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.CHQ'HUL 17 Chemital E?uhhm

Most reactions do NoT go fo Completion. — wnlike The reactions we hare looked

| ot s foar.

Most reactions aftoin. o stite of chomucal equilibrium. cmostng of seme
rixtune of reactamts and products. ese are colled revensible recuchons -

Exampe: CH;COOH (ag) + HOU) == HsO'(ag) + CHsC00™ (o)
or in Wci foums
Av B e Cr D (ol cmpmd o gt
= meano e reaction s reveasible
- both the ﬁvww\d and reserse rachms octun sumultaneously
~"weko»ed\w~im1,wm : A+B fams C+D ot
te same e 05 C+D famo A+ B
This is o dynamic e%mﬂéfulwm swnee induwiduod motecudes arne
reacting Yo fum Sthen moliculss  even. Hovgh no
Change in Composifum. aun be  Seem.

H we put equol econhations of A ard B only info o, veasel, and
]Gllow He emeontatims of A, B C,D wth fure  wersee T '4/[0“./1;)'\(]

NATomd !
e IL (cl and (D]
Coneantiachne |
(M) | (Al and [B]
mel c1,(d] :
+Hime — N ot this tume e%mhk\,u" e 18 established
and e%w.ﬁhhm -Ewms e -(:rwwdun of C,D

If we standed with equal emcontiations of Comd D, we end up wth The

some. Situadime of equuddilim

€L

b e e s ———— e —

(a1,LB]

|
|
|
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l
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, , ke
lets emsiden 0qain A+B == C+D

5 one-skp mechangn

Rote = k.;: [A]EBJ
where ke is ﬁv‘ww\d e emotant
Rita = k. (cI(D]

where Ky is revtrse e eonotnd

whmﬁemno{mﬁ'u»aadread@\&e%udbﬂerﬂlo{#z
revesse reachon ,  The reaction isoieszdLMmm

-~

2 the forwand reaction :

ﬁ, he revesse. reacthon

RAKW = R& revenmse
ke [AILBT = k., [cI[D]
k| (eI
Ke = ¥ Talce]

Ko s the EQWLIBRWM CMSTANT with all product and
reactats in Conontohm. wrils of MY/l < M.

In more Gervial Heums, reg ardless of what the mechamism is

Considen,

oA + bB &= C +dD
d d
K. = (c1 D]

(AI*(8T°
Nefe: subsbmees i sdud (s) or Kctis derived -ﬁsm &(p.Mlme/n:faﬂ date
W‘ L) woited . . .
KO~ oy Pm% :Md WM(% it o ‘f/%modymmuc %wwz, and
cubstontis oue m%lu.dl.d o ol dp,Pmiwd mly on emperatune
Exampleo (Pe] (C1al
1, Pus‘ (CD 2—_—-) PCJs @') + C»Q.a(Q) I(c,z fPUS]
NH 1%
A Nl @) + 3“3_(3) 2 2 NH3 (9) Kp_" [-’51'&—[33‘:&3

3.

Cugo® (ot
H N @+ 5 0@ @ 4NOg 6 Kol K TR
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. -
Not: if a reachon is wrien. backwands 3 K.' =

Ke
. (Peis]
e PUh@+ Chep = PUs @ Ke® oIm,]
.4
Ke
Queohon:  What is K. o the ]@HOW‘Q?
v (PO T [oLT?
2P0 @ &= 20y 2 PUs K= PO
’(kkjl

‘Examp(n.: A 2 likr sample of an eguilibiusm. muctine fom . veachon.

systom QTQ.WWWWM fo condnin
PCl ¢ O, 344 mol

‘Cll . O- )?‘2 I“OI
PClg « 0.056 mol
Colodote Ko wing the rmchm. Pls 2 PU; + O

Kc’ : Cpus]fuz] O.344 mo\)( 0.132 mol

— = 2L Al
(PCs] (0.05¢ ma
2.4

0.52%8

|
For thes revmnse reachon, K. = &Ko = L%9

The magnifude of Ko is a measune of the exdert of the reackion. .

