
 

                       

 

 

 

 

 

 

At equilibrium:    rate forward = rate reverse 

 

 إعداد

 د/َٕز انٓدٖ عجدانٕدٔد شٚداٌ

 انًجٛداتكًٛٛبء ٔسًٛة قسى أسحبذ يسبعد ث

 جبيعة كفس انشٛخ - كهٛة انصزاعة 

 الأتزان الكيميائىتابع  

Chemical Equilibrium 
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 إَٔاع الأجصاَبت انكًٛٛبئّٛ

 

 

 ثصفٗ ػبِٗ ٕ٘بن ٔٛػبْ ِٓ الأرضأبد اٌى١ّ١بئ١ٗ :

 

 

 

 

 ٚ٘ٛ ٠ش١ش إٌٝ أْ اٌزفبػلاد رحذس فٝ طٛس ٚاحذ .

Homogeneous Equilibria: Reactants/Product all in a single phase. 

Or 

Homogenous equilibrium applies to reactions in which all 

reacting species are in the same phase.

N2O4 (g) 2NO2 (g)

Kc = 
[NO2]2

[N2O4]
Kp = 

NO2
P2

N2O4
P

In most cases

Kc  Kp

aA (g) + bB (g) cC (g) + dD (g)

Kp = Kc(RT)n

n = moles of gaseous products – moles of gaseous reactants

= (c + d) – (a + b)

 

 

 ٌٚٗ لغّبْ: 

 

 

 

 

 أيثهّ :

What is chemical equilibrium?

Chemical equilibrium exists when two opposing

reactions occur simultaneously at the same rate

2Hl(g)               H2(g)+I2(g)
 

 

 Homogeneous  Equilibrium الأجصاٌ فٗ الأَظًّ انًحجبَسّ -1
 : 

 

انغبشّٚ الأجصاٌ فٗ الأَظًّ انًحجبَسّ -ا  
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N2O4 (g) 

2

EquilibriumEquilibrium

We’ve already used the phrase “equilibrium”
when talking about reactions. 

In principle, every chemical reaction is reversible 
... capable of moving in the forward or 
backward direction.

2 H2 + O2 2 H2O

Some reactions are easily reversible ...

Some not so easy ...

 2NO2 (g).   

 

 

 

 

 

N2O4 (g) 2NO2 (g)

Start with NO2 Start with N2O4 Start with NO2 & N2O4

equilibrium

equilibrium

equilibrium
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constant

 

 

 

 . ٔانعلاقة ثًُٛٓب Kp بثث الاجصأٌث Kc ثبثث الاجصاٌ   

 

 

 ٠ؼجش ػٓ رشو١ض اٌّٛاد ثبٌّٛلاس٠خ ح١ش Kc ٠شِض ٌضبثذ الارضاْ فٟ رفبػلاد اٌّحب١ًٌ اٌّبئ١خ ثبٌشِض

[...] 

NaCl (aq) + AgNO3 (aq) = AgCl(s) + NaNO3 (aq) i  

 

ح١ش ٠ؼجش ػٓ رشو١ض اٌّٛاد ثبٌضغظ  Kp وّب ٠شِض ٌضبثذ الارضاْ فٟ رفبػلاد اٌغبصاد ثبٌشِض

  P اٌغضئٟ
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 فٝ ِؼظُ اٌحبلاد ٔغذ إْ:

Homogenous equilibrium applies to reactions in which all 

reacting species are in the same phase.

N2O4 (g) 2NO2 (g)

Kc = 
[NO2]2

[N2O4]
Kp = 

NO2
P2

N2O4
P

In most cases

Kc  Kp

aA (g) + bB (g) cC (g) + dD (g)

Kp = Kc(RT)n

n = moles of gaseous products – moles of gaseous reactants

= (c + d) – (a + b)

 

 

 : ٚاٌمبْٔٛ اٌزبٌٟ ٠ٛضح اٌؼلالخ ث١ّٕٙب

Kp = Kc X RT 
(∆n) 

 

 . اٌّزفبػٍخ ػذد ِٛلاد اٌّٛاد -( = ػذد ِٛلاد إٌٛارظ n∆  ح١ش )

 

Homogenous equilibrium applies to reactions in which all 

reacting species are in the same phase.

N2O4 (g) 2NO2 (g)

Kc = 
[NO2]2

[N2O4]
Kp = 

NO2
P2

N2O4
P

In most cases

Kc  Kp

aA (g) + bB (g) cC (g) + dD (g)

Kp = Kc(RT)n

n = moles of gaseous products – moles of gaseous reactants

= (c + d) – (a + b)
 

 ٔنكٍ جسٖ عصٚصٖ انطبنت يٍ أٍٚ جبءت ْرِ انعلاقّ ؟

Relationship between concentration and pressure obtained from the 

ideal gas law.   

Recall PV = nRT 

aA (g)+ bB (g)

2

EquilibriumEquilibrium

We’ve already used the phrase “equilibrium”
when talking about reactions. 

In principle, every chemical reaction is reversible 
... capable of moving in the forward or 
backward direction.

2 H2 + O2 2 H2O

Some reactions are easily reversible ...

Some not so easy ...

 cC (g) + dD (g) 

 

 

 

 

 

 

 

 

 

   
   

 
 

    n

c

badc

cP

baba

dcdc

ba

dc

b

B

a

A

d

D

c

C
P

RTKRTKK

RTBA

RTDC

RTBRTA

RTDRTC

PP

PP
K













)()(

][][

][][

][][

][][
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 ٔنُأخر يثبلاً فعهٛبً َٔطجق عهّٛ ْرا انكلاو ٔنحكٍ انًعبدنّ الأجّٛ :

Equilibrium Law for Gaseous Reactions

 RTGasP

RT
V

n
P

nRTPV






For gaseous reactions use partial 

pressures, P, to give an 

equilibrium constant (Kp)

 
  

   
      

 
  

 

  ng

c

HN

NH

HN

NH

pc

RTKKp

RT
HN

NH

RTHN

RTNH

PP

P
Kp

PP

P
K

HN

NH
K

gNHgHgN




















2

3

22

2

3

33

22

22

3

3

2

3

2

3

22

2

3

322

  RT

 OR  
 

)(2)(3)(

22

3

22

3

 
Equilibrium Law for Gaseous Reactions

 RTGasP

RT
V

n
P

nRTPV






For gaseous reactions use partial 

pressures, P, to give an 

equilibrium constant (Kp)

 
  

   
      

 
  

 

  ng

c

HN

NH

HN

NH

pc

RTKKp

RT
HN

NH

RTHN

RTNH

PP

P
Kp

PP

P
K

HN

NH
K

gNHgHgN
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)(2)(3)(

22

3
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Equilibrium Law for Gaseous Reactions

 RTGasP

RT
V

n
P

nRTPV





 For gaseous reactions use partial 

pressures, P, to give an 

equilibrium constant (Kp)

 
  

   
      

 
  

 

  ng

c

HN

NH

HN

NH

pc

RTKKp

RT
HN

NH

RTHN

RTNH

PP

P
Kp

PP

P
K

HN

NH
K

gNHgHgN




















2

3
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2

3
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22

22

3

3

2

3

2

3
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2

3
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  RT
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)(2)(3)(
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3
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 أكحت يعبدنة ثبثث الأجصاٌ نكم يٍ انحفبعلات الأجّٛ :
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N2O4 (g) 

2

EquilibriumEquilibrium

We’ve already used the phrase “equilibrium”
when talking about reactions. 

