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אאאאאאא
،א،אאאא

אאאאאK
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אאW
אאאאאK


אאW
• אאאאאאK 
• אאאאאאK 
• אאאאאאאא،א

אאאאאאאאK 
• אאאאאאאאK 
• אאאאאאK 
• אאאK 


אאאW

K


אאW
אאאK
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:1-1א–Concept of Atom- Historical view     
א(Atom)FאאE-

אאאFIndivisibleEא٤٠٠אאאא
(Greek philosophers)אאא

Invisibleא(discrete)אBuilding)Block 
of MatterE،אא
אאאK

١٨٠٥–١٨٠٨אאאאא
א،אאאאאאא

אא،אאאא
FModern Atomic TheoryEאאאאא

אא
אW

١J אאא–אאK
٢J אאאאאאא

אאK 
٣J אאאא

(Compounds)K 
אאאאFאאאE
K

١٨٩٧אא(J.J.Thomson)
אאFCoilEאאאא

F(Spark Coil)א١1-K
אאFA beam of Light E

אאEvacuated Tube) Eאאאא
F(Cathode RayאאFDeflectionEאא

אאFElectrical Field EאאFMagnetic FieldKE
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אאאאא
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אאאאW
אאFParticlesEא

،אא
אK

















(1-1)Wאא
[א(Ref.): Whitten , etal , General Chemistry with Qualitative 

Analysis , 3rd ed., Saunders college publishing ١ ]. 


FRatioEאא،
FNobel prizeKEא١٩٠٦אאא

١٩٠٩אא (Robert Milliken) 
Measureאאאאאאא

F(2-1)אKE




א١٠٨אא
אאאאא
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(2-1)א WאF١אKE


 אא (Chamber)

אאא(Randomly)אאא
אאא،

(Adjustment)אאאאאא
א  א א  א  ،א     

  א א  ،א  ،א  א   
אא-אא

אא א  א א   א א  ،א 
(Combination)          

א١٠×٩٫١١ي אJ٢٨K



א١٠٨אא
אאאאא
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١٩١١אאא(Ernest Rutherford)א
אאFGold Foil ExperimentEא

אאאK
אFא

F+24    HeEא،W
١J אא(Alpha particles)

אK 

٢J 
8000

1אאאא
אK 







 







(3-1)WF١אKE
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אאאאא
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אאאW
אאאאא

،אאאאאאאא
אאK

אא(Empty Spaces)אא
אאאאאאאאאK

אאאאאאאאא
FאEאFProtonsE،

אאאא
אא،אאאאK

١٩٣٢אא(James Chadwick)א
אאאא(Neutrons)K

אאאאאאא٩٠
אאאא،אאא

אאK
١א–١אאא

 



אאאאא
א

א
אe١١}٩×١٠J٢٨ ١L١٨٣٧
אP+ ٦٧٣}١×١٠J٢٤١
אn٦٧٥}١×١٠J٢٤١



א١٠٨אא
אאאאא
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2-1WBohr Model for Atom     
١٩١٣אאא(Neils Bohr)

אאאW
١J אאK
٢J אאאאאא

אאא(Orbits)א(Energy Levels)(Shells)K
٣J אאאאאאK

אא P, O, N, M, L, K אאאא،אK
אא،אאא١،٢،٣،٤،٥،٦KKKKKKKא

אאא،אא١אאאאK
٤J אאאאאא

אאאK
א

....…> P > O > N > M > L > K
٦ < ٥ < ٤ < ٣ < ٢ <١ > ………

אא
אאאk١אאאK

٥J אאK
٦J אאאא2n2 n 

אאאאW
אאאאאאאא=٢×٢٣=١٨K

אא
אFEאאאאא،K 




א١٠٨אא
אאאאא
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3-1WאאאאAtomic and Mass Numbers
אאאאא،אא

אאאאאK
א

אא=אFP+E=אFe¯.(  
אאאאאאאאאאאא

אאאאאאK
אאאאאאאK

אא(Henry Moselely)אאא
אאאFX-RayKE

Sumאאא٠
א=P++n

אאאאאאאא
אאאאאאK

Wא

Na
23

11אא
4-1WאאAtomic Mass Unit

אאאאאאאא
אFאאEאאאא

(amu) FאאEאאK
אאאא-١٢

אאW
אFHeE٤amuאא؟א

4×
12
1 א-١٢אא 3

1
 

א- ١٢K
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אאאאא
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אאא (Unified Mass Unit) u 
א(Dalton)K
(2-1)אאאאאאאא

אא١٦אאא






אאאאאאP+ne


אאא
אH ١١١٠١١JJ

אHe ٢٤٢٢٢٢JJ
אLi ٣٧٣٤٣٢١

אBe ٤٩٤٥٤٢٢
אB ٥١١٥٦٥٢٣

אC ٦١٢٦٦٦٢٤
אN ٧١٤٧٧٧٢٥

אO ٨١٦٨٨٨٢٦
אF ٩١٩٩١٠٩٢٧
אNe ١٠٢٠١٠١٠١٠٢٨

אNa ١١٢٣١١١٢١١٢٨١
אMg ١٢٢٤١٢١٢١٢٢٨٢
אAl ١٣٢٧١٣١٤١٣٢٨٣

אSi ١٣٢٨١٤١٤١٤٢٨٤
אp ١٥٣١١٥١٦١٥٢٨٥
אS ١٦٣٢١٦١٦١٦٢٨٦



א١٠٨אא
אאאאא
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 5-1WאאאIsotopes and Atomic Weight
אאאאאא

(Chemically Identical)אאא،אא
אאFnEאאK

אאאF،
א،א،אEאאא،K

אאאאא
Natural Abundance) (%אאאאא

W
אאאאאאאK

אFW٩}٩٠%ENe20
10،F٣}٠%ENe21

10،F٨K٨%ENe22
10

אאNe20
10 אא،א

אאאNe22
10-א –

١٠%K
אאא

א-١٢אאאאא
אאW

אMg،אאאאאא
א_אאאאאא


אא%אא
Mg24

12 ٧٠}٧٨٩٨٥٠٤}٢٣
Mg25

12 ١٣}١٠٩٨٥٨٤}٢٤
Mg26

12١٧}١١٩٨٢٥٩}٢٥





א١٠٨אא
אאאאא
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אא=א%×אא١Hא%×א٢אHא%×א
٣אK

               = ٢٥٫٩٨٢٥٩ × ٠٫١١١٧ + ٢٤٫٩٨٥٨٤× ٠٫١٠١٣ + ٢٣٫٩٨٥٠٤× ٠٫٧٨٧٠  
               = ٢٫٩٠٢ + ٢٫٥٣١ + ١٨٫٨٨  
               = ٢٤٫٣١٣ amu.  

 
(3-1)אאK

 

אאא%אFamuE
אא

FamuE

א
B10

5 

B11
5

٦}١٩
٤}٨٠

٠١٢٩٤}١٠
٠٠٩٣١}١١

٨١١}١٠

א
O16

8 

O17
8 

O18
8

٧٥٩}٩٩
٠٣٧}٠
٢٠٤}٠

٩٩٤٩١}١٠
٩٩٩١٤}١٦
٩٩٩١٦}١٧


٩٩٩٤}١٠

א
Cl35

17 

Cl37
17 

 

٥٣}٧٥
٤٧}٢٤

٩٦٨٨٥}٣٤
٩٦٥٩}٣٦


٤٥٢٧}٣٥

א

Fe54
26

Fe56
26

Fe57
26

Fe58
26 

٨٢}٥
٦٦}٩١
١٩}٢
٣٣}٠

٩٣٩٦}٥٣
٩٣٤٩}٥٥
٩٣٥٤}٥٦
٩٣٣٣}٥٧


٨٤٧}٥٥










א١٠٨אא
אאאאא
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6-1Wאא Oxidation Number and Valence Number
(Attempt)אא

(Complete Outer Energy Level)Fאאאא
אאאKE

אא(Saturated)
א(Gain)א(Loss)אא(Sharring)אא

K
אאאאאאא   

(Valence Electrons)،אא
אא،

אאאא
(Absolute Number)FEאאzאx

אאאאH–אאא
אאאאאא(Oxidation Number)א

א(Oxidation State)K
אאאאא

אאאK
אאא(General Rules)אאאא

אאK
١J אאאאא(Free atoms)אK
٢J אאאאאאאאאא

WO2، O3، S8،N2، Cl2KKKKKKKK
٣J אאאHא١W(except)

אאאא(Hydride)FWLiAlH4،NaBH4E
א-١K

٤J א–אאא-٢
אאאא(Peroxides)K



א١٠٨אא
אאאאא
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FW H2O2 אEאאא
- ١אאאאאOF2

אאאאאאH٢K
٥J אאאאאK
WאאLi+،Mg2+،Al3+H١H٢H٣אא
٦J אאאאאאאאא

אאאK
Wאאא−2

4 SO
אא=אאHאא

אאאא
אא=H٦FH٤×–٢E
אא=H٦FH–٨E
אא=–٢אאK

٧J אא(Covalent Compounds)אא 
 (Ionic Compounds) אאאאאאא

Kאא
WNa2SO4 

 = ٢×אאH١×אאH٤×אא


=٢×HF١HE١×HF٦HE٤×FJ٢E
=H٢H٦FHJ٨E
=

אאאK
٨J אאאאא(Metals)א،א

Kא(Non- Metals)אאאא
WאNaClאאא–אא

H١א- ١K



א١٠٨אא
אאאאא
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WאאאאאאW
FEN2O4אא
١J אאzא٤א12xא

א=J٢
٢J אאאzx٧

١٣אאאאא–
אאאאK 

א٤×אHא٢×א=א
FJ٢E×٤ + N×٠ = ٢ 

J٨ + 2 N = ٠ 
     2N=H٨

H٤=N =H٨L٢
אאN2O4= H٤

FE NH3א
١J אאא–אאא=H١
٢J אNH3–אאא

אאא 
٣H H N =  
٣×HF١E H N =  

H٣HN=
N=H٣
N=H٣

אאאNH3H٣K





א١٠٨אא
אאאאא
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FENO3א(Nitrate) 
١Jאאzאאאאאאx

אא٢ -אK
٢Jאא–אאאא

אאאאאzא٦א١٣x
אW

FJ٢E٣HN=J١
J٦HN=J١

N=J١H٦
N=H٥

אאאאNO3H٥K
FEN2א

אאאאzאאx
אאאאא،א٢١٢K


7-1Wאאא

Classification of Elements and Chemical Reactivity 
אאאאאאא

אאאאא
אא،אאאאאא

،אא،א،אאאאאאK
١J אאMetals

אאא،אא
אא،،אאא

א،א،א،א،אK






א١٠٨אא
אאאאא
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٢J אאNon Metals
אאא،אא

אא،،א،אאא
אא،אK

٣J אאMetalloids Or Semi Metals
אאאאאאא

א،א،א،אאאK
٤J אאאNoble Gases

אאאאאא
א،אאאאאא

אאאא،א،א،אאK
אאFאאEאא

אאאאאK


8-1WאאאאAtomic Spectrum and Quantum Numbers        
אאא(Gas State)

אאאא(Excited State)אאא
(Prism)אא(Line Spectrum)،

אאא
،אK












א١٠٨אא
אאאאא
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(4-1)א אאF١אKE
אאאא(Visible region)

אא(Electromagnetic Spectrum)אא
אאאא(Infrared)א

(Ultraviolet)،אאא)WHe+,
 3Li++

2(
אאאK











(5-1)אאאאF١אKE



א١٠٨אא
אאאאא
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אאאאאאא
אאאא

،אN, M, L, K KKKKKKKKKKKKKKKKKKKKKKKKKKKK،א
אאאאא

Theory)(Mechanical Quantumאאא
(Principle Quantum Number)  אאאאאא

אא،אאn
(Positive Integer) n=١،٢،٣،٤،٥،KKKKKKKKKKKK

אאאא
א،אאאא

אאא،אא
(Magnetic Field)א(Zeeman Effect)

אא(Sommerfeid)אאאאא
אאאא

،אאh, g, f, d, p, s KKKKKKKK
אאאאאא

אא(Secondary Quantum Number)אאL
אאFnJ١KE

אאW
אאאאFLEאאאאאn=٣K

L=،١،٢،FKKKKKKnJ١EאאL=٣-١=٢
Lא

L=،١،٢
אאFאאאE

אא،אאאא
אא( L )אאאא،

אW



א١٠٨אא
אאאאא
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אאWs p d f KKKKKKא
אאאאL ١٢٣٤KKKKKKא

אאאא(Individual)   
(Orbitals)אא(Spatial Orientation) Fא٢١אH

٢٢Eאאאאאאא
א(Magnetic Quantum Number)אאML،אא

אאא–LאHLאאW
ML=HLFE،KKK،KKKK،،KKKK،KKKKK،JLFE

L=אא
אאW

אאאאאL٢؟
ML=H٢،H١،0،-١،-٢

L=٢אאdMLאd
אאאאK

١٩٢٥(Double Line)א
(Emission Spectrum)אאאא(Alkali Metals)

אאאאFSpin Eא
א،אאא،

אאאאאאאא
אאא،אא،א

אאאאא
אא،אאאאK

אאאא
אא(Spin Quantum Number)אMs

אאH
2
1J

2
Kאא1

אאאאzMS, ML, L, nx



א١٠٨אא
אאאאא
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١J אאאאאא
אאאאאא،א

אא(n)K
٢J אאאאאאא

אאFLKE 
٣J אאאאאאא،אא

אFMLKE 
٤J אאאאא،אאFMSKE 

(4-1) אWאאאML,L,nאאK
א

אא
א

א
א

אn
אא

אL
אאML

א
١1S ١
٢2S ٢

2P ١J١،،H١
٣3S ٣

3P ١-١،،H١
3d ٢-١-،٢،،H١،H٢

٤4S ٤
4P ١-١،،H١
4d ٢-١-،٢،،H١،H٢
4f ٣-٣،-٢،-١،،H١،H٢،H٣

אאאW
١J אאאאאאאFnKE
٢J אאאאK 
٣J אאאאאאאאK 
٤J אאאאאאאאK 





א١٠٨אא
אאאאא
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9-1Wאא Electron Configuration Of Atom         
אאאא

אאאאאאא
אאא،אאא

אאאאK
אאאאאאאW

١J אאאאאאאא
W 

1s 2s 2p 3s 3p 4s 3d 4p 5s  4d 5p 6s 4f 5d 6p 7s 5f 6d 7p 8s
אאא

אאאא(Numerical Order)F4s
3d–3d4sאאאאאאא

אאאEאא
Fn+LEאאאאאאFn+LEא
Fn+LEאאn،nL

אאאאאאאK
W3s4P؟

אאאn+L3sF٣H=٣Eא3pF٣H١=٤E
3אsא3pאאK
Wא6s, 4d, 5pFn+LE٦F

KE
אאאLאאd, p, s،א،א،

אא(Respectively)אn+L6אs
אאאאW

4d      ,     5p     ,      6s
אא

٢J אאאMLא p, s,   f, 
d ١}٣}٥}٧אאF20E،אאאא



א١٠٨אא
אאאאא
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Kאאאאא،
אא f, d, p, s אאא١}٣}٥}٧אא،

אאאאא
אK 


אאאאאאאא

s  ١

  p ٣


   
 d ٥
 
 f٧


٣Jאא(Maximum Capacity)אאאאאK

אאאאאf, d, p, s ٢،٦،١٠،١٤אאK
אאאאאא

אK
,………..1s2 2s2 2p6 3s2 3p6 4s2 3d10 

אאאא
אאאאK

٤Jאאאא
אאאFאEאאFE

א،אאאאאאאא
אאK

אאאאאאאאאא

א2א
1

+=SMאאאאא2
1

−=SMK



א١٠٨אא
אאאאא
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אאאאאאK
אFPauli Exclusion PrincipleKE

אW؟אאאאאא



٥J FHund's RuleEJאאאא

אאאKאאK











א١٠٨אא
אאאאא
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Wאאאאnd10, nd7, nd5, np5, np3, np2, ns2, ns1אא
אאא؟

אW
אאאאאא

ns1 
 

ns2 
 

np2 
 

np3 
 

np5 


 
nd5 
 

nd7 
 

nd10 

 

 

 

 

 

 

 

 

 

 





 





א١٠٨אא
אאאאא
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Wאאאאא8O,3Li11Na,
FEאאK
FEאאK

3Li :      1s2        2s1 
 

 

 
 

8O:          1s2      2s2            2p4 
 
 
 

11Na:       1s2           2s2                       2p6                        3s1 

















 



א١٠٨אא
אאאאא

 
 

- ٢٦ - 

W
אאאאאאאאאאאK

Wאאאאאאא
אאאאאאK


אא א

א
אאאא

אn L MLMS

1s2١- 1 / 2

3s2٣- 1 / 2

2p3٢١H١+ 1 / 2

4p5٤١- 1 / 2

3d5٣٢H٢+1 / 2

3d7٣٢J١- 1 / 2

4d3٤٢+ 1 / 2

4f6٤٣H٢+ 1 / 2

5f13٥٣H٢- 1 / 2

 
WאאFEאK

אאאאאK




א١٠٨אא
אאאאא
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FWEאאאאאאW
15P3-, 15P3+ , 15P , 8O2- , 8O , 7N4+ , 7N3- , 7N , 1H+ , 1H  

אFWEאאFKEאאK


1H:        1S1 


 
1H+:      1S0 


 

7N:       1S2       2S2              2P3 
 
 

7N3-:      1S2      2S2              2P6     
 
 

7N4+          1S2      2S2              2P0                                                                                                                    

 
 

8O:         1S2         2S2             2P4                                                                                                                              

 

 

8O2-:       1S2        2S2             2P6                                                                                                                              

 

 

15P:        1S2      2S2              2P6                3S2             4P3                                                        

     

 

 

15P3+:     1S2         2S2           2P6                                  3S2            4P0                                                      

 

 

15P3-:      1S2      2S2       2P6                                3S2             4P6                                                  





א١٠٨אא
אאאאא
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אFאאEאאK
WאFEאאאאFE

אאאFKE
FEאאאאאאאFאאE

אFEאאK


אא אא
n L ML MS

7N٢١١L٢+ 

7N3-٢١١L٢- 

7N4+٢١L٢- 

8O٢١١ +١L٢+ 

8O2-٢١١L٢- 

15P٤١١L٢+ 

15P3+٣١L٢+ 

15P3-٤١١L٢- 
 
 






א١٠٨אא
אאאאא

 
 

- ٢٩ - 

1-9-1Wאאאא
Electronic Configuration of the main Transition Elements

אאאאאאא
nd FnאאאE

(Partially Filled)אאאאnd א
אאF١٠Eא، א

אאאאאאא
אW

nd9, nd8, nd7, nd6, nd5, nd4, nd3, nd2, nd1. 
אאאאd

(d-Block Elements)Series אW
١K אאאJW 

(21Sc)،(22Ti)،(23V)،(24Cr)،(25Mn)،
  (26Fe)،(27Co)،(28Ni)،(29Cu)K

א 3dxF x אאא
אE

٢K אאאJW 
(39Y)،(40Zr)،(41Nb)،(42Mo)،(43Tc)،

(44Ru)،(45Rh)،(46Pd)،(47Ag)،
4אdxK

٣K אאאJW 
א(72Hf)،(73Ta)،(74W)،(75Re)،(76Os)،

(77Ir)،(78Pt)،א(79Au)K
אא(57La)א

אא،אאא5dxK






א١٠٨אא
אאאאא

 
 

- ٣٠ - 

אאאאאאאW
١K אאאאאאns2 ،

(n-1)dxFxZ١J٣،٦J٨KE 
Wאאא22Ti23VK

22Ti : 1s2 2s2 2p6 3s2 3P6 4s2 3d2 
23V :  1s2 2s2 2p6 3s2 3p6 4s2 3d3 

٢K אא(n-1)dאאאאאns
אאאא(n-1)d

K 
25Mn : 1s2 2s2 2p6 3s2 3p6  3d54s2 

אאא(n-1)d אאאאnsK
٣K אאא(n-1)dאא

אאאאאns(n-1)d
אאאאאאאK 

Wאאאא24Cr،29CuK
24Cr : 1s2 2s2 2p6 3s2 3p6 3d54s1 
29Cu :  1s2 2s2 2p6 3s2 3p6  3d104s1 

א(n-1)dא–24Cr–
א–29Cu–אאאnsK

אאאא(n-1)dאאא
אnsK

אWאאK
29Cuא؟؟אא
٤K אאאאאאns

א(n-1)dK 






א١٠٨אא
אאאאא

 
 

- ٣١ - 

WאאאאאאW


21Sc :   1s2 2s2 2p6 3s2 3p6 4s2 3d1 
21Sc+:   1s2 2s2 2p6 3s2 3p6 4s1 3d1 
21Sc2+:  1s2 2s2 2p6 3s2 3p6 4s03d1 
21Sc3+:  1s2 2s2 2p6 3s2 3p6 4s0 3d0 

אWאא؟א؟אא


2-9-1Wאאא
Stable Octet Configuration

אאאאאאFאא 42He,E 
אאאאns2 np6K

אאאאאא
אאאאns2 np6

K
 6p3 2s3 6p2 2s2 2s1: Ar18 

6p4 2s4 10d2 6p3 2s3 6p2 2s2 2s1: Kr36 
 6p2 2s2 2s1: +Na11 

אאאאאאא
אאאאאאאK


10-1WאאPeriodic Table        

אאאאא
אא

אאאאאאא
אאא]אא[١٨٦٩K

א(preference)אאאאא
אאאאאאאאאאK
אאאאא



א١٠٨אא
אאאאא

 
 

- ٣٢ - 

אאא
אאK

אאאא(X-ray Spectra)
Moselely) (Heneryאא(Periodic Law)אא

אא(Periodic Function)אאKא
אאאאאאאK

אאאא(Horizontal Rows)
(Vertical Rows)א(Periods)א(Groups) 

אאK
אאא

،אאאאאא٢،٨،٨
אא،אאאא١٨אאא

٣٢אאאאא٢٢،אא
K

אאאאIUPAC 
(International Union of Pure and Applied Chemistry)١٩٨٤אא

אF…..,3,2,1EאאF…..,IV,III,II,IEאFאKE
אאאאא

אאאאאאאK
١אFאE  S-Block Elements       s

 אאאאאאS،אא
אאא(Light Metals)K

FEאא(alkali metals)K
FEאא(alkali earth metals)K







א١٠٨אא
אאאאא

 
 

- ٣٣ - 

٢א P-Block Elements                       p  
אאאאאאPKאא

]א١٣א١٨[،אא]אא[
אאא،אאאK

٣אBlock Elements              dd-
אאאאאא d.אא

אאאndxFxZ١٩Eא
אK

٤אf-Block Elements                f
אאאאאאf،אא

אאא(Inner – Transition Metals)،אאא
W

FEא(Lanthanide Series)،אאאא
4f  K
FEא(Actinide Series) אאאא

א5fK
אאdאfא(Heavy Metals)K

א]אא[אא
אאא،אאא]א[א

אאאK
Wאא]א[אSi14FאKE

אאאאאW
FWEאא 

14Si : 1s2  2s2  2p6-  3s2  3p2
FWEאאאK

2P3  2S3

3WאאאK
2+2WאאאאאK



א١٠٨אא
אאאאא

 
 

- ٣٤ - 

∴א14SiאאאאאK
FWEאאא_

K


א
2 1 



13Li2
11Na3
4

38Sr 5


א



 
 

