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I WANf o Module #15:
Introduction to Equilibrium
To PRACTIGE 1. Define Equilibrium,

And equilibrium

EVERY DAY! constant

Gaseous Chemical
Equilibrium

1. Can balance equations
2. Can predict direction of reaction
(AH)
3. Can compute rates
d[A n
rate = —%: k[ A]
4. Can we predict what happens at end?

Our Friend for this Chapter

Dinitrogen tetroxide o _©

(I)/N—N\(l) DG

A. Intermediate in:

e nitric acid & sulfuric acid production

¢ nitration of organic compound & explosives

¢ manufacture of oxidized cellulose compound (hemostatic cotton)
B. Used to bleach flour
C. Proposed as oxidizing agent in rocket propulsion nitrogen dioxide.

We studied it’s decomposition kinetics in
The preceding chapter

N,0,, -+ 2NO,

Consider the reaction at 100 °C, where the initial
Pressure of dinitrogen tetroxide is 1 atm:

N,O,, - 2NO,,

The decomposition of dinitrogen tetroxide vs time
Is shown in the table below

S N204, atm| NO2, atm 16
0 1 0 »
20 0.6 0.8 &
40 0.35 1.3 .
60 0.22 1.56 £
80 0.22 1.56 o
100 0.22 1.56 o6
04 N204
0.2
The reaction order and *o 20 P % a0 w1

Rate constant can be determined by various time/coric. plots




N,O,, > 2NO,

15t order reaction
rate = k[ A]"

In[A]= In[A, ]- Kkt

0

In Py,ot = In Py,0, -0 ~ kt
InPy o, = In(1) - kt
InPyo,. =0kt

k = 0.02545

-0.2

-0.4

Using the rate

-0.6
In[N,O,] = - 0.0065 -0.0254(t)

3 o Constants the
s, Rate at each time
Can be calculated

ts

s N204, atm] NO2, atm | 1/N204 | In N204
0 1 0 1 0
20 0.6 0.8 1.67 051
40 0.35 13 2.86 -1.05
60 0.22 1.56 455 -151
80 0.22 1.56 455 -151
100 0.22 1.56 4.55 -1.51
i
} _ 1 rate = k[A]
rate = k[ A]° rate = K[A] 11
ookt
In| A |=In| A, [- kt A
al-fale MR W
k .
N,0,, —==32NO, »
9 9
i; Conc. plot
0.03 Py
0.025 02
rate = k; Py, T T
0.02 1 b
” rate = [0.025471 25
2 s) N
< 0015
E What do you observe?
0.01
" - 0002309~ (p,, )]
— rate = 0. -
i rate = K, NO, F atm-s\ N
0 20 40 60 80 100 120

2NO, e

204‘g

ts

1. Conc. Are “stable”
2. Rate forward = rate backward

“Equilibrium” = “steady state concentrations”
1. occurs when rate forward = rate backward

1

_ Kigruarg =0.0254=

Ratefonuard = Ratebackward N204 v S
1)

2NO

2 29
kipNO :kh(PN ) !
104 0, Kyackarg =0.002309——
atm-s
, 2N02'g N204yg
k, (PN%)
kn PNZOM
2. concentrations are also constant (steady state)
2 1
P ) 00254~
kit i} ( NO, = K i qumlmrmm = 751 = 1atm
ko P, L7 0002309——
atm-s
3. BOTH reactions are occurring competitively
N204,g@2N02,g 0jo




4, An equilibrium constant describes the steady state concs
at 100 °C for any starting set of concentrations

Keuunmnum = llatm
0

Hamilton’s Bar: Legal occupancy: 10

The stupid
analogy

3 out 10in

Hamilton’s appears to have an unchanged
population, but constant exchange of drinkers is
occurring. The equilibrium is 10/3.

