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Abstract Partial molar volumes of the drugs Parvon Spas, Parvon Forte, Tramacip,
and Parvodex in aqueous mixtures of methanol (MeOH), ethanol (EtOH), and propan-
1-ol (1-PrOH) have been determined. The data have been evaluated using the Masson
equation. The parameters, apparent molar volumes (φv), partial molar volumes (φ0

v),
and Sv values (experimental slopes) have been interpreted in terms of solute–solvent
interactions. In addition, these studies have also been extended to determine the effect
of these drugs on the solvation behavior of an electrolyte (sodium chloride), a surfactant
(sodium dodecyl sulfate), and a non-electrolyte (sucrose). It can be inferred from
these studies that all drug cations can be regarded as structure makers/promoters due
to hydrophobic hydration. Furthermore, the results are correlated to understand the
solution behavior of drugs in aqueous-alcoholic systems, as a function of the nature
of the alcohol and solutes.

Keywords Density · Drug · Ethanol · Methanol · 1-Propanol · Water

1 Introduction

Physicochemical properties of drugs are of great interest to understand ‘drug action’
at the molecular level. The pharmadynamics and pharmakinetics [1], i.e., what a drug
does to the body and what the body does to the drug, must be regarded as the ultimate
consequence of physicochemical interactions [2] between the drug and functionally
important molecules in the living organism. Most drugs are organic molecules with
both hydrophilic and hydrophobic groups due to which these molecules show spe-
cific as well as electrostatic interactions [3]. Thus, knowledge of the physicochemical
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properties of drugs plays an important role to understand their physiological actions
which is highly dependent upon the solution behavior.

As a part of a long-term objective to investigate thermodynamic aspects of
biochemical processes involving such drug-molecular interactions, we have carried
out measurements of partial molar volumes of some narcotic-analgesic drugs which
are centrally active analgesics that are effective for the management of moderate-
to-moderately severe pain. These studies are carried out in aqueous mixtures of al-
cohols (methanol (MeOH), ethanol (EtOH), and propan-1-ol (1-PrOH)) which also
includes the effect of these drugs on the solution behavior of sodium chloride (NaCl),
sodium dodecyl sulfate (SDS), sucrose, etc.

2 Experimental

Drugs, namely, Parvon Spas (PS) containing paracetamol, dicyclomine hydrochloride,
and dextropropoxyphene hydrochloride; Parvon Forte (PF) containing ibuprofen and
dextropropoxyphene hydrochloride; Parvodex (PD) containing only dextropropoxy-
phene hydrochloride; and Tramacip (TM) containing only trammadol hydrochloride,
are classified as narcotic-analgesic drugs. The drugs PS, PF, and PD were procured
from Jagsonpal Pharmaceuticals Ltd., Faridabad, while Tramacip was obtained from
CIPLA Ltd., Mumbai.

These drugs and solutes, viz. sodium chloride (99.9% purity, AR grade, S.D. Fine-
Chem. Pvt. Ltd.), sodium dodecyl sulfate (extra pure, AR grade, SRL Pvt. Ltd. Mum-
bai), and sucrose (AR grade, LOBA Chemie, Mumbai) were used after drying them
in a vacuum oven. MeOH (AR grade, S.D. Fine-Chem. Ltd.), EtOH (AR grade, Ben-
gal Chemicals and Pharmaceuticals Ltd.), and 1-PrOH (AR grade, S.D. Fine-Chem.
Ltd.) were dried on 4-Å molecular sieves for 24 h and were purified as reported in the
literature [4,5]. Doubly distilled water was used in the entire work.

For measurements of the densities of the drugs, various alcohol + water mixtures
were prepared by volume (V/V). All measurements were carried out at 25 ± 0.01◦C
in a water thermostat using a calibrated sealable pycnometer. The density values for
MeOH, EtOH, and 1-PrOH were in good agreement with literature values [5,6].

3 Results and Discussion

Density, a physical property of solutions, offers useful information for evaluating
partial molar volumes and apparent molar volumes of solutes in solvent systems,
which in turn can explain solvent–solvent and drug/solute–solvent interactions [7,8].

The densities of various drug solutions have been measured in binary aqueous
alcoholic mixtures containing 30, 50, 70, and 90% (V/V) alcohol at 25◦C (Table 1).
Similarly, densities of NaCl, SDS, and sucrose containing fixed amounts of drugs
have also been measured in aqueous-alcoholic mixtures containing 40, 50, 60, and
70% (V/V) alcohol at 25◦C and are reported in Tables 2–4.

