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Collision Cross Section Determination
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Direct CCS Measurements on DT IMS Instruments
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Travelling Wave IMS
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Synapt IMS Cell

Gas In End
Side Plate
Plate
Printed
v Circuit
Boards

IMS Cell of Synapt G2-S

+ 25.2 cm long drift cell

* 168 electrodes with 0.5 mm thickness

Ion Transmission and 1.0 mm spacing

Aperture
Ring Electrodes

*p=1-3 mBar

- IMS Resolution t/At = 40



Why can CCSs not be determined directly?

Ions

Direction
of Motion
of Ions

I) Non-uniform electric field Il) Pressure reading
CCSs cannot be calculated Pirani gauges do not read pressure
directly from TW IMS data accurate enough

Pringle, S. D.; Giles, K.; Wildgoose, J. L.; Williams, J. P.; Slade, S. E.; Thalassinos, K.; Bateman, R. H.; Bowers, M. T;
Scrivens, J. H. Int. J. Mass Spectrom. 2007, 261, 1. 8



How to Calibrate?

B SYNAPT G2-S HDMS - c\projects\stephan.pro\acqudb\20130307.ipr (SYSTEM VIEW) (2] & eS|
File View Source AcqMode Gas Vacuum Setup Acquire System Help
-] = | = * =a
N2 HS (o NNE| [O]0Jo) @ | > LI 00|
‘ Trivwfave l Step Wave I IMS-Config | Trapping | Quadupole | Diag I Wacuum Mass Riange (Da)
Nanofiows | Instumert | Fuidies | System1 | System2 | aDC | TawaveDC | | LowMass 300« HighMass 1200 = bEM b |30
Source Scan Conditions [sec)
Capilary (kY] [0.57 0.0 ——J ScanTime: 1.0 v Data Type:
Sampling Cone |80 |—_J—
Source Offset [20 I—% 428.2 = 0.0 =
2.02e4 Resolution 29232 2| | 1.84e3 x1
Temperatures [°C) 100+ 100
Source |27 20
Gas Flows 20
Cone Gas (L) [0 [ |J7
NanoFlow Gas (Bar) [1.75  [] | }J———
Purge Gas (L) [3 ] 0b———— 60
40
20
" 0 e
0,,,.,,.,,...,,,.,.H.,.\,.,,,..,..,, T T T T T T T T T
420.00 42500 430.00 43500 0 20 40 60 80 100 120 140 160 180
Drift Time
Vacuum OK Operate  Calibration file: C:\MassLynx\IntelliStart\Results\CSI 300-5500-1.cal

I) Optimize Instrument Conditions for Separation



) Optimize Instrument Conditions

| a) Make it Spray Properly e q

+ Adjust needle position, capillary voltage,
source conditions etc.

Cursor: Locked Recording: Off

Triwave | Step Wave I IMS-Config I Trapping | Quadrupole | Diag | Wacuum
Mancflow+ ’ Instrument | Fluidics | System 1 | System 2 l A4DC Triwtave DC

Source

Capillary [kV] |0.97 0.30 ——
Sampling Cone |80 | _JI
Source Offset |20 |.—_J—

Temperatures [*C)

Source |27 20

Gas Flows

Cone Gas (L/h) [0 0 —
NanoFlow Gas (Bar) [1.75 [ |}——
Purge Gas [L/h) |3 0 —
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) Optimize Instrument Conditions

Mass Range (Da)
Low Mass: 300 ~  HighMass: 1200 - 963.00

Scan Conditions (sec)

Scan Time: 1.0 v Data Type: | Continuum v

28.2 = 1
| b) Set Mass Range
+ Pusher frequency is set according e
to mass window
Lo Wl
Mass Range [Da)
Low Mass: 300 v  HighMass: 1200 - 363.00

Scan Conditions [sec)

Scan Time: 1.0 v Data Type:

- Mass range determines number of
bins per ATD peak
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) Optimize Instrument Conditions

| c)

Set Gas Flow

+ Adjust gas flow in Trap, He Cell, IMS Cell
to achieve best separation at
maximum transmission

Triw'ave I Step Wave I IMS-Config I Trapping | Quadrupole | Diag I W acuum

Nanaflow+ Instrument ’ Fluidics I System 1 l System 2 I ADC l Trivwave DC

Trap Collision Energy

On Trap CE [40 | ]

Transfer Collision Energy
@ 0ff

On Transfer CE |2.0 | J*

Gas Controls [mL/min)

