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33rd ASMS 1985 San Diego 
AU't'OMATE:D SAMPLE ANALYSIS SOI?TWAR t: FOR GC/M::i 

J . L. Little, J . L. crawford, 
Depart:nent, Organic Chemicals 
Kingsport, TN 37662 

Introduct 1on 

Due to the significant investment incurreu in the establishmen t and 
maintenance of a mass spectral laboratory, it is i mperative that t he 
instrumentation ana highly tra1net1 personnel ue efficiently u t il•zeu. 
With thi~ ul>jt!ctivt! .ill mi n t.1 1 <til aut.omatt-U osof t wa t t:" pac.:k ayt:! Cu t t ilt! 
analysis of GC/MS samples was written for a Finni9an MA'J.' 450U mass 
spectrometer . 

Experimental 

The work was performed on a l"innigan 4023 GC/MS/DS that has been mo<llfle tl 
with the following updates purchased from Fi nnigan HA~' : an automatic 
sample injection system with computer control of the autosampl er, fila­
ment , :nul tiplier , and calibration gas; an automated gas chromatograph; a 
Fi nnigan 4500 source update; a 32 megabyte Winchester disc t1 r1v~ and 
str eaming tape drive; a varian 8000 autosampler; a second 4010 Tektron i x 
terminal ; and Revis i on 5 . 2 or 5 . 4 ::iuper Incas Software. 

The chemica l ionn:ati on reagent gas has also been placed unuer computer 
control by slight l y modi!ying the instrument's electronics . 'J.'he make-up 
gas solenoid coil is pl aced in seraes w1th a 22U VAC solid state r elay . 
The r e lay is actuated when under computer control ~y a S.U VDC signal 
from tile flow controller B in Signal. This signal can L>e va rieu with 
existing Incas software between 0.0 ana 10 .0 voc ~y empl oyi ng values, 
respectively , be tween 0 and 200 wi th t he GB com1nand 1n the DllSC program . 
When under manual control , the re l ay is ac tuatea from the ~.u vue u i gital 
power supply originattng on the col um n temperature cout:rol uoaru. Tt1e 
solid s t ate relay input is switched from manual to computer cont rol with 
a doub l e pol e - double tncow toggle ~witch . 

Resu lts and Discuss ion 

~'he au: omatea ana l ys i s software package is broken down into four parts: 

1. Initialization of GC/MS/DS 
2. Sample in ject ion 
3. Data p rocessing 
4. Data analysis 

The first and last steps requir e the attent i on of a trained mass spec­
trometer operator , but t he second and thi rd steps can be performed by the 
automa:ed sample analysis procedures . The automated sample ana l ys is 
software package i s composed of greater thaoo lUO proceaures (greater than 
300 sect ors ) whiCh are compatible with Finn i gan MAT's Super I ncas soft ­
ware. Our software package has been primarily eouploye<l fo r the guall t a ­
tive ana l yses of sampl es emp loy1ng a capil l a r y column; however, t he 
softwa re package can be employe<! for either g uan t ltdtlve or qualitat1ve 

ana l yses on e ithe r packed or capillary colu:uns. Strong points of t~e 
software packag .. inc l ude t he i nc lus ion of us .. r-frien<lly prootpt.s , a 
detai led user's nanu~ l, built - l n instrume nt sensitiv1ty and performance 
checKs, and the abil l ty co easl ly nodif y exlsting proceoure~ fo !iee t the 
demands of oth~ r usus. 

During the lnic ialioa tlon ~tep, sanpl e analysis var iables are defined tor 
each ;arrple . These variables i nclude the inltial uelay before data 
acqui~it ion , the du-r ation of data acquist t i on, th& mode of sample i:\)QC­
tion [ s plit or Grob) in capil l4ry on<>lyses, t he ;,ille r - Diemcnn peaK­
~lnding procedure, and tile mode of aata pro:essing . 

Samples eon be lnJected by ei : her 11n analys t. or an autoaamplc:r. An 
analyst w1ot no GC/"S or even GC experience can be trained In less chen 
15 minutes to analyze samples. Normally in our analyses , the 100-200 
microli ter sampl e vo l ume e mplo~'ed b~· t .1e Vac i an autoaa 11pler 1s not a 
probl ~it; ho..,ev~L, in cases wh~ c e only .;a limitt:<J yuantity v f tid!npl~ is 
available, in) ect•ons a r e pertorme<l by a rotating Shlft analyst. 

Da t e processin3 r.orma lly ia coonposed of cre<>ti n',! sc"n list$ ot cowponent4 
to be processe:J ana searcn1ng the spectra o~ the components in tile 
! P~ul r. inq 1 1 ~1". itQoll i n$\t: a mAJ=;!=i ~p~~tcA) : l b(ary. Howev @r, nany other 
option3 ha ve been i nc l uded in the 3oftw11re ?4Ckage ancl any uaer-defined 
procedure cc.n oe suustitutea : or pr ocesSing acquired oata. 

Conclus1on 

An au t omatec sanple analysis soft~are ~acKage has been written for GC/MS 
analyi:tS o n out Pinni9an 4000/4500 CC/HS/DS. 'l1li s softYare has i nc:rease.J 
by a fgetor of four tl1e potentHil utilization of our inatru.l'llen t thOl: -.·.:1s 
previOLSly utili Zed only 40 hours per ·o~ee K. llitn this capaoillty ana no 
additional personnel, more than eno sa:nples have l>een analyzed by GCi~S 
durin<J the off - hcurc in tho lar.:t one aad a nalf years. 'l':"liG Colpability 
hd8 r ~· eec.l .. I.e in ~ l. f UllltHlL Uoriuy l he clOt £uc ulh~c ty(:Jt: S ur Ctllctly;::;t!'::S i:iJ!lJ 

has e nabled GCIMS services to be offered t o other customers. Copies of 
t he software package, \..lhieh i ncluUe a c:oropr o)hens i\·e us~r • s manual, .:an Ue 
olJLeoin€cl r ~ee o r cha rye by send i ng a ror rnal request ancl a o lauk s treau.lnq 
t ape co Finn ig9n MAT (Joe Sto r k, P111nigan M.,·~ . 44~0 carver \loous Drlve , 
Cinc>n~ati , Obio 45242 ). 
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MASS SI'ECl'IAL l.O£N711'1CAJ1~ 01' Al'tl FAC2S r<ltUCED IN :SJLYLATlOH 

R.Ut.CUCMS 

J. L. LJ ttle, J. t. . Ctewford 

Physical aad Atl.a.lytic::U Cbeahtry Rlearch Dhhioo 

~ Chuic.J.a Dht.iOII 

Kin&&port, TN 37~62 

i ocreaae t.he volatility and sub111ty of oraaatc <::ompouoda <::onta1oi nl active 

hydrogeaa. Kor:..ally, ollly the deaJr~ dertveUve Je for!Md vbe.n or aaoJ<:: coapcu.nda are 

dcrhethed vith • Hylatioo rea,aenu au.e.b aa BSA I,!!,Q-bb(tria.etb)'l8 Uyl)acetutde) 

aod BS!·fA (_!!,~-bia (tr1Gethyla1lyl )trifluoroacet-1de } . Rovevc.r, •~ funcUoa.&l 

tro\lpa 11.uch •• a..Ldehyde.e, aaidea, a ctde, kotoo.ea, «ud pheoola uodor c.artdu eoadtt1ot~a 

font ed41Uo~l unnpect~ dertvauvu ve refer to aa f ilylaUoo artHacu. 

turthettCIOn , eveo t.he <lertvat1r;atJ.oo ruaeot c.ao r .. ct with tual !, inorsant<:: 

re.aaeots, or ora.acie aolveota t o yield arUhtt&. Thie utnded a~tract inc:.ludn 

aoee of the artifacts tM t ha ve bee n idenUlied by u•• •pactral data in our 

laboratory aDd othor•· A 1Up.pleacatary tl!.:lt ava.1hblo froca the .author& 1tu:l udu a 

an1fact• noted tn th• chem!td lttc.-ratvre, eod meana to avoid t ·oruc.loo of soae 
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35th ASMS 1987 Denver 
Pt .. !ted - lhe l5V\ ASV.S CoN$"8nCe on Mlm ~0'!*1"( W MOCli ToPQ 

