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Regulatory Compliance

Thermo Fisher Scientific performs complete testing andtewvaof its products to ensure full compliance with
applicable domestic and internatisegulations. When the system is delivered to you, it meets all pertinent
electromagnetic compatibility (EMC) aadety standards as described below.

Changes that you make to your system might void compliance with one or more of these EMC and safety standard:
Changes to your system include replacing a partg addiponents, options, or peripherals not specifically

authorized and qualified by Thermo &ishcientific. To ensure continued clianpe with EMC and safety standards,
replacement parts and additional components, options, and peripherals must berordieerdifs Fisher Scientific

or one of its authorized representatives.

TSQ Quantum Access MAX
TSQ Quantum Ultra

TSQ Vantage

TSQ Quantum Access

a dh b

TSQ Quantum Access MAX

EMC Directive 2004/108/EEC

EMC compliance has been evaluated by TUV Rheinland of North America, Inc.

EN 55011: 2007, A2: 2007 EN 61000-4-4: 2004
EN 61000-3-2: 2006 EN 61000-4-5: 2005
EN 61000-3-3: 1995, Al: 2001, A2: 2005 EN 61000-4-6: 2007
EN 61000-4-2: 1995, Al: 1999, A2: 2001 EN 61000-4-11: 2004
EN 61000-4-3: 2006 EN 61326-1: 2006

FCC Class A: CFR 47 Part 15: 2007

Low Voltage Safety Compliance

This device complies with European Uniondiire 2006/95/EC implemented by 61010-1: 2001.



TSQ Quantum Ultra

EMC Directive 89/336/EEC as amended by 92/31/EEC and 93/68/EEC

EMC compliance has been evaluated by Underwriters Laboratories Inc.

EN 55011: 1998 EN 61000-4-4: 1995, Al: 2001, A2: 2001
EN 61000-3-2: 1995, Al: 1998, A2: 1998, Al14: 200 EN 61000-4-5: 1995, Al: 2001

EN 61000-3-3: 1998 EN 61000-4-6: 2001

EN 61000-4-2: 2000 EN 61000-4-11: 1994, Al: 2001

EN 61000-4-3: 2002 EN 61326-1: 1998

FCC Class A, CFR 47 Part 15: 2005 CISPR 11: 1999, Al: 1999, A2: 2002

Low Voltage Safety Compliance

This device complies with Low Voltage Dire@®23/EEC and harmonized standard EN 61010-1: 2001.

TSQ Vantage

EMC Directive 2004/108/EC

EMC compliance has been evaluated by TUV Rheinland of North America, Inc.

EN 55011: 1998A1: 1999, A2: 2002 EN 61000-4-4: 2004

EN 61000-3-2: 2006 EN 61000-4-5: 2006

EN 61000-3-3: 1995, Al: 2001, A2: 2005 EN 61000-4-6: 2001

EN 61000-4-2: 2001 EN 61000-4-11: 2004

EN 61000-4-3: 2006 EN 61326-1: 2006

FCC Class A, CFR 47 Part 15: 2007 CISPR 11: 1999, Al: 1999, A2: 2002

Low Voltage Safety Compliance

This device complies with the Low Voltage Diee2006/95/EC and harmonized standard EN 61010-1.



TSQ Quantum Access

EMC Directive 89/336/EEC, 92/31/EEC, 93/68/EEC

EMC compliance has been evaluated by TUV Rheinland of North America, Inc.

EN 55011: 1998A1: 1999, A2: 2002 EN 61000-4-4: 1995, Al: 2000, A2: 2001

EN 61000-3-2: 2000 EN 61000-4-5: 2001

EN 61000-3-3: 1995, Al: 2001 EN 61000-4-6: 2003

EN 61000-4-2: 2001 EN 61000-4-11: 2001

EN 61000-4-3: 2002 EN 61326: 1997, Al: 1998, A2: 2001, A3: 2003
FCC Class A, CFR 47 Part 15: 2005 CISPR 11: 1999, Al: 1999, A2: 2002

Low Voltage Safety Compliance

This device complies with the Low Voltage DirectiveIB40-1:2001 and harmonized standard EN 61010-1: 2001.

FCC Compliance Statement

THIS DEVICE COMPLIES WITH PART 15 OFHE FCC RULES. OPERATION IS SUBJECT TQ
THE FOLLOWING TWO CONDITIONS: (1) TH IS DEVICE MAY NOT CAUSE HARMFUL
INTERFERENCE, AND (2) THIS DEVICE MUST ACCEPT ANY INTERFERENCE RECEIVED,
INCLUDING INTERFERENCE THAT MAY CAUSE UNDESIRED OPERATION.

Notice on Lifting and Handling of
Thermo Scientific Instruments

CAUTIONRead and understand the various precawjimotes, signs, and symbols contained
inside this manual pertaining to the safe usepandtion of this product before using the device.

For your safety, and in compliance with international regslatie physical handling of this Thermo Fisher Scientific
instrumentequires a team effotb lift and/or move the instrument. This instrument is too heavy and/or bulky for
one person alone andle safely.



Notice on the Proper Use of
Thermo Scientific Instruments

In compliance with international regulations: Usesfrtstrument in a mannertrgpecified by Thermo Fisher
Scientific could impair any prdien provided by the instrument.

Notice on the Susceptibility
to Electromagnetic Transmissions

Your instrument is designed to work in a contrelEdromagnetic environment. Do not use radio frequency
transmitters, such as mobile phonedpse proximity to the instrument.

For manufacturing location, see the label on the instrument.



WEEE Compliance

This product complies with the European Uniones Waste Electrical & Electronic Equipment (WEEE) Directive
2002/96/EC. It is marked with the following symbol:

Thermo Fisher Scientific is registered with B2B Compliangedmpliance.org.yin the UK and with the
European Recycling PlatforiaiR(P-recycling.oydn all other countries of the European Union and in Norway.

If this product is located in Europe and you want to participate in the Thermo Fisher Scientific Business-to-Business
(B2B) Recycling Program, send an email requesttorecycle @thermofisherwitim the following information:

€ WEEE product class
Name of the manufacturer or distigbwhere you purchased the product)
Number of product pieces, and the estimated total weight and volume

Pick-up address and contact person (include contact information)

a . dd

Appropriate pick-up time
€ Declaration of decontamination, statimat all hazardous fluids or material have been removed from the product

For additional information about the Restriction on Hamar8ubstances (RoHS) Directive for the European Union,
search for RoHS on the Thermo FiS®entific European language websites.

IMPORTANTT his recycling programrist for biological hazard products emfiamducts that have been medically
contaminated. You must treat these types of prodbiibazard waste and dispose of them in accordance with
your local regulations.


http://www.b2bcompliance.org.uk
http://www.erp-recycling.org/
mailto:weee.recycle@thermofisher.com

Conformité DEEE

Ce produit est conforme avec la directive europ@092&96/EC) des Déchet&duipements Electriques et
Electroniques (DEEE). Il est maggar le symbole suivant:

Thermo Fisher Scientific s'est associé avec une ou dasiétés de recyclage daagushétat membre de lsUnion
Européenne et ce produit devrait étre collecté ou recydkais)-ci. Pour davantdeformations, rendez-vous sur

la pagevww.thermoscientific.fr/rohs

WEEE Konformitat

Dieses Produkt entspricht der EU Waste Electrical & Electronic Equipment (WEHR)ERIO02/96/EC. Es ist
mit dem folgenden Symbol gekennzeichnet:

Thermo Fisher Scientific hat Vereinbarungen mit \Memvgse/Entsorgungsfirmen in allen EU-Mitgliedsstaaten
getroffen, damit dieses Produkt durch diese Firmen wiegetetoder entsorgt werden kann. Weitere Informationen

finden Sie untewmww.thermoscientific.de/rohs


http://www.thermoscientific.fr/rohs
http://www.thermoscientific.de/rohs

CAUTION Symbol

CAUTION VORSICHT PRECAUCION MISE EN GARDE

Risk electric shockThis instrument uses StromschlaggefahiDieses Gerét arbeitet mit Riesgo de descargas eléctricaste instrumentdRisque de choc électriqudsinstrument utilise des
voltages that can cause electric shock and/oBpannungen, die Stromschléage und/oder utiliza voltajes que pueden causar descargas tensions susceptibles de provoquer une électrocution
personal injury. Before servicing, shut down Bersonenverletzungen verursachen kdnnen.eléetricas y/o lesiones personales. Antes de restigar des blessures corporelles. Il doit étre arrété et
instrument and disconnect it from line powerWartungsarbeiten muss das Gerat abgeschakgarar el instrumento, apaguelo y desconéctettedealaché de la source de courant avant toute

While operating the instrument, keep coverswtd vom Netz getrennt werden. Betreiben Siedadéctrica. Mantenga colocadas las cubiertastervention. Ne pas utiliser Isinstrument sans ses

Do not remove the protective covers from th&erat nicht mit abgenommenen Abdeckungemientras se utiliza el instrumento. No retire lasouvercles. Ne pas enlever les capots de protection des
printed circuit board assemblies (PCBAs). Nehmen Sie die Schutzabdeckungen von cubiertas protectoras del circuito impreso comgdetes a circuit imprimé (PCBA).

Leiterplatten nicht ab. (PCBA).
Chemical hazardVear gloves and other Gefahr durch Chemikaliefiragen Sie beim  Peligro por sustancias quimicaSuando Danger lié aux produits chimiquegorter des gants
protective equipment, as appropriate, when Umgang mit toxischen, karzinogenen, mutageaeipule sustancias quimicas, toxicas, et deautres équipements de protection appropriés pour
handling toxic, carcinogenic, mutagenic, corgigmeden oder reizenden Chemikalien carcinogénicas, mutagenas, corrosivas o irritamtasipuler les produits chiesigoxiques, cancérigenes,

or irritant chemicals. Use approved containe&chotzhandschuhe und weitere geeignete utilice guantes y otro equipo de proteccion. Utilicgagenes, corrosifs ou irritants. Utiliser des récipients
proper procedures to dispose of waste oil anichutzausriistung. Verwenden Sie bei der siempre recipientes homologados y siga los homologués et des procédures adéquates pour la mise au
when handling wetted parts of the instrumenEntsorgung von verbrauchtem Ol und beim Ymgzugmientos adecuados cuando deseche aeditet des huiles usagées et lors de la manipulation des
mit medienberihrenden Komponenten die residual o0 manipule partes mojadas del instrumiéctss de lsinstrumemtcontact avec lseau.
vorgeschriebenen Behélter, und wenden Sie
ordnungsgemalfe Verfahren an.

Hot surfaceBefore touching, allow any heatddeif3e Oberflacherl.assen Sie heil3e Superficies calientesAntes de tocar los Surface chaudelaisser refroidir les composants
components to cool. Komponenten vor der Beriihrung abkiihlen. componentes calientes, espere a que se enfriehauffés avant toute manipulation.

Flammable substances hazatése care when Gefahr durch entziindbare Substanzen: Peligro por sustancias inflamable$enga muchdDanger lié aux substances inflammablexir avec
operating the system in the presence of flamBesleten Sie die einschlagigen VorsichtsmaRmahdaetg cuando utilice el sistema cerca de suspgécasion lors de lsutilisation du systéme en présence de
substances. wenn Sie das System in Gegenwart von entzUindlzarables. substances inflammables.

Substanzen betreiben.

Risk of eye injuryEye injury could occur fromAugenverletzungsrisikoverspritzte Riesgo de lesiones ocularekas salpicaduras dRisque de Iésion oculairdes projections chimiques,
splattered chemicals, airborne patrticles, or s6agmikalien, Schwebstoffpartikel oder schadestancias quimicas, las particulas flotantes eleglparticules en suspension dans lsair et les objets
objects. (Sharp objects that customers might@igeite konnen Augenverletzungen verursaelreny los objetos afilados pueden causar lesianaschants peuvent entraindésiess oculaires. (Les
in the instrument include fused-silica tubing, 8eharfe Objekte, die Kunden moglicherweisecimares. (Entre los objetos afilados que los clagjéts tranchants pouvant étre installés par les clients
autosampler needle, and so on.) Wear safet@erat installieren, sinl. Quarzglas-Kapillarerpueden instalar en el instrumento se encuentrdans lsinstrument comprennent les tubes en silice fondue,
glasses when handling chemicals or servicingjeléadel des Autosamplers, usw.) Tragen Stelbesnde silice fundida, agujas del muestreaddes aiguilles du passetmraatique, etc.). Porter des
instrument. Umgang mit Chemikalien oder bei der Wartuagtdesitico, etc.). Para manipular sustancias lunettes de protection lors de toute manipulation de

Gerates eine Schutzbrille. quimicas o realizar tareas de mantenimiento, ptitideit chimique ou intervention sur lsinstrument.

gafas de seguridad.

General hazardA hazard is present that is noligemeine GefahiEs besteht eine weitere Peligro generalExisten peligros que no se incliyanger dsordre généraindique la présence desun
included in the other categories. This symboGafahr, die nicht in den vorstehenden Kategeridas otras categorias. Este simbolo tambiénrisque neappartenant pas aux catégories citées plus haut.
appears on the instrument. For details abouthbschrieben ist. Dieses Symbol wird auch awp#eete en el instrumento. Si desea obtener n@ssymbole figure également sur lsinstrument. Pour plus
hazard, refer to the instrument manual. Gerat angebracht. Einzelheiten zu dieser Gefsformacion sobre estos peligros, consulte el rdariéthils sur ce danger potentiel, se reporter au manuel
When the safety of a procedure is questionafifelen Sie in den Geratehandbiichern. del instrumento. de Isinstrument.
contact Technical Support for Thermo Scientifienn Sie sich tber die Sicherheit eines Verfehreaso de duda sobre la seguridad de un proce8infeesiimeté deune procédure est incertaine, contacter
San Jose products. im Unklaren sind, setzen Sie sich, bevor Sie pongase en contacto con el personal de servicid€gssist@nce technique pour les produits Thermo Scientific
fortfahren, mit dem technischen Support fur de los productos Thermo Scientific San Jose. San Jose.
Thermo Scientific San Jose Produkte in Verbindung.



CAUTION Symbol

CAUTION VORSICHT PRECAUCION MISE EN GARDE

Laser hazardrhis instrument uses a laser thabéfahr durch Laserstrahleber in diesem Gerd&eligro por laserEste instrumento utiliza un ladeanger lié au laserl¢instrument utilise un laser

capable of causing personal injury. This symbeiwendete Laser kann zu Verletzungen filhopre puede producir lesiones personales. Este sirsbetible de provoquer des blessures corporelles. Ce

also appears on the instrument. For details dbieses Symbol wird auch auf dem Gerat  también aparece en el instrumento. Si desea @ytabete figure également sur lsinstrument. Pour plus de

the hazard, refer to the instrument manual. angebracht. Einzelheiten zu dieser Gefahr find@ninformacion sobre el peligro, consulte el métilal sur ce danger potentiel, se reporter au manuel de
Sie in den Geréatehandbuchern. del instrumento. leinstrument.

Ultra violet light hazarddo not look directly atGefahr durch UV-LichRichten Sie Ihren BlickPeligro por luz ultravioletaNo mire directamentBanger lié aux rayws ultraviolets ne jamais

the ultra-violet (UV) light or into the UV soureecht direkt auf ultraviolettes Licht (UV-Licht)ader luz ultravioleta (UV) ni a una fuente UV.regarder directement la lumiére ultraviolette (UV) ou la
Exposure can cause eye damage. Wear UViaydie UV-Quelle. Dies kann zu Augenschad&xposicién puede causar dafios oculares. Llevaource d*UV. Une exposition peut entrainer des Iésions
protection. fuhren. Tragen Sie eine UV-Schutzbrille. proteccion ocular para UV. oculaires. Porter des protections oculaires anti-UV.

Sharp objectAvoid physical contact with the Scharfes Objektvermeiden Sie den physisch@jeto puntiaguddvite el contacto fisico con €bjet tranchant éviter tout contact physique avec
object. Kontakt mit dem Objekt. objeto. leobjet.

Pinch pointKeep hands away from this areaQuetschgefahidalten Sie Ihre Hande von dieBemtos de pinzamientMantenga las manos  Risque de pincemengioigner les mains de cette zone.
Bereich fern. apartadas de esta area.

Heavy objectsNever lift or move the instrumedtthweres ObjektBewegen und heben Sie dadbjeto pesaddNunca levante ni mueva el Objet lourd ne jamais soulever ou déplacer lsinstrument

by yourself; you can suffer personal injury orGerat niemals alleindies kann zu Verletzungamstrumento por su cuenta, podria sufrir lesionssul sous peine de blessure corporelle ou

damage the equipment. For specific lifting oder zur Beschadigung des Gerats filhren. personales o dafar el equipo. Para obtener deendommagement de Isinstrument. Pour obtenir des

instructions, refer to the instrument manual. Spezifische Anweisungen zum Anheben findestBieciones especificas sobre levantamientoinstructions de levage spécifiques, se reporter au manuel
im Geratehandbuch. consulte el manual del instrumento. de lsinstrument.

Trip obstacleBe aware of cords, hoses, or otB&slpergefahrAchten Sie auf Kabel, Schlaucheopiezo con obstaculofenga en cuenta los cablBssque de trébuchementaire attention aux cébles,
objects located on the floor. und andere Objekte auf dem Ful3boden. mangueras u otros objetos colocados en el sueltuyaux et autres objets situés sur le sol.

When the safety of a procedure is questionatfenn Sie sich tiber die Sicherheit eines Verfehreaso de duda sobre la seguridad de un proce8ineesiiveté deune procédure est incertaine, contacter
contact Technical Support for Thermo Scientificunklaren sind, setzen Sie sich, bevor Sie pongase en contacto con el personal de servicidsgssismnce technique pour les produits Thermo Scientific
San Jose products. fortfahren, mit Ihrer lokalen technischen de los productos Thermo Scientific San Jose. San Jose.

Unterstltzungsorganisation fur Thermo Scientific

San Jose Produkte in Verbindung.



CAUTION Symbol CAUTION 1™ §LYAGE

Risk electric shockThis instrument n7Ab 47d6: Gbup[c s7A>|g /rsc3// t,A2sG @+kSLYAEDb 7 v+ tk A %73 28*+k 1L 0DAZé>F>5*$C x
uses voltages that can cause eIectrch >QEbBTA}TQUYKZ8IM Z 1ébS _c ppb7A f.x0OL# Z+k$AE-a6-+k$EF U> 1§ 7, C?-®A
shock and/or personal injury. Before . +)~ 7A:¥i»to8ZCTI8 upb8-pc -A_TT N-- >5® A ! m+kD% p4a, ~ PCBA,° U- >

servicing, shut down the instrument ade Srr ,K ZCTI8 EUACGE"-AEU (PCBA) } -1m

dlsconpect it from line power. While |  ; tV-¥Ir8[CTI8
operating the instrument, keep covers on.

Do not remove the protective covers from

the printed circuit board assemblies

(PCBAS).

Chemical hazard\Vear gloves and | U$x47d6:~6 $I$° 6 33 N6 +I8x6 rScHiob6e L ce+ §LYAE% *<" | =8%,]=8*0- ]=71<]L6;p%o6]L ce
other protective equipment, as 10. tv~..:\Ac 20[_ALZm/A"]b-1a% t%T#Y K =, YjeeA- UJAG=>% *<#®$p° 2G , O"i
appropriate, when handling toxic, M & t (KS~ ppbK®4S tv~..:\Ac 1 el ., B+AU %217 A >F8,°hPU >

carcinogenic, mutagenic, corrosive, 0ES p T Q#YK 4:)"m8p_‘8rM
irritant chemicals. Use approved

containers and proper procedures to

dispose of waste oil and when handling

wetted parts of the instrument.

Hot surfaceBefore touching, allow argx 8 :0+€+S_ IO KS4S tirKzZCTI8 HSIMAE»Q$ G ,i2*DAF>5*$>
heated components to cool.

Flammable substances hazattse o Ib §"@Ab 47d6 : *!P 6"@2A @ 6+\G+*[©«, 01810+ 1'0(Y8LYAE 2?2 'u(YCropf 'B315 ,, x GEUB", >
care when operating the system inthecec (@ -KZCTI18
presence of flammable substances.

Risk of eye injuryEye injury could occgs@ / b 47d6 :80 SKSiU. <4 (<E rSche<N'@/_ - ZEOLYAEr Z%73$/£E8 0 $»°L e +=0"J ¢, NI2E ,
from splattered chemicals, airborne | W Z%Q ¥/12 :>Q€@6~rM (Mp_v~UE}€ee+ 6 @ L6;KA oY %o>" ¢>07 2»°KA (Y %o ; "E=A.)9'1x =
particles, or sharp objects. (Sharp objgetee <@ /c AxT-»©Us T°§AEUTI»YA 8 PF mM2°F mi¥de>u*<Lae+L/ 2F>5*$Cx,,

that customers mightinstallinthe  J[M ) i10. tfv~.. WS~ pptZlléM+\Ac —1n x 0j@Lh U-rk’ >

instrument include fused-silica tubing,@; t%T#Y KrM
autosampler needle, and so on.) Wear

safety glasses when handling chemicals

or servicing the instrument.

General hazardh hazard is present thaf+-&gx” 47d6: Q€R€be |U1_\Zcr}"847d@6~r aFPSLY/E ">- 2+ a°8LY>81\-+P" 7@ 0)&e >? ©'3
is not included in the other categoriesM G b t1'0°ecpp _v/i2&g1€Z8rM G b 47db0o(y _X 8 LY °B4il ¥, BL;F8%0,° 7Z+A>9 /1PUC 7 AN 2+C
This symbol also appears onthe ~ Z¢ ppbb%x"Y1g-KZCTI8 L$ ,6531 Thermo Scientific San J6se® fee 7 cu >
instrument. For details about the hazdf@p b 020 _HYAM @6+ cec Thermo Scientific San Oosb

refer to the instrument manual. Liv2eY8ITor[>e8®fOCTI8

When the safety of a procedure is
questionable, contact Technical Support
for Thermo Scientific San Jose products.



CAUTION Symbol

CAUTION 1™

Laser hazardThis instrumentusesa b7 “ 1 adz b 47d6:Gbup[c 3// t,A2sGM>QE€
laser that is capable of causing persob@« b1 1t Q#YKZ8rM Gb 1t1'0°ecpup_vi2&gl£€
injury. This symbol also appears on tre8rM G b47d b0d(y _X8Zc ppbD%x"Ytgl.KZ
instrument. For details about the hazagdr | 8

refer to the instrument manual.

Ultra violet light hazardDo not look (g ¥ ceb 47d6 :(8¥ (UVIerSc UVce;T%$KObA8[CTIB I
directly at the ultra-violet (UV) light or to| W Z%Q T/t ,A2sGM>Q€@6~rM UV-1a8 0z ¢ T%TH#HY
the UV source. Exposure can cause éyéM

damage. Wear UV eye protection.

Sharp objectAvoid physical contact 5g< A"@/ :"@ /\b3 /$x KO» tT4JEZCTI8
with the object.

Pinch pointKeep hands away from thi€ s | —4° : Gb4S(_cmt6r€78|:_KZCTI8
area.

Heavy objectsNever lift or move the 5 5 *@1 C[uptaUVFS~&-KA8[CTI8 3 // t
instrument by yourself; you can suffep WS~ pptt/Me>QE€E@6~rM % /$x AUV F %02
personal injury or damage the equipmert8 Zc¢ ppbb%x"Ytgl-KZCTI8

For specific lifting instructions, refer to the

instrument manual.

Trip obstacleBe aware of cords, hose8, b7€ "@ E_6+¥1» i« QbUb'"@/_@-KZC
or other objects located on the floor. T8

When the safety of a procedureis m8pb626 _HYAM @6+ cec Thermo Scientific San Oosb
questionable, contact Technical Suppoytts«Y §i1°r[>e8@ fOCTI8
for Thermo Scientific San Jose products.

§LYAcE

% SLYAEb 7 v+"%0 P 28*3DAZé>IS1\-«P~ 7@ 0
Yo >?2©I88LY, B4l ¥, oL;F8%,° Z<A>

3al » §LYAC?-*?2u3aL ~ UVu+L6;3aL $/E >-*2(1 %73 28*-r

- Z é>Yj3al4dLh U-rk’ >

KA_ (Y %o f-* 0 0@ KA _°(Y %o >

O&I AE5<tNSG f >

H(Y/Z=5)"8 C-L01bPb ZC%73FE 6DAZéLs... 2>
?20©-%,° C-B*D gl; 7+A>

5 HELYA EIM™ @,°40 =1x L~ (Y +>

.1 ¢ 20AA?+CL$ 6531 Thermo Scientific San Jose® Te e 7
cu>
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Preface

ThisTSQ Series Hardware Marogaitains a description of the modes of operation and
principle hardware components of your TheBgientific’ TSQ’ system. In addition, this
manual provides step-by-step instrucfmmgdeaning and maintaining your mass
spectrometer.

