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Use Igor 6,7 or 87

No plans in the near future (6 months) to require users to user newer lgor versions.

lgor 7 is a major upgrade and is recommended.

Can easily update between Squirrel, Pika versions?

Use the updater UpdateSQPKVersion.ipf — easy and fast

http://ciresl.colorado.edu/jimenez-group/ToFAMSResources/ToFSoftware/



Baseline random run viewing

E8]

Most useful for
diagnosing the
consistency of baselines,
UMR integration regions,
etc

50 _Baseline_Panel

m 1

2. Choose baseline type and parameters

0. Choose data type, run(s) Run 44936 |=| v_El [ Mg thiis sun| 1. Choose UMR integration regions
- Tofwerk i Smoothed Spline
v Uze new myz fit params. Set to default values @ Linear B
Tado | all hl P - ; Y Number of pts to smooth stick compliment | 10 -
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#runsin subset = |9 |¥ Open BL = |00 a
e N Q000
Sleep between runs, = | 05 |w plicns o gL - [ooooo  |=
| View each run or | =& & mass defect wave as peak center
| subset of runs from tode Alter stick and stick cornpliment regions | Recalculate the b
_ v |Lock v axis range
&
00x10 Open and Closed Plots
= -
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& 400 Max y ais | 7.00e-04 | %
200 — Min y axis | 0.00e+00 |¥
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Baseline
random run
viewing
example
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Stick Integration Region More Dptions: Display Options
The formula for stick integration width is

alle.

RO* {1 - {1/ (1+exp{(m-mOy/dm) )} Aol v
m0|750 |¥

Set to defauk values for this ToF type dm | 50000 |¥

Max stick region, m/z | 080 | % M/z where stick region >.8 m/z 2750

| Show spectra, stick compliment for thisrun |

50 Baseline Panel =B X]
0. Choose between MS and PToF data 1. Choose raw spectra run # and options to find stick compliment| | 2. Choose baseline fitting parameters
®Ms OR ( JPToF Run Meo. | 23117 |4 |V_EI Use new m/z fit params. Chaoaose fitting type:| @ | Linear /Smoathed Spline

Smocthed Spline Params Crther Options
Estimate std dev noise this run
OV Open | 1.00e-04
OV Closed | 1.00e-04
W Open | 1.00e-04
W Closed | 1.00e-04

LML LINE | L [

| ~ Caleulate fitted background for this run

20 x10° | Graph Settings | Tedo
2 | [ 3. View fis for runs in todo
c 15 — P -
g TeDe wave | firstfew ol
=] 10—
E,_ | I| PHEOCT Fuir Pr#y. run
0 Random subset
20 x10° = | v |randem subset of tode
-E 18 | #rungin subset = |32 |®
E 10— Slegp between runs, 5 |1 =
Fitted baselines will be
o I ' dizplayed for each run in
o the todo wave, with a sleep
peficd in between.
4= V View random gubset of runs
:E T | 1
a 0 “"“'“‘f“Jl e e MOTE: The pararmeters
a | identified in this panel will
-4x10 7 onby have an effect PToF
in the recalculation of the M5
! ' ! ! ! ! ' I I T ' sticks if the checkbaoxt “Use
39.5 40.0 405 410 415 420 425 430 435 440 445 baseline: R paams” b
checked in the main AMS
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¥-axis start at myz | 10 S ¥-axis stop at m/z [110 el pre-Process Data section
® Wz myz by shider 1 1 ! ! ! ! ! I l
- o =0 100 150 200 250 300 350 400

