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PITFALLS AND AIDS IN QUANTITATIVE
THIN-LAYER CHROMATOGRAPHY

Zenaida L. Ochotorena*

Chromatography is a separation method based on the principle that compo-
nents of a mixture can be separated from one another and concentrated into zones
by passing the mixture through a two-phase system. One of the phases, the mobile
phase, acts as carrier for the mixture and the other, the stationary phase, exerts a
differential restraining effect on the components.

Chromatographic separations may be classified according to the nature of the
phases, gas, liquid, solid (GC, LLC, LSC, GLC), according to the mechanism of
retention (Adsorption, Partition), or according to some special feature of the tech-
nique (Ion-Exchange, Paper, Thin-Layer, Column).

Chromatography can be said to have begun from the classical work of Tswett.
Developed, modified and improved by later investigators, it has become an impor-
tant tool to chemists.

The principle of thin layer chromatography (TLC) was first described by the
two Russian authors, Ismailov and Shraiber about the early part of this century.
Meinhard and Hall, Kirchner, Miller and Keller later developed the method which
then found use almost exclusively in the separation of terpenes. E. Stahl standard-
ized the procedure in 1958 and showed chemists its wide applicability.

TLC at present has found good use for separating not only liphophilic substan-
ces but also hydrophilic compounds. Due to its sensitivity, simplicity, speed, and
selectivity, it has found increasing use in Medicine, Biology, and Pharmacy .

Quantitative layer chromatography (paper and thin-layer) should in principle
})e accurate inasmuch as under identical conditions the quantity of substance present
in the final spot should be in a fixed ratio to the quantity applied in the initial or
starting spot. Also the pattern of distribution in the final spot should be constant so
that the ultimate measurement should accurately represent the amount of substance
onginally applied. But in practice this is not so. Studies show that there are three
phasf-’s n layer chromatography where errors can arise. These are 1) in the pro-
duction of injtjal spots, 2) in the translocation of the substance from the initial to

::e ftinal spot, and 3) in the treatment of the final spot and subsequent measure-
ent.
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A. PRODUCTION OF THE INITIAL SPOTS

Information gat.herec.i through studies of this phase in layer chroma
with the use of radloa.chve substances (radioactive glucose, tyrosine mt:
etc.) showed errors ranging from + 6% to + 20% for individual measurem;nts

Formation of initial sports are commonly done in volume of 5, 2, or 1 u] ysi
syringes and micropipettes and recently, automated devices which me;slm an:simz
ject the samples. Examingtion of the process of delivering the required volum:: |
indicated possible sources of variation from ‘‘creep back’, capillation and “operator

effect”.

The “‘operator effect’ in the application of samples for quantitative work was
investigated with a group of students using microcap disposable micropipette and the '
Hamilton syringe. A great deal of variations among individual operators was noted.
With a repeating dispenser such as the Hamilton syringe, the mean coefficient of
variation was 5.6% for unskilled and 3.5% for skilled operators. For the single
application of samples by the microcap disposable micropipette the individual mean
coefficients of variation ranged from 1.2% to as high as 53.4%. Using operators ex:
serienced in applying samples with the various instruments, €rrors as high as + 25%

were registered.

The “creep back” effect was stu
drops from the needle of an Agla syringe
time an accumulating drop suddenly slipped up slightly from the point and wher
the drop finally fell a certain amount remained on the stem. This “‘creep back
effect was cumulative and sometimes a sizeable volume remained on_the S_“’m for
some time and unpredictably disappeared with the succeeding drop. This vanet(ii ‘Eat
solvent used but was particularly noticeable with methanol. It was obser¥ k on
when delivering methanolic morphine, crystals of morphine would form a mé!
the stem. Creep back would sometimes incre

ase this mark appreciably but agai:a‘::;
?ngctedly a creep back would reach the mar s an
it with the drop. 1op Y "

