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Reversed Phase – Mobile phase

Reversed Reversed Phase: Phase: 
Mobile Phase and Stationary PhaseMobile Phase and Stationary Phase

Dr. Shulamit Levin, Medtechnica
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Reversed Phase – Mobile phase

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)     

MOBILE  PHASE

*  TYPE OF  MODIFIER (MeOH, ACN)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

20% ACN

20% EtOH

20% THF main solvent: H 2O

Elution Strength
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Reversed Phase – Mobile phase
MOBILE  PHASE

*  TYPE OF  MODIFIER (MeOH, ACN)                                   

*  MOBILE PHASE COMPOSITION (% modifier)MOBILE PHASE COMPOSITION (% modifier)

* pH 

* TYPE OF BUFFER (phosphate, acetate)

* IONIC STRENGTH (Salts, buffer concentration)

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

Analyte Retention as a Function of % Modifier
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k (retention) for each 
analyte changes 
independently as % 
Modifier changes.

Thus, the resolution 
between peaks changes. 

SOLVENT STRENGTH

OPTIMIZATION: % SOLVENTS
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Reversed Phase – Mobile phase
MOBILE  PHASE

*  TYPE OF  MODIFIER (MeOH, ACN)                                   

*  MOBILE PHASE COMPOSITION (% modifier)

* pHpH

* TYPE OF BUFFER (phosphate, acetate)

* IONIC STRENGTH (Salts, buffer concentration)

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

pH as a Selectivity Tool For Impurities
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Dissociation of Molecule
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HA                  H+ +   A-
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50% @ pKa 50%
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Ionization of Acids and Bases

Dissociation of Molecule
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B                   BH+ +  OH-

(Un-ionized) (Ionized)

50% @ pKa 50%
0% Low pH       100%

100% High pH 0%
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Reversed Phase – Mobile phase
Impact of Organic Solvent Composition 

on Retention Factor (k), pH, and pKa
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Behavior of Acidic, Basic and Neutral Compounds in 
Reversed-phase Chromatography
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Robust 
pH zone

Robust pH 
zone

Impact of Organic Concentration on the pKa of the 
Analyte

• In general:
– Basic Compounds: pKa will decrease with the addition 

of an organic solvent
– Acidic Compounds: pKa will increase with the addition 

of an organic solvent

• The specific change in pKa will be compound 
dependent
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Reversed Phase – Mobile phase
Impact of Organic Concentration on the pH of the Mobile 

Phase

• Aqueous buffers prepared from an acid and mixed 
with an organic solvent
– pKa of the acid increases
– pH of the buffers increases

5.544.77Acetic

4.353.73Formic

8.247.19Phosphoric

3.212.11Phosphoric

pKa in 50% methanolAqueous pKaAcid
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Impact of Organic Concentration on the pH of the 
Mobile Phase

• Aqueous buffer prepared from a base and mixed 
with an organic solvent
– pKa of the base decreases
– pH of the buffers decreases

8.769.24Ammonium

pKa in 50% methanolAqueous pKaAcid
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Reversed Phase – Mobile phase

Naproxen
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Shift of pKa With Organic Solvent Composition: Naproxen 
(Acidic Compound)
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Resolution of Two Acidic Compounds at 
Different Mobile Phase pH’s
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Enhanced Resolution of Basic Compounds at High 
pH
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Reversed Phase – Mobile phase
Dependence of Selectivity on pH

Conditions:
Column:  XTerra™ RP18, 

3.9 X 150 mm, 5 µm
Mobile Phase: 65% 20 mM Buffers,

35% ACN
Column Temp.: 30 °C

Flow Rate:  1.0 mL/min

Detector:  210nm for  pH 2.5, 
pH 5.0, and pH 7.0;
230nm for pH 10.6 -0.005
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1:acetaminophen
2:lidocaine
3:doxepin
4:imipramine
5:nortriptyline
6:ibuprofen

Lu, Cheng; Waters

pH  pH  
the most powerful the most powerful 

selectivity toolselectivity tool

Impact of pH on the Retention of a Zwitterionic
Compound
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UV/Vis Spectral Change Between Ionized and Non-ionized 
Forms
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Typical Chromatograms for pH Failure of an Ordinary  C18-Silica 
Column

