 AD-R162 481

UNCLASSIFIED

COMPLEX MIXTURE ﬂNgLVS&S BY P?O;O;ONIZRTIDN HAS - i1

SPECTROMETRY WIT
OF CHEMISTRY T C H
NBBB14-83-K-8268

S
ZONR_UNIV TUCSON DEPT
H ET AL. @6 DEC 85 T
F/G 778 NL




z,.
L

U
LN e |

.

e

- v s s

3

«

A

ALY N

L]

. - .
e Wl b B Uk

ST ~s Cp* sl et pidt \_.-.1."..

“\“————-—'9— ' 122

— I;:’ I&S =
o 4

TR

I
I

I

Il

it g

N
(&

I

MICROCOPY RESOLUTION TEST CHART
NATIONAL BUREAU OF STANDARDN 196§ A




s cURE——
-SECUNMTY CLASS

A; ; h DA (2?

READ INSTRUCTIONS
BEFORE COMPLETING FORM

Compiex “ixture £ nalyﬂc py Photcionization Interim
llass Spectrometry with a VUV iydrocen Laser
SOU rce 6. PERFORMING ORG. REPOART NUMBER
Y. AUTHOR(S) 3. CONTRACY OR GRANT NUMBERC(S) |

4. TITLE (and Subtitle) T S. TYPE OF REPORT & PEAIOD COVERED

Thomas C. Huth and ii. Sonner Denton N00014-33-K-0258

Ty — TS
10. PROGRA“ CLEMENT, PROJECT, TASK
REA & WOARK UNIT NUMBERS

NR 051-519

:- PRERFORMING ORGANIZATION NAME AND AQDRESS
Department of Chemistry
University of Arizona

Tucson, Arizona 85721

I16 NETRIBUTION STATEMENT (of this Aspart)

1. CONTROLLING OFFICE NAME AND ADORESS 12. REPOAMT QATE
Office of Naval Research - Eﬁ:ff:i:_f&;‘ig°°
Arlington, Virginia 22217 ) 13

't z“l'omﬂc AaﬂEF NAME & ADORESS(I? ditferen: from Concrolling Office) 15, SECURITY CLASS. (of thia repern)

Unclassified

[(18a. OEGL ASSIFICATION/ COWNGRADCING ‘
SCHEDULE

This cocument has been approved for public release and sale;
its distribution is unlimited.

17. OISTRIBUTION STATEMENT (of the ebetrass entered In Block 20, /{ different irom Repert)

16 SUPPLIMENTARY NOTES
Prepared for publication in Analytica Chimica Acta.

| e ———————
19. XEY WORDS (Continue en roverse cide I nessssary and identily by block number)

Photoionization, }ass Spectrometry, Laser

20. E‘PRACT (Continue an reverse sde if Yy and identify by block number)

—Trace organic analysis in complex matr1x presents one of the most challenginz
probiems in analytical mass spectrometry. ‘/nen jonization is accowp11shec non=-
select1ve1j usine electron impact, ex,ens1ve sample clean-up 1s ofien necessary
in orcer to isolate the analvie from tie matrix. Sample preparation can be greatly

DN ¢

}{;; reduced when the VLY H2 laser 1s used to selectively phosofonize only a small

N fraction of compounds introduced into the fon source. This device produces parent
&43; lons only for all compounds whose 1onization potentials 1ie below a threshold value
e determined by the photon eneray of 7.3 aV. (Continued on other sica)

g DD 52" 1473  soimon oF 1 nOV ¢8 13 OBsOLETE ! ‘

T $/N 0102- L& 014- 4601 SRCURITY CLASBIFICATION OF THIS PAGE (When Data dntere)
L A e S e e e el T e e e et




o .
SECUMTY CLASHIFICATION OF THIS FAGE (/hen Date Bntered)

The only observed interference arises from electron impact ionization, when
scatterecd laser radiation interacts with metal surfaces, procucing electrons which
are then accelerated by potential fizlids inside the source. These can be suppressed
to Tevels acceptable for practical analysis throuch proper instrumental desion.

