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Analytical Evaluation of Visualizing Reagents
Used to Detect Tocopherol and Tocopherol

Acetate on Thin Layer

A. Pyka

Department of Analytical Chemistry, Faculty of Pharmacy,
Medical University of Silesia, Sosnowiec, Poland

Abstract: Six dyes as new visualizing reagents, namely gentian violet, methylene
violet, methylene blue, methyl green, malachite green, and janus blue, have been
used to detect (�)-a-tocopherol, and (þ)-a-tocopherol acetate on silica gel 60.
Rhodamine B and 2,20-bipyridine–iron(III) chloride reagent were used as the
comparative visualizing reagents. The limit of detection (detectability), detection
index, broadening index, modified contrast index, densitometric visualizing
index, and linearity range were determined for (�)-a-tocopherol, and (þ)-a-
tocopherol acetate following use of these visualizing reagents. It was stated, that
earlier proposed densitometric visualizing index is an objective parameter
describing the applied visualizing reagents. 2,20-Bipyridine–iron(III) chloride
reagent can be used only to detect (�)-a-tocopherol. Among all studied new
visualizing reagents, methylene violet, and methyl green are the best to detect
(�)-a-tocopherol. The best way of detection of (þ)-a-tocopherol acetate is the
densitometric method without using a visualizing reagent. Whereas, among
all studied new visualizing reagents, gentian violet, methyl green, and Janus
blue are the best for detection (þ)-a-tocopherol acetate. These visualizing
reagents have similar detection properties of (þ)-a-tocopherol acetate in relation
to rhodamine B.

Correspondence: A. Pyka, Department of Analytical Chemistry, Faculty of
Pharmacy, Medical University of Silesia, 4 Jagiellońska Street, PL-41-200
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INTRODUCTION

Vitamins are organic compounds that have biochemical and physio-
logical proprieties. Because of these qualities, they are the subject of
numerous scientific investigations. Vitamins are classified according to
their solubility in water and in fats. Fat-soluble vitamins are vitamins
A, D, E, and K. Chromatography is useful in the identification and deter-
mination of vitamins in pharmaceutical preparations, the identification
and determination of vitamins and related substances in natural materials
and foodstuffs, and the chemical and biochemical determination of vita-
mins and their metabolites in fats and tissues. Vitamins that are soluble in
fat (lipophilic or hydrophobic vitamins) are the subject of wide investiga-
tions because of their biological proprieties. HPLC, TLC, and GC are the
principle techniques used for qualitative and quantitative investigations
of fat soluble vitamins. Analysis of the fat soluble vitamins by liquid
chromatography (TLC and HPLC) is the subject of many scientific pub-
lications.[1–4] Generally, TLC is useful for the investigation of a wide
range of the fat soluble vitamins application, i.e., purification of samples,
qualitative detection, quantitative determination, and the use of new
visualizing agents, and also for separation of some optical isomers.

Vitamin E refers to a family of at least eight molecules having a bio-
logical antioxidant activity and a structure of a chromanol ring substi-
tuted by an aliphatic side chain (C-12) containing two methyl groups in
the middle and two more at the terminal position. Vitamin E exists
in eight different forms or isomers, four tocopherols and four tocotrie-
nols. a-Tocopherol is recognized as the most effective biological antiox-
idant.[5] The ester of vitamin E is more stable to light and oxygen than
tocopherol. The shelf life of the ester tocopherol is greater than that of
the unesterified tocopherol. Tocopherol acetate is naturally converted
by the body to vitamin E.[6]

In our earlier papers, we described brilliant green, gentian violet,
methylene violet, methylene blue, methyl green, malachite green, and janus
blue for the detection of salicylanilide,[7] estradiol,[8] dehydroepiandro-
sterone,[9] stearic acid, stearyl alcohol, and methyl stearate[10] in thin layer.

