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: SUL{MARY

’Ehe capa ity of analytzca{ hxgh-ped‘orman‘x hqmd ch:omatographs fcr pre- -

,paramc-tcalc separations in the adsorption as well.as in the reversed phase mode is

shown to be about ten times greater than generaily believed. A preparative column of

50 x 0.68 cm which-can be handled by an analytical instrument can separate 0.1-1 g

" -of relatively complc}. uuxtures. The dzsp!acement and elution chmmatog,raph:c
modes are compared : : : : o

fmaoovcnox

In the. present paper we show that prepatau\re-scaie scparatmns can Be
i acmeved on analytical columns much more easily and efficiently than is generally be-
Lieved. In a recent review® on preparative-scale liquid chromatography (PLC} an -
attempt was made to distinguish different classes of preparative applications. Col-
umns up to 25. x 0.46-cm-in size were classed.in the PLC-1 category; those only
slightly-larger, e.g...50 x 0.6~-1.cm, which can be handled by analytical instruments

for needed flow-rate and detector characteristics, befonc to the PLC-2 . class. The

capacity of such columns was stated to be a few mg for PLC-1' up to maybe 1020 -
'mc' for PLC-2: Such an estimation of capacity.is prevaient in this field. : i

.- Itis obvious that the capacity of any. chromatographxc system is determined bv
the separatwn factor (&) ‘of the paitr of compounds to be separated and. by the ef-
ficiency of the column under high sample loads®. In piinciple, for preparative-scale
separations, -the column eﬁcv’ncy at various sample loads should ‘be known and-
* - therefore determined. The maximum allowable sampie size; MASS of a real :mxture '
that—the column can ‘handle-is therx gnzeu hy

i MASS = 100- -SS)ix R i

L _Where x i the percentage of the compcment present in- the h;ghes* concc—mtratmn of .
_~:‘;the two components with lowest « value. SS(') is the singie-component sample size
~ giving the expe‘xmeutai efficiency required for.the separatzon- This eﬁ’icxcncy is cal-

;cu!ated wzth the well lmowuequanon. o N T

: eqzi.ss?sgsz,fomo-qoec;soz;?s - g~_wsz Elsevier Scientific Publishing Company .
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: For Esxgh :‘L 20d for & = i 7 asin, for exampie tﬁe 1scbutoxycycionexenones of E‘z B
- 1, the »’ value is therefore onfy ~[10. From a previously established graph of sampie' o
:z'= against efficiency, the amount giving these 110 plates can then be deducsd.. .-
" This theoretical ap;;:c-ach assumes that the column efficiency is unaffected by
-compound identity. When the polarity of the test compound used to establish the
‘ teiation between sample size and experimental plate number is very different from the
-polarity of the mixture to be? sepa; ated this assumption may not be valid. Although -
. correct, this approach to sample size evaluation before carrymg gut the s cparatmn is
. tkerefore not really practical. ‘ : .
' The following more empirical aaproach to the: pmb{em of co{uzzm capaczzy in .
PLC is favoured bv the different groups of workers in our Iaboratory. A rule of
thumb is to use 30 g silica ge! per g of mixture to be separated if the separation is not
too difficult, e.g., well separated spots on a thin-laver »:hmmamgraphxc {TLC) plate.
- For dificult cases, e.g., adjacent spots on TLC, the amount of silica ge! is increased to
ICQ g per g of mixture*. This approach generally works remarkably well. It was
apph'&i to a2 PLC-Z column of 56 x 0.68 cm having a total volume of 18 ml. Packed
under pressure, this column takes about 12 g of 10-gm RSIL (2 10-gm irvegularly
shaped particle silica gel from Alitech-RSL), aud should be capable of separating 0.4
£ of a shnple mixture. The test was carried out with a synthesis product mixture
contzining the two zsebuf.sxycydsnexeﬁones as shown in Fig. I. The « value was 1.7.
The effect of increasing the sample size is also shown in Fig. ! which presents some
chromatograms selected from a whole series. The RI detector does not produce a
aseful tracing at the 250-mg sample size; while with 2 128-mg sample an entirely

acceptable chromatogram was obtained. The detector is everloaded, which does not

mean that the separation has not been achieved. The effluent from the column was
collected in fractions of 0.3 m! (ten drops}. After dilution each fraction was analysed
to estabiish its composition. In this way the true elution pattern was revealed. This is
given in Fig. if, showing that separation is still complete even at the 250-mg loading.

Qverloading occurs sooner with a UV detector than with an RI detector. In
-order to avoid such overloading it has been suggested! that measurements be made
on ihe absorption tail of UV active peaks. Howsever, in our experience this is most
difficult and rarely successful. With still larger samples the RI traces are even worse,
but analysis of colfected fracticns reveals the situation. This is shown for 750- and
1560-mg samples in Fig. 2. There is some indication of displacement. of peak I by
peak 2, but this is not as efficient as might have been expected. The mixtures are not
satisfactorily separated. Peak 2 is contaminated over nearly its whole width by peak 1.

