
CasaXPS Manual 2.3.15 Rev 1.0  Copyright © 2010 Casa Software Ltd 
 

1 
 

CasaXPS Manual 2.3.15 

CasaXPS Processing Software 
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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 produced by the 

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, either directly or 

indirectly, upon the existence of errors in the Software and Related Documentation. The 

{ƻŦǘǿŀǊŜ ŀƴŘ wŜƭŀǘŜŘ 5ƻŎǳƳŜƴǘŀǘƛƻƴΣ ƛƴŎƭǳŘƛƴƎ ƛƴǎǘǊǳŎǘƛƻƴǎ ŦƻǊ ƛǘǎ ǳǎŜΣ ƛǎ ǇǊƻǾƛŘŜŘ ά!{ L{έ 

without warranty of any kind. Casa Software Ltd. further disclaims all implied warranties 

including without limitation any implied warranties of merchantability or fitness 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 loss of property. 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 loss of 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 

Time-of-Flight Mass Spectrometry (ToF MS) is based on the principle that ions 

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 of the ions are nearly identical, the velocity attained by ions 

with differing mass must also differ, thus the time taken for an ion with a 

given charge to travel a given distance down the flight tube to the detector 

discriminates between ions of different mass. Specifically, the mass of an ion 

is proportional to the square of the time taken to travel a fixed distance. 

Thus, ToF MS works on the basis of a stop-watch; a start event occurs as the 

extraction voltage is pulsed, followed by a sequence of stop events 

representing the arrival of ions at the detector. To process a ToF mass 

spectrum from the raw timing data, a histogram is created from the set of 

time values, where the time events recorded during an experiment are 

counted into time-bins. The relationship between the time events and the 

mass of the ions responsible for the time events allows the time-bin 

histogram to be viewed using a mass scale. 

CasaXPS displays the ToF intensities with respect to the time bin indices, even 

when a mass calibration is available. Converting 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. 
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The same spectrum plotted using a linear mass step size changes the 

perspective of the data as follows. 

 
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 of the 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 information, therefore CasaXPS 

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. 

 
The partitioning of the time bins into suitable mass ranges around the 

nominal masses requires a calibration for the mass scale. 

ToF Mass Calibration 

The relationship between the mass m of an ion and the time taken for the ion 

of a given charge to travel a fixed distance is quadratic in the flight time t. For 

an ideal system, the time-to-mass relationship is: 
2

0 ]/)[( bttm  

where t0 represents a time offset and b scales the time values appropriately. 

Since knowledge of these two parameters t0 and b is sufficient to describe 

the relationship between the mass and time-of-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 time-to-mass 

calibration must be computed in a least-squares 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 mass regions falling within (interpolation) 

the set of mass/time pairs used to create the calibration will be more 

accurate with respect to the time-to-mass calibration than those outside 

(extrapolation) the interval containing the mass/time pairs included in the 
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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 for calibrating a spectrum of time-bins with respect to mass 

and how to assess the success of this procedure. 

 

Figure 1 

 

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 associated with a nominal mass; any mass defect 

from the nominal mass provides information about the atomic or molecular 

ion responsible for the peak. It is not necessary nor is it always possible to 

attribute each peak to a known ion, however, when properly calibrated, 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 mass scale to provide plausible mass assignments for each and every 
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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 using only 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 as part 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 

 

Figure 3: Nominal mass calibration 

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 associated with 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 formulae using the 

mouse, or alternatively nominal masses are used in a sequence of steps 

involving repeatedly: 

1. Finding the peaks using the Find Peaks button. 
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2. Replacing the current calibration list by nominal masses and times 

determined from the regions obtained from the 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. 

 

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 determined from 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 acceptable 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 until, ideally, 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. 
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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 example of a 

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 shifts in the underlying peaks summed to form the total 

ion 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 to extract 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. 

 

Figure 6: Two peaks are identified by creating quantification regions. 
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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 Regions property page on the 

Quantification Parameters dialog window. Each region calculates the time-

bin representative of the peak, while the mass corresponding to the 

computed time-bin is entered into the name field of the quantification 

region. In this case, the name 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 the toolbar button. When the toolbar button is 

pressed, any spectra appearing in the Active Tile will be calibrated based on 

regions so defined on the displayed spectra. 

