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Abstract: Uncaria gambir extract was chemically modified for the purpose of developing a novel green adsorbent. The modified gambir adsorbent was characterised by FTIR, SEM-EDX and pHzpc, and its potential for the removal of Direct Red 23 from aqueous solution was investigated. The results showed that the equilibrium data were well described by the Langmuir isotherm model, with a maximum adsorption capacity of 26.67 mg/g. The kinetics of adsorption of Direct Red 23 followed a pseudo-second-order kinetic model. Thermodynamic parameters such as enthalpy change (ΔH°), free energy change (ΔG°) and entropy change (ΔS°) were studied, and the adsorption process of Direct Red 23 was found to be endothermic and spontaneous.
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1.           INTRODUCTION

It is estimated that approximately 40,000 tonnes of dyes out of roughly 450,000 tonnes in total production are not used but discharged into wastewaters. A large variety of dyestuffs is available under the categories of acid, basic, reactive, direct, disperse, sulphur and metallic dyes.1 Dyes are synthetic aromatic compounds, which have various functional groups.2 Some dyes and their degradation products may be carcinogens and toxic, and consequently their treatment cannot depend on biodegradation alone.3,4 Therefore, extensive research has been conducted to find an effective and efficient alternative for the removal of dyes.

Adsorption is one of the most common methods used in wastewater treatment because it is economical, effective and simple in design. However, the adsorption process is influenced by the nature of the adsorbate and its substituent groups. The presence and concentration of surface functional groups play an important role in the adsorption capacity and the removal mechanism of the adsorbate.5,6


The most commonly used adsorbent in the adsorption process is activated carbon. Activated carbon has the advantage of exhibiting a high adsorption capacity for colour pollutants due to their high surface area and porous structure.7 Although activated carbon is an effective and efficient adsorbent, its application is limited due to high cost and minimal decomposition, which may cause more environmental problems.8,9 Therefore, alternative low-cost adsorbents such as chitin,10 coffee,11 tea waste,12 orange peel,13 rice husk,14 bark15 and coir pith16 have been studied.

Uncaria gambir (gambir), a native Southeast Asian herbal plant, can be mostly found in countries such as Indonesia and Malaysia. It has been widely used as an astringent medicine and for tanning, calico printing and dyeing purposes. Uncaria gambir consists mostly of flavanol monomers such as (+)-catechin, (+)-epicatechin and alkaloids.17

The aim of this research was to produce a novel adsorbent from Uncaria gambir. The gambir adsorbent was characterised by Fourier Transform Infrared (FTIR) spectroscopy, Scanning Electron Microscopy (SEM) with Energy Dispersive X-ray (EDX) analysis and pH zero of point charge (pHzpc) method. The equilibrium data were analysed using Langmuir, Freundlich and Temkin adsorption isotherm models. Kinetics was also evaluated using pseudo-first-order, pseudo-second-order and intraparticle diffusion models. Thermodynamic parameters were studied to determine the adsorption process of Direct Red 23 onto the modified gambir adsorbent.

2.           EXPERIMENTAL

2.1         Preparation of the Adsorbate

Direct Red 23 (C.I. 29160, ALDRICH, SIGMA-ALDRICH, Selangor, Malaysia. 30% dye content, chemical formula = C35H25N7Na2O10S2, FW = 813.74 and λmax = 510 nm) was used without further purification. The stock solution of Direct Red 23 (500 mg/l) was prepared by dissolving 0.25 g of direct red 23 with distilled water in a 500 ml volumetric flask. Experimental solutions of the desired concentration were prepared by diluting the stock solution with distilled water.

2.2         Preparation of the Modified Gambir Adsorbent (MGA)

Uncaria gambir cubes were ground and sifted through a 250 µm sieve. Initially, the gambir powder was defatted with n-hexane and then extracted with ethyl acetate (3 × 50 ml). The collected solvent was evaporated and dried in an oven to obtain the powder form of the gambir extract. In a 50 ml round bottom flask, 0.1 g of gambir extract was added to 10 ml of distilled water, 2 ml of 37% formaldehyde and 1 ml of 10 M HCl. The round bottom flask was attached to a condenser and refluxed at 90°C for 1 hour. After reflux, the modified gambir extract was filtered out and washed with hot distilled water until the pH of the filtrate was approximately 4. The MGA was dried in an oven at 50°C for further adsorption analyses.

2.3         Characterisation of the MGA

The FTIR spectra of the unloaded MGA and the MGA loaded with Direct Red 23 were recorded by a Perkin Elmer FTIR System 2000 Model spectrometer. The spectra were analysed in the range of 400–4000 cm−1. SEM with EDX analysis of the MGA was performed to study the surface texture of the MGA. The pHzpc of the MGA was determined by using the batch equilibrium method with some modification. In conical flasks, 0.15 g of the MGA was added to a 0.1 M KNO3 solution in each flask, and the solutions were adjusted from pH 2 to 10 by adding 0.5 M HCl or 0.5 M NaOH. The mixtures were stirred at 100 rpm for 24 hours at room temperature. The final pH of the mixtures was measured after 24 hours.

2.4         Batch Adsorption Studies

For isotherm studies, the effect of the initial Direct Red 23 concentration (25 and 300 mg/l) was investigated by adding 0.2 g of the MGA into 50 ml of each Direct Red 23 solution, and the solutions were adjusted to pH 2.0 with 0.1 M HCl. The mixtures were agitated at 100 rpm for 2 hours. For the kinetics study, the experiments were conducted by adding 0.2 g of the MGA into 50 ml of the Direct Red 23 solutions (50 mg/l and 100 mg/l) and agitated for varying contact times (5 min to 120 min) at room temperature. The thermodynamic study was conducted at different temperatures (303 to 333 K). The final concentrations of the Direct Red 23 solutions were analysed using a UV–VIS spectrophotometer (JASCO V-530, JASCO, USA). The percentage of Direct Red 23 removed by the MGA was calculated by the following equation:
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The amount of Direct Red 23 adsorbed at equilibrium, qe (mg/g), was calculated using the following equation:
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where C0 and Ce (mg/l) are the initial and equilibrium concentrations of Direct Red 23, respectively, V (l) is the volume of the Direct Red 23 solution and M (g) is the adsorbent mass.

3.           RESULTS AND DISCUSSION

3.1         Characterisation of Gambir Adsorbent

The FTIR spectrum of the MGA is shown in Figure 1. The broad band that falls in the range of 3500–3200 cm−1 is associated with the −OH group. The peaks at 1614 cm−1 and 1521 cm−1 correspond to the C=C stretching vibration. The peak observed at 1457 cm−1 can be attributed to the formation of methylene bridges from the reaction of the phenolic groups with formaldehyde.18 The peaks at the regions 1290 cm−1, 1239 cm−1 and 1115 cm−1 correspond to the C-O stretching. Generally, the FTIR spectrum for the modified gambir adsorbent indicated the presence of the hydroxyl functional group, −OH, which might be responsible for the adsorption of Direct Red 23. Figure 2 shows the suggested adsorption mechanism between the hydroxyl (−OH) group of the MGA and the sulphonate (−SO3−) group of Direct Red 23. The −OH group of the MGA was protonated due to the low pH of the solution. The presence of the −SO3− group in Direct Red 23 will preferentially favour the protonated −OH group of the MGA to form a hydrogen bond during the adsorption process.

Figure 3 shows the SEM micrograph of the MGA, which has considerable porous, granular and almost uniform in size where Direct Red 23 could be adsorbed with a high probability. The EDX spectra of the MGA consist of C and O elements. The presence of Au in both spectra is due to the gold coating used to increase the electric conduction and improve the image quality.19 The pHzpc of the MGA was measured to be 3.50. The pHzpc of an adsorbent is a very important characteristic that indicates the pH at which the adsorbent is neutral, whereas beyond this pH, the adsorbent becomes either positively or negatively charged. The result shows that the MGA was positively charged on its surface below pH 3.50, and it favoured the adsorption of Direct Red 23.



[image: art]

Figure 1:    Fourier Transform Infrared (FTIR) spectra of modified gambir adsorbent (MGA).



3.2         Adsorption Isotherm

The Langmuir and Freundlich equations were used to study the interaction between Direct Red 23 and the modified gambir adsorbent. The Langmuir equation can be written in the following linear form:20
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where Ce (mg/l) is the concentration of Direct Red 23 at equilibrium, KL (l/mg) is the Langmuir constant related to the adsorption energy and qm (mg/g) is the adsorption capacity. The adsorption capacity can be correlated with the variation of the surface area and porosity of the adsorbent. Higher surface area and pore volume will result in higher adsorption capacity.16 The essential characteristics of the Langmuir isotherm can be expressed by a dimensionless constant called the equilibrium parameter, RL:21
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where KL (mg/l) is the Langmuir constant and C0 (mg/l) is the initial Direct Red 23 concentration, with RL values indicating the type of isotherm. The RL value indicates the adsorption to be unfavourable (RL > 1), linear (RL = 1), favourable (0 < RL < 1) or irreversible (RL = 0). The RL value obtained from the experimental data is between zero and one, indicating favourable adsorption.

The Freundlich equation can be written in the following linear form:22
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where KF (L/g) is the Freundlich constant related to the adsorption capacity and n is the constant for intensity. The value of 1/n ranging between 0 and 1 is a measure of adsorption intensity or surface heterogeneity and becomes more heterogeneous as its value gets closer to zero.12

The Temkin isotherm has generally been applied in the following form:23
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where BT = RT/bT, T (K) is the absolute temperature, R (8.314 J/mol) is the universal gas constant, AT (l/mg) is the equilibrium binding constant and bT (J/mol) is related to the heat of adsorption. The isotherm constants AT and bT are calculated from the slope and intercept of the qe versus ln Ce plot.

The Langmuir, Freundlich and Temkin isotherm constants are presented in Table 1. From Table 1, it can be seen that the regression correlation coefficient (R2) of the Langmuir equation (R2 = 0.9926) is more linear when compared with that of the Freundlich equation (R2 = 0.9582) and the Temkin equation (R2 = 0.9700), implying that the adsorption isotherm data are well fitted by the Langmuir isotherm. The monolayer adsorption capacity, according to the Langmuir isotherm, was found to be 26.67 mg/g at 30°C. The fact that the Langmuir isotherm fits the experimental data very well may be due to the homogeneous distribution of active sites on the MGA surface because application of the Langmuir equation involves the assumption that the surface is homogeneous.
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Figure 2:    The suggested mechanism for the adsorption of Direct Red 23 onto MGA.



Table 1:    Adsorption isotherm constants for adsorption of Direct Red 23 onto gambir adsorbent.
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Figure 3:    Scanning Electron Microscopy (SEM) with Energy Dispersive X-ray (EDX) spectra of MGA.



3.3         Adsorption Kinetics

The adsorption mechanism of Direct Red 23 onto the MGA was studied using pseudo-first-order and pseudo-second-order kinetic equations. The pseudo-first-order kinetic equation is given as:
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where qe and qt (mg/g) are the amount of Direct Red 23 adsorbed on the MGA at equilibrium and at time t (min), respectively. k1 (1/min) is the pseudo-first-order rate constant.

The pseudo-second-order kinetic equation is described as:
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where k2 (g/mg min) is the rate constant and qe and qt (mg/g) are the amount of Direct Red 23 adsorbed on the MGA at equilibrium and at time t (min), respectively.

To study the diffusion mechanism of adsorption, the kinetic results were evaluated using the intraparticle diffusion model.24 During the intraparticle diffusion process, the adsorbate species are most probably transferred from the bulk of the solution into the solid phase.25

The intraparticle diffusion equation is given as:26
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where Kp (mg/g min0.5) is the intraparticle diffusion rate constant and C is the intercept. The boundary layer thickness is described by the values of the intercept. The larger the intercept, the greater is the boundary layer effect.27 As seen in Table 2, the correlation coefficient R2 for the pseudo-second-order kinetic model is greater than 0.999, and its calculated qe values agree with the experimental qe values. This confirms that the adsorption data are well represented by the pseudo-second-order kinetic model. From Table 2, it was observed that the intraparticle diffusion rate constant increased with an increase in initial Direct Red 23 concentrations.


Table 2:    Pseudo-first-order, pseudo-second-order, and intraparticle diffusion models rate constants and calculated equilibrium from experimental data.



	Kinetic models
	Ce (mg/l)



	50
	100



	qe exp
	12.08
	20.51



	Pseudo-first-order



	qe cal
	1.08
	3.87



	k1 (1/min)
	4.49 × 10−2
	2.42 × 10−2



	R2
	0.9748
	0.9924



	Pseudo-second-order



	qe cal
	12.14
	20.75



	k2 (g/mg min)
	1.35 × 10−1
	1.9 × 10−2



	R2
	1
	0.9993



	Intraparticle diffusion



	Kp (mg/g min0.5)
	0.0931
	0.4135



	C
	11.23
	16.25



	R2
	0.8228
	0.9725



3.4         Thermodynamic Parameters

Spontaneity of a process can be determined by thermodynamic parameters such as enthalpy change (ΔH°), free energy change (ΔG°) and entropy change (ΔS°). A spontaneous process will show a decrease in ΔG° and ΔH° values with increasing temperature.19 The temperatures used in the thermodynamic study were 303, 318 and 333 K. The thermodynamic parameters were calculated based on the following equations:
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where b is the equilibrium constant, R is the universal gas constant (8.314 J/mol K), and T is the temperature (K). Table 3 lists down the values for the thermodynamic parameters. The positive value for the enthalpy change, ΔH° (13.10 kJ/mol), indicates the endothermic nature of the adsorption, which explains the increase of Direct Red 23 adsorption efficiency as the temperature increased. The positive value for the entropy change, ΔS° (136.91 J/mol K), indicates that there is an increased disorder at the solid/liquid interface during Direct Red 23 adsorption onto the MGA. The negative value for the free energy change, ΔG°, implies the spontaneity of the adsorption process, which does not require an external energy source for the system.


