Rg = (WN/4) [(@-1)/a] [k/(k+1)] @)

=L k=(trto)/to (2) kK

van Deemter A B, C u

2
Oext

o =k/k, (B &«

— T 1 —

e
—
-
o(CH,) N = L2/ 02 = 16(ta/ty)? = 5.54(ta/ty,,,)? A /\ /Af{

( )
UPLC: N/, L/N=H=0c%2/L o? + o2 + o2

=H=Cgd, +Cp/u+Csd2u

2D-HPLC

o2

07RPLC 1

(High Performance Liquid Chromatography)
(Column)
(Packing material) particles
(Stationary phase)
(Mobile phase) solvent
(Retention factor = k)
(t, or ty;; Column dead time or hold up time, t,; Retention time)
(Separation factor = a ) selectivity
(Resolution = Rg)

(Number of theoretical plates = N)

(Height equivalent of theoretical plates = H)
(Peak capacity = n)

(Separation impedance = E) N
plate time (maximum N at minimum t,/N) Poppe Plot
(maximum N at minimum t,/N2) Kinetic plot analysis

07RPLC 4




(Van Deemter equation (3))

1. multiple path
2. molecular diffusion
3. slow mass transfer

1956 J.J. Van Deemter

HETP _'{ I I ._’

N = L2/c2= 16t.2/t,2 (o) .

H=o?2/L=L/N=hd, (2

N A U 3
H=Ced + Coju+Cdzu (3) L/\ A o\ e

=A+B/u+Cu

http://hplc.chem.shu.edu/NEW/HPLC_Book/Theory/th_vandm.html

Multiple path

Hp = 22d,,

http://hplc.chem.shu.edu/NEW/HPLC_Book/Theory/th_vandm.html
07RPLC 6

Molecular diffusion ( )

Hy=2yDp/v [H=0/Lo?=2D,ty  (t= Uigyye) |

D,
y obstruction factor

v : (reduced) velocity

http://hplc.chem.shu.edu/NEW/HPLC_Book/Theory/th_vandm.html ,

Kinetics of the mass transfer

um 10 nm 500/1
d? d
H,=® P B,
D, (10) o
v
C:
=S

- @

http://hplc.chem.shu.edu/NEW/HPLC_Book/Theory/th_vandm.html




H=062/L, H=A+B/u+Cu, (H=Au1/3+B/u+Cu)/,
¥
H=1/[1/C.d,)+ (D,/C,dz2u)]+CyD,/u+Cgd2u/D,

http://hplc.chem.shu.edu/NEW/HPLC_Book/Theory/th_vandm.html

Plate height, H, um

UV Detector

Time

Column
Mobile Phase
tR
T
2
obsa (T +Ocof)
. =D (Mightysil)
e0 (Chromolith),
(MSH-100 )
e
Oo
Conditions
Mobile phase : CH,OH / H,0 = 80 /20 (V)
Solutes : CgHsCoHap.y, (n = 1-7) in Mobile phase

Linear Velocity : 1 mm/s
10 197RPLC 20 Detection : 210 nm 10
Retention factor, k Temperature : 30

N = L2/o?= 1621t 2 (1)
H=e2/L=L/N=hd, )
H=Cgd, + Cp/u + Cgd2u (3)

multiple path molecular diffusion slow mass transfer
A B c u

AP=¢nuL/dg? (u=L/ty) @)
K =unL/AP (5)

HtotaI: Hcol + Hinj + Hdet + Hext

07RPLC 11

(H=A+Bu+C u)

07RPLC 12




Reversed-phase LC
Packing materials for RPLC
C, column, CH,0OH-H,0 mobile phase
l a n
-CoHansz b n-CyHeny OH ¢ n-CaHanyOH
= =R "
—gu—cm X—%-R ! O_fx 80% CHsOH 80% CHyOH he3  40% CH,0H
+ —_— N8
—?I-OH X —%POH n=6 =10
i . n=5 N=6 .7
. Silane reagent . n=g n=i2
silica Cl.OR. CHa Stationary phase N
1)
Schematic illustration of n t
RARP packing materials. to
OH ‘
HQ OH
§§ * ==
CH2 a (CH2
Silica surface ( ) ( )
i : si Packing material
_Schema_llc Porous structure (OH: silanol) 9
illustration of Surface area: 300 m?/g  O7RPLC 13 07RPLC 14
Spherical silica

£2) Mightysil 20-80% CHIOH(0.19%HCOOH)
(c) Mightysil 80% CH3OH (0.1%HCOOH)

