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AUTOMATED SAMPLE ANALYSIS SOFTWARE FOR GC/Ms

J. L. Little, J. L. Crawford, G. W. Fields, Development and Control
Departnent, Organic Chemicals Division, Tennessee Eastman Company,
Kingsport, TN 37662

Introduction

Due to the significant investment incurred in the establishment and
maintenance of a mass spectral laboratory, it is imperative that the
instrumentation and highly trained personnel be efficiently utilized.
wWith this objective in mind, an autuvmnated suftwadle packaye [ur the
analysis of GU/MS samples was written for a Finnigan MAY 4500 mass
spectrometer.

Experimental

The work was performed on a Finnigan 4023 GC/MS/DS that has been modified
with the following updates purchased from Finnigan MAT: an automatic
sample injection system with computer control of the autosampler, fila=-
ment, multiplier, and calibration gas; an automated gas chromatograph; a
Finnigan 4500 source update; & 32 megabyte Winchester disc drive and
streaming tape drive; a Varian B000 autosampler; a second 4010 Tektronix
terminal; and Revision 5.% or 5.4 Super lncos Software.,

The chemical ionazation reagent gas has also been placed under computer
contrel by slightly modifying the instrument's electronies. The make-up
gag solenoid coil is placed in series with a 240 VAC solid state relay.
The relay is actuated when under computer control by a 5.0 VDU signal
from the flow controller B in signal. This signal can be varied with
existing Incos software between 0.0 and 10.0 VDC by employinyg values,
respectively, between 0 and 200 with the GB command in the DESC program.
When under manual conktrol, the relay is actuated from the 5,0 VDC digital
power supply criginating on the column temperature control board, The
solid state relay input is switched from manual to computer control with
2 double pole-double throw toggle switch,

Results and Discussion
The automated analysis software package is broken down into four parts:
. Initiralization of GC/MS/DS
. Sample injection

. Dbata processing
. Data analysis
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The first and last steps reguire the attention of a trained mass spec-
trometer operator, but the second and third steps can be performed by the
automazed sample analysis procedures. The automated sample analysis
software package is composed of greater than 10U procedures (ygreater than
300 sectors) which are compatible with Finnigan MAT's Super Incos soft-
ware, Our software package has been primarily ewmployed four the qualita-
tive analyses of samples employing a capillary column; however, the
software package can be employed for either guantitative or gualitative

analyses on either packed cr capillary cclumng., Strong points of tae
software package include the inclusion of user-friendly prompts, a
detailed user's manual, built-in instrument sensitivity and perfcrmance
checks, and the apility 0 easily modify existing procedures fo ueec the
demands of other users.

During the inicizlization step, sample analysis variables are defined for
each samrple. These variables include the initial delay before déeta
acguisition, the duratien of data aequisition, the mede of sample injec-
tien [split or Grebk) in ecapillary analyses, the 3Jiller-Diemann peak-
Einding procedure, and the mode Of ¢aca processing.

Samples ¢an be injeckted by either an analyst er
analyst witk no GC/Ms or even GU experience can
15 minutes to analyze samples. Normallvy in our analyses, the L0OU-200
microliter zample volume employed by tie Varian autosampler i1s not a
problem; however, in vases where only a limited yuantity of sample is
available, injections are pertormed by a rotating shift analyst,

an autosampler. An
be trained in less Chen

Data processing rormally is composed of creatinyg scan lists of componenta
to be processed end searching the spectra of the components in the
resulring |18t against a mass spectral Zibrary. However, nany other
options have been included in the software sackage and any user-defined
procedure can Le substituted Io0r Processing acquired data.

Conclusion

An automatec sanple analysis software package has been Written for GC/MS
analyses on our Finnigan 4000/4500 GC/MS/DS. ‘“his software has increased
by a factor of four the petential utilization of our instrument that was
DreviolLsly vkilized only 40 hours per wWweek, Wikh this cafability and no
additional personnel, more than 830 samples have been analvzed by GC/¥S
during the off-hourc in the last onc and a nalf years. 7Thic capability
has Creed _bLe imsbrument ducinyg Lie day fur vlhe: types uf analyses and
has enzbled GC/ME services to be offerad to other customers. Copies cof
the software package, which include a comprehensive user's manual, can be
obtained {:ee of charye by sending & forwal reguest and a blank streamning
tape to Finnigan MAT (Joe Stork, Finnigan MAT, 4450 Carver Woods Drive,
Cincinrati, OChie 45242).
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MASS SFECTRAL IDENTIFICATION OF ARTIFACTS FORMED IN SILYLATION

REACTIOND

J. L. Little, J. L. Crawford
FPhysical and Analytical Chemdstry Rzsenrch Division
Eagtman Chemicale Division

Eingrport, TR 37662

Trimethyeilyl (IM5) derivetives are toutlpely employed in gas chromatogTaphy to
increase the volatilicty and atability of organic cospounds comtaining active
hydrogesns. Normally, enly the desired derivarive {s formed when organie conpounds arve
derivatized with silylation reagents such as BSA [N,0=bis(trimethylailyl)acetanide ]
and BSTFA !E,E—h;ln(t:riuth;rlnil;‘l)I:i'lllubh‘.\ue:lnmidt]. However, someé Functional
groups such ap aldehydes, amides, acide, ketenes, and phenols under certair conditicma
forn addirionsl unexpected derivatives we Tefer wo s gllylation artifacte.
Furthermore, eves the derivatization reagent cao react with lteelf; inorganic
resgents, or organie solvents to yield artifacts. This extended abstract includes
gome of the srtifacts that hawve been identifled by mass spactral data in our
laboratary and others. & supplesentary text available from the authors focludes a
more axtensive 1ist of artifaccs, their electron impact mass spectra, references to
artifects peted in the chenical literature, and mesans te avold formaticom of some

clasaes of artifactm.
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Haat=Induced Dissoclacion im LO/HS Aaalyses

J. L. Crawford, J. L. Licttle, B. R. Wildar
Building 150, Eascmas Chemicals Divisiea
Eiogeport, Tennsasee D766 Migard It

Haac=indusad dissceiation (HID) and diversion of the wajor componant

amployiag o ctharmompray LC/NS (liquid chiomatography/sans spectromerry)

interface ham proves te bea very ueeful 13 the Ldentiflicatlion of low-laval d
fmpuritiss in vardous chemicals in sur laboragary. HID ia amployad te

mREnarates vary ussful fr aRTAC10m daca vhiah edén easlly ba correlaced

with #strustura, HID is parfarsed by increasing tha vaporicer axit

camparatures of the ctharmospray ieterfaca from 40 to JDO*C abovae tha

Mgy 3853 BES Curms, CO
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temparaturs requitred to waporice 100X of the LG olusne (takesff L]
temporaturn). Normally the vaporiser exit temparnturs of the thaemsspray

incerface cannot ba operated move than 20 te :E'c ahave the takeoff
EeEperatura dua Eo a slgnificant loess in sensicivicy whon no source of
extarnal lonleation in employed. Hawever, ths use of an éxtarnal
loaileation mource auch as & discharge elpctrods with the tharmaspray
dotarface places mo theoretical upper lieit om the vaporicer exit A
temperatura. 3

The lack of fragmentation data 1s oftenm soted as oma of tha B jor L
limiestions te the wae of & thermospray Imterface Iln charsctarizatiom aof

erganic enepounde. Thie 1o damarsrrarsd 1n rhes apsare A T Im

'I‘;II 1, The spectrum e obteined ac the takeoff temparature employlag

& 30T seetomitrile/10% scetste buffer LC slusat and & discharge electrode

for sxtarnal loaizetion. By incressing :he vaporisar axit temparcatare

evar JOO'C above the takecff tesperature, the HID specirum im Figure 2

was sbgainad. The fra tatioe informazicn obrainad
correlatad th che strecture of the compound amd ia ¥
collisi aduced spectrum cbtafmed wicth o triple quadrupole mass
BpacEroBACar.

