1.9 pm Cora Shell 0.23 um Porous Shaell

| | I
- ne
1. &%

5 Hm Core Shall

2.6 um

Kinatex ™
Core-Shell il 1.7 pm
Particle Kinetex"”

Core-Shell
Panticle

4 - ' ™ 13 ’ ™

STACI ONARNi FAZE Pokroé&ild kapalinovd

chromatografie

Jifi Urban, Ustav chemie, Pfirodovédeckd fakulta, Masarykova univerzita, Brno, urban(@chemi.muni.cz




SILIKAGEL

Porézni forma oxidu kiemiéitého (SiO,) vyrdbénd synteticky z kfemicitanu sodného.

Vysoky aktivni povrch (800 m?/g) a snadnd absorpce vody (zahfatim na 150°C Ize regenerovat).

Desikant Stelivo  Staciondrni faze

Silica Sol M

+ . fg_;/o 3‘{47; <A
Urea (pH=2)M =y —
CH0 P& | \\'_3}2, =5

Sil = gel, typ A (méné Cisty) - neionizovatelné
latky, pory 2.5 nm

www.team-cag.com

Silica sol

Sil = sol, typ B rozklad organosilany, shlukovéni = poyrch ie slabé& kysely,
plynné fdaze, Cisty, stabilné{si i pfi vyssim pH — coZ zpGsobuje chvostovdni
i ionizovatelné latky, péry 4.5 =7 nm bazickych latek.

= Chemicky stabilni do pH 8



CHEMICKY VAZANE STACIONARNI FAZE

s CH,
o oae G b,
HoO OH OH (?HZ)” (H2C\')1T cl) OH OH ?i\
HO OH H,C—Si—CH —¢&; HO O
HO 3 | 3 v I-.O
: OH Cl , OH
SiO, - SiO,
[Base]
(Kieselgel, unmodifiziert) "Silanisierung" (ODS-Kieselgel)

(ODS-Kieselgel, "endcapped”)

commons.wikimedia.org



CHEMICKY VAZANE STACIONARNI FAZE

Zavddéni reaktivnich funkénich skupin

oi—0-C

\ _ aE. N

Sipnwin-R B0-20 0 & spang

] 3-8h J e

Si-N—-C

N, soct \.

Si—OH —=-2% =~ Si~Cl+S0,+ HCl

/ P

N, N

Si—Cl+ HN—R ————— Si—N— R+ HCl

/ S

Si—0—Si — C monomer

\. . \ '/

Si— OH+Cl—S1(R,) s————ecaff —0—Si(R,)+ Hi

), 3) .:_’v";_(-',',".";‘; ."A.""]’ 3
Omezend stabilita = hydrolyza

§i—,,Qi,§i,fC mOnémeri polymer
Cie %

)

N

i-OH _cl, _R -0 R

Pl R -, 7 Ssil  + 2HC

Si—0H C” ¢l Si—-07 ™C

o Y

Sil—O\S‘\/Q _(H20 )_ Sll_D\S;‘/Q + HClL ” we

Ssi— 07 ¢l : 4 Si—07 “OH ucinnost
S .

) ¢

Si—0—Si—C monomer

3 8 c c -0 R cH

— H H_ = S :

Sll O\Si/ i 3\S.L/ ; ".,,,,_ |_ \Sl< ¥ 3

S0 SOEF Ti" % By Si— 07 0—Si—CH,

d / CHy
Si—0—85i—C polymer S '

N = oo Si—0 R
SIL—O\S‘L/Q+r\k‘k\5i/Q —_rn_t:\;‘-:ii) l.\ :5(0 S O—S‘i_
S—0-"NoH  C” oM g ok
/ R
pri pH < 3, rozp. pfi pH > 8.5,

zbylé Si-OH skupiny adsorbuji latky (basické) a zpUsobuji nesymetrické piky,

proto dosilanizace ve 2. stupni CI-Si(CH;); nebo (CH,;);N-Si-N(CH,),,

s rozvétvenymi alkyly.

Cinidla

J. Churégek, P. Jandera, Uvod do vysokoucinné kapalinové chroamtografie, SNTL, Praha 1984.



PRITOMNOST SILANOLOVYCH SKUPIN?

Protfepat ndpli s benzenovym roztokem metylové cerven
a promyt Cistym benzenem.

