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STUDIES ON QUANTITATIVE IN SITU 1;LUOROMETRY 017 LYSERGIC 

ACID DIETHYLAMIDE (LSD) ON THIN-LAYER CHROMATdGRAMS 

SUMMARY 

The quantitative ivz sh%,c fluorometry of LSD on thin-layer cl~romatograms was 
investigated. Reproducibilities for the range 0.1-2.0 ,ug of LSD on the same and 
different chromatograms were examined in both direct and internal standard methods. 
The linear relationship between fluorescence emission intensity and amount of LSD 
was found in both methods. 

This technique has been applied to the determination of unchanged LSD in 
the photodecomposition process. It was noted that LSD was easily decomposed by 
ultraviolet irradiation. 

INTRODUCTION 

Lysergic acid amide, isolysergic acid amide and clavine alkaloids in morning 
glory seeds have been determined by densitometry after treatment with Van Uric 
reagent on thin-layer cliromatogramsl. It is known, however, that lysergic acid 
diethylamide (LSD) on a clnxxnatogram is detected by fluorescence with much better 
sensitivity than by coloration with the reagent 2. Recently, various instruments and 
methods for 1:~ sit?c fluorometric scanning of thin-layer chromatograms have been 
clevelopedg-8. 

This paper describes the quantitative 1:qt sl’hr fluorometry of LSD on thin-layer 
chromatograms, using an automatic scanner with a digital recorder, and the repro- 
ducibilities of both direct and internal standard methods are discussed. In addition, 
this technique has been applied to determination of unchanged LSD in the photo- 
decomposition process. 

h4atckals 
LSD was synthesized from &lysergic acid (Sigma) by GARIWECHT'S methocl~). 

Quinine was recrystallized from l)enzene. 
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A Hitachi MIFF-2 type Autorecording Spectrophotofluorometer equipped with 
a scanning attachment for thin-layer chromatograms, a JZOI integrator and a J301 
digital recorder (Hitachi Ltd.) was used with the following settings : sensitivity, G; 
slit width for excitation and emission, IO and IO rnp, respectively; slit for thin-layer 
chromatograms, 6 x 2 mm. The fluorescence emission profiles were obtained on a 
recorder, and at the same time the fluorescence emission intensities were printed out 
as numerals on a digital recorder. The scanning direction of the chromatograms was 
either parallel or perpendicular to the chromatographic flow. 

Thin-layer chromatogra$hy 

Thin-layer chromatography (TLC) was carried out on 250-p layers of Silica Gel 
G. Solvent systems used for development were: (A) methanol-chloroform-vz-hexane 
(I :4:2), (13) methanol-chloroform (I :4), and (C) acetone-chloroform (4 : I). After 
development, the plates were dried for 5 min in a stream of warm air, 

Direct method 

5 ,ul of chloroform solution containing 2.0 ,ug of LSD were spotted at a starting 
point on .a ‘chromatographic plate and four more spots were prepared on the same 
plate, followed by development with three solvent systems. The fluorescence emission 
intensity of LSD on the chromatogram was measured and the relative standard 
deviation on the same chromatogram was calculated. The chromatography was re- 
peated five times on different plates and the relative standard deviations on different 
chromatograms were calculated. In the same way, the relative standard deviations 
on both the same and different plates were obtained from solutions containing 1.5, 
1.0, 0.5, 0.2 and 0.1 ,ug of LSD, respectively, and the relationship between emission 
intensity and the amount of LSD was examined. 

Internal standard method 

Quinine was used as an internal standard. 5 ~1 of ethanol solution containing 
2.0 ,ug of LSD and 0.5 pg of quinine were spotted at a starting point on a chromato- 
graphic plate, four more spots were prepared on the same chromatographic plate, 
and the development was carried out in the solvent systems (A) and (B). The ratio 
of the fluorescence emission intensity of LSD to that of quinine was obtained. The 
relative standard deviation of this ratio on the same plate was calculated. This chro- 
matography was repeated five times on different plates and relative standard de- 
viations on different chromatograms were calculated. The same procedure was 
repeated on solutions containing 1.5, 1.0, 0.5, 0.2 and 0.1 pg of LSD, and 0.5 ,~g of 
quinine, respectively. The relationship between the above ratio and the amount of 
LSD was examined. 

2 ,ug of LSD spotted on a thin layer were irradiated with UV light from a 
National GL-IO lamp (2537 A, distance IO cm) for I, 5, 15, 30 and 60 min. After 
irradiation, three”or four standards containing 0.2-2.0 ,ug of LSD were spotted on 
the same plate and TLC was carried out using the solvent systems (A), (B) and (C). 
Amounts of unchanged LSD on the chromatograms were determined by the direct 
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method. As a control experiment, 2 ,ug of LSD spotted on thin layers were left to 
stand in darkness for 60 min or 17 II, followed by cl~romatograpl~y and determination 
of unchanged LSD as above. 