£ Ko » 1 oiec«u&bm , mest of the reactants howe feen
tmundkd o produch

£ Ke <« = o Wx‘m, most of He reactarts axe
unreocded and there are very LtHe,
products
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‘Example . The demposition. of PCls to Cly and PCly woo sthdiad of

- adfent Yemppatuie.  One mole of PCls was put in o 1 liken
contosmer and The syslom wao allowed fo reach egwldtium . AL
eamwéuﬂhm 0.60 moles  of PCl wao preaent in e confainer. Lobat
Is the egudibriwm emotant at Thio Yemporatune  (Recall K, is fomctum
o]C WQM).

at f{me_=O | mole e) O
af t= te I= 0.60 mol 0.L0Omd  0.60 mol

At eguliorium we found O.0mot of PlUs. To gef Thio, we
lost 0.0 met of PCs.  We abo gaimed 060 motio of (l,.
Thise calcudohmo ons based on He Sfozchéme‘h«/ of e reactin..
CPesTCCs]
(PUs ]
O, 60 mol .
( T )( O‘L‘E"—‘Q')

O.HO mol
(=)

'-hewl(c=

]

= 0.90 (houmits)

Exanple : At o quen dempocdue ,  ©.80mel Ny amd 0.90 mof Hy wene
seolad in o | 4 contminer At Wuum 0.20 mol NH; wao preasnt.
Caledate the equulihuivm constnt | Ko, 15 Thio reachon at Yhis Yemperadu
(Work Un mol /L = M)

Ny +3H, S ZNK
t=0 O.80 mol/.  0.90 mol/L. O
Chamge/ ~O.00mlt  ~0.30nk/L  +0.20 met/L
t= teg 0.%0 -0.lo  090-030 Q.20 mol/L
O.70md O bom%,
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_ INsT?
K = TNICHT

(o]

(et

n

= 0.2b5

Example:  The equlbrium crolnt 1 He fllowing kackm. s 300 o a.
quer frmpuatune.  If 10O mol of SOy gud OO mol of NO, ox
put tfo o 2.00 L contoumer and allowed Jo reach eﬂ»&bbh&m\,
what is the emesnhadinn. of each crmpound ot equilibricmm..

SO, o+ No, &= So; + NO

o =0 1.OO mol 1.OO mol @) O
qtt=+g% 100 ~x. 1.00-X X X
becowse oll reactosds and products hare
Stoichiometic coddlitiond = |,
where X = numbea of moles of SO5 + NO ﬁm«d

To solee : K. = LNOT(S0s]
[S0, 1( NO, ]

- (E)(a sohe 1 x and dircds b 2
(FE)(5%) fo gt conconadin.

We can wnk. fwwd«wklj( in Contomhatip unids :
So, + NO, = SO, + NO

.00 LOOmd
t=0 aL “G5M = O O

t*—teg O.5-g 0.5-9 y Y °£ S [‘*NO
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_ LNOJLS0s]
KC T [S0,1 ENOQ_J

- U
3.0 = {0 S-y)(OS-q)

\F" |

133 = —O?:'L,—
(05133 =y
0.8bb - 133y~ y
O%6b = 2,13%
= 0317 M = cmanhahons of NO, SO;3

]

05-y = 0I8B M concnhahons of SOz, MOy,
0.3+

TL‘L °/odluuw(:;’o.h‘lwo—tSO.,L %ﬁi" L00 -_-L-L-xmo— -6—5—:— xw00= 3.4
Example - The equildnium, cnotart o ‘/‘/\e. followrg reaction. & 24.0.
I l , we have 0.00 moles o—f C and 020 mele of) Dina 2.00L