Contents

€ To suggest changes to documentation or to Help
€ Safety and Special Notices

€ Safety Precautions

€ Solvent and Gas Purity Requirements

€ Service Philosophy

€ Level of Repair

€ Contacting Us

Y To suggest changes to the documentation or to the Help

Complete a brief survey about thisusheent by clicking the button below.
Thank you in advance for your help.

MENTATION

SURVE

Related Documentation

In addition to this manual, Thermo Fisheefiific provides the following for TSQ Series
mass spectrometers:

€ TSQ Series Preinstallation Requirements Guide
€ TSQ Series Getting Connected Guide
€ TSQ Series Getting Started Guide
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€ H-ESI Probe User Guide
€ HESI-Il Probe User Guide
€ lon Max and lon Max-S API Source Hardware Manual

€ Help available from within the software

Safety and Special Notices

Make sure you follow the precautionary statements presented in this guide. The safety and
other special notices appear in boxes.

Safety and special notices include the following:

CAUTIOMNHighlights hazards to humans, property, or the environment. Each CAUTION
notice is accompanied byagpropriate CAUTION symbol.

IMPORTANTHighlights information necessary to prevent damage to software, loss of
data, or invalid test results; or might contain information that is critical for optimal
performance of the system.

Note Highlights information of general interest.

Tip Highlights helpful information that can make a task easier.

Safety Precautions

XViii

Observe the following safety precautions ydenperate or perforservice on the mass
spectrometer.

CAUTION Do not perform any servicing other than that containedTli8@h&eries
Hardware ManualTo avoid personal injury or damage to the instrument, do not
perform any servicing otheaththat contained in tHeSQ Series Hardware Mararal
related manuals unless goe authorized to do so.

CAUTION Shut down the mass spectrometer and disconnect it from line power before
you service itHigh voltages capable of causing personal injury are used in the
instrument. Some maintenance proceduresadlat the mass spectrometer be shut

down and disconnected from line power before service is performed. Do not operate the
mass spectrometer with the top or side covers off. Do not remove protective covers from
printed circuit boards (PCBS).

TSQ Series Hardware Manual Thermo Scientific
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CAUTION Respect heated zoriesat heated zones with respect. The ion transfer
capillary, the H-ESI vaporizer, and the APCI vaporizer might be very hot and might cause
severe burns if they are touched. Allow heated components to cool before you service
them.

CAUTION Place the mass spectrometer in Standby (or Off) before you open the
atmospheric pressure ionization (API) soufthke presence of atmospheric oxygen in

the API source when the mass spectrometer is On could be unsafe. (The TSQ system
automatically turns the mass spectrometer Off when you open the API source; however, it
is best to take this added precaution.)

CAUTION Provide an adequate fume exhaust syktisngour responsibility to provide

an adequate fume exhaust system. Samples and solvents that are introduced into the TSQ
mass spectrometer will eventually beistdthfrom the forepump. Therefore, the

forepump should be connected to a fumaiskbgstem. Consult local regulations for the
proper method of exhausting the fumes from your system.

CAUTION Use care when changing the vacuum pumiseat drained vacuum pump

oil and pump oil reservoirs with care. Hazardous compounds introduced into the system
might have become dissolved in the pump oil. Always use approved containers and
procedures for disposing of waste oil. Weeagyump has beenesgting on a system

used for the analysis of toxic, carcinogentagemic, or corrosive/irritant chemicals, the

pump must be decontaminated by the arseéicertified to be free of contamination

before repairs or adjustments are made by a Thermo Fisher Scientific San Jose Customer
Support Engineer or before it is sent back to the factory for service.

Solvent and Gas Purity Requirements

Thermo Scientific

Use the highest purity solvents availableT $Qemass spectrometer is extremely sensitive to
solvent impurities. Some solvent impuritiesameparent to UV/Visible detectors, but are

easily detected by the TSQ mass spectrometer. Liquid chromatography grade is the minimum
acceptable purity. Higher grade solvents are preferred. Distilled water is recommended.
Deionized water contains chemicals and is hot recommended.

You can order high quality solvents fiasher Global Chemicals, telephone
(800) 766-7000.

The TSQ mass spectrometer uses argon as a collision gas. The argon must be high purity
(99.995%). The required gas pressure is 135 + 70 kPa (20 £ 10 psig). Thermo Fisher
Scientific has found that particulate filéeesoften contaminated and are therefore not
recommended.

TSQ Series Hardware Manuadix
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Service Philosophy

Servicing the TSQ system consists of performing procedures required to maintain system
performance standards, prevent system failure, restore the system to an operating condition,
or all of the above. Routine and preventivetemance procedures are documented in this
manual.

The user is responsible for routine and preganaintenance during and after the warranty
period. Regular maintenance increases the life of the system, maximizes the up-time of your
system, and allows you to achieve optimum system performance.

Only a Thermo Fisher Scientific custosugport engineer can perform services not
described in this manual.

Level of Repair

Thermo Fisher Scientifices service philodopliye TSQ system calls for troubleshooting to
the lowest part, assembly, or module listedapter 8, *Replaceable Parts.Z

For mechanical failures: A mechanical assembly typically is to be repaired to the level of the
smallest item listed ithapter 8, *Replaceable Parts.Z
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Contacting Us

Preface

There are several ways to contact Thernmer Bestentific for the information you need.

For Thermo Scientific’ products

Technical Support

Access by phone, fax, email, or website
(U.S.) Phone: 1 (800) 532-4752 Fax: 1 (561) 688-8736

Email;us.techsupport.analyze @thermofisher.com

Web,for product support, technical documentation, and knowledge bases:
www.thermoscientific.com/support

Customer Service
(Sales and service)

(U.S.) Phone: 1(800)532-4752  Fax: 1 (561) 688-8731

Email:us.customer-support.analyze @thermofisher.com

Web,for product information:
www.thermoscientific.com/Ic-ms

Web,for customizing your service request:
1. From any Products & Services web pageCdlitkct Us

2. In the Contact Us box, complete the informatiqueasted, scroll to the
bottom, and clic Send

User Documentation

Web,for downloading documents:
mssupport.thermo.com

1. On the Terms and Conditions web page, cAdkee
2. In the left pane, clidBustomer Manuals

3. To locate the document, clis&archand enter your search criteria. Fo
Document Type, selédanual

Email,to send feedback directly to Technical Publications:
techpubs-lcms@thermofisher.com

Web,to complete a survey about this Thermo Scientific document:
www.surveymonkey.com/s/PQM6P62

Thermo Scientific
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Introduction

Thermo Scientific

TSQ Series mass spectrometers are members of the Thermo Scientific family of mass
spectrometers. The TSQ Series mass spectisraatadvanced analytical instrument that
includes a syringe pump, a divert/inject valve, a mass spectrometer, and a data system.

Contents

€ lonization Modes

€ lon Polarity Modes
€ Scan Modes

€ Scan Types

€ Data Types

€ Mass/Charge Range

In a typical analysis, a sample can be introduced in the following ways:
€ Using the syringe pump (direct infusion)

€ Using the divert/inject valve fitted with a sample loop and liquid chromatograph (LC)
(flow injection analysis)

€ Using the divert/inject valve and high-pedace liquid chromatograph (HPLC) fitted
with a column (LC/MS)

In a typical analysis, an L@&aduces a sample. The LC separates the sample into its various
components. The components elute from tharidpass into the mass spectrometer where
they are analyzed.

Analysis by direct infusion or flow injection provides no chromatographic separation of
components in the sample before they pass into the mass spectrometer. The data from the
mass spectrometer is then stored and processed by the data system.

The TSQ mass spectrometer consists of an atmospheric pressure ionization (API) source, ior
optics, triple-stage mass analyzer, and iaticletgystem. A vacuum manifold encloses the

ion optics, mass analyzer, ion detection systpammf the API source. lonization of the

sample takes place in the API source. The specific process used to ionize the sample is knov
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as the ionization mode. The ion optics tran$mitons produced in the ion source into the

mass analyzer, where they are separated according to their mass-to-charge ratio. The polarit
of the potentials applied to the lenses in the ion source and ion optics determines whether
they transmit positively charged ions or nedjatitharged ions to the mass analyzer. You can
configure the TSQ mass spectrometer to analyze positively or negatively charged ions (callec
the positive or negative ion polarity mode).

The TSQ instrumentss triple-stage mass anpbrterms either one or two stages of mass
analysis:

€ The TSQ system is operated as a conventional mass spectrometer with one stage of ma
analysis. The ion source ionizes the sample and the ion products are subjected to mass
analysis in the first rod assembly. The second and third rod assemblies transmit the
resulting mass-selected ions to the ion detection System.

€ The TSQ system is operated as a tandem mass spectrometer with two stages of mass
analysis. The ion source ionizes the sangplkeeaion products are mass analyzed by the
first rod assembly. In this case, howeverselasted ions exiting the first rod assembly
collide with an inert gas in the second rod assembly and fragment to produce a set of ions
known as product ions. (A chamber called the collision cell surrounds the second rod
assembly. The collision cell can be pressurized with an inert gas.) The product ions
undergo further mass analysis in the third seddmy to detect selected ions. Two stages
of mass analysis yield far greater chenscHicsty than a single stage can achieve,
because of the systemes ability to selecttandide two discrete but directly related sets
of masses.

In a first stage of mass analysis the TSQ sgatebesused to elucidate the structures of pure
organic compounds and the structures of thpaments within mixtures. Furthermore, in a
second stage of mass analysis, the mass spectrometer can fragment and separate each ioni
fragment of a molecule formed in the ion source to build up an entire structure for the
molecule, piece by piece. Thus, TSQ systems make investigating all pathways for the
formation and fragmentation of each ion in the mass spectrum possible.

The two stages of mass analysis, with resultant reduction of chemical noise in the final mass
spectrum, allow for very selective and sensitive analysis.

Each sequence of single- or triple-stage mass analysis of the ions is called a scan. The TSQ
mass spectrometer uses several different scan modes and different scan types to filter,
fragment, or transmit ions in the mass analipeg with the ionization and ion polarity

modes, the ability to vary the scan mode and scan type affords the user great flexibility in th
instrumentation for solving complex analytical problems.

1 The instrument can also be used as a single-stage mass spectram&tttimgtthe ions through the first
and second rod assemblies followed &y amalysis in the third rod assembly.
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lonization Modes

lonization Modes

The atmospheric pressure ionization (API) source forms gas phase sample ions from sample
molecules that elute from the LC or are inired by the syringe pump. You can operate the

API source in the electrospray ionization (&&dle or, optionally, the heated electrospray
ionization (H-ESI), nanospray ionizatiorS(N atmospheric pressyphoto ionization

(APPI), or atmospheric pressure chemigizition (APCI) mode. Refer to thea MAX

and lon MAX-S API Source Hardware Manual, HESI-II Probe User Guide, H-ESI Probe User
Guide, lon MAX APPI Source Operatorss Mamiahospray lon Source Operatores Manual

for more information regarding the ionization modes.

lon Polarity Modes

Scan Modes

Thermo Scientific

You can operate the TSQ mass spectrometreincgitwo ion polarity modes: positive or
negative. Both positively charged and negatihatyed ions form in the ion source of the

mass spectrometer. The TSQ mass spectrometer can control whether positive ions or negativ
ions are transmitted to the mass analyzer for mass analysis by changing the polarity of the
potentials applied to the ion source and itino@ he ion optics deliver the ions produced

in the ion source, in a collimated beam, to the mass analyzer.

The information obtained from a positive ion mass spectrum is different from and
complementary to the information from a negatin spectrum. Thus, the ability to obtain
both positive ion and negative ion mass spéasrgou in the qualitative analysis of your
sample. You can choose the ion polarity mode and ionization mode to obtain maximum
sensitivity for the parti@arl analyte of interest.

You can operate the TSQ mass spectrometer in a variety of scan modes. The most commonl
used scan modes can be divided into two categories: single mass spectrometry (MS) scan
modes and MS/MS scan modes. The scdasmo each category are as follows:

€ MS scan modes: Q1MS and Q3MS scan modes
€ MS/MS scan modes product scan mode, parent scan mode, neutral loss scan mode

€ Data-dependent scan mode

The scan modes that can be employed depé¢ne namber and type of rod assemblies and
the voltages applied to the rod assemblies.

TSQ Series Hardware Manuad
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The TSQ system mass analyzer has three rod asédmbli@st and third rod assemblies,
Q1 and Q3, are quadrupoles, and the semohdssembly, Q2, is a square-profile
guadrupole.

Rod assemblies can operate in either of two capacities:
€ As ion transmission devices

€ As mass analyzers

If only RF voltage is applied, a rod assembés sexan ion transmission device that passes all
ions within a large range of mass-to-charge ratios (that is, virtually all ions present).

When you apply both RF and dc voltages to a rod assembly, the separation of ions of different
mass-to-charge ratios occurs. This sepatis the rod assembly to serve as a mass
analyzer.

On the TSQ mass spectrometer, the quadrupole rod assemblies can operate with RF and
dc voltages or with only RF voltage. Th&1sand Q3 can act either as mass analyzers or
ion transmission devices. The Q2 rod assemdlgtes exclusively with RF voltage. Thus,

Q2 is always an ion transmission device.deonmary of how the rod assemblies function in
several of the major scan modeSagéee 1

Table 1. Summary of scan modes

Scan mode Q1 quadrupole Q2 caollision cell Q3 quadrupole

Q1MS Scah Pass all ioks Pass all ions

Q3MS Pass all ions Pass all ions Scan

Product Sét Fragment ioffsthen pass all Scan
fragments

Parent Scan Fragment ions, then pass alGet
fragments

Neutral Loss  Scan Fragment ions, then pass acan
fragments

aScan = full scan or transmission of selected ions

bPass all ions or fragments = jpassor fragments within a widage of mass-tharge ratios
¢ Set = set to pass ions of a single masarge-chtio or a set of mass-to-charge ratios

4 Fragment ions = collisions waifgon gas cause ions to fragment

2 Arod assembly is a regular array of metal rodslzSee\nalyzeon page 28or a discussion of the rod
assemblies used on the TSQ Series instrument.
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Q1MS and Q3MS Scan Modes

The Q1MS and Q3MS scan modes perforiy ome stage of mass analysis. The mass
spectrum obtained is equivalent to the mass spectrum obtained from an instrument with a
single mass analyzer. In the one stage of analysis, ions formed in the ion source enter the
analyzer assembly. One of the mass analyzers)8)1is scanned to obtain a complete mass
spectrum. The other rod assemblies (Q2 andr@3L and Q2, respectively) act as ion
transmission devices. In the Q1MS scan ddis, used as the mass analyzer; in the Q3MS
scan mode, Q3 is used as the mass analyzer.

Product Scan Mode

Thermo Scientific

Product scan mode performs two stages ofi@rialyise first stage, ions formed in the ion
source enter Q1, which is set to transmitdbose mass-to-charge ratio. lons selected by

this first stage of mass analysis are called parent ions. (As a result, Q1 is referred to as the
parent mass analyzer, and the mass-to-charge ratio of ions transmitted by the parent mass
analyzer is referred to as the parent set Rzassf)ions selected by Q1 then enter Q2, which

is surrounded by the collision cell.

Note For convenience, when referring to tisg Second, and third rod assemblies as

pieces of hardware, you can call them Q1, Q2, and Q3, respectively. However, for clarity
when discussing their function in MS/MS scan modes, you can refer to them as the parent
mass analyzer, collision cell (ion transmission device surrounded by the collision cell), and
product mass analyzer, respectively.

In the second stage of analysis, ions ootli&on cell can fragment further to produce

product ions. Two processes produce prazhgstby unimolecular decomposition of

metastable ions or by interaction with argthiisioa gas present in the collision cell. This

latter step is known as collision-induced digsoc{CID). lons formed in the collision cell

enter Q3 (the product mass analyzer) for the second stage of mass analysis. Q3 is scanned 1
obtain a mass spectrum that shows the priotisgbroduced from the fragmentation of the
selected parent ion.

A mass spectrum obtained in the productreode (product mass spectrum) is the mass
spectrum of a selected parent ion.

Figure 1lillustrates the product scan mode.
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Figure 1. lllustration of product scan mode
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Parent Scan Mode

The parent scan mode also uses two stagegsié aimathe first stage, ions formed in the ion
source are introduced into the parent masseamaliich is scanned to transmit parent ions
sequentially into the collision cell.

In the second stage of analysis, in theaolisll, parent ions can fragment to produce

product ions by unimolecular decomposition of metastable ions or by collision-induced
dissociation. lons formed in the collision cell enter the product mass analyzer, which transmits
a selected product ion. (The product set mass is the mass-to-charge ratio of ions transmitted
by the product mass analyzer.)

The resultant spectrum shows all the parent ions that fragment to produce the selected
product ion. Note that for a mass spectrum obtained in the parent scan mode (parent mass
spectrum), data for the mass-to-charge ratio axis is obtained from Q1 (the parent ions),
whereas data for the ion intensity axis is obtained from Q3 (from monitoring the product
ion).

Figure Zllustrates the parent scan mode.
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Figure 2. lllustration of the parent scan mode
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Experiments that employ the parent scan (padent experiments) can be used in structure

and fragmentation studies as well as in samagyses of mixtures. In general, parent
experiments detect all compounds that decompose to a common fragment. The experiments
are useful for the rapid detection of a series of structural homologs (for example, substituted
aromatics, phthalates, steradsatty acids) that have a common fragment ion (for example,
m/z149 for the phthalates).

Neutral Loss Scan Modes

Thermo Scientific

In the neutral loss scan mode, the two massaaedyz and Q3) are linked together so that

they are scanned at the same rate over mass ranges of the same width. The respective mas:
ranges, however, are offset by a selected thastheoproduct massadyrer scans a selected
number of mass units lower than the parent mass analyzer.

As a result, in the neutral loss scan mode,ateetwo stages of mass analysis. In the first
stage, the parent mass analyzer separafemi@asin the ion source by mass-to-charge
ratio. Then the ions are introduced sequentially into the collision cell.

In the second stage of analysis, ions adnaittied collision cell sdragment further by
metastable ion decomposition or by CID tmlpce product ions. The product mass analyzer
then separates these product ions by their mass-to-chargeuregidllustrates the neutral
loss scan mode. Examples of compounda waimmon neutral loss fragment appear in
Figure 4

For an ion to be detected, between the time the ion leaves Q1 and enters Q3, it must lose a
neutral moiety whose mass (the neutral lossisresal to the difference in the mass ranges
being scanned by the two mass analyzersaTreugral loss mass spectrum is a spectrum

that shows all the parent ions that lose a neutral species of a selected mass.
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Note that a neutral gain (or association) experiment can also be performed in which the mass
range scanned by Q3 is offset by a selected mass above the mass range scanned by Q1.

For a neutral loss (or neutral gain) mass spectrum, as for a parent mass spectrum, Q1 (the
parent ion) provides data for the mass-to-charge ratio axis, whereas Q3 (the product ion being
monitored) provides data for the ion intensity axis.

Experiments that use the neutral loss scan(meadel loss experiments) are useful when a
large number of compounds are being surf@ysammon functionality. Neutral moieties
are frequently lost from substitutemtctional groups (for example, £m carboxylic

acids, CO from aldehydes, HX from halides, guftdm alcohols).

Figure 3. lllustration of the neutral loss scan mode
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Figure 4. Examples of compounds with a common neutral-loss fragment
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Data Dependent Scan Mode

The TSQ mass spectrometer uses the infomiratcdata-dependent scan mode experiment

to make automatic decisions about the next step of the experiment without input from a user.
In data-dependent scan mode you specify dritesgdect one or more ions of interest on

which to perform subsequent scans,a&ubiS/MS. You can approach the setup of
data-dependent experiments in either of two ways:

€ If you have some idea of what the parent ion is, or if you expect a certain kind of parent,
you can set up a list of possible paraat ithen, when one of the parent ions you
specified is detected, you can acquireigregdectra and analyze the information.
Conversely, you can also set up a list of ions that gotndmt selected for
fragmentation.

€ If you have little information about your compound, you can set up the parameters of a
data-dependent experiment so that if thagitjeof the ion signal is above a specified

threshold, the TSQ system generates grsgectra. Later, you can decide if the
information is useful.

Because a data-dependent scan needs to use a target ion from a previous scan, the first sca
event cannot be a data-dependent scan.

Thermo Scientific TSQ Series Hardware Manu&
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Scan Types

Full Scan

TSQ systems can be operated with a variety of scan types. The most common scan types are
follows:

€ Full Scan

€ Selected lon Monitorin@IM)

€ Selected Reaction Monitori8RM)
€ AutoSIM

The full-scan scan type provides a full masssp of each analyte. With full scan, the
scanning mass analyzer is scanned from the first mass to the last mass, without interruption,
in a given scan time.

Full-scan experiments are used to determine or confirm the identity of unknown compounds
or the identity of each component in a orixiof unknown compounds. (Generally, a full
mass spectrum is needed to determine the identity of an unknown compound.)

The full-scan scan type gives you more information about an analyte than does SIM, but a full
scan does not yield the sensitivity that tier divo scan types can achieve. With full scan,

you spend less time monitoring the signal for each ion than you do in SIM or SRM. Full scan
provides greater information but lowaskity than the other two scan types.

To use the SIM or SRM, you need to know what ions or reactions you are looking for before
you can perform an experiment with thesetgoas Thus, you might use a full scan for SIM

to determine the identity of an analyte armbtain its mass spectrum and a full scan for

SRM to determine the mass spectrum and product mass spectra for parent ions of interest.
Then, you might use SIM or SRM to do routine quantitative analysis of the compound.

Selected lon Monitoring

Selected ion monitoring (SIM) monitors a particular ion or set of ions. SIM experiments are
useful in detecting small quantities of a target compound in a complex mixture when you
know the mass spectrum of the target compound. Thus, S#ftiisrusace analysis and in

the rapid screening of a large number of samples for a target compound.

Because SIM monitors only a few ions, it can provide lower detection limits and greater speed
than the full-scan modes. SIM achieves lower detection limits because more time is spent
monitoring significant ions that are known to occur in the mass spectrum of the target
analyte. SIM can achieve greater speed because it monitors only a few ions of interest; SIM
does not monitor regions of the spectrum that are empty or have no ions of interest.
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SIM can improve the detection limit and degr@malysis time, but it can also reduce
specificity. Because SIM monitors onlyifspeans, any compound that fragments to
produce those ions will appear to be the tawggtound. The result can be a false positive.

Selected Reaction Monitoring

AutoSIM

Data Types

Thermo Scientific

Selected reaction monitoring (SRM) monégarticular reaction or set of reactions, such as
the fragmentation of an iontbe loss of a neutral moiety.

SRM monitors a limited number of parent adpict ion pairs. In product-type experiments,
a parent ion is selected as usual, but generally only one product ion is monitored. SRM
experiments are normally conddietith the product scan mode.

As does SIM, SRM provides for the very rapid analysis of trace components in complex
mixtures. However, because SRM selects twbisats it obtains specificity that is much

greater than what SIM can obtain. Any interfering compound would not only have to form

an ion source product (parent ion) of the same mass-to-charge ratio as the selected parent io
from the target compound, but that parent ionltvalso have to fragment to form a product

ion of the same mass-to-charge ratio as the selected product ion from the target compound.

In the scan type known as AutoSIM, the mass spectrometer automatically selects the most
intense masses/gvalues) in a survey scan, builds a SIM scan list for them, and then acquires
and records ion current at only these selected masses. AutoSIM scans can be performed on a
full scan in any scan modé bot on data-dependent scans.

There might be times when the scan rang@s ¢br more) selected masses overlap. If this
happens, both masses are placed in one SIM window. In EZ Tune, the SIM table in the
Define Scan dialog box displays the centefondisis new scan window, not each selected
mass.

You can acquire and display mass spectral data (intensity versus mass-to-charge ratio) with tf
TSQ mass spectrometepire of two data types:

€ Profile Data Type
€ Centroid Data Type
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Profile Data Type

In the profile data type, you can see the shape of the peaks in the mass spectrum. Each atom
mass unit is divided into many samplingwmatse. The intensity of the ion current is

determined at each of the sampling intervals. The profile data type displays the intensity at
each sampling interval with the intensities cteoh®y a continuous line. In general, use the
profile scan data type when you tune and calibrate the mass spectrometer so that you can
easily see and measure mass resolution.

