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VELIKOST CASTIC A UCINNOST
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VELIKOST CASTIC A OCINNOST L d, ~1 N
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Vyska patra, um

VELIKOST CASTIC A UCINNOST
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Vyska patra, um

VELIKOST CASTIC A UCINNOST
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La

10 um
Vyssi u€innost pro mensi ¢dstice

pri vyssich prutocich

80. léta

Q0. léta 3 um

\ 21. stoleti 17 um ¥

Linedrni rychlos’r, mm/s llustrativni zobrazeni




VLIV VELIKOSTI CASTIC NA SEPARACI

Testovaci smés

0]
g I
OH OCH; E\H/
©/ @ O/ ©/ 0 Fenol 1.35

fenol fenylurea metoxybenzen acetanilid Fenylmocovina 3.06
o Metoxybenzen 3.63

0
O)\ ©/NH2 OCH, Acetanilid 5.48
OCHjg Methylphenylketon 6.19
metylphenylketon aniline methylmethoxybenzodt Anilin 9.60
Methylmetoxybenzodt 10.95

Kolona

150 x 4.6 mm, C18

10pm  Spm  3pm 1.7 pm Mobilni faze
Velikost castic O O @) ° 55% Acetonitril



150 X 4.6,10 um O

Pritok 0.5 ml/min
Tlak T MPa
Ug&innost 5 000
HETP 5 = 30 um
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| 150 X 4.6, 5 um o

Protok 1 ml/min
Tlak 8 MPa

U&innost 10 000
HETP 5 = 15 pm

konstantni K

15 20 25 30 35 40



150X 4.6, 3 umo

Pritok 1.7 ml/min
Tlak 37 MPa
Ucinnost 16 667
HETP 3 = 9 pum

konstantni K

15 20 25 30 35 40



150 X 4.6, 1.7 um-

Pritok 2.9 ml/min
Tlak 203.5 MPa
U&innost 29 400
HETP(3) =5 um

konstantni K




VELIKOST CASTIC A RYCHLOST ANALYZY

1.7 pm

3 um 5 um
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VELIKOST CASTIC, UCINNOST A TLAK

N

45000 -
40 000 -

35000 -

30 000 -

25000 -

20 000 -

15000 -

10 000 -

5000 - .

- 10 | 5 | 3 | 1.7 pm




VELIKOST CASTIC, UCINNOST A TLAK

N Ap, MPa
50000 - 250 -
45 000 -

40 000 - 200 -
35000 -
30000 - 150 -
25000 -
20000 - 100 -
15000 -
10000 - 50 -
5000 -

10 5 3 1.7 pm



VELIKOST CASTIC, UCINNOST A TLAK

N Ap, MPa
50000 - 250 -
45000 -

40000 - 200 -

35000 -

30000 - 150 -

25000 -

20000 - 100 -

15000 -

10000 - 50 - 40 MPa
5000 -

10 5

1.7 pm



VELIKOST CASTIC, UCINNOST A TLAK

N Ap, MPa
50000 - 250 -
45000 -
40000 - 200 -
35000 -
30000 4 150 -
25000 -
100 MPa
20000 - 100
15000 -
10000 4 50 - 40 MPa
o .

10 5



| VLIV VELIKOSTI CASTIC
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5 000 2.2 150 x 4.6 mm
C18
10 000 8 18 3.25 55% acetonitril
konstantni K
17 000 37 11 4.20 onstantni
30 000 204 6 5.57

Pri pouziti 1 um &dstic bude pracovni tlak
125x vétsi nez v pripadé 5 um Edstic



| VLIV VELIKOSTI CASTIC
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1.7
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5 000 2.2 150 x 4.6 mm
C18
10 000 8 18 3.25 55% acetonitril
k ik
17 000 37 11 4.20 onstantni
30 000 204 6 5.57

Pri pouziti 1 um &dstic bude pracovni tlak
125x vétsi nez v pripadé 5 um Edstic

Nutnost pouziti kolon s mensimi rozméry



GOX2D 1T um

Ultra high pressure liquid chromatography
(UPLQC)

Pritok 0.6 ml/min
Tlak 68 MPa
Uginnost 9 804
HETP 3 = 5 um

| konstantni K
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1.0 15 2.0 25
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HPLC vs. UPLC

HPLC Separation

1.00
0.401

0.804

0.204
0.60+

0.401 go.zo-
020 30 mins 0301
1 Lu .