The fregmentation dats and increased sensicivicy obtatmsd wich HID was
initlally thought to be & result of pyrolysis of compounds in the
caplllary of the chermospray izterfece., Howaver, holdisg the vaporimer
#xlt vamparatues (~300°C) at high temperstura and varylng the source

M Skt e seha bt

Pigure 2: HID Spectram of Compaund [

temperaturs indicated that the fragmencaction for Compound I wan not -
egeurring as a result of pyroclysis in th: hot tharmeapray vaperiser. A L
reasonable axplasation far the increased fragmantatlon in moleculas such

af Compound I 1s that the additional vibratiomnsl enargy imparted to the

maoleculan by Eha elevated wvapor tempearatores caugens additional

fragmentantion after they are lfonized.

Tha thermospray imterface is routioely esployed to ldentify low=laevel

impuricies (D.03 to 71 by ares) iv varioss chemicals im our labeoracory.

Betection of such compomeate often entaile the injection of &00-800
micragre of sample oo conventiomal (150 = 4,4 ma) snalyclical columaa.
To sinisies smource contsminstien, prebe plugging and “ghonting® of the
major compensnt, the bulk of the major componest Lo diverted te wasce.
This ia dons with tha ald of o UV detecter and a standard high-pressurs
swltehing valve la series with che cthermasspray imtarfa Beaplte the
high sampla loading and the cosslveets ssployed to dissclvas lacge sample
concentrations, reasonable column efficiwmey and resolution are
meincained.

In gonclusion, HID and diversiom of the major sompansnt with a
thersaapray Llaterfsce with emsernal ilenisasisn ares very poawarfwul
cachalques for (dencifying low-level weknewns in ar!-nia compounde. &
supplemantary taxt avallable from tha avthors {ncludas addiclonal
agparisontal detatls, scd applications to problam solving.
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Particle-Beam Liguid Secondary ;mm_l;.';‘nﬂq- | TW-RAT-B0 T4 3750 Tenianiion:TAE- Function Magoet TOAED Tnlet)
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lonlzation LC/MS Interface ITH

it 1.784

L L. Litlle, L. A. Cook, R, L. Perry, G. W. Tindall, il Chemical Company Research s =
Laborasori i 7662 Figure  Camparsion of Resk WISthe in UV M
s, Kingspert, TN 3 b Trace 8¢ Selected Ion Chvwomalaghm UV Trace :z;

Tgr Comgoung 4, m,

M._Veual Vestec Corporation, Houston, TX 77054 > A e
» 1 353

A particlc-beam (PB) liquid sccondary ionization (LSI) liquid chromatography/mass E ¥ 65 2.3
spectrometry (LC/MS) interface was developed for a VG 7070 VSEQ double-focusing - "as 1.53
magnetic mass spectrometer. This 1ype of approach with conveational flowrates (1.5 - T & il ; T iy
mi/min) avoids the use of microbore HPLC lechniques and reduced flowratcs (5-0 R R o o =
ulimin) required for continuous flow FAB (fast atom bombardment). Other similar bty gL s R T e
particle beam FAB (fast stom bombardment) and LSI LC/MS interfaces have been plis Sued . i
developed. However, their designi do not employ the membrane separator employed in a5
the Vestec imterface, and therefore, limit the Mow of waler from the HPLC 1o Selected lon Chromatogram | 4.325
lpp'n:l:tlﬂll.dy 0.4 mifmin. of miz 421 fer Compound 4 £3.7E5
3.5

The following paragraph briefly describes the operation of the interface. A thermospray :’,::
vaporizer is employed to nebulize the HPLC effluent into a desolvation chamber. Heliom 1.6E3
carrier entrains the nerosol formed and carries it into the membrane separator. The 1.1E5
membrane separator is o counier-current flow drier that employs a porous membrane to e
e

separate an inner helium flow containing the serosol from on outer dry helium flow. B T TR T TR R R R R T T T T TN
The gas (vaporized effluent from LC) diffuses through the membeane and is swept out { N L, B S ol et IR e W S L B S
by the outer helium flow, The resulting dry nerosol continues vin 2 1/4 in. Teflon tube
(ubout 5 Mt long) into o two-stage momentum separstor thiat removes the helium. The
purticle beam twavels appromimately 4 cm under high vicuum from the momentum

50, Nat

separstor to the tp of the LSIMS probe. A syringe pump and a flow-FAB probe are 0, Ha*
employed 0 continuously Introduce neal matrix (o the standurd VG LSIMS source. -
We have emplnyed' the PB L8] LC/MS Interface in conjunction with thermospray and PB Ha* - O _a_j’vo-

electron impact [nterfaces on (he VO 7070 VSEQ mass spectrometer to characierize many

different types of compounds including peptides and benzenesulfonic acids. [n many f

cases, the PB LSI LC/MS interface was the only interface that yielded molecular weight e 'mm;.m.“w"m“
information. An example is the analysis of benzenesvifonic acid sodium salts employing

0.1 M ammoniom acetate us buffer. A comparison of the UV trace and the selected ion

chromatogram for one of the muajor components is shown in Figure 1. Surprisingly, the mmw
peak widths of selected jon chromatogram for the molecular jons were not significantly ;w Tank; s
wider than the UV traces for the individual components. Apparently the compounds are by
being iomized by the cesium ion gun at & rae very close to their rate of deposition by the »e
particle beam interfuce. All significant components (>0.5 area percent, approximatcly o] Speni
500 ng) were identified by PB/LSIMS LC/MS amalysis of the sample. The mass spectra %o LT
yiclded the singly-charged, (M-H), anions of the salfonic acid (see Figare 2). o
ap]
30
) .
st - s 53 :
[ ] e ibmaails daac ot S sl vy - o U | 0.9
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LC/MS Analysis of Complax Synthatic Organic Molaculas Utilizing Electrospray lonization

*Ken Johnson, lan Jardine, Finnigan MAT, San Joze, CA 85135 and Jamas Little, Tenneizes
Eastman Co., Kingsport, TN 37662

The compaound in this study is one axampla of a group of synthetic industrial chamicals that ara
produced by similar multi-step syntheses. For this particular compound., an elaven step process and
six chemical building blocks are wiilized as shown in the structure of the moleculs. Each of these
steps can potentially introduce minar canponants from side reactions with impurities prasantin tha
starting materials.

For consistent performance in the final end use of this compound, it is important to monitor the
minar impurities normally present in the final reaction product and understand their origin, This
study used electrospray LC/MS and MSIMS 10 provide some of this information for thase
compounds which in previous work had proven intractable by other lonization modes such as
particle beam, thermaspray, and FAB.

A Finnigan MAT TSQ®700 with an electrospray source was used for this werk. Solutiens of the
compaound was infused inta the ESI source at a constant flow rate of 2 plimin for iAvestigating
solution ehemistry effects and for perfoiming the M5/MS expariments. For all of this work a sheath
qugd. aither isopropanal or isopropanal with 10 mM ammonium acetate, was used at a flow rate
of 2 pl/min.

This compound readily forms a sodiated ion which is generally not desirable for providing
infarmativa MS/MS spectra. In solutions of acetonitrile, water, and acetic acid (ratla of 90,1011
the sodiated species varied batween 30 and 200% of the [M+H]" jon, Ammonium acetate was
edded to the sample for an oversll concentration of 10 mi. This succaeded in shifting mast of tha
ion currant into the [M+NH, 1", However subsequent daughter experimants of the ammaoniatad
species yielded mainly loss of neutral ammonia to |2ave the [M+H]* with little other structural
information.

