
























INFLUENCE OF SORPTION ON THE SHAPE OF ELUTION CURVES

NON-LINEAR CHROMATOGRAPHY

383

A well known standard approach for explaining the real shape of gas chro­
matographic elution curves is based on the isotherm non-linearity assumption (non­
linear chromatographyj' v ". In spite of the significant attention paid in many papers
to non-linearity of the isotherm an exhaustive description of experimental data cannot
be given without taking into account the above-mentioned sorption effect. An explicit
example has been described l 4

, 15 for a solute which, with high accuracy, has a linear
isotherm but an asymmetric outlet chromatographic peak . Therefore, it is important
to study the sorption effect in non-linear chromatography.

Let a non-linear solute isotherm to be of the polynomial form

(30)

Then eqn. 2 changes to

(31)

Here we again assume adsorption of the eluent with Nz = 1 - Nt> so that equations
similar to eqns. 30 and 31 can be written. As in the section The Basic Differential
Equation, these equations together with eqns. 31 and 4 immediately give us the
expression for the mobile phase flow velocity, u:

( IN n + my )u = Uo exp - oldy.
k + Iy + my'

where

(32)

Let zl = 4km - 12 and 4 T]Tz < (T1+ T z - m)Z, then zl < 0, and therefore

{
II I I(I + 2mN] - V - ,1) (I + V -. if)Iu = Uoexp - ---' n

V -Ll (I + 2mN1 + V -Ll) (I - V=-Ll)

_ ! In Ik + IN] + mN~1 + ! . _l-_
2 k 2 V =-J

. In I(I + 2mN1=~-~ ) (~ V= LJ) /}
(I + 2mN1 + V -Ll) (I - V - Ll )

(34)

The general expression 34 seems to be difficult to handle, but it shows that with the
approximations

(35)
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cost of producing these products, efforts have also been directed towards strain
development for higher yields. During this program at the Frederick Cancer Research
CenterZ3,z4, it was necessary to identify daunorubicin precursors and co-metabolites.
Based on this knowledge, fermentation conditions could then be modified to enhance
daunorubicin production.

TLC has been used to monitor daunorubicin and other anthracyclines in
fermentation broths, but there are certain limiting factors, and often more than one
mobile phase must be used for the TLCZ5- Z7• In order to eliminate the use of multiple
mobile phases in TLC, and also because of the high sensitivity of HPLC, it was
decided to develop an HPLC system that could be used to monitor daunorubicin
fermentation, determine the number of components in a particular fermentation, and,
finally, quantitate daunorubicin and/or its precursors and co-metabolites.

EXPERIMENTAL

General
Daunorubicin, daunorubicinone, 7-deoxydihydrodaunorubicinone, s-rhodo­

mycinone, glycoside I (baumycin A z), 30-8-1 M (an unknown) and other similar
compounds used in the present investigation were purified by column chromatography
and preparative TLC on silica gel. Their identities were confirmed by ultraviolet­
visible (UV-VIS), infrared (IR), proton nuclear magnetic resonance (lH NMR),
carbon magnetic resonance (l3C NMR), electron-impact mass spectrometry (EI-MS)
and field-desorption mass spectrometry (FD-MS).

All chemicals were of analytical grade and were used without further purifi­
cation.

The mobile phases were prepared from methanol, acetonitrile [both from
Burdick and Jackson (Muskegon, MI, U.S.A.), distilled in glass], PIC B-7 (Waters
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SUMMARY

The analysis of different gibberellins (GAs) by high-performance liquid chro­
matography (HPLC) was carried out with two types of columns: ,uBondapak Cl S

and the recently developed Radial-Pak-A. A reversed-phase HPLC procedure has
been developed which enables the separation of different GAs with high resolution
by means of ionic suppression , including the separation of double bond isomers such
as GAl and GA 3, GA 4 and GA 7, GAs and GA 2o, without the necessity for derivatiza­
tion. A combined HPLC-bioassay procedure proved to be suitable for rapid routine
assay of GA-activities in plant extracts.

INTRODUCTION

The most extensive and rigorous analysis of gibberellins (GAs) in plant extracts
has been carried out by MacMillan and co-workers' r' who used combined gas chro­
matography-mass spectrometry (GC-MS). Their techniques required, however, a
relatively high degree of purity of extracts and the availability of sophisticated GC­
MS facilities for signal processing" , and are thu s not suitable for routine analyses of
GAs in plant extracts.

Reeve and Crozier' have described the analysis of GAs by mean s of prepara­
tive and subsequent analytical high-performance liquid chromatography (HPLC).
One of the problems in using HPLC for GA analyses is detection of these compounds.
Reeve and Crozier" chose to deri vatize the GAs by ester ification of the carboxyl group
at C-7; the resulting GA-benzyl ester s have an absorption maximum at 256 nm and can
thus be detected with a standard UV monitor at 254 nm. Morris and Zaerr' described
the 4-bromophenacyl esters of gibberellins as useful deri vatives for separations of
GAs by HPLC. The separation of isomers of GAs containing double bonds, such as
GAl and GA 3, GA 4 and GA 7, GAs and GA 2o, by HPLC was achieved by Heftmann
et al? in the form of their p-nitrobenzyl esters. Yamaguchi et al" have used HPLC to
separate conjugated GAs. Finally , Jone s et al.' recently reported the fractionation of
GA s in plant extracts by reversed-phase HPLC.
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composition has a relatively greater effect on the elution time of cyclohexanol com­
pared with the polycyclic alcohols (Tables II-V).

