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CHAPTER I 
INTRODUCTION 

 

1.1 Statement of purpose 

Thin layer chromatography (TLC) is a planar chromatography and was introduced 

in the 1950s. TLC is used to separate compounds in mixture. The benefits of TLC are 

simple, efficient, low cost and fast process. TLC is used in many fields such as 

pharmaceutical, environmental, food, herbal medicinal, forensic and clinical science 

as well as toxicology and quality control [1-4]. Normally, TLC technique performs on 

a support plate coated with a thin layer of solid particles of stationary phase or 

sometimes called sorbent. Silica, alumina, kieselguhr, magnesium silicate and 

magnesium oxide are used as stationary phase [5]. The particle size of sorbent in TLC 

is generally 10-12 µm with the thickness of 100-400 µm. The support plates are 

made by inert material such as glass, aluminium or terephthalate foil, poly 

tetrafluoroethylene (PTFE) and glass fiber. Usually, binder was added to enhance the 

attachment of solid particles on the support plate.  

Because a higher efficiency and better resolution can be resulted from reducing 

the particle size and a thickness of layer of stationary phase , high-performance thin 

layer chromatography (HPTLC) and ultrathin layer chromatography (UTLC) were 

developed and introduced in the 1970s and 2001, respectively. HPTLC consists of 

the particle size of stationary phase in range of 4-6 µm and the thickness of 100-200 

µm [3] while UTLC uses the nanomaterials as stationary phase and the thickness of 

5-25 µm. Several materials, for example, monolith [6, 7], nanofibers which were 

prepared by electrospinning technique [4, 8], and a porous nanostructure which was 

prepared by the glancing-angel deposition (GLAD) [6, 9, 10] were applied as the 

stationary phase in UTLC. Comparing UTLC to HPTLC, UTLC shows the advantages of 



 2 

shorter analysis time, less material consumption, higher sensitivity and lower 

detection limit [11].  

Many researchers were studied and reported the application of nanofibers 

generated by electrospinning technique as the stationary phase in UTLC [4, 8, 12, 13]. 

Electrospinning uses electrostatic forces to generate non-woven fibers from polymer 

solution. Electrospinning technique is simple, fast and inexpensive.   Generated fibers 

from this technique have a high surface area to volume ratio and diameters of fibers 

are within micrometer down to nanometer range. For the collector, it can be a plate 

collector or a rotating collector. For plate collector and low speed rotating collector, 

random electrospun nanofibers are achieved. For high speed rotating collector, 

aligned electrospun nanofibers are generated. The use of aligned electrospun 

nanofibers as a stationary phase in UTLC can benefit the mechanical properties [14],  

separation efficiency, and decreasing of the analysis time [4]. 

Nowadays, polymers are applied as stationary phase in TLC because polymers 

consist of several available functional groups such as polyacrylonitrile (PAN) [4], 

poly(vinyl alcohol) (PVA) [8], polyvinylpyrrolidone (PVP) [15], cellulose acetate [12] 

and  can be applied in a wide range of pH [16]. At the present, silica can be used 

only the pH range of 2-8. Therefore, it is normally problematic to separate basic 

compound. So polymer can be used instead of silica for stationary phase.  

In this work, aligned electrospun PVA nanofibers (AE-PVA) were interested to 

prepare and used as stationary phase for UTLC to separate the amino acids. PVA is a 

hydrophilic, biocompatible, nontoxic and biodegradable polymer and consists of 

hydroxyl groups which are similar to silica.  Therefore, it can be used as a polar 

stationary phase in UTLC. However, PVA is soluble in water which is limited for the 

application of stationary phase in UTLC. To enhance the stability in water, PVA was 

crosslinked by glutaraldehyde because glutaraldehyde is a high effective agent and 

resulting a low swelling PVA [17]. 



 3 

1.2 Objective of the research 

The objective of this work is to prepare the AE-PVA nanofibers and used as 

stationary phase in UTLC for a separation of amino acids.  

 

1.3 Scopes of the research 

1.3.1  Preparation of AE-PVA nanofibers by electrospinning technique.  

1.3.2 Optimizing the AE-PVA nanofibers by varying factors in electrospinning 

process such as collector distance and rotational speed.  

1.3.3  Characterization of AE-PVA nanofibers by fourier transform infrared 

spectroscopy (FT-IR) and scanning electron microscopy (SEM). 

1.3.4 Examining the efficiency of AE-PVA nanofibers as a stationary phase in 

UTLC. 

1.3.5 Comparison of the separation performance of AE-PVA UTLC, electrospun 

PVA (E-PVA) UTLC and commercial silica TLC. 

 

1.4 Benefits of the research 

The AE-PVA nanofibers are able to be used as stationary phase in UTLC for the 

separation of amino acids. 



CHAPTER II 
THEORY AND LITERATURE REVIEWS 

 

2.1 Electrospinning 

Electrospinning is a technique which is used for generating fibers from polymer 

solution or polymer melt. This technique has several advantages such as high 

porosity, high surface area to volume ratio, small diameter of fibers within the range 

of nanometers to micrometers, controllable  properties and functionality of 

nanofibers,  simple apparatus and cost-effective.  Electrospun nanofibers are used in 

many application such as scaffolds [18, 19], wound dressing [20, 21], drug delivery 

[22, 23], filtration [24, 25], biosensors [26], protective clothing [27], energy generation 

[28], immobilization enzyme [29], affinity membrane [30, 31] and stationary phase of 

TLC [8, 11, 12, 15].    

 

 
Figure 2.1 (A) schematic of electrospinning process, (B) plate collector, (C) random 
electrospun nanofibers collecting on plate collector, (D) rotating collector, (E) aligned 
electrospun nanofibers collecting on rotating collector [32].  
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The electrospinning setup is shown as Figure 2.1. There are three main 

components which are high voltage power supply, spinneret and collector. The 

spinneret is normally consisted of pipetted tip and syringe connected to a metal 

needle. For collector, there are two types of collector which are plate collector 

(Figure 2.1 B) and rotating collector (Figure 2.1 D). 

Fibers generated from electrospinning technique are produced via the formation 

of Taylor cone (Figure 2.2). Without electric field, the shape of polymer solution at 

the tip of needle is hemispherical due to surface tension. When start app lying high 

voltage, electric field induces charge on the surface of polymers solution. As the 

electric field is increased until critical point, repulsive electrostatic force is higher 

than surface tension which causes the polymer solution at the tip of nee dle 

elongate to form a conical shape with the initiated jet of polymer solution as known 

as Taylor cone. As the jet travels to collector, solvent is evaporated and non -woven 

nanofibers are formed on collector [32, 33]. Generally, electrospinning produces 

random fibers when plate collector is used. Aligned fibers are generated when the 

rotating collector such as rotating drum or disc drum is used at high speed rotation. 

