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Abstract

The possibility to use sea sand in Koh Poda, Krabi Province as raw material for fabricating synthetic glass
jewelry was conducted in cooperation between municipal administration of Krabi and Glass Technology
Excellent Center (GTEQ), Faculty of Science, Ubon Ratchthani university. Firstly, composition analysis by EDS
technique showed that the main constituent of Krabi sand was silica with the existence of low alumina
impurity. This low impurity sand was then used to fabricate green emerald glass in system of (52-x)KS-17Na,O-
4AL,O3-6Ca0-7K,0-xCr,0s, where KS stands for Krabi sand and x = 0.00, 0.10, 0.30, 0.50 and 0.70 wt%. The
Cr,03 was added as a green-coloring agent and its effects on glass properties were evaluated. Many properties
of the glass samples were then studied. The glass samples showed that an addition of Cr,03 turned white
clear glass to emerald green color and with increasing Cr,O3 content, the green color became darker. The
density and molar volume of the glass sample were found to varied with Cr,0O3 content. The reflection index
of the glass sample was found to be 9-20% lower than that of natural emerald jewelry. Absorption spectra
of the glass samples was used to calculate their band gaps and it was found to reduce from 2.66 to 2.31 eV
with increasing Cr,Os; content. By means of these calculated band gap, the glass samples were insulator. By
using ultrasonic technique, a decrease of longitudinal modulus with increasing Cr,O3 content was observed.
On the other hand, their Vicker hardness varied with Cr,O5 content. The changes of glass properties could be
explained by a breakdown of the network structure due to a substitution of larger and heavier chromium
ions for silicon-network forming ions. The results report here show that Krabi sand can be used as raw material
for fabricating green glass that look like natural emerald jewelry. Moreover, this glass system can be a

potential material for making glass beads.

Keywords: Emerald green glass, ancient glass beads, elastic moduli, optical properties

Cite this article:
Jaiboon, C., Pencharee, S., Srakaew, N., Laopaiboon, J. and Laopaiboon, R. (2021). Fabrication of emerald

green glass from Krabi sand. Journal of Science and Science Education, 4(1), 1-10.

Copyright by Faculty of Science, Ubon Ratchathani University




15T INMaNTUaL N IansANyY) U9 4 1audl 1 (u.A. - d.8. 2564) | 3

Introduction

Glass is one type of ceramic materials that exhibits many outstanding properties such as
transparency, transmission of light and water proofing. Therefore, it has been widely used in many
applications. In former times, ancient human used the natural glass to make hunting weapons. Later, glass
had become widespread in household and decorative applications as many ancient glass beads were found
around the world. This indicates that human had acquired knowledge on glass making since ancient time. In
Thailand, a historical evidence of ancient glass melting furnace and many antique beads were found in
Amphoe Klong Tom, Krabi Province in southern part of Thailand. Therefore, municipal administration of Krabi
had an idea to duplicate ancient beads as a means of preserving them. Glass technology excellent center
(GTEQ) at Physics department, Faculty of sciences, Ubon Ratchatani University, established in 2006, made a
research on the use of local river sand in Ubonratchatani Province such as Mun River sand, Mekong River
sand and Chi River sand in manufacturing of colored glass. GTEC also has studied on ancient Andaman glass-
making process by a grant from national research council of Thailand. Currently, GTEC has passed on this
knowledge to municipal administration of Krabi. With cooperation between GTEC and municipal
administration of Krabi, our research studied the properties of emerald green glass made from sea sand in
Krabi Province. The glass in system (52-x)KS-17NazO-4A,03-6Ca0-7K,0-XCr,03, where KS stands for Krabi sand
and x = 0.00, 0.10, 0.30, 0.50 and 0.70 wt% were prepared by melted quenching technique. In order to
obtain emerald green color, Cr,05 were also added as coloring-agent. Effect of Cr,Os content on many
properties of emerald green glass was evaluated such as coloring, density, refractive index, elastic modulus,

and hardness. This emerald green glass from Krabi sand was then used in fabrication of antiques glass beads.

Objective

In this research various tests were carried out to consider the effect of Cr,Os content on properties
of emerald green glass made from Krabi sand, which is sea sand from Koh Poda, Khao Phanom district, Krabi
Province in southern part of Thailand. Eventually, fabricated glasses from this research was used for making

ancient glass beads.

Materials and Methods
(1) Elemental analysis of the sea sand
National Metal and Materials Technology Center (MTEC) of Thailand conducted an elemental analysis
of Krabi sand using Energy-dispersive X-ray fluorescence technique. Prior to this analysis, the sand was washed
and dried in oven at 100°C for 4h.
(2) Preparation of Glass sample
Glass samples in system of (52-x)KS- 17Naz0- 4AlL,0s- 6Ca0- 7K,O- XCr,0s, where KS stands for Krabi
sand and x = 0.00, 0.10, 0.30, 0.50 and 0.70 wt% were prepared by melted quenching technique. Good purity
grade NayO, Al,Os, CaO and KO were added to lower the melting point and viscosity of the glass, as well as
to modify the glass properties. Green color of the glass was achieved by adding Cr,Os. All chemicals were
mixed thoroughly and melted in alumina crucible with electric furnace at around 1250 °C for 4 h. The melt
was poured into warmed stainless-steel molds and annealed in another furnace at around 550 °C for 2 h. It
was naturally cooled to room temperature to remove its thermal stress. After that, properties of prepared
glass samples according to amount of added Cr,03 were investigated.
(3) Density and Molar volume
Density (p) of glass samples was obtained using Archimedes’ principle and calculated by using the

following relation (Gaafar and Marzonk, 2007):

P =P (Waw—/‘:/vb) W)
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where p; is the density of n-hexane. W, and W), are weight of glass samples, using an electronic
balance with sensitivity of 0.0001 g, in air and n-hexane, respectively. The experiments were repeated 3 times
for more accurate value. The estimated errors in these measuring were approximately 0.0001 g/cm”.

Molar volume (V) of glass, which can be defined as the volume occupied by the unit mass of the
glass, was obtained by following equation (Laopaiboon et al., 2011):

My,
Ve="r 2

where M,, is the molar mass of the glass samples.
(4) Refractive index
The refractive index of glass samples with different content of Cr,Os has been measured using
refractometer (Abbe Refractometer, ATAGO) with an accuracy of +0.0002.
(5) Ultrasonic velocities and longitudinal modulus
Measurement of longitudinal ultrasonic velocity in the prepared glass samples was conducted by
using an ultrasonic flaw detector, (SONATEST Sitescan 230). The ultrasonic waves were originated from a
ceramic transducer (Probe model: SLG4-10 for longitudinal velocity) with a resonant frequency of 4 MHz. This
transducer can be used as a transmitter and a receiver at the same time. This technique was calibrated with
calibration block V1 and Ultragel Il (MAGNAFLUX) as couplant. The longitudinal ultrasonic velocity (v;) was
estimated by the following equation (El-Mallawany El-Khoshkhany and Afifi, 2006; Marzouk and Gaafar, 2007):

v, = % (3)
where At is the time interval (s), x is the samples thickness (cm). The measurements were repeated 3 times
for more accuracy. Then, the longitudinal modulus (L) was estimated using the following equations (Afifi and
Marzonk, 2003):

L=v,%p (4)

(6) Optical Absorption measurement

Optical absorption measurements are widely used to characterize the electronic properties of
materials, through the determination of parameters describing the electronic transitions such as band gap.
The optical absorption measurement of glass samples was carried out on Perkin Elmer lambda-25 UV/Vis
spectrometer system, in the wavelength range 200 nm to 800 nm. As the optical absorption relates to the
optical transition of the electrons from valence band to conduction band, band gap of the prepared glass
samples was also evaluated using this UV-Vis study. The band gap values for glass samples were estimated
based on the following equation:

(ahv)™ = C(hv — Eg) (5)
where a is the optical absorption coefficient, Eg is optical band gap of the glass samples and C is a constant.
The parameter m depends on the characteristics of the band gap as m = 2 for direct band gap and m = 1/2
for indirect band gap. From the equation (5), the direct and indirect band gap of the glass samples can be
obtained by the plots of variation of (ahv)? versus photon energy (hv) and (ahv)l/2 versus photon energy
(hv), respectively. Band gap could be evaluated using the extrapolation of the linear section of the plot. The
intercept on hv-axis, where (ahv)? = 0 or (ahv)/? = 0, gives the value of band gap energy. In order to
determine category of optical band gap (direct or indirect) of our glass samples, R-squared value of the linear
extrapolation must be considered (Srinivasa Reddy Murali Krishna Veeraiah, 2006; Novatski et al., 2008,

Chauhan, 2015; Govindasamy Murungasen and Sagadevan, 2017;)
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(7) Vicker micro-hardness
For Vickers microhardness measurements, indentations were made on the glass using indentation loads
of 9.8 N. Then Indentation diagonal lengths (d,.d,) in meter were measured for each impressions. Vickers

micro-hardness was calculated using the following equation:

. (6
_F _ ZFSln(;) _ 1.854F
HV = Area d? e ©)
where HV is the Vickers microhardness in Pascal, F is the applied load in Newton, and d = %.

Results and Discussion
(1) Elemental Analysis of Krabi sand
The Krabi sand was collected from Koh Poda, Krabi Province in southern part of Thailand. This sand
is almost white in color as in figure 1. The result by EDS analysis reveals silicon (49.75 wt%) and oxygen (49.46
wt%) as main component with small amount of aluminum (0.78 wt%). Therefore, the major constituent of
this sand could be Quartz (SiO2). Moreover, the significantly low amount of alumina (AlOs) appearing in the

sand insures that this sea sand is low-impurity sand which is suitable to be a raw material for glass-making

L P

- e

process.

g

=

Figure 1: Krabi Sand

(2) Coloring of prepared glass sample
Glass samples were prepared and their color was analyzed and compared. It is found that glass
sample without addition of Cr,O3 exhibits clear white. However, the addition of Cr,03 turns the glass into
transparent green color as can be seen in Table 1. With higher Cr,03 content, glass samples become darker

green tone.

Table 1: Comparison of prepared glass samples with different Cr,O3 content.

T e 00

0.0 wt% 0.1wt% 0.3 wt% 0.5 wt% 0.7 wt%

(3) Density and Molar Volume
Variation of density and molar volume of glass samples with content of Cr,Os is shown in figure 2.
The density of prepared glass samples increases with increasing content of Cr,0s. As density of Cr,Os (5.22
g/cm’) is higher than that of SiO, (2.196 g/cm?’), the increase of glass density with increasing Cr,Os content
implied the substitution of Cr,Osin the place of SiO,, which is the main structure of the glass system. Figure
2 also shows that the molar volume of glass samples without addition of Cr,0s is 14.4498 cm®/mol and with
an addition of 0.1 wt% Cr,0s, the molar volume drops to 14.3845 cm’/mol. A drop of molar volume with a

rise of density may be mainly caused by an increase of molecular weight of the glass system. However,
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further increase in content of Cr,03 leads to an increase of molar volume of the glass as well as an increase
of its density. This reveals a less compact glass structure due to partial replacement of SiO, by Cr,0s3in the
glass network. This result could be explained by the fact that ionic radius of Cr’* (0.80 A) are larger than that
of Si** (0.54 A) which are main network structure interstices. The larger Cr** ions modify the interstices and
form the larger one, leading to the increase in molar volume of the glass. Moreover, the Cr-O bond is more
ionic and as well much weaker bond than Si-O bonds. This implied the insertion of Cr’* ions in the glass
network could rupture the glass network and form non-bridging oxygen (NBOs) atoms (Venkateswara Rao and
Shashikala, 2014). Therefore, the addition of Cr;03 in the glass samples could be responsible for increasing

the number of NBOs and this leads to an expansion of the glass network.

2.5900 14.6000
°
& 2.5800 145000 £
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3 €
> L
2 25700 144000 ¢
] =}
[ =
g :
2.5600 143000 B
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------ +----- Molar volume
2.5500 14.2000

0.00 0.10 0.20 0.30 0.40 0.50 0.60 0.70
Cr,0, content (%owt)

Figure 2: Variation of density and molar volume of glass samples as a function of Cr,Os; content.

(4) Refractive index

From refractometer, glass samples with Cr,Os addition of 0.00, 0.10, 0.30, 0.50 and 0.70 wt% have
refractive indexes of 1.2119, 1.3221, 1.3377, 1.3519 and 1.3559, respectively. It can be seen in figure 3 that
the refractive index of glass increases with increasing Cr,Os content. As NBOs are more polarizable than
bridging oxygen (BOs), NBOs can cause the refractive index of the glass samples to increase significantly.
Therefore, the increase in refractive index support the formation of NBOs due to the addition of Cr,Os into
the glass system (Seo et al., 2014). Moreover, the refractive indexes of all glass samples are found to be lower
by 9-20% than that of emerald jewelry, which is in a range of 1.568 to 1.590. This could be possibly explained
by the absence of Fe;03, which is one of green coloring-agents, in Krabi sand.

1.3800

1.3400
1.3000

1.2600

Reflactive Index

1.2200
1.1800
0.00 0.10 0.20 0.30 0.40 0.50 0.60 0.70
Cr,0, content (%wt)

Figure 3: Variation of reflective index of glass samples as a function of Cr,0O3 content.

(5) longitudinal ultrasonic velocity and modulus
It is found in figure 4 that an increase in concentration of Cr,Os results in a reduction in ultrasonic

velocity in the glass samples, and consequently reduction in their longitudinal modulus from 102.19 to 89.59
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GPa. Generally, a reduction of ultrasonic velocity is related to the formation of a greater number of non-
bridging oxygens (NBOs) and consequently, the decrease in connectivity of the glass network (Gilman, 2009).
Thus, the substitution of Cr,03 to the main glass network structure break the glass network and consequently
reduce an energy transformation of oxygen, resulting in a reduction in longitudinal ultrasonic velocity and

modulus of the glass samples.

6400 105
Ultrasonic velocity ’é?
é 6300 ****** - |_ongitudinal modulus 100 &
\ %)
- 5
> 6200 2
.g 95 3
§ 6100 S
o 0 w®
T 6000 <
3 E
© 85 =
£ 5900 &
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5800 80

0.00 0.10 0.20 0.30 0.40 050 0.60 0.70
Cr,0, Content (%wt)

Figure 4: Variation of ultrasonic velocities and longitudinal modulus of the glass samples with different

Cr,03 content.

(6) Optical Absorption
Optical absorption spectra of the glass samples measured at room temperature by UV- Vis
spectrophotometer over the wavelength of 200-800 nm is shown in figure 5. For the glass sample without
the addition of Cr,Os, absorption occurs at below 350 nm and no absorption of visible light occur, therefore
it appears white or colorless. On the other hand, the color of glass sample with the addition of Cr.03 become
green since no absorption of visible light occur only at around 500-600 nm. With increasing Cr,Os content,
the absorbance increases, as the glass samples become darker green tone.
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Figure 5: UV-Vis absorption spectra of prepared glass samples

(7) Optical Band gap
The measured absorption spectra were then further used to calculate optical band gap of glass
samples. Plots of (ahv)? versus hv and (ahv)/? versus photon energy (hv) were conducted and their R-
square values were compared. From the results, R-squared value for direct transition is closer to 1 than the

indirect. Hence, it could be concluded that our glass samples could be direct band gap material. The direct
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band gap for all glass samples are obtained and shown in figure 6. As the calculated direct band gap is higher
than 2 eV, our glass samples are all insulators. The direct band gap gradually decreases from 2.69 eV to 2.31
eV, indicating a modification of band gap by addition of Cr,0s in the glass system (Hammad and Abdelghany,
2016; Govindasamy Murungasen and Sagadevan, 2017). The decrease of the band gap could be explained by
the formation of NBOs. It is known that, in the glass network, BOs are bonded to two cations, while NBOs are
bonded to only one network cation. The formation of the NBOs leads to the reduction in network connectivity
of the glass. Therefore, the increase in the Cr,Os content leads to the formation NBOs, and consequently
decreases the optical band gap of the glass (Bale et al., 2008).

2.8
27
26
25

*1 "

Band gap (eV)

...................
.........

2.3

2.2
0.00 0.10 0.20 0.30 0.40 0.50 0.60 0.70

Content of Cr,0, (%wt)

Figure 6: Direct band gap of glass samples with different content of Cr,Os

(8) Miro-Hardness Testing

Micro-hardness testing of the glass samples was carried out using Vickers micro-hardness and the
result is shown in figure 7. It can be seen that the Vickers hardness decreases abruptly from 23.18 GPa for
glass sample without addition of Cr,Os to 14.56 GPa for the glass sample with addition of 0.10 wt% Cr,Os.
However, with further increasing in addition of Cr,O3 the hardness increases slowly. The drop at the beginning
of this hardness is due to that fact that chromium ion is larger than silicon ion which is the main network
structure atom of the glass. The substitution of chromium ion for silicon leads to a breakdown of the network
structure and consequently, resulting in a loose packed structure. The drops to the lowest micro-hardness
can be supported by ultrasonic velocity in the glass samples (Gunhakoon, 2020). However, when the addition
of Cr,05 is higher than 0.10 wt%, the hardness of the glass samples increases with an increase of Cr,0s
content. This could be explained by the effect of higher densities of Cr,05 (5.22 ¢/cm’) than SiO, (2.196
g/cm’). Moreover, the correlation between micro-hardness and molar volume support the substitution of
larger radius Cr’* ions for Si**network forming ions due to partial replacement of SiO, by higher density Cr,Os

in the glass system (Laopaiboon et al., 2020).
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Figure 7: Variation of Vickers hardness of glass samples with different Cr,O3 Content.

(9) Glass bead-making testing
To test the possible use of the glass derived from Krabi sand for fabrication of ancient glass beads,
glass rods from this emerald green glass were prepared as seen in figure 8 (left). Then these emerald green
glass rods were used for making beads. During the bead-making process, the glass was heated, stretched, and
cooled, however, no crack and bubble was observed on a beaded necklace as seen in figure 8 (right).
Therefore the glass in system (52-x)KS-17NaO-4A,03-6Ca0-7K,0-XCr,03, where KS stands for Krabi Sand and
x = 0.00, 0.10, 0.30, 0.50 and 0.70 wt% can be a potential candidate for glass bead-making process.

Figure 8: (Left) emerald green glass rods from Krabi sand and (right) beaded necklace made from the emerald

green glass rods.

Conclusion

The Cr,03 green coloring agent was added to the glass system. Then, the properties of the prepared
glass samples were examined and found to varied according to Cr,0O3 content. Refractive index of the glass
samples increased while their longitudinal modulus and optical band gap decreased with increasing Cr.O3
content. These results indicate that the added Cr,O3 caused the formation of NBOs and also the decrease of
BOs in the glass network structure. The observed changes support the role of Cr,03 as network modifier. The
correlation between the results from molar volume and microhardness as well indicates a breakdown of the
network structure due to a substitution of larger and heavier chromium ions for silicon-network forming ions.

Moreover, this study shows the possible use of Krabi sand as raw material for glass bead-making process.
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Abstract

The transition metal group 10 (M = Pt, Ni) can work cooperatively with the Lewis acid (Z = B, Al) towards
heterolytic H, activation. Our density functional study showed that 1Pt(PAL), the Mes,PC(=CHPh)AL'Bu; (PAL)
ligand in combination with platinum metal, enables cooperative dihydrogen activation via T-shaped transition
state TS12_PtAl (31.6 kcal/mol), which is in accordance with the experimentally observed hydrogen activation
at 80 °C. We then explored the possibility of using boron instead of aluminum Lewis acid. Unlike 1Pt(PAL),
1Pt(PB) has no interaction between Pt—B (3.154 A). This allows more facile activation of dihydrogen substrate,
which leads to a lower energy barrier of 21.8 kcal/mol for 1Pt(PB). With the use of electropositive Niin place
of Pt, 1Ni(PB) exhibited even higher reactivity towards H, with energy barrier of 9.7 kcal/mol. While the Pt
complexes proceeded with the T-shape geometries in the formation of TS12_PtB, nickel complex bears the
tetrahedral-like transition state, TS12_NiB. The distortion-interaction analysis was performed to evaluate the
contribution that affects the height of energy barrier. Furthermore, the H, activation product was used to
perform ethylene hydrogenation. The rate determining step was achieved through the first transfer of terminal
hydrogen from 2M(PZ) to the carbon of ethylene via transition state TS23 _MZ. The energy required to proceed
ethylene hydrogenation by 1Ni(PB) was found to be most favorable among all metal complexes (26.3 kcal/mol).
The energetic profile from this computational study can be used as a guide for potential reactivity of metal

Lewis acid complexes.
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Introduction

The H; bond cleavage has been a crucial step in the transformation of dihydrogen for the application
in Hz fuel cell energy storage, hydrogenation and dehydrogenation processes (Karunananda & Mankad, 2017,
Khusnutdinova & Milstein, 2015). The H, activation can proceed through two possible pathways: (i) homolytic
cleavage involving electron donation from O-orbital of H, to an empty d-orbital of transition metal and the
back electron-donation from a filled d-orbital of metal to 0*-orbital of H, (Figure 1a) and (i) heterolytic cleavage
with the assistance of Lewis acid and/or base. While the H; activation by transition metal-free frustrated Lewis
pairs (FLPs) (Holschumacher, Bannenberg, Hrib, Jones, & Tamm, 2008; Rokob & Papai, 2013; Skara, De
Vleeschouwer, Geerlings, De Proft, & Pinter, 2017; Spies et al., 2007; Welch, Juan, Masuda, & Stephan, 2006;
Welch & Stephan, 2007) (Figure 1b) and by cooperative metal-Lewis base (M-LB) (Figure 1c) have been widely
studied (Morris, 2015; Noyori, Yamakawa, & Hashiguchi, 2001), the H, activation by metal-Lewis acid (M-LA)
complexes still remains a challenge (Tsoureas, Kuo, Haddow, & Owen, 2011; Zeng & Sakaki, 2013) (Figure 1d).

The heterolytic H-H bond cleavage by transition metal with the assistance of Lewis acid is achieved by
electron donation from Owy to unoccupied p-orbital of Lewis acid, and the back electron-donation from d-
orbital of metal to O*4 orbital (Karunananda & Mankad, 2017). In addition to H, activation, the Lewis acidic
ligand can assist the electron-rich transition metal for further catalytic hydrogenation (Devillard et al., 2016;
Karunananda & Mankad, 2017; Zeng & Sakaki, 2013).

In 2011, Appelt and co-workers reported that Mes,PC(=CHPh)AL'Bu, (PAL), the geminal frustrated Lewis
pair, can undergo CO, addition at room temperature but cannot activate H, under ambient condition (Appelt
et al, 2011). In 2016, Bourissou and co-workers reported that Pt supported by PAl as a ligand,
Pt(PPhs)(Mes,PC(=CHPh)AL'Buy), 1Pt(PAL), can proceed to CO, addition under ambient condition and can also
enable the activation of H, at 80 °C (Devillard et al., 2016). The introduction of transition metal group 10 in

cooperative with aluminum Lewis acid enhances the reactivity towards Ha.
Heterolytic cleavage
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Figure 1. Catalytic H, activation: (a) single-site transition metal (M), (b) frustrated Lewis pair (LA-LB), (c)
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cooperative metal-Lewis base (M-LB), and (d) cooperative metal-Lewis acid (M-LA)

Apart from the Pt/Al complex, Ni/B complex for H, activation was also reported in 2012 by Peters and
co-workers (Harman & Peters, 2012). The nickel complex with diphosphine borane, ArB(o-Ph,PCeHa), (""DPB™)
ligand invoked the role of boron Lewis acid acting cooperatively with Ni for H, activation and alkene
hydrogenation (Harman & Peters, 2012). Although Ni(""DPB™)(THF) cannot react with H, at 60 °C, when using
mesityl substituent on the B, Ni""DPB"®) can activate H, at room temperature, and further being used to

catalyze hydrogenation of styrene (Harman, Lin, & Peters, 2014; Zeng & Sakaki, 2013). In general, Ni is more
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electropositive than Pt, which can potentially facilitate the oxidative addition processes with a lower energy
barrier (Tasker, Standley, & Jamison, 2014).

Herein, we investigated the electronic structures and mechanistic studies of complexes 1Pt(PZ),
Pt(PPhs)(Mes,PC(=CHPh)Z'Buy) (Z = B, Al) for H, activation with the potential utilization of hydrogenation of
ethylene. The corresponding mechanism using 1Ni(PB) complex was also explored. This computational study

will elucidate the key features and provide insight into the reactivity of cooperative metal-Lewis acid complexes.

Methodology

Mechanisms of H, activation and ethylene hydrogenation as shown in Figure 2 for 1Pt(PAL), 1Pt(PB)
and 1Ni(PB) were carried out using WB97XD functional (Chai & Head-Gordon, 2008a, 2008b). All geometry
optimizations and frequency calculations were performed in gas phase with singlet spin state geometries using
Gaussian 09 program (Frisch, 2016). The basis set 1 (BS1) was used. BS1 includes def2-TZVP for Pt and Ni,
(Bergner, Dolg, Kiichle, Stoll, & Preu, 1993; Weigend & Ahlrichs, 2005; Xu & Truhlar, 2011) 6-31++G(d,p)
(Hariharan & Pople, 1973; Petersson & Al-Laham, 1991; Petersson et al., 1988) for C and H on the substrates
involved in the reactions and for P, Al, B, and O, while 6-31G(d) is for all other atoms. Frequency calculation
was carried out to verify that all intermediates contain no imaginary frequency and transition states (TS) have
only one imaginary frequency. Solvent correction was performed with SMD continuum solvation model
(Marenich, Cramer, & Truhlar, 2009) with dichloromethane solvent parameters on the optimized geometry from
the gas phase using WBI97XD functional with basis set 2 (BS2) (Chai & Head-Gordon, 2008a, 2008b). For BS2,
def2-TZVP is used for Pt and Ni (Bergner et al., 1993; Weigend & Ahlrichs, 2005; Xu & Truhlar, 2011), and 6-
31++G(d,p) for all other atoms (Hariharan & Pople, 1973; Petersson & Al-Laham, 1991; Petersson et al., 1988).
Unless otherwise specified, the relative energies mentioned throughout the article are referred to the solvent-
corrected relative free energies by WB97XD/BS2 performed on the gas-phase optimization geometry by
WB97XD/BS1.

