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Application of the UNIFAC method for assessment of
retention in reversed-phase liquid chromatography

LUBOMIR DASKO·

Polymer Institute SAS, Dubravska 10, Bratislava (Czechoslovakia)

(First received October 29th, 1990; revised manuscript received January 14th, 1991)

ABSTRACT

A method for the qualitative assessment of the retention of analytes in reversed-phase liquid chroma­
tography is suggested, The separation is based on the partitioning of analyte molecules between the
stationary and mobile phases. The stationary phase is represented by hexane, cumene and l-octanol and
the mobile phase is composed of mixtures of acetonitrile and water or methanol and water. With the help
of the UNIFAC group contribution method, the activity coefficients of analytes in both phases were
determined. Subsequently the partition coefficients were calculated and used for the assessment of reten­
tion. The theoretical results were compared with experimental data and reasonable agreement was
achieved.

INTRODUCTION

The development of a reversed-phase liquid chromatographic (RPLC) separa­
tion method for a new analyte is usually a time-consuming process. It is preferable to
choose one of the many procedures available in the literature for retention prediction,
A review devoted to theory and methodology of LC was published recently by Dorsey
et al. [1].

The mechanism of separation in RPLC is often considered to be based on the
partitioning of molecules of analytes between the stationary and mobile phases, The
value of the partition coefficien t can be used for the assessment of retention because the
logarithm of the capacity factor is closely related to the logarithm of the partition
coefficient [2].

In the case ofpure liquid-liquid (L-L) partitioning, the exact compositons of the
stationary and mobile phases must be defined for the calculation of partition
coefficients. The composition of the mobile phase is well known, but that of the
stationary phase is more problematic.

A pure L-L partition mechanism for the separation of analytes in RPLC is
unlikely. Horvath et al. [2] took into account hydrophobic interactions of the
hydrophobic part of an analyte molecule with a bonded alkyl ligand. Martire and
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In the case of the same standard state for both phases, it follows for the partition
coefficient [9]:

In K = In (:D = In GD (2)

According to eqn. 2 one can calculate the logarithm of the partition coefficient of an
analyte on a mole fraction basis.

The UNIFAC group contribution method was applied for the calculation of the
activity coefficients of analytes of interest. The group contribution method transforms
a solution of molecules into a solution of groups. In the original paper [5] it is stated
that "The number of distinct groups must remain small, but not so small as to neglect
significant effects of molecular structure on physical properties".

The UNIFACmethod is closely related toUNIQUAC [10].The logarithm of the
activity coefficient of component a (Ya) is the sum of combinatorial (y;) and residual
(y~) parts [5]:

In Ya = In Y; + In y~ (3)

In the UNIFAC method the definition equation for the combinatorial part is the
same as in UNIQUAC:

(4)

where x, is the mole fraction of component (analyte) a, the summation is over all
components, ea is the area fraction and cPa is the segment fraction. The definition
equations are

(5)

(6)

The parameters r« and qa are defined by

_" (a) Qqa - L..., Vk k
k

(7)

(8)

where v~a) is the number of groups of type k in molecule a. The parameters Rk and Qk
represent the Van der Waals group volume and surface area, respectively.
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(z-donor and z-acceptor) for the resolution of racemic
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ABSTRACT

Up to now, most stationary phases have had either n-acceptor or z-donor characteristics. In this
study, the behaviour of stationary phases having mixed characteristics (n-donor and n-acceptor) was
investigated and compared with that of silicas bonded either with the same z-ucceptor group or with the
same n-donor group. The chira1 selectors, (S)-I-(C(-naphthyl)ethylamine associated with (S)-phenylalanine
and (S)-N-(3,5-dinitrobenzoyl)pheny1alanine, were bound to a y-aminopropylsilanized silica gel. Station­
ary phases possessing mixed character were obtained either by bonding the two chiral selectors on the same
silica or by mixing two chiral silicas bonded with only one of two chiral selectors. The selectivity of these
chiral stationary phases possessing n-donor and n-acceptor characters are similar; the C( values are interme­
diate between those shown by the two chiral stationary phases with only n-donor or z-acceptor character.
The results obtained in the resolution of a series of racemic compounds with either z-donor or x-acceptor
character show that the chiral recognition mechanism is probably more complex than the conventional
face-to-face x-interactions usually described.

INTRODUCTION

The resolution of racemic compounds by liquid chromatography using chiral
stationary phases, consisting of silica gel bonded to small optically active compounds,
has made notable advances in the last decade [1-4]. In addition to these stationary
phases, the chiral identity of which is, in general, a molecule with a n-acceptor or a
z-donor radical, more recently new stationary phases based on asymmetric natural
(albumin, glycoproteins, cellulose derivatives, etc.) [5] or synthetic [6-8] macromole-

a Present address: Laboratorio de Quimica Farmaceutica, Facultad de Farmacia, Universidad de Barcelo­
na, Avd. Diagonal s/n, 08028-Barcelona, Spain.
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Fig. 2. Structures of test compounds.

solid, m.p. 145°C. IH NMR (200 MHz): <5 (CDCh) 1.36 (s, 9H, t-Bu), 1.58 (d, 3H,
CH 3) , 3.01 (m, 2H, CHzAr), 4.38 (m, 1H, CH 3CH), 5.95 (m, 1H, NCHCO), 7.0-8.2
ppm (m, 12H, ArH). l3C NMR (50.3 MHz): <5 (CDCI 3) 20.9 (CH3) , 28.1 [(CH 3h ],
38.4 (CH z), 44.6 (CH3CH), 56.0 (NCHCO), 80.1 (Cq ) , 130.9, 133.8, 136.4 and 137.9
(C, aromatic), 155.2 (O-CO-N), 170.0 ppm (CO-N). [a]f? = - 3.6° (c = I, dichloro­
methane). Analysis: calculated for CZ6H30Nz03, C 74.61, H 7.22, N 6.69; found, C
74.08, H 7.16, N 6.66%.

