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Abstract 
T h e impor tance of observa t ion in s c i e n c e and s c i e n c e educat ion h a s tr iggered this laboratory 
deve lopment s tudy that invest igated the va lue of a n observat ion kit a s a n e w approach to teaching 
rate of react ion in genera l chemis t ry c l a s s . T h e kit c o n s i s t s of a digital m ic roscope, a "chemica l 
reactor", a n d a ta i lo r -made computer appl icat ion and w a s used to v ideo-record a solid-liquid react ion 
a n d to produce a s e r i e s of two d imens iona l solid i m a g e s that indicate the extent of react ion. T h e two 
d imens iona l i m a g e a r e a s w e r e ca lcu la ted by the computer appl icat ion by a s s u m i n g that the image 
a r e a w a s direct ly proport ional to the sol id m a s s from wh i ch a plot of m a s s v e r s u s time could be 
obta ined. T h e s e s t e p s h a v e been tested to sol id ( z inc , iron, ca l c ium carbona te , and m a g n e s i u m 
oxide)- l iquid (ac id solut ion react ion s y s t e m s . Reac t ion of sol id m a g n e s i u m ox ide with nitric a d d 
solution resu l ted in the best i m a g e s wh ich w e r e t ransferab le to a plot of sol id m a g n e s i u m oxide 
m a s s a s a funct ion of t ime. T h i s w a s used to exp la in rate of react ion c o n c e p t s including a v e r a g e , 
i ns tan taneous , a n d initial rate. Fur thermore , the effect of concentrat ion on react ion rate could a l so be 
exp la ined . T h e genera ted da ta a l l ows s tudents to d e a r l y a n d repeatedly v i sua l i ze a solid-liquid 
react ion a n d re la tes ra tes of react ion concep ts . T h e observat ion kit a l so a l lows t e a c h e r s a n d 
s tudents to ex tend its appl icat ion into inquiry b a s e d exper imen ts . 

K e y w o r d s : M i c r o s c o p i c o b s e r v a t i o n , so l i d l iquid r e a c t i o n , r a t e o f r e a c t i o n , inqu i ry l ea rn i ng 

A b s t r a k 
Penel i t ian p e n g e m b a n g a n perangkat dan keg ia tan laborator ium ini d idasar i oleh pen l ingnya 
obse rvas i d a l a m s a i n s d a n pendid ikan s a i n s . Pe rangka t p e n g o b s e r v a s i r eaks i kimia yang 
d i kembangkan dapat d igunakan d a l a m perku l iahan laju reaks i d a l a m k e l a s k imia dasa r . Dar i 
s e r a n g k a i a n reaks i k imia y a n g diuji c o b a , reaks i an ta ra padatan m a g n e s i u m o k s i d a dengan larutan 
a s a m nitrat berhas i l membe r i kan data berupa image y a n g dapat diolah menjad i informasi kinetik. 
B e r d a s a r k a n m a s s a MgO sebe lum reaks i , da ta image partikel y a n g d iperoleh da lam video diubah 
men jad i da ta m a s s a . s e h i n g g a diperoleh plot m a s s a m a g n e s i u m oks ida ebaga i fungsl wak tu . Dar i 
da ta yang d ipero leh, m a h a s i s w a d iperkena lkan pada k o n s e p laju r e a k s i , penen tuan nilai la ju, d a n 
pengaruh konsen t ras i t e rhadap laju reaks i dan orde reaks i . S e t da ta yang d iperoleh memungk inkan 
m a h a s i s w a untuk s e c a r a v i sua l mengamat i reaks i pada tan dengan c a i r a n d a n menghubungkannya 
dengan k o n s e p laju reaks i . Pe rangka t pengobse rvas i ini j uga , berpe luang untuk d i in tegras ikan dan 
d i k e m b a n g k a n n y a k e da lam pembe la ja ran be rbas i s inkuir i . 

K a t a k u n d : P e n g a m a l a n mikroskopik . reaks i padat-cai r . laju r e a k s i , pembe la j a ran inquiry 

Introduction 

T h e u s e of i n -s i tu o b s e r v a t i o n i n s t r u m e n t s to s t u d y v a r i o u s c h e m i c a l p r o c e s s h a s 

g a i n e d m u c h a t ten t ion for a l ong t ime . O n e e x a m p l e i s the u s e of E n v i r o n m e n t a l S c a n n i n g 

E l e c t r o n M i c r o s c o p y ( E - S E M ) to o b s e r v e h e a t - i n d u c e d c h a n g e in m a t e r i a l c h e m i s t r y [1 ] , 

A n o t h e r s t u d y [2] u s e d a n o p t i c a l m i c r o s c o p e to i n v e s t i g a t e t he t y p e of i n te rac t i on b e t w e e n 

t h e c a t a l y s t m a t e r i a l ( C s 2 S 0 4 V 2 0 5 ) a n d s o o t m a t e r i a l ( m a i n l y c a r b o n ) f r o m r o o m 

t e m p e r a t u r e to 3 5 0 ' C . B y u s i n g s u r f a c e p l a s m o n s p e c t r o s c o p y , a c h e m i c a l r e a c t i o n on t h e 

s u r f a c e o f a n a n o - s i z e d g o l d pa r t i c l e w a s o b s e r v e d [3 ] . 

