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FKE
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++ +↔+ H M 1)-(nHLM n
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אאmole ratio method  

אאאmethodvariationscontinuous  
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אאאא
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אאא

Molecular Fluorescence and Phosphorescence 
אאא

،א،אאF10-9
אאאKEאאא

אאאluminescenceK
)(10-12 secאאא

א
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אא
F٢٤Eאא

Kאfluorescenceאאאא
 -96١٠-  ـ    ١٠Kאphosphorescenceאאא

א-3 ١٠ – ١٠אF٢٤KE

S2 

 امتصاص" إثارة"

(10-5 Sec) 

 تألــق
10

-9 Sec  10-6 
 وميض

 Sec. 10 – 10-3 

عبور
داخلي

تحول 
داخلي

S1 

T1 
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π
אא

T                           S 
F ٢٥Eאא

אאאאאא،אאאא
אאאאאא

*π→n*ππ →אF25KE
אאאאKאאאאא

FאאEאאF↓↑Epairedאא
א  singlet state אoSKאאא
אK(iKאאאאאאF↓↑E

אאא1   2 S  ,   SKKKKאאF
sec1010 69 −− →EאאאoSא

אK
(iiKאאאspinאאunpaired

אאtriplet stateאTK
אTאאאSאK
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oSאאאאאאאא 
12 S     ,    SK

אTאFאאאE
אאאoSאFsec. 1010 3 →−E

אK
∴אאW

1S   →oS،T1   →oS
אW

אאאאF٢٦WE
١. K٢KאאK٣KאFKE٤Kא

FE 


א
   exλ 




א
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אemλ
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אW
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אאW
א

אK
אW

אאאאאK
אFאE

K
אאאאW
١. א

אFאאא،א
K

١(KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKbc-e ε==
Io
I

אא



٢(KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKbc--1 
Io
I-1 ε=





=אא

א٢


٣(KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK( )bc-
o e-1 I ε=− II o

I- oIאאK


אאאאFK
(4KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK( )bc-

o e-1 I  F εφ=∴
φ،אאאאא

אK

אאbcεאאbce ε−
א، ليآما ی ٤ 
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(5KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKoI φ=F
אאאאK

אאאM 10  -5≤cא٤W
(6KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKbcF εφ  oI  303.2=

אאאא،
אkא٦אאK

7(KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK( )bc 2.303Io  εφkF =
אאאאאFcאא

אK
(8KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKc /kF =


אcFאcA،

KאאאFcאא
١. אW

אאאאאא
אאא،אאאאאא

אאאאאK
٢. אאW

אאאאא
אאאאK

אemλאexλ
א،אאא

،אאאאא  anthracene  א
F٢٧ .(
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F٢٧Eאאאא

א،אאא،
אא،אא

אאאK
،אexλemλאאK

אאאW
אאאאKא

אאoIIאאאא
אKאאאK

٢KאאאאFאא
אאא،אK
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אאW
Kאאאאאאא .١

אאאא20%1 ±K
٢. אא،אאאא

אאאK
אאW

١. אאא،אאא
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א
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٢. אאK
א+2

2UOא+3Ceאא
אK

א،אאא
٨JK






א٢٦٢אא
אאאאאא

 
 

- ٤٦ -  

אא 
אאאאא  

Infra – red Spectroscopy 
 

אW
אאאאאאFאאE
אאאאאאאאאK

אאאאאW
E אאאKEאאאאK 

אאאאאאW
E אאEאאאא

אאאK 

אאאא
אאאאאאFאאE

אאאאאאאFE
אאא

א mass spectroscopyאאאאא
N.M.RK 

אאאאλא
אmµאאK

אאאאאאא
א،א1א−cmKאאאאאאאK

אאאW
אאאא١٤٢٠F(cm-1

א)٥KE
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H

H

F٥Eאאא
אא

1−cm

٦٥٠ ٦٥٠ – ٢٠J4000 ٤٠٠٠–١٤٠٠٠

אא
m µ 

١٥ ١٥– ٥٠٠–٢٫٥٢٫٥ –٠٫٧٣

אאאאאאאא
אאK

אאאאW
אאאאW

Eאאאאstretching vibrationsW
אאאאאאאא

F٢٨EW
K אאאאאK






-1cm 2853 ≈
KאאאאאW








-1cm 2926≈
F٢٨Eאאאאאא





H

H
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EאאאאW
אאאאאאאF٢٩EW

K אאאאW 



in   plane-1cm 1450 ≈



 

K אאאאW



in  plane-1cm 750≈



KאאאאWKאאאאאW









1250≈1250≈ 
Out of plane 

F٢٩Eאאאאא
 

• אאאאK 

H

H

H

H

HH
H H
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אאאW
HClK


   −∂                       +∂




      

 

−∂                +∂






  −∂                               +∂




אW
١. אאאאא
٢. אאאאK 

אאאאא
אאאאאאאK

אאא،אא
אאאK

אאאאאFאאEW
H2  ,  Cl2  ,    N2   ,     O2W

HClW
אאאא،אאא

אאאאK


H Cl

H Cl 

H Cl
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אאאאאW
אF٦EאאאאאאאאאאK

F٦E
4000 (cm-1)       2500                2000           1800          1650           1550          650