In principle, every chemical reaction is reversible 
... capable of moving in the forward or 
backward direction.

2 H2 + O2 2 H2O

Some reactions are easily reversible ...

Some not so easy ...

 2NO2 (g).   

 

Homogenous equilibrium applies to reactions in which all 

reacting species are in the same phase.

N2O4 (g) 2NO2 (g)

Kc = 
[NO2]2

[N2O4]
Kp = 

NO2
P2

N2O4
P

In most cases

Kc  Kp

aA (g) + bB (g) cC (g) + dD (g)

Kp = Kc(RT)n

n = moles of gaseous products – moles of gaseous reactants

= (c + d) – (a + b)

 

 

 

 حطجٛقبت عهٙ الاجصاٌ انغبش٘ : يٍ أْى ان   

 

 

 فٟ ػ١ٍّٗ ٘بثش ٌزحض١ش الا١ِٔٛب ٠ىْٛ وً ِٓ اٌّٛاد اٌّزفبػٍٗ ٚإٌبرغٗ ِٓ اٌزفبػً غبصٞ
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 ِبرا ٠حذس إرا ػىغٕب اٌزفبػً؟

 

 

 

 

 

 

 يثبل :
Homogeneous Equilibrium

CH3COOH (aq) + H2O (l) CH3COO- (aq) + H3O
+ (aq)

Kc =‘
[CH3COO-][H3O

+]

[CH3COOH][H2O]
[H2O] = constant

Kc = 
[CH3COO-][H3O

+]

[CH3COOH]
= Kc [H2O]‘

General practice not to include units for the 

equilibrium constant.

 

Homogeneous Equilibrium

CH3COOH (aq) + H2O (l) CH3COO- (aq) + H3O
+ (aq)

Kc =‘
[CH3COO-][H3O

+]

[CH3COOH][H2O]
[H2O] = constant

Kc = 
[CH3COO-][H3O

+]

[CH3COOH]
= Kc [H2O]‘

General practice not to include units for the 

equilibrium constant.

 

 

 انسبئهّ الأجصاٌ فٗ الأَظًّ انًحجبَسّ -ة
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ٚ٘ٛ ٠ش١ش إٌٝ أْ اٌزفبػلاد رحذس فٝ أوضشِٓ طٛس ، ثّؼٕٝ ٚعٛد ِبدٖ صٍجٗ أٚ أوضش ثبلإضبفٗ إٌٝ 

 اٌطٛس اٌغبئً أٚ اٌغبص.

 

 Heterogeneous Equilibria: Reactants/Product in more than one phase. 

 ِضبي :

Heterogenous equilibrium applies to reactions in which 

reactants and products are in different phases.

CaCO3 (s) CaO (s) + CO2 (g)

Kc =‘
[CaO][CO2]

[CaCO3]

[CaCO3] = constant

[CaO] = constant

Kc = [CO2] = Kc x‘
[CaCO3]

[CaO]
Kp = PCO2

The concentration of solids and pure liquids are not 

included in the expression for the equilibrium constant.

 

 

solids do not 
change their 

concentrations

CaCO3 (s) CaO (s) + CO2 (g)

 

Heterogeneous Equilibrium   ٌفٗ الأَظًّ غٛس انًحجبَسّ الأجصا  



 10 

 

PCO2
= Kp

CaCO3 (s) CaO (s) + CO2 (g)

PCO2
does not depend on the amount of CaCO3 or CaO

 

Kc = [CO2]  

 

At equilibrium, [CO2] does not depend on [CaO] or [CaCO3]  

 

 . انُقٛة ٔانًٕاد انصهجة ( لا جكحت فٙ قبٌَٕ الاجصاٌ حسكٛص انثبثث ) انسٕائميلاحظة : انًٕاد ذات ان

Heterogenous equilibrium applies to reactions in which 

reactants and products are in different phases.

CaCO3 (s) CaO (s) + CO2 (g)

Kc =‘
[CaO][CO2]

[CaCO3]

[CaCO3] = constant

[CaO] = constant

Kc = [CO2] = Kc x‘
[CaCO3]

[CaO]
Kp = PCO2

The concentration of solids and pure liquids are not 

included in the expression for the equilibrium constant.
 

 يثبل أخس :
Heterogeneous Equilibria

(involving more than one phase)

   
 

  
 
  CK

CONa

NaHCOK
OHCO

therefore

Lmol
L

mol mol
NaHCO

NaHCO

CONaOHCO
K

gCOgOHsCONasNaHCO









32

2

3
22

3

2

3

3222

22323

 
 

/7.25
0778.0

2

0.0389L

1
   :examplefor 

constant a is substance of  volume theto

 substance ofamount   theof ratio  thesolid, of liquid pureany for  :BUT

  

container) sealed a(in 

)()()()(2
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 لا رؼزّذ ػٍٝ و١ّبد اٌّٛاد إٌم١ٗ اٌصٍجٗ أٚ اٌغبئٍٗ اٌّٛعٛدٖ . الأٔظّٗ غ١ش اٌّزغبٔغٗ حبٌخ فٝرْ إ

 أٔظش اٌشىً اٌزبٌٝ ( :)

Concentration of pure solid or liquid constant! 

 

 

 أكحت يعبدنة ثبثث الأجصاٌ نكم يٍ انحفبعلات الأجّٛ :

2H2O(l)  2H2(g) + O2(g) Kc = [H2]
2
[O2] 

NaCl(s) + H2O(l)  Na(aq)
+1

  +  Cl(aq)
-1

 Kc = [Na
+1

][Cl
-1

] 

C(s) +O2(g)  CO2(g) Kc = [CO2]/[O2] 

H2O (g)  + C  (g)   H2 (g) + CO (g)   
 

Cu (s) +2Ag
+
(aq)Cu (aq)

2+
 + 2Ag (s) 

  
 

CaCO3 (g)   CaO (g)   + CO2 (g)  



 12 

 

 أيثهّ يحهٕنّ

 

 

 ْأوزت صٛاثذ الأرضاKc   Kp ,   : ٌٗىً ِٓ اٌزفبػلاد الأر١ 

 

N2(g) + 3H2(g)   

The equilibrium concentrations for the reaction between 

carbon monoxide and molecular chlorine to form COCl2 (g) 

at 740C are [CO] = 0.012 M, [Cl2] = 0.054 M, and [COCl2] = 

0.14 M.  Calculate the equilibrium constants Kc and Kp.

CO (g) + Cl2 (g) COCl2 (g)

Kc = 
[COCl2]

[CO][Cl2]
=

0.14

0.012 x 0.054
= 220

Kp = Kc(RT)n

n = 1 – 2 = -1 R = 0.0821 T = 273 + 74 = 347 K

Kp = 220 x (0.0821 x 347)-1 = 7.7

    2NH3(g) 

 

2HI (g)   

The equilibrium concentrations for the reaction between 

carbon monoxide and molecular chlorine to form COCl2 (g) 

at 740C are [CO] = 0.012 M, [Cl2] = 0.054 M, and [COCl2] = 

0.14 M.  Calculate the equilibrium constants Kc and Kp.

CO (g) + Cl2 (g) COCl2 (g)

Kc = 
[COCl2]

[CO][Cl2]
=

0.14

0.012 x 0.054
= 220

Kp = Kc(RT)n

n = 1 – 2 = -1 R = 0.0821 T = 273 + 74 = 347 K

Kp = 220 x (0.0821 x 347)-1 = 7.7

    H2 (g) +I2 (g) 

 

2SO2 (g) + O2 (g)    

The equilibrium concentrations for the reaction between 

carbon monoxide and molecular chlorine to form COCl2 (g) 

at 740C are [CO] = 0.012 M, [Cl2] = 0.054 M, and [COCl2] = 

0.14 M.  Calculate the equilibrium constants Kc and Kp.

CO (g) + Cl2 (g) COCl2 (g)

Kc = 
[COCl2]

[CO][Cl2]
=

0.14

0.012 x 0.054
= 220

Kp = Kc(RT)n

n = 1 – 2 = -1 R = 0.0821 T = 273 + 74 = 347 K

Kp = 220 x (0.0821 x 347)-1 = 7.7

  2SO3 (g) 

 

 انحم

The Equilibrium Constant (contd.)The Equilibrium Constant (contd.)

