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PREPARATIVE LIQUID CHROMATOGRAPHY., 1II.
APPROACHES ON NON-COMPRESSED BEDS.

Donald E. Nettleton, Jr.
Dept. of Medicinal Chemistry
Bristol Laboratories
P.0. Box 657
Syracuse, N.Y. 13201

A. INTRODUCTION

Part I of this review covered preparative 1C on mechanically

compressed beds (1), This part will conclude the review with con-
sideration of other systems, Much of the theory and mechanics of
this valuable tool were discussed in the first part, but some ad-
ditional thoughts will be presented here.

In considering preparative IC on mechanically compressed beds
there are no problems in deciding what should be included. The
systems used have unique features and are clearly products of mo-
dern chromatographic technology. However, such is not the case
when one comes to other types of preparative LC, Even the abbre-
viated name makes no distinctions since preparative liquid chroma-
tography has been practised since the days of Michael Tswett.

Actually this term, where 1C is understood to mean HPIC, is
of modern derivation and, by usage, Implies the incorporation of
certain of the latter's analytical strengths into the preparatiQe
mode. Without going into the many possible conditions or senti-
ments for which the letter 'P' may stand, this does allow one to
set certain limitations for the subject at hand. I recognize that
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my choice of these limits may not entirely agree with what others
perceive, but I do hope that the reader would agree on the column
and its contents as the key Ifeature,

The column is where the great efficiency of modern HPLC is
realized. One can plumb any or all of the external LT features
into the most ancient of glass columns, sometimes with great
effect, but the separation itself will proceed no differently.
The external features supply the needs of the column and monitor
its output, but it must do the work. Accordingly the scope of
this review will be limited to systems where the columns have,
at least to a large extent, the features origirally designed for
analytical HPLC, Some borderline examples are included tecause
of unusual or interesting features.

There are essentially two kinds cf preparative LC. One in-
volves the preparation of quantities of material for some use and
is, therefore, product oriented. The other is investigative in
nature, usually on a much smaller scale, and dedicated to scome
sort of informational purpose such as providing an analytical
reference standard or structural studies. Generally the product
oriented efforts, with potential needs of hundreds of grams and
using processes which may be run for years, have been carried out
on compressed bed systems with greater capacities, New technolo-
gles may soon change this as larger, non compressed systems are
now appearing, On the other hand the smaller scale work has in-
volved a greater variety of systems wnich may influence compres-
sed bed systems provided cost factors can be mitigated.

Several excellent reviews and one book chapter on preparative
IC chould be noted. As cited in Part I, the 1075 two-part review
by DeStephano and Kirkland (2) is still timely, and no chromato-
grapher should be without the second edition of Snyder and Kirk
lands fine treatise on HPLC (3) which includes a chaptsr on prepa
rative applications (pp. 615 - 661), In the September and Jctober

(1980) issues of The Journal of Chromatographic Science a series
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of reviews appeared covering many aspects of HPLC, Preparative.
LC is dealt with in' one by Verzele and Geeraert (4). Two others
by, respectively, Rabel (5) and Majors (6) deal with columns and
packings and have much application to preparative work. A review
by Henry and Smith (7) deals specifically with the small scale
and trace collection aspects of preparative LC.

My purpose in both parts of this review has been to provide
the reader with a ready reference to the subject from a chemical
point of view. While trying to present a comprehensive overview
of the things one can do with it, I have attempted to avoid re-
hashing material already adequately covered in other reviews,
Some repetition is unavoidable, Since I consider both parts of
this review to constitute a single entity, there will be a number

of references to Part I in the following text,

B, EQUIPMENT & MATERIALS
The order of presentation in this section mainly follows the

sequence of components in a ILC system with one exception., The
column and its contents, in light of its key role, is considered
first.

1. Columns and Column Packings.

Virtually all preparative and semi-preparative LC columns
are made of stainless steel, Occasionally, in somewhat border-
line systems, glass is used, but this material at best can sus-
tain 150 psi. Stainless steel has the necessary strength and is
corrosion resistant. It does pit in the presence of hallde ions,
particularly in acid media. This is rarely a problem since a
substitute ion can usually be found,

Early preparative columns were generally scaled up from
analytical columns. In fact the earliest work involved the use
of the latter for what today would be called semi-preparative IC.
The mastering of overload techniques has allowed the isolation of

milligram quantities on analytical systems, For larger loads
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wider diameter columns soon found popularity as larger size
packings (20 - 40 ﬂm) were developed. These packings could be
used without excessive back pressures and proved less expensive
to produce. Also those with particle sizes 230 wm could be dry
packed by hand and still deliver the desired efficiencies.

For some years the use of smaller particles in preparative
LC had been considered impractical, not just from considerations
of cost but also because of the excessively high back pressures
anticipated. However, for some time chromatographers had known
that the more uniform a particle size could be made the better
the flow characteristics would be through it. In 1976-7 Whatman
introduced its Magnum 9 series of prepacked stainless steel
columns (25 or 50 cm x 9 mm ID) containing its microporous Parti-
sil 10 (IO/Jm) series of analytical packings. These columns were
found to operate with high efficiencies at remarkably low pres-
sures, properties attributable to the very narrow range of parti-
cle size. Soon after the Magnum 20 line appeared featuring
columns of the same lengths with 2 cm ID.

Last March at the Pittsburgh Conference the Magnum 40 line
was introduced. These columns, 50 cm X 48 mm ID, are supplied
with  very narrowly sized 40 pm packings which the user packs
by hand. Thus once a column is acquired only replacement packings
need be purchased afterwards. Each column holds about 650 g of
material and can be used at pressures up to 2000 psi,

Although it has taken a while many other companies have come
out with columns equivalent to the Magnum 9 series filled with
thelr own packings. A few larger columns have appeared as well.
The delay was probably due to the time required to develop the
narrowly sized particles required for these. 1In the past the
particle sizes given by many suppliers for thelr packings have
actually been average sizes for a fairly broad range. Since par-
ticle size ranges are not usually given, anyone packing nhis cwn

preparative columns in house with analytical packings should keep
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this point in mind. If there is any doubt, it would be best to
contact the manufacturer's representative.

The question of whether or not to pack one's own columns
must occur to many chromatographers at some time or other, It is,
once the initial outlay for equipment has been made, certainly
less expensive., However, it does take up time which could be
spent running chromatograms and, by and large, the commercially
produced columns tend to have higher efficiencies and be more
uniform. For those who do choose to pack their own cclumns,
Verzele and Geeraert (4) offer some useful tips, particularly
concerning the lower limits of particle size for dry packing.
Some 20 pm packings (specifically certain spherical ones) are
amenable to such use, "Weighting" or "wetting" with solvents
improves the process and even allows the dry packing of smaller
particles. Cited as an example is 10 m silica wetted with
diethyl ether.

