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SiliaSep™

about SiliaSep in our brochure “Solutions For 
Purification & Chromatography (BROPUR)”.LEARN MORE

Separation of a Mixture 
of Ursus (Ursus Arctos, 
Ursus Maritimus, and Ursus 
Americanus) Using SiliaSep 
PREMIUM Cartridges
How do you separate bears? Based on their polarity (and, 
using SiliaSep Cartridges of course)! This Application Note 
details the separation of a mixture of three bears (Ursus 
Arctos, Ursus Maritimus, and Ursus Americanus) using 
SiliaSep cartridges. The mixture was collected in Northern 
Canada where all three types of bears are naturally present.

https://www.silicycle.com/ca/resource-center/brochures/solutions-for-purification-chromatography-bropur
https://www.silicycle.com/ca/resource-center/brochures/solutions-for-purification-chromatography-bropur
https://www.silicycle.com/ca/resource-center/brochures/solutions-for-purification-chromatography-bropur
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Separation of a Mixture of Ursus (Ursus Arctos, 
Ursus Maritimus, and Ursus Americanus) Using 
SiliaSep PREMIUM Cartridges
Ursus Maritimus, or polar bears, are notorious for their high polarity (as expected, polar bears are water-soluble because they are 
polar). Their strong dipole is due to the concentration of heteroatoms around their head.1 On the other hand, Ursus Arctos (brown 
bears) and Ursus Americanus (black bears) have lower polarities. For this reason, polar bears are routinely isolated from a bear mixture 
using SiliaSep C18 in isocratic mode following the conditions in Table 1 using a UV detector since all bears absorb at 280 nm.2

Since polar bears are highly soluble in the aqueous mobile phase whereas the other two are not, the sample is added by dry load to 
reduce the interference of the highly retained, poorly soluble bears. 

This method is fast and efficient for the recovery of polar bears. Moreover, it allows a large sample load since the polar bears are 
sufficiently separated from the other bear types using this method. However, in these conditions, the black and brown bears are highly 
retained and poorly separated as shown on the chromatogram in Figure 1.

Table 1: Chromatographic Conditions    

Chromatographic Conditions

Parameter Value

CARTRIDGE   SiliaSep Flash Cartridge, C18 (17 %), 40 - 63 µm, 60 Å   

PART NUMBER   FLH-R33230B-ISO40   

MOBILE PHASE Methanol (80 %), water (20 %)

TEMPERATURE   25°C  

FLOW RATE    35 mL/min   

DETECTOR  UV at 280 nm 

INJECTION    1 g in 1 mL of mobile phase on dry-load cartridge   

Figure 1: Separation of bears on SilliaSep C18 (17 %), 40 – 63 µm, 60 Å.

1  Mock Data. Bears do not have dipole moments.
2  Mock Data. Bears do not absorb in UV.
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To this day, the separation of brown and black bears was not pursued due to lack of interest. At SiliCycle, 
we believe that all bears are valid and should be purified accordingly, hence the development of a method to 
separate all bears in the mixture.

The sample was collected in Northern Canada, where all three species are naturally present, using smoked 
salmon as bait. The mixture composition is nearly equimolar of each species, with a slightly larger concentration 
of polar bears. 

All three bears in the mixture weight more than 100 kg, with polar bears having the largest weight. In molecular 
weight equivalents, they are in the range of 1,000 Daltons.3 For this reason, larger pore diameters should give 
better results according to the selection chart of Figure 2.

Figure 2: Silica selection guide

C18 PREMIUM cartridges were selected for improved separation efficiency.4 Not only should the spherical shape increase resolution, 
but the smaller particle size and more adapted pore diameter of the sorbent should also make the separation more efficient.

With C18 chromatography, TLC method development is more challenging than with bare silica. SiliaPlate C18 TLC plates have silica 
gel impregnated whereas the one used in flash cartridges are bonded, hence the behaviour is not exactly the same. In addition, the 
carbon loading is different between the plates and the cartridges, causing the analytes to be slightly more retained on the cartridges 
than on the plates.

3  Mock Data. Bears do not have molecular weights.
4  Application Note SSp003-0 Choosing Between SiliaSep PREMIUM and SiliaSep for Flash Cartridges
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Therefore, while the plates will give an idea of the elution conditions, adjustments will be necessary to transpose the conditions on the 
cartridge. Different mobile phase compositions were tested on SiliaPlate C18 TLC plates as illustrated in Figure 3.

Figure 3: Figure 3. Mobile phase optimisation on C18 TLC plates

From the five mobile phases tested, three offered similarly good selectivity. In the end methanol was chosen as the best solvent choice 
for two reasons. One for its better environmental footprint as compared to acetonitrile and two, its lack of interference with the detector 
which was the case with acetone. The TLCs using THF and isopropanol both suggested poor separation of the mixture, with large Rf’s 
for the polar bear. 