We decided to examine a series of dyes as new visualizing reagents for
their ability to detect (�)-a-tocopherol, and (þ)-a-tocopherol acetate in
thin layer. This work also concerns the conformation of the significance
of the earlier proposed densitometric visualizing index[7] for the evaluation
of visualizing effects of vitamin E.
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EXPERIMENTAL

Thin Layer Chromatography

TLC was performed on 10 cm� 20 cm aluminium plates precoated with
0.20mm layers of silica gel 60 (E.Merck, #1.05553, lot: HX743154).
The plates were prewashed with methanol-chloroform (1:1, v=v) and
dried for 24 h at room temperature (20� 1�C). The plates were then acti-
vated at 120�C for 30min. Standard solutions of (�)-a-tocopherol
(Fluka, lot: 41306116) and (þ)-a-tocopherol acetate (Sigma, lot:
028H1164) containing 30.00, 25.00, 20.00, 16.00, 9.60, 5.76, 3.46, 2.08,
1.25, 0.75, 0.60, 0.45, 0.30mg were prepared in 5mL absolute ethanol
(POCh, Gliwice, Poland). The solutions of the studied compounds
(5 mL) were spotted manually, using a microcapillary (Camag, Switzer-
land), onto the chromatographic plates. Toluene as a mobile phase
(50mL) was placed in a classical chromatographic chamber (Camag,
Switzerland) and, after saturation of the chamber with the mobile phase
vapor for 30min, the plates were developed vertically, at room tempera-
ture (20� 1�C), to a distance of 7.5 cm. The plates were then dried for
24 h at room temperature (20� 1�C) in a fume cupboard.

Visualizing Reagents Investigated

New Visualizing Reagents

Gentian violet (Fluka, Switzerland), methylene violet (Michrom,
England), methylene blue (POCh, Poland), methyl green (POCh,
Poland), malachite green (POCh, Poland), and janus blue (Michrom,
England) were used as 50 mg=100 mL solutions in distillated water.

Comparative Visualizing Reagent

Rhodamine B and 2,20-bipyridine–iron(III) chloride reagent were used as
the comparative visualizing reagents.[11]

Rhodamine B (POCh, Poland) reagent was used as 50mg=100mL
solutions in distillated water.

Ethanolic iron(III) chloride (0.5%) (POCh, Poland) solution and
0.5% ethanolic solution of 2,20-bipyridine (POCh, Poland) were mixed
in equal parts before use.

The dried plates were dipped in particular visualizing reagent solu-
tions for 5 sec. Then, after dipping in a solution of visualizing reagents,
they were dried for 24 h at room temperature (20� 1�C), with the
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exception of 2,20-bipyridine–iron(III) chloride reagent. The plates after
dipping in the solution of 2,20-bipyridine–iron(III) chloride reagent were
dried in cold air.

Spectrodensitometric Analysis

A spectrum scan was recorded using a Camag Scanner TLC 3 operated in
absorbance mode and controlled by WinCATS 1.4.2 software. The radia-
tion sources were a deuterium lamp emitting a continuous UV spectrum
between 190 and 450 nm and a tungsten lamp emitting a spectrum
between 370 and 800 nm. The start wavelength was 200 nm and ending
wavelength was 700 nm. The slit dimensions were 8.00� 0.40mm, Macro;
the optimized optical system was resolution; the scanning speed was
20 nm s�1; the data resolution was 1 nm step�1; the measurement type
was remission; and the measurement mode was absorption; the optical
filter was second order.

Densitometric Analysis

Densitometric scanning was then performed at respective absorption
maximum (Table 1). The radiation sources were a deuterium lamp emit-
ting a continuous spectrum between 190 and 450 nm and a tungsten lamp
emitting a spectrum between 370 and 800 nm. The slit dimensions were
8.00� 0.40mm, Macro; the optimized optical system was light; the scan-
ning speed was 20mm s�1; the data resolution was 100 mm step�1; the
measurement type was remission; and the measurement mode was
absorption; the optical filter was second order. Each track was scanned
three times and baseline correction (lowest slope) was used.

Modified Broadening Index, Detection Index, Modified Contrast Index,

and Densitometric Visualizing Index

Broadening Index[12,13]

The broadening index was modified and was calculated as:

Ibroad ¼ 25

p2
� 1000

mg
AU

h i
ð1Þ

where 25 mg of the analyzed substance in 5 mL of solution was applied to
the chromatographic plate, and p2 is the spot area [AU] of 25 mg of
analyzed substance.