40 minutes
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Initial

After failure

1. Uracil
2. Propranolol
3. Naphthalene
4. Acenaphthene
5. Amitriptyline



	

Reversed Phase – Mobile phase
MOBILE  PHASE

*  TYPE OF  MODIFIER (MeOH, ACN)                                   

*  MOBILE PHASE COMPOSITION (% modifier)

* pH 

* TYPE OF BUFFER (phosphate, acetate)TYPE OF BUFFER (phosphate, acetate)

* IONIC STRENGTH (Salts, buffer concentration)

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

Types of Buffers

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

Not for pH’s >7.0 (reduce the 
temperature & conc. for 
longer column lifetime)

Non-volatile6.20 – 8.207.20

Non-volatile1.15 – 3.152.15Phosphate

(1-10mM) NH4, Na, KVolatile/Non-
volatile

2.75 – 4.753.75Formate

(1-10mM) NH4, Na, KVolatile/Non-
volatile

3.76 – 5.764.76Acetate

(0.1-1.0%)Volatile3.75Formic Acid

(0.1-1.0%)Volatile4.76Acetic Acid

(0.02-0.1%)Volatile0.3TFA

Recommended Concentration 
Ranges and Common 

Counter-Ions

Volatile or 

Non-Volatile

pH range 

(± 1 pH unit)

pKaAdditive or 
Buffer

Non-Recommended Buffers for
pH’s >7

Short Column LifetimeNon-Volatile8.2 – 10.29.2Borate

Short Column LifetimeNon-Volatile11.3 – 13.312.3Phosphate

Effect if buffer used 
(Dissolution)

Volatile or 

Non-Volatile

pH range 

(± 1 pH unit)

pKaBuffer
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Reversed Phase – Mobile phase

MOBILE  PHASE

*  TYPE OF  MODIFIER (MeOH, ACN)                                   

*  MOBILE PHASE COMPOSITION (% modifier)

* pH 

* TYPE OF BUFFER (phosphate, acetate)

* IONIC STRENGTH (Salts, buffer concentration)IONIC STRENGTH (Salts, buffer concentration)

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

k' Versus Buffer Concentration
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4A-6C-1,3B
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K' vs Buffer Concentration

Types of Buffers and Ionic Strength

• pH 10: Borate

– 20 mM H 3BO 3

• pH 7: Phosphate
– 20 mM K

2
HPO

4

• pH 4-5: Acetate
– 10 mM CH

3
COONH

4

• pH 2-3.5: Phosphate
– 20 mM H 3PO 4 - KH 2PO 4

100 mM CH 3COOH–

MOBILE  PHASE

*  TYPE OF  MODIFIER (MeOH, ACN)                                   

*  MOBILE PHASE COMPOSITION (% modifier)

* pH 

* TYPE OF BUFFER (phosphate, acetate)

* IONIC STRENGTH (Salts, buffer concentration)

* IONION--PAIRING REAGENTS PAIRING REAGENTS (alkyl(alkyl --amines, amines, --sulfonatessulfonates ))
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Reversed Phase – Mobile phase

Ion Pair Reagent
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CH3CH2 CH3CH2

N CH2CH2CH2CH3

CH3

CH3CH2CH2CH2

CH3

N CH2CH2CH2CH3

CH2CH2CH3CH2

CH3CH2CH2CH2

CH2CH2CH2CH3

OH-

OH-

OH-

Triethylamine (TEA)

Tetrabutylamine (TBA)

Dibutyl-dimethylamine

+

+

+

Pentanesulfonate

Hexanesulfonate

Heptanesulfonate

Octanesulfonate

Dodecylsulfonate

SO 3
Na+-

SO 3 Na+
-

SO 3
Na+

-

SO 3 Na+-

SO 3 Na+
-

Ion Pair Chromatography
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Dr. Shulamit Levin

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

Reversed PhaseAdvanced Features 
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* PARTICLE DIAMETER