Experiment 1 2 3
time N204 NO2 N204 NO2 N204 NO2
t=0 1.00 0.00 0.00 1.00 1.00 1.00
t=equilibrium 0.22 1.56 0.07 0.86 0.42 2.16
Ko = 112tm = (EN:;)
> (156atm)’ , 2 : 2
Kapiin = L1atm==2 K gsiion = 1121M= (%85:;:: Kmu,‘mmzllatm:(zo'ia;:z
11atm- 1106atm 11atm 1056atm 11atm< 1111atm
FITCH Rules
G1: Suzuki is Success
= |G2. Slow me down
£ 1 G3. Scientific Knowledge is Referential
© | G4. Watch out for Red Herrings
G5. Chemists are Lazy
C1. It's all about charge  E, - kL e
£ | C2. Everybody wants to “be like Mike”
E |C3. Size Matters £y 0 j
< . i L+,
© C ' pn Piranhas Idirk
C5. Alpha Dogs eat first e enange.

change

Constant microscopic

The “Generic” Rule

Stoichiometry shows
up as power

aA + bB”cC+ dD

Pressure

5 Of Products
P On top
Pressure \K}ESSU\
Of reactants
=) <PB>

On bottom

An equilibrium constant can be written in terms of
Molarity also




PV = nRT aA+bB2cC+dD

Rijl' = 3: [molarity]
P= RT[moIarity]
“(p ) RT)°(RT)*

o _(RTC(RTD)’  Kose = (BT K

e (RT[A])(RTB])’ Koo = (RT)™ Ky
Ko essue {EEI;:((E?)Z H%CA]]:[[IQ%: } When doing problems

watch out _that_they _
- 1101 Gyouttn
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I WANT Yo m?rozzciilgn to Equilibrium
TO PRACTIGE Sample calculation

Of K

EVERY DAY!

Calculate the K for the reaction at 25°C:

2NO, + Cl, , 22NOClI,
if the equilibrium pressures are Py = 1.2 atm; Py = 5.0x10-2 atm; and P, =
3.0x10 atm.

KNOW DON’'T Red Herring?
Pnoct = 1.2 atm
K none
Pno =5.0x102atm cone
Pep =3.0x101atm | €4 1
19X103 atim = (RT)(2)7(3) Kcnncemra&ion
2
(PNOCI ) 1
KP = 2 lelOai: (0.0826 L -atm -298K) K,
(PNO ) (Pc|2) am mol- K concentration
2 o 1 1
_ (lZatm) 19x10 atm - [00826 L-atm 298K) Kconcemra&ion
P~ (0.050atm)’(0.30atm) P ol K
19x10°atm? N s 1 ( L-atm j
p = T = 19X10 atm 19x10 ﬁ 0.0826 mol - K 298K | = Kconoentration

1
K = (RT)(c+d)_(a+b) K Kconcemraﬂon = 4.6x10* ﬁ

Pr essue concentration

Consider the Haber Reaction which “fixes” nitrogen and is immensely

N,,+3H,,22NH;

important for the large scale production of ammonia used in
explosives
fertilizers

If we mix nitrogen and hydrogen
gases will we get ammonia?

N, 941 kJ/mole bond ene
3H,432 ki/mole

Haber found a
Catalyst to make
reaction go




Example What is K for the Haber Process at 127°C if
the equilibrium concentrations of gases are NH; = 3.1x102mol/L; N, =
8.5x10! mol/L; and H, = 3.1x10-2 mol/L?

KNOW DON’T KNOW RED HERRING
[NH;]=3.1x107? Ke Temp
[N,] = 85x10" - <
[H,] = 3.1x103 Prison escapees
were thought to
drag red herrings
across their trail to
fool the tracking dogs.
Fitch Rule G3: Science is Referential
_ 2 N
Haber Process [HH%_S%D%E N, +3H, 22NH,
_ [N] = 8.5 2 Let’s reverse the reaction
K=? [H,] = 3.1x10°3 o NH]
3
N, [[H
N, + 3H, 2 2NH, [N.]H.]
2NH, 2 N, + 3H,
RGN 3
N
Kreverse =K'= &
IR e
K'= 1 We will compile our rules
mol 12 K = 38x10* 5 K After a few examples.
[3.1x102 L} ( @) Koo 1 What is the first rule we have shown here?
K = L a1
[85x10 . '}[31 10°? mo'} 1 P
— 4_= 1 _
L L K = 38x10 M2 K — 26X1O 6 M 2




