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Thermo-acoustic and computational studies for intermolecular interactions in a mixture of drug (NSAIDs) and D-

mannitol in an aqueous system: Implications for Pharmaceutical Formulation
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Fig. S1: Chemical structure of (A) sodium naproxen and (B) D-mannitol
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Table S1: Comparison of density (p) and sound velocity (u) of water with reported values.

Temperature(K) Density (p), (g/cm®) Sound velocity(u), (m/s)
Experimental Literature Experimental Literature
293.15 0.998226 0.998202¢ 1483.10 1483.10f
0.998226° 1482.55P
298.15 0.997100¢ 1497.00 1497.00¢
0.997100 0.997046" 1497.65'
303.15 0.995238 0.995241! 1509.34 1509.57%
0.995651) 1509.10¢
308.15 0.994030 0.994037¢ 1519.34 1520.172
0.994058¢ 1519.83¢
313.15 0.992212 0.992210¢ 1529.30 1529.89°
0.992214° 1529.35°

The standard uncertainties in density (o), sound velocity (u), temperature (T), and pressure (P) are £1x107% g
cm3, £0. 029 m/st, #1072 K and +5 kPa respectively.

3 (Shahazidy et al., 2022), ® (Jamal et al., 2021), ¢ (Jamal et al., 2017),¢ (Naseem et al., 2016),° (Sajid et al.,
2021)," (Jamal et al., 2022),9 (Warminska, 2012)," (Kumar et al., 2021),' (Jiang et al., 2013),1 (Li et al., 2013),
K (Naseem et al., 2017),1 (Shahazidy et al., 2024)

Table S2: Experimental densities (p) of sodium naproxen (Na-NAP) in water and different concentrations of D-
mannitol (Y%ow/w) at T= (293.15K-313.15K) and atmospheric pressure.

Concentration Density(p), (g/cm?)
of sodium 293.15K 298.15 K 303.15K 308.15 K 313.15K
naproxen
m/mol kg*
Sodium Naproxen + water
0.0000 0.998226 0.997100 0.995238 0.994030 0.992212
0.0247 1.000010 0.998820 0.997228 0.995645 0.993766
0.0748 1.003487 1.002137 1.000465 0.998751 0.996742
0.1006 1.005127 1.003697 1.001975 1.000202 0.998132
0.1998 1.011342 1.009553 1.007688 1.005801 1.003507
0.2979 1.016783 1.014549 1.012540 1.010661 1.008198
Sodium Naproxen in 5% aqueous D-mannitol
0.0000 1.013209 1.012254 1.011351 1.008632 1.008426
0.0247 1.023781 1.022582 1.020928 1.019554 1.017155
0.0748 1.026660 1.025317 1.023603 1.022113 1.019667
0.1006 1.028045 1.026596 1.024788 1.023277 1.020757
0.1998 1.032093 1.030368 1.028315 1.026722 1.024155
0.2979 1.03472 1.032333 1.030458 1.028725 1.026254
Sodium Naproxen in 7% agqueous D-mannitol
0.0000 1.023314 1.021462 1.020375 1.018477 1.016147
0.0247 1.030882 1.029758 1.028625 1.026677 1.025303
0.0748 1.033321 1.031979 1.030645 1.028755 1.027317

0.1006 1.034203 1.032804 1.031387 1.029531 1.028101



0.1998 1.037472 1.035901 1.034059 1.032311 1.030743

0.2979 1.039132 1.037542 1.035604 1.033802 1.032212
Sodium Naproxen in 9% w/w aqueous D-mannitol

0.0000 1.027482 1.026624 1.024764 1.022587 1.020454
0.0247 1.041557 1.039624 1.037538 1.035617 1.033232
0.0748 1.043302 1.041225 1.039046 1.037031 1.034542
0.1006 1.043834 1.041754 1.039538 1.037466 1.03492

0.1998 1.046003 1.043801 1.041463 1.039049 1.036349
0.2979 1.047804 1.045379 1.043019 1.04027 1.037598

