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GBC Optimass Ion Optics

m All ICP-MS requires ion optics to transport ions
effectively to the analyser

®m How do ion optics work?

m Optimass unique 3 cone interface

m Optimass unique ion optics

How do Ion Optics Work

m Use clectromagnetic fields to change direction

of motion of ions moving in vacuum

m In MS use only electrostatic — not mass selective

How do Ion Optics Work

Positi\ée ioln accelerated V2 lons deflected
towards plates D by E field

/

V1 slightly more negative
than V2 Vi

This is the basis of ion optics

All ICP-MS has some form of Ion

34 Torr
Expansicn of
ion beam Sample

lon beam aerosol
L

Figure 8. The composition of the ion beam is maintained, assuming a neutral plasma.

How do Ion Optics Work

Positive attracted by =il

negative plate — only

Positive X .
provides acceleration

o

e —

Optimass Ion Optics configuration

Plates at voltage

/\/)ZI / Yolks at voltage

C V2

between This gives E-field
plates and between plates for
yolks provide deflection
focus BUT there can be

different voltages on

each plate




Focusing and Deflection
Body = -70V
All Voltages the o lons fly straight

same
Y through
| —

Focusing and Deflection

Body = -70V

-110V
/

— lons Focused
. and deflected

Voltage on plates slightly
different - Mean = 100V

Def = 10V

From plasma to ion beam

FagpieeQuneravdpe ph SRtigHRss plasma interface

Second Skimmer cone ( as

in software) that has high
—ve voltage to form the ion
beam

Focusing and Deflection

Voltage on plates Body = -70V

same but different to
body -100V
E—

lons Focused

Only

Major components of Optimass Ion
Optics
® From plasma to ion beam

m Front End Jon Optics — form the ion beam
from plasma

® Y and Z deflection and focussing (vertical and
hotizontal) to create “ribbon” beam

® Vacuum conductivity restrictor

m Presentation of beam to OA

Optimass — Front End Ion Optics

Gas Dynamic
Skimmer

lon beam

Plasma penetration
behind skimmer

-HV rejects
electrons




GBC Optimass 9500 ion optics

m Optimass 9500 requires a unique beam shape
m Most ICP-MS require a beam with cylindrical
ymmetry (tound)
m Optimass 9500 requires a beam that is “ribbon”
shaped

m This requires special ion optics

Extractor

Layout of ion optics

/ _~ Zllens Chamber
Z Conductivity wall
/ restrictor

Y plates (vertical) z pI;tes

Lens body

Optimass - Front End Optics

Voltage
= = =

1

Skimmer 2 - ‘
Valve Bod Y Extractor

GBC Ion Optic Element

Round stainless steel
disc

Oval hole for ions
to pass through
that enhances the
vertical E field

This is used for the extractor and Z1 electrode

Actual Layout

BN
"1 ans Slde 1 2
¥ mean an
defection

Eathied’ Orthagenl
decalerating accalerator
elecirode.

Figure 50: Interface and ion optics section view

Y deflection

¥ deflection plates

D -5V Aperture plate
loni Beam
——y \\_)

405y
I

Pushout plate

TOF
ORTHOGONAL ACCELERATOR diraction
¥ dirgction = TOF direction




Idea of Z - Plates

Main
Lens body Chamber wall

1 1

This provides
vertical focusing

[

Z Plateq haye nearly the
same voltgge each

BUT different voltages on lens body and
chamber wall give dominant vertical field

Summary

m Optimass ion optics are electrostatic only

m They convert the plasma to an ion beam

m They deflect and focus the ion beam to form a
“ribbon” shaped beam

® This is a tall narrow beam for maximum
sensitivity and best resolution
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Application

Measurement of Isotope Ratio
with Laser Ablation
ICP MS

ICP-orthogonal Time of Flight mass Spectrometers

www.gbcsci.com

Gas Control Unit

=
RF Generator lon Mirror 3

e f,ﬂ,r-
|
I
|
I
I

Detector
Blanker.
Match

Box -l.l:r_-z
— T e

Problems of LA - ICP MS

In some conditions fractionation
of species can be very severe.