An example of adding chemical reactions

Tk
80,5 [Osp ° . INOyy |

(Ksoz)(KNOZ):[ 50 [No‘g’ 2‘9)}2] _ {SOWHNO@}

[SOZ(Q) }[O () 2 [NOZ(D)}

K, = KeopKyop = 2.3x4.0= 92

- =K,
[SOZ(Q) H NO, }

1 -
SOyq) + 2 Osg) < S04 Ksoz = 2.3
N 1
NO,) & NOg) + 20y Koz = 40
SO;(g) + NOy(g) & NOg) + SOy, Ko = Kooz Ko
[soam} %

Heterogeneous Equilibria

Avre equilibria that involve more than one phase

CaCo,, 2 Ca0, + CO

2,9

Ke = P,

CO, 4

CaO, CaCoO, CaO, CaCoO,

The position of a heterogeneous equilibrium does not
Depend on the amounts of the pure solids or liquids present

Reversing Reactions

c d
aA+bB 2 cC+ dD « LcI'bl”
© [A[B)
Same patterns
cC+dD2aA+bB 1 [A][B] For i,
Kl ===
° K. [c][D)

Summing reactions

aA+bB2cC+dD Kas
cC+dD2eE+ fF Keo
aA+bBeE + fF (Kus )(Keo)
Multiplying reactions "
n(aA+bBcC+ dD) K, = K
aA+bB2cC+dD K
aA+bB2cC+dD K
aA+bB2cC+dD K

3aA + 3bB 2 5cC + 3dD KKK = K?*

Example Problem: Bone is called apatite and can dissolve:
Cay(PO, ), (OH),, 210CaZ + 6POZ,, + 20H,,

4,aq
What is the proper grammar for K?

N [Cagg]lo[Poj;q]e[OH;q]z
[ca,(PO,),(OH),..]

K = [caz ] [Poz., ] [oHa]
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Calculating Equilibrium
Concentrations; 4 examples

K

conc

1. We can express it.

3.  Wecanuse itto:

b.  Compute [eq]

a: Tellifarxwill go

2. We can compute it’s numerical value

c.  Compute [eq] after some change, A

3. Use K, to determine if a Rx will go:

b

Compute Q, the “reaction quotient”

b. if Q <K,y X goes to right
if Q =K e X is at equilibrium

ifQ>K

conc?
What is Q?

[ ][o]
[AT[8]
aA+bB2cC+dD

i=initial

rx goes to left

el

[A[e]

Example 1: Use old friend N,O,

What happens when 0.2mole of N,O, and 0.2 mole of NO, are

added together in a 4 L vol? Recall K. = 0.36M
KNOW Don’t KNOW
mole = 0.2 mol initial conc.
vol=4L rx?
K =0.36M
N,O, 22NO,,, 0.2mol
N,O = = 005M
[No [ 2 4]init 4L
0.2mol
[N,0,] [NO,] . = L - 005M
2

Q<=>K? _[No]” eosmy o -
Which way [N204]. _ 005M :

will reaction go?

Q= 005M < K = 0.36M;rx—2*,




K

conc

1. We can express it.
2. We can compute it’s numerical value

3. Wecan use it to:
a: Tellifarxwillgo
b.  Compute [eq]
c.  Compute [eq] after some change, A

Rules for Equilibrium Calculations

Write balanced reaction

Write the equilibrium expression

Calculate the initial conc., C,

Calculate Q and determine if rx goes

to left or to right.

5. Express “equil. C” (C,,) in terms of init
C and change, X, (C,, =C;"'x)

6. Write K and put in C,, solve for x

7. Calculate equilibrium molarities

grx*xx Check your answer!!!1!

el o

EXAMPLE 2: A BIT SIMPLE
For the system (all are gases) K is 0.64 at 900 K. :
CO,, + H,, 2CO, + H,0,
Suppose we start with CO, and H,, both at a concentration of
0.100 mol/L.

When the system reaches equilibrium, what are the concentrations
of products and reactants at 900K?

Red herrings?

