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ABSTRACT

The use of HPLC with continuous on-line post-chution photoirradiation folowed by cithee diode-array UV or thermospruy mass
spectrometric detection is presented. These tandem techniques can greatly increase specificity of analysis, as demonstrated by select
compounds whose UV or thermospray mass spectra are highly similiar under Limp off conditions but significantly differeny after
photoirradiation. The wility of the above approach for various compounds of forensic interest is presented.

INTRODUCTION

For HPLC analysis. retention data alone lack se-
lectivity. As a result, additional on-line detectors
are commonly used to increasc specificity by pro-
viding complementary information {1.2]. Typical
on-line detection modes include UV, MS. fluores-
cence and clectrochemical. This approach is partic-
ularly useful in forensic drug analysis, where trace
level analyscs and establishment of peak identity
and purity arc very important [1.2].

Use of diode-array UV detectors can greatly in-
crease selectivity by providing UV spectra; how-
cever, the spectra themseives are generally not

Correspondence to: 1.8, Lurie, Drug Enforcement Administra-
tion. Special Testing and Rescarch Laboratory. 7704 Old Spring-
house Road. McLean, VA 22102-3494, USA.

unique. Similarly. thermospray {TSP) MS can also
greatly increase selectivity by providing molecular
weight information; however, usually little or no
additional information beyond molecular weight is
obtained. Furthermore. certain compounds do not
give any dctectable ion current at ail using TSP-MS.
Continuous on-line post-clution photoirradia-
tion has been previously emploved as a means of
converting an cluting compound into onc or more
photoproduct(s) prior to cther variable-wavelength
UV [3.4]. fluorescence [5—-13] or electrochemicai de-
tection [14-23]. Photoirradiation of photosensitive
solutes frequently results in formation of photopro-
ducis with enhanced dotectability. HPLC-photoir-
radiation followed by fluorescence or electrochem-
ical detection has been previously reported for de-
termination of drugs of forensic interest [5-8.14
17]. herbicides [9.18]. pesticides [13]. sulfonamide
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diurctics {10], stilbenc derivatives [11], vitamin K
homologues [12], penicillins [19), explosives and re-
lated nitro compounds [20], foods [21], inorganic
anions [22] and amino acids and proteins [23].

In this paper, the applicability of continuous on-
linc post-elution photoirradiation to increase the se-
lectivity of diode-array UV and TSP-MS detection
is described. The utility of this technique for the
determination of various drugs of forensic interest
is discussed.

EXPERIMENTAL

Equipment

Two HPLC systems were cmployed in this study.
For diode-array UV detection, a Serics 4 liquid
chromatograph (Perkin-Elmer, Norwalk, CT,
USA) fitted with an ISS autosampler (Perkin-El-
mer), a Partisil-5 ODS-3 cartridge system (11.0 cm
x 4.7 mm L.D., § ym, column) (Whatman, Clifton,
NJ, USA) and a 1040M diode-array UV detection
system (Hewlett-Packard. Waldbronn, Germany)
were employed. For TSP-MS detection, a Serics 4
liquid chromatograph fitted with a Model 7125
valve injector (Rheodyne, Cotati, CA. USA) and a
Model 701C thermospray interface (Vestec, Hous-
ton, TX, USA) fitted to a 4530 quadrupole mass
spectrometer (Finnigan-MAT, San Jose, CA, USA)
were employed. For both systems, a *Phred” pho-
tochemical reactor (Aura Industries, Staten Island.
NY. USA) fitted with a KRC 10-50 knitted open
tube (KOT) reactor coil (10 m x 500 gm 1.D.) and
a low-pressure 8-W mercury lamp with a strong
254-nm line (Aura Industries) werc employed prior
to the detection system.

Materials

Acetonitrile and ammonium acetate were HPLC
grade. Water was obtained from a Milli-Q system
(Millipore, Milford, MA, USA). All other chem-
icals were reagent grade or better. Drug standards
were obtained from the Reference Standards Col-
lection of the Drug Enforcement Administration’s
Special Testing and Research Laboratory.

