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אאW
אאאאאאאK


אאW

אאW
١. אאאאK
٢. אאאK
٣. אאאK 
٤. אאאאK 

 
אאאW

אאא%٩٥ K


אא
٦ K


אאW
� K
� K 
� K 
� K 
� K 
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אאאK
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אאא
Solvent Extraction for the Separation of Metals

W
אאאא

אאאאאאK
אאאא

אF١KE
אאאאא

אאאאאאאK
אאאא

micro and macro quantitiesK


אW
� אאאאאאK 
� אאאאאאאאאאK 
� אאאאאאאK 


אאא(i)

אאא(ii)אאאא
0.003א(ppm)אאאאא

א،אא1000אאא100
אאאא10א0.3 

ppmאאK
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אW
אאאאאא
אאK
I2FEFe3+FE
FאEאאאא،

אFEFe3+אאאF١E



F١EאאאFe3+K

Fe3+אא
٨JFEK

אאאאאW
١K אאאK 
٢K אאאK 

אאאאאאאא
אאאאK

אFא٤٩}١Eאאאא
אאאK

Fe3++ I2

Fe3+

א

I2 א
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Wאאא
אאאאאאאאA

אאאאאאconcentration 
distribution(Dc) 



[A]o אאAאא
)1( [A]w Z

אאAאאDc =  


owאאorganicאwaterאא[  ]אא

W


א 
אאZ 

א 


אF١EאW


(mmoles A)o X Vw(mmoles A)o / Vo ) (2 (mmoles A)w X Vo=(mmoles A)w / VwDc =


W
(mmoles A)0WAאאK
(mmoles A)wWAאאK

V0WאאK
VwWאKK

אFאאEאא(Dm)mass 

distributionאאאAאK
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(3)


אF2EF3EאW

(4)w
o

VDc Dm
V

=

אF4EW
(5)VoDm Dc

Vw
=

אVo = VwDc = Dm،
אאDcVo DmVwK

אאF(3אאFאאאאEאא
אfאאW

( ) (6)
( ) ( )

w
o w

mmoles Af
mmoles A mmoles A

=
+




א(mmoles A)wW

)7(
)1Dm(

1f
+

=

אאאאאא
אnאאאF7EW

)8(
)1(

1
nDm

f
+

=

אאאFאאאאEא(%E)n
אאאאאאאאאאK


                                    ) ٩( 

 
אאאאא99.9 %

wAmmoles
oAmmolesDm

)(
)(=

]
)1(

11[ 100% nDm
E

+
−=



א٢٦٣אא
אאאא

 
 

- ٦ - 

F١E
אאאDc = 2010،אא

(%E)אאW
١. אאא10K 
٢. אאא20K 
٣. אא10K 

אW
١. DmאאW

w

o

V
VDcDm =

20
10
10X20Dm ==

א،(%E)אאW

]
)1Dm(

11[100E%
+

−=

%2.95]
)120(

11[100E% =
+

−=

٢. DmW

Vw
VoXDcDm =

2020 40
10

1% 100 [ 1 ] 97.6 %
(40 1)

Dm x

E

= =

= − =
+



٣. DmW

20
10
10x20Dm == 

%8.99]
)120(

11[100% 2 =
+

−=E 
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אא(iii)א
אא(ii)(iii)אאאאאאא،

אאאאאאאK
F٢Eאאאאאא

٢}٦٦٪K
אאאאא

א%E95.5%؟
אW

א66.2%א∴אאא
100-66.2 =33.8%

אא
66.2/100 x33.8 =22.4% 

∴אאא
33.8-22.4 =11.4%

אאW
66.2/100 x 11.4 = 7.5% 

95.5%א
אא

66.2 + 22.4 + 7.5 = 96.1% 
אW

אאאא
אFאאאEאאW
� K 


� אאאאאK 
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אW
iK אאאW 

אאאI2א
אFKE

iiK אאאאFאWE 
FEאאMn+K

אאאאאאאאא
،אאאאKKKKKK

אאאS, O
אione pairאK

אאFאE
� SalicylaldehydeW 

OH

C = O:

H


אאאFEאCu2+

F٢KE

OH

C = O:

H

H

:O = C

O
Cu


F٢EאאאאK

אא
אK
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� ٨JW 
אאאFEאאאאFe3+،

،אאאאKF٣KE


F٣Eאאא٨JFe3+K

אאאK
אאאאאW

١K אאא،אאא
אdithizoneאאאאאK 

٢K אאא،אאאא
(HL)אMn+

Mn+    +    nHL        MLn  + nH+


אאW

[ MLn ] [ H+ ]n  
[ Mn+ ] [ HL ]n K = 

 


H+ = -log [H+]  = pH
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אא[H+]אאא[MLn]אH+אא
אאאאאאK

אאאאאאKאאאאאא،
אאאאא،אאאא

אאK
Hg2+ / Zn2+אא K Hg(DZ)2Fאאא

אZE1036אאZn(DZ)2Z1018Kא
אאpHא2.0[H+]אאZn(DZ)2

אאאאHg(DZ)2،א
אאאK

Zn(DZ)2אpH = 4[H+]אא
Zn(DZ)2אאK
אW

Hg(DZ)2אpH = 2KZn(DZ)2אpH = 4K
٣K ،אאאאFe3+ / Al3+٨J

אpH=5
אpH=5אFe3+אא(CN-)

Fe3+ + 6CN-  →  [ Fe(CN)6 ]3-
٨JAl3+

אאFe3+אאK
iiiKאאאאW

אאאFe3+אאא
אF7EאאאאאF

Eאא،W
Fe3+(6H2O)   +  HCl (7M)  →   H+[FeCl4]-

אאאאאאאאאאאKKKK
אאאאאאאאא

[(C2H5)2O : H+, Fe(C2H5)2OCl4
-]
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אאoxonium extraction K
אאאאאאW

אFאאHClE:
א١٣אHClHg2+,Sb2+,Al3+,Fe3+KKKK

אאאאאW
J ،אאאאFe3+א

אFe2+K
J אאHClא

אF٤Eאא(%E)א
HClW 

Au3+%100 


Fe3+Hg2+%E 


Sb2+ 



10M5M0 

F٤EאאK
אAu3+אHg2+אFe3+אאאW

١. HCl7.0אאW


אא
Hg2+Au3+HFe3+

٢. אאHCl1.0Au3+Fe3+K


אא
Fe3+Au3+



א٢٦٣אא
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F١Eאא
אאאK


١LאאC6H5NH2אC6H5ClאK


٢LSb2+Hg2+Au3+א

אאאאK


٣LאאאK


٤Lא8.0אאHNO3א80 %K
(%E)אאאאא

98 %؟


٥L40 א1.020א
אאאאא0.5אW

 (iDc(iiDm(iii%E


٦Lא؟אאא






 
 
 



א٢٦٣אא
אאאא

 
 

- ١٣ - 

אאF٢E
אאאK

W
١K אאאאW

• KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 
• KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 
• KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 


٢K אאאאאאW

KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK

٣K KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKFKא1.49Eאאאא

אאאK

٤K Dm = Dc ……………………………………… 

٥K אאאאW

KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK

٦K KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKאאאאK

٧K אאאאFאEאאW

• KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 
• KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 
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אאאF١E
١. אאאאאK


٢. FEHCl7אא




אא
Hg2+Sb2+ + Au3+

FEאHCl1.0אאK



אא
Sb2+Au3+


٣. אאאא

אK

٤. אאZ8020%لمتبقي  ا

א80/100אx20 =16%.
אא80/100x4 =3.2% 

98%אא
אא

80+16+3.2 =99.2%K
 

٥. אאZאxאK
40x0.1 =4.0 mmole 

אא3.5= 4.0-0.5א mmole 





א٢٦٣אא
אאאא
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[mmoles Ao] X Vw 
[mmoles A]w X Vo Dc = 


3.5 X 40
0.5 X 20 = 


Vo 
Vw Dm = Dc


20 = 7 40 Dm = 14


1 

(Dm+1)2%E = 100 [1-


1 ](7+1)2 %E = 100 [1-


= 100 [1 – 0.125] 

= 100 [0.875] = 87.5% 
 

٦. אW
• אאאאאאK 
• אאאאאאאאאאK 
• אאאאאאאK 
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אאאF٢E
١. אאאאא


• אאK 
• אאK 
• אאאאK 


אאאאאא .٢

אאK

٣. אFא٤٩}١Eאאאא

אאאK

٤. 

