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1-1-Hydrogen bond

 :والانتقال البروتونيالرابطة الهيدروجينية 

1-1- Defination of hydrogen-bond and proton transfer: 

(A-H…B)

. (A-H) 

(B)

A, B(Habeeb and Awad 1995; 

Habeeb 1997)

 



(Nogaj 

1987; Dziembowska 1994; Awad and Habeeb 1996).
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Fig. (1-1): Types of proton potential in hydrogen bond. 

 

a(AH...B)

b(AH…B        A
-
…HB

+
) 

c(AH…A             A…HA)  

d(A...H...B)

e(A...H...A) 



 

1-1-2-Importance of H-bond and proton transfer complexes: 

 

(Perutz 1970) 

 

 

(Ruterjans and Pongs 1971)

(Fritsche 1971)

 

 

(Birkoft and Blow 1972). 

 RNA

DNANH…ONH…N

(Zundel, Lubos and Kolkenbeck 1972) 

 

(Zundel 1988) 



 

(Huyskens, Luck and Huyskens 1991) 

 

(Woods, Szarek and 

Smith 1990) 

 

053443

(Barreto, Aquino and Zaia 1990) 

 

(Cleland and Kreevoy 1994)

(Cleland and Kreevoy 1995) 

 

FTIR(Laurence et al. 1995) 



 

(Fourmy et al. 

1996)

 Roberts et al.

[diffusion coefficient (D)](Roberts, Pugh 

and Hadgraft 1996) 

 

(Gurlie, Duong 

and Kakrzeuska 1999) 

 

 

quinoenzymes(Niemz and Rottelo 1999) 

 

 

Serine-Histidine-Aspartate (Ser-His-Asp)

(Bunsi et al. 2000) 

 

 (Plessis et 

al. 2000)

(Abraham et al. 2002) 



 

 

 

PapaverinePentazocine(Cango and Lahiri 2001) 

 

 

Bacteriorhodopsin’s

(Bell, Khasanov and Drew 2002) 

 

(Francesco, Glaudiu and Gerhard 2002) 

 

 serine

(Katz et al. 

2003) 

 
 

(Kijak 

et al. 2007)  



1-2- Charge transfer complexes  

1-2-1- Defination of charge transfer complexes  

 

12(Mulliken and Person 1969; Haderski et al. 2000; 

Basavaiah and Charan 2002)

 

 

LUMO ACCEPTOR 

LUMO DONOR 



hvCT 

hv'CT 

hvA 

 

Fig. (1-2): Charge transfer transition of HOMOs of the donor compounds and LUMOs of 

the acceptor compounds. 

 

Higher 

Occupied Molecular Orbitals [HOMO]Lower Unoccupied 

Molecular Orbitals [LUMO] (Haderski et al. 2000)

         

chloranilic acid 

(CHA)chloranil0،25،52,3-

dichloro-5,6-dicyano-benzoquinone (DDQ)

HOMO DONOR HOMO ACCEPTOR 

hvD 



tertacyanoetheylene (TCNE)

(Muralikrishuna and Krishnamurthy 

1982; Adikwu, Ofakarsi and Atlama 1999)

 

1-2-2-Importance of charge transfer complexes  

 

(Briebleb 

1961; Andrews and Keefer 1969) 

 

(Pearson 1977; Stolka, Pearson and Yanus 1977) 



 

(Piellichowski and Starzk 1986) 

 (Koroekovas 

1998)(Andrade, Costa and Pansu 2000)

(Pullman 1968; Slifkin 1971; Kier 1971; Rich 1984)  

 

(Abdine et al. 1998; Zhao et al. 1999) 

 

(Mandal and Lahiri 1999) 

 

(Mandal and 

Lahiri 1999) 

 

 



 Rotational 

spectroscopy

b-pi-a-sigma



 

 (Bella et al. 1993) 

 

(Chakraborty, Mukherjee and Seal  

2001; Yakuphanoglu and Arslan 2004a, 2004b; Yakuphanoglu et al. 2005) 

 

(Goldberg, Valiunas and Brink 2004) 

 



 

(Morita et al. 2008) 

 

1-3-Importance of aminopyridines: 

 

(Ivanskiy 1978, 

Bishevskiy and Tersenov 1994) 

 

 (Pradas, Garcia and Sanchez 1990) 

 

 (Millero et al. 

