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EXPERIMENT 7- SAPONIFICATION RATE OF TERT- BUTYL 
CHLORIDE 

THEORY 

The field of chemical kinetics is concerned with the rate or speed at which a chemical 
reaction occurs. Knowledge of a chemical reaction and the integrated rate law (an expression 
relating concentration with time) for the reaction allows us to accurately predict how much of 
a given reactant or product exists at any time during the reaction. The rate law can also 
provide useful insight into which variables control a reaction (temperature, reactant 
concentration, catalysts) and how these variables can be used to maximize the amount of 
product(s) formed in the reaction or minimize the time involved to obtain product(s). The 
experimental kinetic data obtained during the reaction is used to help understand the 
mechanism of a reaction. The reaction mechanism describes how a reaction proceeds through 
single (elementary) steps on the molecular level. 

In its simplest explanation, rate of a reaction means how fast the concentration of reactants 
diminishes or products increases. The reaction will continue until it reaches equilibrium and 
in some cases until it reaches completion. In order to measure the reaction rate, we need to be 
able to monitor either the decrease in the reactant concentration or increase in product 
concentration. This monitoring can be done in several ways depending on the type of 
reactants and products present in the medium. When measuring reaction rates, we should be 
careful about changes in temperature. All reaction rates are temperature sensitive to varying 
degrees. Therefore, when measuring reaction rates, we must keep the temperature constant. 

First Order Reactions 
If we have a first-order reaction with the rate determining step:  
 

A → products 
 

 "Rate = -
d[A]

dt  = k[A] (1) 

 
This can be rearranged into: 
 

 "
d[A]
[A]

 = -k·dt (2) 

 
and then integrated to give: 
 

 ln[A]t - ln[A]0 = -k∙(t - t0) (3) 
 
and then  rearranged to give: 
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 ln
[A]t

[A]0
 = -k∙(t - 0) = -k∙t (4) 

 
or: 
 

 ln[A]t =  -k∙t + ln[A]0 (5) 
 
where [A]0 is the initial concentration at time t0 = 0, [A]t is the concentration at time t and k is 
the rate constant of the reaction. 
 
So, if ln[A]t is plotted against t, it will be a straight line with a negative slope of numeric 
value of k and an intercept of ln[A]0. Another way of looking at it is that if the plot is straight, 
then it is 1st order. 
 
Half-life, t1/2, is the time required for the concentration of a reactant to decrease to half of its 
initial value. Half-life of a first order reaction, t1/2, can be calculated by substituting [A]t by 
[A]0/2 in Equation 4: 
 

 ln
([A]0/2)

[A]0
 = -k∙t1/2 (6) 

 

 t1/2 = 
ln 2

k  (7) 

 
As can be seen from the equation above, half-life, t1/2, of a 1st order reaction is independent of 
the initial reactant concentration. 
 
Second Order Reactions 
If we have a second-order reaction:   
 

A → products 
 

 "Rate = -
d[A]

dt  = k [A]2 (8) 

 
This can be rearranged into: 
 

  -
d[A]
[A]2  = k dt (9) 

 
and then integrated to give: 
 

 "
1

[A]t
 - 

1
[A]0

 = kt (10) 
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So, if 1/[A]t is plotted against t, it will be a straight line with a positive slope of numeric value 
of k and an intercept of 1/[A]0. Another way of looking at it is that if the plot is straight, then 
it is 2nd order. 
The half life, t1/2, of a second order reaction can be calculated by substituting the [A]0/2 in 
[A]t in Equation 10: 
 

 "
1

[A]0/2
 - 

1
[A]0

 = kt1/2 (11) 

 

 "t1/2 = 
1

k[A]0
 (12) 

 
Alternatively the half-life can be read from the concentration-time diagram for [A] = [A]0/2. 
 
Temperature Dependence of Rate Constants 
For most cases, it has been observed experimentally that the rate of a reaction and temperature 
are directly proportional. This relationship can be empirically shown by the Arrhenius 
equation: 
 

 k = A· e-EA /RT (13) 
 
where A is the frequency factor or pre-exponential factor and EA is the activation energy for 
the reaction, R is the gas constant and T is the temperature in Kelvin. This equation can be 
rearranged to give: 
 

 lnk = lnA - 
EA

RT (14) 

 
so a plot of lnk versus 1/T gives a straight line with a negative slope equal to  -EA/R and an 
intercept of  lnA . 
 
The physical meaning of the equation can be explained by the Collision Theory. If we think 
about it, in order for a reaction to occur, the molecules should first collide. Therefore, the 
more they collide, the more is the likelihood of a reaction to take place (A: frequency factor). 
But will each collision lead to a reaction? The energy that is provided by the collision (kinetic 
energy) should be sufficient to break the bonds of the existing molecule so a new bond can be 
formed. The kinetic energy that a molecule possesses is directly and only proportional to its 
temperature (KE = 3/2 RT2). So, as temperature increases, the likelihood of a reaction to take 
place also increases. The last factor that plays a role in the rate is the activation energy (EA). 
By definition, activation energy is the minimum kinetic energy that the reactants must have 
in order to form products. Therefore, if the activation energy is high, the likelihood of 
collisions to result in a reaction is low. Arrhenius expression of temperature dependence of 
rate constant does not express the case for all reactions. It assumes EA and A to be temperature 
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independent which is not always the case. But as it is valid for most, we will only consider 
that equation. 
 