Table 3:    Thermodynamic parameters.



	Temperature (K)
	Thermodynamic parameters



	ΔG°(kJ/mol)
	ΔH°(kJ/mol)
	ΔS°(J/mol K)



	303
	−28.67
	
	



	318
	−30.51
	7.291
	118.75



	333
	−32.23
	
	




4.           CONCLUSION

The MGA functional groups and surface texture were successfully characterised using FTIR, SEM-EDX and pHzpc modification. The experimental data for the adsorption of Direct Red 23 onto the MGA were well described by the Langmuir isotherm model, with a maximum adsorption capacity of 26.67 mg/g. The adsorption of Direct Red 23 was found to follow pseudo-second-order kinetics. Thermodynamic parameters such as enthalpy change (ΔH°), free energy change (ΔG°) and entropy change (ΔS°) showed that the adsorption process of Direct Red 23 was endothermic and spontaneous. The results show that Uncaria gambir has the potential to be developed into an effective adsorbent for the removal of Direct Red 23 from aqueous solution.
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Abstract: The aims of this study were to determine the etching effects of acidulated fluoride gels on high-glass-content restorations and to compare these effects with different acidulating systems. Samples of KetacFil, Fuji IX, Z100 and porcelain were separately submerged into either test solutions of 1.23% acidulated fluoride gel (APF) or solutions of the individual acidic components of APF (HF or H3PO4) combined with fluoride ions for 1–20 min at 37°C. Subsequently, the Fuji IX samples were exposed to the potential alternative acidulating solutions (polyacrylic, malic, maleic and tartaric acids) for similar time periods and assessed for roughness using profilometry and/or Scanning Electron Microscopy. The results showed that the GICs were most rapidly and extensively etched by the APF solutions. However, porcelain was etched less rapidly and Z100 showed no etching. Of the acidulated fluoride solutions tested, malic and maleic acids showed the greatest etching effect on Fuji IX followed by APF, HFF, tartaric acid, PAA and HPF. In conclusion, the acidulating system containing ortho-phosphoric acid showed the least rapid etching effects, although these effects were still a concern with long term exposure.

Keywords: acidulated fluoride gels, etching, GIC, porcelain, alternative acidulating systems

1.           INTRODUCTION

A number of previous studies have explored the potential of the traditional acidulated fluoride gel (APF), as developed initially by Brudevold1 to etch those restorative materials that have a high glass or quartz content. These materials include the traditional Glass Ionomer Cements (GICs), certain resin modified GICs (RMGICs) and even certain quartz-filled resin composites (CRs).2–5 Dental porcelain is also readily etched by the repetitive use of the traditional APF gels.6,7 These studies have led to a substantial reduction in use of these acidulated gels by dental clinicians.


However, there is also evidence of the superiority of APF gels over neutral fluoride gels containing similar concentrations of fluoride ions with respect to the uptake and penetration depth of fluoride ions into enamel8 and in their ability to protect against highly acidic challenges to tooth surface enamel.9,10 For this reason, it was necessary to first analyse which components of the traditional APF gels caused the greatest etching and, second, to determine how the formula might be best modified to reduce the etching effect.

The formula to prepare a traditional 1.23% APF solution, as reported by Nikiforuk,11 comprises a mixture of ortho-phosphoric acid (H3PO4), hydrofluoric acid (HF) and sodium fluoride (NaF). Thus, the degree of etching caused by each of the two acids must be tested individually and compared to the combination of both acids. It was also necessary to test a number of potential alternative acidulating systems for their comparative ability to cause etching of restorative materials when combined with the fluoride ion.

To achieve these objectives, a first test was carried out to determine which dental materials among traditional GICs, a quartz filled resin composite and dental porcelain showed the greatest degree of surface etching when exposed to a traditional APF 1.23% solution. The second test was to compare the degree of etching caused by the APF 1.23% solution to the etching caused by its component acidic solutions on the material that showed the greatest susceptibility to etching. This test was followed by testing five potential alternative acidulating solutions that were combined with the same concentration of fluoride ion to determine the etching abilities. It was hoped that this information would indicate possible modifications to the acidulating systems in acidulated fluoride gels to reduce the degree of etching.

2.           EXPERIMENTAL

2.1         Materials to be Tested for Etching Susceptibility

The initial study was carried out using the following dental materials:



	(i)
	KetacFil Plus (3M ESPE, USA)



	(ii)
	Fuji IX Fast (GC Corp., Japan)



	(iii)
	Z100 (3M ESPE, USA)



	(iv)
	Fired dental porcelain (tooth crowns made from Duceram porcelain powder, Ducera, Germany)



Both KetacFil Plus and Fuji IX Fast were representative of the more traditional Glass Ionomer Cements (GICs). The Resin Composite (CR) Z100 was selected because it contains quartz, which has a core structure and composition similar to those of glass and was thus considered to be susceptible to etching by APF gels.

2.2         Preparation of Testing Materials

As the plastic restorative materials were to be analysed using a profilometer, a flat surface measuring at least 10 mm across was necessary to form a flat disc of set material. This was achieved using brass washers that were 1.5 mm deep, whereas the central orifice had been widened to 12 mm.

A polyacetate strip was placed on a glass slab, and three washers were placed on the strip. Each restorative material was mixed according to the manufacturer’s instructions and placed in excess into the central orifice of a washer. Another polyacetate strip was placed on the sample, a second glass slab was placed on top of the strip and hand pressure was applied to press the materials to achieve a flat, smooth surface for both GICs and Z100. The GIC samples were allowed to set for seven minutes, whereas the pressed specimens of Z100 were light-activated on both sides for 20 sec using a Visilux™2 activator (3M, St. Paul, Germany). Each washer was clearly labelled with the appropriate code for the content material. The same procedure was repeated until 24 samples of each material were prepared, labelled and stored in a high-humidity humidor.

The porcelain samples were composed of porcelain slabs that were made from Duceram Porcelain powder (Ducera, Germany) and were sectioned from crowns. The porcelain crowns were fired at temperatures ranging from 890°C–990°C in a porcelain furnace. Only specimens with no crazing and high glaze were selected for this study. Unfortunately, due to their concave surface structure, the surface roughness of the porcelain samples could not be measured using the profilometer. Therefore, Scanning Electron Microscopy (SEM) was used to assess visually the surface roughness of both the porcelain samples and some of the plastic material samples to compare the changes in the surface roughness with etching.

2.3         Preparation of APF and the Component Acidic Test Solutions

As stated previously, a traditional 1.23% APF gel comprises a solution of ortho-phosphoric acid (H3PO4), hydrofluoric acid (HF) and sodium fluoride (NaF) in concentrations described by Nikiforuk,11 resulting in a pH of 3.2–3.5. A thickener, i.e., xanthan gum, is added to this mixture to convert the solution to a gel form to facilitate its use and retention on the applied surfaces. As it would be difficult to work with a gel form in terms of problems with its removal from the specimens without damage to the delicate surface structures, only the solutions of the APF and its components without the thickener, as described by Nikiforuk, were used in this investigation.

Three specific test solutions were prepared: the first solution contained all components of the 1.23% APF gels in their original concentrations, the second contained only HF and NaF and the third contained only H3PO4 and NaF. The precise compositions of these solutions were as follows:



	(i)
	20 g NaF + 6.3 ml concentrated H3PO4 (85% reagent grade) + 5.9 ml concentrated HF (50% reagent grade) + deionised distilled water (DDW) to make 1 litre of solution (pH 3.5), labelled APF.



	(ii)
	20 g NaF + 6.3 ml H3PO4 + DDW to 1 litre (pH 5.09), labelled HPF.



	(iii)
	20 g NaF + 5.9 ml HF + DDW to 1 litre (pH 4.96), labelled HFF.



All prepared solutions were stored in sealed polyethylene containers.

2.4         Selection and Preparation of Potential Alternative Acidulating Systems

The requirement for such acids was mainly their safety for use in the oral cavity and their lack of toxicity to humans. Those chosen were either weak organic acids with two carboxylic acid groups, e.g., tartaric, malic, maleic or long chain acids used in dental materials, e.g., polyacrylic acid. Solutions of these acids were prepared as follows:

2.4.1      Polyacrylic acid (PAA) solution

Polyacrylic acid powder (Aldrich Chemical Coy, Wisconsin, USA) was added to a 100-ml beaker containing 95 ml DDW and 2 g NaF powder and was gently stirred, while the pH was constantly measured using a previously calibrated pH meter (Eutech Instrument). As the pH decreased slowly, forming an increasingly viscous solution, only solutions at pH 4 and 4.5 were used. When the pH reached these pH levels, the beakers were weighed to determine the weight of PAA powder that was added. A pH of 4.5 was obtained after 4.2 g PAA powder was added, and a pH of 4.0 was obtained after 6.6 g of PAA powder was added. The molecular weight (MW) of the PAA powder was estimated to be 750,000.

2.4.2      Tartaric acid (TA) solution

To prepare tartaric acid, 11.6 g of tartaric acid powder and 2 g of NaF were added to 100 ml of DDW, and the solution was thoroughly mixed until all the powders had dissolved. The pH of the solution was 3.5, and it was kept in a polyethylene bottle for three days before used.

2.4.3      Malic acid solution

The malic acid solution was prepared as described for the PAA solutions above. DL-Malic acid powder (pKa 3.4, MW = 134) was continuously added to DDW and stirred until completely dissolved, and 11.4 g malic acid was added to a final volume of 100 ml to obtain the required pH of 3.5.

2.4.4      Maleic acid solution

The maleic acid solution was prepared using the same method as for malic acid with the aim to reach a pH of 3.5. However, problems arose with the maleic acid solution because the solution became saturated before the pH 3.5 was achieved, resulting in the formation of crystals in the solution. The procedures were repeated several times with the same result; therefore, the solution was employed with some undissolved crystals still present. Dissolving 7.2 g of maleic acid powder resulted in a pH of 3.5.

2.5         Assessment of Surface Roughness Using Profilometry

A profilometer (Surftest III, Mitutoyo, Japan) was used to measure the Ra values (average surface roughness) on the surface of the material discs following increasing periods of exposure to the acidulated systems. The discs of each material sample were temporarily adhered to a glass slab to remain stable during the measurement. The graphs representing an amplification of the surface roughness profiles over a 10-mm distance were used as follows to determine the Ra values in µm.

Ten sites of peaks and valleys from the roughness profiles were carefully chosen on the graph paper, and the depth of each was measured in mm. The mean depth values (in mm) were calculated and subsequently converted into µm based on the roughness data from the calibration plate using the formula:

Ra = mean roughness value of a sample (mm)/roughness value of the calibration plate (mm) × 2.9 µm.


2.6         Assessment of Surface Roughness Using Scanning Electron Microscopy (SEM)

SEM analysis was carried out on both the control and test sections of the porcelain slabs and on selected samples of all three plastic test materials to visualise the degree of roughness represented by each Ra reading for the plastic materials.

The samples were prepared for the SEM analysis by being dehydrated and mounted on metal stubs prior to coating with gold and carbon. As expected, the GICs showed considerable cracking due to the dehydration; therefore, efforts were made to exclude the cracks when viewing these samples under SEM. A Philips XL 30 Scanning Electron Microscope (Philips, Eindhoven, Switzerland) was operated at 10 kV energy level, and the sample surfaces were viewed at magnifications of 5000× and 10,000×.

The differing patterns of etching between the GICs and porcelain present a difficulty in determining a ranking for comparison. Hence, the times at which the first signs of initial etching damage appeared and the subsequent levels of damage over prolonged exposure periods were chosen as the method of comparison for this study.

2.7         Testing Methods

2.7.1      Determining relative susceptibility of the selected dental materials to APF and component solutions

Three groups of eight washers of each of the three materials, KetacFil, Fuji IX and Z100, and eight samples of fired porcelain were selected for this study. One sample of each of the plastic and porcelain materials was retained as a background control specimen. The remaining samples were placed on separate sample holders, which were subsequently submerged into 25 ml of the test solutions APF, HFF and HPF in separate sealed polyethylene containers (4.3 × 5.3 cm) and maintained at 37°C.

A washer of each plastic material and a porcelain slab were removed after 1, 2, 3, 4, 5, 10 and 20 min of exposure to the test solution, washed in DDW, lightly dried, labelled and stored in the high humidity humidor until the surface roughness was tested.

The Ra values were assessed for each washer of plastic material, where each washer represented either the control or a sequential period of immersion. Each Ra value was the mean of ten sites along the roughness graphs. SEM micrographs were taken of each porcelain slab and of three representative sections of each of the plastic material samples.

2.7.2      Determining the comparative etching ability of APF and its component solutions and those of the alternative acidulating systems on Fuji IX

As described below, among the four test materials, Fuji IX and KetacFil were found to be etched most rapidly and severely by the APF solution (see Results, Figure 1). Fuji IX was accordingly selected as the material for the main study.

Eight groups of five samples of Fuji IX were selected, and their Ra values were determined. These specimens were subsequently exposed to the APF and component solutions, as well as the five alternative acidulating solutions, for exposure periods of 1, 2, 4, 10 and 20 minutes, with the Ra value being determined for each sample following each increment of the exposure time. The resultant Ra values were the means of the eight samples with the same exposure time.