Examples
Write down expressions for the concentration 

equilibrium constants of the following reactions

Balanced chemical 
equation

cK

2 2 3N (g) + 3H (g)  2NH (g)

2 22HI(g)  H (g) + I (g)

2 2 32SO (g) + O (g)  2SO (g)

2

3

3

2 2

[NH ]

[N ][H ]
cK 

2 2

2

[H ][I ]

[HI]
cK 

2

3

2

2 2

[SO ]

[SO ] [O ]
cK 

pK

3

2 2

2

NH

3

N H

p

p
K

p p


2 2H I

2

HI

p

p p
K

p


3

2 2

2

SO

2

SO O

p

p
K

p p
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 : ٝفٝ اٌزفبػً الأر 

 

The equilibrium concentrations for the reaction between 

carbon monoxide and molecular chlorine to form COCl2 (g) 

at 740C are [CO] = 0.012 M, [Cl2] = 0.054 M, and [COCl2] = 

0.14 M.  Calculate the equilibrium constants Kc and Kp.

CO (g) + Cl2 (g) COCl2 (g)

Kc = 
[COCl2]

[CO][Cl2]
=

0.14

0.012 x 0.054
= 220

Kp = Kc(RT)n

n = 1 – 2 = -1 R = 0.0821 T = 273 + 74 = 347 K

Kp = 220 x (0.0821 x 347)-1 = 7.7

 

 

 ٘ٝ : ºَ 47ٚعذ أْ اٌزشو١ضاد ػٕذ الأرضاْ ػٍٝ دسعخ حشاسٖ 

 

 Carbon monoxide [CO]   = 0.012 M 

 Molecular chlorine [Cl2] = 0.054 M 

 [COCl2]  = 0.14 M 

 ؟   , Kc   Kpأحغت صٛاثذ الأرضاْ

 

 انحم

 

The equilibrium concentrations for the reaction between 

carbon monoxide and molecular chlorine to form COCl2 (g) 

at 740C are [CO] = 0.012 M, [Cl2] = 0.054 M, and [COCl2] = 

0.14 M.  Calculate the equilibrium constants Kc and Kp.

CO (g) + Cl2 (g) COCl2 (g)

Kc = 
[COCl2]

[CO][Cl2]
=

0.14

0.012 x 0.054
= 220

Kp = Kc(RT)n

n = 1 – 2 = -1 R = 0.0821 T = 273 + 74 = 347 K

Kp = 220 x (0.0821 x 347)-1 = 7.7
 

 : ٝٚعذ أْ صبثذ الأرضاْ ٌٍزفبػً الأر 

2NO2 (g) 
The equilibrium constant Kp for the reaction

is 158 at 1000K.  What is the equilibrium pressure of O2 if 

the PNO  = 0.400 atm and PNO = 0.270 atm?
2

2NO2 (g)          2NO (g) + O2 (g)

Kp = 2
PNO PO

2

PNO
2

2

PO2 = Kp

PNO
2

2

PNO
2

PO2
= 158 x (0.400)2/(0.270)2 = 347 atm

 2NO (g) + O2 (g) 

 

 O2 ( the equilibrium pressure ofوٍفٓ فّب٘ٛضغظ الأرضاْ ٌـ  8111ػٕذ دسعخ 881٘ٛ 

O2)   ْإرا ػٍُ أPNO2 = 0.400 atm , PNO = 0.270 atm  . 

 

 انحم
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The equilibrium constant Kp for the reaction

is 158 at 1000K.  What is the equilibrium pressure of O2 if 

the PNO  = 0.400 atm and PNO = 0.270 atm?
2

2NO2 (g)          2NO (g) + O2 (g)

Kp = 2
PNO PO

2

PNO
2

2

PO2 = Kp

PNO
2

2

PNO
2

PO2
= 158 x (0.400)2/(0.270)2 = 347 atm

 

 

 ػً اٌزبٌٝ : فٝ اٌزفب 

 Consider the following equilibrium at 295 K:

The partial pressure of each gas is 0.265 atm.  Calculate 

Kp and Kc for the reaction?

NH4HS (s) NH3 (g) + H2S (g)

Kp = P
NH3

H2S
P = 0.265 x 0.265 = 0.0702

Kp = Kc(RT)n

Kc = Kp(RT)-n

n = 2 – 0 = 2 T = 295 K

Kc = 0.702 x (0.0821 x 295)-2 = 1.20 x 10-3

 

 

 .  atm 0.265ٌٙزا اٌزفبػً إراػٍُ أْ اٌضغظ اٌغضئٝ ٌىلا اٌغبص٠ٓ ٘ٛ   Kc , Kpأحغت 

 

 انحم

Consider the following equilibrium at 295 K:

The partial pressure of each gas is 0.265 atm.  Calculate 

Kp and Kc for the reaction?

NH4HS (s) NH3 (g) + H2S (g)

Kp = P
NH3

H2S
P = 0.265 x 0.265 = 0.0702

Kp = Kc(RT)n

Kc = Kp(RT)-n

n = 2 – 0 = 2 T = 295 K

Kc = 0.702 x (0.0821 x 295)-2 = 1.20 x 10-3
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  ِٓ ٠غزخذَ ِٕٙذعٝ اٌٛلٛد ِذٜ اٌزغ١شCO  ٚH2O ٌٝ2إ CO ٚH2  ٌزٕظ١ُ ٔغت ِخٍٛط

فٝ   H2Oِٛي ِٓ   CO    ٚ0.250 molِٛي ِٓ  mol 0.250اٌٛلٛد اٌزشو١جٝ . فئرا ٚضغ 

،فّب٘ٛ رشو١ت اٌّخٍٛط ػٕذ الأرضاْ  ػٕذ ٔفظ 900Kػٍٝ دسعخ حشاسٖ  mL-125ٚسق عؼزٗ د

 ٌٙزا اٌزفبػً .  Kc  ٝ٘1.56دسعخ اٌحشاسٖ ػٍّبً ثأْ ل١ّخ  

 

CO (g) + H2O (g)     

Determining Equilibrium Concentrations from Initial 

Concentrations and Kc

PLAN:

PROBLEM: Fuel engineers use the extent of the change from CO and H2O to 
CO2 and H2 to regulate the proportions of synthetic fuel mixtures.  If 

0.250 mol of CO and 0.250 mol of H2O are placed in a 125-mL flask 
at 900K, what is the composition of the equilibrium mixture?  At this 

temperature, Kc is 1.56 for the equation

CO(g)  +  H2O(g)            CO2(g)  +  H2(g)

We have to find the concentrations of all species at equilibrium and 
then substitute into a Kc expression.