By increasing the voltaga diffarence in the capillary-skimmer ragion of the ion Sourcs it was passible
10 induce this initial fragmentation s1ep in tha ion sourco S0 That the protonated spacies was the
base pesk with the ammoniated and sodiated species typically 20-50% of the [M+H]". The
daughtar spectrum of the protonated molecule also provided much more structursl information
than the ammonlated parent. These conditions were used for all subsequent analyses.

LC/MS work was done with a micro LE from Michrom BioResources of Plaasanton, CA using a
1mm by 15 ¢m C18 column and a mobile phase of 1% acetic acid in water and 1% acetic scid in
acetonitrile. Ammonium acetate was sdded through the isopropanol sheath liguid. The column
Tlawy was 50 wlimin with 2 wiimen being split 1o the mass spectrometer after the UV cell by plaging
a restricting length of fused silica in the waste line from the UV cell. The fused silica restrictor an
the waste line was connected 1o 8 Rheodyne 7000 switching valve. In addition a length of non-
restrictive stainiess steel tubing was connected into the aliernate flow path of the switching valve.
By switching the valve, back prassura in tha UV waste line could be reduced theraby stopping flow
through the transfer line to the mass spectrometer. This technigua proved guite affective in
divarting the bulk of the main componant from the lon saurce.

Many of the Impurities found differad by increments of 14 mass units and wera thought to be
homolags of the alkyl side chaing in the malecula. A number of masses ware selacted for further
MS/MS studies. The daughter anelyses were done by infusing 8 20 ng/pl solution of tha mixture
o L meas specirometer al 2 pliin. Specia foe the ménos componsnia wens acguined 1o dish
in the profile mode after two to three minutes of signal averaging.

436

The deughtar spectrsm af the man componen: at miz WWOLE indcates thal much af the
The pratensied parnt a0 losos Eaguantial
fragrreets of 70 mass units from the Yao t-amyl grougs, Tha peecs |n the deughter spectrum have
been lgbellzd i re ation to the subunits used in the symhesis. The peak 8t m'z 565.3 was essignad
as (A85 + EH|* aud ry [COEF+H]', from the spectrum of one of the impurities whicy contelined
only one tamyl groop ot whosa spectrum gl condainad & stromg signal et m/2 5€5.3. For a
mmber of the mingr componanis, 1he MS/MS data sllowsd us 1o propose which startng matarial
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MNetwork Processing of Mass Spectral Data

dJ. L Little, L. A. Cook, R. C. Siggins, M. H. Spence, Eastman Chemical Company,
Kingsport, TN, 37662-5150 (Tel. No. §15-229-8685)

§. Campbell, J. Hegedus, Fisons Instruments (VG Analytical), Modesto, CA

Goal/Current Status. Our goal is to share mass speciral data, software, and
electron impact databases between all of our mass spectrometers (30 instrumenis. 47
users) within Eastman Chemical Company. Locations in Tennesses, Texas, and
Arkansas will be networked. The instruments are attached via an ethemet netwark and
employ a wide variety of computers. The data systems include Finnigan (PDP-11,
UNIX), Hewlett Packard (DOS, UNIX), and VG (VAX workstations). 13 instruments and
26 users are currently networked, It will take another 1-2 years to compiete our goal.

Why Bother Networking? We are networking our mass spectrometers for the
following reasons:

1. Sharing of 29,000 spectra and 15,000 structures in our Company's proprietary
electron impact mass speciral data bases

2. Avoid time-consuming duplication of identification efions

3. Share common software package (VG OPUS) for pracessing library data; for brary
searches of large E! databases; for similar and substructural searches; and for sharing
purchased dala bases

4. Share mass specirometry expertise and results (FD, pyrolysis GC/MS, FAB, ClI,
accurate mass, etc.) not available in all laboralories by easy exchange of data files
5. Update and back-up Company electron impact data bases and data actomaticaly

Electron Impact Data and Data Bases. Electron impact mass spectral data can
be processed "locally” using the mass spectrometer's dedicated system or transfered
to @ mainframe host computer (DEC model 7000). Electron impact mass spectra are
obtained from particle beam LC/MS, GC/MS, and solid probe analyses.

The preferred approach is 1o transfer the data to the host computer for processing with
the VG OPUS data system. OPUS will search an unknown on the host computer in
about 5-10 seconds. The results are listed with structures If the structure is available
with the spectrum. Our OPUS system includes about 238,000 commercial (NIST,
Wiley) spectra with 58,000 structures and our in-house library of 28,000 spectra with
15,000 structuras, The ability 1o display results with structures is critical for cur use
since 10,000 of the components in our in-house Ebrary are not named and only have
structures.

The databases are also searchable by structure, substructure, partial formula, partisl
name, molecular weight, user-fields, etc. New eniries with structures are added daily to
our in-house ibrary. Data from the host computer is dis to various X-term clients
including computers (PC's, Mac's, VAX workstations) and DEC X-terminals.

“User-Friendly” Interface. A “user-friendly” menu-driven interface was written for
the DEC mainirame in DCL. This allows the user lo easily use thelr account on the

478
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mainframe host computer to copy/convert data files from other mass spectrometry data
systems, manage data files, start and stop balch queues, manilor the progress of baich
jobs. archive data files, efc. No knowledge of the VAX/VMS operating system and its
commands s needed. This was a key lo the success of iImplementing our goal. Most
of the largeted users have no previous experience with the VAX/VMS operating

and the complex commands required to convert/copy files across network platiorms.
The menus and commands are easily customized for each user's needs.

Data File Conversions. The data files are convered 1o OPUS format by VG's OFS
and Finnigan MAT's DCONVERT file conversion utllities. The conversions are
managed by menu options found in the "user-friendly” interface described above. Very
little input is required by the user.

VG's OFS can directly convert HP (DOS and UNIX) and Finnigan MAT EPA
files to VG O format. The Finnigan MAT PDP-11 files must be copied from the
PDP-11 computer to a UNIX computer, converied to netCOF lormat using Finnigan
MAT's DCONVERT program, transiewed 1o the DEC host computer, and convened from
netCOF to OPUS format with VG's OFS program.  This tedious process is managed
with the “user-frendly” imterface with very little user input.

The "user-interface” was not written 1o automatically iransler files from VG OPUS formal
1o other data systems. This is done manually using DCONVERT, OFS, and
MASSTransit (Palisade Corporation) file conversion programs.

Library Conversions. A wide variety of approaches were employed to convert
electron data bases from Finnigan (INCOS, PDP-11, UNIX), HP (DOS, UNIX),
and sbe-peak indices to OPUS format and to add structures. The Fmiri]an INCOS
libraries ware converted with a program written by our Company or by "screen capture®
on @ Macintosh computer, HP libranes were converted with MASSTransit Software
from Palisade. Finnigan MAT (PDP-11, UNIX) were converted with the LCONVERT
program supplied by Jim Shofstahl from Finnigan MAT,

All these files were converted to VG JCAMP format for editing. Files were edited
(addition of user fields, etc) using Microsoft Word on a Macintosh computer, SMILES
notations for structures were added to the JCAMF file by "cutting and pasting” from the
VG OPUS Chemstar program.  Structures were added to all 15,000 of the *full® spectra
Company library. Structures were not added lo the *six-peak® Company library of
13,000 entries that originated in 1957,

Documentation. A user's manual was written 1o train personnel to usa the VG opus
software. It takes approximately 1-2 hours to teach someone with mass spectrometry

expanence the basics and about 5-8 hours to completely cover the information present
in the user's manual. A detailed report was written to document our ing project
and to manage the system. Copies ol these documents plus on a disk containing the

DCL “programs” for the “user-friendly” interface are available upon request from .J. Little
at Eastman Chemical Company.
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Sharing Corporate Mass Speciral Data  Bases

I L. Lutle, W, M. McSpadica,
Eastman Chemical Company
Kingspor, TN, 37662-5150
Tel. Mo. 615-229-B685

Goal/Current Status. Our corporate mass spectral dstabase i3 composed of
29,500 spectra and 15,500 structures, Our goal is to share this database between
all of our mass spectrometers (35 imstruments, 60 users) within Eastman
Chemical Company, Our corporate and various commercisl datsbates sre wsed
cxtcosively im our research, development, industrisl hygiese, and
caviroomental work. The isstruments, located in Temnessee, Texds, and
Arkansas, are coomecied by am ethernet petwork.  Our jpstruments employ
data systems from a wariety of manufacturers including Fispigas (PDP-11,
UNIX), Hewlett Packard (DOS, UNIX), and VG (VAX workstations).