[V] Enable Manual Controls

Trap [2.0 20 ’?
Helium Cell [180.0  [1800 ’:J
IMS 833 [90.0 ’7&

Resolving Quadrupole

I e
o] ]
lonEnergy [10 | B

Pre-filker |-55.0

Readings of the vacuum
gauges may be inaccurate

- flow readings are not
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) Optimize Instrument Conditions

Nanoflow+ ‘ Instrument I Fluidics I System 1 l System 2 l aDC l Triw'ave DC

Triwave | StepWave l IMS-Config I Trapping l Quadrupole I Diag I Yacuum
Trap

("] Enable Manual Controls

Wave Velocity (mds) 9.6 311 |—J—
‘wWave Height () [5.9 B0 | —{——

IMS
(V] Enable Manual Controls
Wave Velocity [mds] 2.7 1100 I—_J—
Wave Height (V] [423  [400 | N
Transfer

Enable Manual Controls
Wave Velocity (m/s) | 15.8 | [450 |— —
‘wave Height () [4.0 3.0 | e —

b 1607 (S f'L Transfer-pusher
< J L/‘\ Near-synchronous
| d) Wave Height (WH) and g / %\A
Wave Velocity (WV) £ N
+ Adjust WH and WV to achieve g /j M
maximum separation C 100-
+ Do NOT use variable WH/WV WN\/W\%
+ Avoid roll-over and harmonic A Ve,
interferences with pusher NMWN«JI‘ Folover
Wave height = 3.5
O T T I I T I I I I I
Ruotolo, B. T.; Benesch, J. L. P.; Sandercock, A. M.; el

Drift time (ms)
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Hyung, S.-J.; Robinson, C. V. Nat. Protoc. 2008, 3, 1139.



) Optimize Instrument Conditions

I e) Set Trap DC bias Triwave | StepWave | IMS-Config | Trapping | Quadupole | Diag A —
+ Injection into the He and IMS cell increases Nanoflows | Instrument | Flidics | System1 | Spstem2 | ADC | Triwave DC
the temperature of the ions and can resultin =~ ™" STTE——
fragmentation Entrance [ 3
Bias [380 | ]
TrapDC [00 | ]
Exit [910 [30 | "

Default value of 45 V is
often too high for
low m/z ions

- reduce if necessary, even if
transmission decreases

- if needed adjust gas flow,
WH and WV

Morsa, D.; Gabelica, V.; De Pauw, E. Anal. Chem. 2011, 83 (14), 5775.
Merenbloom, S.I.; Flick, T.G.; Williams E.R. J. Am. Soc. Mass Spectrom. 2012, 23 (3), 553.



) Optimize Instrument Conditions

1)

Save ipr File
+ All instrumental parameters are
stored in ‘extern.inf’

If ipr file is not saved prior to
analysis, the wrong settings
may be stored during data
acquisition!

| _extern - Notepad

File Edit Format View Help

AutoStepwavelRFOffset 300
AutoStepwave2RFOffset 350
TransferrFoffset 350

Ms profile Type profile
MsprofilemMassl 800
msprofilebwel1Timel 20
MsprofilerampTimel 20
MsProfilemass2 2000
msprofilebwellTime2 20
MspProfileRampTime2 40
mMsprofilemass3 3000
Lockmassvalidsigma 5
Acquisition mass range

Start mass 300. 000
End mass 1200. 000
calibration mass range

Start mass 392.729
End mass 5067.659

Experiment Reference Compound Name: N/A

Function Parameters - Function 1 - TOF MS FUNCTION

scan Time (sec) 1.000
Interscan Time (sec) 0.015
start Mass 300.0

End Mass 1200.0
start Time (mins) 0.00

End Time (mins) 10.00
Data Format continuum
Analyser Resolution Mode
ADC Sample Frequency (GHz) 3.0

ADC Pusher widt HS 1.50

Use Tune Page Cone Voltage YES

Using Auto Trap collision Energy (ev) 4.000000
Use Auto Transfer Collision Energy NO
Transfer collision Energy 1 (ev) 30.0
Sensitivity Normal
Dynamic_Range Normal
Save Ccollapsed Retention Time Data NO

Use Rule File Filtering No
FragmentationMode CcID
Calibration Dynamic 2
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Ill) Measure Calibrants

® 00 TW CCS calibration spreadsheet _final.xIsx
NoH=E B DB & ©-c- - % %2 B [@~HHe