CO(g)  +  H2O(g)            CO2(g)  +  H2(g)concentration

initial

change

equilibrium

2.00 2.00 0 0

SOLUTION: All concentrations must be recalculated as M, so [CO] = 0.250/0.125L

-x -x +x +x

2.00-x 2.00-x x x

       CO2 (g) + H2 (g) 

 

 

 

 انحم

 ( نرنك (Mكم انحسكٛصات ٚجت أٌ جكٌٕ ثبنًٕل 

 

= 2  [CO]= [H2O]=  0.250/0.125L 

 

Determining Equilibrium Concentrations from Initial 

Concentrations and Kc

PLAN:

PROBLEM: Fuel engineers use the extent of the change from CO and H2O to 
CO2 and H2 to regulate the proportions of synthetic fuel mixtures.  If 

0.250 mol of CO and 0.250 mol of H2O are placed in a 125-mL flask 
at 900K, what is the composition of the equilibrium mixture?  At this 

temperature, Kc is 1.56 for the equation

CO(g)  +  H2O(g)            CO2(g)  +  H2(g)

We have to find the concentrations of all species at equilibrium and 
then substitute into a Kc expression.

CO(g)  +  H2O(g)            CO2(g)  +  H2(g)concentration

initial

change

equilibrium

2.00 2.00 0 0

SOLUTION: All concentrations must be recalculated as M, so [CO] = 0.250/0.125L

-x -x +x +x

2.00-x 2.00-x x x
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Determining Equilibrium Concentrations from Initial 

Concentrations and Kc

continued

Kc =
[CO2][H 2]

[CO][H2O]
=

(x) (x)

(2.00-x) (2.00-x)
=

(x)2

(2.00-x)2

= +/- 1.25 =
x

2.00-x
  1.56

x = 1.11M

2.00 - x = 0.89M

[CO2] = [H2] = 1.11M

[CO] = [H2O] = 0.89M
 

 

   12800ػٕذC   ْ٠ىْٛ صبثذ الأرضا(Kc)   : ٌٌٍٝزفبػً اٌزب 

At 12800C the equilibrium constant (Kc) for the reaction

Is 1.1 x 10-3.  If the initial concentrations are [Br2] = 0.063 

M and [Br] = 0.012 M, calculate the concentrations of these 

species at equilibrium.

Br2 (g)          2Br (g)

Br2 (g)          2Br (g)

Let x be the change in concentration of Br2

Initial (M)

Change (M)

Equilibrium (M)

0.063 0.012

-x +2x

0.063 - x 0.012 + 2x

[Br]2

[Br2]
Kc = Kc = 

(0.012 + 2x)2

0.063 - x
= 1.1 x 10-3 Solve for x

 

 ٛ٘1.1 x 10-3.    ٗفئرا وبٔذ اٌزشو١ضاد الأ١ٌٚthe initial concentrations ًٌ 

[Br2] = 0.063 M and [Br] = 0.012 M ِٓ ًأحغت رشو١ض و، Br ٚ Br2 ػٕذ الأرضاْ؟    

 

 اٌحً

 

Let x be the change in concentration of Br2 

 Br2    ٛ٘x ٔؼزجش أْ اٌزغ١شفٝ رشو١ض  

 

At 12800C the equilibrium constant (Kc) for the reaction

Is 1.1 x 10-3.  If the initial concentrations are [Br2] = 0.063 

M and [Br] = 0.012 M, calculate the concentrations of these 

species at equilibrium.

Br2 (g)          2Br (g)

Br2 (g)          2Br (g)

Let x be the change in concentration of Br2

Initial (M)

Change (M)

Equilibrium (M)

0.063 0.012

-x +2x

0.063 - x 0.012 + 2x

[Br]2

[Br2]
Kc = Kc = 

(0.012 + 2x)2

0.063 - x
= 1.1 x 10-3 Solve for x
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Kc = 
(0.012 + 2x)2

0.063 - x
= 1.1 x 10-3

4x2 + 0.048x + 0.000144 = 0.0000693 – 0.0011x

4x2 + 0.0491x + 0.0000747 = 0

ax2 + bx + c =0
-b ± b2 – 4ac

2a
x = 

Br2 (g)          2Br (g)

Initial (M)

Change (M)

Equilibrium (M)

0.063 0.012

-x +2x

0.063 - x 0.012 + 2x

x = -0.00178x = -0.0105

At equilibrium, [Br] = 0.012 + 2x = -0.009 M or 0.00844 M

At equilibrium, [Br2] = 0.062 – x = 0.0648 M

 

  ٍِٝب رأص١ش اسرفبع دسعخ اٌحشاسٖ ػٍٝ رشو١ض اٌّٛاد اٌزٝ رحزٙب خظ ٚوزٌه ػKc  

  ٌٍزفبػلاد الأر١ٗ :

  

(a)  CaO(s) + H2O (l)    

SOLUTION:

Predicting the Effect of a Change in Volume 
(Pressure) on the Equilibrium Position

PROBLEM: How would you change the volume of each of the following 
reactions to increase the yield of products.

(a) CaCO3(s)             CaO(s)  + CO2(g)

(b) S(s) + 3F2(g)             SF6(g)

(c) Cl2(g) + I2(g)             2ICl(g)

PLAN: When gases are present a change in volume will affect the 
concentration of the gas.  If the volume decreases (pressure 

increases), the reaction will shift to fewer moles of gas and vice versa.

(a) CO2 is the only gas present.  To increase its yield, we 
should increase the volume (decrease the pressure).

(b) There are more moles of gaseous reactants than products, so we should 
decrease the volume (increase the pressure) to shift the reaction to the right.

(c) There are an equal number of moles of gases on both sides of the 
reaction, therefore a change in volume will have no effect.

     Ca(OH)2(aq)  ∆H
0
 = -82kJ 

 

(b)  CaCO3(s)    

SOLUTION:

Predicting the Effect of a Change in Volume 
(Pressure) on the Equilibrium Position

PROBLEM: How would you change the volume of each of the following 
reactions to increase the yield of products.

(a) CaCO3(s)             CaO(s)  + CO2(g)

(b) S(s) + 3F2(g)             SF6(g)

(c) Cl2(g) + I2(g)             2ICl(g)

PLAN: When gases are present a change in volume will affect the 
concentration of the gas.  If the volume decreases (pressure 

increases), the reaction will shift to fewer moles of gas and vice versa.

(a) CO2 is the only gas present.  To increase its yield, we 
should increase the volume (decrease the pressure).

(b) There are more moles of gaseous reactants than products, so we should 
decrease the volume (increase the pressure) to shift the reaction to the right.

(c) There are an equal number of moles of gases on both sides of the 
reaction, therefore a change in volume will have no effect.

   CaO(s) + CO2 (g) ∆H
0
 = 178kJ 

 

(c)  SO2 (g)    

SOLUTION:

Predicting the Effect of a Change in Volume 
(Pressure) on the Equilibrium Position

PROBLEM: How would you change the volume of each of the following 
reactions to increase the yield of products.

(a) CaCO3(s)             CaO(s)  + CO2(g)

(b) S(s) + 3F2(g)             SF6(g)

(c) Cl2(g) + I2(g)             2ICl(g)

PLAN: When gases are present a change in volume will affect the 
concentration of the gas.  If the volume decreases (pressure 

increases), the reaction will shift to fewer moles of gas and vice versa.

