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JAMES LITTLE

TENNESSEE EAST COMPANY




CXTREL

Exirel Corporation

1 0/7 / 88 240 Alpha Drive
Box 11512

Jam.es Little . Pittsburgh, PA 16238

Senior Research Chemist .

Tennessee East Company

Kingsport T™N 37664 Telephone (412) 963 7530

(615) 229-8685 Telex 812 316 EXTRALAB
FAX (412) 963 6578

Dear Dr. Little,

Per your request for analysis of samples with ThermaBeam LC/MS,

enclosed are data acquired on an aromatic acid mixture (X-18977- «

180-1 & para-tolualdehyde). The sample was analyzed using a
WATERS Model 600 solvent delivery system; your Hypersil ODS
column (2.1 X 100 mm, Hewlett Packard) and an EXTREL ELQ-400
differentially pumped quadrupole mass spectrometer with a
ThermaBeam LC/MS interface. The sample was prepared as follows:
20mg of X-18977-180-1 was dissolved in 500 ul of DMSO and 2 ul of
p-tolualdehyde was added to the solution. Five hundred microliters
of THF was then added to the sample to give a final volume of
approximately 1 ml containing approximately 20mg/ml of the major
components.

One microliter was injected (approx. 200 ng of p-tolualdehyde). The
gradient elution was as you specified with the exception of (1) the
injection of the sample was made 5 minutes into the start of the
gradient to account for our extracolumn volume (approx. 3 ml); and
(2) a hold of 10 minutes at the end of the gradient before returning
to initial conditions in 2 minutes.

Figure One shows the Total Ion Chromatogram. The chromatogram
pattern is very similar to the one you submitted. The sample
presented a challenge of three different types of components: (1) the
early eluters, water soluble and moderately volatile (Peaks la. thru.
5); (2) middle eluters, very volatile (Peaks 6 and 7); and .the late
eluters, THF soluble and limited volatility (Peaks 8 thru. 12). In
setting up the run I had to compromise in setting the temperature of
the nebulizer and not set it to hot so that the volatile components
made it into the mass spectrometer but at the same time I had to

have it hot enough for the aqueous part of the gradient. The spectra
of Peaks la. thru. 12 are shown in Figures 2, 3, 4, 5, 7, 8, 9, and 10.
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Figure One. Total Ion Chromatogram (TIC) of electron impact

ionization LC/MS of pthalate acids.

b$TBETQS’*'—QE%‘*E&EﬁqééH'-nz%BG/ f?rnEEé >75 MIN. TOTAL 3EALE

BCK 136742774 T00g=075

i la

1 s

] II!" rrrtr it v 120 N N e —

LY oo {10 120 130 140 i@ is0 176 180 190

LIT@8 PTHALATES ACIDS (1UL, 20MG/M., EI) TOTAL SCALE

97-0CT-88 SCANS AVERAGED {17-128 TIME 8.17 MIN. 139897

BCKGUSORNS % 1.30 95 106148 165 100850909

7 148

] 166

] |

i 192

' SIS e ——
170 190 210 238 250 = 270

Figure Two. Spectra of Peaks la and I..

N




Page 3.
James Little

Oct. 12,1988

L1708 PTHALATES ACIDS (1UL, 20Mo/M. | EI) TOTAL SCALE
@7-0CT-88 ~SCANS AVERAGED 206-219 "TIME 10.50 MIN 265978
BCKG SCANS * 1.00 197 233 242 100%=108003
7] 191
] 138
] 2
793
“do 10 30 150 170 190 = 210 = 230 250 270
lz%ér%gmgéﬁs”ﬁ&%ééBLzsémg%mrzﬁé’11 91 MIN. TOT8h,8ER-E
CKG SCANS * 1. 100%=7
i 121 3
] 1
{03 133
o 10 30 50 170 190 = 210 230 = 250 = 270
Figure Three.Spectra of Peaks 2 and 3.
LITe8 PTHALATES ACIDS CIUL, 20M6/M.. ED) TOTAL_SCALE
@/-0CT-88 SCANS AVERAGED 311-328 TIME 13.29 MIN 246135
BCKG SCANS * 1.00 298 350 363 1008=79386
7 149
i 166
i 4
i
170 190 = 210 230 250 270
WBB&H”‘-@E%“%E%ééBLwé?BSé“-r1Eé )15 03 MIN. TOT8h86 -
BCKG SCANS * 366-355 420 474 1008=81165
7] 121
i 180
i '?3. e l. rrrrrr I S AERAREE REs R naih L a s na s n hn e RS § e —
Y loo 110 120 130 140 Ise  _lse 170 1so '

Figure Four. Spectra of Peaks 4 and 5.
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Figure Eight.

Selected Ion Chromatograms of m/z 91 and 119.
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This is not the best we have done but the diverse nature of the
sample presented an interesting challenge. As we discussed on the
phone I will try to run chemical ionization (CI) in the future weeks.

If you desire further comment or have any additional questions,
please contact me. I am sorry about the delay in getting you this
information; please accept my apology.

Sincerely,

Eow M

Edward W. Sheehan
Application Chemist
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24-May-1988

Paul Goodley

Hewlett Packard

1601 California Avenue
Palo Alto, California 94304

Dear Paul;

I am very excited about visiting your lab on June 13-15 to see
the MAGIC LC/MS interface. I have shipped the chemicals and
HPLC column needed to perform the analysis. I tried to develop
a test mixture that was consistent with our conversation on the
limitations of your interface. I have enclosed the details for
the HPLC/MS analysis of the standard mixture and a UV
chromatogram (Figure 1) of the analysis. I must request that
if you decide to publish any of the data that you collect from
these samples, that I first have a chance to review and edit
the material. ' : '

Please let me know if I need to alter the analysis. Thank you
for your input. ' ‘

Yours truly,
g0
7

James Little

Senior Research Chemist

- Tennessee Eastman Company
Kingsport, TN 37664 ’ ' o ' -
(615) 229-8685 ' ’




Questions to be answered by demonstration:

How sensitive is MAGIC?

Can a wide gradient with low and high concentrations of water
be performed?

EI library-searchable spectra obtalned?

Is interface stable over long analysis (30-45 min)?
Can methane chemical ionization data be obtained?