TABLE II

RETENTION DATA

Mobile phase : a% n-heptane-b % 2-propanol. C = Number of carbon atoms; tR = Retention time
(sec); k' = capacity factor.

Compound C a = 99, b = 1 a = 98, b = 2 a = 97,b = 3
- ---_... --- - _.._---- -~--

tR k' tR k' tR k'
----- - --- ------------_._-_ .. _-~---,-

Cyclohexanol 6 1606 8.91 943 4.82 660 3.07
Adamantan-I -ol 10 1334 7.24 773 3.77 550 2.39
3-Methyladamantan-l-ol 11 1225 6.56 710 3.39 504 2.11
3,5-Dimethyladamantan-l-ol 12 1106 5.83 648 3.00 466 1.87
3,5,7-Trimethyladamantan-I-ol 13 996 5.15 590 2.64 428 1.64
3-Ethyladamantan-l-ol 12 1130 5.98 668 3.13 474 1.93
3-Ethyl-5-methyladamantan-I-ol 13 1013 5.25 607 2.75 434 1.68
3-Ethyl-5,7-dimethyladamantan-l -ol 14 924 4.70 580 2.58 406 1.50
3-Propyladamantan-l-ol 13 1058 5.53 635 2.92 463 1.86
3-Isopropyladamantan-l-ol 13 1068 5.59 624 2.85 446 1.76
3-Butyladamantan-l -ol 14 1002 5.19 602 2.72 431 1.66
2-Methyladamantan-l-ol II 872 4.39 544 2.36 408 1.52
Adamantan-2-ol 10 948 4.85 588 2.63 444 1.74
1-Methyladamantan-2-ol 11 616 2.80 385 1.38 310 0.91
2-Methyladamantan-2-ol II 666 3.11 420 1.59 336 1.07
2-Ethyladamantan-2-ol 12 468 1.89 310 0.91 262 0.61
2-Propyladamantan-2-ol 13 376 1.32 256 0.58 228 0.41
2-Butyladamantan-2-o1 14 358 1.21 234 0.44 214 0.32
2-Isobutyladamantan-2-ol 14 313 0.93 222 0.37 162 0.07
Diamantan-l-ol 14 610 2.76 418 1.58 324 1.00
Diamantan-3-ol 14 860 4.31 548 2.39 404 1.50
Diamantan-4-ol 14 1246 6.69 728 3.50 510 2.15
l -Hydroxyrnethylbicyclo [3,3,I]nonane 10 1007 5.21 612 2.78 450 1.78
l-Hydroxymethyladamantane 11 1114 5.87 630 2.89 455 1.81
2-Hydroxymethyladamantane 11 1290 6.96 766 3.73 536 2.31
3,5-Dimethyl-l -hydroxymethyladamantane 13 847 4.23 539 2.33 406 1.50
2-(Adamant-I -yl)propan-2-ol 13 516 2.19 358 1.21 300 0.85
I-Hydroxymethyldiamantane 15 876 4.41 527 2.25 406 1.50

--- - - - --- ---------- ------
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Fig. 1. Adamantane and diamantane.
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One approach to the optimization of the chromatography of a multicomponent
mixture is to select the strength of the mobile solvent to elute the components of the
mixture in a suitable retention-time range, and then to adjust resolution by changing
the selectivity of the mobile solvent. Snyder'v has devised a set of solvent characteriza­
tion parameters, based on the work of Rohrschneider", and has proposed the use of
these parameters for formulating binary mixtures of different selectivity, but the same
overall solvent strength.

The use of three or more components in the mobile solvent offers the possibility
of improving the effectiveness of this approachv", since the selectivity of a multi­
component mobile solvent can be varied continuously throughout a range. We present
here a scheme for efficiently and systematically varying the composition of a multi­
component mobile solvent, while keeping the overall solvent strength constant; this
scheme may be generally useful for optimizing separations in high-performance liquid
chromatography (HPLC). We used this method to optimize the reversed-phase
HPLC separation of a mixture of four closely related corticosteroids (cortisone,
hydrocortisone, prednisolone and prednisone) by means of a three-component mobile
solvent consisting of water, methanol and tetrahydrofuran.

THEORY

We assumed that the overall eluting strength of a mixture of several miscible
liquids is simply the volume-weighted mean of the strengths of the components' and
derived (see Appendix) a set of formulae that gives the proportions in which the
components are to be combined to yield a mixture with a given eluting strength. If the
eluting-strength parameters of a set of pure liquids are Pl>Pl , ... , P; (where PI > Pl >
... > Pn) , then the respective volume fractions, Xl> Xl' ... , X n, of these liquids to be
combined to give a mixture of eluting strength, P, (where PI ~ P ~ Pn) can be de­
duced as set out below.

Three-component mixtures
A mixture (Xt + Xl + X3 = 1) has the required eluting strength if, and only if,

XI is non-negative and in the range

P - P3 P - P l (1)----=- ~ XI ~ ----=-
PI - P3 PI - P l
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