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HALO® C30:  Properties

• High shape selectivity for hydrophobic, long-
chain structurally related isomers

• Endcapped phase with 4.5% carbon
• Low pH Limit /Max T: 2/60°C
• High pH Limit/Max T: 9/40°C
• Surface area:  90 m2/g
• 100% aqueous compatible
• USP designation L62 
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Presenter
Presentation Notes
Application areas include: Vitamins, Carotenoids, Lipids, Steroids and more.

During the 1990s, scientists at National Bureau of Standards published extensively on the unique selectivity of triacontyl alkyl group (C30) for separating carotenoids which are diverse groups of very important biomolecules that include nonpolar hydrocarbons and polar xanthophylls. More than 1000 different carotenoids exist as geometric and positional isomers with subtle molecular differences that cannot be adequately resolved by popular C18 alkyl phases. The unique selectivity of C30 may be due to its ability to assume a fence-like planar structure as shown in the slide that can interact in multiple ways with the large molecules that it separates. Sander and Wise studied (1) the use of sub-ambient temperatures to stabilize secondary structures of stationary phases and improve selectivity factors for complex solute mixtures like carotenoids. 

While C30 has become the recommended HPLC phase for separating complex mixtures of large hydrophobic molecules and many commercial C30 columns have been developed, the Halo C30 combines a unique Fused-Core silica particle, optimized pore-size, and superior bonding chemistry to achieve the highest performance yet for carotenoids, vitamin A and the fat-soluble vitamins (A, K, D and E), lipids, steroids, and other large, nonpolar compounds. 

1. Sander, L. C., S. A. Wise, et. al., Anal. Chem., 66, 1667-1674 (1994).



Stability at High Temperature and High Pressure
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Column:  HALO 160 Å C30, 2.7 µm 2.1 x 50 mm 
Isocratic:  50/50 ACN/H2O
Flow Rate:  1.1 mL/min
Back Pressure:  602 bar
Temperature:  60 ⁰C
Injection Volume:  1 µL
Instrument:  Shimadzu Nexera X2
Detection:  UV 254 nm, PDA

PEAK IDENTITIES:
1. Uracil
2. Phenol
3. 1-chloro-4-Nitrobenzene
4. Naphthalene

Excellent stability at 600 bar and 60 °C
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Presenter
Presentation Notes
Although Halo C30 can be used at temperatures up to 60C, elevated temperature does not seem to enhance performance for molecules that it separates best- large hydrophobic molecules in the MW region from 500-1500. Halo C30 shows stable, superior performance at ambient and sub-ambient temperature and at all high pressures required by ambient and sub-ambient HPLC or UHPLC.
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HALO® C30:  100% Aqueous Compatibility
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Columns:  HALO 90Å, C18, 2.7 µm, 4.6 x 50 mm
HALO 160 Å C30, 2.7 µm, 2.1 x 50 mm

Isocratic:  20 mM Phosphate buffer, pH 7
Flow Rate:  2.0 mL/min (C18) / 1.0 mL/min (C30) 
Temperature:  30 oC
Detection:  UV 254 nm, PDA

1.  Thiourea
2.  5-Fluorocytosine
3.  Adenine
4.  Thymine Before pump was stopped
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HALO 160 Å C30

HALO® C30 does not exhibit dewetting
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Presenter
Presentation Notes
Columns with silica having average pore diameter of 90Å and nonpolar stationary phases such as C18 can experience dewetting if flow slows and pressure drops. Aqueous mobile phase is squeezed from the smaller pores causing retention and resolution loss that may not recover immediately even if flow and pressure is started again. Dewetting does not harm the column, and it can be detected by a simple stop/start experiment. Combinations of column, mobile phase and temperature that are subject to dewetting should be avoided because it can adversely impact analytical results.

