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Abstract

The principle aim of this work was an application of inverse gas chromatography (IGC) for the estimation of solubility
parameter for pharmaceutical excipients. The retention data of number of test solutes were used to calculate Flory—Huggins
interaction parametej{,) and than solubility parametet{, corrected solubility parametetr) and its components, &, 5n)
by using different procedures. The influence of different values of test solutes solubility paraiy)etee( calculated values was
estimated. The solubility parameter values obtained for all excipients from the slope, from Guillet and co-workers’ procedure
are higher than that obtained from components according Voelkel and Janas procedure. It was found that solubility parameter’s
value of the test solutes influences, but not significantly, values of solubility parameter of excipients.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction ent phenomenon occurring between materials like their
miscibility, compatibility or adsorption.

The solubility parameter concept found an applica-  There are several different methods used to esti-
tion in pharmacy for explanation different properties of mate solubility parameter of materials, such as swelling
the components forming a formulation. Knowledge of measurementBfistow and Watson, 1958; Aharoni,
the solubility parameter data for different excipients 1992, solubility/miscibility measurements in liquids
is important to predict the magnitude of interaction with known cohesive energy. These methods are often
between the components of formulation and further time consuming and laborious. Solubility parameter
stability of the product. Solubility parameter data are can also be calculated by using several group addi-
useful in the description and interpretation of differ- tive methodsVYan Krevelen, 199)) where knowledge

of the molecular structure of a material is required.
"+ Corresponding author. Tel.: +48 61 665 3687- Itis possiblg to determine splubility parameter for dif-
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and mechanical measuremenfoberts and Rowe,  whereAEM is mixing energy$1¢» the volume frac-
1993. tions of liquids 1 and 2 and/;, is the volume of
Inverse gas chromatography method is widely used the mixture. If values of solubility parameter of two
for characterization of polymers and polymer blends materials are comparable, they will be mutually solu-
(Price, 1989, surfactants$chaefer et al., 2001; Choi  ple and they can form a thermodynamically miscible
et al., 1998, biopolymers, solid food and petroleum mixture.
pitches Woelkel, 199§. In this method an investi- Solubility parameter defined by E@l) is called
gated material (stationary phase) is placed in a col- Hildebrand solubility parameter or Hildebrand param-
umn and than is characterized using volatile probes eser (Barton, 1983 and it is applied only for regular
of known properties (test solutes), which are carried solution, i.e. solution where polar and/or specific inter-
by a mobile phase. According tBiPaola-Baranyi  actions between molecules are neglected. Due to this
and Guillet (1978)method, Flory—Huggins interac- limitation approach developed biansen (1967, 1972)
tion parameter X3°,) and solubility parameterss) is the most widely accepted. So-call&tdnsen solu-
are calculate from experimentally collected reten- piliry parameter (HSP) is extension of the Hildebrand
tion data for the series of carefully selected test solubility parameter to polar and hydrogen bonding
solutes. systems. Hansen assumed that cohesive energy could
The term solubility parameter is related to cohesive pe considered as a sum of contributions from dis-

energy density (CED), which indicates the energy of persive €g), polar Ep) and hydrogen bondingkf)
vaporization per unit volume. interactions:

AH — RT1Y?  [AEY? Een— —Eq— Eq—
§ = (CED)1/2 — _ | 2= (1) Econ Eq— Ep— En (4)
Vim Vin
and the total solubility parametety( is expressed as
wheres is the solubility parameterR the gas constant,

Tthe temperature)\ H the enthalpy of vaporizatioi, 82 = 82 + 5% + 82 (5)
the molar volume and E is the energy of vaporization.
Hence, the cohesive energy of a material is the wheresy, §, andsn denotes dispersive, polar and hydro-
energy, which holds the molecules of a liquid together gen bonding contribution, respectively.
and corresponds with the energy of all interactions  The HSP concept simplifies the description of
between molecules: dispersion or London forces, polar research materials. Taking into consideration Hansen'’s
interactions (dipol-dipol and dipol-induced dipol) and interpretation, it can be assumed that for the sponta-
specific interaction (hydrogen bonding). neous mixing process between liquids, the values of
The basic thermodynamical relation for solubil- HSP components for one liquid should be close to
ity/solution process relates the free energy of mixing another liquid.