*Precision of measurements is
strongly impaired by signal
fluctuations caused by large
particulates in the sample flow.

ICP-orthogonal Time of Flight mass Spectrometers O

www.gbcsci.com

O

Advantages
of LA ICP oa-TOF MS.

oIt provides efficient simultaneous
recording of ALL masses.

*The composition of large particles can be
investigated

*Time response of different elements
ablated in a single laser shot can be
studied.

www.gbcsci.com

ICP-orthogonal Time of Flight mass Spectrometers

O

ICP-orthogonal Time of Flight mass Spectrometers

Advantages
of LA ICP oa-TOF MS

* |sotopes of every element are
represented in the particulates
proportionally.

» Their signals behave synchronously.
» The ratio of isotope signals

measured simultaneously has high
precision.

www.gbcsci.com

O

ICP-orthogonal Time of Flight mass Spectrometers

A Single Laser Shot of an Australian

10 cent Coin P
Pb
-
scans I o

at 0.1 s intervals /NN M—

L
e = voaic

Time (seconds) Refractory

www.gbcsci.com




ICP-orthogonal Time of Flight mass Spectrometers
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ICP-orthogonal Time of Flight mass Spectrometers

Fractionation Analysis

All refractory and volatile species are appearing
in the scan simultaneously

The volatile species remain longer as they are
represented in larger particles, which have
longer transportation time.

Short duration peaks of some elements
indicate the arrival of large particles

SCIENTHNIC CQUSPMENT

SCIENTHNIC CQUSPMENT

SCIENTHNIC CQUSPMENT

O

ICP-orthogonal Time of Flight mass Spectrometers

ICP-orthogonal Time of Flight mass Spectrometers

ICP-orthogonal Time of Flight mass Spectrometers

Typical Analysis of an
Australian cojg™-—-

.
b
[T

Real abundance
ratios

Time (seconds) ‘.’

SCIENTHNIC CQUSPMENT

SCIENTHNIC CQUSPMENT

SCIENTHNIC CQUSPMENT




Fractionation effects

@)

» Evaporation-condensation processes
during ablation

« Different efficiency of transportation of
particles depending on their size and
density

« Different atomization efficiency in ICP
depending on particle size and latent
heat of evaporation

ICP-orthogonal Time of Flight mass Spectrometers

www.gbcsci.com

Large particles

O Single Laser Shot
desorbed from

Fractionation Effects - e A
_ "\ Pb
vﬂ'(»/Pb

Normalized time

scans at0.1s
intervals

Single large
particle

8
o
E
e
T
8
&
g
E
=
@
1
o
]
E
=
T
=
Q
g
£
A
-9
o

Normal time
scans

Time (seconds)
www.gbcsci.com

Fractionation during Laser Ablation

Volatile species

Refra_ctory Refractory
species of species of
one sort . another sort

Transportation of particles with gas flow

Atomization of particles in ICP torch
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recision of Isotopes Ratios

» Measuring individual isotopes results in
high RSD’s

* However, isotope ratio precision is
improved by an order of magnitude due to
simultaneous nature of orthogonal TOF
MS

¢ No sacrifice of your analysis time will
occur

ICP-orthogonal Time of Flight mass Spectrometers

www.gbcsci.com
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Conclusions

e A Superior method of measuring isotope
ratio in LA-ICP based analysis

» Orthogonal TOF allows efficient monitoring
of all masses for a single laser shot

» Orthogonal TOF reveals fractionation and
other temporal effects not observed in
typical quadrupole based analysis

Fluctuation of isotope ratios

ICP-orthogonal Time of Flight mass Spectrometers
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OptiMass 9500...