k and redissolve the crystal
Another source of error arises from the fact that a measured " cent 0
aways fall freely from the end of a needle as its weight may not dss,li)rbent -
overcome surface tension. Touching the drop on the surface of the abv capill&""?'
found to cause a withdrawal of fluid from the lumen of the needle Y el o
wh?ch then would sometimes require 0.6—0.8 ul of solution from th: *are "
synnge into the needle before the succeeding drop appears. efez
cordl'fg t the bore of the needle and time of contact with the afd.f,grbenms s
\ ['o minimize errors ensuing from the formation of the. mmzlis:insi.nﬂ ne«’dk
i?uld that (a) needle tips be coated with silicon, (b) the tig of the o righ‘”‘g::;
to .LJh:.i lbl‘ @ fine as possible, (c) the tapered ends are bent ,nl.l .d:,ea'\;liolu"“’s by '::ni
ejectic Ong axis and (d) an automatic devicel, (n&:hh[g‘::’f:r:d onto dsor
utomatic injec

gl'aphy |
mhine, '

died by observing with a lens the deliYery of
by free fall. It was noted that from time

n A

with out (l” by throwing, thereby forcing smal

f“““d U (f“('hlng the surface, be used. The use of a
J glve ('(lz'fﬁcien[ of V‘dl‘idti()ﬂ of + 25(('
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B. '[‘RANSL‘OCATION OF THE SUBSTANCES FROM
THE INITIAL TO THE FINAL SPOT

Errors duriflg this phase of .layer chromatography have been attributed to
steral diffusion of solutes during the run, (b) variation in the structure of dif-

I E
) eets or layers, (c) variation from tank to tank and (d) retention on the

ferent sh

siarting line- k to tank imi
Variation from tank to tank can be eliminated by always using the same tank

in identical conditions such as keeping it in a constant temperature bath and a criti-

cal solvent volume of 1%.

Lateral diffusion effect is the lateral spreading as solute molecules dissolve in
the continuous sheet of flowing solvent. This effect depends on the relative rate
diffusion of the solute.and that of the ascending or descending mobile phase.
Errors occur when varying amounts of solute diffuse out of its normal pathway
during the run. This was found pronounced when running spots of different
amounts side by side but cancelled out when running identical samples side by side
inasmuch as the import-export of molecules between the spots balances out in a
uniform surface layer. Studies with glucose showed that no significant error was
found when similar quantities of glucose were chromatographed even with varying
distances between spots of 4 to 30 cm. Coefficient of variation was only about
126% and no greater than 2.0% using a machine designed for initial spot applica-
tion. However, running dissimilar samples side by side (20 ug and 200 ug) showed an
increase in glucose in the glucose poor spots and a decrease in the glucose rich spots
showing diffusion from glucose rich to glucose poor spots.

The solvent was found to contribute to diffusion. Single component solvent
with Rf value between 0.5 and 0.75 was found to be desirable but higher Rf values
were found to run into interference from adsorbent impurities carried by the solvent
front and also found to enhance diffusion. It was also pointed out that in the case of
mixed solvents, if demixing occurs and the compound under investigation travels
with the B-front, lateral diffusion of the spots occurred.

Studies on variation between sheets or layers have been found more pro-
nounced in TLC than in paper chromatography. Morrison and Orr. Fairbairn and
Suwal and Fairbairn and Wassel, have reported that the slope of the regression line
FE_la.ting to the measurement of the final spot with the quantitates applied to the
Initial sports were consistent within one sheet or layer but were not identical with
thase from others even when operatéd under similar conditions. It was also noted
&at deviations between spots measure on the same plate was less than the deviation

tween spots on different plates.
are I:ie%ard.ing retention on the starting line, it was obgerved that if the initial spots
kcoeuld‘“gorously some of the solutes are irreversibly at.tached. to the layer.
be avoided by drying the initial spots in a current of .cold air.
quanm‘.::'degree to which the type of adsorbent and the speglflc surface area afft‘e;c.;s
ferent o4, | osUrements was studied by separating a series of mlxtunesso :i
Ption energies and different abilities to form hydrogen bonds on di-
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ferent adsorbents with different specific surface areas. The results obtaineq
that: 1) The same substances on different types of adsorbents gave diffep