T h o s e repo r t ed r e s e a r c h a c t i v i t i e s a r e g o o d e x a m p l e s that s h o w e d t h e i m p o r t a n c e of 

s c i e n t i f i c o b s e r v a t i o n in s c i e n c e i n v e s t i g a t i o n w h i c h i s v e r y impo r tan t for bo th s c h o o l a n d 

a l w a y s o n h a n d a t m a n y u n i v e r s i t i e s , for t he s a k e o f u n d e r g r a d u a t e c h e m i s t r y c l a s s r o o m s , 

t h e s e s c i e n t i f i c o b s e r v a t i o n a c t i v i t i e s c o u l d b e r e p l i c a t e d in s i m p l e r a n d c h e a p e r e q u i p m e n t 

S i m p l i f i e d r ep l i ca t i on o f e q u i p m e n t o r r e s e a r c h i n s t r u m e n t s to b e c o m e a c l a s s r o o m 

d e m o n s t r a t i o n d e v i c e h a s b e e n c a r r i e d ou t b y m a n y c h e m i s t r y e d u c a t o r s [4J—{11]. O n e 

e x a m p l e i s a h o m e m a d e s p e c t r o p h o t o m e t e r t ha t c a n b e m a d e of i n e x p e n s i v e c o m p o n e n t s 

[4 ] . T h i s s imp l i f i ed s p e c t r o p h o t o m e t e r c o n s i s t s of, a m o n g o t h e r s , flaslight a s a l ight s o u r c e , 

a c o m p a c t d i s c a s a d i f r ac to r ne t , a n d a n L D R a s a de tec to r O t h e r e x a m p l e s of d e v e l o p i n g 

s i m p l e e q u i p m e n t a r e v i s i b l e l ight s p e c t r o m e t e r for u s e in s e c o n d a r y s c h o o l [5 ] a n d a 

p h o t o c h e m i c a l r e a c t o r u s e d for f i ve o r g a n i c p h o t o c h e m i c a l l a b o r a t o r y e x p e r i m e n t s [6 ] . T o 

d e m y s t i f y t he a p p l i c a t i o n o f e l e c t r o c h e m i s t r y in s e n s o r e q u i p m e n t , a s i m p l e o x y g e n s e n s o r 

d e v i c e u s i n g z i n c - a i r e l e c t r o c h e m i c a l c e l l s w a s d e v e l o p e d [ 1 1 ] . T o p r o v i d e p h o t o c h e m i c a l 

l a b o r a t o r y e x p e r i m e n t s , a n i n e x p e n s i v e a n d c o m m e r c i a l l y a v a i l a b l e u l t rav io le t l ight d e v i c e , 

i n t e n d e d for " d r y i n g " g e l - t y p e f i nge rna i l p o l i s h , w a s d e v e l o p e d by a g r o u p o f r e s e a r c h e r s 
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[ 1 2 ] . T h e f u n d a m e n t a l s o f U V s p e c t r o s c o p y , d a t a h a n d l i n g , ca l i b ra t i on , a n d s a m p l i n g , c a n 

b e l e a r n e d b y s t u d e n t to m e a s u r e d i s s o l u t i o n r a t e s o f t a b l e t s [ 7 ] , 

In t h i s p r e s e n t s t u d y , w e d e v e l o p a n o b s e r v a t i o n kit tha t c a n b e u s e d for c h e m i c a l 

k i n e t i c s e x p e r i m e n t s s p e c i f i c a l l y for t h e t e a c h i n g o f r e a c t i o n ra te . T h e l o g i c a l f r a m e w o r k for 

t h e d e v e l o p m e n t o f t h i s s i m p l e e q u i p m e n t i s p r e s e n t e d in F i g u r e 1 . 

T h e ki t c o n s i s t s o f a d ig i ta l m i c r o s c o p e , a " c h e m i c a l r eac to r " , a n d a t a i l o r - m a d e c o m p u t e r 

a p p l i c a t i o n . T h i s w a s u s e d to v i d e o - r e c o r d a so l i d - l i qu id r e a c t i o n to p r o d u c e a s e r i e s o f t w o 

d i m e n s i o n a l i m a g e s of t h e s o l i d tha t i n d i c a t e t he e x t e n t o f r e a c t i o n . T h e t w o d i m e n s i o n a l 

i m a g e a r e a s w e r e a s s u m e d to b e d i rec t l y p r o p o r t i o n a l to s o l i d m a s s a n d w e r e c a l c u l a t e d by 

t he c o m p u t e r a p p l i c a t i o n to p r o d u c e the a r e a s o f t h e c a p t u r e d i m a g e s to t i m e d a t a s e r i e s . 

T h i s p r e s e n t a r t i c l e a l s o r e p o r t s t he t e s t r e s u l t s o f t he kit for o b s e r v i n g so l i d - l i qu id r e a c t i o n s 

a n d the i r d a t a p r o c e s s i n g r e s u l t s . T h e d a t a o b t a i n e d w e r e e v a l u a t e d for the i r re l iab i l i ty 

b a s e d o n the i r su i tab i l i t y w i t h t h e r e a c t i o n r a t e t h e o r y a n d the i r f eas ib i l i t y to u s e in t h e 

l e a r n i n g p r o c e s s o f r e a c t i o n r a t e s . 