1. Balance Equation
already done

2. Write K, CO,, + H,,2CO, + H,0,
c d
[Ceq] [Deq] K. is 0.64 at 900 K. Suppose we
K=t 5 start with CO,and H,, both at a
[Aeq] [Beq] concentration of 0.100 mol/L.

1 1
CO, | |H,0
[co][mal] .,

ool

3. Calculate Original or Initial Concentrations

[CO, ] = 0.100 mol/L
[H,];,i = 0.100 mol/L

4, Calculate Q and determine if rx goes | or r.

_ [cO)u[H.0],, 0

) [Coz]init[Hz]init i [0'100][0'100]

Q=0<K, =064 rx—",




5. Express “equil. C” in terms of initC+or-x
COZ,g + H d Cog + Hzog Q: 0< Kc = 064’ rth'>

2,9 <

Mass balance Limiting reaction
[Coz]eq = [Coz]init - X [CO]9q = [Co]i"il +X
[Hz]eq - [Hz]mlt - X [HZO]EEI - [Hzo]iﬂif X

OR: Construct an ICE chart

Reaction: CO,, + H, , 2CO, + H,0O,
stoichiometry 1 1 1 1
Initial conc 0.100 /0.100/ 0 0
Change (to right) =X [-X +X +X
Equil. conc 0.100-x | 0.100-x| 0+x | 0+x

6. Write K and put in equil Conc.

R Y L PO €414 (o2
" [co,], [H,],, ~ [0200- x][0100-x] ~ 10100~

CO,, + H,, 2CO, + H,0,

2,9 «

2
X
K=064- (0.100- xj

K, is 0.64 at 900 K. Suppose we
start with CO,and H,, both at a
concentration of 0.100 mol/L.

__x
~ 0100- x

08(0100- X) = X
0.0800- 08X = X
0.0800 = X + 0.8x
0.0800 = 18x

08

0.0800
T = x = 0.0444

Reminder — x is change
In concentration

1. P alculate equilibrium molarities

CO, H, CO H,0
stoichiometry 1 1 1 1

initial conNiOO 0.100 0 0
change (o right) -X +X  +X

Equil. conc 0.100-x  0.100-x| 0+x O+x

[CO,Je = [H,]eg = 0.100-x = 0.05556 M

[CO]¢q = [H,0]q = 0.0444 M

Suggestions for ways?

? (0.0444M)(0.0444 M)

[CO]eq[HZO]eq
" [co, ][], 064= (005556 M)(0.05556 M)

0JO: When | round first and then check | get:

= 0.638

K, = 0.60.




EXAMPLE PROBLEM 3: More difficult

If we add 0.1 mol of N,O, in 1 L, what are the equilibrium
concentrations? Recall that K, = 0.36M.

Red herrings?

1. Balance Equation
N,O, 22NO,
2. Write K.
c d 2
I I X
C a b -
(A [Ba] [N:000]
3. Calculate Original or Initial Concentrations
0.1 mol of N,O,in1L [N,0,] = O'llnle' - 01M
[ ] _ 0.0mol B
2o ™ 11—

If we add 0.1 mol of N,O, in1L, 5.

Express “equil. C” in terms of
what are the equilibrium

concentrations? Recall that K = 0.36 orig C+ or - X
M. N,O, 2 2NO,
1 Z,t&ichiometry
N204 NOZ
Initial conc 0.1 0
Change (to right) - X C+ 2x j :
Equil. conc 0.1-x O+ox |OJON

6. Write K and put in equil Conc.

N,O, 2 2NO,, K=036M
[NOquz ([Noz]m“ + ZX)Z (0+2x)°

K=036M = [NZOA]eq = ([NZOA]M B X) ~(01- x)

and solve for x

10

N,O, 22 Noz(g) K= 036M Old Friend: N,O,
[NO ]2 If we add 0.1 mol of N,O, in1 L,
K=036M = 2 what are the equilibrium
[N 204] concentrations? Recall that K = 0.36
0.1mol M.
[N0,], = L - 0IM
[ ] B 0.0mol B
ST |
4. Calculate Q and determine if rx goes I or r
[NO.],," _ (0om)?
2 Jini . igh
Q= o = = 0.0M < K_;rx—
[N,0,] — 0IM
init
Old Friend: N,O,
If we add 0.1 mol of N,O, in1L,
what are the equilibrium
concentrations? Recall that K, = 0.36
M.
[Noz]e ’ ([NOZ]init + ZX) (O+ ZX)Z
K = 0.36M = - = 010
[Nzo“]eq ([NZO4]init B X) X
i (0+2x)° >
" (01-%) ax“+bx+c=0

