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Abstract

Conductivity plays a vital role in drug; diffusion, transmission, metabolism (drug activity and drug effect), and exertion in pharmacokinetics and pharmacodynamics of drugs. Thermodynamic parameters are affected by substituents of drugs. Considering these facts recently in this laboratory, conductometrically thermodynamic parameters of 4-[4-(4-chlorophenyl]-4-hydroxypiperidin-1-yl]-N, N-dimethyl-2,2-diphenylbutanamide [CPHDD] and (2S,6R)-7-chloro-2,4,6-trimethoxy-6'-methyl-3H,4'H-spiro[1-benzofuran-2,1’-]cyclo hex-2-ene]-3,4'-dione  [CTMBCD] were investigated at different molar concentrations and different percentage compositions. This work mainly highlights on the investigation of  G, K, and µ values. The thermodynamic parameters viz. ΔH, ΔS, and ∆G for ion pair formation were determined from the value of ion association constant at 298K This technique is suitable and accurate to study pharmacokinetics and pharmacodynamics parameters.  
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1. Introduction:

Conductivity of drugs/ medicines play key role in medicinal chemistry. Conductometric measurements along with G, K and µ values, ΔH, ΔS and ∆G and biopharmaceutical parameters are responsible for the effective bioavailability of drug in vitro and in vivo correlations [1], which gives useful information regarding the permeability of drug in drug absorption and transmission of drug in pharmokinetics and pharmodynamics of drug in drug chemistry. Improvement of solubility and dissolution rate and oral bioavailability of poorly water soluble drugs are still the challenging aspects for the pharmaceutical technologists [2]. One of the safest methods of solubilisation is hydrotropic solubilisation [3] and by the addition of hydrotropic agents the aqueous solubilisation of insoluble drugs can be achieved. Many researchers highlighted the effect of the solubility enhancers (hydrotropic agents) [4, 5] and hence improved stability of the drug but no detailed explanation is available relating to the improvement phenomena. 

Split of electrolyte conductivities into the ionic components ideally requires transference numbers, an accuracy to obtain exact readings for ground level laboratory for various parameters to chemist become difficult and important task and also serious experimental problems in many non-aqueous solvents for well equipped laboratories for pharmacokinetics and pharmacodynamics of drugs in drug chemistry. To overcome this problem conductance measurements, provide very important and valuable information regarding ion-ion and ion-solvent interactions. The conductometric studies of ionic association of divalent asymmetric electrolyte Cu (NO3)2 with Kryptofix-22 in mixed (MeOH-DMF) solvents at different temperatures were carried out by Gomaa and Al-Jahdalli [6]. Izonfuo and Obunwo [7] and Roy et al [8] studied the conductance of alkali metal in different mixtures mixed solvents. The thermodynamic parameters [9] and Walden products of different complexes were studied by few researched and they also determined the comparison of transition metal complexes among the halide groups by [10]. studied the interaction between sodium sulphate and 1-propanol, 1-butanol, 1-pentanol and 1-hexanol at different temperatures by conductometric technique [11-13]. The present investigation deals with the study of conductometric properties, thermodynamic behaviour and Walden product of 4-[4-(4-chlorophenyl]-4-hydroxypiperidin-1-yl]-N, N-dimethyl-2,2-diphenylbutanamide [CPHDD] and (2S, 6R)-7-chloro -2, 4, 6-trimethoxy-6'-methyl-3H, 4'H-spiro[1-benzofuran 2, 1’-] cyclohex-2-ene]-3,4'-dione[CTMBCD] in ethanol-water mixture at different concentrations and different percentage compositions at constant temperature i.e. 270C. 

