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B     ʢɄɛʫ     : ʪ̒˄ɬ̒ɾʤɂ ɭ̂ɰ̒ʦʞNaCl2B        ʢɄɛʫ     :ʪʻ˄ɬʻɾʤɂ ɒɄɕˉɵȵ CH3COONa2B     ʢɄɛʫ    : ʪ̒̍ʯ̒ʫz ɭ̂ɰ̒ʦʞNH4Cl2

HCl(aq) +   NaOH(aq)  Ą    NaCl(aq)  +  H2O(ǎ) CH3COOH(aq) +  NaOH(aq)  Ą  CH3COONa(aq) +  H2O(ǎ) HCl(aq) +   NH3(aq)  Ą     NH4Cl(aq) 
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                                  ɑˈʂʬɥ ʺȵ ɑ˄ɭʍɄʙ ʺȵ ɑʤɬɄʎɕʫ ɤᶚʫȶʝ ʗʱɾɓʺÚB8 !  ʃʬᾚήɂ ʳ˄ȶɓ ɗɇɄɛʤaK  ɐɭʍɄʚʤɂ ʳ˄ȶɓ ɗɇɄəʺbK  
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ēÄÒ  :  ʪʻˈʯʻʫᶻ ɒɄɕˉɵȵCH3COONH4   ɑˈʤɄɕʤɂ ɑʤɬɄʎᶽɄɇ ᾝὟʻʫ ʻʶ Ʉʬʝ 

CH 3COOH (aq)    +   NH 3(aq)    ʍ   CH 3COONH 4(aq) 
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NH4Cl FeSO4  ɯɯ 

Na2SO4 Fe2(SO4)3  
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MgCO3 CuSO4  
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(NH4)2CO3 Sn(NO3)2  
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B     ʢɄɛʫ     : ʪ̒˄ɬ̒ɾʤɂ ɭ̂ɰ̒ʦʞNaCl2B        ʢɄɛʫ     :ʪʻ˄ɬʻɾʤɂ ɒɄɕˉɵȵ CH3COONa2B     ʢɄɛʫ    : ʪ̒̍ʯ̒ʫz ɭ̂ɰ̒ʦʞNH4Cl2

[ H3O+ ] = [ OH-  ] = ὑ  =10- 7 M [ H3O+ ] < [ OH-  ] [ H3O+ ] > [ OH-  ] 

PH = 7 PH > 7 PH < 7 
¨.'-{2®B !2·»-$.2¹»-2¦1:!12T Â1Ý¦§Âµ2Á6Á ×9:2Á!Á Ý®B2×'-{Ý̈ . Â1Ã.$¾¦2Á6×: ×92Á!×'-{2®B ¨. 
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ʯ̒̍ʯ GɒɄ [ OH- ]  ʮɄɉʺɮ ɭʱʍNaCl ȲɄᶽɂ ˍ☿  )PH = 7  ( 

NaCl (s)     Ą    Na+
(aq) + Cl -

(aq) 

2H2O(ǎ)    ᵶ    H3O
+
(aq) + OH-(aq) 

B   rʫ ʮ̒ʠɕ˄ ʪ̒˄ɬ̒ɾʤɂ ɭ̂ɰ̒ʦʞ ᾝίʫ ʮɜ : 

jNa+

kCl-

D   ṕḛʝɱɓ ˁʚɋ˄ ˍỈɄɕʤɄɇ ʺ[ H3O+ ] = [ OH-  ]  ʢɬɄʎɕʫ ʢ̒ʦɦʑɂ ʮȵ ὃỰʎ˅ ɂɯʁ ̋ )PH = 7  ( 
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ȵ GɒɄɕ̄ɵ  Ǝɾʤɂʪʻ˄ɬʻ CH3COONa  ᴱȵ Gʫ Ṕḗʝ r7  ) ṔḛəɄɕʤɂ ˃̒ʦʙ( 

CH3COONa(s)    Ą    CH3COO-
(aq)   +    Na+

(aq) 
B   rʫ ʮ̒ʠɕ˄  ʪ̒˄ɬ̒ɾʤɂ ɒɄɕ̄ɵȵ ᾝίʫ ʮɜ : 

jNa+

kCH3COO-

CH3COO-(aq) + H2O(ǎ)     ᵵ    CH3COOH(aq) + OH-(aq) 

D  ʮ̒ʠ˄ ̱ỈɄɕʤɄɇ ̋[ H3O+ ] < [ OH-  ]   ᵷ ˃ɭʍɄʙ ʢ̒ʦɦʑɂ ʮ̒ʠ˄ ˃ȵPH > 7 
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+
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+
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D  ʮ̒ʠ˄ ̱ỈɄɕʤɄɇ ̋[ H3O+ ] > [ OH-  ]   ᵷ ὃỲṍʬɥ ʢ̒ʦɦʑɂ ʮ̒ʠ˄ ˃ȵPH < 7 
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ɓ r 
ᴱ
ʖ ƎʍɄ Gɥ ʨ 
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ʙ ʃʬ Eʫ ˃̒ 

ᴱ
ʙ ʏ GʍɄ 

ᴱ
ʙ ɐɭ ̂̒Eɑ    
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ɂʑ Ǝʨ̍ʤɄɦ  
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ʤɂ GɓɄɦ 
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ɑɡ  Eʍ 

ᴱ
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ʙ GʍɄ Gɭ 
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ᴱ
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q  
ᴱ
ɂʑ Eɦ GʤɄ Ǝʨ̍  

ᴱ
ʤɦɂ GɓɄ Eɡ 

ᴲ
ɑ  Eʍ 

ᴱ
ɓ r Eʬ Gʫ ȸ̍ Dᾝί  Gɥ GỲṍʬ 

ᴱ
ʯ ὃ Eʍ ɣɓɄ 

ᴱ
ɓ r 
ᴱ
ʖ ƎʍɄ Gʨ  Gɥ Dʃʬ  

ᴱ
ʙ ˃̒D  Eʫ 

ᴱ
ʙ ʏ GʍɄ Dɐɭ  

ᴱ
ʁ Gʎ 
ᴱ
ʖ̍ Dɑ   
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j  ʢ̒ʦɦʑ ˃̒ʦʚʤɂ Ṕḛəȶɕʤɂ ʏɟɱ˄ɒɄʯʻɉɱʝ ʪʻˈɵɄɓʻɋʤɂ ) K2CO3 (  ɒɄʯʻ˄ȵ ʨʍɄʖɓ ˂Ỉȹ               CO3
2-            ȲɄᶽɂ ʏʫ 

  k  ʢ̒ʦɦʫɭ̂ɰ̒ʦʕ  ʵṔḛəȶɓ ʪʻˈɵɄɓʻɋʤɂ  Ịʍ ˂ʺ ɑʤɬᶻ  ʮ̒ȵ˄ ʨʍɄʖɓ ɏɌɶɈ ʡʤɮ F-  ȲɄᶽɂ ʏʫ2

l Ịʍ ʢɭ˄ ʡʤɮ ʮȺʕ Ṕḛəȶɕʤɂ ˃̒ʦʙ ʪ̒̍ʯ̒ʫz ɭ̍ʯɄ̍ɵ ᾝίʑ ̩ȽɄʑɂ ʢ̒ʦɦʑɂ ʮɄʞ ɂɮȹ ˂ɑʬˈʙ ʮȵ ʳ˄ȶɕʤɂ ɗɇɄə) Kb  (Ʉˈʯʻʫᶠʤ 

        ʳʫ   ɑʬˈʙ ʳ˄ȶɕʤɂ ɗɇɄə) Ka  (ʃʬᾚή ʡ̍ʯɄ̍ɵ̋ɰɭ̍yʤɂ 

 m ɑʬˈʙ pH ʪ̒̍ʯ̒ʫz ɭ̂ɰ̒ʦʞ ʢ̒ʦɦʑ        ɑʬˈʙ ʳʫ pH  ʢ̒ʦɦʑȵ ˃̋Ʉɶʑɂ̋ ʪ̒˄ɬ̒ɾʤɂ ɒɄɕ̄ɵ  ʹʤ ˍ☿ ṕḛʝṔḘʤɂ2

ĕ22¢U.G{22981 ¬2¤¤$2N-B!-{2291QB.-{2B=-1-B$.2¦1"?!-2ÚB8 !p 

NaCl NH 4Cl CH3COONa 



 

 

ĕ29.U(2B=.B.w2J7»291-B!-{2~{¦B 8-{2¹.2·,-29 B#y2|&/w2¦!%{22_ã2̂2p22

 k-    )  ˃ȵpH  < 7  ( 

R NH4Br                              5  CH3COONH4                                     5 KNO3                                     5 KNO2 

н ς KF M  

5 ] K
+    [ <)Č,č(          5  ]F

-
     [ < )Č,č(                                    5 ]F

-
     [ ) =Č,č(              R  ]K

+
  )  =  [Č,č(  

о ς pH  

5 ɴɄɦɦʤɂ ɒɄɕ˄Ṕḗʝ rʫ ʢ̒ʦɦʫ II                                5  rʫ ʢ̒ʦɦʫɒɂṔḘˈʯ ʪʻˈʱʫʻʤᶸ                                           

R                             5 ʯ rʫ ʢ̒ʦɦʫˈɒɂṔḘ ʪʻˈɵɄɓʻɋʤɂ 

п π  NaOH pH 

5 ᴗ                                              5       ʳʫ ʨʙȵᵕ                                                      5    ᵖ                                                   R                  

р ς  pH   

5  ᴜ ʢ̒ʦɦʫ̋ ʡ̂ɰ̒ʦʞ̋ɰɭ̍yʤɂ ʃʬɥɄˈʯʻʫ                                                      5  ʃʬɥ zɭ̍ɶʝ̋ɰɭ̍ʁ ̋ ʡ̍ɖ̍ɵ ʪʻ˄ɬʻɾʤɂ 

R                                   5   ʃʬɥ z ʢ̒ʦɦʫ ̋ ʡ̍ɖ̍ɵ  ᴜɄˈʯʻʫ                                                       

с ς    

R Na2SO4                                                                                   5  NH4NO3                                

 5 Na2CO3                                                                                     5   NaCN 

т π  

5   ʪ̒̍ʯ̒ʫz ɭ̂ɰ̒ʦʞ                     5 ʪʻ˄ɬʻɾʤɂ ɒɂṔḘˈʯ                                  5    ʪ̒̍ʱʑz  ɭ̂ɰ̒ʦʞ                         R  



 

 

у π  

5  ʪ̒˄ɬ̒ɾʤɂ ʮ̒ɓ̍Ʉʞ ȶ̍ʬɕ˄ ᶗNa+ ɑˆʻʙ ɐɭʍɄʙ ʳʫ ʛɕɺ˅ ʹʯᶟ               

5  
ᴮ
Ʉ̂̒ʦʙ ʢ̒ʦɦʑɂ ɧɋɾƎ̂  ̋ʢ̒ʦɦʑɂ ̱┤ ɭ̍ɶʝ̋ɰɭ̍yʤɂ ʮ̒ʯ̍ȵ ṕḛʝɱɓ ɬɂɬɳ˄   

5 ɖ̍̍ɵz ʃʬɥ ɣɕ̡̍ʤ ɬ̋ɭɦʫ ʨʠɺɈ ɒɄɕ̄ɵᴜ ʮ̒ʯ̍ȵ ȶ̍ʬɕ˄ʡ ̋  ʮ̒ʯ̍ȵɭ̍ɶʝ̋ɰɭ̍yʤɂ 

 R  

ф π   

  5       ʪʻ˄ɬʻɾʤɂ ɒɄɕ˄Ṕḗʝ        5 ʪ̒̍ʯ̒ʫz ɭ̂ɰ̒ʦʞ                 5     ʪʻˈɵɄɓʻɋʤɂ ɒɂṔḘˈʯ              R   

мл π  

5 Na2SO4               R KHCO 3  

5  NH4Cl                              5   Fe2(SO4)3                       

ĕ2N-B!-{2·»¤#-{2N*2|»-¬.2»02B.,2¸&T{2»{29:16-{2|!,{22p2

9:16-{ ¸&T{ ¸&T{ 9:16-{ 

NH 4Cl   ɴɄɦʱʤɂ ɒɄɕ˄ṔḗʝII CuSO4 

Na2SO4   ɭ˄ɭᾚήɂ ɭ̂ɰ̒ʦʞIII FeCl3 

Ca(NO3)2   ɭ˄ɭᾚήɂ ɒɄɕ˄ṔḗʝII FeSO4 

MgCO3   ɭ˄ɭᾚήɂ ɒɄɕ˄ṔḗʝIII Fe2(SO4)3 

K 3PO4  II CuCl2 

KNO 3  ICuCl 

K 2S   HgBr2 

KNO 2  PbI2 

CaCl2 
 ʪ̒̍ɵɄɓ̒ɋʤɂ ɒɂɰ̒ʦʞ KClO 3 

K 2SO3 
 IIFeSO3 



 

 

 

  

 @ Â!Á6Ấ /2Á.-{Â·1-B$2Á&$Á|2Á¤Ã9#¦2ÁÃ!ÃÃ×'Â Ã8Ã{2B=Á"2M-Á"UÃ92×wÞ®{»/ : 
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ĖÚ 
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ĕÃ 
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ÎÚ 

y
ā ħĤ 

y
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y
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ŜÃ 
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ÇÃâ {Ê  
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y
Èî {Ā 

 {āàĞ  
z
þĕÃ 
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ĕģ 

z
ĎĕÃ Ġ 

y
ā Éãà {½ ĦĖ 

y
ÇÃá {Ê 

 
y
đ {Ě xËÄĪ  {½ {ĉÄõ {ę ÊĪ 

z
ŜÃ Ĝ {ÅÃâ  {Ğā {½ à 

y
ĉÄõ {Î ÄĢ

 {½ {ę ĠĪĕ 
z
ß Ĝ {ěģ  

y
Í {éäÆĪ 

 
z
ġ 

y
ŜÃ Ĥ 

z
ēĤĖÚ  
y
ĕÃ 

y
ĩ ħâ 

y
ÎÚ ħĤ 

y
āĦĖ  y¹ 

y
Èđ {ä  

y
đ 

v
ÊĪĚ  {ę Ĝ

 
z
ŜÃ {ÅÃâ  

z
Ġĕ èĪĕģ  

z
ĎĕÃ 

y
Éãà  
y
āĦĖ  {½ 

y
ÇÃá {Ê  
y¹ 

y
đ ħ xÊĪĚ 

 {½ xÊĪĉÄõ  {ęĜ   
z
ŜÃ {ÅÃâ  {ĉ {ĠĪ  {ā 

y
ß àĞ 

y
Õã {Ê  

y
Ù {ÉãÃä  

z
ęÊĞĪĂ 

 N 
y
Ç 

y
ÐĪÚ  ÅÃâŜÃ Ĝę ÊĪĉÄõ½ ÊĪĚđ ħ¹ ÆéņÍ

 {ÊĕÄÙ ĵ ěĤĒĩģ  {Ã xěÃæÍ  {ß 
y
Ğĩ {ęÄ {ĒĪĨ 

 
z
ġ 

y
ŜÃ Ĥ 
z
ĖÚ 

z
ēĤ  
y
ĕÃ 

y
ĩ ħâ 

y
ÎÚ ħĤ 

y
ĖāĦ 

 
y
Ěđ {ę ÊĪ 

y
ŜÃ Ĝ 

z
ŜÃ ÉßÄ y¹ ÊÇÃâ {ę Ńđ ÄĚ

 {ĉĨ ćģäþĕÃ àĞā ĀÈîŜÃ ēĤĖŬÃ 
ÄĢÍÃá 

BBB

              

 
y
ĕÃ 

y
Çģâ {ĝÄ 

z
ÊĪ  : 

$2Û9×Á$UÂ.  : Eʎ
ᴲ
ɔ ƎṔḗ  

ᴱ
ɯʤɂ Eɉ̋ GʯɄ 

ᴲ
ɑ̍  Eʍ 

ᴱ
ɓ r Gʝɱ Gṕḛ Á.-{Á$Ý·»-2Â.-{Á 'ÝJ  Gʍ ᴱɭɦ ɑɦ̍ʎʫ ɐɰɂɱɥ ɑɟɰɬ 

 

J  
y
āĔĖ  Gʍ ᴱɭɦ ˄Ǝ Ʉʫ Gɋɾ Ǝɧ  

ᴱ
ɂʑ Eɦ ̒Ǝʦ Ǝʢ  Ǝʫ Eɋɺ 

ᴮ
Ʉʎ  ˄E ̒Eɕ 

ᴲ
ʗʙ  
ᴲ
ɂʑ ƎɆɂɯ  ʮɄɉʺɯʤɂ ʳʍ ᵷ ̋ 

ᴱ
ʤ Gʟ ʁE r ˅E ᶗ ɂɯ 

ᴱ
ȵ ὃỰʎ ́Ǝʯ  Eɥ ̱┤ GɑʤɄ  Ǝɵ ̒ ʟ ʮ                                             

B Ã-2¹?¹Ã.2Ú{¤¤Á(2Â#Ã~B.1&2Â.-{Ã|{¥2!Â¥Â|»2Á.-{2N*Ý·»-$2Ã*»×/2N×;Ý̈2×-{×+»Ã~2Ã*Á(2¹@Ú{¤¤2Â.Ä1»B&Ã.2BÂ#-{2¹Ã~B.1&2Á¥-{ÃQ{Ã9   
222222»2uB/X{2®B+2N*291< !.-{29 -6-{2}¤B.-B 2¸¤¬6!2|&¦!!2d9-B$ 29-B$-{2º¥02´6»!»2ĨĒĪęÄĞĩàĕÃ ěÃæÍıÃ22
 

D  Eʫ 
ᴱ
ɂʑ Ʉ 
ᴱ
ʚ Ǝɾ Ǝɬ̒  GɇAᴬ   

y
Ù 
z
ÊĕÄ  {ıÃ {ěÃæÍ  {àĕÃ 

y
Ğĩ {ĪęÄĨĒ :  

    
         

                   
 

                                                            ɏˉɵɱɓ 

    ēĤĖş                ᵵ          Æĩâę         + ÅÃâę 

                                                             ʮɄɉʺɮ 

 

 

ʮɄɉʺɮ 



 

 

 

  
ĕ  ᴱɓ ᴱɕɪ Gʦ ᴲʗ  ᴱ zEʫ Ǝɤᶚ  Gɇ GɕɩɄ Gʔᶚ  

ᴱ
ɮ Eɉ̋ɄẛṥˈʯɄ  G┤ 

ᴱ
ɂʑ ̱ Gʤ̋ ȲɄ Gʤɯ 

ᴲ
ʗɦɾ
ᴲ
ɓ ʡ  

ᴱ
ᶻ Ǝɤᶚʫ  Ã Ã|&$2B=!1/B »¥2Ã*Á.-{2NÃuB2M-{ :  

  
 

 {ġ 
y¹ Ĩ 

w
×Ĳę  
y
Í 
z
â 

z
Åģ  
y
đ 

w
ÊĪĚ  
y
đ {È 

w
ÉŊ  {ę {ĉ ÄĢĞ 

y
ĕÃ Ĩ {QÄĚ 

 
y
č 
y
È 
y
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y
ĩ ě 
y
Î 

y
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y
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y
ġ y¹ Ĩ 

w
×Ĳę  
y
Í 
z
â 

z
Åģ  
y
đ 

w
ÊĪĚ  
y
č 

w
ÊĖĪĖ  {Õ 

vÃà  {ę {ĉ ÄĢĞ 
y
ŜÃ Ĩ {QÄ 

 
y
ģ 
z
Í 

y
Ěê y¹ Ħ 

y
Ù vÄĝÄĪ  N {Ç {×ĲęĭÄ  

y
í {ÊÚĪÚ  

y
âĕÃ 
y
ÇģěÄ 

                                              
 ŊđâÍ: Õkkĩ ēģàkkkõĤkkč ØkkkkÇÄkkkĖkkĪkkÇģá ÊkkkkÇ ěÄkkkĂkkęĭÃ ôkkĉ ×ĲkkkkĕÃ ĨkkkĚkkkQÄ 
-{555,¦.5555 55555~B2-{5555 »¥55555¹B2~{uB/"!&T{2

ɑʍʻʬɡᶽɂ ɤᶚʫȵ 1A ʪʻˈʯʻʫᶻ ʺ ɒɂɳʦʖʤɂ  ɒɄɋʝɱʫ ʃʎɈʪʻˈɜˈʦʤɂ 

ɒɂɰ̒ʦʞṔḛɇ ̋ ɒɂɰ̒ʦʞ ᵷ ɒɂṔḘ̍ʯ  

ɒɄɕ˄Ṕḗʝ ʪ̒̍ɶʤɄʠʤɂ ̋ ʪ̒̍ɺhɂṔḘɵʐ ᵷ ʪ̒̂ɰɄɋʤɂ ᵷ ʛɋȼɳʤɂ ᵷ ɑʂʖʤɂ ᵷ ɼɄɽɱʤɂ ɒɄɋʝɱʫ 

ɭ˄ɬ̒˄ ̋ ɭ̍ʫ̋ɱɇ ᵷ ɭ̂ɰ̒ʦʞ ɼɄɽɱʤɂʺ ʛɋȼɳʤɂ ɒɄɋʝɱʫ ʃʎɊʺ ɑʂʖʤɂ ɒɄɋʝɱʫ 

ɭ̍ɶʝɰ̋ɭ̍ʁ  ̋ ɭ̍ɖ˄Ṕḗʝ 
 Ɇ̋ɯɓ ɭ̍ɶʝ̋ɰɭ̍yʤɂ ̋ ɑ̂̒ʦʚʤɂ ɒɂɳʦʖʤɂ ɭ̍ɖ˄Ṕḗʝ ᵷ ʪ̒̂ɰɄɋʤɂ ɒɄɋʝɱʫ

ʮɄɉʺɯʤɂ ɑɦˈᾚὉ ʪʻˈɶʤɄʠʤɂʺ ʪʻˈɺʰɂṔḘɵᶸ ʺ ᵷ 

ɗˉɕ˄Ṕḗʝ ʺ ɒɄʖɵʻʕ ᵷ ɒɄʯʻɉɱʝ ʪʻˈʯʻʫᶻ ɒɄʯʻˈɓɄʞ ʺ ɑˆʻʦʚʤɂ ɒɂɳʦʖʤɂ ɒɄɋʝɱʫ 

& ÊÇÃá{įÃ Ĕ{ñÄ
y
Ù Ì{ÇÄ

y
Ñ KSP   :   

                               
 A mBn        ᵮ           mA + nB  

ɐɰɂɱᾚήɂ ɑɟɰɬ Ṕḛʒɕɇ Ṕḛʒɕ˄ ʮɂɳɓᴜ ɗɇɄə ɒᶗɄɥ rʫ ɑʤɄɥ ɑɇɂɮʐ ʨɽɄɥ ɗɇɄə ƎṔḗɕʎƎ˅  ʮɄɉ̋ɯʤɂ ɑɦ̍ᾚὉ ɤᶚʫfʤ ƎɏɶɦƎ˄ 
B ]n K sp = [A] m x [ 

 Ksp

KSP

             Ksp = [ Ca2+ ] x [  F-  ]2    CaF2(S)            ʍ        Ca2+     +        2F- CaF2   

     Mg(OH)2 

  Fe(OH)3  

  CaCO3 

  Ca3(PO4)2 



 

 

 
  

 

ç95555515555-B555!555-{2·5555QB5555&.555-{2·555Â55$ : 

   ɑʂʖʤɂ ɭ̂ɰ̒ʦʠʤ ʏɋɺʑɂ ʢ̒ʦɦʑɂ ̱☿ ɭ̂ɰ̒ʦʠʤɂ ɒɄʯ̒̍ʯȵ ̋ ɑʂʖʤɂ ɒɄʯ̒̍ɓɄʞ ɒɂṕḛʝɱɓ ɏɶɥɂAgCl    ɑɟɰɬ ɭɦʍ              

           ɐɰɂɱᾚήɂ
oC 25  ʮȵ 

ᴮ
Ʉʬʦʍ:10-10   ğ1.8 = )Ksp(AgCl 

·$-{  : 
j ɑʂʖʤɂ ɭ̂ɰ̒ʦʞ ᾝίʫ ʡʟʖɓ ɑʤɬɄʎʫ ɏɕʟʯ AgCl(s)      ʍ     Ag+(aq)   +    Cl-

(aq)               
 

k ˌȽɄˈʬˈʟʤɂ ʮɂɳɓᶼ ɭʱʍ                                    [  Ag+  ]    =    [  Cl-  ] 
l ɑɇɂɮᴜ ʨɽɄɥ ɗɇɄə ɐɰɄɋʍ ɏɕʟʯ  

Ksp   =   [  Ag+  ] ð [  Cl-  ]    =  1.8 x 10-10                        

 X .  X     ʺȵ     [Ag+ ] X [Ag+ ]     ʺȵ =  [Cl-] X  [Cl- ]          Ksp 

    X2  = 1.8 x 10-10                 

ç  ɰɯᾒήɂ ɯɩȶʯˍẻˈɇṔḘʤɂ ã1.8 x 10-10                                                                        = X 

D                                                                                                     =  1.3 x 10-5  mol/L [  Ag+  ]   =   [  Cl-  ]     =   X 

 ɐɰɂɱᾚήɂ ɑɟɰɬ ɭɦʍ ɑʂʖʤɂ ɭ̍ɖ˄Ṕḗʝ ʏɋɺʑɂ ʢ̒ʦɦʑɂ ˂☿ ɭ̍ɖ˄Ṕḗʟʤɂ ɒɄʯ̒̍ʯȵ̋ ɑʂʖʤɂ ɒɄʯ̒̍ɓɄʞ ɒɂṕḛʝɱɓ ɏɶɥɂ                               

    25   oC       ʮȵ 
ᴮ
Ʉʬʦʍ8 × 10-51   =KSP(Ag2S)   

............................................................................................................................................................................................................ 
 

............................................................................................................................................................................................................ 
 

............................................................................................................................................................................................................ 
 

............................................................................................................................................................................................................ 
 

............................................................................................................................................................................................................   

X2 4X3 

X=ã Ksp 
X=3ã Ksp    

4          

1 mol       1 mol 1 mol       2 mol 



 

 

 
 
 
ç22~ B"2¹1 29/¦B<.2·.8 2¸»</&29 {¥T{2·6B$2Ksp2N/»1T{2·6B$-{2» Q  : 
 
 
 

·».-B 2Ú{¦¤<.2~B/»1G{2§1,¦!2|¦72·6B$2e¦!-_ mol / L 2^»2
N*2¤#{»!!2N!-{ 2N*2¹{§!{29-B$ĀÈîŜÃ ÄŝĤĖş2Â,2bÂ·22M-y2®»*¦.

