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1. Aqueous 1D-based comprehensive 2D-LC:
rationale



1. Aqueous 'D-based comprehensive 2D-LC: rationale
Chiral 1D-LC unsuitable for complex samples

 The complexity of natural mixtures (usually) prohibits efficient collection of the chiral
information due to (major) peak overlap

* Chiral 1-D LC-MS less reliable due to “matrix” effects
 Lower peak capacity of chiral LC compared to RPLC
« Confusing isomeric information
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1. Aqueous 'D-based comprehensive 2D-LC: rationale
Solution: 2D-LC for the analysis of complex samples




1. Aqueous 'D-based comprehensive 2D-LC: rationale
Solution: 2D-LC for the analysis of complex samples
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1. Aqueous 'D-based comprehensive 2D-LC: rationale
Comprehensive 2D-LC (LCxLC): principles

Automated real-time transfer of fractions from a 1stto a
2"d separation dimension

Analysis of the full effluent content of D in real-time

waste

1D column
= Sampling
7 =1 min
Loop /
_ The core of the
AnaIySiS Fill direction sySte m . -
=1 min - Analysis direction EL modulator/inter-
face

=
2D column




1. Aqueous 'D-based comprehensive 2D-LC: rationale

Challenges in LCxLC

Challenges of LCxLC 5% ACN

« Transfer of on 2D 25% ACN
——— 50% ACN

75% ACN
100% ACN

in 2D
(<1 min) 2D
and in 2D
compared to 'D-HPLC e e
solutions 0do o3 obo o i 1% 1%
t RPLC (min)

° Requires expert users « Injection of 120 uL of a progestogen in acetonitrile
| 2D cotumn lfe-time e SO am
« Data treatment  Flow rate: 1.25 mL/min

« Data collection rate (HRMS)



1. Aqueous 'D-based comprehensive 2D-LC: rationale
Challenges in LCxLC: influence of the D solvent on fast chiral separations

. 'D method
0% ACN 20% ACN 40% ACN - No column
2 uL injection
* D mobile phase
A: H,O (pH 3.2), B: ACN
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2D method
 Loop volume: 200 yL
Cellulose 1 column
! 2D mobile phase

Chi

Dt min) A: H,0 (NH,TFA, pH 2.9), B: ACN

60% ACN 80% ACN 100% ACN modulation time:100s
T=20°C
Gradient profile
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1. Aqueous 'D-based comprehensive 2D-LC: rationale
The modulation problem (solvent issues)

* Solvent incompatibility issues

undermine reaping the full
performance of LCxLC

 Often absence of natural re-

focusing

Overview of the possible online LC x LC combination using the most-common
forms of LC separations
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BWJ Pirok; AFG Gargano, PJd Schoenmakers, J. Sep. Sci. 2018,41, 1, 68-98
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1. Aqueous 'D-based comprehensive 2D-LC: rationale
The modulation problem: the purely agueous solution

« Complete refocusing on a reversed phase Parabens A | L e o
column when injection analyte in water 17\ 50 pL 50 ppm
i/ \ 100 pL 25 ppm
' 200 pL 12.5 ppm
Volume-independent, optimal analyte ;:tf-gﬁpgg‘m
focusing by injection of methylparaben in
pure water plugs onto a RP column (10 puL E
<
— 2 mL). c“v’
)
<
S
3
3
5
_8 |
e ,;
4
0.50 0.55 | 0.60 | 0.65 | 0.70
tp (min) PFP




1. Aqueous 'D-based comprehensive 2D-LC: rationale
The modulation problem: the purely agueous solution

Overview of the possible online LC x LC combination using the most-common
forms of LC separations

