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ABSTRACT 

NickleNi(II) forms a large number of coordination compounds with different 

stereochemistry’s e.g. tetrahedral, octahedral and square planar. The relative ease of 

formation and abundance of octahedral complexes may be explained on the basis of crystal 

field stabilization energy of the d
8
 configuration because the stabilization energy produced by 

an octahedral field on a d
8
 ion is higher than that produced by a tetrahedral field.  

The Jahn-Teller effect leading to distortion of symmetry is practically inoperative in 

geometry and favors octahedral geometry.  On the other hand, squre planar configuration is 

favored in strong ligand fields leading to the pairing of all the eight 3d electrons. The 

octahedral complexes involve sp
3
dz

2
dx

2
-y

2
 (outer orbital) hybridization and the tetrahedral 

complexes have sp
3
 hybridization. Both the types show magnetic moment values 

corresponding to the presence of two unpaired electrons.  

 

INTRODUCTION 

The micro analytical data and the molar conductance values (142-160 ohm
-1

cm
2
mol

-1
) 

indicated the formation of ionic, 1:1 Nickel(II)complexes. The spectral and magnetic data 

have been used toelucidate and explain the stereochemistry. 

 

           International Research Journal of Natural and Applied Sciences 

ISSN: (2349-4077)      

                        Impact Factor 5.46 Volume 5, Issue 1, January 2018 

Website- www.aarf.asia, Email : editoraarf@gmail.com 

http://www.aarf.asia/
mailto:editoraarf@gmail.com


 

© Association of Academic Researchers and Faculties (AARF) 
A Monthly Double-Blind Peer Reviewed Refereed Open Access International e-Journal - Included in the International Serial Directories. 

 

Page | 247  

The stretching vibrations due to (N-H) and(>C=N) mode of (>C=N-H) in the spectra of the 

ligandsremained unchanged suggesting the non-involvement of nitrogen of (N-H) groups in 

coordination. The band observedin the spectra of the ligands at 1645-1615 cm
-1

 diagnosticof 

(>C=N-C) mode showed appreciable lowering 25-30 cm
-1

in the spectra of complexes 

indicating the involvement ofnitrogen atom of this group in complexation.  

Anotherabsorption band characteristic of (C=N) group underwent anegative spectral shift 

from 1350-1320 and 1290-1260 cm
-1

 inthe free ligands to 1330-1305 and 1265-1245 cm
-1

 in 

thecomplexes establishing thereby the involvement of iminenitrogen in coordination. In the 

spectra of the complexes anew band at 1245-1220 cm
-1

 due to stretching frequency ofchelate 

ring indicated the complex formation (Syamal, 1978). 

The appearance of a broad band at 3450-3400 cm
-1

 dué to(0-H) mode in the spectra of the 

complexes suggested thepresence of coordinated water (Rana and Shah, 1986). 

Theinvolvement of oxygen and nitrogen in coordination wasfurther confirmed by the 

appearance of new absorption bandsin the far infrared region at 505-485 and 450-435 cm
-1 

whichwere assigned to (M-0) and (M-N)stretching vibrations, respectively (Ferraro, 1971 

andNakamoto, 1978). 

The squre planar complexes involve dx
2
-y

2
 SpxPyhybridization and are invariably 

diamagnetic. Foroctahedral Nickel(II) complexes the magnetic moments rangefrom 2.9 to 3.3 

BM depending on the magnitude of orbitalcontribution (Greenwood, 1990).  

The effectivemagnetic moment values of nickel(II) complexes of LI-LIV at25°C were found to 

be 3.18 - 3.28 B.M. indicating the presence of two unpaired electrons. 

Six coordinated nickel(II) complexes exhibit asimple spectrum involving three spin allowed 

transitions to 

the 3p (F) 5 3p (F) and 3) (P) levels. In addition,two spin forbidden Bands to 1Eg and
l
T2g are 

frequentlyobserved (Lever, 1968). The Tannabe-Sugano diagramrepresenting the splitting 

patterns for the ground term 3pand the excited stage 3, in an octahedral field is shown inFig.  
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Fig: Tanabe-Sugand Diagram for Ni(II) in an octahedral field 

The calculated values for energy ratio (1.62-1.71),10 Dq. (10300-10830 cm
-1

), interelectronic 

Racah Parameter (695-770 cm
-1

) and the nephelauxetic ratio (.667-.739) wereconsistent with 

those for octahedral complexes (Lever, 1984). 