°‘:_,(~‘ i : . - _ —~ HOV‘ }chu‘_s —[(;\r /’é}/)/?umrc«l “

-~ 51’[(/1/4- v Coc L{/au “}:'
' . F"%ﬂu% . 124448?&
|  ECD RESEARCH LABORATORIES A shiped g7y 2
DATE: Clu/¢? WORK AUTHORIZATION SUB WA )
USE TH!IS FORM FOR ALL REQUESTS TO ECDR ENGINEERING SERVICES GROUPS FOR MATERIALS, SERVICES, AND REPAIR AND DESIGN WORK e
FOR SHIPPING ORDERS, EASTMAN KODAK REQUISITIONS, AND INTER- FOR SERVICES AND STOCK MATERIAL SEND TG:
DEPARTMENT TRANSFERS SEND TO ROOM 114, B-1508 (EXT. 6140) O Electrical & Process Instruments, B-153A, E&C Shop (Ext. 2681)
Is Batf;‘sa' °rl‘:}h:lghe”zg’:ést:::‘é’éé%esﬁgdﬁ;mg)SYStem for chemicals? ~ O Electronic Equipment & Scientific Instruments, Rm 141, B-150A (Ext. 6133)
% Shinping Order . O Mechanical/Facilities Design & Alteration, Rm 1208, B-150B (Ext. 5814)
PPINg —_ TR O Mechanic Shop Services, B-153A (Ext. 6108)
P R No. O Machine Shop Services, B-153A (Ext. 6968)
Previous P.R. No. [ Materials Handling & Chemical Disposal, B-209A (Ext. 3725)
0 Inter-Department Transfer O Office Furniture & Telephone Requests/Moves, B-150A (Ext. 6321)
O Eastman Kodak Requisition ' O Painting, Insulating, & Carpentry, Rm 101A, B-153A (Ext. 2962)
Air Freight Requested v O Stock Mechanical Materials, B-209A (Ext. 4839)
Price Source & Date ~ i O Stock Chemicals & Lab Glass Orders, B-150 (Ext. 2138)
QUANTITY . . DESCRIPTION OF MATERIALS, REASON FOR SHIPMENT, OR WORK TO BE PERFORMED
2 Ssple oA TPA  Clecophthali acil) o 2oy
.9
| Sowpl st p-tolucdidibde (Sml) N
s Y ~ Y
¥ .~ \,')
] 10 l/V)/ 07[ /)/m///u/ﬁ'////"fg,(lé/f V\ A BN )
" v : \t \ ~ S\~ N Q‘\/
N .
! 20 iA/;)l 07[ Vo /l,w///7,%rmap714% g 1-\(:\§\\£‘{\ é,"\_ Y
; &) RRY N TS
I p/(/(t/'ﬁ(- I’)Ar/z—:{ HpLC\ w/hméq' QJ-‘\.'.\Q‘ \'3 $J
7 NN IV
!j 2 . .\,"ﬂ'\ RY \ ~ \
J %) / L1 d \// 4 \Q N é)\s 5 ? 3\\ \\'ls.
: - . . / . ) AN PN N
I Letlev 07[ /s 7lr‘u 57//'4145 ' < Q¢ X
OTHER INFORMATION _ : TO BE COMPLETED BY REQUESTOR

Original Requestor __ o + L. 7 Sub Requestor __J ¢ L.V .
Special Instructions Sl‘)«n pf‘/u.m /u 1 Fg/ 5501 toBldg. /50 Rom_/3Z Ext. _ &% 55  (Original Requestor)

Y H‘e /et p&z A’a / Location of work to be performed: Bidg. Rm.
\ \ “i C, L

\ Name of related priority project ‘ Suggestion No.
LA m .4740.4 ! /9 Ct i / 610 0//t’u | Approved by Z- Z/ Est. Cost
4 ECDRDIv. _ A Charge Code _JOHO % ~20 00

‘Date Reg'd.
\\\ /60/ Q./fnztr HU!

Overtime to meet requested date approved by

. \ W Z lo /}/7;0 94 3ol FOR'SHOP USE ONLY | FOR ENGINEERING USE ONLY
/. 15- - : : _ -
\1 srence Dr:v:mgs ‘7‘ 5§57 6/97 Date Received Date Received
\1 \ ’ | Date Ready for Work Date Ready for Work
by - - .| AssignedTo Assigned To N
li\ | ritten Date Completed Date Completed !
! Q/ Employee Hours Employee Hours
L Pri Cont " Pri Cont
| § . : .
\\ \\ ‘ DISTRIBUTION: PINK — RETAINED BY REQUESTOR, WHITE — FQHWARD 70 ECDR ENGINEERING SERVICES GROUP




Details for HPLC/MS Analysis of Standard Mixture

Columin:

Hewlett Packard, 100 x 2.1 mm, PN 79916 OD Opt. 552, Hypersil
ODS 5 um o

Conditions:

A = Tetrahydrofuran, B = 1% Formic Acid in Water, 5% A for 5
min, then 5% A to 95% A (linear gradient) in 20 minutes, then
95% A to 5% A in 2 min, equilibration time of 8 min, flow rate
of 400 pl/min. Injection of 1 pl is critical to success (see
special precautions section below)! :

Sample Preparation:

10 mg of sample X-18977-180-1 was dissolved in 500 pl of
dimethylsulfoxide (DMSO) and 1 pl of p-tolualdehyde was added
to the solution. 500 pl of tetrahydrofuran (THF) is added to
the sample to give approximately 1 ml of solution which
contains approximately 1 mg/ml (1 pg/pl) of each of the
components. DMF can be substituted for DMSO in certain cases
(see special precautions section below). The p-tolualdeyde was
not initially added to the sample because it is a liquid and
all the others are solids. Furthermore, it tends to oxidize to
p-toluic ‘acid.

Special Instructions:

It is very important the a 1 pl injection of sample is used for
the analysis. If a 5 pl injection is employed, several
components will be split into two peaks and several components
coelute. If more sample is needed for the LC/MS analysis, a
more concentrated sample should be prepared instead of
injecting more than the 1 pl suggested.