11-1Wאאאאא
אאאאאאא

אאאאאאK
אא–א–אאא،אא

אK
1-11-1Wאאא Radii of Atoms and ions 

א(Size)
אא،א

١K אK 
٢K א(Diffuse)אאאאאאK 

אK
א(Distance)אא

אאאKאאא(Atomic Radius)،
אאאאאא(X-Ray diffraction)K

אאא]אא[א
אאאJאCl2–אאא



א١٠٨אא
אאאאא

 
 

- ٣٥ - 

אאאאאאאא
אאא (Covalent Radius) K
























(6-1)אWאאאאF١אKE
אאאאW



א١٠٨אא
אאאאא

 
 

- ٣٦ - 

١K אאאא]אאא[אא
אאא،אאאא

אאאאאK
אאK

אאאאאאא
אאאאאאאאאאאK

אאאאא
א(Repulsion Force)אאאאאא

אאאאאK
٢K אאאאאאאאא

אאאאאאאא
אאאאאאא

אאאאאאאאKא
אא

K
WאאאאאK

FE.4Be, 7N, 5B 
WאאאאאאאW

١K אאאאאאK
٢K אאאK
٣K אאK
٤K אאאאK

١٢אW




א١٠٨אא
אאאאא

 
 

- ٣٧ - 


 

אאאאא
221s2      2s24Be 

321s2 2s2 2p15B 

521s2 2s2 2p36N 


א
5432



7N5B4Be2
א






אאאK
אאאאאאK

7N, 5B, 4Be
אא


FE6C,  9F,  14Si 


אאאאאא

422p2 2s2 2s16C 
725p2 2s2 2s19F
432p32s3 6p2 2s2 2s114Si 





א١٠٨אא
אאאאא
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א 

7  654


9F6C2
 14Si 3 

א
 


אא

אאK
١E6C > 9F       ٢E 14Si > 6C

14Si >    6C    >    F ∴ 
אא

F٣EאאאKא
אאאא،אאאא

אאאK
W

7N, 7N+3, 7N+4, 7N+5

א
אא


F٤EאאKאאא

אאK
אאאאאאאא

אK
W

8O=,   8O-,  8O
אא
א





א١٠٨אא
אאאאא
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2-11-1Wאא Electronegativity       
אאא

(Molecule)(Attract) אאאאא
K

אאאאאאאא
אאאאK

אאאאאא٤FE٨}٠Fא
Eא(Arbitrary Scale)–אא

(Pauling Scale)KאK















(7-1)אאF١אKE




א١٠٨אא
אאאאא

 
 

- ٤٠ - 

אאאא
،אאאF٤Eא

אאאFFr=0.8KE
אאאאאW

١אאאאאא]אאאא
אא[אאאאאK


W7N > 15P > 33As >51Sb 

אאא
אא

٢אאאאאאא]אאאא[א
אאאK

W
9F > 8O > 7N > 6C


א


Wאא13AI, 5B, 9F, 7N אאאK
Wאאאאא٣٦K


אאאאאא

32 1s2 2s2 2p25B 
521s2 2s2 2p37N
721s2 2s2 2p59F
331s2 2s2 2p6 3s2 3p113Al 


 



א١٠٨אא
אאאאא
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א 
76 543

 

9F7N5B2
13Al3

א
 

 
 

אאאאאאאא
אאאאK

אאאאאW
9F >7N > 5BFאE

א   5B > 13AlFאE 
 

    9F > 7N > 5B > 13Al∴ 
א

אא


3-11-1WאIonization Energy
א(I E)אFI PEאאא

אאאאאא
אאK

אW


( ) ( )
−+ +→+ eAEA gg 1


A (g)א

A+ (g)אאא 
E1אA (g) 
e-



א١٠٨אא
אאאאא

 
 

- ٤٢ - 

אA(g)אא
אא،אאאאאא

Kאאא
אאאאאאא

FI E1EאאFI E2EאאFI E3EאK


( ) ( )
−++ +→+ eAEA gg

2
2

( ) ( )
−++ +→+ eAEA gg

3
3

2


IE1<IE2<IE3<…..                                                
אא

א 


אאאא אאאא
אK

אאאאאא(IE1)K
(5-1)WאK


אL

אא
אאא

4Be ٨٩٩١٧٥٧١٤٨٤٩
5B٨٠١٢٤٢٧٣٦٦٠

12Mg٧٣٨١٤٥١٧٧٣٣
13AI٥٧٨١٨١٧٢٧٤٥

14Si٧٨٧١٥٧٧٣٢٣٢


Wאאאאאא



א١٠٨אא
אאאאא

 
 

- ٤٣ - 

١(Decrease)אאאאאא]אא
א[אאא،א(5-1)،א

אאאאאא،א
אאאאאאאאאא

אאK
אאאאאאW 

4Be, 12Mg, 20Ca, 38Sr
אא

٢א(Increasing)אאאאאא]
אאא[אאא،א

אאאאא،אאאא
אאאאא،אאאאאאא

،אאאאא،
א]MgZ٧٣٨[א]AlZ٥٧٨[אאאאא

א]NZ١٤٠٢[א]OZ١٣١٤L[אא
אא،אאK 

אאאאאW
אאא2s2Fאאאאאא

אאEאאאאא2p1Fא
אאאאאאאEאאא

אK
אאאאא

אאאאאא2p4
אאאאא2p3K





א١٠٨אא
אאאאא

 
 

- ٤٤ - 

 زمره         
دوره             

Wאא17CI, 34Se, 16SאאאK
Wאאאאא٣٦K


אאאאא

634p3 2s3 6p2 2s2 2s116S 
735p3 2s3 6p2 2s2 2s117CI
644p5 2s4 10d3 6p3 2s3 6p2 2s2 2s134Se


76

17CI16S3 
34Se4

 


אF١E٤٢     
34Se < 16S 

אא
אF٢E٤٣

16S < 17Cl 
אא


א

34Se < 16S<17Cl 
אא







א١٠٨אא
אאאאא
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W
١J ؟אאאא
٢J אאאאאאא

 ؟
٣J אא؟אא 
٤J אאאאאאF

אE؟ 
٥J ؟אא 

٦J אאאאP31
15אא

؟א 
٧J אאא؟אאאאא 

٨J אאאאאאS32
16, Ca40

 ؟20
٩J אאאאאאא؟ 
 

אא
(a m u) 

٪אא
54 Fe ٩٣٩٦}٥٣٨٢}٥
56 Fe ٩٣٤٩}٥٥٦٦}٩١

Fe      57 ٩٣٥٤}٥٦١٩}٢
58Fe ٩٣٥٤}٥٧٣٣}٠


١٠J אאאאFSE4 , SO2, H2SO4   S8, SO2- 
١١J א11Naא12MgKא؟
١٢J אאLא،؟אאאאא
١٣J אאאאאאאKא

א؟
١٤J אאאא3p, 2p؟



א١٠٨אא
אאאאא

 
 

- ٤٦ - 

١٥J אאאאאא−
2
1אא

3d6؟
١٦J אאאאאאJ٣א

4f14؟
١٧J אאא5S1אא؟؟
١٨J אאא4d, 5f, 6sאK

؟
١٩J אאאאאאW17Cl-, 29Cu2+, 29Cu+, 20Ca2+, 14Si؟

FEאאאאאאאאאאא
אFE؟
FEאאאאFEאאא؟١٩؟אא
FEאאאאאאFFEא١٩אE؟א

٢٠J אאאאאא
א؟

٢١J ؟אאא
٢٢J אW

אא،אאא،،אאא
א،א،،א،؟א

٢٣J אאא8O-, 8O=, 8O؟אא
٢٤J אאא29Cu2+

,29Cu+ ,29Cu؟אא
٢٥J אא13Al, 5B, 7NW

FEאאK
FEאאK
FEאאאK



א١٠٨אא
אאאאא

 
 

- ٤٧ - 

٢٦J אW
FEאאK
FEאאאK
FEאאאK

 


 



 

 

 

אאאאאא

 

אאאא  

אאא
ã¹]<gè…‚jÖ]æ<ËÖ]<Üé×Ãj×Ö<íÚ^ÃÖ]<í‰‰ö¹] 

אאאא 





א

א
א



٢



א١٠٨אא
אאאאאא

 
 

- ٤٨ - 

אאW
אאאאאאאאא

אאK


אאW
אW

• אאאאא،אאאאאאK 
• אאאאאאאאאאK 
 Kאאאא •
• אאאאאאאאאK 


אאאW
K


אאW

אאאK









א١٠٨אא
אאאאאא

 
 

- ٤٩ - 

١-٢WPreface 

אאאא
،אאאאאאאא،

א(Attractive Forces)אאאאאאאK
אאאאאאW

FEאאאK
FEאאאK
FEאאאK


٢-٢Wאאא    Ionic Bond

אאאK
אאאא]א

א []א
[،אאא

א(Cation)

−+
+→ nenMM 

אאאאAnion
−− →+ nXneX

אאאאא
אK

אאאאאאא(Ionic Compounds)K
אאאאאאאא

אK






א١٠٨אא
אאאאאא

 
 

- ٥٠ - 

W
אNaF

אאאאאאK
אאאא

11Na      1s2 2s2 2p6 3s1                                                                                        
9F      1s2 2s2 2p5                  

אאאאא
אאאאאK

−+ +→ eNaNa11 


אאא
 11Na+      1s2 2s2 2p6

אאאאא
אאאאאK 

−→ F9FאE−+ eF9
אאאא

9F-      1s2 2s2 2p6 
א]א[אאNa+אF-،
אאאאאאK

אאאאאאא
אאאW
אCaO 

20Ca      1s2 2s2 2p6 3s2 3p6 4s2 
8O         1s2 2s2 2p4                 

אאאאאא2e-
אאאאאאאאאK

 



א١٠٨אא
אאאאאא

 
 

- ٥١ - 

CaOOCa
OeO

eCaCa

→+∴

→+

+→

−+

−−

−+

22

2

2

2
2

 


אCaF2

אאאאאאאK
אאאא

אאאאK

( )
2

2
2

2

2

222
2

CaFFCa

FeForF
eCaCa

→+∴

→+

+→

−+

−−

−+

Κ

 
Mg3N2א 

אאא
אKאאאא

אK  
 

12Mg      1s2 2s2 2p6 3s2 
6N          1s2 2s2 2p3   

אאאא
אאאאאאאא

אאאאאא،אא
 FEFKEא

 

23
32

3  -

2

23
2 e 6    2

633

NMgNMg
NN
eMgMg

→+∴

→+

+→

−+

−

−+

 





א١٠٨אא
אאאאאא

 
 

- ٥٢ - 

Properties of Ionic Compounds              ٢J٢J١Wאאא  
FEאK  

אאאאאא
،אאאאא

אאאKא
אKאא

אאא
אאKא

א(Formula Unit)אא(Molecular Formula)
אNaClK

FEאK  
אאאאא

אא،אאאאא
אאאאאאאאKאא
אאאאאאאא

،אאאאאא
אאאK

FEאאא  
אאאאאFאEKאא

אאאאאאאאאא
אאאאאא

אאK 
FEאאאאFאKE  
FEא(Low vapour pressures)

אא(Room Temperature)K





א١٠٨אא
אאאאאא

 
 

- ٥٣ - 

3-2WאאאCovalent Bond        
אאאאאאF1.7E

אאא،אאא،
אאאאאא،אא

אאאאאאK
אאאאאאאאא

אאאא،אאאאFE
אאאאאאK

Kאאא-א
،א

אאא،אאאאא
א (Potential Energy) אK

אאאאאאאא،א
אאאא

אאJאאאאאאא 1s א
א،אאאא

אאאKאאאאא،
אאאאאא،אאא

אאאK
אאאא
אאאאאאאK 

אאאאאאW  
 
 
 
 
 

 


HHHH BA −→+



א١٠٨אא
אאאאאא

 
 

- ٥٤ - 

 
 
 
 
 
 

אאאF١אKE  
 

 
Polar and Non-polar Covalent Bonds    Wאאאאא 1-3-2 

אאאאFאאא
Cl2 , Br2 , F2 , O2 , N2KKKEאאאNon-Polar Covalent 

BondאאאאF O2 , N2E
אאאאאא

אKאאאאאאאאJ
אאאאאאאK

אאאאאאאא
אאאאאאא0.5،אאא

0.5א1.7،אאאאאא
אאאאאאאא،

אאUnsymmetrical) Eא
אאאאא،אאאאא

אאא، 
Partial Negative Charge)EJδ،אאאאא

אאאאאא
Partial Positive Charge)EHδאאאא

אאאH2O HClK
אאאאHClא

 



א١٠٨אא
אאאאאא

 
 

- ٥٥ - 

 
 

אא  
−+ − δδ ClH  

  
אאאאא1.7אאאא

אK 
אאאאאאאK  

 
אא א 

0.9 HCl 
0.7 HBr 
0.4 HI 
 H-H 

 
2-3-2Wאאאא     Covalent Bond and Lewis dot Formulas

אאאא،
אאאאא–אאF(G.Lewis

Lewis Symbols)Eאא
אK

אאא
אאאאK-אאW

Wא5 אBK
אאאאW  

FEאאאאאאK  
5B      1s2 2s2 2p1 

H Cl

אא



א١٠٨אא
אאאאאא

 
 

- ٥٦ - 

FEאאK  
5B      1s2 2s2 2p1 

FEאאאאא
אK  

B
. .. 

אאאאא : 
KאאאאK  

אאא
אאאאK 

Li. Be.. Al..
.

C. .
.. N

.

. ... F.
.. . .
..

Ne
. .

.. ....  
 

אאאאאא
אK 

אאאא
אאא،אאאאא

אאאאאK
אאאאאK

אאאאאא
אאK

אאא
אK

O
..
. x.x ..H

H 
 



א١٠٨אא
אאאאאא

 
 

- ٥٧ - 

...
x

..
H Cl.. C.x

x .
.x

x.H
H

H
H

xx
x

..
. H

 H

H N ..

N
..

H

H

H ..
H C..

..l

אאW
FEאאא)x•(אאK

אאK
FEאאא( : )אאK
FEאאאK

אא
                                                                    

FEאא )x
•

(FאKE
FEאאאאא

אאK
אאK





אCH4  אHCl 







אNH3
 

אאאאאאאW









:Ö = C = Ö:                     



:x x
x x :C OO :::

H

H

HC

H



א١٠٨אא
אאאאאא
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אאא(Dash Formula) 


٣-٣-٢WאאאFאECoordinate or Dative Bond

אאאאאאאא
אאאא،אאאאא

אאא،אאאאאא     
(Donor Atom ) אאאאאא

(Acceptor Atom) K
אאF←Eאאאאאא

אK
W

FEא[NH4]+

א
H+ + :NH3  → [H←:NH3]+

אאאאאא
אאK

FEאF3B:OEt2

F3B  +  :Ö Et2  → F3B ←:ÖEt2


4-3-2WאאאאDouble and Triple Bonds                               
אאאאאא

אא،אאאאאאK



א١٠٨אא
אאאאאא

 
 

- ٥٩ - 

H  . C :  : C .  x
x.
H

x
.x
H

H

..
x
x

x
x

..
:O:  C    :O:   

x. HCH x. C ......


H H  


H     C=C   H                                                            :Ö=CÖ:                       

                                  



אW
      H – C ≡ C - H

٥-٣-٢Wא  Sigma and Pi Bonds
אאאאאאאאאFσ Eא
FπEאאאsאsp 

אאאאK
אאאאאpא 

 

H  C

H

C H

H




אאאאאK
6-3-2WאאאProperties of Covalent Compounds 

١JאאK
٢Jאאאאא،אא

אאK
٣JאאאאאאK
٤JאאאאאK
٥JאאK
٦JאאאאאאK

π

σ



א١٠٨אא
אאאאאא

 
 

- ٦٠ - 

 4-2Wאאא Metallic Bond
אאאאאאאא

FאאEאJאא
אKאאאאאא

אKאאאאאא
אאKאאאK

אאאאאאאK
אאאאאK

אא،אאאא،א،א
אאאאK

 
٢-٥Wאא Intermolecular Forces of Attraction

אאאאאאאאאא
אאא،אIntermolecular 

Forces)Eאא Intramolecular Forces)E،אא
Van der waals)KE

אאאאאK


١-٥-٢W אאאDipole-Dipole Attraction 
אאאאF(Unsymmetrical Distribution

אאא،אאאאא
אא،אF(Dipoles

אאאKאא
אF(Positive PoleאאאF(Negative PoleK

אאאKאאא
אאא،אאא

אאאאאא



א١٠٨אא
אאאאאא

 
 

- ٦١ - 

אאא(Solid State)Kא
אאF٤LEאאאא

אאF٤٠٠LE،אא،
،Kאא(Directional)אא

אא،אאאאאא
א،אאאאאאFאE

אאא،אאKאאא
אאאK


2-5-2WאאאHydrogen Bond                    

אאאאאFEאאאא
אאא2-2א

א،א،אאא3,304,4אאK
א،אאאא

Fאאδ+Eאאאאאאא
Fאאδ-EK

אאאא،אא
אאאאא

אK


אHF



F

H

F

H
F                                          

F

H H

 




+δ

−δ



א١٠٨אא
אאאאאא

 
 

- ٦٢ - 

אH2O



H

H

H H HOO

O H




א NH3



N

N

H H H

HHH


אאאאאא

אאאא،א
אאאאאKא

אאאאK
אאאאא

אFH2Te , H2Se , H2S , H2OEFאאEאא
Kאאאא

אאFHCl , HBr, HIEאאא،
(HF)K

אאאאא
אאאאאאאא

אאאאFHF , H2OEאאאא
אאאK





+δ −δ

+δ −δ



א١٠٨אא
אאאאאא

 
 

- ٦٣ - 
















F١אE
אאאאאא

( High Heat of Vaporistion) אא(High Melting Points)
אאאאאאאאאא
אאאאKWא

אאFאEאאאא
אK
3-5-2WאDispersion Forces

אאאאאאאא
אאאאא

،אאאאאא
FEאאאא

،אא،
אאאאאא،



א١٠٨אא
אאאאאא
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אאאF(London Forcesאאא
F(Fritz Londonאאאאאא

אK
אאאאאאאא

אאאאא
אאאK

אאאאאאאא
אאאאאאK

אאאאאאאFאאE
אאK
א0.1א،אא

אאאאאא
אאKאאאאאאKא

אאCH4SnH4, GeH4, SiH4,אאאא
אKא٦٣K

אאאאאא
אאאHCl < HBr < HIH2S < H2Se < H2Te،

٦١א،אאאאא
אאאאא

אאאאאK
אאאאאאFא،א،אא

Eאאאאאאאא
(Symmetrical non polar Substances)H2,Br2,N2,O2,O2,CO2,SO3

אאאאF(Monatomic SubstancesאאאK
אאאאאאאא

אאאא
אאאK



א١٠٨אא
אאאאאא
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W
١WאW

FEאאאFEאאאK
٢W؟אאאאאא
٣Wא؟אאא؟א
٤Wא؟אאא
٥Wאאאאאאא

FE2.0FE0.4FE0.6FE0.0K
٦WאאאאאFאE؟אאאא؟
٧WאאW 

  19K, 10Ne, 13Al          
٨WאאW

FENH3FEPF5
٩Wא،א؟K؟
١٠WאאאClאאNaCl؟

אאאאא؟א
١١Wאאאא،

؟
١٢WאאאFאאEאאא

I2, HI, Ar, CO2K
١٣WHF, H2OK

Kאאאאאא؟؟א
١٤Wא؟؟אאא

FEאFFEEאFKE
١٥WאC2H6אCH4אCH3CH2OH؟
١٦Wאאאאאא؟؟

FECH3FFECH3-O-CH3FECH3OHK



 

 

 

אאאא
  

 

אאאא  

אאא
]<Üé×Ãj×Ö<íÚ^ÃÖ]<í‰‰ö¹]ã¹]<gè…‚jÖ]æ<ËÖ 

אאאא 




א


א



 

٣



א١٠٨אא
אאאאא

 
 

- ٦٧ - 

אאW
אאאאאאאK


אאW

אאW
• אאאK 
• אאאK 


אאאW

אאאאא٨٥٪K


אאאW
K

אאW
K















א١٠٨אא
אאאאא
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1-3WאNames and symbols of Elements
אאאא

אאא،אK
אאאא،אא

،אא
אK،אאא

אאאא
אאאא،א

אאאאאא
אא،אאאאא

אאFoxygenEאאא،
אאאFcarbonEאFE

FKEא
אאא

אאאK
אאאא

אאאאאאFcapital letterEא
אF(carbonאFchlorineE

אאאאאא
Fsmall letterEאFCEאFCIEא٣١א

אאאא٣٢K











א١٠٨אא
אאאאא
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א


א

א



א


א

א



א


א

א



Polonium Po germanium Ge Actinium Ac 

Praseodymium Pr אHydrogen H silverAg 

platinum pt hahnium Ha aluminum Al א

Plutonium Pu helium He americium Am 

radium Ra אhafnium Hf argonAr 

Rubidium Rb mercury Hg arsenic As 

rhenium Re holmium Ho astatine At 

rutherfordium Ri iodine I gold Au 

Rhodium Rh Indium In BoronI 

radon Rn אiridium Ir barium Ba 

Ruthenium Ru Potassium K beryllium Be 

Sulfer S KryptonKr Bismuth Bi 

Antimony Sb Lanthanum La Fermium Fm 

Scandium Sc Lithium Li Berkelium Bk 

Selenium Se Lutetium Lu Bromine Br 

Silicon Si Lawrencium Lr Carbon C 

Samarium Sm Mendelevium Md Calcium Ca 

Tin Sn Magnesium Mn CadmiumCd 

Strontium Sr אManganese Mg Cerium Ce 

Tantalum Ta Molybdenum Mn Californium Cf 

Terbium Tb Nitrogen N Chlorine Cl 

Technetium Tc Sodium Na Curium Cm 


F1-3Eאאא

 




א١٠٨אא
אאאאא
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א


א

א



א


א

א



א


א

א



Tellurium Te NiobiumNb Cobalt Co 

Thorium Th Neodymium Nd Chromium Cr 

Titanium Ti NeonNe Cesium Cs 

Thallium TI Nickel Ni Copper Cu 

Thullium Tm Nobelium No Dysprosium Dy 

Uranium U אNeptunium Np Erbium Er 

VanadiumV Oxygen O Einsteinium Es 

TungstenW Osmium Os Europium Eu 

XenonXe Phosphorus P Fluorine F 

Yttrium Y ProtactiniumPa Iron Fe 

YtterbiumYb Lead Pb Francium Fr א

ZincZn Palladium Pd Gallium Ga 

ZirconiumZr  Promethium Pm Gadolinium Gd 


F1-3Eאאא













א١٠٨אא
אאאאא

 
 

- ٧١ - 




אא
א

אא


Sb Stibium Antimony 
Cu Cuprum Copper 
Au Aurum Gold 
Fe Ferrum Iron
Pb Plumdum Lead 
Hg Hydrargyrum Mercury
K Kalium Potassium

Ag ArgentumSilver 
Na Natrium Sodium 
Sn Stannum Tin
 א
W Wolfram Tungsten 

F2-3Eאאאאא


2-3Wאא Chemical Formulas
אאאאאאאאא

אאא،אאאאאאאא
א،אאאK

אאאאא
אאFsimplest formulaEאFempirical formulaE

אא،NaCl H2OCH2K
אאאאאאאאא

אFmolecular formulaEH2OFE،



א١٠٨אא
אאאאא
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C HH

H

H

O

O

C

א،אC2H4אא
א،אאאא

CH2،אא١٢،אאאCH2KK،א
אא،אא

،אאאאstructural formula،W









אאא


אאאאאא?אאא?א
אאאאא،אאK

אאאאאW
FC2H4O2E،אFCH2OKE

אאאאאאאאאK
אאאא،א

אאא،אאאאK


1-2-3Wאא Empirical Formula
،אאאאאאא

אא،אאא
א،

אאאא،אאK






א١٠٨אא
אאאאא
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(1)א
אא،2.34gN5.34OK

