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MOBILE PHASE

*  TYPE OF MODIFIER (MeOH, ACN)

*  MOBILE PHASE COMPOSITION (% modifier)
*  pH

*  TYPE OF BUFFER (phosphate, acetate)

*  |ONIC STRENGTH (Salts, buffer concentration)

*  |ON-PAIRING REAGENTS (alkyl-amines, -sulfonates)
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MOBILE PHASE

TYPE OF MODIFIER (MeOH, ACN)
MOBILE PHASE COMPOSITION (% modifier)
pH

TYPE OF BUFFER (phosphate, acetate)
IONIC STRENGTH (Salts, buffer concentration)

ION-PAIRING REAGENTS (alkyl-amines, -sulfonates)

OPTIMIZATION: CHOICE OF SOLVENTS

20% MeOH —b— /\J\ /\ /\
20% ACN J_A/\/\ /\

20% EtOH .M “ / \
20% THF JM main solvent: H ,O

Elution Strength

Reversed Phase Solvent Elution Strength
Hexane

Isooctane
Carbon Tetrachloride
Chloroform
Methylene Chloride
Tetrahydrofuran
Ethyl Ether
Ethyl Acetate
Acetone
Acetonitrile

Isopropanol
Methanol

Water
Normal Phase Solvent Elution Strength




Reversed P

MOBILE PHASE

*  TYPE OF MODIFIER (MeOH, ACN)

*  MOBILE PHASE COMPOSITION (% modifier)
*  pH

*  TYPE OF BUFFER (phosphate, acetate)

*  JONIC STRENGTH (Salts, buffer concentration)

*  |ON-PAIRING REAGENTS (alkyl-amines, -sulfonates)

nase — Mobile phase

OPTIMIZATION: % SOLVENTS

20% MODIFIER J_/U\ /\~ A
40% MODIFIER _—L M /\ /\

60% MODIFIER MJ
80% MODIFIER _MJ

k (retention) for each
analyte changes

independently as % 7
Modifier changes. \

Thus, the resolution
between peaks changes. | = -

SOLVENT STRENGTH

Analyte Retention as a Function of % Modifier

k' vs Modifier and pH
K’ vs % Organic k' vs pH
K’ k6 I
3F 5- v
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2, v : 5N:2‘4LGT - v o
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% Acetonitrile pH of 50 mM NaH2PO4 Buffer

5N-2,4,6T
4A-6C-1,3B
HCT
T™MT
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MOBILE PHASE

TYPE OF MODIFIER (MeOH, ACN)

MOBILE PHASE COMPOSITION (% modifier)
pH
TYPE OF BUFFER (phosphate, acetate)

IONIC STRENGTH (Salts, buffer concentration)

ION-PAIRING REAGENTS (alkyl-amines, -sulfonates)

pH as a Selectivity Tool For Impurities

o UM U ﬂ pH 9 Ammonium Bicarbonate
] i
E 1 2 pH 7 Sodium Phosphate
: 1 2 pH 5 Ammonium Acetate
I, ) ” pH 2 Sodium Phosphate
| I
| I i w
ﬁ[ \,__M\M) U /u»\__/b Ld\/\,\_f\\,_w‘_/pgk

lonization of Acids and Bases

Dissociation of Molecule

Acid

+

H + A

lonized)

HA

(Un-ionized)

50% @ pKa 50%

100% LowpH — 0%
0% «— HighpH —100%

lonization of Acids and Bases

Dissociation of Molecule

Base

B

(Un-ionized)

50% @ pKa 50%
0% ——Low pH —100%
100% <«—High pH —0%




Impact of Organic Solvent Composition Retention Factor verSIIJ\ISeS:—rIaflcS)r Acids, Bases and
on Retention Factor (k), pH, and pK
@ | Acids (HA)
B
g T (PKa=48) Un-lonized
HAO BHA@ k BHA@ 10 pK © p/H@ =+ e Ionlzed
1 pK @ pH© g : Neutral
© |
N A
S T Bases (BH k / lonized
= (pKa=9.0) - lonized
c
e
O Iy — ‘ —
X o012 34356 789@11121314
Apparent pKa pH (mobile phase)
Behavior of Acidic, Basic and Neutral Compounds in Impact of Organic Concentration on the pkK; of the
Reversed-phase Chromatography Analyte
“ s * In general:
% — T — Basic Compounds: pvill decrease with the addition
% of an organic solvent
N — Acidic Compounds: pKwill increase with the addition
20 7 Robust Robust pH of an organic solvent
1 pH zone zone  The specific change in pKvill be compound
1 | dependent
“la
0
0 2 4 6 8 10 12
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Impact of Organic Concentration on the pH of the Mdile
Phase

» Aqueous buffers prepared from an acid and mixe

with an organic solvent
— pK, of the acid increases
— pH of the buffers increases

nase — Mobile phase

Impact of Organic Concentration on the pH of the
Mobile Phase

» Aqueous buffer prepared from a base and mixe
with an organic solvent
— pK, of the base decreases
— pH of the buffers decreases

Acid| Aqueous pKa pKa in 50% methanol

Ammonium 9.24 8.76

% & C(

d

Acid Aqueous pKa | pKa in 50% methanol
Phosphoric | 2.11 3.21
Phosphoric | 7.19 8.24
Formic 3.73 4.35
Acetic 4.77 5.54
% & "
Amitriptyline

a CH, a CH,

< NH™ < Ng
[

Q h Q B

1 * +
Vi 012

B | 415

(3" ! 41(

203" 1 a1/

%

Shift of pK, With Organic Solvent Composition:
Amitriptyline (Basic Compound)
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Naproxen

CHg CHs
COOH —_— Coo +
H3CO H3CO
* 4+ y T
i 21
3" 1 217
/3" 214

nase — Mobile phase

Shift of pK, With Organic Solvent Composition: Naproxen
(Acidic Compound)
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Dependence of Selectivity on pH

Conditions:
Column: XTerra™ RP,,
12 . 3.9 X 150 mm, 5 pm
0.1 pH 5 0 Mobile Phase: 65% 20 mM Buffers,
35% ACN
U Column Temp.: 30°C

Flow Rate: 1.0 mL/min

Detector: 210nm for pH 2.5,

pH 5.0, and pH 7.0;
0,004 230nm for pH 10.6
o 4 8 12 16 20 24 28 o 8 Iy

Time (min) Tir;\e (min)

1:acetaminophen
01341 uuz‘l 2:Iidocailne
iy PRS0 6 PH10.6 e
0.09; . p. d
0.074 5:nortriptyline

2 3 6:ibuprofen

AU oos 5
pH

0.05
0 ° the most powerful
0 4 8 12 16 20 o 10 20 30 40 50 SeleCthlt : tOOl

Time (min) Time (min)