M a t e r i a l s a n d m e t h o d s 

T o i m p l e m e n t t he f r a m e w o r k , t h r e e m a i n a c t i v i t i e s w e r e c a r r i e d out : ( a ) d e v e l o p i n g o f 

a n o b s e r v a t i o n kit for so l i d - l i qu id r e a c t i o n , ( b ) d e v e l o p i n g t h e a p p l i c a t i o n for p r o c e s s i n g 

o b s e r v a t i o n d a t a , a n d ( c ) t e s t i n g a n d i m p r o v i n g t h e ki t a n d i ts c o m p u t e r a p p l i c a t i o n . T h e 

re l iab i l i ty o f t he d a t a w a s t e s t e d b a s e d o n the i r f eas ib i l i t y to u s e in r e a c t i o n r a te a n a l y s i s 

a . M a t e r i a l s 

F o r t he so l i d - l i qu id r e a c t i o n s t e s t e d , t he s o l i d m a t e r i a l s w e r e z i n c , i r on , c a l c i u m 

c a r b o n a t e a n d m a g n e s i u m o x i d e a n d the l i qu ids w e r e h y d r o c h l o r i c a c i d ( 2 M ) a n d n i t r i c a c i d 

( 1 M a n d 2 M ) . A l l c h e m i c a l s w e r e p u r c h a s e d f r o m M e r c k 

3 

b. K i t a n d its o b s e r v a t i o n p r o c e d u r e 

T h e o b s e r v a t i o n kit c o n s i s t s o f a d ig i ta l m i c r o s c o p e e q u i p p e d w i th a petr i d i s h that w a s 

u s e d a s c h e m i c a l r e a c t o r w h i c h i s s c h e m a t i c a l l y p r e s e n t e d in F i g u r e 2 . T h e digi tal 

m i c r o s c o p e w a s c o n n e c t e d to a c o m p u t e r tha t v i d e o r e c o r d e d the c h e m i c a l r e a c t i o n . T h e 

so l id - l iqu id r e a c t i o n w a s c a r r i e d ou t by put t ing a b o u t 1,5 m g so l i d in a petr i d i s c . I ts init ial 

a p p e a r a n c e a n d s i z e w e r e t h e n r e c o r d e d . S u b s e q u e n t l y , 5 m L a c i d so lu t i on w a s p o u r e d 

in to t he petr i d i s h a n d t h e d ig i ta l m i c r o s c o p e i m m e d i a t e l y s t a r t e d to r e c o r d t he p r o c e s s . 

c A p p l i c a t i o n for p r o c e s s i n g o b s e r v a t i o n d a t a 

F o r e a s y t r a n s f o r m a t i o n o f a s o l i d g r a i n i m a g e to m a s s d a t a , a s o f t w a r e app l i ca t i on to 

p r o c e s s o b s e r v a t i o n v i d e o s o f c h e m i c a l r eac t i on into k i n e t i c d a t a w a s d e v e l o p e d T h e 

a p p l i c a t i o n h a s f e a t u r e s a n d d a t a p r o c e s s i n g s t e p s a s s u m m a r i z e d in F i g u r e 3 A s s h o w n 

in t he f i gu re t he m a i n s t e p s in d a t a p r o c e s s i n g a r e to c a p t u r e i m a g e a t g i v e n t i m e i n t e r v a l s , 

to c a l c u l a t e i m a g e a r e a b y c o m p a r i n g t h e n u m b e r o f p i x e l s , to t h e n c a l c u l a t e t he so l i d m a s s 

a n d plot it a s a f u n c t i o n o f t i m e . 

R e s u l t s a n d d i s c u s s i o n 

a . S o l i d - l i q u i d r e a c t i o n o b s e r v a t i o n t e s t 

T h e o b s e r v a t i o n kit w a s a p p l i e d to s e v e r a l so l id - l iqu id r e a c t i o n s n a m e l y ; z i n c -

h y d r o c h l o r i c a c i d , i r o n - h y d r o c h l o r i c a c i d , c a l c i u m c a r b o n a t e - h y d r o c h l o r i c a c i d a n d 

m a g n e s i u m ox ide -n i t r i c a c i d r e a c t i o n s . T h e r e s u l t s a r e s u m m a r i z e d in T a b l e 1 , w h i l e 

e x a m p l e s o f c a p t u r e d i m a g e a r e s h o w n in F i g u r e 4 . 

