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Abstract
The aligned electrospun polyacrylonitrile (PAN) fiber mats were developed by
controlling the rotational speed of collector at 3,300 rpm to improve the separation
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efficiency of a stationary phase in ultra-thin layer chromatography. The electrospun
PAN fiber mats were prepared by dissolving PAN at a concentration of 12% w/v in
dimethylformamide. The electrospinning condition was set at an applied voltage of 16
kv and collection distance of 10 cm. The rotational speed of collector was controlled
at 600 and 3,300 rpm to produce the non-aligned and the aligned electrospun PAN
fiber mats, respectively. Based on morphological observation, both non-aligned and
aligned electrospun PAN fiber mats had a smooth surface. The arrangement of the
aligned electrospun PAN fiber mats was more orderly. This caused the aligned
electrospun PAN fibers mats had higher separation efficiency with reduced migration
distance, migration time and analysis time than the non-aligned electrospun PAN fiber
mats. Thus, these fiber mats had the potential for use as the stationary phase of thin-
layer chromatography.

Keywords: polyacrylonitrile, electrospinning, aligned fiber, thin-layer chromatography,
food dye

Introduction

Thin-layer chromatography (TLC) is the technique for separation based on
differences in solubility of compounds in stationary and mobile phases moving in a
specific direction. The stationary phase for TLC is normally solid, gel or liquid coated
on solid substrate and mobile phase is liquid or gas (Nabi & Khan, 2003; Sherma &
Fried, 2003). TLC is widely used to separate compounds, confirm and identify
component because of its simple technique, low cost, less time consumption for
analysis, high sensitivity, and high efficiency for separating mixture (Striegel & Hill, 1996).
This technique is used for various applications such as the food industry (Sherma, 2000)
and pharmaceutical industry (Ferenczi et al., 2011). In the 1970s, it was developed
high-performance TLC (HPTLC) by reducing plate dimension in stationary phase. The
various advantages such as shorter analysis time, shorter migration distance, and
smaller reagent and mobile phase were found in HPTLC technique (Fried & Sherma,
1994). Later in 2001, ultrathin-layer chromatography (UTLC) was developed from TLC
and HPTLC plate to improve the efficiency of stationary phases such as sensitivity,
analysis time and minimal solvent. UTLC has a monolithic or nanostructure stationary
silica gel phase coating on a glass substrate. Its layer thickness is reduced to 10 pm
from 100-250 um of TLC. The separation on UTLC plates is faster analysis time and
uses smaller reagent and sample volume than that on HPTLC plates (Hauck et al,
2002).

Electrospinning process was first applied to prepare UTLC stationary phase.
This process can prepare faster and inexpensive UTLC plate (Clark & Olesik, 2009;
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Beilke et al., 2013; Kampalanonwat et al., 2013). It is used to produce ultrafine fibers
with diameters in the nanometer or the micrometer range. In electrospinning process, a
polymer solution held by surface tension at the end of a capillary tube is subjected to
an electric field. The charge is induced on the liquid surface by an electric field. When
an electric field is increased, the liquid at the tip of the capillary tube elongates to
form a conical shape. Then, the liquid is ejected from the tip to collecting metal
screen and travel through the air when the electric force overcomes the surface
tension force. Finally, the fiber is laid on the collecting metal screen and the solvent is
evaporated during ejecting (Doshi & Reneker, 1995; Reznik et al., 2004; Reneker & Yarin,
2008). Many polymers have been used in electrospinning such as Polyacrylonitrile
(PAN) (Kampalanonwat et al., 2013), Polyvinyl alcohol (Koski et al., 2004), cellulose
acetate (Rojanarata et al., 2013) and Polylactic acid (Li et al., 2006).