 
Figure 2.2 Schematic of Taylor cone formation (A) hemispherical shape, (B) elongated 
polymer solution, (c) Taylor cone [34]. 
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2.2 Parameters of electrospinning technique 

There are many parameters which affect the fabrication of fibers by 

electrospinning technique [33, 35, 36]. 

 
2.2.1 The Solution properties 

2.2.1.1 Concentration  

Concentration of polymer solution affects to morphology of fibers 

during electrospinning. As very low concentration, bead is normally observed 

because of low viscosity and high surface tension of polymer jet in Taylor cone. As 

proper concentration, smooth fibers are  formed. Eda [37] showed the effect of 

polymer solution concentration on the morphology of polystyrene electrospun fibers 

as shown in Figure 2.3. SEM images of fibers formed at various polystyrene 

concentrations showed the generation of beads at low concentration of polymer and 

smooth fibers at proper concentration of polymer.  

 

 
Figure 2.3 Morphology of electrospun at various concentration of polystyrene 
solution (A) 2.5 wt%, (B) 4.8 wt%, (C) 13.1 wt%, (D) 20.2 wt% [37]. 

 

Furthermore, increasing concentration of polymer causes the fiber 

diameters to increase. Yang [38] prepared  polyvinylpyrrolidone electrospun 

nanofibers at different concentration of solutions such as 4 wt%, 6 wt% and 8 wt%. 

A B C D 
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They observed the increase of diameter of nanofibers from 20 nm to 35 nm and 50 

nm, respectively. 

 

2.2.1.2 Surface tension 

Surface tension depends on polymer and solvent. Yang [38] 

examined this effect by prepared 4 wt% of polyvinylpyrrolidone  in different solvents 

such as ethanol, dichloromethane and dimethylformamide. Each nanof ibers are 

shown as Figure 2.4. Polyvinylpyrrolidone in dimethylformamide and 

dichloromethane (Figure 2.4 B and 2.4 C) generated bead on nanofibers because of 

high surface tension and low viscosity of solution. In the other hand, 

polyvinylpyrrolidone in ethanol generated smooth nanofibers because of proper 

surface tension and viscosity. 

 

 
Figure 2.4 TEM of 4 wt% of polyvinylpyrrolidone  dissolved in (A) ethanol, (B) 

dichloromethane, (C) dimethylformamide [38].  

 

2.2.1.3 Molecular weight  

Molecular weight of polymer affects to viscosity and surface tension 

of polymer solution. High molecular weight polymer caused viscosity of the polymer 

solution to be high enough to generate fibers via electrospinning technique. As low 

molecular weight polymer, beads were generally formed on fibers.  Moreover, fibers 

A B C 
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generated from high molecular weight polymer solution were larger than those 

generated from low molecular weight polymer solution.  

Koski [39] studied effect of molecular weight of polymer to fiber 

mophology. The concentration was fixed at 25 wt% of PVA solution. SEM images of 

generated fibers were shown in Figure 2.5. By varying the molecular weight of PVA, 

smooth and fine nanofibers were generated at proper molecular weight which was 

13,000-23,000 g/mol. As low molecular weight of PVA was used, beads were formed 

on fibers as shown in figure 2.5 (A). Moreover, too high molecular weight of PVA was 

resulting to flat fibers as shown in Figure 2.5 (C).  

 

 
Figure 2.5 SEM images of 25 wt% PVA solution which various molecular weight (A) 

9,000-10,000 g/mol, (B) 13,000-23,000 g/mol  and (C) 31,000-50,000 g/mol [39].  

A B 

C 



 9 

2.2.2 Processing conditions of electrospinning 

2.2.2.1 Applied voltage 

Nanofibers is generated from the induced charge on the surface of 

polymers solution in electric field. Yuan [40] studied relation between applied 

voltage and morphology of nanofibers. High voltage was applied at 10 kV, 15 kV and 

20 kV which diameters of generated fibers were 344±55 nm, 331±26 nm and 323±22 

nm, respectively. As increasing electrical field, diameter of nanofibers is decreased 

slightly as shown in Figure 2.6 because higher voltage caused an increasing of 

electrostatic repulsive force on the jet and also increased an evaporation rate . 

Therefore, diameter of nanofibers is decreased. 

 

 
Figure 2.6 SEM images of the electrospun fibers from a 20 % polysulfone solution in 
N,N-dimethylacetamide/acetone. High voltage was applied at (a) 10 kV, (b) 15 kV and 
(c) 20 kV [40]. 

A 

C 

B 
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2.2.2.2 Distance between the tip of needle and collector or collector 
distance 

Suitable distance makes solvent to take enough time for 

evaporation before polymer solution travels to collector. Supaphol [41] studied 

effect of distance on nanofibers morphology. 10% w/v of PVA solution was 

electrospun at 5 cm, 10 cm, 15 cm and 20 cm of collector distance. SEM images 

were shown in Figure 2.7.  A short collector distance as 5 cm in Figure 2.7 (A) was 

produced fibers with beads on the fibers because of insufficient time for solvent 

evaporation. Extending collector distance to 10, 15 and 20 cm, bead on fibers were 

reduced as well as the diameter of fibers which were resulting from the enough time 

of stretching of the jet and solvent evaporation.  

 

 
Figure 2.7 SEM images of PVA 10% w/v of PVA solution which collector distance was 
(A) 5 cm, (B) 10 cm, (C) 15 cm, (D) 20 cm [41]. 
 

A 

D C 

B 
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2.2.2.3 Flow rate 

Flow rate is related to the evaporation of solvent. At low feed rate, 

solvent got enough time to evaporate and resulting to the fine and smooth fibers. In 

the other hand, beads were formed on fibers when high flow rate of polymer 

solution was applied [36]. 

 

2.2.2.4 Type of collector 

Collectors are normally a conductive substrate to support charged 

fibers. Aluminium foils are the simplest collectors which can be applied in variou s 

applications. 

2.2.2.4.1 Plate collector  

Plate collector is a stationary metal plate or foil placed 
at a fixed distance from a spinneret. Fibers generated on this collector are random 
electrospun fibers. 

