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 كيميبء السىت الخحضيريت

Chapter 4 

Gases, liquids and solids 

Lecture 7 

The major differences between solids, liquids, and gases are due to the 

relationships among particles. 

 يؼظى الاخزلافبد ثٍٛ انًٕادح انصهجخ ٔانغٕائم ٔانغبصاد ركٌٕ َزٛجخ ػلاقبد ثٍٛ انجضٚئبد        

These relationships include: ْزح انؼلاقبد رشًم      

1- The average distance of separation of particles in each state. 

 يزٕعظ انًغبفبد انفبصهخ ثٍٛ انجضٚئبد فٗ كم حبنخ 

2- The kinds of interactions between the particles 

 إَاع انزفبػلاد ثٍٛ انجضٚئبد 

3- The degree of organization of particles 

 دسجخ رُظٛى انجضٚئبد    

 

 



0673651250د/ سبلي   

2 
 

 

 

 

 

 



0673651250د/ سبلي   

3 
 

 

Character 

 الصفت

Solid 

 المواد الصلبت

Liquid 

 المواد السبئلت

Gas 

 المواد الغبزيت

Particle 

Arrangement 

 حرحيب الجسيئبث 

Packed close together 

in a regular arrangement 

رشرص ثبنقشة يٍ ثؼضٓب فٗ 

 رشرٛت يُزظى     

Closely Packed 

together in an irregular 

arrangement 

رشرص ثبنقشة يٍ ثؼضٓب 

 ثطشٚقخ غٛش يُزظًخ 

Arranged totally 

irregular 

رشرص كهٛب ثطشٚقخ غٛش 

 يُزظًخ

Rigidity rigid Not rigid Not rigid 

Shape  and 

volume 

 الشكل والحجم

Have fixed shape and 

Volume 

 نٓب شكم ٔحجى  ثبثذ 

Have no fixed 

shape but fixed 

volume 

نٛظ نٓب شكم ثبثذ ٔنكٍ نٓب 

 حجى ثبثذ 

Have no fixed 

shape and 

no fixed volume 

نٛظ نٓب شكم ثبثذ 

 ٔلاحجى ثبثذ  

Motion of 

Particles 

 حركت الجسيئبث

No freely motion but 

vibrate in its position 

لارزحشك ثحشٚخ ٔنكٍ رٓزض 

 ثًٕضؼٓب 

Move around  

past each other 

 رزحشك حٕل ثؼضٓب انجؼض

Move randomly 

 رزحشك ثطشٚقخ ػشٕائٛخ

Ability to 

compress 

القذرة علي 

 الاوضغبط

No compression 

 غٛش قبثهخ نلاَضغبط

Little 

 قهٛهخ 

Easy 

 عٓهخ
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5.2 Gas pressure    ضغظ الغبز 

 Atmospheric pressure varies with the altitude and weather 

        انضغظ انجٕٖ ٚخزهف يغ الاسرفبع ٔانطقظ               

 The pressure decreases as we move further from the sea level 

هًب اثزؼذَب اكثش ػٍ عطح انجحش ٚقم انضغظ ك  

  

 

   

 

 

 

 

 

 

 

 

 

    Pressure =      Force  

                            Area 

   Force = mass × acceleration  

ػجهخ انجبرثٛخ                × انقٕح = انكزهخ       

 

Atmospheric pressure is measured with a 

barometer. 

  انضغظ انجٕٖ ٚقبط ثٕاعطخ يقٛبط انضغظ انجٕٖ

A Torricelli barometer consists of a glass tube 

sealed at one end, about 80 cm in length. 

ٔٚزكٌٕ يقٛبط رٕسٚغٛهٙ يٍ أَجٕة صجبجٙ يغهق فٙ طشف ٔاحذ، 

 عى 80ٚجهغ طٕنّ حٕانٙ 

The tube is filled with mercury, capped, inverted, 

and the capped end immersed in a pool of mercury.  

يغًٕس  طبحانًغ ُٓبٚخيقهٕة، ٔانٔ يغطٗٔ الأَجٕة يًهٕء ثبنضئجق

 .فٙ يجًٕػخ يٍ انضئجق

When the cap is removed the atmosphere supports a 

column of mercury about 760 mm high. 

 

ػُذيب رزى إصانخ انغطبء فبٌ انضغظ انجٕ٘ ٚشفغ ػًٕد يٍ انضئجق 

 فراغ
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 Units of pressure وحذاث الضغظ 

 

1 pascal (pa) = 1N/m
2
 

1 atm = 760 mmHg = 760 torr = 101.325 kpa 

 

 

5.3 Gas Laws قواويه الغبزاث 

• The gases laws are a set of laws that describe the relationship between 

Temperature (T), Pressure (P), Volume (V), and Moles (n) of gas. 

