Finnigan

f

e No. 47

DCI - Direct Chemical lonization

or Desorption Chemical lonization
A powerful soft ionization technique
in mass spectroscopy

rhoff and G. Dielmann

MAT

PLIC il
s
i

lifh i il




DCI - Direct Chemical lonization or Desorption
Chemical lonization - A powerful soft ionization
technique in mass spectroscopy

by U. Rapp, G. Meyerhoff and G. Dielmann,
Finnigan MAT GmbH, Barkhausenstrasse 2,
D-2800 Bremen 14, W. Germany

Introduction

The classical electron impact ionization (El) yields
for different substance classes especially of ther-
mally labile and/or very polar compounds mass
spectra showing no or very weak molecular ions.
Additionally from the fragmentation pattern often
not much structure specific information is
deducable’.

Therefore soft ionization methods were developed
overcoming the following draw backs of the elec-
tron impact ionization:

1. Since the substance is ionized in the gas
phase, evaporation must occur in advance.
That means often a severe thermal load,
which may lead to decomposition processes
prior to ionization.

2. When the substance can be evaporated with-
out decomposition, during the electron bom-
bardment further energy is transferred to the
molecule. This extra energy may cause frag-
mentation processes inhibiting the presence
of a detectable molecular ion. A typical exam-
ple of this behaviour show the barbiturates?.

The different soft ionization methods developed
in the last 20 years can be arranged in the two-
following groups:

A) lonization methods, commercially available
and well introduced to a broad variety of appli-
cations areas.

B) lonization methods, not exceeding an experi-
mental status, due to whether the technical
set up is too expensive for routine operation
or only limited application areas could up to
now be made accessible.

Section A comprises mainly the following meth-
ods:

a) Chemical lonization (Cl) in positive and nevati-
ve mode?

b) Desorption Chemical lonization (DCIl)y*

c) Fieldionization/Fielddesorption®

d) Secondary lon Mass Spectrometry (SIMS)®

Whereas Section B includes essentially the fol-
lowing methods:

a) Atmospheric Pressure lonization (API)"

b) Electro Hydrodynamic lonization (EHD)®

c) Californium-Plasma Desorption?

d) Laser lonization'

e) Electron Attachment Mass Spectroscopy'

A shading of importance of methods A a - ¢
yields about the following:

— In the case of Chemical lonization the sub-
stance is evaporated out of the crucible into
the reagent gas plasma. Dependant on the re-
agent gas the ionization itself by ion molecule
reaction is normally softer than the electron
impact at 70 eV electron energy.

— Inthe case of Desorption Chemical lonization
the substance is located on a non activated
Rhenium wire in the Cl plasma. Consequently
an evaporation out of a crucible is not nee-
ded. The ionization mechanism is similar to
that of the chemical ionization.

— In the case of Field Desorption an ion ization
takes place because of the quantum mechani-
cal Tunnel effect in the very high electrical
field. The substance is deposited on an activa-
ted tungsten wire.

The FD technique opens up application areas,
where the DCI technique is no longer success-
ful.

We will focus now on the Direct or Desorption
Chemical lonization (DCI).

McLafferty and Baldwin first realized the effect of
“direct" chemical ionization and published re-
sults in 1973'2. They were able to measure suc-
cessfully peptides e.g. different underivatized tri-
and tetra- peptides showing quasimolecular ions
together with sequence specific fragmentation.
The direct inlet system was modified such that
the tip carrying the sample extended into the CI
source. In a later review article McLafferty used
the abbreviation DCI| for Direct Chemical
lonization'. Some years later Hunt et al. publish-
ed a paper where activated FD emitter were used
as sample holder in the Cl source',

In 1977 we introduced a technically matured DCI
rod system and presented first results showing
the utility of the m ethod as an alternative ioniza-
tion technique’.




Fig. 1

Tip of the DCI rod

Fig.2 DCI spectrum of glucose

Exparimental

The DCI| mass spectra are recorded in a similar
way than in the FD mode. On top of an inlet rod
which is introduced into the ion source via a stan-
dard vacuum lock a Rhenium wire of 0.1 mm dia-
meter is mounted (Fig. 1).

