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SUMMARY 

The various technical problems encountered in the use of chemically bonded 
silica in thin-layer chromatography (TLC) are discussed_ Whiie the use of alky! 
grafted silica offers ail the advantages of reversed-phase systems for use in TLC, some 
practical difficulties arise because polar solvents do not compktely wet the modified 
surface. Water-alcohol mixtures with water concentrations above 30% migrate very 
slowly within the porous layer, resulting in prohibitively long analysis times. Migration 
over distances exceeding a few centimetres becomes erratic and poorly reproducible. 
Other problems are encountered with sampling and detection. 

The plates are very easy to use and permit extremely good separations that 
were previously very difficult to achieve, especially for polar compounds. Some 
examples are given. The preparation of samples is especiahy easy as aqueous solutions 
need simply be diluted with methanol. 

INTRODUCTION 

The practical applications of reversed-phase (RP) liquid chromatography are 
becoming more numerous and more important in column liquid chromato_maphy 
than those of normal chromatography, because the development of chemically 
bonded phases offers a set of stationary phases that are easier to use and more reliable 
than physically coated supports. Urger and Giesel showed recently that chemically 
bonded phases are well suited for the analysis of polar and complex substances 
because they are sefective, the retention can he adjusted rapidly by appropriate change 
of the composition of the mobile phase, these changes can be made quickly, they 
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are tolerant to experimental abuse and are a good tool for the characterization o! 
substances. 

Analysts have been willing to use the same material in thin-layer chromato- 
graphy (TLC) and, as an example, we have previously described the separation of 
alkylpyridines on RP-18 ‘s3. Unfortunately, the plates prepared without a binding 
agent were very fragile, turning into a cloud of dust in a light draught of air, and few 
attempts have been made to carry out TLC analyses with bonded pha~$-~_ 

This difliculty has been overcome and precoated plates made with S-pm silica 
particles chemically bonded with an ethyl an n-octyl or an n-octadecyl group are 
now commercially available. 

The.use of these plates is easy provided that a convenient solution to a few 
specific problems discussed below is obtained. The main advantage over plates coated 
with plain silica particles is the need for much simpler solvent mixtures, the better 
reproducibility and the lack of infiuence of solvent demixing, at least at water con- 
centrations below about 30 %- The spots of individual components are much narrower 
and more regular and *he separation of complex mixtures is considerably easier. These 
plates are also much easier to prepare and handle than those made with silicones or 
parafhn-impregnated silica, in which case the silica surface remains polar and its 
activity is e&fEcdt to control. 

EXF’ERIbENTAL 

RI’-2, RP-8 and RP-18 TLC plates were obtained from Merck (Darmstadt, 
G.F.R.). Some KC-IS plates from Whatman (Clifton, NJ., U.S.A.) were also used. 

Some plates have been prepared successfully by a standard coating procedure 
using n+ctadecane as a binding agent. Spreading is effected by using a suspension of 
RP-1s (5pm particles) in a dilute solution of n-ocfadecane in n-pentane. Because of 
the low viscosity-f this solvent, the .&n-y tends to Alter rapidly out of the spreading 
device, so the narrowest slit is used and the thickness of the layer is only 0.1 mm. The 
solvent dries very rapidly. These plates have properties very similar to those of 
commercial plates. 

RESULTS AND DISCUSSION 

General Sehaviour of the plates 

In reversed-phase chromatography, the mobile phase is usually a mixture of 
water and a polar solvent such as methanol, acetonitrile, acetone or an ether. Such 
mixtures do not wet completely silica chemically bonded to alkyl chains, and therefore 
some problems arise in the use of these plates. 

Smnple application. The solute must dissolve in a solvent with an eluotropic 
stren,@h lower than that of the solvent used for development, in order to prevent 
excessive spreading of the original spot. The plates are hydrophobic, however, and a 
drop of a water-rich solution does not penetrate into the layer but rolls on the plate. 
In most instances methanol, which is quickly evaporated and wets the layer properly, 
is convenient for substances capable of hydrogen bonding. For less polar compounds, 
including aromatic hydrocarbons and carotenoids, methylene chloride and acetone 
are convenient. 
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We found sampling to be easier on ‘Lhe Whatman plates as they are wetted by 
organic solutions containing up to 50% of water. 

