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Thinking Like a
Chemist About
Chemical Equilibrium

UNIT 6 DAY 1

What are we going to learn today?

Thinking Like a Chemist in the
Context of the Chemical Equilibrium

Concept of Equilibrium Concentrations
Law of Mass Action
Equilibrium Constant, K
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IMPORTANT INFORMATION

HW4 due Tue 9 AM

LM13 Equilibrium Constant £— Y R V\mw\(

LM14 K and AG

Exams Grades Posted by Saturday

Al
/P\Oj.l\l\Iﬁ CLICKER 1 @’( W(\‘
Indicate the level of agreement that 6 \»5‘\&’\
%

you have with the following
-6&

guestion: g\/“bﬂf&(‘}, UDO(\J\

You have a certain amount of intelligence, and N o2
you can't really do much to change it. Jo ~(\C)’e”“

\
A) Strongly Disagree ‘\W
B) Disagree

C) Somewhat in between, depends
2y Agree
B’fStroneg Agree

Y’ALL THINK ABOUT Chemical Equilibrium

Consider graphically: PbCl,(s) €-> Pb%*(aq) + 2Cl(aq)
sl da pof haws QGV\O‘IRHZ'H(W\S

Plot change in concentration with time
/\/\/\/\M
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it Bl

Consider graphically: PbCl,(s) € Pb?*(aq) + 2Cl-(aq)
}7%«\(42 A n P QGV\CM/?'TR“TMS

Plot change in concentration with time
VAV T P T S

N

—_

> C.|

Y’ALL THINK ABOUT Chemical Equilibrium

Try to interpret what is going on in this graph.

Equilibrium

Concentration

POLL: CLICKER 2

Try to interpret what is going on in this graph.

The chemical reaction is: l .
A) N,(g) + H,(g) €=> NH,(g) | /d\L andh s
[

B_4) N, (g) + 3H,(g) = 2NH;(g)

. szluumon‘oN\

Concentration




The chemical reaction is:
A) N,(g) + H,(g) €=> NH;(g)

|
|
| Equilibrium
|
| i .
2 . \
ailibeiose

|
l NH,
|

Concentration

&) N,(g) + 3H,(g) > 2NH(g)

Time

Y’ALL THINK ABOUT Chemical Equilibrium \»)\MX ML_7

e

Try to interpret what is going on in this graph.

adle
ks I X5
reﬁdﬁﬁ [cOl or [H,0]
I /\7<°}M 2
g [CO,] or [H,] : Equilibrium Ql@’) ‘
S : d\\u‘b
] |

shill sove cesdants
b Gesgl

Y’ALL THINK ABOUT Chemical Equilibrium
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% [CO,] or [H,] : Equilibrium
g |
|
|
Time
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Y’ALL THINK ABOUT Chemical Equilibrium
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. |\ [color[H0] f**:
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Time
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CH302 Vanden Bout/LaBrake Spring 2013

'LL. CLILNCRN O

3Ha(g) + N2(g) ——> 2NHa(g)

Imagine you start out with
10 mole of Hz and | moles of N2

At equilibrium you find you have | mole of NH;
How many moles of H; are there at equilibrium?

(>iven | ele M\A‘gjl%ou) M.uck

A. 5 moles H» \)(& OUO\ R e i \\“('\':Q.Q \O
. moles H> —vsed LS
B 7molesH \Mp&\sugm& < vl B it
@ 8.5 moles H - \ 2 S
. 2 \ Q N“B“Mo %'5
D. 9.5 moles Ha

Keeping it straight (R)ICE diagram

3H N ——> 2NH
R 3Ha(g) + N(g) 3(9) e @ w}L\)\\(S
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Compound Initial  Change  Equilibrium

EER e | /@ <o
G —X L s, - |

Think about what is going on toward the end - ,\3( e
can we quantify end?. \ 1%“\ >
con

|
I
- | Equilibrium
S \
§ l H,
£
o I
l
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The key idea

