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SUMMARY 

The energetic species produced by a high-voltage discharge in low-pressure 
nitrogen, argon or helium can activate organic compounds spotted on thin-layer 
silica gel chromatoplates. These can be induced to fluoresce by subsequent exposure 
to volatile reagents like ammonium hydrogen carbonate vapors or ammonia.. Similar 
results are obtained using nitrogen or nitrogen-argon mixtures fed through high- 
voltage sparks at atmospheric pressure. Activated compounds can be caused to 
fluoresce many hours after original exposure. Nanogram quantities of many com- 
pounds can be detected. Quantitation data are presented for two structurally diverse 
organic compounds. 

INTRODUCTION 

Previously we reportedi that fluorescence could be induced in organic com- 
pounds spotted on thin-layer silica gel chromatoplates. The procedure consisted of 
placing the spotted chromatoplate in an evacuated chamber (0.2 torr) containing 
nitrogen or ammonium hydrogen carbonate, and then applying a 20,000-V discharge 
for times ranging from a few seconds to several minutes. When these plates were 
removed from the chamber and heated at 130” in air, the spots were found to fluoresce 
in the visible (under a 36%nm UV lamp, examined by eye). 

In an effort to further our understanding of the phenomena involved, we 
undertook a series of experiments in which several factors were explored. These 
included the use of “active” nitrogen produced at atmospheric pressure, the potential 
for other gases as activating agents at low pressure, and exposure of activated spots 
to vapors which would result in, or enhance fluorescence. 

In addition, we wished to measure the quantitative aspects of such a procedure 
using specific compounds. In previous work, we had reported a qualitative trend in 
fluorescent intensity with the quantity of substance used. 

EXPERIMENTAL 

compotcnds, solven& and reagents 
The majority of the experiments were carried out with n-Cz2Hti hydrocarbon 
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in chloroform solution, and chlorpromazine in hexane-1-butanol solution. These 
were obtained from laboratory sources_ 

All solvents used to dissolve these substances (or dilute their solutions) were 
of analytical or spectroquality grade. Control experiments were done frequently with 
solvents alone to check for artifacts due to solvent impurities in the thin-layer plates. 

Ammonium hydrogen carbonate and maleic anhydride, when employed, were 
obtained from Fisher Scientific (Pittsburgh, Pa., U.S.A.). Nitrogen, argon, helium, 
hydrogen, oxygen and ammonia gases were obtained from IWECO (Houston, Texas, 
U.S.A.). 

Thin-layer chrorrratoplates 
All of the experiments were conducted with “Permakote” thin-layer chro- 

matoplates (Applied Science Labs., State College, Pa., U.S.A.). In these plates, the 
silica gel is bonded to the glass surface by a sintering process, and they contain no 
organic binder. The layer thickness was 0.23 mm. They can be reused by treatment 
with hot chromic acid, without noticeabIy changing their properties as chromato- 
pIates. The use of these plates makes it possibIe to achieve an absolute minimum of 
fluorescent background. Other commercial plates appear to contain sufficient organic 
binder or impurities which result in a high ffuorescent background. 

It should be noted that even these plates varied in intrinsic fluorescent back- 
ground after chromic acid treatment, presumabIy owing to inorganic fluorescent trace 
substances. The activity of the silica gel is rated as “moderate” by the company. 

Prior to use, chromatoplates were stored in absolute ethanol. They were dried 
by gentle heat and then cooled to room temperature before spotting experiments were 
carried out. 

Test procedures 
For those experiments concerned with testing the effect of different activating 

gases in the vacuum discharge chamber, solutions containing 1 pg per 1 ,uI of solvent 
were used, with 1 ,ul of solution being applied. The same solutions and amounts were 
used in atmospheric pressure “plasma” experiments with nitrogen or nitrogen-argon 
mixtures. Solvents were tested from time to time, side by side with solution, and 
observed for possible fluorescent artifacts after activation. 

The vacuum electrical discharge chamber was operated at 8.0 torr, with the 
test specimen of the chromatoplate placed between capacitively coupled eIectrodes. 
The time for operating the chamber ranged from 30 set to 3 min, depending on the 
amount of the compound applied. After removal from the chamber, the plate was 
placed on a hot plate (surface temperature about 130”). For most experiments, about 
2 g of ammonium hydrogen carbonate were placed adjacent to the specimen plate, 
and then covered with a beaker. In this way the decomposition products of ammonium 
hydrogen carbonate filled the beaker and enveloped the chromatoplate. The deve!op- 
ment of fluorescence was observed under an intense 365nm UV lamp (Ultraviolet 
Products) for 3 min. The chromatoplate was then removed for observation or 
measurement in a spectrophotometer. 