Lu [8] prepared electrospun PVA nanofibers which were 
used as stationary phase for UTLC. Collector was a plate. Nanofibers were random as 
shown in Figure 2.8  

         

  
Figure 2.8  Plate collector and electrospun nanofibers [36]  
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2.2.2.4.2 Rotating drum  

Rotating drum is a moving collector that allows an even 
deposition of fibers on the collector and sometimes leads to some degree of 
alignment of fibers. Noticeably, random electrospun nanofibers were generated at 
low rotational speed (Figure 2.9 (A)) and aligned electrospun nanofibers were 
generated at high rotational speed (Figure 2.9(B)).  

 

 
 

Figure 2.9 Rotating drum [42] 
 

Supaphol [41] prepared electrospun PVA nanofibers by 
rotating drum at 50-65 rpm. Nanofibers were randomly deposited on the collector.  

Tidjarat [12] fabricated aligned eletrospun cellulose 
acetate nanofibers by rotating drum at 350 rpm, 4500 rpm, 6000 rpm and 7500 rpm. 
The results are shown in Figure 2.10. Aligned electrospun nanofibers were noticeable 
when rotational speed of rotating drum was above 4500 rpm.  
 

B 

A 
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Figure 2.10 Rotational speed of (A) 350 rpm, (B) 4500 rpm, (C) 6000 rpm, (D) 7500 

rpm. 

 

2.2.2.4.3 Disc collector  

Disc collector is also a moving collector. The collector 
geometry is shown in Figure 2.11. Disc collector also generated aligned nanofibers as 
same as rotating drum collector. 

Beilike [4] prepared aligned eletrospun PAN nanofibers by 
rotating disc collector at 500 rpm, 750 rpm, 1000 rpm, 1250 rpm and 1500 rpm. Disc 
collector is shown in figure 2.11. Aligned electrospun nanofibers was observed when 
rotational speed of rotating disc was more than 1000 rpm. 

(a) (b) 

(c) (d) D C 

B A 
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Figure 2.11 Disc collector [43].  

 

2.2.3 Environmental conditions 

Humidity in an environment during electrospinning process also affects the 

morphology of fibers. Increasing humidity leads to increasing number of pores on the 

fiber surface.   As dry environment, evaporated rate of solvent is increased; however, 

too fast evaporation can cause the jet to be follen before reach collector.   

Casper [44] reported the effect of humidity to generated fibers during 

electrospinning. 35 wt% of polystyrene in tetrahydrofuran was prepared. 

Electrospinning was done in different humidity such as below 25%, 31-38%, 40-45%, 

50-59% and 60-72% RH. As humidity was below 25%, fibers were smooth. Circular 

pores were found on fibers when humidity during electrospinning was above 31% RH. 

Amount of humidity is proportional to the number of pores on fibers as shown in 

Figure 2.8.  
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Figure 2.12 polystyrene electrospun nanofibers under different humidity (a) <25%, 

(b) 31-38%, (c) 40-45%, (d) 50-59%, (e) 60-72% RH [44].   
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2.3 Poly(vinyl alcohol) or PVA 

PVA is a synthetic polymer which was produced by hydrolysis of polyvinyl 

acetate to eliminate the acetate group [45]. PVA is a semicrystalline, hydrophilic, 

biocompatibility, nontoxic, biodegradable, good chemical resistance, good thermal 

stability, good physical properties and inexpensive substance. It can be applied in 

various field such as industrial, commercial, medical, pharmaceutical and food. PVA is 

high soluble in water; however, it is insoluble in aliphatic hydrocarbons, aromatic 

hydrocarbons, esters, ketones, and oils [46]. 

Because PVA is soluble in water, it is limited to apply in the system containing 

water. Crossilnking the PVA can enhance the stability of PVA in water.  There are 

many crosslink agents such as formaldehyde [47, 48], glyoxal [49], glutaraldehyde [8, 

50, 51], maleic acid [52, 53], maleic anhydride [54, 55] and glycidyl acrylate [56]. 

Glutaraldehyde (GA) is the most used for crosslinking agents because of its 

effectiveness [17]. 

In the past, crosslinking electrospun PVA with GA consists of 2 steps [57, 58]. 

Firstly, electrospun PVA fibers were prepared by eletrospinning. Then electrospun 

PVA fibers were crosslinked by immersing them into GA and strong acid which were 

dissolved in acetone solution. 

Recently crosslinked electrospun PVA was developed into only one step [8, 51].  

PVA was in situ crosslinked while elecrospinning by adding GA and HCl into PVA 

solution to be crosslinking agent and catalyst, respectively.  
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2.4 Thin layer chromatography (TLC) 

The purpose of TLC is to separate compound of mixture. Sample is spot into the 

stationary phase and developed in development chamber which is saturated with 

mobile phase. For detection of separated components, the colored compounds can 

be instantly virtualized on the TLC plate. For colorless spot of components, spraying 

with detection reagent on the TLC plate should be done to make spot visible. Then 

the position of spot is determined by detecting in daylight or under UV light as 

shown in Figure 2.13.  The chromatogram of sample can be characterized by position 

of spots comparing to the chromatograms of known reference. 

 

 
 

Figure 2.13  TLC plate development [59]. 
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Separation of TLC results from interaction between molecules of stationary 

phase and mobile phase. Mobile phase is transported compound and migrate 

through stationary phase by capillary forces. Mobile phase moves upward through 

stationary phase. The driving force causes compound to move in direction of flow of 

mobile phase. The resistive forces pull compound out of the flow of mobile phase 

and hold compound on stationary phase by adsorption. The forces of adsorption are 

Van der waal’s forces, dipole type interaction and complexation interactions like 

hydrogen bonding [5]. If compound is strongly attracted to sorbent, it will travel a 

short distance. In the other hand, if compound is soluble in mobile phase, it will 

travel a long distance. 

The system of TLC consists of sample, mobile phase, stationary phase, the 

development chamber and detection reagent.   

TLC plate consists of components as below. 

1) Stationary phase  

There are popular stationary phase such as  

Silica consists of silanol groups (SiOH) which is naturally high acidic so 

the separated basic compound ability is poor and it shows broad peak tailing.  The 

average specific surface area is 400-800 m2/g. Average pore size is 4-12 nm.  

Aluminuim oxide is a polar adsorbent which is similar to silica. The 

average particle size is between 5 and 40 µm. The specific surface area is 150 -200 

m2/g. Average pore size is 2-35 nm. Aluminiun oxide was  applied  in acid form (pH 4-

4.5) , neutral form (pH 7-8) and basic form (pH 9-10) [60]. Aluminium oxide can 

separates aliphatic compound, aromatic compound, alkaloids, steroids, terpenes and 

basic compound. 