(a) CO2 is the only gas present.  To increase its yield, we 
should increase the volume (decrease the pressure).

(b) There are more moles of gaseous reactants than products, so we should 
decrease the volume (increase the pressure) to shift the reaction to the right.

(c) There are an equal number of moles of gases on both sides of the 
reaction, therefore a change in volume will have no effect.

     S(s) + O2 (g) ∆H
0
 = 297kJ 

   انحم

 

(a)  CaO(s) + H2O (l)  

SOLUTION:

Predicting the Effect of a Change in Volume 
(Pressure) on the Equilibrium Position

PROBLEM: How would you change the volume of each of the following 
reactions to increase the yield of products.

(a) CaCO3(s)             CaO(s)  + CO2(g)

(b) S(s) + 3F2(g)             SF6(g)

(c) Cl2(g) + I2(g)             2ICl(g)

PLAN: When gases are present a change in volume will affect the 
concentration of the gas.  If the volume decreases (pressure 

increases), the reaction will shift to fewer moles of gas and vice versa.

(a) CO2 is the only gas present.  To increase its yield, we 
should increase the volume (decrease the pressure).

(b) There are more moles of gaseous reactants than products, so we should 
decrease the volume (increase the pressure) to shift the reaction to the right.

(c) There are an equal number of moles of gases on both sides of the 
reaction, therefore a change in volume will have no effect.

  Ca (OH)2(aq)  heat 

 

٠ٚخفض  [Ca(OH)2]٠غ١ش ارغبٖ اٌزفبػً إٌٝ ا١ٌغبس، ٠خفض رشو١ض اسرفبع دسعخ اٌحشاسٖ عٛف

Kc  . 
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 (b)  CaCO3(s) + heat     

SOLUTION:

Predicting the Effect of a Change in Volume 
(Pressure) on the Equilibrium Position

PROBLEM: How would you change the volume of each of the following 
reactions to increase the yield of products.

(a) CaCO3(s)             CaO(s)  + CO2(g)

(b) S(s) + 3F2(g)             SF6(g)

(c) Cl2(g) + I2(g)             2ICl(g)

PLAN: When gases are present a change in volume will affect the 
concentration of the gas.  If the volume decreases (pressure 

increases), the reaction will shift to fewer moles of gas and vice versa.

(a) CO2 is the only gas present.  To increase its yield, we 
should increase the volume (decrease the pressure).

(b) There are more moles of gaseous reactants than products, so we should 
decrease the volume (increase the pressure) to shift the reaction to the right.

(c) There are an equal number of moles of gases on both sides of the 
reaction, therefore a change in volume will have no effect.

  CaO(s) + CO2 (g) 

 

 . Kcالأسرفبع فٝ    ٚ   [CO2]اٌزفبػً عٛف ٠زغٗ أٌٝ ا١ّ١ٌٓ ٔز١غخ الأسرفبع فٝ 

 

(c)  SO2 (g) + heat        

SOLUTION:

Predicting the Effect of a Change in Volume 
(Pressure) on the Equilibrium Position

PROBLEM: How would you change the volume of each of the following 
reactions to increase the yield of products.

(a) CaCO3(s)             CaO(s)  + CO2(g)

(b) S(s) + 3F2(g)             SF6(g)

(c) Cl2(g) + I2(g)             2ICl(g)

PLAN: When gases are present a change in volume will affect the 
concentration of the gas.  If the volume decreases (pressure 

increases), the reaction will shift to fewer moles of gas and vice versa.

(a) CO2 is the only gas present.  To increase its yield, we 
should increase the volume (decrease the pressure).

(b) There are more moles of gaseous reactants than products, so we should 
decrease the volume (increase the pressure) to shift the reaction to the right.

(c) There are an equal number of moles of gases on both sides of the 
reaction, therefore a change in volume will have no effect.

   S(s) + O2 (g) 

 

 . Kcالأسرفبع فٝ    ٚ    [SO2]اٌزفبػً عٛف ٠زغٗ أٌٝ ا١ّ١ٌٓ ٔز١غخ الأسرفبع فٝ 

 

  ِب ٘ٛ اٌزغ١ش اٌزٜ ٠حذس فٝ اٌحغُ ٌىً ِٓ اٌزفبػلاد الأر١ٗ ٌىٝ ٔض٠ذ ِٓ ِحصٛي إٌٛارظ

 ؟

(a)  CaCO3(s)          

SOLUTION:

Predicting the Effect of a Change in Volume 
(Pressure) on the Equilibrium Position

PROBLEM: How would you change the volume of each of the following 
reactions to increase the yield of products.

(a) CaCO3(s)             CaO(s)  + CO2(g)

(b) S(s) + 3F2(g)             SF6(g)

(c) Cl2(g) + I2(g)             2ICl(g)

PLAN: When gases are present a change in volume will affect the 
concentration of the gas.  If the volume decreases (pressure 

increases), the reaction will shift to fewer moles of gas and vice versa.

(a) CO2 is the only gas present.  To increase its yield, we 
should increase the volume (decrease the pressure).

(b) There are more moles of gaseous reactants than products, so we should 
decrease the volume (increase the pressure) to shift the reaction to the right.

(c) There are an equal number of moles of gases on both sides of the 
reaction, therefore a change in volume will have no effect.

         CaO(s) + CO2 (g) 

 

(b)  S(s) + 3F2 (g)     

SOLUTION:

Predicting the Effect of a Change in Volume 
(Pressure) on the Equilibrium Position

PROBLEM: How would you change the volume of each of the following 
reactions to increase the yield of products.

(a) CaCO3(s)             CaO(s)  + CO2(g)

(b) S(s) + 3F2(g)             SF6(g)

(c) Cl2(g) + I2(g)             2ICl(g)

PLAN: When gases are present a change in volume will affect the 
concentration of the gas.  If the volume decreases (pressure 

increases), the reaction will shift to fewer moles of gas and vice versa.

(a) CO2 is the only gas present.  To increase its yield, we 
should increase the volume (decrease the pressure).

(b) There are more moles of gaseous reactants than products, so we should 
decrease the volume (increase the pressure) to shift the reaction to the right.

(c) There are an equal number of moles of gases on both sides of the 
reaction, therefore a change in volume will have no effect.

        SF6 (g) 

 

(c)  Cl2 (g) + I2 (g)     

SOLUTION:

Predicting the Effect of a Change in Volume 
(Pressure) on the Equilibrium Position

PROBLEM: How would you change the volume of each of the following 
reactions to increase the yield of products.

(a) CaCO3(s)             CaO(s)  + CO2(g)

(b) S(s) + 3F2(g)             SF6(g)

(c) Cl2(g) + I2(g)             2ICl(g)

PLAN: When gases are present a change in volume will affect the 
concentration of the gas.  If the volume decreases (pressure 

increases), the reaction will shift to fewer moles of gas and vice versa.

(a) CO2 is the only gas present.  To increase its yield, we 
should increase the volume (decrease the pressure).

(b) There are more moles of gaseous reactants than products, so we should 
decrease the volume (increase the pressure) to shift the reaction to the right.

(c) There are an equal number of moles of gases on both sides of the 
reaction, therefore a change in volume will have no effect.

