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Factors Affecting Mass Measurement Accuracy in a TOF Mass Spectrometer

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

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

EXPERIMENTAL

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

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

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

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

Systematic Bias in Accuracy when using Lockspray

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

Dead-time issues affect both the intensity and mass assignment; and these issues apply to the analyte,
the lockmass, and the calibration standards. Although the correction algorithm alleviates some of the
error, it is best to limit peak intensities and to use similar peak intensities for the analyte and lockmass.
Using a lockmass that is similar in mass to the analyte will also help. In regards to using Lockspray, be
aware that the algorithm is not applied correctly in MassLynx w3.5, creafing a bias.
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4Hoyes, J., “Accurate Mass Considerations on an Electrospray Quadrupole-TOF instrument”, 10th
Sanibel Conf., 1998,

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

6Patent, Intemational Publication Number WO 98/38192.



51t ASMS 2003 Montreal

Proceedings of the 515t ASMS Conference on Mass Spectrometry and Allied Topics, Montreal, Quebec, Canada, June 8 - 12, 2002

Identification of Components in Polycarbonate and Polyester Monomers and
Polymers by GC-MS

James L. Little
Eastman Chemical Company

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

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

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

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

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

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

The ammonia-d3 Cl was obtained with a Cl ion volume. The pressure was optimized by
setting the ratio of m/z 22 to 42 fo about 10:1. Data was obtained from m/z 70 to 650
with an electron multiplier setting of 1600 volts.
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Methods: In methed 1, a 9-m/z shift in the observed molecular ion is noted for each
exchangeable proton present in the component when its undeutzrated trimethysilyl
derivative is compared to its perdeuterated trimethylsilyl derivative. Thus, for a chain
branching component in a polyester monomer or polymer, a 27- m/z shift is observed
for the three functional groups. Similarly, a chain terminator will only yiel&:a 9-m/z shift.
The advantages of this approach include the ability to obtain good molecular weight
information and good chromatography on even high molecular weight and polar
monomers with easy preparation of hydrolysis samples. The main disadvantages
include artifact formation [Reference 2], minimal fragmentation information, lack of
diverse El spectra in commercial databases, and chemical noise.

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

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

Summary: Similar information can be obtained from all 3 methods. The choice of the
method depends on the types of compounds to be analyzed and their El and Cl mass
spectra.

References:
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Identification of Surfactants by Electrospray l];iquid Chromatographyv-Mass
Spectrometry

James L. Little
Eastman Chemical Company

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

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

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

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

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

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

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

RMW = (/44 026)-y)44

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

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

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

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

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