Cellulose is fibers which length are 2-20 µm. Cellulose consists of -OH 

group which can be used as polar stationary phase. Cellulose doesn’t add binder 
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because of good self-adhesive on support. It can separate amino acids and carboxylic 

acids. 

2) Support  

Stationary phase was coated on support. Supports of TLC are made by 

inert material such as glass plate, plastic sheets, aluminium foil, terephthalate film 

and glass fiber. 

3) Binder  

Binder such as gypsum was filled into stationary phase to attach with 

support. 

4) Additives  

Additives such as manganese-activated zinc silicate and zinc cadmium 

sulfide were added into stationary phase to detect of colorless compound under UV 

light. 

 

2.5 High performance thin layer chromatography (HPTLC) 

HPTLC developed from TLC achieve higher separation efficiency, shorter analysis 

time and lower amounts of mobile phase by reducing size of particle and thickness. 

Particle size of HPTLC plate is smaller than TLC. The common dimension of 

stationary phase in HPTLC are 4-6 µm of particle size, 100 µm of layer thickness and 

3-5 cm of migration distance. The average plate height in HPTLC is 12 µm. Types of 

sorbent are typically similar to the one used in TLC, such as silica.  
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2.6 Ultrathin layer chromatography (UTLC) 

UTLC is thinner than either TLC or HPTLC. The thicker layer benefits faster 

separation, higher sensitivity and less reagent consumption. UTLC was prepared by 

several materials as below. 

2.6.1 Monolith 

The thickness of silica monolith is 10 µm. The monolithic layer has 

mesopores of 3–4 nm and macropores of 1–2 µm. The specific pore volume is 0.3 

mL/g. The specific surface area is 350 m2/g. A binder in the layer is not needed. 

Monolithic silica can separate amino acids and pesticides [3]. 

Barkry [6] prepared poly (butyl methacrylate-co-ethylene dimethacrylate) 

monolith by photoinitiated polymerization. Thickness is 50-200 µm. It can separate 

peptide and protein. Developed time is 5-6 min. Migration distance 6 cm. 

 

2.6.2 Nanostructure 

Nanostructure can be fabricated using glancing angle deposition (GLAD). 

Jim [10] prepared nanostructured thin film of silica (Figure 2.14) and used as 

stationary phase in UTLC. The thickness of stationary phase layer was 4.6-5.3 µm. It 

was used to separate dye mixture. Developed time was less than 2 min with the 

migration distance of 10 mm. For separation behavior, this UTLC has a plate number 

of 150-540 and a plate height of 12-28 µm. 
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Figure 2.14 SEM image of macroporous GLAD thin film (A and B) isotropic,  (C and D) 
anisotropic and (E and F) blade-like [10]. 

 

2.6.3 Electrospun nanofibers 

Electrospinning is a simple technique for fiber fabrication. The thickness 

and diameter of fibers can be adjusted by flow rate, high voltage power supply, 

collector distance, electrospinning time and polymer type.  

Lu [8] prepared electrospun PVA nanofibers by electrospinning technique. 

Average diameter of fibers was 190 mm. Thickness of layer of UTLC stationary phase 

was 15 µm. It was used to separate amino acid. The obtained PVA UTLC has a plate 

height of 30-70 µm.  

Clark [11] prepared electrospun PAN nanofibers by electrospinning 

technique. Average diameter of fibers was 400 mm. Thickness of layer of UTLC 

stationary phase was 25 µm. It was used to separate stereoidal. The PAN UTLC result 

a plate number of 5300-29000.  

E C 

F D B 
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CHAPTER III 
EXPERIMENTAL 

 

3.1 Chemicals and materials 

1) Poly(vinyl alcohol) (PVA, molecular weight 72000 g/mol,  ≥98% hydrolyzed) 

(Merck, Germany) 

2) Glutaraldehyde (GA, 25% in aqueous solution) (Merck, Germany) 

3) Hydrochloric acid (37%) (Merck, Germany) 

4) Glacial acetic acid (100%) (Merck, Germany) 

5) Ammonia solution (28%) (Merck, Germany) 

6) n-Butanol (PANREAC, EU) 

7) Ethyl acetate (CARLO ERBA, France) 

8) Methanol (Merck, Germany) 

9) Ninhydrin (Australia, Asia Pacific Specialty Chemicals) 

10) L-Alanine (Ala, ≥98% TLC) (Sigma-Aldirich, USA) 

11) L-Glutamine (Gln, ≥99% TLC) (Sigma-Aldirich, Brazil) 

12) L-Methionine (Met, ≥98% TLC) (Sigma-Aldirich, Japan) 

13) L-Phenylalanine (Phe, ≥99% TLC) (Sigma-Aldirich, USA) 

14) L-Threonine (Thr, ≥98% HPLC) (Sigma-Aldirich, USA) 

15) TLC silica gel 60 F254 (particle sizes 5-40 µm) (Merck, Germany) 

16) Aluminium foil (Diamond, USA) 
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3.2  Preparation of solution 

3.2.1 Amino acid standard solutions 

3 mg/mL of each amino acid standard solution was prepared by dissolving 

9 mg of each amino acid in 3 mL of solvent system shown in Table 3.1 

 

Table 3.1  Solvent for preparing amino acid standard solutions 

Amino acids Solvent 

Alanine water : methanol (1:4 by volume) 

Glutamine 1M HCl : methanol (1:4 by volume) 

Methionine 1M HCl : methanol (1:4 by volume) 

Phenylalanine water : methanol (1:4 by volume) 

Threonine 1 M NH3OH : methanol (1:4 by volume) 

 
3.2.2 Ninhydrin solution 

3 mL/mg of ninhydrin solution was prepared by dissolving 15 mg of 

ninhydrin in 5 mL of n-butanol and 150 µL of acetic acid.  The solution was then 

sonicated at room temperature for 15 min. 

 

3.2.3 Developing solvent for TLC separation 

The amino acids standard solutions were spotted on the aligned 

electrospun PVA (AE-PVA-UTLC) plate, electrospun PVA (E-PVA-UTLC) plate and silica-

gel TLC plate. The condition was summarized in Table 3.2.  All the plates were 

developed in 100 mL beaker, covered with a watch glass. The mobile phase was 

equilibrated for 10 min before each development.  
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The detection of amino acids on TLC plates was visualized by ninhydrin 

reaction. The ninhydrin solution was sprayed on TLC plates and heated at 100oC for 

4 min. 

