UNIT II: CHEMICAL EQUILIBRIUM

L Introduction:

¢ PE diagrams demonstrate forward rxns. do have the Pﬂf’j@;'b)l/f}] /. _ofreacting in a reverse rxn.
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* Possibility of a reverse rxn. occurring depends on certain factors such as: (a) ’f Zg,{[@ﬂcf - of the
products:

(b} Energy available for a
FoARY S rxn.
(c) Changes in the
UHARIEN S of the

system.

¢ When all conditions are mét, and kept ffv;{ Qtz H f _, then the rxn. has the ability to
“ o Ce s S ” between forwayd and reverse infinitely - This constant forward and reverse
reactivity is called FOoLiL i

* Chemical equilibrium exists due to 2}/’ il ;‘g( factors as well as p/{/ 1507 77
factors such as _ S A TROPY ] Y

Il What is Equilbrium?

(Dynamic) Equilibrium: When observing a systern at equjlm',ﬂthere areno _ JNACHH 500 changes
in properties, but )} ,f’ﬁ”{(j@‘/ﬁ}({?//fé / ) properties are constaﬁtly changing.

¢ Macroscopic: visible, or measurable properties, such as colour, temperature, pressure, etc.
* Microscopic: atomic or molecular level properties.

Example: N,Oy ) - 2 NOy

colourless brown
(a) Gas tube at room temperature: ey b‘f 2
(b) Gas tube in hot water: i ,-;gﬂf] (kB
fc) Gas tube in cold water; e/ V) 18 S )
(d) Expected colour at equilibrium:  / ¥ ,f'],;;gﬁgz,

Conclusion: This rxn. is ?}/[#J%Ef}ﬂg’/c.




Tme () | HATEpmas | RATE e, [A] (Bl
1II. Conditions for Equil™: ? 3222 2222 ;ﬁ zx
2 0.180 0.084 0.360 0.840
Examgle.’ A — B, where [A] inital = 1.200M 3 0.132 0.094 0.264 0.936
{B} mitial = OOOOM 4 G113 0.097 0.226 0.974
5 0.105 0.099 1210 89.9890
] 0.142 0100 9204 0.986
Rate Graph: 7 0,101 0.100 0.202 0.998
8 3. 100 0. 100 0.201 0.999
g 0.100 Q.100 0.200 1.000
o'b “ 3{}1 ; ‘ 0 0.150 0.100 0,200 1.600
_u%c ,Et“( u"[}'ﬁ’t Tene {min) HATE (et RATE pame [A) B
11 0.100 Q. 160 0.200 1.600
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e 13 0,142 0152 0.284 A6
RME " T 14 Q.147 D150 o294 1.506
0.1 - ) 15 6149 0.150 0.297 1,503
/ 18 0.150 0.150 0. 4 1.501
17 0.150 {3150 030D 1.500
18 0.150 0. 1503 0.300 1,500
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AS a system reaches equil™ . Svstem AT equilibrium:
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NOTE:
1) Systems containing solutions must be saturated for equil™ to exist.

¢ Saturated solution: a solution where the max. amount of solute has been dissolved in a
solvent,

2} Systems containing must be closed for equil™ to exist.

IV.  Whyv Does Eqguil"” Exist?

forces /{ fd{}‘i e it.

o [t energetically mukes sense that f-mff"fﬁ ZY¥FIC. rxns. will spontaneously undergo a reverse
TXn. to attain an equil™.

o Burwin can SOME exothermic rxns. also want to attain equilibrium?
o nd windo some endothermic rxns. also happen spontaneously”?

Example:

Spontaneous endo. Rxn.: Cold Packs

2 NHSON,, - Ba(OH)r. 8 HyO,, = Ba® iy, + 2SCN g + 2 NHa + 10 H:O )

Exo. Rxn, that Form Equil™

INO, + Cliyg 2NOCly, + 76 k]

o+

Aside from energetic factors. the other factor driving equil™is SN TROPY

Entropy: The degree ot‘__f;“//.fgf*‘;;(z;if/r/gf/fﬂ/%% in a system.

All systems ol the universe IL?{"}{",?"‘/ a state of dis-order or chaos.
MOST RANDODM 4 » LEAST RANDOM
Guses Solutions Liquids Solids
(Q% );

In General: there are two factors which “drive™ any rxn.:

1) Energy (H): vuns. favour the side with i1y energy { Exothermic side)
2) Entropy (5): rxns. favour _ U7X, entropy. The more disorganized the state,
the better.