2~T».2¤¤(2·".12½¥-{2¨G{2_2~U.B8.2̂22N*2}¤»#».-{2~B/»1G{2
9/18.2}¦{¦$29#¦¤2¤/(29/»§».-{2¶,;!-{29-¤B8.2

·»-$.-{2N*2}¤»#».-{2~B/»1G{2~{§1,¦!2|¦72·6B$222222222222222222222
_2Äu{»&2¹B,2ĀÈîę Ŋą22»w22 ĀÈîę222»w ċĤĉ ĀÈîę2̂2
29:16-{2N*2L!T».2¤¤(2½»B&12¨w2M-y2®»*¦.2·,2

  
ç  ƎrʟʬƎ˄ ȸƎɋ

ᴱ
ɕ̡ʤɂ ɇ ὃỮʤɂ Gʔ̋ɱʊʤɄ ʳʟʬ˄ Ʉʶɭʱʍ 

ᴱ
ɓ Gɵɱ Ǝɏ̄ ɑɋɵṔḘʫ ɐɬɄʫ ɑɇɂɮȹ ̋ȵ ʢ̒ʦɦʑɂ ̱┤ ɑɋȼɂɮ DɐɬɄʫ  

      ɑɇɂɮʐ ʨɽɄɥ ɗɇɄə ɑʯɰɄʚʬɇ ʡʤɮ̋Ksp  ˌʰʻ˄ᶻ ʨɽɄᾚήɂ ʏʫ ɐɬɄʬʦʤQ Ʉʸʤ : 

 
 
 
 
  
 
 
 
 
 
 
 

 ÊÇÃá{įÃ Ĕ{ñÄ
y
Ù Ì{ÇÄ

y
ÑKSP  ĨĝĤĩĭÃ ĔñÄŚÃ)( Q 

 

¹B,2{¥y2Ksp 2222>2Q   222222¹»,12·»-$.-{ċĤĉ ĀÈîę2»2Â ¤$12¦!&1|2
 

¹B,2{¥y Ksp 2r2Q2     2¹»,1·»-$.-{2ĀÈîę2»2|&{¦2¹»,!12¹-»2¹§!.2

 
¹B,2{¥yKsp   2222<222   Q22¹»,1·»-$.-{2Ŋą ĀÈîę22»|&{¦2¹»,!12¹-2

 



 

 

 
 
  

 

 

 

 
 

BB ěÄÇģâĕÃ ØĪÚí ÌĪĕģņĒĕÃ ÊÇÃá½ ĘÎÍ ĈĪđ  
 

                               E˄ Gɕ Ǝʭ  
ᴱ
ɮ Eʡʤ  Eʍ 

ᴱ
ʅ r Ĝɱ Gʛ  

ᴱ
ɓ 
ᴱ
ʚ Gʦ Gʨ̍  

ᴱ
ɓ Gḛʝɱ Gṕ  

ᴱ
ȵ Gɭɥ  

ᴱ
ȵ Ǝ˄ 
ᴱ
ʯ̒ GɄ Gʑɂ ɒ Gᾝί  G☿ 

ᴱ
ɂʑ ̱ 
ᴲ
ʦɦ Gʢ̒  

ᴲ
ɂʑ Eɋɺ Gʏ  ̋E 

ᴱ
ɮ Eʡʤ  Gɇ EʁȺ 

ᴱ
ʕɄ Gɑ  Eʫ DɐɬɄ  

ᴱ
ɔ Eʎ Ǝʨʬ  Eʍ ˂Ị 

                               
ᴱ
ɮ Eʡʤ  Eɥ 

ᴲ
ɝ̍  E˄ 
ᴱ
ɪ Gᴜ Ǝʨɕ Gɓ Gʮɂɳ  Eɥ Eɏɶ  Eʫ Gȵɭɋ  

ᴲ
ʤ 
ᴱ
ɹ̒ Gʦ̍ɓɄ E̋ ́̍  ̩̒h ˄z ʨɽɄᾚήɂ 

ᴲ
ɑʬ̍ʙ Ǝɧɋɾ

ᴲ
ɓQ  ʢ̒ʦɦʑɂ ̱☿·+w  Gʫ   ʳ           

                               Gʙ Gɑʬ̍  
ᴱ
ə GɗɇɄ  Eɥ GɽɄ Gʨ  ʐG 

ᴱ
ɮ Gɑɇɂ )Ksp  ( E̋  Gɇ EɕʤɄ Eɵ ̱ỈɄ 

ᴲ
ɯɕ ƎɆ̋  

ᴱ
ʝ 
ᴯ
ɑ̍ʬ  Gʫ Er  Gʑɂ Gᾝί  ɟGʮḛɕʚˆɱʆɇ ʡʤɮ ʭɕ˄ ʺ ʮɂɳɓᶸ ɐɬɄʍ : 

 

 

 

 

  

  

 

 

  

 

 



 

 

                                                )ĈĪĂ
y
õ xôĚ{Ù ģ¹ QÄ

y
ŜÃ 
y
ĔÒ{ę ( 

'  {ęēÄÒ :   Eʁ̍ 
ᴱ
ʒʑɂ ɭ̍ɶʝ̋ɰɭ Eɦ Gɶ̄ Eʁ̍ ̋ ʪ̒̍ Eɶʝɰ̋ɭ 

ᴱ
ɂʑ ɭ̍ Eɡɦ Eḛɦ 

ᴱ
ʝ̋ ṕ Ǝɉɱ 

ᴱ
ʯ̒ 

ᴱ
ʠʤɂ ɒɄ GʤɄ Eḗʝ ̋ ʪ̒̍ɶ Gɖ˄Ṕ Eᾚήɂ ɭ̍ Gɭ ɭ˄ȣȣ 

                             Ǝʫ ɒɄɋʝɱʮɄɉʺɯʤɂ ɑɦˈᾚὉ  ȲɄᶽɂ ˍ☿ ᵷB=Â!Á {Á¥Ýy2Â¹Ã,.Â1  Gɇ ˃̒ʙ Dʃʬɥ GɑʕɄʁȺ Eʨɛʫ  ʡ̂ɰ̒ʦʞ̋ɰɭ̍yʤɂ GʃʬɥHCl  

                             Gɥ ̋ȵ Gɦʤɂ ʃʬ G˄ṔḘ̍ Gȹ ʡ ɄẛṨʤHNO3 ᵺ ʡʤɮ ˍ☿ ɏɌɶʤɂ Ʉʬʕ ᵷ 
J  
y
ā {ĖĔ   : ṕḛɦɡɦʑɂ ɭ̍ɶʝ̋ɰɭ̍ʁ ƎɆ̋ɯ˄Mn(OH)2  ʃʬɥ ɑʕɄʁȹ ɭɦʍ GʮɄɉ̋ɯʤɂ Ǝɧ̍ᾚὉHCl ʹˈʤȹ D 
D  Á1Â¤$!2¤1&,»¦¤1=-{2¹»1/w OH- Á.-{2N*Ý·»-$2Á.Á,2JÁ1=-{2¹»1!B¸»1/»¦¤H3O+ Â.-{2«.$-{2¹.´B7 Â.B/»,          222222222222222222222222222222

       Á.Ã-{2L8×72~1-»¦!,2¹1?!-{2´182_2uB.-{2^×*Â!ÂH 62Ã+Ø9.12N/»1G{2·6B$-{ Q )Q  >sp K ( §1/#/.-{2¤1&,»¦¤1=- 

             2] -[ OH   Ã]+2 Mn  [ÃwÃ.2·+Ã+2¹Ã9.12Á"Ã B9 {¥X{2·6B$2~  )spK  (2L-*|»¥1 . 
B )  ̋ 

ᴲ
ʮɂɳGɓGᴜ Ǝʨ

ᴱ
ɕɪE̍
ᴱ
ʕ ˍ┤ ɿʚʱʤɂ ʃˆʻʎɕʤ ˃ɬɱʆʤɂ ʵɄɡɓᶸ ˍ┤ ʨʍɄʖɕʤɂ ʹɡɕ˄OH- ᵷ ʮɄɉ̋ɮ ɐɬɄ̂ɲ ɻɄɡɓɂ ̱┤ ˃ȵMn(OH)2   ( 

   
Mn(OH)2 (s   ᵮ           )          Mn2+

 (aq)   + 2OH-
 (aq) 

H3O+
(aq)  +   OH-

(aq)         ʍ         2H2O(ſ) 

ùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùù 
J  
y
ā {ĖĔ  : ᴱɓ ̋Ǝɯ ƎɆ  ᴱʝ Ǝɉɱ ᴱʯ̒ 

ᴱ
ʤɂ ɒɄ GʤɄʠ ʪʻˈɶCaCO3   

ᴱ
Ὁ 

ᴱ
ʤɂ ɑɦ̍ᾚ 
ᴲ
ɯ ʃʬɥ ɑʕɄʁȹ ɭʱʍ ʮɄɉʺHCl    ʺȵHNO3  

 D ¹G2-{2¹»1/w2~B/» ¦,·»-$.-{2N*22¤$!122J.«.$-{2¹.2¸»1/»¦¤1=-{2¹»1!B,22´B7.-{2«.$2ÚB/»,.2J.        2  
   ¶1/» ¦,-{ H2CO3 »2¹1?!-{2´1872~1-»¦!,-{2»0 *!2H 629.1+N/»1G{2·6B$-{ Q Ĕč¹22¹.2

22222229 {¥X{2·6B$ 22~ B"2Q   Ksp   Â|»Â¥Á1×*2ÂL×-2 

B )  ̋ 
ᴲ
ʮɂɳGɓGᴜ Ǝʨ

ᴱ
ɕɪE̍
ᴱ
ʕ ˍ┤ ɿʚʱʤɂ ʃˆʻʎɕʤ ˃ɬɱʆʤɂ ʵɄɡɓᶸ ˍ┤ ʨʍɄʖɕʤɂ ʹɡɕ˄CO3

2-   ᵷ ʮɄɉ̋ɮ ɐɬɄ̂ɲ ɻɄɡɓɂ ̱┤ ˃ȵCaCO3  ( 

 

(aq) 
-2

3CO+          (aq) 
2+Ca       ʍ          )S3(CaCO 

 

2H3O+
(aq) + CO2-

3(aq)             ʍ        H2CO3(aq) + 2H2O(ſ) 

ɑɇɂɮᶸ ʵɄɡɓɂ 

ɂ ʵɄɡɓɂɏˉɵṔḘʤ 

ɑɇɂɮᶸ ʵɄɡɓɂ 

ɂ ʵɄɡɓɂɏˉɵṔḘʤ 



 

 

                                     2_2~ B"2¹»1w ̂
                     Ǝ˄ Gʟʬ Ǝr  ᴱɓ 

ᴱ
ɓ ʨ̍ʦʚ ɑˆɳʦʖʤɂ ɒɄʯʻ˄ᶻ ṕḛʝɱ ] ɒɄʯʻˈɓɄʠʤɂ [ʏʫ ɄyʅɄɋɓɰɄɇ ʮɄɉ̋ɯʤɂ ɑɦ̍ᾚὉ ɒɄɋʝɱʬʦʤ                 

                                           ɑɋʝɂṔḘʫ ɒɄʯ̒˄ȵ ɑʯ̒ʟʫ ̓ɱɩȵ ɒɄʯ̒˄ȵ ̋ȵ ɑʤɬɄʎɕʫ ɒɄȾ̂ɳɟ . 

BBB )97;-{2¹»1!B,2»w2¨B$/-{2¹»1!B,2½»!$12B.0¤$w2¹1$-.-2¹1-B".2B/1¤-  ( 
'  ēÄÒ{ęC :  yĭÃ çÄÚ

z
ĞĕÃ ěĤĪ

y
ÍÄ
y
đĨĝĤę Æ{đÃņ

z
ŜÃ 2+] 4)3[ Cu(NH  

J   ɏʝɂṔḘʑɂ ̩̒h ʫz ɴɄɦɦʤɂ ʮ̒ɓ̍Ʉʞ ʮ̒ʠɕ˄ ʗ̍ʝ[ Cu(NH3)4 ]2+ 

J Ĕ{Ė
y
ā  :ɴɄɦɦʤɂ ɭ̍ɶʝ̋ɰɭ̍ʁ Ɇ̋

ᴲ
ɯB˄ ɯɯ) Cu(OH)2  (ʏɋɺʑɂ ́ʤ̒ʦɦʑ Ʉ̍ʯ̒ʫz ʢ̒ʦɦʫ ɑʕɄʁȺGɇ ȲɄʑɂ ̱☿ ʮɄɉ̋ɯʤɂ ɧ̍ᾚὉ 

D   Gʍ Gȹ ɭɦɑʕɄʁ  Gʢ̒ʦɦEʫ Ʉˈʯʻʫᶻ NH3  ɴɄɦɦʤɂ ɭ̍ɶʝ̋ɰɭ̍ʁ ˂Ỉȹ ɯɯ) Cu(OH)2  (ȲɄᶽɂ ˍ☿ ʮɄɉʺɯʤɂ ɧˈᾚὉ ʹʯɄʕ        
 ƎɆ̋ɯ˄ ɴɄɦɦʤɂ ʮ̒ɓ̍Ʉʞ ɭɦɕ˄ ɝ̍ɥ ɯɯ  Cu +2  ʏʫ Ǝʫ Ʉ̍ʯ̒ʫzɏʝɂṔḘʫ ʮ̒ȵ˄ 

ᴮ
Ʉʯ̒ʠ Cu(NH3)4 ] 2+  [ ̋ʨʚ˄ ˍỈɄɕʤɄɇ  

    ˌʰʻ˄ᶻ ʨɽɄᾚήɂQ  )Q > sp K ( ɴɄɦɦʤɂ ɭ̍ɶʝ̋ɰɭ̍yʤ ɯɯ   ćƵ ÿspK   ʹʤʕ̍ ƎɆ̋ɯ 

    

Cu(OH)2(s)         ʍ           Cu2+ (aq)       +       2OH Ĳ (aq) 

 

4NH3(aq)   +   Cu2+
(aq)        ú          [Cu(NH3)4]2+ 

'   ēÄÒ{ęC  : {ĕÃ ěĤĪÍÄ
y
đĨĝĤęıÃ ÊöĊ ÆđÃņŜÃ +]2)3Ag(NH@ 

 Gʍ Ʉ̍ʯ̒ʫz ʢ̒ʦɦʫ ɑʕɄʁȹ ɭɦNH3    ɑʂʖʤɂ ɭ̂ɰ̒ʦʞ ˂ỈȹAgCl  ɝˈɥ Ɇʺɯ˄ ʹʯɄʕ ȲɄᶽɂ ˍ☿ ʮɄɉʺɯʤɂ ɧˈᾚὉ    ɑʂʖʤɂ ʮ̒̍ɓɄʞ  ɭɦɕ˄                  

] + Ag  [ ɏʝɂṔḘʫ ʮ̒˄ȵ 
ᴮ
Ʉʯ̒ʠʫ Ʉ̍ʯ̒ʫz ʏʫ+]2)3Ag(NH [ʨɽɄᾚήɂ ʨʚ˄ ˍỈɄɕʤɄɉʺ  ˌʰʻ˄ᶻQ   ɑʂʖʤɂ ɭ̂ɰ̒ʦʠʤ ] æCl [ ğ]  + [ Ag                                         

 ʳʍKsp  Ɇʺɯˈʕ ʹʤ )Q > sp K ( 

                            
(aq)

-+      Cl       (aq)
+Ag       ʍ            (s)AgCl                                                               

            )ɗɇɄə ʮ̒ȵ˄ (+  ] 2)3Ag(NH        [ú        (aq) 
+Ag             +) 3(aq2NH 

ɑɇɂɮᶸ ʵɄɡɓɂ 

ɂ ʵɄɡɓɂɏˉɵṔḘʤ 



 

 

 
Æéäĝ ĈĪđ ēĤĖŬÃ ĵ ÊÈÁÃá xÉßÄę  : 

22]222Á!Â¦51"?52×G{Ý¹»12Ø-{Á5!'5.Ã¶¦2Common Ion Effect    [  

          ʮ̒ȵ˄ ˂Ịʍ ˃̒ɕɦɓ DɐɬɄʫ ɑʕɄʁȹ ɭɦʍ ɒɄʯʻ˄ȵ ɭɥᶟ ʹɇɄɺʫɑɋȼɂɯʤɂ ɐɬɄᶽɂ  ) ȵ ʮƎ̒˄ ʫ 
ᴱ
Ḙɺ ƎʜṔ  ( 

                 rʫ Ṕḗʝȵ ɑɋȼɂɯʤɂ ɐɬɄʬʦʤ ̩̒hG ᴱ˄ᴜE GʨGɽɄEᾚήɂ GʨEʎEɟ ˂ỊEʍ ƎʨEʬEʎE˅spK )Q < sp K (  ɏɵEṔ
ᴱ
Ḙ
ᴱ
ɓ ɄyʦEʎɡE˄ ̱ỈɄɕʤɄɇ ̋ 

J ĔĖā  :  ƎɏɵṔḘ˄ ɑʂʖʤɂ ɭ̂ɰ̒ʦʞ AgCl  Gʫ Eʫ r Eɦ Gʍ ̩ȽɄʑɂ ́ʤ̒ʦʹ̍ʤȹ ʪ̒˄ɬ̒ɾʤɂ ɭ̂ɰ̒ʦʞ ʢ̒ʦɦʫ ɑʕɄʁȹ ɭɦ   

J   āáĔĖā  : ʮɄɉʺɮ AgCl  ɇ́ ʢ̒ʦɦʫ ̱☿  NaCl   ʚ̩ɦʤɂ ȲɄʑɂ ̱☿ ́ʯɄɉ̋ɮ rʫ ʨʙȵ ʮ̒ʠ˄ 

  D M-{2¶,;!122¸»1¤»6-{2¤1¦»-,2·»-$.29*B7y2¤/(   + (aq)Na   &   -
(aq)Cl    Â12¶-¥2»-y2½¤xM2}¤B1§  

     Á!Ã,¦¹»1/w2§1 -Cl Â.-{¶¦!' Â12N-B!-B »N/»1G{2·6B$-{2H 62Q297;-{2¤1¦»-,-   ]ĲCl [ Ã]  + Ag [  

    Q     Ksp  J '.2µ»*2M-y2J '.2¹.2·»-$.-{2·»$!1»2}¤B.-{22º¥02¹.2|&{¦2¹»,!1»2¹{§!T{2·!%1* 

                                         
(aq)

-Cl+               (aq)
+Ag       ʍ       (s)AgCl 

 

                                           (aq)
-Cl+             (aq)

+Na        ú         (s)NaCl                                                

J ĔĖā    j  ́ʤ̒ʦɦʫ rʫ ɑʂʖʤɂ ɭ̂ɰ̒ʦʞ ɏɵṔḘ˄ʹ̍ʤȹ ɑʂʖʤɂ ɒɂṔḘ̍ʯ ʢ̒ʦɦʫ ɑʕɄʁȹ ɭɦʍ ̩ȽɄʑɂ . 

         āák  ʮɄɉʺɮ AgCl ɇ́ ʢ̒ʦɦʫ ̱☿ AgNO3    ʚ̩ɦʤɂ ȲɄʑɂ ̱☿ ́ʯɄɉ̋ɮ rʫ ʨʙȵ ʮ̒ʠ˄  . 
 

............................................................................................................................................................................................................ 
 
 

............................................................................................................................................................................................................ 

ɑɇɂɮᶸ ʵɄɡɓɂ 

ɂ ʵɄɡɓɂɏˉɵṔḘʤ 



 

 

   
Êĕºê
y
ę  :  ᴲȵ Gʁʗˈ 0.5 L    Gʫ Eʫ r 

ᴲ
ʦɦ ʢ̒Ba(NO3)2     

ᴱ
ɓ Gḛʝɱʵṕ 0.002mol/L    ˂Ỉȹ0.5L  ʢ̒ʦɦʫ rʫNa2SO4  ʵṕḛʝɱɓ 

0.008 mol/L                               ́ʬᾒᾙ ʢ̒ʦɦʫ r̒̂ ʟɕʤ ᵷ( 1L )   ᶗ ʪȵ ʪ̒̂ɰɄɋʤɂ ɒɄɕ˄Ṕḗʝ ɏɵṔḘɓ ʨʁ ʏʙ̒ɓ 

                                                                                                                           ) ʮȶɇ 
ᴮ
Ʉʬʦʍ  :10-10ğ1.1 =Ksp(BaSO4) ( 

   J     ʨᾚήɂ                                     :BaSO4(s)           ʍ             Ba2+
(aq)   +   SO4

2-
(aq)                         

 
ᴮ
ᶗ̋ȵɑʬ̍ʙ Ǝɭɟ̒
ᴲ
ʯ     Q      D      Q = [ Ba2+ ] X  [ SO4

2-
 ]                           0.5 L                                             0.5 L 

ʫr Dʨʞ ṕḛʝɱɓ ɏɶɦʯ    [ Ba2+ ]   &  [ SO4
2-
 ]                   Ba(NO3)2 Na2SO4 

 rʫ Dʨʞ ɒᶗ̒ʫ ɬɭʍ ɑʕɱʎʫ ɏɡ˄ ɑ˄ɂɭɋʤɂ ̱┤ rʟʤ ̋  [ Ba2+ ]   &  [ SO4
2-
 ]  r äĺłĖĢèĵ äĺłîĩäĕã ĴèĭĀùãŃ ]ÖäġŃ  

 

 ʺʮᶺ ʫr Dʨʞ ṕḛʝɱɓ ɏɶɦʯ  [ Ba2+ ]   &  [ SO4
2-
 ]ʭᾒᾛήɂ ɧɋɽȵ ɝ̍ɥ ɭɥɂ̋ DȲɄʍ̋ ̱┤ Ʉʬyʂʎɋʤ ɄʬẛṥʕɄʁȹ ɭʎɈ  ˌȽɄẛṧʤɂ1 L                    

                     1 L 

                                                     BaSO4(s)ᵷ      NO3 
-
      ᵷ +Na     

  
   

 

  Q = [ Ba2+ ] X  [ SO4
2-
 ]   = 1x10-3   X 4x10-3 = 4 X 10-6  

 ʮᶗ ɏɵɂɰ ʮ̒ʠɕ˄ 
ᴮ
ɂɮȹQ     Ksp   ʏɋɺʫ ʘ̒ʕ ʢ̒ʦɦʑɂ ʮ̒ʠ˄ ̋ 

n (SO4
2-
)   n (Ba2+)  

n = M. v   Ą = 0.008 x  0.5 = 4x10- 3  mol  n = M. v   Ą = 0.002 x  0.5 = 1x10- 3  mol               

M (SO4
2-
)   M (Ba2+)  

  M =     Ą =       = 4x10- 3  mol / L  M =    Ą =     = 1x10- 3   mol / L                 

ĔÁÄêę 



 

 

 

 Êĕºêę : ʗ̍ʁ
ᴲ
ȵ100 ml   ʪ̒̍ɶʤɄʠʤɂ ɭ̂ɰ̒ʦʞ ʢ̒ʦɦʫ rʫCaCl2  ʵṕḛʝɱɓ2 x 10-3 M    ˂Ỉɂ150 ml  ʢ̒ʦɦʫ rʫ 

                  ɼɄɽɱʤɂ ɒɂṔḘˈʯ II  Pb(NO3)2  ʵṕḛʝɱɓ2 x 10-2 
M   

 Ɇʻʦʆᶽɂ : ɼɄɽɱʤɂ ɭ̂ɰ̒ʦʞ rʫ ɏɵɂɰ ʜɄɦʁ ʮɄʞ ɂɮɂ ʏʙ̒ɓII PbCl2  ᶗ ʪɂ ) ʮȵ 
ᴮ
ɄʬʦʍKsp(PbCl2) = 1.6 x 10 -5 ( 

·$-{  : 

PbCl2    ʍ  Pb+2   +   2Cl- 

 

Q = [ Pb+2 ] [ Cl - ]2 

[ Cl - ]  =          [ Pb+2 ]  = 

ç ɏɶɦʯ ɼɄɽɱʤɂ ɒᶗʻʫ ɬɭʍ Pb2+   ɰ̒ʦʠʤɂ ̋  ɭˆ Cl- )  ʇʦᾟήɂ ʨɋʙ( 

0 . 003 mol =   2 x 10-2   X  x V         =    [ Pb+2 ] npb    = 

 

2 X 10 -4   X  2  =  0.0004   mol       nCl   =   [ Cl - ] x V    =   2 x 10-3  X   = 

 ʳʫ ʨʞ ṕḛʝɱɓ ɏɶɦʯ  ʮᶺ ʺ[ Pb+2 ]ʺ [ Cl - ] ʇʦᾟήɂ ɭʎɈ)+   V Pb(NO3)2  = πȢςυ ,   VTOT  =   V CaCl2 ( 

 

[ Cl - ]  =   
πȢπππτ

πȢςυ 
 πȢππρφ - 

Ȣ

Ȣ  
   = 0.012 M       =   [ Pb+2 ]  = 

 

 3.072 x 10-8 = 0.012 X ( 0.0016)2 =   Q = [ Pb+2 ] [ Cl - ]2 

 

 <    Ksp Q    ) rʫ ɏɵɂɰ ʮ̒ʠɕ˄ ᶗPbCl2  ( 

 

 



 

 

wÊĕºêę :   ɑʕɄʁȹ ɭɦʍ ʪ̒̍ɶʤɄʠʤɂ ɒɄʯ̒ɉɱʟʤ ɏɵɂɰ r̒̂ ʠɓ ʜɄɦʁ ʮɄʞ ɂɮȹ ʏʙ̒ɓ 0.5L   ʳʫ 

                          ʢ̒ʦɦʫ Ca(NO3)2  ʵṕḛʝɱɓ  0.001mol/L    ˂Ỉȹ 0.5L   ʢ̒ʦɦʫ rʫNa2CO3  

                         ʵṕḛʝɱɓ    0.0008 mol / L  ́ʬᾒᾙ ʢ̒ʦɦʫ r̒̂ ʠɕʤ(1L)  ʮȶɇ 
ᴮ
Ʉʬʦʍ :10-9ğ 4.5 =Ksp(CaCO3)  

 
 
 
 
 
 
 
 
 
 
 

vÊĕºêę :    ɼɄɽɱʤɂ ɭ̂ɰ̒ʦʠʤ ɏɵɂɰ r̒̂ ʠɓ ʜɄɦʁ ʮɄʞ ɂɮȹ ʏʙ̒ɓPbCl2  ɑʕɄʁȹ ɭʱʍ0.025 mol 

                      ʢ̒ʦɦʫ rʫ CaCl2 ˂Ỉȹ  0.015molʳʫPb(NO3)2   ʢ̒ʦɦʫ ˂Ịʍ ʢ̒ɾᾚίʤ ȲɄʑɂ rʫ ɑ̍ʬʝ ʏʫ 

                      ʹʬᾒᾙ( 1L )  ʮȶɇ 
ᴮ
Ʉʬʦʍ  :10-5ğ1.7 =Ksp(PbCl2)  

 
 
 
 
 
  
 

            
  x  Êĕºêę :   ɼɄɽɱʤɂ ʮ̒ȵ˄ ṕḛʝɱɓ ʮɄʞ ɂɮȹPb+2   ̒ʁ ɼɄɽɱʤɂ ɭ˄ɬ̒˄ rʫ ʏɋɺʫ ʢ̒ʦɦʫ ̱☿Pbl2   

2 × 10 -2 mol/L                                    ɑɇɂɮᶼ ʨɽɄɥ ɏɶɥɂKsp 

 
 
 
 
 
 
 
 
 
 



 

 

 
 
 
 

 
 
 

N  
z
ïÃĤÝ ēĤĖŬÃ ĘþĞŜÃ   : 

 " pH " 
J ĔĖā   : 

ᴮ
Ʉʬʊɦʫ 

ᴮ
ᶗ̒ʦɦʫ ɱʆʚʑɂ ȲɄʑɂ ʨʠɺ˅ ᶗ  

 D 9.1+2N*2A#B;.-{2¦1:!-{2¸»B<12T2L/G pH L1»+2}¤(B+2»w2½»+2«.$2¹.29-1-+291.,29*B7y2¤/(22 
 J ĔĖā   : Ʉyʤ ɑ̍ʂʬɥ ɑʬʊɦʫ ʨ̍ʤɄɦʫ ˂Ịʍ ʮɄɶhʐ  ʭɶɟ ̱┤ ɑ˄ɭʎʑɂ ɐɰɄɾʎʤɂ ˃̒ɕɦɓpH  ˃̋Ʉɶ˅1.4                

         ʡ̂ɰ̒ʦʞ̋ɰɭ̍yʤɂ ʃʬɥ rʫ ʢ̒ʦɦʫ ɑ̍ʂʬɦɇ ʮɰɄʚɓ ˂Ộ̋ 

D "B=!B1Q§#2¹G2~B/1!»¦ -{2·-$!291-.(2N*2Ú{¤#29.=.291-B8-{2917.$-{2º¥02¹G 2}¦1 ,2»2¹{¦¤#-2¹,.12T2B=6B6!.{2uB8.G{ " 
 
 

                       

× QÄĪĚĪkĒkĕÃ ĵ : 
j   ὃỰ̍ɟ̋ɰɭ̍yʤɂ ɴz  ɴɄ̍ʙ ɲɄyɟ ɐɱ˄Ʉʎʑ ɑʬʊɦʑɂ ʨ̍ʤɄɦʑɂ Ǝʪɭɪɕɶ
ᴲ
ɔPH 

k  ʮ̒ʠ˄ ʮȵ ɒᶚʍɄʖɕʤɂ ʃʎɈ ɏʦʆɕɓ ɝ̍ɦɇ ɑ̍ȼɄ̍ʬ̍ʝ ɑʆɺhȵ ̋ ɆɰɄɡɓ ɐɭʍ ̱☿ 
ᴮ
Ʉʂ˄ȵ Ǝʪɭɪɕɶ

ᴲ
ɔ 

       ὃỰ̍ɟ̋ɰɭ̍yʤɂ ɴfʤpH  ɄẛẀ ʭʟɦɕʤɂ ʳʟʬ˄ ɑʬˈʙ. 

× ā ĵkĕÃ ėĤĖkÚkÉÄĪ  : 
j  Ǝɏʦʆɕɓ  ƎṔḛɛʟʤɂ  DṔḛʒɔ ɘɂɭɥȹ ʪɭʍ ɑ̂̒ ᾚ̍ήɂ ɒɄ̍ʦʬʎʤɂ rʫ  DṔḛɋʝ ɴᶻ ɑʬˈʙ ˍ☿  ὃỰ̍ɟ̋ɰɭ̍yʤɂpH  ʨʍɄʖɕʤɂ ʇɵʻʤ                         

       ʼȵ ɑʱˈʎʫ ɑʬˈʙ ʳʫ ɑɋˆɱʙ ɑʬˈʚʤɂ ʵɯʶ ˁʚɋɓ ʮȵ . 
k  ʭɶɟ ˍ☿ ʪɭʤɂ ʼɬȸ˄ ʮȵ ʳʟʬ˄ ᶗɑʬˈʙ ɗʯɄʞ ɂɮȹ ᶗȹ Ʉ˄ᶚᾟήɂ ˂Ỉȹ ʮḛᾒὈʝᶻ ʨʚʯ ɑʖˈʉʺ ʮɄɶʰᶼ  
     ὃỰ̍ɟ̋ɰɭ̍yʤɂ ɴzpH  ˃̋Ʉɶɔ7.4  
l  ƎɞɄɕɦɓ  ƎɒɄʬ̂ɳʯʐ  Dʇɵ̋ ˂Ỉȹ  ʮƎ̒ʠɓ  ὃỰ̍ɟ̋ɰɭ̍yʤɂ ɴz  ɑʬ̍ʙ ́̍ʕpH ʄɄɺ̡ɇ ʨʬʎɕʤ 

ᴮ
Ʉɋ̂ɱʚɓ ɑɕɇɄə ᵷ Ʉʫȵ  

        ὃỰ̍ɟ̋ɰɭ̍yʤɂ ɴz  Ṕḛʒɔ ɂɮȹpH ɑ̂̒ ᾚ̍ήɂ Ʉẛṥʖ̍ʉ̋ ɭʚʖɕɵ ̋ȵ ɒɄʬ̂ɳʯʐ ʨʠɹ Ṕḛʒɕ̄ɶʕ ᵷ ʢ̒ʦɦʬʦʤ 

 ĨĞĪÕģãàĪŝÃ çĭÃ ĵ ÀÕÄĊŜÃ ŊĆÎĕÃ ėģÄĎĩ ħâĕÃ ēĤĖŬÃ ĤġpH ËÄĪĚđ ÊĉÄõ½ àĞā øéĤĖĕ 
  ôŖ Ĝę ÊĖĪĖč )ËÄĝĤĪÍÄđH3O+  ( ÉàāÄč ģ¹ ) ËÄĝĤĪĝ¹- OH  ( ĠĪĕ½ 
 



 

 

 
2222222222 
 

 
 

  
             ģ ĈĪĂõ ôŖ ēĤĖş ÚĖęĠ ĨęĤĪéÄÍĤÈĕÃ ģ¹ ĨęĤĩßĤòĕÃ   

                 ēÄÒę  : üǒƙǒƪǙå ôǆơ ĈõǄƤ CH3COOHǒíāƮǃå èƓƙǒƪá ƴǆ ā  þCH3COONa   
                      ôǆơCH3COOH    ā  ƠǄǆ CH3COONa       āáƠǄǆ  CH3COOK 

                        āá ù         ôǆơ   HF  ā     ƠǄǆNaF           āáƠǄǆ  KF  
             ģ ĈĪĂõ ôŖ  ÊĩĤč ÉàāÄč  

 N ʗ̍ʎʂʤɂ ʃʬᾚήɂ ɒᶗ̒ʫ ɬɭʍ ʮ̒ʟ˄ ʮȵ ʄɱɺɈŃđ¹ ʨɛʫ ɑˆʻʚʤɂ ɐɭʍɄʚʤɂ ɒᶗʻʫ ɬɭʍ ʳʫ : 
ē  ̳БЯ϶  0.4 mol   CH3COOH   Йв      0.2mol  евNaOH    мϒ  KOH 

Ĕ  БЯ϶300ml Ѝгϲ евHCOOH  иϿуЪϽϦ 0.01M Йв 100ml евNaOH мϒ KOH  иϿуЪϽϦ0.02M 

 

     
            ÚĖę ēĤĖşģ ÊĊĪĂõ ÉàāÄč ēĤĖşĠ ËÃņĪĞĕÃ ģ¹ àĩãĤĖĒĕÃ ĦĖā ħĤÎŦ  

                 ēÄÒę  :  ϝужнвцϜ ЬнЯϳв)aq(NH3 м  анужнвцϜ ϹтϼнЯЪ NH4Cl   

                       ϝужнвцϜ ЬнЯϳв)aq( NH3м   анужнвцϜ ϤϜϽϧужNH4NO3 

             ģ ÊĊĪĂõ ÉàāÄč Ĝę ēĤĖş   ħĤč ôŖ  

N ɑʖ̍ʎʂʤɂ ɐɭʍɄʚʤɂ ɒᶗ̒ʫ ɬɭʍ ʮ̒ʟ˄ ʮȵ ʄɱɺɈ  Ńđ¹ ʃʬᾚήɂ ɒᶗʻʫ ɬɭʍ ʳʫ  ˃̒ʚʤɂ  
' ēÄÒę  :  БЯ϶0.6 mol ев  ϝужнвъϜ ЬнЯϳвNH3(aq) Йв 0.3mol  Ѝгϲ евHCl(aq) 