(R)-tert.-Butoxycarbonylphenylalanyl-(S)-1-(a-naphthyllethylamine (11). Anal­
ogously to 10, compound 11 was obtained from n-N-Boc-phenylalanine-N'-hydroxy­
succinimide ester. Recrystallization from toluene gave 5 g (86%) of a white solid, m.p.
154°C. IH NMR (200 MHz): <5 (CDCI 3) 1.36 (s, 9H, t-Bu), 1.47 (d, 3H, CH 3) , 3.06
(m, 2H, CHzAr), 4.38 (m, 1H, NCHCO), 5.90 (m, 1H, CHN), 7.2-8.1 ppm (m, 12H,
ArH). l3C NMR (50.3 MHz): <5 (CDCI 3) 20.8 (CH 3) , 28.2 [(CH 3h ]' 38.5 (CH z), 44.8
(CH3CH), 56.1 (NCHCO), 79.9 (Cq) , 130.8, 133.8, 136.7 and 138.0 rc, aromatic),
154.5 (O-CO-N), 169.9 ppm (CO-N). [a]fi3 = +33.0° (c = 1.4, dichloromethane).
Analysis: calculated for CZ6H30Nz03' C 74.61, H 7.22, N 6.69; found, C 74.83, H
7.28, N 6.73%. .

Succinyl-(S)-phenylalanyl-(S)-1-(a-naphthyl)ethylamine (12). A 4.2-g (10­
mmol) amount of 10 was dissolved in glacial acetic acid (45 ml) and cooled in an
ice-bath. Hydrogen chloride was passed through for 40 min and the solution was left
to stand at room temperature for 3 h. The solvent was removed in vacuo and the
residual solid washed with diethyl ether. The solid was then dissolved in pyridine (12
ml) and succinic anhydride (Ll g, 11 mmol) was added. After stirring for 24 h at
room temperature, the mixture was evaporated to dryness and the residue treated
with 5% orthophosphoric acid (120 m1) and distilled water. Recrystallization from
ethanol-water gave 3.5 g (83%) ofa white solid, m.p. 15YC IH NMR (200 MHz): <5

(acetone-dg) 1.54 (d, 3H, CH3) , 2.45-2.58 (m, 4H, CHzCH z), 2.68 and 3.10 (m, 2H,
CHzAr), 4.73 (dq, 1H, CH 3CH), 5.85 (m, 1H, NCHCO), 7.1-8.3 ppm (m, 12H,
ArH). l3C NMR (50.3 MHz): <5 (acetone-de) 22.0 (CH3 ) , 29.7 and 3Ll (CHzCH z),
38.7 (CHzAr), 45.6 (CH3CH), 55.5 (NCHCO), 131.7, 134.8, 138.6 and 140.8 (Cq



































































































































































































DETERMINATION OF GINKGOLIDES AND BILOBALIDE

EXPERIMENTAL

377

Plant materials and phytopharmaceuticals
Dutch ginkgo leaves were collected in the botanical garden of the Agricultural

University, Wageningen, from a 55-year-old male tree. The year and month of har­
vest are mentioned with the individual samples. German ginkgo leaves were collected
in mid-September, 1989, from two trees near the Organic Chemistry building of the
University of Heidelberg. For the Chinese and French leaves no details are known.

Phytopharmaceutical preparations were provided by the producers or bought
in a pharmacy.

Drying
Dutch and German leaves were dried as soon as possible after collection for 24

h at 70°C in an oven with forced ventilation.

Standards
Ginkgolide A, Band C and bilobalide used for some of the recovery experi­

ments and the determination of the response factors were supplied by Prof. K. Weing­
es. The purity was checked by means of RP-HPLC, UV spectroscopy and 200-MHz
IH NMR spectroscopy.

Solvents
Methanol (M4058), acetonitrile and tetrahydrofuran (THF), all from Fisons

(Loughborough, U.K.), were of HPLC quality. Methyl acetate was of synthetic qual­
ity (Merck, Darmstadt, Germany) and was redistilled prior to use. Hexane was of
analytical-reagent grade (Merck). Water was doubly distilled in an all-glass appara­
tus. All solvents used for HPLC were filtered (0.45 ,urn) and ultrasonically degassed
before use.

Instrumentation
All separations were carried out isocratically at room temperature (20°e) with a

Kratos (Manchester, U.K.) Spectroflow 400 HPLC pump, equipped with a MUST
(Spark, Emmen, The Netherlands) injector with a 50-,um (analytical) or 250-,um (pre­
parative) loop. Detection was carried out with a Gilson (Villiers Ie Bel, France) Model,
131 refractive index (RI) detector (3 . 10- 5 refractive index units full-scale). In some
initial experiments detection was carried out with a Kratos Spectroflow 773 UV
detector at 219 nm. Integration was performed with a Shimadzu (Kyoto, Japan)
C-R3A Chromatopac integrator. The analytical column (231 x 4.6 mm 1.0.) packed
with Spherisorb (Clwyd, U.K.) 5-,um Cis-modified silica gel was prepared in our
laboratory. The preparative column (250 x 10 mm 1.0.) packed with Microsorb
5-,um Cis-modified silica gel was prepared by Rainin (Woburn, MA, U,S.A.).

Chromatographic conditions
Three different eluents were used: (1) water-methanol-THF (7:2:1), flow-rate

1.0 ml/rnin; (2) water-acetonitrile-THF (7:2: 1), flow-rate 1.0 ml/min; (3) water-meth­
anol (67:33), flow-rate 1.0 ml/min (analytical) or 4.0 ml/min (preparative).
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