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B      :    ʢɄɛʫ ʪ̒˄ɬ̒ɾʤɂ ɭ̂ɰ̒ʦʞNaCl2B      :       ʢɄɛʫʪʻ˄ɬʻɾʤɂ ɒɄɕˉɵȵ NaCOO3CH2B      :   ʢɄɛʫ ʪ̒̍ʯ̒ʫɜɂ ɭ̂ɰ̒ʦʞ

Cl4NH2

)ǎ(O2+  H  (aq)NaCl    Ÿ  (aq)NaOH +   (aq)HCl )ǎ(O2+  H (aq)COONa3CH  Ÿ  (aq)NaOH+   (aq)COOH3CH (aq)Cl4NH     Ÿ  3(aq)+   NH (aq)HCl 
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HF ʡ̂ɰ̒ʦʕ̋ɰɭ̍yʤɂ ʃʬɥ F- ɭ̂ɰ̒ʦʕ 
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B      :    ʢɄɛʫ ʪ̒˄ɬ̒ɾʤɂ ɭ̂ɰ̒ʦʞNaCl2B      :       ʢɄɛʫʪʻ˄ɬʻɾʤɂ ɒɄɕˉɵȵ COONa3CH2B      :   ʢɄɛʫ ʪ̒̍ʯ̒ʫɜɂ ɭ̂ɰ̒ʦʞCl4NH2

[ H3O+ ] = [ OH-  ] = ὑ  =10- 7 M ] -[ OH <] + O3[ H ] -[ OH >] + O3[ H 

PH = 7 PH > 7 PH < 7 
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G  
y
āĔĖ  :] +O3H [] -OH [NaCl  )PH = 7  ( 

(aq)
-+ Cl (aq)

+Na    Ÿ(s)     NaCl 
NaCl (s)  +    2H2O(ǎ)      ᵮ     H3O

+
(aq) + OH -

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

(aq) 
B   : rʫ ʮ̒ʟɕ˄ ʪ̒˄ɬ̒ɾʤɂ ɭ̂ɰ̒ʦʞ ᾝίʫ ʮɜ 

j   )+Na   (ɐɭʍɄʙ ʳʫ ʛɕɺʫ ˆʻʙ ɑ ᵷ( ȶˈʬɕ˄ ᶗ ) ȲɄᶽɂ ʏʫ ʨʍɄʖɕ˄ ᶗ 

k  )-Cl   ( ˃̒ʙ ʃʬɥ rʫ ʛɕɺʫ ᵷ ( ȶˈʬɕ˄ ᶗ ) ȲɄᶽɂ ʏʫ ʨʍɄʖɕ˄ ᶗ 

D   ṕḛʝɱɓ ˁʚɋ˄ ˍỈɄɕʤɄɇ ʺ] -] = [ OH+ O3[ H  ʢɬɄʎɕʫ ʢ̒ʦᾚᾇɂ ʮȵ ὃỰʎ˅ ɂɯʁ ̋ )PH = 7  ( 

G  
y
āĔĖ  :pHCOONa3CH7 

(aq)
++    Na   (aq)

-COO3CH    Ÿ(s)    COONa3CH 
B   : rʫ ʮ̒ʟɕ˄  ʪ̒˄ɬ̒ɾʤɂ ɒɄɕ̄ɵȵ ᾝίʫ ʮɜ 

j  )+Na   ( ɑˆʻʙ ɐɭʍɄʙ ʳʫ ʛɕɺʫ ᵷ( ȶˈʬɕ˄ ᶗ ) ȲɄᶽɂ ʏʫ ʨʍɄʖɕ˄ ᶗ 

k )-COO3CH( ʗˈʎʁ ʃʬɥ ʳʫ ʛɕɺʫ    ᵷʨʍɄʖɕ˄  ʗ̍ʎʂʤɂ ʡ̍ɖ̍ɵɜɂ ʃʬɥ ʮ̒ʟƎ˄ ̋  ( ȶ̍ʬɕ˄ ) ȲɄʑɂ ʏʫ 

CH3COO-
(aq) + H 2O(ǎ)     ᵮ    CH3COOH (aq) + OH -

(aq) 

D  ʮ̒ʟ˄ ̱ỈɄɕʤɄɇ ̋] -] < [ OH+ O3[ H   ˃ɭʍɄʙ ʢ̒ʦᾚᾇɂ ʮ̒ʟ˄ ˃ȵ ᵷPH > 7 

 

G  
y
āĔĖ   :pHCl4NH7   

(aq)
-+ Cl (aq) 

+
4NH     Ÿ     (s) Cl4NH 

B   ᾝίʫ ʮᶟʪ̒̍ʯ̒ʫɜɂ ɭ̂ɰ̒ʦʞ  : rʫ ʮ̒ʟɕ˄ 

j  )-Cl   ( ˃̒ʙ ʃʬɥ rʫ ʛɕɺʫ ᵷ ( ȶˈʬɕ˄ ᶗ ) ȲɄᶽɂ ʏʫ ʨʍɄʖɕ˄ ᶗ  

k )+4NH   ( ɑʖˈʎʁ ɐɭʍɄʙ ʳʫ ʛɕɺʫ ᵷ( ɑʖ̍ʎʁ ɐɭʍɄʙ ) Ʉ̍ʯ̒ʫɜɂ ʮ̒ʟɕɓ ̋ ( ȶ̍ʬɕ˄  ) ȲɄʑɂ ʏʫ ʨʍɄʖɕ˄ 

     (aq)
+O3H     +3 (aq)NH  ᵮ  )ǎ(O2H        +(aq)

+
4NH 

D  ʮ̒ʟ˄ ̱ỈɄɕʤɄɇ ̋] -] > [ OH+ O3[ H   ὃỲṍʬɥ ʢ̒ʦᾚᾇɂ ʮ̒ʟ˄ ˃ȵ ᵷ7 <PH  
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GÊĪĕÄÎĕÃ ËÃãÄÈĂĕÃ Ĝę ÉãÄÈā Ĕđ ĠĪĖā ēàÍ ħâĕÃ ĨĚĖĂĕÃ ØĖúòŜÃ ģ¹ ĘéıÃ ÆÎđÃ : 
j  

k ʗˈʎʁ Ʉʬʶᶚʝ ʺȵ Ʉʬʶɭɥȵ ɐɭʍɄʙʺ ʃʬɥ ʳˆʻʟɕʤ ȲɄᶽɂ ɒɄʯʻ˄ȵʺ ᾝίᶽɂ ɒɄʯʻ˄ȵ ʮḛɇ ʨʍɄʖɓ 

l ɑ̂̒ʙ ɐɭʍɄʙ̋ ˃̒ʙ ʃʬɥ ʮḛɇ ʨʍɄʖɕʤɂ ɑɡ̍ɖʯ ʮ̒ʟɕɓ ɤᶚʫȵ 

m ɑ̂̒ʙ ɐɭʍɄʙ̋ ʗ̍ʎʁ ʃʬɥ ʮḛɇ ʨʍɄʖɕʤɂ ɑɡ̍ɖʯ ʮ̒ʟɕɓ ɤᶚʫȵ 

n 

 o   ᴱEᾇɂ GʤɄᾚ Ǝʨ̍  ᴱʤɂ GɓɄɦ ᴲɑɡ  Eʍ ̋Eɮ r GʮɄɉ  Gʫ Dᾝί  Ǝʫ 
ᴱ
ɕ Eʎ GɬɄ Dʢ  

ᴱ
ʯ GɓɄ Dɣ  Eʍ 

ᴱ
ɓ r 
ᴱ
ʖ ƎʍɄ Gɥ ʨ 

ᴱ
ʙ ʃʬ Eʫ ˃̒ 

ᴱ
ʙ ʏ GʍɄ 

ᴱ
ʙ ɐɭ ̂̒Eɑ 

p   
ᴱE
ᾇɂ Ǝʨ̍ʤɄᾚ  

ᴱ
ʤɂ GɓɄɦ 

ᴲ
ɑɡ  Eʍ 

ᴱ
ɓ r ̍Ǝʬ Gʫ ȸ Dᾝί  

ᴱ
ʙ GʍɄ Gɭ 

ᴱ
ʯ ˃ GɓɄ Gɣ  Eʍ 

ᴱ
ɓ r 
ᴱ
ʖ ƎʍɄ Gʨ  Gɥ Dʃʬ  

ᴱ
ʁ Gʎ Dʗ̍  Eʫ GʍɄʙ ʏ Dɑ̂̒ʙ ɐɭ 

q  
ᴱ
ᾇɂ Eᾚ 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 

G2 ÊęĲā Āõ )ã (    ) ÊęĲā  ģ ÊÚĪÚòĕÃ ÉãÄÈĂĕÃ ėÄę¹X : ĨĖĩ Äę ĵ ÊÚĪÚòĕÃ Ŋą ÊÇÄÕıÃ ėÄę¹ (22

1 ( 4NaHSO

2  (  

3( pH

G2 Äŏ ÊĪĕÄÎĕÃ ËÃãÄÈĂĕÃ ĵ ËÄąÃäĊĕÃ ĔĚđ¹ÄĪĚĖā ÄĢÈéÄĞĩ :2

j  ) 3CO2K (   ---------------------   

k  ʢ̒ʦɦʫɭ̂ɰ̒ʦʕ  ʵṔḛəȶɓ ʪʻˈɵɄɓʻɋʤɂ-------------------  Ịʍ ˂ʺ ɑʤɬᶟɂ  ʮ̒ȵ˄ ʨʍɄʖɓ ɏɌɶɈ ʡʤɮ-------------------   ȲɄᶽɂ ʏʫ 

l  ʮɄʞ ɂɮȹỊʍ ʢɭ˄ ʡʤɮ ʮȺʕ Ṕḛəȶɕʤɂ ˃̒ʦʙ ʪ̒̍ʯ̒ʫɜɂ ɭ̍ʯɄ̍ɵ ᾝίʑ ̩ȽɄʑɂ ʢ̒ʦᾚᾇɂ ˂ɑʬˈʙ ʮȵ ʳ˄ȶɕʤɂ ɗɇɄə) bK  (Ʉˈʯʻʫᶠʤ 

      -------------------     ɑʬˈʙ ʳ˄ȶɕʤɂ ɗɇɄə) aK ʃʬᾚή ( ʡ̍ʯɄ̍ɵ̋ɰɭ̍yʤɂ 

 m ɑʬˈʙ pH ʪ̒̍ʯ̒ʫɜɂ ɭ̂ɰ̒ʦʞ ʢ̒ʦᾚᾇ      -------------------    ɑʬˈʙ ʳʫ pH  ʢ̒ʦᾚᾇȵ ˃̋Ʉɶʑɂ̋ ʪ̒˄ɬ̒ɾʤɂ ɒɄɕ̄ɵ  ʹʤ ˍ┤ ṕḛʝṔḘʤɂ 

n -2
3SO-------------------  



 

2G2 ) ÊęĲā ÄĢęÄę¹ Āõģ ÊĪĕÄÎĕÃ ËÃãÄÈĂĕÃ Ĝę ĔĒĕ ÊÇÄÕ½ Æêĝ¹ ņÝÃã ( :22

1 ( 7 

5 Br4NH                              5  4COONH3CH                                     5 3KNO                                     5 2KNO 

н ( 

5  ˄ȵ ȶˈʬɕɓȲɄʑɂ ̱┤ ʇʚʕ ɭ̂ɰ̒ʦʠʤɂ ɒɄʯ̒                       5   ȲɄʑɂ ̱┤ ʪ̒˄ɬ̒ɾʤɂ ɒɄʯ̒˄ȵ ̋ ɭ̂ɰ̒ʦʠʤɂ ɒɄʯ̒˄ȵ rʫ ʨʞ ȶ̍ʬɕɓ                              

5 ˄ȵ ȶˈʬɕɓȲɄᶽɂ ˍ┤ ʇʚʕ ʪʻ˄ɬʻɾʤɂ ɒɄʯʻ                     5   ɒɄʯ̒˄ȵ ṕḛʝɱɓ ʮ̒ʟ˄]  +O3] = [ H -[ OH  = 7-M  1 x 10 

о  ( 

5                     ʪʻ˄ɬʻɾʤɂ ɒɄɕˉɵȵ                                5 ɭ̂ɰ̒ʦʞ ʪʻˈʱʫʻʤᶗɂ                                           

5                        ʪ̒˄ɬ̒ɾʤɂ ɒɄʫɰ̒ʕ                             5 ʪ̒˄ɬ̒ɾʤɂ ɭ̂ɰ̒ʦʞ 

п ( KF MлΦм  

5 ] +K ) <   [0.1(          5  ] -F  <   [ )0.1(                                    5 ] -F    [ ) =0.1(              5 ] +K )  =  [0.1(  

р ( pH  

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

5 ʪ̒̍ɵɄɓ̒ɋʤɂ ɒɄʫɰ̒ʕ rʫ ʢ̒ʦɦʫ                             5 ʯ rʫ ʢ̒ʦɦʫˈɒɂṔḘ ʪʻˈɵɄɓʻɋʤɂ 

с (  NaOH  pH     

5 7                                              5       ʳʫ ʨʙȵ7                                                      5    8                                                   5   ʳʫ Ṕḗʝȵ7          

т (  pH 7 

5  ᶗɂ ʢ̒ʦɦʫ̋ ʡ̂ɰ̒ʦʞ̋ɰɭ̍yʤɂ ʃʬɥɄˈʯʻʫ                                                      5  ʃʬɥ ɜ ɂɭ̍ɶʝ̋ɰɭ̍ʁ ̋ ʡ̍ɖ̍ɵ ʪʻ˄ɬʻɾʤɂ 

5 ʪ̒˄ɬ̒ɾʤɂ ɭ̍ɶʝ̋ɰɭ̍ʁ ̋ ʡ̂ɰ̒ʦʞ̋ɰɭ̍yʤɂ ʃʬɥ                                     5   ʃʬɥ ɜ ɂ ʢ̒ʦɦʫ ̋ ʡ̍ɖ̍ɵ  ᶗɂɄˈʯʻʫ                                                       



 

у (   

5 4SO2Na                                                                                   5  3NO4NH                                

 5 3CO2Na                                                                                 5  NaCN  

ф (   

5   ʪ̒̍ʯ̒ʫɜɂ ɭ̂ɰ̒ʦʞ                     5 ʪʻ˄ɬʻɾʤɂ ɒɂṔḘˈʯ                                  5    ʪ̒̍ʱʑɜɂ ɭ̂ɰ̒ʦʞ                         5 ʪʻˈɵɄɓʻɋʤɂ ɒɄʯʻɉɱʝ 

мл (  

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

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

5 ɖ̍̍ɵɜɂ ʃʬɥ ɣɕ̡̍ʤ ɬ̋ɭɦʫ ʨʠɺɈ ɒɄɕ̄ɵᶗɂ ʮ̒ʯ̍ȵ ȶ̍ʬɕ˄ʡ ̋  ʮ̒ʯ̍ȵɭ̍ɶʝ̋ɰɭ̍yʤɂ 

 5 ʪ̒˄ɬ̒ɾʤɂ ʮ̒ɓ̍Ʉʞ ṕḛʝɱɓ ˃̋Ʉɶ˅ ʢ̒ʦᾚᾇɄɇ ɒɄɕ̄ɵᶗɂ ʮ̒ʯ̍ȵ ṕḛʝɱɓ 

мм (   

  5       ʪʻ˄ɬʻɾʤɂ ɒɄɕ˄Ṕḗʝ        5 ʪ̒̍ʯ̒ʫɜɂ ɭ̂ɰ̒ʦʞ                 5     ʪʻˈɵɄɓʻɋʤɂ ɒɂṔḘˈʯ              5   ʪʻ˄ɬʻɾʤɂ ɒɄʯʻɉɱʟˈɇ 

12 (  

5 4SO2Na               5 3KHCO  

5  Cl4NH                              5   3)4(SO2Fe             

 

 

 

 

 

 



 

G2: ŋéĤĎĕÃ ŋÇ ÆéÄĞŜÃ ĘčäĕÃ ĀõĤÇ ( ¹ ) ÊāĤĚŮÃ ÆéÄĞĩ Äę ( Å ) ÊāĤĚŮÃ Ĝę ņÝÃ 
ɏɵɄʱᶽɂ ʭʙɱʤɂ  ( ȵ ) ɑʍʻʬᾒᾇɂ ʭʙɱʤɂ  ( Ɇ ) ɑʍʻʬᾒᾇɂ 

(             ) ɭˈɖ˄Ṕḗʟʤɂ ʛɹ 1 2-S 

(             )  ɒɄɕ˄Ṕḗʟʤɂ ʛɹ 2 2-
3SO 

  3 2-
4SO 

 

G2: ĻÄÎĕÃ ēģàřÃ ĔĚđ¹22

Cl4NH COONa3CH 

    

G2: ĻÄÎĕÃ ēģàřÃ ĵ ÅĤĖúę Ĥġ ÄĚđ ĘéıÃ ģÃ ÊĆĪòĕÃ ÆÎđÃ22

9:16-{ ¸&T{ ¸&T{ 9:16-{ 

NH 4Cl   ɴɄɦʱʤɂ ɒɄɕ˄ṔḗʝII  

Na2SO4   ɭ˄ɭᾚήɂ ɭ̂ɰ̒ʦʞIII  

Ca(NO3)2   ɭ˄ɭᾚήɂ ɒɄɕ˄ṔḗʝII  

MgCO3   ɭ˄ɭᾚήɂ ɒɄɕ˄ṔḗʝIII  

K 3PO4   CuCl2 

KNO 3   CuCl 

K 2S   HgBr2 

KNO 2   PbI2 

 ʪ̒̍ɶʤɄʠʤɂ ɭ̂ɰ̒ʦʞ ʪ̒̍ɵɄɓ̒ɋʤɂ ɒɂɰ̒ʦʞ  

 ʪʻˈɵɄɓʻɋʤɂ ɗˉɕ˄Ṕḗʝ  FeSO3 
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ᴱ
ɓ rEʍ 
ᴲ
ɑ̍GʯɄEɉ̋
ᴱ
ɯʤɂ ƎṔḗEʎ

ᴲ
ɔÝJÁ 'Â.-{2Ý·»-Á$Á.-{ ɑɦ̍ʎʫ ɐɰɂɱɥ ɑɟɰɬ 

ᴱ
ɭɦʍG 

 

ĔĖ
y
ā  ̱┤ Ǝ́ʯ

ᴱ
ȵ ὃỰʎE˅ ᶗ ɂɯEʁ rGʟ

ᴱ
ʤ ̋ ᵷ ʮɄɉ̋ɯʤɂ rʍ ƎɆɂɯ

ᴲ
ɂʑ 
ᴲ
ʗʙE̒ɕE˄ 

ᴮ
ɄʎEɋɺƎʫ ƎʢƎ̒ʦEᾚ
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ᾇɂ ƎɧGɋɾƎ˄ Ʉʫ
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ᴮ
Ʉ̍ʟ̍ʫɄɦ˄ɬ ʮṕḘʫ Ṕḛʑ  vÄĪĒĪęÄĞĩß ěæÎę  

ᴮ
Ʉ̍ʟ̍ʫɄɦ˄ɬ ʮṕḘʫ Ṕḛʑ 

ɱʦɋɕʤɂ ʢɭʎʫ < ʮɄɉʺɯʤɂ ʢɭʎʫ ɱʦɋɕʤɂ ʢɭʎʫ > ʮɄɉʺɯʤɂ ʢɭʎʫ äĖÈÎĕÃ ēàĂę = ěÄÇģâĕÃ ēàĂę 



 

  
G  ȲɄ

ᴱ
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ᴱ
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QÄkĚkĕÃ Ĩkĉ ×ĲęĭÃ ôĂkÇ ěÄkkÇģá ÊĪĖkÇÄkč ØõĤkĩ ēģàÕ : ŊđâÍ 

~B55555 5555,¦.555-{2¹B55555 »¥5555-{2~{uB/"!&T{2
ɑʍʻʬᾒᾇɂ ɤᶚʫȵ 1A ʪʻˈʯʻʫᶟɂ ʺ ɒɂɳʦʖʤɂ ʮɄɉʺɯʦʤ ɑʦɇɄʙ ʪʻˈɜˈʦʤɂ ɒɄɋʝɱʫ ʃʎɈ 

 ̋ ɒɂɰ̒ʦʞ ᵷ ɒɂṔḘ̍ʯɒɂɰ̒ʦʞṔḛɇ ʮɄɉʺɯʦʤ ɑʦɇɄʙ  

ɒɄɕ˄Ṕḗʝ ʮɄɉʺɯʦʤ ɑʦɇɄʙ ʪ̒̍ɶʤɄʠʤɂ ̋ ʪ̒̍ɺhɂṔḘɵɟɂ ᵷ ʪ̒̂ɰɄɋʤɂ ᵷ ʛɋȼɳʤɂ ᵷ ɑʂʖʤɂ ᵷ ɼɄɽɱʤɂ ɒɄɋʝɱʫ 

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

ɭ̍ɶʝɰ̋ɭ̍ʁ  ̋ ɭ̍ɖ˄Ṕḗʝ 
 Ṕḛʑ Ʉʸʬʊʎʫ

ʮɄɉʺɯʦʤ ɑʦɇɄʙ 

 ɭˈɖ˄Ṕḗʝ ̋ ᵷ ʪ̒̂ɰɄɋʤɂ ɒɄɋʝɱʫ ᵷ Ɇ̋ɯɓ ɭ̍ɶʝ̋ɰɭ̍yʤɂ ̋ ɑ̂̒ʦʚʤɂ ɒɂɳʦʖʤɂ

ʮɄɉʺɯʤɂ ɑɦˈᾚὉ ʪʻˈɶʤɄʠʤɂʺ ʪʻˈɺʰɂṔḘɵᶗɂ 

ɗˉɕ˄Ṕḗʝ ʺ ɒɄʖɵʻʕ ᵷ ɒɄʯʻɉɱʝ ʮɄɉʺɯʦʤ ɑʦɇɄʙ Ṕḛʑ ʪʻˈʯʻʫᶟɂ ɒɄʯʻˈɓɄʞ ʺ ɑˆʻʦʚʤɂ ɒɂɳʦʖʤɂ ɒɄɋʝɱʫ 

 G2ÊÇÃá{įÃ Ĕ{ñÄ
y
Ù Ì{ÇÄ

y
Ñ SPK     : 
 

                               
 AmBn           ᵮ       mA + nB  

ɐɰɂɱᾚήɂ ɑɟɰɬ Ṕḛʒɕɇ Ṕḛʒɕ˄ ʮɂɳɓᶗɂ ɗɇɄə ɒᶗɄɥ rʫ ɑʤɄɥ ɑɇɂɮɟɂ ʨɽɄɥ ɗɇɄə ƎṔḗɕʎƎ˅  ʮɄɉ̋ɯʤɂ ɑɦ̍ᾚὉ ɤᶚʫfʤ ƎɏɶɦƎ˄ 
nB ] x [ m= [A] spK 

  ÊÇÃá{įÃ 
z
Ĕ{ñÄ
y
Ù {Ì{ÇÄ

y
Ñ ä{ĪÈĂ

y
Í Æ
z
Îđz¹spK ÊĪĕÄÎĕÃ ËÄÈđäŜÃ Ĝ{ę xĔĒ{ĕ : 

SPK
2]  -] x [  F 2+= [ Ca spK -+     2F  2+Ca    ᵮ     2(S)   CaF    2CaF   

   2Mg(OH)   

  3Fe(OH)  

  3CaCO 

  2)4(PO3Ca 
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G2: ÊkĪkĕÄÎĕÃ ĔkÁÄkêŜÃ Ĕk
z
kkÙ 

  ) ¹ (  ɑʂʖʤɂ ɭ̂ɰ̒ʦʠʤ ʏɋɺʑɂ ʢ̒ʦᾚᾇɂ ̱┤ ɭ̂ɰ̒ʦʠʤɂ ɒɄʯ̒̍ʯȵ ̋ ɑʂʖʤɂ ɒɄʯ̒̍ɓɄʞ ɒɂṕḛʝɱɓ ɏɶɥɂAgCl    ɑɟɰɬ ɭɦʍ

              ɐɰɂɱᾚήɂCo 25  :ʮȵ 
ᴮ
Ʉʬʦʍ10 -10  ğ1.8  =)sp(AgClK 

  : 
j   (aq)

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

 

k                     ]  -Cl]    =    [    +Ag[    
l  : 

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

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

                10-= 1.8 x 10  2X     

m      10-1.8 x 10ã    =X  

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

 

 )Å  (    ɑɟɰɬ ɭɦʍ ʪ̒̍ɶʤɄʠʤɂ ɭ̂ɰ̒ʦʕ ʏɋɺʑɂ ʢ̒ʦᾚᾇɂ ̱┤ ɭ̂ɰ̒ʦʖʤɂ ɒɄʯ̒̍ʯȵ ̋ ʪ̒̍ɶʤɄʠʤɂ ɒɄʯ̒̍ɓɄʞ ɒɂṕḛʝɱɓ ɏɶɥɂ                          

                  ɐɰɂɱᾚήɂ Co25  ̪ʮȶɇ 
ᴮ
Ʉʬʦʍ  11-10   Ĭ3.9  =)2sp(CafK  
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 )Ó  (  ɐɰɂɱᾚήɂ ɑɟɰɬ ɭɦʍ ɑʂʖʤɂ ɭ̍ɖ˄Ṕḗʝ ʏɋɺʑɂ ʢ̒ʦᾚᾇɂ ˂┤ ɭ̍ɖ˄Ṕḗʟʤɂ ɒɄʯ̒̍ʯȵ̋ ɑʂʖʤɂ ɒɄʯ̒̍ɓɄʞ ɒɂṕḛʝɱɓ ɏɶɥɂ                             

C         o  25  ʮȵ 
ᴮ
Ʉʬʦʍ 51-8 × 10  =S)2SP(AgK 
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 )  ß  ʮḛɽɰɄᾟήɂ ɒɄʯ̒ɉɱʝ rʫ ɑɦ̍ʍ ɗʎʁ̋ (3ZnCO  ɭʱʍ ˌʚʱʤɂ ȲɄᶽɂ ˍ┤C°25  Ʉyʤᶚɩ ̓ɱɟ ʪɄ˄ȵ ʏʂɋʤ ɗʝɱ

ᴲ
ɓ̋  ṕḛʝɂɱɓ ʮḛˈʎɕʤ ʨˈʦɦɓ

         ɒɄʯʻ˄ᶟɂ]+2Zn[  ʺ]2-
3CO [  : ʮȵ ɭɟʺ ɝˈɥ Ṕḛʒɕɓ ᶗ Ʉẛẃȵ ʨˈʦɦɕʤɂ ɱʸʉȶʕ]   +2Zn  ʺ [] 2-

3CO  = [M 6-3.74 × 10  

 ɑʬˈʙ ɏɶɥɂspK ᵺ ʮḛɽɰɄᾟήɂ ɒɄʯ̒ɉɱʟʤ 
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 ÊÇÃá{įÃ Ĕ{ñÄ
y
Ù Ì{ÇÄ

y
ÑSPK ) ĨĝĤĩĭÃ ĔñÄŚÃ( Q 

 

2¹B,2{¥y spK2222>2Q   222222¹»,12·»-$.-{ĀÈîę ċĤĉ2|1&¦!2Â ¤$12» 
2

¹B,2{¥y spK 22rQ2     2¹»,1·»-$.-{2ĀÈîę2|&{¦2¹»,!12¹-»2¹§!.2» 

2
2{¥y¹B,   spK2222<222Q   22¹»,1·»-$.-{2ĀÈîę Ŋą2|&{¦2¹»,!12¹-2» 

2

_¦!-2e·».-B 2Ú{¦¤<.2~B/»1G{2§1,¦!2|¦72·6B$ mol / L 2»2^

N*2¤#{»!!2N!-{ 2N*2¹{§!{29-B$ĀÈîŜÃ ÄŝĤĖş22M-y2®»*¦.2Â·Â,2b
22N*2}¤»#».-{2~B/»1G{22^2~U.B8.2_2~T».2¤¤(2·".12½¥-{2¨G{

9/18.2}¦{¦$29#¦¤2¤/(29/»§».-{2¶,;!-{29-¤B8. 

