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« Many GD-MS analyses rely on
semiquantitative analyes

- Based on a general table of
Relative
Sensitivity
Factors

 Universally applied to all
matrices = Standard RSF

* Results of some elements tend
to be low — mostly Ti and V

- Can pulse mode use the same
RSF factors than continuous DC
mode?

* Note: for many materials, CRM
can be used. This yields
accuracies close to solution
based calibration by e.g. ICP-MS.




Poster at the Plasma Winter Conference 2017

thermoscientific

Calibration factors in Fast Flow Glow Discharge Mass Spectrometry
(FF-GD-MS): continuous versus pulsed mode

Joachim Hinrichs, Shona Mc5heehy Ducos, Thermo Fisher Scientific, Bremen, Germany.
joachim.hinrichsi@thermofisher.com

ABSTRACT

Punposs: To compars and revise albration tadors io e
Thenmo Sclantiic™ Ekment GO™ Ples GCHIS In
OIS ot Ayl prises mods cparation.

Madnods: Tha Sement G0 Plus GOIS was used s
mmassure 8 st of I3 Inon el Mido] e certflad
rederencs materials, sebected o cover & wide ramges of
sl CONoMTTATDIS.

Pasulls: Calloration taciors for 33 semerts wans obtaihed
firoem The 5t of nefenanos manariails sralyra.

I DORTINIcS: Fmiodie cparaton, The oslioratin tsciTs
iconfinm Fhose previowsly wsed for s=m Tharipe
analyses  Signifcanty oo [ i ]
fior TI, W, Cr, sl Zr wikh Tne dans obdained durhg il S
For uisad mode” % lineersy af high mocermations s
rproven. Mos? shmers ane aralyped winin Te sooracy
range of £30% considenad ypiloalior M%HM&G}
S analyses. For mproved scouracy,
dadicatad sa of calioraton toors IS advisainke

INTRODUCTION

Sacior fieid gilow disCiaps mass specTomeTy s apnlisg
fior e analysis of high purky Dulk metals and aloys,
Semiconducions and oeramics, especily Dy The senosnar
ehzcronics and pnoTacals s T,

The Ekemeant S0 FPlus GCHAS featunes & e flow giow
dischanys Source T on e operaned N DnThEos o
prailsan mode. ContiNuCUs mods qperation dilers the
advartage of high Souber rates 0 remove contaminated

Tubds 2 Insirumenis] parsmedsrs (stsndsnd somdiions)

Pl
102 mcde 10 mcdm
32 e P [ 28 28
e e =Taa 1O (e vy
[T S [ S ) =11
[ e N -380 -
e [V] ] ]
Fasa [ ] BT
Podas Curarion ] na £
Fdzn Made £ e
s Fomgsmnsy (-1 L z

Figura 1 xhoey e oty O 0 o O eveinisa ot e osa
with Cr rasching = 20% in u e mbarmie. AR 3uch high concenirations,
Tt afTeciE CEn ooour. anc @ catinc Sifenencs: Debween the
THEDCETET TOCED CHn e chneroec.

In mexia, W oae (=g " | =iTmat from
e ragrazzon e 0 e o paroent oonoeninaton ranga. while pusec
et e much Datter R Dnos puses s groEn U pems SRS
o e alrs range. e o therelors U prefaress cpbon Do penersl
BIW] TR

Figurs 2. Calibrafion curves for v and Or 2f ihe peroent
bewel. L condinucus mods, dght; pulsed mods.
Miods the sionifosndy beder M for pulsed mods snalysls.

RS
| =

51y

. L 4l

For pisad mode sralysis, only & saildats e wasso ty
mymiiainie £ Tainie I Snows TR T pUSad mooe FEF ouarin
for many elements with confinuous rrode. [0 desall Fough, a
reTiner of ebamens show sgnilontly lower RSF valees,
msoecially Mg, Ta M0, Zn, Sa Ag. S0, T Foand S1 O
=g 5L ML A5 and 3 et righer B35 W e
difizrences, T use of mn RESF taible derised fnom CortinuoLs
Mo operaion may resul in lager amors. Theretore, &
derdicated REF faibbe for pulsed mode s recommendead o
FUDDON STIUENE IUTINE DO o SaminusTisTe
analyses.

The stariam STl praemsters ppe for pulssd mods
cover T st miajorty of spolications. ST, e stulks i
IrreesSigate e Influences of ofer pulse pearameters, =g puise
dhoration and reguency, Mead 10 e camed ot inkiel resuts
{miot o) Indlicans & st FETumansl e by pulss
churations & 40 ps and pulse fregquancss e ranges 1 04
K=z

Fhgurs 4 Callbradion ourves for sadsoded nonmedailio
slemanis. Laf: condinuous mods, righi: pulsed mods.

