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What we will cover

G Dynamic equilibrium

Le Chatelier's principle

Equilibrium constants

Haber & Contact

Brgnsted—Lowry acids - J—
a shifting equilibrium

Strong
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LEquilibrium

Dynamic equilibrium

— forward rate
— reverse rate

rates become equal:
dynamic equilibrium

rate of reaction

v

time

fertilizer plant
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Le Chatelier's principle

Le Chatelier’s
principle /=457 [F12: the

equilibrium shifts to oppose a

the equilibrium shifts to oppose the change you make change_
towards the products ®m more reactant — towards
: . products
——— to the fewer-gas-molecules side
B Mmore pressure — fewer—gas

[increase temperatu«%—b in the endothermic direction

side
a catalyst speeds both directions equally, so it gives no shift
m more heat — endothermic

way

m a catalyst {£{/ 5] — no shift
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Equilibrium constants

Hy; + I, = 2HI

1.62

0.20 x 0.20 64 (no units here)

C

Only temperature changes K. or K,. For gases use partial pressure 43/ = mole fraction JEE/j343%]

X total pressure.
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The Haber and Contact processes

100- Conditions balance yield, rate &
pressure cost:
© 801 50 atm
~ — igg aEm m Haber 4{3i%:
L 60} atm Ny + 3Hy = 2NH3 —
S 401 compromise: ~ 450°C, 200 atm, Fe
° ~450 °C, 200 atm
2 \Q m Contact #fifi%:
2505+05 = 2503 — V505

200 250 300 350 400 450 500 Low temperature gives more yield
temperature / *C but too slowly.
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LAcids and bases

Brgnsted—Lowry acids and bases

H+
m an acid fi is a proton

donor [FF {4

m a base i is a proton

HCI 4+ HyO — H30™" + CI-

acid base acceptor &Sk
conjugate acid—base pairs: The reaction makes two

HCI/CI= and HyO/H30% conjugate L% acid-base pairs.



Equilibria

LAcids and bases

Strong and weak acids

This is about ionisation, not
concentration:

oo %o ® co °® [ st.rong- acid %ELEE‘* — fully
) PP dissociated f# &
©® oo ® °® ¢®

m weak acid 5% — only partly

strong acid weak acid dissociated

fully dissociated: many ionsmostly molecules: few ions ]
A strong acid has a lower pH pH

& conducts better.
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Titration curves

14+
121 f— Neutralisation 1 71; Ht +
101 OH™ — H30, forming a salt %h.
indicator range
81 . . . .
L 7 A titration curve i E 2
61 .
has a steep pH jump at the
4 ~— o = o o
//) end point end point — pick an indica-
] eak acid + strong base —
2 — strong acid + strorg:g base tor ?E"m%u that Changes colour
0 ‘ ‘ ‘ ‘ ‘ e
0 10 20 30 40 50 inside it.

volume of strong base added / cm3
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Topic 7 — key takeaways

0 Equilibrium e Le Chatelier

equal forward & reverse rates the equilibrium opposes any
change
o ~ 0
products over reactants; only T donate protons; strong = fully

changes it dissociated
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Check yourself

o At equilibrium, how do the forward &
reverse rates compare?

o Raising pressure shifts to which side? A

e What only changes the value of K7

o A proton donor is an acid or a base?

Answers 1. they are equal 2. the side with fewer gas molecules 3. temperature
4. an acid
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