R e a c t i o n b e t w e e n z i n c a n d h y d r o c h l o r i c a c i d r e s u l t e d in g r a i n i m a g e s w h i c h w e r e 

d i f f icu l t to a n a l y z e . A s c a n b e s e e n in F i g u r e 4 ( a ) g a s b u b l e s w e r e e v o l v e d f rom t h e z i n c 

s u r f a c e c a u s i n g d i f f i cu l t i es in d e t e c t i n g s o l i d i m a g e b o u n d a r i e s . F u r t h e r m o r e , t he z i n c s i z e 
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c h a n g e s w e r e h a r d l y o b s e r v e d for a l ong r e a c t i o n t ime . S i m i l a r r e s u l t s w e r e s h o w n b y t he 

r e a c t i o n b e t w e e n i ron a n d h y d r o c h l o r i c a c i d . A n o t h e r t y p e of r e s u l t s w e r e s h o w n b y t h e 

r e a c t i o n b e t w e e n c a l c i u m c a r b o n a t e a n d h y d r o c h l o r i c a c i d w h e r e the g r a i n w a s sp l i t t ed in to 

s e v e r a l p a r t s r e s u l t i n g in d i f f i cu l t i es for i m a g e a n a l y s i s . T h e r e f o r e t h e r e s u l t s o f z i n c , i ron , 

a n d c a l c i u m c a r b o n a t e c o n t a i n i n g r e a c t i o n s y s t e m wi l l not b e d i s c u s s e d fu r ther . 

P r o m i s i n g r e s u l t s w e r e p r o d u c e d b y t he r e a c t i o n b e t w e e n so l i d m a g n e s i u m o x i d e a n d 

ni t r ic a c i d . T h i s r e a c t i o n p r o d u c e d i m a g e s w i t h r e l a t i v e l y c l e a r s h a p e s a n d s o l i d b o u n d a r i e s . 

T h e s c r e e n s h o t s o f t he M g O - H N 0 3 r e a c t i o n o b s e r v a t i o n a r e s u m a r i z e d in T a b l e 2 . In t h i s 

e x p e r i m e n t , 1.5 m g of s o l i d M g O ful ly r e a c t e d w i t h 5 m L of 2 M H N 0 3 i n 3 1 2 s . T h e 

o b s e r v a t i o n s c r e e n s h o t s o f t h e r e a c t i o n d u r i n g 3 1 2 s r e a c t i o n t i m e a r e h i gh l i gh ted in T a b l e 

2 . A s c a n b e s e e n in t he t a b l e , a n a p p r o x i m a t e l y 2 m m s i z e g r a i n o f M g O d e c r e a s e d w i t h i n 

1 m in t i m e . T h i s d e c r e a s e c o n t i n u e d fu r ther unt i l t h e so l i d M g O w a s c o m p l e t e l y r e a c t e d in 

3 1 2 s . 

S m a l l b u b b l e s w e r e st i l l s e e n in t h e r e a c t i o n b e t w e e n m a g n e s i u m o x i d e a n d 2 M n i t r i c 

a c i d , p r o b a b l y c a u s e d b y t h e r e a c t i o n o f t he a c i d w i th s m a l l a m o u n t s o f m a g n e s i u m 

c a r b o n a t e i m p u r i t i e s ( th i s c o u l d r e s u l t f r o m i n c o m p l e t e c a l c i n a t i o n o f m a g n e s i u m c a r b o n a t e 

du r i ng m a n u f a c t u r e , or r e a c t i o n o f t he M g O w i t h c a r b o n d i o x i d e in t he a t m o s p h e r e ) . 

T h e s e r e a c t i o n o b s e r v a t i o n s p r o v i d e c h e m i c a l k i n e t i c s i n fo rma t i on w h i c h i s v e r y u s e f u l l 

for l e a r n i n g r e a c t i o n r a t e s . T h e i n f o r m a t i o n c a n b e s u m m a r i z e d a s f o l l o w s : 

a . T h e o b s e r v a t i o n s s h o w e d t ha t a c h e m i c a l r e a c t i o n o c c u r e d in t h e s y s t e m a s i n d i c a t e d 

by t he s o l i d M g O s i z e d e c r e a s e s . 

b. T h e t i m e for M g O to r e a c t w i t h H N 0 3 r e f l ec t t h e r e l a t i v e r e a c t i o n ra te . T h e h i g h e r t he 

c o n c e n t r a t i o n o f a c i d , t h e f a s t e r i s t he r a te o f t he so l i d - l i qu id r e a c t i o n . 
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c . If t he r e m a i n i n g so l i d M g O a t a t i m e i n te rva l i s a s s u m e d to pos i t i ve l y c o r r e l a t e w i t h g r a i n 

v o l u m e , t h e n it i s d i rec t l y p ropo r t i ona l to t h e s u r f a c e a r e a o f t he s o l i d . T h e r e a c t i o n r a te 

i s c o m p a r a b l e to t h e d e c r e a s e d a r e a o f t he i m a g e p e r t ime unit tha t c a n b e ident i f ied 

u s i n g e q u a t i o n 1 . 

( *JT=-^) o ) 

W h e r e : m M o 0 = m a s s o f M g O , A M g o = a r e a of i m a g e s , a n d t = r e a c t i o n t i m e 

H o w e v e r , t h e a c c u r a c y o f t h i s m e t h o d w o u l d rea l l y d e p e n d on t h e regu la r i t y of M g O s h a p e . 