RESULTS AND DISCUSSION 

Direct naetlzod 
The excitation and emission wavelength for the direct method were selected 

to give maximum emission intensity of tile spot of LSD on the chromatogram. They 
were 330 and 410 rnp, respectively, as shown in Fig. I. The reproducibilities for the 
range 0.1-2.0 ,ug of LSD in the direct method are shown in Table I. 

IOO- 

60- 

A 6o r 
E 
0, 

E 
9 40- 

‘9 
g 
& 

20 

1 

360 340 400 460 560 
Wavelength ( rnp 1 

Fig. 1. ITluorcscence cxcitntion and emission spectra for LSD and quinine on a thin-lnycr chromn- 
tog-am. Mixture containing 2.0 pg of LSD and 0.5 pi;: of quinine were spottccl on the thin-layer 
platC, fOllOWCd by Ck!VdOpnlCnt in the SOlVCXlt Sy5tClll (A), MC~t~-CI-1Cl:,-12-hcsnllc (I :4 : 2), 
(Al) Fluorescence cscitation spectrum for LSD by setting emission at 410 m,u; (a,) fluorcsccncc 
emission spectrum for LSD by setting excitation at 330 m/c; (A,) fluorcsccnce cscitntion spcctrltiii 
for quinine by setting emission pt 436 mp; (13,) fluorcsccncc emission spcctrunl for quinine 113 
setting cscitntion nt 336 nip. 

Relative standard deviations obtainecl by scanning in the direction parallel to 
the cliromatograpliic flow were 0.7-6.3% on the same cliromatogram and 3.3-10.8 y. 

on clifferent chromatograms. For the case of scanning in the direction perpendicular 
to the chromatographic flow, higher deviations were observed than those shown in 
Table I. Accordingly, in this experiment, scanning of the chromatograms was per- 
formed in the direction parallel to the chrornatographic flow. The relationship between 
emission intensity and the amount of LSD was linear over the range 0.2-2.0 pg in 
each solvent system (Fig. 2). 

J. C~WOJJI~U~V., 59 (1971) 123-133 
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TABLE I 

RlEl?RODUCIl3ILITIES IN THE DIRISCT ~ILTI~IOD 

Solvent 
system 

LSD 
(&VT) 

-._._.--___-_--_~__--__-_--_. 

Standard deviatio9a (%,) 

Parallel to chrortlnto- Pcvpcltdicular to chromate- 
graphic pow graplric flow 

-- -- ._ 
Same chra- Difjcrc9at Sa?,rc chro- 
matogmm 

Diffwvwl 
chvonza- matogrn,m chroma- 
togvams togram 

(A) 2.0 0.7-3.4 5.0 o.3- 3.8 5.G 
I.5 2.9-5.4 10.1 2.8- 5.0 10.8 
1.0 2.3-2.7 9.7 1.8-11.3 14,5 
o-5 3.2-4.5 6.6 2.5-12.1 4.7 
0.2 1.2-3.3 6.4 4.6- s.7 9.9 
0.1 3.7-0.3 8.9 - 5.3- S.0 3.s 

PI 2.0 r.G-Af,o 5 . ‘2 0.8-r 1.2 5.9 
I.5 3.6-4.5 9.3 a.% .&.I 14.0 
I.0 2.x-4.7 10,s 5.5- S.0 IA.2 
0.5 I *o-4.0 8.0 1.0-11.2 15.8 
0.2 3.3-5.9 4.3 G.r- 8.2 21.3 
0.1 2.8-5. I 5.5 2.1- 7.4 II.5 

((7 2.0 0.9-3.2 
I.5 3.4-4.4 
1.0 1.G-4.9 
0.5 3.1-4.5 
0.2 2.0-4.4 
0.1 3.9-5.6 

3.3 

Z:Z 
900 
6.5 
5.9 

0.3-10.7 
3*4- 9.7 
3.1- 7.0 
6.9-13.7 
0.9-15.0 
5.1-14.9 

12.2 

II.0 

8.1 

5.5 
10.0 
s.5 

The excitation and emission wavelength described for the direct method were 
used in the internal standard method, although the maximum emission intensity of 
quinine which was used as an internal standard compound was obtained at 436 m,u 
by excitation at 336 mp, as shown in Fig. I. The intensity of quinine decreased to 
about 75% of the maximum intensity by escitation at 330 mp and emission at 410 