 
C  = N         C – Cl    

C – O                  
 

C - N 
C  =  C       C - C 

 
N  =  O     N  =  O 

 
 

C = O 


א
א

 C  ≡  C 


 N ≡   C
 
 

X  =  C = Y
(C, O, N. S)

 
O - H     C - H


 
 
 

N - H 

 
1500אJ700אprintfinger א
אאאאא
אK

WאאאאאHJOא٣٦٥٠٣٥٨٤
א١٥٠٠   ١٠٠٠ـא-C-OO-Hא

K
אאאאאאF ٧E

אאאאאאאK
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F٧Eאאא
אא نوع الرابطة

cm-1
C – H ألكانات    

 )شد(         ألكينات  
 )شد (ةروماتي  المركبات الأ        

  ألكاينات          
 

 الدهيد
 
 

٢٨٥٠ – ٣٠٠٠ 
٣٠٠٠ – ٣١٠٠ 
٣٠٥٠ – ٣١٥٠ 

٣٣٠٠ 
٢٨٠٠ – ٢٩٠٠ 
٢٧٠٠ - ٢٨٠٠ 

C = C ألكينات    
 يةمركبات أرومات

 

١٦٠٠ – ١٦٨٠ 
 ١٤٧٥ و ١٦٠٠

 C ≡  C٢١٠٠ – ٢٢٥٠  ألكاينات 
C = Oألدهيد   

 كيتون
 احماض كربوكسيلية

 استر
 أميد

 انهيدريد
 كلوريد الحمض

١٧٢٠ – ١٧٤٠ 
١٧٠٥ – ١٧٢٥ 
١٧٠٠ – ١٧٢٥ 
١٧٣٠ – ١٧٥٠ 
١٦٤٠ – ١٦٧٠ 
 ١٦٧٠ و ١٨١٠

١٨٠٠ 
C - Oكحولات ، ايثرات    

א،אא
א

 

١٠٠٠ - ١٣٠٠ 

 H  _Oكحولات ـ فنيولات حرة   
 مرتبط برابطة هيدروجينية

 أحماض كربوكسيلية
٣٦٠٠ – ٣٦٥٠ 
٣٢٠٠ – ٣٥٠٠ 
٢٤٠٠ – ٣٤٠٠ 

N – H٣٠٠ - ٣٥٠٠ ميدات الأمينات الأولية والثانوية والأ 
C – N١٠٠٠ – ٣٥٠   أمينات 
C = N ١٦٤٠ – ١٦٩٠   اكزيمات إمينات 

N ≡ C٢٢٤٠ – ٢٢٦٠   نتريلات 
 N = Oنايترو   

 
  x C - =  فلوريد 

 كلوريد          = 
 بروميد ويوديد          = 

١٣٥٠ - ١٥٥٠ 
١٠٠٠ – ١٤٠٠ 
٦٠٠ – ٨٠٠ 

 ٦٦٧أقل من 
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٣٠א ٣١٣٢אאאאא
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אאאW
אאאF٣٣E


א

אאאא



אא
)٣٣Eאאא

C – Cl 
 اهتزاز الشد
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אW
א،אאK
Wאא،אא

אאאא1800oCKאאאא
אאK


אאאW

אאאאאאאאאא
אאאאאK

אF٨EאאאאאאאW

אאאאFmµE
א١٦}٠٠}٤

א١٣}٠٠}٩
א١٣}٠٠}١٢
א٢}٠٠}٢٥
א٢٥}٠٠}٤٠


אאאאאאאא

אאאאK
אאאאאאאא

אאK
אFאWE

אאאאאאW
אאא

אאאK
אאא
K
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אאאW
،אא

אאFאאEאאF
אאEאK

אאאאאא
אאאאאאK∴אא

אאאאאא
אאאK

אW
אאאאאאא

אKאאK
١. W

אאאא
אאאא

،אאא
אK

٢. W
١. אW

אאאאא
אאאאאאא

אאאאאאא
אאאאאK

٢. אW
אאאFאאE

אאאK

٣. אKBrW

אF١٢EKBrF١٠٠٤٠٠Eא
אאאK
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٣. W
אאא

