








     
  Application Note: 170-PR 
 

Effect of HALO ES-C18 Pore Size on Protein Peak Shape and Width 
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   Application Note: 167-PR 

 

Protein Separation on HALO 1000Å ES-C18, 2.7 µm 
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PEAK IDENTITIES: 
1. Ribonuclease A 13.7 kDa 
2. Lysozyme  14.3 kDa 
3. SigmaMAb  ~150 kDa  
4. α-Lactalbumin 14.2 kDa 

5. Enolase  46 kDa monomer 

This mix of proteins with a wide range of molecular weights 

is separated with high efficiency on a HALO 1000Å ES-C18 

column. With improved access to the particle surface, the 

1000Å pore size enables large biomolecule analysis with 

excellent peak shape and high resolution.  
 

TEST CONDITIONS: 
 
Column:  HALO 1000Å ES-C18, 2.7µm, 2.1 x 150 mm  
                Part Number:  92712-702 
A= Water, 0.1% TFA 
B= 80/20 ACN/ Water, 0.085% TFA 
Gradient: 
            Time (min.)              %B 

            0.00                27 
           15.00               60 

Flow Rate:  0.4 mL/min. 
Pressure:  268 bar  
Temperature:  60 °C 
Injection Volume:  2 μL 
Sample Solvent:  Water/0.1% TFA 
Detection:  UV 280 nm, PDA 
Data Rate:  12.5 Hz 
Response Time:  0.05 sec. 
Flow Cell:  1 μL 
LC System:  Shimadzu Nexera X2 

® HALO and Fused-Core are registered trademarks of Advanced Materials Technology, Inc.  
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FOR MORE INFORMATION OR TO 
PLACE AN ORDER, CONTACT: 
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  Application Note: 166-PE 
 

Enhanced Selectivity with HALO 160Å Phenyl-Hexyl for a Tryptic Digest using LC-MS 
 
 
 
 
 
 
 
 
 
 
                   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

TEST CONDITIONS: 
Columns:   HALO 160Å ES‐CN, 2.7 µm, 2.1 x 100 mm 
  Part Number:  92122‐604 
  HALO 160Å Phenyl‐Hexyl, 2.7 µm, 2.1 x 100 mm 
  Part Number:  92112‐606  
  HALO 160Å ES‐C18, 2.7 µm, 2.1 x 100 mm  
  Part Number:  92122‐602 
Mobile Phase:  
A = water + 10 mM difluoroacetic acid (DFA) 
B = ACN + 10 mM difluoroacetic acid  
Flow Rate:  0.3 mL/min  

Gradient:  250%B in 60 min 
Temperature:  60 °C  
Detection:  UV 220 nm, VWD 
Injection Volume:  5 μL of 0.2 mg/mL digest 
Sample Solvent:  50 mM Tris‐HCl/1.5 M Guanidine‐HCl with 0.25% formic acid 
Response Time:  0.15 sec   
Data Rate:  10 Hz 
LC System:  Shimadzu Nexera   
Flow Cell:  2.5 μL semi‐micro 

PEAK IDENTITIES (using one‐letter amino acid abbreviations):

1. FTISADTSKNTAYLQMNSLR (754 m/z) 
2. LScAASGFNIKDTYIHWVR (747 m/z) 
3. GFYPSDIAVEWESNGQPENNYK (849 m/z) 
4. LLIYSASFLYSGVPSR (592 m/z) 
5. SGTASVVcLLNNFYPR (899 m/z) 
6. ScDKTHTcPPcPAPELLGGPSVFLFPPKPK (834 m/z) 
7. VVSVLTVLHQDWLNGKEYK (1115 m/z) 

 
 
   
The HALO 160Å Phenyl-Hexyl column 
provided improved resolution between 
tryptic digest fragments 2 and 3 compared 
to the 160Å ES-CN column and the 160Å 
ES-C18 column. Peptide identification was 
accomplished by using MS-MS 
fragmentation spectra. 
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MS CONDITIONS: 
 