II) Measure Calibrants MeflOpenSamPrimlmpon Copy. Paste Format | Undo Redo : AutoSum Sort A-Z SortZ-A - Gallery Toolbox _ Zoom : Help

| sheets Charts | SmartArtGraphics | Wordart |
> A 3 C D E G H ] J K L [ N o E
1 | Collision Cross Sections of N-Glycans
2| K. Pagel, D. . Harvey, lon Maobility Mass of Complex Ci - Collsion C  N-linked Giycans, 2013, submitted
3
H 4 Fetuin Glycans Fetuin Glycans Desialylated Thyroglobulin Glycans
+ Use calibrants of the same molecular TR [emtmbele T g
R a w—Y 0278 1198 381 1 1 2 e 1 1 el
7 5502 1 5502 14169 21872 406.1 1 406.1 117.60 187.65 406.1 1 406.1
3 se2 1 se2 14234 21555 w2 1 a2 12815 199,06 a1 1 w1
ype as ana y e 9 | sz 1 sz 14556 2007 ss02 1 ss02 w2 21898 w2 1 wun2
m 609.2 1 609.2 15058 22841 ma2 1 ma2 16834 256.49 509.1 1 509.1
11 6792 1 6792 163.76 24627 7532 1 7532 17792 26252 5272 1 5272
2 om2 1 oma 16478 2438 ms 1 s 1939 26520 02 1 ss02
3 ms 1 ms 17796 26658 3 1 9m3 2026 28564 s82 1 5682
4 9333 1 9333 204.91 285.38 10774 1 10774 22785 314.90 5932 1 5932
. . . . 15 11364 1 11364 24395 32582 11184 1 11184 23567 32256 ;2 1 6712
+ Typical calibrants and calibrant mixtures N N = - = | R = o
7 usa 1 use 26894 15196 296 1 194 2693 33963 2 1 72
18 12985 1 12985 264.27 35163 12574 1 12574 259.22 344.25 7532 1 7532
. . 9 mses 1 1sa1s 2835 055 2806 1 1804 2611 uise ma 1 s
can be found in the attached xIs file . - g = e - = o=
0 mss 1 1156 31940 2754 w2s 1 s 2642 7.3 13 1 s
22 1866.7 1 1866.7 32354 43157 14605 1 14605 27595 368.94 8743 1 8743
3 s 1 19%6 a21e a8 was 1 ums w100 me 23 1 s
4| wom1 1 2om7 1829 067 1|05 1 15018 w012 37750 m3 1 on3
5| wes 2 19m6 31660 e 1456 1 16456 20983 9473 %3 1 10%3
26 11564 2 2318 35869 47531 16636 1 16636 296.68 400.50 1054.3 1 10543
H H . 7 ume 2 nes 649 w18 w76 1 106 1915 1607 wre 1 104
* Use revlousl Saved I r flle 8 w9 2 2emE 40626 536.49 1867 1 18667 mo 43019 w094 1 104
9| umess 2 2990 44926 sse22 1947 1 1947 33935 365 w954 1 10954
10 07 1 20107 503 as5.30 mee 1 1e
i1 w7 1 20m7 601 13 w1 usa
2 values can be copied fo the calbration w33 2 16866 2674 40429 noe 1 1984
3 5153 2 1806 31660 209 mes 1 1264
3 543 2 1sse 21697 42409 e 1 1ama
. D 15 S92 18897 31340 43424 274 1 12574
O NOot change as 11ow 6 s 2 2057 3579 46489 ues 1 ums
] ] H 37 10464 2 20928 34358 46122 12985 1 12985
38 1mee 2 s 950 5288 e 1 10
9 wie 2 ams 116 assss w15 1 w1
an mass range 0 nee 2 2648 36840 %060 w2s 1 128
11 12039 2 24078 37526 497.10 14445 1 14445
12 13389 2 26778 40531 526.24 14605 1 14605
3 usss 1 1ss
" 1sos 1 1018
15 15225 1 15225
. 6 w05 1 1saes
+ repeat for at least three different : T
8 s 1 1sms
19 1606.6 1 16066
50 w26 1 106
WHs or WVs : s i dad
2 16636 1 16636
53 1684.5 1 16845
54 s 1 wa3s
55 1096 1 18096
6 ) wse 1 mse
———— ]« < » »i | N-Glycans | Native-like proteins | Denatured proteins | Peptide polymers | Tryptic peptides | Nucleotides | Small molecules _+ juif
) = e
.
-a."...... ‘e
cseec® .
csoec® .
e LR .
eeee® .
ceooo?® .
eee® L .
coeoo® .
coeoo?® .
eee® (R4 [
cs00®® .
eee® L .

ee®
ceeoo®®®
eo e

| 182586
N-Glycans  Native-like proteins _ Denatured proteins _ Peptide polymers = Tryptic peptides  Nucleotides = Small molecules -
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Illl) Measure Analyte