From a look at Tables 1–4, it is observed that the density increases with an increase
in the concentration of the drug. This may be attributed to the shrinkage in the volume,
which in turn is due to the presence of solute/drug molecules [8]. In other words, the
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Fig. 1 Plot of apparent molar volumes (φv) versus concentration of drug PD in aqueous mixtures of 1-PrOH

increase in density may be interpreted due to the enhanced structure of the solvent
mixture due to the added drug for different alcoholic systems; the density values vary
as

1-PrOH + H2O > MeOH + H2O > EtOH + H2O

which is consistent with the density of different alcohols [5,6].
From the accurate density values, apparent molar volumes (φv) have been calculated

using the equation,

φv = M/ρ + (ρ0 − ρ)1000/Cρ0 (1)

where ρ and ρ0 are the densities of the solution and solvent, respectively. M is the
molar mass of the drugs and C is the molar concentration.

It is found that, in each case, φv values are found to be strikingly independent of
drug concentration (Fig. 1). However, the φv values of the drugs in aqueous mixtures
of alcohols decrease in the order,

Water–MeOH ≈ Water–EtOH > Water–1-PrOH

This sequence appears to suggest that the hydrophobic chain of the alcohol is
the cause of the observed order in φv values. The change in this property in aqueous
mixtures of alcohols should therefore reflect the changes occurring in the environment
of the drug. These observations, therefore, strongly suggest that considerably more
structure should be disrupted in aqueous mixtures of 1-PrOH.

Also, drug and alcohol molecules are characterized by the presence of hydrophobic
and hydrophilic centers leading to two different types of hydration [9]. Both compete
for water structure organization [10]. The addition of drug molecules to water causes
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the rupture of the tetrahedral structure of water. When two nonpolar regions come
closer together, these regions are shielded to a greater extent from interactions with
water molecules leading to the collapse of the quasi-crystalline structure of water
[11]. The nature of hydrophobic interactions of drug molecules with water changes to
a different extent with the addition of a different alcohol.

Since the nature of the interacting groups is different, the changes in thermodynamic
properties are expected. The changes can be attributed to specific solvation effects
and hydrophobic effects that act in opposite directions. Specific solvation effects are
dependent mainly on the composition of the solvent mixture, being greatest for strongly
solvated drugs. The hydrophobic effect, on the other hand, increases with the size of
solute–solvent molecules [8].

It has been cited in the literature [8] that drug molecules behave in a manner similar
to tetraalkylammonium salts in aqueous-alcoholic systems where the concentration
dependence of φv values of these drugs has been interpreted in terms of the true
volume of the solute and solvent and the loss of free volume near the solute during
hydrophobic hydration [12].

Further evidence of this effect is obtained when φv data are analyzed in terms of
the partial molar volume of the drugs using the Masson equation [13],

φv = φ0
v + SvC

1/2 (2)

where Sv is the experimental slope which depends on the charge and nature/type
of the solute, and the partial molar volume (φ0

v) is the intercept that measures the
solute–solvent interactions. These values are obtained from a least-squares fit. Sv
values are found to be negative, indicating weak ion–ion interactions. A possible
explanation for the presence of negative Sv values, i.e., negative slopes, is that at
infinite dilution, drugs are completely dissociated in all these solvent mixtures which is
different from the situation at higher concentrations of drugs. Therefore, an appreciable
inter-ionic penetration occurs and gives rise to negative slopes which leads to weak
ion–ion interactions and strong ion–solvent interactions. These negative values of
Sv for different compositions also suggest the presence of cation–anion penetration
[14,15], and this happens due to the competition between the drug ions to occupy the
void space of the large solvent molecules. Also, it is seen (Tables 5–8) that there is
no appreciable variation in Sv with a change in composition of a particular aqueous-
alcoholic system, even when the alcohol component changes from MeOH to 1-PrOH.
Furthermore, it has also been observed that these values are independent of the nature of
the drug. Similar observations have been reported by Parmar et al. [14] for ammonium,
sodium, and potassium phosphates in binary aqueous solutions of urea, and for citric
acid and tartaric acid [15] in water and binary aqueous mixtures of EtOH at various
temperatures in which Sv values are reported to be negative. Also, for a number of
hydrochloride-type drugs, either negative or very small values of Sv have been reported
in the literature [16], indicating weak ion–ion interactions.

