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NO WARRANTY

Casa Software Ltd. does its best to ensure the accuracy and reliability of the Software and
Related Documentation. Nevertheless, the Software and Related Documentation may
contain errors that may affect its performance to a greater or lesser degree. Therefore no
representation is made nor warranty given that the Software and Related Documentation
will be suitable for any particular purpose, or that data or results producgdthe
Software and Related Documentation will be suitable for use under any specific
conditions, or that the Software and Related Documentation will not contain errors. Casa
Software Ltd. shall not in any way be liable for any loss consequential, eitieetlylior
indirectly, upon the existence of errors in the Software and Related Documentation. The
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without warranty of any kind. Casa Software Ltd. further disclathsmplied warranties
including without limitation any implied warranties of merchantability or fithess for a
particular purpose. CasaXPS should not be relied on for solving a problem whose incorrect
solution could result in injury to a person or losspodperty. The entire risk arising out of

the use or performance of the Software and Related Documentation remains with the
Recipient. In no event shall Casa Software Ltd. be liable for any damages whatsoever,
including without limitation, damages for logd business profit, business interruption,

loss of business information or other pecuniary loss, arising out of the use or inability to
use the Software or written material, even if Casa Software Ltd. has been advised of the
possibility of such damages.
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TOF SIMS

The Nature of ToF Spectra

Timeof-Flight Mass Spectrometry (ToF MShased on the principle thains
created from a sample are accelerated into a flight tube using an electric
extraction field resulting in each ion of a given charge acquiring a
characteristic energy from a tight distribution of possible energies. Since the
kinetic energy othe ions are neatly identical, the velocity attained bipns

with differing massmust alsodiffer, thus the time taken for an iowith a
given chargdo travel a given distance down the flight tube to the detector
discriminates between ions of different maSpedically, the mass of an ion

is proportional to the square of the time taken to travel a fixed distance.
Thus,ToF MSvorkson the basis of a stepvatch; a start event occurs as the
extraction voltage is pulsed, followed by a sequence of stop events
repreenting the arrival of ions at the detector. To process a ToF mass
spectrum from the rawtiming data, ahistogram is created from the set of
time values, where the time events recorded during an experiment are
counted into timebins. The relationship betweethe time events and the
mass of the ions responsible for the time events allows the -ime
histogram to be viewd using a mass scale

CasaXPS displays the ToF intensities with respect to the time bin indices, even
when a mass calibration is availab&nverting a spectrum to mass binned
intensities involves a mapping which cannot be reversed; explicit steps must
be taken to perform the transformation between time and mass.

The following two plots are for the same data, both viewed in the time
domain. The mass range in these two plots is identical.

1.ion.vms

x10°

CPS

L L e L o B BREmmmans
150 200 250 300 350 400 450
Mass (amu) [time plot]
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The same spectrum plotted using a linear mass step size changes the
perspective of the data as follows.
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Spectra from ToF instruments traditionally appear as a single spectrum over a
wide range of mass. The spectral display reflects the parallel nature of the
technique in the sense that counts are allocated over the entire range of time
bins for each pulse ofhe ion gun. This is in contrast to quadrupole or
magnetic sector MS instruments where the signal is only recorded one mass
bin at a time. Nevertheless, for high resolution ToF MS the majority of time
bins, particularly at low mass, contain little infortiwa, therefore CasaxXPS
offers a means of converting ToF spectra from a single monolithic data set
into a set of mass intervals representative of the useful information content.
Each nominal mass, based on the current time to mass calibration, is isolated

into individual VAMAS blocks. Presenting a ToF spectrum as a set of many
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VAMAS blocks favours the tools within CasaXPS providing the basis for data
comparison and peak analysis via synthetic peak models.
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The partitioning of the time bins into suitable s® ranges around the
nominal masses requires a calibration for the mass scale.

ToF Mass Calibration

The relationship between the massof an ion and the time taken for the ion
of a given charge to travel a fixed distance is quadratic in the flightttifer
an ideal system, the tim-mass relationship is:

m=[(t-t,)/b]?
wheret represents a time offset anld scales the time values appropriately.
Since knowledge of these two parametdgsand b is sufficient to describe
the relationship betweerthe mass and timef-flight, given two mass/time
pairs the calibration parameters can be determined from a pair of
simultaneous equations. In reality, assigning the mass/time coordinates from
the time-binned spectra is not exact and therefore the thimemass
calibration must be computed in a leasjuares sense using multiple
mass/time pairs. Further, the choice of mass/time pairs must be carefully
made to ensure accuracy of the calibration for both interpolated and
extrapolated mass regions. Those masgions falling within (interpolation)
the set of mass/time pairs used to create the calibration will be more
accurate with respect to the tim@-mass calibration than those outside
(extrapolation) the interval containing the mass/time pairs included ia th
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least squares fit. It is therefore important to calibrate a spectrum using peaks
over as wide a mass range as possible and check that peaks, once calibrated,
can be sequentially assigned to nominal masses. The following describes the
tools in CasaXPS foalibrating a spectrum of timbins with respect to mass

and how to assess the success of this procedure.

C2+H'3 [C'2#H'4  [C'2+H'5  [C'2+H'6  [C'2+H'7

INISININ

||||||||||||||||||||||||||||||||| ||||||||| | ||||||||| ||||||
27 28 29 30 31 32

Mass (amu) [time plot]

Figure 1

C'3+H'S C'3+H'6  [C'3+H7  [C'3+H'8  [C'3+H'©

T II|II I|IIII|I I|I
41 415 42 425 43 435 44 445 45 455 46
Mass (amu) [time plot]

Figure 2: An example of a poor mass calibration based on extrapolation.

When calibrating the mass scale, the primary objective is to assign each
visible peak to a nominal mass. For some spectra and instruments, there may
be perfectly good reasons why this objective may fail, but in general each
peak in the data should be assated with a nominal mass; any mass defect
from the nominal mass provides information about the atomic or molecular
lon responsible for the peak. It is not necessary nor is it always possible to
attribute each peak to a known ion, however, when properlybecated, if the
observable peaks deviate from the sequence of nominal masses then the
accuracy of the calibration may be in doubt. The problem of calibrating the
mass scale reduces to identifying a set of peaks sufficiently well distributed
over the masscale to provide plausible mass assignments for each and every

8
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peak in the spectrum. Figure 1 is an example of a mass calibration in which
the set of peaks displayed matches well with the computed mass positions;
however the calibration is performed usingnly those peaks within the
window in Figure 1 and a similar agreement, when using the same
calibration, for the molecules shown in Figure 2 is not achieved. The poor
mass calibration is remedied by simply including at least one of the peaks in
Figure 2 agart of the calibration set. The concept of progressively adding
calibration points to the set used to mass calibrate a spectrum is developed
in following sections.