؟


אW
KW


FאE  1 mol N = 14.0g N 
FאE1 mol O = 16.0g O 











אN0.167 O0.334 ،אאא
NOא،אא،

אאאאאא،אאאW








O  mol  0.334   
O g  0.16
O mol  1   O g  5.34

N  mol  167.0
N g  14.0
N  mol  1    N g  34.2

=







×

=







×

NOON 2
167.0

0.334
167.0
167.0        =



א١٠٨אא
אאאאא

 
 

- ٧٤ - 

(2)א
אא43.7%P56.3%O؟

א
אאאאאאK

א100gאא،
43.7g P56.3gOFKאאאKEא،

אאא،א









אW





אאא؛אאP2O5K










O  mol  3.52   
O g  0.16
O mol  1   O g  56.3

P  mol 41.1
P g  31.0
P  mol  1    P g  3.74

=







×

=







×

POOPOP 2.50
41.1

3.52
41.1
41.13.521.41          ==



א١٠٨אא
אאאאא

 
 

- ٧٥ - 

(3)א
אאא،،

0.1000gא0.1910 g CO20.1172g H2O،א
אאא؟

אW
אא،אאא

K
אאא2.10אא،

CO2H2Oאאא،אא
،אאאאא(0.0001g)א

אאאא(0.1000g)،א
،אאCO2H2O،

אאאאא،א
אאא(0.1000g)אאא،

א0.1000g،،א،אאא
אאאK

אCO2H2O44.018.0אא،אאC  
CO2W





אא،H2OW





אאאCO2אא
אW




2CO  g  44.0
C  g  0.12

OH2  g  18.0
H  g  .012

C  g  .05210  ~  
CO g  44.0

C    g  12    CO  g  .19100
2

2 







×



א١٠٨אא
אאאאא
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אאא،W





אאאאאW





אW



C 

 
 
 
אא1.31 x 10-2 mol H
2.17 x 10-3 mol OאאW







C2H4O 





H  g  .01310  ~  
H g  18.0

H    g  2.01    OH  g  .11720
2

2 







×

O

g  0.0652    H  g  0.0131    C  g  0521.0 =+

C  mol  10  .344  -  
C g  12.0
C    mol  1    C  g  0.0521 3-×









×

0.00217
0.00217

00217.0
0.0131

0.00217
O.OO4340.00217 0.01310.00434 O   H   C     O  H  =C

g 0.0348  g 0.0652 - g 1000.0 =



א١٠٨אא
אאאאא
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2-2-3Wאא Molecular Formulas                    
אאאאא

،אאאCH2א
אאא،אאא

،אאאאאא
אF3-3E،אאאאאאאאא

אאאאK


(4)א 
א،אאאNO2א،92.0،
א؟

א
אאאNO246.0،אאאאאאא

NO2אW




אא= (NO2)2N2O4אא،dinitrogen tetroxide،
אN2O4אאא(NO2)2אF

NO2KE










 2    
0.46
0.92
=



א١٠٨אא
אאאאא

 
 

- ٧٨ - 

אאא
14.0 = 1 × 14.0 CH2 

28.0 = 2 × 14.0C2H4 

42.0 = 3 × 14.0C3H6 

56.0 = 4 × 14.0C4H8 

n × 14.0CnH2n 


אF3-3Eאאאאא




3-2-3Wאאא Balancing Chemical Equations
אאאא

،א،אאא
אאאאאאאאא،א

א،אאאאאא
אאאK

אאאאאW
١K אאאאאא

אאא،،
אK

٢K אאאאא،א
אאא،אא

אאאאא
אK

א،אאא
אאאאאאאאK

אאאאאא
FHClEאFNa2CO3EFNaClE،

אFCO2E،W



א١٠٨אא
אאאאא
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אאאW
١K אא

 
Na2CO3 + HCl                               NaCl + H2O + CO2               

 
٢K א،א

א،א
אאאא،א

Na2CO3Kאאא
،אא2NaC1،א

W 


Na2CO3 + HCl                               2NaCl + H2O + CO 


אClא،אאאא
2HClK


Na2CO3 + 2HC1                               2NaC1 + H2O + CO2 

אאאK
אאאא،א،אא

،אאאאW
1/2Na2CO3 + HCl                       NaCl + 1/2 CO2 + 1/2 H2O
5 Na2CO3 +10 HCl                     10 NaCl + 5 CO2 + 5 H2O


א،אאאאא

،،אאאאK






א١٠٨אא
אאאאא

 
 

- ٨٠ - 

(5)א
אאאאאאC8H18،؟אא

C8H18 + O2                                   CO2 + H2O
אW

אאאCO2،H2O،
אאCHאא،אא8CO2،

אאא9H2OF9H2O18אHH2O
2HKE
אW


C8H18 + O2                                   8CO2 + 9H2O


אאא،א25OF9 =252 x 8 +E،א

אOא،א12 1/2FO2E
25O אK 


C8H18 +12 1/2 O2                                   8CO2 + 9H2O

אאאאW
2C8H18 + 25O2                                16CO2 + 18H2O 











א١٠٨אא
אאאאא
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3-3Wאא The Naming of Chemical Compounds
אאא(Handbook of Chemistry and 

Physics)אא،אאא
אא،אא،א

אאאאא،א
אאאאא،א

אאאK
אאאא،

אאאאא
אאאK

אאאא،אא
אאאH2OאNH2אא،

אאאא
אK

1-3-3WאאW
אאאKאא

FאEא،אאאF
אאEאFEFideE
א(3-4)אאא


אSodium chloride NaCl 

אאStrontium oxide SrO 
אAluminium sulfide Al2S3 

אMagnesium phosphide Mg3P2 

אHydrogen bromide HBr 


אאא،،אאא
אא،אFE



א١٠٨אא
אאאאא

 
 

- ٨٢ - 

-icFEousאאאאKא
+3+2W


אchromic chloride CrCl3 chromic Cr3+ 

אchromous chloride CrCl2 chromousCr2+ 


(3-4)אאאאאK


אIVA אVA 

carbide C4- nitride N3- 

silicide Si4- phosphide P3- 

arsenide A3- 




אVI אVIIA 
oxide O2- fluoride F- 

sulfide S2- chloride Cl- 

selenide Se2- bromide Br- 

telluride Te2- iodide I- 


אאאאK

אW،FferricEFe3+،،
FferrousEFe2+،א(3-5)אא،

א،אאאK
אאאא(Stock system)،

אאAlfred StockF1876-1946KE
אאאאא،Fe2+FIIE

iron،Fe3+iron(III)אFeCl3 FeCl2W




א١٠٨אא
אאאאא
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אIron(II) Chloride Ferrous chlorideFeCl2 

אIron(III) Chloride Ferric chloride FeCl3 


אאאאאא

Kאא iron(III)chloride FeCl3אא
אאאא ferric chloride

(3-5) אאאאK


אא א א
Chromium Manganese Iron Cobalt 

Cr2+chromous Mn2+manganousFe2+ferrous Co2+cobaltous
Cr3+chromic Mn3+manganic Fe3+ferric Co3+cobaltic 


אא א א

Lead Copper Tin Mercury 
Pb2+plumbous Cu+cuprous Sn2+stannous Hg2+mercurous 

(note that there are 
two Hg atoms) 

Pb4+plumbic Cu2+cupric Sn4+stannic Hg2+mercuric 
אאאא

אאWpenta-(5), tetra-(4), tri-(3), di-(2)  
,deca-(10),nona-(9),octa-(8),hepta-(7),hexa-(6)אK

אאאאW
אאNO2        nitrogen(IV)oxide 

nitrogen dioxide                                   
אאN2O4       nitrogen (IV)oxide                         

                                 dinitrogen tetroxide                                                             
אnitrogen (V)oxide                   N2O5   



א١٠٨אא
אאאאא
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                            dinitrogen pentoxide 
אphosphorus (III)chloride PCl3 

phosphorus trichloride 
א(V)chloridephosphorus    PCl5    

pentachloridephosphorus
אאF١EJmonoאאK

אCO2    carbon   dioxide                
אאCO     carbon  monoxide            
2-3-3Wאאcompounds containing polyatomic ions

אא،א
אאאKאאאא

אא،אאאאא
אאאK

W


אא
אmanganous sulfateManganese(II)sulfateMnSo4 

אאFerric oxalatIron(III)oxalate Fe2(c2o4)3 


3-3-3WאאW

אאאאאאא
אK

אאאא
אאאאאK،

אH+אK
אאאאאא

Fא،HCIא،H2SE،אא
אאFhydro acidsE 

(hydro…ic acid)אאא،KאאאW



א١٠٨אא
אאאאא
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אHF   hydrofluoric acid 
אHCI  hydrochloric acid 

א  HBr  hydrobromic acid 
א                        HI     hydriodic acid       


אאF

neutralizationE،
HCI + OH -                                            H2O + CI-                        

hydroide saltsFאsalt
א،،KE


4-3-3Wאא oxoacids

אאאא،
אאKא،sulfuric acid H2SO4،א

א،אאF SH2SO4E א
،K،

H2SO4H2SO3،א6+4+אאK
אאאאאאFE–ic،

אאאאאאFE–ous،W
אH2SO4   sulfuric acid

אH2SO3   sulfurous acid      
אאFEhydroאאK

Kאאאאאא
אאאאFEicFאE-ateאא

אFEousFE-iteK





א١٠٨אא
אאאאא

 
 

- ٨٦ - 


SO4

2-  sulfate אH2SO4  sulfuric acid    

SO3
2-  sulfite אH2SO3  sulfurous acid 

אNO3
-  nitrate אHNO3  nitric acid       

NO2
-  nitrite אHNO2  nitrous acid     

אClO3
-  chlorateאHClO3  chloric acid    

ClO2
-  chlorite אHClO2  chlorous acid 


אא،א

אFEhypo-FאEper-אאאאK
אאאאK


ClO-  hypochlorite Hypochlorous  HClO

ClO2
-  chlorite       chlorous        HClO2 

אClO3
-  chloate        chloric          HClO3 

אClO4
-  perchlorate  perchloric     HClO4 

 
5-3-3WאאAcid salts

אאאH+אא
אאאאאK

אFH2SO4H2CO3Eאא
אFEbi-אאאK


אאאא

H2SO4 NaHSO4 
H2CO3 NaHCO3 
H3PO4 NaH2PO4 

 Na2HPO4 



א١٠٨אא
אאאאא

 
 

- ٨٧ - 




אNaHSO4 sodium bisulfate 
אNaHCO3 sodium bicarbonate 

אHא"hydrogen"
אאNaHSO4 sodium hydrogen sulfate
אNaH2PO4 sodium dihydrogen phosphate 
אאNa2HPO4   sodium hydrogen phosphate     
אא(disodium hydrogen phosphate)

אאdi-FאEאאFא
אNaאאKE





















א١٠٨אא
אאאאא
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HO-C-C-OH

H H

H H

W
١Wאאא،אאאא؟
٢W؟אא
א( NH4 )2S2O8 Fe2O3Al2Cl6
C6H6C3H8O3C6H12O6 
٣Wאאא،א




א؟א


٤W؟אאאא

ZnS + HCl                                ZnCl2 +  H2S
HCl + Cr                                   CrCl3 + H2
 Na2S2O3 + I2                           NaI + Na2S4O6ج ـ                           

٥Wאא،א
2.5 g Cl0.423g C1.34g FK

אאא؟

٦Wאא،

14.5%C , 85.5%ClK؟אאאא

٧ Wאאאא 1.4g،

2.10gK
אא؟א








א١٠٨אא
אאאאא
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٨W אאאאW
1) Nitric Acid . 
2) Hypochlorous Acid . 
3) Potassium dihydrogern phosphate . 
4) Hydrobromic Acid . 
5) Ferrous Oxalate . 
6) Barium phosphate. 
7) Magnesium Carbonate . 
8) Nitrogen Dioxide . 
9) Ammonium Dicarbnate . 
10) Chromic  phosphate . 
11) Iron ( III ) Iodide . 
12) Cuprous Nitrate . 
13) Calcium Acetate . 
14) Mangnese ( II ) sulfate . 

 
 
 

:اآتب الاسم الكيميائي باللغة الإنجليزية لكل ما يلي  : ٩س   
 
1 – HNO2                                           2 – HCIO4 
3 – H2SO4                                          4 – LiHSO4 
5 – MnSO4                                         6 – AgNO3 
7 - N2O4                                             8 – Sr(OH)2 
9 – Al2(SO4)3                                   10 – CaCO3 
11 – BaBr2                                        12 – CuCl  
13 – NaClO2                                     14 – Mg(ClO4)2 
15 – NH4OH    



 

 

 

אאאא

 

אאאא  

אאא
Ö<íÚ^ÃÖ]<í‰‰ö¹]ã¹]<gè…‚jÖ]æ<ËÖ]<Üé×Ãj× 

אאאא 




א


א


٤



א١٠٨אאא
אאאאא
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אאW
אאאאאאאאאאK


אאW

אאW
• אאאאאאאאאאא

אK 
 

אאאW
אאא٨٥K٪


אאW

K


אאW
 (Overhead projector) 
 K 


אאW

K







א١٠٨אאא
אאאאא
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1-4W
אאאאאאאא

Particles،אאאאאאW
١K אאאאאK
٢K אאאאK
٣K אאאא

אK
אאאאK

2-4אאW
אאאא،אאאאא

אאאאW
=١K
=٣

=١٠C١٠C١٠
=١٠٠٠٣


3-4אאW

אאאאK
אא 

א=א


א  א
FE 

=٢אZ
٢


אאFאאאאEאאא

אאאK




א١٠٨אאא
אאאאא

 
 

- ٩٢ - 


W


אCאCאCא

א=א


=            אCאCא


אאW
אאא،א

٧٦א١٢אW
1mm Hg = 1 torr 

1 atm = 101.325 k Pa
4-4אאW

אאאאאאא
אאאאאאאK


אא אא 

100 373  
80 353  
60 333 
40 313  
20 293  

0 273  
-20 153  

  אא  
 0°א    
אK°  ،  

  א א  א
     

  א
אאW  

 
T° K =  t. °c + 273 






א١٠٨אאא
אאאאא
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אאW
אא אF٢٧٣ Eא١
F٧٦٠E،אאאאאאאאK

5-4אאאW
אאאאאאאא

אאאאאאאאK
١K W

אאאאאאK
T

Vα 1/P
PV = CONST.

P1V1 = P2V2
אאF١J٤KE

٢K W
אאאאK

P
VαT

V/T = CONST. 
V1/T1 = V2/T2

אW
אאאא٢٧٣L١אא(V°)°א

אאא١°،אא–٢٧٣°
אאאאאF٢J٤KE





 



א١٠٨אאא
אאאאא
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PV 

PV

P(Fig. 1-4)
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(Fig. 2-4) 
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٣K אW
אאאאK

WV
PαT

P/T = CONST 
P1/T1 = P2T2

אF3-4EW
אא١L٢٧٣אא(P°)٥

אאא١оK
W

٨٤٤א٢٥٥Kא
א٢٤}٢،אא

אK


















P 

(Fig. 3-4) T°K 

100 200 300 400 500 600 
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٤K אאאWGeneral Gas Law W 
אאאאאאW

FTEVα 1/P
FPEVαT

… Vα T/P 
P V = KT 

Kא
אKאאאFnEW

 
Kα n  or K = nR 

 
RאאK

אאאאאW


PV =  n RT
 

WP =אFKE
= V אFKE
= T  אאאK
= nאK
= R אאא

KFKE


אאאRW
אא١٤}٢٢אא

K
אאאW

P = 1 atm.    & V = 22.4 L 
T = 273 °K    &    n  = 1  mole 

R = PV/nT 
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1 atm. * 22.4 L 

Mole *°K    R = 

 
R = 0.082     atm. L. mole  -1. K-1 


א(n)W

אא(W)א(M)אW
 

אא 
אZ

א 
Wn = W/M 


٥K אאWDalton’s Law of Partial Pressures

אאאFE
אאאאאא،

 אא אאאאא
אאאאK

 
Pt  =  P1  +  P2  +  P3  +  . . . . . . 

= PtאאK
= P1אאF١KE
= P2   אאF٢KE

= P3אאF٣KE
אאאאאאאאFאE

K
אn1אF١E،n2אF٢E،n3אF٣E،

KKKKKKKKKאאVאTKאאא
W





א١٠٨אאא
אאאאא
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P1  =  n1 RT/V …………… (1) 
P2  =  n2  RT/V …………….(2) 
P3  =  n3   RT/V……………..(3) 

אF١E،F٢E،F٣WE
Pt  =  P1  +  P2  +  P3  +  . . . . . . 
=  RT/V (n1 + n2  +  n3 . . . . . ) 

Pt  =  nt  RT/V . . . . . . . . . . . (4)
  W  

אאZ nt  =  n1  +   n2  +  n3  + . . . . .
F١EF٤EW

P1/P2   =   n1/n2                P1  = n1/nt Pt 

F٢EF٤EW

P2/Pt   =   n2/nt                P2  = n2/nt Pt

F٣EF٤EW

P3/Pt   =   n3/nt                P3  =n3/nt Pt 

אאאאאא،W

אאF١E=n1/nt 

אאF٢E=n2/nt 

אאF٣E=n3/nt 

W

٢٠٥אאW

٢٠٠ ،١٥٠א ٣٢٠،١٠٥
K
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אא؟אא؟

 Pt    = PH2  +  PCO2  + PCH4  + PC2H4 

      = 200 + 150 + 320 + 105  

      = 775  mmHg 

PH2 = nH2/nt Pt 

?אאאאאאא
אא?W

H2\אאnH2/nt =

 = PH2/Pt                     

= 200/775 = 0.285     

= 25.8%  

 א   אא  א א،
אאאאאא،

W

Pdry gas = Pt – PH2O 




W

אא٢٣٥٨٠٠אא٢٣٥
١}٢١אאאK



א١٠٨אאא
אאאאא
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٦K אs Diffusion law’ Graham

אאאאאאא،
אאא?אאאאאאא

אאK?
Cα 1/    d                OR            C     d     = CONST. 

W= Cא
 = dאK

 dαM
א

M        OR       C     M = CONSTCα1
WMאK

WאאאK


אאאW
FE אאK
FE אאK 
FE אאK
FE אאאאK


6-4אאאThe Kinetic Theory of Gases
אאאאאאאאאFא

אאEאא
א،אא

אK



א١٠٨אאא
אאאאא
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אאאW
١J אאא،אאא

אאK
٢J אאאאK 
٣J אאאא

K 
٤J אאאFאאאKE

אאאK 
٥J אאאאא

אK 
٦J אאאאאK 

אאאאאאא
אאK

2   c
−

 PV = 1/3 mn
= PאK

 = VאK
= m אK
= n  אK   
٢c

− = אK
אאאאאאא

אFאאאEאאK


WDeviation of Real Gasesאאאא
אאאא،אאאא

،אאאאאאאא
אאאאK،אאא

(P,T)אאK
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אאF٤J٤E



























N،אbאK

٢Jא א ، אאא אא
אאאאאאא

אאאאאא



H2

N2
02

CO

P

PV
/n

R
T

(Fig. 4-4) 
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F α n2/V2 

F = a n2/V2 

= Fא،a (P+an2/V2) P א אK
אאאאW

(P + an2/V2)  (V – nb) = nRT 

אK

אאאאאאאא
אאאאK

אa , bT,V,Pא
אa , bK
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W

F١EאאF٤EאF٦E،אאא
אאאאאאF٢KE

F٢EF١٠٠E،אא٢٠F٧٤٠E؟K

F٣ Eא א       א א
F١١EאF٧٠٠Eא،K

F٤EאאF٩١}٩LKEאאאאK

F٥ECO2٩٦}١Lא،K٢٥٨٥٥٦}٠
K

F٦Eאא١٠א٢א
٧٤א

a = 3.6 atm. Lit2/mole2 , b = 0.0427  lit/mole










  





 

 

 

אאאאאאאא

 

אאאא  

אאא
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אאאא 


א


א




א


א


٥
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אאW
אאאאאאאאK


אאW

אא
• אאאאאK 
• אאאאאK 
• אאאאאאK 


אאאW

K


אאW
אאאK















א١٠٨אא
אאאאאאא
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١-٥W    Preface 
אאאאאאא،א

אCondensed States)Eא،
אאאאאאא(Fluid States)،

(Flow)K
אאאאK


אאאא

،אא
K

אK

KK
KאאK

אאא
אאK

אאא
אאK

אא
אאאK

אא
אK

אא
אאK

א
K

אא
אK

אאא
אאאK








א١٠٨אא
אאאאאאא
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٢-٥WאאThe Liquid State
אאאאא(Kinetic Molecular Theory)א

אאאאא،
אא،אא،א

אאאאאאאאא
אאאאא

א،אאאאאאא،א
(qualitative) אאאאא106א

אא،א
١J אאאאאאK
٢J אאאאאאא

אאאאאא
אאK 

٣J אאאאאאא
אאאאK 

אאא،אא،אF(viscosity،
אאאאאאא

א(Intermolecular Attractive)FWאאא،א
א،אאKKKKKKKKKKKKE


٥-2-١WאאEvaporation and Condensation                 

אאאאאאאא
אאFאאאאEא،אא
אאW

١J אאאJאאאK 



א١٠٨אא
אאאאאאא
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٢J אאאאא،א
אאאאאאאאא

אאאאאK 
٣J אאאאא

אאאKאאא
אאאא،א،

אאאK 












F١אE
אאאא

אאאאאאFאאEא
א،אאאאKא؟

א،אא
אא،אאא

אאאאא
אאא،אF(Condensation،

אK



א١٠٨אא
אאאאאאא
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٢-٢-٥WאאאאאPhase Equilibrium and Dynamic Equilibrium
אFA Bell JarE

א (Closed System).