* SPHERE- IRREGULAR

* POROSITY

GEOMETRY

CHEMISTRY:

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

* % COVERAGE
TYPE OF SILICA  GEL*

Stationary Phase Characterization
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Reversed Phase – Mobile phase

+ HCl
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Mobile 
Phase pH < 3

Si - OH

O- Si
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O- Si
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O- Si

O- Si
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O-- Si
O- Si
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Mobile 
Phase pH > 3
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Mixed-Mode Retention

Conventional C
18

Modern  C
18

neutral

base

neutral

1970's

Early 1990's

Time (min)
500

neutral Embedded Polar
Technology  -- Today

Hybride Silica
Technology  -- Today

neutral

base

base

base

Improvement in Peak Shape for Bases
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Reversed Phase – Mobile phase

Not all C18’s are the same!

Different Columns – Different Chromatograms

Symmetry ® C18
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9
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V0 = 0.86 min
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9
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V0 = 0.92 min

SymmetryShield ® RP18

V0 = 0.98 min
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Different Columns – Different Chromatograms
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YMC Hydrosphere
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1 2 3

4 5
10

98
7

6

V0 = 0.93 min

Phenomenex Luna

V0 = 1.00 min
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Phenomenex Aqua

Minutes
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“Relative” Ranking of C18 Columns Using a Standardized 
Test

�There are no bad C18 columns.

�There are only different C18 columns.
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Reversed Phase – Mobile phase
Certificates of Analysis Example Columns Comparison

•Pharmacopeias Definitions and Database

•Selectivity Chart

•Physical Characterization

USP Categories For HPLC Columns
Definitions are too broad

Octadecyl silane
chemically 
bonded to silica 
gel of a 
controlled 
surface

C1830 to 50L2

Octadecyl silane
chemically 
bonded to 
porous silica or 
ceramic 
particles.

C183 to 10L1

DescriptionBondingParticle Dia.( ����
m)

Category
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Reversed Phase – Mobile phase
The PQRI approach for selecting columns of equivalent selectivity
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Columns Classification
The PQRI approach for selecting columns of equivalent 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 
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Reversed Phase – Mobile phase
USP Approach for Column Classification Using 

NIST SRM (Standard Reagent Mix) 870 

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

USP Approach for Column Classification Using 
NIST SRM (Standard Reagent Mix) 870 
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“Relative” Ranking of C18 Columns Using a Standardized Test

•Pharmacopeias Definitions

•Selectivity Chart and the “Column Selector” Utility

•Physical Characterization
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Test Compounds for the Measure of 
Hydrophobicity

• Acenaphthene (neutral compound) retention 
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 of Residual 
Silanol Activity

• Acenaphthene 
• Amitriptyline (basic compound, pKa=9.4) 

retention is dependent on BOTH the 
hydrophobicity of the bonded phase and the 
activity and concentration of residual 
silanols. (Good example of a difficult basic 
analyte.)

Results of Measuring Residual Silanol Activity

Time (min)
50

4��'��
������4��

�0���
�0��4��
neutral

base

neutral

base

0
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Reversed Phase – Mobile phase

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

��� �

Hydrophobicity    k

Selectivity Chart
for Different Columns

Reversed-Phase Column Selectivity Chart

Retentivity
(ln [k] acenaphthene)

SunFire ™ C18

YMC-Pack™ PolymerC18™

Hypersil® CPS Cyano

YMC-Pack™ CN

Waters Spherisorb® S5 P

Hypersil® BDS Phenyl

Nova-Pak® Phenyl

YMC-Pack™

Phenyl

Hypersil® Phenyl

Inertsil® Ph-3

YMC-Pack™ Pro C4™

YMCbasic™

Symmetry® C8
YMC-Pack™ Pro C8™

Nova-Pak®
C8

XTerra® MS C18
Symmetry® C18

YMC-Pack™
Pro C18™

Inertsil® ODS-3

YMC-Pack™ ODS-A™

Nova-Pak®
C18

YMC J'sphere™

ODS–L80 Nucleosil® C18

Waters Spherisorb® ODS2

Waters Spherisorb® ODS1

Resolve® C18

µBondapak™ C18

YMC-Pack™ ODS–AQ™

YMC J'sphere™ ODS–H80

YMC J'sphere™ ODS–M80

Inertsil® CN-3

Waters Spherisorb® S5CN

Nova-Pak® CN HP

SymmetryShield™ RP8

SymmetryShield™ RP18

XTerra® RP8

XTerra® RP18

-0.6

-0.3

0

0.3

0.6

0.9

1.2

1.5

1.8

2.1

2.4

2.7

3

3.3
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)