11,16,22,

6,8,10,15

27
7,16,17,29,

TEMPERATURE = 30° oo
0= 1
e 1 AG°=-RTInK e (b) Capoell Pak SGL20(2) 20-80% CH3OH(0.L%HCOOH)
os |- 5. I8 s
(d) Mightysil 60% CH3OH (0.1%HCOOH) T |22, 1 o113
AAGP = -RT In(k,/k;) ®
HICH 1,CO0H 0 — _ 7, 4
in-01028 AAG® = -RT In o(CH2) 2 22|, 33 812,15
“ /- n g 35
o OF o 18,
8 [uanam 4 .
tm= umy / Mz)— \ 19,27 21
Ve ) ‘ ‘
s m s 0 (¢) Mightysil 40% CH3OH (0.1%HCOOH) ;, 111622 8,20,
CARBONS (n) 2 / 3 34

log k

log a (CH2)
(ab) CH30H 20% - 80%(20

- (8 Mightysil C18 (4.6 mmx15 cm), (b) Capcelpak C18 (4.6 mmx15 cm)  (c-¢) (80-40% CH3OH)
07RPLC 15 (b) Mightysil C18  (c) 80% (d) 60% (e) 40% 07RPLC 16




14
12
1 «— k=10
08 a 0.005M HyPO, b 0.005M KHPO, c g-ggg:: ::';&
06 PhCOH )
04 CcHyPrCoH
é 02 kel o s oA A
0 PrcogH PhooH | cHpncos
g o
= % N
-04
@ (Fraction B solvent)
CH30H log k
07RPLC 17 07RPLC 18
n Polar interactions, Contribution of stationary phase
1
50% CH,OH 25% THF C18vsC8
1: p-0pN-Ph-OH
2: p-0yN-Ph-NOp
3: Ph-NO,
4: PhCOOCH i k!
3 mobile phase solute CIB (28
3 80% CH30H pyrene 9.0 2.9
. n-hexane 6.7 3.3
n»CIZstﬂH 9.4 5.3
n'CQHIQCOOCH3 7.2 4.1
15% CH30H n-C4H90H 7.5 8.1
t-1,2-cyclohexane-
dimethanol z.3 24.3
t-1,4-cyclohexane-
1
§ 5 dimethanol 8.2 9.1
CH30H
Hypersil C8 (4.6 mmx 15 cm). 1 mU/min.
07RPLC 19 07RPLC 20




Nozﬂwoz

U b

NO,
@ @ (©)] @ ®)
1 3
Cis 4 PYE NPE o
R 70% CH3OH 8 90% CH3OH @@ 70% CH30H
00
3
3 1 g0y 45 Dt»?,oi
4 5
2
- A
[ 5 A0 A6 Hmpzs © & w® 18 Dqpy2% o 5 10 15(min)
. :4.6 mmx 150 mm CH30H/
Cosmosil C18: 70/30, Cosmosil PYE: 90/10, Cosmosil NPE: 70/30 :1.0 mL/min, 130 :UV 254 nm.

(Ar-NO,)

Ph-X

BrF
E i
cl F| Cl (el
Br |- Br
< |
By P T : ;
Time (min) Time (min) “Time (min)
oo (CGE3)2 (CF3)2

A 10
Time (min) Time (min)

10
“Time (min)

Fao ]

07RPLC
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log P vs log k (PBB)
2
. « alkylbenzene Correlation between
X-benzene ,
. . 4 di F-benzene Log k' and Iog_P,
z -E!?{ .  di Ci-benzene (RPLC Retention and
Ei - - “ i ;
05 R ’fg‘y‘;e"e"ze”e Hydrohobic property”)
o - + anisoles
- CF3-benzenes|
-05
6
log P
log P vs log k (NEOS) log P vs log k (C18)
2 2
15 15 ¢
.
o 1 ~ 1 *
= ES k
= o5 = < 05 o~ #
.
) Y ¢ 0 s
# .
-05 -05
2 6 0 2 4 6
log P log P
07RPLC 23

