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Abstract

Two novel chemical experiments have been developed consisting of the experiments for
enhancing student education in chemical kinetics from egg shells in nanotechnology from starch
vermicelli.

Chemical kinetics is an extremely important concept for introductory chemistry courses.
The instruction in chemical kinetics is often teacher-dominated at all levels. The work reported to
shift instruction in chemical kinetics and students from passive learning to more active, student-
centred learning. Based on inquiry-based learning, this work was that the students were expected
to design an experiment themselves for investigating the reaction of acids and bases. The research
findings found that most students were able to carry out the experiments for explaining the
changes of the rate of a chemical reaction, and they developed good conceptual understanding of
chemical kinetics.

Starch vermicelli was used to stabilize silver ions inside the helical structure of starch by
the microwave heating method. After microwave heating, the resulting starch vermicelli
obviously changed from colourless to yellow, indicating the formation of starch vermicelli
capping AgNPs. The SEM micrograph showed that AgNPs were stabilized by starch vermicelli.
Then, the nano-Ag/C composite was successfully prepared by carbonization of the starch
vermicelli-stabilized AgNPs using a Bunsen burner. For further analysis, the SEM micrograph
showed clearly that AgNPs were stabilized by carbon black confirmed by the EDS spectrum and
XRD diffractogram. The experiment was useful for teaching nanotechnology laboratory in school

and undergraduate levels.
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MOE Ministry of Education

NRC National Research Council

IPST Institution for Promoting Science and Technology
POE Prediction-observation-explanation

Q Ohm

mL Milliter, 10 ° L

0 Angle

nm Nanometer, 10~ m

JCPDS Joint committee on powder diffraction standards
SEM Scanning electron microscope

EDS Energy X-ray dispersive spectroscopy
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Heating magnetic stirrer VELP scientifica

Electric balance Sartorius

Burette 50 mL Pyrex

Beaker 600 mL Pyrex

Erlenmeyer flask 125 mL Pyrex

Gas outlet set (U tube & rubber stopper) -
Vials 5 mL -
Separatory funnel 100 mL -
Stand & burette clamp -

Rubber tube -
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ﬂ1ﬂﬁu‘ﬁﬂ5 9N leaau (R 218.2 MQ-cm) Nanopore ultrapure water system

A ! d o 1 dy
3.2.2 In7esiieuazginsal inane 1l

dr ) d a o ¥ =]
msmummzqﬂmm VIHND KU/ TIeasIven

Microwave oven Sumsung household microwave oven
(model M181GN, output power 100/850 W,
& operating frequency 2,450 MHz)

Electric balance Sartorius

Erlenmeyer flask 125 mL =

Laser pointer (red beam) -




10

3.3 35mInaaeq
3.3.1 eaumaasaionalaenly
ar ﬁ 3/ ar aas ¥ =1 r r=y
UnANYIIzABIBBNLIINITNARBIA IR NN A evessznhanlden 14U (unadou
Pl aAgq Y a > 4 @ Aa Ve
miveiun) Aunsanly (ﬂsﬂ"lﬂmﬂaﬂsmmzﬂmu1’511?1181‘11,) Wodnwiilafeiifinanedasinis
1 t
ifalfasouadl Taoiledenlvddnuiidede i
3 [
® junfvpIvewd (denly)
® uvgivesgiin
o anududuvesnsanld uas
® iiavoansai 1y
NOTE : infinydesseds lildudamsueulaoonladsreanainseuy
@ ﬁ 1w ll = a e ;{I o =2 v o Aa =4 3 4y
unAnuInqualedslunsdifneivesnddsiliiuindnyimadeiadsunil ¥l 3 any
Meenans un1INeNaBUATI¥EI 11U 32 AN
Aiy_awqyﬂ A ¥ ya 'ij o :g r-‘lv
weldanidseiidluguiniudGsumiuguinaianiniu vuiiugveenszsuIumsay

Q

te1z11n1ug M3ld  Prediction-Observation-Explanation: POE %38 M3IMiuig-nsduna-n1s

1
- =

9
a . 4 1 4 & Ao =
951110 (White & Gunstone, 1992) in5psiiaiitie ldIuiuniosdionilanfidsz@ntam uaslinny
@ 1 = Y °
sz Temidomsauasuanudile TaminAnuisuiludos