Tertiary butyl chloride is saponified to tertiary butanol by sodium hydroxide according to the 
following mechanism: 
 

(CH3)3C – Cl 
k1→ (CH3)3C+ + Cl- 

 

(CH3)3C+ + OH- 
k2→ (CH3)3C - OH 
 

where the overall reaction can be given as: 
 

(CH3)3C – Cl + NaOH → (CH3)3C – OH + NaCl 
 
Because k2 >> k1, the rate of the saponification reaction is determined by the slow step (the 
first step), therefore the rate law can be written as: 
 

 Rate = k[(CH3)
3
C-Cl] (15) 

PROCEDURE 
1. Prepare the solutions required for the experiment as follows: 

 0.1 M NaOH in water/acetone: Pipette 10 mL of 1.0 M NaOH solution into a 
100 mL volumetric flask, add 40 mL of water and fill up to the calibration 
mark with acetone. 

 0.1 M Tert-butyl chloride in acetone: Weigh 0.926 g of tert-butyl chloride in a 
100 mL volumetric flask, dissolve in acetone and fill up to the calibration mark 
with acetone. 

 1% bromothymol blue solution: Weigh 0.5 g of the indicator in a 50 mL 
volumetric flask, dissolve it in acetone and fill up to the calibration mark with 
acetone. 

( Bromothymol blue (also known as dibromo thymolsulfonephthalein, Bromthymol 
Blue, and BTB) is a chemical indicator for weak acids and bases. Bromothymol Blue 
acts as a weak acid in solution. It can thus be in protonated or deprotonated form, 
appearing yellow and blue respectively. It is green in neutral solution. The pKa for 
bromothymol blue is 7.10.) 

2. Fill the burette with NaOH solution (water/acetone). 
3. Put the Erlenmeyer flask on the magnetic stirrer at room temperature. (DO NOT forget 

to measure the room temperature) 
4. Pour, under constant stirring, 50 mL of distilled water, 40 mL acetone, 0.5 mL of 

NaOH solution (from the burette) into the erlenmeyer flask. 
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5. Add 5 drops of the bromothymol blue solution into the flask. The color of the reaction 
mixture will be blue.  

6. Seal the flask and the burette with rubber stoppers. 
7. Pipette 10 mL of 0.1 M tert-butyl chloride in acetone in order to start the reaction and 

begin to measure the time using the stop-watch.  
8. When the color changes from blue to yellow, record the time without stopping the 

watch. 
9. Immediately add another volume of 0.5 mL NaOH from the burette and continue 

measuring the time required until the color again changes to yellow. 
10. Repeat this procedure until a total NaOH consumption of 6.0 mL has been reached 

(60% conversion). 
11. Clean all the equipment and repeat the experiment at 35°C. 

 
CALCULATIONS 

1. The concentration of tert-butyl chloride, CBuCl, at time t can be determined via the 
Equation 16, from the volume of sodium hydroxide solution, VNaOH,  which is added 
up to that point: 

 

 CBuCl = 
(VNaOH, ∞ - VNaOH)CNaOH

Vs
 (16) 

 
where VNaOH is the volume of the consumption of NaOH of concentration, CNaOH until 
time t, VNaOH,∞ is the volume of the consumption of NaOH of concentration CNaOH 
subsequent to complete conversion, and Vs is the total volume of the reacting system 
(100 mL + VNaOH).  

 
2. Recall the overall reaction: 

 

(CH3)3C – Cl + NaOH → (CH3)3C – OH + NaCl 
In order to calculate the amount of sodium hydroxide required for the complete 
conversion of tert-butyl chloride, first the number of moles of tert-butyl chloride 
present in the reaction medium should be calculated (Hint: You added 10 mL of 0.1 M 
tert-butyl chloride solution into the medium). Since tert-butyl chloride and sodium 
hydroxide react in a 1:1 mole ratio, the volume of sodium hydroxide necessary for the 
complete saponification of tert-butyl chloride, VNaOH, ∞, can be calculated: 

 

 VNaOH, ∞ = 
MBuClV2

MNaOH
 (17) 

 
where MBuCl and MNaOH are the molarities of tert-butyl chloride and sodium hydroxide 
solutions, respectively, and V2 is the volume of the tert-butyl chloride solution added 
to the system. 



6 
 

 
By using the concentration of tert-butyl chloride vs. time data, plot the necessary 
graphs for 1st and 2nd order reactions according to Equations 4 and 10; and validate the 
reaction order.   

 
3. Depending on the reaction order, calculate the reaction rate constants for 20 °C and 30 

°C (from the slopes of the straight lines). The half life of the reaction can be calculated 
using the formulas given in the Theory section, or can be determined from the 
concentration versus time graph. The temperature dependency of the reaction rate 
constant should be discussed and Arrhenius parameters (A, EA) should be evaluated by 
using the following equation: 

 

 ln
k1

k2
 = 

EA

R
∙

T1 - T2

T1 ∙ T2
 (18) 

 
4. After calculating EA, A can be determined using the Arrhenius Equation. The 

theoretical Arrhenius parameters should be found from literature and compared with 
those calculated.   

5. The effect of temperature on the reaction rate is observed in this experiment. How 
would the rate of the reaction change  

 if the experiment was carried out with tert-butyl bromide instead of tert-butyl 
chloride?  

 if the experiment was carried out with isobutyl chloride instead of tert-butyl 
chloride?  

 if you have just changed the overall solvent composition from 50% water/50% 
acetone to 80% water/ 20% acetone? 

 
 
DATA SHEET: 
 

Room Temperature (…. 0C) 35 0C 
VNaOH (mL) time (s) VNaOH (mL) time (s) 

0.5  0.5  
1.0  1.0  
1.5  1.5  
2.0  2.0  
2.5  2.5  
3.0  3.0  
3.5  3.5  
4.0  4.0  
4.5  4.5  
5.0  5.0  
5.5  5.5  
6.0  6.0  

Theoretical value of Ea = 84 kJ/mol 