 قٕاٍَٛ انغبصاد ػجبسح ػٍ يجًٕػخ يٍ انقٕاٍَٛ انزٗ رصف انؼلاقخ ثٍٛ انحشاسح, انضغظ, انحجى ٔػذد 

 يٕلاد انغبص

 

A- Boyles's law قبوون بويلس 

The volume–pressure relationship 

 العلاقت بيه الضغظ والحجم

• "At a constant temperature, the product of pressure and volume of a definite mass 

of gas is constant". V  
 

 
 

حبصم ضشة انضغظ فٗ انحجى نكزهخ يحذدح يٍ انغبص ٚكٌٕ ثبثذ       فبٌ , انحشاسحدسجخ ثجٕد ػُذ   

       • PV = k        (constant n, T) 

  ػُذ ثجٕد ػذد انًٕلاد ٔدسجخ انحشاسح        

                                           P1V1 = P2V2 
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Problem 1: 

A gas occupies 3.00 L at 2.00 atm pressure. Calculate its volume when we increase 

the pressure to 10.15 atm at the same temperature. 

solution 

P1V1 = P2V2 

V2 = 
     

  
 

V2 = (2.00 atm)(3.00 L) 

              10.15 atm                      

V2= 0.591 L 

 

Problem 2: 

• A gas occupies 3.8 L at 0.70 atm pressure. If we expand he volume at constant 

temperature to 6.5 L. What is the final pressure? 

  Solution 

P1V1 = P2V2 

P2 = P1V1 

          P2                          P2 = (0.07 atm)(3.8 L) 

                                                     6.5 L 

                                      

                                        P1 = 0.04 atm 

 

 

 

 

 

 

 د/ سبلي: حذريس الطبلببث اللغت الاوجليسيت الكيميبء الفيسيبء

0583761260 و الكيميبء والفيسيبء والاوجليسيت  ملخصبث مخرجمت للاحيبء  

 



0673651250د/ سبلي   

7 
 

II- CHARLES’S LAW: قبوون شبرلس 

THE VOLUME–TEMPERATURE RELATIONSHIP 

 العلاقت بيه درجت الحرارة والحجم

 

• "At constant pressure, the volume occupied by a definite mass of a gas is 

directly proportional to its absolute temperature." 

دسجخ انحشاسح فبٌ انحجى انًشغٕل ثكزهخ يؼُٛخ يٍ انغبص رزُبعت رُبعجب طشدٚب يغ دسجخ انحشاسح  ػُذ ثجٕد

 انًطهقخ  

  

V    T 

V = constant × T 

 

   Temperature                 Volume 

  

  
 = 

  

  
 

 

Gay Lussac's Law قبوون جبى لوسبك 

Temperature- Pressure Relationship 

 العلاقت بيه الضغظ والحرارة

• Gay Lussac's law states that "At constant volume, the pressure is directly 

proportional to the Kelvin temperature"  P  T 

  رُبعجب طشدٚب يغ دسجخ انحشاسح انكهفُٛٛخ  ُٚص قبٌَٕ جبٖ نٕعبك اَّ ػُذ ثجٕد انحجحى ٚزُبعت انضغظ

 Pressure 

Temperature    = constant        or             
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Avogadro’s law قبوون افوجبدرو 

 

Two equal tanks of gas of equal volume at the same temperature and pressure 

contain the same number of molecules.  

ػُذ ٔجٕد غبصٍٚ فٗ ثشيٛهٍٛ يزغبٍٔٚٛ رٖٔ احجبو يزغبٔٚخ ٔدسجخ حشاسح ثبثزخ ٔضغظ ثبثذ فبٌ انغبصٍٚ 

 عٛكٌٕ نًٓب َفظ ػذد انجضٚئبد     

 

          V n 

        V = C n               
 

 
  = C = constant ثببج 
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Combined Gas Law  قبوون الغبز مجمع 

 

 

 

Name Expression Constant 

Boyle's law P1V1 = P2V2  

T 

Charles's law    

  
 

  

  
 

 

 

P 

Gay-Lussac's law    

  
 

  

  
 

 

 

V 

 

 

 

 

 

 د/ سبلي: حذريس الطبلببث اللغت الاوجليسيت الكيميبء الفيسيبء

0583761260 و الكيميبء والفيسيبء والاوجليسيت  للاحيبءملخصبث مخرجمت   
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Example: 

• In an autoclave, steam is generated at 1.00 atm. After the autoclave is closed, 

the steam is heated at constant volume until the pressure gauge indicates 1.13 

atm. What is the final temperature in the autoclave? 