[ IMax m/z by set varisble

End



New baseline algorithm

S0 _Baseline_Panel

O X

0. Choose data type, run{s} Run 44847 |5/ v_E [ View thisrun.| 1. Choose UMR integration regions type and parameters
M t f I f Linear Smoothed Spline
OS use u Or Ve ry v Use new myz fit params. Set to default values
Tede | all -
. UMR integration width formula: gp | 3500 |4 Set to default val
small signals and for OMs PR (Jeriof sum —— || : o Germut vaes
: m0 (750 > M| wadth [19 [$
. | View average todo | dmn | oo [ &
HR analysis ke : Mo satng 108
y  random subszet of todo Max stick region, m/z [080 |+
#munsinsubset = |8 |¥ M,z where stick region >.8 m/z 2750 V Low pass fiter
Sleep between runs, = [ 05 | % Opticns 2005 |2 MN|20|%
Independent of UMR | View each rumn or | Use 2 mass defect wave a5 peak center
. . . subset of runs from tode Alter stick 2nd stick cempliment regions | Recalculate the baseline for this spectra |
Integration regions i
0 }{'IDE— W |Lock v axdis range
400 — COpen and Closed Plots
c
. @ a Log
Tofwerk proprietary (code 5 300 Maxy s | 500e-04 |5
200 — i . =
i i M 000e+00  |¥
details are hidden ® ) 100 iny s 000s+
0 1 1 Y axdis expand 25% Auto
500 %10 " Y auds shrink 25% ||
= 400 — Diff Plot
& 300 Diffy asds mas | 1.000e-03 %
200 —
100 — i . v/ Show UMR integration regicns
[| — S e i e S i i e PSP SR S T T N — Legend:
| Blue=raw spectra
4 ||' Black=non integration region
0.ax10 — / = stick complement
_ | Red = baseline = BL
o 0.4 JJI L4 'IHI".'_' Orange = diff = open-closed
i £ J Rl *..\ Green ={open-BL)-(closed-BL)
[l N e or SN 1 Py A T w7l Gray = stick compliment
0.0 o N A T AN ey O Pink = stick integration area
I I I I I I I I
784 T8.6 78.8 79.0 79.2 794 796 79.8
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Autoscale x axis < Statm/z | 750 |¥| Stopm/z /900 |% = poOp End




New baseline algorithm example
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ePToF can generate ‘regular’ MS-like data
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PToF time, s

Independent of deconvolution, we can collapse the PToF dimension
ePToFSum ~ % *open + %2* closed

=% *(diff+closed) + % *closed

= % *diff + closed

epToFSumDiff = 2* (1/2*diff + closed — closed)
~= MS Diff, (~ 5%) not exact because of slowly vaporizing ions



ePToF can generate ‘regular’ MS-like stick data

ToF-AMS Analysis Toolklt 1.61C

Credits F.Aqﬁ_.

MANCHESTER 7
1524 *® 4 ":_ _: Version Website | 2Uppon

HDF [ndex Corrections kS PTaoF Checks Bisc

HDF File Index
New only v |No BFSP Interval (D=autc) | 0

Get Index | ] :
Units | Minutes -

/' |Plot Diagnestics Mo fast mode

Import | | Check index Run Takle Dizgnostics Plot Update Dizgnostics

Checks for UMR Stick Recalculations/Adjustments

. - O markers
Mz calibration Baseline, UMR Single lon 2 ePToF Tool Fast M5

Pre-Process Data (finalize UMR sticks & raw spectra for HR])

v Save experiment MS (< ePToF (s5)

after pre-process
Un-pre-proc. on

Don't deconvohe

f [Stick ePToF |+ | Stick ePToFSu
Raw ePToFSum

& | M atri inversion

Smooth |1 |

ePToF myz duty cycle

Tofwerk inversion

ePToF stick |V |Use myz fit params N i
recal v [Subtract basefine EPToF5wmm Diff

| Pre-Process

BL region | 025 ¥

AMS Analysis

ToF-AMS Analysis Toolklt 1. 610

MANCHESTER @ Credits S
i ﬁ 4 I'T...: Version Website | SUPpor

HDF Index Corrections M5 PToF Checks Misc
v [Convert to pgim3
Uze M5 AB comection