DuPont, one of the first to follow the Whatman lead, offers
similar columns, the largest one having a 21.2 mm ID. A paper
from its German division {8) describes the properties and use of
25 cm X 25 mm columns contairing 7 ym and 10 ym packings (silica
and octadecylsilyl vonded silica). Majors' review (6) and Snyder
and Kirkland's book (3) both have particularly extensive listings
of availadle column packings and their suppliers.

Pirkle (9) has made some interesting comments on commerci-
ally available columns. He notes that these may exhibit very
high efficiencies {up to 40,000 theoretical plates/meter), but
rarely achieve the same in actual usage. However, these effi-
ciencies are generally measured with rather ideal systems, espe~
clally in the case of silica where plates are measured in anhy-
drous systems while many separations are run in systems containing
alcohols, water or other even more polar modifiers, all of which
greatly alter the surface characteristics, 1In the long run the
only efficiency needed is that which will effect the separation.
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Certain of the previcus citations (2, &, 0) discuss racking
techniques and concepts, Two German authors have descrited in
detail’a prerarative LC system utilizing ¢
length with 20 - 50 mm ID's (10). Phase Separaticas (Hauprauge,
N.Y.) offers a relatively affordatle medular packing zystem with

a Stansted pump. One can susbstitute a Haskell pump but nust

s
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purchase this elsewhere. A brochure from the compan;

cribes the system and offers what I consider to te the cleares

<t

and most complete description of a packing procedure yet to ap-
pear in print,

Some mention might be made here of rackings designed for szl
permeation chromatography (GPC), sometimes called size exclusion,
Their use in the past has been largely analytical cr semi-preva-
rative, but fully preparative needs are increasing in this area.
Many of the analytical GFC supports are softer than mest rackins:s
and less tolerant of higher pressures and flow rates. The macrc-
porous packings have shown size exclusion properties and scme
silica based GPC supports have been developed, but these do not
seem to have great capacity. There is also the problem in wor-
king with size exclusion systems that it tares lcnger to estab-
lish reasonable equilibrium at each stage due to the mechanics
of larger molecules moving in and out of pores where they can Gte
accomcdated., This creates a need for slow flow rates if any ef-
ficiency is to be attained, LKB has recently introduced a GPI
system utilizing what tﬁey refer to as an crganic-increganic com-
postion in spherical microparticles (1C t 2 ym or 13 * 3 pm) and
of a rigid nature. The columns are steel (Blue Columns), 30 cm
or 60 cm X 7.5 mm ID, with a top load of 10 mg. Urnfortunately,
to maintain efficlency flow rates must be kept at or below
50 ¥1/min, hence the preparative capabilities of this systenm are
severly limited., A recent book has teen published cn GFC and,
while primarily concerned with analytical applications, does have

something to offer the investigator with preparative neads (1Z),
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The Sephadex gels, produced by Pharmacia, Inc. and long used
in low pressure GPC, have never been suitable for HPIC, . However,
a recent paper (13) describes the use of Sephascrb HP Ultrafine
in glass columns to isolate 3,8-dihydroxy-2-methylchromone, a
degradation product of D-xylose. In a 3:2 water:ethanol system
the separation appears to have proceeded by aromatic affinity
and/or hydrophobic effects., Use of this material is limited to
low molecular weight compounds, the upper exclusion limit being
500 daltons, It can be used in a wide variety of solvents, how-
ever, and is amenable to gradient systems.

Carbon black has long been used as a strong adsorbent but
usually only for batch processes since its column characteristics
have proven distinctly unappealing. Its potential and its suc-
cess 1n gas chromatography have prompted some efforts to overcome
the problems. One approach has been to pyrolize benzene and form
a modified carbon black with a pyrocarbon surface. Another tried
to coat silica with pyrocarbon, but the heat (~900° C) involved
tended to alter the packing surface with adverse effects. Chemi-
cal approaches have been more promising in achieving the latter
goal, but as yet the only commercially available packing, Sphero-
sil XOB 75 from Rhone-Poulenc, has not been available in fine
particles, An excellent review of the history and status of
carbon black HPLC appeared two years ago in a trade publication
(14). This may be difficult to find now, but it is worth the
effort for those interested in the subject.

Very recently a group of Italian investigators reported on
the modification and fractionation of a commercially available
graphitized carbon black, Carbopack B, 80 - 10C mesh, from Supel-
co (15). This support was dry packed in glass columns and evalu-
ated for a variety of separations., No preparative work was done,
but the potential is of interest,

The porous but rigid macroreticular styrene-divinylbenzene

copolymer resins show chromatographic propeties analagous to
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alkyl bonded reverse phase packings. The origin of these mate-
rials goes back some years wher scientists at Rohm & Haas noted
that non~ionic species, particularly aromatics, were adsorbing
onto some of its ion-exchange resins from aqueous systems, Recog-
nizing the hydrophobic effect, they developed a series of Amber-
lite XAD resins in which the lower numbered members (1, 2 and 4)
were simply the resin matrix with no functional groups. Origi-
nally the resins were used to concentrate organic impurities from
water and proved very useful in pollutant analysis. More recent-
ly they have proven very attractive as HPLC supports, particu-
larly for their stability at higher pH ranges. The recently
announced PRP-1 column from Rainan Instrument Co., contains jus*
such a packing., Today the only fine particle materials of this
type avallatle in other than in a prepacked form appear to te
from Japanese scurces. Table 1 lists those available,

There are several drawbacks to the resins of this class.
When new they tend to bleed off plasticizers in organic solvents
and require extensive pretreatment if the manufacturer has not
already provided this. Also some compounds have a tendency to
disappear onto the support and not elute. Some feel this is due
to a layering effect where other compounds adscrb on top of the
first adsorbed substances, The top layers may elute, but it
seems difficult to get down to the buried one.

TABLE 1
Rigid and Porous Styrene-Divinylbenzene Copolymer HPLC Packings

Amberlite XAD resins {00-200 mesh Rohm & Haas, Phila., Pa.,USA

Diaion CHP-3C 10 wm Mitsubishi Chem,, Tokyo
Hitachi gel 3010 25 ym Hitachi, Tokyo
Hitachi gel 3011 10 pm Hitachi, Tokyo

Jasco HP-01 10 ym Japan Spectroscopic.
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Pirkle has done a great deal of work with chiral stationary
phases and recently has reported on the synthesis and use of
several of these (16, 17). The paper describes the developement
of a Ehiral recognition rationale based on the observation that a
minimum of three reference points are needed to distinguish the
handedness of any chiral system, The authors conclude that a
chiral stationary phase must undergo at least three simultaneous
interactions with a preferentially retained enantiomer. Using
NMR data they then proceeded to design chiral bonded phases for

specific enantiomer separations,

2. Solvent Delivery and Sample Injection Systems.,

For non-compressed beds, most preparative LC systems have
been able to utilize the same pumps and injectors used for analy-
tical systems. Generally maximum flow rates of 10 ml/min and
injection limits of 2 ml {in some cases 5 ml) have been suffi-
cient., Now, however, with 2 inch diameter columns holding over
half a kilogram of silica one approaches the proportions of the
compressed bed systems which can require literally torrents of
solvent at flow rates up to 500 ml/min,

Pumping systems to handle this demand are appearing. DuPont
recently introduced its 8800 series preparative pump with a maxi-
mal flow capability of 40 ml/min and pressure limits of 2900 psi.
Glenco's Model HPLPS systems are rated to 5000 psi and can deli-
ver 0.25 - 15 ml/min, although the exact range depends on the
particular pump one purchases, Whatman is developing means to
feed its new Magnum 40 columns, Given the competitive nature of
the HPLC market one can expect more advances in this area.