areas and different peak areas. 2) The size of the spots decreased with an incnt spgt
the specific surface area of adsorbent. Changes in spot areas were more pron‘(‘:aseln
with adsorbent of specific surface areas less than 200 m2/g, attributed to ﬂlll:"ed '
sence of high adsorption interactions which cause the mobile phase tq ind ab-
greater diffusion. 3) The spot size depends on the specific surface area of adsorb:ce
in agreement with the ability of solvents to form hydrogen bonds. 4) The Peak A:L
depends to a great extent on the adsorbent used as the staionary phase—highegt foa
relatively small specific surface area. 5) The Peak Area values of isomers depeng 0;
their structure.

Sh Owe q

C. TREATMENT AND EVALUATION OF THE FINAL SPOTS

Several methods had been used for the quantitative analysis of the sample re.
solved in the thin layers. The earlier method was to recover the substance from the
adsorbent before quantitation whereas the present practice is to relate the sizes or
some function of the intensities of the spots to the weights of material contained
in them.

Elution Technique

The most accurate results in quantitative TLC were obtained by eluting the
components analyzed from the adsorbent with a suitable solvent followed by spec-
trophotometric or colorimetric measurement.

Elution technique requires that components are separated into clearly defined
areas which can be removed quantitatively from the plates, eluted, and estimated.

The areas in which the required adsorbed compound is located is carefully
scraped and transferred to suitable flasks or beakers for further treatment. The
elution may be done through simple agitation with a solvent in which the solute
is soluble and the adsorbent removed by filtration or by soxhlet extraction. The
eluting solvent depends on the nature of the adsorbed substance andt the adsorbent

The quantitation of the eluate may be done by gravimetric estimation, spectt”
photometry, colorimetry, flourimetry, polarography, or radiometry.

oration of

The gravimetric method in which the residue is weighed after evap Pos
Its. FO¥

the eluting solvent is found to yield poor results and tends to give high resu
sible sources of error are: (a) extraction of other substances from the adSOrbe"t:i
(b) the amount is too little for accurate measurement in balances hence needs

special microbalance and (c) the substance may not all be extracted.

o . irec!
Quantitation by spectrophotometric methods may be undertaken by (iielsﬂf
measurements in the ultraviolet or visible wavelength range for absorbing sP&¢ neeé

by indirect measurements of non-absorbing specie by first reacting the s! i
with a suitable chromogenic reagent before measurement is taken.

per 197
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i IS thod whereby the ; :
Densitometry 1s a me y the intensity of |
measured directly on the chromatrogram. This met color of a substance is

qmino acid concentrat.ions i{l bands separated by ele
chromatograms of amino acids, sugars and steroids, [t ;
put is affected by a number of factors which are ng
tometry for colorimetry.

Densitometric TLC may be performed indirect]
graphed or photocopied and the photograph scanned

t encountered in solution densi-

y. The chromatogram is photo-

In both direct or indirect densitometry the parameters that one.must consider

in relation to precision and reproducibility are those relating to the instrument and
those relating to the chromatogram.

The basis of the determination is that of measuring the light absorbed when a
beam of light falls on the spot. This is usually done by taking the difference of the
incident light beam and the light that passed through. The difference which is the
absorbed light is related to the intensity of color of the spot which is related to the
amount of substance present in the spot. For precision and reproducibility the fol-
lowing instrumental parameters are made constant:

a) Filters — The filters are used to control the wavelengths of the incident light

especially for continuum source. It allows only a certain wavelength change to pass
through.

To achieve optimum results the colored substance must absorb as much of the
incident light as possible and the background as little as possible. The choice of the
incident light depends on the material scanned.

b) Aperture — The shape and size of the spots are the main factors to be con-
sidered when selecting the most suitable aperture. Soine investigators have found a
circular aperture of 1 mm diameter best, but others have found that aslit aperture
8ave better results and that a lower coefficient of variation was obtained when the

slit length was smaller than the width of the spot.

