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Quantitative Capillary Supercri-
tical Fluid Chromatography and
Supercritical Fluid Extraction of
Basic Drugs of Abuse

Patrick Edder®)*, Werner Haerdi?), Jean-Luc Veuthey?), and Christian Staub®)

Abstract. Capillary SFC of basic drugs of abuse have been studied using two different
columns, and the results were compared with GC. These results have proved the ability
of supercritical CO, to solubilize and extract basic drugs of interest. A novel restrictor
has been used to control precisely the flow rate through the extraction cell over a long
period of time. Optimal conditions for quantitative recoveries of aqueous morphine
adsorbated on CI8 silica by SFE has been determined. Recoveries of 100% with a
variation of 2% was obtained with an extraction time of 25 min. The influence of the
pressure, solvent modifier, and flow rate of extraction fluid on the extraction efficiency
was determined. These conditions were also found to be applicable for extracting other

drugs of abuse.

1. Introduction

Recently, there has been a growing
interest in supercritical fluid extraction
(SFE), because it offers several advantag-
es over other extraction techniques used
for isolating analytes from environmental
and complex biological solid matrices [1-
3]. One of the attractive features of SFE is
that it is possible to directly couple the
SFE step with chromatographic tech-
niques. This then allows off-line or on-
line determination of compounds of inter-
est and enables to increase the sensitivity
and the degree of automation of the meth-
od {4][5].

The extraction of basic drugs of abuse
from physiological fluids, organs, or even
hairs remains still a problem in clinical or
forensic laboratories. For instance, ex-
traction of morphine alkaloids, which are
basic drugs, are tedious and time-consum-
ing procedures, involving losses or con-
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taminations and are not amenable for au-
tomatic analyses. Basic drugs of abuse are
generally extracted from biological solid
matrices by liquid-solid extraction (e.g.
Soxhler). The clean-up step which follows
is long and is carried out by extraction on
silica cartridges (solid-phase extraction:
SPE) {6]. The extraction efficiency is rath-
er poor. However, for physiological fluids
(blood, urine), the silica cartridge proce-
dure works well and is routinely used. A
limitation of this method is that direct
coupling of SPE with chromatographic
techniques other than HPL.C is very diffi-
cult. In contrast, SFE could be a suitable
technique for extraction of basic drugs of
abuse from biological matrices as well as
for direct coupling with chromatographic
techniques. To date, only few studies have
been reported on the quantitative SFE
from complex biological matrix {7].
Extraction of basic drugs of abuse from
complex biological matrices requires a
knowledge of their solubilities and their
behavior in supercritical fluids, particu-
larly CO,. Thus, the solubilization of polar
solutes in supercritical fluids remains a
challenging task. In 1977 Stahl laid down
some rules for predicting the solubilities
of polar molecules in CO, [8]. The basic
drugs of abuse either contain tertiary ami-
no groups (e.g. morphine, cocaine, meth-
adone, diazepam) or secondary amino
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groups (e.g. amphetamines and some ben-
zodiazepines). We have focussed our at-
tention on the extraction of the former. In
addition to the amino groups, some of
these alkaloids have one or more OH
groups (codeine, morphine) making them
more polar. A literature survey showed
that tertiary amines are soluble in CO,
without solvent modifiers and can be ana-
lyzed by capillary supercritical fluid chro-
matography (SFC) [9-111. A study of the
effect of OH groups on the separation of
polyglycerol esters indicated that com-
pounds possessing less than four OH
groups are soluble in CO, [12].

On the other hand Janicot et al. [13]
have reported that large amounts of mod-
ifier (MeOH/H,O/Et;N) have to be added
to CO, (15-20%) for obtaining a good
separation of morphinic alkaloids by
packed SFC, the interaction between these
compounds and the bare or modified silica
being very strong. Other studies on the
analyses of basic drugs such as ampheta-
mines [14], benzodiazepines [15], barbit-
urates [16], B-blockers [17], cocaine, and
codeine [18] by packed column SFC have
also been done.

As indicated by several workers, the
retention of polar compounds on packed
column SFCis principally due to the inter-
actions between the solutes and the sta-
tionary phase through the silanol groups.
Adding a polar modifier to the CO, affects
and minimizes these interactions to a great-
er extent than the solubility of the solutes
[19][20].

