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STRATEGY OF PREPARATIVE
SEPARATION OF ORGANIC

COMPOUNDS BY THIN-LAYER
CHROMATOGRAPHIC METHODS
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Department of Inorganic and Analytical Chemistry,

Medical University, Staszica 6, 20-081 Lublin, Poland

ABSTRACT

The preparative layer chromatography discussed in this review

has been presented to facilitate the choice of the most effective,

selective, cheap, and simplest method for separation and isola-

tion of small quantities of some mixture components. Therefore,

apart from very effective forced-flow development methods, the

possibilities and applications of very simple sandwich chambers

ES and DS are discussed. Both forced-flow and continuous

planar chromatography development may be considered as quasi

column preparative chromatography, carried out on smaller

scale. Numerous application examples are also cited in this

paper.

Key Words: Preparative layer chromatography; Basic planar

techniques; Modes of development; Modes of sampling; Solvent
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INTRODUCTION

The theoretical base is similar in principles both for thin-layer

chromatography (TLC) for analytical purpose and preparative layer chromato-

graphy (PLC).

Generally, thin layer chromatography, which deals with samples above 1 mg

on 1 g of adsorbent is called preparative, semipreparative, or micropreparative,

depending on loading mode and layer thickness.

Preparative layer chromatography has already been described by Nyiredy

in his chapters in ‘‘Handbook of Thin-Layer Chromatography’’,[1] in ‘‘Planar

Chromatography’’,[2] and in numerous publications with co-workers which will

be cited further in this paper. Numerous books[3–5] and review articles[6,7] also

contain chapters regarding principles and applications of preparative layer

chromatography.

The primary goal of this paper is to propose an author’s viewpoint on

strategy of optimisation of preparative layer chromatography separation using

simple methods (used in our laboratory) and available in every laboratory.

The classic TLC was, among others, applied as a pilot method to

optimisation of chromatographic systems for column chromatography.[8]

According to the preparative layer chromatography, analytical TLC, as a

cheap and simple technique, is indispensable for determination of mutual

relation: substance–adsorbent–solvent, separability, scaling-up procedure and,

thus, for anticipation of loadability and yield of separation. First, all essential

differences between TLC and PLC should be taken into account (see Table 1).

GENERAL CONSIDERATIONS

Goals

Preparative layer chromatography is applied to: (a) isolation of one or a few

compounds for further identification by physico-chemical methods; (b) obtaining

some chromatographic standards; (c) investigations of biological activity.

The main purpose of PLC is isolation of pure components from a

mixture with maximal yield. In separation of a few compounds with similar

retentions (i.e., closely related compounds), the purity of the product is a

compromise to loadability and process yield. In case of touching bands,

components are isolated only from central parts of zones. The components of

upper and lower edges of bands are often rechromatographed in a system of

different selectivity.[9,10]
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Table 1. Comparison of Main Differences Between Analytical Thin-Layer

Chromatography (TLC) and Preparative Layer Chromatography (PLC)

TLC PLC

A. Goals

1. Quantitative determination

and=or identification of

all sample components

1. Isolation of one or a few

sample components

B. Methods and modes of mobile phase flow

2. Either straight-phase or

reversed phase chromato-

graphy is applied

2. Straight-phase method of

chromatography is prefered.

3. The mobile phase migrates by

capillary action as well as by

pressure or centrifugal force

3. As in TLC

C. Sampling

4. Samples are introduced in

simple way, using capillary or

automated sampler. Sample

volume about 2 mL

4. More complicated sampling of

large volumes of solution

D. Adsorbents

5. All known adsorbents and

precoated plates for TLC

5. As in TLC. Possible is using

more coarse adsorbents and

special adsorbents for PLC

E. Sample solubility and solvents

6. Solubility of sample is not

important

6. Sample solubility is very

important

7. Volatility and viscosity

of mobile phase are not

important

7. Volatility and viscosity

of mobile phase are very

important

F. Detection

8. Directly on plate in day-light

or UV-light or using alla
8. Possible off-line and on-line

detection, but not allb

aMethods: biological, radiometric, and chemical derivatisation.
bDetection methods can be used.
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Methods and Modes of Mobile Phase Flow

For preparative separations, the method of normal-phase chromatography is

preferable because of its wide range of differentiated selectivity of various

solvents and of greater velocity of mobile phase than on nonpolar adsorbents. On

the other hand, reversed phase chromatography gives the possibility to separate

homologous compounds, whereas polar adsorbents prove greater ability to group

selectivity, which permits the separation of positional isomers.