Meanwhile many chromatographers have been able to make use
of pumps not specifically designed for HPLC such as metering or
single piston units, In preparative work the needs are not as
critical, base line fluctuations and other aggrevations to the
analytical chromatographer tending to become lost or swamped at
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the higher attenuatlions used. In any case, with no need for
quantitation one can put up with a considerably messier situation.
Pirkle ($) offers some comments on high flow pumps with regard to
their availability and adaptability to preparative LC.

Sample injection systems may present more of a problem,
especially with regard to the larger columns. Even with 1 cm
diameter columns, loops of 2 ml (in some cases 5 ml) have usually
been adequate to load a sample. One might consider building lar-
ger loops which is possible with most injectors, but this would
not solve the problem of the overall system which will require
modification in all modules. DuPont has designed an integrated

preparative system and more in this line can be expectad.

3., Solvents and Solvent Consilderations,

Except with compressed beds, most prerarative LC today is
still run on analytical systems. Accordingly, chromatographers
tend to use the same HPLC scolvents for this work that they use
for analytical efforts. Since analytical packings are appearing
more and more in preparative columns this has some rationale.
However, one should keep in mind that HPLC grades of solvents
are developed more with analytical uses in mind. Therefore the
presence of non-UV adsorbing residues may not seem as imporiant
to a manufacturer as adsorbing volatiles. Given the competition
today in the solvent markeit, all impurities are assuming greater
importance. Most HPLC solvents now give residue content in their
specs, and one can hope that this will become the purest solvent
grade of all.

Rabel's review on columns (5) offers a wealth of information
concerning solvents, Ethers are discussed at some length, espe-
clally with regard to the problems of flammability and peroxide
formation, Despite having useful polarities and other solvent
properties, most alkyl ethers are simply tco dangerous to use for

preparative LC purposes. Burdick and Jackson offer methyl tert-
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butyl ether, an ether which does not accumulate peroxides due to
the immediate breakdown of these as they form. Presumably this
occurs through some free radical dissoclation of the tert-butyl
group, This solvent is volatile and, despite a mildly unpleasant
odor, quite useful in its solvent properties,

Rabel also makes the point that chloroform usually contains
ethanol (generally one percent) as an inhibitor against phosgene
accumulation, a situation which he notes some chromatographers
forget to take into consideration, The alcchol can be removed
but the processes take time and effort. One manufacturer (MCB)
offers HPIC grade chloroform containing a volatile olefin as in-
hibitor. This additive 1s transparent to UV light above the sol-
vent's cut off. f one switches to this product, however, the

lack of alcochol should be kept in mind while designing systems.

4, Detectors.

Probably the blggest problem area in preparative LC, inclu-
ding compressed bed systems, has concerned detectors. Even at
the top attenuations most analytical UV detectors black out with
any kind of load, Even with excellent separations there may be
enough adsorption between peaks that they can not be differen-
tiated on the recarder trace, Off-peak settings with variable
wave length detectors sometimes helps, but other components with
different spectral properties may then produce some very pecu-
liar and misleading results. Refractive index detectors may be
somewhat less sensitive, but with large lcads they can still
black out and they also may not differentiate peaks as well,

They can not be used with gradients,

There are UV detectors specifically designed for preparative
LC. DuPont's 8800 series includes a variable wave length (195 -
350 nm) unit with easily exchanged 10 mm and 1 mm path lengths,
As noted in Part I of this review, Pharmacia offers a UV-2 detec-
tor with both analytical and preparative capabilities. Gow-Mac
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Instrument Co, has developed a preparative LC detector having a
unique arrangement in place of a cell (18), Column effluent is -
directed onto a quartz plate tilted at an angle, typically 60°,
from the horizontal. The light beam, perpendicular to the'pla:e,
passes through it at a short distance directly below the delivery
tube, Fllm thickness for the effluent flowing down the plate can
be calculated from the angle of tilt, flow rate, solvent density,
and width of film spread., This value, equivalent to the optical
path, generally falls in the rénge of 0.1 ~ 0.3 mm, considerably
less than one could expect to achieve with an enclosed cell, The
detector can accomodate high flow rates.

Combined Sciences Corp. offers a combination UV detector and
peak selecting fraction collector. While apparently designed for
standard column chromatography, this unit should have some appli-
cation to preparative IC, Codina has given a fairly detailed de-~
scription of its components and usage (19). The optical path is
3 mm, but the sensitivity appears a 5it high and the attenuation
range (0,03 - 1.0 OD) rather narrow., It is not clear from the
article or from company literature whether the electronics of the
system can utilize off-scale readings. Fraction selection is
made by positive and negative slope detection, but this will not
help if there 1s no slope to detect between peaks.

For several years Vestal at the University of Houston has
been studying ways to couple IC systems to a mass spectrometer,
an approach which has had great success in gas chromatography.
This work has resulted in considerable progress for both highly
volatile {20) and relatively nonvolatile (21) solutes, Last Fall
at the 15th International Symposium on Advances in Chromatography,
held in conjunc{ion with Expochem '80 in Houston, Texas, Vestal
reported on his somewhat serendipitous discovery that the'energy
adsorbed in the ionization system of a mass spectrometer cculd be
measured and related to solute concentration (22). He noted that,

while not inexpensive, the lonizing portion of the apparatus has
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a considerably lower cost than the whole unit. Modified, it has
the potential of being almost a universal detector which might
well be worth the price.

Two investigators from the Institlite for Physical Chemistry
in Bonn, Germany have reported on the interfacing of HPLC systems
with a mass spectrometer (23). They use a moving wire or belt to
transport eluate to the ion source with appropriate solvent evapo-
ration en route. The system has some rather severe flow limita-
tions which would have to be overcome for preparative use. The
design of the apparatus reminds one of the Pye Universal Detector
of the early and mid '70's, an apparatus which alsoc employed a
moving wire transport but followed in this case by some rather
complex chemical steps.

Preparative application of a modified mass spectrometer de-
tector seems likely in the next decade, Vestal's discovery is
particularly significant. There will be molecular weight limits,
but these may be higher than expected.