K(01- x) = (0+ 2x)*

K01- xK 4x?
4x%2+ xK-01K =0

_ -bt vb? - 4ac

2a

X




4x% + K.x- 01K, = 0

K, = 036M

ax’+bx +c=0
a=4 b=K, C=-0IK
_ -b+vb® - 4ac
X= 2a
~0.36+ +/(0.36)% — 4(4)(~0.036)
- 036 /(036)(705764(4)(0036)
- 8
-036++07056 -0.36+084
= = =006 and -015

8 8
Which is plausible?

7. Calculate equilibrium molarities
X = 0.060 m
N,O, / |NO
Initial conc 01 0
Change (to right) - X + 2X
Equil. conc 0.1-x" 0+2x
01-006=04 0+ 2(0.06) = 0.12

Equilibrium [N,0,] =0.04 M

Equilibrium [NO,] =0.12 M

11

If we add 0.1 mol of N,O, in1L,
what are the equilibrium
concentrations? Recall that K, = 0.36
M.

-036++/0.7056 - 036+ 084
X = 5 = 3 = 0.06 and

N2Q4 NO-) Plausible?
Initial conc 0.1 0
Change (to right) - X + 2X
Equil. conc 0.1-x 0+2x
No, not plausible. We would be forced to conclude:
x =-0.15

2x=[NO,] =-03 M

N,0,22NO,
1. Plausible: [N,O,] decreased? 01-.04?
Plausible: [NO] increased? o 0122

2. Fits the equilibrium constant?

[No,]" [o12]?

K=036M = @: [004]

=036M

If we add 0.1 mol of N,O, in 1L,
what are the equilibrium
concentrations? Recall that K, = 0.36
M.




Example 4. Do Units Matter in how we approach the problem?:

For the reaction of hydrogen gas with iodine gas at room temperature the
K, is 1x102. Suppose that you mix Hl at 0.5, H, at 0.01 and I, at 0.005
atm in 5 liter volume. Calculate the equilibrium Pressures.

Beforehand: red herrings?

©» ( 5L volume

1. Balance Equation

Hyg + 1,y 22H1

2,9
2. Write K
aA+bB_cC+dD (PHlveq)z

(RS T e
ACVC]

= 1x10°2

For the reaction of hydrogen gas with iodine gas at
room temperature the K, is 1x102. Suppose that
you mix HI at 0.5, H, at 0.01 and I, at 0.005 atm

0Jo in 5 liter volume. Calculate the equilibrium Pressures.
5. Express “equil. C” in terms of orig C+ or - x
H, 1, HI
stoichiometry 1 1 2
Initial conc \?rl .005 0.5
Change (to_left) X +X -2X
Equil. conc .01+x .005+x | 0.5-2x
6. Write K and put in equil Pressures
(05- 2x)?

P~ (001+ x)(0.005+ X)

12

For the reaction of hydrogen gas with iodine gas at
room temperature the K, is 1x102. Suppose that

you mix Hl at 0.5, H, at 0.01 and I, at 0.005 atm

in 5 liter volume. Calculate the equilibrium Pressures.

