
Rate = k[C12H22O11] à first order reaction

ln 𝐴 − ln[𝐴]! = −𝑘𝑡 →

ln 0.0132 𝑀 − ln 0.0146 𝑀 = −𝑘 27𝑚𝑖𝑛

k = 3.73 x 10-3 min-1



1/[C2F4] vs. t linear à 2nd order
Rate = k[C2F4]2
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A = 0.027 M



Sample problem

Sucrose, C12H22O11, decomposes to fructose and glucose in acid solution with the 
rate law

Rate = k[C12H22O11] k = 0.216 h-1 at 25 ˚C
1. What is the half-life of C12H22O11 at this temperature?
2. What amount of time is required for 87.5% of the initial concentration of 

C12H22O11 to decompose?
• First-order kinetics: 𝑡½ = !"#

$
= !"#

%.#'( )!"
= 𝟑. 𝟐𝟏 𝒉

• 87.5% of [C12H22O11] decomposes à [C12H22O11] = 0.125 [C12H22O11]0

• 𝑙𝑛 [+"#,##-""]
[+"#,##-""]$

= −𝑘𝑡 → 𝑙𝑛 %.'#/ +"#,##-"" $
+"#,##-"" $

= − 0.216 ℎ0' 𝑡 → 𝒕 = 𝟗. 𝟔𝟑 𝒉



Sample problem

Radioactive decay is a first-order process. Radioactive radon-222 gas 
(222Rn) occurs naturally as a product of uranium decay. The half-life of 
222Rn is 3.8 days. Suppose a flask originally contained 4.0 x 1013 atoms 
of 222Rn. How many atoms of 222Rn will remain after one month (30. 
days)?

• First-order kinetics: 𝑡½ = "#$
%
→ 𝑘 = "#$

&.( )*+,
= 0.18 𝑑𝑎𝑦𝑠-.

• ln[222Rn]0 – ln[222Rn] = kt à
• ln(4.0 x 1013 atoms/flask) – ln[222Rn] = (0.18 days-1)(30. days) à
• [222Rn] = 1.8 x 1011 atoms/flask



Sample problem

A certain reaction has an activation energy of 54.0 kJ/mol. As the 
temperature is increased from 22 ˚C to a higher temperature, the rate 
constant increases by a factor of 7.00. Calculate the higher 
temperature.
• Let k1 = x à k2 = 7x

• 𝑙𝑛 %#
%"
= − /%

0
.
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→ 𝑙𝑛7 = − 23!!! 456"!"

(.&.347!"56"!"
.
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• .
1#
= 3.00×10-3𝐾-. + .

$82 7
= 0.00309 𝐾-.

• T2 = 324 K (51 ˚C)



Sample problem

One of the earliest kinetic studies involved the gas phase reaction of 
hydrogen gas with iodine gas to make hydrogen iodide: 
H2 (g) + I2 (g) à 2 HI (g). A proposed mechanism for this process is

• Step 1: I2 ó 2 I (fast, equilibrium)
• Step 2: I + H2 ó H2I (fast, equilibrium)
• Step 3: H2I + I à 2 HI (slow)

Write the rate law expected for this mechanism.



Sample problem

• Step 1: I2 ó 2 I (fast, equilibrium)
• Step 2: I + H2 ó H2I (fast, equilibrium)
• Step 3: H2I + I à 2 HI (slow)

• Slow step = RDS
• Rate = k[H2I][I]
• Both H2I and I are intermediates and can’t be in the rate law
• Step 2 equilibrium: rateforward = ratereverse à k2[I][H2] = k-2[H2I] à [H2I]= 

k2’[I][H2]
• Substitute [H2I] in step 3: rate = k3’[I][H2][I] = k3’[I]2[H2]
• Step 1 equilibrium: k1[I2] = k-1[I]2 à [I]2 = k1’[I2]
• Substitute [I]2 in step 3: rate = k3’’[H2][I2]


