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COSMOSIL HILIC Application Notebook contains about 200 chromatograms for the separation of polar compounds using COS-
MOSIL HILIC column  It also describes ho  the mobile phase conditions  such as buffer pH and salt concentration in uence the 
separation in HILIC mode

Contents

Hydrophilic Interaction Chromatography

The hydrophilic interaction chromatography is a variation of normal phase chromatography. The elution order is similar to that of 
normal phase and the sample elution is in the order of increasing hydrophilicity.

Separation Mode Hydrophilic interaction 
chromatography

Hydrophobic interaction 
chromatography

Stationary Phase Hydrophilic Group (or Silica Gel) Hydrophobic group (C18 etc.)

Mobile Phase Organic Solvent (CH3CN etc.)  /  H2O

Main Interaction Hydrophilic interaction Hydrophobic interaction

Target Sample Hydrophilic compounds Hydrophilic and hydrophobic compounds

Features for separation of Hydrophilic compounds
Suitable for LC/MS

for the widest range of compounds
High separation ability
A wide range of applications

 Comparison with C18

COSMOSIL HILIC can separate glycine and glycylglycine without ion-pair reagent. Although C18 column can separate them with 
ion-pair reagents, there are some disadvantages such as longer column equilibration time, time-consuming preparation of mo-
bile phase and earlier column deterioration.

without Ion-pair Reagents

Column Size
Flow Rate
Temperature
Detection
Sample

Injection Volume

4.6 mm I.D. x 250 mm
1.0 ml/min
30
UV 210 nm
1. Glycine 
2. Glycylglycine
2.0 μl

COSMOSIL HILIC COSMOSIL 5C18-PAQ

Mobile Phase
Acetonitrile : 10 mmol/l CH3COONH4 = 60 : 40

Mobile Phase
20 mmol/l Phosphatase Buffer (pH2.5)

Mobile Phase
20 mmol/l Phosphatase Buffer (pH2.5)
- 5 mmol/l Sodium 1-Octanesulfonate (Ion-pair Reagent)

without

with Ion-pair Reagents

(5.0 mg/ml)
(0.125 mg/ml)
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・Triazole bonded stationary phase
・Enhanced hydrophilic interaction
・Alternative selectivity to other HILIC columns

 Different Interactions

・Separation of Anionic Compounds

Anionic compounds were used to evaluate the anion-exchange capability. The only COSMOSIL HILIC showed strong

selectivity of anionic compounds against competitors' columns

O

HO

O

OH

2. Oxalic Acid

O

HO
O

NH2

1. Oxamic Acid

Column Size
Mobile Phase
Flow Rate
Temperature
Detection
Sample

Injection Volume

4.6 mm I.D. x 250 mm
Acetonitrile : 10 mmol/l Phosphate Buffer (pH7.0)  = 50 : 50
1.0 ml/min
30
UV 210 nm
1. Oxamic Acid 
2. Oxalic Acid 
1.0 μl

COSMOSIL HILIC M company
(HILIC column)

T company
(Amide column)

W company
(HILIC column)

(0.4 mg/ml)
(2.0 mg/ml)

・Separation of Acidic, Basic and Neutral Compounds
Acidic (Glyceric Acid), basic (Tris) and neutral (meso-Erythritol) compounds were used for evaluation of anion and cation- 
exchange characteristics. The separation factor (Acid/Neutral) indicates its anion-exchange capability and the factor (Basic/
Neutral) shows its cation-exchange effect.

W company (HILIC column)

Column Size
Mobile Phase
Flow Rate
Temperature
Detection
Sample

Injection Volume

4.6 mm I.D. x 250 mm
Acetonitrile : 50mmol/l CH3COONH4 = 80 : 20
1.0 ml/min
30
ELSD
1. meso-Erythritol 
2. Tris(hydroxymethyl)aminomethane
3. Glyceric Acid 
3.0 μl

COSMOSIL HILIC

HO
OH

OH

OH

HOOC
OH

OH

OH

OH

OH
H2N

1. meso-Erythritol
Neutral

2. Tris(hydroxymethyl)
aminomethane
Basic

3. Glyceric Acid
Acidic

T company (Amide column)

(Basic/Neutral)  = 1.48
(Acidic/Neutral) = 4.36

(Basic/Neutral)  = 3.07
(Acidic/Neutral) = 2.04

(Basic/Neutral)  = 4.45
(Acidic/Neutral) = 1.71

(Basic/Neutral)  = 5.03
(Acidic/Neutral) = 1.47

 M company HILIC column)

(1.0 mg/ml)
(1.0 mg/ml)
(2.0 mg/ml)

N

NH
N

Triazole
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 Different Interactions

・Separation by Hydrophilic Interaction
The retention mechanism of COSMOSIL HILIC is the combination of hydrophilic interaction and anion-exchange capability, and 
the retention can be controlled by changing the mobile phase. 