Calibration Based on Nominal Masses

2

50 x 10
45{ 257)( 101
40 I g
35; 20] v
30 15]
] 2 1
& 25 o
O 10__ %
20 ] 3
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157
10
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5_ WM Mass (amu) [time plot]
0] I J | . e |

! | | ot
300 800 900 1200 1500
Mass (amu) [time plot]

Figure 3: Nominal mass calbration

The procedure for calibrating a spectrum can be summarised as follows:
following an initial assignment based on at least two peaks, new peaks are
progressively added to the set of mass/time pairs until the observed peaks
are sequentially associategith nominal masses. The spectrum in Figure 3 is
calibrated based on nominal masses and an iterative improvement
procedure. This process can be performed manually using the Exact Mass
property page (Figure 4), where peaks are associated with formulag tisn
mouse, or alternatively nominal masses are used in a sequence of steps
involving repeatedly:

1. Finding the peaks using the Find Peaks button.

9
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2. Replacing the current calibration list by nominal masses and times
determined from the regions obtained froné Find Peak operation.
The Load Regions button transfers the required information from the
current set of regions to the calibration list on the Exact Mass property
page.

3. Recalibrate the mass scale by pressing the Calib C,t0 button.

M Element Library

EIementTabIe] Periodic Table] Input File  Exact Mass I

Mame | Masz | Time Bin | F i
143 143 52119.4

151 151 534704

152 152 53638

157 157 544691

168 168 5E239.8

170 170 5E557.6

171 171 BEF13.7

172 172 BE2R25

182 182 5417

183 183 5E557.2 “
4 *

add Formula | [ Define Time 3P Calib ‘ Calib C10 ‘

Delete Entry | Clear Markers | Find Peaks ‘
Delete Al [~ Zoom | Creste  LoadRegions
Create Peaks
Load .. ‘ Save .. | Mowve to Lib . | Ext T |

Figure 4: Exact Mass Calculator Property Page.

The Find Peaks button uses a threshold to identify peak structures in the
data; then for each peak identified, a region is created on the spectrum using
the name derived from the nominal mass determinednfi the region. The
Load Regions button transfers those nominal mass names and computed
positions to the calibration table on the Exact Mass property page for which
the computed mass is within a tolerance of the nominal mass. The search for
these acceptaled mass/time pairs begins with the low masses, so the initial
calibration should begin with small masses, but typically greater than 10 amu.
With each repetition of these steps, the number of regions loaded into the
calibration table should increase untiigdeally, all the peaks found are
included in the calibration table. At this point, the spectrum so calibrated
should be surveyed to ensure the peaks, both minor and major, are
associated with the nominal masses on the abscissa scale.

10
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Figure 5: Raw time-binned spectrum.

Calibration using nominal mass values is not always appropriate, for example
heavy molecular ions; however, for some spectra, calibration using exact
masses is equally inappropriate. The data in Figure 1 is an éxarhma
spectrum for which it is beneficial to use nominal masses rather than exact
masses; the spectrum derives from a total ion list file containing image
information and minor variations in acquisition conditions across the imaged
surface cause small its in the underlying peaks summed to form the total
lon spectrum. Peaks are neither high enough in mass resolution nor well
enough defined in terms of position to use an exact mass position. The latter
can be demonstrated using false colour images toraett spectra from
different zones on the image.

An Example of Mass Calibration using Nominal Masses

Initially the spectrum is without a mass calibration as seen in Figure 5. The
first step is to identify two peaks.

% 10°
18]
16]
14 ]
12]
@ 10] o
O 8]
6]
4 )
2] =
E]"|"'|/'\“"|"'|"'|'
18000 20000 22000 24000 26000
Time Bin (s)

Figure 6: Two peaks are identified by creating quantification regions.
11
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The regions defined on the spectrum in Figure 6 represent the initial pair of
mass/time coordinates used to produce a rough calibration for the mass
scale. The regions are created using the Regiapety page on the
Quantification Parameters dialog window. Each region calculates the time
bin representative of the peak, while the mass corresponding to the
computed timebin is entered into the name field of the quantification
region. In this case, thname fields are entered with the nominal masses 15
and 23, although these values could equally well have been entered using the
formulae C+H*3 and Na, respectively. Calibration based on these two regions

Is performed by pressing th @toolbar button. Whenthe toolbar button is
pressed, any spectra appearing in the Active Tile will be calibrated based on
regions so defined on the displayed spectra.

% 10°

18] |C +H'3 F\Ia p*z +H'6
16 ]

14 ]

12]
gﬂ);
O g]

6]

.
0_'\"k\‘}'\"|"‘|"'|‘'|"

12 16 20 24 28 32

Mass (amu} [time plot]

Figure 7: Spectrum after initial mass calibration.
While the calibration in Figuré looks reasonable for masses close to the
calibration points, the high mass peaks are poorly calibrated. The largest

peak in Figure 8 differs by about 18 amu from the mass calibration shown in
Figure 3.

x 10

CPs
- A A a a N
oM ONREO®O

| IMI T T | T T T T | T T T T | T T T T | T T T T | T T T T | T T T T |I AI W T |
576 577 578 579 580 581 582 583 584
Mass (amu) [time plot]
Figure 8: Poor mass calilvation for high mass peaks. Same peaks as those displayed using the
inset tile in Figure 3.
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While the initial mass calibration based to only two low mass peaks is clearly
a problem at higher masses, the accuracy is sufficient to begin the iterative
processof build a fuller set of mass calibration points.

M Element Library E‘El@

E\ementTahIe] Perindic Tablel Input File Exact Mass ]

Mame | Mass | Time Bin | Rels

15 18991.4
18 18 204885
23 23 22703.9
26 26 24009
27 27 24391.8
268 268 247772
29 29 251611
30 30 26629.3
kil kil 25902.1

< >

CH3

AddFormula | [ Define Tme 3P Calib | | Calib Ct0

Delete Entry | Clear Markers | Find Peaks

Delete Al [T Zoom [ Create | Load Regions

Create Peaks

Load ... ‘ Save...| Meve to Lib | ExMT|

Figure 9: Exact Mass property page.
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Figure 10: Result of Find Peaks with a threshold of 20.

