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H y dr o g e n p er o xi d e r e a ct s wit h i o di d e i o n s i n a ci d co n diti o n s, a s s h o w n b el o w.

H 2 O 2 ( a q) + 2I– ( a q)  + 2 H+ ( a q) I2 ( a q) + 2 H2 O(l)

A st u d e nt i n v e sti g at e s t h e r at e of t hi s r e a cti o n b y c arr yi n g o ut f o ur e x p eri m e nt s at t h e s a m e  
t e m p er at ur e. T h e st u d e nt’ s r e s ult s ar e s h o w n b el o w.

E x p eri m e nt
[ H2 O 2 ( a q)]
/ m ol  d m– 3

[I – ( a q)]
/ m ol d m– 3

[ H+ ( a q)]
/ m ol  d m– 3

I niti al r at e
/ m ol d m– 3 s – 1

1 0. 0 0 1 0 0. 2 0 0. 1 0 5. 7 0 × 1 0 – 6

2 0. 0 0 2 0 0. 2 0 0. 1 0 1. 1 4 × 1 0 – 5

3 0. 0 0 2 0 0. 2 0 0. 2 0 1. 1 4 × 1 0 – 5

4 0. 0 0 4 0 0. 4 0 0. 1 0 4. 5 6 × 1 0 – 5

( a)  T h e r at e e q u ati o n i s: r at e = k [ H2 O 2 ( a q)] [I– ( a q)]

•  S h o w t h at t h e st u d e nt’ s r e s ult s su p p ort t hi s r at e e q u ati o n.

•  C al c ul at e t h e r at e c o n st a nt, k , f or t hi s r e a cti o n.

Gi v e y o ur a n s w er t o t w o si g nifi c a nt fi g ur e s, i n st a n d ar d f or m a n d wit h u nit s.

I n y o ur a n s w er y o u s h o ul d m a k e cl e ar h o w t h e e x p eri m e nt al r e s ult s pr o vi d e e vi d e n c e f or t h e  
r at e e q u ati o n. [ 6]

( b)  T h e st u d e nt c o n cl u d e d t h at H+ ( a q) i o n s a ct a s a c at al y st.

E x pl ai n w h y t h e st u d e nt’ s c o n cl u si o n i s n ot c orr e ct.                                                                [ 1]

( c)  A f o ur- st e p m e c h a ni s m h a s b e e n pr o p o s e d f or t hi s r e a cti o n.  
T h e r at e- d et er mi ni n g st e p i s t h e fir st st e p.

(i)  St at e w h at i s m e a nt b y t h e t er m r at e- d et er mi ni n g st e p. [1 ]
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(ii)  T h e e q u ati o n f or St e p 3 i n t h e f o ur- st e p m e c h a ni s m i s s h o w n b el o w.

S u g g e st e q u ati o n s f or t h e ot h er t hr e e st e p s.  
St at e s y m b ol s ar e n ot r e q uir e d.

St e p 1 :

St e p 2 :

I– I2St e p 3 : HIO   + +  O H –

St e p 4 :
[ 3]

[ T ot al: 1 1  M ar k s]

( c)  A f o ur- st e p m e c h a ni s m h a s b e e n pr o p o s e d f or t hi s r e a cti o n.  
T h e r at e- d et er mi ni n g st e p i s t h e fir st st e p.

(i)  St at e w h at i s m e a nt b y t h e t er m r at e- d et er mi ni n g st e p. [1 ]



I o di d e i o n s, I– , r e a ct wit h S2 O 8
2 – i o n s a s s h o w n i n t h e e q u ati o n b el o w.

2 I– ( a q) +  S2 O 8
2 – ( a q) I ( a q) + 2 S O 2 – ( a q)  2 4

A st u d e nt i n v e sti g at e s t h e r at e of t hi s r e a cti o n u si n g t h e i niti al r at e s  m et h o d.

T h e st u d e nt m e a s ur e s t h e ti m e t a k e n f or a c ert ai n a m o u nt of i o di n e t o b e pr o d u c e d.

( a)  O utli n e a s eri e s of e x p eri m e nt s t h at t h e st u d e nt c o ul d h a v e c arri e d o ut u si n g t h e i niti al r at e s  
m et h o d.