As the layer is made with 7-pm particles, it is potentially capable of a high 
efEciency6-9, provided that sample application results in narrow spots. Accordingly, 
very narrow tubes should be used and the amount of sample should not exceed 100 ng 
in favourable cases. 

Flow-rate of mobile phase. In TLC this depends entirely on the choice of the 
characteristics of the thin layer and the solvent used. It is well kr~owrr~-~~ that the 
migration distance, z, of the solvent front above the solvent level in the tank is related 
to time according to the following equations: 

where d, is the particle diameter, y and q the surface tension and viscosity of the sol- 
vent, respectively, 8 the wetting angle of the adsorbent surface by the solvent and k,, 
a parameter depending on the bed permeability, the pore distribution outside (around) 
the particles and the relationship between solvent front and bulk velocitieP. In con- 
ventional adsorption TLC, cos 0 M I with all solvents used. It is not the same with 
n-alkyl-grafted silica and cos 8 drops rapidly with increasing water content of the 
solvenP. At moderate water contents this adds to the effect of increasing viscosity 
of the solution. At higher water contents it offsets the effects of the decrease in vis- 
cosity and the increase in surface tension of the solution, at least as long as 6 is more 
than 90”, as it is obviously impossible to develop a plate when 8 is less than 90”, 
and in practice this becomes very difficult when 8 becomes smaller than 130”. 

Fig. I shows that the development time increases dramatically with increasing 
water content of acetonitrile and methanol solutions. Similar results were obtained 
with other alcohols, acetone and ethers. A 4-cm rise using methanol-water (60%)) 
on an RR-18 plate takes 90 min, which is prohibitively long. This phenomenon will 
be discussed in detail elsewhere’& but there does not seem to be any means of increasing 
the development rate even if it is possible to use water-rich mixtures_ In practice, 
development times exceeding about 20 min are too long so water concentrations 
greater than 20% in methanol and 40% in acetonitrile should be avoided. 

Reproducibility of retention aida. Silica readily adsorbs water and changes 
considerably in activity upon adsorption of small amounts of water. Accordingly, 
silica plates must be handled with caution so as to avoid exposure to moisture and 
be carefully dried immediately before use. Failure to do so results in erratic results. 
This problem does not exist with chemically bonded silica. We did not pay any 
attention to the time of exposure of the plate to ambient air, but nevertheless always 
achieved very reproducible RF values (relative standard deviation about 2-3yJ. 
During development with water-alcohol mixtures, however, the plate must be pro- 
tected by a spacer in order to prevent adsorption of the alcohol vapour. 

Reversed-phase TLC plates can be m-used after careful washing and drying, 
unless the layer is mechanically damaged. No noticeable decrease in efficiency was 
observed on plates that had been used several times. 



Fig. 1. Tii requimi for a 4-an development d&axe on an RR18 plate using orgmic solvent- 
water raixtuw as a function of the water content (v~lume-~~. e, Acetonitrik; 0. methanol. 

Detection problems. Conventional charring procedures cannot be used because 
the organic material content of tbe plates is too high_ 

Commercial Wbatman or Merck plates are fluorescent under W illumination, 
the colours being yellow for Whatman and grey-blue for Merck plates. Spraying with 
a suitable indicator is necessag when a sampie is not xeveaIed under W light. 
Spray-&g is possl%le, however, only with solutions in methanol or acetone OF with 

Freon-type, sprays; with water or water-rick sotutions the plate is not wetted. This 
restricts drastically the number of reagents that can be used for detection. %rther- 
more, the spot shapes produced in this way are usually not convenient for quantitative 
work. Cleariy tbis field will have to be carefully studied in the immediate future in 
order to proP<de specific reagents. 