Based on the previous results, we have
chosen capillary column SFC for under-
standing the behavior of the polar analytes
in supercritical CQO,. Although capillary
SFC has been employed for the analyses
of drugs of abuse [21-25], there is a dearth
of information regarding quantitative de-
termination using either packed or capil-
lary column SFC (note that Karlsson et al.
have done quantitative work with solutes
of various polarity [26]). This shows the
infancy of the SFC technique.

The aim of this work is to develop a
SFE procedure for quantitative recovery
of diverse drugs e.g. morphine, cocaine,
from complex biological matrices such as
liver, kidney, brain, hairs, urine, and blood.
In the last two samples, extraction of these
drugs were carried out after adsorption
onto a solid support. But before applying
SFE to these matrices, solubilities of basic
drugs in CO, with capillary SFC must be
studied. However, after achieving our pri-
mary goal, quantitative capillary SFC of
basic drugs of abuse was performed to
investigate the potential use of this tech-
nique compared with GC analysis. But, as
the ultimate goal is to couple SFE directly
with chromatographic techniques, deriva-
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tization of the drugs of interest was avoid-
ed.

Preliminary studies with SFC showed
that, although analysis by SFC cannot
compete with GC, it indicated that CO,
without any modifier is able to solubilize
basic drugs of abuse. Hence, a detailed
SFE study of morphine was performed, as
itis one of the most difficult one to extract
due to its stronger polarity.

Like in the case of packed SFC, SFE of
morphinic alkaloids in poppy straw stud-
ies showed that high proportions of polar
modifier in CO, are necessary to extract
these compounds quantitatively [27]. This
suggests stronger extracting capacity is
required due to matrix effects. For these
reasons, to determine the optimal SFE
conditions for morphine extraction (mo-
bile phase, pressure, temperature, period,
flow rate), a matrix effect was simulated
by extracting morphine first adsorbed on
to a solid support to represent more real
conditions.

2. Experimental

2.1. Material

99.99% CO, purity was purchased fromAGA
(Geneva, Switzerland). A charcoal-packed col-
umn was incorporated prior to the pump to pre-
vent eventual sample contamination by hydro-
carbons.

HPLC grade quality MeOH (99.9% purity)
was purchased from Maechler AG (Basel, Swit-
zerland). Et;N (99.5% purity) was obtained from
Fluka (Buchs, Switzerland).

Silica C18 was purchased from Macherey-
Nagel (Duren, Deutschland). Amino, cyano, diol,
and pure silica were obatined from Waters (Mil-
ford, Massachussetts, USA). Phenyl silica was
obtained from Analytichem International (Har-
bor City, USA).

Morphine, codeine, methadone, papaverine
were obtained from Siegfried AG (Zofingen,
Switzerland). Diazepam, imipramine, cocaine,
benzoylecgonine, and strychnine were given as
gifts by the Institute of Forensic Medicine of
Geneva.

2.2. Apparatus
2.2.1. Supercritical Fluid Chromatography.

A Carlo-Erba SFC3000 chromatograph (pur-

chased from Brechbiihler S.A. Geneva, Switzer-

land) was used for analysis of samples by SFC.

200 nl of sample were introduced via splitless
injection using pneumatically actuated valve.The
injection time was optimized at 2 s. Carbon
dioxide was used as the mobile phase. Two types
of capillary SFC columns (differing in their po-
larities) were used:

— DB5,20 m x 0.1 mm i.d., film thickness 0.4
pum (J&W Scientifics, Folsom, USA).

— DBWAX, 20 m x 0.1 mm i.d., film thickness
0.1 um (J&W Scientifics, Folsom, USA).
The chromatographic system was equipped

with a Flame lonization Detector (FID). The
detector temp. was 300°. The following FID
seftings were used: H, flow rate = 30 ml/min ; air
flow =300 ml/min ; and N, (as the detector make-
up gas) with flow rate = 30 ml/min.
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Fig. 1. A schematic diagram of the SFE restrictor

A tapered fused silica tube of 100 umi.d. was
used as the restrictor. This restrictor has an inte-
grated restriction of & ml/min (this value corre-
sponds to a flow of § ml/min of CO, under normal
pressure at the end of the cap. and under initial
column-pressure/temperature conditions of 100
bar/30°). A HP3392 integrator (Hewlett-Pack-
ard, Palo Alto, USA) was used for integrating the
signals.

For comparison, samples were also analyzed
by usingan HP5890 gas chromatograph (Hewlett-
Packard, Palo Alto, USA) with on-column injec-
tion and an FID detector. Same FID gas setting as
SFC was used.