5. General Considerations.

Clearly there have been great advances in columns and sup-
ports, particularly with regard to microparticulate packings.
Improvements are needed in solvent delivery systems, injectors,
and detectors, particularly the last. However, present systems
are adequate for much of the preparative LC work now being done,
The mechanically compressed bed systems enjoy an advantage in
processing large amounts of material due to their greater capa-
cities. Large bore columns are now appearing and may cut into
this edge.

As to other features which might be incorporated into prepa-
rative systems, microprocessor or computer interfacing is the
main one that comes to mind. Almost five years ago Bristow (2&)
described one such system., There are a number of commercially

availabdle systems now on the market, but their primary use is
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analytical. They can be applied to preparative uses, especially

for smaller scale repetitive runs,

1, Theoretical Considerations.

Much of the theory presented with regard to compressed teds
In Part I of this review is pertinant to other types of prepara-
tive LC. The incorporation of microparticulate packings into
preparative columns. provides the same degree of intimate contact
between mobile and stationary phases that mechanical compression
has already established for ccarser packings.

Theoretically all the practises of high flow rate, overload,
and recycle are possible on both compressed and non-compressed
beds., This is true to the extent that any two are equivalent.
To date no real comparisons seem to have been made, although
there are models to work with, Waters Associates' microparticu-
late preparative columns and its radial compression modules for
the RCSS unit employ the same packings in beds with nearly equi-
valent ID's. Calculations can be made to adjust for the diffe-
rences in length., Another comparisorn might be made between
Whatman's Magnum 40 columns and Waters' Prep LC/System 500A
loaded with two PrepPaks., Here the actual weight of support
would be essentlally the same in both systems,

It is also interesting to speculate on how the filner,
closely sized packings might perform in mechanically compressed
beds, Presumably there would be limitations in smallness of
particle size, but where these might lie is certainly not clear.
The differences between compressed and non-compressed systems
should decrease with particle size, Analytically the Waters
radial compression modules seem very analogous to their pre-
packed columns., With larger particles the closely sized packings
should be superior. Quite possibly Whatman's 40})m silica would



18:17 24 January 2011

Downl oaded At:

PREPARATIVE LIQUID CHROMATOGRAPHY. II 373

require equivalent or less pressure and perform better than the
coarser and non-uniform silica now used. In any case cost will
be a serious deterrent to the use of the finer packings in com-
pressed bed systems. This may change eventually, but at least

now one can enjoy better preparative LC systems than have ever

been avallable before,

The same calculations and measurements discussed in Part I
apply to non-compressed systems. With microparticulate supports
one advantage of the latter is that the column and system can be
pretested with an analytical shot of the mixture being fractiona-
ted. In fact the larger bore columns are very efficient analyti-
cally due to the infinite diameter conditions with small loads.
Treydo require more solvent and running time and cost more, so
generally this usage is not economically attractive,

There are several interesting and useful papers on prepara-
tive IC based on work with non-compressed beds, B. Coq et al
have published a paper entitled "How to Approach Preparative
Liquid Chromatography" (25). Using overload the authors demon-
strate mathematically that best results are obtained by using the
maximum injection volume consistent with separation. Means of
determining the latter are discussed as well as factors which can
introduce uncertainties. With overlcaded columns, in increasing
the amount of sample being loaded it is better to use increased
injection volumes at the same concentration than to keep the
volume constant. TFor those trained in classical methods, the
tendency is to do the opposite.

Another earlier paper (26) alsc concerned this subject as it
demonstrated the relation between peak shape and sample volume,
The authors discuss ways to determine where to collect fractions
or initiate recycle, In the same light Wehrli (27) has noted
that feed volumes should be increased to the point where resolu-
tion starts to decrease, Beck and Halasz (28) have studied

sample volume effects in preparative LC chromatography of crude
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polystyrenes (M, 1100) on silica (solvent system, 14:1 n-heptane:
methylene chloride) and steroidal cardiac glycosides on octadecyl
bonded silica (solvent system, 2:1 or 3:2 methanol:water),

The surfaces of packings often display complex chemisztries
which vary according to the solvents belng used, For silica,
Scott has published an intriguing paper on the most ubiquitous
surface modifier of all, namely water (29). He has been able to
identify up to three layers of water and feels confident that
there can be a fourth under the right conditions. The two outer
layers are removed by dry solvents or relatively mild heating,
less heat being needed for the outermost one, The innermost
layer 1s removed totally only by strong heating to 650° C. The
removal of these layers 1s reversible, The elimination of water
from the silica itself requires drastic heating and leads to
changes in and break down of the gel ﬁatrix. The last is not
reversible.

One can readily appreciate how much chromatographic proper-
ties may be affected by such differences in surface chemistry.
Each variation actually represents a different packing, a bonded
phase system, so to speak, which, while not stable enough for
bottling and selling, is chromatographically real and unique.

Other polar adsorbents such as alumina presumably will have
similar interactions with water, Hydrogen bonding effects with
non-aqueous components can also be expected, Reverse phase sup-
ports may have no such affinities (unless inadequately covered)
but do attiract and adsorb relatively non-polar components, thus
altering thelr surface chemistries. In overload, solute compo-
nents themselves may act as surface modifiers. In short, the
surface of an IC support is a dynamic area, sensitive to every
nuance of the solvent system.

It is very important that a chromatographer keep these con-
siderations of surface chemlistry in mind, Tailing peaks and poor

resolution may indicate a need for column repair or replacement,
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Or they may indicate a mixed mechanism where one surface adsorp-
tion is out of balance with another., For example, there are the
probtlems experienced in fractionating amine bases on silica where
acidic silanols interact indiscriminately with the latter. This
was discussed along with other less drastic problems among the
examples cited in Part I, While consideration of surface chemi-
stry will not eliminate the trial and error process of systems

searching, it can expedite it and make 1t less confusing.

2, Scope and Limitations.

Preparative LC now encompasses loads in a range from less
than a milligram to tens of grams, possibly more. The determi-
nation of whether a chromatogram is preparative or not depends on
the purpose for which it was run. Even when a sample is loaded
in microgram quantitles, if the goal is to collect one or more
components and do scmething with them, the chromatogram may be
said to be preparative, or at least semi-preparative,

Most smaller scale work is carried out on analytical columns.
Where larger amounts are needed overload may be used. Mainly
this scale serves to prepare reference standards for analytical
HPLC or material for structural studies, With modern instrumen-
tation a great deal of information can be obtained from very
small amounts of a compound,

In peptide mapping studies, workers at the Salk Institute
used reverse phase preparative LC to separate complex mixtures
generated by enzymatic cleavage of proteins (30). The isolation
and derivatization of drug metabolites for later analysis and
structure analysis is of vital importance to the pharmaceutical
industry. Two recent papers reported work on Cyg - pMBondapak
with gradient systems involving metabolites of carbamazepine (31)
and quinidine and quinine (32), The fractions were derivatized
and analyzed by gas chromatography/mass spectrometry. Natural

products isolation and structure determination can often be done
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at the analytical scale as was the case in a study of porphyrin
and chlorophyll mixtures (33). These were separated and analyzed
by field desorption mass spectromeiry.