Due to their low polarity, black and brown bears are highly retained on the C18 sorbent, and a linear gradient should provide lower 
retention times while maintaining better resolution. Sample load was reduced by half to increase the resolution of these two bears 
and DMSO was chosen (instead of the mobile phase) as the injection solvent. This is expected to have a better yield due to the better 
solubility of the low polarity bears in DMSO as compared with the aqueous mobile phase.

Using this technique, polar bears were well separated from the other two bears and the total run time was reduced. However, the 
separation between the black bear and the brown bear peaks was still incomplete. 

In the hopes to improve peak shape and eliminate compound ionization an acidic additive was used. Sulfuric acid, phosphoric acid, 
hydrochloric acid, acetic acid, formic acid and trifluoroacetic acid were all tested in controlled concentrations to keep the mobile phase 
at least two pH units below the brown bear’s pKa,5 and in the range of stability of functionalized gel.6 Acetic acid showed the best 
result with an improved resolution, but still no complete return to the baseline between the two low polarity bears as observed on the 
chromatogram in Figure 4 following the conditions in Table 2.

5  Mock data. Bears do not have pKa’s.
6  Application Note SB003-0 SiliaBond pH and Solvent Stability
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Table 2: Chromatographic Conditions    

Chromatographic Conditions

Parameter Value

CARTRIDGE   SiliaSep PREMIUM Flash Cartridge, Spherical C18 monomeric, 25 µm, 90 Å   

PART NUMBER   FLH-03295D-A-ISO40   

MOBILE PHASE 

(A) Methanol + 0.003 % acetic acid 
(B) Water + 0.003 % acetic acid

Step Gradient 
   1) 80 % A (4 CV) 
   2) 90 % A (8 CV) 
   3) 100 % A (4 CV)

TEMPERATURE   25°C  

FLOW RATE    35 mL/min   

DETECTOR  UV at 280 nm 

INJECTION    0.5 g in 1 mL of DMSO on dry-load cartridge   

Figure 4. Separation of bears on SiliaSep PREMIUM C18 monomeric, 25 µm, 90 Å.

7  Application Note SB0010-0 Working with reversed phases.
8  Mock data. Bears are not molecules.

After trying different mobile phase compositions, gradients, and additives, with still poor selectivity between the two low polarity bears, 
other stationary phases were explored7. For biomolecules like bears8 other than C18, lower carbon chain lengths such as C8, C6, C4, 
and C1 are recommended as shown in Table 3. The lower hydrophobicity of these shorter chains should improve the separation of the 
low polarity bears.
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Typical Applications Using Reversed and Normal Phases

Analytes Examples C18 C8 C6 PFP PHE C4 C1 CN NH2 Si Diol

Biomolecules Peptides, proteins      

Nucleotides Deoxyribonucleotides, 
ribonucleotides  

Lipids Phospholipids      

Carbohydrates Sugars   

Glycosides Glucosides, fructosides   

Oligosaccharides Malto-oligosaccharides  

Pesticides Organophosphates  

PCBs Dichlorobiphenyl, 
trichlorobiphenyl   

PAHs Anthracene, pyrene    

Drugs Basic drugs, metabolites      

Alkaloids Cocaine, morphine, nicotine, 
quinine    

Analgesics Aspirin, acetaminophen, 
ibuprofen    

Cyclosporine -  

Conjugated Compounds Phenols, chloroanilines, 
steroids, caffeine       

Natural Compounds Tannins, aflatoxins, flavonoids, 
carotenoids       

Fat-Soluble Vitamins Vitamins A, D, E and K  

Water-Soluble Vitamins Vitamins B and C  

Heterocyclic Compounds Dioxins, furans 

Table 3. Separation of bears on SiliaSep PREMIUM C18 monomeric, 25 µm, 90 Å.

AgNO3 is particularly useful to separate isomers that present unsaturated groups. 
Neutral Alumina is used for the separation of aldehydes, ketones, quinines, esters, lactones and glucosides. 
Florisil will help analyze pesticides, PCBs and PAHs.    
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For a more transposable method development, SiliaChrom HPLC columns were used rather than TLC plates. The columns taken to 
test different stationary phases were HPL-S30805E-A-G100 (C8 column) and HPL-S32705E-A-G100 (C4 column). Using a similar 
mobile phase as the one used on the C18 cartridge, and different gradient, the C8 column offered the best separation of the three bears 
and this method was transposed on a flash cartridge with the conditions presented in Table 4.