He was used as the carrier gas with a flow rate
of 1.1 ml/min. The volume of sample injected
was 1 pl. A | m x 0.32 mm i.d. deactivated
capillary fused silica column was connected to a
20 m x 0.32 mm i.d. capillary column of SE-54,
film thickness of 0.53 um (Hewlett-Packard,
Palo Alto, USA)using a glass presfit connector to
avoid column contaminations.

2.2.2. Loading Step. As mentioned earlier,
optimal conditions for extracting morphine by
SFE were determined by adsorbing it onto a solid
support. A solid support was used to introduce
matrix effect. This would then be representative
of conditions encountered in real systems.

The loading was done directly in the extrac-
tion cell (cell capacity: 720 ul; dimension: 7.5 cm
X 3.5 mm i.d.). Solns. were pumped by a HPLC
pump SS7 300 LC (State College, USA) to the
extraction cell at a flow rate of 1 ml/min. The cell
was packed with the support used for loading the
sample. The supports were first washed with 10
ml of MeOH and then with 20 ml of H,O prior to
the percolation. A HP 1040A diode array UV/
VIS detector (Hewlert-Packard, Palo Alto, USA)
was used to monitor the eluted morphine. Vari-
ous supports were tested to select the best support
for loading alkaloids drugs. In addition, for ap-
plying SFE to the analysis of basics drugs of
physiological fluids, attempts were made to pre-
concentrate large volumes of urine or blood to
choose the best support.

2.2.3. Supercritical Fluid Extraction. The
SFE apparatus was constructed in-house. Carlo-
Erba SFC300syringe pumps were used todeliver
CO, and the modifier. The two solvents were
mixed in a column held at 40°.

A six-way valco valve was used to by-pass
the extraction cell which was placed in a oven
held at 40°.

A block heater at 100° was used for heating
the restrictor in order to avoid dry ice formation
due to the decompression of the CO,.

Extraction pressure and flow rate could not
be controlled well dueto clogging of the restrictor
by dry ice formation or by precipitates of the
extracted solutes. This then significantly affects
the extraction efficiency. Consequently, it is ab-
solutly essential to be able to vary the restrictor
outlet during the extraction in order to maintain
the same conditions throughout the extraction
period and to improve the reproducibilities of
different SFE procedures. The disadvantage of
using a fused silica capillary as restrictor is that it
has to be changed: i) if it is plugged; /i) if the
restrictor conditions (e.g. higher flow rate at the
same pressure) have to be varied.

With a stainless-steel-stressed restrictor, it
was possible to regulate the flow at constant
pressure, but its limitation is that it has to be taken
out of the collection vessel for modifying the end
of the tubing with a nippers, this results in poor
recoveries and reproducibilities.

To overcome these problems a new restric-
tion system was designed. This restrictor allows
to regulate the extraction flow rate with precision
at constant pressure during the extraction period
without the need to remove the collection vessel.
A schematic diagram of the restriction system is
shown in Fig. I.

PEEK tubing of 0.005 inchi.d. (purchased by
Upchurch Scientific, Oak Harbor, USA) was used
astherestrictor. It was pressed between two disks
of I-cm diameter and tightened by means of a
screw. The advantage of the PEEK tubing is that
itregainsitsoriginal formeven after being strongly
pressed between the disks. If the restrictor gets
clogged, it is sufficient to slightly loosen the
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screw to unplug the restrictor and regulate the
flow (at constant pressure) again by tightening
the screw. Thus, the collection vessel need not be
removed during unplugging of the restrictor.The
end of the PEEK restrictor was immerged in
MeOH and the solvent vapors due to aerosol
formation were recondensed by a cooling circuit
situated above the vessel.

3. Results and Discussions

3.1. Capillary Supercritical Fluid Chro-
matography

The use of capillary SFC was two
folds. Firstly, to determine the solubilities
of basic drugs in CO, for further applica-
tions of SFE. Secondly, to obtain quantita-
tive results for evaluating the performance
of capillay SFC as an analytical tool for
drugs of abuse in forensic sciences. The

chromatographic conditions used were as
follows: Unless otherwise stated CO, with-
out modifier was used as the mobile phase.

For the DBS5 column of weak polarity:
initial density = 0.15 g/ml, for 1 min, rate
= 0.025 g/ml/min, final density = 0.65 g/
ml, for 10 min. Oven temperature 120°.

