Comprehensive QTOF II Practical User’s Guide

E. Lanni – v1.3 – 7.7.2009
Basic QTOF II MS-TOF Acquisition Guide

This guide gives a basic procedure for acquiring a single MS-TOF spectrum via “interactive mode”(from the Tune page) in MassLynx v3.5.  It assumes the system is beginning in its standard “idle” state:

· Instrument ON and pumped down

· Host PC ON and linked/communicating with EPC
· MassLynx open

Outline

1. Load project.

2. [image: image1.png]


 Open Tune.

3. Load Tune file (optional).
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 Display vacuum pressures.

5. Verify/set Tune parameters.
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 Turn API / COL gases on.

7. Set RF Settings.

8. Set MS Profile.

9. Disable Auto CID, Manual Pusher, and High Res.
10. Set up acquisition parameters.

11. Start acquisition.
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 Open spectrum chromatogram windows.

13. [image: image5.png]


 Enable real-time updating.

14. (Collect data)

15. Stop acquisition.
16. Disable API/COL gases, set source heaters to 20C, set capillary to 0V.  Save these changes.

Detailed Procedure
1. Load appropriate project.  MassLynx organizes its files into “project” directories which will contain data, tune, and calibration files among others.  From the MassLynx main window, go to File…Open project… and browse to open the appropriate project.  This will load the calibration and tune files last used within that project.
· ***RF Settings, MS Profile and TDC Settings do not load with a project, i.e. they are set and applied “globally”.  When changing projects check these windows to ensure their parameters are set properly for your work.***
· ***When switching from one project to another, the Tune page acquisition tool will continue saving data to the previous project.  To save data to the new (specified) project, first open an existing data file (spectrum and/or chromatogram) from the new project folder.  This will correct Tune’s file path.***
2. Open Tune.  From the MassLynx main window, open the Tune page by clicking the “eyeglasses” icon [image: image6.png]


 located in the top left corner.  In Tune’s status bar at the bottom of the window it will display “Initializing tune… please wait.”  ***Wait for this message to disappear before making any changes in Tune or the program may crash.***
3. Load Tune file (optional).  Go to File…open… and select a Tune (method) file to load if desired, otherwise the currently-loaded method and parameters will be used for the acquisition.  Tune files retain positive/negative ion mode parameters independently.
4. Display vacuum pressures.  Once Tune has initialized, click the “Show pressures” button [image: image7.png]


 in the main toolbar to confirm proper vacuum levels.    According to the QTOFII Operator Basic Training guide (pg. 5) gauges typically read as follow:
· Analyzer (Penning gauge)

5E-6 to 1.5E-5 mbar
· Backing (Inverted magnetron)
≤3 mbar

· TOF (Penning gauge)


≤5E-7 mbar
If collision gas is already on, Analyzer and TOF pressures will be ~3X higher.  Also note that dirty Penning gauges will read erroneously low.

5. Verify / set Tune parameters.  All displayed parameters (voltages, temperatures etc.) should be loaded with the Tune file, but it’s good to check the three Tune pages (Source, MS, MS2) and verify that they’re correct.  Some parameters are typically turned off when the instrument is not in use, so be sure to set these properly if this is the case:

· Capillary:  

ESI voltage, typically set to 3000-3500V (pos)  / 2000-2500V (neg).
· Source Block Temp.:
typically set to 80C.

· Desolvation Temp.:
typically set to 120-150C, up to 400C for increased flow rates.  See the QTOF 2 User’s Guide pg 50 for a table of recommended values.
· Aperture 2:

set between 5 (best resolution) and 15 (best sensitivity).