0.00

UPLC Separation

4 mins

—r—— v -
0.50 1.00

S R R B B S e e B S T S R Rt S BN SUTU S S
000 200 400 600 800 10,00 12,00 1400 16.00 1800 20.00 22,00 24.00 26,00 28,00 30.00 -
Minutes 0.00

Typical Column Volume = 2.49 mL

HPLC UPLC UPLC
Reduction

Run Time 30 min. 87%
Solvent 30 mL 83%
Consumed
Sample 20 pL 93%
Consumed

AT SR 1y v \P2, B T
1.50 2.00 2,50 3.0 3.5

Typical Column Volume = 0.17 mL

Run Time 3.86 min.

Solvent 4.97 mL
Consumed

Sample 1.0 pL
Consumed

www.americanlaboratory.com



HPLC vs. UPLC

HPLC Separation UPLC Separation
0.60+
3000 -2020"
0.20 1 l l 1 30 mlns 0.10 l 4 minS
o .-.‘v-v,..-,.--,-.-,'-v,v.‘,.--,[--.,v--'-v',v--,.v-|.'J-,-.., 0.00~ ll l L A
000 200 400 600 800 1000 12.00 HMOIOW;:‘OO 18,00 20.00 22,00 24.00 26.00 20.00 .00 % Q'Iso 1})0 1150 2'100 2.20 vl,oo 3.;0
Nevyhody UPLC Vyhody UPLC
Instrumentdlni ndroky Vétsi selektivita a citlivost
=  Vyssi pracovni tlak = Rychlé analyzy
= Teplota tfeni = Nizsi provozni ndklady
= Nizsi Zivotnost kolon = Vyssi produktivita
= |ze resit vyssi teplotou = Rychlejsi optimalizace

www.americanlaboratory.com



NUTNA OPTIMALIZACE SYSTEMU!

616 .'\(.Q' ‘;'v' l'lf’\f.l‘!‘u ( P 0.16— A I CBEH

2.1 x S0 mm " IE

Alionce® 2605 HAC System

Flow Rate = 0.3 ml/min Flow Rate = 0.6 mL/min

PSluax = 4,200 PShuax 4(

Colun
| 4
2 :—_ P> 2
|
HPLC Instrument g UPLC Instrument
2 3
1 N
|
L L4 L L4 1

sub-2 pr Petlore Unde 3b-2 pm Par | F )
HPLC Cor J alLin UPLC Cond )

Nelze pouze ,koupit pfistroj* nebo ,,UPLC" kolonu



CERPADLA

Jednopistovy systém

4y Check valve assy.

Piston

check walwe

Outer Spacer  Seal Compression Ring  Spring

Em
)
Piston i .* 96

/

B

Retaining Block  Back Up Ring PEEK Seal Inner Spacer

450 MPa (Anal. Chem. 69 (1997) 983-989.)

Solvent in

International Journal of Pharmaceutical Research & Analysis 2 (2012) 24-31.



Protok mobilni faze, ul/min

PRUMER KOLONY A PRUTOK MOBILNi FAZE

700

600

500

400

300

200

100

4.6

2.1 1.0
Vnitfni promér kolony, mm

Délka kolony 100 mm
Velikost ¢dstic 1.7 um
Pracovni tlak 100 MPa

promér 9x ~ pritok 85x

~ 7 ul/min

0.5



OBJEM KOLONY

150 x 4.6 mm, V = 2.49 ml

100 x 4.6 mm,V = 1.66 ml

75 x 4.6 mm,V = 1.25 ml

75 x2.1 mm,V =0.26 ml

50x2.Tmm,V =0.17 ml



DAVKOVANY OBJEM

20 ul
150 x 4.6 mm, V = 2.49 ml
| 0.8 %
100 x 4.6 mm,V = 1.66 ml
1.2 %
75 x 4.6 mm,V = 1.25 ml
| 1.6 %
75x 2.1 mm,V =0.26 ml o o
- Mc%?fﬁ:-ipi{ss SAMPLE Mc%ﬁ‘fﬂﬂi{ ssssssss 7'7 %
CCCCCC K ER o X / o9,
_ w \ /¥ w O\ B 4
50 x 2.1 mm, V = 0.17 ml 4T \gﬁ,

- }»/ sLoT \\4 ]].5%

UUUUUU
5L0T




| DETEKCE V UPLC

Velmi uzké piky Nutné rychlé vzorkovani

(mald disperze)

J L || M

2 — 3x vétsi citlivost
(ve srovnadni s HPLC) 0 0.1 0.2 03 0.4 0.5 min

www.chromatographyonline.com/system-and-column-
volumes-hplc-we-still-haven-t-got-message

MS, UV, DAD, EC, FL



MIMOKOLONOVE OBJEMY

Rozmyti v systému

——— Detector Mimokolonové objemy

cell

Outlet

Needle s
capillary

z=L

Injection \
volume Metering
pump
- =
ju'd
Column
Pump
Needle seat
Inlet z=0
capillary

2 _ 2 2
Ocelkem — O-kolona + Oext

J. Chromatogr. A 1217 (2010) 3000-3012.



MIMOKOLONOVE OBJEMY

Agilent 1100 Agilent 1200 Agilent 1290 Waters Acquity

Kazdy systém je jiny!