Table 4: Chromatographic Conditions    

Chromatographic Conditions

Parameter Value

CARTRIDGE   SiliaSep PREMIUM Flash Cartridge, Spherical C8 monomeric, 25 µm, 90 Å  

PART NUMBER   FLH-30895D-A-ISO40   

MOBILE PHASE 

(A) Methanol + 0.003 % acetic acid 
(B) Water + 0.003 % acetic acid

Gradient 
   1) 80 % A (6 CV) 
   2) 80 % A to 90 % A (2 CV) 
   3) 90 % A (22 CV) 
   4) 90 % A to 100 % A (2 CV) 
   5) 100 % A (8 CV)

TEMPERATURE   25°C  

FLOW RATE    35 mL/min   

DETECTOR  UV at 280 nm 

INJECTION    0.5 g in 1 mL of DMSO on dry-load cartridge   

Figure 5:  Separation of bears on SiliaSep PREMIUM C8 monomeric, 25 µm, 90 Å.

These conditions provided sufficient separation of all the bears in less than one hour as shown in Figure 5.



8

#SS009-0
APPLICATION NOTE

To reduce the total analysis time, a separation in two steps was also suggested. The polar bear was first separated from the mixture on 
a C18 SPE cartridge using the conditions in Table 5.

Table 5: SPE separation of Ursus Maritimus   

SPE separation of Ursus Maritimus

Parameter Value

CARTRIDGE SiliaPrep SPE Cartridge, Silica-Based C18 (17 %) polymeric, 5 g, 25 mL, 
40 - 63 µm, 60 Å

PART NUMBER  SPE-R00230B-20X  

CONDITIONING STEP 25 mL methanol (80 % in water)

EQUILIBRATION STEP   25 mL water

LOADING STEP 10 mL of Ursus mixture in methanol (25 mg/mL) aspired through the cartridge

ELUTION STEP 25 mL of methanol (80 % in water), then 25 mL hexanes

RECOVERY   Ursus Maritimus (99 mg) 
Ursus Americanus and Ursus Arctos mixture (148 mg)

No washing step was necessary because bears usually clean themselves. The cartridge was flushed with 100 % hexanes as soon as 
the polar bear was collected to retrieve the remaining mixture of brown and black bears. 

Sorbents with lower hydrophobicity such as C2, diol and bare silica were compared for the separation of the low polarity bears. Diol-
bonded silica gel used in normal phase gave the best separation of the two low polarity bears as shown in Figure 6 following the 
conditions in Table 6.

Table 6: Chromatographic Conditions    

Chromatographic Conditions

Parameter Value

CARTRIDGE   SiliaSep Flash Cartridge, Diol, 25 µm, 90 Å

PART NUMBER   FLH-35095D-A-ISO40

MOBILE PHASE 

A) Hexanes 
B) Isopropanol  
Linear Gradient  
80 % A to 50 % A (5 CV)

TEMPERATURE   25°C  

FLOW RATE    35 mL/min   

DETECTOR  UV at 280 nm 

INJECTION    0.6 g in 1 mL of DMSO on dry-load cartridge   
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Figure 6:  Separation of bears on SiliaSep PREMIUM Diol, 25 µm, 90 Å.

On the hydrophobicity scale, Diol is right between bare silica and amine bonded silica which makes it a good choice for the separation 
of low to medium polarity samples. The alcohol hydroxyl functions (C-OH), without ionicity of the Diol phase, generate mild hydrogen 
bonding which is weaker than with bare silica gel.9 This reduces the polar compounds’ interactions with the Diol as compared with the 
silica column.

9  Mock data. Bears are not molecules.

Figure 7:  Two pathways for the separation of bears
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In summary, two different methods were developed to separate bears based on their polarity as presented in Figure 7. The first method 
used a SiliaSep PREMIUM C8 cartridge with a step gradient and pH modifier to complete the separation of the three bears in the 
mixture. For the second method, the polar bear was first separated using SiliaPrep C18 SPE cartridges, and the remaining mixture of 
black and brown bears was further separated using a SiliaSep PREMIUM diol cartridge.

10 Mock Data. Bears do not have purity.
11 Mock data. Bears do not eat interns. Or do they?
12 Mock Data. Bears do not have molecular weights. 
13 Mock Data. Bears do not have pKa’s.

Table 7: Fun facts about bears    

Fun Facts about Bears

Ursus Maritimus Ursus Arctos Ursus Americanus

PURITY (%)10 98.7 95.1 91.4

COLOR White Brown Black

LENGTH (M) 2 - 3 2.5 1.5 - 2

TYPICAL WEIGHT (KG) 650 – 1,100 500 – 1,100 160 – 500

LIFESPAN (YEARS) 25 20 - 30 18

MAXIMUM SPEED (KM/H) 40 56 45

ALIMENTATION Meat, primarily seals, interns11 Roots, berries, insects, fish Berries, plant shoots, nuts

REGION Arctic region North-West region of North 
America Northern Region of North America

MOLECULAR WEIGHT (DALTON)12 ~1,750 ~1,600 ~700

PKA13 6.2

Happy April fool’s day from the SiliCycle Team

*No bears were harmed during these experiments. 

**We cannot say the same about the experimenters. 

In loving memory of the interns who sacrificed themselves to 
collect samples on the field.
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