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Color reactions and RF values are often used in the identification of paper 
chromatogram spots. They are, however, unreliable, time consuming and unsuitable 
for the analysis of unknowns. Optical spectroscopic techniques appear to be suitable 
methods for the direct identification of paper chromatogram substances. Among 
those techniques, diffuse reflectance infrared fourier transform (DRIFT) spectro- 
metry is probably the most popular detection technology because it provides detailed, 
fine structure IR spectra’. There are, however, disadvantages to this technique such 
as it uses a costly apparatus, has a low detector sensitivity, has a high background 
absorption, and it requires a long time to acquire a spectruml. 

The Raman scattering technique is considered promising because of its inde- 
pendence from moisture and background absorption. It is not, however, practical as 
an analytical method because Raman cross sections are normally too weak to be 
detected. Any technique capable of enhancement and hence, detection of the Raman 
scattering of chromatographic fractions at nanogram levels would, therefore, be a 
major contribution to analytical methodology. 

Raman scattering enhancements can sometimes occur when molecules are ad- 
sorbed on specific metal surfaces. These remarkable enhancements, which are fre- 
quently five or six orders of magnitude higher than in the absence of metal surfaces, 
have been observed for molecules adsorbed on Au, Ag and Pt on either rough elec- 
trode or deposited surfaces and also on colloidal hydrosol9. The latter provide a 
convenient system for surface enhanced Raman scattering (SERS) since they can be 
prepared easily3-s. Such considerations prompted initiation of the present study to 
use SERS as an analytical method for the ipr situ identification of chromatographic 
fractions at very low concentrations. It will be demonstrated in this communication 
that silver colloidal hydrosols enhance the Raman scattering of paper chromatogram 
spots and that this enhancement is dependent on the interaction between the sub- 
strate, silver particles and paper fibers, and therefore, on the type of paper used. 
Using this technique, nanogram amounts of various dyes (crystal violet, malachite 
green, and basic fuchsin) separated by paper chromatography were detected and 
identified directly with an argon ion laser of only 4 mW. 
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Fig. 1. SER.9 of 3MM chromatogram spot (85 ng/ 1.4 cm2) of (a) crystal violet; (b) malachite green and 
(c) basic fuchsin. (d) is the baseline in the absence of the dye. 
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that yields a signal to noise ratio of two when excited with a 4-mW, 514.5~nm laser, 
is estimated to be about 2 ng/cm’ for these three dyes. As the sensitivity of the SERS 
depends on the number of analyte molecules per unit area of chromatographic sur- 
face, a smaller in size the spot size would yield a higher concentration and thereby 
a higher SERS signal. One disadvantage of paper chromatography is that the spots 
usually spread to a greater diameter during the development, thereby reducing the 
potential sensitivity of the capital SERS technique. This spreading is even greater in 
the case of the three dyes as the developed chromatogram contained three separated 
slight tails of about 0.7 cm x 2 cm dimension. Thus, it is expected that the excellent 
2-ng LOD can be still further improved by using an analyte which yields a smaller 
developed spot. 

It has been demonstrated that by using a simple and inexpensive method, 
chromatogram spots can be identified directly in a relatively short time. The low laser 
power employed (4 mW) suggests that a cheap air-cooled portable argon ion or an 
optical alignment He-Ne laser can be used in this technique. Furthermore, by tuning 
the excitation wavelength, this technique can be used for a variety of substrates. 
Experiments are now in progress to expand the application of this technique to other 
substrates separated by thin-layer chromatography. 
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