At the milligram to gram levels the newer microparticulate
columns are probably preferred., Milligram loads can be run cn
the larger compressed bed systems, but they do tend to get lost.
Iron and other impurities in the Waters PrepPAK 500 silica car-
tridges can totally remove or destroy chelating and sensitive
compounds at loads on the order of hundreds of milligrams, while
the effect may be scarcely noticeable at multigram loads,

Por large loads the compressed bed systems may still provide
the most economical approach. The new Whatman Magnum 40 columns
should be equal in performance, ©but the silica to pack one is
over $500 (if purchased in quantity) as compared to under $200
for the equivalent in Waters' PrepPAKs,

The examples that follow should provide the reader with a
better 1dea of the scope of preparative LC on non-compressed beds,
A real advantage of these systems lies in the wide variety of
packings available for them and the broad spectrum of chromato-
graphic properties thus provided. Loads may be more limited,
but usually a way can be found to deal with at least gram quanti-
ties,

D. EXAMPLES

1. Silica.
Silica is probably the most widely used packing in HPLC,
As noted before it does have problems. But it also has great
versatility due to large extent to the same complex surface
chemistry which creates many of these problems, Thus, while
capable of promoting some remarkable separations, it can alsc
deliver some exasperating surprises to the unwary chromatographer.
The examples given here are mostly cited to show the range

of separations avallable on this medium. Unfortunately, while
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analytical HPLC has been applied to virtually every chemotype
imaginable, this is not the case at the preparative level. It is
probably safe to say that, if an analytical example does exlst
and can be duplicated, it can be scaled up to at least a semi-
preparative level,

For a general review of work in the natural products area,
mainly on silica but also including some reverse phase systems,

a publication from Nakanishi's group at Columbia University is
recommended (34).

For very non-polar mixtures, where solubility considerations
preclude reverse phase anyway, highly active silicas in anhydrous
systems will retain components., Workers at Gulf have published
two papers on prerarative LC class separations of hydrocarbons.
In the first a mixture of paraffins, aromatics, and polar non-
hydrocarbor.: from which hexane insolubles has been removed was
resolved on Bio-Sil A (20 - 44 Pm) (35). The paraffins eluted
together with hexane, following which the aromatics were obtained
by backflushing the column with hexane. The polar mixture was
eluted with 1:1 methylene chloride:acetone. In the later paper
the same group separated the olefins in the paraffin fraction
from saturated compounds, the former eluting from LiChrosorb
S1-60 (10 ym) by backflushing with iso-octane (36).

In the same vein is the fractionation of plant lipids by
investigators at the Welsh School of Pharmacy (37). The purpose
was to simplify a complex mixture, consisting primarily of hydro-
carbons, phytosterols, triterpenes, and triglycerides for analy-
sis by gas-liquid chromatography., Initial fractionatlon utilized
TLC silica packed in 4 ft by 1 in ID steel columns with hexane
elution for 1 hr followed by a hexane to 1:1 hexane:ethyl acetate
gradient over 5 hr, Since no on-line detectors available could
detect these compounds, TLC was used for this purpose. Mixed

triterpene and sterol fractions were further resolved isocratl-
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cally on Partisil 10 (10)/m) ina 25 ¢cm X 1.0 em ID column with
a 10% ethyl acetate in hexane systen, _

The separation of isomeric mixtures is particularly suited
to preparative LC where the rapid establishment of equilibrium
produces large effects from small structural differences.
Bwedish workers have resolved (-)-menthone, 1, and (+)-isomen-
thone, 2, using a Partisil 10 (10 pm) column (30 cm X 7.7 mm ID)

with a 30:1 hexane:ethyl acetate system at 1 ml/min and loads of
50 mg (38).

A group at International Flavors & Fragrances synthesizing
chiral norbornylcyclohexanones resolved an isomeric pair of
anisole derivatives, 3 and 4, made as intermediates (39). Prepa-
rative LC was carried out on a Porasil T (37‘ym) column {3.3 ft X
3/8 in ID) using hexane at 9.9 ml/min with recycle for a total of
four cycles., The shave techniques used were the same as those

described for compressed beds in Part I.

OCH

N
OCH3

2

L
~~
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Naturally occurring normaytansine, 5 (R = CH3)' required
preparative IC to separate it from maytansine, 5 (R = H) (40).
o~

CH 0

CHBO

L

Chromatographx was first carried out with 5.2 g of the mixture on
a column (1 m X 2,54 cm) developed by Montsanto Research Corp.
and packed with EM silica gel (230 - 400 mesh) eluting succes-
sively with methylene chloride containing 0, 3, and 4% iso-pro-
panol., Enriched fractions were rechromatogrammed on a Partisil
M9 10/50 silica column with a 75:75:2:1000 methylene chloride:
methanol:diethyl amine:hexane system., Preparative TIC was still
needed for final purification.

Even more impressive are the preparative separations of
unstable or highly sensitive compounds, Nakanishi has done some
elegant work in this area with retinals as cited above (34) and
in Part I, Another publication from Japan (41) describes the
preparative separation of 1l-g;§-retinal,‘é, produced by irradi-

ation of all-trans-retinal in acetonitrile. The work was done on
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11
R

CHO
L

a silica column (25 cm X 7.9 mm ID) using a 88:12 hexane:ether
system at 2 ml/min with loads of €0 - 50 mg. Other cis-retinals
were also isolated as well as unreacted starting material.

Two papers have described the preparative LC isolation of
hydroperoxides of naturally occurring substances, compounds which
have been very difficult to obtain in a pure state by other means.
One paper (42) describes the separation of 9-hydroperoxy- & -lino-
leic, 13-hydroperoxy- &-linoleic, and 13-hydroperoxyarachidonic
acids, as well as their esters, on Porasil columns (8 ft X 3/8 in
ID) using 50 - 100 mg loads. The systems were, for the acids
1:10:989 acetic acid:iso-propanol:hexane, and for the esters 1:249
1so-propancl;hexane. Similar work was performed to separate the
various chiral hydroperoxides of limonenes of the general struc-
tures 7 - 9 (43), Best results ensued from use of two columns
(25 cm X 4.6 mm ID) in tandem, the first packed with Partisil 10
(10 wm) and the seconde with Partisil 5 (5mm). Systems used

OCH OCH ~2H

74 /

t~
joo
0
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were 96:4 hexane:ethyl acetate, 99.5:0,5 toluene:ethyl acetate,
and pure methylene chloride, all at 2 ml/min, The analogous
hydroxy compbunds were also resclved. In both papers the hydro-
peroxides were generated synthetically.