φ0
v values of the drugs are found to be positive and quite large in aqueous mixtures

of alcohols and have been summarized in Table 5. The data suggest that the magnitude
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Table 5 φ0
v (m3 ·mol−1) and Sv(m3 ·kg1/2 ·mol−3/2) values of the drugs Parvon Spas (PS), Parvon Forte

(PF), Parvodex (PD), and Tramacip (TM) in aqueous mixtures of alcohols at 25◦C

30 50 70 90

φ0
v Sv φ0

v Sv φ0
v Sv φ0

v Sv

Drug/MeOH ↓ (V/V%)→
PS 178.6 −0.81 188.3 −0.97 196.4 −0.87 205.9 −0.81
PF 234.5 −1.00 247.3 −0.99 257.8 −0.86 264.9 −1.00
TM 319.7 −0.98 337.1 −0.90 351.5 −0.90 358.9 −0.98
PD 400.3 −0.99 422.0 −0.91 440.1 −0.91 463.0 −0.99
Drug/EtOH ↓ (V/V%)→
PS 179.1 −0.95 189.3 −0.97 197.8 −0.98 209.1 −0.81
PF 235.0 −0.93 248.4 −0.99 259.5 −0.99 268.7 −1.00
TM 320.4 −0.90 338.6 −0.90 353.7 −0.96 363.5 −0.98
PD 401.2 −0.91 424.0 −0.91 442.9 −0.95 459.3 −0.99
Drug/1-PrOH ↓ (V/V%)→
PS 175.9 −0.93 185.0 −0.81 192.4 −0.98 200.3 −0.93
PF 230.7 −0.94 242.7 −1.00 252.4 −1.00 257.7 −0.94
TM 314.5 −0.92 330.9 −0.98 344.1 −0.98 357.3 −0.92
PD 393.8 −0.91 414.4 −0.99 430.9 −0.99 442.6 −0.90

Table 6 φ0
v (m3 · mol−1) and Sv(m3 · kg1/2 · mol−3/2) values of NaCl in presence of drugs Parvon Spas

(PS), Parvon Forte (PF), Parvodex (PD), and Tramacip (TM) in aqueous mixtures of alcohols at 25◦C

40 50 60 70

φ0
v Sv φ0

v Sv φ0
v Sv φ0

v Sv

Drug/MeOH ↓ (V/V%)→
PS 55.06 −0.98 56.30 −0.81 57.60 −0.98 58.97 −0.93
PF 54.39 −0.90 55.90 −0.94 57.00 −1.00 58.00 −0.94
TM 53.55 −0.98 55.30 −0.98 56.30 −0.98 57.82 −0.98
PD 48.87 −0.99 50.10 −0.99 54.60 −0.99 56.32 −0.99
Drug/EtOH ↓ (V/V%)→
PS 55.12 −0.81 56.78 −0.98 58.37 −0.98 60.11 −0.81
PF 55.00 −1.00 56.60 −1.00 58.27 −1.00 60.07 −1.00
TM 54.12 −0.98 56.12 −0.98 57.51 −0.98 58.95 −0.98
PD 52.54 −0.99 54.66 −0.99 56.70 −0.99 58.12 −0.99
Drug/1-PrOH ↓ (V/V%)→
PS 53.50 −0.98 54.62 −0.96 55.94 −0.97 56.96 −0.98
PF 52.68 −1.00 54.10 −0.95 55.62 −1.00 56.22 −1.00
TM 51.13 −0.98 52.94 −0.98 54.26 −0.98 55.91 −0.98
PD 50.41 −0.99 52.63 −0.99 53.86 −0.99 55.88 −0.99

of φ0
v values of the drugs follows the sequence (Fig. 2),

PD > TM > PF > PS

which indicates solute–solvent interactions are maximum for PD and least for PS.
As is clear from the molecular structure of drugs, PD contains dextropropoxyphene

hydrochloride, TM has only tramadol hydrochloride, PS does contain paracetamol and
dicyclomine hydrochloride in addition to dextropropoxyphene hydrochloride, whereas
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Table 7 φ0
v (m3 · mol−1) and Sv(m3 · kg1/2 · mol−3/2) values of SDS in presence of drugs Parvon Spas

(PS), Parvon Forte (PF), Parvodex (PD), and Tramacip (TM) in aqueous mixtures of alcohols at 25◦C

40 50 60 70

φ0
v Sv φ0

v Sv φ0
v Sv φ0

v Sv

Drug/MeOH ↓ (V/V%)→
PS 195.8 −0.98 204.3 −0.81 213.1 −0.98 221.3 −0.97
PF 193.0 −1.00 202.2 −1.00 211.8 −1.00 218.8 −1.00
TM 188.6 −0.98 199.8 −0.98 205.3 −0.98 214.4 −0.98
PD 159.6 −0.99 191.8 −0.99 201.7 −0.99 212.1 −0.99
Drug/EtOH↓ (V/V%)→
PS 198.1 −0.96 208.1 −0.81 217.7 −0.96 228.0 −0.96
PF 197.4 −0.95 207.1 −1.00 217.1 −0.95 227.7 −0.95
TM 192.1 −0.98 204.2 −0.98 212.5 −0.98 221.3 −0.98
PD 163.8 −0.99 195.4 −0.99 207.7 −0.99 216.2 −0.99
Drug/1-PrOH ↓ (V/V%)→
PS 188.0 −0.96 195.4 −0.96 203.0 −0.83 209.0 −0.96
PF 183.3 −0.95 192.8 −0.95 201.8 −1.00 204.5 −0.95
TM 179.9 −0.98 190.0 −0.98 192.4 −0.98 202.6 −0.98
PD 150.4 −0.99 182.9 −0.99 190.8 −0.99 200.1 −0.99