 

 

  vıģ¹ :ÊĪöĚŚÃ ÊĚþĞŜÃ ĔĪĕÄŬÃ ĔĚā ÊĪĕ·  

ĔĖā   : ὃỰ̍GɟƎ̋ɰɭEy̍ʤɂ ɴ
ᴲ
 zɑʬ̍Gʙ ˁ

ᴱ
ʚɋ
ᴱ
ɓ )PH  ( ʡ̍ɖ̍ɵᴜ ʃʬɥ ̱Ỉ̒ʦɦʫ rʫ ɣ̂ɳGʑCH3COOH                                                      

 ̋ ʪʻ˄ɬʻɾʤɂ ɒɄɕˉɵȵCH3COONa   
ᴮ
Ʉɋ̂ɱʚɓ ɑɕɇɄə 

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

CH3COONa(aq)    CH3COO-(aq) +  Na+(aq) 

 M-»T{29-B$-{     :     ʃʬɥ ʳʫ ɑʦˈʦʙ ɑˈʬʝ ɑʕɄʁȹ ɭʱʍ 

                              ̱ỈɄɕʤɄʞ  r˄ȶɕ˄  ʡ̂ɰ̒ʦʞ̋ɰɭ̍yʤɂ: 

            HCl(aq) +    H2O     ќ       H3O
+
(aq)   +    Cl-

(aq) 

 91/B"-{29-B$-{  :       ʳʫ ɑʦˈʦʙ ɑˈʬʝ ɑʕɄʁȹ ɭʱʍ          

                                 ̱ỈɄɕʤɄʞ r˄ȶɕɓ ʪ̒˄ɬ̒ɾʤɂ ɭ̍ɶʝ̋ɰɭ̍ʁ : 

NaOH(aq)         Na+(aq)  +  OH-(aq) 

ɵ ɒɄʯʻˈɓɄʞ ṕḛʝɱɓ ɬɂɬṕḛH3O
+  Ʉẛṧʫ ᴯȲɳɟ ɭɦɕ˄ ̋  ʮ̒ʯ̍ȵ  ʏʫ

 ɒɄɕˉɵᶻCH3COO -  ʢ̒ʦɦʑɂ ̱☿ ʮ̒ʠɕ˄ ̋ ɵᶻ ʃʬɥˈ ʡˈɖ

ɑʬˈʙ ˁʚɋɓ ʡʤɯɉʺ ʗˈʎʂʤɂ pH  
ᴮ
Ʉɋ̂ɱʚɓ ɑɕɇɄə ʄ̒ʦɪʬʦʤ : 

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

 

  ʪ̒̍ʯ̋ɰɭ̍yʤɂ ɒɄʯ̒̍ɓɄʞ ʏʫ ɭ̍ɶʝ̋ɰɭ̍yʤɂ ɒɄʯ̒̍ʯȵ ʨʍɄʖɕɓ 

 ȲɄʑɂ 
ᴮ
ɑʯ̒ʠʫ ʄ̒ʦɪʑɂ ̱☿ ɐɬ̒ɟ̒ ɂʑ ) ʗˈʎʁ ɗˈʤʺṔḘʟʤɂ ( 

OH-
(aq)      +      H3O

+
(aq)       ʍ       2H2O 

 ɭ̍ɶʝ̋ɰɭ̍yʤɂ ʮ̒ʯ̍ȵ ɱəȵ ʢ̋ɳ˄ ̱ỈɄɕʤɄɇ ̋OH- ʳʫ ɑʕɄʂᶽɂ

 ɿʚʱʤɂ ʃˆʻʎɕɇ ʗˈʎʂʤɂ ʡˈɖˈɵᶻ ʃʬɥ ʪʻʚ˄ ʺ ɐɭʍɄʚʤɂ

 ʪ̒̍ʯ̋ɰɭ̍yʤɂ ɒɄʯ̒̍ɓɄʞ ṕḛʝɱɓ ̱☿[ H3O
+]  ́ɦʫ ᴯȲɳɟ r˄ȶɕ˄ ɝ̍ɥ

 ɑʬˈʙ ˁʚɋɓ ˍỈɄɕʤɄɇ ʺ ʹˈʦɓɄɹʻʤ ȵɭɋʫ ɏɶɦɇPH ɑɕɇɄə ʄʻʦɪʬʦʤ 

 vÄĪĝÄÑ  :ÊĩàāÄĎĕÃ ÊĚþĞŜÃ ĔĪĕÄŬÃ ĔĚā ÊĪĕ·  
ĔĖā   : ὃỰ̍GɟƎ̋ɰɭEy̍ʤɂ ɴ

ᴲ
 zɑʬ̍Gʙ ˁ

ᴱ
ʚɋ
ᴱ
ɓ )PH  ( ʪ̒̍ʯ̒ʫᴜ ɭ̂ɰ̒ʦʞ ̱Ỉ̒ʦɦʫ rʫ ɣ̂ɳGʑNH4Cl   Ʉˈʯʻʫᶻ ʺNH3    

ᴮ
Ʉɋ̂ɱʚɓ ɑɕɇɄə    

NH3(aq)    +   H2O   ʍ  NH4
+
(aq)  +  OH-(aq)  

 NH4Cl (aq)      NH4
+
(aq)  +  Cl-(aq) 

 M-»T{29-B$-{     :     ʃʬɥ ʳʫ ɑʦˈʦʙ ɑˈʬʝ ɑʕɄʁȹ ɭʱʍ 

                              ̱ỈɄɕʤɄʞ  r˄ȶɕ˄  ʡ̂ɰ̒ʦʞ̋ɰɭ̍yʤɂ: 

            HCl(aq) +    H2O     ќ       H3O
+
(aq)   +    Cl-

(aq) 

 91/B"-{29-B$-{  :       ʳʫ ɑʦˈʦʙ ɑˈʬʝ ɑʕɄʁȹ ɭʱʍ          

                                  ̱ỈɄɕʤɄʞ r˄ȶɕɓ ʪ̒˄ɬ̒ɾʤɂ ɭ̍ɶʝ̋ɰɭ̍ʁ : 

NaOH(aq)         Na+(aq)  +  OH-(aq) 

 ʃʬᾚήɂ r˄ȶɓ rʍ ɑɡɓɄɦʤɂ ʪ̒̍ʯ̋ɰɭ̍yʤɂ ɒɄʯ̒̍ɓɄʞ ʨʍɄʖɕɓ

                                                                 ɭ̍ɶʝ̋ɰɭ̍yʤɂ ʮ̒ʯ̍ȵ ʏʫ ˃̒ʚʤɂ

   ȲɄʑɂ ʮ̒ʠɕ˄ ̋ ) ʗˈʎʁ ɗˈʤʺṔḘʟʤɂ ( 

OH-
(aq)      +      H3O

+
(aq)       ʍ       2H2O 

 ɭ̍ɶʝ̋ɰɭ̍yʤɂ ɒɄʯ̒̍ʯȵ ṕḛʝɱɓ ̱☿ ɿʚɦʤɂ ʃˆ̒ʎɔ ʭɕ˄[OH-] 

 ɏɶɦɇ ʗ̍ʎʂʤɂ Ʉ̍ʯ̒ʫz ʢ̒ʦɦʫ rʫ Ȳɳɟ r˄ȶɓ ʛ̂ɱʅ rʍ

 ʹˈʦɓɄɹʻʤ ȵɭɋʫ ᵷ ɑʬˈʙ ˁʚɋɓ ˍỈɄɕʤɄɇ ʺPH  ɑɕɇɄə ʄʻʦɪʬʦʤ  

   ɒɄʯ̒̍ɓɄʞ ʏʫ ɑʕɄʂʑɂ ɭ̍ɶʝ̋ɰɭ̍yʤɂ ɒɄʯ̒̍ʯȵ ʨʍɄʖɕɓ 

  Ʉ̍ʯ̒ʫᴜ ʢ̒ʦɦʫ 
ᴮ
ɑʯ̒ʠʫ ʄ̒ʦɪʑɂ ̱☿ ɐɬ̒ɟ̒ ɂʑ ʪ̒̍ʯ̒ʫz              

 ) ʗˈʎʁ ɗˈʤʺṔḘʟʤɂ( 

  NH4
+
(aq)  +  OH-(aq) ʍ     NH3(aq)    +   H2O           

 ɐɭʍɄʚʤɂ rʫ ɑʕɄʂʑɂ ɭ̍ɶʝ̋ɰɭ̍yʤɂ ɒɄʯ̒̍ʯȵ Ṕḛəȶɓ ʨʚ˄ ̱ỈɄɕʤɄɇ ̋

 ɑʬˈʙ ˁʚɋɓ ʺ  ɑˆʻʚʤɂPH  
ᴮ
Ʉɋ̂ɱʚɓ ɑɕɇɄə ʄ̒ʦɪʬʦʤ 



 

 

     

&  ùùùƕ íāƮǀǆǃå Ɠǆ 
z
kŜÃÉäĩÄĂ Tirration  : 

 

 
 
  

j 2½»+2«.$2¹1 2·¤B8!-{2·(B;!2_2¹»!»¦ -{2½¤B$w2^291»+2}¤(B+2»2_2¤1&,»¦¤1=-{291¤B$w ̂ 

HCl(aq)   +   NaOH(aq)     ú     NaCl(aq)    +    2H2O(l)                                                       

 N  ƗǒǈāǒǕå ƗǃíƓƶǆǃå(l)O22H+  aq)(
-Cl+  (aq)

+Na ú (aq)
-+ OH (aq)

+Na+  (aq)
-Cl+  (aq)

+O3H 

 āỊ˂ʍ ʨɾɦʯ ʨʍɄʖɕʤɄɇ ʜɰɄɺɔ ᶗ ὃỮʤɂ ɒɄʯ̒z˄  ɑʤɂɲȺɇ H3O+
(aq)   +    OH-

(aq)  ú   2H2O(l)    

Ĕ   ùùùùƕ íāƮǀǆǃå ƓǆēßÄĂÎĕÃ ĔāÄĊÍ :  

 2

ĕ ¤({»<-{2»2«B.$G{2·(B;!2~{§1. : 

 ÉãÃäÚĖĕ vÃßãÄù ēßÄĂÎĕÃ ĔāÄĊÍ ŃÎĂĩ  

 ÉàāÄĎĕÃ ģ ôĚŚÃ Ĝę ÊÂĉÄĒÎę ËÄĪĚđ Óæę àĞā vÄęÄÍ ĔāÄĊÎĕÃ ěĤĒĩ  

    "ËÄĝĤĪÍÄđ ĐĖĢÎê
z
Í ÐĪÙ H3O+   ËÄĝĤĪĝ¹ ģ OH-   vÄĪĖđ" 

 ĔāÄĊÎĕÃ )}¦1B8.-{ ( 91»+2}¤(B+2J.2½»+2«.$ 2½»+2«.$22J.29;1872}¤(B+ 91»+2}¤(B+2J.2´1872«.$ 

 ēĤĖŬÃÔÍÄĞĕÃ ĨÁÄŜÃ ēßÄĂÎę   ĨöŖ   ħàāÄč 

  ÊĚĪčpH   pH = 7       pH < 7       pH > 7     

ÆéÄĞŜÃ ĔĪĕàĕÃ 91¤(B<-{2»2917.$-{29-¤T{2J1.# ¦.$T{2·1"1.-{2»w2N-B<!¦ -{2·1"1.-{ ¹1-B!;-»/1;-{ 

ṕḛʝṔḘʤɂ ʢ̒ ɡyʫ ʢ̒ʦɦʫ 

ṕḛʝṔḘʤɂ ʪ̒ʦʎʫ ʢ̒ʦɦʫ 



 

 

Ĝ ᴬᴬᴬᴬɇ ɬʻɾʚᶽɂ Ʉʫ  ĪĎkĕÃ ēĤĖÚkŜÃĨéÄ    

Ĝ ᵺ ɐɱ˄Ʉʎᶽɂ ȲɂɱɟȺɇ ʪʻʚʯ ὂỮʫ 

D  ṕḛʝṔḘʤɂ ʪ̒ʦʎʫ Ʉʬʁɭɥȵ ɐɭʍɄʙ ̋  ʃʬɥ Ʉɦ˄ɭʤ ʮ̒ʟ˄ Ʉʫɭɦʍ ) ὃỲḲɄ̍ʙ ʢ̒ʦɦʫ (ṕḛʝṔḘʤɂ ʢ̒ ɡyʫ ɱɩʌ ̋  

   ā  ćìäîǐ ʵṕḛʝɱɓ ɑʕɱʎʫ . 

k  
z
ęēßÄĂÎĕÃ Êĕß¹ ėÃàÞÎéÄÇ ħĤč ôŖ ÊúéÃĤÇ ÊĩĤč ÉàāÄč ÉäĩÄĂ  

I  ɑˆʻʙ ɐɭʍɄʙ ʳʫ ʪʻʦʎʫ ʭᾒᾙ ɯɩȶɇ ɐɱ˄Ʉʎᶽɂ ʭɕɓ ) ṕḛʝṔḘʤɂ ɑʤʻʸɡʫ ( rʫ ὃỲḲɄ̍ʙ ʢ̒ʦɦʬɇṕḛʝṔḘʤɂ ʪ̒ʦʎʫ ˃̒ʙ ʃʬɥ  

NN  ɐɱ˄Ʉʎʑɂ ɻɯyʤ ̱ỈɄʚɓṔḗʤɂ ʨ̍ɜ̍ʑɂ ʨ̍ʤɬ Ǝʪɭɪɕɶh 

RX ) 9$U.  : íǈƵ ïƽƮǕå ÿāǄǃå ýǒǃíǃå ǑõƶǒpH >  7   Ü íǈƵ ïǆơǕå ÿāǄǃå Ǒõƶǒ āpH <  7  ( 

A ÉàÁÄĉ :         ̓̋Ʉɶɖ˄ ɝ̍ɥ ȸʕɄʠɕʤɂ ɑʆʚʯ ˂Ỉɂ ʢ̒ɽ̒ʤɂ ɭɦʍ ʡʤɮ ̋ ɐɱ˄Ʉʎʑɂ ȲɄẛṥʯɂ ʨ̍ʤɭʤɂ ʮ̒ʤ Ṕḛʒɔ ƎɬɭɦƎ˄  

            ʃʬᾚήɂ ʪ̒̍ʯ̋ɰɭ̍ʁ ɒɄʯ̒̍ɓɄʞ ɒᶗ̒ʫ ɬɭʍ Ʉʁɭɦʍ H3O+ ɐɭʍɄʚʤɂ ɭ̍ɶʝ̋ɰɭ̍ʁ ɒᶗ̒ʫ ɬɭʍ ʏʫ OH- 

ē  ăāƿ ôǆơ ýƵƓƽƙ ƗǃíƓƶǆ æƙǂǈƪHCl   Ɨǒāƿ çíƵƓƿ ƴǆNaOH  

HCl(aq)   +   NaOH(aq)   ú   NaCl(aq)    +    2H2O(l)                                    

H3O+
(aq)   +    OH-

(aq)  ú   2H2O(l) 

NN V   ÿāǂƙ âƼƓǂƙǃå Ɨõǀǈ íǈƵ Ɠǈïǂî Ɠǆǂ: 

 èǙāǆ ííƵOH-     ) çíƵƓǀǃå ÿǆ   =   ( èǙāǆ ííƵH3O+   ) ôǆơǃå ÿǆ( 

na   =    nb                                                   

D  

 

 

na    =ЌвϲЮϜ Ϥъмв ϸϸК 

Ca     =ЌвϲЮϜ ϾтЪϼϦ 

Va    =ЌвϲЮϜ аϮϲ 

a       =ЌвϲЮϜ ЬвϝЛв 

nb    =ϢϸКϝЧЮϜ Ϥъмв ϸϸК 

Cb     =ϢϸКϝЧЮϜ ϾтЪϼϦ 

Vb   =ϢϸКϝЧЮϜ аϮϲ 

b      =ϢϸКϝЧЮϜ ЬвϝЛв   

Ca . Va     =    Cb  .  Vb        
 a                  b 

 



 

 

ÆéÄĞŜÃ ĔĪĕàĕÃ  

    
 ʢ̒ʦɦʬʦʤ ὃỰ̍ɟ̋ɰɭ̍yʤɂ ɴz  ɑʬ̍ʙ ̱┤ ɁẠɄʖʑɂ Ṕḛʒɕʤɂ ɻɭɦʍ ɘƎɭɦ˄ ˃ɯʤɂ ̓ɭʑɂ ̋ ɻɂɭʫ ʛʖɕ˄ ˃ɯʤɂ ʨ̍ʤɭʤɂ ̒ʁ ̋ȵ 

ȸʕɄʠɕʤɂ ɑʆʚʯ ʢ̒ɥ . 
2·55555551555555-¤55555-{2·55155-¤55-{2¼¤5.229-B$-{2¹»-

917.$-{2
29-B$-{2¹»-
91¤(B<-{2

 Êĕß¹
ÊĪöŖ 

N-B<!¦ -{2·1"1.-{23.2   -    4.4 ¦.$w ¦;6w2

¦.$G{2·1"1.-{26.3   ı   4.2 ¦.$w ¦;6w2

 Êĕß¹
ÊĩàāÄč2

µ¦§G{2·».1B"».»¦ -{26   -    7.6 ¦;6w µ¦§w2

¹1-B!;-»/1;-{28.2   -    10 ´B;' ½¦0§2

 

 

J ĔĖā  : ʏʫ ʡ̍ɖ̍ɵᴜ ʃʬᾚή ʢ̒ʦɦʫ ɐɱ˄Ʉʎʫ ɭɦʍ ʨ̍ʤɭʝ ̱ỈɄʚɓṔḗʤɂ ʨ̍ɜ̍ʑɂ ᾝίɾ˄ ᶗʪ̒̍ɵɄɓ̒ɋʤɂ ɭ̍ɶʝ̋ɰɭ̍ʁ . 

29.1+2¹»,!&2N-B!-B 2291»+2}¤(B+2¸»1&B!» -{2¤1&,»¦¤102»2´1872«.$2¶1!1&G{2«.$2¹GpH  

2x*B,!-{29¬</2¤/(¹.2¦555555 555,w27222N-B<!¦ -{2·1"1.-{2·1-¤2¼¤.2¹w2¹1$2N*¹.2·555555+w27 " 
 ɑʬˈʙ ˍ┤ ɁẠɄʖᶽɂ Ṕḛʒɕʤɂ ʵɭʱʍ ɘɭɦ˄ ˃ɯʤɂ ʼɭᶽɂ ʏʫ ˍỈɄʚɓṔḗʤɂ ʨˈɜˈᶽɂ ʨˈʤɬ ʼɬɭʫ ʛʖɕ˄ ᶗ ˍỈɄɕʤɄɇ ʺpH  

  ȸʕɄʠɕʤɂ ɑʆʚʯ ʢ̒ɥ ʢ̒ʦɦʬʦʤ . 

Ĕ Êĕºêę u  : ʢɬɄʎɔ10 ml  ʏʫ 
ᴮ
ɄʫɄʬɓ ʡ̍ɖ˄Ṕḗʟʤɂ ʃʬɥ ʢ̒ʦɦʫ rʫ25 mL  ʪ̒̍ɵɄɓ̒ɋʤɂ ɭ̍ɶʝ̋ɰɭ̍ʁ rʫ 

                                ʵṕḛʝɱɓ0.4 mol/L   . ᵺ ʡ̍ɖ˄Ṕḗʟʤɂ ʃʬɥ ṕḛʝɱɓ ɏɶɥ
ᴲ
ȵ 

D üƟǁä  :êĽŃąń»ã ĴġäĪîĵã êĵÿäĢĹ æîĲĽ  :H2SO4(aq)  +  2KOH(aq)   ú   K2SO4(aq) + 2H2O(I)   

D                          ôāƶǈ  ā ÿāǈƓǀǃå æƙǂǈ           Ȣ  
      =        Ȣ   

  
       

                              ¦  Ca  =  0.5 mol/L     Ȣ  Ȣ  
       = Ȣ   

  
   



 

 

@  Êĕºêęv :  ʢɬɄʎɔ ɂɮɂ ʡ̂ɰ̒ʖɵ̒ʖʤɂ ʃʬɥ ʢ̒ʦɦʫ ṕḛʝɱɓ ɏɶɥɂ30 mL  ʏʫ ʹʱʫ75 mL  ʢ̒ʦɦʫ rʫ 

                                   ɻṕḛʝɱɓ ʪ̒˄ɬ̒ɾʤɂ ɭ̍ɶʝ̋ɰɭ̍ʁ0.4 M  ᵺ ɑʤɬɄʎᶽɂ ʪɄʬɓᶡ 

.................................................................................................................................................................................................................... 

.................................................................................................................................................................................................................... 

.................................................................................................................................................................................................................... 

.................................................................................................................................................................................................................... 

.................................................................................................................................................................................................................... 

.................................................................................................................................................................................................................... 

.................................................................................................................................................................................................................... 

.................................................................................................................................................................................................................... 

.................................................................................................................................................................................................................... 

.................................................................................................................................................................................................................... 

@ Êĕºêę w :  ɐɱ˄Ʉʎʫ ɗʬɓ20 mL  ʪ̒̍ɶʤɄʠʤɂ ɭ̍ɶʝ̋ɰɭ̍ʁ ʢ̒ʦɦʫ rʫCa(OH)2  ʃʬɥ ʪɂɭɪɕɵɄɇ 

                                 ɻṕḛʝɱɓ ʡ̂ɰ̒ʦʞ̋ɰɭ̍yʤɂ0.5 M  ᵷ ʡʦẛṥɵɂ ʨʍɄʖɕʤɂ ʪɄʬɓ ɭʱʍ ʺ25 mL  ʃʬᾚήɂ ʳʫ 

                               ᵷᵺ ʪ̒̍ɶʤɄʠʤɂ ɭ̍ɶʝ̋ɰɭ̍ʁ ʢ̒ʦɦʫ ṕḛʝɱɓ ɏɶɥɂ 

.................................................................................................................................................................................................................... 

.................................................................................................................................................................................................................... 

.................................................................................................................................................................................................................... 

.................................................................................................................................................................................................................... 

.................................................................................................................................................................................................................... 

.................................................................................................................................................................................................................... 

.................................................................................................................................................................................................................... 

.................................................................................................................................................................................................................... 

.................................................................................................................................................................................................................... 

.................................................................................................................................................................................................................... 

 

 



 

 

l ÊúéÃĤ{Ç ħĤ
y
č ôĚ{Ù ÉäĩÄĂ

z
ę  

y
č ĨĞĪÕģãàĪŝÃ çĭÃ åÄĢÕ ėÃàÞÎéÄÇ ÊĩĤč ÉàāÄpH   

9  Ǒǈǒƞāïíǒǌǃå ñǕå ñƓǒƿ ðƓǌƞ ĈþíƤƙƪĈǒpH ǑƼ: 

  ¼ĉÄĒÎĕÃ ÊúĎĝ àĩàő    

  ÉäĩÄĂŜÃ ŉÚĞę Ęéã 

 

 

 

 
z
ęÉäĩÄĂŜÃ ŉÚĞ  

 

J ɐɱ˄Ʉʎᶽɂ ɒɄˈʱɦʱʫ ʳʫ ɐɭȼɄʖʤɂ ˍỘ Ʉʫ Þ 

  ÊúĎĝ àĩàő×Ĥõģ ģ ÊčàÇ ¼ĉÄĒÎĕÃ  

 ÉäĩÄĂĚĖĕ ÆéÄĞŜÃ ĔĪĕàĕÃ ãÄĪÎÝÃ  

 

 

 

 

  

@  ʳʟʬ˄ɑʚ̂ɱʅ ʪɂɭɪɕɵɄɇ ɐɱ˄Ʉʎʑɂ ὂỰɦɦʫ rʫ ȸʕɄʠɕʤɂ ɑʆʚʯ Ǝɭ˄ɭɦɓ ŋĩåÃĤÎŜÃ ŋéÄĚŜÃ 

ɀʆɇ ɭ˄ɂɳɓ 

ɀʆɇ ɭ˄ɂɳɓ 

ɁẠɄʖʫ ɭ˄ɂɳɓ 

HCl

NaOH  

ʪɄɶʙɂ ɑəᶚə 

 

pH
 ᴗ  =pH 

9-¤T{2J1.# 

 

HCl 

NaOH 



 

 

m ÊĩĤč ÉàāÄč ÊúéÃĤÇ ĈĪĂõ ôŖ ÉäĩÄĂę  

 

 

 

 

 

 

@àĞā ¼kkkkĉÄkkkĒkkkÍ ÊkkkúkkkĎkkk
z
ĝ  

X   ɑ̂̒ʚʤɂ ɐɭʍɄʚʤɂ ̋ ʗ̍ʎʂʤɂ ʃʬᾚήɂ ʮḛɇ ʨʍɄʖɕʤɂ ƎṔḗɕʎƎ˅  ăƑǄƑƗ  āɄẛẃȵ ˂Ịʍ ȸʕɄʠɕʤɂ ɑʆʚʯ ɬɭɦ
ᴲ
ʯ ̱ỈɄɕʤɄɇ  

      ɑʕɄʂʑɂ ɐɭʍɄʚʤɂ ɒᶗ̒ʫ ɬɭʍ ɄẛṨʕ ̓̋Ʉɶɖ˄ ὃỮʤɂ ɑʆʚɦʤɂ ) ɭ̍ɶʝ̋ɰɭ̍yʤɂ ɑ˄ɬɄɥȵ ( ʃʬᾚήɂ ɒᶗʻʫ ɬɭʍ ʏʫ 

      ɐɱ˄Ʉʎᶽɂ ʢᶚɩ ɴȶʟʤɂ ˍ┤ ɬʻɟʻᶽɂ ) ʮ̒ɓ̋Ṕḗʤɂ ˃ɬɄɥȵ ʃʬɥ( . 

 

       

n ħĤč ôŖ ÊúéÃĤÇ ÊĊĪĂõ ÉàāÄč ÉäĩÄĂę    

 

 

 

 

NaOH 

CH3COOH 

ɀʆɇ ɭ˄ɂɳɓ 

ɀʆɇ ɭ˄ɂɳɓ 

ɁẠɄʖʫ ɭ˄ɂɳɓ 

ʈʻᾚίʫ ɭ˄ɂɳɓ 

CH3COOH 

NaOH 

ʪɄɶʙȵ ɑʎɊɰȵ 

 

pH
 ʳʫ Ṕḗʝȵ ᴗ

¹1-B!;-»/1;-{ 

 

NH3(aq)

HCl(aq)

ʪɄɶʙȵ ɑʎɊɰȵ 

 pH  ɱʒɽȵ  ʳʫ ᴗ

22222222222222¦.$T{2·1"1.-{
2N-B<!¦ -{2·1"1.-{22»w 

 

HCl 

NH3 



 

 

Êĕºêę   : ṕḛʝṔḘɇ ʡ̂ɰ̒ʦʞ̋ɰɭ̍yʤɂ ʃʬɥ ʢ̒ʦɦʫ ʭᾒᾙ ɏɶɥɂ0.45 M  ˂Ỉɂ ʔɄʂ˄ ʮɂ ɏɡ˄ ˃ɯʤɂ 

                                25 mL  ṕḛʝṔḘɇ ʪ̒̍ɵɄɓ̒ɋʤɂ ɭ̍ɶʝ̋ɰɭ̍ʁ ʢ̒ʦɦʫ rʫ1 M ᵺ ʢɬɄʎɕʫ ʢ̒ʦɦʫ ɞɄɕʯɟ 

.................................................................................................................................................................................................................... 

.................................................................................................................................................................................................................... 

.................................................................................................................................................................................................................... 

.................................................................................................................................................................................................................... 

.................................................................................................................................................................................................................... 

.................................................................................................................................................................................................................... 

.................................................................................................................................................................................................................... 

Êĕºêę   : ᴲȵ ʗˈʁ15 mL  ˂Ỉɂ ʡ̂ɰ̒ʖɵ̒ʖʤɂ ʃʬɥ ʢ̒ʦɦʫ rʫ38.5 mL  ɭ̍ɶʝ̋ɰɭ̍ʁ ʢ̒ʦɦʫ rʫ 

                               ṕḛʝṔḘɇ ʪʻ˄ɬʻɾʤɂ0.15 M   . 

                            Ỉ̱Ʉɕʤɂ ʨʍɄʖɕʦʤ 
ᴮ
Ʉʚɋʅ ɘɭɥ ɂɮɂ ʡ̂ɰ̒ʖɵ̒ʖʤɂ ʃʬɥ ʢ̒ʦɦʑ ˃ɰᶗ̒ʑɂ ṕḛʝṔḘʤɂ ɏɶɥɂ : 

H3PO4(aq)  +  NaOH(aq)    ú   H2O(I)   +  NaH2PO4(aq)                        
.................................................................................................................................................................................................................... 

.................................................................................................................................................................................................................... 

.................................................................................................................................................................................................................... 

.................................................................................................................................................................................................................... 

.................................................................................................................................................................................................................... 

.................................................................................................................................................................................................................... 

.................................................................................................................................................................................................................... 