Results are presentec wiicn indicate the ability of this ion source to discrim-
inate against interﬁ9r1ng matrix components, in simple extracts from a variety of
complex "real world* matrices, such as brewed coffee, beer, and urine.

[ERN

Pv Y ) - ; ! -
A . Sl o — . BN MO : .
’ ‘ A ‘ T ) C Vo g & [ L '

i
¢
/ 7

‘ v )
PR L %/“/1‘,,“/ 2 V. ‘

S/N 0102 L& 0144 6601

slcumw CLASSIFICATION OF TMIS Pkﬂm D-l hl-.d)

.\). LRSI N ENC A LT T T TN ATt e tat




- AN e~ . P P .
R L & N A A A IR S L A R A R A A AN R AN AR e C et S " sl R ins it Aain in s et e s b B |

, ‘ ; -
OFFICE OF NAVAL RESEARCH

;: Contract N00014-83-K-0268

WS

o Task No. 051-549

ey

TECHNICAL REPORT NO., #8 44
N}
Ej Complex Mixture Analysis by Photoionization Mass Spectrometry
with a VUV Hydrogen Laser Source
by
| Thomas C. Huth and M. Bonner Denton
Prepared for publication in

Y Analytica Chimica Acta

_j Department of Chemistry

o University of Arizona
Y Tucson, Arizona 85721

<
o8
& 1
- December 6, 1985
)
:-::
Zil Reproduction in whole or in part is permitted for
o any purpose of the United State Government.
5

This document has been approved for public release
and sale; its distribution is unlimited.

.............
-----




COMPLEX MIXTURE ANALYSIS BY PHOTOIONIZATION MASS SPECTROMETRY
WITH A VUV HYDROGEN LASER SOURCE
Thomas C. Huth and M. Bonner Denton
Department of Chemistry
University of Arizona
Tucson, Arizona 85721
Abstract

Trace organic analysis in complex matrix presents one of the most
challenging problems in analytical mass spectrometry. When ionization is
accomplished nonselectively using electron impact, extensive sample clean-up
is often necessary in order to isolate the analyte from the matrix. Sample
preparation can be greatly reduced when the VUV H2 laser is used to selec-
tively photoionize only a small fraction of compounds introduced into the
ion source, This device produces parent ions only for all compounds whose
ionization potentials lie below a threshold value determined by the photon
energy of 7.8 eV,

The only observed interference arises from electron impact ionization,
when scattered laser radiation interacts with metal surfaces, producing
electrons which are then accelerated by potential fields inside the source.
These can be suppressed to levels acceptable for practical analysis through
proper instrumental design.

Results are presented which indicate the ability of this ion source to
discriminate against interfering matrix components, in simple extracts from

a variety of complex "real world" matrices, such as brewed coffee, beer, and

urine,
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j:?i Complex Mixture Analysis by Photoionization Mass Spectrometry with a Vacuum
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s INTRODUCT ION

;;;i The need for selective techniques in mass spectrometric analysis of

J complex mixtures has been well documented [1]. Mass spectrometry is one of
f;‘ the most sensitive techniques available for trace analysis, but for typical
ﬁéﬁ analytical samples, the lack of ionization selectivity afforded by common
Eﬁ: ion sources usually necessitates complex and tedious preseparation steps in
;?é? order to produce interpretable results. The problem is compounded by the
!{}; extensive fragmentation produced by these sources, resulting in a large

. number of ion masses for each component present. One approach to achieving
iifs selectivity in the ionization process is laser-induced photoionization,
'zzs which can be accomplished using a variety of strategies, employing resonant
ZET and non-resonant single and multiphoton processes [2]. Selective single-
tEiE photon ionization of compounds from simple mixtures has been demonstrated,
;i% using the Lyman band output from a molecular hydrogen laser [3]. Ions

}§£ produced by this process consist of parent molecular ions only. Species
{;2; whose ionization potentials lie above the radiation energy of 7.8 eV are
Ezi completely rejected. Among the types of compounds ionized below this

2 threshold are many amines and nitrogen heterocycles, a class which encom-
'iiz pases a large number of pharmacologically-active molecules.

