Chemistry Lecture - 01

Chemical kinetics =1l +
Thermodynamics

By — Sreeja Ma’am
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0 Chemical Kinetics - part Il + MCQ
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Thermodynamics - synopsis + MCQ
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First Order gaseous phase Reactions

Alg) —  B(g) + C(g)
At t=0+ p; atm 0 atm 0 atm
At time't (pi—x) atm X atm X atm

where, p, is the initial pressure at time t = 0.
BEPi-x) P Xt XS p X
X=(p¢- Py

where,| p, =p; -x = p; - (P - p})
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Consider a first order gas phase decompositlcﬁ%‘ reaction given below: st @
=3 l

A(g) - B(g) + C(g) st

The initial pressure of the system before decomposition of A was p,. After lapse of time
t, total pressure of the system increased by x units and became "p,. The rate constant k
for the reaction is given as given as ..................
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Pseudo first order reactions:-

_> Inversion of cane sugar is another pseudo first order reaction.
C12H22011 + H0tH™ = CgHy,04 + CoHy204
Cane sugar - 1

Rate = k [C;,H,,014] [H, 0]
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Integrated Rate Laws for the Reactions of Zero and First Order

Reaction Differential Integrated Straight Half- Units of k
type rate law rate law line plot life
0 R—>P d[R]/dt = -k kt = [R]O-[R]/ [R] vs t [R],/2k | conc time™
or mol L's™
1 R—P d[R]/dt = -k[R] | [R] = [R]Oe'\'“/ InRlvst | In2/k | time'ors™
or kt =
In{[R],/[R]}
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According to Arrhenius equation rate constant k is equal to Ae®a/RT, Which of the
following options represents the graph of In k versus ?/T I
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Distribution curve showing temperature dependence of rate of a reaction
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Potential energy

Effect of catalyst on activation energy
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Effect of Catalyst

2KCIO,

MHOZ
2 2KCl + 30,

» Itis clear from Arrhenius equation, that lower the value of activation energy faster
will be the rate of a reaction.

» A sma

» A catal

yst does not alter Gibbs ener

Y

] amount of the catalyst can catalyse a large amount of reactants.

@f a reaction.

» It catalyses the spontaneous reactions but does not catalyse non-spontaneous
reactions.

» It is also found that a catalyst does not change the equilibrium constant of a

reaction rather, it helps in attaining the equilibrium faster.

» it catalyses the forward as well as the backward reactions to the same extent so
that the equilibrium state remains same but is reached earlier.




Collision Theory of Chemical Reactions

According to this theory, the reactant molecules are assumed to be hard spheres and
reaction is postulated to occur when molecules collide with each other.

The number of collisions per second per unit volume of the reaction mixture is known
5 = —_—— —— —
as collision frequency o
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where Z,; represents the collision frequency of reactants, A and B and e F/RT

represents the fraction of molecules with energies equal to or greater than E_

Comparing with Arrhenius equation, we can say that @15 related to collision
frequency.

The collisions in which molecules collide with sufficient kinetic energy (called
threshold energy*) and |proper orientation,| so as to facilitate breaking of bonds
between reacting species and formation of new bonds to form products are called as

effective collgomr’\

Rate = P e Ea/RT (Oué'm WWU 60\4%0%.
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Which of the following graph represents exothermic reaction?

'(i)/ Activated complex (i1) Activated complex
o/(i) only ‘
s AN e
- _— onth g 5
Q (ii) only Ligl=> ej 11 2 5
/ O Reactants Products
MDY Products Reactants
e (lll) only —é:)d othenm?t < Reactants coordinate — Reactants coordinate —
E ’53 —> N9 (iii) Activated complex 0
Q) both (i) and (i) J T N
MoYe] & /
u&;
Reactants Products

Reactants coordinate —



(A) = (iv), (B) — (iii), (C) — (ii), (D) — (i)
(A) = (i), (B) = (ii), (C) — (iii), (D) — (iv)
(A) = (ii), (B) = (i), (C) — (iv), (D) — (iii)

(A) = (i), (B) = (ii), (C) — (iv), (D) — (iii)
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QUESTION /

For a general reaction|X — Y)|the plot of conc. of X vs time is given in the figure.
What is the order of the reaction and what are the units of rate constant ?

/ Zero, mol L1 s~ \
Late= KT R

First, mol L-1 s1 LR)
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QUESTION
The above plot is for order reaction to calculate value of rate
constant.
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QUESTION

In a reaction, X — Y the concentration of X decreases from 0.50 M to 0.38 M in
10 min. What is the rate of reaction in@during this interval ?
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For the reaction 41\@[3 + 50, — 4NO + 6H,0, if the rate of disappearance of
NH, is 3.6 x 10~ mol L!s7!, what is the rate of formation of H,0 ?