 

2

2

2



 

 

(2·¤!2½¥-{2N.-8-{2H-¬6.-{2»w2¸&T{2|!,{91-B!-{2~{¦B 8-{2¹.2}¦B (2·,2L1-2p 

 k (ɐɬɭɦʫ ɐɰɂɱɥ ɑɟɰɬ ɭɦʍ ɏ˄ɯʑɂ rʫ ɑɦ̍ʎʫ ɑ̍ʬʝ ̱☿ Ɇɂɯ
ᴲ
ɂʑ rʫ ɑ̍ʬʝ Ṕḗʝȵ ˂Ịʍ ˃̒ɕɦ˄ ˃ɯʤɂ ʢ̒ʦɦʑɂ                               

 m ( ɑɦ̍ʎʫ ɐɰɂɱɥ ɑɟɰɬ ɭɦʍ Ɇɂɯʑɂ rʫ ɑ̍ʕɄʁȹ ɑ̍ʬʝ ɑɇɂɮȹ ˂Ịʍ ɐɰɭʚʤɂ ́ʤ ɷ̄ʤ ˃ɯʤɂ ʢ̒ʦɦʑɂ                                                

       ʢɭʎʫ ʮ̒ʠ˄ ɝ̍ɦɇ ̩ʠ̍ʫɄɦ˄ɬ ʮɂɳɓɂ ɑʤɄɥ ̱☿ ʮ̒ʠ˄ ̋ Ɇɂɯʑɂ rʫ ɑ̍ʕɄʁɂ ɑ̍ʬʝ ˃ȵ ɏɵṔḘɓ ɝ̍ɥ 

        ɏ̄ɵṔḘʤɂ ɭʎʫ ˃̋ɄɶƎ˅ ʮɄɉ̋ɯʤɂ 

 ŋ (ʍ ʏɋɺʑɂ ʢ̒ʦɦʑɂ ̱☿ Ʉʬʫ Ṕḗʝȵ ɑɇɂɯ
ᴲ
ɂʑ ɐɬɄʑɂ rʫ ɑ̍ʬʝ ˂Ịʍ ˃̒ɕɦ˄ ˃ɯʤɂ ʢ̒ʦɦʑɂ Ʉyɶʖʯ ʔ̋ɱʊʤɂ ɭɦ  

 o  (Ʉyɶʖʯ ʔ̋ɱʊʤɂ ɭɦʍ ʏɋɺ
ᴲ
ɂʑ ʢ̒ʦɦʑɂ ̱☿ Ʉʬʫ ʨʙȵ ɑɇɂɯ

ᴲ
ɂʑ ɐɬɄʑɂ rʫ ɑ̍ʬʝ ˂Ịʍ ˃̒ɕɦ˄ ˃ɯʤɂ ʢ̒ʦɦʑɂ  

 ɔ ( ɏ̄ɵɱɓ ʮ̋ɬ ́̍ʤɂ ɄẛṥʕɄʁɂ ɭɦʍ Ɇɂɯ
ᴲ
ɂʑ rʫ ɑ̍ʕɄʁɂ ɑ̍ʬʝ ɑɇɂɮɂ ˂Ịʍ ɐɰɭʚʤɂ ́ʤ ˃ɯʤɂ ʢ̒ʦɦʑɂ  

      ɏ̄ɵṔḘʤɂ ʢɭʎʫ rʫ Ṕḗʝȵ ʮɄɉ̋ɯʤɂ ʢɭʎʫ ʮ̒ʠ˄ ̋ 

 ᴖ (   ɑɦ̍ʎʫ ɐɰɂɱɥ ɑɟɰɬ ɭɦʍ ʏɋɺ
ᴲ
ɂʑ ʢ̒ʦɦʑɂ ṕḛʝɱɓ    

 ᴗ ( ɑɦ̍ʎƎʫ ɐɰɂɱɥ ɑɟɰɬ ɭɦʍ ɏ˄ɯ
ᴲ
ɂʑ rʫ ɐɬɭɦƎʫ ɑ̍ʬʝ ̱☿ ʮṕḘƎʫ ʏɋɺƎʫ ʢ̒ʦɦʫ ɞɄɕʯɟ ɑʫɲᶚʤɂ Ɇɂɯʑɂ ɑ̍ʬʝ    

 p  (ɟ 
ᴯ
ɑʦ̍ʦʙ 
ᴯ
ɑ̍ʬʝ ƎɆ̋ɯɓ ɤᶚʫȵ                                                                                              ȲɄʑɂ rʫ ɑɦ̍ʎʫ ɑ̍ʬʝ ̱☿ Ʉẛṧʫ 

ᴮ
ɂɭ               

 t ( ɏɵɂɰ ʮ̒ʠɕ˄ ʮȵ ʨɋʙ ȲɄʑɂ rʫ ɑɦ̍ʎƎʫ ɑ̍ʬʝ ̱☿ Ʉẛṧʫ ɐṔḛɋʝ ɑ̍ʬʝ Ɇ̋ɯɓ ɤᶚʫȵ                                                                                   

ᵏᵎ  ( ʢ̒ʑɄɇ 
ᴮ
ɂɰɭʚʫ ɒɄʯ̒z˄  ṕḛʝɱɓ Ɇɱʁ ʨɽɄɥ /ṔḘʤ) mol / L  ( ̋ˍ☿ ɭɟɂʻɕɓ ὃỮʤɂ ʮɂɳɓɂ ɑʤɄɥ                             Ksp 

          
ᴲ
ʞ ᵷ ʏɋɺʑɂ Ʉyʤ̒ʦɦʫ ̱☿ Ǝʨ  ɒᶗʻʫ ɬɭʍ ʨɛʬ˄ ˃ɯʤɂ ɴᶻ ˂Ỉȹ ʌʻʕɱʫ ) ɒᶚʫɄʎʫ(  ɐɬʻɟʻᶽɂ ɒɄʯʻ˄ᶻ 

         ˍ☿ ɑɦ̍ʎʫ ɐɰɂɱɥ ɑɟɰɬ ɭɦʍ ɑʯ̋ɲ̒ʑɂ ʡʟʖɕʤɂ ɑʤɬɄʎʫ 

ᵏᵏ  ( ́ɓᶗ̒ʫ ɬɭʍ ˃̋Ʉɶ˅ ɴȵ ˂Ỉɂ ʌ̒ʕɱʫ ᴯʨʞ ʢ̒ʦɦʑɂ ̱☿ ɐɬ̒ɟ̒ ɂʑ ɒɄʯ̒z˄  ṕḛʝɂɱɓ Ɇɱʁ ʨɽɄɥ                                 Q 

ᵏᵐ  ( ʢ̒ʦɦʑɂ ̱☿ ɐɬ̒ɟ̒ ɂʑ ɒɄʯ̒z˄  ɒɂṕḛʝɱɓ Ɇɱʁ ʨɽɄɥ) BȲɂ̒ɵ ʮɄʞ  ʏɋɺʫ Ṕḛʑ ̋ȵ  ʏɋɺʫ  ʺȵ  ʘ̒ʕ ʏɋɺʫ (   Q 

          ɑʒ̍ɾʤɂ ̱☿ ́ɓᶗ̒ʫ ɬɭʍ ˃̋Ʉɶ˅ ɴȵ ˂Ỉȹ ʌ̒ʕɱʫ ʨʞ 

ᵏᵑ  ( ̩̒h˄z ʨɽɄᾚήɂ ɑʬ̍ʙ ́̍ʕ ʮ̒ʠɓ ʢ̒ʦɦʫQ  Ʉyʤ ɑɇɂɮᴜ ʨɽɄɥ ɑʬ̍ʙ ˃̋Ʉɶ
ᴲ
ɔ ɑ̍ʯ̒z˄  ɐɬɄʬʦʤKsp                                  

ᵏᵒ  ( ɑ̍ʯ̒z˄  ʨɽɄᾚήɂ ɑʬ̍ʙ ́̍ʕ ʮ̒ʠɓ ʢ̒ʦɦʫQ  ɑɇɂɯᶽɂ ɑˈʯʻ˄ᶻ ɐɬɄʬʦʤ ʨʙȵ ɗɇɄə ɑʬˈʙ ʳʫ                                               

        ʸʤ  ɑɇɂɮᶸ ʨɽɄɥ ɄKsp  



 

 

ᵏᵓ  ( ὃỰ̍ɟ̋ɰɭ̍yʤɂ ɴz  ̱☿ Ṕḛʒɕʤɂ ʪ̋ɄʚƎ˄ ʢ̒ʦɦʫPH ʳʫ ɑʦˈʦʙ ɒɄˈʬʝ ɑʕɄʁȹ ɭʱʍ ʇɵʻʦʤ  

          ʹˈʤɂ ɐɭʍɄʙ ʺȵ ʃʬɥ 

ᵏᵔ  ( ȲɄʑɂ ʮ̒ʠɕʤ ɐɭʍɄʚʤɂ rʫ ɭ̍ɶʝ̋ɰɭ̍yʤɂ ʮ̒̍ʯȵ ʏʫ ʃʬᾚήɂ rʫ ʪ̒̍ʯ̋ɰɭ̍yʤɂ ʮ̒̍ɓɄʞ ʨʍɄʖɓ                          ) (  

ᵏᵕ  ( ɑʙɭɇ ɻṕḛʝɱɓ ʪ̒ʦʎʑɂ ʢ̒ʦɦʑɂ                                                                                                                                              

ᵏᵖ  ( ʨ̍ʤɭʤɂ ʮ̒ʤ Ʉʁɭɦʍ Ṕḛʒɕ˄ ὃỮʤɂ ɑʆʚɦʤɂ                                                                                                                         

ᵏᵗ  ( ɒᶗ̒ʫ ɬɭʍ ʏʫ ʃʬᾚήɂ rʫ ʪ̒̍ʯ̋ɰɭ̍yʤɂ ɒɄʯ̒̍ɓɄʞ ɒᶗ̒ʫ ɬɭʍ Ʉʁɭɦʍ ̓̋Ʉɶɖ˄ ὃỮʤɂ ɑʆʚɦʤɂ 

         ɐɭʍɄʚʤɂ rʫ ɭ̍ɶʝ̋ɰɭ̍yʤɂ ɒɄʯ̒̍ʯȵ                                                                        

ᵐᵎ  ( ɄẛṨʕ ʭɕ˄ ɑ˄Ṕḗɪʫ ɑˈȼɄˈʬˈʝ ɑˈʦʬʍ ɑʕɱʎʫ ὃỲḲɄ̍ʚʤɂ ʢ̒ʦɦʑɂ ʭᾒᾙ ) ɐɭʍɄʙ ʺȵ ʃʬɥ ( ʨʍɄʖɕ̍ʤ ʪɲᶚʤɂ              

         ɐɬɄʑɂ ʏʫ 
ᴮ
ɄʫɄʬɓ ) ɐɭʍɄʙ ʺȵ ʃʬɥ (ɂɱ˄ ὃỮʤɂ Ʉʶṕḛʝɱɓ ɑʕɱʎʫ ɬ 

ᵐᵏ  ( ὃỰ̍ɟ̋ɰɭ̍yʤɂ ɴᴜ  ʮḛɇ ɑ̍ʯɄ̍ɋʤɂ ɑʙᶚʎʤɂpH      ̋ȵ ʭᾒᾛήɂ ʭᾒᾙ ̋ ̩ʅ̋ɱɪʑɂ ʘɰ̋ɭʤɂ ̱☿ ʢ̒ʦɦʬʦʤ                        

         ɭʍɂ̒ʚʤɂ ̋ ʀɄʬɥᴜ ɐɱ˄Ʉʎʫ ̱☿ ɑɥɄᾚƎὈʤɂ rʫ ʔɄʂʑɂ ɐɭʍɄʚʤɂ 
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 k(  ɑɇɂɮᶼ ʨɽɄɥ ɗɇɄə ṔḛɋʎɔKsp  ʪ̒̍ɶʤɄʠʤɂ ɒɄʯ̒ɉɱʝ ʢ̒ʦɦʑCaCO3  ʻʶ   [ Ca2+ ] [CO3
2- ]  

 m(  ʻʶ ʪʻˈɶʤɄʠʤɂ ɒɄʖɵʻʕ ᾝίᶽ ɑɇɂɮᶸ ʨɽɄɥ ɗɇɄə Ṕḛɋʎɔ ʮɄʞ ɂɮɂKsp  = [ Ca2+ ]3 [ PO4
3- ]2  ɑʒˈɾʤɂ ʮɄʕ 

     ʻʶ ᾝίᶽɂ ɂɯʸʤ ɑˈȼɄˈʬˈʟʤɂ Ca3(PO4)2    

 ŋ(   ʮɄɉ̋ɯʤɂ ʢɭʎƎʫ ʮ̒ʟ˄ ʏɋɺ
ᴲ
ɂʑ ʢ̒ʦɦʑɂ ̱┤             ɏˉɵṔḘʤɂ ʢɭʎʫ 

 o (   ɑʂʖʤɂ ɭ̍ɖ˄Ṕḗʝ ʢ̒ʦɦʫ ̱┤Ag2S  ɑʂʖʤɂ ɒɄʯ̒̍ɓɄʞ ṕḛʝɱɓ ʮ̒ʟ˄ ʏɋɺ
ᴲ
ɂʑ[ Ag+ ]      ʢ̒ʦɦʑɂ ̱┤     ɑˈʯɄɉʺɮ 

        ˃ɰᶗ̒ʑɂ ṕḛʝṔḘʤɄɇ ɑʂʖʤɂ ɭ̍ɖ˄ṔḗʝM  

 ɔ ( ˌh̒˄z ʨɽɄᾚήɂ ʮ̒ʟ˄ ʏɋɺ
ᴲ
ɂʑ Ṕḛʑ ʢ̒ʦɦʑɂ ̱┤22Q2ɆɂɯƎʬʦʤ2   ʹʤ ɑɇɂɮᶸ ʨɽɄɥ ɗɇɄə 

 ᴖ ( ɑʂʖʤɂ ɭ̂ɰ̒ʦʞ ɏɵṔḘ˄AgCl  ʢ̒ʦɦʫ ɑʕɄʁȺɇ ʏɋɺ
ᴲ
ɂʑ ́ʤ̒ʦɦʫ rʫ   NaCl  ʢ̒ʦɦʫ ̋ȵ AgNO 3 

 ᴗ ( ʪ̒˄ɬ̒ɾʤɂ ɭ˄ɬ̒˄ ʢ̒ʦɦʫ ɑʕɄʁȹ ɭɦʍNaI  ʢ̒ʦɦʫ ˂ỈɂAgI  ʢ̒ʦɦʑɂ ̱┤ ɑʂʖʤɂ ɭ˄ɬ̒̍ʤ ̩̒h ˄z ʨɽɄᾚήɂ ɧɋɾƎ˄ ʏɋɺ
ᴲ
ɂʑ   

     ɑɇɂɮᶼ ʨɽɄɥ ɗɇɄəKsp  ʹʤ 



 

 

 p ( ʡ̂ɰ̒ʦʞ̋ɰɭ̍yʤɂ ʃʬɥ ʢ̒ʦɦʫ rʫ ʨ̍ʦʙ ɑʕɄʁȹHCl  ʪ̒̍ɶʤɄʠʤɂ ɭ̍ɶʝ̋ɰɭ̍ʁ rʫ ʏɋɺƎʫ ʢ̒ʦɦʫCa(OH)2 ˂Ỉɂ ˃ɬȸ˄  

       ʪ̒̍ɶʤɄʠʤɂ ɭ̍ɶʝ̋ɰɭ̍ʁ 

 t ( ɭ˄ɭᾚήɂ ɭ̍ɶʝ̋ɰɭ̍ʁ ɏ̄ɵɱɓ ƎrʟʬƎ˄II Fe(OH)2 ɑʕɄʁȺɇ ʏɋɺ
ᴲ
ɂʑ ́ʤ̒ʦɦʫ rʫ  NaOH 

ᵏᵎ  ( ̒ʁ ʡ̂ɰ̒ʦʞ̋ɰɭ̍yʤɂ ʃʬɥ ̋ ʪ̒̂ɰɄɋʤɂ ɭ̂ɰ̒ʦʞ ʮḛɇ ʜṔḘɺ
ᴲ
ɂʑ ʮ̒˄z Cl-

 

ᵏᵏ  ( ʮḛɽɰɄᾟήɂ ɭ̍ɖ˄Ṕḗʝ Ɇ̋
ᴲ
ɯ˄  )ZnS   ( 

ᴲ
ɂʑ ́ʤ̒ʦɦʫ rʫ ʡ̂ɰ̒ʦʞ̋ɰɭ̍yʤɂ ʃʬɥ ɭɦʍ ʏɋɺHCl  ʮ̒ʟɕʤ     H2S   ˃ɯʤɂ  ƎṔḗɕʎƎ˅ 

        ʗˈʎʁ ɗˈʤʺṔḘʟʤɂ 

ᵏᵐ  ( ɑʂʖʤɂ ɭ̂ɰ̒ʦʞ Ɇ̋ɯ˄AgCl  Ʉ̍ʯ̒ʫz ʢ ̒ʦɦʫ ɑʕɄʁȹ ɭɦʍ ʏɋɺ
ᴲ
ɂʑ ́ʤ̒ʦɦʫ rʫNH3(aq)   ́ʤ ˃ɯʤɂ ɏʝɂṔḘ

ᴲ
ɂʑ ʮ̒˄z ʮ̒ʟɕʤ 

        ɑˈȼɄˈʬˈʟʤɂ ɑʒˈɾʤɂ [ Ag (NH 3)2 ]
+  

ᵏᵑ  ( ʮḛɟ̋ɰɭ̍yʤɂ ɭ̂ɰ̒ʦʞ ɲɄʑ ɰɂɱʫȹ ɭɦʍHCl  ɭ˄ɭᾚήɂ ɭ̍ɖ˄Ṕḗʝ rʫ ʮṕḘƎʫ ʏɋɺƎʫ ʢ̒ʦɦʫ ̱┤ )II (   FeS   ᵷ ˂Ỉɂ ˃ɬȸƎ˄ ʡʤɮ ʮȺʕ  

        ɭ˄ɭᾚήɂ ɭˈɖ˄Ṕḗʝ ɑˈʬʝII  ɑɋɵṔḘ
ᴲ
ɂʑ 

ᵏᵒ  ( ʪ̒̍ɶ̄ ʒɦʑɂ ʮ̒ɓ̍Ʉʞ ṕḛʝɱɓ ʮɄʞ ɂɮȹ [  Mg2+ ]  ʪ̒̍ɶ̄ ʒɦʑɂ ɭ̍ɶʝ̋ɰɭ̍ʁ rʫ ʏɋɺƎʫ ʢ̒ʦɦʫ ̱┤Mg(OH)2  ˃̋ɄɶƎ˅ ) 0.005 M  ( ʮȺʕ 

        ˃̋ɄɶƎ˅ ʪ̒̍ɶ̄ ʒɦʑɂ ɭ̍ɶʝ̋ɰɭ̍yʤ ɑɇɂɮʐ ʨɽɄɥ ɗɇɄə 5 x 10-7 

ᵏᵓ  ( ɼɄɽɱʤɂ ɒɄʯʻɉɱʝ ᾝίʫ ɑˈʯɄɉʺɮ ɗʯɄʞ ɂɮȹ )II  (PbCO3   ˃̋Ʉɶ
ᴲ
ɔ ʢ̒ʦɦʑɂ ̱┤ )1.8 x 10-7 M  ( ɑɇɂɮᶼ ʨɽɄɥ ɗɇɄə ɑʬˈʙ ʮȺʕ 

       Ksp  ɼɄɽɱʤɂ ɒɄʯʻɉɱʟʤII  ˃̋Ʉɶɔ  3.24 x 10-14 

 kᴖ  ( ɼɄɽɱʤɂ ɒɄʯʻˈɓɄʞ ṕḛʝɱɓ ʮɄʞ ɂɮɂPb2+  ɼɄɽɱʤɂ ɭ̂ɰ̒ʦʞ rʫ ʏɋɺƎʫ ʢ̒ʦɦʫ ̱┤ )II  (PbCl2  ˃̋Ʉɶ˅2 x 10-7    ʢ̒ʫ / ɗɇɄə ʮȺʕ ṔḘʤ 

          ɼɄɽɱʤɂ ɭ̂ɰ̒ʦʠʤ ɑɇɂɮʐ ʨɽɄɥII  ˃̋Ʉɶɔ3.2 x 10-20  

ᵏᵕ  ( ɑʂʖʤɂ ɭˈʫʺṔḗʤ ɑɇɂɮᶼ ʨɽɄɥ ɗɇɄə ɑʬˈʙ ɗʯɄʞ ɂɮɂAgBr   ˃̋Ʉɶ˅1 x 10-13  ɑʂʖʤɂ ɭˆʻˈʤAgI  ˃̋Ʉɶ˅ 1 x 10-16  ɭʱʍ 

         ɑɟɰɬ25 oC  ȲɄʑɂ ̱┤ ɑʂʖʤɂ ɭ̍ʫ̋ɱɇ ᾝίʫ ɑ̍ʯɄɉ̋ɮ ʮȵ ˂Ịʍ ʢƎɭ˄ ʡʤɮ ʮȺʕ  ɑʂʖʤɂ ɭ˄ɬʻ˄ ᾝίʫ ɑˈʯɄɉʺɮ 

ᵏᵖ  (Ỉ˂ɂ ˃ɬȸƎ˄ ʪ̒̍ɶ̄ ʒɦʑɂ ɭ̍ɶʝ̋ɰɭ̍ʁ ˂Ỉɂ ὃỲṍʬɥ ʢ̒ʦɦʫ ɑʕɄʁȹ   ʪ̒̍ɶ̄ ʒɦʑɂ ɭ̍ɶʝ̋ɰɭ̍ʁ rʫ ɑɇɂɯ
ᴲ
ɂʑ ɐɬɄʑɂ ɑ̍ʬʝ 

ᵏᵗ  ( ɑʂʖʤɂ ɭˈɖ˄Ṕḗʝ ɑˈʯɄɉʺɮAg2S  ʮ̒ȵ˄ ṕḛʝɱɓ ˃̋Ʉɶ
ᴲ
ɔ ʮṕḘ
ᴲ
ɂʑ ʏɋɺ
ᴲ
ɂʑ ́ʤ̒ʦɦʫ ̱┤   ʢ̒ʦɦʑɂ ̱┤ 

ᵐᵎ  ( ɑʂʖʤɂ ɭ̂ɰ̒ʦʠʤ ̩̒h ˄z ʨɽɄᾚήɂ ɧɋɾƎ˄ ɑʂʖʤɂ ɭ̂ɰ̒ʦʞ ˂Ỉɂ Ʉ̍ʯ̒ʫᴜ ʢ̒ʦɦʫ ɑʕɄʁȹ ɭɦʍ]  +] [ Ag -[ Cl     ʳʫ 

        ɑɇɂɮᶼ ʨɽɄɥ ɗɇɄəKsp   



 

 

ᵐᵏ  ( ʪʻˈɶʤɄʠʤɂ ɒɄʖɵʻʕ ɑˈʯɄɉʺɮ ɗʯɄʞ ɂɮȹCa3(PO4)2  ˃̋Ʉɶ
ᴲ
ɔ 7 X 10-7  ʢ̒ʫ / ʏɋɺ

ᴲ
ɂʑ ʢ̒ʦɦʑɂ ̱┤ ʪ̒̍ɶʤɄʠʤɂ ʮ̒ȵ˄ ṕḛʝɱɓ ʮȺʕ ṔḘʤ 

        ˃̋ɄɶƎ˅ ᾝίʑɂ ɂɯyʤ ʮṕḘ
ᴲ
ɂʑ  1.4 x 10-6    ʢ̒ʫ  / ṔḘʤ 

ᵐᵐ  ( ˃̋Ʉɶ
ᴲ
ɔ ʨʠ̍ɦʤɂ ɭ̍ɖ˄Ṕḗʟʤ ɑɇɂɮʐ ʨɽɄɥ ɗɇɄə ɑʬ̍ʙ ʮȵ ɗʬʦʍ ɂɮȹ1.4 X 10-24  ˃̋Ʉɶ

ᴲ
ɔ ʪ̒̍ʫɬɄʠʤɂ ɭ̍ɖ˄Ṕḗʟʤ ̋ 1 X 10-28  ʭɓ ɂɮȺʕ 

        ɐɬɄʑɂ ʮȺʕ ʪ̒̍ʫɬɄʠʤɂ ɒɂṔḘ̍ʯ ̋ ʨʠ̍ɦʤɂ ɒɂṔḘ̍ʯ rʫ ɑ̂̋ɄɶɖƎʫ ṕḛʝɂɱɓ ˂Ịʍ ˃̒ɕɦ˄ ʢ̒ʦɦʫ ̱┤ 
ᴮ
Ʉ̍ɡ̂ɰɭɓ ʮḛɟ̋ɰɭ̍yʤɂ ɭ̍ɖ˄Ṕḗʝ ɲɄʑ ɰɂɱʫȹ 

        Ộ̱ 
ᴮ
ᶗ̋ȵ ɏɵṔḘɓ ὃỮʤɂ   2

ᵐᵑ  (  ὃỰ̍ɟ̋ɰɭ̍yʤɂ ɴz  ɑʬ̍ʙ  ˁʚɋɓpH  ʺ ʡˈɖˈɵᶻ ʃʬɥ ˍỈʻʦɦʫ ʳʫ ɣˆɳᶽ  ʃʬɥ rʫ ʨ̍ʦʙ ɑʕɄʁȹ ɭɦʍ 
ᴮ
Ʉɋ̂ɱʚɓ ɑɕɇɄə 

           ́̍ʤȹ ʡ̂ɰ̒ʦʞ̋ɰɭ̍yʤɂ. 

ᵐᵒ  ( ̱┤ ɑȾɟɄʖ
ᴲ
ɂʑ ɒɂṔḛʒɕʤɂ ʪ̋ɄʚƎ˄ ʭʊɦ

ᴲ
ɂʑ ʢ̒ʦɦʑɂ     ɑʦˈʦʙ ɒɄˈʬʟɇ ʹˈʤȹ ɐɭʍɄʙ ʺȵ ʃʬɥ ɑʕɄʁȹ ɭʱʍ 

ᵐᵓ  ( ɑʕɄʁȹ ɭɦʍ ˃ɭʍɄʙ ʭʊɦʫƎ ʢ̒ʦɦʫ ˂Ịʍ ʢ̒ɾᾚήɂ rʟʬ˄0.2 L  ɻṕḛʝɱɓ ʡ̂ɰ̒ʦʞ̋ɰɭ̍yʤɂ ʃʬɥ ʢ̒ʦɦʫ rʫ0.1 M  ˂Ỉɂ0.2 L   ʳʫ 

         ɻṕḛʝɱɓ Ʉ̍ʯ̒ʫᴜ ʢ̒ʦɦʫ  ʳʫ0.1 M  

ᵐᵔ  ( rʫ ʮ̒ʟɕ˄ ὃỲṍʬᾚήɂ ʭʊɦ
ᴲ
ɂʑ ʢ̒ʦɦʑɂ   ɑˈʫʻˈɵɄɓʻɋʤɂ ʺȵ ɑˈʫʻ˄ɬʻɾʤɂ ʹɥᶚʫȵ ɭɥȵ ʺ 

ᵐᵕ  ( ʢ̒ʦɦʑɂ ʮ̒ʟ˄ 
ᴮ
ɄʫɄʬɓ ɑ̂̒ʙ ɐɭʍɄʙ ʏʫ ˃̒ʙ ʃʬɥ ʨʍɄʖɓ ɭɦʍ     ȸʕɄʠɕʤɂ ɑʆʚʯ ɭʱʍ 

ᵐᵖ  ( ʏʫ ˃̒ʙ ʃʬɥ ɐɱ˄ɄʎƎʫ ɭɦʍ ȸʕɄʠɕʤɂ ɑʆʚʯ ɭɦʍ Ṕḛəȶɕʤɂ ὃỲṍʬɥ ʢ̒ʦɦʑɂ ʮ̒ʟ˄  

ᵑᵎ  ( ὃỰ̍ɟ̋ɰɭ̍yʤɂ ɴᴜ  ɑʬ̍ʙ ʮ̒ʟ˄ ɑ̂̒ʙ ɐɭʍɄʙ ʏʫ ʗ̍ʎʁ ʃʬɥ ɐɱ˄ɄʎƎʫ ɭɦʍpH    ȸʕɄʠɕʤɂ ɑʆʚʯ ɭɦʍ ʢ̒ʦɦʬʦʤ  7  

ᵑᵏ   ( ʢ̒ʦɦʫ ʭᾒᾙNaOH  ʵṕḛʝɱɓ ˃ɯʤɂ0.5 M  ʏʫ ʢɬɄʎɕɓ ̩ʠʤ ɑʫɲᶚʤɂ200 mL   ʃʬɥ ʳʫHCl  ʵṕḛʝɱɓ0.2 M  ˃̋Ʉɶ˅ 

         mL ----------------  ɑˈʤɄɕʤɂ ɑʤɬɄʎᶽɂ ʛʕʺ ʭɕ˄ ʨʍɄʖɕʤɂ ʮɄʞ ɂɮɂ :HCl(aq)     +    NaOH(aq)    ¾     NaCl(aq)   +   H2O(I)                  

ᵑᵐ  ( ɻṕḛʝɱɓ ˃ɯʤɂ ʡ̍ɖ˄Ṕḗʟʤɂ ʃʬɥ ʢ̒ʦɦʫ rʫ ṔḘʤ ʗɾʯ ʏʫ 
ᴮ
ɄʫɄʬɓ ʨʍɄʖɕʦʤ ʪɳʦɓ ὃỮʤɂ ʪ̒̍ɵɄɓ̒ɋʤɂ ɭ̍ɶʝ̋ɰɭ̍ʁ ɒᶗ̒ʫ ɬɭʍ 

       0.2 M    ɑˈʤɄɕʤɂ ɑʤɬɄʎᶽɂ ʛʕʺ :H2SO4(aq)    +     2KOH(aq)       ¾        K2SO4(aq)     +      2H2O(I)                   ˃̋Ʉɶ˅ 0.2 M  

ᵑᵑ  ( ɻṕḛʝɱɓ ˃ɯʤɂ ʡ̍ɖ˄Ṕḗʟʤɂ ʃʬɥ ʢ̒ʦɦʫ ʭᾒᾙ0.25 M   ʏʫ 
ᴮ
ɄʫɄʬɓ ʨʍɄʖɕʦʤ ʪɲᶚʤɂ50 mL   ̩ʚɦʤɂ ʪ̒̍ɵɄɓ̒ɋʤɂ ɭ̍ɶʝ̋ɰɭ̍ʁ rʫ 

        ṕḛʝɱɓ ˃ɯʤɂ ʵ0.3 M   ɑˈʤɄɕʤɂ ɑʤɬɄʎᶽɂ ʛʕʺ  :  H2SO4(aq)    +     2KOH(aq)       ¾        K2SO4(aq)     +      2H2O(I)        ˃̋Ʉɶ˅ 30 ml 

ᵑᵒ  (  ɑʚ̂ɱʆɇ ɐɱ˄Ʉʎ
ᴲ
ɂʑ ὂỰɦɦʫ rʫ ȸʕɄʠɕʤɂ ɑʆʚʯ ɬɭɦ

ᴲ
ɓ  

ᵑᵓ  ( ʡ̍ʫɰ̒ʖʤɂ ʃʬɥ ɐɱ˄Ʉʎʑ ɏɵɄɦ
ᴲ
ɂʑ ʨ̍ʤɭʤɂHCOOH  ʵṕḛʝɱɓ0.1 M   ʪ̒̍ɵɄɓ̒ɋʤɂ ɭ̍ɶʝ̋ɰɭ̍ʁ ʏʫKOH   )0.1 M   ( ˃̋Ʉɶ˅ ̒ʁ  
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м -   

5 NaOH                                5  Ca3(NO3)2                                      5 KOH                                      R HCl 

н ς    

 5 ʗʖɪ
ᴲ
ɂʑ ʡ̂ɰ̒ʦʞ̋ɰɭ̍yʤɂ ʃʬɥ ʢ̒ʦɦʫ                                                  5 ʗʖɪ

ᴲ
ɂʑ ʡ˄ṔḘ̍ɦʤɂ ʃʬɥ ʢ̒ʦɦʫ  

5 ʗʖɪ
ᴲ
ɂʑ ʡ̍ɖ̍ɵᴜ ʃʬɥ ʢ̒ʦɦʫ                                                             R             