Retention (log k) vs. Refractiv

log k

FR

e Index (n)

nD20 vs log k (PBB)
1
. % P
05 M a X-benzene
E, " - .* & di F-benzene
£ - X di Cl-benzene
0 * di Br-benzene
* xylene
+ anisoles
-05 - CF3-be
13 14 15 16 17
nb20
nDvs log k (NEOS) Dslak(CB)
1 1
X
. X X
* X a
. 05 M X06 ¢ "y
g 8 he ¢y
o 0
§ v % oy
a s %
05 L+ » L L L L L
13 14 15 16 17 1% 14 16 15 15 16 16
nD20 o)
Q7RPLC 24




a=(n2-1)/(n2+2)

n: refractive index
o: polarizability

>
>

H / D isotope separation

Benzene

: Toluene 70% CH30H
oy

*  Naphthalene + Anthracene

B A

T T T T T W v e (GHiG0E

) . Cyclohexane HATS.
PYE Octane
i ,1-Dodecanol
Vs.
s
o s o ® 20 (min)
6 Octane 7 1_pogecanol
F13Co ﬂ e H D
4 5 l; 7 (min)
[®12. REISHTZH DREFEHR—SRBEEAOES
07RPLC 25 26
5
> i e
1,2-
kH/KD (%IE per D) ' %\ [ —
Compound c18 PBB F13C9 “ cig-
1.2- trans-.
Naphthalene 0.680 0.688 0.168 13-
Anthracene 0.748 0.752 0.178 vt v 55
Octane 0.347 0.427 -0.129 I 13-
1-Dodecanol 0.343 0.414 -0.118
1.4- frane
a(CH2) 1.680 1.590 1.330 Hhr—\i—*—/\—/\—
a(C4H2) 2.553 5.240 1.074 =
[ 4 ® i) ) [ B miny § ] 6 P 37
a(CH2)=k(amylbenzene)/k(butylbenzene) _— Carbon (min)
a(C4H2)=k(naphthalene)/k(benzene) T T Su ) ) .
Mobile phase: 70% methanol 5(‘)%/0 ; es[;.:a;:;mn of dimethylcyclohexanes on C,,, PYE and carbon packing materials. Mobile phase:
‘ Carbon vs. PYE and C18
07RPLC 27 07RPLC 28




H3
| i05iGGGGG
H H3
-§iOHC H Gl----u +OH
H H3
i05iGGGGG
H3
iOH
H
i05iGGGGG
i05iGGGGG
- - OH
#
_SiGGGGG
L iOOH
C18
07RPLC 29 07RPLC 30
|:| o (CH2) CH,OH - H,0
8.0
- L .
b,
‘ L a (CIP) (@) (b)
o 10m (CH ) o
a 2 20
(@) A (b) . § 2o ; .
1 N H B H
S g 1 o
300 © 1.0 2 e
2.0 ” S
13 o
o——=0 Som 0 - o 10 F) E}
K} ¥ E
o G m i o — 14 d WGty benzonte)
a (CH,) v carbon content (3) CLOR - Figure 5. Correlation between the retention of cafteine elative to phenol
2 Figars 8. ffectof suface coverage (a(CHa) valus in 80% methano) in‘3066 methanal n RPLC mode and the rtenion of by beaoate
Figure 3, Correlati ' values of Figure 1. Correlation between a(CH) values in 80% methanol and car- and endcapping on retention of caffeine relative to phenol in 30% in dichloromethane. heptane (6/95) in NPLG moSo. Packi bt
and surface coverage (a(CHy) value in 80% methanol) of packing bon content of various C1 phases prepared from Develosil. O: mono- methanol. Packing materials were prepared from Develosil. O: mono- were prepared from Develosil. O: monochlorosilan “.
materials with various pore sizes prepared from Nucleosil. All packing chiorosilane, ® with endcapping, /\: ;mo;wl;ne‘ A A"," 0, @5 Mono-
materials were prepared from monochlorosiiane without endcapping. Pore A.: dichlorosilane with endcapping, C: trichlorosilane, . trichlorosiane : dichlorositane with endcapping, C: trichlorosiane, M trichlorosilane andc 3 Pt
size of packing material is indicated in nm. with endcapping. with endcapping endeapping, C: tichlorosiane, : trichiorosiane with endcapping.

a (CH)

a (CH,) |

— <=0 (CH,)
— —

>

CgHy(CH,), H

07RPLC 31

a (CH,
a (CIP)

a (Caffeine/Phenol)