H, activation

: % ‘Bu
[ AMP2) H, [Bu 2M(PZ)
: ph 'Bu Mes,P—M_ PPh3 _B

[Ts1z2 |
- Nr -

Bu

% Bu By
S “H
Mes, >M H H 3M(P2) Mes: >thi
2
PPty y : PhgP® FL
H H Bu H
Ph i By
v Ts3L N | Ts23 |
Mes,| gl\/(lj
: PhePS
5 W H

Figure 2. Catalytic cycle of ethylene hydrogenation by cooperative metal-Lewis acid 1M(PZ) complexes (M =
Pt and Ni; Z = B and Al).
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Results and Discussion

A. Hydrogen Activation by 1Pt(PAl), 1Pt(PB), and 1Ni(PB)

While Mes,PC(=CHPh)ALI'Bu; (PAL) does not react with Ha,(Appelt et al., 2011) Uhl and co-workers reported
that 1Pt(PAL) activates H, at 80.0 °C (Devillard et al.,, 2016). Our calculation showed that the H; activation by
1Pt(PAD proceeds via TS12_ PtAl with a relatively high energy barrier of 31.6 kcal/mol (Figure 3). The trans-
dihydride product 2Pt(PAL) is obtained with slightly exergonic reaction energy of -0.1 kcal/mol.

We further explored the dihydrogen activation by 1Pt(PB). With boron in place of aluminum, Pt/B
combination shows relatively lower energy barrier of 21.8 kcal/mol for H, activation. Correspondingly, the
formation of product 2Pt(PB) is also more favorable thermodynamically with reaction energy of -6.1 kcal/mol.

The interaction between Al and Pt in 1Pt(PAL is significant as shown by a rather short distance of 2.624
A (Figure 4), which leads to rather energy demanding insertion of H; to break the stabilizing interaction between
metal-Lewis acid. This is in agreement with the X-ray crystal structure reported in the experiment (2.561 A
(Devillard et al,, 2016). In contrast, 1Pt(PB) shows more elongated bond distance of Pt—B (3.154 A). With less
stabilizing interaction between metal-Lewis acid, the insertion of incoming dihydrogen substrate into Pt/B

moiety is more facile.
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-30- o 29.3
<« Hactivation | Hydrogenation Of ethylene ———— |

Figure 3. Relative free energy profiles for (i) H, activation and (i) hydrogenation of ethylene by 1Pt(PAL), 1Pt(PB),
and 1Ni(PB).

Furthermore, using distortion-interaction analysis of TS12_MZ, we are able to gain insights into the
energy contributions behind the energy barrier. The energy barrier (AE') is a sum up of two main contributions:
(i) the distortion energy (AEqi), which represents the energy for the deformation of reactant/catalyst fragments
in the transition state from their free structures, and (i) the interaction energy (AE;ny), which corresponds to the
interfragmental stabilizing interaction between deformed reactant/catalysts (Phipps, Fox, Tautermann, &
Skylaris, 2015; Yepes, Jaque, & Fernandez, 2018). The interaction energy (AEy) of Hy with 1Pt(PAL fragment is
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considerably more negative (more stabilized) than that with 1Pt(PB) due to the stronger Lewis acidity of Al than
B. In fact, the distortion energy from H, fragment (AEqs: ) and 1Pt(PAD) fragment (AEqs: uez) of TS12_PtAl
mainly contribute to the higher destabilization and the higher energy barrier (AE") for TS12_PtAl than that for
TS12_PtB (Table 1).

Table 1. Distortion-interaction analysis of Hz activation transition state TS12_MZ for Pt/Al and Pt/B complexes

TS AE DB mez | DFase AE;
TS12_PtAl 26.0 41.2 92.4 -107.6
TS12_PtB 15.8 28.5 53.3 -66.0

When platinum in 1Pt(PB) is replaced by nickel, the nickel complex is more reactive towards H, than
the platinum counterpart. The dihydrogen activation by 1Ni(PB) is more feasible with the energy barrier of 9.7
kcal/mol (Figure 3) and the formation of product 2Ni(PB) is also more exergonic with reaction energy of -8.5
kcal/mol.

INI(PB) : TS12_NiB

Figure 4. Optimized intermediates and transition states in H, activation by 1Pt(PAD, 1Pt(PB), and 1Ni(PB).

Selected bond distances are shown in A. Hydrogen atoms are omitted for clarity except for those from H;.
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The transition state of H; activation by Pt complex TS12_PtB has the H-H distance of 1.701 A (Figure
4). The H1 interacts with B while the H2 interacts with Pt. The P1-Pt-P2 remains as linear with the T-shaped
geometry. In contrast, the transition state TS12_NiB has rather extended H-H distance of 2.234 A Notably, the
bridging H1 interacts with both B and Ni while the terminal H, interacts with only Ni. The P1-Ni-P2 is bent (135.9°)
with the tetrahedral-like geometry. This also can be confirmed from the angle between H1-Ni-H2 and P1-Ni-P2
plane by 85.35°. While the H; is activated by both Pt and B in TS12_PtB, it is mainly activated by Ni with an
assistance from B in TS12_NiB.
Our calculation elucidated that having Mes,PC(=CHPh)Z'Bu, (PZ) architecture, the PB compound can
serve as a ligand in complex with Pt or Ni to display a higher reactivity towards H; than the PAl compound. In
addition, 1Ni(PB) was found to be more reactive towards H, than 1Pt(PB).

B. Hydrogenation of ethylene by 2Pt(PAL), 2Pt(PB), and 2Ni(PB)

We then explored the addition of ethylene to the Hx-complex to obtain ethane and regeneration of
1M(PZ). Firstly, the terminal H2 is transferred from metal in 2M(PZ) to C3 of ethylene via transition state
TS23_MZ (Figure 5). Then, the H2—C3 bond is formed in intermediate 3M(PZ). Secondly, the bridging H1 is
transferred to form the C2—H1 bond via transition state TS31_MZ. Noticeably, this second hydrogen transfer
is more facile than the first hydrogen transfer (Figure 3). Finally, the ethane is released and 1M(PZ) is
regenerated. Note that several attempts have been made to locate the sigma-complex of ethane to metal as
a stable intermediate structure, but they were not successful. The ethane was found to dissociate away from
metal center with no energy barrier. That is the desorption step of ethane is facile. Similar circumstance was
reported by Sakaki and Zeng in the styrene hydrogenation by nickel borane complex, where the ethylbenzene

product can be immediately released (Zeng & Sakaki, 2013).

Figure 5. Optimized geometries of the first hydrogen transfer transition state TS23_PtAl and TS23_PtB in
hydrogenation of ethylene. Selected bond distances are shown in A. Hydrogen atoms are omitted for clarity

except for those from Ha.

For the first hydrogen transfer from Pt to C3 of ethylene substrate via TS23_PtAl, the energy barrier is
relatively high at 35.6 kcal/mol (Figure 3). Upon the binding of ethylene, the P1-Pt-P2 angle is bent from rather
linear in 2M(PZ) to 134.5° to adopt the trigonal-bipyramidal structure (Figure 5). On the other hand, the
hydrogen transfer via TS23_PtB proceeds with an even higher energy barrier of 40.2 kcal/mol (Figure 3). The
forming H2—C3 distance in TS23 PtAl is longer than that in TS23 PtB (1.520 A and 1.506 A, respectively)

Fuanslee malzIenmans un IveaeeuasIvsIil



I INMaNTUaL N mIansany U9 4 taudl 1 (1.a. - d.6. 2564) | 18

(Figure 5). This indicates that the former is considered as an earlier transition state. Subsequently, the H2—C3
bond is established in intermediate 3Pt(PZ). For the second hydrogen transfer from bridging hydrogen H1 to
C2, the energy barriers for both TS31_PtAl (31.0 kcal/mol) and TS31_PtB (31.1 kcal/mol) are similar.

We further investigated 1Ni(PB) to compare with 1Pt(PB) in hydrogenation of ethylene. Not only
1Ni(PB) is more reactive towards H, activation, its ethylene hydrogenation by Hx-complex also proceeds with
lower energy barriers. The energy barrier for the transfer of terminal hydrogen H2 from Ni to C3 of ethylene via
TS23 NiB was found more favorable (26.3 kcal/mol) (Figure 3); the H2—C3 distance in TS23 NiB is 1.798 A
Subsequently, H2—C3 bond is formed in intermediate 3Ni(PB) (1.163 A (Figure 6). The 3Ni(PB) formed can
easily proceed to the second hydrogen transfer. The bridging hydrogen H1 is transferred to C2 to form the H1—
C2 bond via TS31_NiB with the energy barrier of only 8.7 kcal/mol relative to 3Ni(PB). The H1—C2 distance is
shortened from 3Ni(PB) to TS31_NiB (2.516 A to 1.712 A) while the H1—B distance is elongated from 1.394 A
to 2.402 A. Finally, ethane is eliminated as a product and 1Ni(PB) is regenerated with the reaction energy of -
29.3 kcal/mol (Figure 3).

From the overall mechanism of ethylene hydrogenation by 2M(PZ), the rate-determining step is the
first hydrogen transfer from terminal H on Ni to form the C-H bond with C of ethylene. The energies required
to overcome this step are prohibitively high for 2Pt(PAL) and 2Pt(PAL). Interestingly, this process is feasible for
2Ni(PB) (26.3 kcal/mol) (Figure 3). Thus, Ni(PB) complex can be potentially utilized as a catalyst for

hydrogenation of ethylene.

ﬁ
i
4

Figure 6. Optimized geometries of all species involved in hydrogenation of ethylene by 2Ni(PB). Selected bond

distances are shown in A. Hydrogen atoms are omitted for clarity except for those from Hy.

Conclusions

We investigated the reactivity of cooperative transition metal group 10 complex supported by
frustrated Lewis pair Mes;PC(=CHPh)Z'Bu, PZ (Z = B, Al) compounds towards H, activation and ethylene
hydrogenation. The use of boron instead of aluminum in ligand architecture in complex 1Pt(PZ) showed a
higher reactivity towards H; activation due to the extended Pt—B bond distance compared to Pt—AL. This leads
to less energy demanding for insertion of dihydrogen into Pt—B moiety than that into Pt—Al (21.8 kcal/mol
and 31.6 kcal/mol, respectively). Furthermore, with more electropositive metal Ni in place of Pt, the energy
barrier of dihydrogen activation by 1Ni(PB) becomes much lower (9.7 kcal/mol). In addition, the reaction energy
to form H; activation product 2Ni(PB) is exergonic by -8.5 kcal/mol. This indicates that 1Ni(PB) has a potential

to be used for more feasible reaction towards H, activation.
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For the reactivity towards ethylene hydrogenation, the first hydrogen transfer from metal to C on
ethylene is the rate-determining step of the reaction. Both Pt/Al and Pt/B complexes proceed with relatively
high energy barriers (35.6 kcal/mol and 40.2 kcal/mol, respectively). In contrast, the H activation product
2Ni(PB) can further proceed with a higher reactivity; the first hydrogen transfer rate-determining step has the
energy barrier of only 26.3 kcal/mol. From density functional study of metal Lewis acid complexes, the potential
application for ethylene hydrogenation could be suggested from the calculated energy required to complete
the catalytic cycle. Our calculation suggested that 1Ni(PB) complex can potentially be served as a catalyst for

H, activation and ethylene hydrogenation.
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Abstract

The purpose of this research is to study the adsorption of rhodamine B dye using activated carbon
from coconut shell. Char was prepared by carbonizing finely ground coconut shell at the temperature of 450
°C for 1 hour in a confined environment. The char was activated by mixing the char and KOH at a mass ratio
of 1:3 and then burnt at 500 °C for 1 hour in a confined environment. The activated carbon was characterized
by N, adsorption-desorption isotherm at 77 K, Fourier transforms infrared spectroscopy, and scanning electron
microscope techniques. It was found that the adsorbent had a specific surface area of 1,091 m?/gand an
average pore size of 1.17 nm. There was a carboxyl group on the adsorbent. The porous surface of the
absorbent was observed. The batch experiment was divided into 5 parts. Firstly, the effect of contact time
on the adsorption was investigated. It was found that the dye uptake increases rapidly in the first 10 min and
then equilibrated within 60 min. Secondly, the influence of initial dye concentration on the adsorption was
studied. It was found that the amount of dye adsorbed increased with the initial dye concentration. Thirdly,
the influence of temperature was conducted. An increase in the temperature caused an increase in dye
uptake. Fourthly, the effect of the initial pH on the adsorption was investigated. The result exhibits that the
amount of dye adsorbed decreased with an increase in the initial pH. Finally, the desorption was studied. It
reveals that desorption occurred in the distilled water, 0.1 M NaOH and acetonitrile. The highest adsorption
capacity of 19.75 mg/g was taken placed under contact time of 60 min, initial dye concentration of 300 mg/L,
temperature of 50 °C and pH of 2.0. The experimental results followed the pseudo-second order kinetic
model (k; = 9.16x10 g/(mg-min)) and the Freundlich isotherm equation. From the results, it is obvious that
the activated carbon from the coconut shell can be used as an effective adsorbent for the adsorption of
rhodamine B dye.

Keywords: Rhodamine B dye, Activated carbon from coconut shell, Adsorption, Desorption
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¥
Y o A W =

aunislelewenuwuunseeafinuINNaNLAFIuTI dgnandudnsesdiiuunuivesiigaduludnuaey

AT
¥ Y o
& N v v o A

wa1edu (multilayer) eosanniiuRvesigaduiinrudulidudefierfuiaialiuila (heterogeneous surface)
Ineflaumsidudunss deaunsin 5

(In(ge) = (1/Mn(Ce) + In(ke) (5)

779 A1 ke (Mg/g)XL/g)Y™) AvArmsnvosnsounawuuleiadnsunensu-@Gnsaensu)" uaz n (ldfiviie) Ao Atai
Yosnsundviesureisnnututulunisgadu

Nan1sIv8uazanUI1Ma

HAN1TAATIERAMEN YL YR uuud

mﬂwa"?]mswﬁla‘i%maumsqm%’v—ma%’uLLﬁ"ﬁiuIWSLﬁ]usummuﬁ’uﬂuﬁmﬂﬂsmww%ﬁaﬁ 77 waiu lunndi
1 wui leluwenasnndasfulelemennsgaduuuudl 1 (Type 1) aamdnues IUPAC (International Union of Pure
and Applied Chemistry) Fsloloimesuuuil 1 azwuinnludgaduiignguvundn (Cychosz et al, 2018) iile
Aps U e de38 BET (Brunauer, Emmett and Teller) AaseiUsunsgnsuslaensindsinsng
anduufalulasiaudl P/Po iy 0.99 wazuungnIuladedieds BIH (Barrett, Joyner, and Halenda) wuin anufiu
SuFifufRas e Wi 1,091 m151aunsiansy TUumsIngusuitu 0.396 anuiAdwufiunsrensy uag
mumgwqmaﬁa WU 1.17 unluluns #1un1s3Lunue IUPAC muwmgwguﬁﬁﬁhﬁaaﬂ’jw 2 uluns Wugnguving
Bn ety swguandugvosdutuduiugnguoumndn
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A 1 lelaneunisgadu-meduuialulasioui 77 wadu vesuiududainnzaieni

nN15IATIEing e duaIndunisnaiunn st (IR Spectra) vesdigadunlsiasasilisesnsuanasy

Sunsuseanlnsliiviiees (FTIR) wandluniwd 2 Tngduvsaanaswesdiigadu Useneulddenileidu O-H
wuuda (stretching) Afia 3,422 wufituns™ wyileddu C=0 uuudaifin 1,557 wuRams™ (Kongsook et al., 2020)
nyfilaitu C=C wuuiniifia 1,609 wufuns’ ety C-0 wuuindifia 1,159 wufuns’ ety C-0 wuuingi
WA 1,021 wufins" vyitandu C-Br wuuindifia 575 wuRums ! (Cuhadaroglu and Uyegan, 2008) NVayat1eny

Fliiua dnsusnguemyileiduiiduszqau Taun wda1suenddn (carboxylic group) Fvanunsadadulaanaves
ddounfivszquanldd Alsamifutiluddonniivszauiniesanlulassadeingilariduniivszauin laun nyjesdly
Aetuguiuiuinngatugndnivyilaiduniivsegau laud minsuenddndsanunsogeduddenlsnmiudlad
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A 2 anasuasesliSuivsuanesudunsusaanlasilviiwesvesduiududanneauenin

MIlnTsRdugIvIeeiagaduiiennateanndesganssaudlanaseusuudensia waaslunmd 3
%aﬂiuﬂaumamwmamﬂﬂaawamiﬂuaLaﬂmauu,wammwwumawma 1,000 111 (9 3n) WU Snweus

aa v G

NWUNH ’JEIJENﬂBUBUﬂ’Wﬂﬂ’WUﬂMMUGIMﬂ’ﬁUT]ﬂ{]sﬂaﬁi‘WﬁJﬂi %WEIG]’J‘VI’J‘VNF]@U@UJ’]’]P] LLa“ﬂ’WWﬂ’Wﬁlﬁ]’Wﬂﬂaa\?ﬁlaﬂﬁﬁﬁu

& &

L aﬂ@lﬁ@ULLUUﬂ@\‘iﬂi’mWﬂ’WENsUEJ’WEJ 5,000 LN (ﬂ’TW'VI 3%) WU NuAIN8uenveInUANTUAT AN wUEITaULNS
ﬂi%ﬁ]WEJGI’JEUENEWEUW’JWQWUN’J

Dy

X 1,000

15.0kV SET

(n) Masveny 1,000 i (v) Masvey 5,000 i
Al 3 naneanndesganssaudidnaseuluudeinsinvenuiududnnzatenTinawe e 9
nan1sineladeniinadanisaadunasnisatedu

nNMsAnwBVENATeRIaIweUIIUNIanty tnansfnwnandunini 4 anuduiusseninanisgadu
ddaufuiian aziulainusunanisgaduaziinduegresanalugig 10 wifiusn udzAos 9 WTUIUNTEIAUSY

avanslag palyIngImans un1ineglageuasIveril



30 | Journal of Science and Science Education Vol. 4 No. 1 (Jan - Jun 2021)

Asiifian 60 Wit 1esanlutisusnigadudunaanluanavesdden ddeudatnludaineziudigadulddng
owingtaad 2 Aunsnszanediggnsuneluvesiigadu sunsevistaeil 3 IRamsdusudwinlfluanavesddonlsl
annsaudluludagaduld (Bello et al, 2019) Ky magaduadonlsnmiflufeufutudanngaiusniidng
aunafl 60 uni

20
P
&
= ®
¥R 15
<
G
G
@
5 10
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a 5
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e
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O T T T T
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VaduNd (W?)

AN 4 anuduiusseniUinamseaduddeudunaduda (rnudntuddeusudu 300 Tadnsusdedng Usuiu
suiuiud 0.4 n3u USums 200 Haddns gaumgil 50 e wallya wasfiovsudy 7.0£0.2)

NN 5 ‘U'%mzumsmW?J’ULﬁus’ﬁummmsl,ﬁu%usummmvﬁwﬁuﬁuﬁu Lﬁmmﬂé’mdaummﬁ%mﬂqmmm%’u
(adsorptlon 5|te) wwummmmunuuummavﬂuﬂimmaaaum LLavmmmvmuLLuﬂumwmu amﬂsﬂmu 19
WnerududuBuduain 250 me/L Tuidu 300 me/L mmaiuﬂsmmmsmmmwmmanuaa dlewfieufunsifiuanny
\WNTUdgaNaIn 150 — 250 mg/L qp%mmw ﬂimzumiq]ﬂsuwLLuﬂuumqmmmuammmeummaﬁmmimugﬁ
N1 300 findnsuredng Viinaunisgaduiiuulindrganad dafulumuddel eudududuiuesddonfinnsas
Winu 300 NadnIuneang
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ANUDNTUSNAY (HaanSuneans)

A 5 anuduiusseniinamseaduddeuduaadutusuiy (Anudududdensudu 50 - 300 Jadnsu
fofing Usuaauiugdud 0.1 n¥u USuas 0.05 s gaungil 50 aemealfiva wagiilousuduy 7.0£0.2)

nansAnwIBvENavesAilenFufuesddoNsoUTInuMIgaduiifiey 2 4 6 8 uaz 10 ANty
Gududenviniu 300 fadnfusiedns 9nmsAnwINUIY UBinunsgeduddeniienfilenvindy 2 Sungaiian
(WSnamsgadudieuwindu 21.36 adnusionsu) uasfidrfievwindu 10 fduunsgaduliosdauandunini 6
MnMnunuIATeifetes IWinssmenunmuszainadugud (point of zero charge, pzc) voauy
fudannganuenia 2 @1 leun 2.0 (Sarswat and Mohan, 2016) uaz 10.0 (Behnamfard and Salarirad, 2013)
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vena G WEEusuiuninine pzc vosufisiusannzanendng 2 A1ase ldud 2.5 waz 8.7 (Linh et al, 2019)
nnmunILeILISeE ey Seagulddn @1 pze fisdndag 2025 fufvesdudtiuiainnyanuewiniiszaans
Huuan uazasduiszqaviifuaudion pzc gindnag 2.0-25 Mnduasiivszagniduuindnadeiiafiovannndy
29 87-10.0 lesnnArfievvesasazarsluidededluti 20-100 Fauszanaldhuiesdwiutuian
nvaugndiivsygavsiduaunandisiitoniinm wevanunsagaduuszauanldd venand TaflnATesuunils
enuMsanasesiinaumsgeduresdlsanifulidemfiomemsaraaiuiy  Taveduieh  Asamiutie
pK, Uszunad 3.7 Feumaeorannnine pKa Alsmvisiudaziimsunandivemasuendan (carboxylic group)
U vajuruu (anthene group) fiogluluanadlsawitu vliAlsawiiudivisseauuasszsquanlunidaana
Afouifnmssansatues Jeiliivualuanailngtu Jaunsdrgiuiamelugnsulitionas vilinisgadugeduld
YJpead (Kaur and Kaur, 2014; Yu et al,, 2013)

25
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A7 6 ANLETUSITEnIIUIIIANsaduEdauduATilouSuAuYetaITATaY (ANUTNTUAGDISUAY 300
fadnSusiedns USunaauiudiug 0.1 n¥u USung 0.05 8ns gaumnil 50 srwaided wagfiavsuduy 2.0-10.0)

Nl 7 Usmmmmmumeumumsmmummammu Snwasiauil A0AAAEINTUNTLUIUNIIAAAIL

Jou (endothermic process) muﬂgﬂs&nmummmmm msmuammumwaiﬁ‘lmaﬂamaaaaauuwawu%auawu

LwﬂamaiumssuuﬂumaﬂuLaqammm wﬂmuwuwawumﬂwamummﬂgmm NIDTEUUAWAIIULINAIINA N

nsu (activation energy) hlvifinn1sanduniuaigedu (Moreau et al,, 2015) fuiugamgifimnsausonisgad
WinAU 50 °C
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Su)
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flaansuman
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gaumnil (asrnaaLtya)
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13097 1 uanaTinanisgaduuuuiuifisigeanvesnidefifsatos wud Usinamsgaduidonlsa
fuftannrausalumideifiaesnidinunmegaduiuuiuieigeaaiinsenulunuidedug deudiain
ﬁu’aﬁm%Lﬁmmﬂmrm'mﬁ’uﬁuﬁﬁwémlé’ﬂumu’ié’]’&lﬁﬁé’ﬂdaugwgummﬂLéﬂgja Feonnanerdunrnudtumiuresnisau
Tousnavesddaslsnifiudifivualuanglvg iglassairanielugnguvesduiuiud uazeraiduannnled
USmmmsgaduiies msuiuvlgdunounaadsutuududliivunegnguilugtunseliddndiuessngurun
nansgety o1avilUsinunspedualsasitudifugstu

] a o fal AY o ¥ a
M99 1 1.]51]'1mﬂ'ﬁ@\]Q%Uﬁiiﬂ']vmUUW]EW]']@JWSUUEUUWWWQ6]

Anadu Usunaun1inadu (mg/g) LANE159198
auiuiuRIINNzaMENI 19.75 el
IINENAUIIRAUYT 63 Sombatsri et al. (2017)
90 65.5 Zhang et al. (2013)
ushuNeusuesalaludnnlusniense 188.67 Bhattacharyya et al., (2014)
auiusTuRanlu Corchorus olitorius 572.69 Subasri et al. (2015)
anunutiuRan@den Prosopisjuli flora 612.66 Arivoli et al. (2016)
anuiuTudanndia Morinea oleifera 1250 Inyinbor et al. (2015)
AUANITUAIANIUNENST? 1,666.67 Bello et al. (2019)

msmeduidunisfvanmigeduiildnadunds Fadunssuiunisiiunduveanszuiunisgadu nan1sre
Fuddonanauiududannzaiugni1eeavinazaesinm o wanslunIng 8 wuin fviazaieiinau vinlnin
nsmedugs wanslmdiuds ddeudrunilsdaniertuauiuiudsisusidamienliudu sty wsuiumesnag
Wetanaeduivhliussdamieadangrignyiatelidne (Chern and Wu, 2001) ansavaeleielansenlydning
Wudu 0.1 Wans vibiAnnsaedugs wansliiugs ddeudmiagaduivaufududmenalnnisuanideulsey
& A a A av Y Ay = - i Ao a
Hufe ansuaniUisuyszavvesddeuiu OH @Edeuasiinisuinguesusyauillestluaisaranenilrfivoe )
ansazaensalelasaasinanuidudy 0.1 lua1s vliAanisaeduies Wesannludinanaifidfivewan luanaves
ddoungluzuvedlonsuuin Jufanisgadulameusedaniionniudauss 1wy wssddalasawmfndumosusadu
(electrostatic interactions) LUusiu fvhazarvesdlaululasvinisaredugs eswnddondrunisdaniiaadu
aufuudiisusaBamiennudausann Jsaaitaslulamiersewinedn deddiiasarefiaunsoasiausde

A v Y v & =3 o ¥ a [y 1% .

wilenivddeulauwtusaindifeasansaiiiiinnisanaduls (Alwi et al., 2020)
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NaN1SANYILUUT IR RAUNAAIAASN1IRATY

Lﬁ'ai%mﬂalﬂ%mmmﬂ@%’vﬁﬁau HANMINARBIYNUILINIANUFURUSTULUUT IR UTRaUAEaNTNTAATY
2 wuudnaes Téun aun1sufAzerdudunilaiion (pseudo-first order) waraun1sufATerdusiuasaiion (pseudo-
second order) fNaN15NARRMIAINADAARBINULUUTIABITIHU Uaned %’jumauﬂmﬁmﬂg’jﬁ%mmﬁﬁﬁuﬁwaqéh
anduiintuiniign vieiduduneurimuasng (rate of imiting step) iowdennamavnassiuaunisveuuusians
Ufiserdusuniafiennazufisordusvasaiionagldnsnanuduiusdaandlunmi 9 wazdmisinofues
wusassiaeuandlilunised 2 wui Ssmsgeduvesddoniinruaenadesiuannsuiitedudsvass o
13 Tnefiensandt R? ilndides 1 1nndh wanein %umauiumﬂ%ﬁLéﬂmauimﬁuismwéf’;@ﬂ%’vLLagﬁﬁaundJu