о ς   

R                                  5  ʪ̒̍ɶʤɄʠʤɂ ɒɄɕ˄Ṕḗʟʤ ɑɇɂɮʐ ʨɽɄɥ ɑʬ̍ʙ ɐɬɄ̂ɲ                                         

5      ʪ̒̍ɶʤɄʠʤɂ ɒɄɕ˄Ṕḗʝ rʫ ɑɇɂɯʑɂ ɐɬɄʑɂ ɑ̍ʬʝ ɐɬɄ̂ɲ                              5  ʪʻˈɶʤɄʠʤɂ ɒɄɕ˄Ṕḗʟʤ ɑɇɂɮᶼ ʨɽɄɥ ɑʬˈʙ ʨˈʦʚɓ 

п π  <

5  ɑɇɂɮᶼ ʨɽɄɥ ɗɇɄə ʳʫ ʨʙȵ ʹʤ ˌʰʻ˄ᶻ ʨɽɄᾚήɂ                                 R  

5  ʳʫ ʨʙȵ ʹʤ ɑɇɂɮᶼ ʨɽɄɥ ɗɇɄə ɑʬˈʙᵏ                                                  5                       ɑɇɂɮʐ ʨɽɄɥ ɗɇɄə ˃̋ɄɶƎ˅ ́ʤ ̩̒h ˄z ʨɽɄᾚήɂ                      

р ς  AgCl  

5 ɑʂʖʤɂ ɭ̂ɰ̒ʦʠʤ ɑɇɂɮʐ ʨɽɄɥ ɗɇɄə ɑʬ̍ʙ ɬɂɬɳɓ                                  5 ɑɇɂɯʑɂ ɑʂʖʤɂ ɭ̂ɰ̒ʦʞ ɑ̍ʬʝ ɬɂɬɳɓ 

R                                                          5  ɑʂʖʤɂ ɭ̂ɰ̒ʦʠʤ ̩̒h ˄z ʨɽɄᾚήɂ ɑʬ̍ʙ ɬɂɬɳɓ                                           

с ς     

Ca(OH)2  ,  Fe(OH)2  ,  Mg(OH)2   ,   Zn(OH)2

   4.5 x 10-17   ,  5 x 10-7   ,  2 x 10-15   ,  6 x 10-12 

R Ca(OH)2                                                                                                      5  Fe(OH)2                            

 5 Mg(OH)2                                                                                                       5   Zn(OH)2 

 



 

 

т π  II  

5    ʗʖɪʑɂ ʡ̂ɰ̒ʦʞ̋ɰɭ̍yʤɂ ʃʬɥ                                                              R  II                             

 5   Ʉ̍ʯ̒ʫz ʢ̒ʦɦʫ                                                                                            5  ʃʬɥʡ˄ṔḘˈʱʤɂ 

у π  CdS 

5                                                                  ɬɂɬɳɓ ʪʻˈʫɬɄʠʤɂ ɭˈɖ˄Ṕḗʝ ɑˈʯɄɉʺɮ5  ɑʬˈʙKsp ɭˈɖ˄Ṕḗʟʤ     ʨʚɓ ʪʻˈʫɬɄʠʤɂ 

R                                         5   ɑʬˈʙKsp ɭˈɖ˄Ṕḗʟʤ ɬɂɬɳɓ ʪʻˈʫɬɄʠʤɂ 

 ф π IIFeS<   

  5 H2S                                           R HCl                                             FeCl2  5                                               5   Na2S  

мл π   

R                                                                     5 ʨˈʦʚɓ  ɑʬˈʙKsp ʠʤ    ɑʂʖʤɂ ɭ̂ɰ̒ʦ 

5                                                            ʢ̒ʦɦʑɂ rʫ ɑʂʖʤɂ ɭ̂ɰ̒ʦʞ ɏ̄ɵɱɓ5  ɐɬɄ̂ɲ  ɑʬˈʙKsp ʠʤɑʂʖʤɂ ɭ̂ɰ̒ʦ    

<<<мм π  IIPbI2

5                                                                   ʢ̒ʦɦʑɂ ̱┤ ɭ˄ɬ̒̍ʤɂ ʮ̒ʯ̍ȵ ṕḛʝɱɓR   

5                                                      ʢ̒ʦɦʑɂ ̱┤ ɼɄɽɱʤɂ ʮ̒ɓ̍Ʉʞ  ṕḛʝɱɓ ʗɾʯ5  ʢ̒ʦɦʑɂ ̱┤ ɼɄɽɱʤɂ ʮ̒ɓ̍Ʉʞ ṕḛʝɱɓ ̱Ịɛʫ<<

<<мн π  <HCl<<

5   ʪ̒̍ɶ̄ ʒɦʑɂ ɭ̍ɶʝ̋ɰɭ̍ʁ                                                                             5 ʮḛɽɰɄᾟήɂ ɭ̍ɖ˄Ṕḗʝ                           

 R                                                                                                 5 ʪʻˈɶʤɄʠʤɂ ɒɄʯʻɉɱʝ 

мо <<

5   ʪʻ˄ɬʻɾʤɂ ɒɄɕ˄Ṕḗʝ ʺ ʡˈɖ˄Ṕḗʟʤɂ ʃʬɥ                                                   5 ʪ̒̍ɵɄɓ̒ɋʤɂ ɭ̂ɰ̒ʦʞ ̋ ʡ̂ɰ̒ʦʞ̋ɰɭ̍yʤɂ ʃʬɥ                           

 R                                                             5  ʪ̒̍ɵɄɓ̒ɋʤɂ ɭ̍ɶʝ̋ɰɭ̍ʁ ̋ ʪ̒̍ɵɄɓ̒ɋʤɂ ɭ̂ɰ̒ʦʞ 

 

 



 

 

мп π  <II< 

5   ʗʖɪ
ᴲ
ɂʑ ʡ̍ɖ˄Ṕḗʟʤɂ ʃʬɥ                                                                             R II            

 5   Ʉ̍ʯ̒ʫᴜ ʢ̒ʦɦʫ                                                                                                5 ʡ̂ɰ̒ʦʞ̋ɰɭ̍yʤɂ ʃʬɥ 

мр π  <<<<

5  ɻṕḛʝɱɓ ʢ̒ʦɦʫ0.3 M   ʳʫNaOH   ɻṕḛʝɱɓ ʢ̒ʦɦʫ ʏʫ0.2 M   ʳʫCH3COOH   

R 0.1 M NaOH 0.2 M CH3COOH   

5  ɻṕḛʝɱɓ ʢ̒ʦɦʫ0.1 M   ʳʫNaOH   ɻṕḛʝɱɓ ʢ̒ʦɦʫ ʏʫ0.2 M   ʳʫ HCl  

5  ɻṕḛʝɱɓ ʢ̒ʦɦʫ0.1 M   ʳʫNH3(aq)    ɻṕḛʝɱɓ ʢ̒ʦɦʫ ʏʫ0.2 M   ʳʫHCl 

мс π  <<  

5 HCN   +  NaCN                                                                                                 5 HCOOH  +  HCOOK  

R HNO 3   +     KOH                                                                              5 HF  +  NaF 

мт π  <<<<

5<ʢƎɬɄʎɕʤɂ<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<5 ȸ
ᴲ
ʕɄʠɕʤɂ<

R<                                                                                                      5< ɑˈɵɄˈʙ<

му 

  

R pH7                                                          5  ɑʬˈʙ ʺ ˃ɭʍɄʙ ᾝίʫpH  ʳʫ Ṕḗʝȵ ɣˆɳʬʦʤ7  

5  ɑʬˈʙ ʺ ὃỲṍʬɥ ᾝίʫpH  ʳʫ ʨʙȵ ɣˆɳʬʦʤ7                                                    5  ɑʬ̍ʙ ̋ ὃỰ̍ɟ̋ɰɭ̍ʁ ᾝίʫpH  ʳʫ ʨʙȵ ɣˆɳʬʦʤ7  

мф π  20 mL50 mL

 0.4 M H2SO4    +   2NaOH   ¾    Na2SO4   +   2H2O        

              <<Î<

5 0.25 M                                                                                                                  5 0.1 M   

5 0.004 M                                                                                                               R 0.5 M   

 



 

 

нл π  <<0.2 M25 mL

   0.4 M

2HCl      +      Ca(OH)2       ¾     CaCl2     +      2H2O  

5 200 mL                                                                                                                 R  100 mL 

5 50 mL                                                            5 100 L   

нм π  <0.2 M0.5 mol 

2HCl      +        Ca(OH)2      ¾           CaCl2       +     2H2O               

R  1.25 L                                             5  1.25 mL                                            5 2.5 L                                               5 2.5 mL 

нн π  << H3PO4 0.3  

  

2H3PO4  +   3Ca(OH)2     ¾      Ca3(PO4)2      +      6H2O    

5  0.3 mol                                        5  0.13 mol                                            R 0.2 mol                                           5 0.6 mol 

но π  <<CH3COOH0.1 MKOH0.1 M  

5           ˍỈɄʚɓṔḗʤɂ ʨˈɜˈᶽɂ                     R                                 5         ɱʬɥᶻ ʨˈɜˈᶽɂ                             5 ʨˈɜˈᶽɂ ɱʖɽȵ 

нп π  <HCl 0.1 MNH3(aq)  0.1 M 

R                                                                                           5                   ʮḛʤɄɕʕ ʢ̒ʱ̍ʖʤɂ 

5  ˃ɭʍɄʚʤɂ ʘɰɲz ʢ̒ʬ˄Ʉɛʤɂ                                                                                5  ˃ɭʍɄʚʤɂ ʘɰɲz ʢ̒ʬ˄Ʉɛʤɂ ̋ ɱʬɥᴜ ʨ̍ɜ̍ʑɂ rʫ ɣ̂ɳʫ 

нр π  << :<

5   ɑʬˈʙpH   ὂỰɦʱᶽɂ ɑ˄ɂɭɇ ˍ┤ ɀʆɇ ʨʠɺɈ ɭ˄ɂṕḘɓ   

R   

5   ɭɦʍ ʮ̒ʟɓ ȸʕɄʠɕʤɂ ɑʆʚʯ  )pH  =  7    ( 

5   ὃỲṍʬɥ ᾝίʫ ʮ̒ʟɕ˄ ɐɱ˄Ʉʎ
ᴲ
ɂʑ ɑ˄Ʉẛẃ ̱┤ 



 

 

нс π  <<HABOH<<

5   ʃʬᾚήɂHA  ɐɭʍɄʚʤɂ ̋ ˃̒ʙ ʃʬɥBOH   ɑˆʻʙ   

5   ˃̒ʦʙ ʢ̒ʦɦʫ ȸʕɄʠɕʤɂ ɑʆʚʯ ɭɦʍ ɣɓɄɦʤɂ ʢ̒ʦɦʑɂ 

R   4 - 6  

5  HA  ʺ ʗˈʎʁ ʃʬɥBOH ɑˆʻʙ ɐɭʍɄʙ 

 

ØwÂ!,Á!2|Ã1 8Á"2¦Ã BÃ~2Á$Ã6BÂ·2ÝX{29 {¥ KspÃ-Ã.2Þ·,91-B!-{2~B ,¦.-{2¹2p2
 

29 {¥T{2·6B$2~ B"2}¦B (KSP22¶,;!-{29-¤B8.2|,¦.-{29:162
             Ksp = [ Ca2+ ] [  F-  ]2    CaF2(S)         ʍ      Ca2+     +      2F- CaF2   

     Mg(OH)2 

  Fe(OH)3  

  CaCO3 

  Ca3(PO4)2 

 

Øw2·.,N-B!-{2·»¤#-{2p 

 ÊÇäÖÎĕÃ  ÊĚĪčpH  ĠĪĕÃ ćÄö
z
ŜÃ ēĤĖÚĚĖĕ 

 ) ɬɂɬɳɓ-  ʨʚɓ-  Ṕḛʒɕɓ ᶗ ( 

 ĠĪĕÃ ćÄö
z
ŜÃ ēĤĖÚĚĖĕ ĜĩºÎĕÃ ÊÕãß 

 ) ɬɂɬɳɓ-  ʨʚɓ-  Ṕḛʒɕɓ ᶗ( 

 k
Ỉ˂ɂ ɏʦɾʤɂ ʪ̒˄ɬ̒ɾʤɂ ɭ̂ɰ̒ʦʞ ɑʕɄʁȹ 

ʡ̂ɰ̒ʦʞ̋ɰɭ̍yʤɂ ʃʬɥ ʢ̒ʦɦʫ 

 m
Ỉ˂ɂ ɏʦɾʤɂ ʪ̒̍ʯ̒ʫz ɭ̂ɰ̒ʦʞ ɑʕɄʁȹ 

Ʉ̍ʯ̒ʫᴜ ʢ̒ʦɦʫ 

 ŋ
 ˂Ỉɂ ɏʦɾʤɂ ʪʻ˄ɬʻɾʤɂ ɒɄɕˉɵȵ ɑʕɄʁȹ

 ʡ̍ɖ̍ɵᴜ ʃʬɥ ʢ̒ʦɦʫ 

 



 

 

291QB1.1,-{2~T¤B8.-{29 B!,2»2¦1&;!-{2J.291-B!-{2~TB$-{2N*2 Â¤$12¹w2J+»!!2{¥B.p2

Å<pHHCN<

<~-¨6/Ù<Î<<<

<Ď;[6/ÙÎ<<<<<<<<<<<<<<<<<<<<<<<HCN    +   H 2O    ź H3O
+   +   CN -   

<<<<<<<<<<<<<<<<<<<<<<<<KCN      Ÿ     K+     +    CN -                                 

 ʮ̒ȵ˄ ṕḛʝɱɓ ɬɂɬɳ˄ɭˈʯɄˈɶʤɂ CN - ὃỲḳʟʎʤɂ ɻɄɡɓᶗɄɇ ʨʍɄʖɕʤɂ ́ɡɕ˄ ̱ỈɄɕʤɄɇ ̋ ʢ̒ʦɦʑɂ ̱┤ ṕḛʝɱɓ ʨʚ˄ ˍỈɄɕʤɄɇ ʺ [ H 3O
+ ]   ὃỰ̍ɟ̋ɰɭ̍yʤɂ ɴz  ɑʬ̍ʙ ɬɂɬɳɓ ̋ 

Æ<Á<pHNH3  

<~-¨6/Ù<Î<<<

<Ď;[6/Ù<ÎÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂ<

<<<<<<<<<<<<<<<<<<<<<<<<<<<<ÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂ 

<<<<<<<<<<<<<<<<<<<<<<<<<<<ÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂ 

Ç<CaCO3

<~-¨6/Ù<Î<<<

<Ď;[6/Ù<Î¹G2-{2¹»1/w2~B/» ¦,·»-$.-{2N*22¤$!122J.«.$-{2¹.2¸»1/»¦¤1=-{2¹»1!B,22´B7.-{22ÚB/»,.2J.«.$        2     2 
         ¶1/» ¦,-{ 3CO2H »2¹1?!-{2´1872~1-»¦!,-{2»0 *!2H 629.1+N/»1G{2·6B$-{ Q Ĕč¹22¹.2
22222222222222229 {¥X{2·6B$ 22~ B"2Q   Ksp   Â|»Â¥Á1×*2ÂL×-2 
B )  ̋ 

ᴲ
ʮɂɳGɓGᴜ Ǝʨ

ᴱ
ɕɪE̍
ᴱ
ʕ ˍ┤ ɿʚʱʤɂ ʃˆʻʎɕʤ ˃ɬɱʆʤɂ ʵɄɡɓᶸ ˍ┤ ʨʍɄʖɕʤɂ ʹɡɕ˄CO3

2-   ᵷ ʮɄɉ̋ɮ ɐɬɄ̂ɲ ɻɄɡɓɂ ̱┤ ˃ȵCaCO3  ( 

 

(aq) 
-2

3CO+          (aq) 
2+Ca       ʍ          )S3(CaCO 

2H3O+
(aq) + CO2-

3(aq)             ʍ        H2CO3(aq) + 2H2O(ſ) 
 

ɑɇɂɮᶸ ʵɄɡɓɂ 

ɂ ʵɄɡɓɂɏˉɵṔḘʤ 



 

 

 

 

r  ŊđâÍŊđâÍ ŊđâÍ  : ÊĂÈîŜÃ ËÄĝĤÇäđģãàĪŝÃ ĘġºÇ ) ËÄĝÄĒĕĭÃ :  ( 

       ĔĪĒĕıÃ Čí  :ŋÕģãàĪġ Éãá ćâÙ àĂÇ ěÄĒĕıÃ Ĝę ĨĎÈÎŜÃ QæřÃ Ĥġ  

Ĕ ʏʆʚʑɂ ʔɯɦɇ ʨɇɄʚʑɂ ʮɄʠʤz ʭɵɂ rʫ ʨ̍ʟʤz ʛɹ ʭɵɂ ƎʛɕɺƎ˅    ě·     ̋  ʏʆʚᶽɂ ɑʕɄʁȹ   Ĕĩ 

ěĤÇäĒĕÃ ËÃãá ßàā ĘéıÃ ÊĪÂĩæřÃ ÊĆĪòĕÃ  Čí ĘéÃĔĪĒĕıÃ ÊĪÂĩæřÃ ÊĆĪòĕÃ 

1 CH4  CH3 - 

2 C2H6  C2H5 - 
3 C3H8  C3H7 - 
4 C4H10  C4H9 - 
5 C5H12  C5H11 - 
6 C6H14  C6H13 - 
7 C7H16  C7H15 - 
8 C8H18  C8H17 - 
9 C9H20 C9H19 - 
10 C10H22  C10H21 -  

 

ç ĔĞĪĊĕÃ Čí :ŋÕģãàĪġ Éãá ćâÙ àĂÇ ĜĩæĞÈĕÃ Ĝę ĨĎÈÎŜÃ QæřÃ Ĥġ  



 

 

¹B,-G{2¸&{2¹B,-T{29:1622·1,-T{2µ'2¸&{22·1,-T{2µ'29:162
ěÄÒĪę CH4 ĔĪÒĪę CH3 -  

ěÄÒĩ½ C2H6  

CH3 - CH3 
ĔĪÒĩ½ C2H5 - 

CH3 - CH2 -   

ěÄÇģäÇ 
C3H8 

CH3 - CH2 - CH3 

ĔĪÇģäÇ 
C3H7 -  

CH3 - CH2 - CH2 - 

 ģæĩ¹ ĔĪÇģäÇ 
 ģ¹  ĔĪÇģäÇħĤĝÄÑ  

CH3 - CH - CH3    

ěÄÍĤĪÇ 
C4H10  ĔĪÍĤĪÇ C4H9 -  

CH3 - CH2 - CH2  - CH2 -   

CH3 - CH2 - CH2  - CH3  ĔĪÍĤĪÇ ħĤĝÄÑ CH3 - CH  - CH2  - CH3     

2 - ěÄÇģäÇ ĔĪÒĪę CH3 - CH  - CH3    

CH3 

 ģæĩ¹ ĔĪÍĤĪÇ CH3 - CH  - CH -    

CH3 

 ĔĪÍĤĪÇĨÒĕÄÑ  
 

CH3 - C   - CH3               

CH3 

r ÊþÙĲę :ÊĩĤöĂĕÃ ËÄÈđäŜÃ ĵ ěĤÇäĒĕÃ ËÃãá ÿÃĤĝ¹ : 
 
 

2N02¹» ¦,-{2}¦¥2229-6!Â.-{29&-& 2
2}¤${»291/» ¦,_¤${»2µ'2̂
¬<*2¹1#»¦¤1=-B 2»w 22_291*¦¬ ̂

22N02¹» ¦,-{2}¦¥29-6!.-{22¹1!-&-& 
2¹» ¦,-{2¹.2_¹1<' ̂

22N02¹» ¦,-{2}¦¥29-6!Â.-{2 U" 2
2¹» ¦,-{2¹.2·&U&2

 )  ʘ̒ʚɹ ɘᶚə ( 

CH4 
CH3 -  CH2 -  CH3 CH3 -  C  - CH3               

CH3  
CH3- CH3 

CH3 -  CH2- CH3 
CH3 -  CH2 -  CH2-  CH3 

CH3- CH2 -  CH2- CH3 

 ÊĪĕģ¹ ěĤÇäđ Éãá )1° (  ěĤÇäđ ÉãáÊĩĤĝÄÑ  )2° (  ěĤÇäđ ÉãáÊĪÒĕÄÑ  )3° ( 



 

 

r 2¦1,¥!22pÿÃĤĝ¹ ĵ ÊĪÁÄĪĚĪĒĕÃ ËĲāÄĊÎĕÃ ÊĩĤöĂĕÃ ËÄÈđäŜÃ2p2

2
 

 

 ĊÍkkāÄkkkÈÎéıÃ ËĲkkkkēÃà : 
  

      

V  ·B".2¦»-,-{2§B)2J.2¹B"1.-{2§B)2·(B;!     :CH4    +   Cl2   Ÿ    CH3Cl   +    HCl 

 

 ĊÍkkkāÄkkk ËĲÎĝıÃkkkk ÿÃæ: 

 

  

V ·B".2T{2¹.2uB.-{2z§#22®§/2·»/B"1  :            H2C =  CH2  +  H2O     CH3CH2OH 

 
 ĊÍkkāÄkk ËĲõįÃkkkĉÄkkkÊ:  

  
                 

   : 2¹1"1T{2M-{2¹1#»¦¤102z§#29*B7{ ·B".2222V  
 

H2C = CH2  +  H2    Ÿ   CH3 -  CH3                                      
       

1800 C 

 H2SO4 ðǂïǆ 



 

 

 

 
× ÊĪĊĪýĤĕÃ ÊāĤĚŮÃ Ĩġ Äę : 
 

  
 
 

 
 ÊĪĊĪýĤĕÃ ÊāĤĚŮÃFunctional Groups ēÄÒę 

9-QB8-{2¸&T{29:16-{29.B8-{29:16-{2¸&T{29:16-{2

j- X 

I , Br , Cl é 
R - XCH3-Cl 

k- OH R - OH CH3-OH 

l- O - R - O - R` CH3-O-CH3 

m
 

H 
H-CHO 

n

 
CH3               CH3 

o

CH3-COOH 

pCH3-COOCH 3 

q- NH 2 R - NH 2 CH3-CH2-NH 2 

R , R` R , R` 



 

 

 

 
 
 

 
 

 ( Cl   āá  Br  āá  I  āá  F  ) çïî X               éǒơ ÿá ÿǂǆǒ  ÿāǂƙ    ÊęÄĂĕÃ ÊĆĪòĕÃƓǌǃ  N 
 
 

N 2B.¤»6<.-{2255   ĔĪĒĕĭÃ àĪĕÄġ ) ěÄĒĕ¹ ĤĕÄġ( : 
 
     
 

ç 2·B".2p22·1"1.-{2¤1¦»-,2_2¹B"1.2»¦»-, ̂ CH3 Ĳ Cl      

              

N 55 2¤»6<.-{2B.  ĔĪĞĪĊĕÃ àĪĕÄġ ) ĜĩæĞÇ ĤĕÄġ ( :  
  

      
 Br                    2·B".2p2·1/1;-{22¤1.»¦ 2_2¹1§/ 2».»¦ ^     

   

2C6H5 Ĳ Br  222222222222222»w 

 
 



 

 

Cl 

             
 

 r  ÊĪĞĪÕĤĕÄkkkkŝÃ ËÄkkkkkkkkĝĤÇäđģãàĪŝÃ ÊkkkĪĚêÍ 

 

 

 vıģ¹  :ʯɭɦʮḛɟ̒ʤɄyʤɂ ɐɰɮ ˂Ịʍ ̓̒ɕɦɓ ɑʦɾɕʫ ɑ̍ʯ̒ɉɱʝ ɑʦɶʦɵ ʢ̒ʅȵ ʭɵɂ ɬ  ) ̋ ɑʬ̍ʚɕɶʫ ɑʦɶʦɶʤɂ ʮ̒ʟɓ ʮȵ ʄṔḘɺ˅ ᶗ(   

 vÄĪĝÄÑ  : ᴲɓ ʳʫ ɑʦɶʦɶʤɂ ʭʙɱɆɱʙᶻ ʔɱʆʤɂ ʮḛɟ̒ʤɄyʤɂ  ɐɰɯʤ  ˃̒ɕɦɓ ὃỮʤɂ ɑ̍ʯ̒ɉɱʟʤɂ  ɑʦɶʦɶʤɂ rʫ 
ᴮ
ɂȲɭɇ ŋṔḙʝȵ ̋ ʮ̒ɉɱʝ ɒɂɰɮ 

             ˍỊ˄ Ʉʬʝ ɑˈʬɶɖʤɂ ʭɕɓʺ : 

 ŋÕĤĕÄŝÄÇ ÊĖòÎŜÃ ěĤÇäĒĕÃ Éãá Ęčã +  ÊĚĖđ ěÄĒĕ¹ ĤĕÄġ 

CH3CH2CH2I                                       CH3 - CH - CH2 - CH3  

2 - ěÄÍĤĪÇ ģãĤĖđ                             1 - ěÄÇģäÇ ģßĤĩ 

l  ʏʆʚʑɂ ʪɭɪɕɶh ɑẛẀɄɺɖʫ ʮḛɟ̒ʤɄʁ ɐɰɮ rʫ Ṕḙʝȵ ɬ̒ɟ̋ ʢɄɥ ̱┤  "  NQB/"  Āà  N"U"   " 

    ɑʦɶʦɶʤɄɇ ɄʸʤɄɾɓɂ ʳʝɄʫȵ ʏˈʬɟ ɭ˄ɭɦɓ ʏʫ   B       - 2,2 ěÄÇģäÇģãĤĖđ ĨÁÄĞÑ  

m ʢɄɥ ˍ┤ ɭ˃ɡɇz ɏ̄ɓṔḘʦʤ ɑ̂̒ʤ̋z ʮ̒ʟɓ ʭ̍ʙṔḘʤɂ rʝɄʫȵ ̱┤ ́ɇɄɺɖɓ ̋ ɑʖʦɕɪʫ ʘ̒ʚɹ ɬ̒ɟ̋  

 
   

Cl 

ÊĂÁÄîĕÃ ÊĪĚêÎĕÃ ďÄkÇĤĩĭÃ ėÄþĞĕ vÄkkĂÈÍ   



 

 

ÊĪĞĪÕĤĕÄŝÃ  ËÄĝĤÇäđģãàĪĢĖĕ  ÊĂÁÄîĕÃ  ÊĪĚêÎĕÃ  * 
 àĩ ĀúĎŜÄÇ ÄĪĢÎĞę ŋÕĤĕÄŝÃ Éãá ĘéÃ   + Čí  ĘéÃĔĪĒĕĭÃ 

ďÄÇĤĩĭÃ  ÊĪĚêÍ  ÊĪĞĪÕĤĕÄŝÃ  ËÄĝĤÇäđģãàĪĢĖĕ  * 
  ŋÕĤĕÄŝÄÇ ÊĖòÎŜÃ ěĤÇäĒĕÃ Éãá Ęčã +  ÊĚĖđ ěÄĒĕ¹ ĤĕÄġ  

JQB'-{2¸&T{2222
ÊĪÁÄĪĚĪĒĕÃ ÊĆĪòĕÃ 

¶B »1G{2¸B/2|&$2¸&T{2

ĔĪĒĕĭÃ àĪĕÄġ     ěÄĒĕ¹ ĤĕÄġ   
CH3- I 

CH3- CH2- Br 
CH3- CH2- CH2- Br 

CH3- CH - CH3     
Cl       2

CH3- CH2- CH2- CH2- Cl  
           CH3 

CH3 -  C -  CH3         

Br  
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CH3 - CH- CH2 -  Cl  

CH3     

 Cl                    
CH3-  CH -  CH3        

             
 



 

 

× ÊĪĞĪÕĤĕÄŝÃ ËÄĝĤÇäđģãàĪŝÃ ĈĪĞòÍ2p2

2
2
   

 
ÊĪĞĪÕĤĕÄkkkkkkkkkkkŝÃ ËÄkkkkkkkkĝĤÇäđģãàkkĪŝÃ äkkkkkkĪöő  : 

 

 ~B/B,-W-2}¦'B .-{29/#-=-{  )ǨǕƘøǞƢǩä  ƸǁƘƜǮǩä : (     ¹1§/ --2}¦'B .-{29/#-=-{  )ƸǁƘƜǮǩä ǨǕƘøǞƢǩä   (: 

UV

 
CH4   +  Cl2   UV            CH3Cl  +  HCl  

CH3 -  CH3 + Br2    UV    ...... ...... ....   + HBr    

 

 ..... ........ ....  + HBr  ɐɳʖɦʫ ɐɬɄʫ      Br2+          
 

2N02~{¤1-B02¬ !¦!2¥2B=1*2}¦
¹» ¦,2}¦¥ 2¹1#»-B=-{ 29-6!.

2·1,-{29(».#.2»2¹1#»¦¤102N!¦¥ 
2~{¦¥ 2»w  ¹1#»¦¤10 

2N02}¦¥2B=1*2·6!!2~{¤1-B0
-{¹1#»-B=2¹» ¦,2}¦¥  2_291»/B" ̂

9-6!.  2»2}¤${»2¹1#»¦¤102}¦¥ 
·1,-w2¹1!(».#. 