We have two spproaches for reaching our goal. One involves the transfer of
data 1o a host computer for processing and the other cmploys local processing
of the dars

Approach #1: Processing Data on Host Computer. Data files are
tramsferred to & host compuier n Tenmessce for processing asd the results are
displayed om ibe uier's local computer (see References 1-3).  The VG OPUS
software is employed for data processing und a “wser-neadly” VAX DCL
interface i3 employed for file wansferfconversion. This is ihe preferred
approach snd is employed by users whose primary responmibility s mass
spectrometry.  This approach allows searching of dalubascs by substructure,
sdvanced dats processing capabilives, and the automauc additon of user
ipecirs to the cofporate database

There are several disadvastages (o this approach.  The user musl have a
nciwork comsectlon and musl learm an odduions] softwsre package.  Also, the
files must be tragsferred/converted which requires 1-30 minetes depeadisg
on file format and file length.

Approach #1: Processing Data Locally. The sccond spproach (see
References 4) 15 0 process the dota locally wn a PC (DOS/Windows) cmploying
sisndard sofiware from Hewlen Packard (HF). Our corporaie daiabasc and
structures were transferred o the HP formai.  This approach ooly displays
structures with library results and does not allow searches of the databases by
structure.  The sdvaotages of tus approach are that mosi of the targeted wiers
alrcady employ the HP data sysiem for their mass spectromeiry asslyses and
oo file wassfericonversion 15 required,

There are several disadvantages 1o this approach. The HP sofiware wnll scarch
maliple libgaries, but only the results from omg library al @ ume are
displayed. The PBM scarch algonthm s uscd for the searches asd gives poor
reculis 1n mamy cases for the electron wmpact spectra of “low-level” (Tooisy™)
composents. The structures displayed do not show hydrogens altached 1o
pitrogen, oxygen, sulfur, et¢. This is a limiaoon of the HP software and sot
thc MOL files ercaied by the Eazcgraphic's software from the SMILES files.

Crestion of HP Electran Impact Mass Spectral Daota Base for DOS and
UNIX compuiers. Our corporate Librasy 18 mamtaiped o our VAX

maipframe in the VO OPUS formn  Enmies sdded to isdividual's OPUS libraries

are automatically added to the corporate librery daily, This process is

described in Reference 4.

A variety of programs were used o trassfer our VG OPUS corporate library 1o
the HP UNIX asd DOS formats. The programs include the VG OPUS Spechasc
utility, VAX DCL mecros, user-writen C programs, Palisade MASSTranst, asd
HP Wiadows uillitics. The process employed 13 described in Reference 2.

The dam base files are jdeatical for the HP UNIX sed DOS compuiers. The HP
bisnary dots base was created oo the UNIX computer because the comversion
dme was significantly smaller. The HP UNIX software required approximately
31 houwrs 0 coavert 29500 cetmes amd could create the data base m w0 Steps.
The total process was estimated to ke 30 w 60 duys of compoter time on the HP
DOS/Windows computer and 30 step! Our corporate dats base cap be scarched
oa the HP UNIX computer system. However, a0 attempl wiat mode 0 creale o
UNIX structural data base.

Creation of HFP Sirectwrsl Duta Base for DOS and UNIX computers.
Struciures are sdded o sl our VG OPUS corporale dais base coirics when the
elecron |mspact muss specirum s eatered (see Heferences 1-1) The siructures
are drawn with a drasang package Wl 15 pan of the VG OPUS software. The
sruclores are saved on SMILES [ormal.

The HP software requires siruciurcs be in @ MOL format. A vancty of
programs were used to transfer strecoures an SMILES formar jp our corporate
library 10 the MOL format.  The process for this cooversion is detailed m
Reference 4  The progrums include the Y0 OPUS Spechase willy, VAX DCL
mactos, uscr-wntten C programs, Pahssde MASSTransin, MDL 1515 Draw,
Exographic’s Coasystani, HP Windows enhies, and a wser-wrties HP macro.

The HP DOS/Windows software uses (be CAS sumber im the elecuron impact dats
base o cross-reference o the CAS number zsd stugture in the stroctural data
base. If the CAS sumber of the Nbrury result 8 found in the struciarsl data
base, the library entry 15 displayed wih structure,  Mome of owr cniries anc
mssipned CAS oumbers. Ouf entres were sssgned “pseudo-CAS™ numbers of
between | and 49-99-9,  The first real CAS swmber 15 50-00-0 for formaldebyde.
The last chgit in the CTAS number 15 & “panty” check, bul we do pot employ a
panty check in our numbering sysiem which gives us a factor of 10 more
“pscudo-CAS" asumbers.

Relferences
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Methylamine in Mcthane: Improved C1 Reagent Gas for Molecular Weight
Determinations

James L Little
Eastman Chemical Company
Kmgspon, TN 37662-5150

A mixture of 1% methylamine in methane is 8 superior chemical iontzation (CT) reagent
gas fior most classes of organic compounds that contain a heteroatom. 1t was found 1o
yickd improved molecular weight nf and less fragmentation than is oblained with
maore traditional C1 gases and gas mixtures. Thm:ﬁyhmhﬁnutm:mm:rdh-nd
with a varicty of classes of organic ds such as amines, alcohols, ketones,
m-ﬂmmmm@ﬂjmm“

The dilution of the methylamine in methane has two advanmages. The first is a significant
incremse in sensitivity when compared to employving pure methylamine. The analopous
increase in scnsitivity was poted [Ref 1] in mixing 1% ammonia in methane. 'We tested
the use of 1% ammonda in methans and did nole some increased sensitivity. However, we
scldom employ this mix because pure ammonia is easicr 10 obain, forms no carbon build-
up in the source, and gives adequate sensitivity o charactenize low-level impurities noted
in El GC/MS analyses.

The second advantnge of employisg 1% methylamine in methane is decreased regulator
contamination. Regulaiors are rendered unusable in 1-2 months emploving pure
methylamine. A “scum™ collects on the disphragm and semt of the regulator. The dilution
of the methyluming in methane eliminated this limitation.

As the proton alfinity of the amine in a methane mixtre is increased, the C1 sensitivity
sipnificanily decreases. This is because the proton affinity is not in the range required for
reaction with a wide variety of organic compounds [Ref 2|, We evaluated both
methylamine and dimethylamine @ mixtures in methane, ﬂ:dimcﬁylﬂnimyi:ldﬁdlm
fragmentation for many compounds, but its sensitivity was lower and its chemical noise
higher than 3% methylamine in methane. mmnml'ﬂmﬁhﬁlmtm
ammonia including fragmentation was less sensitive than in
hlﬂmh&mmmﬂaﬂwuﬂmhﬁmwdﬂ
showed significant fragmentation. Indeed in many cases the molecular jon adduct was
infinitely larger since no molecular lon adduct was noted with ammonia in methane (see
Figure 1)

References

1. Partick Rudewicz and Bumaby Munson, Anal. Chem., p 2903-2907 (1986).
2. T. Keough and A. ). DeStefanc, Organic Mass Speetrometry, Vol. 16, Ne. 12, p 527-
533 (1981).
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“Mass Spectral Ideatification of By-Products Formed in Derivatization Reactions™
TL Limle* AT SM*.HIQIﬁ.EmMCm, Kingsport, TM, 37662

. Introduction: Denvatives are routinely employed in gt chromatography to meresse the volatility and stbilmy of
' w:\mumw Nﬂnﬂynﬁrhdﬂdhﬂmshmdﬂmm

; Mnmmuwmwmmmmwmmm
+ Weneler to/these unexpected derivatives i denvatization artifacs. In many cases, artifact concentrations ane
+ musch higher i crude samples than in pure standards.

