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This report describes the analytical scheme used for the
unequivocal confirmation of lysergic acid diethylamide
(LSD) in forensic samples. The scheme includes the extrac-
tion procedure and subsequent spectral findings. Analyti-
cal techniques for LSD utilizing ultraviolet spectrometry
(1), thin-layer chromatography (2, 3), fluorometry (4), gas
chromatography (5-7), infrared (8), and mass spectrome-
try (9-11) have been reported. In this study, we report the
ultraviolet spectral analysis including irradiation, with sub-
sequent electron impact mass spectral analysis of both the
non-irradiated and the irradiated samples. Samples con-
taining as little as 15 micrograms of LSD have been suc-
cessfully analyzed and confirmed.

EXPERIMENTAL
The mass spectra used in this study wereobtained with a Du-

Pont Instrument Type 21-491doublefocusingmassspectrometer.
The ionizingpotentialwas78eV;the ionizingcurrentwas250-300
J.l.A; the acceleratingpotentialwas1100voltscoupledwith an elec-
tric sector voltageof 100volts. The sample in the glasscapillary
was introducedinto the massspectrometerwith a direct insertion
probe. The temperature of the sourcewas 175°C. The tempera-
ture of the probewasadjustedfrom180to 195°C.The massspec-
tra were recorded on a CEC5-124A recordingoscillographat a
chart speedof 1 inchper second.Amassscan rate of 1000seconds
per decade in the linear scan modewasemployedto produce the
spectra. Peak assignmentwasmade by using the DuPont digital
massmarkerwhichhad beencalibratedoverthe perfluorokerosene
massrange.

The ultraviolet spectra were obtained with a ColemanModel
EPS-3T Hitachi Ratio Recording Spectrophotometer. A scan
speed of 50 nm/rninute through the range of 210-360nm with an
automaticslit width of 0.005-2mmwasused.The amplifiersensi-
tivity and photomultipliersensitivitywereset at 1 and 2, respec-
tively.

A HelenaTitan UVLamp equippedwitha mercuryvaporlamp
source and a 340-nm cut-off filter was used as the irradiation
source.

Analytical Reagent, Mallinckrodt 1,2-dichloroethane and
"Baker Analyzed"Reagent, Spectrophotometricquality chloro-
formwereused.

RESULTS AND DISCUSSION
An efficient and relatively simple extraction procedure is

one of the most significant requirements in the analysis of
LSD. Because of the numerous forms, sizes excipients, and
dyes in illicit LSD preparations, the development of a sin-
gle standardized extraction sequence is highly improbable.
Martin and Alexander (12) and Sperling (13) describe col-
umn chromatographic techniques in the extraction and iso-
lation of LSD from illicit preparations. We have found that
acid-base partitioning with 1,2-dichloroethane as the or-
ganic phase best satisfies our extraction, isolation, and pu-
rification requirements. The 1,2-dichloroethane was supe-
rior to many solvents including other halogenated hydro-
carbons and mixed alcohol systems. Greater than 90% re-

covery of LSD and the removal of highly colored excipients
exhibiting ultraviolet spectral interferences were observed
with 1,2-dichloroethane. Over 1000 samples have been ex-
tracted and analyzed, and no spectral interferences have
been observed.

In addition to the different forms of LSD preparations,
differences in the chemical composition of the ergot con-
tent are often encountered. It is general experience that
many samples submitted for analysis contain small
amounts of iso-LSD (a stereoisomer of the more common
N,N- diethyl-d-Iysergamide) and LSD degradation prod-
ucts in addition to the parent LSD. In many cases, the sep-
aration of LSD from iso-LSD is not necessary. The Con-
trolled Substances Act of 1970 or, more appropriately, the
Comprehensive Drug Abuse Prevention and Control Act of
1970 places lysergic acid diethylamide and all its isomers,
including optical, position, and geometric, in the controlled
or regulated category of Schedule 1. However, in certain
cases where the requirement for separation does exist, in-
frared spectrometric (8) and paper chromatographic (J4)
procedures are available. The analytical scheme presented
here describes the extraction, isolation, and confirmation of
LSD from illicit preparations where LSD refers to all stere-
oisomeric species.