Given the initial mass calibration based on the peaks labelled 15 and 23, the
Find Peaks button on the Exact Mass property page shown in Figure 9 can be
used to assign nominal masses to all peaks characterized by a threshold
value. On pressing the Find Reautton, a dialog window appears in which a
threshold value can be entered. In the case of the results shown in Figure 10
the threshold value was set to 20. Once a new set of regions are created
using the Find Peaks button, the Load Regions button isspte the
consequence of which is the mass calibration table on the Exact Mass
property page is loaded with the set of calibration points determined from
the regions currently defined on the spectrum, subject to the condition that
the mass determined frornthe time bin for each region is within a tolerance

of the nominal mass entered into the name field of the region. Following the

13
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initial mass calibration and application of the Find Peaks button, the set of
regions generated by the Find Peaks button in féidgl0 are limited by the
Load Regions button to those displayed in Figure 9. That is, all regions above
nominal mass 31 were sufficiently different from the nominal mass to be
rejected. The deviation of the computed mass for peaks above 31 amu from
the nomnal mass is a measure of the error in the original mass calibration.
Given the new set of calibration points, the Calib button on the Exact Mass
property page can be pressed resulting in an improved mass calibration.
Repeating the Find Peaks operationldaled by reloading the regions into

the calibration table reveals that peaks up to 53 amu are now included in the
calibration table. A third iteration of these steps produced a calibration table
including peaks up to 228 amu, while a forth iteration extetite calibration

table up to 561 amu, exhausting the set of peaks found using the Find Peaks
button. The mass calibration based on nominal masses is now complete. All
that remains is to verify the mass calibration by stepping through the spectral
peaks toconfirm the presence of peaks at each amu and that known peaks
are correctly assigned.

35; = i C+N+H2 [c'2+H4
E
253
0 201
o ]
© 153
10
ol , , — . —

T T | T T T | T T T | T T | T T ‘ T T | T T T T | T T T T | T T T T
27.97 27.98 27.99 28 28.01 28.02 28.03 28.04
Mass (amu) [time plot]

Figure 11: High resolution ToF peaks clearly distinct from the nominal mass of 28 amu.

The procedure is not without flaw, so verification necessary, but can
provide a means of improving an initial calibration with minimal effort. For
high resolution ToF spectra, the use of nominal masses will lead to a rough
mass scale which requires refinement using resolved peaks and exact mass
formulae (kgure 11).

NB: The peak marker in Figure 11 for elemental Si is positioned to the left
hand side of the peak. When a ToF spectrum is calibrated using the option on
the toolbar, the position of peaks with respect to time are determined from

the regions. Whe the peak maximum may appear to be a good choice for
14
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the peak position, the asymmetry typically observed in ToF peaks and the
variety of peak shapes over a spectrum suggest, in general, the peak
maximum is less well defined than the leading edge of akpd-or this
reason, the position of the peak used for the calibration procedure is taken to
be the lower full width half maximum. Hence the peak markers will align with
the leading edge of the peaks rather than the peak maxima. Note that the
calibration gtion on the Exact Mass property page offers the choice of peak
position to the user without limitation.

Recalibration of Mass Scale for ToF Spectra

Occasionally ToF Spectra are supplied as mass binned data. While data in
mass bins is convenient for thogathout the ability to handle the relatively
large time binned spectra, the possibility exists that the mass calibration used
to massbin the spectra may not be accurate enough for the application in
question. For high resolution mass spectra, a smallrarréhe original time
to-mass calibration may lead to the type of uncertainty illustrated in Figure
12, where the peak maximum falls between the two most likely assignments
for the measured data. A recalibration of the mass bins is therefore required.

25 | ‘Si Fzmm

Counts x 1lZI-I
|a |E

-
=

w

L B LA e o o
27.8 2785 2719 2795 28 28.05 281 2815 282
Mass {u)

Figure 12: An example of a massinned spectrum where the original mass calibration is not
sufficiently accurate for the resolution of the peak shown.

The recalibration of madsinned data differs from a tim#&-mass calibration

of time-binned data in that the act of reallocating the counts to mbss
from the original timebinned data (performed during the creation of the
mass spectrum), results in the loss of information. Namely, two or more
time-bins may map into the same mabm, therefore it is impossible to take

a masshin and repopulate the timdins with the same distribution found in
the original data set. The consequence of there being a fundamental

15
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difference between these two operations is that, when recalibrating asmas
binned spectrum, the functional form used to assign the data bins to mass
values must involve a general three parameter quadratic function rather than
the stiffer model used to calibrate tirdeins to massbins. The two parameter
calibration function recommended for timeto-mass calibration is too specific

to the counting mechanism used to acquire the ToF MS data. The extra
flexibility offered by the three parameter quadratic is needed to model the
errors in the original timao-mass calibration; the stéf two-parameter
quadratic model used for tim@-mass calibration is dictated by and
appropriate to the physics of the ToF instrument.

While CasaXPS allows titeemass calibration using both the recommended
two-parameter quadratic model and the generaké¢e-parameter quadratic
function, the same warning about the thrgmrameter functional form is
equally applicable to both situations. That is, the flexibility offered by the
general quadratic function allows nehysical solutions for the mass
assignmentof peaks. It is possible to create a mass calibration when using
the threeparameter quadratic for which known peaks are apparently
correctly assigned to masses, yet other peaks in the spectrum are incorrectly
assigned. Extrapolation based on the threergmaeter model should be
viewed with suspicion. Ideally, ToF MS data should be provided in the time
domain, nevertheless situations do occur where maissied data must be
managed and therefore CasaXPS provides a mean of recalibrating the mass
binned data.Figure 13 shows the same data seen in Figure 12 following the
recalibration procedure described below.