Juimundn (rate of limiting step)

‘7
2 y = -0.097x + 2.6004
= o A R? = 0.9142
g
€ 4 A
-6 -
-8 T T T T
0 20 40 60 80 100
t (min)
() UfAsensusuniladion
8
’aE‘n 6 - y = 0.0597x + 0.389
E{’ R? = 0.9981
£
0 T T T T
0 20 40 60 80 100
t (min)

(v) Uisendunvas oy
AN 9 Namﬁmaaaﬁ"uaammmmﬁ’wamt.%waumam‘mﬁam%’u

A19197 2 AT asYRIENNTU RS EduR U TuiuLaE Sud AR By

gl aunnsufisenduduniaiio dun1sufisendusuaaaiisy
(29A Je,exp (mg/g) k1 Je,cal Je,cal
- S ! R2 . ! R2
warded) (min) (me/e) ke (g/mg-min) | (/)
50 15.42 9.52x10” 11.98 0.8740 9.16x10” 16.75 0.9981
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nan1sAnwlelemannisgaty

msﬁﬂ‘wﬂal%mammi@m%’uLﬁumsﬁmwwqaﬂisumi@m%’uﬁﬁamuﬁyuﬁwmdmﬁ’mﬂuﬁ neldaniig
auna iaisaimauﬁi%ﬂuﬁiﬁﬂﬁ’uaﬁmLL‘Wi"meJ Ioun Tolowonwuunaadles (Lanemuir Isotherm) SeWmunuiain
aunfiguiii luanavesddoudnFosiuuiiuinveswingaduludnuaeduiiel (monolayer) uarlelamauuuy
w508aY (Freundlich Isotherm) ) Fsiannuanauufgiuiiin TuanavesddendaFosiuuiiuinvesigaduly
Snvarmane (multilayer)

30

25 1

y =-0.072x + 28.459
R? = 0.8437

20 A

15 A

C/q, (L/9)

10 A

O T T T T T
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(n) lelamounanies

35

y = 1.5168x - 5.337

25 - Rz = 0.9838

N
1

in(g,) ()

0.5 ~

0 T T T T T
0 1 2 3 4 5 6

In(C,) ()

@) lolwwmaunsaanay

A 10 nanmsveaesiuaunislelunaunsgadu

M19199 3 Arnsdimesvedlelemenniaadudde

auUNAd aunslelamanuanies aunslelamannuunguniy
(9961 Am k. ke
= ) Rz n Rz
LAl e e (mg/g) (L/g) (mg/g)(L/g)*"
50 -13.89 -2.53x10” 0.8437 4.81x10” 0.659 0.9838
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Amil 10 uansnsmlanuduiussewinwantseassiuaunslolemennuutandes (awdi 10n) waslely
WeLUUseEsaY (il 109) uavAnsiwesvesaumslolameniass uandunsied 3 ‘W‘U’J’] A R? maqlaisa
maumsmmszmlaisamauLLUUWiama%mﬂﬂammmqmnmw WARII mmmmmmmwmmju yananil
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sonadosrvaunslelomenuanilod Ssor9vzdewimaifintiwesnnunduiuvesddenlysl ilomvadoyanants
nnaefidenndestuaunislelanenluowian

ATUNANTTIBUAZUDLAUBLULAINNTTIRY

ufutudannzatueni it ity 1,091 asauasdensy AUSUIMTTINVRITNTULNAY
0.396 gnuAAlsuAmTHENTN YANgURABnAY 1.17 wilumns fnmsusnguemyilsituaisuenda (carboxyl
group) eanusadadulinanaddoniifiuszquanldd iuvesduiusiudiiaudou wasfignunssaneitaieiuin
anmenzausiomsgadu e szevianduia 60 uil mududuiSuduresdden winfu 300 fadn3usiodns A
filevFuduvesansazans Wiy 2.0 wazemadl 50 ssAwaldua Usinunsgadugean iidu 19.75 me/g Ha
m3finwRauaaninsgaduiuunuil dasnisgaduresddey finuaenadesivaunisufiserdudvasuiioy lo
Towounmsgeduvesddoniinnuasnadestulelumeumsedndy memeduiintuiluiingu msarasladenlons
anledauiduty 0.1 lwas uarerdlaululnin
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HI38veveUANAIAIYIAINTTIAN AnIAINTINMAns anInendeguasivsnll Naduayusulszanaly
msaiiulasenside Wanuewnseianiun aunsal aswail waziasesilodnsied wieldlunside

LONENT1984

Alwi, R.S., Gopinathan, R., Bhowal, A., and Garlapati, C. (2020). Adsorption characteristics of activated carbon
for the reclamation of Eosin Y and Indigo Carmine colored effluents and new isotherm model.
Molecules, 25, 25246014.

Arivoli, S., yamunadevi, R., Venkat, C.H., Aalam, R., Marimuthu, V. (2016). Kinetic, thermodynamic and isotherm
studies on the removal of Rhodamine B dye using activated Cyamopsistetragonoloba stem nano carbon.
Journal of Chemical, Biological and Physical Sciences, 6(3), 932-943.

Behnamfard, A. and Salarirad, M.M. (2013). Characterization of coconut-shell-based activated carbon and its
application in the removal of Zn(ll) from its aqueous solution by adsorption. Desalination and Water
Treatment, 52(37-39), 1-16.

Bello, O.S., Lameed, O.S., and Adegoke, KA. (2019). Functionalized coconut husks for rhodamine-B dye
sequestration, Applied Water Science, 9, 189.

Bhattacharyya, K. G., SenGutpa, S. and Sarma, G. K. (2014). Interactions of the dye, rhodamine B with kaolinite
and montmorillonite in water. Applied Clay Science, 99, 7-17.

Chern, JM., and Wu, C.Y. (2001). Desorption of dye from activated carbon beds: Effects of temperature, pH
and alcohol. Water Research, 35(17), 4159-4165.

Cuhadaroglu, D. and Uygun O.A. (2008). Production and characterization of activated carbon from a
bituminous coal by chemical activation. African Journal of Biotechnology, 7(20), 3703-3710.

Cychosz, K., and Thommes, M. (2018). Progress in the physisorption characterization of nanoprorous gas
storage materials. Engineering, 4(4), 559-566.

Dahri, M.K,, Kooh, M.RR., Lim, L.B.L. (2016) Remediation of Rhodamine B dye from aqueous solution using

Casuarina equisetifolia cone power as a low-cost adsorbent. Advances in Physical Chemistry, 9497378.

avanslag palyIngImans un1ineglageuasIveril



36 | Journal of Science and Science Education Vol. 4 No. 1 (Jan - Jun 2021)

Edokpayi, O., Osemwenkhae, O., Ayodele, B.V., Ossai, J., Fadilat, S.A. and Ogbeide, S.E. (2018). Batch adsorption
study of methylene blue in aqueous solution using activated carbons from rice husk and coconut shell.
Journal of applied science and environmental management, 22(5), 631-635.

Gao, F., Tang, X, Yi, H., Zhang, B., Zhao, S., Wang, J.,, Gu, T. and Wang, Y. (2018). NiO-modified coconut shell
based activated carbon pretreated with KOH for the high-efficiency adsorption of NO at ambient
temperature. Industrial Engineering Chemistry resource, 57, 16593-16603.

Gratuito, M.K.B., Panyathanmaporn, T., Chumnanklang, R.-A., Sirinuntawittaya, N., and Dutta, A. (2008).
Production of activated carbon from coconut shell: Optimization using response surface methodology.
Bioresource Technology, 99(11), 4887-4895.

Hayeeye, F., Sattar, M., Tekasakul, S., and Sirichote, O. (2014). Adsorption of rhodamine B on activated carbon
obtained from pericarp of rubber fruit in comparison with the commercial activated carbon.
Songklanakarin Journal of Science and Technology, 36(2), 177-187.

Inyinbor, AA., Adekola, F.A.,, Olatunji, G.A. (2015). Adsorption of rhodamine B dye from aqueous solution on
Irvingia gabonensis biomass: Kinetics and thermodynamics studies. South African Journal of Chemistry,
68, 115-125.

Jinisha, R., Gandhimathi, R., Ramesh, S.T., Nidheesh, P.V., and Velmathi, S. (2018). Removal of Rhodamine B
dye from aqueous solution by electro-Fenton process using iron-doped mesoporous silica as a
heterogeneous catalyst. Chemosphere, 200, 446-454.

Katheresan, V., Kansedo, J., and Lau, S.Y. (2018). Efficiency of various recent wastewater dye removal methods:
A review. Journal of Environmental Chemical Engineering, 6(4), 4676-4697.

Kaur, H. and Kaur, R. (2014). Removal of rhodamine B dye from aqueous solution onto pigeon dropping:
Adsorption, kinetic, equilibrium and thermodynamic studies. Journal of Materials and Environmental
Science, 5(6), 1830-1838.

Kongsook, S., Nasaree, T., Khotsa, S., Rungrot, N., Phonchaiya, S. and Wuttisela, K. (2020). Synthesis and
characterization of coloured calcium alginate noodles (in Thai). Journal of Science and Science
Education, 3(1), 1-7.

Kooh, M.R.R., Dahri, MK, and Lim, L.B.L. (2016). The removal of rhodamine B dye from agueous solution using
Casuarina equisetifolia needles as adsorbent. Cogent Environmental Science, 2(1), 1140553.

Kowanga, K.D., Gatebe, E., Mauti, G.O., and Mauti, E.M. (2016). Kinetic, sorption isotherms, pseudo-first-order
model and pseudo-second order model studies of Cu(ll) and Pb(Il) using defatted Moringa oleifera seed
powder, The Journal of Phytopharmacology, 5(2), 71-78.

Lacerda, V., Lopez-Sotelo, J. B., Correa-Guimaraes, A., and Hernandez-Navarro, S. (2015). rhodamine B removal
with activated carbons obtained from lignocellulosic waste. Journal of Environmental Management,
155, 67-76.

Linh, N.-T.T., Vu, D.B,, Duy, H.K., Chien, T.M.,, Hong, S. and No, K. (2019). Evaluation of activated carbon as a
substratum to phytoremediate eutrophic wastewater. Expert Opinion on Environmental Biology, 8(1),
1000158

Md Shariful, I., Bee Chin, A., Samira, G. and Amaina Binti Muhammad, A. (2016). Adsorption capacity of activated
carbon synthesized from coconut shell. Carbon letters, 20, 1-9.

Mistar E.M., Alfatah, T., and Supardan, M.D. (2020). Synthesis and characterization of activated carbon from
Bambusa wvulgaris striata using two-step KOH activation. Journal of Materials Research and
Technology, 9(3), 6278-6286.

Mohd Igbaldin, M. N., Khudzir, I, Mohd Azlan, M., Zaidi, A.G., Surani, B. and Zubri, Z. (2013). Properties of

coconut shell activated carbon. Journal of Tropical Forest Science, 25(4), 497-503.

Copyright by Faculty of Science, Ubon Ratchathani University



NIFII MY ITIAN TSI WIAN ANy TN 4 1au] 1 (A, - d.e. 2564) | 37

Mojoudi, N., Mirghaffari, N., Soleimani, M., Shariatmadari, H., Belver, C., and Bedia, J. (2019). Phenol adsorption
on high microporous activated carbons prepared from oily sludge: Equilibrium, kinetic and
thermodynamic studies. Scientific Reports, 9, 19352.

Moreau, F., da Silva, I., Al Smail, H. N., Easun, T.L., Savage, M., Godfrey, H.G.W., Parker, S.F., Manuel, P., Yang,
S., and Schroder, M. (2017). Unravelling exceptional acetylene and carbon dioxide adsorption within a
tetra-amide functionalized metal-organic framework. Nature Communications, 8, 14085.

Pagketanang, T., Artnaseaw, A., Wongwicha, P., and Thabuot, M. (2015). Microporous activated carbon from
KOH-activation of rubber seed-shells for application in capacitor electrode. Energy Procedia, 79, 651-
656.

Sartape, A, Mandhare, A., Salvi, P., Pawar, D., Raut, P., Anuse, M., and Kolekar, S. (2012). Removal of Bi (lll)
with adsorption technique using coconut shell activated carbon. Chinese Journal of Chemical
Engineering, 20(4), 768-775.

Sarswat, A. and Mohan, D. (2016). Sustainable development of coconut shell activated carbon (CSAC) & a
magnetic coconut shell activated carbon (MCSAC) for phenol (2-nitrophenol) removal. RSC Advances,
88, 1-59

Simonin, J.P. (2016). On the comparison of pseudo-first order and pseudo-second order rate laws in the
modeling of adsorption kinetics. Chemical Engineering Journal, 300, 254-263.

Song, C., Wu, S., Cheng, M., and Tao, P. (2013). Adsorption studies of coconut shell carbons prepared by KOH
activation for removal of lead (Il) from aqueous solutions. Sustainability, 6(1), 86-89.

Sombatsri, S., Puttichon, C., Nernklang, S., Lisnund, S. and Boomserm K. (2017). Biosorption of rhodamine B
dyes using modified water hyacinth roots. RMUTP Research Journal, 11(2), 59-68.

Subasri, S., Arivoli, S., Marimuthu, V. and Mani, N. (2015). From aqueous solution using activated
Corchorusolitorius-L leaves. International Journal of Plant, Animal and. Environmental Sciences,
5(1), 208-218.

Saputro, E.A., Wulan, V.D.R.,, Winata, B.Y., Yogaswara, R.R. (2020). Process of activated carbon from coconut
shell through chemical activation. Natural Science Journal of Science and Technology, 9(1), 23-28.

Tangsathikulchai, C., Junpirom, S., Katesa, J. (2016). Carbon dioxide adsorption in nanopores of coconut shell
chars for pore characterization and the analysis of adsorption kinetics. Journal of nanomaterials, article
ID 4292316, 10 pages.

Vairagade, V. (2017). Activated carbon as adsorbent in advance treatment of wastewater. IOSR Journal of
mechanical and civil engineering, 14(4), 36-40.

Yu, Y., Bandaru, N.M., Shapter, J.G., Constantopoulos, K. (2013). Benzene carboxylic acid derivatized graphene
oxide nanosheets on natural zeolites as effective adsorbents for cationic dye removal. Journal of
Hazardous Materials, 260C, 330-338.

Zhang, Z., O’Hara, .M., Kent, G.A. and Doherty W.O.S. (2013). Comparative study on adsorption of two cationic
dyes by milled sugarcane bagasse, Industrial Crops and Products, 42, 41-49.

avanslag palyIngImans un1ineglageuasIveril



J S SE Journal of Science & Science Education MIETIMAER S AL INYIAEATAN YN
https://s004.tci-thaijo.org/index.php/JSSE 7 4 @0 1 (w.a. - §.0. 2564)| 38

UNAMUITY

AUN5NDULAABUNVDIN SYLUN-LYBLTDN
UUTLUIUVDITZUUNNA A 815 N 999n15UnRWULdUlAIUD9lATIas19lUs AU

nUa nMgyannsalna’ Sygyan felsatiuena® wasgwal wisuuesda®’
'mheienildeauau maTvuadl aalyInemans 9W1ansalunINeIas NTuNUNILAT 10300
e ussufize uazmaluladnisdinmuasduandou maividuad paizineimans
WIAINTAINING 1A NFUNNUNIUAT 10300
vangnstaneuiunesuasFaluanaidenuay Uinineg1as 9WIaanTalumIIngIas ngannEmIuAs 10300

**Email:supot.h@chula.ac.th

Fuunanu: 18 wewn1AN 2564 uilaunadu: 12 dquieu 2564 sensufiium: 12 dquieu 2564

UNANELD

ilsfemnseundouiivuduldsianluuumildidainannnisdafveananaiar srosmeunszuiuns
TEnevedlasaiemfonivedusiu - mAdeifediumesnsufuatiygmiensdunummguiiiansnsansusany
Iilususnaniifvedasiaiwedusiuisiidnuusviiouruidudonumodaimanulfdagnisaluszuy
fifauuuszuuAensfl inliunuentfirvresauusdiudasiululalilasavesdluanaiinmasvievluuny
auasuazUTgnsslauamdsnudsiiadlusiiaiugnssndnlUlugnsvesnseundouiiiiewtildemeiaaliae
Tunsmezilugainnnsanuuudaszvasmeumidlulndlunudasldssevesgunsslusiu gavheisléfigainig
fagatwaslSinafonsilugnsvounsyuv-lweLsen

o

Arddsy: Msladvedlasiadmfegivedusiiy; nseundeudl; usiesuney; asuilndu:

v a d’l
BNIIUNAIUUY

nda NMeyaunnsaing, Sy 39l59uieAa wazgnatl msuueddn. (2564). aUNINTOUIAROUNYDLNTUUY-L9BLT DY
UVUSEUIUVDITEUURNA § 815 A 99sn1slnaivutdulasveslassasiadusiu. 21sa1sinerdansuas
IngrdransAanen, 4(1), 38-50.

avanslag palyIngImans un1ineglageuasIveril



MINTINY IR UL NN AN T 4 1aui] 1 (A, - 4.8, 2564) | 39

Research Article

Frenet-Serret Formulas for Moving Frame with (d,r,p)-Layer in Protein Folding

(#>* and Supot Hannongbua™”

Kabin Kanjamapornkul', Thanyada Rungrotmongko
ICenter of Excellence in Computational Chemistry (CECC), Department of Chemistry, Faculty of Science,
Chulalongkorn University, Bangkok 10330, Thailand
?Biocatalyst and Environmental Biotechnology Research Unit, Department of Biochemistry,
Faculty of Science, Chulalongkorn University, Bangkok 10330, Thailand
*Program in Bioinformatics and Computational Biology, Graduate School, Chulalongkorn University,

Bangkok 10330, Thailand

*Email:supot.h@chula.ac.th

Received <18 May 2021>; Revised <12 June 2021>; Accepted <12 June 2021>

Abstract

We provide a new definition of one-dimensional model of curve spacetime in a moving frame of
protein folding. It is a clue for answers to the question of why proteins have open string shaped with curvature
defined in (dr,p)-layer of the coordinate system of biomolecules. By adding some extra properties of the
gravitational field in homochiral of biomolecules with effect of mirror symmetry, and Yang-Mills behavior field
in genetic code to the moving frame, the new definition of curvature in amino acids can be defined from the
role of coupling behavior field in free falling of the quantum genotype along curved shape of protein folding.
Finally, we provide the proof of the existence of (d,r,p)-layer in protein folding with Frenet-Serret formulas

for moving frame.
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Introduction

Curve shape of protein folding is one of open questions for scientists to be explianed. In fact, it is a
result of free falling of graviphoton like hidden particle along the four dimensional manifolds of living
organism. One of the commonly found structures of the protein in the living organisms is an open string
shape with curvature for functional purpose in the active site of the protein docking system (Ghalami-Choobar
and Moghadam, 2018). There exist many open questions such as why most of the protein crystal structures
have unique protein folding with open 2 ended points. Moreover, why all proteins in living organisms including
viruses commonly found only 20 L-amino acids from among more than 150 amino acids in nature. The
number 20 is commonly found amino acids in nature has a deep relationship with geodesic path properties
and comes from the properties of the open reading frame, ORF in noncoding area of DNA and some viral
RNAs (Cheng et al., 2018). It is a result of the evolutional geodesic path from all possibilities of curvature in
protein folding in nature from all hidden interaction forces.

The interaction between three types of biomolecules occurs in DNA, while the cohesin flying ring
(Merkenschlager and Odom, 2013) is modeled with the knot and link properties (Witten, 2011). In human DNA
at the transition between 2 states of DNA in chromosome and transcription, the double strand of DNA
molecule is moved inside the cohesin protein (Richterova et al.,, 2017) with DNA folding in unique structure
between these 2 transitions (Peters et al., 2008). It is one of many phenomena of exchange 2 rings between
protein and DNA flying ring. The DNA folding is a projection of a flying ring in biomolecules that appears as
Khovanov cohomology (Witten, 2012) in biological time series (Pincak et al., 2020). These properties are based
on the fact that there exist homochiral molecules in L-amino acids and D-ribose saccharides in RNA and DNA.
The length of DNA is very long in order to minimize the internal free energy and transfer the excess
momentum as a wave function. At the end of DNA molecules, there exist telomerase enzymes in the area
of coupling to each other in form of 3 open strings of supermolecules DNA, RNA, and protein as rotating of a
flying ring (Pincak et al., 2020). It is a wave function of those three supermolecular orbital in quantum
transition states. To be at the state with the lowest the energy, the DNA molecule will release the internal
hidden energy by a reduction of the excess momentum in form of DNA-RNA folding in circular DNA and RNA
(Soslau, 2018). The assumption is based on the fact from the new theory of quantum biology to replace the
original continuous flow of central dogma from DNA - RNA — PROTEIN. What is the smallest subunit used
for representing the living organism? The unification between supergravities in hydrogen bonding and London
force between [A] — [T] and [C] — [G] along the evolutional path of differential 3 form can be investigated
by modified Chern-Simons theory to quantum biology with adding extradimension of Yang-Mills fields in
protein docking system. It is the new way for unification between the triplet states of DNA-RNA and protein
in supersymmetry effect over 3 alphabet code in codon and anti-codon.

For longtime, many scientists have attempted to understand information encrypt inside in 64 codons
(Shinde et al., 2018) and real function affected to the cohesin loop exclusion of DNA folding (Borrie et al.,
2017). In fact, it is a source of hidden behavior transition state d* € D* in the circular rotational biological
clock in d* state of DNA coupling with their mirror symmetry of circular ring of London force in passive protein
state, p*. There exist 3 coupling behavior fields as basic instinct behavior, w™, between junk DNA state, d*
and immaturing behavior field, im™ in noncoding RNA state r*(Saldana et al., 2019) with the role of
supersymmetry in the loop space of sequences CCCTC repeats in CTCF with 5 alphabets in junk DNA, d*.
The role of circular ring of cohesin passive protein, p* (Merkenschlager et al., 2016) is an induced behavior
field in genetic code by using 6 types of all possible London forces between biomolecules (d, 1, p) and their
supersymmetry states (d*,r*,p*). It is analogy with gauge group interaction as a source of supergravity in
genetic with vanishing behavior gauge field in genetic code along the Wilson loop of parallel transportof gene
expression p* = d* = d = r — p along the exact sequence of cohomology group in principle bundle of

cohesin loop exclusion (Nora et al., 2020). This process is an example of reversing the flow of genetic code
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in central dogma as a hidden dual state, p* = r* = d*, in supersymmetry theory for biology. Self-
diffeomorphism in human telomere is involved with configuration space in a Lagrangian system and the least
action principle in the path integral of quantum biology. We can apply the simple model of the geodesic
equation to the new theory of quantum biology as a source of observation associated with the Hamiltonian
operator in quantum biology. It is a source of the pair of alleles in genetic code over the genotype. On the
otherhand, it is important to investigate why the adaptive behavior of immunosystem (Byun et al., 2018) is
involved with the hidden feedback control mechanism in evolutional feedback loop (Wood and Komarova,
2018 ) on the trash DNA-like status. As a result of reversed transcription of DNA state, d* € Op+, the extrusion
loop of kinesin gives each round only 5 based transcription factor in CTCF (Merkenschlager and Nora, 2016).
This number be related to the number of 6 superspaces in root of Lennard Jone potentials. The protein
folding is the result of the coupling wave function of these three strings with increasing von Neumann entropy
as a result of changing the curvature of the protein docking system. It is measured empirically with a newly
quantitative method of the plot the genetic code with Chern-Simons current (Capozziello et al., 2018). In this
method, the curvature of protein folding is defined as a spacetime curve in the Minkowski cone of the
physiology of amino acids with (3+1)D but these dimensions are disjoint to each other, so the line in protein
folding does not intersect to each other with a knot and link model (Pincak et al., 2020).

This paper is organized as follows. In section 1, the definition and theory of Lagrangian system of
L(d,r,p) in quantum biology, we explain and provide a precised definition for the source of curvature in
evolutional path in the geodesic equation. In section 2, the result of the construction of the equation to
explain the curvature in protein folding with Frechnet-Serret formulas is presented. We also discuss the

results. In section 3, we give the conclusion to the work and discuss further studies.

Methodology

(d, r, p)-Layer in Lagrangian system of DNA, RNA and protein

The application of the model of the link of the string with gauge group operation SO(3,1) in (3+1)D is
an extra dimension t in the spacetime of evolutional feedback path. This structure allows the supersymmetry
breaking of the orientation of supermanifold (Witten, 2016) into non-orientation with Hopf fibration for
entanglement state of superposition of RNA state and DNA state (Einstein et al., 1935) similar to a wormhole
in biology (Weyl, 1921). Let dS?: T,X - R{ be an evolutional path of natural selection with spinor field as
the ground state, H = ]R‘ll'. The genetic code with basis of 4 alphabet codes can span by basis
([AL,[T), [C] [GD = (x,¥,2t) € R} = S3 with metric gij as a cocycle of quantum genotype to transform
the alphabet code from x; = a; = ([A], [T], [C], [G])(to) to xj:= a; = ([A], [T],[C], [G])(tn). In this
case, the process of gene expression starts from spinor field state g; in tangent of supermanifold of living
cell, where RNA layer is defined with left translation in SO(3,1)* and stopped at x;. It is a source of
quantization or transition state in genetic code as cocycle g;; of gauge group action as a left translation with
Lorentz invariance. In differential geometry, these Lolentz metric g;; = —1 appears as a Minkowski cone of
the physiology of the chemical structure of the dihedral angle in the polypeptide chain for hyperbolic
geometry (Ohtsuki, 2017).
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Figure 1. (A) The hydrogen bonding between nitrogen bases in DNA molecules. (B) Localized Wilson loop of
behavior field A(r) = V (1)®*" along the curve of protein folding. (C) Open string shape of protein folding.