Analytical Evaluation of Visualizing Reagents 315

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
6
:
3
3
 
2
3
 
J
a
n
u
a
r
y
 
2
0
1
1



T
a
b
le
1
.

C
o
lo
r
o
f
sp
o
t
o
f
st
u
d
ie
d
co
m
p
o
u
n
d
s,
v
is
u
a
l
li
m
it
d
et
ec
ti
o
n
a
n
d
b
a
ck
g
ro
u
n
d
co
lo
r
a
ft
er

th
e
d
et
ec
ti
o
n
u
si
n
g
v
is
u
a
li
zi
n
g
re
a
g
en
ts

o
n
si
li
ca

g
el

6
0

S
p
o
t
co
lo
r
o
f

V
is
u
a
l
li
m
it
d
et
ec
ti
o
n
(m
g
=
sp
o
t)

D
et
ec
ti
o
n

(�
)-
a-
T
o
co
p
h
er
o
l

(þ
)-
a-
T
o
co
p
h
er
o
l

a
ce
ta
te

B
a
ck
g
ro
u
n
d

co
lo
r

(�
)-
a-

T
o
co
p
h
er
o
l

(þ
)-
a
-T
o
co
p
h
er
o
l

a
ce
ta
te

W
it
h
o
u
t
u
si
n
g

v
is
u
a
li
zi
n
g
re
a
g
en
t

L
a
ck

o
f
co
lo
re
d

sp
o
t
in

v
is
ib
le

li
g
h
t

L
a
ck

o
f
co
lo
re
d
sp
o
t
in

v
is
ib
le

li
g
h
t

W
h
it
e

–
–

2
,2

0 -
B
ip
y
ri
d
in
e–
ir
o
n
(I
II
)

ch
lo
ri
d
e

R
a
sp
b
er
ry

re
d

L
a
ck

o
f
co
lo
re
d
sp
o
t
in

v
is
ib
le

li
g
h
t

L
ig
h
t
b
ei
g
e

2
.0
8

–

R
h
o
d
a
m
in
e
B

P
in
k
-v
io
le
t

D
a
rk

p
in
k
a

P
in
k

0
.7
5

3
.4
6

G
en
ti
a
n
v
io
le
t

D
a
rk

v
io
le
t
w
it
h

w
h
it
e
b
o
rd
er

D
a
rk

v
io
le
t

V
io
le
t

2
.0
8

3
.4
6

M
et
h
y
le
n
e
v
io
le
t

A
zu
re

w
it
h

w
h
it
e
b
o
rd
er

B
lu
e
w
it
h
w
h
it
e
b
o
rd
er

L
ig
h
t
g
re
y
-b
lu
e

3
.4
6

3
.4
6

M
et
h
y
le
n
e
b
lu
e

L
ig
h
t
b
lu
e

L
ig
h
t
b
lu
e

B
lu
e

2
.0
8

3
.4
6

M
et
h
y
l
g
re
en

L
ig
h
t
g
re
en

G
re
en

(s
m
a
ll
co
n
tr
a
st

w
it
h
b
a
ck
g
ro
u
n
d

co
lo
r)

G
re
en

2
.0
8

2
0
.0
0

M
a
la
ch
it
e
g
re
en

C
el
a
d
o
n

G
re
en
-c
el
a
d
o
n

G
re
en

3
.4
6

9
.6
0

Ja
n
u
s
b
lu
e

D
a
rk

b
lu
e
w
it
h

w
h
it
e
b
o
rd
er

D
a
rk

b
lu
e

B
lu
e

2
.0
8

2
.0
8

316

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
6
:
3
3
 
2
3
 
J
a
n
u
a
r
y
 
2
0
1
1



Detection Index[8,13]

The detection index is defined as:

Idet ¼
m1

p1

mg
AU

h i
ð2Þ

where m1 is the smallest quantity of substance detected [mg] with the
visualizing reagent (limit of detection), and p1 is the spot area of the sub-
stance [AU] at the limit of detection of the substance.

Modified Contrast Index[10]

The modified contrast index was calculated as:

IContr ðmod ifÞ ¼
h

b
AU

�

� �
ð3Þ

where h is the height of densitometric band [AU] of 25 mg of analyzed
substance, and b is the angle [�] between the tangents at the inflection
points to the curves of the densitometric band of substance.