F٢אE

אאאאאאא
אKאאאW

אאאאא
אאא،אאאא،

אאאאאא
אאK

א
א،אאאK

אאאאאאאא
אאאא
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אאאאאאא
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WאאאאאK


אאאא(Open System)Fא
אאאאEאאאא

אאK
אאאאאאאא

א-(Le Chatelier Principles)-אאא
אאאאא

אאאK
٣-٢-٥WאLiquid Vapor Pressure 

-א--אא-אא
אאאאאאא

אאFאאE،،אאאאא
אא(Equilibrium Vapor Pressure)K
אאאאאW

F١EאF٢Eאאא،א
-אאאא،אא

אאKא؟
אאאאאא

אFאאEאאא
אאאאאK



א١٠٨אא
אאאאאאא
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F١אE


אא(Manometer)K

٤-٢-٥WאאאאאCritical Temperature and critical pressure

אאאאאא
(logic)אאאאאא

אאאאא
אאאא،אאאאא
אאאK 

،אאאאא
אאאאאאK

אא
אאאאאאאK





א١٠٨אא
אאאאאאא
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٥-٢-٥Wאא Boiling and Boiling Temperature                
אאFאEFאאE

אאאאא
אאאא،אא

אאאאאא
אאאאאא،

אאאאא
אאאאאאאאאאא

אאא،אאא
אאאאא،

(Bubbles)א،א
אאאא

אאאאא،
אא،אאאאאא

אאאאאאא
אאFאEK

אאאאאאאא
א(Boiling)،אאאאא

،אאאאאאא
אאאאK

אאFאEאאאא
אאK

אW
١J אאאאא

אא(Collapase)F
אאאאKE



א١٠٨אא
אאאאאאא
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٢J אאא
אאאאאאא،

אאאאא
א (Sea Level) K

٣J ،אאאאא
אאאאא

אאאאאא
אאאאאא

אאאא(Standard Pressure)א
א (Normal Pressure) א760א،א

אאאאאאא
אאאאאא

אאF1760KE 


٣-٥WאאSolid Phase 
אאאאאאא

א (The Highest Degree of Order) אא
אא،א (Definite) 

אK
אאא (Vibrant Motion) 

אאא،א
אאא

אאאאK
אאאאאא

אאאK
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١-٣-٥:אא  Solids Vapour Pressure 

אאאאאא
אFאEא(sublimation) Fאאא

אאEFEאאאא
אאFEאאא

אאאאא
אאאאאאא

אא،אאאא
אאאאאאאאא

אאאאאאאא
אאאאאא

אאK
אאאאאאאאא

אאאאאא
אאאאאאאK

٢-٣-٥:אאFusion and Melting Point              
אאאאאאFא

אE،אאאאאאא
אאאאאאאא

FאאEא،אאאאאאא
FFusionEאא،אא

אאאFאאKE
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אאאאאאא
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F٢אE
אאאאאאא  

(Freezing point)אאאאאאא
(Melting point) אאאאאאK


א


א


אאאאאאאא

אFאEאאאא
אאא،א

אאאאאFאEאאK
אאאאאאאאאאא

FאE  א   ∆ H א
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(Exothermic)אאאאאאא
אאאאאFאEא∆H

א(Endothermic)א،
אאאאK


א∆H   = א∆H     - 


אא،אאאאאאא

אאאאאK
אאאאאאא

אאאא
אאאא

אאאK

٣-٣-٥:אאאאא
 Crystalline and Non - Crystalline (Amorphous) Solids 

אאאW
١JאאאאאאK
٢JאאאאאאK

אאאאא
،אאאאאא

אאאאא (Strength) אא
אאא،אאא

אאאאאא
אאאאאאאK

אאאאאאא
،אאאאאא

(The Same or Related) אאאK
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אאW
אאאאא

א،אאאא
אאאאאאאא

אאK
אאאאאאK
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אאאאאאא
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٤-٥WאאאPhase Equilibrium Diagram           
אאאאFאאEא

אאאאאאאאK
אאאאאאאאK

Gאא
Gאא
Gאא

אאאאאFאאEאFא
אEאאאאא،אאא

אאאאאאאK
אאאאאFEאFE
אAB  ، AC ،  DAאאאאאאאא

א،אאאאאאאא
אאAB ، AC ،   DAא،אא

אK
אא،אאא

אאאאאאאא،א
אאאאאאאאאא،K

אאאא  AB  ، AC  ،  DAא  
(Triple Point) אאאא0.01°4.6FTorrE

אא-57°5.2אא،
אאאאאאא

אאאK
،אאאאא

אאFאEאאאאא
אK
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אאאאאאאא
(Positive Slope)אאאאאאאאאא

אאאאאאאאאאאאא
א_אאאאאאאא

אאאK
אאאאאאא

(Negative Slope) Fאאאאאאאאאא
אאאE،אאא

אאFאEאאא،אא
אאאאאאאאאאא

אK
Kאאאא

FאEאא،אא
אאאאאK
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אאאאאאא
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FאE










FE
אאאF١E

FאEאאאK
FEאאאK
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אW
١EאW

אא،א،אאא،؟אא
٢Eאאאאאאא
٣EאאW

 אאאאאאK 
 אאאK 
 אאאאאאK 

٤Eא؟א
٥Eאאאא؟א؟
٦Eאאאאאא؟אאאא

 
 



 

 

 

אא

 

אאאא  

אאא
¹]ã¹]<gè…‚jÖ]æ<ËÖ]<Üé×Ãj×Ö<íÚ^ÃÖ]<í‰‰ö 

אאאא 




א


٦



א١٠٨אא
אאאא
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אאW
אאאאאאאאא

אK


אאW
א

• אאאK 
• אאאK 
• אאאK 
• אאאK 
• אאאאאאאאא

אK 
• אאאאאאא

אאK 


אאאW
K


אאW
אאאK











א١٠٨אא
אאאא
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١-٦:W
،אאא،אאא

אאLife processes) EאאF (Industrial processes،א
אא (Aqueous solution) א

אאאאK
אאِ (Homogeneous Mixture) 

א،א،א
א،אאאאאאא

אאאאאאאא
אאאאאאאאא،אא

אא FSoluteEא Solvent) KE
אאאאא

אאאאא
Fא/LEא

٥٠Aא،אא
אאF(True Solution،אא  

(Heterogeneous Solutions)   (Aggregates) 
٢٠٠mu ،אאאא

א،אאאא،א
אאK

אאאא
אאא، Colloidal Solution) EאK

אאאאאאא،אאא K
אא،אאאא

אF(Organic SolutionK





א١٠٨אא
אאאא
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١-١-٦Wאאאא
 Saturated, unsaturated and Supersaturated Solutions 

אאאאא (Dissolve) 
אאאאא،אאא

אאא،אאאאאאאאא
א،אFCollisionEאאאאאאא

אאאא (Recrystalisation)
אאאאאא،אא

אא،אא(Opposing Processes) 
אאא،אאאא

אאאאאK



א




אאאאא،אא
אאאאאאאא

אאאאאא،K
אאאאאאא

אאאאאאK
אאאאאאא

אאאאאא،א
(Without Agitation) א

אאאאאאאאאאא،א
אאא،אאאא،אא

אאאאאא
אא،אאא
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אאאא
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אאאאאאאאא
אאאK


٢-٦Wאאא

Concentration and Methods of Expressing Concentration 
אאאאאאא

אK
אאאאאאאאא

K
،אא

،אאא
אאא

אK
אאאW

١J אאא Weight  Percentage K
אאאאאאא،א

א M1אאM2א MsolK
                                  M2           +     M 1      = M so1 

אאא
אא

אא% =א
×١٠٠




M1 × 100 Msol 
=Solute%
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אאאא
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W
א1.25א C2H5OH11.6א H2OKאW

אאא
אאאK

אW
אאאאW

אאא
אאאFאE=

אא
100 ×  

אא
    

1.25
%C2H5OH = 

11.6+1.25 
 100 × 


                                   9.73 =  %  



 

11.6 
%H2O =

11.6+1.25 
  100 × 


=%95.27









א١٠٨אא
אאאא
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W
אאא80א%5

אW
5٪א0.05א

א= 80×0.05
=4

א=אHא
80           =4Hא

א=80 - 4
=76

W
אאF5Eא( NaCl) 

% 28.5؟
אW

אאאא28.5אF5E
א M2א

M2 
% NaCl= 

Mso1 
100 ×  


M2

28.5 =
151 

×100


28.5 

M2 = 
100 

C١٥١

=43




א١٠٨אא
אאאא

 
 

- ١٢٩ - 

٢J אא           Mole Fraction        
אא

K
א  X1 –X2 –X3 n3 –n2 –n1


אאאאא X1אW


n1 

X1=
n1+n2+n3 






n1 
X1 = 

nt 



nt=n1+n2+n3


אאאאK


n1 n2 n3 X3+X2+X1 =nt 

+nt +nt 


X1+X2+X3=1 










א١٠٨אא
אאאא
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W
אא CH3OHאH2Oא1.2א

16.8؟א
אW

אאאאW
א

א=אא
אא=32L=18LאאK


1.2

=32L

=       0.0375                                           
16.8

א=18L

=0.933
אאאאW


אFnmeoHE FXmeoHEא

א=
אFnmeoHHEאFnH2oE


אאא

nmeoH XmeoH =nmeoH+nH2O 


0.0375

 =0.0375H0.933

0.039    =                                        



א١٠٨אא
אאאא
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אאא
0.933 XH2O =0.933+0.0375 

0.961     =

אאאאW

X H2O+XmeoH   =1



XH2O  = 1- XmeoH

0.039 -1 =   

=0.961

W

א96٪KאאאאH2OK

אW

אאא100א
96א4אK

א،אאאא
אאW

m N =M 

א
96 nH2SO4 =98

0.98 =



א١٠٨אא
אאאא
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א  
4 nH2SO4 =18 

=0.22

אאאאW
nH2O4 XH2SO4 =nH2SO4+nH2O


0.98 nH2SO4 =0.98+0.22 


=                                             0.815

אאאאאא

١=   XH2S04+ XH2O



 XH2O   =1-XH2SO4

٨١٥}٠ – ١ = 

=١٨٥}٠













א١٠٨אא
אאאא
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٣J א Molality

mאאאאאאאKא
אאnאאWא

n 
m =

W

22m אאאא
1א

Wאא1אC6H5OH50אK

Wאא

m
nC6H5OH =

M

 

1 
 =

94L

=                                   0.011

Wאאאאא1000 
0.005K





א١٠٨אא
אאאא

 
 

- ١٣٤ - 

WאאW

n 
m =

W



0.011
=

0.005

  آجم/  مول                                          = 0.22

W

אא KOH400א 
0.12F 0.12 m KOHKE

אW

n 
m=

W

 

N 

 آجم١
٠٫١٢= 

 ×  جم٤٠٠
 جم١٠٠٠

n                                                        =0.12C0.4

=                                                              0.048



א١٠٨אא
אאאא

 
 

- ١٣٥ - 



א
א=

אא



אא KOHZ1+16+ 39

אאא KOHא

א
0.048Z

56

אFאאZE56C0.048

Z  2.688KOHא400אKOH 
0.12K


٤J א Molarity

M،אאאאF١٠٠٠E
F١٠٠٠٣Eא،אאאnאאV

אW


n M =V


٢M٢אאאאא
אK





א١٠٨אא
אאאא

 
 

- ١٣٦ - 

W
אא١א C6H5OHא٥٠

אK
אW

אאFnE
FMEZ

אFVE


١L٩٦
Z

٥٠L١٠٠٠


Z٢١}٠LM


W
א CaBr2א١٥٠א٥}٣MK

אW
W CaBr2


n M=V


FאEnZMC V




=٥}٣ 


×١٥٠
١٠٠٠


=٥٢٥}٠





א١٠٨אא
אאאא

 
 

- ١٣٧ - 

WאאאאW


אm
אFnEZ

אאFM.WE


m
٥٢٥}٠Z

٢٠٠L
 

m=FאCaBr2E=٥٢٥}٠C٢٠٠
=١٠٥CaBr2א١٥٠٥}٣K


W

אא١٢ NaCl٧٥٠א
K

אW
WNaCl٧٥٠אK


אFmE
FאEn=

אאNaClFM.WE
 

١٢
=

٥}٥٨


nNaCl                                                            
=٢٠٥}٠



א١٠٨אא
אאאא

 
 

- ١٣٨ - 


א


n 

M=
V


٢٠٥}٠٢٠٥}٠

M=٧٥٠=
٧٥٠}٠

١٠٠٠


=٢٧}٠ ٢٧}٠K


٣-٦Wאא Spontaneity of the Dissolution 
אא(Soulte) א 

(Solvent) א،א אא א
אא-אאK

אאאאאFEאא
אא،אאאא

אאא،،א
אאW


NaCL(s)+ H2O(L)                        N a Cl(aq)     +       H2O(L) 


Na(s)   +  H2O(L)      NaOH(aq) + H2 (g) 


אאאאאאא

אK



א١٠٨אא
אאאא

 
 

- ١٣٩ - 

אאאאאW
١Jאאא،אFExothermicEא

(Endothermic)K
٢JאאאאאFEntropyKE 

אאאאאFאEאאא
אאK

אאאאאאא
אא (Randomness)אאאאאK

אאאאאאא
אאW

אאאאאאאאאא (Heat of Solution) 
Fאא∆H EF(∆H Solution .

אאא(intermolecular Forces) א
אאאאא،אאאא

Kאאא
א (Extent of Solubility) ،

אW
١Jאאא(Solute – Solute Interaction) 
٢Jאא  (Solvent – Solvent Interaction)  
٣Jאאאא Solvent) –(Solute Interaction 

אאאא١٢אא٣،
אאאאאאK

אאאאFOvercomeEאאF
Eאא،אאאאא

FאEאאא،אאאאא
K



א١٠٨אא
אאאא

 
 

- ١٤٠ - 

אאאאאא١٢
אאאאאאאא

אExothermic)EאאאאאK
אאאF (Endothermic

א–אא-אאאא٣
אאא١٢אאא

אאאאאאאא
Outweight)EאאאאKאאאא

אאאאאאK
Wאאא

אאאאאאאאFאEא
אאאאא

אאאK
אאאא

אאאאאאאKא
אאאאא

אאאאאK אאאא
א-אאאאאאא،א

א אאאאאאאאאא
אאאK

אאאאאאאאא
،אאאא

אא،אאאאא
אאאאאאאאא

אאאK



א١٠٨אא
אאאא
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אאאאאא،אא
אאאאאאאאא

אאאK
٤-٦WאPhases of solutions

א،אאאא
אאאאKא

אאאא،א
אאאW


אא











 















 

אאא
אאא

אאא


אא
אא

אא


אא
אא

אא
Fא/E 


אאאאא

،אאאאא
א،אאאא

K



א١٠٨אא
אאאא
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١-٤-٦Wאאאא Solutions of Gases Liquid
אאאאא

אאאאאאאאK
אאאאאאאא

אאF٣Cm3Eא١א٣אKא
אאאאFatm١Eא٢٧٣FKE،

א(Absorption Coefficient)  α
אW


Vg α=P×VL


V(g) אאאVLא٣ΡאאK

אאאאאW
• אW

אא،אאאאא
אאאFאKEאאא

אK


אNH3HCl H2CO2 O2 He 
א1300500 4.6 1.7 0.05 0.009 


(1-6)אWאאאאאאK

• אאW
אאאאFא2-6E

 אאאאאא
אאאאאאאאא

אK



א١٠٨אא
אאאא

 
 

- ١٤٣ - 


א א    א


א
٤١٦}٠ ٢٠٨}٠ ١٦٣}٠ ١٤٤}٠ ٠٢٨}٠ 

(2-6)Wאאא٢٥K
• אאW

אא،אאאאאא
אאאאאאKא،א

אאאאאאא
١٠٠°אאFאEאאא

אא١٠٠א°K
אאאאאאF∆H=     

Eאאא،،אאאאאא
אאאאאK


HHאFאאאKE


אאאאאא

אאאאאאא،
אאאאא،אאא

אאאאאאאא
אK

אאאאאאK
• אW

אאF Henrys LawEא
W





א١٠٨אא
אאאא

 
 

- ١٤٤ - 

?אאאאא
אאא?W
M(g) = K P(g) 

M(g) WאאP(g)WאאKWא
 (Henrys Constant) אאאK

אzxאאא
אא،

אאאא،K
M2(g) = K P2(g)                 M1(g) = K P1(g( 

אW  
 M1(g) KP1(g)

 M2(g)
= KP2(g)

 
KFEאא،א

אW
 M1(g) P1(g) 

 M2(g)
= P2(g) 

W
אא0.044אא٢٠°٧٦KKא

אO2אLאא١٦
W
אWאאW

אאאא
אאאאאאאW

C(g) = KP(g)
אאאW  

 CO2 

 
K = PO2 





א١٠٨אא
אאאא
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P(g), C(g)אW
 0.044
 

K = 76 
= 5.79 X 10-4 g/L. cm. Hg


אאאאא16

W 


CO2 = 5.79X10-4 g/L. cm. Hg X 16 cm.Hg                                               
 = 9.264x10-3 g/L                                              

 
אאL(mol /L)אW

mO2 no = MO2 
mO2 = nO2 × MO2                                                             

                                                   = 9.264 x 10-3 g/L x 32 g/mol 
FLE                                                   = 2.89x10-4 mol / L

MO2 ZO2L


אאWאאאKאW
C1 = KP1                                        

      C2 = KP2 
C1 KP1 P1 
C2 

= KP2
= P2 

0.44 g/L x 16 cm. Hg C 2 = 76 cm . Hg 


FאLE                                       C2 = 9.264 x 10-3 g/L 
אL


                                     C2 = 9.264 x 10-3 g/L x 32 g/mol





א١٠٨אא
אאאא

 
 

- ١٤٦ - 

32אLZאא


= 2.89 x 10-4  mol / L                                         


אאאאאאאאK
אאאאאאא

אKאאאאא
אW




 
אאאאW 

 
 
 


אא-א-،אאא

אא
אאאאאאאא

אK
٢-٤-٦אאאאSolutions of Liquids in Liquids

F(AbilityאF(Micibilityאא،
אאאאא،אאאא

W
١K אאאאSolutions of Completely Miscible Liquids

אאאאאא،אאא
אאאW




NH3g + H2OL                    NH +4 aq + CI-
aq 

HCIg + H2OL                      H3O+
aq + CI-

aq 



א١٠٨אא
אאאא

 
 

- ١٤٧ - 

FEאאIdeal Solution
אאאאאא

א،אאאאא
(x)אאABאאאאאFxE

אאא AB KאאאK
אאאאא ،א
אאאאא(Raoult’s law)א

W
?אאאAאא
אAאאאאAא?،

ABאאאאK
אאאאKא

W 


PA = XA . P-
A 

PB = XB . P-
B 

 
 

אאאאאא
א،אאאאאאאאא

אאPTABאW
PT = PA + PB

∴ PT = XA P-
A + XB PJ

 

PTאאא XAXBPAPB
אאאאאאאABאאK





א١٠٨אא
אאאא
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Wא100אC7H16791(Torr)
אאאC8H18352Kא25אא

35אאKאאאTorr)KEא
K


אW

אאW 


 
 
                              P = XC7H16 . P- C7H16    ,      PC8H18=XC8H18 . P-C8H18

                PT = P- C7H18  + P- C8H18
 

אאאW
אאC7H16=100אL
אאC8H18=144אL


א




25 nC7H16 = 100 
= 0.25 Mol

35 nC٨H16 = 
114 


= 0.31 mol 

 

m n= M



א١٠٨אא
אאאא

 
 

- ١٤٩ - 

אאW
nC7H16       XC7H16  = 

 
 

nC7H16 + nC8H18  

 
 

0.25 = 0.25+0.3
 = 0.446 

 

W
                                        XC7H18 + XC8H18 = 1

           X C8H18 = 1- XC8H18∴                                             
 

= 1- 0.446                                               
                                               =0.554     

אאא
                                 PC7H16 = 0.446 x791
                                            = 352.79 torr
                                 PC8H18 = 0.554 x 352
                                            = 195.01 Torr 
                                       PT = 352.79 + 195.01 
                                            = 547.8 Torr 


FEאאNon-Ideal Solution
אאאKW
Wאאאאאא •

אאאאאאKא
אאאאאא

א،אא
אאא،א(Association)אא

אK



א١٠٨אא
אאאא
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،אאאאאאאא
אאאאK

אאאאאאאHNO3א
אאK


• אאאאאאW

אאאא،אא
אאאאאאK

אאאאאא
אKאאאאאאאאא

אאאאאאאK


٢K אאאאSolutions of Partially Micible Liquids 

  א א    ،      א   א
אא אא אא،אא

אאK
אאאאאאא،

אאאW
FEאאאאאאW

אאאא(C6H12)אF(C6H5NH2Kא
אאאאא-אאאא

אKאא،אאאאאא
אאאאא

אKאאא
אאאאאאאאא

אאאאאKאאאK
א–אאאאאא59.6°K



א١٠٨אא
אאאא

 
 

- ١٥١ - 

אאאאאאאא
אאאאאאK

אאאאאאאא
אK
FEאאאאאאW

،אא אאאאא אא א
אא א אא   אאא א

אK
אאאאאאאאאא

אאאא18.5°،%50
א١٠א°K

FEאאאW
א  א  א א   א   א אא 

אK
אאא-(m-Toluidine)א(glycerol)
122°אאאא15°אא،

%50אאאم١٥٠°אم١٠°א
م١١٠°K


٣K אאאאSolutions of Immicible Liquids 

אאאאא
אאאK

א(CS2)אKאא
אאאK

?אאא
K?אאאאא

PT = P1 + P2



א١٠٨אא
אאאא
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PTאאאאP1P2אאאF12E
אK

אאא،
אאאאאא

א،אאאא
אאאאא

אאא
K

אאאאא(Steam Distillation)
אאא،אאאאאא

אאאאאאW 
• אאK
• אK 
• אאم١٠٠°K 

אאא،אאאא
אאא–א،،

אאאאא،א
אאאאאאא،(Distillate)א

אאאא،אאא
אK

(A)אא
א(A)אאאאW


A° P nAVA 

H2O° P =nH2O =VH2O


V،np°אאאאאאאK

אאmאdW



א١٠٨אא
אאאא
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mA dA. VA 

mH2O 
= dH2O. VH2O 

 
 

W
mA A°dA . P 

mH2O 
= dH2O. P °H2O 

אאאאאMאא
אAאאאאא

אAאAאאאא
אW


mA dA 

MH2O 
= dH2O 


mA MA.P°A 

mH2O 
= MH2O.P°H2O 


אאאאאK

W
אא 96م°אאא% 44

56 %א אאא46.8KKא
א؟K

אW
אאאאW

mW \ MW nw PW 
mT \ MT 

=nT 
=PT 





א١٠٨אא
אאאא
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MW mW PW (1) MT 

=mT
=PT 




PWmWMWאאאאPTmTMT
אאאאK

אאאPTאאאאא
F76KKE

                                             PT = 76 -64.8 
 

= 11.2 cm . Hg      


א(1)אא100 = אK


mw = 44mT = 56
 

MT 44 64.8 
١٨×56 =11.2 

 



FאKJ١EMT = 132.55 g mol-1


٣-٤-٦WאאאאאSolutions of Solids in Liquids
אא]

אא[אאאא100אא
אאאW 



א١٠٨אא
אאאא

 
 

- ١٥٥ - 

 
• אאאSolute and Solvent Nature

   א   א א   א  ،
 א א אא א א א אא  א א 

אK
• אא       Temperature 

אא،אאאאאא
(Crystal lattice)،אאאאאאאא،

אאאאאאאא
אאzאxאאאאK


١-٣-٤-٦אאא  Colligative Properties of Solutions 
אאאאא–א

אא–אא،אאאאK
אאאאאW                                                                  


• אאאLowering of Vapour Pressure           

،אאא
אאאאאאאK

אאאאאאאא
Psol.אאאA°P. 



P°A- PSOL ∆P אאאא = P°A 
x P°A 

∆PאאאאאאאאK
אאאאאאאא
א،א?אאאא

אאאאאאאK



א١٠٨אא
אאאא
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אnAnBאאאאאW
    ∆P nA 

P°A 
= nA + nB 

 
 

nA 

 
אא(XA)

nA + nB 

 

 



אאאW
 

∆P 
P°A 

=  XA 

 
 

∴     ∆P = XA     ∆P°
אאאאאאא

XA،A°PאאאK
אאאאאאאאXB

W
∆P = XB P ° A 

אאאאאאאא
אK


אאא–אאאא


nA 

nA + nB
=XB 

 



א١٠٨אא
אאאא

 
 

- ١٥٧ - 

אW


nA 
nB 

=XB 


א

n = m \ M

∴אאאW

BA

AB

AA

BB
B Mm

Mm
Mm
Mm

X
.
.