Piot |Single = Calc, plot 1s prec. e
Azk for wave name suffic

L MHA, Chi

vtz | ePToFSumbDiff -

Time Series Diurnal Time Series
5959, A3 e 2-d Timne Series Spectra
3 ‘Whiskers | 5- -
Default Species e Calc UMR 2d matrix
| Calculate | Calc diurnal trends il ve [not plotted)
e el ite for PMF

Results with a mass spectral dimension

See Williams talk earlier this meeting for
comparison of ePToFSumDiff with Diff



ePToF can generate ‘regular’ MS-like raw &HR data

FAdD i Unintegrated, ‘raw’ PToF spectra
ToF-AMS Analy5|s Toolklt 1.61C - saved in *_p.h5 files

MANCHESTER *® Credits . - n-ot saved by default. |
— E. b Version Website || SuPper - files are large ~ 20x larger, per run, than *_m.h5 files

HDF Index Corrections M5 PToF Checks Misc

HDF File Index We can collapse the spectra, to obtain

 arhe Interval {0=auta) | O .
Get Index | New anly i ‘raw’ ePToFSum and ‘raw’ ePToFSumDiff
v/ |Plot Diagnostics No fast mode  Units | Minutes - ery - . .
- one can do HR fitting etc, on this raw spectra — it works!

Import | | Check index Run Tabile Dizgnostics Plot Update Disgnostics

Checks for UMR 5tick Recalculations/Adjustments

Mz calibration Bazeline, UMR Single lon &m;pr_;:';;k_?;l Fast M5 Can We dO HR EPTOF (nOt CO”apSing in
Pre-Process Data (finalize UMR sticks & raw spectra for HR) the PTOF dlmen5|0n)?

) Save experiment
sfter pre-process

oF (s5R)

Dion't deconvohe
Un-pre-proc. opfty | +f Stick ePTeF | |Stick ePToFSum T . ]
Interm. File Pr v/ Raw ePToFSum Snjﬂ::l_:mfﬁfn PalnfUI I
bl o el BL region | 0.25 | & We need to perform HR fits on undeconvolved (low signal
_ Tofwerk inversion issues, time consuming)
Prep eBToF stick | Use myz fit params v Scale to . .
re-Process wcalc |/ [Subtract baseline EPToFSumDift THEN deconvolve HR matricies.

Will not be coded in the forseeable future



ePToF Deconvolution

Next major release, Squirrel 1.62

options hidden

ions at m/z 15,16,17

will have all the Tofwerk deconvolution
mostly due to problems of getting NH4

matrix inversion works well, is linear

ToF-AMS Analysis Toolkit 1.61C

MAMCI ll STER

HOF Index
Species | Org MO SO4NHAChI

Default seroscl species
Dizrneter axis | dXdlogDa vs logDa -

Piot |Single =
B EPToEg o

B

Prep:

ate:

ale b
EPToF5urn Diff

Diarneter Base
& As saved

Set nm intervals

Customn nm wave {wave is in rootk

Corrections 1%

#bins |0 |%| min |0

A e

PToF

Default M5 species

"' p't decg@enhe

Credits FAQE,
£ \ersion Website | SUPPon
Checks Misc

v/ [Convert to pg/m3

Use M5 AB comection

Scale {normalize) to M5 data
Max myz {0 = default) | D

Use nonzero frag_air {adv. users)
GP/PP boundary {nm) |0

Ask for wave name suffic

Show D or ePToF test regions

Find, display mode, median stats

ME vs PToF
ra |0 {not for ePToF)

Do calcs for
panels below

PToF and ePToF Preview and Parameter Setting Tool

Important! Values indicated in this panel will be used for preprocessing PToF 8 ePToF data. If data is already preprocessed data will be cverwritten.

