Chem 210 Jasperse Ch. 14 Handouts .
Ch 14 Chem1ca1 Equ111br1um . - ' - '

14. 1 Characterlstlcs of a System at Chemlcal Equﬂlbrlum |
1. Not completely on product or reactant side — have some of each
* “product favored” — mostly product
e “reactant favored” — mostly reactant

- 2. “Dynamic Equ111br1um
e forward rate = reverse rate
* reactions happen, but cancel each other out, so that no overall change
o “steady state” |

3. Previous Examples

1. Vapor Pressure (closed container) Liqui'd === yapor
2. Saturated 'solution ' solid = dissolved
3. Weak acid/weak electrolyté  HF ==H +F S

3. In achieving an equilibrium it doesn’t matter whether you start from left side ot right side
e Either way, you end up with the same balance between reactants and products once

equilibrium has been established
e Figure 14.1 Moore, Fig T-117, 118 Brown

5. Catalysts Don’t Change The Equilibrium Situation
e they just help you to achieve it faster

6. A Change n Temperaturé does change the equilibrium steady state

14.2 The Equilibrium “Constant”

A. Intro % . .
ki | | | ' Rate forward: L\’ £ fA]
Ak B At e_qu_ilibrimn, ratesorward — LaAte reverse

. (/j/ o \‘/ Rate reverse: 1cr~ [6]
Equality: o ke A — kF’ ﬂﬂ ' .
Rearfange: 1< £ f 1 ﬂ Vﬁﬁ{ W) ‘!*Cﬁ

| reaclnts Yot

Notes - (Constaud
1. K.1sa constant . -
2. Each reaction has its own unique “K” constant
¢ called the “EQUILIBRIUM CONSTANT”
3 Ratio of product over reactant -

. concentratlons in “M” (Molanty) mole/liter
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Quahtatwe thmgs the value of K tells us:

1. At equilibrium, is the product favored or the reactant?
e K»1 = product favored (K»1) |
e K«l1 - reactant favored (K»1)

COIZ_IICG]Z_)t Problem: A ==B ; Find [B]/[A] ratios if:
a. K~10° - ldwb _

. _3 A ry

b. Kc=10 l@*a@/of

2. If the actual initial ratio Q does not equal the equilibrium ratio K, in which direction will
reaction go to achieve equilibrium? (In other words, if you start out not at equilibrium, how will
the system respond to get to equilibrium?) '

« [f actual ratio “‘Q” <K, the product/reactant ratio will need to increase in order to reach the
target “K”

o Practlcal COﬂ veyt Somé seqctanhs 0 pmd’uttﬁf le’QﬁCmﬂJi p mdlﬁ'?{‘i 7\

e Ifactual ratio “Q” > K the product/reactant ratio will need to decrease in order to reach the

tarogetfj’;lz;lcal Convert Somd /);’C’d T Iﬂﬁ’ﬁff ® ﬂé’&(‘hﬂi ﬂéa*(ifﬁ im] ﬁ i@’@/ff ‘73‘1’

Concept Problem A===DB . K=0.20

How will [A] and [B] change/respond to reach equlhbrlum (Wthh Wlll go up and which wﬂl
oot down‘?) if initial conditions are:

' a. [A] = 0. 10Mand [B]=0.00M (&:-0 —> Y —~ .
odjuts R Y31 oe 7 [AY~ corim [AL= G.opu

_ . low
b. [A]=0.10 M and [B] =0.40 M

Q=4 4o low, 0 [A3T QQJ/ =2 [IRY 0B (AL=04 M

3. What will specific_ concentrations be at equ111br1um‘?

 Jfyo w And some other initial information, you can solve for all the equ111br1um
concentrations
Concept Problem: A=D1 l K=0.20
a. If the system is at equilibrium and [A] 0 10 M, what must be [B]? '
[L= G 20> ’:f’ bl 70
b. Ifthe system 1S at equ111br1um and [B] = 0.10 M what must be [A]?
' 6. 20 “ C A

c. If the system 1s not at equ}lbnum and the initial scenario has IB]=0.50 M, What wﬂl
~ be the concentrations after equilibrium is achigved? '

o A= | 8 1= Cg?@*@ - O50-K s} 90)@ .a “Q“X
_ i‘ﬂf‘ﬁia( O 0&50 - 'E;‘-"HB .- X s Mﬂ ‘-'“Od gG
Chawe *x =X ' - 9l