+ Artifact formanon lcads o multiple peaks for the same compound or encxpected components in the pas chin-

:  matographic anabysis of mixtures. Thes leads to-confusion about the concentration of a component or the number
¢ ofe nihesample. This repor includes the types of artifacts identified in our laboratory and
i references o those found m the lierature. By knowing their ideniity. derivatiration conditions can often be modi-
¢ fied o minimize or eliminate artifict formation. Two detasled papers are available upan request from the

v aushors listing the identification of the artifocts, their origin, and ways lo avoid them:

i 1. “Unexpected By-Products in Trimethylsityl Derivaization Reactions and Ways toAvoid Them™
1 “Unexpected By-Products in Dhazomethane Derivatization Reactions and Ways ioAvoid Them™

| Trimethylsilyl Artifacts: A wide vanety of artifacts are noted m the trimethylsibyl dervanzation of functional

1 groups such as aldehydes, amides, carboxylic acids, esters, ketones, and phenols. Many of these are a resul of
- secondary resctions with by-products from the derivatuzation reagent, Furthermore, even the derivatization

+ rengent can react with itel L, inorganic reagents, other orpanic reagents, of ofganic solvents 1o yield artifacte.

- Some examples of the types of artifacts noted from ketones, aldehydes and solvents are shown on the opposite
© page

+ Diazomethane Artifacts: We primarily employ diazomethane to convert carboxylic acids into their methyl

© esters. Almost all of the observed artifscts are known reactions of diazomethane with other finctional groups
+ which oceur at much slower rites than those for the conversion of carboxylic acids lo methyl esters We have
* also noted the reaction of dizomethane with solvents such as DMS0 and analvtes to vield artifacts.

i Conclusion: Normally derivatization reactions yield the desired derivative with minimal optimization of reaction
+ conditions. However, many ditferent artafncts can be formed under certan creumstances. In addison, multtple
! peaks can be noted due 1o incomplete derivatization of compounds. Several ways of avoiding antifacts wore

¢ noted in our studies and literature references. Ones that we have found generally usefiul are summarized below:

= |denti fy all components i the mixture by electron impact GCMS

- Optemize reaction conditions, don 't react longer than necessary

- Select another silylation reagent, masry different ones cormmeercially avaslable such as HMDS, MSA, TMSDEA,
TMSDMA, MSTFA, BSA, BSTFA, TMSL, etc.

- Select another solvent for the denvatization

= Crude samples often yicld artifacis not noted in pure standards, develop method with crode sampics or samples
wth i Sl 10 Iapct sEmple matnx

- Consider atotaily different type of denvatization reagent or use HPLC

1472
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NIST Search Program: Standard Corporate Method for Searching EI
Databases

James L. Little

Bldg 150
Eastman Chemical Company
Kingsport, TN 37662-5150
jllittle@ eastman.com
http:/fusers.chartertn.net/slictle/default. htom

Introduction. The NIST search automatically imports and searches spectra from any PC
program via the “clipboard.” Thus, any mass spec PC-based program can easily be
adapted to export spectra to the NIST program for searching. We are developing this
approach as our standard method for searching our electron mmpact database of 34,000
spectra and 21,000 structures plus commercially available databases. Emploving a
standard approach is really advantageons since we would only have to mainfain our
library in one format. Currently we distributed our library in seven unigue binary
formats. The poster session described the routine creation/distribution of network library
updates. methods for importing spectra via the “clipboard™ using AMDIS. HP and
Wsearch programs. and limitations to the current approach.

We typically use three different PC programs to process GC-MS data: HP Windows.
AMDIS. and Wsearch. All of these programs easily transfer spectra to the NIST search
program for processing. We also use the Finnigan ICIS (Unix) and Micromass OPUS
(VAZX) data systems whose files are converted to netCDF files and then processed by
etther AMDIS or Wsearch programs.

HP Windows and NIST Search. We were very interested in replacing the standard
PBM search supplied by HP (Agilent) with their data systems. The HP MSD Data
System does not properly search nmltiple electron impact databases. You might not
mitially notice this problem, because the software is somewhat misleading. Furthermore,
the INIST search. in my opinton. yields significantly better search results than the HP
search.

Using the HP software is attractive for many users since they do not have to master a
totally new software package for processing their data. The NIST search is called in the
HP software in the same way that the standard HP PBM search is called: the user just
"double-right-clicks" in the HP spectrum window. The approach works by overwriting
the macro C:'HPCHEM Msexe'Libsrch mac with a new Libsrch mac. In this approach,
the HP libraries and structure files found in C:'Database are no longer needed!

We also have two other approaches. These allow users to switch between the HP search
and our modified HP search which sums the results from multiple libranes, or the NIST
search. Documentation for all three approaches and necessary macros can be obtained on
my web page.

Wsearch and NIST Search. The Wsearch software was developed by Frank Antolasic
at RMIT in Australia and allows the user to use the NIST search. This software is very
easy to use. free, and 1s very compact in size (less than 1 megabyte). His program can
process HP.d, netCDF, and other file formats. The user can then "double-right-click” on
the spectrum to automatically search it with the NIST search program. Information on
obtaining and using Wsearch is available on my web page.

AMDIS and NIST Search. AMDIS is a fanfastic program for obtaining the spectra of
components in GC-MS and even LC-MS data files. It especially performs well with
complex mixtures and minor components. The program can deconvolute overlapping
components and automatically removes chemical background (air. column bleed, efc.).

We use AMDIS to process HP, netCDF, and other data file formats and the NIST Search
to search spectra. AMDIS was originally written primarily for target compound analyses,
but we have found it very useful for qualitative analyses. Just obtain the deconvoluted
spectrum and then night chick to select NIST search. We have written a user's manual for
using AMDIS and the NIST Search that offers some fips for using these programs in
qualitative analyses. The programs and the NIST web page also contain excellent
documentation NIST supplies a program (lib2nist exe) for converting users' HP libraries
with structures into NIST format

Automaric/Nightly Library Updates. We update our "New" user library entnes
nightly. Our library is stored in two separate files. The majority (~32.000 spectra. 20.000
structures) are stored in one user library and a smaller number (~1000 spectra, 1000
structures) are stored in a smaller user hibrary, "New " The smaller library, containing
primanly new spectra, is npdated daily automatically using Batch files written by me and
the Lib2Nist exe library utility available from NIST. Details on our automatic update of
libranes can be found on my web page.

Limitations. The addition of structural searches for user and commercial structures 1s
still needed. Hopefully, these capabilities will be added to Version 2 of the NIST Search
Software in 2001.

Conclusions. We are deploying the NIST search as a Standard Corporate software
package for searching our proprietary EI database of 34,000 spectra and 21,000
Structures, TSCA database, our plant material list, and commercial databases. The NIST
Program vields excellent search results. 1s easy to use, and displays structures. Emploving
a standard approach 1s really useful since we would only maintain our library mn one
format instead of seven binary formats.

Acknowledgments. Many thanks to Steve Stein and Dmitrii Tchekhovskot at NIST. to
David Sparkman (Mass Spectrometry Consultant), to Frank Anfolasic at RMIT in
Australia, to Doug Agnew at Agilent. and to John Moore and Paul Wehner at Eastman
Chemical Company
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Identifying Unknowns with LC/MS/MS Data Using TSCA
Chemical Inventory or SciFinder

James L. Little
Eastman Chemical Company

Mass spectrometrists routinely identify unknowns by computer-searching
electron impact (El) databases (NIST, Wiley, etc.). Even though these
databases have dramatically increased in size and diversity, there are still many
commercial organic compounds of commercial interest absent from these
libraries. or example, we estimate that the NIST30 database of 107,00C entries
only contains 8042 out of ~64,000 components in the TSCA Inventory.