Even RPLCxRPLC requires
some dilution

2NP 2HILIC 2HIC 2IEX 2SEC- 2SEC- 2Ag 2Chiral | 2Affini- 2SFC
Aq Or (RP mode) ty

=~ 7

INP

THILIC

THIC

Most compatible combinations "IEX
Transfer only water to 2D in the 'SEC-Aq

RP mode 'SEC-Or

Highly compatible combinations

1Chiral

1Affinity
1SFC

BWJ Pirok; AFG Gargano, PJd Schoenmakers, J. Sep. Sci. 2018,41, 1, 68-98




1. Aqueous 'D-based comprehensive 2D-LC: rationale
The modulation problem: the purely agueous solution

Overview of the possible online LC x LC combination using the most-common
forms of LC separations

Even RPLCxRPLC requires
some dilution

2NP 2HILIC 2HIC 2IEX 2SEC- 2SEC- 2Ag 2Chiral | 2Affini- 2SFC
Aq Or (RP mode ) ty

=~ 7

INP

THILIC

THIC

Most compatible combinations "IEX

Transfer only water to 2D in the SEC-Aq

RP mode 'SEC-Or

Highly compatible combinations

1Chiral

1Affinity

Need for new (~) 100% aqueous

SFC

modes

"TRLC

* Same concepts apply when | paLc
chiral RP is used in 2D



1. Aqueous 'D-based comprehensive 2D-LC: rationale
temperature responsive liquid chromatography: principles

Polymers that exhibit a drastic and discontinuous
change of their physical properties with
temperature

Class of stimuli-responsive materials

polymers display a miscibility gap in their 2 phases
temperature composition diagram

UCST

composition composition

LCST

Temperature

Temperature




1. Aqueous 'D-based comprehensive 2D-LC: rationale
temperature responsive liquid chromatography: principles

LCST is an entropically driven proces (AS)

Exothermic enthalpic contribution ( ) due to
the hydrogen-bond formation between water and

the polar groups on the polymer

The hydrophobic groups on the polymer lead to
loss of entropy as water molecules are forced in a
cage like orientation around these moities ( )

As temperature increases the Gibbs free energy
becomes positve leading to demixing

(AG= )
9




1. Aqueous 'D-based comprehensive 2D-LC: rationale
temperature responsive liquid chromatography: principles

Temperature-responsive polymer: Poly(N- L 25°C

isopropylacrylamide) - PNIPAAmM ) <:> (O
o HO

@_O?I/\/\NHMSTD:{}R -L‘_JIJM R1'2’3'4= Me, Et, Pr, Bu

35°C

Mobile phase: O NH O NH

water )\ )\ 2
l Thermo-responsive LA

stationary phase

T 1
: g:ﬂ 1 45°C

2
Low T: High T:
Polymer-water bonds Monomer-monomer 3 4
dominate interaction dominate

o @ li
© e 0 10 20 30 40 50 60
T ¢ t ¢ Time (min)
— - A
44—

e—

‘e Analytes

—

Lynen F. et al., Chromatographia, 2007, 66, 3-4



1. Aqueous 'D-based comprehensive 2D-LC: rationale
temperature responsive liquid chromatography: polymers

p@ ‘ Ii OIN} 0

LCST=32°C LCST=10°C LCST =35 °C
Poly (N-isopropylacrylamide) Poly (N-n-propyl-acrylamide) | Poly (N,N-diethylacrylamide) poly(

2o C
'><n
: N Q
o N
N

¥
o

|| 25°C

LCST=0-100°C * LCST=0-100°C * LCST = 32-37 °C LCST=3-76°C*

Poly (oligo ethylene glycol) Poly (2-alkyl-2-oxazoline) Poly (N-vinylcaprolactam) Poly (N-(N’-alkyl-carb-amido) propyl
methacrylate methacrylamide)