3. Calculate Original or Initial Conc or Pressure
A bit of red herring = already know them.

Py = 0.5atm;;
Py, =0.01 atm;;,
P, = 0.005 atm;

4, Calculate Q and determine if rx goes lorr

(P )

% (Pun) (o) (022 005

05atm)® ’
(05am) = 5000 > K, = 0.01; rx«——

. (05- 2x)°
P (0.01+ x)(0.005+ X)

K, (0.01+ x)(0.005+ x) = (05- 2x)*
K, (5x10° + 0.015% + x?) = 0.25- 2x + 4x?
5x10°K, + 0.015xK , + 2K, = 025~ 2x + 4x*

K, = 001

0.25- 2x+ 4x* - (5x10°°K,, + 0015xK, + x*K, ) = 0
(4x? - 2x+ 0.25)- 5x10°K,, - 0.015XK, - X*K, =
4x% - XPK, )+ (- 2x- 0015xK, ) + (0.25- 5x10°°K )= 0

4-.01)x? - x(2+ 0.00015) + (0.25- 5x107) = 0

[
(4- K, )x? - x(2+0015K, ) + (025~ 5x10°°K )= 0
(
(

399)x* - x(2.00015) + (0.2499995) = 0




“b+/b? - 4ac
X=—
2a

(399)x” - x(2.00015) + (0.2499995) = 0

_@00015) +J(-2.00015)? - 4(3.99)(0.2499995)
X= 2(3.99)

‘- 2.00015+ +/4.0006 - 398992

7.98
~2.00015+ 0102995
7.98

x = 0237739

x = 0.263552

X = 0237739

H, I, HI

stoichiometry 1 1 2
Initial conc .01 .005 0.5
Change (to_left) + X +X -2X
Equil. conc 01+x .005+x )¢ 0.5-2x|
Poieg = 05- 2x = 05- 2(0.237739) = 0.024523

P, . = 0005+ x = 0.005+ 0.237739 = 0.242739

P, o = 001+ x = 001+ 0237739 = 0247739

H,.eq

(PH. ,eq)z (0.024523)*

Checks!!!
K= (PHz,eq )( Plz,eq) ~ (0.242739)(0.247739)

13

Which do we use + or -?

x = 0237739
x = 0.263552
H, l, HI
stoichiometry 1 1 2
Initial conc .01 .005 0.5
Change (to_left) + X +X -2X
Equil. conc 01+x .005+x | 0.5-2x

If we use the second answer then we will get

P

HI eg

Not plausible

= 05- 2x = 05-2(0.263552) = -0.0271

AT / K2
'/
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FITCH Rules
G1: Suzuki is Success
= |G2. Slow me down
g G3. Scientific Knowledge is Referential
© | G4. Watch out for Red Herringsd
G5. Chemists are Lazy
Cl. It's all about charge  E, - k[ 9,9
£ | C2. Everybody wants to “be like Mike"”
£ |C3. Size Matters _ (%qz )
G |c4. still Waters Run Deep e
C5. Alpha Dogs eat first

For systems with multiple reactions
Need to simply = ASSUMPTIONS

Example on Using Simplifications

If 1.0 mol NOCl is placed in a 2.0 L flask what are the equilibrium

concentrations of d Cl, given that at 35 °C the equilibrium
constant K, is 1.6x10-5 mol/L?

35°Cisared herring.{

Red herrings:

Clues7

We are starting with reactants

1. Balance Equation 2. Write K
2NOCI22NO + Cl, _[NoFfet,|
° [NOCI]

14

Example on Using Simplifications

If 1.0 mol NOCI is placed in a 2.0 L flask what are the equilibrium

concentrations of NO and Cl, given that at 35 °C the equilibrium
constant; K., is 1.6x10-°> mol/L?

35°Cisared herring.{

Red herrings:

Clues'7

Example2  co,, + H,,2CO, + H,0,

2,0 «

K. is 0.64.

EXAMPLE3: N,O,22NO, K.=0.36M We will define
Small in the
Example4: H,,+1,,22HI Next chapter!

K, is 1x102.

If 1.0 mol NOCI is placed in a 2.0 L flask what
are the equilibrium concentrations of NO and Cl,
given that at 35C the equilibrium constant is
1.6x10° mol/L?

