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[ Frozen N,O,4 sample is] [ Warmed N,O, dissociates J Colors stop changing, equilibrium

reached: rate of reaction
N,O,(g) — 2 NO,(g) = rate of
reaction 2 NO,(g) —> N,0,(g)

nearly colorless to brown NO,(g)

N204(g) ~— ZNOz(g)

Colorless Brown
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Forward reaction: N,O4(g) —— 2 NO,(g) Rater = k¢ N,O4]

Reverse reaction: 2 NO,(g) ——> N,04(g) Rate, = k,[NO,]?
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aA + bBB ——= ¢C
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N>o(g) + O,(g) —— 2NO(g) K=1x10"3°
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2CO(g) + 0,(g) === 2CO,(g) = 2.2%X10*

K Urunany dveanssieni/manianusunane iy
2BrCl(g) == Bry(g) + Cl»(g) K =35
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Initially At equilibrium

Na(g) + Oa2(g) = 2NO(g)
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Initially At equilibrium
280,(g) + O2(8) = 2S0s3(¢)
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Hy(g) + L,(g) <= 2HI(g)

K

(HIJ”

[H, |1, ]

TABLE 13.2 Equilibrium Constant for Hy(g) + 12(2) —= 2HI(g) at 427 °C

Experiment Concentrations at Equilibrium Equilibrium Constant
| H, | 5L | HI |
1 0.10 M 0.20 M 1.04 M
2 0.20 M 0.20 M 1.47M
3 0.30 M 0.17 M 1.66 M
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sURUUYRIAURUgasle b Adusiu (P) dusiusiy
AN (M) udins PV = nRT

P — Pressure AINUAY

V — Volume U311813 F) — ﬂ RT

n — number of moles F1uUlLA V
R - gas constant A1ANANG

T — Temperature qamgﬁ P I\/l RT
M = Molar (mol L) —
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N,04(g) == 2NO,(g)

NO, |2 v (Pyo,)”
N,0,] ’ o,
Tnesiluudn K, # K_Wils@nansamasdumiusla
K, = K(RT)*"
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K, =

ARYNUNIRU AN =2 -1 =1 .. K, =K.RT

*FUnNA AR UNsUlaU1N K, =K.
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PbCl,(s) —— Pb2+(aq) + 2 Cl (aq)

o PP’ et )2 K. = [Pb2][CI )2
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91U thermodynamics Waa activity = 1
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CaCO;(s) == CaO(s) + CO,(g)

11co,]
= K. = [CO,
K %PCOZ

= ht K, = Pco,
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aA + bB —= ¢C + dD
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MsiSeuiieuan Q (ssuudilainsauna)

Increasing Q —

0=0 Q=o0
(reactants only) K. (products only)
 «
| I S I
Q is less than K, so reaction proceeds - © 1s greater than K, so reaction proceeds
to the right, forming more products to the left, forming more reactants

Q < K szuvagiulitamtiuinnit audsauna
Q = K S8UUNIAUAALE"
Q > K S3UUILNUNGUNINNIT AUDIFUAA
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Henri-Louis Le Chatelier (1850-1936),5 (e ot

Le Chatelier \aa-uan-wma-a-19
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Water at equilibrium Stress as water is added to first tank New equilibrium established
Increasing rate of forward direction
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Tank A Tank B Tank A Tank B Tank A Tank B
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Initial equilibrium Substance added Equilibrium reestablished

M+ — R — mmtll =—

Substances react



Partial pressure

navaensiyl H, adluluszuuiiauna

N»(g) + 3 Hp(9) =—— 2 NH;3(g)

Initial | H,added {/ Equilibrium
equilibrium : reestablished
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[Co(0H,);I** + 4CI- == [CoCl,]*~ + 6H,0

el fn HCL USunau CL mwmuavmuﬂg‘jﬁ%m -

InAL AgNO,  Usunew CU fanasazfuUfAse

*AeCl (s) pARENDU
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Pressure

Initial volume System shifts
W to direction of

fewer moles
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[CO(UH2)5]2+ + 4C1- — [CUB|4]2_ + BHzn




[Co(OH,);1>* + 4Cl- + heat =—— [CoCl,]*~ + 6H,0

Tui%au WY heat WU UARSe1azfulugantn =
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NAYBIRIIUNNIEN (catalyst) Aa K

