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The introduction of high-performance adsorbent layers to thin-layer chro- 
matography has necessitated improved methods of sample application in order to 
realize fully the resolution, sensitivity and speed achievable with this quantitative 
analytical technique. Systems utilizing microcapillary pipettes are capable cf main- 
taining minimal sample spot diameters; but when the solution viscosity is high or the 
concentration of analyte is small, this method of delivery may be impractical .or may 
require a large number of serial applications to the same spot. The process described 
in this paper enables -tapid concentration of sample solutions of up to 50 ,uI with 
transfer of the residue directly to the plate resulting in spot diameters as low as 
0.1 mm located with excellent precision. Multiple samples are applied simultaneously, 
and the densitometric measurement of separated components is highly reproducible. 
The method is particularly valuable in dealing with samples of biological origin 
where concentrated extracts are too viscous to permit delivery by micropipettes. 

JMTRODUCfION 

Sample application is perhaps the most critical and often the most time- 
consuming step in thin-layer chromatography_ If optimum resolution and setisitivity 
are to be achieved, the spot diameter must be held to a minimum which usually 
requires the deposit of a small volume of concentrated sample or repeated applications 
of dilute solution to the thin-layer p!ate. Concentrated solutions, particularly those 
encountered as extracts from biolo@al materials, may be too viscous to permit the 
use of micropipettes or syringes, and a succession of applications of more easily 
managed dilute solutions is tedious at best and may even result in damage to the sur- 
face of the adsorbent layer through repeated contact with the tip of the pipette or 
syringe needle. Alternatively a solvent may be used in which the components of the 
sample exhibit a very low RF_ This.may indeed minimize spreading of the spot, but 
such a solvent is $recisely the opposite from considerations of’ polarity. and 
solubility than would normally be chosen for quantitative delivery of sample 
material. 



If the major im,pediment to efFieient and quantitative application of sampIe is 
the sample solvent, then it would appear that removal of solvent prior to 
spotting would o&r a significant improvement in preserving small spot diameters. 
A technique and apparatus for accomplishing solventfess sample application has been 
developed which permits quantitative transfer of residues of several samples simul- 
taneonsly to precise locations on a thin-layer plate. 

DE!SCEZETiON OF THE TECHNIQUE 

This method of sample application, referred to here as “contact spotting”, 
consists essentially of evaporation of measured volumes of sampie solution in 
depressions formed on a non-wetting, polymer Slm. Once the solvent is removed, 
the residues are transferred from the Gim to the adsorbent layer of the thin-layer plate 
by bringing them into contact_ The process itself is thus quite simple, but an 
appropriate surface must have certain requisite pro_perties. Obviously an inert 
surface is necessary which wiil not contaminate or irreversibly absorb the sample 
material_. The surface must also be non-wettable by the common application 
solvents in order for the deposited solution to form a droplet which will remain 
coherent and symmetrical during evaporation of the solvent_ In addition, the 
sample residue must not adhere to the surface in order for transfer to ffie thin- 
iayer plate to be quantitative. 

A fluorocarbon polymer fihn with a thin coating of a perfluoroalkane 
fluid,’ which is insoluble or sparingly soluble in most common solvents, provides a 
unique surface which embodies ah of these requirements for the contact spotting 
process. In addition, the pliability of such a film allows formation of depressions 
which determine the Snal position of the sample residues and thus permits transfer 
to the thin-layer pIatF at precise locations. 

APPARATUS 

A number of preliminary designs for the spotting apparatus were in- 
vestigated incorporating various geometries for fixing accurately the position of 
concentrated -sampie residue. This was not an insignificant problem, because a 
drop of Liquid on a surface of minimal friction is easily disturbed by the gentlest of 
external stimuli- However, an arrangement which proved to be quite reliable in 

practice for the appiication of samples to 10 x 10 cm high-performance thin-layer 
chromatographic (HPTLC) plates is shown in Figs. 1 and 2. 

A 2.54 cm wide strip of fluorinated ethylene-propylene poIymer (FEP) 
Shn (0.025 mm thickness) coated with perfiuorokerosene or a similar perfiuorinated 
fluid is placed over a series of cylindrical pistons. inserted in a fiat plate. Each 
piston is capped with a silicone polymer septum S mm in diameter in which there 
is a central orifice 0.8 mm in diameter. With the seph flush with the surface of the 
plate vacuum is applied to the or&es of the sept~ which form small, welLdefined 
dimples in the film. When the pistons are lowered slightIy below the surface of the 
pIate, the fiIm is deformed into shallow depressionsin which the smaIl dimples are 
maintained. Each depression is of sufhcient size to re&ive at least 50 ~1 of sample 
solution. 
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Fig. 1. Contact spotting apparatus for 10 x 10 cm HPTLC plates. 
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Fig. 2. Diagram of piston arrangement for forming depressions in film surface. (a) Vacuum applied 
to septum creates small central dimple. (b) Lowering of piston forms larger depression to hold sample. 