1. Aqueous 'D-based comprehensive 2D-LC: rationale
Comparison with other aqueous/green LC approaches

> Allows HPLC O

- Larger changes in retention (k ) over 0o\ ‘
moderate temperature ranges 5 °C — p— o ‘ RN
10 °C A -
- = AF - 15°C OH O Kaempferol:
- Large changes In selectivity with 20 :CﬁgL C °CrT
temperature 2l e
A\
jogid) S\
- Large changes in selectivity with polymer, el A
pH, additives 50 °C - //LL
55 °C
: : 60 ClL ———-———————— /L
- TR potential in other LC modes 0 0 40 60 8 100 120
t. TRLC (min)

- Fundamental understanding exploitable in

broad range of solvents (mobile phases)



UV absorbance normalized (254nm)

1. Aqueous 'D-based comprehensive 2D-LC: rationale
TRLC: Chromatographic performance: Retention: Ak vs. T

~ ldentical TRLC columns Sample 4 parabens — series Mobile phase: water +
were manufactured with 3 of isothermal analyses 0.1% HCOOH
different polymers
N-Isopropyl acrylamide N-n-Propyl acrylamide N,N-Diethyl acrylamide
(PNIPAAmM) (32°C) (PNNPAAmM) (10°C) (PDEAAmM) (35°C)
@/\/\H)J\[':Iz\lsrsv\/ @/\/\Nmz\g/s\/\/ @/\/\”)Kr:\/iz\lsrsx/\/
A H [

—65°C
55°C
45°C
35°C
25°C

UV absorbance normalized (254nm)

UV absorbance normalized (254nm)

..........................
0 5 10 15 20 25 30 35 40 45 50 55 60 0 10 20 30 40 S50 60 70 80 90 100 110 120 130
t. (min) t. (min)




1. Aqueous 'D-based comprehensive 2D-LC: rationale
TRLCxRPLC: why?

Large aqueous volumes can « TRLCxRPLC -

CET Y organic solutes on
C18 (RPLC) columns

Parabens A 0L 250 ppm
A\ 20 pL 125 ppm
17\ 50 pL 50 ppm
/f A\ 100 pL 25 ppm
/ ,15 200 pL 12.5 ppm
,. ~ 1 mL 2.5 ppm
/ '.Iif,_ 2 mL 1.25 ppm
c ; \
3 , \
i
N I\
<DE i \
(U (!
£
o) \
2 \
® / N\
’(5-. "“ﬁ-h“‘-___
g
. . : . ~ . - 1 "0 10 20 30 40 50 60 70 80
0.50 0.55 0.60 0.65 0.70 TRt (min)
tp (min) PFP

M. Baert, S. Martens, G. Desmet, A. de Villiers, F. Du Prez, F. Lynen, Anal. Chem., 2018, 90, 8



1. Aqueous 'D-based comprehensive 2D-LC: rationale
TRLCxRPLC: Achiral x Achiral (comparative example)

* Increasing complexity in drug D = temperature responsive column
formulations e flow: 0.1 mL/min H,0 0.1%FA

l e Column: 10cm x 2.1mm x Sum

Temperature: gradient 45°C—> 0°C

X
 More complex impurity determinations 2D = reversed phase column

* Increasing need for 2-D LC (heart- + Flow: 2.6 mL/min H,0 0.1% FA/ACN

cutting, comprehensive) e Column: 50x3 mm 2.7 um (Poroshell)
* Modulation time = 1 min

« Sample loop = 120uL

* Temperature: 50°C

= 1: prednisone 9: dexamethasone 21- isonicotinate
° Explorlng TRLC X RPLC for 2: prednisolone 10: betamethasone 17-valerate
pharmaceutical Impu rlty anaIySis 2 (111-dehydrocorticosterone 11:. beglomethasone dipropionate
: dexamethasone 12: ethisterone
5: methylprednisolone 13: 17a-hydroxyprogesterone 17-acetate
i i i 6: beclomethasone 14: 1- dehydroprogesterone
° AnalyS|S Of 11 CO[’thOStQI"OldS and 6 7: dexamethasone 21-acetate 15: progesterone
8: betamethasone 21-acetate 16: medroxyprogesterone 17-acetate
progeStogenS 17: 16-dehydroprogesterone




