GENERAL CHEMISTRY

Chemical Reactions




Ebbing, Gammon,2009

Reaction time

A chemical reaction takes time. Some
reactions are complete in a fraction of
a second; others take years. The
reaction shown here is complete in less
than a minute. The reaction is the
formation of a product of
formaldehyde with hydrogen

sulfite ion. As the hydrogen sulfite ion is
used up, the solution becomes less
acidic and then changes to basic.
Bromthymol-blue indicator marks the
change from acidic to basic by
changing from yellow to blue.
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The Instantaneous rate of reaction
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Calculation of the average rate

Ch O
Timme [,]
LT ~ . 0.0003 mol/L 0 0.0000
Ar =600 s 00021
OO 124000 0.0036
A 03 mol/L
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Example: Relating the Different Ways of Expressing Reaction
Rates

Consider the reaction of nitrogen dioxide with fluorine to give nitryl fluoride, NO2F.

INO,(g) + F5(g) — 2NO,F(g)

solution
. . A[NO,F]
Rate of formation of NO,F = y
. . ) A[F-]
Rate of reaction of F, = —
Ar

1 AINOF]  A[F;]
2 A Af
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Example: Calculating the Average Reaction Rate

|
Calculate the average rate of decomposition of N,Os, —A[N;Os)/Ar, by the reaction

2N,05(g) — 4NO1(g) + Os(g)

during the time interval from ¢ = 600 s to t = 1200 s (regard all time figures as signifi-
cant). Use the following data:

Time [N,0;]
600 s 124 X 1072 M
1200s 093 X 1072 M

Solution:
ANOS] _

Average rate of decomposition of N,Os = - N
At

(093 - 124X 107° M =031 107" M
(1200 - 600) s 600

=52 % 107" MJs
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Experimental determination of rate
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Dependence of rate on concentration

Time = 20 seconds
B

Effect of reactant concentrations on rate of reaction
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Example : Determining the Order of Reaction from the Rate Law

Bromide ion is oxidized by bromate ion in acidic solution

5Bt (aq) + BrO; (ag) + 6H (ag) — 3Brylag) + 3H,0()
The experimentally determined rate law is

Rate = k[Br™][BrO; J[H]

What is the order of reaction with respect to each reactant species? What is
the overall order of the reaction?

Solution:

The reaction is first order with respect to Br and first order with respect to
BrO3; it is second order with respect to H. The reaction is fourth order overall
(=1+1+2)
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Example : Determining the Rate Law from Initial Rates

lodide ion is oxidized in acidic solution to triiodide ion, 13, by hydrogen
peroxide.

H,05(ag) + 31 (ag) + 2H+|[r::qrj — I3 (ag) + 2H,0(])

A series of four experiments was run at different concentrations, and the initial rates of I~
formation were determined (see table). a. From these data, obtain the reaction orders with
respect to H,O,, I, and H". b. Then find the rate constant.

Initial
Concentrations (mol/L) Imitial Rate
H->0, I H* [molf(L-5)]

Exp. 1 0.010 0.010 0.00050 1.15 < 107°
Exp. 2 0.020 0.010 0.00050 2.30 X 107°
Exp. 3 0.010 0.020 0.00050 2.30 X 107°
Exp. 4 0.010 0.010 0.00100 1.15 x 107°

lution: .. :
Solutio To solve a problem such as this in a general way, you approach it

algebraically. It should be write the rate law for two experiments. (The
subscripts denote the experiments.)
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(Rate), = k[H-O,]T[I"1{[H" ]
(Rate), = k[HO,]3[1I" [3[H" I3
Now you divide the second equation by the first.

(Rate), _ k[HO-]5[1715[H7]5

(Rate), A[H-O-]T[I 1THTY

The rate constant cancels. Grouping the terms, you obtain
(Rate), ([Hzﬂzlz]m([I_lj)ﬂ(lHJr]i)F
(Rate); \[H,0,],/ \[I7],/ \[HT],

Now you substitute values from Experiment 1 and Experiment 2. (In a ratio the units
cancel and can be omitted.)

230 X W77 n.nzn]”’t;i}l/ﬂ”%;ﬂ”

1.15 x 177 10.010) L010) L0050
Calculate the rate constant by substituting values from any of the experiments
into the rate law. Using Experiment 1, it should be obtained

_ g, Aol ol mol
115 X 107" — =L X 0.010— x 0.010—
E-s E L

1.15 X 10™%s

= 1.2 x 1072 L/(mol-s)

0.010 X 0.010 X mol/L
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Concentration of N,O, (mol/L)

Half-Life of a Reaction
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A graph illustrating that
the half-life of a first-order
reaction is independent of
initial concentration



Relationships for Zero-Order, First-Order, and
Second-Order Reactions

Integrated Straight-
Order Rate Law Rate Law Half-Life Line Plot
() Rate =k [A], = =kt + [A], @ [A]vst
2k
_ AL |
] Rate = k[A] In— ==k 0.693/k In[A] vs 1
[Al
2 Rate = k[A]* Lkt — 1/(k[A]o) 1 r
ale = — = — \ — Vs
[A], [Ag [A]
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Temperature and rate; Collision and
transition — state theories

