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propanol, isopropanol, n-butanol and isobutanol, in the temperature range of 272—295 K
were experimentally investigated. Based on the results obtained, the enthalpy (A,,,H) and
entropy (A,,S) of dissolution were determined. The enthalpy and entropy of melting of
this acid were calculated using the method of differential thermal analysis. The
thermodynamic parameters were reduced to the standard temperature of 298.15 K, and
the enthalpies and entropies of mixing of the components at this temperature were also
calculated. Based on the thermodynamic parameters of mixing, a compensation effect
was revealed, and the nature of the interaction between the solvent and the solute was
investigated.
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Introduction

Levulinic acid (4-oxopentanoic acid) is one of
the most important organic compounds that attracts
considerable attention of researchers due to its unique
physicochemical properties, wide range of biological
activities and prospects for application in various fields
of science and industry. This carboxylic acid is derived
primarily from biomass [1], making it an
environmentally friendly and renewable resource for
chemical synthesis.

Levulinic acid derivatives, such as y-valerolactone,
methyllevulinate and levulinamides, and
phenacyllevulinic acids, have a wide range of
applications, including in medicine, pharmaceuticals,
agrochemicals, polymers and fuels. For example,

y-valerolactone is used as a solvent and ingredient in
pharmaceuticals, methyllevulinate is a promising
candidate for biofuels, and levulinamides are used in
the development of anti-inflammatory drugs [2—4].
They demonstrate antioxidant, anti-inflammatory and
antimicrobial properties, which makes them promising
for the development of new cosmetic products, such
as acne and skin repair products, creams and serums
for skin care [5—7]. In addition, levulinic acid
derivatives are actively used in the production of
biodegradable materials, in particular in the creation
of bioplastics, as well as environmentally friendly
alternatives to traditional chemical compounds in
agriculture, for example, as components of biopesticides
and plant growth stimulants.
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Most synthesis processes take place in a reaction
medium. Organic solvents are commonly used as
reaction media. However, in most cases, this choice
is made without taking into account the interactions
of the solvent with the reacting substances and reaction
products at the energy level, since such data are not
available for most systems. Knowledge of the enthalpies
and entropies of dissolution and mixing is also
necessary to calculate heat balances of the synthesis
and purification processes.

Recently, the number of works that
experimentally investigate the energy interactions
between solvents and dissolved substances has been
increasing [8—10], but their number is hundreds of
times lower than the number of works describing the
synthesis of new substances.

Thus, the study of levulinic acid and its
derivatives is a relevant area of modern science, which
opens up new opportunities for the creation of
sustainable technologies and materials capable of
ensuring environmental safety and efficiency in various
fields of human activity. In this article, we will consider
the methods of preparation and thermodynamic
properties of solutions of phenacyllevulinic acids,
namely 4,7-dioxo-7-phenylheptanoic acid in organic
solvents of different polarity.

The present study is a continuation of our work
on determining the thermodynamic parameters of
solutions, which has been carried out for a decade
[8,11,12].

Experimental

The synthesis of 4,7-dioxo-7-phenylheptanoic
acid was carried out according to the reaction scheme
shown in Fig. 1.

Furfurylidene acetophenone (1)

To a mixture of acetophenone (48 g, 0.4 mol)
and furfural (38.4 g, 0.4 mol) in 100 mL of methanol
with intense stirring was added 0.024 mol of KOH as

CH3;0H, 15% KOH, R.T., 3h

a 15% solution. The temperature was maintained at
20—25°C. The reaction mixture was stirred for 3 h,
neutralized with acetic acid, diluted with 200 ml of
water, extracted with methylene chloride, washed with
water, the organic layer was separated and dried with
sodium sulfate. The solvent was removed and the
residue was distilled in vacuo. Yield 53.8 g (68%),
b.p. 148—150°C/2 mm Hg.