/
/

==


 

XBאאאאA°PP=XB 
W

mB  .  MA∆P 
mA  .  MB

=
A° P 




אאאאאאאK
אאאאאאא

אאאK
Wא102אC12H22O11375אאאW

FEאא
FEאאعلى° م٢٥אאאא23.76KK
FE؟אאא



א١٠٨אא
אאאא
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אFWEאאאאא

אW
m 
M =n


MC12H22O11 = 342  g. Mol-1 
MH2O       = 18 g. Mol-1   

 
nC12 H22O11 =  102 \ 342     =   0.298 g.Mol-1 

 
nH2O =  375 \ 18 = 20.8 g.Mol-1 

 

 

אאאW  
 
 

nsugar Xsugar = nsugar + nwater 
 

 
 

אW  
0.298 Xsugar = 0.298 + 20.8 

 
=  0.0141 

 
FWEאאאאW  

∆P = Xsugar ×  P° H2O 
=   0.0141 × 23.76 

= 0.335   mm. Hg   )(  



א١٠٨אא
אאאא
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FEאאאK
∆P  = P°H2O-   PSOl 

... - Psol. = P° H2O +     ∆P 
א–١W

... Psol. = P°H2O -  ∆P 
 

= 23.76 -  0.335
  

=  23.42    mm. Hg


 
W

אא17.450K(mm.Hg)א٢٠°א114
אC12H22O111000אאאאא

٠٩٢}٠KאאאאK
אW

אאאאאW
 
 


 

 
 
 


אא


msugar \ Msugar nsugar

Mwater\ Mwater+ msugar \ Msugar
= nsugar + nwater=

Xsugar





  P               P°H2O  -   PSol 
P°H2O               P°H2O   

= = Xsugar 

                   0.092 
                             17.54 

= = 5.99 x10-
 
3Xsugar 



א١٠٨אא
אאאא
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אאאMsugar

114 \ Msugar 
1000\ 18+ 114 \ Msugar

= 5.99 × 10-3 

 
 

Msugar  = 340.5g / mol 


אאאאאא
MC12H22O11 = 12x12 + 22x1 + 16x11 

      C12H22O11 = 342 g / mol                        
אאאאK


• אאThe Elevation of the Boiling Point
אא،אאא

אאאא
אאאאאאאKאאא

א?אאFEא
(Nonionized)אK?

W       
∆Tb = Kb m 
א

∆Tb  = Tsol.  - T* 

TbאאאTsol.א
אT*K

KbאאאאKאא
אאאKאאאא–אK



א١٠٨אא
אאאא
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א אא% 
א

 )J١°م(
א100 0.512

א80.1 2.53 
א118.1 3.07 

210.88 5.24 
א1.82 3.56 

אאאW


١٠٠٠mB 

mA 
×

MB
Kb= ∆Tb


mB،mAאאאאאMBאאא،א

אאאאאאK   
אאאאא

אאאא(Typical Concentrations)אאא،
אאאאאא

Thermometers)(DifferentialאאאאK
W

אא1.25،Kb  ١-ملم. م  0.512ْيساوي.J١
FC° M-1E









א١٠٨אא
אאאא
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אW
∆Tb = Kbm 

= 0.521 x 1.25
= 0.460 °C 




אא ٠٫٦٤هي°אאאא
אאF١EW


= 0.64 + 100
= 100.64   °C 

• אאWFreezing Point Depression
אאאאאאKא

אאאאאאאא
אאאאא Kא

אzא xאאאאאא
אא  א א،א، א א 

   ، אא       אא 
אאאאאאאK

 
       א  א  (Nonelectrolytes)

 א     א ،  א א    
אKאאאאאW 

∆Tf = kf m. 

 ∆Tf א   א    א   א T* 
אTsolW

∆Tp = T* - Tsol. 



אאאאK



א١٠٨אא
אאאא
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Kpאאא،א
אFאאE 



א אאאF°E 
א

F°KJ١E 
אZero 1.86

א5.48 5.12 
 16.6 3.90א

5.7 7.00 
א43 7.40 

 
Kf     א    א  א  

Kאאאאאא
אאאאאאאאאK

 
١٠٠٠mB

mA 
×

MB 
=∆Tf

 

 
mBmAאאאאאMBאאאK



W
      50.5٣  א (C2H6O2)

1.12אL٣50.0אאKאא،א
אא = Kp1.86°J١C mol-1(°( 

אWאאW
GC2H6O2
 

mC2H6O2  = d V
 



א١٠٨אא
אאאא
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d،Vא
= 1.12 ×50
= 56.09     

 
∆TfאW 

 
١٠٠٠mC2H6O2

mH2O 

×
MC2H6O2

Kf =∆Tf

 
 
 

١٠٠٠56.0 
50.0 

×
62

1.86=∆Tf

 
 

אW 


∆Tf  =  T *H2O  -  Tsol. 
 

33.6 = 0   -  Tsol. 
                                               ∴   Tsol  = -33.6 °C       

∴א33.6–م °.


W
 א15אאC2H5OH750אא

م702א ْ.kfא؟K


אW
∆Tf  = Kf m 

 
... Kf  =∆Tf \ m   

 

. 



א١٠٨אא
אאאא
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אאאאW








FE= 0.435 m 
∆Tf= Tf (formic acid)  -  Tp (sol.) 

 
=   8.40    -  7.2 

 
 ∆Tf=  1.2     °C 

m
cْKf 435.0

2.1
=

                                                 
 

F°KJ١EC m-1°C m°= 2.76 


אאOsmotic Pressure
אא(Spontaneous Process)אא

(Semi Permeable Membrane)א
אאאא،

אאא،אאאאאא
אK

אאאאאאא
אא،אאא

אאאאאF167 E،
אאאאאאFאEא

0.46
1

75.0
0.15

1
52C ×==
acidFormickg

nm OHH



א١٠٨אא
אאאא
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אאאאאאאאאאא
אאאא،א(Hydrostatic Pressure)

FאאEאאאאאאא
،אאאאא

אK
אאא،אאאאא

אאאאאK
אאאא،אאאאאא

אאאא،א
אאאאאאאאK 

RT
v
n

=π
πאאK

nZאאאאK
VZאK

TZאאאאk( K = 273+t ) 


T     Zאאא)ْم.(
RZא


אM 

v
nM =

אאאאW


π=MRT 
 



א١٠٨אא
אאאא
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،אאא
אאאא،אאאאא

אאאאאאK
Wאאאא

= m M
אאF١LE

אאK
M = mRT 

א
 

RT
v
n

=π
 

אW 
πV = nRT 

 

א(n)=M
m

אאW

RT
M
mV =   π

mBMBאאאאאאאK
אאאאK

 א   א א – א  – F١ E  
אאאאא22.4K

אאאא
אא(Reverse Osmosis)K 



א١٠٨אא
אאאא
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F١אE

W
F١א E א א

100٣Kאאא٢٠°2.75א
0.0821א = R1-KKJ١L.atm. mol k-1 KW

FE ؟אK
FE אא؟K 


אFWEאאW



π = MRT 
 

אאאא
אRאאא760KKW

 

Start



א١٠٨אא
אאאא
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π = 
 
 

= 3.62 x 10-3 atm 
 

W
3.62 x 10-3 = M  x 0.0821  x  293 

 
FKJ١EM = 1.5  x  10-4  mol  L-1 


FEאא

אא אאאLאאא 
א Z

אא 


Z
אא

 

 
 

1.5 x 10-4  =   



FאKJ١E=  6.7 x 10-4  g l mol 

275
760

       1
100  x  10-3



א١٠٨אא
אאאא
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אW
١ -א؟אאאא 
٢ -אאאאKא؟ 
٣-אאאW 

،אא،אאא،א
؟א
٤אאא

אK؟
٥אאאאאאאK

E אאאK
E אאK 
Eאאא–אK
؟٦אאאאאא
٧٠٠}٢א(He)٤א(O2)

؟אאאאא
٨אHClאאאHCl

37.0%א١٨}١K1-؟
٩12.5%אC6H12O6אא؟א

١٨٠K1-؟
١٠א(HCOOH )23.6٢}١/

אאא؟
١١אאא٢٥٠א

CH3COOH؟٦
א١٢אאאא

؟
١٣؟אאאאא



א١٠٨אא
אאאא
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١٤אאאא٢٩٣ 1.38×10-3
K1-

אאא١אא٥אא
אKאאאא٢١}٠אא٧٤٠
؟

١٥אFEאאאFEאאאא
٤٠אC10H8FאE١٢٠א

C6H6٢٠Kאאא٦}٧٤א
א٢٠°؟

١٦אאאאא
אאF٢-Eאאאאא

אאאאאKא
א؟

١٧אא77.06°א٥٠
אC10H8١٥٠א٢٧}٨٤°אאK

אKD؟א
١٨א٢٥°אN2H4CO٢٥٠

אK؟אאאא
١٩٥}٠אאא١٥

א،א٠٦}٢א°K؟אאאאא









 

 

 

אאאאאאאא

 

אאאא  

אאא
ã¹]<gè…‚jÖ]æ<ËÖ]<Üé×Ãj×Ö<íÚ^ÃÖ]<í‰‰ö¹] 

אאאא 





א

א
א





א



٧



א١٠٨אא
אאאאאאא
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אאW
אאאאאאאאא

אאא
אאאאאאK


אאWאא
• אאאאאאאK 
• אאאאאאאK 
• אאאאאאאאא

אאאאK


• אאאאאאאאא
אאאאאK 

• אאאאאאאאK


אאאW



אאW
אאאאK









א١٠٨אא
אאאאאאא
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 :1-7
אאאאאאאאא

אאאאאאאאאK
אאאאאא

K
אאאאאאא

אאאאאF
אKE

 
:2-7אאאא Some Chemical Thermodynamic Terms 

 אא
،אאSystem)E،

אF(UniverseאאאF (Surrounding
אאאBoundaries)KE

אא
אא،א،א

אא،אאאאאאK
 אא،F

אאאEאאא،א
אא،(Thermodynamic State of a System)א،

،א،אאאאאאא
אא،אF،،Eאאאא

אאאא،א
אאאאאאא،אאא

אא(State Functions)אאא،
،א،אאאאא

،אאאאאאאאאK



א١٠٨אא
אאאאאאא
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אאאא–אאאאא
אאאאאאאאא،

אKאא ∆(Delta)K
 אאאאT∆אא∆Pא

א∆V،אאאאאאאאK


∆ T  =   T2  -  T1


T2T1אאאאאאאאאK
FEאאK

אאאאאא–א
א–אאא(Heat of Chemical Reaction)K 

אאא(Exothermic)אאא
א،א(Endothermic)אא،אא

אאאq،qאא
אאK

א–אאאאא
אW

אCH4(g) + O2(g)              CO2(g)  + 2H2O(L) +


אאא٨٩٠،אאא
אF٨٩٠-Eאאאא،٠٢}٦

אK
H2O(s) + 6.02KJ             H2O (L) 


אא،אאאFqE٠٢}٦HK

،אאאאאאא
אאאFאאE،אא



א١٠٨אא
אאאאאאא
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FqpEאאאאאאא
אאאאא،

א(Steel)K
אאאאFqpEאא

אFEnthalpyEאאאFHeat ContentEH،
אאKK،אא

אא،אא
אאאאאא–אאא–א

אאFState FunctionE،אאא
אא،אאאFH∆Eאאאא

FqpEאאא(H1)FאאאאEא
א(H2)FאאאאEאאא،

אאאאאW


qp= ∆ H = H2  -  H1


  ∆HFEאאאH1  <  H2
∆HFEאאא

H2H1  > K
אאFEnergyEאא

אFPotential EnergyE،אאאאאא
אאא،אאאא

،אאאאאא
אאאאא،אFאאאE

F Adiabatic Process Eאאאאאאא،F
E،אאאא،אאא

אK



א١٠٨אא
אאאאאאא
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אאאאאאאאאא
אא،אאאאאא

אאאאאאאאאא،
אאא،(Heat Capacity)אא،

אאאאאאאK
אאאL°FJ/C°E،אאאFSpecific HeatE

אאאאאא،אאאאאא
،אאאLK°)(J/g. C°K


אאא=א×אאא


אאאאאאא،אאאא

אאW


אאFE=אאא×אאאF°E


אאא=אאא×אFE
אאאW


אאFE=אאא×אFE×אאאF°E


אאאאא

אאK







א١٠٨אא
אאאאאאא
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Wא٥}١٨אאאא١١٧٠א
א٢٥°٥}٢٩°אאאאאK


אW

אא = אאא×א×אאאאא
K


אאאא

אאא=א×אאא


א


١١٧٠
=

(25 – 29.5)× 18.5 


 = ٩٣٧}٠LK°   (J/g. C° )















א١٠٨אא
אאאאאאא
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W
א٢٥א٩٥°٥٠אא٢٥°،

אא٨}٢٩°אאאא١٨٤}٤L°
؟אאא

אW
אאאא=אאאא

אאאא=אאא×אאאK
= 4.184 × 50 × ( 25 – 29.8 )
=1004

אאאא=אאאCאCאאא
1004-=( 29.8 – 90 )×25×אאא

1004- אאא=
( 29.8 – 90 )  × ٢٥


        LK°K   0.667 =                                        

3-7WאאHeat of Reaction Measurement      
אאאאFqp  EFqvKE

אאאאא
אאאאאאאא

אא(Calorimeter)אאאא
אאא–אאאא

FNeutralizationE،אFאאEא
אאqpאא∆H  K

∆H  =    qp 


אאאqp∆Hאאא

אאאאאאאא
אאאאאK



א١٠٨אא
אאאאאאא
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W
א٥٠א٥}٠٥٠א
٥}٠אאא٣٣٥L°K

אאאא٥}٢٢ °א،٩}٢٤°אאאא
אאאאאאאאK




אW
אאאאא

אא=JFאאHאאE
∆ H  =    qp = - (  q sol  +   q cal) 

                                                 
• אאאא(q sol)W

=אאאCאאאCא
 (50 + 50)  × 4.184 × (24.9 – 22.5 ) =          

=FE2.01 ×  103  J  


• אאאאאא(q cal)W
=אאאCאאא

 335  ×  (24 – 9 – 22-5)        =          
 804   J        =          


qsolqcalאאW

qp  =  - ( 804 + 2.01 X 103) 
=   - 2.81kJ                     

W∆H  =  q p
2.81KJ=אא=∆H∴





א١٠٨אא
אאאאאאא
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אאאאאא–אאא–
אא(Strong steel)

א(Bomb Calorimeter)،אאאאא
א،אאאאאאאאא

אאאK
א(∆V = 0)א(∆T = 0)א

א(∆E)אא(qv)אFworkEא
FאאEאאK

∆E =      q v 
 

אאW
אאא=אאאHאאא

אאאא


אאאאאאאא
(Water equivalent)אאאא،

אאאאאא،אא
אאאאאאא

אK
אא١

א٥٩٨}٩אאאאאא
אאאאאאא٦٢٩}٠°K

אאאאZאאאJאאא
(q v)אאא

qv  =     9598  -  ( 3000  × 4.184 ×  0.629)                      
=   9598   -   7895                                                        
=     1703  J   or  1.703  K  J                                        

 
 



א١٠٨אא
אאאאאאא
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١א×١°אאאא
אאא×אאא= אא


١×١١٧٠٣

4.184 
×

0.629 
= 


=   647   g   H2 O                                                                             

א٦٤٦Kאאאאא
אאאא٦٤٧אאK


Wאא٤٣٥}١אC10H8 א
٢٠٠٠אאא٢٠°٢٦°אאאא

٨}١LאאאאאK


אFWE
• אאאאFqwאqEאאW

אאאCאCאאא= qw
=  4.184  ×  2000 × (26 – 20)                                

=  50.21 k J.                                                            


• אאאאאאW
אאאCאאא=calq=אאאא

=  1.8  × (26 – 20)                                              
=   10.8  K J                                                        

אאאאאW
=   50.21  +  10.8                                                 

=   61 KJ                                                              
אאאאא= אאא

FEqv =  - 61KJ



א١٠٨אא
אאאאאאא
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4-7WאאStandard Enthalpy of Reaction 

אאא∆H)اعل   او للتف 
(∆Hאאאאאא

אאאאאאאאאא
.( Thermochemical Equations )

½ H2 (g)  +  ½ Br2 (L)           HBr         ∆HR = - 36.4 KJ 
 

2CO2(g)  +  3H2O(L)            C2H5OH(L) + 3O2(g)    ∆HR= +1367 KJ 


אW؟א؟אאא
∆HאאאאF،،

E،אאאאJ٢٣٨L١٠٠
١،J٢٨٦L٢٥°١K

∆HRאאאאא
אאאאאאFStandard 

StateEאאאאאאאאא،
אא٢٥°F٢٩٨،KEא،אא

אא∆H°
Rאא∆H°אאאK

אאאאאאאאאאאאF١EK
אאאאFאאאE

٢٥°٢٩٨א٢٥°،
אאאאאאאא

אאK







א١٠٨אא
אאאאאאא
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5-7Wאאא Standard Molar Enthalpy of Formation        
אאא∆H°

f][∆H°אאF
אאEא،אא

אאאאאאFHeat of FormationKE
W

אאאאאאא
אאFאאאאאאאאKE

אאאאא٢٥°אאאאא
אאאאאאK


H2 (g) + ½ O2 (g)             H2O (L) + 283KJ or ∆H°

R =    ∆Hf
° = - 283K 

אאאאא
    ∆Hf
°

H2 (g) + Br2 (L)            2HBr (g) + 72.8KJ or ∆H°
R =    - 72.8K 


אאHBr(g)––אא

אאאאא∆H°
R∆Hf

°،
אאאHBr(g)א

א∆Hf
°K


∆Hf
°אא

W


½ H2(g) + ½ Br2(L)              HBr(g) + 36.4KJ or ∆Hf
°  = 36.4KJ 







א١٠٨אא
אאאאאאא
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אאאאאאא
אאW



אא=
אאא

אא–
אאא

אא



FאאE∆Hf

°-FאאE∆Hf
°∆H°

R  =


،אאאאא
אאאאא،א

אאאאא،אK
אאאאאK


Wא∆H°

Rא٢٥°א
2NaHCO3(s)                   Na2CO3(s) + H2O (g) + CO2 (g)

אאאאאאא
NaHCO3(s)  =  - 947.7 KJ mo1 -1                 
Na2CO3(s)  =    - 1131 KJ mol -1                  
H2O(g)  =  - 242 K J mol -1                           
CO2(g)  =  - 394 KJ mol -1                            

אW 
FאאE∆Hf

°    - FאאE ∆Hf
° ∆H°

R =
= ∆H°

f [Na2CO3(s)] + ∆H°
f [H2O(g)] + ∆H°

f [CO2(g)] - 2 ∆H°
f [NaHCO3(s)]

א
= (-  1131) + ( - 242) + ( - 394) – 2 ( - 947.7)               

∆H°
R =   +    128.4 KJ                                                            






א١٠٨אא
אאאאאאא
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6-7WHess Law           
FאאאE}אא

אאFאE
FאE،אאאאא

אFPathwayEאאKאא(D)א(A)
א(D)א(A)א

(B)(C)،אאW







אH4∆אאאא
א(D)אא(A) ∆ H3 , ∆ H2  ,  ∆ H1 אא

א(D)א(A)א،
 H4∆ H3 ,  ∆ H2  ,  ∆ H3K


∆ H4   =   ∆ H1  +   ∆ H2   +   ∆ H3                      


אא

،א،אא
אאאאK


אאאאאא

(CO)אאאK
½O2 (g)              CO (g)       ∆H1= 0                                 + FE C F١E

אא
אCO2אFE،אאא

DA

B C

∆H4

∆H3
∆H1 

∆H2



א١٠٨אא
אאאאאאא
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אCO(g)אא
אאא،אא

אאW
½O2 (g)                   CO2 (g)       ∆H2= -283.0 KJ                   CO     +  F2E

O2 (g)              CO2 (g)       ∆H3= -393.5 KJ                    + FE C F3E
∆H1K
WאאF٢EF٣EאF١E∆H1א،

אאW
FE אF٢EF٤KE

(4)   CO2 (g)           CO (g) + ½ O2 (g)      ∆H2 = +283.0 KJ                 
FEאF٤EאF٣E

O2 (g)              CO2 (g)           ∆H3= -393.5 KJ                    + FE C F3E
 (4)   CO2 (g)           CO (g) + ½ O2 (g)                 ∆H4 = +283.0 KJ                    


+  ½ O2 (g)                CO (g)                  ∆H= -110.5 KJ                              FE C 




אאא٣٤אF١Eא،∆Hא
∆H1K











א١٠٨אא
אאאאאאא
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WאFאאKE
           ∆H2= -283 KJ                                       

                     CO (g) + ½ O2 (g)                               CO2 (g)                           


∆H3= -393.5 KJ       


+     O2 (g)                                      FE C 



אאא
∆H1 +    ∆H2      =      ∆H3                                                     


א

∆H1 =     ∆H3      -      ∆H2                                                      


∆H2∆H3א
∆H1 =   - 393.5   - (- 283.0)                                               

= - 393.5 + 283.0                                                      
∆H1 = - 110.5 KJ                                                              

אאאאאCO(g)אא–
٥}١١٠ א،∆H1אא

CO(g)∆Hf(CO(g))K

אאאאא(∆H°
R)

א ∆H°
f אאאאאאאאא

אאאאK





∆H1 



א١٠٨אא
אאאאאאא
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אאW
אאאאW


(1)      3H2 + ½ O2 + 2C ()                    C2H5OH (L)      ∆H°

f = -277.7 KJ 
(2)     2C ()       + 2H2 (g)               C2H4 (g)                ∆H°

f = 52.3 KJ 
(3)     H2 + ½ O2 (g)                 H2O (L)                    ∆H°

f =-285.8 KJ


אאא(∆H°
R)

  
 C2H4 (g)  +  H2O (L)                                C2H5OH(L)

 
אWאא∆H°

f ∆H°
R

FאאE∆H°
f    - FאאE ∆H°

f  ∆H°
R =


= ∆H°

f (C2H5OH(L)) -  ∆H°
f (C2H4(g)) + ∆H°

f (H2O(L))


∆H°
fאא١،٢،٢W

=   - 277.7 – [ 52.3  +  (-285.8)]                                              
=   - 277.7  -  [ - 233.5]                                                              
=  - 277.7 +   - 233.5                                                                 
= - 44.2 KJ                                                                                 ∆H°

R








 




א١٠٨אא
אאאאאאא
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7-7WאאאEnergy and Enthalpy of Chemical Bond 
אאא(E)אאאא

אאאאאאK
אאאאאאאא
٤٣٦FLKE


H2 (g) [ or H- H(g) ]  +  436 KJ           2 H(g)                        


אאאאא٤٩٨LK


O2(g)  [ or  O = O(g) ]  +  498 KJ          2O(g)                            


٤٣٦L٤٩٨LאאאH-H(g)

אאאO = O(g)אאK
–אאאא(E)אאאא

(∆E)אאאאאא
אאK

∆E  =   ∆H   +  P∆ V


א(W=P∆V)א∆Eאאא
אא،א(P∆V)א،אאא

אא(∆H)אאאאאא
אאא،אאאאK


∆E  =  ∆H





א١٠٨אא
אאאאאאא
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אא
אאאאK

H2 (g)                          2 H(g)                    ∆HH-H = + 436 kJ               


O2 (g)                         2 H(g)                    ∆HO=O = + 498 kJ       
אאא

אאאא٢
אאאאאאאK

∆H°
f  [ O(g) ] = +498 ÷ 2  =  + 249 KJ \ mol 

∆H°
f [H(g) ] = +436 ÷ 2  =  + 218 KJ \ mol

אאאאאא


א∆H°
f  KJ \ molא∆H°

f  KJ \ mol 
F 79.1 H ٢١٨ 

Na ١٠٨ Li ١٦١ 
Si ٤٥٤ B ٥٥٥ 
Cl ١٢١ C ٧١٥ 
Br ١١٢ N ٤٧٣ 
I ١٠٧ O ٢٤٩ 

אאאאאאאא
–אאC - Hא(CH4)א(C2H6)

