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Biphenyl columns are currently available from several HPLC

column manufacturers. Their biphenyl phases are only mono-

functional. In this study, tri-functional biphenyl stationary phase

was modified on a core shell silica and double end-capping was

done at high reaction temperature. Tri-functional biphenyl

stationary phase was compared with mono-functional biphenyl

stationary phase not only for measurement of hydrogen bond

capacity, hydrophobicity and steric selectivity but also for a peak

shape of a metal chelating compound and a basic compound.

Furthermore stability of each biphenyl stationary phase was

evaluated under both acidic and basic pH conditions. Although

phenyl stationary phase shows higher hydrogen bond capacity

than alkyl stationary phases, biphenyl stationary phase showed

the highest hydrogen bond capacity. Such a high hydrogen bond

capacity leaded unique separation selectivity when separating o-,

m-, p-methylhippuric acid and nucleic acid bases. Proposed

trifunctional biphenyl stationary phase showed the most stable

under both acidic and basic pH conditions.

Compared with other company's core shell type Biphenyl. Biphenyls from companies A, B and C showed 

similar separation patterns. It was confirmed that SunShell Biphenyl has a higher retention of 

amylbenzene No. 5 and a larger separation factor (hydrophobicity in the table) for the difference of one 

carbon between butylbenzene and amylbenzene, and is more hydrophobic than other company Biphenyl. 

The carbon loading is 5% for SunShell Biphenyl and 7% or more for all other Biphenyls, and the high 

hydrophobicity of SunShell, which has the lowest carbon content, indicates high density end-capping. 

Moreover, the separation of standard samples is very different for biphenyl and C18.

Steric selectivity
α(Triphenylene/o-Terphenyl)

Hydrophobicity
α(Amylbenzene/Butylbenzene)

Hydrogen bond 
α(Caffeine/Phenol)

1.461.600.39SunShell C18

1.451.392.69Company A Biphenyl

1.461.372.52Company B Biphenyl

1.451.383.07Company C Biphenyl

1.281.441.82SunShell Biphenyl

Comparison of core shell Biphenyl phases using standard samples 

Company B 

Biphenyl

19.3 MPa

Company A  

Biphenyl

21.8 MPa

SunShell

Biphenyl

19.2 MPa

Company C 

Biphenyl

22.8 MPa

Column: Company A Biphenyl, 2.6 μm  150 x 4.6 mm  

Company B Biphenyl, 2.7 μm  150 x 4.6 mm 

Company C Biphenyl, 2.7 μm  150 x 4.6 mm 

SunShell Biphenyl, 2.6 μm  150 x 4.6 mm

Mobile phase: CH3OH/H2O=75/25 

Flow rate: 1.0 mL/min, Temperature: 40 ºC 

Sample: 1 = Uracil, 2 = Phenol, 3 = Caffeine, 4 = Butylbenzene

5 = Amylbenzene, 6 = o-Terphenyl, 7 = Triphenylene
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Comparison using oxine

8-Quinolinol (oxine) is a metal chelating 

compound, and if there are metal impurities in the 

packing material, its peak becomes  a tailing peak.

Column dimension: 150 x 4.6 mm  

Mobile phase: CH3CN/20 mM H3PO4=10/90

Flow rate: 1.0 mL/min

Temperature: 40 ºC 

Detection: UV@250 nm

Sample: 1 = 8-Quinolinol (Oxine)

2 = Caffeine
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Comparison of core shell Biphenyl 

phases using basic compounds 

Column dimension: 150 x 4.6 mm  
Mobile phase: CH3CN/20 mM Phosphate buffer pH 7.0=60/40
Flow rate: 1.0 mL/min
Temperature: 40 ºC 
Detection: UV@250 nm
Sample: 1 = Uracil, 2 = Propranolol, 3 = Nortriptyline, 
4 = Amitriptyline              

Tailing of basic compounds (amitriptyline) occurs more 

easily in the acetonitrile/buffer mobile phase than in the 

methanol/buffer mobile phase. A mixture of acetonitrile 

and 20 mM phosphate buffer was used as mobile phase to 

compare with core shell Biphenyls. Biphenyl from other 

companies had a terrible tailing for basic compounds.
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Comparison of stability 