=, . 20 50—X ST '
5~ ) [ 283 041 056,417 owﬁgM
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B. Writing K expressi_o'ns: GGeneral

T ,CIWW]?'{’, it
- all chemieqlt ar

gas e or "Slutes”

c d
¢ _Leror
[AF[BY

aA +bB == cC+dD

1. Products over reactants .
2. To the “coetficient” power ' _ o (%’)
3. Straight from the balanced equation - - '
* don’t need mechanism, etc. _ . o
+  Not like a rate law where equation doesn’t really tell you anything

Write Ke E‘Xpressiorns _ K= EV H _
a. Ny(g) + 3 Hy(g) == 2 NH(g) AR

b A@+2B( =3C@+D@E K==

C. Heterogeneous Equilibria: Do not include solids or liquids (solvents) in K expressions
e The concentrations of solids and liquids (solvents) are constant, so just wrap into K
» only gases and “aqueous things” (solutes) appear in K expressions ' '
o these are things whose concentrations are not constant
o A(g),B(ag) Yes _ '
o C(), D(s) No _ _
 When water is involved as either a reactant or a product, it does not appear in the K
expression (when the reaction takes place in aqueous solvent) '

Ex. CuOH(s) & Cu'(aq) + OH'(aq)

K= [Cu”][OH"] K,=[Cu’][OH] .

|CuOH | 0
| | coNsant )
Constant [KB <[ o}

[(HF a0l

o NaF(a) + () == HF(a) +NaOH(g) K= =p0 "3

Write K Expressions

b. CaCOs(s) == CaO(s) + COx(g) ' <= EW;]

=% [F]
(rFl

- ¢. HF(aq) + H;zO(l) = HgO (aq) + F(aq)
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D. K’s ftor Related Reactlons
* e When a reaction is written in the reverse dlrec’uon the K value 1s 1nve1'sed

° Kreverse — 1/ Kforward
 When the coefﬁc:lents for a reaction are doubled or halved the K value ends up being

‘squared or “square rooted”

1. Suppose A +B ==C Ke=10' Kme= o Aorwand
o ' T (A4
What is K for C ==A +B o EAF\ﬁﬂ ' N ] _
| | L : i/ = DY O +‘K’ — Y e
(Draw both the expression and __ I/\ . verdal Ky@em‘— _ '
the actual K value) | [_a A . - Kerwar @(

2 SHPPOSG A+B==C K10 K = [C‘q:[,%%é]
What is K for 2A + 2B ==2C - T - o _- .
(Draw both the expression and 5o k’.} = @ - ( l O"-( )’L - W o (KL )‘L
the actual K value) S 7 >r - o~ T
- AN 2
| 3A +34 = 3C ' Wz oy = onr@;}ml)

o/ A 4
| %:.._ lOi.ﬁ?‘ Kﬁﬁﬂ/‘“@%}”?}mq]’)
14.3 Calculatmg K
. Key You need all equilibrium concentrations. Then you can plug into K expressmn and solve.

Two wavs to know all the equilibrium concentrations.
1. You are simply given all of the equilibrium concentrations. (easy)

2. Youare given all of the initial concentrations, and at least one final concentration, but then

“must use the “ICE” (Initial- Change-Equlhbnum) method to ﬁgu:re out what they would all be at .
equilibrium (harder) |

~A. Given all of the Equilibrium concentrations, solve for K ( easy)

Solution steps:
a. Based on the balanced reactmn write out the correct K expression

b. Enter the known concentrations values and solve for k

| For A —=B + C. find K. if [A] = 0.26 M, [B] = 0.26 M, [C] = 0.93 M.
v EB][C] B (@a?’(&}(ﬁ«q” — quj _

N CE

2. For A+2B ==2C+D, ﬁndK 1f[A] 0.15, [B]1=0. 18, [C] 20x10 [D]—~30x106
VP xe P sonct) _ 1axict ]

‘U/?*J g W BV




B. Given all of the all of the initial concentrations, and at least one final concentration, solve for
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K (harde'r).