For the polar DBWAX column: initial
density = 0.17 g/ml, for 2 min, asymptotic
rate; asym. time = 12 min; asym. factor =
10, final density = 0.65 g/ml. Oven tem-
perature 150°.

Typical chromatograms obtained un-
der these conditions are shown in Fig. 2.

The capacity factor k', selectivity «,
number of theorical plates N, area varia-
tion coefficient CV, and the detection lim-
its for the two analyzes are listed in Tables
I and 2.

It was found that methadone and co-
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Fig. 2. Capillary SFC Chromatograms A) using DBS column (20 m X 0.1 mm i.d., film thickness 0.4
pum), B) using DBWAX column (20 m x 0.1 mm i.d., film thickness 0.1 pum). Conditions used: mobile

phase CO,. Density programming. FID detection.

Peaks: 1: nicotine, 2: caffeine, 3: methadone, 4: cocaine, 5: imipramine, 6: codeine, 7: diazepam, 8:
morphine, 9: benzoylecgonine, 10: papaverine, 11: narcotine, 12: strychnine.
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Fig. 3. GC Chromatogram using a SES4 capillary

column (25 mx 0.32 mm i.d., film thickness 0.53

pm). Conditions used: gas carrier He, FID detection. Solutes: 1: nicotine, 2: caffeine, 3: methadone,
4: cocaine, 5: imipramine, 6: codeine, 7: diazepam, 8: morphine, 9: papaverine, 10: strychnine.
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caine, morphine and diazepam were not
separated with the DBS5 column. More-
over, the benzoylecgonine, which pos-
sesses a COOH group is coeluted with the
solvent and, hence, can not be analyzed
without prior derivatization. Therefore,
the separation on the polar DBWAX col-
umn was investigated. In this case, a fairly
good separation of cocaine and metha-
done was obtained and benzoylecgonine
was chromatographed, but it was co-elut-
ed with papaverine. However, the internal
standard papaverine can be easily replaced

by another compound to prevent the co-
elution of the latter, and, hence, it would
be possible to analyze simultaneously co-
caine and its major metabolite, the ben-
zoylecgonine, without any derivatization
step. Incontrast, GC cannot be used for the
simultaneous determination of these two
drugs without derivatization owing to the
fact that Carbowax column does not with-
stand temperatures of 200° and ben-
zoylecgonine is not volatile enough under
these conditions.

The DBS5 column is more effective, but
less selective than DBWAX column show-
ing that the interaction between the ana-
lyte, and the stationary phase is stronger in
DBWAX column. The solutes were eluted
from the DBS5 column in the order of their
volatility, whereas they were eluted from
the DBWAX in the order of polarity. These
findings demonstrate that basic drugs can
be solubilized in supercritical CO, with-
out any modifiers and, thus, it may be
possible to extract these drugs by SFE.
The main problem encountered in SFE is
the matrix effect rather than the solubility
which can be readily solved.

For quantization and reproducibility
of results, addition of an internal standard
is a prerequisite. The area-variation coef-
ficients, calculated with an internal stand-
ard, are slightly better for the DBS column_
and are less than 5%. The detection limits
were high, due to the small injection vol-
ume (200 nl). With the DBWAX column
detection limit for morphine was much
lower than DB5 owing to a better resolu-
tion with this column. However, the detec-
tion limits of other compounds were only
slightly better than DB5. In both cases,
linear calibration curves were obtained
over the range 10-1000 ppm (correlation
coefficient methadone DBS5 = 0.99990;
DBWAX =0.9988; codeine DB5 =0.9984;
DBWAX = 0.9979; morphine DB5 =
0.9986; DBWAX = 0.9992).

Comparison with Gas Chromatography
For comparison purposes, GC analy-
ses were performed. A typical chromato-
gram obtained using the following tem-
perature conditions: Initial 7=65°, | min,
rate =30°min, 7=280° during 6 min, rate
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= 100/min, final T= 300°, during 10 min,
is shown in Fig. 3.

Comparison  of results reported in Ta-
ble 3 with those of Tables] and 2 reveal
that the capacity factors for GC are higher
than in SPC. The selectivities are better in
GC than in SPC in the instance of separa-
tion of all the analytes. Narcotine cannot
be determined by GC owing to its high
boiling point, whereas benzoylecgonine
can be analyzed only if it is derivatized.