Lu, Cheng; Waters

nase — Mobile phase

Impact of pH on the Retention of a Zwitterionic

UV/Vis Spectral Change Between lonized and Nonzedi
Forms

" #3%

Compound
| Aqueous pK ,=4.3 Aqueous pK ,=9.5
Negative

80 Charge
k eo 4 Positive
Charge

pH
Q Fexofenadine
A (Antihistamine)
OH + Hy
O
HO coo
Typical Chromatograms for pH Failure of an Ordinady;-Silica
Column
1 2 . 1. Uracil
Initial 2. Propranolol
4 3. Naphthalene
s 5 4. Acenaphthene
K 5. Amitriptyline
1
2 After failure
4
3
5
J J N

40 minutes
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MOBILE PHASE

TYPE OF MODIFIER (MeOH, ACN)

MOBILE PHASE COMPOSITION (% modifier)

pH
TYPE OF BUFFER (phosphate, acetate)

IONIC STRENGTH (Salts, buffer concentration)

ION-PAIRING REAGENTS (alkyl-amines, -sulfonates)

Recommended Buffers for pH’s 2-7
(Silica and Hybrid Packing Materials)

Additive or pK, pH range Volatile or Recommended Concentration
Buffer (1 pH unit) | Non-Volatile Ranges and Common
Counter-lons
TFA 0.3 Volatile (0.02-0.1%)
Acetic Acid | 4.76 Volatile (0.1-1.0%)
Formic Acid | 3.75 Volatile (0.1-1.0%)
Acetate 4.76 3.76 —-5.76 | Volatile/Non- (1-10mM) NH,, Na, K
volatile
Formate 3.75 2.75-4.75 | Volatile/Non- (1-10mM) NH,, Na, K
volatile
Phosphate | 2.15 1.15-3.15 Non-volatile
7.20 6.20 — 8.20 Non-volatile | Not for pH’s >7.0 (reduce the
temperature & conc. for
longer column lifetime)

nase — Mobile phase

Types of Buffers

Commonly Used Buffers for Reversed Phase HPLC

Buffer pKa Buffer Range UV Cutoff (nm)
Phosphate 2.1 1.1-31 200
7.2 6.2-8.2
123 11.3-133
Formic acid* 3.8 28-48 210
Acetic acid* 48 38-58 210
Citrate 3.1 21-41 230
47 37-57
5.4 44-64
Tris 83 73-93 206
Triethylamine* 11.0 100-12.0 200
Pyrrolidine 1.3 10.3-123 200

* Volatile buffers

Non-Recommended Buffers for

pH’s >7
Buffer pK, pH range Volatile or Effect if buffer used
(1 pHunit) | Non-Volatile (Dissolution)
Phosphate | 12.3 11.3-13.3 Non-Volatile Short Column Lifetime
Borate 9.2 8.2-10.2 Non-Volatile Short Column Lifetime

$ >< |
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MOBILE PHASE

TYPE OF MODIFIER (MeOH, ACN)

MOBILE PHASE COMPOSITION (% modifier)

pH
TYPE OF BUFFER (phosphate, acetate)

IONIC STRENGTH (Salts, buffer concentration)

ION-PAIRING REAGENTS (alkyl-amines, -sulfonates)

nase — Mobile phase

k' Versus Buffer Concentration

K' vs Buffer Concentration

4
v v
v v
3
m .-
A N A 5N-2,4,6T
5 A o 4A-6C-1,38
IN HCT
o o o © v ™T
1
= = =
0 1 L | ;‘ L | I T

10 30 50 70 90
20 40 60 80 100

mM NaH2PO4 pH 5.5

Types of Buffers and lonic Strength

e pH 10: Borate

- 20mMH ,BO,
e pH 7: Phosphate
- 20mMK _HPO ,
e pH 4-5: Acetate
- 10mMCH _COONH ,

— 100 mM CH 3COOH

e pH 2-3.5: Phosphate
—20mMH 3PO4-KH 2PO4

MOBILE PHASE

TYPE OF MODIFIER (MeOH, ACN)

MOBILE PHASE COMPOSITION (% modifier)
pH

TYPE OF BUFFER (phosphate, acetate)

IONIC STRENGTH (Salts, buffer concentration)

ION-PAIRING REAGENTS (alkyl -amines, -sulfonates )
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nase — Mobile phase

lon Pair Reagent

H.CH,
Triethylamine (TEA)
N|+ o Pentanesulfonate > so, Nat

CH.CH; CH.CH,

NS0 s Na+
Hexanesulfonate
CH,CH,CH.CH, OH-
I+
CH.CH,CH,CHZ N, CHCH:CH.CH,
CH,CH,CH,CH,

Tetrabutylamine (TBA)

S Ry

Heptanesulfonate -~ """ SO, Na+

S0, Na+
Octanesulfonate

CH.CH,CH,CHF” Nﬂ H,CH,CH.CH, Dodecylsulfonate NN NSNS0 Nat

CH,

Dibutyl-dimethylamine

lon Pair Chromatography

g
s
Val
Ha
~—a 88
3 T [ 3 ]

sulphenete cone. (mM!
Figure 1. Dependence of the capacity ratios of some amino acids on
the concentration of heptanesulfonate. The mabile phase alse con-
tained 0.1 M acetate buffer [pH 5.6) and 5 X 107" M Cu{I} ions. The
temperature was 30 °C.

&' ANALYTICAL CHEMISTRY, VOL. 57, NO. 8, AUGUST 1985 « 1831

Reversed Phase Advanced Features

CHEMISTRY:

* BONDED HYDROCARBON:
C-18, C-8, C-4, C-1, CN, phenyl

* % COVERAGE

* TYPE OF SILICA GEL

GEOMETRY
* SPHERE- IRREGULAR
* PARTICLE DIAMETER
* POROSITY

Dr. Shulamit Levin

http:/iwww.forumsci.co.il/HPLC

Stationary Phase Characterization
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Making a Bonded Phase Material: Synthesis

Surface of a Silica Gel
Bonded-Phase Packing Material

4 @ A Csalkyl chains he He
O. _OH H& ¢ c C c il = \ e
-~ 7 \/\/\/\/\ CH, CH, CH, /oHe
B 1 S c c c c / / / »
H—" H,C H,C HG 2
/O / + c \ < < \,, o
(0] CH CH, CH, P /o
/ H Zc< H zC< H zc\ H 2C\
CH, CH, _CH, _~CH:
B H5C "< residual silanol "< i S endcap
\ \
NGO OO we | B e
3 H,C 3
/Sl/ C C C CH3 " \S‘/.?"HH"'-.\T/CHSH \S\‘/CHET
e O\Si/ o \ AN O A b
! e i i i
/O// CH3 4&0/33'\0//3'\0// ~o"] ~o7 ~o—/ >
O +
/ HCl )+, -
#/1
Improvement in Peak Shape for Bases
Mixed-Mode Retention
o # 1 .
211"
neutral ﬁ Conventional C
h base
S 1970
Mobile O base
Phase PH<3 — neutral ﬂ Modem C
Si- OH Q - Early 1990's
. neutral base Embedded Polar
’I\D/lf?atl)élee pH>3 Technology -- Today
Si—-0 ~
2 neutral { \base Hybride Silica
2 Technology -- Today
’ Time (min) ®
N—_




Reversed Phase — Mobile phase

Different Columns — Different Chromatograms

V, = 0.86 min Symmetry ®Cyq

10

100 200 3.00 400 500 600 7.00  8.00
Minutes

Not all C18’s are the same! SymmetryShield ©RPsq

9.00 10.00 11.00 1200 13.00 14.00 15.00

8.00 9.00 1000 11.00 1200 13.00 14.00 15.00

YMC ODS AQ

8
" " 10

1.00 2.00 3.00 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

Different Columns — Different Chromatograms

“Relative” Ranking of C18 Columns Using a Standardized

; Test
YMC Hydrosphere

V,=1.05min

10
1

1.(’)0 2 E)O 3.(’)0 4. E)O 5.(’)0 6. E)O 7.(‘)0 G.(’)O 9. E)O 10?00 11'00 12?00 13:00 14'00 15‘00 Th e re are n O bad C 18 CO | u m n S .

