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ABSTRACT 

In this study simple, economic and rapid potentiometric method was used to calculated proton-ligand 

stability constant of [2-oxo-2H-chromene-3-carbohydrazide] and metal-ligand stability constant of its complexes 

with metal ion (Mn+2 and Cd+2). 

This method has been employed at three different temperatures 298k, 308k and 318k and at an ionic strength 

of 1N NaCl. The thermodynamic parameters G, H and S were studied from logk at three different 

temperatures. 

KEY WORDS: Potentiometric, proton-ligand stability constant, metal-ligand stability constant, Coumarin 

derivatives and calvin-bjerrums equation. 

1. INTRODUCTION 

Coumarin derivatives are used in the field of polymer, medicine and biology sciences. They are also present 

in the actions of plant growth hormones (Abdel-Wahab, 2014; Cavar, 2012), and used in cosmetics (Haiwei, 2015), 

lasyer dyes (Mohamed, 1997), perfumes (Kadhum, 2011) and cigarettes (Vahdat, 2015). Various techniques have 

been developed to determine coumarin and its derivatives, such as spectro fluorimetric (Mirian, 2011), HPLC 

(Constanze, 2008; Izquierdo, 2000), capillary gas chromatography (Wisneski, 2001) and fluorescent probes 

(Frenette, 2005). The aim of this study was developed simple potentiometric method for the determination coumarin 

derivative [2-oxo-2H-chromene-3-carbohydrazide] (fig.1) and its complexes with Mn+2 and Cd+2. 

 
Fig.1. 3D and 2D structure of the ligand [2-oxo-2H-chromene-3-carbohydrazide] 

 

2. MATERIAL AND METHOD 
pH metric titration were carried out with jenway 3020 pH meter, Varian UV–Vis spectrophotometer and all 

chemicals were analytical grade supplied by BDH and Fluka. 

Procedure of ligand [2-oxo-2H-chromene-3-carbohydrazide]: Cumarin-3-carboxylic acid ethyl ester (1mol) was 

mixed with 50 ml hydrazine hydrate and the mixture was refluxed at 250C for 2 h. The white solid product formed 

was separated by filtration and wash with ethanol (purity 99%) and dried. 

Procedure of potentiometric method: This method involved titration of the following solution (total volume            

50 ml) against (0.1N) NaOH solution at three temperatures 250C, 350C and 450C keeping ionic strength of the 

solution constant (1N) NaCl: 

a) 5ml of (0.1N) HCl + 5ml (1N)NaCl+ 20 ml ethanol+ 20ml distilled water. 

b) 5ml of (0.1N) HCl + 5ml(1N)NaCl+ 15 ml ethanol+ 20ml distilled water+ 5ml (0.002N) ligand [2-oxo-2H-

chromene-3-carbohydrazide] 

c) 5ml of (0.1N) HCl + 5ml(1N)NaCl+ 15 ml ethanol+ 15ml distilled water+ 5ml (0.002N) ligand [2-oxo-2H-

chromene-3-carbohydrazide] + 5 ml (0.002N) Mn+2 and Cd+2 ions. 

3. RESULTS AND DISCUSSION 

The ligand [2-oxo-2H-chromene-3-carbohydrazide] was monobasic acid having only one dissociable (H+) 

ion from (OH-) group, it can therefore, be expressed as HL: 

HL         H+ + L- 

It was scanned between 200-600 nm in Uv-Visable spectrophotometer (fig.2) against absolute ethanol as a 

blank. 
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Fig.2. UV-Visible spectrum of the ligand [2-oxo-2H-chromene-3-carbohydrazide] 

On plotting the observed pH against the volume (0.1N) NaOH, we get different trends in titration curve, HCl 

curve (A), the ligand [2-oxo-2H-chromene-3-carbohydrazide] curve(B) and metal complex titration curve for (Mn+2 

and Cd+2) metal ion (C) shows in figures.3, 4. 

  
Fig.3. System Mn+2-ligand[2-oxo-2H-chromene-3-

carbohydrazide] pH metric titration 

Fig.4. System Cd+2-ligand[2-oxo-2H-chromene-3-

carbohydrazide] pH metric titration 

The average number of the protons associated ñA at different pH values was calculated from the titration 

curves by Iriving and Rossotti equation (Maldhure, 2012): 

ñA = Y- 
(𝑉1−𝑉2)(𝑁0−𝐸0)

(𝑉0+𝑉1)𝑇0 𝐶𝐿
       (1) 

Where N0 = is the concentration of  NaOH (0.15N), E0 = the concentration of HCl (0.1N), V0 = the total 

volume (50ml), T0cl = the concentration of ligand [2-oxo-2H-chromene-3-arbohydrazide] (0.002N), V1 and V2 = the 

volume of (0.15N) NaOH calculated by (0.1N) HCl and (0.002N) ligand [2-oxo-2H-chromene-3- carbohydrazide] 

on the same pH, Y = the number of dissociable protons from the ligand.  