Mai 2.&.2'G. ttiP. Drfot« co 

laat- 1•4•ce• DJesoclatSoa Ja LC/HS AaalJ••• 

J, L. Cuvfor4, J. L. L1Uh, 0. 1 . Vll4ar 
tvildlaa LSO, Ieee••• C~a•Jcal a Dlvleloa 

tioaaport, Tea•e••ee )7662 

Haat-la4yea• dlaaoeiatioe (RIO) aad dtvaraioa at tba • •Jor eaapeaaat 
• • tlOJlOJ • t•araeapr•J LC / "S (liquid ch:oaatoacapbJI•••• a pact coaettJ) 
lntartaca •a• pravaa co •e vary uaeful l\ the ldentltlcatloa of lov- La•al 
l apur tc laa tn varloua cbaa lca l a in our l•borat OrJ. RID t a aaplOJad to 
aanarata vtrJ u•eful ftaaaaatat l o• data which can aaally Da correLated 
v lth atruc&ura, RlO la parforaa d by lncraaalaa tha vaporlaar aai t 
taaparatura or tha tbaraoapr•y tntartaca fro• 40 to lOo•c a hova tha 
taaoaratura re,ul r a d to voporl&c 1001 of the LC eluant (tataorf 
toaparaturo). Noraa llJ the vaporlear • • 1t taaporatura of tba theraoaJtiY 
interface ce nn ot bt optraced aora than 20 to )O•c abovt t h e tekootf 
ta•porature dwa to a aisnifi cent loa• in aena&tlvlty wban no aov~ce of 
• • tarnal lonlaetJoa 11 eaployed. Hovtvat , the u11 ot an astaraat 
tooiaattoo oource 1ucb •• • dt echaraa eltctroda wit h tba tha raotp~ay 
Jotartaco place• a o thao~atlcal upper lJalt oa thl vaporJtar eaSt 
taaparatvro. 

the lack of traaaaatatloo 4&ca Sa otroa 'otod •• oaa of the ••Jot 
lSalta tlooa co t•a ••• at a c•er&oepraJ tatarfaca Ja cha r ecttrlaa tlao of 
01111t~ ~oapaualll.a , Tbt• t a .t••"~~''•'"a t•.t '" th,. ,,.,.~tr01a tot C!llap~~o••• t ta 
Ptaura 1. tba apac&rao • •• o'ta1ae4 at the ta~eofl t a a paratwta eaployl•a 
a 901 a&ttoaltrtla/lOl acatato ~•lfor LC a lueat ••• a 4tac~araa alaccro4a 
for oa teraal loat •a ttoo. IJ tecroaatea :ba waportaar aa lt taapatatare 
ower lOO•c • •••• tke tekeaft caaparatura, tbo liD apact••• to Pt aura 2 
••• ••tataa•. tba fraaaaatattoa iaforaa:loa o•talaa• la aaa11J 
corrolltld Vlt b t•a atrvctorc of tbe coe~ound ao4 Ia var, elallat t~ t•e 
colll•loa•lad~ca• apectro• ••taleed •l th a triple ~w••rupola •a•• 
•pectroaet•r. 

Tfta fraaaeotattoa 4ata aad 1ocre1 eed aealltlvtcy obtelea4 with KID ••• 
initla lly tbo~ahc to •e a reoult of pyrol,at• of cospounde In tha 
capillar, of the therao epray 1Dte r fecc. Kowa~ec, holdll l tba ••porl aar 
aait taapar• twra (•Joo•c) ec htah teaper~ture and vac,lna ch a aowrc• 
te•perature IAdicated tbet the traaacntation for. Co~pown4 1 • •• aot 
occurrlA& •• a r• •~ l t of pyrolya11 in th! hot thar•oapray veporieer . A 
raeaoa•bla ••pla~a t io~ for t he inc r eeaed fr•a•antatLon Lo •olacu1a• auch 
•• Coa pound 1 Le tR•t the •dditionel Y1br8t tocal e nara y taperted to cha 
aolaculoa bJ the e levated vepor tceperature• cauaaa additional 
fr•a•entatlon after tbey are ionited. 

Tha thara oaprey latarfaca ta routinely aa ployed co ld entlfJ low-laval 
lapuritill (0.03 to 7t by area) tc •erto~• chea lcala ta out l a,orator J• 
Detection ol •uch coapoaeata ofteo eotalle tbe I•Joction of 400•100 
aicroaaaoa of eaaple oo coa•cotiooal (IS~ • 4,6 aa) aoalytlcal coluaae. 
To • t•l• 1u aource coa taetuttoe, prcbe plu&&i•& aad ·ahoatlll.a· of the 
•• Jor coa peeaat , c• • ~•Ik af t he a ajor c~opoaaat 1a CtverteC to waate. 
Thl• la 4oaa vtt• c•• at• of • DY detector ·-• o ata•C•r' • t a• - praaaura 
av ltcbloa ••••• 1• oeriea vt l h t be tbeta3optOJ latertoce . DeapSta t•e 
~lah aaap1e loa4taa a•• t~e caaolweate eopl•J•• to 4l aaolve larae aa ople 
co~cootratlooa, reaao•a•l• cole•n afftctaoc, ooC re•• ••tloo e ra 
••••t•h••· 
ln coocLuatoa, 810 aod 4lwaroioe of the ••Jot aoo pooao t wltb a 
•~•••••• ••Y £•••••••• •L•~ • •• e•••1 t••l •aa~•• ••• ••• r • ••••f•l 
tech•*•••• for ideatlfJ l•& low- l eve l uokAoveo to or.onlc co•pou••• · ~ 
aupplaoafttltJ ta• t avaLlabla fro• the outho~a t ncludaa oddlttoaal 
• • •oplao. o aperlaantel datalLe, a Ad applScettooa co probLea oolvl•l· 
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38th ASMS 1990 Tucson 

Parclclt·Htam Liquid Sr:eondary 
lonl&atlon t.CIMS lnlerfau 

J k I juft L. A. Cook, R .. l. Perry, 0 . W. nDd&U, 
l.aboratorie~ Kia&spon, TN 37662 

unu Cl>emi<al Comp"'y Re>e=b 

A particle-tam (PO) liquid secondary ioniutioa (LSO liquid chtomatolraphy/mus 
opec~ (LC/MS) lol<rfaco was developed for 1 VG 7070 VSEQ doublc·fe><uslag 
•aactk mass sp«.tromclCr. This t)'pt. of approacil with coavcatiooaJ Oowrates (1 .5 
mllml1) avolch lh we or mk:robore KPLC ICCh.llqutt~ ud reduced flowratcs (S·IO 
u.l/mln) r eqllin.d few COiltlnuous Oow FAB (lUI 41tom bombardment). Other similar 
particle be~m PAB (fast 11om bombardment) and LSI LC/MS interfaces bave been 
cl-e.vcloped. However, lhelr deJI&IU do ftOI employ ahe membrane u.pantor employed in 
1M Vutec: Jnterfau. ai\Cl 11\erefore. limit the now ol water from the HPLC to 
appro:limately o.• ml/min. 

The following para,graph brittfiy de.seribcs the operation o£ the interlaee. A thermospray 
vaporizer is employed to ncbuliu the HPLC crnuenl into 1 dcsolvadon c.bamber. Helium 
carrier e:ntrajns tho acr01ol formcd and carries it into the me-mbrane sc.pantor. The 
membrane separ11or it a eountcr-currcnt rlow d rier that employs 1 porous membr:tne to 
separtu.e an Inner tlelium tlow conuainin& the ..oro$~ from an outer dry helium flow . 
The. aas (vaporltod etnucnt from LC) diffuses through t.hc membtilnc and i$ swept out 
by the outer helium flow. The resuldna dry oer<>&ol continues via a 1/4 in. Teflon tube 
(about ~ ft long) Into a two·.tla&e mon~ntun\ •c.parator chat removes the helium. l 'be 
particle 'beam uavel$ approdnuatc ly 4 em under hiJb vacuum from the momentum 
separator to 1ho tip or til~ LSIMS probe. A ayrinac p um p und a (low·rAB probe are 
employed to continuously lruroducc neat •nau·b. to the st;tndard VO LSlMS sourte. 