Uncatalyzed reaction is slower

[B]Eq

Transition states

T Catalyzed reaction 1
E Catalyzed reaction has proceeds more rapidly ba
] lower activation energy —
= J =
A Time —-
=~ K= [Blu/[Ale, = same for
- uncatalyzed and catalyzed
Reaction pathway reactions

A FIGURE 15.14 A catalyst increases the rate at which equilibrium is reached but does
not change the overall composition of the mixture at equilibrium.
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aA + bB ——= ¢C + dD
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2. duuseansvesaunisiaiinasnanl K gnmieg1agy

H,+1, = 2HI K, = [HIT
[H.100.]

R [HI]*
2H, +21, = 4Hl K, = H LT
2 2

Kz = Kl2




3. R guannIsnaunean1eiuy a1 K Tndagidudiunauresaiay

2
2NO+0, == 2NO, K, = [chz]
[NOJ'[O, ]
2
INO, = 2NO+0, K, = O [022]
[NO,]
1
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wiriunanasen K luujiisendes
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2+ — 2+
Clpg T4Ng==Cuy + 2N,
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Magdlangdineany Ko

lunisaanedvasing N,O, nudnieszuuisaunalal K, = 0.133
Lay ANUAUNIY N,O, WU 2.71 atm 23n1AuauNIw NO,

N,O, (8) —2NO, (8)
P 2
K = —>2 =.133

p

Pro’ = K,(Pyo) = (0.133)(2.71) = 0.360

Pro, = V0.360 = 0.600



fvgnlangiiednu K, waz K
Mnnsineufiseinisiindiag nitrosyl chloride 7 25 °C

ONO(g) + Cl,(g) == 2NOClI(g)

Prno = 5.0 X 1072% atm
PC12 — 3.0 X 10_1 atm

IATUIUNAIAN Kp LAy KC



ONO(g) + Cl,(g) == 2NOClI(g)

K = PNOC12 _ (1'2)2
P (Pno ) (Pg) (5.0 X 1072)%(3.0 X 107)
= 1.9 X 10°
K, = K(RT)™ An=2-02+1)=—1
An
l

Kp _ K(RT)—I _ £ K = KP(RT)
M = (19 % 109(0.08206) (298)

R=28.314JK!mol™
o = 4.6 X 10

R = 0.08206 L atm K mol™!




Aegglanginednu K wag Q
lunsdauasevinenluilon 25 °C wuhilAasiiauna 6.0x107

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

v wgUgisenazgnaulunslalunsdldsaluil ielvssuuingauna

Y

:NH3:0 = 1.0 X 10_3 M, [N2]0 = 1.0 X 107> M, [H2]0 =2.0X 10_3 M
:NH3:0 = 2.00 X 10_4 M, [Nz]o = 1.50 X 10_5 M, [H2]0 = 3.54 X 10_1 M
:NH3:0 = 1.0 X 10_4 M, [N2]0 =35.0 M, [H2]0 = 1.0 X 10_2M




maFsuisua Q (szuudslitivauna)

Increasing Q —

0=0 Q= oo
(reactants only) K. (products only)

| I 55 I

Q is less than K, so reactic

PL |
to the right, forming more DI

1s greater than K, so reaction proceeds
> left, forming more reactants

Q < K szuvasiiuldtramiinanndt audsauns
Q = K ssuvdsaunaua?

Q > K szuuaghunauuinnii aunsauna



System has too
much product
System 1s at
equilibrium
System has too
much reactant

Shift reaction
to the left

Shift reaction
to the right

0<K 0=

K 0>K
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N,(g) + 3H,(g) ==2NH;(g) K =6.0 X 102

a. [NH3]0 = 1.0 X 10_3 M, [N2]0 = 1.0 X 10_5 M, [H2]0 = 2.0 X 10_3 M

0 [NH;]> (1.0 X 1073)?
N, | ,[H,],> (1.0 X 107°)(2.0 X 107%)?
=13 X 10’

Q > K S2UUILHUNAULINAT FUDIENAA

N,(g) + 3H,(g) <— 2NH;(g)