Granted, many of these TSCA entries cannot be characterized by electron
impact mass speciromeiry. However, we estimate that ~39,000 can be
characterized by mass spectrometry when including newer “soft” ionization
methods. These newer methods include electrospray, themmospray, field
desorption, FAB, chemical ionization, and MALDI. Unfortunately, identification of
unknowns with data from these methods is not as routine as computer-searching
El databases.

This paper describes methods that we employ to identify unknowns by searching
“spectraless” databases employing primarily LC/MS/MS data. These databases
contain no spectra (EI, MS/MS, etc), thus we refer to them as "spectraless.”

Databases searched include the TSCA (Toxic Substances Control Act) Inventory,

the Chemical Abstract Services (CAS) Registry File, and our “in-house” database
of plant materials (PM).

We add identified MS/MS and “in-source” fragmentation specira to our user
library in NIST format. This database can be searched by spectrum and by
structure to aid in the identification of unknowns.

Methods for Creating TSCA Database

Creating TSCA Database in NIST Binary Format: The TSCA Inventory is
obtained in ASCII format on a CDROM biannually from the following company:

SOLUTIONS Software Corporation pttp:/iwww env-sol.com/

The CD file is converted into an HP JCAMP ASCII file with an executable
program written by us. The JCAMP file is then converted into a binary file that
can be searched with the NIST Library Search program. The JCAMP to NIST
binary file conversion is performed with a utility, Lib2nist exe, obtained from
NIST. This conversion also calculates the molecular weight from the molecular

formula during the conversion. The molecular weight field is not found in the
initial CD file from SOLUTIONS Software Corporation.

Information on Searching the Databases

NIST Search of TSCA and PM “Spectraless™ Databases: We regularly create
updated TSCA and PM databases in a NIST binary format. We can then easily
search the databases using standard functions found within the NIST Search
(Version 1.7 or 2.0). Fields that are searched include nominal molecular weight,
molecular weight range, molecular formula, CAS number, name fragment,
elements present, and elements value. The sofiware also includes a sequential
search, which allows multiple constraint fields to be searched.

Search CAS “Spectraless” Registry File: A wider variety of chemicals can be
accessed by searching the American Chemical Society’s Chemical Abstract
Sernvice (CAS) Registry File. CAS Registry includes compounds found in
chemical journals; chemical patents; TSCA; and other chemical lists from
Canada, Korea, and Europe. It is estimated that the CAS registry includes >15
million entries containing >9 million as discrete compound which could possibly
be characterized by either LC-MS, solid probe mass spectrometry, or GC-MS.
We normally employ SciFinder for searching the CAS Registry by molecular
formula. Accurate mass data must be used fo calculate a discrete molecular
formula for searching, since the CAS Regisiry cannot be searched by nominal
mass with SciFinder. SciFinder is a PC application, which is very simple to use.

Better searches can be performed (e.g. crossing molecular formulae or molecular
weight with substructure, name fragments, etc.) can be performed with STN
Express from American Chemical Society’s Chemical Abstract Service. STN
Express is somewhat difficult to use. Thus, we usually get someone from our
Technical Information to assist us in these searches. These molecular weights
are calculated differently than those in the NIST Search Software!

Conclusions

“Spectraless” databases such as TSCA, our “in-house” plant material, and the
CAS Registry are very useful for the identification of unknowns. These
approaches are especially important when employing "soft” ionization data
obtained from electrospray or APCI LC-MS. The TSCA Chemical Inventory is
searched with molecular formulae or molecular weight data. Substructural
information obtained from the “in-source” fragmentation or MS/MS data is then
used to narmow the candidate list. The TSCA database is obtained on CD and
converted into a binary database, which is searched with the NIST Search

software. The CAS Registry File is searched with SciFinder or STN Express.
For more information write jllittle@eastman.comjor link to
phftp-/users.charertn EI§'§E|




50t ASMS 2002 Orlando

Proceedings of the 50th ASMS Conference on Mass Spectrometry and Allied Topics, Crlando, Florida, June 2-6, 2002

Standard Corporate Approach for Searching Mass Spectral
Databases

James L. Little
Eastman Chemical Company

We use the NIST (Ver. 2) Search Program as our standard corporate approach
to routinely search El, MS/MS, and “spectraless” databases. Employing a
standard approach is really advantageous since we maintain and distribute our
library in one format. Previously we distributed our library in seven unique binary
formats to support seven different library search programs.

Importing Spectra from a Variety of Data Processing Programs: The NIST
search program is theoretically capable of importing spectra for searching from
any mass spectral data processing program. This permits the user to employ
whichever pregram they desire for data processing and only the NIST program
for library searching. In general, we have found the NIST search to yield
consistently better search results than other commercial search programs.

We currently employ AMDIS, Wsearch, Agilent (HP), MassLynx, Finnigan {ICIS
and Xcalibur), and ACD for processing mass spectral files. All these programs
except ICIS interface directly to the NIST search by creating an ASCII file of the
spectrum. The NIST program is then called and automatically imports the
spectrum for searching. We have written a Unix macro that automatically
converts ICIS files to netCDF format and places then on a PC server. These
netCDF files are then processed with either AMDIS or Wsearch.

Searching Databases by Structure: The NIST Ver. 2 search also added the
ability to search all databases by structure. The results are ranked in order of
similarity, which is very useful for locating model compounds in the identification
of unknowns. Structures can be drawn employing several PC-based drawing
programs and easily imported into the NIST search program for searching or
addition to user databases. This direct approach is successfully used with MDL
ISIS/Draw, ACD ChemSketch, and ChemSite Pro. An indirect and less
convenient approach for exchanging structures between NIST and drawing
programs is to save structural files in mol format.

Types of Databases Searched: We use the NIST search to search a wide
variety of databases. The most common use is to search commercial (NIST,
Wiley), user, and our combined corporate (44K spectra, 24K structures) electron
impact (El) databases.

We also search MS/MS databases by normal, reverse, and neutral loss search
algorithms. The spectra are displayed in neutral-loss mode in addition to normal
mode, which is very useful for examining MS/MS spectra.

Proceedings of the 50th ASMS Conference on Mass Spectrometry and Allied Topics, Orlando, Florida, June 2-6, 2002

The NIST search is also used for searching “spectraless™ databases containing
only molecular weight, molecular formula, CAS No_, and name information. We
create a database from the TSCA (Toxic Substances Control Act) Inventory in
NIST format from a commercially available ASCI| file obtained on CD. We
estimate that the database includes approximately 39,000 components that can
be characterized by mass spectrometry (El and other various “soft” ionization
technigues). Only about 8000 of these components are found in the NIST EI
database. We use this TSCA database and the NIST search to routinely identify
unknowns in commercial products.

We also create a spectraless database in NIST format of all our purchased and
produced plant materials. This database is invaluable in identifying unknown
compounds found in effluents from our manufacturing sites.

Automatic Update of Databases Nightly: Previously updates were performed
annually of user databases employing a very tedious manual process. Curmently,
user databases are merged, archived, and distributed automatically nightly to all
users. The process employs a combination of user macros, utilities supplied by

NIST, and several executable written at NIST and Eastman Chemical Company.

Conclusions: We've found the NIST Version 2 search to be a very good
approach for searching El, MS/MS, and various “spectraless” databases.

Spectra can be easily imported into the NIST program from a variety of mass
spectral data processing programs. This allows users to employ whichever
program they desire for processing data, but allows our company to maintain and
distribute databases in one format.