 

Table 3.2 The condition of all TLC separation 

 AE-PVA-UTLC E-PVA-UTLC Silica-gel TLC 

Plates size (cm) 2×5 2×5 2×5 

Developing distance (cm) 3.0 3.0 3.0 

Developing solvent 
n-butanol:gacial acetic acid:water  

(12:3:5 by volume) 

Analyte volume (nL) 25  25  200  

Volume of developing 

solvent (mL) 
3 3 6 

Separation time (min) 2-6 12-13 13-14 

 

3.3 Methodology 

3.3.1 Preparation of aligned electrospun PVA nanofibers 

Preparation of aligned electrospun PVA nanofibers was based on the 

method of Lu and Olesik [8].  The PVA aqueous solution, 10% (w/w), was prepared 

by dissolving 2 g of PVA powder in 18 mL of water at 80 °C and continuous stirring for 

3 h until the PVA solution was homogeneous. Then the PVA solution was cooled 

down to room temperature. 447 µL of glutaraldehyde solution (GA:PVA, 90:1; 

mol/mol) was added as crosslinking agent. The mixture of the PVA solution and 

glutaraldehyde solution was stirred at room temperature for 10 min. 1 mL of 0.5 M 

hydrochloric acid solution (HCl:GA, mol:mol, 1:5) was added as catalyst and 

constantly stirred for 5 h at room temperature.  
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The crosslinked PVA solution was then used to prepare the aligned 

electrospun PVA (AE-PVA) nanofibers by electrospinning technique. The 

electrospinning was set up as Figure 3.1. The PVA solution was filled into a 3 mL of 

plastic syringe with 20 gauge stainless-steel, blunted end. The flow rate of the PVA 

solution was controlled by Prosense B.V. syringe pump at 7 µL/min. The high voltage 

of 24 kV from power supply (series 230, BERTAN, Hicksville, New York, USA) was 

applied. A rotating collector (8.5 cm × 23 cm) was covered with aluminum foil. 

Alignment of nanofibers were optimized by varying speed of rotating collector to 500 

rpm, 750 rpm, 1000 rpm, 1250 rpm and 1500 rpm, and distance between the tip of 

needle and rotating collector to 15 cm and 20 cm. The humidity of environment was 

controlled below 40% of relative humidity. After that, the PVA nanofibers were 

divested from rotating collector and dried in desiccator at room temperature for 48 

h. The AE-PVA UTLC, which thickness of 20-25 µm, was cut into 2cm×5cm for TLC 

separation. 

 

 
 

Figure 3.1 Electrospinning process setup.  

Rotating collector 

Syringe with  
20G needle 
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3.3.2 Characterization of aligned electrospun nanofibers 

3.3.2.1 Fourier Transform Infrared Spectroscopy (FT-IR)  

FT-IR was used to characterize the functional groups of native PVA 

powder and crosslinked PVA nanofibers (AE-PVA and E-PVA). Infrared spectra (IR) were 

measured in attenuated total reflectance (ATR) mode using Nicolet 6700 FT-IR 

spectrometer. The wavenumber varied between 400 and 4000 cm -1. Each sample 

was scanned 32 times at a resolution of 4 cm-1.   

 

3.3.2.2 Scanning Electron M icroscopy (SEM ) 

The morphology of E-PVA and AE-PVA nanofibers were investigated 

by a JEOL Scanning Electron Microscopy (JSM-6480LV) at an accelerating voltage of 

10 kV and 1000× in magnification. ImageJ software (shareware provided by RSB) was 

used for determining average diameters of nanofibers. The average diameter and 

standard deviation were calculated by sampling 20 fibers in the SEM image.  

 

3.3.2.3 Alignment of electrospun nanofibers 

The alignment of electrospun PVA nanofibers was determined by 

ImageJ software. The virtual line angle was calculated by median angle of 40 

sampling nanofibers on the SEM image. The percentage of nanofibers was 

determined by number of samples which deviated angle from the virtual line was in 

range of below 5°, 5°-10°, 10°-15° and above 15° comparing to the number of total 

samples.  
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3.3.3 TLC separation 

3.3.3.1 Velocity constant of mobile phase 

Mobile phase transport through TLC plate has been determined by 

using the Lucas-Washburn equation (Eq. (1)) [4]. 

 

  
   

       

  
   (1) 

Where; 
Zf   : the migration distance of mobile phase 

γ  : the surface tension  

R  : the effective capillary (or pore) radius 

t  : the corresponding time  

η  : the viscosity of the mobile phase 
θ  : the contact angle of the mobile phase with the stationary 

phase   

 

The velocity constant (κ) is another parameter that often used to describe 
mobile phase transport in TLC. κ was replaced in term γR/2η in the Lucas-Washburn 
equation. The relationship between mobile phase migration (Zf) and velocity 

constant of mobile phase (κ) is shown as Eq.(2)  
 

     
                     (2)  
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3.3.3.2 Separation of amino acids 

The retardation factor (Rf) was calculated for each compound using 

Eq. (3). 

     
  

  
                (3) 

Where; 
Zs : The distance of analyte travel 

Zf : The distance of mobile phase travel 

 

The separation efficiency of TLC was evaluated from the number of 

theoretical plate (N) and plate height (H) which is described by Eq. (4) and Eq. (5) 

respectively. 

     (  
 
)
   (4) 

Where; 
Zs : the distance traveled by the analyte front 

w : the width of developed sample spot 

 

   
 

 
  (5) 

Where; 
N : the number of theoretical plate 

H : the plate height 

L : the length of the TLC plate



CHAPTER IV 
RESULTS AND DISCUSSION 

 

Electrospun PVA (E-PVA) and aligned electrospun PVA (AE-PVA) nanofibers were 

prepared by electrospinning technique. Moreover, PVA was crosslinked using 

glutaraldehyde as a crosslinker to enhance the stability of PVA in water and polar 

solvent when applying as a stationary phase in TLC. The crosslinked reaction is 

described as Scheme 4.1.  

 
 Scheme 4.1 The reaction of crosslinked  PVA. 

 

The reaction time of crosslinking PVA was varied from 1 h to 5 h. Crosslinked PVA 

for 1 h-3 h result an insufficient of crosslinking as the AE-PVA plate was still swelling 

when immersed in the mobile phase (methanol:water, 4:1 v/v). Extend the 

crosslinked time to 5 h gave a better stability of AE-PVA plates in mobile phase.  