Centroid Data Type

The centroid data type displays the mass spectrum as a bar graph and sums the intensities ¢
each set of multiple sampling intervals. This sum is displayed versus the integral center of
mass of the sampling intervals. In general,aiserttroid scan dat@éyfor data acquisition

for faster scan speed. Data processing is also much faster for centroid data.

Mass/Charge Range

The TSQ mass spectrometer can operate in a mass/charge range of 10 to 3000 Da (TSQ
Quantum’ Access’, TSQ Quantum Access MAX’, TSQ Vantage EMR’, and TSQ

Quantum Ultra EMR’ mass spectrometers)i®to 1500 Da (TSQ Vantage’, TSQ

Vantage AM’, TSQ Quantum Ultra’ and TSQ Quantum Ultra AM’ mass spectrometers).
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This chapter describes the principal compeéthe TSQ system and their respective
functions.

Contents

€ Autosample(optional)
€ Liquid Chromatograp(optional)
€ Mass Spectrometer

€ Data System

A functional block diagram of the@ $hass spectrometer is showrdnre 5 A sample

transfer line connects the LC to the masdrgmeter. The autosampler and LC are usually
installed on the left of the mass spectrometer. The syringe pump and divert/inject valve are
integrated into the mass spectrometer cabinet.

In a typical analysis, a ségan be introduced in any of the following ways:
€ Using the syringe pump (direct infusion)
€ Using the divert/inject valve fitted witb@p and an LC (flow injection analysis)

€ Using a divert/inject valve and LC fitted with a column (LC/MS)

In analysis by LC/MS, a samigltnjected onto an LC column. The sample then separates
into its various components. The components elute from the LC column and pass into the
mass spectrometer where they are analyzed.

The Electrospray (ESI), heated electrospr&5()] nanospray (NSI), atmospheric pressure
photo ionization (APPI), and atmospheric prestiemical ionization (APCI) techniques

each ionize sample molecules at atmosplemscir@. The ion optics focus and accelerate the
resulting sample ions into the mass analfeee they are analyzed according to their
mass-to-charge ratios. An ion detection syisenproduces a signal proportional to the
number of ions detected. The system elé&drm@teive and amplify the ion current signal

from the ion detection system. That signal is then passed on to the data system for further
processing, storage, and display. The data system provides the primary TSQ mass
spectrometer user interface.
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Figure 5. Functional block diagram of the TSQ system
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Autosampler

The (optional) autosampler injects samplematitally into the liquid chromatograph (LC)
inlet. The TSQ data system computer can control most autosamplers. With an autosampler,
you can automate your LC/MS analyses.

Autosampler Start/Stop signals with the W#Qs spectrometer are provided by contact
closure. Refer to tH&Q Series Getting Connéatgadifor information on connecting an
autosampler to the TSQ mass spectrometer by contact closure.

You configure the autosampler from the data system computer. Select the appropriate
autosampler button in the Instrument Configanewindow, which is available by choosing
Start > All Programs > Thermo Foundation > Instrument Configuratid®ee Instrument
Configuration Help for a description of autosampler configuration options.

You also use the data system to sbewgutosampler to inject samples. Choose

Start > All Programs > Thermo Xcalibur > Xcaliband clicknstrument Setupto open

the Instrument Setup window. Then, click the appropriate autosampler icon to open the
Autosampler page. For instructions on running your autosampler, refer to the Help.

If your autosampler is controlled from a Thermo Scientific data system, refer to the
interconnect diagramshigure 3%n page 4 andFigure 3Zon page 43and thesetting
Connected Guitte the autosampler, for informatimm connecting the autosampler to the
data system computer, mass spectrometer, and LC.
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For front-panel (keypad) operation (if aangd maintenance procedures, refer to the
documentation provided with the autosampler.

Liquid Chromatograph

The (optional) liquid chromatograph (LC) separates a sample mixture into its chemical
components by liquid chromatography. In liquid chromatography, the sample mixture
partitions between a solid stationary phasgjefdarface area and a liquid mobile phase that
percolates over the stationary phase. Tleeutar structure of each component of the
mixture determines in which order each coemagiutes from the LC and enters the mass
spectrometer.

You can control most LCs and the corresponding UV detectors directly from the TSQ data
system computer. You can set the flow rate from 0 to 1000 yuL/min or more. Refer to the
TSQ Series Getting Connected fauitdormation on connecting an LC to the TSQ mass
spectrometer.

You configure the LC from the data system computer. Select the appropriate LC button in the
Instrument Configuration window, which is available by chdtsirnig All Programs >

Thermo Foundation > Instrument ConfigurationSee Instrument Configuration Help for

a description of LC configuration options, refer to Xcalibur Help.

You also use the data system to set up the LC. ShaoseAll Programs >

Thermo Xcalibur > Xcaliburand clicknstrument Setupto open the Instrument Setup
window. Then, click the appropriate LC icon to open the LC page. For instructions on
running your LC, refer to the Help.

If your LC is controlled from a Thermo Sdfentlata system, refer to the interconnect
diagrams irigure 3%n page 4andFigure 3%n page 48and thesetting Connected Guide
for the LC, for information on connecting the LC to the data system computer.

For front-panel (keypad) operation (if aanyd maintenance procedures, refer to the
documentation provided with the LC.

Syringe Pump

Thermo Scientific

The TSQ mass spectrometer includes an eleattypontrolled, integrated syringe pump.
Sed-igure 6 The syringe pump delivers sample solution from the syringe into the
atmospheric pressure ionization (API) source. When the syringe pump is operating, a motor
drives a pusher block that depresses the phfitigesyringe at a rate of one percent of the
syringe volume per minute. Liquid flowsajuhe syringe needle and into the sample

transfer line as the plunger is depressedngesiyalder holds the syringe in place. Refer to

the TSQ Series Getting Started GuitteeTSQ Series Getting Connected fauide

instructions on setting up the syringe pump.
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You can start and stop the syringe pumptfiereZ Tune window, which is available by
choosingstart > All Programs > Thermo Instruments > TSQ > TSQ TuRefer to

EZ Tune Help for instructions on operating the syringe pump from the data system. You can
also start and stop the syringe pump byngebsi syringe pump button. By holding down

the button, you can run the syringe pump in Purge mode, where the flow rate is five percent
of the syringe volume per second.

The syringe pump light-emitting diode (LED) (Sgere SandFigure 1) illuminates green
whenever the syringe pump is pumping. TheillliEDinates yellow if the syringe pump is at
the end of its travel.

Figure 6. Syringe pump

Pusher block

Syringe holder

Syringe

Needle

LC union

Divert/Inject Valve

The Rheodyne’ 7750E-185 divert/inject vahansotorized, stainless steel, six-port valve

that switches between two positions: Load gut.Ifihe divert/inject valve is located on the
front of the TSQ mass spectrometer above the API souFiguS@eeéYou can configure

(plumb) the divert/inject valve as a loop injdtdorflow injection analysis) or as a divert

valve. Seegure 8 The divert valve enables switching the solvent front, gradient endpoint, or
any portion of the LC run to waste. TIi&Q Series Getting Started Gualédes procedures

for plumbing the valve in the loop injector or divert valve configuration.

You can control the divert/inject valve from the data system. You specify the parameters of the
divert/inject valve on the Divert Valve pageessible from the Instrument Setup window.
For instructions on operating the divert/inject valve from the data system, refer to the Help.
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You can also use the divert/inject valverbtdtdivert the LC flow between the mass
spectrometer and waste when the valve is in the divert valve configuration, or switch betweer
load and inject modes when the valve is in the loop injector configuration.

Figure 7. Divert/inject valve
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Figure 8. Divert/inject valve plumbed as a loop injector and as a divert valve
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Mass Spectrometer

The mass spectrometer provides sample iomizatl mass analysis of injected samples or
samples eluted from a liquid chromatograph. The TSQ mass spectrometer uses a
triple-quadrupole mass analyzer with an imeesexternal to the mass analyzer. Several
important features of the TSQ mass spectrometer are as follows:

€ High sensitivity and resolution

€ m/z10 to 3000 mass range for TSQ Quantum Access, TSQ Quantum Access MAX, and
TSQ Vantage and TSQ Quantum Ultra mass spectrometers with extended mass range
(EMR) electronic assemblies installedmdnti0 to 1500 mass range for TSQ Vantage,
TSQ Vantage AM, TSQ Quantum Ultra, and TSQ Quantum Ultra AM mass
spectrometers without extended mass range electronic assemblies

€ ESI, H-ESI, NSI, APPI, and APCI ionization modes

€ Positive and negative ion polarity modes

€ MS and MS/MS scan modes

€ Full-scan, SIM, SRM, AutoSIM, and data-dependent scan types
The mass spectrometer includes the following components:

€ Controls and Indicators

€ API Source

€ lon Source Interface

€ lon Optics

€ Mass Analyzer

€ lon Detection System

€ Vacuum System and Inlet Gases Hardware

€ Electronic Assemblies
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Controls and Indicators

Thermo Scientific

Six LEDs are located at the upper right side of the front panel of the mass spectrometer.
Sed-igure (TSQ Vantage, TSQ Quantum Access, or TSQ Quantum Access MAX mass
spectrometer) aridgure 10(TSQ Quantum Ultra mass spectrometer).

Figure 9. Front panel LEDs of the TSQ Varfa@eiahBum Access, or TSQ Quantum Access
MAX mass spectrometer
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Figure 10.Front panel LEDs of the TSQ Quantum Ultra mass spectrometer
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The Power LED illuminates green whenever power is supplied to the vacuum system and
electronic assemblies of the mass spectrometer.

The Vacuum LED illuminates yellow whenttitbomolecular pump is nearly at speed

(80 percent of its operating speed of 750 MHtjtas safe to turn on the ion gauge. The
Vacuum LED is off if the turbomolecular pump is not at speed. The Vacuum LED
illuminates green whenever the pressure in the analyzer chamber is at or below the value
required to enable high voltages to the mass analyzer¥(ToxrLO

The Communication LEMuminates yellow when the mass spectrometer and the data
system are trying to establish a communication link. The Communication LED illuminates
green when the Ethernet communication link between the mass spectrometer and the data
system has been made.

The System LED illuminates yellow whenever the mass spectrometer is in standby,that is,
high voltage is not supplied to the ion source, mass analyzer, or ion detection system, but the
mass spectrometer power is on. The System LED illuminates green whenever the high voltag
is enabled and the system is in the On stafie viditage is enabled if the analyzer chamber is
below 7 x 1¢ Torr,

The Scan LED flashes blue whenever the mass spectrometer is on and is scanning ions.

The syringe pump LED illuminates green wlegribe syringe pump is pumping. The LED
illuminates yellow if the syringe pump is at the end of its travel.
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Two additional LEDs and a push-button swéiehlocated on the front panel above the
divert/inject valve. Segjure 11 When the divert/inject valve is set up for loop injections,
the divert/inject valve button switches the valve between load and inject modes and the
labeld_oadandInjectapply.

Figure 11.Divert/inject valve button and LEDs

— —
Load Inject

Function LEDs
Inject mode labels

Divert mode labels

) — Button

When the divert/inject valve is set up for divert valve operation, thegieevelve button
switches the LC flow between the mass spectrometer and the waste container and the labels
DetectoandWastapply.

The main power circuit breaker switch (labeled Main Power) is located on the power panel at
the lower right corner of the right side panel of the mass spectromfétereSéeand

Figure 13In the Off (O) position, the circuit breaker removes all power to the mass
spectrometer, including the vacuum pumphidiOn (|) position, power is supplied to the

mass spectrometer. In the standard operational mode, the circuit breaker is kept in the On (|)
position.

Figure 12.Power panel of the TSQ Vantage or TSQ Quantum Ultra mass spectrometer
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Figure 13.Power panel of the TSQ Quantum Access or TSQ Quantum Access MAX mass
spectrometer, showing switches and LEDs
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The electronics service switabdled Electronics) is located next to the main power circuit
breaker on the mass spectrometer power panet (LzandFigure 1}. In the Service Mode

position the switch removes power to all components of the mass spectrometer other than the
vacuum system. The Operating Mode position supplies power to all non-vacuum system
components of the mass spectrometer.

On the TSQ Quantum Access and TSQ Quantum Access MAX mass spectrometers, a
vacuum service switch (labeled Vacuum) is located next to the Electronics service switch on
the mass spectrometer power paimelie 1). In the Service Mode position the switch

removes power to all components of the vacuum system, including the forepump,
turbomolecular pump, and turbomolecular paaroller. The switch in the Operating

Mode position supplies power to all vacuum system components of the mass spectrometer.

The System Reset button is also located on the mass spectrometer power panel. Pressing th
System Reset button causes the embedded computer on the System Control PCB to reboot.
The TSQ mass spectrometer software is then reloaded from the data systemmitBee

the Mass Spectrometervhage 57or information on how to reset the mass spectrometer.

Three LEDs are located on the power panel:

€ The Pump On LED illuminates green whenftliepump current sensor detects current
to the forepump. The LED is off when the forepump current sensor does not detect
current to the forepump. If the current sensor detects a loss of current when the TSQ
mass spectrometer is on, high voltage turns off and the vacuum system vents.
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API Source

€ The Vent Valve Closed LED illuminates green whenever the vent valve current sensor

detects current through the vent valve and the vent valve is closed. The LED is off when
the vent valve is open.

€ The Ethernet Link OK LED illuminates green when the System Control PCB is
communicating with the data system PC. The LED is off when there is no
communication between the System Control PCB and the data system PC.

CAUTIONN an emergency, to shut off all power to the mass spectrometer, place the Main
Power circuit breaker switch (labeled Main Power) in the Off (O) position.

The atmospheric pressure ionization (API) source forms gas phase sample ions from sample
molecules that elute from the LC or are inired by the syringe pump. You can operate the

API source in the electrospray ionization (ESI), heated electrospray ionization (H-ESI),
nanospray ionization (NSI), atmospheric prepdioto ionization (APPI), or atmospheric
pressure chemical ionization (APCI) mode. For more information regarding the API source,
refer to theon Max and lon Max-S API Source Haslianual, HESI-II Probe User Guide,

H-ESI Probe User Guide, lon Max APPI Source Operators®Mdanadpray lon Source
Operatorss Manual

lon Source Interface

The ion source interface consists of the cansaf the API source that are held under
vacuum (except for the atmospheric presdarefghe ion sweep cone). The ion source
interface includes an ion transfer tube, two cartridge heaters ddo&ateplatinum probe
sensor, a vent prevent ball, and an ion sweep cdngu8egs
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Figure 14.Cross-sectional view of the ion source interfacep@i@8,iand QO ion optics of the TSQ Quantum Access,
TSQ Quantum Access MAX, or TSQ Quantum Ultra mass spectrometer
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The ion transfer tube assists in desolvatinthitrere produced by the API probe. The tube

is an elongated, 4 in. (on the TSQ Quantum Access, TSQ Quantum Access MAX, and

TSQ Quantum Ultra mass spectrometers)3in2(on the TSQ Vantage mass spectrometer)
cylindrical metal tube. Segure 15Two heater cartridges are embedded in the heater block.
The heater block surrounds the ion transferatutbdeats it to temperatures up to 400 °C. A
platinum probe sensor measures the tempearbthecheater block. Typical temperatures of

the ion transfer tube are 270 °C for ESI and 250 °C for APCI, but these temperatures vary
with flow rate and mobile phase compositiatedkeasing pressure gradient draws ions into
the ion transfer tube in the atmospheric pressure region and transports them to the ion
transfer tube-skimmer region of the vacuum manifold. A potential of typically +35 V (positive
for positive ions and negative for negative ions) assists in repelling ions from the ion transfer
tube to the skimmer. The vent prevent ball falls into the space occupied by the ion transfer
tube when the tube is removed, thus preventing air from entering the vacuum manifold. The
vent prevent ball allows you to remove the ion transfer tube for cleaning without venting the
system.
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The ion sweep cone is a metallic cone ovienttransfer tube. The ion sweep cone channels
the sweep gas towards the entrance of the tube.

The ion source interface is enclosed inuawachamber that is evacuated by the forepump
to a pressure of approximately 1.5 Torr.

Figure 15.lon transfer tube

Front

lon Optics

The ion optics focus the ions produced in the API source and transmit them to the mass
analyzer. The TSQ mass spectrometer uses two ion optics elements:

€ QO00 ion optics
€ QO ion optics

Q00 lon Optics

The QOO0 ion optics are the ion optics that are located closest to the API source. Q00 ion
optics include either the tube lens and skirantee S-lens and exit lens, the QOO rf lens,
the ion source interface cage, and the lens 0o Seel 4

On the TSQ Quantum Access, TSQ Quantum Access MAX, and TSQ Quantum Ultra mass
spectrometers, ions from the ion transfer tube enter the tube lensirSéé The tube

lens has a mass-dependent potential applied to it to focus the ions toward the opening of the
skimmer. An additional potential of between 0 and £250 V (positive for positive ions and
negative for negative ions), called the tubeffeasvoltage, can be applied to the tube lens.
This accelerates the ions into background gas pin@sent in the ion transfer tube-skimmer
region. Collisions with the background gas aid in the desolvation of the ions and increase
sensitivity. If the tube lens offset voltage is too high, however, collisions with the background
gas can be energetic enough to cause ionrfraigone This fragmentation, called ion source
collision-induced dissociatif@iD), decreases sensitivity. When you tune the TSQ mass
spectrometer, you adjust the tube lens wifbage to maximize sensitivity by balancing
desolvation with fragmentation.
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Figure 16.Tube lens of the TSQ Quantum AcQe@sianBum Access MAX, or TSQ Quantum
Ultra mass spectrometer

Back

The TSQ Vantage mass spectrometer uses armSdiend lens rathtran a tube lens and
skimmer. The S-lens is an ion transmisi@weite consisting of progressively-spaced,
stainless-steel electrodest-See= 17 A 650 kHz rf voltage is applied to the electrodes, and
adjacent electrodes have voltages of ogpaste As the rf amplitude increases, ions of
progressively higher mass-to-charge ratios pass through to the exit lens. During the tune
procedure, the TSQ Vantage mass spectrontetenides the mass-dependent rf amplitudes
for optimum transmission of ions through the lens. The maximum amplitude is 300 V
peak-to-peak.

Figure 17.S-lens of the TSQ Vantage mass spectrometer

lons from the tube lens or S-lens pass through the skifner (§ or exit lens

(Figure 1y and move toward the QOO rf lens. $kienmer and exit lens act as a vacuum
baffle between the higher pressure ion source interface region (at 1.5 Torr) and the lower
pressure Q00 ion optics region (at 50 mdrfye vacuum manifold. The apertures of the
skimmer and exit lens are offset with respect to the bore of the ion transfer tube. This
arrangement reduces the number of larggechaarticles that pass through the skimmer or
exit lens into the mass analyzer, which redieieesor noise. The tube lens and skimmer, or
the S-lens and exit lens, mount to the ion source interface cage.
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Figure 18.Skimmer of the TSQ Quantum Access, TSQ Quantum Access MAX, or TSQ Quan
Ultra mass spectrometer

Front

Figure 19.Exit lens of the TSQ Vantage mass spectrometer

Front

—

The QOO rf lens is a square array of thin reketalents that act as an ion focusing device. See
Figure 20 An rf voltage that is applied to the elements gives rise to an electric field that
focuses the ions along the axis of the leltsvéitage offset from ground applied to Q00

(called the QOO offset voltage) increases tkatiamal kinetic energy of ions emerging from

the skimmer. During ion focusing, the offset voltage is negative for positive ions and positive
for negative ions. Increasing the offset vattergases the translational kinetic energy of the
ions. Typical values of the Q00 offset voltage are 0 and £4 V (negative for positive ions and
positive for negative ions).

Figure 20.QO00 rf lens

Front
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Source CID can also be accomplished by increasing the dc voltage offset between the
skimmer, which is at ground potential, ardrést of the mass spectrometer beginning with
QO00. You use the Source CID parameter in the Tune Master software to adjust this potential.

The lens LO is a metal cylinder with a small hole in one end through which the ion beam can
pass. A potential of between 0 and £3 V (negative for positive ions and positive for negative
ions) is applied to lens LO to aid in iongraission. Lens LO also acts as a vacuum baffle
between the Q00 and QO ion optics chambers.

The QO ion optics transmits ions from the QOO0 ion optics to the mass analyzer. The QO ion
optics includes the Q0 quadrupole and lenses L11 and L12.

The QO quadrupole is a square array of squidile-pods that act as an ion transmission
device. Seegure 21 An rf voltage applied to the rods gives rise to an electric field that guides
the ions along the axis of the quadrupoleQrheffset voltage increases the translational
kinetic energy of ions emerging from QOO.

Figure 21.Q0 quadrupole

The QO offset voltage can also be usedgmént ions. In ion source collision-induced
dissociation, the offset voltage (typically ...30 V to +30 V) imparts enough kinetic energy to
the ions so that, when they collide with solvent or air molecules, the ions dissociate to form
product ions. The translational kinetic energy imparted to the ions determines the degree of
dissociation. At low energies, adduct ions convert to sample ions by collision-induced
dissociation without fragmenting. At higleergies, molecular ions can fragment and

thereby enable primitive MS/MS/MS analysis.

The L11 and L12 lenses are metal disks with a circular hole in the center through which the
ion beam can pass. Segire 22 Together they act as a two-element cone lens. An electrical
potential applied to the lens accelerates (ordeE®l@ns as they approach the lens to focus

the ion beam as it passes through the lens. The value ranges between 0 and +£300 V. Lenses
L11 and L12 also act as a vacuum baffledetive QO ion optics chamber and the mass
analyzer chamber.
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Figure 22.Lenses L11 (left) and L12 (right)

Front

Mass Analyzer

The mass analyzer separates ions according to their mass-to-charge ratio and then passes th
to the ion detection system. The mass analyzer on the TSQ mass spectrometer consists of
three quadrupole rod assemblies (Q1, Q2, and Q3) and three lensFsgtseSee

Figure 23.Mass analyzer, ion detection system, and ion optics

lon detection systes

Lens L4 £

Q3 quadrupole

[

Lenses L31, L32, £33

Q2 collision cell—p—yv——~<

lon source
interface

Lenses Q1 Qo0 —— QOO0 rf
L21, L22, L23 quadrupole quadrupole lens
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The following subtopics discuss the mass analyzer in detail:
€ Quadrupole Rod Assemblies
€ RF and DC Fields Applied to the Quadrupoles
€ Mass Analysis
€ Collision Cell and CID Efficiency
€ Quadrupole Offset Voltage

€ Mass Analyzer Lenses

Quadrupole Rod Assemblies

Thermo Scientific

The three rod assemblies used in the TS spactrometer are numbered from the ion
source end of the manifold and are desig@die@2, and Q3. Q1 and Q3 are quadrupoles
that enable high-resolution scans without signal loss.

Q1 and Q3 are square arrays of precisionsmdciind precision-aligned, true hyperbolic
guadrupoles, called hyperquads (TSQ Maatad) TSQ Quantum Ultra mass spectrometers)
or hyperbolic-profile round rods (T&Rantum Access and TSQ Quantum Access MAX
mass spectrometers). [Sgere 24andFigure 25Quartz spacers act as electrical insulators
between adjacent rods.

Figure 24.Q1 or Q3 hyperquad of the TSQ Vantage or TSQ Quantum Ultra mass spectromet

= = - = =

Figure 25.Q1 or Q3 quadrupole of the TSQnQAaodss, or TSQ Quantum Access MAX mass
spectrometer

g

Q2 is a square-profile quadrupole rod ass&p@ohjways acts as an ion transmission device.

The Q2 quadrupole rods are bent through-de@dee arc. In addition to reducing the

footprint of the instrument, this bending of tlods prevents the transmission of unwanted
neutral species to the detector and dramatically lowers the noise level in the data. Q2 has
become synonymous with the teotision celfechnically, the collision cell is the chamber

that encloses Q2 where collision-induced dissociation can take place if the argon collision ga:
is present. Ségyure 26
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Figure 26.Collision cell (top), Q2 quadrupole (bottom), and lenses

Lenses L21, Lenses L35,
L22, and L23 L32, and L33

RF and DC Fields Apgal to the Quadrupoles

In a quadrupole rod assembly, because rods opposite each other in the array connect
electrically, the four rods can be considered as two pairs of two rods each. Ac and dc voltage
are applied to the rods and these voltagesmred during the scan. Voltages of the same
amplitude and sign are applied to the rods of each pair. However, the voltages applied to the
different rod pairs are equal inpéitade but opposite in sign. Segure 27

Figure 27.Polarity of the rf and dc voltages applied to the rods of the Q1 and Q3 mass analy:

RF voltage

) >>\\j<< ( + dc voltage

RF voltage 180° out of phase
... dcvoltage

The ac voltage applied to the quadrupoleisafsonstant frequency (1.123 MHz). The rf
voltage applied to the rods varies fromlQ @90 V peak-to-peak, and the dc voltage varies
from 0O to £840 V. Voltages of the same amplitude and sign are applied to each rod pair.
However, the voltages applied to the othgpamdire equal in amplitude but opposite in
sign.
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Because the frequency of this ac voltage is in the radio frequency range, it is referred to as rf
voltage. IriFigure 28the solid line represents the combined rf and dc voltage applied to one
rod pair, and the dashed line represents the combined rf and dc voltage applied to the other
rod pair. The ratio of rf voltage to dc voltage determines the ability of the mass spectrometer
to separate ions of different mass-to-charge ratios.