2. Experimental:
All the chemicals and solvents used for the synthesis were of A.R. grade. All the freshly prepared solutions were used for investigations. The solvents were purified by standard method [14]. Different concentration solutions of 0.1M 4-[4-(4-chlorophenyl]-4-hydroxypiperidin-1-yl]-N, N-dimethyl-2,2-diphenyl- butanamide [CPHDD] and (2S,6R)-7-chloro-2,4,6-trimethoxy-6'-methyl-3H,4'H-spiro[1-benzofuran-2,1’-] cyclohex-2-ene]-3,4'-dione [CTMBCD] were prepared. 0.1M solution of each drug was prepared and then by serial dilution method 0.075M, 0.050M and 0.025M were prepared in 100% water and ethanol-water mixture respectively. Similar solutions were prepared for 80% and 70% water-ethanol mixture. All the solutions of drug were always used a fresh in the present investigation. 
In 50 ml glass beaker drug solution was taken and it was kept inside the thermostat for 15-20 minutes to attain the thermal equilibrium (270C). After achieving the thermal equilibrium, the conductivity was measured.

3. Results and Discussion:

During this investigation conductometric measurements of 100%, 80%, and 70% mixtures of water-ethanol were prepared. In first set 0.1M solution of [CPHDD] and in second set 0.1M solution of [CTMBCD] was prepared in conductivity water and by serial dilution method 0.075M, 0.050M and 0.025M solutions were prepared. At 270C the conductance of each solution was measured by conductivity bridge and result are cited in Table 1 and Table 2. From the data observed conductance (G), specific conductance (k) and molar conductance (µ) were determined by known literature method. 

	Determination of G, k and µ on different Concentrations at 27°C

	% of solution

(Water- ethanol)
	Concentration (M)
	Observed conductance (G)
	Specific conductance (k)
	Molar conductance (µ)

	100%
	0.1 M
	0.60X10-3
	0.5709606X10-3
	5.709606

	
	0.075 M
	0.51 X10-3
	0.4853165X10-3
	6.4708868

	
	0.050 M
	0.37 X10-3
	0.3520923X10-3
	7.0418474

	
	0.025 M
	0.21 X10-3
	0.1998362X10-3
	7.993448

	80%
	0.1 M
	0.73X10-3
	0.6946687X10-3
	6.9466873

	
	0.075 M
	0.70 X10-3
	0.6661207X10-3
	8.8816093

	
	0.050 M
	0.61 X10-3
	0.5804766X10-3
	11.609532

	
	0.025 M
	0.41 X10-3
	0.3901564X10-3
	15.606256

	70%
	0.1 M
	0.25 X10-3
	0.2379002X10-3
	2.3790025

	
	0.075 M
	0.22 X10-3
	0.2093522X10-3
	2.7913629

	
	0.050 M
	0.20 X10-3
	0.1903202X10-3
	3.806404

	
	0.025 M
	0.14 X10-3
	0.1332241X10-3
	5.3289656


Table 1: Conductometric Measurements of [CPHDD] at different concentration
	Determination of G, k and µ on different Concentrations at 27°C

	% of solution

(Water- ethanol)
	Concentration (M)
	Observed conductance (G)
	Specific conductance (k)
	Molar conductance (µ)