) Measure Analyte

* Procedure similar to Il)
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IV) Determine Drift Time

V) Determine Drift Time for Calibrants and Analyte
¢ Extract ATDs via DriftScope and MassLynx

+ If required convert bins into dt by multiplying
with ADC pusher frequency from ‘extern.inf

+ Fit with Gaussian to determine dt
Calibrant dt

19 ms
18 ms
16 ms

14 ms

Intensity

11 ms

Mmoo O WO >

8 ms

0 5 10 15 20 25 30
Drift time dt /ms
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V) Create Calibration

V a) Correct dt for m/z dependent flight time

+ Cis an empirically determined constant that depends
on the instruments Enhanced Duty Cycle (EDC)
dt'=dt-C.|— (1) delay coefficient (typically C = 0.001 x EDC delay)
4
—> Value can be found under System — Acquisition Setup

V b) Correct Q for charge and reduced mass

Q2
Q' = (2) Z charge
Z\/m 1/un reduced mass
Q literature Collision Cross Section
1 1 1
w oM, M, O

Ruotolo, B. T.; Benesch, J. L. P.; Sandercock, A. M.; Hyung, S.-J.; Robinson, C. V. Nat. Protoc. 2008, 3, 1139.

Bush, M. F.; Hall, Z.; Giles, K.; Hoyes, J.; Robinson, C. V.; Ruotolo, B. T. Anal. Chem. 2010, 82, 9557. 19



V) Create Calibration

V) Create Calibration Plot Logarithmic Fit
L In(Q) =XIn(dt') +InA .
=
2000 7.40 !ﬂ"
1800 7.30 »”
1600 070 " i
a
1400 E 7.00
c 1200 - "
:Z n InQ’ = 0.7261 In(dt’) + 5.7043
Logarithmic Fit ol g R? = 0.9944
800 Linear Fit 650120 1.40 1.60 1.80 2.00 220 240 2.60
GO03,00 5.00 7.00 9.00 11.00 13.00 In (dt')
dt’ . .
Linear Fit
2000 ' '
. . 1800 Q = Adt +N ‘2
+ Calibration plot can be generated as "
logarithmic fit or linear fit. o . 2
1400 .‘
: : : : & 5
+ R2? value of the linearized fit provides a 120 o
good indication which method is better . R e
+ R? should not be lower than 0.98
dt'

Ruotolo, B. T.; Benesch, J. L. P.; Sandercock, A. M.; Hyung, S.-J.; Robinson, C. V. Nat. Protoc. 2008, 3, 1139.

20
Thalassinos, K. et al. Anal. Chem. 2009, 87, 248.



VI) Estimate CCS

Linear Fit Logarithmic Fit

2000 7.60 ! ]
1 1 In(QQ') =XIn(dt')+InA
. Q=Ad'+N . - In(€2) = XIn(ar’)
i an 7.40
1600 - ﬂ! 7.30
™ 4 p 7.20
1400 1 " > :.~7 10
a - a’
1200 ’4 c 7.00
- 6.90
o Q' = 121.96 dt’ + 371.94
” S 6.80
. R*=0.9887 InQ’ = 0.7261 In(dt’) + 5.7043
w0 | 2 o RZ = 0.9944
6.60 [ ;
6003,00 5.00 7.00 9.00 11.‘00 13.‘00 6.50
1.20 1.40 1.60 1.80 2.00 2.20 240 2.60
dt’ In (dt')

+ correct analyte dt using eq. (1)
+ Calculate analyte Q' using
dt’ and regression parameters
Aand N

+ Calculate analyte Q from Q’
using eq. (2)

In(2') = XIn(dt') +1InA
> Q'= Ad

1
> Q=A zw/—(dt')x
u

Ruotolo, B. T.; Benesch, J. L. P.; Sandercock, A. M.; Hyung, S.-J.; Robinson, C. V. Nat. Protoc. 2008, 3, 1139.
Thalassinos, K. et al. Anal. Chem. 2009, 87, 248.
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VI) Estimate CCS