 

Figure 7: Spectrum after initial mass calibration. 

While the calibration in Figure 7 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. 

 

Figure 8: Poor mass calibration 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 

process of build a fuller set of mass calibration points. 

 

Figure 9: Exact Mass property page. 

 

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 Peaks button, 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 is pressed, 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 from the time bin for each region is within a tolerance 

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



CasaXPS Manual 2.3.15 Rev 1.0  Copyright © 2010 Casa Software Ltd 
 

14 
 

initial mass calibration and application of the Find Peaks button, the set of 

regions generated by the Find Peaks button in Figure 10 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 nominal 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 operation followed 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 extends the 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 to confirm the presence of peaks at each amu and that known peaks 

are correctly assigned. 

 

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

The procedure is not without flaw, so verification is 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 (Figure 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. While the peak maximum may appear to be a good choice for 
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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 a peak. For 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 option 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 those without the ability to handle the relatively 

large time binned spectra, the possibility exists that the mass calibration used 

to mass-bin the spectra may not be accurate enough for the application in 

question. For high resolution mass spectra, a small error in the 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. 

 

Figure 12: An example of a mass-binned spectrum where the original mass calibration is not 

sufficiently accurate for the resolution of the peak shown. 

The recalibration of mass-binned data differs from a time-to-mass calibration 

of time-binned data in that the act of reallocating the counts to mass-bins 

from the original time-binned 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 mass-bin, therefore it is impossible to take 

a mass-bin and repopulate the time-bins with the same distribution found in 

the original data set. The consequence of there being a fundamental 
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difference between these two operations is that, when recalibrating a mass-

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 time-bins to mass-bins. The two parameter 

calibration function recommended for time-to-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 time-to-mass calibration; the stiffer two-parameter 

quadratic model used for time-to-mass calibration is dictated by and 

appropriate to the physics of the ToF instrument. 

While CasaXPS allows time-to-mass calibration using both the recommended 

two-parameter quadratic model and the general three-parameter quadratic 

function, the same warning about the three-parameter functional form is 

equally applicable to both situations. That is, the flexibility offered by the 

general quadratic function allows non-physical solutions for the mass 

assignment of peaks. It is possible to create a mass calibration when using 

the three-parameter quadratic for which known peaks are apparently 

correctly assigned to masses, yet other peaks in the spectrum are incorrectly 

assigned. Extrapolation based on the three parameter model should be 

viewed with suspicion. Ideally, ToF MS data should be provided in the time 

domain, nevertheless situations do occur where mass-binned 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. 

 

Figure 13: The same mass spectrum after recalibration. 
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Recalibration Steps 

1. Cancel the Mass calibrated status of the spectra: overlay the mass-

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

ǘƘŜ {La{ ǘƻƻƭōŀǊΦ ¢ƘŜ ƭŀōŜƭ ŦƻǊ ǘƘŜ ŀōǎŎƛǎǎŀ ǿƛƭƭ ǊŜǘǳǊƴ ǘƻ ά¢ƛƳŜ .ƛƴέΣ 

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

created. Note, the abscissa values will be bin indices, not true time-

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

ǘƘŜ ŀōǎŎƛǎǎŀ ƭŀōŜƭ ƛǎ ŀǎǎƛƎƴŜŘ ǘƘŜ ǎǘǊƛƴƎ ά¢ƛƳŜ .ƛƴέΦ 

2. Using the Exact Mass Calculator, a new calibration set defining the 

relationship between the peaks and the mass assignment must be 

established. The procedure is identical to creating a time-to-mass 

calibration described elsewhere. 

3. Perform the recalibration using the button on the Exact Mass 

Calculator property page of the Element Library dialog window. 

 

Figure 14: A mass-binned peak illustrating the peak deformations due to the re-binning 

algorithm used to create the mass spectrum. 