222222222222222222222·»-$.-{2N*2}¤»#».-{2~B/»1G{2~{§1,¦!2|¦72·6B$
¹B,2Äu{»&2_2ĀÈîę Ŋą2222»w ĀÈîę222»wĀÈîę  ċĤĉ2̂ 

22¨w2M-y2®»*¦.2·,9:16-{2N*2L!T».2¤¤(2½»B&1 



 

 
  

 

G : vıģ¹  ěÄkÇģâkĕÃ ØkĪÚí ÌĪĕģņĒĕÃ 
z
Æĩâ
z
ĝ ĈĪđ 

 
G ÊÇÃá½ ĘÎÍ ĈĪđ ěÄÇģâĕÃ ØĪÚí ÌĪĕģņĒĕÃ  
 

                               GʛĜɱ
ᴱ
ʅ rEʍ Eʡʤ

ᴱ
ɮ ƎʭGɕE˄ GʏEɋɺ

ᴲ
ɂʑ Gʢ̒
ᴲ
ʦᾚ
ᴱ
ᾇɂ ̱G┤ GᾝίGʑɂ ɒGɄ

ᴱ
ʯ̒˄Ǝ
ᴱ
ȵ Gɭɥ
ᴱ
ȵ GṕGḛʝɱ
ᴱ
ɓ Gʨ̍ʦG
ᴱ
ʚ
ᴱ
ɓ  ˂ỊEʍ ƎʨʬEʎ

ᴱ
ɔ DɐɬɄEʫ Gɑ

ᴱ
ʕɄ
ᴱ
ʁȺGɇ Eʡʤ

ᴱ
ɮE̋ 

                               ̩̒h ˄ɜɂ ʨɽɄᾚήɂ 
ᴲ
ɑʬ̍ʙ Ǝɧɋɾ

ᴲ
ɓ E̋ ́̍ʦG̍ɓɄ

ᴱ
ɹ̒
ᴲ
ʤ GȵɭɋEʫ EɏɶEɥ GʮɂɳGɓGᶗɂ Ǝʨɕ

ᴱ
ɪE˄ 
ᴲ
ɝ̍ɥE Eʡʤ

ᴱ
ɮQ  ʢ̒ʦᾚᾇɂ ̱┤·+w    rGʫ    

                               )Gɑɇɂ
ᴱ
ɮGɟɂ GʨɽGɄEɥ GɗɇɄ

ᴱ
ə Gɑʬ̍GʙspK : ʮḛɕʚ̂ɱʆɇ ʡʤɮ ʭɕ˄ ̋ ʮɂɳɓᶗɂ ɐɬɄʍGɟ GᾝίGʑɂ EGrʫ 

ᴯ
ɑ̍ʬ
ᴱ
ʝ ƎɆ̋
ᴲ
ɯɕEɵ ̱ỈɄ

ᴱ
ɕʤɄGɇ E̋ ( 

 
 

 

 

 

  
 

 

 

 

 

 

 

 



 

)  ( ¹                                                )ĈĪĂ
y
õ xôĚ{Ù ģ¹ QÄ

y
ŜÃ 
y
ĔÒ{ę ( 

G ēÄÒ{ę   : ɭ˄ɭGEᾚήɂ ɭ̍Gɖ˄ṔEḗʝ ̋ ʪ̒̍ɶGʤɄ
ᴱ
ʠʤɂ ɒɄ
ᴱ
ʯ̒Ǝɉɱ
ᴱ
ʝ̋ ṕEḛɦEɡɦ

ᴱ
ɂʑ ɭ̍ɶEʝɰ̋ɭEʁ̍  ̋ ʪ̒̍ɶḠ

ᴱ
ʱ
ᴱ
ʒʑɂ ɭ̍ɶʝ̋ɰɭEʁ̍ȣȣ 

                             ɒɄɋʝɱƎʫʮɄɉʺɯʤɂ ɑɦˈᾚὉ  ᵷ ȲɄᶽɂ ˍ┤B=Â!Á {Á¥Ýy2Â¹Ã,.Â1  ˃̒ʙ Dʃʬɥ GɑʕɄʁȺGɇ Eʨɛʫ  ʡ̂ɰ̒ʦʞ̋ɰɭ̍yʤɂ GʃʬɥHCl  

                             ɄẛṨʤGȹ ʡG˄ṔḘ̍ɦGʤɂ ʃʬGɥ ̋ȵ3HNO ᵺ ʡʤɮ ˍ┤ ɏɌɶʤɂ Ʉʬʕ ᵷ 
G Ĕ{Ė
y
ā   : ṕḛɦɡɦʑɂ ɭ̍ɶʝ̋ɰɭ̍ʁ  ƎɆ̋ɯ˄2Mn(OH)  ʃʬɥ ɑʕɄʁȹ ɭɦʍ GʮɄɉ̋ɯʤɂ Ǝɧ̍ᾚὉHCl ʹˈʤȹ D 
D  ¤1&,»¦¤1=-{2¹»1/w2Â¤$!Á1 -OH ¸»1/»¦¤Á1=-{2¹»1!BÁ,2JÁ.2Ý·»-$Á.-{2N*+O3H ´B7Â.-{2«.$-{2¹. B/»,Â.          222222222222222222222222222222

       N/»1G{2·6B$-{2Ø9.1Ã+2ÂH 6Â!×*2^2uB.-{2_2¹1?!-{2´18×72~1-»¦!,Ã-{2L8Á. Q )Q > sp K  (§1/#/.-{2¤1&,»¦¤1=- 

             2] -[ OH  ] Ã+2 Mn  [9 {¥X{2·6B$2~Ã BÁ"2Ã9.1Ã+2¹Ã.2·+Ãw  )spK  (|»¥1*2L- . 
B ̱┤ ɿʚɦʤɂ ʃˆ̒ʎɕʤ ˃ɬɱʆʤɂ ɻɄɡɓᶗɂ ̱┤ ʨʍɄʖɕʤɂ ́ɡɕ˄ ̋ 

ᴲ
ʮɂɳGɓGᶗɂ Ǝʨ

ᴱ
ɕɪE̍
ᴱ
ʕ  )-OH ʮɄɉ̋ɮ ɐɬɄ̂ɲ ɻɄɡɓɂ ̱┤ ˃ȵ ᵷ2 Mn(OH)  ( 

   
Mn(OH)2 (s)           ᵮ           Mn2+

 (aq) +  2OH-
 (aq) 

H3O+
(aq)  +   OH-

(aq)         ʍ         2H2O(ſ) 

ùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùùù 
G Ĕ{Ė
y
ā  : ʪ̒̍ɶGʤɄʠ

ᴱ
ʤɂ ɒɄ
ᴱ
ʯ̒Ǝɉɱ
ᴱ
ʝ ƎɆƎ̋ɯ

ᴱ
ɓ3CaCO   ʃʬɥ ɑʕɄʁȹ ɭɦʍ ʮɄɉ̋

ᴲ
ɯ
ᴱ
ʤɂ ɑɦ̍ᾚ

ᴱ
ὉHCl    ʺȵ3HNO  

D  ¹G2«.$2ÚB/»,.2J.22´B7.-{2«.$-{2¹.2¸»1/»¦¤1=-{2¹»1!B,2J.22¤$!12·»-$.-{2N*2~B/» ¦,-{2¹»1/w        2  
   ¶1/» ¦,-{ 3CO2H ¹1?!-{2´1872~1-»¦!,-{2»02» N/»1G{2·6B$-{29.1+2H 6!* Q Ĕč¹22¹.2

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

B ̱┤ ɿʚɦʤɂ ʃˆ̒ʎɕʤ ˃ɬɱʆʤɂ ɻɄɡɓᶗɂ ̱┤ ʨʍɄʖɕʤɂ ́ɡɕ˄ ̋ 
ᴲ
ʮɂɳGɓGᶗɂ Ǝʨ

ᴱ
ɕɪE̍
ᴱ
ʕ  )-2

3CO   ʮɄɉ̋ɮ ɐɬɄ̂ɲ ɻɄɡɓɂ ̱┤ ˃ȵ ᵷ3CaCO  ( 

 

(aq) 
-23CO+          (aq) 2+Ca       ʍ          )S3(CaCO 

 

2H3O+
(aq) + CO3

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

ɑɇɂɮᶗɂ ʵɄɡɓɂ 

ɏˉɵṔḘʤɂ ʵɄɡɓɂ 

ɑɇɂɮᶗɂ ʵɄɡɓɂ 

ɏˉɵṔḘʤɂ ʵɄɡɓɂ 



 

( Å )                                     ^2~ B"2¹»1w2_ 
                 ʏʫ ɄyʅɄɋɓɰɄɇ ʮɄɉ̋ɯʤɂ ɑɦ̍ᾚὉ ɒɄɋʝɱʬʦʤ [ ɒɄʯ̒̍ɓɄʠʤɂ ] ɑ̂ɳʦʖʤɂ ɒɄʯ̒ɜ˄ ɂ ṕḛʝɱ

ᴱ
ɓ ʨ̍ʦʚ
ᴱ
ɓ ƎrʟGʬƎ˄                      

                                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¤-  ( 
G2ēÄÒ{ę j : Æ{đÃņ

z
ŜÃ ĨĝĤęyĭÃ çÄÚ

z
ĞĕÃ ěĤĪ

y
ÍÄ
y
đ 2+] 4)3[ Cu(NH  

G   ɏʝɂṔḘʑɂ ̩̒h ʫɜɂ ɴɄɦɦʤɂ ʮ̒ɓ̍Ʉʞ ʮ̒ʟɕ˄ ʗ̍ʝ2+] 4)3[ Cu(NH 

J Ĕ{Ė
y
ā  :ɴɄɦɦʤɂ ɭ̍ɶʝ̋ɰɭ̍ʁ Ɇ̋

ᴲ
ɯB˄ ɯɯ )2Cu(OH) ( ʏɋɺʑɂ ́ʤ̒ʦᾚᾇ Ʉ̍ʯ̒ʫɜɂ ʢ̒ʦɦʫ ɑʕɄʁȺGɇ ȲɄʑɂ ̱┤ ʮɄɉ̋ɯʤɂ ɧ̍ᾚὉ 

D  Ʉ̍ʯ̒ʫɜɂ Gʢ̒ʦɦEʫ ɑʕɄʁGȹ ɭɦGʍ 3NH  ɴɄɦɦʤɂ ɭ̍ɶʝ̋ɰɭ̍ʁ  ˂Ỉȹ ɯɯ )2Cu(OH)  ( ˍ┤ ʮɄɉʺɯʤɂ ɧˈᾚὉȲɄᶽɂ ʹʯɄʕ     
   ɴɄɦɦʤɂ ʮ̒ɓ̍Ʉʞ ɭɦɕ˄ ɝ̍ɥ ƎɆ̋ɯ˄ ɯɯ  +2 Cu ɏʝɂṔḘʫ ʮ̒ȵ˄ 

ᴮ
Ʉʯ̒ʟƎʫ Ʉ̍ʯ̒ʫɜɂ ʏʫ 2+ ]4 )3Cu(NH  [ʨʚ˄ ˍỈɄɕʤɄɇ ʺ  

    ˌʰʻ˄ᶟɂ ʨɽɄᾚήɂQ  )Q > sp K ( ɴɄɦɦʤɂ ɭ̍ɶʝ̋ɰɭ̍yʤ ɯɯ   ÿćƵspK   ƎɆ̋ɯ̍ʕ ́ʤ 

    

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

 

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

G  ēÄÒ{ę¢  :ÆđÃņŜÃ ĨĝĤęıÃ ÊöĊ{ĕÃ ěĤĪÍÄ
y
đ +]2)3Ag(NH@ 

 Ʉ̍ʯ̒ʫɜɂ ʢ̒ʦɦʫ ɑʕɄʁȹ ɭɦGʍ3NH    ɑʂʖʤɂ ɭ̂ɰ̒ʦʞ ˂ỈȹAgCl  ɝˈɥ Ɇʺɯ˄ ʹʯɄʕ ȲɄᶽɂ ˍ┤ ʮɄɉʺɯʤɂ ɧˈᾚὉ    ʮ̒ɓ̍Ʉʞ  ɭɦɕ˄

 ]     ɑʂʖʤɂ+ [ Ag  ɏʝɂṔḘʫ ʮ̒ȵ˄ 
ᴮ
Ʉʯ̒ʟʫ Ʉ̍ʯ̒ʫɜɂ ʏʫ+]2)3Ag(NH [ʨɽɄᾚήɂ ʨʚ˄ ˍỈɄɕʤɄɉʺ  ˌʰʻ˄ᶟɂ Q  

  ɑʂʖʤɂ ɭ̂ɰ̒ʦʠʤ ] ðCl [ ğ]  + [ Ag   ʳʍKsp  Ɇʺɯˈʕ ʹʤ )Q > sp K ( 

                            
(aq)

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

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

ɑɇɂɮᶗɂ ʵɄɡɓɂ 

ɏˉɵṔḘʤɂ ʵɄɡɓɂ 



 

G  : vÄĪĝÄÑ   ēĤĖŬÃ ĵ ÊÈÁÃá ÉßÄę Æéä
z
ĝ ĈĪđ 

22]2222Ã¶¦Á5!'5.Ø-{2Ý¹»1×G{2Â¦51"?5Á!Common Ion Effect    [  

          )  ɑɋȼɂɯʤɂ ɐɬɄʑɂ ɒɄʯ̒˄ȵ ɭɥɜ ́ɇɄɺʫ ʮ̒ȵ˄ ˂Ịʍ ˃̒ɕɦɓ DɐɬɄʫ ɑʕɄʁȹ ɭɦʍ ƎʜṔ
ᴱ
Ḙɺʫ 
ᴲ
ʮ̒ȵ˄  ( 

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

G ĔĖā  :  ɑʂʖʤɂ ɭ̂ɰ̒ʦʞ ƎɏɵṔḘ˄AgCl ʹ̍ʤȹ ʪ̒˄ɬ̒ɾʤɂ ɭ̂ɰ̒ʦʞ ʢ̒ʦɦʫ ɑʕɄʁȹ ɭɦGʍ ̩ȽɄʑɂ ́ʤ̒ʦEɦEʫ rGʫ   

G   ĀàĔĖā  : ʮɄɉʺɮ AgCl  ɇ́ ʢ̒ʦɦʫ ̱┤  NaCl   ʚ̩ɦʤɂ ȲɄʑɂ ̱┤ ́ʯɄɉ̋ɮ rʫ ʨʙȵ ʮ̒ʟ˄ 

  D M-{2¶,;!122¸»1¤»6-{2¤1¦»-,2·»-$.29*B7y2¤/(   + (aq)Na   &   -
(aq)Cl    }¤B1§2M-y2½¤xÂ12¶-¥2»  

     2§1Ã,¦Á!¹»1/w -Cl ¶¦!'Â.-{ 2N/»1G{2·6B$-{2H 6Â12N-B!-B »Q297;-{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        Ÿ         (s)NaCl                                                

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

         āák  ʮɄɉʺɮ AgCl ɇ́ ʢ̒ʦɦʫ ̱┤   3AgNO  ʚ̩ɦʤɂ ȲɄʑɂ ̱┤ ́ʯɄɉ̋ɮ rʫ ʨʙȵ ʮ̒ʟ˄  . 
 

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

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

 

ɑɇɂɮᶗɂ ʵɄɡɓɂ 

ɏˉɵṔḘʤɂ ʵɄɡɓɂ 



 

29­$UÂ.  :] ěĤ
z
ĩĭÃ 
z
æĪđä
y
Í  Æđä

z
ŜÃ æĪđä

y
ÍX  Æ

y
đä
z
ŜÃ ĵ ěĤĩyĭÃ ËıĤ

z
ę ß
y
à
y
ā[   

GÊĕºê
y
ę  :  ʗ̍ʁG

ᴲ
ȵ 0.5 L   ʢ̒

ᴲ
ʦɦEʫ rGʫ  2)3Ba(NO  ṕɻGḛʝɱ

ᴱ
ɓ  0.002mol/L   ˂Ỉȹ0.5L  ʳʫ 

 ʢ̒ʦɦʫ4SO2Na  ʵṕḛʝɱɓ0.008 mol/L          ᵷ ́ʬᾒᾙ ʢ̒ʦɦʫ r̒̂ ʟɕʤ) 1L(   

 ᶗ ʪȵ ʪ̒̂ɰɄɋʤɂ ɒɄɕ˄Ṕḗʝ ɏɵṔḘɓ ʨʁ ʏʙ̒ɓ                                 : ʮȶɇ 
ᴮ
Ʉʬʦʍ  )10-10ğ1.1 =sp(BaSO4)K ( 

  J                                          : ʨᾚήɂ(aq)
-2

4+   SO   (aq)
2+Ba             ᵮ           4(s)BaSO                         

     ɑʬ̍ʙ Ǝɭɟ̒
ᴲ
ʯ 
ᴮ
ᶗ̋ȵQ      D      ]  -24SO [ ] X  2+BaQ = [                           0.5 L                                 0.5 L             

ʫr Dʨʞ ṕḛʝɱɓ ɏɶɦʯ  ]  2+Ba[     &] -24SO [                     2)3Ba(NO 4SO2Na 
 rʫ Dʨʞ ɒᶗ̒ʫ ɬɭʍ ɑʕɱʎʫ ɏɡ˄ ɑ˄ɂɭɋʤɂ ̱┤ rʟʤ ̋]  2+Ba[     &] -2

4SO [   ĀùãŃ ]œäġŃ r äĺłĖĢèĵ äĺłîĩäĕã Ĵèĭ  

 
ʫr Dʨʞ ṕḛʝɱɓ ɏɶɦʯ ʮɕɂ ̋]  2+Ba[     &] -24SO [  ʭᾒᾛήɂ ɧɋɽȵ ɝ̍ɥ ɭɥɂ̋ DȲɄʍ̋ ̱┤ Ʉʬyʂʎɋʤ ɄʬẛṥʕɄʁȹ ɭʎɈ  ˌȽɄẛṧʤɂ1 L                    

                     1 L 
                                                   4(s)BaSO  ᵷ      

-
3 NO      ᵷ +Na     

  
   

 
6-= 4 X 10 3-X 4x10   3-1x10]   =  -2

4SO [ ] X  2+BaQ = [  

 
 ʮᶗ ɏɵɂɰ ʮ̒ʟɕ˄ 

ᴮ
ɂɮȹQ     Ksp    ʏɋɺʫ ʘ̒ʕ ʢ̒ʦᾚᾇɂ ʮ̒ʟ˄ ̋ 

 

 

 

 

) -2
4(SO n  n (Ba2+)  

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

) -2
4(SO M  M (Ba2+)  

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

ĔÁÄêę 



 

G Êĕºêę :    ɼɄɽɱʤɂ ɭ̂ɰ̒ʦʠʤ ɏɵɂɰ r̂ ʟ̒ɓ ʜɄɦʁ ʮɄʞ ɂɮȹ ʏʙ̒ɓ2PbCl  ɑʕɄʁȹ ɭʱʍ0.025 mol 

                        ʢ̒ʦɦʫ rʫ 2CaCl ˂Ỉȹ0.015mol  ʳʫ2 )3Pb(NO  ʢ̒ʦɦʫ ˂Ịʍ ʢ̒ɾᾚίʤ ȲɄʑɂ rʫ ɑ̍ʬʝ ʏʫ 

                        ʹʬᾒᾙ) 1L(    : ʮȶɇ 
ᴮ
Ʉʬʦʍ5-10ğ1.7 =sp(PbCl2)K  

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

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

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

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

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

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

 
GÊĕºêę :   ɑʕɄʁȹ ɭɦʍ ʪ̒̍ɶʤɄʠʤɂ ɒɄʯ̒ɉɱʟʤ ɏɵɂɰ r̂ ʟ̒ɓ ʜɄɦʁ ʮɄʞ ɂɮȹ ʏʙ̒ɓ 0.5L   ʳʫ 

                          ʢ̒ʦɦʫ2)3Ca(NO  ʵṕḛʝɱɓ  0.001mol/L    ˂Ỉȹ0.5L    ʢ̒ʦɦʫ rʫ3CO2Na  

                            ʵṕḛʝɱɓ0.0008 mol / L   ́ʬᾒᾙ ʢ̒ʦɦʫ r̒̂ ʟɕʤ)1L( : ʮȶɇ 
ᴮ
Ʉʬʦʍ 9-10ğ4.5  =sp(CaCO3)K  

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

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

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

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

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

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

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

............................................................................................................................................................................................................             
  G  Êĕºêę :   ɼɄɽɱʤɂ ʮ̒ȵ˄ ṕḛʝɱɓ ʮɄʞ ɂɮȹ+2Pb   ̒ʁ ɼɄɽɱʤɂ ɭ˄ɬ̒˄ rʫ ʏɋɺʫ ʢ̒ʦɦʫ ̱┤2Pbl   

                               mol/L 2-2 × 10      ɑɇɂɮᶡɂ ʨɽɄɥ ɏɶɥɂspK 
............................................................................................................................................................................................................ 
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ĘþĞŜÃ ēĤĖŬÃ 
z
ïÃĤÝ   : 

  "pH " 

G ĔĖā   : 
ᴮ
Ʉʬʊɦʫ 

ᴮ
ᶗ̒ʦɦʫ ɱʆʚʑɂ ȲɄʑɂ ʨʠɺ˅ ᶗ  

 D pH 22 

 G ĔĖā   : Ʉyʤ ɑ̍ʂʬɥ ɑʬʊɦʫ ʨ̍ʤɄɦʫ ˂Ịʍ ʮɄɶh ɂɟ ʭɶɟ ̱┤ ɑ˄ɭʎʑɂ ɐɰɄɾʎʤɂ ˃̒ɕɦɓpH  ˃̋Ʉɶ˅1.4               

                       Ộʺ ̱ʡ̂ɰ̒ʦʞ̋ɰɭ̍yʤɂ ʃʬɥ rʫ ʢ̒ʦɦʫ ɑ̍ʂʬɦɇ ʮɰɄʚɓ 

D " 

 

 

 

 

 

 ĨĞĪÕģãàĪŝÃ çĭÃ ĵ ÀÕÄĊŜÃ ŊĆÎĕÃ ėģÄĎĩ ħâĕÃ ēĤĖŬÃ ĤġpH ËÄĪĚđ ÊĉÄõ½ àĞā øéĤĖĕ 
 ËÄĝĤĪÍÄđ ) ôŖ Ĝę ÊĖĪĖč+O3H  ËÄĝĤĪĝ¹ ) ÉàāÄč ģ¹ (- OH  ĠĪĕ½ ( 
 



 

  
 

 
 

  
             ċûĈĊ©]hĈe÷\;ć^;ċûĈĉ¡Ĉ²÷\;ąuøû;ć;íĊäµ;¸×;úĈøÆ;; 

             ēÄÒę  :ʡ̍ɖ̍ɵᶗɂ ʃʬɥ 
ᴲ
ʇʦɩ COOH3CH   ʪʻ˄ɬʻɾʤɂ ɒɄɕˉɵȵ ʏʫCOONa3CH   

               ôǆơCOOH 3CH     ƠǄǆ āCOONa3CH       ƠǄǆ  āáCOOK3CH 

                 āáù            ôǆơHF    ƠǄǆ   āNaF          ƠǄǆ   āáKF  

              ĎĉĈï;č¢ã]ï;;ć;íĊäµ;¸×  
G  ʗ̍ʎʂʤɂ ʃʬᾚήɂ ɒᶗ̒ʫ ɬɭʍ ʮ̒ʟ˄ ʮȵ ʄɱɺɈṔḗʝȵ ʨɛʫ ɑˆʻʚʤɂ ɐɭʍɄʚʤɂ ɒᶗʻʫ ɬɭʍ ʳʫ : 
ē  ̳БЯ϶ 0.4 mol    COOH3CH      Йв0.2mol     евNaOH      мϒKOH 