> —

07RPLC

32




H
™ iOE iGGGGG
H H3 0o PhQH3
-3iOHC H Si Gl- - - - = +OH (a)
H H3
i05iGGGGG . PhH
H3
: PhGOQ
iOH 2.0
H PhgOQ
i05iGGGGG o
1 .4 L5 : (c Ho
ioSiH a (CH2  aw@w» a o)
Ly g I i0p16GGGG Figure 2. Correlation between k' vlues of benzene derivatives in 60% o cs corsage o(CHe) vaie n S0% mthanc)
-$iOHC H i iCl----¥ - H methanol and surface coverages (a(CHz) value in 80% methanol) of g ?“&22!21.&“3.!‘::"3 V%L’?.‘Siﬁl;&".f:..'f i i?&m@"ﬁ"ﬂ';
I (iipH i phase prepared from monochiorosilane without endcapping. Solute: O chlorasiane, A: dichlorosiane with endcapping, L trichiorosiane, W:
SiGGGGG toluene, @ benzene, /\: acetophenone, and A methyl benzoate. trichiorosilane with endcapping. Mobile phase: 80% methanol,
L iOOH
o (e @
a (CH2) a (T/0)
/ H
= @@ <:/H /
. O
Triphenyl /
07RPLC 33 07RPLC riphenylene o-terphﬁpyi
Aac . ACqg-S A on o P H
-C1g- s ACia-S|6 I i | !
' 2 ¢ 6 18 A y Fe, TI, Zr S~ O/S\I\O/S\N
Metal impurity Isolated silanol Hydrogen
Cins bonded silanols
CrgS e .
2 3 4 C1g:S A B
.

A-Cqg |6
ACyg B 13 7 ACyg 5 7
A_V\J_A_/K
7

TB TP PhOH CF

c, SR BA  PA NAPA :l
1 s C1s 5-54 Cig 7

(1) theobromine, (2) theophylline, (3) phenol,
(4) caffeine, (5) PA, (6) NAPA, and (7) benzyl alcohol. (a) 20% methanol for solutes 1-4,
and 40% buffered methanol (b) pH 2.7 and (c) pH 7.6 for solutes 5-7.

35

co”
‘ .
.

3 5 pe—— 70 % 0 g P %0 25

Mobile phase: 75% Methanol/0.02M phosphate buffer (pH 3)
Sample: 1. Purpurin, 2. Quinizarin, 3. Amylbenzene




Table IV. Characterization of Commercial Packing

Materials*
pH>7 pH<3
Commercial column k', oCH2) ayg ocp owp  aun
A Vydac 300-Cy 205 149 194 066 062 003
B Nucleosil 300-7Cys 218 1.47 167 076 053 0.12
C  Cosmosil 5C¢-300 299 150 137 046 020 0.12
D uBondapak Cig 329 143 124 072 055 0.1
E  Cosmosil 5Cy-P 361 143 122 076 026 005
F Hypersil 0DS 416 146 175 129 249 143
G TSKgel ODS-120A 428 144 213 126 116 0.09
H  LiChrosorb RP-18-IIt 5.14 1.48 1.81 080 213 0.74
I TSKgel ODS 80T, 5.55 147 128 064 054 0.01
J  Capcellpak C1s S6 563 149 146 041 047 006
K Inertsil 0DS 582 148 132 053 026 007
L Nucleosil 100-5C;s 593 1.47 159 058 147 007
M TSKgel 0DS-120T 645 1.49 1.86 048 048 0.08
N LiChrosorb RP-18-1t 6.47 149 180 063 1.04 0.5
0 Cosmosil 5C1 721 151 151 045 015 0.08
P YMC A-302 0DS 736 152 141 047 045 006
Q  Uttrasphere 0DS 745 152 145 045 043 029
R Develosil 0DS-5 773 151 146 044 021 0.08
S Zorbax BP-0DS 930 152 158 046 074 0.15

* Suppliers of columns: Vydac, Separations Group; Nucleasil, Macherey Nagel;

tesque 3 3
‘TSKgel, Tosoh; LiChrosorb, Merck; Capcelipak, Shiseido; Inertsil ODS, Gasukuro
Kogyo; YMC A-302 ODS, YMC; Ultrasphere ODS, Beckman; Develosil, Nomura
Chemicals; Zorbax, Du Pont
t LiChrosorb RP-18-1 was purchased in 1388, and Il was purchased in 1986.

absorbance

Imipramine amitriptyline
NN

imipramine amitriptyline \\/N*SI(CHQ)Q
TMSI endcapping

uracil Commercial products
|
LA N
HMDS endcapping
T v v W [ W W ) E)

Fig 6. Separation of basic compounds (Il

Mobile phase: 70% methanol in 20 mM PBS (pH 7.6). Flow rate: 1 mL/min.
Temperature: 30 °C. Detection wavelength: 254 nm. Concentrations (mg/mL)

in 70% methanol / water: uracil 0.010, imipramine 0.261 and amitriptyline 0.281.
Injection volumes are 2 and 5 p L respectively.