In this work, PAN was used to prepare a stationary phase for UTLC because it
has strong chemical bond between the nitrile groups. Thus, it is resistant to most
organic solvent, has good thermal stability and has potential for use as a stationary
phase (Beilke et al., 2013; Kampalanonwat et al., 2013). To improve the separation
efficiency of food dyes on the stationary phase, the aligned electro spun PAN fiber
mats were prepared by controlling the rotational speed of collector at 3,300 rpm. The
morphological appearance of the aligned electrospun PAN fiber mats was characterized
by Scanning Electron Microscope (SEM). Two water-soluble food dyes including
erythrosine (E127) and brilliant blue FCF (E133) were used to study the separation
efficiency of the aligned electrospun PAN fiber mats in comparison with the non-
aligned electrospun PAN fiber mats.

Materials and Methods
1. Materials
Polyacrylonitrile (PAN, My=55,500 Da) was obtained from Thai Acrylic Fiber,
Bangkok, Thailand. The PAN contained 9140 wt% acrylonitrile monomer (CH,=CHCN)
and 860 wt% methyl acrylate comonomer (CH,=CHCOOCH;). Dimethylformamide
(DMF) was purchased from Labscan Asia, (Thailand). Methanol and toluene were
purchased from Merck (Germany). Heptane was purchased from RCI Labscan (Thailand).
Two water-soluble food dyes including erythrosine (E127) and brilliant blue FCF (E133)
were obtained from Adinop Co., Ltd (Thailand). The TLC plate silica gel 60 F254 was
purchased from Merck (Germany).
2. Preparation of non-aligned and aligned electrospun PAN fiber mats
First, 12% w/v PAN solution was prepared by dissolving 1.20 g of PAN in 10
mL of DMF. This solution was then added into a 10-mL glass syringe attached with a
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stainless steel needle. The needle was connected to the high voltage generator,
operating in the positive DC mode. The applied voltage was fixed at 16 kV. A tip to
collector distance was set at 10 cm. The arrangement of fibers was controlled by the
rotational speeds of the collector. The rotational speeds of collector were controlled
at 600 and 3,300 rpm to produce the non-aligned and the aligned electrospun PAN
fiber mats, respectively. The electrospun PAN fiber mats were collected continuously
for 90 minutes.
3. Morphology of non-aligned and aligned electrospun PAN fiber mats

The morphological appearance of the non-aligned and the aligned
electrospun PAN fiber mats was characterized by a LEO 1450 VP SEM with operating
voltage used 15 V. Before morphological observation, each sample was coated with a
thin layer of gold using a Polaron SC-7620 sputtering device. The fiber diameters were
measured directly from SEM images using the SemAfore 5.21 software.

4. Preparation of standard solution and mobile phase

25 mg of food dyes (E127 and E133) was firstly dissolved in 10 mL of
methanol. These solutions were further used for study the separation efficiency of the
non-aligned and the aligned electrospun PAN fiber mats.

The various proportions of methanol and toluene (1: 9 to 9: 1 v/v) were
varied to achieve the optimal mobile phase. The optimal mobile phase used in this
study was methanol and toluene (2.5: 7.5 v/v) since this mobile phase showed the
greatest separation of food dyes on the electrospun PAN fiber mats.

5. Chromatography

The pure E127, pure E133 and mixture of E127 and E133 were spotted on
the bottom of the non-aligned and the aligned electrospun PAN fiber mats (Size
3x4 cm). About 3 mL of the mobile phase (methanol and toluene (2.5: 7.5 v/v)) was
used for each development. The development chamber was a homemade chamber
with the following dimentions 50 mm x 10 mm x 60 mm. The migration distance was
fixed at 30 mm from the lower plate edge. After chromatography, the plates were air
dried and then documented by the high-resolution scanner.