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

              k\1ĊĀ÷\;ć^;¢ĉ¥Ĉøô÷\;ďøã;ČĈiÌ;ąuøû;úĈøÆć;ĎìĊäµ;č¢ã]ï;úĈøÆ  

             ēÄÒę  :  ϝужнвцϜ ЬнЯϳв)aq(3NH   анужнвцϜ ϹтϼнЯЪ мCl4NH   

                   ϝужнвцϜ ЬнЯϳв)aq(3NH   анужнвцϜ ϤϜϽϧуж м3NO4NH 

               ČĈï;¸×;;;ć;ĎìĊäµ;č¢ã]ï;āû;úĈøÆ  
N ʃʬᾚήɂ ɒᶗ̒ʫ ɬɭʍ rʫ Ṕḗʝȵ ɑʖ̍ʎʂʤɂ ɐɭʍɄʚʤɂ ɒᶗ̒ʫ ɬɭʍ ʮ̒ʟ˄ ʮȵ ʄɱɺɈ  ˃̒ʚʤɂ  
G ēÄÒę  :  БЯ϶0.6 mol  ев ϝужнвъϜ ЬнЯϳв3(aq)NH  Йв0.3mol  Ѝгϲ ев(aq)HCl 

 

 

ÊĪöĚŚÃ ÊĩàāÄĎĕÃ 



 

G  vıģ¹ : ÊĪöĚŚÃ ÊĚþĞŜÃ ĔĪĕÄŬÃ ĔĚā ÊĪĕ·  

ĔĖā   ) ὃỰ̍ɟG̋ƎɰɭEy̍ʤɂ ɴ
ᴲ
ɂɜ ɑʬ̍Gʙ ˁ

ᴱ
ʚɋ
ᴱ
ɓ :PH  ʃʬɥ ̱Ỉ̒ʦɦʫ rʫ ɣ̂ɳGʑ (ʡˈɖˈɵᶟɂ COOH 3CH                                                      

 ʪʻ˄ɬʻɾʤɂ ɒɄɕˉɵȵ ʺCOONa3CH   
ᴮ
Ʉɋ̂ɱʚɓ ɑɕɇɄə 

(aq)
+O3+ H (aq)

-COO3CH   ᵮO  2+  H   (aq)COOH3CH 

(aq)
++  Na (aq)

-COO3CH Ÿ   (aq)COONa3CH 

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

                             :  ̱ỈɄɕʤɄʞ  r˄ȶɕ˄  ʡ̂ɰ̒ʦʞ̋ɰɭ̍yʤɂ 

            (aq)
-Cl +(aq) 

+O3H  ŸO 2+  H (aq)HCl 

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

                                   : ̱ỈɄɕʤɄʞ r˄ȶɕɓ ʪ̒˄ɬ̒ɾʤɂ ɭ̍ɶʝ̋ɰɭ̍ʁ 

(aq)
-+  OH  (aq)

+Na    Ÿ     (aq)NaOH 

 ɒɄʯʻˈɓɄʞ ṕḛʝɱɓ ɬɂɬṕḛɵ+O3H   ʮ̒ʯ̍ȵ  ʏʫ Ʉẛṧʫ ᴯȲɳɟ ɭɦɕ˄ ̋

 ɒɄɕˉɵᶟɂ-COO3CH ʃʬɥ ʮ̒ʟɕ˄ ̋ ʢ̒ʦᾚᾇɂ ̱┤  ʡˈɖˈɵᶟɂ

ɑʬˈʙ ˁʚɋɓ ʡʤɯɉʺ ʗˈʎʂʤɂ pH : 
ᴮ
Ʉɋ̂ɱʚɓ ɑɕɇɄə ʄ̒ʦɪʬʦʤ 

(l)O2H     +(aq)COOH3CH    ᵮ   (aq) +O3+  H  (aq)
-COO3CH 

 

 ʪ̒̍ʯ̋ɰɭ̍yʤɂ ɒɄʯ̒̍ɓɄʞ ʏʫ ɭ̍ɶʝ̋ɰɭ̍yʤɂ ɒɄʯ̒̍ʯȵ ʨʍɄʖɕɓ 

 ( ʗ̍ʎʁ ɗ̍ʤ̋ṔḘʟʤɂ ) ȲɄʑɂ 
ᴮ
ɑʯ̒ʟʫ ʄ̒ʦᾟᾇɂ ̱┤ ɐɬ̒ɟ̒ ɂʑ 

O22H     ᵮ   (aq)
+O3+    H    (aq)

-OH 
 ɭ̍ɶʝ̋ɰɭ̍yʤɂ ʮ̒ʯ̍ȵ ɱəȵ ʢ̋ɳ˄ ̱ỈɄɕʤɄɇ ̋-OH ʳʫ ɑʕɄʂᶽɂ

 ʃˆʻʎɕɇ ʗˈʎʂʤɂ ʡˈɖˈɵᶟɂ ʃʬɥ ʪʻʚ˄ ʺ ɐɭʍɄʚʤɂ

 ʪ̒̍ʯ̋ɰɭ̍yʤɂ ɒɄʯ̒̍ɓɄʞ ṕḛʝɱɓ ̱┤ ɿʚɦʤɂ]+O3[ H  ʳ˄ȶɕ˄ ɝˈɥ

 ɑʬ̍ʙ ˁʚɋɓ ̱ỈɄɕʤɄɇ ̋ ́̍ʦɓɄɹ̒ʤ ȵɭɋʫ ɏɶɦɇ ́ɦʫ ᴯȲɳɟPH 

 
ᴮ
Ʉɋ̂ɱʚɓ ɑɕɇɄə ʄ̒ʦɪʬʦʤ 

G2 vÄĪĝÄÑ  :ÊĩàāÄĎĕÃ ÊĚþĞŜÃ ĔĪĕÄŬÃ ĔĚā ÊĪĕ·  
ĔĖā   ) ὃỰ̍ɟG̋ƎɰɭEy̍ʤɂ ɴ

ᴲ
ɂɜ ɑʬ̍Gʙ ˁ

ᴱ
ʚɋ
ᴱ
ɓ :PH  ʪ̒̍ʯ̒ʫᶗɂ ɭ̂ɰ̒ʦʞ ̱Ỉ̒ʦɦʫ rʫ ɣ̂ɳGʑ (Cl4NH   Ʉˈʯʻʫᶟɂ ʺ3NH    

ᴮ
Ʉɋ̂ɱʚɓ ɑɕɇɄə    

 (aq)
-+  OH  (aq)

+
4NH  ᵮO   2+   H  3(aq)  NH 

(aq)
-+  Cl  (aq)

+
4NH   Ÿ   (aq)Cl 4NH  

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

                             :  ̱ỈɄɕʤɄʞ  r˄ȶɕ˄  ʡ̂ɰ̒ʦʞ̋ɰɭ̍yʤɂ 

            (aq)
-+    Cl(aq)   

+O3H       ŸO     2+    H (aq)HCl 

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

                                    : ̱ỈɄɕʤɄʞ r˄ȶɕɓ ʪ̒˄ɬ̒ɾʤɂ ɭ̍ɶʝ̋ɰɭ̍ʁ 

(aq)
-+  OH  (aq)

+Na         (aq)NaOH 

 ʃʬᾚήɂ r˄ȶɓ rʍ ɑɡɓɄɦʤɂ ʪ̒̍ʯ̋ɰɭ̍yʤɂ ɒɄʯ̒̍ɓɄʞ ʨʍɄʖɕɓ

                                                              ɭ̍ɶʝ̋ɰɭ̍yʤɂ ʮ̒ʯ̍ȵ ʏʫ ˃̒ʚʤɂ   

 ( ʗ̍ʎʁ ɗ̍ʤ̋ṔḘʟʤɂ )   ȲɄʑɂ ʮ̒ʟɕ˄ ̋ 

O22H       ʍ       (aq)
+O3+      H      (aq)

-OH 

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

 ɏɶɦɇ ʗ̍ʎʂʤɂ Ʉ̍ʯ̒ʫɜɂ ʢ̒ʦɦʫ rʫ Ȳɳɟ r˄ȶɓ ʛ̂ɱʅ rʍ

 ɑʬˈʙ ˁʚɋɓ ˍỈɄɕʤɄɇ ʺ ᵷ ʹˈʦɓɄɹʻʤ ȵɭɋʫPH  ɑɕɇɄə ʄʻʦɪʬʦʤ  

   ɒɄʯ̒̍ɓɄʞ ʏʫ ɑʕɄʂʑɂ ɭ̍ɶʝ̋ɰɭ̍yʤɂ ɒɄʯ̒̍ʯȵ ʨʍɄʖɕɓ 

                Ʉ̍ʯ̒ʫᶗɂ ʢ̒ʦɦʫ 
ᴮ
ɑʯ̒ʟʫ ʄ̒ʦᾟᾇɂ ̱┤ ɐɬ̒ɟ̒ ɂʑ ʪ̒̍ʯ̒ʫɜɂ

( ʗˈʎʁ ɗˈʤʺṔḘʟʤɂ ) 

O          2+   H  3(aq)  NH     ʍ (aq)
-+  OH  (aq)

+
4NH   

 rʫ ɑʕɄʂʑɂ ɭ̍ɶʝ̋ɰɭ̍yʤɂ ɒɄʯ̒̍ʯȵ Ṕḛəȶɓ ʨʚ˄ ̱ỈɄɕʤɄɇ ̋

 ɑʬˈʙ ˁʚɋɓ ʺ  ɑˆʻʚʤɂ ɐɭʍɄʚʤɂPH  
ᴮ
Ʉɋ̂ɱʚɓ ɑɕɇɄə ʄ̒ʦɪʬʦʤ 



 

   

                       

G QÄĪĚĪkĒkĕÃ ĵ : 

j   ὃỰ̍ɟ̋ɰɭ̍yʤɂ ɴɜɂ ɴɄ̍ʙ ɲɄyɟ ɐɱ˄Ʉʎʑ ɑʬʊɦʑɂ ʨ̍ʤɄᾚᾇɂ Ǝʪɭɪɕɶ
ᴲ
ɔPH 

k  ʮ̒ʟ˄ ʮȵ ɒᶚʍɄʖɕʤɂ ʃʎɈ ɏʦʆɕɓ ɝ̍ɦɇ ɑ̍ȼɄ̍ʬ̍ʝ ɑʆɺhȵ ̋ ɆɰɄɡɓ ɐɭʍ ̱┤ 
ᴮ
Ʉʂ˄ȵ Ǝʪɭɪɕɶ

ᴲ
ɔ 

        ὃỰ̍ɟ̋ɰɭ̍yʤɂ ɴfʤpH . ɄẛẀ ʭʟɦɕʤɂ ʳʟʬ˄ ɑʬˈʙ 

G ÉÄĪkÚkĕÃ ėĤĖkā ĵ  : 

j  ὃỰ̍ɟ̋ɰɭ̍yʤɂ ɴɜɂ ɑʬ̍ʙ ̱┤ DṔḛɋʝ DṔḛʒɔ ɘɂɭɥȹ ʪɭʍ ɑ̂̒ ᾚ̍ήɂ ɒɄ̍ʦʬʎʤɂ rʫ ƎṔḛɛʟʤɂ ƎɏʦʆɕɓpH    ʨʍɄʖɕʤɂ ʇɵʻʤ             

       ˃ȵ ɑʱˈʎʫ ɑʬˈʙ ʳʫ ɑɋˆɱʙ ɑʬˈʚʤɂ ʵɯʶ ˁʚɋɓ ʮȵ . 

k ɑʬˈʙ ɗʯɄʞ ɂɮȹ ᶗȹ Ʉ˄ᶚᾟήɂ ˂Ỉȹ ʮḛᾒὈʝᶟɂ ʨʚʯ ɑʖˈʉʺ ʮɄɶʰᶡɂ ʭɶɟ ˍ┤ ʪɭʤɂ ʼɬȸ˄ ʮȵ ʳʟʬ˄ ᶗ  

     ὃỰ̍ɟ̋ɰɭ̍yʤɂ ɴɜɂpH  ˃̋Ʉɶɔ7.4  

l  ὃỰ̍ɟ̋ɰɭ̍yʤɂ ɴɜɂ ɑʬ̍ʙ ́̍ʕ 
ᴲ
ʮ̒ʟɓ Dʇɵ̋ ˂Ỉȹ 

ᴲ
ɒɄʬ̂ɳʯɟɂ ƎɞɄɕɦɓpH  Ʉʫȵ ᵷ ʄɄɺ̡ɇ ʨʬʎɕʤ 

ᴮ
Ʉɋ̂ɱʚɓ ɑɕɇɄə 

        ὃỰ̍ɟ̋ɰɭ̍yʤɂ ɴɜɂ Ṕḛʒɔ ɂɮȹpH  ɑ̂̒ ᾚ̍ήɂ Ʉẛṥʖ̍ʉ̋ ɭʚʖɕɵ ̋ȵ ɒɄʬ̂ɳʯɟɂ ʨʠɹ Ṕḛʒɕ̄ɶʕ ᵷ ʢ̒ʦɦʬʦʤ 

 

 

 

 

 

 

 



 

 

  ùùùƕ íāƮǀǆǃå ƓǆÉäĩÄĂ
z
kŜÃ : 

 

 
 

  

j   

(l)                                            O2+    2H    (aq)NaCl     Ÿ     (aq)+   NaOH   (aq)HCl 

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

+Na Ÿ (aq)
-+ OH (aq)

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

+O3H 

 ā ɑʤɂɲȺɇỊ˂ʍ ʨɾɦʯ ʨʍɄʖɕʤɄɇ ʜɰɄɺɔ ᶗ ὃỮʤɂ ɒɄʯ̒ɜ˄ɂ    (l)O22H   Ÿ  (aq)
-+    OH   (aq)

+O3H 

G2   ùùùùƕ íāƮǀǆǃå ƓǆēßÄĂÎĕÃ ĔāÄĊÍ :  

 2

G: àāÃĤĎĕÃ ģ óÄŖĭÃ ĔāÄĊÍ ËÃæĪę 
   

   

    "  +O3H   -OH  " 

 ) ĔāÄĊÎĕÃ}¦1B8.-{ ( 
ÔÍÄĞĕÃ ĨÁÄŜÃ ēĤĖŬÃ ēßÄĂÎę   ĨöŖ   ħàāÄč 

  ÊĚĪčpH   pH = 7       pH < 7       pH > 7     
ÆéÄĞŜÃ ĔĪĕàĕÃ 

 

ṕḛʝṔḘʤɂ ʢ̒ɡyʫ ʢ̒ʦɦʫ 

ṕḛʝṔḘʤɂ ʪ̒ʦʎʫ ʢ̒ʦɦʫ 



 

 G2ᴬᴬᴬᴬɇ ɬʻɾʚᶽɂ Ʉʫ  ĨéÄĪĎkĕÃ ēĤĖÚkŜÃ    

ᵺ ɐɱ˄Ʉʎᶽɂ ȲɂɱɟȺɇ ʪʻʚʯ ὂỮʫ 

D   

   

k ēßÄĂÎĕÃ Êĕß¹ ėÃàÞÎéÄÇ ħĤč ôŖ ÊúéÃĤÇ ÊĩĤč ÉàāÄč ÉäĩÄĂ
z
ę  

I ṕḛʝṔḘʤɂ ʪ̒ʦʎʫ ˃̒ʙ ʃʬɥ rʫ ὃỲḲɄ̍ʙ ʢ̒ʦɦʬɇ ( ṕḛʝṔḘʤɂ ɑʤ̒yɡʫ ) ɑ̂̒ʙ ɐɭʍɄʙ rʫ ʪ̒ʦʎʫ ʭᾒᾙ ɯɩȶɇ ɐɱ˄Ʉʎʑɂ ʭɕɓ  

NN  ɐɱ˄Ʉʎʑɂ ɻɯyʤ ̱ỈɄʚɓṔḗʤɂ ʨ̍ɜ̍ʑɂ ʨ̍ʤɬ Ǝʪɭɪɕɶh 

) 9­$U.  íǈƵ ïƽƮǕå ÿāǄǃå ýǒǃíǃå Ǒõƶǒ :7 >pH    íǈƵ ïǆơǕå ÿāǄǃå Ǒõƶǒ ā ÜpH <  7  ( 

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

            ʃʬᾚήɂ ʪ̒̍ʯ̋ɰɭ̍ʁ ɒɄʯ̒̍ɓɄʞ ɒᶗ̒ʫ ɬɭʍ Ʉʁɭɦʍ +O3H  ɒᶗʻʫ ɬɭʍ ʏʫɐɭʍɄʚʤɂ ɭ̍ɶʝ̋ɰɭ̍ʁ -OH 

ē  ăāƿ ôǆơ ýƵƓƽƙ ƗǃíƓƶǆ æƙǂǈƪHCl   Ɨǒāƿ çíƵƓƿ ƴǆNaOH  

(l)O2+    2H    (aq)NaCl   Ÿ   (aq)+   NaOH   (aq)HCl 
(l)O22H   Ÿ  (aq)

-+    OH   (aq)
+O3H 

V   : 

 èǙāǆ ííƵ -OH   èǙāǆ ííƵ   =   ( çíƵƓǀǃå ÿǆ )+O3H  ( ôǆơǃå ÿǆ ) 

b=    n   an 
D  

 

 

 

an   ʃʬᾚήɂ ɒᶗʻʫ ɬɭʍ = 

aC   ʃʬᾚήɂ ṕḛʝɱɓ  = 

a V  ʃʬᾚήɂ ʭᾒᾙ = 

a      ʃʬᾚήɂ ʨʫɄʎʫ = 

bn   ɐɭʍɄʚʤɂ ɒᶗʻʫ ɬɭʍ = 

bC   ɐɭʍɄʚʤɂ ṕḛʝɱɓ  = 

bV  ɐɭʍɄʚʤɂ ʭᾒᾙ = 

b       ɐɭʍɄʚʤɂ ʨʫɄʎʫ = 

                    b.  V  b=    C         a . V aC

   a                          b        

 



 

ÆéÄĞŜÃ ĔĪĕàĕÃ  

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

ȸʕɄʠɕʤɂ ɑʆʚʯ ʢ̒ɥ . 
2·55555551555555-¤55555-{2·55155-¤55-{2¼¤5.22¹»-29-B$-{

917.$-{2
29-B$-{2¹»-
91¤(B<-{2

 Êĕß¹
ÊĪöŖ 

N-B<!¦ -{2·1"1.-{23.2   -    4.42¦.$w ¦;6w 

¦.$G{2·1"1.-{26.3   Ĳ   4.22¦.$w ¦;6w 

 Êĕß¹
ÊĩàāÄč2

µ¦§G{2·».1B"».»¦ -{26   -    7.62¦;6w µ¦§w 

¹1-B!;-»/1;-{28.2   -    102´B;' ½¦0§ 

 

ĔĖā  : ĔĪÒĪŜÃ ØĖòĩ ıėĤĪéÄÍĤÈĕÃ àĪêđģãàĪġ Āę ĐĪÎĪéıÃ ôĚŚ ēĤĖş ÉäĩÄĂę àĞā ĔĪĕàđ ĻÄĎÍŃĕÃ . 

pH

77
 ɑʬˈʙ ˍ┤ ɁẠɄʖᶽɂ Ṕḛʒɕʤɂ ʵɭʱʍ ɘɭɦ˄ ˃ɯʤɂ ʼɭᶽɂ ʏʫ ˍỈɄʚɓṔḗʤɂ ʨˈɜˈᶽɂ ʨˈʤɬ ʼɬɭʫ ʛʖɕ˄ ᶗ ˍỈɄɕʤɄɇ ʺpH  

  ȸʕɄʠɕʤɂ ɑʆʚʯ ʢ̒ɥ ʢ̒ʦɦʬʦʤ . 

G2Êĕºêę 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  :  (I)O2+ 2H 4(aq)SO2K   Ÿ   (aq)+  2KOH  4(aq)SO2H 

D                          ôāƶǈ  ā ÿāǈƓǀǃå æƙǂǈ           Ȣ  
      =        Ȣ   

  
       

                             =  0.5 mol/L  aC  ¦      Ȣ  Ȣ  
       = Ȣ   

  
   

 



 

G2 Êĕºêęv :  ʢɬɄʎɔ ɂɮɂ ʡ̂ɰ̒ʖɵ̒ʖʤɂ ʃʬɥ ʢ̒ʦɦʫ ṕḛʝɱɓ ɏɶɥɂ30 mL  ʏʫ ʹʱʫ75 mL  ʢ̒ʦɦʫ rʫ 

                                   ɻṕḛʝɱɓ ʪ̒˄ɬ̒ɾʤɂ ɭ̍ɶʝ̋ɰɭ̍ʁ0.4 M  ᵺ ɑʤɬɄʎᶽɂ ʪɄʬɓᶡ 

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

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

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

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

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

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

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

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

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

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

G Êĕºêę w :  ɐɱ˄Ʉʎʫ ɗʬɓ20 mL  ʪ̒̍ɶʤɄʠʤɂ ɭ̍ɶʝ̋ɰɭ̍ʁ ʢ̒ʦɦʫ rʫ2Ca(OH)  ʃʬɥ ʪɂɭɪɕɵɄɇ 

                                 ɻṕḛʝɱɓ ʡ̂ɰ̒ʦʞ̋ɰɭ̍yʤɂ0.5 M  ʡʦẛṥɵɂ ʨʍɄʖɕʤɂ ʪɄʬɓ ɭʱʍ ʺ ᵷ25 mL  ʃʬᾚήɂ ʳʫ 

                              ᵺ ʪ̒̍ɶʤɄʠʤɂ ɭ̍ɶʝ̋ɰɭ̍ʁ ʢ̒ʦɦʫ ṕḛʝɱɓ ɏɶɥɂ ᵷ 

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

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

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

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

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

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

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

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

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

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

 

 

 



 

l  ĨĞĪÕģãàĪŝÃ çĭÃ åÄĢÕ ėÃàÞÎéÄÇ ÊĩĤč ÉàāÄ
y
č ÊúéÃĤ{Ç ħĤ

y
č ôĚ{Ù ÉäĩÄĂ

z
ępH   

9  Ǒǈǒƞāïíǒǌǃå ñǕå ñƓǒƿ ðƓǌƞ ĈþíƤƙƪĈǒpH :ǑƼ 

  ¼ĉÄĒÎĕÃ ÊúĎĝ àĩàő    

  ÉäĩÄĂŜÃ ŉÚĞę Ęéã 

 

 

 

ÉäĩÄĂŜÃ ŉÚĞ
z
ę  

 

G ɐɱ˄Ʉʎᶽɂ ɒɄˈʱɦʱʫ ʳʫ ɐɭȼɄʖʤɂ ˍỘ Ʉʫ Þ 

 ×Ĥõģ ģ ÊčàÇ ¼ĉÄĒÎĕÃ ÊúĎĝ àĩàő  

 ÉäĩÄĂĚĖĕ ÆéÄĞŜÃ ĔĪĕàĕÃ ãÄĪÎÝÃ  

 

 

 

 

  

 

ɀʆɇ ɭ˄ɂɳɓ 

ɀʆɇ ɭ˄ɂɳɓ 

ɁẠɄʖʫ ɭ˄ɂɳɓ 

 ʡ̂ɰ̒ʦʞ̋ɰɭ̍yʤɂ ʃʬɥ ɐɱ˄ɄʎʫHCl 

 ʪ̒˄ɬ̒ɾʤɂ ɭ̍ɶʝ̋ɰɭ̍ẛẀNaOH  

ɐɱ˄Ʉʎᶽɂ ὂỰɦʱʫ ʪɄɶʙɂ ɑəᶚə 

pH  ȸʕɄʠɕʤɂ ɑʆʚʯ ɭʱʍ  7   =pH 

ɏɵɄʱᶽɂ ʨˈʤɭʤɂ 9-¤T{2J1.# 

 

HCl 

NaOH 



 

G  ɐɱ˄Ʉʎʑɂ ὂỰɦɦʫ rʫ ȸʕɄʠɕʤɂ ɑʆʚʯ Ǝɭ˄ɭɦɓ rʟʬ˄ɑʚˆɱʅ ʪɂɭɪɕɵɄɇ ŋĩåÃĤÎŜÃ ŋéÄĚŜÃ 

m ÊĩĤč ÉàāÄč ÊúéÃĤÇ ĈĪĂõ ôŖ ÉäĩÄĂę  

 

 

 

 

 

 

G2àĞā ¼kkkkĉÄkkkĒkkkÍ ÊkkkúkkkĎkkk
z
ĝ  

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

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

     ( ʮ̒ɓ̋Ṕḗʤɂ ˃ɬɄɥȵ ʃʬɥ ) ɐɱ˄Ʉʎʑɂ ʢᶚɩ ɴȶʟʤɂ ̱┤ ɬ̒ɟ̒ ɂʑ . 

       

n ħĤč ôŖ ÊúéÃĤÇ ÊĊĪĂõ ÉàāÄč ÉäĩÄĂę    

 

 

 

 

 

ɀʆɇ ɭ˄ɂɳɓ 

ɀʆɇ ɭ˄ɂɳɓ 

ɁẠɄʖʫ ɭ˄ɂɳɓ 

ʈʻᾚίʫ ɭ˄ɂɳɓ 

ʡˈɖˈɵᶟɂ ʃʬɥ ɐɱ˄ɄʎʫCOOH3CH 

 ʪ̒˄ɬ̒ɾʤɂ ɭ̍ɶʝ̋ɰɭ̍ẛẀNaOH 

ɐɱ˄Ʉʎᶽɂ ὂỰɦʱʫ ʪɄɶʙȵ ɑʎɊɰȵ 

 ȸʕɄʠɕʤɂ ɑʆʚʯ ɭʱʍ pH  ʳʫ Ṕḗʝȵ7 

ɏɵɄʱᶽɂ ʨˈʤɭʤɂ ¹1-B!;-»/1;-{ 

 

 Ʉ̍ʯ̒ʫɜɂ ʢ̒ʦɦʫ ɐɱ˄Ʉʎʫ3(aq)NH  ʃʬɥ ɑʆɵɂʻɇ

  ʡ̂ɰ̒ʦʞ̋ɰɭ̍yʤɂ(aq)HCl 

ɐɱ˄Ʉʎᶽɂ ὂỰɦʱʫ ʪɄɶʙȵ ɑʎɊɰȵ 

 ȸʕɄʠɕʤɂ ɑʆʚʯ ɭʱʍ pH    ʳʫ  ɱʒɽȵ7 

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

 

HCl 

3NH 

COOH3CH 

NaOH 



 

G2Êĕºêę   : 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 

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

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

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

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

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

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

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

G2Êĕºêę   : ʗ̍ʁ
ᴲ
ȵ15 mL  ˂Ỉɂ ʡ̂ɰ̒ʖɵ̒ʖʤɂ ʃʬɥ ʢ̒ʦɦʫ rʫ38.5 mL  ɭ̍ɶʝ̋ɰɭ̍ʁ ʢ̒ʦɦʫ rʫ 

                               ṕḛʝṔḘɇ ʪʻ˄ɬʻɾʤɂ0.15 M   . 