· Collision:

typically set to 10.0 to avoid CAD (fragmentation)
***Note that you must hit ENTER after you change any Tune parameter or the action will not process.***
6. Turn gases on.  Enable API gas (N2 to sample cone, desolvation, and nebulizer outlets) and collision gas (Ar to collision hexapole) by clicking the two “Toggle gas” buttons once so they appear depressed: [image: image8.png]


 

a. Verify API flow by checking the rotameters located on the front panel of the instrument.  Rates can also be adjusted here; see the QTOF 2 User’s Guide (pg. 50) for recommended API gas flow rates.
b. Verify and tune collision gas flow by looking at the Analyzer pressure in the Tune page; it should increase to between 2 and 6E-5 mbar when enabled.  Collision gas should always be enabled and within this range to provide the collisional cooling required prior to the TOF pusher.  If the Analyzer pressure is not in this range when Collision gas is enabled, adjust it with the “Gas Cell” regulator knob on the front panel of the instrument.  The knob locks when pushed in and must be unlocked (pulled out) to be adjusted.  The regulator will typically display a pressure of ~15PSI for an appropriate corresponding Analyzer pressure.
7. Set RF Settings as needed.  Go to Other…RF Settings…and enter the desired gains/offsets.  The following settings are “typical” for MS-TOF work in the 100-2000 m/z range:
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Gains can range from 0-10 and offsets range from 0-1 (units undefined).  According to the QTOF 2 Operator Basic Training guide (pg 11),

“a gain of 10 can give better sensitivity in MS/MS mode.  To observe low mass (<100 m/z) ions, reduce offset to 0.2.  For higher masses (>2000 m/z) increase offset to 0.5.”
8.  Set MS Profile as needed.  Go to Other and verify that “Use MS Profile” is enabled (checked).  Then go to Other… MS Profile… and enter the desired profile.  According to the QTOF2 Operator Basic Training guide (pg 15),
“In MS mode the quadrupole operates in RF-only mode, i.e. its resolving DC is switched off.  The quadrupole now behaves as a wide band pass filter.  The position of the transmission band is determined by the RF on the quad, i.e. its set mass.  For wide mass range acquisitions it is necessary to scan the quad RF during the acquisition integration period (“scan time”).  This ensures adequate transmission over the entire acquisition mass range.  For a given quad mass, there is a sharp cut-off in transmission at 80% of this set mass.  On the high mass side, the transmission decays much more slowly, with transmission still good at three times the set mass.”

Two common MS profiles are as follow:
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General 200-2000 m/z profile.
High-accuracy 200-750 m/z profile.

Note that the sum of the two dwell and two ramp time fields must always equal 100%, accounting for the full scan time specified in your acquisition.  The manual also states the following:

· Avoid scanning the RF for high-accuracy work (place most time in “dwell”).

· Setting mass #1 to a very low value (such as 2 m/z) “combats charging effects, improving sensitivity.”  No further explanation is given.

· MS Profile is not used in TOF-MSMS acquisitions.

Some additional notes on MS Profile:

· ***Do not set all masses to the same number; this will crash MassLynx.***
· MS Profile can be changed during an acquisition.

· Although the quad transmits ions at up to 3x its set mass with decent (~50%) ion transmission, it’s best to use a set mass no less than ½ the highest anticipated ion of interest for good (>80%) transmission across the range.
9. Verify that Auto CID, Manual Pusher, and High Res are disabled.  Go to Other and confirm that these options are not enabled (checked) in the menu list.  “Auto CID” and “High Res” options are enabled by default on MassLynx startup, so they must be manually disabled after any crash/system restart.  According to Waters engineers these options should never be enabled for standard MS-TOF experiments.
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The “Other” menu of Tune showing properly-disabled Auto CID, Manual Pusher, and High Res options.  “Use MS Profile” is also properly enabled.

10. Set up acquisition parameters.  Click the “Acquire…” button at the bottom of the Tune page.

a. Specify a file name ***Note:  File names should be alphanumeric- no special characters or symbols- and should contain no spaces, hyphens, or underscores; these can cause MassLynx to crash if used.***
b. Enter a description in the Text field if desired (all Tune parameters are embedded in the data file automatically).

c. Set Function to TOF MS.
d. Data format is typically set to Continuum for a profile spectrum, but if a lock mass will be used it must be set to Centroid.  (Continuum spectra can always be converted to centroid spectra later on, but the reverse is not possible.)
e. Specify the Start and End Masses desired.
i. 45 m/z is the minimum Start Mass for the instrument; according to the QTOF 2 Information for Engineers manual, this is because the TDC will not register any ions detected in the first 9.1us after the TOF trigger (no further explanation given).