Vo 
Vw Dm = Dc


٥. אאאא

FEאאK

٨ .٦אאאאK


٧. אאאאFאEאאW
� אאאאFe3+א

אFe2+K 
� אHClK
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אאW 

אאאאאאא
Kא

אאW
אאW

١. אאאאK
٢. אאאאאK
٣. אאאאאK 
٤. אאאאא

אאK 
 

אאאW
אאאאא%٩٥K


אאW
٦ K


אאW

� K
� K 
� K 
� K 
� K 

 
אאW

אאאK
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אאIon Exchange
W

אאאאאאאK
אאאאאK

אאK
אאאאאThompson and Wayא

אאאNH4Clא
F٥E،אאW
� אHCa+, Mg+, K+, NaאאאK 
� FאEאNH4

+אאK 


F٥EאאאאK

Soil [Na+, K+, Mg++, Ca++] + NH4
+ → Soil [NH4

+] +  [Na+ K+ Mg++  Ca++ ]FE
אאאאאZeoliteNa2[Al2Si2O8 . xH2O]

Na2Z + 2NH4
+ →( NH4)2Z + 2Na+Zא

אאאאאא
אאKאאאאאאאא

resinsKאאאאאK

K, Na, Ca, Mg)(

NH4אא
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JאאFאאEorganic resinsW
אאאא،אא

אאא،K
אאW

אאאW
אאstyrene (90%)א)%10(divinyl 

benzene  אcross linking
אKאאאK

 
CH=CH2 CH=CH2

+ 

CH=CH2 


CH CH2 CH CH     CH2   CH2

CH2    CH     CH2CHCH2CH

x

y

DVB Cross Linking Unit 


אאFאאKE
אאאאK
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WאאW
אא

אאאאאW
� strong cation exchangerW 

אsulphonationSO3Hא
אאאK

CH2Cl
SO3

H2SO4 fumming


אאאא

(H+)        אK
אאאא

RSO3H+ + M+  →  RSO3
-M+ + H+

Rא
אאDowex 50Amberlite IR 120
אא

COOH         אK
� strong anion exchangerW 

אאאא
(HCHO)K

HCHO
HCl

SO3-H+


אא(CH3)3N
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CH2Cl

(CH3)3N

CH2N+(CH3)3]Cl-
אאאKא

אאK
R-CH2N+(CH3)3Cl- + X- →  R-CH2N+(CH3)3X- + Cl-

אאאאW
Dowex 1Amberlite IRA 400K

אאאאא
אK

אאאW
KאאW

אאאא١אאKאאא
אאאאKאאאא٠}٢א

אoC١٠٠אאא١א،١אאאאא
(1.0 g/g)K

KאאאאTotal Capacity (TC)W 
אאאאאאFאE

א١אאאאK
W

  RSO3H + Na → RSO3Na 
2RSO3H + Cu2+ → (RSO3)2Cu 

אאאCu2+אאאNa+
١אא١א٢א

א١אK



א٢٦٣אא
אאאאא
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אאאאאא
(CH=CH2)n

SO3H 
א١٨٤L

RSO3H + NaOH    →    RSO3Na + H2O 
١Na+→١٨٤
١٠٠٠Na+→١٨٤

?→١
١٠٠٠x١ אאאT.C 

١٨٤
Z٤}٥LK

אאאאאאא١
FE٤}٥אאאא،

אK
W

٥}٠אאאFE١٠٠א
١}٠אאאא٢אא١٠٠

אאא٠٧٥}٠،אאאאK
אW

אאא=10 mmole ١٠٠ x ٠٫١ 
אאא =7.5 mmole١٠٠ x ٠٫٠٧٥

אאאאא=2.5 mmole٥}٧–١٠K
אאאT.C0.5 =5 mmole/g D2.5

אאW
• אאאאFא

EF٢٤KE 
• אFאEאאאאK



א٢٦٣אא
אאאאא
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אאאאF٥}٠אE
אאאאאאאאא٢