25 ‘Si F‘ 2+H*4

ha
IC:

-
o

Counts x 11ZI'I

=
IC:

i i L B e o o T Py
27.85 219 2195 28 28.05 281 2815
Mass (amu)

Figure 13: The same mass spectrum after recalibration.
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Recalibration Steps
1. Cancel the Mass calibrated status of the spectreertay the mass

binned spectra in the Active Tile and press @ toolbar button on

0KS {La{ G22ft0FN¥» ¢KS tFo6Stf F2NI {

which indicates the data is in a state where a new calibration can be

created. Note, the abscissaluas will be bin indices, not true time

bins, but nevertheless it is necessary to the calibration procedure that

0KS o0aOAaaal fFoSt Aa FaaAdaySR (KE
2. Using the Exact Mass Calculator, a new calibration set defining the

relationship betweenthe peaks and the mass assignment must be

established. The procedure is identical to creating a tiovenass

calibration described elsewhere.

3. Perform the recalibration using th,gpﬂbutton on the Exact Mass

Calculator property page of the Element Libraryaljalvindow.

20
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Figure 14: A masshinned peak illustrating the peak deformations due to the réinning
algorithm used to create the mass spectrum.

An alternative procedure is to create quantification regions and apply the

recalibration using the %ltoolbar button. While possible, this approach
suffers from the information lost during the tird®@-mass conversion
procedure, that is, the madsins for higher mass values tend to be poorly
defined compared to the original time data (Figure 14). The dlguos for
identifying a peak position and therefore determining the calibration points
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assumes the data obeys Passion statistics, but otherwise varies smoothly; it is
clear from Figure 14 that the mabsned data contains anomalous values.

Peak Fitting ToF SIMS Data

The features in CasaXPS typically used to model XPS data envelopes can also
be used to analyst overlapping peaks in high resolution ToF SIMS spectra. The
principal difference between ToF SIMS and XPS is that asymmetry in ToF
SIMS peaks is, in igeral, in the opposite direction to that found for XPS
peaks. As a result, not all lisapes in CasaXPS are appropriate for ToF SIMS
peaks, however the more recently introduced asymmetric-8hapes ofLA

and LFprovide a means of creating lirshapes ppropriate for the range of

ToF SIMS peaks observed in practice.

The data in Figure 15 illustrates the similarities between XPS and ToF SIMS,
where the mass peaks associates with a nominal mass of 42 are very typical
of polymer XPS spectra such as PMMA RIET. The problems of
understanding the data are also similar in that both the position and the
intensity of the underlying peaks are of importance when identifying the
molecular ions responsible for the measured data.

Name Pos. %pArea

42 a 42.0114 19.12
42b 42.0430 10.72
42.0354  7.01
42.0474  063.15

—’_|_|_|_|_'_|_|_|_|_'_|_T T T | T T T T | T T T T | T T T T --l T T
42 42.01 4202 4203 42.04 4205 4206
Mass (u)

Figure 15: Example of ToF SIMS peak structure.

The procedure for adding synthetic components to the data involves first
adding a quantification region to the dataWit 6  O1 ANR dzy R (i & LJS
before adding synthetic linghapes. Creating and adjusting regionsd a
components is performed on the Quantification Parameters dialog window

18
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available from the Quantify option on the Options menu or {=toolbar
button on the top toolbar of CasaXPS. Regions and components are managed
using the tables found on thRegionsand Componentsproperty pages of

the Quantification Parameters dialog window shown in Figure 16.

The peaks shown in Figure 15 are defined using the parameters displayed in
the table on the Components property page illustrated in Figure 16. The line
shape parameter in this example is defined using tbA functional form,
where the parameters provide a degree of asymmetry to the right of the
peak maximum. The meaning of these parameters is described below.

M Quantification Parameters

Fegions Components l Data Editol] Feport Spec. ] RPT Heport]

|42 [RMS = B53.708; D. of F. = 77] [Ef. RSF = 0.938182] [Eff. M

A B
Za Z2h 2
1 1 1
[Ad270] | LAAZ70] | LAAZ70)
g 30 25
1.0, T0000... | 0.0 10000... | 0.0, 10000.,
0.00634442 | O.00576878 | 0.00576578

0.001E39. ... C*1 Te-005.1....
42.0114 42.043 42,0354 (420474
41.9988, 4., [ 41,9988, 4. | 41.9988 4. [IEETETE
MaoTag MoTag MoTag
i 2 3
-0.2187 -0.2187 -0.2187
19.12 10.72 7.0 | E3.15

£
Create + Marquardt Paste

" Simplex

eyl | Fit Components _F'aste fierlocs
CEw | dusms  [EEeD |

Cut | Fit Spine BG | Copy and Fit |

sm| HCL| HST| Fit Step BG | Cop_l,lNames|

Figure 16: Quantification Dialog Window.

Line-shapes Suitable for ToF SIMS Spectra

The success of a peak fit is dependent on an appropriate choice for the line
shape parameter. As stated above, th@and LFline-shapes offer sufficient
flexibility for most ToF SIMS peak shapes.

The Lorentzian linshape with FWHNFand position M is given by

L(x: f,e)=; Q)

The functional form is symmetrical about = M In order to retain the
characteristics of the Lorentzian I|ishape and yet also introduce
asymmetry, the_Aline-shape is defined in two halves as
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[L(x:f,e)]* x<e
LAG: @B, f,e) = {[L(x:f, e)]f x>e 2)
[ ! 6 M) Eghation (2) defines the first two parameters used in the-line
shape[ ! 0 m)zshawn in Figure 16. The third parametar is used to
control the widh of a Gaussian convolution applied to the functional form
defined by Equation (2). As a consequence of the definition forlthkne-
shape, an asymmetry lirghape is established by specifyingot equal toi .
Further, is" is greater than then the resulting peak will be asymmetric with
an extended tail to the right of the peak maximum. Adjusting the Gaussian
convolution parameter causes the extent of the asymmetric tail to reduce
and also shifts the peak maximum towards the extended talil.
[ C6 v m)t Identical to the LA linshape with the exception that the
specified values of andi are force to increase to a constant value via a
smooth function determined by the width parameter. Thew parameter is
used to restrict the extent of the tail.

Name Pos. L.Sh.

