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2 

     

 

.            2222 

        2432 

 
5 

S  C8H8   '  PS 

  

1.   

2.   

SPhe ( –CH2-C6H5)  

SA 

AB 

BC 

C Cl2 uvD 

D NH3   Phe 
 

 

3.   Phe

4. 
5. C

6. 4  

7. pKa1=1.83   pHi=5.48    Phe 

 pKa2 Phe 

  

                                                        pH = 12

pKaRpKa2pKa1-R

--9.692.34-CH3    

8.1810.281.96-CH2-SH            

 

H : 1g/mol                C : 12 g/mol                O : 16 g/mol                 
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 5 
C2H5Brd= 1.46Teb = 39°C   

H2SO4 

 

50ml ……………….......…(d=1.83)…..H2SO4 

30 ml   ………….…..(95°,d=0.8) 

20g………………..…. KBr  - 

 

1  

2    

  

 
 

 21 

 

 22 

 

  

 

 

3  

  

KBrC2H5OH

VP(C2H5Br) = 8.40 mL

C2H5Br 

mp = 12.22 gmp = 6.72 g
 

  R  

R = 66.6%R = 36.7 %

 

 

         C2H5OH = 46 g/mol      ,       C2H5Br = 109 g/mol      ,       KBr = 119 g/mol 
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5

 (X)  

3 % (E)1 % 44 %  (DG)

52 % TG Is (TG)  = 195.80  Ii (TG) = 59.20 

                C16H32O2       

 

1 . 

2  (DG) 

3 1 (TG) 11(A) 

2(B) 

(B)KMnO4H2SO4 

 (C)68.35%  

 (D)m =1gm’ = 0.426g

 

 (B)  , (D) , (C) (A) 

 (TG)  

 (TG)A 

  .(X)  

 

I : 127 g/mol            KOH : 56 g/mol               C : 12 g/mol      Na : 23 g/mol     O : 16 g/mol          H : 1 g/mol 
 
 

5
 

1  25°C 

 

 

C2H4 H2+
(g) (g)

C2H6 (g)

H°1 

H°f      = +52.3

H° (kJ/mol) 

C2H4 (g)

H°f      = -84.68
C2H6 (g)



 
 

 

 

 

 

 

 

 

 

 

 

 

R = 8.314 J/K .mol 

H°1 
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2  H°r Δ25°C 

C2H4 ... O2+
(g) (g)

... H2O
(l)

+ ... CO2 (g) H°r = ?

  

C2H4 H2+
(g) (g)

C2H6 (g) H°1 

H2   O2+
(g) (g)

  H2O
(g)

H°2 = -242 kJ . mol-11
2

C2H6 +
(g) (g)

3  H2O
(l)

+ 2 CO2 (g)
H°3 = - 1559.32 kJ . mol-1  O2

7
2

1)

2)

3)
 

Δ H°liq (H2O) = - 44 kJ / mol

3  T   HT   = -1314.78 kJ / mol Δ    

                TTvap (H2O) T  > 

          

 

H2O (g) H2O (l)O2 (g)C2H4 (g)CO2 (g)

1.86 4.18  0.921,550.86Cp ( J/ g.K) 

H : 1g/mol       C : 12 g/mol      O : 16 g/mol      Tvap (H2O) = 100°C        ΔH°vap (H2O) = + 44 kJ / mol

  

4 C2H4 (g)298K 
 

H2O (l) CO2 (g)

-286-393ΔHf (kJ/mol) 
 

5 C=CC2H4 (g) 
 

H   H     H

436413E (kJ/mol) 
 

ΔH°Sub (C) = 717 kJ/mol
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 6

 DEET  

 DEET  

A Br2+ BrHB

B + Mg C

C D

D E

MgBr(OH)

E F

F Cl2 G

H2O

G H H2O

H Mg I

HCl

CO2 

+

1)

2)

3)

4)

5)

6)

7)

8)