The first and third quadrupole rod assemfiiésand Q3 quadrupoles) can act as mass
analyzers or as ion transmission devices.Mierf and dc voltages are applied, Q1 and

Q3 function as mass analyzers. When onlitafjeas applied, thagt as ion transmission
devices. In the ion transmission mode, the quadrupole rod assemblies allow ions in a wide
window of mass-to-charge ratios to pass.

The square quadrupole rod assembly (@2atEs in the ion transmission mode only.
Surrounding Q2 is a collision cell where collision-induced dissociation (CID) can take place if
the argon collision gas is present in the cell.

Figure 28.Magnitude of the rf and dc voltages applied to the rods of the Q1 and Q3 mass
analyzers
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Mass Analysis

The mass analyzers (Q1 and Q3) areesqgurays of precision-machined and

precision-aligned hyperbolic or round-profis.rd he rods are charged with a variable ratio

of rf voltage and dc voltagey(ire 2. These potentials give rise to an electrostatic field that
gives stable oscillations to ions with a specific mass-to-charge ratio and unstable oscillations 1
all others.

At any given instant, one particular set of rf and dc voltage values is being applied to the mas
analyzer rods. Under these conditions, onlpfare mass-to-charge ratio (for example,
m/z180) are maintained within bounded oscillations as their velocity carries them through
the mass analyzer. At the same time, all other ions undergo unbounded oscillations. These
ions strike one of the rod surfaces, becamrmalimd, and are pumped away, or they are

ejected from the rod assembly.

Then, at a later time, both rf and dc voltagasge) and ions of the next mass-to-charge ratio
(for examplen/z181) are allowed to pass, while all other ions (includzdi®0) become
unstable and undergo unbounded oscillafltns process continues, with ions of one
mass-to-charge ratio after another being transragttéa rf and dc voltages change in value.
At the end of the scan, the rf and dc volegedischarged to zero, and the process repeats.

The TSQ system can rapidly and precisely ctimngetentials on the quadrupole rods. The
rf and dc voltages in the TSQ mass spectrometer can be scanned over the full mass range of
the systemm/z10 to 3000, in 0.85 seconds.

The more closely the electrostatic field generated by a set of quadrupole rods approximates ¢
hyperbolic geometry, the better their operatiagacteristics are. As a result, the precision
guadrupole rods of the TSQ mass spectropreigéde excellent sensitivity, peak shape,
resolution, and high mass transmission.

Collision Cell and CID Efficiency

In the MS/MS scan modes, the TSQ mass spectrometer applies a large voltage of opposite
polarity to the rod pairs between scans, whighies the collision cell. This process ensures
that no ions remain in the collision cell from scan to scan.

The collision cell quadrupole rod assembly, (@#¢h always acts as an ion transmission
device, is a quadrupole array of square-poofiieA variable rf voltage charges the rods,

which creates an electrostatic field that gives stable oscillations to ions in a wide window of
mass-to-charge ratios.

The collision cell surrounds Q2 and is usually pressurized from aboétd 4x00° Torr
with argon collision gas. The collision cell is where collision-induced dissociation takes place.

CID is a process in which an ion collides with a neutral atom or molecule and then, because
of the collision, dissociates into smaller fragments. The mechanism of dissociation involves
converting some of the translational kinetic energy (TKE) of the ion into internal energy. This
collision places the ion in an excited dfates internal energy is sufficient, the ion

fragments.
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Three expressions convey the efficiency of the CID process:
€ Collection efficiency
€ Fragmentation efficiency

€ Overall CID efficiency

Collection efficiency: The ion flux ratio measatéke exit of the collision cell and at its
entrance. With no collision gas present, the TSQ mass spectrometer obtains virtually 100
percent collection efficiency. Collection efficiency is a mass-dependent parameter. For
example, with mid-range collision gas pressure, the collection efficiency might vary from
about 50 percent for comparatively less mass\@ldch are more prone to scatter) up to

75 percent for comparatively more massive ions (which are less prone to scatter).

Fragmentation efficiency: The fraction of thdlionat the exit of the collision cell that
results from fragmented ionadfmentation efficiency dependsdliy on the stability of the

ion and indirectly on the mass of the ion. The more stable the ion, the less likely a given
collision will fragment the ion. The more masisevéon, the greater its ability to distribute
the vibrational energy imparted by a colligisra result, ion fragmtation might decrease.

With mid-range collision gas pressure, fragriwenédticiency might vary from 15 percent to
65 percent for various compounds. As the aollisis pressure increases, the fragmentation
efficiency for all compounds approach@géfent due to multiple collisions. The
collection efficiency decreases, however, due to scattering.

Overall CID efficiency: The product of the collection efficiency and the fragmentation
efficiency. The overall CID efficiency exhibits a maximum with intermediate pressure. As the
pressure increases beyond the optimum value, more and more collisions take place, the
probability of scattering increases, and fewer and fewer ions pass through the collision cell.
Scattering results in the collection efficidacyeasing. The fragmentation efficiency also
decreases as the pressure is decreased from its optimum value, because fewer and fewer
collisions take place.

Quadrupole Offset Voltage

Thermo Scientific

The quadrupole offset voltage is a dc potappéied to the quadrupole rods in addition to

the ramping dc voltage. The offset voltagédpplthe two rod pairs of the assemblies is

equal in amplitude and equal in sign. The quadrupole offset voltage accelerates or decelerate
ions and, therefore, sets theTKE of the ions as they enter the quadrupole rod assembly.

In general, for a given experiment, the TSQspassometer has fixed offset voltages for Q1

and Q2. However, in MS/MS experimentsginedrupole offset voltage applied to Q3

usually varies as a scan proceeds. The TSQ mass spectrometer automatically computes the (
guadrupole offset voltage necessary and tremtharoltage, as apgpiate, as each scan
proceeds.
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The offset voltage applied to Q2 (which contains the collision cell) is responsible for the
collision energy. The collision energy idifference in potential between the ion source
(where parent ions are formed) and Q2 (where they collide with collision gas). As the offset
voltage on Q2 increases, the TKE of the parenaiso increases. As a result, increases in the
Q2 offset voltage increase the energy of ioallisions. The collision energy is generally set

to one value for an entire scan and can be set from 0 to £200 V.

Before obtaining any mass spectra, the TS®spactrometer tunes Q1 in the Q1MS scan
mode (Q2 and Q3 rf voltage only), and tu®@&sn the Q3MS scan mode (Q1 and Q2 rf
voltage only). During tuning, the TSQsaa&pectrometer determines the optimum
guadrupole offset voltage for Q1 and for Q3.

Mass Analyzer Lenses

The TSQ system mass analyzer has three lens seisr&eéon page 30Those between
Q1 and Q2 are designated L21, L22, L28sd¢hbetween Q2 and Q3 are designated L31,
L32, L33; and the lens between Q3 and thdetection system is designated as L4 (or the
exit lens). All of the lenses have circulas iotheir centers through which the ion beam
passes.

The lens assemblies also retain the thresserdlalies to ensure accurate and automatic axial
alignment of the rod assemblies.

The L2x lens set (between Q1 and Q2) and3kéens set (between Q2 and Q3) serve these
functions:

€ To minimize the amount of collision gasehé&trs the mass analyzers (Q1 and Q3) from
the collision cell (Q2). (For high-mass transmission, it is important to maintain a low
pressure in the mass analyzers.)

€ To retain the collision gas. Lenses L23 dnhtbtr8 two of the walls of the collision cell,
so they tend to hold the collision gaténcollision cell. The collision gas escapes,
however, through the same lens holes through which the ion beam passes.

€ To prevent gas from entering the mass arsalyegnses L22 and L21 on one side of Q2
and lenses L32 and L33 on the other side afcQ&s baffles to help prevent the gas that
escapes from the collision cell from entering the mass analyzers.

€ To shield Q1 from the rf voltage applied to Q2 and vice versand.2et) and to shield
Q3 from the rf voltage applied@2 and vice versa (L3x lens set).

€ To focus the ion beam. The three lensesdret@l and Q2 (and those between Q2 and
Q3) together form a three-element apertase The first and third lenses are generally
set to similar or identical values and theatdans is set to a value different (either
higher or lower) from the other two.
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The voltage applied to each of the lensaspafrom about ...300 to +300 V. Typically,
however, the voltage applied to the first aradlelements of the L2x lens set is somewhat
greater than the quadrupole offset voltagieapplQ1. Because the Q1 quadrupole offset
voltage is generally set to about £5 V (depending on the charge of the ions of interest), the
voltage applied to lenses L21 and L23 is lymbaut ...10 V for positive ions and +10 V for
negative ions. The voltage applied to the tlmsaof the L2x lens set is typically about

1225 V.

In the Q3MS scan mode, the voltage appliecktietises of the L3x lens set is about the same
as that applied to the corresponding lens in the L2x lens set. Note, however, that in the
MS/MS scan modes, the voltage applied to3théens set automatically varies with the
quadrupole offset voltage applied to Q3h&§3 quadrupole offsvoltage ramps, the
voltages applied to the lenses ramp correspondingly.

Lens L4 is located between Q3 and the ion detsystem. L4 is held at ground potential.
Its purpose is to shield Q3 from the high voltage applied to the ion detection system and to
shield the ion detection system fthmhigh rf voltages applied to Q3.

lon Detection System

Thermo Scientific

The TSQ mass spectrometer is equipped with a high-sensitivity, off-axis ion detection system.
This system produces a high signal-to-ntiseuna allows for voltage polarity switching

between positive ion and negative ion moagreadtion. The ion detection system includes

a 15 kV conversion dynode arghannel electron multiplier. Segure 29The ion

detection system is located at the back of the vacuum manifold behind the mass analyzer.

The conversion dynode is a concave metal surface located at a right angle to the ion beam.
The TSQ mass spectrometer applies to tiversion dynode a potential of +15 kV for

negative ion detection or ...15 kV for positive ion detection. When an ion strikes the surface of
the conversion dynode, one or more sacpparticles are produced. These secondary

particles can include positive ions, negativesientrons, and neutrals. When positive ions

strike a negatively charged conversion dynode, the secondary particles of interest are negati
ions and electrons. When negative ions atpksitively charged conversion dynode, the
secondary particles of interest are positizeTibe curved surface of the conversion dynode
focuses these secondary particles and ag@ltliget accelerates the particles into the

electron multiplier.

The electron multiplier includes a cathode and an anode. The cathode of the electron
multiplier is a lead-oxide, funnel-like resitwe. high voltage ring applies a potential of up
to ...2.5 kV to the cathode. The exit etideotathode (at the anode) is near ground
potential.

The anode of the electron multiplier is a supllocated at the exit end of the cathode. The
anode collects the electrons produced by the cathode. The anode screws into the anode
feedthrough in the base plate.

Secondary particles from the conversion dynode strike the inner walls of the electron
multiplier cathode with sufficient energy to eject electrons. The ejected electrons are
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accelerated farther into the cathode, drawn by the increasingly positive potential gradient.
The funnel shape of the cathode causes the ejectamhs not to travel far before they again
strike the inner surface of the cathode, which causes the emission of more electrons. A casca
of electrons is then created that finally results in a measurable current at the end of the
cathode where the anode collects the electrons. The current collected by the anode is
proportional to the number of secondary particles striking the cathode.

Figure 29.lon detection system, showing the efeattiptier (top) and conversion dynode
(bottom)

Typically, the electron multiplisrset to a gain of about 3 ® ({t@at is, for each ion or

electron that enters, 3 x*H)ectrons exit) in MS mode and 2 %ihGMS/MS mode. The
electrometer circuit converts the current that leaves the electron multiplier via the anode to a
voltage and the data system records the voltage.

The ion detection system of the TSQ mass epetér increases signal and decreases noise.
The high voltage applied to the conversion dynesdés in a high conversion efficiency and
increased signal. That is, for each idargjrihe conversion dynode, many secondary
particles are produced. The increase in camvefficiency is more pronounced for more
massive ions than it is for less massive ions.

Because of the off-axis orientation of the ion detection system relative to the mass analyzer,
neutral molecules from the mass analyzer tetalgtoke the conversion dynode or electron
multiplier. As a result, noise from neutral molecules is reduced.

36  TSQ Series Hardware Manual Thermo Scientific



2 Functional Description
Mass Spectrometer

Vacuum System and Inlet Gases Hardware

Thermo Scientific

The vacuum system evacuates the region d@heuod source interface, ion optics, mass

analyzer, and ion detection system. The principal components of the vacuum system include
the following:

€ Vacuum manifold

€ Turbomolecular pump
€ Forepump

€ Convectron’gauges

€ lon gauges

The inlet gases hardware controls the flow of collision gas, sheath gas, auxiliary gas, and air
(during venting) into the mass spectrometer.idlat gasses hardware includes the following
components:

€ Ventvalve
€ Collision gas flow control valves
€ Sheath gas valve

€ Auxiliary gas valve

A functional block diagram of the vacuum system and inlet gasses hardware is shown in
Figure 30
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Figure 30.Functional block diagram of the vacuum system and inlet gasses hardware
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The vacuum manifold encloses the ion soueréace, ion optics, mass analyzer, and ion
detection system assemblies. The vacuum Ishen#ohick-walled, aluminum chamber with
two removable side cover plates, with opeminte front, sides, and top, and various
electrical feedthroughs and gas inlets.

The vacuum manifold is divided ifboir chambers by three bafflesF8epee 31 The

forepump evacuates the region inside the first chamber, called the ion transfer tube/skimmer
region. The third inlet in the molecular drag section of the triple-inlet turbomolecular

vacuum pump evacuates the region inside the second chamber, QaGeibtheptics

region. The interstage port of the turbomaodeatlcuum pump evacuates the region inside

the third chamber, called the QO ion optics region. The high vacuum port of the
turbomolecular pump evacuates the region inside the fourth chamber, called the analyzer
region, to less than2orr. The turbomolecular pump in turn discharges into the

forepump through the foreline.
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Figure 31.Vacuum manifold (interior)

O-ring lon gauge Turbomolecular pump
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chamber chamber chamber

The collision cell chamber, inside the analyzer chamber, has a user controlled argon pressure
of between one and four mTorr when CID is turned on. Argon in the collision cell is
evacuated by the forepump when CID is turned off.

The vacuum manifold has the following feedthroughs and inlets:
€ A feedthrough for the high voltage for the conversion dynode
A feedthrough for the high voltage for the electron multiplier
A feedthrough for the ion current signal from the anode of the electron multiplier
Two feedthroughs for the Q1 quadrupole rf voltage
Two feedthroughs for the Q3 quadrupole rf voltage
A feedthrough for the Q2 quadrupole rf voltage

a db o M dh

A feedthrough for lens L21, L22, L23, L31, L32, and L33 voltages
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€ A feedthrough for lens LO, L11, and L12 voltages
€ A feedthrough for the Q00 and QO ion optics rf voltages

€ A feedthrough for the tube lens offset eyl transfer tube offset voltage, and ion
transfer tube heater voltages

€ A vacuum connection for measuring the pedassiine analyzer region with the ion
gauge

€ An argon gas inlet into the collision cell

€ A vent gas inlet

Two removable side cover plates on thedeftthe vacuum manifold allow access to the
QO ion optics, mass analyzer, and ion detesgtsdem. Two electrically conductive O-rings
provide a vacuum-tight seal betweendkeecsiver plates and the vacuum manifold.

Turbomolecular Pump

Forepumps

A Leybold TW220/150/15S triple-inlet turbomalilar pump provides the vacuum for the
Q00 ion optics region, QO ion optics reganm] analyzer region of the vacuum manifold.
The turbomolecular pump mounts onto the top of the vacuum mahifpld(3).

The turbomolecular pump has three pumping inlets:
€ A high-vacuum inlet at the top of the retack, which evacuaties analyzer chamber

€ An interstage inlet about halfway down tioe stack, which evacuates the QO ion optics
chamber

€ A third inlet in the molecular drag sectibthe pump, which evacuates the Q00 ion
optics chamber

The turbomolecular pump is controllecaldyeybold TDS controller and powered by a

+24 V dc (250 W) power supply. The MainvBocircuit breaker switch and the Vacuum

service switch, not the Electronics service switch, turn power for the turbomolecular pump off
and on. The pump is air cooled by a fandrews air in from thednt of the instrument.

Power to the turbomolecular pump is shut off if the foreline pressure, as measured by the
Convectron gauge, is too high, oréftirbomolecular terapature is too high.

One (TSQ Quantum Access and TSQ Quantum Access MAX mass spectrometers) or two
(TSQ Vantage and TSQ Quantum Ultra masstepmeters) Edwards’ E2M30 forepumps

(or roughing pumps) establish the vacneoessary for the proper operation of the
turbomolecular pump. The forepump also evacuates the inlet valve and the collision cell. The
pump has a maximum displaceté 650 L/min and maintains a minimum pressure of
approximately 1 Pa (0.01 Torr).
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The forepump connects to tiiebomolecular pump by a section of reinforced PVC tubing.
The power cord of the forepump plugs into the outlet |adb@iepdumpn the power panel
(seerigure 13onpage 2). This outlet supplies power to the pump and is controlled by the
Main Power circuit breaker switch and Vacseirvice switch, not by the Electronics service
switch.

CAUTIOMIways plug the forepump power cord into the outlets I&oedgadimpn the
right-side power panel of the mass spectrometer. Never plug it directly into a wall outlet.

A Convectron gauge measures the pressure in the inlet valve and the foreline, which connect
the turbomolecular pump and the forepump. The Convectron gauge uses a Wheatstone
bridge with a temperature dependent resistoeasure pressure down to a fraction of a

milliTorr. A second Convectron gauge measures the pressure of argon collision gas in the
collision cell.

A Granville-Phillips’342’ mini ion gauge measures the pressures in the analyzer region of

the vacuum manifold. The ion gauge producegeticezlectrons that cause the ionization of
molecules in the ion gauge. Positive ions famike ion gauge are attracted to a collector.

The collector current is related to the pressure in the vacuum manifold. The ion gauge is also
involved in vacuum protection.

The vent valve, located in the area of Q&ysatlre vacuum manifold to be vented to dry
nitrogen or filtered air. The vent valve idemew-operated valve, which is controlled by the
Vent Delay PCB. When the solenoid is energized, the vent valve closes. If the power fails or
the main power circuit breaker is placed in the Off (O) position, a 4-farad capacitor, which is
located in the Power Entry Mdeukeeps the solenoid i ttlosed position for several

minutes. If power is not restored in this time, then the solenoid opens and the system is
vented with dry nitrogen or filtered Biry nitrogen (35 kPa [5 psi] maximum, 99%

minimum purity) enters the mass spectrometer through a 1/4 in. port on the left side of the
mass spectrometer. Segire 32 The vent valve closes after power is restored to the mass
spectrometer.

Collision Gas Flow Control Valves

Thermo Scientific

The collision gas flow control valves control the flow of argon collision gas into and out of the
Q2 collision cell. A solenoid valve acts to shut off argon gas flow to the cell. The collision gas
pressure is regulated by a proportional valve that is controlled by the data system. You can s
the collision gas pressure (0 to 5 mTotheérDefine Scan dialog box of the EZ Tune

window.
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Sheath Gas Valve

Auxiliary Gas Valve

lons enter the Q2 collision cell, collide with the argon collision gas, and then, because of the
collision, dissociate into smaller fragmentsC8éeion Cell and CID Efficiencen
page 32

Argon (135 + 70 kPa [20 £ 10 psi], 99.995% minih purity) enters the mass spectrometer
through a 1/8-in. port on the left side of the mass spectrometéyuges?

A second proportional valve allows the forepump to evacuate the Q2 collision cell of argon
and waste gases when CID is turned off. The TSQ mass spectrometer automatically opens
and closes the collision gas evacuation valerditg on whether Q2 acting as an ion
transmission device or a collision cell.

The sheath gas valve controls the flow of sheath gas (nitrogen) into the API source. Dry
nitrogen (690 = 140 kPa [100 + 20 psi], 99%tpuanters the mass spectrometer through a

1/4 in. port on the left side of the mass spectrometérgSe=32 A solenoid shutoff valve

starts and stops the flow of nitrogen to the API source. The data system controls a valve that
regulates the sheath gas pressure. You carsiseathgas flow rate (0 to 100 in arbitrary

units) in the lon Source dialog box fromEleTune window. The sheath gas enters the API
source through 1/8 in. ID tubing.

The auxiliary gas valve controls the flow of auxiliary gas (nitrogen) into the API source. Dry
nitrogen (690 = 140 kPa [100 + 20 psi], 99%tpuanters the mass spectrometer through a

1/4 in. port on the left side of the mass sp@etier. A solenoid shutoff valve starts and stops

the flow of nitrogen to the API source. The auxiliary gas pressure is regulated by a flow valve
that is controlled by the data system. Yosatahe auxiliary gas flow rate (0 to 60 in

arbitrary units) in the lon Sa4r dialog box. The auxiliary gas enters the APl source through
1/8 in. ID tubing.

Figure 32.Nitrogen and argon gas inlets

Nitrogen fokent Nitrogen In
35 kPa MAX 690 + 140 kR
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Electronic Assemblies

Thermo Scientific

The electronic assemblies that control thatigeof the mass spectrometer are distributed
among various PCBs and other modules located in the tower, in the embedded computer, and
on or around the vacuum manifold of the mass spectrometer.

The Power Entry Module provides masdrspaeter power control, a contact closure

interface, vent valve control, an Ethernet 100 base-T connection from the System Control
PCB to the data system PC, a mechanical pump failure protection circuit (linked to vent valve
control), a system reset button, status LEDssamwice ports. The right-side power panel,
shown in~igure 13onpage 2lis part of the Power Entry Module.

The Power Entry Module accepts line power, filters it, and provides it to various components
of the mass spectrometer. The Power Module includes the following components:

€ Main power circuit breaker switch
€ Surge suppressor

€ Line filter

€ Electronics service switch

€ Vacuum service switch

The <brainsZ of the TSQ mass spectroméier 8/stem Control PCB. The System Control
PCB and embedded computer include the following:

€ PowerPC processor

Serial Peripheral Interconnect (SPI) bus

I/O coprocessor

Super Harvard Architecture Computer (Sharc) bus
Scan generator DSP

Acquisition processor DSP

a b o

Interbus bridge
€ 100 base-T Ethernet port

The rf voltage generation electronic assemblies produce the S-lens (TSQ Vantage mass
spectrometer only), Q00, QO0, Q1, Q2, and Q3 rf voltages that enable ion transmission and
mass analysis. The Analyzer Control PCB and the System Control PCB control all rf voltages.

The Q1 and Q3 rf voltage amplifier circuitddeatical, and the circuits for Q0 and Q2 are
similar.
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Data System

The rf voltage generation electronigrasges include the following components:
€ REF oscillator

RF Voltage Amplifier PCB

Low Pass Filter PCB

RF voltage coil

RF voltage detector

a dh o dd

Mass DAC
€ Integrating amplifier

The ion detection system electronic assemblies provide high voltage to the electron multiplier
and conversion dynode of the ion detection syBhey also receive the electron multiplier
output current signal, convert it to a voltage (by the electrometer circuit), and pass it to the
embedded computer.

The ion detection system electr@sisemblies include the following:
€ Electron multiplier power supply
€ Conversion dynode power supply
€ Electrometer PCB
€ Acquisition DSP

The Analyzer Control PCB contains circuitry for controlling and monitoring the operation of
the ion source, ion optics, mass analyzer, and ion detection system. These circuits are in turn
monitored by the PowerPC processor of the System Control PCB via the SPI bus.

The Analyzer Control PCB controls and monitors the rf voltages for Q0, Q1, Q2, and Q3
quadrupoles. It also has lens voltage dhe¢isonvert £330 V dc power from the DC Rod
Driver PCB to dc voltages that are applied to the lenses.