We have employed the PB LSI LC/MS Interface In conjunction with thc:rmospray and PB 
electron Impact Interfaces on the YO 7070 VS8Q mau 5pcctromctcr to ch:n ac teriz.c many 
d ifferent types of compounds Including peptJde1 u.nd benunesulfonic ~cids . Jn many 
caso1, chle PB L.SI LCJMS Interrace was the only interface thut yielded molecular weis;ht 
lnformation. An enmpte II the n.nalytll of benu.nesulfonic acid •odium salts employing 
0.1 M ammonium nc.etatc: 111 t~t~rrer. A COil\parl•on of the UV trooo and the selected ion 
chromatoa.nun for one or tho m11jor components is shown in Figurt I. SUTprisingly~ the 
peak wJdths of seloctod lon chromotoaram for ttlc molccultr ions were not ~ignific:antly 
wider th-an the UV traces for tho individual oomponentt. Apparently tbe 'ompounds arc 
be:1na ior~ltcd by the cesium ion aun 11 a rate very c.lose to their rate of depO;Sidon by the 
particle beAm interrace. All slanifletuu components (>O.S area perccal, approximately 
SOO nc) were identified by PDILSlMS LC/MS anaJyais or the p mple. The man $pu.tra 
yielded tho Jin&ly-<:.hlf'Jcd. (M·I~). anions of the •~o~lronJe ac1d (su Fi&urc 2). 
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40th ASMS 1992 Washington DC  
The 40th ASMS COnferonce on Nasa Spectrorntb'y ana Allied Toplca 

LC/MS Analysis ot Cornplox Syntholle Organic Molecutn Utitizing Eloctrospuy lon.lutlon 

• Ken Johnson, lon Jardine, flnr.lgan fJIAT, San Jose, CA 95 135 and Ja.mes Little, Tennenee 
Eiiima.o co .. Kingsport. TN 37662 

The compou nd in this study is one exatnp~ of a group ot synthetic industrial chemicals tMt art 
ptoduced by similar muJtl-step symheses. For this particular compound, aneteven step process and 
six Chemical building blocks are utill.zed as shown In the struetule of the molecule. Each of these 
neps can potemleUv Introduce mtnor eo,nponents hom side reactions with impurities presenrin the 
starting materials. 

For consistent performMca in the fintll end use of this compound. it is i tni)Ottant to monitot th• 
minor impuri ties norm.ally present in the final reaction ptoduet and undetStand their origin. This 
study used etectrosprey LCJMS and MSIMS to provide some 01 this infotmatiOn for tl'lese 
compounds which in previous wotk h.)CI proven lntractablo by othtr loni tation modes such a.s 
particle beam, thermosprav. and FAB. 

A Finnigan MAT TS~OO with an electtospray sourco wes used for this work. Solutions of the 
compound was infused into the ESI sourco at a constant flow rate ol 2 piJmin for investigating 
solution chemistry effects and for performing the MS/MS expe riments. For all of this work a Sheath 
liQuid. eit l'let isoptooanol or Isopropanol with 10 mM ammonium aceuue. was used at a tlow rate 
of 2 pi/min. 

Th\.s compound readily forms a sodlated ion whlch Is generally not desirable for pro.rldlng 
informativo M$/MS spocu a. In so!Ytlon.s of aeetonitti.1o, wator, and acetk acid ~ra tio ot 90110111 
ti'\C sodiated species vatied botween 30 and 200% Of tM (M +H)* ton. Ammonium acetate was 
added tO the sample for a.n overall concemration o f 10 m M. This succeeded in shi fting most of the 
ion cur~ent into thO IM +NH.t•. However subsequent daughter exoerlments of the emmool.eted 
species yielded ma inly loss of neutral ammonia to leave the (M+Ht • w ith little other s tructural 
information. 

Bv increa.sino the vol tage difference in tho caoi flarv·skimmer reoionof tho io n source it was oessibla 
to Induce th-is ini tial hagmtntat•on step In the lon sourco so that the protonated soeeles w"s the 
base pest with the ammoniated and sodiated species typically 20.50 % of the (M+H( ~ . The 
daughter spectrum of tht protonated rnolocule alto provided much more structural informetion 
man the ammoniated oatent. These corrdltlons were us.ed for au subseQuent .analyses. 

LC/MS work was done w ith a micto lC from MM:hrom BioResources of Pleasanton, CA ustng a 
1mm by 15 em C18 column and a motile pha.se o f 1% acetic eclcf In watet and 1% acetic acid in 
acetonitrile. Ammonium acetate was add&d through the Isopropanol sheath liquid . The column 
flow was 50 pi /min with 2 vllm.n being split to the mass speettometer artcr the uv c•n by " lacino 
a restricting length o f fused si lica in the waste l ine from the UV cell. The fu.sed sil ica restrlctor on 
the waste ll.ne was connected to a Rheodyne 7000 switching valVe. In addition a length of non· 
restri¢tive stalntess steeJ tubing was eormected l:nto the alternate now path of the swltc.hlngvalve. 
Bv Switching the valve, back pressute in the UV waste l ine could be reduced thereby stopping flow 
through the uensfer line to the m&$$ 5P8ttrometer. ihts tecllnlQue proved Quite effective In 
diverting the bulk of the main component from the lon source. 

Many of the Impurities found differed by incremems o f 14 mass units and w ete thought to be 
h-omologs of the alkyl side cheln.s in the molecule. A number ot masses were selected tor lunher 
MSIMS studies. The cl.aughter an~lyses were done by Infusing a 20 ng/J/1 solution of the mixture 
tmo th.:. t '(ld:t:t &paCtfom a te' at 2 p llmh\. S!it!Cti o tu• th" u !i111U1 OOfui)Ufl'itflt6 vvefo acquifed 10 dis~ 
In the l)totile mode after two to thlee minutes of signal averaging. 

436 

The dto gt.ter spectt.Jtn or t he ma1n componen: at n'llz l OO:.t..t; tnocates that mucn of trut 
• frt~emol'lt&tion prov ides l)tNctvr:~ l lnfotm:niOt\. Tht protonatod p:u~nt ion toeo~ •equoMid 

lfallmel"llS of 10 mass urits irom the tV\o t ·amyl gtoupi:. l he pea<sli'l ti"e dauglnerspectrum llave 
been Jaball)ct i'l reation to tht s ~.obunils usfJIJ in thesymhe\is. The peJ.k at m.'z 555.3 wa!l uslgned 
as iA/JVT ZHI" "IIIJ •ut (CDiP., H)'. from tho ~pc~;~rum ot one of thO i lnpur!ti~ 'llhiCo'l c.onu1lncd 
only OM t -flmy\ ornclfl biJt vA\nle toectrum &:ilL~ontak'l~d ' &\font slonal ot mh S£S.3. For 1 
nuMber o f the minor components. the IJISIMS data allow,td us to pt;)pose which starting material 
cortrlDut0\1 tne rrnpu·tues. 
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"""'"'rk Proc.,.sing ol Mass Spectral O-

J. L Little, L A. <:-. R. C. S;ggins. M. H. S-. ~Chemical Company, 
Kingsport, TN, 371162·5150 (Tet. No. 615-229-fl685) 

S. Campbell, J. Hegedus, Fisons lnstl\lmenls (VG Analytical). Modesto. CA 

GoaVCurran1 Sla1us. Our goal is 10 share mass spectral data. soltware. and 
ektctron Impact databases between an of our mass spectrometers (30 instruments. 47 
users) w"hin Eastman Chemical Company. Locations in Tennessee, TolClis. and 
Arkansas will be networi<ed. The Instruments are anached vla an ethomet network and 
employ a wide variety ol compU1e<s. The dala systems include Finnigan (PDP· I I, 
UNIX), Hewletl Packard (OOS, UNIX), and VG (VAX wcrkstotlons). 13 instruments and 
26 users ora currently networked It will take another 1·2 years to ccmpleto our goal. 

Why Bothef Networldng? We are networking our mass spectrometers lor the 
loUowlng reasons: 

1. Sharing ol29,000 spec:tra and tS,OOO struclVfes in our Company's prQI)rielary 
electron lmpac:l rnau specllal data bases 
2. Avoid time-consuming duplication of idenlifocalion allons 
3. Share ccmmon soltwate package (VG OPUS) for processing librruy dala; for library 
searches oftarve El databases: !of simiar and subslructural searches; and for sharing 
purchased data bases 
4. Share mass spectrometry e>cpertise and resutts (FD. pyyotysis GCIMS. FAB. Cl, 
accurato mass, etc.) not available in all laboratories by easy e><ehange ot data tiles 
5. Update and back·up Company eledJon impact data bases and data aU1omalically 

Electron lmpoct Data and Data Bases. Electron impact mass spectral data can 
be processed "locstly" using the mass spectrometef's dedicated system or transferred 
to a mainframe host compU1er (DEC model7000). Electron Impact mnss spectra are 
obtalnod from panicle beam LCIMS, GC/MS, and solid probe analyses. 

