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ABSTRACT 
 

 The new mixed-ligand Nickel (II) complexes of the type [Ni (AB) (H2O)2] with bidentate amino acids like 
proline, glycine, valine have been synthesized and characterized on the basis of elemental analysis, spectroscopic, 
thermal analysis, magnetic measurements and x-ray diffraction data. The spectral studies suggest octahedral 
symmetry for these complexes.   
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INTRODUCTION 
 

The mixed ligand complexes play an important role in biological process [1-2]. Amino 
acids containing active –NH2 and –COOH groups are well known for their tendency to form 
complexes with metals and have great significance in biological and pharmaceutical [3-4] fields 
and are directly involved in all the metabolic enzymatic activities [5] of living organism. 

 
The stabilities of mixed chelates are of great importance in biological system as many 

metabolic and toxicological functions are dependent upon this stability. Many attempts have 
been made to correlate the stability of the metal-lignad complexes with their antimicrobial 
activity [6-10]. It is well established that ternary complexes play a decisive role in the activation 
of enzymes and also in the storage and transport of active substances [11]. 

 
The literature survey reveals that very limited work of ternary complexes of transition 

metals with drugs and amino acids have been reported in the past[12-16]. During the recent 
years a systematic study has been done for the synthesis, stability constant and magnetic 
studies of some mixed ligand complexes of Ni (II) [17-21].      

  
MATERIALS AND METHOD 

 
During the study analytical A.R. grade chemicals were used. 0.025 Molar aqueous 

solution of proline, glycine or valine was heated with freshly prepared nickel hydroxide on 
water both for 2 ½ hr. The solution was filtered when it was hot and filtrate containing ternary 
complexes was kept on water bath. It was then allowed to cool with ice for better 
crystallization. Green crystals of Nickel (II) ternary complexes were separated out, then filtered 
and washed with triply distilled water four times. The crystals were dried in vacuum at 60oC. 
 

RESULTS AND DISCUSSION 
 

The physico-chemical data in Table –1 shows that the complexes correspond to the 
formula [Ni(AB)(H2O)2], where A is proline and B is glycine or valine. 
 

Table 1: Physico-chemical data of the Complexes. 
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The DTA curves show three stage decomposition patterns. The main stage is observed at 

424 oC  and 398 oC respectively for [Ni(Pro)(Gly)(H2O)2] and [Ni(Pro)(Val)(H2O)2] afterwards the 
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process of oxidation and decomposition take place. The final product is NiO. Water molecules 
eliminated at around 170oC may be coordinate water [22].  

 
The visible spectrum data is shown in Table –2. Both the Nickel (II) complexes show two 

well defined bands υ2 and υ3 arising from the spin allowed transitions 3A2g(F) T1g(F) and 
3A2g(F)  3T1g(P). This indicates that the geometry of Nickel (II) complex is octahedral [23-24]. 
The ratio of υ3 / υ2 is practically equal to 1.70 which also supports the octahedral structure [25].  

Table 2: Electronic Spectral Data of the Complexes 

 

Complexes 
υ1  cm

-1
 

cal. 
υ2  cm

-1
 

obs. 
υ3  cm

-1 

obs. 
βcm

-1
 Dq/B υ3 / υ2 

Ni(C7H12 N2O4) 2H2O 8960 16129 27027 2279 0.39 1.68 

Ni(C10H20N2O4)2H2O 8546 15384 27548 2292 0.37 1.79 

 
The IR spectrum of the complexes shows strong absorption maxima at around 540 cm-1 

confirming the presence of Ni-O bond [26-27]. Ni-N bonding is manifested by the appearance of 
bands at 412-420 cm-1. Also the spectrum exhibits a strong broad band at 1610 _ 1630 cm-1 

indicative of (COO) as stretching mode, while a peak corresponding to (COO)s vibration 
appeared at 1450 -1500 cm-1 . The position of these bands in the spectrum of the metal-
complex allows the assignment of the coordination mode for the amino acids ligand in the 
complex. The complexes further display a band in the range 3250-3280 cm-1 attributed to 
(υNH2), typical of coordination amino groups[28]. Ni-N bonding is manifested by the 
appearance of bands at 412-420 cm-1. The OH stretching vibrations of coordinated water are 
located in the range 3200-3500 cm-1. No free carboxylic (COOH) groups could be detected from 
the IR spectral data indicating coordination of both of the studied metal ions to the carboxylate 
anions, from the foregoing band positions of υ (NH2), υ (COO-), υ (M-O) and υ (M-N) and 
comparison with similar compound [28], it may be concluded that the involved amino acids in 
the complexes are bidentate coordinating through the –NH2 and COO- groups.  

 
The magnetic moments of the Ni (II) ternary complexes are 3.09-3.14 B.M. These values 

are in the range reported for octahedral Ni (II) complexes [23], having two unpaired electrons. 
 

Table 3: IR Spectral data and Magnetic measurement of the complexes (cm-1). 

