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Absiract

Two novel chemical experiments have been developed consisting of the experiments for

enhancing student education in chemical kinetics &om egg thells in nanot€chnology fiom 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 lo

shift instuction in chemical kinetics and sh.rdents from passive leaming to more active, sh.rdent-

centred leaming. Based on inquiry-based teaming, 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 vermicetli 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 showcd that AgNPs were stabilized by starch vermicclli.

Then, the nano-Ag/C composite was successfully prepared by carbonization of the starch

vermicellistabilized AgNPs using a Bunsen bumer. For firrttrer analysis, the SEM micrograph

showed clearly that AgMs were stabilized by carbon black confirmed by the EDS spectrum and

XRD diftactogram. The experiment was useful for teaching nanotechnology laboratory il school

and undergraduate levels.
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fl1:rfitI
Ag o I

uruflorfiurt

r:J6onhi(caco,)
,

n:nUtdild1ufl* 5 o/o (cHrCOoH)

h<a
n:a Ia [n:nao:n (HCl,0.l M)

tnf,ounr (NaCl)

finaruoru r: (firrpr.r rracfirfi u?)

!;,
ulnau

MERCK

i4,'
s.t .z rnia.rfi ouavqrJn:ai fi 6'rsio hJ fi

Aa.c
tn:o{ril0fiavquntar u:u?to'tltu'tu/tlgavtot o

Heating magnetic stirrer

Electric balance

Burette 50 mL

Beaker 600 mL

Erlenmeyer flask 125 mL

Gas outlet set (u tube & rubber stopper)

Vials 5 mL

Separatory furmel 100 mL

Stand & burette clamp

Rubber tube

VELP scientifisa

Sartorius

Pyrex

Pyrex

Pyrex
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Stopwatch

Parafilm

Spatula

r.z urlurnnlulaEorn{ur#uufl .r

.ido ' & 'a3.2.1 lrln !91,r01o lllu

utuflol?11{1tJ

Silver nitrate (AgNO., 99.8 %) Sigrna-Aldrich

{urduuflrrilitra (100 %) n:1rnue1:

,ilnfirfirlr'tqo-rn'looou (n )t8.2 Ir,to-cm; Nanopore ulrapure water system

A a t aav I e

3.2.2 rnio{fi orrasqrlntoi fi 6'rriohJfi

4attln:0{ ollovq n:or
r<tuflit1fl t€,/l1g0stogn

Microwave oven

Elechic balance

Erlenmeyer flask 125 mL

Laser pointer (red beam)

Sumsung household microwave oven

(model M181GN, output power 100/850 W,

& operating frequency 2,450 MHz)

Sartorius

9
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n1:ld Prediction{bservation-Explanation: POE m?s R1:rilurg-nr:ff{tnfl-RrtOGUrU

Predict how the surface of solid reactant, calcium carbonate, might affect the rate of a reaction, when

we change the particle size from either

tr small particle sizes to larger particle sizes, or

n ta.ge particle sizes to smaller particle sizes.

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

I th" rut" ofa reaction increases

I the rate ofa reaction decreases

tr fie 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;

n nign concentration to lower concentration, or

I low concentration to higher concentration

When reacting with the same particle sizes at the room temperature;

n thc rate of a reaction increases

n the rate ofa reaction decreases

n the rate ofa reaction does not change

Reasons for Prediction:

Observation:

Reponpiliation of Predictio-n and Obscrvatioq;
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a

o Predict how the temperature of a reaction might affect the rate of a reaction, when you change the

temperature from either:

f} higt temperature to lower temperature, or

n lo* temperature to higher temperature

During a reaction at the same particle size and the same concentration of acid:

I the rate of a reaction increases

I the rate ofa reaction decreases

n the rate ofa reaction does not change

Reasons for Prediction:

Observation:

Reconciliation of Prediction and Observation:

Predict how the type of acid used itr the reaction might affect the rate of a feaction, when you change

the rype of acid from either:

n hydrochloric acid to vinegar, or

n vinegarto hy&ochloric acid

When you maintain the temperature of a reaction and the same pa(icle size at the same

concentration ofacid:

I the rate of a reaction increases

n the rate ofa reaction decreases

n the rate of a reaction always equals

R.easons for Prediction:

Observation:

R.econciliation of Prediction and Observation:
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