2) causes splitting of each of three 
signals into 2I + 1 = 2 × 7/2 + 1 = 8 hyperfine lines. 
The further interaction with two N-nuclei with I = 1 
of the ligands causes the further splitting of each 
of the eight lines into (2nI + I) = 2 × 2 × 1 + 1 = 5 
superhyperfine lines. The resolution of lines is fine 
at high field. Table 6 display the spin Hamiltonian 
parameters of V(II) complexes.
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Table 6: Different Spin Hamiltonian Parameters of V(II) complexes

Complexes     cm–1×10–4  cm–1×10–4  D
      
[V(MBS)2Cl2] 1.976 1.974 1.975 74 76 0.125
[V(MBS)2(CH3COO)2] 1.972 1.969 1.971 70 70 0.124
[V(MBS)2(NO3)2] 1.98 1.978 1.979 68 69 0.127

Scheme 3

Scheme 4

 These values provide the additional support 
for tetragonally distorted octahedral complexes 
of V(II)55,56. From this it could be inferred that the 
arrangement of the planer ligands around V(II) is like 
(Scheme III) because in the second arrangement of 
ligands (Scheme IV) a situation is produced where 
three values of g tensor i.e. gx, gy and gz would have 
been obtained.

 The ESR Spectra of Mn(II) complexes 
show five groups of poorly resolved six lines. It is 
a d5 system with S = 5/2 and hence due to zero 
field splitting, three doubly degenerate (Kramer's 
degeneracy,) states are obtained which split under 
applied magnetic field producing five signals. These 
signals further undergo hyperfine splitting as the 
interaction of electron spin (S = 5/2) with nuclear spin 
(I = 5/2) of55 Mn into 2 × 5/2 + 1 = 6 lines. However, 
the super hyperfine splitting of these fine lines due 
to interaction with two N of nuclear spin I = 1 of the 
ligands couldn't be observed. Table 7 presents the 
values of various spin Hamiltonian parameters of 
Mn(II) complexes.

Table 7: The different Spin Hamiltonian Parameters values of Mn(II) complexes

Complexes     cm–1×10–4 cm–1×10–4 D G
       
[Mn(MBS)2Cl2] 2.0018 2.0004 2.008 –84 –81 0.06432 4.5
[Mn(MBS)2(CH3COO)2] 2.002 2.0007 2.0014 –83 –80 0.06444 4.1
[Mn(MBS)2(NO3)2] 2.0021 2.0005 2.001 –83 –81 0.06438 4.2

 The values of G > 4 show negligible 
exchange interaction between different Mn(II) 
centers in the polycrystalline form57. The values 
of g||, and gav provide a good support to distorted 
octahedral symmetry of Mn(II) complexes derived 
from their UV/Visible spectra58,59.

 In the case of Cu(II) complexes, the 

interaction of one electron spin (S = 1/2) with 
nuclear spin (I = 3/2) of63 Cu, their ESR spectra 
displayed four lines. Super hyperfine coupling 
with nuclear spin of two N-atoms of the ligands 
coordinated to Cu(II), however, is not observed. 
The analysis of spectra leads to anisotropic values 
of g and A24 which are given in Table 8.

Table 8: The different Spin Hamiltonian Parameters of Cu(II) complexes

Complexes    G  cm–1×10–4 cm–1×10–4

[Cu(MBS)2Cl2] 2.0681 2.2754 2.1372 4.02 101 120
[Cu(MBS)2(CH3COO)2] 2.0556 2.2624 2.1245 4.7 105 121
[Cu(MBS)2(NO3)2] 2.0598 2.2638 2.1278 4.4 100 124

 From the table it is obvious that ||g g 2.0023⊥> >

which is in accordance with the ground state 
configuration of 2 2x yd -  [60,61.

 From the values of ESR parameters it 
is concluded that all the Cu(II) complexes are 
tetragonally elongated octahedral.
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CONCLUSION

 The forgoing electronic and ESR spectral 
study of complexes, reveals tetragonally distortion 
in their octahedral symmetry. From the values 
of tetragonal distortion parameter (Dt) it may be 
concluded that there is greater distortion when 
the axial positions are occupied by Cl–ion and it is 
minimum when there is NO-

3ion along z-axis.
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