J. Chromatogr. A, 1130, 175-181 (2006).

37 07RPLC 38
a (CH2)
monomeric or polymeric)
Monomeric Polymeric
Si-O-Si-C18H37  Si-O-Si-C18H37 -
O CH3 o O
Si-O-H Si-O-Si-C18H37
o (CH2), a (Triphenylene / ortho-terphenyl)
SiOH -
a (Caffeine / phenol)
SiOH -
a (alkylamine / phenol) at pH < 3, at pH > 7
o (purpurin/ amylbenzene)
39 07RPLC 40
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HILIC (HydropHILIC Interaction Liquid Chromatography)

—_ OH
CH3CN-H20 W
Acrylic acid (AA)
[e]
=\ NH,
Acrylamide (AAm)
o

PAA
"> | paAm

polymerization

Anchor modified

20¢ Column: MS-200T - C18 (22.4 cm) E om0

(a), © Mobile phase: 5-509%ACN (0.2%HCOOH) 2 "%
1,=10 min 10+11 -

Temperature: Ambient

Detection: ESI(3000V pos)-TOF

Solute: peptides 1:y -EH, 2: DSDPR, 3: VGSE. 4:

bradykinin fral-5, 5: Arg-vassoptesin, 6: Bradykinin,
ms 7:LHRH, 8: Oxytosin, 9: Met-enkephalin, 10:
Bombesin, 11: Substance P, 12: Leu-enkephalin J
Volume: 50 nl k4

(D)=

‘],m i wa HILIC
Temperature:Ambient AN
Detection: ESI(3000V p 11
*  Solute:peptides
HILIC ‘ Volume: 50 nl
; ’3 %8
12 9
R At A Y M S P A S
(HILIC) RPLC
07RPLC 41 07RPLC 42
P . Figure 10
5-60% AN (0.2% formic acid)
SOUACNDHS.4 Ska O-TotmicrolyaLTS) Z3Nov-2006 21:33:20
PAn SUCTRERAGFI A1 Tof Ma Eo-
” £ =
Column: MS-200T-PAA (17.4 cm)
- 9
(- BO%ACNIL3 mM NH,OAC pHS.4 Mobile phase: see the figure. %
Temperature: 30C o
D 2 00V neg)-TOF phosphorylase B tryptic digest
Solute:carbohydrates (each 100 ug/mi) ‘ , 90-10% AN (0.2% FA) ‘ gy
Volume: 50 nl T
S
65%ACN/13 mM NH,OAC pH5.4 ]
o Lo
o SUCTRERAFFS Tormses. 681
o s ‘001 (b) 2 5*]“23
(b) 75%ACN/13 mM NH,OAc pH5.4
ES1 TOF MS base peak Buyptic
Detection ESI TOF MS (3 kV negaiive). Sample concentation: 1 mol/mi wf )
e it o TOFMS R Injection volume: 50 nl. (a) C18-monolithic silica capillary column, 238 mm s
- i . . e X200 pm i.d. Mobile phase: 5-60% acelonitrile (0.2% formic acid) in 10 min
SDS sucrose ‘i trehalose 80%ACN/13 mM N':';;OAC pH5.4 linear gradient (b) poly(acrylic acid) monolithic silica capillary column,
(a) Leof ﬂ(‘;’f,‘ 2258 N 190 mm x 200 pm i.d. Mobile phase: 90-10% acetonitrile (0.2% formic acid)
i”?&raﬂmose in 10 min linear gradient. Reproduced from ref. [92] with permission of Elsevier.

Tme
To " iho | em | ae 100 | 1200 | mes | iea e | rem | a5 | 2s | 2ecs | Ze3 | 3060

\ (a)-(d). MS-200T-PAA-HILIC-ESI/MS
07RPLC 43

(100/ 10 min),

— 2D-HPLC?

