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SUMMARY 

Pundamental studies on the analysis of thin-layer chromatograms by direct 
spectrophotometry are described, Transmittance is more than seven times more 
sensitive than reflectance. The bathochromic shift of the principal absorption maxi- 
mum of I-carvone in a silica gel thin layer is discussed. 

. 

INTRODUCTZON 

Materials separated by thin-layer chromatography (TLC) can be qzantified by 
either following the elution from the chromatographic sorbent or by carrying out an 
analysis directly on the chromatograms, for example by direct spectropliotometry1*2. 
Direct spectrophotometric procedures for quantitative analyses have been widely 
used and a number of applications of these methods to compounds separated by TLC 
for the analysis of complex mixtures of natural products have recently been described. 
Direct spectrophotometry-can be applied to the analysis of the chromatograms if the 
poor reproducibility of the calibration curves can be overcome. Strictly quantitative 
analysis, however, has been paid relatively little attention, as pointed out also by 
TOUCWTONE tit uZe3, and the factors that affect the results of the direct densito- 
metry of TLC zones have not yet been systematically investigated. 

In Part 14, the application of direct spectrophotometry to the quantitative 
analysis of paper chromatograms was discussed and the absorption spectrum of 
I-carvone on filter-paper treated with liquid paraffin was fairly sharp, corresponding _ _ 
with that on filter-paper that had not been treated with liquid-paraffin. However, 
complex problems of the bathochromic shift of the absorption spectrum due to 
state of the sorbent layers remained as one of the major factors affecting 

the 
the 
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=74 T. ARATANI, F. MIZUI 

precision of peak areas when direct spcctrophotometry is used for quantitative chro- 
matographic analysis. 

. In this paper, the bathochromic shift of the absorption masimum of Z-carvone 
in a silica gel thin layer by direct spectrophotometry is discussed and the sensiti- 
vities in transmittance and reflectance spectrophotometry are also considered. 

EXPERIMENTAL 

I-Carvone (b.p. So”/3 mm; I$? 1.493;; dz5 0.9514; [cc]&@’ - 60.55”; &$Ey’ 
235 nm) wcas used as the sample. Stock ethanolic solutions of I-carvone suitable ‘for 
TLC were usually prepared so as to contain 10-30 .pg/pl for the spectrophotometric 
procedure. All solvents were optically pure. 

All spectrophotomctric measurement’s were carried. out with a Shimadzu 
Model-So (Japan) recording spectrophotometer equipped with end-on photomultiplier 
tubes for both transmittance and reflectance spectra. A deutcron lamp was used. 

The quantitative study of I-carvone in a silica gel thin layer on quartz plates 
was carried out by measuring the transmittance and reflectance spectra. Samples were 
applied as spots on the chromaloplates with a Hamilton microsyringe and the plates 
were then placed in a vacuum desiccator in order to evaporate the solvent. The spots 
were positioned so as to be central in the light beam. 

Chmnatojdates 
A slurry of Silica Gel G (Merck, Kieselgel G; above 325 mesh) sorbent was 

spread on the quartz plate (35 x 25 x I mm) with a glass rod. A series of chromsto- 
plates with different thicknesses of the layer were prepared, dried at 1x0~ for I h and 

’ stored in a desiccator over dry silica gel until required for use. 

RESULTS 

The comparison of t?ie transmittance spectrum with the reflectance spectrum 
of each Z-carvone (8.2 ,ug per spot) in the thin layers of silica gel (above 325 mesh) 
with various thicknesseF8 (75, IZS and 168 pm) in terms of absorbance is shown in 
Fig. I. . . 

The relation&i?, between the bathochromic shift of each absorption maximum 
of I-carvone in the 171traviolet region and the thickness of the thin layer is shown in 
Fig. 2. 

The relatic ,lship between the bathochromic shift of each absorption maximum 
of l-carvone (8. L ,ug per spot) in the ultraviolet region and the particle size (IOO-ISO, 
200-250 and above 325 mesh) of the silica gel layers (60 pm thick) is shown in Fig, 3. 