        2ICl (g) 

 

 انحم

٠زخفض ػٕذِب رزٛاعذ اٌغبصاد فئْ اٌزغ١ش فٝ حغّٙب عٛف ٠ؤصش ػٍٝ رشو١ض٘ب ، ثصفٗ ػبِٗ ػٕذِب 

اٌحغُ ) ٠ضداد اٌضغظ ( ،فئْ اٌزفبػً عٛف ٠زغٗ إٌٝ اٌغٙٗ اٌزٝ ثٙب ػذد ِٛلاد ألً ٚاٌؼىظ 

 .   vice versa صح١ح  

 

(a)  CaCO3(s)    

SOLUTION:

Predicting the Effect of a Change in Volume 
(Pressure) on the Equilibrium Position

PROBLEM: How would you change the volume of each of the following 
reactions to increase the yield of products.

(a) CaCO3(s)             CaO(s)  + CO2(g)

(b) S(s) + 3F2(g)             SF6(g)

(c) Cl2(g) + I2(g)             2ICl(g)

PLAN: When gases are present a change in volume will affect the 
concentration of the gas.  If the volume decreases (pressure 

increases), the reaction will shift to fewer moles of gas and vice versa.

(a) CO2 is the only gas present.  To increase its yield, we 
should increase the volume (decrease the pressure).

(b) There are more moles of gaseous reactants than products, so we should 
decrease the volume (increase the pressure) to shift the reaction to the right.

(c) There are an equal number of moles of gases on both sides of the 
reaction, therefore a change in volume will have no effect.

         CaO(s) + CO2 (g) 

 

  CO2  اٌضغظ ( ِحصٌٛٗ ، عٛف ٔض٠ذ اٌحغُ ) ٔخفض اٌّٛعٛد ٌٚض٠بدح٘ٛ اٌغبص اٌٛح١ذ 
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(b)  S(s) + 3F2 (g)     

SOLUTION:

Predicting the Effect of a Change in Volume 
(Pressure) on the Equilibrium Position

PROBLEM: How would you change the volume of each of the following 
reactions to increase the yield of products.

(a) CaCO3(s)             CaO(s)  + CO2(g)

(b) S(s) + 3F2(g)             SF6(g)

(c) Cl2(g) + I2(g)             2ICl(g)

PLAN: When gases are present a change in volume will affect the 
concentration of the gas.  If the volume decreases (pressure 

increases), the reaction will shift to fewer moles of gas and vice versa.

(a) CO2 is the only gas present.  To increase its yield, we 
should increase the volume (decrease the pressure).

(b) There are more moles of gaseous reactants than products, so we should 
decrease the volume (increase the pressure) to shift the reaction to the right.

(c) There are an equal number of moles of gases on both sides of the 
reaction, therefore a change in volume will have no effect.

        SF6 (g) 

 

ٔغذ أْ ػذد اٌّٛلاد اٌغبص٠ٗ ٌٍّزفبػلاد أوجش ِٓ ػذد اٌّٛلاد اٌغبص٠ٗ ٌٍٕٛارظ ، ٌزٌه عٛف ٔخفض 

 اٌحغُ )ٔض٠ذ اٌضغظ ( وٝ ٠زغ١ش ارغبٖ اٌزفبػً ١ّ١ٌٍٓ .

 

 

(c)  Cl2 (g) + I2 (g)     

SOLUTION:

Predicting the Effect of a Change in Volume 
(Pressure) on the Equilibrium Position

PROBLEM: How would you change the volume of each of the following 
reactions to increase the yield of products.

(a) CaCO3(s)             CaO(s)  + CO2(g)

(b) S(s) + 3F2(g)             SF6(g)

(c) Cl2(g) + I2(g)             2ICl(g)

PLAN: When gases are present a change in volume will affect the 
concentration of the gas.  If the volume decreases (pressure 

increases), the reaction will shift to fewer moles of gas and vice versa.

(a) CO2 is the only gas present.  To increase its yield, we 
should increase the volume (decrease the pressure).

(b) There are more moles of gaseous reactants than products, so we should 
decrease the volume (increase the pressure) to shift the reaction to the right.

(c) There are an equal number of moles of gases on both sides of the 
reaction, therefore a change in volume will have no effect.

        2ICl (g) 

 

فٝ ٘زٖ اٌّؼبدٌٗ ٠زغبٜٚ ػذد ِٛلاد اٌغبصاد ػٍٝ عبٔجٝ اٌّؼبدٌٗ ، ٌزٌه فئْ اٌزغ١ش فٝ اٌحغُ لا 

 ٠ؤصش .

 

  ٌزحغ١ٓ ٔٛػ١خ اٌٙٛاء ٚاٌحصٛي ػٍٝ ِٕزظ ِف١ذ ، ٠زُ غبٌجبً إصاٌخ اٌىجش٠ذ ِٓ اٌفحُ ٚاٌغبص

١ذ ا١ٌٙذسٚع١ٓ اٌٍّٛس ٌٍٛلٛد ثٛاعطخ الأوغغ١ٓ وّب فٝ اٌطج١ؼىؼٓ طش٠ك ِؼبٍِخ وجش٠ز

 اٌزفبػً اٌزبٌٝ :

2H2S (g) + O2 (g)    

SOLUTION:

Predicting the Effect of a Change in Volume 
(Pressure) on the Equilibrium Position

PROBLEM: How would you change the volume of each of the following 
reactions to increase the yield of products.

(a) CaCO3(s)             CaO(s)  + CO2(g)

(b) S(s) + 3F2(g)             SF6(g)

(c) Cl2(g) + I2(g)             2ICl(g)

PLAN: When gases are present a change in volume will affect the 
concentration of the gas.  If the volume decreases (pressure 

increases), the reaction will shift to fewer moles of gas and vice versa.

(a) CO2 is the only gas present.  To increase its yield, we 
should increase the volume (decrease the pressure).

(b) There are more moles of gaseous reactants than products, so we should 
decrease the volume (increase the pressure) to shift the reaction to the right.

(c) There are an equal number of moles of gases on both sides of the 
reaction, therefore a change in volume will have no effect.

      2S(s) + 2H2O (g) 

 ِبرا ٠حذس ٌـ :

 [H2O]     إرا إض١فO2 

 [H2S]  إرا إض١فO2 

 [O2]     إرا أصٌٕبH2S 

 [H2S]     إرا إض١فS 

 انحم

 

 ٌٕؼشف إٌٝ أ٠ٓ ع١زغٗ اٌزفبػً Kٚٔمبسٔٙب ة  Qإٌظبَ ٔشٜ أٚلاً اٌّؼبدٌٗ اٌخبصٗ ػٕذِب ٠خزً 

 

Q = [H2O]
 2
 

[H2S]
 2
[O2] 
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 [H2O]     إذا إضٛفO2 : 

، ٌزٌه ٠شرفغ  Kرٕخفض ٠ٚزغٗ اٌزفبػً ٔبح١خ ا١ّ١ٌٓ ٌىٝ ٠شعغ ًٌ   Q، لئْ ل١ّخ O2ػٕذ إضبفخ  

 .  O2Hرشو١ض

 

  [H2S]  إذا إضٛفO2 : 

، ٌزٌه ٠ٕخفض  Kرٕخفض ٠ٚزغٗ اٌزفبػً ٔبح١خ ا١ّ١ٌٓ ٌىٝ ٠شعغ ًٌ    Q، لئْ ل١ّخ O2فخ  ػٕذ إضب

 .  S2Hرشو١ض

 

  [O2]     إذا أشنُبH2S : 

، ٌزٌه ٠ٕخفض  Kرشرفغ ٠ٚزغٗ اٌزفبػً ٔبح١خ ا١ٌغبس ٌىٝ  ٠شعغ ًٌ   Q، لئْ ل١ّخ H2Sػٕذ إصاٌخ  

 .  2Oرشو١ض

 

 [H2S]     إذا إضٛفS : 

لأٔٗ صٍت ،ٌزٌه طبٌّب ثؼض اٌىجش٠ذ ِٛعٛد فبْ   Q (K) حغبة ء ِٓ ِؼبدٌخاٌىجش٠ذ ١ٌظ عض

 .لا٠زأصش H2Sاٌزفبػً لا٠زأصش ، 

 

 

2 NOCl(g)     

SOLUTION:

Predicting the Effect of a Change in Volume 
(Pressure) on the Equilibrium Position

PROBLEM: How would you change the volume of each of the following 
reactions to increase the yield of products.