 
S.N. Complexes  υs (COO

-
) υas (COO

-
) υ (NH2) υ (OH)   υ(M-O)  υ(M-N)  eff 

(BM) 

1 Ni(C7H12 N2O4) 2H2O 1450 1610 3250 3500 540 412 3.09 

2 Ni(C10H20N2O4)2H2O 1500 1630 3280 3200 535 420 3.14 

 
The XRD data of [Ni (Pro) (Val) (H2O)2] is shown in Table-4. The XRD study of this 

complex shows that the complex is crystalline in nature. The diffractogram shows 14 reflections 
for 2θ value ranging from 10o to 73o with 2 θ maxima at 16.8161 which corresponds to d value 
of 5.26801 Å. λ value for this peak is 1.4487Å. The unit cell parameters are calculated by 
indexed data. It is also clear from the data that Nickel (II) complex has tetragonal symmetry.  
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Table 4: Crystal parameter. 

 

Complex 
Lattice const. 

 
Atomic radius Λ Crystal system Rel. ref. 

Ni(C7H12N2O4) 
2H2O 

8.9131 3.1508 1.4487 Å Tetragonal 16 

 
 

CONCLUSION 

 
The results of thermal analysis show stability of Nickel (II) amino acid complexes. The 

complexes were thermal stable up to about 350oC. Most thermally stable complex is                
[Ni (Pro) (Gly) (H2O)2]. Electronic and IR spectral studies suggest that both the Nickel (II) 
complexes have octahedral geometry. From the XRD studies this may confirm the formation of 
the mixed ligand complexes and indicates the presence of a mixture of two binary complexes.       
 

ACKNOWLEDGEMENT 
 
The authors are thankful to the Department of Chemistry, VYTPG College Durg (C.G.) for 

providing laboratory facilities. The authors wish to thank the Director of IIT Bombay for 
providing elemental data. The authors are also grateful to the Department of metallurgical, 
VNIT, Nagpur (M.H.) for providing XRD, magnetic measurement and TG – DTA analysis data. The 
authors wish to thank the Director of CDRI Lucknow (U.P.) for providing and IR spectral data. 
Authors also acknowledge the help provided by the CIT Rajnandgaon (C.G.) during initial 
research work. 

 
REFERENCES 

 
[1] Mellor DP, Maley L. Nature 1948; 161: 436-437.  
[2] Khadikar PV, Saxena R, Khaddar T, Feraqui MA. J Ind Chem Soc 1994; 56: 215-219. 
[3] Sigel H. Chimia 1967; 21: 489.  
[4] Mildavan AS, Cohn MJ. Bio. Chem 1966; 241: 1178-1179.  
[5] Perrin DD, Agarwal RP. Metal Ions in Biological Systems 1973; II: 167.  
[6] Islam MS, Hossain MB, Reza MY. J Medical Sci 2003; 3: 289-293.  
[7] Patel RN, Singh N, Shukla KK, Chauhan UK, Nicholus J  Gutierrez, Castineiras A. Inorg 

Chim Acta 2004; 357:2469-2476. 
[8] Mashaly MM, El Shafiy, Salah B, Habib HA. Spectrochim Acta 2005; A61: 1853-1869.  
[9] Mostafa SI. Trans Metal Chem 2007; 32: 769-775.  
[10] Abd. ZH El-Waheb. J Coord Chem 2008; 61:3284-3296.  
[11] Hughes MN. Compre Coord Chem 1987; 6: 541. 
[12] Thomas AB, Patil SD.  Der Pharma Chemica 2011; 3(3): 271-276.  
[13] Agrawal BR, Magare BK, Farooqui MN, Janrao DM, Ubale MB. Int J Chem Sci 2009; 7(3): 

2169-2172.  
[14] Mukherji GN, Ghosh TK. J Indian Chem Soc 1991; 68: 194-196.  
[15] Gandhi L, Sekhon BS. J Indian Chem Soc 2006; 83: 868-870.  



          ISSN: 0975-8585 
 

October-December      2013           RJPBCS   Volume 4 Issue 4    Page No. 1066 

[16] Magare BK, Farooqui MN, Shelke RS, Ubale MB. Orient Journal Chem 2009; 25(2): 387-
390.  

[17] Kurzak B, Kroczweska D. Trans Met Chem 1993; 18: 295.  
[18] Azab HA, Hassan A, El-Nady AM, Azkal RSA, Monat. Furr Chem 1993; 124: 267.  
[19] Taha M, Khalil MM. J Chem Eng Data 2005; 50: 157-163. 
[20] Reddy PR, Rao KS. Chem Biodivers 2006; 3: 231-244.  
[21] Laila AR, Lobna N, Ramadan R. Trans Me. Chem 2007; 32: 367-373.  
[22] N.L. Mary and G. Parameswaran. Asian J Chem 1993; 5: 597-603. 
[23] Lever ABP. Inorganic Electronic Spectroscopy 4th Edition 1980; 481-579. 
[24] Sacconi L.  Trans Metal Chem 1968; 4: 199-298. 
[25] Orgel LE. J Chem Phys 1953; 23: 1004.  
[26] Mrozek R, Rzaczynka Z, Sikorska-Iwan M, Jaroniec M, Iowiak TG. Polyhedron 1999; 18: 

2331. 
[27] Nakamoto K, McCarthy PJ, Spectroscopy and Structure of Metal Chelate Compounds; 

John Wiley and Sons, Inc. 1968; 289. 
[28] Gupta M, Srivastava MN. Polyhedron 1985; 4(3): 475-479.  

 