at constant pressurdGM to the enthalpy of mixing The solubility parameter concept was first applied
AHM and to the change of the entropy during the pro- for simple liquid mixtures, later this application
cess and\SM as follows Barton, 198% expanded to solid/liquid systems and showing useful-
ness in the cosmetics, pharmacy, coating and paint-
AGM = AHM — TASM 2 ing industry and also useful in determining biological
material Hansen, 2000; Hancock et al., 1997
Two substances show total miscibility 5™ =0 The aim of this work was calculation and compari-

andAs™ >0, soif AGM is negative. According to the-  son of solubility parameter data for different excipients,
ory Hildebrand—Scatchard, energy of mixing for two  according to different procedures and for different val-
liquids at constant volume is given by the relation yes of solubility parameter of test solute. The main

(Hildebrand and Scott, 1950 problem, when using IGC method, is the proper choice
M of test solutes representing the ability to different inter-
AE = Vin(81 — 82)2 A3) molecular: dispersive, polar and hydrogen bonding

$192 interactions.
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2. Materials and methods Table 2
Solubility parameter values of test solutgs
The examined excipients were Cetiol B (di- Testsolute Data 1 (MP? Data 2 (MPa)?
n-butyladipat) (Cognis), Labrasol (Gattefosse) and o ane 149 149
Tween 80 (Merck). Heptane 15.3 15.3
Measurements were carried out aC SMS Octane 15.4 15.5
(Surface Measurements Systems, London, UK) gas Nonane 156 15.8
chromatograph equipped with a flame ionization 1™Nitropropane 213 20.6
L. 2-Butanone 19.3 19.0
detector (FID) and thermal conductivity detector 5 ponianone 176 176
(TCD). Methane was used as a non-interacting marker acetonitrile 24.8 24.4
to correct for dead time retention. Helium was used Toluene 18.3 18.2
as a carrier gas with flow rate 20 ml/min. The column 1.2-Dichloroethane 20.2 209
fillings packing material were prepared by dissolving Etha”o' " 22‘1; 22355
the excipient in a suitable solvent, mixing with the BL‘:Z?QE 1 287 231
support and then coating a solid support by slow evap- pyridine 21.7 218
oration of the solvent. Chromosorb P AW-DMDCS 1,4-Dioxane 20.7 20.5

100/120 mesh (Supelco) was used as a solid support.

The loading of the column was 20%. The columns lati lead t ific retent lume-d which
were conditioned at 25 before the use. Column '210NS l€ad 1o Specilic retention volum g.ﬁ which
values were used in estimation of physicochemical

parameters and conditions of the measurements are . .
listed inTable 1 Different organic solvents were used parameters, as solubility parameter and its companents

as the test soluteg4ble 3. Due to limited numbef9) (HSP). Calculations of specific retention volume were
of the places in “solvents oven” we had to carry out performed by qsmg SMS;.C Analysis Software v1.2.
two series of measurement for each column. Flory-Huggins Interaction parameter was calcu-
Test solvents were selected to represent the ability 'at€d fromthe following equationfelkel etal., 200}
to different intermolecular interactions, dispersive-— 273 15R
I 0o

alkanes; polar — acetonitrile, toluene, 2-butanone, 2- x3» = In OV M-
pentanone, 1,2-dichloroethane and 1-nitropropane as P1VeMr1
well as hydrogen bonding — ethanol, 1-propanol, 1- i (,01) . < Vl)

0
P
— 21 (B =V
) RT( 1 v

butanol, 1,4-dioxane and pyridine. o (6)
Five injections of the vapor of each solvent were
made for each probe and retention time was determinedwhere; 1, pg, Bi11, Vg, V1, V2, p1 andp; are the molec-

from maximum of the symmetric peak. Further calcu- ular mass, saturated vapor pressure of the test solute,

Table 1
Parameters and conditions of the measurements
Excipient
Cetiol B Labrasol Tween 80
Loading (%) 20 20 20
Mass coated (g) 0.0864 0.084 0.034
Solid support Chromosorb P AW-DMDCS 100/120 mesh
Solvent Chloroform Methanol Methanol
Column length (cm) 30
Column i.d. (mm) 2
Column temperature C) 25
Detectors temperaturé@) 150
Carrier gas Helium

Flow (ml/min) 20.1
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second virial coefficient of the test solute, specific
retention volume of the test solute, molar volume of

the test solute, molar volume of the examined material,
density of the test solute and density of the examined

material (solvent, drug), respectively.
Second virial coefficient was computed using the
equation Yoelkel and Fall, 1995

2
= 0.500— 1.144<TC> — 0.480(TC)
T T

3
~0042( )
T

whereVc andT¢ are the critical molar volume and the
critical temperature of the solute afids the column
temperaturek).