O

OPTIMASS 9500
2"d GENERATION Orthogonal
Time of Flight ICP- MS

A NEW Speed Benchmark in
ICP-MS Analysis

ICP-orthogonal Time of Flight mass Spectrometers

o
5]
www.gbcsci.com www.gbcsci.com

ICP-MS OVERVIEW

O
O

Relative Detection Limits
First commercialised in 1983
Multi-element analysis at ppt levels
Wide elemental coverage

Isotopic information

Environmental, clinical, semiconductor,
metallurgical, nuclear and geochemical
industries

A——
ICP-OES

1 10
Detection limit, ppb

ICP-orthogonal Time of Flight mass Spectrometers
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O

O Analytical Working Ranges Relative System Costs

ICP-OES

2 3 4

Orders of Magnitude Low

ICP-orthogonal Time of Flight mass Spectrometers
ICP-orthogonal Time of Flight mass Spectrometers
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Guide to Selection

O

ICP-OES

€ CONCENIration m—

—
Number of Analyses  ———_—

ICP-orthogonal Time of Flight mass Spectrometers
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The ICP Torch

Analytes
present as
M*ions

Atoms
are
formed

Particles are
decomposed
and
ww.gbcsci.com dissociated

Aerosol is Dried
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Different mass analysers

» Quadrupole analyser — uses resonant
motion of ions in RF field to allow only one
mass to pass at a time.

Magnetic Sector uses magnetic field to
allow one mass to pass at a time.

» Time-of-Flight - uses the fact that
different mass ions take different times to
move over a pre-determined distance
allows all masses to be analysed
simultaneously.

ICP-orthogonal Time of Flight mass Spectrometers

www.gbcsci.com

FLAME AAS FURNACE AAS
68 50

no no
ppb/ppm ppb
1 element 1 element
9 sec/sample 23 min/sample
10° 10°

0.1-1%
Interferences
almost none
moderate

ICP-orthal

www.gbcsci.com

O

Torch and Interface

=" To ion optic

To mechanical  To high vacuum
purmp pump

ICP-orthogonal Time of Flight mass Spectrometers

www.gbcsci.com

O Quadrupole Mass Spectrometer
* Quadrupole Mass
Filter
* Low Resolution

* Trade off between
resolution and
transmission -

ICP-orthogonal Time of Flight mass Spectrometers

www.gbcsci.com
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O Sector Magnet Mass Separation

Manitor collector  Manitor s1it
Magnetic
sector
Electrostatic
analyser

Hexapole
zlens

lzalation
Double / valve
focussing point
| |/ Hexapole

Detector Source slit

{electron multipliery Coligetor slit

lons entering the Quadrupole pole pieces |\\ Pad
Quadrupole

ICP-orthogonal Time of Flight mass Spectrometers
ICP-orthogonal Time of Flight mass Spectrometers
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O

O Instrument Schematic

|

The ion beam is focused
to the Orthogonal
Accelerator

Magnetic field

gooooooo
anoooooo

Theions are pushed at
90" into the flight area
known as a Free Field of
Drift

SMART Gate lon Ejection 0"

System
Detector slits

lon Reflectron

Discrete dynode
multiplier

ICP-orthogonal Time of Flight mass Spectrometers
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© » ™ Principal of IcP-oTOF-vs ()  Linear Time-of-flight

e ions
Sample Cone Light ions arrive first
Skimmer Heavy ions arrive later

lon Optics

1039319 UO|

reflectron

Orthogonal
accelerator

1)

; BC : GBC
www.glicsci.com i www.gbcsci.com scientne tgoerunt
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Space Focusing OSpace Focus is Mass independent

ALL masses focus at the same
point in space, but at different
times

ICP-orthogonal Time of Flight mass Spectrometers
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O

OA is equivalent to linear TOF Smartgate

The ions fly and arrive in

mass order.
Beam deflected

First light lons,

Down by smartgate

Then mid-mass lons,

And finally Heavy lons.
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Resolution is limited
to about 300 for LECO

Space focus

‘D Used for removal of Ar and other Matrix ions ‘D
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ICP-orthogonal Time of Flight mass Spectrometers

Space focus Reflectron
(Smartgate)

+ve
()

Potential
()

O Side view of the Smartgate

O

Smartgate pulse lons are deflected

applied when required and “stick” to
ions have reached the larger plates
space focus

1st dynode of Detector
)

Smartgate consists of stacked plates —the longer plates
are at liner potential and the smaller ones have a pulse
applied at some time after pushout pulse

Different Energy ions have

different paths in reflectron
2nd space focus P
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Data Collection

