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Abstract. A procedure for solid-phase microextraction fiber preparation was introduced, which 
combined a quartz fiber substrate with a blend of SiO2 sol–gel and PVA, as a way of increasing 
both the adhesive ability and the extracting capability of fibers. Double cross-linked network of 
organic and inorganic layer was prepared for the fiber coatings by repeated freezing-thawing. The 
effects of salt on fiber coating composition and microextraction conditions were investigated. The 
relative standard deviations (RSD) (n=3) were obtained between 6.9 % and 10.2 %. The fiber 
coatings for biological molecule’s extraction of soyasaponin were presented. 

Introduction 
Solid-phase microextraction (SPME) was first introduced by Pawliszyn and co-workers in 

1990s [1]. In recent years, as a sample preparation technique it has been widely used in many fields 
including the analysis of environment, food, natural products, toxicology, biology and forensic 
samples [2][3]. This technique has important advantages over conventional extraction techniques 
due to its ease of use and being rapid, portable, and solvent- free [4]. The key SPME technique is 
the sorbent coating immobilized on the fiber substrate [5]. Development of new fiber coatings has 
been deemed as a major challenge for enhancement of sensitivity and selectivity [6].Poly(vinyl 
alcohol) (PVA) is a semi-crystalline synthetic polymer which can form physically cross-linked 
hydrogels by repeatedly freezing and thawing PVA aqueous solutions [7][8]. It has attracted much 
attention for their potential applications in biomedical materials [9], drug delivery [10], 
biotechnology and cell immobilization [11]. PVA hydrogels obtained via this method show many 
appealing properties such as high mechanical strength, rubber-like elasticity, ability to retain their 
original shape, biocompatibility, and lack of toxicity [6][9][10], which make it a very suitable 
coating material for SPME.However, most organic coatings are difficult to be attached to the silicon 
dioxide substrate. To improve the adhesion performance, sol-gel has been introduced as the coating 
material which also demonstrates high porosity and large surface area due to its polymeric network. 
In addition, it expresses high thermal stability and chemical stability.  

In this paper, innovative solid-phase microextraction coatings with double cross-linked 
network were prepared by sol–gel technology and repeated freezing-thawing. The coatings have 
high thermal stability, good solvent resistance, satisfactory coating preparation repeatability and 
long lifetime. All these advantages make it an ideal candidate for the analysis of biological 
molecules. 

Preparation of SPME fiber 
The fibers (~ 5 cm, length) were treated by an etchant consisting of H2SO4/H2O2 (7:3 v/v) at 

90 C for 1 h to remove the polyimide layer and expose the fused silica core followed by a rinse with 
deionized water and then dried using nitrogen gas.The PVA/SiO2 sol was prepared as follows: PVA 
(2 g) was dissolved in deionized water (40 mL) at 90 C under stirring and refluxed for 2 h to form a 
homogeneous PVA solution (5.0 wt.%).  The mixture of TEOS (18.5 mL), ethanol (19 mL), 
deionized water (9 mL) and HCl (2 mL) was stirred for 2 h at room temperature to get a SiO2 sol. 
Then, the formed SiO2 sol was slowly added to PVA solution and the mixture was stirred for 4 h at 
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50 C to obtain a transparent PVA/SiO2 sol.The treated fibers were dipped into the PVA/SiO2 sol for 
30 min, then taken out vertically, frozen at - 20 C for 6 h and thawed at room temperature for 2 h. 
For each fiber this coating process was repeated six times to obtain the targeted thickness. Then, the 
coated SPME fibers were rinsed by deionized water and ethanol to remove acid. Finally, the 
prepared fibers were dried in freeze dryer at -50 C for 12 h and in oven at 120 C for 12 h. 

SPME procedure 
    The extraction was performed by placing fibers coated with PVA/SiO2 into the working 
solution, which was stirred at a constant speed with a magnetic stirrer for 5 min at 25 C. After 
extraction, the fibers were inserted into a 5 mL of vial containing 2 mL methanol to desorb sugars, 
and the desorption solvent for soyasaponin was 2 mL mobile phase solution of HPLC. The 
extracted sugars and soyasaponin were detected by UV-Vis spectrophotometry and HPLC analysis, 
respectively. Once an extraction-desorption cycle was completed, the fiber was immediately 
rinsed by ethanol and dried in oven at 80 C to preserve the porous structure. 