4, 7- Dioxo- 7-phenylheptanoic acid (2)

A mixture of furfurylidene acetophenone 1
(39.6 g, 0.2 mol), 300 mL ethyl alcohol, 90 mL
conc. HCI and 15 mL water was boiled with reflux
for 24 hours. The alcohol was distilled off and black
viscous mass was obtained. Then 200 mL of conc.
HCI, 200 mL of glacial acetic acid, 400 mL of water
were added and heated under reflux for next 3 hours.
After cooling, the resulting light-yellow crystalline
precipitate of 4,7-dioxo-7-phenylheptanoic acid 2 was
decanted from the residual resin, filtered, washed three
times with water and recrystallized from ethanol. Yield
19.2 g (41%), m.p. 110—112°C. IR (ATR, cm™):
2910; 2615; 1710; 1672; 1635; 1595; 1450; 1409;
1352; 1270; 1208; 1189; 1128; 1102; 1073; 1025;
976; 941; 901; 830; 767; 730; 693; 623; 566; 473.
MS (m/z): 235 (M*+1). Calcd. for C,;H,,0,: C 66.67;
H 6.02; found: C 66.51; H 5.90.

Mass spectrometry analysis was performed using
an Agilent 1100 LC/MSD with API-ES/APCI mode.
The Shimadzu IRSpirit-T apparatus was used to obtain
data on the infrared spectrum.

The solubility of 4,7-dioxo-7-phenylheptanoic
acid was studied in organic solvents produced by Merck.
The selected range of solvents includes representatives
of esters, nitriles, ketones, higher and lower alcohols,
namely: acetonitrile CAS 75-05-8, w/w >99.9%;
methyl acetate CAS 79-20-9, w/w >99.0%; ethyl acetate
CAS 71-43-2, w/w >99.8%; n-propanol CAS 71-23-8,
w/w 299.5%; iso-propanol CAS 67-63-0, mass fraction

1. HCI, H,0, EtOH, 24 h boiling
2. CH3C0O0H, HCI, H,0, 3h boiling

0] o

WOH
O

Fig. 1. 4,7-dioxo-7-phenylheptanoic acid reactions synthesis

Dissolution of 4, 7-dioxo-7-phenylheptanoic acid in organic solvents
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of the main substance >99.8% w/w; n-butanol CAS
71-36-3, mass fraction of the main substance 199.9%
w/w; iso-butanol CAS 78-92-2, mass fraction of the
main substance >99.8% w/w; acetone CAS 67-64-1,
mass fraction of the main substance >99.5% w/w.

The process of dissolving 4,7-dioxo-7-
phenylheptanoic acid was carried out gravimetrically
according to the method described elsewhere [§—10],
using a sealed vessel with a thermometer, stirrer, and
a sampling hole. The saturation of the solution was
carried out in a thermostat whose temperature was
maintained with an accuracy of *£0.1 K for
120 minutes with constant stirring at a speed of
30 rpm, followed by 60 minutes without stirring.
During this time, the suspended particles of the solid
phase were completely settled. Samples of solutions
weighing 1.0—2.0 g were taken and placed in
pre-prepared and weighed vessels, which were
hermetically sealed and weighed to determine the
mass of the saturated solution. After that, the vessels
were opened and the solvent was evaporated in a
drying oven at a temperature of 323-373 K until a
constant weight was reached. The mass of the dry
residue was determined by weighing the bullion after
drying. Weighing at all stages was carried out on a
balance VLR-200 with an accuracy of £0.0002 g.
The study was carried out both at increasing and
decreasing temperatures. The absence of a hysteresis
loop in the temperature dependence of solubility
indicates the establishment of a state close to
equilibrium.

The determination of the enthalpy of fusion
(A H) of 4,7-dioxo-7-phenylheptanoic acid was
carried out using differential thermal analysis. The
samples were analyzed on a Paulik-Paulik-Erdey
Q-1500 D derivatograph in a dynamic mode at a
heating rate of 5 K/min in an air atmosphere using a
platinum crucible.

Results and discussion

Table 1 shows the primary data of the dissolution
process of 4,7-dioxo-7-phenylheptanoic acid, where
m, is the mass of solvent; m, is the mass of dissolved
substance (g); X, is the solubility expressed in mole
fractions; and T is the temperature (K) at which the
solubility was determined. The experimental data were
processed by the least squares method and presented
in the linear form of the Schroeder equation (1),
which is also presented in Table 1.

lnXZZ_AsolHO/RT+ASOISO/Rs (1)
where A, H? is the enthalpy of solvation; A.,S° is the

entropy of solvation.
Hereinafter, the errors of all values are given for

a significance level of 0.95.
Inx,=(17.26%0.62)—(6574x181)-1/T

Differential changes in the enthalpy (A,,H’) and
entropy (A,S°) of the dissolution of 4,7-dioxo-7-
phenylheptanoic acid were calculated using the
temperature dependence of solubility (Table 1)
according to equations 2 and 3, and the results are
presented in Table 2.