The data system controls and monitors the TSQ mass spectrometer. The data system also
processes data that the TSQ mass spectrometer acquires. The data system is composed of
following:

€ Computer Hardware

€ Data System / Mass Spectrometer / LC Communication, Contact Closure, and Line
Power Connections

€ Data System / Local Area Network Interface
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2 Functional Description
Data System

Computer Hardware

The data system computer has the following major features:
€ Intel’ Pentium’ IV processor
High capacity hard disk drive
Recordable/rewriteable CD drive
Primary Ethernet port (data system to mass spectrometer)
Secondary Ethernet port (data system to local area network)
High performance video graphics card
DVD drive
1280 x 1024 resolution color monitor

Keyboard and mouse

a M d M o o

Laser printer

For more information about the comgrutefer to the appropriate manuals.

Data System / Mass Spectrometer / LC i@onmication, Contact Closure, and Line
Power Connections

Thermo Scientific

Your Thermo Scientific mass spectromppljcation supports LC instruments supplied by
Thermo Fisher Scientific and several other manufacturers. The instrument control software
for these instruments is provided on the LC Devices software CD.

Figure 3ZandFigure 3dllustrate the communication, contact closure, and line power
connections for two Thermo Scientific Accela’ LC/TSQ Series MS systems.

Figure 33hows the communication, contact closure, and line power connections for an
LC/MS system with a TSQ Series mass spectrometer, Accela Open Autosampler, and Accela
600 or 1250 Pump. The TSQ Series mass agpetar communicates with the data system
computer through an Ethernet link by way of an Ethernet switch. The Accela Pump
communicates with the data system computer through a USB link and the Accela Open
Autosampler communicates with the dataraysbmputer through an RS232 link. Two

contact closure cables, the Accela Open Autosampler interconnect cable and the Detector
adapter cable, synchronize the system run signals.

Figure 34shows the communication, contact closure, and line power connections for an
LC/MS system with a TSQ Series mass spectrometer, Accela Autosampler, Accela Pump, an
Accela Detector. The TSQ Series mass spectrometer, Accela Autosampler, and Accela Detect
(PDA or UV/Vis) communicate with the data system computer through an Ethernet link by
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2 Functional Description
Data System

way of an Ethernet switch. The Accela pump (Accela Pump, Accela 600 Pump, or Accela
1250 Pump) communicates with the data system computer through a USB link. Two contact
closure cables, the Accela interconneetaradbithe TSQ adapter cable, synchronize the
system run signals.

For information about connecting the communication cables to the Accela LC system devices
and making the contact closure connectionsdo”Ayoela LC /TSQ Series MS system, refer
to theAccela Getting Connected Guide

Data System / Local Area Network Interface

Printer

The data system computer contains a segdetti@rnet adapter. This secondary Ethernet
adapter is not involved in data system/mess@peter or LC communications. You can use
this secondary Ethernet adapter to access your local area network.

A high-resolution laser printer communicates with the data system via the local area network.
Refer to the manual supplied by the rfenturer for details about the printer.

You set up the printer from the Print Setupdi@bx. To open the Print Setup dialog box,
choosd-ile > Print Setugn any window.
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Accela Open Autosampler
interconnect cable
(contact closure)

Figure 33.LC/MS system with a TSQ Series mass spectrometer, an Accela Open Autosampler, and an Accela 600/
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2 Functional Description

Data System

Figure 34.LC/MS system with a TSQ Series mass spectrometer, an Accela Autosampler, an Accela LC Pump, and

Accela PDA Detector
TSQ mass spectrometer

TSQ adapter cable

(synchronization)

Accela system interconnect cable

Ethernet switch

4]

Data system

L

= S
e ©
9 o
: : 2
) g 2
a) 5 O
e o < 4
)
..ﬂ W —
2 T %
7}
O | [ [
a3 pElN [ pElN
T I
© “m
_ o)
c
S 3
anla. A — ~—~
N =
= o O
S - =
o 2
= [ o
< o =
(&) — £
C QL >
D c E
& Q €
o e N
2
© o
C
® I M LI
o =
F—
o
)
o
” m il EE” !
T

USB cable (communication)

Thermo Scientific

TSQ Series Hardware Manual

48



System Shutdown, Startup, and Reset

Many maintenance procedures for the TSQ systgiine that the mass spectrometer be shut
down completely. In addition, you can place the TSQ mass spectrometer in standby mode if
the system is not to be used for 12 hours or more.

Contents

€ Shutting Down the System in an Emergency

€ Placing the System in Standby Condition

€ Shutting Down the System Completely

€ Starting Up the System after a Complete Shutdown
€ Resetting the Mass Spectrometer

€ Resetting the Data System

€ Turning Off Selected Mass Spectrometer Components

Shutting Down the System in an Emergency

If you need to turn off the mass spectrometer in an emergency, use the following process.

CAUTIONPlace the Main Power circuit breaker switch, located on the power panel on the
right-side panel of the mass spectrometer, in the Off (O) positibm.uSe&~and

Figure 36 This turns off all power to the mass spectrometer, including the vacuum
pumps. Although removing power abrugiliynot harm any component within the

system, under normal conditions do nat dbwn the system with the main power

circuit breaker switch. For the recommended proceduf&)iseeg Down the System
Completelysn page 52

To turn off the LC, autosampler, and computer in an emergency, use the on/off switches on
the LC, autosampler, and computer, respectively.
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3 System Shutdown, Startup, and Reset
Shutting Down the System in an Emergency

Figure 35.Power panel of the TSQ Vantage or TSQ Quantum Ultra mass spectrometer, show
the Main Power circuit breaker switch, Electronics service switch, and System Res

button
On Operating Mode
@ I @ System Reset @
Both Pumps On O
. Vent Valve Closed O
. Ethernet Link OK O
Ethernet
100 Base T
@ O @ Service Mode +30V ... Max
Electronics T
Off Start In D ,
Main Power Refer to Manual
Forepump 1 Forepump 2
Power In =~
Qualified
Service
Personnel
@ Only
V ~230, 50/60 Hz, 15.0 A Max
V ~230, 50/60 Hz, V ~230, 50/60 Hz,
5.0 A Max 5.0 A Max

Figure 36.Power panel of the TSQ Quantum Access or TSQ Quantum Access MAX mass
spectrometer, showing the Main Power circuit breaker switch, Electronics service
switch, Vacuum service switch, and System Reset button

On Operating Mode Operating Mode
@ I @ System Reset ©
Pump On O
. Vent Valve Closed O

. Ethernet Link OK O
Ethernet
100Base T

@ O @ Service Mode Service Mode +30V ... Max
Off

. 1
Electronics Vacuum W )

Refer to Manual

Main Power

Forepump

Power In

Qualified
Service
Personnel

Only
©

V ~230, 50/60 Hz, 10.0 A Max
V ~230, 50/60 Hz,
5.0 A Max
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3 System Shutdown, Startup, and Reset
Placing the System in Standby Condition

Placing the System in Standby Condition

Thermo Scientific

If you are not going to use the TSQ system for a short period of time, such as overnight or
over weekends, it does not need to belshurt completely. When you are not going to
operate the system for 12 hours or more, you can leave the system in standby mode.

Y To place the TSQ system in standby mode
1. Wait until data acquisition, if any, is complete.

2. Turn off the flow of liquid from the LC (or other sample introduction device) to the

API source:

a. Choosstart > All Programs > Thermo Instruments > TSQ > TSQ Ttmepen
the EZ Tune window.

b. Inthe EZ Tune window, chodSetup > Inlet Direct Contral The Inlet Direct
Control view appears.

c. Click the LCes tab and cli@ (Stop) to stop the LC pump.

. From the EZ Tune window, chodaantrol > Standby(or click theDn/Standby

button) to put the mass spectrometer in standby

A | on Q| off Il | standby

When you choose Control > Standby, the TSQ system turns off the electron multiplier,
conversion dynode, 8 kV power to the APksoand the mass analyzer and ion optics rf
voltages. The TSQ system also turns off Kileaaygas and sets the sheath gas flow to
zero units. Séeble 2on page 6dor the On/Off status of mass spectrometer

components when the mass spectrometer is in standby mode. The System LED on the
front panel of the mass spectrometer illuminates yellow when the system is in standby.

4. Flush the ion sweep cone and ion transfer tube of the API source as described in the topic

«Cleaning the lon Sweep Cone and lon Transfer Gnsge 68

5. Leave the mass spectrometer power on.
6. Leave the LC power on.
7. Leave the autosampler power on.

8. Leave the data system power on.
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3 System Shutdown, Startup, and Reset
Shutting Down the System Completely

Shutting Down the System Completely

Shut down the TSQ system completely if not in use for adexkigeriod only, or if it must
be shut down for a maintenance or servicedunae For a short period of time, such as

overnight or over weekends, you can place the system in staridby.iSgée System in
Standby Condition.Z

Y To shut down the TSQ system completely

1. Turn off the flow of liquid from the LCr(other sample introduoti device) to the API
source. To turn off the flow of liquid frahe LC to the API source, do the following:

a. Choosé&tart > All Programs > Thermo Instruments > TSQ > TSQ Ttmepen
the EZ Tune window.

b. Inthe EZ Tune window, chodSetup > Inlet Direct Contral The Inlet Direct
Control view appears.

c. Click the LCss tab and cli{®|  (Stop) to stop the LC pump.

2. From the EZ Tune window, cho@santrol > Off (or click thedn/Standby/Off button)
to turn off the mass spectrometer

A | on 0| off Il | standby

3. Place the Electronics service switch, located on the power pepstdseand
Figure 39, in the Service Mode position.

4. On the TSQ Quantum Access or TSQ Quantum Access MAX, place the Vacuum service
switch, located on the power panelf{sgeee 3tonpage 5)) in the Service Mode
position.

5. Place the Main Power circuit breaker switch, located on the power papel{see
andFigure 3% in the Off (O) position. When you place the Main Power circuit breaker
switch in the Off (O) position, the following occurs:

€ All power to the mass spectrometer is toffigéll LEDs on the front panel of the
mass spectrometer are off.)

€ A capacitor on the Vent Delay PCB provides power to the vent valve for two to four
minutes (to allow the turbomolecular pumgpin down). After the capacitor
discharges, power to the vent valve solenoid shuts off. When power to the vent valve
solenoid shuts off, the vent valve opens and the vacuum manifold is vented to filtered
air or nitrogen.

€ After about two minutes, the pressutieeofacuum manifold reaches atmospheric
pressure.
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6.

11.
12.

3 System Shutdown, Startup, and Reset
Shutting Down the System Completely

Unplug the power cord for the mass spectrometer.

CAUTIOMAllow heated components to cool before servicing them.

Note If you are planning to perform routingpogventive system maintenance on the
mass spectrometer only, you do not need to turn off the LC, argon and nitrogen gases,
data system, or autosampler. In tlgs,dae shutdown procedure is completed.

However, if you do not plan to operate \system for an extended period of time,
Thermo Fisher Scientific recommends that you turn off the LC, data system,
autosampler, and gases as descritfefwillowing steps, 7 through 12.

. Turn off the (optional) LC. Follow the procedure described in the manual that came with

the LC.

. Turn off the argon collision gas supply at the tank.
. Turn off the nitrogen supply at the tank.
10.

Turn off the data system:

a. Choos6&tart > Shut Dowrfrom the Windows’ taskbar. The Shut Down Windows
dialog box appears.

b. To start the Windows shutdown procedure, sheittdownand clickOK.
Turn off the laser printer by using the on/off switch.

Turn off the autosampler by using the Main Power on/off switch.
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3 System Shutdown, Startup, and Reset
Starting Up the System after a Complete Shutdown

Starting Up the System after a Complete Shutdown

To start up the TSQ system after it has lslut down completely, do the following
procedures:

€ Starting Up the L{optional)

€ Starting Up the Data System

€ Starting Up the Mass Spectrometer
€ Starting Up the Autosamp(@ptional)
€ Setting Up Conditions for Operation

Starting Up the LC

To start up the LC, follow the startup procedure described in the manual that came with the
LC. If necessary, set up the LC as describedSietitrgy Connected Guifl@ecessary,

configure the LC in the Instrument Configtion window. To open the Instrument
Configuration window, chooSgart > All Programs > Thermo Foundation > Instrument
Configuration.

Do not turn on the liquid flow to the mass spectrometer.

Starting Up the Data System

Y To start up the data system

1. Turn on the monitor, computer, and printer.

2. Observe the Windows XP startup procedure on the monitor ai@liRes&\LT+DEL
when you are prompted to do so.

3. In the Logon Information dialog box, cl@K or enter your password (if you have one).

Starting Up the Mass Spectrometer

Y To start up the mass spectrometer

Note The data system must be running before you start up the mass spectrometer. The
mass spectrometer will not operate until software is received from the data system.

1. Turn on the flows of argon and nitrogen at the tanks if they are off.

2. Make sure that the Main Power circuit breaker switch is in the Off (O) position and that
the Electronics service switch and theuvaservice switch (TSQ Quantum Access or
TSQ Quantum Access MAX) are both in the Service Mode position.

3. Plug in the power cord for the mass spectrometer.
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Starting Up the System after a Complete Shutdown

4. Place the Main Power circuit breaker switch in the On (|) position. When you place the

Main Power circuit breaker switch in the On (]) position, power is supplied to those mass
spectrometer components that are not affected by the Vacuum service switch and the
Electronics service switch.

5. On the TSQ Quantum Access or TSQ Quantum Access MAX, place the Vacuum service

switch in the Operational position.

6. Place the Electronics service switch in the Operational position. When you place the

Electronics service switch in the @pemnal position, the following occurs:

€ The Power LED on the mass spectrometer front panel illuminates green to indicate
that power is provided to the mass specteomlectronics. (The electron multiplier,
conversion dynode, ion source, and mass analyzer and ion optics rf voltages
remain off.)

€ The embedded computer reboots. Afteraleseconds the Communication LED on
the front panel illuminates yellow to indicate that the data system and the mass
spectrometer have started to establish a communication link.

€ After several more seconds, the Communication LED illuminates green to indicate
that the data system and the mass speter have established a communication
link. Software for the operation of the mass spectrometer is then transferred from the
data system to the mass spectrometer.

€ After three minutes, the System LED illuminates yellow to indicate that the software
transfer from the data system to the mass spectrometer is complete and that the
instrument is in standby.

€ The Vacuum LED on the front panel @& thass spectrometer remains off until the
turbomolecular pump reaches 80 percent of its operational speed of 750 Hz. At this
time the ion gauge is turned on and the Vacuum LED illuminates yellow. The
Vacuum LED illuminates green, and the high voltage can be turned on, only if the
pressure in the mass analyzer regiorgasired by the ion gauge, is below the
maximum allowable pressure of 7-%Tdr.

If you have an autosampler, go to the next t&pizfing Up the Autosampldf.you do not
have an autosampler, go to the tgpicting Up Conditions for Operation.Z

Starting Up the Autosampler

Thermo Scientific

Y To start up the autosampler

Place the power switch on the autosampler in the On position. If necessary, configure the

autosampler. For procedures for placing samjsgpreparing solvent and waste bottles,
installing syringes, and so on, refer to the manual that came with the autosampler. Refer
also to it&etting Connected Guide
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Starting Up the System after a Complete Shutdown

Setting Up Conditions for Operation

Y To set up your TSQ mass spectrometer for operation

1. Before you begin data acquisition with Y& system, allow the system to pump down
for at least one hour. Operation of the system with excessive air and water in the vacuum
manifold can cause reduced sensitivityyguroblems, and reduced lifetime of the
electron multiplier.

2. Ensure that the argon pressure and nitrogen pressure are within the operational limits
[argon: 135 £70 kPa (20 £10 psig), nitrogen: 690 +140 kPa (100 +20 psig)].

Note Air in the argon line must be purgediven sufficient time to be purged for
normal TSQ mass spectrometer performance.

3. In the EZ Tune window, choodgew > Instrument Statuand look at the Instrument
Status view. Check that the ion gauge pressure is below abo@fTerx, Hid that the
forepump pressure is below about 50 mTatt {te ion transfer tube sealed with a
septum cap).

4. Remove the septum cap fromdtifice of the ion transfer tube.

5. Set up the API source for operation as describedbin lft@x and lon Max-S API Source
Hardware Manual, HESI-II Probe User Gtige$S1 Probe User Guide, Nanospray lon
Source Operatorss Mararad,TSQ Series Getting Started Guide

Note You do not need to calibrate and tune the TSQ mass spectrometer each time
you restart the TSQ system.

Calibration parameters are instrumentpaters that affect the mass accuracy and
resolution. Tune parameters are instrumeatpers that affect the intensity of the

ion signal. You must tune and calibrate the TSQ mass spectrometer (that is, optimize
the tune and calibration parameters) perbape a quarter. Refer to sAutomatic

Tuning and Calibrating in the ESI/MS ModeZ intB€ Series Getting Started Guide

for a procedure for tuning and calibrating the TSQ mass spectrometer.

You must optimize the tune parameters (or change the Tune Method) whenever you
change the type of experiment. For procedures on how to optimize the tune
parameters for an ESI or APCI erpent, refer to «Optimizing the Mass

Spectrometer with Your Compound=81/MS/MS ModeZ or *Optimizing the

Mass Spectrometer with Your Compound in APCI/MS/MS Modk&T$Q Series
Getting Started Guide
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Resetting the Mass Spectrometer

If communication between the mass spectroamgtatata system computer is lost, it might

be necessary to reset the mass spectrometer using the System Reset button on the right-sids
power panel. Pressing the System Reset button creates an interrupt in the embedded
computer. This causes the embedded contpugstart in a known (default) state. See

Figure 3%onpage 50dor the location of the System Reset button.

The procedure given here assumes that the mass spectrometer and data system computer a
both powered on and operational. If the mastremeter, data system computer, or both are
off, go torStarting Up the System after a Complete Shutdmwpage 54

Y To reset the mass spectrometer

Press the System Reset button located on the right-side power panel. Make sure the
Communication LED is extinguished before releasing the System Reset button. When you
press the Reset button, the following occurs:

€ An interrupt on the embedded computer causes the CPU to reboot. All LEDs on the
front panel of the mass spectrometer are off except the Power LED.

€ After several seconds, the Communicatiorlluninates yellow to indicate that the
data system and the mass spectrometer are starting to establish a communication link.

€ After several more seconds, the Communication LED illuminates green to indicate that
the data system and the mass spectrometer have established a communication link.
Software for the operation of the mass spectrometer is then transferred from the data
system to the mass spectrometer.

€ After three minutes the software transfer is complete. The System LED illuminates either
green to indicate that the instrument is foneti and the high voltages are on, or yellow
to indicate that the instrument is functional and is in standby.

Resetting the Data System

There are two ways to reset the data system:

€ Resetting the Data System by Using the Windows Shutdown and Restart Procedure

€ Resetting the Data System by Turning the Personal Computer Off Then On
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Resetting the Data System

Resetting the Data System by Using Windows Shutdown and Restart Procedure

If possible, use the Windows shutdown and restart procedure to shut down and restart the
data system so that Windows can properly close programs and save changes to files.

Y To reset the data system by using the Windows shutdown and restart procedure

1. Choosé&tart > Shut Dowrfrom the Windows taskbar. The Shut Down Windows dialog
box appears.

2. To start the Windows shutdown and restart procedure Restetand clickOK.

3. Observe the Windows shutdown and restart procedure on the monitor. Press
CTRL+ALT+DELETE when you are prompted to do so.

4. To complete the shutdown and restart procedureéDgliok enter your password (if you
have one) in the Logon Information dialog box.

Note The communications link between thendgstem and the mass spectrometer
should automatically reestablish after you reset the data system. When this occurs the
Communication LED on the front panel of thass spectrometer illuminates yellow and
then green. If the system is unable to reestablish the communications link, press the
System Reset button on the power panel of the mass spectrometer.

Resetting the Data System by Taghthe Personal Computer Off Then On

If you are unable to reset the data system by using the Windows shutdown and restart
procedure, proceed as follows.

Y To reset the data systelny turning the PC off and on
1. Press the Power button on the personal computer to turn the personal computer off.

2. After several seconds, press the Power duttioe personal computer to turn the
personal computer on.

3. Observe the Windows XP startup procedure on the monitor and press
CTRL+ALT+DELETEwhen you are prompted to do so.

4. To complete the shutdown and restart procedureQglick enter your password in the
Logon Information dialog box.

5. When the shutdown and restart procedure has completedStimbosall Programs >
Thermo Instruments > TSQ > TSQ Turte display the EZ Tune window.
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Note The communications link between thendgstem and the mass spectrometer
should automatically reestablish after you reset the data system. When this occurs the
Communication LED on the front panel of thass spectrometer illuminates yellow and
then green. If the system is unable to reestablish the communications link, press the
System Reset button on the right-side powet pithe Power Entry Module of the mass
spectrometer. SEgjure 35on page 50

Turning Off Selected Mass Spectrometer Components

There are different ways that you candtfreome or all of the mass spectrometer
components:

€ Turn off individual mass spectrometer corapts from the EZ Tune window. Turning
off individual mass spectrometer coreptsimight be necessary when you are
troubleshooting or when you are rimgnéertain diagnostic procedures.

€ Place the mass spectrometer in standby mode. Standby is the normal condition to leave
the mass spectrometer in when it is not in use. Gbowigel > Standby(or turn the
On/Standby button on or off) from the EZ Tune window to place the mass spectrometer
in standby.

€ Place the mass spectrometer in the off canditie off condition is similar to standby,
except all high voltage components ahies spectrometer are turned off. Choose
Control > Off from the EZ Tune window to place the mass spectrometer in the off
condition.

€ Place the Electronics service switch Betiwvice Mode position. The Electronics service
switch turns off all components in the mass spectrometer other than the +24 V power
supply, forepump, turbomolecular pump, Vent Delay PCB, and fans.

€ Place the Vacuum service switch oRSeQuantum Access or TSQ Quantum Access
MAX in the Service Mode position. The Vacuum service switch turns off all vacuum
system components, including the +2Wer supply, forepump, turbomolecular
pump, Vent Delay PCB, and fans.

€ Place the Main Power circuit breaker switch in the Off (O) position. Placing the Main
Power circuit breaker switch in the Off (O) position removes all power to the mass
spectrometer, including the vacuum system.
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3 System Shutdown, Startup, and Reset
Turning Off Selected Mass Spectrometer Components

Table 2summarizes the on/off status of mass spectrometer components, voltages, and gas
flows.

Table 2. On/Off status of mass spectrometer components, voltages, and gas flows (Sheet 1 of 2)

Vacuum service

Standby  Off SE;\fitgzmcs switch (TSQ MS Main Power
Mass spectrometer component switch in QUETILIN A EEEES cm':wt preaker
" e Service Mode  ©F Access MAX)  switch in Off
osition in Service Mode  position
P position
Electron multiplier Off Off Off Off Off
Conversion dynode Off Off Off Off Off
Mass analyzer rf voltage Off Off Off Off Off
Mass analyzer dc offset voltage Off Off Off Off Off
Q00 and QO ion optics rf voltage Off Off Off Off Off
Q00 and QO ion optics dc offset Off Off Off Off Off
voltage
Tube lens or S-lens On Off Off Off Off
lon transfer tube heater On Off Off Off Off
lon transfer tube dc offset On Off Off Off Off
APCI corona discharge needle Off Off Off Off Off
APCI vaporizer Off Off Off Off Off
ESI needle Off Off Off Off Off
Sheath gas Off Off Off Off Off
Auxiliary gas Off Off Off Off off
Argon collision gas Off Off Off Off Off
Vent valve Closed Closed Closed Open Open
(after 2 to 4 min) (after 2 to 4 min)
Turbomolecular pump On On On Off Off
Forepump On On On Off Off
Vent Delay PCB On On On Off Off
Embedded computer On On Off On Off
Turbomolecular pump controller On On On Off Off
Power supply, electron multiplier Off Off Off Off Off
and conversion dynode
Power supply, 8 kV Off Off Off Off Off
PS1 power supply, +24 V On On On Off Off
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Table 2. On/Off status of mass spectrometer components, voltages, and gas flows (Sheet 2 of 2)

Vacuum service

Standby  Off SE‘I;:\(;’;[;ZNCS switch (TSQ MS Main Power
Mass spectrometer component switch in QUETIIT A cwgwt k_)reaker
" o Service Mode  ©F Accgss MAX) SWIt.C'h in Off
osition in Service Mode position
P position

PS2 power supply, +5, £15, On On Off Off Off

124V dc

PS3 power supply, +36, ...28 V On On Off Off Off

Fan, turbomolecular pump On On On Off Off

Fan, above manifold On On On Off Off

Fan, center wall On On On Off Off
Convectron gauge, foreline On On On On Off
Convectron gauge, collision cell On On Off On Off

lon gauge On On Off Off Off
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Daily Operation

To ensure the proper operation of youesysthermo Fisher Scientific recommends daily
performance of these checks and cleaning procedures for the TSQ system.