Sodium Naproxen in 10% aqueous D-mannitol

0.0000 1.030325 1.028768 1.026785 1.024876 1.021843
0.0247 1.046385 1.044570 1.043198 1.039942 1.038217
0.0748 1.047976 1.046021 1.04456 1.041214 1.039337
0.1006 1.048491 1.046453 1.044906 1.041529 1.039576
0.1998 1.050387 1.048085 1.046171 1.042526 1.040176
0.2979 1.052005 1.049018 1.046886 1.043086 1.040189

Density ( p), temperature (T), and pressure (P) all have standard errors of +1x10"g/cm?, #1072 K, and +5 kPa,
respectively
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Fig. S2: Plots of density (p) and molality(m) of Na-NAP in water, (A) 5% D-mannitol and (B) 7% D-
mannitol

Table S3: Molality (m) and Apparent molar volume (@,,) of sodium naproxen (Na-NAP) in water and different
concentrations of aqueous D-mannitol (%ow/w) at T= (293.15K-313.15K) and atmospheric pressure

Concentration Apparent molar volume (@,,),(cm®/mol)
of sodium
naproxen 293.15K 298.15 K 303.15K 308.15 K 313.15K
m/mol kg*
Sodium Naproxen + water
0.0247 180.69 183.40 185.20 187.89 190.651
0.0748 181.65 184.79 186.59 189.39 192.25
0.1006 182.11 185.34 187.26 190.03 192.87
0.1998 184.78 188.31 190.12 192.20 194.92
0.2979 187.09 191.09 192.89 194.35 196.88
Sodium Naproxen in 5% w/w aqueous D-mannitol
0.0247 185.59 187.45 189.66 191.62 193.51
0.0748 189.05 191.63 193.29 195.57 197.05
0.1006 190.23 193.20 195.40 197.37 199.29
0.1998 197.53 200.53 203.00 204.53 205.95
0.2979 204.09 208.44 209.63 211.23 212.02
Sodium Naproxen in 7% w/w aqueous D-mannitol

0.0247 192.58 195.53 197.67 199.67 201.55
0.0748 196.15 200.03 203.36 203.56 205.17
0.1006 198.26 201.88 205.33 205.23 206.44
0.1998 205.72 208.44 212.33 212.33 213.34
0.2979 210.12 212.24 21551 21551 216.69

Sodium Naproxen in 9% w/w aqueous D-mannitol



0.0247 201.75 203.71 206.00 208.69 210.95

0.0748 206.19 208.91 211.12 213.47 215.48
0.1006 207.66 209.95 212.19 214.75 217.37
0.1998 213.03 215.03 217.02 220.34 222.44
0.2979 216.19 218.45 220.00 223.56 225.24
Sodium Naproxen in 10% w/w aqueous D-mannitol
0.0247 202.65 205.16 207.71 210.27 213.26
0.0748 207.65 210.50 212.67 215.10 218.30
0.1006 208.77 212.00 214.69 217.10 220.54
0.1998 214.47 217.70 221.16 224.16 228.25
0.2979 217.42 222.15 225.37 228.18 233.04
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Fig. S3: Different possible interactions between Na-NAP and D-mannitol

Table S4: Sound velocity (u) for sodium naproxen (Na-NAP) in water and different concentrations of D-mannitol
(%w/w) at T= (293.15K-313.15K) and atmospheric pressure.

Concentration Sound velacity (u), (m/s?)

of sodium 293.15 K 298.15 K 303.15 K 308.15 K 313.15K

naproxen

m/mol g*

Sodium Naproxen + water
0.0000 1483.10 1497.00 1509.34 1519.34 1529.30
0.0247 1489.16 1502.82 1514.64 1524.36 1534.22
0.0748 1499.94 1512.87 1523.83 1532.89 1542.35
0.1006 1504.55 1517.24 1527.76 1536.35 1545.73
0.1998 1521.74 1533.26 1541.34 1549.07 1557.71
0.2979 1537.02 1545.74 1551.66 1559.61 1568.15
Sodium Naproxen in 5% w/w aqueous D-mannitol
0.0000 1517.43 1529.22 1541.79 1549.14 1557.60
0.0247 1523.87 1535.52 1547.93 1555.11 1563.39
0.0748 1536.76 1548.33 1560.49 1567.28 1575.25
0.1006 1543.15 1554.58 1566.90 1573.39 1581.43
0.1998 1569.09 1579.88 1591.92 1598.11 1605.19
0.2979 1592.67 1604.04 1615.25 1621.32 1628.05
Sodium Naproxen in 7% w/w aqueous D-mannitol

