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Standard Corporate Approach for Search ing 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 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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Identification of Components in Polycarbonate and Polyester Monomers and 
Polymers by GC·MS 

James L. Little 

Eastman Chemical Company 

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 

Acknowledgements: Many thanks to S. Alderson, R. Penry, Art Spaugh, W. Liang, 
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Id~ntification of Smiactants by Electrospray t iquid Cbromatograpby-1\lass 
Specn·omeh-y 

James L. Little 
Eastman Chemical Company 

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. 

Acknomeclg~menrs: P. Wehner for ISCA parsing; J. Gouw and P. Burgers for RMW 
concept; S. Stein for NIST software; S. Alderson, C. Cle\·en, S. Haynes, J. Maas, C. Sass, 
B. Smith for e.><perinlental work and useftll discussions. 

Additional Information: See http://users.chartertn.net/slittle 
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