1993) 

 2Piroxicam

PfizerFeldene

(Mammen and Schmidt 1995) 

 



N N
H

O

N

S

OH

H

OO

 

 

 [flavoenzyme](Deans and 

Rotell 1996)

 

[imprinted polymer](Jie and Xiwen 1999)

 

(Shakulashvili, Faller and Engelhardt 2000) 

 nanocomposite materials

(Hitzky 

2001) 

 (Roger et al. 2002)

 (Cote et 



al. 2003) 

 2Tenoxicam

RocheMobiflex

(Barary et al. 2004)

N

N
H

OH

N

S

S

OO

 

C-Hν C-Dν

(Travert et al. 2006) 

 

(Kannan and Ramesh 2006) 

 

4(IV)

553(Suvardhan et al. 2007) 

 



(Abdel-Latif, Hassib and Issa 2007) 

 4Pinacidil

(Korenke, Rivey 

and Allington 2008)

N

N
H

N
H

N

CH3

CH3

CH3

CH3

C

N

 

 
 2

[noval organic nonlinear optical crystal](Anandh and 

Ramasamy 2009) 

1-4- Literature Review  

1-4-1- Hydrogen bond and proton transfer complexes  



(Pimental and McClellan 

1960; Davis 1968; Mataga and Kubota 1970)

ππ

n-σ*

(Romanowski and Sobczyk 1975; Hamed et al.1995).

phenoxide

2,4-dinitrophenol

(Bayles and Evans 1965)

2,5- 2,6-dinitrophenol

(Bell and Crooks 1962)



pentachlorophenolTriethylaminepentachlorophenoxide

(Malarski et al. 1982)

2,4-dinitrophenol

(Berman et al. 1987)

Broda and Hawranek

(NH)ν(Broda and 

Hawranek 1987)

(Khan and Scott 1988)

Szafran et al.

(Szafran, Dulewich and Szafran 



1988)

Ye et al.24

(Ye et al. 1988)

Kalenik et al.

(Kalenik et al. 1990)

Habeeb et al.  الفا

(Habeeb et al. 1993)

Gohar et al.

ConstantHammett’s

[(substituted benzilidine)dithio] 

diacetat (Gohar et al. 1995)

Hamed et al.2,4-dinitro-

1-naphthol



DMSODMF

(Hamed et al. 1995)

2,4-dinitro-1-naphthol 

1:2(Mo)

(N-MI)(Habeeb et al. 1995)

 

 

 

Houben et al.

(Houben, Schoone and 

Meas 1996)

O N

H

O

H

N

H

O

NO2

NO2

 

NO2

NO2

O

N

CH3

N

CH3

H

Mo Complex NMI Complex 



Lautia and Belabbes

(Lautia and Belabbes 1996)

 Habeeb

(Habeeb 1997)

Habeeb and El-Kholy 

44-aminoantipyrene

25,0

2-chloro-3,5-dinitrobenzoic acid (CNBA)

monochloro acetic acid (MCAA)

(Habeeb and El-Kholy 1997)

N

N

H3C

H3C

Ph

O

H

N

H

4AAP

MCAA

CNBA

N

N

H3C

H3C

Ph

O

H3

N OOCCH2Cl

N

N

H3C

H3C

Ph

OH

NH2

Cl

NO2

NO2

OOC



 Filarowski et al.

Schiff bases 2

2-(N-methyl-α-aminoethyl)-phenol

C–C(H)=N

(Filarowski, 

Glowiak and Coll 1999)

Gohar and Habeeb

(Gohar and Habeeb 2000)

OO

Cl O

HO Cl

N OCH3

H

H

(solvent)

(solvent)

H

O

C

H
N

CH3

CH3
O

C

H
N
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O

C

H
N
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CH3

molecular o-quinonoid

O

C

H
N

CH3

CH3

keto zwitterionic

ENOL FORM PROTON TRANSFERED FORM



Borisenko et al.NH2

(Borisenko et al. 

2001)

Habeeb et al.

5,22,5-

dihydroxybenzoquinone523

(Habeeb et al. 2001a)

El-Kemary et al.2452-

amino-4,6-dimethylepyrimidine

β-cyclodextrin

1:11:2(El-Kemary et al. 2002)

Habeeb and Gohar 

Aminoanthraquinones Trichloroacetic acid



n-π
*

(Habeeb and Gohar 2003)

Habeeb and Kharaba

(Habeeb and Kharaba 

2003)

Lynch and McClenaghan

(Lynch and McClenaghan 2004)

Kitamura et al.