23 _ 22990 LA(4.5,1,250)

2299 23 23.01 23.02 23.03
Mass (u})

2298
Figure 17: Asymmetric Mass Peak fitted using a single LA lineshape.

By way of example, the elemental sodium mass peak shown in Figure 17
exhibits significant asymmetry to the right of the peak maximum, which can
be modelled usinghe LA lineshape. Note that the linshape included in the
annotation of the peak in Figure 17 is achieved by setting the first parameter
to a value greater than unity, thus compressing the tail to the left compared
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to the tail to the right. Further, thé.orentzian tail to the right of the peak
maximum is adjusted by convoluting the functional shape with a Gaussian of
characteristic width described by a value of 250 for thg@arameter in the

LA definition. The degree of asymmetry is determine by the inedagize of

the first parameter compared to the second, thatisi .
23

MName Pos. L.5h.
23 229883 LA(152.1.14)

LN LN L L L L L L L L L LB L L L LI LI L
2287 2258 :

fea
Fed
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(=]
[
[}
—
%]
[
=1
%]

Erintad wesing CamaPS
Figure 18

The lineshape used in Figure 17 should be compared with thediragpe in

Figure 18 corresponding to a similar sodium peak measured using the same
lonToF instrument butisinga different ion gun. The peak ingkre 18 rises

more quickly thanil KS LIS 1 Ay CA 3 dzpaamater i now K S NE
much larger thari K Sparameter, which is also set to a value greater than
unity. The larger the valuder these two parameters the steeper the edge of

the peak appears. Also note in Figure 18 that the Gaussian convolution is
much narrower than that used in Figure 17. Possible values for the Gaussian
parameter are between 0 and 49&) = 0 corresponds to na@onvolution

being performed.

Peak Identification and Reduction

High resolution ToF spectra typically consist of numerous peaks, however for
some analyses only a small number of correlated peaks are significant for
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distinguishing between samples. That is,paak at one mass is only
characteristic of a particular compound when also accompanied by peaks at a
set of very specific masses. Given the plethora of peaks typically present in
ToF MS data, a means of grouping and displaying only significant peaks is
required. To visualise the spectrum with respect to only significant peaks, a
ToF spectrum can be organised in CasaxXPS 2.3.15 such that the Element
Library property page simplifies the mechanism by which these significant
peaks can be displayed for visuakpection. In addition to the element
marks, a spectrum can be broken into an array of VAMAS blocks representing
the peak information associated with the nominal masses and the element
library used to display appropriate subsets of these VAMAS blocks for
interpretation.

The procedure for splitting a ToF spectrum into a set of mass calibrated
VAMAS blocks can be performed using the toolbar button indicated in Figure
19. As an alternative approach, for data files for which a mass calibration is
available to CsaXPS at the time of conversion the division of the data into
mass calibrated VAMAS blocks can be performed at the time the data are
converted. Either route to the mass calibrated VAMAS blocks requires a mass
calibration for the data.

CasaXPS Licensed to:A1 CASA - [1.ion.vms] (=&
Eile View ‘Window Options Select  Help - O x
0| | | | B | | | o | | | | | | 1| 9 8| 3| o ome| ¢ || ]R[54 B | SB[/ @

Ol®|=|W(@| [« 2elolnaly| 5w E D[] os] (| ] b wloe]w ] o]=] @
e il ) ol ol et o) L] 9] ool bl lenls o] el
Mone
3 (=T TV T \ 0
x 10 + +* +
10 | 000 | Lea | Lo
8]
Toolbar button
6

I

o

S

4|
i A
50 100 150 200 250 300 350 400450
Mass (amu} [time plot]

Figure 19: ToF Spectrum with data in time domain.
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The data in Figure 19 are converted to a mass calibrated set of VAMAS blocks

by pressing thejiltoolbar button with hintSplit into Unit Mass Specttalhe

result of converting the data in Figure 19 sown in Figure 20, where the
right-hand pane displays the set of VAMAS blocks derived from the single
VAMAS block in Figure 19.

The display in Figure 20 is achieved by overlaying the full set of VAMAS blocks
from the righthand pane in the active tile. Ainset tile is used to display a
specific VAMAS block, namely the VAMAS block corresponding to a nominal
mass of 42. Note that since the individual VAMAS blocks are mass calibrated,
the overlay appears in the form of a mass calibrated spectrum.

CasaXPS Licensed to:A1 CASA - [1.ion_regions] CEE
E\|E Wiew Window Options Select Help BEE
Do 5| | B | O B B | B | | | 6 [ @ B[l ome | 7 0| || @] ) SB[ R
] == T P Y N P 7 B i = 2 8 8 I
i A el | R e T R A A A S R AR A AR AR kA = S ALl =al=al=d

~alam [ a8 [ a9 [ 40 [ 41 | 42 | 43 | 44 | a5 | 45 | 47 | 46 | :

[37 [58 [ 35 [ 40 [ 41 [MEEW| 45 [ a¢ | 45 [ a6 | 47 [ 48 [

42

41.98 4202 4206 421
Mass (u)

R e L e R Riannnaas
50 100 150 200 250 300 350 400 450
Mass (u)

Ll £ >

Figure 20: ToF Spectrum after conversion to mass calibrated VAMAS blocks.

The discussion that follows relates to data prepared in the format shown in
Figure 20. Presenting the spectrum as a set of VAMAS block provides the
basis for the toolsvithin CasaXPS. Before describing these tools, the method
for converting data files directly to mass calibrated sets of VAMAS blocks will
be addressed. Version 2.3.15 of CasaXPS only offers data conversion to the
multiple VAMAS block format for ASCIlIdilermatted using the convention
adopted by the lonToF data system.

lonToF Peak Identification

lonToF spectra are exported in ASCII files in the format shown in Figure 21.
The follow describes the options in CasaXPS for importing these data in
formats suitible for compiling peak lists.
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I 1_txt - Notepad
File Edit Format Wiew Help

channel mass intensity "~
Compression Factor = 1 —
16720 1.000024
16721 .000138
18722 .000253
16723 .000368
16724 .000483
16725 .000598
16726 000713
16727 .000828
16728 .000943
16729 .001058
16730 001173

[ N N
0DO0ODDO0DO0 0000

Figure 21:lonToF ASCII format.

The SIMS toolbar in CasaXPS offers two toolbar buttons for controlling the
import of data in the format shown in Figure 21. These toolbar buttons are
indicated in Figre 22.

|| 155 (m s | [rem e ez

Figure 22: SIMS Toolbar buttons

The traditional method for working with ToF data is based on a single data
block approach, however the tools for peak identification now added to
CasaXPS are organized on a partitioninghef data into numerous data
blocks based on the nominal mass for each group of peaks. The objective is to
analyze a directory of spectra and determine a set of mass peaks and
intensities for each spectrum in the directory.