J. Chromatogr. A 1217 (2010) 3000-3012.



| MIMOKOLONOVE OBJEMY

Systém Davkovac, Kapllary, Detekéni
cela, pul
15.2 13

Agilent = 30.5 ul
1100
Agilent 1.2 3.8 1.7 = 6.7 ul
1100 opt.
Agilent 1.1 3.1 1.7 = 5.9 ul
1200 opt.
Agilent 1.7 6.2 2.4 —10.3 ul
1290 s
Waters 8.2 0.5 = 8.7 ul
Acquity

J. Chromatogr. A 1217 (2010) 3000-3012.



| MIMOKOLONOVE OBJEMY

Systém Davkovac, Kapllary, Detekéni 100% 65% Prispévek
cela, pl ACN, ul?2 | MeOH, pl? V.., %
15.2 13 49

Agilent 41.5 73.2
1100
Agilent 1.2 3.8 1.7 13.7 10.7 17
1100 opt.
Al 1.1 3.1 1.7 3.5 6.1
1200 opt.
Agilent 1.7 6.2 2.4 9.4 17.3 18
1290
Waters 8.2 0.5 8.5 8.0 12
Acquity

J. Chromatogr. A 1217 (2010) 3000-3012.



| VLIV MOBILNi EAZE

(A)

Mpe [L]

100% acetonitril

—&— |nitial Agilent 1100
—&— Optimized Agilent 1100
4— Optimized Agilent 1200
100 - —w— Standard Agilent 1290
] v Acquity
—l
.__._.n—l—n—.—u—u—--—-""_"ﬂ.
N il
10 P
| v
] :7‘_’121’-’ x
: A-A—A—A—A & ” e o
A—A o
&
1 1 4 T ) T 4 ]
0.0 0.5 1.0 15 2.0

F, [mL/min]

naphtho[2,3-a]pyren

(B)

' uLd

“2&1

100+ ‘/\\

65% metanol

~m— |nitial Agilent 1100
® - Optimized Agilent 1100
4 Optimized Agilent 1200
v Standard Agilent 1290
~w-— Acquity
.
“k.\.’. —n\-—_._.h.

vy
'-’"" Ll B v v v v v
\E _— —9
10 TNt e e o o3
\'--'-"%_'__F_J'.——V'-’
A-bAAA Ay . A A " + A
a
1 T T Y T T
0.0 0.5 1.0 1.5 2.0

F, [mL/min]

4-tert-butylphenol

Vétsi viskozita, vétsi rozmyti pikd (ale konstantni pfi vyssich pritocich).

J. Chromatogr. A 1217 (2010) 3000-3012.



| MIMOKOLONOVE OBJEMY

Rozmeér kolony, mm Maximalni mimokolonové
objemy, ul

100 x 4.6 35
50 x 4.6 25
100 x 3.0 15
50 x 3.0 10
100 x 2.1 7
50 x 2.1 5
30 x 2.1 4

www.chromatographyonline.com

Maximdlné 2 — 3 % z objemu kolony



TLAK vs PRUMER KAPILARY

1400

1200
1 1000
Pritok Pracovni tlak
. {800
ml/min bar
4 600
400
200
60 80 100 120 140 160
Promér kapilary
um
8L s N < s o
AP =—v Viskozita vody pfFi pokojové teploté, délka kapilary 50 cm, www.chromacademy.com