Solute vapor pressureﬁg() were computed from the
Antoine equation (Boublik et al., 1973

Bi1

C

()

A—-B
t+C

logp} = ®8)
wherep‘l’ is the vapor pressure in mmHghe temper-
ature (C) andA, B andC are the constants.

Solubility parameter can be calculated using the fol-
lowing relation Choi et al., 1996; DiPaola-Baranyi
and Guillet, 1978; Price et al., 1986; Voelkel and
Grzeskowiak, 200}
&K _ 2 o
RT RT Vi
whereds is the solubility parameter of the consecutive

53
RT T

©)
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present:

8% =85+ 53 (10)

Voelkel and Janas (1993)roposed to extent the
Price’s procedure for calculation of Hansen’s three
component parameters:

8% =85+ 85+ o4 (11)

It can be made by plotting linear relationship,
according to Eq4), for the respective group of solvents
representing different intermolecular interactions. Val-
ues of each components of the total solubility parameter
can be calculated from the slope of straight line by using
the following relationships:

Mpy-alkanesX RT

(@)dq = >
— My RT

(b) 8p = (m1—m aganea X (12)
— my- X RT

() 8h = (mo—m aI2kanea

wherem,,-alkanesiS the value of the slope far-alkanes;

m1 the value of the slope for aromatic hydrocar-
bones, ketones, 1-nitropropane, acetonitrile and 1,2-
dichloroethane anéh; is the value of the slope for
alcohols, 1,2-dioxane and pyridine. Then the value of
the total solubility parameter is obtained from the rela-
tionship(11).

3. Results and discussion

The selection of values of solubility parameter for

test solute. Plotting the left-hand of this equation versus the test solutes may influence the result of calculation.

81 it is possible to obtaii, of the examined material
from the slope and the intercept of the straight line.
This relation was used blprice (1989)and Price
and Shillcock (2002)Yor the estimation of solubil-
ity parameter for compounds with small molecular

masses:-hexadecane, squalane, dinonyl phthalate, di-

n-octyl phthalate and compounds with polar groups:
methyl pyrrolidone and dibutyl-2-ethylhexamide. Price

noticed that for the alkanes curvature was downward,

indicating to low estimates of, but for more polar

We have used two series 8f values found in Ref.
(Barton, 1983 which are represented ifable 2as

data 1 and data 2. Data 1 were taken fréable 2 p.

94 in Ref. Barton, 1983, while data 2 fromTable §

p. 153 in Ref. Barton, 1983.

An example of relation between the left-hand side
of Eq.(9) versus solubility parameter of test soldiés
showninFig. 1 For all excipients the linear relationship
was obtained (correlation coefficient 0.98—-0.99).

Values of solubility parameter calculated from the

compounds it was upward, denoting to overestimates. slope according to Guillet procedure, with the use of

According to Hansen’s concept of solubility param-

eter, Price proposed to calculate solubility parameter

differents; values, are summarized rable 3
The selection of§; values to be used in Eq9)

for systems were dispersive and polar interaction are significantly influences the result, value &f for the
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Fig. 1. An example of relationship of left-hand side E9) () vs.
81 of test solute (data 1).
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Table 4
Components calculated according to Voelkel and Janas procedure
for data 1

Excipient  Solubility parameter data (MP&)data 1

8d 5p h
Cetiol 16.517+ 0.072  1.363+ 0.214  4.790+ 0.072
Labrasol 18.045t 0.071  0.784+ 0.072  3.17% 0.071
Tween 19.336t 0.125 0.863+ 0.124  2.849+ 0.248
Table 5

Components calculated according to Voelkel and Janas procedure
for data 2

Excipient  Solubility parameter data (MP&)data 2

Table 3 84 8p Sh
Solubilit ter calculated from the sl f E).for data 1, ,
(1‘; - é’aﬁzrgnzg)er calculated from the slope of E).for data Cetiol 16.352+ 0.070  1.445+ 0.189  1.074+ 0.072

— i - Labrasol ~ 17.55Gt 0.072  1.198t 0.072  1.527+ 0.072
Excipient Solubility parameter data (MP&) Tween 18.458+ 0.130  0.967+ 0.124  0.991+ 0.240

52 (1) 52(2)

Cetiol 19.077 17.715 . .
Labrasol 21.059 20.316 selection of solubility parameter for test solutés) (
Tween 20.935 20.068 is the most significant on the hydrogen bonding com-

examined excipient. For all excipients a little londer
values were obtained when data 2 series was applied.
Values of the components of solubility parame-
ter determined according to Voelkel and Janas con-
cept Fig. 2) are summarized iTables 4 and 5The
result will depend on statistical quality of relationships
(12). The correlation coefficient was sufficiently high
(0.999) for the correlation from which dispersive com-
ponent was calculated (for all excipients). Lower value
of correlation coefficient (0.96-0.98) was observed

ponent’s values. Selection of differeft values for
alcohols (data 1) results in differences &f compo-
nent’'s value. One should notice that for homologous
series of alcohol$; values in data 1 series do not
relate to the chemical structure. Solubility parameter
value for ethanol should be the highest, whereas for
butanol the lowest. Such considerable variation may
influence the results of further calculation of hydro-
gen bonding component’s value when using data 1 and
data 2.

