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Aims 
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N. Yamashita and co-workers ES&T (2011) 45, 5906  

Mass balance of fluorine reveals..… 
 most organofluorines unknown !! 
 
 only target analysis (ESI-MS) 
 
Need for fluorine-specific detection!! 



• Capable in detecting multi-elements and isotope from 
ppm to ppt level 

https://icp-ms.wikispaces.com/ 
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9F 
19 

Fluorine 

Inductively coupled plasma mass spectrometer 
(ICPMS) 



Inductively coupled plasma mass spectrometer 
(ICPMS) 

• A very high temperature plasma discharge 
(~10 000 K)  generates positively 
charged ions. 

• Mass spectrometer acts as a mass filter to 
allow only the target ions based on the 
mass-to-charge ratio (m/z) to separate 
and quantify those ions. 

• Element-specific rather than molecular 
specific! 

Aerosol are dry Particles are 
decomposed and 
dissociated 

Atoms are 
formed and 
ionised 

Sample aerosol 
Lens, mass 
analyser, 
detector 
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F in ICPMS 

F impossible to be detected by ICPMS 

New approach through 
polyatomic ions formation 

http://www.chemguide.co.uk/atoms/properties/ies.html 

F could be measured as 
138Ba19F+ at m/z 157 

Ba 

Sample 
with F 

Ba F 
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Jamari et al., J. Anal. At. Spectrom., 2017, 32, 942-950 



ICPMS/MS 

• Target m/z 157: 138Ba19F+ 

• interferences:  157Gd+,141Pr16O+, 140Ce16O1H+, 138Ba18O1H+, 138Ba16O1H3
+,… 

 

 ICPMS/MS: exclusion of ions in Q1 and reactions products exclusion in Q2 
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Speciation: non-target analysis 

HPLC HR-ESI-MS 

ICPMS/MS 

Separation Quantify Identify • Use the same concept 
as arsenic speciation 
using simultaneous MS 

• By monitoring m/z of 
the target element, 
different species of the 
element could be 
identified and 
quantified. 

• ICPMS acts as detector 
for elements while ESI-
MS give the molecular 
specific information 
simultaneously. 

Feldmann et al, 1999 
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Method 
development 

ICPMS/MS 

optimisation: 

 Reaction gas 

 RF power 

 Gas flow rates 

(nebuliser and 

makeup gas) 

 Sampling position 

Speciation: HPLC-ICPMS/MS 

Solvent based 
buffer 

Water based 
buffer 
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Optimisation and speciation in water based buffer 
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Gas flow rates 

Ba(+) Ba(2+) BaO(+) SBR of BaF(+)

Jamari et al., J. Anal. At. Spectrom., 2017, 32, 942-950 

 Detection limits in the lower ng/mL range per 
      F-species. 



Speciation: solvent based buffer 
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 • Reverse phase C18 column (MeOH) 
• Plasma gas needs additional O2 
• High temperature of plasma could 

break C-F bond. 
• ICPMS will detect each F-containing  
     compound. 

 

HOOC-(CF2)n-CF3 C      F  
F0 

F- 
BaF+ 

NLA Jamari, JF Dohmann, A Raab, EM Krupp, J Feldmann (2017) in prep. 
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• Linear correlation for all compounds. 
• LOD ~0.15 mg F/L 
• Sensitivity similar for each compound method is F specific, not compound 

specific! 
 quantification is possible by using one F species only. 
 Mass balance is possible. 

NLA Jamari, JF Dohmann, A Raab, EM Krupp, J Feldmann (2017) in prep. 
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PFNA 

? 
PFHpA 

PFHxA 

• Mining ESI-MS data will 
give the identity of the 
unknown peak 

• Identification of unknown 
compounds is possible 
without a standard 

• Quantification of the 
unknown compound also 
possible 
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NLA Jamari, JF Dohmann, A Raab, EM Krupp, J Feldmann (2017) in prep. 

ESI-MS 

ICP-MS 



Conclusion 

• F is possible to be detected by ICPMS through the formation of 
polyatomic ions, BaF+ in the ng/mL range. 

• The developed method is F specific, since the sensitivity depends only 
on mass fraction of F, not the species. 

• New method can quantify unknown F- containing compounds using 
HPLC-ICPMS/MS and makes mass balance possible. 

• Offer great potential to be a non-target F specific method which might 
be the key method to identify unknown organofluorine compound in 
the future. 

• Future work need to improve chromatographic resolution and 
sensitivity of the ICPMS/MS. 
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