(Kitamura 

et al. 2007)

Borisenko et al.

22-aminopyrimidine

(Borisenko et al. 2008)



N

N

NH2

 

Chitra et al.2

(Chitra et al. 

2009)

Habeeb et al.5,2

4

Habeeb et al. 

2009. 

1-4-2- Charge transfer complexes: 

Kobinata and Nagakura

I2

(Kobinata and Nagakura 1966)

Bhat and Rao

2-aminopyrimidine 



(Bhat and Rao 1968)

Slifkin and Walmsley

1:1

1:2(Slifkin and Walmsley 1969) 

Srivastava and PrasadDDQ

DDQ1,9,4

(Srivastava and Prasad 1970)

Chrisyian and Grundnes

1:1

(Chrisyian and Grundnes 1976).

Agarwal and El-Sayed

 513
0

(Agarwal and El-Sayed 1981)



et al. Abdel-Hamidpentazocine 

n TCNQ

(Abdel-Hamid et al. 1984)

Amin et al.

norfloxacinπCHA 

DDQ TCNQπ

13433

(Amin, El-Sayed and Issa 1995)

N

O

C2H5

COOHF

N

HN

Norfloxacin

Revanasiddappa and Ramappa 

phenothiazine

(Revanasiddappa and Ramappa 1996)

Iwamoto and Okumura



[CNDO/S-CC](Iwamoto and Okumura 1998)

Abdel-Sattar et al.

cefepime and cefprozil



(Abdel-Sattar et al. 2001)

S

N

H2N

N

O

NH

OCH3

N

H H

O

S

COO
-

N

CH3

HO

O

NH

N

H H

O

S
CH3

NH3

.2HCl

.H2O

Cefepime Dihydrochloride

Cefprozil Monohydrate

Saleh et al.cephalosporin

nσπDDQTCNQ 

054

453  (DDQ) 340

(TCNQ)



Benesi-Hildebrand

(Saleh et al. 2001)

Boraei

π

25°

1:1(D:A)n-π
*

(Boraei 2002)

Mostafa et al.

TCNECHADDQ

(Mostafa, El-Sadek and Alla 2002)

N N

N N

N N

H

Ceprofloxacin -TCNE (CT) complex

N N

H

N N

H

(Z) (Z)

O

O

ClHO

Cl OH

Ceprofloxacin - CHA  (CT) complex

(Z) (Z)

O

O

ClNC

NC Cl

Pefloxacin - DDQ (CT) complex



Numan et al .4،2

533pH

(Numan, Musial and Danielson 

2002)

N

N

H2N NH2

2,4-diaminopyrimidine

N

N NH2

OCH3

H3CO

H3CO

Trimethoprim

N

N

NH2H2N

NH2 Cl

Pyrimethamine

NH2

El-Mossalamy et al. 

oxazoloneσCH2Cl223°

n-σ
*

(El-Mossalamy, Amin and Khalil 

2002)

C
H

C

N

X

C O

O

C

HO



Morita et al.

(Morita et al. 2002)

S

S
S

S

N

N O

O

H

H
N

N

O

Bu

O

S

S
S

S

Bu

O

O

CN

CN

O

O

N

N
O

O

H

H

S S

SS

Bu

Basavaiah and Charan
 

 Astemizol (AST) Loratadine (LRT) 

π

(Basavaiah and Charan 2002)



Al-Attas
 

 n  

1:1

25°05°

 

(Al-Attas 2002a, 2002b, 2003a, 2003b)

 Habeeb 

F CH2

N

N

H
N N CH2 CH2 OCH3

N

N

O O

Cl

CH3

AST LRT 



(Habeeb 2003)

Aloisi and Pgenataro

thiophenolsππσ

DDQ

(Aloisi and Pgenataro 2003) 

Oza et al.

phothalocyanine ,,5,4,2

92,4,5,7-tetranitro-9-fluorenoneDDQTCNE(Oza et al. 

2004)

Basavaiah

PsychotropicPhenothiazine

n

π

505

(Basavaiah 2004)

Roy et al.

