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Abbreviations: DMF, dimethyl formamide; DMSO, dimethyl 
sulfoxide; RMSD, root-mean-square deviations; RD, relative 
deviations; RAD, relative average deviations

Introduction
Pyridine compounds exist in nature in various forms and are 

integral part of various natural products.1,2 The pyridine ring plays a 
key role in catalyzing both biological and chemical reactions.3 Various 
substituted pyridines demonstrate a wide range of applications. Among 
various substituted pyridines, cyano pyridine derivatives have been 
found to be an important sub class. Various substituted cyano pyridine 
derivatives are known to act as intermediates in the pharmaceutical, 
dye, photo and agrochemical industries.4‒6 Further, various cyano 
pyridines have drawn attention due to their wide spectrum biological 
activities.7‒11 Therefore, due to their applications in biological and 
chemical fields, it would be interesting to determine the solubility of 
some novel cyano pyridine derivatives in different solvents at various 
temperatures. The data may be useful for their application in other 
fields also.

Thus, in the present work, solubility of some newly synthesized 
cyano pyridine derivatives is determined in dimethyl formamide 
and dimethyl sulfoxide at different temperatures. Further, some 
thermodynamic parameters such as enthalpy, Gibb’s free energy and 
entropy of dissolution for these synthesized compounds have also 
been evaluated.

Experimental
The solvents dimethyl formamide (DMF) and dimethyl sulfoxide 

(DMSO) were used for the present study were purified by standard 
methods.12 All the synthesized compounds were crystallized and 
Figure 1 shows the general structure of these derivatives.

Solubility

The gravimetric method was used to study the solubility. An 
excess mass of compound was added to a known mass of solvent. 
The solution was heated to a constant temperature with continuous 
stirring. After, at least 3hrs the stirring was stopped and the solution 
was kept at a constant temperature for 2hrs. A portion of this solution 
was filtered and by a preheated injector, 5ml of this clear solution 
was taken to pre weighted measuring vial (m0). The vial was quickly 
and tightly closed and weighted (m1) to determine the mass of the 
sample (m1- m0). To prevent dust contamination, the vial was covered 

with a piece of filter paper. After completely dryness of vial mass, the 
vial was reweighed (m2) to determine the mass of the constant residue 
solid (m2- m0). All the weights taken using Mettler Toledo AB204-S, 
Switzerland electronic balance with uncertainty of ±0.0001g. Thus the 
concentration of solid sample in the solution, mole fraction x, could 
be determined from equation
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Where M1 and M2 is the molar mass of solvent and compound 
respectively. At each temperature, the measurement was repeated 
three times and an average value is taken.

Figure 1 General structure of cyanopyridine derivatives.
Where R is;
CP-1 = 4 –OCH3; CP-2 = 4-CH3; CP-3 = 4-Br; CP-4 = 4-NH2 ; CP-5 = 

4-NO2;  CP-6 = 3-OH; CP-7 = 4-Cl; CP-8 = 3-NO2; CP-9 = 4-OH; CP-10 = H

Results and discussion
The molecular formula, molecular weight, melting point, % yield 

and Rf values along with the solvent systems of all the compounds are 
given in Table 1. 

Table 2 and Table 3 show the experimental solubility values 
of compounds at different temperatures in DMF and DMSO 
respectively. The variation of mole fraction solubility of compounds 
with temperature in DMF and DMSO is shown in Figure 2 and Figure 
3 respectively. It is observed that in both the solvents, solubility 
increases with temperature. Further, comparison of solubility in both 
the solvents; DMF and DMSO shows that overall solubility is greater in 
DMSO than that in DMF. Thus, the solvent polarity plays an important 
role on the solubility of studied compounds. The dielectric constant of 
DMSO (46.6) is greater than that of DMF (36.71). However, there is 
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very small variation is in their dipole moments (3.9 for DMSO and 
3.86 for DMF). This suggests that dielectric constant of solvent plays 
an important role in dissolution for the studied compounds. 

