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VICEROZMERNE SEPARACNI | pokrocila kapalinova
TECHNIKY | chromatografie
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MODERNI UMENI (?)

TT P

’
.
-
-
-
-
-
»

2 B !
v." " v
? 'O. "' ; ¥ :J.".'
e LT L AR B
St e
A LTt
.' . s & @
0.4 % 0+ &,
- . .. .
‘o\.. ".. 4 .
%A .
P, -
~5 4 2
-
.
- .
® -
o . .
—— '-‘.—'—-—_!.__-..-_ -

www.tibiochip.com



(2D) GELOVA ELEKTROFOREZA

Moldrni hmotnost
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BYLO NEBYLO ...

,, ...but the two-dimensional chromatogram is especially
convenient, in that it shows at a glance information that
can be gained otherwise only as the result of numerous

experiments “,

eeq A.J.P. Martin
9

FILTER PA
FILTER P
Mmﬂmipmg

Aminokyseliny z hydrolyzdatu viny
Prvni dimenze: 3 dny
Druhd dimenze: 27 hodin



E. COLI DIGEST ~ 1000 pikd za 11 hodin

Intens. |
x106 ]

vvvvvvvvvvvvvv

100 200 300 400 500 600
Time (min)
J. Chromatogr. A,1217 (2010) 6610 — 6615.



1D HPLC

Column

Autosampler Detector

LA

1D Chromatogram

v

Prvni dimenze, 'n_



| 2D HPLC

Column
Detector Valve

Autosampler (optional) (Sampler)

Detector

Qe
(77}
& |
&
b\ L)
‘O' ®
S
<
Q
Prvni dimenze, 'n_ .

Ndsobné zvyseni pikové kapacity 2D Chromatogram



OFF-LINE

Jednotlivé frakce se sbiraji z D1

kolony, zakoncentruji se a davkuiji
se na D2 kolonu.




ON-LINE: HEART-CUT

Pfedem vybrané frakce z D1

kolony se pfimo prevadi na D2
kolonu prepinacim ventilem




ON-LINE: HEART-CUT

mAU
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| COMPREHENSIVE 2D-LC

,Bezztratova® 2D-LC
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15t paak Imm 2nd peak frem 3rd paak from
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COMPREHENSIVE 2D-LC

Complexsample One-Dimensional Separation

¥ang

>
Two-Dimensional Separation
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1st. dimension separation

www.laboratory-journal.com



DVOUROZMERNA CHROMATOGRAFIE

Fenolické latky a flavony
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J. Chromatogr. A 1189 (2008) 207-220



PODROBNEJSI INFORMACE O VZORKU

[mAU]
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Sazenice kukurice

First dimension
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Time [min]
Second dimension
1I0 1I5 2[]I

Retention time [s]

[mAU]
3000
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1500
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First dimension

Minoritni
slozky
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60
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304
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Second dimension

1
15 20
Retention time [s]



ZPRACOVANI DAT

1D chromatogram
(at first column outlet)

2. Transformation

Second-dimension chromatograms
stacked side by side

1. Modulation

Raw 2D chromatogram
(at second column outlet)

3. Visualization

2D colour plot 3D plot

1) Modulace

Kompletni pfevod D1eludtu
do druhé dimenze (D2)

2) Transformace
Zpracovdni dat poskytnutych
detektorem druhé dimenze.

3) Vizualizace
Prezentace dat pomoci
obrysového nebo
prostorového grafu.



PREVOD FRAKCI

FROM COLUMN (15T DIMENSION)

AUXILIARY _\:,(L -

PUMP e @G> | - LOOP 2
— 8 3 =
H =
LOOF 1 ] }a.? TO COLUMN (2ND
DIMENSION)

WASTE

.—.v~




PREVOD FRAKCI

FROM COLUMN (15T DIMENSION)

- T

B
AUXILIARY =
PUMP " LOOP 2
LOOP 1 | —>
TO COLUMN (2ND
DIMENSION)




PREVOD FRAKCI

Dvé 2D kolony

i

FROM COLUMN {157 DIMENSION)
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DETECTOR —
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COLUMN {2N0 m

DIMENSION)
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| FREKVENCE PREVODU FRAKCI

