5
N =16 (tg/ wy)>?
N = 5.54 (tg / Wy 5)? it
N = (tg / 6)? s
40 -
W, 1 p
RARARARAL RARRRRALL AAARAARAL RARARRARE RRRRARRL 6
Time
0 2 4 8 8 10 12 14 16 18 20

CHARAKTERIZACE KOLON | Pokrocia kapalinova

chromatografie

. Ustav chemie, Pfirodov&deckd fakulta, Masarykova univerzita, Brno, urban(@chemi.muni.cz




| CHROMATOGRAFICKA KOLONA

Délka, promér, velikost ¢astic

WWW.prozyme.com 150 x 4.6 mm, 5 um
4.6 mm T mm — 500 um 500 pm — 100 Pm 100 hm = 50 Im
Tvar castic Porozita Velikost ¢astic

tirely Porous -

www.chromatographyshop.com www.chromnet.net



POROZITA
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POROZITA KOLONY

Celkovd porozita, €,
Mrtvy objem, V,,
Geometricky objem, V-
Er = V_C

Mezicdsticovd porozita, €,

00 ® ®
000020 :: S :: 0200202003000
000020202030 2020%202%020
02020%0%2090%020%90%%20%° v
0909909050909 0¢0¢ 0509900 gy = 2
0000 g0 00 ¢0 00 0000 0000000000 Ve

Meziéasticovy objem, V,

Cdsticovd porozita, €,
Objem péru v éasticich, V,
Vu —Vo Vi

e

€i



POROZITA KOLONY

Celkovd porozita, g;

303080809080 508080Q0E8080:0

ORO<O<O OO o0 @@ Mrtvy objem, V
@)@ Q QD 099, M
§08888888§88§88§888%<:8?)8§ Geometricky objem, V.

S eiesle e sisslesiecisstesiosesesies tr =

Mezicdsticovd porozita, €,

%o

“ 0.0 ‘. o Meziéasticovy objem, V,
.0.0.0.0333330333333303333 ’
0909¢0904500099g0g050995040 £ = —

0000 g0 00 0 00 0000 0000000000 Ve

Cdsticovd porozita, €,
Objem péru v éasticich, V,
Vu —Vo Vi

e
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| INVERZNT CHROMATOGRAFIE STERICKE VYLUKY

Hydrodynamicky priomér
R, nm = 0.0246 - M0-588
pro polystyreny v THF

Separace na zdkladé velikosti molekuly
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| INVERZNT CHROMATOGRAFIE STERICKE VYLUKY

Distribuce velikosti poru

[

WJ\M (N

> 4 6 8 10 12 14
Time, min
PFristupny objem péri

AV, % = (V, = V,)/Vy- 100

Vy — eluéni objem malé molekuly

Objem péru, %

Velikost péru, AR

Hydrodynamicky primér
R, nm = 0.0246 - M0->88
pro polystyreny v THF



VLIV MODIFIKACE NA DISTRIBUCI PORU

Pore
volume, %

"‘
v
.
o
-
-
-

Formovdni 60 -

malych pérd 401 g
201,

' > >120 nm
240 0 _750-120 nm
12060 10 -50 nm

Modification 30 U 2-10 nm
time, min 0 <2nm Pore size

360

J. Sep. Sci. 2014, 37, 3082.
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| VLIV MODIFIKACE NA DISTRIBUCI P
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0
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J. Sep. Sci. 2017, 40, 10.1002/jssc.201700048.



PERMEABILITA KOLONY

,Protocnost* kolony
Nezdvisi na teploté, rozmérech kolony,
’ tlakovém spddu a na slozeni mobilni faze

F., — protok mobilni féze kolonou, m3/s
F L M — viskozita mobilni fdze Pa-s
m 77 L — délka kolony, m

KF — Ap - tlakovy spdd, Pa
Ap « TT - 72 T —3.14159 26535

I — polomér kolony, m

&, — mezicdsticovd porozita
d, — promér &astic naplng, m

Kozeny-Carman rovnice

Vztah mezi permeabilitou a velikosti ¢dstic

180 - K
d, = (1 — &) 8—3” d, = /1000 - Ky (g0 ~ 0.4)
0




| VISKOZITA MOBILNI FAZE

n , Sl jednotky  Alternativné
[étd]

Pa-s Poise (P)
www.jakevicit.com www.kilogramy.cz '| CP — 0.00 '| PCI.S
Acetonitril Metanol
—a— 15 24 —&— 15
- 20 —— 20
—— 25 —0— 35
E - 30 E —a— 30
T 835 £ —e 35
> —e— 40 2 —e— 40
= &5
§ —8— 45 § —8— 45
< —8— 50 = WL —8— 50
-8 55 = 55
-8 60 —8— 60
0 20 40 &0 80 100 0 20 40 60 80 100
Acetonitrile [%] {viv) Methanol [%a] (v

Introduction to Modern Liquid Chromatography (L.R. Snyder, J.J. Kirkland, J.W. Dolan, Willey, 2010, 3 ed.).