Various toxins, often present in minute amcunts, have been
the object of preparative work, both for reference samples and
for studies to better understand the nature and properties of
the compounds. In an interesting paper, two workers at the Max
von Pettenkofer Institiute in Berlin have described the use of a
LiChrosorb SI 60 (7 wm) column (25 cm X 1.6 cm ID) "in three
preparative applications to isclate compounds of various blologi-
cal interests (44), Using 0.5% iso-propanol in iso-octane and
400 mg loads they were able to prepare pure @-tocopherol, needed
to establish a calibration curve, from an olly, commercially pur-
chased sample. On the same column they used a 75:25:1 chloroform:
iso-octane:methanol mixture to isolate Vitamin D3 from an instant
chocolate drink powder and aflatoxins from peanut extracts,

Myristicin, .1'9. the major hallucinogen in nutmeg and mace,

CH30 CH2 —CH=CH2

10

was isolated on a Partisil 5 (5 ym) column (25 cm X 9 mm ID) with
a 1% ethyl acetate in heptane system at 8.0 ml/min., Three rela-
ted compounds were similarly separated with a 3% ethyl acetate

concentration. This work is particularly interesting for its use

of a 5 pm packing (45).
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Toxins have been isolated from cultures of the dinoflagel-
late Gymnodinium breve on pM~Porasil (10 ’/m) with iso-propancl
modified hexane systems (46),

Generally the higher capacity compressed bed systems have

been used for separations of synthetic products and intermediates,
However, Meienhofer's group at Hoffman-La Roche has utilized E,
Merck's silica gel 60 in glass columns (43 cm X 3.8 cm ID) with
pressures of 50 - 150 psi to resolve a series of protected pep-
tide intermediates ranging from three to eight amino acid units,
For peptides esterified at the terminal carboxyl group, mainly
chloroform to 3% ethanol in chloroform step sequences were used
to develop the chromatograms, In one case the initial elution
was with 1-chlorobutane going then in one step to chloroform and
the usual sequence. For one free acid heptapeptide, chloroform
modified with iso-propanol and acetic acid (91:7:2) was used
isocratically. Flow rates were generally 10 ml/min and loads
ranged from 0.2 to 5.0 g (47). While some might consider this
borderline LC, the excellent separations achieved are of HPLC

calibre.

2, Alumina,

Unfortunately there are very few uses of alumina being re-
ported in any of the HPIC literature today, much less preparative’
ones, Whereas in the classical era this medium was widely used
for steroids and alkaloids (the latter no doubt due to the severe
and then little understood problems encountered with silica), it
now seems unable to compete with silica. ‘

Its use is reported by a British group in the seml-prepara-
tive purification of fractions containing the mycotoxins patulin,
penicillic acid, and zearalenone for subsequent HPIC analysis
(48). Alox 0520 (5 - 20 ym) from Machery-Nagel was used in
25 em X 4,6 mm ID columns with a 50:50:1 chloroform:hexane:acetic
acid system at 4 ml/min and loads of 100 pl. Preparative IC data
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was also presented for aflatoxins and ochratoxin A on the same
support.

3., Other Non-bonded Adsorbants,
a. Silver nitrate coated silica.

Whether this support belongs here or in the silica category
is not easy to say. However the silver ion is certainly respon-
sible for its unique chromatographic properties and I have there-
fore chosen to treat it separately. Two preparative applications
are worth noting.

A Florida based group has isolated a number of olefinic in-
sect sex pheromones, needed in a highly purified state for blole-
glcal studies (49). A commercially available support, Adsorbosil-
2-ADN (20% AgNOj coated silica, 2 - 11 pm) from Applied Science
Laboratories,was evaluated as well as three commercially availa-
ble silicas which were coated in house, Benzene or benzene-hex-
ane mixtures were used for developement, Columns were 9.3 mm ID
by lengths up to 50 cm with maximal loads of 100 - 200 mg.

A Japanese group prepared their own 10% and 20% AgNO4
coated silica from LiChroprep Si-60 (15-25 pm) to separate uru-
shiol diacetate on 60 cm X 2,2 cm ID columns with a 4:1 benzene:

chloroform system (50).

b, Clay derived supports.

A rather unique support was devised by workers at Gulf to
separate saturates, aromatics, resins, and asphaltenes from
various liquid fuels (eg. mixtures derived from tar sands and
coal) (51). The packing was prepared from Attapulgus clay by
treatment with anhydrous’FeCl3 to 3% iron content and sieving to
60 - 80 mesh. The resins are retained on the clay from hexane
and eluted with 1:1 methylene chloride:acetone. Eluate is
passed through a TRA-904-OH~ column to remove any escaped

iron.
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¢, Styrene-divinyl benzene copolymers.

The origins of these materials were discussed in an earlier
section, There are several examples of thelr preparative use,
notably the following. Both Hitachi gel 3010 and Amberlite XAD-2
(cf. Table 1) have been used to separate polymixin antibiotics
and colistins, these being macrocyclic polypeptides. Only the
Hitachl gel was used in a HPLC sense as it served for the final
purifications on a small scale {52)., The mechanism of separatiocn
appears much the same as on alkyl bonded reverse phase supports,

Swiss workers have studied micronized Amberlite XAD-2 (ave-
rage size 60 wm) in glass columns (13 in X 0.5 in ID and 23 in X
1 in ID) as a support for the resolution of a variety of polar
and non-polar drug metabolites (53). This work is of interest in
that good retentions of many solute components are observed in a
number of solvent systems containing high proportions of organic
components, This is not usually the case with this support in
its normal form with classical chromatography.

d. Other systems
One paper has described the use of liquid crystals, long
used in gas chromatography, as an HPLC support (54). While no
preparative applications were made, the potential is of interest,

4, Bonded Packings.

a. With aqueous systems, C-18 supports.

A number of applications have been made in various areas of
nucleotide research., Khorana's group has used it to purify inter-
mediates obtained in the course of synthetic studies (55). Aceto-
nitrile:aqueous buffer (ammonium acetate or triethylammonium ace-
tate) systems in various proportions were used on P-Bondapak C18
in 30 em X &4 mm ID columns.

A labile hydrolysis product, 12, formed from the antitumer
nucleoside 5-azacytidine, il, could only be isolated by chromato-
graphy on a y-Bondapak Cyg column (30 cm X 7 mm ID) using 32 mg
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v—7;7;— 0 NH
- Hp . 3
HO 0 HO — 0 o 0 ’
HO OH HO OH HO oH
11 12 13

loads and pure water as the solvent (56). A secondary hydrolysis

product, 13, was also isolated but only in an impure state,
ClB—reverse phase preparative LC has been used to isolate

carcinogen adducts such as the adenosine-benzo(a)pyrene complex,

iﬁ. Chromatography was carried out on Rainan C-18 columns

(25 cm x 6.4 cm ID) using water:methanol systems (57),

R
N N \W N
<\N LN
NH

A guanine-aflatoxin adduct was isoclated on a 018 Corasil B

column (70 em X 8 mm ID) using a 10% to 80% methanol gradient in
water (58).
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Aflatoxins themselves were preparatively isolated on Cqg-~
Porasil B (35 - 75um) columns (8 ft X 3/8 in OD) with aceto-
nitrile-water mixtures (59), an alternative to the ncrmal phase
systems noted earlier,

Normally chromatographers avoid counter-ions (PIC reasgents)
in preparative LC due to the difficulties of getting them out of
the products, However, in forensic studies, Lurie and Weber have
used various alkyl sulfonic acids to isolate ephedrine, phenyl-
propanolamine, LSD, and 1s0-LSD on Whatman Magnum 9 columns (60).
The free bases were isclated, free of counter ion, by extraction
with chloroform at pH 29.

