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Application Note #9904

Water-Soluble Vitamins
Vydac SP reversed-phase columns are recommended for

the analysis of water-soluble vitamins. They are based on a
90Å pore-size spheroidal silica with a high surface area.
Two reversed-phase chemistries are available: 201SP, a
C18 phase, and 208SP, a C8. Both are monomeric-bonded
and exhaustively end-capped.

SP columns have inherently high performance that
does not depend on deactivation or solvent modifiers.
They are very stable, with long lifetimes in normal use.
Quality tests include packed-column efficiency and selec-
tivity for water-soluble vitamins.

Vitamin Analysis with Vydac Reversed-Phase Columns

Figure 2. Vitamin selectivity test for 208SP. Column: Vydac 208SP54
(C8, 5µm, 90Å, 4.6mmID x 250mmL). Mobile phase: A = 0.1M KOAc
adjusted to pH 4.9 to 5.2 with formic acid. B = 50:50 ACN:water.
Gradient: 5% to 60% B over 15 minutes. Flow rate: 1.5 mL/min.
Detection: 254 nm. Peaks: (1) ascorbic acid (C), (2) nicotinic acid
(Niacin), (3) pyridoxine (B6), (4) thiamine (B1), (5) nicotinamide (B3).
All peaks must be baseline resolved.

Figure 1. Vitamin selectivity test for 201SP. Column: Vydac 201SP54
(C18, 5µm, 90Å, 4.6mmID x 250mmL). Mobile phase: A = 0.1M KOAc
adjusted to pH 4.9 to 5.2 with formic acid. B = 50:50 ACN:water.
Gradient: 5% to 60% B over 15 minutes. Flow rate: 1.5 mL/min.
Detection: 254 nm. Peaks: (1) ascorbic acid (C), (2) nicotinic acid
(Niacin), (3) pyridoxine (B6), (4) thiamine (B1), (5) nicotinamide (B3),
(6) folic acid (M), (7) cyanocobalamin (B12), (8) riboflavin (B2).
All peaks must be baseline resolved.

Fat-Soluble Vitamins
Vitamins A, E, and β-carotene have been separated from

interfering non-active geometric isomers and quantified by
reversed-phase chromatography on Vydac 201TP54 columns

(Refs. 2 and 3). Vydac 201TP is a wide-pore (300 Å)
specialty C18 reversed-phase adsorbent originally developed
for optimal separation of polyaromatic hydrocarbons in
environmental analysis. As noted in reference 2, the large
pores (300Å) of the TP silica are thought to contribute to
selectivity in separating the long, rigid molecules of vita-
mins A, E, and β-carotene by assuring they are not excluded
from active adsorbent surfaces.

Figure 3. Separation of retinol isomers. Geometric isomers were easily
resolved on Vydacs 201TP 300Å C18 reversed-phase material.
Column: Vydac 201TP54 (C18, 5µm, 300Å, 4.6mmID x 250mmL).
Flow: 1.0 mL/min. Mobile phase = 65:10:25 methanol:n-butanol:water
containing 10mM ammonium acetate, pH 3.2. Isocratic.
Peaks: 1. di-cis-retinol; 2. 11-cis-retinol; 3. 9-cis-retinol;
4. 13-cis-retinol; 5. all-trans-retinol (vitamin A).
Chromatogram reproduced with author’s permission from Ref. 3.
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Figures 4 and 5 illustrate the use of Vydac201TP
columns for determination of vitamins A, E, and β-carotene
in serum and analysis of vitamins D.
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Figure 5. Separations of vitamins D2 and D3. Elution times can
be adjusted while maintaining resolution by varying methanol
concentration in the mobile phase. This can be useful for
assuring separation from interfering peaks, depending on the
matrix being analyzed. Column: Vydac 201TP54 (C18, 5µm,
300Å, 4.6mmID x 250mmL). Flow: 0.7 mL/min. Detection: 265
nm. Temperature: 27°C. Isocratic mobile phase:
Methanol:acetonitrile totalling 100% with methanol concentration
as indicated. Column is washed between runs with 100% ethyl
acetate at 2.5 mL/min for 3.5 minutes, then reequilibrated with
methanol:acetonitrile mixture before sample injection.

Vitamins D2 and D3
The highly water-insoluble vitamins D2

(calciferol) and D3 (cholecalciferol) have
been analyzed by HPLC using a Vydac
201TP54 specialty reversed-phase column
with a totally nonaqueous mobile phase
(Ref. 8). This method superceded the use of
normal-phase HPLC, for which reproducible
retention was more difficult to achieve.

Ordering Information

Other column sizes are available for analytical and preparative applications.
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Figure 4. Determination of vitamin A, vitamin E, and β-carotene in serum. Reliable analysis depends on chromatographic separation to
distinguish these molecules from isomers and interfering matrix constituents. The analytes can be quantified by electrochemical detection or
UV absorbance. The UV absorbance trace with programmed wavelengths is shown here. Column: Vydac 201TP54 (C18, 5µm, 300Å, 4.6mmID
x 250mmL). Flow: 1.5 mL/min. Detection: programmed wavelength absorbance. Mobile phase: A = 15:75:10 water:methanol:n-butanol. B =
2:88:10 water:methanol:n-butanol. Both mobile phase mixtures included ammonium acetate buffer, pH 3.5, at a final concentration of 0.02M.
Gradient: Hold 100% A for three minutes after injection. Then linear to 100% B over 15 minutes and maintain 100% B for 17 minutes.
Chromatogram reproduced with author’s permission from Ref. 2.

340 minutes

325 nm 295 nm 450 nm

1

2

3

4
5

6

7

8

9

10

Peaks:
1. all-trans-retinol (vitamin A)
2. tocol
3. γ-tocopherol
4. α-tocopherol (vitamin E)
5. lutein
6. zeaxanthin
7. cryptoxanthin
8. α-carotene
9. all-trans-β-carotene
10. cis-β-carotene

Cat.No. Description

201SP54 Column, Reversed-Phase, C18, 90Å, 5µm,
4.6mm ID x 250mm L

201SP5415 Column, Reversed-Phase, C18, 90Å, 5µm,
4.6mm ID x 150mm L

208SP54 Column, Reversed-Phase, C8, 90Å, 5µm,
4.6mm ID x 250mm L

208SP5415 Column, Reversed-Phase. C8, 90Å, 5µm,
4.6mm ID x 150mm L

201TP54 Column, Reversed-Phase, C18, 300Å, 5µm,
4.6mmID x 250mmL
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