For ePTof data you can choose to deconwvohee each run at the preprocess stage by selecting a deconvolution method. This is necessary i you will

be applying time-dependent comection waves later, e.g., for CE or CO2 frags. Alternatively, you can choose 'Don't deconvolve' at the preprocess stage.
Then, when you generate a PToF product for 2 todo, the runs will be averaged., then deconvoheed in 2 method you can choose then This results in better
signal to noise. You can switch between approaches by changing the selection in 5tep 1 and pre-processing again

Step 0. Select a run or todo.
@ Run number | 103147 ¥ |ePToF

Tode | allePToFGrpl0 -

Guick prev in todo
Cuick next in todo

Info for current run or todo
ePToF aversampling {nan for non ePTaF) | 4
PToF t0 {s) | -5.5451e-05 # of PToF bins | 508

PToF duration {s) | 1.606

Min myz |4

PToF t step (s) | 2.7680e-05  Max myz | 211

Step 1. Select ePToF deconvolution
Don't deconvolhve

#® 5imple matrix inversion

DC marker settings for single slit PToF
Step 1. Select DC marker parameters for PToF

PToF D marker calculations can be redone through the Comections section.
v |Use PToF bin # as units - if unchecked, ps units are used Plot Regions
SRR R S E T s e Use Region 1 anly for al
Region 1 stop [ 1% Region 2 stop | -5 myzs niot in Region 2 onby.

Region 1 only m/zs

Region 2 onby my/zs | 14151617 182028 20 32 34 40 44,

Dietails of Tofwerk deconvolution of DAQ sticks, one run or todo

Lo gass fiker then smooth by this factor (<1 mean ne filtering smoothing, applied to all m/z) | 1 -

n {fraction of ending bins which should be noise) | 025

F e
-

volution (different smoothings for different m,/zs)

Scaling {scaling will happen during preprocess & is not shown here)

10
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New HR ion convention, HR ions ‘library’

The order or atoms within HR fragment names:

CHNSFCIBrIO X
, TOF-AMS il

EXCEPT for ‘traditional’ ammonium ions, i.e. NH, NH2, NH3, NH4 B are downloads
isotopic ‘children’ come before the ‘parent’, so j13CC2H7, NOT C2j13CH7 N IR N EES RN

nformation Web Site

re must upgrade to at least Igor £.37. There is 2 known issue with MacOS High Sierra and g:rnc:ebc-:)ks

i.e. CHgsOZ’ not CH3025 ’ :;II:SE :'.U?F Tgor 6.37 2 thsemusnrs one must kill all mb aks, which in | & eadme files, before

= All the latest code 2= of June, B 2018 has been tested on Igor 7.07 and Igor B.0 and is compatible.
= Al Igor 7.¢ users are strv:rgly encouraged to upgrade to at least ]gor 7.07

MOStly |ntU|t|Ve, except for Sa|tS, i'e CIK Upgrade Existing SQUIRREL, PIKA Experiments
Won't overwrite existing HR ion names — e e SRR el
’ir.edgz-mte'—?.|;|pllz= (tipped ip! & resdme fis)

Igor Data Analysis for HDF Files (SQUIRREL)

Library ExactMassWaves121C released e

Same default list of HR ions fit as before except ~ 6 isotopes now included. _
5979 in Iist (OId Iist hadN 3000) {F"GLZ]CEiEquu"H]
Mass waves now double precision

V1210
{Pika 1.21C with 1.61C Squirsl)



Pika families can be easily generated

The main idea is that instead of explicitly indicating every HR ion in a list, you can generate a
large set of related ions more automatically.

HRlonMassCalculator - 0 X
HR lon Mass & Isotopic Calculator and HR lon Query Tool v1.21C Pika graph | | Pika panel

HR Mass, Isotope Calculator |~ Verify Values in ‘all' Waves ~ Query Chernical Forrmulas 2 Sets of HR lon Waves Using familyWave_*

HR family table {editable) HR batch table {editable) All HR masses table View/update current HR. farnily wawve table
{2ll farnilies defined by a familyWave_*)

Select the HR family defined by root:HR:familyWave_ | APAH o

Create/overwrite a new family from a list of HR chemical fermulas
List of base HR ions in farily | CI6HTINCIEHAIMNAC2OH1INZCZTHAIMN;

Include other relsted HR ions in this famity: ~ +/ |sotopes | v/ |[[M-H] v [M-H2]

v/ |Include this family in HROrg species?