As expected, the number of theoretical
plates were markedly higher in GC than in
SPC. The GC area-variation coefficients
were better than that in SPC because of the
injection difficulty [1][30]. The detection
limits are lower in GC than in spc. The
detection limits are chiefly limited in the
SFC due to the difficulties in optimizing
the positioning of the restrictor into the
FID flame jet and by the small injected
volume. To achieve improved sensitivi-
ties, methods permitting larger injection
volume such as the solvent venting tech-
niqgue must be used [I][28][29]. Regard-
ing the efficiency and reproducibility —of
the method, SPC in its present state of the
art cannot replace Gc. However, SFC
might be potentially agood alternative for
the analysis of non-volatile, thermolabile
or acidic solutes.

3.2. Supercritical Fluid Extraction

Extraction conditions for recovering
basic drugs were determined by batch
method prior to applying SPE to complex
biological matrix. The extraction proce-
dure used here differed from the conven-
tionally used method in that basic drug
solutions were adsorbed on to solid sup-
ports prior to extraction. The support acts
as the matrix and the extractions in the
presence of matrix effects were performed
for simulating the biological systems. Por
simplicity, optimization of extraction con-
ditions was done using morphine. Since
morphine is the most polar of the drugs of
abuse tested in this study, it would be the
most difficult to extract and the optimal
conditions  found for morphine should,
therefore, be applicable to other drugs of
interest.

3.2. 1. Choice of the Support for Loading
Morphine

A good support should fullfill the fol-
lowing criteria: it should adsorb morphine
and drugs quantitatively, and its break-
through volume prior to SFE should be
reasonnable. Therefore, various silicasup-
ports were tested by pumping 10-° Mag.
morphine solutions through the extraction
cells packed with these supports. The
morphine elutant was monitored by meas-
uring the absorbance at 285 nm using a
UV diode array detector.
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Table 1.SFC Chromatographic Separation Datafor Basic Drugs of Abuse on the DB5 Columna)
ub, lan e~ k' a \' Del. lim.
0.7 16270 3. 20
1.7.:1-
1.6 47709 1.9 'i0
13
'2.20 5400 3.6 0
1.00
2."20 6420 2.0 20
1.07
2.3 674 6 2.1 20
1.06
2.4 6.7 6 I 20
1.04
Inrphine 2.60 36487 1.9 160
1.01
, DII17~pam '2.33 52229 n.d. nd.
1.09
Papavcrine 2.87 7.691 I 50
1.0
arcoline 3.11 511 J.0 .0
1.04
tf}chnine LT 103114 ’ 20
OH funclion. no peak'
a) k' = Capacity factor; a = selectivity; N = theoretical number of plates, CV = peak-area variation

coefficient
standard.

(n = 6); del. lim. = detection

limit in ppm; n.d. = not determined;

IS = internal

Table 2. SFC Chromatographic Separation Data.for Basic Drugs of Abuse on the DBWAX

Columna)
uh lan e' k' a
ie lin 0.04
5.0
khmJon~ 0.22
1.64
uinc 0.0
1.27
al'feint: 0.46
1.0
oll..:liic 0.72
1.09
Di~7cplim 0. "3
1.21
Plpu\\:rin' 1.19
1.011
BelllO) lel.:gonin 1.19
1.07
arcolin 1.27
1.09
.Lorphinc 1.3
1.0b
Irychninc 1~6
a) k'= Capacity factor; a = selectivity;

coefficient
standard.

(n = 6); det. lim. = detection

Water was used as the blank and was
pumped through the extraction cell and
the absorption of the blank at the outlet of
the cell was measured at 285 nm during 2
min. Then, the absorption of morphine
solution was measured at 285 nm in ex-
traction cell by-pass mode for 2 min. Fi-

N = theoretic a] number of plates;
limit in ppm; n.d. = not determined;

\Y 1 D'l 1.
n.d. n.d. nd.
23~06 3.7 10
216939 J.t 20
27243 19 25
190X6 46 25
1610. ~I 10
2324 216 n.d.
2-1-132 2, 25
1654 1.. J.
15 -W .6 0
1176 4 -0

CV = peak-area variation
IS = internal

nally, morphine was loaded by switching
the valve in the extraction cell mode and
the morphine elution was monitored (Fig.
4). The results obtained for loading of six
different silica as given in Table 4 show
that CI8 silica and phenyl silica are the
best supports for loading morphine.
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Table 3. Gas Chromatographic Separation Data for Basic Drugs of Abuse on the SE54 Columna)

