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Thermodynamic studies of naringenin-isonicotinamide cocrystals
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Abstract: The purpose of this study was to investigate the thermodynamics of naringenin (NAR)-isonicoti-
namide (INT) cocrystal (stoichiometric ratio, 1 : 2) formed in different solvents. The dissolution behavior
of cocrystal was explored in the water. Solubility of NAR-INT cocrystals under various temperatures were
measured, followed by fitting the complexation model to calculate the thermodynamic parameters solubility
products (Kj,), complexation constants (K;,) and Gibbs energy change (AG) of cocrystal during formation
progress. Ternary phase diagrams (TPDs) of the NAR-INT-solvent systems under various temperatures were
plotted. Based on the non-linear simulation, 1 : 2 complexation model was well fitted to the NAR-INT cocrystal
formation in ethanol, isopropanol and ethyl acetate, while no complexation model was more suitable for that
in methanol. The cocrystallization reaction was exothermic and spontaneous (AG<0, AH<0, AS<0). K,
increased while K, decreased when increasing temperature, suggesting that the two components could
cocrystallize more easily at the lower temperature. In comparison to TPDs in other solvents, the area of

homogeneous liquid phase in ethyl acetate was the smallest, indicating the easiest formation of NAR-INT
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cocrystal in ethyl acetate. The current study provides a theoretical foundation for preparation and optimization

of scale-up NAR-INT cocrystals.
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Figure 1 Chemical structures of naringenin (NAR, a) and
isonicotinamide (INT, b)
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Figure 2 Solubility curves of NAR ( A), physical mixture (o)
and NAR-INT cocrystal (m) in water at 298 K. Labeled points
are measured values and lines are fitted values
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Table 1 Solubility of NAR, INT and NAR-INT cocrystal in
four organic solvents at different temperatures
sovent 7K ! et
Methanol 298 7.41x107 12.65x107" 9.86x107*
Isopropanol 298 2.74x1072 3.86x107" 3.87x1072
Ethyl acetate 298 2.29x1072 1.07x107" 2.37x1072
Ethanol 298 4.9x107 6.0x107" 6.2x1072
303 5.3x1072 7.1x107" 7.2x1072
308 7.8x1072 9.0x107" 9.0x1072
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Figure 3 Comparison of experimental and calculated cocrystal
solubility as a function of INT concentration in methanol (m),
ethanol (), isopropanol (A) and ethyl acetate (V) at 298 K
according to 1 : 2 complexation model. Labeled points are meas-
ured values and lines are fitted values
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Figure 4 The linear function between NAR and 1/[INT]? in
ethanol, isopropanol, ethyl acetate and methanol at 298 K.
Labeled points are measured values and lines are fitted values
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Table 2 Solubility product constant (K,,) and complexation
constant (K;,) of NAR-INT cocrystals calculated according to
1 1 2 complexation model

Solvent T/K Ko K R
Methanol 298 4.68x107° -1.22 0.98
Isopropanol 298 5.74x107° 216.04 0.99
Ethyl acetate 298 1.59%107° 409.90 0.98
Ethanol 298 6.30x107* 8.84 0.99

303 1.21x107° 3.10 0.99
308 2.82x107° 0.73 0.99
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Figure S Solubility curves of cocrystal (NAR-INT) in ethanol
at different temperatures
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Table 3 Reaction Gibbs free energy (AG®) of cocrystal forma-
tion in four solvents at different temperatures

Solvent TIK AG°/k)-mol ™
Methanol 298 -11.414
Isopropanol 298 -15.771
Ethyl acetate 298 —12.856
Ethanol 298 —12.661

303 —12.403
308 -12.017
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Table 4 Dissolution enthalpy (Asf{m) of NAR, INT and the
formation of NAR-INT cocrystal in ethanol

AsolH,

. . 2 soldIm
Sample Equation of line R kI -mol”!
NAR InS=-2480/T+ 7.081 6 0.998 8 20.62
INT InS=-3717.7/T+11.952  0.9886 30.91

NAR-INT cocrystal  InS=-3416.5/T+8.6712 0.9849 28.40
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Figure 6 The linear function between AG and 7(K). Labeled
points are measured values and lines are fitted values
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Figure 7 Ternary phase diagrams of NAR-INT cocrystals in
ethanol at 298 K(a), 303 K(b) and 308 K(c)
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Figure 8 Ternary phase diagrams of NAR-INT cocrystals in
methanol (a), isopropanol (b) and ethyl acetate (c) at 298 K
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