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I . Objectives

. Understand how factors such as concentration, temperature,
_and Catalyst [#B&R] offect the mate of chemical reactions.
2. Master how to determing veaction rate and activation enery

2. Use softwore such as Excel & O )rigin_to process data and plot graphs

II. Principles
Chemical kinetics focuses on the rate and mechanisms of

s reaction. e e A2
' Therefore , in this expersmenb_vue use KzS O: and K] to determine

| jhueaction order & activation energy of redox reaction.
iJg;S;Og 0s the oxidant , and KI ¢ the reductant

| We can_determine the ' reaction rate and order by +he
equotion of the ingtantaneous rmte [%ﬁ'ﬁﬁ“? And we can
know_the reaction orders of the two reactants- Also the

f

overall  yeaction orcler

But the reaction is colorless , which is not. easy +o -observe.
Therefore. we use Naz2%:0s and starch +to detefming the reaction.
| We consider thot 7 e equal to the v .

And to get the veation orders , we can do linear graphs to

- _obtain the m and n in the equation.
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Here are the reaction equations :
0 508 +217 =280+,  Slow
O 250+, =505+ 21” Fast .
reaction rate @ v=k[50:] [17"
3= 2By op1 [ 1]"
ot refer to the time from beginming to the solution

tums to blue.
- a050¢7] 415.0:] _ rg;O}’]a _ ¥IMm__qn
V=V z- TS T aat e =k0s]" (1]

|3'\7 o ljizs’:zi;]: :Ijk + mlg[SaDﬂw‘nlg[I’J

« Determine m: , 4
Keep [I7] constant ., do lgv - |g[s,047] groph - m=slope.
+ Determine n:

leep [5.0¢7) constant . do ljv-lg[f]gm,,h j n:gloPe,
+ Determine Kk:

substitute m and n into the equation.
Determine the activation energy(Ea) ( ki fmol ).
Arrhenius” Equation : k=AeH  Ink= _% +hhA
> k= - ;_Ts%ﬁ +19A
do lgk - '-,l-' graph , calculate the Ea according to +he 519/73,

|9A'- {'heintErceFt Of the line .
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III. Pre-class Questions

r_d_e,,,gonstant ) re,am, @deg and ac‘cnvatoon energy.
O REEE . B RS MERERD R A RE R T
ORFBTHH . REAAFD -
9. REFRH: BHAL P4 B A6 g de
0 #hAb: QINFA R T RARINT RE G4 HREF TRAT
. Briefly describe how to determine the reaction order
dnd activation energy in this experiment.
Through Part =. Principle , we can know equation :
lgv = lgk +mlgls,00] ¥nlgll]
So, do qu—lﬂ[Sz.Os"] graph % 14v-19L17] graph . We can know
the m & n by ‘calenlate the slope of the line.
The overall reaction order is m+n.

Aleo, Ink=- —% +InA  do |5k-'1'= graph, know-Ea through the slope

IV. Procedures

O. Effect of Concentration of <%0z on the Reaction Rate:

I5om)
KI, NaxS20s s g 5L groduated mix quickly

k
Er[i%_n;%;ir e Starch % K7.904» linder with -~ and time 7|
mttmred K2504

.
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+ill the system becomes blue .

@ Effect of Concentration of K1 on the Reaction

Rate
E:Tnmzaer KNO: % requ‘»red kI K25 O¢ and time
as

till the system becomes blue.

©. Effect of temperature on the reaction mte.

o. 150mL Erlenmeger
water bath o. 150mL Erlenmeyer Ho.si> flask with reQu;rg,d
with different T With KL KNG, NuS, 0 stardy k2504 & Kau0%

e e [

mointain a consistent

shaking rate eoch time

Measure the temperature
change._before % ofter

| min

. quickly & time
i ek R~ S +il] the system be comes blue

®. Effect of Catulyst on the Reaction Rate

iGaml: KNO5, KI , Nox$:0s, KS%s  25mL KOs mix quickly

Edenmgyer flask —pmn 25 drops-of Cutno), > g time

till the system becomes blue.

®@.Effect of Ionic Strength on the Reaction Rate

bamL gl,NazSLOs; 25mL K605 mix quicks till system|
&leﬂmﬁ“—'ﬂﬂﬂ‘——s rch-%-water 2 timebecomes blue

V. Data Record Tables
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Table 1 Effect of concentration of K,S,05 on reaction rate (temperature:_2¢ _ °C)

No. K,S,04 K1 Na,S,04 starch KNO; K,SO, total volume | reaction time
/ mL / mL / mL / mL / mL / mL / mL s —
1 25 25 5.0 2.0 0.0 0.0 57 To.0L
2 20 25 5.0 2.0 0.0 5.0 57 B2,0%
3 15 25 5.0 2.0 0.0 10 5T QB,S] & =
4 10 25 5.0 2.0 0.0 15 57 \| (03,08
S 5.0 25 5.0 2.0 0.0 20 57 3 5
Table 2 Effect of concentration of KI on reaction rate (temperature:_ 2.0 °C) '
No. K>S,04 KI Na,S,0; starch KNO; K,SO4 total volume | reaction time
/ mL / mL / mL / mL ; mL / mL / mL /s
6 25 25 5.0 2.0 0.0 0.0 57 5b.90
7 25 20 5.0 2.0 5.0 0.0 57 b, 8%
8 25 15 5.0 2.0 10 0.0 57 9143
9 25 10 5.0 20 15 0.0 57 49.99
10 25 5.0 5.0 2.0 20 0.0 57 39339
Table 3 Effect of temperature on reaction rate
No. 11 12 13 14
reaction temperature / °C 25 30 35 /4’0
reaction time / @ ‘M_\ b; 53'40 @40%/ 25 .%|

4. The effect of catalyst on the reaction rate
_$=45.255s

5. The effect of ionic strength on the reaction rate
Toble 1. No 3t 1,2 116,535 m/_m,gp
Table 2. No.8.  tu=114.835 %
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VI. Data Treatment and Analysis

Data Treatment:

According to the data we’ve recorded, we can linearly fit the graphs and know their equations

respectively.