An alternative procedure is to create quantification regions and apply the 

recalibration using the toolbar button. While possible, this approach 

suffers from the information lost during the time-to-mass conversion 

procedure, that is, the mass-bins for higher mass values tend to be poorly 

defined compared to the original time data (Figure 14). The algorithms for 

identifying a peak position and therefore determining the calibration points 



CasaXPS Manual 2.3.15 Rev 1.0  Copyright © 2010 Casa Software Ltd 
 

18 
 

assumes the data obeys Passion statistics, but otherwise varies smoothly; it is 

clear from Figure 14 that the mass-binned 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 general, in the opposite direction to that found for XPS 

peaks. As a result, not all line-shapes in CasaXPS are appropriate for ToF SIMS 

peaks, however the more recently introduced asymmetric line-shapes of LA 

and LF provide a means of creating line-shapes appropriate 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 or PET. 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. 

 

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 data witƘ ōŀŎƪƎǊƻǳƴŘ ǘȅǇŜ ǎŜǘ ƻŦ ά½ŜǊƻέ 

before adding synthetic line-shapes. Creating and adjusting regions and 

components is performed on the Quantification Parameters dialog window 
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available from the Quantify option on the Options menu or the toolbar 

button on the top toolbar of CasaXPS. Regions and components are managed 

using the tables found on the Regions and Components property 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 the LA 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. 

 

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, the LA and LF line-shapes offer sufficient 

flexibility for most ToF SIMS peak shapes. 

The Lorentzian line-shape with FWHM F and position M is given by 

2

41

1
),:(

f

ex
efxL    (1) 

The functional form is symmetrical about x = M. In order to retain the 

characteristics of the Lorentzian line-shape and yet also introduce 

asymmetry, the LA line-shape is defined in two halves as 
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 (2) 

[!όʰΣʲΣm): Equation (2) defines the first two parameters used in the line-

shape [!όʰΣʲΣm) shown in Figure 16. The third parameter m is used to 

control the width of a Gaussian convolution applied to the functional form 

defined by Equation (2). As a consequence of the definition for the LA line-

shape, an asymmetry line-shape is established by specifying  hnot equal to .̡ 

Further, is h  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 tail. 

[CόʰΣ ʲΣ w, m): Identical to the LA line-shape with the exception that the 

specified values of h and ̡  are force to increase to a constant value via a 

smooth function determined by the width parameter w. The w parameter is 

used to restrict the extent of the tail. 

 

Figure 17: Asymmetric Mass Peak fitted using a single LA line-shape. 

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 using the LA line-shape. Note that the line-shape 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, the Lorentzian 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 the m parameter in the 

LA definition. The degree of asymmetry is determine by the relative size of 

the first parameter compared to the second, that is  h> ̡ . 

 

Figure 18 

The line-shape used in Figure 17 should be compared with the line-shape in 

Figure 18 corresponding to a similar sodium peak measured using the same 

IonToF instrument but using a different ion gun. The peak in Figure 18 rises 

more quickly than ǘƘŜ ǇŜŀƪ ƛƴ CƛƎǳǊŜ мтΣ ǘƘŜǊŜŦƻǊŜ ǘƘŜ ʰ-parameter is now 

much larger than ǘƘŜ ʲ-parameter, which is also set to a value greater than 

unity. The larger the values for 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 499; m = 0 corresponds to no convolution 

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 



CasaXPS Manual 2.3.15 Rev 1.0  Copyright © 2010 Casa Software Ltd 
 

22 
 

distinguishing between samples. That is, a peak 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 CasaXPS 2.3.15 such that the Element 

Library property page simplifies the mechanism by which these significant 

peaks can be displayed for visual inspection. 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 CasaXPS 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. 

 

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 the toolbar button with hint Split into Unit Mass Spectra. The 

result of converting the data in Figure 19 is shown 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 right-hand pane in the active tile. An inset 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. 

 

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 tools within 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 ASCII files formatted using the convention 

adopted by the IonToF data system. 

IonToF Peak Identification 

IonToF 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 suitable for compiling peak lists. 
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Figure 21:IonToF 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 Figure 22. 

