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Atomic and Mass Spectrometry

Spectro MS

Element XR Neptune
Mattauch-Herzog ICP-MS SF-ICP-MS MC-ICP-MS
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ONE OF OUR RESEARCH PROJECTS...
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 Pharmaceutical research
> metabolism study:

=» Chromatographic separation of metabolites

=>» Quantification of metabolites bound to glutathione (via S)

Introduction
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HPLC-ICP-MS

« Separation of metabolites: reversed-phase HPLC
> Gradient elution: 95% NH,Ac = 90% CH,0OH

* Quantification: ICP-MS

> Calibration: online isotope dilution

= interference-free determination of 32S and 34S
=> quadrupole ICP-MS: spectral interferences

Introduction
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SPECTRAL INTERFERENCES

Analyte Abundance

lons causing spectral interference
(%)
32g+ 95.04 160160+, 14N18Q* I5N16QIH+
338+ 0.75 3281H+, 1601601H+’ 16017o+’ 15N180+, 14N18O1H*
SR 4.20

33G1H* 160180+

=>» quadrupole ICP-MS with reaction/collision cell:

S* > SO

S determination
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SPECTRAL INTERFERENCES

Analyte Abundance (%) lons causing spectral interference
32516+ 95.04 48Tj+ 48Ca*, 3BAr12CH
33g16()+ 0.75 49Tj+ 32817Q+
34G16()+ 4.20 50Tj+ 50Cr+ 50\/+ 38Ar12C+ 36ArLAN*

325180+ 33GL7Q+

= ICP-DRC-Q-MS only partial solution

(use of sector field — ICP — MS (more expensive — less robust))

S determination
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2012: AGILENT 8800 ICP-QQQ

Dual extraction Q1: mass filter selects 3rd generation collision/
and omega lens ions that enter the cell reaction cell (ORS’)

High matrix

introduction (HMI) -

9 orders dynamic
range detector

Peltier-cooled
spraychamber

Q2: high frequency
» ) hyperbolic quadrupole
N Efficient twin-turbo

"\ vacuum system

High-transmission
matrix tolerant interface

ICP-QQQ
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AGILENT 8800

e St = SOt - S detection at m/z=48 and 50
* MS/MS mode: avoid interferences on m/z= 48 and 50 ?

O, Reaction gas

\//) ‘ 160;

— - 325160-
| J L ) | |
I 1 i X
1*'Quad (Q1) ORS?Cell 2" Quad (Q2)
Rejects ALL masses except Converts S* to SO* Set at Q1+l6amu
analyte (*2S) and on-mass Production Rejects all cell formed
interferences (1°0,) ions apart from *25'°0"
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DETERMINATION of S in pure ETHANOL

» S — standards in pure ethanol (0 to 850 ug L1 S)
> Spray chamber : -5 °C
> 1 mm i.d. injector (standard: 2.5 mm)

> O, (20% in Ar) to avoid carbon build-up

> O, reaction gas: optimization of gas flow

Characterisation
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OPTIMIZATION REACTION GAS FLOW (0O,)

140000 _ 25
signal-to-

120000 - h background ratio|
Hﬁ 100000 - -
B ol 15 é m/z= 48
z 2
5 60000 - 175 ug 1S o § (32816O+)
z in ethanol =
S, 40000 - g
0 5 %

20000 - /Ethanol blank

0 —hhA

0 0.2 0.4 0.6 0.8 1

Cell gas flow (mL.min™)

Characterisation
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CALIBRATION CURVES - standard mode

* 3 MODES:

> ‘ion guide' mode (single-Q ~ Q1: ion guide ~ no reaction)

48Ca+/48Ti+

36Ar12C+

33S+/34S+
48Ca+/48Ti+
36Ar12C+
33S+/34S+

1602+ )
3ZS+

lon guide

Characterisation
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CALIBRATION CURVES - bandpass mode

* 3 MODES:

> ‘ion guide' mode (single-Q ~ Q1: ion guide ~ no reaction)
> 'bandpass’ mode (single-Q ~ Q1: bandpass filter ~ reaction)

33G160)*
O, Reaction gas Asteor
-~ e
8C 48T+ t{@ 2
BAr2Ct BCa* 48T+
33G+34G+ BArL2CH
160,* 326160+
32G+

bandpass

Characterisation
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CALIBRATION CURVES — MS/MS mode

* 3 MODES:

> ‘ion guide' mode (single-Q ~ Q1: ion guide ~ no reaction)
> 'bandpass’ mode (single-Q ~ Q1: bandpass filter ~ reaction)
> 'MS/MS' mode (triple-Q ~ Q1: precursor ion mass ~ reaction)

48Ca*/48Ti*
BAr12CH O, Reaction gas 50+
o 33G+/34G+ Ir/:/‘) 2
36 A rl2C+
33g+/34G+ [ o e s e RN —
1602+

3ZS+

m/z=32 m/z=48

Characterisation
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16000000 800000
4> 14000000 *‘_‘_‘_ _ = % 700000 -
¢ 12000000 2 eo0000 { bandpass
=
5 10000000 - : - 3 500000 { 325160+
32Q+ <]
8 8000000 10N guide 325 <= 400000 A
g 6000000 - %’ 300000 -
S 4000000 1 | Yy =1009 x + 12623473 & 200000 A y =795 x + 13455
S 2000000 - R2=0.19 £ 100000 - R2=1.00
0 T T T T O T T T T
0O 200 400 600 800 1000 0 200 400 600 800 1000
S concentration (ug.kg™) S concentration (ug.kg'l)
600000
% 500000 - MS/MS
0
€ 400000 A
328 2 32816O+
£ 300000 A
2200000
g y =578 x + 7360
£ 100000 1 R2=1.00
O T T T T
0 200 400 600 800 1000