MS System:  Thermo Fisher Orbitrap VelosPro ETD 

ESI:  +3.5 kV 

Scan range:  50-2000 m/z 

Scan rate:  2 pps 

Capillary:  225 ˚C 

The HALO 160Å Phenyl-Hexyl column also provided improved resolution between tryptic digest fragments 4 
and 7 compared to the 160Å ES-C18 column. The extracted ion current chromatogram (EIC) and the mass 
spectrum, corresponding to each peptide fragment, are shown.  The use of difluoroacetic acid (DFA) in the 
mobile phase facilitates symmetrical peak shape and good retention, while enabling good ionization efficiency 
and sensitivity. 

FOR MORE INFORMATION OR TO 
PLACE AN ORDER, CONTACT: 

Sheath gas:  35 

Auxiliary gas:  10 

Scan Time:  2 µscans/200 ms max inject time 

EIC signals normalized

19.0 20.0 22.0 24.0 26.0 28.0 30.0 32.0 34.0
5.0e3

1.0e4

1.5e4

2.0e4

2.5e4

3.0e4

3.5e4

4.0e4

4.5e4

5.0e4

min

µAU

2 3 5,6,7

1

4

2 3 5,6,71

4

HALO 160Å ES‐CNUV 220 nm traces

21
3 4,7 6 5

19.0 20.0 22.0 24.0 26.0 28.0 30.0 32.0 34.0
5.0e3

1.0e4

1.5e4

2.0e4

2.5e4

3.0e4

3.5e4

4.0e4

4.5e4

5.0e4

5.5e4

min

µAU

2 3

1

4,7

6

5

HALO 160Å ES‐C18

21 3

4

5 67

19.0 20.0 22.0 24.0 26.0 28.0 30.0 32.0 34.0
5.0e3

1.0e4

1.5e4

2.0e4

2.5e4

3.0e4

3.5e4

4.0e4

4.5e4

5.0e4

5.5e4

min

µAU

2

1

3

4 5

6

7

HALO 160Å Phenyl‐Hexyl



  
  Application Note: 159-PE 

Enhanced Selectivity for the Separation of Peptides 

Comparing HALO 160Å with Three Different Bonded Phases 
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HALO 160Å ES-C18 
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223 bar 

4 

1 

2

TEST CONDITIONS: 
Columns:   HALO 160Å ES‐C18, 2.7 µm, 2.1 x 150mm 
  Part Number:  92122‐702 
  HALO 160Å ES‐CN, 2.7 µm, 2.1 x 150mm 
  Part Number:  92122‐704  
  HALO 160Å Phenyl‐Hexyl, 2.7 µm, 2.1 x 150mm  
  Part Number:  92112‐706 
Mobile Phase:  
A = 0.1% formic acid in water + 10mM ammonium formate 
B = 50/50 n‐propanol/water + 0.1% formic acid + 10mM ammonium formate (pH: 3.45)  
Flow Rate:  0.4 mL/min  
Gradient:  10‐60%B in 15 min 
Temperature:  60 °C  
Detection:  UV 220 nm, PDA 
Injection Volume:  2 μL  
Sample Solvent:  water, 0.1% TFA  
Response Time:  0.24 sec   
Data Rate:  12.5 Hz 
LC System:  Shimadzu Nexera   
Flow Cell:  1 µL 

The initial separation using a HALO 160Å ES-C18 column showed 
inadequate resolution of peaks 5 and 6. The same separation was 
attempted on a 160Å ES-CN column which provided improved 
resolution of peaks 5 and 6, but resulted in coelution of peaks 3 
and 4. The HALO 160Å Phenyl-Hexyl column delivered excellent 
resolution between both peak pairs.  
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FOR MORE INFORMATION OR TO 
PLACE AN ORDER, CONTACT: 

G0151 

Time (min) 

PEAK IDENTITIES: 
1. Tyr‐Tyr‐Tyr 
2. Angiotensin II 
3. Angiotensin 1‐12 
4. Melittin 
5. Sauvagine 
6. β‐Endorphin 
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  Application Note: 141-PR 
 

Improved Protein Separations with HALO Protein C4 
Compared to Totally Porous C4 

 

 

           

 

    

 

 

 

 

 

                      
          

                                     

         
                                                                                                                  

 

 

                                                                                   

 

 

 

 

 
 

 

 

 

 

 

 

 
 

 

 

 

                                              

 
 

 
www.advanced-materials-tech.com 
 

® HALO and Fused-Core are registered trademarks of Advanced Materials Technology, Inc.  

