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Manipulating Reactions and the Effect on K

1. Stoichiometric Coefficients: If you _™Mulfi PL? the coefficients in the equation by a factor,
CaiS'®  the equilibrium constant to the same factor to get the equilibrium constant for the reaction.
2X+Y o217 K
1 i
X+ EY 7 K2
4X+2Y o427 =
2. Reversing Equations: When the equation is writtenin _/eVe/lSée , take the (ec }3‘(-0 Ca \
of K to get the equilibrium constant for the reaction.
2X+Y o217 K
2Z2<2X+Y l
K

3. Adding Equations: If you _& OI d two or more chemical equations to get the overall reaction (like in Hess’s

Law), "M} I {1’ lj the respective K's to get the equilibrium constant for the reaction.
Ktotai = Kl X Kz X K3 e

Let’s Practice!
1. The Haber Process is a famous industrial method for producing ammonia from nitrogen and hydrogen gases:
N2(g) + 3 Ha(g) = 2 NHs(g) K.=3.8x10% at 127°C

, e
FeNerSe.
a. Calculate the value of the equilibrium constant, K, at 127°C for the reaction: 2 NH1(g) = Na(g) + 3 Hz(g)

&
2

c. Calculate the value of K. at 127°C for this reaction: 6 NHs(g) = 3 Na(g) + 9 Ha(g) ‘/e ‘f€f9€ e 3

\ T

;B
K = Ly ==  a = [.gx 0O
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THE REACTION QUOTIENT, Q: When you need to know the answer to the question, “Is the system at equilibrium?”

A: The answer can be V}CS or_ Ne |

For the general reaction: aA+bB=cC+dD

[CFD) (P (Po)
AFEP T )P

Reminder:

Q=

e (Qhas the appearance of K (same exact ratio!)
e But.. Qcan be calculated at qng point in the reaction progress, not only at equilibrium!

What does Q mean?

1. IfK_7 _Q system not at equilibrium: forward reaction is favored (shift right) to make Q = K.
2. IfK_% _ Q,the system is at equilibrium.

3. IfK 4 Q, system not at equilibrium: reverse reaction is favored (shift left) to make Q = K.

H,(g) + L(g 2 Hl(g) 0= [HI]?
T [H L]

Reactants must be converted } [Hl]fq
to products in order to hed = Trr a1 T3
G establish equilibrium [-‘Hi]eqﬂ"]tq

{free :
energy) | | Position of equilibrium
! cmrtspmd& to the
‘minimum of free energy Products must be converted

Lo reactants in order to
establish eguilibrium

AG, < 0

<K, f
, AG.. >0
0% Hi% 4{? Ya 5&‘3 i fftG " 0 1006 %
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The Kinetics of Equilbrium
1. [If equilibrium is approached from the left (starting with (e M/E antg ), K P4 Q e A (7[

a. therate of the forward reaction \L’ to a constant, non-zero rate (i.e. it slows down over time until

equilibrium is reached).
b. the rate of the reverse reaction [ to a constant, non-zero rate (i.e. it speeds up over time until

equilibrium is reached).

If equilibrium is approached from the right (starting with P\f‘od U\C}RS‘ ), \‘< 4 62) '\'A(',q

to a constant, non-zero rate (i.e. it speeds up over time until

a. therate of the forward reaction” |
equilibrium is reached).
b. the rate of the reverse reaction \J/ to a constant, non-zero rate (i.e. it slows down over time until

equilibrium is reached).
Time required to reach equilibrium does l\]UT depend on the equilibrium constant, K!

Regardless of initial conditions, at a given +€M?'€rﬂfb\f{ a reaction will reach equilibrium with the same

ratio of products to reactants.

In Summary

Current conditions

K>Q K=Q K<Q

change needed for system

shift left

shift right
(make more reactants

(make more products) already at equilibrium

to reach equilibrium

forward < reverse
reaction rate

(until equilibrium reached)

forward > reverse
reaction rate
(until equilibrium reached)

forward = reverse

reaction rates .
reaction rate

Thermodynamics:

Kinetics:

wd K ! (ble AG\:'RW‘“@

. /KINETICS
-/ Intermediate
" . states, speed

Will a reaction happen spontaneously?
e Determined b AG"i.e., combo of AH and AS)

Products

Energy

'THERMODYNAMICS
Initial and final
states, spontaneity

Reactants

How fast will a reaction happen?
Determined by activation energy, Es, and temperature

Reaction progress

Equilibrium vs Kinetics: k vs K!

Kinetics =

k=_a%Te  constant | s ii;’(ﬁ

Equilibrium

K = equilibrium constant Aa un'l'\’S'\-

What we can determine about k using K:

e Relative rates of forward and reverse reactions (by comparing Kvs Q)

What we can’t determine about k using K:
e Absolute rates of forward and reverse reactions

You CANNOT compare the rate of one reaction to another by comparing their f values!
—
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