אאא،אא،
אאאאא(CH4)K

CH4(g)                  CH3(g) + H(g)                 ∆  H1 = 427 KJ/mol (1)  


CH3(g)                  CH2(g) + H(g)                   ∆   H2 = 439 KJ/mol(2)  


(3)   CH2(g)                  CH(g) + H(g)                  ∆  H3 = 452KJ/mol


(4)   CH (g)                  C(g) + H(g)                     ∆  H4 = 347 KJ/mol
א



א١٠٨אא
אאאאאאא
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CH4(g)                  C(g) + 4H(g)                   ∆ HR = 1665 KJ/mol


∆HR  =  ∆H1  +  ∆H2 +   ∆H3 +   ∆H4


אC – Hאאא


١٦٦٥
٤=∆ HC-H


=   416  KJ/mol                                                


אאאK


אאאאאF/ EאאאאאF/ E
C-O ٣٥٦H-C ٤١٥
C=O ٧٢٤H-O ٤٦٣
C-N ٢٩٢H-N ٣٩١
C=N ٦١٩H-F ٥٦٣
C ≡ N ٨٧٩H-Cl ٤٣٢
C-C ٣٤٨H-Br ٣٦٦
C=C ٦٠٧H-I ٢٩٩

C ≡ C ٨٣٣H-S ٣٦٣
N-O ٢٠١F-O ١٩٠
H-H ٤٣٦F-F ١٥٥

אאאאאאK
אאאא

אאאאאאאא
אאאאאK



א١٠٨אא
אאאאאאא

 
 

- ١٩٢ - 

∆H°
R =   ∆H° reactants in the gas phase   -  ∆H°  products in the gas phase


∆H°  =   ∆H°  אאאא   - ∆H°  אאאא 

אאאאא
אאאאאאאאאאאא

אאאאאK
W

אאאאאאא٢٩٨K


Br2(g)  +   3F2(g)              2BrF3(g)


∆H°  F-F            =١٥٩L،∆H° Br-Br=١٩٢/،
  L  196= ∆H° Br-F 

אW
∆H°

R= (  ∆H° Br-Br   +    3     ∆H° F-F) -    ∆H0 (Br-F)
=  [ 192 + 3 (159)]   -     (197) 
=  [  192 + 477]  -  1182            
=  -  513 KJ                             

אWאאא؟א
אאאאאא

K
W
אאאאאO  =  OאאW

C3H8(g)  +  O2(g)             3CO2(g)  +  4H2O(g)     ∆H°
R= -2.05×103KJ

אאא347 =   ∆H c-c  ,  741 =   ∆H c=o   
464 =   ∆H o-H,   414 =    ∆H c-HאאאLK

∆H°
R = [2 ∆HC-C + 8 ∆HC-H + 5 ∆HO=O] – [6∆HC=O + 8∆HO-H]

-2.05×103 = [2(347) + 8(414) + 5 ∆HO=O] – [6(741) + 8(464)] 
אאאW

5 ∆HO=O = 694 + 3.31×103 – 4.45×103 – 3.7×103 – 2.05×103 



א١٠٨אא
אאאאאאא

 
 

- ١٩٣ - 

= 2.11 ×103                                                                                    
∆HO=O = 2.11 ×103                                                                                    

= 422 KJ/mol ( مول\آيلو جول )                                               
8-7WאEntropy       

אאאאאאא
אאאאאאא،א

אאאאאK
אאאאאא

،אאאאאא[0 > ∆H > 0 ]
אאאא،אא

אאא،אאאF  =     ∆HEא
אאאאאא،אא

אאאאאאאאאא   
=∆H]   [אאאא=    ∆H ] [

אW
١Jאאאא،K

∆H, ∆E ,W , qאאאא
אאאK

٢Jאאא(NH4NO3)אאאאF=∆H
KE

٣Jאאאא
אאאF= ∆HKE

N2O5(s)            2NO2(g)  +  ½  O2(g)               ∆H°
R = 109 KJ          

 א  Wא   אא  א
؟אא
؟אאאאאא
אאWאאאאאאאאK



א١٠٨אא
אאאאאאא
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אאא،א
FאאEאא،אאאאא
א،א–אאאאא

אאא،אאאN2O5אא
אאאאאאא

،אאאאא،אאאאאאW


אא>אא>אא


אאא


אאא
אאאאאFאEאאאא

אאאאאאאאא(S)א
אא،١אאאאאW


S  (s)        <    S(L)      <       S(g) 

אא


אא( ∆ S)אאא–אאא
אJ(Si)אא–אאאאJ(Sf)א

אK


אא=אאא-אאא
W

    ∆S     =    S(f)    -     S(i)                                                      




א١٠٨אא
אאאאאאא
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אא∆SאS(i) < S(f)אאא،F ∆S =
EFאEאאא،אאאא

אאF∆SZE–אW
H2(g) + O2(g)             H2O(L)           ∆S =  -               

אאאאאא٢٩٨F٢٥Eאא
אא( S° )،אאאK


∆ S°  =  S°

 (f)   - S°
 (i)                                           

אאאאא(Absloute Entropy)
KאאLאאLK

KאאK


Wאאא∆ S°אא(N2H4)אH2O2
אא(N2H4)אH2O2Kאאאא

אאאאאאאK
N2H4(L)  + 2H2O2(L)                N2(g) + 4H2O(g) + Energy

                 S°  =  121.2      109.6               191.5     188.7                        
אS°LKK

אW
∆ S° = [S°N2(g) + 4 S°H2O(g)] – [S°N2H4(L) + 2 S°H2O(L)]                      

                    
= [191.5 +4(188.7)] – [121.2 + 2(109.6)]                            

                             
= + 605.9 J/K                                                                           

                                                                
 
 
 
 
 
 



א١٠٨אא
אאאאאאא
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7–9WאGibbs Free Energy
אאא  =  ∆ S) Eא

אא= ∆H][אאאאאאאאא
אאאאאאא=∆S)Eא

=∆H][א،אFE–
אא–אא–אא–

אK
אאאא

(J. Willard Gibbs)אאא
אא،–GK


?אאא?G  =  H – TS


אאאאאאאאא

،אאאאא
א]،אאא[  Gpאאא]،אאא[  GRK


∆G   =   Gp   -  GR


אאאאא

אאאGPGR∆G
،–א∆Gאא

אאאא








א١٠٨אא
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אGאFאאא
H
٠אא

J
אא–

(Gibbs-Helmhotlz Equation) אאאאא
אK


∆G =    ∆H   -  T ∆ S

אאאאאא∆H° אא∆ S°
אאאאא،אאא

אאW
∆G ° =    ∆H °   - T ∆ S°                                                                                 

אאאאאא
אאא∆G °

fאא(∆G °
f)Rאא(∆G °

f)pאא
אאאK


∆ G ° =   ∑ np (   G °

f)p      -     ∑ nR (G °
f)R 


∑אאnאאאאK


אאאא(∆ G°
f)אא

אאאאא،
אאאאאאאK








א١٠٨אא
אאאאאאא
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Wאא٩٩٪אאאא
אא(Reasonably Unpolluated Air) K

٥٧}∆Gf(NO)(g)٨٦א٢٩٨א∆G ° א
LK


N2(g) +  O2(g)                     2NO(g)                                       


אא؟


אW
∆G °  =  2 ∆G °

f(NO)(g) – [∆G °
f(N2)(g) - ∆G °

f(O2)(g)] 
= [2(86.57) – [0 + 0 ]                               

= + 173.1 K J                                               


∆G °
א٢٩٨אK


WאאK


Wא∆G °

fאאאאW


O2 (g)              CO2 (g)       ∆H0
f= -394  KJ/mol                    + FEC(S) 


אאאא=٠}٢٠٥א=٦٩}٥

א=٦}٢١٦אLKK
אWאאא∆Sא،∆S°

f
אאK

∆S ° = ∆S °
f(CO2)g = [S ° CO2(g) –(S °C(s) + S °O2(g))] 

= 213.6 – ( 5.96 + 205)          
= 2.9 J / mol.k                        



א١٠٨אא
אאאאאאא
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∆G °
fאאאאאW

∆G °
f (CO2)g = ∆H °

f(CO2)g – T ∆S(CO2)g                       


אאאאאL
KאLKאא
LK

אאא١٠٠٠K
∆G °

f (CO2)g = -394 –[298 (0.0029)]        
= -394.86 K J / mol                






















א١٠٨אא
אאאאאאא
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W
١WW،אאא،אא،،אא،

אא،،אאK

٢Wא∆H °, ∆H؟

٣WאאFqEא(   ∆H)؟א

٤WאאאאאאW

PbO(S,Yellow) + CO(g)              Pb(s) + CO2(g)         ∆H °
R =-65.7K J  


٥WאאאאאאאK

C(g)  +  4H(g)           CH4 (g)                                          
אאא؟


٦Wא∆ H0

R   ∆ H0
f

אאK
• א[HBr(g)]
• א[ NO2(g)] 
• [ C2H4(g)]
• א[ CaI2(s)] 

 
٧Wאא٠}٥٦Lאא

١٢}١א°،אאאאאFqKE




א١٠٨אא
אאאאאאא
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٨WאאאאאF٥}٥٥Eא
٢}٢٢°٥}٥٠°אאאא٨٩٥}٠L°K


٩Wא؟אאאאא

١٠Wא٢٢}١١٠٠אא

٠٢}٦א١}١Kאאאא٠}٢٣°א،
אא٥}٤٥א°א،אאא٥٦٢אL°K

אאא(   ∆ H)א،אא
אאאאאא١٨}٤אL°K

Mg(s)  +  2HClaq              MgCl2(aq)  +  H2(g)             

١١Wאאא∆ H °

RK
C2H5OH (L) + 3O2 (g)           3H2O (L) +2CO2 (g)      ∆ H °

R= -1367 K J 
C2H4 (G) + 3O2 (g)              2CO2 (g) + 2H2O (L)        ∆ H °

R= -1411        


∆ H °
RאK

C2 H4(g)  +  H2 O(c)             C2H2OH(L)                          

١٢Wא∆S °FEאW

2H2(g)  +  O2 (g)             2H2O(g)                                           


CaO(s)  +  2NH4Cl(s)                   2NH3(g)  +  CaCl2(s)         
 

4NH3(g)  +  3O2(g)               2N2(g)  +  6H2O                     


Cl2(g)  +  F2(g)                      2ClF(g)                                  




א١٠٨אא
אאאאאאא
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١٣Wא∆H °
f HPO3(s)٢٥°אאK

∆ H °
fP4O10(s)٢٩٨٤-LK

∆ H °
f HNO3(L)١}١٧٤-LK

∆ H °
fN2O5(g)٠}١١LK


١٤Wא(W)אאא

אאאא(WO3)אא١٢٠٠°
114.9 KJ + WO3(S)   +  3H2(g)              W(s)+ 3H2O(g                     

 ∆ H0
f٨}٢٤١-LK∆ H0

fאWO3(s)

١٥Wאא

C8H18(g)              C4H8(g) + C4H10(g)                                 
אא( ∆ H0)אאא

C – C Z٣٤٨L،616 = C – HLK
C  =  C Z٦١٩LK


١٦WאS °∆S °אW

FEH2(g)  +  Cl2(g)                2HCl(g)    
 
FEC2H4(g)  +  H2(g)                    C2H6(g)      

S °H2(g) = 130.6 J/mol.K , S °Cl2(g) = 223.0J/mol.K  S °HCl(g) =186.7J/mol.K
S °C2H4(g) =226 J/mol.K,S °C2H6(g) =230J/mol.K 





١٧Wאאאאאאאאא

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



א١٠٨אא
אאאאאאא

 
 

- ٢٠٣ - 

 
N2(g) +  3H2(g)                    2NH3(g)                               


אאאFLWE

  = H2(g)    -1206.9 = CaCO3(s) 
-45.9= NH3(g)        -6351 = CaO(s)  

    -393.5 = CO2(g) 
 = N2(g)
אאFLKE

CaCO3(s) = 92.9        N2 (g) = 191.5               
= 38.2        H2 (g) = 130.6CaO(s) 

CO2 (g) = 213.7      NH3 (g) = 193 

אאאאא ∆G °א،٣٩٨

K

١٨Wאאאא

אאאאK

١٩W؟אאאא

٢٠WאאאK

• אאאK
• אא∆SK
• אא∆H∆S∆G

אאK
 





 

 

 

אאאא 

 

אאאא  

אאא
<Üé×Ãj×Ö<íÚ^ÃÖ]<í‰‰ö¹]ã¹]<gè…‚jÖ]æ<ËÖ] 

אאאא 





א


א

 

٨



א١٠٨אא
אאאאא
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אאW
אאאאאאאאK


אאW 

 אאאא 

• אאאאאK 
• אאאאאאK 
• אאאK 
• אאאאK 
• אאאאאאא

אאK 
• אאאאאאאא

אK 
 

אאאW
 K 
 

אאW
אאאK 











א١٠٨אא
אאאאא
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١-٨W
אאאאאא

א(∆H,∆S,∆G)אא،אאא
אאאzאאx

،،אאאא،אא
،אאא،א

אא،אאא
אא،א

אא،אאא
אאאאאאאא

אא،אאzאאא
אxאאאאאאא،

אאאאא–אאא
אK

אאאאא
אאאאא،אאא

אאzxאא،
אאאאא،אאא،

אאאאאאK











א١٠٨אא
אאאאא
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:2-8אאRates of Chemical Reactions      


K


אא


אאאאאאא
،אאאאא

אאא
אאא،אאאאא

אאאאאK








FאWאא-אא-אאאK٢
١٤١٧F٢KEE

אאאא
אאאאאאא،א

אאאK


A(g)                            B(g)                                               




א١٠٨אא
אאאאא
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אA–אא١٦}٠
אא،A(g)א–א–

אאFאאאאWE


אFtEFAE
א

F/KE
אא

F/KE
٠0.16 J0.060 
١0.113 0.047 0.039 
٢0.80 0.033 0.028 
٣0.056 0.024 0.020 
٤0.040 0.016 0.014 


אא(Average Reaction Rate)

אאאאK


JאאA
א= אא

 
אאאאאאW


- ∆ [ A ] 
∆ t = R 


(t)אאאאxz،אאאאR

א∆zxא–א–א
،אאאאאאא،א


∆ t   =   tf  -  ti



א١٠٨אא
אאאאא
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[A] =  [A]f – [A]i


tf[A]fאאאא[A] , tiאאאאK


אאAאאאאא

0.16١١٣}٠،אאאK


[ - 0.047 ] - [ 0.113 – 0.16 ]- ∆ [ A ] 
١ = [ 1 – 0 ] = ∆ t = R


FLKE  R = 0.047   mol /  L. min                      

אאאאאא–א
אFאאE،אאא

אאא،Kאאא
אאאK

،אאאאא
אא–א

אאא،
אF(Instantaneous RateK
–אאא

אאאzאאxאzאאx،אאא
،אאאאאא

אאFtZEאא،
אאאאאאאאא،

Initial Rate)EK
אא،אא

K
 



א١٠٨אא
אאאאא
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F٢אE
אא


-(0.10-0.16) mol \ L . min 0.060=1-0=(Ri)Intial RateFאE


אא


-(0.03-0.07)

mol \ L . min 0.019=4.1-2=FאאE
Instantaneous Rate


אאאאא

אאאאאKאאאא
אאאאאאאאK


א

C    +   2D                    2E  +  F



א١٠٨אא
אאאאא
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אאCאDאEאF،
אאאCאאאFK

∆ [ F ]- ∆ [ C ] 
∆ t = ∆ t = R

אאDאאEא،DF
אCEK


∆ [ F ] ∆ [ C ]∆ [ E ]- ∆ [ A ] 
∆ t 2 =∆ t -2 =∆ t =∆ t =R

אאW


∆ [ F ]∆ [ C ]∆ [ E ]1∆ [ D ]-1 
∆ t = ∆ t - =∆ t ٢=∆ t ٢=R

אאאאאא–
אאאאW

a A + b B =  c  C  +  d  D
d, c , b, aאאD , C,  B, AאאK 


∆ [ F ]١ ∆ [ C ]١∆ [ E ]-1 ∆ [ D ]-1 
∆ t d 

= 
∆ t C 

=
∆ t b 

=
∆ t a

=R


אאאאאאאאאאW


D [ F ]١ d [ C ]١d [ E ]-1 d [ D ]-1 

d t d 
= 

d t C 
=

D t b 
=

d t a
=R


zאxd/zאx،dאאK
אאאא،א

אאאK



א١٠٨אא
אאאאא
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אאאאאאאא
אאK

Wאאאאאאאאא
אאאW


FE2HI (g)                         H2 (g) + I2 (g)        


FEC2H5Cl (g)                         C2H4 (g) + HCl (g)


אFWEאאאא


∆ [ I2 ]∆ [ H2 ]∆ [ HI ]-1
∆ t = ∆ t =∆ t ٢= R

אא


d [I2]d [ H2]d [HI ]-1 
d t =d t =d t ٢=R


WאאאאאאW


∆[HCl]∆[C2H4] - ∆ [C2H5Cl ] 
∆ t = ∆ t = ∆ t =R


אאW

d[HCl]d[C2H4] - d [C2H5Cl ] 
d t = d t = d t =R


WאאאאW





א١٠٨אא
אאאאא
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4NH3(g)   +  3O2(g)                    2N2(g)  +  6H3O(g)       


א،،א٢.١LKK
FE אH2O
FE אאO2 
FE אאNH3 
FE אNH3,  O2,  N2,   H2O

אW
FEא٦،H2O(g)٢N2(g)א

٦D٢=٣אK
א=٢}١×٣=٦}٣H2O(g)LKK

FEאא
=٢}١×3/2 

=٨}١O2(g)LKK


FE
א4×٢}١=אNH3

2N2


=٤٠}٢NH3LKK
FEאאאא

א=٢}١N2 LKK
א=٦٠}٣H2OLKK

אאאאא
א،א–٨}١O2LK

א٤٠}٢-NH3LKאK




א١٠٨אא
אאאאא
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٣-٨WאMethods of Reaction Rates Measurement
אאאא

אאK
אאאאא

אא
אא–אאK

אא
K

אאאאK



א١٠٨אא
אאאאא
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CH3CH2O C

O

CH  + H   3 2
O

H
+

CH3CH2OH CH3COOH+





אאא
אאאאא

אאK
• אאאאW

אאאאא
א،אא

אאאאK
N2O5אאאא

אK
2N2O5(s)                        4NO2(g)    +    O2(g) 

אאאא
אF(manometer

אK


F٢אE



א١٠٨אא
אאאאא
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אאאN2O5NO2אאא
אO2אא،א

אאאאK

• אאElectriacal Conductivity                   
• אRefractive Index                                   
• אSpectroscopy                             

- אאאאאNMR                   
- אא–אUV-Visible             

• אאChromatography             


4-8WאאאאFactors Affecting Reaction Rates 
،אאW

• אאאNature of The Reactants     
Jאאאאאאא،

אאאאאא
אאאא،

אאאאאאא
אאK

Jא،אאאאאאא
אאJא–

אzxאאK
א(K2SO4)

אא[ Ba(NO3)2 ]
FEאK




א١٠٨אא
אאאאא
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אאא
אאW

Ba2+
(aq) + SO4

2-
(aq)                        BaSO4  (S)  

Jאאא(Chemical Identity) אאK
א–אא–אאא

אאאא–א
אאK

אאאאאW
١JאReaction Mechanism 
٢JאActivation Energy                       

אאאא
(Method of Initial Rates)،אאאא

אא(Initial Concentration)אאא،
אאא،אא،אאא

(Initial Rate)א(Slope of Tangent)א
אאא


אא،א

F٢אE




א١٠٨אא
אאאאא
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אאאא
אאאאאאאאKא

K
אאאאא،

אאאאאK
A + 2B                   AB2


אאאאאאאא

אאאאאאאW


א[ A ] [ B ] 
אאא

F/ E
١0.01 0.01 1.5 ×10-4 

٢0.01 0.02 1.5 ×10-4 

٣0.02 0.03 6.0 ×10-4 



xzאאאאK
• אאאConcentration of Reactants 

אאאאAאאא
א،אאאאאFAE-א
٢٠٦א٢٠٥-אאאא

אאאא،א
אאאFאאEאFא

אEאאאאאא
אאאא-אK



א١٠٨אא
אאאאא
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F٢אE

אאאאאאא
אאאאאאאאא

אMechanism)(ReactionK
אאאאאאאא

אא( Reaction Rate Law)אאא
אW

aA + bB + cC +……                  qQ + rR +…….                      