TEST CONDITIONS: 
Columns:  
HALO Protein C4, 2.1 x100 mm, 3.4 µm  

Part Number:  93412-614 
Totally Porous C4, 2.1 x100 mm, 5 µm   
Mobile Phase:  
A =  water/0.1% TFA  
B =  acetonitrile/0.1% TFA  
Flow Rate:  0.5 mL/min.  
Gradient:  25% B to 52% B in 10 minutes  
Starting pressure:  As indicated on chart 
Temperature:  60°C  
Injection Volume:  1 μL  
Sample Solvent:  mobile phase A  
Detection:  UV 215 nm, PDA  
Data Rate:  5 Hz 
Response Time:  1 sec.  
Flow Cell:  2 μL micro cell 
LC System:  Agilent 1200 SL 

 

STRUCTUR

ES: 

          

 

         

 

 

 

FOR MORE INFORMATION OR TO 
PLACE AN ORDER, CONTACT: 
 

Sharper, taller peaks are observed using the HALO Protein C4 
column compared to a conventional totally porous C4 column. 
Additionally, the HALO Protein C4 column provides improved 
recoveries for holotransferrin, apomyoglobin, catalase, and 
enolase.  
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Totally Porous C4, 5 µm
300 Å; 55 bar

HALO Protein C4, 3.4 µm
400 Å; 103 bar
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PEAK IDENTITIES: 
1. Ribonuclease A 13.7 kDa 
2. Cytochrome c 12.4 kDa 
3. Lysozyme  14.3 kDa 
4. Holotransferrin 77 kDa 
5. Apomyoglobin 17 kDa 
6. Catalase  tetramer of ~ 60 kDa each 
7. Enolase  46.7 kDa 
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  Application Note: 138-PE 

HALO 2 Peptide ES-C18 Lot Reproducibility 
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® HALO and Fused-Core are registered trademarks of Advanced Materials Technology, Inc.  
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TEST CONDITIONS: 
Columns:  
3.0 x 50 mm, HALO 2 Peptide ES-C18, 2 µm  
Part Number:  91123-402  
 
Mobile Phase:  
A = 0.1% Trifluoroacetic acid in water  
B = 0.1% Trifluoroacetic acid in 80/20 acetonitrile/water  
Flow Rate:  1.1 mL/min.  
Gradient:  Hold at 12.5% B for 0.1 min; 
12.5% B to 93% B from 0.1 – 2.0 min.  
Initial pressure:  278 bar 
Temperature:  60 °C  
Detection:  UV 215 nm, PDA 
Injection Volume:  0.5 μL  
Sample Solvent:  mobile phase A  
Response Time:  0.025 sec.  
Data Rate:  200 Hz 
LC System:  Shimadzu Nexera X2  
Flow Cell:  1 µL 

FOR MORE INFORMATION OR TO 
PLACE AN ORDER, CONTACT: 
 

The lot-to-lot reproducibility of HALO 2 Peptide ES-C18 is 
maintained by tightly controlled manufacturing practices and 
quality assurance testing. This ensures the reliability of the 
product over its lifetime.   
 