Minutes Phenomenex Luna

V, = 0.93 min 7 9
! 2 ¥ ° 10
_\n Mj j\_ﬂ I There are only different C18 columns.

Minutes,

Phenomenex Aqua

10

100 200 300 400 500 600 700 800 9.00 1000 11.00 1200 13.00 14.00 1500
Minutes
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Certificates of Analysis

Cartificate of Anolysis

e [

Ceriificots of Analysis

nase — Mobile phase

Example Columns Comparison

* Expactad or Approximata Values
** 10 pm available late 2005

- =l - @~
Acnsinstiensl Trifurctionol
Trifunctional Cig B8 pmbarided Prlar Croup C, Phenyl
2.5,3.5, 5,107 2.5, 3.5, 5,107 2.5, 3.5, 5 10" 2.5,3.5,:5,107
3.1 pmal/m? 3.2 pmel/m* 2.3 pmel/m* 3.0 pmal/m?
18% 13% 17% 15%
Proprietary Proprietary TMS Propristary
112 112 291 112
B8O °C &0 °C 30 °C 80 °C
45°C 45°C 45 °C 45 °C
1354 1354 1354 1354
&
= 0.7 mlig 0.7 mlig 0.7 mlig 0.7 mlfg
z 185 mi/g 185 m'/g 185 m*/g 185 mi/g

oin 6f Reversad Phase Colmims

*Pharmacopeias Definitions and Database

*Selectivity Chart

*Physical Characterization

USP Categories For HPLC Columns
Definitions are too broad

m)

Category Particle Dia.(

Bonding

Description

L1 3t0 10

Ci8

Octadecyl silane
chemically
bonded to
porous silica or
ceramic
particles.

L2 30 to 50

Ci8

Octadecyl silane
chemically
bonded to silica
gelof a
controlled
surface




The PQRI approach for selecting columns of equivadelectivit e
Q PP 9 q y Columns Classification
The PQRI approach for selecting columns of equintadelectivity
Fo={[12.5 (Hy— HJJ* + [100 (5%, - §*)F + [30 (42— AT 2
C[43 By - BOP B3 (G -G 1) (a) 18 s
1 7 8 F=0
5 a
4 | . Y\ma’[min) ¥
8 2 567 567 | 9 2 (b)
1 #8& P s [ JMJ F.s =1
I M N N B n | ﬂ L_n J\_j\\/\
¥ 12 5 a P [c; r'rm?atan f : o
# # 10 #it " s I s =
$3 && ' () & s # s & " ) I m]n r?ms {min) ) 2
&s 1" #$ ## 5 5 & 1 3 s
= 6 , ¢ F=38
& & # s $ & 0 ] l ﬂ Sn A a
& & ! P |]I 2 -]
— N . - ) %7 Time (min)
#$ ' - Fig. 3. Example of use of F; values to select columns of either similar (a—c) or different (d) selectivity

USP Approach for Column Classification
Using NIST SRM (Standard Reagent Mix) 870 USP Approach for Column Classification Using
) NIST SRM (Standard Reagent Mix) 870
\<">/ A Low activity toward organic bases 2 E g E
- bt Bt Tnctonamy 2 2% [\ &
i toluen - hydrophabic retention “- B3 < T T
©H, T T T .3 T T %
bensane-msthyiens st § :
@ y il worbt et o A 3 £
O 0 qinizain - activity tward chelating reagents Hiah Sy toard et cheisore | BF 2 =
Q OH é --E £ :.
it e |8 3F i £
Low activity toward metal chelators. I 5
.@/_\ﬁ = = = %
[ amitriptyline - activity towards bases B 2
e, T —— i i R
L, High activity toward metal chelators i E




Reverse

P

USP Approach for Column Classification Using
NIST SRM (Standard Reagent Mix) 870

Table 2. Retention, Efficiency, and Peak Asymmetry Data for Selected Commercial C;; Cohunns

nase — Mobile phase

USP Approach for Column Classification Using
NIST SRM (Standard Reagent Mix) 870

Table 1. Characterization of CI8 columns using NIST SRM 870

Chelating Silanol Activity
Hydrophobicity Tailing
Column  Capacity Factor (k') Factor  Capacity Factor (k") Tailing Factor

Number Fthylbenzene Quinizarin mitriptyline Amitriptyline (umols/m?)
1 No peak No peak No peak 3.4
2 14 82 6.7 335
3 L1 7.3 23 20
4 1.0 6.1 18 4.0
5 1.1 59 34 38
6 6.0 7.5 40 1.1
7 7.5 4.6 30 27
8 1.7 51 1.7 32
9 1.5 31 12 33
10 No peak 23 30 1.7
1 No peak 115 7.0 26
12 12 1.7 1.1 23
13 11 33 13 22
14 No peak 35 8.0 27
15 1.1 51 24 1.6
16 20 6.3 19 35
17 19 23 28 22
18 6.6 4.1 27 32
19 1.6 1 39 3.6
20 1.6 7.6 20 36
21 13 22 21 42
22 25 1.0 49 Not available
23 1.5 35 20 3l
24 34 43 36 32
25 20 56 4.1 24

Celumn Retention Time, uracil K Theoretical K Asymmetry K Asymmetry K
(min) toluene Blates ethylbenzene quinizarin® quinizarin amitipilize®  anutriptyline
Ediylbenzens®
1 Xtema RP-18 0.36 0.76 3400 097 112 186 L2 168
2 SuplexpKb 142 0.60 12800 0.80 123 367 120 140
3 BomusCl8 132 0.78 10000 1.04 163 270 121 197
4 Supeleosil ABZ+plus 137 0.74 8320 098 11 428 128 177
5 OmumSpher 5 C18 127 77 13200 25 233 1.16 13 581
6 Symmetry shield RP18 0.80 149 111 535 299
7 Symmetry C18 073 220 131 548 519
8 Nucleosil C18 AB 123 174 32 133 418
9 ACECI2 141 13 159 107 401 393
10 Hypurity Elite C18 154 0.7 1.09 1.09 270 263
11 Inertsil ODS-3 140 27 1.2 635 672
12 Partisil ODS-1 174 022 361 891
13 LUNACIB(D) 133 205 146 540
14 Kromasil C18 123 281 375 703
15 Discovery C18 1.60 0.73 1.04 137 250 254
16 Spherisorb ODS-1 141 0.63 083 227 136 342
17 Inertsil ODS-2 137 37 192 127 510 509
USP Approach for Column Classification Using
NIST SRM (Standard Reagent Mix) 870
$9 8 2 48 8 48 0 (o 23 2!
[ <" ! $ $ P
$H o! $# $ 0 %1
& 1 1<$ ! s $$
1 & = 11 & $ 0 %1
! /<" i< s & & $$
2 (& I<
! ' $ & & $$
$
% ! [ $ $ - )
& $ $ 1 0 %1
]
! R .
]
& : $
++ &"