H o w c o ul d t h e r e s ult s b e u s e d t o s h o w t h at t h e r e a cti o n i s fir st- or d er  wit h r e s p e ct t o b ot h I–
a n d S 2 O

2 – ?
8

I n y o ur a n s w er y o u s h o ul d m a k e cl e ar h o w t h e r e s ult s ar e r el at e d t o t h e i niti al r at e s. [ 4]

( b) I n o n e of t h e e x p eri m e nt s, t h e st u d e nt r e a ct s t o g et h er:

• 8. 0 × 1 0− 2 m ol d m − 3 I– ( a q)

• 4. 0 × 1 0− 3 m ol d m − 3 S 2 O 8
2 – ( a q).

T h e i niti al r at e of t hi s r e a cti o n i s 1. 2 × 1 0 − 3 m ol d m − 3 s − 1 .

T h e r e a cti o n i s fir st- or d er wit h r e s p e ct t o I– a n d fir st- or d er wit h r e s p e ct t o S 2 O 8
2 – .  

C al c ul at e t h e r at e c o n st a nt, k , f or t hi s r e a cti o n.

St at e t h e u nit s, if a n y. [ 3]
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2 8
– 2 – 2 +( c)   T hi s r e a cti o n b et w e e n I i o n s  a n d  S O i o n s c a n b e c at al y s e d b y eit h er  F e ( a q) i o n s or

F e 3 + ( a q) i o n s.

St a n d ar d el e ctr o d e p ot e nti al s ar e s h o w n b el o w.

S 2 O 8
2 – ( a q)  + 2 e– 2 S O 4

2 – ( a q) E o =  + 2. 0 1 V
F e 3 + ( a q) + e–

2
I ( a q) + 2 e–

F e 2 + ( a q)  
2 I– ( a q)

E o =  + 0. 7 7 V
E o =  + 0. 5 4 V

(i)  U si n g t hi s i nf or m ati o n, writ e t w o e q u ati o n s t o s h o w h o w t h e r e a cti o n of I– i o n s a n d  
S 2 O 8

2 – i o n s c a n b e c at al y s e d b y F e 2 + i o n s. [ 2]

(ii)  S u g g e st w h y t h e r e a cti o n of I– i o n s a n d S2 O 8
2 – i o n s i s al s o c at al y s e d b y F e 3 + i o n s. [ 1]

[ T ot al 1 0  M ar k s]
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M et h a n oi c a ci d a n d br o mi n e r e a ct as i n t h e e q u ati o n b el o w.

Br 2 ( a q) + H C O O H( a q) →  2 H+ ( a q) + 2 Br– ( a q) +  C O2 ( g)

A st u d e nt i n v esti g at es t h e r at e of t his r e a cti o n b y m o nit ori n g t h e c o n c e ntr ati o n of br o mi n e o v er ti m e.  T h e 

st u d e nt us es a l ar g e e x c ess of H C O O H t o e ns ur e t h at t h e or d er wit h r es p e ct t o H C O O H will b e  

eff e cti v el y z er o.

Fr o m t h e e x p eri m e nt al r es ults, t h e st u d e nt pl ots t h e gr a p h b el o w.

( a) S u g g est h o w t h e c o n c e ntr ati o n of t h e br o mi n e c o ul d h a v e b e e n  m o nit or e d.
[ 1]
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( b) S u g g est a diff er e nt e x p eri m e nt al m et h o d t h at w o ul d all o w t h e r at e of t his r e a cti o n t o b e f oll o w e d

o v er ti m e.

( c) W h y w o ul d us e of e x c ess H C O O H e ns ur e t h at t h e or d er wit h r es p e ct t o H C O O H is eff e cti v el y z er o ?

( d) * Usi n g t h e gr a p h, d et er mi n e

 t h e i niti al r at e of r e a cti o n

 t h e r at e c o nst a nt.

Y o ur a ns w er m ust s h o w f ull w or ki n g usi n g t h e gr a p h a n d t h e li n es b el o w as a p pr o pri at e. [6]

[ T ot al: 9  M ar k s]

[ 1]

[ 1]
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