Components in the database can also be searched and results ranked by similar
structure. This capability is very useful for locating model compounds in the
identification of unknowns. Structures can be drawn employing a variety of PC-
based drawing programs and easily imported into the NIST search program for
searching or addition to user databases.

Acknowledgements: Special thanks to Steve Stein, Gary Mallard, Yuri Mirokhin,
and Dmitrii Tchekhovskoi at NIST; to David Sparkman, Mass Spectrometry
Consultant; to Jeff Goshawk and David Variey at Micromass; to Frank Antolasic,
RMIT, Australia; to Antony Williams, Michel Hachey at ACD, Inc_; and to Brian
Penley, Paul Wehner, Eastman Chemical Company

Information: Additional information found at |htip://users.charierin.net/slittle]
The site also includes information on chemical ionization, silylation and
diazomethane derivatization reactions, unusual multiply charged ions,
construction of a versatile chemical ionization manifold, accurate mass El
statistics, and sailing on TVA.
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Factors Affecting Mass Measurement Accuracy in a TOF Mass Spectrometer

Curtis D. Cleven, James Little, Eastman Chemical Company, Kingsport, TN

INTRODUCTION
Mass measurement accuracy and precision are important for determining elemental compaosition for an
unknown compound. Procedures have been proposed fo improve the aceuracy of the measurement. ™
This study investigates a few of the factors that affect accuracy in a Micromass LCT time-of-flight (TOF)
mass spectrometer. A careful look is taken at (i) the errors caused by the dead-time characteristics of the
detector, (i) the relative intensity ratios of the analyte and lockmass ions, and (jii) biases observed when
using the lockspray feature.

EXPERIMENTAL

The experiments were performed on a Micromass LCT time-of-flight mass spectrometer using MassLynx
v35 software. Mixtures of Leucine Enkephalin and Reserpine wers introduced into the analyte and
lockspray electrospray units using two separate Harvard infusion pumps. By introducing mixtures, it is
possible to compare using a lockmass from either the lockspray reference channel (employing the Mass
Measure feature) or the analyte channel (employing the Peak Center feature). The spectra were
acquired in continuum and 10 scans were averaged together at a time.  Experiments were designed to
study the effects of ion abundance, lockmass, and Np-valug (utilized in the dead-ime correction
algorithm).

A spreadsheet was generated to model the dead-time effects. The mathematics used in the model are
similar to those used in Micromass’ dead-time comection algorithm.*® The variables inciude m/z ratio,
number of ions per push, Np-valug, dead-time duration, and resolution. The resulting charts help the
visualization of the effects.

RESULTS
Dead-time Effects
Due to the inherent nature of standard ion-counfing detectors, a finite amount of post-detection
processing time is required before the device is able to defect subsequent fons. lons amiving during this
“dead time" are not detected. It has been well documented that these dead-ime effects influence (i.e.
lower) the perceived mass assignment and ion abundance** A mathematical model is used to
demonstrate this effect in Figure 1.
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To study these effects, samples of varying concenfrations of Resemine were sequentially introduced
directly into the analyte electrospray. Indeed, the results show a mass shift (to lower mass) as the ion
abundance increases. Although it can not be discemed from this figure, more and more intensity is also
lost as the ion abundance grows. interestingly, the experimental peak shapes remain roughly Gaussian.
This is due to the fact that the 5 ns dead time is a significant fraction of the resolved peak. By varying the
inputs into the mathematical mode!, the peak shape can be roughly Gaussian or fairly asymmetrical.
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With these abundance-dependent mass shifts in mind, several experiments were designed to explore
how this might affect calibrations. A mixture of Leucine Enkephalin (lockmass) and Reserpine were both
introduced into the analyte electrospray. The mass error is a function of (i) the abundance of the analyte
lons, (il) the abundance of the lockmass ians, and (jii) the Np-value of the dead-time correcion algorithm.

When dead-time comrection was not utilized, positive and negative ermors could be predicted based on the
relative intensities of the lockmass and analyte ions. When the lockmass is more intense than the
analyte, the analyte will be assigned a mass that is higher than its theoretical mass. Since the lockmass
sets the calibration, its negative mass shift (from dead-time effects) results in a calibration that is over-
adjusted for less intense peaks. Conversely, if an analyte is more abundant than the lockmass then a
negative error occurs. The Np-value is a sensitivity factor for the dead-time comection algorithm. By
lowering the Np-value, the magnitude of the correction increases. If the analyte and lockmass have
similar intensities, then changes to the Np-value have little effect on the accuracy. If they have dissimilar
intensities, the most abundant peak will be “comected” more than the less abundant peak. Np-values of
0.6-0.7 seem fo be the best compromise on our instrument.

Systematic Bias in Accuracy when using Lockspray

When using Micromass' Lockspray feature, the precision is often good yet there is a bias in the mass
measurement accuracy (Experimental-Theoretical). Figure 2 clearly demonstrates the issue. This data
was collected by introducing Reserpine into both the analyte and lockspray electrospray units using
separate infusion pumps. After looking at many possible factors, it was determined that the bias is
actually created by a bug in MassLynx v3 5. The bias is infroduced because the dead-time correction is
applied to the data from the analyie electrospray, but it is not applied fo the data from the lockspray.
Since the correction is made to the analyle data but not the lockspray data, a bias is introduced.
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CONCLUSIONS

Dead-time issues affect both the intensity and mass assignment; and these issues apply to the analyte,
the lockmass, and the calibration standards. Although the correction algorithm alleviates some of the
error, it is best to limit peak intensities and to use similar peak intensities for the analyte and lockmass.
Using a lockmass that is similar in mass to the analyte will also help. In regards to using Lockspray, be
aware that the algorithm is not applied correctly in MassLynx w3.5, creafing a bias.

1Blom, K.F., Anal. Chem., 2001, 73, T15.

2liang Z. and Bansal, S, Proceedings of the 46th ASMS Conference, Long Beach, CA, 2000.
IMliller S.A. and Bolgar, M.S., Proceedings of the 49th ASMS Conference, Chicago, IL, 2001
4Hoyes, J., “Accurate Mass Considerations on an Electrospray Quadrupole-TOF instrument”, 10th
Sanibel Conf., 1998,

SEsposito, F., Spinelli, N. Velotta, R., Berardi, V., Rev. Sci. Instrum. 1991, 62(11), 2822,

6Patent, Intemational Publication Number WO 98/38192.
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Identification of Components in Polycarbonate and Polyester Monomers and
Polymers by GC-MS

James L. Little
Eastman Chemical Company

Intreduction: The identification of components in polycarbonate and polyester
monomers and polymers is important in the production of these materials. We employ
three GC-MS methods for these analyses. The methods are ammonia-ds electron
impact (El) ionization, ammonia-d; chemical ionization (Cl), and deuterium labeled
silylation. All of these methods are useful for the identification of chain terminators and
branching agents by the determination of exchangeable protons (ones attached to O, N,
S, elc)

Also, these methods are useful for the differentiation of isomeric alcohols/ethers,
thiols/sulfides, primary/secondanyiertiary amines, efc.

The strong and weak points of each method will be discussed. In addition, a general
method for the hydrolysis of polycarbonate and polyester polymers for analysis by GC-
MS will be described.

Experimental: Samples were analyzed ona Finnigan TSQ-700 GC/MS. A DB-5
capillary column (30 m x 0.32 mm id., x 0.25 u film) was used for all separations.
Samples were derivatized with N,O-bis(trimethysilyl)acetamide (BSA, undeuterated or
perdeuterated methylsilyl groups). Standard 1.5-ml autosampler vials were employed
for injections with micro-inserts to reduce the volume and associated cost of the
perdeuterated-silyl reactions.

Polyester and polycarbonate polymers were hydrolyzed [Reference 1] with sodium
hydroxide and methanol in dimethylsulfoxide. The hydrolyzed samples were then
acidified with excess phosphoric acid, reacted with silylation reagent to "neutralize”
excess acid, and analyzed by GC/MS.