AsolI_IO:lz'Ba (2)

AiS'=R-A. (3)

Since the calculated thermodynamic parameters
of dissolution ., H? and A,,S° include mixing processes
(A, H® and A, S°) and the phase transition of the
crystalline substance into the liquid phase of the
solution (A H® and A, SY), equations (4) and (5) are
valid:

AsolI_IO:AmixH0+AfusH03 (4)

AsolS02Ami><so+Alesso' (5)

Equation (6) was used to calculate A, H°, which
takes into account the correction for the mass loss of
the sample during the melting process:
K'S:qfus+qvap:mo'AfusH+Amvap'AvapHa (6)
where qg,, and q,,, are the amount of heat (J) absorbed
during the melting and evaporation of the sample,
respectively; m, is the mass of the sample (g)
corresponding to its melting point Tg,; Am,,, is the
mass loss of the sample (mass of vapour, g) over the
period taken into account to determine the peak area
S (K:-s) under the DTA curve; K is the heat transfer
coefficient (J/K-s) for the used unit equal to
K=T,,8.202-107%; Ay H" and A,,,H® are the specific
enthalpies of fusion and evaporation of the substance
(J/g), respectively. The calculation results are shown
in Table 3.

The value of A,,,H® was calculated from the data
of the thermogravimetric method of analysis according
to the temperature dependence of the evaporation rate
V=Am’/At in the temperature interval when the
substance was in a liquid aggregate state, before the
onset of thermal oxidation degradation processes. The
temperature dependence of the evaporation rate of the
substance was approximated by the linear form of the
Arrhenius equation InV=A—B/T, where B=E,/R.
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Table 1
Temperature dependence of the solubility of 4,7-dioxo-7-phenylheptanoic acid in organic solvents

TK | myg| myg [ x10°] TK [ m,g [ myg| x10°] T,K | m,g | myg | x10

methyl acetate

276.8 | 1.6843 | 0.0692 | 1.28 279.1 | 1.3765| 0.0651 1.47 285.6 | 2.1118| 0.1451 | 2.13

276.8 | 1.4443 | 0.0598 1.29 280.0 | 1.2285] 0.0620 [ 1.57 285.6 | 1.6679| 0.1152 | 2.14

276.8 | 1.1115] 0.0463 1.30 280.0 | 1.4152] 0.0716 | 1.57 2869 | 1.5361 | 0.1177| 2.37

278.5 | 1.6816| 0.0800 | 1.48 280.0 | 1.2991 | 0.0655 1.57 2869 | 1.7176 | 0.1317| 2.37

278.5 | 1.4991 | 0.0708 1.47 282.0 | 1.5734| 0.0877 | 1.73 286.9 | 1.4866 | 0.1143 | 2.37

278.5 | 1.5118] 0.0713 1.47 282.0 | 1.7697 | 0.0982( 1.72 291.0 | 1.5284| 0.1471 | 2.95

278.5 | 1.2448 | 0.0579 | 1.45 282.0 | 1.6824 | 0.0935 1.73 291.0 | 1.6609 | 0.1570 | 2.90

278.5 | 1.7869 | 0.0845 1.47 284.5 | 1.2215| 0.0812 | 2.06 291.0 | 1.5284| 0.1471 | 2.95

278.5 | 1.1936 | 0.0561 1.46 284.5 | 1.6056 | 0.1070 | 2.06 294.4 | 1.0891 | 0.1254| 3.51

279.1 | 1.5354| 0.0738 1.50 284.5 | 1.2321 | 0.0820 | 2.06 294.4 | 1.3756 | 0.1591 3.53

279.1 | 1.2686 | 0.0606 | 1.49 285.6 | 1.1794] 0.0809 [ 2.12 2944 | 1.4560 | 0.1686 | 3.53

Inx,=(12.2320.29)(4588+82)- 1/T

ethyl acetate

277.3 | 1.1080 | 0.0133 | 0.45 283.3 | 1.7423 | 0.0298 | 0.64 285.5 | 1.3225] 0.0259 | 0.73

2773 | 1.7068 | 0.0204 | 0.45 283.3 | 1.4095] 0.0241 | 0.64 287.9 | 1.4484| 0.0338 | 0.87