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

4(aq)PO2+  NaH   (I)O2H   Ÿ   (aq) +  NaOH 4(aq) PO3H 
.................................................................................................................................................................................................................... 

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

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

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

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

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

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

 

 

 

 

 

 

 



 

G2àÍ ħâĕÃ ĨĚĖĂĕÃ ØĖúòŜÃ ģ¹ ĘéıÃ ÆÎđÃ: ÊĪĕÄÎĕÃ ËÃãÄÈĂĕÃ Ĝę ÉãÄÈā Ĕđ ĠĪĖā ē 
1 ( ɐɬɭɦʫ ɐɰɂɱɥ ɑɟɰɬ ɭɦʍ ɏ˄ɯʑɂ rʫ ɑɦ̍ʎʫ ɑ̍ʬʝ ̱┤ Ɇɂɯ

ᴲ
ɂʑ rʫ ɑ̍ʬʝ Ṕḗʝȵ ˂Ịʍ ˃̒ɕɦ˄ ˃ɯʤɂ ʢ̒ʦᾚᾇɂ 

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

       ʢɭʎʫ ʮ̒ʟ˄ ɝ̍ɦɇ ̩ʠ̍ʫɄɦ˄ɬ ʮɂɳɓɂ ɑʤɄɥ ̱┤ ʮ̒ʟ˄ ̋ Ɇɂɯʑɂ rʫ ɑ̍ʕɄʁɂ ɑ̍ʬʝ ˃ȵ ɏɵṔḘɓ ɝ̍ɥ 

        ɏ̄ɵṔḘʤɂ ɭʎʫ ˃̋ɄɶƎ˅ ʮɄɉ̋ɯʤɂ 

3 (  Ʉyɶʖʯ ʔ̋ɱʊʤɂ ɭɦʍ ʏɋɺʑɂ ʢ̒ʦᾚᾇɂ ̱┤ Ʉʬʫ Ṕḗʝȵ ɑɇɂɯ
ᴲ
ɂʑ ɐɬɄʑɂ rʫ ɑ̍ʬʝ ˂Ịʍ ˃̒ɕɦ˄ ˃ɯʤɂ ʢ̒ʦᾚᾇɂ 

4 (  ʫr ɑ̍ʬʝ ˂Ịʍ ˃̒ɕɦ˄ ˃ɯʤɂ ʢ̒ʦᾚᾇɂ Ʉyɶʖʯ ʔ̋ɱʊʤɂ ɭɦʍ ʏɋɺ
ᴲ
ɂʑ ʢ̒ʦᾚᾇɂ ̱┤ Ʉʬʫ ʨʙȵ ɑɇɂɯ

ᴲ
ɂʑ ɐɬɄʑɂ 

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

      ɏ̄ɵṔḘʤɂ ʢɭʎʫ rʫ Ṕḗʝȵ ʮɄɉ̋ɯʤɂ ʢɭʎʫ ʮ̒ʟ˄ ̋ 

 6 (   ɑɦ̍ʎʫ ɐɰɂɱɥ ɑɟɰɬ ɭɦʍ ʏɋɺ
ᴲ
ɂʑ ʢ̒ʦᾚᾇɂ ṕḛʝɱɓ 

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

8  (  ȲɄʑɂ rʫ ɑɦ̍ʎʫ ɑ̍ʬʝ ̱┤ Ʉẛṧʫ 
ᴮ
ɂɭɟ 
ᴯ
ɑʦ̍ʦʙ 
ᴯ
ɑ̍ʬʝ ƎɆ̋ɯɓ ɤᶚʫȵ 

9 (  ɏɵɂɰ ʮ̒ʟɕ˄ ʮȵ ʨɋʙ ȲɄʑɂ rʫ ɑɦ̍ʎƎʫ ɑ̍ʬʝ ̱┤ Ʉẛṧʫ ɐṔḛɋʝ ɑ̍ʬʝ Ɇ̋ɯɓ ɤᶚʫȵ 

10 (  ṕḛʝɱɓ Ɇɱʁ ʨɽɄɥ)ṔḘʤ /ʢ̒ Ʉʑɇ 
ᴮ
ɂɰɭʚʫ ɒɄʯ̒ɜ˄ɂ mol / L  ˍ┤ ɭɟɂʻɕɓ ὃỮʤɂ ʺ ( ʮɂɳɓɂ ɑʤɄɥ 

          ˍ┤ʏɋɺᶽɂ Ʉʸʤʻʦɦʫ ɐɬ̒ɟ̒ ɂʑ ɒɄʯ̒ɜ˄ɂ  ( ɒᶚʫɄʎʫ ) ɒᶗ̒ʫ ɬɭʍ ʨɛʬ˄ ˃ɯʤɂ ɴɜɂ ˂Ỉȹ ʌ̒ʕɱʫ Ǝʨ
ᴲ
ʞ ᵷ 

        ɑɦ̍ʎʫ ɐɰɂɱɥ ɑɟɰɬ ɭɦʍ ɑʯ̋ɲ̒ʑɂ ʡʟʖɕʤɂ ɑʤɬɄʎʫ  ̱┤ 

11 (  ́ɓᶗ̒ʫ ɬɭʍ ˃̋Ʉɶ˅ ɴȵ ˂Ỉɂ ʌ̒ʕɱʫ ᴯʨʞ ʢ̒ʦᾚᾇɂ ̱┤ ɐɬ̒ɟ̒ ɂʑ ɒɄʯ̒ɜ˄ɂ ṕḛʝɂɱɓ Ɇɱʁ ʨɽɄɥ 

12 ( ʮɄʞ BȲɂ̒ɵ)ʢ̒ʦᾚᾇɂ ̱┤ ɐɬ̒ɟ̒ ɂʑ ɒɄʯ̒ɜ˄ɂ ɒɂṕḛʝɱɓ Ɇɱʁ ʨɽɄɥ  ʏɋɺʫ Ṕḛʑ  ʺȵ ʏɋɺʫ  ʺȵ ʏɋɺʫ  ʘ̒ʕ ( 

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

13 (  ̩̒h ˄ɜɂ ʨɽɄᾚήɂ ɑʬ̍ʙ ́̍ʕ ʮ̒ʟɓ ʢ̒ʦɦʫQ  Ʉyʤ ɑɇɂɮᶗɂ ʨɽɄɥ ɑʬ̍ʙ ˃̋Ʉɶ
ᴲ
ɔ ɑ̍ʯ̒ɜ˄ ɂ ɐɬɄʬʦʤKsp  

14 (  ɑ̍ʯ̒ɜ˄ ɂ ʨɽɄᾚήɂ ɑʬ̍ʙ ́̍ʕ ʮ̒ʟɓ ʢ̒ʦɦʫQ  ɗɇɄə ɑʬˈʙ ʳʫ ʨʙȵ ɑɇɂɯᶽɂ ɑˈʯʻ˄ᶟɂ ɐɬɄʬʦʤ 

        ɑɇɂɮᶗɂ ʨɽɄɥ   ɄʸʤKsp  

 



 

15 (  ὃỰ̍ɟ̋ɰɭ̍yʤɂ ɴɜɂ ̱┤ Ṕḛʒɕʤɂ ʪ̋ɄʚƎ˄ ʢ̒ʦɦʫPH ʳʫ ɑʦˈʦʙ ɒɄˈʬʝ ɑʕɄʁȹ ɭʱʍ ʇɵʻʦʤ 

          ʹˈʤɂ ɐɭʍɄʙ ʺȵ ʃʬɥ 

16 (  ȲɄʑɂ ʮ̒ʟɕʤ ɐɭʍɄʚʤɂ rʫ ɭ̍ɶʝ̋ɰɭ̍yʤɂ ʮ̒ʯ̍ȵ ʏʫ ʃʬᾚήɂ rʫ ʪ̒̍ʯ̋ɰɭ̍yʤɂ ʮ̒ɓ̍Ʉʞ ʨʍɄʖɓ 

17 (  ɑʙɭɇ ɻṕḛʝɱɓ ʪ̒ʦʎʑɂ ʢ̒ʦᾚᾇɂ 

18 (  ʨ̍ʤɭʤɂ ʮ̒ʤ Ʉʁɭɦʍ Ṕḛʒɕ˄ ὃỮʤɂ ɑʆʚɦʤɂ 

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

         ɐɭʍɄʚʤɂ rʫ ɭ̍ɶʝ̋ɰɭ̍yʤɂ ɒɄʯ̒̍ʯȵ 

20 (  ʨʍɄʖɕ̍ʤ ʪɲᶚʤɂ ( ɐɭʍɄʙ ̋ȵ ʃʬɥ ) ὃỲḲɄ̍ʚʤɂ ʢ̒ʦᾚᾇɂ ʭᾒᾙ ɄẛṨʕ ʭɕ˄ ɑ˄Ṕḗɪʫ ɑ̍ȼɄ̍ʬ̍ʝ ɑ̍ʦʬʍ 

         Ʉʁṕḛʝɱɓ ɑʕɱʎʫ ɬɂɱ˄ ὃỮʤɂ ( ɐɭʍɄʙ ̋ȵ ʃʬɥ ) ɐɬɄʑɂ ʏʫ 
ᴮ
ɄʫɄʬɓ 

21 ( ʎʤɂ ὃỰ̍ɟ̋ɰɭ̍yʤɂ ɴᶗɂ ʮḛɇ ɑ̍ʯɄ̍ɋʤɂ ɑʙᶚpH      ̋ȵ ʭᾒᾛήɂ ʭᾒᾙ ̋ ̩ʅ̋ɱᾟᾇɂ ʘɰ̋ɭʤɂ ̱┤ ʢ̒ʦɦʬʦʤ 

         ɭʍɂ̒ʚʤɂ ̋ ʀɄʬɥᶗɂ ɐɱ˄Ʉʎʫ ̱┤ ɑɥɄᾚƎὈʤɂ rʫ ʔɄʂʑɂ ɐɭʍɄʚʤɂ 

G2: ÄĪĚĖā ÄĢÈéÄĞĩ Äŏ ÊĪĕÄÎĕÃ ËÃãÄÈĂĕÃ ĵ ËÄąÃäĊĕÃ ĔĚđ¹ 

1 (  ɑɇɂɮᶡɂ ʨɽɄɥ ɗɇɄə ṔḛɋʎɔKsp  ʪ̒̍ɶʤɄʠʤɂ ɒɄʯ̒ɉɱʝ ʢ̒ʦᾚᾇ3CaCO    ʻʶ---------------------    

2 (  ʻʶ ʪʻˈɶʤɄʠʤɂ ɒɄʖɵʻʕ ᾝίᶽ ɑɇɂɮᶗɂ ʨɽɄɥ ɗɇɄə Ṕḛɋʎɔ ʮɄʞ ɂɮɂ2] -34[ PO 3] 2+Ksp  = [ Ca  ʻʶ ᾝίᶽɂ ɂɯʸʤ ɑˈȼɄˈʬˈʟʤɂ ɑʒˈɾʤɂ ʮɄʕ---------  

3 (     ʮɄɉ̋ɯʤɂ ʢɭʎƎʫ ʮ̒ʟ˄ ʏɋɺ
ᴲ
ɂʑ ʢ̒ʦᾚᾇɂ ̱┤      -------------------      ɏˉɵṔḘʤɂ ʢɭʎʫ 

4 (    ɑʂʖʤɂ ɭ̍ɖ˄Ṕḗʝ ʢ̒ʦɦʫ ̱┤S2Ag  ɑʂʖʤɂ ɒɄʯ̒̍ɓɄʞ ṕḛʝɱɓ ʮ̒ʟ˄ ʏɋɺ
ᴲ
ɂʑ] +[ Ag      ʢ̒ʦᾚᾇɂ ̱┤-------------------     ɑˈʯɄɉʺɮ 

        ˃ɰᶗ̒ʑɂ ṕḛʝṔḘʤɄɇ ɑʂʖʤɂ ɭ̍ɖ˄ṔḗʝM  

5 (  ˌh̒˄ɜɂ ʨɽɄᾚήɂ ʮ̒ʟ˄ ʏɋɺ
ᴲ
ɂʑ Ṕḛʑ ʢ̒ʦᾚᾇɂ ̱┤22Q2ɆɂɯƎʬʦʤ2----------------2  ʹʤ ɑɇɂɮᶗɂ ʨɽɄɥ ɗɇɄə 

6 (  ɑʂʖʤɂ ɭ̂ɰ̒ʦʞ ɏɵṔḘ˄AgCl  ʢ̒ʦɦʫ ɑʕɄʁȺɇ ʏɋɺ
ᴲ
ɂʑ ́ʤ̒ʦɦʫ rʫ----------------  ʢ̒ʦɦʫ ̋ȵ---------------- 

7 (  ʪ̒˄ɬ̒ɾʤɂ ɭ˄ɬ̒˄ ʢ̒ʦɦʫ ɑʕɄʁȹ ɭɦʍNaI  ʢ̒ʦɦʫ ˂ỈɂAgI  ʢ̒ʦᾚᾇɂ ̱┤ ɑʂʖʤɂ ɭ˄ɬ̒̍ʤ ̩̒h ˄ɜɂ ʨɽɄᾚήɂ ɧɋɾƎ˄ ʏɋɺ
ᴲ
ɂʑ---------------- 

     ɑɇɂɮᶡɂ ʨɽɄɥ ɗɇɄəKsp  ʹʤ 

 



 

8 (  ʡ̂ɰ̒ʦʞ̋ɰɭ̍yʤɂ ʃʬɥ ʢ̒ʦɦʫ rʫ ʨ̍ʦʙ ɑʕɄʁȹHCl  ʪ̒̍ɶʤɄʠʤɂ ɭ̍ɶʝ̋ɰɭ̍ʁ rʫ ʏɋɺƎʫ ʢ̒ʦɦʫ2Ca(OH)  ˂Ỉɂ ˃ɬȸ˄---------------- 

       ʪ̒̍ɶʤɄʠʤɂ ɭ̍ɶʝ̋ɰɭ̍ʁ 

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

10 (  ̒ʁ ʡ̂ɰ̒ʦʞ̋ɰɭ̍yʤɂ ʃʬɥ ̋ ʪ̒̂ɰɄɋʤɂ ɭ̂ɰ̒ʦʞ ʮḛɇ ʜṔḘɺ
ᴲ
ɂʑ ʮ̒˄ɜɂ---------------- 

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

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

        ʗˈʎʁ ɗˈʤʺṔḘʟʤɂ 

12 (  ɑʂʖʤɂ ɭ̂ɰ̒ʦʞ Ɇ̋ɯ˄AgCl  Ʉ̍ʯ̒ʫɜɂ ʢ ̒ʦɦʫ ɑʕɄʁȹ ɭɦʍ ʏɋɺ
ᴲ
ɂʑ ́ʤ̒ʦɦʫ rʫ3(aq)NH   ́ʤ ˃ɯʤɂ ɏʝɂṔḘ

ᴲ
ɂʑ ʮ̒˄ɜɂ ʮ̒ʟɕʤ 

        ɑˈȼɄˈʬˈʟʤɂ ɑʒˈɾʤɂ---------------- 

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

        ɭ˄ɭᾚήɂ ɭˈɖ˄Ṕḗʝ ɑˈʬʝII  ɑɋɵṔḘ
ᴲ
ɂʑ 

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

        ˃̋ɄɶƎ˅ ʪ̒̍ɶ̄ ʒɦʑɂ ɭ̍ɶʝ̋ɰɭ̍yʤ ɑɇɂɮɟɂ ʨɽɄɥ ɗɇɄə----------------  

15 (  ) ɼɄɽɱʤɂ ɒɄʯʻɉɱʝ ᾝίʫ ɑˈʯɄɉʺɮ ɗʯɄʞ ɂɮȹII  (3PbCO   ) ˃̋Ʉɶ
ᴲ
ɔ ʢ̒ʦᾚᾇɂ ̱┤M 7-1.8 x 10  ɑɇɂɮᶡɂ ʨɽɄɥ ɗɇɄə ɑʬˈʙ ʮȺʕ ( 

       Ksp  ɼɄɽɱʤɂ ɒɄʯʻɉɱʟʤII  ˃̋Ʉɶɔ---------------- 

 16 (  ɼɄɽɱʤɂ ɒɄʯʻˈɓɄʞ ṕḛʝɱɓ ʮɄʞ ɂɮɂ2+Pb  ) ɼɄɽɱʤɂ ɭ̂ɰ̒ʦʞ rʫ ʏɋɺƎʫ ʢ̒ʦɦʫ ̱┤II  (2PbCl  ˃̋Ʉɶ˅7 -2 x 10   ɗɇɄə ʮȺʕ ṔḘʤ / ʢ̒ʫ 

            ɼɄɽɱʤɂ ɭ̂ɰ̒ʦʠʤ ɑɇɂɮɟɂ ʨɽɄɥII  ˃̋Ʉɶɔ----------------  

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

             ɑɟɰɬCo25   ȲɄʑɂ ̱┤ ɑʂʖʤɂ ɭ̍ʫ̋ɱɇ ᾝίʫ ɑ̍ʯɄɉ̋ɮ ʮȵ ˂Ịʍ ʢƎɭ˄ ʡʤɮ ʮȺʕ----------------  ɑʂʖʤɂ ɭ˄ɬʻ˄ ᾝίʫ ɑˈʯɄɉʺɮ ʳʫ Ṕḗʝȵ 

18 (  ˂Ỉɂ ˃ɬȸƎ˄ ʪ̒̍ɶ̄ ʒɦʑɂ ɭ̍ɶʝ̋ɰɭ̍ʁ ˂Ỉɂ ὃỲṍʬɥ ʢ̒ʦɦʫ ɑʕɄʁȹ----------------  ʪ̒̍ɶ̄ ʒɦʑɂ ɭ̍ɶʝ̋ɰɭ̍ʁ rʫ ɑɇɂɯ
ᴲ
ɂʑ ɐɬɄʑɂ ɑ̍ʬʝ 

19 (  ɑʂʖʤɂ ɭˈɖ˄Ṕḗʝ ɑˈʯɄɉʺɮS2Ag  ʮ̒ȵ˄ ṕḛʝɱɓ ˃̋Ʉɶ
ᴲ
ɔ ʮṕḘ
ᴲ
ɂʑ ʏɋɺ
ᴲ
ɂʑ ́ʤ̒ʦɦʫ ̱┤----------------  ʢ̒ʦᾚᾇɂ ̱┤ 

20 (  ɑʂʖʤɂ ɭ̂ɰ̒ʦʠʤ ̩̒h ˄ɜɂ ʨɽɄᾚήɂ ɧɋɾƎ˄ ɑʂʖʤɂ ɭ̂ɰ̒ʦʞ ˂Ỉɂ Ʉ̍ʯ̒ʫᶗɂ ʢ̒ʦɦʫ ɑʕɄʁȹ ɭɦʍ]  +] [ Ag -[ Cl  ----------------  ʳʫ 

          ɑɇɂɮᶡɂ ʨɽɄɥ ɗɇɄəKsp   



 

21 (  ʪʻˈɶʤɄʠʤɂ ɒɄʖɵʻʕ ɑˈʯɄɉʺɮ ɗʯɄʞ ɂɮȹ2)4(PO3Ca  ˃̋Ʉɶ
ᴲ
ɔ7-7 X 10   ʏɋɺ

ᴲ
ɂʑ ʢ̒ʦᾚᾇɂ ̱┤ ʪ̒̍ɶʤɄʠʤɂ ʮ̒ȵ˄ ṕḛʝɱɓ ʮȺʕ ṔḘʤ / ʢ̒ʫ 

        ˃̋ɄɶƎ˅ ᾝίʑɂ ɂɯyʤ ʮṕḘ
ᴲ
ɂʑ----------------  ṔḘʤ / ʢ̒ʫ 

22 (  ˃̋Ʉɶ
ᴲ
ɔ ʨʠ̍ɦʤɂ ɭ̍ɖ˄Ṕḗʟʤ ɑɇɂɮɟɂ ʨɽɄɥ ɗɇɄə ɑʬ̍ʙ ʮȵ ɗʬʦʍ ɂɮȹ24-1.4 X 10  ˃̋Ʉɶ

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

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

        ɂ ̱Ộ 
ᴮ
ᶗ̋ȵ ɏɵṔḘɓ ὃỮʤ----------------222

23 (   ὃỰ̍ɟ̋ɰɭ̍yʤɂ ɴɜɂ ɑʬ̍ʙ  ˁʚɋɓpH   ʺ ʡˈɖˈɵᶟɂ ʃʬɥ ˍỈʻʦɦʫ ʳʫ ɣˆɳᶽ---------------- ʃʬɥ rʫ ʨ̍ʦʙ ɑʕɄʁȹ ɭɦʍ 
ᴮ
Ʉɋ̂ɱʚɓ ɑɕɇɄə 

          . ́̍ʤȹ ʡ̂ɰ̒ʦʞ̋ɰɭ̍yʤɂ 

24 (  ̱┤ ɑȾɟɄʖ
ᴲ
ɂʑ ɒɂṔḛʒɕʤɂ ʪ̋ɄʚƎ˄ ʭʊɦ

ᴲ
ɂʑ ʢ̒ʦᾚᾇɂ--------------------------------2   ɑʦˈʦʙ ɒɄˈʬʟɇ ʹˈʤȹ ɐɭʍɄʙ ʺȵ ʃʬɥ ɑʕɄʁȹ ɭʱʍ 

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

         ɻṕḛʝɱɓ Ʉ̍ʯ̒ʫᶗɂ ʢ̒ʦɦʫ----------------  ʳʫ0.1 M  

26 (  rʫ ʮ̒ʟɕ˄ ὃỲṍʬᾚήɂ ʭʊɦ
ᴲ
ɂʑ ʢ̒ʦᾚᾇɂ----------------   ɑˈʫʻˈɵɄɓʻɋʤɂ ʺȵ ɑˈʫʻ˄ɬʻɾʤɂ ʹɥᶚʫȵ ɭɥȵ ʺ 

27 (  ʢ̒ʦᾚᾇɂ ʮ̒ʟ˄ 
ᴮ
ɄʫɄʬɓ ɑ̂̒ʙ ɐɭʍɄʙ ʏʫ ˃̒ʙ ʃʬɥ ʨʍɄʖɓ ɭɦʍ----------------   ȸʕɄʠɕʤɂ ɑʆʚʯ ɭʱʍ Ṕḛəȶɕʤɂ 

28 ( ʃʬɥ ɐɱ˄ɄʎƎʫ ɭɦʍ ȸʕɄʠɕʤɂ ɑʆʚʯ ɭɦʍ Ṕḛəȶɕʤɂ ὃỲṍʬɥ ʢ̒ʦᾚᾇɂ ʮ̒ʟ˄  ɐɭʍɄʙ ʏʫ ˃̒ʙ---------------- 

30 (  ὃỰ̍ɟ̋ɰɭ̍yʤɂ ɴᶗɂ ɑʬ̍ʙ ʮ̒ʟ˄ ɑ̂̒ʙ ɐɭʍɄʙ ʏʫ ʗ̍ʎʁ ʃʬɥ ɐɱ˄ɄʎƎʫ ɭɦʍpH    ȸʕɄʠɕʤɂ ɑʆʚʯ ɭɦʍ ʢ̒ʦɦʬʦʤ---------------- 7  

31  ʢ̒ʦɦʫ ʭᾒᾙ  (NaOH  ʵṕḛʝɱɓ ˃ɯʤɂ0.5 M  ʏʫ ʢɬɄʎɕɓ ̩ʠʤ ɑʫɲᶚʤɂ200 mL   ʃʬɥ ʳʫHCl  ʵṕḛʝɱɓ0.2 M  ˃̋Ʉɶ˅ 

         mL ----------------  : ɑˈʤɄɕʤɂ ɑʤɬɄʎᶽɂ ʛʕʺ ʭɕ˄ ʨʍɄʖɕʤɂ ʮɄʞ ɂɮɂ                 (I)O2+   H   (aq)NaCl     ¾    (aq)+    NaOH  (aq)   HCl 

32 (  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            (I)O2+      2H     4(aq)SO2K        ¾       (aq)+     2KOH    4(aq)SO2H       ˃̋Ʉɶ˅-------------- 

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

        ʵṕḛʝɱɓ ˃ɯʤɂ0.3 M    : ɑˈʤɄɕʤɂ ɑʤɬɄʎᶽɂ ʛʕʺ     (I)O2+      2H     4(aq)SO2K        ¾       (aq)+     2KOH    4(aq)SO2H     ˃̋Ʉɶ˅-------------- 

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

ᴲ
ɓ-------------- 

35 (  ʡ̍ʫɰ̒ʖʤɂ ʃʬɥ ɐɱ˄Ʉʎʑ ɏɵɄɦ
ᴲ
ɂʑ ʨ̍ʤɭʤɂHCOOH  ʵṕḛʝɱɓ0.1 M   ʪ̒̍ɵɄɓ̒ɋʤɂ ɭ̍ɶʝ̋ɰɭ̍ʁ ʏʫKOH   )0.1 M    ʻʶ (--------- 



 

   G2 ) ÊęĲā ÄĢęÄę¹ Āõģ ÊĪĕÄÎĕÃ ËÃãÄÈĂĕÃ Ĝę ĔĒĕ ÊÇÄÕ½ Æêĝ¹ ņÝÃã : (  

1 (   

5 NaOH                                5  2)3(NO3Ca                                      5  KOH                                     5 HCl 

н (    

 5 ʗʖᾟ
ᴲ
ᾇɂ ʡ̂ɰ̒ʦʞ̋ɰɭ̍yʤɂ ʃʬɥ ʢ̒ʦɦʫ                                                  5 ʗʖᾟ

ᴲ
ᾇɂ ʡ˄ṔḘ̍ɦʤɂ ʃʬɥ ʢ̒ʦɦʫ  

5 ʗʖᾟ
ᴲ
ᾇɂ ʡ̍ɖ̍ɵᶗɂ ʃʬɥ ʢ̒ʦɦʫ                                                             5    Ʉ̍ʯ̒ʫɜɂ ʢ̒ʦɦʫ         