The Densitometric Visualizing Index[7]

The densitometric visualizing index (DVI) was calculated as:

DVI ¼ p2
m1 � b

� 10�4 AU

mg��

� �
ð4Þ

where m1 is limit of detection of the analyzed substance [mg], p2 is the spot
area [AU] of 25 mg of analyzed substance after the plate has been dipped
in reagent solution, and b is the angle [�] between the tangents at the
inflection points to the curves of the densitometric band of 25 mg of ana-
lyzed substance.

The broadening index, detection index, modified contrast index, and
densitometric visualizing index were calculated by use of the Equations
(1), (2), (3), and (4), respectively.

RESULTS AND DISCUSSION

Six new visualizing reagents (known as dyes), namely gentian violet,
methylene violet, methylene blue, methyl green, malachite green, and
janus blue were used to detect the vitamin E, namely (�)-a-tocopherol,
and (þ)-a-tocopherol acetate. However, rhodamine B and 2,20-bipyri-
dine–iron(III) chloride were used as comparative visualizing reagents
for detection of (�)-a-tocopherol, and (þ)-a-tocopherol acetate. The
colors of chromatographic spots for the investigated compounds and
background colors, without use of a visualizing reagent and after
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detection with visualizing reagents on silica gel 60, are presented in Table
1. It was stated, that studied (�)-a-tocopherol, and (þ)-a-tocopherol
acetate without use of a visualizing reagent are invisible on the chroma-
togram in visible light. Spots of (�)-a-tocopherol, and (þ)-a-tocopherol
acetate after the detection with the use of specific visualizing reagents are
visible on the chromatograms; with the exception of 2,20-dipirydyl–
iron(III) chloride reagent, which did not give colored chromatographic
spot with (þ)-a-tocopherol acetate. However, the colored spots of (�)-
a-tocopherol, and (þ)-a-tocopherol acetate are similar with the use of
a definite visualizing reagent. All obtained chromatographic spots of
(�)-a-tocopherol, and (þ)-a-tocopherol acetate after the application of
particular visualizing reagents were durable and visible for over 6 weeks.
The visual limit detections of (�)-a-tocopherol, and (þ)-a-tocopherol
acetate after their detection with the use of particular visualizing reagents
on silica gel 60 are also presented in Table 1.

(�)-a-Tocopherol, and (þ)-a-tocopherol acetate analyzed on silica
gel 60 without use of a visualizing reagent and after detection with visua-
lizing reagents were densitometrically and spectrodensimetrically evalu-
ated. Spectrodensitogram characteristics of (�)-a-tocopherol, and (þ)-
a-tocopherol acetate investigated on silica gel 60 are presented in
Table 2. It was stated that the fundamental absorption band of (�)-a-
tocopherol without use of a visualizing reagent and after use following
visualizing reagents, namely gentian violet, methylene violet, methyl
green, malachite green, janus blue, and rhodamine B occurs at the wave-
length equal to 270 nm. The fundamental absorption band of (�)-a-toco-
pherol after detection with the use of methylene blue occurs at 203 nm;
however after detection with the use of 2,20-dipirydyl–iron(III) chloride
reagent occurs at 524 nm. However, the fundamental absorption band
of (þ)-a-tocopherol acetate without use of a visualizing reagent and after
detection with all of the particular visualizing reagents, with the exception
of 2,20-dipirydyl–iron(III) chloride reagent, occurs at the wavelength
equal to 203 nm. It was found that the spectrodensitograms of (�)-a-
tocopherol, and (þ)-a-tocopherol acetate on silica gel 60 plates and by
use of particular visualizing reagents are different than the spectrodensi-
tograms obtained on the plates without use of a visualizing reagent. The
obtained spectrodensitograms of studied compounds after the detection
with the use of particular investigated visualizing reagents differ in the
number and intensity of additional absorption bands. This fact has
analytical significance in the identification of the investigated substances.
The densitometric analyses were performed at respective absorption
maxima, which are given in Table 2.