The ratios of the molecules stops changing
We discover the ratio is a constant

We’'ll give the ratio a name

K

The equilibrium constant
It has to do with equilibrium
It is a constant

Write K for the following generic reaction: \B\UX\\{\X‘/@

A
b A
L= 25 e

B
V\:\\'\&‘g; Y o e
3V W ek
(XL B 0P daded o Sy
0\5\. (\kﬁ‘\ What is Act|V|ty? ,ch,v e””"d% © M&a

&( s <l s s Conaation

SOLUTIONS a Cpress
AN Mo\ox CMOA&\-vilr\\m

N
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SOLUTIONS:
~ \ ["\ [AGN Mo\a( CAY\CM&\'\I'\‘:W\

Y’ALL THINK ABOUT Chemical Equilibrium
PbCl,(s) €= Pb?*(aq) + 2Cl(aq)

Write the equilibrium constant for this reaction:
2
oot e\
¥ /

2
K= Qﬂ,ﬂ* ac\' - \ M IM'L )_S‘Ime\ga

What is the expression for the equilibrium constant
for this reaction?

3H2z(g) + N2(g) «—> 2NHs(g)

A. (Pnr3)/ (Pn2) (Pro) &L &@ \e(/\f\)’ 5 C)—&

B. (Pn2) (Pr2)/ (Pan) \Q
< C. ) (Pni3) (Pn2) (Pr2)3 g\

D. (Pn2) 3(PH2)/2(Pnk3)




B. (Pn2) (PH2)/ (PNt3)

\ W
< C. ) (Pni3)¥ (Pn2)(Pr2)? 6\‘ \f\
D. (Pn2) 3 (PH2)/2(Pnk3) %

ey e@u\\\\o\\\u“‘\
v otwescin (9 achin=K

* The law of mass action: at equilibrium the
composition of the reaction mixture can be © A\ prio™)
expressed in terms of an equilibrium constant, _

. . e
é,_Wthh |s.expressed as the ratio of the 25 o\A"
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THINK ABOUT K in Learning Module:

Chemical equation Equilibrium constant
aA+bB=cC+dD K, .
cC+dD=—aA+bB Ky = 1K, = K, 1 L ienR< S

ceverk 2 1 1
na A+ nbB=ncC+ ndD K, =K

\&

*

K in terms of pressure, Ko

nses  Cam
* Ny(g) +3 Hyg) €> 2 NHs(g) Lse edhec...
2
N
* Express as K, 3,.[——5—?' K& X \4? e

in sl 2

Homogenous vs.l Heter(@ Equilibria
Wt st

Homogeneous — reactants and products are all in the same phase \'\Yk\'C( ,
Heterogeneous — reactants and products are in gl_iﬁe_rgm_phases
p—

N N(g) 43 Hyfg) € 2 NHy(g)

CaCO,(s) €-> CaO(s) + CO,(g)




Homogeneous — reactants and products are all in the same phase
Heterogeneous — reactants and products are inﬁiﬂeﬁgﬂ;_phases
p—

N,(g) +3 H,(g) €= 2 NH,(g) ~ x —_—

CaCO,(s) € CaO(s) + CO,(g) . @ | QY Y

Ca(OH),(s) €-> Ca?*(aq) +2 OH- (aq)
\Ls?

Ni(s) + 4CO(g) €= Ni(CO),(g) (FUVQ \\ﬁ\k\pLS
(Lke pp 0)

Noa om aév\lu‘r“a O‘(i

vV VLT

*  Write the equilibrium constants for these reactions.

K ) (PMAM.AS
(ea.d'wnb
What does the value of K tell us?

e K>1 WO @m&ck%mm
(/((D(»”Lud- '(;»\V'D(“Qo\“ & ‘Zfou—llt\ariw‘\

* K<l ye ceadadtthn podids
“ xS mc\mﬁs\
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%Equilibrium does not depend on starting conditions