Classical de-&on is eEec&d with spectrophotodensitometers. Working with 
Merck plates we have been unable to use light transmission with t&e W lamp for 
quantitation, as is possible with silica HPTLC plates. The background absorption 
by the plate is very high and the intensity of the tra~~~Gtted light -does not permit 
accurate measure merits_ Probably the binder bas a marked W absorption. which 
prevents the use of the transmission mode. The refiection mode is well suited, on the 



other f&xi, mtcl reproducible resuk are obtained_ It is known, however, that com- 
bined measurements of reflected and transmission light give better signal-to-noise 
ratiosz5. This mode is not possible with RP plates and the sensitivi@ at present is 
poorer than that with conventiona plates. 

This study deals as much with correlation between the results obtained by TLC 
and column liq-uid chromatography as with selectivity itself, as this problem has 
ahready been largely studied in column chromatography. Retention.data are corre- 
~&xF~ according to the fohowing equations: 

R;,=logk (31 

where k’ is the column capacity factor and RF the retention factor in TLC; E takes 
into account the fact that the operating conditions are diierent in the two tcchniquesz7. 
With reversed phases, E was very close to unity. 

Nature of stationary phme. Ethyl, n-octyl and rz-octadecyl groups are currently 
available. In column chromatography, I& increases linearly with the number of 
carbon atoms in a homologous series, beyond the first few members of the seriesls. 
The same resuh is observed in TLC. Data obtained for alkylphenones, from valero- 
phenone to tetradecylphenone, using RP-18 (Merck) particles and methanol as the 
eIuent in column chromatography and TLC correlate very weli. The following 
equations were obtained: 

RP-2: R& = -1.08 f 0.0309 n @aI 

RP-8: RL = -0.86 -I- 0.0558 n Gb) 

RP-18: I& = -0.80 + 0.0711 it (SC) 

where R is the number of carbon atoms or increments in the alkyl chain. The corre- 
lation coefficient is greater than 0.995 in all three cases. 

The selcctivities for homologues, given by the ratio a = [~(n+I)/k’(n)~ (c$, 
eqn. 31, are 1.074 (RP-2), 1.14 (RP-8) and 1.18 (RP-lQj indicating that the selectivity 
increases with iucreasing length of the grafted ah@ group. This result is in agreement 
with high-performance liquid chromatographic (HPLC) resultslg~*O. 

Efict of mobile phase. Retention and selectivity depend on both the water 
content of the solvent and the nature of the organic modifier used. In reversed-phase 
liquid chromatography water is the least eluotropic solvent. Increasing the water 
content of the solvent mixture is an easy means of adjusting the retention. 

We have determined in the classical, vertical TLC mode the variation of the 
retention data of some compounds with water content. We observed, as expected, 
linear plots of R& for a large number of solutes (alcohols, phenols, esters and more 
complex compounds such as testosterone, caffeine, progesterone and fluoranthene) 
Versus the concentration of solvent in a water-organic solvent mixture. The slopes of 
ffie lines corresponding to the different solutes are very close. A 10% increase in the 
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water content yiekis a ca. 1.85 fold in- in retention (R;i inaeases by O.27). For 
very polar sohltes the EM vahxt% in- more sIow$ with increasing wa@ cx&.enL 
This result is in marked d&agreement wi& the findings 0fBiagi et da, who obtained 
a marked deviition from linearity at low acetone .concentrations, a ~bstantial 
scatter of results and a sign&ant increase in the slope of the linear portion of the 
graph with in creasing retention. Their results can easily be understood, however, as 
they used silicone oil-impregnated silk& which is a very poor system, combiig all 
the inconveni~ces of silica and of a reversed-phase system with little of the advan- 
@?+. 

Retention data (I& values) for pynzne are plotted in Fig. 2 veistcs the molar 
fraction of water, using three di5erent solvents. For other solutes, such as caffeine, 
testosterone and pro_Wrone, lines parz.Uel to those corresponding to pyrene were 
obtained, but are not reported for the sake of clarity. Pyrene was chosen because the 
& vahxes were between 0.1 and 0.90 and KM between 4-0.95 and -0.95. Outside that 
range, the experimental results were in2cza1-a~. 