UIHFLL e
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PAAmM-HILIC t H-u, AP-u
HILIC VS.
20 250
1 200T-PAAM s s (Poppe plot) N vs. (t/N) plate time
16 « " 200 ZIC-HILIC £ 1 ‘
1 " % o0 158 o ziC-HILIC 5um
. . : 150 £ 5 -12 | |A MS-200T-PAAM Maximum pressure =2x 107 Pa
S R 5 oo 2H 0 MS-200T-PAA I
sl o . . 100 3 I H -14 \ \ o K=unLe/ P
6 . B £ oo s £ =09
£ -16 :=0.7
4 e 50 ) E o . e
(2) " . L S WO T NN I s OO ZICHILIC: K=2.4% 104 (m?)
| =z N 5\ Solute: cytosine
1 2 3 4 5 6 7 Comne (1.3 on a0 6m <, Mobile phase: 80%ACN/ bufer
u(mm/sec) 80RACN/13mM NHAOAC(PHAT) 8 = . o MS-200T-PAAM: K=3.8x 10 (m?)
D gy | Q0000 Solute: guanosine
5 = . Mobile phase: 80%ACN/13 mM NH,OAc pH4.7
] = 24 o MS-200T-PAA: K= 5.3x 104 (m?)
] H =7 um %QAA & Solute: adenosine
E 28 \ . Mobile phase: S0%ACN/(0.2%HC OOH)
] =105, =20s | =100s '\ 4,=1000s
] g Condions : 28 o \ \
7 ) Mobile phase : 90:10: :10mM pHA.T) .
z ] Sample :  solvent, Thymine, Uracil, Adenine, Uridine, -3
3 Adenosine, Cytosine, ~Guanine, Cytidine, Guanosine 3 35 4 45 5 55 6 65 7
] 10 log N
] 5-7. Plate number Plate time HILIC
P O7RPLC B 45 07RPLC 46
i ()
(UPLC)

10000

I3
<3
)
S}

4000

2000+

4
8000+

Separation Impedance, E

0

Linear Velocity,

Packed column o,
MS-H(200) =

, MS-H(200)

6 8 10

Separation impedance

S

P Pressure drop, t, Column dead time,

N Viscosity of mobile phase, N Number of theoretical
u, mm/s plates, H Plate height, K _ permeability

Silicarod column O,

A, MSH(200) e

, MS-H(200)

Conditions: Mobile phase: 70% acetonitrile. Solute: hexylbenzene

Temperature: ambient, Detection: 210nm

5-5
07RPLC

47

D.T-T. Nguyen et al. / J. Chromatoge: A 1167 (2007) To-84

L

Intsnsity (AU}

050
Time (min]

UPLC

Fig. 5. Separuions of doping agents i 30°C and difforent flow rates. Column: Acqity BEH Shiekd RPyy (2.1 mm LD, x SOmm, 1.7 an) mobile phase:0.1% formic
acid in water-0.1% formic acid in acetonitrile (gradient); temperature: 30°C; nds: (1) @ (3) clopamide, (4)
15) furosemide, (6) indapamide, (7) bumetznide, (%) probenecide, (9) ethacrymic acid. Flow rates: (a) 400 s Limin; b} 600 psLimin; (c) 800 wLimin; (d) 1000 pL/min.

07RPLC 48
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025 @)
020
015
2
2
010 g
005’
0004
300 35 400 450 500 55 600 650 700 750 800 B 0 1 min 16
“mp ()
2 20m)
- l A
e i)
@ ACQUITY UPLC BEH C18 (2.1%5 cm, 1.7 mm) 0.4 mL/min, ] B (mi)
0-4(0.1)~75(20)~ 40(7.0)~ 60(7.5)~ 60(90) ~ (91)~ 0(105) A 0.2%  /01KDBA, pH 502 B 556 CHICN 40 UV 2500m Acc Q-tag
0 AX SB~CL8 (4.6 mmx 5 cm, 1841 m) 3 mL/min (390 bar) ) B (min) 0~
8(04) - 20(L7) A01% /5% CH3CN B CH3CN L 210 nm 1 1. Gallc acid, 2. Gallocatechin, 3.

Epigallocatechin, 4 Catechin, 5. Caffeine, 6, Epicatechin, 7. Epigalocatechin gllate, 8. Gallocatechin galiate, 9. Epicatechin gallate, 10. Catechin Galate.

(© X-PressPak C18S (21 mm x 5 cm, 2 ) mL/min, B )0-007)-
100(0.9)-100(15) A: 001M Na2HPO4 /CHICN (96/4) (pH 68) B: 001M Na2HPO4/CHICN (45/55) (pH 68) 2°C UV 238 nm (1) Isoniazid, (2)
PLC 49

Pyrazinamide, (3) Rifampin

Kinetic plot analysis

65 — —~ 2pm__ Lépn
v \
\10 um K P’" \ } /N2 vs. N
-7 i \ —opm
\
— — =5um
=4
37.5 F - aum
g
— -m
-8 r _— -~ l4pm
-85
65 6 55 5 45 4

log N

Kinetic plot analysis. Log(ty/N?) against log(N) for the columns evaluated. The curves for
particle-packedc olumns were obtained by assuming the following parameters: n =0.00046 Pa's, ® =700,
Dm = 2.22x 10 m?/s, and Knox equation, h=0.65v Y*+2/v +0.08v . Maximum pressure: 40 MPa. The
particle diameters for the particle —packed columns were 14,235 and 10 um. The symbols are long
monolithic silica capillary columns prepared by several experimenters.

a

(b) 50 ymI.D., () 100 ymlI.D., (d) 200 pml.D..