A significant amount of the a-=bromotoluic acid will oxidize
after sitting in the DMSO solution for over 4 hours. This can
be avoided by substituting DMF (N,N-dimethylformamide) for the
DMSO in the sample preparation section. The DMSO must be
employed when concentrated solutions of samples are prepared (>
40 mg/ml). '

Parameters for HP 1090 HPLC:

Attenuation = 6 -1 pl injection, slowdown = 2
A = 254 nm . column temp. = room temp.
Lamp current = 1 1 volt output to recorder

Response time = 0 1 volt full scale on recorder
Zero % offset = 5

o
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PACKARD

SCIENTIFIC INSTRUMENTS DIVISION « 1601 California Avenue, Palo Alto, California, Telephone 415 857 1501, TWX 910 373 1267
Mail Address: Post Office Box 10161, 94303-0871

Dr. Alex Apffel
7 September 1988

Dr. James Little

Senior Research Chemist
Tennessee Eastman Company
Kingsport, TN 37664

Dear Dr. Little,

Enclosed you will find a summary of the results obtained for the analysis of your -
samﬁles by Particle Beam LC/MS (PB LC/MS). Iapologize for taking so long, but as
you know, we have just introduced the system commercially, and as you can imagine,
there are a million minor things that have to be taken care of. Nonetheless, I hope
you are pleased with the results. They appear to be significantly better than what we
got when you visited us in Palo Alto. In particular, full scan MDQ’s (s/n=2) range
between 10 and 200ng, which is fairly typical. '

If you have any further questions or comments, please don’t hesitate to call me at - |
(415) 857-6090. :

' Alex Apf;/
ewlett-Pagkard Co.




PB LC/MS EVALUATION

TENNESSEE EASTMAN SAMPLE

UV/VIS (254NM)
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Particle Beam LC/MS
Tennessee Eastman Sample Evaluation

Dr. Alex Apffel
Research and Development
Hewlett-Packard Co.

Introduction

The following is a summary of results obtained in the analysis of samples sub-
mitted by Dr. James Little of Tennessee Eastman Co. for evaluation by Particle Beam
LC/MS (PB LC/MS). Eleven neat samples, consisting of benzoic acid derivatives
(seefigure 1) were recieved on 11 July 1988. The samples were evaluated in electron
impact (EI) ionization mode in both flow injection analysis (FIA) and under condi-
tions of chromatographic separation.
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figure 1.




Experimental Conditions
HPLC

All chromatographic and flow injection analysis studies were performed using
a HP1090 HPLC equipped with autosampler, filter photometric detector and DR-5
solvent delivery system. The filter photometric detectro was operated using a 254 nm
filter. A flow rate of 0.4ml/min was used for all experiments.

For flow injection analysis, the HPLC injector was connected directly to the
inlet of the PB LC/MS interface via a 0.12mm i.d. x 300mm length of flexible ss capil-
lary. 1-5ul injections were made using a mobile phase of 100% methanol.

For chromatographic separation, 4.6mm i.d. x 60mm Hypersil 3um ODS col-
umn (HP PN 799160D-344) column was used. The column was thermostatted at 40°c.
A linear mobile phase gradient from 0.1% formic acid to 100% methanol in 15 min-
utes was used. 5 ul injections of a 100ng/component sample mixture were made. The
separation was monitored simultaneously using the UV detector in series.

PB LC/MS Interface

A pilot run Particle Beam L.C/MS interface was used for all studies. The he-
lium nebulization gas has maintained at a 30psi inlet pressure (appoximately 1.5L/
min) and the desolvation chamber was held at 45°c.

Mass Spectrometer

An unmodified HP5988 quadrapole mass spectrometer with high mass and
negative ion capability was used. Tuning was done manually on PFTBA. Except as
noted, the ion source temperature was held at 250°c. 70eV electron energy and 1800V
electron multiplier voltage was used. Full scan data acquisition was performed from
50 to 350amu/sec.

Sample and Reagents

All samples were prepared at 100ng/ul in methanol both as separate standards
and as a standard mixture. All solvents were HPLC grade.




Results and Discussion
Quantitative Performance

Each of the samples was run individually in flow injection analysis mode to
determine the minimum detectable quantities (MDQ). 1,2 and 5 ul injections were
made at 1 minute intervals. The MDQ was extrapolated to a peak-to-peak signal-to-
noise ratio of 2. The MDQ’s were determined at source temperatures of 200, 250 and
300°c. The results are illustrated in figure 2.
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figure 2.

As might be expected, terphenyl showed the best performance with a S/N of
approximately 10 at 250°c, while tribromophenol showed the poorest performance
with S/N of 190 with the other samples intermediate. This performance agrees fairly
well with other samples. In a recent study of 150 EPA samples, the average MDQ was
66. While some samples (such as caffeine) show significantly better sensitivity than
this, other specific samples and sample groups show relatively poor performance, In
particular, we have not yet seen very good sensitivity in the analyis of substituted
phenols (such as tribromophenol).

For certain classes of samples, such as corticosteroids, MS source temperature
%lays a major role in both sensitivity and spectral integrity. With the Tennessee
astman samples, however, the source temperature was not an important factor.
Increased source temperature did not increase the senstivity significantly, nor did it
degrade the spectra. As a result, the standard 250°c. was used for further studies.

Qualitative Performance

Spectra from the 11 compounds obtained in FIA mode are shown in figures 3
through 13. These spectra were obtained using 200ng injections of each compound
and are background subtracted. All the spectra agree with the DIP data obtained at
Tennessee Eastman. The tribomophenol sample , in spite of its relatively poor sensi-
tivity, shows a molecular ion and isotope ions around m/z 328.




Particle-Beam Liquid Secondary lonization LC/MS Interface

Introduction

A particle-beam (PB) liquid secondary ionization (LSI) liquid
chromatography/mass spectrometry (LC/MS) interface has been developed for
a double-focusing magnetic mass spectrometer in collaboration with Dr. Marvin
Vestal (Vestec, Houston, Texas). A particle-beam interface was initially
designed by Dr. Vestal for PB electron impact LC/MS analyses and required
modification of the momentum separator for PB LS| LC/MS analyses. This type
of approach with conventional flowrates (1.5 mi/min) avoids the use of
microbore HPLC techniques and reduced flowrates (5-10 ul/min) required for
continuous flow FAB (fast atom bombardment) [1].

The particle beam LSIMS (liquid secondary ionization mass spectrometry)
interface is shown below in a block diagram and an expanded view of the
thermospray vaporizer, desolvation chamber, and membrane separator is
shown in Figure 1:

Carrier Sweep Sweep
Cas Ges Gas
In Out In

' . 2 Stage MS
Thermospray Desolvation Membrane
HPLC | __ = = = Momentum B lon
Yaporizer ‘ Chamber Separator Sepsrator Source
Condensste Carrier
out Gas Yapors
: to

Yacuum Pumps

A thermospray vaporizer is employed to nebulize the high performance liquid
chromatographic (HPLC) effluent into a desolvation chamber. The vaporizer in
the particle beam interface is operated at lower temperatures than that of the
thermospray interface. This results in less effluent being vaporized and the
resulting condensate is removed with a peristaltic pump. Helium carrier gas
entrains the aerosol formed and carries it into the membrane separator. The
membrane separator is a counter-current flow drier that employs a porous
membrane to separate an inner helium flow containing the aerosol from an
outer dry helium flow. The gas (vaporized effluent from LC) diffuses through the
membrane and is swept out by the outer helium flow. The resulting dry aerosol
continues via a 1/4in. Teflon tube (about 5 ft long) into a two-stage momentum
separator that removes the helium.