9)

+

+

+ MgCl(OH)

FeBr3

ROR

+

+

+

+

+

+

NH311) + ClH+

PCl510) + ClH+  POCl3+

H2O

2C2H5Cl12) + ClH2+

ROR

Zn / HCl

1/ O3

2/ H2O

AlCl3

Al2O3 

350°C

I J

J K 

K L 

L

CH3COCH3+

H2O
X 

CH3

C
N

O

H5C2

C2H5

DEET

+ H2O2

 
1. X   22.22% 

X 

2. 
3.  PABA 

F

 F LiAlH4 M . 

 MHNO3H2SO4 N (PARA)   

 NSnO . 

  O PABA  . 

M N O   PABA .

4. PABAP

  

 P  

 g/mol  142822
 

C : 12  g/mol            N : 14  g/mol                              O : 16 g/mol             H : 1 g/mol 
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  7

I. DGAB  

 A KOH1g218,7mg KMnO4 

 BKMnO49

M=188 g/mol  . 

1. AB . 

2. DG ABα   

3. (DG)Is)(DGIiDG . 

4. Y Is(Y) = 189.45 97%DG DG

03% C 

 Ia(c)C   . 

 C . 

 

I : 127 g/mol        KOH : 56 g/mol                 C : 12 g/mol            O : 16 g/mol            H : 1 g/mol 

 

II.  ‘ P ’ Peptide cyclique

 
 

B H3PO4  

C12

DpHi = 5.66 

FCH3CH2NH2 +  2 CO2
OH-


F 

‘ P ’  

 

Arg

 

Cys

 

Phe

 

Tyr

 

Asp
 

Ser

 

-R
C
NH

NH NH2(CH2)3

 

SHCH2

 
 

 

 

 

C6H5CH2

 

CH2 OH
 

 

CH2 COOH
 

CH2 OH

pKa1 2,17 1,96 1,83 2,20 1,88 2,21 

pKa2 9,04 10,28 9,13 9,11 9,60 9,15 

pKaR 12,48 8,18 // 10,07 3,65 // 
 

1. F،E،D،C،B،A  

 

2. ‘ P ’    

3. AC . 
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4. (C) pH 

pKa1 pKa2 pKar

OH-

H+

OH-

H+

OH-

H+
X Y Z W 

 
 X , Y , Z , W  
  pH  (C)   
 (C)   5.6  
 pH  C 

 
. 

5.  ( F+ C + A )   pH  
 

---
+
+
+

A ?? pH =?
 

 pH

 A , C , F  

KOH : 56 g/mol             C : 12 g/mol             O : 16 g/mol                    H : 1 g/mol 

 
 7  
I.  1mol       

 
 

 
 

CA BC AB  

                      

PA = 4 atm PB =2 atm VA = 5 L VB =10 L  
 

1. 
2.   TA(K)  ,TB(K)PC(Pas)  ,VC(m

3
)  , TC(K)  

3.          

4.                  

؟ .5

 R= 8.314 J/mol.K             Cp = 
 

 
R             1atm = 1.01325 10

5
 pas 
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II.  

25mL aq(H+
,Cl

-) (1mol.L
-1)

aq(Na
+
,OH

-)(1mol.L
-1)  VbE  

 

     

         1

1. 1 

 VbE 

 T0 

 Teq 

2.  

3.  

 (H2O) = 1 g/cm
3    ---      ---    ceau= 4.185 J/g.K

 

!  .