@00 TW CCS calibration spreadsheet _final.xlsx
G E® b BB & 96 - 9 % E 125% ¥l (@)
Open Save Print Import Copy Paste Format Undo Redo  AutoSum Sort A-Z Sort Z-A  Gallery Toolbox  Zoom  Help
Sheets ' Charts. l SmartArt Graphics ‘WordArt l
A [ B C | D E | F [ 1 J K L M [ N 0 | P Q R S T u v
Calibration
values must be filled in by the user
Parameters values can be copied from the database
EDC delay coefficient 141 ms MW molecular weight
Drift gas mass 28 Da dt measured drift time
lit. He CCS calibrant helium CCS values from literature
sut i 2 MW in Da lit. nu.:csm dtinms oga type xto Ccs' corrected CCSs for ion charge stal‘e (2) freduced mass (i)
A cs d exclude value dt' corrected dt for m/z dependent flight time
568 1 568.00 142.35 3.60859 735.3 3.5750 6.60 1.27
b v b ’
671 1 67100 159.26 427397 8257 | 4237 6.72 144
712 1 71200 169.98 240049 | [ 8823 " a3re [ " 678 148
730 1 73000 182.09 460995 || 9456 45719 | 68 152 2.60 logarithmic fit calibration
7 1 771.00 183.56 4.91561 954.2 4.8765 6.86 1.58 Logarithmic Fit
874 1 874.00 193.19 556572 | [ 10063 | 55240 [ " eo1 171 In(CCS')=x In(dt') + In A 240 /
1054 1 1054.00 23256 680967 || 12146 67639 | " 710 191 &
b y b v
1079 1 1079.00 231.30 692948 12083 68832 7.10 193 220 ¥
b v b
1095 1 1095.00 236.15 6.87421 12339 6.8276 r 7.12 192 - ‘
L
1137 1 1137.00 239.10 700845 | [ 12499  6.9609 "o 1.94 g
1156 1 1156.00 251.02 770540 | [ 13125 | 76575 [ " o718 204 £ ot
1216 1 121600 250.36 770201 | [ 13098 | 76528 | " o8 204 680 o
1257 1 1257.00 263.51 804931 13791 7.9993 7.23 208 o
1298 1 129800 259.35 810303 13578 80522 7.21 209 6.60 .
b ’ b y
1419 1 141900 279.81 893949 14662 88864 7.29 218
b v b ’
1442 1 144200 280.11 871890 14680 86654 7.29 216 6.40
b v b ’
1444 1 144400 282.88 8.88615 14825 8.8326 7.30 218 000 0S0 100 150 200 250 300
1460 1 146000 279.51 876149 | [ 14651 | 87076 [ RET) 216 In (dt)
1485 1 1485.00 292.49 935078 | [ 15333 7 92064 [ " 73 223
1502 1 1502.00 283.57 895349 14867 88988 7.30 219 i fit calibrati
1522 1 152200 | 29756 9.70079 15603 | 9.6458 735 227 00 nearnt catibration
1540 1 1540.00 294.19 964358 | [ 15427 7 9sss2 [ " 73 226 Linear Fit
1581 1 1581.00 297.96 979837 | [ 15625 | 97423 [ To13s 228 CCS'=Adt'+N 1800
1606 1 1606.00 302.06 987500 | [ 15846 98185 | "7 2.28 A 123.0421 1600
L
1622 1 162200 304.86 1004231 | [ 15994  9.9855 " 73 230 N 361.3323 1400
1647 1 1647.00 312.60 1032182 | [ 16403 | 102686 | " 740 233 1200
1663 1 1663.00 300.62 1004179 | [ 15775 99843 [ " 736 2.30 R 0.99062 8 1000
1684 1 1684.00 317.97 1075368 | [ 1668.7 | 106958 | " a2 237 200 é
b y b y
1743 1 1743.00 324.66 11.15556 17043 11.0967 7.44 241 600
1809 1 1809.00 332.59 11.69498 17464 | 11.6350 7.47 245 200
1825 1 182500 323.88 11.44413 17008 | 113839 7.44 243 00
1905 1 1905.00 347.33 12.22689 18246  12.1653 "ost 250
b v b ’
1971 1 1971.00 347.68 1213113 18268 | 12.0685 7.51 249 °
1 00 12.60536 r 1893.7 r 125421 y r 755 283 0.00 2.00 4,00 6.00 800 1000 1200 14.00
3 “
« 4 > . NOTES _ CALIBRATION _ ESTIMATED CCS _ Native-like proteins _ Denatured proteins _ Peptide polymers _ Tryptic peptides _ N-Clycans _ Nucleotides _ Small molecules  +
2Ee &* | Selectdestination and oress ENTER ar chbes gagte om=281 61057 B SCRL |6 CAPS | & NUM
..- Ceq, ..
. ®eq
. ®e
. ®e
. ®e
. ®e
’ V") Repeat procedure for
K L
0y P

different WH or WV

Estimated CCSs can be averaged
when no systematic changes occur

~ NOTES _CALIBRATION _ ESTIMATED CCS
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