Such differentiated behaviour of adsorbents is exploited for re-chromato-

graphy of touching or overlapping bands.[9]

In conventional planar or ascending methods of PLC, the mobile phase

migrates by capillary action which leads to a longer time of development (i.e., time

development of a plate to a distance 10–20 cm may take 20–60 min, respectively).

However, longer time development produces band diffusion, although it enhances

the mutual displacement effect. Moreover, in conventional methods, avoiding the

contact of polar adsorbent with the surrounding atmosphere is impossible.

The attainment of an equilibrium state in triphasic systems (solid polar

phase—mobile phase—gas phase) is very important in order to avoid additional

undesirable effects, especially those of thick layer: solvent demixing, evaporation

of the mobile phase, and preadsorption of the vapours from the chamber

atmosphere. Separated substances migrate in the layer with different velocities,

depending upon evaporation velocity of solvent: quickly on the surface of a layer;

with a delay in locations adjacent to the plate. Such effects may be minimized,

or avoided completely, by using saturated chambers or sandwich tanks

equilibrated by prewetting of adsorbent layer with eluent on a calculated

distance.[11] For preparative chromatography, all types of chambers for TLC

described in Chapt. 4 of Ref. (2) can be used. A flat tank constructed by

Soczewinski (see Fig. 1)[12,13] is very useful for preparative separation. The

design of the chamber enables spotting the sample behind the solvent front

(equilibrium conditions), bandwise sample application, dosage of large volume

from the edge of the layer (frontalþ elution chromatography),[14] bidimensional

development of larger samples,[15] stepwise gradient elution,[16,17] simultaneous

development of standards, and bandwise applied sample.[14] Sandwich chambers

are especially convenient for the separation and on-line purification of crude plant

extracts contaminated with lipids.[18] Sandwich chambers may be adapted for

self-prepared plates, or for commercially precoated layers on glass or plastic

(aluminium) foils.

The chamber constructed by Dzido[19] (see Fig. 2) is a modified version

of both sandwich (ES) chamber and Brenner–Niederwieser chamber.[20] It has

been modified[21,22] and adapted to different variants of development techniques,

e.g. stepwise gradient elution,[24,25] for simultaneous development of six parallel

chromatograms and micropreparative purposes.[22,23]
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Figure 1. Horizontal glass chamber (ES); (a) cross-section of chamber fragment with the

eluent distributor, (b) view of chamber; A—base, B—distance frame, C,C0—two cover

plates, P—chromatographic plate with the adsorbent layer, D—distributor of eluent,

S—end of the capillary siphon.

Figure 2. Principles of action of DS horizontal chamber with a horizontal bottom of eluent

reservoire; 1—glass cover plate, 2—eluent reservoire, 3—solvent, 4—chromatographic

plate, 5—thin layer of adsorbent, 6—ledge supporting the TLC plate, 7—body of the

chamber, 8—rectangular depression, 9—glass cover-plate of the chamber, 10—bottom,

11—edges of the eluent reservoire. (a) original position, (b) beginning of development,

(c) advanced development.[20]
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The optimal distance for PLC should be no longer than 20 cm because of a

decrease flow rate with increase of development distance. Simultaneously,

diffusion of zones and losses of resolution increase. This disadvantageous

phenomenon, as well as a demixing effect, are eliminated by modern forced-flow

techniques, either for analytical planar chromatography or for preparative

separations.

In the review paper of Tyihak, et.al.[26] three forced-flow planar liquid

chromatographic methods were described with schematic drawings of instru-

ments for rotational planar chromatography (RPC), high-speed TLC (HSTLC),

overpressured layer chromatography (OPLC), and some theoretical considera-

tions. More recently, Tyihak, et al., characterized the off-line OPLC method.[27]

Forced-flow techniques relative to preparative applications were elaborated in a

review publication by Nyiredy, et al.[28] Using medium pressure liquid

chromatography (MPLC) and the Chrompress 25 apparatus, Zogg et al. carried

out preparative and semipreparative separations of Furanocomarin isomers.[29]

The same authors investigated the influence of operating parameters on

separations in preparative OPLC. All the separations of Heracleum sphondylium

extracts were performed with a Chrompress 10 apparatus. Using analytical TLC,

the authors optimized the mobile phase with the ‘‘Prisma’’ model for following

OPLC separation. They also determined the loading limit by a scale-up separation

process from analytical to preparative OPLC.[30]

Considerable improvement of resolution was achieved using a new

preparative circular layer chromatographic method.[31]

Several, very interesting, publications on a novel version of forced-flow

planar chromatography should be mentioned. It is a long-distance overpressured

layer chromatography. Such a modification was first elaborated by Tyihak, et al.[32]

for simultaneous development of several plates. The principles of a new multi-

layer technique and its application were described by Botz, et al.[33,34] The

authors emphasised that, owing to a significant increase of spot capacity, long

distance OPLC may be applied to separation of complex natural mixtures and

also adapted for preparative separations.