3.           RESULTS AND DISCUSSION

3.1         Determining Comparative Susceptibility of Selected Materials to APF and its Component Solutions

Figure 1 shows the degrees of etching by the APF and component solutions as the Ra values (µm) above background (control) levels over time for the different plastic materials. This data indicated that Z100 showed minimal etching even after 20 min of exposure. The level of etching was comparable between Fuji IX and KetacFil, although the etching patterns changed with time, as was particularly evident with Fuji IX. These results indicated a likely surface dissolution of the matrix and probable loss of filler, resulting in fluctuating patterns of etching of the remnant material. These results pointed to the need to focus on the early changes in roughness and the time at which they occurred as the main indicators of the degree of etching for comparative purposes.

Figure 2 shows the changing pattern of etching, as observed by SEM analysis in the Fuji IX, Z100 and porcelain samples over time of exposure. Even though the patterns of the surface change vary among the materials, the degree of change and time at which it occurred also indicate that the traditional GICs exhibited the greatest degree of etching damage. Porcelain exhibited etching damage after four minutes of exposure and severe etching damage after 10 min. However, Fuji IX exhibited marked etching damage after one minute of exposure to the same acids and extremely severe damage by 10 min. These results confirm what has been noted anecdotally by dental clinicians and are not surprising.
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Figure 1:    Etching effects of APF solution and its components on tooth-coloured restorative materials as shown by surface roughness (Ra) values in µm for comparative periods of time, including error bars.



Although a wide degree of variability was evident from the profilometer studies, the results pointed to an overall tendency for the HF component of the APF solutions to contribute most to the etching potential. The phosphoric acid component appeared to take extra time for its etching potential to become fully effective. The difference in pH of the HFF and HPF solutions, as compared to the combined APF solution (approximately pH 5 compared to pH 3.5 for the APF solution), may have contributed to the overall reduced etching effect by the component solutions compared with the combined APF.
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Figure 2:    SEM micrographs of Fuji IX (Fig. 2a–e) and porcelain (Fig. 2f–k) surfaces following exposure to APF solution for comparative periods of time; (a) Fuji IX baseline, (b) after 1 min, (c) after 4 mins, (d) after 10 mins, (e) after 20 mins, (f) porcelain after 1 min, (g) after 4 mins, (h) after 10 mins, (i) after 20 mins, (j) Z100 after 5 mins, (k) after 10 mins (5000x for Fuji IX; 10,000x for porcelain and Z100).

 

 


3.2         Comparative Degrees of Etching of Fuji IX by APF, HFF and HPF Solutions, and Testing the Alternative Etching Systems above Background Roughness Levels using a Profilometer

Figure 3 shows the increase in roughness of the Fuji IX samples above background levels using the profilometer analysis after exposure to the APF, HFF and HPF solutions for 1, 2, 4, 10 and 20 min.
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Figure 3:    Etching effects of APF, HFF and HPF on Fuji IX as differences between exposure times and baseline control data for the same sample (Ra in µm).



The APF solution resulted in the greatest increase in roughness followed by the HFF solution and then the HPF solution. Figure 4 shows the mean increase in roughness above the background levels following exposure to solutions of tartaric acid, malic acid, maleic acid and PAA (all prepared with 2 g NaF) for up to 5 min. The results showed that the malic and maleic acid solutions have a greater etching effect than the APF solutions. The tartaric and PAA solutions caused much less etching but still matched the etching that resulted from APF.

The strength of the acid, as indicated by its ionic dissociation (Ka) in solution, contributes to its etching potential. Hydrofluoric acid (HF) has a Ka value of 6.46 × 10−4 and concentrated phosphoric acid (H3PO4) has a Ka of 7.1 × 10−3, indicating that the latter is the stronger acid. However, HF has a particular affinity for reaction with calcium aluminium silicate and is used commercially as the most efficient glass etching chemical; therefore, the increased etching ability of HF might have been expected. However, hot concentrated ortho-phosphoric acid is also used commercially for glass etching. Of the alternative acids tested, L-tartaric acid has a Ka of 1.04 × 10−3, and acrylic acid has a Ka of 5.6 × 10−5. However, in these reactions, each acid is mixed with a high concentration of NaF, and under strongly acidic conditions, extra HF will be formed, which would be expected to impact the acidic reaction.


[image: art]

Figure 4:    Etching effects of alternative acidulating systems as differences between exposure times and baseline control data for the same sample (Ra in µm).



The results using the APF solution showed an actual reduction in the Ra value of the traditional GICs within a minute of exposure to this solution. Later, the SEM assessment of change [Figure 2(a–e)] showed almost immediate substantial loss of the matrix followed by loss of filler particles, and thus this reduction in roughness was interpreted as resulting from the bulk surface loss of sufficient matrix and filler such that the surface was rendered smoother to the profilometer’s stylus. For this reason, the time required for the initial surface roughness to appear was considered to be the most relevant parameter in determining the etching capabilities of the various acidic solutions.

This finding, in turn, might lead to questions regarding the exposure times selected for this study and whether they adequately simulated clinical exposures. Clinically, APF gels are applied professionally applied or self-applied by the patient, typically for four min periods. In cases involving high caries risk, daily application (self-applied for over 1 min) may be recommended and may continue over a prolonged time period. From the clinical experience of the authors, the initial visual etching of GICs and porcelain appears to have required daily use of this gel over a period of 6–12 weeks or weekly application over a year. It would be expected that the frequency of use and the salivary protection status of the patient, particularly the degree of buffering and oral clearance noted within each patient’s mouth, would greatly influence the degree of etching experienced. Therefore, the continued exposure for up to 20 min was designed to simulate the level of exposure experienced by a daily user with depleted salivary protection over a five-day period. The results, however, appear to simulate the level of exposure experienced clinically over a three-month period by such patients. This finding may point to the inadequacy of the in vitro tests in simulating the protective factors operating in the mouth, such as the layers of pellicle and plaque. However, it is not ethically feasible to conduct an in vivo analysis.

The high level of etching resulting from the alternative acids was surprising. Additionally, in retrospect, the choice of PAA was not wise, as this long-chain acid binds to calcium and has been shown to inhibit remineralisation when used as a saliva substitute in experiments conducted recently by Van de Reijden.12

4.           CONCLUSION

Overall, these results suggested that a formula using only the phosphoric acid component for acidulation may be the only preferred alternative, with a reduction in application time of one or two minutes being necessary to avoid the acid’s delayed etching effect.
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Abstract: The stem bark of Jatropha podagrica Hook (Family - Euphorbiaceae) was subjected to a thorough phytochemical investigation. Repeated chromatographic separation and purification of the crude methanol extract of this bark provided six compounds: fraxidin (1), fraxetin (2), scoparone (3), 3-acetylaleuritolic acid (4), β-sitosterol (5) and sitosterone (6). The structures of the isolated compounds were determined by spectroscopic analysis, most notably 2D NMR techniques, and by comparison of their spectral data with previously reported values.
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1.           INTRODUCTION

Natural products have contributed extensively to the development of new drugs.1 Therefore, considerable importance has been placed on investigating medicinal plants and herbs for bioactive compounds.2 A large number of plants have been screened for natural antioxidants, antibiotics and cytotoxic agents to combat various pathological events.3–5 Expanding on this research, Jatropha podagrica was studied here to characterise its secondary metabolites for forthcoming bioactivity study.

Jatropha podagrica Hook (common names: coral nut, Guatemala rhubarb, physic nut; Family - Euphorbiaceae) is a shrub native to tropical America, but it is also found in Australia, the Hawaiian Islands, Southern Africa, Mozambique, Zambia and warmer parts of Asia. The genus Jatropha is one of the important sources for biologically active phytochemicals. The important biological activities and toxicities of several purified compounds from Jatropha species have been well established.6,7

Jatropha species are used in traditional medicine for various diseases including skin infections, sexually transmitted diseases such as gonorrhoea, jaundice and fever.8–10 Different parts of the plant are also used for antipyretic, diuretic, choleretic and purgative effects.11 Various medicinal and pesticidal properties, including antimicrobial, antitumour and insect antifeedant activities, have also been attributed to this plant.12–15 Previous phytochemical investigations of J. podagrica led to the isolation of japodic acid, erytrinasinate,16 n-hexacosane, β-amyrin, lupeol palmitate, quercetin, apigenin, vitexin, isovitexin, rutin,17 podacycline A, podacycline B18 and 3-acetylaleuritolic acid.19 In the present study, we report the isolation of fraxidin (1), fraxetin (2), scoparone (3), 3-acetylaleuritolic acid (4), β-sitosterol (5) and sitosterone (6) from J. podagrica Hook.

2.           MATERIALS AND METHODS

2.1         Experimental

1H and 13C NMR spectra were acquired using an Ultra Shield Bruker DPX 400 NMR instrument (Bruker BioSpin AG, Fällanden, Switzerland), and the chemical shifts are reported in ppm with respect to TMS or residual nondeuterated solvent signals. The structures of the compounds were identified by spectroscopic analysis and comparison of NMR data with published literature.

2.2         Plant Material

Fresh stem bark of J. podagrica was collected from Gazipur, Bangladesh. The tissue was identified by Mr. Sorder Nasir Uddin, Senior Scientific Officer, Bangladesh National Herbarium, Dhaka. A voucher specimen (DACB Accession no. 31362) was deposited in the Bangladesh National Herbarium, Dhaka, Bangladesh for the collection.

2.3         Extraction and Isolation

Approximately 650 g of the powdered stem bark was soaked in 2.5 l of methanol for 5 days. The whole mixture was then filtered through filter paper, and the filtrate thus obtained was concentrated at 50°C with a rotary evaporator to provide 13.0 g of crude extract. A portion of the methanol extract (11.0 g) was subjected to column chromatography (CC) over silica gel, using gradients of n-hexane/dichloromethane followed by dichloromethane and methanol mixtures of increasing polarity to afford a total of 28 fractions (each 100 ml). Column fraction obtained with 5% methanol in dichloromethane was dried and treated with n-hexane. After treatment, the fraction yielded a crystal of compound 4 (2.0 mg). The recovered n-hexane was evaporated to develop the crystal of compound 6 (2.0 mg). Similar treatment of the column fractions obtained with 2.5% n-hexane in dichloromethane and 50% dichloromethane in methanol yielded compound 5 (2.0 mg) and compound 2 (15.0 mg), respectively. Column fractions eluted with 15%–50% methanol in dichloromethane were subjected to column chromatography for further purification using gradients of n-hexane/ethyl acetate followed by gradients of ethyl acetate and methanol to afford a total of 27 fractions (each 100 ml). Again, n-hexane treatment of the column fractions eluted with 40% and 55% ethyl acetate in n-hexane afforded compounds 3 (15.0 mg) and 1 (10.0 mg), respectively.

Fraxidin (1): For NMR data see Table 1.

Fraxetin (2): For NMR data see Table 1.

Scoparone (3): 1H NMR (400 MHz, DMSO-d6): δ 6.37 (1H, d, J3, 4 = 9.6 Hz, H-3), 7.93 (1H, d, J4, 3 = 9.6 Hz, H-4), 6.83 (1H, s, H-5), 3.81 (3H, s, 6-OMe), 3.76 (3H, s, 7-OMe); 13C NMR (100 MHz, DMSO-d6): 160.1 (C-2), 114.6 (C-3), 144.7 (C-4), 100.2 (C-5), 149.7 (C-6), 56.0 (OMe-6), 140.1 (C-7), 60.5 (OMe-7), 138.5 (C-8), 138.3 (C-9), 114.4 (C-10).

3-Acetylaleuritolic acid (4): 1H NMR (400 MHz, CDCl3): δ 4.45 (1H, dd, J = 8.0, 4.4 Hz, H-3), 5.52 (1H, dd, J = 8.0, 4.4 Hz, H-15), 2.28 (1H, dd, J = 14.4, 2.5 Hz, H-18), 0.84 (3H, s, Me-23), 0.87 (3H, s, Me-24), 0.95 (3H, s, Me-25), 0.94 (3H, s, Me-26), 0.92 (3H, s, Me-27), 0.93 (3H, s, Me-29), 0.91 (3H, s, Me-30), 2.03 (3H, s, OAc-3).

β-Sitosterol (5): 1H NMR (400 MHz, CDCl3): δ 5.34 (1H, m, J = 7.0 Hz, H-6), 3.50 (1H, m, H-3), 1.00 (3H, s, H3-19), 0.91 (3H, d, J = 6.4 Hz, H3-21), 0.85 (3H, d, J = 6.0 Hz, H3-29), 0.83 (3H, d, J = 6.0 Hz, H3-26), 0.81 (3H, d, J = 6.0 Hz, H3-27), 0.67 (3H, s, H3-18).

Sitosterone (6): 1H NMR (400 MHz, CDCl3): δ 5.71 (1H, s, H-4), 1.17 (3H, s, H3-19), 0.91 (3H, d, J = 6.4 Hz, H3-21), 0.85 (3H, t, J = 7.2 Hz, H3-29), 0.83 (3H, d, J = 6.8 Hz, H3-26), 0.81 (3H, d, J = 6.8 Hz, H3-27), 0.70 (3H, s, H3-18).


Table 1:    NMR spectral data for compounds 1 and 2*.
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Figure 1:    Structures of the isolated compounds (1–6).



3.           RESULTS AND DISCUSSION

Extensive chromatographic separation and purification of the methanolic extract of the stem bark of J. podagrica provided compounds 1–6.