Solutlon steps:

Based on the balanced react10n write out the correct K expressmn
b Use the “ICE” (Initial-Change- Equ111b1‘1um) method to figure out the equ111br1um

~ concentrations
c. Enter the equilibrium concentration values and solve for K

——

. Using the “1CE” Method to Calculate K leen Imtlal Concentratlons and One Kinal

Concentration
1. Write balanced equation, and expression for Ko
2. Make an “ICE” table, and enter the knowns - a {
a. Initial . - ' Mg@ MO & y
b. Change
_ ¢. Equilibrium
3. Find the Change for the chemical whose final concentration 1s known
4. Use stoichiometric relationship to determine the change in concentrations for the others
5. From the initial concentrations and the deduced changes, determine all equlhbrlum
concentrations
6. With all equlhbﬂum concentratlons now known, plug into the K expressmn and solve
_ for K
7. Check: Does Answer Make Any Sense‘?

* Note: equilibrium concentrations must be in Molarity, moles/hter If information is

given in grams or moles plus solvent volume, you wﬂl need to convert into molarity.

 Use the ICE method to find the equilibrium concentrations and the K values for the follomng: .

o O W

oA

—0.10 ~0 O 4—01 : {{)k

1A + 2B == C +
020 020 0

A + 2B == c 4 2D
020 030 0 010

0.10 Q20 . 05 Cﬁ m

14.4 Chemical Meaning of K

 There are many cases where K¢ « 1, but small amount of product are still very important.

1. K.» 1 Product Favored
2. K.« 1 Reactant Favored

3.K.~ 1 Significant quantities of both products and reactants---calculations required

.5'




14.5 Using K
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A. Predicting the direction of a reaction, given information about actual situation

K=equilibrium Q=actual rations(same format)

 If Q=K, you’re at equilibrium. The situation won’t change :
If Q<K, you’re not at equilibrium. You are short on product, so reactions will go to
products to achieve equilibrium. Shift from left to right. | | |

 If Q>K, you’re not at equilibrium. You have excess product, so products will 'go to reactants
to achieve equilibrium. Shift from right to left.

A+B =C K.=72

Suppose [A], [B], and [C] all begin at 0.33 M:

- L D I | | |
' ) ~ e — i

a. What is Q? (L o low ﬂd\ ot

Q@%(r’( b M,

~ b. Which direction will the reaction go to achieve equilibrium? y T
Shift Yo +Hhe ; l:ZH nereak (3, olecvease [A3 aul (33

¢. What will happen to the concentrations of: (will they go up or down?)

Al B V- c1 ¢

~ B. Calculating Equilibrium Concentrations Given K a_nd Some Other Information

1. If all but one equilibrium concentration is given: (easy, plug and chug...)

Solution steps:

a. Based on the balanced reaction, write out the correct K expression
b. Enter the known K and the known concentrations values and solve for the unknown

concentration

Example. HF (aq) — H'(aq) + F(aq) K:=6.3 X ;0_4 = [Hﬂ EF j -

a. Find [H'] if [HF] = 0.10 and [F] = 0.10. _ [t+ o .
| G X {Cf‘"( ::ﬂ'ta (040)& r ' _
(¢ (01 (05

b. Find [F] if [HF] = 0.20 and [H'] = 10~.
Lo 8 x |G __T_‘IX‘{C‘fﬂ '
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0. If only initial concentrations are given use ICE

Using the “ICE” Method to Calculate Equﬂlbrlum Concentratlons, leen '

Only Initial Concentrations and K_

1. Write balanced equation, and expression for K,
7. Make an “ICE” table, and enter the known 1n1t1a1 concentrations

a. Inmitial g o
b. Change , } . M Ci-l’“l{‘l- €3

c. Equilibrium
3. Use “x” to define the change of one substance.
4. Use stmchmmetrlc relationships to determine the changes in the concentratlons
for the others, in terms of “x”. . ' '
5. Calculate the equilibrium concentratlons of all chemicals 1n terms of initial
“concentrations and “x”, and enter them in the table.
e Ex: 0.30-x, or 0.30 —2x, or 0.00+x, or 0.00 + 2X ..