XTerra® MS C8

Luna ®
C18 
(2)

XTerra ®
Phenyl Luna ™

Phenyl Hexyl

ChromolithTM

RP-18

Atlantis® dC18

Zorbax® XDB C18ACT Ace® C18

Zorbax® SB C18

SunFire ™ C8

Luna®
C8 (2)

ACDLabs Column Selector Result of 2 Columns Comparison

Parameters

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

Weightings

CDF =   0.180

Column 1: Acquity BEH C18
Column 2: HyPURITY C18

kPB
(1.00)
2.81
3.2

aCH2
(1.00)
1.46
1.47

aTO
(1.00)
1.36
1.6

aCP
(1.00)
0.36
0.37

aBP76
(1.00)
0.26
0.29

aBP27
(1.00)
0.14
0.1
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Reversed Phase – Mobile phase

•Pharmacopeias Definitions

•Selectivity Chart

•Physical Characterization

Are these REAL alternatives ???

Parameters Characterizing Stationary Phases
Contd’

Stationary Phase Properties

* PARTICLE DIAMETER

* SPHERE- IRREGULAR

* POROSITY

GEOMETRY

CHEMISTRY:

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

* % COVERAGE
TYPE OF SILICA  GEL*
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Reversed Phase – Mobile phase
Reversed-Phase Ligand Classes

• Hydrophobic:
– Linear alkyl: 

• C18 (USP L1)

• C8 (USP L7)

• C4 (USP L26)

– Aromatic: Phenyl (USP L11)

• Hydrophobic/Hydrophilic: Cyano, Nitrile or CN  (USP L10)

Retention time

Chain length   CN  Phenyl  NH2  C4  C8  C18

Reversed Phase Column Chemistries

C18

C8

Embedded Polar

Phenyl

Simvastatin -- Same Conditions

Conditions:
Isocratic separation
40%A: 60%B
A: 2% Formic Acid in H2O
B: Acetonitrile
Wavelength: 230nm
Flow rate: 1.4 mL/min
Injection volume: 2.5 µL

Instrumentation:
Waters Alliance HT 2790
Waters 996 PDA detector

tR = 5.49 min
N = 8,525
T = 1.04

XTerra MS C18 3.5 µ
4.6 x  100 mm

Symmetry C18 3.5 µ
4.6 x 100 mm

tR = 7.3 min
N = 11,547
T = 1.02

Symmetry Shield RP18 3.5 µ
4.6 x 100 mm

tR = 5.0 min
N = 9,058
T = 0.85

Inj vol 5.0 µL

H
CH3

H
H H

CH3

O
O

H

H

HO
O

CH3

CH3

OH

CH3

A
U

-0.020

-0.010

0.000

0.010

0.020

0.030

0.040

0.050

0.060

Minutes
1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00

tR = 3.30 min
N = 9,273
T = 1.09

XTerra RP18 3.5 µ
4.6 x 100 mm

A
U

-0.020

-0.010

0.000

0.010

0.020

0.030

0.040

0.050

0.060

0.070

0.080

0.090

0.100

Minutes
1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00

A
U

-0.010

-0.005

0.000

0.005

0.010

0.015

0.020

0.025

0.030

0.035

0.040

0.045

Minutes
1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00

A
U

-0.010

0.000

0.010

0.020

0.030

0.040

0.050

0.060

0.070

Minutes
1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00

Neutral Compounds: C18 versus C4 (Same 
Brand - Different Ligands)

