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FLUORIGENIC LABELLING OF CARBAMATES USING DANSYL CHLORIDE 

II. FLUORESCENCE PHENOMENA OF THE DERIVATIVES 
.a 

The experimental parameters affecting the fluorescence of N-methyl carbamates 
as their dansyl (I-clin~etl~yliL~~~ino~~apl~tl~alene-g-sulfonyl) derivatives were investigated. 
Exposure to ultraviolet light causes a degradation of the clansyl derivatives, resulting 
in slight shifts in fluorescence excitation and emission maxima as well as in a clecrease 
in fluorescence intensity. Spraying the clerivatives with trietl~anolamine in isopropanol 
improvecl the 7h sit24 quantitative analysis of the carbamates. Further increase 
in fluorescence is observed with sprays consisting of aqueous buffers, but the deriva: 
tives are less stable with time. Stabilization is possible, however, by covering the 
moist chromatoplate wit11 a thin glass sheet. Only 2-3 T4/o loss in sensitivity is observecl 
under these conditions. Long-range storage, however, is not possible with the aqueous 
buffers. At a 131-I of less ,than one, the fluorescence of the derivatives is quenched 
reversibly. 

The development of hc .sih fluorometric techniques by thin-layer chromato- 
graphy (TLC) for carbaniates* -a offers aclvantagcs over other methods of analysis. 
The fluorescence tecllnique is extremely sensitive and a number of instruments 
are now available commercially for tile quantitative evaluation of thin-layer clxoma- 
tograms. TLC has proven useful in residue analysis, although it is not as widely 
used as gas chromatography because of the lack of suitable quantitative procedures. 
With the utilization of dansyl chloride as a fluorigenic labelling reagent for carba- 
mates2~o, analysis of these compounds in nanogram amounts is possible. The choice 
of this reagent is favoured since highly fluorescent derivatives are formed with 
amines ancl phenols, both of which are hydrolysis products of carbamates and there- 
fore can be analysed by this method. The reaction was studied in detail and can be 
carried out in less than Go min for most N-metllylcarbamatcs, with detection limits 

#of less than I ng per spot for each derivative3. 
In this work, the fluorescence phenomena of the dansyl derivatives were 

investigated under various experimental conditions in orcler to obtain optimum 
results. 
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Analytical-grade dansyl chloride (r-dimetl~ylaminonapiltl~alene-5-sulfollyl chlo 
ride) obtained from Mann Research Laboratories (136 Liberty St., New York 
N.Y. IOOOG, U.S.A.) was dissolved in redistilled acetone to form a 0.2 y0 solution 
Tile carbamates used were recrystallized. analytical-grade materials, which wen 
checked by nuclear magnetic resonance (NMR) and III spectroscopy (see Table 1 

for chemical names). Solutions of the pesticides were prepared at a concentration 
of 0.01 n&ml in methylene chloride. The spray solution consisted of a 20 “/” solutior 
of trietllanolamine in isopropanol, which was compared to spray solutions of aqueou: 
buffers from less than pII I to p1-I 14. Reagent-grade solvents were used tlwougllout 
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The thin-layer plates were prepared with a slurry consisting of 30 g of Silica 
Gel G (Macherey, Nagel and Co., Duren, G.F.R.) and Go ml of distilled water. This 
was applied to the plates using the Desaga thin-layer applicator at 250 pm thickness. 

Ten microlitres of a pesticide solution were placed in a “concentratube” (Labor- 
atory Research Co., I?. 0. Box 36509 Los Angeles, Calif. 90036, U.S.A.) with a 
IO-$ Hamilton syringe. The methylene chloride was evaporated by lleating in a 
warm water bath for about 5 min. Five microlitres of a sodium bicarbonate solution 
of pH CJ were added and the tube was heated at 45” for 30 min. After this time, 3 ~1 
of the dansyl chloride solution were added and the mixture was stirred with the tip 
of the syringe. The tube was then heated for a further 15 min at 45”. The total content 
of the tube was then spotted on a Silica Gel G thin-layer plate and eluted with 
chloroform by the ascending technique. The separated derivatives were sprayed 
until the plate was barely moist and they were instrumentally evaluated using the 
Zeiss PMQII Chromatogram-Spectrophotometer and the Aminco-Bowman Spectro- 
photofluorometer equipped with the thin-layer scanning attachment, When using 
the triethanolamine spray, the plates were subjected to a cool air stream in the 
dark for 2 min to remove the isopropanol present before instrumental analysis. 
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RESULTS AK11 DISCUSSION 