0.0000 1530.73 1542.78 1544.32 1561.45 1569.76
0.0247 1537.56 1549.55 1561.10 1568.09 1576.35
0.0748 1550.19 1561.97 1573.56 1580.22 1588.42
0.1006 1555.25 1566.91 1578.23 1584.84 1592.87
0.1998 1577.41 1588.01 1599.15 1605.78 1613.18
0.2979 1591.98 1601.97 1611.42 1617.49 1624.62

Sodium Naproxen in 9% w/w aqueous D-mannitol
0.0000 1543.12 1555.56 1566.03 1573.12 1583.13



0.0247 1550.45 1562.67 1573.09 1580.09 1590.07
0.0748 1563.83 1575.85 1586.06 1592.72 1602.56
0.1006 1568.53 1580.44 1590.28 1596.94 1606.62
0.1998 1591.57 1602.7 1612.35 1618.04 1627.14
0.2979 1611.41 1622.43 1631.86 1637.72 1646.52
Sodium Naproxen in 10% w/w aqueous D-mannitol
0.0000 1550.51 1562.34 1573.56 1582.45 1589.23
0.0247 1557.82 1569.62 1580.76 1589.51 1596.25
0.0748 1571.28 1583.09 1593.94 1602.46 1609.26
0.1006 1575.67 1587.43 1598.53 1606.88 1613.75
0.1998 1597.84 1608.93 1620.11 1628.21 1635.36
0.2979 1618.35 1629.82 1638.86 1646.71 1654.34

Speed of sound (u), (, temperature (T), and pressure (P) all have standard errors of +0. 029 m/s?, 1072 K, and
+5 kPa, respectively.

Table S5: Molality (m) and Apparent molar isentropic compressibility (@, )of sodium naproxen ( Na-NAP)in
water and different concentrations of aqueous D-mannitol (%w/w) at T= (293.15K-313.15K) and atmospheric

pressure.

Concentration

Apparent molar isentropic compressibility (@, x 10~%), (cm3/mol Pa)

of sodium
naproxen 293.15K 298.15K 303.15K 308.15 K 313.15K
m/mol kg
Sodium Naproxen +water
0.0247 -9.92 -8.83 -7.3 -6.25 -5.68
0.0748 -8.58 -7.31 -5.93 -5.09 -4.18
0.1006 -7.95 -6.75 -5.39 -4.26 -3.63
0.1998 -6.28 -5.12 -3.65 -2.78 -2.15
0.2979 -5.29 -3.82 -2.38 -1.83 -1.35
Sodium Naproxen in 5% w/w aqueous D-mannitol
0.0247 -8.94 -8.28 -7.56 -6.96 -6.4
0.0748 -8.42 -7.88 -7.26 -6.62 -6.10
0.1006 -8.14 -7.53 -7.04 -6.37 -5.90
0.1998 -7.56 -6.89 -6.40 -5.92 -5.40
0.2979 -6.63 -6.05 -5.60 -5.20 -4.80
Sodium Naproxen in 7% w/w aqueous D-mannitol
0.0247 -8.61 -8.08 -7.76 -7.29 -6.87
0.0748 -7.48 -6.82 -6.52 -6.04 -5.75
0.1006 -6.95 -6.29 -5.87 -5.44 -5.13
0.1998 -5.29 -4.57 -4.24 -3.93 -3.54
0.2979 -4.30 -3.65 -3.08 -2.76 -2.39
Sodium Naproxen in 9% w/w aqueous D-mannitol
0.0247 -8.11 -7.34 -6.93 -6.49 -6.14
0.0748 -7.16 -6.51 -6.06 -5.54 -5.17
0.1006 -6.85 -6.25 -5.64 -5.17 -4.72
0.1998 -5.85 -5.22 -4.77 -4.12 -3.65
0.2979 -4.68 -4.16 -3.79 -3.30 -2.92
Sodium Naproxen in 10% w/w aqueous D-mannitol
0.0247 -7.89 -7.46 -6.95 -6.43 -6.07
0.0748 -6.99 -6.61 -6.06 -5.59 -5.31
0.1006 -6.55 -6.12 -5.72 -5.22 -4.95
0.1998 -5.38 -4.82 -4.44 -3.99 -3.74
0.2979 -4.37 -3.94 -3.26 -2.86 -2.62
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Fig. S4: Plots of Apparent molar isentropic compressibility (@;) and molality(m) of (A) Na-NAP in water and
(B) 5% D-mannitol
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Fig. S5: HOMO-LUMO representation of (A)Na-NAPgs), (B)Na-NAP agueous), (C) D-mannitol (gs) and (D) D-
mannitol(aqueous)
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Fig. S6: RDG vs sign(A2)p plot of (A) Na-NAP and (B) D-mannitol