Tritium labelled amphenicols (cf. fig. 1) were synthesized
and purified on C18— Bondapak columns (30 c¢m X 7.8 mm ID) using
methanol-water systems, eg. 15:85 for TAP.

The semisynthetlc cephalosporin, cephazolin, 15, was puri-
fied on C;g Porasil B columas (1.22 m X 8 mm ID) u;;ng water as
eluting solvent (62)

' N -CONH
N Nl—— N
yu AT
st ) CH
COOH
12

The synthetically derived diastereomeric mixtures [3—DL~
[2-135_] —leucine] - and [8-DL-[2-1BC] -leucinef-oxytocins were re-
solved on Partisil 10-MD ODS columns (50 cm X 9.4 mm ID) using an
81:19 0.05M ammonium acetate (pH L) buffer:acetonitrile system at
a flow rate of 6 ml/min with 15 - 20 mg loads (63).
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R R
[PH] -vaz,
c=0 . oK
H-G-NKCOCH,C1 H-C-NHOOCH,CL
CH,OH CH,OH

Chloramphenicol: R = NO, (CAP)
Thiamphenicol: R = SOZCH3 (TAP)

FIGURE 1!

b. With aqueous systems, other than Cyg packings.

A generalized approach for the semi-preparative resolution
of complex mixtures such as crude plant extracts has heen repor-
ted by a group from Germany (64). They use programmed solvent
gradient sequences on LiChrosorb RP 8 (08 vonded phase, 7/Jm)
columns (25 em x 8 mm ID). Gentian (Radix gentianae) root ex-

tracts are used as a model with a gradient system of 5 - 70%
acetonitrile in water. Structural elucidations of isclated com-
ponents is carried out by UV and mass spectral analysis,

An ethyl bonded support, LiChrosorb C2 (10/Jm) in 15 cm and
25 cm X 1 cm ID columns has been used with good success for the

semi-preparative fractionation of various phencyclopeptides, 29.

TN R = iso-propyl or phenyl
o—-</ \\-..-4 . T
' . R' = iso-butyl, phenylethyl,
R-—7 0 0 }) or -indolylmethyl
Ny "
o H R" = N-methyl-iscleucyl orl
N valyl
\ H
R -
16
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Elution was carried out with acetonitrile containing 10 - 30% of
0.0015% aqueous ammonia, the actual concentration depending on
the peptides being fractlonated. At loads of less than a milli-
gram, 10 - 20 injections were needed to obtain enough material
for structure work (63),

Rubinstein at Roche Institute has explored the preparative
IC of proteins on bonded phases (66). While peptides of up to
12,000 daltons are fractionated well on 018 reverse phase sup-
ports, small proteins tend to be irreversibly bound. Resolution
and recovery are poor on 02 packings., A C8 support, specifically
LiChrosorb RP-8, has proven suitable for the fractionation of pro-
telns up to 30,000 daltons, The paper goes into considerable de-
tall on the chromatographic properties of the proteins with ovoth
isocratic and gradient n-propancl:aquecus buffer solvent systems.

Investigators at Johannes Gutenverg University, Mainz, Ger-
many have used LiChrosorb diol, having a dyhydroxyalkyl bonded
phase, to fractionate proteins in the molecular weight range of
10,000 - 100,000. Using aqueous buffer systems and columns 25
em by 0.6 cm or 2,35 cm ID (depending on scale), they find the
separations to proceed almost entirely by size exclusion effects.
They find this packing superior to flaccid gels such as Sephacryl
S5-200 Superfine both in terms of time and the volumes of liquid
which must be processed (67).

A group at the Chemical Synthesis Laboratories of Dynapol in
Palo Alto, Calif, has used Waters' carbohydrate analysis packing
in a 30 cm x 7.8 mm ID column with isocratic water:acetonitrile
systems to resolve 500 mg samples of synthetic carbohydrates for
evaluation as nonnutritive sweeteners (68). According to Kirk-
land (3) these packings are probably silica based with an amino-
alkyl bonded phase,

Derivatives of thienamycin, 17, acetylated at the c-12
amino group and/or lacking the hydroxyl group at the @ -position,

were produced by mutants of Streptomyces cattleya and purified by
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HBC /l"-.1 S\/\ NH2

0 COCH

preparative IC (69)., LiChrosorb NHy (10 ym, an aminocalkyl bonded
support) in 25 cm ¥ 1 ¢cm ID columns was used with acetonitrile:
0.02 M phosphate (pH 6) or ammonium acetate (pH 6.5) buffers.
Proportions were 81:19 and 74:26 respectively.

¢, With non-aqueous systems,.

Although relatively little preparative LC has been reported
to date where bonded packings were used with normal phase solvent
systems, this is a situation which is likely to change. For now
two examples might be cited.

In addition to the isolation of myristicin and related natu-
ral products on Partisil 5, Wulf et al (44) used a Partisil PAC
(cyanoalkyl tonded packing) column (25 cm X 4,6 mm ID) to further

purify falcarinol, Lﬁ, on a semi-preparative scale. The solvent

CHB-(CHZ)5-CH=CH—CH2-CEC—CEC—CHZ-CHOH-CH=CH2

18 (believed structure)

system was 7% tetrahydrofuran in heptane, run at 3 ml/min with
recycle, ‘

Rubinstein, along with his work on C8 reverse phase systems,
has studied the fractionation of hydrophoblc proteins on LiChro-
sorb diol (66). As the systems are 50 - 80% n-propanol (mixed
with aqueous buffer), the author considers them normal phase,

The most severe limitation is that the proteins must be soluble

in the system. General comment is made concerning the need for
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slower flow rates in working with such large moleculess to allow
ample time for equilibrium since the lat+ér diffuse much more

slowly than do small molecules,

5, Gel Permeation Media,

Because of the macroporous nature cf most HPLC column sup-
ports, molecular sieving effects are often encounterz=d when chro-
matogramming larger molecules. One such case on LiChrosorb diol
was cited in the previous section (67). The limitations are, as
already noted, the slow flows required and the problems of sca-
ling up.

One recent paper has dealt with this area in general (70).

