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Human Metabolome Database
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Detected and 
not quantified

Expected 
but not 
quantified

Predicted Detected and quantified• Quantified– 3% metabolome
• Identified – 8% metabolome

How to obtain more 
(semi)quantitative 
information with 
existing information?
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Ionization efficiencies
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Leito et al Rapid. Commun. Mass Spectrom 22 (2008) 379-384 4
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Modelling

Physicochemical
parameters

log 𝐼𝐸measured = log
𝑠𝑙𝑜𝑝𝑒1
𝑠𝑙𝑜𝑝𝑒2

log 𝐼𝐸predicted = 𝑓 𝑥1…𝑥𝑛

MS
measurements

COSMOtherm
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SMILES:
O=C(O)C(C)c1ccc2cc(ccc2c1)OC
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First generation models
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N = 62
R2 = 0.63
s = 0.87 (7-fold)

log 𝐼𝐸 = 4.01 + 1.30 ∙ 𝛼 + 0.36 ∙ 𝑊𝐴𝑁𝑆

20/80 0.1% formic acid/acetonitrile

Oss et al Anal. Chem. 82 (2010); Liigand et al Anal. Chem. 89 (2017); Kruve et al Anal. Chem. 86 (2014)

log 𝐼𝐸 = 1.04 + 2.23 ∙ 𝛼 − 0.51 ∙ 𝑊𝐴𝑃𝑆

20/80 0.1% ammonia/acetonitrile

N = 63
R2 = 0.83
s = 0.48 (3-fold)

ESI + ESI -
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Transferability between instruments

• Order of IEs independent of the instrument

• R2 = 0.60 … 0.98

Liigand et al J. Am. Soc. Mass Spectrom 26 (2015)
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MSESI

Concentration mismatch 
≤ 2.5 times

11 setups



Transferability 
between solvents
• ESI-

• 10 solvent compositions 

• 62 compounds

• Flow injection (0.2 mL/min)

Kruve et al Anal. Chem. 89 (2017) 8
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LC/MS validation

-4

-2

0

2

4

-4 -2 0 2 4

P
re

d
ic

te
d

 lo
gI

E
Measured logIE



Could this also work in biological 
matrices?

20/80 
0.1% ammonia/acetonitrile

Flow injection

Warfarin

Salicylic acid

Taurocholic acid

3-CF3SO2-benzoic acid

Dodecanoic acid

Benzoic acid

Naproxen

Lincomycin

Sorbic acid

Fumaric acid

blood

urine

CSF

brain tissue

liver tissue

plasma

Protein 
precipitation

AUTOSAMPLER

MS1

ESI-

Liigand et al Anal. Chim. Acta 1032 (2018) 9
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Prediction of logIE in bio-matrices
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SOLVENT PLASMA URINE
BLOOD LIVER BRAIN
CSF

R2 = 0.83
8 times 
mismatch

coefWAPS coefα intercept R2 mismatch

Solvent -0.18 1.18 0.72 2

Urine -0.31 2.04 -1.93 0.55 6

Plasma -0.45 1.08 0.77 8

Blood -0.50 1.29 0.78 8

Liver -0.32 0.96 0.81 3

Brain -0.30 1.08 0.73 3

CSF -0.34 0.66 0.71 7

log 𝐼𝐸 = 𝑐𝑜𝑒𝑓WAPS ∙ 𝑊𝐴𝑃𝑆 + 𝑐𝑜𝑒𝑓α ∙ 𝛼 + 𝑖𝑛𝑡𝑒𝑟𝑐𝑒𝑝𝑡

Liigand et al Anal. Chim. Acta 1032 (2018) 10
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Standard substance free quantitation

100 120 140 m/z

Benzoic acid

Salicylic acid

log 𝐼𝐸blood = −0.50 ∙ 𝑊𝐴𝑃𝑆 + 1.29 ∙ 𝛼

Signal (benzoic acid) = 1·102

logIE (benzoic acid) = -2.22

Signal (salicylic acid) = 3·104

logIE (salicylic acid) = -1.72

𝑐(𝑠𝑎𝑙𝑖𝑐𝑦𝑙𝑖𝑐 𝑎𝑐𝑖𝑑)

𝑐(𝑏𝑒𝑛𝑧𝑜𝑖𝑐 𝑎𝑐𝑖𝑑)
= 8x mismatch

𝑐(𝑠𝑎𝑙𝑖𝑐𝑦𝑙𝑖𝑐 𝑎𝑐𝑖𝑑)

𝑐(𝑏𝑒𝑛𝑧𝑜𝑖𝑐 𝑎𝑐𝑖𝑑)
= ൗ

𝑠𝑖𝑔𝑛𝑎𝑙 (𝑠𝑎𝑙𝑖𝑐𝑦𝑙𝑖𝑐 𝑎𝑐𝑖𝑑)

𝑠𝑖𝑔𝑛𝑎𝑙(𝑏𝑒𝑛𝑧𝑜𝑖𝑐 𝑎𝑐𝑖𝑑)

𝐼𝐸(𝑠𝑎𝑙𝑖𝑐𝑦𝑙𝑖𝑐 𝑎𝑐𝑖𝑑)

𝐼𝐸(𝑏𝑒𝑛𝑧𝑜𝑖𝑐 𝑎𝑐𝑖𝑑)

Ionization

efficiency
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Second generation prediction 
models - measurements 

ESI + ESI -

Compounds 333 62

logPow
-4.1 … 7.7 -3.3 … 6.3

pKa
-15 … 30 -4.5 … 12

Eluents 21 10

Organic modifier MeCN 0 – 100%
MeOH 0 – 100%

MeCN 0 – 100%

Additive HCOOH, TFA, NH3, 
formate buffer, acetate 

buffer, bicarbonate 
buffer, NH4F

HCOOH, NH3, acetate 
buffer, CH3NH2

pH 2.0 … 10.7 2.7 … 10.7
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Second generation prediction 
models – model development 
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SMILES:
O=C(O)C(C)c1ccc2cc(ccc2c1)OC

Identifier Retention time Area

naproxen 5.2 2345156

Eluent composition

Compound 
descriptors

Eluent descriptors:
• Viscosity
• polarity index
• surface tension
• pH Prediction model

Concentration 
prediction

Jaanus Liigand



ESI+ model

-2

0

2

4

6

8

-2 0 2 4 6 8

P
re

d
ic

te
d

 lo
gI

E

Measured logIE

Perfect fit training set test set

RMSEtrain = 0.28 (1.9-fold)
RMSEtest = 0.53 (3.4-fold)
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ESI- model
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RMSEtrain = 0.38 (2.4-fold)
RMSEtest = 0.33 (2.4-fold)
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LC/MS validation

Kruve et al Anal. Chem. 89 (2017)
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How can you use it?

• User-friendly software

• automation

• LC, adducts

• More matrices 

• Self-improving

• community contributions

Achieved milestones Outlook
Approach works!

• ESI+ and ESI-

• different setups 

• different mobile phases

• biological matrices

• only 2D structures

Concentration 
estimate

IE 
prediction 

model
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≥3 common compounds

2D structure of compound

MS1 signal

tR → eluent composition



Thank you!
jaanus.liigand@ut.ee