The particle beam travels approximately 4 cm under high vacuum from the
momentum separator to the tip of the LSIMS probe. The particles hit the tip of
the FAB probe and are dissolved in the glycerin or another appropriated matrix
(e.g. 3-nitrobenzyl alcohol). The neat matrix is continually pumped through the
standard dynamic FAB probe by means of a syringe pump (see diagram below).
The compounds are converted into secondary ions [2] for mass spectral
analysis by continuous bombardment of the matrix with a primary 35 kilovolt
cesium ion beam.

Momentum
Dynamic FAB Probe -~ Separator
\ 7 ,
o
B — — — > or
N

Other similar particle beam FAB (fast atom bombardment) and LSI LC/MS
interfaces have been developed by Browner's group [3, 4] and by Extrel [5, 6].
However, their designs do not employ the membrane separator employed in the
Vestec interface, and therefore, limit the flow of water from the HPLC to
approximately 0.4 ml/min. This means that smaller diameter columns must be
utilized or that a post-column splitter must be used to divert the majority of the
1.5 mi/min flow used with standard 4.5 mm id HPLC columns. Furthermore,
they employ one of the following methods for addition of matrix: matrix is added
to the HPLC solvents or to the solvent after the HPLC separation; a mixture of
solvent and matrix is pumped to the source through a flow-FAB probe; or matrix
is added manually to the tip of the probe. Our approach employs a syringe
pump and a flow-FAB probe to continuously introduce neat matrix to the FAB
MS or LSIMS source.

We have successfully employed the PB LSI LC/MS interface in conjunction with
thermospray and PB electron impact interfaces on the VG 7070 VSEQ mass
spectrometer to characterize many different classes of polar and nonpolar
compounds. In many cases, the PB LSI LC/MS interface was the only interface
to yield molecular weight information. A detailed description of the interface,
examples of typical mass spectra of minor components separated by reverse-
phase HPLC, and estimates of the sensitivity of the interface are discussed.



_E erimental

A VG 7070 VSEQ double focusing magnetic mass spectrometer equipped with
the standard dynamic FAB/LSIMS source and dynamic FAB probe was
employed for all analyses. A VG cesium ion gun operating at 35 KV was
employed to ionize the samples. Glycerin was employed as the matrix for the
benzenesulfonic acid saits and Bradykinin analyses. The instrument was
calibrated with either cesium iodide or glycerin in the positive ion mode and
neat sulfuric acid in the negative ion mode.

The neat glycerin was pumped (Harvard Apparatus, Inc, syringe pump 22)
through the dynamic FAB probe at a flow rate of approximately 2 microliters per
minute. The syringe was housed in an aluminum holder to reinforce the syringe
~ barrel. The standard VG dynamic FAB probe tip was replaced with a slightly

modified Vestec thermospray tip. The standard thermospray tip was drilled-out
to give a reservoir behind the exchangeable tip (75 micron exchangeable
sapphire aperture).

The particle-beam interface was initially designed for PB electron impact LC/MS
analyses and the momentum separator design was modified for PB LSI LC/MS
‘analyses. The interface is connected to the top of the mass spectrometer
manifold through the port normally employed for the sight-glass.

The HPLC analysis of the benzenesulfonic acid salts was performed on a Ve
- Spherisorb ODS Il column (5 micron, Alltech, Applied Science, 4.6 x 150 mm).
employing the foliowing conditions:

-wavelength = 240 nm

-flow = 1.50 mi/min =

-A = acetonitrile, B = 0.1 M ammonium acetate in water

-20 microliter injection loop

-gradient of 5% A for 2 min, then 5 to 40% A in 16 min, Hold at 40%
A for 5 min

- The HPLC analysis of Bradykinin was performed on a Chromé‘gabond C-4
column (ES Industries, 300 A, 5 micron, 4.6 x 150 mm) employing the following
conditions:

-wavelength = 210 nm

-flow = 1.0 mi/min

-A = 90/10 acetonitrile/water, 0.1% trifluoroacetic acid, B = 0.1%
trifluoroacetic acid in water

-100 or 20 ul injection loop

-gradient of 25% A to 50% A in 20 min

Results and Discussion

Benzenesulfonic acid sodium salts were selected as the main class of
compounds to test the PB/LSI LC/MS interface. We have found this class of




compounds to be very difficult to analyze with the thermospray LC/MS intertace.
The sensitivity for the monosulfonic acids are very poor and the polysulfonic
acids are often not ionized. Some reasonable success has been noted by
others [7, 8] employing modified thermospray interfaces if the concentration of
ammonium acetate buffer is kept below 0.01 M. The addition of electrolytes
such as ammonium acetate at higher concentrations, >0.1 M, has been shown
[©, 10] to significantly improve the chromatographic separation of
benzenesulfonic acid sodium salts. Unfortunately, the higher concentrations of
ammonium acetate were found to be detrimental to thermospray analysis of
these compounds due to neutralization reactions occurring in the ion source
[11]. Employing the PB/LSIMS LC/MS interface, the higher concentrations of
ammonium acetate are not detrimental to the mass spectral analysis of these
compounds. -

A very good reversed-phase separation (see Figure 2) of a mixture of
benzenesulfonic acid sodium salts was obtained employing an aqueous
solution of 0.1 M ammonium acetate. All significant components (>0.5 area
percent) including mono-, di-, and even trisulfonic acid sodium salts were
identified by PB/LSIMS LC/MS analysis of the sample. The mass spectra
showed primarily the singly-charged, (M-H), anions of the sulfonic acids (see
Figures 3-10).

Surprisingly, the peak widths of selected ion chromatograms (see Figure 11) for
the molecular ions were not significantly wider than the UV traces for the
individual components. Apparently the compounds are being ionized by the
cesium ion gun at a rate very close to their rate of deposition by the particle
beam interface. Useful spectra were obtained on components present at
concentrations greater than 0.5% by area which corresponds to approximately
500 ng to 1 microgram of material.