2773 | 1.5830] 0.0190 | 0.45 284.1 | 1.1237] 0.0204 [ 0.68 287.9 | 1.5487| 0.0362 | 0.87

278.5 | 1.2875] 0.0159| 0.46 284.1 | 1.6680 | 0.0303 [ 0.68 2879 | 14773 0.0338 | 0.85

278.5 | 1.5543 ] 0.0195( 0.47 284.1 | 1.6093 | 0.0293 [ 0.68 290.4 | 1.6295] 0.0439| 1.00

278.5 | 1.6618 | 0.0209 [ 0.47 284.5 | 1.3166 | 0.0239 [ 0.68 2904 | 1.3922] 0.0369 | 0.99

279.0 | 1.4120] 0.0184 | 0.49 284.5 | 1.6550 | 0.0298 [ 0.67 290.4 | 1.5165| 0.0408 1.00

279.0 | 1.6376 | 0.0214| 0.49 284.5 | 1.3088 | 0.0236 [ 0.67 290.6 | 1.5584 | 0.0417] 1.00

279.0 | 1.2836 | 0.0168 | 0.49 285.5 | 1.3053 | 0.0260 | 0.74 290.6 | 1.3920 | 0.0368 | 0.98

283.3 | 1.4709 | 0.0252 ] 0.64 285.5 | 1.7752] 0.0350 | 0.74 290.6 | 1.3968 | 0.0370] 0.99

Inx,=(12.530.36) (4981+102)- 1/T

acetonitrile

27235 | 1.2957| 0.0237| 0.32 | 27945 1.3557| 0.0320| 0.41 | 290.95| 1.4929| 0.0603 | 0.70

27235 | 13122 | 0.0237| 0.32 | 281.15( 1.4539] 0.0372| 0.45 | 290.95| 1.2045| 0.0487 | 0.70

272.35| 13213 | 0.0241| 0.32 | 281.15( 1.1634| 0.0298 | 0.45 | 292.15| 1.0411| 0.0442| 0.74

274.45| 1.3065| 0.0250 | 0.33 | 281.15( 1.3385] 0.0343 | 0.45 | 292.15| 1.2483 | 0.0529| 0.74

27445 | 1.1854 | 0.0225| 0.33 | 283.85[ 1.2600| 0.0352 | 0.49 | 292.15| 0.7968 | 0.0340 | 0.74

27445 14063 | 0.0270 | 0.34 | 283.85| 1.5409 | 0.0427| 0.48 [ 294.95| 1.2817| 0.0599 | 0.81

277.25| 1.2394| 0.0266  0.38 | 283.85| 1.1105| 0.0312| 0.49 | 294.95| 1.4634| 0.0689 | 0.82

277.25| 1.2834| 0.0278 | 0.38 | 287.65| 1.1754| 0.0407 | 0.60 [ 294.95| 0.8866 | 0.0414| 0.81

277.25] 1.3801 | 0.0298 [ 0.38 | 287.65| 1.4234| 0.0495| 0.61 | 296.75| 1.3447| 0.0670 | 0.87

27945 1.1075| 0.0262 [ 0.41 | 287.65| 1.1486 | 0.0397| 0.60 | 296.75| 1.4399 | 0.0713 | 0.86

279.45| 1.4245] 0.0339| 042 | 29095 1.1384| 0.0461 | 0.70 | 296.75| 1.3088 | 0.0650 | 0.86

Inx,=(6.99+0.31)—(3481+87)-1/T

acetone

272.1 | 1.3300 | 0.0537| 0.99 278.7 | 1.2993 | 0.0616| 1.16 284.0 | 1.2465| 0.0661 1.30

272.1 | 1.4525] 0.0586 | 0.99 278.7 | 1.1325| 0.0541 1.17 285.8 | 1.2368 | 0.0684 | 1.35

272.1 | 1.4808 | 0.0598 | 0.99 279.3 | 1.1650 | 0.0545 1.15 285.8 | 1.3843 | 0.0771 1.36

275.5 | 1.1903 | 0.0510| 1.05 279.3 | 1.5074| 0.0713 1.16 285.8 | 1.5206 | 0.0847 | 1.36