With the apparatus covered, a gentle flow of nitrogen is passed over the 
samples facilitating evaporation of solvent. Once the solvent is removed, the residues 
are located in the central dimples as shown in Fig. 3. A thin-layer plate is then 
placed adsorbent side down over the sample positions and held fkmiy in place. 
The vacuum is replaced with nitrogen pressure of approximately 1.5 atm which 
forces the dimples upward and al1 samples are transferred to the adsorbent layer 
simul+aneously_ 

The septum orifices are located on 1.2-cm centers which will yield 8 linear 
spots on a IO-cm plate with the outer spots 8 mm from the edges. A movable 
guide allows the plate to be offset by 4, 6, or 8 mm from the starting position 
allowing additional samples to be spotted between the original samples to give 15 or 
22 spots on one edge of the plate. 
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Fig. 3. (a> F&n surhce with central dimpk. (b) Sample dropI& located in depression_ <c) Sample 
residue after solvent evapo.cation. ;Id) Residue transfer to TLC plate_ 

EVALUATION A&D DISCUSSION 

Although HPTLC plates (Silica gel 60, E. Merck, Darmstadt, G.F.R.) were 
used throughout these initial evaluations, it should be emphasized that contact spotting 
is applicable to any process requiring deposition of sample on an adsorbent sur- 
face. HPTLC, however, is particularly restrictive with respect to the size of ffie 
original sampIe spot, and it ‘herefore furnishes an excellent model for testing 
methods of sample application. 

It is generally accepted that the starting spot diameter in HPTLC should be 
no greater than 1.0 mm1 and Kaise3 suggested that values for 6,, the starting peak 
width at hah-height plus diffusion widening which would occur during the cbro- 
matographic run, should be on the order of 0.1 mm. Upon calculating the dosage 
volumes required for such low values of b. on HPTLC plates of 0.19 mm adsorbent 
thickness, he concluded that only volumes below 10 nl ‘were compatible with 
HPTLC. If the sample solvent couid be selected to produce an RF of Iess than 0.1 for 
the least polar component of the sample, then dosage volumes of I00 nl might 
be tolerated. If larger volumes are required, as would be the case when dilution is 
needed to lower the viscosity of the sample solution to a point permitting 
delivery from a lOU-ni pipette, then a proportionately greater number of applications 
must be made to the same spot. A volume of 1 ,ul would thus require 10 successive ap- 
plications of sample solution, a number that is not impractical but would certainly 
increase the possibility of sampling error- 

In contrast to deposition of samples in solution the spot diameter attainable 
with the contact process is determined solely by the volume of non-volatile sample 
components. It should be mentioned, however, that there may exist limits to the 
minimum spot size depending on the particular sample material. Some compounds 
tend to crystallize out as the solution becomes increasingly concentrated, and transfer 
of these solids may not be compIet.ely reliable_ This problem may be solved by 
add@ to the soiutfon a minute amount of a non-volatile liquid in which the 
sample component is soluble. For empie, precipitation of crystals of Sudan Red 6 
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was prevented by adding acetophenone (I part per 10,000) to a chloroforrrr 
solution of the dye. Evaporation of IO pi of dye so’rution containing 2.5 ng/pl 
followed by contact spotting OQ the plate produced spot diameters which were 
uniformly 0.31 mm in diameter (n = 15, SD. = 0.014) as measured by an optical 
micrometer scale. The plate was deveIoped in benzene to a distance of 1.5 cm with 
the Sudan Red G at an RF of 0.27, and a densitometric scan of the plate perpendic- 
ular to the direction of development using a Zeiss KM-3 chromatogram spectro- 
photometer is shown in Fig. 4. 

‘ 
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Fig. 4. Densitometric scan of 25ng amounts of Sudan Red G applied to HFTLC plate by cmtac~ 
spotting. Plate developed in benzene to 3.5 cm_ Scan is perpendicular to direction of development_ 
Wavelens& ulo nm; slit. 0.05 mm; aperture, 3.5 mm_ 

The examination of sample spot size was extended using lO-~1 volumes of 
chloroform solutions of Sudan Red G (0.5 ng/,tzl) containing methyl myristate at 
1:100,000 and 1:2OO,ooO dilutions. The resluhing spot diameters were 0.135 mm 
(SD. = 0.008) and 0.104 (SD. = 0.01 I) respectively. These values are consistent 
with dosage volumes of 0.1 nl and 0.05 nl considering that volumes below 2 nl will 
not penetate the adsorbent layer to the glass surface and hence the sample 
volume is hemispherical in shape. The diameters would therefore vary with the cube 
root of the volume ratio, in this case fi or 1.26, compared to a measured ratio 
of 1.29. 