The broadening index was calculated in this work. A good visualizing
reagent has a relatively large numerical value of modified broadening
index for a particular substance detected (small spot area, which refers
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to 25 mg of a substance detected). The broadening indices for the investi-
gated compounds are presented in Table 3. The RF values of the (�)-
a-tocopherol, and (þ)-a-tocopherol acetate investigated on silica gel 60
are equal about to 0.41, and 0.44, respectively. The detection indices of
(�)-a-tocopherol, and (þ)-a-tocopherol acetate investigated are also pre-
sented in Table 3. The detection index indicates the ratio of the minimal
number of micrograms of the detected compound to the area of the
chromatographic spot, in AU. The area of the spot was assessed by the
densitometric method.

The densitometric limits of detection of the compounds investigated
with and without visualizing reagents tested, linearity range, densito-
metric visualizing index, and densitometric band characteristic of 25 mg
investigated (�)-a-tocopherol, and (þ)-a-tocopherol acetate on silica
gel 60 are presented in Tables 4, and 5, respectively. The densitometric
evaluation of obtained densitometric bands of 25 mg compound was
described by the area of the densitometric band [AU], the densitometric
band height [AU], and the angle (b) between the tangents at the inflection
points to the curves of the densitometric band, formulated in degrees [�].
To depict the contrast index,[13] the following test of vitamin E was
carried out: 25 mg of (�)-a-tocopherol, and (þ)-a-tocopherol acetate were
dropped in turn on the starting line, next their mobile phase was evolved,

Table 3. Broadening index and detection index for (�)-a-tocopherol, and (þ)-a-
tocopherol acetate detected on silica gel 60

(�)-a-Tocopherol (þ)-a-Tocopherol acetate

Detection

Broadening
index

(mg=AU)

Detection
index

(mg=AU)

Broadening
index

(mg=AU)

Detection
index

(mg=AU)

Without using
visualizing
reagent

0.724 0.45=3100 0.740 0.30=1100

2,20-Bipyridine–
iron(III)
chloride

0.413 2.08=8915 – –

Rhodamine B 0.814 0.30=1658 0.960 0.45=1511
Gentian violet 0.990 0.75=3359 0.849 0.75=1884
Methylene violet 0.618 0.30=3456 0.874 0.75=2514
Methylene blue 1.196 2.08=1670 1.170 0.75=2100
Methyl green 0.672 0.30=1564 0.827 0.75=3911
Malachite green 0.765 0.45=2860 0.848 0.75=2429
Janus blue 1.106 0.60=1300 0.830 0.75=3750
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and afterwards each spot was developed by means of another visualizing
reagent. The contrast index represents two independent values, namely
the angles (b) between the tangents at the inflection points to the curves
of the densitometric band, formulated in degrees, and the densitometric
band high [AU].[13] Earlier, we proposed the modified contrast index
was for evaluation of visualizing reagents to detect salicylanilide,[7] estra-
diol,[8] and aliphatic compounds.[10] The modified contrast index indi-
cates the ratio of the height of the densitometric band [AU] of detected
compound to the angle (b) between the tangents at the inflection points
to the curves of the densitometric band formulated in degrees [�]. The best
visualizing reagent has the highest value of the modified contrast index.

In this work, we applied earlier proposed densitometric visualizing
index[7,10] for the conformation of its significance to the evaluation of
visualizing effects of studied (�)-a-tocopherol, and (þ)-a-tocopherol
acetate detected with the use of investigated dyes. The densitometric
visualizing index contains two most important characteristics of a densi-
tometric band of a 25 mg studied substance, namely the area of the densi-
tometric band [AU], the angle (b) between the tangents at the inflection
points to the curves of the densitometric band, formulated in degrees [�].
The limit of detection of studied substance is a third most important ele-
ment, which contains the densitometric visualizing index. The best way of
substance detection has higher values of densitometric visualizing index.