Results and Discussion
1. Morphology of non-aligned and aligned electrospun PAN fiber mats
The electrospinning is an effective technique for producing a fiber with a
diameter in the nanometer range. The condition used for the preparation of the
electrospun PAN fiber mats was 12% w/v PAN in DMF, applied voltage of 16 kV,
collection distance of 10 cm. The rotational speed of collector was controlled at 600
and 3,300 rpm to produce the non-aligned and the aligned electrospun PAN fiber mats,
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respectively. The morphology of the non-aligned and the aligned electrospun PAN fiber
mats is shown in Figure 1. The results showed that both the non-aligned and the
aligned electrospun PAN fibers had a smooth surface. The average diameters of the
non-aligned and the aligned electrospun PAN fibers were 2869 and 235:10 nm,
respectively. Clearly, the arrangement of the aligned electrospun PAN fiber mats were
more aligned than that of the non-aligned electrospun PAN fiber mats. Thus, the
rotational speed of collector can control the arrangement of the fibers. Thickness of
the obtained electrospun PAN fiber mats was about 200 pm.
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Figure 1 Selected SEM images of
a) non-aligned b) aligned electrospun PAN fiber mats

2. Separation of water-soluble food dyes

The water-soluble food dyes including erythrosine (E127) and brilliant blue
FCF (E133) were used to study the qualitative separation of the non-aligned and the
aligned electrospun PAN fiber mats as stationary phases in thin layer chromatography.
The mobile phase used to study the qualitative separation of the electrospun PAN
fiber mats was a mixture of methanol and toluene (2.5: 7.5 v/v).

The position of the spot in stationary phase was characterized by the
retention factor. The retention factor (hRy) is defined as equation (1) where Z; is
distance that the color traveled, measured from center of the band of color to the
point where the food color was applied and Z; is total distance that solvent traveled:

hR; = j—f X100 . (1)

Comparison between the non-aligned and the aligned electrospun PAN
fiber mats, the hR; range of the aligned electrospun PAN fiber mats (hR 61-83) was
lower than that of the non-aligned electrospun PAN fiber mats (hR¢ 42-74). The pure
colors (E127 and E133) on the electrospun PAN fiber mats were used as the standard
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for comparing with the mixed color. The hR; of mixed color (E127 and E133) on the
aligned electrospun PAN fiber was 83+3 and 62+3 which were similar to the hR of the
pure colors (E127; 8314 and E133; 61+4). Beilke et al. (2013) compared the separation
efficiency of a mixture of R-blockers and steroidal compounds on the aligned
electrospun PAN fiber mats (AE-UTLC) and the non-aligned electrospun PAN fiber mats
(E-UTLC). The results showed that the range hR¢ of AE-UTLC (hR 27-56) was lower than
that of E-UTLC (hR; 6-53) (Beilke et al., 2013).

To determine the separation efficiency of the stationary phase, the
resolution (R) was calculated. The R is a qualitative analysis. The R values were used to
measure how well two spots can be separated in a stationary phase. It was defined as
the difference in retention of two adjacent spots 1 and 2, respectively (Ds; and Dgy),
divided by the combined widths of two adjacent spot 1 and 2, respectively (w; and
W,). The R value was calculated using the following equation (2).

_ 2(DR2+DRy)
R==—""—22 2
(wz+wy) ( )

The relative standard deviation (%RSD) is the measurement of the deviation of
various terms from their averages in an observation as shown in equation (3). Where s
is the standard deviation, and X is the mean.

%RSD = = x100 (3)
X

Table 1 The resolutions between two colors of mixed food dyes on (a) non-aligned
and (b) aligned electrospun PAN fiber mats (n=>5)

Stationary phase : Mixed color
Resolution (R) %RSD
(@) Non-aligned 03 154
(b) Aligned 13 82

From Table 1, the mean resolution of the aligned electrospun PAN fiber mats
was 1.3, while the mean resolution of the non-aligned electrospun PAN fiber mats was
0.3. The aligned electrospun PAN fiber mats had higher resolution than the non-aligned
electrospun PAN fiber mats. The aligned electrospun PAN fiber mats had high
separation efficiency because the resolution value of these fiber mats was more
than 1. Kampalanonwat et al. (2013) compared the mean resolution of 5 preservatives
saparation between the electrospun PAN nanofiber phases with 10% UV,s4 and HPTLC
plates silica gel CN. The mean resolution range of electrospun PAN nanofiber phases
with 10% UVys, was 1.0 to 1.8, while the mean resolution range of HPTLC plates silica
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gel CN was 0.5 to 1.5. Thus, the electrospun PAN nanofiber phases showed better
separation of preservatives than HPTLC plates silica gel CN (Kampalanonwat et al,
2013).