1. Aqueous 'D-based comprehensive 2D-LC: rationale
TRLCxRPLC: Pharmaceutical application (achiral)

0

Various 2D gradient profiles

%]
n

"

Shifted 2D gradient

1 —
w — w
g 30 141 & 30
= 3
gﬁ 25 5325
S Fixed 2D £
o 20 = 5
i+ gradient 2
T 15 k15
10 10
0 20 40 60 80
Segmented
< ’D gradient NS
%
@ &
o o
E o
2 2
0 =
%
L
n-r\r

t. temperature-responsive phase (min)



Natural product analysis: phenolics In wine

a) 955

t. RPLC (s)
(X} w ) & - 3
n o n o o -

s
o

-
o

1. Aqueous 'D-based comprehensive 2D-LC: rationale
TRLCxRPLC: Achiral x Achiral (comparative example 2 )

280 nm

0 25 50 75 100 125 150 175 200 225
t, temperature-responsive phase (min)

Benefits

« DAD - group specific contour plots at

various wavelengths
* First online coupling to ESI-MS (TOF)

0 25 50 75 100 125 150
t, temperature-responsive phase (min)

t. RPLC (s)

380 nm

0 25 50 75 100 125 150
t, temperature responsive phase (min)



2. Achiral TRLC x chiral comprehensive 2D-LC



2. Achiral TRLC x chiral comprehensive 2D-LC
TRLCxRPLC: Achiral x Chiral

* Developing a broadly applicable chiral separation platform for small
molecule chiral resolution in (complex) mixtures

* Allowing chiral resolution of dissimilar molecules on the same platform

 Allowing (eventually) more facile split-free coupling of 2D with ESI-HRMS

» Allowing (eventually) more sensitive ESI-HRMS via



2. Achiral TRLC x chiral comprehensive 2D-LC
TRLCxRPLC: Achiral x Chiral

Test conditions:TRLC of 7 racemates

1000 —

o)
o

1
- Isothermal 50 °C L 40
2
] 4 - 30
— 20
3
6 - — 10
8 1000 — | B
= 1 Temperature gradient .
© 5 5 e
g = ! 4 B
S 3 ?\ 7 - 10
> 0 __.__J g R e 0
— 1000 —
Isothermal 5 °C a6
56 2% L 30
A \ - A0
0 u T ¥ jl \‘T‘¥ T T T T T T O
0 20 40  t_(min) 60 80 100

Compounds: (1) Hexobarbital, (2) Mianserin, (3) Secobarbital, (4) Chlorthalidone, (5)

Oxazepam, (6) Ilbuprofen, (7) Warfarin

Temperature (°C)

poly[N-n- propylacrylamlde] (PNNPAAmM)

LCST =10°C o O

T

D conditions

* TRLC columns (100 x 2.1 mm, 5
pm)

* 0.1 mL/min

* 15 mM trifluoro ammonium acetate
pH=2.9

» temp. gradient or isothermal

* injection volume = 2 uL




2. Achiral TRLC x Chiral comprehensive 2D-LC
Chiral RPLC in 2D

Columns Dimensions Silica type linkage LC method

A1: 15 mM ammonium trifluoroacetate (pH =2.9)

A2: 15 mM ammonium acetate (pH = 6.2)
Flow rate : 3ml/min B1: ACN,

modulation time:100s, T=20°C B2: 70% ACN, 30% MeOH) were utilized.

4.6 mm |.D. column 3 mm I.D. column

Flow rate: 2mi/min
modulation time:100s, T=20°C




2. Achiral TRLC x Chiral comprehensive 2D-LC

Chiral screening approach in ?D

Mobile phase composition: A, &B,

--

Warfarin
Ibuprofen

-~
~
~
~ r 4
- .
r 4
Oxazepam

&  Chlorthalidone
Secobarbital

Mianserin

Hexobarbital

Columns

Mobile phase composition: A,&B |

- Warfarin
Ibuprofen
Oxazepam

Secobarbital
Mianserin
Hexobarbital

Columns

1.5 ~ o Yo o '
~ - & \Warfarin
8

Chlorthalidone

Mobile phase composition: A;&B,

? l'..