¢) Position of Slit in Relation to Spot — It is recommended that scans be run

2 the real peak maximum. To do this it is suggested that an initial scan be made and

then scans yun 1 mm shifted to each side of the optimum point be done to make
Sure that the sean is at the real peak maximum.

d) Method of Scanning — Scanning the spot may be done by reflectance or by

SMittance method. Ip transmittance method attempts must be made to reduce

tscatmdﬂg by making the adsorbent as transparent as possible.

€) Directo o anned along the line of develop-
n o Scanmng The Fpats:can i 548 ure of the chromato-

Bram 0:! Ze endicular to jt, e choice depends on t1¢ [:atthe baseline may not
retup o o anni al s i ment,
turn ¢ fing parallel to the direction of develop 2 narrow tail in the

0 the g, . . leaves
Center the e level. This happens if the galvens ties are deposited between

© Separgpy o A1 not completely separated or impu'! in both directions and
*Pots. Generally, it is advantageous to scan !

tran
ligh
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average the two results.

It should be noted that when scanning a spot with a recorder fitteq with
integrator which automatically gives a count proportional to the area of the cllrvan
an error is incurred when the recorder does not return to the original baselin:’
Furthermore, it should be remembered that when scanning vertically or horizn ).
ly, care must be taken that the beam of light passes through the center of the spot,

f) Speed of Scanning — It has been noted that for any given spot, the slower
the rate of scan the larger will be the integrated reading or curve area so that there
is a necessity of maintaining the same gear ratio or rate of movement of TLC plate
carrier for all observations of a particular determination.

The above pertains to instrumental parameters which must be fixed or set
constant. But what about the parameters related to the chromatogram? These
factors associated with the colored substance at the time the color instensity is taken
is very important. None can be made constant so that it is essential to keep them at a
minimum. With the instrumental parameters kept constant, results can only be re-
produced if the colored spots are identical in shape, size, profile in depth, distribu-
tion, and the quantity of substance on the absorbent and its relationship to the
background adsorbent. If the substance is colored and the background is white the
measured color intensity will show a clear relationship with the quantity of subs-
tance present. If however, the substance has to be treated with a reagent to pro-
duce a colored compound the following conditions have to be observed; (a) the
colored product must not diffuse out into the surrounding area, (b) the amount of
color produced must be proportional to the amount of sample, (c) the colored pro-
duct must be reproducible and stable and (d) the reagent should leave the back-
ground white or at least be as contrasting as possible with the spot. There might be
also a time factor involved as noted in the reflectance measurements of DNP
derivatives of amino acids which showed a steady drop in reflectance during the
first 100 minutes and then became fairly constant for a period of time. This i
dicates that when doing the measurement, a definite time schedule had to be fol-
lowed and measurement should be taken when change had leveled off or where the
rate of change had become insignificant.

Other factors involved are (a) the variation of peak areas with shape, size, and
load of the initial spot, (b) variation of peak area with the Rf value, (c) variation
peak area with the nature of the stationary and mobile phases in the separation P_'°'
cess, (d) variation of peak area with the thickness of adsorbent layer, (€) variatiol
of peak area with moisture content of the adsorbent layer. A change of 3% in relat
tive humidity leads to a change in the order of 1% in the peak area irrespective &
the variation due to Rf value, and (f) variation of peak area due to the presence |

\
|

substances in the mixture other than those being examined. In an artificial mixtll“f
of 4 alkaloids, the coefficient of variation was about 5% but examining plaﬂtmaw
rial containing 2, 3, 5, 7, and 11 alkaloids found that with 2 or 3 alkaloids.f»he ¢
efficient of variation was less than 4% but with 7 or 11 it was up to 10% or higher:

amount of

Densitometry is a quick and reliable method for determining the But
ture.

substance directly from the chromatogram after its separation from a mix

87
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pof:1 e‘: Better results are obtained by using the Mean of 3

scan lates rather than from a calibration cyyye or dat

umber of determinations -
on several P

a from one plate.