   

 

A 𝑝𝐻  𝑓 𝑉  

B 𝑇  𝑓 𝑉 
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 *      * 

 ن 5

1 

2 
-  

 

3 Phe 

                                                     

4  

CH2CH + BrH1)

+ Mg ROR 2)

Peroxyde

S 
A 

A 
BrCH2CH2

B 
MgBrCH2CH2

+ CO23)
B 

BrCH2CH2
C 

COOHCH2CH2
H2O + MgBr(OH)

+ Cl24)
C 

BrCH2CH2
D 

COOHCHCH2
Cl

uv + HCl

+ NH35)
D 

BrCH2CH2
Phe 

+ HCl
NH2

COOHCHCH2

BrCH2CH2

 

5 C 

CH2 COOHCH2
OH

-


CH3CH2 + CO2

CH3CH2
KMnO

4

H
2
SO

4
OH

O

C

Acide benzoique 

+ CO2

 
6 4  

7 pKa2  

1 2
2 12 2(5,48) 1.83

2

pKa pKa
pHi pKa pHi pKa


       

 

OH
CCH
O

CH2

NH2 CCH
O

NH

SH
CH2

C
O

CHNH
CH3

 

pH = 12 

O-
CCH
O

CH2

NH2 CCH
O

NH

S-
CH2

C
O

CHNH
CH3

 

52.0 

 
52.0 

52.0 

 
 
 

52.0 

 
 

 
 
 

 *4520   

 
       
 

 

 
 
 
 
 
 

52.0 

 
52.0 

 
 

0.25*2 
  

 
 

0.25 

 
 
 

0.25 

 

 
 
 

 
0. 5 
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 ن 5 

1  

2KBr   +   H2SO4                        2HBr   +   K 2SO4
C2H5OH   +   HBr                        C 2H5Br   +   H2O

2  

 

  

3 
  

20
0.168

119

KBr
KBr

KBr

m
n mol

M
  

 

2 5

2 5

2 5

2 5 2 5 2 5

2 5 2 5

2 5

2 5

2 5

2 5 2

2

2

2 5 2 5 2 5

( )

( ) ( )

( ) ( )

( )

( )

( ) ( )

.

.
.100

100

.

.

pureC H OH

C H OH

C H OH

pureC H OH C H OH C H OH pure

C H OH pure C H OH sol

C H OH pure

C H OH sol

C H OH

C H OH H O

H O

H O
pureC H OH C H OH C H OH pure

m
n

M

m v

v d v
d v

v

d d

m v




 













    

   


  2 5

2 5 2 2 5

2 5

2 5 2 5

( )

( ) ( )

100

1 0,8 95 30
0.495

100. 100.46

C H OH sol

pureC H OH H O C H OH sol

C H OH

C H OH C H OH

d d v

m d d v
n mol

M M



 

     
    

 

2 5 2 5

2 5( ) ( )

0 0.49 mol

0 0.168 mol

   

KBr KBr

C H OH f f C H OH

f f

f C H OH f KBr

n X X n

n X X n

X X

    

    

 
 

  

2 5

2 5 2 5 2 5

( )

( ) ( ) ( )  .  = 1.46 x 8.40 12.2
p C H Br

p C H Br p C H Br p C H Br

m
m v m g

v
     

 
4  

 

 

 

2 5

2 5( )

. 20.109
18,32

119

KBr C H Br

th C H Br

KBr

m M
m g

M
  

 
 

 
 

 
0.5*2 

 

 
52.0 

  

52.0 

52.0 

52.0 
 

                                                                                                                                         
0.25*2 

 

 

0.25 

 
 
 
  

 
 
 
 
 
 
 

 0.25 

 

 

52.0 

 
 
 
 
 

52.0 

 
 

0.25*2 

 
  

 
 

 
 

0.5*2 
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 ن 5

1  . 