& \\arfarin
" -

Ibuprofen
Oxazepam
. Chlorthalidone

Secobarbital
Mianserin

Hexobarbital

Columns

Mobile phase composition: A,&B,

Ibuprofen

¥ =
o, o & Oxazepam
- &  Chlorthalidone
0 - .. 1 &  Secobarbital

Mianserin

Hexobarbital

Columns

* Screening of 4
mobile phase
combinations on 7
Chiral columns (28
conditions)

Selection of the
optimally resolving
method for each pair
of enantiomers




Chiral RP t_(sec)
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2. Achiral TRLC x Chiral comprehensive 2D-LC

Optimal conditions for each solute

30 40
TR tﬁt{min}

30
TRt (min)

40

50

50

60

60

70

1

Chiral RP t_(Sec)

cniral KPP (sec)

00

[=2]
[=]

iY
o

20

Y
o

20

10

10

100

80

o 60 ‘g
3 @
a =
: :
__g 40 =
2 3]
20
0
20 30 40 50 60 70 0 10 20 30 40 50 60 70
TR tR{min] TRt (min)

Compounds: (1) Hexobarbital, (2)
Mianserin, (3) Secobarbital, (4)

Chlorthalidone, (5) Oxazepam, (6)
Ibuprofen, (7) Warfarin

20 30 40 50 60 70
TR tg(min)

T. Rahmani, A. Ampe, F. Lynen. Temperature Responsive x Fast Chiral Comprehensive Liquid Chromatography:
a New 2D-LC Platform for Resolving Mixtures of Chiral Isomers. Analytical Chemistry, 2023, 95,8763-87609.



2. Achiral TRLC x Chiral comprehensive 2D-LC
From LCxLC to heart-cutting

100+
. . 1000 —
Chiral screening leudd
50
] = a
approach in LCxLC 2
800 - o
i ) e
e 16 17 18 19Min20 21 22 23
o 600 - b S
8 50 -
48] o
= 2 < 0
O H E |
£ 400 -50-\'&/\
C
1M+
% 7 16 18 20 22 24 26 28 30
Also a tool for finding f 150, "
200 — c
. = 100
optimal heat cutting _ jb L /LL )
g m (50"
£
conditions U UV O_JL
T | T 'l T | S errm T T |
0 20 40 60 80 {0 cgn (g SN ol SN ERIRT
. tR(mm) 23 24 25 i 26 a7 28
; 0- =
Cutg = 200 |
o 100+ 150 | ]
2 | = 50 = = 100-
O_ 50“
T S e sl I | e i s e 2 i i TN, ~ =T
75 80 I&% 90 95 73 74 75 TBMinn 78 79 80 34 35 36 I\%} 38 39 40 27 28 29 \in 30 31 32

T. Rahmani, A. Ampe, F. Lynen. Temperature Responsive x Fast Chiral Comprehensive Liquid Chromatography:
a New 2D-LC Platform for Resolving Mixtures of Chiral Isomers. Analytical Chemistry, 2023, 95,8763-87609.