 TIf K is small so that “x” is likely to be small, use the 1mpllfylng

w that [A] initial — X = [A]mmal
o This is often justified, and can greatly 51mp11fy the math

o Ex: 0.20—-x=0.201fx is smaller than 0.01

6. Solve for “x” (This is the hard part!)
7. Once “x” is known, use it to solve forth actual equ

concentratlons -
8. Check: Does Answer Make Any Sense?

9. Check: If you made the “simplifying assumptmn was 1t Justlﬁed‘? (Was “x
< 5% ot [A]lmtlal? ) ' |

44 37

Note Some hard math!! Quadratics are tedious!
e If possible, being able to avoid needing to solve quadratics saves a lot of time (and mistakes)

*Great snnphfymg assumption (avmds a lot of quadratlcs)

1. changes “x” are often small : |
e For Somethmg with nonzero original concentration, the change “x” in concentration is often
~so small that it doesn’t significantly change the original concentration '
* Joriginal concentration] — “x” (change in concentration) = [orlgmal concentration]

2. Usetul stratégy
a. Make the simplifying assumption
b. Check at end whether “x” > 5% of the original concentration

e If not, the simplifying assumption is pretty good
e Ifyes, the simplifying assumption is not valid and leads to some nontrivial error. In

‘which case you need to go back and solve completely (often involving quadratlc or
perhaps even wWorse).




Chem 210 J asperse Ch. 14 Handouts 8

Concept Exam lé: _Wh is the Simplifving Assum tion Often Justiﬁablé‘? 0. 20-x = P07

If“x>=" Then 0.20-x= _ M Is 31mpl1fv1ng assumptmn valid?
2x107 020 - 0.0000002 = 12944 Ly =00 Tes

2 x 10° 0200000002 =:199448 =00 i

2 x 10° 020 -0.00002= 010498 = Cgo  {#

2 x 107 0.20-0.0002=0. 1948 = OO “es

2 x 107 o 020-0002=0.19% = 030 o oS

2 x 107 020-0.2= C. 18 F 00

| ~Check at end. If x>5% of number, the assumption causes trouble.

| Problems | _
1. 1£0.10 mol of N>O4 15 added to 1L flask, what will be the concentrations at equ1l1br1um‘7 5
} . ) % .

C‘Q (.Ladz P”::{Jfl(“, ﬁ"ef)ﬂuwd _ N204 — 2N02 | K =0. 211 = ZNOJJ @K) |

Initial Rixtee 0.0 g o
iaf“ﬂ/ \ - x + AX

Eguﬂlbrlu i1l mf&fﬁﬁ; NEY X

Eqlifibriymoith  («l=,0504) 2% 050 .

SimphfVinDAssumy tion - audd"'&ﬁti X 2

Equilibrium: ' ' .

T ' A7, L{CZi M o2
[N2O4] U"-(‘:i' “* B

Nelli] ol 02 M

sk

T
2. Find final concentrations: - .
. + A
~ Initial Concentrations 020 0 O
Change - - . __w
Equilibrium 9.y X X
Eg'uil_ibriu_m with - . *
- Simplifying Assumption y O 7L X
Equilibrium: ' . N
Sl Wp/ 'F‘;} iy‘

/ﬂfu Wlﬁ“h cn |£ 60&»%/
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x>=1.0x10"

SO
- Not Easy!!!