Recently, the new gravitational theory was applied to supersymmetric properties between
retrotransposon (Shen et al., 2018) and methyl transfer (Cheng et al., 2018) in junk DNA and noncoding RNA
(Saad, 2018) for better understanding on information in alphabet their noncoding alphabet code (Devi et al.,
2018). Methylation is an epigenetic modification catalyzed by DNA methyltransferase enzymes for encoding
tRNA prior to translation in all living organisms. These enzymes use S-adenosylmethionine as a methyl donor
to transfer protons through junk DNA. It is a DNA folding phenomenon in the area of epigenetic in
heterochromatin inside the human chromosome. Genetic code on DNA is not the only information that
determines how life forms life but also have their old curvature DNA-DNA docking system. If we consider the
curvature in genetic code as a connection over the sheave in Groethendieck cohomology. It is a source of
Chern-Simons current in biology induced from the coupling of behavior Yang-Mills co-fields (O[Au]’ Oparp)- It
is a vierbein element in genetic code for adaptation (Peck and Waxman, 2018). Scientists now consider junk
DNA as their unknown function in octamer with an observation system of DNA methylation. It is a source of
switching of the gene on when and where the genes work. Information beyond these genetic codes in junk
DNA makes each organism in the different environment, differentiated, and expressed. Even twins with genetic
code on DNA in all respects, there is no way to be the same in every inch. Biologists characterize the variation
caused by genetic factors that epigenetics in DNA folding. One of the most important biochemical processes
in epigenetics in junk DNA is DNA methylation, which refers to the process of adding the methyl group to the
bases on the DNA strand. Most of which are added to the cytosine base. It makes the proteins involved in
tRNA decoding in 3 alphabets in codon in RNA evolutional path (Rezazadegan et al., 2018).

The genetic code is independent of coordinate in superspace (Capozziello et al., 2017) of DNA, RNA,
and protein. There exists a hidden evolutional path in the extra dimension. In this work, we called the curve
of protein folding with the geodesic path of information kept in an inertial frame of curvature of protein-
protein interaction. The genetic code can be defined by connection over the physiology of the spinor field
(Kanjamapornkul et al., 2017) hidden 8 states in Grothendieck cohomology theory for biology (Pincak et al.,
2019). In differential geometry, a source of the geodesic path is a curvature of space with the connection.
The connection is a Jacobian flow and analogous with free-falling along with the gravitation in the D-brane
theory, in which the source of protein folding is a gravitational effect of supergravity force in massive anti-
photon in the D-brane of quantum genotype. The super gravity field is an Yang-Mills behavior field without
source and becomes stronger fields in supermolecules with heavy molecular weight that analogy with London

repulsive force, e.g. Lagrangian system of transitive interaction of supermolecules, i.e. DNA, RNA, and protein.
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The one-dimensional curve representing for protein folding is the new model that derives from the free
rotation of dihedral angle of amino acids with parallel transport along with the hidden gravitational fields,
which means the field from inversed van Der Waals force field (Vedani, 1988). This is because the Casimir
effect (Jaffe, 2005) that induced the relativistic effect of London repusive forces (Jones, 1924) in biology to
become analogous with gravitational force in physics (Lei Zhang, 2013).

The least action S of co-living organism between virus and host cell is the new quantity in quantum
biology. It keeps the information in genetic code in van Der Waals distances between biomolecules in living
organisms and viruses. It is a relativistic biological supergravity force that allows the interaction to each other
by changing the coordinates between these 3 biomolecules with the Lorentz metric as an inertial frame of
reference. The change of frame of this least action is the source of the geodesic of quantum genotype, g;;.
It started the record of the adaptive information from the evolution from the ancient historical path in many
million years to the present. The result of these least actions is to diversify the curvature in 20 amino acids.
The amino acid sequence leads to a curvature of protein appear from the genetic code with hidden biological
supergravity denoted as the connection of genetic code in form of supermolecular orbital of DNA, RNA, and
protein folding as well as the interaction between them. The DNA molecule is very long because of the
lowest of external potential energy from adaptation and keeps in hydrogen bonding as a bridge of [A] —
[T]and [C] — [G] (Fig. 1) with biological qubit memory in quantum biological entanglement state
(Kanjamapornkul and Pincak, 2016) of spin up, [1] € Z/2, and spin down, [0] € Z/2, states that can
superposition to each other and change state by the process of DNA-RNA transcription and junk DNA folding
in epigenetic with van Der Waals interaction to chromatin. The source of the Yang-Mills field in genetic code
implies the existence of Schrodinger’s cat with the superposition of living and death state (Einstein et al.,
1935). Let the Lagrangian system of protein docking between the active protein p and the passive protein p*
is defined by L(4,)Prorein = %gi]-pip;f = %gij (r)r;'ry". The external potential V ()¢t = 0,7 # 1y, 1. If 1;
is a van Der Waals distance of amino acids p;, and 7j is a van Der Waals distance of amino acids pj then
there exists an external potential force field between the interaction of 2 proteins in docking system between
positions at amino acid number i from the active protein and amino acid number j in the passive protein. It
allows the chain sequence of Lagrangian system of loop space in path connected hydrogen bonding between
[A] = [T] and [C] — [G] for r; with 7;. In traditional biology, the genetic code of DNA, RNA, and protein are
represented by the alphabet code but we use a homotopic path to connect the phase transition between
them as deformation of supermolecular bonding between them as a curve in SO(3,1) spacetime model.
Therefore, this new approach allows the new usage of algebraic operation as a path integral over a summation
of span alphabet code as a compact basis set in evolutional path with continuous phase parameter r of fiber
space of viral RNA with the ground field of ]R‘f. The unification of 3 London force between DNA, RNA and
protein comes from the Hopf fibration between 3 forces in hexagonal shape of the bridge between hydrogen
bonding in [A] —[T] and [C] — [G]. We can generalize this simplicial complex approach into the
interaction between 3 types of supermolecule in hexagonal model of London force. The London force can
unify into connection over S3 by glueing 2 torus together in mirror supersymmetry (Fig. 2).

Definition 1 Let a DNA molecule be path of a pointed space of RNA molecule in a trajectory of evolutional
path S along the time dimension of DNA is RNA molecule. The t = T is a state of RNA independent state. It
is an independent variable in chain of central dogma, r = p — d, with only one protein dependent variable
pi(r) state per one nitrogen base represented in DNA supermolecule as a location for protein p;. Let p; =

Vi_l(de(pi)),pj = Vj_l(Vid(pj)),gg(p) = z—: be the rate of change of hydrogen bonding between amino

acids d; = p;' connecting with d;‘ = pj'. Let g € G be a gauge group of roots of inversed Lennard-Jones force
field. It is defined by a cocycle of quantum genotype g4 = gg(p) with curvature Aiondon(gd) in other

hydrogen bonding py in extradimension of fiber bundle of protein molecule.
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Definition 2 The state of RNA rj is defined by hydrogen bonding in nitorgen base of DNA molecule
_ _ ad;
[A],[T], [C],and [G]. Let d; = V" (V/(dy)) , and dj = V- (VF (d))), g5(d) = 24, be the rates of change

of hydrogen bonding between nitrogen bases r; = d;’ connecting with r]-* = dj'. Let g" € G be a gauge group
of roots of inversed Lennard-Jones force field. The London force of RNA-RNA interaction is defined by a
cocycle of quantum genotype g' = gj;(r) with curvature AY ,40n(8") in other hydrogen bonding ry in
extradimension of fiber bundle.

Definition 3 Let a protein molecule be a trajectory of pointed space in evolutional path SP along the time
dimension of DNA state in transcription process. The t =d state is of biological clock in protein with
independent variables in chain of central dogma, d = r = p, with only one state per one nitrogen base in
RNA supermolecule 1j. The state of RNA 1j is defined by hydrogen bonding in nitorgen base of RNA molecule
[A],[U],[C],and [G] Let1; = Vi'l(Vjp(ri)),rj = Vj'l(Vip(rj)), and gﬂ(r) = Z—II:; be the rates of change of

hydrogen bonding between amino acids p; = r;j’ connecting with p;‘ = rj'. Let g € G be a gauge group of

roots of inversed Lennard-Jones force field. It is defined by a cocycle of quantum genotype g = gj;(r) with
p

curvature Ay o0

The Jacobian flow of group action G X F = F, (g, 1;) = 1; on fiber bundle is the permutation of

(gP) in other hydrogen bonding 1y in extradimension of fiber bundle.

cocycle act on these tangent space of distance of hydrogen bonding as an effect of protein folding. The

distance of hydrogen bonding, § = ?ln‘lJ is a twistor on arc length of circle appear as flying rings to exchange

the energy and momentum between 3 supermolecules in quantum biology. The least action is the
evolutional path between the Lagrangian systems of internal energy of superposition between live and death
states in three cyclic coordinates of anti-self dual form in 3 superstring states of unification of 3 forces in DNA
RNA and protein. Let L?g):_l,Lgvlff_",L?é%?ngI,: TX - R, TX =]I}L F; where X is a manifold of living
organism.
Definition 4 Let S be the least action in the biological system. It is a dynamical system of supermolecular
DNA, RNA, and protein folding that can allow the van Der Waals force and hydrogen bonding in these three
types of supermolecules to interact with each other. It is a weak interaction of intermolecular orbitals
appeared as the maximum principle of the Hamilton-Jacobi equation for control gene expression by
minimizing the free energyalong the exact sequence r = p = d in the Lagrangian system of DNA folding,
St = [ s (r,p (), d(r))dr, ()
Definition 5 Let S' be the evolutional path in the biological system. It is a dynamical system of
supermolecular DNA, RNA, and protein folding that can allow the van Der Waals force and hydrogen bonding
in these three types of supermolecules to interact with each other. It is a weak interaction of intermolecular
orbitals appeared as the maximum principle of the Hamilton-Jacobi equation for control gene expression by
minimizing the free energy along the exact sequence p = d = r in the Lagrangian system of RNA folding

state parametrized by protein state,

ST = o Lina - (0, d(@), T(@))dp. @

Definition 6 Let SP be the least action in the biological system. It is a dynamical system of supermolecular
DNA, RNA, and protein folding that can allow the van Der Waals force and hydrogen bonding in these three
types of supermolecules to interact with each other. It is a weak interaction of intermolecular orbitals
appeared as the maximum principle of the Hamilton-Jacobi equation for control gene expression by
minimizing the free energy along the exact sequence d = r = p in the Lagrangian system of protein docking,

SP = [ v (d,7(d), p(d))dd. 3
Definition 7 In system of protein docking, the Lagrangian is Ltgrlz):ilrlll(d, r,p) with evolutional path S. The

biological clock is parametrized along the DNA molecules with hidden state d. The virus RNA state r is the

change in the distance of the viral RNA lines from the past to the present, resulting from adaptation compared
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to the change in the curvature of the viral protein with evolutional path S. We use symbols as derivatives

relative to the variable p,
’r' — a_s
=3

d
Definition 8 Let I’ = é. Let gjj be cocycle of quantum genotype protein folding. Let L = %gi]- < r'i,r']- >

(@)

,dS = L(d,r(d),r'(d))dd be least action in evolutional path in protein folding according to geodesic
equation, where gj; is hydrogen bonding between RNA molecules rj and 1j. The p state is defined by rate of
change of evolutional path with respect to the rate of change of degree of disorder in hydrogen bonding of

d
RNA T =<5

g WVith biological clock d,

as
P=54 (5)

s

The ratio ofE— = 6 is an invariant properties so-called biological quantum principle number, because we can
t

have a non-degenerate state with canonical quantum number 27tn with n round of rotation, W(d) = e?™™0,

The evolutional path § is the same quantity with von Neumann entropy in discorder degree of physiology

of biomolecules. It was used to measure the disorder degree in DNA molecule with n = 1,2, -+ transitions,

0<6=2< 2nm. (6)
€t

It is implied that the evolutional path is positive entropy and increasing along with the rotational of the unit
circle with periodic condition with period 2nn,n = 1,2,3,+-+,0 < § < 2me n. Therefore, the fluctuation of
von Neumann entropy is the source of the quantum state. In one dimensional model of protein folding, we
define p(d) = <=, and r(d) = = o a(t) > 0.

Let Fi’;(g) € Q'(ATX ® R) be connection appeared as a quantum genotype in fiber bundle of tangent of
manifold of amino acid sequence in protein folding. Let p; be a protein state i at amino acid subunit i. We
can interpret glpj as cocycle of quantum genotype induced from van Der Waals-gravitational field between
amino acids p; connecting with p;, because the the explicit form of force field of van Der Waals force and

gravitational field are similar to each other.

Result and Discussion
The Proof of existence of (d,r,p)-Layer in Frenet-Serret Formulas

There exists a relationship from RNA state to transform their coordinate system into protein state by
using the process of gene expression in codon with open reading frame, ORF. Mathematically, we write these
relationship by using compact notation of equivalent relation ~

d=r~np. (7
In general form, we introduce the tensor field for this equivalent relation by wedge product, d =r Ap. In
vector field, the wedge product is a cross product of 2 vectors, tantent and normal vector, to the phase
transition of hidden curve spacetime in (3+1)D protein folding,

d=rxp. (8)
It means RNA, 7 transition to protein, p or p induced by r, or DNA is an coadjoint map from RNA state to
protein state. We change from d to the pullback function of O4 3 L(r,p) = r A p state along coadjoint
product of central dogma, d = r = p. It is an inner product with cocycle appeared as a source of genotype
in pullback function Oq 3 L(7,p) = gij <71,p >, g;j € SO(3,1). The open reading frame (ORF) in central
dogma over the exact sequence of manifold of living organism X can be shifted by (Lag) operator Lg, L?q =1
alongLg:d > r>p=r1->p—>dand L?q = LgLg shiftstop = d — 7, with LTyre=1(d(p),r(p)) over
the cyclic coordinate in (d, 1, p)-layer. Let x(t) € Cy(X) be a pointed space. It is an approximation of fixed
coordinate of hydrogen bond in biomolecule [A], [T], [C] or [G] to a point in generalized coordinate over

deformed phase space(Fig. 2C). In exact sequence of vertical transcription, d(t) = x'(t),r = x"'(t),p =
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x®) is in chain complex. In horizaontal coordinate of protein folding moving frame, we set intial condition
x(ty) = x¢ = 0 (Muangchoo-in et al.,, 2021), while the coordinate is not only (d, r, p)-layer but it can be
generalized to n —derivative over n — amino acids approximated by the recursive coordinate by moving
frame with x,, = x5_,(t), %1 = x'(£), %, = x'1 = x"(t), x3 = x® (), -, x, = x™(t) (Fig. 2B). Let the
chain sequence of biological conomological sequence be

05 Co(X) S 005,05 0 - o. (9)
The tangent vector in three dimensional model in the above chain sequence is r(t) = %, where x; =

(cosB(t),sinf(t), t). Let the coordinate of genetic code in unit circle be
T T 2r | 2m
x141(t) = (cos0, sin0, t), x¢(t) = (COSE’SmE' t),x[U] (t) = (cosT,sm?, t),

3 . 3
and x5 (t) = (COS;”,SLTL;”, t) . In general form, we have

r(t) = < (cosO(t), sind (£), £) = (—sinb(t), cosb(£), 1) = (—sin(t), cos = (£),1). (10)
t t
The normal vector is p(t) state with
p(®) = = = (—cos = (1), —sin (1),0) ,d(t) = r(t) X p(®). (11)
dt €t €t
In unit circle with constant evolutional constant in raduis of circle €; = 1, the tangent vector will become

S )
normal vector when the evolutional path shifts with phase transition - () = % Therefore, there exists a
t

pair of genetic code by [A]-[T] and [CI-[G](Fig 2(A)).

In the the chain sequence of open reading frame, ORF in vertical transcription from DNA to RNA and to
protein, the pullback map is induced by d; € C1(X), C1(X) = C,(X) = C3(X) » C3(X)/C(X) = €1 (X).
It is source of cyclic coordinate in a biological Frenet-Serret formulas for (d, r, p) moving frame of protein
folding because d = r X P,

L9 = —pp(o), (12)
dr(” Kkp(b), (13)
L = —kr () + pd(0), (1)
or in general form, one writes,
%] d(t)
Id:i(t” | = [ r(o |, (15)
[dp_()J 0 —B 0 10
dt

where d is bivector of DNA state transition with inversed map of transition of protein induced by RNA. There
exists a torsion vector in DNA state d’ = —Bp(t). We called 2 types of quantum genotype f3, k. I'is a tangent
vector to the curve of 3D model of protein folding. p is a normal vector for induced curvature. Hence, there
exists three types of the system, L™"P¢(d, r(d), p(d)), L™ (r, p(r), d(r)), L’ (p, d(p), 7 (p)).
The covariant derivative represents the state of parallel transport for gene expression in genetic code along

the geodesic path in central dogma, d = 1 — p, or 'y = r'; = 'y (Fig. 3A),
a2 Tk

Vr, r] Pye;

+ ALondon < i ,T'] >, (16)

a2 . .
where k(t) = |?r2k| is a curvature of protein folding.

In the system of protein docking between active protein state p and passive protein state p*, there exists a

=F9° = _ AP

London’

f<pp*>=1

(Fig. 3B and Fig. 3C). The protein docking system in equilibrium mduces the parallel transport from p to p*,
Vyp*=0. 17

Copyright by Faculty of Science, Ubon Ratchathani University



NIAIIINYITIAN TSI WIAN SNy TN 4 1au] 1 (A, - de. 2564) | 47

(A] s (7] (G] d p

r d r
O=n (1 r —’ﬂ"{/gﬁa_n_ }J
— I r@  s) P r(6)

r 2
Y (Al-[T) '
(cosb,sind)
/[A] B=n

p——

(€G]

N — Al )
b | T— N
N— _,.'7N
o
A T -’
[A] (7] -
—

s N R -’ 7 |E> -
) e T _,:? A = \ (M
: :N N w ; .r"ﬁi = I \

THN-- 0 = v/ ( .}a'-
[G] [C] [A] Som
=y = [A].;\ _‘7’ (1
N AN \
N N
N NN
HN--- O
[G] [C]

Figure 2. (A) The circle in the middle is the cross-section of (d,r,p)-Layer in moving frame with d state at the
center and perpendicular r and p in the plane. The circumference is a topological invariance property with
an evolutional constant as a radius. The evolutional path in curve-shaped protein folding is defined by a
unit circle with tangent vector r and normal vector p. The above panel shows the invariant properties of
shift a tangent vector from [A] to [T], the tangent vector r is equal to mirror symmetry of —7. If a normal
vector moves from [C] to [G], then p is equal to mirror symmetry of —p. (B) The demonstation of covering
space of manifold of living organism spaned by protein with 6 amino acids. The moving frame in Hopf
fibration of tangent of manifold with 6 fiber spaces of (d, r, p)-layer. (C) A pair of hydrogen bonding in DNA
is defined by a point in the torus. It is a place where information is stored in the adaptive behavior field in
the genetic code. The nitrogen base is topological equivalent to torus by using a topological invariant
property. If we transform from hexagonal by gluing their cells complex, then the pair of the hydrogen

bonds is contractable to a point in torus by using homotopic equivalent class.
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Figure 3. (A) The evolutional path induces from the possible choosen one molecule as biological clock t

and the other molecules will be (d, T, p)-triplet state with van Der Waals-supergravity in transition between
them. In this picture the nucleobases, ([C], [T], [4]) = (d,r,p) and [G] = t. Although, the choice of basis
is cyclic coordinate and can choosed any based to be a time scale. (B) The transition between d = r'; to
r=r1"j,and top =1'y. F9 is a van Der Waals-supergravity force in transition between them. It is specified
by a Yang-Mills field to deformed the curved spacetime in loop space of supermolecular orbital. There exists
a mirror symmetry between protein state p and their dual state of hidden parity protein state p* in the mirror
symmetry plane of the protein docking system. (C) The ground state is d state with induced Yang-Mills
behavior field A%. It is a DNA state in nucleus of host cell. While r and p are excited states with induced
Yang-Mills behavior field A” and AP. When the transition is in protein state p, the cell system will try to

reduce the excited steate energy by docking to other protein analogy with transition back to ground state.

Conclusion

In this theoretical investigation and new more precise definitions, there exist many potential applications to
the studying of the genetic code of SARS-CoV-2 (Andersen et al., 2020) viral state by using moduli state space
in RNA molecule to visualize the trajectory of pointed space in evolutional path S™ along the time dimension
of their own RNA nonstructural protein, e.g. viral polymerase protein state in the replication process of the
open reading frame ORFlab. The p state of protein state in both virus and host cell are independent variables
in the chain of the central dogma, p = d = 1, with only one state per one nitrogen base in RNA
supermolecule 7;. Let A, be behavior field in genetic code. It is a curvature in differential geometry with
more extra properties of the gravitational field in genetic code. This field connects two amino acids into a
curve of blend line of polypeptide sequence in (1+3) dimensional Minkowski cone of quantum biology with
the application of plotting the genetic code into the graph of curvature. The new definition of DNA, RNA, and
protein can adopt this idea as principles of anti-self dual, but the mathematical structures are the not same
as Yang-Mills theory in physics, because biologists and physicists study different objects. Therefore, for the
new definition of the structures of unification of DNA, RNA, and protein, we need to add some more properties
of living things to this new structure in the form of extra properties in the extra dimensions of Chern-Simons
theory models from (2+1)D in physics to (3+1)D in biology. The results are implied that DNA d, RNA, r, and
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protein p states have their own anti-symmetry partner in hidden dimensions, we called (d*,r*,p*) hidden
anti-particle of biomolecules of (d, 1, p) - layer of biomolecular chain complex in six hidden dimensions in
the root of Lennard-Jones potential field of London force in a superfluid. From this new theory of quantum
biology, there exists a fifth force in all living organisms and viruses in which analogy with dark matter in
physics. It is a unification of those 6 states from 3 existed forces in their interaction, London forces, Yang-Mills
force, and supergravity force in quantum biology as a new research area with strong application to the system
of viral mutation detection with more precise mathematical definitions and equations for plot the genetic
code. The Frechet-Serret moving frame has direct application in differential geometry of curvature in protein

folding compared to experimental biology and biophysics of condensed matter theory.
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Abstract

The measurement of water hardness has become a routine practice for water quality control where
complexometric titration is used as a standard method. The use of this method, nevertheless has some
disadvantages in terms of multiple steps of analysis, large reagent consumption (>105 mL) and the
requirement for technical skills. Therefore, the aim of this work is to develop a barcode-like paper sensor
which is a user-friendly means for water hardness detection that can overcome the aforementioned
shortcomings. For this purpose, this work presents the fabrication of a barcode-like paper sensor and its
practical application in the detection of total water hardness. The paper sensor was fabricated using the wax
screen-printing technique to generate a barcode-like pattern design. The sensor consists of a detection zone
with four bar channels (each measuring 0.3 by 5.0 cm) and a sample zone with a triangular shape of the (1.9
cm height by 2.9 cm base). The sample zone takes a few drops of reagent and the analytical technique is
based on the complexometric reaction. Particularly, 40.00 uL mixed EDTA-EBT solution in N-cyclohexyl-
aminopropanesulfonic acid (CAPs) buffer pH 10.5 was pre-applied to the detection zone. The sample zone,
on the other hand, takes 120.00 uL of a standard solution containing CaCOs or water sample containing Ca**
& Mg”*. Shortly after adding the sample, a pink banding pattern would be generated on the blue background
of the paper sensor. A banding pattern can uniquely identify the concentration of CaCOs in the range of 25-
200 mg L with a step size of 25 mg L. The proposed barcode-like paper sensor can be practically used for
semi-quantitative by naked eye detection. Additionally, the system exhibited high tolerance towards various
interfering ions in water samples. The results of application with real samples obtained from our method

agreed with those obtained from the conventional complexometric titration.

Keywords: Barcode-like paper sensor, Ca** and Mg”*, Complexometric titration, Water hardness
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Introduction

Water is very important for food preparation, hygiene, sanitation purposes and a wide range of other
uses. Therefore, controlling the water quality is of utmost importance. A common means of assessing the
quality of water is to detect the level of water hardness. To do so, one may resort to detecting the level of
dissolved compounds including calcium (Ca®*) and magnesium (Mg”) ions, the key factors causing the
temporary and permanent hardness of water. Temporary and permanent hardness together combine to
result in total hardness. The latter is widely used as a standard measure for this purpose. By this basis, water
can be categorized as soft, hard or very hard. Total water hardness is most commonly expressed as milligram
of calcium carbonate (CaCOs) equivalent per liter (mg L™). The standard quality of drinking water in sealed
containers and that of groundwater for consumption are set not to exceed 100 and 300 - 500 mg L™ as
CaCOs of total hardness, respectively (Betz & Noll, 1950).

As for the method of determining total hardness in water samples, complexometric titration has
been widely used. Nonetheless, this method still has many disadvantages including multiple steps for
analysis, requirement of operational skills, need of a glassware and a high volume of reagents (>105.0 mL).
To overcome these limitations, a simple method requiring inexpensive laboratory facilities, less time
consumption and better user-friendliness is highly desirable (Jarujamrus et al., 2018; Jarujamrus et al., 2019;
Malahom et al., 2017). For this purpose, microfluidic paper-based analytical device (UPADs) can be a powerful
analytical platform due to their low cost, portability, rapid fabrication, low consumption of reagents and
samples, ease-of-use, and disposability (Martinez et al., 2007). Most importantly, this platform would allow
simple visualization approach where only the naked eye is required.

The fabrication of UPADs is relatively simple, since it only involves the creation of two regions on a
paper hydrophilic and hydrophobic regions (Martinez et al., 2007). In general, the technique of wax-screen
printing has been the standard choice for uPADs fabrication owing to the advantages including high speed,
simple operation, versatility, and cost efficiency. Specifically, a large number of uPADs (>100 units) can be
fabricated via the solvent free technique of wax-screen printing in a single batch (Dungchai et al, 2011,
Namwong et al., 2018; Wang et al., 2012). Nonetheless, the use of microfluidic paper-based analytical devices
for water hardness detection has not been fully taken advantage of. In fact, to the best of our knowledge,
there has been only one report on the use of microfluidic paper-based analytical devices for the
determination of Ca** and Mg ions (Karita & Kaneta, 2016).

In order to exploit the advantages of the microfluidic paper-based system, this work employs a
simple and inexpensive wax screen-printing technique for the fabrication of pPAD as barcode-like paper
sensor for water hardness detection. The pPAD device developed in this work is an extension of our recent
report (Jarujamrus et al., 2019). The fabricated barcode-like paper sensor in this work was optimized to feature
well-defined hydrophobic barriers to allow a consistent flow of samples through the detection zone. The
device was subsequently applied for the determination of total water hardness based on complexometric
reaction. Particularly, the developed device performed successfully in the semi-quantitative detection of
total water hardness in real samples with high tolerance towards various interfering ions. Our barcode-like

paper sensor also showed satisfactory results in the method validation.
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aFabrication of barcode-like paper sensor by wax screen printing technique
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Figure 1. Scheme showing the fabrication and application of the sensor: (a) Fabrication of barcode-like paper
sensor by wax screen printing technique; (b) Coating a mixed EDTA-EBT solution having four different EDTA
concentrations on each line of barcode-like paper sensor; (c) Determination of total water hardness based

on the standard patterns.