A droplett of the solved substance is brought on
to the wire loop with a syringe. After evaporation
of the solvent the wire is introduced into the plas-
ma of the Cl source. During a rapid heating pro-
gram of the wire DCI mass spectra are obtained.
The spectra presented were either recorded with
the quadrupole mass spectrometer MAT 44 S or
with the double focusing sector field mass spec-
trometer MAT 312. Both instruments were cou-
pled to a Spectro System MAT 200 for data acqui-
sition and evaluation. Favourably ammonia serv-
ed as reagent gas, in some cases isobutane was
used.

Typical operating parameters:

lon source temperature: 150 - 200 °C

DCI wire programmed with 5 mA/s up to 1.5 A
Reagent gas: ammonia, 0.4 Torr pressure inside
the Cl box

Electron energy: 200 eV

Emission current 0.2 mA.

Results and Discussion

To show the effectiveness of the DCI technique
we selected for investigation substance classes
which hitherto were only amenable to the FD tech-
nique. Whereas El and Cl| conditions delivered
less informative spectra.

Saccharides

El spectra of underivatized sugars contain few
substance specific informations'®. The FD techni-
que has shown its utility although there are some-
times difficulties to reproduce once obtained
results'.

Fig. 2 shows a DCI spectrum of glucose with a
dominant quasimolecular (M+NH,* ion at
m/z 198 . The small peak at m/z 180 indicates the
softness of the ionization conditions because this
peak is due to water elimination.

The ion source temperature plays an important
role in characterizing substances. Fig. 3a shows
the reagent gas cluster of the ammonia at 57 °C
source temperature. Whereas Fig. 3b was record-
ed at 175 °C. At low temperatures more clusterion
formation occurs; at higher temperatures the
miz 18 (NH, *) gets more dominant.
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Fig.3a Ammonia reagent gas cluster 57 °C
source temp.
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Fig.4 DCI spectrum of sorbitol, 65 °C source
temp.
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Fig.3b Ammonia reagent gas cluster 175°C
source temp.
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Fig.5 DCI spectrum of sorbitol, 95 °C source
temp.

Fig. 4 and 5 display the DCI spectra of sorbitol at
different ion source temperatures. At a lower tem-
perature (Fig. 4: 65 °C) besides the ions at m/z 200
(M+NH,)* and m/z217 M+ (NH,) ,H* an ion at
mass number 382 corresponding to (2M + NH,) *
occurs. At higher temperature (Fig. 5: 95 °C) the
cluster ion formation is reduced (m/z 382 disap-
pears and m/z 217 loses evidently intensity). Simi-
lar cluster ion formations have been observed on
disaccharides and glycosides *.

DCI spectra of the disaccharide trehalose upon
using isobutane and ammonia have been publish-
ed by us already. The trisaccharide raffinose
could also successfully be measured with the DCI
technique 9,

Derivatized sugars such as the peracetylated-
mono-methylated disaccharide shown in Fig. 6
yield significant molecular weight information
and easy interpretable spectra.

— g

Fig.6 DCI spectrum of monomethyl-
heptaacetyl-disaccharide
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Fig.7 DCI spectrum of dioscin
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Fig.8 DCI spectrum of digoxin

Glycosides

The glycosides belong generally to the natural
products which are underivatized amenable to FD
mass spectrometry only 9.

Besides the molecular weight information often
structure specific fragmentation occurs in the FD
mass spectra, also.

Fig. 7 shows a DCI spectrum of dioscin which be-
longs to the group of steroidal sapogenins from
tropical dioscorea plants. Besides the elimination
of one molecule of water from the quasimolecular
ion m/z 886 (M + NH,) + the loss of one sugar resi-
due yielding m/z 740 exhibits an intensive struc-
ture specific fragmentation. A further loss of a su-
gar unit yielding m/z 594 is not very pronounced.

The DCI spectrum of digoxin as a heart glycoside
of high importance is displayed in Fig. 8.

The quasimolecular ion m/z798 [(M+ NH,) *] is
well documented together with fragmentation
steps for all three digitoxose units one after the
other: m/z 798 - ¥ m/z 538 %0 m/z 408.

The resulting mass 408 corresponds to the agly-
con digitoxigenin (m/z 390 + NH,) +.