ii. In order to allow for adequate flight time for high mass ions, the TOF’s pusher frequency is reduced at certain “threshold” End Mass (maximum) values- 1001, 2001, 4001, and 8001 m/z- and the instrument’s sensitivity will decrease along with it.  End mass should therefore be set with these thresholds in mind.
f. Scope Gain pertains to the “point detector” located after the pusher and is not used in TOF acquisitions.

g. Scan Time is the duration for which the transputer will collect signal data from the MCP before transferring it to the host PC and displayed.  Values between 1-5 seconds are typically used, and signal to noise will vary in direct proportion.

h. Inter Scan Time is typically set to 0.1s.  The manual has no clear explanation of why this might be changed.

i. Run Duration is typically set to 0 min, which means the acquisition will run until stopped manually.

11. Begin the acquisition by clicking Start Acquisition.
12. Open spectrum and/or chromatogram windows.  From the MassLynx main window, go to View…and click Spectrum…then repeat for Chromatogram… Alternately, click the icons [image: image13.png]gy | Tl



 representing these windows in the main toolbar.  The mass chromatogram will by default display TIC.
13. Set the spectrum and chromatogram windows to update in real time.  Click the stopwatch icon in the toolbar of each window once so it appears depressed: [image: image14.png]


  This will cause the window to update with each new scan of the in-progress acquisition.

a. To disable the update at any time during acquisition, click these buttons again.  It’s often beneficial to do so prior to any data or display manipulation (zooming, smoothing, centroiding, etc.) since the realtime update will interrupt these actions.

b. The spectrum window’s realtime update has additional settings which can be customized to preference.  Go to Display…Real-time Update… to edit them.

14. (Collect Data)

15. Stop acquisition when sufficient data has been collected.  Click Acquire… in the Tune page again and click Stop.  In the status bar at the bottom of the Tune page “Initializing Tune… please wait” will be displayed; wait for this message to disappear before taking any additional actions on the computer.  ***Note: Clicking “Start Acquisition” again while an acquisition is already in progress will often cause a MassLynx crash.***
QTOF II Tune Parameters Guide

The QTOF II’s Tune page consists of three “tabs” and several menu-accessed sub-windows which define the instruments operating parameters.  Amongst the manuals, guides and training packets comprising the printed knowledge base for the instrument some of these parameters have been well-defined, some poorly-defined, some defined multiple times with contradictory information and some overlooked completely.  This section compiles all sources to provide a concise definition and the most accurate tuning guidelines for each parameter.

Ion Optical System – Schematic Diagram

[image: image15.emf]

Source Tab – Typical Parameters
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· Capillary:
Sets the absolute voltage on the electrospray probe or APCI corona needle.  Typically set to 3000-3500V, though ideal/necessary voltage may change with polarity, flow rate, solvent system etc.
· Cone:  Sets the voltage on the sample cone; typically set to 20V.  Note that the readback will not agree with the set point since it displays a value relative to the extraction lens.  Manuals and Waters engineers give conflicting “typical setting” values ranging from 25-70V for TOF-MS operation, but experimentally it was found that with an Angiotensin I sample, optimal non-fragmented ions (z=2,3) were observed with a setting of 15-20V.  As setting was incremented beyond 20V fragmentation was increasingly observed, and below 15V signal intensity diminished rapidly.
· Extractor:  Sets the voltage on the extraction lens in the z-spray manifold; typically set to 0V.  Manuals give conflicting numbers in the range of 0-20V; the Angio I +2 peak was optimized at 0V and fragmentation was observed above 4V.
· RF Lens:  Sets the offset voltage on the hexapole and first differential pumping aperture; usually set at 1V.

· Source Block Temp:  Z-spray source block temperature, usually set to 80C but may be increased for high flow rates.  Usually set to 20C (“off”) when the instrument is idle.
· Desolvation Temp:  Sets the temperature of the ring-shaped desolvation heater around the capillary needle.  Usually set to 120C for our applications, but the manuals give a table of recommended temp vs flow rate (see below).  Usually set to 20C (“off”) when the instrument is idle.