Coduiner. What ana The ﬁmal cmenhodions of A, B, Cand D¢

A t B = C + D
OOt ,20ma
t=0 0 0 I C030M 5t oloM
t =ty ox X 0.30-x 0.10 -x.
sinte. The storduometic codbitionds of each product and
reoctmt = 1. cadfitionds of exch pro
CclCD] , |
Ke = TAICEB] | Reomangirg,
- 2 o
(0.30-x)X0)0 -X) ; O=23x% + O40x - 0.030
AH.0 = X2 |
t  Now,we cam Solut.
| 0.030 - O.40x + X* ;
|
|
\

M = O00-040xr+ >
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c%,uadm:h‘c, ecauod-('ar\.: ax? + bx +¢ =00
* \Jb2-Hac '

A x = 20‘
- InHe exampl =040 * | (DA0YT —H (23) Coon
X = 2(23)
= 04O £ | 7]
A4l
= -0, d 0.028
//1%"}’6 amn
IMPOSS | BLE
fhert is no such
IY\ a9y oo

V\eqo&we) coneenhation,

w {a]l= (B8] x= 0028 M
[C,] = 0.3—I= O-Q?‘Q‘M
] 61-x= 0072 M

Reacton. Quotint , Q

Considon. This veaction. that may or may ot be at egulibzium
aA + bB &2 cC + dD

(31t o1

Q= (AT (81 we (Al (BT fC1, (DT e not mceumih.( He

K the gl is of e I
K e anount of products excee wlvai they sheuld be ot

echw-wrw,m poduch WL fun inte veactands
an sySm opproacks eqpulcb it -

Q<K e amount of reactamts exceed (_NQ-%)\_QOJ(&%%) okt
they sroutd be dccaudm “ reachmts wnld

T il producte as He sylim oppronches

CWMN .




| $-8

I e veol werld, situothons are very ronely at e%wwwh. Knowv'm? Q
and whot K should be (e cam get K by Rnowung 2g° for Te reaction)
will Ul us if a sysm is ﬁr ﬁm\ e%wbbmw»\

,Excwnpter Hyp + In@ = ZAHI K.=H9 at 450°C

In o confoumer we mepsune 022 M = {H_.L}[IJ avd [HI}= O.bb M

s the syslim ot e%whbuwm?

(HII* (ObY* N
Q= MMl - (02022

Q< K., = to appoach e%udm,
we undll lose H&,I;L ard C]Mr\. HT
the. frwand reachm. will ocan.

Eﬂdﬁﬁwmmwms oi‘e%whhwm—
H, + I, == 2QHT

of t=0 0.22 0.22 0.bb
of t= 1'% 022 023 O.bb +2x
(0.bb+2x)*
, Ke= 49 (0.22-X)*
fakung ¥V o bath sides
| O.blb + >
7 o2n-Xx
94 - Zx = O.bb + Ax
9x = O.8%
x: O.098 M

oo (1= [ ]- 0.22-0.098 = 012 M
(HI] - obb +2(0.09)< 036 M
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Le Choteliers Prnciple

If o stuss is applied +o o sysTom in W, the eguulihrium is
e Stress.

shified in The divechion that relieves

Faclors ( stresses ) the offect E%MJ.LM

® ckamcaxw in cmneeonhodion
we know that oo Jmg as The femprodun 1s comobnt, K il be conotant .

Covsiden Mot Lo =2HI(@
_ ad®
Ke (Hy ][ T ]

if Hy s added by Vnwaai/rq cmearhatim (1§ partial presswe)
mere. HI wll be ﬁw\e.d oand Srme I, w0 Jost.

if HL is added, more Hy and I, uill fe fmed .

if HL s removed, the syslm. wdl moke mow NI BVCM\(WQ

N, ewd T, + HI

whotentn L\a,pp-w\o, e syslear wld addMoT .v'(oelf So ao fo kEep
Ke o conotant value (ao )th a0 T is Crnotant).
(f example, noxt poge)

@ Chamgeo in Volume by Changumg Toll prussi .
Bo?lu'\ Law sows PV, = PV, ofcntant T a0 P inndaco

V decrgnass.