Once again the influence of different values of sol-
ubility parameter for test solute on the obtained

when polar and hydrogen bonding components were values of solubility parametes) of all excipients was

calculated. It can be noticed that the influence of the

0,2500+
0,2000+ hydrogen
bonding

oy 0,1500+

by polar
> 0,1000-
/"/dispers'nfe

0,0500+
0,0000 T T T T T d
0 5 10 15 20 25 30

test solute solubility parameter [MPa]'/

Fig. 2. Calculation of components of solubility parameter.

observed. The use of data 2 seriespfeads, in each
case, to slightly higher values of polar component of
solubility parametes, and lower values of both other
componensy andép,.

Table 6

Total value §t) of solubility parameter calculated for data 1, (1) and
data 2, (2)

Excipient Solubility parameter data (MP4)

6t (1) 51 (2)
Cetiol 17.253+ 0.043 16.452+ 0.018
Labrasol 18.340Gt 0.062 17.65 0.061
Tween 19.418+ 0.128 18.473+ 0.120
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Table 7
Comparison experimental values and data obtained from group contribution methods
Method Cetiol B

84 (MPa)2 8p (MPa)2 sh (MPa)y2 5t (MPa)2
Hoy 14.961 7.889 10.117 19.708
Hoftyzer/van Krevelen 16.022 3.635 7.206 17.940
IGC (1) 16.51A0.072 1.363£0.214 4.79@: 0.072 17.253:0.043
IGC (2) 16.352+0.070 1.445+0.189 1.074£0.072 16.452£0.018

The total value of solubility parametéf for each
excipient was calculated frosy, 5, andén Eq. (11)
by using Hansen conceplgble §. The values of total
solubility parameter for all excipients calculated from
Eq.(11)are smaller than those calculated form ).
and this difference approximates 2 units.

Itis possible to estimate values of solubility parame-
ter for compounds with known chemical structure from
group contribution methods. In such case solubility
parameter is calculated by summing the contribution
made by the various structural groups in the molecule.

In the group of examined excipients only Cetiol
B (di-n-butyl adipate) has known, simple chemical

influence on cohesion energy additionally limits the
applicability of additive methods in the estimation of
solubility parameteronstam and Feairheller, 19)0

To apply the additive methods in determination of
solubility parameter one has to know the structure of the
examined species. It is very often impossible. Inverse
gas chromatography, the method used in this work, has
no such limitation.

The main problem when using IGC is the proper
choice of test solutes representing the ability to dif-
ferent intermolecular interactions: dispersive, polar
and hydrogen bonding. Parameters, influencing also
(less significantly) the determined value of solubility

structure. Comparison of components and total values parameter &) are the values of solubility parameter

of solubility parameter, calculated according to Hoy
(Van Krevelen, 199)) Hoftyzer/van Krevelen \(an
Krevelen, 1999 and IGC method is presented in
Table 7 There are significant differences of solubility
parameter values for Cetiol B estimated by using differ-

entprocedures. Values of the dispersive component and

total solubility parameters are comparable for IGC and
Hoftyzer/van Krevelen procedure. Polar and hydrogen
bonding component’s values obtained from Hoy'’s pro-

cedure are the highest and also considerably different

from values calculated from Hoftyzer's/van Krevelen’s
procedure. The highest value of total solubility param-
eter was obtained from calculation according to Hoy’s
procedure. As mentioned earlier, higher valuespf
obtained from IGC/data 1 experiments may result from
uncertain values of solubility paramegerfor alcohols.

It should be noticed that even for such simple
molecule two different additive methods gave different
values of solubility parameter. Therefore, the additive
methods should be used only for rough estimation of

solubility parameter. For larger molecule the presence

of several strongly interacting functional groups (e.g.
hydroxyl) may result in the intramolecular interaction
forces. The lack of information (data) concerning their

of the test solutess{) taken from different literature
sources.