Sampling

The necessity for introducing a large sample onto a layer is a great problem,

especially with reference to:

(a) which type of overloading mode (volume or concentration) is more

advantageous;

(b) sampling mode.

2356 WAKSMUNDZKA-HAJNOS AND WAWRZYNOWICZ

©2002 Marcel Dekker, Inc. All rights reserved. This material may not be used or reproduced in any form without the express written permission of Marcel Dekker, Inc.

MARCEL DEKKER, INC. • 270 MADISON AVENUE • NEW YORK, NY 10016

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
2
0
:
5
0
 
2
3
 
J
a
n
u
a
r
y
 
2
0
1
1



For optimization of systems for preparative chromatography, determination

of maximal volume and concentration of sample (sample amount) is of essential

importance for the separation to achieve touching band separation. The sample

amount depends on components’ resolution which can be determined by

analytical TLC data. It should be above 1.5. But, on the other hand, anticipation

of possible resolution on the basis of the Kirkland equation:[35]

Rs ¼
1

4
ða� 1Þ

k

1 þ k

� �
N1=2

selectivity capacity efficiency

ð1Þ

in overloaded systems becomes impossible. Introduction of large samples

influences all three parameters: selectivity, capacity and efficiency. The increase

of solute weight above 1 mg=g of adsorbent results in a drastic decrease of k and a
parameters and an increase of plate height (decreases efficiency). The overloading

can be also defined as a sample amount where the k parameter decreases 10% in

relation to analytical scale.

There are two ways in which a chromatographic system may be overloaded.

First, when the injected sample volume is so large that the eluted band (or

concentrating profile) is significantly broadened (volume overloading) or when

the concentration of an injected solute is so large that the eluted bands (or

concentration profiles) become asymmetric (sharp front and elongated tail)

according to analytical scale sampling (mass overloading) (see Fig. 3).

It is evident that band broadening may lead to overlapping of bands.

Concentration overloading is more advantageous if sample solubility allows. It

should be taken into account that introduction of concentrated solutes may be

disadvantageous, owing to crystalization of substances into the adsorbent pores.

As the result of this, strong local overloading and disturbance of desorption–

adsorption processes (substance is gradually dissolved) is possible. In the case of

the necessity of large volume introduction (e.g., biologically active mixtures

which, by their nature, are diluted and thermolabile) investigators have to use a

multiple sampling. The design of a sandwich (ES) chamber enables preconcen-

tration of sample directly on the layer by the evaporation of sample solvent

beyond the narrow cover plate.[13] The use of plates with concentration zones is

advantageous in such a case.

The second factor influencing separability is the manner of delivery of

larger sample volumes. In a conventional method, the samples are applied by

syringe or pipette, using multiple spotting or streaking by a special mechanical

device (e.g., programmed applicators) which causes a complex starting band

(compare Figs. 4 a,b). During the elution step, the starting band components are

rearranged to a sequence according to their RF values. This problem may be

solved by introduction of sample from the edge of the chromatographically
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equilibrated bed (behind the solvent front). Flat chambers for continuous

development, proposed and elaborated by Soczewinski et al.[12,14,37,38] permit

zonal sample application from the edge of the layer. The sample components

of the starting band are already partly separated (the frontal chromatography

stage—compare Fig. 4c).

During development (elution chromatography stage), components may be

fully separated. The larger sample volumes can be introduced gradually from a

syringe or from a container equipped with a capillary siphon. A glass (quartz)

cover plate enables the observation and recording of zone movement. Thus, a

dynamic picture of band migration and determination of loading limit[14] can be

performed (see Fig. 5).