Attempts to analyze the sample by negative ion LSIMS employing the standard
probe and dissolving the total sample in glycerin were unsuccessful because
the sample was a complex mixture of sodium salts. The major components
formed clusters with sodium and gas-phase dimers and the responses for the
minor components were either suppressed or were obscured by fragment ions
from the major components. The mass spectra were much simpler in the
PB/LSIMS analysis because the clustering with sodium was minimized. The
sodium salts were converted to ammonium salts during the separation and
probably exited the momentum separator as ammonium salts or even free
sulfonic acids.

Some success has been reported in the analysis of benzenesulfonic acid
sodium salts by particle beam El and Cl LC/MS analyses [12]. However,
attempts to analyzed the mixture of benzenesulfonic acids analyzed above by
PB/LSIMS on our particle beam El LC/MS interface were unsuccesstful.

Flow injection analyses of the peptide Bradykinin (see Figure 12) showed that
the interface can be used for the analysis of peptides and that the response is
reasonably reproducible. A useful full scan spectrum (see Figure 13) could be



\

obtained on as little as 120 nanograms of peptide, but the signal for 12
nanograms of peptide was lost in the chemical noise. Bradykinin was also
analyzed by LC/MS and the results for injection of 450 nanograms are shown in
Figure 14.

~ Conclusions

A particle-beam (PB) liquid secondary ionization (LSI) liquid
chromatography/mass spectrometry (LC/MS) interface has been developed for
a double-focusing magnetic mass spectrometer in collaboration with Dr. Marvin
Vestal (Vestec, Houston, Texas). The interface has been employed to
characterize many different compounds benzenesulfonic acid sodium salts that
were not successfully analyzed with either our thermospray or with our particle
beam EI LC/MS interfaces. Useful full-scan qualitative spectra can be obtained
on 500 nanograms to 1 microgram of sample employing solvent flow rates of 1
to 1.5 ml/min and conventional 4.6 x 150 mm reversed-phase columns.




Figure 1: Vestec Universal Interface
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Techhiques
and Applications

L{/(/ | in Quadrupole Mass Spectrometry

ThermaBeanTM; AN IMPORTANT NEW DEVELOPMENT IN LC/MS

Introduction

Liquid Chromatography-Mass Spectrometry has rapidly developed in the past
decade and has been reviewed extensively.1,2,3 In a short time the
confidence in LC/MS as a problem solving technique has increased signifi-
cantly because the available LC/MS technologies have been used in
numerous applications. Unfortunately, compromises have been necessary in
operation of either the liquid chromatograph or the mass spectrometer.
ThermaBeam LC/MS, a particle beam technique, is designed to overcome many
of the limitations of previous interfacing techniques. No restrictions
are placed on the operation of either the mass spectrometer or the liquid
chromatograph. Figure 1 is a schematic diagram of the ThermaBeam

interface.

The present discussion is intended to introduce the physical principles,
advantages, and general applié}ations of ThermaBeam LC/MS. Specific
applications are presented in additional Techniques and Applications
Notes. ThermaBeam is a "solute transport" interface. The processes of
thermal nebulization, desolvation, and particle beam solute enrichment
permit efficient transport of solute into the ion source of the mass
spectrometer while removing virtually all of the solvent within the
interface. No restrictions are placed on the mode of ionization (EI, CI,
etc.) available to the user. In addition, the interface is compatible
with the standard GC/MS ion source and is flange mounted to the port
opposite the GC interface, making conversion from GC/MS to LC/MS a simple
one or two minute procedure. ' : '

SCHEMATIC DIAGRAM OF ThermaBeam LC/ MS. -
Nebulization = Two-Stage
and Particle Beam
Desolvation Separator

LC - MS

Nt e g

" Thermal Expansion
Nebulizer Chamber

Figure 1
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GC/MS versus LC/MS

There are a number of reasons why GC/MS has matured into a powerful
analytical tool in almost every area of chemical analysis. It is felt by
many that GC/MS comes as close to the "ideal" chromatographic detector as
practically possible. The mass spectrometer serves as both a universal
and a selective detector. Detection limits have been reported in the
picogram range and below. The mass spectrometer does not impose restric-
tions on the operating conditions of the gas chromatograph. Spectra are
obtained in a variety of ionization modes which yield both structural
(EI) and molecular weight (CI, etc.) information. The major limitation
with GC/MS is that the technique is only applicable to compounds that are
volatile or stable enough to be separated on a GC column. It has been
estimated that only about 20% of known organic compounds fall into this
category.

Liquid Chromatography-Mass Spectrometry (LC/MS) has developed more slowly
than GC/MS because of the higher degree of difficulty in delivering the
liquid effluent into the vacuum system of the mass spectrometer.
However, many technological developments in GC/MS are directly trans-
ferable to LC/MS; such as rapid scanning capabilities, removable ion
volumes, and computer data handling. Consequently, the slower start in
the development of LC/MS does not necessarily mean that the time required
for maturation of the technique will parallel GC/MS. GC/MS took almost
20 years to develop into the rugged, reproducible, high throughput
technique that we use today. LC/MS should take only a few years to catch
up once a reliable interface has been developed.

LC/MS Performance Criteria

The criteria for an ideal LC/MS system are to match as closely as
possible the performance obtained with GC/MS. The most noteworthy are
listed as follows:

l. Electron impact spectra (library searchability)

2. Sensitivity using full scan in the low nanogram range

3. Accommodate variable chromatographic conditions - normal or
reversed phase, gradients, normal and microbore flows

4. Soft ionization (CI, discharge, etc.)

5. Automated sample introduction using autosamplers

6. Automated data manipulation and processing

7. Easy to use -- limited number of critical parameters to adjust

8. Easy to maintain —- no frequent oil changes or alignment problems

9. Rapid switch-over to other inlet techniques



There are several performance aspects of LC/MS that are not necessarily
required in GC/MS. Since analytes separated with HPLC may be less
volatile and/or higher mass than typical GC analytes, the solute vapori-
zation and ionization requirements are more stringent. In addition, the
mass analyzer may require higher mass range and higher transmission for
mass analysis of compounds of interest.

LC/MS Design Criteria — ThermaBeam

The objectives of the ThermaBeam development were to obtain performance
characteristics that closely paralleled those of GC/MS. The following
design criteria were used to develop the ThermaBeam interface:

1. Efficiently remove mobile phase solvents in the interface.

2. Efficiently transfer solutes (analytes) into the ionization
region of the mass spectrometer.

3. Minimize thermal degradation of'analytes.

4, Maintain ion source pressures in the 10~® to 10™3 torr range to
allow electron impact ionization.