“Relative” Ranking of C18 Columns Using a Standardied Test

0

assilfieation of Reversedl Piase Golumns

<Pharmacopeias Definitions
«Selectivity Chart and the “Column Selector” Utility

*Physical Characterization
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o # O

nase — Mobile phase

Test Compounds for the Measure of
Hydrophobicity

» Acenaphthene (neutral compound) retentior

14

Is dependent on the hydrophobicity of the
bonded phase of the packing material

—Higher the k value, the more
hydrophobic the packing material

» Amitriptyline

Test Compounds for the Measure oResidual
Silanol Activity

» Acenaphthene

o Amitriptyline (basic compound, pKa=9.4)
retention is dependent on BOTH the
hydrophobicity of the bonded phase and
activity and concentration of residual
silanols. (Good example of a difficult bas
analyte.)

the

C

Results of Measuring Residual Silanol Activity

C: <+ ,ID,! =k’,/k’,

0 Time (min)

50




Reversed P

Stationary Phase Characterization

* Hydrophobicity (x - axis)

— Measured by the retention factor of acenaphthene

« Selectivity and Silanol Activity (y - axis)

— Measured by the relative retention () between amitriptyline and
acenaphthene at pH 7.00 in phosphate buffer

Selectivity Chart

Selectivity i
for Different Columns

Hydrophobicity Kk

nase — Mobile phase

* .
36 4 Wators Sohorsorbs S5 Reversed-Phase Column Selectivity Chart
- aters Spherisorb®
3.3
3
2.7 A @ \Waters Spherisorb® S5CN
o4 @ Nova-Pak® CN HP . @ Vaters Spherisorbo ODS1
4 Inertsil® Ph-3
Resolve® C18
@ Hypersil® Phenyl A4
T 21
£ @ Waters Spherisorb® ODS2
bﬁ 18 @ | Bondapak™ C18 P
S 1.
£ § YMC-Pack™ YMC J'sphere™
S5 15 Hypersil® %PS Cyano nertsil® CN-3 Phenyl @ ODS-L80 @ Nucleosil® C18
2
L3 ® & NovaPake Phenyi N
o 8 | YMC J'sphere™ ODS-M80
2 I Pl d ™
ngl2 Hypersi® BDS Pheny! ¢ YMCbasic Chromolth™ Nova-Pak® vy ysphere™ ODS-HEO
5 * & XTera® @ pp.g c18
= 09 1 Phenyl -Pak Luna ™ @ _Pack™ - AQ™
< YMC-Pack™ CN YMC-Pack™ ProCa™ ¢ o Nzacaa ® Phenyl Hexy! .W:ffa:“a; UC?BDS "
= YMC-Pack™ POCE™g o @ YMC-Pack™ ODS-A™
0.6 % AT %«:ewsm Symmetry® C8 4, * Zorbax® XDB C18
o nat ;
XTera®MSCs  ¢j'o e . @ nertsil® 0DS-3
0.3 PoC18™ Q@ |, T @ SunFire ™ C18
. SunFire ™ C8 e e
XTerra® MS C18 C18 @y mmetryo 15
0 SymmetryShield™ RP8 @
XTera® RP18 o o orbax® SB C18
* 4 SymmetryShield™ RP18
0.3 1
XTerra® RP8
YMC-Pack™ PolymerC18™
-0.6 : . . : >
-1.5 -0.5 0.5 15 25 35
Retentivity
(In [k] acenaphthene)
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Advanced
Chemistry
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CDF = 0.180

Column 1: Acquity BEH C18
Column 2: HyPURITY C18

Result of 2 Columns Comparison

HPLC Column Selector, Version 11.0
Build version: 24 April 2008

The Column Selector is based on an article by M.R. Euerby and
P. Petersson published in J. Chromatogr. A 2003, 994, 13-36.

Single pair column comparison

Parameters

kPB aCH2 aTO  aCP  aBP76 aBP27
(1.00) (1.00) (1.00) (1.00) (1.00)  (1.00)
281 146 136 036 026 014
3.2 147 16 037 029 01

Weightings




Reversed Phase — Mobile phase

Are these REAL alternatives ??7

Y " Ham.
(D phenomenex
March 11, 2003
Specials
Wi, M HPLC Column Replacement Document Altern: Document
g 0 Y |Bondapsk Bondclone Zhbdc.pdf  Kingsorb zhkin pf
HPorasi Bondclone Silica zhbde.pdi  Kinosork Silica zhkinpf
LStyragel Phenogel 104 Thphopdf —
Premiere Products Detapak 1004 Primesphers zhpripdf  Kingsork Zhkin pcf
HPLC Columns Dettapak 3004, Jupiter zZhiuppdf  Jupiter zhijug pdf
GC Columns IC-pak Hamitton PRP-¥100  zhham pdf STAR-ION A300 zhstr pdf
SPE Movapak 4y Kingsork 3p zhkinpdf  Kromasil 350 zhkro.pdi
Flash Cartridges Protein-Pak Affinity Shodex AFpak zhsdx podf —
Column Protection Protein-Pak IEC Shadex EC zhedepdt —
h . f ayn e = Protein-Pak S/ BioSep-SEC-S zhbss.pdt  Shodex Protein KW zhsdy pf
*Pharmacopeias Definitions e Resolve PhenoSphers  zhphnpdi Kingsorb shkin pot
. Equ||-)ment Spherizorb SphereClone zhapc.pdi  Kinosork zhkinpf
«Sel eCtiVity Chart SPE Equipment Suger-pak Fezex zhrzxpdi  Shodex Suger zhsdpdf
Flash Equipment Symmetry C18, C8 Luna C18 (2), C8 (2) zhiunpdf  Luna C18(2), C8 (2)  zhiur pdf
. . . Accessories Symmetry Shield C18, C5 Agqua zhaoopdi  Develosi RP-Agueous zhdey pof
°F’hyS|Ca| Characterization Literature Uttrahydroge! Polyssp-GFC-P zhpls.pef  Shodex OHpak SB zhsdb pf
Feedback UttraStyragel Phenogel Sy zhphopdi —
HTerra M3 Luna (21 Zhiunpdf  Luna (2) zhiun pdf
HTerra RP Arjua zhage pof  Develosil RP-Agueous zhoey pof