'E£§ The aim of this study is to demonstrate the capabilities of H, laser
\{ﬁﬂ photoionization mass spectrometry for selective analysis in real-world

{Eé; matrices., Of particular interest is its applicability in the area of rapic
I

o




screening of drugs and drug metabolites in biological samples. Reduction of
non-selective ionization by electron impact is discussed. This was estab-
lished in previous work as the most important interference for simple
mixtures [3]. It results from acceleration of stray electrons produced in
the ion source, primarily by interaction of scattered laser radiation with
metal surfaces. Spectra obtained from extracts of spiked beer, coffee, soy
sauce, urine, and blood serum are shown, The food matrices were chosen as
models for this work because they are well-characterized, readily available,
and are known to contain nitrogen compounds of the type suitable for ioniza-

tion by the H, laser.

EXPERIMENTAL

Instrumentation: The H2 laser photoionization mass spectrometer (H2
LPMS) system employed in this study has been described previously [3,4].

For this work, the electrostatic multiplier was replaced with a Galileo
Electro-Optics M-306 magnetic electron multiplier (Galileo Electro-Optics
Corp., Galileo Park, Sturbridge, MA 01518), operated at a dynode voltage
between -1500 and -1950V. The spectra in Figures 1 and 2 were acquired using
a specially developed wide-bandwidth high-gain electrometer preamplifier,
This device amplifies the multiplier output current pulses with a volt-
age/current characteristic of 5 X 106 V/A at a bandwidth greater that 50
MHz. At the signal levels of the present experiment, its output is on the
order of 1v.

In order to introduce solid extraction residues, a direct probe inlet

was constructed using a 22.9 cm length of 6.4 mm 0.D. stainless steel
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tubing. This probe rod was inserted into the ion source through a ball valve

vacuum lock, to which the rod was attached using a Cajon Ultra-Torr vacuum
fitting (Cajon Co., 9760 Shepard Rd., Macedonia, OH 44056). A sample vial
at the end of the probe rod was heated using 1.0 A of direct current through
a2 10 cm length of 30 gauge Nichrome wire, wound around the vial. Leads for
heating of the filament were threaded through the center of the rod, and
sealed at the top using a drop of high-vacuum epoxy. The atmospnere side of
the ball valve was also fitted with a sidearm for roughing after attachment
of the rod. The ion source was held at 80 degrees C during the acquisition
of all spectra reported here.

For the electron impact experiments, liquids and solutions were in-
jected through the heated inlet system described previously [3], also

operated at 80 degrees C.

Several modifications were made with the aim of reducing photoelectron
production from metal surfaces in the ion source. A 6.4 mmn diameter circular
aperture was installed at the point of entry of laser radiation into the
source housing, to restrict the divergent beam. The aperture was placed on
the laser side of the CaF2 lens which seals the ion source vacuum. A metal
sleeve attached to the direct probe inlet aperture prevents acceleration of
thermionic electrons from the hot filament. The bottom of the sleeve is
covered with a layer of fine tungsten mesh grid material. Finally, an angled
exit window assembly directs reflected laser radiation downward, in order
that the formation of electrons occurs at a location remote from the ac-
celerating fields. Since the laser beam is not polarized, the exact angle of

the window is not critical, so long as it is less than Brewster's angle [5].
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The window assembly used in these experiments has an angle of 45 degrees. A
collector electrode was installed inside the window mount, but was observed
to have no effect on the magnitude of electron impact signals at applied
voltages from zero up to the accelerating voltage of +500 V, and was there-
fore not used in these experiments.

Spectra were acquired by photographing the oscilloscope trace using

Polaroid Type 47 film (ASA 3000).

