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ABSTRACT

 Metal chelate of antidiabetic drug is synthesized and characterized by using various 
spectroscopic tools like elemental analyses, IR, NMR, mass spectra, thermal analyses (TGA) and 
X-ray powder diffraction techniques. The nonvariation conductometric titration method indicated the 
ionic nature of the complex and LM2 structure type. Complex was assigned tetrahedral geometry 
based on the spectral data and was found to have chemical formula [(C4H10N5)(HgCl)2] (Scheme-I). 
Crystallographic parameters have been calculated from powder X-ray diffraction analysis. The 
thermal and kinetic behaviour of the complex has been studied using Thermogravimetric analysis, 
which indicates that water molecules of crystallization together with anions are removed in the first 
step. Calculation of thermodynamic parameters has been done and their relative thermal stabilities 
of the complex is also discussed. Thermal stability and activation energy have been calculated by 
F. C and S. W methods. F. C method and TG curves have been used to determine thermodynamic 
specification viz. free energy change (ΔF), entropy change (ΔS).

Keywords: Antidiabetic drugs, Complex, Spectroscopy, Therma land X-ray crystallographic.

INTROdUCTION

 Metal ions play indispensable role in various 
biological processes and their deficiency is the root 
causes of many diseases1. Well-known examples 
of such diseases are pernicious anemia resulting 
from iron deficiency. Millions of people suffer from 
diabetes mellitus, a progressive health complication 
characterized by long-lasting hyperglycaemia 
and disorders of carbohydrate2-4. Zinc-insulin has 
been proved to be a very effective medicine in 
the treatment of diabetes and till date, a number 

of treatment methods have been developed to 
control the blood glucose level in diabetic patient5-6. 
Insulin-enhancing properties have been markedly 
shown by vanadium-containing compounds and 
they also show anti-diabetic effects both In vivo 
and In vitro7-8. Discovery of oral hypoglycemic drugs 
which has been takes place to avoid the daily pain of 
hypodermic syringe. Transition metals, whose ability 
to form coordination compounds and chelate are of 
great biological importance. In past few years greater 
number of sulphonyl-urea complexes has been 
synthesized because of their high complex formation 
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tendency. Literature report that the Sulphonyl-urea 
are effective for Type-2 diabetes2-4. Complexation of 
sulphonyl-urea with lighter transition metals has been 
studied in detail by Yoshinaga and Yamamotto9-10. by 
Iqbal el at., and other had studied the complexation 
of sulphonyl-urea and biguanidine11-12. Therefore, 
to further explore the immense potential of metal 
complexes, we have synthesized metformin-mercury 
complex and characterized by various techniques. 
Mercury-metformin complex characterization and 
synthesis has been reported in the present paper.

EXPERIMENTAL 

Metal-Ligand Ratio
 1.565 g of metformin, diluted to 200 mL 
and mercuric chloride solution in same solvent was 
papered. They were conductometrically titrated at 
30±1oC and graph was designed from the results 
which indicates that complex is in 2:1 ratio. 

 Job’s method13 of continuous variation 
as modified by Turner and Anderson14 was used 
for further confirmation of metal-ligand ratio 
(Table 1 and Fig. 1a & 1b) using absorbance as 
index property. Values of log k and -DF  have 
been calculated. Structure of ligand (metformin)

Table 1: Job’s method as modified by Turner and Anderson

S. No. M:L Ratio Absorbance  Corrected Absorbance
  0.002M 0.005M 0.002M 0.005M

   1 0:12 0.009 0.014 0.00 0.00
   2 1:11 0.022 0.029 0.013 0.015
   3 2:10 0.033 0.058 0.024 0.043
   4 3:9 0.053 0.071 0.041 0.055
   5 4:8 0.052 0.099 0.040 0.080
   6 5:7 0.088 0.109 0.073 0.091
   7 6:6 0.113 0.144 0.100 0.124
   8 7:5 0.127 0.157 0.111 0.134
   9 8:4 0.159 0.186 0.141 0.161
  10 9:3 0.105 0.139 0.085 0.115
  11 10:2 0.085 0.103 0.064 0.073
  12 11:1 0.041 0.067 0.019 0.034

M:L ratio

Fig. 1a and 1b-Graphs of Job’s method of continuous variation to find out M:L ratio

Preparation 
 All the chemicals used in this study were of 
analytical grade.1.656 g. of “metformin” and 0.677 g 
metal salt were dissolved distinctly in 90% ethanol. 