2NOCI22NO+ Cl,

3. Calculate or Initial Concentrations
[NOCI;; ] =1.0 mol/2L =0.5 M
[NO;d =0M
[Cl1=0M
4. Calculate Q and determine if rx goes | or
[NOyu|*[Clisin] (00
= = =0;rx
[Noct, ] 2 05




5. Express “equil. C” in terms of orig C+ or - x
2NOCI22NO+ Cl, NOCI NO Cl,
stoichiometry (2 ) (2> (1)
Initial conc 0.5 0 0
Change (toright) =2x> | (#20  ( x )
Equil. conc O.S-Tx 0+2x 0 +x
Assumptions ~0.5 2X X

(2x)*x (2x)% x

Assumptions are basedon 05 !
a) Kissmall so x issmall - 0.000x

K =

([noct,, |- 2x)° " [noct,,, T

b) If x is small then sig fig ; 4g99,_ s , g5

rules eliminate x

6. Write K and put in equil Conc (2X)2 X 4x° .
=057 ~ 025~
x=10"
NOCI NO Cl,
stoichiometry 2 2 1
Initial conc 0.5 0 0
Change (to right) -2X +2X X
Equil. conc 0.51-2x 0+2x 0 +x
Assumptions ~0.5 2X X

[Nocl, ] = 05

[NO,.,|= 2x= 2x10°

[Cl g |= x =107

2,0.eq

ARE WE DONE?
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K = 16x°

16x10°° = 16x°

16x107° e
16
107 = x®
107° = x
x=10"?
7. Calculate equilibrium molarities
[Noum]= 05 2% CHECK ASSUMPTIONS
[Nocl,, |- 05-2(10?) 05 Whereare
' -0.02 The Sig Fig?
[Nocl, ., |- 05- 002 048
Answer 0.5
Accept error less _ [ real - estimated 200
than 5% error = real
048-5
error = [ 0.48 }100: 4%

Are we done yet?




[Nocl, ] = 05

g.eq

[No ]: 2% = 2x10°2

g.eq

[Clge|= x =107

- m = 16x10° M
*~ [Nocl]

12x10%[[10%] ?

T o =16x10°M

K, = 16x107° = 16x107° M

f WANT YOU
TO PRACTICE

EVERY DAY!

“A” students work
(without solutions manual)
~ 10 problems/night.

Dr. Alanah Fitch
Flanner Hall 402
508-3119
afitch@Iuc.edu

Office Hours Th&F 2-3:30 pm
Module #15:
Introduction to Equilibrium

Qualitative Predictions
For direction of Equilibrium
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POINT of ASSUMPTIONS

1. Avoid using polynomial equations
2. Cando it with small K values
3. Assume little change (get rid of an x)

4.  Must check the assumptions

Multiple Equilibria are not solvable
With simple cubic, quadratic equations

Chemists are Lazy!

Chemists are

If we don’t have to calculate can we make
qualitative descriptions of equilibrium?

Le Chatelier’s Principle

if a change is imposed on a system at equilibrium, the position of the
equilibrium will shift in a direction that tends to reduce that change




Fitch Rule G3: Science is Referential

LeChatlier Examples

Example: (Inert gas) Suppose we have the reaction initially at equilibriun

ZSOZ,Q + OZ g ZZSO KC,lOOOK = 28)(102

What happens when we add some N, , , does Q change?

[sos‘m]z Addition of inert gas does not affect the

K. =—"*4tL 4
* [0s0w 80, [€Quilibrium position. Similarly......

Example: (Effect of Solid)
What is the effect on equilibrium in the calcination (decomposition)

CaCO,,  Ca0, + CO,,
of Iimestone produced by adding a small quantity of CaCOx(s)?
][Cao ] [ ] Change in quantity of solids do not affect
[CaCO3 ] 26 direction of equilibria. So addition of more

limestone is irrelevant.
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Effects of Changes on the System

1. Addition of inert gas does not affect the
equilibrium position.

2. Concentration: The system will shift away from
the added component.

3. Decreasing the volume shifts the equilibrium
toward the side with fewer moles.

4. Temperature: K will change depending upon the
temperature (treat the energy change as a
reactant).

Example What is the effect on equilibrium in the (decomposition)

Concentration: The system will shift
CaCO;, 2 Ca0, + CO, toward from the removed component.

of removing some COzvg, does Q change?