Test results 
Fiber coating preparation and characterization 

The morphology of PVA/SiO2 fibers was investigated by scanning electron microscopy (SEM) 
under different magnifications (Figure 1A), showing a homogeneous and porous coating on the 
entire fiber surface. It also presented that there were interpenetrating double cross-linked networks 
between PVA hydrogel and SiO2. The thickness of the developed coatings was calculated to be 
about 20 µm (Figure 1 B shows the bare fiber). Higher thicknesses can be obtained by increasing 
the number of dipping times. The porous structure of the fiber surface provides a high surface area 
and inner space enhancing the extraction capacity in the SPME process. 

 

Figure 1. Scanning electron micrographs of fibers: (A) with the sol-gel coated PVA coating and (B) without 
coating. 

Sugar Extration                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                  

Generally, the addition of salt (sodium chloride) increases the ionic strength in aqueous 
samples, decreases the solubility of polar compounds, and enhances the amount of analyte extracted 
by “salting out” effect. As illustrated in Figure 2, the effect of salt was investigated by adding 
different concentration of NaCl to sugar solutions ranging from 0 to 0.25 gmL-1. The results showed 
the extraction efficiency significantly decreased with the increase of NaCl concentration for glucose 
and sucrose. For β-glucan, the extraction reached the highest with 0.05 gmL-1 sodium chloride but 
then decreased with higher NaCl concentration. It can be concluded that no sodium chloride or low 
concentration was more suitable for extracting sugars.  
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Figure 2. Absorbance as a function of salt concentration (a) glucose; (b) sucrose; (c) oat β-glucan. 

The reproducibility of fibers was tested by using a single fiber and several different fibers for 
extracting sugars. Table 1 showed the relative standard deviation (RSD, n=3) of sugars was 10.2 %, 
6.9 % and 8.4 % respectively when using one fiber to perform the extraction. Another experiment 
with three different fibers illustrated the relative standard deviation (RSD, n=3) was less than 15 % 
for sugars. The above analyses demonstrated that this extraction method was repeatable.  

Table 1 Calibration results and precision for extraction of sugars 
Compounds Calibration equation Correlation coefficient, R2  RSD(%,n=3) 
Glucose y = 50.543x + 0.076 0.9911    10.2  
Sucrose y = 6.571x - 0.005 0.9970 6.9 
β-Glucan y = 33.217x + 0.0027 0.9975    8.4 

 
Extraction of soyasaponins 

Extraction conditions were as follows: extraction at 25 C for 30 min, desorption at 25 C for 20 
min, constant stirring without NaCl, and the fiber coating with SiO2 content of 20 wt.%. Figure 3 
was a comparison chromatogram between direct injection of soyasaponin (Figure 3 a) and 
extraction using sol-gel-coated PVA fibers (Figure 3 b). The retention times at 1, 2, 3 represented 
group B soyasaponins V，IV and II, respectively. The chromatogram of extraction demonstrated that 
the sol-gel-coated PVA fibers have relatively strong capability of adsorbing soyasaponins. 

 

Figure 3. Chromatograms of group B soyasaponins obtained at 205 nm by direct injection (a) and 
extraction (b) using the sol-gel coated PVA fiber. Peaks: 1. soyasaponins Ⅴ;  2. soyas    

soyasaponins II. 

Conclusion 
In this study, a new SPME coating from PVA/SiO2 composite with double cross-linked 

network based on quartz fiber was introduced. The sol-gel coated PVA coating provided a porous 
structure and large surface area that accelerated extraction, mass transfer rates and enhanced 
extraction efficiency. The fibers were successfully employed to extract polar sugars and group B 
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soyasaponins with a strong capability, and the low RSD values demonstrated precision and 
reliability of the fibers. 
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