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Iepiinyn

» Xnukn Ieoppomia
v’ Xrtabepéic K, ko K

» llapdryoviec mov emmpedlovv 11 BEon ¢
YMUIKNG tooppomioc-Apyn tov Le Chatelier

v emidpaoT TNE CLYKEVTPMOONS TOV YNUIKOV
OLGIOV

v enidpoon e Oepprokpaciol
v enidpoon e mieonc
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N,O,(g) = 2NO(g)

N,O,(s)
20 N3O4(g) —> 2NOy(g)



2VYKEVTIPMOGOELC KO YNULKT 100pPOTTid

» Activity: NO, - N,O, Equilibrium (activity
15.02)
» Activity: Chemical Equilibrium (activity 15.04)



2LVYKEVTIPMOELC KOl YNULKT 100pPOTTLd
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Xtobepéc Xnpuuis Icoppomiag K, kot K £ J

» Toyvtnro e avtiopaonc Ko YNk 1coppomia .

» Nouoc Apbdoenc tov Malmv (NOHoc Tov
Guldberg-Waage)

» Activity: Equilibrium Constant (activity 15.05)



AGKNGELS

» No ypopodv 01 6TafepES YMNUKNC 1GOPPOTIOG
TOV TOPOAKAT® OVTIOPACEWDV

2 O3(g) 3 Oyg)

Ag+(aq) + 2 NH3(aq): 2 Ag(NH3)2+(aq)

2 = - . ==
Cd +(aq) + 4 Br (aq) —~ 2 CdBI'4 (aq)



2To0EPA YNUIKNG tlooppomios, K.

» MéyeBoc otabepdic ynUIKNC 100PPOTIOG

» Av K>>1: 1 0éon e X 1. efvon petatomouévn
TpoG ta 0eCLd. Ta mpoidvTa LTEPIGYVOVY TV
OLVTIOPDVIOV

» Av K<<1: 1 0éon ¢ X.1. eivar petoromopnévn

TPOC TA OPIGTEPQ. Ta OVTLOPOVTO VITEPIGYVOLY
TV TPOTOVTOV



2To0EPA YNUKNG looppomiog, K

Reactants — Products

(a) K>=>>1

Reactants — | Products

(b) K <<1 5
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N,+3H, =—= 2NH; K,= —
N, ]x[H, ]
N, Jx[H,]

[NH, ]
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1/2N, +3/2 H, === NH; K.=

K =K.

[INH, |
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AL000YIKES avTopaoelg Kot K

H']x[HCO]
H2C03 p— H+ +&_ Kcl I[ ]X[ 3]

|[H,CO, ]
+ %3_

H,CO;

[H']x[CO ]
[HCO;]

+12 2=
2 H+ == C032- KC — [H ] X[CO3 ]
[H,CO,]

H"+CO;> K, =

.

(K, = HIX[HCO,] [H']x[COy ] _[H'Jx[COT] _ .

KC = C
1 [H,CO,] [HCO:] [H,CO,]
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AocKnon

» Alvovtol o1 TopoKdTm yNuIKec EEICMOELC:

: + = = 4
HF o= H @9 * ' ag K¢ =6,8x10

H2C2O2(aq) = ) H+(aq) =+ C2042_(aq) KC2:3,8X 10-¢

» No vroAoylotel 1) 6Tabepd YMUIKNE 1GOPPOTLOC
K. ¢ mopaxdto aviiopacng:

2_ =
2 HF(aq) + C204 (aq)‘— 2 F (aq) -+ H2C204(aq)
> Amnévinon: K =0,122
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Etepoyeviic Xnuikn lecoppomia

PbClys) === Pb*" () + 2 Cl'y K =[Pb2*]x[CI]2

CaCOy() === Ca’’(4q) + CO3* 4y K =[Ca?*]x[CO,*]

CaCO3(5) == CaO, + COyy K =[CO,], Kp=P¢q,
= _ _ _ [HO"]x[HCO;]
HyOq) + CO3%aq) === HO'(aq) ¥ HCO37q) K. = [COT)

» O1 6VYKEVIPWOOELS KODUPDV OTEPEDV KOL VYPDV
YMUIKOV 0VGIOV 0€V cuumeptiouavovtorl 6TV

EKQPOOT TN 6TAOEPAC TNGC YNUIKNC 1GOPPOTTHLOC
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CaO CaCO, Ca0 (aCoO,
{a} (b} 16



AocKnon

» No ypopodv 01 6TafepES YMNUKNC 1GOPPOTIOG
TOV TOPOUKAT® YNUIKOV OVTIOPACEWDV:

COyg) + Hyg) === CO(y) + H,0O,

SnOz(S) + 2 CO(g) SII(S) + 2 COZ(g)
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AGKNGELS
> Yooatiko otdivpa o&ikov oEEog (CH;,COOH)

otovg 25 °C Bpénke OTL TEPIEYEL TIC TOPAKATO
CLYKEVIPMGCELC GTNV KATACTACON TG YNULKNC
1GOPPOTLOC:

v
v
v

» No. 3

CH,COOH]=1,65 x10* M

‘H*]=5,44 x10* M

CH,COO-]= 5,44 x10* M

pebel | oTabepa yMUIKNG tooppomiac K
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AGKNGELS