	Solvent Flow Rate (uL/min)
	Desolvation Temp (C)

	<10
	100-120

	10-20
	120-250

	20-50
	250-350

	>50
	350-400


· Multiplier:  Sets the photomultiplier voltage on the Dynolite “point detector” and is typically set at 550V, although we don’t ever use this detector so it shouldn’t make a difference.  There has to be a CEM here, too.}
· MCP:  Sets the voltage on the TOF detector.  We have the “single-anode” MCPs which have a maximum of 2400V; typically they will be set to 2200V, although in 2/2009 we retuned the detector (using Instrument Preliminaries Tuning Guide procedure 1.10 – MCP Gain Measurement) and determined that 2300V gave optimal performance.  Waters engineers claim that when the detector optimizes at 2300V it’s “old” and will soon need to be replaced.
MS Tab – Typical Parameters
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· LM / HM Res:  Set resolving DC on the quadrupoles.  According to the QTOF II User’s Guide,

When the quadrupoles have been set up, settings of 15 on both sliders should give unit resolution at 20% peak height.
LM / HM Res are also used to set the parent ion window in TOF-MSMS experiments according to Waters engineer Iain Lloyd, though in the past we’ve been unable to observe this effect.  According to Iain they should allow variation of the mass window from 0-4% of the selected parent mass.  They cannot be retuned during an acquisition, so the acquisition must be stopped and restarted after adjustment.  If they truly are having no effect, he claims it may be an issue with the RF PCB tuning; this is something we’ve never attempted to diagnose as of 4/2009.

· Collision:  Sets the collision energy of ions entering the collision cell.  The cell itself is grounded but all preceding elements from sample cone forward have the specified voltage applied to them.  This parameter is typically set to 10eV for non-collisional TOF-MS experiments (for the purpose of pre-pusher collisional cooling, with the effect of increased resolution) and increased to values typically within 20-50eV for MSMS.
· Ion Energy:  Sets the quadrupole offset DC with respect to the collision energy of the ions traveling between the quadrupoles.  Usually 1-1.8V.
· Steering:  Adjusts the voltage difference between top and bottom half plates of the steering/focus lens and directs the beam into the pusher.  The manual states that the voltage should be “close to zero and not more than +/-2V.  When we initially repaired our pusher steering was optimized at -1.29V, and during occasional checks since then a better value has not been found.  According to Iain Lloyd it is expected for the readback to fluctuate constantly for this parameter.

· Entrance:  Sets the voltage on the pusher entrance and exit, defines the axial speed of the ions in the TOF.  The theoretically-correct value is 65eV for the ion beam to strike the center of the detector.

· Pre-filter:  This sets the offset voltage on the quadrupole pre- and post-filters.  Usually set between 5-7V.
Calibration
The MassLynx v3.5 User’s Manual (electronic copy available at http://www.chem.cmu.edu/groups/bier/procedure_files/qtof2/masslynx_35.pdf ) covers calibration thoroughly beginning on page 77.  This section will provide a brief summary, practical tips, and a procedural outline for quick reference.
Coarse calibration & Lteff:

Lteff is a parameter which provides nominal mass accuracy for the TOF.  Once it has been set for a given instrument it should not ever need adjustment unless the TOF path length is changed (changing TOF, reflectron or pusher voltages in the MS2 tab of the tune page would have this effect, but these values should never need to be changed either). 
Our Lteff value (calculated & set on 2/20/08) = 1814.2951.
General calibration notes
· Older calibrations appear to give good accuracy (<0.1 m/z error) if they were collected appropriately, but for best accuracy the instrument should be calibrated immediately prior to acquisition.

· Calibration should NOT be done immediately after the instrument is switched into “operate” mode (from standby, off, or after a polarity switch), as the power supplies take several hours to stabilize and mass assignments will drift in that time.