Thus, proton-ligand system was found between 0.2-0.8 in ñA scale, this means that ñA values decreased with 

increasing pH of the solution system due to have one ionizable proton (fig.5). 

 
Fig.5. The relationship between ñA and pH for the ligand [2-oxo-2H-chromene-3-carbohydrazide] 

The metal-ligand formation number ñ fig.6, was given by calvin-bjerrums equation (Nimbalkar, 2012):  

          ñ= 
(𝑉3−𝑉2)(𝑁0+𝐸0)

(𝑉0+𝑉2) ñA 𝑇0CM
      (2) 

Where, T0
CM = the total concentration of Cd+2 and Mn+2 ion (0.002N), V0 = the total volume (50 ml),               

V2 = the volumes of (0.15N) NaOH calculated by (0.002N) organic ligand, V3 = the volumes of (0.15N) NaOH 

calculated by (0.002N) Cd+2 and (0.002N) Mn+2. 

 
Fig.6. The relationship between ñ and pH for the Mn+2-ligand and Cd+2 -ligand 
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The proton-ligand stability constant (PK) and metal-ligand stability constant were estimation using point 

wise method. The volume of PK1 and PK2 were expression by the following equations: 

For mono basic:  PK1 = log 
ñ𝐀

 1−ñ𝐀
 + PH . . . .(0.2-0.8 = ñA)…(3) 

For di basic:      PK2 = log 
ñ𝐀 −1

 2−ñ𝐀
 + PH . . . .(1.2-0.8 = ñA)…(4) 

 Since we get ñA between 0.2-0.8 indicating (1:1) complex formations. Table.1, shows PK1 and logk for the 

proton-ligand stability constant values decreases with increase temperatures. 

Table.1. Proton-ligand stability constant PK1 and logk1 for the ligand 

[2-oxo-2-Hchromene-3-carbohydrazide] 

Ligand 

[2-oxo-2H-chromene-3-carbohydrazide] 

298.15 k 308.15k 318.15k 

PK1 Logk1 PK1 Logk1 PK1 Logk1 

0.330 2.138 0.275 1.886 0.211 1.629 

Table.2, shows the values of logk1 for Mn+2-ligand which indicate that the range of the ñ values between 

0.2-0.8, this suggest that the Mn+2 form (1:1) complex in solution, but logk1 and logk2 for Cd+2-ligand indicate that 

the range of the ñ values between 0.2-0.8 and 1.2-1.8 this suggest that Cd+2 ion form (1:1) and (1:2) complexes with 

the ligand [2-oxo-2H-chromene-3-arbohydrazide] and the values of stability constant for the same complexes 

decreases with an increase in temperature, thus rise in temperature is not good for the complex formation in these 

system. 

Table.2. The stability constant logk1 for Mn+2-ligand and logk1 and logk2 for Cd+2-ligand 

 logk1 logk2 

complex 298.15k 308.15k 318.15k 298.15k 308.15k 318.15k 

Mn+2-ligand 3.009 2.680 2.271 - - - 

Cd+2-ligand 3.645 3.355 2.975 2.943 2.617 2.321 

Thermodynamic Study: The thermodynamic parameters such as G, H and S for the ligand [2-oxo-2H-

chromene-3-arbohydrazide] and it is complex with Mn+2 and Cd+2 were determined. The free Gippes energy of the 

ligand and complexes is calculated by the following equation: 

G = -2.303RTlogk…(5) 

The enthalpy H was calculated from Van,t Hoff equation by plot logk versus 1/T using graphical 

representation as shown in fig.7: 

Slope = 
H

2.303 R
 ………… (6)      

  
Fig.7. Van,t Hoff plot logk1 and logk2 of ligand and it is complexes with Mn+2 , Cd+2 against 1/T 

The changes in entropy S for the ligand and it is complex is done by the following equation: 

G = H - TS….(7)  

Table.3. Thermodynamic parameters for ligand and its complexes 

compound T (K) Gibbs energy change 

(J. mol-1) 

Enthalpy change 

(J. mol-1) 

Entropy change 

(J. mol-1. K-1) 

-G1 -G2 H1 H2 S1 S2 

ligand 298.15 9350.883 - 55603.300  155.131 - 

308.15 9357.704 - 150.079 - 

318.15 9314.153 - 145.494 - 

Mn+2-

ligand 

298.15 17695.189 - 75190.826  192.841 - 

308.15 15812.396 - 192.693 - 

318.15 13827.972 - 192.873 - 

Cd+2-

ligand 

298.15 20808.459 16983.443 60677.292 56445.770 133.720 132.357 

308.18 19794.996 15440.801 132.671 133.068 

318.15 18122.563 14138.750 133.756 132.978 
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The values in table.5, of the thermodynamic parameters are found that the process of formation of ligand [2-

oxo-2-Hchromene-3-carbohydrazide] and it is complexes is exothermic and spontaneous. 