The preferred approach is to transfer the dala to the host ccmpUJe< lor processing with 
the VG OPUS data system. OPUS will search an unknown on the hOst ccmputor in 
aboU1 5-tO seconds. The resu"- are lsted with structures if tho structure is available 
with the &pactrum. Our OPUS system includes aboU1238,000 oommercieJ (NIST. 
Wiley) Spactta with 59,000 structures and our in-house kbrary of29.000 spectra wilh 
15,000 SI/Ue!ures. The ability to display nlsulls witll structures is critical for our use 
since t 0.000 of the components in our in-house lbrary are no1 named and only have 
$l:tUC:t ure:s. 

The databases are also seatt:hable by structure, •ubstructure, partieJ form uta. partial 
name, motecutar Wlliglt, uset·fields, etc. New entries with structures are added daily to 
our in·houselbrary. Deta from the host oompulef is displayed to various X·terrn clients 
inctudino computers (PC's, Mac's. VAX worl<statlons) and DEC X·terrnlnals. 

· usor·Frlendty" lnltlflaca. A "uset·lriendly" mentJo<lriven Interface was written for 
the DEC mainframe in OCL This allows the user to easily use their account on the 
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mainframe host ccmpu!et to copy/convert data files from other mass spectrometry data 
systems. manage daJa lies, start and stoP batch -s. monitor the progress of belch 
jobs, archive data files. etc. No knowledge at the V AXNMS -rating system and i1s 
ccmmands Is needed. This was a key to the SUCII:9Ss of Implementing our goal. Most 
of the targeted users have no previous e>eperience with the VAXNMS operating system 
and the oomplex commands required to convert/copy files across netwo<k platforms. 
The monus and oommands are easity customized for each use(s needs. 

Data File Conversions. The data files are converted to OPUS formal by VG's OFS 
and Finnigan MAT's OCONVERT fde conversion utll"les. The conversions are 
managed by menu options found In the 'user· friendly" interface described above. Very 
lit1te lnpU1 is required by the user. 

VG's OFS program can directly convert HP (DOS and UNIX) and Finnigan MAT EPA 
files to VG OPUS lofmat. The Finnigan MAT POP·1 1 files must be copied from the 
PDP· I I compu!er to a UNIX computer, convened to notCOF lofmat using Finnigan 
MAl's OCDNVERT program, transfe<red to the DEC hosl oompu!er, and oon\lllfted from 
netCDF to OPUS forma! with VG's OFS program. This tedlous process is managed 
with the "user·lriendly" interface with very lillie use< input 

The "use<-tlte<lace" wu not -en to aU1omallcally tranaler foles from VG OPUS lonnat to- data systems. nos is done manually ustlg OCONVERT. OFS. and 
MASSTransit (Palisade Corporation) fila corwe<slon programs. 

Ubnry Con'""'lons. A wide variety of 8jlpi'08chas were employed to conwrt 
electron Impact data beses ftom Finnigan (INCOS. PDP· I I, UNIX), HP (DOS, UNIX), 
a.nd six-peak indices to OPUS format and to add structurll'l. The Finnigan INCOS 
libraries ""'" converted with a program written by our Company or by "saeen caPture" 
on a Macintosh computer. HP Ubraries were converted wflh MASSTrans" Software 
from PeJisade. Finnigan MAT (PDP-1 1, UNIX) wore converted with the LCONVERT 
program supplied by Jim Shofstahl from Finnigan MAT. 

All these files ware oonverted to VG JCAMP format lor editing. Files were edned 
(addhion of user fields. etc) using Microsoft Word on a Macintosh computer. SMILES 
notations tor structures were added to the JCAMP fllo by "cutting and pasting" from the 
VG OPUS Chemstar program. Structures were added to au 15,000 of the ' lui" spectra 
Company library. SUuctures were not added to the "six·poalc" Company library of 
13,000 entries that orig!nated in t957. 

Documenldon. A usa's manual was written to train personnel to use the VG opus 
soflwate. ft takes approJCimately 1·2 hours to teach someano will mass spectJometry 
oJCI)Oflence the basics and about 5-8 houro to completely cover the lnlonnation present 
In the use<'s manual. A detailed report wu written to document our networlcing project 
and to manage the system. Copies of these documents plus on a disk C<>ntaWng the 
DCL ·~s· lor tile •user·lri<lndly" interface are avaJa.bla upon request from J. Litle 
at Eastman Chemical Company. 
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Slurina Corporate MAU: Specual Data lhtin 

1. L Llttk. W. M. McSJI"dden. 
EuUDu Chulic:al Compaay 
10•-. TN. 37662·SISO 
Td . No. 61S·229-8613 

C<lal/Currut Status.. Ou.r corporate mass $pec:tral database Is ~•posed of 
29,SOO spc«n. J.Dd IS,SOO MNC:!urcs. Our goal is to $bart &his database be(.-eea 
111 or our mass specuome1ers OS ifiS-Iru.mcnu. 60 usus) wilhio Eastmu 
Chemical Compuy. Our C<M"pOnte and ~lous eomsnercial datab:ases ue IUCd 
e :nt,a.shdy ia our rcnarcb., dcvelopm.ut, JDdustrial bya.1ene. aoc:ll 
e .. iroa'I:IXnr.l wor• . The iastrume.otS, loc;;ued io TeoG«~. Texa&. ud 
Artusa.s. ""' couee-tc:d by u elberoet oetwork.. Our &.osuu..meab employ 
dUa systems ftom 1 vari.ety or manufacturers ineludina Fiaoi1u (POP-11. 
UtliX). Hewk:« Plletard (DOS. UNlX). and VG (VAX wOtt wdoosJ. 

We bavc two appc-oaebes for reachi oc ttur aoal. One ia volvu l.be trUtfe:r of 
data to a b0$l co.tr~p.uer (Of proce.uh:~g aod tbe 01hu employs k)eaJ prO«Uiaa 
of tht 6.aa. 

Approac-h 11 : P'rou.uina Data on Hott Computer. Oafa (;lu are 
uusknc:d 10 a bou compu1cr 10 1c:noc:&sc.c lor proces.s1n1 attd lbc: ruulu arc 
d.lJplaycd oa \II< YSC.r's k)<al computer (ace RetetuctS 1-3). The VO OPUS 
tonwarc Is e l!ptoyed for data procculna 11nd a "u.cr-fncl~ly" VAX DCL 
lacerfau is employed for file ua.ufcr/con~T1 IO II , nus b ttlc prdcn cd 
*PPfOXb ud 11 c:mployccl by u.sera whose prtrury rtspoll&blllt)' il mau 
s.pecuomtuy. Tbl.s tpproacb allow• jcarchroa of d.;tabuu b)' s•b•tNChu·e, 
sdYaiK'C'd dala procculnJ ctpablllt•n. :.nd 1t1e auto•n•uc: Jddldoo or usu 
specua 10 lbc: co1por~tc d :U:l.b<\54: 

1'h«e ~ tc"cnl d.indvaotqct to lhiJ opprOliCh. TN: use:r mt~~A htve a 
ICCwort coaKC:tlon nd mua1 lcarfl 11.11 uddl!lonJJ1 110f'twarc pac;k.,c.. Abo. U.e 
nlet mu.u be tnasrcrrcd/coovcrtcd which require• 1·30 mloucc:s. dcpcadl•c 
011 file fonnat and rile: lentth. 

AppTOac<h 11: Procutlna Data l..oully. The secoad approac.t- (sec 
Rde«KU 4) IS tO proetJol the: data I()GIII)' On a PC (DOSIWto.clows) c.I'Qplop•J. 
JCudard sonwarc from Hewlcn Packard ( HP). Our corponte databue ud 
SU\ICN.ft.S were trusfmcd to tbe. HP format. This t.pproac.:l\ ol1ly dltplt y\ 
su.c•VfU with 1ibnry results and does not allow !ltatc:bu of tbe dacab:ala by 
J tr1Kcurc.. nc advaotaccs o r crus approac• art cbJt most of Ute w,eled uurc 
already rm._pJoy c..be HP data system for their mass spcctroractr)' uaJysc-,s ud 
ao me uu..sfer/coovenioo n required. 

'Jbuc are sc.vcn ) diudvootaaes to this approach. The KP software will ~b 
r.aoltlplc Ubnfie$. but ouly lbe rcSUh$ rrom aae libraty 11 a llmt: ate 
4isplayed. The PBM searc.b aiJOnthm Is u~c:d for lbc: .searches ud a,ives poor 
resul ts Ill m.uy cases lor lhe electro~ 1mpact sp(:(;l.l<1il or •Jo..,·k vel · \DOisy*) 
CIOII'I:pODC:a\1. The suucnxres db-played do not $how fl ydroccus ana(bed 10 
c.iuogc:o, oa)'rea. su.lfur. etc. Tb.ts is a lim1tauon of lhe HP soflwvc Ud DOt 
die MOL files crc:aaeel by the Exo&raphic's ~ftware rrom the SMIU!S files. 

4Jrd ASMS Qmfinnu on M.., Sp<<l-ttry and Allied Topiq 

Cnadon of UP l.lettTon lm.put Ma!Js Spe.d Tal Data Due lor DOS ancl 
ONlX c:umputcn. Our corporate library 1i maunalaed o• our VAX 
mah1fnme 1111 the VO OPUS fotm.aL Ewks 8IJIJed to 111dlvldual't. OPUS Ubfarlcs 
.-t a"'omatieanr ackkd to tbt corpot:tre tibrary daHy. Thjs pt'OCltSs i-1 
dc.!LC1"l'btd ID Referuce 4, 

A 'lariet y of ptO&NllllS were \I$Cd 10 t.rn..der our VQ OPUS corpoute libruy tO 
the HP UNIX aod DOS fonn1u. 'rbt P'O&fams i8cl\tCle W VG OPUS Specbase 
V1.1lily, VAX DCL IMQI'Oio uac:r-wnutll C provtmJ., Pt~hude MASSTrUJil. u d 
HP Wia<J.owa udlldc.a... 1k proceu employed IS deacribed lo M.ef~reace 2. 

Tbe: data base mea ~~~ 'deatical for the HP UNIX al4 OOS c:ocap.utcu . The IU' 
bitary do.ta base wu created 00 tbe wax compv.tcr b«'ause t.b t coavenioo 
time. w-as t lc ollkanLiy $mtllcr. Tbe HP UNIX softwt,_ required npptad!Mtel_y 
33 hOtiS 10 ro~~vert 19.SOO c.•tnc.s ud «1•ld u eatc. the dillt3 base 1ill t•o step~ . 
Tile tot:al pta«ss w ts e11d~cd 10 u.te: 10 to 60 di)'S or compat~ dmc oo lhe HP 
DOSIWittdo•s compuk r ad 30 Slep! Our c:orponte dw base cu be seard:led 
oo the liP UNIX computer ayJtcto, However. 10 •ttcmpc """ mWt lo ctetuc ll 
UNIX structur3.1 !Uta base. 

Creation of UP St ruct• ral Dlilll Base for DOS and UNIX eompulcrt. 
Slt\ICI"-«5 are .Wed co an our VG OPUS corp0ra1e dllt bue eouic:.s when lbe 
elr.•arot lmpacl mu.u sp«tr~o~m is fatertd (see Rcteretetl 1· 3) The stnlcturrs 
ace t)rawl'l wilh a dra•,n& paCkacc. lkal l$ (latt or tilt VG OPUS software:. The 
IU\Ietun:.s are uvc:d •• SMILES ronaat. 

Tile UP toftwue requ.itei su·uavrtf be ht a MOl.. formM. A vanet)' or 
proe,rams WC:f"t used to ttaBsCer StnloCtllfts 1111 S MILES fotmal lo our corporate 
libr11ry tO the MOl .. {011f1al. Tllc ptO<til (Of tlu.a <OQvert•O-* is <ktailed •• 
Rtfc reDU 4 The procr..tAs. lodude ~ VG oPUS Sptebue v.tiUty, VAX DCL. 
.nacrM. uscf-wnuc:n C Jl fOttllms, Pal1n4l' MASSTnn1it. MOL ISIS Draw. 
~Jr1Pb•c:·s Co111systaet, HP WaodOws u.uhtKS. ~not a USCf•• n ne• liP nlac"ro. 

Tlle UP DOS!Wi•dowt IIOflwarc ulel lbe CAS nurabocr io the elecuoo impKt d l l.l 
base to crOSS·rtJereace lO the CAS nulllber aad sttuc:totc. ia the s truc-tural dau 
btltc. If llloc: CAS ••mbcr of lhc 11br11ry reluh •• foua6 io Ule slruC:Iural cbta 
base. the library eotty •s d•splayed wrlll SllliCture. Note of (lUI entries vt 
assia:oed CAS .umbc:ra. Our t ulr'•« were usaaned "J*Udo·CAS'" G\UIIbc:rs or 
bctw<'to 1 aod •9·99--9. The first rcaJ CAS ""mba ., so.C)O..{I for formaJddlyde.. 
Tile luc drJit i• the CAS number •s a ·JAJ•ty" chc:c\. b•t we do 1101 employ a 
panly c:tlett io our oumbedoc system •·bu~b &•ves u!l a racwr ot 10 more 
'"psc:udo~CAS" oumbc:rt. 

I. J . L Uttle, Ho.Ddout a1 Po$ler $t$$1011 of 1994 Ck.icatO ASMS Mectin&. 
'"Netwock PfQceaAio& of Mats $ pccml Data." 
2. J. L. U tile, P.oeetd•• P or the 4:lad ASM$ Coalue•c:e oe MS and Allied 
Topics. Clu<:aao. 11\leois. p(l 4'19-480. ' Nttwort¢ PtocdlioJ or Mass Spccnl 
Data.• 1994 
) . J . L. Ucue. Haodouc ac P<IS,Ib" Seuloo ol 19911 Cbnco ASMS t.1ctt•q. OPUS 
~~Je.r's maaoal. •eeuJaa Swcect ra OPUS (edJbOA 1.9). .. 
4, J. L. Uttlc, Ha.~Gout -.1 PaSliCf Sel$\ora of 199S Atlanta. ASMS Mce.tiq. 
"Crcallou o r 0-.u. BMC few UP Ma.u St)C( Ont• Synuns: 
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Mdbyto.ooa.. 18 Mdii.M<: lta_..t Cl R_.t c., lor ~olcnlar W.;gllt 
Odcraiutieu 

-.l.Lirtk 
~ Cb<mical Compony 
Kloppon. '11< )7662-5 I SO 

A mbrturc: o()"' methylamine in"""""" is a SUjiCrior tltcmical ico>izalioa (CI) ._ 
ps 1o< ..-closxooforptit~ lllat COI1bin a-. 11 ,.,.. foutd 10 

yield improvccllliOic<ub< ,..,..,, lofomwloo and less ,.,_tation dwl is oboAi.aed "ith 
'IJI(ft tnditiooal a S*'C* and .... ~-urea. T'be mrthybmioe/mdh&oe mix \lio1l$ cval:IJO!tcd 
with a vwiety or dasacl or Ofpnic: compounds such as amine" alcohob, keiOnes, 
aldcbydcs, amidco.lrimothylsilyt """"trimethylsilyt ....... -.Js, .... 

The dilulioo oftbe metl!ylamir10 Ia mooh>ne has'""" aclv>ntac<S. The fu1l is a significant 
ma.a.c: in somitivily w!tcn oompaJOd to omploying...,. medt)'l>milte. The analogous 
i.ocmGc i.n sensitivity was ooccd l'lte( IJ in mixing I~ ammonia in melbane. We tesled 

the me of 1% MI)[Don.i.a in mcchMI: aod did n<Me r.ome i.nerused sensithi[)'. However, "-c 
seldom a:nptoy thi., mix bcclw."'C 11\R ammoniA is easier co obcain, fonns no taJbon build­
up in the source, and gives adcqWI.CI xnsitivhy to dlltlliClerize low~le.Yel impwities noted 
in E1 GCIMS ..,..yxs. 
The scoood advafttage of cmployiag 3% methylamine i..n nwWM: is decreased regulator 
ooutamination. R~ IU'C reoden:d unusable i.o 1·2 mom~ anploying pure 
methylamine. A "scllln"' coUeclJ on the diaphmgm and seflt of the regulator. The ditutioo 
oftl:ae metbyloodoc io rntU1ane clirnilllted th.is limitaticm. 

As the prok'ln Ulinity of the amine in • methane mlxnm: i.J intrtased, lbe Clscnsitivity 
signffic.t&ntJy clocttacs. Thi.s l:J ba:au.10 die procon affinity is not ln cbe range required ror 
n::ottioo with a wide varidy ofott01•ic compound., (Rtf. 2]. We evalumed both 
medt)'......,. and dlmethyl""""c " utixturn in mctllonc. The dimctbylominc yielded less 
(mgmc:otaeioo ror roooy eompoundt, but i~ sensirivi•y was lower and iu chemical ooi$c 
bip,bor than 3% methylamine in methane. The ovcn.ll r<SpoiU< ror melhylamu in 
ammoo.ia lnclud.inc frname.atttion VIIS leu JCII.litive thlll'1 wnmonia in mcthant-. Ho"M:vcr, 
tbe xtua1 rcspoosc for tk mok:cUar ioaldduct was often. larger in compounds that 
sbowed significm.C ~ l.ndtcd in m:my easn: lhe moltculat ion adduct was 
i.Afioildy lafacr siDc:c oo moleeuJar ton lddutt was ~ with ammonia in mdhanc: (S« 

'""" 1). 

Rcfcn:nees 

1. hrtidt Rudtwior.aad &ma~>y M..._ Anal. Cb<m.. P m.1-m1 (1986). 
2. T. ""'"'ss>aad A. I. DcS .. ra..o,o.p..cM-~. VoL 16,No.l2.pSn­

S33 (1911). 
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f 1pl"t 1: ~ eo.U.._ W... Speccn elM Ae«aa.UCS 
n..t o.tr... Ntt:et R.elpn. Clews Mi:cJwa. M = Mokc:ldv tc.. 

• 

No M +NH.• 

M + H,NCH, + 

"" 

l 

500 at• 

5111 -
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"')faaSp«lnl ldtadnntion or By-'rodueb For11td In Dtrlvadul1o11 Rfttdou'" 
I L Unle' ,A T Sf!o""'Jr . BldJ ISO,Eosonlrlp.micaiC<lmpao)•, Kingsport, 1N,37662 

lotrodu<Oooo: Dm...,_ .. rautindyctnj>IO)OdU.ps~y10-1hc:volstidylniS13bilayof 
orpnoc:compoomds ....,;,.q odiwc~. Nannollyonlyllx:dcsuod deriv.W. is bmod"llen­
"""""""" .. -..;,.......,.dai•-•_.,....to .. BSA[N,()«s(lrWnclhytsil)l)accamideJ, 
BSTfAIN.o.il(~)lrie..,._,...,oideltnd-. ..,_.cnuooldaomain«ooditions...., 
.oracu .. -&oooc~o:.._...s.-.-or ..... """""'"ilh,_..,.._.,Y~andsol""" '* rdu 10 t:bcsc UftCXpfttcd dcml:tivcs &S 4a i'f'lliz::Dwi IJ'tillas. lft many c:a:sc:s.lni:.faa COUC:UIDMiOUS a"e 

lftldlh~U.m.dc~- in--cls. 

Anifllc:lrc.ma ... leods"'mulupkpcobbllll:sarnc~oruncxp«tCdCCllllpOIIa>IS inl!><psdlroo 
~anal)'sisolmixnrc:s. Tha leods ooCOIIAaslon.-llx:~ofa-orlh<....ntxr 
of-_.,. on die Simple. This rq>Cllt includes Ill< l)llc:sof .,;r..., i-.ro<d in our l3looni10ry and 
,.,.,_.,.,,_l'oundinlh<-. Br l<noloinalbririclnlhly.dair.llizalionc:ondi<ionscmoftcn bemodi· 
fie<! 10 mini.mizt: or d imirutt: 11ti l'kt tOrmation. Two dtttliW popuJ an cnoi/o.IM llpOif rrqw.st from 1M 
diiJhon listing tht idrnt;ficat1011 qJ llw ort(/ol:u. tlwW cngt,.. and "·G)'s 10 avoid tJtt,.: 

I. "Unap<ettd B)'ProcM:Is inTrim<thylsil)1 O<rivaDzalion Raaions 111dWays IOAo'OidTh:m" 
2. "Unexpocled By-Producls in Oialomcdl'"" D<riV-on Reactions and Ways ooA,..;dn.m" 

11111tlhyblly1Anllll<IS: A wide•orittrofWIIIO>IS ar<nol<d in thtlrVnelhylsolyl dtnY\1112111ion offunttoonal 
poups such., llldeh)'des. am ides. ctllboxyli< ocids, <Sim. ttl..,.., and phenols. Manyoflhese ar. a resul1 of 
secondaryreoaiono with by-piCdu<IS !'1om lhtd<riwotomon ._. .. Ftonhermoft, evtn lhe ckrivlllizallon 
reagent can rtiCI with lt.wiC lnorpnic r\'lll"MS. otherorpnic reagents, or organte solvtNS lO yield artifacts. 
Some examples af the typeS or artifacts noced from ketones, aldehydes and solvtnts Ole shown an the opposite 
P'8< 

Dil! omtlhAnrArrirAtts: Wt primarily c:mpk>y dia:o:lmtthane to convc:rt carboxylic a.: ids imotheir methyl 
esters. AJmM1 all afthe obsen•ed 1111itlcu are known rcectionsofdjazometbane with other functional groups 
wh1Ch occur AI muoh skl"-erratts chAn d.osc for the COttversiott of earboxyltc ac.ids to methyl esters We have 
also nocod lhe m~<tion ordiii>.Orll<!lhane willo soiY<n1S IU<h"' DMSO oold anal)t esloyield artif&Cis. 

I CoGduslon:Normallydcrivuization ta~tdons )idd thedc:sittd daivlllive with mitimal~of n:actic:rl 
conditions. However, m~~tr dUJCrtnt II'UtiCU Cll'l be formed undtr Cc:l\lan c arcumstanccs. ln lddJtion. mulbplc 
peaks em be noted d~ to ir'loomp~lc de'l'ivadz.abon of compowtd.s- Several ways ofavoidin_g artifacts wen: 
tded in aur studies ltld I ileraiiJft rtftra~ccs. Ones that we have fOW'Id gmeraHy useful are surnnulf'izcd bdow: 

• ldtnlil\<all <ornpontniSIOdlemixlwobytl<cUoo"'-'OCIMS 
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lnn-oduction. 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 impact database of34,000 
spectra and 21,000 stmctures plus coUllllercially available databases. Employing a 
standard approach is really advantageous since we would only have to maintain our 
library in one format. Currently we distributed our library in seven tmique binary 
fom1ats. 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 limitatious 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 trausfer spectra to the NIST search 
program for processing. We also use the Finnigan ICIS (Unix) and Micromass OPUS 
(VAX) data systents whose files are converted to netCDF files and then processed by 
either AMDIS or Wsearch programs. 

BP Windows and NIST Search. We were very interested in replacing the standard 
PBM search supplied by HP (Agilent) v.~th their data systents. The HP MSD Data 
Sy-stem does not properly search multiple electron impact databases. You might not 
initially notice this problem, because the software is somewhat misleading. Furthemtore, 
the NIST search, in my opinion, 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 spectnun V.IDdow. 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 stvitch between the HP search 
and our modified HP search which sums the results from multiple libraries, or the NIST 
search. Doctunentation for all three approaches and necessary macros can be obtained on 
my web page. 

Wsearch and NIST Sean·h. The Wsearch software was developed by Frank Antolasic 
at RMIT in Australia and allows the user to use the )llST search. This software is very 
easy to use, free, and is very compact in size (less than I megabyle). His progrant can 
process HP.d. netCOF, and other file fomtats. TI1e user can then "double-right-dick" on 
the spectrunl to automatically search it with the NIST search progrant. loforruation on 
obtaining and using Wsearch is available on my web page. 

A:\IDIS and :"HST Search. AMDIS is a fantastic program for obtaining the spectra of 
components io GC-MS and even LC-MS data files. It especially perfonns well with 
complex mixtures and minor components. The pro grant can deconvolute overlapping 
components and autontatically removes chemical background (air. column bleed, etc.). 

We use AMDIS to process HP, netCDF. and other data file fonnats and the NIST Search 
to search spectra. AMDIS was originally written primarily for target compotmd analy-ses, 
but we have found it very useful for qualitative analyses. Just obtain the deconvohlled 
spectfunland then right click to select )liST search. We have written a user's manual for 
using AMDIS and the NIST Search that offers some tips for using these programs in 
qualitative analyses. The programs and the NIST web page also contain excellent 
doctunentation NIST supplies a program (lib2nist.exe) for converting users' HP libraries 
\\-ith struCtures into NIST fonttal. 

Automaticll\i~btly Library Updates. We update our "New" user library entries 
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 sntaller mm1ber (-1000 spectra, 1000 
stmclllfes) are stored in a smaller user library, "New." Tbe Slllaller library, containing 
printarily new spectra, is updated daily automatically using Batch files written by me and 
the Lib2Nist.exe library utility available from :-liST. Details on our amontatic update of 
libraries can be found on my web page. 

Limitations. The addition of structural searches for user and colllDlercial structures is 
still needed. Hopefully, these capabilities will be added to Version 2 of the NIST Search 
Software in 200 I. 

Conclusions. We are deploying the NIST search as a Standard Corporate sofm.'3fe 
package for searching our proprietary El database of 34,000 spectra and 21,000 
Stnlctures, TSCA database. our plant material list, and COlllDlercial databases. The NIST 
Progrant yields excellent search results, is easy to use, and display> structures. Employing 
a standard approach is really useful since we would only maintain our library io one 
fom131 instead of seven binary formats. 

Acknowledgments. Many thanks to Steve Stein and Dmitrii Tchekhovskoi at )liST, to 
David Sparkman (Mass Spectrometry Consultant), to Frank Antolasic at RMIT in 
Australia, to Doug Agnew at Agilent, and to John Moore and Paul Wehner at Eastman 
Chemical Company 



49th   ASMS 2001 Chicago 
Proceec1.mgs oflbt 49duL<>vlS Confmnce oo M .. s Specttom«r)' ml Allied Topics. Chicago, Illinois. :\iay 17-31. 20()1 

Identifying Unknowns wit h LC/MS/MS Data Using TSCA 
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Mass spectrometrists routinely identify unKnowns by computer-searching 
electron Impact (EI) databases (NIST, Wiley, etc.). Even thOugh these 
databases have dramatically increased in size and diversilly, there are still many 
commercial org3nic compounds of commercial Interest absent from these 
libraries. ror example, we estimate that the NIST90 database of 107,00G entries 
only contains 8042 out of -64,000 components In the TSCA Inventory. 

Granted, many of these TSCA entnes cannot be characterized by electron 
impact mass spectrometry. However, we estimate that -39,000 can be 
characterized by mass spectrometry when including newer "soft" ionization 
methods. These newer methods include etectrospray, thennospray, field 
desorption, FAB, Chemical ionization, and MALO I. 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 
·spectra less· 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 MSIMS and "in-source• fragmentation spectra to our user 
library In NIST ronnat. This database can be searChed by spectrum and by 
structure to aid in the identification of unknowns. 

Methods for Cre<~ting TSCA Diltabase 

creating TSCA Database in NIST Bin<~ry Format : The TSCA Inventory is 
obtained in ASCII fonnat on a CDROM biannually from the following company: 

SOLUTIONS Software Corporation bttp:/Jwww.env-sol.comil 

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 perfonned with a utililly, llb2nist.exe, obtained from 
NIST. This conversion also calculates the molecular weight lrom the molecular 
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fonnula during the conversion. The molecular weight field is not found in the 
initial CD file from SOLUTIONS SOftware Corporation. 

lnformiltlon on Searching the Databases 

NIST Search of TSCA and PM "Spect ra less" Databases: We regularly create 
updated TSCA and PM databases in a NIST binary lonna!. 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 fonnuta, CAS number, name fragment, 
elements present, and elements value. The software 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 searehng the American Chemical Society's Chemical Abstract 
Service (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 Sci Finder for searching the CAS Registry by molecular 
formula. Accurate mass data must be used to calculate a discrete molecular 
formula for searching, since the CAS Registry cannot be searched by nominal 
mass with SciFinder. SciFinder Is a PC application, which is very simple to use. 

Better searches can be pertonned (e.g. crossing molecular formulae or molecular 
weight with substructure, name fragments, etc.) can be perfonned 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 weigflls 
are calCulated ditrerenrty t!Jan 1/Jose in tile NIST Searc/J Sotrware! 

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 fonnutae or molecular weight data. Substructural 
information obtained from the "In-source" fragmentation or MS/MS data Is then 
used to narrow 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 Reg1st(ii File is searched with SciFinder or STN Express. 
For more infonnation write lliltle@eastman.comlor link to 
bnp11users chartertn neys!1ft@ 
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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 program they desire for data processing and only the N 1ST program 
for library searching. In general, we nave found the NIST search to yield 
consistently better search results than other commercial search programs. 

We currently employ AMDIS, Wsearch, Agilent (HP), Massl ynx, 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 ofthe 
spectrum. The NIST program is then called and automatically imports the 
spectrum for searching. We have written a Unix macro that automatically 
converts I CIS 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 N 1ST 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 N 1ST 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 (EI) 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. 
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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 ASCII file obtained on co. We 
estimate that the database includes approximately 39,000 oomponents that can 
be CharacteriZed by mass spectrometry (EI and other various "soft" ioniZation 
techniques). Only about 8000 of these components are found in the NIST El 
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 emuents from our manufacturing sites. 

Automat ic Update of Databases Nightly: Previously updates were performed 
annually of user databases employing a very tedious manual process. Currently, 
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 oompounds 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 Tchekhovskol at NIST; to David Sparkman, Mass Spectrometry 
Consultant; to Jeff Goshawk and David Varley 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 lhttp://users.chartertn.neUsiittie l 
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 TV A. 
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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 impo~nt lor detenmining elemental composition lor an 
unknown compound~ Procedures have been proposed to improve the accuracy of the measurement. •~> 
This study investigates a lew of the factors that affect accuracy in a Micromass LCT time-of-flight (TO F) 
mass spectrometer~ A careful look is taken at (i) the errors caused by the dead-time characteristics of the 
detector, Oi) the relative intensity ratios of the analyte and lockmass ions, and (iii) biases observed When 
using the lockspray feature. 

EXPERIMENTAL 
The experiments were performed on a Micromass LCT time-ol-ftight mass spectrometer using MassLynx 
v3.5 software. Mixtures of Leucine Enkephalin and Reserpine were 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-value (utilized in the dead-time 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 correction algorithm~..., The vanables 1nd ude m/z ratio, 
number of ions per push, Np-value, dead-time duration, and resolution. The resuning charts help the 
visualization of the effects~ 

RESULTS 
Dead-time Effects 

Due to the inherent nature of standard io~oounting detectors, a finite amount of post-detection 
processing time is re<ruired before the device is able to detect subsequent ions~ Ions arriving during this 
"dead time" are not detected~ It has been well documented that these dead-time effects influence O~e~ 
lower) the perceived mass assignment and ion abundance~... A mathematical model is used to 
demonstrate this effect in Figure 1. 

m/z value 

To studY these effects, samples of varying concentrations of Reserpine were sequentially introduced 
directly into the analyte electrospray~ Indeed, the resuns show a mass shift (to lower mass) as the ion 
abundance increases~ Although it can not be discerned from this figure, more and more intensity is also 
lost as the ion al>undance 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 vary~ng the 
inputs into the mathematical model, the peak shape can be roughly Gaussian or laiey asymmetrical~ 

With these abundance-dependent mass shifts in mind, several experiments were designed to explore 
how this might affect calibrations. A mixture of Leucine Enkephalln (lockmass) and Reserpine were Ooth 
introduced Into the analyte electrospray. The mass error Is a function of (I) the al:>undance of the analyte 
ions, (ii) the al>undance of the lockmass ions, and (iii) the Np-value of the dead-time correcr algOiithm. 

When dead-time correction was not utilized, positive and negative errors 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 l>e assigned a mass that is higher than its theoretical. mass . . Since the lockmass 
sets the calibration, its negative mass shi ft (from dead-time effects) results 1n a calibration that IS over­
adjusted for less Intense peaks. Conversely, If an analyte Is more al>undant than the lockmass then a 
negative error occurs. The Np-value is a sensitivity factor for the dead· time correction algorithm. By 
lowering the Np-value, the magnitude of the correction in~ases. II the analyte and lockmass . have 
similar intensities, then changes to the Np-value have little eff'ect on the accuracy. II they have diSSimilar 
intensities, the most abundant peak ....;u be "corrected" more than the less abundant peak. Np-values of 
0.6-0.7 seem to be the l>est compromise on our instrument. 

Systematic Bl;n In Accuracy When using Locksoray 
When using Micromass' Lockspray feature, the precision is often good yet there is a bias in the mass 
measurement accuracy (Experimental-Theoretical). Figure 2 cle~y 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 detennined that the bias is 
actually created by a bug in MassLynx V3.5. The bias is introduced because the dead-time correction is 
applied to the data from the analyte electrospray, but it is not applied to the data from the locksporay. 
Sl nee the correction Is made to the analyte data but not the lock spray 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. Anhough the correction algorithm alleviates some of the 
error, it is best to limit peak intensities arnd to use similar peak intensities lor the analyte and lockmass. 
Using a lockmass that is similar in mass to the analyte will also help. In regards to us1ng Lockspray, be 
aware that the algorithm is not applied correcUy in MassLynx v3.5, creating a bias. 