אאאאאאאK


KאאFEאאאאW
אאאאא٥،١٠

،،،٢٤KKKKKKKKאF١KE


F١Eאאאאא
אא אאאLא 

٥
א

KKK
٢٤
 

٥}٠
٠}٢
KKKK
KKKK

٤}٥ 


אאאאאF٦WE




 
      אא�
 
                   א�
                   




אאt1/2
F٦Eאאאאא



א٢٦٣אא
אאאאא
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t½Wאא%٥٠אאאאאאD٢K
אאאאt½א٥K


אא

z١xiEאFאEאא
١٠٠٠KאאאW

אZ٥٢٥}٢٠אK
אHאאZ٨٥٧}٢٠אK
אHאאZ٦٩٠}٢٠אK
א؟אאאאא

iiEאאאא٠}٥א١٠٠א
אCl-      SO4

-K
אאא٢٥٠אKא٢٥אF١}٠

Eאאא٥}١٣،אאאאF
Cl-١אE؟K

אW
• אאW 

אאא=0.165 g٥٢٥}٢٠–٦٩٠}٢٠K
אאאg=0.167٨٥٧}٢٠–٦٩٠}٢٠

אאא =1.01 g١٦٥}٠D١٦٧}٠
١٦٧}٠ א

١٦٧}٠H١٦٥}٠ 
X١٠٠Z%٣}٥٠١K 

אאא=49.7%٣}٥٠–١٠٠
אאא%٤٩٫٧אאאא٥אאא

=2.485 gx 5 gF٧}٤٩D١٠٠E
• אאאW 

אAgNO3 + Cl- → AgCl א١W١



א٢٦٣אא
אאאאא
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∴Ag+ZCl-=1.35 mole٥}١٣X١}٠
Cl-٢٥Z٣٥}١K

∴Cl-٢٥٠=13.5 mole٣٥}١XF25D٢٥٠E
١EאFאאא∴

/gCl- =5.4 mmole ٢٫٤٨٥ ÷  ١٣٫٥
z٢x٥אאMgSO4.7H2OFא٥}٢٤٦E

٢٥٠אאא٢٥٠אאא
אאKאאאFאE

אF١}٠Eאאא٤٠Kאא
؟אא

אW
אאאאW

א٢٥٠=0.0203 mole٥D٥}٢٤٦
א=20.3 mmole١٠٠٠X٠٢٠٢}٠٣

∴א٢٥=2.03 mmole٢٣}٢٠xF٢٥D٢٥٠E
אאאWאאאH2SO4אאאK

∴אאW
H2SO4 +2NaOH → Na2SO4 + 2H2Oא٢W١K

H2SO4DNaOHZ½K
H2SO4ZNaOH/2   K

2.0 mmoleZ40 x0.1/2  
∴אא(% Purity)=   98.5%2.03/2 x100

z٣x٢אא١٠٠١،אא
אאאאאאאא
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אאאאאSO4
- L

 ٣١}٠ 

٧٥}٠
٤٣٣}١
٨٨٤}١
٢٠٢٥}٢
٢٤٧}٢

אt½ Fאא%٥٠אאאאEאאאא
K

t½ZאאD٢
=1.33 mmole/g2D٧}٢

אא٤אאאא،t½٥
K

אא
١. אאW
• אNaClK 

אאאא
F٧E

RSO3H + NaCl  RSO3Na + HCl
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F٧Eאא

אאאאאאא
אאHClFEא

אF٨E


F٨E HCl 

HClאK



                                          RSO3Na

HCl

                 NaCl

NaOH

HClא
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• א(H2SO4)א(CuSO4)אW 
J אאא

א،אא
אK

J אא
א 

אF٩E 


F٩Eא

J אאFאHאא
אאEאאאK

J אאאK 
 

٢. אאאאאW
אאאא

(H+)אא(OH-)אF١٠KE

(RSO3)2Zn

H2SO4אאH2SO4+
א

خليط من 
(ZnSO4+H2SO4) 
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F١٠Eא