N,(g) + 3H,(g) ==2NH;(g) K =6.0 X 102

b. [NH3]0 = 2.00 X 10_4 M, [N2]0 = 1.50 X 10_5 M, [H2]0 = 3.54 X 10_1 M

- [NH;),* (2.00 X 107472
N, [H,]> (1.50 X 107°)(3.54 X 10713
= 6.01 X 1072

Q = K syuuisaunauay lignaulufiemiale



N,(g) + 3H,(g) ==2NH;(g) K =6.0 X 102

c. [NH;3]p = 1.0 X 107* M; [N>]o = 5.0 M; [Hy], = 1.0 X 107> M

- [NH3)y> (1.0 X 107%)?
(N, J[H ) (5.0)(1.0 X 1072)?
=20 X 107°

Q < K seuvagiulUt1amtinunnnii audsauns

N,(g) + 3H,(g) —> 2NH;(g)
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A9 NNITATINLINUAUA LA
H,+1, = HI

Tuniwugdn 10 dm3 ffgassialiil 0.20 mol H,, 0.20 mol 1,
9z Uudaunanal aelmaknazvilnmiile

lng T=440°C, K_=49.5
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1. paaumsiailliisuiesnauisa
aH,+1, = yHI
o (alpha), #(beta), y(gamma) =?
2. WYUALNITEUNS
[HIT

K. =

[H LI ]

H +1, = 2H
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K. =
[H, 111 ]
- 0.20 mol

H.l= —0.02mol -dm~

[H] 10 dm?

(L] = 0.20 mcg)l =0.02mol -dm™®
10dm

[HI] = 0.00 mol -dm~°



MI519UTS ICE (Initial-Change-Equilibrium)

3. @39eNTNANINtWYesasyndy H, +1, = 2H|

[H, ] 1,] [HI]

Initial

(1SUAL)
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¢ — [H1]°
" [H, 111;] 2x =7.03(0.02 - x)
2x = 0.14—7.03x
9.5 (2%)°
(0.02—x)(0.02_x) | 2¥+7-03x=0.14
(2 )2 9.03x=0.14
X
703=_ 2%

0.02 - X
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Tunsaanedmvaing NOCI wuanilaseuuieaunawa?

K =1.6 x 10°a1kd NOCI 1 mol lunwuy 2 dn5 2amAu
LUUTUYBIEATA N NFN 1L EUND

2NOCl(g) ==2NO(g) + Cl,(g)

NO J’[Cl
k — NOII 22} = 1.6 X 1072
[NOCl]

1.0 mol
Noct, = = Omf ~050M [NOL,=0 [CL], =0




TunauwsnUug lUNNan A9 SeuuNVTU UM U

2NOCl(g) ==2NO(g) + Cl,(g)

2NOCl(g) — 2NO(g) + Cl,(g)

2x —> 22X X
2NOClI(g) s 2NO(g) + Cly(g)
Initial 0.50 0 0
Change —2X +2x +X
Equilibrium 0.50 — 2x 2x X
s [NOF[cL,] (2x)%(x)
K=16X107 = 22 =

INOCI]?  (0.50 — 2x)?



INOP[CL] —  (2%)*(x)
INOCIP?  (0.50 — 2x)?

NI ENANSIS 19 aanan X5 X2 way X

K=16X10"° =

wilsaunsavanidustymitlalasnisilatiiesann K dan
tegnn virlnugnsesiuluganuuintses (WEnsdueitag) A1 X
AazuAtasuINIuIaunsaazulain

0.50 — 2x = 0.50

s (20 (20 A
16> 1077 = (0.50 — 2x)*  (0.50)>  (0.50)

1.6 X 107°)(0.50)? |
x3=( 4)( )=1.0><10—6

x=1.0X 1072




Fanenrulainn1susuna Ul LU AR o AN LT UYDIE1T A
aunnun Qunsaidenaiuna 4% , NOCI 0.50 vs 0.48 M)

2NOCl(g) — 2NO(g) + Cly(g)
Initial 0.50 0 0
Change —2X +2x +Xx
Equilibrium 0.50 — 2x 2x X
x=1.0 X 1072

0.50 — 2x = 0.50 — 2(1.0 X 107%) = 0.48

[NOC1] = 0.50 — 2x = 0.50 M
INO]=2x=2(1.0 X 10°M) =20 X 10°M
[CL]=x=10X10?*M




LUURNTRDNININgsevinued...good luck!
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