Fig. 2. Variation of the retention of pyrezie with &e composition of a watcr-orgak modifier 
mixtunz 0, Methanol; 0, acetotitde; *, acetone. Hate: Merck RP-lb 

It Carl be seen that the plots for methanol, acetonitrile and acetone have 
di&rent slopes. The change in acetonitde concentration has a weak effect on the 
retentiqn, whereas a change 51 acetone concentration has a greater effect than the 
same change in methanol concentration. Thus, Fig. 2 demonstrates that a change in 
the solvent composition may mod@ the retention much more than a change in the 
water content and permits a quicker analysis. These variations are useful for adjnsting 
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the retention of a solute to the desired value in order to optimize a separation. 
Usually organic acids are analysed in conventional adsorption TLC using 

mixtures containing acetic acid. The spots exhibit strong tailing owing to adsorption 
by silica and solvent demixing frequently occurs, with the characteristic appearance 
of a second front line. With bonded phases similar solvents are used, but the TLC 
spots are circular with no detectable tailing; control of the pH of the mobile phase is, 
of <ourse, critical for achieving reproducible retention data. The best analytical con- 
ditions are achieved when the pH of the mobile phase is markedly lower than the 
p& of the acid. 

The variation of R;d for a series of substituted benzoic acids with the concen- 
tration of methanoL in a methanol-water mixture is lineaP. In these experiments 
the acid concentration in water was kept constant at 0.1 M. The retention and the 
slope of the straight line of RL verslcs methanol concentration increases when solu- 
tions of stronger acids are used. 

It has been pointed out’ that bonded phases may be slowly attacked when 
solutions of low pH are used. While this may limit the lifetime of HPLC columns, 
there is no problem with bonded phase TLC plates which are used for one run or a 
few runs only, with an amount of solution which does not exceed one bed volume 
each time. 

AppZic~tion to some anaIytic& problems 
These separations are given as an example of what can be achieved easily and 

rapidly with the new reversed-phase TLC plates. They have not been optimized and 
could certain& be markedly improved. Only photometric records of spot profiles are 
given as we are of the opinion that drawings of spots on a plate are meaninglessS. 

Seprrratiun of closely related isomefs. The separation of chlorophylls has been 
ffie topic of many paperP. It is diEcult because of the lability of the compounds and 
because probIems arise when recovery of these substances is needed. Reversed-phase 
chromatography was especially inconvenient and messy. Sherma and Latta= recently 
published a separation of chlorophyll a and b by reversed-phase TLC using Gs silica, 
and Rebeiz aud Castelfrane performed a reversed-phase HPLC separation with a 
ternary solvent. 

Using the same solvent (methanol-tetrahydrofura+water, 75:20:5), we were 
able to separate chlorophyll CI and b, and also pheophytin Q and b, which were not 
analysed by Sherma and Latta 23. Chromatograms obtained on RR-8 and RR-18 are 
shown in Fig. 3. The separation appears better on RP-8 because the I& value corre- 
Spends to the best efficiency zone of the plau?. The use of a solvent with a greater 
eluotropic strength than that chosen by Sherma and J-at&P permits the analysis of 
pheophytin Q and b. 

Separation of GGN Yellow (I, known as E III dye) rmd Yellow S (II, known 
as E II0 dye)- These are very similst compounds, as shown in the formulae. 
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Fig. 3. Separatior of plant pigments. Sokent: xnethanoLtetrahydmfuran-water (75:20:5). (a) RR18 
phte; (bj RP-g plate_ Recording with Zeiss PIMQ II, retktion mode, 1= 630~1. Piate tra~#, 
3Omm/min_ Chart paper speed, 120mmjiniu. PE&s: 1 = unknown; 2 = pheophytin o; 3 = 
pheophytin b; 4 = chlomphyil a; 5 = chlomphyli b. 

E 1 L I (I) is forbidden in food additives, but E i IO @.I) is allowed. Their sepa- 
ration is very difEkult and is usualIy carried out on the degradation products, sulpha- 
niiic and metanilic acid, respectively. These two isomers were separated on an W-18 
plate (Fig. 4) using as the mobile phase methanol-0.L M acetic acid (30:70). The 
RF values are 0.49 for E 110 and 02 for E llf. The poss%bility of spotting many 
solutions on one pIate is very convenient for the routine analysis of mmxous samples. 