Particle-packed vs. monolithic

Anal. Chem., 68, 3498-3501, 1996.

Small skeleton ——,  High efficiency
(N=L/H=L/hdp)
Large through-pore High permeability
(aP=¢n L2/t d?)
Co-continuous structure ——  Mechanical stability

07RPLC 52
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Figure 10. Plots of through-pore size against skeleton size for monolithic silica columns.

1mL/min-1

- T2 3mL/min- 51bar
° ‘ N 5mL/min - 85bar
7mL/ min- 119 bar

9mL/min- 153 bar

7 bar

Chromolith RP 18, 4.6 mm x 10 cm, CH3CN/0.1% (TFA)=20/80 (v/v);
07RPLC 53 1-9 mL/min ; UV 254 nm 1. atenolohZRpipdplol, 3. metoprolol, 4. celiprolol, 5. bisoprolol. 54
E Monolithic column
i €180.2 x 300 mm
L @ )
| em e s i e e vt an o : 3 "
AR R A R AL I R A R M M M H & 2
£ E £ g
i Monolithic column s < s
B o C180.2x 600 mm g
# ©
ST o . g- EEE g
11 s 5
i Monolithic column o
i C180.2x 900 mm S 2
g ~
o - &
o - 2
Lo i b, ©
in | wunaf] aneg JE——
» 5 min 7 s min ) 8 min
c18 200 mmiD, (a) 30 cm, (b) 60 cm, (c) 90 cm. (A) 65 mM (pH5.5) (B) CH3CN
. B () (@) 5-20(15) - 70(22) - 100(57), (b) 5 20(15) - 70(23) — 100(75),
(c) 5-20(16) - 70(23) - 100(110) (@) 26 mm/s, (b) 26 mm/s, (c) 1.8 mm/s ESI-MS
HFRPH 55 07RPLC 56

14



‘ pm um

T > 5 pm dj, packed
AP =3.0 MPa 3
u=113 mmis I
N =17000 -
1= 200 sec = - -
D 5 Conventional monolith
&
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Time (min) " g 2nd-G Monolith
s MM _
AP =154 MPa 1.7 um d,, packed
u=8.1mmis
N = 21000 o
tp=19 sec 0 1 2 3 4 5
l Linear velocity, u (mm/s)
; ,ﬁ Q) )
Time(min) . ( = 5' 1.7 um )
SEM
9 uracil 1 (CgHs(CH,),H, n=0-6). 0,
. (a) MS(100)-G and (b) MS(100)-B. 100 um ID, 20 cm. : | = 80% CH,OH Hexylbenzene
80/20  :30°C. 07RPLC 57 07RPLC 58
-6.0 Kinetic plot
65 analysis
— @
NZ 210
>
£ 15
o H
o -80 f N
= [ N=25000 |
-85 ‘ ‘
90 b I I B R
70 6.5 6.0 55 5.0 45 4.0 35 3.0
log N
200 100 o0 a0 1000
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Plots of the log(t,/N) values against log(N) for the columns evaluated. The curves were
obtained by assuming the following parameters: maximum pressure: 20 MPa, n =0.00046 N N -
Pas, @ = 700, D,=2.22x10? m?s, and Knox equation h=0.65v 3+2& +0.08v . The particle Figure 3. Separation of alkylbenzenes (CgHsCHzn.1, N=0-10). Mobile phase: 80% CH;CN.
diameters for the particle-packed columns were: 1.4 um, 2 um, 3 um, and 5 um. The dashed Column: three monolithic silica C,4 columns connected in series, 8KM, 9KM, and 10KM,
lines indicate the required t, values in seconds. A previous monolithic silica column, MS(50)-D effective length 1238 cm (total length 1244 cm). AP = 46.6 MPa. u= 1.31 mm/s.
was indicated by (). The other symbols are the same as in Figure 6 for the columns. 50 Detection: 210 nm. Temperature: 30 °C. Sample: thiourea and alkylbenzenes.
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Figure 4. Separation of polynuclear aromatic hydrocarbons. Mobile phase: 80% CH3CN. Detection:
254 nm. Temperature: 30 °C. Sample: 16-PAHSs primary pollutants designated by EPA. Peak numbers;
1 naphthalene, 2 acenaphthylene, 3 fluorene, 4 acenaphthene, 5 phenanthrene, 6 anthracene,