Consden, L NO; @ <= N;LO:; C),

N, O
Ke - ENOgi

I we Inovam He fofud pesswe by decoasing volume , e side with.
the least ¥ mobs of gao is ﬁomed ond - e NyOy &

i we decwse the ol prssuwe by mnasirg volume, He sid
Witk the. most # moles of qeo s ﬂ»m&d and

“ mee NO, ﬁ\/w.d
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jEXaW\PhLL E-F{(LT of CGY\C%"’LO.‘I'Ibm d\amqe oh e%whﬁ'm :

._,TL\Q }QJEMS)(M wao ollowed Yo veach eﬂwhﬁuu/m i o 1.00 Lk
. chosed contaimer. At Hhio fune, The amourk of each substne wer

. found : A, 04O motes ; B, 04O medio ; C, O.80 melso. [Ohat ane
MWMW%M!W of A, Band C when 0.60mebus of C an
. oddhd o The syslom. |

Ap + Bg = ACgq
t= +4% 040 M O4oM O.50M

;Wc hawe enough mfdmnﬁaw‘b codendate K ¢
_ e (osor
Ko™ ThIC8] = 00> = 4

:0 when 06O ma of C oue odded fo The syslim., ut/%mﬁmk%fdm
principle, Fhot W&Wwdi,sh#‘bymm reactarts + we wll lose
some of the C we addd.

A + B = 2C
out of

t=4+, O4OM O.40M (080 + 0.60)= IH M  equildnium
t=tog +X +X -Ax
foul u.cmc®  0H0vx 040 +x 14- 2
12.
Soludv\q @r X ¢ K r J (\Oq,.‘oof;_))o.
14 - 2x |
L= o4o+x . [AJ=(81= 040 +x =(O55M
0.80+ Ax = 1Y -2x (= 14-2c = IO M
Hx. = 0.b0

x = O.l5
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©) Cl\oungzo in fempmatwne. < Kois d\cvvng\q)
The odfect is dewrmuned by the AH enctgn s whfher o reactim
s exotfumic or erdothrmic affects which duechm Yhe

equdiiuum will SAFF  when heat i added or resngued
The S)/S-@n. ( heat heat [ke ancthn P)oiud mrcadvvd‘)

exotfirm i
Crnsiden 2 SOa_(c]) + O, ) — 2503 AaH=-198 K
+heak
(+ 199 kT)

This is am exothermic vaackm.
- if He demppratun is uncwased , heat ik addkd to e s)5Gm.
and more reactasts mﬁmed.
it the Yorperatun is decwvased, heat is resmoved ﬁm\ TN
and e products ana frmed.

The opposite 1s e ﬁ an endoThovmic veactm.

@) Idroduchon. of o cotalyst
A codolyst decnacwes e otkwation. ergy , Ea, of beth fhe
fowand amd the vevuse. reachon e%uM

<o &k dows NOT offect ec&mhhiwn\— only The volte ot which
WWN‘IS reached.

Exomxplo.'- the Hober Proewo. Ni@ + 3 M, @ & 4 NHy+ 9ART
AH=-92 kT

e%wlpln&v»\ wll be sl«i{;kd
<«

() Inreowe |

(B nowose P (by doansing V) —
© w\‘{'wd«uumq Pt codolyst no chamge
D e mee H, inbo systm —s
(€  remove NHz fiom syslom —

® lowen, T —




Exﬁa@
* Tn dogth. duscussion. of why  volume. and Jempmodune changts offect
pisliia,

Facke 2+ Chargesinvolume do not affect Te valua of Ko, but they
do chamge The cmcantadin, of Ke qases

Cose 1 : “Ngas # O eq ANOL @ = NpO¢(9 2Vigay = |-2= -1
K¢° [NJ_O‘J

——————

[NOJ2
let us cadewdade @ fo e syslim. ohom. Volwrme is }\odﬁd
Notz: f Yhe volume is halved, Concontiatun. is deubbsd Il
_ [QXNQ_OI 2,[“2_04] - 1
Q= [axNo:]“ " WLNoT T EKe

Q<K and e%udnh% will skiﬁ‘ o 7€Pm. Mo products
This resudt a#f}w\s conclusion, ade eandia s when volume s decreased

e%ubb.&u;umwﬂ shdft +o ﬁum side wnth fewee melws of gas.
Cose 2 Anqw =0 g Ha@ + Ia(q) = QHI ) AHW’-‘O
CHrl*
Ke= il
\§ we calolate Q whem volume & halved  (cmeanhahm, s dotdo(o.cf)
(2x urg* A .
Q= anIr Ll - A haml - Ko sgbms il o
Q%\-U.b.h'z_um\.