275.5 | 1.5189 | 0.0656 | 1.06 279.3 | 1.3652 | 0.0643 1.16 2942 | 1.2245| 0.0810| 1.61

275.5 | 1.3018 | 0.0555 1.05 283.5 | 1.1953 | 0.063 1.29 294.2 | 1.4192 | 0.0938 1.61

276.1 | 0.9683 | 0.0433 1.10 283.5 | 1.3102 | 0.069 1.29 2942 | 1.2403 | 0.0821 1.62

276.1 | 14711 ] 0.0650 | 1.08 283.5 | 1.3179] 0.0695 1.29 295.5 | 1.0761 ] 0.0723 1.64

276.1 | 1.6052 | 0.0717| 1.10 284.0 | 1.2279] 0.0642 [ 1.28 295.5 | 1.3323 | 0.0895 1.64

278.7 | 1.0765| 0.0514 | 1.17 284.0 | 1.3918 | 0.0734| 1.29 295.5 | 1.3063 | 0.0888 1.66

Inx,=(1.90+0.15)-(1773+41)-1/T

Dissolution of 4, 7-dioxo-7-phenylheptanoic acid in organic solvents



46 ISSN 0321-4095, Voprosy khimii i khimicheskoi tekhnologii, 2026, No. 1, pp. 42-49

Continued Table 1

T.K | m,g | m,g | x10°] T.K | m,g | myg | x10°| T.K | my,g | myg | x10°

n-propanol

275.0 | 1.2413] 0.0078 | 0.16 284.4 | 1.3905| 0.0147 | 0.27 292.5 | 1.3393] 0.0211 | 0.40

275.0 | 1.1496 | 0.0073 | 0.16 284.4 | 1.2095] 0.0127 | 0.27 294.0 | 1.0690 | 0.0179 ] 0.43

275.0 | 1.3634| 0.0086 | 0.16 286.7 | 1.0662 | 0.0123 | 0.30 294.0 | 1.3029 | 0.0220 | 0.43

276.5 | 1.1366 | 0.0078 | 0.18 286.7 | 1.3309 | 0.0153 | 0.29 294.0 | 1.3833] 0.0232 | 0.43

276.5 | 1.3360 | 0.0092 | 0.18 286.7 | 1.6164 | 0.0188 | 0.30 295.8 | 1.1609 | 0.0205 | 0.45

276.5 | 1.4227] 0.0097 | 0.17 291.0 | 1.0983 | 0.0158 | 0.37 295.8 | 1.2803 | 0.0226 | 0.45

278.2 | 1.3156| 0.0099 | 0.19 291.0 | 1.7779 | 0.0252 | 0.36 295.8 | 1.4092| 0.0252 | 0.46

278.2 | 1.2831] 0.0097 | 0.19 291.0 | 1.3322] 0.0190 | 0.36 301.9 | 1.2840 | 0.0306 | 0.61

278.2 | 1.2660 | 0.0095| 0.19 292.5 | 1.0813 ] 0.0171 | 0.41 301.9 | 1.2856| 0.0304 | 0.60

284.4 | 1.1007] 0.0116 | 0.27 292.5 | 1.5135] 0.0243 | 0.41 301.9 | 14216 | 0.0342 | 0.61

Inx,=(8.42+0.18)—(4082+52)-1/T

isopropanol

2809 | 1.2246| 0.0110] 0.23 285.6 | 1.3377] 0.0174| 0.33 289.0 | 1.5315] 0.0258 | 0.43

280.9 | 1.3449] 0.0121 ] 0.23 286.8 | 1.4193 | 0.0202 | 0.36 289.0 | 1.2099 | 0.0205| 0.43

2809 | 1.1734] 0.0103 | 0.23 286.8 | 1.1710 | 0.0168 | 0.37 291.2 | 1.0276 | 0.0199 | 0.50

281.7 | 1.3889 | 0.0135| 0.25 286.8 | 1.6179 | 0.0233 | 0.37 291.2 | 1.3840 | 0.0270 | 0.50

281.7 | 1.2007 | 0.0117 | 0.25 288.0 | 1.2048 | 0.0187 | 0.40 291.2 | 1.2894| 0.0249 | 0.49

281.7 | 1.2431] 0.0119| 0.25 288.0 | 1.3414 ] 0.0208 | 0.40 2929 | 0.9697] 0.0209 | 0.55