No significant variations in excitation or emission maxima were observed for 
any of the derivatives when aqueous buffers above pH 1 or the trietllanolamine 
solution were used as sprays. The emission maxima measured with the Anlincc+ 
Bowman instrument varied from 526 to 528 nm with the aqueous sprays. Wit11 
dioxane as a spray, a large bathochromic sllift to about 544 nm was noted for most 
of the derivatives. This same shift was also observed for amino acids in solution”, 
where it was found that this shift varied with the dielectric constant of the solvent 
used. The excitation maxima remained between 356 and 367 nm for the carbamate 
derivatives. Although the &oxane spray increased the fluorescence of the spots 
relative to the trietllanolamine, it was unsuitable for quantitative work because 
of its volatility. Tile aqueous buffer sprays increased the fluorescence almost two-fold 
compared with the triethanolarnine, but were also found to be less stable with time. 
This is due to the evaporation of water, as the fluorescence of tile derivatives must 
be measured while the plate’s are moist. Significant improvement is achieved if the 
chromatoplate is covered with a I-mm thick glass sheet immediately after spraying 
and before instrumental analysis. This results in only a 2-3 s, loss in fluorescence 
intensity. It is not possible to store the plates for any length of time after such 
treatment since evaporation continues to take place with a corresponding irreversible 
loss in fluorescence. 

Another interesting feature of tile aqueous sprays is that whereas the 
fluorescence of the phenol derivative of the carbamatcs increases, a decrease in the 
fluorescence of the methylamine derivative and hyclrolyzecl dansyl chloride (cl?nsyl- 
01-I) is observed. This could result in the elimination of sortie interferences in actual 
sample analyses of tile phenol derivatives. 

The fluorescence intensity of the derivatives was founcl to decrease sharply 
with spray solutions of pI-I I or less (Fig. I) and is quenchecl completely when sprayecl 
witli a 5 “4, solution of sulphuric acid. A possible explanation is that the climetllyl- 
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amino group of the naphthyl ring becomes protonated, preventing resonance of the 
nitrogen lone-pair electrons witll the ring (Fig. 2). A similar view was suggested 
for the change in the fluorescence of I-naplithol in going from an acidic to a basic 
mediumG. In basic solution, I-naphthol forms the naphtholate anion, which is capable 
of forming structures similar to those shown in Fig. 2. This results in a visible 
fluorescence when the molecules return to the ground state from the lowest excited 
singlet state, In neutral or acidic media this fluorescence disappears due to protona- 
tion. 

Generally, the triethanolamine-isopropanol spray was preferred for furthel 
work because it stabilised the fluorescence. Consequently, repeated scanning of the 
spots can be performed without any significant loss in fluorescence intensity. Typica: 
fluorescence spectra using triethanolaminc are shown in Fig. 3 for the dansyl deriva. 
tives of Baygon. 

E&cl of ullraviolet irradiation 
Irradiation of the derivatives adsorbed on Silica Gel G with UV light cause6 

hypsochromic shifts in the emission maxima (Table II). Studies were performe? 
on both the Zeiss and the Aminco-Bowman instruments. The effect of UV irradiatior 
varied for the different carbamate derivatives. Most exhibited shifts in emissior 
maxima of only s-10 nm when using the triethanolamine spray and some not at all 
Sevin and Mesurol were affected most by the UV light. When the derivatives were 
irradiated with the Aminco-Rowman instrument, they remained more stable thar 
with the Zeiss instrument* This could be due to the fact that tile Zeiss instrumenl 
u&s an excitation filter which gives a band-pass of UV light estending from 320 tc 
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Fig. 2. Rcsonancc forms of the clansyl dcrivntivcs. R = NHCM, or O-aryl. 