о (   

5   ʪ̒̍ɶʤɄʠʤɂ ɒɄɕ˄Ṕḗʝ rʫ ɑɇɂɯ
ᴲ
ɂʑ ɐɬɄʑɂ ɑ̍ʬʝ ʨ̍ʦʚɓ                               5  ʪ̒̍ɶʤɄʠʤɂ ɒɄɕ˄Ṕḗʟʤ ɑɇɂɮɟɂ ʨɽɄɥ ɑʬ̍ʙ ɐɬɄ̂ɲ                                         

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

п (  <

5  ɑɇɂɮᶡɂ ʨɽɄɥ ɗɇɄə ʳʫ ʨʙȵ ʹʤ ˌʰʻ˄ᶟɂ ʨɽɄᾚήɂ                                5 ɑɇɂɮᶡɂ ʨɽɄɥ ɗɇɄə ʳʫ Ṕḗʝȵ ʹʤ ˌʰʻ˄ᶟɂ ʨɽɄᾚήɂ 

5  ʳʫ ʨʙȵ ʹʤ ɑɇɂɮᶡɂ ʨɽɄɥ ɗɇɄə ɑʬˈʙ1                                                  5                                            ɑɇɂɮɟɂ ʨɽɄɥ ɗɇɄə ˃̋ɄɶƎ˅ ́ʤ ̩̒h ˄ɜɂ ʨɽɄᾚήɂ 

р (  AgCl  

5 ɑʂʖʤɂ ɭ̂ɰ̒ʦʠʤ ɑɇɂɮɟɂ ʨɽɄɥ ɗɇɄə ɑʬ̍ʙ ɬɂɬɳɓ                                  5  ɭ̂ɰ̒ʦʞ ɑ̍ʬʝ ɬɂɬɳɓɑɇɂɯᶽɂ ɑʂʖʤɂ 

5                    ɑɋɵṔḘ
ᴲ
ɂʑ ɑʂʖʤɂ ɭ̂ɰ̒ʦʞ ɑ̍ʬʝ ʨʚɓ                                        5                                          ɑʂʖʤɂ ɭ̂ɰ̒ʦʠʤ ̩̒h ˄ɜɂ ʨɽɄᾚήɂ ɑʬ̍ʙ ɬɂɬɳɓ 

с (   

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

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

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

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

 

 



 

т (  II  

5    ʗʖᾟᾇɂ ʡ̂ɰ̒ʦʞ̋ɰɭ̍yʤɂ ʃʬɥ                                                              5  ɴɄɦʱʤɂ ɒɂṔḘˈʯII                             

 5   Ʉ̍ʯ̒ʫɜɂ ʢ̒ʦɦʫ                                                                                            5 ʡ˄ṔḘˈʱʤɂ ʃʬɥ 

у (  CdS 

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

5                                         ʨʚɓ ʪ̒̍ʫɬɄʠʤɂ ɭ̍ɖ˄Ṕḗʝ rʫ ɑɇɂɯ
ᴲ
ɂʑ ɐɬɄʑɂ ɑ̍ʬʝ5   ɑʬˈʙKsp ɬɂɬɳɓ ʪʻˈʫɬɄʠʤɂ ɭˈɖ˄Ṕḗʟʤ 

 ф (IIFeS 

  5 S2H                                           5 HCl                                              5  2FeCl                                              5 S 2Na 

мл (   

5                                                               ɏɵṔḘ
ᴲ
ɂʑ ʪ̒˄ɬ̒ɾʤɂ ɭ̂ɰ̒ʦʞ ʮɄɉ̋ɮ5 ʨˈʦʚɓ  ɑʬˈʙKsp     ɑʂʖʤɂ ɭ̂ɰ̒ʦʠʤ 

5                                                            ʢ̒ʦᾚᾇɂ rʫ ɑʂʖʤɂ ɭ̂ɰ̒ʦʞ ɏ̄ɵɱɓ5  ɑʬ̍ʙ  ɐɬɄ̂ɲKsp ɑʂʖʤɂ ɭ̂ɰ̒ʦʠʤ    

<<<мм (  II2PbI<<

5                                                                   ʢ̒ʦᾚᾇɂ ̱┤ ɭ˄ɬ̒̍ʤɂ ʮ̒ʯ̍ȵ ṕḛʝɱɓ5  ʢ̒ʦᾚᾇɂ ̱┤ ɭ˄ɬ̒̍ʤɂ ʮ̒ʯ̍ȵ ṕḛʝɱɓ ʗɾʯ 

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

<<мн (  <HCl<<

5   ʪ̒̍ɶ̄ ʒɦʑɂ ɭ̍ɶʝ̋ɰɭ̍ʁ                                                                             5 ʮḛɽɰɄᾟήɂ ɭ̍ɖ˄Ṕḗʝ                           

 5   ɑʂʖʤɂ ɭ̂ɰ̒ʦʞ                                                                                              5 ʪʻˈɶʤɄʠʤɂ ɒɄʯʻɉɱʝ 

мо (  <<<

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

 5   Ʉ̍ʯ̒ʫᶗɂ ʢ̒ʦɦʫ ̋ ʪ̒̍ʯ̒ʫɜɂ ɭ̂ɰ̒ʦʞ                                                          5  ʪ̒̍ɵɄɓ̒ɋʤɂ ɭ̍ɶʝ̋ɰɭ̍ʁ ̋ ʪ̒̍ɵɄɓ̒ɋʤɂ ɭ̂ɰ̒ʦʞ 

 

 

 



 

мп (  <II< 

5   ʗʖᾟ
ᴲ
ᾇɂ ʡ̍ɖ˄Ṕḗʟʤɂ ʃʬɥ                                                                             5  ɴɄɦ

ᴲ
ʤɦɂ ɒɂṔḘ̍ʯII            

 5   Ʉ̍ʯ̒ʫᶗɂ ʢ̒ʦɦʫ                                                                                                5 ʡ̂ɰ̒ʦʞ̋ɰɭ̍yʤɂ ʃʬɥ 

мр (  <<<<

5  ɻṕḛʝɱɓ ʢ̒ʦɦʫ0.3 M   ʳʫNaOH   ɻṕḛʝɱɓ ʢ̒ʦɦʫ ʏʫ0.2 M   ʳʫCOOH 3CH  

5  ɻṕḛʝɱɓ ʢ̒ʦɦʫ0.1 M   ʳʫNaOH   ɻṕḛʝɱɓ ʢ̒ʦɦʫ ʏʫ0.2 M   ʳʫCOOH 3CH  

5  ɻṕḛʝɱɓ ʢ̒ʦɦʫ0.1 M   ʳʫNaOH   ɻṕḛʝɱɓ ʢ̒ʦɦʫ ʏʫ0.2 M    ʳʫHCl  

5  ɻṕḛʝɱɓ ʢ̒ʦɦʫ0.1 M   ʳʫ  3(aq)NH  ɻṕḛʝɱɓ ʢ̒ʦɦʫ ʏʫ0.2 M   ʳʫHCl 

мс (  <<  

5 HCN   +  NaCN                                                                                                 5 HCOOH  +  HCOOK  

5 +     KOH   3HNO                                                                                              5 HF  +  NaF 

мт (  <<<<

5<ʢƎɬɄʎɕʤɂ<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<5 ȸ
ᴲ
ʕɄʠɕʤɂ 5                            <                                      ɐɱ˄Ʉʎ

ᴲ
ɂʑ ȲɄẛṥʯɂ5< ɑˈɵɄˈʙ<

му (  <<

<<Î<

5  ɑʬ̍ʙ ̋ ʢɬɄʎɕƎʫ ᾝίʫpH  ˃̋Ʉɶ
ᴲ
ɔ ɣ̂ɳʬʦʤ7                                                      5  ɑʬˈʙ ʺ ˃ɭʍɄʙ ᾝίʫpH  ʳʫ Ṕḗʝȵ ɣˆɳʬʦʤ7  

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

мф (  <<20 mL50 mL

 0.4 M  O 2+   2H   4SO2Na  ¾+   2NaOH     4SO2H        

        

5 0.25 M                                          5                                               0.1 M    5 0.004 M                                    5 0.5 M   

нл ( <<0.2 M25 mL

         0.4 M<<ÎO2+    2H     2CaCl     ¾     22HCl      +      Ca(OH)  

5 200 mL                                          5                                              100 mL 5 50 mL                                        5 100 L   

 



 

нм (  <<0.2 M0.5 mol  

  :O               2+     2H       2CaCl           ¾      22HCl      +        Ca(OH) 

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

нн (  <4PO3H0.3  

O  2+      6H      2)4(PO3Ca      ¾     2+   3Ca(OH)  4PO32H  

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

но ( <<COOH3CH0.1 MKOH0.1 M :  

5           ˍỈɄʚɓṔḗʤɂ ʨˈɜˈᶽɂ                     5         ʮḛʤɄɕʕ ʢ̒ʱ̍ʖʤɂ                        5         ɱʬɥᶟɂ ʨˈɜˈᶽɂ                             5 ʨˈɜˈᶽɂ ɱʖɽȵ 

нп (  <<HCl 0.1 M 3(aq)NH0.1 M   

5                                                                                           ˍỈɄʚɓṔḗʤɂ ʨˈɜˈᶽɂ5                   ʮḛʤɄɕʕ ʢ̒ʱ̍ʖʤɂ 

5  ˃ɭʍɄʚʤɂ ʘɰɲɜɂ ʢ̒ʬ˄Ʉɛʤɂ                                                                                5 ʫ ɣˆɳʫ ˃ɭʍɄʚʤɂ ʘɰɲɜɂ ʢ̒ʬ˄Ʉɛʤɂ ̋ ɱʬɥᶗɂ ʨ̍ɜ̍ʑɂ r 

нр (  <<Î<

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

5  ɐɱ˄Ʉʎ
ᴲ
ɂʑ ɻɯyʤ ɏɵɄɦ

ᴲ
ɂʑ ʨ̍ʤɭʤɂ ̒ʁ ʮḛʤɄɕʖʤ ʢ̒ʱ̍ʖʤɂ 

5    ) ɭɦʍ ʮ̒ʟɓ ȸʕɄʠɕʤɂ ɑʆʚʯpH  =  7    ( 

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

нс (  <<HABOH<<

5   ʃʬᾚήɂHA  ɐɭʍɄʚʤɂ ̋ ˃̒ʙ ʃʬɥBOH   ɑˆʻʙ   

5   ˃̒ʦʙ ʢ̒ʦɦʫ ȸʕɄʠɕʤɂ ɑʆʚʯ ɭɦʍ ɣɓɄɦʤɂ ʢ̒ʦᾚᾇɂ 

5    ) ɱʬɥᶗɂ ʨ̍ɜ̍ʑɂ ʨ̍ʤɬ Ǝᾝ
ᴲ
ίɾ˄4 - 6     ɐɱ˄Ʉʎ

ᴲ
ɂʑ ɻɯyʤ ( 

5  HA  ʺ ʗˈʎʁ ʃʬɥBOH ɑˆʻʙ ɐɭʍɄʙ 

 

 



 

G2ĻÄÎĕÃ ēģàřÃ ĔĚđz¹ : 

 ÊÇäÖÎĕÃ  ÊĚĪčpH  ĠĪĕÃ ćÄö
z
ŜÃ ēĤĖÚĚĖĕ 

 ɬɂɬɳɓ )-  ʨʚɓ-  ( Ṕḛʒɕɓ ᶗ 

 ĠĪĕÃ ćÄö
z
ŜÃ ēĤĖÚĚĖĕ ĜĩºÎĕÃ ÊÕãß 

 ɬɂɬɳɓ )-  ʨʚɓ- ( Ṕḛʒɕɓ ᶗ 

1 
Ỉ˂ɂ ɏʦɾʤɂ ʪ̒˄ɬ̒ɾʤɂ ɭ̂ɰ̒ʦʞ ɑʕɄʁȹ 

ʡ̂ɰ̒ʦʞ̋ɰɭ̍yʤɂ ʃʬɥ ʢ̒ʦɦʫ 
  

2 
Ỉ˂ɂ ɏʦɾʤɂ ʪ̒̍ʯ̒ʫɜɂ ɭ̂ɰ̒ʦʞ ɑʕɄʁȹ 

Ʉ̍ʯ̒ʫᶗɂ ʢ̒ʦɦʫ 
  

3 
 ˂Ỉɂ ɏʦɾʤɂ ʪʻ˄ɬʻɾʤɂ ɒɄɕˉɵȵ ɑʕɄʁȹ

 ʡ̍ɖ̍ɵᶗɂ ʃʬɥ ʢ̒ʦɦʫ 
  

G2: ÊĪÁÄĪĚĪĒĕÃ ËıßÄĂŜÃ ÊÇÄÎđ ģ ŊêĊÎĕÃ Āę ÊĪĕÄÎĕÃ ËıÄŚÃ ĵ Ï
z
àŦ ě¹ ĀčĤÎÍ ÃáÄę 

1<(<pHHCN<

<Î<~-¨6/ÙÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂ<

<Î<Ď;[6/ÙÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂ<

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

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

2<(<pH3NH

<Î<~-¨6/ÙÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂ<

<Î<Ď;[6/ÙÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂ<

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

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

3<(<3CaCO

<Î<~-¨6/ÙÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂ<

<Î<Ď;[6/ÙÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂ<

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

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



 

 

 

G  :  ( ËÄĝÄĒĕĭÃ ) ÊĂÈîŜÃ ËÄĝĤÇäđģãàĪŝÃ Ęġĭ  ÊĂÕÃäŏ QàÈĝ 

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

   ʏʆʚʑɂ ʔɯɦɇ ʨɇɄʚʑɂ ʮɄʠʤɜɂ ʭɵɂ rʫ ʨ̍ʟʤɜɂ ʛɹ ʭɵɂ ƎʛɕɺƎ˅ ě·        ʏʆʚᶽɂ ɑʕɄʁȹ  ʺĔĩ 

ěĤÇäĒĕÃ ËÃãá ßàā ĒĕıÃ ĘéÃěÄ ÊĪÂĩæřÃ ÊĆĪòĕÃ ĔĪĒĕıÃ Čí ĘéÃ ÊĪÂĩæřÃ ÊĆĪòĕÃ 

1 ɛˈʫʮɄ 4CH ɜˈʫʨˈ - 3CH 

2 ɛ˄ɂʮɄ 6H2C ɜ˄ɂʨˈ - 5H2C 

3 ɉ̋ɱɇʮɄ 8H3C ɉ̋ɱɇʨˈ - 7H3C 

4 ɓʻˈɇʮɄ 10H4C ɓʻˈɇʨˈ - 9H4C 

5 ɕʲɇʮɄ 12H5C ɖʱɇʨˈ - 11H5C 

6 ɶʟʶʮɄ 14H6C ɶʟʶʨˈ - 13H6C 

7 ɕɋʶʮɄ 16H7C ɖɋʶʨˈ - 15H7C 

8 ɕʝʺȵʮɄ 18H8C ɕʝʺȵʨˈ - 17H8C 

9 ʯʻʯʮɄ 20H9C ʯʻʯʨ̍ - 19H9C 

10 ʠ˄ɬʮɄ 22H10C ʟ˄ɬʨˈ  - 21H10C 

 

 : ĔĞĪĊĕÃ ČíŋÕģãàĪġ Éãá ćâÙ àĂÇ ĜĩæĞÈĕÃ Ĝę ĨĎÈÎŜÃ QæřÃ Ĥġ  
 

;Ďäp\¦û 



 

G2ÊĩĤöĂĕÃ ËÄÈđäŜÃ ĵ ěĤÇäĒĕÃ ËÃãá ÿÃĤĝ¹ : ÊþÙĲę : 
 

 

 

ěÄÒĪę 4CH ĔĪÒĪę  - 3CH 

ěÄÒĩ½ 
 6H2C 

3CH - 3CH 

ĔĪÒĩ½ 
- 5H2C 

  -2 CH - 3CH 

ěÄÇģäÇ 

8H3C 

3CH - 2CH - 3CH 

ĔĪÇģäÇ 
 - 7H3C 

-2 CH - 2CH - 3CH 

 ģæĩ¹ ĔĪÇģäÇ 
 ĔĪÇģäÇ  ģ¹ħĤĝÄÑ  

3   HC - HC - 3HC 

ěÄÍĤĪÇ 
10H4C  ĔĪÍĤĪÇ  - 9H4C 

 - 2CH - 2 CH - 2CH - 3CH  

3CH - 2 CH - 2CH - 3CH  ĔĪÍĤĪÇ ħĤĝÄÑ 3    CH - 2 CH -  CH - 3CH 

2 - ěÄÇģäÇ ĔĪÒĪę 
3      CH -  CH - 3CH 

3    CH 

 ģæĩ¹ ĔĪÍĤĪÇ 
   -CH  -  HC - 3HC 

3HC 

 ĔĪÍĤĪÇĨÒĕÄÑ  
 

    3      HC -   C - 3HC     

3HC 

 
 

  

2

  ) ʘ̒ʚɹ ɘᶚə ( 

4HC 
3CH - 2HC - 3CH 

     3CH-  C - 3CH        
3 CH 

3HC-3HC 
3HC-2CH - 3HC 

3CH -2HC -2 HC - 3CH 
3HC-2CH - 2CH-3HC 

 ) ÊĪĕģ¹ ěĤÇäđ Éãá°1 (  ) ÊĩĤĝÄÑ ěĤÇäđ Éãá°2 
( 

 ) ÊĪÒĕÄÑ ěĤÇäđ Éãá°3 ( 



 

  G2222pÊĩĤöĂĕÃ ËÄÈđäŜÃ ĵ ÊĪÁÄĪĚĪĒĕÃ ËĲāÄĊÎĕÃ ÿÃĤĝ¹2p2
2
 

 

      

G  ʢɄɛʫ2     :Cl   +    HCl3CH    Ÿ   2+   Cl    4CH 

 

 

 

 

  

G ʢɄɛʫ22 :  O2H+    2CH  =C 2H             H  -C  Ĳ C -H   

 
 
     

  
                 

   : 2 :  ʢɄɛʫ 222G 

 
C = C      +      H2    Ÿ         C   -   C                             

               
 

Co 180 

 4SO2H ðǂïǆ 

ēÃàkkÈÎéıÃ ËĲāÄĊÍ 

ÿÃækÎĝıÃ ËĲāÄkĊÍ 

 ËĲāÄkĊÍÊkĉÄkõįÃ 



 

 

G2ÊĪĊĪýĤĕÃ ÊāĤĚŮÃ Ĩġ Äę : 
  
 

 

 ÊĪĊĪýĤĕÃ ÊāĤĚŮÃFunctional Groups ēÄÒę 

jɒɄʯ̒ɉɱʝ̋ɰɭ̍yʤɂ 

ɑˈʲˈɟʻʤɄʸʤɂ 
ʮḛɟ̒ʤɄyʤɂ ɐɰɮ 

-  X 
I , Br , Cl Ľ R -  X ʨ̍ɜ̍ʑɂ ɭ̂ɰ̒ʦʞ Cl-3CH 

k ɒᶗʻɦʟʤɂ ʨ̍ɶʝ̋ɰɭ̍ʁ -  OH R -  OH  ʢ̒ʯɄɛ̍ʫ OH-3CH 

l ɒɂṔḛɛ˄ᶗɂ ὃỲḳʝʺȵ -  O - `R -O  -R   ˌȽɄʱəṔḙ˄ɂ ʨˈɜˈʫ 3CH-O-3CH 

m ɒɂɭˈʶɭʤᶟɂ 
ʨˈʯʻɉɱʝ 

( ɑˈʕɱʅ) 

 
H       

ʢɄʯɄɛˈʫ 

( ɭ̍ʁɭʤɄʫɰ̒ʕ ) 
H- CHO 

n  ɒɄʯʻɕˈʟʤɂ 
ʨˈʯʻɉɱʝ 

( ɑˈʕɱʅ Ṕḛʑ)   

 ʮ̒ʯɄɉ̋ɱɇ 3CH3            CH 

o  ʀɄʬɥᶟɂ 

ɑˈʦˈɶʝʻɉɱʟʤɂ 
ʨˈɶʝʻɉɱʝ 

  
ʡˆʻʯɄɛ˄ᶗɂ ʃʬɥ 
( ʡˈɖˈɵᶗɂ ʃʬɥ) 

COOH-3CH 

p ɒɂṔḘɵᶗɂ 
ὃỲḳʝʻʟʤɂ 

ʨˈʯʻɉɱʝ   

ʨˈɜˈᶽɂ ɒɂʻʯɄɛ˄ɂ 

( ʨˈɜˈᶽɂ ɒɄɕˉɵɂ ) 3COOCH-3CH 

q ɒɄʱˈʫᶟɂ ʮḛʫȵ 2NH - 2NH -R  ʮḛʫɂ ʨˈɜ˄ɂ 2NH-2CH-3CH 

 ʨɛʬɓR , R`  ʮ̒ʟɓ ʮȵ rʟʬʑɂ rʫ ̋ ɑ̂̒ʂʎʤɂ ɒɄɋʝɱʑɂ ̱┤ ɑ̍ʯ̒ɉɱʟʤɂ ʨɵᶚɶʤɂ R , R  ̀   ʮḛɕʖʦɕɪʫ ʺȵ ʮḛɕʦəɄʬɕʫ 

 



 

 
 

 
 

 ( Cl   āá  Br  āá  I  āá  F  ) çïî X                ÿāǂƙ ÿá ÿǂǆǒ éǒơ   ÊęÄĂĕÃ ÊĆĪòĕÃ G 
 

 
G  ( ěÄĒĕ¹ ĤĕÄġ ) ĔĪĒĕĭÃ àĪĕÄġ : 
 
     
 
ç 22p2·B".( ʮɄɛ̍ʫ ̋ɰ̒ʦʞ ) ʨ̍ɜ̍ʑɂ ɭ̂ɰ̒ʦʞ     Cl ð 3CH   

              
G   ( ĜĩæĞÇ ĤĕÄġ ) ĔĪĞĪĊĕÃ àĪĕÄġ  : 
  

      
 Br                            

2  Br ð 5H6C222222222222222»w2
 
ç 2p2·B".( r˄ṕḚɇ ̒ʫ̋ɱɇ ) ʨ̡̍ ʖ̍ʤɂ  ɭ̍ʫ̋ɱɇ     

 
           
 
 
   



 

Cl 

 

 G  ÊĪĞĪÕĤĕÄkkkkŝÃ ËÄkkkkkkkkĝĤÇäđģãàĪŝÃ ÊkkkĪĚêÍ 

 

 

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

 vÄĪĝÄÑ  : rʫ ɑʦɶʦɶʤɂ ʭʙɱ
ᴲ
ɓɆɱʙᶟɂ ʔɱʆʤɂ  ˃̒ɕɦɓ ὃỮʤɂ ɑ̍ʯ̒ɉɱʟʤɂ  ɑʦɶʦɶʤɂ rʫ 

ᴮ
ɂȲɭɇ ʮḛɟ̒ʤɄyʤɂ  ɐɰɯʤ3 Ṕḙʝȵ ̋ ʮ̒ɉɱʝ ɒɂɰɮ 

               ˍỊ˄ Ʉʬʝ ɑˈʬɶɖʤɂ ʭɕɓʺ : 

 ěĤÇäĒĕÃ Éãá ĘčãěÄĒĕ¹ ĤĕÄġ  ÊĚĖđ +  ŋÕĤĕÄŝÄÇ ÊĖòÎŜÃ 

             3CH - 2CH -CH  - 3CH                                       I2CH2CH3CH 

2            - ěÄÍĤĪÇ ģãĤĖđ                                1 - ěÄÇģäÇ ģßĤĩ 

l   ɑẛẀɄɺɖʫ ʮḛɟ̒ʤɄʁ ɐɰɮ rʫ Ṕḙʝȵ ɬ̒ɟ̋ ʢɄɥ ̱┤ʏʆʚᶽɂ ʪɭɪɕɶʰ   "     Āà   " 

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

m ɭ˃ɡɇɜɂ ɏ̄ɓṔḘʦʤ ɑ̂̒ʤ̋ɜɂ ʮ̒ʟɓ ʭ̍ʙṔḘʤɂ rʝɄʫȵ ̱┤ ́ɇɄɺɖɓ̋ ɑʖʦɕɪʫ ʘ̒ʚɹ ɬ̒ɟ̋ ʢɄɥ ̱┤  

 
   

 

Cl 

ÊĂÁÄîĕÃ ÊĪĚêÎĕÃ ďÄkÇĤĩĭÃ ėÄþĞĕ vÄkkĂÈÍ   



 

G2ÊĪĞĪÕĤĕÄŝÃ  ËÄĝĤÇäđģãàĪĢĖĕ  ÊĂÁÄîĕÃ  ÊĪĚêÎĕÃ  * 

ĔĪĒĕĭÃ Čí  ĘéÃ  +  àĩ ĀúĎŜÄÇ ÄĪĢÎĞę ŋÕĤĕÄŝÃ Éãá ĘéÃ 

   

 
ÊĪÁÄĪĚĪĒĕÃ ÊĆĪòĕÃ 

kkkkĕÄġ ěÄĒĕ¹ kkkkĕÄġ ĔĪĒĕĭÃ 

 CI-3CH  

 Br-2CH-3CH  

1Br-2CH-2CH-3CH  

 
2 

3   CH- CH-3CH 

Cl    
 ( 

 Cl-2CH-2CH-2CH-3CH  

 
22 

3CH 

3   CH -C  - 3CH 

Br 

 
 

12 
Cl -2 CH-CH- 3CH 

3     CH  

 Cl    
3 CH -CH  -3CH  

 



 

G ÊĪĞĪÕĤĕÄŝÃ ËÄĝĤÇäđģãàĪŝÃ ĈĪĞòÍ2p2
2
2
   

 
G2ÊĪĞĪÕĤĕÄŝÃ ËÄkĝĤÇäđģãàkkĪŝÃ äkĪöő  : 
 

   )ƸǁƘƜǮǩä ǨǕƘøǞƢǩä : (      )ƸǁƘƜǮǩä ǨǕƘøǞƢǩä   (: 

  ʏʫ ɒɄʯɄʠʤᶟɂ ʨʍɄʖɕɓ ʘ̒ʕ ɑʎɹɜɂ ɬ̒ɟ̋ ̱┤  ʪ̋Ṕḗʤɂ ̋ȵ ɰ̒ʦʠʤɂ

ɑˈᾒὈʖʱɋʤɂ  )UV ( ɭ˄ɭᾚήɂ ʨɛʫ ɐɳʖɦʫ ɐɬɄʫ ɬʻɟʺ ˍ┤ ʮḛɟʻʤɄʸʤɂ ʏʫ ʳ˄ṕḚɋʤɂ ʨʍɄʖɕ˄ 

 
CH4   +  Cl2   UV           ....................  +  Ľ............. 