 

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 partitioning of the 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 IonToF Spectra  

 

Figure 23: ASCII txt files exported from the IonToF software. 
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A data directory initially contains a set of spectra exported from the IonToF 

software as ASCII txt files. Figure 23 illustrates such a directory which is 

displayed using the File Dialog window offered by the toolbar button. The 

conversion of these data may be performed using several filter strings as 

follows: 

1. άΦƛƻƴέ 

2. άΦŀƳǳέ  

3. άΦǎǳƳέΦ 

To initiate a conversion sequence, a name followed by one of the above 

strings must be entered into the File name text-field 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 text-field should be entered 

ǿƛǘƘ ǘƘŜ ǎǘǊƛƴƎ άŘŀǘŀŦƛƭŜΦŀƳǳέΦ ¢ƘŜ ōŀǎŜ-name is arbitrary, however the 

ŜȄǘŜƴǎƛƻƴ άΦŀƳǳέ ƛƴǎǘǊǳŎǘǎ ǘƘŜ ǎŜǘ ƻŦ ǘȄǘ ŦƛƭŜǎ ǘƻ ōŜ ŎƻƴǾŜǊǘŜŘ ǘƻ ±!a!{ 

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 CasaXPS. 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 IonToF ASCII files. The individual VAMAS files generated from the 

!{/LL ŦƛƭŜǎ ŀǊŜ ƛŘŜƴǘƛŎŀƭ ŦƻǊ ōƻǘƘ ǘƘŜ άΦŀƳǳέ ŀƴŘ άΦǎǳƳέ ŦƛƭǘŜǊǎΤ ǘƘŜ Ŧƛƴŀƭ 

ƻǳǘŎƻƳŜ ŘƛŦŦŜǊǎ ƘƻǿŜǾŜǊΣ ǿƘŜǊŜ ǘƘŜ άΦŀƳǳέ ŦƛƭǘŜǊ ŎŀǳǎŜǎ ǘƘŜ ƳŜǊƎŜǊ ƻŦ ǘƘŜ 

spectra into a single experiment frame as separate spectra equivalent to the 

original ASCII ŘŀǘŀΣ ǿƘƛƭŜ ǘƘŜ άΦǎǳƳέ ŦƛƭǘŜǊ ǊŜǎǳƭǘǎ ƛƴ ǘƘŜ ǘƻǘŀƭ Ŏƻǳƴǘǎ ŦǊƻƳ ǘƘŜ 

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 IonToF files is 

partitioned into VAMAS blocks corresponding to data in the vicinity of the 

ƴƻƳƛƴŀƭ Ƴŀǎǎ ǾŀƭǳŜǎΦ CƛƎǳǊŜ нп ǎƘƻǿǎ ǘƘŜ ǊŜǎǳƭǘ ƻŦ ǳǎƛƴƎ ǘƘŜ άΦǎǳƳέ ŦƛƭǘŜǊ ƻƴ 

the data directory depicted in Figure 23. Both display tiles in Figure 24 display 

an overlay of all the data blocks in the right-hand pane of the 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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Figure 24: Example of a total counts spectrum formed from the four ASCII files shown in 

Figure 23. 

¢ƘŜ ŎƻƴǾŜǊǎƛƻƴ ŦƛƭǘŜǊ άΦƛƻƴέ ǿƘŜƴ ŀǇǇƭƛŜŘ ǘƻ ŀ ŘƛǊŜŎǘƻǊȅ ƳŜǊƎŜǎ ǘƘŜ Řŀǘŀ ƛƴǘƻ 

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 

adopted is more traditional for mass spectra, the peak identification option 

uses peak-fitting and therefore the format shown in Figure 24 is more suited 

ǘƻ ǘƘŜ ŀƭƎƻǊƛǘƘƳǎ ƛƴǾƻƭǾŜŘΦ ¢ƘŜ ǎƛƴƎƭŜ ōƭƻŎƪ ƻŦ Řŀǘŀ ǇǊƻǾƛŘŜŘ ōȅ ǘƘŜ άΦƛƻƴέ ƛǎ 

for visual inspection of the full 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 mass assignments and intensities the 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 peak 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 of similar 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 spectrum, for 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 the directory.  

 

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 data 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 relative positions 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 

based on a threshold limit. 

The Create Peaks button 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. 

