Kinetics Tips and Things to Remember

· Rate is affected by: [reactants], temperature, surface area, catalysts (lower activation energy)

· Always do ratios with the bigger rate as the numerator.

· Average rate of reaction is different from instantaneous rate of reaction. (Instantaneous can be determined by drawing a tangent on the graph's curve).
· Express rates of reaction as positive values.
· All radioactive decay obeys 1st order kinetics.

· RATE VS. RATE CONSTANT (k)

· Rate 

· Varies with the concentration of reactants and time.

· Always units of   moles   (concentration over time)
                               L*s

· Rate Constant (k)

· Constant value for a specific reaction at a fixed temperature.

· Units depend on the order:  M(1-order)s-1
· Both are larger at higher temperatures (if all other factors are held constant).

· Types of rate laws:

· Differential – shows how the rate of the reaction depends on concentration.

· Exponents tell the order.  Add all exponents to get the overall order.

· Integrated – shows how the concentration depends on time.
	Order
	Rate Law (Differential)
	Integrated Rate Law
	Straight line plot
	Half-life

	Zero
	Rate = k
	[A] = -kt + [A]0
	[A] vs. time
	t1/2 = [A]0 / 2k

	First
	Rate = k[A]
	ln[A] = -kt + ln[A]0
	ln[A] vs. time
	t1/2 = 0.693 / k

	Second
	Rate = k[A]2
	1/[A] = kt + (1/[A]0)
	1/[A] vs. time
	t1/2 = 1 / (k[A]0)


· Slowest step is the “rate determining step” and it is the one used for the rate law.

· For elementary steps, the coefficients are the exponents in the rate law.

· Use the Arrhenius Equation when activation energy is involved:

         k = Ae–Ea/RT      or        ln(k) = -Ea  +  ln(A)          if 2 conditions:  ln (k2/k1) =    Ea    1    -    1
                                                            RT




         R     T1      T2
k = rate constant            Ea = activation energy    T = temp (K)

A = frequency factor      R = 8.3145 J/molK       

· Factors that affect catalysis ( concentration, acidity, temperature
· Intermediates vs. Catalysts:

· Intermediates are formed and consumed. 

· Catalysts are added to the reactants, but are not used up because they are produced again.
1999 # 3

2 NO(g) + Br2(g) → 2 NOBr(g)

A rate study of the reaction represented above was conducted at 25°C. The data that were obtained are shown in the table below.

	PRIVATE
Experiment
	Initial [NO]
(mol L-1)
	Initial [Br2]
(mol L-1)
	Initial Rate of Appearance
of NOBr (mol L-1 s-1)

	1
	0.0160
	0.0120
	3.24 × 10-4

	2
	0.0160
	0.0240
	6.38 × 10-4

	3
	0.0320
	0.0060
	6.42 × 10-4


a.
Calculate the initial rate of disappearance of Br2(g) in experiment 1.


b.
Determine the order of the reaction with respect to each reactant, Br2(g) and NO(g). In each case, explain your reasoning.


c.
For the reaction,


i.
write the rate law that is consistent with the data, and


ii.
calculate the value of the specific rate constant, k, and specify units.


d.
The following mechanism was proposed for the reaction:


Br2(g) + NO(g) → NOBr2(g) slow


NOBr2(g) + NO(g) → 2 NOBr(g) fast


Is this mechanism consistent with the given experimental observations? Justify your answer. 

1973 D

Some alkyl halides, such as (CH3)3CCl, (CH3)3CBr, and (CH3)3CI, represented by RX are believed to react with water according to the following sequence of reactions to produce alcohols:


RX  R+ + X-
(slow reaction)


R+ + H2O  ROH + H+
(fast reaction)

(a)
For the hydrolysis of RX, write a rate expression consistent with the reaction sequence above.

(b)
When the alkyl halides RCl, RBr, and RI are added to water under the same experimental conditions, the rates are in the order RI > RBr > RCl.


Construct properly labeled potential energy diagrams that are consistent with the information on the rates of hydrolysis of the three alkyl halides. Assume that the reactions are exothermic.
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