| PREVOD METODY

<
€ ) g 5
HPLC : - : e UPLC
1.00+ a2 1 s 8
c 8 D.80 -
XBridge C,, 5 i ACQUITY UPLC Ci
4.6 x 100 mm m 3 i c 2.1 x 100 mm, pm
075 7.0 min gradien g 5 a9 5 7.0 min gradien
1 mL/min g g ] 5 0.6 mL/min
30 °C & : g 2 30 °C
1,100 psi s L } £ 5 12,000 psi
0.50 Re =16 % 0.40- 2 ° Rs = 20
P, =102 2 i 5 i P, = 255
E 1 8
e ] 3
0.25 g 0.20
7.6 MPa H 82.7 MPa
0.00 L—__J L_A—J Lﬁ 0.00 L
l l : Mimne; T e Rl e B M'mute; T T =)
= 1.40 2 £
1.00-] 5 1 3 3
< 8 1.20 S
XBridge Cs é c ACQUITY UPLC BEH C,
4.6 x 100 mm, 5 pm 3 1.00 é 2.1 x 100 mm, 1.7 pm
0.75 7.0 min gradient g 5 3 2.4 min gradient
1 mL/min & 8 : g 0.9 mL/min
30 °C g 2 L € 8 90 °C
1,100 psi i ~ 2 2. 12,000 psi
9 Rs =6 g 0.60 2 g Rs-—19
o g g 5 P, =211
g 0.40 - g
0.25 g
H 0.20 -
0.00 \ L 0.00- l

g |
[

www.waters.com

Minutes



PREVOD METODY

Farmaceutika
9 6
7
HPLC 7 UPLC
5 8 3 ° 8
9 9
LA A 1011 12 2 A A 11 -
1 10
| | " i L
AL TR L WL L B NN L B BN L R ELN L T B L B N L B BN L L B R B B L VY TP T[T Ty TP Ty VI T[T Ty T Ty T T VI [ I [ T T T I [ rIT[TTIT]
50 10.0 15.0 20.0 25.0 300 02 04 06 08 10 12 14 16 18 20 22 24 26 28
Rentention Time (min) Retention Time (min)
C18, 150 X 4.6 mm, 5 uym, 1 mL/min, C18 50 X 2.1 mm, 1.7 pym, 0.61 mL/min,
Vini = 20 L, celkovy &as analyzy 45 min Vinj = 1.4 uL, celkovy ¢as analyzy 5.1 min

Eu. J. Pharm. Biopharm 68 (2008) 430-440



RYCHLOST vs. ROZLISENI

A

=
=

e

(7]

o

<

3] 2

>~

} -
2
<

0.20 API

1 Aniline

1 a) Fast method
015 ;

1 6 min, 50-mm column
0.10—- DegA Deg B 3.|90I I 3.'90 I Ia.éml I Ixt.lnzl
0.05] I “ U X
0.00 |—

i | LN INNELUNE B FNN S B B S BN B S S R R B B R S NN R S S S EE B B S BN N S BN R S N R S

0.00 0.50 1.00 1.50 2.00 2.50 3.00 3.50 4.00 4.50

Minutes
API
020

1 . . Aniline

o154 D) Medium-resolution method %
71 16 min, 100-mm column Deg B
0.10- I R

- Deg A | 11.40 11,60 11.60 12.00
0.05 \N \
o,aa—:——JJ L LI P . © TR

; L T T T T T T T T

0.00 2.00 4.00 6.00 8.00 10.00 12.00

Minutes
API
0.20

1 ¢) High-resolution method Aniline Last two resolved into 2 peaks each
0151 30 min, 150-mm column M
0.10] Deg B b : .

i Deg A 2250 2400
0.05 b X
0.00 = L—J NS ¥ JAk

_u T T T LS BRI LI AL I L L . L L LA L L L L L L

0.00 2.00 4.00 6.00 8.00 1000 1200 1400 1600 1800 2000 2200  24.00

Minutes

Eu. J. Pharm. Biopharm 68 (2008) 430—-440
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(RYCHLE) TESTOVANI VLIVU MOBILNI FAZE

Gradient 5 — 95%, kolona C18, 50 X 2.1 mm, 1.7 ym

1 4
2
a) pH 3, ACN
6 7
I |
4
1

Imipramine
Amitriptyline
1-pyrenesulfonic acid
Flavone

Fenoprofen
Diclofenac
Octanophenone

NooroN2

b) pH 3, MeOH
4
¢) pH 10, ACN 36 1,
7
U M
d) pH 10, MeOH 3.5 W2
u J
0.00 1.00 2.00 3.00 4.00 5.00

Minutes

TrAC Trends in Analytical Chemistry 63 (2014) 21-30. & www.waters.com



_AUTOMATICKY“ VYVOJ METODY

Matematické pldnovdni (DoE)

0.05-
] il MH,“ e owadoe o A,
skupinami i DU o A || S % T
" d) |\ f\ 1 Polar-embedded C18 , 25 min, 43%

T T | P vy 72 [ TR S [t O U o R e (R JN T PR o B PR e me s O T Qe S i e T P Rt OO R S o B S e g (O P
4.00 5.00 6.00 7.00 8.00 9.00 10.00 11.00 12.00 13.00 14.00 15.00