 

 

 

 

 

 

  

 

 

     PEAK IDENTITIES:      MW   %RSD  
                     (g/mol)          (retention times) 
1.  Gly-Tyr 238  1.21 
2.  Val-Tyr-Val 380  1.59 
3.  Angiotensin 1/2 (1-7) amide 898  0.95 
4.  Met-enkephalin 574  0.92 
5.  Angiotensin 1/2 (1-8) amide 1045  0.60 
6.  Angiotensin II 1046  0.61 
7.  Leu-enkephalin 556  0.82 
8.  Ribonuclease A 13,700  0.35 
9.  Angiotensin (1-12) (mouse) 1573  0.46 
10.  Bovine Insulin 5733  0.49 
11.  Angiotensin (1-12) (human) 1509  0.36 
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  Application Note: 137-PE 
 

High Temperature/Low pH Stability with HALO 2 Peptide ES-C18 
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0 1 2 3 4 5 6 7 8 9 10

Time, min.

TEST CONDITIONS: 
Column:  
2.1 x 100 mm, HALO 2 Peptide ES-C18, 2 µm  
Part Number:  91122-602   
 
Mobile Phase:  
A = 0.1% Trifluoroacetic acid in water  
B = 0.1% Trifluoroacetic acid in 80/20 
acetonitrile/water  
Flow Rate:  0.5 mL/min.  
Gradient:  6% B to 54% B in 10 min 
Initial pressure:  395 bar 
Maximum pressure:  417 bar 
Temperature:  60 °C  
Detection:  UV 215 nm, PDA 
Injection Volume:  0.5 μL  
Sample Solvent:  mobile phase A  
Response Time:  0.025 sec.  
Data Rate:  40 Hz 
LC System:  Shimadzu Nexera X2  

Flow Cell: 1 µL 

FOR MORE INFORMATION OR TO 
PLACE AN ORDER, CONTACT: 
 

The sterically-protected C18 phase on the HALO 2 Peptide 
column enables high temperature stability with low pH mobile 
phases. The replicate injections were stopped at injection 480 
(15,500 column volumes). The column is expected to have a 
lifetime of ~ 1000 injections, depending on the type of sample 
and conditions used. 
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PEAK IDENTITIES MW (g/mol) 
1. Gly-Tyr 238 
2. Val-Tyr-Val 380 
3. Met-enkephalin 574 
4. Angiotensin II 1046 
5. Leu-enkephalin 556 
6. Ribonuclease A 13,700 
7. Bovine Insulin 5733 
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  Application Note: 136-PE 
 

Very High Peak Capacity with HALO 2 Peptide ES-C18 

 

                         
 

 

 

 

 

 

 

 
 

 

 

 

                                              
 

Peak capacity: 𝑛𝑝𝑐 =
(𝑡𝑓−𝑡𝑖)

𝑊4𝜎
 

 

where ti is the time for initial measurable peak in the gradient, tf is the time for final peak and W4σ is 

the average four-sigma width in time for the peaks in the chromatogram 
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TEST CONDITIONS: 
Column:  
2.1 x 150 mm, HALO 2 Peptide ES-C18, 2 µm  
Part Number:  91122-702  
 
Mobile Phase:  
A= 0.1% Trifluoroacetic acid in water  
B= 0.1% Trifluoroacetic acid in 80/20 acetonitrile/water  
Flow Rate:  0.5 mL/min.  
Gradient:  5% B to 50% B in 90 minutes  
Maximum pressure:  577 bar 
Temperature:  60 °C  
Detection:  UV 215 nm, PDA 
Injection Volume:  0.5 μL  
Sample Solvent:  mobile phase A  
Response Time:  0.025 sec.  
Data Rate:  40 Hz 
LC System:  Shimadzu Nexera X2  
Flow Cell: 1 µL 

FOR MORE INFORMATION OR TO 
PLACE AN ORDER, CONTACT: 
 

With a HALO 2 Peptide ES-C18 column, very high peak capacity 
values can be obtained within 90 minutes. The sharp, narrow 
peaks facilitate separations of complex, challenging samples, 
such as tryptic digests. 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

PEAK IDENTITIES  MW (g/mol) 
1. Asp-Phe  280 
2. Tyr-Tyr-Tyr  508 
3. Angiotensin (1-7) amide  898 
4. Angiotensin II  1046 
5. Angiotensin (1-12) human  1509 
6. Neurotensin  1673 
7. ß-endorphin  3465 
8. Sauvagine  4599 
9. Mellitin  2847 
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  Application Note: 130-PR 
 

