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Abstract - The retention model in HPLC is proposed,

which is based on quasichemical equilibria of the
oomponents of the chromatographic system. This model
provides a Dbetter undestanding of the retention
mechanism in HPLC and it can be applied for
quantitative description of the dependence of retention
on the nature and composition of the mobile phase.

High performance liquid chromatography (HPLC) is known to be one of
the most effective methods for analysis the substance mixtures of
complex composition. A great number of various organic substances of
different nature and properties required various technical approach
and Instrumentations to separate complex mixtures, identify and
determined their components. The choice of +the appropriate
chromatographic techniques required their optimization based on
understanding the retention mechanisms and molecular interactions of
the chromatographic system components.

In HPLC, along with the sorbate-sorbent molecular interactions, of
great importance are also the sorbate-mobile phase, sorbent-mobile
phase interactions, in particular, the interactions between the
components of binary, ternary and other mobile phases. At present, it
is often impossible to compute quantitatively the thermodynamic
characteristics of retention in these complicated systems. Purther
development of the HPLC theory 1is largely contributed by the
determination of correlation dependences between the retention
parameters and various properties of sorbates (8) (ref. 1-5), mobile
(ref. 3-8) and stationary phases (ref. 9-12).

To describe the retention mechanism of substances in most often used
variants of HPLC, namely, normal-phase (NP HPLC) and reverse-phase
(RP HPLC), it must be used the common approach based on the
distribution of substances (sorbates) in dynamic equilibrium between
the mobile and stationary phases. This approach provides a common
standing for studying these variants of HPLC.

Now consider the system most frequently used in HPLC: the stationary
phase (SP), sorbate (S) and the two-component mobile phase (MP)
consisting of the solvent (L) as the basic component and the
modifying additive (M). As a rule, RP HPLC includes: L -~ water, M -
organic solvent (methanol, acetonitrile, tetrahydrofuran and other)
and NP HPLC includes: L - alkane, M - weak polar or polar organic
solvent (methylenechloride, chloroform, alcohols, etc.). In this
case, sorption (distributign) from the three-component solution
(L,M,S) is exhibited, and L < M >>S.
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Now we take into account the following assumptions: the sorbent
surface is chemically and geometrically homogeneous and,
consequently, the sorption energy of the MP components is the same on
any part of the surface; sorption is of exchange (competitive)
character; the absence of molecules associations in the adsorption
layer; the surface and volume solutions are ideal. Considering the
adsorption as the guasichemical reversible reaction of exchange (ref.
13-15) (in the simplest ocase, the areas ococupied by molecules S, M
andbLtin the surface layer being equal), we have equilibria for the
sorbate.

Sm * Lg =E§= Sg * Ip 3 Ks

and for the modifier:

Mp * Ig =§¥= L Ky (ML) / (ML) (2)

where KS and KM are equilibrium constants and SS and Sm’ Ms and Mm
and Ls and Lm are mole fractions of the solute, modifier and solvent
in the stationary phase (s) and mobile phase (m).

(ST )/ (SLg) (1)

Solvation of the solute molecules by the modifier molecules proceeds
in the mobile phase:

Sm + OMHL smm=ETo== (SMC)m (3)
for ¢ = 1,2,3, ... C with the equilibrium constant
Koy = s, /(8 M%) (4)

where (SMc)ln is the mole fraction of (¢ + 1)-molecular associates in
the mobile phase.

Simultaneously, association of the modifier molecules ocours in the
mobile phase:

- | S
Mo+ @M ====mme== M (5)
for 4 = 2,3,4, ... D with the equilibrium constant
d
Ky = Mgdy/ My » (6)

where (Md?ln is the mole fraction of d-molecular associates in the

mobile phase. In eqns. 3-6 has been made the assumption that the
association constants of molecules in the solution are equal. In
molecular chromatography the energies of sequential formation of
associates are to be close when uncharged molecules interact. For
instance, in RP HPLC the association of organic molecules in aqueous
solution proceeds at the expense of non-specific dispersion forces
(hydrophobic interactions) and each of the added molecules makes
nearly the same contribution to the formation energy of associates.