Trans

COOH

H

H

CC

CH3 (CH2)5

(CH2)7

Cis
COOH

HH

CC

CH3 (CH2)5 (CH2)7

2 DG 

CH2

CH

OHCH2

O C
O

O CH(CH2)7C
O

CH CH3(CH2)7

CH(CH2)7 CH CH3(CH2)7

CH2

CH

OCH2

OH

O CH(CH2)7C
O

CH CH3(CH2)7

C
O

CH(CH2)7 CH CH3(CH2)7

3 A,B,C 

TG    +   3H2O   Glycérol   +  A  +   2B
 

 

C 

2 2

9 18 2 3 2 7

12 2 32 100%

12 68.35%

12 .100 (14 32)68.35 1200 956.9 2187.2

9 ( )

n nD C H OM M n n

n

n n n n

n C H O CH CH COOH

    



    

     
 

D 

( )2

7

2 2

2 1 40
187.79 /

0.426

( ) 187.79 /

2 ( 2 ) 187.79 /

2.45 14 187.79 7 ( )
2

NaOH NaOHD
D

D NaOH

D NaOH
D

NaOH

HOOC CH COOHx

COOH C H

n mm
n

M M

m M
M g mol

m

M g mol

M M M x g mol

x x HOOC CH COOH

 

  

  
  

 

   

       

B  

 

KMnO4
H2SO4

COOH(CH2)7CH3 + COOH(CH2)7HOOCCH(CH2)7CH3 COOH(CH2)7CH
B 

 

A  

2

2

3

1

3

3 3.56.10
858 /

195.8

100

. 59.20 858
2

100. 100.127.2

KOH TG

KOH
TG

I TG

TG

I

Is g

M M

M
M g mol

Is

Ii g

xM M

Ii M
x

M





  






  

 

0.25 

 

0.5 

 

 

 

 

 
0.25*2 

 
 
 
 
 
 
 
 
 
 

0.25 

 
 
 
  

 
0.25 

 

 
 

0.25 
 

 
0.25 

 
 
 

 
0.25 

 
 
 

 
0.25 

 

TG

TG
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A 

2

2

2 2 2 18 34 2

2 3 2

3 2

92 / 18 /

282 /

858 3 18 2 282 92 256 /

A TG H O B Glycérol

Glycérol H O

B CnH n O C H O

A

Glycérol B A TG H O

M M M M M

M g mol M g mol

M M M g mol

M g mol



   

   

 

  

      
 

TG BA CnH2nO2 

2 2

16 32 2 3 2 14

256 /

12 2 32 256 16

( )

n nA C H OM M g mol

n n n

A C H O CH CH COOH

 

    

    
 

 

 2 . 

  

+  3 NaOH

C
O

CH(CH2)7 CH CH3(CH2)7

CH2

CH

OCH2

O C
O

O CH(CH2)7C
O

CH CH3(CH2)7

CH3(CH2)14

Na+,O- C
O

CH(CH2)7 CH CH3(CH2)72

Na+,O- C
O

CH3(CH2)14

 + 
CH2 OH
CH OH

CH2 OH

  

 

44 52 1 3

100 100 100 100XS DG TG A EI Ie Ie Ia Ia   
 

18 34 2 2

16 30 2

16 2( ) 32

2 2 92 2(12.18 34 32) 2.18 620 /

254 /

256 /

DG Gly C H O H O

E C H O

palmitique A C H O

M M M M g mol

M M g mol

M M g mol

        

 

 
 

 

3

// 0

1

2

2 2.56
180.64

620

// 0

1

3

3 3.56.10
195.80

858

DG DG DG

DG

KOH DG

KOH
DG

DG

TG TG TG

TG

KOH TG

KOH
TG

TG

Ie Is Ia

Ie g

M M

M
Ie

M

Ie Is Ia

Ie g

M M

M
Ie

M

 





  

 





  





 

3

1

56.10
218.75

256

A A

KOH A

KOH
A

A

Ia Ia g

M M

M
Ia

M





  



 

 
 
 
 
 
 
 
 
 

 
 

0.25 
 

0.25 

 

 
 

0.25 

 
 
 
  

 
0.25 

 
 
 
 
 

 

 
 

0.25 

 
 
 
 

 
0.25 

 
 
 
 

0.25  
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3

1

56.10
220.47

254

E

KOH E

KOH
E

E

Ia g

M M

M
Ia

M





  

 
 