2N0~{¤1-B022}¦¥2B=1*2·6!!
{2¹» ¦,2}¦¥ 2¹1#»-B=-2_291"-B"2^ 
 29-6!.2 U" ·1,-w2~B(».#.2

 

       CH3Br     
                                           

        Br                                                                                   
CH3- C - CH3                                                                    

                        Br 
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CH3 

CH3- C - CH3  

Br   CH3- CH2- Br 

 ÊĪĕģĭÃ ĔĪĒĕĭÃ ËÃàĪĕÄġ1°
  ÊĩĤĝÄÒĕÃ ĔĪĒĕĭÃ ËÃàĪĕÄġ2°

  ÊĪÒĕÄÒĕÃ ĔĪĒĕĭÃ ËÃàĪĕÄġ3°
 



 

 

kśÃkkĪĞĪÕĤĕÄkkŝÃ ËÄkkkkĝĤÇäđģãàkkĪĢĖĕ ÊkkĪÁÄĩækĪĊĕÃ ïÃĤkÊ : 
 

 ÊĪÈúč ËÄÈđäę ÄĢĝ¹ Ĝę ĘąäĕÃ ĦĖā QÄŜÃ ĵ ěÄÇģâĕÃ ÊÚĪÚí ÊĪĞĪÕĤĕÄŝÃ ËÄĝĤÇäđģãàĪŝÃ ĔĖā : 

B 2¬ {»¦2¹1»,!2M-(2B=!¦¤+2¸¤8-2uB.-{2~B1Q§#»2B=!BQ1§#2¹1 291/1#»¦¤102

 ËÃàĪĕÄġ ěÄĪĖą ÊÕãß ĔĪĒĕĭÃ ĦĖā¹ ŊÒĒÇ Ĝę ËÄÕãß ěÄĪĖą ËÄĝÄĒĕĭÃ ĨÎĕÃ ÄĢĞę ËäöÙ ĔĖā : 

B ~B/B,-G{2B./1 2}¦1 ,2B=!B1Q§#2¹1 2|¥B#!-{2¼»+»291 ¬+2~B ,¦.2·1,-G{2~{¤1-B02¹G2¦1)2~B ,¦.291 ¬+ 

B ·B".     : CH3 -  Cl       CH4 

 ËÃàĪĕÄġ ěÄĪĖą ÊÕãß ßÃßæÍ ÊĪÂĩæřÃ ÄĢÎĖÎđ ÉßÄĩæÇ ÄĢêĊĝ ŋÕĤĕÄŝÃ Éãá ĦĖā ħĤÎő ĨÎĕÃ ĔĪĒĕĭÃ  
B  ·B".   :  Br-CH3- CH2  ĦĖā¹  CH3- Br  )ĔĖā ( 

           ·1"1X{2µ'-291Q1§#-{29-!,-{2¹G291Q1§#-{29-!,-{2¹.2¦ ,w2·1"1.-{2µ'-       
 ËÃàĪĕÄġ ěÄĪĖą ÊÕãß ßÃßæÍ ÉßÄĩæÇ ÄĢêĊĝ ÊĩĤöĂĕÃ ÊāĤĚŮÃ ĦĖā ħĤÎő ĨÎĕÃ ĔĪĒĕĭÃ  ÊĖÎĒĕÃ      

           ŋÕĤĕÄŝÃ Éãâĕ ÊĪÂĩæřÃ                     ]F    >Cl    > Br   >I   [ 
B ·B".  :CH3 -  CH2 -  I CH3 -  CH2 -  Br   )ĔĖā  ( 

           ¸»¦ --291Q1§#-{29-!,-{2¹.2¦ ,w2¤»1--291Q1§#-{29-!,-{2¹G        

 QÄŜÃ ÊĉÄÒđ Ĝę ĦĖā¹ ÊĉÄÒĒÇ ßĤĪĕÃ ģ ėģŃĕÃ ËÄÈđäę æĪĚÎÍ  

 
5  ÊĪĞĪÕĤĕÄŝÃ ËÄĝĤÇäđģãàĪŝÃ ÆÍãÄĢĝÄĪĖą ËÄÕãß Æêō vÄĩàāÄòÍ ÊĪĕÄÎĕÃ   : 

  CH3Cl                    CH2Cl2                     CCl4                     CHCl3               

...................................................................................................................................................................................................... 
 



 

 

 ÊĪĞĪÕĤĕÄkkkŝÃ ËÄkkkĝĤÇäđģãàĪĢĖĕ ÊĪÁÄkkĪĚĪĒĕÃ ïÃĤśÃ ) ËĲāÄĊÎĕÃ( 
u  Ṕḗɕʎ
ᴲ
ɔ ɒɂɭˈʤɄʶʨˈʟʤᶻ Ṕḛʑ ɑʆɺʰ ɬɂʻʫ ɑʤʻʸɶɈ ʨʍɄʖɕɓ ɐɱʚɕɶʫ   ĔĖā : 
B 
     ] C ŭ + -   X ŭ - - [    
v ÊþÙĲę  :  Ʉʫȹ ʨˈʟʤᶻ ɒɂɭˈʤɄʶ ʨʍɄʖɕɓʢɂɭɋɖɵᶗɄɇ  ʺȵʌɂṕḘʯᶗɄɇ ʢɂɭɋɖɵᶸ ɒᶚʍɄʖɕɇ ʇʚʕ ˌʖɕʟʱɵʺ : 
V  
y
ÍkkkkāÄĊkkkkĪĕÄġ Ĕkkkk ËÃàĒĕĭÃkĪkkkkkkkkkkĔ ÈÎéıÄÇkkkkēÃà : 

ɏʤɄɶʤɂ ʮḛɟ̒ʤɄyʤɂ  ɐɰɮ ʮ̒ȵ˄ ɞ̋ɱɩ ʭɕ˄  ɝ̍ɥ ( X- )  ɭ̍ɶʝ̋ɰɭ̍yʤɂ ʮ̒ʯ̍ȵ ʨɛʫ ɱɩȳ ʮ̒ʯ̍ȵ ́ʦɦʫ ʨɦ̂̋  OH-  ʮ̒ʯ̍ȵ ̋ȵ

ɭˈɶʝʻʟʤɂ   ( OR- )  ʮ̒ʯ̍ȵ ̋ȵɭˈʫᶸ  ( NH2
- )  Ʉẛṧ˄ȶɓ ʨyɶ̄ʤ ʪ̒̍ɵɄɓ̒ɋʤɂ ̋ȵ ʪ̒˄ɬ̒ɾʤɄɇ  ɑʦɾɕʫ ɒɄʯ̒̍ʯz ɻɯʁ ʮ̒ʟɓ̋ 

 

   Āę  B ËÄĩĤĖĎĕÃ  @àkkkāÃĤkkĎĕÃ  ) ɒᶗʻɦʟʤɂ ɞɄɕʯᶡ ( 

CH3- Br            +     KOH              Ÿ   CH3- OH   +  KBr  
 

CH3- CH2- Cl   +  NaOH                  Ÿ  ............................................         +  NaCl 
  

 ĕÃ ĀęËÃàĪêđĤkkkkkĒ :  )ɒɂṔḛɛ˄ᶸ ɞɄɕʯᶗ ( 

-{2J.2·(B;!!9-"B.!.-{2¦1)»29-"B.!.-{2~{¦1"1X{2¹1»,!-2~{¤1&,»,  ʨʍɄʖɕʤɂ ɂɯʶ ˁʬɶˇʺ ÊĎĩäúÇěĤêęÄĪĕģ  

CH3- CH2- Cl   +     NaOCH3          Ÿ       CH3- CH2 -  O -  CH3   +  NaCl      

CH3- CH2- Br    +    NaOC2H5          Ÿ       ............................................    +  NaBr       
                                                                                                                  

  ėĤĩßĤòĕÃ àĪę¹ Āę  $~B/1.G{2¦17$!-  #p   
B 2¸»1¤»6-{2¤1.w2J.2·(B;!!_222NaNH2222^~B/1.G{2¦17$!-  

CH3- Cl      +      NaNH2              Ÿ      CH3 -  NH2    +  NaCl         

CH3- CH2- Br  +   NaNH2               Ÿ    ............................................     +  NaBr            
  



 

 

2ËÄęÃàÞÎéÃ ÊĪĞĪÕĤĕÄŝÃ ËÄĝĤÇäđģãàĪŝÃ ËÄÈđäę2p22
   ˅Ǝ Eɕɶ ʪɭɪ CH2 = CH-Cl  ɐɬɄʫ Ṕḛʂɦɓ ˍ☿) PVC   (ˍ☿ ɑʫɭɪɕɶᶽɂ    ʢɲɂ̒ʎʤɂ̋ ɏ̄ɇɄʯz ʏɦɽ.  

 ʪɭɪɕɶ˅ CHCl3  ɰɭɪʬʝ  ɏʆʤɂ ʢɄɡʫ ˍ☿ɑˈɋʆʤɂ ɑɥɂɱᾒήɂ ʪɭʚɓ ˍ☿ Ṕḛɋʝ ɱəɂ ʹʤ ʮɄʞ ɝˈɥ  . 

  ʪɭɪɕɶ˅  CCl4  ʮ̒ɉɱʝ̋ɰ̒ʦʕɰ̒ʦʠʤɂ ɒɄɋʝɱʫ  ʏɦɽ ̱☿CFCI  

      ʗˈˈʟɕʤɂ  ɐɳʸɟȵʺ ɒɄɟᶚɛʤɂ ˍ☿ ɭ˄Ṕḗɓ ʨʫɄʎʝ ɑʫɭɪɕɶᶽɂ ᵷ ɸɰ ɏʦʍ ̱☿ ʏʕɬ ɒɂɲɄʒʝ̋ 

      ɑʙᶚᾚήɂ ʮḛɟɄʎʫʺ ɱʎɺʤɂ ɒɄʖʖɾʫʺ ɑˆɱɺᾚήɂ ɒɂɭˈɋᶽɂ  

 ʪɭɪɕɶ˅  ) mæ  ̒ʫ̋ɱɇ mæ   ̋ɰ̒ʦʞ k ᵷ k ᵷ kæ  ʮɄɛ˄ᴜ ̋ɰ̒ʦʕ ̩ɚᶚə ( ɏʆʤɂ ʢɄɡʫ ˍ☿ ɰɭɪʬʝ 

 
N  

    CH3                                                      Cl                
   I             CH3- C- CH2- CH3                    CH3- C- CH2- CH3 

                   Br                                                       CH3- CH2  
......... .................... ............              ......... .................... ............                                   ......... .................... ............ 

 

N  
j ʨ̍ɉ̋ɱɉ̋ɳ˄z ɭ̂ɰ̒ʦʞ ............................................................................................................................. ........................ 
 
k 2  ᵷ2 -  ʨˈɜˈʫ ˌȽɄʱə1- ʮɄɕʲɇ ʺɬʻ˄ ................................................................................................................. 
 
l ʳ˄ṕḚɇ ̒ʫ̋ɱɇ............................................................................................................................. ... .................................   
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 ĔĖā  : ʢ̒ʱ̍ʖʤɂ Ṕḗɕʎ˅ ᶗ ) C6H5 -  OH  (ɒᶗʻʱˈʖʤɂ ɑʦȼɄʍ ʳʫ Ṕḗɕʎ˅ ʨɇ ɒᶗʻɦʟʤɂ ʳʫ 

D  ¹1§/ -{29<-$ 2}¦'B .29-6!.2·1&,»¦¤1=-{29(».#.2¹G   

 



 

 

× ÊĚĪĎÎêŜÃ  ĔéĲêĕÃ ËÃá ËıĤÚĒĕÃ ÊĪĚêÍ ) ďÄÇĤĩĭÃ ėÄþĝ Æêō ( 

j  ɑʍ̒ʬɡʫ ˂Ịʍ ˃̒ɕɦɓ ɑʦɾɕʫ ɑ̍ʯ̒ɉɱʝ ɑʦɶʦɵ ʢ̒ʅȵ ɬɭɦʯ )  (- OH   

 k ɑʍʻʬɡᶽ Ɇɱʙᶻ ʔɱʆʤɂ ʳʫ ɑʦɶʦɶʤɂ ʭʙɱɓ )    ( - OH 

 l  ɑʍ̒ʬɡʬɇ ɑʦɾɕʑɂ ʮ̒ɉɱʟʤɂ ɐɰɮ ʭʙɰ)  + ( - OH ěÄĒĕĭÃ ĘéÃ    + ʏʆʚᶽɂēģ  

 

 ĘéÃĀÁÄîĕÃ ēĤÚĒĕÃ ñkkkĪkkĆkkkkkĒĕÃ ÊkkkÚkkkkēĤ ďÄÇĤĩıÃ ÊĪĚêÍ 

 CH3 - OH 

 CH3 - CH2 - OH    ģ¹  C2H5 - OH  

 CH3 - CH2 -  CH2 - OH     

 

CH3 - CH   -  CH3      

OH         
2

CH3 - CH2 - CH2 -  CH2 - OH 

CH3 - CH   - CH2  CH3       

      OH                                                

 

                       OH             

CH3 - CH   -  CH3    

    CH3 

 CH3 - CH2 - CH2 - CH2 -   CH2 - OH  

 

CH2 - OH 

 



 

 

×   ËıĤÚĒĕÃ ÊĪĚêÍÊāäĊÎŜÃ ÊĪĝĤÇäĒĕÃ ĔéĲêĕÃ ËÃá  ) ďÄÇĤĩĭÃ ėÄþĝ Æêō( 

ēĤÚĒĕÃ ÊĆĪñ ĘéÃ ďÄÇĤĩıÃ ÆêÙ ēĤÚĒĕÃ 

CH3 ð CH2 ð OH   

CH3 ð CH ð CH2 ð CH ð CH3      

CH3                                

5 , 3 1

CH2 ð OH  

 

CH3                       

CH3 ð CH ð CH ð CH ð CH3 

OH    C2H5                                                     

342

CH2  - CH2 ð OH  
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×  ħĤöĂĕÃ ČîĕÃ ÿĤĞĕ vÄĂÈÍ ËıĤÚĒĕÃ ĈĪĞòÍ2p 

2

ÊĝãÄĎŜÃ ĠÕģ ÊĂÈî
z
ŜÃ ÊĪÍÄĊĪĕĭÃ ËıĤÚĒĕÃ ÊĪÍÄęģãıÃ ËıĤÚĒĕÃ 

ĈĩäĂÎĕÃ  ĦĖā ÄĢÍÄÂĩæ
z
Õ ħĤÎő ĨÎĕÃ ËıĤÚĒĕÃ Ĩġ 

ÊĪÍÄĊĪĕ¹ ÊĪĝĤÇäđ ÊĖêĖé 

 ÊĎĖÙ ÄĢÍÄÂĩæ
z
Õ ħĤÎő ĨÎĕÃ ËıĤÚĒĕÃ Ĩġ
 ĜĩæĞÇ 

 ĔĪêđģãàĪŝÃ ÊāĤĚÖŏ ÉäíÄÈ
z
ę ĔòÎÍ ı 

 ÊĖÒę¹ 
CH3 - OH     

  C2H5  - OH  

C H2 - OH 

2



 

 

22×2 ĔĪêđģãàĪŝÃ ËÄāĤĚŞ ßàĂĕ vÄĂÈÍ ËıĤÚĒĕÃ ĈĪĞòÍp2
2
2
2
2

 Ĩġ ßĤÕĤÇ æĪĚÎÍ ĨÎĕÃ ËıĤÚĒĕÃ
¿æřÃ ĵ ÉàÙÃģ ĔĪêđģãàĪġ ÊāĤĚŞ 

 ßĤÕĤÇ æĪĚÎÍ ĨÎĕÃ ËıĤÚĒĕÃ Ĩġ
¿æřÃ ĵ ÉàÙÃģ ĔĪêđģãàĪġ ŋÎāĤĚŞ 

 ßĤÕĤÇ æĪĚÎÍ ĨÎĕÃ ËıĤÚĒĕÃ Ĩġ
  ĔĪêđģãàĪġ ËÄāĤĚŞ ÏĲÑ 

 ) äÒđ¹ ģ¹ (¿æřÃ ĵ 

CH3 - OH    

 CH3 - CH2 - OH     

CH2 - CH2    

OH   OH  

 kᵷ m  ʢ̋ȵ ̩ȽɄɦə ʮɄɛ˄ȹ 

 )  (     

CH2 - CH -  CH2       

OH     OH    OH   

 k ᵷ m  ᵷ ŋ ʢ̋ȵ ̩ɚᶚə ʮɄɉ̋ɱɇ 

 )  (     

2

Ï 2 ĔĪêđģãàĪŝÃ ÊāĤĚÖŏ ÊúÈÍäŜÃ ěĤÇäĒĕÃ Éãá ÿĤĞĕ vÄĂÈÍ ËıĤÚĒĕÃ ĈĪĞòÍOH-  
 
 
 

 

 ÄĢĪĉ øÈÍäÍ  ĨÎĕÃ ËıĤÚĒĕÃ Ĩġ ÊāĤĚŞ
ěĤÇäđ ÉãâÇ ĔĪêđģãàĪŝÃ       ) ÊĪĕģ¹ (

 ÊāĤĚŞ ģ ŋÕģãàĪġ ĨÍãâÇ ÊĖòÎę
ŋÕģãàĪġ ËÃãâÇ ģ¹ ĔĪĒĕ¹ 

 ÊāĤĚŞ ÄĢĪĉ øÈÍäÍ  ĨÎĕÃ ËıĤÚĒĕÃ Ĩġ
     ěĤÇäđ ÉãâÇ ĔĪêđģãàĪŝÃ ) ÊĩĤĝÄÑ ( ÊĖòÎę

  ĔĪĒĕ¹ ĨÎāĤĚŞ ģ ŋÕģãàĪġ ÉãâÇ 

 ÊāĤĚŞ ÄĢĪĉ øÈÍäÍ  ĨÎĕÃ ËıĤÚĒĕÃ Ĩġ
 ěĤÇäđ ÉãâÇ ĔĪêđģãàĪŝÃ     ) ÊĪÒĕÄÑ (

  ĔĪĒĕ¹ ËÄāĤĚŞ   ÏĲÒÇ ÊĖòÎę 

29.B8-{29:16-{2
R - CH2 - OH  

29.B8-{29:16-{2
2222222222222222222222222222222R 

    CH  - OH2
R                     

29.B8-{29:16-{2
R       

R - C   - OH   2
R       

CH3 - OH    

 CH3 - CH2 - OH     

CH3 - CH   -  OH    

CH3  

CH3  

CH3 - C   - OH      2
CH3   



 

 

 

   ËÄĞĪĒĕĭÃ ÊġÄę½ ) ËÄĞĪĒĕĭÃ ĺÃ QÄŜÃ ÊĉÄõ½( : 

  ʨɛʫ ὃỲṍʬɥ ʇɵʺ ɬʻɟʺ ˍ☿ ʡʤɮ ʭɕ˄  )ʗʖɪᶽɂ ʡˈɖ˄Ṕḗʟʤɂ ʃʬɥ H2SO4 ̋ȵ ʡ̂ɰ̒ʖɵ̒ʖʤɂ ʃʬɥ H3PO4  ( 

   ̋ʮḛʟʤz ʨəɄʬɓ ˂Ịʍ ɣɓɄɦʤɂ ʢ̒ɦʟʤɂ ʌ̒ʯ ɭʬɕʎ˅ ) ´»,»/1,¦B.2}¤(B<-2ÚB8 ! ( 

     ]  ŋÕģãàĪġ ĠĪĉ ¿æÕ ÊĉÄõÃ àĞā ŋĒĕ¹ ĦĖā N ŃđĭÃ ßàĂĕÄÇ øÈÍäŜÃ ěĤÇäĒĕÃ ĺÃ ŋÕģãàĪŝÃ ÊĉÄõ½ ĘÎÍ 

      Ĝę ĔčĭÃ ßàĂĕÄÇ øÈÍäŜÃ ěĤÇäĒĕÃ ĺÃ ¿æřÃ Ĝę ĨĝÄÒĕÃ ĈòĞĕÃ ģ ŋÕģãàĪŝÃ ËÃãá Ĝę ŋÕģãàĪŝÃ ËÃãá  [ 

CH2     CH2      +   H2O        H 2SO4          C2H5OH                         

                                          

 

CH3CH    CH2    +   H2O        H 2SO4          CH3- CH- CH3                                                     

  OH                                    

               2

  ĔĪĒĕĭÃ ËÃàĪĕÄġ  ¼Īœ )ĨÁÄŜÃ ĔĖÚÎĕÃ (  
B  ʨɛʫ ɑˆʻʦʙ ɐɬɄʫ ɬʻɟʺ ˍ┤ ʡʤɮ ʭɕ˄ )NaOH ʏʫ  ʮḛᾟὈɖʤɂ( 

CH3 Br     +   NaOH                       CH3 -  OH    +  NaBr                                   

                      

CH3- CH- CH3       +    NaOH                     ............. ..................................................... ..........                           

         Cl                         

H2O 

H2O 

300oC 



 

 

 

j ĔĖā :  ̱☿ Ʉyʤ ɑɉɰɄʚʑɂ ɒɄʯ̒ɉɱʝ̋ɰɭ̍yʤɂ ʮɄ̍ʦʑ ɑɟɰɬ rʫ ˂Ịʍȵ ɒᶗ̒ɦʟʤɂ ʮɄ̍ʦʑ ɑɟɰɬɑʦɕʟʤɂ 
   ÊĪĞĪÕģãàĪŝÃ øÇÃģäĕÃ ĜĩĤĒÍ ĦĖā ĔĚĂÍ ĨÎĕÃ ÊĪÈúĎĕÃ ĔĪêđģãàĪŝÃ ËÄāĤĚŞ ħĤÎő ËıĤÚĒĕÃ ěĭ  
      ÄĢÍÄÂĩæÕ ŋÇ NÊĊĪĂõ ÄĢÍÄÂĩæÕ ŋÇ ÅáÄÖÎĕÃ ÉĤč ģ ÊĪÈúč Ŋą ËÄÈđäę ËÄĝĤÇäđģãàĪŝÃ ÄĚĞĪÇ  

 k  ɬɭʍ ˂Ịʍ ̓̒ɕɦɓ ὃỮʤɂ̋ ɑʍɱʖɕʑɂ Ṕḛʑ ɒᶗ̒ɦʟʤɂ ʮɄ̍ʦʑ ɒɄɟɰɬ ɬɂɬɳɓʨ̍ɶʝ̋ɰɭ̍yʤɂ ɒɄʍ̒ʬɡʫ  
     ɑˈʤʻᶽɂ ɑʦɕʟʤɂ ɐɬɄˆɳɇ Ʉʸɶʖʯ  

l  ĔĖā  : Ȼɳᾒήɂ ̱☿ ʨ̍ɶʝ̋ɰɭ̍yʤɂ ɒɄʍ̒ʬɡʫ ɬɭʍ ɐɬɄ̂ɳɇ ɒᶗ̒ɦʟʤɂ ʮɄ̍ʦʑ ɑɟɰɬ ɬɂɬɳɓ . 
    ĥäÝ¹ ēĤÚđ ËÄÂĩæÕ Āę ÄĢĝĤĒĩ ě¹ ¿æÖĖĕ ĜĒŨ ĨÎĕÃ ÊĪĞĪÕģãàĪŝÃ øÇÃģäĕÃ ßàā ÉßÄĩæĕ  

     ĔĖā   :  ʢ̒ʯɄɛ̍ʑɂ ʮɄ̍ʦʑ ɑɟɰɬ rʫ Ṕḗʝȵ ʮḛʦ̍ɜ˄ɂ ʢ̒ʟ̍ʦᾒήɂ ʮɄ̍ʦʑ ɑɟɰɬ  
               2·1&,»¦¤1029(».#.2M-(2½»!$12·»/B"1.-{2B./1 2·1&,»¦¤102¹1!(».#.2M-(2½»!$12L/G2

               Â12N-B!-B 2»2}¤${»Â¹»,2¹1-1"1{2·»,1-#-{21/1#»¦¤102¬ {»¦922L!BQ1§#2¹1 2¦",w2

m  ĔĖā : Ɇʺɯɓ ʺ ɑʂʖɪʱᶽɂ ɑˈʤʻᶽɂ ʨɕʟʤɂ ɒɂɮ ɒᶗʻɦʟʤɂ ʮḛɓɰɮ ̋ȵ ʮ̒ɉɱʝ ɐɰɮ ˂Ịʍ ̓̒ɕɦɓ ὃỮʤɂ 
           ȲɄʑɂ ̱☿ ɑʤ̒yɶɈ ɒɂɰɮ ɘᶚə ̋ȵ . 

   QÄŜÃ ËÄÂĩæÕ Āę ÊĪĞĪÕģãàĪġ øÇÃģã ĜĩĤĒÍ ĦĖā ÄĢÍãàč ÆÈêÇ  

n ĔĖā  :˃ȵ ɑˈʤʻᶽɂ ɑʦɕʟʤɂ ɐɬɄˆɳɇ ȲɄᶽɂ ˍ☿ ɑˈʯɄɉʺɯʤɂ ʨʚɓ )  ɑ̍ʯ̒ɉɱʟʤɂ ɑʦɶʦɶʤɂ ʢ̒ʅ ɐɬɄ̂ɳɇ( 

    ĀĪúÎêÍ ı ĐĕâÇģ ĔĪêđģãàĪŝÃ ÊāĤĚŞ ÊĪÈúč Ĝę ĔĖĎĩ ÊĪĝĤÇäĒĕÃ ÊĖêĖêĕÃ ēĤù ěĭ  øÇÃģã ĜĩĤĒÍ    
    QÄŜÃ Āę ÊĪĞĪÕģãàĪġ  

o ĔĖā  : Ȼɳᾒήɂ ̱☿ ʨ̍ɶʝ̋ɰɭ̍yʤɂ ɒɄʍ̒ʬɡʫ ɬɭʍ ɐɬɄ̂ɲ ʏʫ ȲɄʑɂ ̱☿ ɒᶗ̒ɦʟʤɂ ɑ̍ʯɄɉ̋ɮ ɬɂɬɳɓ 
     ßàā ÉßÄĩå ÆÈêÇQÄŜÃ ËÄĪÁæÕ Āę ÄĢĝĤĒĩ ě¹ ¿æÖĖĕ ĜĒŨ ĨÎĕÃ ÊĪĞĪÕģãàĪŝÃ øÇÃģäĕÃ  

 

 

 

 



 

 

r  29.U(2J7» 2¶-¥2»291-B!-{2~B B#T{2¹1 2¹.29$1$6-{29 B#T{2¦!%{2_P22^B=.B.{ : 

2   3 

5                             ɑˈʤʺᶸ5                              ɑˆʻʯɄɛʤɂ5                                    ɑˈɛʤɄɛʤɂ5 ʮḛɟʻʤɄʸʤɂ ɑˈȼɄʱə 

 m- 1   

5 1  -                  ʢ̒ʯɄɓ̒̍ɇ5 2 -                      ʢ̒ʯɄɓ̒̍ɇ5        ὃữʤɄɛʤɂ ʨ̍ɓ̒̍ɋʤɂ ʢ̒ɦʝ5  ʨ̍ɓ̒̍ɋʤɂ ʢ̒ɦʝ 

 ŋ-  

5                            ʪ̒˄ɬ̒ɾʤɂ ɭ̍ʫ̋ɱɇ ̋ Ṕḙ˄ȹ ʨ̍ɜ˄ȹ ̩ȽɄɦ
ᴲ
ə5  ʨ̍ɜ˄ʐ ʢ̒ɦʝ ̋ ʪ̒˄ɬ̒ɾʤɂ ɭ̍ʫ̋ɱɇ 

5                     ʪ̒˄ɬ̒ɾʤɂ ɭ̍ʫ̋ɱɇ ̋ ȲɄʑɂ ̋ ʮḛɛ˄ʐ           5  ʪ̒˄ɬ̒ɾʤɂ ɭ̍ʫ̋ɱɇ ̋ ʢɄʯɄɓ̒̍ɋʤɂ 

 o-  

5                                                                               ɭˈʶɭʤɂ5  ʮ̒ɕ̍ʝ 

5                                  ʢ̒ɦʝ                                               5 ʮḛʟʤȵ 

 ɔ-  

5 1 -                                                                       ʢ̒ʯɄɉ̋ɱɇ5 2 -  ʢ̒ʯɄɉ̋ɱɇ 

5                                                                              ʮḛɉʺṔḗʤɂ5  ʪ̒˄ɬ̒ɾʤɂ ɭ̍ɶʝ̒ɉ̋ɱɇ 

Ê<Á<<

5 CH3  - CH2 - Br                                                              5 CH3 - CH2 - CH2 - Br  

5 CH3 - COOH                                                                  5 CH3 - CH - CH3  

 ᴗ-    

5                                        ʨ̍ɶʝ̋ɰɭ̍yʤɂ ɑ˄ɬɄɥȵ ɑ̍ʤ̋z5  ʨ̍ɶʝ̋ɰɭ̍yʤɂ ɑ̍ȼɄɦ
ᴲ
ə 

5                                                       ʨ̍ɶʝ̋ɰɭ̍yʤɂ ɑ̍əᶚə5  ʨ̍ɶʝ̋ɰɭ̍yʤɂ ɑ˄ɬɄɥ
ᴲ
ȵ ɑ̂̒ʯɄɛʤɂ 

 

 



 

 

 p-   

5           ʨ̍ɶʝ̋ɰɭ̍yʤɂ ɑ˄ɬɄɥȵ                                          5  ʨ̍ɶʝ̋ɰɭ̍yʤɂ ɑ̍ȼɄɦ
ᴲ
ə 

5                                                                                 ɑˈʤʺᶻ5 ʨ̍ɶʝ̋ɰɭ̍yʤɂ ɑ̍əᶚ
ᴲ
ə 

 t- 

5                                                                            ʢ̒ʯɄɛ˄ᴜ5   ʮḛʦ̍ɜ˄ȹ ʢ̒ʟ̍ʦɟ 

5 ŋ -                                                                        ʢ̒ʯɄɕ̡ɇ5 k -  ʢ̒ʯɄɉ̋ɱɇ 

ᵏᵎ -  

5 ʤʺᶻ                                                                                ɑˈ5 ɑˆʻʯɄɛʤɂ 

5                                                                               ɑˈɛʤɄɛʤɂ5  ʨ̍ɶʝ̋ɰɭ̍yʤɂ ɑ̍ȼɄɦ
ᴲ
ə 

ᵏᵏ ( ( R  ) 2 CH -  OH  

5                                                            ɑˈɛʤɄɛʤɂ ɒᶗʻɦʟʦʤ5  ɑˆʻʯɄɛʤɂ ɒᶗʻɦʟʦʤ 

5                                                                       ɒɂɭˈʶɭʤᶠʤ5  ɑˈʤʺᶻ ɒᶗʻɦʟʦʤ 

ᵏᵐ - C6H5 - CH2 OH  

5                                                                   ɭ̍ʁɭʤɄʫɰ̒ʖʤɂ5  ʨ̍ɜ˄ʐ ʢ̒ɦʝ 

5                                                                   ʨ˄ɂṕḚɋʤɂ ʢ̒ɦʝ5  ʢ̒ʱ̍ʖʤɂ 

 

 

 

 

 



 

 

r22B= &B/12B. 291-B!-{2~T¤B8.-{2»2·.#-{2N*2~B){¦;-{2U.{2p2
 k-  Ộ̱ ʨ̍ɓ̒̍ɉ̋ɳ˄ȵ ɭ̍ʫ̋ɱɇ ɏʝɱʑ ɑʖɛʟ

ᴲ
ɂʑ ɑ̍ȼɄɦɋʤɂ ɑʒ̍ɾʤɂ ................................................................................... 

 m-  ɬʻɟʺ ˍ☿ ʮɄɛ˄ᶸ ʏʫ ʨʍɄʖɓ ʳʫ ɣɓɄʱʤɂ ɑˆʻʂʎʤɂ ɏʝɱʬʦʤ ɑˈȼɄˈʬˈʟʤɂ ɑʒˈɾʤɂUV  ˍỘ............................................................................. 

 ŋ-    ʨ̍ɜ̍ʑɂ ɭ̍ʫ̋ɱɇ ʮɄ̍ʦʑ ɑɟɰɬ.............................................................................  ʨ̍ɜ̍ʑɂ ɭ̂ɰ̒ʦʞ ʮɄ̍ʦʑ ɑɟɰɬ 

 o-  ̱Ộ ˃̒ʯɄɛʤɂ ʨ̍ʟʤᴜ ɭ̍ʤɄyʤ ɑʫɄʎʤɂ ɑʒ̍ɾʤɂ............................................................................. 

 ɔ-  ʨʍɄʖɕ˄1  -  ʪ̒˄ɬ̒ɾʤɂ ɭ̍ɶʝ̋ɰɭ̍ʁ ʢ̒ʦɦʫ ʏʫ ʮɄɉ̋ɱɇ ̒ʫ̋ɱɇ ᵷ ́ɕʒ̍ɽ ˃̒ʂʍ ɏʝɱʫ ƎɣƎɕ̡˄ ̋................................................................... 