 

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

+ HBr .................   ɐɳʖɦʫ ɐɬɄʫ   2Br   +          
 

 

 
  

      

       Br3HC     2,2                                           
                       Br                                                                    

3                  CH- C-3CH                                                  
                        Br 

22

3CH     
3 CH- C-3CH 

Br   Br-2CH-3CH 

 ÊĩĤĝÄÒĕÃ ĔĪĒĕĭÃ ËÃàĪĕÄġ°2  ÊĪÒĕÄÒĕÃ ĔĪĒĕĭÃ ËÃàĪĕÄġ°3  ÊĪĕģĭÃ ĔĪĒĕĭÃ ËÃàĪĕÄġ°1 

 



 

G2ÊkĪĞĪÕĤĕÄŝÃ ËÄĝĤÇäđģãàkĪĢĖĕ ÊkĪÁÄĩæĪĊĕÃ ïÃĤśÃ : 
 

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

B 2

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

B  

B ·B".  ÿƓǒǄƹ Ɨƞïí    :Cl - 3CH       ÿƓǒǄƹ Ɨƞïí ÿǆ ǏǄƵá4CH 

 ÊĪÂĩæřÃ ÄĢÎĖÎđ ÉßÄĩæÇ ÄĢêĊĝ ŋÕĤĕÄŝÃ Éãá ĦĖā ħĤÎő ĨÎĕÃ ĔĪĒĕĭÃ ËÃàĪĕÄġ ěÄĪĖą ÊÕãß ßÃßæÍ  
B  ·B".    ýǒƛǒǙå íǒǆāïƕ ÿƓǒǄƹ Ɨƞïí :Br-2CH-3CH  ĦĖā¹  ýǒƛǒǆǃå íǒǆāïƕ  ÿǆBr-3CH  )ĔĖā ( 

                  
 ÉßÄĩæÇ ÄĢêĊĝ ÊĩĤöĂĕÃ ÊāĤĚŮÃ ĦĖā ħĤÎő ĨÎĕÃ ĔĪĒĕĭÃ ËÃàĪĕÄġ ěÄĪĖą ÊÕãß ßÃßæÍ  ÊĖÎĒĕÃ      

           ŋÕĤĕÄŝÃ Éãâĕ ÊĪÂĩæřÃ                     ]F    >Cl    > Br   >I   [ 
B ·B".   ÿƓǒǄƹ Ɨƞïí : I - 2CH - 3CH    ÿƓǒǄƹ Ɨƞïí ÿǆ ǏǄƵá Br - 2CH - 3CH  )ĔĖā  ( 
     

 QÄŜÃ ÊĉÄÒđ Ĝę ĦĖā¹ ÊĉÄÒĒÇ ßĤĪĕÃ ģ ėģŃĕÃ ËÄÈđäę æĪĚÎÍ  

 
5 ÄĢĝÄĪĖą ËÄÕãß Æêō vÄĩàāÄòÍ ÊĪĕÄÎĕÃ ÊĪĞĪÕĤĕÄŝÃ ËÄĝĤÇäđģãàĪŝÃ ÆÍã   : 

  Cl3CH                    2Cl2CH                     4CCl                     3CHCl               

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

 



 

G2ĚĪĒĕÃ ïÃĤśÃŝÃ ËÄĝĤÇäđģãàĪĢĖĕ ÊĪÁÄĪ( ËĲāÄĊÎĕÃ ) ÊĪĞĪÕĤĕÄ 
u Ṕḛʑ ɑʆɺh ɬɂ̒ʫ ʨ̍ʟʤɜɂ ɒɂɭ̍ʤɄʁ Ṕḗɕʎ
ᴲ
ɔ ɑʤʻʸɶɈ ʨʍɄʖɕɓ ɐɱʚɕɶʫ   ĔĖā : 
B 222

22   2   ]- ŭX   - + ŭC  - [    

v ÊþÙĲę   : Ʉʫȹ ʨˈʟʤᶟɂ ɒɂɭˈʤɄʶ ʨʍɄʖɕɓʢɂɭɋɖɵᶗɄɇ  ʺȵʌɂṕḘʯᶗɄɇ ʢɂɭɋɖɵᶗɂ ɒᶚʍɄʖɕɇ ʇʚʕ ˌʖɕʟʱɵʺ : 
G ĔĪkĒĕĭÃ ËÃàĪĕÄġ ĔāÄĊk
y
Í ēÃàÈÎéıÄÇ : 

  ɐɰɮ ʮ̒ȵ˄ ɞ̋ɱɩ ʭɕ˄  ɝ̍ɥɏʤɄɶʤɂ ʮḛɟʻʤɄʸʤɂ )  -( X ɭ̍ɶʝ̋ɰɭ̍yʤɂ ʮ̒ʯ̍ȵ ʨɛʫ ɱɩȳ ʮ̒ʯ̍ȵ ́ʦɦʫ ʨɦ̂̋  -OH  ʮ̒ʯ̍ȵ ̋ȵ

 ɭˈɶʝʻʟʤɂ)  -OR(   ɭ̍ʫᶗɂ ʮ̒ʯ̍ȵ ̋ȵ)   -
2( NH  Ʉẛṧ˄ȶɓ ʨyɶ̄ʤ ʪ̒̍ɵɄɓ̒ɋʤɂ ̋ȵ ʪ̒˄ɬ̒ɾʤɄɇ  ɑʦɾɕʫ ɒɄʯ̒̍ʯɜɂ ɻɯʁ ʮ̒ʟɓ̋ 

 

 àkkkāÃĤkkĎĕÃ  @ ËÄĩĤĖĎĕÃ  B  Āę  ( ɒᶗʻɦʟʤɂ ɞɄɕʯᶡ ) 

CH3- Br            +     KOH              Ÿ   CH3- OH   +  KBr  
 

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

  ĀęËÃàĪêđĤkkkkkĒĕÃ  ) :ɒɂṔḛɛ˄ᶗɂ ɞɄɕʯᶗ ( 

  ʨʍɄʖɕʤɂ ɂɯʶ ˁʬɶˇʺ ÊĎĩäúÇěĤêęÄĪĕģ  

+  NaCl       3CH -O  -2 CH-3CH       Ÿ          3Cl   +     NaOCH-2CH-3CH  
                                            

   ....................................+     ...............................   Ÿ          5H2Br    +    NaOC-2CH-3CH  
                                                                                                                                              

  ėĤĩßĤòĕÃ àĪę¹ Āę  $  #p   

B 2222_2NaNH222^  
+  NaCl           ..............................     Ÿ              2Cl      +      NaNH-3CH 

                           
       ..............................+      ................................    Ÿ            2   Br  +   NaNH-2CH-3CH     

              

2



 

G2ÊĪĞĪÕĤĕÄŝÃ ËÄĝĤÇäđģãàĪŝÃ ËÄÈđäę ËÄęÃàÞÎéÃ2p22
   ʪɭɪ

ᴱ
ɕɶƎ˅ɂ ɭ̂ɰ̒ʦʞʢζʨˈʲ˄ Cl-= CH 2CH ) ɐɬɄʫ Ṕḛʂɦɓ ˍ┤ PVC  . ʢɲɂ̒ʎʤɂ̋ ɏ̄ɇɄʯɜɂ ʏɦɽ   ̱┤ ɑʫɭɪɕɶʑɂ (  

  ʪɭɪɕɶ˅ʪɰ̒ʕ̋ɰ̒ʦʠʤɂ 3CHCl ɑˈɋʆʤɂ ɑɥɂɱᾒήɂ ʪɭʚɓ ˍ┤ Ṕḛɋʝ ɱəɂ ʹʤ ʮɄʞ ɝˈɥ ɏʆʤɂ ʢɄɡʫ ˍ┤  ɰɭɪʬʝ  . 

  ʪɭɪɕɶ˅ ʮ̒ɉɱʟʤɂ ɭ̂ɰ̒ʦʞ ʏɈɂɰ  4CCl  ʮ̒ɉɱʝ̋ɰ̒ʦʕɰ̒ʦʠʤɂ ɒɄɋʝɱʫ  ʏɦɽ ̱┤CFCI  

      ɸɰ ɏʦʍ ̱┤ ʏʕɬ ɒɂɲɄʒʝ̋ ᵷ ʗ̍ ʟ̍ɕʤɂ  ɐɳyɟȵ̋ ɒɄɟᶚɛʤɂ ̱┤ ɭ˄Ṕḗɓ ʨʫɄʎʝ ɑʫɭɪɕɶʑɂ 

      ɑʙᶚᾚήɂ ʮḛɟɄʎʫʺ ɱʎɺʤɂ ɒɄʖʖɾʫʺ ɑˆɱɺᾚήɂ ɒɂɭˈɋᶽɂ  

 ʪɭɪɕɶ˅ ʮɄəʻʤɄʸʤɂ  )2 æ  ̒ʫ̋ɱɇ2 æ   ̋ɰ̒ʦʞ1  ᵷ1  ᵷ1 æ  ɏʆʤɂ ʢɄɡʫ ̱┤ ɰɭɪʬʝ ( ʮɄɛ˄ᶗɂ ̋ɰ̒ʦʕ ̩ɚᶚə 

 

G * įäçńŉōã ķäĞĽ ŸäĢèí êŊĵäîĵã ëäèıĄ»ã œä·Ù æîıÙ 
                      3CH                                    Cl                

I                3CH-2CH-C-3CH                    3CH-2CH-C-3CH 
                   Br                                                       3CH- 2CH  

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

G  
j ʨ̍ɉ̋ɱɉ̋ɳ˄ɜɂ ɭ̂ɰ̒ʦʞ ............................................................................................................................. ........................ 
 
k 2  ᵷ2 -  ʨˈɜˈʫ ˌȽɄʱə1- ʮɄɕʲɇ ʺɬʻ˄ ..................................................................... ............................................ 
 
l ʳ˄ṕḚɇ ̒ʫ̋ɱɇ............................................................................................................................. ....................................   
 
 



 

 
 
G  
  

 Äę¹ËıĤĞĪĊĕÃ :         

G2        
               

 

 

 
 
 
 
 
 
 
  

 

 ĔĖā  : ʢ̒ʱ̍ʖʤɂ Ṕḗɕʎ˅ ᶗ  )OH - 5H6C  (ɒᶗʻʱˈʖʤɂ ɑʦȼɄʍ ʳʫ Ṕḗɕʎ˅ ʨɇ ɒᶗʻɦʟʤɂ ʳʫ 

 D      

  

ËıĤĞĪĊĕÃ ÊĖÁÄā 



 

G2 ( ďÄÇĤĩĭÃ ėÄþĝ Æêō ) ÊĚĪĎÎêŜÃ  ĔéĲêĕÃ ËÃá ËıĤÚĒĕÃ ÊĪĚêÍ 

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

 k ɑʍʻʬᾒᾇ Ɇɱʙᶟɂ ʔɱʆʤɂ ʳʫ ɑʦɶʦɶʤɂ ʭʙɱɓ  )   ( -OH 

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

 

 ÊĪĚêÍďÄÇĤĩıÃ 
ēĤÚĒĕÃ ÊĆĪñ 

ĀÁÄîĕÃ ēĤÚĒĕÃ ĘéÃ 

    + 

OH - 3CH 

 OH  - 2CH - 3CH   ģ¹  OH  - 5H2C  

1 OH  - 2CH  - 2CH - 3CH    

2      3CH  -  CH - 3CH 

OH        

 OH - 2CH  - 2CH - 2CH - 3CH  

 
  3    CH  2CH -  CH - 3CH 

      OH                     
 

 

                              OH 

     3CH  -  C   3CH 

    3CH 

 

 OH  - 2CH   - 2CH - 2CH - 2CH - 3CH  

 
OH - 2CH 

 

 



 

G   ËıĤÚĒĕÃ ÊĪĚêÍÊāäĊÎŜÃ ÊĪĝĤÇäĒĕÃ ĔéĲêĕÃ ËÃá ( ďÄÇĤĩĭÃ ėÄþĝ Æêō ) 

ēĤÚĒĕÃ ÊĆĪñ ďÄÇĤĩıÃ ÆêÙ ēĤÚĒĕÃ ĘéÃ 

OH   æ 2CH æ 3CH 

3CH æCH  æ 2CH æCH  æ 3CH 

3                                     CH 

5 , 3 1 

OH  æ 2CH 
 

                             3CH 

3CH æCH  æCH  æCH  æ 3CH 

5                                                        H2OH     C    

342

OH  æ 2CH -  2CH 
 21

G  ħĤöĂĕÃ ČîĕÃ ÿĤĞĕ vÄĂÈÍ ËıĤÚĒĕÃ ĈĪĞòÍ2p2
 

ÊĝãÄĎŜÃ ĠÕģ ÊĂÈî
z
ŜÃ ÊĪÍÄĊĪĕĭÃ ËıĤÚĒĕÃ ÊĪÍÄęģãıÃ ËıĤÚĒĕÃ 

ĈĩäĂÎĕÃ 
 ĦĖā ÄĢÍÄÂĩæ

z
Õ ħĤÎő ĨÎĕÃ ËıĤÚĒĕÃ Ĩġ 

ÊĪÍÄĊĪĕ¹ ÊĪĝĤÇäđ ÊĖêĖé 

 ĜĩæĞÇ ÊĎĖÙ ÄĢÍÄÂĩæ
z
Õ ħĤÎő ĨÎĕÃ ËıĤÚĒĕÃ Ĩġ 

 ĔĪêđģãàĪŝÃ ÊāĤĚÖŏ ÉäíÄÈ
z
ę ĔòÎÍ ı 

 ÊĖÒę¹ 
OH  - 3CH    

  OH  -  5H2C 

OH - 2H C 

222



 

G2 ĔĪêđģãàĪŝÃ ËÄāĤĚŞ ßàĂĕ vÄĂÈÍ ËıĤÚĒĕÃ ĈĪĞòÍp2
2
2
2
2

 ßĤÕĤÇ æĪĚÎÍ ĨÎĕÃ ËıĤÚĒĕÃ Ĩġ

¿æřÃ ĵ ÉàÙÃģ ĔĪêđģãàĪġ ÊāĤĚŞ 

 ßĤÕĤÇ æĪĚÎÍ ĨÎĕÃ ËıĤÚĒĕÃ Ĩġ

¿æřÃ ĵ ÉàÙÃģ ĔĪêđģãàĪġ ŋÎāĤĚŞ 

 ßĤÕĤÇ æĪĚÎÍ ĨÎĕÃ ËıĤÚĒĕÃ Ĩġ
  ĔĪêđģãàĪġ ËÄāĤĚŞ ÏĲÑ 

¿æřÃ ĵ ( äÒđ¹ ģ¹ ) 

OH  - 3CH   

  OH - 2CH - 3CH    

2CH - 2CH   

OH   OH  

1  ᵷ2  ʢ̋ȵ ̩ȽɄɦə ʮɄɛ˄ȹ 

 )  (     

  2CH  -CH  - 2CH   

OH     OH    OH   

1  ᵷ2   ᵷ3  ʢ̋ȵ ̩ɚᶚə ʮɄɉ̋ɱɇ 

  )  (     

2

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

 

 ÄĢĪĉ øÈÍäÍ  ĨÎĕÃ ËıĤÚĒĕÃ Ĩġ
ěĤÇäđ ÉãâÇ ĔĪêđģãàĪŝÃ ÊāĤĚŞ      
 ģ ŋÕģãàĪġ ĨÍãâÇ ÊĖòÎę ( ÊĪĕģ¹ )
ŋÕģãàĪġ ËÃãâÇ ģ¹ ĔĪĒĕ¹ ÊāĤĚŞ 

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

  ĔĪĒĕ¹ ĨÎāĤĚŞ ģ ŋÕģãàĪġ ÉãâÇ ÊĖòÎę 

 ÄĢĪĉ øÈÍäÍ  ĨÎĕÃ ËıĤÚĒĕÃ Ĩġ
 ěĤÇäđ ÉãâÇ ĔĪêđģãàĪŝÃ ÊāĤĚŞ    

 ËÄāĤĚŞ   ÏĲÒÇ ÊĖòÎę ( ÊĪÒĕÄÑ )
  ĔĪĒĕ¹ 

OH  - 2CH -R 2

 

222222222222222222R       2
OH - CH     

R                  2

 

R    2
OH  -  C - R 

R   2
OH  - 3CH   

 OH  - 2CH - 3CH    
OH     -  CH - 3CH 

3CH 

   3CH 

OH        -  C  - 3CH 

 3CH 

 

ĔĪêđģãàĪŝÃ ÊĩßÄÙ¹ ËıĤÚđ  ËıĤÚđĔĪêđģãàĪŝÃ ÊĪÁÄĞÑ 

 

ĔĪêđģãàĪŝÃ Éàĩàā ËıĤÚđ 

 

 

ÊkkkĩĤĝÄÑ  ËıĤkkkkÚđ 

 

  ËıĤkkkkÚđÊkkĪÒĕÄÑ 

 

 

ÊkkkĪĕģ¹  ËıĤkkkkÚđ 

 



 

 

  ĺÃ QÄŜÃ ÊĉÄõ½ )  ËÄĞĪĒĕĭÃ ÊġÄę½( ËÄĞĪĒĕĭÃ : 

  ʨɛʫ ὃỲṍʬɥ ʇɵʺ ɬʻɟʺ ˍ┤ ʡʤɮ ʭɕ˄  )ʗʖᾟᾇɂ ʡˈɖ˄Ṕḗʟʤɂ ʃʬɥ 4SO2H  ʡ̂ɰ̒ʖɵ̒ʖʤɂ ʃʬɥ ̋ȵ4PO3H  ( 

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

     ]  ŋÕģãàĪġ ĠĪĉ ¿æÕ ÊĉÄõÃ àĞā ŃđĭÃ ßàĂĕÄÇ øÈÍäŜÃ ěĤÇäĒĕÃ ĺÃ ŋÕģãàĪŝÃ ÊĉÄõ½ ĘÎÍ N ŋĒĕ¹ ĦĖā 
      ŋÕģãàĪŝÃ ËÃãá Ĝę ĔčĭÃ ßàĂĕÄÇ øÈÍäŜÃ ěĤÇäĒĕÃ ĺÃ ¿æřÃ Ĝę ĨĝÄÒĕÃ ĈòĞĕÃ ģ ŋÕģãàĪŝÃ ËÃãá Ĝę  [ 

CH2     CH2      +   H2O       H 3PO4           C5H5OH                         

                

 

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

  OH                                   

               2(                                    

 ( ĨÁÄŜÃ ĔĖÚÎĕÃ ) ĔĪĒĕĭÃ ËÃàĪĕÄġ  ¼Īœ  

B  ) ʨɛʫ ɑˆʻʦʙ ɐɬɄʫ ɬʻɟʺ ˍ┤ ʡʤɮ ʭɕ˄NaOH ( ʮḛᾟὈɖʤɂ ʏʫ 

CH3 Br     +   NaOH                       CH3 -  OH    +  NaBr                                   

                      

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

         Cl                         

O2H 

O2H 

Co300 



 

 

j ĔĖā  :ɑʦɕʟʤɂ ̱┤ Ʉyʤ ɑɉɰɄʚʑɂ ɒɄʯ̒ɉɱʝ̋ɰɭ̍yʤɂ ʮɄ̍ʦʑ ɑɟɰɬ rʫ ˂Ịʍȵ ɒᶗ̒ɦʟʤɂ ʮɄ̍ʦʑ ɑɟɰɬ 
    ËÄāĤĚŞ ħĤÎő ËıĤÚĒĕÃ ěĭÊĪĞĪÕģãàĪŝÃ øÇÃģäĕÃ ĜĩĤĒÍ ĦĖā ĔĚĂÍ ĨÎĕÃ ÊĪÈúĎĕÃ ĔĪêđģãàĪŝÃ  
     ÊĊĪĂõ ÄĢÍÄÂĩæÕ ŋÇ ÅáÄÖÎĕÃ ÉĤč ģ ÊĪÈúč Ŋą ËÄÈđäę ËÄĝĤÇäđģãàĪŝÃ ÄĚĞĪÇ N ÄĢÍÄÂĩæÕ ŋÇ  

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

 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  
               22
               

 m ĔĖā : ʮḛɓɰɮ ̋ȵ ʮ̒ɉɱʝ ɐɰɮ ˂Ịʍ ̓̒ɕɦɓ ὃỮʤɂ ̋ ɑʂʖɪɦʑɂ ɑ̍ʤ̒ʑɂ ʨɕʟʤɂ ɒɂɮ ɒᶗ̒ɦʟʤɂ Ɇ̋ɯɓ 
           . ȲɄʑɂ ̱┤ ɑʤ̒yɶɈ ɒɂɰɮ ɘᶚə ̋ȵ 

   QÄŜÃ ËÄÂĩæÕ Āę ÊĪĞĪÕģãàĪġ øÇÃģã ĜĩĤĒÍ ĦĖā ÄĢÍãàč ÆÈêÇ  

n ĔĖā ( ɑ̍ʯ̒ɉɱʟʤɂ ɑʦɶʦɶʤɂ ʢ̒ʅ ɐɬɄ̂ɳɇ ) ˃ȵ ɑ̍ʤ̒ʑɂ ɑʦɕʟʤɂ ɐɬɄ̂ɳɇ ȲɄʑɂ ̱┤ ɑ̍ʯɄɉ̋ɯʤɂ ʨʚɓ : 

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

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

 

 

 

 

 



 

 
 

G : ɬ̒ɟ̒ɇ ɒᶗ̒ɦʟʤɂ ̱┤ ʨ̍ɶʝ̋ɰɭ̍yʤɂ ɑʍ̒ʬɡʫ ṕḛʬɕɓ 

j   ɑʆɇɂɱʤɂH-O   ʢ̒ɦʟʤɂ rʫ ʨʎɡɓ ɑ̍ɋʆʙ ɑʆɇɂɰ ̱Ộ̋ 
ᴮ
Ʉʂʬɥ  

ᴮ
ɂɭɟ 
ᴮ
Ʉʖ̍ʎʁ 

k  ɑʆɇɂɱʤɂ ʺO-C  ʢ̒ɦʟʤɂ ʨʎɡɓ ɑ̍ɋʆʙ ɑʆɇɂɰ ̱Ộ̋ɐɭʍɄʙ  
ᴮ
ɂɭɟ ɑʖ̍ʎʁ 

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

 

 

 
 
 
j2  ĵ ĜkkkkĪÕģãàĪŝÃ Éãá ēÃàkkkkkkkÈÎéÃÊkkkāĤĚŞ  OH - 
( ȵ )  ÊúîĞĕÃ ËÃæĖĊĕÃ Āę ĔāÄĊÎĕÃ  ýƛǆ )Na  ,  K   ( 
r  )ʨɛʫ ɑʆɺʲʤɂ ɒɂɳʦʖʤɂ ʏʫ ɒᶗʻɦʟʤɂ ʨʍɄʖɕɓNa  ᵷK ʬˁɶɔ ɒɄɋʝɱʫ ʮ̒ʟɕɓ̋ ( æĖĊĕÃ àĪêđĤĒĕÃ 

CH3OH      +   2Na          ɛ         CH3ONa       +       H2     
          ʮḛɟ̋ɰɭ̍yʤɂ ɲɄʑ        ʪʻ˄ɬʻɾʤɂ ɭˈɶʝʻɛˈʫ                      ʪʻ˄ɬʻɾʤɂ          ʢ̒ʯɄɛ̍ʑɂ   

CH3CH2OH      +   2K      ɛ       .........................................   +    .........................................  
r  ɱʆʚʑɂ ȲɄʑɂ ˃̒ɕɦ˄ ȲɄʍ̋ ˂Ỉɂ ʛɇɄɶʤɂ ʨʍɄʖɕʤɂ ɣɓɄʯ Ʉɦʖʁȵ ɂɮȹʮḛʤɄɛʕ ʢ̒ʱ̍ʖʤɂ rʫ ʄɄʚʯ ́̍ʤȹ ʔɄʂʑɂ  

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

CH3CH2ONa     +   2H2O      Ÿ        CH3CH2OH   +   NaOH  
 

 ×ÊþÙĲę  :29*B7y2»2·1,-G{2µ'2¹.2\·12\2J¬<.-{2´¥$ 2¤1&,»,-G{2¢U.w291.&!2¸!!§-;-{2¸&{2a2¤1&,»2

 

  ) ÊĪĚġÄêÎĕÃ ÊúÇÃäĕÃ ÄĢĪĉ äêĒĞÍ ËĲāÄĊÍ C-O (   ) ÊĪĚġÄêÎĕÃ ÊúÇÃäĕÃ ÄĢĪĉ äêĒĞÍ ËĲāÄĊÍO-H   ( 
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2
 G ʮḛɟ̋ɰɭ̍ʁ ɐɰɮ ʏʫ ʨ̍ɶʝ̋ɰɭ̍yʤɂ ɑʍ̒ʬɡʫ rʫ ʮḛɟ̋ɰɭ̍ʁ ɐɰɮ ʌɳʯ ʭɕ˄ ɄẛṨʕ  ʮ̒ɉɱʟʤɂ ɐɰɮ rʫ 

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

                                  

G  ( ˃ɰɯʤɂ ) ʮḛᾒὈʝɜɂ ʨɛʫ ɑ̂̒ʚʤɂ ɐɭɶʝȸʑɂ ʨʫɂ̒ʎʤɄɇ ɑ̍ʤ̋ɜɂ ɒᶗ̒ɦʟʤɂ ɭɶʝȶɕɓ[O] ʪʻˈɵɄɓʻɋʤɂ ɒɄʯɄɡʱʫɱɇ ʺȵ  

    ˂Ịʍ ʗʖᾟᾇɂ ʡ̍ɖ˄Ṕḗʟʤɂ ʃʬɦɇ ɑʂʬᾚᾇɂ ʪ̒̍ɵɄɓ̒ɋʤɂ ɒɄʫ̋ɱʝ ̩hɄə ̋ȵ ɭˈʶɭʤȵ ˂Ỉɂ  2

  ˍỊˈɶʝʻɉɱʟʤɂ ʃʬᾚήɂ ˂Ịʍ ʨɾɦʯ ɭˈʶɭʤᶟɂ ɐɭɶʝȵ ɰɂɱʬɕɵɄɉʺ ȲɄʫʺ .2ĔĖā2  

2D2222229(».#. 29-6!.-{2¹» ¦,-{2}¦¥ 2¹1!-6!.2¹1#»¦¤102¹1!¦¥2¤»#»-·1&,»¦¤1=-{ 

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

CH3-  CHO    +     [O]       Ÿ     CH3- COOH       
                                                            

  G ÊþÙĲę  :ɐɱɪɇȵ ɱ̂ɱʬɓ ɭɦʍ ʮḛɟ̋ɰɭ̍yʤɂ ʌṕḚɇ ʡʤɮ̋ ʇʚʕ ɭ̍ʁɭʤɜɂ ˂Ịʍ ʢ̒ɾᾚήɂ rʟʬ˄ 

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

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

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

ÊĪĕģıÃ ËıĤÚĒĕÃ ÊĩĤĝÄÒĕÃ ËıĤÚĒĕÃ 

 

ÊĪÒĕÄÒĕÃ ËıĤÚĒĕÃ 

 

 



 

 

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

    OH- }¤${»2¹1#»¦¤102}¦¥  ɝˈɥ ʪ̒̍ɵɄɓ̒ɋʤɂ ɒɄɦɡɦʫɱɇ ɬ̒ɟ̋ ̱┤ ʨɇɄʚʑɂ ʮ̒ɕ̍ʟʤɂ ˂Ỉɂ ɭɶʝȶɕɓ 

    ɐɭʍɄɶʫ ʨʫɂʻʎʝ ʗʖᾟᾇɂ ʡˈɖ˄Ṕḗʟʤɂ ʃʬɥ ʺ . 