44 52 1 3
180,64 190.80 218.75 220.47 195,80

100 100 100 100XSI     

 
 

 

0.25 

 
0.25 

 ن5

1      
  Hess 

   
  ∑               ∑               

   
             

              

           

  

   
               - 0 

   
                 

  

Qv=ΔU =    
                                            ∑          

 ∑          
 

Qv=-136,98.-(-1).8,314.10
-3

.298                         = 1-2 

Qv=ΔU=-134,502 kJ/mol                                    = -1 mol 
 

1.       
  25°C : 

C2H4(g)+3O2(g)           2H2O(l)+2CO2(g)          Δ  
 =? 

          C2H4(g)+H2(g)               C2H6(g)                         Δ  
                 

(-1)        
  

 

 
                                                    

               

            C2H6(g)+ 
  

 
O2(g)             3H2O(l)+2CO2(g)          

                  

(-1)                                                                                
              

Δ  
        

   Δ  
      

      
             

                          

      
                 

 
 

2 =-1314,78 kJ/mol Δ   

C2H4(g)+3 O2(g)               2H2O(l)+2CO2(g)                  

 T(T > Tvap (H2O)) : 

H2O373KTVAP = 

ΔHT=  Δ    
 ∫     

   

   
dT+   2 ΔHvap  (H2O) +  ∫     

 

   
dT 

ΔCP=∑              ∑              

Δ   
=(2.MH2O.CpH2O (l) + 2.M  CO2 .CpCO2 (g) ) –( MC2H4.Cp C2H4 (g) + 3.M O2 .CpO2 (g) ) 

Δ   
=(2   18. 4,18 + 2 44 .0,86 ) – (28 (15,5)+ 3        ) 

Δ   
=94,44 J/K . mol 

Δ   
=(2.MH2O.CpH2O (g) + 2.M  CO2 .CpCO2 (g) ) –( MC2H4.Cp C2H4 (g) + 3.M O2 .CpO2 (g) ) 

Δ   
=(2   18. 1,86 + 2 44 .0,86 ) – (28 (15,5)+ 3        ) 

Δ   
=10,92 J/K . mol 

 

 

 
 

52.0 
  

 

52.0 

 
52.0 

 

0.25 

52.0 

 
 

 

52.0 

 

 
 

 
  

52.0 
 

52.0 

 
 
 52.0 

 

 
 

52.0 

 
 

52.0 

 
 

52.0 

 
 

 

52.0 
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ΔHT =  Δ     + Δ   
          2ΔHvap (H2O) + Δ   

        

T=
        

     
                   

    

 + 373 

+3 +3 +3 -1314,78 10 + 1410,3 10  -  94,44.(373-298) - 2 . 44 . 10
T=  + 373

10,92  
T= 413 K = 140°C  

3 ΔHf C2H4(g)298k
 

 :C2H4(g)    +  3O2(g)              2H2O(l)+2CO2(g)                            

Δ  
        

             
                         

           

  

           
             

                   
 = 2(-286) + 2(-393)+1410,3 

           
             

4 C=CC2H4(g) 

 

 

 

 

           
            

                         

                                      
         

                                 

                        ΔHd(c=c) 

ΔHf(c=c)= - ΔHd(c=c) = -601.7   kJ/mol 
 

 
 

52.0 

 
 

 

 
52.0 

 
 

 
52.0 

 

 
0.25 

 
 
 

 
 

0.25 
 
 
 

 

 
 

52.0 

 
 
 
 

52.0 

 

          2C(s)    +            2H2 (g)                              C2H4(g) 

 

  2ΔHsub (c)           2E(H-H)                            -E(C=C)-4E (C-H) 

 

                2C(g)   +   4Hg  
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 *      *

6 

1- X  

XCnH2nO 
    

  
 

 

    
                   

    

     
         

                            
     

  
                 C4H8O2 

2-   

Br MgBr CH
OH

CH
CH3

CH3

CH3

COOH CH3

C
O

Cl

CH3

C
NH2

O
A B C D E F

G H I

CH3

MgCl

C
O

H

C

O

Cl

H

Cl

CH3

CH C
CH3

CH3

J K L
 

3- M , N ,O, PABA  .