As no associates appear on the sorbent
- 07 . _ o7 . _ o
sq = [8.°1 3 Ly =1[0.°1; M = (M) (7)
and assuming that S << M, Ly ; Sg << Mg, L we have
Mo+ Ig=1 , 8)
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and in the mobile phase
%1+ L, =1 , (9)

where [MmO] are the total concentration of the different form of
modifier in the mobile phase. On the other hand

o) ¢ o

[Sm ) = Spct + E1KSMMm D) (10)
C=

o - D a1

[,°) = M1+ KgySpy T oM™ + Ky T o (1)
c= =

It follows from egns. 1 and 2 that
Kg = S/ Syl ¥ (12)
FProm eqns. 2, 8, and 9 we have
Ky= M0t = [M0))/ [M (1 - M (13)

Introducing egqn. 11 into eqn. 12, we obtain

My = Kl U1+ My = D - RSy E ol 4y Tad
Introducing eqn. 14 into eqn. 12, we obtain

Ky = g/ SPUT + Cy - DMy - Ky, E ol + Ky Zad1 ()
It is known (ref. 13) that

k' =9 (Sy/ [SIN=0K , (16)

where k' is the capacity factor, @ is the phase ratio and K is the
constant of the sorption equilibrium of the solute, then
introducing eqn. 10 into egn. 16, we obtain

C -
k' = @ (Sy/ ST + Kgy E M) ! (17)
o=
Introducing volume Ss/ Sm from eqn.15 into egn.17, we obtain
C
17k' = (17 QK1 + Koy }:1M,‘il Y L1+ By - DM -
Q=
¢ c D 4
- gy IoMp - Ky I O] (e)
c= =

C c D
Sums ¥ M; s L cmg and L dM% from eqn.18 are the converging

=1 o=1 d=2
power series (according to Dalamber's criterion, because M < 1 (ref.
16)) and therefore for the great values C and D we have

17k = (1/ K1 + Kgp M /I [1 + By - 1M -

- KqySp/T° - Ky (1/1% - 01 (19)
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When no associates appear in solution, KSM=0 and KMM=O’ the
dependence of 1/k' on Mm is linear. In case of the assoociates
formation between the molecules of the modifier and the sorbate KSM>O
and in the absence of the modifier molecules association, KMM=O’ the

value 1/k' increases faster (with increasing content of the modifier
Mm in the mobile phase) than in the first power of Mh‘ The formation

of associates of modifier molecules between themselves, on the
contrary, should decrease 1/k' with respect to the linear dependence.
Thus it follows that in the general case egqn. 19 represents a complex
curvilinear dependence of sorbate retention on the modifier
concentration, the character of this dependence being determined by
the ratio of constants KSM’ KMM’ KM and KS corresponding to various

types of intermolecular processes evolving in the chromatographic
system.

Specific and nonspecific molecular interactions in the mobile phase
are particularly exhibited in RP HPLC, which is seen in Pig. ta,
since the dependence of 1/k' on Mm is nonlinear. This character of

the dependence shows that in RP HPLC the contribution of specific and
nonspecific interactions of phenols molecules with the molecules of
the mobile phase is comparable with the contribution of nonspecific
interactions of the sorbate molecules with the hydrophobic surface of
the stationary phase. '

1/k’

12 Fig.1a.

1 Dependence of the reciprocal
value of the capacity factor
(1/k') of phenols on the

8+ mole fraction (M_)methanol
in the binary water-organic
mobile phase. Adsorbent
LiChrosorb RP-18, 7 m.

4r 2 1 - Phenol,
: 3 2 - 3-tert-butylphenol,
I 3 - 2-tert-butylphenol.
o 1 b L. i
0.3 0.5 0.7 0.9
h@m

In the extremal oase when adsorption of the modifier is negligible
(Ky=1) and much less than the interactions of the sorbate with the

modifier (KSM>>1) and KMM<<1, the retention is described by the
equation

17K = (1/9 K1 + KM /T ) (20)

As seen from PFig.1b, this dependence 1is practically 1linear in
comparison with that in Fig.1la.

Taking KM = KSM and Sm<< Mm’ we get

1K = Ky Kyy/ K ®IUE/TD (21)
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1/k’

Pig.1b.
Dependence of the reciprocal
value of the capacity factor
(1/k') of phenols on the binary
water-methanol mobile phase
composition, expressed as
(M_/L). Adsorbent LiChrosorb
"18: 7 U-m-

1 - Phenol,

2 - 3-tert-butylphenol,

3 - 2-tert-butylphenol.

/K’
12 .
Fig.1c.
1 Dependence of the reciprocal
] value of the capacity factor
(1/k') of phenols on the binary
8r water—methanol mobile phase
cogposition, expressed as
- ) ( /L). Adsorbent LiChrosorb
4 RP-18, 7 um.
2 1 - Phenol,
L 3 2 - 3-tert- butylphenol,
3 - 2-tert-butylphenol.
0 1 2 3 o
MZ/L

Fig.1¢ shows that the character of this dependence is much closer to
linear than that in Fig.1a.

The correctness of suppositions is provied by the fact that the value
1/k' is close to zero when M --> 0 (Fig.1b,c).

So deviation from linearity (Fig.1a) is caused by sorbate solvation
in mobile phase.

The proposed model based on quasichemical equilibria of the
components of the chromatographic system provides a Dbetter
undestanding of the retention mechanism in HPLC. This model ocan be
applied for quantitative description of the dependence of retention
on the nature and composition of the mobile phase.
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