When ammonia gas was tested as a fluorogenic reagent, it was admitted 
through a glass funnel sitting on the hot plate directly over the chromatoplate. 

Atmospheric pressure tests were conducted by flowing the test gas past steel 
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highest sensitivity requires the lowest possible background. The difference in back- 
ground appears to be solely due to inorganic fluorescent substances. 

For one particular plate, our data to date show excellent reproducibility for 
a given amount of a compound spotted from the same volume by syringe. 

It shouid be noted that all the data were measured on syringe-spotted plates, 
which does not result in a gaussian distribution of the substance on the plate. There 
is a distinct difference between the center of a spot and the circular edge of that spot. 
The integrator associated with the spectrophotometer is programmed to deal with 
the gaussian situation, hence the data shown in Fig. 3 are not an accurate reflection 
of the correlation which would result from chromatographed substances. We intend 
to carry out this work in the future. 

Another point of interest is shown by Fig. 3. The first three data points on 
n-C&I6 (low- and high-background plates) were obtained by spottin,o 1 pl, 0.5 pl, 
and 0.25 yl of a 1 m&ml solution. Their spot diameter, after inducing fluorescence, 
bore the anticipated relationship between diameter and volume of solution spotted. 
The linearity of these three points appears to imply that the total integrated signal is 
directly proportional to the fluorescent area, and hence to the amount of fluorescent 
material produced by this procedure. 

We wish to note that in the case of chlorpromazine, the substance is strongly 
adsorbed in the center of the point of spottin,, * even though the solvent spreads out 
to a larger diameter. We have observed the presence of small amounts of impurities 
in this particular source of chlorpromazine, evidenced by a faint ring surrounding the 
central spot (after our activation procedure). 

CONCLUSIONS 

Based on the work described in this paper, we have concluded the following 
to date: 

(1) Substantially higher sensitivity is achieved by the described procedure for 
inducing fluorescence in spotted organic compounds on chromatoplates than was 
obtained by the method described in our previous paper. 

(2) A major factor in ultimately producin, a fluorescence consists in an energy- 
transfer process from electrically activated gases to the organic compounds_ Argon 
and helium, for example, work as well as nitrogen during the “activation” phase. 

(3) The “activated” organic compounds on the chromatoplates have very long 
lifetimes. Many hours after storage under inert gas, activated spots can be induced 
to full fluorescent intensity by ammonium hydrogen carbonate vapors. The nature of 
the activated state is not known, but should be investigated for the possible presence 
of free radicals on the silica gel surface. 

(4) While ammonium hydrogen carbonate is one of the best fluorogenic 
agents used to date, there is no reason to assume it is the best for any or all com- 
pounds_ It should be possible to find other agents capable of coupling to the activated 
compounds. 

(5) There is a striking commonality among the fluorescent compounds ulti- 
mately produced by the procedures described here. This is evidenced by the similarity 
of excitation and emission spectra for compounds of diverse chemical structure, and 
also by the similar chromatograpblc elution behavior to solvents. 
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(6) It appears that good quautitation will be possible with these procedures, 
down to the IO-ng level at least. We have readily observed (by eye) I-ng amounts on 
plates which were very low in intrinsic backgrom$ Such low background is essential 
to operating in the low nanogram region. 

(7) It should be possible tc activate compounds on chromatoplates using 
electrical discharges at atmospheric pressure. The factor of importance appears to 
be the density of excited molecular states which can be achieved in the -volume in 
which the chromatoplate is located. 

ACKNOWLEDGEMENTS 

We wish to thank the Robert A. Welch Foundation for their support of this 
work. We are also grateful to Dr. David Fenimore of the Texas Research Institute 
of Mental Sciences for his valuable suggestions and for providing test substances, 
and to Dr. Albert Zlatkis for his assistance. 

REFERENCES 

: H. Shanfield, F. Hsu and A. J. P. Martin, J. Chronzafogr., 126 (1976) 457. 
2 R. A. Young and G. A. St. John, Advan. Chetn. Ser., 80 (1969) 10.5. 
3 R. Segura and A. M. Gotto, Jr., J. Chromatogr., 99 (1974) 643. 