Signal Second dimension [s] A
7_
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FREKVENCE PREVODU FRAKCI
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(A)

(B)

(€)

(D)

desy

OPTIMALIZACE SLOZENI MOBILNI FAZE

Lllap'ér/ap

Valve
switch
1
Oap I
1
}

Trapping solvent

Analytical
column

Analytical
column
----- Valve switch = = = = = = = =

:
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U Analytical

column
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Remobilization

/ solvent
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J. Chromatogr. A 1360 (2014) 164 - 171.



| AKTIVNi MODULACE

HILIC x RP

Surfaktanty (tristyrylfenol ethoxylatfosphdt (TSP))

Snizeni eluéni sily

mobilni féze HILIC: délka etoxyldtového retézce
(7 x 1DF,) , ) ,
RP: mira substituce (styren, fosfat)

b) =

Zakoncentrovani
pik

'D time (min) 'D time (min)

LCxLC HPLCxUHPLC HPLC/axm/UHPLC

)
i
Analysis Time 200 80 40
(min)
Dilution Factor 1529 299 142
Eluent Volume LU ST R I S 0 5 10 15 22 2 N B 4
800 120 78 b i

(mL)
Anal. Chem. 88 (2016) 1785-1793.



Separation axis 1

ORTOGONALITA

Upliné
korelace
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korelace

Ortogonalni
separace

Separation axis 2

Separation axis 2

Separation axis 2



| ORTOGONALITA

Uplnd
korelace

Separation axis 1

Cdsteénd
korelace

Ortogonalni
separace

Separation axis 2

Z4&dnad pridand informace

Separation axis 2

Separation axis 2

Nejlepsi pokryti prostoru



| KVANTIFIKACE ORTOGONALITY
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| TYPY 2D-LC SEPARACI

Teorie Shluky

Normalized second dimension retention A Normalized second dimension retention C
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OPTIMALIZACE PODMINEK

Selection of columns

Selection of sampling time i.e.

the modulation time

Stationary phase; separation mechanism

1D column i.d. = 1-2mm; length = 10-20 cm; flow-rate = 0.05-0.1 mL/min

Eluent with low retention power in 2nd dimension

Stationary phase; separation mechanism

5D el i.d. > 1D column length i.d.; length = 2-10 cm; flow-rate = 0.5-5 mL/min;
column
particle size = 1.7-3.5 pm/fused core particles/monolithic column

Eluent, isocratic or gradient

Minimize fraction
volume

Min 2-3
Fractions/peak

www.chromatographyonline.com/comprehensive-two-dimensional-liquid-chromatography-lcXlc-review



VLIV KOLONY VE DRUHE DIMENZ|

Kinetex XB-C18, 50%3.0 mm, 2.6 pm ' Kinetex PFP, 50%3.0 mm, 2.6 pm
< 125 T 12| na o
é é un HOI AR
[ 1.3 o LT [ — 5 W o
g - “o_;_:_un - "g-‘ nGE -
c "o RUT c HCU  NOI RUT
5 083 gy M8 _— c 08 o
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5 - SAL . s CAF
— - | [ Em
E P SYR - - "’5( CAT E - e - ESC CAT o
o o
o 042 - 04 oAL
= o
~N ~N
e ——————— e - ? m— = — {
0 15 30 45 0 10 20 30 40 50
1st diamension time (min) 1st diamension time (min)
Express Phenyl-Hexyl, 30x3.0 mm, 2.7 ym - Express RP-Amide, 30x3.0 mm, 2.7 ym
— '.u —
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= LI o
g 0.8 wey g 0.8 b
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J. Chromatogr. A 1268 (2012) 21-101.