5. Efficiently transfer solutes into the vapor phase while in
the ion source region.

6. Utilize conventional ionization processes (EI, CI) for
production of gas-phase ions.

7 Minimize changes in the ion source design to enable use with
a standard GC/MS ionizer. '

Development of ThermaBeam LC/MS

Background. ThermaBeam 1s a particle beam type interface between the
liquid chromatograph and the mass spectrometer (PB-LC/MS)., Particle beam
sample introduction is simply a means of introduction of enriched
particulate material into a low pressure detector (e.g. mass spectro-—
meter). Particle enrichment occurs due to momentum differences between
particulate and gaseous components in an aerosol. This concept will be
discussed in greater detail in the next section.




There have been many applications of particle beam sample introduction,
mostly at the research level, with no commercial particle devices
available until the recent introduction of ThermaBeam LC/MS. Early
researchers with particle beam techniques for sample introduction into
the mass spectrometer concentrated in two areas of sample analysis; 1)
ambient air monitoring, and 2) aerosol introduction. In the mid 70's,
Greene from Midwest Research Institute (MRI) reported some early particle
beam development with aerosol introduction and LC/MS.%4,5,6,7 The
technique was referred to as particulate impact mass spectrometry (PIMS).
In the early 80's, Willoughby and Browner developed a similar particle
beam interface at Georgia Tech designated MAGIC~-LC/MS.8,9 The MAGIC-
LC/MS was designed to enhance aerosol transport efficiency by the use of
a monodisperse aerosol generator (MAG). Subsequent development by
Willoughby and Pirone at Imperial Chemical Industries (IGI) simplified
the design of the MAGIC-LC/MS reducing the size into a hand-held remov-
able probe.10 Recently, EXTREL has introduced a novel particle beanm
interface referred to as ThermaBeam LC/MS. The development of PB-LC/MS
techniques are outlined in Table I.

Common to all PB-LC/MS devices have been three essential processes;
namely, 1) nebulization, 2) desolvation, and 3) particle beam solute
enrichment. Table I describes the type of nebulization, desolvation, and
particle beam enrichment occurring in each of the particle beam inter-—
face techniques cited above.

DEVELOPMENT OF PB-LC/MS

YEAR _ AUTHOR(S) LOCATIQN NEB, DESQLY, PB

1975  GREENE **>+®7 MRI DEVILLBIS COND.” DUAL-STAGE
BERGLUND LIU

1983  WILLOUGHBY®®GIT BERGLUND LIU  COND.” DUAL-STAGE
& BROWNER MAG

1985  WILLOUGHBY'® ICI PNEUMATIC COND.” DUAL-STAGE
& PIRONE

1987  WILLOUGHBY  EXTREL  THERMAL —> SINGLE AND
DUAL-STAGE

*Desolvation based on heat conductance in a desolvation chamber.

Table I



Mass Transport with PB-LC/MS

PB-LC/MS is a solute transporf/enrichment technique. The objective of
this type of interface is to efficiently transport solutes into the ion
source while removing the major portion of the solvent within the
interface. Table II describes the mass transport of both solvent and
solute through the interface.

In Stage 1 the effluent from the HPLC enters the interface in the
condensed phase. The solutes are usually present in the effluent at
trace levels. The mobile phase solvent(s) constitute virtually all the
mass entering the interface. There is no great need to detect the
mobile phase components, only the dissolved solutes. Consequently, the
major portion of mass flow can be eliminated within the particle beam
interface. 1In HPLC, solvents are generally more volatile than associated
solutes. Consequently, volatility differences are used to separate
solutes from solvents.

The first physical process occurring within the interface is nebuliza-
tion, Stage 2. Nebulization has been accomplished in early PB-LC/MS
interfaces in a wide variety of manners; including pneumatic, ultrasonic,
and Raleigh breakup processes. The nebulization process serves several
important functions in the interface. One function is to'increase the
surface area.of the condensed _effluent. In addition, .the.nebulization.
process determines the particle size and distribution, charge, velocity,
and rate of evaporation.

The second process occurring within the interface is desolvation (Stage
3). In this process solvent is vaporized from the droplets formed by
nebulization. The solute remains in the particulate state. In the ideal
case, desolvation would leave the solvent(s) completely in the gaseous or
vapor phase, leaving solvent and solute separated not im space but in
phase. In going from a 1liquid droplet to a dry solute particle, the
concentration of solute in the particulate state has gone from lppm to
100%. - T :

The third process occurring in the interface is particle beam solute
enrichment (Stage 4). Upon desolvation, the resulting aerosol is
accelerated ‘through a nozzle restriction into a vacuum region. The
aerosol forms a near sonic velocity beam on the axis of the nozzle
restriction. The velocities of the gaseous components of the aerosol are
similar to the particle velocities; consequently, the aerosol beam serves
as a very efficient momentum separator. The kinetic energy of a typical
solute particle is on the order of 106 eV while the energy of a typical
solvent 'vapor molecule is about 1 eV, The many orders of magnitude
difference in energy or momentum result in rapid radial expansion of the
solvent vapor compared to the solute particles. A series of pressure
reduction stages and axial skimmers (Figure 1) are used to form a solvent
vapor—depleted particle bean. The solute particles are efficiently
transported into the ion source leaving most of the solvent vapor to be
pumped away within the interface. Solute enrichments of 103 to 104 are
generally obtained. .Since the total mass transport into the ion source
is quite low, ion source pressures can be maintained in the 10~3 to 10-6

torr range.




The solvent-depleted solute particles are introduced into the ion source
region (Stage 5) as an extremely high surface area particle beam. The
solute can be vaporized by a variety of desorption techniques and ionized
with conventional ionization techniques including electron impact
ionization.

MASS TRANSPORT WITH PB-LC/MS

STAGE Conce Sorute | Conc. SoLVENT | COMMENTS
1. CoNDENSED 1 rPM 1007
PHASE

2. NEBULIZATION | GAS | PART. GAs PART. INCREASE
0 1 pPM 0 1007 SURFACE

3. DESOLVATION 0 1007 1007% 0 PHASE
SEPARATION

4, PARTICLE ;;// 10y 1ev :;}/ MOMENTUM
Beam '/ SEPARATION

5, %ON :;//, 70% 0.1%)/ ///j;// ENRICHMENT
OURCE
’ /] 4 103-10"

Table 11



How does ThermaBeam differ from prior PB-LC/MS techniques?