Converting lonToF Spectra |

Convert and Merge Directory of Spectra
Loak in: ||.f}fn:ur Meal 1 j |‘=_“F Eq~

[Z] 1.t

] 2.txt
] 3.txt

[Z] 4.txt

File name: | Cpen

Files of type: |NI Files ") j Cancel

Figure 23. ASCII txt files exported from the lonToF software.
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A data directory initially contains a set of spectra exported from the lonToF
software as ASCII txt files. Figure 23 illustrates such a directory which is

displayed usinghte File Dialog window offered by ttji‘toolbar button. The
conversion of these data may be performed using several filter strings as
follows:

1. a DA 2YE

2. 4 ®I Y dz

.adadzye o
To initiate a conversion sequence, a name followed by one of the above
strings must be ented into the File name texield on the File Dialog in
Figure 23. For example, to convert and merge the set of txt files in a format
suitable for peak identification, the File name tdidld should be entered
GAOK (KS &GNAYy3I G-Rdméis arbittafy,tHowedet the ¢ K S
SEGSy&arzy aol Ydz¢ AyaidNdHzOGaE (GKS &S
format (a new VAMAS file will appear in the directory for each txt file
processed) then these converted files are merged into a single experiment
frame in CaaXPS. Note that these data are large; therefore the process is
both time consuming and requires plenty of PC memory!
The different filter strings determine the nature of the data files generated
from the lonToF ASCII files. The individual VAMAS filesagedefrom the
Il {/LL FAESAa NS ARSY(OAOIf F2N) 020K
2dz002YS RAFFSNE K28SOSNE HKSNB (KS ¢
spectra into a single experiment frame as separate spectra equivalent to the
original ASCRI G = gKATS GKS daoadzyée FALGSNI I
set of spectra in the ASCII files forming the equivalent of a single mass
spectrum. In both cases, the mass spectrum from each of the lonToF files is
partitioned into VAMAS blocks corregpting to data in the vicinity of the
V2YAYLEFE YI&aa @I fdzSad CAIdzZNE Hn &aK2g4&
the data directory depicted in Figure 23. Both display tiles in Figure 24 display
an overlay ofall the data blocks in the rightand pane ofthe experiment
frame and the inset tile shows the data from the three highlight blocks
containing intensities for nominal masses 41, 42 and 43 amu.
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CasaXPS5 Licensed to:For Talks - [total_spectrum.sum.vms]
Fle WView Window Options Select Help g X%
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Mass (u) v | |< S

Ready total_spectrum.sum.vms

Figure 24: Example of a total counts spectrum formed from the four ASCII files bown in
Figure 23.

CtKS O2y@OSNBA2Y TFA{GSNI ddA2ye gKSY | LILIX
a single experiment frame containing one spectrum per original ASCII file, but
maintains the data for each spectrum as a single block. While the format
adoptedis more traditional for mass spectra, the peak identification option

uses pealitting and therefore the format shown in Figure 24 is more suited

G2 GKS Ff3I2NRAIKYa Ay@2f OSR® ¢KS aiay3at s
for visual inspection of theufl data set and should not be used when peak
identification is employed.

Directory Profiling

The objective addressed by the features described here, is to identify and
quantify in terms of mss assignments and intensititise set of peaks
characteristic of a sample. The peak structures within a ToF spectrum are
illustrated in Figure 25, where it can be seen that at least five overlapping
peaks to varying degrees are responsible for the data envelope. Peak
intensity and pek position are determined for these types of peak structures
using optimized peak modelling. The very fact that peak modelling is required
highlights the difficulty of automatically identifying all the peaks for a given
data envelope. For a directory ofnslar spectra, automatically identifying
mass peaks from data such as that in Figure 25 is fraught with dangers and
therefore the strategy in CasaXPS for processing directories of similar spectra
Is one of aiding the construction of a template spectrunt, Which peak
models are prepared to be exhaustive with respect to the data under
analysis, then the automatic application of the template models to a
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directory of spectra forms the basis for extracting the quantitative
information for each spectrum in theéirectory.

10010

503 Mams Pos. Aga RF0

80 3
703
50 ]
50 ]
40 _
30
203

Intensity

698 6965 699 69585 T0 V0.05 V0.1 V015 F0.2
Mass (u)
Drintad vzing Cazzl{PS

Figure 25: Mass peak structure from a ToF spectrum.

The creation of peak models for each significant mass peak in a file such as
the one shown in Figure 24 is central to the profiling options in CasaXPS.
About 500 daa blocks corresponding to the nominal masses potentially
require the construction of regions and synthetic peaks. The success of the
template approach relies on the peak models adequately describing the
peaks with appropriate constraints in terms of relatipositions and FWHM

to permit the peak intensities to be calculated from the fitted model. To
assist this initial step, an option on the Exact Mass Calculator property page
of the Element Library dialog window offers a means of creating peak models
basedon a threshold limit.

TheCreate Peakbutton on the Exact Mass Calculator property page (Figure
26) uses the threshold value to limit the number of peaks created for a given
data block.

m aEEn)

Elemertt Table | Periodic Table | Input Fle  Exact Mass I

MS Peak Threshold

Thisshold Counts ~ [700

NeieFiterwidh — [5
>

NeieFiterDepth — [5
e = -l

Defete Frtry | Clsar Matkers | Find Peaks

Delete Al | [~ Zoom [ Create .0ad Regions

Create Peaks

ad . | Save.. | Movewolb.| EMT

Figure 26: Exact Mass Calculator Propertypage.
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The peak creation mechanism uses the threshold value entered oihe
Peak Thresholdlialog window to create a region and synthetic peaks for
each data block overlaid in the active tile. The smaller the threshold values,
the smaller the peaks wible that are included in the peak search. Since the
significance of mass peaks may not depend entirely on peak intensity, it is
worth noting that different threshold values may be appropriate for different
ranges in the mass scale. It is therefore unlikbt a single application of

the Create Peakbutton will generate all the appropriate peaks, however, by
the user selectively overlaying data blocks and choosing different thresholds,
peaks can be created on large numbers of data blocks while still megatime
discretion of the operator. Ultimately, the success or failure of the profiling
step will depend on the way these peak models are constructed and time
spent in getting these models right will be recovered by the accuracy and
automatic application bthese models to larger data directories.