The 13C NMR spectrum (100 MHz, CDCl3/2% CD3OD) of compound 1 displayed 11 carbon resonances, while HSQC and DEPT 135 (100 MHz, CDCl3/2% CD3OD) spectra indicated that 5 out of 11 carbons were attached to protons. The 1H NMR (400 MHz, CDCl3/2% CD3OD) and DEPT 135 spectra of compound 1 revealed the presence of three methine carbons and two O-methyl groups. The 1H NMR of compound 1 in CDCl3/2% CD3OD displayed signals characteristic of a coumarin. The lactone ring protons showed an AB pattern for H-3 (δ 6.26, d, J = 9.4 Hz) and H-4 (δ 7.60, d, J = 9.4 Hz).20 The singlet at δ 6.44 ppm could be attributed to the aromatic proton at C-5. The identification of the compound and its 13C assignments were established unambiguously by 2D NMR studies. The 1H and 13C NMR spectra of compound 1 were also recorded in DMSO-d6 to compare the data with the published values. A new signal as a broad singlet at δ 9.85 was found due to the presence of a phenolic hydroxyl group at C-8. These data for compound 1 were found to be identical to those reported for the compound fraxidin.19, 21 On this basis, compound 1 was positively identified as fraxidin.

The 13C NMR spectrum (100 MHz, DMSO-d6) of compound 2 displayed 10 carbon resonances, while HSQC and DEPT 135 (100 MHz, DMSO-d6) spectra indicated that 4 out of 10 carbons were attached to protons. The structure of compound 2 was further revealed by direct comparison of its spectral data with those of coumarin 1. It was evident from the 1H and 13C NMR spectra and also from the DEPT 135 experiment that almost all chemical shifts of coumarin 2 were superimposable with those of coumarin 1, except for the presence of one 7-OH group instead of a 7-OCH3 group. These data for compound 2 were found to be identical to those reported for the compound fraxetin.21 Thus, compound 2 was identified as fraxetin.

The spectral data of compound 3 were in close agreement with those of 1 and 2. The 1H NMR (400 MHz, DMSO-d6) and 13C NMR spectra (100 MHz, DMSO-d6) as well as the DEPT 135 experiment suggested the presence of an additional aromatic proton for compound 3 with respect to 1 and 2, and the absence of one hydroxyl group compared to 1. The absence of two hydroxyl groups and the presence of an additional O-methyl group compared to 2 were also discovered. The absence of any coupling between the two aromatic protons at C-5 and C-8 necessitated the accommodation of the two O-methyl groups at C-6 and C-7. The 1H NMR and 13C NMR data of compound 3 were found to be identical to those reported for scoparone.22 Taking these data into consideration, compound 3 was identified as scoparone.

The 1H NMR spectrum (400 MHz, CDCl3) of compound 4 displayed seven singlets at δ 0.84, 0.87, 0.91, 0.92, 0.93, 0.94 and 0.95 ppm, each integrating to three protons and assignable to seven tertiary methyl groups. The singlet at δ 2.03 ppm could be ascribed to an acetoxy group at C-3. A one-proton double-doublet at δ 4.45 ppm (1H, dd, J = 8.0, 4.4 Hz) was possibly the proton on the carbon atom bearing the acetoxy group (C-3). One one-proton double-doublet at δ 2.28 ppm (1H, dd, J = 14.4, 2.5 Hz) was assigned to the methine proton at C-18. A one-proton double-doublet at δ 5.52 ppm (1H, dd, J = 8.0, 4.4 Hz) could be ascribed to the olefinic proton at C-15. All of the coupling constants and splitting patterns indicated the presence of a trisubstituted double bond between the 14 and 15 positions. The structure of compound 4 was thus identified as 3-acetylaleuritolic acid by comparing its 1H NMR data with reported values.23

The structures of β-sitosterol and sitosterone were confirmed by direct comparison of their spectral data with the reported values.24, 25

4.           CONCLUSION

Phytochemical investigation of the crude methanol extract of J. podagrica led to the isolation of six metabolites: fraxidin (1), fraxetin (2), scoparone (3), 3-acetylaleuritolic acid (4), β-sitosterol (5) and sitosterone (6). Further biological study is required to explore their potential therapeutic activities.
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Abstract: The effect of filler content on the electrical and optical properties of polystyrene filled with Mg powders has been investigated. For this purpose, PS samples with Mg additive were prepared with different percentages of Mg and with different thicknesses. The experimental results showed that the conductivity of such composites increased suddenly by several orders of magnitude at a critical weight concentration. The electrical conductivity changed with increasing temperature. Furthermore, the activation energy changed with increasing filler concentration. The dielectric constant, dielectric loss and electrical conductivity changed with the concentration of the filler and with the frequency of the applied electrical field. The absorption coefficient, extinction coefficient, and energy gap of the indirect allowed and forbidden transitions, the real and imaginary dielectric constants, and the optical conductivity were determined.
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1.           INTRODUCTION

Composites made of polymers with a conducting filler phase allow the combination of the mechanical properties of polymers and their ease of processing with electrical applications that require significant conductivity. Polymer-based electrically conducting materials have several advantages over their pure-metal counterparts, including cost, flexibility, reduced weight, the ability to absorb mechanical shock, corrosion resistance, the ability to form complex parts and controlled conductivity.

Filled conducting polymer composites are used for electromagnetic shielding of computers and other electronic equipment. In addition, they are used as conducting adhesives in electronics packaging flip-chips, cold solders, switching devices, static-charge-dissipating materials and devices for surge protection.1 Since the synthesis of filled conducting polymer composites is an efficient and cost effective process for mass production, significant interest in the technological properties of particle-filled polymers currently exists. Filled polymer composites have a wide range of industrial applications. They are used in anti-static materials, self regulating heaters, over current and over temperature protection devices and materials for electromagnetic radiation shielding.2

The electrical insulating behaviour of most polymeric materials is well documented. However, conductive fillers can be incorporated as a second phase into these matrices, which leads to an increase in the conductivity of the resulting composites. The properties of these composites vary primarily with the filler content. Polymeric composites are traditionally used as electrically insulating materials and are, in general, known to have many structural applications. However, their use in electronics has been relatively limited. To make the polymeric materials electrically conductive, continuous pathways must be established by electrical fillers.3

The percolation theory is the most adequate for modelling the conductivity of conducting polymer composite materials (CPCMs). It involves convergence of particles to distances at which the probability of transfer of current carriers between them becomes greater than zero. The so-called percolation threshold [image: art]c, i.e., the lowest concentration of conduction particles at which continuous conducting chains are formed, is easily determined from the experimental dependence of conductivity on the filler concentration. The percolation threshold is a useful parameter for probing the filler distribution within a polymer matrix.4 Polystyrene (CPS) is a preferred material in electronics technology due to its favourable dielectric and mechanical properties and its low cost. PS can be subjected to high temperature and pressure variations during the manufacture of electronic components.6

Liang10 has studied the electrical properties of PS-carbon nanofibre composites at the percolation threshold and found that both the electrical conductivity and the dielectric constant increased at an additive concentration of 1.7 vol %. It was also determined that the electrical conductivity is dependent on temperature at this additive concentration. The present work addresses the effect of Mg additive on the DC and AC electrical and optical properties of a PS composite.

2.           EXPERIMENTAL

The materials used were polystyrene as the matrix and Mg as the filler. Electronic balances with an accuracy of 10−4 were used to weigh the Mg and polymer powders.

The Mg and polymer powders were mixed by hand, and the homogenisation of the samples was verified by microscopic examination. The weight percentages of Mg were 0, 20, 40, 50 and 60 wt%. The hot-press method was used to compact the powdered mixtures. The mixtures with different Mg percentages were compacted at a temperature of 145°C under a pressure 100 bar for 10 min, and the samples were subsequently allowed to cool to room temperature. The compacted samples were disc-shaped with a diameter of approximately 15 mm and a thickness that ranged between 1 and 1.43 mm. A coating unit (Edward Coating System E3C6A, Japan) was used to deposit thin-film aluminium electrodes on both sides of each sample. The resistivity was measured over the temperature range from 30 to 80 °C using a Keithley 616C electrometer. The volume electrical conductivity σv is defined by:
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where



	A
	=
	effective area of the guard electrode,



	R
	=
	volume resistance (Ohm), and



	L
	=
	average thickness of sample (cm).



In this model, the electrodes have a circular area A= D2π 4, where D = 0.6 cm2. The dielectric properties of the PS-Mg composites were measured using an Agilent 4294A impedance analyser in the frequency (f) range of 25 × 102 to 5 × 106 Hz at room temperature. The measured capacitance C (w) was used to calculate the dielectric constant [image: art](w) using the following expression:
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where d is the sample thickness, and A is the surface area of the sample. Whereas, for dielectric loss ε″(w):
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where tanδ (w) is the dissipation factor.


The AC conductivity σac can be calculated by the following equation:

[image: art]

where εo is the permittivity of free space and w is the angular frequency (w = 2πf). The transmission and absorption spectra of PS-Mg composites were recorded in the wavelength range of 190 to 850 nm using a double-beam spectrophotometer (Shimedza UV-210°A, Japan).

3.           RESULTS AND DISCUSSION

Figure 1 shows the electrical conductivity enhancement of the composite when the concentration of the Mg filler was increased at T = 303 K. At lower concentrations of the filler ([image: art]<45 wt%), the electrical conductivity of the composite increases slightly, whereas at higher concentrations ([image: art]≥45 wt%), the conductivity increases sharply at the point where the composite becomes a good conductor.


[image: art]

Figure 1:    Variation of DC electrical conductivity with Mg wt% concentration for PS-Mg composites.



The source of the conductivity enhancement is the electrical contacts generated from the filler networks, as illustrated in the microscopic photographs in Figure 2, which were taken for samples with different concentrations. At high filler contents, the amount of the interconnecting networks increased, and the contact resistance between the filler decreased. Good electron conduction was consequently achieved, which resulted in the transformation of the polymer insulator to a good-conducting polymer composite.5
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Figure 2:    Photomicrographs for PS-Mg composite (a) for pure (×50), (b) for 40 wt% Mg (×50), (c) for 50 wt% Mg (×50), and (d) for 60 wt% Mg (×50).



Figure 3 shows the behaviour of the electrical volume conductivity of the samples as a function of temperature. The electrical conductivity of samples with low concentrations ([image: art]<[image: art]c) increased with increasing temperature, and all of these materials exhibit negative thermal coefficients of resistance. This result is attributed to the polymeric chains and Mg particles acting as traps for the charge carriers, which are transported by a hopping process. When the temperature is increased, segments of the polymer begin to move, which releases the trapped charges.

The release of trapped charges is intimately associated with molecular motion. The increase in current with increasing temperature is attributed to two main parameters: the presence of charge carriers and mobility of these charges.
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Figure 3:    Variation of the DC electrical conductivity as a function of temperature for PS-Mg composites.



An increase in temperature will increase the number of charge carriers exponentially. The mobility of the carriers depends on the structure and the temperature. For high concentrations of Mg, the electrical conductivity decreases with increasing temperature because the composite becomes a good conductor.6,7 Figure 4 shows the relationship between the ln (conductivity) and the reciprocal absolute temperature of the PS-Mg composites. The activation energy was calculated based on the equation:

[image: art]

The high activation energy values for the neat sample and the samples with low Mg concentrations are attributed to the thermal movement of the ions and molecules. The low activation energy values for the samples with higher Mg contents are attributed to the electronic conduction mechanism, which is related to the decreased distance between the Mg particles.8

An increase in the concentration of Mg diminishes the activation energy, as shown in Figure 5 for PS-Mg composites with low Mg concentrations. This result supports the previous discussion concerning the thermal movements of ions.10



[image: art]

Figure 4:    Variation of DC electrical conductivity with reciprocal absolute temperature for PS-Mg composites.
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Figure 5:    Variation of the activation energy for DC electrical conductivity as a function of Mg wt% concentration in PS-Mg composites.



Figure 6 shows the variation of the dielectric constant of PS-Mg composites as a function of angular frequency. The figure shows that the dielectric constant values decreased when the applied field frequencies were increased. The increased frequencies result in a decrease in the space-charge polarisation to the total polarisation. The space-charge polarisation becomes the dominant type of polarisation at low frequencies, whereas its contributions decrease with increasing frequency. This behaviour results in a decrease in the dielectric-constant values for all of the PS-Mg composites when the electric field frequency is increased.10
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Figure 6:    Variation of the dielectric constants as a function of angular frequency for PS-Mg composites.



The effect of Mg concentration on the dielectric constants of the PS-Mg composites at 150 kHz is shown in Figure 7.

The dielectric constant increases with weight fraction of Mg at 150 kHz because the dielectric constant of Mg is greater than that of PS. The increase in dielectric constant with weight fraction of Mg at 150 kHz supports the hypothesis of the space-charge polarisation contribution. The sudden increase in the dielectric constant of the composite with [image: art] = 45 wt% reflects the formation of a capacitance network of Mg. As the weight fraction of Mg increases, the capacitance network increases as well.11, 12

The variation of the dielectric loss with frequency for PS-Mg composites at room temperature is depicted in Figure 8. The behaviour of dielectric loss is oscillatory, which is attributed to a combination of some relaxation processes that are common in heterogeneous systems. A broad relaxation peak was observed in each of the curves in Figure 8, and the height and broadness of the peaks increased with increasing filler content.
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Figure 7:    Variation of the dielectric constant as a function of Mg wt% for PS-Mg composites.
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Figure 8:    Variation of dielectric loss as a function of frequency for PS-Mg composites.