The DS chamber also enables zonal application. In an OPLC system, the

sample is injected into the continuous stream of eluent across the plate. Similar

on-line sample introduction is used in centrifugal RPC.[2] Botz et al. described a

new solid phase sample application technique and application device. It also

Figure 3. Development of peak profiles during migration along a column for analytical

overloaded samples (with permission).[36]
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enables sample concentration and clean up and it may be used either for

conventional chromatography (migration of mobile phase by capillary action) or

for OPLC, RPC (forced-flow chromatography).[39]

Adsorbents

One of the requirements for satisfactory preparative separation is

homogeneity of the layer of adsorbent. For the preparation of thicker layers

(ca. 0.5–1.0 mm), all adsorbents applied in analytical TLC, such as: silica,

alumina, Florisil, cellulose, and silanized silica may be used. For preparative

chromatography, the more coarse particles of size range 5–40 mm may also be

used but, for forced-flow chromatography, use of only fine-particle sorbents is

recommended. Generally, preparation of preparative layers requires a lower

amount of water (proportion to silica 1 : 2 or 1 : 1.7, for alumina 1 : 0.9), greater

amount of adsorbent-adequately to layer thickness. In order to produce layers free

from cracks, the plates should be dried in a horizontal position in a draft-free

room for much longer time than is done for preparation of thin analytical layers

(ca 0.25 mm), according to producers’ instructions.

Besides self-made plates, commercially available precoated layers of

0.5–2 mm thick are used more frequently because of their higher resolution

capacity and greater reproducibility. The plates with preconcentrating zones are

recommended mainly for separation of natural mixtures containing extraneous

substances. But, first of all, such plates improve the separability because the

Figure 4. Application of large quantity of mixture (a)—as a series of spots (series of

microcirculars chromatograms); (b)—as a narrow streak on the adsorbent layer; (c)—from

the edge of the layer—partial separation occurs as a result of frontal chromatography.[13]
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starting diffuse band is compressed to a narrow band on the boundaries of two

adsorbents (see also Refs. 1, 2, and 40).

Sample Solubility and Solvents

Solubility of samples in analytical TLC or HPLC is important only for

quantitative investigations. For other cases it may be neglected. Because of the

purpose of preparative chromatography, sample solubility is very important. It

should be taken into account that sample solubility may affect the bands’

resolution, owing to the fact that ratio of sample solvent volume to volume of

Figure 5. Effect of sample volume on the migration of zones of dyes A and C. Sample:

0.02 M solution of each dye in the eluent 4 : 1 methylene chloride—n-hexane. Sample

volume: (a) 0.2 mL (b) 0.6 mL; (c) 1.0 mL; (d) 1.5 mL.[14]

2360 WAKSMUNDZKA-HAJNOS AND WAWRZYNOWICZ

©2002 Marcel Dekker, Inc. All rights reserved. This material may not be used or reproduced in any form without the express written permission of Marcel Dekker, Inc.

MARCEL DEKKER, INC. • 270 MADISON AVENUE • NEW YORK, NY 10016

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
2
0
:
5
0
 
2
3
 
J
a
n
u
a
r
y
 
2
0
1
1



eluent is greater than in analytical TLC or in column chromatography, and may

change the eluent strength significantly.

For the sampling stage, three cases may be considered:[40,41]

� the sample is dissolved in the eluent used as mobile phase;

� the sample is dissolved in diluted or more concentrated eluent;

� the sample is dissolved in a solvent of different qualitative composition.

In first case, only the starting band widening may be expected. Considering

the second case, two possibilities should be taken into account—sample dilution

(weaker solvent than mobile phase) which is advantageous because of formation

of a narrow starting band and, thus, effecting an increase of separability.

Formation of the starting band and subsequent zones’ migration may be described

by an equation for a two-step gradient. The equation enables computer simulation

of all separation processes[41] and is illustrated by schematic representation of

band behaviour during the sampling and elution process, assuming a two-step

gradient (Fig. 6).

In Fig. 7, the effect of sample concentration is illustrated. Injection of a

large volume of sample, diluted with a nonpolar diluent (n-heptane) results in

greater overloading without loss of resolution. This is the effect of peak

compression known in column chromatography.[42] In Fig. 7, the experimental

bands are slightly narrower than theoretically predicted (under the assumption of

a linear range of adsorption isotherm). In reality, for overloaded systems (in the

Figure 6. Theoretical model of band separation during introduction of sample and

elution for two-step gradient in overloaded systems.[41]
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nonlinear range of the isotherm), the deviation is a result of a mutual

displacement effect and solute–solvent interaction.