When comparing this spectrum with a recently
published one, it is noticable that there occur very
intensive water eliminations from

(M+NH,) *, [(M-digitoxose) + NH,] *, and
[M-2 digitoxose) + NH,] *. They are always strong-
er than the digitoxose fragmentations themsel-
ves. This seems to be an indication that the ther-
mal load transferred to the molecule using the in-
let system of those authors is considerably higher
than with the DCI wire technique presented
here?0,




466 |
448

438

42

Fig.9 DCI spectrum of glycocholic acid

Fig.10 DCI spectrum of bilirubin

Bile acids and bile pigments

Many substances of biochemical interest are very
polar that is contain free acid-, hydroxyl- or amino
functions. The more polar the substances the mo-
re difficult a direct MS analysis turns out to be.
The following two compounds represent typical
examples. Figure 9 shows the DCI spectrum of
glycocholic acid an “intestine detergent”. In addi-
tion to the quasimolecular ion (m/z 483) some cha-
racteristic fragmentation reactions such as H,0
losses occur.

Bilirubin, the principal bile pigment, has been
measured using isobutane as reagnet gas. The
DCI spectrum (Fig. 10) shows m/z 287 as base
peak and significant ions at m/z 585 (M + H)* and
m/z 299.
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Fig.11 DCI spectrum of tristearin

Triglycerides

The analysis of triglycerides is of high signifi-
cance especially with regard to industrial revenue
and dietetic objectives. Usually the triglycerides
are hydrolyzed and the resulting fatty acids ana-
lyzed as methylesters after derivatisation. By this
degradation step the information on the distribu-
tion of the fatty acids in the triglyceride becomes
totally lost. By means of gas chromatography with
packed columns the triglyceride pattern of fat
samples could be deduced according to the C
numbers. Very recently high performance
capillarycolumns were made available for the se-
paration of saturated, single and multiple unsatu-
rated triglycerides of the same C number 2", The
adaption of the GC technique to GC/MS coupling
requires extended experience in the field to yield
optimal results, however.

The DCI technique enables the analyst to perform
analyses of fats in an easy manner. The possible
identification of particular triglycerides via quasi
molecular ions allow unequivocal attributions.
The following spectra show an approach to re-
ceive a fingerprint pattern of fats. For this purpose
first some pure triglycerides were measured; figu-
re 11 representing with the tristearin one example.

The DCI spectrum nearly exclusively shows an
(M+ NH,)* quasimilecular ion.
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Fig.12 DCI spectrum of coconut butter fraction

Figure 12 reflects the spectrum of a coconut but-
ter fraction. The main component m/z 878
(M+NH,)* corresponds to a C,, triglyceride with
one double bond such as a palmito-oleo-stearin.
Accordingly the peak at m/z 906 can be attributed
to a C,, triglyceride with one double bond (oleo-
distearin).

A more detailed paper has been published recent-
ly, dealing with the qualitative and quantitative
approach of fat analyses®.,




Fig. 13 DCI spectrum of the tripeptide Bac-Pro-Leu-Gly-OMe

Peptides

McLafferty introduced the DCI technique in 1973
with measurements of peptides showing the ad-
vantages of the new method. Figure 13 displays a
derivatised tripeptide, which nearly exclusively
shows an M + H ion, when using isobutane as rea-
gent gas. Some smaller peaks can be attributed to
structure specific fragmentation. Further investi-
gations on more polar and more amino acid resi-
dues containing peptides are under investigation.

Many other substance classes were made acces-
sible to MS analysis by the DCI technique. Wittig
salts, organikc metal complexes and sulfonic
acids yielded worthy results. Especially salts
seem to show promising data. Further investiga-
tions are in preparation.

Summary

The DCI technique has won a significant place be-
yond the presently available supplementary ioni-
zation methods by demonstrating a broad applica-
bility. When comparing with conventional probe
direct evaporation the DCI technique shows its
superiority because many substances not till then
will yield molecular weight information. The meth-
od is fast and easy to operate and needs together
with the standard Cl device an additional DCI rod
system, only.




References

il

10.

J.F.J. Hughes, N. Evans, D.E. Games, M.J.E.
Hewlins, A.H. Jackson, J.R. Jackson,
N.A.Khan, S.A. Matlin, M. Rossiter, R.G. Sax-
ton, H.A. Swaine and K.T. Taylor, Advances in
Mass Spectrometry in Biochemistry and Medi-
cine, Volume |, p. 357-368, Spectrum Publica-
tions, Inc. New York (1976).