Minutes
0 4 8 12 16 20 24

YMC-Pack™ Pro C18™

YMC-Pack™ Pro C4™

Acenaphthene

Naphthalene

Butylparaben
(�
�)��������������
�'�
0�/-��
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Reversed Phase – Mobile phase
Selectivity Comparison Between C18, 

Phenyl and CN Ligands

Minutes
10 20 30 40 500

YMC-Pack ODS-A

YMC-Pack Phenyl

YMC-Pack CN

amitriptyline

Note: Same base silica gel

Degradation of Pravastatin Sodium
by 31% Peroxide

Conditions:
Column Dimenstions: 4.6 x 100 mm 
isocratic separation
A: pH 10.0; 10mM NH4HCO3 in H2O 
B: ACN
wavelength: 254nm
flow rate: 1.4 mL/min
inj. volume: 2.0  µL
Temperature: 30 oC
Pravastatin Sodium conc:

0.5 mg/ ml in 0.15% Peroxide 
Degradation Conditions:
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

Grumbach,Mazzeo

pravastatin

XTerra MS C183.5 µm
81%A: 19%B

A
U

0.00

0.02

0.04

1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00

pravastatin

A
U

0.000

0.010

0.020

0.030

0.040

0.050

Minutes

1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00

XTerra RP183.5 µm
82%A: 18%B

A
U

0.000

0.010

0.020

0.030

0.040

0.050

Minutes

1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00

pravastatin

XTerra Phenyl3.5 µm
84%A: 16%B

Same substrate -
different ligands

Reversed-Phase Packing with an Embedded 
Polar Ligand

 O
Si

CH3CH3

Polar
Group

E�$
��
��;
����B�
���@�����

O
Si

CH3CH3

<������
�����	��������������"�����@�����

Commercial Phases with Embedded Polar 
Group

Si N
H

C

O

R

Si
O

C

O

N
H

Me

Me

R

Si NH
C

O

NH
R

Si
N
H

C

O

R

Me

Me Me

Me

SymmetryShield RP (Waters)

Discovery RP Amide16 (Supelco)

Prism, Spectrum (Keystone)

Bonus RP (Hewlett Packard)

reduces interaction with silanols����

���� modifies selectivity

���� improves water wettability
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Embedded Polar Ligand: Possible Mechanism

S i
C

C
C

O
C

N
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C H3
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O
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Embedded Polar Goups

Embedded Polar Wetted Surface

Water "Shield"Water "Shield"

LayerLayer

S
ili ca  S
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Si
O

Me

Me

O
C

O

Si
O

Me Me

Si

O

Me
Me

O C

O

N
H

N
H

O
C

O

N
H

O

O

C

O

SiM
e

M
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N
H

Water layer 

repels Carbon

chain -- keeping

ligand extended

-- maintaining

retention
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(CH 3
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2
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O-Si
O- Si
OH
O- Si
O- Si
OH

O- Si
OH
O- Si
O- Si
O- Si
OH

O- Si
O-Si

Mobile 
Phase pH < 3

Si - OH

O- Si
O- Si
O -
O- Si
O- Si
O-
O- Si
O -
O- Si
O- Si

O- Si
O -

O-- Si
O- Si

(CH
3
)

2
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+

-
Mobile 
Phase pH > 3

Si – O

2���
2���

Mixed-Mode Retention: Embedded Polar Ligand versus Linear Alkyl 
Ligand on Silica Gel

Minutes

0 10 20 30

Amitriptyline

SymmetryShield™ RP18

TF USP = 1.13

Symmetry® C18

TF USP = 1.95
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Selectivity Difference: 
Furazolidone Impurities

Symmetry® C8SymmetryShield™ RP8

0 10 20 30

-0.002

0

0.002

0.004

0.006

0.008

0.01

minutes

0 10 20 30

-0.002

0

0.002

0.004

0.006

0.008

0.01

minutes
El Fallah

Combinations of Ligands

Embedded Polar Group Polar Endcapping
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Phenyl Stationary Phase Stationary Phase Properties

* PARTICLE DIAMETER

* SPHERE- IRREGULAR

* POROSITY

GEOMETRY

CHEMISTRY:

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

* % COVERAGE
TYPE OF SILICA  GEL*

CARBON LOADCARBON LOAD

Increasing carbon load on a similar geometrical sha ped
particles  increases retention.