T o i m p r o v e a c c u r a c y . a m o r e s o p h i s t i c a t e d a s s u m p t i o n s h o u l d b e a p p l i e d a s in rea l i t y M g O 

h a s t h r e e d i m e n s i o n a l r e g u l a r i t i e s . T h i s r e f l e c t s t he l imi tat ion of t he m e t h o d , 

b. T h e F u n c t i o n a l i t y o f d a t a p r o c e s s i n g app l i ca t i on for o b s e r v a t i o n r esu l t 

T h e m a i n f u n c t i o n o f t h e bui l t a p p l i c a t i o n i s to e x t r a c t t he i m a g e s f r o m the v i d e o a n d 

s u b s e q u e n t l y c a l c u l a t e t h e i r a r e a . A n e x a m p l e o f so l i d M g O a n d H N 0 3 r e a c t i o n i m a g e a n d 

v i d e o e x t r a c t s b e i n g p l a y e d i s s h o w n in t he s c r e e n s h o t o f t he a p p l i c a t i o n in F i g u r e 5 . T h e 

left h a n d s i d e par t i t ion s c r e e n in F i g u r e 5 , s h o w e d the e x t r a c t e d M g O pa r t i c l e i m a g e s a t 

s e v e r a l po in t s o f t i m e s . T h e r e s u l t s o f t h i s i m a g e e x t r a c t w e r e t h e n p r o c e s s e d into t he 

r e a c t i o n r a te d a t a n a m e l y t h e m a s s o f M g O a s a func t ion o f t ime . T h e resu l t o f t he n e x t 

p r o c e s s i n g c a n b e d i s p l a y e d in a t a b l e a n d g r a p h i c f o r m s . T h e o b t a i n e d d a t a s e r i e s c a n 

a l s o b e e x p o r t e d for p r o c e s s i n g u s i n g a s p r e a d s h e e t p r o g r a m . 

T h e s a m p l e o f d a t a p r o c e s s i n g r e s u l t s , i m a g e p i x e l , a n d e s t i m a t e d M g O m a s s , in 

t he r e a c t i o n e x p e r i m e n t o f 1.5 m g M g O wi th 2 M H N 0 3 p r o d u c e d f r o m the a p p l i c a t i o n i s 

p r e s e n t e d in T a b l e 3 . 

T h e s e d a t a w e r e fu r the r p r e s e n t e d a s m a s s of M g O a s a f unc t i on o f t i m e a s s h o w n 

in F i g u r e 6 . A s c a n b e s e e n in t h e f i gu re , in bo th the c o n c e n t r a t i o n o f 1 M a n d 2 M of H N 0 3 

t he M g O m a s s d e c r e a s e d a s a f u n c t i o n o f t ime . T h e g e n e r a l t r e n d of d e p l e t i o n in s e v e r a l 



po in t s m igh t b e d u e to t h e c h a n g i n g pos i t i on o f s o l i d M g O a g a i n s t t h e m i c r o s c o p e pos i t ion . 

T h e s h a p e of so l i d M g O w h i c h w a s not fu l l y s p h e r i c a l m a d e it p o s s i b l e for t h i s p h e n o m e n o n 

to t a k e p l a c e . 

C u r v e fitt ing o f t h e r e s u l t s r e v e a l e d a n e x p o n e n t i a l t r e n d l i ne c u r v e for t he 

r e a c t i o n o f 1 M H N 0 3 c o n c e n t r a t i o n , a n d a s e c o n d o r d e r e q u a t i o n for r e a c t i o n d a t a w i t h 2 M 

c o n c e n t r a t i o n . E v e n t h o u g h f a c t o r s a f f e c t i n g t h e t r e n d w e r e st i l l u n e x p l a i n a b l e , t h e r e a c t i o n 

r a te o f h i g h e r c o n c e n t r a t i o n w a s f a s t e r a s i n d i c a t e d by t he s l o p e . F u r t h e r m o r e , t h e c u r v e s 

s h o w the e f f e c t o f c o n c e n t r a t i o n o n r e a c t i o n ra te . 

c . I m p l i c a t i o n to c h e m i s t r y l e a r n i n g 

T h e o b s e r v a t i o n r e s u l t s o f M g O r e a c t i o n w i t h H N 0 3 c a n b e u s e d to g i v e a n o v e r v i e w 

a b o u t so l i d - l i qu id r e a c t i o n s w h i c h a r e r a r e l y u s e d a s e x a m p l e s in c h e m i c a l k i n e t i c s 

t e a c h i n g . F u r t h e r m o r e , t he i m a g e of s o l i d M g O a t t he v a r i o u s t i m e i n t e r v a l s c a n b e 

p r o c e s s e d into d a t a o n t h e m a s s o f M g O a g a i n s t t i m e for f u r t he r d e v e l o p m e n t o f c h e m i c a l 

k i n e t i c s c o n c e p t s , n a m e l y t h e de f in i t i on of r e a c t i o n r a t e s b a s e d o n the M g O m a s s c u r v e 

a g a i n s t t i m e . T h e r e a c t i o n v i d e o p r o d u c e d in t h i s s t u d y c a n a l s o b e u s e d to s h o w t h e 

i n f l u e n c e of c o n c e n t r a t i o n o n r e a c t i o n r a t e s . 

