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Chromatography is a separation method based on the principle that compo 
nents of a mixture can be separated from one an other and concentrated in to z ones 
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. 
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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 

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 cen tury. 
Meinhard and Hall, Kirchner, Miller and Keller later devel oped the method which 
then found use almost exclusively in the separation of terpenes. E. Stahl standar d 
ized the procedure in 1958 and showed chemists its wide applicability. 

TLC at present has found good use for separating not only liphophilic su bstan 
ces but also hydrophilic compoun ds. 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 
be accurate inasmuch as under identical condi tions the quan tity of su bstance present. 
In the final spot should be in a fixed ratio to the quantity applied in the initial or 
Starting spot. Also the patterm of distribu tion in the final spot sh ould be constant so 
Lnat the ultimate measu rement should accurately represent the amount of su bs tance 
Onginally applied. But in practice this is not so. Studies show that there are three 
Phases in layer chromatography where errors can arise. "These are 1) in the pro 
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duction of initial spots, 2) in the transl ocation of the su bs tan ce from the initial to 
e inal spot, and 3)) in the treatment of the final spot and su bsequent measure 

ment. 
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Information gathered through studies of this phase in layer chromatography with the use of radioactive substances (radioactive gluc ose, tyrosine, morphine, 

etc.) showed errors ranging from + 6% to + 20% for individual measuements. 

A PRODUCTION OF THE INITIAL SPOTs 

Eomation of initial sports are commonly done in volume of 5, 2, or 1 ul usine 

syringes and micropipe ttes and recently, automated devices which measure and in-

iect the samples. Examin�tion of the process of delivering the required volumes 
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 fromn 1.2% to as high as 53.4%. Using operators ex 

perienced in applying samples with the various instruments, errors as high as + 25% 

were registe red. 

The *creep back" effect was studied by observing with a lens the delivery of 

rops from the needle of an Agla syringe by free fall. It was noted that from time to 

time an accumulating drop suddenlly slipped up slightly from the point and wnen 

the drop finally fell a certain amount remained on the stem. This "creep bacK 

etect was cumulative and sometimes a sizeable volume remained on the stem 1or 

some time and unpredictably disappeared with the succeeding drop. This varied with 

solvent used but was particularly noticeable with me thanol. It was observed that 

when delivering methan olic morphine, crystals of morphine would form a mark on 

the stem. Creep back would somet times increase this mark appreciably but again un-

expectedly a creep back would reach the mark and redissolve the crystals and cary 

it with the drop. 
Another source of error arises from the fact that a measured drop 

may not 

al ways fall freely from the end of a needle as its weight may not be sufficient to 

Overc ome surface tensi on. Touching the drop on the surface of the ads orbent was 

found to cause a withdrawal of fluid from the lumen of the needle by 
capillarity 

which then would sometimes require 0.6-0.8 ul of solution from the 
barrel of the 

sy ringe into the needle before the succeeding drop appe ars. This effect varied 

cording to the bore of the needle and time of con tact wi th the adsorbent. 

gested that (a) needle tips be coated wi th silicon, (b) the tip of the 
dispensing needk 

To minimize errors ensuing from the formation of the initial 
spots, it is sus 

should be as fine as possible, (c) the tapere d ends are bent till they are at right angles 

to the long axis and (d) an automatic device, which delivers small 
volumes by rapid 

ejection or by throwing, thereby forcing small drops to be forced on to 
the 

adsorbent 

with out touching the surface, be used. The use of au tomatic injecting 
devices were 

found to give a coefficient of variation of t 2.5%. 
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starting line. 

B TRANSLOCATION OF THE SUBSTANCES FROM 
THE INITIAL TO THE FINAL SPOT 

Errors during this phase of layer chromatography have been attribu ted to 

(a) lateral ditfusion of solutes during the run, (b) variation in the structure of dif-
ferent sheets or layers, (c) variation from tank to tank and (d) retention on the 

Variation from tank to tank can be eliminated by always using the same tank 

in identical conditions such as keeping it in a con stant temperature ba th 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. 