The temperature dependence of solubility was described by the 
modified Apelblat equation13,14

ln  ln
B

x A C T
T

= + + ….. (2)

Where T is the absolute temperature, and A, B, and C are empirical 
constants. The values of these parameters are listed in Table 4. The 
root-mean-square deviations (RMSD) are calculated using the 
following equation:
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Where N is the number of experimental points and x and xi 
represent the mole fraction solubility of the experiment and that 
calculated from eq 2, respectively. These values are given in Table 
4. Further, relative deviations (RD) and relative average deviations 
(RAD) are calculated by eq (4) and (5).
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Where N is the number of experimental points and xi is the solubility 
calculated by eq 2. The values of relative deviation are listed in Table 
2 and Table 3 for DMF and DMSO respectively and relative average 
deviation values are reported in Table 4. It is evident from Table 2 
and Table 3 that relative deviation (RD) values are not more than 
1.85% for DMF and 2.86% for DMSO. Thus, there is good agreement 
between experimental and calculated solubility values in both the 
solvents. Using experimental data of solubility in different solvents, 
some thermodynamic parameters such as dissolution enthalpy, Gibb’s 
energy of dissolution and entropy have also been evaluated. According 
to modified Van’t Hoff equation15,16 the dissolution enthalpy ( )

sol
H∆  

were evaluated by following relation.
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Where T is the experimental temperature and R is universal gas 
constant. Thm represent the mean harmonic temperature which is given 
as
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Where n is the number of experimental temperatures.17 In present 
case, the value of Thm is obtained only 308K. The slope of the plot of 
ln x versus (1/T-1/308) gives the value of ∆Hsol. From the intercepts of 
these plots, Gibbs energy change (ΔGsol) for dissolution process were 
calculated from the following relation15

.
sol hm
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Using these evaluated ∆Hsol and ∆Gsol values, the entropies of 
solutions ∆Ssol were obtained from the following equation:
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All these thermodynamic parameters are listed in Table 5.

It is evident from Table 5, that for all the compounds, the evaluated 
thermodynamic parameters i.e., ∆Hsol, ∆Gsol and ∆Ssol values are 
positive for both the solvents. The positive ∆Hsol suggests endothermic 
dissolution of compounds in both the solvents. The endothermic 
effect may be due to strong interactions between compound and 
solvent molecules.17,18 Whereas, positive ∆Gsol values indicate that the 
dissolution process is spontaneous. The positive entropy indicates that 
dissolution process increases the randomness in solution.18 However, 
for some compounds entropy is less than half value than those of 
other compounds. This depends on the functional groups present in 
the compound as well as on the solvent. Different functional groups 
interact differently with the solvent, so randomness will be different. 

Table 1 Physical constant of Cyano pyridine compounds

Sr. No Comp. code Mol. Wt. g/mol) M.F. R Rf* Value M.P. ºC Yield %

1 CP-1 436.8 C27H17ClN4O 4-OCH3-C6H4- 0.59 221 70

2 CP -2 420.8 C26H17ClN4 4-CH3-C6H4- 0.56 180 68

3 CP -3 485.7 C25H14BrClN4 4-Br-C6H4- 0.63 214 71

4 CP -4 421.8 C25H16ClN5 4-NH2-C6H4- 0.69 208 65

5 CP -5 451.8 C25H14ClN5O2 4-NO2-C6H4- 0.64 187 69

6 CP -6 422.8 C25H15ClN4O 3-OH-C6H4- 0.7 235 67

7 CP -7 441.3 C25H14Cl2N4 4-Cl-C6H4- 0.72 234 72

8 CP -8 451.8 C25H14ClN5O2 3-NO2-C6H4- 0.62 201 63

9 CP -9 422.8 C25H15ClN4O 4-OH-C6H4- 0.67 229 65

10 CP -10 406.8 C25H15ClN4 H-C6H4- 0.49 162 73

*Ethyl acetate: Hexane: 3:7
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Figure 2 The variation of experimental mole fraction solubility (x) of 

compounds with temperature in DMF.
(♦); CP-1, (■); CP-2, (▲); CP-4, (♦); CP-4, (●); CP-5, (♦); CP-6, (■); CP-7, (▲); 

CP-8, (●); CP-9, (●); CP-10.

Figure 3 The variation of experimental mole fraction solubility (x) of 

compounds with temperature in DMSO.

(♦); CP-1, (■); CP-2, (▲); CP-4, (♦); CP-4, (●); CP-5, (♦); CP-6, (■); CP-7, 

(▲); CP-8, (●); CP-9, (●); CP-10.

Table 2 The experimental solubility (x), calculated solubility (xc) and relative deviation (RD) of anopyridines derivatives in DMF at different temperatures.