D.E. Games, A.H. Jackson, K.T. Taylor and
N.J. Haskins, Advances in Mass Spectrometry
in Biochemistry and Medicine, Volume |, p.
383-390, Spectrum Publications, Inc. New
York (1976).

W.J. Richter and H. Schwarz, Angew. Chem.
90, 449 (1978).

U. Rapp, G. Dielmann, D.E. Games, J.L. Gower
and E. Lewis, Advances in Mass Spectrometry
Vol. 8, Proceedings of the 8th International
Mass Spectrometry Conference held at Oslo,
1979, in press.

a) H.D. Beckey, Principles of Field lonization
and Field Desorption Mass Spectrometry,
Pergamon Press, Oxford, 1977.

b) H.-R. Schulten, Int. J. Mass Spectrom. lon
Phys. 32, 97 (1979).

a) A. Benninghoven and W. Sichtermann, An-
al. Chem. 50, 1180 (1978)

b) R.J. Day, S.E. Unger and R.G. Cooks, J.
Amer. Chem. Soc. 101, 449 (1979).

E.C. Horning, D.J. Carroll, J. Dzidic, K. D. Hae-
gele, M.G. Horning and R.N. Stillwell, Advan-
ces in Mass Spectrometry in Biochemistry
and Medicine, Volume |, p. 1-16, Spectrum
Publications, Inc. New York (1976).

B.P. Stimpson and C.A.Evans, Jr., Biomed.
Mass Spectrom. 5, 52 (1978).

a) R.D. Mcfarlane, R.P. Skowronski and D.F.
Torgenson, Biochem. Biophys. Res. Com-
mun. 60, 616 (1974).

b) O. Becker, N. Firstenau, W. Knippelberg
and F.R. Krueger, Org. Mass Spectrom. 12,
461 (1977).

a) M.A. Posthumus, P.G. Kistemaker, H.L.C.
Meuzelaar and M.C. Ten Noever de Brauw,
Anal. Chem. 50, 985 (1978).

b) F.Hillenkamp, E. Unsold, R. Kaufmann and
R. Nitschke, Appl. Phys. 8, 341 (1975).

p 18

12.

13.

14.

15.

16.

17.

18.
19.

20.

21.
22,

a) M.v.Ardenne, K. Steinfelder and R. TUmm-
ler, Elektronenanlagerungs-Massen-
spektrometrie organischer Substanzen,
Springer Verlag, Berlin 1971.

b) R. Large and H. Knof, Org. Mass Spectrom.
11, 582 (1976).

M.A. Baldwin and F.W. McLafferty, Org. Mass
Spectrom. 7, 1353 (1973).

B.G. Dawkins and F.W.McLafferty in GLC and
HPLC Analysis of therapeutic agents: K. Tsiyi
and W. Morozowich, Eds.

D.F. Hunt, J. Skabanowitz, F.K. Botz and D.A.
Brent, Anal. Chem. 49, 1160 (1977).

B. Jelus, U. Rapp and W.A. Wolstenholme,
26th Annual Conference on Mass Spectrome-
try and Allied Topics, St. Louis, Mo., 187,
(1978).

a) K. Biemann, H.K. Schnoes and J.A.
McCloskey, J. Amer. Chem. Soc. 85, 1763
(1963).

b ) W.W. Binkley, R.C. Dougherty, D. Horton
and J.D. Wander, Carbohydrate, Res. 17,
127 (1971).

a) J. Moor and E.S. Waight, Org. Mass Spec-
trom. 9, 903 (1974).

b ) D.E. Games, private communication.
U. Rapp, unpublished results.

H.-R. Schulten and D.E. Games, Biomed. Mass
Spectrom. 1, 120 (1974).