               O2C    O  +   H              ŸOH  +  [O]    -CH  

                                                                                                                                                                               2  

 

     O2+  H  3CH - 2CH -C  - 3CH Ÿ     +   [O]   3     CH - 2CH -CH  -  3CH 

      2  

 

G   

     ɴɄɦɦʤɂ ɳʦʕ ˂Ịʍ ˃̒ʯɄɛʤɂ ʢ̒ɦʟʤɂ ɐɱɪɇȵ ɰɱʬ
ᴲ
ʯ ɝ̍ɥɑɟɰɭʤ rᾟὈ

ᴲ
ɂʑ Co300  

 

    2+  H  3CH - 2CH -C  - 3CH                    3     CH - 2CH -CH  -  3CH 
                                                                                      ʮ̒ʯɄɓ̒̍ɇ2  -  ʢ̒ʯɄɓ̒̍ɇ 

 

 

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

 2·1&,»¦¤1=-{29(».#. 29-6!.-{OH ) c2¹1#»¦¤102}¦¥ 2^  

 

3CH 

3CH 

3CH 

3CH 

OH O 

OH O 
Cu 

Co300  



 

G 

2  2

 

G  ʡˈɖ˄Ṕḗʟʤɂ ʃʬɥ ɬʻɟʺ ˍ┤ ʨʍɄʖɕʤɂ ɂɯʶ ʭɕ˄4SO2H  ʺ ȲɄᶽɂ ʌɳʯ ˂Ịʍ ʨʬʎɔ ɐɳʖɦʫ ɐɬɄʬʝ ɳʝɱᶽɂʏʱᶽ  ὃỲḳʟʎʤɂ ʨʍɄʖɕʤɂ     

G  ὃỲḳʝʻʟʤȵ ɑʍʻʬɡʫ ʨɦɓ ʨʍɄʖɕʤɂ ˍ┤- OR  ʨ̍ɶʝ̋ɰɭ̍yʤɂ ɑʍ̒ʬɡʫ ʨɦʫ ʢ̒ɦʟʤɂ rʫ- OH ʃʬᾚήɂ ʳʫ 

     ȲɄʑɂ ̋ ṔḘɵᶗɂ rʫ ʨʞ ʮ̒ʟɕ˄ ̋ . 

O  2+  H  5H2COOC - 3CH           4SO2H         5H2C -COO H     +    H O  Ĳ 3CH  

                        

O2+   H     3COOCH -H          4SO2H           3CH -COO H   +   H O  ĲH   

                               

 

 

 

 



 

  
 
 

: QÄŜÃ ÿæĝ ËĲāÄĊÍ ( ¹ ) 
G  ) ɒᶗʻɦʟʤɂ ʳʫ ȲɄᶽɂ ʌɳʯ ʳʟʬ˄OH   ɐɰɮ ʏʫH  ( ɳʝɱʑɂ ʡ̍ɖ˄Ṕḗʟʤɂ ʃʬɥ ) ʨɛʫ ȲɄʬʦʤ ɑʍɲɄʯ ɐɬɄʫ ʏʫ Ʉẛṧ̍ᾟὈɖɇ ( 

       ) ɑɟɰɭʤɂ ˂Ỉɂ ɳʝɱʑɂ ʡ̍ɖ˄Ṕḗʟʤɂ ʃʬɥ ̋ ʢ̒ɦʟʤɂ rʫ ʮ̒ʟʫ ʄ̒ʦɪʫ ʮḛᾟὈɔ ɭɦʍ Co140   ɑʍʻʬɡʫ ʌɳʯ ʭɕ˄ (OH  ʳʫ 

     ) ɐɰɮ ᵷ ʢ̒ɦʝ ȻɳɟH  ( ɑʍʻʬɡʫ ʳʫOH  ȲɄʑɂ ̋ Ṕḙ˄ᶗɂ ʮ̒ʟɕ˄ ̋ ɱɩȳ ʢ̒ɦʝ Ȼɳɟ ̱┤ 

              3CH -O  - 3O       +    CH2H                  4SO2H                                 3CH -O  OH        +     H - 3CH                 

                            

 5H2C -O  - 5H2O       +      C2H                    4SO2H                              5    H2C  -O   OH        +     H - 5 H2C                   

      
 

G ʭɕ˄  ɑɟɰɭʤɂ ɭɦʍ ́̍ɦᾟὈɖɇ  ʢ̒ɦʝ Ȼɳɟ rʫ ȲɄʑɂ ʌɳʯ ) Co180   ( ( ɳʝɱʑɂ ʡ̍ɖ˄Ṕḗʟʤɂ ʃʬɥ ) ʨɛʫ ȲɄʬʦʤ ɑʍɲɄʯ ɐɬɄʫ ʏʫ 

 
O2+    H      2CH     2OH                                CH 2CH - 3CH 

 ŋÕģãàĪŝÃ ËÃàĪĕÄġ Āę ĔāÄĊÎĕÃ ( Å )HX 
 ) ʮḛɟ̋ɰɭ̍yʤɂ ɒɂɭ̍ʤɄʁ ʏʫ ɒᶗ̒ɦʟʤɂ ʨʍɄʖɕɓHI  ,    HBr   ,   HCl    ʨ̍ɶʝ̋ɰɭ̍yʤɂ ɑʍ̒ʬɡʫ ʨɦʫ ʮḛɟ̒ʤɄyʤɂ ʨɦ˄ ɝ̍ɥ ( 

 ʨ̍ʟʤɜɂ ɭ̍ʤɄʁ ʮ̒ʟɕ˄ ̋ ʢ̒ɦʟʤɂ ̱┤R - X    ȲɄᶽɂ ʺ 

O2X    +     H  -R       ɛX          -OH      +    H    -R   

O2Cl      +    H   -  5H2C      ɛOH    +     H Cl         -    5H2C 

                                                                                             

O   2Br    +    H   -   2CH    -    2CH    -   3CH      ɛOH     +      HBr        -   2CH  -  2CH    -  3CH 

 11 

 ŋÕģãàĪŝÃ ËÃàĪĕÄġ Āę ĔāÄĊÎĕÃHX QÄkkkĚkkĕÃ ÿækkkkĝ ËĲāÄkkkĊÍ 

Co140  

Co140  

Co180  

4SO2H 



 

G   ) ÊęĲā ĀõĤÇ Đĕá ģ ÊĪĕÄÎĕÃ ËÄÇÄÕıÃ ŋÇ Ĝę ÊÚĪÚòĕÃ ÊÇÄÕıÃ ņÝÃP ÄĢęÄęÃ ( : 
1 ( 2   3  

5                             ɑˈʤʺᶗɂ5                              ɑˆʻʯɄɛʤɂ5                                    ɑˈɛʤɄɛʤɂ5 ʮḛɟʻʤɄʸʤɂ ɑˈȼɄʱə 

2 ( 1   

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

3 (  

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

5                                ʪ̒˄ɬ̒ɾʤɂ ɭ̍ʫ̋ɱɇ ̋ ȲɄʑɂ ̋ ʮḛɛ˄ɟɂ5  ʪ̒˄ɬ̒ɾʤɂ ɭ̍ʫ̋ɱɇ ̋ ʢɄʯɄɓ̒̍ɋʤɂ 

4 (  

5                                                                         ɭˈʶɭʤɂ      5  ʮ̒ɕ̍ʝ 

5                                                                                 ʢ̒ɦʝ5 ʮḛʟʤȵ 

5 ( 1 

5 1 -                                                               ʢ̒ʯɄɉ̋ɱɇ        5 2 -  ʢ̒ʯɄɉ̋ɱɇ 

5                                                                              ʮḛɉʺṔḗʤɂ5  ʪ̒˄ɬ̒ɾʤɂ ɭ̍ɶʝ̒ɉ̋ɱɇ 

с<(<2<

5 Br  - 2CH -  3CH                                                 5  Br - 2CH - 2CH - 3CH 

5 COOH  - 3CH                                                     5  3CH -CH  - 3CH 

7 (  2  

5                                        ʨ̍ɶʝ̋ɰɭ̍yʤɂ ɑ˄ɬɄɥȵ ɑ̍ʤ̋ɜɂ5  ʨ̍ɶʝ̋ɰɭ̍yʤɂ ɑ̍ȼɄɦ
ᴲ
ə 

5  ɐɭ˄ɭʍ ʨ̍ɶʝ̋ɰɭ̍yʤɂ                                                    5  ʨ̍ɶʝ̋ɰɭ̍yʤɂ ɑ˄ɬɄɥ
ᴲ
ȵ ɑ̂̒ʯɄɛʤɂ 

 



 

8 (   

5                                                     ʨ̍ɶʝ̋ɰɭ̍yʤɂ ɑ˄ɬɄɥȵ5  ʨ̍ɶʝ̋ɰɭ̍yʤɂ ɑ̍ȼɄɦ
ᴲ
ə 

5                                                                                 ɑˈʤʺᶟɂ5 ʨ̍ɶʝ̋ɰɭ̍yʤɂ ɐɭ˄ɭʍ 

9 (  

5                                                                            ʢ̒ʯɄɛ˄ᶗɂ5   ʮḛʦ̍ɜ˄ȹ ʢ̒ʟ̍ʦɟ 

5 3 -                                                                        ʢ̒ʯɄɕ̡ɇ5 1 -  ʢ̒ʯɄɉ̋ɱɇ 

10 (  

5                                                                                 ɑˈʤʺᶟɂ5 ɑˆʻʯɄɛʤɂ 

5                                                                               ɑˈɛʤɄɛʤɂ5  ʨ̍ɶʝ̋ɰɭ̍yʤɂ ɑ̍ȼɄɦ
ᴲ
ə 

11 (  OH -CH  2) R(  

5                                                            ɑˈɛʤɄɛʤɂ ɒᶗʻɦʟʦʤ5  ɑˆʻʯɄɛʤɂ ɒᶗʻɦʟʦʤ 

5                                                                       ɒɂɭˈʶɭʤᶠʤ5  ɑˈʤʺᶟɂ ɒᶗʻɦʟʦʤ 

12 (   OH 2CH - 5H6C  »0 

5                                                                   ɭ̍ʁɭʤɄʫɰ̒ʖʤɂ5  ʨ̍ɜ˄ɟɂ ʢ̒ɦʝ 

5                                                                   ʨ˄ɂṕḚɋʤɂ ʢ̒ɦʝ5  ʢ̒ʱ̍ʖʤɂ 

 

 

 

 

 

 

 

 



 

G22: ÄĢÈéÄĞĩ Äŏ ÊĪĕÄÎĕÃ ËıßÄĂŜÃ ģ ĔĚřÃ ĵ ËÄąÃäĊĕÃ ĲęÃ22

1 (  Ộ̱ ʨ̍ɓ̒̍ɉ̋ɳ˄ȵ ɭ̍ʫ̋ɱɇ ɏʝɱʑ ɑʖɛʟ
ᴲ
ᴬAʑAɂ ɑ̍ȼɄɦɋʤɂ ɑʒ̍ɾʤɂ ................................................................................... 

2 -  ɬ̒ɟ̋ ̱☿ ʮɄɛ˄ᶗɂ ʏʫ ɰ̒ʦʠʤɂ ɲɄʑ ʨʍɄʖɓ rʫ ɣɓɄɦʤɂ ɑ̂̒ʂʎʤɂ ɏʝɱʬʦʤ ɑ̍ȼɄ̍ʬ̍ʟʤɂ ɑʒ̍ɾʤɂUV  ˍỘ............................................................ 

3 (   ʨ̍ɜ̍ʑɂ ɭ̍ʫ̋ɱɇ ʮɄ̍ʦʑ ɑɟɰɬ ............................................................................. ʨ̍ɜ̍ʑɂ ɭ̂ɰ̒ʦʞ ʮɄ̍ʦʑ ɑɟɰɬ 

4 (  ̱Ộ ˃̒ʯɄɛʤɂ ʨ̍ʟʤɜɂ ɭ̍ʤɄyʤ ɑʫɄʎʤɂ ɑʒ̍ɾʤɂ............................................................................. 

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

          ɑɟɰɭʤ ɳʝɱʑɂ ʡ̍ɖ˄Ṕḗʟʤɂ ʃʬɥ ʏʫ rᾟὈƎ˅ ˃ɯʤɂ ̋Co180    ὂḒɶ˅ ˃̒ʂʍ ɏʝɱʫ ɣƎɕ̡̍ʤ............................................................................. 

6 (             .....................................................................   +    NaBr                                    NaOH+           Br - 2CH - 2CH - 3CH 

7 -               5 H2C -O  - 5H2C+           NaCl                                       .............................................................................+           Cl - 5H2C   

8 (    ́ɕʒ̍ɽ ɏʝɱʫ ̋ ʪ̒˄ɬ̒ɾʤɂ ɭ̂ɰ̒ʦʞ Ǝɣ
ᴲ
ɕ̡˄ ̋ ʪ̒˄ɬ̒ɾʤɂ ɭ̍ʫȵ ʏʫ ʨ̍ɉ̋ɱɉ̋ɳ˄ȵ ɭ̂ɰ̒ʦʞ ʨʍɄʖɕ˄.................................................................. 

9 -                NaBr+                 ..........................................................                                        2NaNH+           Br - 2CH - 3CH  

 

 

 

O2H   



 

r2: ĨĖĩ Äš ĔĒĕ ĔĖā22
1 (  ɏʝɱᶽɂ Ṕḗɕʎ˅2  -  ɑ̂̒ʯɄɛʤɂ ʨ̍ʟʤɜɂ ɒɂɭ̍ʤɄʁ rʫ ʮɄɓ̒̍ɇ ̒ʫ̋ɱɇ 

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

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

2 ( ɑ̍ʚɦʤɂ ʨ̍ʟʤɜɂ ɒɂɭ̍ʤɄʁ ˂Ịʍ ʢ̒ɾᾚίʤ ɒɄʯɄʠʤᶚʤ ɐɱɹɄɋ
ᴲ
ɂʑ ɑɦᾒίyʤɂ ɑʚ̂ɱʅ ʪɂɭɪɕɵɂ rʟʬ˄ ᶗ  

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

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

3 ( ɑ̍ɋʆʙ Ʉẛẃȵ rʫ ʭʑɱʤɂ ˂Ịʍ ȲɄʑɂ ̱┤ ʮɄɉ̋ɯʤɂ ɑɦ̍ᾚὉ ɑ̡̍ ɟ̍̒ʤɄyʤɂ ɒɄʯ̒ɉɱʝ̋ɰɭ̍yʤɂ  

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

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

4 ( Ʉʠʤᶗɂ ʮɄ̍ʦʑ ɒɄɟɰɬ rʫ Ṕḛɛʟɇ ˂Ịʍȵ ʨ̍ʟʤɜɂ ɒɂɭ̍ʤɄʁ ʮɄ̍ʦʑ ɑɟɰɬɄẛṧʫ ɒɱʂɥƎ ὃỮʤɂ ɒɄʯ  

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

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

5 ( ʮɄ̍ʦʑ ɑɟɰɬ  Br - 2CH - 2CH - 3CH  ʮɄ̍ʦʑ ɑɟɰɬ rʫ ˂Ịʍȵ   Br - 2CH - 3CH  

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

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

6 (  ʨ̍ɜ˄ᶗɂ ɭ̂ɰ̒ʦʞ ʮɄ̍ʦʑ ɑɟɰɬ rʫ ˂Ịʍȵ ʨ̍ɜ˄ɟɂ ɭ˄ɬ̒˄ ʮɄ̍ʦʑ ɑɟɰɬ 

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

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

7 ( ɑʤ̒yɶɈ ʨʍɄʖɕɓ ɐɱʚɕɶʫ Ṕḛʑ ɑʆɺh ɬɂ̒ʫ ʨ̍ʟʤɜɂ ɒɂɭ̍ʤɄʁ ƎṔḗɕʎ
ᴲ
ɔ  

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

8 (  ʢ̒ʱ̍ʖʤɂ ƎṔḗɕʎƎ˅ ᶗ     OH                           ʤɂ ˂Ịʍ ɒᶗʻɦʟʤɂ ʳʫʨ̍ɶʝ̋ɰɭ̍yʤɂ ɑʍ̒ʬɡʫ ˂Ịʍ ́ȼɂ̒ɕɥɂ rʫ ʭʑɱ  

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

 



 

G2: ĨĖĩ Äę ÊĪÁÄĪĚĪĒĕÃ ËıßÄĂŜÃ ÊÇÄÎĒÇ Øõģ 

1 (  ɑ̍ᾒὈʖɦɋʤɂ ʘ̒ʕ ɑʎɹɜɂ ɬ̒ɟ̋ ̱┤ ɰ̒ʦʠʤɂ ɲɄʑ ʏʫ ʮɄɛ˄ᶗɂ ʨʍɄʖɓ 

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

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

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

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

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

4 (  ʨʍɄʖɓ1  - ʪ̒˄ɬ̒ɾʤɂ ɭ̍ʫȵ ʏʫ ʮɄɉ̋ɱɇ ̒ʫ̋ɱɇ 

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

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

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

6 (  ʗʖᾟᾇɂ ʡˈɖ˄Ṕḗʟʤɂ ʃʬɥ ɬʻɟʺ ˍ┤ ʮḛɉʺṔḗʤɂ ˂Ỉɂ ȲɄᶽɂ ɑʕɄʁȹ 

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

7 (  ɑʶɄʫȹ2  -  ʗʖᾟᾇɂ ʡˈɖ˄Ṕḗʟʤɂ ʃʬɥ ɬʻɟʺ ˍ┤ ʮḛɓʻˈɇ 

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

 

 

 

 

 



 

G2Ĝę xĔ
z
đ ĦĖā ēĤòŚÃ ÊĪĊĪđ ÊĩæęäĕÃ  ÊĪÁÄĪĚĪĒĕÃ ËıßÄĂŜÃ ÊÇÄÎĒÇ Øõģ  : 

1 ( 2 - ʮḛɉ̋Ṕḗʤɂ rʫ ʢ̒ʯɄɉ̋ɱɇ2

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

2 (  ʮɄɛ˄ȹ ̋ɰ̒ʦʞ rʫ ʮḛɛ˄ᶗɂ 

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

3 (   ʨ̍ɜ˄ɟɂ ɭ̍ʫ̋ɱɇ rʫ Ṕḙ˄ȹ ʨ̍ɜ̍ʫ ʨ̍ɜ˄ȹ 

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

4 ( ʮḛʫȵ ʨ̍ɉ̋ɱɉ̋ɳ˄ȵ   ʳʫ2 -  ʢ̒ʯɄɉ̋ɱɇ  

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

5(  ʢ̒ʯɄɛ̍ʑɂ rʫ ʪ̒˄ɬ̒ɾʤɂ ɭ̍ɶʝ̒ɛ̍ʫ 

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

6 (  ʨ˄ɂṕḚɋʤɂ ɭ̍ʫ̋ɱɇ rʫ ʮḛʫȵ ʨ˄ɂṕḚɇ 

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

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

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

 

 

 



 

 

 

 
  

 
G ËÃäÒĩįÃ ÊĪĚêÍ   : 

 

 

 ÊĖÑÄĚÎŜÃ ÊĖÑÄĚÎŜÃ Ŋą22

 

 

 

 

 

 

 

 

 

 

 

äÒĩİĕ ÊĪÁÄĪĚĪĒĕÃ ÊĆĪòĕÃ ĀÁÄîĕÃ ĘéıÃ äÒĩıÃ ÿĤĝ 



 

G   

 

 

 ĨġŋĩĤöĂĕÃ ŋĎîĕÃ ÄĢĪĉ ěĤĒĩ ËÃäÒĩÃ 
ŋĖÑÄĚÎę ĨêđģıÃ ÊāĤĚÖŏ ŋúÈÍäŜÃ 

ŋĩĤöĂĕÃ ŋĎîĕÃ ÄĢĪĉ ěĤĒĩ ËÃäÒĩÃ Ĩġ 
 ( ŋĊĖÎŠ ) ŋĖÑÄĚÎę Ŋą ĨêđģıÃ ÊāĤĚÖŏ ŋúÈÍäŜÃ 

5H2C -O  - 5H2C 5H2C -O  - 3CH 

3CH -O  - 3CH 5H2C -O  - 7H3C 

O    5H2C -O  

 

G   

 

 

 ÄĢĪĉ ěĤĒÍ ËÃäÒĩÃ Ĩġ
 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 

 ĥäÝ¹ ÊĢÕ Ĝę ( Ĕĩã· ) 

3CH -O  - 3CH 

O  
3  CH -O  

5H2C -O  - 5H2C 

7H3C -O  - 3CH 

 

ÊĖÑÄĚÎę ËÃäÒĩÃ 

R - O - R 

ÊĖÑÄĚÎę Ŋą ËÃäÒĩÃ 

R -O  -R  

ÊĪÍÄĊĪĕ¹ ËÃäÒĩÃ 

 
ÊĪÍÄęģã¹ ËÃäÒĩÃ 

 

ÊúĖÎŠ ËÃäÒĩÃ 

 



 

 

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

      )ɳʝɱᶽɂ4SO2H) ɭʱʍ (C0(140  ɝˈɥ ʨɛʫ : 

     O2+  H    5H2C -O  -  5H2C                     5H2C -OH    +    H O  - 5H2C   

O2+  H    5H2C -O  -  5H2OH                                C - 5H22C     

.............................................OH                                      - 32CH  

 

 

 

 

 

G  ʪʻ˄ɬʻɾʤɂ ɭˈɶʝʻʟʤɂ ʨɛʫ ɒɂɳʦʖʤɂ ɒɂɭˈɶʝʻʟʤɂ ʏʫ ʢɂɭɋɖɵᶗɄɇ ʨˈʟʤᶟɂ ɒɂɭˈʤɄʶ ʨʍɄʖɕɇ ʡʤɮ ʭɕ˄ 

        ) ONa ðR (   ) ɭ̍ɶʝ̒ʟʤɜɂ ʮ̒ʯ̍ȵ ʨɦ˄ ɝ̍ɥ-OR  ʮ̒ʯ̍ȵ ʨɦʫ () ɭˈʤɄʸʤɂ -X  ʨɛʫ (  : 

+  NaBr   5H2C  -O    -  5H2C      Ÿ    5H2C -O Na    +    Br  - 5H2C 

                                                                                      

 
                    

+    KCl  5    H2C -O   -  3CH     Ÿ       5H2C -O K       +      Cl   -  3CH      

                                                                                  

 



 

 

 

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

 k  ) QÄŜÃ ĵ ěÄÇģâĕÃ ÊÚĪÚí ËÃäÒĩįÃ (    

        29¬ {¦ 2¦"1X{2¹1#&,? 2uB.-{2¹1#»¦¤102¬B !¦T9;187291/1#»¦¤10 

l . ÊĪÂĩæřÃ ÊĖÎĒĕÃ ÉßÄĩæÇ QÄŜÃ ĵ ËÃŊÒĩįÃ ÊĪĝÄÇģá ĔĎÍ 

m ËıĤÚĒĕÃ ÊĪĝÄÇģá Ĝę Ĕč¹ QÄŜÃ ĵ ËÃäÒĩįÃ ÊĪĝÄÇģá  . 
 

n . vÄĪÈêĝ ÊöĊÞĞę  ěÄĪĖą ÊÕãàÇ ËÃäÒĩįÃ æĪĚÎÍ : ĔĖā 

       _2·1&,»¦¤1029(».#.2M-(2½»!$!2T2~{¦1"1X{2~BQ1§#2¹GOH - ̂2

222222222222¦"1X{2~BQ1§#2¹1 291/1#»¦¤102222¬ {»¦2¹»,!!2¶-2¥-»22222

o . ËÄĝÄĒĕĭÃ ěÄĪĖą ÊÕãß Ĝę ŊÒĒÇ ĦĖā¹ ËÃäÒĩįÃ ěÄĪĖą ÊÕãß  : ĔĖā 

                 
p . ÊĖÎĒĕÃ ĵ Äŝ ÊÇãÄĎŜÃ ËıĤÚĒĕÃ ěÄĪĖą ÊÕãß Ĝę ŊÒĒÇ Ĕč¹ ËÃäÒĩįÃ ěÄĪĖą ÊÕãß 
 D   

2

 
 

 

 



 

 

j  ( ɑ̂̒ʚʤɂ ɐɭɶʝȸʑɂ ʨʫɂ̒ʎʤɄɇ ɱəȶɕɓ ᶗ ) ɒᶗ̒ɦʟʤɂ rʫ 
ᴮ
ɄʅɄɺh ʨʙȵ 

ᴱ
Ʉ̍ȼɄ̍ʬ̍ʝ ɑʆɺh Ṕḛʑ ɒɄɋʝɱʫ ɒɂṔḛɛ˄ɟɂ 

k  ) ɭʍɂʻʚʤɂ ʺȵ ɑʤṕḘᾟᾇɂ ʺȵ ɑˆʻʚʤɂ ɐɭɶʝȸᶽɂ ʨʫɂʻʎʤɄɇ ɱəȶɕɓ ᶗ ɒɂṔḙ˄ᶡɂĔĖā ( 

D  

l  

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

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

 

 

 

 

G2 Co35   

G2 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 .Ṕḛɛ˄ȹ ʨˈɜˈʫ ˌȽɄʱə ʳʫ ʮɄɛˈʫ ʺɬʻ˄ 
................................................................................................................................................................................................................................................ 