3. The potential of PALCxRPLC



3. Achiral PALC x chiral comprehensive 2D-LC
What is Per-aqueous Liquid Chromatography (PALC)

° - Alberto dos Santos Pereira, Frank David, Gerd Vanh ker,

PALC (Or Inversed HILIC) ande Poat (?Ssansrna.o STheerzlcCZtonri?rII?/e sz\cglrtagee:ris fel?/e(;ggjchiirc
° Operates on a polar column (e_g_ native silica or diOI) with water an alternative for the analysis of highly polar
* Mobile phase: mostly (90%) water and ACN (+ buffer) 2007, 2009.

ionizable solutes? Journal of separation science, 32(12):2001-

A B |
Caffeine retention factor I
28 3
26 ¥
—
.
g U =
";;' - —— GLUTAMIC ACID
PE LYSINE . DA LT L | k'=2.00
- :
c 20 —a—PROLINE . 4  PALC : HILIC )
2 4 —%—METHIONINE '
= =4
< 16 ——ISOLEUCINE 8 K'=1.00
e —o—LEUCINE % ¥
* . ——\/Al INE | S , * PP fioesesmracsizenimrasasasnnes p + SE k'=0.50
12 Tr goereneenes . S veeeee. K'=0.25
0 10 20 30 10 50 G0 0-iy . r . . , : : , . y
% acetonitrile in the mobile phase 0.0 02 0.4 0.8 03 1.9

Mixer ratio pump A (CH,CN)-pump B (HO)

« Elution and retention under ~ purely aqueous conditions




CH, HO OH
0O— Sli —(Linker)
C|I.|3 HO OH
Penta- HILIC

Analysis conditions *D:
* Column: penta HILIC (2.1 x 150 mm, 2.7 um)
* Flow rate: 0.1 mL/min
* Injection volume: 1.5 pL
* Mobile phase A: H,0 + TFA, pH 3.19
* Mobile phase B: EtOH
e Gradient:
-Omin0%B
-40 min 25% B
e Column temperature: 50 °C
* UV:254 nm
e Analysis time: 40 min

Analysis conditions 2D :

 Column: C18 (HALO) (1.5 x 50 mm, 2.7 um)

* Flow rate: 0.6 mL/min

* Mobile phase A: H,0 + 0.1 % FA

* Mobile phase B: ACN + 0.1 % FA

* Gradient:
-O0min10% B
-0.1min50% B
-0.65 min 100 % B

* Gradient time: 0.65 min

 Modulation time: 0.85 min

* Column temperature: 50 °C

* UV: 254 nm

* Loops size: 80 pL

* Loops filling: 106 %

* 2D column injection ratio: 150 %

3 Achiral PALC x chiral ¢

comprehensive 2D-LC
PALCxRPLC: can it work as well?
Pesticides (achiral separation)

50 uv

-

© 0 N OO g b~ ODN

40

30

2D tg (s)

20 1

26

10 - .

Compound
acephate
metamitron
imazamox
mepiquatchlorid
Deisopropylatrazine
carbendazim
strychnine
cyanazin
indole-3-butyric acid
carbaryl
atrazin
warfarin
diuron
3,4-dichloroaniline
ethofumesate
2,3-dichlorophenol
bentazon
myclobutanil
isoproturon
terbuthylazine
sebuthylazin
linuron

fenamiphos
alachlor

MCPB
endrin
tebuconazole
parathion-ethyl
TBTO
fenthion
penconazole

diclofop methyl



3. Achiral PALC x chiral comprehensive 2D-LC

PALC x chiral-RPLC: can it work as well?
Pharmaceutical mixture (logP 1 ~ 4)

1000 -

800 - 2 5 6

600 - 3 7
400 - 8
-1 UL

1D condition:
Penta HILIC column (250 x 2.1 mm, 2.7 ym)
Flow rate 0.1 mL/min

A: water (pH 3.2), B: ACN

Compound identification

1.
2.
3.
4,
5.
6.
7.
8.