TABLE 6.1 Results of Three Experiments for the Reaction N;(g) + 3H;(g) == 2NHs(g)
& ,C‘Fer(,“}' : 5
Initial Q Equilibrium e |E\H‘| s
Experiment Concentrations Concentrations [N2][H:]
I [Nz]p = 1.000 M [N;] = 0.921 M
[Hz]o = 1.000 M [Ha] = 0.763 M K = 6.02 x 10"? L*/mol*
[NH3lp =0 [NH;] = 0.157 M
1l [NaJo=0 [N,] = 0.399 M 4&”“‘"
[Ha]o = 0 [Hy] = 1.197 M K = 6.02 x 10 2 L¥mol?
[NH;], = 1.000 M [NH;] = 0.203 M sl‘ﬁ;!'
i [Najo = 2.00 M [Ns] = 2.59 M Con
(H]p = 1.00 M [H] =277 M K = 6.02 x 10 ? L*/mol®
[NH;), = 3.00 M [NH;] = 1.82 M

Figure Copyright Houghton !
Company. All rights resery

Each equilibrium has different concentrations,
but the same value for Kc

Really Easy problems

At equilibrium you find b e
[HZ] = .I M, [Nz] — 0-2 M’ and [NH3] - -2M K@f? N,S‘l’\r‘\

ol
Y»\;\ QN} Lk D

Reaction  3H2(g) + N2(g) «—> 2NHs(g)

Initial

Change

Equilibrium

deXs a2 Soc fz(_—_——‘/L YN ¢ oncandedin

@”‘
Fairly Easy problem Given K =200 and
4Hﬂ“2M[Nﬂ~o4Mmmcmn-|M

o fill in the rest \ ~ Csncandvadn
s O s inerallin
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Fairly Easy problem Given K =200 and
[HZ] = '2 M'I' [NZ] - 0-4 M, and CNH3 =, | M

fill in the rest \ g \ o

- :_[__r\_)ﬁ—— \r\\%ﬂ% \
L = 250D (OQ\X@I\N (o™ eﬂy\\\\')ﬂw%

D\)\% - 0.%

Reaction  3Ha(g) + Na(g) <—> 2NHa(g) O [+dx = O3
Initial |2 Toad ol ¥ =0-38
Change JS%L ‘_?<co.°><:\ X 2
Equilibrium (. 9 O(g\Jr @

. i 3"
Typical problem ﬂl\))—
o .
\}-)&(J : > V\ i\*;gﬁ ip;k
\8’/‘% Given K =200 and
b W\yJ H2 =.2 M, N2 = 0.2 M what are the [,2 \
s \ =N concentrations at equilibrium Dw . X _
2 ;9“ (5222 (Oflﬂ@
&l Reaction  3H2(g) + N2(g) «—> 2NHs(g) S \we ~
Initial D L Q. O, 9\ /@ K 1,5{ §Cl€JV‘ < C.b-lc,u-
o heswo o
SRS 0 i s 6 ot s P
Equilibrium p 22~ | 5.2~ Qv

A =0622\
POLL: CLICKER 4 o =N\ MS ( MN/
For the following reaction what is the change value for H,O?

2CoHg(g) + 70,(g) —> 4CO,(g) + 6H20(g)

R CHe 0, CO; H,O

A.- 2x
B. + 2x
C.+3x
D + 6% UNIT6-DAY1-LaB1230 Page 13



A.-2x
B.+ 2x
C.+3x
D.+ 6x

POLL: CLICKER 5
For the following reaction what is the equilibrium value for CO,?
2CyHe(g) + 702(g) —> 4COx(g) + 6H20(g)

R CHg¢ O, CO, H,O

I 10 1.4 1.8 0

C 2 ? ? ?
A. 1.8-2x
B. 1.8+ 2x
@ 1.8 +4x
D. 1.0+ 6x

JLL. CLILNCN O

2H,0(g) «—> 2H2(g) + O2(g)

What is K for this reaction at 298K

A extremely small
B. extremely large
C. approximately one
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Explanation Space

What did we learn today?

Reactions don’t always go 100 % to products.
Law of Mass Action

Concept of the “Activity” of reactant or product.

Quantify the extent of reaction using equilibrium
constant, K.
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Learning Outcomes

Set up mass action expression for equilibrium equation
Determine if a system is at equilibrium and it not which
Direction the reaction will shift to achieve equilibrium

Know the difference between K and K

Determine new values for K when combining multiple reactions
Set up and solve RICE table
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