Halo C30  has been engineered to avoid dewetting by careful selection of larger pores and optimum bonded phase coverage. Most applications will require a high percentage of organic solvent in the mobile phase which completely avoids dewetting. The slide data shows that even under 100% aqueous conditions, Halo 160Å C30 shows almost no evidence of dewetting in a stop/start flow experiment compared to a Halo 90Å C18. If the C18 column were bonded to Halo 160Å it would not show dewetting either. Halo C30 can be used even with high aqueous mobile phase if it might be needed to separate more polar, large molecules or be used in a gradient method which might begin under high aqueous conditions.




Isocratic:  100% Methanol
Instrument:  Nexera X2
Wavelength:  280 nm
Injection:  2 µL
Temperature:  30 ⁰C
Flow Rate:  1.5 mL/min
Columns:  4.6 x 150 mm, 2.7 µm

Fat-Soluble Vitamins:  C30 vs. RP-Amide Selectivity

HALO® C30 exhibits different selectivity from HALO® RP-Amide 
for this mix of 9 fat-soluble vitamins PEAK IDENTITIES:

1. Retinyl acetate (A)
2. Delta tocopherol (E)
3. Ergocalciferol (D2)
4. Cholecalciferol (D3)
5. Alpha tocopherol (E)
6. DL-alpha-tocopherol acetate (E)
7. 2,3-trans-phylloquinone (K)
8. Retinyl palmitate (A)
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Presenter
Presentation Notes
Halo 160Å C30 may be used effectively to retain solutes that are often studied with Halo 90Å phases even though it has a smaller surface area. Halo C30 is more retentive in pure methanol and shows different selectivity than Halo 90Å RP-Amide for mid-size fat-soluble vitamins. Even though it employs larger pores, the retentive, orthogonal behavior of Halo C30 is a new choice for mid-size compounds that barely separate using small pore SPP silica.
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Isocratic:  100% Methanol
Wavelength:  280nm
Injection:  2 µL
Temperature:  30 ⁰C
Flow Rate:  1.5 mL/min
Columns:  4.6 x 150 mm

PEAK IDENTITIES:
1. Retinyl acetate (A)
2. Delta tocopherol (E)
3. Ergocalciferol (D2)
4. Cholecalciferol (D3)
5. Alpha tocopherol (E)
6. DL-alpha-tocopherol acetate (E)
7. 2,3-trans-phylloquinone (K)
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HALO® C30, 2.7 µm SPP

FPP C30, 3 µm

Sharper peaks and increased resolution with the HALO® C30 column!

Fat-Soluble Vitamins:  HALO® C30 compared to FPP C30

Rs(3,4): 0.87

Rs(3,4): 1.62

Presenter
Presentation Notes
Halo SPP C30 shows large performance advantages over FPP C30 with similar particle size. Compared to the FPP C30 column, Halo SPP C30 has similar retentivity, much higher efficiency and better selectivity in pure methanol. More than double the plates are observed for peak 2 on HALO C30  (24,785) compared to the FPP C30 (11,391).

Higher efficiency and superior selectivity from optimizing pore diameter and bonding chemistry gives excellent resolution for the critical pair (peaks 3 and 4) and completely resolves peaks 6 and 7 that are barely resolved by FPP C30. 

Pressure drops are very similar since particle size is similar. Assay speed can be increased for the Halo C30 by increasing flow while maintaining acceptable resolution as expected for the SPP particle.
Initial HALO Pressure:  262 bar
Initial Competitor FPP Pressure:   207 bar
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Test Conditions:
Columns:  HALO 160 Å C30, 2.7 µm, 4.6 x 150 mm

SPP 150 Å C30, 2.6 μm, 4.6 x 150 mm
Isocratic:  5/95 water/methanol 
Flow Rate:  1.5 mL/min
Temperature:  25 °C
Injection Volume:  1 μL
Instrument:  Shimadzu Nexera
Detection:  PDA at 280 nm
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Vitamin K:  HALO® C30 compared to SPP C30
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HALO® C30 shows increased retention and resolution compared to SPP C30

3 HALO® C30

4

SPP C303
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PEAK IDENTITIES:
1. Menadione (K3)
2. Menaquinone 4 (K2)
3. 2,3-trans-phylloquinone (K1)
4. cis-phylloquinone (K1)