REFERENCES

Jamal, M. A., Fatima, J., Naseem, B., Muneer, M., and lbrahim, M. (2021). Molecular interaction studies of
antidepressant drug with aqueous caffeine using volumetric and acoustic methods. J.Mol.Liqg, 329: 115525-
115533.

Jamal, M. A., Naseem, B., Khosa, M. K., Muneer, M., and Khan, J. H. (2017). Effect of anionic micellar medium
on thermo-acoustical parameters of aspartic acid and serine solutions. J.Mol.Liq, 237: 14-22.

Jamal, M. A., Shahazidy, U., Al-Saeed, F. A., Al Syaad, K. M., Muneer, M., Ahmed, I., and Ahmed, A. E. (2022).
Investigations to explore molecular interactions and sweetness response of polyhydroxy compounds with
amino acids in aqueous systems. ACS omega, 7(45): 40950-40962.

Jiang, X., Zhu, C., and Ma, Y. (2013). Density and viscosity of sorbitol/maltitol in L-ascorbic acid aqueous
solutions at T=(293.15 to 323.15) K. J.Mol.Liq, 188: 67-73.

Kumar, H., Sharma, R., Kumar, V., and Alothman, A. A. (2021). Exploration of the solvation behavior of the
synthesized 1-hexyl-3-methylimidazolium bromide [C6mim][Br] ionic liquid with L-cysteine and N-acetyl L-
cysteine) in aqueous medium at different temperatures. J. Mol. Liq, 324: 114664-114713.

Li, Y., Li, Y.-H., Wang, F.-A., and Ren, B.-Z. (2013). Densities and viscosities of cefodizime sodium in water
and normal saline from (278.15 to 313.15) K. Thermochim Acta, 568: 189-195.

Naseem, B., Khan, M., and Jamal, M. A. (2016). Acoustical studies of pharmaceutical excipients in binary solvent
mixtures. J. Mol. Liq, 220: 581-591.

Naseem, B., Mukhtar, M., Arif, I., and Jamal, M. A. (2017). Effect of concentration and temperature on the
interactions between saline soil salts and nitro phosphate fertilizer under atmospheric pressure: A thermo-
acoustic approach. J. Mol. Liq, 247: 151-163.

Sajid, T. A., Jamal, M. A,, Saeed, M., and Muneer, M. (2021). Elucidation of molecular interactions between
amino acid and imidazolium based ionic liquid in an aqueous system: volumetric and acoustic studies. J. Mol.
Lig, 335: 116513-116556.

Shahazidy, U., Jamal, M. A., Muneer, M., Naseem, B., and Qureshi, A. K. (2022). Elucidation of molecular
interactions between sugar alcohol and dimethyl sulfoxide in aqueous system: Volumetric and acoustic study.
J. Mol. Lig, 350: 11854-11873.

Shahazidy, U., Jamal, M. A., Naseem, B., and Asghar, H. (2024). Physicochemical and sweetness behavior of
kosmotropic and chaotropic ions in aqueous solutions of polyhydroxy compound. Food chemistry, 432:
137216-137227.

Warminska, D. (2012). Volumetric and acoustic properties of D-mannitol in aqueous sodium or magnesium
chloride solutions over temperature range of 293.15-313.15 K. Carbohydr. Res, 349: 44-51.