· The instrument’s best accuracy (5ppm) is attained using a lockmass internal standard, but unfortunately MassLynx v3.5 has a glitch which prevents lockmass-active acquisitions from being properly averaged (“combined”).  MassLynx v4.0 appears to have fixed this problem, but as of 7/2009 the CMA is running v3.5.
Accessing calibration controls
1. From the main MassLynx window, go to Run…Control Panel…
2. In the control panel window, go to Instrument…Calibrate… The following window will open:
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NaCsI calibrant stock solution

NaCsI is a good all-purpose calibrant mixture which gives regularly-spaced single-isotope sodium-iodine clusters ranging from 23 to nearly 4000 m/z in both positive and negative ion modes.  It is stable, inexpensive and easy to prepare.  Exact mass lists and preparation recipes (copied below) for this solution and other calibrants are provided in the QTOF2 User’s Guide, pgs. 143-150.
Dissolve 2 mg/mL NaI(s) and 0.05 mg/mL CsI(s) in 1:1 water:isopropanol.  (The CMA has a small stock of both salts over the scale in the corner.)
General calibration procedure
1. Select desired mass range, tune parameters (including RF Settings / MS Profile) appropriately.
2. Verify that calibrant ion signals are all below 500 counts/scan to avoid dead time distortion.  (If signals are too strong, dilute sample or “detune” instrument)  Collect at least 30 scans.
3. Stop the acquisition and process the spectrum:

a. Combine (average) at least 30 scans.

b. Smooth the spectrum.

c. Center (centroid) the spectrum.

d. Save the processed “accurate mass” version (File…Save Spectrum).

4. Open the calibration control window.

5. File…Load Calibration… and load UNCAL.cal.
6. Process…Delete all calibration… and confirm.

7. Process…Calibration from file...

a. Specify TOF calibration.

b. Browse… and select acquired spectrum.

c. Select saved “AccMass” version from file process history.
d. Leave combine scan fields both at “1”.  (An AccMass file has only one “scan” in it, unlike the raw data.)

8. The calibration will run and display results.

a. Confirm peaks have been accurately matched.  Residual errors (shown on the bottom graph) should all be less than 3mDa.  If the calibration is acceptable at this point, skip to step 9.
b. Go to Edit…Calibration Parameters and confirm that the polynomial order is correct (usually highest possible… maximum is 5).
c. If some calibrant peaks have not been matched to their reference masses, check Peak Match parameters and adjust them if necessary to allow matching at a higher error or lower intensity.

d. Remove any bad matches by right-clicking on the peak in the top (actual) spectrum.  It will become unlabeled and will not be used in the calibration.

9. Close the window, accept and apply the calibration.

10.  File…Save calibration as… and save a copy of the calibration with an unique name so it can be used/recalled later.  A good general policy is to include the mass range and ion polarity in the filename.

11.  The instrument is now calibrated over the range specified.  Close the calibration control panel.

LockMass Procedure for QTOF

The purpose of this procedure is to “lock” on to a single peak to correct for calibration drift with time.  Once you lock onto the theoretical mass of the chosen peak, the spectrum will be recalibrated to the theoretical mass of that peak, slightly improving the mass accuracy at all points.  This procedure is most useful when running samples where a mass accuracy of 5ppm or better is required.

1. Decide what compound you are going to use for locking in the mass.  This compound is separate from the analyte.  Other recommendations include a compound that will produce a peak at the higher end of your mass range, and a peak with the same charge state as the main peak of interest in your analyte.

2. Calibrate the instrument according to the normal calibration procedure.  See calibration handout for more info.  Make sure you get a good calibration.  If your calibration is bad, Lock Mass will not fix that.

3. Set up the proper plumbing to enable you to be able to introduce both the analyte and the LockMass compound.  The most common way to do this is “teeing in” which means using a splitter tee to introduce the compounds via direct infusion.  Below is a diagram of this plumbing set-up.  Another option is to do separate injections (flow injection analysis method) in a very short time period so that the analyte and LockMass compound come out at roughly the same time and show up on the same spectrum.  However, this is less effective than teeing in the LockMass compound.

[image: image19.emf]
Figure from QTOF User’s Guide, page 79
4. Acquire the spectrum as usual.

5. Average at least 30 scans of the spectrum together.  Make sure the signal is between 100-200 counts.

6. In the “spectrum” window, go to ‘Process’ and then ‘Center.’  Shown below is a common set of parameters. 

[image: image20.emf]
Figure from QTOF User’s Guide, page 80
7. Center the spectrum, making sure that no peak shifted more than 1mDa after the centering process.  If your peaks have shifted too much, you may need to alter the centering parameters and center the spectrum again.  Do not close the Spectrum Center window after you have finished this step.