Erors occur when varying amoun ts of solute diffuse out of its normal pathway 

iing the un. This was found pronounced when run ning 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 chromato graphed even with varying 
distances between spots of 4 to 30 cm. Coefficient of variation was only about 
1.26% 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 interterence 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. 
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Studies on variation be tween sheets or layers have been found more pro 
nounced in TLC than in paper chromatography. Morris on and Orr. Fairbairn and 

Duwal and Fairbairn and Wassel, have reported that the slope of the regresion line 
telating to the measurement of the final spot with the quantitates applied to the 

Ors were consistent within one sheet or layer but were not identical with 
use trom others even when onerated under similar conditions. It was also noted 
that deviations between spots measure on the same plate was less than the deviation 

be tween spots on different plates. 
are dried vigorously Regarding retention on the starting line, it was observed that if the initial spots 

Some of the solutes are irreversibly attached to the layer. 
This could be avojded by drying the initial spots in a current of cold air. 

The de gree to which the type of adsorbent and the specific surface area affects 
qu antitative measurements Was stu died by separating a series of mixtures of dif. 

ferent adsorption 
The Technician 

energies and different abili ties to form hydrogen bon ds on di 
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ferent ads orben ts with different specific surface areas. The results obtained showed that: 1) The same su bstances on different types of adsorbents gave different spot are as and different peak are as. 2) The size of the sp ots decreased with an incre ase in 

the specific surface area of adsorbe nt. Chan ge s in spot are as were more pron ounced with adsorbent of specific surface areas less than 200 m2/g, attributed to the 
sence of high adsortion interactions which cause the mobile phase to inducn 
greater diffusi on. 3) The spot size depends on the specific surface area of adsorbent. 

in agreement with the ability of solvents to form hydrogen bon ds, 4) The Peak A 
depends to a great extent on the adsorbent used as the staionary phase -highest fo 

relatively small specific surface are a. 5) The Peak Area values of isomers denendo 

their structure. 

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 su bs tance from the 
adsorbent bef ore quan ti ta tion where as the present practice is to relate the sizes or 

some function of the intensi ties of the spots to the weigh ts of material con tained 

in them. 

Elution Technique 

The most accurate results in quan titative TLC were obtained by eluting the 

componen ts analyzed from the ads or bent with a suitable solvent followed by spec 
trophotome tric or colorime tric measu rement. 

Elution technique requires that comp on ents are separated into clearly defined 

areas which can be removed quanti tatively from the plates, elu te d, and estimated. 

The areas in which the equired adsorbe d compound is located is carefully 

scraped and tran sferred 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 adsorbe nt 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, speciro 
photometry, colorimetry, flourimetry, polarography, or radiometry. 

The gravime tric method in which the residue is weighed af ter evaporation 

the eluting solve nt is found to yield poor results and tends to give high resuls. 

sible sou rces of error are: (a) extraction of other substances from the adsorbent, 

(b) the amount is too little for accurate me asu rement in balances hence needs a 

special microbal ance and (c) the subs tance may not all be extrac ted. 

Quan tita tion by spectrophotome tric methods may be undertaken by direct 

by indirect me asurements of non-absorbing specie by first re acting the 
substance measurements in the ultraviolet or visible wavelength range for absorbing 
species or 

with a suitable chromoge nic reagent before measurement is taken. 
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Densitome try 

Donsitome try is a method where by the intensity of color of a substance is chromatrogram: This method was first used for measuring 
measured directly on the 
amino acid concen trati ons in bands separated by electrophoresis and then on paper eomatograms of amino actas, Sugars and steroids. It is faster than elution me th ods 
but is affected by a number of factors which are not encountered in solution densi-tome try for colorimetry. 

Densitome tric TLC may be performed indirectly. The chromatogram is photo graphed or photocopied and the photograph scanned. 
In both direct or indirect densitometry the parameters that one must consider in relation to precision and reproducibility are those relating to the ins trument and 

those relating to the chromatogram. 
The basis of the de termination is that of measu ring 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 
am ount of substance present in the spot. For precision and reproducibility the fol 
lowing instrumental parameters are made c ons tant: 

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 
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To achieve optimum results the colored substance must absorb as much of the 

incident light as possible and the bac kground as little as possible. The ch oice of the 
incident light depends on the material scanned. 

b) Aperture- The shape and size of the spots are the main fac tors to be con 
Sidered when selecting the most suitable anerture. Some investigators have found a 
Crcular aperture of 1 mm diame ter best, but others have found that a slit aperture 
Bave better results and that a lower coefficient of ariation was obtained when the 
slit length was smaller than the width of the spot. 