Parameters Characterizing Stationary Phase
Contd’
Physical Characteristics of HPLC and UPLC™ Packing Materials Stationary Phase Properties
Brand Chemistry  Parlide Shape _Pariide Size(s)  Pore Size Surface Area [/g] _Pore Volume [cc/g] % Carbonload  Endcapped
Sunfire” Gy heial 5355 10m 100k Il 1 e
e niine W b CHEMISTRY:
Smmeny® [ beic 5.5 100k 1 yes (
) o e S5 o ] [ * BONDED HYDROCARBON:
', heicl pm =
)y herical m 100k s
Symmenyfreg” E‘P, herical :m %& v? :l/'es \ 0'181 C'Sv C—4, C'lv CN, phenyl
G herical Tym 100 17 e
Symmelny300™ Gy heical .5, 5 ym 3004 85 s * 0 COVERAGE
A heical 5 5ym @} 030 28 yes
g i a0 20
e — T — 0 s = + TYPE OF SILICA GEL
(i3 herical 5. 10ym a0k 220 62 m
0058 ercal 1 a0k 220 15 yes
G herical m B0k 220 8 yes
E herical m B0k 220 7 yes
e — i : : . GEOMETRY
e i = il i : ; C * SPHERE- IRREGULAR
0D/ berical m a0k 20 0 s
- - I YL U = L 3 * PARTICLE DIAMETER
herical 5,5pm 35k 7 7 s
ield RPyy herical 5.5 um 350 7 7 yes * POROSITY
eyl phetic 5.5 um 350 7 7 yes
Weng® ' herical 10ym a5l ¥ yes
) herical 1 a5l 7 yes
S Gy heiical 5,5, 10 m a5l 7 yes
q4 beiid 355 00um 128 7 s
e pheical Sym 25 7 85




Reversed P

nase — Mobile phase

Reversed-Phase Ligand Classes

* Hydrophobic:
— Linear alkyl:
+ C18 (USP L1)
+ C8(USPL7)
« C4 (USP L26)
— Aromatic: Phenyl (USP L11)

» Hydrophobic/Hydrophilic: Cyano, Nitrile or CN (USEL0)

Retention time

Chain length CN Phenyl NH2 C4 C8 C18

Reversed Phase Colum@hemistries

G
o_o_>5; AAAAAAAA CL8

~0
=
O_O./S' RGNS C8
~0o
fH
ofofs“ Embedded Polar
CHs
O/Oqgi Wv@ Phenyl
~0

Simvastatin -- Same Conditions

o= XTerraMS C18 3.5 u tz = 5.49 min

4.6 x 100 mm N =8,525
T=1.04 oS
H
H,C

o _ 8 o H Hy/— H
250 Ry ex iy FRy Eho b Z2= 60 Sho Toloo o S H H
t; =3.30 min Bk
: R = 3. He--
-] XTerraRP183.5 i N=9,273 N

-4 4.6 x 100 mm T=1.09

Conditions:
Isocratic separation

» 40%A: 60%B
« Symmetry C18 3.5 p tg =7.3 min A: 2% Formic Acid in H,0
4.6 x 100 mm N =11,547 B: Acetonitrile
T=1.02 Wavelength: 230nm
Flow rate: 1.4 mL/min
Injection volume: 2.5 pL

Instrumentation:

t,=5.0 min Waters Alliance HT 2790

“.j Symmetry Shield RP18 3.5 - Waters 996 PDA detector
N =9,058

wo=d 4.6 X 100 mm
T=0.85
Inj vol 5.0 pL.

Neutral Compounds: C18 versus C4 (Same
Brand - Different Ligands)
Butylparaben
! ) "0/

Naphthalene
Acenaphthene

/@C-Packw Pro C18™

; U YMC-Pack™ Pro C4™

T T T T T
0 4 8 12 16 20 24

Minutes




Reversed P

Selectivity Comparison Between C18,
Phenyl and CN Ligands

‘ Note: Same base silica gel
A /\ YMC-Pack ODS-A
amitriptyline
| 7LM YMC-Pack Phenyl
_ YMC-Pack CN
0 10 20 30 40 50
Minutes

nase — Mobile phase

Degradation of Pravastatin Sodium
by 31% Peroxide

XTerraMS C183.5 pm
o] 81%A: 19%B
. pravastatin Same substrate -
] . different ligands
. Conditions:

Column Dimenstions: 4.6 x 100 mm
R e o L L N AL y " y
o 2 200 ™ o0 oo o o s we  isocratic separation

om0 A: pH 10.0; 10mM NHHCO, in H,0
B: ACN
ggﬂﬁ;ﬁ:&gas wm wavelength: 254nm

flow rate: 1.4 mL/min

2 pravastatin inj. volume: 2.0 pL
k| Temperature: 36C
oo \ Pravastatin Sodium conc:
0.5 mg/ mlin 0.15% Peroxide
o D

ion Conditions:

- e . B E B Temperature: ambient

50 mg of Pravastatin Sodium + 5 mL of 3%
Hydrogen Peroxide stirred for ~ 45 minutes
Pravastatin degraded ~ 17-20%

Instrumentation:
Waters Alliance HT 2790
Waters 996 PDA detector

g 8 & & 8

s Grumbach,Mazzeo

Reversed-Phase Packing with an Embedded
Polar Ligand

Polar

0.
\Si/\/ Group

Commercial Phases with Embedded Polar
Group

Me

/ Il
Si\/\/\o/c\ H/ R symmetryShield RP (Waters)
Me

(¢]
I
_S|/\/\H/C\ R Discovery RP Amidel6 (Supelco)
|

0]

_ \;i/ik/\ —C—, —R

N N Prism, Spectrum (Keystone)

M
o Me o
reduces interaction with silanols I

Si
difies selectivit TNy ~C—R
modities selectivity )\ H - Bonus RP (Hewlett Packard)

improves water wettability Me Me




Reversed P

Embedded Polar Ligand: Possible Mechanism

i

HyC

ST SN O O G (Ch)y—CH
/ /s( c o
e} o

~ :SIT/ CH H
o)
~ /O
$
ﬁ $

nase — Mobile phase

Weterr "Shireld"
Layer

20.Ns Bol|IS

Embedded Polar Goups

Embedded Polar Wetted Surface

Water layer
repels Carbon
chain -- keeping
ligand extended
-- maintaining
retention

Mixed-Mode Retention:

o # 1
211"

Mobile O

Phase PH<3 f

Si- OH Q
Mobil
Phase PH>3
Si—-0

Amitriptyline

\ [TFUSP =1.95

Embedded Polar Ligand versus Linear Alkyl
Ligand on Silica Gel

SymmetryShield™ RP18
TF USP =1.13

Symmetry® C18

Minutes

]
20

1
30




Reversed Phase — Mobile phase

Selectivity Difference:
Furazolidone Impurities
SymmetryShield™ RPg Symmetry® Cg

Combinations of Ligands

Polar Endcapping

Embedded Polar Group

\"W%‘
) Conventional Alkyl
|

-.V’V'N\/W\
Aqueous C18

%\ bz o § 9 ggm . C18 with Polar Endcapping .
Lq LS 1 _'é Synergi” Hydro-RP g

Synergi™ Fusion-RP




Reversed P

Phenyl Stationary Phase

- er-Linked Pheny| with Polar Endcap'ﬁ'l_
Synergi™ Polar-RP®

nase — Mobile phase

Stationary Phase Properties

CHEMISTRY:

* BONDED HYDROCARBON:
C-18, C-8, C-4, C-1, CN, phenyl

(* % coVERAGE )
~ TYPE OF SILICA GEL

GEOMETRY
* SPHERE- IRREGULAR

* PARTICLE DIAMETER
* POROSITY

CARBON LOAD

Increasing carbon load on a

similar geometrical sha
particles increases retention.

ped

Retention time

Carbonload 5% 7%

9% 12% 15% 17%

Silica based "bonded phases”

Bulky alkylsilane ligands can not react with all available
silanols due to the steric hindrance.