1!"&‘&

These two factors must work in for equil™ to occur:

Example: 2 NH.SCN,, = BatOH), . 8 H-O,+ 152k} 27 Bahmq, + 28CN 4y + 2NH; . + 10HO 4,
-7

e Enuopy (AD) ;fa-vcwi'v prectucts Enthalpy: ( A} - Prefars factan S
e Conglusion 4;’/{”; Z*T )



A
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Example: CHi = 2021 7 COz + 2HO + 394K
e Entropy: { AS) fﬁlfhfﬁmﬁ I f/,z’d{,:m;fh‘g
+ Enthalpy: (AR JANEITS precicts
e Conclusion: ?@L{MI?

X
Example: 1 Au = 302 162 kJ;.L_' 2 AuaOs g
e Entropy: ( A5 fﬁzﬁ%lhﬁ 1 CHUE
o Enthaipy: { AR): fagﬂtﬁﬁ r?d[‘fﬁﬁfﬁ
o Conclusion: N& vyl ( e o jy reyAsE X n, el B)
;

S
s

Example: (ﬂjHj!g“ - ZClz(g} ? (CHClyy + 386k}

Entropy: (A6> /ﬁl S TAUC f(lll f:g
Enthalpy: ( AR :J%wéé“(g) [:}}ffiHCﬁS
Conclusion: gﬂfxuﬂ "—W

*

Evample: NaOH,,, ?Na’(uq, + OH'(yy + heat
Enropy. (AS) TGS PITAICES
Enthalpy: (AW) AU PIECES
Conciusion: (7 f (ELEIEN.

Example: 2Coy + 2Hag 2 CiHag  AH= 120kJ | |
Enwopy: (AD) QWD peactaits (At ‘7 gaa ve 1 oiE of g2,
Enthalpy: (AW AU 181 iis
Conclusion: —{Jpy . (GR GAlY revete i)

S

Evample: Py, - OHag 7 4PHay, + energy
Enropy: (A%) {ANEUID rAacis
Enthalpy: (AH) feur precticts
Conelusion: %ﬁm! -

JF A—
-
7

Evample: Clo. + 2HL, 7 Lg + 2HCly, + heat
Entropy: ( A‘fj) fav@u‘rﬁ Vel ?‘CL{'HTJ o

f*”’fw/ g

Enthalpy: (AH) QU™ pEucts



V. Factors Affecting Equil™ & Le Chatelier’s Principle

Equil™ can only exist if all the desired conditions are kept constant. If one or more conditions are altered.
qu p

equil™ is lost. HOWEVER,"the system shifis towards reactant or product side to attain a new equil™ in
accordance to Le Chatelier’s Principle.

Le Chatelier’s Principle: When a jf‘é’ o5 is introduced to an equil™ system, the rxn. will
S ugt soasto__JZJlfh.  thestressand _ [/ f{7Fi .

anew equlf <

A. Change in Temperature:

1) If temp. 1s decreased: system will shifl to create [HAE heat — _ZX[1ITHER £iside. k o,
2) Iftemp. is icreased: svstem will shift i from the heat source. - ZADOTHELLIC, <1t s

Lxample: 2NO ., + Cly = 2NOCly, + 76kJ
»  Decreasc lemp j(w His //yfﬂ{{f!/‘/
e Increase temp. j&{&)ﬁﬁf‘) (’?{Z(’fﬁfﬂ/ﬁ,

Graph of Rxn. as Temp. 1s Decreased:
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Example: 1y ~ Clyy, <+ 21ICly, AH= 35.0k]
e Increase temp.: ‘ﬂ%‘fi’i{f"é P}Zﬁdé(ﬂl}ﬁ
(CTY&F{LD Decrease temp.: j)ﬂf/dﬂfﬁ e ?LQ#Z%S




B. Change in Concentiration:

CAUE that species [ ].

1} When [ | of a particular species is increased, rxn. will shift to

@

Example: 2Ha e =2NO , *+— % Ny + 2 H;0

¢ Increase (NOJ: /fdﬁ'ﬁwﬂ? W'af/é

e Decrease [H:]: f[{,ﬁ’ﬁ”‘é f?ﬁ[ﬁﬁlﬁ%(

Graph of Rxn. as [NO] increases
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Faaniple. 2 NO o = Clagy » 2NOCl ) + 76K

e Increasc [Cl:] fﬁtf o P}’{Kﬁf[hﬁ)
@Y&P&.)o Decrease {NOCH: .{/;;:wga,f‘f; ﬁﬁ(fé’/{f!&f‘)

0] I

C. Change in Pressure:

yvfrf"mf}’]f ), will increase [ ] of é[ {_ _gaseous species

An increase in pressure (OR decrease 1n
present.

1) If pressure is increused, rxn. will shiftto %/ f;[{(jz? _the overall pressure of the system - This
is accomplished by shifting to the side with the /}Jlﬁt number of molecules.