          ɑɟɰɭʤ ɳʝɱʑɂ ʡ̍ɖ˄Ṕḗʟʤɂ ʃʬɥ ʏʫ rᾟὈƎ˅ ˃ɯʤɂ ̋180 oC   ὂḒɶ˅ ˃̒ʂʍ ɏʝɱʫ ɣƎɕ̡̍ʤ............................................................................. 

 ᴖ-             .............................................................................   +    NaBr                        CH3 - CH2 - CH2 - Br      +     NaOH             

 ᴗ-                                             NaCl      +     C2H5 - O - C2H5                .............................................................................  C2H5 - Cl        +    

 p-    ́ɕʒ̍ɽ ɏʝɱʫ ̋ ʪ̒˄ɬ̒ɾʤɂ ɭ̂ɰ̒ʦʞ Ǝɣ
ᴲ
ɕ̡˄ ̋ ʪ̒˄ɬ̒ɾʤɂ ɭ̍ʫȵ ʏʫ ʨ̍ɉ̋ɱɉ̋ɳ˄ȵ ɭ̂ɰ̒ʦʞ ʨʍɄʖɕ˄.................................................................. 

 t-             +    NaBr                            ..........................................................                                        CH3 - CH2 - Br       +    NaNH2  

r22N-12B..2·,-2·-(2p2
 k-  ɏʝɱᶽɂ Ṕḗɕʎ˅2  -  ɑ̂̒ʯɄɛʤɂ ʨ̍ʟʤz ɒɂɭ̍ʤɄʁ rʫ ʮɄɓ̒̍ɇ ̒ʫ̋ɱɇ 

..................................................................................................................................................................................................................................................................................................... 

..................................................................................................................................................................................................................................................................................................... 

 m- ɑ̍ʚɦʤɂ ʨ̍ʟʤz ɒɂɭ̍ʤɄʁ ˂Ịʍ ʢ̒ɾᾚίʤ ɒɄʯɄʠʤᶚʤ ɐɱɹɄɋ
ᴲ
ɂʑ ɑɦᾒίyʤɂ ɑʚ̂ɱʅ ʪɂɭɪɕɵɂ rʟʬ˄ ᶗ  

..................................................................................................................................................................................................................................................................................................... 

..................................................................................................................................................................................................................................................................................................... 

 ŋ- ɑ̍ɋʆʙ Ʉẛẃȵ rʫ ʭʑɱʤɂ ˂Ịʍ ȲɄʑɂ ̱┤ ʮɄɉ̋ɯʤɂ ɑɦ̍ᾚὉ ɑ̡̍ ɟ̍̒ʤɄyʤɂ ɒɄʯ̒ɉɱʝ̋ɰɭ̍yʤɂ  

..................................................................................................................................................................................................................................................................................................... 

..................................................................................................................................................................................................................................................................................................... 

 o- Ʉẛṧʫ ɒɱʂɥƎ ὃỮʤɂ ɒɄʯɄʠʤᴜ ʮɄ̍ʦʑ ɒɄɟɰɬ rʫ Ṕḛɛʟɇ ˂Ịʍȵ ʨ̍ʟʤz ɒɂɭ̍ʤɄʁ ʮɄ̍ʦʑ ɑɟɰɬ  

..................................................................................................................................................................................................................................................................................................... 

..................................................................................................................................................................................................................................................................................................... 

H2O 



 

 

 ɔ- ʮɄ̍ʦʑ ɑɟɰɬ CH3 - CH2 - CH2 - Br   ʮɄ̍ʦʑ ɑɟɰɬ rʫ ˂Ịʍȵ  CH3 - CH2 - Br   

..................................................................................................................................................................................................................................................................................................... 

..................................................................................................................................................................................................................................................................................................... 

 ᴖ-  ʨ̍ɜ˄ᴜ ɭ̂ɰ̒ʦʞ ʮɄ̍ʦʑ ɑɟɰɬ rʫ ˂Ịʍȵ ʨ̍ɜ˄ʐ ɭ˄ɬ̒˄ ʮɄ̍ʦʑ ɑɟɰɬ 

..................................................................................................................................................................................................................................................................................................... 

..................................................................................................................................................................................................................................................................................................... 

 ᴗ- ɂ̒ʫ ʨ̍ʟʤz ɒɂɭ̍ʤɄʁ ƎṔḗɕʎ
ᴲ
ɔɑʤʻʸɶɈ ʨʍɄʖɕɓ ɐɱʚɕɶʫ Ṕḛʑ ɑʆɺʰ ɬ  

..................................................................................................................................................................................................................................................................................................... 

 p-  ʢ̒ʱ̍ʖʤɂ ƎṔḗɕʎƎ˅ ᶗ     OH                           ʨ̍ɶʝ̋ɰɭ̍yʤɂ ɑʍ̒ʬɡʫ ˂Ịʍ ́ȼɂ̒ɕɥɂ rʫ ʭʑɱʤɂ ˂Ịʍ ɒᶗ̒ɦʟʤɂ rʫ  

..................................................................................................................................................................................................................................................................................................... 

r2, 2H7»2N-12B.291QB1.1,-{2~T¤B8.-{29 B!p2
 k (ᾒ̍Ὀʖɦɋʤɂ ʘ̒ʕ ɑʎɹz ɬ̒ɟ̋ ̱☿ ɰ̒ʦʠʤɂ ɲɄʑ ʏʫ ʮɄɛ˄ᴜ ʨʍɄʖɓɑ  

..................................................................................................................................................................................................................................................................................................... 

 m ( ʨʍɄʖɓ2 -  ̋ɰ̒ʦʞ2 -  ʪ̒˄ɬ̒ɾʤɂ ɭ̍ɶʝ̋ɰɭ̍ʁ ʢ̒ʦɦʫ ʏʫ ʮɄɉ̋ɱɇ ʨ̍ɜ̍ʫ 

..................................................................................................................................................................................................................................................................................................... 

 ŋ ( ʪ̒˄ɬ̒ɾʤɂ ɭ̍ɶʝ̒ɛ˄ȹ ʏʫ ʨ̍ɉ̋Ṕḗʤɂ ɭ̍ʫ̋ɱɇ ʨʍɄʖɓ 

..................................................................................................................................................................................................................................................................................................... 

 o ( ʨʍɄʖɓ1  -  ʮɄɉ̋ɱɇ ̒ʫ̋ɱɇʪʻ˄ɬʻɾʤɂ ɭˈʫȵ ʏʫ 

..................................................................................................................................................................................................................................................................................................... 

 ɔ ( ʪ̒˄ɬ̒ɾʤɂ ɭ̍ɶʝ̋ɰɭ̍ʁ ʢ̒ʦɦʫ ʏʫ ʨ˄ɂṕḚɋʤɂ ɭ̂ɰ̒ʦʞ ʨʍɄʖɓ 

..................................................................................................................................................................................................................................................................................................... 

 ᴖ ( ʗʖɪᶽɂ ʡˈɖ˄Ṕḗʟʤɂ ʃʬɥ ɬʻɟʺ ˍ☿ ʮḛɉʺṔḗʤɂ ˂Ỉɂ ȲɄᶽɂ ɑʕɄʁȹ 

..................................................................................................................................................................................................................................................................................................... 

 ᴗ ( ɑʶɄʫȹ2  -  ʗʖɪᶽɂ ʡˈɖ˄Ṕḗʟʤɂ ʃʬɥ ɬʻɟʺ ˍ☿ ʮḛɓʻˈɇ 

..................................................................................................................................................................................................................................................................................................... 



 

 

r222
 k (2 - ʮḛɉ̋Ṕḗʤɂ rʫ ʢ̒ʯɄɉ̋ɱɇ2

..................................................................................................................................................................................................................................................................................................... 

 m (˄ᶸʮɄɛ˄ȹ ̋ɰ̒ʦʞ rʫ ʮḛɛ  

..................................................................................................................................................................................................................................................................................................... 

 ŋ  (ʨ̍ɜ˄ʐ ɭ̍ʫ̋ɱɇ rʫ Ṕḙ˄ȹ ʨ̍ɜ̍ʫ ʨ̍ɜ˄ȹ  

..................................................................................................................................................................................................................................................................................................... 

 o ( rʫ  ʮḛʫȵ ʨ̍ɉ̋ɱɉ̋ɳ˄ȵ2 -  ʢ̒ʯɄɉ̋ɱɇ  

..................................................................................................................................................................................................................................................................................................... 

 ɔ ( ̒ ɛˈʫ ʢ̒ʯɄɛ̍ʑɂ rʫ ʪ̒˄ɬ̒ɾʤɂ ɭ̍ɶʝ 

..................................................................................................................................................................................................................................................................................................... 

 ᴖ (ʨ˄ɂṕḚɋʤɂ ɭ̍ʫ̋ɱɇ rʫ ʮḛʫȵ ʨ˄ɂṕḚɇ  

..................................................................................................................................................................................................................................................................................................... 

 ᴗ (ʪʻ˄ɬʻɾʤɂ ɭˈɶʝʻɛ˄ȹ ʳʫ Ṕḙ˄ȹ ʨˈɜˈʫ ʨˈɜ˄ȹ  

.................................................................................................................................................................................................................................................................................................... 

r

j  2 -  ̒ʫ̋ɱɇ- 2   ʳʫ ʮɄɓʻˈɇ ʨˈɜˈʫ- 2  ʨˈɜˈʫ2-  ʢ̒ʯɄɓ̒̍ɇ 
.............................................................................................................................................................................................................................................. 

k   ʳʫ ʮḛɓʻˈɋʤɂ1-  ʢ̒ʯɄɓ̒̍ɇ 
.............................................................................................................................................................................................................................................. 
l  ɬʻɾʤɂ ɭˈɶʝʻɛ˄ȹ ʢ̒ʯɄɛ˄ᴜ rʫ ʪ̒˄ 

.............................................................................................................................................................................................................................................. 
m  ʢ̒ʯɄɉ̋Ṕḗʤɂ rʫ ʡ̂̒ʯɄɉ̋Ṕḗʤɂ ʃʬɥ 

.............................................................................................................................................................................................................................................. 
 



 

 

 
 

r  ɬ̒ɟ̒ɇ ɒᶗ̒ɦʟʤɂ ̱┤ ʨ̍ɶʝ̋ɰɭ̍yʤɂ ɑʍ̒ʬɡʫ ṕḛʬɕɓ: 

j  ɑʆɇɂɱʤɂ  O-H  ʢ̒ɦʟʤɂ rʫ ʨʎɡɓ ɑ̍ɋʆʙ ɑʆɇɂɰ ̱Ộ̋ 
ᴮ
Ʉʂʬɥ  

ᴮ
ɂɭɟ 
ᴮ
Ʉʖ̍ʎʁ 

k  ɑʆɇɂɱʤɂ ʺC-O  ʢ̒ɦʟʤɂ ʨʎɡɓ ɑ̍ɋʆʙ ɑʆɇɂɰ ̱Ộ̋ɐɭʍɄʙ  
ᴮ
ɂɭɟ ɑʖ̍ʎʁ 

N  ˂Ỉɂ ɑˈȼɄˈʬˈʟʤɂ ɒᶗʻɦʟʤɂ ɒᶚʍɄʖɓ ʭɶʚʱɓ ɴɄɵᶻ ɂɯʶ ˂Ịʍ ʺ: 

 

 

 
 
 
j2 ÈÎéÃkkkkkkkĪÕģãàĪŝÃ Éãá ēÃàkkkkāĤĚŞ ĵ ĜkkkÊ  OH - 
 ) ȵ(   Āę ĔāÄĊÎĕÃÊúîĞĕÃ ËÃæĖĊĕÃ  ) ýƛǆNa  ,  K   ( 

r ʨɛʫ ɑʆɺʲʤɂ ɒɂɳʦʖʤɂ ʏʫ ɒᶗʻɦʟʤɂ ʨʍɄʖɕɓ )Na  ᵷK  (ʬˁɶɔ ɒɄɋʝɱʫ ʮ̒ʟɕɓ̋ æĖĊĕÃ àĪêđĤĒĕÃ 

CH3OH     +   2Na          ɛ         CH3ONa       +       H 2     
            

CH3CH2OH     +   2K      ɛ       .........................................   +    .........................................  
r ˂Ỉɂ ʛɇɄɶʤɂ ʨʍɄʖɕʤɂ ɣɓɄʯ Ʉʱʖʁȵ ɂɮȹ  ˃̒ɕɦ˄ ȲɄʍ̋  ʢ̒ɦ ʖ̍ʤɂ rʫ ʄɄʚʯ ́̍ʤȹ ʔɄʂʑɂ ɱʆʚʑɂ ȲɄʑɂ ʮḛʤɄɛʕ  

     ˃ɭʍɄʙ ʇɵ̒ʤɂ ʮȵ ˂Ịʍ ʨ̍ʤɬ ˃ɱʁɳʤɂ ˂Ỉɂ ʢ̒ʦɦʑɂ ʮ̒ʤ Ṕḛʒɕ˄ ᵷ ʢ̒ɦʟʤɂ 
ᴮ
Ʉʂ˄ȵ ʮ̒ʠɕ˄ ̋ . 

CH3CH2ONa     +   2H2O      Ÿ        CH3CH2OH   +   NaOH 
 

 ×ÊþÙĲę  :91.&!2¸!!2´¥$ 2¤1&,»,-G{2¢U.w2J¬<.-{2\2·12\2µ'2¹.»2·1,-G{22¤1&,»29*B7y2a§-;-{2¸&{ 

   ÊĪĚġÄêÎĕÃ ÊúÇÃäĕÃ ÄĢĪĉ äêĒĞÍ ËĲāÄĊÍ) C-O (   äêĒĞÍ ËĲāÄĊÍ  ÊĪĚġÄêÎĕÃ ÊúÇÃäĕÃ ÄĢĪĉ)O-H  (  



 

 

22
2
2
 × ʮḛɟ̋ɰɭ̍ʁ ɐɰɮ ʏʫ ʨ̍ɶʝ̋ɰɭ̍yʤɂ ɑʍ̒ʬɡʫ rʫ ʮḛɟ̋ɰɭ̍ʁ ɐɰɮ ʌɳʯ ʭɕ˄ ɄẛṨʕ  ʮ̒ɉɱʟʤɂ ɐɰɮ rʫ 

       ʪɭɪɕɶʑɂ ʢ̒ɦʟʤɂ ʌ̒ʯ ɏɶɥ ʮ̒ɕ̍ʟʤɂ ̋ȵ ɭ̍ʁɭʤz ʮ̒ʟɕ̍ʕ ʨ̍ɶʝ̋ɰɭ̍yʤɂ ɑʍ̒ʬɡʬɇ ɑʦɾɕʑɂ " 

                                  

r ʮḛᾒὈʝᶻ ʨɛʫ ɑˆʻʚʤɂ ɐɭɶʝȸᶽɂ ʨʫɂʻʎʤɄɇ ɑˈʤʺᶻ ɒᶗʻɦʟʤɂ ɭɶʝȶɕɓ  ) ˃ɰɯʤɂ ( ʪʻˈɵɄɓʻɋʤɂ ɒɄʯɄɡʱʫɱɇ ʺȵ  

    ˂Ịʍ ʗʖɪʑɂ ʡ̍ɖ˄Ṕḗʟʤɂ ʃʬɦɇ ɑʂʬɦʑɂ ʪ̒̍ɵɄɓ̒ɋʤɂ ɒɄʫ̋ɱʝ ̩hɄə ̋ȵ ɭˈʶɭʤȵ ˂Ỉɂ  2

  ˍỊˈɶʝʻɉɱʟʤɂ ʃʬᾚήɂ ˂Ịʍ ʨɾɦʯ ɭˈʶɭʤᶻ ɐɭɶʝȵ ɰɂɱʬɕɵɄɉʺ ȲɄʫʺ .2ĔĖā22¹1!-$¦.2M-(291-»T{2~T»$,-{2¤&,?!!  : 

2D22222·1&,»¦¤1=-{29(».#. 29-6!.-{2¹» ¦,-{2}¦¥ 2¹1!-6!.2¹1#»¦¤102¹1!¦¥2¤»#»- 

CH3 - CH2 - OH    +    [O]     Ÿ      CH3- CHO  +   H2O    
                                  

CH3-  CHO    +     [O]       Ÿ     CH3- COOH       
                                                                  

  × ÊþÙĲę : ʌṕḚɇ ʡʤɮ̋ ʇʚʕ ɭ̍ʁɭʤz ˂Ịʍ ʢ̒ɾᾚήɂ rʟʬ˄ ɐɱɪɇȵ ɱ̂ɱʬɓ ɭɦʍ ʮḛɟ̋ɰɭ̍yʤɂ 

                  ɓ́ɰɂɱɥ ɑɟɰɬ rᾟὈʫ ɴɄɦʯ ˂Ịʍ ˂Ỉ̋z ʢ̒ɦʟʤɂ ( 300ᴈ      )      ̋ʨʍɄʖɕʤɂ ʗʙʻɕ˄ 

CH3 Ĳ CH2 Ĳ OH           Cu  /  300 0C         CH 3 Ĳ CHO  +   H2ŷ    
           

CH3 -  OH           Cu  /   300 0C       ...........................................    +   H2ŷ 
 
 



 

 

 

r ɐɭɥɂʺ ɑʦɥɱʫ ˂Ịʍ ɑˆʻʯɄɛʤɂ ɒᶗʻɦʟʤɂ ɭɶʝȶɕɓ2ĔĖā 9(».#. 29-6!.-{2¹» ¦,-{2}¦¥2¬B !¦{2| &  

    OH- }¤${»2¹1#»¦¤102}¦¥  ɝˈɥ ɡɦʫɱɇ ɬ̒ɟ̋ ̱┤ ʨɇɄʚʑɂ ʮ̒ɕ̍ʟʤɂ ˂Ỉɂ ɭɶʝȶɕɓʱʪʻˈɵɄɓʻɋʤɂ ɒɄ 

     ̋ɐɭʍɄɶʫ ʨʫɂʻʎʝ ʗʖɪᶽɂ ʡˈɖ˄Ṕḗʟʤɂ ʃʬɥ . 

CH -  OH  +  [O]   Ÿ              C    O  +   H2O                

                             2  

 

CH3  -  CH -  CH2 -  CH3     +   [O]   Ÿ      CH3 - C - CH2 - CH3  +  H2O      

                                                                                              2 

r   

     
ᴲ
ʯ ɝ̍ɥ ɳʦʕ ˂Ịʍ ˃̒ʯɄɛʤɂ ʢ̒ɦʟʤɂ ɐɱɪɇȵ ɰɱʬɑɟɰɭʤ rᾟὈ

ᴲ
ɂʑ ɴɄɦɦʤɂ 300 oC 

 

CH3  -  CH -  CH2 -  CH3                         CH3 - C - CH2 - CH3  +  H2     

 2 

 

 

 2T}¤&,x.-{2·.{»8-B 291¤B8-{2´»¦-{2¤/(291"-B"-{2~T»$,-{2¤&,?!!2¹» ¦,-{2}¦¥2¬B !¦{2¸¤8-  

 9-6!.-{22·1&,»¦¤1=-{29(».#. OH ) c22^¹1#»¦¤102}¦¥   

 

CH3 

CH3 

CH3 

CH3 

OH O 

OH O 
Cu 

300 oC 



 

 

 

2   

 

×  ɬʻɟʺ ˍ☿ ʨʍɄʖɕʤɂ ɂɯʶ ʭɕ˄4SO2H ὃỲḳʟʎʤɂ ʨʍɄʖɕʤɂ ʏʱᶽ ʺ      

×  ὃỲḳʝʻʠʤȵ ɑʍʻʬɡʫ ʨɦɓ ʨʍɄʖɕʤɂ ˍ☿- OR  ʨ̍ɶʝ̋ɰɭ̍yʤɂ ɑʍ̒ʬɡʫ ʨɦʫ ʢ̒ɦʟʤɂ rʫ- OH ʃʬᾚήɂ ʳʫ 

      ȲɄʑɂ ̋ ṔḘɵᴜ rʫ ʨʞ ʮ̒ʠɕ˄ ̋ . 

CH3 -  COO H     +    HO -  C2H5         H2SO4           CH3 -  COOC2H5  +  H2O    

                                                       

H -  COO H   +   HO -  CH3           H2SO4         H -  COOCH3     +   H2O  

                                                

 

 

 

 



 

 

  
 
  
 ) ¹ ( QÄŜÃ ÿæĝ ËĲāÄĊÍDehydration Reaction: 
ç ɒᶗʻɦʟʤɂ ʳʫ ȲɄᶽɂ ʌɳʯ ʳʟʬ˄  )OH   ɐɰɮ ʏʫH  ( ʨɛʫ ȲɄʬʦʤ ɑʍɲɄʯ ɐɬɄʫ ʏʫ Ʉẛṧ̍ᾟὈɖɇ ) ɳʝɱᶽɂ ʡˈɖ˄Ṕḗʟʤɂ ʃʬɥ ( 

       ɑɟɰɭʤɂ ˂Ỉɂ ɳʝɱʑɂ ʡ̍ɖ˄Ṕḗʟʤɂ ʃʬɥ ̋ ʢ̒ɦʟʤɂ rʫ ʮ̒ʠʫ ʄ̒ʦɪʫ ʮḛᾟὈɔ ɭɦʍ )140 oC   ( ɑʍʻʬɡʫ ʌɳʯ ʭɕ˄OH  ʳʫ 

     ʢ̒ɦʝ Ȼɳɟ ᵷ ɐɰɮ )H  ( ɑʍʻʬɡʫ ʳʫOH  ȲɄʑɂ ̋ Ṕḙ˄ᴜ ʮ̒ʠɕ˄ ̋ ɱɩȳ ʢ̒ɦʝ Ȼɳɟ ̱☿ 

                              CH3 - OH        +     H O - CH3                                 H2SO4                  H2O       +    CH3 - O - CH3 

                

                   C2H5  - OH        +     H  O -  C2H5                                  H2SO4                    H2O       +      C2H5 - O - C2H5 

       

 

ç ʭɕ˄  ʳʫ ȲɄᶽɂ ʌɳʯ  ɑɟɰɭʤɂ ɭɦʍ ́̍ɦᾟὈɖɇ  ʢ̒ɦʝ )180 oC   (  ʨɛʫ ȲɄʬʦʤ ɑʍɲɄʯ ɐɬɄʫ ʏʫ ) ɳʝɱᶽɂ ʡˈɖ˄Ṕḗʟʤɂ ʃʬɥ( 

 
CH3 -  CH2 OH                                CH 2     CH2      +    H2O 

 ) Å ( ŋÕģãàĪŝÃ ËÃàĪĕÄġ Āę ĔāÄĊÎĕÃHX 
 ʮḛɟ̋ɰɭ̍yʤɂ ɒɂɭ̍ʤɄʁ ʏʫ ɒᶗ̒ɦʟʤɂ ʨʍɄʖɕɓ )HI  ,    HBr   ,   HCl    ( ʨ̍ɶʝ̋ɰɭ̍yʤɂ ɑʍ̒ʬɡʫ ʨɦʫ ʮḛɟ̒ʤɄyʤɂ ʨɦ˄ ɝ̍ɥ 

 ʨ̍ʟʤz ɭ̍ʤɄʁ ʮ̒ʟɕ˄ ̋ ʢ̒ɦʟʤɂ ̱┤R - X    ȲɄᶽɂ ʺ 

R  -  OH      +    H  -  X        ɛ     R  -  X    +     H2O 

C2H5    -   OH    +     H Cl      ɛ      C2H5  -   Cl      +    H2O 

                                                                                                                                                     

CH3  -    CH2  -  CH2   -   OH     +      HBr     ɛ      CH3   -    CH2    -    CH2   -   Br    +    H2O    

                                                                     1                                                                                                  

140 oC 

140 oC 

180 oC 

H2SO4 
 

 



 

 

 

 

 
  
 
r ËÃäÒĩįÃ ÊĪĚêÍ  :  

 

 

 ÊĖÑÄĚÎŜÃ ÊĖÑÄĚÎŜÃ Ŋą22

 

 

 

 

 

 

 

 

 

 

äÒĩİĕ ÊĪÁÄĪĚĪĒĕÃ ÊĆĪòĕÃ ĀÁÄîĕÃ ĘéıÃ äÒĩıÃ ÿĤĝ 



 

 

r  

 

 

ŋĩĤöĂĕÃ ŋĎîĕÃ ÄĢĪĉ ěĤĒĩ ËÃäÒĩÃ Ĩġ 

ŋĖÑÄĚÎę ĨêđģıÃ ÊāĤĚÖŏ ŋúÈÍäŜÃ 

ŋĩĤöĂĕÃ ŋĎîĕÃ ÄĢĪĉ ěĤĒĩ ËÃäÒĩÃ Ĩġ 

 ŋĖÑÄĚÎę Ŋą ĨêđģıÃ ÊāĤĚÖŏ ŋúÈÍäŜÃ ) ŋĊĖÎŠ ( 

C2H5 - O - C2H5 CH3 - O - C2H5 

CH3 - O - CH3 C3H7 - O - C2H5 

O    O - C2H5 

 

r  

 

 

 ěĤĒÍ ËÃäÒĩÃ Ĩġ ÄĢĪĉ
 ÊĖòÎę ĨêđģĭÃ ÊāĤĚŞ
ĔĪĒĕ¹ ĨÎāĤĚÖŏ 

 ÊāĤĚŞ ÄĢĪĉ ěĤĒÍ ËÃäÒĩÃ Ĩġ
 ĨÎāĤĚÖŏ ÊĖòÎę ĨêđģĭÃ

 ĔĪĞĪĉ ) Ĕĩã·( 

 ÊāĤĚŞ ÄĢĪĉ ěĤĒÍ ËÃäÒĩÃ Ĩġ
 ĔĪĒĕ¹ ÊāĤĚÖŏ ÊĖòÎę ĨêđģĭÃ 
ĔĪĞĪĉ ÊāĤĚŞ ģ ÊĢÕ Ĝę 

  ) Ĕĩã· (ĥäÝ¹ ÊĢÕ Ĝę 
CH3 - O - CH3 

O  
O -  CH3   C2H5 - O - C2H5 

CH3 - O - C3H7 



 

 

 

r ʡ̍ɖ˄Ṕḗʟʤɂ ʃʬɥ ʨɛʫ ȲɄʬʦʤ ɑʍɲɄʯ ɐɬɄʫ ɬ̒ɟ̋ ̱┤ ʢ̒ɦʟʤɂ rʫ ɐɱʕɂ̋ ɑ̍ʬʝ ʮḛᾟὈɔ ɭɦʍ ʡʤɮ ʭɕ˄ 

      ɳʝɱᶽɂ)H2SO4 ( ɭʱʍ) (1400C ɝˈɥʨɛʫ : 

C2H5  -  O -  C2H5    +  H2O       C2H5 -  OH    +    H O -  C2H5                      

    2C2H5 -  OH                                C 2H5  -  O -  C2H5    +  H2O 

............................................. 2CH3 -  OH                                      

 

 

 

 

 

r   ʨˈʟʤᶻ ɒɂɭˈʤɄʶ ʨʍɄʖɕɇ ʡʤɮ ʭɕ˄ʪʻ˄ɬʻɾʤɂ ɭˈɶʝʻʟʤɂ ʨɛʫ ɒɂɳʦʖʤɂ ɒɂɭˈɶʝʻʟʤɂ ʏʫ ʢɂɭɋɖɵᶗɄɇ 

        )( R æ ONa   ɭ̍ɶʝ̒ʟʤz ʮ̒ʯ̍ȵ ʨɦ˄ ɝ̍ɥ)  OR
-

 ( ɭ̍ʤɄyʤɂ ʮ̒ʯ̍ȵ ʨɦʫ) X
-

 (ʨɛʫ  : 

C2H5 -  O Na    +    Br -  C2H5    Ÿ      C2H5  -   O  -   C2H5   +  NaBr 

 
               

     CH3  -   O K       +      Cl -  C2H5       Ÿ     CH3  -   O -  C2H5      +    KCl 

            



 

 

 

 

j  ĔĖā :ÒĩįÃÊĪÈúč ËÄÈđäę ËÃä  )ϣУуЛЎ  ( 
         2¹1#&,T{2»2¹» ¦,-{2¹1 291QB ¦=,-{291 -B&-{2N*2µ¦*2¤»#»-2

 k ÒĩįÃ QÄŜÃ ĵ ěÄÇģâĕÃ ÊÚĪÚí ËÃä ) (    

        9;187291/1#»¦¤1029¬ {¦ 2¦"1X{2¹1#&,? 2uB.-{2¹1#»¦¤102¬B !¦T 

l  ÊĪÂĩæřÃ ÊĖÎĒĕÃ ÉßÄĩæÇ QÄŜÃ ĵ ËÃŊÒĩįÃ ÊĪĝÄÇģá ĔĎÍ. 

m ÒĩįÃ ÊĪĝÄÇģáËıĤÚĒĕÃ ÊĪĝÄÇģá Ĝę Ĕč¹ QÄŜÃ ĵ ËÃä  . 
 

n ĔĖā  :ÒĩįÃ æĪĚÎÍ  ěÄĪĖą ÊÕãàÇ ËÃä vÄĪÈêĝ ÊöĊÞĞę. 

       2·1&,»¦¤1029(».#.2M-(2½»!$!2T2~{¦1"1X{2~BQ1§#2¹G_OH - ̂2

222222222222-2¥-»¶2¬ {»¦2¹»,!!222291/1#»¦¤102¦"1X{2~BQ1§#2¹1 22222

o  ĔĖā : ÒĩįÃ ěÄĪĖą ÊÕãß ËÄĝÄĒĕĭÃ ěÄĪĖą ÊÕãß Ĝę ŊÒĒÇ ĦĖā¹ ËÃä. 