Column Size
Flow Rate
Temperature
Detection
Sample

Injection Volume

4.6 mm I.D. x 250 mm
1.0 ml/min
30
UV 245 nm
1. Isoascorbic Acid Erythrbic Acid
2. Ascorbic Acid 
2.0 μl

O

H
HO

H
HO

HO

HO O

1. Isoascorbic Acid
Erythorbic Acid

O

H
OH

H

HO

HO

HO O

2. Ascorbic Acid

Mobile Phase
Acetonitrile : 10 mmol/l CH3COONH4 = 50 : 50

Mobile Phase
Acetonitrile : 100 mmol/l CH3COONH4 = 50 : 50

Mobile Phase
Acetonitrile : 100 mmol/l CH3COONH4 = 80 : 20

Hydrophilic Interaction  (High)
Ionic Interaction            (Low)

Enhance hydrophilic interaction 
by increasing organic solvent concentration.

Suppress ionic 
interaction by 
increasing salt 
concentration

Hydrophilic Interaction (Low)
Ionic Interaction           (Low)

Hydrophilic Interaction  (Low)
Ionic Interaction            (High)

(0.5 mg/ml)
(0.5 mg/ml)

 Melamine Analysis
Melamine analysis and LC/MS/MS using COSMOSIL HILIC. 

TIC

Melamine(Positive ESI)

7.5e4

7.0e4

6.5e4

6.0e4

5.5e4

5.0e4

4.5e4

4.0e4

3.5e4

3.0e4

2.5e4

2.0e4

1.5e4

1.0e4

5000.0

0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0 5.5 6.0 6.5 7.0 7.5 8.0 9.0 9.5 10.08.5Time,min

4.921.88

 Combination with C18 Columns

0 50 10 2015 (min)

1 2 6 7

3,4,5

COSMOSIL 5C18-AR-II

Column Size
Mobile Phase

Flow Rate
Temperature
Detection

4.6 mm I.D. x 250 mm
5C18-AR-Ⅱ  A: Acetonitrile/0.1%TFA = 10/90

B: Acetonitrile/0.1%TFA = 30/70
B: 0→100％ 20min linear gradient

HILIC  Acetonitrile/10mmol/l Phosphate Buffer(pH7)= 70/30
1.0 ml/min
30
UV 220 nm

COSMOSIL HILIC

Sample

3

5
4

6

(0.5 μg)
(0.5 μg)
(0.5 μg)
(0.5 μg)
(0.5 μg)
(0.5 μg)
(0.5 μg)

Separate peak No.3-6 
by COSMOSIL HILIC

1. Angiotensin II, [Sar1, Thr8]
2. Angiotensin II, [Sar1, Ala8]
3. Angiotensin II, Des-Asp1- [Ile8]
4. Angiotensin II, [Asn1, Val5]
5. Angiotensin II, [Sar1, Ile8]
6. Angiotensin II, [Val5]
7. Angiotensin II, (Human)
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 Ordering Information

Ultra-High Performance Column for HILIC Analysis

COSMOSIL 2.5HILIC

・

 Ultra-High-Speed Analysis (Oxidation marker analysis)
COSMOSIL 2.5HILIC can be used with any conventional LC systems.

COSMOSIL Application DataCOSMOSIL Application Data

NACALAI TESQUE, INC

Column:        
Column size: 
Mobile phase: Acetonitrile/ 10mmol/l Ammonium Acetate = 80/20
Flow rate:      1.0 ml/min 
Temperature: 40°C
Detection:      UV249nm

Sample:         1; Creatinine    (0.1mg/ml)
2; 2'-Deoxyguanosine (0.1mg/ml)
3; 8-Hydroxy-2'-Deoxyguanosine (0.1mg/ml)
4; 8-Hydroxy Guanosine (0.1mg/ml)

Inj. Vol:  1.0μl

HILIC (5 m) 

(4.6mmI.D.-250mm)

2.5HILIC (2.5 m) 

(3.0mmI.D.-100mm) 