(a) CaCO3(s)             CaO(s)  + CO2(g)

(b) S(s) + 3F2(g)             SF6(g)

(c) Cl2(g) + I2(g)             2ICl(g)

PLAN: When gases are present a change in volume will affect the 
concentration of the gas.  If the volume decreases (pressure 

increases), the reaction will shift to fewer moles of gas and vice versa.

(a) CO2 is the only gas present.  To increase its yield, we 
should increase the volume (decrease the pressure).

(b) There are more moles of gaseous reactants than products, so we should 
decrease the volume (increase the pressure) to shift the reaction to the right.

(c) There are an equal number of moles of gases on both sides of the 
reaction, therefore a change in volume will have no effect.

      2 NO(g)   +   Cl2(g) 

 

 

   2.00فٝ اٌزفبػً اٌغبثك رُ ٚضغ mol    ِٓNOCl    ٗ1.00فٝ دٚسق عؼز L    ٚػٕذ .

 . K،أحغت ل١ّخ  mol/L   ِٓNO 0.66ْ ٚعذ  الأرضا
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 انحم

 

    [NOCl] [NO]  [Cl2] 

 

Before               2.00  0  0 

Change       

Equilibrium            0.66   

 

                                       [NOCl] [NO]  [Cl2] 

 

Before           2.00  0  0 

Change          -0.66  +0.66  +0.33 

Equilibrium        1.34  0.66  0.33 

 

 :ًفٝ اٌزفبػ 

H2 (g) + I2 (g)     

SOLUTION:

Predicting the Effect of a Change in Volume 
(Pressure) on the Equilibrium Position

PROBLEM: How would you change the volume of each of the following 
reactions to increase the yield of products.

(a) CaCO3(s)             CaO(s)  + CO2(g)

(b) S(s) + 3F2(g)             SF6(g)

(c) Cl2(g) + I2(g)             2ICl(g)

PLAN: When gases are present a change in volume will affect the 
concentration of the gas.  If the volume decreases (pressure 

increases), the reaction will shift to fewer moles of gas and vice versa.

(a) CO2 is the only gas present.  To increase its yield, we 
should increase the volume (decrease the pressure).

(b) There are more moles of gaseous reactants than products, so we should 
decrease the volume (increase the pressure) to shift the reaction to the right.

(c) There are an equal number of moles of gases on both sides of the 
reaction, therefore a change in volume will have no effect.

      2 HI (g), Kc = 55.3 

 

 

 

أحغت  رشو١ض وً ِٓ   L 1.00فٝ دٚسق عؼزٗ    H2and I2وً ِٓ    ِٓ  mol 1.00ٚضغ   

I2، H2.ْػٕذ الأرضا 
SOLUTION:

Predicting the Effect of a Change in Volume 
(Pressure) on the Equilibrium Position

PROBLEM: How would you change the volume of each of the following 
reactions to increase the yield of products.

(a) CaCO3(s)             CaO(s)  + CO2(g)

(b) S(s) + 3F2(g)             SF6(g)

(c) Cl2(g) + I2(g)             2ICl(g)

PLAN: When gases are present a change in volume will affect the 
concentration of the gas.  If the volume decreases (pressure 

increases), the reaction will shift to fewer moles of gas and vice versa.

(a) CO2 is the only gas present.  To increase its yield, we 
should increase the volume (decrease the pressure).

(b) There are more moles of gaseous reactants than products, so we should 
decrease the volume (increase the pressure) to shift the reaction to the right.

(c) There are an equal number of moles of gases on both sides of the 
reaction, therefore a change in volume will have no effect.
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Typical CalculationsTypical CalculationsTypical Calculations

PROBLEM: Place 1.00PROBLEM: Place 1.00 molmol each of Heach of H22 and Iand I22 in in 
a 1.00 L flask.a 1.00 L flask. CalcCalc. equilibrium . equilibrium 
concentrations.concentrations.

HH22(g) + I(g) + I22(g) (g) ¸̧ 2 HI(g)2 HI(g)

Kc =   
[HI]2

[H2 ][I2 ]
 =  55.3

 

 

                    [H2]  [I2]  [HI] 

Initial  1.00  1.00  0 

Change 

Equilib 

                    [H2]  [I2]  [HI] 

 

Initial  1.00  1.00  0 

Change -x  -x  +2x 

Equilib 1.00-x 1.00-x 2x 

Where x is defined as am’t of H2 and I2 consumed on approaching 

equilibrium 
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Typical CalculationsTypical CalculationsTypical Calculations

PROBLEM: Place 1.00PROBLEM: Place 1.00 molmol each of Heach of H22 and Iand I22 in in 
a 1.00 L flask.a 1.00 L flask. CalcCalc. equilibrium . equilibrium 
concentrations.concentrations.

HH22(g) + I(g) + I22(g) (g) ¸̧ 2 HI(g)2 HI(g)

Kc =   
[HI]2

[H2 ][I2 ]
 =  55.3
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H2(g)  +  I2(g) 2 HI(g), Kc = 55.3

Step 2.  Put equilibrium concentrations Step 2.  Put equilibrium concentrations 

intointo KKcc expression.expression.

Kc =   
[2x]2

[1.00 - x][1.00 - x]
 =  55.3
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H2(g)  +  I2(g) 2 HI(g), Kc = 55.3

Step 3.  Solve Step 3.  Solve KKcc expression expression -- take take 

square root of both sides.square root of both sides.

x  =  0.79x  =  0.79

Therefore, at equilibriumTherefore, at equilibrium

[H[H22]  =  [I]  =  [I22]  =  1.00 ]  =  1.00 -- x  =  0.21 Mx  =  0.21 M

[HI]  =  2x  =  1.58 M[HI]  =  2x  =  1.58 M

7.44  =   
2x

1.00 - x

 

 

 :ًفٝ اٌزفبػ 

48

Copyright (c) 1999 by Harcourt Brace & Company
All rights reserved

Nitrogen Dioxide 
Equilibrium

N2O4(g) 2 NO2(g)

Nitrogen Dioxide Nitrogen Dioxide 
EquilibriumEquilibrium

NN22OO44(g) (g) 2 NO2 NO22(g)(g)

 

 

 ، فّب ٘ٝ اٌزشو١ضاد ػٕذ الأرضاْ ؟  N2O4  ٛ٘0.50 Mإراوبْ اٌزشو١ض الأٌٚٝ ي  

  انحم

      [N2O4]  [NO2]   

Initial  0.50   0 

Change   

Equilib   

                   [N2O4]  [NO2] 

 

Initial  0.50   0 

Change  -x   +2x 

Equilib  0.50 - x  2x 
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Nitrogen Dioxide EquilibriumNitrogen Dioxide Equilibrium
NN22OO44(g)  (g)  2 NO2 NO22(g)(g)

If initial concentration of NIf initial concentration of N22OO44 is 0.50 M, what are is 0.50 M, what are 
the equilibrium concentrations?the equilibrium concentrations?