Early PB-LC/MS devices used pneumatic nebulization or dispersion in
aerosol generation. Therefore, the various aerosol generation processes
produced a high gas load on the desolvation chamber; consequently, higher
angular dispersion was observed in the particle beams making solute
particle transport less efficient. We have found that the monodispersity
of particle size is not as important as generating small particles and
reducing the gas load on the system. ' With the EXTREL ThermaBeam, a
thermal nebulizer is utilized which functionally serves to combine stages
2 and 3 (nebulization and desolvation) from Table II into a single stage
of the interface. The thermal nebulizer allows precise control over
particle size, degree of desolvation, and the degree of dispersion of the
particle beam. By combining the nebulization and desolvation stages, the
size of the interface is significantly reduced, the efficiency of the
solute transport was significantly increased, and the pumping require-
ments on the system are kept to a minimum. :

Performance of ThermaBeam LC/MS

The ThermaBeam interface parallels the performance of GC/MS more closely
than any other LC/MS (interfacing) technique developed to date. Library
searchable EI spectra have been acquired for hundreds of compounds, most
of which are not amenable to separation with.a GC.  Sensitivity  has been
demonstrated for many compounds in the low nanogram level with full scan
EI. Many compound classes have been evaluated with ThermaBeam; includ-
ing, pesticides, herbicides, azo dyes, peptides, various drugs and
metabolites, etc. Soft ionization modes such as methane or ammonia CI,
and discharge CI have yielded molecular ions well above 1000 amu. Both
normal phase and reversed phase separations under isocratic or gradient
conditions are applicable. Flow rate ranges from 1 ml/minute to 50
ul/min allow both normal bore and microbore separations.

Additional applications information is available upon request.
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Applications Examples
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P New ThermaBeam LC/MS

»As easy as GC/MS!!
® No critical temperatures ® No micron size orifices
* No critical alignments ® No moving parts

SCHEMATIC DIAGRAM OF ThermaBeam LC/MS

Nebulization Two-Stage
and Particle Beam
Desolvation Separator

LC @ MS

Thermal Expansion
Nebulizer Chamber

»>The Mass Spectrometrists Choice!

e Permits All Conventional lonization Modes
® 70 eV EIl Spectra
e Choice of Cl reagent gas

e No modification of the MS

e Standard EI/Cl ionizer

¢ No downtime from GC/MS to LC/MS

»The Chromatographers Choice!

¢ Permits All Conventional Separation Modes
e Normal or Reverse Phase
® |socratic or Gradient
¢ Flow Rates from 0.1 to 1.0 ml/min.
e Permits Fullest use of MS Detection Capabilities
e No chromaphore required
e Universal or Selective Detection
¢ Uniform Response Factors

CXTREL

240 Alpha Drive PO. Box 11512 Pittsburgh, PA 156238 Ph (412) 782-3884 Telex 812 316 EXTRALAB
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Techniques
and Applications

in Quadrupole Mass Spectrometry

- Principles of Particle Beam /Super Critical Fluid
Chromatography Mass Spectrometry (PB/SFC/MS) using
' ThermaBeam

The importance of gas chromatography/ mass spectrometry, (GC/MS)
in solving both qualitative and quantitative analytical problems has
been demonstrated over the past fifteen years. The principle
limitation in GC/MS lies in the analyte volatility requirement
with gas chromatography. Higher  molecular weight, polar or
thermally labile compounds often have sufficiently low vapor
pressure to preclude the use of GC as a separation and sample
introduction method. In these cases either LC or SFC can often be
applied to separate multi-component  mixtures. For some
applications supercritical  fluid chromatography (SFC) has
demonstrated far greater chromatographic efficiency compare to.
liquid  chromatography (LC). In addition, methods development
may be faster wusing SFC. The combination of mass
spectrometry with both SFC and LC therefore is becoming
increasingly important as  both the  chromatographic and
spectroscopic sciences grow.

The operation of an SFC/MS interface requires that the condensed
mobile phase undergo a pressure reduction stage. prior to ionization
and subsequent mass analysis. In order to ionize the analyte in a
unimolecular fashion (under electron ionization, EI, conditions) the
pressure in the mass spectrometer must be kept in the 10 E-5 torr
range. Wide bore capillary columns and packed columns can produce
mobile phase flow rates of 20-2000 ATM-CC/min. These flow rates
are several orders of magnitude higher than a modestly pumped
mass spectrometer can tolerate and still maintain pressures suitable
for EI. Clearly a  solute enrichment stage within the sample
introduction system is necessary to interface higher flow rate SFC
systems with mass spectrometry. ThermaBeam is such an interface.

Background:

The ThermaBeam sample introduction system, a refined particle beam
sample introduction system, was introduced in 1987 for LC/MS by
EXTREL Corporation. Other EXTREL applications literature

- Telephone (412) 963-7530

; Extrel Corporation
E XT R E L . 240 Alpha Drive Telex 812 316 EXTRALAS
Box 11512 FAX 412-963-6578 l l l 0 8 8 l OAN

Pittsburgh, PA 15238




describes the operation of this interface and the underlying theory.
In this section we describe the first application of this type of
interface for SFC/MS. Particle beam techniques for condensed phase
sample introduction have three primary stages associated with the
interface, which are; aerosol generation to increase surface area,
desolvation in order to obtain substantially solvent depleted particles,
and momentum separation to separate solute particles from solvent
vapors.  Subsequent to the interface the solvent depleted sub
micron  analyte particles desorb within the ion source region and
may be ionized using conventional means. The primary difference in
application of ThermaBeam to LC or to SFC lies in the mechanism of
aerosol generation.

In SFC the mobile phases are highly compressed fluids which
maintain solvent characteristics proportional to the density of the
phase. Of course this necessitates the use of a restrictor after the
chromatographic systtem in order to retain solubility within the
mobile phase. To date, there are four types of restrictors which
have been employed within chromatographic systems to effect flow
control and pressure drop, they are:

(1) a linear capillary tube of constant dimensions wherein the
pressure drop occurs along the entire length of the tube

(2) a point source restrictor which is most generally a capillary
tube which has a more restrictive nozzle close to the tip of the
tube where the greater majority of the pressure drop takes place

(3) frit restrictors where numerous convoluted pathways behave
analogous to an array of short, small diameter capillaries.

(4) tapered restrictors which create increased impedance towards the
tip of the restrictor through a gradual taper.

