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The circular economy model:
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E Orthogonality is essential in 2D chromatography

(semi) volatile compounds

GC x GC

apolar column x polar column

non volatile compounds

|:> LC x LC
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E Chemical interactions in liquid chromatography
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E lonisable compounds separation in LCxLC
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E What about neutral compounds ?
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E Challenge for the analysis of neutral compounds
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E Supercritical fluid chromatography (SFC)
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ri SFC x LC: the early work from Isabelle Francois and Pat Sandra
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» trapping loops in the modulation interface SFC
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» risk of CO2 bubbles inside the LC system : instability

Online, comprehensive and orthogonal analysis

15 years ago !!!
l. Francois, P. Sandra, J. Chrom. A, 1216 (2009) 4005-4012



Online LC X SFC: so many technical challenges

water containing
mobile phase

Depressurization issues through split

« pressure instability
RPLC column * loss of sample

SFC column

Instrumental SFC constraints:
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A systematic investigation of sample diluents in modern supercritical
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Online LC X SFC: so many technical challenges

[ water containing ]
mobile phase @ Depressurization issues through split
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e external variances
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avoid the problem Trapping loops J. Chromatogr. A 1541 (2018) 21-30
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E How to transfer LC eluent to SFC ?

In LCXLC, the modulation system is a valve with 2 storage loops

“Commercial” system LCxSFC specific interfaces

/ \ / D LC system D LC system \
D LC system

Empty loop

SFC column a SFC column
SFC pump SFC column

% Waste Waste
Waste
Mixed stream CO, stream Modifier stream
v. Sarrut et al. /J. Chromatogr. A 1402 (2015) 724—733/ KJ. Devaux et al. /J. Chromatogr. A 1697 (2023) 463964 /

cO, modifier
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E Impact of the chemical nature of diluent (LC mobile phase) and modifier (SFC co-solvent)
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E Guidelines to select LCxSFC interface (modulation system)

Protic (ex. H,0) ( LC mobile ]
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Sanchez et al. Anal. Chem. 2024, 96, 15692-15701
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E Modulation using modifier stream: let’s split !

'DLC

Waste

Split

’D SFC

0.6

SFC (min)
0.4

0.2

40

Mixed stream

100
LC (min)

N cxsre,eff = 1411

SFC (min)

|160|

0.6

0.4

Modifier stream + split

20

60
LC (min)

Ny cxskceff = 2708

| 100

16



ri LCxSFC-HRMS classification of chemical structures
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@ Instrumental SFC constraints:
e external variances

 dwell volume

[ water containing ]
mobile phase @ Depressurization issues through split
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SYspiitinco,sweam

DLC
. _J Sample loss
ﬁ» > »— 2D SFC
Waste

(® 2D analysis — loop full of CO,

@ Buyitelsisuyizaltien step — loop empty

@ Loading — CO, expand
Sanchez et al. 2025 Anal chem under review
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E Spent coffee grounds : a valuable source of bioactives

World coffee production reached 178.0 million bags in 2023/2024

Spent coffee grounds (SCGs) about 6 million tons / year

* Carbohydrates

Spent coffee * Phenolic compounds

grounds « Nitrogen compounds

Anticancer, anti-inflammatory;,
«  Fats ——> Sterols ))) Y

hepatoprotective abilities 2]

* Non saponifiable

lipids Di » UVB skin protection, anticancer,
> Diterpenes anti-inflammatory, antioxidant
activities [

[1] https://icocoffee.org/
[2] Trends in Food Science & Technology 143 (2024) 104312 20



E Non targeted analysis of non saponifiable extract

O-methyl-
cafestol
cafestol cafestol
esters
o
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APCI source
creates isomeric species

‘ LCxSFC is able
l to separate these molecules

sCO2 extract
to collect unsaponifiable lipids

1LC C18
protic eluent
(ACN/iPrOH)

2 -
SFC 1-AA The same behavior for the derivatives of

 kahweol
« 20 different sterols

protic modifier
(EtOH)

LC (min)

LCxSFC-(APCI)-HRMS
modulation: CO, stream + split

total gradient time: 20 min )1



E Lignin valorization as renewable material

Vanillin

Dimers _
Monomers Trimers Tetramers




ri Non targeted analysis of depolymerized lignin

384 C,H,0, compounds

70 % of compounds had

VAR
at least one isomer
LN
™
alcohol extract
to collect depolymerized oligomers
O,
ILC F5 ©
. U
protic eluent A
(Water/ACN) O OH
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starting at 100 % water o\
2SFC 1-AA |
protic modifier
(MeOH) /\@OH
OH
LCxSFC-(ESI)-HRMS "

modulation: CO, stream + split
23

total gradient time: 60 min
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ri No Conclusion.... It is just the beginning...

Research and Innovation on two-dimensional chromatography

for natural, recycled and bio-based products

Thanks to the creative stubborn students

Spent coffee Grounds
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E SFC joining the 2D world ?

LC-GCxGC  |LcxSEC
LCxLC

Everything....
and an instrument....

Modulation interface

Method optimisation

Data Analysis

Challenges towards
maturity
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