אאאW


(Rate) = K [A]x [B]y[C]z…א


Kא(Rate Constant)،א
א،אאאW

- אאאK 
-אא، kאאא
K אאאא



א١٠٨אא
אאאאא

 
 

- ٢١٩ - 

אFkEאאאאאאא–
k–א

>K
K

xא(A)yא(B) zא
(C)،אאאאאא-א-Z,Y,X

אאOverall Reaction Order(n)אא
אz,y,x אאאאאאKא

אאאK
אאאאא

אאאאאא(c),(b),(a)K
אאאא(1= z) (1= y) (0= x)אאא

  -Aאאאא-AאאB
אאCאW

(Rate) = K [A]0 [B]1[C]1…
= K  [B]1[C]1… 

אאאאאא(A)
אK

אא(n)٢אאאאSecond Order Reaction
אאאא(k)אאא

א s-1 ) ١L (
אאאאאL-1 S-1molא/KK

אאאאאאאK
אאאאאא

אK
• ،אאאא

אאאא،אW
א(Rate)Z[ A ] y[ B ]  Kx





א١٠٨אא
אאאאא

 
 

- ٢٢٠ - 

אאאK , x , y
אאאאאאא

אאאאאK
• אאאאאW
FWEאאאAא٠١}٠K
FWEאאאB٠١}٠אא٠٢}٠א

אK
FWEאאאאK

אאאאא(AB2)
אאB،אאאאא

B٠١}٠٠٢}٠אy٠[B]0K
אאאא،א

אאאא
א=x [A] k

• אאאאאW
FWEאאאA٠١}٠אא٠٢}٠א

אK
FWEאאאB٠١}٠אא٠٣}٠אאK
FWEאא٥}١אC١٠J٤ אא٠}٦C١٠J٤

אאK


אאאאא
אאאAאאא،

אאאאאאאBK
אאאאאאאאאAאא

אxאאA K
אאאאW



א١٠٨אא
אאאאא
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FאאאאEx = אאא


אAאאאאאאא
)אAאא(=אאאאא


א–אאאאאK









=

×
×

−

−

01.0
02.0

5.110
0.610

4

4 X




4 = 2x 

אאW


22 = 2x 
،אאאאא




2  =   X


אאאאAK



אאW


א=2[A] k




א١٠٨אא
אאאאא
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א(K)אאא
אאאאא(Initial Rate)[A]אא–

אאאאK
א

א( K ) =
]אA[٢




WאאאאAאBאA
אאBאK

4-10×1.5/K
=F0.01/E٢

          =          1.51-KK1- 
WאאK

אאאאאאAB2
אZ2[A] 1.5


• אאTemperature     

،אאאאאא
אאאKאא

אאאא،א
אאאא

K
אאאאאא

אאאK
אאK





א١٠٨אא
אאאאא
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F١אE

אאאאאא
(T2,  T1)אאאT2אאא،א

Kאא
אאאאאאאא(T2)

אאא(T1)K
א(Svante Arrhenius)

אאאאאK
אא١٠א(Log)W

RT
EALogKLog a

3032−
−=

אא(In)

RT
EAInKIn a−=





א١٠٨אא
אאאאא

 
 

- ٢٢٤ - 




-In k = 2.303 Log k 

KZאא(Specific Rate Constant     )

אאאTאאK

A Zאאאא،KK

אAאK

EaZאFE

RZאא٣١٤}٨LKK


אאאאKא

–אאאאאK
אאאאאאK

אאאאאא
א،א،אאאאא

אא2.303 R T / EaK
א

אאאאאW









−=

211

2 11
303.2 TTR
E

k
kLog a












 −
=

21

12

1

2

303.2 TT
TT

R
E

k
kLog a
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אאאאא
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 −
=

21

12

1

2

TT
TT

R
E

k
kIn a




K1K2אאאאT1T2אאK


Wאא٥٠LKאא–א

אא٣٠٠٣١٠KאK



אW








 −
=

21

12

1

2

303.2 TT
TT

R
E

k
kLog a



( ) ( ) ( )( )

291.1

281.0

310300
300310

./314.8   303.2

/100050

1

2

1

2

≅=

=








 −×
=

k
k

k
kLog

kk
kk

kmolJ

molJ




אאאא٣١٠אאא

אא٣٠٠אאאא١٠
אאאK


• אאאCatalysts
 אאאאאאאא

אאאאא،א



א١٠٨אא
אאאאא

 
 

- ٢٢٦ - 

אאאאאאKא
אא

אאאאא،
אא،אW


 

א
א

FאE
א

 אאא[ Ethyl Acetate ]א)–H2SO4
אH+(אא،FE،

אאא
אאאאא،אK


F٢אE 

 
 

אאאאאאאא
(Inhibitory Catalysts)אא،K

אאאW



א١٠٨אא
אאאאא

 
 

- ٢٢٧ - 

FWEאאא(Homogeneous Catalysts)
אאאאאאאאKאא

א(NO)א(SO2)
אאא(SO3)א

אK
SO2(g) + O2(g)      NO (g)              2SO3(g)                               


FFWאאאאאאא،א

אאKEE
FWEאאא(Heterogeneous catalysts)K

אאאאאאאא
،אאאאאא

אאאאאאאK
אאאאאאאאא

zא(pt)x(Catalytic Converter)אא
(Automobile Exhaust)אאא،(Oxidation of 

(Unburned Fuel)אאאאאאא(CO)K


   Pt(s)
2C8H18(g)+25O2(g)                            16CO2(g)+18H2O(g)         

NiO(s)    
אJאz אx

FWאאאאאKE
Pt(s)

2CO (g) + O2(g)                   2CO2(g)                               
NiO(s)


Pt(s)

2NO (g)                       N2(g) +O2(g)                                
NiO



א١٠٨אא
אאאאא

 
 

- ٢٢٨ - 

א(NO)אאאא
אNO2אאא(HNO3)–K

NO2אאא(Nitrites)א
(Eye irrilants)–K

אאאאאאאא
אKאאK

FWE(Haber's Process)אאא
אאK

Fe(s) 
N2(g)+H2(g)                 2NH3(g)

 
אאאאK

אאאא
אאK

FWE(Ostwald Process)אא
אאא٨٠٠א°K


٥-٨WאCollision Theory

אאאאא،
אא(Fundamental Notion)אK


אאאאא

א،אאאK


אא
אα

א



א١٠٨אא
אאאאא

 
 

- ٢٢٩ - 

אאאאאאאאא
FאEאאאאאאK

אאאאא
אא،אאאא

(Effective Collisions)אW
١J אאאאאאאא

אאאאאא
K

٢J אאא(Proper Orientation)א
אאא

K 


٦-٨WאאאTransition State Theory and Activation Energy  
אא،אאא

אאאKא–אא–
אאאאאאא،

אאאאאK
אאאאאאא،אא

אKאאאאאא
אאאKאאאא

،אאאאאאאאא
אאאאאאא

אאאאאאאא
אא،אאא

אאאאאאאאא
אאK



א١٠٨אא
אאאאא

 
 

- ٢٣٠ - 

אאאאאא
אאאאאאאא

אאאאא،אK


אא–אאאא–
אאא،אא

אא(Activation Energy)EaK


א،אאאא
אאאאאאאאK


A  +  B2             AB  +  B                                




Fא١E

،אאאאA + B2אא
אאאB2  ,  A،אאAB + B אאא

אאFאאKE
אאאאA,  B2א

אאאאא،B…B 
(Activated Complex)A…אאאאאאא،

،אאאאאא–אא–



א١٠٨אא
אאאאא

 
 

- ٢٣١ - 

،אאאאאא
אאA  ,  ABK


אאאאאK

אאאE A-B-BאאאאE A+B2א
(Ea)K

Ea = EA…B…B – EA+B2 

אאאאאאא
אאאאאאK

אאא،
אK

אאאz[E a(r) 
AB +  B                A  + B2 


E a(r)  =  E A…B…B  ---  E AB+B

א(a)אאאאאאABBאא
אא(A, B2)،אאאאאא

אא،אאאא،א 
F∆HZE،אא(∆H)אאאאאא

אאאאאאא
אK

∆H = ∆E = Ea(r) – Ea 

א(b)אאאאאאאא
Ea (r)E aאא(∆H)א،

אאאE ar  =  Ea∆Hאאא،
אK






א١٠٨אא
אאאאא

 
 

- ٢٣٢ - 

W
١WאW

א،אא،אא،אK

٢WאאK

A  +  B                   AB                                                      
אאאאאBK


٣Wאא،אאאאא

אK

٤WאW

FWEאאאFאKE
FWEאאאK


٥Wאאאאא

אW
FWEאZ2[B] [A] K
FWEאZ[ B ] K
FWEאZ[ C ]  [ B ]  [ A ] K 


٦WאאאLKא،

א(k)אK


٧WאאאאאK

٨WאאאK



א١٠٨אא
אאאאא

 
 

- ٢٣٣ - 

FEאאFKEאK

٩WאאF٨EW

אאא،אאא،אאאK

١٠WאאאאאK

١٩WאאאאאK

١٢WאאאאK

A  +  2B                 C  +  2D    


٢٥°K؟א

א[A] [B] 
אאא

F/KE
١0.100.10 4-10×4 
٢0.30 0.30 3-10×1.2 
٣0.30 0.10 4-10×4.0 
٤0.40 0.20 4-10×8.0 


١٣Wא

2N2 O5 (g)                              4NO2(g)   +   O2 (g)                    


אZ[ N2 O5 ] K
אא(Overall Reaction Order)K







א١٠٨אא
אאאאא

 
 

- ٢٣٤ - 

١٤WאאאW
A  +  2B                   C +  D                     
אא(forward Reaction)٤}٧٤

٣}٦١אא٢٥°K


אאאאKאא
א؟


١٥WאאאאW


C2 H5 Cl (g)                      C2 H4(g)  +  H Cl(g)                      


،אא1310 ×  1.58  =   Aא237  =  (Ea)
LK

FWEאאא(K)אאאאF٢٥E 
FWEאאא(K)א٢٣٧°K
FWE؟א؟אא


١٦WאK
١٧WאאKאK
١٨WאK

F C1O2                FCIO   +  O                     


١٨٦Lאא(K)٣٢٢°4-

10 × 6.76K
FWE؟א؟א
FWEאא٢٥°K 



 

 

 

אא

 

אאאא  

אאא
ã¹]<gè…‚jÖ]æ<ËÖ]<Üé×Ãj×Ö<íÚ^ÃÖ]<í‰‰ö¹] 

אאאא 




א



א






٩



١٠٨ א אא 

א אא אא 
 
 

- ٢٣٧ - 

אאW
אאאא،אאאאא

אאאאאK


אאW
אאW

• אאאאK 
• אאאK 
• אאאאK 
 

אאאW
אאא٩٠K٪


אאאW

K


אאW
Overhead projector

 
אאW

K





 
 
 

  



١٠٨ א אא 

א אא אא 
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:1-9W
אאאא،

(organic)אאא
א،אא،

א،אאא،אא
א،אאאא1828 wohlerא
אFאEא

א،אאW
                                  O 

224 NHCNHOCNNH −−→∆
 

א
אאאאא،

אK
אאאא،אא

אאא،אאאא
،אאאא

אאאאK
אאאאאא

א،אאאא،
אאאאאאאא،א

אאאאאא،אא
אאא،אאאא،

אאאאאאאאאK
אאאאאאאא

א،אאאאאא،א
אאאאאא،אא

אא(Functional Groups)،אאאאא



١٠٨ א אא 

א אא אא 
 
 

- ٢٣٩ - 

אאאאאאאא،
אאאאא–OH

אsp3،אא
אאא،אאאאאא

א،אאאאK
2-9WאWHydrocarbons

אא
W

JW
אאא

،אא-אאK
אW

אאSaturated
א-alkanes                . 

Ethane CH3 - CH3  
אאUnsaturated   

א-،א Alkenes אא
-FC=CEאalkynes אא-

FC≡CEאאא،אא
אK

JאאאAromatic Hydrocarbons     
אאאאC10H8K









١٠٨ א אא 

א אא אא 
 
 

- ٢٤٠ - 

:3-9אWAlkanes
אאאא،

אאאKאאאאאאא
אאא،אאאK

אאאW
אאאאאאCnH2n+2 n

FnZ١،٢،٣،٤KKKKKKKאEnאאKאא
א،א،

אK
אW

אאF-aneEאאא 
אאFאEאאF-aneE،

F١٠-١EK
אאאn 
CH4 Methane

CH3CH3Ethane
CH3CH2CH3Propane

CH3CH2CH2CH3Butane
CH3(CH2)3CH3Pentane 
CH3(CH2)4CH3 Hexane 
CH3(CH2)5CH3 Heptane 
CH3(CH2)6CH3 Octane 
CH3(CH2)7CH3 Nonane 

(CH2)8CH3CH3 Decane 
      אאא אCH2

אmethylene
אאאא



١٠٨ א אא 

א אא אא 
 
 

- ٢٤١ - 

١WButane      C4H8

                    CH3-CH2-CH2-CH3                               CH3-CH-CH3                     
                

      CH3
JIsobutanen-Butane


٢WPentane         C5H12

CH3
    

  CH3-CH-CH2-CH3         CH3-CH2-CH2-CH2-CH3               CH3-C-CH3 
                              
           CH3                                                                                       CH3  
  Isopentane                             n-Pentane                                    Neopentane 

JJ
אFR-EAlkyl Group

אFR-Eא
אMethyl CH3،אא

א Ethyl (CH3CH2-)K
אF١٠-٢EאאאאאאK












١٠٨ א אא 

א אא אא 
 
 

- ٢٤٢ - 


א) ١٠-٢(אאK


אא אא

א
א

Methyl CH3- Methane  CH4 
Ethyl CH3CH2- Ethane  CH3CH3 

n-Propyl CH3CH2CH2- Propane  CH3CH2CH3 
Isopropyl CH3-CH-CH3  
n-Butyl CH3CH2CH2CH2- CH3CH2CH2CH3 

Sec-Butyl CH3CHCH2CH3 
 

n-Butane 

 
Isobutyl 

CH3 
 

CH3CHCH2- 

CH3 
 

CH3-CHCH3 
Tert-butyl  CH3

CH3C-  
   CH3

Isobutane 

 



١٠٨ א אא 

א אא אא 
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Cycloalkanes        אא 
אאאאאאK

   
                                                 أو     

 
 
 

  Cyclopropane     أو    بروبان حلقي                                     
 
 

                           أو                                               
                                

 
 

Cyclobutane 
 
 

 
 

       
                                                                 أو     

 
                       

  Cyclopentane    أو بنتان حلقي                     
  

 
 
 
 

Ethylcyclopropane 
              

CH
2

CH
2  CH

2

CH 2 CH2

CH
2 CH2

CH 2

CH
2 CH 2

CH CH2 2

CH
2

CH 3
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אאאIUPAC 
אאאאאאאא

אא،אאIUPAC 
(International Union of Pure and Applied Chemistry) 

אאW  
١K אאאאFE

אאאאK 
٢K אאאאאאאאא

א،אאאאאא
FJEאאFאEאאאא،אane

אאאyl
אא

                                                         1    2     3  4     5     6 
                                           CH3CH2CHCH2CH2CH3 

 
CH2CH3 

3-Ethyl hexane 
٣K אאאאאFאEא

אא،אpenta, tetra, tri, diאאא
א،،KKKKKK،אא

،אאאאא
אאW

                                                                      CH3 
 

CH3-CH-CH2-C-CH3 
5          4       3         2  1 

   CH3        CH3 
2, 2, 4-Trimethyl Pentane 

٤K אאאאאאא
אW 

   CH2CH3     



١٠٨ א אא 

א אא אא 
 
 

- ٢٤٥ - 

 
    CH3 - CH2 - CH2 - CH - CH - C - CH2 - CH3 
         8            7            6            5        4          3       2           1 
                    CH3-CH2-CH2CH3   CH2CH3 

                  3, 3-Diethyl-4-methyl-5-n-propyloctane 
 
 

٥. אאא،
אאאאאאאא

W 
 

                                                  7         6         5       4         3       2        1 
CH3-CH2-CH-CH2-CH-CH2-CH3 

 
 

                                                     CH3        CH2CH3 
3-Ethyl-5-Methylheptane 

٦K אאFאEאא
א،FylEאFaneE

אא
אאאאאא

אאאאאאW
CH3  CH3         

 
CH- CH -CH3 
1\        2\                  

CH3-CH2-CH-CH-CH2-CH2-CH2-CH3
                                            1         2         3       4        5         6         7         8 
                                                  CH2 

 
                                                  CH3 

3-Ethyl-4(1\, 2\, Dimethylpropyl) nonane 
  



١٠٨ א אא 

א אא אא 
 
 

- ٢٤٦ - 

٧K אאאאאאאFאE
אאא،אא

אאFאEאW
-F   Fluoro -NO2 Nitro 
-Cl  Chloro -NH2 Amino 
-Br  Bromo -CN Cyano 
-I     Iodo   

   
W  

                Br 
         
         CH3-CH-CH-CH-CH3 
    5        4    3      2      1  
          CH3       Cl 
         3-Bromo-2-chloro-4-methylpentane 

 
אאאאאאiso-

אneo-אאאאא،
אאאsec-, tert-tri, diאא

אK
 

אאאW
א(nonpolar)א

אא،C1C4אאאא،א
C5C17،אאאא١٨

אאK
א،אא،אא،

אאא،אאאאאFא
אEאאא،אאא

K



١٠٨ א אא 

א אא אא 
 
 

- ٢٤٧ - 

אW  
אאאאא،אK

א٨٠٪אא،אאאאא،
אא،אK

אא(Refining)،אא
K


 :4-9אW
אא–FC=CE،

(Olefins)،אאא,CnH2n
אCnH2n-2אאא  C2H4

                                                     H                        H 
 
                                                                C = C 
                                                          
                                                       H                        H 

 
 

אW  
אא 

אאאאאאאאאאא-
aneאאאאAlkane-yleneאא،

אאW
אAlkene אAlkane 

Ethylene   CH2=CH2 Ethane    CHCH3 
Propylene  CH3-CH=CH2 Propane  CH3CH2CH3 
α-Butylene CH3CH2CH=CH2 
B-Butylene   CH3CH=CHCH3 

n-Butane  CH3CH2CH2CH3 

Isobutylene     CH3-C=CH2 
 

Isobutane    CH3-CH-CH3 
 



١٠٨ א אא 

א אא אא 
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                               CH3                             CH3 
  

אאאאCH2=CH2
-CH=CH2אFVinyl groupEW


   

                      
 
 
 
            Vinyl chloride                           Vinyl bromide           Vinyl cyclohexane 
  

אאאCH3CH=CH2אFAllyl groupE
  CH2-CH=CH2 
 
 Cl                            Allyl chloride 
  

CH2 CH

Cl

CH2 CH

Br

CH2 CH



١٠٨ א אא 

א אא אא 
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IUPACאא 

אאא،אאאא
(IUPAC)FאאEאא

אאאאאW
١J אאאאאFאKE
٢J אאאא-aneאאאא

-eneK
٣J אאאאא،אאאא

אK
٤J אאא،אא

אאאא،אאW
                                              5      4    3       2     1 

CH3 CH-CH=CH-CH3 
 

                                            CH3 
4- Methyl -2- Pentene 

אאא 
                   CH2=CH2                    CH3-CH=CH2            CH3CH2CH=CH2 
                    Ethene                            Propene                       1- Butene 
 
 
    CH2-CH=CH2 
    
        Cl 
                   2- Ethyl -1-Butene                                  3-Chloro -1- Propene 

٥J אאאאאאא
אאא،אאא،א

אאאאאK 



١٠٨ א אא 

א אא אא 
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1

2
3

4

5
6

1

2
3

4

5
6

1
2 3

4
5

CH2 CH CH2 C CH2

CH

CH

2

3= - --

1

2345

1
2

3

4

5

6

7

C = C

CH3

H H

CH3
C = C

CH3

H

H

CH3

٦J  


 
 
 

 
            Cyclohexene                               3-Methyl cyclohexene      

   )   cyclohexene-1  وليس(     )                    cyclohexene-1  وليس(                  
                                           

٧J א….tetra, tri, diאאאא-
eneאאאא

אאאא 



 
 

          2-Ethyl,1,4-Pentadiene                               1,3-cyclopentadiene 
 

 
 

                                                        1,3,6-Heptatriene 
 

٨J אאאאFא
אאא2-Butene,1-Butene)Eא

אא،אאאא
2-ButeneW 

 
 

 
 

 
 

               Trans-2-butene                                                cis-2-butene 
 



١٠٨ א אא 

א אא אא 
 
 

- ٢٥١ - 

 
אאFאאאאEא

،אF-cisE،אאF
אEאtrans،אא،

אאא،cis-2-butene א،٧}٣trans-2-
butene٩}٠K


אאאW  

אאאאאאא
אא،א،א،

אאאאא،אא
א،אאאאא

אK 
 

:5-9אW Alkynes
אאFJC≡ C-(K

אאCnH2n-2،אאאאC2H2،
אאאאspאK

אאKאא
אא٣٠٠٠،אאא

אK
אאאCaO،

אCaC2אK

( )22222

2
  2500

    2

    3

OHCaHCOHCaC

COCaCCaOC c

+→+

+ →+ °

 



١٠٨ א אא 

א אא אא 
 
 

- ٢٥٢ - 

אW  
אאאאF  IUPACE

אאא،אא،א
אא،אאאא

א-yneא-eneאאW 
CH ≡ CH                    CH3C ≡ CH                     CH3 CH2C ≡ CH
Acetylene                   Methyl acetylene           Ethyl acetylene                       
Ethyne                         Propyne                         1-Butyne   


אא IUPAC

                                                                   CH3                         CH3           
 
CH3 C ≡ C CH3                                   CH3CH-CH-C ≡ C-CH2CH-CH3 
 
                                                                          Cl 
2-Butyne                                            3-Chloro-2,7-dimethyl-4-Octyne 
 
 

CH ≡ C-C ≡ CH 
1,3-Butadiyne 

אאאאא،
אאאאאא–yneאא

אאא،אאאalkene
HC ≡ CH -CH2-CH = CH2 

1-Penten-4-yne 
אאאאאאאאא

-yneא
= CH-CH3HC ≡ C-CH

3-Penten-1-yne 
 



١٠٨ א אא 

א אא אא 
 
 

- ٢٥٣ - 

 
 אאאW  

אאאא
אאאKא،

אC2 C4א،אC4C16א
C17אK



 :6-9 אאAromatic Compounds
W

אאאאאאא
אאאKאאא

אא
אאאאאאK

אFAromaticEאFאאאאE
אאא-COOH, -OCH3 

……. –COOCH3,Kאא-C6H5אא
א-C6H5،אאאא

،אאאאאאFEאא
K
אW

אC6H6אא،אאא
אאאאאKא،א

אאא،אאsp2א،א
_אאA٣٩}١،אאא

C=CFA٣٢}١EאאאC-CFA٥٤}١E،אא
אאKekuleW



١٠٨ א אא 

א אא אא 
 
 

- ٢٥٤ - 




 


אIIIKאאHybridאIIIK
אאאא





Delocalized K
אאW

אאאאאW
١J אאאאאF

EאאאPFאE
K 

٢J אK 
٣J אאאK 
٤J FHuckels rule Eאאאאא

אπאאF 4n+2EFn=0, 1, 2, 3, …..KEאא
FאπEאnF١E

אא٦ 
s?℮π (4*1+2) = 6

אאאאאFאאE
אW 





           Benzene                           Naphthalene                 Anthracene

I II



١٠٨ א אא 

א אא אא 
 
 

- ٢٥٥ - 

N..

             n = 1                                  n = 2                              n = 3
 





           Phenanthrene                              Pyridine                         Pyrole 
              n = 3                                           n = 1                              n =1
             4(3)+2 = 14πe΄s                 4(1)+2 = 6πe΄s            4(1)+2 = 6πe΄s 

 
 


+

 
n =1 

4(1)+2=6 πes 

-

 
n =1 

4(1)+2=6 πes  

+

 
n = 0 

4(0)+2=2 πes 


אאא


+

   

-

  


אאאW

אא،א،٨٠אא
٥}٤،אאאא


אאאπ. 