The increases in the peak heights that result from increased filler concentrations are attributed to the enhancement of the bulk conductivity, which implies increased dielectric losses. However, the increased broadness of the peaks may be related to the overlapping of the relaxation processes due to the structural changes that occur in the composite as a result of filler addition.14,15

Figure 9 shows the variation in the conductivity of the PS-Mg composites as a function of angular frequency. The figure shows that the AC conductivity increases considerably as the frequency was increased, which is attributed to the space-charge polarisation.14
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Figure 9:    Variation of the AC electrical conductivity frequency for PS-Mg composites.



Figure 10 shows the variation in the AC conductivity of the PS-Mg composites as a function of the Mg concentration at 150 kHz and 303 K. The AC conductivity increased slightly at low concentrations of Mg. This increase is due to the effect of the space charge. The particles of Mg take the form of clusters or separated groups. The conductivity increased with increasing Mg concentration because of the increased number of charge carriers and because of the formation of a continuous network of Mg particles inside the composite. Consequently, the conductivity increased as the Mg concentration was increased in the PS-Mg composites.15
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Figure 10:  Variation of the conductivity as a function of the Mg wt% in PS-Mg composites.



The absorption coefficient (α) was calculated in the fundamental absorption region from the following equation:16

[image: art]

where A is the absorbance and d is the thickness of the sample.

The absorption coefficient α are shown in Figure 11 as a function of photon energy for the PS-Mg composites. As evident from the data in the figure, the change in the absorption coefficient is small at low energies, which indicates a low probability of electronic transitions.
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Figure 11:  The relationship between the absorption coefficient and photon energy of the PS-Mg composites.



The absorption-coefficient results lead to the conclusion that the nature of the electronic transitions when α<104 cm−1 was indirect electronic transitions assisted by the momentum of the electron and photon preserved by phonons. The forbidden-energy gaps for both the allowed and forbidden indirect transitions were calculated according to the relation:16

[image: art]

where hυ is the energy of a photon, A is the proportionality constant, and Eg is the forbidden energy gap of the indirect transition.

A value of m = 2 indicates an allowed indirect transition, whereas a value of m = 3 indicates a forbidden indirect transition. Figure 12 shows the dependence of the absorption edge (αhυ)1/m of PS-Mg composites with different filler contents (Mg) as a function of the energy of the incident light (hυ). The obtained results indicate that Eopt decreased as the Mg concentration was increased.
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Figure 12:  The relationship between (αhυ)1/m(cm−1·eV)1/m and photon energy of PS-Mg composites.



This behaviour can be attributed to the fact that, in heterogeneous composites, the electrical conduction depends on the concentrations of defects and impurities.15,16 Figure 13 shows the variations in the extinction coefficients (k = αλ/4π) as a function of wavelength for both pure PS and PS doped with Mg. This figure shows that the extinction coefficient (k) values increase with increasing doping concentration. The behaviour of the extinction coefficients can be ascribed to the high absorption coefficient. This result indicates that the Mg doping atoms modify the structure of the host polymer. Interestingly, the Mg doping increases the absorbance in the visible region.13

The variation of the refractive index for PS-Mg composites with various concentrations of Mg as a function of wavelength at 30°C is shown in Figure 14. The figure shows that the refractive index increases as a result of filler addition. This behaviour can be attributed to the increased packing density that results from the increased filler content.

The refractive index also shows a decreasing region in the λ range of 190 to 300 nm, which is analogous to formation of valleys due to the high absorbance of Mg atoms that occurs in this wavelength range. The real and imaginary parts of the dielectric constants (ε1 = n2-k2 and ε2 = 2nk) of pure PS and PS doped with different concentrations of Mg as a function of on λ are shown in Figure 15 and Figure 16.14
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Figure 13:  The relationship between the extinction coefficient (k) and wavelength for the PS-Mg composites.
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Figure 14:  The relationship between the refractive index (n) and wavelength (λ) of the PS-Mg composites.
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Figure 15:  The relationship between the real dielectric constant and wavelength (λ) for the PS–Mg composites.



We conclude that the variation of ε1 mainly depends on n2 because of small values of k2, whereas ε2 mainly depends on the k values, which are related to the variation of absorption coefficients.

Figure 17 shows the variation in the optical conductivity as a function of the incident photon energy. The optical conductivity was determined using the relationship σ = αnc/4π, where c is the speed of light. The optical conductivity depends directly on the absorption coefficient and was found to increase sharply at higher energy values due to the large absorption coefficient for these values.11, 14
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Figure 16:  The relationship between the imaginary dielectric constant and wavelength (λ) for the PS-Mg composites.
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Figure 17:  The relationship between the conductivity and wavelength (λ) for the PS-Mg composites.



4.           CONCLUSION

The DC electrical conductivity of the polystyrene increased with increasing Mg concentration and with increasing temperature. The activation energy of the DC electrical conductivity decreased with increasing Mg concentration. The dielectric constant decreased with the increasing frequency and increased with increasing Mg wt%. The dielectric loss is oscillatory in the whole frequency region and increased with increasing Mg wt%. The AC electrical conductivity of the PS-Mg composites increased with increasing frequency of an applied electrical field and with increasing Mg wt%. The absorption coefficient increased with increasing of the filler wt%. The absorption coefficient was less than 104 cm−1, which indicated forbidden and allowed indirect electronic transitions. The nature of the electron transfers in PS samples did not change with the addition of Mg. The forbidden energy gap decreased with increasing filler wt%. The extinction coefficient increased with increasing filler wt%. The real and imaginary dielectric constants and optical conductivity increased with increasing concentration of Mg.
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Abstract: Preliminary studies on ground water samples from selected wells and boreholes in the city and surrounding areas of Zaria were carried out to determine the concentration of 222Rn. The analysis was carried out during the dry season when the weather was fairly stable and the community depended solely on ground water sources for domestic use. Measurements were carried out using a liquid scintillation counter at the Center for Energy Research and Training, Ahmadu Bello University, Zaria-Nigeria. The average concentration obtained was 7.18 ± 1.11 Bq/for wells and 7.41 ± 2.04 Bq/l for borehole waters. The results are within the maximum concentration limit of 11.1 Bq/l and world average value of 10 Bq/l for drinking water.
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1.           INTRODUCTION

Water is one of the most abundant substances on earth and is a principal constituent of all living things. It is used in various aspects of daily lives that include power generation, agriculture and domestic activities.1 It is therefore important for water to be free from chemical, microbiological and radiological contamination.2

Radon is a naturally-occurring element that contributes to radiological contamination of drinking water and poses a health risk. Since the late 1980s, it has been identified as a health concern. Radon radioactive gas is formed when uranium or radium decays. It escapes from the earth’s crust through cracks and crevices in the bedrock and either dissolves in ground water or seeps through foundation cracks into the environment/human habitations.2,3

Radon is a colourless, odourless radioactive gas that is a daughter element in the decay chain of uranium 238 (U-238).4 The alpha radiation emitted by radon and its progeny, polonium, is considered a significant health hazard by the United States Environmental Protection Agency5 because elevated levels and/or extended durations of exposure can lead to lung cancer. The presence of radon in the earth’s crust continuously diffuses through the bedrock, leading to the formation of 222Rn in ground water. Radon has the highest solubility in water of the noble gas, with a mole fraction value of 0.00125 at 37°C and a half life of 3.8 days, which is 15 times higher than that of helium or neon.6 Because of this property, radon can accumulate in high concentrations in ground water and possess a greater health risk for people who ingest or inhale it.

Radon in water is primarily a problem for water supplies that extract water from drill holes in rocks, which have somewhat higher uranium concentrations than the average bedrock. Some types of rocks that have uranium concentrations greater than 5 ppm of uranium often include granites, syenites, pegmatite, acid volcanic rocks and gneisses. Wells in areas with these rocks may contain ground water with radon concentrations of 50–500 Bq/l or considerably higher.7

Inadequate potable water is one of the major problems facing most developing nations. Pipe borne water is largely nonoperational where provided; therefore, most of the populace rely heavily on untreated ground water sources as their primary sources of drinking water, and the authorities concerned have not taken serious measures to provide adequate and safe drinking water for the area. Hence, it is important to investigate the radiological content of water from such sources.

Across Nigeria, particularly in the city of Zaria, data on radon concentrations in drinking water sources are lacking, even though most of the inhabitants of the country, especially those in the rural areas, depend solely on ground water and surface water sources for drinking, household activities and agricultural purposes. This water might contain higher-than-normal concentrations of radon. This study aimed to determine the radon concentration in the ground water sources that serve as sources of domestic water for the city and surrounding areas of Zaria. The study was carried out during the dry season between October and March during which the weather was fairly stable. The residents depend solely on ground water sources from wells and boreholes for domestic purposes because of the acute water scarcity during the dry period.

Measurements were carried out using a liquid scintillation counter. In liquid scintillation analysers, energy from emitted radiation is absorbed by a fluorescent material (scintillator or fluorophore) and re-emitted as light photons.3,8

The light photons are detected by one or more photomultiplier tubes and converted to electrical energy for analysis. The radioactive material is brought into close contact with the scintillator, usually by dissolving both the radioactive material and the scintillator in a suitable solvent; this type of instrument is particularly suitable for the qualitative measurement of radiation with limited penetrating power, such as alpha particles, beta particles and soft x-rays. The instrument also has a very short resolving time, so high rates of disintegration can be measured.9

1.1         Description of the Study Area

The city of Zaria was selected because of the scarcity of water and its total dependence on ground water sources for drinking, domestic use and agricultural purposes. The area is bounded by latitudes 11°02’S, 11°08’N and longitudes 7°31’W, 7°44’E.

The study area falls within the semiarid region of Nigeria.10 It is underlain by gneisses, magmatite and meta-sediments of the Precambrian age, which have been intruded by a series of granitic rocks of late Precambrian to lower Paleozoic age (a portion of the study area fall within a region underlain by older Granite that belongs to a single batholith called the Zaria Granite batholith; the remaining portion is underlain by Gneissic rocks)17. Details on Zaria batholith with schist and gneissic rocks are provided in Webb.14 Details on the geology of this region are further described in The Geology of the precambian to lower palezoic rocks at Northern Nigeria.17

2.           EXPERIMENTAL

2.1         Sample Collection and Pretreatment

Samples were collected in cleaned plastic sample bottles. The containers used for the sample collection were cleaned to avoid contamination or adsorption of the analyte (radon) presence in the samples.

The water samples from underground wells were collected with the aid of bailers, but the stagnant water in the wells was first purged by emptying out and allowing the wells to refill. Several well volume purges were performed to ensure that fresh samples were obtained. Boreholes were operated for at least three minutes before sample collection.

The samples were analysed as soon as possible (maximum of three days) after collection to achieve maximum accuracy, because the composition of the sample may change if samples are left for long before performing the analysis.


2.2         Sample Preparation and Analysis

10 ml each of the samples was added into a scintillation vial containing 10 ml of the insta-gel scintillation cocktail. The vials were sealed tightly and shaken for more than two minutes to extract 222Rn in water phase into the organic scintillator.

2.3         Sample Analysis

The prepared samples were analysed using a liquid scintillation counter (Tri-Carb-LSA1000) located at the Center for Energy Research and Training (CERT), Ahmadu Bello University, Zaria–Nigeria. The samples were analysed after they were allowed to stand for three hours after preparation in order to establish radioactive equilibrium between 222Rn and its daughter progeny.

The liquid scintillation counter was calibrated prior to the analysis using IAEA 226Ra standard solution. For the calibration, the 222Rn standard samples were counted for 60 minutes. Background count measurements were also made for the same time period (60 min). The 222Rn activity concentration was calculated using the following equation:4
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where,

Rn = radon level in Bq/l;

SC = sample count rate (count min−1);

BC = background count rate (Count min−1);

K = calibration value;

T = elapsed time from sampling to testing given in minutes.4

The annual effective doses due to the intake of radon were calculated from the mean activity concentration using the following equation:7
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where DFRn is the effective dose per unit intake of radon in water for adults, taken as 10−8 Sv/Bq from UNSCEAR 1993 report,13 and Iw is the water consumption rate (l/a), taken to be 2 l per day from WHO report.14


3.           RESULTS AND DISCUSSIONS

Two categories of water samples both of which are ground water (hand-dug wells and boreholes) from the city and surrounding areas of Zaria were collected and analysed. The hand-dug wells have depths of about 3–8 m while the boreholes have depths of 100–700 m. A total of 15 samples were collected and analysed; 5 from wells and 10 from boreholes (Table 1).

As the results show, most of the values are below 10 Bq/l (Table 1, Figure 1), representing about 80% of the total samples analysed. Thus, only about 20% of the samples are above 11 Bq/l and 10 Bq/l, the standards set for Radon in water and drinking water, respectively. Moreover, the mean values of 7.18 ± 1.11 Bq/l for wells and 7.41 ± 2.04 Bq/l for boreholes are lower than the Maximum Concentration Limit (MCL) of 11.1 Bq/l set by the USEPA (1991) and the world average value of 10 Bq/l set by World Health Organisation.3,8,

Even though the mean concentrations do not exceed the set standard, the distribution according to the type of water source shows that borehole water sources are generally more enriched in 222Rn concentration than well water sources (Figure 1).