+ HNO 3
H2SO4

CH2 OH

O2N

CH2 OHCH2

OH
C

O

H

F M N

LiAlH
4

H
2
O

M

LiAlH4

H2O

CH2 OH

O2N

CH2 OH

NH2

CH2 OH

NH2
H2SO4

K2Cr2O7
COOH

NH2

PABAO
 

4- PABAM  

 
COOH

NH2

n
n

C
O

N
H

+ OH2m

  

CNH

O

NH C ....

O
........

  

poly
(C H ON)mono 7 5 (C) (H) (O) (N)  

mono

M
n= M =7M +5M +M +M 119 /

M
g mol 

 
142800

1200
119

n  
 

 

5225 

 2 

 

 

 

 

 

5225 

  

12 
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4 

 

 

 
 

 
 

5225 
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5225 
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I. 1A,B : 

 AAKMnO4

CnH2nO2 
1mol   (A)            1mol (KOH  ) 

M(A)                     M(KOH)  

m(A)                     m(KOH)     

 ( )  
 (   )    

    
 
      

     
                 

n=16   M(A) =14n + 32 = 256    2 O2nHnC  : A 

A

CH3 (CH2)14 C
O

OH

  
 B 

B KMnO
4

H
2
SO

4

C
O

OH

(CH2)7CH3 + C

O

OH
C

O

OH
(CH2)n

n                                                                                      M=14n+90 =188           n=7 

B

CHCHCH3 (CH2)7 (CH2)7 C
O

OH 

2DG 

CH2

CH

OHCH2

O CH CH CH3(CH2)7(CH2)7C
O

O CH3(CH2)14C
O

  

3IsIiDG 

 Is

1mol   (DG)                2mol (KOH  ) 

M(A)                          2M(KOH)  

1g                                IS .10
-3

 

    
   (   )     

   
                                                      

 M(A) = 256g/mol    ,      M(B) = 282 g/mol    ,     M(Gly) = 92g/mol             

               (    )            

     
        

    
           

 Ii 
1mol   (DG)                1mol (I2  ) 

M(A)                           1M(I2)  

100g                                 Ii   

 

 
 
 
 
 

5..5 

 

 

0.25 

52.0

 

52.5

 
 
 
 

B : C18H34O2 

A : C16H32O2 
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 (  )       

   
 
         

   
       

4Ia(C)   C   

  ( )  
  

   
  (  )  

 

   
  ( )          ( )  

  ( )        (  )

    
 

   ( )  
       (           )

    
        

 

 C
1mol   (C)                1mol (KOH  )
M(C)                       1M(KOH)  
1g                             IS .10-3 

  (  )  
   (   )     

  

 ( )  
      

      
               

=14n+32  =256                n =16     M(C) 

                                          CH3 (CH2)14 C
O

OH 

II1A,B,C,D,E,F  

A 

OH
CCH

O
NH2

SH

CH2

 
(P) 

B 
OH

C

O

CH

CH2

NH2

OH

(OH)

OH

CO

CH CH2

NH2

OH + OH OH

OH

O

P + OH2CH2 O OH

OH

O

P

OH

CO

CH
NH2  

C COOHCHNH2

C
NH

NH
NH2

(CH2)3

 

+ 2 ClHHOOC CH

NH2

C NHNH
NH2

(CH2)3
HOOC CH

NH3
+

C NH2
+

NH
NH2

(CH2)3

D HOOC
CH
NH2

CH2 OH
 

    
         

  
 
         

 
      

F 
CH2

COOH

COOH

CHNH2 

CH2HOOC COOHCH

NH2

OH
-


CH3CH2NH2 + CO2

 Ephe 

52.5

 
 