Experimental section

Materials and equipment

All solutions were prepared in deionized water with 18 MQ resistance obtained from a Millipore Milli-
Q purification system (Bedford, MA, USA). All of chemicals were of analytical grade. For the fabrication of the
barcode-like paper sensor, Whatman No.1 (thickness 180 mm and pore size 11 mm) filter paper was
purchased from Whatman International Ltd. (Maidstone, England). The solid paraffin wax (mp 53-57 °C) was
purchased from a local supermarket (Ubon Ratchathani, Thailand). A hair dryer (Lesasha: tourmaline ionic
shine model) that can be operated at a constant temperature was used to melt the wax. The ready-to-use
wooden-framed woven mesh screens (888.32 meshes, 60T) and a squeegee were obtained from a local
screen-printing shop or clothing shop in Ubon Ratchathani, Thailand. The total cost of fabricating templates
for the patterned screens was 350.00 THB or about 10.80 US$ per 623 cm?” (21.0 cm x 29.7 cm). An acrylic
box made from polyacrylic acid was also obtained from a local screen-printing shop or clothing shop in Ubon
Ratchathani, Thailand. All images in this work were recorded using a Huawei camera phone; model nova 2i
(Huawei technology company, Beijing, China). Ammonium hydroxide (NHsOH) and calcium carbonate (CaCOs)
were obtained from Fluka, Switzerland. Potassium permanganate (KMnOa) was obtained from Ajax Finechem,
Australia. Magnesium sulfate anhydrous (MgSO4) was obtained from Loba Chemie, India. Eriochrome Black T
(EBT, Ca0Hi12N3O/SNa) was obtained from Labconco, USA. 3-(Cyclohexylamino)-1-propanesulfonic acid
(CoH19NO3S) or CAPS buffer and ethylenediaminetetraacetic acid disodium salt (EDTANay, CioH1aN2NayOs) were
purchased from Panreac, USA. The following chemicals were purchased from Carlo Erba, Italy and used as
received for the interference study: potassium sulfate (K;SOa), iron(ll) sulfate (FeSQOa), zinc sulfate (ZnSOa),
copper(ll) sulfate pentahydrate (CuSO4s5H,0), calcium nitrate (Ca(NOs),), manganese sulfate monohydrate
(MnSQqeH,0), sodium chloride (NaCl), sodium nitrate (NaNOs), methanol (CHsOH) and sodium dihydrogen
phosphate dihydrate (NaH;PO4s2H,0).
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Fabrication of barcode-like paper sensor by screen printing using solid wax as
hydrophobic material

The barcode-like paper sensor was designed and fabricated using a wax screen-printing method with
a slight modification from our previous reports (Jarujamrus et al., 2019; Namwong et al., 2018). The fabrication
process is shown in Figure la. The screen patterns were generated using Microsoft PowerPoint. To create a
hydrophobic barrier, the patterned screen was placed onto a paper and rubbed over with a solid wax. The
screened paper was then blown with a hair dryer (screened paper up) for ca. 15 s to melt the wax and create
the hydrophobic barriers on the filter paper.

Use of barcode-like paper sensor for CaCO3 detection

The barcode-like paper sensor was designed to incorporate a fork-shaped detection zone as
described in our previous work (Jarujamrus et al.,, 2019). Specifically, the sensor contains a triangle-shaped
sample zone and four detection lines as shown in Figure 1a. The design was constructed as such to allow
simultaneous flow of the sample from the sample zone to the detection zone. The determination of CaCOs
in standard solutions was based on complexometric reaction (Yappert & DuPre, 1997), where the
concentration of CaCOs indicated by the concentration of EDTA as the limiting agent for the generation of
the banding patterns. The total hardness (Ca”* and Mg*") can then be determined accordingly.

To fabricate the sensor for the detection zone, a mixed solution of EDTA and EBT was prepared at
the desired concentration and pH 10.5 with the use of CAPS buffer. Specifically, the 0.02 mol L™ CAPS buffer
solution was prepared by dissolving CAPS (0.442 g) in a mixed solution between 50.00 mL of deionized water
and 10.00 mL of methanol. Then, the solution was adjusted to pH 10.5 using 1.00 mol L NaOH and the total
volume was adjusted to 100.00 mL with deionized water. An indicator (2.16 x 10* mol L of EBT) was
prepared by dissolving EBT (10.00 mg) in 10.00 mL of 75% v/v ethanol. EDTA solutions with concentrations
in the range of 0.25 — 4.00 mmol L™ were prepared by dissolving solid EDTA in 25.00 mL of 0.02 mol L™ CAPS
buffer at pH 10.5. Additionally, 1.00 mL of 2.16 x 10" mol L™ EBT was added where the pH was adjusted by
1.00 mol L' NaOH and the final volume was adjusted to 25.00 mL).

Finally, 20.00 uL of the mixed solution was coated onto the detection lines twice. The detection
zone then turns into blue color before letting dry at room temperature (Figure 1b). For the detection step,
120.00 pL of either standard CaCOs or a sample containing CaCOs was dropped onto the sample zone. Pink
banding patterns would subsequently be appeared on the blue background of the detection zone (Figure
10). For the standard CaCOs, 17 different concentrations were used, ranging from 0 to 400 mg L™ with a 25
mg L increment.

Selectivity of the developed sensor

The selectivity towards total hardness determination (Ca’* and Mg”*) was also investigated. The
potential interference ions under study include iron (Fe*), manganese (Mn*"), copper (Cu®*), zinc (Zn*"),
chloride (CL), sulfate (SO4*) and nitrate (NOs) with concentrations ranging from 25-1000 mg L. Each type of
foreign ion was separately added to the 125 mg L' CaCOs solution. The corresponding tolerance
concentration (mg L) was identified as the highest concentration that could be added while maintaining all
banding patterns within 10% standard deviation (S.D.) of those generated from the 125 mg L standard CaCOs
solution.

Real samples application and method validation

For the application of real samples, water samples including mineral drinking water and tap water
were spiked with 100 mg L™ of CaCOs. Then, 120.00 uL of un-spiked and spiked water samples were tested
on the barcode-like paper sensor (Figure 1b, c). As for method validation, complexometric titration was used.
Complexometric titration was performed with slight modification according to a previously reported standard
method (Yappert et al.,, 1997). Briefly, 0.01 mg of each CaCOs; containing sample was transferred into an

avanslag palyIngImans un1ineglageuasIveril



56 | Journal of Science and Science Education Vol. 4 No. 1 (Jan - Jun 2021)

Erlenmeyer flask. In order to control the pH of the solution within the range of 10.0 -10.5, 10.00 mL deionized
water and 2.00 mL CAPS buffer at 0.01 mol L™ were also added. Next, 5 drops of 2.16 x 10 mol L™ EBT
indicator were added. The resulting solution was then titrated with 0.02 mol L™ EDTA standard solution until
the color of the solution changed from red to pure blue. The standard solution was standardized with 0.02

mol L' CaCOs where 0.01 g of which was dissolved in deionized water.

Results and discussion
Optimization and mechanism on paper strip sensor for total hardness

determination

For the optimization and mechanism study of the barcode-like paper sensor for total hardness
determination, standard CaCOs solutions were used to represent the total hardness determination (Ca** and
Mg?®"). First, Whatman No.1 filter paper was cut into a strip shape (0.2x5.0 cm). Then, each strip was soaked
in a mixed EDTA-EBT solution containing different EDTA concentrations ranging from 0.25 - 4.00 mmol L™ with
an increment of 0.25 mmol L™ in CAPS buffer pH 10.5. The presence of different EBT species at different pH
values would turn color on the strip into blue color within 5 min as described in Equation 1 (Figure 1b).
Subsequently, 15 uL of each standard CaCOs solution (25-400 mg L™ with a step size of 25 mg L) was
dropped onto one end of the strip. In this step, the complexation between Ca** and EDTA (limiting agent)
was firstly formed. The formation was induced by the differences in the effective formation constants (Ky) of
Ca-EDTA and Mg-EDTA complexes (5.0 x 10'® and 4.9 x 10°, respectively) as compared to those of Ca-EBT
and Mg-EBT complexes (4.4 x 10°> and 4.9 x 10°, respectively) (Lindstrom & Diehl, 1960). The excess amount
of Ca®* and Mg”* can then bind with EBT. Consequently, pink color would appear on the blue background in
the detection zone based on Equation 2 (Figure 1b). It is important to note that the distance of pink color on
blue color depends on the concentration of standard CaCOs or total hardness samples.

Overall, the aforementioned phenomenon indicates that the optimum concentration of EDTA and
the pH in the system are the key factors affecting the performance of the developed barcode-like paper
sensor. Especially, the large magnitude of the Kr values of Ca-EDTA and Mg-EDTA indicates that the above-
mentioned reactions can go to completion if EDTA is present in its completely deprotonated form (Y*)
(Yappert et al,, 1997). Correspondingly, to ensure that EDTA is in the Y* form, pH values should be greater
than 12. Nonetheless, the precipitation of Ca®* as CaCOs and of Mg** as Mg(OH), prevented the reaction from
proceeding at such high pH values. To overcome this obstacle, the complexation was carried out at pH 10.5
at which EDTA is still present in its Y* form. In light of this context, the optimum 4 concentrations of EDTA
(including 1.00, 2.00, 3.25 and 4.00 mmol L) in the mixed EDTA-EBT solution were chosen since they can
generate distinguishable banding patterns over the range of CaCOs concentration of 25-200 mg L™ with a step
size of 25 mg L (Figure 2).
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Figure 2. Banding patterns on detection zone of the sensor representing different concentrations of CaCOs.

Total hardness determination (Ca?* and Mg®*) on barcode-like paper sensor

In order to develop a practical sensor for total hardness determination, the fork-shaped barcode-like
paper sensor as discussed in our previous work (Jarujamrus et al., 2019). The key components of the paper
sensor consist of the sample zone and the detection zone. On the triangle-shaped sample zone, a liquid
sample can be dropped through a specified hole on an acrylic box (Figure 1b, ¢). The fork-shaped detection
zone includes four detection lines (Figure 1a). This design facilitates the sample flow since a design with
smaller base-to-height ratio could result in inferior flow characteristics of the sample. The paper sensor
employs the use of Whatman No.1 paper and the four different EDTA concentrations (1.00, 2.00, 3.25 and
4.00 mmol L") in the mixed EDTA-EBT solution. Distinguishable banding patterns over a range of
concentrations of CaCOs of 25-200 mg L™ can be generated. The level of total hardness (based on Ca®* and
Mg®* concentrations) can be detected with the step size of 25 mg L™ which corresponds to one of eight
different banding patterns (Figure 3a, b). It is to be noted that the use of a smaller step size may improve the
precision but will deteriorate the distinguishability of the banding patterns and ultimately compromise the
practicality of the analysis. Therefore, the step of 25 mg L™ was chosen for the purpose of semi-quantitative

analysis in this work where the limit of quantification (LOQ) of 25 mg L™.
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Figure 3. Standard banding patterns representing different concentrations of CaCOs on the barcode-like

paper sensor (a) and the corresponding actual appearances on the detection zone (b).

Interference of foreign ions

The effect of seven different foreign ions on the banding patterns of the barcode-like paper sensor
was investigated. Each ion was separately added to 125 mg L™ CaCO; solution. The corresponding tolerance
concentration (mg L) was identified as the highest concentration that could be added while all banding
patterns were maintained within one standard deviation of the pattern of the 125 mg L™ standard CaCOs
solution without interference. The results are reported in Tablel. It was found that Cland Na* were the two
species with the highest tolerance concentrations of 1000 and 500 mg L™, respectively. On the other hand,
Fe?*, Mn?, Zn*" and SO4* and NOs* species had the tolerance concentrations of 50, 25, 50, 100 and 75 mg

L, respectively. The lower tolerance concentrations of the latter ions may be attributed to the behavior of
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these ions being relatively more similar to Ca®* and Mg”* with respect to the tendency to form a complex
with EDTA. In any case, the concentrations of several foreign ions in real water samples are likely to be much
lower than their corresponding tolerance concentrations such as the case of Mn?* (Jarujamrus et al., 2018).

This result suggests the high selectivity of the developed barcode-like paper sensor towards CaCOs solution.

Table 1. Effect of foreign ion interference

Deviation of distance (cm) of pink bars on the detection lines with

Compounds Tolerance
Foreign P respect to those representing standard 125 mg L' CaCOs*
i containing  concentrations 3 . 1 1
ions o 4 1.00 mmol L 2.00 mmol L 3.25 mmol L 4.00 mmol L
foreign ions (mg L)
EDTA EDTA EDTA EDTA
Na* Naz50a 500 +0.21 + 0.37 + 0.49 - 0.07
Fol?* FeSO4.7H:0 50 + 0.05 -0.57 - 0.54 -0.23
Mn%* MnSOq 25 -0.23 -0.28 -0.26 -0.15
7n2* ZnSOq 50 +0.07 -0.08 -0.13 -0.18
ct NaCl 1000 -0.18 -0.13 +0.18 -0.25
SO4% K2SOq 100 +0.32 +0.15 +0.23 +0.17
NOs% Ca(NOs), 75 +0.22 -0.22 +0.33 +0.11

*Distances of pink bars representing standard 125 mg L't CaCOs ion on the 1.00, 2.00, 3.25, and 4.00 mmol L™
EDTA detection lines were 4.57 + 0.10, 2.87 + 0.45, 1.15 + 0.18 and 1.45 + 0.05 cm, respectively (n = 3).

Real sample application and method validation
The use of barcode-like paper sensor for water hardness detection was validated by complexometric
titration technique, a conventional technique widely used for similar purposes. The validation applied spiked

and un-spiked samples of mineral water and tap water, and the results are reported in Table 2.

Table 2. Application of the sensor to the real samples and method validation (n=3).

Sample Concentration of Complexometric titration Proposed method
standard CaCOs Found + SD %Recovery Found %Recovery
(mg L™ (mg L™ (mg L™
Mineral drinking 0 171.57 + 0.04 - 150 -
water 100 263.71 £ 0.03 92.14 250 100
Tap water 0 19.06 + 0.04 - 25 -
100 114.38 + 0.05 95.32 125 100

Overall, water hardness detection by our barcode-like paper sensor largely agreed with the standard method.
Moreover, the barcode-like paper sensor exhibited superior performance as compared to the complexometric
titration in several ways, including smaller volume requirement of reagents and samples, user-friendly for

unskilled operators, and low-cost of fabrication (Table 3).
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Table 3. Analytical performances comparison between the classical method and the proposed method

Comparison Traditional complexometric titration Barcode-like paper sensor based on
parameters (Classical method)! complexometric reaction
(Proposed method)
Operator Expertise required Expertise not required
Principle of The concentration of a water hardness is The distance of color change observed
detection directly calculated from the volume of by the naked eye on the barcode-like
EDTA required to reach the end point as paper sensor based on the
judged by the naked eye using an indicator | complexometric reaction is compared to
established water hardness standard
pattern
Volume of In the orders of magnitude of mL to L Preparation device step: the mixed
sample and solution between EDTA and EBT in CAPS
reagent buffer pH 10.5 (40 pL) onto 4 detection
solutions channels (total volume 160 L)

Detection step: 120 pL of sample

solution

On site analysis

Yes; but more complicated in terms of

equipment set up

Yes; device is disposable

Analysis time

Relatively long depending on the technical
skill of operators

~2 mins

Accuracy &

precision

Good accuracy and precision but require
the technical skill of operator (error of
quantification by the estimation of the
volume of titrant for end point evaluation

can be minimized)

Analysis in real samples (recovery in the

range of 92.14 - 100% for accuracy)

Working range

0.001M- 1M

25-200 mg L™ (with step of 25 mg L™

Shortcomings

Requires a substantial amount of glassware
during the titration, relatively large volumes
of solutions, considerable technical skills,

and comparably long analysis time.

Only suitable for semi-quantitative
analysis. Additionally, the stability of the
device is needed to be further

investigate

Conclusion

A low-cost, simple, and rapid barcode-like paper sensor was fabricated using a wax screen-printing

method and successfully applied for the determination of total water hardness. The simple fabrication

procedures involved coating different detection lines with different concentrations of EDTA solution. The

barcode-like paper sensor can generate visibly different banding patterns after being exposed to different

concentrations of CaCOs solution (25 -200 mg L™ with a step size of 25 mg L™"). Each pattern could be uniquely

assigned to each CaCOs concentration within the range. By requiring only a small sample amount (280 pL)

and not requiring skilled operators, the paper sensor can be practically used for semi-quantitative analysis of

the level of total hardness of water (Ca®* and Mg**, which was reported as mg L™ CaCOs). The detection using

the paper sensor was validated by complexometric titration and exhibited high tolerance towards various

interference ions. Ultimately, the developed sensor serves as a pioneering model for future developments

of other analytes that offer a broad range of practical applications.
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Abstract

This research aimed to investigate the results of the 21st century learning and innovation skills
development for students in Pohpanpunya (PPPY) Project. The samples were 39 grade 8 students, M.2/1, in
academic year 2018. Research instruments were the assessment form used for evaluating the 21° century
skills in learning and innovation consisting of four skills: critical thinking, communication, collaboration, and
creativity skills. The students were evaluated using these forms by means of self-evaluation and project
advisor evaluation. The results found that all four learning and innovation skills of students increased after
performing RBL according to the PPPY Project approach. The students' self-assessment showed that the most
increased skills was critical thinking, 12.40% while the project advisors’ assessment found that the most
increased skills was collaboration, 35.90%. This indicated that the PPPY Project approach was able to improve

the 21° century learning and innovation skills of junior high school students.

Keywords: Learning and innovation skills, 21° century skills, research-based learning, PPPY project
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Abstract

The purposes of this research were 1) to find out the efficiency of learning activities packages on
elements and compounds by inquiry-based learning incorporated with flipped classroom, 2) to compare the
learning achievement using the developed learning activities packages and 3) to study the students’
satisfaction using the developed leamning activities packages. The samples were 34 students of grade-10
students who studying in the academic year 2017 in a School of Ratchaburi province selected by cluster
random sampling method. The research instruments were the learning activities packages, the learning
achievement test, and the satisfaction evaluation form. The collected data were analyzed by mean, standard
deviation, and t-test. The results revealed that the efficiency of the developed learning activities packages
was of 81.39/81.57, higher than the committed of 80/80 criterion. The learning achievement of students on
element and compounds unit after learning with using the developed learning activities packages ( X =24.47,
S.D. =4.20) was significantly higher than before learning (X =16.00, S.D. =2.64) at the level of .05. In addition,
the students’ satisfaction of learning via this approach was at high level (X =4.48, S.D. =0.22).

Keywords: Elements and compounds, learning activities package, inquiry-based learning, flipped classroom
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Abstract

The purposes of this research were 1) to study the guidelines for case-based learning activities to
enhance analytical thinking ability and 2) to study the effects of case-based learning activities on analytical
thinking ability in the topic of ratio, proportion, and percentage of students in grade-7, Academic Year 2020.
The participants consisted of 12 students in an opportunity expansion school, Nakhon Sawan Province. This
research applied classroom action research for 3 cycles which was 10 hours. The research instruments
consisted of lesson plans based on case-based learning activities, leamning reflection form, worksheets, and
analytical thinking ability test. There are 3 subcomponents of analytical thinking ability: critical analysis,
correlation analysis, and principles analysis. The data from learning reflection form were analyzed by content
analysis and checking for trustworthiness by resource triangulation. While the data from worksheets and
analytical thinking ability test were analyzed by rubric scoring in five levels: excellent, good, acceptable,
marginal, and poor. Consequently, the case-based learning activities to enhance analytical thinking abilities
should emphasize that the teachers should present real-life situations for students which help students to
improve critical analysis ability. Moreover, teachers should focus on complete writing in problem solving
processes which help students to improve correlation analysis and principles analysis ability. The analytical
thinking ability of students proceed with increasing development in principles analysis, correlation analysis,

and critical analysis, respectively.

Keywords: Case-based learning, analytical thinking, ratio, proportion, percent

Cite this article:

Auppatham, R. and Poonpaiboonpipat, W. (2021). The case-based learning activities to enhance analytical
thinking ability on ratio, proportion and percent for grade-7 students (in Thai). Journal of Science and
Science Education, 4(1), 84-95.

avanslee Aoz Inemans umInerageuasvodil




86 | Journal of Science and Science Education Vol. 4 No. 1 (Jan — Jun 2021)

umin

Tagtulandiauadginmiivesingin1snng o winuneg anufawazanaInsatunswidynidu
LLu’;mmmwmﬂmaqLiaqmiaaﬂmm‘du 'vmﬂu wazuidgyvidu ‘wﬂﬁwm;]aaiummmwmwawaﬂammiﬂﬂm
nanatuuagviaesEiy tududnsinuduiiugiuauiasdugaufnuidosn dwaenadestuunuinuiasygio
wardsnuuiend atuil 11 (na. 2555 -2559) Iddlduisgmsmaninsiauiaugdnuwimsatsuinaeniinegs
et Tnedithmnenstannliaulneynauldsunmstanreenisuasisla Soudfonaasyiusimanzalunn
193 1Aus Anuanunsalumsfindiasie duasient dideldSeuinaentin danufnasisassa T30y dausssu
93u535u Serdonanudulne i flveswmuiesazvosdu fndinfuRnveusiodsay Fsuuimisianan A
aenndesfuulovisyasnsnsdnwdnislunisiamienvuwssmidiglangannissuil 21 laoyjsdaasals
thiSeuinusssy Snmnudulne Snvensfniiesedt Anadisassd Snvesumaluladanunsahousuiuiby
wazanansaagsmAuiduludsaulanlsognsdud (Ministry of Education, 2008, p. 58)

nsfnuiineiduivensulaeiluudrinmiuansalunisaniinsgsiduguand@nfasisaulu
anunsaluazanmiagiu Jayaaadnudediinuylumsan ez tgliaunsassadinldodsunfauluden
fdudounazidulumeiymeing 4 yaradududedinsdnaulasgiaue waznsdndulefiddesendomuannsoly
nsAnduiiuguisioedoarimeedamansidutiugnlunsiniinsed nsaduesdanud uazmahau ms
FansAnwuitelitinGsusinnudmnuaansonadnmaniiadugagomneddglsensniaveanisianising
yaardazifiuldainanuneieinvesmiisnunansinwiiatunisiaudnSouldanuiuazinvena
AfnAERS wavausauiAuiTinvedinanlUlduitymluiinusednTuldednsfiuse@vanam (Makanong, 2011)
nsRafATIEY mnefle armannsalunmsuenuesiiedududefinaimounanisal Bessrveideneineg Tasnis
Suunuenuey Wisuifisudeya fanquegraduszuy fanw wagsharudilasuesduseneuresdsiu Taed
nangusrsdaiiemdeasuiiinazifululduagldnszuiunisnssninerlunisagudndulaliegragniesuay
aunpauNa (Sutthirat, 2010) AnuaInsalunIAndiAsERLUI0ana LU LA E DA TA TauA nTIiAsIEY
AUAIATY NITIATIZNAMNAUNUS Larn1TILATIZANANNIT (Sariwat, 2006, p.5) NAA1TNAGDU Programme for
International Student Assessment 130 PISA #afin1suseidiuinvensuddamanlangfiduanuniselludingss
Tud a.a. 2018 dniFeulnefiazuuunisiiFesadamans 419 azuuy Wofsuivuunandsniidiadsves
Organization for Economic Cooperation and Development (OECD) #44¥11fU 489 Azuuuy LLazﬁﬂxLLuuLagﬂagj
§1duit 66 10 79 Vsswe dnideulneiiueisiFosndnmaniiniseduiiugusariidosganiissduiuguiifes
witslui (Wszana 200%) wirdy wandidiuinindeulnedwinineslunsuidgmanaanunisaliiiatuluiia
93¢ lefinnsuniomansensdeudadinmaniusingin Fes Samdiu dnduuazdosay WudemiiAndusidu
TimaTauaznuvssaniigndsogludutsounudil 1 duwandiifuidnideulneasidsunstauiinesluns
whdamdusseiutulsenAnundi 1 frefenssunisdeumsaouiiulidnSeuldflninuensanegeadnae
nsEAUNMIRAILTINEENIAn tnalanieinwensfniinses

Fefulumsduaiunssuiuniadouivesindouliinussdnsnwiusuiusiosendondnnisuieisnisd
wanzay WedunlflunsiansBounsaouliuritnieu ffl Laowreandee (2009, p.31) nanfisgnsisnisdans
Boufiteduaiunsin msdanisiFeuslaslinsdnwimnedmiuittesdslumsiannuasdaaiunnuansaly
nsuidaymuaznisiiasizi laswdudeuiilungu dnsfnwduaidmenues uazlinsinaueninud fie n1s
fannsdouilaglénsdinu SadunsdiifeadestuinEou asfaou dusou 1sadeu weniBuaniunisaily
PinUszd1iu dennassnu Chaisorn (1996, p. 106-107 as cited in Kitroongrueng, 2011, p. 12-13) lananaa1 Asla
nsdlseneunsaewduisvisiiduasuliingeuddniinsesianunisalonnanuiesiiauituniefudesd
\PntuaseRle ImaﬁfﬁlqﬂisadﬁﬁdﬁﬁﬂL%'aul.ﬁmﬂ’g’lwﬁﬂwfamLLazLﬁmmmifﬁﬂﬁﬂﬁmmW Fu nan1539eves Hays
(2008, p. 283) #il#33n15aeulasldnsdAnundmuininyselovidonissouiidunisuansunumuaznis
uityvesinGou Tnewiumiusmilouvuiinunnndt uazdatunsduduanuiiuinni

Copyright by Faculty of Science, Ubon Ratchathani University



I INmaNTUaL N Iansany U9 4 taudl 1 (u.a. - d.6. 2564) | 87

£

TnimmslddyaRiieatunslinsduseneunsaeuliluneiinevanedldud nsdl nsdifinw nsdl
feee wavnsAnwdusiensed sﬁﬂmmﬂﬁwﬁmmﬁmqwh Case Method, Case Study tag Case-Based Learning
(Laowreandee, 2009, p. 83; Santos, 1994 as cited in Kitroongrueng, 2011, p. 13) ag19lsfAnrunisasulanely
nsdiinen Bufluninerdeeniinge Tud a.a.1869 - 1870 Taw Christopher C. Langdell Fathluldnisaeuivn
nguane uagluamaunmsiiewaianisaouiluldlummssud 19 Suteunldiinmsfnwlneiinsaoulagld
nsdiinululdlunisdanisideunisasu wu naideves Moolwong (2016, p. 93) Lévins3deiies nswaun
arwannsolumauidymmeadnmansvosindoutuiseninudil 2 AdanisFeuslaeldnsdfnu wansise
wud wansFeudinademans es Shduusriesas vestniFoutuseafinudil 2 ndmsdansFeuslagld
nsdifnwgaininieunisinnisBeuilnglinsddnun egsddoddyyeadaiszdiu 05 fempuadana1ndnas v
TrfAsvaulafierinismsdnnisSeuslaelinsdfne uldiieaunsdafanssunsSeuslaslinsdnuiidaesa