Table 8 φ0
v (m3 ·mol−1) and Sv(m3 ·kg1/2 ·mol−3/2) values of sucrose in presence of drugs Parvon Spas

(PS), Parvon Forte (PF), Parvodex (PD), and Tramacip (TM) in aqueous mixtures of alcohols at 25◦C

40 50 60 70

φ0
v Sv φ0

v Sv φ0
v Sv φ0

v Sv

Drug/MeOH ↓ (V/V%)→
PS 250.4 −0.93 260.0 −0.93 270.2 −0.93 279.8 −0.98
PF 247.3 −1.00 257.1 −1.00 268.4 −1.00 276.7 −0.94
TM 240.3 −0.98 255.9 −0.98 261.8 −0.98 271.8 −0.98
PD 229.5 −0.99 246.2 −0.99 257.3 −0.99 264.6 −0.99
Drug/EtOH ↓ (V/V%)→
PS 253.2 −0.98 264.1 −0.93 275.1 −0.81 287.8 −0.98
PF 252.3 −0.94 263.1 −1.00 274.6 −1.00 287.6 −0.94
TM 246.4 −0.98 260.4 −0.98 269.8 −0.98 279.0 −0.98
PD 234.2 −0.99 250.6 −0.99 264.5 −0.99 273.4 −0.99
Drug/1-PrOH ↓ (V/V%)→
PS 239.0 −0.81 248.9 −0.96 257.5 −0.96 260.5 −0.93
PF 236.4 −1.00 246.0 −0.95 255.3 −0.95 260.0 −1.00
TM 232.3 −0.98 244.3 −0.98 247.6 −0.98 258.8 −0.98
PD 229.2 −0.99 235.5 −0.99 244.6 −0.99 256.9 −0.99

PF contains ibuprofen in addition to dextropropoxyphene hydrochloride. From these
structures, it is evident that the contribution to φ0

v values is relatively large due to
the hydrochloride moiety. Since PD and TM contain only a hydrochloride part, they
contribute the maximum to φ0

v , but in the case of PF, one component does not seem
to participate, whereas in PS these values are inhibited to a certain extent because
inter-component interactions of the amide group with the cations of other components
are also not ruled out, thus offering the smallest values.
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Fig. 2 Plot of partial molar volumes (φ0
v ) versus composition of 1-PrOH for drugs PS, PF, PD, and TM

The decrease in φ0
v values of the drugs with solvent composition is as follows:

Water–MeOH ≈ Water–EtOH > Water–1-PrOH

This substantial decrease with an increase in alcoholic content in their respective
aqueous mixtures seems to manifest the peculiar characteristics of the drugs and also
supports the importance of the hydrophobic part of the alcohol as suggested earlier.

Out of the three alcohols, MeOH is the most capable of participating in hydrogen-
bond formation [17] with water, appearing to induce solvophobic solvation of drugs,
as it is well known that the addition of MeOH strengthens the water structure.

We now turn to the analysis of φ0
v data for NaCl, SDS, and sucrose in aqueous-

alcoholic solutions of drugs. These data have been obtained using Masson’s equation
(2) and are reported in Tables 6–8.

The results show that φ0
v values of NaCl are practically independent of the nature

of the drug as well as the nature of the solvent system. However, the φ0
v values of SDS

and sucrose in solutions of drugs increase (Fig. 3) in the order,

PD < TM < PF < PS

Also, the effect of alcohol is found to decrease this parameter for SDS and sucrose
(Fig. 4) in the order,

Water–MeOH ≈ Water–EtOH > Water–1-PrOH

These orders are in agreement with the changes observed in the B-values [18] of
these species in the presence of drugs. This large difference between the solution
behavior of SDS and sucrose, together with the lack of differentiation with respect
to NaCl, provides the clue to the probable hydrophobic interactions of the structural
effect of the solvent system.
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Fig. 3 Plot of partial molar volumes (φ0
v ) versus composition of EtOH for SDS in presence of drugs PS,

PF, TM, and PD

Fig. 4 Plot of apparent molar volumes (φ0
v ) versus composition of alcohol (MeOH, EtOH, and 1-PrOH)

for sucrose in presence of drug PF
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