The values of B and B were less than the free ion value(1041 cm
-1

) because the electron 

repulsion was weaker in thecomplexes than in the free ion, This weakening was to 

beexpected, because the occupied molecular orbitals are delocalizedover the ligands and 

away from the metal.  

The delocalizationincreased the average separation of the electrons and hencereduced their 

repulsion (Shriver et al. 1990). 
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The ligand field stabilization energy for the complexes (147.74-155.45 KJ mol
-1

was in good 

agreement with the reported values for octahedralcomplexes (Lever et al. ,1965; Ellis et 

al.,1975 and Sacconi, 1968). 

On the basis of above discussion, the Ni(II) complexeswere assigned octahedral geometry 

with 1:1 stoichiometric ratio,in which the ligand acted as tetradentate coordinating 

throughimine group nitrogen.  

 

 

Adducts of Nickel(II) complexes of cyclo(1,2)-dibiguanidinyl bis[2-hydroxy-w-

(Benzoyl/4-chlorobenzoyl/3-nitroBenzoyl/3,5-dinitroBenzoyl) acetophenone] with 

pyridine, 2-methylpyridine and 4-methyl pyridine 

The stoichiometry of the adducts was confirmed bytheir elemental analysis and molecular 

weight determination. The conductance values (120-153 ohm
-1

cm
-1

 mol
-1

) suggested ionic 

nature of theseadducts. The structure elucidation was done on the basisof spectral and 

magnetic studies. 

(i) Infrared spectra 

A comparison of the spectra of the adducts and thefree ligands has been utilized to identify 

the coordinationsites. A negative spectral shift of the order of 25-15cm
-1

 in (C-N) mode 

suggested the involvement of iminenitrogen in coordination (Das et ales 1990).  
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Thestretching vibrations due to (C=N) mode of (>C=N-C) groupalso underwent 

hypsochromic shifting in the spectra of theadducts which further supported coordination 

throughnitrogen of this group: The band due to (0-H) was absentin the spectra of the adducts 

indicating the absence ofcoordinated water which was further confirmed by the 

disappearance of D (M-0) band at 485-505 cm
-1

 in the spectraof the adducts. A perusal of the 

IR spectra of the Ligandand the adductsrevealed that the (N-H)absorption frequencies at 

3280-3340 and 3190-3260 cm
-1

 inthe spectra of the ligands were present at the sameposition 

in the spectra of the adducts suggesting the non-involvement of nitrogen atom of (N-H) group 

incoordination.  

The new band at 1240-1220 cm
-1

 in thespectra of the adducts assigned to chelate ring 

suggestedthe Cormation of the complex (Syamal, 1978). 

(ii) Magnetic moment and electronic spectra 

The observed magnetic moments for the adducts of Ni(II) complexes (3.15 –3.23 B.M.) 

correspond to thepresence of two unpaired electrons (Greenwood and Barnshaw, 1990). The 

electronic spectra of the adducts exhibitedthree bands in the region 10400-11300, 17300-

18400and 24000-25740 cm
-1

 which were assigned tocorresponding transitions confirming the 

octahedral geometry for theadducts (Sacconi, 1968).  

Various ligand field parameters,for example, energy ratioin the range 1.60-1.64 and ligand 

field stabilization energy in the range 149.26 – 162.20 KJ mol
-1

 werecharacteristics of 

octahedral geometry around nickel(II)(Lever, 1984; Sacconi, 1968).  

The B value for theseadducts (633-770 cm
-1

) were considerably lower than thefree ion value 

(1041 cm
-1

) suggesting thereby considerable orbital overlap and delocalization of the orbitals 

becauseof decreased inter-electronic repulsion from electrondelocalization resulting in 

appreciable amount of covalentcharacter of metal ligand bond (Shriver, 1990). 

Based on the elemental analysis, molar conductancemagnetic and spectral data the adducts 

were assignedoctahedral configuration with the ligands behaving astetradentate. 
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RESULTS 
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CONCLUSION 

In the present investigation, the Nickel(II) complexes of the ligands LI-LIV displayed three 

absorption bands in the region 10300-10830, 17600-17890 and 24100-25300 cm
-1

 which 

were assigned to transitions. The values were in good agreement with the octahedral 

geometry. 

The various ligand field parameters like ligand field splitting energy, energy ratio, Racah 

inter-electronic parameter, nephelauxetic ratio and ligand field stabilization energy (LFSE) 

were calculated from electronic absorption spectral data.  
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