Profile Directory Toolbar Option =]

The options for profiling a directory of lonToF spectra are as follows:

1. a ©F Ydz

2.0PFAGE

3.aPBF O
These conversion filters are used to control the nature of the directory
profile. Onproviding a base name followed by one of these filter strings, the
directory located by the File Dialog window invoked by the toolbar button

ﬂis scanned for the appropriate file types and, on accepting the Continue

prompt via the resulting message dialodpet set of files are onby-one

processed to produce several text file reports and a VAMAS file containing

the profile information from the directory.

¢CKS (g2 LINRPFTATS FAECOSNRA adlYdzZE YR aoF
be loaded and displayed iktS | OG0 A @S GAfS® Ly GKS OI &
filter, the ASCII .txt lonToF files are converted to VAMAS files before applying

the template information to these newly converted data, which are also

saved in the processed state as .vms files. On coiopleseveral text files

provide the results of the profile, one offering the context information for the

numerical tabulations located in the other files. In addition, the profile
information is presented in VAMAS format within the current CasaxXPS

session.
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¢tKS &aSO2yR LINRPTFAES FALGSNI GoFAGE LIS
Pl Ydz¢ 6AGK GKS SEOSLIiAzy G(KIG GKS ¥
aPgYaé FAfSad ¢KAA NBY2@Sa G(KS 02y0Q
appropriate if, for examplehe data directory has been previously processed
dzaAy3d GKS adadzye O2yOBSNBAZ2Y TFAL GSNI |
filter generates a single spectrum from a set of files in a directory and also, as
part of the process, converts the ASCII filesMeMAS format. The total
O2dzyia aLISOONMHzY ONBIGISR FTNRY GKS daoa
RANBOG2NE |a GKS O2y@SNISR TAfSasz od:
sub-string, the total spectrum will not appear in the final profile results
gengated from applying the template file to the set of .vms files in the
current directory.

Ly TEGSNYFGABS g1 @ G2 LINBFAES | RANJ
profile filter. In this case, no fitting is performed, but rather the existing peak

fits within the set of VAMAS files is used to construct the profile information.
CKS ad@gFO0¢ LINBPFAES FAELGSNI ftf26a (K
anomalies rectified on a fiby-file basis before creating the profile
information. It is importanthat the same set of VAMAS blocks and number

of synthetic peaks are used on each of the data blocks, however profiling the
directory without automatic peak fitting allows usattervention to override

poor fitting scenarios.

Working with ToF Spectra in CasaxXPS

Time to Mass Calibration Procedures

A raw ToF spectrum is recorded in the time domain. Mass calibration of a ToF
spectrum is performed in CasaXPS by identifying a set of peaks in the data
with specific masses; then, by using these pairs of mass/tialaes a
quadratic relationship between the time and mass scales is created. A linear
least squares procedure determines the two constants within the quadratic
expression and therefore two or more mass/time pairs must be supplied to
perform the calibration procedure. The accuracy of the masstime
calibration is dependent of the precision of the mass/time pairs used in the
least squares calculation; the more pairs used to compute the least squares
solution, the more tolerant the calibration will be to ersoin the mass/time
specification.
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CasaXPS offers two methods for calibrating ToF MS data:
1. Peaks and corresponding masses specified using quantification regions.
2. Mouse identification of the peaks coupled with an exact mass
calculator located on the Elemehibrary dialog window.

Mass Calibration using Regions and Propagation of Regions
between Spectra

The Quantification Parameters Dialog wind =l provides a means of
defining time intervals, within which systematic positions are defined
(computed from a peabkounded by an interval) and linked to masses via an
exact mass formula entered into the Name field for the regions.

CasaXPS Licensed to:A1 CASA - [ed11-1t-4brun1-spectrumi_spc_calibrated.vms]
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Figure 27: Quantification Parameters Dialog Window shown three regions defined for the
purpose of calibrating thetime scale to mass.

The spectrum in Figure 27 is an example of ToF SIMS data where three
guantification regions are defined suitable for calibrating the time scale to
mass. The mass associated with each region is entered into the Name field
and may be aumerical value exemplified by the region headed colugor

a string corresponding to any exact mass formula equivalent to expressions
use on the Exact Mass property page of the Element Library dialog window.
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For example, the mass of a peak might defined using the expression
C+H*3, which when evaluated would result in a mass of 15.0235 Daltons.

E Mass Calibration

One or more time domain spectra can be prepared with calibration regions as
described above and overlaid in the active tile in the-lefbd pane of the

experiment frame. On pressing tr BEkoolbar button, each spectrum in the
active tile is calibrated using the peaks within the regions. Since multiple
spectra can be mass calibrated using a single invocation of the toolbar
button, the use ofthis procedure is supported by the propagation of the
calibration regions to similar spectra, thus avoiding the need to manually
create regions for each spectrum requiring a mass calibration.

Propagation of Calibration Regions
The procedure to propagate ¢hcalibration regions from the spectrum as
defined in Figure 27 to two other similar spectra is as follows:
1. Select the VAMAS blocks in each of the two experiment frames
containing the spectra requiring the calibration regions.
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The CasaXPS window is arranged in a tiled format using the Tile option from
the Window menu at the top of the CasaXPS main window. The arrangement
of the experiment frames allows the selection to be made bydkéking the

first VAMAS block in the experent frame to the bottomleft and then
holding the ContreKey down and leftlicking the VAMAS block in the
bottom-right experiment frame
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2. The Browser Operations dialog window is invoked by safjoking the
mouse with the cursor over the lefiand paneof the top-most
experiment frame. The objective is to rigtitck over the display tile in
which the spectrum containing the calibration regions is displayed.
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Browser Operations E'
™ Processing ™ Arnnotation Cancel
™ Components I~ EmaorBars
™ Match Species/Transition
Guantification
+ Mane " Regions " Comps " Combined
Source: Wide
Selected Block |d. File Mame
wide edl1-1t-4brunl-spectumi_spe_calibrated.wms ; c\documents and ...
wide edl11-1t-4brunl-spectium?_spe_calibrated.vms ; c\documents and ...
< | [

3. To propagate regions to the two selected VAMAS [oukich are
listed on the Browser Operatig dialog window, tick the radio button
in the Propagate section of the dialog window and press the OK
button. Region labels are now visible on the spectra.
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The data in each of the three experiment frames are calibrated by switching
focus between the exgriment frames and each time pressing t_c@toolbar
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button. ControdTAB moves the focus between the experiment frames within
CasaxPsS.