The HPLC mobile phase was iniernally mixed
from two individual solvent reservoirs containing
acctonitrile and 0.1 M ammonium acetate buffor,
respectively.
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Procedures

For flow injection analysis, 1 mg of standard was
dissolved in 50,0 ml mobile phase prior to a 50- or
100~z injection onto the liquid chromatograph.
For the TSP-MS flow-rate optimization study, | mg
of cach standard was dissolved in 25.0 ml mobile
phase prior to a 50-ul injection onto the liquid chro-
matograph. The mobile phase for both flow injec-
tion and HPLC with post-column analysis consist-
ed of 0.1 M ammonium acetate-aceton.trile (60:40,
v/v).

TSP conditions were optimized at a flow-rate of
1.0 ml/min (see below). The vaporizer had a tip ori-
fice of 125 um and was operated at 238-259°C with
the source block temperature held at 266-282°C.
The repeller was set at approximately 28 + V d.c.
Datua acquisition was from m/z 100 to 500 at 3 s/
scan.

RESULTS AND DISCUSSION

Determination of the optimum photochemical reac-
tien time (ie., flow-rare)

It was of interest to determine whether the opti-
mum flow-rate for TSP-MS analysis (i.c., approxi-
mately 1.0 ml/min) also represented the optimum
cxposure time for photochemical reaction. Six rep-
resentative compounds of forensic interest (aceta-
minophen, heroin, noscapine, pentobarbital, meth-
apyrilene and diphenhydramine) were subjected to
photoirradiation at scveral different flow-rates (ef-
fectively givirg ditferent photochemical reaction
times). Following diode-array UV detection, peak
heights were measured at wavelengths where the
photoproduct(s) have significantly higher absor-
bances than the parent compounds. Acctamino-
phen was measured at 380 nm, heroin and nosca-
pine at 340 nm and pentobarbital, methapyrilene
and diphenhydramine at 270 nm. As shown in Fig.
1. comparison of peak height response vs. flow-rate
indicates unchanged or only slightly reduced sensi-
tivity levels (compared with the maximum re-
sponsc) when the optimum TSP-MS flow-ratc of 1.0
ml/min is used for acetaminophen, heroin, pento-
barbital and methapyrilene, with greater reductions
for noscapine and diphenhydramine. However,
there are still significant and sufficient photoin-
duced reactions occurring at 1.0 ml/min for each of
the photosensitive substrates examined. and this
flow-rate was therefore utilized for all studies.
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Fig. 1. Peak height response versus flow-rate for pentobarbital ¢ + ), heroin (-2), methapyrilene (L), diphenhydramine (% ), acetami-
nophen (L) and noscapine (%7) alter post-column photochemical reaction and diode-array detection.

Photoirridiation with subsequent diode-array UV de-
tection

The utility of photoirradiation-diode-array UV
detection is demonstrated by sclect compounds
whose UV spectra are highly similar under lamp off
conditions but which exhibit quite different spectra
after photoirradiation. In this vein, it is particularly
illustrative to compare structurally closely related
compounds, ¢.g.. butalbital vs. talbutal, O6-mono-
acetylmorphine (O6-MAM) vs. morphine and 3.4-
methylenedioxyamphetamine (MDA) vs. 3,4-meth-
ylenedioxymethamphetamine (MDMA). As shown
in Figs. 2-4, these pairs display similar spectra un-
der lamp off conditions but significantly different
spectra following photoirradiation. Butalbital and
talbutal display no discerniblc UV maxima under
lamp off conditions; following photoirradiation,
however, botii compounds displayed distinct UV
maxima at 265 nm, with taibutal undergoing the
significantly more pronounced hyperchromic effect

(Fig. 2). Similariy, both O6-MAM and morphine
gave slight blue shifts (286 — 284 nm) following
photoirradiation. with morphine undergoing the
greater hyperchromic effect (Fig. 3). Finally. both
MDA and MDMA developed a shoulder at 318 nm
following photoirradiation, with MDMA undergo-
ing the more pronounced hyperchromic effect at
318 nm and more pronounced hypochromic effect
at 286 nm.