V5-4 x 107 mol L™ s71 — L drrig) _ dﬂ Ha0)
T At T
B 3.6x10-3mol L1 S‘J><
~ olLHO] _ -6 dIn)
98 4 x 10>*molL1s! i ¥ 5
D 06x10“*molL1!st sd—é——yg.(ﬁqo“?):



QUESTION

Given t; , = 3 hours, then how many gram of a substance will remain after 18
hours from 300 gram of a substance?

A 4.6 gram .
T= | € houl S

B 5.6gram C2), = zooa |

C 9.2gram

D 6.4gram




Total Time 18 hours

o

"~ Half-life (,,,) _ 3 hours

= 6 half-lives

The remaining amount (N,) is calculated by taking the initial amount (N,) and

multiplying it b)@aised to the power of the number of half-lives (n). @
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QUESTION ’

A graph corresponding to a first order reaction is

1/
g Conc . 2t —, Rate
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QUESTION

Which of the following relation is correct for zero order reaction?
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QUESTION

The half life of a certain first order reaction is 60-minutes. How long will it take

for #%-/.reaction to occur ? e
L= A%k
¥5-/-
— A X 6O NN
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QUESTION

The rate constant is given by the equation k = Ae~Ea/RT Which factor should
register a decrease for the reaction to procMrapidly ?

- VA —=a
A T k- A e RT
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W = ent AV

First law of thermodynamics

Can be states as — “The energy of an isolated system is constant” - =g+WwW

Itis commonly stated as the law of conservation of energy i.e., energy can neitherbe created
nor be destroyed.

N\ = 94+W W
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, R el
jflfxtensive prope{ty g “Intensive propert? a
=S E o =
Mass amo‘{(; 0\09*“ Temperature \A/l po)c.‘ of X
Volume 0 Pressure = s = 0¢ 0 o

Heat capacity—» ¢ /1x 1

Density -

Enthalpy

Refractive index < g

Work energy Viscosity -
Entropy Specific heat 1§ 2} suhstanc
Gibbs's free energy Molarity — Moles

Internal energy

Molalit — Moles

Mole fraction

Molar entropy




QUESTION

The final temperature in an adiabatic expansion is

( A ) greater than the initial te(n<perature A=W T e pans 200
( B | same as the initial température D c(\/auv N
" ]

( C | half of the initial temperature o

r D)
b .y TR
/A less than the initial temperature. \ J)




QUESTION

2 CA
| FJ= 1 Nm. \O’AOL@(/'&
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The external pressure needed to compress an ideal gas from 22 dm3 to 8 dm3 if work

done is of 4.545 K] is

\/\/\/\_

(B 3.24 x 10
B

2.03 x 10° I\Lr_rr}
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QUESTION

Two grams of hydrogen gas at STP expands so that the volume is doubled. The work
done during this process is

= -~ — P ANV Ehr
(A) -11.2Latm a2 et

e
=2 dTqax =0

s
(\%22.4Latm ) = —[latmx v, - \/? P = latm

Lo H, —> aa kL. *X&
g X
(C) +44.8Latm = — d ) )
” | B - B
,. p= -[latm XGHS-—aa-ﬂ I
(D) 11.2Latm j




QUESTION Y

In an adiabatic expansion of ideal gas

(A) W=-AF 5’&01\ Aoﬁ

y

<B  W=AE A%’- W 100 &
07?9 — l/\) ‘\‘OL/

(C AE = 0 e /‘J A U AC )

(D) W=0 /

N
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The work done (in erg) for the reversible expansion of one mole of an ideal gas
from a volume of 10 L to 20 L at 298Kis

\/I VaC
— Q- 303 xNxRXT \Oa l/f?_ <elationship between

v joule and Erg.

(A) -2.303 x 298 x 0.082 x log,,2 =T
= —R.-303x x93 i x O’Mg)(lo W.ork = force x displacement
By 1joule = 1 newton x 1 m.
( B -2.303 x 298 x 0.082 x lOglOO.S joule = 10" dyne x 10’ cm
= —2:303 X & %\Lf XQJ\ZXle:{ ,5* = 10" dyne cm

/ 10 joule = 107 erg vl
(/-2.303 x 298 x 8.2 x(10%x log; 2

Different values of R in different unitr

('T’VD -2.303 x 298 x 2 x log,,2 = 8.314 | /K/mole

= 0.0821 L atm/K/mole
0-083 L ban |k |mole
= 2 Cal/K/mole




QUESTION

3 moles of an ideal gas are expanded

isothermally and reversiblﬂfrom 10 m3 to

20,\m3 at 300 K. The work doneis (R =8.314 ] K- mol-1)

V]

&'\z

(A) +5.187 K X

(B~ -5.187K

(C) -2.175K]

(D) +3.750 K

W= =2 205 ORTD l@a Vo
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