©

Orthogonal Acceleration
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www.gbcsci.com www.gbcsci.com

TIME-OF-FLIGHT MS (- ) Optimass 9500 - Ultra High Speed

Optimass 9500
= Typical Quadrupole

o

o

Samples per hour

| I 20

Faster than o speeding bullet

ICP-orthogonal Time of Flight mass Spectrometers O
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O Typical Detection Limits for the
Optimass 9500

Full Mass Range Detection Limits from 10s Acquisition

GBC Time of Flight ICP-MS

ICP-orthogonal Time of Flight mass Spectrometers
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Resolution

O

ICP Time-of-Flight MS

[CP-orthogonal Time of Flight mass Spectrometers O

[CP-orthogonal Time of Flight mass Spectrometers
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Resolution = 2000 U,
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Complete Elemental Mass
Spectrum -Digested Glass
SEE

Diansted Glans Sample
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Digested Glass sample .. :
55Mn  24Mg 25Mg 86Sr  88Sr 90Zr = 91Zr What IS In thIS Sample?

OptiMass8000 Values 34070 122231 104224 75975 70386 32846 36760
STD Deviation 1863 6697 6494 3555 2255 1555 1917
Compared Quadrupole Value | 38135 68856/ 63140 33528 37036
STD Deviation 1637 a 1516 2106 3425 3890

O

121Sbh 137Ba 138Ba SumPb 69Ga 71Ga

OptiMass8000 Values 29147 33316 30380 24865 31045 35493
STD Deviation 1940 2008 1359 1731 1612 1920
Compared Quadrupole Value | 33078| 37936 RUO2 34766 27836 33112
STD Deviation 2182| 1903 2956, 1728| 2246

85Rb ' 140Ce 147Sm
OptiMass8000 Values 29156 34990 35341
STD Devation 1606 1514 1986

Compared Quadrupole Value | 26952] 35794 36332
STD Deuviation 1191 2092 2122

Wt | ol | L
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O ETV Signal Time Profiling

Summary of Performance
@ Full Mass Range

Specifications

ICP-orthogonal Time of Flight mass Spectrometers
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O Powerful Windows XP Software

O Powerful Windows XP Software
new features
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Semi Quantitative (SQ)
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Retrospective Semi
Quantitative (RSQ)
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Fingerprinting

Wlass Spectry

MATCH
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Reterancs Scan
[some scane sman.son

Comprs Sean
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Parameters ar
Parameter | Enabled | Min | Wax [StepSize| Mass (AMU) [Widkh (AMU] Function [ Target
Extraction (V) Na -1500 RL=i] 1] 70 200 Arsa 1]
FAN] MNa -1000 150 @ 11500 200 Area 10
¥ Mean (v} Na 600 0 | &0 238,00 200 Aea | 10
¥ Defection (V) Na 50 50 10
ZLers Mean (V) Na 450 | 7m0 50
1 Lens Deflection {¥) Na 20 n 10
Lens Body (V) Na -200 0 50
Skimmer (V) No 450 | -0 1
Reflectron (V) Mo 0 800 20
Pusheut Plate (V) No 20 80 | 20
Pushout Grid (V) No -1000 1 20
Fill () Na -0 1§ 02
Fill Biae (V) Na 20 20 | 020
Fill Grid (v) Na -0 (] 20
Generatar set power (W) Na 70 1600 0
Gasbox nebulizes flow (Vmin) No 050 12 | 0050
Gasbox plasma flow (¥min) Na 80 12| 010 Log File
Gasbox auxilary fiow (Vrrin Na o3 20 | 010 Seatiimlen Tinell) 2
Torch X pusition mm) o 80 B | o2 |00 I Mo [N¥es
Torch ¥ position () Yas 25 25 | 00 pe—
Torch Z position () Yes 28 26 | 020
P motor sposd (pm) N 2 % |10 Nere nitilize | Nest | Measure | Awo

or [ o v ] vor | o
Tam w6 a0 o @00

a0 s a0 o 166 | o0 @i | a0 | 400 | 940 008 400 @00 100|100 008 114|260 424 100 00 | M
e w0 e o 160 | 050 | 040 [ 000 | 408 | 240 0.406 -400| 200 |10%| 100 089 18 04 226 00| @t