15 cm 7 fluoranthene, 8 pyrene, 9 chrysene, 10 benz(a)anthracene, 11 benzo(b)fluoranthene,
12 benzo(k)fluoranthene, 13 benzo(a)pyrene, 14 dibenz(a,h)anthracene, 15 indeno(1,2,3-cd)pyrene,
07RPLC 61 and 16 benzo(g,h,i)perylene. (a) Column: monolithic silica C18 column 5KK, effective length 133 cm.
AP =4.7 MPa. u=1.03 mm/s. (b) Conditions as in Figure 3.
. |
ao
o , ” First Dimension
Peak capacity of gradient elution o 5 um, 4.6x150 mm | f
! \
0 S0 e w0 ma | 0 0
o Rentenn Tme ()
~17um
01 =-35um b H

: a1 1

® 6 om m m o w 00 02 04 05 68 10 12 14 16 10 20 22 24 26 28
cor <o eng (mm) Rentaion i (i)

Fig. 4. Theoretical evolution of peak capacity as a function of column  Fig. 5. Separation of a pharmaceutical formulation containing the main
length and packing particle size - case of an initial gradient from 0% to product (6) and 11 impurities in gradient mode with HPLC and UPLC
0% ACN in 30 min on a 150 x 4.6 mm, 5 um column. Gradient duration  System: (a) HPLC system; column: XBridge Cyy 150 x 4.6 mm, $ m; flow
‘was adapted to the column geometry, with equations of part, Section 2. ¢, rate: 1000 uL/min; injected volume: 20 uL; total gradient time: 45 min. (b)
particles of 1.7 m with a flow rate of 3 mL/min; W, partices of 35um  UPLC system; column: ACQUITY BEH Cyq S0 2.1 mm, 1.7 ym; flow
with a flow rate of 1.4 mL/min; A, particles of 5 pm with a flow rate of  fate: 610 uL/min; injected volume: 1.4 uL; total gradient time: 5.1 min.

1 mL/min.

Method transfer for fast liquid analysis: Appl to short columns packed with
small particle. Part II: Gradient experiments European Journal of Pharmaceutics and Biopharmaceutics, In Press,
Corrected Proof, Available online 6 July 2007,

Davy Guillarme, Dao T.T. Nguyen, Serge Rudazand Jean-Luc Veuthey

07RPLC 63
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of the independent first and second dimensions in comprehensive twe-
dimensiosal scparations

D.R. Stoll, X. Li, X. Wang, P. W. Carr, S. E.G. Porter, S. C. Rutan
J.Chromatogr. A, Volume 1168, 3-43 (2007). 07RPLC 64
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2nd-D Column 2nd-D Column
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PUMP WASTE

Load —— Loop A Load, Loop B Inject
""" Inject ------- Loop A Inject, Loop B Load

Figure 1. (a) Tubing connection at 2nd-D injector of simple 2D-HPLC in case (1). (b) Tubing connection of
two six-port valves used as 2nd-D injector in case (2). (c) Scheme of 2D-HPLC using two 2nd-D columns
in case (3).

07RPLC 65
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Fig. 3  Chromatogram of tryptic digest of BSA with gradient elution on a cation exchange column.
Column: MCI CQK-31S, 50 mm long, 2.1 mmID. Flow-rate: 50 unL/min. Mobile phase: A, agueous
5 mM ammonium formate solution buffered at pH = 3.1, and B, an aqueous 5 mM ammonium formate/
500 mM ammonium chloride solution b“ﬁ%%EE =3.1 Gradient from 100% A to 85% B in 50 mgh

Comparison of UV chromatogram and total ion chromatogram(TIC)

uv

20
Time (min)

TIC

6 8 10 12

Comparison of 2nd-D chromatograms of simple 2D-HPLC separation of a tryptic digest of BSA, case 1.

Monolithic sii'ca-c olumn (4.6 mT %;2.5 cm) as 2nd-D column. (a) UV detection at 220 nm.
(H; = ction, total ion }I matogm'gﬁ? mass range 400-2000. See experimental 67

section for the conditions.
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