6 Fmd final concentratlons given: Solution with and Without Slmphfymg Assumption PR
A == 2B + C. - K—zoxlog":[ﬁl [A
- Initial .. 0.20"' O O _ %N o0 . CA_\.(
Change — X Ay . +X . W
» | o 1T}
Equilibrium A K AKX X j : 67
Equilibrium with , 2x X
Simplifying Assumption '
With Slmphfvmg Assumption Without SlmphfvmgAssumptmn
. —-p | 2
ax10t- 1) x - Ax? 208 = () x
i A .;91 o s X
| - o= R T
@f‘oxlo'—q - L{xg “x(0 ---(21’(0 X = L'{/K
(X1 =y
f
Ny 3
- g
2 “(H’(O \
©= LOxo™
| DR 2 O x Vi
| (e3> 100 _
“—Solution Wil and Without Slmphfylng Assump‘uon - A ==2B+C - Ke=2.0x 10°
A ==2B+C | : | |
WithI 020 0 O Without (using .20 — x for [A] at eq)
C x 2x Xx
E 20-x 2x X ' (2x)% x
* CK=20x10"= =
E- 020 AR 0.20-x
G K—n0x108= @Xx _4x So 2.0x10%(0.20-x)=4x
- 020 .20 . N
_ ' - ' SO 4.0){10'9—2.0)(10"8){:4}{3
0.4x10°=4x" Easy
x=1.0x10" 43 +2.0x10%x—4.0x 107 =0
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14. 6 How Systems Respond When an Equlhbrlum is Disturbed. LeChateher S Prm01p1e
1. At Equilibrium, there is a steady state of concentrations. |
2. How does a system respond when an equilibrium 1s disturbed?.

L.e Chateliexr’s Principle: when a system is disturbed from equ111br1um 1t responds so as to reduce _

T e m e — — A

or counteract the effect of the change.
1. A revised equilibrium gets reestablished
“a. Usually the same K value must still apply
» unless the temperature is changed
b. But different actual concentrations result
* whether you added or subtracted a reactant, a product some solvent, or the

reverse d1rect10n (more products go back to starting materials) as needed to offset a change

Qual: If something extra is added, react from that side toward the other to 'remove some of it
If something is removed, react from the other side to replace it |

| LeChateliers’s Principle: Surhmary _

" A change in any of the factors that determine the equilibrium conditions ot a system will cause the
system to change in such a manner as to reduce or counteract the effect of the change.

“Factor that Changes | Direction of the Change | Direction to Restore
_ ; Equilibrium
1. Concentration N Reactant ' - Forward
| ' | A Product Reverse
2. Temperature N T,when AH>0 Forward K increases 4' '
' - N AN T,when AH<0 | Reverse — K decreases
3. Volume 4NV, when Angas > 0 - Forward
' , ' NV, when Ang,s = 0 1 ‘No eftect
A change 1n volume ANV, when Ang,s < 0 Reverse
impacts gas pressure.
An increase in volume
' reduces pressure.

[f you reverse any of the Changes above, the Direction to reach Equilibrium reverses

3'Faet0rs That can Be Changed' T Goals

1) Concentrations | Drestore Q=K
2) Temperature o i 2) offset change
3) Volume (which impacts gas pressure) | - |

L? w!r‘lf?i/l ?cﬂl{’f Wt’ m u@/w&’/
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Al ConcentratrorLChange Addrtron or Removal of Either a Reactant or a Product
b If you add (or remove) a chem, at that moment Q # K
/ 2 The system (and concentrations) will shift forward or backward to adjust Q so Q K

/ * NOTE: K value does not change
* many chemical ways to remove a chem (precipitations, acid-base, etc.)