8. Click the TOF button on the right-hand of the Spectrum Center window.  You will get the following window: 
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Figure from screenshot of QTOF software
9. The resolution should equal 10000 and the Np Multiplier should equal 0.7.  The Lock Mass is the theoretical mass of your compound.  In this example, the +2 peak of angiotensin was used as the Lock Mass.  Leave the “LockSpray” part alone.

10. Click OK, and then Click OK again in the “TOF Spectrum Center” window.  A new spectrum will now be generated which is calibrated with the Lock Mass compound.  The Lock Mass peak will appear in blue or green on this new spectrum.  WARNING: All peaks will now show up as “sticks.”  If isotope patterns are important for you, you probably don’t want to use LockMass, because one peak can turn into several “sticks,” confusing the isotope pattern.

11. Lock Mass will only be in place for this spectrum.  If you acquire more data with the same Lock Mass compound, you will need to repeat steps 5-10.

Procedure for doing MS/MS on the QTOF

1. The Tune window is not used for this scan.  However, the Tune window does need to be open and the instrument needs to be in “operate” mode.  Go to the Mass Lynx main window.  Pull down the “Run” tab and select, “Control Panel.”

2. Once the control panel window pops up, pull down the “Acquisition” tab and select “Set up scan.”  This opens up a new window.

3. In the “Set up scan” window, also known as, “Scan Functions,” click on the “MSMS” button near the top of the window.  The following window will appear:

[image: image22.png][ Mass (m/z) [~ Method

MSMS of laizaon ode [E5py =]
Stat fes | | 0% [comum =]
End [iooan | | Repeats | —

Scans/Spectum, 10

]

~Retertion Window (rins)- - Scan Duration (secs |

stfme  [om || Senfme  [im
EndTine [z | | InerSeenDely [o70
~Colfion Energy ~Cone Volage

™ Use Tune Page Setings | | IV Use Tune Page Seings

Coreolage a0

|

Colision Energy [33

:

e comE T | R
SO TS | | I se e Rage Setis

e PebeTom [
Carce

i





Scan Function window screen shot
4. Fill in each parameter to meet the needs for your scan.  The picture of the window above is an example for doing MS/MS of the 648.8 m/z peak of angiotensin in positive mode.

5. When finished, click “OK.”

6. The scan you have just set up should now appear in the “Scan Functions” list, along with any other pre-set scans that have been created.

7. Make sure your scan is selected.  If it is selected, it will be outlined.  If it is not selected, simply click once on it to select it.

8. Save your scan by going to “File” choosing “Save as” from the “Scan Functions” window.

9. You are now almost ready to run.  Turn in the “COL” and “API” gases on the Tune window.

10. Close the “Scan Functions” window.  It will likely ask you if you want to save the changes, even though you have already saved them.  Say yes if it asks you this.
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Mass Lynx window screenshot
11. Observe the Mass Lynx screen shot above.  Type in a file name for your scan under “File name” and enter some comments where it says, “File text.”  Under, “MS File,” pull down the list of MS file names.  Choose the one that you created using steps 3-8.

12. You are now ready to run.  If you are doing flow injection analysis, make sure your solvent is already running and you have enough to last until your sample comes out.

13. To run, either click the “►” button or go to the “Run” and select, “Start.”

14. This brings up a “Start sample list run” window.  Simply click, “OK” here, as long as your sample is the only one in the list.

15. Your scan has now started running.  Make your injection.  To observe the chromatograph and spectrum, click on the chromatograph and spectrum buttons on Mass Lynx.  They will not open automatically.  It’s a good idea to check the upper right hand corner of the spectrum to make sure that it says “MSMS <m/z of your peak of interest>.”  Occasionally, the software has hiccups and it will run a different scan function than the one you specified.

16. To stop the run, click the “■” button on the Mass Lynx window.
Instructions for making .csv files from QTOF data

1. In the spectrum window, go to Edit -> Copy Spectrum List

2. Open up a new text file and go to Edit -> Paste. 

3. Save the text file as <filename.csv>
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