Table 1:    222Rn concentrations and annual effective doses in samples of water from Zaria metropolis



	Sample ID
	Latitude(°)
	Longitude(°)
	222Rn Conc.
	Annual effective dose (µSv/Year)



	ZW1

	11.07

	7.76

	2.42 ± 0.56

	0.48




	ZW2

	11.03

	7.42

	8.13 ± 1.85

	1.63




	ZW3

	11.06

	7.69

	6.43 ± 0.54

	1.29




	ZW4

	11.03

	7.42

	2.32 ± 0.52

	0.46




	ZW5

	11.03

	7.42

	16.60 ± 2.07

	3.32




	ZB1

	11.06

	7.72

	8.02 ± 1.83

	1.60




	ZB2

	11.03

	7.43

	4.07 ± 0.02

	0.81




	ZB3

	11.02

	7.43

	21.31 ± 2.62

	4.26




	ZB4

	11.03

	7.42

	3.05 ± 0.75

	0.61




	ZB5

	11.07

	7.72

	8.89 ± 0.98

	1.78




	ZB6

	11.07

	7.69

	15.63 ± 1.95

	3.13




	ZB7

	11.06

	7.71

	6.39 ± 0.53

	1.28




	ZB8

	11.02

	7.42

	3.11 ± 0.76

	0.62




	ZB9

	11.03

	7.42

	0.77±0.08

	0.15




	ZB10

	11.04

	7.43

	2.90±0.70

	0.58
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Figure 1:    222Rn concentration from wells and boreholes samples of Zaria Metropolis.



Radon concentrations in water depend largely on the source of radon emanation, which may be the result of natural processes, industrial or agricultural activities and human activities in the area where the wells are located. Different findings have been reported by many researchers on radon concentrations in water sources worldwide.13,14

Higher concentrations of radon were recorded in borehole samples compared with wells samples from the sampled area of Zaria, likely because boreholes are deeper and closer to surface sub soil, which is underlain by the older granite. Moreover, the areas near boreholes have high level of human and agricultural activities as well as natural processes.

The generally low levels of 222Rn concentration in much of the samples could be attributed to the shallowness of most of the wells and boreholes, which would allow much of the 222Rn to escape. The desorbed/escaped 222Rn must have therefore added to the existing airborne radon in the area. Exposure to radon from inhalation may also pose a public health concern.15,16

The annual effective dose due to ingestion of 222Rn in the water varied from 0.46 to 3.32 µSv, with an average of 1.44 µSv for well water. For boreholes, the value varied from 0.15 to 4.26 µSv, with an average of 1.48 µSv. The overall average is 1.46 µSv, as shown in Table 1.

It is also noted from the results that among the 15 samples analysed, the borehole samples recorded higher 222Rn concentrations and higher annual effective doses compared with the well water samples. In each of the samples collected, though the activity concentration varied, the geological content was almost the same. This similarity in geological content could result from the ground water formation, discharge rate and the radon emanation rate from the parent nuclide uranium or radium. The effective doses are also within the World Health Organisation (WHO) recommended reference level of 0.1 mSv per year for intake of radionuclides in water.7

4.           CONCLUSION

Water samples from various sources in the city and surrounding area of Zaria were analysed for their Rn concentration. The results obtained in this study indicate that the 222Rn concentration was in the range of 2.42–16.60 Bq/l and 3.11–21.31 Bq/l for wells and borehole water samples, respectively. Mean concentrations were measured as 7.18 ± 1.11 Bq/l for wells and 7.41 ± 2.04 Bq/l for boreholes. While the average values are within the maximum concentration limit of 11.1 Bq/l set by USEPA and world average value of 10 Bq/l set by WHO, several incident values from well and borehole sites exceeded these values.
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Abstract: Three operating parameters of hydrodistillation have been optimised by a response surface method using a central composite design to obtain high yields of essential oil from a rhizome of the Zingiberaceae species Zingiber cassumunar (Z. cassumunar). The optimal conditions for the maximum essential oil produced (6.64 g) were found to be an extraction time of 4 hr, a solid-to-solvent ratio of 3:150 and a hydrodistillation rate of 78 ml/hr. The study was subsequently continued with the three proposed models of the extraction process. Kinetics models proposed by Milojevi et al. and Hervas et al. were suitable for the process under low (20 ml/hr) and high distillation rates (70 ml/hr), whereas the model by Ana et al. was valid for all ranges of rates studied (20–70 ml/hr). It can be concluded that the hydrodistillation rate was one of the important parameters for determining the extraction kinetics.
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1.           INTRODUCTION

Essential oils are the subtle, natural, aromatic and volatile compounds extracted from the flowers, seeds, leaves, stems, bark and roots of herbs. They are usually obtained through steam distillation or a hydrodistillation process.1

Essential oils have become more significant in human life nowadays since their discovery thousands of years back. As time progresses, scientists have been discovering more and more benefits of essential oils, creating a significant increase in demand for them worldwide.

Essential oils have been largely employed due to their observed natural properties, which exhibit antibacterial, antiviral, antifungal, insecticidal and anti-herbivore characteristics. At present, approximately 3000 essential oils are known, 200 of which are commercially important, especially for the pharmaceutical, agronomic, food, sanitary, cosmetic and perfume industries.2


Generally, essential oils are extracted from various aromatic plants localised in temperate to warm countries, such as Mediterranean and tropical countries, where they represent an important part of the traditional pharmacopoeia.1 Pithayanukul et al.3 studied the extraction of essential oil from Zingiber species, which is a well-known herb in Southeast Asia that has been used for centuries in Thailand and other countries in Southeast Asia as a folk medicine for the treatment of inflammation, sprains, muscular pain, wounds and asthma as well as a mosquito repellent. This essential oil exhibits antimicrobial activity against a wide range of gram-positive and gram-negative bacteria, dermatophytes and yeasts. Dermatophytes were found to be the most susceptible microorganisms followed by yeasts, whereas bacteria were the least susceptible. Tripathi et al.4 in their studies stated that essential oil extracted from Z. cassumunar was found to exhibit absolute fungitoxic activity. Meanwhile, the rhizome oil of Z. cassumunar Roxb. from Malaysia was found to exhibit high activity against yeast.5

Several extraction methods for extracting essential oils have been introduced by Bakkali et al.,1 including the use of liquid carbon dioxide or microwaves and low- or high-pressure distillation using boiling water or hot steam. A hydrodistillation process for the extraction of essential oil from Z. cassumunar has been conducted by Bhuiyan et al.,6 in which 64 and 32 compounds were extracted from the leaf and rhizome.

Owing to the new attraction for natural products like essential oils, despite their wide and being familiar as fragrances, it is useful for developing, improving and optimising the process of extraction. Response surface methodology (RSM) is effective for responses that are influenced by many factors and their interactions, as was originally described by Montgomery.7 However, work on the optimisation of essential oil extraction from the Zingiberaceae species is less frequently reported. In fact, the kinetics of the extraction process is yet to be exploited. In the present study, hydrodistillation is used as the main method for the extraction of crude rhizomes of Z. cassumunar, and the working conditions including the extraction time, hydrodistillation rate and solid-to-solvent ratio are optimised by RSM to obtain the highest essential oil yield. The kinetics of the extraction process will also be investigated.


2.           EXPERIMENTAL

2.1         Plant Materials

The raw material, Z. cassumunar, was obtained from Malim Nawar, Perak, Malaysia. The rhizome was ground and dried at 50°C prior to the extraction process.

2.2         Extraction Procedure

The hydrodistillation method was used for the extraction of the essential oil from the rhizome. A total of 3 g of rhizome was put into 500 ml round-bottom flask containing different volumes of deionised water (100, 150 or 200 ml). To study the hydrodistillation rate, the mixture was subsequently heated using a heating mantle by manipulating the power. Next, the extract was concentrated using a rotary evaporator at 90°C for 40 min. The concentrated essential oil obtained was weighed.

2.3         Experimental Design using RSM

RSM is a collection of mathematical and statistical techniques that are useful for the modelling and analysis of a problem in which a response of interest is influenced by several variables. The objective is to optimise the response.6 The RSM used in this study was a central composite face-centred design involving three different factors: extraction time, hydrodistillation rate and solid-to-solvent ratio. The extraction of essential oil from Z. cassumunar was assessed based on the face-centred experimental plan, as shown in Table 1. The results were analysed using Analysis of Variance (ANOVA) by Design Expert 6.0.6 software. Three-dimensional plots and their respective contour plots were obtained based on the effect of the levels of the three factors. From these three-dimensional plots, the simultaneous interaction effects of the three factors on the response were studied. The optimum region was also identified based on the main parameters in the overlay plot. The experiment was repeated five times randomly, and each result was compared with the predicted values to determine the model adequacy.


Table 1:    Levels of the variable tested in the 23 central composite designs.
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2.4         Analysis Method

In this study, the essential oil obtained was analysed using gas chromatography mass spectrometry (GC-MS). The gas chromatography analyses were performed using a Perkin Elmer Clarus 600 gas chromatograph equipped with an ELITE-5 column. The gas chromatograph was coupled to the Perkin Elmer 600T mass spectrometer. The oven temperature was programmed at 65°C for 4 min and was increased to 280°C at a rate of 8°C/min.

2.5         Kinetics Model Proposed

2.5.1      Milojevi et al. (2008) method

The mechanism proposed to describe the hydrodistillation process of Z. cassumunar is similar to that presented by Milojevi et al.8 The mass transport of essential oil through plant particles during the hydrodistillation process occurs as unsteady-state diffusion. Thus, a batch hydrodistillation process involving no chemical reaction can be simulated using Fick’s second law at unsteady state for one-dimensional rectangle geometry,9 as shown in Equation 1.
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where qp denotes average concentration of essential oil at time t, x is the distance along the direction of diffusion, and Deff is the effective diffusion coefficient.

The initial condition was

qp = qo at t = 0

and the boundary condition was

qp = q at t = t

To solve Equation 1, the following assumptions at the level of plant particles in the suspension should be made:

(a)     the plant particles are isotropic and equal in size, shape and initial oil content. The particles do not change size and shape during the hydrodistillation;

(b)     the essential oil is considered to be a pseudo-component;

(c)     a portion of the essential oil is located on the external surfaces of the broken plant parts, and the rest is uniformly distributed in the plant particles;

(d)     the effective diffusion coefficient is constant;

(e)     the concentration of essential oil on the external surfaces of the plant particles at any moment during the hydrodistillation is zero because of its instantaneous “washing” from the surfaces; and

(f)     there is no resistance to the mass transport of essential oil from the external surfaces of the plant particles.

For simple geometrical cases, such as a slab, cylinder or sphere, the solution is as follows:
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where qo is the essential oil present in the rhizomes, q is the essential oil produced at time t, A is a constant, and k is the kinetics constant, including the effective diffusion coefficient.

Further development involved the relationship between the hydrodistillation and the solvent extraction (from extractive substances in plant material) process. According to the solvent extraction model, there are two successive stages during the process: (i) “slow stage,” i.e., the washing of essential oil from and near the external surfaces of the plant particles (theoretically at t = 0) and (ii) “fast stage,” i.e., the diffusion of essential oil from the interior of the plant towards the external surfaces followed by its distillation. The first stage is characterised by a rapid increase in the oil present at the very beginning of the process:
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where qw is the essential oil produced at t = 0, and b is the relative amount of Z. cassumunar oil extracted at t = 0. The second stage is characterised by a slow exponential increase in the oil yield with the progress of hydrodistillation. By combining Equations 2 and 3, the basic kinetics equation for essential oil can be derived as follows:
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The linearised form of the equation can be used to calculate the parameters of Equation 4 and is shown as:
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The following assumptions are made for the Z. cassumunar oil mass balance for the hydrodistillation apparatus:

(a)     the pressure and temperature are constant in the apparatus;

(b)     the vapour condensation occurs only in the condenser;

(c)     the aromatic water is saturated by the hydrosoluble compounds of the essential oil;

(d)     the mass of water vapour in the flask, the connecting tube and the condenser and the mass of water in the condenser, the connected tube and the separator are much smaller than the mass of water in the flask;

(e)     the suspension in the flask is perfectly mixed; and

(f)     the flow of the vapour phase through the flask, the connecting tube and the condenser and the flow of the water condensate through the condenser, the separator and the connecting tube are plug flow.

2.5.2      Ana et al. (2007) method

In this study, the solid-liquid extraction kinetics proposed by Ana et al.10 was investigated, as shown in Equation 6:
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where C(t) is the weight of essential oil produced at time t, t is the extraction time in hours, Co is the initial weight of essential oil at time t=0, K1 is the extraction rate constant, and K2 is the extraction capacity constant. Since Co in all experimental runs was assumed to be zero, Equation 7 was used in the final form as:
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The extraction rate constant K1 is related to extraction rate (Bo) at the earliest time point (t = to),
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The extraction capacity constant K2 relates to the maximum of the extraction yield, i.e., the equilibrium concentration of the extracted essential oil (Ce). When t→∞, Equation 9 gives the relations between the equilibrium concentration and the K2 constant,
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Thus, the hydrodistillation rate coefficient can be written as in Equation 10:
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2.5.3      Hervas et al. (2006) method

In addition, the kinetics mechanism proposed by Hervas et al.11 was also used to study the extraction process under equilibrium conditions, as shown in Equation 11.
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where C is the weight of essential oil produced, t is the extraction time in hours, Co the initial essential oil present, and k is the effective diffusion coefficient.

Integrating Equation 11 between the initial moment and a given point at time t gives rise to Equation 12.
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For the data analysis, Equation 12 was linearised, as shown in Equation 13.
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2.5         Model Validation

Model validation is possibly the most important step in the model building sequence.12 In the present study, the simulation of the extraction kinetics of essential oil from Z. cassumunar was performed using an ordinary differential method with Polymath Computer Software Version 6.1. The ordinary differential equation was solved with the Runge-Kutta Fehlberg algorithm. The profiles from the simulation of the models and experimental data were subsequently evaluated using the mean square error (MSE) in which the calculated sum of squares errors divided by the length of the actual data period is shown in Equation 14.13

[image: art]

where fi, yi and nt are the model data, experimental data and the length of the actual data period, respectively.