Separution of secgars. Heftman@ lists about 45 references bo cbromatograpbic 
separations of sugars. A large number of systems have been used, but apparently 
none is completely sarisfactory. Celluloset6 and silkam are mainly used in current 
practice. Certainly there is a need for good reversed-phase liquid cbromatograpbic 

~~4.Separationof~owdyesE111~dE110onaaRP-18platcI3evelopmentdistanse:5~ 
Mobile phase: xnethanoi-o_1~%2aceticadd(40:60)_ W~on:~onsnode. 
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systems. As an example, ribose, arabinose and xylose are easily separated on an 
RP-18 plate with water-acetonitrile (12:88) as the mobile phase, the RF values being 
0.83,0.75 and 0.53, respectively. The separation achieved is much better than that on 
LiChrosorb M-I,. 

The detection of sugars is very difhcult. It is carried out using a solution of 
vanillin in methanol as the spray reagent. The detection and retention data are 
accurate enough only for identification purposes and a quantitative determination is 
not possible. 

Separation ofsome dyes. E 102, tartstine [sodium salt of 3-carboxy-5_hydroxy- 
IQ-sulphophenyl)-e(p-sulphophenylazo)pyrazole] is 2 green dye long used in 
mint syrups and candies, which is expected to be forbidden in the near future. Lt can be 
separated easily from the allowed E 131 (Blue Patent V, calcium salt of disulphonic 
m-hydroxytetraethyldiamiuobiphenylcarbinol), using methanol-O.1 M acetic acid 
(4050) (pH 3.5) on RP-18 plates. The RF values were 0.90 for E 102 and 0.75 for 
E 131. 

Separations of these dyes on celhrlose28 and silicazg have been published. In 
these instances the dye must be extracted first from the syrup with an organic solvent. 
If a reversed-phase system is used, a sample of the product for analysis of the dyes 
need only be diluted with methanol, which is much simpler. 

Separation of some acid mixtures_ Oleic and linoleic acids are well resolved on 
an RP-18 plate using as the solvent system methanol-O.1 M acetic acid (70:30). This 
allowed the direct chromatography of fatty acids extracted from srmflower oil. It was 
seen on the plate that the saturated Cl6 (pahnitic) and CXB (stearic) acids are only 
minor components. They were detected by spraying with a molybdophosphate 
solution_ 

The use of a reversed-phase system is again 2 notable improvement over the 
conventional TLC analysis with silica, which requires the conversion of the acids into 
methyl or benzyl esters prior to the separation50. In the present method the sample 
for analysis need only be diluted with methanol_ 

This method also permits 2 very rapid detection of erucic acid. 
Sorbic and benzoic acids are usually separated on adsorption plates with 

chloroform-water (65:35) (pH 4)3’. Although this separation is good, we prefer the 
use of ion-pair chromatography. This now well known technique is based on the 
formation of a zwitterion according to the equilibrium 

Solute* •i- counter ion* 55 [solute+-counter ion’] 

On an RP-2 pIate with tetrabutylammonium as the counter ion, the resolution is 
excellent and allows a precise quantitative analysis. Ion-pair chromatography on 
reversed-phase plates will be very useful either for performing simple analyses or as 
a convenient means of sekcting the best system in HPLC. Two methods are possible, 
either to pm-wet the plate with the counter-ion solution, or to perform the analysis 
directly on the reversed-phase pIate. The former method gives better results. 

Separation of szbstjtuted benzoic acids. Substituted benzoic acids are very polar 
and difikuh to separate by conventional TLC. Application of the results discussed 
above makes it possible to enhance the sekctivity and increase the resolution. We 
used methano&O.I M acetic acid mixtures of various compositions as the mobile 
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TABLEi 

RF VALUES OF SB EENZOIC ACIDS 

MethmroC ~. Rpvahes 
CollceIl~n 

(%I 
-Benroic Vmriiik p-Er__aPOxy~~Oic 2-Bromobemoic Ahkic 
acid acid acid ac&i a&f 

20 0.095 0.22 0.33 0-W 
.30 0.17 0.34 0.44 0.10 0.07 

; E 
Ok.6 

E-g 
O-58 0.16 O-.X4 

70 0:mi 
0.47 0.45 
0.65 0.58 

so 0.805 O-91 0.80 0.79 

phase. The resolution iixxases with decreasing methanol concentration. RF values 
are repor!xd in Tab15 I. 