Analysis time: 1/6

 Ordering Information    

Product Name Column Size Product Number
COSMOSIL HILIC
Packed Column

1.0 mm I.D. x 150 mm 07869-11
1.0 mm I.D. x 250 mm 07870-71
2.0 mm I.D. x 30 mm 08568-21
2.0 mm I.D. x 50 mm 07052-91
2.0 mm I.D. x 100 mm 08569-11
2.0 mm I.D. x 150 mm 07054-71
2.0 mm I.D. x 250 mm 07489-91
3.0 mm I.D. x 150 mm 07871-61
3.0 mm I.D. x 250 mm 07872-51
4.6 mm I.D. x 150 mm 07056-51
4.6 mm I.D. x 150 mm

3 lots set 09385-23

Product Name Column Size Product Number
COSMOSIL HILIC
Packed Column

4.6 mm I.D. x 250 mm 07057-41
10.0 mm I.D. x 150 mm 05564-51
10.0 mm I.D. x 250 mm 07059-21
20.0 mm I.D. x 250 mm 07060-81
28.0 mm I.D. x 250 mm 07875-21

COSMOSIL HILIC
Guard Column

4.6 mm I.D. x 10 mm 07055-61
10.0 mm I.D. x 20 mm 07058-31
20.0 mm I.D. x 20 mm 07854-91
20.0 mm I.D. x 50 mm 07873-41
28.0 mm I.D. x 50 mm 07874-31

Product Name Column Size Product Number
COSMOSIL 2.5HILIC
Packed Column

2.0 mm I.D. x 50 mm 11766-21
2.0 mm I.D. x 75 mm 11768-01
2.0 mm I.D. x 100 mm 11769-91
2.0 mm I.D. x 150 mm 11770-51

Product Name Column Size Product Number
COSMOSIL 2.5HILIC
Packed Column

3.0 mm I.D. x 50 mm 11771-41
3.0 mm I.D. x 75 mm 11772-31
3.0 mm I.D. x 100 mm 11773-21
3.0 mm I.D. x 150 mm 11774-11
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Selection guide of mobile phase
COMOSIL HILIC column generates retention and separation by hydrophilic interaction (mainly hydrogen bond) and anion-ex-
change. Refer to following recommendations to select an appropriate mobile phase condition.

(1) The effect of organic solvent type and content
In general, acetonitrile/water is used as mobile phase.
Retention increases as water content in the mobile phase decreased. (Fig.1)
Use acetonitrile content in the mobile phase within the range of 0-95% (in general 50-95%).
Methanol/water generates shorter retention than acetonitrile/water. (Fig.2)
Use only HPLC grade solvent

Acetonitrile content(%)

k'

0

2

4

6

8

65 70 75 80 85 90 95 100

meso-Erythritol

Leucine

Guanidoacetic Acid

Tris(hydroxymethyl)
Aminomethane

Fig.1 The effect of acetonitrile content on retention
Column; COSMOSIL HILIC
Mobile phase; Acetonitrile/ 10mmol/l CH3COONH4

meso-Erythritol

Leucine

Tris(hydroxymethyl)
Aminomethane

Acetonitorile Methanol
k'

0

1

2

3

4

5

6

7

8

Fig.2 Difference of acetonitrile and methanol on retention

Column; COSMOSIL HILIC
Mobile phase; Organic solvent/ 10mmol/l CH3COONH4 = 90/10

(2) The effect of buffer pH
Keep pH of the mobile phase within the range of 2-7.5.
The buffer around neutrality generates larger retention. (Fig.3)

meso-Erythritol

Leucine

Guanidoacetic Acid

Tris(hydroxymethyl)
Aminomethane

pH

k'

0

0.5

1

1.5

2

2.5

3

3.5

4

4.5

2 3 4 5 6 7 8 9

Fig.3 The effect of buffer pH on retention

Column; COSMOSIL HILIC
Mobile phase; Acetonitrile / 10mmol/l buffer = 90/10

(3) The effect of salt type and concentration
When analyze ionic compounds, add salts or buffers in the mobile phase.
When mobile phase has high acetonitrile content, note dissolubility of the salt. The dissolubility of phosphate buffers used
widely in reversed phase chromatography is low in acetonitrile. Therefore use of phosphate buffers is not recommended.
Keep the concentration of acetonitrile under 70% if use a phosphate buffer. Check that the salt does not precipitate when
mixed with acetonitril before use.
Ammonium acetate or formic acid ammonium buffers are recommended because they are soluble in high acetonitrile content.
Use the buffer concentration within the range of 5 - 100mmol/l. Moreover, check that the salt does not precipitate after mixing
buffer and acetonitrile.
High salt concentration inhibits ion exchange capability and decreases retention. (Fig.4)
Run mobile phase through membrane lter (less than 0.45 m in pore size) before use.