 

52.5

52.5

 

0.25*6 

C : C16H32O2 
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2P 

  

  

3A ; C 

A 

 C

5- X ;Y ;Z ;W 

COOHCHNH3
+

C
NH2

+

NH
NH2

(CH2)3

X

COO-CHNH3
+

C
NH2

+

NH
NH2

(CH2)3

Y 

COO-CHNH2

C
NH2

+

NH
NH2

(CH2)3

Z 

COO-CHNH2

C
NH

NH
NH2

(CH2)3

W 
 

pHi  C

    
         

  
 
          

 
       

 pH=5,6 : 

    
         

  
 
         

 
    

pHC
+

    pH   < pHi ≥   pHe     

5pH

   (   )  
         

  
 
         

 
                 pH=5,07 

 

Asp+ +
-- Cys+- Arg

++-

pH electrophorèse = pHi (Cys) = 5.07

-

7

I2  
12  

A     B     T. Isotherme 

B      C     T. Isochore    

C      A      T. Isobare   

.2  PC(Pa) ,VC(m
3
) , TC(K), TB(K),TA(K).  

 

(A):             

(B):B    A                        

C     B  :                   

0.25 

*2 

0.25
*2

0.25
*4

0.25

52.0

52.0

52.0

5..5

*3 

52.5
 
3

52.5

52.5

52.5

  100%     

𝑇𝐴  
𝑃𝐴 𝑉𝐴
𝑛 𝑅

 
                    

       
 𝟐𝟒𝟑 𝟕𝟓𝟒 𝑲 
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A     C                  

32     ( ) 

 
 

 

 

42             

A   B      

 

B    C     

 C     A      

52  

                           
                     (         )

II2 
1bEV        

1           

1                

.

 ∑   = 0            QCal  + QNaOH  + QHCl + Qneut  = 0  

      mNaOH . cH2O . T  +  mHCl . cH2O . T+ Qneut    = 0 

(mNaOH +  mHCl). cH2O . T  + Qneut  = 0 

Qneut  = - (mNaOH +  mHCl). cH2O . T   

Qneut  = - (25 +  25). 4.185 . (26.5-24) 

52.5 
 

0.25 
 
 

52.5
 
3

52.5
 

2

52.5
 

2

 

 52.0

 

52.0
52.5
 

 

52.5
52.5

52.5
52.5
52.5

 

52.5

  
52.5 

 
 

𝑊𝐴𝐵     𝑛𝑅𝑇𝑙𝑛
𝑉𝐵
𝑉𝐴
                  𝑙𝑛

  

 
  𝟏𝟒𝟎𝟒 𝟔𝟓 𝐉 

 

 𝑄𝐵𝐶   𝑛𝐶𝑉 𝑇     
 

 
       (              )  𝟑𝟎𝟑𝟗 𝟕𝟒𝟑 𝐉 

𝐶𝑃  
 

 
𝑅 

    V    

𝐶𝑉  
 

 
𝑅 

  𝑈𝐶𝐴   𝑛𝐶𝑉 𝑇     
 

 
       (              )   𝟑𝟎𝟑𝟗 𝟕𝟒𝟑 𝐉 

  𝑼𝒄𝒚𝒄𝒍𝒆  𝟎𝑱 

 Qneut  = - 1360.125 

J 

𝑇𝐶  
𝑃𝑐  𝑉𝑐
𝑛 𝑅

 
                     

       
 𝟒𝟖𝟕 𝟒𝟗𝟎 𝑲 
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52.5 
 
 

0.25 

 

 

 

𝑄𝑃   𝐻𝑛𝑒𝑢𝑡          𝑘𝐽 𝑚𝑜𝑙 

𝑄   𝐻

𝑄𝑃          𝑘𝐽  

en
cy

-ed
uc

ati
on

.co
m/ex

am
s

www.ency-education.com