Carbon load   5%   7%   9%  12%  15%  17%

Retention time

Silica based "bonded phases" 

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

High 
Ligand 
Density

Low Coverage –
Low Ligand 

Density

H

Si
O

O

O
Si

O

O

O

Si
O
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CH 2
H3C CH 3

H2C
CH 2
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CH 2
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CH 3
H3C CH 3 Si

CH 2
H3C CH3
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CH 2
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CH 2
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H3C CH 3 Si
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C8 alkyl chains

Residual silanols
Endcap
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Si

CH3
H3C CH3 Si

CH 3
H3C CH3

H
HHHHH H

Residual silanol
Endcap

Polar analytes easily interact 
with surface

Surface of a Silica Gel 
Bonded-Phase Packing Material

Example Columns Comparison

Stationary Phase Properties

* PARTICLE DIAMETER

* SPHERE- IRREGULAR

* POROSITY

GEOMETRY

CHEMISTRY:

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

* % COVERAGE
TYPE OF SILICA  GEL
Native/Synthetic-Pure

*

Types of Silica

• Silanols
• pH stability
• Metal content
• Temperature stability
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Surface of a Silica Gel Bonded-Phase Packing Material
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Mixed-Mode Retention:

C18-Bonded Silica Gel

1/2 -OSi(CH3)2R
1/2 -OH

Si OH Si OH Si OH
H3C CH3

C18 H37
H3C CH3

CH3
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Silanols and 
Bonded Hybrid versus Bonded Silica Gel Surfaces
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Bonded Phase on Particles
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Hybrid versus Silica Gel Particle

Minutes
10 20 30 400

XTerra™ MS C18

TF USP = 1.35

Symmetry® C18

TF USP = 1.95 
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Amitriptyline Peak Tailing Over Extended pH 
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Reversed Phase – Mobile phase

Types of Silica

• Silanols
• pH stability
• Metal content
• Temperature stability

pH Limitations of Silica Based Packing Materials
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Hydrolysis of a Bonded Phase Material: 
Monofunctional Ligand

Typical Chromatograms for 
Reference C18-Silica Column
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1. Uracil
2. Propranolol
3. Naphthalene
4. Acenaphthene
5. Amitriptyline
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Types of Silica

• Silanols
• pH stability
• Metal content
• Temperature stability

Metal Content in Silica

Aluminum in the Silica Gel Lattice
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Aluminum Content, ppm
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Correlation Between Base Tailing and 
Aluminum Content of Silica Gel
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Reversed Phase – Mobile phase

Peak Shapes of Chelating Agent (Hinokitiol)
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Types of Silica

• Silanols

• pH stability
• Metal content
• 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
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Dependence of Retention on Temperature
Conditions:
Column:  XTerra™ MSC 18, 

2.1 X 50 mm, 2.6 µm
Mobile Phase: 25% ACN/75%  buffer

(10 mM,  pH5, NH4AC)
Flow Rate:  0.6 mL/min

Injection Vol. 3 µL

Detector:  210 nm

Analyte Conc. (µg/ml) 
1: doxepin 0.5
2: imipramine 1.0
3: amitriptyline 3.0
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Lu, Cheng

Temperature Effects on Resolution - Gradient

Conditions

- Column:  Symmetry300™, C18 , 
5 µm, 3.9x150mm

- Sample:  Tryptic digests of bovine 
cytochrome c

- Injection:  20 µL

- Mobile Phase:  
Solvent A:   0.1% TFA in water
Solvent B:  0.1% TFA in acetonitrile

- Gradient:  0-45 min., 0-30%B

- Flow rate:  0.75 mL/min.