Therefore, PVA was crosslinked by glutaraldehyde for 5 h before fabricating the 

nanofibers by electrospinning technique.    
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4.1 Characterization of E-PVA and AE-PVA nanofibers by FTIR spectroscopy 

FT-IR was used to characterize the functional groups of PVA powder and 

crosslinked PVA nanofibers (AE-PVA and E-PVA). The IR spectra were shown in Figure 

4.1.  The IR spectrum of PVA powder as shown in Figure 4.1 (a) showed the 

characteristic  peaks of PVA at 3302, 2907, 2933 and 1015 cm-1. The broad band 

around 3302 cm-1 related to O-H stretching from intermolecular and intramolecular 

hydrogen bonds. The two peaks of vibrational band at 2907 and 2933 cm-1 referred 

to asymmetrical and symmetrical stretching of alkyl groups, respectively.  The peak 

of absorbance band at 1015 cm-1 was due to C-O-C groups. Comparing IR spectra of  

crosslinked PVA with PVA powder, a slightly decrease in absorbance at 3302 cm-1 was 

observed. This decrease was caused by the reaction of hydroxyl groups of PVA with 

dialdehyde groups of glutaraldehyde in crosslinking reaction. Moreover, the increase 

of absorbance around 1015 cm-1, corresponding to C-O-C group was noted because 

acetal groups or ether groups were produced while crosslinking reaction of PVA and 

glutaraldehyde [61-63]. The peak intensities at 1015 cm-1 (-C-O-C group) and 3302 cm-

1 (-OH group) for PVA and crosslinked PVA were ration which were 0.20 and 0.45, 

respectively.  IR spectra of AE-PVA nanofibers at 500 rpm, 750 rpm, 1000 rpm, 1250 

rpm and 1500 rpm resulted similar peaks to E-PVA nanofibers. Therefore, both E-PVA 

and AE-PVA were crosslinked with GA and can be applied as a stationary phase for 

UTLC.  

In addition, the crosslinking of PVA with glutaraldedyde in E-PVA and AE-PVA was 

confirmed by examining the stability of PVA nanofibers in methanol. When immersed 

the PVA in methanol, noncrosslinked PVA nanofibers were swelling while cross linked 

PVA nanofibers could maintain the fiber morphology. This can be implied that the 

crosslinking reaction of PVA with glutaraldehyde was achieved.   
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Figure 4.1 FT-IR spectra of PVA and crosslinked PVA nanofibers (a) PVA, (b) E-PVA, (c) 
AE-PVA at 500 rpm, (d) AE-PVA at 750 rpm, (e) AE-PVA at 1000 rpm, (f) AE-PVA at 1250 
rpm and (g) AE-PVA at 1500 rpm.  
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4.2 Characterization of E-PVA and AE-PVA nanofibers by SEM  

Morphology of E-PVA and AE-PVA nanofibers were characterized by SEM and 

determined the fiber diameter by analyzing SEM images using ImageJ software. From 

SEM images, the obtained fibers of E-PVA and AE-PVA at all studied condition were 

smooth without the formation of beads as shown in Figure 4.2 and 4.3. The average 

diameters of E-PVA and AE-PVA nanofibers were summarized in Table 4.1. It can be 

noted that the average diameters of E-PVA nanofibers (543±85 nm at collector 

distance of 15 cm and 527±88 nm at collector distance of 20 cm) were slightly larger 

than those of AE-PVA nanofibers which ranging from 459±71 nm to 536±80 nm at 

collector distance of 15 cm and from 444±55 nm to 522±62 nm at collector distance 

of 20 cm.  

 

Table 4.1  Average diameter of E-PVA and AE-PVA nanofibers. 

UTLC 
plate 

Rotational speed 
(rpm) 

Average diameter (nm) at collector distance 
(Mean±SD, n=20) 

 15 cm  20 cm 
E-PVA - 543±85 527±88 

AE-PVA 

500 536±80 522±62 
750 503±72 453±60 
1000 480±81 447±59 
1250 459±71 444±55 
1500 478±73 470±68 
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4.2.1 Effect of collector distance 

For the same rotational speed, 20 cm of collector distance generated 

slightly smaller diameter of nanofibers than 15 cm of collector distance as shown in 

Table 4.1. This caused by the decrease of the electric field when increasing a  

collector distance that results to a decrease of the electrostatic repulsion force  and 

stretching of the jet. However, the formation of beads on nanofibers was not 

observed from both collector distances [13] because the jet can sufficiently stretch 

prior to the deposition on the collector. 

 
4.2.2 Effect of rotational speed 

For both 15 cm and 20 cm of collector distances, diameters of E-PVA and 

AE-PVA nanofibers at slow of rotational speed (<500 rpm) were similar. Increasing the 

rotational speed of the collector from 500 rpm to 750 rpm produced smaller 

diameter of the fibers due to the stretch of the jet during the deposition on the 

collector. Nonetheless, the faster rotational speed than 750 rpm was not affected 

the diameter of electrospun PVA nanofibers but the alignment of the fibers. 

However, the rotational speed at 1500 rpm caused some of discontinuous of 

nanofibers. Therefore, the rotational speed was limited at 1500 rpm.  
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Figure 4.2 SEM images illustrating E-PVA and AE-PVA nanofibers generated on the 
collector distance of 15 cm.  (A) E-PVA (B) AE-PVA at 500 rpm, (C) AE-PVA at 750 rpm, 
(D) AE-PVA at 1000 rpm, (E) AE-PVA at 1250 rpm and (F) AE-PVA at 1500 rpm.   

A B 

C D 

E F 
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Figure 4.3 SEM images illustrating E-PVA and AE-PVA nanofibers generated on the 
collector distance of 20 cm.  (A) E-PVA (B) AE-PVA at 500 rpm, (C) AE-PVA at 750 rpm, 
(D) AE-PVA at 1000 rpm, (E) AE-PVA at 1250 rpm and (F) AE-PVA at 1500 rpm.  

A B 

C D 

E F 
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4.3 Alignment of electrospun nanofibers 

The alignment of electrospun PVA nanofibers was affected by the rotational 

speed of the rotating collector. The virtual lines of the alignment of the fibers were 

shown in Figure 4.4 for the collector distance of 15 cm and Figure 4.5  for the 

collector distance of 20 cm. The percentage of AE-PVA nanofibers that lined within 

5o, 5-10o, 10-15o and more than 15o angle from the virtual line were illustrated in 

Figure 4.6 and 4.7. The alignment of AE-PVA nanofibers generated on the collector 

distance of 15 cm was better than those on the collector distance of 20 cm as AE -

PVA nanofibers positioned within 5o angle from the virtual line were below 50% for 

the collector distance of 20 cm while there were in range of 47-65% for the collector 

distance of 15 cm. Moreover, the alignment of AE-PVA nanofibers increased as the 

increase of the rotational speed. However, the alignment of AE-PVA nanofibers at 

1500 rpm was decreased as the percentage of AE-PVA nanofibers positioned within 5o 

angle was decreased. It might be a result of discontinuous fibers. Therefore, 1250 

rpm of rotational speed at 15 cm of collector distance were selected as the 

condition for preparing AE-PVA UTLC plate.   
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Figure 4.4 SEM images illustrating AE-PVA nanofibers generated on the rotating 
collector at rotational speeds of (A) 500 rpm, (B) 750 rpm, (C) 1000 rpm, (D)1250 rpm 
and (E) 1500 rpm. The collector distance was 15 cm. The white line represents the 
virtual line of alignment of nanofibers.  
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E 



 38 

    
 

   
 

 
 
Figure 4.5 SEM images illustrating AE-PVA nanofibers generated on the rotating 
collector at rotational speeds of (A) 500 rpm, (B) 750 rpm, (C) 1000 rpm, (D)1250 rpm 
and (E) 1500 rpm. The collector distance was 20 cm. The white line represents the 
virtual line of alignment of nanofibers.  