	100%
	0.1 M
	0.22X10-3
	0.209352 X10-3
	2.09352

	
	0.075 M
	0.17 X10-3
	0.161772 X10-3
	2.15696

	
	0.050 M
	0.12 X10-3
	0.114192X10-3
	2.28384

	
	0.025 M
	0.08 X10-3
	0.076128X10-3
	3.04512

	80%
	0.1 M
	0.16X10-3
	0.152256X10-3
	1.52256

	
	0.075 M
	0.15 X10-3
	0.14274X10-3
	1.9032

	
	0.050 M
	0.12 X10-3
	0.114192X10-3
	2.28384

	
	0.025 M
	0.08 X10-3
	0.076128X10-3
	3.04512

	70%
	0.1 M
	0.15 X10-3
	0.14274X10-3
	1.4274

	
	0.075 M
	0.13 X10-3
	0.123708X10-3
	1.64944

	
	0.050 M
	0.11 X10-3
	0.104676X10-3
	2.09352

	
	0.025 M
	0.07 X10-3
	0.066612X10-3
	2.66448


Table 2: Conductometric Measurements of [CTMBCD] at different concentration

From Table-1 to Table-2, it was observed that the observed conductance (G) and specific conductance (k) were decreases from [CPHDD] to [CTMBCD] continuously while molar conductance (µ) increases. Decrease in some conductance is due to number of phenolic-OH group present in the respective molecule. In [CPHDD] observed conductance continuously decreases from 0.1M concentration to 0.025M concentration continuously. This is due to the numbers of [CTMBCD] present in these solutions were continuously decreases. Same pattern was observed in percentage compositions of the mixture. Specific conductance of [CPHDD] decreases when the molar concentration and percentage composition of water decreases but the specific conductance increases at the same temperature. In [CPHDD] it was also observed that molar conductance increases from 0.1M concentration to 0.025M concentration as well as it increases in all percentage compositions.  In 100% water molar conductance is highest while it will decrease from 100% to 70% water-ethanol percentage compositions. Molar conductance in 100% water is highest in all molar concentrations. Above results showed that [CPHDD] and [CTMBCD] are good drugs and will gave good pharmokinetics and pharmodynamics results of the standard drug. Same patterns of observed conductance, molar conductance and specific conductance were observed for [CTMBCD]. These results throw light on pharmokinetics of these two drugs. During this investigation it was observed that the molar conductance of [CPHDD] is more than [CTMBCD] which clearly indicates the drug effect of [CPHDD] is comparatively good than [CTMBCD]. It means that the absorption, transformation and metabolism of [CPHDD] is better than [CTMBCD], so [CPHDD] possesses best drug activity and drug effect than [CTMBCD].
                 The specific constant (Ksp), log (Ksp) and thermodynamics parameter viz. change in free energy (∆G), change in entropy (∆S) and change in enthalpy (∆H) of [CPHDD] and [CTMBCD] were determined by known literature method at various molar concentration, percentage compositions and temperatures and result are cited in Table 3 to Table 8.
	Determination of Ksp, log Ksp, ∆G, ∆H and ∆S at different Concentrations at 27°C

	SYSTEM: DRUG CPHDD
	MEDIUM - 100% WATER

	Temp

(°C)
	Conc.

(M)
	Ksp
	Log Ksp
	∆G
	∆H
	∆S

	27
	0.100
	0.099790372
	-1.000911358
	5749.37757
	-580158.4026
	-1953.025934

	
	0.075
	0.074842777
	-1.125850107
	6467.043561
	-580158.4026
	-1955.418154

	
	0.050
	0.049895185
	-1.301941363
	7478.536846
	-580158.4026
	-1958.789798

	
	0.025
	0.024947592
	-1.602971367
	9207.696116
	-580158.4026
	-1964.553662


Table 3: Conductometric Measurements of [CPHDD] at different concentration
	Determination of Ksp, log Ksp, ∆G, ∆H and ∆S at different Concentrations at 27°C

	SYSTEM: DRUG [CPHDD]
	MEDIUM - 80% WATER

	Temp

(°C)
	Conc.

(M)
	Ksp
	Log Ksp
	∆G
	∆H
	∆S

	27
	0.100
	0.079832297
	-1.097821375
	6306.042527
	-580158.4026
	-1954.881484

	
	0.075
	0.059874221
	-1.222760124
	7023.708518
	-580158.4026
	-1957.233704

	
	0.050
	0.039916148
	-1.398851376
	8035.20178
	-580158.4026
	-1960.645348

	
	0.025
	0.019958073
	-1.699881393
	9764.361124
	-580158.4026
	-1966.409212


Table 4: Conductometric Measurements of [CPHDD] at different concentration
	Determination of Ksp, log Ksp, ∆G, ∆H and ∆S at different Concentrations at 27°C

	SYSTEM: DRUG [CPHDD]
	MEDIUM - 70% WATER

	Temp

(°C)
	Conc.