ANMUAINNTOLUNITANIASIZY 1589 DR1EIU dadlruwarsesazluseAuTulsauAnwIUN 1

TgUIEaIAn1sIY
1) ilefnwuumisnsinfanssunisFeulagldnsdifinuiidaaiuanuannsalunsaniinsei Sos
Sna1du dndunasfenay vesindeudusisendnudi 1
2) WiefnwinanisdnfanssumsiFouilasldnsdinuiifienmanunsalunisisdiasey 3es Snsndu
fndruuasSeray vosinFoutudsendnu i 1
Wanilun1side
v v <

1) §idn3mide fiirsmililumsifondsd fo dnFeutuisonfnudi 1 TsaFouvenslomauianis
Tudwminuasanssa S 12 Ay

2) suuuun9ide meideedidlisndouititodafoRmsludubou (Action Research) munuAnues
(Kernmis and McTaggart, 1988) #sUsznoudae 4 tumou lu 1 2993 Téud 1) $uansuwu (Plan) 2) sﬂzuﬂﬁﬁ’ami (Act)
3) fudanm (Observe) uay 4) Juawviounansufi (Reflect) TdnumzshandunsasufiRnnstmun 3 2593 A
uumsinnsFeuslaeifeazinadildanmsinmsisousluniagisesufoinsnasiouna ienauwunsdnnis
BouslusasufiRmsdnluaunsuinusasujifnsidmua v 3 29asUFoRMTINW 1

: N e

R, sawsii 1 R,  aassi2 R:  qqesz
1 } A z A 3 - As

\()-_“-/ \(J_-“/ _ \D;‘/

AN 1 29959V TANT 3 2935

v
v A

3) 1n3eaileflHlunns3de insestefllilumsiseiiai
3.1 unumsdnnsSeuslaelinsdifnw 1Ses Snsndru dndiunazosar 1w 3 wnu Tnefidease
anunsailymidunsaifneliianuinaule wavmzauiuTeveaingeu saumoun 10 $lus aatlunisde
Ranssumaleuiviomn 4 #asi TeaziBeavomusasunuandlilunssd 1
3.2 wuuazfieunanisdanisisoud {idouasisudunnnisinnisiFeus ldun aguszdnisiaou
adlnAansszaulsauAnwnoududuiaininndd 10 U sxduiinUsznudym guassa uasdarauouuzlunisdn
Aanssuniadeudvesfifousartunounisdaniaieud et doyaunufuusnisianisioudvesiteluss
UfuRnisdnly

avanslee Aoz Inemans umInerageuasvodil



88 | Journal of Science and Science Education Vol. 4 No. 1 (Jan — Jun 2021)

M19199 1 UwunsIan1sseus Yeaniunisalkasanfldlunisdanisiseus

UNUNTIANTSISEUS Yedaunsal nandild (Falus)
LLmumi{fﬂmiﬁauiﬁ 1 Jaywiienfudnaann swangalsa 4
LLmumi{fﬂmiﬁauiﬁ 2 Yayifeniudadau o lAudaimng 3
ununsdansGeusi 3 Jyvifediusesas 15A Covid-19 szumiiilng 3

394 10

3.3 TuRenssu luduvilwoununsianmaiFoud Fsuszneusmeanunsaliiifuteduiingdd
amusgnevanunnsal Tundstoyaiuesnm ffedaniiaenndestussdusznougosvesnsiniiasizyt 29ide
ponuuLIudmsUlinSeufinnsruiunishnidusengy

3.4 wuunageauinAuENIalUNARIATIEI [uteaousaty Fesdnsndru dndu uas

SPUaY U 3 ADIUNITA WABTADIUNNSATAINNNEDY 3 19EDAARBINUBIAUSYNDULBEYRINTISANILATIEY 5IX

P19%UA 9 U8 AIS18ALLDYMIUAITIN 2

A15197 2 ANUFURUTTEMINTDANN UL UUNAFDUIAAINUAINITO MINISANIASIZLALBIAUTENBUTI8AIUYDS

ANNAILNTOLUNSANILATIZA

FamauluLuuNAgauInANEINIs TUNISANIATIZA 29AUTENBUSIAIUVDY
ANEINTO LUNISANIATIZA

1. hdedessranunisalanddgminduaaunisaiiietuluiin ApTziaNaAey
s3eFeduanumsnifiaunity wieulinanatszney uaslandludediin

eafetuerls farwduiusluTingieedls

2. WiniSeumanuduiusyesanrunsallandgym lnedowdudes a1 AATIzRANUEURUS
Tondrimundeyaeslsulithauazdeyaitlvniauduiusiuegals

3. iinSeudeugnsisnifeniduasiansismauitaymuesaniunisaland AATIEINENNIS
Yeymnriwualiielilamneu

v
N o o [

a) naiiusausadeya lunsddunsfunusudeyaiiduneunsduiums fd
4.1 YguiiweuazduasgausvasdmaianmsGeudlituingeuiidi
4.2 dndumsmaununsianisideuslaglénsdinu Fos dadiu dnduuaziesas S1uam 3 unu
mudlasdnfivedlsaFeu Ineldnalunisdanisfeusiomn 10 Falus luudasunuagilludanssalinSeuldin
Husiongy 4 az 3 Au svavLn 4 ngu
4.3 Tusgnireyimsdaniseuiusazuny fIdouardsindunanisalsiuiudunanisdnfanssuns
Souduarantuiinatlunuvasviournanisinnsieud wavineudeuiuiinadulufonssudusengy
4.4 WlesunmsiansiFeuslunsazusumsinnisGous fideiiunussiluianssy uwuagiiousans
FannsFeusvesitouazvesiiiniindananisel e deyaiildundouduasuudriinesiie
USudsanunsdnnsiteuslunausioly
4.5 \dlosidumsdnfanssunisdeudasuis 3 wwunisdanisdeud GdlrinGewhuuumagoua
AuansalumsAnieeiiunm 1 Hilus Wuseyana
4.6 Ymaitldnnafvnunuiouamvhnsiesesidoya
5) nsAaszideya fiteteyaildanuuuasiisunanisinnisiseus luianssunazuuuneaeuia
AuaInIalunsARieTEiTn Tty L ingUszasdnsidets 2 deldun
5.1 fefnwunmmsdafanssunsiBouinuiaeuildnsdnuiiduaiuanuamsalumsan
Irs1e9i 309 nsndru dndrunazdesas ITerdeyanlinuuvasieunanisianisiSeuiivesitouasssan
Funansaiinlinmsidaionuazassaeuaiuindeievesteyadeitnisanmidn (Triangulation) frunsld

Copyright by Faculty of Science, Ubon Ratchathani University



MIATINEINMaNTUaL N Iansany U9 4 taudl 1 (1.a. - d.6. 2564) | 89

wndedayaunnin 1 unas (Resource Triangulation) lilefiansanauasandesvasdoyailiaingidouasiso
dunanisalidenuaenadesanilululuianaiesiunield egls

5.2 iefnwinansinfanssumsisouimiisasuilinsdifnuiduaduauaunsalunisiniinses
Bo9 Sn91dru dndauuazdosay vesindeudusisenfnudil 1 fiteihdeyaiildanluianssy uazuuunagouts
AEIalunsAndesed idiessilaeinaeinslinguuusuususn (Rubric scoring) Usuunainauideues

Kitroongrueng (2011) 81 5 se6iu LA Mﬂﬁqm (5) 11n (@) Yunans (3) tew (2) LLazﬁa&Jﬁqm (1)

NAN1SILUAZAUSIINE
nan15398lupsallswundu 2 du sall

1. wansAnwuuInienisdananssunisifeuslagldnsaifnwunedaudiuninuansaly
N1SANIATIZH 15049 dnsdu dadrunaziovas vestnFaudusisaufne N 1
YuzTinieuyihianssuluusazunun1sdanssews (0 2) fideldasuussnudymanuuasuuinianis

widanluwsageasufiinig dwuansdunisied 3

M15°99 3 MsnUszaudymanukaziumansuilymuaazeasujifnis

Uszihudgymiiny

14
wuanen1suidaymn

21995UfURNSY 1. Usywfeanudnsndau (saindnlsn)

JniSeunasaaunsallieanindasduiinusedniu
nield Aesginnudfey)

HIdwetueseneItuInUszdn Tulaensendiege
siwedlalaliinSeulsii

dniFeuieszianunisallymiluluianssuldaziden
wa Weussurgliasuynimdenlandau Giaswn
AMUAATY LA IATIZAAUENLD)

{ifoosuneusdilunisiinest Gaildd Adiland
Fosnslruiaymiduiesyls landruunddauls
the enusiugufiesiiiedieudtlymiifiorlsds
wazisnslathsfiazhluguadns

UniSeudafavnensisuuidaymliresls dniseudwes
wannsAnieilaradnslioan Gwasiegrnudunus
LAYIATILIUANNNT)

AideasesueIsuitalandlagldensiseng o
WnTukazenfageliinissuiuia duLuIng

niseudenunasdayalumsduauliign Weswniivay
wasdayain Gasigvianuduiug)

AidpwuzdIsnsmdeyaiinveieiiutniSeu 1y
Vuledves aam.

TniSguansIsynliaziden Gwesigyvannis)

P a

HIAuesUILALeNFIRg 1INTTEuLARTITINNauLBYn
uazdaaulunsuilangdym

acal

uneuhiauslinssUsziuialy wazeduegnsisn
naudesdenliaviduane (lasizvmudfay,
ATIEFANUFUNUS, LALIATILINANNNT)

fRdeesueUssunsihawsliinGeuilanoud
iniSeurreanludnaueiniuisey

iniseulvinnusiusislumsaguiesningide Giasien
AMUEIADY, AATIZRAUFUTUS, uarIATIZRNENNT)

v

fdemsUalenauazldmaunsesulinsewdug
asdinnigide

2995Uf RN 2. Yywneaiudadou (luliuiauna)

HniSeuaunTaienensIs inurduansisviliasidunane
AethidsuaiBeunuudndu 9 uildmnaou ddiideu
aSUETEasSunTiuvesIstY (As i duS
WALIATILINANNNT)

Ya o

fRdemsenfegnsuandsiiiinSsuiuundy

inFeuliannsansadmeuldidneuilaugnies
ield Asgianuduiusiagiinsgiannis)

o

{13uAsesurefalsninsIsrmeuliiniteily

2995UfURNsY 3. Ysyweaiuesaz (1sa Covid-19 szuranalne)

avanslee Aoz Inemans umInerageuasvodil



90 | Journal of Science and Science Education Vol. 4 No. 1 (Jan — Jun 2021)

Faagnui N%Uﬁﬂamiﬁ 1-3 ‘t]zymﬁwuiu%uﬁau%aﬂaﬁaa 9 LﬁaQ’ii’]’awU{]iwﬂw,wiamwwﬁﬁﬁmi
wErzmuumanisudledgmidwauerlinsufoined 2 nudgmlutuseutesaininumsuiifinie 1 uas
2995U{0RNTT 3 Tadwutlgmn

dedndunisianisSouiasu 3 unuvde 3 195Uf0Rnns {ideTeagiuuwmsnisdnnisieuslaels
nsdlinuiiledaiasuauanunsalumstniinest Selsgnaudae 7 tu (il 2) Inefleanden fil

a R B~
AMd 2 MsvhAnssuNsSeuivesinitey

v

Y o ¥ o o ' i Yo a P I3 Sa  a v Y
YUN 1 %unﬂﬁuﬂﬂiy‘n’l ‘HﬂLiHULLG\agﬂQNlﬂiUIUﬂ%ﬂiilﬂ/]Lﬂuaﬂqur]qﬁmﬂmquiu%qmﬂiﬂ L 33IUNY

¥
=

Anseh Feilusziulunisiesest loun aaunsalilgmdeiilfusesneaduesls ananunisalidudediiiniu

<

3dlutinUsedniunelyl anunisalidanuduiusiuiinateedndls dnSeulunquasdisdivimssinudseinu

v
RN

fanan TuduilidoasesnuuuaniunsaliymiAsnfuinesslubes snsrdu dadiuuaziosay 1wy Jam
Aeafulse covid-19 fitrdsszualuvssmalng fadufesiiiniFouidnuarlfifiuninads q uenainidsd
anunseifdudeadeatulyld AfegluiinasadudsiitniFoudunnasldsuusemumiusidn a1nn1simun
HapmnludsifiegluiindasyiliinGouismnuaulauasdumsnsedulidniGouiansisouiled

fudl 2 Judasesitlym §iduldesueussdulunsieneiisd Adilanddesnsliuftymduie
o¢ls landimuadsdaulitig anudiugiuiinsiiietisuitymifierlsthe wasdiiBnislathefiasluguadng
vosfmey visntutniFeulduiuiessinuussiuiiideosue

uit 3 Suidangnsisudilym fidvesueiaisnsudlandtaymuarendoganadenldynsislunis
ylanddamiliiingeug lusswisduidvareostiousnuitedunsnssdliinGeuinnmsfninseilunion
7 fufite wimndutndeuuiasnguaztiefumuumidunsudiyniie dengnsisulflasuansivedng
aziBun wieualivaraUszneumaldenynais

uit 4 Fuduairdoya fifuldeuionisiududoyalnevilitniFougduseandouuuriniuluiid

va o 0191 o

anudweieveseyanazimnldluntsuidaymtuls Tussnineiideinlvguuldesuisfnsifendeyauas

Y Y
o @

wugrtNsNRuNIsAudeyadtniseuIzuUiumdeyanuay 1 viade vietniious1azAudaya 1 AULA?
dioufivAerisfudsuiFsdeyaiiduldindmniuinGeuutasndurisfudududeyaandumnedidn

$uft 5 Sun1skununadng (ATvesuisiedisiunounisuandiiilussminsendognedufitoasls
tniFoudugtaslunisiedsiude Tnefisearasdousniuegiaue 1 auldnadndludefionsaegns ndsan
fuihFeuusesnguasutanunmsaidgmildsulnsuansisviuandouduiuneustisasdon

fufl 6 TunanivdsuiFeus fidvesusicssdulunisiauentidunoufiasliinFousdaznguds
Funuminaus Tnefussdulunsiiaus d dailanddensliuitymiuiessls Tandmmunaslaunlidhs
anuiiluguiinsedildudeslsthe gstsiidenldfeisle mneudulienuaivnaunanelsl uazaoumsaitlgm
fifuseduTinaieasnils

Copyright by Faculty of Science, Ubon Ratchathani University



MIATIMEImanTUaL e mIansany) U9 4 wauil 1 (A, - d.6. 2564) | 91

ui 7 dutwadnstuly dniSeundaznguuazideteiuasuanuiilannnsiilufanssy suwdwa
ansnlalagldensisninteudonld uaganunisallulufanssuannsatlugtinasalaagialstng
2. wamsAnnanssumsiteuilngldnsaifnyunedusiuanuaansalunishindiasii (Sae ansadu
Y 1 v & o = oy al
faULaTSoYaY YaIUNSIUTULSENANYIUN 1
AidedinselufanssuvesinEeudiuin 12 au Tnsuvadungy 4 az 3 au 9uau 4 ngu Tuwsun1sdanis
Seuiiiuau 3 wu lnednssiannuansuuuiisuiunasinisliasuundndudesas Jauseandu 5 seau loun

sEAUNINTgR 10 Yrunans dee wazteefanlnedidiegiunadinisliiasiuy Aamns1ed 4

A15199 4 WARILNETINIS AL LUUANNANNISINITANILATITNVBITNS EU

AMNEIUNTATIVATUY ITAUAZLUY AMUAINTNLEAIDDN

N153AT1ERANE ALY 5 Ansgndeyanuddgvesanunsalvsemnnsallulang
Yoy anunsameulsinaaiunisaliudusewimsonisauus
Ju awsaieuasusmnradeaulieg1adniau Asudu

4 Inseteyanuddyvesanumaivsennsallulang
Taymlduaranunsadisussuemaradeaiuliiuuidu

3 Inseiteyanuddyvesanumaivsevnnsallulang
Yy lousilaieueduamenadaagy

2 Inseteyanuddyvesanumaivsevnnsallulang
Yeymlel

1 Inseteyanuddyvesanumaivsevnnsailulang

Ygyminsaivdenlandivuavieldlaiasizideys

N1FAATIZAAIUETUNLS 5 Nnanumsaiiemnnsalansaiesgildinlanddubos
Renduesls uitlymldednals exladuaing exladuna
wavausaasUuazlinamalansudiunnusziii

4 MnanumIiviemnnsalansaiesgildilandduies
Renduesls uitlymldednls exladuanng exladuna
wavausoasuuaziivawaliduunsdu

3 MnanumIiviemnnsalansaiesgildilandduies
Renduesls uitlymlsodnls ezladuaing exladunaus
Lianunsoaguuazlivenala

2 nanunsalrsalmnnsalansaleseilaiduusUsziiu
1 IINAnUNITAVTaIANTalllan TR T Ale
NNSAATIZANANNT 5 lanannis loensislunisuidaym wSeuviuansisuiiaym

ot saziBonuarldimneuiignios

4 Londnns lagneislunisuideym wSaurauansisuiiaym
wazlammneu
Lovdnns lagnsistunisuiUeym

2 Tandnnis wansiowndeym

1 Tandnnisegafien

HaN1TITesEninadnnanssumMsseuilagldnsafnuiuuanaiani s 5

avanslee Aoz Inemans umInerageuasvodil



92 | Journal of Science and Science Education Vol. 4 No. 1 (Jan — Jun 2021)

M19199 5 wameduunguiniGeunussRuataRnsatunsisiasiziantuAanssululsias U fusnis

29asUf AT uunguinFeuduunmuszauanuaunn (5euas)
i aniign gl Urunans o Youiign
1 0 (0.00) 1 (25.00) 2 (50.00) 1 (25.00) 0 (0.00)
2 1 (25.00) 2 (50.00) 1 (25.00) 0 (00.00) 0 (00.00)
3 2 (50.00) 2 (50.00) 0 (00.00) 0 (00.00) 0 (00.00)

91191579 WU TursasufRnnsi 1 nguvesinGoudanlngfiszfuanuausalassaueelusysuuunans
$1uau 2 naw Andudesas 50 dwsulursesufiannsi 2 nduvesiniFoudiulngfissiuanuaansalassiuegly
sefuann 1w 2 ngu Andufesas 50 dwFuluaaasufiinied 3 nquvesinBoudnlngiiszduauanse
Tagsamegluszduundian wazuin $1u9u 2 nguisindu Aatdufesas 50 Foifu efiarsmnlagsin wudn ngu
thiZeudulngfimstauauansalunmsaniienegittunudifunsufiting

AITAATgkuUnadeUIanNaINsatuNSARIATIElneTINTe N TnellAeialnnans LY
Wisuiunasinisinzuuuandudosas Fwuteandu 5 seau laun seduiniign 1n Uiunans e waztlosian
Han e raedafanssumsteuslaglinsdifinw dukaniianis1en 6

M13199 6 LARITILIUNGUTNTEUNNTEAUANNANTATUNITANIATIENIAETINIINUUUNAFR UTIANAA N0l

WUUNAEAY IuunguinFeuduunmuszauauaun (5euas)

g un"5al undign Al Urunang oy Youiign

1 (dasdau) 3 (25.00) 6 (50.00) 2 (16.67) 1(8.33) 0 (0.00)
2 (dadau) 4 (33.33) 6 (50.00) 2(16.67) 0 (0.00) 0 (0.00)
3 (Jovay) 8 (66.67) 3 (25.00) 1(8.33) 0 (0.00) 0 (0.00)

91791519 1Uin lunuunaaouaniunsaii 1 dnieudlngiszduanuaansalassmeglusefunn
$1uau 6 au AniluFesas 50 dmduuuumageuanumsaliil 2 tnFeudniluaissiummuamnsalaesmeglusysu
1n S 6 ey Andudosas 50 WeRinsananazuuuTEyAraud wuIiiGoY 2 Au AfaueLENTaeN
iwnegluszsutiosluaniunisai 1 meglusziusnnluaaunisalil 2 $1uau 1 AU wasfaunANLERNIINTEY
wnluaniunisaifl 1 Junegluszduuniigaluaniunisalil 2 91umu 1 au dwdunuunaaevaniunisalil 3
thiFeudulngiinnuannsalasregluszdvainniian Swiu 8 au Anidudosar 66.67 uazilefinnsanainazuuy
eyarand wuhiiinGoudu 4 au Afannmnusnsnanseduinnluaniunselil 2 %umaaﬂuazﬁumnﬁqﬂ
Tuaniunsaifl 3 uazdediinFou 1 aufildfnsfanndesedlussdusunanamilowduiianiunsaid 2 uas 3

namsliaszidoyanluanssy wuh nmameumaniulufnssuduiinisimunmsidunudiduises
UfTRns damadenstannanuannsalunisiaiinszding 3 fu ldud msAndiemeinnudify nsndesed
Anuduius warnsntiessivdnns Wetndswhuuunaaeyinauanusalumsaniinszfainanumsaiing
aufnanvuuuiintunimadildanluinssy Tnedsdfunsivauannnlddes fe Snseinruddy Sz
AUFUTUS WALIATIEAVENNNT MINEIRY

aAUs8Na
Ya o ¥ Yo a 2 ¢ o X
Aideladuwunnisedusieenitu 2 Ussinu Al
1. wumensdananssunisBeuslagldnsaifnwunedudiuninuaunsalunishniiasizi (Sas
dnsndau dadiunasiouas

nsdafanssunsseuiiaglinsdlifinew 1Se9 dnsidiu dadiunazesay Nduasuauannsalunisan

a L3

Anszivesinseutudseudnutn 1 laeldsuuuunsideufianig agdasulminisdrsiauasinsgidymi

Wadulutuseu vilidilaanmdymniatusenitmsdanisiseudlutus oy wazliinsfnmauaindeyan

'
a

Wedeudadunuinislunisnununazuiym nasnaunisesntuukazasiunsosdiolun1siselaeeiuns

Copyright by Faculty of Science, Ubon Ratchathani University



I INMaNTUaL N Iansany U9 4 taudl 1 (1.a. - d.6. 2564) | 93

nsasuAmAmIINITIvie ndntdusgfaeutasfdunanisainisdanisiioufardunanginssunisdans
BoufuarduiindoyauiieasviounanisinnisiSeuivengdaou uasiwailsnusulsuasinunisinnisSeusly
Nfﬂiﬂg‘ummﬁﬂmlﬂiwﬂﬁwawamwmmu aumummmwsﬂgummi @AAADIAU Kessung (2016) a3 Mg
af\]EJUgummﬁLﬂumﬁﬂm:nﬂummnﬁuﬁ’lmﬂ@masmLﬂuwuumaamﬂamﬂuamwmiﬂgum Tnen1stlUugiRese
wioudunauazasvounaiiamidunsiausgsoidosmunssiuussguaduiamuiidesnis Ssasiduuun
I iRueIngdaoy Ssaenndeaiu Wongwanich (2012) find1dn n1sviniseufuRnisludueu
fuidunszuumsnisfiagldlunsyssliunuvesaues uazifunszuaunsduiezdumuuamemsudlatymi
AntulurasUdRnuaou iledlugnisiauinindeunsasusgieiuszavsam

wmsingaslunsdnfanssumsiSeuslaglinsd@nviileduaiunsfniinssiiivssidiunsaoud
msihildud AeunsdanisBouifessinmnaununounisasuy deseenuuvaniunsailiyviiieaiuinaiduies
dasdu dnduuariesas 1w JymiAeaiulsa covid-19 ifdsszuialussmalne JaduFesitnEoudanuay
wuiidlutmegiaue venniflanunsaifidudenientulyld fududesitnFeudwasuwasdutagiviiugiu
Tunsusznauesnnaseuadl iesanmisimuaiaymiludsifegludinsasinliiniEeuineualaasdu
nsnszdulitniFowinnadousléfutuil 2 Suienesitymiiindouasfedinmeiitlandlferlathe Tang
Foansliuidamerls uazdsilandtmualfunduiiomedonisninadnindel Seaenndasiu Laowreandee
(2009) finaain meeuslasldnsdiamitduaniunsallufinesedu asfaouszfesnesdunanginssuuaigyi
Aunssuiileresuuzuumdlallffneenuanysuifiu Ineasfaeuasdostuuzdssifiulunisiinsey uagudnninden
gnsTsiiovunuAtgmiludud 3 SudengmsTBudtiam deaenadasiu Khemmani (2002) indmsgUuuunisasu
finseunqumisiuion Fviegsandontu asdosesuifmdnnmsieneiiinssadu uandiiidutuneu
ogsaziBon Tutuil 4 duduaidoya asfaouazdosasansdudoyanindumedidn Inevinligidusediouay
oSugRauvawestoyafiundedels tnSeursheiududutoyaifeiumaingmsisifionusidamluaniunisaloy
dwalilduadnsludui 5 Sudununadng agfaeusesdunninGeuioduiivinulussnigifanssy WetnEeu
dnadmsudtiniFouaziiauouaniudsudoustuluiuil 6 fusaniuisuious asiaeusivisysadulunisdiaue
dielviniFeuldiniauslioenuenyssdiu duil 7 duthuadwsluld dhieunasasiaouastasfuaguanudildan
nsrnsilufanssutu 9Infina1nandsaenadesiu Stanaland (2004, p. 4) inanafedumeunisdanisideuslagld
nsdifnundadiog 7 tunewduitnisaeuiisjatunisiininuensniiased nisduduanuifionuies uaznis
wideymiietuasdld wdaanmsianisieus asdasuazdesasvieunanzuuuluusazAanssuliiniFounsiuiile
tinSeuarlausuuswasiamnnanisseusviduseansam

2. wamsdananssunisGouflaslénsdifnuiitadusiuainuamusalunisiniiaszi Bos
ansdau daduuaziosaz