é

Cervenofialovd néplii2 Nezreagované hydroxylové skupiny

Chromatograficky test

Testovaci slouéeniny Volné
Naftalendisulfonové kyseliny silanolové skupiny? :
QH
0=5S=0
0=8=0 Retence ’
OH

1,5-NDSA Mobilni féze 0.4 M Na,SO,

180 -
160
140
120 ]
100
80

N*\\N/Q
HiC COOH

I
CH;

U

0

2

4

6

T 1 T 1
8 10 12 14 16 18

t [min]

J. Chromatogr. A 1059 (2004) 61-72., J. Sep. Sci. 27 (2004) 789-800.



VOLNE SILANOLOVE SKUPINY

Endcapping = silanizace ve 2.stupni s TMCS (pro
kyseliny), s HMDS (pro bdze)

silica surface
polymer film

Encapsulation — obaleni povrchu silikagelu tenkou I
vrstvou silikonového polymeru pred modifikaci .
(Stélé do pH 10, zbytkové Si-OH skupiny) 00 G ee

Zavedeni poldrnich skupin = stini povrch, jind % O
selektivita, brdni zhrouceni alkyld v mobil. fazich s :%‘Miw
vysokym obsahem vody T
Bidentdtové staciondrni faze — stabilita pfi % ) vl
vysokém pH R
Modifikace celého povrchu — zavedeni CH,4 sé s§

. , . . o9 on o c:) o,
skupin do povrchové vrstvy, pomér alkyl : SiOH = °'Scf>\°'scf>\°'Scff"'S{f‘)’s!‘f"'sé\"'si\f’
1: 1 se zménina alkyl : CHy: SIOH~ 1:1: 1 Pl oLt



VOLNE SILANOLOVE SKUPINY

Vertikdlné

Horizontdlné L
Stérickd ochrana

polymerizované fdze polymerizované fdze
]IU\| s.-ﬂ-UH
I/n’/ on /a'/ on Hy i OH  CH, CH;
c/géun 0/51-0" "UH%I;uh.‘lrlfuh"%aliuaff'ﬂa - H“% +TL . ‘ !I-:i
|~ s |
A Ho~ OH O H H H
7o on om ; SR (S SR A S S SRR D Gl N
~_|~—-_—=_+_~—+_—=?r Si Si Si Si Si Si SI——S8i—8I i Si—§i
5 =1 Sl

Bidentdtové fdaze

Staciondrni faze
s poldrnimi skupinami

FG: Pl
(

ﬁ.q.m:n_,
OH m: OH 0 OH

-|- ]

| 5i 5l

H]_E'\-..E —P’[’[‘It II]E"'\-\.

dx.doi.org/10.1590/S0103-50532009000800002



A

B

HYDROSILOVANY SILIKAGEL

/

& S Odstranéno 90-95% Si-OH skupin, mensi polarita povrchu, vyssi teplotni
O—Si—0—Si—H . . L

J 4 stabilita. HILIC aplikace pro poldarni latky.
O—Si—0—Si—H

E N Navdzéni bidentdtovych C18 nebo cholesterolovych skupin - dvoiji

O—Si—O0—S§i—H

mechanismus: HILIC — RP.
/ /

0—81—0—?1
: >\/\/\/\/\/\/\/\/\ Bidentdtova C18 skupina
O'—S:—'O-—Sl
O
O—?:—O—/SIH

s i

(@] (o]
O—Si—0—SiH
Cholesterol

O—S8i—O0—Si

/
o}

0—/S|—O—/S|H

J. Chromatogr. A 1245 (2012) 98- 108



DUALNI RETENCNI MECHANISMUS

Hydrofilni interakce

Flavony v 10 mmol/L octanu amonném
(6:94 voda : acetonitril)

Cogent Silica hydride™

I ' 1 > L » L}

0 12 2 4 6
5’10'”’3'4/ Cogent Diamond hydride™
’\{21 6 7 9 8
I\ P o —~

L ¥ L] . L] bl L} A L} bd L)

0 1 2 3 4 5
s:1011 e Cogent UDC cholesterol™

1
6 7,9 "

L L L L) L) .2 L v L]

0 10,11,3,41 2 3 4

/ 21 g Cogent bidentate c18™

5 ’ 6 79 8
I ” 1 ¥ ] 4 1
0 1 2 3
VIV,

Reverzni fdze

Flavony v 10 mmol /L octanu amonném
(65:35 voda : acetonitril)

5

= 40°C Cogent UDC cholesterol™
'e
go’ N1z 11 3 1 4 2
TN

] v 1 i L} hd L] . L .. L}
0 5 2 4 6 8 10
I 100°C Cogent UDC cholesterol™
L o L
8 10
Cogent bidentateC18™
4 2
L ¥ L ¥
8 10

Cogent bidentateC18™

o0 -
—_
o

J. Chromatogr. A 1245 (2012) 98- 108



NEJEN SILIKAGEL

Property 510, Ti O, Al, Oy Zr0O,
Monodispersity ++ ++ ++ ++
Spherical micron sized particles available for all the oxides

Pore structure | ++ | 7 | 7 | ++

Silica and zirconia have well connected pores, not much has been published on the porosity of spherical
titania and alumina .