: : Optional fist of RGB S347511-
| Make a new or overwrite a family defined by the HR list above and named | APAH {RedGreenBiue) color for this family e Ll

Werify that familyWawve_* ions are MOT in other families
{only needed if they were modified by hand’

One click selection of fitting or not fitting all HR ions within a family

Create & PAH families, SurmPAH as in Hemring et al 2015

Choose to fit all HR ions in the selected family wave Alert Other HR ions near PAHs must be chosen

Choose to MOT fit all HR ions in the selected family wave Herring et sl AS&T 2015 PAH paper (engine exhaust)

familyWave APAH

C16H10M
J13CC15H10N
C16H11N
J13C2C14H10M
J13CC15H11N
J13C2C14H11N
C18H12M
J13CCA1THIZN
C18H13M
J13C2C16H12M
J13CCA1THI3N
J13C2C16H13N
C20H12M
J13CC19H12N
C20H13M
J13C2C18H12N
J13CC19H13N
J13C2C18H13N
C21H12M
J13CC20H12N
C21H13N
J13C2C19H12N
J13CC20H13N
J13C2C19H13N

12



Pika families can be easily generated

13

= HR_FarnilyTable -0 X
Rt | | | Bk
Point HR_familyName HR._familyListDefinition

0 Cx default
1 HRBatchTable
2 R5 familyCx;familyCH;familyCHO1 ;familyCHOgt1;familyCHN ;familyCHO1M; familyCHOgt1N; familyCS ;familyAPAH; |
3 Foint HR._specFrag list HR_specFamilyBase F
4 1 HR_frag Pwater familyHO
5 2 HR_frag_ammanium familyNH
6 3 HR_frag_nitrate familyNO
7 4 HR_frag_sulphate S
8 b HR frag organic| familyCxfamilyCH familyCHO1 familyCHOgt 1 familyCHN familyCHO1N familyCHOgt 1N famil
3 5 HR_frag_chloride 2
10 7| UM fr e r441
11 MO default
12 S0 default
13 Air default
14 Tungsten J182Wplus2;j184Wplus2;j186Wplus2, W, WO
15 Other default
16 CSi default

17 APAH
18
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IE for ET cal code allows for any cal standard

ToF_|E_Cal_ET_Panel

ToF AMS lonization Efficiency Calibration Panel for ET v1.3.2

Instructions

Load ET Data

® Single file
Folder

Step 1. Select ET file

ET file folder | C:Users:Donna. 10W1704LT-SUEPE: Documents: [E C
Data folder | root:AMS_ 2018 06_29 21h56m23s:

Alt, Step 1, Sel
ET info

mz15=6
OR mz79=5

OR mzl6=12

DAC settings

ect prev. data | pulser_29
Plots
Mum, segrments 31

Trig. seg. 10
Mum. post seg. 21

User Inputs

Compound User Defined ~

Mum. ETs 521
Mum. bad ETs 10

Diam. (nm) | 300

Anion MW | 79 m,/z list: | 48,64,79 Density (g cm®-3) | 1.00
Cation MW |13 | m/z list: | 15,1617 layne shape factor | 1.0
Optional s Cation/Anion | 1 v Auto remove bad ETs
MS AB. Hz | nan
CPC | NaM /- | NaN | Step 2. Perform calculations |
Pop Histograms of IPP for Selected Events Pop
- 1{]_
8 — c
Ha 25
N 5°
40 & 8-
1l :
E{I—- 2\4—
il a
N F
E 1 = o
o
=l i
E;__ |NH 212
: l £,
E{I—: g ]
%5 =4
. El
E ] g 1
o= L L =0~ .
0

20 40 =]

lons Per Particle

a 40 &0

120 180 200

lons Per Particle

anion

i)

L]