At a methanol concentration of 50 % both the retention and the sekctivity are 
satisfactory, so we used this composition in the anaiysis of a series of substituted 

TABLE II 

RF VALUES OF SOME SB BENZOIC ACIDS 
Solvent cam_Dosition: methanol-O.1 M acetic acid (5050). 

Benzoic acid 0.27 0.43 0 
VaniIlic a-5d (3-metitoxy4hydroxybenzoic zcid) 0.55 -0.08 -0.16 
4-Hydioxybenzcic zid 0.66 -029 -030 
Anisic acid (hnethoxybenzoic acid) 0.20 0.60 0.08 
4Ciioroknzoic acid 0.11 091 0.87 
3,5-Dinitrobenzoic acid 0.48 0.034 -0.10 
4-Bromotenzoic acid 0.07 1.10 0.98 
4-Nitrobenzoic acid 0.25 O-48 0.02 
EHydroxybenzoic acid 0.50 0.0 -0.38 

‘f=l 

TABLE III 

RETENTION OF SOME S UBSTlTUTED BENZOLC ACIDS IN DIFFERENT SOLVENTS 

Benzoiciwid 0 -0.17 
4-Chlorobenzoic acid 0.87 0.28 
3-Metho~~-Ghydro_xybsr&c acid -0.16 --3.66 

(Moillit acid) 
dMethox+enzoic acid (ankic acid) 0.08 -0.10 
3,5_Dinitroknzoic acid -0.16 -0.41 
4-Nitrobenzoic acid 0.02 -0.23 
4-Hydroxybenzoic acid -0.30 -0.69 

‘&=l. 
-- Proportion of methanol and 0.1 M acetic acid in s&vest. 

0 0.60 0.43 
0.47 1.12 092 

-0.36 0.10 -0.08 

0.12 
-0.10 

0.17 
-0.50 

O.SS 0.60 
0.60 0.034 
0.82 0.48 
0.034 -0.29 
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benzuic acids. Or&-substituted coznpouds were not selected in order to avoid any 
interference with a possible orrho e&ct. The results are summaked in Table IL It 
can bi seen that hydroxy-containing acids are much less retained than benzoic acid, 
while nit% or methoxy-substituted benzoic acids are more retained. QCbloro- and 
4bromobenzoic acids are even mose strongly retained. 

The retention data have been compared with the hydrophobic parameter z 
as defined by Leo et aZ.=. The higher the value of zz the more retained is a substance, 
as shown in Tables 11 and Hz. The correIation coefficient varies from 0.67 to 0.83 
(Table TV), which is only fair, but typical of this approach. This is to be expected as 
the Hansch constant is not sufkient to describe the retention behaviour of a molecule. 
Steric effects and the infuence of the carbon skeleton on the molecular pokizabifity 
should also be taken into accounts. 

TABLE N 

CORRELATION BETWEEN HANSCXi CONSTANT AND RETENTION DATA 

Correlation: I?& = atb. For retention da’- see Table III. 

Parameter Sohenr composition’ 

8020 60:40 50.50” 4-0:60 

z -0-32 0.80 -0-07 0.74 025 0.95 (0.89) (025) 0.82 0.52 
correlation coeskient (r3 0.82 O-75 0.74 (O-83) 0.67 

* Propotions of methanol and 0.1 M acetic acid. 
l * Values ia parentheses are d&s from TabIe II. 

CONCLUSION 

Excellent results have been obtained with the new plates available for reversed- 
phase chromatography. Their properties are in agreement with what could be expected 
from results obtained in MPLC. 

‘The main problems are associated with the wettability of the plate by the 
solvent, preventing the use of water-rich mobile phases, and with detection making 
necessary the development of new spray reagents. 
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