Effect of Silica Pore Size on Protein Separations 
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TEST CONDITIONS: 
Columns:  
4.6 x100 mm, HALO Peptide ES-C18, 2.7 µm  
Part Number:  92124-602  
4.6 x 100 mm, HALO Protein ES-C18, 3.4 µm  
Part Number:  93414-602 
Mobile Phase:  
A= 0.1% Trifluoroacetic acid in water  
B= 0.1% Trifluoroacetic acid in acetonitrile  
Flow Rate:  1.5 mL/min.  
Gradient:  23% B to 50% B in 15 minutes  
Starting pressure:  As indicated on chart 
Temperature:  60°C  
Detection:  UV 215 nm, VWD  
Injection Volume:  5 µL  
Sample Solvent:  mobile phase A  
Response Time:  0.12 sec.  
Data Rate:  14 Hz 
LC System:  Agilent 1100 Quaternary  
Flow Cell:  5 µL semi-micro 

STRUCTUR

FOR MORE INFORMATION OR TO 

PLACE AN ORDER, CONTACT: 

 

Sharper, taller peaks are observed using the HALO 400 Å Protein 
ES-C18 column because the larger pore size allows unrestricted 
diffusion for these biomolecules into and out of the porous shell.  
The half height peak widths above each protein peak are 
significantly smaller with the HALO Protein column despite the 
larger particle size of the packing material, emphasizing the 
importance of larger pores when separating proteins.                         
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PEAK IDENTITIES:  
1. Ribonuclease A 13.7 kDa 
2. Cytochrome c 12.4 kDa 
3. Lysozyme  14.3 kDa  
4. α-Lactalbumin 14.2 kDa 
5. Catalase  tetramer of ~ 60 kDa each 
6. Enolase  46.7 kDa 
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  Application Note: 62-PT 

 

Separation of Peptides and Small Proteins on HALO Peptide ES-C18 
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TEST CONDITIONS: 
 
Column: 4.6 x 50 mm, HALO Peptide ES-C18  
Part Number:  92124-402 
Mobile Phase: 
A=  90%(0.1% TFA in water)/10% acetonitrile 
B= 30% (0.1% TFA in water)/70% acetonitrile 
Gradient: 0% B to 87% B in 1 minute 
Flow Rate: 5.0 mL/min. 
Pressure: 330 Bar 
Temperature: 60°C 
Detection: UV 220 nm, VWD 
Injection Volume: 1.0 μL 
Sample Solvent: Mobile Phase A 
Response Time: < 0.12 sec. 
Flow Cell: 5 μL semi-micro 
LC System: Quaternary Agilent 1100 
Gradient dwell volume is 0.88 mL 
 

PEAK IDENTITIES: 
1. Gly‐Tyr 
2. Val‐Tyr‐Val 
3. Angiotensin (1‐7) amide 
4. Met‐Enk 
5. Angiotensin (1‐8) amide 
6. Angiotensin II 
7. Leu‐Enk 
8. Ribonuclease A 
9. Angiotensin (1‐12) (human) 
10. Angiotensin (1‐12) (mouse) 
11. Porcine insulin 

STRUCTUR

FOR MORE INFORMATION OR TO 
PLACE AN ORDER, CONTACT: 
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G0044

This separation shows the utility of the HALO Fused-Core 
Peptide ES-C18 stationary phase for the separation of 
peptides by HPLC.  An average pore size of about 160 
Angstroms enhances the mass transfer of peptides and 
small proteins of up to a molecular weight of approximately 
15 kD, depending on the molecular configuration.  Also, the 
stationary phase is a sterically protected C18 bonded silane 
to increase resistance to low pH mobile phases and 
elevated temperatures (up to 100 °C.) that are commonly 
used in the separation of many biological materials. 

DISCUSSION:


