UNIT6-DAY2-LaB1230

Monday, February 11, 2013
6:31 PM

Thinking Like a Chemist
About Chemical
Equilibrium and Free
Energy

UNIT 6 DAY 2

What are we going to learn today?

Thinking Like a Chemist in the
Context of the Chemical Equilibrium

Equilibrium Constant, K
Relationship between K and AG
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IMPORTANT INFORMATION

LM15 LeChatelier’s Principle due Th 9AM
LM16 Intro Acids & Bases due Th 9AM

EXAM AVERAGES GREAT!

Clicker Question 1

Write equilibrium constant expressions for the following:
1) CaCO,(s) €-> CaO(s) + CO,(g)

2) Ca(OH),(s) é@:az"(aq) +20H (aq)

A) K = CCAOBCCOL) y = CE‘_‘EMlL
C Ca (DY) l:CkLOH)g

N - pCoL Jé - PCA”LPW’SL
2) | =

PLo . K= (™) )L

Clicker Question 2

Calculate K_ given K, for KE '{R’\_)Nz kc
) = l<c

N,(g) + 3H,(g) €2 2NH;(g)
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Poll: Clicker Question 2

Calculate K. given K, for A\’ KD KL
Na(g) + 3Hy(g) € > 2NH(g) - %KC\
n
(k
A=K (- (RT) K.
B)Kc = RTKp _AY\ = V\%ab -Q-m..)x- (\%os 'mi'\%-.Q

Poll: Clicker Question 3 i i .
Which is lower in Free Energy
A) mixture at beginning

B) mixture at end oes
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Free energy and Equilibrium
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Interpreting K and A.G°

Pure Products (in standard state) Equilibrium
are Lower in Free Energy :
() O
G = é AfR ( ff\ Q = .
D L0 & AG,
A :
v
v
M 2
Y w |AG,<0
2
5 AG, =0~
AG, difference in molar free energy of : AG >0
products and reactants at any definite Pure Pure
fixed composition of reactants and reactants :products

products Progress of reaction

CH302 Vanden Bout/LaBrake Spring 2012
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Thermodynamic Relationship

Mél.\(\ AT

Q= activities of products

Thermodynamic Relationship
- o
béem - Aé% + RT4Q
s @6@\[}\0—‘:1)(‘“

N
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K depends on A.G°

sGm R voraize

-
AG = ok T 1aS
You need to be able to use a table to find A.G°

from AG® or
from AH° to find A/H° and S° to find A,S°

JIl. CHULKET QUESUUIT 4 - =

AH° = 10 k] mol' and AS° = 20 | K-' mol!

Assuming A-H® and A,S° don’t change with temperature
does this reaction favor the products or the reactants at 400K?

AG=plt - Ta S
. Products ) 10\00{’ Q\;b‘b\(ao\)
s s o - 4 2

C. There is no way to know without a balance equatioi AG>D

e.adzwt@mwﬂ
oS\ WV\”/\) S

rinciples of Chemistry i ©Vanden |

Laec”
\ 2H,0(g) «<—> 2Hz(g) + Oz(g) \

Ema\uc\g
What is K for this reaction at 298K e.adpds

Poll: Clicker Question 5

A extremely small
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What is K for this reaction at 298K

Poll: Clicker Question 5

A. extremely small L4\ LJoTS mere cesdands  A6>0
B. extremely large K>| LSTS mers @M&s A64D

C. approximately one K =\ 2><,.0 oo Pmdads { ceactAS
AL=0

‘ 2H.O(g) «<——> 2H2(g) + O2(q) ‘

What is K for this reaction at 298K
given that A.G® = +113.4 k] mol'g- &

soll: Clicker Question 6 AC?; = _R’\'XV\K o ek
» R R S e JAN

3 \%\'S,V}L v

%\ (64210 C\% ‘mc-ss
Doz siba St
DB ficgibads K =1.3xy"

Ull. CHULKETD QuUesSLIvI 7

At 313 K, A:G° = +4| k] mol'! for this reaction

2H,S(g) «<—2H3(g) + Sa(g)

You find the following partial pressures at 313K
/——)
Z Hz is | atm,S; is | atm, H,S = 2 atm

Y\}/\\fg:u‘“ How will this reaction proceed? \D\'\"“\’

o
A move toward the products A\ (9: '(f?r/e\\( K AL i

B. move towards the reactants
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How will this reaction proceed?

» N -
A move toward the products A (9: 'RC@\K K - \ HAL v

move towards the reactants & ~ 0.25

C. the reaction is at equilibrium & > \'L

‘ I
o5 o w3
oS uosch oo dak

At 313 K, A:G° = +4| k] mol! for this reaction

2H,5(g) «<—>2Ha(g) + Sa(g)

You find the following partial pressures at 313K
Hyis | atm,S; is | atm, H,S = 2 atm

K = 2.2 x 103 for this reaction (at someT)
2Hi(g) <> Ha(g) + h(g)

You start with a partial pressure of |atm of Hl
what are the partial pressures at a constant P of |atm and constant T

e e T e R D iy

il O oy

e el il %‘Q Q*‘UsiL L -2

© - Rlonao

- e

A= 0.083
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Poll: Clicker Question 8 2” I —> L‘-,_ T,
O\ aH 0043 DI} Kk

Consider the previous example at equilibrium.

Add 0.5 atm of HI(g). \/
K=22x07 \

1\

What is going to happen to the reaction mixture? et

U"\\‘b r VLAY

M~

P

A) No Shift

Poll: Clicker Question 9 ZHt —>) 'L\L ‘rjt %vl‘\\)ﬁum
0.9 Oy 0,043

Consider the previous example at equilibrium.

Add 0.5 atm of Hl(g) and 0.5 atm of H, (g). Q (E:-E ( 0. 57*3310«"‘@

IZ\: ;2 .Q 7(]0'3

What is going to happen to the reaction mixture?

_’(-fPl - U'AI(L\YL

A)No Shift & = (Xxy
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Equilibria response to change

* Le Chatelier’s Principle: When a stress is
applied to a system in dynamic
equilibrium, the equilibrium tends to
adjust to minimize the effect of the

stress.

?6&6\@‘3\ ‘?OM‘-MC\‘
* Consider the equilibrium SO5(g) + NO(g) €<—>S0,(g) + NO,(g).

Predict the effect on the equilibrium of

a) the addition of NO Add ceactmnt <hft K
b) the removal of SO, Rl ?‘«&* R &t

c) the addition of NO,. g\ \w@\'

Poll: Clicker Question 10 i
Effect of Volume Change on Gas phase reaction

Compression: Composition will change in a way that minimizes the resulting
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] )
fay [ () (J)fceM
e Compression: Composition will change in a way that minimizes the resulting «0{
e
increase in pressure
ZTEaSE T PTesE

* Expansion: Composition will change in a way to increase the pressure
e — —
¢ Introduction of Inert Gas: although affect total pressure, does not effect

Temperature and Equilibrium

Data from arﬁxothermic reaction/

Temperature (K) K (L*mol?) M

500 & 90 e . N
/'(' 600 (?:2,,};«4 3 /(/\‘ / N

A

WF 700 - 0.3
V' 800 Rea® )y 0.04 € MDD
/_)
What is the relationship here? What could be the explanation? 4\ 'K/P

Poll: Clicker Question 11

Equilibria response to change
Consider the equilibrium

SO4(g) + NO(g) €->50,(g) + NO,(g) + heat.
Predict the effect on the equilibrium of

il

the addition of NO ¥\
ghe removal of SO, g
the addition of NO, H»\’
I ecrease the volume of reaction vessel— o C—‘W‘&Qq

““Increase the temperature T
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the addition of NO
.. the removal of SO, .
2 o 9
the addition of NO, H»\’
ecrease the volume of reaction vessel— & Mﬁaf
@ncrease the temperature— s\Wife \of+

A) SHIFT RIGHT B) SHIFTLEFT &) No

What did we learn today?

K is related to AG

Equilibrium is achieved at minimum free energy —
depends on the energies of reactants and products
and entropy of mixing

Equilibrium can be disturbed, reaction will adjust to
return to equilibrium condition.
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Learning Outcomes

Describe the relationship between free energy and
equilibrium.

Convert AG to K and vice versa

Determine if a system is at equilibrium and if not which
direction the reaction will shift to achieve equilibrium

Predict the direction of a reaction after an applied stress.
Stresses include concentration changes, increase or decrease
in temperature and global volume change.
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