               ¦"1X{2~BQ1§#291 ¬+2| &   

p ÒĩįÃ ěÄĪĖą ÊÕãß ÊĖÎĒĕÃ ĵ Äŝ ÊÇãÄĎŜÃ ËıĤÚĒĕÃ ěÄĪĖą ÊÕãß Ĝę ŊÒĒÇ Ĕč¹ ËÃä. 
 D   9(».#.2¤»#»-2B=!BQ1§#2¹1 291/1#»¦¤102¬ {»¦2¹1»,!2M-(2~T»$,-{2}¦¤+2| & 2

222222222222229;187-{291 ¬<-{2916B%-{2¤»#»2¸)¦ 2~{¦1"1X{2N*2¬ {»¦-{2º¥02¤#»!2T2B./1 291 ¬<-{B=1* 

 
 

 



 

 

 

j  ɒᶗ̒ɦʟʤɂ rʫ 
ᴮ
ɄʅɄɺh ʨʙȵ 

ᴱ
Ʉ̍ȼɄ̍ʬ̍ʝ ɑʆɺh Ṕḛʑ ɒɄɋʝɱʫ ɒɂṔḛɛ˄ʐ ) ɑˆʻʚʤɂ ɐɭɶʝȸᶽɂ ʨʫɂʻʎʤɄɇ ɱəȶɕɓ ᶗ ( 

k  ɭʍɂʻʚʤɂ ʺȵ ɑʤṕḘɪᶽɂ ʺȵ ɑˆʻʚʤɂ ɐɭɶʝȸᶽɂ ʨʫɂʻʎʤɄɇ ɱəȶɕɓ ᶗ ɒɂṔḙ˄ᶼ )ĔĖā ( 

D "1X{29¬ {¦-{2~B "2| & 91¤B8-{2´»¦-{2N*2B0¦&,2|8612N!-{291¦ 

2222222»2´87-2"1X{2N*291 ¬<-{2916B%-{~{¦22

l  

  ʨɛʫ ɐɳʝɱᶽɂ )HBr    Ü HI  (  ʮḛɓʻʆɩ ˂Ịʍ ʨʍɄʖɕʤɂ ʭɕˆʺ:    R - O - R  

r ʨˈʟʤȵ ʮḛˆʻʂʎʤɂ ʮḛʚɺʤɂ ᶚʝ ʺ ɑʦəɄʬɕᶽɂ ɒɂṔḙ˄ᶗɄɇ ˌʖɕʟʱɵ : 
                                                                                    CH3 - O - CH3 

 

                                                                                   C2H5 - O - C2H5 

 

 

r 35  oC  

× ¹.2·,2M-(2·6$/2´1,291§.¦-{291QB1.1,-{2~T¤B8.-{29 B!, 2H7»  : 

j   ʮɄɛ˄ȹ ̒ʫ̋ɱɇ rʫ Ṕḛɛ˄ȹ ʨ̍ɉ̋ɱɇ ʨ̍ɜ˄ȹ. 

................................................................................................................................................................................................................................................ 
 

 k ʨ̍ɉ̋ɱɇ ̋ɳ˄ȵ ʨ̍ɉ̋ɱɇ ̋ɳ˄ȵ ɭ̍ʫ̋ɱɇ rʫ Ṕḛɛ˄ȹ ʨ̍ɜ̍ʫ. 
................................................................................................................................................................................................................................................ 

 

l  ʮɄɛˈʫ ʺɬʻ˄Ṕḛɛ˄ȹ ʨˈɜˈʫ ˌȽɄʱə ʳʫ. 
................................................................................................................................................................................................................................................ 



 

 

 

 

 

ĈĩäĂÎĕÃ 

ġkkkÈđäę Ĩkk ěĤÇäđ Éãá ÄĢĪĉ ěĤĒÍ ÊĩĤöā ËÄ
ĚŞkkkkkkāĤkkkkkĕÃ ÊkĒkkkkkĪĝĤÇäkkkkĪĉäù Ĕkkkkk Ê 
)ĔčĭÃ ĦĖā ÉàÙÃģ ŋÕģãàĪġ ÉãâÇ ÊĖòÎę ( 

 ěĤÇäđ Éãá ÄĢĪĉ ěĤĒÍ ÊĩĤöā ËÄÈđäę Ĩġ
āĤĚŞkkkkkĒĕÃ ÊkkkkĪĝĤÇäkkkĪĉäù Ŋą ĔkkkkÊ             

)ĖòÎękkkkkkkÍãâÇ Êkkkkkkkkkđ ĨkkkkkÇäkkkkěĤ ( 

 ÊĆĪòĕÃ
ÊęÄĂĕÃ 

 ɑˈʕɱʅ ʨˈʯʻɉɱʝ ɑʍʻʬɡʫ 

      O   

R  -  C  -  H 

 ʨˈʯʻɉɱʝ ɑʍʻʬɡʫɑˈʕɱʅ Ṕḛʑ 

      O     

R - C - R          

 

¹.2¬'/w2~{¤10¤-G{22ÚB1QB1.1,2~B/»!1,-{ ĔĖā2¹1#»¦¤102}¦¥ 2·1/» ¦,-{29(».#.2¬B !¦{2| &    

r  

 

 ÊĪÍÄĊĪĕ¹ ËÃàĪġàĕÃR - CHO   ÊĪÍÄęģã¹ ËÃàĪġàĕÃ Ar - CHO 
 ÊkkĪĉäù ĔĪĝĤÇäđ ÊāĤĚŞ ĦĖā ħĤÎő ÊĩĤöā ËÄkkÈđäę

 ĔĪĒĕ¹ ČîÇ ģ¹ ŋÕģãàĪġ ÉãâÇ ÊkkĖòÎę 
 ĔĪĝĤÇäđ ÊāĤĚŞ ĦĖā ħĤÎő ÊĩĤöā ËÄkkÈđäę

  ÊkĖkòÎę ÊkkkĪĉäùÉäíÄÈę  ĔĪĞĪĉ ČîÇ ) Ĕĩã· ( 

ÊęÄĂĕÃ ÊĆĪòĕÃ R - CHO Ar - CHO 

H - CHO  ÊþÙĲęp291*¦¬-{2·1/» ¦,-{29(».#.2¬ !¦!2¸-2{¥{                             

                       2¹»,12¹1§/ -{29<-$ 22}¦'B .N!B;1-w2¤10¤-G{ 

CH3 - CHO 

CHO 
 

 

CH3 - CH2 - CHO 

CH2 - CHO    

 

 

�•�Â�������q�}���Š�a�f�����|�������/�Š�x�/�f�À�f�����m���P�f�������T�Š�@�f�����|��CnH2nO��



 

 

 
 
 

ç ʏʆʚᶽɂ ʢɂɭɋɖɵɂ ʏʫ ʹʤ ʨɇɄʚᶽɂ ˍỊˈɶʝʻɉɱʟʤɂ ʃʬᾚήɂ ʳʫ ɭˈʶɭʤᶚʤ ʏȽɄɺʤɂ ʭɵᶸ ʛɕɺʰ ) ʡ˄  ( ɑʬʦʠɇ ʃʬᾚήɂ ʳʫ )  ɭˈʶɭʤȵ( 

ĨĖĪêđĤÇäĒĕÃ ôĚŚÃ ÊĆĪñ ĨĖĪêđĤÇäĒĕÃ ôĚÚĖĕ ĀÁÄîĕÃ ĘéıÃ àĪġàĕĭÃ ÊĆĪñ  àĪġàĕĲĕ ĀÁÄîĕÃ ĘéıÃ 

H -  COOH H -  CHO 

CH3 -  COOH  CH3 -  CHO 

COOH CHO 
 

 

 

rÊþÙĲę : 2Ú{¦6$291*¦¬2·1/» ¦,-{29(».#.2Â¹»,!2~{¤10¤-T{2N*N({¤2T2¶-¥-2B=/B,.2¤¤$/2¹w2¸1+¦!-{2¤/(2

ĀÁÄîĕÃ ĘéıÃ ËÃàĪġàĕĮĕ ÊĪÁÄĪĚĪĒĕÃ ÊĆĪòĕÃ ďÄÇĤĩĭÃ ÆêÙ ĘéıÃ 

 H - CHO /B"1.·B2

 CH3 - CHO /B"1{·B2

 CH3 - CH2 - CH2 - CH2 - CH2 -  CHO /B&,0·B2

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

 

CHO 
 

CH2 -  CH2 -  CHO 
 3

C2H5              
CH3 -  CH -  CH2 -  CH   -  CHO         

 CH3                        

2,4



 

 

 

  

r ®»/-2ÚB8 !2~B/»!1,-{2´1/6!2·1/» ¦,-{29(».#. 29¬ !¦.-{291»78-{2µ»<'-{  : 

 

 

R  -  CO -  R 
 ÊþÙĲęp2·1/» ¦,-{29(».#.2¬ !¦!2¸-2{¥{                                                     

          -{2¹»,12¹1§/ -{29<-$ 22}¦'B .¹»!1,2N!B;1-w 

Ar  -  CO -  Ar 

Ar  -  CO  -  R 

ÊĩĤöā ËÄÈđäę Ĩġ  ĔkĪĝĤÇäđ ÊāĤĚŞ ĦĖā ħĤÎő
ĪĒĕ¹ ĨkĎîÇ ÊĖòÎękkĔ 

đ ÊāĤĚŞ ĦĖā ħĤÎő ÊĩĤöā ËÄÈđäę Ĩkkġk ĔkĪĝĤÇä
 ĨĎîÇ ÊkkĖòÎęĪĒĕ¹ Čkkí ģ ĔkĪĞĪĉ ČkîÇ ģ¹ ĔĪĞĪĉĔ 

CH3  -  CO  - CH3 

 

CO - CH3     

O   

C                  

               

CH3  -  CO  -  CH2  -  CH3

CH2 - CO  - CH3

 

 

 

 

 



 

 

 

äÝ· ĀÁÄí ĘéÃ ÁÄîĕÃ ĘéıÃĀ 
ěĤkkÎĪĒĕÃ ÊĆkkĪñ 

ďÄÇĤĩĭÃ ĘéıÃ 

¹»!1&G{2¹»!1,2·1"1.2NQB/"2CH3  - CO -  CH3 ¹»/B »¦ 2

c2{2·1"1.¹»!1,2·1"12CH3  - CO -  CH2 - CH3 ¹»/B!»1 2

c22 CH3 - CH2  - CO -  CH2 - CH3 32c22¹»/B!/ 2

c22CH3 - CO - C3H7 2

c22CH3 - CO - C4H9 2

2
¹»/1*»!1&T{2

¹»!1,2·1"1.2·1/1*2
CO - CH3     

¹»/B"1{2·1/1*2

¹»/1*»§/ -{2¹»!1,2·1/1*2NQB/"2                              CO             2NQB/"¹»/B"1.2·1/1*2

c2c2
CH2 - CO - CH3     

12

c2c2
O              CH2 - CH3                           

CH3  - C - CH2 - CH - CH3              
4 2c22·1".c222c  »/B&,0¹2

c2c2

              C2H5      O                                         

CH3   -   CH  -  C   -  CH  -  CH3     

CH3                                 

2

 



 

 

 

ËÃàĪġàĕıÃ Ŋöő  Preperation Of Aldehydes  

291-»G{2~T»$,-{2}¤&,? 2~{¤10¤-G{2¦Ø7$Ø/2

 ɑɟɰɭʤ rᾟὈʑɂ ɴɄɦɦʤɂ ɳʦʕ ˂Ịʍ ̱Ỉ̋ᴜ ʢ̒ɦʟʤɂ ɐɱɪɇȵ Ǝɰɱʬ
ᴲ
ʯ300 oC   ˂Ỉɂ ̱Ỉ̋ᴜ ʢ̒ɦʟʤɂ ʢ̒ɦɕ˄ ɝ̍ɥ 

 ʮḛɟ̋ɰɭ̍yʤɂ ɲɄʑ ɭʍɄɾɕ˄ ̋ ʨɇɄʚʑɂ ɭ̍ʁɭʤᴜ

CH3 Ĳ CH2 Ĳ OH           Cu  /  300 0C         CH 3 Ĳ CHO  +   H2ŷ     
                ʢɄʯɄɛ˄ɂ  ʢ̒ʯɄɛ˄ɂ 

CH3 -  OH           Cu  /   300 0C       ...........................................    +   H2ŷ 
 

 ËÄĝĤÎĪĒĕÃ ŊöőPreperation Of Ketones 

91»/B"-{2~T»$,-{2}¤&,? 2~B/»!1,-{2¦Ø7$Ø/2

×ɐɭɶʝȸᶽɂ ʨʫɂʻʎʤɄɇ ɑˆʻʯɄɛʤɂ ɒᶗʻɦʟʤɂ ɭɶʝȶɕɓ  ȲɄʑɂ ̋ ʨɇɄʚʑɂ ʮ̒ɕ̍ʟʤɂ ʮ̒ʟɕ˄ ̋ ʮḛᾒὈʝz ̋ȵ 

 

CH -  OH  +  [O]   Ÿ              C    O  +   H2O                

                                                                       ʮ̒ʯɄɉ̋ɱɇ                                                                                                         2 ̒ʯɄɉ̋ɱɇ ʢ  

×  ˃̒ʯɄɛʤɂ ʢ̒ɦʟʤɂ rʫ ʮḛɟ̋ɰɭ̍yʤɂ ʌɳʯ ʭɕ˄ ɝ̍ɥ rᾟὈʑɂ ɴɄɦɦʤɂ ˂Ịʍ ɑ̂̒ʯɄɛʤɂ ɒᶗ̒ɦʟʤɂ ɐɱɪɇȵ ɰɂɱʫȺɇ ɒɄʯ̒ɕ̍ʟʤɂ ˂Ịʍ ʨɾɦʯ 
ᴮ
Ʉʂ˄ȵ ̋ 

 

CH3  -  CH -  CH2 -  CH3      Cu  /   3000C    CH3 - C - CH2 - CH3  +  H2                      

                                                                  ʮ̒ʯɄɓ̒̍ɇ2   ʢ̒ʯɄɓ̒̍ɇ

CH3 

CH3 

CH3 

CH3 

OH O 



 

 

 
 

j     ɲɄʑ ̒yʕ ɭ̍ʁɭʤɄʫɰ̒ʖʤɂ ɂɭʍɄʫ ɑʕɱʒʤɂ ɐɰɂɱɥ ɑɟɰɬ ɭɦʍ ɑʦȼɄɶʤɂ ɑʤɄᾚήɂ ̱┤ ɭɟ̒ɓ ɒɄʯ̒ɕ̍ʟʤɂ ̋ ɒɂɭ̍ʁɭʤz ʏ̍ʬɟ 

  k ʺ ɒɂɭˈʶɭʤᶻ ˍ┤ ʨˈʯʻɉɱʟʤɂ ɑʍʻʬɡʫ  ɑˈɋʆʙ ɒɄʯʻɕˈʟʤɂ) .ĔĖā( 

D   "¹1#&,G{»2¹» ¦,-{2¹1 291QB ¦=,-{291 -B&-{2N*2µ¦*2¤»#»-" 

l 

 )ĔĖā( 

  D   "»2~{¤10¤-G{2u{»!${2| & 291 ¬<-{2·1/» ¦,-{29(».#.2M-(2~B/»!1,-{" 

m  ɑ̍ʤ̒ʑɂ ʨɕʟʤɂ ̱┤ Ʉyʤ ɑɉɰɄʚʑɂ ɒᶗ̒ɦʟʤɂ ʮɄ̍ʦʑ ɒɄɟɰɬ rʫ ʨʙȵ ɒɄʯ̒ɕ̍ʟʤɂ ̋ ɒɂɭ̍ʁɭʤz ʮɄ̍ʦʑ ɒɄɟɰɬ) . ĔĖā ( 
 D¤»#»2¸)¦ 2B=!BQ1§#2¹1 291/1#»¦¤102¬ {»¦2¹1»,!2M-(2~B/»!1,-{2»2~{¤10¤-G{2}¦¤+2¸¤8-29(».#.222         

         2B=Q{»!$T2B=!BQ1§#2¹1 291/1#»¦¤102¬ {»¦2¹1»,!2~T»$,-{2J1¬!&!2B./1 291 ¬<-{2·1/» ¦,-{2
22222 229(».#.2M-(291 ¬<-{2·1&,»¦¤1=-{ 
  n  ɑʂʖɪʱᶽɂ ɑˈʤʻᶽɂ ʨɕʟʤɂ ɒɂɮ ɒɄʯʻɕˈʟʤɂ ʺ ɒɂɭˈʶɭʤᶻ Ɇʺɯɓ) rʫ ʨʙȵ ˂Ịʍ ̓̒ɕɦɓ o ʮ̒ɉɱʝ ɒɂɰɮ( 

       ɑʖʦɕɪʫ ɏɶʲɇ ȲɄᶽɂ ˍ┤  ) .ĔĖā( 

D   "uB.-{2~BQ1§#»2B=!BQ1§#2¹1 291/1#»¦¤102¬ {»¦2¹1»,!2M-(2B=!¦¤<- " 

o  Ȼɳᾒήɂ ̱┤ ʮ̒ɉɱʟʤɂ ɒɂɰɮ ɬɭʍ ɐɬɄ̂ɳɇ ̓ȵ Ʉyʤ ɑ̍ʤ̒ʑɂ ʨɕʟʤɂ ɐɬɄ̂ɳɇ ɑ̍ʯɄɉ̋ɯʤɂ ʨʚɓ. 

 

 

 

 

 



 

 

2

22

2
2N-12B. 2·1/» ¦,-{29(».#.2§1.!! :2

j  ˃Ʉɇ ɑʆɇɂɰ ɬ̒ɟ̋ ́ ʮḛɇ ʮḛᾒὈʝz  ̋ʮ̒ɉɱʟʤɂ ̩ɔɰɮ. 

k ɐɰɮ  ̱┤ ɑʝɰɄɺʑɂ Ṕḛʑ ȸʕɄʠɕʤɂ ɒɄʯ̋ṔḘʟʤȹ rʫ ʮḛɟ̋ɲ ʏʫ ɑ̍ɋʆʙ ɑ̍ȼɄɦə ɑ̍ʬʁɄɶɔ ɑʆɇɂɰ ɬ̒ɟ̋ 

        ɑʖˈʎʂʤɂ ɐɭʍɄʚʤɂ ɼɂʻɩ ʨˈʯʻɉɱʟʤɂ ɑʍʻʬɡʫ ɒɄɋʝɱʫ ˌʆʎ˅ Ʉʫ ʮḛᾒὈʝᶻ. 

l   ɑˈɋʆʙ ɒɄʯʻɕˈʟʤɂ ʺ ɒɂɭˈʶɭʤᶻ ˍ┤ ʨˈʯʻɉɱʟʤɂ ɑʍʻʬɡʫ)ĔĖā( 

         2| & ¹1#&,G{»2¹» ¦,-{2¹1 291QB ¦=,-{2291 -B&-{2N*2µ¦*2¤»#» . 

 

 ×  ēÃæÎÝıÃ ĔāÄĊÍ ) :¹1#»¦¤1=-{29*B7y (  ) ɑʆɇɂɱʤɂ ɱɶʝ ɭʎɈ ɑʕɄʁᶼ ʭɕɓ ́  ʨˈʯʻɉɱʟʤɂ ɑʍʻʬɡʫ ˍ┤  ( 
r ʨɛʫ rɩɄɵ ɭʍɄɶʫ ʨʫɄʍ ɬ̒ɟ̒ɇ ʮḛɟ̋ɰɭ̍yʤɂ ɑʕɄʁȺɇ ɒɄʯ̒ɕ̍ʟʤɂ ̋ ɒɂɭ̍ʁɭʤᴜ ʢṕḘɪɓ ) ʮḛɓᶚɋʤɂ ʺȵ ʨʠˈʱʤɂ(

91-»w2~T»$,2M-{2~{¤10¤-G{2Â·§!%Â!2

91»/B"-{2~T»$,2M-{2~B/»!1,-{2Â·§!%Â!2

CH3 -  C -  H    +  H2             Ni                     CH 3 -  CH2 -  OH 

 

CH3 -  C -  CH3    +  H2             Ni                   CH 3 -  CH  -  CH3 

                 

 

 

O 

O OH 



 

 

2×2ÉàêđĭÃ ËĲāÄĊÍ22_ɒɂɭˈʶɭʤᶠʤ ʇʚʕ22^2

 ɐɭɶʝȸᶽɂ ʨʫɂʻʎʤɄɇ ɑʤʻʸɶɈ ɒɂɭˈʶɭʤᶻ ɭɶʝȶɕɓ)ĔĖā( 

2·1&,»¦¤1029(».#.2M-{29-»=& 2¤&,?!!29¬'/2¹1#»¦¤102}¦¥ 2·1/» ¦,-{29(».#.2¬B !¦T2_OH22^2 1$
29- B<.-{291-1&,» ¦,-{2«B.$G{2M-{2~{¤10¤-G{2¤&,?!!2

C - C

  

  

 ʨɇɄʚᶽɂ ˍỊˈɶʝʻɉɱʟʤɂ ʃʬᾚήɂ ˂Ỉɂ ɭˈʶɭʤᶸ ɭɶʝȶɕ˄ ) ɗʝɭɦɇ ̋ȵ ɣɦʦyʕ ʢ̒ʦɦʫ ʪɂɭɪɕɵɄɇ ( 

ç  ɣɦʦyʕ ʢ̒ʦɦʫ)    ɴɄɦɦʤɂ ɒɄɕ˄Ṕḗʝ ʢ̒ʦɦʫ rʫ ʇ̍ʦɩII  ʪ̒̍ɵɄɓ̒ɋʤɂ ̋ ʪ̒˄ɬ̒ɾʤɂ ɒɂɱʅɂɱʅ ʢ̒ʦɦʫ ̋  ( 

CH3 -  CHO  +  [ 2Cu2+   +  5OH-   ]                  CH -  COO-  +  Cu2O + 3H2O  
I                                                              

  
 

HCHO    +   [  2Cu2++5OH-   ]    Ÿ      HCOO-     +     Cu2O Ź    +    3H2O 
   I

  ×  ĜĕĤÍ ĈíÄĒÇ ËÃàĪġàĕĭÃ Éàêđ¹: 

  Ag(NH3)2]NO3 [  ( 

 ʮ̒̍ɓɄʞ ʢɂṕḘɩɂ ˂Ịʍ ɭ̍ʁɭʤz ʨʬʎ˅)Ag+ ( ɑʯ̒ʠʫ ɑɉ̒ɋʯz ʮɂɰɭɟ ˂Ịʍ ɏɵṔḘɓ ɑʂʖʤɂ ɒɂɰɮ ˂Ỉɂ rʤ̒ɓ ʗɹɄʠɇ ɬ̒ɟ̒ɂʑ

 ɑˈʦˈɶʝʻɉɱʟʤɂ ʀɄʬɥᶻ ˂Ỉɂ ɒɂɭˈʶɭʤᶻ ɭɶʝȶɕɓʺ ɑʂʖʤɂ ɐȳɱʫ 

H - CHO     +     [2Ag2+ + 3OH- ]             Ÿ      H - COO-      +  2H2O           +     2Ag(s)                                        

                                  

ʳɩɄɵ ˌȽɄʫ ʪɄʬɥ 

Ɋ̩̒ʅ ɱʬɥȵ ɏɵɂɰ ɭɶʝȸʫ ʨʫɄʍ 
ɴɄɦɦʤɂ ɭ̍ɶʝȵ ˂Ỉɂ ɣɦʦyʕ ʢ̒ʦɦʫ ʢṕḘɪƎ˄ I 

 

 

  



 

 

 

      

      

  ÊĪĖĪêđĤÇäĒĕÃ óÄŖĭÃ ÊĩĤöĂĕÃ Ŋą óÄŖıÃ 
917.$-{2
«.$-{2}»+2
·B".2CH3COOH  HCl  ,   H2SO4  , HNO3 

 
-  COOH R-  C -  OH R 

ĔĖā ʨˈɶʝʻɉɱʟʤɂ ɑʍʻʬɡʬɇ ɑʦˈɶʝʻɉɱʟʤɂ ʀɄʬɥᶸ ˍ┤ ɑˈʖˈʉʻʤɂ ɑʍʻʬɡᶽɂ ˁʬɶɔ -  COOH R 

    22B=/G2·1/» ¦,29(».#.2¹.2¹»,!!-  C -  2229(».#. 29-6!. 2·1&,»¦¤10-  OH2

×CnH2nO2

H - COOHCOOH  
 CH3 - COOH 

CH3 - CH2 - COOH  

CH2 -  COOH 

O 

O 

���í�f�����T�Š�@�����m���P�f�����•�Â���j�Š�8�_�}���3�a�f�������†�.���'�÷����� �̂}�D�P�f�����B���n�'�À�f��������CnH2nO2

���í�f�����T�Š�@�����m���P�f�����•�Â���j�Š�8�_�}���3�a�f�������†�.���'�÷����� �̂}�D�P�f�����B���n�'�À�f��������CnH2nO2



 

 

 

ÊĂÁÄîĕÃ ÊĪĚêÎĕÃ 
ĨĖĪêđĤÇäĒĕÃ ôĚŚÃ ÊĆĪñ 

ďÄÇĤĩĭÃ ÊĪĚêÍ 
Âµ!'Â122|&$ 2«.$--2JQB'-{2¸&T{

2N/{»1$-{2»w2N!B /-{2º¦¤6.22«.$29.-,2a2¹B,-T{2¸&{2a¶1»2J¬<.-{2

H - COOH 

CH3 - COOH 

CH3 - CH2 - CH2 - COOH 

CH3 - ( CH2 )14 - COOH 

  COOH   

CH2 -  COOH  

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

3

C2H5                   
CH3 -  CH -  CH2 -  CH -  COOH 

C2H5                 

24

        

 

 



 

 

 

  

 

j ÉàêđĭÃÊęÄÎĕÃ ŋÖêđĭÄÇ ģ¹ ÊöĚÚ
z
ŜÃ ėĤĪéÄÍĤÈĕÃ ËÄĞÖĞęäÇ ĔÒę Éàêđ¼ŜÃ ĔęÃĤĂĕÄÇ ÊĪĕģĭÃ ËıĤÚĒĖĕ

CH3 -  OH        +          2[O]           Ÿ           H -  COOH        +        H 2O 

CH3 -  CH2 -  OH   +     2[O]     Ÿ        ..............................................  + H2O 

 

k ËÃàĪġàĕĭÃ Éàêđ¹   :   

CH3 -  CHO    +      [O]           Ÿ          CH3 -  COOH  

                            

                                                       .............................................. C6H5 -  CHO   +     [O]      Ÿ

 

 

 

 



 

 

 

 

j  ˂Ịʍ ˃̒ɕɦɓ ὃỮʤɂ ɑ̍ɓɄʖ̍ʤz ɑ̍ʦ̍ɶʝ̒ɉɱʟʤɂ ʀɄʬɥz )1 - 4  ( ȲɄʑɂ ̱┤ Ɇ̋ɯɓ ʮ̒ɉɱʝ ɒɂɰɮ ĔĖā 

k  ˂Ịʍ ˃̒ɕɦɓ ὃỮʤɂ ɑ̍ɓɄʖ̍ʤz ɑ̍ʦ̍ɶʝ̒ɉɱʟʤɂ ʀɄʬɥz )5 - 9  ( ɑʦ̍ʚə ʨȼɂ̒ɵ ̱Ộ ʮ̒ɉɱʝ ɒɂɰɮ  

l  ˂Ịʍ ˃̒ɕɦɓ ὃỮʤɂ ɑ̍ɓɄʖ̍ʤz ɑ̍ʦ̍ɶʝ̒ɉɱʟʤɂ ʀɄʬɥz10  ɑɋʦɾʤɂ ɑʤɄᾚήɂ ̱┤ ʮ̒ʟɓ ʘ̒ʕ Ʉʬʕ ʮ̒ɉɱʝ ɒɂɰɮ  

m   ɑˈȿˆɳᾒήɂ Ʉẛṥʦɕʝ ɐɬɄˆɳɇ ȲɄᶽɂ ˍ┤ ɑˈʦˈɶʝʻɉɱʟʤɂ ʀɄʬɥᶸ ɑˈʯɄɉʺɮ ʨʚɓĔĖā 

n   ɑɉɰɄʚɕʫ ɑ̍ȿ̂ɳɟ ʨɕʝ Ʉyʤ ὃỮʤɂ ̋ ɒᶗ̒ɦʟʤɂ ʮɄ̍ʦʑ ɑɟɰɬ rʫ Ṕḛɛʟɇ ˂Ịʍȵ ɑ̍ʦ̍ɶʝ̒ɉɱʟʤɂ ʀɄʬɥᴜ ʮɄ̍ʦʑ ɒɄɟɰɬĔĖā 

 
 

o  ɏ̍ʝṔḘʤɂ ̱┤ ɑẛẀɄɺɖ
ᴲ
ɂʑ ɑ̍ʦ̍ɶʝ̒ɉɱʟʤɂ ʀɄʬɥz ʮɄ̍ʦʑ ɒɄɟɰɬ  ɒɂɰɮ ɬɭʍ ɐɬɄ̂ɳɇ ˃ȵ Ʉyʤ ɑ̍ȿ̂ɳᾒήɂ ʨɕʟʤɂ 

        Ȼɳᾒήɂ ̱┤  ʮ̒ɉɱʟʤɂ  

 

 

 

 



 

 

 

 

   

 

 × ÊĪĖĪêđĤÇäĒĕÃ ×ĲęĭÃ ĜĩĤĒÍ: 

r 

 

j Ŷ

2H -  COOH     +       2 Na   Ÿ       H -  COONa      +        H 2

k         ɳʦʖʤɂ ɭ̍ɶʝ̋ɰɭ̍ʁŶ  

CH3 -  COOH     +      NaOH     Ÿ     CH3 -  COONa     +      H2O 

l Ŷ 

 2H -  COOH     +    Na2CO3    Ÿ       H -  COONa     +    H2O     +   CO2  

 

 

 

 

 

 

 

  

  

   



 

 

 
 

ʢɂɭɋɖɵɂ ʢɂɭɋɖɵᶸ ʨʍɄʖɓ ˍ☿ ʭɕ˄     ̋ȵ ɐɰɮ ˃ȶɇ ʨ̍ɶʝ̒ɉɱʟʤɂ ɑʍ̒ʬɡʫ ̱☿ɑʍʻʬɡʫ 

         ʢɂɭɋɖɵᴜ ʨʍɄʖɓ ʨʍɄʖɕʤɂ ὂḒɶ˅ ʮḛɟ̋ɰɭ̍yʤɂ̋ ʮ̒ɉɱʟʤɂ ɐɰɮ ɂɭʍ Ʉʫ ɒɂɰɮ        ɑˈʖˈʉʺ ɑʍʻʬɡʫ ʨʍɄʖɕʤɂ ɂɯʶ ʳʍ ɣɕʲ˄

ɐɭ˄ɭɟ  ɑʫɄʎʤɂ Ʉẛṥʒˈɽ ʺ ɐɭ˄ɭɟ ɒɄʚɕɺʫ ʺR - C -  Z                                                

R -  C -  OR                 R -  C -  O -  C -  R               R -  C -  Cl          
 
×SOCl2
 

CH3 -  C -  OH     +   SOCl2     Ÿ     CH3 -  C -  Cl    +   SO2   +  HCl  
                                          

 
 

 
× 

P2O5

CH3 -  CO OH    +  H OOC -  CH3         Ÿ        CH3 -  C -  O -  C -  CH3  + H2O 

                 

O 

O O 

O O 
P2O5 

O O O O 



 

 

 

 

× 

    ] ŖkkkkkkkĪêđĤÇäđ ôkkkkĖkk   Ĩ  +Úđkkkkk ēĤ     Ŷ      ÎéÃkkkkkä     +     ękkkkkkkkkkk  QÄ[ 

 
 CH3 - COO H  + HO  -  CH2 - CH3      Ÿ          CH3 - COO - CH2 - CH3   +   H2O  

                     

                    

×þÙĲę 
w
Ê   :            

                        
     
 

 

j

k    

l

m

HCOOH