'llh~tanCl's k' a
i 'ntine 604 4- 6960
IAO
Caffeine HA2 41 5:17
121
10.17 499475
1.04
uc'lin' 10.61 4 7856
\.0:!
10.79 4-99r4
1.17
odelnc 12.60 2977S7
1.04
DiM 'pam 13.1¢ 76_00
1.02
Morphine 1 .U 318661
1.35
Papca\"(‘finc 17.93 490~'i9
1.3
SU) Imine 24.43 204700
1'arcolin.:

Benl yle gonim:

15

21

14

15

\.9

35

Del. 11m.
R
20

0.2

50

") k' = Capacity factor; & = selectivity; N = theoretical number of plates; CV area = peak area
variation coefficient (n = 6); del. lim. = detection limit in ppm; n.d. = not determined; IS = internal

standard.

Table 4. Preconcentration of 10-5wm Aqueous Morphine Solution in H,0 on Various Silica Phases

and Resina)

o ilie;! rode-mark m/mg VPyiia
W/l 75 4ml
IV(l/crs 100 20ml
\ elters 1a P
/Jaker 10 >60ml
HiImillon 100 60ml
Bakel" 10 P.
Machtre\-  rl~el 130 70ml

a) m = weight of the support in the cell. VPmax = maximum preconcentration

breaktrough. N.P. = No preconcentration

A

[ Vo [N —
8

)

r

p 120
t

i

o 100
n

a 80
t

2

g 60-
5

n 40
m

i 20
n

rAn oiL
U 0 10 20 30

Fig. 4. Monitoring of the morphine-loading

observed.

40 50 60 70
Time [min]

80

volume prior to

90 100

step on C 18silica. Diode array detection 285 nm. Flow
rate L ml/min. 0-2 min: H,0, 2-5 min: morphine 10-5m ag. solution of morphine by-passing the cell,
5-90 min: morphine 10M in HP after passing through the cell filled with C/8 silica.
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The breaktrough volumes were found
to be greater than 60 ml (Fig. 4) and is
sufficient for preconcentrating large vol-
ume of urine or blood. In subsequent ex-
periments, CIS silica was chosen as the
support for loading and preconcentration.

3.2.2. Choice of the Extraction Mixture

Several extraction mixtures were test-
ed to determine the mixture that yields
maXImum recovery.

For this purpose, 20 ml of 10-4m aq.
morphine solution was passed through the
extraction cell packed with C18-bonded
silica. Then, 10 ml of H,0 was passed
through the cell for rinsing. The cell was
then linked to the SFE system, and the
analyte was directly extracted with the
supercritical fluid mixture. The morphine
thus extracted was collected in MeOH and
evaporated under N, The residue was
then dissolved in 200 111 of MeOH and
analyzed by GC (under the same condi-
tions as that used for comparison between
capillary SFC and GC). Recoveries of the
preconcentrated samples were determined.
Preliminary studies with CO, as extract-
ant indicated that morphine cannot be ex-
tracted from CI S-bonded silica. CO~ +
MeOH was also found to be not suitable
for extracting morphine, asrecoveries were
poor. The recoveries increase  with in-
creasing amounts of MeOH in CO~. An
extractant mixture containing 20% MeOH
gave a recovery of 65% at 30 MPa and
elution time of 30 min. Hence, it would be
possible to carry out SFE with fractiona-
tion. For example, apolar solutes can be
eluted with CO,, and this would serve as a
clean up step. The presence of more than
10-15% of the modifier in CO, causes a
change in the supercritical conditions and
the extractant mixture is no longer in su-
percritical state [1]. The poor recoveries or
reproductabilities might be due to the fact
that the extractant mixture may not be
homogeneous and the existence of several
phases hampers the elution. To overcome
these problems, a ternary mixture CO/
MeOH/Et;N was used, the advantage be-
ing that lower proportions of modifier are
required for elution. The effect of the
composition of the modifier on morphine
recoveries are shown in Figs. 5 and 6
(aliquots of elutant were collected after
20, 25, 30, and 35 min, concentrated and
analyzed by GC). These results show that
as the amount of Et;N in the mixture
increases, the recovery increases. Note
that 5% of modifier (MeOH + Et;N) is not
sufficient for extracting morphine with
100% recovery. 100% yields were ob-
tained with extractant mixture having the
following composition: 90% CO/8.5%
MeOH/1.5% Et;N at 25 MPa with an
extraction time of 25 min and a flow rate