Contents

€ Things to Do Before Operating the TSQ System
€ Things to Do After Operating the TSQ System

Note You do not need to tune and calibrate the mass spectrometer as part of your daily
routine.

Tune parameters are instrument parameters that affect the intensity of the ion signal.
Calibration parameters are instrumennpeters that affect the mass accuracy and

resolution of the mass spectrum. You must tune and calibrate the mass spectrometer (that
is, optimize the tune and calibration paras)gperhaps once a quarter. For procedures

on how to tune and calibrate your mass spectrometer, refer to s/Automatic Tuning and
Calibrating in the ESI/MS ModeZ in fi®Q Series Getting Started Guide

You must optimize the tune parameters (or change the Tune Method) whenever you
change the type of experiment. For procedures on how to optimize the tune parameters
for your ESI or APCI experiment, refer to «Optimizing the Mass Spectrometer with

Your Compound in ESI/MS/MS ModeZ or «Optimizing the Mass Spectrometer

with Your Compound in APCI/MS/MS ModeZ in fi®Q Series Getting Started Guide.

Things to Do Before Operating the TSQ System

Every day before starting analyses, verith¢hastrument is ready for operation by doing
the following:

€ Check the argon and nitrogen supplies.
€ Check the ESI fused-silica sample tube for elongation.

€ Check the system vacuum levels.
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Things to Do Before Operating the TSQ System

Checking the Argon and Nitrogen Supplies

Check the argon supply on the regulator of the gas tank. Make sure that you have sufficient
gas for your analysis. If necessary, install ankenf daagon. Verify that the pressure of argon
reaching the mass spectrometer is between 135 + 70 kPa (20 £ 10 psig). If necessary, adjust
the pressure with the tank pressure regulator.

Check the nitrogen supply on the regulator ofittegen gas tank or liquid nitrogen boil-off

tank. Make sure that you have sufficient gas for your analysis. Based on 24-hour per day
operation, typical nitrogen consumption is 2B&& per day (100 cubic feet per day). If
necessary, replace the tank. Verify that the pressure of nitrogen reaching the mass spectrome
is between 690 + 140 kPa (100 * 20 psig). If necessary, adjust the pressure with the tank
pressure regulator.

CAUTIONBefore you begin normal operation each day, ensure that you have sufficient
nitrogen for your API source. The presence of oxygen in the ion source when the mass
spectrometer is on could be unsafe. The TSQ system displays a pop-up message if the
nitrogen pressure is too low.

Checking the ESI Fused-Silica Sample Tube for Elongation

Using acetonitrile in the mobile phase can cause elongation of the polyimide coating on the
fused-silica sample tube. Elongation of tlyenide coating can degrade signal intensity and
signal stability over time.

If you are running in ESI mode with a fusedasdample tube, verify the sample tube is not
elongated past the tip of the ESI spray needle. (This elongation does not occur with a metal
needle.)

To cut and reposition the sample tube@pprately 0.5 mm (between 0 and 1 mm) inside
the end of the ESI needle, refer tddheMax and lon Max-S API Source Hardware Manual
for more information.

Checking the System Vacuum Levels

For proper performance, your TSQ system must operate at the proper vacuum levels.

Operation of the system with poor vacuum levels can cause reduced sensitivity, tuning
problems, and reduced lifetimehaf electron multiplier. You should check your system for
air leaks by checking the system vacuum levels before you begin your first acquisition.

You can check the current values of the pressures in the ion transfer tube-skimmer region anc
foreline (labeleBorepump Pres¥amed in the analyzer region (lab&edsauge Presyime

the Instrument Status view of the EZ Tunedow. To display the EZ Tune window, from

the Windows taskbar cho&art > All Programs > Thermo Instruments > TSQ > TSQ

Tune. ChooseView > Instrument Statu display the Instrument Status view.
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Compare the current values of the pressuresviachum manifold with the values listed in
Table 3 If the current values are higher thanmal, you might have an air leak.

Table 3. Typical pressure readings for TSQ Vantage and TSQ Quantum Ultra

Convectron gauge reading (foreline lon gauge reading

UL ion transfer tube- skimmer region) (analyzer region)

Collision gas off, ion transfer less than 0.05 Torr Less than

tube orifice sealed 3 x 104 Torr (after
pumping for at least
one hour)

Collision gas off, ion transfer 0.9 to 1.2 Torr (110 V at 60 Hz) Less than

tube orifice open 1.5t0 2.2 Torr (220 V at 50 Hz) 5 x 104 Torr

Collision gas set to 2 mTorr, i00.9 to 1.2 Torr (110 V at 60 Hz) Less than
transfer tube orifice open 1.5t0 2.2 Torr (220 V at 50 Hz) 3 x 10° Torr

Table 4. Typical pressure readings for TSQ Quantum Access and TSQ Quantum Access MA

Convectron gauge reading (foreline lon gauge reading

Seldiions ion transfer tube- skimmer region) (analyzer region)

Collision gas off, ion transfer less than 0.05 Torr Less than

tube orifice sealed 3 x 104 Torr (after
pumping for at least
one hour)

Collision gas off, ion transfer 1.2 to 1.8 Torr (110 V at 60 Hz) Less than

tube orifice open 1.5t0 2.2 Torr (220 V at 50 Hz) 5 x 104 Torr

Collision gas set to 2 mTorr, iod.2 to 1.8 Torr (110 V at 60 Hz) Less than
transfer tube orifice open 1.5t0 2.2 Torr (220 V at 50 Hz) 3 x 10° Torr

If the pressure is high (above 5 T0rr in the analyzer region), and you have restarted the
system within the last 30 to 60 minuted, avaadditional 30 minutes and recheck the
pressure. If the pressure is decreasingmathctieck the pressure periodically until it is
within the typical pressure range of the mass spectrometer.

If the pressure remains high, your system might have an air leak. If you suspect an air leak,
shut down the system as described in the:&pitiing Down the System Complet@nZ

page 52Make a visual inspection of the vacaystem and vacuum lines for leaks. Check

each fitting and flange on the system for tightness, and tighten the fittings or flanges that are
loose. Do not tighten fittings indiscriminatBly particular attention to fittings that have

been changed recently or to fittings that beee subjected to heating and cooling. Make

sure that the cover plates of tleeiran manifold are properly seated.
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Things to Do After Operating the TSQ System

After operating the TSQ system, verify the im&intiis ready for a period of inactivity by
doing the following:

€ Flushing the Sample Transfer Line, Sample Tube, and API Probe
€ Placing the System in Standby Condition
€ Cleaning the lon Sweep Cone and lon Transfer Tube

€ Emptying the Solvent Waste Bottle

Flushing the Sample Transfen&j Sample Tube, and APl Probe

Thermo Fisher Scientific recommends flughsmgample transfer line, sample tube, and API
probe at the end of each working day (or more often if you suspect they are contaminated) by
flowing a 50:50 methanol/distilled water solution from the LC through the API source.

Y To flush the sample transfer éinsample tube, and API probe
1. Wait until data acquisition, if any, is complete.

2. To display the EZ Tune window, from the Windows taskbar @taose All Programs
> Thermo Instruments > TSQ > TSQ Tune

3. From the EZ Tune window, cho@entrol > On (or click theOn/Standbybutton) to
turn on the voltages and gas flows to the API source.

€ If you are operating in APCI mode, go to step 4.
€ If you are operating in ESI mode, go to step 5.

4. Set up the APCI source:

a. Inthe EZ Tune window, click on the lon Source button to display the lon Source
Devices dialog box.

b. Setthe APCI vaporizer temperature to 500 °C:
SelecVaporizer Temperaturé the device list, and then ty§@0 in the box and
click Apply.

c. Set the sheath gas flow rate to 30:
SelecBheath Gas Pressuirethe devicedt, and then typ®&0 in the box and click

Apply.

d. Set the auxiliary gas flow rate to 5:
SelecAux Valve Flown the devicedt, and then typ&in the box and clickpply.

e. Set the spray current to O:
SelecBpray Currentin the device list, and then typim the box and clickpply.

Go to step 6.
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5. Set up the ESI source as follows:

a. Inthe EZ Tune window, click on the lon Source button to display the lon Source
Devices dialog box.

b. Set the sheath gas flow rate to 30:
SelecBheath Gas Pressurethe devicedt, and then typ®80 in the box and click
Apply.

c. Set the auxiliary gas flow rate to 5:
SelecAux Valve Flown the device list, and then typm the box and clickpply.

d. Setthe ESI spray voltage to O:
SelecSpray Voltagen the device list, and then typim the box and clickpply.

6. Set up and start a flow of 50:50 methanol/water solution from the LC to the API source
as follows:

a. Inthe EZ Tune window, chodetup > Inlet Direct Contral The Inlet Direct
Control view appears.

b. Click the LCes tab.

c. Set the flow rate to a value that is typical for your experiments.
d. Set the solvent proportions to 50% methanol and water.

e. Click (Start) to start the LC pump.

7. Let the solution flow through the sample transfer line, sample tube, and API probe for
15 minutes. After 15 minutes, turn off the flaliquid from the LC to the API source,
as follows: Leave the API source (includengRCI vaporizer, sheath gas, and auxiliary
gas) on for an additional 5 minutes. CE (Stop) to stop the LC pump.

8. After 5 minutes, turn off the API source by placing the mass spectrometer in standby:
From the EZ Tune window, chod3entrol > Standby(or click theDn/Standby
button) to put the mass spectrometer in standby

Go to the next topiePlacing the System in Standby Condition.Z

Placing the System in Standby Condition

Y To place the TSQ systémstandby condition

1. From the EZ Tune window, cho@eantrol > Standby(or click theOn/Standby
button) to put the mass spectrometer in staitlieySystem LED on the front panel of
the mass spectrometer is illuminated yellow when the system is in standby.

. Leave the mass spectrometer power on.
. Leave the LC power on.

. Leave the autosampler power on.

aa A W N

. Leave the data system power on.
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Go to the next topieCleaning the lon Sweep Cone and lon Transfer Tube.Z

Cleaning the lon Sweep Cone and lon Transfer Tube

You must clean the ion sweep cone and the ion transfer tube on a regular basis to prevent
corrosion and to maintain optimum performance of your API source. If you use nonvolatile
buffers in your solvent system or high coratenis of sample, you might need to clean the
ion sweep cone and ion transfer tube more often. See thé/tapieining the lon Sweep

Cone and lon Transfer TubaZpage 79

Go to the next topieEmptying the Solvent Waste Bottle.Z

Emptying the Solvent Waste Bottle

Thermo Fisher Scientific recommends chettkéngplvent level in the solvent waste bottle

on a daily basis. If necessary, empty the solvent waste bottle. Dispose of the solvent waste ir
accordance with local and federal regulations.
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Removing and Reinstalling the lon Source Housing

You must remove the lon Max’ (on the TSQ Quantum Access MAX, TSQ Vantage, or
TSQ Quantum Ultra) or lon Max-S (on th8Q Quantum Access) ion source housing

before performing maintenance on the ion optics source interface, or to access the ion
sweep cone.

Contents
€ Removing the lon Max or lon Max-S lon Source Housing
€ Installing the lon Max or lon Max-S lon Source Housing

€ lon Max and lon Max-S Housing Maintenance

Removing the lon Max or Idax-S lon Source Housing

Note If an ion source probe is still instailkethe ion source housing, disconnect the
external liquid lines to the probédpe removing the ion source housing.

Y To remove the ion source housing
1. Remove the drain tube from the ion source housing dréimyiSee3 7andFigure 33

2. Rotate the ion source housing locking |180aitegrees to release the ion source housing
from the ion source mount assembly.

3. Remove the ion source housing by pullistgaitght off the ion source mount assembly,
and place the housing in a safe location for temporary storage.
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5 Removing and Reinstalliige lon Source Housing
Removing the lon Max or lon Max-S lon Source Housing

Figure 37.lon Max source housing (front)

lon source housing
locking lever (2x)

— lon source housing
locking levers

lon source housing
drain
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Installing the lon Max or lon Max-S lon Source Housing

Y To reinstall the lon Max or lon Max-S ion source housing

1. Align the two guide pin holes on thehefion source housing with the ion source
housing guide pins on the mass spectrometer. Carefully press the ion source housing ontc
the ion source mount. Ségure 3%ndFigure 40

Figure 39.lon source housing

lon source housing
locking levers

Guide pin holes-
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5 Removing and Reinstallirtilge lon Source Housing
Installing the lon Max orN@ax-S lon Source Housing

Figure 40.lon source mount, showing the ion source housing guide pins and ion source
interface release lever

interface
‘ release lever

lon source housing guide pins

2. Rotate the ion source housing locking |18@aiegrees to lock the ion source housing
onto the ion source mount assembly.

CAUTIONPrevent solvent waste from backing up into the ion source and mass
spectrometer. Always ensure that liquid in the drain tube is able to drain to a waste

container.

3. Reinstall the ion source housing drain tube:

CAUTIONDo not vent the ion source drain tube (or any vent tubing connected to the
waste container) to the same fume eixéygatem to which you have connected the
forepump. The ion source chamber and/aeabptics can become contaminated

with mechanical pump oil if the ion smidrain tube and the (blue) forepump
exhaust tubing are connected to the same fume exhaust system.

Your laboratory must be equipped with at least two fume exhaust systems. Route the
(blue) forepump exhaust tubing to a dedicated fume exhaust system. Route the drain
tube from the ion source to a waste comtadleet the waste container to a dedicated

fume exhaust system.

a. Connectthe 1in. ID Tygon’ tubing (P/BI0301-22922) to the ion source housing
drain fitting.

b. Attach the free end of the hose to a dedicated drain system. Vent the drain system to
a fume exhaust system.

72  TSQ Series Hardware Manual Thermo Scientific



5 Removing and Reinstalling the lon Source Housing
lon Max and lon Max-S Housing Maintenance

The lon Max or lon Max-S ion source is poaperly installed on the mass spectrometer.

lon Max and lon Max-S Housing Maintenance

The lon Max and lon Max-S ion source housings are designed to be serviced by

Thermo Fisher Scientific customer support emgindser maintenance is limited to cleaning

the ion source housing as necessary. To clean the housing, remove the housing from the
instrument, and in an appropriate fume hawgkrthe interior of the housing with methanol.
Allow the housing to dry before you install it on the mass spectrometer. Be sure to follow all
safety precautions in the sections regarding the installation and removal of the housing. For
any additional service that might be required, contact your local Thermo Fisher Scientific
service representative.
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Maintenance

This chapter describes routine maintenaocedures that you must perform to ensure
optimum performance of the instrument. Optimum performance of the TSQ mass
spectrometer depends on the maintanaf all parts of the instrumeydu are responsible

for maintaining your system properly by performing the system maintenance procedures
on a regular basis.

Note When you perform maintenance procedbeemethodical; always wear clean,
lint-free gloves when handling the comeptsof the ion source; always place the
components on a clean, lint-free surfadenewer overtighten a screw or use excessive
force.

Contents

€ Frequency of Cleaning

€ Maintaining the lon Sweep Cone and lon Transfer Tube
€ Maintaining the lon Source Interface Assembly

€ Cleaning the Q00 lon Optics

€ Cleaning the Fan Filters

Table Slists routine and infrequent mass speeti@mmaintenance procedures. Most of the
procedures involve cleaning. For example, procedures are provided for cleaning the ion
transfer tube, the ion sweep cone, the skimmer and tube lens of the TSQ Quantum Access,
TSQ Quantum Access MAX, or TSQ Quanturtrd/lthe exit lens and S-lens of the

TSQ Vantage, the QOO rf lens, the lens LOtlzendan filters. Procedures for replacing the

ion transfer tube and the capillary heatenbBsare also provided. For instructions on
maintaining the LC or autosampler, refer to the manual that comes with the LC or
autosampler.
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6 Maintenance

Table 5. Mass spectrometer maintenance procedures (Sheet 1 of 2)

Mass spectrometer componen Procedure Frequency Procedure location
API source Flush (clean) sample trangdaily page 66
line, sample tube, and API
probe
Remove and clean ion Weekly, or if ion transfer page 79
transfer tube tube bore is contaminated
or obstructed
Remove and clean ion swedys needéd page 79
cone
Clean lon Max or lon Max-SAs needéd page 73
housing
Replace ion transfer tube If ion transfer tube boreise 79
corroded
QOO0 ion optics Clean S-lens and exit lensAs needéd page 87
(TSQ Vantage)
Clean tube lens and skimmeks needéd page 88
(TSQ Quantum Access,
TSQ Quantum Access MAX,

and TSQ Quantum Ultra)
Clean QOO rf lens and Every 3 to 4 montfs page 97

lens LO
APCI, ESI, or H-ESI probe Replace fused-silica samffleample tube is broken ofon Max and lon Max-S
tube obstructed API Source Hardware
Manualor H-ESI Probe
User Guide
ESI or H-ESI probe Trim fused-silicenpbe tube If polyimide coating on thlon Max and lon Max-S
end of the sample tube ha8PI Source Hardware
elongated ManualorH-ESI Probe
User Guide
HESI-II probe Replace needleiihse If metal needle is plugged HESI-II Probe User
Guide
Forepump Purge (decontaminate) oil If the oil is cloudy or Manufacturerss
discolored documentation
Add oil If the oil level is below theManufactureres
MIN mark documentation
Change oil Every four months, or if oMlanufacturerss
remains cloudy or documentation

discolored after purging
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Table 5. Mass spectrometer maintenance procedures (Sheet 2 of 2)

6 Maintenance
Frequency of Cleaning

Mass spectrometer componen Procedure Frequency Procedure location
QO ion optics Clean QO quadrupole and As needéd N/A
lenses L11 and 122
Mass analyzer Clean Q1, Q2, and Q3 As needéd N/A
quadrupoles and lerfses
lon detection system Clean ion detection systénhenever the side cover N/A
(electron multiplier and plate of the vacuum
conversion dynode) manifold is removed
Cooling fans Clean fan filters Every 4 months page 101
lon detection system Replace electron multipliérnoise in spectrum is N/A
assemb'ﬂ/ excessive or proper electron
multiplier gain can not be
achieved
Electronic modules Replace electronic nfbdulé electronic module fails N/A
PCBs Replace PEB If PCB fails N/A

@ The frequency of cleaning the components of the mass specttepeids on the types and artsoof samples and solvents dnat
introduced into the instrument. Cleagiof the Q0, Q1, Q2, and Q3 quadrupoles is rarely (if ever) required.

b A Thermo Fisher Scientific service engsterid perform thimaintenance procedure.

Frequency of Cleaning

The frequency of cleaning the componenteoh#ss spectrometer depends on the types and
amounts of samples and solvents that are introduced into the instrument. In general, for a
given sample and ionization technique, the closer a mass spectrometer component is to the

source of the ions, the more rapidly it becomes dirty.

€ Clean the sample transfer line, sample tube, and API probe at the end of each operating
day to remove any residual salts from baiffesbile phases or other contamination that
might accumulate during normal operationsSeehing the Sample Transfer Line,

Sample Tube, and API Probepage 66

€ Periodically remove and clean the ion tranbfeand ion sweep cone of the API source.
SeeMaintaining the lon Sweep Cone and lon Transfer Tarbpdge 79

€ The S-lens and exit lens (on the TSQadator the tube lens and skimmer (on the
TSQ Quantum Access, TSQ Quantum Adegles, and TSQ Quantum Ultra) of the
QOO0 ion optics become dirty at a sloweltihaie the API probe, ion sweep cone, and ion
transfer tube. Segleaning the S-Lens andtfbens (TSQ Vantageon page 87

€ The rf lens of the QOO0 ion optics becomes dirty at a rate significantly slower than the
API source, tube lens and skimmer, or S-lens and exit lefg&eeg the Q00 lon

OpticsZon page 91
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Frequency of Cleaning

When the performance of your system decreases significantly due to contamination, clean the
components of the mass speattemn the following order:

1. Clean the API probe, ion sweep cone, and ion transfer tube.

2. Clean the S-lens and exit lens (on the T8@Y&) or the tuberle and skimmer (on the
TSQ Quantum Access, TSQ Quantuotdss MAX, and TSQ Quantum Ultra).

3. Clean the QOO rf lens and lens LO.

Generally, do not open the vacuum fieéthi Cleaning the QO, Q1, Q2, and Q3
guadrupoles is rarely (if ever) required. (@@eaemoved and cleardohng with Q00.) If
you believe that the Q1, Q2, or Q3 quadrupoles need cleaning, contact Thermo Fisher
Scientific and schedule a visit by ambdfisher Scientific service engineer.

If you open the vacuum manifold, clean thetrein multiplier and conversion dynode by
blowing them with a clean, dry gas. If yonaapen the vacuum manifold, the electron
multiplier and conversion dynode do not normally require cleaning, although rarely the
electron multiplier might require replacement.

CAUTIONAs with all chemicals, store and hasmlleents and reagents according to
standard safety procedures. Dispose ofaterding to local and federal regulations.
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Maintaining the lon Sweep Cone and lon Transfer Tube

To prevent corrosion and to maintain optimum performance of the API source, remove and
clean the ion sweep cone and the ion transfer tube on a regular basis.

Removing and Cleaning the lon Transfer Tube

Buffer salts or high concentrations of samplel@ek the bore of the ion transfer tube. You
can easily remove the ion transfer tube for cleaning, however, as it does not require venting th
system before removal.

If the pressure in the ion transfer tube-skimegen (as measured by the Convectron gauge)
drops considerably below 1 Torr, a blocketramsfer tube could be the cause. Check the
Convectron gauge pressure by chov#mg> Instrument Statusrom the EZ Tune

window. The pressure is listed under Forepump Pressure.

Y To remove and clean the ion transfer tube

1. Place the instrument in standby:

a. Choosé&tart > Programs > Thermo Instruments > TSQ > TSQ Ttmepen the
EZ Tune window.

b. From the EZ Tune window, cho@entrol > Standby(or click theDn/Standby
button) to put the mass spectrometer in Standby. mode

A | on 0| off Il | standby

2. Turn off the flow of liquid from the LC (or other sample introduction device) to the
API source:

a. Inthe EZ Tune window, chodsetup > Inlet Direct Contral The Inlet Direct
Control dialog box appears.

b. Click theLC tab and clic®] (Stop) to stop the LC pump.

CAUTIONL.ower the temperature of the ion transfer tube to 50 °C or less before you
remove it. Handling a hot ion transfer tube or ion sweep cone can cause burns.

Attempting to remove a hot ion transfer tube might cause it to bind and break in the
heater assembly or strip thedtseof the ion source interface.

3. Lower the temperature of the ion transfer tube (capillary):

N A
a. Inthe EZ Tune window, cIic‘..J" to open the lon Source Devices dialog box.

Sedrigure 41
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Figure 41.lon Source Devices dialog box showing the ion transfer tube (capillary) at

270°C
Ion Source Devices EI [=] @
LC Flow R ate [ul/min) |1 0o Apply |
Device | YW alue | Readback |
o Spray Voltage 3500 a0z
o Sheath Gas Pressure n n
" lon Sweep Gas Pressure no 01
o B Gas Pressure 1] 1]
o Capillary Temperature 270 270
& Capillary Offzet 35 35
o Tube Lens Offset m 102
o Skimmer Offset 0 -0
Tube Lens Offzet 270] =
Apply | Cloze | Help ‘

b. ClickCapillary Temperaturen the Device list.

c. Set the ion transfer tube (capillary) temperature to 50 °C or lower in the Capillary
Temperature box and cligkply.

d. Allow the ion transfer tube (capillary) to cool to 50 °C or lowergSee4 2

Figure 42.lon Source Devices dialog box showing the ion transfer tube at 50 °C

Ion Source Devices EI =] @
LC Flow Rate [ul/min) 1.00 Apply
Device | Walue | Readback. |
 Spray Voltage 3500 2601
o Sheath Gaz Pressure 1] 1]
o lon Sweep Gas Pressure oo 01
o dux Gas Pressure 1] 1]
" Capillary Temperature A0 A0
o Capillary Offzet a5 a5
" Tube Lenz Offzet m 103
o Skimmer Offsst -0 -0
Capillary Temperature a0 =
&pply | Cloze | Help |
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4. Remove the lon Max or lon Max-S ion source housing from the front of the mass
spectrometer. Seeemoving the lon Max or lon Max-S lon Source HousmgZ
page 69

5. Remove the ion sweep cone by pulling it off the ion source interface.

6. With the custom removal tool from the accessory kit (P/N 70111-20258), remove the
ion transfer tube by turning it counterclockwise until you can pull it free from the ion
source interface. Segure 43

Figure 43.Removal tool attachethéoion transfer tube

Figure 44.Spray cone, ion transfer tube, O-ring, and ion sweep cone of the ion source
interface

lon transfer tube

@ Vespel O-ring
~

Spray cone

lon sweep cone

7. Soak the ion transfer tube in a dilute solution of nitric acid to remove contaminants.
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Maintaining the lon Sweep Cone and lon Transfer Tube

10.