אאאdeionised waterK

٣. אאאPreconcentration of very dilute solutionsW 
١}٠א(ppm)אFאE

א،א١٠٠אאאא
א(RSO3H)FאאאKEאF١١KE


F١١Eא

אאאא٢٥אF١EאF١٢KE

    (RSO3)2Cu

100א

100א 

אאFאE 

RCH2N(CH3)3(Cl-,Br-)

RSO3(K+,Na+)

 H++OH-         H2O) نقي



א٢٦٣אא
אאאאא
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F١٢Eאא

אאא٢٥א٤}٠א(ppm)א
אאאאאאK

 
iiEאאW

• אאאאF١}٠–٥}٠E
UO2

2+ + H2SO4 → [UO2(SO4)2]2-
• אאFאEאאאאFE

SO4
2-אאאאאאא

אאK 
• אאאאאאUO2Cl2K 
• אאpH= 7אאK 
• אאאאאU3O8א

אאyellow cakeK 

(RSO3)2 Cu

٢٥א

٢٥א
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z٤xאאאRemoval of InterferencesW

אאאאאאאאK
אאPO4

3-אאאא
אאאאא

EDTApH=10KpH7.0א
אCa3(PO4)2↓אא،אאא

אאאאRCH2N+(CH3)3Clא
אאאאאאK

אאאאאpH=10אEDTAK
z٥xאאFאאEIon Chromatography (I.C)

אאאאאFאאKE
אא،אאK

אאאW
אאא

אאHClKאאאא
FאEא،אאאK

Mn2+, Co2+, Fe3+, Ni2+אאK
אMn2+, Co2+, Fe3+אאHClאNi2+K

Fe3+ → [FeCl4]-
Co2+ → [CoCl4]2- 
Mn2+ → [MnCl4]2- 

Ni2+ → X
אאאאCl-אאא،Mn2+, 

Co2+, Fe3+FEאאאאNiאK
אאאאאאW

• אאא6HClאא[MnCl4]2- 
[MnCl4]2 → Mn2+ 

אאאK
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אאאאא
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• אאא4HClאא[CoCl4]2- 
[CoCl4]2 → Co2+ 

אאאK
• אאאא0.5HCl[FeCl4] - 

[MnCl4]2 → Fe 
אאאKאאאאא

HClאא١٣EאW
0.5M HCl                           4M HCl6M HCl12M HCl 

א
אא


Fe3+CO2+Mn2+Ni2+ 


HCl 

F١٣EאאאHCl

JאאW
� אאאאאFאEאאאK 
� א١٨٤٠אWayThompsonאא

אK 
� א١٩٠٠אאGansאאאא

אK 
� אאאאאא

אאאאאאW 
o אאK 
o אK 

אאW
� אאאאאאKCs137K 
� אאאאCs137K 
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אאאאא
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� K 
� אא 

 
אF٢EאאFאEאW

אF٢Eא
א FאE  

א   
אאאאoC ٢٠٠oC١٠٠٠

א
א
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אF١E
١Kאאאאא

אKK>
٢KאW

• אאK
٣KאאHClא

אאK
٤KאTi4+אאאF-TiF6

2-א
אאKא

אK
٥K٢אאא100אK10

אאאאאאא،אא
אאF0.111EאNaOHא
15אאאאאאK

٦KאאאאאאK
٧Kאאאאאאאאאאא

אאKK>
٨KאאIIIאאא

אK>
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אאאאא

 
 

- ٣٥ -  

אאF٢E


١KאאKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK


٢KאKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK


٣KאאאאאKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK


٤KאאKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK

KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK


٥KאאאKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKS3OH
אאאאK


٦KאאWKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK


٧Kt½WKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK


٨KאאאאאאKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK












א٢٦٣אא
אאאאא

 
 

- ٣٦ -  

אאאF١E


١K אאאאאאFKE

٢K אאאא

אאK


٣K אאE.D.T.Aא
אאאאא

אאK


٤K אאאTiF62-
אFEאאK


٥K אאאאאאא

אאאא
א

NaOHZH+ZאאK
NaOH١٠15 X 0.111=1.665                           

١٠٠16.6510 X 1.665/100
אא16.65

אאL١٤٤٫٥  Z85 X 16.65
אאא144.5/1000 =1.415 g                     

אאא1.415/2א X100 =70.8% 
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אאאאא
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٦K אאאא
H+אאOH-אאאK


٧K אאאא(0.1-0.5 M)א

אאאא،אאאKאא
אאאאאאK


٨K אאאא

אאאאאK
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אאF٢E
١J אאK
٢J אאאאK
٣J אאאאאא

אאK
٤- אאאאא

. 