> 'Eva Kletot6 ovotnua mepiéyet 1x10° M H, ko
2x1073 M 1, otovg 448 °C. Metd v
OITOKOTACTOGT TS YNUIKNG 100ppoTtiac Ppebnke
OtTL 0710 doYeio mepteyovton 1,87 10 M HI. Na
Bpedel n otabepa ynukng tooppomiac K.
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AGKNGELS

» 2e KAeloTo doyeio Oykov 1L tomobetovvron 1
mol H, xat 1 mol I, stouc 500 °C. Na Bpgboidv
01 GUYKEVIPMOGELIC OADV TOV YNUIKOV OVCLOV
GTNV KOTAGTOON TNG YNUIKNG 1G0PPOoTTioC.
Atveton 0t1 K =9 otovg 500 °C.
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AGKNGELS

» 2e KAeloTo doyeio Oykov 1L tomobetovvron 1
mol H,, 1 mol I, kon 2 mol HI otovg 500 °C. Na
Bpebovv 01 GLYKEVTPOGEIC OA®MV TOV YNUIKOV
OVGIMV GTNV KOTAGTAGT] TNG YMNUIKNG
iooppomiac. Atveron ott K =9 otovg 500 °C.
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Apyn tov Le Chatelier

» Ilapdyovtec mov ennpedlovv 11 B€om ¢
YNULKNC 1GOPPOTLOC:
v’ GUYKEVIPDOOELS YNIUKDOY OVCLOV
v’ Bepurokposcio

v tigon (LOvo yia aéplec ynUIKEC oVGiec)

22



Apyn tov Le Chatelier

» Av &vo c0OoOTNUO GE KOTAOTOOT) YMNUKNC
16oppomiac owtapoydel petaarroviac
Oepuokpactia, TNV TeEoN 1N TN CLYKEVIPOGT TOV
YNUKOV OVGIMV TOL GLUUETEYOVV GE OUTH, TOTE
n 0€on TS YMUIKNG 1Io0pPOTTLOC LETATOTICETOL
TPOo¢ TNV KaTeLOLVGON EKElVN 1] OTTOLN. TEIVEL VAL
OLVOLPECEL TNV EMPEPOUEVT] LETAPOAN
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Emiopacn T GLYKEVTIPOGTG

» Av évo ymukod cvotnua Bpioketon otnv
KOTAOTOG™ TNG YNUIKNEC 1GOPPOTLOS KOt
TpocHEGovE Lo YUK ovcia (E1TE AVTIOP®V
elte mPoiov), TOTE 1 ovTiopacn Bao LETOTOMIGTEL
(OGTE VO OTOKATAGTOOEL EK VEOL YMULKN
1GOPPOTLN, KATOVOADVOVTOC LEPOC TNC YNUIKNG
ovGioc N omoia TPpooTEONKE.

» Avtifeto, oV 0QoIPECOVE L0 YNLIKY OVGia, N
avtiopoon o LETATOTIOTEL TPOG TNV
Katevduven GYNUOTIGUOV TS OVGIOC.
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Eniopoon tnc ouyKEVIP®ONC
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Emiopacn T GLYKEVTIPOGTG

» Activity: LeChatelier's Principle
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Eniopacn tnc Oepuokpacioc

» Movie: Nitrogen Dioxide and Dinitrogen
Tetroxide
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Emiopaon tnc Beprokpaciog

EFFECT OF TEMPERATURE CHANGES
Almost every equilibrium constant changes in value as the temperature changes. In an endothermic reaction,
such as the one shown, heat is absorbed as reactants are converted to products. Increasing the temperature
causes the equilibrium to shift to the right and K to increase. Lowering the temperature shifts the equilibrium
in the direction that produces heat, to the left, decreasing K.

Co(Hy0)s** (ag)+ 4 C1™(ag) = CoCls*~ (aq)+ 6 HyO()

. *5*
a'lc* .-

At room temperature both the Heating the solution shifts the Cooling the solution shifts the
pink Co(H;0)s** and blue equilibrium to the right, forming equilibrium to the left, toward
CoCl2™ ions are present in maore blue CoClg?". pink Co(H,0)2*.
significant amounts, giving a 28

violet color to the solution.



Eniopacn tn¢ mieonc (LOVO yio aEpLa)
» Animation: NO2 - N204 Equilibrium
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Eniopacn tn¢ mieonc (LOVO yio aEpLa)

LE CHATELIER’S PRINCIPLE
If a system at equilibrium is disturbed by a change in temperature, pressure,
or the concentration of one of the components, the system will shift its
equilibrium position so as to counteract the effect of the disturbance.
The equilibrium shown is N,Oy(g) == 2 NOx(g).

An equilibrium mixture of The volume and hence the pressure are When the mixture reestablishes

brown NO(g) (red) and changed by moving the plunger. equilibrium, the color is lighter than
colorless NyOy(g) (gray) held Compression of the mixture that at the beginning because the
in a gas-tight syringe. temporarily increases the concentration formation of NxO,{g) is favored by 30

of NO,. the pressure increase.
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