S concentration (ug.kg'l)

Characterisation
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70000 8000
% 60000 - & 7000 1 handpass
£ 50000 - g 0000 1 335160+
S 40000 : de %3S+ 3 5000 -
ion guide £ 4000 -
2 BT 9 23000 -
2 20000 - y =22 x + 41510 £ 2000 - y=7Xx+573
£ 10000 - R2=0.92 £ 1000 - R2=1.00
O T T T T 0 I T T T T
0 200 400 600 800 1000 0 200 400 600 800 1000
S concentration (pg.kg™) S concentration (ug.kg™)

40001  MS/MS

338 % 3000 - 33816O+

2 2000 -
2 y=5X+63
£ 1000 7 R2 =1.00

0 200 400 600 800 1000

S concentration (ug.kg™)

Characterisation
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120000
100000 -
SR ion guide
60000 - 34G+
40000 y =79 x + 36185
20000 - R2=0.99

0 T T T T

0 200 400 600 800 1000
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50000
40000 1 bandpass
3416+
30000 - S™0
20000 -
— y =41 x + 5196
R2=1.00
0 - T T ' '
0 200 400 600 800

S concentration (ug.kg™)

25000
é 20000 - MS/MS
3 15000 1 34S16Q*
O
210000 -
2 y =27 x+ 353

0 T T T T

0 200 400 600 800 1000

S concentration (ug.kg™)

Characterisation
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COMPARISON BANDPASS & MS/MS MODE

16000 - Ethanol blank
Lo = BMS/MS mode
- 12000 H B Bandpass mode
Tn.
2 10000 -
=
3
£ 8000
2
2 6000 -
(¢
=
4000
2000 -
0,
M O B © 1N ©O L O 1 O I O Iy O 1 O W O I O
N NN N O 0O @ W 0O W W oo OO o O o O O O
S ¥ ¥ § F & §F F & F & & 8 & F & § b OO

mass (amu)

Characterisation
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COMPARISON BANDPASS & MS/MS MODE

Ethanel bilamk

@S isotopic pattern [L_
BEMS/MS mode

Intessiiy, (e sV)
W bO
o8 a3
oo OO

MERE

Characterisation




[~ =
UNIVERSITEIT N =

GENT FACULTEIT WETENSCHAPPEN

LET'S MAKE LIFE EVEN MORE COMPLEX...

« Matrix: Ethanol + 50 pg.L* Ca + Ti

80000 -
70000 1 BEtOH
% 60000 - I BEtOH+Ca-Ti
: Bandpass
S 50000 - m
(@]
(&)
< 40000 Ode
2 30000 -
i
= 20000 -
10000 -
0,
lDOLDOLDOLDO
= N o
TNt essaoReoSBB8883 189y
AR AR E R KRR R -
0
mass (amu)

Characterisation
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LET'S MAKE LIFE EVEN MORE COMPLEX...

« Matrix: Ethanol + 50 pg.L* Ca + Ti

8000 -
o 7000 - BEtOH
2}
w |
i s | DEtOH+Ca-Ti
MS/MS
8 5000 1
: mod
@ 4000 - 0 e
Q
E 3000
2000 -
1000
O,
LOOLDOLOOLOO
Shinssescs22888888 9y g
ququqw@%"@?%@@%%c’d 3
mass (amu) e

Characterisation
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LIMIT OF DETECTION (LOD)

LOD (ug.L)

MS/MS (s (external)) 4 3 6

MS/MS (s (internal)) 0.4 5 1.6

Literature values

reaction cell ICP-MS 10 - 100 300

sector field ICP-MS 1 2

Characterisation
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VALIDATION: Analysis of SRM 2773 biodiesel

 NIST SRM 2773: animal-based biodiesel
* |sotope dilution for calibration
« Simple dilution with ethanol

e Sample preparation:

~ 1 g biodiesel -
- 0.2 g S spike 24 mL ethanol
(0,711 pg mol1 34S)

Validation
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VALIDATION: Analysis of SRM 2773 biodiesel

RF power 1450 W
Carrier gas flow rate 0.98 L min
O, option gas flow rate 75 mL min-t
Spray chamber temp. -5°C
O, reaction gas flow rate 0.4 mL min-t
Q1 bias -2V
Octopole bias - 9V
Q2 bias - 18V
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VALIDATION: Analysis of SRM 2773 biodiesel

Q1l:m/z=32/34~Q2: m/iz=48/50

Concentration Certified value

SRM 2773 -1 7.234 mg gt

SRM 2773 -2 7.227 mg g1

SRM 2773 -3 7.231 mg gt

Average 7.231 mg g+ 7.39+0.39mg g!
S 0.003 mg g1

95% ClI 7.231 £ 0.015 mg g1
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CONCLUSIONS

Analysis of organic matrices is possible

Almost interference-free determination of 32S, 33S and
34S, independent of the matrix

Accurate results obtained for a biodiesel SRM

Flexible, all-round instrument
« “normal” quadrupole-based ICP-MS
 large range of possibilities to deal with interferences

Conclusions
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Conclusions
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