The ammonia-ds El was obtained with an El ion volume. The pressure was optimized
{electron multiplier voltage at 800 volis) by setting the ratio of m/z 20 to 22 to about 10:1
{minimizes CHype reactions). Data was obtained from m/z 35 to 650 with an electron
multiplier voltage of 1300 volts. The source temperature was set at 250C to sharpen
the higher boiling, underivatized polar compounds. Normally we use a source
temperature of 150C to minimize fragmentation.

The ammonia-d3 Cl was obtained with a Cl ion volume. The pressure was optimized by
setting the ratio of m/z 22 to 42 fo about 10:1. Data was obtained from m/z 70 to 650
with an electron multiplier setting of 1600 volts.

Proceedings of the §1st ASME Conference on Mass Spectrometry and Allied Topics, Montreal, Quebec, Canada, June B - 12, 2002

Methods: In methed 1, a 9-m/z shift in the observed molecular ion is noted for each
exchangeable proton present in the component when its undeutzrated trimethysilyl
derivative is compared to its perdeuterated trimethylsilyl derivative. Thus, for a chain
branching component in a polyester monomer or polymer, a 27- m/z shift is observed
for the three functional groups. Similarly, a chain terminator will only yiel&:a 9-m/z shift.
The advantages of this approach include the ability to obtain good molecular weight
information and good chromatography on even high molecular weight and polar
monomers with easy preparation of hydrolysis samples. The main disadvantages
include artifact formation [Reference 2], minimal fragmentation information, lack of
diverse El spectra in commercial databases, and chemical noise.

Method 2 compares a components El mass spectrum to its ammonia-ds El spectrum.
We could find no reference to this approach in the literature, but its sensitivity is equal to
that of standard El ionization and it is easy to perform on a standard Cl GC/MS. A 1-
m/z shift is noted for every exchangeable proton present in the compound. The
advantages of this approach include excellent sensitivity, no derivatization required, and
no increase in chemical noise. The main disadvantages include difficulty of
chromatograhing larger molecular weight and more polar monomers; increased sample
preparation for hydrolyzed samples; and requirement that a molecular ion must be
present.

Method 3 compares a components ammoenia Cl spectrum to its ammonia-d; Cl
spectrum. A 1-m/z shift is noted for each exchangeable proton in the compound plus a
A-m/z shift if an ammonium adduct is formed (M+NHA versus M-NDA where M is
maolecular weight of compound). The main advantages of this approach include
maolecular weight information obtained for most compounds, anc no sample
derivatization is required. The main disadvantages include difficulty of chromatograhing
larger molecular weight and more polar monomers; somewhat decreased sensitivity
compared to El; and increased sample preparation for hydrolyzed samples.

Summary: Similar information can be obtained from all 3 methods. The choice of the
method depends on the types of compounds to be analyzed and their El and Cl mass
spectra.
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Identification of Surfactants by Electrospray l];iquid Chromatographyv-Mass
Spectrometry

James L. Little
Eastman Chemical Company

Introduction: Surfactants are found in a wide variety of commercial products and
environmental samples. Their identification is complicated due the large number of
commercially available surfactants and the fact that many are often complex mixtures.
Ligquid chromatography-mass spectrometry (LC-MS) is ideal for characterization of the
surfactants since they are easily ionized by electrospray and yield significant
substructural information from in-seurce CID (collision-induced dissociation) spectra.
We have developed methods employving computer searchable libraries and Excel
spreadsheets to identify the surfactants emploving positive and negative electrospray LC-
MS data.

Experimental: Surfactants were separated by reversed-phase HPLC employing 3%
acetonitrile/9 7% water containing 2.5 mmolar ammonium acetate as solvent A and
acetonifrile as solvent B. A solution of 25 mmolar ammonium acetate in methanol is
added at 0.1 ml/min post-column to enhance ionization at high organic concentrations.
An Agilent 1100 HPLC and Diode Array Detector (190-900 nm) was used for all
separations employing a Vanan Polanis C-18 column (3 micron, 50 x 4.6 mm). The
solvent was programmed linearly from 100% A to 0%A in 25 minutes and held at 0%A
for 10 munutes. The samples were analyzed on a Waters/Micromass LCT-TOF LC-MS.
Normally a 4-function experiment was performed with fwo functions in the positive lon
mode (25 and 75 sample cone volts) and two functions in the negative ion mode (25 and
75 sample cone volts). However. the sample cone voltage was increased or decreased as
needed to obtain additional in-source collision induced dissociation (CID) data.

Resulis and Discussion: The easiest way to idenfify the surfactants 1s to computer
search the component’s in-source collision induced dissociation (CID) spectrum (usually
obtained at 75 volts) using the NIST search software and our in-house library. There are
currently about 1800 positive and negative 1on spectra in our M5/MS database.

The other approach 1s to search the molecular weights noted for monomernic surfactants or
residual molecular weights (RMW) of polyethoxvlated surfactants against our various
Excel-based databases. The molecular weights searched for monomers are either
nonunal or accurate mass while only nominal values of the RMW are searched for
polymeric surfactants. The m-source CID spectra of the unknown plus additional
information such as presence of UV chromophores and the types of molecular ion
adducts noted in both the positive and negative ion modes are used to determine the exact
structure of the unknown.

The Excel-based databases were compiled from a variety of literature and infernet
resources and from the TSCA database. A program was written fo parse the TSCA
database obtained on CD into the proper format. Fragmentation patterns were
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determined from a wide vanety of literature references and by analyzing many
commercially available surfactants with known structures.

The nomionic surfactants contaimng polvethvlene glycol groups give their best response
and MW distribution data in the positive ion mode as M=NH,." In addition doubly,
(M+2NH.), " and triply. (M+ 3NH.).™ charged ions are observed as the number of
polyethylene glycol repeat groups increase or the sample cone voltage of the instrument
15 decreased. The amonic surfactants yield their best response and MW distnbution
mformation in the negative ion mode showing primanly M-H ion. The cationic
surfactants are essentially pre-ionized and do not form ammomium, sodium_ or proton
adducts

A single molecular weight cannot be readily calculated for a surfactant which is a mixture
of components due to the presence of various numbers of polyethylene glycol repeat
units. We employ a nonunal value between 0-44 which we refer to as the Residual
Molecular, RMW. The RMW of the antonic surfactants 1s calculated for the species in its
acid form. For nonionic surfactants, the ammonium adducts are subtracted from the
observed ions. For cationic and amphoteric surfactants. the RMW is calculated from the
observed ion. e.g. N(R)4 .

RMW = (/44 026)-y)44

x=the monoisotopic accurate mass of the surfactant species
y=integer value for x/44.026, 1.e. the whole number to the right of the decimal

The RMW will only equal the actual end-group’s actual MW if its MW is less than or
equal to 44. Thus, the concept 1s really just 2 way to assign each component a number
between 0-44 for indexing and searching.

Conclusions: Surfactants are easily analyzed by positive and negative ion electrospray
LC-MS. Atlow sample cone voltages. primarily MW information and molecular weight
distributions are obtained. At higher sample cone voltages, abundant fragments are noted
which correlate with the substructure of the surfactants. We have been very successful i
dentifying nontomc, catiomc, and amomic surfactants employing MW, RMW, and
fragmentation data. In-source CID spectra and structures of standards and identified
components are added to a NIST in-house MS/MS database. NIST search software,
normally used for EI searches. does an excellent job of searching the MS/MS spectra and
identifying unknown surfactants.

Acknowledgements: P. Wehner for TSCA parsing; . Gouw and P. Burgers for RMW
concept; S. Stewn for NIST software; S. Alderson, C. Cleven, S. Haynes, J. Maas, C. Sass,
B. Smith for experimental work and useful discussions.

Additional Information: See hitp:/users chartertn net/shittle
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