Use of eluent of higher concentration of modifier as a sample solvent

results in widening of the starting band adequately to RF values. For a third case,

where the sample is dissolved in solvent which is different from the eluent, it may

disturb the separation process, owing to a change of eluent strength and the

Figure 7. Dynamic representation of zones migration for sample AþC; (a) 4 mL of

0.04 mol L�1 solution of each dyes; (b) 7.5 mL of the solution. Eluent: dichloromethaneþ

n-heptane (4þ 1). Solid lines—theoretical calculated, dashed lines—experimental data.[41]
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precipitation of the solutes. The substances which are stagnant in the adsorbent’s

pores are gradually eluted, forming elongated zones from the start line. Therefore,

on-line application of the sample[2] or from the edge of equilibrated plate and

solid sample application[39] are advantageous.

The choice of mobile phase for optimization of the chromatographic

system for PLC may be achieved using an eluotropic or isoeluotropic series

‘‘Prisma’’ model[43] and subsequent selection by preliminary TLC experiments

with increasing sample amount for determination of sampling limit. More

advantageous are eluents giving RF values in the lower range (0.1–0.5) because

the application of larger sample volumes leads to widening of the starting zone

and increasing of RF values. On the other hand, it influences mutual

displacement effects. The choice of mobile phase or chromatographic system

may be facilitated by considering correlation diagrams (e.g., log kI vs. log kII or

RMI vs. RMII) for two different systems and different selectivities determined for

TLC[44] (Fig. 8).

The second requirement referring to the mobile phase is the volatility of its

components isolated from scraped adsorbent or eluted by on-line chromato-

graphy.[2] Such solvents as: ethyl acetate, isopropylether, diethylketone, chloro-

form, dichloromethane, and toluene as modifiers, and n-hexane as diluent, are

usually recommended for normal phase chromatography. For reversed phase

systems—methanol or acetonitrile as modifiers. Such components as acetic acid

or acetate buffer, as well as ion association reagents, should be avoided.

Detection

For preparative chromatography, the main goal is the recovery of

pure mixture components and, therefore, the localisation of separated bands

is an important consideration. For forced-flow chromatography and on-line

Figure 8. Schematic representation of log kI vs. log kII correlation. In the first stage the

system I can be applied for group separation: (AþBþC), (DþEþ F), (GþHþ I). Then

the individual groups of components can be separated in system II.[44]
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systems (continuous development), the effluent is detected by an appropriate

detector and collected automatically. This allows repeated use of plates

several times.

For off-line planar chromatography, the localisation of bands directly on

plates in daylight (for coloured substances), or mostly in UV light, is more

convenient. The majority of adsorbents and commercially available precoated

plates have a fluorescent indicator, e.g., silica gel 60 F254þ 365. In several cases,

separated bands may be localised in iodine vapours if substances form only

unstable complexes. Brown or yellow zones, produced this way, should be

immediately outlined.

For drastic derivatization methods in layer after development, 1–2 cm wide

paths are marked along the two longer sides of the plate. The centre part of the

layer should be covered and the two side segments sprayed with appropriate

reagents. Two channels scraped in the adsorbent along the plate secure flow of

reagent to the central part of the plate. The zones corresponding to products of

derivatization are scraped and gathered into small tubes or small funnels for

extraction of components.

Special Modes of Development

For the chromatography of complex mixtures (separation of isomers or

closely related compounds with similar retention), the main problem is to

improve the resolution. This might be achieved by increasing separation

efficiency. Besides, for the analysis of such complex mixtures, it is advantageous

to achieve (if possible) a large peak capacity. Improvement of separation

efficiency and, thus, resolution, can be obtained by use of special modes of

development, such as gradient elution, multiple development, two-dimensional

development (2D), incremental multiple development (IMD), and gradient

multiple development. All of these methods influence separation efficiency and

peak capacity, owing to a spot reconcentration effect.

Gradient Elution

The problem of the separation of samples containing components of widely

different polarities is difficult because of the ‘‘general elution problem’’.[45] This

can be solved by using gradient elution. This technique can also be applied in

TLC especially for separations carried out in sandwich chambers and stepwise

development.[12] As has been observed, in TLC separation of plant extracts,

gradient elution markedly improves the separation of spots owing to stronger

displacement effects under conditions of numerous adsorption–desorption
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processes.[25,46] In general, the increase of eluent strength of the mobile

phase passing through the partly separated starting zone, causes consecutive

sample components to reach the optimal range in order to increase RF values.