' b

o e wamsnaaosalani wieuldmawaeiuayudomsinneverindny

"
o _

a aan Ao o O ~ o : o
o Funp minFseindideiinisnanes udniudfindemindnyuniy
a ¥ 4 o 1 & 1 & do o a oo
o oty msldmguaiith ldgmisidonTosszriedaiivinne fudiduna
4 1 = o s - - = 3 ar =
WeduasuinuenszuIumImadInnmans Wilszd@ninmanniu lumsiamsifoud
A =) é 1
uvUFUeN (inquiry-based leaming) M3 19 POE werumenuuisasoudunudug wu ns duds
9/
(argumentation) uaznsonidsie (discussion) hlﬂq&wﬂtf (small group) sznsty lusevnang uay/
o & @ ] = = & o @
nie ndsnnadaFunisnaass Wadnu lunguadsiezuandsuanuaadudadunas iu
sERINRaNFn lungu
4 4 o a 2 &
AINMIANIINAIINA I 9TUNIINARRIH
o P! a A o e a Pl = -4
e iinfnnianudilmnufaniuseanuisusanmsfalfiseuadl  musnld
¥
anudlafleFinensdniu lvesurazfisen
or = @ @ T o = aoa @ o Ao
¢ infinanisaesuieanuduRuTIgHIIoRTIMaNAlgATnIAuAlsNiiNG
CRNBGERY

o o Q ~ £ e 4
e JinAnmannsadnnamsanmaialiisenndeyai ldnnwanisnaaes



11

¥
aw

o & ~ 4 aw =1 o
manuswswdeyameins1winamsise luawieiinususudeyaninmsdunaly
v =4 o
HOIIBU F1UNUNANITNAGDN LIDS Prediction-Observation-Explanation: POE n30 MINUI-M3

AUNA-N158T1Y

3.3.2 wilumalulagon Juduuils

msdunsizioymaunTuduuududuntle Foduduudlsduion o1 g ldasluvangn
%mjﬁmsqﬁymé’u 30 mL wﬁ’ammfuﬁwmgwmjﬁ”lﬂﬁmmaIﬁ’mm%’wﬁwsﬂ?ﬂﬂnIﬂmﬂ
Widedhqaiiuna 1 wiil wuh Juduiidnuasla WiF vnfui W@vaszaie 001 M
AgNO, 311471 3 mL wdammiuhliumsinnudeudiunieslulaso l¥hdsgagalsznm
Fum 4-5 wri wuh Judunlfeunnla Wid dudmdedeu

msdunanziney Indaveseymau TuGuuazmiveu: thiududimdessouiiioynn
uTuufiude I lugrwegiirdrenzifsayuey udsndivn lnar 10 i fusawsy
aznous ludavegihiuiie lSnsezao Tl
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UV-Vis scanning spectrophotometer (HP-8453 Hewlett-Packard) SEM micrograph voedI06191 AN
) Jmﬂém scanning electron microscope (JEOL JSM-5910, 15 kV)uny XRD diffractogram 9494

F108191TUNNAWIATD3 (D8 Advance Bruker, 40 kV, 40 mA, Cuk &)
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51¥ Prediction-Observation-Explanation: POE 38 p139113118-n135dana-nsesing

Predict how the surface of solid reactant, calcium carbonate, might affect the rate of a reaction, when
we change the particle size from either

[ small particle sizes to larger particle sizes, or

U large particle sizes to smaller particle sizes.

When reacting with the sameé concentration of acid at the same temperature:

L] the rate of a reaction increases

[] the rate of a reaction decreases

(] the rate of a reaction does not change

Reasons for Prediction:

Observation:

Reconciliation of Prediction and Observation:

Predict how the influence of the concentration of acid affects the rate of a reaction, when you change
the concentration of acid from either;
O high concentration to lower concentration, or

[] low concentration to higher concentration

When reacting with the same particle sizes at the room temperature;
[] the rate of a reaction increases

[] the rate of a reaction decreases

[] the rate of a reaction does not change

Reasons for Prediction:

Observation:

Recongiliation of Prediction and Observation:
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Predict how the temperature of a reaction might affect the rate of a reaction, when you change the

temperature from either:
0 high temperature to lower temperature, or
[ 1ow temperature to higher temperature
During a reaction at the same particle size and the same concentration of acid:
[] the rate of a reaction increases
(] the rate of a reaction decreases
(] the rate of a reaction does not change

Reasons for Prediction:

Observation:

Reconciliation of Prediction and Observation:

Predict how the type of acid used in the reaction might affect the rate of a reaction, when you change
the type of acid from either:

0 hydrochloric acid to vinegar, or

] vinegar to hydrochloric acid

When you maintain the temperature of a reaction and the same particle size at the same
concentration of acid:

(] the rate of a reaction increases

[] the rate of a reaction decreases

[] the rate of a reaction always equals

Reasons for Prediction:

Observation:

Reconciliation of Prediction and Observation:
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