3.           RESULTS AND DISCUSSION

3.1         Optimisation of Essential Oil Yield using RSM

A central composite design was used to develop a correlation between the extraction time, hydrodistillation rate and solid-to-solvent ratio to improve the essential oil yield. With multiple regression analysis, the polynomial equation with the coefficients of the full regression model equation and their statistical significance were determined and evaluated using Design Expert 6.0.6 software. The final model for essential oil produced in terms of coded values is presented in Equation 15. Based on this equation, the positive sign in front of the terms indicates a synergistic effect, while the negative sign indicates an antagonistic effect.7
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where A, B, and C were coded values of the tested variables for extraction time, hydrodistillation rate and solid-to-solvent ratio, respectively. Table 2 presents the variations in the corresponding coded values of three parameters and the response based on experimental runs and predicted values proposed by the CCD design. The experimental essential oil produced from Z. cassumunar was in the range of 4.13 g to 6.82 g. The ANOVA for this model presented in Table 3 was significant (P < 0.0005) with a model F-value of 10.66.


Table 2:    The coded variables, yield (experimental and predictive) and residuals for each run.
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Table 3 shows that the solid-to-solvent ratio (C) was highly significant compared with the extraction time (A) and the hydrodistillation rate (B). Although the extraction time and hydrodistillation were not significant terms, they cannot be eliminated if a hierarchical model is to be maintained. In contrast, (A2) and (C2) were much more significant compared to (B2). The coefficient of variance (CV) is the ratio of the standard error of the estimate to the mean value of the observed response and is considered reproducible once it is not greater than 10%. In this work, the CV obtained was 7.13%. The “Adeq Precision” value measures the signal-to-noise ratio. A ratio greater than 4 is desirable. From this experiment, a ratio of 9.908 was observed, which indicates an adequate signal. This model can be used to navigate the design space.


*Table 3:    Analysis of variance (ANOVA) for the regression model of essential oil produced.
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The optimal condition with the highest yield of essential oil was chosen from a predicted condition proposed by the CCD design with the real model presented as:
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Table 2 also shows that the predicted optimum conditions for production of essential oil are 6.64 g, a hydrodistillation rate of 78 ml/hr, an extraction time of 4 hr and a solid-to-solvent ratio of 3:150.

Figure 1 represents the 3D plot of the extraction yield of essential oil based on interactions between the variables within the studied parameter ranges. As shown in Figure 1 [(a) and (b)], the extraction yield increased with increases in the extraction time of up to 4 hr. Beyond this point, the extraction yield remains constant or drops steadily. Similar findings have been reported by Enujiugha and Akanbi14 using African bean oil seeds. Concurrently, the solid-to-solvent ratio factor also demonstrated the same trend as the previously described factors: the yield increased to a certain point (≈ 0.03 g solid/ml solvent) and subsequently started to drop when the ratio was further increased. As far as the essential oil present in the mixture is concerned, increasing the quantity of solvent will increase the concentration gradient of the interface between Z. cassumunar particles and the solvent (water). However, when all of the solute inside Z. cassumunar particles has been extracted, the quantity of solvent no longer changed the yield of the essential oil. This finding is in agreement with the study performed by Li et al.,15 who studied essential oil extraction from Cuminum cyminum. However, as observed from Figure 1 [(a) and (c)], the higher the hydrodistillation rate, the higher the production of essential oil. At a low hydrodistillation rate, the solvent had a higher residence time that was sufficient to allow penetration into the particles and that dissolved the solute from the tested plant species. At a higher hydrodistillation rate, the temperature became high, and the residence time decreased. Additionally, the higher temperature caused a decrease in viscosity and an increase in the diffusivity of solvent through the particles.15 Therefore, this effect led to higher essential oil production.
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Figure 1:    Response surface 3D and contour plot for the production of essential oil based on (a) effect of time and hydrodistillation rate, (b) effect of time and solid to solvent ratio, and (c) effect of hyfrodistillation rate and solid to solvent ratio.



3.2         Optimum Range of the Parameters

A Design-expert plot illustrated the interaction between the three selected factors corresponding to the production of essential oil. The optimal conditions to obtain the maximal extraction (6.64 g) were a 4-hr extraction time, a hydrodistillation rate of 78 ml/hr and a solid-to-solvent ratio of 3 g:150 ml.


3.3         Verification Experiment

To validate the adequacy of the model, five sets of experiments were repeated randomly at optimum conditions to obtain a maximum production of essential oil. As shown in Table 4, the error between the experimental and predicted value was in the range of −0.33 to 0.45. An experimental error of less than 1% indicated that the proposed model is adequate for obtaining an optimal value in the range of studied parameters.


Table 4:    Validation of the data and model constructed.



	Run
	Essential oil produced (g)
	Error (%)



	Experimental result
	Predicted result



	1
	6.43
	6.64
	−0.21



	2
	7.09
	6.64
	0.45



	3
	7.02
	6.64
	0.38



	4
	6.31
	6.64
	−0.33



	5
	6.80
	6.64
	0.16




3.4         GC-MS Analysis

The interpretation of the mass spectra obtained by the GC-MS method was conducted using the database of the National Institute of Standards and Technology (NIST). The spectrum of unknown components from the sample was compared with the spectrum of the known components stored in the NIST library version 2.0. In this study, 3-cyclohexen-1-ol,4-methyl-1-(1-methylethyl), and terpinen-4-ol was found in the rhizome of Z. cassumunar, which is in agreement with the research performed by Bhuiyan et al.6 This chemical constituent played an important role in the antimicrobial activities of the essential oil.6

3.5         Kinetics of Essential Oil Extraction

3.5.1      Milojevi et al. (2008) method

Generally, kinetics parameter k increased with an increase in the hydrodistillation rate, whereas the kinetics parameter b showed a slightly decreasing pattern when the hydrodistillation rate was increased. The relationships of the kinetics parameters are as follows:
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where HR is the hydrodistillation rate, k is the slow distillation coefficient and b is the fast distillation coefficient.

The relationships between HR, k and b are obtained using the best-fit equation, as shown in Figure 2 [(a) and (b)]. By comparing these two graphs, it can be observed that the hydrodistillation rate affected the fast distillation coefficient much more than the slow distillation coefficient. These results implied that an increase in the energy input to the system contributed more effectively to the fast oil distillation as compared to the slow oil diffusion. This is due to the fact that the fast oil distillation is involved in the diffusion of solute (essential oil) from the external part to the outer part of the Z. cassumunar rhizome particles. On the other hand, the slow oil distillation rate is involved in the diffusion from the internal part of the plant particle to the external part and subsequently to the outer part of the particles.
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Figure 2:    Kinetic parameter profile (a) b values and (b) k value for different hydrodistillation rate.



To determine that the proposed mathematical model is consistent with the experimental data, the profiles were plotted, as shown in Figure 3, and the MSE values were compared. The results showed that the experimental data fit well with the proposed mathematical model with lower MSE values determined to be less than 10% (Table 5), implying that the proposed kinetics model is valid in this experiment.
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Figure 3.    Validation of simulated value and experimental data of the extraction profile using Milojelvi et al. method.



Table 5:    The production of essential oil, extraction kinetic parameter (k and b) and error analysis for the solid-liquid extraction by Milojelvi et al. method.



	Hydrodistillation rate (ml/hr)
	Essential oil produced (g)
	k (hr−1)
	b
	MSE (%)



	20
	2.14
	0.013
	0.328
	1.98



	45
	4.32
	0.070
	0.305
	7.15



	70
	6.07
	0.071
	0.200
	6.83




3.5.2      Ana et al. (2007) method

Table 6 showed the production of essential oil, the extraction constant and the coefficient (K1, K2 and k) for the solid-liquid extraction using the method described by Ana et al.10 These results showed that the hydrodistillation rate was greatly influenced by the extraction kinetics of essential oil from the Z. cassumunar species. The values of the extraction rate constant (K1) and the constant of extraction extent (K2) showed a tendency to decrease with the increase in the hydrodistillation rate.


Table 6:    The production of essential oil, extraction constant and coefficient (K1, K2 and k) and error analysis for the solid-liquid extraction by Ana et al. method.
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Figure 4 shows the validation of simulated values and experimental data for the extraction profiles of essential oil from Z. cassumunar at different hydrodistillation rates. The kinetics model predicted the experimental data fairly well. By comparing the MSE values from Tables 5 and 6, it can be concluded that the Ana et al.10 values were lower than those of Milojelvi et al.8 Hence, it can be concluded that the kinetics model described by Ana et al.10 could be used for the extraction process with a wide range of hydrodistillation rates. Meanwhile, the latter method was suitable for the extraction process with a lower hydrodistillation rate (20 ml/hr), as it can be described in the fast and slow stages.
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Figure 4:    Validation of simulated value and experimental data of the extraction profile using Ana et al. method.



3.5.3      Hervas et al. (2006) method

Table 7 presents the extraction kinetics data obtained for the solid-liquid extraction using the Hervas et al.11 method. The fit of the kinetics model proposed by Hervas et al.11 yields k values of 0.144 hr−1, 0.428 hr−1 and 1.391 hr−1 at hydrodistillation rates of 20 ml/hr, 45 ml/hr and 70 ml/hr, respectively. In this case, the MSE values obtained at hydrodistillation rates of 20 ml/hr and 45 ml/hr were greater than 10%, whereas for the high distillation rate (70 ml/hr), the MSE value of 2.16% was observed. This result indicated that the proposed kinetics model was suitable at higher distillation rates of the extraction process, and Figure 5 summarises the experimental behaviour of the essential oil produced in the extraction liquid.
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Figure 5:    Validation of simulated value and experimental data of the extraction profile using Hervas et al. method.



4.           CONCLUSION

Extraction of essential oil from the rhizome of Z. cassumunar was studied using the hydrodistillation method. Three important parameters were considered during this hydrodistillation process: time of extraction, hydrodistillation rate and solid-to-solvent ratio. The optimum parameters were then obtained using response surface methodology to obtain the maximum yield of oil of 6.64 g/g for a 4-hr extraction time, a 78-ml/hr hydrodistillation rate and a 3:150 solid-to-solvent ratio, respectively. The experimental data were found to fit well with the model described by Milojevi et al.8 and Ana et al.10 with MSE values lower than 10%. In this study, the mathematical model proposed by Milojevi et al.8 was suitable for a lower hydrodistillation rate (20 ml/hr), as the extraction process consists of two phases (i.e., fast and slow stages). The model proposed by Hervas et al.11 was valid only under a high distillation rate condition (70 ml/hr). In contrast, the Ana et al.10 method could be used to describe the hydrodistillation process at all rates ranging from 20 to 70 ml/hr, showing that the extraction of essential oil from the Zingiberaceae species Z. cassumunar greatly depends on the hydrodistillation rate.
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Abstract: Four compounds were isolated from the pet-ether and carbon tetrachloride soluble fractions of a methanol extract of seeds of Syzygium cumini. The structures of the isolated compounds were elucidated as 7-hydroxycalamenene (1), methyl-β-orsellinate (2), β-sitosterol (3) and oleanolic acid (4) through extensive spectroscopic studies, including high-field NMR analyses. This report appears to be the first to identify 7-hydroxycalamenene (1) in S. cumini and the Myrtaceae family, although it has been reported in cultured cells of the liverwort Heteroscyphus planus. This is also the first report of the isolation of compounds 2-4 from this plant species.
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1.           INTRODUCTION

Syzygium cumini L. (Bengali name - Jam; Family - Myrtaceae) is a large evergreen tree, reaching approximately 30 m in height, and is found throughout the Indian subcontinent.1 S. cumini is a medicinal plant, various parts of which have been pharmacologically proven to possess hypoglycaemic, antibacterial and anti-HIV activities. The bark of the tree is employed in folk medicine for treatment of inflammation.2

Previously, flavonol glycosides have been isolated from the roots of this plant.3,4 Acylated flavonol glycosides, including mearnsetin (3-O-(4″-O-acetyl)-α-L-rhamnopyranoside) and myricetin (3-O-(4″-O-acetyl-2″-O-galloyl)-α-L-rhamnopyranoside), have been isolated from the leaves of S. cumini.5 The seeds of the tree have also been reported as a rich source of polyphenols, gallic acid and ellagic acid derivatives, corillagin and related ellagitannins, 3,6-hexahydroxydiphenoyl-glucose, 4,6-hexahydroxydiphenoyl-glucose, 1-galloyl glucose, 3-galloyl glucose and quercetin.6 This paper is a phytochemical study of other secondary metabolites of the seeds of S. cumini.


2.           EXPERIMENTAL

2.1         General Experimental Procedures

The 1H NMR spectra were recorded with a Bruker AMX-400 (400 MHz) instrument and the 13C NMR spectra were obtained with the same instrument at 125 MHz in CDCl3. The δ values for the 1H and 13C data were referenced to the residual nondeuterated solvent signals.

2.2         Plant Material

The seeds of S. cumini were collected from a local market in Dhaka in March 2008. A voucher specimen for this collection has been maintained in the Bangladesh National Herbarium, Dhaka, Bangladesh (accession no. DACB-32926).

2.3         Extraction and Isolation

The powdered seed (1,000 g) was soaked in 2.0 l of methanol for 7 days and then filtered through a cotton plug followed by Whatman filter paper number 1. The extract was concentrated with a rotary evaporator, and a portion (5 g) of the concentrated methanol extract was fractionated with the modified Kupchan partitioning protocol7 into pet-ether (0.55 g), carbon tetrachloride (0.65 g), dichloromethane (0.50 g) and aqueous (2.4 g) soluble materials.