e oo o o 1% | 1050 a0 | ooo | 00 | 340 005 400 @00 108 100 0845 115 0503 104 100 zmo | ||
100 a0 e0 o 185 | 4080 6% | 600 | 908 | 340 0,909 400 00 | 108 | 100 049 119 0&3) 0308 100 11600

e om | ow o 190 | o0 640 | ooo | 408 | 340 0900 400 @00 108 | 100 084 110 0w 0ER 100 TED

wam sw a0 o 155 | D0 60 | o0 | 408 | 34D 005 .600] 200|103 100 0545 115 125 187 100 0B

a0 &0 &0 0 150 | 1050 80 | 600 | 408 | 340 005400 200 108 | 100 0945 115 0208 T4 100 13000

ICP-orthogonal Time of Flight mass Spectrometers
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Fingerprinting

Auto Optimisation

ICP-orthogonal Time of Flight mass Spectrometers
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O GBC Time Of Flight ICP-MS
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USEPA 200.8 USEPA 200.8
calibration calibration
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O USEPA 200.8 Results

ements

USEPA 200.8
calibration
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Detection Limits

O

O

Ag
Al

Au
Ba
3]

Ce
Co
Cu
Ga
Ho
In

Quadrupole takes 180 seconds for 20 elements

Optimass 9500 takes 25 seconds for 26 — ALL masses

ICP-orthogonal Time of Flight mass Spectrometers
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ICP-orthogonal Time of Flight mass Spectrometers
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Detection Limits

Li
Mg
Mn
Mo
Nb
Nd
Pb
Pr
Pt
Rb
Re
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As analysis
(5 sec acquistion time)
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As analysis
(5 sec acquistion time)

6.03 33.4
10.5 12.8
16.2 <0.02
23.1 22.6

ww.gbcsci.com

Detection Limits

O

Rh
Sc
Sr
Ta
Tb
Ti
U
\Y
Y
Zr

ICP-orthogonal Time of Flight mass Spectrometers
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As analysis
(5 sec acquistion time)

Gy Ty | Lo Lot Scpaanrs ¢ Aeakte [PENE ~

ICP-orthogonal
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Contract Analytical Laboratory

« Employ over 700 people
« Analyse over 2 million samples per year
» Europe's largest analytical laboratories

» Responsible for drinking water quality for
over 8 million people

ICP-orthogonal Time of Flight mass Spectrometers
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Requirements

 Faster sample throughput — currently GBC
Optimass 9500 can analyse samples 5
times faster than competing instruments

ICP-orthogonal Time of Flight mass Spectrometers
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Test Schedule

e To run a batch of samples (200) TO
determine LODs for user selected
elements

e To run large batches of samples for

extended period (1 month) on a daily basis
to investigate any long down time issues
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O Limits of detection as requested by Commercial Laboratory

ICP-orthogonal Time of Flight mass Spectrometers
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Commercial Lab applications

Running real samples for a well known
commercial lab

Difficult matrix (1.6% Aqua Regia)

Need for increased sample throughput and
minimal down time.

GBC set out to test these samples for ou
customer

ICP-orthogonal Time of Flight mass Spectrometers

ww.gbcsci.com
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Long term stability test — The following stability
run was performed over a 14 hour period. These
are raw counts normalized to the first sample

Ratio Internal Standards Deviation 290805

——Sc M45

—=—RhM103
Bi M209
Ge Ge72

ICP-orthogonal Time of Flight mass Spectrometers

3
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Accessories
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Accessories

QUADRUPOLE LASER ABLATION “%RSD

O

OPTIMASS LASER ABLATION %RSD

oy

ICP-orthogonal Time of Flight mass Spectrometers

I s
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Conclusion

The Optimass can offer up to 5 times increase in
sample throughput over competing technology
Instrument maintenance is minimal (<20 minutes
per day) over at least 2 month period

Detection limits are within required limits for
most commercial application

ICP-orthogonal Time of Flight mass Spectrometers
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Support

O

e PC anywhere is included and provides fast
easy diagnostics from GBC factory

e Each country also has GBC trained
service technician

e Modular electronics allows easy service
and maintenance

ICP-orthogonal Time of Flight mass Spectrometers
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UThe development by GBC of the worlds
first commercial ICP-oTOF-MS has lead to
the application of this techniques to a
number of different fields.