Reversed P

nase — Mobile phase

Surface of a Silica Gel
Bonded-Phase Packing Material

High
l L Coverage —
B N Ha Q .
! C>CHz i C>CHz C>CH2 JcHz ngh
e Ha, HeC Ha Ligand
¢ < LT Density
N Ho ol =4
- CHe _—CHz e CH2 e CH2 Endcap
H:C “Resdual silanol 26 26 C\ . N
Hzc\?H/CH HaC\?/CH Hzc\?iCHa HzC\?/CHSHSC\ —ots He~§
M ? 5D %4 SR S g cHs :
% i i i i /,S‘\ Y i\sf —H b
A o ar (S U A

‘ﬁgalkyl chains

Low Coverage —

H N :
(>CHZ Polar analytes easily interact /CH2 Low ngand
hac with surface N Density
/CH 2 /CH2
l l Residual silanols HZC\
/ CH 2 H2
/ / E dcap
Ho Hs
/:ZC\ ;/ o 1 %/ cH ﬂ“C\ ~ sy Hzc\ § —no s 5?\/ CHs

P /”P

e
/S‘\ /F'\ //s\\ //s\\ /,'Sl\ /,’Sl\ //’5'\ /,’5'\ /Sko /s,\ /,S\

[ (o SR~ e — O‘N\,J\:}
o " . " " i =l Trif i |
Ligand Type Trifunciional €, Tafunctional Gy L e toraup <. Phanyl
Available
Particle 2.5,3.5 510 2.5, 3:5.5;. 107 2.5, 3.5, 510" 25, B85, 107
Sizes (pm]
Ligand a1 " 5 [
2 1 pmal/m 3.2 pmel/m 3.3 pmal/m 3.0 pmal/m
;{ Density”
a
-l Carbon Load® 18% 13% 17% 15%
1
ES
Endcap Style Proprietary Preprietary TMS Propristary
pH Range 112 112 211 112
Lo pH 5 s o <
Toemp, Lirmi 80 °C 60 °C 30 °C 80 °C
High pH - o o .
Tawmp. Lirits. 45 °C 45 °C 45 °C 45 °C
135A 1354 1354 135A
=
i
F 0.7 mlig 0.7 mlig 0.7 mlig 0.7 mlig
ES
L 185 mi/g 185 m'/g 185 m'/g 185 mi/g
* Expactad or Approximate Valuss
** 10 pm availoble late 2005

Stationary Phase Properties

*

*

CHEMISTRY:
BONDED HYDROCARBON:
C-18, C-8, C-4, C-1, CN, phenyl
% COVERAGE

*

TYPE OF SILICA GEL
Native/Synthetic-Pure

GEOMETRY
* SPHERE- IRREGULAR

* PARTICLE DIAMETER
* POROSITY

Types of Silica

« Silanols

pH stability

Metal content
Temperature stability




Reversed P

Surface of a Silica Gel Bonded-Phase Packing Mateti

Csalkyl chains
-

c
\ \
\CH2 \CHZ /CHz /CHZ
H c/ H c/ HoC HK
2 2 \ \
\CH \CH CH, CH.
2 2 / /
H c/ H c/ H,C HQ
2! 2! \ \
\ \CH cH, _CH,
HaG ; < M Hag endca
K resjdual silanol "< \ \ p
THz CH, CH, C <|3Hz CH,
S EC\é‘/CH ch\é./CH \S‘/ \S‘/CHa Hie Y ||/CH3
| | \ \
o O o

nase — Mobile phase

o # 1 .
21/

Mobile
Phase PH<3

Si- OH

Mixed-Mode Retention:

Mobile

Phase

Si

-0 -

pH >3

! / Si
O/é ‘\O/z\o/é \O/L{ \O/O/ \o// \O// o o/ \ Sl\o/é ‘\o

()*+’ -, ' #/

Silanols and
Bonded Hybrid versus Bonded Silica Gel Surfaces

C,g-Bonded Silica Gel

18H37 CigHsy

CH; H3C '\\\CH HaC |‘\\\CH
7 on” “on’ “s*"on 1/2 -0Si(CH,),R

C,g-Bonded Hybrid

nlIIO

CH, CigHs7
H3C ' ‘\\\\CH3 HaCol | \\\\\\CH3
Si~ Sr OH

1/3 -OSi(CH,),R
1/3 -CH,
1/3 -OH

Bonded Phase on Particles

~Ha CHy
|

Lo Hae CHa
i sCE
H36 \ HC Mo \s._c
i Ngfp-sio— ?,wg 443
05 o e . HJCCS’:S( R
-y H;
e, Ters i "%*5' Gio-20S-crg
A CH: 1
08" o S H.
T ey 40" Fep, 5C- O
s. LCHs 4 S50, 8 Cﬁ:’w e Rl
P ) T m—a e ?,g% s i
H. o 8 - 5
;‘LL 3 'is:.q \'955(9—&\[5 A
s on 519 NG
= OH ¢Hy 5.0 L VT 5L 7T CHs
%




Reversed

Hybrid versus Silica Gel Particle

Symmetry® C18
TF USP = 1.95

; Amitriptyline

/ XTerra™ MS C18
/\¥ [TF USP = 1.35

T [l [l [l [l [l 1 |
0 10 20 30 40

Minutes

nase — Mobile phase

PERFORMANCE BY ONE PEAK

TAILING FACTOR

ASYMMETRY FACTOR

Tailing Factor USP

Amitriptyline Peak Tailing Over Extended pH
Range 1-12

4 1 Conventional C18

Pure Silica C18 ‘

I .

e ~

/

=

Hyhrid C18

6 7
Buffer pH

Integration Errors Caused by Tailing

T=1.00 T=158

Recovered Peak Areas Recovered Peak Areas

A 99.9%

—A-99.8%

—— 97.8%
—— 953 %

—— 99.6 % —— 923 %




Reversed P

nase — Mobile phase

Types of Silica

Silanols

pH stability

Metal content
Temperature stability

pH Limitations of Silica Based Packing Materials

/16

Hydrolysis of a Bonded Phase Material:
Monofunctional Ligand

HsC
O OH 3
A \ c c c c
Si S( \C/ \C/ \C/ ~c Hy
+
C Hy

H,C
. /\Si/c\C/C\C/C\C/C\CH3 + HCl
= :Si/o CH
o~/ 3
e
s 1 Low pH (hydrolysis of ligand)