 

Figure 26: Exact Mass Calculator Property page. 
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The peak creation mechanism uses the threshold value entered on the MS 

Peak Threshold dialog 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 will be 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 unlikely that a single application of 

the Create Peaks button 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 retaining the 

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 of these models to larger data directories. 

Profile Directory Toolbar Option  

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

1. άΦŀƳǳέ 

2. άΦŦƛǘέ 

3. άΦǾŦŎέ 

These conversion filters are used to control the nature of the directory 

profile. On providing a base name followed by one of these filter strings, the 

directory located by the File Dialog window invoked by the toolbar button

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

prompt via the resulting message dialog, the set of files are one-by-one 

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

the profile information from the directory. 

¢ƘŜ ǘǿƻ ǇǊƻŦƛƭŜ ŦƛƭǘŜǊǎ άΦŀƳǳέ ŀƴŘ άΦŦƛǘέ ōƻǘƘ ǊŜǉǳƛǊŜ ŀ ǘŜƳǇƭŀǘŜ ǎǇŜŎǘǊǳƳ ǘƻ 

be loaded and displayed in tƘŜ ŀŎǘƛǾŜ ǘƛƭŜΦ Lƴ ǘƘŜ ŎŀǎŜ ƻŦ ǘƘŜ άΦŀƳǳέ ǇǊƻŦƛƭŜ 

filter, the ASCII .txt IonToF 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 completion, several 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 CasaXPS 

session. 
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¢ƘŜ ǎŜŎƻƴŘ ǇǊƻŦƛƭŜ ŦƛƭǘŜǊ άΦŦƛǘέ ǇŜǊŦƻǊƳǎ ǘƘŜ ǎŀƳŜ ǎŜǉǳŜƴŎŜ ƻŦ ǎǘŜǇǎ ŀǎ ǘƘŜ 

άΦŀƳǳέ ǿƛǘƘ ǘƘŜ ŜȄŎŜǇǘƛƻƴ ǘƘŀǘ ǘƘŜ ŦƛƭŜǎ ǇǊƻŎŜǎǎŜŘ ŦǊƻƳ ǘƘŜ ŘƛǊŜŎǘƻǊȅ ŀǊŜ ǘƘŜ 

άΦǾƳǎέ ŦƛƭŜǎΦ ¢Ƙƛǎ ǊŜƳƻǾŜǎ ǘƘŜ ŎƻƴǾŜǊǎƛƻƴ ǎǘŜǇ ŦǊƻƳ ǘƘŜ ƻǇŜǊŀǘƛƻƴ ŀƴŘ ƛǎ 

appropriate if, for example, the data directory has been previously processed 

ǳǎƛƴƎ ǘƘŜ άΦǎǳƳέ ŎƻƴǾŜǊǎƛƻƴ ŦƛƭǘŜǊ ŘŜǎŎǊƛōŜŘ ŀōƻǾŜΦ ¢ƘŜ άΦǎǳƳέ ŎƻƴǾŜǊǎƛƻƴ 

filter generates a single spectrum from a set of files in a directory and also, as 

part of the process, converts the ASCII files to VAMAS format. The total 

Ŏƻǳƴǘǎ ǎǇŜŎǘǊǳƳ ŎǊŜŀǘŜŘ ŦǊƻƳ ǘƘŜ άΦǎǳƳέ ƻǇŜǊŀǘƛƻƴ Ƴŀȅ ŀǇǇŜŀǊ ƛƴ ǘƘŜ ǎŀƳŜ 

ŘƛǊŜŎǘƻǊȅ ŀǎ ǘƘŜ ŎƻƴǾŜǊǘŜŘ ŦƛƭŜǎΣ ōǳǘ ǇǊƻǾƛŘŜŘ ǘƘŜ ŦƛƭŜƴŀƳŜ ǊŜǘŀƛƴǎ ǘƘŜ άΦǎǳƳέ 

sub-string, the total spectrum will not appear in the final profile results 

generated from applying the template file to the set of .vms files in the 

current directory. 

!ƴ ŀƭǘŜǊƴŀǘƛǾŜ ǿŀȅ ǘƻ ǇǊƻŦƛƭŜ ŀ ŘƛǊŜŎǘƻǊȅ ƻŦ ΦǾƳǎ ŦƛƭŜǎ ƛǎ ǘƻ ŀǇǇƭȅ ǘƘŜ άΦǾŦŎέ 

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. 