Materials: For the extraction of complex matrix samples, ACS Reagent
grade dichloromethane and Spectrophotometric grade n-heptane were used as
received. Reagent grade isoamyl alcohol was purified by redistillation.

Coffee, soy sauce, and an American lager beer were purchased directly
from the grocery store shelf as complex matrix models. The coffee was drip-
brewed fresh for each run according to manufacturer's instructions, and
separated immediately thereafter for the analysis. The soy sauce and beer
were used directly from their containers. Soy sauce was stored at room
temperature, while beer was stored at 2 degrees C, a fresh sample being used
for each run.

The urine was a pooled sample collected from seven volunteers, and
stored in a polyethylene bottle at 2 degrees C. Total storage time over the
course of these experiments was approximately 2 weeks.

Lyophilized human control serum (Ortho Diagnostics, Inc., Raritan, NJ)
was reconstituted fresh for each run. The dry sample was stored at 2 de-
grees C.

Reagent grade 4-methoxyaniline was recrystallized from hot H,0, and

thereafter stored at 2 degrees C in the dark. Stock solutions of 1 mg/mL
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were prepared fresh every 2 days in 0.1 M HCl, and were also stored between

runs at 2 degrees C in the dark.

Samples of the phenothiazine tranquillizers chlorpromazine HC1 and
trimeprazine tartarate (Smith, Kline and French Laboratories, Philadelphia,
PA), and promethazine HC1 (Wyeth Laboratories, Malvern, PA) were supplied by
the manufacturers, Stock solutions of 5 ug/mL were prepared fresh every 7

days, and were stored at 2 degrees C in amber glass bottles.

Sample Preparation: For the food matrices, a basic extraction was

performed using 10 mL of sample, spiked at the 50 ppb level with 4-
methoxyaniline. This was placed into a glass centrifuge tube and made basic
to pH 11 using 1M NaQOH. The solution was then extracted using 10 mL
dichloromethane, by mechanical shaking for 20 minutes. The mixture was
centrifuged, and the organic layer transferred by suction to a clean tube.
This was back-extracted with 10 mL 0.1 M HC1, in the same manner. The acid
phase was again separated and transferred to a clean tube, made to pH 11,
and re-extracted with another 10 mL dichloromethane. The final organic
extract containing the basic fraction of the sample was removed into a
tapered glass tube and evaporated to approximately 150 ul, in a 60 degree C
water bath under a stream of N2’ The solution was then transferred into a
direct probe sample vial, and evaporated to dryness in the water bath. The
photoionization mass spectrum of the residue was determined immediately.
Since it has been reported that free base phenothiazines are adsorbed
strongly on glass surfaces [6], polycarbonate centrifuge tubes were used for
the extraction of these drugs from urine and serum. For these samples, a

single extraction was performed on a 10 mL aliquot, spiked at 100 ppb of the
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drugs. The sample, made basic to pH 11 with 1M NaOH, was extracted once with
n-heptane/1.5% isoamyl alcohol, by mechanical shaking for 20 minutes. Since
the phenothiazines are light-sensitive [6], especially in their free base
form, the extraction tubes were covered with aluminum foil during the shak-
ing period to exclude room light. The mixture was centrifuged, and the
organic layer separated by suction. This was evaporated on a 60 degree C
water bath, under a stream of N2, to 150 uL. After transfer to a sample
vial, the solution was evaporated to dryness under vacuum at room tempera-
ture, and the spectrum determined immediately.

Diphenylamine was used as a mass marker in these experiments, and was

added to sample vials just prior to running of the spectra.

RESULTS AND DISCUSSION

Electron impact interference: In initial experiments with this system

[3], it quickly became clear that a major source of interference in the
analysis of mixtures was electron impact ionization caused by stray
electrons in the ion source. For low-level analysis, it is crucial that
interaction of the VUV laser beam with metal surfaces inside the ion source
be minimized. Following the instrumental modifications outlined above, this
interference has been reduced to the level shown in Figure 1. The intensity
of the CHC]Z+ feature produced by electron impact for a 1 ul injection of

chloroform is at approximately the level of photoion signal for 50 ng of 4-

aminotoluene.