Figure 1 outlines the extraction and isolation procedure.
In this sequence, Solution II (5.0 ml) containing the LSD as
the amine acid sulfate salt in 0.5N H2S04 is divided in half.
The LSD in one half, Solution III, is made just basic with
NH40H, re-extracted into 1,2-dichloroethane and recov-
ered as Residue A. The second half, Solution IV, is scanned
from 210-360 nm with 0.5N H2S04 as reference. A broad
absorption band with the maximum at approximately 313
nm is observed (Figure 2). After scanning, the solution is ir-
radiated with long wave ultraviolet light for five minutes
and re-scanned from 210-360 nm. A shift of the broad ab-
sorption maximum from 313 nm to approximately 294 nm
is observed. The reaction product is re-extracted and re-
covered as Residue B.

The ultraviolet spectral phenomenon of LSD as well as
other alkaloids of the ergot family was first explicitly de-
scribed by Stoll and Schlientz (J). They attributed the
shift of the absorption maximum to a photochemically in-
duced hydration reaction at the C9,lOdouble bond of the
parent ergot alkaloid (Figure 3). This phenomenon has
since been utilized by many forensic laboratories in the
analysis of illicit street preparations of LSD. In addition to
UV analyses, Anderson (2) identified LSD by the irradia-
tion degradation pattern using thin layer chromatography.
It has been our courtroom experience, however, that ultra-
violet spectral analyses with thin layer chromatography is
subject to legitimate criticism on the basis of specificity. In
order to unequivocally confirm the presence of LSD and to
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Figure 1. Extraction and isolation of LSD from illicit preparations
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Figure 2. Ultraviolet spectra of LSD (solid curve) and irradiated LSD
(dotted curve)

eliminate other possible non-controlled ergot alkaloids. we
have found that electron impact mass spectral analyses of
the non-irradiated extract (Residue A), i.e., parent LSD, as
well as the irradiated product (Residue B), i.e., hydrated
LSD, provides the specificity for forensic purposes.

In an endeavor to obtain the most characteristic electron
impact mass spectrum of LSD, i.e., molecular ion as base
peak at m/e = 323, the intensities of the observed ions at
different probe temperatures were measured. The sum of
the intensities of all peaks greater than 5 mm, in the most
sensitive galvanometer tracing, was determined, and the
percentage of each m/e peak with respect to the sum was
calculated. The m/e peaks at the lower temperatures are

582 • ANALYTICAL CHEMISTRY, VOL. 47. NO.3, MARCH 1975

hv

Figure 3. Photochemical hydration of LSD
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Figure 4. Mass spectrum of LSD extract (residue A)

Table 1. Percent Ion Intensities vs. Probe Temperature
for LSD mf e Peaks

mle 75-85'C 11D-120'C 14D-150'C lS0-195'C 21D-220'C

323
223
222
221
207
196
181
111
97
83
71
69
57

0.82
0.24
0.24
0.33
0.22
0.72
0.41
1.05
1.67
1.65
1.89
1.26
6.24

1. 74 0.63

0.68
0.44
0.56
0.44
2.06
2.49
2.37
3.49
2.06
4.36

2.01
2.89
2.58
4.15
2.77
7.92

9.94
1.89
2.04
3.58
2.19
1.59
2.54
1.21
1.64
1.69
1.84
1.49
2.29

1.92
0.91
1.01
1.55
1.08
0.72
1.08
0.70
1.03
1.06
2.03
1.04
1.62

mostly due to impurities and not from LSD fragmentation.
Table I summarizes the findings for only the characteristic
LSD m/e peaks. These findings suggest that the optimum
probe temperature for observing the most intense molecu-
lar ion peak for LSD at m/e = 323 is between 180-195 "C.
Figure 4 depicts the observed mass spectrum of the LSD
extract. The molecular ion, m/e = 323, also is the base
peak and is assigned a relative intensity of 100. Peaks with
relative intensities less than 10%of the base peak are not
presented in this portrayal.

We have found reasonable agreement between the spec-
trum recorded at a probe temperature of 180-195 °e and
previously reported spectra. Table II describes this com-
parison. The differences can be attributed to different in-
strument parameters resulting in slightly different frag-
mentation pathways. The fragmentation pathways leading
to these m/e peaks'have previously been reported (9, 11).