4. CONCLUSION 

 The sensitive, accurate and precise potentiometric method was shown PKa values for proton-ligand stability 

constants was decreased with increased temperatures. 

(logk1) for Mn+2-ligand complex and (logk1 and logk2) for Cd+2-ligand complex values were decreased with 

an increased in temperatures, thus rise in temperatures is not good for the complex formation in these system. The 

proposed method was shown. The interaction process between the ligand [2-oxo-2H-chromene-3-carbohydrazide] 

and metal ions (Mn+2 and Cd+2) is exothermic and spontaneous. 

REFERENCES 

Abdel-Wahab B.F, Mohamed HA and Abdelbasset A.F, Ethyl coumarin-3-carboxylate: Synthesis and chemical 

properties, Org. Commun, 7 (1), 2014, 1-27. 

Abid K.K, and Abbas B.F, Synthesis and characterization of some transition metal complexes with a coumarin 

derivative, Res Chem Intermed, 39, 2013, 3991–3999. 

Cavar S and Kovac F, Three novel 4-methylcoumarin derivatives, Bulletin of the Chemists and Technologists of 

Bosnia and Herzegovina, 38, 2012, 1-4. 

Constanze S, Winfried R, Claudia A, Rolf G and Dirk W, HPLC analysis and safety assessment of coumarin in 

foods, Food Chemistry, 109, 2008, 462–469. 

Frenette M, Gabriel M, and Scaiano JC, Use of fluorescent probes to determine catalytic chain length in chemically 

amplified resists, Can. J. Chem., 83, 2005, 869–874. 

Haiwei Xi, Huijuan Ma, Xianshuang Meng, Ziming Wang, Hua Bai, Wentao Li and Chao W, Simultaneous 

Separation and Determination of 22 Coumarin Derivatives in Cosmetics by UPLC-MS/MS, Chromatographia,           

78 (3), 2015, 241-249. 

Izquierdo M.E, Granados J, Mir M, and Martinez M, Comparison of methods for determining coumarins in distilled 

beverages, Food Chemistry, 70, 2000, 251-258. 

Kadhum A.A, Al-Amiery A.A, Musa A.Y, and Mohamad A, The Antioxidant Activity of New Coumarin 

Derivatives, Int. J. Mol. Sci., 12, 2011, 5747-5761. 

Maldhure AK, Agarkar SS, Taywade RK, and Wankhade RS, Metal-ligand stability constants of Co (II), Ni (II) and 

Cu (II) metal ion, complexes with N-(5-methyl-2-hydroxyacetophenone)-N’-(2-hydroxyacetophenone) ethylene 

diamine at 0.1 M ionic strength pH metrically, Journal of Chemical and Pharmaceutical Research, 4 (8), 2012,      

3865-3868. 

Mirian M, Priscila A, Valber A, Maira R, Hueder P, and Lucia C, Spectrofluorimetric Determination of Coumarin 

in Commercial Tablets, J. Fluoresc, 21, 2011, 733–738. 

Mohamed H.E, Sanaa O.A, Khadiga M.G, Elzeni M.E, and Kawser N.K, Synthesis of Some Coumarin Derivatives 

as Potential Laser Dyes, J. Chem. Res., 2, 1997, 44-45. 

Nimbalkar S, Synthesis, Characteristics and Physico-chemical Study of Some Dichloro Pyrazoles, International 

Journal of Chemistry, 4 (2), 2012, 108-115. 

Vahdat S.M, Khavarpour M and Mohanazadeh F, A Facile and Highly Efficient Three Component Synthesis of 

Pyran and Chromene Derivatives in the Presence of Nano SnO2 as a catalyst, Journal of Applied Chemistry, 9 (32), 

2015, 41-46. 

Wisneskih H, Determination of Coumarin in Fragrance Products by Capillary Gas Chromatography with Electron 

Capture Detection, Journal of AOAC International, 84 (3), 2001, 689-692. 

 

 

 

 

 

 

 

http://link.springer.com/journal/10337
http://pubs.rsc.org/en/results?searchtext=Author%3AMohamed%20H.%20Elnagdi
http://pubs.rsc.org/en/results?searchtext=Author%3ASanaa%20O.%20Abdallah
http://pubs.rsc.org/en/results?searchtext=Author%3AKhadiga%20M.%20Ghoneim
http://pubs.rsc.org/en/results?searchtext=Author%3AElzeni%20M.%20Ebied
http://pubs.rsc.org/en/results?searchtext=Author%3AKawser%20N.%20Kassab