FORSCHUNG

146

CHIMIA 46 (1992) Nr. 4 (April)

100 —-— -
R 80 a a
e
c
o e0 /e
v 4
r &
1 4of fe-
S .
% 20f JRECE. Y
O - i 1 L } I /

Extraction time [min}

Modifier
— 5:0 —+ 4.95:0.05* 4,901 -°2- 4.75:0.25
—— 4.8:0.4 —5 4.5:05 2 4.25:0.75

extraction flow: 0.7 mi/min
P=25MPa, T+*40¢c
mC18 in the extraction cell ~ 385 mg
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Fig. 5. SFE recoveries of morphine with modifiers concentrations. MeOH/
Et;N percentage (v/v) in the mixture varied keeping CO, percentage
constant (95%). Conditions used: P =25 MPa, T=40°, Extraction flow: 0.7
ml/min.

Fig. 6. SFE recoveries of morphine with modifiers concentrations. MeOH/
Et;N percentage (v/v) in the mixture varied keeping CO, percentage
constant (90%). Conditions used: P =25 MPa, T=40°, Extraction flow: 0.7
ml/min.
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Fig. 7. Effect of SFE pressure on the morphine extraction recoveries from
C18 silica. Mobile phase: CO,/MeOH/Et;N 90/8.5/1.5 (v/v), T = 40°,
Extraction flow rate: 0.5 mi/min.

Fig. 8. SFE kinetic profiles of adsorbed morphine on C18 silica for various
extraction flow rate. Conditions used: mobile phase CO,/MeOH/Et;N
90:8.5:1.5 (w/v), P = 25 MPa, T = 40°.
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Fig. 9. Variation of the
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GC analysla

0.5 ml/min. In subsequent experiments,
this mixture was used for extraction of
morphine under the SFE conditions.

It must be pointed out that in the ab-
sence of H,0 only 19% recovery was
obtained. H,O present in the cell either
acts as modifier facilitating the passage of
supercritical fluid through the matrix or
modifying the interactions between the
matrix and the morphine in the same way
as those described for cafeine from coffee
beans [31].

3.2.3. Influence of Pressure

SFE was performed at three different
pressures and aliquots of elutant were col-
lected at intervals of 5 min and analyzed
by Gc. Inall cases, 100% recoveries were
obtained after 20 min (Fig. 7). Pressure of
25 MPa was chosen in all our experiments
due to practical reasons e.g. flow rate is
more constant and the restrictor is less

plugged.

3.2.4. Kinetic Extraction Profile

The influence of extraction flow rate
on drug recoveries was examined by col-
lecting elutant every 5 min at various flow
rates and analyzing the morphine by Gc.
The recovery vs. extraction time profiles
at various flow rate in Fig. 8 shows that for
flow rates greater than or equal to 1 mil
min, the recoveries of morphine decrease
showing that extraction kinetics plays an

T-40 C, C02-MeOH-Et3N 90:8.5:1.5 vy

important role in the recovery of mor-
phine. The SFE Kkinetic profiles at flow
rates of 0.5 ml/min and 0.2 ml/min are
similar except that the curves in the latter
case are displaced towards longer extrac-
tion time. These findings emphasize the
important role played by the restrictor in
controlling precisely the flow rate at con-
stant pressure. The novel restrictor system
used inthis work allows precise control of
flow rates at constant pressure. The opti-
mal flow rate for quantitative recovery is
in the range 0.4-0.7 ml/min.
3.2.5. Reproducibility,  Calibration and
Maximum Breakthrough  Volume

The reproducibility of 12 replicate
measurements was 2% (within the limits
of error of the GC method, and the mean
recovery was 99.2%. The detection limit
was found to be 30 ppm and is comparable
with GC (20 ppm). 20 ml of ag. morphine
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solutions having various concentrations
were preconcentrated and extracted by
SFE. Residues left after evaporation of
solvent were dissolved in 50 111 ofMeOH
and morphine was analyzed by Gc. A plot
of surface area Vs. concentration inFig. 9,
shows excellent linearity (r = 0.9998 ). It
should be noted that it was difficult to
dissolve the residue in less than 50 Il of
MeOH, but it is possible to preconcentrate
a larger volume of solution. Although vol-
umes greater than 150 ml yielded linear
relationship with high concentration fac-
tors, but it was time-consuming. Howev-
er, volumes of 50 ml can be preconcentrat-
ed within a reasonable time and a precon-
centration factor of 1000 can be achieved.
3.2.6. Supercritical  Fluid Extraction of
Other Basic Drugs