(M)
	Ksp
	Log Ksp
	∆G
	∆H
	∆S

	27
	0.100
	0.06985326
	-1.155813321
	6639.156535
	-580158.4026
	-1955.991864

	
	0.075
	0.052389943
	-1.280752074
	7356.822548
	-580158.4026
	-1958.384084

	
	0.050
	0.034926629
	-1.456843323
	8368.315793
	-580158.4026
	-1961.755728

	
	0.025
	0.017463314
	-1.757873327
	10097.47506
	-580158.4026
	-1967.519592


Table 5: Conductometric Measurements of [CPHDD] at different concentration
	Determination of Ksp, log Ksp, ∆G, ∆H and ∆S at different Concentrations at 27°C

	SYSTEM: DRUG [CTMBCD]
	MEDIUM - 100% WATER

	Temp

(°C)
	Conc.

(M)
	Ksp
	Log Ksp
	∆G
	∆H
	∆S

	27
	0.100
	3.925965087
	0.593946433
	-3411.713008
	-580158.4026
	-1922.488965

	
	0.075
	2.944471816
	0.469007696
	-2694.047086
	-580158.4026
	-1924.881185

	
	0.050
	1.962982544
	0.292916437
	-1682.553784
	-580158.4026
	-1928.252829

	
	0.025
	0.981491271
	-0.008113558
	46.60543415
	-580158.4026
	-1934.016693


Table 6: Conductometric Measurements of [CTMBCD] at different concentration
	Determination of Ksp, log Ksp, ∆G, ∆H and ∆S at different Concentrations at 27°C

	SYSTEM: LIGAND [CTMBCD]
	MEDIUM - 80% WATER

	Temp

(°C)
	Conc.

(M)
	Ksp
	Log Ksp
	∆G
	∆H
	∆S

	27
	0.100
	3.14077207
	0.49703642
	-2855.048074
	-580158.4026
	-1924.344515

	
	0.075
	2.355579053
	0.372097683
	-2137.382152
	-580158.4026
	-1926.736735

	
	0.050
	1.570386035
	0.196006424
	-1125.88885
	-580158.4026
	-1930.108379

	
	0.025
	0.785193016
	-0.105023571
	603.2703682
	-580158.4026
	-1935.872243


Table 7: Conductometric Measurements of [CTMBCD] at different concentration
	Determination of Ksp, log Ksp, ∆G, ∆H and ∆S at different Concentrations at 27°C

	SYSTEM: DRUG [CTMBCD]
	MEDIUM - 70% WATER

	Temp

(°C)
	Conc.

(M)
	Ksp
	Log Ksp
	∆G
	∆H
	∆S

	27
	0.100
	2.748175561
	0.439044473
	-2521.934061
	-580158.4026
	-1925.454895

	
	0.075
	2.061131671
	0.314105736
	-1804.268139
	-580158.4026
	-1927.847115

	
	0.050
	1.374087781
	0.138014477
	-792.7748368
	-580158.4026
	-1931.218759

	
	0.025
	0.687043889
	-0.687043889
	936.3843814
	-580158.4026
	-1936.982623


Table 8: Conductometric Measurements of [CTMBCD] at different concentration
From Table-3 to Table-8 it was observed for these drugs Ksp, log Ksp, ∆H and ∆S decreases continuously while ∆G increases when we go from 0.1M concentration solution to 0.025M concentration. Same pattern was observed in percentage composition of the mixture i.e., these thermodynamic parameters are highest in 100% water while least in 70% water-ethanol solvent. In [CTMBCD] the values of all thermodynamic parameter as well as Ksp and log Ksp are the greatest than [CPHDD].
4. Conclusion:

From this investigation it is clear that various functional groups such as electron donating, electron withdrawing, acidic, basic and various functional groups present in the molecule directly affect conductance, specific conductance, molar conductance, Ksp, ∆H, ∆S and ∆G values of that drug. The structure of the drug as well as nature of that drug directly affects these parameters. The temperature molar concentrations and percentage compositions are also responsible for changing the values of these parameters. The solute (drug)-solvent interactions, solvent-solvent interactions, solvent-solvent-solute interactions and solute-solute-solvent interactions are another factor which directly hamper these parameters. The internal geometry as well as internal and intra hydrogen bonding affect these parameters. 
During this investigation it was also observed that the molar conductance of [CPHDD] is highest than [CTMBCD] which clearly indicates the drug effect of [CPHDD] is comparatively more than [CTMBCD].
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