 
 
 
 



 
 

 

 

ĈĩäĂÎĕÃ 
 ěĤÇäđ Éãá ÄĢĪĉ ěĤĒÍ ÊĩĤöā ËÄkkÈđäę Ĩkkkġ
 ÊkkĪĉäù ĔkkkkĪĝĤÇäkkĒkĕÃ ÊkkāĤkkĚŞ 

 (ĔčĭÃ ĦĖā ÉàÙÃģ ŋÕģãàĪġ ÉãâÇ ÊĖòÎę) 

 ěĤÇäđ Éãá ÄĢĪĉ ěĤĒÍ ÊĩĤöā ËÄÈđäę Ĩġ
āĤĚŞkkkkk             ÊkkkkĪĉäù Ŋą ĔkkkĪĝĤÇäkkkkĒĕÃ Ê
kkkkĖòÎę)kkk ĨkkkkkkkkkÍãâÇ Ê( ěĤkkkkÇäkkkkkđ 

 ÊĆĪòĕÃ
ÊęÄĂĕÃ 

 ɑˈʕɱʅ ʨˈʯʻɉɱʝ ɑʍʻʬɡʫ 

O                     

R  -  C  -  H 

ɑˈʕɱʅ Ṕḛʑ ʨˈʯʻɉɱʝ ɑʍʻʬɡʫ 

                                           O           

R - C - R          

 

2ÚB1QB1.1,2~B/»!1,-{22¹.2¬'/w2~{¤10¤-G{ ĔĖā2   

G ʨ̍ʯ̒ɉɱʟʤɂ ɑʍ̒ʬɡʬɇ ɑʆɋɓɱʑɂ ɑ̂̒ʂʎʤɂ ʘ̒ʚɺʤɂ ʌ̒ɦʤ 
ᴮ
Ʉʎɋɓ ɒɂɭ̍ʁɭʤɜɂ ʗ̍ ɾ̡ɓ : 

 ÊĪÍÄĊĪĕ¹ ËÃàĪġàĕÃ   ÊĪÍÄęģã¹ ËÃàĪġàĕÃ  
 ĔĪĝĤÇäđ ÊāĤĚŞ ĦĖā ħĤÎő ÊĩĤöā ËÄkkÈđäę
 ĔĪĒĕ¹ ČîÇ ģ¹ ŋÕģãàĪġ ÉãâÇ ÊkkĖòÎę ÊkkĪĉäù 

 ĔĪĝĤÇäđ ÊāĤĚŞ ĦĖā ħĤÎő ÊĩĤöā ËÄkkÈđäę
  ÊkĖkòÎę ÊkkkĪĉäùÉäíÄÈę  ( Ĕĩã· ) ĔĪĞĪĉ ČîÇ 

ÊęÄĂĕÃ ÊĆĪòĕÃ R - CHO Ar - CHO 
H - CHO  ÊþÙĲę                             

                           
CHO - 3CH 

CHO 

 
 

CHO - 2CH - 3CH 
   CHO - 2CH 

 
 

 



 

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

ĨĖĪêđĤÇäĒĕÃ ôĚŚÃ ÊĆĪñ  ĘéıÃĨĖĪêđĤÇäĒĕÃ ôĚÚĖĕ ĀÁÄîĕÃ àĪġàĕĭÃ ÊĆĪñ  ĀÁÄîĕÃ ĘéıÃ
 àĪġàĕĲĕ 

H - COOH ĐĪęãĤĊĕÃ ôŖ H - CHO  

COOH  - 3CH ĐĪÎĪéıÃ ôŖ CHO - 3CH  

COOH ĐĩģæĞÈĕÃ ôŖ 
CHO 
 

 

 

GÊþÙĲę : 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 

ęãĤĊĕÃàĪġàĕÄ H - CHO ĝÄÒĪęēÄ 

ÎĪéıÃàĪġàĕÄ CHO - 3CH ĝÄÒĩÃēÄ 

- CHO  - 2CH - 2CH - 2CH - 2CH - 3CH ĝÄêĒġēÄ 

c2HO               C - 2CH                  
3         CH - 2CH -CH  - 2CH - 3CH 

 

æĞÈĕÃàĪġàĕÃ 
CHO 
  

c2
CHO - 2CH - 2CH 

  

c2
             5H2C 

        HOC -   CH - 2CH -CH  - 3CH 
3                       CH  

 

 

ÊĂÁÄîĕÃ ďÄÇĤĩĭÃ 



 

  

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

 ÊĪÍÄĊĪĕ¹ ËÄĝĤÎĪđ ÊĪÍÄęģã¹ ËÄĝĤÎĪđ 
R  -  CO -  R 

 ÊþÙĲęp2                                                     

                           

Ar  -  CO -  Ar 

Ar  -  CO  -  R 

 ÊāĤĚŞ ĦĖā ħĤÎő ÊĩĤöā ËÄÈđäę Ĩġ
ĔĪĒĕ¹ ĨkĎîÇ ÊkĖòÎę ĔkĪĝĤÇäđ 

 ĔĪĝĤÇäkđ ÊāĤĚŞ ĦĖā ħĤÎő ÊĩĤöā ËÄÈđäę Ĩkkġ
ĔĪĒĕ¹ Číģ ĔĪĞĪĉ ČîÇ ģ¹ ĔĪĞĪĉ ĨĎîÇ ÊĖòÎę 

3CH -CO    -  3CH 

 

3CH-CO 

O             

C               
                  

    

3CH  -  2CH  -CO    -  3CH 

3CH -CO   - 2CH 

 

 

 

 

 

 



 

 

äÝ· ĀÁÄí ĘéÃ ĀÁÄîĕÃ ĘéıÃ ďÄÇĤĩĭÃ ĘéıÃ 

 ) ˃ɰɄɡɓ (       ˃ɭɡɇᶗɂ ɏˉɓṔḘʤɂ ɏɶɥ

 ʮ̒ɕ̍ʝ ɑʬʦʞ +  ʮ̋ ʏʆʚʑɂ + ʮɄʠʤᶗɂ ʭɵɂ 

23CH  -CO  -  3CH  

c223CH - 2CH  -CO  -  3CH 2

c223CH - 2CH  -CO  -  2CH - 3CH  32c22

c227H3C -CO  - 3CH  

c229H4C -CO  - 3CH 2

222
3    CH -CO  

 

22
                              CO             

 

c2c2
CH2 - CO - CH3     

2

c2c2
O              CH2 - CH3                           

CH3  - C - CH2 - CH - CH3              
2

c2c

              C2H5      O                                        

CH3   -   CH  -  C   -  CH  -  CH3     

CH3                                 

2

 

 



 

 

G2ËÃàĪġàĕıÃ Ŋöő 

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

 ɑɟɰɭʤ rᾟὈʑɂ ɴɄɦɦʤɂ ɳʦʕ ˂Ịʍ ̱Ỉ̋ᶗɂ ʢ̒ɦʟʤɂ ɐɱɪɇȵ Ǝɰɱʬ
ᴲ
ʯCo300    ˂Ỉɂ ̱Ỉ̋ᶗɂ ʢ̒ɦʟʤɂ ʢ̒ɦɕ˄ ɝ̍ɥ 

 ʮḛɟ̋ɰɭ̍yʤɂ ɲɄʑ ɭʍɄɾɕ˄ ̋ ʨɇɄʚʑɂ ɭ̍ʁɭʤᶗɂ

CH3 ð CH2 ð OH            Cu  /  3000C         CH3 ð CHO  +   H 2ŷ     
                ʢɄʯɄɛ˄ɂ  ʢ̒ʯɄɛ˄ɂ 

CH3 - OH            Cu  /   3000C       ...........................................    +   H2ŷ 
 

G2 ËÄĝĤÎĪĒĕÃ Ŋöő 

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

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

 

               O2HC    O  +                 ŸOH  +  [O]    -CH  

                                                                       ʮ̒ʯɄɉ̋ɱɇ                                                                                                        2 ʢ̒ʯɄɉ̋ɱɇ  

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

 

2               +  H  3CH - 2CH -C  - 3CH    C0Cu  /   300   3   CH - 2CH -CH  -  3CH       

                                                                  ʮ̒ʯɄɓ̒̍ɇ2   ʢ̒ʯɄɓ̒̍ɇ 

 

3CH 

3CH 

3CH 

3CH 

OH O 



 

 
 

j  ɑʕɱʒʤɂ ɐɰɂɱɥ ɑɟɰɬ ɭɦʍ ɑʦȼɄɶʤɂ ɑʤɄᾚήɂ ̱┤ ɭɟ̒ɓ ɒɄʯ̒ɕ̍ʟʤɂ ̋ ɒɂɭ̍ʁɭʤɜɂ ʏ̍ʬɟɂɭʍɄʫ     ɲɄʑ ̒yʕ ɭ̍ʁɭʤɄʫɰ̒ʖʤɂ 

  k ) . ɑˈɋʆʙ ɒɄʯʻɕˈʟʤɂ ʺ ɒɂɭˈʶɭʤᶟɂ ˍ┤ ʨˈʯʻɉɱʟʤɂ ɑʍʻʬɡʫĔĖā( 

D   "" 

l  ɒɄʯ̒ɕ̍ʟʤɂ ̋ ɒɂɭ̍ʁɭʤɜɂ ʮɄ̍ʦʑ ɒɄɟɰɬ ɑɉɰɄʚʑɂ ɒɂṔḛɛ˄ɟɂ ̋ ɒɄʯ̒ɉɱʝ̋ɰɭ̍yʤɂ ʮɄ̍ʦʑ ɒɄɟɰɬ rʫ 

     . ɑˈʤʻᶽɂ ʨɕʟʤɂ ˍ┤ Ʉʸʤ )ĔĖā( 

  D   "" 

m  ɒɄʯ̒ɕ̍ʟʤɂ ̋ ɒɂɭ̍ʁɭʤɜɂ ʮɄ̍ʦʑ ɒɄɟɰɬ  ) . ɑ̍ʤ̒ʑɂ ʨɕʟʤɂ ̱┤ Ʉyʤ ɑɉɰɄʚʑɂ ɒᶗ̒ɦʟʤɂ ʮɄ̍ʦʑ ɒɄɟɰɬ rʫ ĔĖā( 

 D   

         

  n ɮ ɒɄʯʻɕˈʟʤɂ ʺ ɒɂɭˈʶɭʤᶟɂ Ɇʺɯɓ rʫ ʨʙȵ ˂Ịʍ ̓̒ɕɦɓ) ɑʂʖɪɦʑɂ ɑ̍ʤ̒ʑɂ ʨɕʟʤɂ ɒɂ4 (ʮ̒ɉɱʝ ɒɂɰɮ 

       ) .  ɑʖʦɕɪʫ ɏɶʲɇ ȲɄᶽɂ ˍ┤ĔĖā( 

D   " " 

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

 

 

 

 

 

 



 

2

2

2
2N-12B. 2·1/» ¦,-{29(».#.2§1.!! :2

j Ʉ˃ɇ ɑʆɇɂɰ ɬ̒ɟ̋ ʌ . ʮḛᾒὈʝɜɂ̋ ʮ̒ɉɱʟʤɂ ̩ɔɰɮ ʮḛɇ 

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

        ˌʆʎ˅ Ʉʫ ʮḛᾒὈʝᶟɂ. ɑʖˈʎʂʤɂ ɐɭʍɄʚʤɂ ɼɂʻɩ ʨˈʯʻɉɱʟʤɂ ɑʍʻʬɡʫ ɒɄɋʝɱʫ 

l  ) ɑˈɋʆʙ ɒɄʯʻɕˈʟʤɂ ʺ ɒɂɭˈʶɭʤᶟɂ ˍ┤ ʨˈʯʻɉɱʟʤɂ ɑʍʻʬɡʫĔĖā( 

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

 

 ×  ) : ēÃæÎÝıÃ ĔāÄĊÍ¹1#»¦¤1=-{29*B7y  ( )  ɑʆɇɂɱʤɂ ɱɶʝ ɭʎɈ ɑʕɄʁᶡɂ ʭɕɓÙ  ʨˈʯʻɉɱʟʤɂ ɑʍʻʬɡʫ ˍ┤  ( 

G ʮḛɓᶚɋʤɂ ̋ȵ ʨʠ̍ɦʤɂ ) ʨɛʫ rɩɄɵ ɭʍɄɶʫ ʨʫɄʍ ɬ̒ɟ̒ɇ ʮḛɟ̋ɰɭ̍yʤɂ ɑʕɄʁȺɇ ɒɄʯ̒ɕ̍ʟʤɂ ̋ ɒɂɭ̍ʁɭʤᶗɂ ʢṕḘɪɓ(

91-»w2~T»$,2M-{2~{¤10¤-G{2Â·§!%Â!2

91»/B"-{2~T»$,2M-{2~B/»!1,-{2Â·§!%Â!2

OH - 2CH - 3Ni                     CH             2H    +  H -C  - 3CH 

 

3CH -  CH - 3Ni                   CH             2+  H    3CH -C  - 3CH 

                 ʨ̍ɉ̋ɱɉ̋ɳ˄ɜɂ ʢ̒ɦʝ ʮ̒ɕ̄ɵɜɂ

 

 

 

 ) ēÃæÎÝįÃ ËĲāÄĊÍ9*B7X{ 
( 

ÉàkkkkêđĭÃ ËĲkkkkkāÄĊÍ 

O 

O OH 



 

2G2ÉàêđĭÃ ËĲāÄĊÍ22_22^2

 ɐɭɶʝȸᶽɂ ʨʫɂʻʎʤɄɇ ɑʤʻʸɶɈ ɒɂɭˈʶɭʤᶟɂ ɭɶʝȶɕɓ)ĔĖā( 

OH

C - C

4KMnO

  : 

 

G   : ÔĞĖĢĉ ēĤĖş Āę ʨɇɄʚᶽɂ ˍỊˈɶʝʻɉɱʟʤɂ ʃʬᾚήɂ ˂Ỉɂ ɭˈʶɭʤᶗɂ ɭɶʝȶɕ˄  ( ɗʝɭʱɇ ) 

G  ɣɦʦyʕ ʢ̒ʦɦʫ)    ɴɄɦɦʤɂ ɒɄɕ˄Ṕḗʝ ʢ̒ʦɦʫ rʫ ʇ̍ʦɩII  ɱʅ ʢ̒ʦɦʫ ̋  ( ʪʻˈɵɄɓʻɋʤɂ ʺ ʪʻ˄ɬʻɾʤɂ ɒɂɱʅ 

O 2O + 3H2+  Cu -COO - 3]                 CH  -+  5OH   2+CHO  +  [ 2Cu - 3CH 
                           ɴɄɦʱʤɂ ɭˈɶʝȵI                             ὃỲṍʬɥ ʛɹ                                                                            ɣɦʦyʕ ʢ̒ʦɦʫ                                     ɭˈʶɭʤɄɕɵᶗɂ 

  
 

O2+    3H    ŹO 2+     Cu    
-

HCOO      Ÿ]      
-

+5OH
2+

HCHO    +   [  2Cu 
    ɴɄɦʱʤɂ ɭˈɶʝȵI    ὃỲṍʬɥ ʛɹ           ɣɦʦyʕ ʢ̒ʦɦʫ         ɭ̍ʁɭʤɄʫɰ̒ʖʤɂ 

 G    ĜĕĤÍ ĈíÄĒÇ ËÃàĪġàĕĭÃ Éàêđ¹ :: 

  3]NO2)3Ag(NH   [( 

) ʮ̒̍ɓɄʞ ʢɂṕḘɩɂ ˂Ịʍ ɭ̍ʁɭʤɜɂ ʨʬʎ˅Ag+ ɐȳɱʫ ɑʯ̒ʠʫ ɑɉ̒ɋʯɜɂ ʮɂɰɭɟ ˂Ịʍ ɏɵṔḘɓ ɑʂʖʤɂ ɒɂɰɮ ˂Ỉɂ rʤ̒ɓ ʗɹɄʠɇ ɬ̒ɟ̒ ɂʑ (

ʺ ɑʂʖʤɂ  ɑˈʦˈɶʝʻɉɱʟʤɂ ʀɄʬɥᶟɂ ˂Ỉɂ ɒɂɭˈʶɭʤᶟɂ ɭɶʝȶɕɓ 

       (s)O   +     2Ag2+  2H    -COO -H   Ÿ]    -+ 3OH2+ AgCHO +   [2 -H     

           ɑʂʖʤɂ rʫ ɏɵɂɰ                      ὃỲṍʬɥ ʛɹ        ʮḛʤʻɓ ʗɹɄʞ           ɭ̍ʁɭʤɄʫɰ̒ʖʤɂ 

ÔĞĖĢĉ ēĤĖÚŏ ĜĕĤÍ ĈíÄĒÇ 

ʳɩɄɵ ˌȽɄʫ ʪɄʬɥ 

 ɏɵɂɰˌɊʻʅ ɱʬɥȵ ɭɶʝȸʫ ʨʫɄʍ 
 ʢ̒ʦɦʫ ʢṕḘɪƎ˄ɴɄɦʱʤɂ ɭˈɶʝȵ ˂Ỉɂ ɣʱʦʸʕ I 



 

 

      

      

   ) ÊĪĖĪêđĤÇäĒĕÃ óÄŖĭÃ ( ÊĩĤöĂĕÃ Ŋą óÄŖıÃ 
ɑʤ̒yɶɈ ʮ̒ɓ̋Ṕḗʤɂ ̩ʆʎɔ

COOH 3CH3, HNO  4SO2HCl  ,   H 

 

- COOH R-  C -  OH R

ĔĖā ʨˈɶʝʻɉɱʟʤɂ ɑʍʻʬɡʬɇ ɑʦˈɶʝʻɉɱʟʤɂ ʀɄʬɥᶗɂ ˍ┤ ɑˈʖˈʉʻʤɂ ɑʍʻʬᾒᾇɂ ˁʬɶɔ - COOH R 

2 -C  -22 2OH - 

G2O2nHnC

H - COOH
COOH 

 
 

COOH - 3CH

COOH  - 2CH - 3CH 

COOH  - 2CH 

 

O 

O 

 ÊĪÍÄĊĪĕ¹ ÊĪĖĪêđĤÇäđ óÄŖ¹R - COOH  ÊĪÍÄęģã¹ ÊĪĖĪêđĤÇäđ óÄŖ¹Ar - COOH 



 

 

ÊĂÁÄîĕÃ ÊĪĚêÎĕÃ ĨĖĪêđĤÇäĒĕÃ ôĚŚÃ ÊĆĪñ ďÄÇĤĩĭÃ ÊĪĚêÍ 

H ð COOH         

COOH - 3CH  

COOH - 2CH - 2CH - 3CH  

COOH - 14) 2( CH - 3CH  
  COOH   

OOH C - 2HC 

OOH     C - 2HC 

3HC - 2HC -H C - 2HC - 3HC 
3 

                     5 H2C 
OOHC -H C - 2HC -H C - 3HC 

5                    H2C 

24

 



 

 

 

 

jģ¹ ÊöĚÚ
z
ŜÃ ėĤĪéÄÍĤÈĕÃ ËÄĞÖĞęäÇ ĔÒę Éàêđ¼ŜÃ ĔęÃĤĂĕÄÇ ÊĪĕģĭÃ ËıĤÚĒĖĕ ÊęÄÎĕÃ ÉàêđĭÃ ŋÖêđĭÄÇ

O2COOH        +        H -H            ŸOH        +          2[O]            - 3CH 
 

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

 

k ËÃàĪġàĕĭÃ Éàêđ¹   :   

COOH  - 3CH          ŸCHO    +      [O]            -3 CH 
                       

.............................................. ŸCHO  +    [O]    - 5H6C

                                                                                     

 

 

 

 

ÊĪĕģĭÃ ËıĤÚĒĖĕ ÊęÄÎĕÃ ÉàêđĭÃ 

 

 

ËÃàkkkkkĪġàkkkkĕĭÃ Éàkkkkkkkêđ¹ 

 



 

 

 

j  ) ˂Ịʍ ˃̒ɕɦɓ ὃỮʤɂ ɑ̍ɓɄʖ̍ʤɜɂ ɑ̍ʦ̍ɶʝ̒ɉɱʟʤɂ ʀɄʬɥɜɂ1 - 4  ȲɄʑɂ ̱┤ Ɇ̋ɯɓ ʮ̒ɉɱʝ ɒɂɰɮ ( ĔĖā 

  

k  ) ˂Ịʍ ˃̒ɕɦɓ ὃỮʤɂ ɑ̍ɓɄʖ̍ʤɜɂ ɑ̍ʦ̍ɶʝ̒ɉɱʟʤɂ ʀɄʬɥɜɂ5 - 9  ɑʦ̍ʚə ʨȼɂ̒ɵ ̱Ộ ʮ̒ɉɱʝ ɒɂɰɮ (  

l  ˂Ịʍ ˃̒ɕɦɓ ὃỮʤɂ ɑ̍ɓɄʖ̍ʤɜɂ ɑ̍ʦ̍ɶʝ̒ɉɱʟʤɂ ʀɄʬɥɜɂ10  ɑɋʦɾʤɂ ɑʤɄᾚήɂ ̱┤ ʮ̒ʟɓ ʘ̒ʕ Ʉʬʕ ʮ̒ɉɱʝ ɒɂɰɮ  

m   ɑˈȿˆɳᾒήɂ Ʉẛṥʦɕʝ ɐɬɄˆɳɇ ȲɄᶽɂ ˍ┤ ɑˈʦˈɶʝʻɉɱʟʤɂ ʀɄʬɥᶗɂ ɑˈʯɄɉʺɮ ʨʚɓĔĖā 

 

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

  
 
 

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

        Ȼɳᾒήɂ ̱┤  ʮ̒ɉɱʟʤɂ  

 

 

 

 

 



 

 

 

 

 

 G: ÊĪĖĪêđĤÇäĒĕÃ ×ĲęĭÃ ĜĩĤĒÍ 

G 

 

j    Ŷ

2+        H     COONa  -H        Ÿ   Na+       2     HCOO -2H 

k ɳʦʖʤɂ ɭ̍ɶʝ̋ɰɭ̍ʁ   Ŷ 

O2+      H     COONa - 3CH     ŸOH     Na+           HCOO - 3CH 

l   Ŷ  

  2O     +   CO2+    H     COONa -H        Ÿ    3CO2Na+         HCOO -2H  

 

 

ÊkkkkkĪöĚŚÃ ïÃĤkkkkkśÃ ēÃàkkkkkkkÈÎéıÃ ËĲkkkkkāÄkkkĊÍ 

 

 

 

 

 

 

  

  

   



 

 

 

R -  C -   Z        

         Cl -C  -R               R  -C  -O  -C  -R               OR -C  -R 
 
G2SOCl
 

+  HCl    2Cl    +   SO -C  - 3CH     Ÿ     2+   SOCl     OH -C  - 3CH 
                                         

 
 

 
G 5O2P

O2+ H  3CH - C -O  - C - 3CH        Ÿ         3CH -CO OH    +  H OOC  - 3CH 

                                                        

 

 

ôkkĚŚÃ ËÃàkkĩãĤĖđ ôkkĚŚÃ ËÃàĩãàkkĪĢĝ¹ ËÃäkkkkkkkÎéıÃ 

O 

O O 

O O 
5O2P 

O O O O 



 

 

 

G 

    ]       ēĤkkkkkÚđ  +   ĨkkĖkkkkĪêđĤÇäđ ôkkkkkkkŖŶ        QÄkkkkkkkkkkkę     +     äkkkkkÎéÃ[ 

 
O2+   H   3CH - 2CH -COO  - 3Ÿ          CH      3CH - 2CH  -COO H  +  HO   - 3CH   

G 
w
ÊþÙĲę   :            

                  
            ĔĖā 

 

 

 

j

k

l

m

HCOOH



 

 

 

 

 

×

RNA  ,  DNA  

×

 

 

ŋęĭÃ ÊĆĪñ  ĀÁÄîĕÃ ĘéıÃ 

2NH ð 3CH  

2NH -  5H2C  

5H2C -NH  - 7H3C  

 2NH   -  

- NH  -   

3CH                                         

CH - NH - 2CH 

3CH                                                           

 

 



 

 

 
   

 

3CH -N  - 3CH 

3CH    

- N -  

5H2C -NH  - 7H3C 

 -NH   -

2NH - 3CH 

2NH -

 

 

 

 

 

 

2NH - 3CH 

 

                              2 NH - 2NH -  5H2C 

5H2C -NH  - 7H3C 

 

2NH - 2CH -                                                                       - N -  

 

 

 

   

 

 

 

 

 

 

 

ÊĪÍÄkkĊĪĕ¹ ËÄkkĞĪkkę¹ ÊĪÍÄkkęģã¹ ËÄkkĞĪkkę¹ 

ÊĪĕģĭÃ ËÄĞĪęĭÃ ÊĩĤĝÄÒĕÃ ËÄĞĪęĭÃ ÊĪÒĕÄÒĕÃ ËÄĞĪęĭÃ 

  

 

 

 

 
2NH -R  NH - 2R ) N - 3R ) 

 