٥J אאאאSO3H
אאאאK

٦J אאאא1.0אאK

٧J אא50%אאאאאא
D٢K

٨J אאאאאא
אאאK

 
 
 



 

 

 

אאאא 

 

אאאא  

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

אאאא 


א




א
 

٣
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אאW
אאאאאאאK


אאW

אאW
١. אאאאK
٢. אאאK
٣. אאאK 
٤. אאאאK 

 
אאאW

אאאאא٩٥K٪


אאW
١٦K


אאW
� K
� K 
� K 
� K 
� K 

 
אאW

Kאאא
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אא
אאא

W
א١٩٠٦אאאאאא

אא،אא
אאאאאKאאא

אאאאKאאא
colourto writeKא١٩٤٠א

אאאאא١٩٥٢
אאאאאא

אאאstationary phaseא
א،אKאא

mobile phaseאאK
אאאאאאאא

אKאאאאאאא
אK


אאאW

אאאאא
אאW
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� א–W 
o אא–אGas Liquid Chromatography 

(G.L.C) 
� א–W 

o אאאאK 
o אאאאKH.P.L.C 
o אאK 

� א–W 
o אא–אGas Solid Chromatography (G.S.C) 

� א–W 
o אאאאאK 
o אאאK 
o אאאK 




אא

אא


אאא


אא
א

J

אא
א

J  

אא
א

J

אא
א

J  
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אאאF–WE
אאאאאאF١٤KE



 


F١٤Eאאאאא
אא،אא

אאK
אאאאאאFאE

אא،אאאFx EFEא
אאאאאאFzEאאאK

אאאאאאאאאאאK
אאא

אאאK
אאF–WE

אאאאאאאאK
אK

אאאאאאאKאא
אאאK

אאאאאא
K

אאא

x،z،y

 

x
y 

z
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אאאאאאW
אאאאא

אאאKאאאאא
אאאאKאאK

אאאאאאאא
אאK

אאאאFאKE 
אאאאאאK

אאאW
אאFאאאאE،

אאאKאF٣EK
F٣Eא

אאאא אא 
١אאאאאא
٢אאאא

אאא
٣אאא
٤אאאאא
٥אאאא

אאא
٦אאאאאאא
٧אאאאא

אאאא
אא
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W
אאאאא

אאאאאאאK
אאאאאאW


� אאאK 
� אאאK 
� אאאK 
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אא
אאאPlane Chromatography

W
א،אאאאא

אW
� אאW

אאאאK
� אאאW

אאאא
אאK

אאאFאאEאאF
אאאKE

אאאאאאאאאא
אאK

Rfאretardation factorאqualitative 
analysis.  



אאאאאאא 

אאאאאא 
Rf = 
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אאPaper Chromatography
אאאFEאאFאEאאK

אאאאאאאK
אFאאאEאF٢Eא

א،אאאאאא
אאאאאאK

אאאאאאKא
W

١K אאWFאאאE
אאאאאא

אKאF١٥KE
 
 
 
 

 

         אא 

                        אא      

F١٥Eאא
  

٢K אאWFאאE 
אאאאKא

אאF١٦KE


 

אא
 

אא
 

 
  

F١٦Eאא
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٣K אאFWאאE 
אאאאא

אאאאK

אאAKאא٩٠
אאFEBא

F١٧KE

אאאא
אK



א

אאאא

אא

א
 

אא

F١٧Eאא
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אאאThin Layer Chromatography

W

אאאאא
אאאאא

F١٨KEאאאאא
אאאאאK

אאאאאאW

� אK 
� אK 
� אK 

אאאאא
אKאאאאoC 

١١٠Kאאאאאא
אאאאאlocating reagentK

אאאאאK


F١٨Eאאא
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אאאאW

אאאאאא
אKאאאא

،אFאאאEאאא
אאFאKEאאאאK

אאאאאאאאאאאאK

אאאאאW

אאאאאאאא
אW

١K אאא،אאא
אא٢٠א–٣٠،אא

אאK

٢K אאאTLCאאאFאאE
אאאK

٣K אאאאאאאא (hydrophobic) 