A variety of gel permeation media were esvaluated including some
suited only to low pressures. The maximum capacity for the sys-
tems investigated was 1 mg, but the author notes that preparative
columns are now avallable with capacities for up to 100 mg of
protein.

Gel permeation columns have long been used to clean up sam-
ples, primarily by removing high molecular weight impurities,
This usage has been at both the analytical and semi-preparative

levels.,

6. Ion-Exchange Packings.

A wide variety of lon-exchange packings are now in use ana-
lytically and can be expected to make their mark in the prepara-
tive area. As long ago as 1971, Pearson et al had developed a
reversed phase ilon-exchange system, the RPC-5 system. The sup-
port is a polychlorotrifluoroethylene resin coated with a CB - Cqo
trialkylmethylammonium chloride adsorbent called Adogen 464, It
was designed to separate individual tRNA species (71).

A group at Brown University has adapted this material tc the
preparative fractionation of DNA restriction fragments (72). They
found some fractionatlon patterns different from those observed

on gel electrophoresis., Although not a high resolution system,
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it does have a much greater capacity, allowing loads of up to
% ~ 10 mg. The authors found it ideal for first stage frac-

0

tionation.

7. Other Systems.

Earlier reference was made to the work of Pirkle (16,17) in
developing chiral bonded phases. A unique approach to chiral
packings has been reported by a French group (73). These were
obtained in two steps. A porous beaded gel (10 - 20 ym) was
first prepared by copolymerization of acrylamide and methylene
bisacrylamide., An amino acid was then grafted to the resin by
condensation with formaldehyde. Finally the beads were shaken
with an aqueous solution of a complexing metal salt, eg, copper.
The beads have a porosity of 0.4 ml/ml wet resin and amino acid
content was up to 3 meq/g. Columns used were 30 cm X 4,8 mm ID.
A variety of amino acids were grafted and studied, The authors
present various structures possibly formed as complexes during
chromatography of DL-amino acid mixtures #¥» give chiral entities,
Although only divalent copper was used in this study reference is
made to another in which a dozen or so complexing metal ions were
studied.

The support itself has some unusual properties. As expected
high flow rates cause loss of resolution due to compression, But
at low flow rates resolutions becomes poor also with peak tailing.
Ideal flow rates appear to vary with the particle size from about
2 ml/min for those 20 - 28 pm to about 5.5 ml/min for those 10 pm.
Examples given, however, were run at much slower flow, namely
0.4 - 0.5 ml/min,

E. FUTURE POTENTIALS
Today the competition among the suppliers of HPLC equipment

" and materials is enormous, It is particularly intense in twe

major areas, solvents and microprocessors. The end point for the
first is not too difficult to predict. Logistically it will come
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when everyone produces an absolutely pure, particle free product.
From then on it's all a matter of price and perhaps a little
snake oil salesmanship.

There it no logical end point for microprocessors, Many cof
those available today have potentials to do things for which no
interfacing has as yet been made available., They probably have
potentials to do things no one has even thought of.

Except possibly for large scale work, the applications to
preparative LC should be many and varied. Waters now sells the
only unit (the WISP) capable of loading different volumes from
varied sizes of vials, but they probably will not enjoy tnis ad-
vantage much longer. The area of sample preparation and injec-
tion is just now being developed for purposes other than repeti-
tive analysis,

With the coming decade, the chromatographer will find him-
self able to place any liquid sample into a container and progranm
it to be injected onto columns with and/or without dilutions,
Interfacing with the detector will be available so that the injec~
tor may be informed as to whether to go on or to repeat the sam-
ple. possibly at a different concentration or level. Micropro-
cessors will prepare samples with capabilities of weighing, dis-
solving and diluting anything that will pour while being in a
reasonably uniform state. Interfacing with fraction collectors
should allow cuts in tubes to be sampled and evaluated by analy-
tical HPLC.

The potentials are limitless. With banks of solvent reser-
voirs and solenoid or other switching devices, integrated pumps
may be directed to run systems searches through a variety of sol-
vent systems with multicomponent and gradient capabilities., By
using high-pressure switching devices to go from one column to
another, a variety of supports in both preparative and analytical

modes could be explored and utilized. I suspect that eventually
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the entire HPIC process will become almost completely automated
and able to run virtually unéttended for 24 hours a day.

For thextruly dedicated who may have home computer centers,
there will be the option of tying in the lab microprocessor over
the phone lines, When something should go amiss in the night
such as a power fallure, equipment problems, or a slapdash jani-
tor's mop handle, all it will take is a few rings. Clad in bath-
robe and slippers the intrepid investigator can rush to his con-
sole and, with a few deft manipulations after consulting its
screen, set all right again. From this one can go on to conjure
up pictures of scientists sitting comfortably at home beside
thelr home computer center psacefully dreaming up new experiments,
while at the lab work progresses at breakneck speed with nothing
to be heard but the quiet humming of the pumps interspersed with
occasional clicks as switches go and reels advance.

In reality, the investigator will be working harder than
ever., Scmeone will have to write the programs, evaluate the
results, decide what fractions to pool, work them up, and then do
whatever it was they wanted the stuff for in the first place.
Considering that the system can run 168 hours a week, an easy
computation shows that it has capabilitles for running better
than four times the number of experiments that could be done in a’
forty hour week., This adds up to a sizeatle amount of evaluation,
writing, planning, deciding, work up, anc other kinds of doing,
As for staying home with the domestic unit to do all this, this
is possible to a certain extent., However, it's hardly likely to
become popular with bosses or home bound spouses,

While it is fun to speculate, some time will probably pass
before very many labs will have a total system anything like the
one described above. There are cost factors. And there are
human factors, It will require considerable training and experi-

ence just to approach some kind of maximal use of such a complex
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arrangement of apparatus. Most workers will probably prefer a
less frenetic level of actlvity. Sharing the system between dif-
ferent groups and persons will ease individual strain., Isclation
work will still be fun. Productivity will be increasing and
bosses will be smiling,

In another area, column supports or packings will become
even more varied., Three micrometers is now considered the lower
limit for particle size insofar as one may gain efficlency by re-
dwing particle size, However, this may not be hard and fast.
Bonding will introduce even more properties to surfaces. Various
polymers with rigid matrices will appear in fine macroporous
forms., Hopefully better terminology and instructions will appear
to help the non-mathematically inclined to choose the best poro-
sity for a given purpcse. Actually many company representatives
are very good at helping one in this area.

Fine packings in large columns, compressed or otherwise,
will bring even greater efficiency to large scale preparative
work. Microprocessors will probably have the least direct efiect
on this kind of effort. The torrential solvent flows and rapi-
dity with which things happen simply don't allow such interfacing
to be worth the effort,

One thing will not change. Sticky preparative problems will
still be sticky. But they probably will get solved faster just
because one can try so many more things in a given amount of time,
And that is the primary commodity, the only commedity that money
can not really buy, which modern preparative LC is, and will be,

glving us, namely time,
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