These resulis show that the column can indeed separate around 400 mg of a
mixture with minor overlap of the two peaks. _

‘A second example is that of a reversed-phase analytical size colurmn (35 x (.46
_em) filled with S-pm spzzcncai octadecylated sitica get (5-um ROSIL-C,4-D}. About
38 geof the paokmc is forcad into the cciumn und nressure Accommc to the

) ‘= Inref (p 583} msﬁgu:e is given g5 mgclzczgn{ pergmzt{m* Th‘sm @ pmmsge“ror for Ghl"h
- we zpologise.
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Fig. L. Effect of sample size on separation. Sample: mixture of cyclohexenones as shown in b. Column: 58

x 0.68 cm, packed with 12 g of IG-um RSiL. Isocratic elution with hexane—ethyl acetate (77:23) at ¢
ml/min. RI detection (Waters Model RI 401}). Backpressure: 30 bar. a, b: 0.4-mg and £mg samples
revealing an x value of 1.7 (component ratio 70:30). c. d, e: 16-, 128-, 250-mg samples (component ratio
20:70), f: saparation as in e but graph constructed with results of analysis of collected fractions. f: the
rezal situation. Fig. le shows that the RI detector canaot cope with such large concentrations.

above rule of thumb, suck a column should be capable of handling 30 mg of a
complex mixture. However, this rule applies to adsorpton chromatography.

It might be expected that the reversed-phase silica gel column would have a
fower capacity, if only because of the specific surface reduction by derivatization. As
sample mixture we chose two steroid acetates, one of which was cholesteryl acetate.
the other unknown. The « value for the pair in tetrahydrofuran-methanol (10:90}
was 1.22. Variations in solvent composition had only slight influence on this x value.
For analytical high-performance liquid chromatography (HPLC) this is not a difficult
separation problem. In TLC, however, this is equivalent fo two spots with R values
of 0.35 and 0.40, f.e., lying quite close to each other. The RI trace of a 30-mg smp-e
of this steroid mixture on the 25 x 0.46 cm analytical reversed-phase column is
shown in Fig. 3. The peak (7) was collected in ten fractions each of 0.5 ml. Separate
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* Fig. 2. Separations carrizad out under the same experimental conditions as in Fig. ! except at greater sample
loading. a, b: RI trace and analysis of individua! collected fracticns for 758-mg sample. ¢ and 3: 25 above
but for 1508-mg sample.
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F’g: 3. Sep*a:at_ca ef ) aﬂ—mc sampie of cholesteryl acetate a_rxd an tmkncv«n stcmtd* z = P2 Cmumn
35 % G446 cm, pacf'eé with octadecylatad sifica gel (ROSIL-C,-D). Solvent: tetrahydrofuran-methano!
(10.98) at ! mimin. Varian 5620 LC with Waters Full line, RI trace; dotted lines, detailed anzivsis of
ten coilected fractmns Fractions: 1-€ = {0mg cnclestaryi acetats; 57 ="10 mg of mixture; 816 = 0mg
unkpown. These a .,momts are SLﬁCL.aL or ;:.k spectral e::a.mm° txou‘ A zmﬁ B md'sazc posmons of paks in
mzis't:ca}samuk, Tresal - i . -
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“fanalyms of eaeh ﬁ'action allows on—= to c&aw tﬁe pamaI curves for .,ach compound ef
~the bmary mixture (dotted line in Fi, ig. 3). Fractions -4 together gave practically pure
. compcund 1 (10 mg), fractions 810 gave pracucaﬁy pure compound 2 (also 10 mg).
--Fractions 5-7 of course contamed 10 mg of thc mixture ancﬁ couIcI be recycIed i
- pecessary.

' Recently, dxsplacement by- addmg a stron,,[y aésorbed “dxsplacer was ad-
vocated by Horvith er al.* for preparative-scale. liquid chromatography. It was
- shown that the potential of anaiytical HPLQ systems for preparative-scale separa-
" tions was afso much greater than could be expected, 160 mg of a mixture of resorcinof

- and pyrocatechol being separated in one run on a 50 x 0.46 cm column.

: Considering the general interest in PLC we thought it worthwhile to compare
dlsp(acemeat and partition modes with regard to sample capacity. For this we
adopted Horvith’s sample mixture of resorcinol and pyrocatechol. Our column was
only 10 x 0.46 cm or !/S the size of that of Horvith and therefore the sample was
also only 1/5 —more precisely, [2 mg resorcinol and 20 mg pyrocatechol in 100 ul
water. The z value for this pair in the analytical mode on S5-pmx ROSIL-C,-D with
water—methano! (30:70) plus I 94 H;PO, as eluent was 1.5. Fractions of the prepara-
tive separations were collected and analysed separately. giving the concentration
profiles.