A B 

C D 

E 
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Figure 4.6 Percentage of AE-PVA fibers positioned in range of below 5o, 5 o -10o, 10 o -
15 o and above 15o angle from the virtual line. (collector distance : 15 cm) 
 

 
Figure 4.7 Percentage of AE-PVA fibers positioned in range of below 5o, 5 o -10o, 10 o -
15 o and above 15o angle from the virtual line. (collector distance : 20 cm) 
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4.4 TLC Separation  

4.4.1 M igration of mobile phase 

The migration of mobile phase on AE-PVA UTLC was carried out on the 

mobile phase system of n-butanol : ethyl acetate : water (5:5:1 by volume). The plot 

between the square of migration distance of mobile phase (Z2
f) and the time that 

mobile phase travelled at corresponding distance was shown in Figure 4.8. The linear 

relation was perceived. This indicated that the migration of mobile phase on AE -PVA 

UTLC plate was based on capillary flow through porous media and comparable to 

that in conventional silica TLC plate. Therefore, the Lucas-Washburn equation was 

appropriate for calculating the velocity constant of AE-PVA UTLC plate. 

 
Figure 4.8 Comparison of velocity constants of mobile phase AE-PVA UTLC at 
rotational speed of 1250 rpm and silica TLC. 
 

Velocity constant of mobile phase (κ) of AE-PVA UTLC plate generated at 

various rotational speed of the collector were shown in Table 4.2  using n-butanol : 

ethyl acetate : water (5:5:1 by volume) as mobile phase. From Table 4.2, the velocity 

constant of mobile phase increased as the increase of rotational speed. This was 
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corresponding to the alignment of AE-PVA nanofibers on UTLC plate which enhanced 

the mobile phase migration via capillary force . In comparison of 15 cm and 20 cm of 

collector distance at optimized rotational speed (1250 rpm), κ of AE-PVA-UTLC 

generated at 15 cm was 0.0985 cm2/s which was two times higher than that of AE-

PVA-UTLC generated at 20 cm (0.0448 cm2/s) as a result of higher alignment of 

nanofibers on the plate generated at 15 cm.  Furthermore, κ of AE-PVA-UTLC was 

greater than that of conventional silica TLC (0.016 cm2/s) [64] and aligned 

electrospun silica fibers (0.019 cm2/s) [13]. As a result, the analysis time of the 

separation on AE-PVA UTLC can be shortened. 

 

Table 4.2 The velocity constant (κ) of AE-PVA-UTLC plates. 
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4.4.2 Separation of amino acids 

Amino acids were separated on AE-PVA-UTLC, E-PVA-UTLC and silica TLC 

plates to investigate chromatographic behavior. Analysis of alanine, glutamine, 

methionine, phenylalanine and threonine (Figure 4.9) were studied in this work. 

Analysis of each amino acids on AE-PVA-UTLC, E-PVA-UTLC and silica TLC were 

shown in Figure 4.10-4.12. Rf of each amino acids were calculated and compared in 

Figure 4.13. 
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Figure 4.9 Structure of alanine, glutamine, methionine, phenylalanine and threonine. 
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Figure 4.10 The analysis of amino acids on the AE-PVA-UTLC at 1250 rpm. 
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E-PVA-UTLC 

Ala Gln Met 
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Figure 4.11 The analysis of amino acids on the E-PVA-UTLC. 
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Silica TLC 
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Figure 4.12 The analysis of amino acids on the silica TLC. 
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Figure 4.13 Rf of amino acids on E-PVA-UTLC, AE-PVA-UTLC and Silica TLC plate. 

 

According to Figure 4.13, Rf of each amino acid on AE-PVA-UTLC were 

comparable to those analyzed on E-PVA and silica TLC plates. This indicated that AE-

PVA-UTLC can apply to the TLC separation and be used as the alternative stationary 

phase of silica.  However, slightly higher Rf on AE-PVA-UTLC was observed. This might 

be caused from a broad oval-shaped spot of sample when introducing the sample 

solution onto the AE-PVA-UTLC plate as shown in Figure 4.14. 
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Figure 4.14  The original spot of silica TLC, E-PVA-UTLC and AE-PVA-UTLC 

 
Separation performance of AE-PVA-UTLC was further evaluated by 

calculating the plate number (N) and plate height (H) as illustrated in Table 4.3. The 

plate numbers of AE-PVA-UTLC were 1.1-2.1 times lower than those of silica TLC and 

1.2-3.3 times lower than those of E-PVA. This referred that the separation efficiency 

of AE-PVA-UTLC was slightly less efficient than E-PVA UTLC and silica TLC. This might 

be the result of width and shape of sample spot on the plate.  Sample spot 

introducing on AE-PVA was oval with the spot size of 1.0 mm x 3.0 mm while the 

sample spot on E-PVA was circular with the diameter of 0.5-1.0 mm. After developing 

process, the spots of amino acids on AE-PVA and E-PVA were slightly broadened but 

at the same ration to the original spot. This can be expected that if the introduced 

sample spot on AE-PVA was as small as E-PVA, the separation efficiency of AE-PVA 

would be as good as that of E-PVA.  