Fluorime try

Some compounds fluorescewhen exposed to light of 5 given wavelength. The
amount of light emitted is directly pmportlond to the amount of the fluorescing
compound. Quantitative TLC by fluorimetry may be done by:

1) Measuring the native fluoresgence after chromatrographic separation (CF).

2) Non-fluorescent compound is chromatographed then rendered fluorescent with
fluorescent spray, then the fluorescence of the compound is measured (CRF).

3) The compound is rendered fluorescent, chromatographed, then the fluorescence
measured (RCF).

4) The compound is chromatographed then fluorescence quenching measurement
is taken (CQ).

5) The compound is reacted, chromatographed then fluorescence quenching
measurement (RCQ) is made.

6) The compound is chromatographed, reacted then quenching measurement
(CRQ) is taken. Measurement of fluorescence is done with a fluorimeter.

Factors to be considered in fluorescence measurements are:
a) Wavelength of exciting light. This should give a linear relationship between area
of peak and amount of fluorescent compound.
b) Effect of adsorbent on the amount of fluorescence.
¢) The moisture content of the layer.
d) The size of spots in fluorescence quenching measurements inasmuch as only a

fraction of the depth of the spot is used in quenching, hence, it is imperative that
siz

¢ and loading volume of spots be consistent.

Fluorescence measurements are sensitive and measurements can be made in the
fanogram range ip contrast to the microgram range in density or reflectance hes
Surements, Algo relative standard deviation of 4% to 6% on tl.1e same plate and 8.6%
° on different Plates when conditions and techniques which are carefully stand-
Zed are obtainapje.

. Orhe s ; ed
Cident |, nt li_iyer vertically with the slit sharply foc::o a certain depth and then

tat. v " 2::1 Sirikes the adsorbent layer PeneUC s rolected light which
®aches absorbed is reflected or scattere

e . . .

tasuring System (photomultiplier) 1 measure
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The ways of carrying out reflectance measurements f“:e: ‘

1) remove ihe spo:ryand together with sufficient adfimonal adsorbent to give a
constant weight; intimately ground and pack uniformly in a cup or tell ind measure,
A blank consisting of adsorbent treated in the same manner is also measured. This
method is more time-consuming but is more precise. . )

2) measure directly the spot. This method is not greatly influenced by l.ayer thick.
ness but needs standardized coating procedure for uniform .and reproducible plateg
It also needs a white background beneath the layer during measurements. Thijg
method was found to give standard deviation of 1%-5.3% on the same chrom.atogram
and 4%-6% on different chromatograms under carefully standardized conditions, A
modified method which tends to reduce systematic errors due to chromatographic
parameters that influence reflectance value as a function of varying Rf values, is the
in situ reflectance spectroscopy. This uses the principle of data-pair wherein the
reference and standards are spotted in such a way as to give a pair for each con-
centration with spots 1/2 plate width apart. An average of 4 readings are taken per
spot (2 forward and 2 backward scans in the direction of chromatography).

Spot Area Measurements

Measuring spot area is another means of TLC quantitation. This is usually done
by (1) taking the area with a planimeter, 2) photographing and then cutting out the
spot and weighing, 3) transferring to a square millimeter paper and counting the
squares. Among these, the planimeter gives the best results,

The relationship between area and the amount of compound has been the sub-
ject of considerable discussions. A straight-line relationship between the area of the
spot and the quantity of substance was found by Petrowitz in his studies of some
insecticides and Seiler in the determination of inorganic lons. Aurenge, et. al. in their
work with phenols obtained a straight-line relationship by plotting the square of the
surface area against the weight of the sample. Purdy and Truter obtained a linear
relationship between the square root of the area and the log of the weight of the
compound in their examination of sixteen different compounds. Others not ob-

taining strictly linear curves had to take a compromise by using only those short
sections of curves which obeyed a linear relationship .