The pet-ether and carbon tetrachloride soluble fractions were separately chromatographed over silica gel (Kiesel gel 60H, mesh 70–230), and the columns were eluted with pet-ether followed by mixtures of pet-ether and ethyl acetate in order of increasing polarities. Compound 1 was isolated as a yellowish amorphous mass from the column fractions of the pet-ether soluble materials eluted with 10% ethyl acetate pet-ether. Fractions eluted with 15–20% ethyl acetate in pet-ether, upon re-chromatography over silica gel (PF254), provided compounds methyl-β-orsellinate (2) and β-sitosterol (3). A similar column chromatographic separation of the carbon tetrachloride soluble materials eluted with 30% ethyl acetate in pet-ether yielded compound 4.

2.4         Compounds Isolated

7-Hydroxycalamenene (1) (5 mg, 0.009% yield): yellowish and amorphous; MS m/z: 219.1 [M+], C15H22O; 1H NMR (400 MHz, CDCl3): δ 6.93 (1H, s, H-5), 6.64 (1H, s, H-8), 2.75 (1H, m, H-1), 2.66 (1H, m, H-4), 2.20 (3H, s, H3-15), 1.96 (1H, m, H-2β), 1.82 (1H, m, H-3α), 1.58 (1H, m, H-3β), 1.33 (1H, m, H-2α), 1.23 (3H, d, J = 6.8 Hz, H3-14), 0.97 (3H, d, J = 6.8 Hz, H3-13), and 0.70 (3H, d, J = 6.8 Hz, H3-12). 13C NMR spectroscopic data (125 MHz, 400 MHz, CDCl3): δ 32.62 (C-1), 30.82 (C-2), 21.59 (C-3), 43.08 (C-4), 130.50 (C-5), 120.56 (C-6), 151.37 (C-7), 113.01 (C-8), 142.32 (C-9), 132.24 (C-10), 31.86 (C-11), 17.23 (C-12), 21.19 (C-13), 22.24 (C-14) and 15.51 (C-15).

Methyl-β-orsellinate (2) (5 mg, 0.009% yield): white amorphous powder; 1H NMR (400 MHz, CDCl3): δ 12.94 (1H, s, OH-2), 6.01 (1H, s, H-5), 4.21 (1H, s, OH-4), 3.64 (3H, s, -COOCH3 ), 2.22 (3H, s, H3-6), ) and 2.15 (3H, s, H3-3).

β-sitosterol (3) (10 mg, 0.018% yield): colourless crystals; 1H NMR (400 MHz, CDCl3): δ 5.34 (1H, d, J = 5.2 Hz, H-6), 3.51 (1H, m, H-3), 1.0 (3H, s, H3- 19), 0.92 (3H, d, J = 6.4 Hz, H3-21), 0.85 (3H, d, J = 7.0 Hz, H3-29), 0.83 (3H, d, J = 7.0 Hz, H3-26), 0.81 (3H, d, J = 7.0 Hz, H3-27) and 0.67 (3H, s, H3-18).

Oleanolic acid (4) (6 mg, 0.009% yield): amorphous white powder; 1H NMR (400 MHz, CDCl3): δ 5.29 (1H, t, J = 6.4 Hz, H-12), 3.20 (1H, dd, J =10.8, 4.4 Hz, H-3), 2.83 (1H, dd, J =13.6, 4.4 Hz, H-18), 1.13 (3H, s, H3-21), 0.98 (3H, s, H3-23), 0.91 (3H, s, H3-30), 0.90 (3H, s, H3-25, 29), 0.77 (3H, s, H3-26) and 0.76 (3H, s, H3-24).

3.           RESULTS AND DISCUSSION

A total of four compounds were isolated from the pet-ether and carbon tetrachloride soluble fractions of a methanol extract of seeds of S. cumini through repeated chromatographic separation and purification over silica gel. The structures of the isolated compounds were solved through mass and extensive NMR data analyses.

The 1H NMR spectrum of compound 1 revealed the presence of a three-proton singlet at δ 2.20 for a methyl group on an aromatic ring, two doublets (J = 6.8) each of three-proton intensity at δ 0.70 and at δ 0.97 for an isopropyl group, another methyl group at δ 1.23 (3H d, J = 6.8) and two isolated aromatic singlets at δ 6.64 and 6.93 (each 1H s). The methyl group resonances at δ 0.70, 0.97, 1.23, and 2.20 were attributed to H3-12, H3-13, H3-14 and H3-15 (Me2-11, Me-1 and Me-6), respectively. The 1H NMR spectrum also displayed a broad singlet at δ 4.49, which suggested the presence of an aromatic hydroxyl group.

The 13C NMR spectrum of compound 1 displayed fifteen carbon resonances, confirming its sesquiterpene nature. Thus, it showed signals for four methyls (δ 0.70, 0.97, 1.23, and 2.20), two aliphatic methylenes (δ 1.33, 1.96, 1.82 and 1.58), two aromatic methines (δ 6.64, 6.93) and four quaternary carbons. The assignments of the 13C NMR chemical shifts were performed through comparison with literature values.8
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On this basis, compound 1 was characterised as 7-hydroxycalamenene, the identity of which was further confirmed through the comparison of its spectral data with published values.8 This is the first report of its occurrence in S. cumini and the Myrtaceae family, although it has previously been found in cultured cells of the liverwort Heteroscyphus planus.8

The 1H NMR spectrum of compound 2 revealed a one-proton singlet at δ 6.01 assignable to the aromatic proton H-5 and a three-proton singlet at δ 3.64, which was characteristic of a carboxy methyl (−COOCH3) group. The resonances at δ 4.21 and δ 12.94 were indicative of two OH groups. The downfield shift at δ 12.94 for one of the OH group functionalities suggested intramolecular hydrogen bonding; therefore, it must be adjacent to a carbonyl group. The 1H NMR spectrum further showed two three-proton singlets at δ 2.22 and 2.15 attributable to the methyl groups at C-6 and C-3 of the aromatic ring, respectively. Thus, this compound was identified as methyl-β-orsellinate (2). Its identity was further substantiated through the comparison with published data.9

Compounds 3 and 4 were readily characterised as β-sitosterol and oleanolic acid through direct comparison of their 1H NMR spectra with those previously acquired in our laboratory samples and with co-TLC with authentic samples.


4.           CONCLUSION

Phytochemical investigatons of the crude methanol extract of S. cumini led to the isolation of four metabolite: 7-hydroxycalamenene (1), methyl-β-orsellinate (2), β-sitosterol (3) and oleanolic acid (4). Further biological study is required to explore their potential therapeutic activities.
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Abstract: The absorption spectra of styrene-butadiene in toluene at varying concentrations (0.1–0.6 wt%) were studied, and a theoretical model for these spectra was estimated. A blue shift towards a shorter wavelength of approximately 31.64 nm was observed as the concentration was increased. A theoretical model of the effect of concentration on the absorption spectra of styrene-butadiene in toluene was estimated utilising the “Table Curve 2D, version 5.01” program. This theoretical model was then applied to the test concentration of 0.45 wt% styrene-butadiene in toluene, which had not been measured experimentally. A good agreement for the wavelength values and appearance of the overall spectra was observed between the experimental and predicted spectra.
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1.           INTRODUCTION

In recent years, the polymer industry has been interested in improving the cost-effectiveness of techniques that convert waste and used rubber into a form that can be processed.1–4 One general-purpose synthetic rubber is the copolymer of styrene and butadiene. A great quantity of styrene-butadiene rubber (SBR) is utilised in automobile and truck tires, generally as an abrasion-resistant replacement for natural rubber (produced from polyisoprene). SBR is a mixture of approximately 75% butadiene (CH2=CH-CH=CH2) and 25% styrene (CH2=CHC6H5). In most cases, these two compounds are copolymerised (their single-unit molecules are linked to form long, multiple-unit molecules) through an emulsion process in which a soap-like surfactant disperses, or emulsifies, the materials in an aqueous solution.5

Styrene-butadiene is the most widely used synthetic rubber in the world. Tires manufactured with styrene-butadiene show better tread–wear and aging properties than natural rubber, as well as good aberration and crack-initiation resistance. However, they have poor tack and heat build-up properties. Their physical properties are also poor in the absence of reinforcing fillers. The major applications are tires (~15%), shoes and other footwear, mechanical goods, sponge and foam products, waterproof materials, belting and adhesives.6

Feller et al.7 studied the sensitivity of polystyrene/carbon black conductivity in toluene and other solvents. Rubber materials generally behave as electrical insulators, so most reports concern the conductivity of rubber.8,9

The present work clarifies the effect of the concentration of styrene-butadiene solutions in toluene on the absorption spectrum and estimates a theoretical model for these effects.

2.           EXPERIMENTAL

Particular weights of styrene–butadiene were dissolved in toluene, and a magnetic stirrer was used to dissolve the polymer quickly. The concentrations were chosen to be 0.2–0.6 wt%. The absorption spectra were recorded with a UV-160/visible recording spectrophotometer.

The estimated theoretical model was obtained by taking a curve fitting for all of the absorption spectra and determining the best fit equation with “Table Curve 2D, version 5.01” software.

3.           RESULTS AND DISCUSSIONS

Our results are divided into experimental and theoretical parts as below.

3.1         Experimental Part

The absorption spectra for styrene-butadiene at different concentrations in toluene (0.2–0.6 wt%) are shown in Figures 1 and 2. A blue shift towards shorter wavelengths (lower energies) is observed. This result is clearly shown in Figure 3; the absorbance wavelength was 328.67 nm at C = 0.2 wt% and deceased to 297.03 nm at C = 0.6 wt%. The increased concentration results in a 31.64 nm shift in the absorption wavelength towards a shorter wavelength.
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Figure 1:    The absorption spectra of styrene-butadiene in toluene at varying concentrations (0.2, 0.3, 0.4 wt%).
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Figure 2:    The absorption spectra of styrene butadiene in toluene at concentrations of 0.5 and 0.6 wt%.
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Figure 3:    The relationship between absorption wavelength and concentration.



The best fit equation for this curve (Figure 3) is shown below.
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This equation indicates that increasing the concentration of styrene-butadiene leads to a decrease in the absorption wavelength. The broadening of the absorption bands occurs due to fluctuations in the structure of the solvation shell around a solute. This effect is called inhomogeneous broadening; it supersedes homogeneous broadening because of the existence of a continuous set of vibrational sublevels. In addition, shifts in the absorption bands can be stimulated by altering the nature or composition of the solvent. These solvatochromic shifts are evidence of the changes in solvation energy. In an instance during which a solute is surrounded by solvent molecules, its ground and excited states are either more or less stabilised by solute–solvent interactions. The chemical nature of both the solute and solvent molecules will influence this interaction. Solute–solvent interactions are usually described as Van der Waals interactions or possibly as more specific interactions such as hydrogen bonding.10

3.2         Theoretical Part

To estimate a theoretical model for the effect of concentration on the absorption spectra of styrene-butadiene in toluene, we must initially match the shift of the absorption curves for concentrations of 0.3–0.6 wt% with the absorption wavelength at 628.67 nm for the 0.2 wt% concentration (Figure 4) and subsequently take the fitting curves for these spectra as illustrated in Figures 5 to 8.
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Figure 4:    Fitting curve for the absorption spectrum at C = 0.2 wt%.
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Figure 5:    Fitting curve for the absorption spectrum at C = 0.3 wt%.
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Figure 6:    Fitting curve for the absorption spectrum at C = 0.4 wt%.
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Figure 7:    Fitting curve for the absorption spectrum at C = 0.5 wt%.
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Figure 8:    Fitting curve for the absorption spectrum at C = 0.6 wt%.



The best fit equation is
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where x describes the wavelength of absorption band, y represents the absorbance, and the value of the parameters a, b, c, and d are given in Table 1 for each concentration.


Table 1:    The values of the parameters of the theoretical equation.
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The correlation factor between the experimental and theoretical curves is represented by r2. Each parameter was plotted against the concentration as shown in Figures 9 to 12. The best fit equations are shown above each curve.
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Figure 9:    The relationship between parameter a and the concentration.
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Figure 10:  The relation between b-parameter and concentration.
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Figure 11:  The relationship between parameter c and the concentration.
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Figure 12:  The relation between parameter d and the concentration.



Table 2:    The values of the parameters of the best fit equations for the parameters of the theoretical equations.



	Parameter
	a-parameter
	b-parameter
	c-parameter
	d-parameter



	a1
	0.666444581
	–0.39056765
	0.012948422
	0.021301661



	b1
	1.912098285
	0.279205179
	–0.23057938
	0.057849515



	c1
	–0.58639590
	0.057578947
	0.05238346
	–0.09717187



	d1
	0.252432522
	–0.02424243
	–0.00649381
	–0.00968536



The estimated equation for the theoretical model of the absorption spectrum was calculated for the test concentration of 0.45 wt% of styrene-butadiene and is shown below.
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The estimated theoretical absorption spectrum is illustrated in Figure 13. We concluded that the behaviour of the theoretical spectrum is similar to the experimental spectra, and the maximum theoretical absorption wavelength is 311.83 nm. This model allows us to plot the absorption spectrum for any concentration ratio of styrene-butadiene to toluene that has not been experimentally taken.
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Figure 13:  Theoretical absorption spectrum of styrene-butadiene in toluene at test concentration of 0.45 wt%.



4.           CONCLUSION

An estimated theoretical model for the absorption spectrum of styrene-butadiene in toluene was investigated. The experimental and theoretical absorption spectra are in good agreement. The estimated theoretical equation is shown below.
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This model allows us to plot an absorption spectrum for styrene-butadiene in toluene at a concentration that has not been tested experimentally.
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