The relationship between the bathochromic shift of each absorption maximum 
of I-carvone (8.2 ,ug per spot) in the ultraviolet region and the time intervals (4, S, ~3, 
17 and 22 min) between the spotting of the sample on the chromatdplate and the mea- 
surements is shown in Fig. 4. 
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Pig. I. Transmittance and rcflcctance spectra of I-carvono on silica gel layers of various thick- 
nesscs in terms of absorbance. Fslrticlc size of silica gel, above 
ltg per spot; layer thickness, - 

325 mesh; amount: of sample, 8.2 
78 pm, ----- 128 kern, -*-•- x68 pm. 
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Fig. 2. Effect of the thickness of tho silica gel layor on tho bathochromic shift: of each absorption 
maximum of Ecarvonc. Particle size of tho silica gel, above 325 mesh; amount of sample, 8.2 pg 
per spot. 
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Fig. 3. Effect of particle siec of the silica gel on the bathochromic shift of each absorption masimum. 
of I-carvono. Layer thiclmcss, Go k&m; amount of sample, 8.2 jig per spot; particle size of silica 
gel, - above 325 mesh, ----- 200-250 mesh, -a--- 100-150 mesh. 
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Fig. 4. Effect of the time intervals between spotting the samples and the measurements on tbe 
intensity of the transmittance spectrum in terms of absorbance and on the bathochromic shift of 
each absorption maximum of E-carvone. Layer thickness, 60 f&m ; particle size of silica gel, above 
325 mesh: amount of sample, 8.2 (ug per spot; time intervals, 
13 min, - - - - 3 min, -*-*- 4 min. 

- 22 min, ----- 17 min, -_x - 
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DISCUSSION 

Sensitivities of transrnittame am? reflectance s$ectva in the ultraviolet ye&on 
It can be seen in Fig. I that the reflectance spectra of I-carvone are characterized 

by a broad and generally flat appearance in comparison with the transmittance 
spectra. The transmittances are more than seven times more sensitive than the reflec- 
tances, which indicates that for quantitative analysis with the thin-layer plate, 
transmittance measurements are superior to reflectance measurements. 

ZURCHRR et al.6 showed that reflectance spectroscopy is superior to the qucnch- 
ing technique and that the reproducibilities depend on the methods of layer prepara- 
tion, application of materials, chromatography, drying and scanning. However, on 
theoretical grounds, GOLDBIANO indicated that quantitation by transmittance with the 
thin-layer plate was superior to reflectance. Also, TOUCHSTONE et aCq3 indicated that 
transmittance is more sensitive in determinations of the absorbances of the coloured 
zones than reflectance measurements for determining absorbance, fluorescence 
quenching and fluorometric modes of quantitation in TLC. Transmittance measure- 
ments are therefore more suitable than reflectance measurements for the quantitation 
of materials in the thin layers. 

Bathochromic shifts of the absorption maxims were observed‘IJ-lg in the charac- 
teristic reflectance spectra in comparison with the transmittance spectra of the same 
materials in solutions. ZEITLIN AND NIWOTO~~ found that a relatively constant batho- 
chromic displacement took place when the reflectance spectra of acetone 2,4-dini- 
trophenyl hydrazone and4-methyl-2-pentanone in the powdered states were measured. 

It can be seen in Figs. I and 2 that the bathochromic shift of the principal ab- 
sorption maximum of each I-carvone in silica gel thin layers is 3-S nm in comparison 
with those of I-carvone in the ethanolic solutions. Therefore, the thickness of the 
layer itself is important. Furthermore, as shown by Fig. 3, the original particle size of 
the silica gel has some influence on the bathochromic shift. 

It is important to operate at the absorption maximum for the quantitation of 
material separated by TLC. Therefore, before the quantitative analysis of materials 
in the thin layer can be carried out, it is necessary to consider the shift of the ab- 
sorption maximum, Dos9 indicated that the reproducibility of fluorescence mea- 
surements in quantitative TLC depends mainly on the use of the same silica gel 
materials throughout, the careful adjustment of the light source, and the complete 
evaporation of the solvents from the adsorbent and the proposed silica gel thin layers 
with an aluminium foif-base. 

As shown in Fig. 4, an investigation of the influence of the time intervals 
between spotting and the measurements on intensity indicates that the quantitative 
measurements should be made after allowing the sample spotted on the sorbent 
layer to stand for a minimum of 30 min in order to evaporate off all the solvent. 

CONCLUSIONS 

Minor variations in the thickness of the sorbent layer and the conditions used 
for development of the plate apparently cause variations in the shape of chro’matograms 
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which make it dif3cult to obtain reproducible results from plate to plate. It must 
be pointed out that the bathochromic shift of the principal absorption masimum can 
be reduced if the technique of preparing very thin layers is followed rigidly. A linear 
decrease in the layer thickness is useful in decreasing the shift of the absorption 
masimum. This can be achieved by using a stationary phase consisting of very thin 
layers of finely granulated sorbents. 
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