The reproducibility of peak height observed in SC;LIZS such as that shown in 
the above example would indicate that transfer is cpmntitative. This was con- 
fkmed by examining sample volumes of IO, 20, and 50 ,uI of a tritium-Iabelled 
drug, desmethylimipramine (New England Nuclear, Boston, Mass., U.S.A.) in 
ethanol containing I : 10,000 octanol. The concentrations were selected to yield equal 
amounts of compound for transfer, 40 pg calculated from specific activity, after 
evaporation of the ethanol. The labelled compound was transferred to absorbent 
paper which could be divided easily for scintihation counting without the losses that 
can occur in attempting to recover adsorbent scraped from a thin-layer plate. The 
results of this experiment are Simon in Table I. The recovery of 97 oA or above is well 
within the experimental error of the sampling and counting procedure, and transfer 
could thus be considered complete- 
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TABLE I 

RECOVJZRY OF lL4DlO L.4BELlLED COMPOUNDS BY CoNTAtX SpoTfING. 

i%mqlk’. St&d-’ Trumjii-’ Percent of srambrd 
~&&me w (DPM &- ~9.0:) (DPM i S-D.) 

10 ~32544 119Q4&358 97.4 
20 11,234 6275 11,072 &4S8 98.6 
M 11,532 f 217 11,574 * 200 100.4 

l Zkdutioas prepared to contain equaI amounts of PHldesmethyJ~. * eHCI@Omdper 
total vollime. 

mm Dkintegrations per mioute of sampIe applied directly to ahsorbed. 
*** Disintegrations pet minute of s-ample applied to zbsorbent by cby-trazder. 

Addition of non-volatile solvent is rarely necessary when dealing with 
materials of biological origin, because extracts of these samples usually contain 
relatively large amounts of residue. Although such components are a limiting factor in 
achieving minimal diameters, spot sizes experienced in assays of blood plasma for 
therapeutic drugs, for example, were quite compatible with HPTLC techniques. 

Table II summarizes data obtained from blood plasma samples containing 1, 
5, and IO ng/ml concentrations of the phenothiazine drug, chlorpromazine. Extracts 
of l-ml volumes of plasma containing 10 ng methyltrimeprazine as internal standard 
were dissolved in MO-~1 volumes of heptane-5 % isoamyl alcohol, and SO-p1 aliquots 
we_= pipetted into the depressions of the contact-spotting apparatus_ After solvent 
evaporation and sample transfer to the HPTLC plate the resulting spots were on the 
order of 1 mm diameter. The plate was develo_ped in ethyl acetate-acetone- 
dietbylamine (30:20:0.1) to a distance of 3.5 cm and after drying was exposed to 
nitric oxide vapors which form pale yellow derivatives with phenotbiazine drugs. 
De&tome&y was performed in the reflectance mode at a wavelength of 380 run. 

Peak height ratios of the chlorpromazine to the internal standard exhibited 
excellent reproducl%ility at the three concentrations. Attempts to perform *&is assay 
at these low concentrations utilizing micropipette sample spotting were for the most 

TABLE II 

PEAK HJZIGHT RATIOS- lN HFTLC ANALYSIS OF CHLORPROMAZINE 
PLASMA 

_ Ch.brpronrazifze concentratlbn (nplml) 

1.0” 5.0 IO.0 

IN BLCOD 

0.134 
0.137 
0.’ 16 
0.114 
0.112 
0.111 

0.523 
0.547 
0.573 
0.50 
0.538 
0.541 

Average 0.121 0.546 
S.D. 0.012 0.015 
c-vi (%) 9.7 28 

0.989 
I.011 
0971 
0958 
0973 
0936 

-- 
0.973 
0.026 
26 

- Ratios of CbIoiipromazine peak height i0 methyItrimepr2zine (internal standard) peak height. 
l = liriear regxssion anaIysk of 18 samples yklded a correlation caeEk&t of 0_997_ 
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part unsuccessful because of unacceptable variability of the observed peak height 
ratios due in part to the viscosity of the sample extract preventing reproducible 
delivery. 

CONCLUSIONS 

The advantages of contact spotting can be summarized as follows: 
(1) Large volumes of sample solution (50 pl or more) may be employed. 
(2) Many samples may be spotted simultaneously_ 
(3) Spotting is quantitative and therefore highly reproducible. 
(4) Spot diameters are sutliciently small to be compatible with HPTLC 

techniques. 
(5) SampIe transfer by the contact process distributes pressure over a large 

enough area to prevent damage to the surface of the adsorbent layer. 
Perhaps the most important feature of this process, particularly in those areas 

of analysis requiring routine examination of large numbers of samples, is the speed 
with which the samples can be applied to the thin-layer plates. The evaporation of the 
solvent, which is for the most part an unattended operation, requires only a few 
minutes, and the actual transfer of the spots is accomplished- in seconds. The 
rapidity with which TLC and especially HPTLC can separate multiple samples 
simultaneousIy is well known, thus the potential of this analytica technique can only 
be further enhanced by accurate, fast sample introduction. 
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