CHROMATOGRAFICKA SEPARACE




CHROMATOGRAFICKY ZAZNAM

1.0001

6071
.500¢

Amplitude
o o

0.1347

Width (o)

www.chromatographyonline.com

: Faktor asymetrie
i
p AB : AS — BC
" 2ACsy, | " CArou,
al |
""" ¥ X m110% OF
5% LI == } PEAK HEIGHT

www.lcresources.com

Gaussova funkce

1 _x=w?
funlx) =——e 207

o\ 2T

o — smérodatnd odchylka
M — stfedni hodnota ndhodné veliciny (tg)

LML L B B B
. www.wikipedie.org

1.0




RETENCNI FAKTOR

ty — mrtvy Eas

t; o — retencni Cas latky A
t |

| e : ts g — retenéni &as latky B
& t
1] | RA | o ol s 7
= | - F., — pritok mobilni fdze
o
e |
2 fr— .
E —tm—l VR = tR Fm
[n k]
il |

Retenéni faktor

2 =

W Vs
Time (minutes) M

@ Dunnivant & Ginsbach
Vg — objem staciondrni faze

V,, — objem mobilni fdze

I = VR — Vi . tr — ty Kolikrat je eludni obiem/é’os vétsi,

Vu t nez mrtvy objem/&as kolony



UKAZKA RYCHLE A UCINNE SEPARACE

Fast Separation of Benzoic Acids

45+ Column: HALO C18, 4.6 x 50 mm
40— 5 Mobile Phase: 55% Methanol, 45%
25mM sodium phosphate, pH 2.5
15— Flow Rate: 2.2 ml/min
6 7 Temperature: ambilent (24 °C)
30 4 ” Pressure: 4,700 psi, 320 bar
25 2 ” Sample:
2 20— 1. Uracil
g 2. Phthalc acid
15 1 3. Impurity
4, 2-Auorobenzoic acid
10 5. 3-Nitrcbenzolc ackd
5] 3 é. 3-Aucrobenzoic acid
U | L 7. m-Tolulc acid
0
-5 I l I l I I |
0 0.2 0.4 0.6 0.8 1.0 1.2 1.4
Tima/minutes

HALO columns are designed for hyper-fast separations so that higher sample throughput can
be achieved. In this example, the HALO column separated seven compounds in less than

48 seconds with better than baseline resolution for all peak pairs. wmalallas



Polet teoretickych pater, N

| (CINNOST SEPARACE (IZOKRATICKA ELUCE)

A
\
/,/Tr-(d)
N =—
o;

1.000¢ /\
(c) =20
wh 23540 2
tr
N =5545 .| —
Wo.5

6071
500+ (a)
/ Wb 40
2
t
N = 16 - <_R>
Wag

0.134¢

Amplitude
o o

Wldth (c )

Pozor na vliv mimokolonovych objemu
(tR — tsyst) Lze (také) extrapolovat z retencénich charakteristik
homologické fady (alkylbenzeny) ). sep. sci. 2003, 26, 1005

N.. =
o (0152 o Girz,syst)




VAN DEEMTERQOVA ROVNICE

Vyskovy ekvivalent
teoretického patra

(H, HETP)
_L
=y

Linedrni rychlost
toku mobilni faze

(u)

L
U= —
tm

Vyska patra, um

100 =

80 =

(=2]
o
]

H
o
]

20 =

1 2 3 4

Linearni rychlost, mm/s



VAN DEEMTERQOVA ROVNICE

Vyskovy ekvivalent
teoretického patra

(H, HETP)
_L
=y

Linedrni rychlost
toku mobilni faze

(u)

L
U= —
tm

Vyska patra, um

100 =

80 =

(=2]
o
]

H
o
]

20 =

Optimdlni G¢innost

Linearni rychlost, mm/s



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



HETP (ml)

H {pm)

