2NH, U N, + 3H, DH = + 92 kJ mol-t at 25 °C

K= [N,][H,]° / [NH;]?

2NH,U N, + 3H, K, (25 °C)
2NH,U N, + 3H, K, (100 °C)
a) K,>K;
b) K, = K,

c) K, < K4
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The rate of reaction



The rate of reaction

e Is the change of the concentration of reactant

e divided by the time it takes for the change to occur
e 3 mol dm=3 year -1

e 5 mmol dm=3s-1



The rate In first
second:

Concentration of
reactant decreases
from 10 to 7, 10-7=3

v=3/1

The rate from 5.-6.
second:

Concentration of
reactant decreases
from2tol, 2-1=1

v=1/1

| koncentracija

Ao
10
7 The rate of a reaction
decreases during
the course of the reaction
(A ]
2
1
L 1 ] 5 6 t /s
vrijeme

14.2 Vremenska ovisnost
Koncentracije reaktanta u
~eakciji prvog reda



Rates are measured

e by following the time dependence of the
concentration

e by spectroscopy, titration, conductivity,
pH, and pressure or volume
measurements



Zn(s) + 2HCl(aq) ®

Zn2*(aq) + 2Cl-(aq) + H.(g
A

™ R =
|




(CHy);C-Br(l) + H,O(l) ® (CH3)3C-OH(l) + H*(aq) + Bre(ag)

| i::_=|||'-:- (.17 Conductometric monitoering of a reaction.

Whan greactant rmuixturea cdiflaErs o Sondoch ety rorm e prod uct
mixiure, the hanos oS iduic iy S praeeartiornal L
= 0 sl e i [ 1= i i



Rate Is measured by spectroscopy

starch + I, + amylase ® glucose + I, + amylase

=
n

Airarrbaaricss

0,50

(.25

1]

30 60 B 120 1
Lime ()

ol 180

I'irure 10\ Spectrometric mi
itoring of a reaction. Tha I
adds the reactantis) to the samplg
and immediately places 4 nthe
trometer, For a reactant that 3

rate data 15 determined from a Fﬂﬂd.
light absarbed vs, time,



koncentracija
il EAJ 0

It Is not possible
to estimate
the order of reaction
by this curve

O ..
vrijeme



koncentracija
A first-order rate - In[Alo
equation is rate = k,[A]

k, is the rate coefficient

The time dependence of
the concentration is
given by:

. In[A]= -kt + In[A],

ey =ax+ b

0 vrijeme



koncentracija

- The half-life of a 10 Ll
reaction is the time -
taken for the
concentration to
decrease to one half
Its initial value. o

e Compare the half-
life, t,,,, that is

necessary to ¥
achieve /2| A, at Mgy
first and second '
graph

e |s it dependet upon K
|A], value?

0 P .
vrjeme




= -k.t + In[A],
- In[Alo= -k,

 In{ / [Alo} = -k

 In{ / [Aloy = -Kq
e (In V2 = -In 2)

® _In 2 e k1t1/2
- t,, = (In 2)/k, = 0,693/k;,

e For a first-order reaction the half-life is
Independent of the initial concentration



Will reactant be
totally spent
after time

2t /5,7

Will concentration be

first-order rate

X =time



Aftar .
s
¢ ‘¢ o122 = 50% of 24
. II ¢ ¢ Afer 21 .2
..:'..:n

2504 Afteradfy,

L=
L5
G
| -
i 5 {3
- i o e 1 12.5%

Iigure 16.5 A plot of [NzOg] vs.
time for three half-lives. During Ay A8 i
pach half-life, tha concentration s
halved, T = 45°C and [N;Os]y =
0.0600 maol/L. The blowup volumas,
with NoOw molecules as colored
spheres, show that after three hali-lives,
§ % 3% & = 4 of the original concentra-
tion remains,

Time (min]



Second-order
rate equation

e rate = k,[A]?
e k, IS the rate coefficient.

e The time dependence of the
concentration is given by:

 1/[A]= k,t + 1/[A],
ey —=ax+ b



second-order rate

1/koncentracija

y =ax+ Db

1/[A]= kot + 1/[A],

1/[Alo

vrijeme



koncentracija

first-order rate: - In[A]o

y =ax+ Db

IN[A]= -kt + In[A],

O vrijeme



koncentracija koncentracija

[Alo 10 [Ao
8
faster initial
6 decay
< g 1 second ™

vrileme



First-order rate

e Compare the half-
life, t,,,, that is
necessary to
achieve /2| A, at
first and second
graph

e |s it dependet upon
|A], value?