Presenter
Presentation Notes
A HALO® C30 column shows increased retention and baseline resolution of vitamin K1 trans and cis isomers even when compared to another SPP C30 column. Since the cis isomer of K1 is biologically inactive, it is important to know how much of each isomer is present in vitamin enriched products, such as infant formula. Both core-type particles have about the same size so there is only a modest pressure difference, and both columns are operated at the same temperature. The Halo C30 column is slightly more retentive and shows much greater resolution for the critical pair of isomers. No one has more experience in making optimum SPP particles and bonded phases than AMT.
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Column:  HALO 160 Å C30, 2.7 µm, 4.6 x 150 mm
Isocratic:  5/95 water/methanol
Flow Rate:  1.5 mL/min
Wavelength:  254 nm
Injection:  1 µl of  1 mg/mL Vitamin K1
Temperature:  as indicated
Instrument:  Agilent 1100

35 °C
Rs: 1.53

30 °C
Rs: 1.58

25 °C
Rs: 1.78

20 °C
Rs: 2.20

15 °C
Rs: 3.03

Effect of Temperature on
Resolution of trans and cis Vitamin K1

PEAK IDENTITIES:
1.  2,3-trans-phylloquinone (K1)
2.  cis-phylloquinone (K1)

2

1

Resolution increases with 
lower temperatures
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Time, min.

Presenter
Presentation Notes
Wise and Sander at NBS studied the impact of temperature and demonstrated that greater shape selectivity could be observed for isomers by operating at lower temperature. 

Many important biochemicals are larger in size with MW exceeding 1,000.
Small pore silica  is strong and can withstand high pressures to 600 bar or more.
Larger pore diameter can be helpful to retention and separation of larger molecules by allowing them to have more freedom inside the pores.
HALO SPP silica is made by a sol-gel process and can withstand very high column loading pressures and operating pressures in pore diameters up to 1000 A
Lower operating temperatures increase viscosity of liquid mobile phases which increases operating pressure.




Columns:  HALO 160 Å C30 and HALO 90 Å C18 , 2.7 µm, 4.6 x 150 mm
Isocratic:  5/95 water/methanol
Flow Rate:  1.5 mL/min
Temperature:  10 oC
Injection Volume:  1.5 μL
LC System:  Agilent 1200 SL
Detection:  UV 290 nm, PDA

Vitamin E:  Tocopherol Separation
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PEAK IDENTITIES:
1. δ-tocopherol
2. γ-tocopherol
3. β-tocopherol
4. α-tocopherol

Tocopherol R1 R2
Alpha (α) CH₃ CH₃
Beta (β) CH₃ H

Gamma (γ) H CH₃
Delta (δ) H H

Generic Tocopherol Structure:
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Baseline resolution with HALO® C30 compared to HALO® C18

Presenter
Presentation Notes
Slide shows example of using the temperature variable to resolve isomers with Halo C30. Halo C30 with larger SPP pore diameter is compared to classic Halo C18 with smaller SPP pore diameter. In this mobile phase, Halo C18 is almost twice as retentive for tocopherol isomers; however, Halo C30 is more selective for peaks 2 and 3 at lower temperature. In general, isomer selectivity for C18 columns does not change significantly by lowering the temperature. The Halo C30 phase gives the user a chance to utilize an important HPLC variable that is seldom employed.