Drug solution was added gradually to the metal salt 
with constant stirring (pH 5.5). A white coloured 
precipitate was obtained. The solution was reflux 
for 3 hours. After that the solution was cooled and 
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filtered. The complex formed was purified by ethanol 
and dried and finally weighed (Yield, 60%).

RESULT 

Physico-chemical properties of complex
 Molecular formula, Mol.wt, Colour, Yield, 
Stability constant, Free Energy Change, of the 
complex [(C4H10N5)(HgCl)2], has been found to be 
601.08, White, 55.63%,12.64; -17.19 respectively. 
Melting ponit: 276oC, C,7.98(7.65), H,1.66(2.05), 
N,11.64(11.50), Metal, 33.27(33.50), Cl,11.62(11.85).  

Infra-red spectral studies
 The Infrared spectra of prepared complex was 
obtained within the range 4000-400 cm-1. Spectral bands 
have been assigned to their corresponding groups after 
comparing with the data available in literature15-20. Infrared 
spectra shows prominent peaks due to presence of 
n(Metal-Nitrogen) 500±10 cm-1, n(C-N-C) 670±10 cm-1,  
n(-Nitrogen-Hydrogen bond) 1426±10 cm-1, n(-N-H) 
1630±10 cm-1, (amine salt) 2380±20 cm-1, n(C-H) 
3020±20 cm-1, n(N-H bond) 3275±10 cm-1, n(N-H bond) 
3520±10 cm-1. 

1H-NMR Studies 
 1H -NMR spec t rum was  ob ta ined 
on a Bruker AM-200 Spectrometer by using  
d6-Dimethylsulphoxide. A singlet has been found to 
be around d=8.74 due to the presence of imide (-NH) 
proton of the ligand and spectral peak has been 
found to be less broad in complex, which confirms 
the loss of proton of imide -NH group through 
enolization. Assignment of complex as molecular 
formula [(C4H10N5)(HgCl)2], (molecular weight=601) 
δ 7.207(s, amine salt), δ 6.788 (s,1H,Carbon-NH-
Carbon, J = 2.014 Hz ), δ 2.912 (s,6H,2 methyl group 
J = 3.134 Hz )  δ 2.49(s), δ 3.369(s) Residual solvent  
& water of solvent of the DMSO-d6 respectively. 
Literature also supports above spectra data for 
complex formation.21-22

Mass spectral studies
 Molecular mass analysis also gives the 
exact mass of the complex. It gives information 
about the molecular assembly of coordination 
compounds23-24. The assignments of complex as 

molecular formula [(C4H10N5)(HgCl)2],(Mol.Wt.=601), 
mass over charge ratio at 601 is due to [(C4H11N5)
(HgCl)2]+. or (M2L)+. Peak at 130 shows the presence 
of [C4H11N5]+., base peak ion having 100% relative 
abundance at m/z 316 due to[C3H6N2HgCl]+., m/z  
88 due to [C3H9N3]+ fragment ion.

X-Ray diffraction studies
 From the literature, it is found to be that 
X-ray crystallography confirm the prepared complex 
and establishment of new bonds25-29. X-ray diffraction 
lines (Table 2 and Fig. 2) have been indexed and 
the unit cell parameters has been calculated. The 
data shows orthorhombic crystal structure and thus 
confirms the same structure for Hg(II)- complex. 
The Scherrer formula Dhkl=κλ/βhkl cosθ, has been 
used to calculate the particle size and found to be 
6.31 micron. Porosity of the complex get calculate 
by formula  and found to be 0.171 
and unit cell volume is 14025.41 is find out by 
Volume(abcsinb)Å where a,b and c are lattice 
parameters. Moreover, density of the complex has 
been calculated by  is found 0.04419 g/cm3 
for synthesized complex. Space group for prepared 
complex is Pmmm and α=90°, β=90°, γ=90°.

Thermal analysis
 Metformin complex was degraded in two 
degradation steps with the variation of temperature 
from 20-6000C. The first degradation is due to loss 
of water molecule and second step is due to the 
loss of organic constituents (Table 3). The complete 
Thermogravimetrically analysis is shown in Figure 3.

 The thermoanalytical data have been 
obtained by F-C and S-W method are presented 
in Table 4 & 5. Kinetics methods reported in the 
literature have been used to study decomposition30. 

 Freeman-Carroll31 and Sharp-Wentworth.32 
were used to find out kinetic parameter (Table 4).
 
 The straight-line have been obtained by 
equation derived by F.C method, which is in the 
form of  Where,  rate 
of change of mass with time, Wr=Wc-W, Wc=Weight 
loss when the reaction complete, W=Total weight 
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Fig. 2. X-ray difractogram of metformin-mercurycomplex

Table 3: TGA data of prepared complex 

Complex Decay Percentage     Activation energy(Kj/mole) ΔS* ΔF Order of
 Temperature (°C) Wt. loss   (Kilo jule/mole) (Kilo jule/mole) reaction(n)
   S.W. F.C.   

[(C4H10N5)(HgCl)2]. 40-600 100 101.92 98.01 -77.80 -31.80 0.99

Fig. 3. TGA Curve of metformin-mercury complex

Scheme I. Proposed Structure (scheme-I) for metformin 
mercury complex

loss with time ‘t’, Ea=Activation energy, n=Order of 
reaction. Graph has been plotted by using the values 
of  and values of  which gives a straight 
line from which slope and other parameters were 
calculated. 

 Various thermodynamic parameter like 
activation energy, Gibbs free energy and entropy of 
the synthesized complex were evaluated by using 
the S.W equation.

  where,  Rate of 
change of weight loss with change of temperature. 
By plotting the graph between the values of   
and values of .

 A straight line was obtained and various 
parameters were calculated33-34. 

Table 2: X-ray measurement of complex

Pos. [°2Th.] FWHM [°2Th.] d-spacing [Å] Rel. Int. [%] Area [cts*°2Th.]

12.7240 0.2175 6.95731 21.84 62.76
16.4612 0.2509 5.38524 100.00 331.62
17.7016 0.3346 5.01057 16.05 70.97
19.8348 0.2175 4.47624 2.59 7.46
20.8349 0.2007 4.26360 5.00 13.28
22.5976 0.2342 3.93484 9.06 28.03
24.6988 0.2509 3.60466 6.54 21.70
25.3489 0.3680 3.51367 5.84 28.41
32.5464 0.2676 2.75121 46.93 166.00
39.8827 0.3346 2.26043 35.12 155.29
50.4146 0.4349 1.81016 7.61 43.75
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dISCUSSION

 Scheme I is given for synthesized complex 
and confirmed by analytical, spectral and other 
methods. Job’s method of continuous variation as 
modified by Turner and Anderson was conducted 
to confirm ligand-metal ratio which indicate the 
formation of complex in 1:2. Analytical data 
confirm the molecular formula [(C4H10N5)(HgCl)2].
The proposed structure was further confirmed by 
spectroscopic tools viz Infrared, Nuclear Magnetic 
Resonance, UV-Vis and mass studies etc. The 
Infrared spectral specification shows that coordinate 
bond is formed by the replacement of hydrogen. 
Moreover, nuclear magnetic resonance studies 
strongly support the formation of complex. Mass 
spectral results and values are further supporting 

the coordination of mercury with nitrogen atom of 
the drug. X-ray studies also confirms the complex 
formation and various parameters also have been 
find out. S.W and F-C methods have been used to 
determine Ea, Kinetic parameters viz. change of 
entropy, ΔF and order of reaction (n). 

ACKNOwLEdGMENT

 I am thankful to I.I.T Mumbai India and 
Central Drug Research Institute, Lucknow India for 
providing Infrared, Nuclear Magnetic Resonance 
spectra, mass spectra and TGA analysis.

Conflict of Interests
 There is no conflict of interests for this 
article publication.

REFERENCES

1. Michael, B. Nature., 2001, 414, 813–820.
2. Sadilot, S.M.; Pathak, R. B. J. Diabetes 

Asso.,1992, 32(4).
3. Bloomgarden, Z. N. American Diabetes 

Association Consensus Statement on 
pharmacologic treatment, Diabetes Care, 
1999, 22, S1–S114.

4. Sanger, F.; Thompson, E.O.L. The Biochem. 
Journal.,1951, 53, 366–535.

5. Karmaker, S.; Saha, T.K.; Yoshikawa, Y.; 
Yasui, H.;  Sakurai, H. J. Inorg. Biochem., 
2006, 100, 1535–1546.

6. Alice, Y.Y.; Cheng, I.;  George, F. J. Can. Med. 
Assoc., 2005, 172, 213–226.

7. Heyliger, C.E.; Tahiliani, A.G.; McNeill, J.H. 
Science.,1985, 227, 1474–1477.

8. McNeill, J.H.; Yuen, V.G.; Hoveyda, H.R.; 
Orvig, C. J. Med. Chem.,1992, 35, 1489–1491.

9. Yoshinaga, I.; Yamamotto, Y. Endocrinologie, 
1966a, 50(3).

10. Yoshinaga, I.; Yamamotto,Y. J.Osaka.,1966b, 1(3).
11. Iqbal, S. A.; Jose, S.; Zaafarany, I. Orient. J. 

Chem., 2012, 28(1), 613–618.
12. Veer, D.; Baboo, M. Orient. J. Chem., 2012, 

28(4), 1797–1802.
13. Job, P. Annales de Chimie., 1928, 10, 113.
14. Turner, S.E.; Anderson, R. C. J. Am. Chem. 

Soc.,1949, 71(3), 912–914.

15. Krishan, B.; Prakash, O. Orient. J. Chem., 
2013, 29(1), 381–388.

16. Valarmathy,  G. ;  Subbalakshmi ,  R. ; 
Selvameena, R.; Gomathi, V. Orient. J. 
Chem., 2013, 29(1), 315–320.

17. Nakamotto, K. Infrared Spectra of Inorganic 
and Coordination Compounds, John Wiley & 
Sons, New York, NY, USA., 1963.

18. Rao, C.N.R. Chemical Applications of Infrared 
Spectroscopy, Academic Press, New York,  
USA., 1963.

19. Bellamy, L.J. The Infrared Spectra of 
Complex Molecules,Matheun & Co., London, 
UK.,1964. 

20. Weissberger, A. Technique of Organic 
Chemistry: Chemical Applications of 
Spectroscopy, 11, Wiley-Interscience, 
NewYork, NY, USA., 1956.

21. Slichter, C.P. Principles of Magnetic Resonance: 
With Examples from Solid State Physics, 
Harper & Row, New York, NY, USA., 1963, 7.

22. Akit, J.W. NMR and Chemistry: An Introduction 
to Nuclear Magnetic Resonance Spectroscopy, 
Chapman and Hall, London, UK., 1973.

23. Tawkir, Md.; Iqbal, S.A.; Krishan, B.; Zaafarany, 
I. Orient. J. Chem., 2011, 27(2), 603–609.

24. McLafferty, F.W.; Turecek, F.Interpretation 
of Mass Spectra, University Science Books, 
Sausalito, Calif, USA, 4th edition., 1963.



426Krishan et al., Orient. J. Chem., Vol. 38(2), 419-426 (2022)

25. Cullity, B.D.Elements of X-Ray Diffraction, 
Addison-Wesley, Boston, Mass, USA, 2nd 

edition., 1978. 
26. Krishan, B.; Tawkir, M.; Iqbal, S.A. Orient. J. 

Chem., 2012, 28(4), 1883–1888.
27. Bragg W.L.; Bragg, W.H. The Crystalline 

State: A General Survey, George Bell & Sons, 
London, UK., 1993.

28. Guiner, A. X-ray Crystallographic Technology, 
Hilger and Watts, London., 1992.

29. Henry, N.F.M.; Lipson, H.; Wooster, W.A. 
The Interpretation of X-ray Diffraction 

Photographs, Macmillan, London, UK., 1951.
30. Singru, R.N. Arc. Appl. Sci. Res., 2011, 3(5), 

309–325.
31. E. S. Freeman E. S.; Carroll, B. J. Phy. Chem., 

1958, 62(4), 394–397.
32. Sharp, J. H.; Wentworth, S. A. Analytical 

Chemistry., 1969, 41(14), 2060–2062.
33. Rahangdale, S. S.; Gurnule, W. B. Chem. Sci. 

Trans., 2013, 2(1), 287–293.
34. Duval, C. Inorganic Thermogravimetric 

Analysis, Elsevier, London, UK., 1983.