Because the lower edge of the zone is overtaken earlier than the upper edge by

mobile phase front of increasing eluent strength—the zone becomes narrower

than the starting band (see Fig. 9).[4]

For separation of less complex mixtures, the application of step-wise

gradient elution enables the introduction of larger sample by comparison to the

described method.[47]

Two Dimensional Micropreparative Separation

The ES chamber can be used for two-dimensional separation on a larger

scale rather than a traditional 2D technique. The first technique requires the use of

Figure 9. Compression of a zone under conditions of five-step gradient elution (5–100%

modifier concentration): the upper edge U is overtaken by the fronts of increased modifier

concentrations (ascending lines) with delay relative to the lower edge of the zone L.[47]
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a cover plate with two distributors. A shorter (ca. 1 cm) distributor is used for

introducing the sample, longer distributor for simultaneous delivery of pure

eluent. Thus, radial sample spreading is avoided. For more details, see Ref. (2),

Chapt. 5, pp. 13, 15. The possibility of using solvents of different selectivities

improves the separation.

Multiple Development

Multiple development in TLC is a modern technique which enables high

spot capacity and improves separation and resolution. Multiple development

consists in repeated developments of the same plate with solvent for the same

distance and in the same direction. Therefore, it is called a uni-dimensional

multiple development (UMD). After each development, the plates are dried in air.

Each consecutive development results in band reconcentration and, thus,

increases the efficiency of separation. Compare Publication[48] and Review[49].

Perry et al.[50] derived an equation which can be used for prediction of RF values

after ‘‘n’’ developments:

RFn ¼ 1 � ð1 � RF Þ
n

ð2Þ

where n is a number of development, RF is the retention factor after a single

development.

It should be emphasised that multiple development is advantageous,

especially for the separation of complex mixtures and overlapped bands, but,

more frequently, for nonoverloaded systems. For overloaded systems, layer

chromatography is used, rather, for separation of mixtures composed of a few

components, and mainly for rechromatography of superimposed bands with lower

RF values. Therefore, the eluent strength of the solvent should be moderate.

Experiments carried out with overloaded chromatography of compounds with

similar retentions confirmed that a two-fold development of the plate was

sufficient for complete separation[51] (see Fig. 10).

Incremental Multiple Development (IMD)

In this technique, the development distance is increased linearly in 10 or

20 mm steps with evaporation of the mobile phase from the plates after each step,

by using of the same solvent, or a series of solvents, for modified IMD technique.

In gradient incremental multiple development, the eluent strength is reduced

stepwise.
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As is seen, from Figs. 10 and 11, multiple development and incremental

multiple development are effective separation techniques applicable for

preparative layer chromatography of closely related compounds, although other

factors such as displacement effects and structural electronic interactions can also

influence the separation. Better results were obtained using incremental multiple

development. Difficult separations can be achieved, especially, by use of

incremental multiple gradient development with stepwise reduction of eluent

strength (see Fig. 12).[51]

Figure 11. Incremental multiple development of 1-N-(p-tolyl)-amino-4-aminoantraqui-

none and 1-aminoantraquinone on 100610060.5 mm silica layer. The development

distance increased in 15 mm steps. Sample: 1 mL of 0.78% solution of dyes. Eluent: 5%

ethyl methyl ketone in toluene.[51]
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Applications of Preparative Layer Chromatography

Preparative layer chromatography is widely used for different purposes.

PLC is usually applied for isolation of natural mixture components, e.g., plant

extracts before identification of isolated compounds by various physicochemical

methods such as 1H-NMR, 13C-NMR, IR (FTIR), and mass spectrometry (MS,

TDMS, HR-EIMS). There are also numerous examples of use of thin-layer

chromatography on a preparative scale as a method of sample preparation.

Purification and=or fractionation of mixtures can be, therefore, used before GC or

HPLC analysis (often connected with an MS detector), with reference to

environmental samples as well as crude plant extracts or biological samples.

Preparative layer chromatography is also used to obtain small quantities of

Figure 12. Densitograms illustrating the performance of incremental multiple develop-

ment for 0.1 mL of 0.5% solution of extract of the Heracleum sphondylium fruits.

(a) Isocratic development of the extract with ethyl acetate—n-heptane (1þ 9) as mobile

phase, (b) IMD of the extract over distances increasing in 10 mm steps with acetate—

n-heptane (1þ 9) as mobile phase. Adsorbent: silica.[51]
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standards from natural mixtures. References cited have been chosen from various

publications from the last 15 years. Examples of applications are divided

according to chemical groups in Tables 2–7. The applied systems, detection, and

goal of chromatography are also presented.
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