The analytical sequence for the confirmation of LSD in
illicit preparations is completed with identification of the



Table II. Comparison of LSD Mass Spectra

LSD,180-19S"C LSD" Lsd>

323 (100%) 323 (100%) 323
·.. ... 251
... ... 235
223 (26%) 223 (28%) ...
222 (24%) 222 (39%) ...
221 (32%) 221 (70%) 221
207 (22%) 207 (40%) 207
196 (16%) 196 (20%) 196
181 (26%) 181 (38%) 181
·.. 167 (15%) 167
·.. 154 (12%) 154
·.. ... 139
·.. ... 127
111 (12%) ... 111
... ... 100
97 (15%) ... ...
83 (15%) ... 83
71 (12%) ... ...
69 (10%) ... ...
.. . ... 62
... ... 60
57 (14%) ..-. ...
... ... 42

a From the data of Nigam and Holmes (9). Relative intensities
determined from published spectrum. Only m]e peaks greater than
140 were presented. b From the data of Finkle, Foltz, and Taylor
(15).Relative intensity data not available.

acid catalyzed photochemical hy.dration product. Mass
spectral analyses confirm the hypothesized hydration reac-
tion of Stoll and Schlientz. Observation of a molecular ion
at m/e = 341 (42.4%) confirms the addition of H20 (mol wt
= 18) to LSD (mol wt = 323). Figure 5 depicts the mass
spectrum of the irradiated product. The base peak is ob-
served at m/e = 323. Alcohols are known to exhibit base
peaks of mass M - 18 arising from loss of the neutral mole-
cule H20 (16). The loss of H20 can occur both before or
after ionization. The loss before ionization occurs through
thermal modes. It is apparent that the peak at m/e = 323
arises from the hydrated product and not from residual
LSD in the reaction mixture. The ultraviolet spectrum of
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Figure 5. Mass spectrum of irradiated LSD extract (residue B)

the irradiated product shows no appreciable absorption at
313 nm, the characteristic absorption maximum for LSD,
hence indicating that the hydration reaction was complete.

These findings, i.e., ultraviolet and mass spectral analy-
ses of both LSD and the acid catalyzed photochemically in-
duced hydration product of LSD, provide unequivocal con-
firmation of the presence of lysergic acid diethylamide in
illicit preparations .

LITERATURE CITED
(1) A. Stoll and W. Schlientz, Helv. Chem. Acta, 71,585 (1955).
(2) D. Anderson, J. Chromatogr., 41,491 (1969).
(3) T. Niwaguchi and T. Inoue, J. Chromatogr., 59, 127 (1971).
(4) K. Genest and C. Farmillo, J. Pharm. Pharmacol., 16,250 (1964).
(5) C. Radecka and I. Nigam, J. Pharm. Sci., 55,861 (1966).
(6) M. A. Katz, G. Tadjer, and W. A. Aufrecht, J. Chromatogr., 31, 545

(1967).
(7) A. Sperling, J. Chromatogr., 12,265 (1974).
(8) T. M. Hopes, Microgram, Vol. I, NO.4 (1968).
(9) I. Nigam and J. Holmes, J. Pharm. Sci., 58,506 (1969).

(10) M. D. Cunningham, Microgram, Vol. V1, NO.2 (1973).
(11) M. Barber, J. A. Weisbach, B. Couglas, and G. O. Dudock, Chem. Ind.,

1072 (1965).
(12) R. Martin and T. G. Alexander, J. Ass. Offic. Anal. Chem., 50, 1362

(1967).
(13) A. Sperling, J. Forensic Sci., 15,86 (1970).
(14) J. Look, Microgram, Vol. i, NO.4 (1968).
(15) B. Finkle, R. Foltz, and D. Taylor, J. Chromatogr., 12,304 (1974).
(16) H. C. Hill, "introduction to Mass Spectrometry," 2nd ed., Heyden and

Son Ltd., Spectrum House, London, 1972, p 71.

RECEIVEDfor review July 8, 1974, Accepted November 18,
1974.

Microdetermination of Nitrogen by Means of a Thermal
Conductivity Detector. Application to the Determination of
Nitrogen in Tin-Nitrogen and Germanium-Nitrogen Compounds

Jean-Claude Remy and Yves Pauleau

Thermodynamics and Mineral Physico-Chemistry Laboratory, U.E.R. Sciences, et Techniques, Faculte des Sciences, Boulevard Lavoisier,
49045 Angers Cedex, France

Research in our laboratory relating to metal-nitrogen
compounds prepared in the form of thin films by reactive
cathodic sputtering (1) has involved the determination of
nitrogen in such compounds. A comparative study carried
out by Healy and Parker (2) showed that conventional
methods of nitrogen determination on metallic nitrides

._ ... _---

(Kjeldahl method, alkaline fusion... ) are only efficient
when this element is at oxidation state -3. Surveys (3-6)
have established, however, that the hydrolysis of some ni-
trides will produce ammonia, hydrazine, and even molecu-
lar nitrogen, suggesting that nitrogen, in these compounds,
is not entirely at its oxidation state -3. The Dumas method
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