KOMPATIBILITA PODMINEK
-mmm-mm

NPLC ++

RPLC + ot +++ +4++ + +4++

HILIC + ++ +4++ + ++ ++

IEX i ot + +++ i +4++

SEC o+ + ++ + +++ +

GFC + ot ++ +++ + +4++
+++ velmi kompatibilni +  mozné, ale nesnadné
++  relativné kompatibilni - obtizné

NPLC — normdlini faze, RPLC — reverzni fdze, HILIC — hydrofilni interakce, IEX — iontovd vyména,
SEC — size-exclusion, GFC — gelovd filtrace



NP -t, min

| KOMPATIBILITA PODMINEK

T
T Reverzni fdze (D1)
4 - < Zorbax Extend C18 column, 5 um,
' 7 150 mmx3.3 mm, 50-100% ACN
y AW = za 110 min pfi 0.2 ml/min, 40°C.
3- ‘ ' Normdlni fdze (D2)
\ | Separon SGX Amin, 5 um,
i 150 mmXImm id., 5% 2-propanol
9 v hexanu, 0.5 ml/min, 40°C.
2 —

Vimax) <9 M

max)

1- Ué

. ROt o o= o
| 2'0 1 3’0 1 R | 5'0 1 \J 1 v ] v

60 70 80 90

RP - t, min

J. Chromatogr. A 1087 (2005) 112-123.



OBJEM PREVADENE FRAKCE

mmmm

Chromolith Flash RP18-e (25 mm x 4.6 mm)
Poroshell 120 SB-C18 (30 mm x 3.0 mm, 2.7 um)
Ascentis Express C18 (30 mm x 3.0 mm, 2.7 um)

Kinetex 2.6p C18, 100A (50 mm x 3.0 mm, 2.6 um)
Kinetex 2.6 XB-C18, 100A (50 mm x 3.0 mm, 2.6 um)
Kinetex 2.6 XB-C18, 100A (30 mm x 3.0 mm, 2.6 um)

Ascentis Express C8 (30 mm x 3.0 mm, 2.7 um)
Kinetex 2.6 PFP, 100A (50 mm x 3.0 mm, 2.6 um)
Kinetex 2.6 PFP, 100A (30 mm x 3.0 mm, 2.6 um)
Ascentis Express Phenyl-Hexyl (30 mm x 3.0 mm, 2.7 um)

Ascentis Express RP-Amide (30 mm x 3.0 mm, 2.7 um)

z — faktor rozdifovdni piku z ddvodu nekompatibility

49

51

33

33

41

48

38

54

103

84

1.14

1.17

1.15

1.03

1.39

1.38

1.16

1.63

1.17

1.19

2.05

1.94

1.67

2.58

2.61

1.81

= 3

- $t&peni piku z<1.1

J. Chromatogr. A 1268 (2012) 21-101.



OBJEM PREVADENE FRAKCE

100 -

80 -

60 -

40

90 -

20 -

—m—sample in 50% ACN
—&— sample in 100% ACN

10 15 20
Ve (kL)

Kinetex C18
50 mm X 3 mm I.D., 2.6 um

Rychlé gradienty
0 — 100% acetonitrilu
v 1 min p¥i 2.5 mL/min.

J. Chromatogr. A 1268 (2012) 21-101.



| OPTIMALNI 2D VNITRNi PRUMER

4 TTE (1 + ke)

3 V 1
=2 \/— JmeY)__(LH)™2 = 0.98[ (f 1(""“") ] (L)
€0

2.0 -

.D. ~ 0.5 mm

Vimax) = 4 1k, L =20 cm, H = 20 pm,
gy = 0.66, a ke =3

[.D. ~ 1.0 mm

Vf(max) - 4 IJ.L, L - 20 cm, H - ]5 le,
g, = 0.75,a ke = 3.5

Cent. Eur. J. Chem. 10 (2012) 844-875.



2D KLASIFIKACE

FLA e N
BIO
12 | &S L
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E \ 6 — AP
cé O | | | e 6. LUT QUE
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', SYR / A S e
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LA 8%
04| VI oo lpro®t ) f
gy - ‘GAL
| o/,/
|
0 50 100 150
1st dimension time (min)
| — poldrni fenolické kyseliny, Il — fenolické kyseliny s dvéma —OH skupinami, Il — fenolické kyseliny s jednou —OH

skupinou a dvéma metoxy skupinami, IV — aglykosidové flavony, V — glykosidové flavony, VI — ostatni fenolické

kyseliny s jednou —OH skupinou, VIl — katechiny

J. Chromatogr. A 1268 (2012) 21-101.



2D KLASIF

Transformation of B.f-carotenoids

[B-carotene {[§,f-carotene)

e o o s

l

zeaxanthin (di-ol)

antheraxanthin (di-ol 5,6-epoxide)
=
. "'? )

o

ity
e oy

mutatoxanthin (di-ol 5. 8-epoxide)

violaxanthin (di-ol 5.6,5°,6"-diepoxide)

o
" "o a
dey, W
m l
neoxanthin (tri-ol 5°,6"-epoxide)
",
- S
b = |
| e

e

Anal. Chem. 78 (2006) 77

.