11.

12.

13.

14.

. Sonicate the ion transfer tube in distilled water.

. Clean the ion sweep cone by wipingnide and outside with methanol and a

Kimwipe.

Remove, clean with methanol, and inspect the Vespel’ O-ring (P/N 97055-20442) that
is seated in the spray cone under the entrance end of the ion transfer tube. Replace it if
necessary.

Reseat the O-ring in the spray cone.

CAUTIONWhen you reinstall the ion transfer tube, take these precautions:

€ Ensure that everything is properly aigmerevent stripping the threads on the
ion transfer tube.

€ For mass spectrometers other than fQevastage, be careful not to bend the
ion transfer tube. Rotate the tube agngert it. (The ion transfer tube of the
TSQ Vantage will bend slightly when you insert it.)

Insert the ion transfer tube into the heater block. Rotate the tube as you insert it. After
you insert it, turn the tube clockwise until it is fingertight.

Align the gas inlet on the ion sweep cone with the sweep gas supply port on the ion source
mount. Firmly press the ion sweep cone into the ion source motitiuSeé-and
Figure 46

Reinstall the lon Max or lon Max-S source housing on the mass spectrometer as describet
in the topicInstalling the lon Max or lon Max-S lon Source Housingiage 71

Figure 45.1on source interface, showing the sweep gas supply port in the API cone seal

Sweep gas supply port
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Figure 46.1on sweep cones for FAIMS and APPI (left) and H-ESI, ESI, and APCI (right), show
gas inlets

Gas inlets

Note Unblocking the ion transfer tube shouktéase the Convectron gauge pressure to
a normal value (approximately 1.5 Torr). Ifriieéshod fails to clear the ion transfer tube,
replace it. Seeble 6for the correct ion transfer tyteert number for your instrument.

Table 6. lon transfer tube part numbers

Instrument lon transfer tube part number
TSQ Vantage series 70005-20423

TSQ Quantum Access series 70111-20972

TSQ Quantum Ultra series 97055-20199

TSQ Quantum Discovery Max 70111-20396

TSQ Quantum Discovery 70111-20100

TSQ Quantum AM 70111-20100

TSQ Quantum 70111-20100
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Maintaining the lon Source Interface Assembly

The ion source interface assembly includes the ion sweep cone, ion transfer tube, capillary
heater assembly, S-lens or tube lens, atehexit skimmer. The ion transfer tube has a

finite lifetime. You must replace the ion transfer tube if the ion transfer tube bore becomes
corroded.

You can easily remove the ion sweep cone and ion transfer tube to clean or replace them
without venting the system. Sdeintaining the lon Sweep Cone and lon Transfer areZ
page 79

To clean the ion source interface assembly components, other than the ion sweep cone and
ion transfer tube, follow these procedures:

1. Shutting Down and Venting the System
. Removing the lon Max or lon Max-S lon Source Housing
. Removing the lon Source Interface

2

3

4. Removing the S-Lens and Exit Lens (TSQ Vantage)
5. Cleaning the S-Lens and Exit Lens (TSQ Vantage)
6

. Removing the Tube Lens and Skimmer (TSQ Quantum Access, TSQ Quantum Access
MAX, or TSQ Quantum Ultra)

7. Cleaning the Tube Lens and Skimmer (TSQ Quantum Access, TSQ Quantum Access
MAX, or TSQ Quantum Ultra)

8. Reinstalling the S-Lens and Exit Lens (TSQ Vantage)

9. Reinstalling the Tube Lens and Skimfh8Q Quantum Access, TSQ Quantum Access
MAX, or TSQ Quantum Ultra)

10. Reinstalling the lon Source Interface Assembly
11. Reinstalling the lon Max or lon Max-S lon Source Housing

12. Starting Up the System

Shutting Down and Venting the System

Shut down and vent the system.-Sksatting Down the System Complet@ppage 52

Removing the lon Max arrl Max-S lon Source Housing
You must remove the lon Max or lon Max¥Ssiaurce housing to access the ion source

interface assembly. Seemoving the lon Max or lon Max-S lon Source HouemgZ
page 69
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Removing the lon Source Interface

Thermo Scientific

You must remove the ion source interface to #ecesgg lens or skimmer, the S-lens or tube
lens, and the capillary heater assembly.

CAUTIONWait for the ion source interface to cool to ambient temperature before you
remove it.

Y To remove the ion source interface

1. Wear clean, talc-free gloves.

2. Using a right-to-left motion, move the ion source interface release lever several times to
loosen the ion source interface from the ion optics cage assembly.cSee

3. Grab the exposed outer grooves of the ion source interface and firmly pull the assembly
straight out.

4. Place the assembly on a clean, lint-free surface.

Figure 47.Removing the ion source interface

lon optics cage
assembly

lon source mount

lon source interface
release lever

lon source interfa
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Removing the S-Lens and Exit Lens (TSQ Vantage)

You must remove the S-lens and exit lens from the ionistaufaee cage before they can be
cleaned.

Y To remove the S-lens and exit lensrfr the ion source interface assembly
1.

Wearing clean, lint- and powder- free gloves, loosen and extend the two thumbscrews that

secure the S-lens to the ion source irgezéae and the exit lens to the S-lens. See
Figure 48

2. Grasp the two thumbscrews and carefully pull the S-lens straight out of the ion source
interface cage. Place it on a clean, lint-free surface.

3. Remove the exit lens from the Sdeadsplace it on a clean, lint-free surface.

Figure 48.Removing the exit lens and S-lens from the ion source interface cage of the
TSQ Vantage

S-lens

Thumbscrews

Exit lens

lon source interface
cage

Lead pin socket

Lead pin
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Cleaning the S-Lens and Exit Lens (TSQ Vantage)

Y To clean the S-lens and exit lens

Note Wear clean gloves when you handle the S-lens and exit lens.

CAUTIONDo not clean the S-lens or exit lens with detergents, acidic or caustic
substances, or abrasives.

1. Inspect the S-lens and exit lens under ritagioifi for any lint, particulates, and sample
buildup or coatings.

2. Sonicate the S-lens and exit lens for 10in.1iH a 50:50 methanol/water solution or a
1% solution of Liquinox in water. If a sonicator is not available, do the following:

a. To clean the exit lens, use a soft toothbrush with a 1% solution of Liquinox in water.

b. To clean the S-lens, use a chamois-tipvatead 1% solution of Liquinox in water,
and use a 6000 grit MICRO-MESH polishing swab (P/N 00301-01911) to clean the
areas that are inaccessible to the chamois-tip swab.

For the exit lens, clean the bore bygukm 6000 grit MICRO-MESH polishing swab.
Rinse the S-lens and exit lens thoroughly with water.

Rinse the S-lens and exit lens with fresh methanol.

o o M w

Air dry the S-lens and exit lens or blow @mytith nitrogen gas. Ensure that all solvent
has evaporated from the components before reassembly.

7. Inspect the S-lens and exit lens undgnifi@ation for any lint or particulates.

Removing the Tube Lens and Skimmer Q&&htum Access, TSQ Quantum Access
MAX, or TSQ Quantum Ultra)

You must remove the tube lens and skimorartfre ion source interface assembly before
they can be cleaned.

Y To remove the tube lens and skimmer from the ion source interface assembly

1. Wearing clean, lint- and powder- free glma&sh behind the skimmer with your fingers
and gently press the skimmer out of the contact ring support. If necessary, loosen the set
screws. Séegure 49

2. Place the skimmer on a clean, lint-free surface.
3. Push the tube lens, from the back, out of the contact ring support.

4. Place the tube lens on a clean, lint-free surface.
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Figure 49.Removing the skimmer and tube lens from the ion source interface cage of the
TSQ Quantum Access, TSQ Quantum Access MAX, or TSQ Quantum Ultra

Contact ring suppj

lon source interface
cage

Cleaning the Tube Lens and Skimmer (Q8&ntum Access, TSQ Quantum Access
MAX, or TSQ Quantum Ultra)

Y To clean the tube lens and skimmer

Note Wear clean gloves when you handle the tube lens and skimmer.

CAUTIONDo not clean the tube lens or skimmer with detergents, acidic or caustic
substances, or abrasives.

The sharp edge of the skimmer cone isefieagil any deformation might result in a loss
of efficient ion transmission. Use care not to drop the skimmer when cleaning it. Sonicate
the skimmer alone with the cone side up.

Sonicate the tube lens and skimmer aloorg@mic or aqueous solution. For most cleaning
applications, HPLC-grade methanol is the solvent of choice. However, use of buffers or salt
solutions might require that you use an aqeedutson. If you need to use a solvent other

than methanol, after cleaning the component, flush the component with distilled water and
then flush it with methanol as a final wast cdo air dry the skimmer and tube lens or blow

dry them with nitrogen gas. In all casesjrerthat all solvent has evaporated from the
components before reassembly.
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Reinstalling the S-Lens and Exit Lens (TSQ Vantage)

Y To reinstall the S-lens and exit lens

1. Reinstall the exit lens onto the S-lens:

a. Wearing clean, lint- and powder- free gloves, extend the thumbscrews on the S-lens.
Sed-igure 4&npage 86

b. Insert the exit lens lead pin into the lead pin socket and seat the exit lens onto the
S-lens.

2. Reinstall the exit lens and S-lens into the ion source interface cage:

a. Hold the S-lens by the thumbscrews and orient the thumbscrews toward the
thumbscrew holes on the ion source interface. Only one orientation will work.

b. Carefully insert the S-lens ittie ion source interface cage.

c. Tighten the thumbscrews until fingertight.

Reinstalling the Tube Lens and Skimnieé8@Q Quantum Access, TSQ Quantum
Access MAX, or TSQ Quantum Ultra)

Y To reinstall the tube lens and skimmer

1. Reinstall the tube lens into the ion source interface cage.(see):

a. Orient the tube lens so that the lead pin points toward the socket on the tube lens
connection wire in the contact ring support.

b. Insert the lead pin into the socket and firmly press the tube lens into the contact ring
support.

CAUTIONENsure that you do not scratch or nick the skimmer cone.

2. Reinstall the skimmer into the ion source interface assembly:

a. Orient the skimmer so that the lead pin points toward the socket on the tube lens
connection wire in the contact ring support.

b. Insert the lead pin into the socket and firmly press the skimmer into the contact ring
support.
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Figure 50.1on source interface cage of the TSQ Quantum Access, TSQ Quantum Acc
MAX, or TSQ Quantum Ultra, showing the skimmer and tube lens lead pin
sockets

lon source interface
cage

Contact ring support

Skimmer lead pin
socket

Tube lens lead pin socket

Reinstalling the lon Source Interface Assembly

Y To reinstall the ion soge interface assembly

1. Orient the ion source interface assembly so that the sweep gas inlet notch on the ion
source interface is aligned with the sweep gas supply block on the ion source mount.

2. Carefully slide the ion source interface assembly into the ion optics cage assembly.

Reinstalling the lon Max don Max-S lon Source Housing

Reinstall the lon Max or lon Max-S ion source housing as described in thestaliicy
the lon Max or lon Max-S lon Source Housbygage 71

You might also need to reinstall an ion source probe and LC liquid lines, as appropriate, as
described in the corresponding topics ifT 8@ Series Getting Connected.Guide

Starting Up the System

Start up the system as described in the-tipicing Up the System after a Complete
Shutdown®n page 54
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Cleaning the QOO0 lon Optics

Because an accumulation of chemicalsemsutfaces of the tube lens, skimmer, and

QOO rflens forms an insulating layer that can modify the electrical fields that control ion
transmission, clean ion optics componeatsszential for the proper operation of the
instrument. The tube lens and skimmer regiesmning less often than the API source. The
QOO rf lens requires cleaning less oftertlieainbe lens and skiner. The frequency of
cleaning depends on the type and gyasftthe compounds that you analyze.

Clean or replace the QOO ion optics components by doing the following:
Shutting Down and Venting the System

Removing the lon Max or lon Max-S lon Source Housing

Removing the lon Source Interface

Removing the lon Optics Cage Assembly

Disassembling the lon Optics Cage Assembly

Cleaning Q00 and LO

Reassembling the lon Optics Cage Assembly

Reinstalling the lon Optics Cage Assembly

© © N o o M 0 NP

Reinstalling the lon Source Interface Assembly

=
o

. Reinstalling the lon Max or lon Max-S lon Source Housing

11. Starting Up the System

Shutting Down and Venting the System

Shut down and vent the system as described in th&stogiong Down the System
Completelysn page 52

Removing the lon Max ayrl Max-S lon Source Housing
Remove the lon Max or lon Max-S ion source housing to access the ion source interface

assembly. Remove the lon Max or lon Max-S ion source housing as described in the topic
*Removing the lon Max or lon Max-S lon Source Housmgage 69

Removing the lon Source Interface Assembly
Remove the ion source interface assembly to access the Q00 ion optics assembly. Remove t

ion source interface assembly as described in th&topicing the lon Source InterfaceZ
onpage 85
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Removing the lon Optics Cage Assembly

Y To remove the ion optics cage assembly

1. Using a Phillips screwdriver, remove the three screws fastening the ion source interface
cover to the mass spectrometer, and place the cover in a safefptace. ‘See

Figure 51.Removing the ion soimface cover screws

—

lon source interfac
cover screws

2. Using a hex ball driver, remove the roughing pump adapter accesslaiez See

Figure 52. Removing the roughing pump adapter access plate screws
-~ :

—

Access plate
screws
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3. Unplug the ion source cable harness from the connectaruEes3

Figure 53.Unplugging the ion source cable harness connector

4. Remove the ion optics cage assembly:

a. Using a hex ball driver, remove the three screws fastening the ion optics cage assemb
to the ion source mount assembly 8gee 54

Figure 54.Removing the ion optics cage assembly retaining screws

S
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b. Carefully feed the cable harness back through the roughing pump adapter and out of
the front of the cage assembly to ensairé thoes not get trapped between the cage

and the ion source mount assembly while you are removing the cage assembly. See
Figure 55

Figure 55.Pulling the ion source cable harness out of the ion optics cage assembly
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c. Carefully slide the ion optics cage assenthif/the ion source mount assembly. See
Figure 56

Figure 56.Removing the ion optics cage assembly

d. Place the ion optics cage assembly on a clean, lint-free surface.
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Disassembling the lon Optics Cage Assembly

The QOO rf lens and LO lens must be remowedtfie ion optics cage assembly before they
can be cleaned.

Note Make careful note of the proper orientation of all wiring before removing any
electrical lead from its contact

Y To disassemble the ion optics cage assembly

Note Wear clean gloves when you handle the ion optics components.

1. Using a hex ball driver, remove the three screws that fasten the Q0 mount assembly to the
ion optics cage. Segure 57

Figure 57.lon optics cage assembly with Q0 mount assembly and Q00/LO mount assemb
removed

—— QO mount
assembly

QO00/LO mount
assembly

Q0 mounting screws
(3%)

2. Remove the Q0 mount assembly. Place it on a clean, lint-free surface.
3. Using needle nose pliers, disconnetivthe lead wires from the QOO0 lead pins.

4. Carefully push the Q00/LO mount assemblyfilie ion optics cage by pressing on the
mount assembly with your fingers.

5. Using a hex ball driver, remove the three Q00 mounting sitat fasten the QOO rf lens
assembly to the QO0/LO mount. Leave the lens LO mounted in the PEEK’ QO0/LO
mount.
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Figure 58.Exploded diagram of the Q00/LO mount assembly
Lead pins

Guide pin hole

Guide pin

QOO0 rf lens
assembly

Mounting screws
(3%)

Z“—— Q00/LO mount and
LOlens

6. Place all components onto a clean, lint-free surface.

CAUTIONDoO not disassemble the QOO rf lens assembly any further.

Cleaning Q00 and LO

Y To clean the QOO rf lens and LO lens

1. Clean the QOO rf lens and LO lens with a Kimwipe’ soaked in methanol.

CAUTIONDo not use abrasives to clean the QOO rf lens. Do not soak the QOO rf lens
and LO lens in solvent.

Note Wear clean gloves to handle the parts after you clean them.
2. Dry the parts with a rapid stream of nitrogen gas.

3. Inspect each part for contamination and tfustécessary, repeat the cleaning procedure.
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Reassembling the lon Optics Cage Assembly

Y To reassemble and mount the Q00/LO assembly

1. Reinstall the Q00 assembly on the QO0/LO mount:

a. Orient the Q00 assembly so that theegiid on the Q00/LO mount inserts into the
guide pin hole in the Q00 assembly.

b. Secure the Q00 assembly with the 3 Q00 mounting screws.

2. Reinstall the Q00/LO mount assembly in the ion optics cage:

a. Orient the Q00/LO mount assembly softiaiead pins are closest to the lead wires
in the ion optics cage.

b. Press the QO0/LO assembly into the ion optics cage)Beé& on page 96

3. Use needle nose pliers to carefully reconnect the top rf lead wire to the top Q00 lead pin
and the bottom rf lead wire to the bottom QOO lead pin.

4. Reinstall the Q0 mount assembly onto the ion optics cage:

a. Orient the Q0 mount assembly so thafl&#teide is on the same side as the two
contacts.

b. Secure the Q0 mount assembly on the ion optics cage with the 3 Q0 mounting
screws. Ségyure 57onpage 96
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Reinstalling the lon Optics Cage Assembly

Y To reinstall the ion optics cage assembly

1. Reinstall the 3.25 in. ID Viton’ O-ring into the groove on the ion source mount
assembly. Seeyure 59

Figure 59.lon source mount assembly, showing groove for O-ring

— Groove for O-ring

//

2. Orient the ion optics cage assembly with the contact pins down, and then partially insert
it into the ion source mount assembly.

3. Feed the cable harness into the roughing pump adapter and reconnect the cable. Rotate
the ion optics cage assembly if necessary.

4. Insert the ion optics cage assembly comgletilst the two interstage contact pins are
inserted into the sockets in the ion source mount assembly.

5. Ensure that the 3.25 in. ID Viton O-ringpi®perly seated between the ion optics cage
assembly and the ion source mount assembly.

6. Carefully press the wiring harness down into the recess in the bottom of the ion source
mount assembly so that the wires are ou¢ giath of the ion source interface assembly
that you will install in the next procedure.FSgere 60
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Figure 60.lon optics cage assembly, installed

Cable harness

—— Recess in bottom of ion source
mount assembly

7. Reinstall the three ion optics cage assembly screws that fasten the cage assembly to the |
source mount assembly. Sgare 5Z0n page 93

8. Plug in the ion source cable harness connector. Secure the conriegtoe Sém
page 93

9. Reinstall the roughing pumpgter access plate and screwsicgee 52on page 92

10. Reinstall the ion source interface cover and screwsu@eglon page 92

Reinstalling the lon Source Interface Assembly

Reinstall the ion source interface assembly as described indReitapidiing the lon
Source Interface Assembiypage 90

Reinstalling the lon Max don Max-S lon Source Housing

Reinstall the lon Max or lon Max-S ion source housing as described in thestaliicy
the lon Max or lon Max-S lon Source Housmmygage 71

Starting Up the System

Start up the system as described in the-tipic¢ing Up the System after a Complete
Shutdownn page 54
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Maintaining the Forepump

The forepump is located under the TSQ mass spectrometer work table. Inspecting, adding,
purging, and changing the oil are all ihatquired to maintain the forepump.

Forepump oil is a translucent, light amber color, which you must check often. During normal
operation, oil must always be visibleénoihlevel sight glass between the MIN and MAX
marks. If the oil level is below the MIN mark, @tldf the oil is cloudy or discolored, purge

the oil to decontaminate dissolved solvent® Hump oil is still discolored, change it. Plan

to change the pump oil after every 3000 hduwsit(éour months) of operation. Refer to the
manufacturerss documentation for procedures for purging, adding, and changing the
forepump oil.

Cleaning the Fan Filters

Thermo Scientific

You must clean the two fan filters every four months. The fan filters are located on the of the
front cover and on the right side cover of the TSQ Series mass spectrometer.

Y To clean the fan filters

1. Remove the fan filter from the right side cover:

a. On the TSQ Vantage, using a Phillipsysirieer, remove the six screws that hold
the blue appliqué to the right-side cover.

b. Remove the appliqué.

c. Loosen and remove the four screws that hold the filter bracket to the right-side cover.
Note that from the outside of the mass sgreeter the filter bracket appears to be a
grille.

d. Remove the filter and filter bracket.

2. Remove the fan filter from the front cover:
a. Remove the front cover of the TSQ mass spectrometer:
i. Disconnect all tubing to thevéirt/inject valve and syringe pump.

ii. Depress the two (blue) spring catches that are located on either side of front
cover.

iii. Pull the front cover straight off by about 6 in. (15 cm) to access the Front Panel
PCB cable and the two grounding wires.

iv. Disconnect the Front Panel PCB cable from the TSQ mass spectrometer by
pushing the connector retaineramg then pulling the cable free.

v. Pull the two grounding wires framrirtheir respective spade connectors.

vi. Remove the front cover.

TSQ Series Hardware Manudl01



6 Maintenance
Cleaning the Fan Filters

b. Loosen and remove the four screw$dhcthe filter bracket to the front cover.

c. Remove the filter and filter bracket.
3. Wash the fan filters in a solution of soap and water.
4. Rinse the fan filters with tap water.
5. Squeeze the water from the fan filters and allow them to air dry.

6. Reinstall the fan filter on the right-side cover:

a. Place the filter in the filter bracket and position the filter bracket and filter on the
right-side cover.

b. Install and tighten the four screws that hold the filter bracket to the right-side cover.
c. Onthe TSQ Vantage, position the blue appbguée right-side cover.

d. Install and tighten the six screws that hold the appliqué to the right-side cover.
7. Reinstall the fan filter on the front cover:

a. Place the filter in the filter bracket and position the filter bracket and filter on the of
the front cover.

b. Install and tighten the four screws that hold the filter bracket to the front cover.

c. Reinstall the front cover of the TSQ mass spectrometer.
i. Position the front cover about 6 in. (15 cm) from the TSQ mass spectrometer.
ii. Reconnect the grounding wire to the space connector.

iii. Reconnect the Front Panel PCB cable to the TSQ mass spectrometer by inserting
the cable into the connector. Push the connector retainer down to secure the
cable.

iv. Align the front cover with the two guide pins on the TSQ mass spectrometer.

v. Push the front cover against the TSQ mass spectrometer until the two spring
catches lock.

vi. Reconnect all tubing to the divert/inject valve and the syringe pump.
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Diagnostics and PCB and Assembly Replacement

The TSQ system diagnostics can test many components of the TSQ mass spectrometer. If
there is a problem with the instrument electronics, the diagnostics can often locate the
problem. Replacing a faulty PCB or asserablysually correct the problem. After the PCB

or assembly is replactiid diagnostic tests are rerun to verify that the instrument is
functioning properly.

A subset of the diagnostic tools that are part of the Tune application targets specific functions
of the entire mass spectrometer. In general sysem evaluation tools do not contain pass

or fail criteria nor do they rate the perfarcealnstead, they provide data that can be

interpreted by a Thermo Fisher Scientifidageengineer. Because the system evaluations
examine complex interactions, the service engses the data in conjunction with other

tools and tests to form a diagnosis.

Note Three levels of protection are possible:
€ No protection,All operatorgan access all workspaces.

€ Automatic protection, Tune Master uses the default password, Ictsq, to protect the
secure workspaces.

€ Custom password protection, The Key Operator (or Laboratory Administrator or
Manager) can select a password to protect the secure workspaces.

If your TSQ system has been password protected, you must obtain the password before
you can access the secure workspaces (including the System Tune and Calibration
workspace). If the instrument passworagisylou must reinstall the TSQ software to

reset the default password (Ictsq).

Contents

€ Running the TSQ System Diagnostics
€ Replacing a Fuse

€ Replacing PCBs and Power Supplies
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Running the TSQ System Diagnostics

Running the TSQ System Diagnostics

The TSQ system diagnostics are used to test the major electronic circuits within the
instrument and indicate whether the circuits pass or fail the tests. If there is a problem with
the instrument electronics, the TSQ systiagnostics can often locate the problem.