Nonetheless, the analysis time of AE-PVA-UTLC was greatly cut down in 

which 4.5 times faster than that of E-PVA-UTLC and 5 times faster than that of Silica 

TLC because of the higher κ value of AE-PVA.  
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Table 4.3 Analysis time, spot width, plate number (N), plate height (H) studied of 

amino acids for AE-PVA-UTLC, E-PVA-UTLC and silica TLC 

Amino 
acids 

Stationary 
phase 

Rotational 
speed 
(rpm) 

M igration 
distance 

(cm) 

Analysis 
time 
(min) 

Spot 
width 
(cm) 

N 
H 

(µm) 

Ala 

AE-PVA 

750 

3.0 

5.08 0.50 77 387 

1000 3.58 0.50 77 387 

1250 2.97 0.40 121 248 

E-PVA  - 12.50 0.15 400 75 

Silica  - 13.70 0.20 256 117 

Gln 

AE-PVA 

750 

3.0 

5.05 0.50 23 1304 

1000 3.42 0.45 44 675 

1250 2.90 0.40 64 469 

E-PVA - 12.30 0.25 77 387 

Silica - 13.75 0.25 92 326 

Met 

AE-PVA 

750 

3.0 

5.17 0.45 228 131 

1000 3.40 0.40 289 104 

1250 2.67 0.35 423 71 

E-PVA  - 12.38 0.20 900 33 

Silica  - 13.63 0.30 324 92 
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Table 4.3 (cons) Analysis time, spot width, plate number (N), plate height (H) studied 

of amino acids for AE-PVA-UTLC, E-PVA-UTLC and silica TLC 

Amino 
acids 

Stationary 
phase 

Rotational 
speed 
(rpm) 

M igration 
distance 

(cm) 

Analysis 
time 
(min) 

Spot 
width 
(cm) 

N 
H 

(µm) 

Phe 

AE-PVA 

750 

3.00 

5.02 0.50 256 117 

1000 3.62 0.45 316 95 

1250 2.98 0.35 522 57 

E-PVA  - 12.50 0.25 829 36 

Silica  - 13.67 0.25 829 36 

Thr 

AE-PVA 

750 

3.00 

4.97 0.50 52 579 

1000 3.52 0.50 52 579 

1250 2.83 0.30 144 208 

E-PVA - 12.70 0.25 207 145 

Silica - 13.93 0.25 164 183 
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The separation of the mixture of amino acids was also performed. The 

separation of the mixture of methionine and phenylalanine, the mixture of 

methionine and alanine, the mixture of methionine and glutamine and the mixture 

of alanine and glutamine were shown in Figure 4.15, 4.16, 4.17 and 4.18, respectively. 

Silica TLC, E-PVA-UTLC and AE-PVA-UTLC can separate most of mixture of amino 

acids; except the mixture of Ala and Gln because bands were overlapped. This can 

be implied that AE-PVA can be applied as a stationary phase in UTLC for the analysis 

of amino acids. 

 

Met (M ) : Phe (P) 

Silica TLC E-PVA-UTLC AE-PVA-UTLC 

 

 

 

 
 

 

 

 
Figure 4.15 The separation of Met and Phe on the silica TLC, E-PVA-UTLC and AE-
PVA-UTLC.  
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Met (M ) : Ala (A) 

Silica TLC E-PVA-UTLC AE-PVA-UTLC 

 

 
 

 

 
 

 

 

 
Figure 4.16 The separation of Met and Ala on the silica TLC, E-PVA-UTLC and AE-
PVA-UTLC.  
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Met (M ) : Gln (G) 

Silica TLC E-PVA-UTLC AE-PVA-UTLC 

 

 
 

 

 
 

 

 

 
Figure 4.17 The separation of Met and Gln on the silica TLC, E-PVA-UTLC and AE-
PVA-UTLC.  
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Ala (A) : Gln (G) 

Silica TLC E-PVA UTLC AE-PVA UTLC 

 

 

 

 
 

 

 

 
Figure 4.18 The separation of Ala and Gln on the silica TLC, E-PVA-UTLC and AE-PVA-
UTLC. 



 

 

CHAPTER V 
CONCLUSION 

 

PVA nanofibers were prepared by crosslinking PVA with glutaraldehyde via 

electrospinning technique.  FT-IR was used to characterize the functional group of 

crosslinked PVA nanofibers. The crosslinked PVA was achieved as the decreasing in 

absorbance at 3302 cm-1 related to O-H stretching and increasing in absorbance at 

1015 cm-1 due to C-O-C groups were observed. The morphology was characterized 

by scanning electron microscopy (SEM). The nanofibers were smooth which diameter 

was in range of 440-540 nm. The average diameter of AE-PVA was smaller than E-PVA  

because of the extension by drawing. At same rotational speed, when collector 

distance was increased, the diameter of nanofibers was slightly decreased. Moreover, 

rotational speed of the collector affected the alignment of nanofibers. At same 

collector distance, the alignment of nanofibers increased when rotational speed 

increased. However, the high rotational speed, 1500 rpm, alignment was decreased 

because fibers jet might be broken and nanofibers were discontinuous. The satisfied 

morphology and the highest alignment of electrospun nanofibers were achieved at 

1250 rpm of rotational speed and 15 cm of collector distance. 

 AE-PVA-UTLC and E-PVA-UTLC were applied as the stationary phase in UTLC.  

The transport of mobile phase was mainly based on capillary flow through porous 

media. The velocity constant () of AE-PVA UTLC was 0.0985 cm2/s which was twice 
higher than that of E-PVA and 6 times higher than that of silica fibers UTLC. The 

velocity constant increased as the increased of rotational speed which corresponding 

to the alignment of nanofibers and decreased as the increased of collector distance. 

The velocity constant of AE-PVA plate at 15 cm of collector distance was faster than 

AE-PVA plate at 20 cm of collector distance and silica TLC. For separation of amino 

acids, AE-PVA-UTLC can analyzed the studied amino acids.  The plate numbers of AE-
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PVA-UTLC were 1.1-2.1 times lower than those of silica TLC and 1.2-3.3 times lower 

than those of E-PVA. Because the spot of AE-PVA-UTLC was oval. When developing 

progress, the spot was extended that caused efficiency to be lower  than E-PVA-UTLC 

and silica TLC. However, the separations of mixed amino acids were satisfied and 

comparable with E-PVA-UTLC and silica TLC.  Moreover, AE-PVA-UTLC provided 4.5-5 

times shorter analysis time compared to E-PVA-UTLC and silica TLC.     
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Figure A-1 FT-IR spectra of PVA and crosslinked PVA of 20 cm collector distance. (a) 

native PVA, (b) E-PVA, (c) AE-PVA at 500 rpm, (d) AE-PVA at 750 rpm, (e) AE-PVA at 

1000 rpm, (f) AE-PVA at 1250 rpm and (g) AE-PVA at 1500 rpm.  
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Figure A-2 The analysis of amino acids on the AE-PVA-UTLC at 750 rpm. 
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Figure A-3 The analysis of amino acids on the AE-PVA-UTLC at 1000 rpm. 
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