In TLC, the number of theoretical plates (N) is used to determine the
performance and the efficiency of the stationary phase. When comparing between the
non-aligned and the aligned electrospun PAN fiber mats (Table 2), the results showed
that the aligned electrospun PAN fiber mats had higher plate number in both the pure
color and the mixed color cases. Thus, the separation efficiency of the aligned
electrospun PAN fiber mats was higher than that of the non-aligned electrospun PAN
fiber mats. Because the higher plate number resulted in the reduced migration time
and migration distance. Kampalanonwat et al. (2013) compared the electrospun
nanofiber phases with UV,s4 indicator with HPTLC plates silica gel CN. The electrospun
nanofiber phases with UV,s, indicator showed higher plate number than HPTLC plates
silica gel CN resulting in the reduced migration time and migration distance of the
electrospun nanofiber phases with UV, indicator (Kampalanonwat et al., 2013).

Table 2 The number of plates (N) values for food dyes on (a) non-aligned and (b)
aligned electrospun PAN fiber mats (n=5)

(a) Non-aligned (b) Aligned
Food dyes N O6RSD N O6RSD
Pure color E127 1278 7 1738 7
E133 1328 14 3377 13
Mixed color E127 1765 14 2019 7
E133 2184 6 3919 13

3. Comparison of mobile phase velocities
The mobile phase velocities were compared between the non-aligned
electrospun PAN fiber mats, the aligned electrospun PAN fiber mats and the TLC plate
silica gel 60 Fys4. The Lucas-Washburn equation (4) was used to describe the capillary
flow through porous media. When mobile phase velocities were increased, the analysis
time was decreased while the efficiency was increased.

__ YRtcos@
Zf= T (4)

In this equation, Z; is the distance traveled by the solvent front, t is the
corresponding time, y and # are the surface tension and viscosity of the mobile phase,
6 is the contact angle of the mobile phase with the stationary phase, and R is the
effective pore radius. From the Lucas-Washburn equation, the porous media was
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measured by using heptane for nonpolar solvents. The velocity constant (k) is often
used to describe mobile phase transport in TLC and replaced the term yR/2 5. This
factor is used to describe mobile phase velocity in stationary phase. k is related to Z
and t according to equation (5).

ZF=kt ., (5)

From Figure 2, the aligned electrospun PAN fiber mats showed the fastest
mobile phase migration. Since the average fiber diameter of the aligned electrospun
PAN fiber mats was smaller than that of the non-aligned electrospun PAN fibers.
Moreover, the alignment of the aligned electrospun PAN fibers could increase the
mobile phase velocities. Beilke et al. (2013) compared the mobile phase velocities of
AE-UTLC plates, E-UTLC plates and commercial cyano TLC plates using heptane as the
mobile phase. The AE-UTLC plates showed faster mobile phase velocities than others
(Beike et al. 2013).
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Figure 2 The comparison of mobile phase velocities of (s) non-aligned, (o) aligned
electrospun PAN fiber mats and (v) TLC plate silica gel 60 Fys,

Conclusion

The electrospun PAN fiber mats were successfully fabricated by electro spinning
for use as a stationary phase in ultrathin-layer chromatography (UTLC). The development
of the aligned electrospun PAN fiber mats as a stationary phase to improve separation
efficiency was studied. Both the non-aligned and the aligned electrospun PAN fiber
mats had a smooth surface. The average diameter of the non-aligned was higher than
that of the aligned electrospun fibers. The aligned electrospun PAN fibers mats showed
better values of hRy, resolution, plate number and mobile phase velocities. Thus, the
aligned electrospun PAN fibers mats had higher separation efficiency with reduced
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migration distance, migration time, and analysis time than the non-aligned electrospun
PAN fibers mats and could be used as stationary phase for food dyes analysis.
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