[COZ'Q'E“] Q- [Co;'g'eq] K, = [COZ . eq] NERLLLIEN

[ zgnew] [Cozgeu] [COZ‘QVHEW]: M

Example Suppose we have the reaction initially at equilibrium:

250,, + 0,250, K: 1000k = 28X107

2,0 <
What happens when we add some SO, , does Q change?

[50:10.]» 50 (s0us])’ [500]

left
K. = 71 X

R N L O N R T

Concentration: The system will shift
away from the added component.




Example What happens if we decrease the volume of the container? 250 0. 2250 K =280
250, + 0,, 2250, o bg) T Vafg) € £9Vg) ¢ = £90000k
2
nsogw 2
[50,] V,, [nsow] Decrease volume, what happens?
¢ = 2 = 2 =
[Oz‘eq,g ][SOZ&J‘EQ ] Mowge | Ns0ug [noz o ][nSOz oo ]
Vi || Ve Number of moles of reactants?
, 1T , , Number of moles of products?
[nsolgm ] Veﬁ [nso&gm ] 1 [nso3q Gl ]
K. = IRE = T 7 Veq If we form reactants we get 3 moles
["oz‘«.q ]["soz‘m ] v ["oz‘u.m ]["soz‘g‘m ] v [”oz‘g “ ][“soz‘q‘m ]
eq e
Vi <Vig v Vo If we form products we get 2 moles.
) new X )
Nso, . V., Nso, . . reaction moves to decrease moles
Q-= = 7| < K, = : 7 Vegs IX—2
o [P o, [P i
: T moves to the right.

Q changes when we change volume because of differences in stoichiometry
Decreasing the volume (increasing P) shifts the equilibrium toward the
side with fewer moles

LeChatlier Example: Haber Process N,gy + 3Hy ) 22NH

@ Effect of Temperature????
What happens when volume is decreased?

Consider effect of raising temperature on two reactions:

B 250y + Oyg) 2504 AH® = -180k]
=3 - - 0 _

|| +_ . Nz(g) + OZ(Q)FZNOM) AH® = +181kJ

e

i

Key:

What will happen?
|| To equil

Another way to see this is to write the rxs by considering heat
As a product or reactant. Reaction shifts away from heat:

. left
280y + Oy 22805 + heat; rx«——
Zf HZ 7N, To equil 6 N, Ny + Oyg) + heat:2N02(g);rxﬂ>
2 4H, —E1H,
3NH, 3NH SNH Temperature: K will change depending upon
14 —3 Ti the temperature (treat the energy change as a
= reactant).
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Do you see a pattern?

R

In ﬁ _ _AHforwardrx(J i_i
) Tl TZ

Van’t Hoff equation (1852-1911)

1
Kk, R

P1 -A Hvaporization 1 1
In| L | = | o orten || 2 2
P, R T T,

k [—Ea] 1 1
In =

Arrhenius Equation

TN

Clausius-Clapeyron
equation

Ny + 3Hag < 2NH
AH® = -92.2kJ
K = 6x10°|

25C

Ny + 3Hag 2 2NHy, + heat

2(9) <

3(9)

What is K at 100 °C?

Predict first using LeChatelier’s
principle: will it get larger or

2 : i
smaller? vy try it!, we will compare to calc.

K,| -aH°[1
In| —%| = —
K, R |T,

of 6x10° 5
i} eI [ K, } _ {w} - 748628 _ 1783405

T, K,
( 922 103i)
I{exlo?__' <X mol{ 1 1 }
"k, |7 J 273+ 25K _ 273+ 100K
831
mol - K
6x10° | 1109507 [ .000675] 5
' { K, }’ (2 j[ Kelvin } - ras628 | OXI0" 0 aa6435
o 1783405
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Fitch Rule G3: Science is Referential

What have we learned?

1.  Expression for K

2. Expression for Q

3. Distinguish between initial and final or
equilibrium concentrations.

4. How to predict direction of a reaction

5. How to calculate the equilibrium conc.

6. How to make assumptions to ease the
calculations.

7. How to check the calculations

8. How to use Le Chat.... principle to
effect of conc., pressure, volume, and
temp. on a reaction.




WANT YOU
TO PRACTICE

EVERY DAY!

“A” students work
(without solutions manual)
~7 problems/night.
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