Molecular consequences of photoirradiation on UV
spectra

UV absorption and photochemical reaction both
involve excitation of photosensitive substrates via
photoirradiation. However, the former process in-
volves only a fully reversible absorption of energy
raising a specific chromophore from its ground level
to a low lying excited electronic energy level. The
resulting excited state quickly rcturns to the ground
state via various intra- and intermolecular vibra-
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Fig. 2. UV spectra of butalbital and talbutal before and after photoirradiation.

tional and rotational interactions (thereby end-re-
suiting only in simple heating of the solution). In
contrast, the latter process involves absorption of
very high energy photons raising a specific chro-
mophore from its ground level to an upper excited
electronic energy level. As with standard UV ab-
sorption, the resulting photoexcited molecule may
returan to the ground state via vibrational rotation-

al interactions, but can alternately act as a high en-
ergy transition state to a new molecule (or mole-
cules) via (usually) intra- or (rarely) intermolecular
reactions. The resulting photoproducts, whose for-
mation and structure(s) can be highly dependent on
the presence of nearby functional groups and/or
stereochemistry, can have different chromophores
(and therefore dramatically different UV spectra)
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Fig. 2 UV spectra of morphine and Of-monoacets Imorphine betore and after photoirradiation.
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Fig. 4. UV spectra of MDA and MDMA before and afier photoirradiation.

vs. the original substrate. As the examples detailed
above illustrate, even minor structural and/or ster-
eochemical differences can lead to significant
changes in UV spectra.

Photoirradiation with subsequent TSP-MS detection

As is the case for diode-array detection, photoir-
radiation frequently incrcases specificily of pure
TSP-MS analyses. For compounds having the same
molecular mass, pure TSP mass spectra are fre-
quently the same, however, as shown in Table 1. For
example, O3- and O6-MAM, both of which give
only m/z 328 ions (MH™*) under lamp-off condi-
tions, give significantly different spectra containing
multiple ions under lamp-on conditions which for-
mally can be interpreted. O3-MAM has an intense
m/z 345 ion (probably [M + NH;JH ™) and a weak
m/z 314 and m/z 304 (probably [M — CH,CO +
H,OJH™) ion: in contrast, O6-MAM has strong
nij/z 346 (probably [M + H,OJH*). m/z 302 and
m/z 300, 284, 270, 268, 257 and 256 ions. Both com-
pounds retain very intense #1/z 328 ions (which al-
most certainly represent the unreacted parent com-
pound MH™*’s) and also display common m/z 286
(most probably (M — CH,COJH ™) ions.

In another pertinent ¢xample, cannabidiol and
A%-tetrahydrocannabinol (4°-THC) also give iden-
tical TSP mass spectra under lamp off conditions

but different spectra afier photoirradiation. Under
lamp-off conditions, both compounds exhibit /=
315 ions (MH™). After photoirradiation, cannabi-
diol gives only the mr/= 315 ion (Note, however, that
the absolute intensity of the UV spectrum was sig-
nificantly higher, suggesting that at least some pho-
toproducts were produced); in contrast, 49-THC
gives three ions {an intense m/z 315 (= MH ') and
smaller m/z 373 and 333 (probably [M + H,O]H™)
1ons;.

TABLE |

MASS SPECTRA (THERMOSPRAY [ONIZATION) OF
COMPOUNDS OF FORENSIC INTEREST BEFORE AND
AFTER PHOTOCHEMICAL REACTION

Compound m-= {relative abundance)

Lamp off Lampon

O3-Monoacetylmorphine  328(10() 345(34). 328(100). 314
(3). 30403, 286(51)

O6-Monoucetylmorphine  328(100) 3461363, 328(70), 302
(10). 300(8), 286(40).,
2R4(40), 27018y,
268(12). 257¢100),

256(12)
Cannabidiol RINIREE 6} J15(10m
ATHC IESC100) I736), 33312 S

(100)
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TABLE I

MASS SPECTRA (THERMOSPRAY IONIZATION) OF
BARBITURATES BEFORE AND AFTER PHOTOCHEM-
ICAL REACTION

Compound m/z (relative abundance)
Lamp Lamp on®
ofl
Pentobarbital - 261(12)820_ 244(100)B2-B1v 33714810
218(4)F, 201(25)°%, 15714y
Butalbital - 2424982810 335(6)812 2071003
199¢15)
Barbital - 219(24)830 202(100)83+BIP |85(4)B1-
159(8)*
Talbutal - I59(R)B2D, 242(37)B2a8k 207(100)Pe
199(20)<2, 155(12), 143(10)
Allobarbital - 243(6)870, 232(5). 226({ 16y
209(4)®12, 201(4). 1914 100™
Amobarbital - 261(15)820, 244(100)B2a-BIb 207(g)BI-
218(45C7, 201(20)¢
Secobarbital - 256(68)P2BI0 33(R)BI2 2211003