• Solution: 

°
T =100 + 273= 373 

°
K 

 

   

  
 

  

  
 

   

  
 

  

  
 

   
    

  
  = 

                 

     
 

The final temperature is 421 K,   or 421 273 = 148° C 

 

• A sample of oxygen occupies 10.0 L under a pressure of 1.04 atm. At what 

pressure would it occupy 13.4 L if the temperature did notchange? 

                P1 = 1.04 atm, V1 = 10.0 L, P2 = ?, V2 = 13.4 L 

 

P1V1 = P2V2 

1.04 x 10.0 = P2 x 13.4 

   
           

    
 = 0.776 atm 
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 A sample of nitrogen occupies 117 ml at 100. °C. At what temperature 

in °C would it occupy 234 ml if the pressure did not change? 

Solution:  

     V1 = 117 ml      T1 = 100
o
C         V2 = 234 ml                 T2 = ? 

   

  
 

  

  
 

    

   
 

   

  
 

 

   
           

   
 = 746.3 °k  

                              t = T- 273.15 = 746.3 -273 =473.15° C 

 

A sample of gas occupies 12.0 liters at 240°C under a pressure of 80.0 kPa. At 

what temperature would the gas occupy 15.0 liters if the pressure were 

increased to 107 kPa? 

V1= 12 L      T1= 240°C     80.0 kPa 

 V2= 15 L      T2= ?     107 kPa 

 

    
        

   
 

         

  
 

 

T2 =  
               

        
 =  401.25 °C 
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Chapter 4 

Lecture 8 

5.4 Ideal Gas Equation الغبز المثبلي معبدلت  

 

 

 

 

 

 

 

 

 

 

Boyle’s law: V  
 

 
 (at constant n and T) 

Charles’ law: V  T (at constant n and P) 

Avogadro’s law: V α n (at constant P and T) 

V  
   

 
 

V = constant 
   

 
     V = R 

   

 
   R = gas constant 

زثببج الغب                                                 
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vii- The Gas Constant (R) ثببج الغبز 

• Repeated experiments show that at standard temperature (273 K) and pressure (1 

atm), one mole (n=1) of gas occupies (22.4 L) volume. Using this experimental 

value, you can evaluate the gas constant R, 

 رى حغبثّ ػٍ طشٚق رجبسة يزكشسح قشسد انُزبٚج انًزكٕسح

R =  
  

  
 = 

               

             
 =0.0821  L.atm / (mol.K) 

 

 

 

 One mole of CH4 gas occupies 20.0 L at 1.00 atm pressure. What is the 

temperature of the gas in Kelvin? 

• Solution: 

            PV = nRT 

          T = 
  

   
 = 

              

                
 =244k 

 

 

 If there is 5.0 g of CO2 gas in a 10 L cylinder at 350K, what is the 

pressure of the gas in atm? 

 Solution 

Number of moles = mass × 
 

                
 

n= 5 gCO2 × 
         

       
  = 0.114 mol CO2 

PV = nRT       p = 
   

  
 = 

                         

       
 =        atm 
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5.5 Dalton's Law قبوون دالخون 

• "The total pressure of a gas mixture is the sum of the partial pressure of each gas 

 انضغظ انكهٗ نخهٛظ يٍ انغبص ْٕ يجًٕع انضغظ انجضئٙ نكم غبص      

• Partial pressure: Ptotal = P1 + P2 +... 

• "It is the pressure of a single gas in the mixture as if that gas alone occupied the 

container." 

نٕ اٌ ْزا انغبص نٕحذِ شبغم الاَجٕثخ أ انحبٔٚخ      أ ْٕ ضغظ غبص ٔاحذ فٗ انخهٛظ  

 

Example:  
 A tank containing N2 at 2.0 atm and O2 at 1.0 atm we add an unknown quantity 

of CO2 until the total pressure in the tank is 4.6 atm. What is the partial pressure of 

CO2? 

Solution:                Ptotal= 4.6 atm          P(N2)=2 atm    P(O2)=1atm 

 
 

            Ptotal = P(N2) + P(O2) + P(CO2) 

             4.6 =      2  + 1 + P(CO2) 

                   4.6 =      3 + P(CO2) 

                   P(CO2)= 4.6 - 3 = 1.6 atm 
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