0

20

40

60

80

100

0 50 100 150 200 250 300

R
e

la
ti

ve
 p

la
te

 n
u

m
b

e
r/

%

Elution time/h

SunShell Biphenyl

Company B Biphenyl

Company A Biphenyl

Company C Biphenyl

●

■

▲

Bleed comparison under acidic condition Comparison of plate number under 

weakly alkaline condition

Column dimension: 50 x 2.1 mm  
Mobile phase: A) 1% H3PO4 (pH 1.2)

B) Acetonitrile

Gradient program

Flow rate: 0.3 mL/min

Temperature: 40 ºC 

Detection: UV@250 nm

Bleed test condition

3518171050Time (min)

101090901010%B

Column dimension: 50 x 2.1 mm  

Mobile phase: 20 mM Sodium phosphate pH 8.0

Flow rate: 0.2 mL/min

Temperature: 40 ºC 

Elution condition of stability test

Measurement condition of plate number

Mobile phase: CH3CN/H2O=50/50

Flow rate: 0.2 mL/min

Temperature: 40 ºC 

Detection: UV@250 nm

Sample: Butylbenzene             

Stability under acidic condition compared baseline changes with gradient elution 

of 1% aqueous phosphoric acid solution and acetonitrile. Biphenyl groups are 

cut off from the silica surface under acidic condition and elute out of the column 

as the amount of organic solvent increases. Baseline variability detected cut 

Biphenyl groups, with SunShell showing the least desorbed and high acid 

stability. In addition, under weakly alkaline condition, the silica dissolved and the 

column-in side was dented, so the theoretical plate number of the columns were 

compared. Since the Biphenyl column has high reproducibility of retention time 

even in a 100% aqueous mobile phase (see page 6) and is effective for 

separating highly polar compounds, stability comparison was performed under 

the condition of pH 8 that does not contain an organic solvent.  SunShell is more 

than twice as durable as other companies' columns.
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at the third gradient cycle
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Comparison of stationary phases using isomers of 

methylhippuric acid

Column: SunShell C18 2.6 μm 150 x 4.6 mm

SunShell C30 2.6 μm 150 x 2.1 mm

SunShell Phenyl 2.6 μm 150 x 4.6 mm

SunShell Biphenyl 2.6 μm 150 x 4.6 mm

Mobile phase: Organic solvent/

25 mM Phosphate buffer pH 3.0

Flow rate: 1.0 mL/min, 0.2 mL/min for only C30

Temperature: 40 oC

Detection: UV@230 nm

Sample: o-, m-, p-Methylhippuric acid

ortho meta para
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Comparison of stationary phases using nucleic acid 
bases

Columns for comparison 1. Kinetex Biphenyl, 2.6 μm

2. Halo Biphenyl, 2.7 μm

3. Raptor Biphenyl, 2.7 μm

4. SunShell Biphenyl, 2.6 μm

Specification of Biphenyl columns

Specification of other Biphenyl (cited from a brochure)

Bonded phaseCore shell silica

pH range
Maximum 

pressure
End-capping

USP 

L line

Stationary 

phase

Carbon 

loading 

(%)

Specific 

surface area 

(m2/g)

Pore size 

(nm)

Core size 

(μm)

Particle 

size (μm)

1.5  - 960 MPa
Sunniest end-

capping
L11Biphenyl515091.62.6SunShell Biphenyl

1.5  - 8.560 MPaTMSL11Biphenyl1110010---2.6Company A Biphenyl

1.5  - 8.060 MPaYesL11
Biphenyl-

dimethylsilane
71359---2.7Company B Biphenyl

1.5  - 8.060 MPaYesL11
Biphenyl-

dimethylsilane
71309---2.7Company C Biphenyl

Feature of end-capping of SunShell Biphenyl (sunniest end-capping)SunShell Biphenyl, Tri-functional Biphenyl

Si

O

O

O

www.bionikinc.com

Column: SunShell C18 2.6 μm, 150 x  4.6 mm (pore size: 9 nm)

SunShell RP-AQUA 2.6 μm, 150 x  4.6 mm (pore size: 16 nm)

SunShell Biphenyl 2.6 μm, 150 x  4.6 mm (pore size: 9 nm)

Mobile phase: A) Methanol/10 mM ammonium acetate pH 6.8=20/80

B) 10 mM ammonium acetate pH 6.8

Flow rate: 1.0 mL/min

Temperature: 40 oC

Detection: UV@250 nm 

Sample: 1 = Sodium nitrite, 2 = Cytosine, 3 = Uracil, 4 = Guanine, 5 = Thymine, 

6 = Adenine