2134555, 169(19)AR)

250(96)B20BL0 233(10m)%12, 207(56)¢
204(8). 164(4)

Phenobarbital ~

“ A, B, B2 and C: see Fig, 5 and refs, 25-27 for postulated
structures: D: see Fig. 6 for postulated mechanism and strue-
ture: lower case o and b denotes H' and NH; jon adducts
respectively: Rx references the C-5 substituent lost to form ion

Al

Finally. in contrast to the f .dings of Heeremans
et al. [24] for heptabarbital. most barbiturates give
no detectable TSP mass spectra at all under lamp off
conditions. but (as detailed for eight typical barbi-
turates in Table 11) numerous ions after photoirra-
diation. These results were expected in light of pre-
viously reported photoproducts for secobarbital.
pentobarbital and barbital {25-27]. All eight barbi-
turates displayed an intense [M + NH3}H* _ion
(consistent with the previously postulated protonat-
ed photoproduct B2 shown in Fig. 5). In addition. a
previously unreported photoproduct (designated
photoproduct D) was observed at M — 17 for all
barbiturates having a 5-allyl subsituent: D appears
to be the end result of a combined photo-Fries rear-
rangement -dehydration reaction mechanism (Fig.
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6) and represents a highly specific and convenient
marker for identification of 5-allyl barbituric acids
[28].

Molecular consequences of photoirradiation on TSP
nass spectra

Under pure TSP-MS conditions, the ions which
are typically observed represent combinations of
proton, ammonium and solvent adducts; the forma-
tion of these adducts essentially depends on the
ability of a compound to act as a Bronsted base. As
shown earlier, any compounds with the same mo-
lecular mass and closely similar structures will typ-
ically have similar Bronsted base properties and
therefore essentially identical TSP mass spectra.

As previously discussed, photoirradiation can re-
sult in the formation of new photoproducts, which
will result in clear differences in TSP mass spectra if
those new compounds have different molecular
masses and/or altered Bronsted base properties. In
addition, dramatically incrcased fragmentation
may be observed. even with photoproducts of iden-
tical mnlecular mass and Bronsted base properties,
if those compounds are {as expected) thermody-
namically less stable than the original substrate
(thermodynamically unstable photoproducts are
more susceptible to fragmentation under standard
TSP-MS conditions). As the examples dctailed
above again illustrate, even minor structural and/or
stereochemical differences can result in significant
changes in TSP mass spectra.

Determination of psilocyhin in hallucinogenic mush-
roonts

The use of diode-array UV and TSP-MS detec-
tion under lamp-off/lamp-on conditions provides
for both the identification of psilocybin and its dif-
ferentiation from psilocin. The UV spectra of psilo-
cybin and psilocin are quite similar under lamp off
conditions, with UV maxima at 265 nm (Fig. 7).
After photoirradiation. both compounds exhibit
pronounced hyperchromic cffects throughout the
entire UV spectra 220-400 nm; however, psilocybin
displays no discernible UV maxima, while psilocin
displays a new maxima at 233 am. The TSP mass
spectra of psilocybin displays only an abundant m, =
285 MH"™ ion and a more intense s = 205 ion (the
latter almost certainly representing the MH® 1on
for psilocin) under lamp off conditions (Table 111).
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phenobarbital Ri— CgH; Ry~ C,H;

Fig. 5. Correlation of 3.5-disubstituted barbituric acid photoproducts {25 27].

After photoirradiation, however, a highly complex
TSP mass spectra is obtained containing 27 ions:
the spectrum is vastly different than that obtained
for the structurally similar psilocin under identical
conditions. The new base peak for psilocybin is m -
221, while for psilocin is n2:z 219, In all. there are 22

/O \f
cn.cnca "“'—"” C“
Z NS ZP
HOM & ;—-—-—-—-k
{:L/‘“ 2
R U R o,
Photoproduct D i

Fig. 6. Postulated mechanism for photoproduct D,

unique ions in the photcirradiated- TSP mass spec-
tra of psilocybin (vs. psilocin). including intense
ions at m/- 164, 162, 128 and 118, The intense m/=
205 ion present in both spectra is consistent with the
MH ™ ion for psilocin. Finally. since the ion of m/:
= 285 (representing the MH™ for psilocybin) is not
present after photoirradiation. the aquisition of
preliminary lamp off TSP muss spectra further in-
creases the specificity of analysis.