Time to Mass Calibration

tazz Calibrate all Time Spectra in Active Tile'?

Canicel

{+ [, t0 Quadratic [Recommended]

" 3 Parameter Quadratic

The time to mass calibration for the time domain data may be seen labelling
the xaxis using a quadratic mass scale.
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Mass Calibration using the Exact Mass Calculator Property Page:

The procedure for calibrating a spectrum involves creating a set of
mass/timebin pairs within the scrolletlst on the Exact Mass property page

on the Element Library dialog window.

The examplebelow illustrates how the columns in the scrolest headed
Mass and Time store the information relating these two parameters. Before
an assignment for a given entry has been made, the value in the Time column
Is set to-1. The mass for an entry in thable is computed from the chemical
formula entered into the name column.
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M Element Library

EIementTabIe] Penodic Table] Input File ~ Exact Mass ]
Mame | Mazz | Time Bin | Fis
C 12 B5959.8
C+H*3 15,0235 -1
Ha 229895 -1

269815 95784
LGS B 27 0230 -1
Si 279789 110006
C+M+H?2 28087 B
Co2 + H 280313 110104
L2 + HE 30.0469 1
C2+ H*YY N.0547 | “
4 >
A
Add Formula | | ¥ Define Time | ¥FCaib | CaibCio |
Delete Entry ‘ Clear Markers ‘ Find Pealks |
Delete Al [ Zoom [ Create M
Create Peaks
Load ... | Save .. | tove o Lib . | Extd T |

To add an entry to the calibration table:

1.

Type a chemical formula into the tefield below the scrolled list and
press the Add Formula button or press the return key on the kaydho
The formula for an ion may be entered using the chemical symbols
used to on the Periodic Table property page of the Element Library
dialog window.

. Select the name in the scrolldidt. To select a name field, place the

cursor over the text within thé&Name column and leftlick the mouse.
The name entry will appear highlighted when successfully selected.

. Zoom into the known peak in the spectrum displayed in the active tile.

It is important to perform the zoom operation before step 4 is taken.
Ticktheticko 2 E f I 6 St f SR 45STFAYS ¢AYSé D

. Using the mouse cursor, click on the known peak at a location

representative of the mass already defined by the selected entry in the
scrolled list. The value in the Time column is updated and the Define
Time tickbox is atared.

At least two entries must be specified in the scrollisti before pressing the
Calib C,t0 button on the Exact Mass property page. The more entries
assigned mass/time pairs, the better the mass to time calibration will be
computed in the least squas sense.

Once a calibration table has been prepared, a file containing the calibration
points can be saved to a separate text file from the data.
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M Element Library

ElementTable] Periodic Tal:ule] Input File  Exact Mass l
M ame | Mazz | Time Bin | Fls
C 12 BR5959.8
C+H™3 150235 -1
Sawve Library File
Save in: |.,:| K.ore ﬂ & =% Ef-
|[)akesk15z
File name: Exacttdazs calibrationfile. lib
Save as twpe: | Lib. Files [* lib] | Caricel
Load ... | Save ... | Move to Lib ... | Eubtd T |

These files can be reloaded at a later time to provide an initial calibration for
other data or for making adjustments to the calibration of the original
spectrum used to create the calibration file. Note, while the Save button on
the Exact Mass property page saves the current calibration table, the Load
button will merge a saved file with the current set ofteas on the scrolled

list. To return the table to the entries within a file, it is first necessary to press
the Delete All button. The Delete All button removes the current entries in
the scrolledlist, while the Delete Entry button removes the currently
selected entry.

If an assignment is incorrect, the individual entry must be deleted from the
table. The name field for the deleted entry is entered into the text field
below the scrolled list; therefore a selected entry can be deleted then
reinstated by inmediately pressing the Add Formula button. The Time field
will return to a value ofl and therefore be ignored during any subsequent
calibration operation.

The Element Library from a ToF Perspective

The element library in CasaXPS is an ASCII file. Qupst@asaXPS loads the
default element library from within the same directory as the one in which
the CasaXPS.exe executable file is located. The name of the default element
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library file is CasaXPS.lib and is designed with the view that the element
library can be constructed for specific applications. For example, in the case
of quadrupole MS, a library consisting of elemental isotopes is appropriate to
the resolution of quadrupole mass spectra, while for high resolution ToF MS
a library consisting of entss for molecular fragments is required when
assigning mass peaks.

Preparing an element library file for mass spectra may be performed using a
spreadsheet program such as Excel or tools on the Exact Mass Calculator
property page allowg correctly formatted library files to be constructed
from lists of chemical formulae. Methods for displaying the significant peaks
based on selections from an element library constructed from one or more
library files are described below.

The Element Library and Linking ToF Peaks for Display

High resolution ToF spectra typically consist of numerous peaks; however for
some analyses only a small number of correlated peaks are significant for
distinguishing between samples; a peak at one mass is only characteristic of a
particular compound when also accompanied by other peaks in the
spectrum. A strong link between the element library and displaying data for
inspection is therefore introduced in CasaXPS 2.3.15. The objective is to use
the element library to specify a set of massaggs grouped with respect to
correlated peaks which are used to makes selections of VAMAS blocks. These
selections of VAMAS blocks containing narrow interval mass spectra combine
with the display tools in CasaXPS to provide a perspective in which overall
spectral distribution and localised peak structure can be assessed with
relative ease.

A ToF data set presented as a set of unit mass VAMAS blocks can be viewed
in the more traditional form of a single plot. The traditional perspective of a
ToF spectrum iachieve by selecting all the VAMAS blocks in the +gind

pane, then pressing the overlay toolbar button. When viewed as a single
continuous display, all the features for manipulating the display are still open
for use.
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The advantage of creating a set mass calibrated VAMAS files is that the
spectrum can be dissected and displayed with a variety of options:
Display only those peaksore than 5%in intensityof the largest peak.
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Display one VAMAS block per tile for those peaks greater than 5% of the
maximum peak. All peaks scaled with respect to a specific peak; mass 23 in
this case.
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Scale the peaks on an individual basis.
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Take a closer look at specific peaks.
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Enhancements for manipulating the selection and display for ToF MS data are

availableon the Element Table property page of the Element Library dialog
window.
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