ThermoFisher

SCIENTIFIC



ThermoFisher
SCIENTIFIC

Quantification by GD-MS

The world leader in serving science



Quantification by GD-MS

« Main application is concentration determination

« Concentration = mass fraction

* |sotopes are measured, concentrations are calculated and reported
* Abundance correction for isotopes is automatically applied

* No blanks, GD considered as blank free

* IBR = lon Beam Ratio. This means normalizing all signals to matrix signals.
Acts like an Internal Standard in ICP. IBR used for RSF quantification

* RSF concept = Relative Sensitivity Factor. Evaluation for semiquant =
recalculating calibration factors based on measured matrix composition

* Ageneral RSF table is commonly used for semiquantitative analysis by GD-
MS. This is not absolutely accurate, but at least consistent. This is of major
iImportance for quality control in industrial labs.

« Calibrated RSF give a matrix specific calibration = best accuracy




Evaluation by GD-MS

Evaluation Glow Discharge

Basic Assumption

Elements

Z IBR} =1

Elements

where
! = intensity measured [cps]
C = concentration
IBR = ion beam ratio
RSF = relative sensitivity factor.

(/BR, all intensities known)

RSF, - IBR,
S RSF,-IBR,

Elemenis




Quantification by GD-MS

The RSF concept works because in GD-MS...

« ...the ionization is mostly occurring when the cloud of atoms is
travelling in the Argon gas to the mass

* The GD plasma is mostly Argon with sample atoms, causing a very
similar ionization regime even for different materials = similar
environment for different materials

» The key is to consider the ionization efficiencies relative to each other,
and maintain the same ionization process, which means similar Glow
Discharge conditions

« For FF-GD-MS, the pulsed discharge generates a better equilibrated
aerosol with uniform ionization. This is reflected by low influence of
source parameters onto the IBR and Concentrations measured




Quantification by GD-MS

« Standard RSF are not fixed, but are instrument dependent:
Source, Mass response of the MS, Tuning.

* In continuous DC mode, RSF were dependent on gas flow — needs
to be strongly controlled

* In pulsed mode, there is just a small dependency on gas flow

« Semiquant = STD RSF typically in a range of =30% accuracy.

« E.g. 10 ppm as a semiquant result should be regarded as “between
7/ and 13 ppm”

 For high purity materials, usually semiquant results are sufficient,
e.g. for “<0.01 ppm”




Standard RSF

The existing Standard RSF file lists sensitivity factors measured
from steel and Iron matrix, normalized to 100% Fe:

) I ___
[[T] Results - Thermo ELEMENT - [Standard RSF.r<f] (e sl meesSem| (] Results - Thermo ELEMENT - [Standard RSF.rsf] L= | =1 | %
= e —

Ho s o s o s g =t -0 « Continuous DC mode
: » Discharge current 40
| - 45 mA
| « NIST and BAM
standards
« Full procedure was
not published

Element LR

1.0000
1.0000
31000
50400
6.4900
9.2700
1.0000
1.0000
1.0000
1.0000
0.9500 |
1.5100 |
1.2700
3.0400
3.6600
3.4300
1.0000
1.0000
0.5900
0.4500
0.5900
0.4100
0.5400
1.2800
1.0100
1.0000
1.0400
15100
2.4400
3.8300 ‘
23400 ‘
13300 ‘
51300 |
37700 |
1.0000 Ir 1.3800 1.3800 1.3800 |
1.0000 Pt 24300 24300 2.4300 I
4 nnnn An 2.3700 23700 2.3700 f!

1,
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Standard RSF - revisions

Why revisiting the Standard RSF?

* Reports on problematic elements. Liverpool EW-
GDS meeting 2016

« Gas flow dependency — difficult to define best
conditions

« What is the effect of the pulsed mode on RSF?

Revisions:

2004 original version based on BAM doped pellets
plus some steel CRM NIST 176x series

2008 update for Carbon: RSF for C in steel ~ 9.3

10



Standard RSF file

I Bioanal Che BAM_Dot BAM_Dot Fe
]_A)(nfl ﬁ)_ﬁ)n{f?..-'s{mz?ﬁ-mﬁ-nms-s 36 7.9 CRM Average
SPECIAL ISSUE PAPER
| SPECIALISSUEPAPER | - | e | oic
V 0.59 0.49 0.540
Ralf Matschat - Joachim Hinrichs - Cr 1.49 1.09 1.26 1.280
Heinrich Kipphardt
Fe 1.00 1.00 1.00 1.00