VLIV EXPERIMENTALNICH PODMINEK

Pracovni teplota , , .
P Polymerni monolity Ddavkované mnozstvi

PInéné kolony

45 4 u zooc - 20°C
o 4 . 25 =
16.0 1 / £m
f B0°C
/ ] 40°C €
."III 3 * . ¢ 1'|'u 20 - u PY 80°C
_ 230 |m "™ o A 60°C "' =
I =1 a® | | A & ™
a0- ! o = L u PY
ul ;"' _ : 25 eg0 ® A v 80°C I 15- " ° ¢
L ] Aa v °
Ve | ol G, " v \ %
r . . 15 v 10 T T T T
0.5 1.0 1.5 078 1f6 2:4 0.0 04 08 12 16
Mobile Phase Velocity femizec) Linear flow velocity, mm/s Linear flow velocity, mm/s
www.chromacademy.com J. Chromatogr. A 1217 (2010) 8212.
Velikost €dstic Retence
60 - 5 pm 120 - 60+
50 100 50
40 = S g I
3um % 60+ b4 L: f A % 30 e -
1u ' H 5 & 8- 2
204 7 ER §§2§E; £ 1 .
[ ] |
’l 1.7 um 204-Q§§§ § - 0 g = =
10 4 B s n 10
0 : . ' . . N i ; ; ; : oz T T T T 1
0.00 0.20 0.40 0.60 0.80 1.00 Lingst romatagraphicvelocty. mms Linear chromatographic velocity, mm/s

Ummish www.pubs.rscorg | chromatogr. A 1217 (2010) 5389, J. Chromatogr. A 1217 (2010) 7514



| KINETICKA ANALYZA

50 -
45 -
40 -
35 -

ESO—lW
20 1 |

b x.w
10 | N

N ooee o
51 %0000 0 0006 o o

0,000 0,005 0,010 0,015 0,020
u, (mm/s)



| KINETICKA ANALYZA

50 -
45
40 \
35 -
_30 4,
525 ]
T 20 f
15 - umm,Sum
10 - '0\’“’..‘ - o ¢
S - ’.‘Q” e ¢ o ¢ & ¢ ¢ 50mm, 1.8um
%,OOO 0,005 0,610 0,615 0,620

u, (mm/s)



KINETICKA ANALYZA

50 - N = Ap . ( Kp )
45 n \u-H
40
35 S (ﬁ)
.30 - n \u
£
T 0 || L=N-H
15 | - 250 mm, 5 um
10 - “--.W"“"’ ¢
S *e 0006 - ¢ ¢ ¢ o o & ¢ — 50 mm, 1.8 um
%,ooo 0,005 0,010 0,015 0,020

u, (mm/s)



KINETICKA ANALYZA (KINETIC PLOT)

5 um
100 - .
P

3

E

10

1 -

0.1 , |

10 000 100 000 N (/) 1 000 000

Analytica Chimica Acta 894 (2015) 20-34.



KINETICKA ANALYZA (KINETIC PLOT)

5 um
100 - .
= 1.8 um g
£
8<
10 7
(o) v
= 7/
o) 4
<~ 3
N
~ ;7
1 1 4
7/
/
0.1 Z ,
10 000 100 000 , . N (/)
ucinnost

Analytica Chimica Acta 894 (2015) 20-34.

1 000 000



KINETICKA ANALYZA (KINETIC PLOT)

3.5 um 5 pum
100 - .

ty (min)

AZA|pup sp2

10 000 100 000 , . N () 1 000 000
ucinnost

Analytica Chimica Acta 894 (2015) 20-34.



KINETICKA ANALYZA (KINETIC PLOT)

100 -
Rychlé analyzy?
Malé Edstice
Nizsi U¢innost

v 30 000

100 000 N (/) 1 000 000

Analytica Chimica Acta 894 (2015) 20-34.



KINETICKA ANALYZA (KINETIC PLOT)

100 -

Rychlé analyzy?

t, (min)

Malé Edstice
10 Nizsi U¢innost

Vysokd 0cinnost?

Vétsi castice
Pomalejsi analyzy

4 30000 350 000
0.1 Z ,
10 000 100 000 N (/) 1 000 000

Analytica Chimica Acta 894 (2015) 20-34.



POPPEHOQ GRAFY

Pressure driven PC HPLC

log(H/u0)=1og(t)/N)

*4 . ) Y 0 ) \.-l ¥ T ‘W Y )

4 44 48 52 56 6 64
log(plateNo)

6.8

J. Chromatogr. A 778 (1997) 3-21.



CHARAKTERIZACE KOLON

—e— 4.6 mm |.D. monolith rod at 300 bar

—e— sub- 2 um fully porous particles at 1000 bar

~— sub- 3 um shell particles at 400 bar

A0’ 10° 10° 10°
10 —TTTrTT T revrrryg T lrr"': 10
n=0.72cP
10" 110’
L=79.0
tol N L=56.1 cm L=180 cm o
10-2 =17.7 cm \ e -— L=76.6 10.2
/ L=24.7 cm £ =1000 s E
— L=7.8cm \ ! . -
=2.5 cm \ N L=24.4cm
10° 4 3 -y 10°
’ N L=7.7 em 100
~ — L=2.5¢cm
. t=1s t=10s 7 y
10 ey Yy 1 10
10° 10* N 10 10°

www.americanpharmaceuticalreview.com



RUZNE POHLEDY

Srovndni kolon z hlediska ¢asu

analyzy, velikosti Cdstic,
uCinnosti,  pracovniho  tlaku
(UPLC!) apod.