Effect of temperature
reaction rate
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Arrhenius equation

activation energy

rate constant l
\‘ Ep
k _ A e BT -= kelvin temperaiure
\ﬂ’ue gas consant
frequency factor
ar mathematcal
pre-exponential factor quantiy, e
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Example: Using the Arrhenius Equation

H,(g) + L1(g) — 2HI(g)

is 2.7 X 10™* L/(mol-s) at 600 K and 3.5 X 10~° L/(mol-s) at 650 K. a. Find the activa-
tion energy £, b. Then calculate the rate constant at 700 K.

a. Substitute the data given in the problem statement into the equation noted just before this example, then solve
for Ea. b. Use the same equation, but substitute for k1, T1, T2, and Ea obtained in a, and solve for k2.

Solution: L 35%107 E, 11 ]
& " 27 x 107* B 8.31 J/(imol-K) 600 K 650 K.
In1.30 % 10' =256 = E * (1.28 X lﬂ_q}
5.31 J/mol
Hence,
2.56 X 8.31 J/mol E
E = —— =166 X 10° J/mol
1.28 X 10
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b. Substitute £, = 1.66 X 10° J/mol and

k, =27 % 107* Limols) (T, = 600 K)
ks = unknown as yet (T, =700 K)

You get
k, 1.66 % 10° J/mol I l
In = = X — =4.77
27 %107 Li(mol-s)  8.31 J(mol-K) 600K  T00K
Taking antilogarithms,
k
— = = 12X 107
2.7 X 10 " Lfimol-s)
Hence,

ky = (1.2 X 10%) X (2.7 X 107% Limol*s) = 3.2 X 10~ L/(mol-s)
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Potential-Energy Diagrams for Reactions

E_ (reverse) = 21 kl/mol
¥ NOCI + CI
Products

E (forward) = 85 kJ/mol

AH = 83 kl/mol

Energy per mol ——=

NO + Cl, ,

Reactants

Progress of reaction ———=

Potential-energy curve (not fo scale) for
the endothermic reaction NO + Cl, —
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Potential-energy curve for an
exothermic reaction
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NO(g) + CO(g) — NO(g) + COyfg)  (net chemucal equation)

NO, + NO, — NO; + NO (elementary reaction)
NO; + CO — NO, + CO, (elementary reaction)

NO, + NO, — NO; + NO (elementary reaction)
NO; + CO — NO, + CO, (elementary reaction)
NO, + N&; + N&; + CO — NO; + NO + N6 + CO, (overall equation)
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Example for overall equation

Obtain the net, or overall, chemical equation from this mechanism.

Cl, = 20 (elementary reaction)
Cl + CHCl; — HCI + CCl, (elementary reaction)
Cl + CCl, — CCl, (elementary reaction)
Solution:
Cl, = 2¢t
Cr+ CHCl, — HCl + Cet,
£r+ cet, — Cq,
Cl, + CHCl; — HCI + CCl, (overall equation)
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Molecularity

Chemical Reaction Molecularity
PCl; — PCl3+Cl; Unimolecular
2HI = Hy 15 Bimolecular
250,40, — 250, Trimolecular
NO+0; — NO;+0; Bimolecular
200+0, = 200, Trimolecular
2FeClz + SnCly — SnCl, + 2FeCl, Trimolecular
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Types of chemical reactions



Oxidation-Reduction or Redox Reaction

28:05>(aq) + Lz(aq) - 5:06*(aq) + 2 I(aq)
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Direct Combination or Synthesis Reaction

Synthesis reaction

A+B— AB

Combination of iron and sulfur

8 Fe + Sg — 8 FeS

Ebbing, Gammon,2009



Chemical Decomposition or Analysis Reaction
In a decomposition reaction

AB —>A+B

The electrolysis of water into oxygen and hydrogen gas
IS an example of a decomposition reaction:

2H,0—-2H,+0,
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Single displacement or substitution reaction

Single displacement
A+BC—->AC+B

Substitution reaction
Zn + 2 HCl — ZnCl, + H,

Ebbing, Gammon,2009



Metathesis or Double Displacement Reaction

In a double displacement or metathesis reaction two
compounds exchange bonds or ions in order to
form different compounds.

AB+CD —-AD + CB

An example of double displacement reaction occurs
between sodium chloride and silver nitrate to form
sodium nitrate and silver chloride.

NaCl(aq) + AgNO,(aq) — NaNOs(aq) + AgCI(s)

Ebbing, Gammon,2009



Acid-Base Reaction

An acid-base reaction is a type of double displacement
reaction that occurs between an acid and a base. The
H* 1on In the acid reacts with the OH- 1on In the base to
form water and an 1onic salt:

HA +BOH — H,0O + BA

The reaction between hydrobromic acid (HBr)

and sodium hydroxide is an example of an acid-base
reaction:

HBr + NaOH — NaBr + H,O

Ebbing, Gammon,2009
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