1. Effect of concentration of K2S20s: do Ig k-1g[K2S20s] graph Fig.1 We can get its equation: y =
—3.11429 4+ 1.06293x. The slope is 1.06293. Therefore, the reaction order of K2S20gis
approximately m=1.

2. Effect of concentration of KI: do Ig k-Ig[KI] graph Fig.2 We can get its equation: y =
—3.7385 + 1.08025x. The slope is 1.08025. Therefore, the reaction order of Kl is approximately

n=1. Therefore, the total reaction order is 2.

3. Effect of temperature on reaction rate: do 19 k-1/T graph Fig.3 We can get its equation: y =
2.92452 — 1.10358 x 10-3x. Therefore, the A in Arrhenius’ Equation is A=e?924%2 ~~18.62.

And the activation energy in this equation is Ea=1.10358 X10°R=9.18 X1073J.

4. Effect of catalyst on reaction rate: When 2 drops of Cu(NOs). are added, the time is 45.25s. This
is faster than former reaction. So it indicates that the catalyst can highly promote the reaction rate.

5. Effect of ionic strength on reaction rate: The 2 groups of time are 116.53s and 114.83s. They are
nearly the same but far lower than the time 93.57s and 97.48s. So it indicates that the ionic
strength can highly promote the reaction rate.

Error Analysis:

1. When doing the vibration, different group members have different speed. This can influence the
reaction time.

2. The reaction endpoint is to observe the color's change of the solution. This can cause error to
record this total time.

3. There are always errors in the weighing and mixing process.

4. There may be temperature changes during the reaction, which can influence the reaction rate.

5. Although the speed of the indicative reaction is very fast, it still cause time error.
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6. There is some solution remaining in the containers during the pouring process.

-4.64

-4.89

lg &

-5.04

-5.14
) / -5.24
-5.31 ¥ y=-3. 7T385+1. 08025x
1
T T T T T T
2.0 =18 -1 -1.8 -1 B

5.4 T T T
-2.1 1.8 155 .6 -1 1.4 1.3 1.8 1.6 -1.4 1.2
1g[K,S,05 1g[KT]
Fig.1 Fig.2
[ ]
-0.6
W 0.7
0.8
y=2.92452-1. 10358x -
‘d‘li_' ‘A“ 3 Ltl{
/T xX107° K
Fig.3
Inspirations:

1. When it's difficult to determine the relationship between two variables in the equations, we can do
some mathematical substitution which simplify the whole equation.

2. lhave learnt to use the software Origin to process my data and fit the graph.

3. When exploring the reaction which is not easy to observe or measure, we can use another

reaction which is easy to measure to respond the reaction we want.

VI.Post-lab Questions
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(1) Taking this experiment as an example, can the reaction order be directly obtained from chemical

reaction equation ?

The reaction order can’t be obtained directly from the reaction equation. For example, the reaction

order of the | - is n=1, not equal to 2. Therefore, the stoichiometric coefficients are not always the

same as its reaction order. We should get the reaction order through experiment and analysis. But

for elementary reaction, they are the same.

(2) Why can the reaction rate be calculated by the time the reaction solution appears blue ?

Firstly, the main reaction rate is slow but the indicative reaction rate is fast. So, we can almost

ignore the indicative reaction’s time. Secondly, the indicative reaction finished before the main

reaction. This helps to calculate the change of [K2S20g], and the average reaction rate.

VI.LAppendix
Here are the analysis record tables of the data which are used to fit graphics.
Table 4 Effect of concentration of K,S,Og on reaction rate (temperature:__20 °C)

No. 1 2 3 4 5
[K2S20g]o /mol-L1 0.04386 0.03509 0.02632 0.01754 0.00872
reaction time At/s 70.02 82.08 93.57 163.06 375.31
reaction rate /mol-L1.s1 2.506x10° 2.137x10° 1.875x10° 1.076x10° 4.674x10°
19[K2S20s]o -1.358 -1.455 -1.580 -1.756 -2.059
Igv -4.601 -4.670 -4.727 -4.968 -5.330

Table 5 Effect of concentration of Kl on reaction rate (temperature;._ 20  °C)

No. 6 7 8 9 10
[Kl]Jo/ mol-L? 0.08772 0.07018 0.05263 0.03509 0.01754
reaction timeAt/ s 56.90 76.82 97.48 149.99 333.39
reaction rate/ mol-L!-s1 3.083x10° | 2.284x10° 1.800x10° 1.170x10° 5.262x10
Ig[Kl]o -1.057 -1.154 -1.279 -1.455 -1.756
lgv -4511 -4.641 -4.745 -4.932 -5.279
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Table 6 Effect of temperature on reaction rate

No. 3 11 12 13 14
reaction temperature/ °C 20 25 30 35 40
reaction time/ s 93.57 74.65 53.40 40.16 25.81

reaction rate/mol-L-1.s71 1.875x10° 2.350x10° 3.285x10° 4.368x10° 6.797x10°

UT /K1 3.411x10°3 3.354x1073 3.299x103 3.245x10%3 3.193x103
k 0.1486 0.1640 0.1896 0.2146 0.2600
Igk -0.8280 -0.7851 -0.7222 -0.6684 -0.5850

VEr | AR | BE | B | BARS R | ST G 4
WiH || TR &k | bt | mEm | Y
JHE |30 431043 (1043|3047 20 43 100 43

493/ 51