For actual sample analysis the chromatographic
system reported by Borner and Brenneisen [29] ap-
pears to be viable. The reversed-phase gradient sys-
tem which was used (containing ammonium acetate
buffer and methanol) would be expected to be com-
patible with photoirradiation and diode-array UV
and TSP-MS detection. Borner and Brenneisen {29
showed the homogencity of the psilocybin peak
from a mushroom sample by overlaying upslope.
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Fig. 7. UV spectra of psilocybin and psilocin before and after photoirradiation.

apex and downslope spectra obtained using a diode
array UV detector.

Limitations of photoirradiation

The two reactor coils used in this study lasted for
150 and 80 injections, respectively, before develop-
ing leaks (approximately equal injections for each
detector). It has been previously reported that fluo-

TABLE 111

MASS SPECTRA (THERMOSPRAY {ONIZATION] OF PSI-
LOCYBIN AND PSILOCIN BEFORE AND AFTER PHO-
TOCHEMICAL REACTION

Compound m = {refutive shundanee)

Lamp off Limyp on
A9104), 348, 301
I00(3) 283d). 24014)
237633 221000y I
2T 212011 20503
203039, 192(5), 1919
FO0(3) 178050 1775
167(5), 164(1d), 162{26}
[28036) 126(6), 135(3)
FIBOI2) i6id) HidgR)

I66LER) 2R 2ISS)
22031 2190100 215
21243y, 205039

Psitocybin 205¢100) 285(1K)

Puilocin RINTRIE

ride liberated from PTFE (polytetrafiuoroethylene)
tubing during UV irradiation causes the tubing to
turn brittle and eventually rupture [30.31]. This
problem might be alleviated if ice-bath cooling is
provided for the lamp and the KOT assembly [31].
Another possible factor contributing to coil rupture
may be the back pressure generated by the TSP ap-
paratus (4.4-6.1 MPa), since the PTFE tubing used
in this study is only rated for 3.4 MPa. Working at
lower flow-rates (e.g.. 0.7 ml/min) would signifi-
cantly lower back pressure —although at the ex-
pense of TSP detector sensitivity (approximately
2% loss). However {as shown in Fig. 1), there
would still be sufficient generation of photopro-
ducts for routine analytical analyses even at this
lower flow-rate. Alternately, use of different lengths
and/or internal diameters of PTFE tubing for the
KOT assembly could maintain or increase sensitiv-
ity even at lower flow-rates.

CONCLUSIONS

Continuous on-line post-elution photoirradia-
tion followed by diode¢-array UV or TSP-MS detec-
tion is a readily performed technique which resulits
in significantly increased specificity of analysis. Al-
though flow injection analysis was primarily used to
acquire data for this study. the approach presented
is applicable to HPLC with post-column analysis.
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The UV and TSP-MS data obtained are highly
complementary. In addition, the possibility exists
for the direct coupling of the diode-array UV and/
or TSP-MS detectors with a high-pressure-rated
UV flow cell.

Additional drugs of forensic interest which un-
dergo changes in either their TSP-mass spectra and/
or UV after photoirradiation include morphine, co-
deine, acetylcodeine, heroin, lysergic acid diethyla-
mide, phencyclidine, N-hydroxy-MDA, fentanyl.
noscapine, quinine, diphenhydramine, phenacetin,
acetaminophen, antipyrene, methapyrilene and nic-
otinamide. Further applications can be reasonably
expected for analysis of, e.g., penicillin, sulfona-
mide diuretics, herbicides, stilbene derivatives, vita-
min K homologues, explosives, foods, inorganic
anions, amino acids and proteins: in all of the latter
examples, photoproducts have been previously re-
ported using either fluorescence or electrochemical
detectors (see above). Ballard and Grinberg [32] are
presently investigating the use of flow injection-
photoirradiation-TSP-MS for analyses of benzo-
phenone, heptylphysotigmine (used for the treat-
ment of Alzheimer's disease) and the immuno-sup-
pressant drug FK-520. Finally. diodc-array UV
and/or TSP-MS detection may be used for contin-

uous on-line monitoring of photochemical reac-
tions.
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