W e n o t i c e d tha t t he qua l i t y o f d a t a o b t a i n e d f r o m th i s e q u i p m e n t s h o u l d b e t r e a t e d 

a s e d u c a t i o n a l p u r p o s e s d a t a a n d no t a s a " r e s e a r c h qua l i t y " d a t a . T h e s t u d e n t s s h o u l d b e 

r e m i n d e d tha t t h e c a l c u l a t e d m a s s o f t h e s o l i d pa r t i c l e w a s j u s t a n e s t i m a t i o n b a s e d o n the 

i m a g e a r e a , a n d not t he a c t u a l m a s s . F u r t h e r m o r e , n o a c c o u n t h a s b e e n t a k e n of c h a n g e s 

in s u r f a c e a r e a o f t h e p a r t i c l e . T h e r e f o r e , t h e d a t a , a s u s e d h e r e , c a n o n l y s h o w the 

c o n c e p t o f r e a c t i o n r a te a n d a t r e n d t ha t r e a c t i o n r a te i s i n f l u e n c e d b y r e a c t a n t 

c o n c e n t r a t i o n . A n e x a m p l e s h o w i n g the l im i ta t ion of t h i s p r o c u d u r e c a n b e s e e n w h e n the 

o r d e r o f r e a c t i o n w a s c a l c u l a t e d u s i n g t h e d a t a ; t he o r d e r i s o n e for 1 M H N 0 3 , a n d the 

o r d e r i s t w o for 2 M H N 0 3 . 

T h e po ten t ia l a d v a n t a g e s of u s i n g t h i s o b s e r v a t i o n a p p a r a t u s for l e a r n i n g c h e m i s t r y a r e 

a s f o l l o w s : ( 1 ) t he e x p e r i m e n t a l d a t a o b t a i n e d c a n b e d ig i ta l ly r e c o r d e d a n d r e p l a y e d , ( 2 ) a 

l i b ra ry o f e x p e r i m e n t a l d a t a c a n b e r e a d i l y o b t a i n e d , (3 ) t h e c o s t o f t he d ig i ta l m i c r o s c o p e is 

l o w a n d ( 4 ) t h e e x p e r i m e n t a l d a t a i s p r o c e s s e d u s i n g a n e a s y to u s e a p p l i c a t i o n to p r o d u c e 

k i n e t i c s i n f o rma t i on . T h e d a t a h a s r e l e v a n c e to t he s t u d e n t s b e c a u s e t h e y w a t c h the 

r e a c t i o n o c c u r a n d t h e y c a n r e l a t e to t he or ig in o f t he d a t a (it i s not s i m u l a t e d ) . T h e 

e x p e r i m e n t h e l p s s t u d e n t s d i r ec t l y l ink t he o b s e r v a b l e ( m a c r o s c o p i c ) p h e n o m e n a w i th t h e 

a b s t r a c t ( s u b - m i c r o s c o p i c a n d s y m b o l i c ) t heo re t i ca l c o n c e p t s . T h i s c h e m i c a l r e p r e s e n t a t i o n 

c a n b e c o n s i d e r e d a s a s c i e n c e m o d e l i n g s k i l l s a s d e f i n e d by [ 1 3 ] a n d [ 1 4 ] . In add i t i on , a 

s m a l l quan t i t y o f c h e m i c a l s i s r e q u i r e d for a n e x p e r i m e n t tha t c a n b e o b s e r v e d b y a l l 

s t u d e n t s in t he c l a s s r o o m . 

T o s o m e e x t e n t , t h i s r e p o r t e d r e s e a r c h s h o w e d tha t t he e x p e r i m e n t a l p r o c e d u r e 

m i m i c k e d the ac t i v i t y o f u s i n g a n " e n v i r o n m e n t a l m i c r o s c o p e " w h e r e a c h e m i c a l r e a c t i o n o r 

a p h y s i c a l p r o c e s s e s c a n b e o b e r v e d in-situ. T h i s t y p e of e x p e r i m e n t h e l p s to l ink s c h o o l 

c h e m i s t r y w i t h c u r r e n t t e c h n o l o g y a n d / o r c h e m i s t r y r e s e a r c h e x p e r i m e n t s a s r e c o m m e n d e d 

by [15 ] a n d s h o w s h o w t e c h n o l o g y c a n b e u s e d a n d d e s i g n e d a l a b e x p e r i m e n t a r e s o u r c e 

a s a l s o d o n e b y [ 1 6 ] [ 1 7 ] . 