00 150 200

Ewvent number

250 0D 3250 400 450 50D

__ Outputs Particle Time of Flight Events and Selected Event Parameters
IE Average Step 3. Adjust Cal Event Region (CER), baseline (BL), etc Graph Tweaks
- ETTEr m/z48 mz64 v Show PToF histogram
2.54e-07 1+ [4.05e-09 begin = minlPP 1 |~ minlPP1 |~ Show error bars on Seg Avg
RIE Average | CERend (199 |5 " '. Show only events in CER
3545 |+ |0.63 Baseline Seg. |8 |+ || max IPP 200 |+ max IPP 200 |~ Show PToF time. 10,100,1000nm
i . max BL 0.5 || maxBL 0.5 |% CER CER autoscal
lons Per Particle REEEREEES # events 502 # events 479 =2 —
Anion [ 2297 |+/- 037 Pop Select event | -1 |% Blacklisi
Cation | 99.03 [+/- | 1.57 N :
: &0 — 20 ip
Other | IPP | 0 i e
20 _ !
IE/AB 5.006e-13 : r | N :
MS AB, Hz 5.0671e+05 || 0 : ® |
Flow, cm3 s-1 1.428 : 20 . g |
Chopper duty, % 200 | | 3 I Y :
# selected events 393 : an :%g }:
% selected events 75.4 : W 20 C gﬂ z
# sel events/cc 115.0 : 5 o Lo & |
# sel events/sec 3.283 o= % -3 s
o S
: *é Fog |
: i 0.4 |
I 2 0.2 |
I 0 38 |
. 12 -0 [
1 3 — B 1
| g > : : ' #:é:g |
| [N L L B e i e A R R R e R - :
| 175 180 185 190 195 200 205 210 295 =228 10 20 3D |
:_ _____________ Point Number (proportional to particle time-cHflighty Seg¥ |
Pop
._E
u'j S T 0 SO |
= g1 E . J NP W !
;3 o .
1 [ ]
LA LN L L L L |||||||||||||||||||||||||||||||||||||||||||||||||||||| ':'—_Tﬁ

48 84 TH 15 16 1T
miz

MSA was used in this file to
example.

Users can select the
compound as 'User Defined’
and list their own anions and
cation m/z lists (which don’t
have to be in increasing m/z
order).

The first 2 m/z ions in the
anion list will be available in
step 3.
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IE for ET cal code allows for any cal standard

Instructions ToF AMS lonization Ei
- ;:sgi”m Neat new graph showing the average mass spectra for each ET segment!
Folder Step 1.Select ET file | Mass spectra are slightly offset from each other in the m/z dimension

ET file folder | C:Users:Donna 10W1704LT-5UEPE:Documents: | E C
Data folder | root:AMS_2018_06_29 21h56m23s

Alt. Step 1. Select prev. data | pulser_29 -

ET info DAQ settings

Plots Graph0:M38vghllsegl,.......

RO Details Flowrate, Segment Average | MSAvoAlSeql

AB graph Mass Spec | MSHVS:&”SES']

I MSAvgAllseg?2

User Inputs MSAvgAllSeg3
Compound | User Defined Diam. (nm) 300

MSAvgAllsegd

Anion MW |79 | m/zlist: |48,6479 | Density (g cm”®-32) | 1.00 MSAvgAllSegs
Cat'i::I:tn_ M‘:.l':u" 15| myzlist: | 15,16, Jayne shape factor | 1.0 MSAvgAIllsegb
stars ot Cation/&nion | 1 v |Auto remove bad ETs MSA’“"QA”SEQ?

M5 AR Hz | nan

I Ca Ty M W _at_ I

MSAvgAllsegs

g MSAvgAIISeg9
S MSAvgAIllSeg10
° MSAvgAllSeg11
o 20 MSAvgAlSeg12
= | MSAvgAlSeg13
a

10 H

10

20

o kd qLJ..L,Jl R M

30

L ||I l L e

40

et b N .. N | L Jk, L
LI I B e A S I [N O L A B Y [N N B Y B B L L Y B

mfz

a0

B0

70

80




Thanks to all the users for feedback and suggestions!
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