CAUTIONNon-expert users should run only the following diagnostics because certain
diagnostics can overwrite system parameters.

€ lon Source Board
€ System Control

€ Analyzer Control Board

The TSQ system diagnostics do not diagnoskem®that are not electrical in nature. For
example, they do not diagnose poor sengilisgtyo misaligned or dirty components or to
improper tuning. Therefore,ig important that the person running the diagnostics be
familiar with system operation and basioNseltheory as well as the details of the
diagnostics.

Typically, only a Thermo Fisher Scientificise engineer runs diagnostic tests because
certain tests can overwrite system parameters. However, before calling a Thermo Fisher
Scientific service engineer to run diagnostics, consider the following:

€ Did the system fail when you were running samples?

€ Did problems occur after you performed tea@mce on the instrument, data system, or
peripherals?

€ Did you change the configuration of the system, cables, or peripherals just before the
problem occurred?

If the answer is yes to the first item abogee th the possibility of a hardware failure, and
running the diagnostics is appropriate.

If the answer is yes to either of thawasguestions above, the problem is probably

mechanical, not electrical. Vedfain that alignment, configtions, and cable connections

are correct before you call the Thermo Fisher Scientific service engineer. Keep careful notes

documenting the nature of the problem and the corrective steps you have taken. If you are not
successful in correcting the problem, you can email this information to your service engineer.
The Field Service department can then do a preliminary evaluation of the problem before an

engineer arrives at your site.
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Replacing a Fuse

Y To run diagnostics

CAUTIONNon-expert users should run only the following diagnostics:
€ lon Source Board
€ System Control

€ Analyzer Control Board

1. Open TSQ Tune:
a. Right-click th&tartbutton and choodexplore
b. Browse to th€:\Thermo\instruments\TSQ\system\progranislder.
c. Double-clickrSQTune

2. Choosé\Vorkpace > Full Instrument Controto display the Full Instrument Control
Workspace.

. Choos&\Vorkpace > Diagnosticto display the Diagnostics Workspace.
. Select Test Namlen Source BoardSystem Contrglor AnalyzerControl Board

. Select how many times you want to run the tests.

o o b~ W

. Click Startto start the diagnostics.

Replacing a Fuse

Fuses protect the various circuits by opening the circuits whenever overcurrent occurs. On the
TSQ mass spectrometer, a failed fuse indidatiesl doard or electronic module that must
be replaced by a Thermo Fisher Scientific service engineer.

CAUTIONDue to the complexity of accessing the TSQ mass spectrometer electronic
assemblies, only a Thermo Fisher Scientific service engineer can replace fuses.

Replacing PCBs and Power Supplies

The electronic assemblies that control thatigeof the mass spectrometer are distributed
among various PCBs and other modules located in the tower, in the embedded computer, and
on or around the vacuum manifold of the mass spectrometer.

CAUTIONThe TSQ mass spectrometer electronic assemblies are close-packed to
minimize the size of the system. Due to the complexity of removing and reinstalling the
TSQ mass spectrometer electronic assemibljes, Thermo Fisher Scientific service
engineer can replace electronic assemblies.
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Replaceable Parts

This chapter contains part numbers folaceable and consumable parts for the mass
spectrometer and kits. To ensure propersasudervicing the TSQ system, order only the
parts listed or their equivalent.

Contents
€ MS Accessory Kit

€ TSQ Vantage Instrument Specific Accessory Kit

€ TSQ Quantum Ultra, Ultra AM, and Ultra EMR Instrument Specific
Accessory Kit

€ HESI-Il Probe Kit
€ TSQ Quantum Access Instrument Specific Accessory Kit
€ TSQ Accurate Mass Calibration Compounds Kit

€ Fittings, Ferrules, and Sample Loops

MS Accessory Kit

ACCESSOTY Kil . . 70111-62034
Fuse, 0.25 A, 250 V, 5%20 . . ..ottt i e 00006-01700
Fuse, 0.25 A, 250 V, 5%20 . . .. it i e 00006-05080
Fuse, 0.50 A, 250 V, 5X%20 . . ..ottt m e 00006-07608
Fuse, L.OA, 250 V,5%20 . ...ttt e e e 00006-07610
Fuse, 2.0 A, 250 V . ..ot 00006-09102
Fuse, L.OA, 250 V,5%20 . ... it e 00006-10510
Fuse, 4.0 A, 250 V . ..o 00006-10705
Fuse, 0.16 A, 250 V, 5X%20 . . ...t i im eee 00006-11204
Fuse, 4 A, 250 V. . .o 00006-11420
Fuse, L.OA, 250 V . ..o 00006-14015
Fuse, 6.3 A, 250 V,5%20 . ... .ttt e 00006-11450
Fitting, ferrule, Swagelok’, Back, 1/8in. ...................... 00101-02500
Fitting, ferrule, Swagelok, Back, 1/4in. . ..................... 00101-04000
Fitting, ferrule, Swagelok, Front, 1/81in. ...................... 00101-08500
Fitting, ferrule, Swagelok, Front, 1/4in. ...................... 00101-10000
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TSQ Vantage Instrument Specific Accessory Kit

Fitting, Swagelok, Nut, 1/4in.,brass . . ... ... ... ... ...
Fitting, Swagelok, Nut, 1/8 in.,brass .. ..o L.
Fitting, HPLC adaptor, 10-32 x 1/4-28 . . . .............
Ferrule, 0.008 in. ID, KEL-F', HPLC .................
Fitting, Fingertight 2, Upchurch’. . .. ..................
Ferrule, Fingertight 2, Upchurch .. ... ................
Fitting, HPLC, Tee, 0.020 orifice, PEEK .. .............
Tubing, fused silica, 0.150 mm ID x 0.390 mm OD.......
Tubing, fused silica, 0.10 mm ID x 0.19 mmOD ........

Tubing, fused silica, 0.05 mm ID x 0.19 mm OD,

deactivated. .. ......... ... .. ..
Tube, hypodermic 28-gauge x 10 in.length . ... .............
Fitting, HPLC, 10-32, long,onepiece . . coovceee v oo v v ns
........... 00301-16999
....... 00301-19016

Tubing, PEEK, 0.005 ID x 1/16 in. OD, Red,

5ft. (I.5mlong) ...... ...
Tubing, Teflon’, 0.030in. ID x 1/16in.OD .............
Syringe Adapter Kit . ......... .. . .
Needle, Corona, APCI . . ... .. e e e
Tool, ion transfer tuberemoval . .. .. .. oo oo ..
O-ring, graphite Vespel (for ion transfer tuhe). . . ... ... ..

TSQ Vantage Instrument Specific Accessory Kit

Accessory Kit. . ..o
5/32in.Balldriver . . ....... .. ... ..
Reserpine . ... .
Ultramark 1621 (EMRonly) .............. .. ........
lontransfertube. ....... .. ... .. . .
Polytyrosine, liquid. . .. .......... . ... L
Polytyrosine, solid. . . . ...... ... ..
Cable, LCIMS ... e e

.. 00101-12500
.. 00101-15500

....... 00101-18080
......... 00101-18114
......... 00101-18195
....... 00101-18196
....... 00101-18204
...... 00106-10498
....... 00106-10499

........... 00106-10502

.. 00106-20000
00109-99-00016

....... 00301-22912
....... 00301-22915
........... 70005-62011
....... 70005-98033
....... 70111-20258
....... 97055-20442

........... 70111-62081
....... 00025-10020
........... 00301-12901

.......... 00301-12200

........... 70005-20423
....... 00301-22924
....... 00301-22925
....... 60053-63035

TSQ Quantum Ultra, Ultra AM, asitta EMR Instrument Specific

Accessory Kit

Accessory Kit. . ..o
5/32in.Balldriver . . ... ...
Ultramark 1621 (EMRonly) . .......................
Reserpine . ...
Needleseal ........... .. ... i,
ESIneedle . ... ... . .
Kit, metal needle, H-ESI .. ...... ... ccoei ...
lontransfertube. .. ... ... ... ... ... L.
Polytyrosine, liquid. . ... ......... . ... L
Polytyrosine, solid. . . ... ... .. . .
Cable, LCIMS .. ... e
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........... 70111-62057
....... 00025-10020
.......... 00301-12200
........... 00301-12901
........... 07055-20271
....... 07055-20273
....... 97055-62026
........... 97055-20199
....... 00301-22924
....... 00301-22925
....... 60053-63035
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8 Replaceable Parts
HESI-II Probe Kit

HESI-II Probe Kit

HESI-Il Probe Kit. . .. ... OPTON -20037
High-flow needle insertassembly ... ...................... OPTON-53010
Low-flow needle insertassembly. . ........... ... ... . ... ... OPTON-20037

The HESI-II Probe Kit contains the HESptbbe with a factory-installed high-flow
needle insert. The high-flow metal needle inseiitable for flow rates equal to or greater
than 5 pL/min. For low-flow rate applicatiomsler the low-flow reelle insert assembly.

TSQ Quantum Access Instrument Specific Accessory Kit

Accessory Kit. . ... 70111-62059
ReESeIpINg . .. 00301-12901
Ultramark 1621 . . .. ... e e 00301-12200
Needle seal . ... .. 00950-00952
ESIneedle .. ... ... . 00950-00990
lontransfertube. ... ... ... .. .. 70111-20972
Polytyrosine, liquid. . . . . ... 00301-22924
Polytyrosine, solid. . . . ... 00301-22925
Kit, metal needle, highflow .. ... .. ... . . . 70005-62013
Kit, metal needle, low flow. . . ... ... oo oo i 97144-62080
Cable, LCIMS . .. 60053-63035
CSl e HAZMAT-01-00004

TSQ Accurate Mass Chtation Compounds Kit

Calibration Compounds Kit. . . ... ... 70111-62029
Polyethelene glycol, 1000 molecular weight,5.g............... 00301-07710
Polyethelene glycol, 200 molecular weight,5.g................. 00301-07712
Polyethelene glycol, 400 molecular weight,5.g................ 00301-07714
Polyethelene glycol, 600 molecular weight,5.g................ 00301-07716

Fittings, Ferrules, and Sample Loops
Ferrule, Fingertight 2, Upchurch.

(for: PEEK tubing and Teflontube) . .........................00101-18196
Ferrule, 0.016 in. ID, PEEK, Upchurch

(for: Fused-silica capillary infusionline) ...................... 00101-18120
Ferrule, 0.012 in. ID, Kel-F, Upchurch

(for: High flow metal needle and low flowtaheeedle) ............. 00101-18114
Ferrule, 0.008 in. ID, Kel-F, Upchurch

(for: Fused-silica capillary sample line)........... . . ............... 00101-18116
Ferrule, LC, 1/16 in., stainless steel, Rheodyne...................... 2522-3830
Fitting, Fingertight, Upchurch. .. .. .. .. .. ... ... ... ... ... ... ... 00101-18195
Fitting, Fingertight, Upchurch. . . ... ... ... ... ... . . L. 00101-18081
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8 Replaceable Parts
Fittings, Ferrules, and Sample Loops

Fitting, adapter, Kel-F, 10-32 x 1/4-28, Upchurch

(connects directly to ESl probeinlet).. . .............. ... ... 00101-18080
Nut, LC, 1/16 in., stainless steel, Rheodyne............................ 2522-0066
Fitting, LC union, 0.010 in. orifice, PEEK.. . .. .. ... ... ... ... .... 00101-18202
Fitting, LC TEE union, 0.020 in. orifice, PEEK ... ... ............... 00101-18204
Fitting, adapter union, PEEK, Upchurch.. . .......................... 00101-18206
5 pL sample loop, stainless steel. . . ... ... ... .........00110-22010
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A

Accela System, interconnect diagtam
accessory kit07
air leaks, checking for
analyzer assembly, lenses, voltages applied to
analyzer chamber, location (figure)
Analyzer Control PCB, discussign
analyzer region, vacuum manifold, descrigtion
anode, electron migtier, descriptiorss
API probe, flushing6
argon inlet, location (figurey
argon supply
checking64
pressures4
atmospheric pressure ionization (API) source
description71
ion source interface
autosampler
about 14
configuring14
interconnect diagram (Accela Systé&in)
startup55
auxiliary gas pressure
auxiliary gas valve, descriptian
auxiliary gas, on/off statas

C

calibration
and H-SRM (note}3
discussed3
frequency (note)s, 63
capillary, heate@edon transfer tube
cathode, electron multiplier, descriptian
Cautions
capillary heater cage assembly tempegature
emergency shutdowry
forepump and line powen
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lower ion transfer tube temperature before
removing79
nitrogen supply and API source operation
replacing fuses)s
replacing PCBs and power supplies
scratching the skimmer conie
solvent waste backing into ion source housing
centroid scan, defineid
CID. Seeollision-induced dissociation
circuit breaker0
cleaning procedures
API probe, flushing6
ESI probe, flushing6
exit lenss7
frequency77
ion sweep coned
ion transfer tubes, 79
QOO0 ion opticso1
QOO0 rf lens91, 97
sample transfer lings
sample tube6
skimmerg7..88
S-lenss7
sweep cones
tube lens37..88
collision cell
figure 30
location (figure)39
collision energy (Roffset voltage)4
collision gas valve, descriptign
collision gas, descriptica
collision-induced dissociation (CID), discussion
Communication LED
description19
mass spectrometer reset
mass spectrometer startiip
compliance
EMC iii
FCCv
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regulatory compliance
WEEE vii
computer, featuress
contacting usxi
Convectron gauge
description41
location (figure}9
pressure readings (takie)s3
conversion dynode
description3s
figure 36
on/off statuss0

D

daily maintenance
API probe, flushing6
emptying solvent waste botile
ion sweep cone, flushing, 79
ion transfer tube, flushingg, 79
sample tube, flushings
transfer line, flushingé
daily system checks
air leakss4
argon supply4
check lists6
list 63
nitrogen supplys4
overviews3
data system
description44
LAN interface46
personal computers
resettings7
shutdown53
data types, discussed
data-dependent scan mode, discussed
diagnostics
Caution 104
running 104
divert/inject valve
description16
location (figure)L7
loop injection16
plumbing (figure)17
dynode35

E

electron multiplier
anode, descriptions
description3s
on/off statuss0
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electronic assemblies
description43, 105
ion detection syster!
Power Entry Module, descriptian
rf voltage generation, description
electronics service switch
and complete shutdowr?
location50
mass spectrometer caments on/off status)
embedded computer
description43
resettings7
EMC complianceii
emergency shutdown proceduve
ESI probe, flushing6
Ethernet Link OK LED22
exit lens
cleanings?
reinstallings9
removingsé

F

FCC compliance
filters 43
fittings, replaceable paritso
forepump
description40
maintenance 01
on/off statuss0
power cord (Caution}1
front panel LEDs
Communication19
description19
figure 19
Power19
Scan19
System19
Vacuum19
full scan typelo
functional description
data system4
divert/inject valve 6
liquid chromatograph5
mass analyzes
mass spectrometes
syringe pumpl5
TSQ mass spectrometer
fuses, mass spectrometer, replacing
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| figure 82
flushing 68, 79
location (figurep3
ion transfer tube
description23
figure 24
flushing 68, 79
location (figurep3
lower temperature before removing (Cautien)
part numbers33
removing and cleaning
setting temperatured
ion transmission device
defined4
rod assembly

inlet gasses hardware

auxiliary gas valve

collision gas valve

description37

sheath gas valve
Instrument Configuration window, opening
interconnect diagram, Accela Sysiem
ion detection system

conversion dynodes

electron multiplie3s

electron multiplier gain6

electronic assemblies
ion gauge

description41

pressure readings (takide)s3

lon Max API source L
housing (figureyo leaks, checking far!
housing, rear (figure). LEDs
installing 71 Communication LED19

maintenance’s
lon Max-S API source
housing (figureyo
installing 71
ion optics
cage assembly location (figu@e)36, 88
description24
QO quadrupole, descripticty
Q00 quadrupole, descripticr
ion optics cage assembly
disassemblings
exploded view (figurep
reinstalling99
ion polarity modes, discussed
ion source interface
cross-sectional view
description22
figure 85.86, 88
ion transfer tube3
location (figure}2
maintenances4
reinstallingo0
release lever (locatior)
removingss
ion source mount
figure 72
guide pins72
location (figure)Bs. 86, 88
ion source, descriptiah
ion sweep cone
cleanings?
description24
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Communication LED, n&s spectrometer reset
Communication LED, maspectrometer startuim
divert/inject valve LEDg0

Ethernet Link OK22

Power LED19

Power LED, mass spectrometer reset

Power LED, mass spectrometer stastup
Pump On, location (figure)2

Scan LED19

syringe pump LEDL6, 19

System LED1L9

System LED, mass spectrometer faset
System LED, mass spectrometer stariup
Vacuum LED19

Vent Valve Closed1

lens LO, descriptioa7
lenses

analyzer assembly, voltages applied to
L21, L22, L23, figure0
L31, L32, L33, figures0

liquid chromatograph (LC)

about 15

configuring15
functional descriptions
startup54

liquid chromatograph, imeonnect diagram (Accela

System)s

loop injection, divert/inject valve
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M

main power circuit breaker, description
maintenance
API probe, flushing6
exit lens, cleaningy7
forepump 101
frequency (tablej6
lon Max API source5s
lon Max-S API sources
ion source interface!
ion sweep cone, cleaning
ion transfer tube, cleaning, 79
ion transfer tube, removing and cleaning
QOO0 ion optics, cleaningl
QOO rf lens, cleaningl, 97
sample transfer line, flushitg
sample tube, flushings
skimmer, cleaning7.28
S-lens, cleaning7
sweep cone, cleaniag
tube lens, cleaningy. 88
mass analysis
collision-induced dissociation (CIB}
discussiors?2
rf and dc fields (figure)o
mass analyzer
description4, 28
on/off statuss0
mass ranges
mass spectrometer
collision gas valve.
diagnostics 04
electronic assemblies 105
emergency shutdow
frequency of cleaningy
front panel LEDsL9
functional descriptions
fuses, replacings
inlet gasses hardware
interconnect diagram (Accela Systé&in)
ion detection system electronic assembilies
ion gaugetl
LEDs and system startap
maintenance procedures (table)
mass analyzes
Off condition 60
Power Entry Module, descriptian
pressure readings (takis)s3
resettings7
RF voltage generation electronic assemblies
shutdown52
Standby conditiorb1
starting ups4
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turbomolecular pumgo
vacuum manifolds
vacuum systers7
vent valvell
mechanical pump0
MS main power circuit breaker, mass spectrometer
components on/off statds
MS/MS scan modes
neutral losg
parent6
product 5

N

neutral loss scan mode
discussed
example (figured
illustration (figure)
nitrogen inlet, location (figurey
nitrogen supply
Caution 64
checkings4
pressurel?, 64
rate of consumption4

O

Off condition, on/off status of components
offset voltage, quadrupadie

P

parent scan mode
discussed
illustration (figurey
part numbers of replaceable pants
password.03
personal computer, features
power cord, forepump (Caution)
Power Entry Module, descriptian
Power LED
description19
mass spectrometer reset
mass spectrometer startiip
power panel, figureo. 21
pressure levels, checking
printer, setting up!6
procedures
cleaning the exit lerss
cleaning the skimmes
cleaning the S-lerss
cleaning the tube lens
complete system shutdown
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configuring the LCL5
disassembling the ion optics cage assembly
installing the lon Max API source
installing the lon Max-S API source
maintaining the forepumpol
placing system in standby
reinstalling the exit lert®
reinstalling the ion optics cage asseatbly
reinstalling the ion source interface
reinstalling the skimme
reinstalling the S-lers®
reinstalling the tube lers
removing skimmeg7
removing the exit leris
removing the S-leris
removing tube lens7
resetting mass spectrometer
product scan mode
discussed
illustration (figurey
profile scan, define?
pumps
forepump40
turbomolecular pumpo

Q

QO ion optics chamber, location (figuze)
QO ion optics, discussiarY
Q0 mount assembly, location (figuse)
QO quadrupole
description27
figure 27
Q00 ion optics
cleaning91
cleaning components
cross-sectional view
reassemblings
skimmer25
Q00 RF lens
description26
figure 26
on/off statuss0
QOO0 rf lens
cleaningo1, 97
location (figurep3
QO00/LO mount assembly
exploded view (figure)y
location (figurep6
Q1 quadrupole, figureo
Q1MS and Q3MS scan modes
Q2 rod assembly, figuee
Q3 quadrupole, figureo
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quadrupole mass analyzer
functional description9, 32
guadrupole offset voltage
quadrupoles
mass analysi®, 32
QO, descriptiore7
Q1 and Q329
RF and dc fields (figuré)
rf and dc fields (figure)o

R

regulatory compliance
replaceable parts

accessory kito7

fittings 109

part numbersi.07

sample loops09
RF voltage generation, discussion
right side power panel

discussiore1

figure 21
rod assemblies

description30

ion transmissiort

mass analysis

mass analyzer(s), quadrupules2

Q1, Q2, and Q3 (notep
roughing pump20

S

safety precautionsiii
sample loop, replaceable patts
sample transfer line, flushitg
sample tube, flushingp
scan data types
centroid scan?2
profile scan.2
Scan LED, descriptiomn
scan modes
data-dependerit
discussed
mass spectrometer
neutral loss
neutral loss, example (figuge)
neutral loss, illustrated (figure)
parent6
parent, illustrated (figure)
product 5
Product, illustrated (figure)
Q1MS and Q3MS5
summary (table)
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scan types
discussedo
full-scan10
selected ion monitoring (SIM)
selected reaction monitoring (SRM)
selected ion monitoring (SIM) scan type
selected reaction monitoring (SRM) scan type
sheath gas pressure
sheath gas valve, description
sheath gas, on/off statifs
shutdown
data systera3s
emergency proceduse
mass spectrometer
nonemergency proceduire
side cover plate (vacuum manifold), descrigtion
skimmer
cleaningss
description25
figure 26
location (figurep3
reinstallings9
removings7
S-lens
cleanings?
on/off statuss0
reinstallings9
removingseé
solvent waste bottle, emptyitg
solvents
cleaningss
purity requirementsix
Standby condition
on/off status of componenis
placing system ial
startup
autosampless
liquid chromatograph4
mass spectrometes
operating conditions, setting
sweep gas supply port, location (figere)
switches21
syringe pump
description15
figure 16
system checks
argon and nitrogen supplies
sample tube polyimide elongation
vacuum levels4
System Control PCB, description
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System LED
mass spectrometer reset
mass spectrometer starfiip
system reset button
description21
location (figurep1
mass spectrometer reset
system shutdown
emergency proceduse
nonemergency procedure

T

tables
mass spectrometer caments on/off statuso
mass spectrometerimi@anance procedures
pressure readings, 83
summary of scan modés
troubleshootingl 03
TSQ system
autosamplet 4
calibrating63
calibration, frequency6
complete shutdowa?
daily system checks
data system4
data types 1
diagnosticg 04
divert/inject valve 6
emergency shutdowry
front panel LEDsL9
functional block diagram (figure}..14
functional description3
ion polarity modes
LEDs and system startap
liquid chromatograph5s
mass ranges
mass spectrometet
operating conditions, setting
overviewl
regulatory complianca
replaceable paris7
scan modes
scan typeso
shutdown, emergency proceduve
shutdown, honemergency procedifre
Standby conditiorb1
starting up54
syringe pumpl5
tuning 63
tuning, frequency6
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tube lens
cleaningss
description24
figure 24
location (figurep3
on/off statuss0
reinstallings9
removings7
voltages4
Tune Master window, openirig
tuning
discussed3
frequency (note)6
tube lens offset voltage
turbomolecular pump
description40
on/off statuss0

V

Vacuum LED
and analyzer region pressige
description19

vacuum levels, checkiag

vacuum manifold
analyzer chamber, location (figure)
collision cell chamber, location (figuze)
description38
feedthroughs9
interior (figure)39
pressure readings (takie)s3
QO ion optics chamber, location (figuze)
side cover plate, descriptith

vacuum pumps
forepump40
turbomolecular pumpo

vacuum service switch
and mass spectrometer shutdéwn
location 50

mass spectrometer components on/off status

vacuum system
auxiliary gas valve
block diagranss
checking pressure leveids
collision gas valve
description37
forepump40
ion gaugetl
powering off21
pressure readings, 83
sheath gas valve
turbomolecular pumgo
Vacuum LED19
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vacuum service switeh
vent valvell
vent valve
description41
LED 21
Vent Valve Closed LED1
voltages
conversion dynodes
ion transfer tubes
QO ion optics27
QO offset27
QOO0 offset26
qguadrupole rf and deo
tube lens offsei4

W
WEEE complianceii
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