T o e n s u r e tha t t h e d e v e l o p e d a p p r o a c h i s s t r ong l y l e a r n e r f o c c u s e d w e a d a p t e d t h e 

A S E L L ( A d v a n c i n g S c i e n c e b y E n h a n c i n g L e a r n i n g in t h e L a b o r a t o r y ) e d u c a t i o n a l a n a l y s i s 

( s e e h t t p : / / w w w . a s e l l . o r g / P u b l i c a t i o n s / D o c u m e n t - L i b r a r v ) to d o c u m e n t t h e i n t e n d e d 

l e a r n i n g o u t c o m e s . T h i s e d u c a t i o n a l a n a l y s i s i s par t o f a n e d u c a t i o n a l t e m p l a t e f i rst 

d e v e l o p e d by B a r r i e a n d c o - w o r k e r s [ 1 8 ] a n d h a s b e e n u s e d , for e x a m p l e , b y o t h e r 
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g r o u p [ 1 9 ] . In d o i n g the e x p e r i m e n t , t h e s t u d e n t s w i l l d e v e l o p s c i e n t i f i c a n d p r a c t i c a l s k i l l s 

a s d e f i n e d by [ 2 0 ] - [ 2 2 ] , in t h i s c a s e : ( i ) o b s e r v i n g a n d r e c o r d i n g a so l i d - l i qu id r e a c t i o n (ii) 

u s i n g i m a g e p r o c e s s i n g s o f t w a r e ( i i i ) t a b u l a t i n g a n d g r a p h i n g d a t a a n d ( i v ) h a n d l i n g o f 

a c i d s s a f e l y . T h e y w i l l a l s o d e v e l o p t h i nk i ng a n d g e n e r i c s k i l l s in d a t a a n a l y s i s , c r i t i ca l 

t h i nk i ng a n d repo r t w r i t i ng . U l t i m a t e l y , t h e s t u d e n t s wi l l i n c r e a s e the i r t h e o r e t i c a l a n d 

c o n c e p t i a l k n o w l e d g e in t he a r e a o f k i n e t i c s a n d r a t e s o f r e a c t i o n s . S p e c i f i c a l l y t h e y wi l l 

g a i n a bet te r u n d e r s t a n d i n g t ha t t h e r a t e o f a r e a c t i o n i s a bu l k p rope r t y w h i c h , i n t h i s c a s e , 

r e f e r s to t h e c h a n g e in m a s s o f t h e M g O w i t h r e s p e c t to t i m e . B y c h a n g i n g t h e p a r a m e t e r s 

( c o n c e n t r a t i o n o f a c i d , t e m p e r a t u r e a n d o r pa r t i c l e s i z e ) t h e y w i l l a l s o g a i n f i rs t h a n d 

e x p e r i e n c e of h o w t h e s e a f f e c t t he r a te o f r e a c t i o n . 

F o r t h e p u r p o s e of e d u c a t i o n a l p r a c t i c e s , t he a p p r o a c h m igh t b e e x t e n d e d to o t h e r 

p o s s i b l e c h e m i s t r y l e a r n i n g a c t i v i t i e s . O n e o f t h e s e m i g h t b e tha t t h e p r o c e d u r e i s u s e d in 

a n inqu i r y s e t t i n g w h e r e t h e s t u d e n t a r e a s k e d to d o a c h e m i c a l k i n e t i c s e x p e r i m e n t in 

w h i c h t h e y e x p l o r e t he i m p a c t o f t e m p e r a t u r e , c o n c e n t r a t i o n a n d / o r p a r t i c l e s i z e o n t h e 

r e a c t i o n o f M g O wi th H N 0 3 . A n o t h e r o p t i o n m a y b e , i n s t e a d of u s i n g the i m a g e p r o c e s s i n g 

s o f t w a r e for a n a l y s i s o f a r e a , t h e s t u d e n t s c a n f ind the m a s s o f M g O b y cu t t i ng t h e p r i n ted 

i m a g e , w e i g h i n g the p a p e r f o l l o w e d b y c a l c u l a t i n g t he M g O m a s s . A v a r i e t y a r e s u l t s wi l l b e 

o b t a i n e d f r o m e v e r y s t u d e n t , t h u s i n t r o d u c i n g the c o n c e p t o f s a m p l i n g a n d m e a s u r e m e n t 

u n c e r t a i n t y . O t h e r a p p l i c a t i o n s w h i c h m a y b e u s e d c o u l d i n c l u d e t h e d i s s o l u t i o n p r o c e s s o f 

s o l u b l e s o l i d s , p rec i p i t a t i on a n d c r y s t a l g r o w t h . 

C o n c l u s i o n 

A d ig i ta l m i c r o s c o p e i s a s i m p l e p i e c e of l a b e q u i p m e n t t ha t c a n b e u s e d to to v i d e o 

r e c o r d a n d d e m o n s t r a t e t h e r a t e o f n o n - g a s p r o d u c i n g so l i d - l i qu id r e a c t i o n s s u c h a s 

m a g n e s i u m o x i d e a n d ni t r ic a c i d . T h e v i d e o p r o c e s s i n g a p p l i c a t i o n ( a v a i l a b l e f r o m t h e 

c o r r e s p o n d i n g a u t h o r ) for c h e m i c a l o b s e r v a t i o n d e v e l o p e d in th is s t u d y i s a b l e to e x t r a c t 

i m a g e s of so l i d M g O a t s e v e r a l t i m e i n t e r v a l s that c a n fu r ther b e u s e d to e x p l a i n t he 

c o n c e p t s , de f in i t ion o f r e a c t i o n r a t e s , a n d the i n f l u e n c e of c o n c e n t r a t i o n o n c h e m i c a l 

r e a c t i o n r a t e s . T h e p r o c e d u r e h a s t h e po ten t ia l to b e u s e d in a n inqu i ry l e a r n i n g se t t i ng to 

e x p l o r e s t u d e n t s ' c r e a t i v e t h i n k i n g . 