Cloxacillin sodium DDQ 



53,,39

1:1(Roy, Saha and Mukherjee 2005)

   

N
O

Cl

NH

N

S

COONa

O

O

 

Gaber and Shihry2

4,0,12-amino-1,3,4-thiadiazol

Benesi-Hildebrand

(Gaber and Al-Shihry 2005)

S

N
N

H2N

2-amino-1,3,4-thiadiazole

Bangal

Cloxacillin sodium

 



(Bangal 2005)

 El-Mossalamy (thiourea)

(El-Mossalamy 2005)

Sakai et al.

n-hexylaminedi-n-hexylamine

tri-n-hexylamine

tetrabromophenolphthaleinethylester 2،1

(Sakai, Kato and 

Teshima 2005)

Teleb and Gaballe

2,22,2-bipyridine

IR

1:1

(Teleb and Gaballa 2005)



N

N O

Cl

OH

O

Cl

HO

N

N

N

N

H H O

O

Cl

O

O

Cl

OH

NO2
O2N

NO2

N

N H
O

NO2
O2N

NO2

Darwish

losartan potassium n



2233

93133(Darwish 

2005)

 



Al-Hashimi et al.4



[(4APY)2]I5
-

(Al-

Hashimi, Hassan and Nour 2005)

N

NH2

4-aminopyridine

Al-Qaradawi and Nour

03-aminopyridine44-aminopyridine

(TCNQ)

(Al-Qaradawi and 

Nour 2006)

CNNC

HN NH N
N

2HCN

Roy et al. 

Cloxacillin sodiumRiboflavin (vitamin B2)



1:2

(Roy, Saha and Mukherjee 2006)

N

NH

O

N

OH

OH

OH

OH

N O

riboflavin

Cl

N

O

CH3

CONH

O

N

S CH3

CH3

COONa
cloxacillin sodium

Hasani and Rezaei

2،125°

1:1(Hasani and Rezaei 

2006)

O

N

N

H3C

CH3

antipyrine



Nour El-Dien et al.

FlucloxacillinDiecloxacillin

(Nour El-Dien, Mohamed and Farag 2006)

Refat and El-Didamony

sodium flucloxacillin 

CHATCNQDDQ4dichloroquinone-4-

chloroimide IRUV-Vis  
1
H 

NMR1:1(Refat and El-

Didamony 2006)

N
O

Cl

F

NH

N

S

COONa

O

O



Arslan and Masnovi

1:1(Arslan and Masnovi 2006) 

Bhattacharya et al .

Fullerene

(Bhattacharya et al. 2006)

R O

O

Cl
Cl

ClCl

R O

O

Cl
Cl

ClCl

R O

O

Cl
Cl

ClCl

polar solventSlow



Darwish and Rafaat

nπCHATCNQ

TCNQCHA(Darwish and Rafaat 2006)

Al-Attas

n  ππ

(Al-Attas 2007) 

Mizyed et al.

4calix[4]crowns53[60]fullerene

(Mizyed et al. 2007)

Hasani and Akbari
  

2152-

aminomethyl-15-crown-52،1



(Hasani and Akbari 2007)

Arslan et al.

1:1(Arslan, 

Masnovi and Krafcik 2007)

N

H

N

CH2CH3

N

(CH2)n

N

Carbazole Compounds

O O

O

O

O

NH2

2-aminomethyl-15-crown-5



Al-Attas and Al-Harbi 

n

1:1

25°05°

(Al-Attas and Al-Harbi 2007a, 2007b) 

Al-Attas et al.

245245

25،4

RhB 

Chlorphothixe (CPTHX) 

 

CT complex 



 (f) 

 (µ) (ECT)

(Al-Attas, Habeeb and Basha 2007, Al-Attas, Habeeb and Al-Raimi 2009 )

Al-Ahmary et al.2

5,2

(Al-Ahmary et al . 

2010a, 2011b)

DNA



 KPT  KCT 

5،24

 
 

 

(Job's method) 
 

 

 
 

 

Beer's Law range

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 الـباب الثاني
 التجارب العملية



1 

13 

 

2 

13

 

 

0  

 

4  

 

5  

 

5 



24

 (2AMP) (2-amin-4-methylpyridine) (Fluka) ≥ 99 %

25

(2,6DAP) (2,6-Diaminopyridine) (Aldrich) 98% 

2،0

(2,3DAP) (2,3-Diaminopyridine) (Acros organics) 98%

 

52

(5AMeP) (5-Amino-2-methoxypyridine) (Aldrich) 95%  
 

N
NH2

CH3

N
NH2H2N

N
NH2

NH2

2 AMP 2,6 DAP 2,3 DAP
N OMe

NH2

5 AMeP

 

.