J. Vine, L. Brown, J. Boutagy, R. Thomas and
D. Nelson, Biomed. Mass Spectrom. 6, 415
(1979).

E. Schulte, private communication.

E. Schulte, M. H6hn and U. Rapp, Z. Anal.
Chem. 1981, in press.

10



The following Application Notes have yet been published
and can be delivered upon request

No. Titel

w N

10
1

12

13

14

15

16

17

18

19

20

Obsolete
Obsolete
GC/MS in Pesticide Analysis

The Use of a Mass Spectrometer
as a Mass Specific Detector for
Gas Chromatography

Obsolete
CH 7 in lunar research

GC/MS system MAT 111:
Identification of Acid Metabolites
of Isoeugenol Methyl Ether (1.2
Dimethoxy-4-Propenylbenzene)in Rat
Urine by GC/MS

Obsolete

GC/MS analysis of hashish compo-
nents on the Varian MAT 111

Obsolete

Automatic Evaluation of a GC/MS
Analysis with the GC/MS system
MAT 111 and the SpectroSystem
100 MS

Analysis of a Mixture via
Mass Spectrometry

Utilization of the “DADI"
Technique: Evidence for Ring
Concentration in 2,3-Dihydro-
benzoxepin

Field Desorption — a Powerful
Technique in Mass Spectrometry

Field Desorption Mass Spectrometry
in Organic Chemistry and Biochem-

istry

Exact Mass Determination Using
a Single Focussing Mass Spectro-
meter

1. Peak Matching Technique

Obsolete

Cluster lons in the Field Desorption
Mass Spectrum of Sodium Benzene
Sulphonate

The electron impact and chemical
ionization mass spectra of diester
plasticizers

GC/MS-analyse niedermolekularer
Metabolite im menschlichen Urin

Issue

10/70
971

372
72

6/72

173

373

10173

6/73

673

6/74

6/75

8/78

11/75

Order No.

7/0038
7/0039

7/0135
7/0136

7/0165

7/0178

710269

7/0320

7/0303

7/0304

710401

7/0462

710492

710477

No. Titel

21

23

24

25

27

28

31

32

35

GC/MS analysis of low-molecular
weight metabolites in human urine

Massenfragmentographischer Nach-
weis von Nikotin im Urin von
Rauchern

High vacuum systems in mass
spectrometry

Automatic quantitation of drugs
using the multiple ion selection
program of a digital GC/MS system

A method for establishing m/e values
up to 1600 using a mass spectro-
meter data system

Identification of Polycyclic Aromatic
Hydrocarbons in Automobile Exhaust
by GC/MS-COM

MAT 112 S Data System Combination
Capillary GC/MS and Exact Mass
Determinations

Field Desorption Mass Spectra of
Polymers and Polymer Chemicals

Detection Limits for Norepinephrine
in El and Cl mode

Obsolete

Precise Isotope Ratio Measurements
of H/HD

Technical Products Analyzed by
means of El and ClI

Analysis of Urinary Organic Acids
by GC/MS

Measurement of Urinary methyl-
malonic Acid Using Quantitative
Multiple lon Selection

Identification of a Trace Contaminant
Causing Discolouration of Milk
Powder

Detection of Chlorinated
Hydrocarbons in Human fat by
GCIMS

Quantitative Cytokinin Analyses
using Isotope Dilution and Chemical
lonization mass spectrometry

8176

11/76

8/76

10/76

3/78

5/78

5/78

10/78

10/78

10/78

10/78

12/78

12178

12/78

Order No.

7/0583

710478

7/0578

710587

7/0674

710667

7/0685

710704

710706

710731

7/0732

7/0733

7/0734

7/0739

7/0740

7/0749

11




The following Application Notes have yet been published
and can be delivered upon request

No.

37

39

40

41

42

43
44

45

46

Titel

Increased Specificity in Mass Frag-
mentography by Means of High Re-
solution Mass Spectrometry and
Glass Capillary Column Chromato-
graphy

Precise 13C/"2C and '80/'%0
Isotope Ratio Analyses

Breath Test Analyses with Naturally
13C Labeled Glucose

StoBaktivierungsspektroskopie von
“Closed Shell"-Kationen bei Anwen-
dung der “Linked Scan‘-Technik

Simplified Gas Inlet Procedure for
13C/'2C-Breath Test

The Determination of Steric Purity of
Amino Acids by GC-MIS

A Systemn Calibration for Uranium
Obsolete

Direct Analysis of Polymer Chemical
Mixtures by Field Mass Spectroscopy

Uranium Isotope Ratio using the
resin bead technique

Issue

12/78

3179

3/79

6/79

7179

7179

1/80

7/80

5/81

Order No.

7/0750

7/0758

710759

710769

710773

710774

7/0785

710792

710820

12