IKACE

. b ]

a-carotene ([i,e-carotene)

ey

l

lutein (di-ol)

43-7750.

ty (RP), sec

mono-ols

hydrocarbons ‘,&-;\'_""H.,‘ 14

1047+ 15
13— iE!

mono-ol
mono-epoxides

di-ols

85 11 258 341

di-ol mono-epoxides

di-ol di-epoXides

tri-ols +
32 tri-ol mono-epoxides

426 512 547 682 TET 853 S3B 1023 1105 1194 1279 1354 1449 1535

t. (RP), sec

1, (NP), min

di-ol mone-epoxides
di-ol di-epoxides

48
40

i ® 4T +54
"

61
Eaﬁsmss ?lzz 74

ITI 356 341 426 512 507 621 T67 653 938 10Z3 1108 1154 1219 1364 1449 1538

t (NP}, min

P

CAe

www.helloblend.com

www.colourbox.com



PIKOVA KAPACITA (IZOKRATIKA/GRADIENT)

Maximdlni pocet piku, které Ize rozdélit v ramci jedné analyzy

P Gradientovd eluce
200
100
Izokratickd eluce

100 200 300 400 500 600
Time (min)
VN [t
> 10 Ves/Vai P=_<E—1>+1
4 IR, 1
Absorbance [mAU] Absorbance [mAU] tc —t ~N [t 1
40 6 50 - 14 P14 -8 m=1+_<£_1>
35 isocratic gradient Wg 4 Im (1 + ke)
30 40+
25 304
20
15 20+ tg
5 [U\/\ T w
10 w
5_
U T T T T 1 0 T T T T 1
0 1 2 3 4 5 0 1 2 3 4 5

Time [min] Time [min]



GRADIENT V DRUHE DIMENZI

Second dimension peak capacity

45
40
35
30
25
20
15
10

5

0

Re-equilibration time: =25 w==3s w=is

Peaks/Second dimension cycle time [s]
3.0

2.5+ Ve

1.5 1 ."‘I

1.0

0

0

25 30 35 40
Second dimension gradient time [s]



GRADIENT V DRUHE DIMENZ]

Full in fraction Cent. Eur. J. Chem. 10 (2012) 844-875.
. —0 133
50 i
40 Ld- g 059 24%1,,6”3 %
S &18
;20 ’ |’ 4 3 2 9*2:13 .26 "‘
| ‘! , Y BT
10 ) ' ] ~ | ” T =TRa’ 8 T |
1l ’ G
OIIIIIIIIIIIIIIIIlIIII]IIII]Il|III|lIIIllIl|l T U3 ’2
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— HS PEG, 150X2.1 mm, 5 pm, D2 — Ascentis Express C18, 30X3 mm, 2.7 pum, 100 pL sampling loops.
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Continuously shifting
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D1 —HS PEG, 150X2.1T mm, 5 um, D2 — Ascentis Express C18, 30X3 mm, 2.7 um, 100 plL sampling loops.
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Cent. Eur. J. Chem. 10 (2012) 844-875.
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D1 —HS PEG, 150%X2.1 mm, 5 um, D2 — Ascentis Express C18, 30X3 mm, 2.7 um, 100 plL sampling loops.
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2D, RPLC sec

a

ANALYZA PROTILATEK

Infliximab originator

1p, RPLC min 65

2D, RPLC sec

+|

Infliximab biosimilar

1p, RPLC min 65

www.chromatographyonline.com



BUDOUCNOST 2D LC

Sample complexity [# of compounds]
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2D-LC is slower

Gradient 1D-LC
Isocratic 1D-LC
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Peter W. Carr and Dwight R. Stoll

Agilent 2015

Primer

http://www.agilent.com/cs/library/
primers/Public/5991-2359EN.pdf

Agilent Technologies




“Once your mind stretches to
a new level It never goes back
to its original dimension. “

Abdul Kalam
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