H a z a r d a n d s a f e t y 

W h e n a p p l y i n g th is e x p e r i m e n t : a v o i d e y e a n d s k i n c o n t a c t w i th H N 0 3 a n d H C I . C o n t a c t 

w i t h t h e l i qu ids i s c o r r o s i v e to t he e y e s a n d c a u s e s s e v e r e b u r n s . I n g e s t i o n w i th t he 

s u b s t a n c e m a y c a u s e c i r c u l a t o r y s y s t e m fa i l u re . C a u s e s s e v e r e d i g e s t i v e t rac t b u r n s w i t h 

a b d o m i n a l p a i n , v o m i t i n g , a n d p o s s i b l e d e a t h . 

A c k n o w l e d g e m e n t 

T h e o u t h o r s w o u l d l i ke to t h a n k : 

U P I f o r f i n a n c i a l s u p p o r t t o t h i s r e s e a c h p r o j e c t a n d f o r f i n a n c i n g t h e s h o r t v i s i t i n g 

r e s e a r c h p r o g r a m to C h e m i s t r y D e p a r t e m e n t , C u r t i n U n i v e r s i t y A u s t r a l i a 

M r . D e n i P u r n a m a ; U P I I n f o r m a t i o n T e h n o l o g y a n d C o m m u n i c a t i o n s t a f , t h a t k i n d l y 

bu i l t t h e a p p l i c a t i o n u s e d in t h i s r e s e a r c h 
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T a b l e 1 . S u m m a r y o f so l i d - l i qu id r e a c t i o n o b s e r v a t i o n t e s t 

N o R e a c t i o n N o t e s o n t h e v i d e o r e c o r d i n g 

1 . Z n + H C I • T h e p a r t i c l e i m a g e w a s di f f icul t to a n a l y s e d u e to t h e 

p o s i t i o n c h a n g e s . 

• T h e so l i d p l a t e e d g e s w i t h t h e b u b b l e s i s not c l e a r 

• T w o - d i m e n s i o n a l s h a p e o f s o l i d z i n c ( p l a t e ) d id not 

r e p r e s e n t t he z i n c quan t i t y 

• T h e s i z e took a l ong t i m e to c h a n g e 

2 . F e + H C I • T h e pa r t i c l e i m a g e w a s d i f f icu l t to a n a l y s e d u e to pos i t i on 

c h a n g e a n d the c o l o r o f F e i m a g e w h i c h r e s e m b l e d t h e 

i m a g e of g a s b u b b l e s 

• T h e i ron g r a i n m o v e d f r o m i ts pos i t i on for s e v e r a l t i m e s 

d u e to t h e h i g h g a s p r o d u c t i o n 

• T h e s i z e took a l ong t i m e to c h a n g e 

• T h e p a r t i c l e o f C a C 0 3 sp l i t in to s e v e r a l p a r t s r e s u l t i n q in 
3 . C a C 0 3 + H C I 

d i f f icul ty in a n a l y s i n g t h e i m a g e - d u e to t he s i z e 

4 . M g O + H N 0 3 • T h e c o l o r o f M g O s o l i d w a s r e l a t i v e l y in c o n t r a s t w i t h 

t ha t o f t he v e r y little b u b b l e s tha t c o u l d st i l l b e 

o b s e r v e d 

• T h e M g O g r a i n w a s r e l a t i v e l y i n tac t s o t ha t t h e s i z e o f t h e 

r e m a i n i n g M g O c o u l d b e a n a l y s e d . 

• C h a n g e s in s i z e took p l a c e w i t h i n a r e a s o n a b l e t i m e 

i n t e r v a l 
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T a b l e 2 T h e s c r e e n s h o t s o f t h e o b s e r v a t i o n r e s u l t s : t h e r e a c t i o n of so l i d M g O 

T i m e ( s ) M g O I m a g e R e m a r k s 

B e f o r e r e a c t i o n 

l i i i i l i in 

T h e i m a g e of a n M g O g r a i n be fo re r e a c t i o n . 

T h e g ra i n w a s a r o u n d 2 m m in s i z e a n d 1.5 m g in 

CO 

1 2 0 

T h e i m a g e of t he M g O g ra i n s o o n a f te r t he add inc 

n i t r ic a c i d so lu t i on 

T h e i m a g e of M g O g ra i n a t 6 0 , 1 2 0 , a n d 2 4 0 s a f 

add i t i on o f n i t r ic a c i d so lu t i on . T h e pa r t i c le s i z e de 

c o m p a r e d to t he in i t ia l . 
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Table 3. Examples of data processing result of solid-liquid reaction observation 

application 

R e a c t i o n t i m e 
( s e c o n d ) 

M g O i m a g e 
( P i x e l ) 

M g O m a s s 
e s t i m a t e d ( m g ) 

0 8 1 5 1 1.50 

3 0 7 6 5 7 1 4 1 

1 0 0 5 2 8 5 0 . 8 4 

2 0 0 1 6 8 8 0 . 3 1 
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