אאK
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אאF١E
אאאW

١K אאאאא؟אא
٢K ؟א 
٣K אאאאאא%؟٥٠ 
٤K אא_؟ 
٥K אאאאאא؟אאאא 
٦K אא؟אא 
٧K אאאאאאא

אK 
٨K אא-3١٠א٣٨٠}٠

אאא؟٣٨٥}٠ 
٩K ؟א 

١٠K אאאא؟ 
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אאF٢E
אאאW

אאW
١K אאאאW 

LאLא
٢K אאאאW

LאLא
٣K אאאאאW

LאLא
٤K אאאFFאEcFאEW

LF=k'cLF=Φc 
٥K אאW

LאאאLאאאK
٦K אאאאW

LאLאK
٧K אאאאאאאאW

LLK
٨K אW

L2-log%TLlog%T- 2      
٩K אאW

LאLאK
١٠K אאאאאאאאאW

LאאאאאLאאאK
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אאF٣E
אאאW

F√EאFXEאK
١. אאאאאאKEF
٢. אאאאא

אאאאKEF
٣. א

אאKEF
٤. אאאאא2500 – 3000KEF
٥. אאאאאאKEF
٦. אאאאאKEF
٧. אFאEא١٨٠אאאKEF
٨. אFEא

אKEF
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אאאF١E

١K אאאאאאK
٢K אאא

אאאK 
٣K A = 2-log %T =2-log 50 =0.3 


٤K 

• אאאאK 
• א 
• אאאFKE 

٥K אאאK
٦K אאאא
FאאEאאאK 
٧K אאאאאאאא

אאאאאא
אאאאאאK 
٨K אאאW 

380
10

380.0
3 === −c

Aε


  אאW
% = 380/385 x100 =98.7%

٩K  אאאאאאאאK
١٠K אאאHClאN2H2K 
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אאאF٢E
١K FEאK
٢K FEאK 
٣K FEאK 
٤K FKEF=k'c 
٥K FEאאא 
٦K FEאK 
٧K FEאK 
٨K FET2-log% 
٩K FEאK 

١٠K FEאאאK 
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אאאF٣E


١K אאאאאאF√KE
٢K אאאאאא

אאאF√KE
٣K א

אאFXKE
٤K אאאאא2500 – 3000FXKE
٥K אאאאאאF√KE
٦K אאאאF√KE
٧K אFאEא١٨٠אאאFXKE
٨K אFEאא

F√KE
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אאאאאא  

 

אאאא  

אאא
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אאW
אאאאאאאאאK


אאW

אאW
١. אאאאאK
 Kאאאא .٢
٣. אאK 
٤. אאאאאאא

אK 
 

אאאW
אאאא٩٥٪


אאW

١٠


אא
١.  
٢. אא 
٣.  
٤.  


אאW

Kאאא
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אא
אאא Flame Photometer 


W

 אאאאאאאFא
אEאאK

אאK 
אאאאאאא

אאK 
אאאא

אאאאאאK


אW  
אאאאאאאאK  

Kאאאאאאא •
• אאאאאW

( ) ( ) ( ) ( )ggg22 Cl Mg MgCl  +→→sMgCl  
• אאאאאאאאא

אאאא
אF٣٤WE

( ) ( ) νh  Mg Mg  g
*
g +→→gMg  

         E2
*              

 
             

                  E1
* 

 
                   Eo 

F٣٤Eאא 
אאאאאFKE  
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אF٣٥EאאאK  
 

אאW 

                 
 
 
 
 

 א
א
אאא
א


אF٣٥Eאא
אאאאאW

• א 
• א 
• אאא 
• אא 
• אFאE 


١. אW 

אאאא
אאאאK

٢. אW
אאאאא

אK
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٣. אאאW 
E א 

אאW
• אאאאאאK
• אאאK
• אאאאאK

א،אאאKא
אאKאאאא

،אאאאאאאאא
אאאאK

FEאאW
אFEא

אאאאאW
אאאW

אאאאF ٣٦Eאאא
אאאא

אאא،אאאKKאא
אאאאאאאאאאK


א
     
   

 
           א
אא
א

F٣٦Eאאאא
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אאאאאאאאא
،אאא،א

אאאאאK
אאאW
אאF٣٧Eאאאאא

אאאאא
אאאK
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א
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א
F٣٧Eאאאא

٤. אאאFאאWE
אאאאאאאא

אאאאא،W


iEFE:Filter

אאאאאא
אאאflame photmeterK

iiEאW
אאאאflame spectrophotomer
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٥. אFאWE
אאאאאא

אאK
אאא،אאאאא

אאFאא،אאאאKE
אאאאW

אאאאאאW
K אאK

אאאא
אאאאאא
אאFKE

( ) ( ) e  Na  g +→ +
gNa

K אאאW
אאLאא

אW
o אאאאK
o אאאא

אאאאאK
o אאMLx א،ZL MFאEא

אK( )( )XOHM 2א
אאאא

אאאK
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K אW 
אאאאא

אאאאאW
אאאאאא

FEאאאK
אאאW

• אאאאאא
אאא80%אא

אK
• אאK



• אאאK
אאW

אאאאאאאK
• אאblank solutionFzeroEאK
• אאאאא

אאאאאא
אאאK

• אאאאאאK
• אK

אאאK
אW

אאאאאא
אאאאאאK

אאאאאאK
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אאFEאא
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Kאאאא
אאאאאאא

K
אאא

אאאא
א10000KK

א
 אאא،

אאאאאאאאאאK


אW
אאאאאF٣٨E

אא11-17LK
אאFEhigh frequency 

generatorKאאא،א
אאאאאK

אאאאאאאאא
אאאאאK
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F٣٨Eא

אW
אאאאאאאא

1.0LK

אW

אאאFאKE
אאKK

o אאאאאאא
אאאאאK 

o אאאFא٤٠E
אFאEsimultaneouslyאאאאא

אK 
o אאאאsequentially K 
o אאאאאאאאFאא

אE 





 אא
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