The fragmentation observed for electron impact signals in these spectra
indicates that much of this ionization is produced by low-energy electrons.
The fragment ion feature observed near 50 amu in the 70 eV electron impact
spectrum of benzene is also present here, but at greatly reduced intensity
relative to the molecular ion (Figure 2a). This is consistent with the
proposition that the electrons effective in producing detectable ions are
actually secondaries sputtered from the source electrodes [7]. As the level
of primary formation via the laser scattering mechanism is reduced, the weak
fragment features disappear below the detection 1imit, and only the intense
molecular ion remains (Figure 2b). At the reduced levels, spectra of mix-
tures become cleaner, but it also becomes more difficult to distinguish
signals produced by electron impact from photoions by simple inspection.
This distinction can be made easily through adjustment of ion source

parameters [7].

Complex mixture analysis: The photoion mass spectra of basic extracts

of spiked beer, coffee, and soy sauce are shown in Figure 3, along with a
list of ion masses in Table 1.

Many compounds ionized below the H2 laser photon energy of 7.8 eV are
amines and N-heterocycles [3], which will be concentrated into the basic
fraction if they are present. Basic fractions of food extracts consist
mainly of heterocyclic nitrogen compounds such as pyrazines and pyridines
(8]. For coffee, a number of pyrroles, indoles, and quinolines are also
present [10]. In all, over 100 compounds have been identified in this frac-

tion for coffee [9-11], and about 35 each for beer [12] and soy sauce [13].

Selective photoionization greatly simplifies the mass spectra of these




...................

mixtures to a few signals. Although it is clear in each case that several
matrix compounds are ionized, the lack of fragmentation prevents this fact
from greatly confusing the spectra. It should be noted here that fragmenta-
tion can also be suppressed using low-energy electron impact, but this is
accompanied by a reduction in ionization efficiency, resulting in a substan-
tial loss of sensitivity.

Spectra of all pure compounds and synthetic mixtures obtained thus far
by H2 LPMS consist of parent molecular ions only. The spectra in Figure 4
however, contain several low-mass ions, which are not likely to represent
intact molecules. They may be fragments that result from pyrolysis on the
hot filament used to heat the direct probe tip. This phenomenon has been
reported previously in electron impact experiments [14,15]. The possibility
that they arise from a two-photon process cannot be discounted, although the
probability of such an event is smaller than that for single-photon ioniza-
tion by at least 5 orders of magnitude under the conditions of this
experiment. This would imply a very large excess of the precursor. The laser
radiation at 7.8 eV represents a rather small excess of energy (1 eV or
less) over the ionization potentials of even the easiest-ionized of
molecules., Under these conditions, dissociative ionization proceeding
through autoionizing states of the neutral molecule, when energetica]]y‘
possible, would not be expected to produce fragments much smaller than the
molecuiar ion [16]. These signals do not appear to arise from stray electron
impact, since their intensity is not affected by the hardware changes

described above.
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Electron impact signals that do remain in these spectra appear as a

weak, diffuse background. They are in general barely detectable on the
photographs.

The spectra of simple extracts of urine and blood serum spiked at 100
ppb with three phenothiazine tranquillizers are shown in Figure 4, with ion
masses listed in Table 2. Although the relationship between blood level of
these drugs and therapeutic effect has not as yet been clearly defined [17],
the level of 100 ppb is well within the estimated "therapeutic window" for
chlorpromazine [18]. Excretion of phenothiazines into the urine concentrates
them into the parts-per-million range [19]. The photoion mass spectra of
these extracts are remarkably clear, with only a few significant matrix
signals observed.

Vacuum ultraviolet H,y laser photoionization produces greatly simplified
mass spectra for complex mixtures, because of the selectivity of the
threshold photoionization process and the lack of fragmentation.