Application of glow discharge mass spectrometry to multielement
ultra-trace determination in ultrahigh-purity copper and iron: zr 0.57 0.56 0.565
a calibration approach achieving quantification and traceability

Sn 1.19 1.4 1.295

Sb 4.88 4.9 4.890

B8.0E-07 /_/l
6.0E-07

6.0E-07
5.0E-07 /
4.0E-07

voker / /
/./ 4.0E-07
2.0E-07

/ 2.0E-07 /
1.0E-07 /
0.0E+00 4"/ 0.0E+00 —

0 200 400 600 S00 1000 1200 1400 1600 1800 2000 2200 0 200 400 &S00 200 1000 1200 1400 1600 1200 2000 2200

of'e

lon beam ratio

lon beam ratio

Mass fraction/ pg/kg Mass fraction/ pg'kg

Fig. 10 Iron matrix: calibration curves of silver ('™ Ag) left graphs (a) and of gallium (°**Ga) right graphs (b)
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Standard RSF re-visited

Procedure:

ECRMO098-1 High purity iron
ECRM270-1 High alloy steel 1.4835
ECRM271-1 Tool steel 1.2344
ECRM289-1 High temperature steel
ECRM295-1 Highly alloyed steel
ECRM298-1 Duplex stainless steel
ECRM297-1 Radionox steel 1.4696
ECRM379-1 Highly alloyed steel
NIST1261 AISI 4340 steel
NIST1262 AISI 94B17 steel
NIST1263 Cr-V steel

NIST1264 High carbon steel
NIST1265 Electrolytic iron
NIST1761 Low alloy steel
NIST1762 Low alloy steel
NIST1766 Low alloy steel
NIST1767 Low alloy steel
NIST1173 Ni-Cr-Mo-V steel
MBH12X353 Low alloy steel (wrought)
BS2205 Duplex alloy 2205
NIST1249 Nickel superalloy 718
IARM59C Nickel alloy 825
BAS346A Nickel alloy IN 100

ThermoFisher
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Pulsed mode

13
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Example calibrations @ trace level

Left graphs:
Continuous DC

£ Resuits - Therma ELEMENT - [Fe_JHL61101 DC_Heal]
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Right graphs:
Pulsed Mode
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High level calibration

Continuous DC

Pulsed Mode

(7] Results - Thermo ELEMENT - [Fe_JH161101 DC_H.cal] [0 3 (] Results - Thermo ELEMENT - [Fe_JHI6110L p Hcal =)
[i] Eile Calibration Display Qptions View Window Help [- &[] [[E Eite colibration pisplay Qptions View Window Help [-]&]x
FH S <H>| 5% o o0 e EHS < H > 9% opy 9

V51(MR) y=0.76*x  Regr. Type : Thru Zero RSF : 0.7565 VSA(MR) y=051"x Regr. Type : Thru Zero RSF : 0.5127

10000 10000-

E i T

£ 6000 2 6000

s B !
g g

§ H

g g I
S 4000 S 4000

3 3

2000 2000
%
I
| |
[ . ; : ; : . 0 ; ; . . ‘ ‘ ‘ ‘ ‘
2000 4000 6000 8000 10000 12000 2000 4000 6000 8000 10000 12000 14000 16000 18000
lon Beam Ratio [ppm] lon Beam Ratio [ppm]
Ready [ [Num Ready I [num

[TCrs2R) y=1.53"x Regr. Type : Thru Zero RSF:1.5334

Cr52(MR) y=120"x  Regr. Type : Thiu Zero RSF : 1.1970

300000 300000
250000: 5 2 a 250000 5 2
L)
—_ M _
|| £ 200000 || F 200000
£ £
£ " ] W
£ 5
Il £ 150000 o 1| £ 150000
] H
] §
£ £
<] 5]
100000 100000
50000 + 50000
© T T T 0 T T T T T
50000 100000 150000 200000 || 50000 150000 200000 250000
lon Beam Ratio [ppm] lon Beam Ratio [ppm]
Ready [ |Num| Ready [ JNum

Less variation,
better fit on a
linear curve for
especially Cr and
V at higher level
In pulsed mode.
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Results: Selection of RSF




Conclusion

- Step 1-Ti, V, Cr, Zr give higher Standard RSF values during these
experiments.

« Step 2 — verify at several instruments.
« Step 3 — generate new revision of STD RSF table.

 Further steps:

« Step 4 — pulsed mode with separate RSF table. First steps done for
33 elements.

« Step 5 — Round Robin study to create new, averaged STD RSF
table in the future. Materials e.g. Ni alloys.

« Step 6 — rename STD RSF into e.g. “Generic RSF”.
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Vielen Dank fur die Aufmerksamkeit!
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