Temp.K x xc 100 RD x xc 100 RD

CP-1 CP-6

298.15 0.0049 0.004873 0.553 0.0081 0.008117 -0.2144

303.15 0.0055 0.005593 -1.6838 0.0092 0.00915 0.5447

308.15 0.0069 0.006858 0.6078 0.0103 0.010427 -1.2285

313.15 0.009 0.008947 0.5884 0.0121 0.012002 0.8086

318.15 0.0123 0.012368 -0.5563 0.0139 0.013947 -0.3354

CP-2 CP-7

298.15 0.0044 0.004415 -0.3523 0.004 0.004012 -0.2966

303.15 0.0054 0.005367 0.6156 0.0055 0.005488 0.2174

308.15 0.0063 0.006343 -0.6819 0.0071 0.007087 0.1892

313.15 0.0073 0.007302 -0.0298 0.0086 0.008668 -0.7937

318.15 0.0082 0.008201 -0.0139 0.0101 0.010077 0.2285

CP-3 CP-8

298.15 0.0065 0.0065 0.0051 0.0074 0.007406 -0.0775

303.15 0.0081 0.008141 -0.5025 0.0094 0.009446 -0.4843

308.15 0.0098 0.00974 0.6075 0.0115 0.011371 1.1229

313.15 0.0111 0.011165 -0.5862 0.0128 0.012966 -1.2995
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Temp.K x xc 100 RD x xc 100 RD

318.15 0.0123 0.012292 0.061 0.0141 0.014052 0.3405

CP-4 CP-9

298.15 0.0049 0.004919 -0.3924 0.0086 0.008626 -0.3023

303.15 0.0061 0.006049 0.8295 0.0104 0.010358 0.4006

308.15 0.0072 0.007277 -1.0755 0.0121 0.012125 -0.2068

313.15 0.0086 0.008575 0.285 0.0138 0.013857 -0.4096

318.15 0.0099 0.00991 -0.102 0.0155 0.015482 0.1165

CP-5 CP-10

298.15 0.008 0.008006 -0.0787 0.0075 0.007506 -0.0787

303.15 0.0101 0.010167 -0.6589 0.0095 0.009547 -0.4976

308.15 0.0123 0.012098 1.6408 0.0116 0.011471 1.1087

313.15 0.0133 0.013546 -1.851 0.0129 0.013066 -1.2862

318.15 0.0144 0.014325 0.5219 0.0142 0.014154 0.3261

Table 3 The experimental solubility (x), calculated solubility (xc) and relative deviation (RD) of cyanopyridines derivatives in DMSO at different temperatures.

Temp.K x xc 100 RD x xc 100 RD

CP-1 CP-6

298.15 0.0049 0.004919 -0.3816 0.0082 0.008206 -0.0724

303.15 0.0063 0.006213 1.3771 0.0095 0.009474 0.2704

308.15 0.0077 0.007921 -2.8667 0.0108 0.01089 -0.8342

313.15 0.0104 0.010183 2.0845 0.0125 0.012464 0.2849

318.15 0.0131 0.013194 -0.7213 0.0142 0.014209 -0.0606

CP-2 CP-7

298.15 0.006 0.005988 0.193 0.0045 0.004508 -0.1743

303.15 0.0066 0.006571 0.4398 0.0059 0.005902 -0.038

308.15 0.0071 0.007189 -1.259 0.0074 0.007384 0.2207

313.15 0.0078 0.007844 -0.5691 0.0088 0.00885 -0.5667

318.15 0.0086 0.008537 0.737 0.0102 0.010189 0.1077

CP-3 CP-8

298.15 0.0066 0.006601 -0.0213 0.0076 0.007617 -0.2262

303.15 0.0081 0.008119 -0.2378 0.0096 0.00961 -0.1085

308.15 0.0097 0.009706 -0.058 0.0115 0.011402 0.8531

313.15 0.0113 0.011295 0.0408 0.0126 0.012769 -1.3403

318.15 0.0128 0.012819 -0.1456 0.0136 0.013546 0.3978

CP-4 CP-9

298.15 0.005 0.005014 -0.2731 0.0085 0.008526 -0.3015

303.15 0.0064 0.006414 -0.2132 0.0104 0.010368 0.3039

308.15 0.0078 0.007689 1.4236 0.0122 0.012193 0.0572

313.15 0.0085 0.008673 -2.0393 0.0138 0.013894 -0.6778

318.15 0.0093 0.00924 0.6421 0.0154 0.015369 0.202

CP-5 CP-10

298.15 0.0081 0.008122 -0.2738 0.0075 0.007495 0.0622

303.15 0.0102 0.010198 0.0151 0.009 0.009075 -0.8341

Table Continued...
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Temp.K x xc 100 RD x xc 100 RD