C) Position of Slit in Relation to Spot - It is recommended that scans be run 
e real peak maximumn, To do this it is suggested that an initial scan be made and 

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

a) Method of Scanning - Scanning the spot may be done by reflectance or by 
light scatte ring by making the adsorbent as transparent as possible. 
transmittance meth od. In transmnittance me thod attempts must be made to reduce 

e) Director of Scan ning - The spots can be scan ne d al ong the line of develop-
ment or perpendicular to it. The choice depends on the nature of the ch romato-
gram. In scanning parallel to the direction of development, the baseline may not 

return to the 
center or the same level, This 
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happens if the solvent leaves a narrow tail in the 

spots are not completely the Sep arate d spots. Generally, 1t is advantage ous to scan in both directions and separated or impurities are deposited be tween 
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azerage the two results. 

It should be noted that when scanning a spot with a recorder fitted with 
integrator which automatically gives a count proportional to the area of the cure 
an error is incurred when the recorder does not returm to the original baselino 
Furthemore, it should be remembered that when scanning vertically or horiz on tal. 
Iy, care must be taken that the beam of light passes through the center of the spot. 

) 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 rlate 
carrier for all observation s of a particular de te rmination. 

The above pertains to instrumen tal parameters which must be fixed or set 
constan t. But what about the parame ters related to the chromatogram? These 
factors associated with the colored su bstance 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 qu an tity of su bstance on the absorbent and its relationship to the 
background adsorbent. If the su bstance is colored and the background is white the 
measured color inte nsity 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 follo wing conditions have to be observed; (a) the 
colored product must not diffuse out into the surrounding area, (b) the am ount 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 le ave the back 
ground white or at least be as contrasting as possible with the spot, There might be 
also a time factor inv olved 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 chan ge had become insignificant. 

Other factors involved are (a) the variation of peak ae as with sh ape, size, a0 
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 æparation pr 
cess, (d) variation of peak area with the thickness of adsorbent laver, (e) variatiou 

of peak area with moisture con tent of the adsorbe nt layer. A change of 3% in te 
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 
su bstances in the mixture other than those being examined. In an artificial mxtu 
of 4 alkal oi ds, the coefficient of variation was about 5% but ex amining plant mak 

rial containing 2, 3, 5, 7, and 11 alkaloids found that with 2 or 3 alkaloids the co 

efficient of variation was less than 4% but with 7 or 11 it Was up to 10% or higher. 

Densitometry is a quick and reliable method for de termining the amount 

su bstance directly from the chromatogram af ter its separation from a mixture. But 
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care 
should be taken in the preparation of the chromatogram and in developing the colored complex since the reproducibility and precision depends alm ost entirely 

scanned. Better results are obtained by using the mean of a number of determinations 
upon the acctual nature and distribution of the colored complex at the time it is 
on several plates rather than from a calibration curve or data from one plate. 

Fluorime try 

Some comp ounds fluoresce when exposed to light of a given wavelength. The t of light emitted is directly proportional to the amount of the flu Or escing compound. Quantitative 'TLC by fluorimetry may be done br: 
1) Measuring the native fluorescence after chromatrographic separation (CF). 2) Non-flu orescent compOund is chromatographed then rendered fluorescent with fy orescent syray, then the fluorescence of the compound is me asured (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 fluorime ter. 

Factors to be conside re d in fluorescence measurements are: 
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a) Wavelength of exciting light. This should give a linear relationship be tween area 
of peak and amount of fluorescent compound. 
b) Effect of adsorbe nt on the anmount of flu orescence. c) "The moisture content of the layer. 
a) The size of spots in fluorescence guenching measurements inasmuch as only a 
fraction of the depth of the spot is used in quenching, hence, it is imperative that 

SIZe and loading volume of spots be consistent. 
nan ogram range in contrast to the microgram range in density or reflec tance mea-

Fluorescence measuremen 1ts are sensitive and measu rements can be made in the 

19ets. Also relative standard deviation of 4% to 6% on the same plate and 8.6% 127% on different plates when which are carefully stand 
ardized are obtainable. conditions and techniques 