Surface area'pore + ++ ++ ++
diameter

Wider range available for silica

Controllable + ? ++ ++

surface chemustry
Silica by silane chemistry, metal oxides by polvmer deposition, zirconia - carbon deposition, not much is
known on titania’s surface chemistry

Mechanical ++ ? ? +
strength

Silica and zirconia can tolerate = 10,000 psi

Chemical stability | - | ++(?) | +++ | -+

Silica: 2<pH<8 (some to pH 11.5 0, no phosphates), alumina 3<pH=13, zirconia 1<pH<14, no stability
studies are available for titania

Thermal stability | - | ? | 7 | +H+
Silica-not higher than 60-70 °C, zirconia up to 200°C. lack of temperature stability of alumina and titania
Column efficiency | =+ | 7 | ++ | +++

Silica and zirconia comparable, alumina slightly lower, no studies on titania

Energetic ++ + + +
homogeneity

Silica has better homogeneity of the surface (from an HPLC point of view) than metal oxides, all metal
oxides have comparable surface chemistry.

http://www.pg.gda.pl/chem/CEEAM /Dokumenty /CEEAM_ksiazka /contents.htm



CHROMATOGRAFICKE CASTICE

PIné porézni
Céstice < 2 pum: Kratké kolony, technika UHPLC,

specidlni instrumentace, nejvyssi tlak na koloné,

100 — 150 MPa

Atlantis; 8.0 ym Luna, 3 Opu's/ Zorbax, 3.5 pme

Povrchové-porézni '

Kolony s dsticemi s tenkou povrchovou

pérOVifOU vrstvyou na pevném iddFe Halo, 2.7 ym Kinetex, 2.6 um Poroshell, 2-"7 pm
mensi tlak, vyssi permeabilita, vyssi pritoky, Phys. Chem. Chem. Phys., 2014, 16, 6583-6592.
lepsi rozliseni

Neporézni
Omezeni difUze latek do pérd > eliminace
porU. Snadné pretizeni kolony, malé

ddvkované koncentrace (objemy). -
www.crawfordscientific.com

Monolitické

Tlak na monolitické koloné 3-4x mensi — vyssi permeabilita,
zvysSovdni prutoku mobilni fdze - zhorseni U¢innosti a rozliseni,

& ¥

vétsi naredéni vzorku :
www.merckmillipore.com



VNITRNI STRUKTURA CASTIC

™11 2 5 3 4
* 2 d 0%
64 a O O =
* O 0O O =
. * O O O =
* o O om
= ) * *DO -
2 "
) 525%%
3-
2= O
|| | L] || ]
05 06 0.7 0.8 0.9 1.0
VIV

e MT

Objem vnitfnich pérd

J. Chromatogr. A 1167 (2007) 63-75.

1) Prontosil
75 x 3 mm, 3 um

2) Zorbax
75 x 2.1 mm, 5 um

3) Poroshell
75 x 2.1 mm, 5 um

4) NPS Micra
100 x 4.6 mm, 3 um

5) Chromolith
100 x 4.6 mm



UCINNOST

Etylbenzen Inzulin
0O _ 1204
e 120_ ) ol .1
110 * %
100 - o .
6 3 90 - S
. i
O 2 80 20'- . 02
5 - (@] ® ol ] 70- +* .A O *l" R s o8 e3 =4
[ ] . ol 00 o 20 - 4'0j &0
* -
X ° O < 60 . v
oo 50 -
44 g% 5 & 0 o 2
m © 0 Lds 40 -
-*Dguo o 1 307 O
31 " a an ™ 2 016 | o3
0
‘.II - 101%@ a4 d * *
2 0 0op
L] L] L] ] T ] ) T 1 1 ] ) T ) 1
0 10 20 30 40 50 0 50 100 150 200 250 300 35 400 450
v Vv

1) Prontosil / 2) Zorbax / 3) Poroshell / 4) NPS / 5) Chromolith

J. Chromatogr. A 1167 (2007) 63-75.



GRADIENTOVA ELUCE PROTEINU

80
Prontosil
60 4

40 4

Signal [mV]

204

04

L) T Ll T L)
0 1 2 3 4 5
time [min]

2004@_Poroshell ) 1

150 3

100 4

Signal [mV]

504

04

~ -

L) L T T L T L
0 1 2 3 4 5 6 7

ko>

304

time [min]

1 2

20 4

Signal [mV]

101

0

time [min)

J. Chromatogr. A 1167 (2007) 63-75.

T L ) T L
0 1 2 3 4 5

o =

Signal [mV]

Signal [mV]

200 4

-

[41)

o
I

-

o

o
i

(&3]
o
i

o

100 4

80 4

60 4

40 4

204

A

Zorbax 3

o 1 2 3 4 &5 8 7 8 9

time [min]

1

~
(o]

L] \ ¥ T LJ T
0 1 2 3 4 5 6
time [min]

1 — Insulin
2 — Trypsin
3 — BSA

Llepsend separace
pri minimalizaci vnitfnich poru



POVRCHOVE POREZNI CASTICE (CORE-SHELL)

Neprostupné jadro

Umoznuji rychlejsi a 0Cinnéjsi separace.

Obijevily se jiz na konci 60. let 20. stoleti. Byly ale zastinény
moznosti pripravit celoporézni <&dastice s mensim primérem
(C. Horvath, J. Kirkland)

LLC (ligquid-liquid chromatography) — porézni vrstva napusténd
nemisitelnym rozpoustédlem (problém s rozpustnosti vzorku)



A\ AW 4

CORE-SHELL CASTICE
A) Jedna Cdstice
B) Shluk &astic

C) ,,Skordpka“, ,chrastitko

* D) Malé &astice na jedné

E) Vice vrstev

F) Agregované Edstice

G) Integrace castic do vrstvy

H) Nékolik rGznych vrstev

) Chromatografie

J. Chromatogr. A 1357 (2014) 36-52.



MORFOLOGIE CORE-SHELL CASTIC

J. Chromatogr. A 1217 (2010) 3819.



PRIPRAVA CORE-SHELL CASTIC

Jadro

Monodispersni kiemenné mikro Edstice (sub-2-3-um) pfipravené pomoci Stoberovy
metody (1968) |,

G

OH
i HO OH i
~_0n Sli'fﬂk“"’/ hydrolysis - S:if condensation
|
0 OH

(

Chem. Commun., 2010, 46, 5832-5849

Hydrolyza a poly-
kondenzace tetra-

etylortosilikatu
@ © -~ probihd v systému
: PDI=2.36% > Pm=3.7";% ! pDI=4.86% etanol / voda.

¢ 8
&
& o

Percentage (%)
8 8
Percentage (%)
8 8
Percentage (%)
8 8

-
o

-

o

o®
o®

T J 04
5 1.0 1.5 2.0 .0 0.5 1.0 1.5 2.0 25 00 05 10 15 20 25 30

Diameter (um) Diameter (jum) Diameter (um) Anal. Methods, 2016, 8, 919-924.



PRIPRAVA CORE-SHELL CASTIC

Porézni vrstva

Elektrostatické interakce

o-9-9-

Solld AV Charged

microsphere polymer

Syntéza vrstvy na vytvorenych ¢dsticich

= Polymerizace podporovand silikagelem
= Precipitacni polymerace

= Silica-metal-organic frameworks (MOFs)
®= Magnetické core-shell Edstice

Oppositely charged
nanosphere

J. Chromatogr. A 1357 (2014) 36-52.

|[||_

j@jc ll-\li,T-:l,«- H,OH

HO il OH
T NE l.li.
NH# H.0 LT [T (j
3.'“: NHY
i\\:Ilh R OH
NII.""

Fey0y

. Carbonization .

Fe;D.,@C

NH*

P‘ol_','menzallm

Fe 0@ Polymer

J. Mater. Chem. A, 2013, 1, 7488-7493.



PRIPRAVA CORE-SHELL CASTIC

Porézni vrstva

Spheres-on-spheres Prekurzor 3-mercaptopropyltrimethoxysilan

0.5 min

10 min 20 min

60 min 180 min

Adv. Mater. 24 (2012) 6042



PRIPRAVA CORE-SHELL CASTIC

Porézni vrstva
Metal-organic frameworks (MOFs)

+ —

organic metal ions or metal organic
clusters frameworks

linkers
www.nhanoshel.com

Coiy

o G,
’; £_0

X

«

www.sigmaaldrich.com

J. Mater.Chem. A 1 (2013) 3276.



PRIPRAVA CORE-SHELL CASTIC

Porézni vrstva

Kapkovd emulzni technika

Silleassl . . o .

------

Oll phase a " .
containing TBT

Langmuir 27 (2011) 13242.

Pickering emulsion

Emulze stabilizovand pevnymi Easticemi (koloidni silikagel), které se absorbuji
na rozhrani dvou fazi

Potymor particles

HO

www.slideshare.net /jorissalari/joris-salari-phd Langmuir 27 (2011) 13242.



VLIV MIMOKOLONOVYCH OBJEMU

100 e

5 pm, 150 xm

2 807 2.6 yum, 50 X 3 mm
8 1.3um, 50 X 2.1 mm
S 60
N =
Qv
o
A=
£ 40 -
) .
= Hybrid LC
= UHPLC systems

20 -

0 -t e ps o aan Y - -
1 10 100 1000
Extracolumn variance (pL?)
k=5

http:/ /www.chromatographyonline.com/superficially-porous-particles-perspectives-practices-and-trends-0



VLIV MIMOKOLONOVYCH OBJEMU

[ — —

5 pm, 150 % «m\

2.6 pm, 50 X 3 mm

/

Nutnd optimalizace

0
o
Al

1.3um, 50 X 2.1 mm

N
o
1

w1 (pokud je cilem GCinnost a selektivita)

Remaining efficiency (%)

Hybrid LC Conventional
VhELS systems HPLC
20 -
0 4 Y Y Y T vrrv 4 Y Y T T =Tr=Trr Y T T gt paa pag aut hue
1 10 100 1000
Extracolumn variance (pL?)
k=5

http:/ /www.chromatographyonline.com/superficially-porous-particles-perspectives-practices-and-trends-0



VYSST UCINNOST

25 1

20 A

Plate Height, um
o

10 -

>-40@

5 pum fused-core, verapamil

5 um totally porous, verapamil

5 um fused core, 1-Cl-4-nitrobenzene

5 um totally porous, 1-Cl-4-nitrobenzene
Data fitted to Knox equation

T T T T T T

2 3 4 5 6 7

Linear Mobile Phase Velocity, mm/sec

J. Chromatogr. A 1258 (2012) 76-83.

10



SROVNANI KOLON

Pocet pater / pracovni tlak (bar)

5 um HALO fused-core

4 um HALO fused-core
5 um totally porous

W Plates/Pressure in bar
2.7 um HALO fused-core

3 um totally porous

1.8 um totally porous

0 100 200 300 400

J. Chromatogr. A 1258 (2012) 76-83.



| STABILITA

10000 - 5
<— naphthalene " s - 1.8
9000 ] ’
- 1.6
8000 - <——1-chloro-4-nitrobenzene L 14 E
g £
2 naphthalene I ot e
= e — p — ¢
g 7000 - - 10 %
c
: §
m b=
= 0.8 c
6000 - <
- 0.6
1-chloro-4-nitrobenzene —> -
5000 - ;
- 0.2

4000 L) 1] Ll L) Ll
0 5000 10000 15000 20000 25000 < 30000 >

Column Volumes

J. Chromatogr. A 1258 (2012) 76-83.



Plate Number

VLIV KONCENTRACE VZORKU

35000

30000

25000

0 2.7 pm Fused-Core, 0.5 pm shell

20000
A 5 um Fused-Core, 0.6 um shell

@5 pm Totally porous
15000
- .ﬁf’—"—*\
5000

0.01 0.1 1 10 100
ug of 1-Cl-4-Nitrobenzene

Srovnatelny vliv zvysené koncentrace

vzorku, ale dramati¢téjsi pokles

ucéinnosti.

Plate Number

35000

30000 - fo)

25000 -

20000 -
o Fused-core, 0.6 um shell

15000 4 ® Fused-core, 0.2 um shell

10000 -

5000 . - .
0.01 0.1 1 10
ug of 1-Cl-4-Nitrobenzene

Tloustka porézni vrstvy snizuje vliv
koncentrace vzorku na G¢innost kolony.

2.7 um Castice s 0.5 um vrstvou, 75% objemu porézni
> vyssi koncentrace vzorku

J. Chromatogr. A 1258 (2012) 76-83.



Absorbance

CORE-SHELL vs PLNE POREZNI

5um HALQ ed-Core
Pressure 240 bar
Surface area= 100 m?/g
N = 16,400 Peak Identities (in order)
e N =20,500 1. Acetaminophen
2. Aspirin
A 3. Salicylicacid
4. Tolmetin
* L . 5. Ketoprofen
6. Naproxen
7. Fenoprofen
5 um totall 8. Diclofenac
pressur 9. Ibuprofen
Surface area=
W o N =11,000
L_Jlﬂ X iy S I\
0 2 4 6 8 10 12 14 16 18

Time, min.

J. Chromatogr. A 1258 (2012) 76-83.



CORE-SHELL vs. UHPLC

t,=0.058 min
(a) 7 |
200 |
5 W— Core-shell 54.9 MPa
< 150 | N =5514
b I 9 | Log (t/N) = -3.20
g 10 ‘ ] N 50 mm X 2.1 mm, 2.7 um Poroshell 120 EC-C18
2 so- | I 1‘
4 ‘.‘.!l“‘. ]\ v‘
0] T e R S vl T
0 0.2 0.4 0.6 0.8
(b) ) Time (min)
Celoporézni 100.3 MPa
~ t = 0.474 min
F N = 6194
= Log (t/N) =-3.23 50 mm X 2.1 mm, 1.8 um Zorbax RRHD Eclipse Plus C18
E
04 06 038
Time (min)

www.chromatographyonline.com/current-state-superficially-porous-particle-technology-liquid-chromatography



CORE-SHELL vs. UHPLC

t,=0.058 min
(a) 7 |
200 |
5 W— Core-shell 54.9 MPa
T 150 | N =5514
‘é ] M | Log (t/N) = -3.20
g 10 ‘ ] N 50 mm X 2.1 mm, 2.7 um Poroshell 120 EC-C18
2 so- | it 1‘
i ‘.‘.!l“‘. M\ v‘
0-:";'1"-'["’(-""
0 0.2 0.4 0.6 0.8
(b) ) Time (min) U H P LC
Celoporézni 100.3 MPa
5 t = 0.474 min
2 N=6194
= Log (t/N) =-3.23 50 mm X 2.1 mm, 1.8 um Zorbax RRHD Eclipse Plus C18
$
<
04 06 038

Time (min)

www.chromatographyonline.com/current-state-superficially-porous-particle-technology-liquid-chromatography



CORE SHELL vs. POREZNI CASTICE

25
<0 | Fully porous
$
€ |
=15 \
I
10 \ -
AN / e B e T
Superfically porous
5
0 2 4 6 8
u, (mm/s)

Efficiency comparison between fully porous and superficially porous 5-um particles. Column
dimensions: 250 mm X 4.6 mm, 5 um; mobile phase: acetonitrile—water; test compound:
benzophenone; k' = 6.2 (isoelutropic conditions). (Data courtesy of Dr. Ken Broeckhoven,

Vrije Universiteit Brussel.)
www.chromatographyonline.com /current-state-superficially-porous-particle-technology-liquid-chromatography



Core-shell astice jsou tak dobré,

LEGENDY

protoze:

1)

2)

3)

4)

Maiji maly prispévek axidlni
(longitudindlni) difuze k Ucinnosti
(parametr B)

Umoznuji rychly prevod hmoty mezi
mobilni a staciondrni fazi (parametr C)

Vifivd difuze je nezdvisld na pritoku
mobilni fdze (parametr A)

Maiji velmi Uzkou distribuci velikosti ¢dstic

(b)

(d)

www.phenomenex.com



VAN DEEMTERQOVA ROVNICE

H=HA+HB+HCS+HCm

A — turbulentni difuze

kvalita a rovhomérnost
naplné

B — molekulovd difuze

DifUzni koeficienty latek

_/ . (malé vs. velké molekuly)
A-

5=~ " C — odpor proti pfevodu hmoty

THG

—y—

. Difuze ve staciondarni fazi,
www.thermofisher.com . L.
tvar a velikosti ndpliné,

, v L, o 2hloubka* difize
Redukované veliciny Difuzni koeficient

. p Wilke-Changova rovnice ¢ — asociaéni faktor: voda 2.6,
u- tanol 1.9, etanol 1.5, ACN 1.37
h g — p . -8 : me ’ ’ ’
dp v D,, D,, = 741071V bsy - Msy ostatni 1

Nsy * V,c?ﬁ



LEGENDY UCINNOSTI CORE-SHELL CASTIC

4.6 x 100 mm Luna-C18 (2) 4.6 x 100 mm Kinetex C18
15 15 -
Porézni Core-shell

% - _ _ % 0 I Eddy dispersion
] B Eddy dispersion @ I Longitudinal diffusion B
- I Longitudinal diffusion B @ I Solid-liquid mass transfer C
© I Sclid-iquid mass transfer C =
o =
8 5 & s
= =
% i
@ e

B]

I II I I II I . a
5 10 15 20

www.phenomenex.com

ANENE N
10 15 20

Reduced velacity

4] 5
Reduced velogity

bH

HETP = A+ B +C,u+Cu
u
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LEGENDA C. 1 MALY PRISPEVEK B

Tloustka vrstvy / promér &dstic

—8— 2.5-um Kinetex 100 A
0=073 Povrchové-porézni
2= A
g2 © =100 Neporézni
- L3 L4 1

L L
0.0 0.5 1.0 1.5
Difuze ve vrstvé/ difize v mobilni fazi

www.chromatographyonline.com /facts-and-legends-columns-packed-sub-3-m-core-shell-particles



LEGENDA C. IMPRISPEVEK B JE VELKY

Tloustka vrstvy / promér &dstic

—&— 3-pm Atlantis 100 A p=0 PIn& porézni
6 —— 2.5-um Kinetex 100 A
0=073 Povrchové-porézni
4.
2- A
A © =100 Neporézni
o . ‘l L ' . '
0.0 0.5 1.0 1.5

Difuze ve vrstvé/ difize v mobilni fazi

www.chromatographyonline.com /facts-and-legends-columns-packed-sub-3-m-core-shell-particles



Reduced plate height

15

=i
)

bH

LEGENDA C. IMPRISPEVEK B JE VELKY

4.6 x 100 mm Luna-C18 (2) 4.6 x 100 mm Kinetex C18
15 -
Porézni Core-shell
_ _ % 10 4 I Eddy dispersion
I Eddy dispersion o I Longitudinal diffusion
E Longitudinal diffusion - N Solid-liquid mass transfer
I Sclid-iquid mass transfer =
O
s
8 s
= |
i
o

III EENENEN
] 10 15 20

10 20 0
Reduced velocity www.phenomenex.co Reduced velocity
HETP=A+§+C,,,M+CXM Vliv iédrd
‘ Nizsi vliv parametru B
= B Posunuje minimum v vyssim hodnotdm

www.chromatographyonline.com /facts-and-legends-columns-packed-sub-3-m-core-shell-particles



LEGENDA C. 2 ODPOR PROTI PREVODU HMOTY

Minimdlni vliv parametru C na G¢innost (malé molekuly)

25

20

10

—— o-_

Fully porous

0\0\0 DU o -
O e :
Superfically porous
2 4 6 8
u, (mm/s)

www.chromatographyonline.com /facts-and-legends-columns-packed-sub-3-m-core-shell-particles
www.chromatographyonline.com /current-state-superficially-porous-particle-technology-liquid-chromatography



LEGENDA C. 2 ODPUR PROF-PREODUHMOTY

Minimdlni vliv parametru C na G¢innost (malé molekuly)
[plati pro velké molekuly]

25
<0 | Fully porous
$
E \
=2 154 |
I
10 \ -
H. _ =7.2pm A
o\m /' P P
Superfically porous
5
0 2 4 6 8
u, (mm/s)

www.chromatographyonline.com /facts-and-legends-columns-packed-sub-3-m-core-shell-particles
www.chromatographyonline.com /current-state-superficially-porous-particle-technology-liquid-chromatography



Reduced plate height

15
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o

bH

LEGENDA C. 2 ODPUR PROF-PREODUHMOTY

4.6 x 100 mm Luna-C18 (2) 4.6 x 100 mm Kinetex C18

Porézni Core-shell
. } Eg: 10 4 -Erll:ly_-::lls}_:lersm_u'l _

| Eddy_dlbp-erblt:fn _ @ I Longitudinal diffusion
I Iéglqgl-ltl_.r:h!llal :Inffu%u.;n o @ H Solid-liquid mass transfer
HE Scliddiquid mass transfer o

o

o

8 5

=

@

[

Liimitr .

I I 1 . I |I i 1
10 15 20

5 10 15 20 4]
Reduced velocity www.phenomenex.com Reduced velocity
HETP=A+£+C,,,u+Cxu
u
Minimalni rozdil mezi vlivem odporu
‘ proti prevodu hmoty (parametr C)
—1 * . .

www.chromatographyonline.com /facts-and-legends-columns-packed-sub-3-m-core-shell-particles



| LEGENDA C. 3 KONSTANTNI PARAMETR A

4.6 x 100 mm Luna-C18 (2) 4.6 x 100 mm Kinetex C18
15 15 -
Porézni Core-shell
% - _ _ Eg: 0 ] Eddy dispersion
o B Eddy dispersion ] I Longitudinal diffusion
i HE Longitudinal diffusion ﬁ A Solid-liquid mass transfer
© E Sclid-iquid mass transfer =
(=R O
o] =
§ 5 § 5
ko o
v v
: Illll | : EEEEEEN
o 5 10 15 20 o 5 10 15 a0
Raeduced velocity www.phenomenex.com Reduced velocity
bH B
HETP=A+—+C,u+C.u
u
/‘ — »

U'opumal

www.chromatographyonline.com /facts-and-legends-columns-packed-sub-3-m-core-shell-particles



| LEGENDA C. 3 NEKONSTANTNI PARAMETR A

4.6 x 100 mm Luna-C18 (2) 4.6 x 100 mm Kinetex C18
15 15 -
Porézni Core-shell

%._, 10 _ _ %, 10 - I Eddy dispersion
o B Eddy dispersion I B Longitudinal diffusion
i HE Longitudinal diffusion ﬁ A Solid-liquid mass transfer
© E Sclid-iquid mass transfer =
(=R O
o] =
5 s g
== =
3 @
o i

D T 1 |

a 5 10 15 20 ]

Reduced velocity www.phenomenex.com

" B
HETP = A+ +Cou+ Cu Parametr A

(turbulentni difdze)
roste s prutokem

/‘ I [ ) Y 4 r
= | s mobilni fdze

www.chromatographyonline.com /facts-and-legends-columns-packed-sub-3-m-core-shell-particles

] 10 15 20

Reduced velacity

=100 mm X 4.6 mm, 2.5-pm Luna-C18
100 mm x 4.6 mm, 2.6-pym Kinetex-C18

g
=}
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Fully porous particles
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w
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-
o
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Core-shell particles

Transcolumn eddy
dispersion reduced plate height

o
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o
o

0 5 10 15 20
Reduced velocity (v)



| LEGENDA C. 4 UZKA DISTRIBUCE CASTIC

Kinatex Core-Shall

Bangd Breadanimg

lt'-\.
- [ —
PREDSTAVA
Fully Porous
Zand Broadaning
N,
www.phenomenex.co m ' )

www.chromatographyonline.com /facts-and-legends-columns-packed-sub-3-m-core-shell-particles



| LEGENDA C. 4 UZKA DISTRIBUCE CASTIC

Kinatex Core-Shall

Bangd Breadanimg

PREDSTAVA

Sandl By o L

VFEE )

www.phenomenex.co

Neplati, pokud rozptyl v distribuci ¢dastic nepresdhne 50 %

Lepsi homogenita ndplné (vliv porézni vrstvy?)
Maly vliv turbulentni difuze

www.chromatographyonline.com /facts-and-legends-columns-packed-sub-3-m-core-shell-particles



VLIV VELIKOSTI CASTIC

Kinetex 5 ym C18
on Shimadzu® LC-20A

mVy
125 3
100!

751

B0y 1o

App ID 20770

I
T T

T T I
0 25 5 75 10 125 15 17.5 min

0= L

Columns: Kinetex 5 pm C18
Dimension: 250 x 4.6 mm
Part No.: 00G-4501-E0

Kinetex 2.6 ym C18

on Agilent® 1100
mdlJ 3
160 -
140
1204

S 8
;__‘

e 1

App ID 20768

Columns: Kinetex 2.6 pm C18
Dimension: 150 x 4.6 mm
Part No.: 00F-4462-E0

www.phenomenex.com

Kinetex 1.7 um C18
on Agilent 1290

misl! | 3
50
40
30
ap{ 2| %
1

104

J 5
0- B s (LA o e

1 1
0 1 2 mn

Columns: Kinetex 1.7 pm C18
Dimension: 50 x 3.0 mm
Part No.: 0O0B-4475-Y0
Mobile Phase: G30:320:2

App ID 20769



NUKLEOSIDY, HALO PENTA-HILIC, 100 X 4.6MM
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DOI: 10.1016/j.jpha.2013.02.005 Gradientovd eluce



SULFONAMIDY
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,, Challenges are what make life
Interesting; overcoming them is what
makes life meaningful. “

Joshua J. Marine