Acknowledgement

This paper was supported by BW 32/003/04 PUT
grant what is gratefully acknowledged.

References

Aharoni, S.M., 1992. The solubility parameter of aromatic
polyamides. J. Appl. Polym. Sci. 45, 813-817.

Barton, A.F.M., 1983. CRC Handbook of Solubility Parameters and
Other Cohesion Parameters. CRC Press Inc., Boca Raton, FL.

Boublik, T., Fried, V., Hala, E., 1973. The Vapour Pressures of Pure
Substances. Elsevier, Amsterdam.

Bristow, G.M., Watson, W.F., 1958. Cohesive energy of rubbers by
swelling measurements. Trans. Faraday Soc. 54, 1731-1741.

Choi, P., Kavassalis, T., Rudin, A., 1996. Measurement of three-
dimensional solubility parameter of nonyl phenol ethoxylates
using inverse gas chromatography. J. Colloid Interface Sci. 180,

DiPaola-Baranyi, G., Guillet, J.E., 1978. Estimation of polymer sol-
ubility parameters by gas chromatography. Macromolecules 11,
228-235.



K. Adamska, A. Voelkel / International Journal of Pharmaceutics 304 (2005) 11-17

Hancock, B.C., York, P., Rowe, R.C., 1997. The use of solubility

parameters in pharmaceutical dosage form design. Int. J. Pharm.

148, 1-21.

Hansen, C.M., 1967. The three dimensional solubility parameter—
key to paint component affinities. J. Paint Technol. 39, 104-117
and 505-510.

Hansen, C.M., 1972. Solvents for coatings. Chemtech 2, 547-553.

Hansen, C.M., 2000. Hansen Solubility Parameter, A User’s Hand-
book. CRC Press LLC.

Hildebrand, J.H., Scott, R.L., 1950. The Solubility of Nonelec-
trolytes. Van Nostrand, Princeton, NJ.

Konstam, A.H., Feairheller, W.R., 1970. Calculation of solubility
parameters of polar compounds. AlChe J. 19, 837-840.

Price, J., Guillet, J.E., Purnell, J.H., 1986. Measurement of solubility
parameters by gas—liquid chromatography. J. Chromatogr. 369,
273-280.

Price, G.J., 1989. Calculation of solubility parameters by inverse gas
chromatography. In: Lloyd, D.R., Ward, T.C., Schreiber, H.P.
(Eds.), Inverse Gas Chromatography, Characterization of Poly-
mers and Other Materials. ACS Symposium Series, No. 391,
Chapter 5. American Chemical Society, Washington, DC, pp.
48-58.

Price, G.J., Shillcock, I.M., 2002. Inverse gas chromatographic mea-
surement of solubility parameters in liquid crystalline systems.
J. Chromatogr. A 964, 199-204.

17

Roberts, R.J., Rowe, R.C., 1993. The solubility parameter and
fractional polarity of microcrystalline cellulose as deter-
mined by mechanical measurement. Int. J. Pharm. 99, 157-
164.

Schaefer, C.R., De Ruiz Holgado, M.E.F., Arancibia, E.L., 2001.
Sucrose derivative surfactants studied by inverse gas chromatog-
raphy. J. Colloid Interface Sci. 239, 222-225.

Van Krevelen, D.W., 1990. Properties of Polymers. Elsevier, Ams-
terdam, pp. 213-217.

Voelkel, A., Janas, J., 1993. Solubility parameters of broad and nar-
row distributed oxyethylates of fatty alcohols. J. Chromatogr.
645, 141-151.

Voelkel, A., Fall, J., 1995. Influence of prediction method of second
virial coefficient on inverse gas chromatographic parameters. J.
Chromatogr. A 721, 139-145.

Voelkel, A., 1996. IGC what is this? In: @rowski, A., Tertykh,

V.A. (Eds.), Adsorption on New and Modified Inorganic Sor-
bents, Studies in Surface Science and Catalysis, vol. 99. Elsevier
Science B.V., pp. 65-477.

Voelkel, A., Grzé&kowiak, T., 2001. Properties of zirconate modifi-
cates of silica gel as examined by inverse gas chromatography.
Macromol. Symp. 169, 35-43.

Voelkel, A., Milczewska, K., gczalik, J., 2001. Characterization of
the interactions in polymer/silica systems by inverse gas chro-
matography. Macromol. Symp. 169, 45-55.



	Inverse gas chromatographic determination of solubility parameters of excipients
	Introduction
	Materials and methods
	Results and discussion
	Acknowledgement
	References