UThe rise in the use of TOF for inorganic
analysis has lead to many new
applications of the ICP-MS techniques.

UTOF technology has also been adopted by
the traditional ICP-MS community,
including commercial laboratories

Recent application of the GBC
Optimass 9500 [CP-0TOF- MS

QTime-of-flight mass spectrometry has been a
successful techniques for the analysis of organic
molecules for many years.

QMore recently, Orthogonal time-of-flight mass
spectrometry has found many applications in th
inorganic analysis field.

ICP-orthogonal Time of Flight mass Spectrometers
ICP-orthogonal Time of Flight mass Spectrometers
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Optimass Long Term Stability from Cd Isotopes Ratio.
Ratio Internal Standards Deviation 290805

ca11acdL1z

ICP-orthogonal Time of Flight mass Spectrometers O
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Photochemical Vapor Generation

National Research  Conseil national
Council Canada de recherches Canada

Mccmc MS or

OES
Institute for National Measurement Standards

Photochemical Alkylation and Vapor
Generation For Enhanced
Sample Introduction Efficiency

UV vapor |
Argon generator g/l separator | trapping
R.E. Sturgeon, Z. Mester and X. Guo oeLe

Batch generation E

ICP-orthogonal Time of Flight mass Spectrometers
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Enhancement Factors
1 ml/min 5 ppb Multielement Spike

UV Reactive Spray Chamber
prop 1% prop 5% formic 1% acetic 1%  acetic5 %
0.6 2.1 0.9 d 1.0
(X9 2.8 1.7 o 1.1
0.6 2.8 . 5 0.9
0.6 2.8 b o 0.9
1.6 4.9 g 2.3
0.5 25 b 3 0.9
0.5 2.1 5 5 1.0
6.1 26.3 o 0 il{e)
11 3.8 s 5 1.4
0.8 9.7
(X9 &
Ni 0.6 2.2

widgbcsci.cd$n 1.6

w v O >0
® o o @ ¢

T ™ — I O
o = «Q o
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Steady-State CV Hg Generation

100 ppt Hg std
SF-ICP-MS

Institute for National Measurement Standards 10000000

Isotope Ratio Precision with CalTaly

Transient Sample Introduction

using ICP-0a-TOFMS 6000000

202Hg / 201Hg

_— 4000000
Scott Willie

Zoltan Mester
Ralph Sturgeon

Hg Intensity, cps

2000000

32nd FACSS and 51st ICASZ
Quebec City, October 9 - 1,

ICP-orthogonal Time of Flight mass Spectrometers O
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Hg CV Generation: 201Hg spike ORMS-3

@)

Steady-State CV Hg Generation

100 ppt Hg std

ICP-TOF-MS SF-ICP-MS CV with Au trap

6.0E+07

- 4.0E+07

M?‘,wmpy.wﬂ«w\ww\mnmMHalMw»W\!WWWW

M‘.MW ‘1 4‘\W &*‘WWWWWMV“'WWW’\‘W““VMM!‘W’W
Ww«m‘wWMMWWM’M{N‘WMNM.m’L'WMWMMﬂ-W 1
| 2"1Hg

05

ZDZHg/Zong

201Hg f
A

Hg intensity, cps

A/‘ A‘x J
0.0E+00 lammaaaad —  —Adsasssssasaacz 00

26 27 28 29 30 31 32

100000 L uiprbiknloltt
,rwwwmwmmu

60 80 100 120 140 Time, s

Time, s

ICP-orthogonal Time of Flight mass Spectrometers O

spectral skew is evident

ICP-orthoaonal Time of FAiaht mass Spectrometers
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1 - 201 i _
Hg CV Generation: *!Hg spike ORMS-3 ODetermination of Hg in ORMS-3 by CV ID-ICP-MS