Reflectance Measurements 
the adsorbent layer vertically with the slit sharply focused onto the spot. The in-

lh eflectance measurements light of preselecte d wavelength is made to strike 

that which is not absorbed is reflected or scattered and the reflec te d light which 
cident beam which strikes the adsorbent laver penetrates to a certain depth and then 

reaches the measuring system (photomultiplier) is measured. 
The Technician 
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The ways of carry ing out reflectance measu rements are: 
1) remove the spot and toge ther with sufficient addition al adsor bent to give a 

constant weight; intimately ground and pack unifomly in a cup or cell and measure. 
A blan k consisting of adsorbent treated in the same manner 1s also measured. This 
meth od is more time-consuming but is m ore preciSe. 
2) measure directly the spot. This method is not greatly influenced by layer thick. 
nes but needs standardized coating procedure for uniform and reproducible plates 
It also needs a white background be ne ath the layer during measuremen ts. This 
method was found to give standard deviation of 1%-5.3% on the same chromatogram 
and 4%-6% on different chromatograms under carefully standardized conditions, A 
modified method which tends to reduce systema tic errors due to chromatographic 
parameters that influence reflectance value as a function of varying Rf values, is the 
in situ eflectance 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 back ward scans in the direction of chromatograp hy). 

Spot Area Measurements 

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

The relationship between area and the amount of compoun d 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 de te mination of inorganic ions. 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 Tru ter obtained a linear relationship between the square root of the area and the log of the weight of the compound in their examination of six teen 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 found that different relationships existed between area and weight of material with a different laver thickness. A thn layer gave a linear relationship between log weight and area and a thick layer be tween weight and square root of the area, He also discovered that visualizing agent also affects the area-weight relationship as revealed in his study of alamine. Spot area measurements wherein the area and weight elationship is used Tor qu an ti tation is not the most 
answers in the absence of more elaborate equipment. 
The Technician 
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Redioactwe Methods 

With radioactive substances or radioactive labelled compounds separated by TLC, quantitation may be done by Autoradiography, Liquid Scintillatio n Counting. or scan ning of radio active chromatogram. 

and the developed film is scanned with a densitometer. 
..atoradiography, an A-ray iim 1s exposed to the developed chrom atogram 

the chromatogram into vials and added with scintillator and counted. 

I Tiouid Scintillation Counting, sectons of the adsorbent is transferred from 
thind method uses a radiation device (Thin-wind ow Geiær-Muller tu be, gas AeCeiser-Muller) producing a signal which is ecorded to give a peak or peaks cor eponding to the separated comp ounds. 

Factors to be conside red when doing radioac tive TLC are: a) Scan Speed to minimize error, scan speed should be such that a high count is obtaine d. This there fore, necessi tates slow scanning, b) Detector Voltage - the gs flow de tector e auires a high voltage. The magnitude of the esponse from the de teetor and hence, detector efficiency, varies with the applied voltage. The optimum voltage can only be determined expe rimentally by plotting the voltage rsponse cure when used with a radioac tive source. Resp onse incr ases with volt age until a plateau is reached, then with further increase, instability occus due to the arehing of the de teetor. For maximum efficiency and instability the voltage should corrpnd to the center of the plate au. The vol tage of instability depends on the level o� radiacivity (lower for samples of high activity). c) Dete ctor Height - Detector he ight affects peak height, peak width, and peak area, hence, must be maintained at constant. d)Det tor Efficiency - The efficiency of a de tector is the ratio of the number of counts recorde d per unit time to the number of Bparticles entering the ensitive volume of the detector per unit time. 
In the scanning of radioactive TLC some of the requiements to produe opti um esults are (1) a low scan speed. to enable the maxinum nunmber of ounts t0 Oded (2) a narrow slit for maximum pesk paration, ad (3) the mìinimum distance between chromatogram and detector, to improe rsoution and detector efficiency. 

S7 

thin-layer scanners 
There are other, newer meth ods/techniques which aN moiicatins of the 

the 

and chromatography remains the same and hence, awarnes t the pittalls wwukd m-tribute greatly in the re duction of error. 
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de tectors but the basic principles of quantitative thìn-laver 

From the number of published articles in this subject, one can visualize the wide applicability and popularity of this technique. But in uncrtaking such analvSis one must always take into Conside ration the natur of the su ls tanv o te analvzed 
and the time factor. Taking all these factos into account he must asseRs the meris 

manipulative ability and technique of the operatoN, the equpment aN ailabe. of 

altermative methods to obtain the desired accurey. 

CONCLUSION 
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