285.1 0942 | 0.0118] 0.32 288.0 | 1.2417] 0.0194 | 0.40 2929 | 1.3069 | 0.0285| 0.56

285.1 | 1.1570| 0.0144 | 0.32 288.5 | 1.2815] 0.0203 | 0.41 2929 | 1.2556| 0.0270 | 0.55

285.1 | 1.2403 | 0.0154| 0.32 288.5 | 1.3500 | 0.0216 | 0.41 294.5 | 0.9537] 0.0245| 0.66

285.6 | 1.2665| 0.0165| 0.33 288.5 | 1.3049 | 0.0209 | 0.41 294.5 | 1.2561| 0.0317 | 0.64

285.6 | 1.4238 | 0.0184 ] 0.33 289.0 | 1.1013] 0.0184 | 0.43 294.5 | 1.4543] 0.0371 | 0.65

Inx,=(15.80%0.36)(6142+105)- 1/T

n-butanol

275.5 | 0.9298 | 0.0081 | 0.27 284.0 | 1.1808 | 0.0149 | 0.40 2869 | 1.1973 | 0.0167 | 0.44

275.5 | 1.0789 ] 0.0093 | 0.27 284.0 | 1.0558 | 0.0133 | 0.40 286.9 | 1.2906 | 0.0186 | 0.46

275.5 | 0.9106 | 0.0078 | 0.27 284.0 | 1.0186| 0.0129 | 0.40 286.9 | 1.2207] 0.0171 | 0.44

282.4 | 0.9956| 0.0116 | 0.37 286.0 | 1.0196 | 0.0138 | 0.43 291.6 | 1.1428 | 0.0189 | 0.52

282.4 | 1.2040| 0.0140 | 0.37 286.0 | 1.2013 ] 0.0162 | 0.43 291.6 | 1.1806 | 0.0196 | 0.52

282.4 | 1.1428 | 0.0133 | 0.37 286.0 | 09176 | 0.0124 | 0.43 291.6 | 1.0773 | 0.0177 | 0.52

282.5 | 1.3523] 0.0162 | 0.38 287.3 | 0.9260 | 0.0131 | 0.45 2925 | 1.2169 ] 0.0206 | 0.53

282.5 | 1.0941] 0.0131| 0.38 287.3 | 1.2549 ] 0.0178 | 0.45 292.5 | 1.1142] 0.0191 | 0.54

282.5 | 1.0410] 0.0125| 0.38 287.3 | 1.3527] 0.0192 | 0.45 292.5 | 1.2484] 0.0212 ] 0.53

Inx,=(5.71+0.36)—(3196+103)-1/T

isobutanol

282.6 | 0.9477] 0.0077 | 0.26 290.0 | 1.0661 | 0.0150 | 0.44 293.0 | 0.8430| 0.0151 | 0.56

282.6 | 0.9927] 0.0079 | 0.25 290.0 | 1.1056 | 0.0161 | 0.46 293.0 | 1.1636 | 0.0207 | 0.56

282.6 | 1.3264| 0.0105| 0.25 290.0 | 144471 0.0212 | 0.46 293.0 | 1.0307| 0.0186 | 0.57

284.5 | 1.0420 | 0.0095| 0.29 2913 | 1.2614 ] 0.0195| 0.49 293.1 | 1.3075] 0.0234 | 0.56

284.5 | 1.2399] 0.0111| 0.28 291.3 | 1.3938 ] 0.0218 | 0.49 293.1 | 1.2095| 0.0218 | 0.57

284.5 | 1.3191| 0.0120 | 0.29 291.3 | 1.4828 | 0.0228 | 0.49 293.1 | 1.1401 ] 0.0204 | 0.56

288.1 | 0.8851| 0.0104 | 0.37 292.5 | 1.0318 | 0.0180 | 0.55 293.5 | 1.1211] 0.0213 | 0.60

288.1 | 1.0437] 0.0122 | 0.37 292.5 | 1.2263 | 0.0214 | 0.55 293.5 | 0.9986| 0.0189 | 0.60

288.1 | 1.4123] 0.0167 | 0.37 292.5 | 1.2387 | 0.0218 | 0.56 293.5 | 1.2347] 0.0235| 0.60