The instrumentation required for the H2 LPMS experiment is simple and
inexpensive to build and operate. Speed of analysis is enhanced by the
ability to introduce samples directly by solution injection. Sensitivity is
fully adequate for determination of at least one class of easily-ionized
drug compounds at physiologically meaningful levels. Use of a transient
recorder for signal averaging should result in further sensitivity
enhancement. Based on the results reported here, and the fact that many
pharmaceuticals and drugs of abuse contain the functionalities associated
with easy ionizability, rapid trace level drug screening by this technique

appears to be feasible, Further studies that bear on this question are

currently in progress, including evaluation of detection limits using signal
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- Table 1: 1Ion Masses for Hy LPMS of Food Basic Extracts
L Matrix Ion Flight Time (usec) Mass (amu)a Origin
e Beer 37.1 55 matrix
b 54.7 123 4-methoxyaniline spike
. 59.0 144 matrix
62.3 160 matrix
, 63.9 169 diphenylamine marker
o 66.9 186 matrix
N Coffee 36.8 55 matrix
o 44.4 82 matrix
W 47.1 92 matrix
ik 54.3 123 4-methoxyaniline spike
S 56 .2 132 matrix
o 59.0 145 matrix
ol 63.6 169 diphenyiamine marker
£ 73.7 228 matrix
Soy sauce 32.9 43 matrix
< 36.9 55 matrix
o 37.4 56 matrix
- 41.2 69 matrix
e 44 .5 81 matrix
e 47.3 92 matrix
. 54.6 123 4-methoxyaniline spike
» 56.4 131 matrix
o 62.8 165 matrix
e 63.6 169 diphenylamine marker
sAE a. Unknown jon masses were calculated with respect to the diphenylamine
‘5}: mass marker using flight times measured directly from the low-resolution
"l spectra shown. The standard deviation of 17 replicate mass
- determinations made in this manner for the promethazine molecular ion
;ﬁ; (284 .4 amu) was 1.4 amu.
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Table 2: [Ion Masses for H2 LPMS of Biological Matrix Extracts

Matrix Ion Flight Time (usec) Massiamu)a Origin
1: Urine 63.9 169 diphenylamine marker
. 66.9 198 contaminant
. 82.4 284 promethazine spikeb
’ 84.3 299 trimeprazine spikeb
B 87.3 319 chlorpromazine spikeb
Serum 48.5 96 matrix

e 63.8 169 diphenylamine marker
- 72.7 221 matrix

; b
o 82.6 284 promethazine spike
‘i; 84.3 299 trimeprazine spike ;
o 87.1 319 chlorpromazine spike
.,

o a. See note a, Table 1.

j: b. Isotope structure appears only as a slight broadening on the time scale
(< of these spectra.
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FIGURE CAPTIONS

L

i?}} Figure 1: H2 LPMS of 50 ng 4-aminotoluene (107 amu) injected in 1 ul

CHCT 5. '

R Figure 2: Electron impact signals for benzene. 0.5 ul injections;

{ﬁf A) before modifications, B) after modifications. Signal at 43.5
Q%S% usec is the benzene molecular ion feature, Note that in A), this
sy signal is off scale. The actual intensity exceeds that shown by
gi;ﬁ a factor of about 5., Signal at 34 usec is the fragment ion

}fg. feature near 50 amu., Diphenylamine mass marker appears at 169
"i amu.

“‘5: Figure 3: H2 LPMS of food basic extracts: A) beer, B) coffee, C) soy

‘ﬁi sauce. 10 m)! samples spiked at 50 ppb 4-methoxyaniline (123 amu)
h:5 prior to extraction. Diphenylamine mass marker appears at 169
Eii amu,

o

N Figure 4: Hz LPMS of biological extracts: A) urine, 8) serum. 10 ml

};,' samples spiked at 100 ppb each promethazine HC1 (284 amu),

.ﬁgE trimeprazine tartarate (299 amu), and chlorpromazine HC1 (319
:;% amu) prior to extraction., Diphenylamine mass marker appears at
o 169 amu.
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