HaC
O OH 3
- \ _C c c c
Si + /Si/ N TN N \CH3
HO” \
CH,

Typical Chromatograms for
Reference C18-Silica Column

) , " 1. Uracil
Initial 2. Propranolol

4 3. Naphthalene
s 5 4. Acenaphthene
K 5. Amitriptyline
1
2 After failure

IB S

40 minutes
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nase — Mobile phase

Types of Silica

Silanols

pH stability

Metal content
Temperature stability

Metal Content in Silica

Aluminum in the Silica Gel Lattice

&$

Tailing
Factor

Co

rrelation Between Base Tailing and
Aluminum Content of Silica Gel

D G, ran

|_"High Purity Silica Gel"
Region

1
200
Aluminum Content, ppm

300

Correlation between Metal Content of Silica Gel and

Peak Retention and Shape

Propranolol and

5 ;00 <4 8
© ) ©
S, 2 = T e
- R £ 3
a] 8 s 3 -
z £ 5 £ Al conc.< 10
3. 3 E conc. ppm
A A—/\ TFUSP =1.95
B 1 2 " 3 " 4
0 Miru 0 0

tes

Waters Nova-P&kC18 Methanol Al conc.= ~375 ppm

TFUSP=6.5

Naphthalene

Acenaphthene

Amitriptyline
——

[N

] 2 3
Minut 5 5
es

(GRS




Reversed P

Peak Shapes of Chelating Agent (Hinokitiol)

&$ 1 &; # @az. i/ 53 E=<" " 5/ 5/
&:
Low metals
Silica
\ @ Si
Oueepined
/
sSi—O
High metals silica
2 4 6 8

Minutes

nase — Mobile phase

Silanols
pH stability
Metal content

Types of Silica

* Temperature stability

Temperature Effects on Resolution

Resolution can be temperature dependent

Temperature can be a critical parameter
to control in order to achieve reproducible

separations.

K'vs Temperature

K’ vs Temperature

Column Temperature (C)

3 B ¥ 7 v v A\ d
A o,

2 ® G &
7 FTo ® e o - . A
1 ° . ¢
0 = == = = o= - - L]
30 40 50

35 45

«>en

5N-2,4,6T
4A-6C-1,3B
HCT

T™T




Reversed Phase — Mobile phase

Effect of Temperature (Isocratic separations) Dependence of Retention on Temperature

Conditions:
" Column: XTerra™ MSC ,,
e ., 30°C o, 40°C ) 2.1X 50 mm, 2.6 pm
- Mobile Phase: 25% ACN/75% buffer
o (10 mM, pH5, NH4AC)
" - A 3 Flow Rate: 0.6 mL/min
"5/ 71! 667/ - ¢ -
™ - Injection Vol. 3 uL
utl T - - S - 1 Detector: 210 nm
% -) TR TR I . e
5/ 6- %
1 T
¥ : 2 Analyte Conc. (pg/ml)
2 ‘0 : 2 500C 60°C 1: doxepin 0.5
- 2: imipramine 1.0
2/ &. 2 " - s 3 : 3 3: amitriptyline 3.0
6

- # - 4
v 1 e R R Higher Temp.
674/ ( 60"/ Shorter Run Time
s LT e Higher Signal
u, Cheng

Temperature Effects on Resolution - Gradient
[}
Rss6 =0 10 0T Conditions ( .
030 4 /0 o,
om0 3 Rse9 = 2.39 9 - Column: Symmetry300™, C*, " %
AU 5 pm, 3.9x150mm
0100 3 7 11
0000 3 A - Sample: Tryptic digests of bovine —
T T T cytochrome ¢ o
200 EE T ) w00 %
_ - Injection: 20 pL
s 3 Rss=0 0 35T
Rswe9 = 2.07 ° - Mobile Phase: v ? =
om 3 56 s Solvent A: 0.1% TFA in water .
Ao 4 7 11 Solvent B: 0.1% TFA in acetonitrile -
S| 7 i - #8&%
0000 - Gradient: 0-45 min., 0-30%B
200 EX IR ) )
Reeo = 0.84 10 0C - Flow rate: 0.75 mL/min. ( (
o0 Rse9 = 1.63 - Detection: 214 nm
020 § g g 9 % . % .
Moo 7 8 1 ) j\ )
i Ll iy
0000 3 - - G R g
2500 wd sk w0k




Reversed

Stationary Phase Properties

*

*

CHEMISTRY:
BONDED HYDROCARBON:
C-18, C-8, C-4, C-1, CN, phenyl
% COVERAGE

TYPE OF SILICA GEL

GEOMETRY

* SPHERE- IRREGULAR ]

* PARTICLE DIAMETER
* POROSITY

nase — Mobile phase

Spherical and Irregular particles

© Electron microphotograph

of spherical and irregular silic
particles. [W.R.Melander, C.Horvath, Reversed-Phase

Chromatography, in HPLC Advances and Perspectives, V2,
Academic Press, 1980]

Spherical and Irregular particles

1965

1970 1980 1990 2005

Pellicular
30 - 50 pm

| ular
30 pm

Mon-porous
15-2pum

®
Pellicular
3-5pm

Spherical
3-5pm

Totally porous

Irregular
10 - 20 pm

5-10pm

Spherical
5-7-10pum

Spherical
3-5pm

CHROMEDIA

Sub-2 m

a

Stationary Phase Properties

CHEMISTRY:

* BONDED HYDROCARBON:
C-18, C-8, C-4, C-1, CN, phenyl

* 9% COVERAGE

« TYPE OF SILICA GEL

GEOMETRY
* SPHERE- IRREGULAR

* PARTICLE DIAMETER
* POROSITY )




Reversed P

nase — Mobile phase

Pore size, shape and distribution

® Macroporous  spherical silica

particle. [K.K.Unger, Porous

silica, Elsevier, 1979]

Pore size defines an ability of the analyte molecules to pene trate
inside the particle and interact with its inner surface. Thi s is
especially important because the ratio of the outer particl e surface
to its inner one is about 1:1000. The surface molecular int eraction
mainly occurs on the inner particle surface.

Exclusion — Inclusion Effects

9

Pore Size Effects on Resolution

Conditions

Symmetry®, C18, 5pm,

4.6 X 150 mm, 100A - Sample: Tryptic digests of

cytochrome ¢ (bovine)

0% 0 L2 - Injection: 20 pL
020 56 ° - Mobile Phase:
23 | 4 8 Solvent A: 0.1% TFA in water
AP0 ! ll 7 i Solvent B: 0.1% TFA in
000 A ; acetonitrile

- Gradient: 0-50 min., 0-30%B
u'lmb 0% 2% - Temperature: 35°C

- Flow Rate: 0.75 mL/min.
- Detection: 214 nm

Symmetry300™, G, 5 um,
4.6 X 150 mm, 300A

10 .
0500 56 13 -Different pore
0400 12 sizes change
0.300 = .
M200 ﬂ 4 j il n l selectivity.

0100 2 1 7
0.000 A L l\_‘ )y l ..