Step 1.   Set up an equilibrium tableStep 1.   Set up an equilibrium table

[N[N22OO44]] [NO[NO22]]

InitialInitial 0.500.50 00

ChangeChange

EquilibEquilib

Kc =  
[NO2 ]2

[N2O4 ]
 =  0.0059 at 298 K

 

Rearrange:               0.0059 (0.50 - x) = 4x2 

    0.0029 - 0.0059x = 4x2 

     4x2 + 0.0059x - 0.0029 = 0 

 

This is a QUADRATIC EQUATION 

                                            ax2   +   bx   +   c = 0 

                              a = 4  b = 0.0059   c = -0.0029 
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Nitrogen Dioxide EquilibriumNitrogen Dioxide Equilibrium
NN22OO44(g)  (g)  2 NO2 NO22(g)(g)

Solve the quadratic equation for x.Solve the quadratic equation for x.

axax22 ++ bxbx +   c  =  0+   c  =  0

a  =  4a  =  4 b  =  0.0059 b  =  0.0059 c  =  c  =  --0.00290.0029

x =  x =  --0.00074  0.00074  ±± 1/8(0.046)1/8(0.046)1/21/2 = = --0.00074  0.00074  ±± 0.0270.027

x =  
-b   b2 -  4ac

2a

x =  
-0.0059   (0.0059)2  -  4(4)(-0.0029)

2(4)
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Nitrogen Dioxide EquilibriumNitrogen Dioxide Equilibrium
NN22OO44(g)  (g)  2 NO2 NO22(g)(g)

x = x = --0.00074  0.00074  ±± 1/8(0.046)1/8(0.046)1/21/2 = = --0.00074  0.00074  ±± 0.0270.027

x  =  0.026   or   x  =  0.026   or   --0.0280.028

But a negative value is not reasonable.But a negative value is not reasonable.

ConclusionConclusion

[N[N22OO44]  =  0.050 ]  =  0.050 -- x  =  0.47 Mx  =  0.47 M

[NO[NO22]  =  2x  =  0.052 M]  =  2x  =  0.052 M

x =  
-0.0059   (0.0059)2  -  4(4)(-0.0029)

2(4)
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 أسئهّ

 

 لأزبط غبص ٠ٛد٠ذ  احغت ل١ّخ صبثذ الارضاْ ٌزفبػً غبص ا١ٌٙذسٚع١ٓ ِغ ثخبس ا١ٌٛد

 = HI : الارضاْ وبٌزبٌٟ دسعخ ِئ٠ٛخ إرا ػٍّذ أْ رشو١ض اٌّٛاد ػٕذ 701ا١ٌٙذسٚع١ٓ ػٕذ 

1.02 , H2 = 0.0862 , I2 = 0.263 ِٛلاس .  

 

 ْفٟ اٌزفبػً اٌزبٌٟ إرا ػٍّذ أْ اٌضغظ اٌغضئٟ ػٕذ الارضا : 

PCl5 = pcl3 + Cl2 

     ٟ٘     : PCl5 = 0.875 atm , PCl3 = 0.463 atmفبحغت ل١ّخ Kp ٕذ ٌٍزفبػً ػ

 . دسعخ ِئ٠ٛخ  081

 ٌٟفٟ اٌزفبػً اٌزب : NH4HS = NH3 + H2S ِٓ ٚضؼذ ػ١ٕخ NH4HS  ٟاٌصٍت ف

اٌضغظ  دسعخ ِئٛٞ احغت اٌضغظ اٌغضئٟ ٌىً غبصػٕذ الارضاْ . ٚاحغت 08ٚػبء ػٕذ 

  . دسعخ ِئٛٞ 08ػٕذ  KP = 0.108 اٌىٍٟ ٌٍغبصاد ارا ػٍّذ أْ

 

 ٌٟارا ػٍّذ أْ صبثذ الارضاْ ٌٍزفبػً اٌزب : 

N2 + 3H2 = 2NH3    ٞٚ٠6.9غب  ×
1
81   

 
              

  ػٕذ دسعخ اٌحشاسح ٔفغٙب ؟ NH3 = 1/2 N2 + 3/2 H2 فّب ل١ّخ صبثذ الارضاْ ٌٍزفبػً

 

 احغت ل١ّخ KP ًٌٍزفبػ N2 + 3H2 = 2NH3 الارضاْ ػٍّبً ثأْ صبثذ KC  781ػٕذ 

 . (1)اط  81×  6.9دسعخ ِئٛٞ ٠غبٚٞ 

 ٌالارضاْ ٌٍزفبػً اٌزبٌٟ ١خ عذاً وبٔذ ل١ّخ صبثذػٕذ دسعخ حشاسح ػب : HI = H2 + I2 

فًٙ ٠حذس رغ١ش  I2 ِٛلاس ِٓ H2  ٚ6.7 ِٓ ِٛلاس HI  ،2.8 ِٛلاس ِٓ 1.8فئرا رُ خٍظ 

 . الارضاْ ( ؟ فٟ أٞ ارغبٖ ٠حذس اٌزفبػً فٟ رشاو١ض اٌّٛاد ) ً٘ ٚصً اٌزفبػً إٌٝ حبٌخ
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  ًدسعخ ِئ٠ٛخ ، وُ 490 فٟ ٚػبء حغّٗ ٚاحذ ٌزش ػٕذِٛي ِٓ ٠ٛد٠ذ ا١ٌٙذسٚع١ٓ 0إرا ادخ

ػٍّبً ثأْ صبثذ الارضاْ  ٠ىْٛ رشو١ضوً ٔٛع ِٓ اٌّٛاد اٌّٛعٛدح فٟ اٌٛػبء ػٕذ الارضاْ

  دسعخ ِئ٠ٛخ ؟ 701ػٕذ  78.0ٌٍزفبػً ٠غبٚٞ 

 

 ٌٟفٟ اٌزفبػً اٌزب : SO3 = 2SO2 + O2  

الارضاْ أْ  ٚٚعذ ػٕذ SO3 ِٓٛي ِ 0.8ٌزش و١ّخ ِمذسا٘ب  8.8إرا ٚضغ فٟ إٔبء عؼزٗ 

 . KC % احغت ل١ّخ صبثذ الارضاSO3  ٛ٘01ْ ٔغجخ اٌّزفىه ِٓ

 

 ٌٟفٟ اٌزفبػً اٌزب : SO3 = 2SO2 + O2  

 ٚٚعذ ػٕذ الارضاْ SO3 ِٛي ِٓ 1.10ٌزش و١ّخ ِمذاس٘ب 8.80إرا ٚضغ فٟ إٔبء عؼزٗ 

دسعخ  011ٕذ ٌٍزفبػً ػ KC ٚ KP ِٛي احغت ل١ّخ1.1870رغبٚٞ  SO3 و١ّخ ِزجم١خ ِٓ

  ِطٍمخ

 

 

 

 

 

 

 

 

 

 