Pressures are about equal at this low temperature. If only 400 bar instruments are available, pressures can be reduced while maintaining adequate resolution by adjusting column length and flow rate. 
C30 Pressure: 337 bar
C18 Pressure: 348 bar



PEAK IDENTITIES:
1. Lutein
2. α-carotene
3. β-carotene

i = unidentified carotenoid

Carotenoids Extracted from Carrot Juice 
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Column:  HALO 160 Å C30, 2.7 µm, 2.1 x 50 mm
Isocratic:  100% methanol
Flow Rate:  0.4 mL/min
Wavelength:  UV 450 nm, PDA
Injection:  2.5 µL
Temperature:  30 °C
Instrument:  Shimadzu Nexera X2

Baseline separation of α and β-carotene with HALO® C30 in less than 6.5 min

Lutein

α-carotene

β-carotene
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Rs = 2.54
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Presenter
Presentation Notes
Fast separation of α-carotene and β-carotene on short 2.1 x 50 mm Halo C30 in pure methanol at low pressure of 103 bar. Speed can be improved by increasing flow as shown in the next slide. 
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Fast Carotenoid Separations
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205 bar

1.0 mL/min
251 bar

1.5 mL/min
390 bar

2.0 mL/min
511 bar

PEAK IDENTITIES:
1. Lutein
2. α-carotene
3. β-carotene

i = unidentified carotenoid

Column:  HALO 160 Å C30, 2.7 µm, 2.1 x 50 mm
Isocratic:  100% methanol
Flow Rate:  as indicated
Wavelength:  UV 450 nm, PDA
Injection:  2.5 µL
Temperature:  30 °C
Instrument:  Shimadzu Nexera X2

Rs = 2.54

Rs = 1.99

Rs = 1.82

Rs = 1.49

Rs = 1.32

Presenter
Presentation Notes
Flat van Deemter curve for SPP particles can be exploited by increasing the flow. Pressure increases linearly with flow to achieve separation in <2 minutes with adequate resolution of α-carotene and β-carotene. If quantitation of lutein is desired, it elutes too close to the solvent front because it contains two hydroxyls as seen in the previous slide. Because lutein and carotene differ significantly in structure,  a step gradient from 10/90 water/methanol to 100% methanol could be used to increase speed for an assay of lutein with the two carotene isomers.
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Fast Separation of Carotenoids

12

1

2

3

4
5

6

7

Data courtesy of Nature’s Sunshine Products.

HALO® C30 separates 7 carotenoids in less than 16 minutes with high resolution

Column:  HALO 160 Å C30, 2.7 µm, 3.0 x 150 mm
Mobile Phase A:  Methanol
Mobile Phase B:  Ethanol
Gradient:  0-40% B in 20 min
Flow Rate:  0.65 mL/min
Temperature:  38 oC
Injection Volume:  0.6 μL
LC System:  Agilent 1100
Detection:  UV 471 nm, PDA

PEAK IDENTITIES:
1. Lutein
2. cis-carotenoid 1
3. cis-carotenoid 2
4. α-Carotene
5. β-Carotene
6. cis-Lycopene
7. Lycopene

Presenter
Presentation Notes
Separation of lutein and seven less polar carotenoids is shown in 16 minutes and is limited by lutein having significantly greater polarity. Speed can be increased only with some loss of resolution unless a step-gradient or gradient elution is employed to retain the lutein peak. 



Summary and Conclusions

• HALO® C30 columns are stable and rugged
• HALO® C30 offers shape selectivity which is 

an advantage when separating positional 
isomers, such as vitamins and carotenoids

• HALO® C30 offers Fused-Core® advantages 
which includes narrow peaks and the ability 
to run at increased flow rates while 
maintaining resolution 
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Presenter
Presentation Notes
Stability- Advantages are amplified when compared to FPP columns which are inherently less stable and rugged because of their broader particle distribution. 

Selectivity- Shape selectivity is inherent for the C30 phase, but SPP C30 has an extra advantage because lower temperature elevates viscosity and pressure which may create issues of stability and ruggedness for FPP particles.

Speed- SPP always has a speed edge because columns show flatter van Deemter curves combined with fact that the larger Fused-Core particles generate comparable starting efficiency to smaller porous particles. SPP columns with same efficiency have a wider dynamic range and go to higher flows than FPP columns having the same performance.
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For Your Information

• Mac-Mod Analytical (mac-mod.com)
– Exclusive distributor of HALO® columns in the US
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• fused-core.com
• Stephanie Schuster

– sschuster@advanced-materials-tech.com
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