Chybi vliv  experimentdlnich

podminek na rozmyvdni pikd

(G€innost)

van Deemterova rovnice

08 107 102 105 104 108 100 1% 108
N ()
RS [ e |
| bl
! I I:I-::Br;[i%gtﬂe i | domigpted |
51074 Citemnd O range : arkpe .
= dominated . /
= range . | P
} / | -hl"‘u——"'j .\t;\{
00 w | ¥
N:p‘. ',-' . opt
109 15 s i00s 104 10 u:ri 1 amm  0im im 0m 100m
108 107 106 105 104 108 108 107 108 105 104 103

N ()

N ()
LCGC Europe 18 (2005) 403-408.



(PRIPADNE) SAMOSTUDIUM

H. Poppe, Some reflections on speed and efficiency of modem
chromatographic methods, J. Chromatogr. A 778 (1997) 3-21.

A. Andrés, K. Broeckhoven, G. Desmet, Methods for the experimental
characterization and analysis of the efficiency and speed of chromatographic

columns: A step-by-step Tutorial, Analytica Chimica Acta 894 (2015) 20-34.

G. Desmet, D. Clicq, P. Gzil, Kinetic Plots to Directly Compare the Performance
of LC Supports, LCGC Europe 18 (2005) 403—408.

U. D. Neue, Kinetic Plots Made Easy, LCGC North America 27 (2009) 974-
983.

http:/ /www.chromedia.org /chromedia2waxtrapp=curoegDsHonOvmOIIEcCdB
oB&subNav=kuroegDsHonOvmOIIEcCdBoBbC



ROZLISENI

t
_ 2(trz —tra)
1,2 —
W1 ~+ W»H
Injection
P vN [a—1 k4
1,2 — R ‘NS
/ 4 4 a 1+ kyq
O&innost  selektivita retence
RI,E = 1,0 lez =13 N — pocet pater
prekryti 2 % piekryti 0,1 %
k — retenéni faktor
web.natur.cuni.cz/~pcoufal /hplc.html k2

o — selektivita a=-——
kq



Rozliseni

KONTROLA ROZLISENI

R _\/N 0(—1 kl
L2™ 4 a 1+ kq

RozliSeni dvou
|dtek nejvice
ovliviuje

selektivita

0 100000 200000 300000 separace
(staciondrni

0 10 20 30 s
a mobilni fdze)

1.0 1.1 1.2 1.3



TESTY SELEKTIVITY

Testy hydrofobicity Testy silanolové aktivity

Engelhardt
kethylbenzen E = kanilin 55% metanol
E = 55% metanol I
ktoluen fenol
Tanaka
k lb kko ein o
T = 22220 80% metanol T=-2 30% metanol
kbutylbenzen kfenol
Walters
kantracen kN,N—diethyltoluamid 0 _
W= I 65% acetonitril W = 0 100% acetonitril
benzen antracen
Galushko

k +k G =1+3(Fenitin _ 1) 400, metanol
toluen benzen 60% metanol kfenol

2




RADAROVE GRAFY

3 Product Quality Research Institute (PQRI)
http:/ /www.usp.org/app /USPNF /columns.html

0.10

C(7.0)/10 A

3 0308

05

o o ¢

SRR Y
;30503 H H §§
H/10 ® B n'H o's* pA o'B | x'C

(hydrophobic) (steric) (H-bonding) {ion interaction)

H — hydrofobicita

C(2.8)
S — stérickd selektivita
Podobné RUzné
o A — , kyselost* staciondrni faze
(7.0)/10 C(7.0/10 < gi s ., R . ., ., .,
| ‘\ b B — ,,zdsaditost” staciondrni faze
A

c2.8)<_~ T A

C — ion-exchange kapacita, pH 2.8 a 7

www.chromatographyonline.com



| METYLENOVA SELEKTIVITA & INDEXY INTERAKCE

Lipofilicita staciondrni faze Alkylbenzeny Retence homologické fady

CHgy
©/CH3 ©/\CH3 @/\/CH3

0 logh =n,-loga+logf = n.-av + p
:f o - metylénovd selektivita
Indexy interakce I, —tabelované hodnoty
] 2 3 4 5 logk —logII//—s
Pocet metylenovych skupin logk* = 7 M_-A-B-I,

Indexy interakce Charakterizace kolon

Anal. Chem. 54 (1982) 435-441.  J. Sep. Sci. 26 (2003) 1005-1016.



| (CINNOST / RETENCE / SELEKTIVITA

W
LN '

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



Nemozne je jen to,
0 CO Jsme se nepokusili.

Neslon Mandela

Tim McFarlin / www.pinterest.com