- Detection:  214 nm

30 °C

35 °C

40 °C
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Rs (5,6) = 0
Rs (8,9) = 2.39

Rs (5,6) = 0
Rs (8,9) = 2.07

Rs (5,6) = 0.84
Rs (8,9) = 1.63
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Reversed Phase – Mobile phase

Stationary Phase Properties

* PARTICLE DIAMETER

* SPHERE- IRREGULAR

* POROSITY

GEOMETRY

CHEMISTRY:

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

* % COVERAGE
TYPE OF SILICA  GEL*

Spherical and Irregular particles

Electron microphotograph of spherical and irregular silic a 
particles. [W.R.Melander, C.Horvath, Reversed-Phase 
Chromatography, in HPLC Advances and Perspectives, V2, 
Academic Press, 1980] 

Spherical and Irregular particles

Sub- 2� m

Stationary Phase Properties

* PARTICLE DIAMETER

* SPHERE- IRREGULAR

* POROSITY

GEOMETRY

CHEMISTRY:

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

* % COVERAGE
TYPE OF SILICA  GEL*
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Reversed Phase – Mobile phase
Pore size, shape and distribution

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. 

Macroporous spherical silica 
particle. [K.K.Unger, Porous 
silica, Elsevier, 1979] 

Exclusion – Inclusion Effects
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Pore Size Effects on Resolution

Carmody

Conditions

- Sample:  Tryptic digests of  
cytochromec (bovine)
- Injection:  20 µL
- Mobile Phase:  
Solvent A:   0.1% TFA in water
Solvent B:  0.1% TFA in 
acetonitrile
- Gradient:  0-50 min., 0-30%B                     
- Temperature:   35 ºC
- Flow Rate:  0.75 mL/min. 
- Detection:  214 nm

-Different pore 
sizes change 
selectivity.

Symmetry300™, C18 , 5 µm, 
4.6 X 150 mm, 300Å 
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Symmetry®, C18, 5µm, 

4.6 X 150 mm, 100Å 
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Columns for Polar Compounds Using Fully 
Aqueous Mobile phases
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Reversed Phase – Mobile phase

High 
Coverage –

High 
Ligand 
Density

Low Coverage –
Low Ligand 

Density

H

Si
O

O

O
Si

O

O

O

Si
O

O

O

Si
O

O

O

Si
O

O

O

Si
O

O

O

Si
O

O

O

Si
O

O

O
Si

O

O

O

Si
O

OO

Si
O

O

O

Si

CH 2
H3C CH 3

H2C
CH 2

H2C
CH 2

H2C
CH 2

H3C

Si

CH 3
H3C CH 3 Si

CH 2
H3C CH3

H2C
CH 2

H2C
CH 2

H2C
CH 2

H3C

Si
O

O

O

Si

CH 3
H3C CH 3 Si

CH 3
H3C CH 3

H
HHHHH H

C8 alkyl chains

Residual silanols
Endcap

Polar analytes are not able to “Fit” between Polar analytes are not able to “Fit” between 
ligandsligands ––can’t interact with surfacecan’t interact with surface
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Polar analytes easily Polar analytes easily 
interact with surfaceinteract with surface

Mechanism of Retention of Polar Compounds on 
Aqueous Columns Polar Compounds - Aqua Columns

Compounds USP Tailing:
1.   Uracil 1.04
2.   Acetanilide 0.95
3.   Triamcinolone 1.02
4.   Hydrocortisone 1.03
5.   2-Amino-7-chloro-5-oxo-5H-[1]-

benzopyrano[2,3-b]pyridinecarbonitrile        1.01
6.   6a-Methyl-17a-hydroxyprogesterone            1 .01
7.   3-Aminofluoranthene 0.97
8.   2-Bromofluorene 1.00
9.   Perylene 0.99
10. Naphthol[2,3-a]pyrene                                  0.95

Conditions
Columns: 4.6 x 150 mm, 5 µm 
Mobile Phase A: H 2O
Mobile Phase B: ACN
Mobile Phase C: 100 mM NH 4COOH, pH 3.0
Flow Rate: 2.0 mL/min
Gradient: Time Profile

(min) %A     %B     %C
0.0 80        10 10

10.0 0        95 5
15.0 0        95 5

Injection Volume: 5.0  µL
Temperature: 30 oC
Detection: UV @ 254 nm
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8
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6

V0 = 0.98 min

Minutes
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

Polar and Non-Polar Compounds Test Mix

Altantis dC18

Monolit Packing

Chromolith macropore structure

Chromolith mesopore structure 

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. 