0.0¢ 20! . 40000

Minutes

Columns for Polar Compounds Using Fully
Aqueous Mobile phases

F@ .

Carmody.
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nase — Mobile phase

Mechanism of Retention of Polar Compounds on
Aqueous Columns

Polar analytes are not able to “Fit” between High

ligands —can't interact with surface l . Coverage —
HaG H3G HSC\ ngh

H CH /CHZ .
e e e Ha Ligand
CH /CHe /e /O Density
HoE Ho_ Ho o
—CHz ——CH2 e CH2 1 CH2z  Endcap
HCC “Resjdual silanol ~ H:X N C\ N
Hzc\%:H/ZCH HaC— gH/ CH:}:‘aC\;/ZCHg e s?\/ CHSHRC\ ?./ CHy Moo ;/ ’ cHs
H
Fo bbb B bbbl T
4 6 © 5
hac, _ Cealkyl chains Hac Low Coverage —
JCH2 Polar analytes easily /CH2 Low Ligand
H interact with surface N Density
/CHz /CH2

l l Residual silanols HZC\ "
/CHz Endcap

He / V/ HaC ¢Hs
:30\;/CH3H3C\%/CH:§3C\ —CHay \ s \?,/CHz He~ T {—oms
/ b

?

?
o ,Sl\ /fl\ //S'\ //S'\ /IS'\ /IS'\ //SI\ //S'\ /Sk /ﬁl\ /ﬁ\

Polar Compounds - Aqgua Columns

Polar and Non-Polar Compounds Test Mix

Conditions Compounds USP Tailing:
Columns: 4.6 x 150 mm, 5 pm 1. Uracil 1.04
Mobile Phase A:H ,0 2. Acetanilide 0.95
Mobile Phase B: ACN 3. Triamcinolone 1.02
i . 4. Hydrocortisone 1.03
Mobile Phase C: 100 mM NH ,COOH, pH 3.0 . 2_VAmm0_7_Ch|or0_5>0x0_5H_[1]_
Flow Rate: 2.0 mL/min 10[2,3-bpyridi itrile  1.01
Gradient: Time Profile 6. 6a-Methyl-17a-hydroxyprogesterone 1 .01
(min) %A %B  %C 7. 3-Aminofluoranthene 0.97
0.0 80 10 10 8. 2-Bromofluorene 1.00
9. Perylene 0.99
128 g gg g 10. Naphthol[2,3-a]pyrene 0.95
Injection Volume: 5.0 pL 7

Temperature: 30 °C
Detection: UV @ 254 nm
Altantis dC g

V, =0.98 min
10

1.00 200 300 4.00 500 600 700 800 900 1000 11.00 1200 1300 1400 1500
Minutes

Monolit Packing

By utilising an innovative new
"Gel-Sol" technology, a silica gel
polymer is formed, which after
ageing, is dried into the required form
of a straight rod of highly porous
silica with a bimodal pore structure.

Chromolith macropore structure

Chromolith mesopore structure

Monolit: Continuous Stationary Phase

Current Opinion in Chemieal Biclogy




Reversed P

Column Selection

H Chromatographic Support “

\ﬂ Non-Silica

Silica Ba

Synthetic Silica

Native Silica

i

‘ Spherical‘ ‘ Monolit ‘ ‘ Irregular ‘

‘ Extended pH‘ ‘ Limited pH ‘

Carboﬂ
Zirconia

| C6, C4, C1, CN, Phenyl, NH2

Type of Ligand

/

Embedded

\
Polar Group

nase — Mobile phase

Polymeric

Stationary Phase Properties

CHEMISTRY:

* BONDED HYDROCARBON:
C-18, C-8, C-4, C-1, CN, phenyl

* 9% COVERAGE

+ TYPE OF SILICA GEL

GEOMETRY
* SPHERE- IRREGULAR

* PARTICLE DIAMETER ]

* POROSITY

The Quest for Fast Chromatography:
Smaller Particles

H a(dp) E C(dp)zu 4_.; Maiisnterggssfer

The promise of the van Deemter plot

New Particle Technology

60 m Human Hair

(very fine hair)

5 m
Analytical Particles
(can fit 12 across hair)

1.7 m
ACQUITY UPLC™ Particles
Optimal Particle Size Distribution
For Max Efficiency
at a given Pressure
Images are on
same scale
(Bar=10 m)
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Achieve UPLC™ Separations

at L/dp (30,000)
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allow very high throughput (speed), high sensitivity, high res

Smaller particle size and shorter columns with same L/dp ratio

" Curves stop at 3,500 psi max backpressure

olution separations!

2.5um
2.1x20 mm

Fast LC and UPLC
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Columns:

Mobile Phase: A =0.1% TFA in water,
B =0.08% TFA in MeCN

Gradient: 5 - 95% B in 45 seconds
and 120 seconds

Column Temperature: 60 °C

Flow Rate: 1.5 mL/min.
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Minutes

2.5 mM in HPLC and 1.7mM in UPLC
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Method: 83:17 Buffer phosphate

pH4
Flow: 0.4 mi/min AU
Temp: 30C

Acquity 1.7 M o
2.1x100 mm

280 nm: 40 ptisec
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Minutes

Column: XTerra™ MS C 5
2.1 x20 mm, 2.5 pm
Gradient 0 - 100% B in 2.5 min,
A: 0.1% TFA in water
B: 0.08% TFA in MeCN
Flow rate: 1.5mL/min
Temperature: 60° C
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Minutes

General Requirements from HPLC Columns

XTerra™ MS Cyg2.1 x 20 mm, 2.5 um;
XTerra™ MS C,52.1 x 50 mm, 5 um




Reversed Phase — Mobile phase

Batch-to-Batch Reproducibility of Columns o
Chromatogram of lifetime test

Condifi
Columns: Symmetry ™M C  g3.9 mm X 150 onditions
. 3 Column: Symmetry™ C g 3.9 mm X 150
mm with Sentry ™ Guard o
1: Sulfanilamide 1 mm with Sentry™ Guard

Column 3.9 mm X 20 mm
Column 3.9 mm X 20 mm

Sample: Barbiturate Standard
‘P : Mobile Phase:  waterimethanoliglacial acetic
Mobile Phase: 100 mM potassium phosphate, 2: Sulfadiazine 2 4 5 acid 70:20:1
pH 6.9/acetonitrile/water 6

20:30:50

3: Sulfathiazole

4: Sulfamerazine

Injection 5020
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5: Sulfamethazine 1
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6: Succinylsulfathiazole Minutes

Minutes

Batch-to-batch Reproducibility Regeneration of RP Column

2: Allobarbital

3: Phenobarbital

Overlay of
Three Batches
A
4: Butabarbital B
C
Z‘vDD 4}00
5: Butalbital Minutes
Column: Symmetry® C 35 3.5 pm (4.6 x 100 mm)
& Amobarbial Flow Rate: 1.8 mL/min

Mobile Phase:  0.1N potassium phosphate (pH 6.9)/acetonitrile/
water 20:30:50

Detection: UV at 214 nm

Sample: 10 pL of 25 pg/mL of each barbiturate

7: Mephobarbital
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