אאאאאאאאK

٤K אאאאאא
אאאאK

אאאW

J אאאאאאא
אאK

J אRfK 
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אאאW

،W

� אאאא،אאאא
אאאאאא

אאאאא،
אאK 

� אאאאא Rf
אאאK 

� אאאאאאאאא
אאאאאאא

אאאאאאאאא
אאK
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אא
אאGas Chromatography (GC)

W
אאאא١٩٥٢אא١٩٥٥

אאK
אאאאאאW

� אאאא–Gas Solid 
Chromatography (G.S.C)    . 

� אא–Gas 

Liquid Chromatography (G.L.C)K 
א–אאא

א–K
אאאאאאא

אאאאאאאKא
אאKא

אאא50-350 oCK
אאאאW

J K
J אאאK 
J 1000K 

אאW
J אאKJאאאKJאאאאKJאא

אK 
W

١KאאאאאK٢KאאאאK
אאאא،אKFא

EאאFאEאK
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אאאאא
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אאאW
א،אאאאא

אseptumאאאא
אאאאא،א

אאאאאאאF١٩FEאא
אKE



אאא











אF١٩Eאאאאא
אאאא

peak. 


אאאאW
אאאF٢٠EW

• אאFEcarrier gasK 
• אinjection portK 
• אFpacked columncapillary columnKE 
• DetectorאK 



 العينة

 الساند
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אאאאא
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אF٢٠Eאאאא

אאFאאECarrier GasW
אאאאאאאK

אאW
J אאK
J K 
J K 

אאאא،אאאאאאא
אאאאאאאאא

אאאאאK
אאאאאא

אאK
אSample Injection PortW

אאאאאאKא
،K

אאאFEא
אאא

אFאאאKE
אאאא

אK



א 
א
FE 
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אאאPacked Column Injection
אאא١}٠א١٠אאא

אW
אאאאאאא

אKאאאאאא
אאאאFאאEאא

אאא،אאאאK
אCapillary Column Injection

אאאאאא
אאF١}٠–٢EאK

אאsplitאאsplit less
אאאאאאK

אאSplit InjectionW
אF١}٠–٢Eseptumאא،א

אאאאאא
אאאKא

אאאKאא١}٠–١٠٪א
אאאאK

אThe ColumnW
אא،אא

אאKאW
• אאPacked Column

אא٣ – ١א٣ – ٢Kאא
Kאא
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• אאCapillary Column 
אאאאאאאאאאא

F٢١KE


אאאא


אא
אF٢١E

אאאא١}٠–٦}٠
١٥–٦٠Kאאאא٢٥}٠–٥K

אאW
� אא–WאאאאאW

JJJJK
אאאאאאK

� אWאאFEא
אאFאEאא،

WJJאK 
אFEאWא

אאאאK
אאW

iEאPolar LiquidsW
אאאאאאאאF

א60-250oCEFoC٢٠٠Eאא
אאאאאאאא

אאאK
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iiEאNon-polar LiquidsW
אאאאFאאoC٣٠٠E

אאאK

iiiEאSpecial LiquidsW

אאאאאאLKא
אאאאאאאא

אאאאאא
אאאאW

C C 
Ag

אאColumn PerformanceW
אאאאאאאאFאאEא

אאFאKEאאאאאאא
אאאאאאאאא

אKאאאאאא
אאאאKאאאW

(iאW 
אאאאאא

אאאFאאKE
אאאאnumber of 

theoretical plates (n)אאאF٢٢KE


 




W


tR
F٢٢Eאא
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אאאאא

 
 