10 |

koncentracija

[A]o

vafAl
K

D f-..-z

vrijeme



kKoncentracija koncentracija

(Al "0 the half-life
decreases

yvi_th Increasing
... Initial

oA

" concentration

c the rate of
second-order jjjtig|
reaction

- concentration
-+ 0ty halving iIs
ABr— increased
(Ao with
Increased
initial
concentration

v2[Alg

W2 -
D t, - B vrijeme
vrijeme



CH;COCH;(aq) + I, (agq) P CH,ICOCH; (aq) + HI (aq)

e k,ork,?
e A first-order rate equation is rate = k,;[A]
e A second-order rate equation is rate = k,[A]?

e The rate equation cannot be predicted from
the chemical equation

e |t must be determined experimentally



lodination of propanone in acid solution

CH;COCH;(aq) + I, (agq) P CH,ICOCH; (aq) + HI (aq)

a) 2x c(CH3;COCH,) b 2x v

b) 2x c(l,) P v =const.

c)2xc(H) P 2xv .
from 0,1to 0,2 M v = K, xc(CH;COCH;)>x(H")

decrease from pH 1to pH 0,7



e Reactions often occur in several steps.

e |If one step is much slower than the others it is termed the
rate-determining step.

e A rate equation is explained by proposing a mechanism for
the reaction, a sequence of individual reaction steps.

CH,COCH, + H* P CH,COCH,*

+1, b CH,ICOCH; + HI + H*

V = Kk, xc(CH,COCH,)>c (H*)



e This is like two towns being joined by a good road
crossing two bridges

e |If the first bridge is narrow the traffic will queue to
pass over it

e put once they are across, the second, broad bridge
does not impede them

CH,COCH, + H* +1, P CH,ICOCH;
b CH,COCH,* + HI + H*

”//J {fmf' =
Z If one step-] slower

2 than the others it is termed
7 the rate-determining step.

A\

\



—5 < 10-3
rate coefficient
L— 4 < 103
. Reaction 2 raxies
rates E
. v
increase . 1t
. | rate more |
sharply with | then doubles
temperature |
=
~
10 K incerase
- ' ]
290 300 AP

T/K



Arrhenius law

rate coefficient:

k — Ae—Eact/RT

Eact, activation energy
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imber of 5 Number of
(4]
plecules = molecules
S
8 - Temperat
- = const.
e E,
/ W|thout
kineticka energija kinetiCka energuaCa aIySt
e Many more = Ea with
molecules have
at least E, at CataIySt
high
temperature

then at low



Free Energy (G)

Activation energy of
uncatalyzed reaction

Activation energy of
catalyzed reaction

Reaction free
energy (AG)

reactant=
=substrate

Progress of Reaction



*
f\ 1
TRANSITION
STATES
S
e — Uncatalyzed
*__.-' .\\I
Ea(fwd) *
no catalyst
e N -
qeure 1022
igure 16,22 Reaction energy .

diagram of a catalyzed and an
uncatalyzed process. A catalyst
speeds a reaction by providing a new
lower energy path, in this case by re-
placing the one-step mechanism with a
two-step mechanism. Both forward and
reverse rates are increased to the same
extent, so a catalyst does not affect the
overall reaction yield.

Ea(rev)
no catalyst

PRODUCTS

:tion progress



ower-energy pat

“Transition state”
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CH;COCH;(aq) + I, (aq) P CH,ICOCH; (aq) + HI (aq)

2Xx c(H) b 2x v

from0,1to 0,2 M
decrease from pH 1to pH 0,7

lodination
of CH,COCH, + H* +1, P CH,ICOCH;
propanone b CH,COCH,* + Hl+H”
In acid
solution







* Movie about E_