The ideal restrictor for SFC would have the following
characteristics; uniform pulse free flow , immunity from plugging,
easy replaceability or capability of flow rate variation, and provision
for complete transfer of labile or nonvolatile solutes to gas phase
detectors without pyrolysis.



A

Unlike prior restrictors, the objective of the restrictor and aerosol
generator portion of the EXTREL ThermaBeam SFC/MS is to control
flow while performing pressure reduction and to favor particle
formation in a reproducible and reliable fashion for subsequent
phase separation and enrichment.  This objective is markedly
different from many other restrictor applications in SFC where
particle formation is undesirable and generally leads to spiking
noise in many detection systems. _ :

The change in solvency as a function of pressure is extremely high
with supercritical fluids. Strong heating of the restrictor to attempt to
avoid restrictor clogging due to analyte precipitation increases the
vapor pressure of the analyte and prevents particle - formation.
Since it is a primary objective  of the ThermaBeam aerosol
generator/restrictor . to . form  particles in a consistent fashion,
techniques other than applying heat need to be used to avoid
clogging and provide for complete analyte mass transport. ..




Apparatus:

EXTREL has developed patent pending technology to enable
reliable aerosol generation to occur from a high flow rate SFC for
purposes of formation of a particle beam and phase enrichment. The
technique involves merging the supercritical fluid, after the
chromatographic separation, with an organic cosolvent such as
tetrahydrofuran. Under appropriate conditions of temperature,
pressure, and flow, the components form a single phase liquid
system. Further decompression of this mixture can be effected with
a less restrictive aperture since the organic solvent is less
compressible than the supercritical fluid. Moreover, the solute
precipitation is avoided since solubility is no longer a strict function
of supercritical fluid temperature and pressure but insured via the
organic

solvent.

ThermaBeam:
Momentum
Separator

R2

e

Figure 1.

Figure 1 represents the hardware in a schematic fashion. R1 is a restrictor
for initial pressure drop from the SFC. The pressure at Pl low volume mixing
region is maintained by varying the flow thru the liquid pump and the
impedance of R2. The restrictor R2 is terminated with a slight impedance
nozzle which acts to produce . a fine spray of liquid droplets. These
droplets which contain a high proportion of liquid CO2 break apart quite
naturally due to the CO2 evaporation in the heated viscous flow of the
ThermaBeam expansion  region. In  addition to the self-nebulizing
characteristics of this type of aerosol generator, heat and additional
nebulizing gas may be applied at R2 since it is encased in the standard
ThermaBeam concentric  aerosol generator.



Performance Characteristics -

- Does not degrade chromatographic efficiency

- Sensitivity in low ng range for full scan

- Rugged and easy to use

- Excellent high mass solute mass transport and analysis

Advantages of ThermaBeam SFC/MS -

- Conversion from LC to SFC in minutes

Mechanically simple to operate

- No clogging of highly restrictive aperature

Particle Beam volatility enhancement

Standard Configuration of GC, LC, or SFC/MS

- Flow injection for rapid screening of samples before

chromatography

Applications of ThermaBeam SFC/MS.

The combination of SFC and mass spectrometry using the EXTREL
ThermaBeam interface is a very rugged technique. Applications of
EI/SFC/MS are illustrated in several data sheets on sensmvny, lipids,
polystyrene, and environmental compounds.







Vestec Applications

Applications Note # 001 July 1988

Thermospray Vaporization and Electron Impact Ibnizatiori LC/MS

Introduction ] owRoN & E 253

_ Hy .
Thermospray is now established as a practical | & c"@z— —N<:"s =
technique for LC-MS interfacing, and is being | & '
used regularly in more than 200 laboratories in | _so-
the US and Europe. Despite this obvious success, | &
the technique is frequently criticized because | * _
data obtained are not sufficient for compound : Ghes)
identification.  Results using Thermospray very odi bp b ]
often allow unambiguous determination of mo- wo  mo e 0 W me W

lecularweight, but fragmentationis eitherabsent, Figure 2. Thermospray spectrum of Diuron with sub-

insufficient, or not reproducible enough to allow  racted background showing molecular ion plus H+
_ definitive identification of known compounds or omy. .. .

much in the way of structure elucidation of prev1- - -

ously unknown compounds. : ' R e
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This Applications Note is a compilation of dia- Heuu |
grams, spectra and chromatograms of electron
ionization data obtained from several different :
sources in the Vestec Corporatlon Research | vowwn— ==
Laboratory.
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Figure 1. Diagram of Thermospray Tonization Source for | &g = 75 Toa i'és' MR RN T AT YT
the Vestec Dedicated Model 201 LC-MS Instrument.

" Figure 4. Electron Ionization spectrum of Diuron illus-
trating amount of Fragmentation. - o
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Figure 6. Electron ionization spectrum of adenine using
Vestec Data system.
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Figure 7. Electron Ionization spectra of Adenosine from
LC-MS and a standard Library.
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ANTHRACENE LC/MS
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Figure 10. Linearity study for EI data of Anthracene.
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Figure 11. LC-MS Chromatogram using electron
ionization of a mixture of substituted phenols. Compo-
nents are (1) o-cresol, (2) 3,4-dimethylphenol, (3) 4-
chloro-3-methylphenol, (4) 2,4-dibromophenol, (5)
3,4,5-trichlorophenol, (6) 2,3,4,5-tetrachlorophenol, and
(7) pentachlorophenol.
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Figure 12. Electron Jonization spectrum of Cresol Using

Thermospray EI-LC-MS Source.
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Figure 13. ElectronIonization spectrum of Toluene Using

Thermospray EI-LC-MS Source.
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Figure 14. Chromatogram of EI-LC-MS for a Series of

Substituted Aromatics.
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Figure 15. Electron Ionization spectrum of Acridine.
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Figure 16. Electron Ionization spectrum of Acenaph-
thylene and Library spectrum using EI-LC-MS.
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Figure 17. Electron Ionization spectra of Carbon
tetrachloride and Chloroform, illustrating EI
spectra of some small molecules using the LC-
MS source..

Conclusion

Electron Ionization spectra obtained
from LC-MS provide:

o Spectra with Reproducible Fragmenta-
tion Patterns

o Many Standard Libraries available

o Use of Validated Methods from GC-
MS

0 Many Scientists with Practical Experi-
ence in Electron Ionization Techniques

Vestec Corporation
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(713)-796-9677

Vestec Applications Note

July 1988