N



١٠٨ א אא 

א אא אא 
 
 

- ٢٥٦ - 

אW
אאאא

אW
١אאאאאW

אאאאאאK




    Bromobenzene      Iodobenzene         Ethylbenzene                    Nitrobenzen


אW



 


    Toluene                           Styrene                                 Cumene  
 

 
 
 
 
 
      benzaldehyde







           Phenol               benzoic acid               Acetophenone             Aniline




Br   I CH2CH3 NO2

NH2

CH3 CH CH
2 CH CH3CH3

CHO

OH COOH C-CH 3

O



١٠٨ א אא 

א אא אא 
 
 

- ٢٥٧ - 






              Benzenesulfonic acid                                Anisole
אאאא،א

phenylאאאאאK




2-Phenylbutane                   2-Phenylethanol
 

אאאBenzyl
אאBenzalאBenzoK





 
Benzylchloride                      Benzalchloride                       Benzotrichloride   



٢א
אאKאאאFoEOrthoא

אאאFmEMetaאאא 
(p)ParaKאאאK

אBenzene،א،אא،
אאW


 
 

o-dichlorobenzene              m-chloroethylbenzene 

SO3H OCH3

CH
3

CHCH
2

CH
3 CH2CH2OH

CH2Cl CH Cl
2

CCl
3

Cl
Cl

CH2CH
3

Cl



١٠٨ א אא 

א אא אא 
 
 

- ٢٥٨ - 

 
 
 
 


 

 p-fluoroiodobenzene            m-nitrotoluene                m-bromobenzoic acid 
 
 
 
 
 
 

o-chlorophenol 
  

CH3-אאW
 
 
 
 
 

o-xylene                           m-xylene                               
 

 
p-xylene                 

                                                                         
                                                          

٣אא



 
 

 
1,2,3-trichlorobenzene                                3-chloro-5-fluronitrobenzene

Fאא١E         ( 1,2,6-trichlorobenzen)

CH3

NO2

OH

Cl

      F

I

      COOH

Br

      CH3
CH3

      CH3

CH3

      CH3

CH3

      Cl
Cl Cl

1
2 3

4
5

6

      NO
2

F Cl

1
2

3
4

5

6



١٠٨ א אא 

א אא אא 
 
 

- ٢٥٩ - 

 






2, 4, 6-tribromophenol                                              2, 4, 6-trinitrotoluene(TNT) 
Fאא١FEא

א١E


אאW
אאאאאא،א

אאאאאKאאאאא
אאאאאא
،אאא

אאK













      

NO 2

CH
1 2

3
4

5

6

3
NO NO2 2

      

Br

OH

1 2

3
4

5

6
Br Br

CH3
(CH ) CH

5 3

Al2O3
- CrO3

/ 500 Co

Pt / 400 C
o

CH3

+ 4 H2

Toluene

CH3

550C
o

Al2O3 -  Pt
+    3H2

Benzene



١٠٨ א אא 

א אא אא 
 
 

- ٢٦٠ - 

C

H

OH

H

RC

H

OH

R

R
C

R

OH

R

R

 :7-9אא Alcohols and Phenols
W

אא-OH،א
אאROH،אאArOH،אאאא

אRAr،RאArא،
אאאאsp3،

אא sp2،אא
א،אאא

א،אאאאא
א،א

אK
אW

אאאאא
Wאאא،אאאא


Primary 10 Primary 20 Primary 30 











אא
-OH

אR 

אא
-OH


א

אא
-OH

א


א



١٠٨ א אא 

א אא אא 
 
 

- ٢٦١ - 

אW
،אאאאIUPACK

אאאאאK
אאW

אאאא
CH3OH                           CH3CH2OH                            CH2 = CH-CH2OH 
Methyl alcohol                Ethyl alcohol                           Allyl alcohol 
 
 CH3  
 
CH3-CH-CH3                                           CH3-C-CH3 

   
OH                                                      OH  

 Isopropyl alcohol                                Tert -Butyl alcohol   








אאFאE
١J אא-OH

FeE–olאאאאא
W

 
CH3OH                         CH3CH2OH 

Methanol                      Ethanol 


٢J אאאא –OH
אאאא،אא

OH

Cyclopentyl alcohol

CH2OH

Benzyl alcohol



١٠٨ א אא 

א אא אא 
 
 

- ٢٦٢ - 

אאא١אאא
אW 


     CH3CH2CH2OH                 CH3CH2CH2CH-CH3
                                                                           
                                                                    OH   
        1-Propanol                                 2-Pentanol




 
 
 
 
 
 
 


 

٣J אאאאאאא
אאאאא

،אאאאאא
אאאאאאK

  
 CH2CH3 
 
 CH2 = CH-CH-CH-CH3                                    CH3CH-C = CH2 
 
 OH   CH3 OH 
4-Methyl -1-penten-3-ol                                     3-Ethyl-3-buten-2-ol 
 
 
 
 

OH

Cyclohexanol

CH 2CH3 CH

C2H5

CH2CH

OH

CH3

4-Ethyl-2-hexanol

CH 2CH3
CH

C

2

H

CH2 CH OH

CH2 Br2

2-(2-Bromo ethyl)-1-Pentanol



١٠٨ א אא 

א אא אא 
 
 

- ٢٦٣ - 

 
 CH ≡ C-CH-CH3   
 
 OH 
 3-Butyn-2-ol                                                           

 


  
٤J אאאtetra,tri,di א–ol

א،K
     CH2-CH2                                                  CH2 -CH -CH2 
 
  OH    OH                                                 OH     OH OH   
 1, 2-Ethanediol                                         1, 2, 3-Propantriol                             

Ethylene glycol                                          Glycerol or glycerene         
 

אW  
 אאא

،–OHא
אאא،

אאW
 
 
 
 
 
 
 
 
 
 
 
 

OH OH

OH

OH

OH

Br

NH2

COOH

OH

Phenol m-Bromophenol

p-Aminophenol

o-Hydroxy benzoic acid
( Salicylic acid)

Hydroquinone

OH

CH3

4-methyl-2-cyclohexenol



١٠٨ א אא 

א אא אא 
 
 

- ٢٦٤ - 

אאאאW
אאא،אא

אאאאא
אKאאאאא

אאFE،אאK





א
 


אאאא

אאאK
Propane Ethanol

א٧٨א٤٦L
אJ٤٢٤٤L


אאאא،אא،

אאאא،אאא
אא،אאאא،א

K




                
א

O

R H

O

R

H H

Ar

O

HAr

O

O

R H

O

H

H H

O

R



١٠٨ א אא 

א אא אא 
 
 

- ٢٦٥ - 

O

Phenyl ether

O CH3

Methyl phenyl ether
(Anizole)

OCH2CH3

Ethoxy cyclohexane

Br OCH2CH3

P-Bromophenoxy ethane

8-9Wאא Ethers           
W

אאאאR-O-R1R1-R
אKW

אאR R1،אאא
אK

אאW
אאאאאא

Ether،אאא
אK

  CH3OCH3                   CH3CH2OCH2CH3                CH3OCH2CH3      
  Methyl ether               Ethyl ether                             Ethyl methyl ether 
 
 
 
 
 
 
 

(IUPAC)،-O-Rאאאא
אFAlkoxyERא،

אFAryloxyERאאW                  


    CH3CH2CHCH3 
 
                 OCH3    
2-Methoxy butane  
 
 

 




١٠٨ א אא 

א אא אא 
 
 

- ٢٦٦ - 

O

CH2 CH2
O O

O

O

O

א(oxa)אאא
אK

אאאאW



 
    1     2   3     4      5    6      7     8    9 
  CH2-O-CH2-CH2-O-CH2-CH2-O-CH3 
 
Cl
   1- Chloro-2, 5, 8 –trioxanonane  


אאW













1,4-Dioxane Oxane Oxlaneoxetane Oxirane 
epoxide




1,4-DioxacyclohexaneTetrahydro
pyran 

Tetrahydro
furan 
(THF) 

Trimethylene 
oxide 

Ethylene 
oxide 












١٠٨ א אא 

א אא אא 
 
 

- ٢٦٧ - 

O
R

R
H

O
H O

R

R

אאאאW
אא،אא

א،אאא،אאאאאK
אאאאאא

אK
אאאא،א،אא،

אאאא،אא،א
אאאאאאאW






אאאאאאW
אאאאאא

CH3CH2OHEthanol٤٦٧٨
CH3OCH3Methyl ether٤٦J٢٤א
CH3CH2CH3Propane٤٦J٤٢


אאאW

אאאFא
אאאאEאאא،

K
אאאאא

FאאאEאFPeroxideEא
K



١٠٨ א אא 

א אא אא 
 
 

- ٢٦٨ - 

אאאאFeSO4
אאאאא،אאFe+++،

אאאאW


( )3SCNFeFePeroxide scn→+
−+++



 
אאאאאW

١J אאFא
אאE 

٢J אאאK 
٣J אאאאאK 




















١٠٨ א אא 

א אא אא 
 
 

- ٢٦٩ - 

O C

R C

O

R

CH3

CH2CH3

CH

CH3

CH C H

O

B

9-9Wאאא Aldehydes and Ketones 
אאאא             

K
אאאWR(Ar)-C-H   Rא،

(Ar)א،אאאR1, R
אK

אאאW
אאא،אאאאIUPACK

אא
Jאא

אאאאאאא–ic acidFא
אאEא(aldehyde)אאאK 



Formic acid אא 
H C H

O

Formaldehyde  

Acetic acid אא 
O

CH3 C H

Acetaldehyde  
אאאאאאאאאאא

FO=C-C-C-CKEאאאאאא
אאW

   
 


α ,β - Dimethylvaleraldehyde





١٠٨ א אא 

א אא אא 
 
 

- ٢٧٠ - 

Jא
אאאאאF

אאEאKetoneW
          
         O                                                               O 
 
 CH3-C-CH3                                              CH3-C-CH (CH3)2 
 Dimethyl ketone                                       methyl isopropyl ketone 
    (Acetone) 

אphenoneאאא
phenyl-ic acidF-oic acidEאאאא

אW




 

אאW
Jאא

אאא -eאאא-alאא،
אאאאאא،אאKK

אאאKאאא
אאW           

          
    




 

O

C

Benzophenone  

O

C CH3

Acetophenone  

CH3 C

OCH3

CH2 C H

3-Methyl butanal

O

CH3 C H

Ethanol  



١٠٨ א אא 

א אא אא 
 
 

- ٢٧١ - 

CH3

p-tolualdehyde

O

C H

O

C H

Benzaldehyde

אאא
אא


  


Jא

אאאאא
א،א-oneF٩١JEא-eאא

אKאאאאאאא
IUPACאאאא

אK

3-buten-2-one

CH

O

CCH2 CH3

O

Cyclopentanone  

O

CH3 C CH3
Propanone




אאאאאW
אאאאאאא

FOC
−+

=
δδKE

אאאאא
אא،אאאאאא
אא،אאאאK



١٠٨ א אא 

א אא אא 
 
 

- ٢٧٢ - 

אאאאאאא
אK


C O H

O

H

 
א  

 
אאאאאW

אאא،א،א
(Formalin)F٣٧٪E،אאK

אאאKאאאא
א،א،٥٦،אא،

אאאK









١٠٨ א אא 

א אא אא 
 
 

- ٢٧٣ - 

 :10-9אא Carboxylic acids and their derivatives 

W
אאאF-COOHE

KאאFC = O Eא
F-OHKEאאא،

אאK
אאW

JאאW
אאאאאאא

Kאא،אאW
אאאא

Formic acid
אHCOOH

Formica،א
אK

Acetic acid
אCH3COOH

Acetum،א
א،אא

אאK
Butyric acid 

אCH3(CH2)2COOH
Butyrum،

אאK



אא،אא…..γ ,β 

,αאאאאαאא
אאאאא

          
 
 

 
 



١٠٨ א אא 

א אא אא 
 
 

- ٢٧٤ - 

 
W

 

CH3 CH COOHCH

CH3 CH3

 

 2,3-Dimethylbutanoic acid 

 α , β-Dimethylbutyric acid 

 
 

JאאIUPACW
אoic acidאeאאא

אאאKאאא
אאאא،

אאאאאW

2-Bromopropanoic acid

CH3 COOH

Br

CH

 Ethanoic acid

CH3 OHC

O

(Acetic acid)  

COOH

Cyclohexane
Carboxylic aci 3-Methyl-2-butenoic acid

CH3 C CHCOOH

CH3

 
          



١٠٨ א אא 

א אא אא 
 
 

- ٢٧٥ - 

JW
١JאאאKאאאW

COOH

CH3

P-Toluic acid  

OH
COOH

Salicylic acid  

COOH

Benzoic acid  


K

٢JאאW
 

Phthalic acid

COOH

COOH(CH2)4

COOH

COOH

Adipic acidSuccinic acid

CH2

COOH

CH2

COOH

CH2

COOH

COOH

Malonic acid  

COOH

COOH

Oxalic acid 
 
 
 
 
 
 
     
  
 



١٠٨ א אא 

א אא אא 
 
 

- ٢٧٦ - 

٣Jאא(Fatty acids)،א
אאא١٢٢٦Kאאאא

אאא،אאאW
            
                       CH3 (CH2)14COOH                  CH3 (CH2)16COOH 
     Palmitic acid                                Stearic acid 
 

אאאאW
אאא،

אא،אאאאא
אאאאא

א،אאאא
אKאאW

       HCOOH   Formic acidאא=٤٦L،١٠٠
C2H5OH Ethanolאא=٤٦L،٧٨

אאאא،אאא
אאא،אאאאא،

אאאא،אאאאK
אאW

(-OH)אאאא
א-NH2, Cl-, RCOO-, -OR

אאאאאאא،
אאאאאאא

אאאאאW


 
 
 

 
 



١٠٨ א אא 

א אא אא 
 
 

- ٢٧٧ - 

א

א 
א 

א 

R-C-X

O

 
CH3-C-Cl

O

Acetyl chloride
 

 

R-C-OR

O

 

CH3-C-OC2H5

O

Ethyl acetate  

א 

R-C-NH

O

2 
 

Benzamide

NH2

O

C

 

א 

R-C-O-C-R

O O

 

O

CH3

O

CH3CC O Acetanhydride

א 

R-C-O M
- +

O

 

Sodium acetateNa

O

CH3 C O
_ +





١٠٨ א אא 

א אא אא 
 
 

- ٢٧٨ - 

אאW
J אאAcid halides

א-ic acidאאא-yl halide،
אאW                         

                 O   O 
       
       CH3-C-OH  CH3-C-Cl 
       Acetic acid                             Acetyl chloride 
 
 
 

JאאEsters
א-ic acidאאא-ate،אאא

אאאאאFאאKE
W                 O                                              O

       
         CH3 C-OH     CH3-C-OC2H5  
         Acetic acid                                Ethyl acetate 


Jאאamids

א-oic acidאאאamide،


 
                                  O                      O 

 
CH3CH2C-OH                      CH3CH2C-NH3 
Propanoic acid                                      Propanamide 

 
 


 
        



١٠٨ א אא 

א אא אא 
 
 

- ٢٧٩ - 

אJאאAcid anhydrides 
אacidanhydride

C

O

OH C O C

OO


        
           Benzoic acid                                               Benzoic anhydride 
 

JאAcid salts       
אאא،אאאא

אאK OO 


      CH3-C-OH  CH3-C-O- NH4
+ 

       
    Acetic acid                              Ammonium acetate  
 



١٠٨ א אא 

א אא אא 
 
 

- ٢٨٠ - 

δ+

אאאאאW
אאאאאאא

אאא،אא
אאאאאא،א

אKאאFאאEאאא
Kאאאאא

אאא،א
אאאאאאאK

   

R C NH2
..

O

R C = NH 2

O
-

 
 

  

R

C

NH2
..

O

  
 


אאאאאא

אK 
 
 
 
 
 
 
 
 



١٠٨ א אא 

א אא אא 
 
 

- ٢٨١ - 

 
:11-9א Amines

W
אאFE

אFEFKEא
אאאאFKEאא

אאR3N, R2NH, RNH2RK
אאאאאא

אאאאאא
אאאאאFאE

אאאאK
אW

אW
אאאW

 10 20 30 

א 
א

א 



א

 



א

א 

 

 
CH3NH2
Methylamine 

(CH3)2NH

Dimethylamine 

  (C2H5)3N

Triethylamine 



 

NH2

Aniline  

NHCH3

N-Methyl aniline

N

Pyridine  
 



١٠٨ א אא 

א אא אא 
 
 

- ٢٨٢ - 

אW
Jאא

אאאאamineאא
אW

                                                                                                
                                                            CH3                                  CH3 
      
       CH3NH2                              CH3-NH                            CH3-N-CH3 
       Methyl amine (10)              Dimethyl amine (20)           Trimethyl amine(30) 
                                                                                 CH3 
                                                                                          
        CH3CH2CH NH3                              CH3CH2-N-CH3 
        Sec-Butyl amine (10  )                        Ethyldimethyl amine (30  ) 


אאאאW



               

NO3

NH2

O-Nitroanilhne

Cl

NH2

ClCl

                      2,4,6-Trichloroaniline 

NH(CH3)

            N-Methyl aniline 
 

אאאאא
AminotolueneאToluidineאP-Toluidine

 

                                   

CH3 NH2 P-Toluidine
 

 



١٠٨ א אא 

א אא אא 
 
 

- ٢٨٣ - 

אאאא،א
אאW 

                

N

Quinoline

N

H

Pyrrole  

N

Pyridine  

N

H
Pipyridine  

Pyrrolidine

N

H

 

Jאא
אאאIUPACאאא

Aminoאא
אאא،אא

אW
CH3 CH CH2 CH      CH3

NH2

2-Amino-4-phenylpentane 

NH2

CH3 CH2 CH CH2 CH CH3

CH3

5-Methyl -3-aminohexane

NHCH3 CH CH2 CH3

CH2CH2CH2CH3

2-(N-Ethyl amino)hexane  

H2N CH2 CH2 CH2 COOH

4-Aminobutanoic acid  



١٠٨ א אא 

א אא אא 
 
 

- ٢٨٤ - 

 COOH

NH2

P-Aminobenzoic acid  


Jא

אאאאFAmineEFAmmoniumE
אFAnilineEFAniliniumEאאאאא

אW

NH3 Br
+ _

Anilinium bromide  

CH3

CH3

CH3 N
+

CH3 I
_

Tetramethyl ammonium iodide  

      
אאאW

אאאאאאאא
אאFE(CH3)2 NH, CH3NH2(C2H5)2 NH,(CH3)3 

N,
אאאאF٤J١١

KE
F١١E،אא

אאאאאאאKאאאא
אא،אאא



١٠٨ א אא 

א אא אא 
 
 

- ٢٨٥ - 

אאאKא
אאאאאFאאE

אאאאאאא
אאאאא




אאאאא
CH3CH2CH2 Propane٤٤J٤٢
CH3CH2NH2Ethyl amine٤٥١٧
CH3NHCH3Dimethyl amine٤٥٥٧
CHCH2OHEthyl alcohol٤٦٧٨

HCOOHFormic acid٤٦٥١٠٠


9-1אאאאאK
 

אאאאאאאא،
אאאKאא،אאאK 










١٠٨ א אא 

א אא אא 
 
 

- ٢٨٦ - 

אW
١E אW
E אאKEKEK
EאKEKEאK
٢EIUPACאW
ECH3CHCH2CHCH3ECH3CH2CHCH=CH2 

CH3      CH3 
 

ECH3CH2C≡CHE


OH       O  


ECH3CHCH3ECH3-C-H 


٣EאW
EKE-K

EKEK
٤EW
E אאK

E אאאא
אאK 

Eאאא،אK
EאאאK 





NO3

Cl



١٠٨ א אא 

א אא  
 
 

- ٢٨٦ - 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



١٠٨ א אא 

א אא  
 
 

- ٢٨٧ - 

אא 


 

1. Whitten , etal , General Chemistry with Qualitative Analysis , 3rd ed., 
Saunders college publishing 

 
 

٢. אא-אאא-אאאK٢
١٤١٧ 

٣K א،אא،FאאE
١٤١٨ 

٤K אאא،אא،
١٤١١א 



١٠٨ א א 

א אא  
 
 

 

 

 א
 

 

אא 
אאWאא  

:1-1א– ٢ 
2-1W ٧ 
3-1Wאאא٨ א 
4-1Wאא ٨ 
5-1Wאא١٠ א 
6-1Wאא  ١٢ 
7-1Wאאא ١٥ 
8-1Wאאא١٦ א 
9-1Wאא ٢١ 

1-9-1Wאאאא ٢٩ 
2-9-1Wאא٣١ א 
10-1Wא٣١ א 
11-1Wאאאאא ٣٤ 

1-11-1Wאאא ٣٤ 
2-11-1Wא٣٩ א 
3-11-1Wא ٤١ 

 ٤٥ 
אאWאאא  

١-٢W ٤٩ 
٢-٢Wאאא     ٤٩ 
 ١-٢-٢Wאאא ٥٢ 

3-2Wאא٥٣ א 



١٠٨ א א 

א אא  
 
 

 

1-3-2Wאאאא٥٤ א 
2-3-2Wאאאא      ٥٥ 

٣-٣-٢WאאאFאE ٥٨ 
4-3-2Wאאא٥٨ א 

٥-٣-٢Wא   ٥٩ 
6-3-2Wאאא ٥٩ 

 4-2Wאא٦٠  א 
٢-٥Wאא  ٦٠ 
١-٥-٢W אאא ٦٠ 

2-5-2Wאא٦١ א 
3-5-2Wא ٦٣ 

 ٦٦ 
אאWאא  

1-3Wא ٦٨ 
2-3Wא٧١  א 

1-2-3Wא٧٢  א 
2-2-3Wא٧٧ א 
3-2-3Wאאא  ٧٨ 

3-3Wאא  ٨١ 
1-3-3Wא٨١ א 
2-3-3Wאא ٨٤ 
3-3-3Wאא ٨٤ 
4-3-3Wאא  ٨٥ 
5-3-3Wא٨٦ א 

 ٨٨ 
  אאWאאא



١٠٨ א א 

א אא  
 
 

 

1-4 ٩١ 
2-4אא ٩١ 
3-4אא ٩١ 
4-4אא ٩٢ 
5-4אאא ٩٣ 
6-4אאא ١٠١ 

 ١٠٥ 
אאWאאאא 

١-٥W     ١٠٧ 
٢-٥Wאא ١٠٨ 
٥-2-١Wא١٠٨ א 
٢-٢-٥Wאאאאא ١١٠ 
٣-٢-٥Wא ١١١ 
٤-٢-٥Wאאאאא ١١٢ 
٥-٢-٥Wא١١٣  א 
٣-٥Wאא ١١٤ 

1-3-5Wאא   ١١٥ 
-3-5٢Wא١١٥ א 

٣-٣-٥Wאאאא١١٧ א 
٤-٥Wאאא ١١٩ 

١٢٢ א 
אאWא  

١-٦W ١٢٤ 
١-١-٦Wאאאא ١٢٥ 
٢-٦Wאא١٢٦ א 
٣-٦Wאא  ١٣٨ 
٤-٦Wא ١٤١ 
١-٤-٦Wאאאא  ١٤٢ 



١٠٨ א א 

א אא  
 
 

 

٢-٤-٦אאאא ١٤٦ 
٣-٤-٦Wאאאאא ١٥٦ 
١-٣-٤-٦אאא   ١٥٥ 

١٧٠ א 
אאWאאאא 

:1-7 ١٧٣ 
:2-7אאאא ١٧٣ 
3-7Wאא ١٧٨ 
4-7Wאא ١٨٢ 
5-7Wאאא  ١٨٣ 
6-7W ١٨٥ 
7-7Wאאא ١٨٩ 
8-7Wא ١٩٣ 

7–٩Wא ١٩٦ 
 ٢٠٠ 

אאWאא  
١-٨W ٢٠٥ 

:2-8אא ٢٠٦ 
٣-٨Wא ٢١٣ 

4-8Wאאא٢١٦ א 
٥-٨Wא ٢٢٩ 
٦-٨Wאאא ٢٣٠ 

 ٢٢٤ 
אאWאא  

:1-9 ٢٣٨ 
2-9WאW ٢٣٩ 
JW ٢٣٩ 



١٠٨ א א 

א אא  
 
 

 


Jאאא٢٣٩ 

:3-9א٢٤٠ 
אאא ٢٤٠ 

א ٢٤٠ 
אא٢٤٦ א 

א٢٤٦ 
:4-9א٢٤٧ 

א٢٤٧ 
אא٢٥٠א 

:5-9א ٢٥٠ 
א٢٥١ 

אא٢٥٢א 
:6-9 א٢٥٢ א 
 ٢٥٢ 

א ٢٥٢ 
א٢٥٣ א 

אא٢٥٤ א 
א ٢٥٥ 

אא ٢٥٨ 
:7-9א٢٥٩  א 

 ٢٥٩ 
א٢٥٩ 
א٢٥٩ 

א٢٦٢ 
אאאא٢٦٣ 

8-9Wאא٢٦٤ 



١٠٨ א א 

א אא  
 
 

 

٢٦٤ 
אא٢٦٤ 

אאאא٢٦٦ 
אאא٢٦٦ 

9-9Wאאא ٢٦٨ 
אאא٢٦٨ 

אאאאא٢٧٠ 
אאאאא٢٧١ 

:10-9אא ٢٧٢ 
٢٧٢ 
אא٢٧٢ 

אאאא٢٧٥ 
אא٢٧٥ 

אא٢٧٧ 
אאאאא٢٨٩ 

:11-9א ٢٨٠ 
٢٨٠ 

א٢٨٠ 
אאא٢٨٣ 

א٢٨٥ 
אא٢٨٧ 
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