Fg. £, Dtspiafzmcnt chromatographv of resorcinel ( l’ ¢} and pyrocatechol (20 mg) in water (IOO fri %
Column: 10.x 046 cm. packed w:th octadecylated sifica gel (S-um ROSiL-C,;:-D}. The column was
saturated with water; the sample was ::Lsso.\ed in water, injected with 2 100-4f loop ‘and eluted with 5%, n-
propanol ia water at 0.2 mUmin. a, UV trace recorded at 200 om. b. graph constructed from detailed
analysis of thirteen colfecied fractions as indicated in 2.
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Fig. 5. Elution chromatography of the same sample as in Fig. 4. The same colume was saturated with
water—methzaool (70:30) and the sampia eluted with the same solvent.. a, UV wace; b, graph constructed
frem detailed analysis of thirtesn collected fractions. i

The two separations were run at the same speed of 8.2 mi/min. For displace-
ment chromatography this slow clution is essential. For partition, even a speed ten
times higher producss the same resuli. In the displacement mode (Fig. 4), the sample

s injected on the column in the carrier (water} and is immediately followed by the
dlss!acer solution. The separation in the nommal adserptmu-partmon mode is shown
in Fig. 5.

Our resulis show that Horvath’s separations can easily be reproduced and
indeed practically pure compounds can be collected. Reconditioning of the column
with water is very fast. The UV trace can even be used for fraction collection. The
tailing of the pyrocatechol peak was more pronounced than observed by Horvéth er
al. In the partition mode the separation is not as good; in particular, the UV trace is
practically useless. Detailed analysis of the collected fractions shows however that
there is Httle difference in capacity between the two chromatographic maodes. Most of
the frst peak in Fig. 5 can be collecied in high purity. The second peak is con-
taminated by tailing of the first paak. This is ot the case in the displacement mode.
- These facts could lead to the conclusion that the displacement mode is to be preferred
far PLC. However, finéing the optimum conditians for efficient preparative HPLC
cispiacement chromatography is not always easy. For example, the dxﬁ‘esence in
e:‘m-cnmental conditions betwaen Figs. 4 and ' § is very small. - -

" Considering the greater capacz*v of underivatized silica get and especzaiv the‘
higher sotubility of most mixrures in the solv ents used in silica gel adsorption PLC. we
zlso attempted displacement experiments in this chromatographic mode. With ac-
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etophenone—benzophenone as. sample mixture and mm dlﬁ‘erent d;spIacers at: vanous'
-~ concentrations, no clear di isplacement effect could be-obtained i the 2 days spent on.
tmsparﬁcu{ar experiment. It is therefore not easy to find the appropriate conditions.
- For: dedicated,- replicable ‘separations, dxspmcement chromatography may be the
 method -of choice for preparative HPLC. The effort necessary to find the optimum
condmons may then be warranted. For exploratory, once only sepatatlons, it-seems-
‘to-us that partition {or adsorption) chmmatographv is still to be préfested. For'a
research Iaboratory, adsorption on silica gel still remains the most practical tech-
mque combining large capacity and high solublhty in the non-aqueous solvents used
-in thxs chromatographic mode. )

’ ‘Two further examples, shown in Figs. 6 and 7, illustrate this. These examples
_come from the daily routine of the synthesis division of our laboratery™®. The limit-

- ing capacity of the system is far from reached, but these conditions sedm to be
_preferred by the practising synthesis chemists. Their interest is not in the optimization
- of a separation, but is rather in its reliability and ease of achievement. Even in these
separations, the capacity of the analytical chromatographlc systems is much kigher
than generally expected. It is important to use good quality demineralized silica gel
for high recovery of the samples. It should also be noted that the stability of silica gel
columns in the non-aqueous solvents is much higher than for derivatized materials in
aqueous sclvents. The column employved in the separations of Figs. ¢ and 7 has now

—
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Fig. 6. Sﬂm geE adsorption PLC. Same system as Figs. L and 2 (column 50 x 0 €8 cm, 10-um RSIL, silica
get}. Sample: 75 mg of the mixture shown. E!ucnt- r-hexare-acatone (80:20) at £ mi/min. RI detection.
Workmg pressure: =60 bar. Time required: about 20 min. TEC of the mixture revealed oniy one spot.
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Fig: 7. Silica gelzdserption PECasinFig 6 with 50 mg of the sample mixture shown. RI detection. Eluent:
diethylether—r-hexane (80:20) at & mi/min. Working pressure: ~20 bar. A much larger sample could be
handied by the column. Time required: about 20 min. e

been in use for nearly one year and still shows no signs of deterioration. This would -
not be the case with reversed-phase systems.
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