HaN1TITEnaaInInfInssunsseudlegldnsdfny nuidnSeudnlnglissduanuauisaly

nsAndianeiaudidyanmsuitamisauaaunsalluuuneaeveglussduainniuluynaniunisal naide
reumsinnsdeudngiaeulditaueaniunsaifymiieiiuFesnos covio-19 Fududesiiiniusgluneud uay
thiausanunsalifedfuldlidadubesidniFeusinuasdunoduednsd szisnsdanmsiSeudagiaeudaunaiiy
dniSeulsdadeuiisessesmsuenuezaiunig o lulvaaiunisalfemuininiGsuadiulvwaaunsaiinszianudfy
snanunsallanddamls aunsanoulginaaiunisallunvunageuiniudewswdeld daunsassurelain
anunisaifinnuduiusiuiineiedsls Geaenndesiu Kaewsing (2008) ind1791 N15AAILATIZH (Analysis
ability) vanefa anuamrsalun1ssuunuenuezdiugessineg veamanisaiidessriieiieaniediig q 1
Usenaudigasls danudfgy duiusiuegiels ndansdnnisseus nan1sinseiaelain dnSeudulnglisedu

v
=

Anuasadsnanifuultudiviu WesnnagfasulfesnuuvanunisallangUymidegluiineis dniFeu
anunzaiuldnudn Tavanluid viewuandusesidn waesasfaoudaiinmusenovluusasaniunisaiifu q &
lvinZeuannsavnanudilaldinety SwdmalirnuanselunsaniesisinnuduiuivesinGoudiulngd
seduanniuly wariuunlndivduluaniunnsaid 1, 2 way 3 audisu esantinSsuaansoieseiussusig

Fvanslae Aol Inenmans 1/74731//5/7@”5/@1/5‘57%5717



94 | Journal of Science and Science Education Vol. 4 No. 1 (Jan — Jun 2021)

q il AdilanddesnsTiudtymiduiiearls Tandimunddaunliing mmiﬁugmﬁmiﬁLﬁmhmlﬁﬂzymf:ﬁ
orlsthe wagiiitnslatheflaziinlugnadnsliinetiudsaenadoatu Knemmani (2012) find179 nisiFoudmuisi
aauimawmajﬁﬂmLﬁadqLﬁuﬁﬂwmiﬁm%miwﬁﬁuﬁﬂL%'&Ju%éfaqﬁuﬁummiﬁwﬁ’;Laq wazazdonduaniunisal
AAntuasduiineds fusnuansalunsaeinssindnms wui dhiseudnlngissiuanuannsalunisan
Jinsgindnnisanmsuidanlugaunisaliisanuaaunisallusuunaaeussusseiuanniuly wasduusldy
Winduluaniunseld 1, 2 waz 3 auddu WewntnSeuannsadeuiansisnisinldediezdon awnsaden
gnsIstunsuidmldgnieawasileuesuieliegnadaauidmalinisiauanuaiunsalun1sandassingnnis
ogfluszAuanniuly 9nfindranduaguldidnioulinafnlesgine 3 du ldud Jemednnudidy Jesed

ANMUFUNUS LALIATILIVENNITHUAU

ayunan1sIdeuazdatauaunuzannIsIve

nMsifeUfoRnaitewannsinfanssunisiFeus 13es dasdiu dndruuaziesar Tngldnsdlfnuiile
duasumuanusalunisiniinssivesindoutuisoudnudi 1 du feaudufe 1) dounisdanisdeuiasiaou
aaﬂLLUUamuﬂﬁiﬁ{]zwﬂﬁaamﬂﬁmﬁu%’imﬂszﬁﬁummﬁﬂL?ﬂu‘w?aLﬁuﬁaqﬁﬁﬂﬁauwmﬁuag_jijaa 9 LBU AU
Tnsvimivde Facebook Wudu 2) szviunisdnniadouiagiaousioatuuzuumddumaianudlalandtamuas
nuyuASRugIuiiddy weeiBnisddeddlunimmdiney asiilitnisuaiunsoinszsinuduiusld
uenaniingiaousiuetuneunsunansisvheswandeandousndeteuarlitniouraemnadng mensis
lundoniuagiaeuludesedretuseifolitnFoudila awtiliinSouannseinsgindnnsuasidengmsislu
nMsmmaansle uay 3) ndsnisdnnisiseuiasdaeudosuanaanziuuntuianssuliinseunsuluwsaza laun
Amouduilinzuun uazdnoudiuiidsaziuy sufauumensreudmanlinsassifuagiliiniEeunsiu
founnsesuazannsnilufudsmuesaudsaliinG oz ildasuis 3 fu Seilviansdaianssy
miL%'auiimai%ﬂizﬁﬁﬂmﬁﬂﬁﬁﬂL‘%aua’uuimgﬁmmmmmiumiﬁmfimeﬁﬁy’q 3 AU Ao NMIANILATIZAAILEATY
NSAAIATIEVAUAUNUS wagnIARIATIZYINENNTT aglusAuln

UBLAUBLULAINATTIAY
1. dotauauuzlunsiluld
1.1 msdansBeuilaelinsddnw iunszuaunsdansousfigatiuliiniSeummseinei
Jaymmsadamanslo ?}qﬁwﬁﬂL%Emﬁmmg”ﬁugmmamﬁmmamﬂmﬁm‘wa zdmaliiniFoudiaTziwazun ey
Lilg Fadungdaounismumuanuiiugiudeaavdiu nsgauaznismssnuduiiolidnSoufinnudms
adinmansfifiomelunsiiluldizes snsdw dndiunazioas
1.2 msdnnsSeuslaslinsddnu agdaousrdenitausanunisaldqymitinGsunuivludin
931 AlndsafutinGeu viefiinGounuiiuludeseulasins o Tasasiaeusiainifleaniunsaiai vienmdass
anunsaiasanliinGeugaeinliinGeuansninsgilssiuih anunsaifduteniifenudutusiv
Tanasld oghadu anunsalvedlsn covid-19 fimdszuinegluneull dnidsuaranunsolinnesiaudidyuas
nszimnuduiusvesanunisaldymils
2. faiauauurlumainidsassialy
msfnwinslduuimenisianisiseuilasldnsddnviiodaaiuvioimuinue nsdeaisma
adlnenans esangidedaunaiiuiiluszninansvihAnssunsBouiiniSeudemsteoningisouarsinduans

AnuAniY datufersdalenalidniseuldyauwasuaninnufadiiliuiniu

LONEITD9BY
Stanaland, B.E. (2004). Once-daily budesonide aqueous nasal spray for allergic rhinitis: A review. Clinical
Therapeutics, 26(4), 473-492.

Copyright by Faculty of Science, Ubon Ratchathani University



5T INMaNTUaL N IansAnY U9 4 taudl 1 (1.A. - d.6. 2564) | 95

Hays, B.E. (2008). Measuring customer satisfaction and loyalty: Survey design, use and statistical analysis
methods. Wisconsin: ASQ Quality Press.

Kaewsing, K. (2008). A Study of critical thinking abilities of grade-6 students which are measured and
assessed in conjunction with the teaching of mathematics schools under Nakhon Ratchasima
Educational Service Area Office 4 (in Thai). Master’s Thesis. Bangkok: Srinakharinwirot University
Prasarnmit.

Kessung, P. (2016). Operations research (in Thai). Bangkok: Chulalongkorn University Press.

Khemmani, T. (2002). Teaching science (in Thai). Bangkok: Chulalongkorn University Press.

Khemmani, T. (2012). The science of teaching knowledge for effective learning process (in Thai). Bangkok:
Chulalongkorn University Press.

Kemmis, S., & McTaggart, R. (1988). The action research planer (3" ed.). Victoria: Deakin University.

Kitroongrueng, P. (2011). Teaching model development using case study in teaching and learning
sciences to promote the critical thinking abilities of teacher professional students (in Thai).
Nakhon Pathom: Silpakorn University.

Laowreandee, W. (2009). Models and strategies for learning management for developing thinking skills
(in Thai). 4" edition Nakhon Pathom: Faculty of Education Silpakorn University

Makanong, A. (2011). Mathematical skills and processes: Development for development (in Thai).
Bangkok: Chulalongkorn University.

Ministry of Education. (2008). Basic education core curriculum, B.E. 2551 (in Thai). Bangkok: The Agricultural
Cooperative Federation of Thailand.

Moolwong, W. (2016). Development of mathematical problem solving ability of students. Secondary School
year 2 that organizes learning using a case study (in Thai). Master's Thesis. Nakhon Pathom:
Silpakorn University.

Sariwat, L. (2006). Thinking (in Thai). Bangkok: Odean Store.Sutthirat, C. (2010). New learning management.
(in Thai). Nonthaburi: Sahamit Printing and Publishing.

Wongwanich, S. (2012). Classroom action research (in Thai). Bangkok: Chulalongkorn University Press.

avanslee Aoz Inemans umInerageuasvodil



J S S Journal of Science & Science Education MIEFINYIAERS AL INGIFEATANEN
https://s004.tci-thaijo.org/index.php/JSSE Y7 4 Edud 1 (1.0, — 3.8, 2564) | 96

UNAIINITY

o/ a v a va a ¢ 1 a
n133an1sReuilagly 5 wuaneufuRlunsaeauatinaiansivadessy
anuansalunmsasdymuaznisuidemn 5ae anuiandy

v o Y o = oy A
vauinyudulseNAnu N 3

Usneiing uluaed”” wazaliuns wulwyadinad'
109ATUINISANYT ALIEANYIAMEARNS UNIING1DEUTFTIS
*Email: prangthig.paen@gmail.com

FUUNAIL: 3 WOUAIAN 2564 WALYUNAIIN: 24 WHBNIAY 2564 BUSURTUN: 25 Naun1AY 2564

unAnga

msideadeiiifnguszasdiiie 1) AnvnuamenisdansFoudlneld 5 wuameaufiRlunisaeundnmaniii
dnasuanuasolunissslymuarnisuidam 2) Anwnan1sdnnisiseudlaely 5 uwimejiilunisasu
ﬂiﬁmmam%ﬁﬁ@iammmmadumi%ﬁ]mmLLazmSLLﬁ{]zgm 3o mnnhandu dmsuitnSeutulsenfnudi 3
nguiinune fe daiFeusiuiu 20 au lssdsudseudnuimildudminuasassd §3deldunuunisise
UFtRnslutudou $1umu 3 193U Tneldszornaniun 12 $9lus ndesdeilélunuide Wun wwuns
faRanssunisiFoud wvagiiounanisdaninioud luianssy wwuduiinnisdslymiuasnisufdaym waz
wuunageunsasdgmuasnsuitam deyaiildazihuiieseiteyaduienuariieseinuuuentseiu
NaNFITE WU 1) wamensdansiseuslegld 5 uwmajualunsaoundamansidaaiunimaunsalunis
Fetlymuaznsudtamiu Sussduiinasdu fe AsAsdenUMIAdamansieaaunsaliiialflunsinnis
Bouimadulymteaniunsaifitiensefuaiuaulavesingou JnsteliAnnsednelufuFousasdae
somssatiymuesinGeu AsAITERNuAzS B URaNUYeIinEsulunMiaue N SiuANNINEYRIAINUNE
Juanntestigaluanniign FeazdielitniFeusoudanndeiamainauaiianiuslifeonues wazagmndudizums
oAuTelaeniesuarldmanaisdausznaufiogneiu Srasdielfindoudsusnmsduimsmenuiuas
e fuieuluduSeu uas 2) ﬁfﬂL'%wa'auimg'ﬁmmmmmiumiéﬂﬁmmLLazLLﬁ{]iy,magﬂuisﬁuﬁMﬂ
namAe Thisuanunsasaaunsaiieywiieatuanuezdu lneivuadeya Fouly Manuwazanusari
mnudlatliym Bongnsinsudtym dudunisldensislunsuitymideisivnsan asudneunazasy
puAnTIvEEaveInulasdula

Addsy: 5 wuasudRlunisaeuadineans nsasdamwaznisuidym  anuiezdu

$r98eunaanuil

Usnefing wluae wagatiums yulwyadiiand. (2564). M3danisseuslaeld 5 wuimeujiRlunisaeundnaans
L‘WlaﬁlﬂLﬁ%uﬂ’J’]ﬁJﬁ’]ﬂJ’]iﬂIUﬂ’]iéjlﬂﬂmﬁ’lLLﬁSﬂﬁLLﬁ{]inl Foe Anuihanduy vesdniSeutudseudnuna 3.
MFESINYIAERSHATINYIAERSANEN, 4(1), 96-106.

avanslee Aoz Inemans umInerageuasvodil




I INMaNTUaL N Iansany) U9 4 taudl 1 (1.a. - d.6. 2564) | 97

Research Article

Learning implementation based on five mathematics teaching practices to
enhance problem posing and problem solving on probability of

Mathayomsuksa 3 students.

Prangthip Paenwongl’* and Wanintorn Poonpaiboonpipat’
!Department of Education, Faculty of Education, Naresuan University

*Email: prangthig.paen@gmail.com

Received <3 May 2021>; Revised <24 May 2021>; Accepted <25 May 2021>

Abstract

This research aimed to 1) study appropriate learning implementation based on five mathematics
teaching practices to enhance problem-posing and problem-solving abilities and 2) study the effects of
learning implementation based on five mathematics teaching practices on problem-posing and problem-
solving abilities in the topic of probability of Mathayomsuksa 3 students. The participants were 20 students
in a secondary school in Nakhon Sawan Province. The researcher applied classroom action research for 3
cycles with a total duration of 12 hours. The research tools were lesson plans, reflection form, activity sheets,
problem posing and problem solving notes and a test for problem posing and problem solving. The data
were analyzed by content analysis and analytic scoring. The results showed that the appropriate learning
implementation based on five mathematics teaching practices to enhance problem posing and problem
solving should emphasized some points. Firstly, teachers should choose mathematical tasks or situations that
engage students' interest. They might help student to discuss in class and get idea for problem posing.
Secondly, teachers should select and order students' work to present in the order from less understanding
to complete understanding in probability. This will help students learn from mistakes until they build
knowledge on their own. Finally, the teacher should initiate a discussion by giving an example and using
open-ended questions. This will help students to inquiry and discuss with their classmates. Most students
are in a very good level of problem posing and problem solving ability, that is, they are able to set up a
situation or problem related probability with appropriate information, conditions, and questions. Then they
can understand the problem, choose a solution strategy, implement appropriate strategies for problems

solving, and make a conclusion of problem and concepts of probability.

Keywords: Five mathematics teaching practices, Problem posing and Problem solving, Probability
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Abstract

Mental model is a type of knowledge representation which is implicit in learners. Mental model is
an important tool for studying learner’s understanding. The objective of this research is to study student’s
mental model, called a visual model, related to the solar system. Before and after inquiry-based learning
approach integrated with various media such as game card, and augmented Reality 3D pop-up book. The
sample is 23 grade-4 students in semester 2 of academic year 2020. Data collection tools consist of the
student’s solar system mental models that students were asked to draw the solar system model, an
individual semi-structured interview, and a solar system conceptual understanding check list. The research
results divided students’ understanding about the solar system into two groups: conceptions and
misconception. Examples of misconceptions are students understood that the Earth was the center of the
solar system, and comets and moons were planets. After learning management, students’ understanding
about solar system was gaining. Therefore, inquiry-based learning approach integrated with various media is

a powerful teaching method.

Keywords: Mental model, drawing, solar system, game card, augmented Reality
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2) MATIERU3Ns Anudvesdneululssifiudeseuisuresuuiamdn Ae medunsifuaiases
mnufivesiney 23 au ndaFsutnGounnaudilainmaduniidunivinsvenenei amadunaiesei
(i 6) Audivesdiney 3 Au ndsSeutinGeunnaudilainnmadudunidsesssuugior szt
ligndfes arwivesdneurestiniFeudeudsutmumianaseiuasuynau uirunvesaaseilaiduius
fudleresnuATIzat WU AuaszilivuaiiuLe uazdeudsulinGoussyTonaeseit uiddudeaniasizi
ligndasiamuannau wiaFeutnidsuamansnssydearuasgimuddulfasuynau

3) n1slAvs Anwiivesdmeuluussifiudeseuisureannndn fe ariaszililaasseunisending
roudsuiianuivesdneu 21 au vdadsuinGeunnaudilaiinniengilaassounseing fogrsdnouudns
Tunnil 5
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1NNSANBUUTHUTEULUUTIADINIIANUAAIINATTINNAIN N5I1ARITEUVESEE Saufunsdunval
tniFouduneynna vesindeudulseoufnu®i 4 1w 23 au Teldinasinsliazuuuuuuyssdiunsiaaoy
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nslaes uazdnwaurdus nuii InguuuiAnnisdiassszuudiosdu 2 ngu fe nquifuunAngnieswnunasing
UsziiiuluuunAandngniios neudeuFouiivuiundadou wuin uwndandnlulssfugessineg figndesiunds
Bouindouynaudilawnandngnieafindunsuynau wasnguuudnligniedunAandnlulssifugessing
fvilsUssugeonilvwsziuiiaula Ao thifsunnaudilei meduniifuanienei ilesnidniFeunouiung
Funsuuviosiimniu FadudeddyivinliinGoudilenanndou WewsouifisudeussuiunduSounuin nds
Seuiniseuivunfagndesnudssiiunisuszdliununasinishiasuuuwuulssdiunsisaausienisanudila
wAndesnsitasssruvaierlu 4 Ussifundnynau Seaonadesiuauids ffnwinuudiasmisauAnues
dniseuainnsrannuiunmsdunivalinseu lnedndwunnquiniseudungusingg (Suttakun and Ladachart,
2013; Jantrasee and Kanamuang, 2018)

nsfitniFeudifaunsuuuieemsarudadiity esn defithanldiludenansiivasliinEeu Fous
1§a897u W laddemldnsauszifiu Fadulumuuunanind1iin fefidudiadoulosaudtasliinGsuaunn
Wauanuansalunsaduuuias e nuanldaTy (Fnans 4013, 2555; Steve et al, 2011) wavdelaiiou
WBetwduaiunisfne duaduniadeus wasdiensedudnSoulifiduinludutou Snfannsanuinuly
Uszneunsinnisieunisaeu Aldudeivaisnsedulidnioufannuaulaluuniieu wezFousdndanugy
aunauu mszndumadenvesienisfousiesrilitngeu SeudomluunFouediediarugy warn1sdnnig
Seuilasldinuduasuanudiialunisdeusiluediegs (Wuttisela, 2011; Muntean et al., 2017) @enndediiu
u3T8YeY Suwancanit (2017) wavesnsAnwmuIINslnsanulunsianisiseunisasudglvdnitouiinig
NouAay aynauy wionfiezuiasasuaenunsnluluseningiAenssy unnsaniuidudiosfaouyaduing
Werlumhtudeu Welemalsifinsuaniudsusufafussnisinideudetues wasviliinGsunifasnans
dounnuiugaeu

uenniudnisaeulnelddenilsdeandifuszaunadnia nsedaduasay Wity uansamiisumiy
TadwiuiinFeu Fsfinruilndifssunsdiuiunyidsves Kaewprasong (2014) wamHowuh nadamsalieuglag
Tudsdoauiin SudumaluladfiioisldnFesssuugiosdmivtnFoutulssoufnudi 4 Tugrusg wandlinshu
TlasrmuudatniFeuiinnufeelounn waraynauuiunaidouifendadedunnddluanmisdedourtilussd
o1 fumngimidsdeanifsiutumeluladeslaafinmwamusznovatsny fAfmiszneuiiuaudila
nagAsganwaulavesiniFeuiliinSouaulalidomine wasiianunsziedosuilaviSouddonuledldedis
aunauy

wazmelulafiafiousiefifdiuteliiniFouiuuuiasmeanudaiivamiu Wesin waluladiadeu
sFanansszuugiozlunmanudii fannumeany auads dniFeuiinnunssieouioziFou afrauuudiasimis
anuAnlding aenadesiuamide AnvitnisiFoudinuleundindudedunsFouissuuaios fedemalulad
affounieiy fidsufiarunseiiotosuluniadous Sanuhuilelunisihianssy fnmstewdetusasiuiuogem
duauaulalumaideu shlinisGeunisaouinauayn hindedndely SnftsdiFeuldidiunniidaaulues
BUUEREINTIA annsaFeuslios iiarnuaynaulumsiseu dhiSeuiianufimelasonislidooglusziuun
LLﬁ”lﬂﬂ‘VIﬂ\'ﬂ (Chotchuang et al.,, 2019; Warapo and Tangtong, 25019; Wannakhao et al., 2020)

uenndefitaelitniFouiinuudaomsaufaiiiauntuwd dundsiiddgiensliinidousiaemis
anuAald Ao n1531a0m wmszdniseuddnauiglanninsdewdudeninu vsensidedeu uazn1snann
dwmaretiniounguoouiiunwiosensieud sruliseniBeulily dndsunguiasianuauisla wezSeusemn
KouAaeRINTU SdrusaulunisvhAanssumnedns isgudiinEounguiarenilioon Jeulild uianuisone
awld lidsnszanwandumn winduidlaviluau aguesdmnusiildosadiud fdwsmiuiansaluiies vhls
AanssulwissindulumennuazmnuazdaasuusssnmalunisiSeunisaeuldduegned

A3UNAN33Y

mMsfnwFeuiisuiuuasmanuAnainniminnw Mssiaesszuaiey vesinidsutulssaudng
Ui 4 ngldnmfoiny milsdeaufiisuiuimaluladiafiousanuiuvudtansmisnudn (Mental Model) Tngld
inasinisTvaziuutuuUszifiuasaaeuensanudilounaniieanisiiassszuugiesly ¢ Ussifiundn fe
AudnansessEUUEis: AnleTEiuing mslaasuardnuazdug vesinGeuuisuiisunouiou wasndaiou us
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vonilu 2 ngu AenguilduwAniignies uaznguiiiuinAnliigndes FmdansdanisSouiudr nquiiuuafnd
gndfesiiuunAniinudvesdineuresuudniignioufinduynau waenguitiuuiAalsignies udsnsdaniagous
tnssudilanisiaesszuugiesldgndensunnusediu
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Abstract

Inquiry- based learning is one approach of learning process that can be used effectively in science
subject. In inquiry-based science activity, the learners are able to make observation, ask question, perform
experiment and make conclusion by themselves. Therefore, this academic article, we aim to present the
inquiry-based learning activity in the topic of super absorbent polymers for senior high school students of
bilingual program by using inquiry-based learning cycle according to the Institute for the Promotion of
Teaching Science and Technology (IPST), consisting of five following features: 1) engage in scientifically
oriented questions, 2) give priority to evidence in responding to questions 3) formulate explanations from
evidence, 4) connect explanation to scientific knowledge and 5) communicate and justify explanations. The
objective of this activity is to provide the learmers’ opportunity to answers the question that is “Commercially
available disposable diapers contain a polymer material used to absorb water or biological fluids, how do
you know which brand of diapers is more effective in absorbing?” The preliminary results revealed that the
inquiry- based learning activity enhanced students’ conceptual understanding about properties of super
absorbent polymers. Moreover, this activity could be used to encourage students learning science with
curiosity and enthusiasm, having their critical mindedness suspended judgment and honesty in according to
scientific mind and 21%" century skills i.e. critical thinking and problem solving, communications, information,

and media literacy, collaboration, teamwork and leadership could be practiced.

Keywords: Inquiry-based learning, super absorbent polymers, senior high school student, bilingual program
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unin

msfizdszaueudisalunsiinm mavsznouoin uasdsdinludsaniifienududounniulumnissud
21 ¢y fEsudndudesiienudeudfumsianvinuesing 4 isuiu 01 Finvedunisadassduasuinngsy vinwy
fhumsdosns ansaume uazmssviviudedadumuannsalumsidriansianis meusaidiu wesnsléouamsaumnea
atefiUsrAnnaunazyszdnsam Fnvesuausiuilie msvinuduiiuuazaizdin (Partnership for 21% Century
Learning, 2009) FatunsdamsAnuvesinesalanea Thailand 4.0 ﬁmwm"’]Lﬂuasj’méqﬁaz&’aﬁmﬁaﬂssumﬂ%‘auiﬁ
garhilyifiFouldldanuirugiunsiauninuednan Seaeandesiuumumsfnyuisnd n.e. 2560-2579 fitwmun
gmsmansuaziimineveamsiansnviiteiaung Soulitvinusuanudnvasiisndulummsseil 21 (Office of the
Education Coundil, 2017) uazésaonndasiuiuminsinmadsudisinemansmundngnsununansmsinudy
fiugu wvisdnsy 2551 (atuuiulse wa. 2560) FifunisiansdeusligGeuldanuinainemansaugifunig
Wannuagiiniurinueiisndudmsurnssed 21 wadldnssuiunsesnwuuiddmnssudiondtamludingde (nstitute
for the Promotion of Teaching Science and Technology [IPST], 2017)

nsdansFeusuuuduienzmenag (inquiry-based leaming) WWunszumunsBouiniaiiannsatunlidn
Aansaunadeudesndlinauanduiivons TnedelendlsEsuldauamemanudiumsdang fasiam naaes uay
a3UnaNMIaliaUuR National Research Council (1996) naminnisduianzymanumainemansidunsyuiums
FuapmaruiiiininermansliifieAnuviusingnisaliing q Afedulusssumfnasinauenanisinudunia
ansaumAsevdng uing 4 sl deaenndasiuil IPST 2017) IWaguimsdnmsBeuiuuudumemanuiiiu
maalenaliuiidminlunssuiunaoudieiaunanudeudlaludenmanemaniauglfusinug
nsrULMIRe 9 Fadunuuidenfuiuitininemansliiferhanudlaunngmssinusssumalaeivladddo
mslvgSeuldnszuiunslunisdnn aseaeuuaesusmtoyavisendangiud q unldesuieusngmsalviseudUsym
foasdeiimuiiielfiinnnuianminlalundnmavieidevmeinenmans Justice et al. (2009) wuimsGeuiuvudu
iengmanufiluuummidunsuiuugnunmnsnuvesiFeulnesjaiulufingFeusitniaFous Van Schijndel
et al. (2018) wunavweenIoeniiuvesseuiinasen1siieuiuuvduasmaiui Khuha et al. (2019) Anwinaves
MsSguskULAUEEMANLITINAUNSSsuiwuuhaluirdnu I vdassuineuiansianulurindnagine
wazdanuanansalunisfoansmainermansitu Polnak et al. (2020) wumssuduuvAuasmanudansn
WuwadunvimensSeuingimans msdedased mauftym wasdniFeusianadiifioninFous Pananchai et
al. (2018) l¢nwinavesianssunsFeuiuvvduiazuiumsiineg dunm esuneFesaunaied nuindniFeudqla
ulusfvsenluimieseaunainilldegneiiuseansain Pananchai & Supasorn (2020) wuinmsdnAanssunsFeuiiuy
Fuanzsrutunuudiaes (wa) sedveymedaaiunisSeuivesindeulidlalunifeiuansyseneulessiin
Tingsa et al. (2018) wuinn1sdafanssunsiseuwuvduiasnaunauiunisinnisseuiinglddaymidugiuinla
ﬁfﬂL%'auﬁmaé'uqm%‘mqmsL'%EJwé’ﬂL'%qumd']dauﬁau fauanuisatunisunlymifuin Keeratichamroen &
Phonnong (2020) 11uin Msdsufuvudumemanudannsofauninsgnisdeasuasnsinausld uenani
Wongsriphuak (2020) ladnfianssunsiseuiiuuduangymanuisauiumsseuiiuusudenuinnanssutisdaasuli
Tidswhnuiuiu Sulinveudenu uasannsoiauinwnshnunguld fafunnmenusamsidesnanaguls
ImsdansiteuduvtdumzmanuddaaiailiinSsuamsaaiesdauslduasiAnnsiaminue Asnduly
ARSI 21