Monolit: Continuous Stationary Phase
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Silica BasedSilica Based

Native SilicaSynthetic Silica

Type of Ligand

C18, C8

AlkylEmbedded 
Polar Group

Limited pHExtended pH

Spherical Monolit

NonNon--SilicaSilica

Polymeric

Carbon

Zirconia

Chromatographic SupportChromatographic Support

Irregular

C6, C4, C1, CN, Phenyl, NH2

Column Selection

Stationary Phase Properties

* PARTICLE DIAMETER

* SPHERE- IRREGULAR

* POROSITY

GEOMETRY

CHEMISTRY:

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

* % COVERAGE
TYPE OF SILICA  GEL*

The Quest for Fast Chromatography:The Quest for Fast Chromatography:�
Smaller Particles

The promise of the van Deemter plot

uC(dp)
u
b

a(dp)H 2��� Mass transfer 
kinetics 

New Particle Technology

Images are on 
same scale  
(Bar = 10 � m)

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

60 � m Human Hair     (very fine hair)
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Reversed Phase – Mobile phase

Achieve UPLC™ Separations 
at L/dp (30,000)

Curves stop at 3,500 psi max backpressure

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

allow very high throughput (speed), high sensitivity, high res olution separations!
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[30 cm]
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Decreasing

UPLC™

Pressure Limit 

Separations

1.7� m
[5cm]

Hypothetical Column

Fast LC and UPLC
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Columns:  XTerra™ MS C18 2.1 x 20 mm, 2.5 µm;
XTerra™ MS C 18 2.1 x 50 mm, 5 µm  

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.
Detector: 254 nm
Injection Volume:  1 µL
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21.7 µm
2.1 x 100 mm
UPLC

Method:  83:17 Buffer phosphate pH4
Flow: 0.4 ml/min
Temp: 30C
Column Acquity 2.1x100 mm
280 nm: 40 pt/sec 
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2.5 mM in HPLC and 1.7mM in UPLC
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Column: XTerra™ MS C 18

2.1 x 20 mm, 2.5 µm 
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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Method:  83:17 Buffer phosphate Method:  83:17 Buffer phosphate 
pH4pH4
Flow: 0.4 ml/minFlow: 0.4 ml/min
Temp: 30CTemp: 30C

Acquity 1.7 Acquity 1.7 �������� M M 
2.1x100 mm2.1x100 mm
280 nm: 40 pt/sec 280 nm: 40 pt/sec 

General Requirements from HPLC Columns
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Batch-to-Batch Reproducibility of Columns

Columns: Symmetry ™ C 8 3.9 mm X 150

mm with Sentry ™ Guard

Column 3.9 mm X 20 mm

Sample: Barbiturate Standard

Mobile Phase: 100 mM potassium phosphate,

pH 6.9/acetonitrile/water

20:30:50

0 2 4 6 8 10

Minutes

12

Batch A

Batch B

Batch C

Chromatogram of lifetime test

water/methanol/glacial acetic

Conditions

Column: Symmetry™ C 8 3.9 mm X 150

mm with Sentry™ Guard

Column 3.9 mm X 20 mm

Mobile Phase:

acid 79:20:1

1: Sulfanilamide

2: Sulfadiazine

3: Sulfathiazole

4: Sulfamerazine

5: Sulfamethazine

6: Succinylsulfathiazole

20 4 6 8 10

Minutes

2

1

Injection 5020
Start

1

2
6

54

3

Batch-to-batch Reproducibility

2.00 4.00

A
B
C

Minutes

Overlay of 
Three Batches

1: Barbital

2: Allobarbital

 3: Phenobarbital

 4: Butabarbital

 5: Butalbital

6: Amobarbital

 7: Mephobarbital

8: Secobarbital

Column: Symmetry® C 18 3.5 µm  (4.6 x 100 mm)
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 µL of 25 µg/mL of each barbiturate

Regeneration of RP Column
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