Obtained results in this work indicate, that among all studied new
visualizing reagents, methylene violet and methyl green are the best for
detecting (�)-a-tocopherol. The densitometric bands of (�)-a-tocopherol
after detection with methylene violet and methyl green are compacted (b
are equal to 8�, and 9�, respectively) and linearity ranges are from 0.75 mg
to 5.76 mg. Methylene violet and methyl green are better visualizing
reagents in comparison with universally applied rhodamine and 2,20-dipir-
ydyl–iron(III) chloride reagent to detect (�)-a-tocopherol. The densito-
metric band of (�)-a-tocopherol after detection with rhodamine has b
equal to 12�; however the densitometric band of (�)-a-tocopherol after
detection with 2,20-dipirydyl–iron(III) chloride reagent is compact (b is
equal to 9�), but the limit of detection of (�)-a-tocopherol is then equal
only to 2.08 mg. Whereas, the densitometric limit of detection of (�)-a-
tocopherol after the use of methylene violet, methyl green, and rhodamine
B is equal to 0.30 mg. Densitometric analysis of (�)-a-tocopherol without
use of a visualizing reagent can also be recommended, because the limit of
detection is equal to 0.45 mg, however the linearity range is from 3.46 mg to
20.00 mg. The densitograms of 25.00 mg (�)-a-tocopherol without use of a
visualizing reagent and after detection with 2,20-dipirydyl–iron(III) chlor-
ide reagent are presented in Figures 1a and 1b, respectively. The densito-
grams of 25.00 mg (�)-a-tocopherol after detection with rhodamine B and
methylene violet are presented in Figures 2a and 2b, respectively.
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Obtained results in this work indicate, that the best detection way of
(þ)-a-tocopherol acetate is the densitometric method without using a
visualizing reagent. Whereas, the densitometric limit of detection of
(þ)-a-tocopherol acetate is equal to 0.30 mg, and the linearity range is
from 0.75 mg to 20.00 mg. However, among all studied new visualizing
reagents, gentian violet, methyl green, and janus blue are the best for
detection of (þ)-a-tocopherol acetate. These visualizing reagents have
similar detection properties of (þ)-a-tocopherol acetate in relation to
rhodamine B. The densitograms of 25.00 mg (þ)-a-tocopherol acetate
without use of a visualizing reagent and after detection with methyl green
are presented in Figures 3a and b, respectively. The densitograms of
25.00 mg (þ)-a-tocopherol acetate after detection with rhodamine B and
gentian violet are presented in Figures 4a and b, respectively.

It was stated, that all applied ways of detection permit obtaining a
linear dependence between the area of the densitometric band and the

Figure 1. Densitograms of 25.00mg (�)-a-tocopherol (a) without use of a visua-
lizing reagent; (b) after detection with 2,20-dipirydyl–iron(III) chloride reagent.
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quantity of spotted (�)-a-tocopherol or (þ)-a-tocopherol acetate. The
range of linearity is different for particular applied visualizing reagents
and depends on the detected compound.

It was confirmed that the earlier proposed densitometric visualizing
index is the objective parameter for evaluation of the usefulness of defi-
nite visualizing reagents for the detection of (�)-a-tocopherol, and (þ)-a-
tocopherol acetate. The visualizing reagents proposed in this work should
serve as supplements to those used previously for the detection of (�)-a-
tocopherol, and (þ)-a-tocopherol acetate. The study also provides
information about the physicochemical, analytical, and pharmaceutical

Figure 2. Densitograms of 25.00mg (�)-a-tocopherol after detection with (a)
Rhodamine B; (b) methylene violet.
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importance of the new proposed visualizing reagents. The visualizing
reagents proposed in this work, i.e., known dyes, are not universal visua-
lizing reagents. In earlier work, the five dyes, namely gentian violet,
methylene violet, methylene blue, malachite green, and janus blue, were
tried to be used for nicotinamide detection. The above mentioned visua-
lizing reagents did not give coloured chromatographic spots with nicoti-
namide.[14] The applied new visualizing reagents are non-destructive
reagents. This fact has definite analytical and physicochemical signi-
ficance. The obtained visualizing effects and non-destructive properties
of applied visualizing reagents, in relation to investigated aliphatic

Figure 3. Densitograms of 25.00mg (þ)-a-tocopherol acetate (a) without use of a
visualizing reagent; (b) after detection with methyl green.
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compounds, indicate that progress in the range of analysis of (�)-a-toco-
pherol, and (þ)-a-tocopherol acetate on thin layer has taken place.
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Figure 4. Densitograms of 25.00mg (þ)-a-tocopherol acetate after detection with
(a) Rhodamine B; (b) gentian violet.
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