Evample: 2CO ¢, + 02y +— 2C02n * 566 kl
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¢ Increase Pressure: (’fjﬁli 0
e Decrease pressure: ',«;;ﬁgi IS //(zzd* ;f.'ié? ﬁ?’,‘fv
o ¢

Graph of rxn. if pressure 1creased: . .
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D. Addition of a Catalvst

Catalysts {-ﬂ LAl 555 the rate of rxn.

e . : : gV E T
1) Inanequil™ system. introducing a catalyst increases }13_’1 % . the forward and reverse rates of
rxn.equatly. As aresult, equil™is  pAF disturbed.

Exumple: CH.OH | - CH.CH.COOH,;, *————* (CH,):CH,COH

cat. H"
* Addiuon of acidic catalyst: no change on equil™. Only change is the Lo - Rate will
increase overall. (Time needed to reach equil™ will be /{M{frg.f?/f“/_ ).

Application of L.e Chatclier’s Principle in Industry:

The Haber Process: Dunng WW, Fritz Haber needed a way to mass produce amnionia so that he could
convert to nitrates for explosives.

Nllg} T+ 3 P]:lg) B 2NH3[E) + 92 k}

To get highest yield. he needed: (a) j:{'iﬁf‘*f/lf%/ pressure
tb) __[Jer¥éiae,  temperature
(¢) High  #yl72i 1 frvof either reactants
(d) High temp. is needed to have faster rate of rxn. But this compromises
condition (b) — Solved by using ('}fjf/‘]//,}l%f

This process is still used 1oday 10 manufacture ammonia for agricultural purposes.




VI. Ouantitative Analysis of Equil™: The Equil” Constant - K.,

Since [products] and [reactants] are [ Yarih @fﬂ{{f‘ @ equil™, we would expect that the
2/ 10 between thém 10 be also constant.
aA+bB ¢cC +dD
>
Ratio = [Product] [C]¢ (DY
! = b = Kfq
|Reactant] {A)* [B]

Equil™ Constant (K.,) : gives the ratio of {product] to
[reactant] ar a given condition.

LY N . it L
(a) Large K., large amount of 1;7}[{3[([ ;[‘) present. =» fiél( - j&b’fﬂﬁ :jﬁmﬁﬁi bXn.
(h) Smm’lh \ {‘,53'1{7 amounfofproducts present

| NOTE: ONLY J’i/}’l’iﬁiﬂz%ﬁ/ /<. can change the value & /«@@

e

and ,fft’ u//,g?///g{b do not take part in a K, expression because they have a

fixed f;f gﬁ-z ,,zfg; herelore £ fixed 2
— -
HailF]

M (aP i) - C32+ tag} + ZF-(aq) :? /‘{?ﬁ; Ry

-

Fxample: ) Broyy + Hapy € 2 HBr o = f‘/“’(tl [Hﬁfj

2) A liquid is considered pure IFF it is the only liquid which exists on both sides ohﬂe equation. If two

liquids are present. they f [[{7‘”,,, one another. thus changing the overall 1 . In
this case. the hiquuds ar LO]'!bldcled for K calculations.

CH:.COOH T Cls (2)  — CHW,COCH: m 1 HCE{g}

A. Equil™ Calculations:

‘{ 1) Equil” Concentrations Given:

Example: A 2,01 bulb contains 6.00 mol of NOa (g, 3.0 mol of NO y and 0.20 mol of O ) at equil™. What
is Ko, for this rxn? 2 N0 F O «—» 2 NOz (g

e 2
o Determine the K, expression: a;% = MLM}Q__:.( _______ I
: L)\J[’ [Ox
o  Culcnlaie [ ] of each specie:
WQFfﬂﬂH
SRy
NOT= C (0
o Substiture imo K, oxpression) Z [y 02 - ! 1 -1
/ Koo - @;Qﬁ_ﬂ e = ACKIC M
- -
b sy (0D v

o lluit o K L5
wsially wot v .



2) Finding Equilibrium [ | Using “ICE" Table:

Example. 4.0 mol of NOs is introduced into a 2.00L bulb. Afier 5 minutes, equil™ is
attamed according o the equation: 2NO g + 025, > 2 NOs,. At
equil™, 0.500 mol of NO is found. What is the K., value?

o K., expression: LNC 127
N0, 1

Interpreting the Probient:

- The system wus at cquilibrium whena  “ff<4<  was introduced — The stress is

T Y ND2 ] :
The FoVerae rxn. is occumng since we have 2.00 M of the product initially.
ihis means that NO-willbe /777 /il . over ime - The change in [NO-] will be
Henative,
- The red‘gtdnts are being tormed over time — The change in [reactants] will be /Q‘Ljiﬁf//,
All changes in | | must obey /}’r// {ff;ff A proportions, /

Since K expression uses only the equilibrium concentrations of the species. The [ Jequum of the remaining
species can be found by using an [CFE table.