wedue$ (polymen) Wufagiifunumadyluiinuszdr unanasugivressameauazveaddan faiuaniu
duasunsaewinemaniuazimalulad (aem.) ﬁﬂﬁmiﬁ;L“ﬁamﬁlmwaaLaJaﬁwé’ﬂqmLmUﬂaNmiﬁﬂmsﬁzuﬁugm
wsEnTTY 2551 @TUUTUUT mA. 2560) sefuduisnnumoutas Wit inenmansiiugiu ased 2 Inenaians
nenm faied 15: Aududoyauasisuiisuantivsnonnserimeawesuasusuaie Svoamodimosuliniu
uonaniisussgiiomillsinenmans i (@sead) namsFousd 16: eSuneravesnisUsuAsulasiasauay
nsdaasesinedwesfitleayifivemodues namsGouii 15: Fududeyauazinaussegimansznuanmsliiay
msidananfarinedimosuaziumadly sgiuldiwansGeudiaiilitniFoulianwiidemedmesuaranunsath
anululduslomildegamnzaunazananelnemiladsansenuiiinannslinedue fneddTinuazdundes
(Ministry of Education, 2017) :mnmsaududoyanngudduiinissradansasive (https:/tci-thailand.org/) Aeafums
elududoudemediues wudwngdunsidedmiundnansiendeuuni @17 Pukae & Keeratichamroen
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(2019) FpAanssunsBeudnuunAnnsousiBsnsmiumada Cause and Effect BoawoAainuinanunsasinu
maé’mqwéwmmiﬁauuazﬁﬂwmiﬁréﬁmiwﬁmaaﬁ’ﬂﬁauﬁ Noiwong & Phinyocheep (2012) 3afanssunsi3euuuy
duianemeufuuuiuug (guided inquiry) Besautinisnisnmusanediwes wuiiausaduaiuuudndignies
Aenfuaudivnanenmueanedwesls Prompan, Khamhaengpol & Pansuppawat (2020) lpdaRanssunisBeusiuy
$adlownadia STAD safuwada POE Fowmedueinuiansoiaunadugrinanaiousasinunsisin e
vostiniSeuld Sitthisam (2019) WWdaRanssunisiseusmuwumazdudnwysanmssauiumsseuduuuiginsms
Boud 7 suFemedweinuiinSevlunduiismdetuhanuiufduiusinmelungy dwalitnFeulinadunrs
yanslisugetu Snwensieiinsei ueslienufisvelademsiaianssueglussduinn wenanidawuinmsld
uniFeutisasualvgfum sl daluimiausafmuinunanfsatunedwesfutndnuiseiuus gaynle
(Koocharoenpisal, 2017) aehdlsfimunsianadoudlundngrsvinwdinsrdadenlundngnaununarinising
Fuitugiu wsdnsy 2551 @iuUFus wa. 2560) ﬁaniiuwaama%@msﬁuéammﬁwﬁamLﬁ‘mﬁuwa&maﬁaaamﬂé’aq
fuitlenlundngasununasmsfinwtuiugruiidestinisinmsGeunsaeulsiuinEou usswodwesdiiunum
ddnyluiinUsrdnTuuasiasysiivnesssma uenandinnnsduaiiieginisinianssuniaduiuiensideluty
L'%EmﬁmwaﬁLuai‘f?m%’uﬁﬂSawé’fﬂgm'ﬁ‘vﬁmmszﬁu%uﬂﬁwﬁﬂmmuﬂmsmﬂl,'“misuﬁ https://tci-thailand.org/ Wui1
fafisnution dnfumaiiaueiumemsdafansuniadeuiFomedimeigaiudeenndmivinFoundngrsyiniw
ihasfulsslenidmivagdaeuiiszannsoiiluduuumdunisinianssuniadoudlududouioinungFou was
ihlusteserlumsideluduSouseluld

nndgmuazanudidineiy fisudsjaieusuumnisiafonssumsBeuiiuvdumemanuiises
nediuosgaduiandmivinidsundngnaminssiuiudsesdnyineutas IneiulidniFeuldnssuaunsiy
lengmeuimanemanslunsiumdineusmensufiasenuesioussiiuiamiiin “féeudisaguiiiue
vluitanfidunedmesfuduusznoudielilunisgaduiwidoveamammisiinw uddniFsuasnsuldedidlsd
rhdendSaguBvieliiszavsamilunsgedulafnintu’

[ s
INQUILEIA
WBWELNIAANTIUNTTBUTUUVAULEE M AL ITRanadiesanduBagindmSutnSeundngnsniniw
yRUTULTsEUANWImaUUANY

¢y vy
Uszleunlasy

Asaaulunangn sUNAVSMENgAININI W a11130tILLINNSIS U LUURUE EMAINS IS oo T
andudsenliussandlilunmsdnfanssunisSeuiifienauiisou wasihlUsesanlunmsidelutuiSeuseluls

v a =} 14

HUINNNTITINNINTIUNTILIBUJ
wINeNsInNIsiSeusiuuduasmanuiisemediwesgaduigindiniuiniSeundngnininiw
fuiseudnwneutate Maa1dnianssy 3 Talus dnensiangunsalfeuanslunind 1 waganunsafnwlududin

4
Aanssulagawny QR Code Tun1mil 1 yua199
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Disposable diapers Super absorbent beads

Spatula Napkin Scissors Digital balance

i 1 JaquazgunsallunisinfanssunsSeuuuuiuiansmanusisemediuesgaduien

nsdamMsiseusiuvduazmaLiisemediweigaduiiindmiuinissundngnsinwdulisendng
soudargluadaillaldigdnsnisduiarzmanuiniaingrmansluie uioun1uuuiniees aam. (IPST, 2017)
Usznaume 5 Tunau AwuanslunIni 2 Zadlsieazidendail

fidqusauludnu

g
fdoansuasl udayanangiu

LKA

Woulsedawuiudengouny aduneainy

Mwi 2 TpdnsnisuensmanuimaineimansluieassunuwInIes damn. (PST, 2017)

Ao IS B]

1) fdausanludianu (engage in scientifically oriented questions) WutufiinSeuilansaludssiiu
fomithlugmsduansdumuasusadeyandng nsagaivarwalasonslnidimifeiuneduweigadu
feaniinuludinUszdriuienadeumnufiduiisrfuanivenedmesgaduieiauazusslovivomodiues
anduBsenuasnszdulitniFouinmanuuazinusssduiiasinumiu fidagastuadiinEounsudeui
winiivdaviadiadudndesnumauiieuluduisustratios 1 faw fegremauvesiniSeuiisl

- wAndusmedwesinuluiAvmiderlsthe (What are the polymer products shown in video?)

- wanSusiwediwesunazydaluneduesdunsizivieneaiuessssuvf (Which polymer product
is synthetic polymer and which one is natural polymer?)

- uouBLUSYRINANAuYINeALNTuAazYTnAoozls (What is the monomer of each polymer

products?)
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- wouslueIuazNodlNeTUANAI9Tuag1als (What is the difference between monomer and
polymer?)
- ywodwesurazvilnilassaiiadunegials (What is the chemical structure of each polymer?)
- ywedwesurazviladautAduedals (What are the properties of each polymer?)
- wAndusinedluesfidnuTonuiiuludinuszdriuileslstns undaeens (What are polymer
products found in daily life? give examples)
TnsagdelomaliinGeunnauldsuiufindemarunasnoudia Gadmeuresindeunsdshifosiansdi
gnvideiaiiieaiiausseimanidutueslunisBoud AnlddnGeulsihdoyaaniaimisuiandssaunisaives

U
o

UNISHUNIRIAINIY UAEABUAININIINAY Tn8TeniNdnianIsuATAITINAINNLLAZAIND UV ALTEUUUNTEAY
Nnuuagenleslugnsifanssudaenadesiuiauntniss uaulaneiusdndunnedfiuesntdneusdnvseny
winlu@iadszsiiu dadl

a

Y v o & A o oo a s & 1 - o ¥ oa =
maaumtiﬁ)gﬂwu‘mﬂwﬂﬂmaqwLﬂuwaaLuaitﬂumu‘dizna‘uLwa’h'ﬂumigﬂ%uu'msaﬂaﬁma'swmnm‘w
Yy o a Y VY v °o & Ay a0 A a A B P .
uddiniSeuaznsuldednglsidndendrsaguaeluutivseansamlunisgadulaandiiu (Commercially
available disposable diapers contain a polymer material used to absorb water or biological

fluids, how do you know which brand of diapers is more effective in absorbing?)

mm?uuﬂamjuﬁﬂﬁaulff]uﬂzjuax 3-4 au wazthiingnisviAanssufiodsauazdumseld
2) wiudayanangau (give priority to evidence in responding to questions) Lﬂu%umﬁmwﬁﬂﬁﬁgﬁu
JayananguluniseduisuazUseiliumesuieniedneuainnisasiloU UAmenuies 1y §unm naass v3e a3
wuusaes evmdngiudsszdnting 4 iudeslss nuuugd odune wiemeumauiiAnu lufensssuinginion
rdendusagy 2-3 BrediumnsrsfudmivlsinFouiianssulaglidamedvielvidnzounsiu aslalenndls
thidsuwsaznauiniiiengissiiuingiuindniFoussnmnutoyasglsiiuduthafeiuidoudsagy Wy
- waéma%mﬁm’lmﬁaﬁuﬁﬁauﬁwL%ﬂgﬂ (What is the polymer material used in disposable diapers?)
- wodlwesnlHluhdendnsaguilassairadueeisls (What is the chemical structure of polymer
used in disposable diapers?)
- WaaLuafm%e[.uﬁﬂé'auﬁﬂL%%gﬂﬁamﬁﬁaéﬂﬂli (What are the polymer properties used in
disposable diapers?)
- mluwaamawisﬂumaammLsaiﬂmummmmmmﬁuulm (Why the polymers used in
disposable diapers have good absorbency?)
- 9goRnLUUMIVARBLiennaauMIgatuTesindeudasUusiarBvieatnils (How to design the
experiment to test the absorbency of each brand of diapers?)
devnGeudududeyaiaiouds wiasnguiniuwandeuteusdetuuasiu anduagasnasuaudile
vesinFoulaglddnmin “arnnnsdvdudoya dnisoulddeyafsafueylstns %’agamdwﬂ?mﬁmwaﬁm%’mﬁ
ponuuUNsMaaeaiieAumsnaunielil” Tnsusaznguensoonuuunisaasdasiussifiufidoed
- fawnsmaaedinesrls (What is the question of the experiment?)
- awﬁgmmaamimaaqﬁﬁaaﬂi (What is the hypothesis?)
- fhudsiuveansnmaediifoasls (What is the independent variable?)
- fhulsmuresmsvnassiineosls (What is the dependent variable?)
- 61’3LLﬂiﬁé’aﬁmuﬂﬂﬁmﬁ%aamswmaaﬂﬁﬁaa%s (What are the controlled variables?)
- uEmJL‘UQ‘UQU@mi%a\‘mﬁwmaaﬂuﬂaavlﬁ (What is the defining operationally?)
- EJﬁU’]EJ‘UWlEJumwmaadamdLUuﬁJumau (Explain the procedure of the experiment)
Fregnan1seenuuunsnnaesvestinideusuanddunmil 3 ndanntindeueenuuunimaaeuasSINE IS
TiinSeumiauonanisesnuuumvasesLareiusedioasuisvhmananes waevdsndulitnifouiinimeaes

Z?”Z/ZW]@“Z@E/ AL INE AT 1/7/77?7/1517275/81!5757‘21’57%
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wazdufinnanisnaaedlagsenitanisdafanssuajasdesreeliduine wuzi wasilufdwieainuazain

Y

(facilitator) Tudnusing q 819 mawSenTaneunsallunmsifanssy sasnsuwuzdiivledlunisduiudeyandndu

Design the experiment
1) What is the question of this experiment?

Which.brand of super.absorb olymer. can . be absorbed the most?

2) What is the hypothesis of this experiment?

3) What is the independent variable of this experiment?
Type.of. super absorbent polymer

4) What is the dependent variable of this experiment?

5)

6)

27 3 HBY1INITODNLUUNITYIAADIIBINNL YU

3) a3uneAsfinu (formulate explanations from evidence) Duduiitnideuesuneuufeneinemans
Mg dszindfemnna aunsosiuun Wisuifiou Siesed wena wevasteasuld Tudanssuildnidouls
Funuin wodlesiltlurhdenduiaguiBonin wedwesgadudanan (Super Absorbent Polymers: SAP) #3ai3enn
Fonileir lelasiaa (Hydrogel) Fsfilassadradulasasnamndre 3 37 ﬁﬁm'1ummsa‘iumi@m%’uﬁnﬁammma’mn
Fannlduansdosivenintinas luianssuiitnFouszdesamnsaaiuisnsoonuuunisvaasdiionadeu
auAguleinddendsaguivieluudiiiuszansamlunisgaduldinindu FeinSeuszdestasianediue seglu
fidendniaguudardrelifmnaiviity andusuthiinsvinmsuiueuaslud 1 Tagldnszuenmeaunds
wodesazunnindiud miﬁmuﬂﬁmuL%wﬁﬁ’ﬁmisuaamimaaaﬁdmaaL@J@%@meﬁuﬁﬂﬁmﬂﬁqmwéammﬁﬂLﬁmﬁ'
wwdunnldegndls FansuarinGousivefunemiuiorvunnisdaunnegnaiold wu msthnszawdedunin
unzfiinveswedmeiivaiuddunahinssauieduiuansimodweiiiaunsngaduildsnusdinseay
Hodudunuduansimediweslianunsagaduihldifusnudmteduaninedwesulnmiugaduihldaee andu
Fnissuanansoisuifisuussasnmlumsgedulfnnuinesveshiflidwiuindouusaria Tnefdonduiagy
%ﬁmluuﬁ@‘m%’uﬁﬂﬁﬂ’%mmmﬂmfﬂLLamadwﬁﬂisﬁm%mwiumi@m%’umﬂmfﬂ

4) L‘ﬁau‘lﬂﬂa‘ﬁﬁwuﬁvﬁlaﬁﬁuwu (connect explanation to scientific knowledge) Lﬂu%uﬁﬁ'ﬂﬁsmﬂﬁmﬁu
MoSunevasmuesiufeduiedu q fagfeuliifufemudlauufnmdnemans mﬂﬁﬁmiiuﬁﬂﬂﬁﬁﬂﬁﬂuﬁﬂ
anusiagulsannfanssuluidenlesfudesuemdnemansdsaungenalitnSsuduiudoyafiufuvionuns
winuuvasdududeyaiundeielfiniFou venvniinideusiamsadianudildluldesuisaniunisainie
wmsaidu « MhlvinGeuiansuesnnudiininennsdu lasagonausmnuitenseduliiinSoudnidonleds
fldi3ons Wy 1) MnaniRveswedweigaduinBesniiinnuansalunsgeduldfuenainaziussandlily
Frdoudnsaguuddmulunandamiau o vinlwdntie 2) BihFousasnguimiuaueuwifniianansath - we
dwesgadudinnlulivssleviludinuszs uludulalidntig fegredmouvestnEou loun Fundniaei
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arAuna W feundly funisinees wu Mduadlulufuienuauanutuluiu wazldlunisuanddesdslu
nsUgnity fun1sunmg Wy nsdidsen uar JaqUauna

TumsdnAanssuagielonaliinSeuldduiudeyaiiuiuiniiulnsaiivemedweigadudsinuay
nalnitvinlimedimesgaduieanitvinliarmisngaduinliuinifiotiuesuedsiiintuluntsvaasadl sauds
WisuiisudedurgvesiniFeuitaonndesfuuuAnmainsimaniviely deinFouazlaldvinwedunsdoas
asauakaznssiviude Tuianssuduenannidalenaliinigeulddududeyaionueds agoradnniou
wiastoyafiindefoielitinGeuliiuzouiisudeyannvainvansuvdaieinsei Useiliunasdadulathdeyain
Hasremedunelunsnaaosdl Teinidouazldlivinuedunisieas msaumauaznisiiviviudeuiu fegr
foyafiagwdoulvinGeududd

wodluesgadudeen (Super Absorbent Polymers: SAP) ) wise lolasiaa (Hydrogel) unediussviingou
ihiiflassaradulassaming 3 87 fausogaduildnn Wesnaunsatnifulanavesthlinmelulassase
fidnvasdulasshemiefiinanmanuiiuresediuesifmilsiduiivevtmatsvia iy uy -OH, -COOH,
CONH-, NH, uag -SOH Tngsyninsanelanediuesazidoudotusosenusylanaud siusylalnsiauuazsunsnsen
serangiladdusing 9 lumelsuszneufudumeldenduunn Weluanasusiunazuamegagililasiaiig
IﬂaiamﬁmLmeWiuLLaziawmmLéﬂ 9 IUULIN ﬁﬂﬁ’ﬁamﬁﬁiummm%’ufﬂw%mmmmmﬁamwlﬁwmawﬁmaq
dhmitnans (Tanan & Sangsuwan 2014) 91NT18ITUNANITINEVDI Mignon et al. (2017) WuI1 SAP mmiammum
gdszanas 300 whvewimiinans Okay & Sariisik (2000) VLmauaﬂalﬂmimmmuwm SAP tin poly(acrylamide-
co-sodium acrylate) fauandlunmd 4 aiiuimgilsiduremetimaigaiuihseinannsnateiusylalnsiauiy
ihl#guaunn shlvdaudilunisgaduilififsansailuvssgndldluiinses ulduanuans wu nagady
Tavzwiin nsiidsen JanUauna feunsis uaz fdendisasy iuiu annsadnwdeyafisnfslagauny QR Code
Tunwidl 4 surnile

(a) (b)

Cross-linking

https://en.wikipedia.org

Tanan and Sangsuwan, 2014

Hydrogen bond

Okay and Sariisik, 2000

Covalent bond

Al 4 G ﬂavl,ﬂmﬁmsuuuwaq poly(acrylamide-co-sodium acrylate) wag (b) QR Code mauammn‘u SAP
(Okay & Sariisik (2000); Tanan & Sangsuwan, 2014)

5) feasuazlivana (communicate and justify explanations) DutuiivniZeulddeasuaviinauanis
Aunuvosnueslevzdosdeanslifdudilaiaueainesdnnuiuasinwrerlsthe azsthluuszgndldldedisls
amm]ﬂsimuammﬂiuﬂauumsaamiwmﬂsJLLa guaniasuanundiuiiossniuuiazviaaess aulddeagin “wod
Luasw%’ﬂumaaumLiﬁ]sﬂﬂa‘waaLuaiﬂmummmL‘Wiﬁvummmmiiﬂ,umsﬂm‘uuﬂmnﬂLwamamwmuﬂmi 1ng
maaumLiﬁ]gﬂwamuuwlmﬂsmmmﬂrmLLamamﬂisawﬁmwhmi@mummm” TagaganansaUszidiunsdeans
wazlivanasinnsasislutuiindenssuininGeuaunsadeansdsdldizousluguvesnmsideuteduny nisesue
nslifeiaueuuriayinsainansmaaes uenanienaliusagnduinauen anisvAanssuesaueamiduiiou
LﬁaLfJumiLLaﬂL‘1J§auﬂizaumiajmiﬁsuiéwﬁu Tnedalonaliiiou o Winay eAuTe wanspuRadiy wae
TiUsiauotuy éhasmmwmsmaaa%’mﬁammmaﬁauié’f&LLﬁﬂﬂUﬂﬂWﬁ 5
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(a) Super Absorbent Polymer

flaugadiuu nasgagun

(b) Ui5&11mﬂms5ﬂﬁanﬁumiﬁau§

dl ! v U %’I U 1 v a a Y !
2 5 (a) Super absorbent polymer NouLAERAIAATULN Lag (b) AIDYNAINNITINNINTIUNITLIBUTUNEIU

wumsnTiauasusiliung
PnMsUszlivanuivestinSsuieivaniivemediuesaaduieindisnisniumaiy nsnauaiuly
FuUSeU warann1snsstuduiinianssy nudfanssudlvilidnSeudilandfivemediuesgadutein 2113

@ v a '

FunauagaeuautiniseussnslididunianisnuinnisSeulufanssuildaasulminG suiidninemansuasiinyinuy

% -

fumsdoans msaumataznsiviviude MinuedunsAnegafiasagamasmsuitam wasinweduaim
sudlelumsinudufivwasnnziin

2ngaLAutesRanTsunsisuinodimesgaduiseniiiind uivindouonefiuaug Fnveuas
nszuauns TuunenudveiausuuimienisUssdiuniafeudvesiniFou 3 fu ldun duenud duvinezuas
N3EUILNG WagFUIRINEImans dauansanssil 1 SsaenndesiumadnanisussidiugiFoulurnissui 21 (Sirum
el al, 2020) feil

1) dhuamadadladetunedme fgadudeein Ussduanmaneudaludubou waranmange
luduiinfianssu

2) frudinweuaznszuIuns Wy Yseiliudinugiunisieans ssaumataznsiviiudeannseunans
duAudeyauazniniiaue Useiluvinveaunisfnegeiilinsaugiauazn1sunlymannnisiauaunsyinRanssy
wazsreunan1sifanssuegradussuu Ussdfiudineednuanusiudelunisiauduiivwazanediinnnis
dunanginssulunsiaulungy wasUssivinvenszuiunmsmaneimaninnuuulszidiuinuenszuiuns
MOINAENT

3) fmAsivenenans wu danuesinfesniiuuaznszhiosedu neUsslunnnisdaunamginssulunisvi
Aangsy mavszdiunsliinsugadaunsnnnsnunufiedumndnsuienuesosaiuduneuwandussuy 3
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anulanisdsaunnnisdunangAnssuniseduseuazeeniuilsrnufaiuvesddu danuseuneuuaziininy
FodndUszliuannIanTuiindeyauagn1ssIEIUNAN TVIARBINNUNANTVIARBITILATS

M13°99 1 wuInensinuasUseiiunsseu;

frudiuszidiu Aefiuszidiu \3asile nauain1SUs AU
AuAN; - AnumeuazandRvemedwes - luduiinfanssy gndesdosay 70 Tuld
anduBsen
funinesuaz - Msdoans ansaumALAENSIVn - wuuUssdiudinuznisdeans suduAtuly
NITUIUNT viude asauwA uazns3inviude
- N3ANOYNNINTUY LA - wuuUszliuineen1sAneE9E
nsuAteym J30d kA NILATYIN
- anwaniielumsihanuduiiu - WuUUsEiuinys AN INle
- YiNYEATTUIUNTNININGIFNERS Tunsvhaududiy
- WUUUSEHIWYINYENTZUIUNIT
NINLIAERNT
fuln - ANuEEINeEINLiu - wuudunangingsulunisyin sviuAtuly
Ineneans - MSlIA T Aanssu
- Aanulandng
- AUTBUABY
- Anudedng
a5y

9

maFeuiuuvduaemnaminsizemednefgadudaen WuAansaiduafiliinGeuldnszumumsiuiensm
auslumsdumeneuiemsUftAfenuesininseudisasuifivemlugdinedwesgadudsiniudulsznou
foluuiiuszansamlunsgadulianindu eenssuiunadeudilalondlsiinFeulldsnlunisdaung fado
dufunarsuTudeya senuuularnuNunsinusmiudungy UjoRnismeaes eSunsuazidoslosdsildiFeus
thiausuazdeansasiizoudosalivana nuanmeaeddfanssumuininEsuansofssiudon sonuuuuay
Musuneasaiiedumsnouldegradudunsumunssuaumsiuimsmanud aunsnaduisnan A
Wisudieulsindhdeudisagudvielmiiussavsnwlumsgedulafinintu ansnsntiaueuazinsaluanisvaasds 3
Prltnizouianuianudlainiunedueigeduienn uenandvnnsdunauazmsaounuinFousgalidu
19013 nuirRanssuddaaiuliindeuidninermans fuanuanuesnosinifunaznsziiotedu Snisld
Frsanas Slenwseunsy uarliamudednd uenandnssuiumaeuiuuudumemanuiiansoduaialiingou
AnvinuzAsudulunsisadinlummssuil 21 Wy Fnwensdeas ssaumawaznsiiviniude sinvgnsaneeisd
Fnsagamarmsuidam waginurerusufislumaihnuduiinuazamzdiin Faluunmnaiildiauesogiaun
yamsUssiiumiiagiinuguvisnmssuil 21 inwgnszuiumsmainenmans wazdsiveimansvesiniGeudeandy
Usslomidmiuagdasulunisiuuminisdinfanssunisfeuduvuduimemanui Semedmesgaduienly
UszgnildlunisdafanssuniafeudifeiimundGeu uasiludesenlunsideluduFousioluls

dawuauuslunisdafanssy

1) Aonssuiidunsussgndldauiidomedweslutinussdnu dufunsasdafanssumaoudiuudu
wgmanuiidesnediueigaduieiandanniiiniFeuldiisudemiugiunamediwesuuduiootadaidu
fanssuANUAnTIVEDATIEMIENTSISEUS

2) vieliinBouiidiusslunisesnuuuianssunisiiens asenalitinGousiuduiaueinosnazihindon
disaguitiineluiowarnielnuumaaeunsgaduih wiosliiinZeuvenmpaiunnzerls ndusiudulng
wdn 2-3 Bt fumsdeddlunsdaianssumsisouiuvuduiaemanuimunnuauloves]iFou
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3) wedmeigndudssiniinatsviniusgfuuousiues lnsageraendogranediuesuiad 1wy
poly(acrylamide-co-sodium acrylate) Lﬁammsm’miﬂ'uLammﬂ?iaﬁﬁﬂﬁaulﬁﬁauﬁ Fuilomailonvizedudou
AUy AgenaazsesiinnsanefnenimussiniFeuiunnsaiusie

1) eduasunisliimaluladivivasielunisdnfanssunisBouiuuvduiazmainug agoravinalulad
Google Apps for Education sUszgndldluvisiuneuvesnisinianssunisiioud vieenalinEsutiaueuas
uanudsudsiilfFoudinuueundiatu Facebook

5) agorathuuammsinianssunsdeuiuuvaumemeanusilluiulilunseeniuufenssuningous
fjaiuaniumsallitnBouiinnuizemedmesuazanansnthausluldvselovildogramnzauuaznainuany
TnodilafamansenuiiAnannislinediue freduidinuazauandon
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