Minutes

0.30
L) r r A4 (] ‘
Chirdlni slouéenina | | |
s tfemi centry (SRR) ] | H\H ] |
11| I R | LV G| P ) |
- Ml II " | SRS,SSH ‘ "\
] e ) bbb Best
30 experimentd - it | H
P il \M ' | __c18,17 min, 35% /| |
1 —— PU lJ i\ D | 553 X ]l ‘ ‘I.lx
~ . .15+ [} Y e _7.
= Cas gradientu 5 "Jl[fﬁ' 1 b '& 'a{u.cm‘!%_
. ' V' : ‘ |u ‘.
"  Findlni koncentrace . UL o) T
0104— Il i _ ) JU
n Kolonq ] ‘ ; Polar-embedded C18, 25 min, 35%
= C18 ' |
= C18 s poldrnimi

Redukce ¢asu analyzy ze 42 na 17 min

TrAC Trends in Analytical Chemistry 63 (2014) 21-30.



CO JE NEJLEPS|?

HPLC Waters Xbridge Cis,
50 X 2.1 mm
HPLC, 1000 bar Woaters Xbridge Cis, 5 30 100
50 X 2.1 mm
HTLC Waters Xbridge Cis, 5 90 40
50 X 2.1 mm
Sub-2 pym Waters Acquity BEH 1.7 30 40
Cis, 50 X 2.1 mm
UHPLC Woaters Acquity BEH 1.7 30 100
Cis, 50 X 2.1 mm
HT-UHPLC Woaters Acquity BEH 1.7 90 100
Cis, 50 X 2.1 mm
Fused-core Supelco Ascentis C1s, 2.7 30 60
50 X 2.1 mm Core-shell
Monolith Phenomenex Onyx - 30 20

Cis, 50 X 2.1 mm

Analytical and Bioanalytical Chemistry 397 (2010) 1069-1082.



CO JE NEJLEPS|?

butylparaben
O
O/\v/\\

HO
200 g/mol

(Required t, (s) for N = 10°000 plates)

=2

100)

(Required t..4 (min) for P

+

+

|lzocratic mode - paraben of MW=200 g/mal

10

i T-URPLO
W unpo i }used-core
| ETeemn @ e
,‘ monoliths
@ HPLd 1000 bar
. HPLE
50 ﬂﬂﬂ 1DU’DUU '| Eﬂ’ﬂﬂﬂ EED‘M

—«-’—

(Highest possible N for i, = 30 min)

Gradient mode - paraben of MW=200 g/meol

Mo

. sub-2pm

A |o

nonoliths T

@ |1irLc 1000 bat

Analytical and Bioanalytical Chemistry 397 (2010) 1069-1082.

(Highest possible P fort, 4= 3 h)



CO JE NEJLEPS|?

(Required t, (s) for N = 10°000 plates)
| ——— Throughput -}

o

Analytical and Bioanalytical Chemistry 397 (2010) 1069-1082.

(Required t ., (min) for P = 100)
it £ w 5] —i

8o C

0
1of
znf
snf
40
EDE
&oz

70 F

Isocratic mode - rutin of MW=600 g/mol

ﬁHT—UHF"LC

.

HTLC

fused-c

PLC

P o

50°000 1007000

- e

(Highest possible N for t, = 30 min)

150°000

200000

Gradient mode - rutin of MW=600 g/maol

2507000

n =
.r T-UHPLC
sub-Zpm iuﬁ,ﬂd_cm .UHPLC
T T TE
HTLE
@ HPLt 1000 bar
[ ] HPI-T
400 450 500 550 500 650 700 750 800

(Highest possible P for t,, =3 h)



Isocratic mode - peptide of MW=1300 g/mol

\V& 4
- 0
CO JE NEJLEPSI? & el
[ ] E 20 :
g a0 : o W vHPLe @jc
- fused-cpre
o ° I 60 -
triptorelin z ;
I
a2 [
g 100 F
'g_ 120 @ e
L a0t
50"000 100"000 150000 0'000
(Highest possible N for t,= 30 min)
b

Gradient mode - peptide of MW=1300 g/mol

o
T

H-I'T—E.IHP[ c

-+

= r

1] 1 St

o : - .l.g'u:

E : HTLC
1300 g/mol 3 K} %

E I

K] 3 F

-!’ r ‘.l'nanollths

S 4 @ +ricfrooobar

g o .I'II"L‘.'-|

£ [

400 1000 1100 1200

————}-

Analytical and Bioanalytical Chemistry 397 (2010) 1069-1082. (Highest possible P for t;,4=3 h)



“No pressure, no diamonds. “

Thomas Carlyle