0.5 
LSD tg:, 

1.5 2.0 

Fig. 2. Rclatiorwllip bctwcctl fluorcsccncc cnlission intensity and amount of LSD, m-0, solvent 
system (A), McOEI-CtlCI,-,r-l~cxnrlc (I :4:2); 0-0, solwmt system (13), McOI-I-CHCI, (I :4.) ; 
A-A, solvcmt systcrn (C), ncctonc-Cl-ICI, (4 : I), 
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Fig. 3. l~luorcsccncc emission profiles of a inisturc containing 1.0 14 :: of LSD mltl 0.5 i/g of quitiinc. 
(A), Solvent systc111 (A); (B), sol\~cnt system (13); (C), sol\~cllt systcn1 (C). 

m,u, and 0.5 ,UQ of quinine on a chromatogram gave an intensity about half that of 
2.0 pg of LSD. 

LSD and quinine were separated on the chromatograms in tile solvent systems 
(A), (B) and (C) as shown in Fig. 3. However, systems (A) and (B) were used since 
quinine stayed at the starting point of the chromatogram in system (C). 

Relative standard deviations for the range 0.1-2.0 ,ug of LSD were 0.2~G.zq/, 

on tile same chromatogrnm and 1,6-9.3~/~ on different chromatograms, as shown in 
Table II. 

._---.--__-._- __.-. - _____ __.-_..- _.....-..-- -.. _..~__.._ . . . . . .._.._ _ . . -. 
Solve~wt 14SD .Slnrrdwd tlcviatiorz (?A) 
SyStCllI. (1’6) - _-_- 

Sama chro- Diffll >w t I 
~tttctlogmrtt. cll)‘olttalo- 

gtwttw 
. . .._....... -.. ..,..... _ .__.... _. ._ .._.__.....__ _,_._ ._.,. _ . . ..~....___.__.._I......______.t ~.,. ..,. 

(A) 2.0 o.a-5.S 7.9 
I.5 I*cp.\.S I.7 
I.0 3.4-5.” -1 * 2 
0.5 o.s-5.6 9.3 
0.2 2.74.2 G. I 
0. I 3.G-.I,2 52.5 

(13) 2.0 I ,7-.I,6 2.0 

1.5 3.-I-5.0 1.G 
I.0 2.7-3.T ' 5.9 
0.5 4.3-4.5 5.2 
0.2 I *7-502 6.0 
0. I 2.5-S-2 3.6 

.__ _-._____ ...l.__.l. __._I, .____.__ ._-.- I,_.__..I.,^. _ ..-_. -___ .._..._.. -.__-__._.__ _.__ _...._ 
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Fig. 4. Relationship between the ratio of the fluorescence emission intensity of LSD to that of 
quinine and the amount of LSD. m-0, solvent system (A); O-0, solvent system (B). 

The relationship between the ratio of the emission intensity of LSD to that of 
quinine and the amount of LSD was linear over the range o - 1.5 ,ug (Fig. 4). 

The reproducibilities of scanning on the same plate were found to be less than 
6% in both the direct and internal standard methods, whilst those on different plates 
were less than 9% in the internal standard methods and less than II o/o in the direct 
method. 

Fig. 5. Fluorcsccncc emission profiles of UV-irradiated LSD. (A) Solvent system (A) ; (13) solvent 
system (B) ; (C) solvent system (C). 2 pg of LSD spotted on a thin-layer plate were irradiated 
with UV light (2537 A) for 15 min. After development, spots were detected by observation under 
UV light at 3650 A and then by coloration with p-dimcthylaminobcnzaldchydc reagent. 0, Dc- 
tectccl by blue fluorcsccnce under UV light and blue color with the reagent; 0, detected by blue 
fluorescence unclcr UV light and orange color with the reagent: Q, dctcctccl by yellow fluo- 
resccncc rmcler UV light and blue color with the rcagcnt; 0, detected by UV light but not by 
the reagent; 9, clotcctcd by the rcagcnt but not by UV light. 
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Fig:. 6. Pl~otoclccomposition curve of LSD. 

The fluorescence emission profiles of chromatograms of LSD irradiated for 
15 min are shown in Fig. 5. Five additional spots were detected by observation under 
UV light. The amounts of unchanged LSD at each irradiation time were determined 
by the direct method, and the photodecomposition curve is shown in Fig. 6. 

The amount of z pug of LSD initially spotted on a thin layer was decreased to 
0.2 ,ug (IO~/~) by irradiation for 60 min, whilst in the control experiment, LSD in 
darkness was unchanged after standing for 60 min but decreased,..to 1.S pg (go%) 
after 17 lx Structures of the products of the photodecomposition of LSD are now 
under investigation. 

It is considered that LSD in samples containing some impurities or in biological 
materials can be determined practically without purification by either the direct or 
the internal standard method described in the present work. 
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