ICP-TOF-MS CV with Au trap pg/g,n=4

5.0E+06 2.0
SF-ICP-MS

12.75+0.24

2 4.0E+06
S

3.0E+06

20E+06 TOF-ICP-MS

Hg Intensity

1.0E+06

12.34+ 0.11 12.65 *

0.0E+00 —
55

Time, s certified value : 12.6 +1.1

ICP-orthogonal Time of Flight mass Spectrometers O

ICP-orthogonal Time of Flight mass Spectrometers

no spectral skew GBC
www.gbcsci.com www.gbcsci.com

O

OPracticaI Capabilities of TOF Mass Analyzers

unlimited use of internal standardization (isotope ratios)
reduction of multiplicative (correlated) noise

ratio measurements “limited” by Poisson counting statistics
multielement analysis of transients (10 - 100/s, no spectral skew)

Needed mass
spectral resolution: 332,169

Q-Ms USD 150,000 0.1-0.5%
TOF-MS USD <200,000 0.04 % (Ag, 200 ppb 20 s)

SF-MS USD 500,000 0.01-0.1%
GBC GBC

www.gbcsci.com SEIEHTHNC TP www.gbcsci.com SCIENTIIC CQUEPMINT

MC-MS USD 2,500,000 0.001 - 0.02 %
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OTime resolved, isobaric
resolution examples

wolcombe

Jal
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Pneumatic
Linear Actuator

ICP-orthogenal Time of Flight mass Spectrometers O
thogenal Time of Flight mass Spectrometers ‘ ’
-

Rotating Platform

www.gbcsci.cuin

O Solids Analysis — Glow Discharge Mode
Tungsten

250,110

100,000

50,000

L, |
o s
0 W 2 30 40 50 &0 A0 B0 Y0 100 110 20 130 140 150 160 170 180 190 2
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O Gaseous Analysis - Atmospheric Sampling O ILigpite] Avmellysils - 1Blleemapiay Miledle

Glow Discharge Mode - Dodecane 5 Tetrabutylammonium iodide

Countsis

W10 M0 A8 1M 18 150 160 7 0 1 20 1

ez 4 70 80 9 100 110 120 130 140 150
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Dictwsic mre

1064 nem =
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SHG 532 nm

L Polariser

THG 355 nm Motarised room

SHG 213 nm

fazdri-#-8

i

1

LUV 213
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« 100 tephra were analysed in 6 hours.
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esquite Springs Tu
Nomlaki Tuff

ICP-orthogonal Time of Flight mass Spectrometers
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Optimass Service
Modules

m Plasma — including interface
® Jon Optics — no light

m HV analyser —TOF

m Data collection and computer

Sample intro and Plasma

Plasma

Spray
chamber

Mass Analyser

Mass Analyser

Specialized tools

PHV 6XX-L |

MS Interface

Main Service Issues

The following slides will now give a brief summary of
some of the common service issues that arise on an
Optimass 9500

ALWAYS REMEMBER — most faults are in sample
introduction




Sample Introduction

GAS LEAKS — usually on joints external to Optimass —
Nebuliser leak has biggest effect on sensitivity.

SAMPLE LEAKS — easy to see and fix

NEBULISER BLOCKAGE — usually at base but can be at
tip — check both with magnifier — clean by back-flush with
methanol using a syringe and tygon tubing.

LASER ABALTION - refer to manufacturers manual

Torch Box

Plasma

GENERATOR — New GBC generator — no failures yet —
SEREN generator usually comms failure — return to
SEREN.