- e L iy e
_ - A+B ==C+D 7 owyma\ du,/u/:hm
| o | Immediate Direction 1o - Response of: .
- |/ Disruption | ImpactonQ Restore Eq 1[A1 [B] [C] [D]
"Add A ' 1Q<K | Forward > R\ NN 4\
 [AddB la<ck L — VB
Add C A N e 2
AddD &vie e T 1 33
Remove & K7 K < A b
.RemoveB @?14 L 7\ f)‘\ \j/ d}
Remove© | @« ¥ — VAR i
Remove D ' Gue i —_—) \ \!/ 1\ /I\

B. Volurne Change: Only'Relevant' When Gases are Involved

1. When the volume changes, it causes a change in concentrations
e at the instant of change Q #K

* note: the actual K value 1s unchanged

ikl

2. Quahtatrve sense:
a. When the volume expands, you want to generate more gas molecules to fill it -
b When the volume shrmks you want to get rid of gas molecules so it isn’t too full |

3. Volume changes will only matter 1f one srde of the equa‘non has more gas on it than the
other

. 1f moles of gas are equal on both sides, volume changes have no impact

Disruption - Response
Volume Increase Shlft toward side with more gas
" Volume Decrease =~ Shift toward side with less gas

4. Volume and Pressure: A different qualitative way to understand why a system will respond
. When the volume expands, pressure 1nm’ses d €lireg ¢4 o
a. When the volume expands and the pressure drops, you want to generate more gas
~ molecules to fill the container and restore pressure
b. When the volume shrinks, you want to get rid of gas molecules to unclutter the
container and to restore the original pressure '
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Volume Example 3 ?5(5'? ,C - P f?é(.f s

' 2H, (g) + 02 (&) = 2H:0 (&)
Volume Change Direction to Response of moles of:
. , Restore Eq | 2Hz (g) + O2(g) ===2H,0
Increase A o+ g L ™ rk o
Decrease | —_— U U 7
Vo uige 1§ am/y Q t%tcteaf w ith el ’ amf M!}Jé’ﬂi Of/;é 9((5& l‘/m Uove 7@.{

C. Temperature Change

1. Vlew heat as either a reactant or a product

+han O\H*)é’t”

CAH>0 Heat is required, on Reactant Side
e AH<O Heat is produced, on Product Side
2. When the temperature rises, the system responds so as to remove extra heat
3. When the temperature drops, the system responds so as to replace missing heat

4. When the system shifts to the right or to the left i response.to a temperature change this
means that chemical concentrations change, too

Endothermic
Exothermic

43 A Temperature Change_s Causes a Changes in the K Value

e Because the Product/Reactant Ratio Changes

» AH>0 Rise in'temp —> shift to right > K rises

e AH>O0 Drop in temp -> shift to left 2> K drops
e AH<O Rise in temp > shift to left = K drops

e AH<O Drop in temp —> shift to right =2 K rises

1. Write in “heat” as reactant or product, and predict-the responses when temperature changes:

A ==B + heat

AH<O ’

Temperature Change

Direction to _ Response of moles of: Response of

Restore Eq A =18 K Value
Increase L N d, o
Decrease — il Tt -

2. Write in “heat” as reactant or product, and predict the responses when temperature changes:

et A =B
Temperature Change - - Direction to Response of moles of: Response of
. | Restore Eq A=—=B K Value
Increase —_— N A ™
Decrease S N W N
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3. Write in “heat” as reactant or product, and prechct the responses to the changes

4 gas I%I—?GLS );VH;

eat + Ny(g) +3Hy(g) = 2NH;(g) AH>O '

h 2(g) +3Hx(g) ==2NH;(g) [/Vgl\.l 1)
D1srupt10n ' Direction to ~ Response of moles of | Response of |
' ' Restore Eq No(g) +3Hy(g) ==2NHs(g) | K Value

1. Temperature Increase > . d/ o d/ - /J\ o /l\ '

2. Volume Increast . ' A T

s R T 1 b ine cnange

4. Removal of NHj3 _ i L L 7\ -

.5‘ Reduced temperature < . A 7\ J/ lL’

6. Added NH; _ = 1 4 —

7. Removal of N, = | 7~ 7% U -

8. Volume reduction L — | U ' d/ 7’\ | —

D. Addition Catalyst: Equlllbnum is reached faster, but the actual K value or equlhbnum
product/reactant ratios are unchanged

14.7 LeChatelier’s Principle on the Nanoscale. Sklm Equilibria favor more stable chemicals