Inx,=(17.26+0.62)—(6574+181)-1/T
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Table 2
Thermodynamic parameters of solubility of 4,7-dioxo-7-phenylheptanoic acid in organic solvents at 298 K
3 0 0 0 AmixS°,
No. Solvent X510 AH', kl/mol | A HY, kl/mol | AS®, J/mol-K
J/mol-K
1 methyl acetate 42.2 38.1440.68 3.242.0 101.4+2.4 12.6+3.8
2 ethyl acetate 15.2 41.41+0.85 6.5+2.1 103.943.0 15.1£4.2
3 acetone 9.18 28.94+0.74 —6.0+2.0 58.14£2.6 —15.6+4.0
4 acetonitrile 17.4 14.74+0.34 —20.2+1.9 15.841.2 —73.0+£3.2
5 n-propanol 5.1 33.9440.43 —1.0+1.9 70.0£1.5 —18.84£3.4
6 isopropanol 8.14 51.06+0.86 16.2+2.1 131.442.9 42.6+4.2
7 n-butanol 6.64 26.57+0.86 -8.312.1 47.543.0 —41.3+4.2
8 isobutanol 6.09 54.7+1.5 19.8+2.4 143.545.2 54.7£6.0
Table 3
Phase transition enthalpies of 4,7-dioxo-7-phenylheptanoic acid
A H® AyopH’
my, g Amvap'103, g S, K-s Qvap» J liu}/m—gi]s’ T1—T2, K ZAm’~103, g A _Bs K kJ/I;nol’
Trs=383.241.3 K; K=0.03143 J/K's
0.1009 0.139 579.3 | 0.0554 42.1 455865'79_ 57.2 19.28 | 10395 89.6
0.1059 0.265 592.3 | 0.1054 40.9 4589%76_ 68.0 19.40 | 10470 90.2
0.0981 0.120 565.3 | 0.0477 423 4597%53_ 441 19.49 | 10560 90.5
Mean value: 41.8+1.7 Mean value: 90.1+1.2
When calculating A,,,H°, we also took into 1.35 —lnh
account the correction for the work of expansion in A, S, = A, St - 98 9)

the gaseous state, equation (7):

E,..+RT;.=A,, H°.

act vap (7)

The temperature interval at which A,,,H® was
calculated; the total mass loss of the sample in the
specified temperature interval, *XAm’; the coefficients
of the linear equation and the value A,,,H° calculated
by equation (7) are summarized in Table 3.

The change in entropy at the melting point
(ApsSt), Which is 109.1£2.6 J/mol-K, was calculated

using the following equation:
AﬁlsSO:AfusHO/Tfus'

The thermodynamic parameters A, H° and A,S°
determined during experimental studies are close to
or belong to the temperature of 298 K. Therefore, in
order to calculate A, H? and A, S° at this temperature,
we recalculated A, H® and Ay S° to 298 K using
equations (8) and (9):

0.35-T,,, +298

fus

1.35-T,

fus

0o _ 0
ApsHogg = AgHrgy -

(8)

b

1.35

The recalculated values of Ay H? and A, S® are
34.9£1.9 kJ/mol and 88.8£2.6 J/mol-K, respectively.
The results of the calculations of A, H° and A, S°
are given in Table 2.

The sign and magnitude of the thermodynamic
mixing parameters A, H’ and A, S° are determined
by changes in the energy of intermolecular bonds
that are destroyed in the initial components and bonds
formed by the interaction between solvent and solute
molecules. Negative values of the thermodynamic
mixing parameters are observed in solutions formed
by solvents with a less branched structure, in which
there is practically no steric factor to overcome which
requires additional energy expenditure.

The presence of a compensating effect in the
process of mixing 4,7-dioxo-7-phenylheptanoic acid
with solvents indicates the similarity of interactions
between the functional groups of solvents and acid
(Fig. 2). This effect is confirmed by a sufficiently
high correlation coefficient of 0.973 of linear equation
(10).

mix

AmixH95.15=0.3035-A1,S 95 15+2.174. (10)

Dissolution of 4, 7-dioxo-7-phenylheptanoic acid in organic solvents
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Fig. 2. Relationship between enthalpy and entropy of mixing
of 4,7,-dioxo-7-phenylheptanoic acid in organic solvents.
Points: 1 — acid solution in methyl acetate; 2 — acid solution
in ethyl acetate; 3 — acid solution in acetonitrile; 4 — acid
solution in acetone; 5 — acid solution in n-propanol;
6 — acid solution in iso-propanol; 7 — acid solution in
n-butanol; 8 — acid solution in iso-butanol