308.15 0.0122 0.012095 0.864 0.0106 0.010466 1.2654

313.15 0.0134 0.013595 -1.4544 0.0114 0.011531 -1.1507

318.15 0.0146 0.014532 0.4683 0.0122 0.012172 0.2297

Table 4 Coefficients A, B and C of equation 2, relative average deviation (RAD) and root mean square deviation (rmsd) of cyanopyridine derivatives in DMF 

and DMSO.

Compounds A B C γ 105 rmsd 102 RAD

  DMSO

CP-1 -1768.58 76932.79 254.9775 0.989 17.7 -0.1127

CP-2 548.9647 -27851 -80.907 0.9998 2.83 -0.0925

CP-3 971.1418 -47221.7 -143.534 0.9998 4.87 -0.083

CP-4 390.0745 -20902.7 -57.0911 0.9997 4.91 -0.0911

CP-5 1442.436 -68552.3 -213.658 0.9985 16.69 -0.0852

CP-6 -367.517 14421.11 55.16949 0.9993 8.74 -0.085

CP-7 1204.318 -59051.6 -177.58 0.9999 3.78 -0.0911

CP-8 1259.862 -60438.5 -186.404 0.9994 11.04 -0.0796

CP-9 497.3518 -25321.4 -73.2199 0.9999 4.05 -0.0803

CP-10 1241.621 -59578.3 -183.707 0.9994 11.01 -0.0856

  DMSO

CP-1 -410.769 -14588 62.57469 0.9988 16.77 -0.1016

CP-2 -2.57231 -1540.24 0.459747 0.9984 6.11 -0.0917

CP-3 553.1926 -28204.6 -81.3703 0.9999 1.39 -0.0844

CP-4 1435.946 -68395.8 -212.693 0.9987 10.76 -0.092

CP-5 1255.235 -59986.6 -185.842 0.9993 11.65 -0.0762

CP-6 -1.28015 -2365.81 0.774249 0.9998 5.04 -0.0824

CP-8 1361.631 -64833.1 -201.674 0.9994 10.18 -0.0848

CP-9 689.6105 -34135.8 -101.777 0.9999 5.34 -0.0832

CP-10 1070.677 -51157.2 -158.662 0.9988 10.2 -0.0855

Table 5 Thermodynamic parameters of dissolution of compounds in DMF and DMSO.

Comp.code ΔHsol kJ.mol-1 ΔGsol kJ.mol-1 ΔSsol J.mol-1.K-1 ΔHsol kJ.mol-1 ΔGsol kJ.mol-1 ΔSsol J.mol-1.K-1

DMF DMSO

CP-1 39.01 12.63 85.64 39.15 12.37 86.94

CP -2 24.25 13.02 36.47 13.88 12.65 41

CP -3 25.33 11.97 43.38 26.4 11.94 46.94

CP -4 27.5 12.65 48.19 23.91 12.62 36.65

CP -5 22.75 11.46 36.65 22.71 11.44 36.58

CP -6 21.18 11.66 30.93 21.47 11.59 32.08

CP -7 36.22 12.81 75.98 32.59 12.69 64.64

CP -8 25.46 11.6 44.98 22.98 11.61 36.91

CP -9 22.85 11.36 37.32 23.23 11.36 38.52

CP -10 25.11 11.58 43.92 19.08 11.8 23.66

Table Continued...
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Conclusion
It is concluded that solubility increases with temperature in both the 

solvents. Overall, solubility is greater in DMSO than that in DMF for 
all the compounds. Further, the evaluated thermodynamic parameters 
i.e., enthalpy, Gibb’s free energy and entropy of dissolutions values 
are positive for both the solvents. The positive enthalpy suggests 
endothermic dissolution of compounds in both the solvents indicating 
thereby strong interactions between compound and solvent molecules. 
The positive Gibb’s free energy and entropy indicate that dissolution 
process is spontaneous and it increases the randomness in solution.
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