Fig. 3, Fluorcsccnco spectra of the tlanuyl derivatives of Baygon. --, Phenyl moiety; - - - - 
mothylaminc moiety. 
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TAl3LE IT. 
INFLUENCE OF ULTRAVIOLET LIGHT ON THE FLU&ESCENCE SPECTRA OF THE P~IISNOLIC DANSYL 

DERIVATIVES OF THE CARBAMATIES 

A = Aminco-Uowman instrument, excitation alicl emission, respcctivcly; I3 = Zeiss instrument, 
emission using 305-nm cx filter. 
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400 mn. This shorter wavelength light could be responsible for the greater degree 
of decomposition than the monochromatic light from the Aminco-Bowman instru- 
ment. Another reason could be that each instrument uses a different light source, 
possibly emitting different intensities of light. 

The effect of UV light on the fluorescence intensities of the derivatives was 
also studied (Figs. LJ, and 5). Unlike the wavelength shifts, which were generally small, 
there was a significant change in fluorescence intensities.’ All intensities were found 
to decrease under constant irradiation from the Zeiss lamp. The pattern was different 
when the derivatives were exposed to light from the Aminco-Bowman lamp. Although 
some decreased with time, many actually increased in intensity. This increase is 
due to the dissolution of the adsorbed dansyl derivatives into the trietllanolamine 
after spraying. Once the derivatives are in this liquid environment, they fluoresce 
more intensely, causing the observed increase with time. For those compounds 
which exhibited a decrease with time, the UV light most likely has an overriding 
effect. Thus, when performing practical work, it is necesscary to keep this degradation 
to a minimum. All reactions and chromatographic procedures should be carried 
out in darkness. On the othel; hand, the time any one spot spends under the beam 
of the excitation light is only about 15-30 set per scan. In this short time very 
little degradation occurs. The shift in excitation and emission maxima will be negli- 
gible under these conditions. 

” Etfect of heat 

The dansyl derivatives of the carbamates were found to be stable when heated 
at IOO” for 20 min after chromatography and before spraying. For soine c,arbamates 
there was a slight increase in fluorescence intensity when compared to an unheated 
sample. The fluorescence spectra were not affected by the heat treatment. 
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Fig. ‘1, .Itlflucnce of initinl cscitation UV light l’ront l;hc Atni taco-Bowman SpcctrophotoHuorotiietcr 
on the f_lt.torcsccncc intcnsitics of the phcnolic clnnsyl clcrivativcs of: I, Mcsurol; 2, I3aygon ; 
3, 14anclrin wcl rncthylatninc; 4, Scvin; 5, Rtts; 6, Mobnni; 7, ivlatncil; and 8, Carl~ofuran. 
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.J;ig. 5. TnAucncc of UV light: front the Zeiss Chrottl;rtog~ttnl-Spcctrc.)l~hototnctcr (365-tttlt filter) 
on the fluorwcwcc inknsitics of the phcnolic clansyl dcrivntivcs of: r, Scvin; 2, Matwil; 3, Bus; 
4, Mcsurol; 5, Cnrl~ofttran; 6, I.antlrin; 7, J%~y~on; H, Mol~wi ; - .md g, tncthylnttiinc. 

It was found that the dansyl derivatives of some of the carbamates decompose 
upon prolonged exposure to UV liglit. With certain precautions, however, the effect ‘-ib 
in actual sample analysis is minimal. The fluorescence of the derivatives was quenched 
when sprayed with aqueous solutions below pH I. Above this value aclueous solutions 
increased the fluorescence of theaderivatives two-fold compared to the triethanolamine 
spray. These sprays have some use in removing possible interferences in practical 
work. If no significant interferences are encountered, the triethanolamine spray 
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sl~oulct be used because of its ability to stabilize as well as enhance the fluorescence 
of the derivatives. The ruethod shows good potential for the quantitative analysis 
‘of carbamates, which is currently ‘being investigated. 
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