GAS BOX - valves “stick” — they need to be freed
manually — Solenoid valve also “sticks” — replace valve.
MATCHBOX — Arc erosion on shunt capacitor — capacitor
does not move — Replace capacitor —lot of screws !!
WATER LEAKS — usually plastic insulating tube in box —
replace tubing

Interface

= TORCH - replace and align as manual = Remove and clean cones as specified in manual
= GAS LINES - can get cut by door if customer is not careful
m SPARK - check spark WITH argon present — if no spark —

check/teplace coil

Ion Optics

Check for loss of voltages on the supplies in
service panel — if lost — replace board

Blanker

Analyser One failure mode on the blanker is to blank everything

= Usually if the analyser is working it will continue to work —
if thete are problems then check for voltages as with ion
optics and replace board




Principal of ICP-0TOF-MS

Sample Cone Light ions arrive first

ICP Orthogonal Acceleration Time-
of-Flight Mass Spectrometry

Skimmer Heavy ions arrive later
. lon Optics

m Provides a well defined start H reflectron

m Space focus provides means of Ar removal

m Utilizes ions enetrgy to “fly” ions to detector

m Detector “looks” 90° to beam direction — lower Orthogonal

accelerator
background.

H

Construction of Orthogonal Accelerator (OA)

TOF Timing
Pushout  Aperture  Pushout Exit
plate late grid grid

Voltage at -
Fill Time FILLV FILLV FILLV

Pushout time POV FILLV POGV

Linear Time-of-flight Space Focusing

Pushout Pulse H

S = Space Focus

10308)18Q uo|

KE,=E.a
Kinetic Energy KE = g.E.s =% .m.V2 KEZ;E.b

Flight time t = D.sqrt(m/(2.9.E.s)) Where, KE, = Energy of Ar ion 1 from pushout pulse
KE, = Energy of Ar ion 2 from pushout pulse




Space Focus is Mass independent is equivalent to line (@)

1
The ions fly and arrive in
mass order.

First light lons,

Then mid-mass lons,

10)08189Q UO|

And finally Heavy lons.

Resolution is
; : limited to about
y ) / 300 in case of
‘ Optimass
lons diverges as they Space focus

ALL masses focus at the same leave space focus
point in space, but at different times

Structure of the Smartgate — Below is a side view of the Smartgate

lons are deflected
and “stick” to larger
plates

Smartgate pulse applied
Beam deflected when required ions have
reached the space focus

Down by smartgate

IONILEIEY]
0) weaq parebun

J-L Smartgate consists of stacked plates — the longer plates are at
liner potential and the smaller ones have a pulse applied at
some time after pushout pulse
Used for removal of Ar and other Matrix ions

Space focus Reflectron Data Collection
+ve

Potential

@ o -

1st dynode of Detector

' i
‘ reflectron
/ A A

Different Energy ions have
different paths in reflectron

1019818 UO|

2nd space focus

[eubis uo|




What can go Wrong!!

m “turn around” time — Bad with ICP (hot) ion
source

m “ion bleeding” from OA — how to avoid

m OA charging and the use of “Fill Bias” voltage

lon “Bleeding” from

<YErFIves The lon Beam divergence

| v Ieaﬁlzto |olns continuously
ons then rapifly G Rl oA leading
7D (EES "’l'fﬂatlxa?\' background

lons beam divergence can lead to ions leaving

acceleration region until they “feel” the liner

potential -3.5kV = exit grid (liner)
Fill Time — No pushout pulse applied

Pu Grid potential
30V = Fill Volts OV = Pushout Grid

-3.5kV = exit grid (liner)

lon Beam divergpiefout Grid potential
leads to ions leayjages field to keep ions in

acceleration regiggeleration region Fill Time — No pushout pulse applied

lon Beam Divergence and n und” Time

These ions need to “turn around”

© fore they leave acceleration field

These ions have a “head SPEEREIDD
start” on the other ions degadedisean
divergence

Ions bleeding from OA

Mass Spectrum

Bleeding ions being
chopped In flight tube

Effect of Fill Bias on lon Flight

Build-up of insulating
/ layer on aperture plate

Insulating layer becomes
positively charged

Positive charged layer repels
positive ions

lon deflected towards pushout
plate leading to increased “turn
around” time




Effect of Fill Bias on lon Flight .
Conclusions

Fill Bias applies a
differential voltage
between pushout plate

and aperture plate L} f\l\Vﬂy s think before you act

The counteracted field
means the ions fly 5 = .
bstraighter” in the OA m Use software and spectral feedback to diagnose
leading to smaller

‘turn around” time pro blems

This effectively makes | G()()d LuCk !
pushout plate more
positive to counteract
charged aperture plate
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