Benzoic Acid

Buffrer Concentration(mmol/l)

k'

0

2

4

6

8

10

0 25 50 75 100
Fig.4 The effect of salt concentration on retention

Column; COSMOSIL HILIC
Mobile phase; Acetonitrile / 10mmol/l CH3COONH4 = 50/50
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(4) Selection of mobile phase
Following are the recommended mobile phases for different compound types.

(5) Two interactions (hydrophilic interaction and anion exchange capability)
The retention mechanism of COSMOSIL HILIC is the combination of hydrophilic interaction and anion-exchange, and the reten-
tion can be controlled by changing the mobile phase. More speci cally, the hydrophilic interaction can be enhanced by increas-
ing the organic solvent concentration while suppressing the ionic interaction with high salt concentration.

Column Size
Flow Rate
Temperature
Detection
Sample

Injection Volume

4.6 mm I.D. x 250 mm
1.0 ml/min
30
UV 245 nm
1. Isoascorbic Acid Erythrbic Acid
2. Ascorbic Acid 
2.0 μl

Mobile Phase
Acetonitrile : 10 mmol/l CH3COONH4 = 50 : 50

Mobile Phase
Acetonitrile : 100 mmol/l CH3COONH4 = 50 : 50

Mobile Phase
Acetonitrile : 100 mmol/l CH3COONH4 = 80 : 20

Hydrophilic Interaction  (High)
Ionic Interaction            (Low)

Enhance hydrophilic interaction 
by increasing organic solvent concentration.

Suppress ionic 
interaction by 
increasing salt 
concentration

Hydrophilic Interaction (Low)
Ionic Interaction           (Low)

Hydrophilic Interaction  (Low)
Ionic Interaction            (High)

(0.5 mg/ml)
(0.5 mg/ml)

(6) Improvement of peak shape
Try following if peak shape is tailing. The peak shape might improve.

Add 5mmol/l EDTA to mobile phase.
Change to citrate buffer. (i. e. 10 mmol/l citrate buffer pH7.0)

80%Acetonitrile/
10 mM CH3COONH4

80%Acetonitrile/
10 mM CH3COONH4+5 mmol/l EDTA

Fig.5 Improvement of peak shape

Column COSMOSIL HILIC(4.6mmI.D.-250mm)
Flow rate 1.0ml/min
Temperature 30oC
Detection UV254nm
Sample Tryptophan(1ng)

(7) Others
Use scrupulously degassed mobile phase. Air bubbles generate detection noise and accelerate column deterioration.
We recommend keeping the chromatography conditions constant, since frequent changes of mobile phase shorten column life.

Neutral compounds  → Acetonitrile / Water = 90/10
Basic compounds  → Acetonitrile / 10mmol/l CH3COONH4 = 90/10
Amphoteric compounds  → Acetonitrile / 10mmol/l CH3COONH4 = 70/30
Acidic compounds  → Acetonitrile / 10mmol/l CH3COONH4 = 50/50

↓ not eluted
Acetonitrile / 10mmol/l Phosphate buffer (pH7.0)= 50/50



8



9



10



11

COSMOSIL Applications

COSMOSIL Application has more than 7,000 applications using COSMOSIL columns. Setting optimal HPLC experimen-
tal parameters is the one of the most important processes that requires experience and time. COSMOSIL Application 
provides you with sample analysis conditions with widely used ODS columns and other specialty columns.

Applications are search by
1. Sample Category
2. Sample Name
3. CAS No.,
4. Column Name
5. Particle Size

Application

Search Result

COSMOSIL Application

Click

Search Result

Click

COSMOSIL ApplicationOSMOSIL Applicat

COSMOSIL Application DataCOSMOSIL Application Data

NACALAI TESQUE, INC

Column:
Column size:    4.6mmI.D.-150mm
Mobile phase:  Methanol/ 20mmol/l Phosphate

buffer(pH2.5)
5C18-MS-II = 40/60
5PE-MS = 60/40

NAP = 80/20
Flow rate:         1.0 ml/min 
Temperature:    30 C
Detection:         UV254nm

Sample:            1; Palmatine (0.2 g)
2; Berberine (0.2 g)

AP-1024

5C18-MS-II NAP5PE-MS

N+
MeO

OMe

OMe

OMe

N+
MeO

OMe

O

O

Cl- Cl-

Visit COSMOSIL top page at
http://www.nacalai.co.jp/global/cosmosil/

Click
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