Conclusions

The thermodynamic parameters determined
during experimental studies play a key role in the
study of the dissolution of phenacyllevulinic acids, in
particular 4,7-dioxo-7-phenylheptanoic acid, in organic
solvents of different polarities. The analysis of such
parameters as heat and entropy of mixing provides a
deeper understanding of the nature of the interaction
between acid and solvent molecules, which will have
a positive impact on the efficiency of acid use in the
synthesis of new compounds with biological activity.
In addition, understanding the dissolution process allows
us to determine the optimal crystallization conditions,
which contributes to the production of high-quality
pure drug components.
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PO3YMHEHHS 4,7-AI0KCO-7-®EHIJITEITAHOBOI
KHCJIOTHU B OPTAHIYHHUX PO3YMHHUKAX

M.A. Ocopoonix, FO.1. Topax, M.J[. Obywmax, H.I. Tuwenxo,
LK. Coobeuxo

ExcrepyMeHTanbHO OOCHIIXEHO TeMIepaTypHi 3a-
JIEXKHOCTI PO3YMHHOCTI 4,7-1i0KCO-7-(heHUIrenTaHOBOI KUCIO-
TH B OPraHiYHUX PO3YMHHHUKAX, 30KpeMa MeTWJaleTaTi, eTh-
JIaleTaTi, aueTOHITPUII, alleTOHi, H-IPOITaHOIi, i30IMpOIaHoIi,
H-OyTaHOJI Ta i300yTaHOBi, B TeMIIepaTypHOMY iHTepBaJsi
272—295 K. Ha ocHOBi oTpuMaHUX pe3yJabTaTiB BU3HAUYECHO
eHranbmii (A, H) Ta entpomii (A,,S) po3unHeHHs. ExTanbmis
Ta €HTPOIIsl IUIABJIEHHS CITOJIYKU Oy/iIu OLiHEHI METOIOM IU-
¢epeH1iaTbHOTO TePMIYHOTO aHamizy. YcCi TepMOauHaMIiuHi
rnmapamMeTpu OyJo TepepaxoBaHO Ha CTaHIAPTHY TeMIIEpaTypy
298,15 K, a Takox BUKOHAHO OOUYMCJIEHHSI CHTAJbITiil i
EeHTPOIIill 3MilllyBaHHSI KOMITOHEHTIB 3a 1Iiei TemmepaTtypu. Ha
OCHOBI TEPMOAMHAMIYHUX ITapaMeTpiB 3MilllyBaHHS BHSIBICHO
KOMIICHCAIIIMHUI e(PEeKT i TOCTIIKEeHO XapaKTep B3aEMOZIl MixX
PO3UMHHUKOM i PO3UYMHEHOIO PEUOBUHOIO.

KimouoBi cioBa: pO3UMHHICTD, €HTAJbITiSI PO3YMHEHHS;
eHTPOIIST PO3UYMHEHHS; €HTAJbIis 3MIIlIyBaHHS; €HTAJbITisI
TiaBieHHs; 4,7-mioKco-7-(heHiarenTaHoBa KUCIoTa.

DISSOLUTION OF 4,7-DIOXO0-7-PHENYLHEPTANOIC
ACID IN ORGANIC SOLVENTS
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The temperature dependences of the solubility of
4,7-dioxo-7-phenylheptanoic acid in organic solvents, in particular
methyl acetate, ethyl acetate, acetonitrile, acetone, n-propanol,
isopropanol, n-butanol and isobutanol, in the temperature range
of 272—295 K were experimentally investigated. Based on the
results obtained, the enthalpy (A,;H) and entropy (A,,S) of
dissolution were determined. The enthalpy and entropy of melting
of this acid were calculated using the method of differential thermal
analysis. The thermodynamic parameters were reduced to the
standard temperature of 298.15 K, and the enthalpies and entropies
of mixing of the components at this temperature were also
calculated. Based on the thermodynamic parameters of mixing,
a compensation effect was revealed, and the nature of the
interaction between the solvent and the solute was investigated.

Keywords: solubility; enthalpy of dissolution; enthalpy of
mixing; enthalpy of melting; 4,7-dioxo-7-phenylheptanoic acid.
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