¢ƘŜ άΦǾŦŎέ ǇǊƻŦƛƭŜ ŦƛƭǘŜǊ ŀƭƭƻǿǎ ǘƘŜ ƛƴŘƛǾƛŘǳŀƭ ŦƛƭŜǎ ǘƻ ōŜ ƛƴǎǇŜŎǘŜŘ ŀƴŘ ŀƴȅ 

anomalies rectified on a file-by-file basis before creating the profile 

information. It is important that 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 user-intervention to override 

poor fitting scenarios. 

Working with ToF Spectra in CasaXPS 

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/time values 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 mass-to-time 

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 errors in 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 Element Library dialog window. 

Mass Calibration using Regions and Propagation of Regions 

between Spectra 

The Quantification Parameters Dialog window provides a means of 

defining time intervals, within which systematic positions are defined 

(computed from a peak bounded by an interval) and linked to masses via an 

exact mass formula entered into the Name field for the regions. 

 

Figure 27: Quantification Parameters Dialog Window shown three regions defined for the 

purpose of calibrating the time scale to mass. 

The spectrum in Figure 27 is an example of ToF SIMS data where three 

quantification 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 a numerical value exemplified by the region headed column B or 

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 be defined using the expression 

C+H*3, which when evaluated would result in a mass of 15.0235 Daltons. 

 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 left-hand pane of the 

experiment frame. On pressing the toolbar 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 of this 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 the calibration 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. 

 
 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 by left-clicking the 

first VAMAS block in the experiment frame to the bottom-left and then 

holding the Control-Key down and left-clicking the VAMAS block in the 

bottom-right experiment frame 
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2. The Browser Operations dialog window is invoked by right-clicking the 

mouse with the cursor over the left-hand pane of the top-most 

experiment frame. The objective is to right-click over the display tile in 

which the spectrum containing the calibration regions is displayed. 

 
3. To propagate regions to the two selected VAMAS blocks, which are 

listed on the Browser Operations 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. 

 
The data in each of the three experiment frames are calibrated by switching 

focus between the experiment frames and each time pressing the toolbar 
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button. Control-TAB moves the focus between the experiment frames within 

CasaXPS. 

 
The time to mass calibration for the time domain data may be seen labelling 

the x-axis using a quadratic mass scale. 

 

Mass Calibration using the Exact Mass Calculator Property Page: 

The procedure for calibrating a spectrum involves creating a set of 

mass/time-bin pairs within the scrolled-list on the Exact Mass property page 

on the Element Library dialog window. 

The example below illustrates how the columns in the scrolled-list 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 the table is computed from the chemical 

formula entered into the name column.  
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To add an entry to the calibration table: 

1. Type a chemical formula into the text-field below the scrolled list and 

press the Add Formula button or press the return key on the keyboard. 

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. 

2. Select the name in the scrolled-list. To select a name field, place the 

cursor over the text within the Name column and left-click the mouse. 

The name entry will appear highlighted when successfully selected. 

3. 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. 

4. Tick the tick-ōƻȄ ƭŀōŜƭƭŜŘ ά5ŜŦƛƴŜ ¢ƛƳŜέΦ 

5. 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 tick-box is cleared. 

At least two entries must be specified in the scrolled-list 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 squares 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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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 of entries 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 scrolled-list, 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 immediately pressing the Add Formula button. The Time field 

will return to a value of -1 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. On startup, CasaXPS 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 entries 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 allowing 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 mass peaks 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 is achieve by selecting all the VAMAS blocks in the right-hand 

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. 



CasaXPS Manual 2.3.15 Rev 1.0  Copyright © 2010 Casa Software Ltd 
 

37 
 

 
The advantage of creating a set of mass calibrated VAMAS files is that the 

spectrum can be dissected and displayed with a variety of options: 

Display only those peaks more than 5% in intensity of the largest peak. 

 
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. 

 
Take a closer look at specific peaks. 

 
Enhancements for manipulating the selection and display for ToF MS data are 

available on the Element Table property page of the Element Library dialog 

window. 

 