2 NO + O, < » 2 NO,
Initial (where is introduced): o O 2. DM
Change{How svstem ﬁ;fﬂm w stressy: + (0,750 M + 0, 1251 = 0.050M
Equil™: (new eguilibrium: DQ%DM 0125 1 0.15 M

o Determine K., vaiue:

Kap= - (l.?’)H)z 4
v Basony (g, lzbﬁ)

Example: A 1.0L rxn. vessel contains 0.750 mot of CO and 0.275 mol of HyQ. Afier 1 hr., equil™ is reached

according lo: €O, ~ HO,,, +—* CO, + Hs (- Analysis shows 0.250 mol of CO»
present at equil’". What is the K,,?

CO{@) + H,?,Of%} = (}'le'a.» ¥ H&(%}

L O3stM o951 C & K%: (92‘505 {02500

@C -0.00H 020H 025+ 0.050u (.O'SETOM)(D»DQSUH)

|E Oston oozson O 0 2spr ] S 5.0
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Example: At600.0°C. the following equilibrium occurs: 2 BrClg, < Bryg *+ Clug
At this equilibrium, the [Bry] = 0.752M, [Cl;] = 0.235M and [BrCl] = 1.25M. Ifan
additional 2.5mol of Br» is introduced to the reaction vessel, what will be the new

equilibrium [BrCl)”  ( [.OL contdingr Y - « tame Kog becauy o 1SMP Eiliray

\ (L\.Q‘S'HT oD -

) (0.235-x) (3,252 - X))

,2[§rCﬁqﬁﬁ&?’ Eﬂjﬁy v szz%> © s AR, O

%@ﬁl L kX A4.2% canpet werk
bicause o weild give
(- (rpektnrhong

;, X = [)l‘/\—g

S e = 19S5+ 2( 04
EMQ[ N}(g; + 3 Hju —— ENHMgI L E‘)[(k’.&%%i{lt ! ( >

_ Vg
At a certain temperature, 3.0mol of Na, and 3.0 mol of Ha put into a 5.0L bulb. \Af) M
equilibrium, [NH:} = 0.073M. The system 15 t {o reach equilibrinm. Once that has been

attained, an additional 0.0imo] 15 introduced, determine the new [Ha].

125 M G520 0.735H
g ey, Ve D7
C2oaE

>
L o
;(o

e e e T T et

- X - %

I

(.25 ¥ 22 (Bas2-x>  (0.235-xD

[

O T

3) K., Valueis Given:
1 t

Example: A certain amount of NO, was introduced into a 5.00L bulb. When equil™ is
reached. [NO] was 0.800M. If K, is 24.0, how many moles of NO2 was onginally
put into the bulb?

2NOg + Oy > 2 NOzy,

d [NO] edinlm - U-SUU \1
. [Nol]am‘,.tk =%



2NO, + 02 y ’ 2NO

I: C N O %
- Y - 09000
(gfoﬁaﬁ

-2
LI S e 393 (Bt (a1
) % D28M « 5,01 - W, 4wt NC"L

Example: K = for2H-.,, + Sw, 2 HaS (). A certain amount of H,S was added to a
204 ﬂdbl\ and ulowed to reach equil™. At equil™, 0.072 mol of H; was found. How many
moles ol H>5 were originally added to the flask?

DMt Bugy = Dy 5. (0036
\o0 O > (0056 (009

Crloat +O.08M  -0.0%0 -+ * %= U049 ({31 <t

| ¥ J ¥ DC%IL{F{ QOC‘L = [E(quﬁzg{ H ;
E GO0 C.0%M (x, - C[b{g) ; X 9

' 4) Predicting Rxn. Shift (o Reach Equil™: Trial K., (Q)

Reaction Quotient (Q): ﬁ]l/ﬂ K., value” for a chemical equilm
Tellb €5 the ratio of [product] to [reactants] at that pomt in time.

1) If Q=K system “at that point in time” equals sytem at equilm.
Therclore. equtlm. exists

D Q>K.: Then: [products]
[reactants] 1s too high: Rxn. Shifts towards t’”{ﬁ(ﬁfﬁ f/% )
3 I Q< Ky Then: [products} J

W

i

{reactants] is too low: Rxn. Shifts towards [ }Fy ,2'[1_’[:' A




Example: 2NO g + Oayyy &> 2 NOqp Ke=49

72,0 mo! of NO. 0.20 mol of O, and 0.40 mol of NO; are put into a 2.0 L bulb, which way
will the rxn, shifi i order to reach equilm?

o  Calculate [ ] of ull species:
Noal= O, 20M (0. = (L 0M NOJ= |, [

o Caleulate the O value, the value of “equilibrium™ at this moment:

(O, ;2,5&1!,5_. . 040

o Compure the Q with the real Ko value:

« < l"(% o e wrldl "[////f et ieds /?}“ff(.f{z{f [o ﬂfzf

I %?zfml"iz