The SFE recoveries for other basic
drugs were determined under the same
conditions as those for morphine (extract-
ant mixture: CO/MeOH/Et;N  90:8.5:1.5
viv; 25 MPa; 0,5 ml/min, extraction time:
25 min). The mean recoveries and the
variation coefficients (for n = 5) for meth-
adone, cocaine, codeine, and papaverine
are given for Table 5. As can be seen, the
results are good indicators that this meth-
od of extraction is suitable for the screen-
ing of basic drugs of abuse other than
morphine.

4. Conclusion

The results of SFC studies reported
here have demonstrated that basic drugs of
abuse dissolve in pure CO, without mod-
ifier. SFC can be used for analysis of basic
drugs, but its advantage over GC is at the
present time not significant.

Morphine recoveries with SFE were
excellent (100% yield), the extraction time
being 25 min. SFE studies on morphine
revealed that in addition to solubility par-
amaters, the effect of nature of the matrix
has to be taken into account for determin-
ing the optimal conditions. Hence optimal
conditions of SFE must be determined for
agiven matrix. The SFE behaviorofmeth-
adone, cocaine, codeine, and papaverine
were similar to that of morphine. The SFE

Table 5. SFE Recoveries and Area- Variation Coefficients of Basic Drugs Other Thall MO/]Jhille

mp und Yi-ltl le: |

ethadone 92
Cocaine 101
CoJcine 98.2
PUp3 cnne 100.1

\ =5)

31
Y
19

2A
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method described in this paper allows
large volumes of sample to be preconcen-
trated and high concentration factors can
be achieved. This is important in trace
analysis. This method would be applica-
ble to the analysis of drugs of abuse in
physiological fluids such as urine and
blood. Although extraction of drugs of
abuse from urine and blood is well estab-
lished no attempts have yet been made to
analyze these on-line by coupling SFE to
chromatographic techniques. Off-line anal-
ysis of urine, blood, liver, kidney, and
hairs is underway.
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Photophysical Behavior of
Malachite Green in Solid and

Liquid Media

Renata Reisfeld®), Valery Chernyak?), and Christian K. Jgrgensen®)*

Abstract. Malachite Green (MG) incorporated in glass appears in four forms. In acidic
glasses, yellow H(MG)?* protonated dications; the green monocation MG™* in H,O at
pH 4 to 6; the colorless carbinol base HO(MG) at higher pH; and a new purple species
in certain glasses prepared by mineral acid catalysis. Uniquely high luminescence
yields indicate formation of chemical bonds between MG* and the silicate groups,
suggesting Lewis-acid behavior of three-coordinated carbon. Novel cascade emission
is observed from the three first excited singlets S, S,, and S;. In sol-gel glasses, green
MG+ bleaches reversibly under illumination.

Introduction

The triphenylmethane colorant Mala-
chite Green (MG) incorporated in sol-gel
glasses or other polymers recently attract-
ed attention due to its unusual optical
properties, manifested also on a very short-
time scale [1].

A systematic study of absorption and
in particular the novel emission spectra

showing high luminescence yields as a
function of preparative procedure [2][3]
give the motivation to attempt a rational-
ization of the unusual spectroscopy based
on a general distinction between the coor-
dination numbers N=3 and N=4 of carbon
in aromatic molecules and ions.

It is especially appealing to study the
monocationic form of Malachite Green
MG* ([PhC(C,H,NMe,),]*) and its proto-

nated form in gel glasses [3], in which the
luminescent ions are situated in a small
isolated cavity. Recently, a gel glass com-
posed of SiO, and ZrO, [1] containing
MG* was shown to become reversibly
transparent to incident energies of micro-
joules with a recovery time of ptcosec-
onds.

In (MG) the colorless form is attribut-
ed here to the four-coordinated C-atom in
the carbinol HO(MG) and the colored
formstothree-coordinated C-atomin green
MG™ and in the yellow protonated dica-
tion HMG)?2*. Our suggestions are based
on the following consideration;

The most frequent coordination number
of non-aromatic C-atom is 4. Planar
aliphatic compounds with N=3 such as
formate HCO,~, aqueous carbonic acid
(HO),CO and bicarbonate HOCO,~ do
not usually absorb in the visible or near
Uv.
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