- ٥٧ - 

2
R

w
t 16 





=n

אאnאwאtRK
אאnאאא

אאאH
2)(16 Rt

wL
n
LH ==

LWאK
אאאאHאK

אHאא
Van Deemter EquationW

d f2 ū k 8 2νDG 
DL 

·
(1+Ќ)2 Π2 

·+ū H = 2λdp +  

W
HWאאאK                λνWאK

dpWאK
ūWאאאאK

DGWאאאאאאK
DLWאאאאאאאK
dfWאאאאאK
kWאK

אאאW
−

− ++= uC
u

BAH

אאאאאא
אAFאאWE
אאאאאאאא

אאKAאא
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אאאאא
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אAאKאא
אאאאK

אBFאאWE
אאFאאאEאאאא

אאאאאKאאאאא
אאאאאאKא

אאאאK
אCFאאWE
אאאאא

אאאאאאאאא
אאאKאא

אאאאאאאFאאא
Eאא،אא

אאאאKאHא
אuאF٢٣KE

  -Cu
u
BAH ++= − אא 

 
 

−Cu  
 
 
            H 

 
                        A          

                    −u
B 

 
           u                     u א 

אF٢٣EאHאא
 אFHEאאA, B, Cא

אKאאא
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אאאאא
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UopKuאCאB
אAאK

iiEאFאאEאאW
אאKאאFאאE

אאKאאRW

21

12

ww
)tt(2R +

−=
אאאאF٢٤KE

t2 
t1 




W2W1



F٢٤ER 
אR ≥ 1.5    

אF٢٥Eאא(i)אאnK(ii)
אאK

א



אאn 
FאE


אא

FאאE


F٢٥Eא





א٢٦٣אא
אאאאא

 
 

- ٦٠ - 

אאאW
אאאאא،אא،

אHoC٥٠KאאoC٢٥٠
אאאאKאא

١٠٠-+oC٤٥٠אאאאא
KאאאFאא

אאEאאא
אFאאאאאא

אאאEאF٢٦KE
 

אא
אא


אאא



F٢٦E

אאאF٢٧EאאאW
٦א
אoC٦٠W

43  21 
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אoC١٤٠W



          6            5          4                3   2   1 





אW
654321 





F٢٧Eאאא


אFאEDetectorW
אאאאאא

אאK
אאאאK

אאW
J אאK
J אאאK 
J אאאאKKKKKK 

אאאאאאאא
אאאא،אאK

iEאאאFEKatharometerW
אWא

אK(R2 , R1)KאF٢٨EF٢٩KE
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אא

 

א
F٢٨Eאאא






R1R2 


R3R4




אא
F٢٩E

א 

N2 

א 

א 

א 

N2+x N2 
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אW
אאאאאא

אאא،אאאKאא
אאאK

אWאאאKאא
אאKאאאאRf1 = Rf2

אאאK
אxאאאFF1FN2 + xEF2FN2

KERf1 ≠ Rf2∴אאא
אאאK

אאאאאאאאK
iiEאFlame Ionisation DetectorW

אWאאאאאאא
אK

אWאאאא
٢٠٠אאF٣٠KE


 

       
 
 

 
 

         א
 

 
       300V  
          
א 

F٣٠Eא
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אWאאN2אאK
אxאN2אW

אא(x)HH⇐אHHH
HK

אאאאאא
FEאא(x)אאאאF٣١E


N2+x 


N2N2


F٣١Eאאא


אאאW

� אאאאאK 
� אאאאא

אK 
אW
� אאאK 
� אאאFאאאאאKE 
� אK 

iiiEאאElectron Capture DetectorW
אאאאאאאא

Organo halogensK
אW

אβFEאא63Ni3H
אF٣٢KE
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אאאאא
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א63אNi3H 
 

א 
F٣٢Eאא 

אWאאאאא
אאאאK

אWאאאאאאאW
� אFEאβאאאW 

N2  + β → N2
+ + e-

אאK
� ٢٠–٥٠אFEא

אאFEאאK 
� FאאEא

אאאאא
 

e- + AB ⇋ AB- 
e- + AB ⇋ A + B- 
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� אא٠٠٠}١٠٠אא(e- )א
אאאאא

F٣٣KE 



אא


א

F٣٣Eאאאאא
אאW

אאא     
R.TאאF٣٤KEא

אK




R.T 


F٣٤Eא


RTאאאאK
אאאאא(GC/MS interface)K

אאאאאא
אאאK

אאW
אאK
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