Propranolol
Hexobarbital
Secobarbital
Chlorthalidone
Oxazepam
Warfarin
Ketoprofen
Flurbiprofen

(Log p:2.65)
(Log p:1.98)
(Log p:1.97)
(Log p:0.85)
(Log p:2.24)
(Log p:2.7)

(Log p:3.31)
(Log p:3.94)




UV absorbance

3. Achiral PALC x chiral comprehensive 2D-LC
PALCxRPLC: can it work as well?

4 1800 ~ 4,5
5 100 mM NH,TFA s pH=2.1

600 ; 7 6 1400-:
400 4 3 1200—-
0 - N
-200 - s 3
’ 400 - 1 8
1000 - 4 200
800 - 2 13 5 50 mM NH4TFA 04

il
fi pH-3.2\

800
] 2

600 6 8
o g 5 )
200—_ _8 800 4 12 5 6

0 o) 1
_200_- i 8 600 3 7
1000 ] @® 400 -

5 B 25MMNHTFA O | o & ﬂ g

600 - 1 4 > | 200-

ANLUUUM N g
200 ras

0] 1000 -

- H=4.3
et | 5 pH=4.
e ; X
800 - 1 5 5 6 No Salt 600 ~ 1 3 6
i 3 7 ; 400 - l
400 S 4
200: /J 200 ~ LJ 7 8

| ] M

¢ . ! ’ ' ) 0 T T T T T T T T v T v T v 1
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3. Achiral PALC x chiral comprehensive 2D-LC
PALCxRPLC: can it work as well?

Optimal contour plots of a mixture of pharmaceutical compounds

Cellulose-1, A,&B, Cellulose-3, A,&B, Compound identification
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4. Chlorthalidone (Log p:0.85)
5. Oxazepam (Log p:2.24)
6. Warfarin (Log p:2.7)
7. Ketoprofen (Log p:3.31)
8. Flurbiprofen (Log p:3.94)
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3. Achiral PALC x chiral comprehensive 2D-LC
PALCxRPLC: can it work as well?

Optimal contour plots of a mixture of pharmaceutical compounds in urine

100
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4. CONCLUSIONS

* TRLC complements IEC, HIC and SEC in LCxLC

 TRLCXRPLC allows for complete refocusing
 TRLCXRPLC allows for enhanced achiral x chiral 2D-LC

* PALCXRPLC also allows dilution free more sensitive analysis




ACKNOWLEDGEMENTS

Turaj Ramani
Kristina Wicht
Mathijs Baert
Adriaan Ampe
SENERERI]
Maike Barbetta
Andreé de Villiers

Sonja Schipperges

Norwin Von Doehren
Pieter Surmont

Bram Miserez

MSCA.ETN

InnovEOX

Training a new generation of researchers in
Innovative Electrochemical OXidation processes

fwo EcHMIC @

o

UNIVERSITEIT
GENT

- Agilent




2020

BRUGES
BELGIUM

June 15-19, 2025

'. E l. Zeebrug'qe
1

Bruges Ant
,‘J Ocstode mummm i' iy

ANDERS

- | nte " Mechelen GERMA
k. i i Aalsts
| z slLeuven
= N |f; h' Kortik Ml BRUSSELS 0 4
oy S BELGIUM e

MO Crarderol  eNamur
.
WALLONIA
_RNES
PP
Bastognee

LUXEMBOURS
FRANCE




	Snímek 1: Enhanced chiral screening of complex samples via aqueous achiral × chiral comprehensive liquid chromatography
	Snímek 2
	Snímek 3
	Snímek 4
	Snímek 5
	Snímek 6
	Snímek 7
	Snímek 8
	Snímek 9
	Snímek 10
	Snímek 11
	Snímek 12
	Snímek 13
	Snímek 14
	Snímek 15
	Snímek 16
	Snímek 17
	Snímek 18
	Snímek 19
	Snímek 20
	Snímek 21
	Snímek 22
	Snímek 23
	Snímek 24
	Snímek 25
	Snímek 26
	Snímek 27
	Snímek 28
	Snímek 29
	Snímek 30
	Snímek 31
	Snímek 32
	Snímek 33
	Snímek 34
	Snímek 35
	Snímek 36
	Snímek 37
	Snímek 38
	Snímek 39
	Snímek 40