Fodor 3 Ckcunqes in teinpnatue DO offact Y value of K.

What we learned wan a %{_,ch_gg way of Yellirg hovo da/r?w n
empenotung o.H,ecI Ke uswq The valua of 2H.

Example - NH; o) + H0U) =2 NH, +(o.%) v OH~@8) AH= 439 k2




Exto (D)

we rtmember thot NH3 () is o weak base , - in Selubion, MHs reach
wik HyO only 8“71\1’(4’ T ]Gbm NHq*(ag) end OH'@g)

[N HyJEow]
+ Ke = C‘;‘Wsl s o smoll number + infact = 1810 at 25°C

How does Ko chamge with Jempmatue ¢ This relatunship squven.
by Yhe vond Hoff Equatin.
% o (5T
log ™, = 2303 R\ T,
Let wfind K ot 90°C.
Ka ) +39x10° T ( 363~248

To= 90+3%3
= 3b3

log( L¥x1075) ©  2.303% 8314 Fiyk | 363298 T = 251213
o T O - /K
Lgx10-5 = 1.32b

Ko = 24x10°% = K, >K,

S K?K  omd there ane mere Proclu.cl') ﬁum,d of e MM bvnpucdu&
Our %»idaje Loy
heod + NHzogd + HOW 2 NHq" @ + OH’ 0 “H- +3q
= dempuadoe s oused, heot s addid, mew producy o ﬁmzd

yow?l;\{o In %meml the efjuct of Jempratue deponds on Sign of #H + sign of (=T

No‘i{sﬁd\'ﬂg lf A H ('[3~ T) }\CWQ« SN, 5\ Ioa (-,-2‘-) IS ‘POSI‘{W{, E\>l K;.? K

— £ ~H, (5T) hae opposil s:?mo lo%( Y5 rgafve, , 41 K, >K,
WECALL é‘? - . .
gsl !v i AH f(WdO'ﬂWC)MTT)MOM%%
Y oAl AT as T ¥, mae reochals
logx o l——p—— - Ot avmes
:2.:’}!‘1’ U’i[w“ AH"‘(Q)XO‘W\W)QATT) meove. veoctont
S L TR
-0% —— edo Vomt Hoff @2 1 Y, Mo );*D

- 1O — EC&UD.‘HON AL
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-OTher Re presemtotions of the €gmmm Cmstant
T Kp . The pressune @,uhﬁ'uum Conotamt

In the laboatory, 't is offn more cmvenient fo menours panhal presswes
tham eoneonhahons of gases.

We knem : P

Consider oA + bB = ¢ +dD whre A, B,C, D = gases

(P (R whese P s in, odtm.
e " RT(RY sty
E)(OJV‘AP(Q‘. CGY\S‘((JQP Na (q) + 3 L’&(‘i) P> QNH‘; (?)
(Pru,)*

K =

P (PN:.)( PH:.>3

Now, we have defewmined K, ﬁa Thio veachm aso well (look back i nole, )
ch doeo KP relofi ‘o H(‘.

PR
K (Cukal x RT) siee P= MRT

(CNI%RT)((H,1%RT)3

- [NHIY " _(Rll
(NJ[K TP (RTY

K. (RT)™?

W

In general Ko = Ko (RTY ™

L adm L don
where Ris fnqaass 0.0821 ik °r bAN wark
Ah.qw = mcﬁoo‘kq&ow Predmlz - %abemw

reackands fn balanced equation,