Nybom, who investigated the relationship foungq that different relationships
existed between area and weight of materia] with a different layer thickness. A thin
layer gave a linear relationship between log weight and area ya . lt; ‘;Sﬁ ) r be-
tween weight and square root of the area. He also discovered ?}r:- ° 1;1 .dZ? sent
also affects the area-weight relationship as revealed in hig study Ofd:l;'rl:il:wlzmb ag

Spot area measurements wherein the are; !

gl areéa and wej : e used for
quantitation is not the most accurate way fo, TLC plil;:\lebljtlonshlp o Ubed;e
answers in the absence of more elaborate eéquipment S ¢ can provide 3o
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dioactve Methods
Re

o tances or radioactive |ahe
vm:ntritvation may be done by Autoradlography,

TLC'al?:ing of radioactive chromatogram.

or 8¢

In autoradiography, an Astay .fllm 'S eXPosed to the developed chromatogram
4 the developed film is scanned with a densitometer.
an

lled com

: pPounds separated by
Liquid §

cintillaton Counting,

[n Liquid Scintillation Counting, sections of the

: . ‘.. adsorbent is transferred from
she chromatogram into vials and added with scintillator

and counted.
The third method uses a radiation dgvice (Thin-win
flow Geiger-Muller) producing a signal which is recordeq
reponding to the separated comp ounds.

dow Geiger-Muller mbe. gas
o g@ive a peak or peaks cor

Factors to be considered when doing radioactive TLC are:
minimize error, scan speed should be such that a high count is obtained This there
fore, necessitates slow scanning, b) Detector Voltage — the g flow detector re-
quires a high voltage. The magnitude of the response from the detector and hence.
detector efficiency, varies with the applied voltage. The optimum voltage can only
be determined experimentally by plotting the voltage response curve when used
with a radioactive source. Response increases with v oltage until a plateau is reached,
then with further increase, instability occurs due to the arching of the detector. For
maximum efficiency and instahility the voltage should correspand to the center of
the plateau. The voltage of instability depends on the level of radicacuvity (lower
for samples of high activity). ¢) Detector Height — Detector height affects peak
height, peak width, and peak area, hence, must be maintained at ¢ onstant. d) Ne tec-
tor Efficiency — The efficiency of a detector is the ratio of the number of counts

mor&d per unit time [0 the nun‘wr Of B—pal‘l’i(‘lt‘s entt\r“\g [ht‘ &‘n&“i\“l\ \-\\lu“\(\
the detector per unit time.

a) Scan Speed — to

of

n the scanning of radioact

I ive TLC some of the requirements to produce opti-
m
Um results are (1) a low scan

be speed, to enable the maximum number of counts 1o
disrecorded (2) a narrow slit for maximum peak separation, and (3) the minimum
erfyn_nce between chromatogram and detector, to improve resolution and detector
IClency,

thin l'Ihem are other, newer methods techniques which are modifications of the
chr(;;:yer Scanners ang detectors but the basic principles of quantitative thin-laver

atogry : ' snes of the pifalls w “on-
tribuge g(r)f:up Y Temains the same and hence, awareness of the pitfalls would con

Y In the reduction of error.

. CONCLUSION

A 'Om R . SN N \
Wide Wplic _('."Umhor of published articles in this subject, one can visualze the
¢ muy, (labxhty and Popularity of this technique. Butn undertaking such analvsis

& 9 - N n s \ N STy
ny ni quy, " into cansider tion the nature of the substance o be analvsed,
ang o1 Pulative 1o ation t i s the equipmant available,
abj) . . alom 1
: actor o And technique of the operatom,

- lactor, o ountt he must assess the meniis
Mative Meth, ha Mg all these factoms into ace

I, & to obtain the desired accumed
|

Q\-h“k.‘. n
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