RATES OF REACTIONS

Why Study Rates?

Besides industrial and research uses, rates are useful in determining reaction mechanisms - the steps by which a chemical reaction occurs. 

Factors that affect the rate of reaction:

1. Nature - difference in chemical reactivity

2. Ability of reactants to make contact - contact area in heterogenous reactions is critical since reactants are in different phases 

3. Concentration of reactants

4. Temperature of the system

5. Catalysts - substance that affects reaction rate without  being used up

Measuring Reaction Rate

In general, a rate is the ratio of change of item of interest per unit time.

Reaction rate with respect to substance A :
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Note that [ ] around a formula designates Molar concentration.

Usual rate units are molar per second (M/s = Ms–1= mol L-1s-1).

The reaction rate is defined as the rate at which the product concentration increases or the rate at which the reactant concentration decreases per unit time.

Suppose that the reaction rate for the formation of ammonia is 0.6 Ms-1, what is the reaction rate relative to N2 and H2?


Equation:
N2 (g)  + 3 H2 (g) –> 2 NH3 (g)










0.6Ms–1

In order to be consistent in reporting values, the reaction rate is defined as follows to obtain lowest positive value.

For the generic equation:  aA + bB –> cC + dD
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Thus for ammonia reaction, the reaction rate is:
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Usually the rate is given as positive value relative to reactant with coefficient of one.

Example 1:

For the reaction: 

4NH3(g) + 5O2(g)  ->   4NO(g) + 6H2O(g)

(A)
What is the relative reaction rate of the reactant O2(g) with respect to NH3(g)?
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(B)
What is the relative reaction rate of the product NO(g) with respect to NH3(g)?
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Example 2:

For the reaction:
H2(g)  +  I2(g)  ->  2HI(g)

If the starting iodine concentration is 0.300M and after 45 minutes the iodine concentration is 0.187M, what is the average rate of reaction during this time interval? 
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Rate Laws: 

For a general reaction: 
[image: image7.wmf]      C=catalyst

General Format:
Rate = k[A]m[B]n[C]p
k = the rate law constant at the specified temperature

The power to which a reactant (or catalyst) concentration is raised is termed the order of the reaction which respect to that substance. Orders are generally positive whole numbers but may be negative values or even fractions.

The overall order = m + n + p + ….

Example:

For the reaction,   2 NO(g) + 2H2(g) -> N2(g) + 2H2O(g),

the rate law is:  Rate = k[NO]2[H2]

(A)
What is the reaction order relative to NO and to H2, and what is the overall order of reaction? 

Second order with respect to NO; first order with respect to H2. 

Overall order = 2 + 1 = 3   Third order.

(B)
What are the units of k?

Rate = k[NO]2[H2]

M/s  = k (M2) (M)
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Note that the units for k depend upon the overall reaction order. 

Using initial reaction rates to determine reaction orders, rate constant, and rate law.

Example:

For the reaction:  2NO(g)  + Cl2(g)  ->  2NOCl(g), the following data was obtained. 

(A)
Determine the order with respect to NO and Cl2. 

(B)
Write the general rate law and determine the rate constant.

(C)
Determine the reaction rate when the concentration of NO has dropped to 0.10M and Cl2 to 0.29M.

	Expt
	[NO]0,  M
	[Cl2]0,  M
	Initial Rate, M/s

	1
	0.12
	0.30
	1.0 x 10-2

	2
	0.24
	0.30
	4.0 x 10-2

	3
	0.12
	0.15
	5.0 x 10-3


(A)
For NO order, use experiments 1 & 2. 

Rate 1 = 1.0 x 10-2 M/s = k (0.12M)m(0.30M)n 

Rate 2 = 4.0 x 10-2 M/s = k (0.24M)m(0.30M)n

Divide and cancel terms; then solve for m.
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Similarly, for  Cl2 order, use experiments 1 & 3.
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(B)
Rate Law for  2NO(g)  + Cl2(g)  ->  2NOCl(g)

Second order with respect to NO and first order, Cl2. 

Rate = k [NO]2[Cl2] 

To determine k, pick one set of experimental data (1, 2 or 3) and use initial rate and concentrations to determine k.

If use experiment 1:

        Rate  
=  k [NO]2[Cl2]
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(C) 
Rate when [NO]=0.10M and [Cl2]=0.29M.

Rate  =  k [NO]2[Cl2] = 3.0 M-2s-1(0.10M)2(0.29M)

Rate = 8.7 x 10-3 Ms-1  or    8.7 x 10-3 M/s
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