1Biom, K.F., Anal. Chem., 2001, 73, 715. 
2Uang Z. and Bansal, S., Proceedings of the 48th ASMS Conference, Long Beach, CA, 2000~ 
3Miller SA and Bolgar, M.S., Proceedings of the 49th ASMS Conference, Chicago, IL, 2001. 
4Hoyes, J., 'Accurate Mass Considerations on an E/ectrospray Quadrupole-TOF fnstrumenr, 10th 
Sanil>el Coni., 1998. 
5Esposito, F., Spinelli, N. Velotta, R., Berardi, v ., Rev. Sci. lnstrum. 1991 , 62(11), 2822. 
6Patent, International Pul>licatlon Numl>er wo 99138192. 
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Introduction: 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·<h electron 
impact (EI) ionization, ammonia·<h chemical ionization (CI), and deuterium labeled 
silylation. All of these methods are useful for the identification of chain tenninators and 
branching agents by the detennination of exchangeable protons (ones attached to 0 , N, 
s. etc.). 

Also, these methods are useful for the differentiation of isomeric alcohols/ethers, 
thiolstsulfides, primary/secondar)l'tertiary amines, etc. 

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 on a Finnigan TSQ.700 GCfMS. A DB-5 
capillary column (30m x 0.32 mm i.d., 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 GCfMS. 

The ammonia·<h El was obtained with an El ion volume. The pressure was optimized 
(electron multiplier voltage at 800 volts) by setting the ratio of mlz 20 to 22 to about 10:1 
(minimizes CHype reactions}. Data was obtained from mlz 35 to 650 with an electron 
multiplier voltage of 1500 volts. The source temperature was set at 250C to sharpen 
the higher boiling, underivatized polar compounds. Nonnally we use a source 
temperature of 150C to minimize fragmentation. 

The ammonia-<:13 Cl was obtained with a Cl ion volume. The pressure was optimized by 
setting the ratio of mlz 22 to 42 to about 10:1. Data was obtained from mlz 70 to 650 
with an electron multiplier setting of 1600 volts. 
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Methods: In method 1, a 9-m/z shift in the observed molecular ion is noted for each 
exchangeable proton present in the component when its undeuterated trimethysilyl 
derivative is compared to its perdeuterated trimethylsilyl derivative. Thus. for a chain 
branching component in a polyester monomer or polymer, a 27. mlz shift is observed 
for the three functional groups. Similarly. a chain terminator will only yield: a 9-m/z shift. 
The advantages of this approach include the ability to obtain good molecular weight 
information and QOO:l chromatoQraphy on even hiQh molecular weiQht and polar 
monomers with easy preparation of hydrolysis samples. The main disadvantages 
include artifact fonnation (Reference 2), minimal fragmentation infonnation, lack of 
diverse El spectra in commercial databases, and chemical noise. 

Method 2 compares a components El mass spectrum to its amrnonia-<:13 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 perfonn on a standard Cl GCfMS. A 1 . 
mlz 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 ammonia Cl spectrum to its ammonia-<:13 Cl 
spectrum. A 1 -m/z shift is noted for each exchangeable proton i1 the compound plus a 
~-mlz shift if an ammonium adduct is fanned (M .. NH~ versus M-ND~ where M is 
molecular weight of compound). The main advantages of this approach include 
molecular weight infonnation obtained for most compounds, and 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 infonnation can be obtained from all 3 methods. The cho ice of the 
method depends on the types of compounds to be analyzed and their El and Cl mass 
spectra. 

References: 

1. Additional information at http:l/users.chartertn.neUslittle. 
2. Tindall, G. w.. Penry, R. L. ; Little, J. L.; Spaugh, A. T., Jr. "Preparation of Polyester 
Samples for Composition Analysis," Anal Chern (1991 ). 63(13). 1251-6. 
2. little, J. L., "Artifacts in Trimethylsilyl Derivatization Reactions and Ways to Avoid 
Them," J . of Chro. A (1999), 044(1 -. 2}, p 1·22 and updated copy at 
http:llusers.chartertn.neUslittle 
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Id~ntification of Smiactants by Electrospray t iquid Cbromatograpby-1\lass 
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James L. Little 
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Inn·oduction: Surfactants are found in a wide variety of conm1ercial 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. 
Liquid chromatography-mass spectrometry (L~MS) is ideal for characterization of the 
stuiactants since they are easily ionized by electrospray and yield significant 
substmcmral information from in-source CID (collision-induced dissociation) spectra. 
We have developed methods employing computer searchable libraries and Excel 
spreadsheets to identify the stuiactants employing positive and negative electrospray LC­
MS data. 

Experimental: Stuiactants were separated by reversed-phase HPLC employing 3% 
acetonitrile/97% water containing 2.5 mmolar ammonium ace.tate as solvent A and 
acetonitrile as solvent B. A solution of 25 mmolar =onitllll acetate in methanol is 
added at 0.1 mllmin post-colunm to enhance ionization at high organic concentrations. 
An Agilent II 00 HPLC and Diode Array De.tector (190-900 nm) was used for all 
separations employing a Varian Polaris C-18 cohunn (3 micron, 50 x 4.6 mm). The 
solvent was progran1med linearly from I 00% A to 0%A in 25 minutes and held at 0%A 
for 10 minutes. The samples were analyzed on a Waters/Micromass LCT -IOF LC-MS. 
Normally a 4-ftmction experinlent was performed with two ftmctions in the positive ion 
mode (25 and 75 san1ple cone volts) and two ftmctions in the negative ion mode (25 and 
75 san1ple cone volts). However, the sample cone voltage was increased or decreased as 
needed to obtain additional in-source collision irlduced dissociation (CID) data. 

Results and Discussion: The easiest way to identify the smiactants is to computer 
search the component's in-source collision induced dissociation (CID) speclrtllll (usually 
obtained at 75 volts) using the NISI search software and our in-house library. There are 
c-urrently about 1800 positive and negative ion spectra in Otl! MS/MS dataoase. 

The other approach is to search the molecular weights noted for monomeric surfactants or 
residual molecular weights (RMW) of polyethox:ylated smiactants against otl! various 
Excel -based databases. The molecular weights searched for monomers are either 
nominal or acctl!ate mass while only nominal values of the RMW are searched for 
polymeric smiactants. The in-source CID spectra of the unknown plus additional 
infom1ation such as presence of UV chromophores and the types of molect1lar ion 
adducts noted in both the positive and negative ion modes are used to detemtine the exact 
stmcture of the tmknown. 

The Excel-based databases were compiled from a variety of literature and internet 
resources and from the ISCA database. A program was written to parse the I SCA 
database obtained on CD into the proper fom1at. Fragmentation patterns were 
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detennined from a \\ide variety of literature references and by analyzing many 
conunercially available surfactants with known structures. 

The nonionic surfactants contairling polyethylene glycol groups give their best response 
and MW distribution data in the positive ion mode as M+NH.. • In addition doubly, 
(M+2NH.):1 and triply, (M+ 3NH.),"3 charged ions are observed as the number of 
polyelhylene glycol repeat groups increase or !he sample cone \ 'Oil age of lhe inslrtllllent 
is decreased. The anionic surfactants yield !heir best response and !v!W distribution 
infonnation in the negative ion mode showing prinlarily M-H' ion. The cationic 
stuiactants are essentially pre-ionized and do not form ammonitllll, 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 nomirlal value 1lerween 0-44 which we refer to as the Residual 
Molecular, RM\V. The RMW of the anionic stl!factants is calculated for !he species in its 
acid fomt. For nonionic snrfactants, the ammonium adducts are stlbtracted from the 
obseJVed ions. For cationic and amphoteric surfactants, the RM\V is calculated from !he 
observed ion, e.g. N(R)4 . 

RMW = ((x/44.026)-y)44 

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

The RMW \\ill only equal the actual end-group's acntal MW if its MW is less !han or 
equal to 44. Thus, the concept is really just a way to assign each component a ntllllber 
between 0-44 for indexing and searchirlg. 

Conclusions: Surfactants are easily analyzed by positive and negative ion electrospray 
LC-MS. At low sample cone voltages, prinlarily M\V information and molecular weight 
distributions are obtained. At higher sall1ple cone voltages, abundant fragxnents are noted 
which correlate with the substrucmre of the surfactants. We have been very suc.cessfttl in 
identifying nonionic. cationic, and anionic. stl!factants employing MW, RMW, and 
fragn1entation data. In-source CID spectra and strucnl!es of standards and identified 
components are added to a ~lSI in-house MSIMS database. NISI search software, 
normally used for EI searches, does an excellent job of searching the MSIMS spectra and 
identifying tmknown sttrfactants. 
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Additional Information: See http://users.chartertn.net/slittle 
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