5،24

(DCNP) (2,6-dichloro-4-nitrophenol) (Fluka) ≥ 98 %

 

 

(CHA) (chloranilic acid) (BDH) 98 %

O

O

HO

Cl OH

Cl

 

Chloranilic acid 

CHA 

 2,6-dichloro-4-nitrophenol 

DCNP 

OH

NO2

Cl Cl



(CH3CN) Acetonitrile

(UV-IR-HPLC-isocratic) PAI-ACS 99.9 %

(CH3OH) Methanol

(UV-IR-HPLC-isocratic) PAI-ACS 99.5 % 

Potassium nitrateKNO3

Winlab 99 %

(Sodium chloride)NaCl

  BDH 99 %

(Aluminium chloride hexahydrate)

AlCl3.6H2O

  BDH 97 %

Magnesium sulphateMgSo4.7H2O 

  BDH 99 %



(stock solution)113
0

(2AMP, 2,6DAP, 2,3DAP)

1:1

 (DCNP)(stock solution)113
0

1:1

(stock solution)113
2

(2AMP, 2,6DAP, 2,3DAP)

1:1



(CHA)(stock solution)513
0

1:1

1 1(DCNP)113
0

13

13 

2 

113
0

 

0 

233333

 

4  



5 

(Habeeb, M. M. and Al-ghanmi, R. M. 2010)

 

= KCT(L.mol
-1

)

= Amax.

= Amin.

= Acomp.

= Camine

 

1 1(DCNP)113
0

131113
0

 

2 λmax13

1

(DCNP)113
0

 

0 

    (Acomp. – Amin.) 

                                   

 

 Camine(Amax. – Acomp.) 

 

 

 

 

 

 

 

KCT  = 

 

 

 

 

 

 

 

 

 

 

 



1 1(DCNP)113
0

131113
0

 

2 λmax23°25°03°05°

43°45531

(DCNP)113
0

 

0  

λmax

23°25°

03°05°43°1

(DCNP)113
0

(Job's method)(Job 1928)

1 

113
0

(DCNP)

 
 



2 

421

 
 

0 λmax 
 

4 

 

Table (2-1): Volumes of proton acceptor and proton donor in Job's method. 

 

Mole fraction of 

proton donor

Volume of proton 

donor  (ml)

Volume of proton 

acceptor (ml)

Solution 

numbers 

0.0000.04.01

0.1250.53.52

0.2501.03.03

0.3751.52.54

0.5002.02.05

0.6252.51.56

0.7503.01.07

0.8753.50.58 

1.0004.00.09 



1 

2,513
5

513
5

,,513
5

1413

 

2 DCNP113
0

 

0 

20

4  λmax

 

5 

 

 

1 11132

113
0

 

2 113
2

 

0 λmax2

113
0

 



4  

(Miller and Miller 1988) 

1 1413

DCNP113
0

 

2 

 

0  

113
0

4 λmax

DCNP113
0

 

5  
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λmax

 



2 

 

1:1

1 DCNP 
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4  

5  

5 



1 1(CHA)513
0
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13 
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0 233

333

 

4  

5

 

= KCT(L.mol
-1

)

= Amax.

= Amin.

= Acomp.

= Camine

    (Acomp. – Amin.) 

                                   

 

 Camine(Amax. – Acomp.) 

 

 

 

 

 

 

 

KCT  = 

 

 

 

 

 

 

 

 

 

 

 



1 1(CHA)513
0

131

513
0

 

2 λmax13

1

(CHA)513
0

 

0  

1 1(CHA)513
0

131

513
0

 

2 λmax23°25°03°05°

43°45531

(CHA)513
0

 

0 

λmax

23°25°03°



05°43°1

(CHA)513
0

(Job's method)

1 

513
0

(CHA)

 

2 

4

22 

0 λmax 

4 

 

Table (2-2): Volumes of electron donor and  electron acceptor in Job's method. 

 

Mole fraction of 

acceptor electron 

Volume of 

electron acceptor  

(ml) 
Volume of 

electron donor(ml) 
Solution 

numbers 

0.000 0.0 4.0 1 
0.125 0.5 3.5 2 
0.250 1.0 3.0 3 
0.375 1.5 2.5 4 



0.500 2.0 2.0 5 
0.625 2.5 1.5 6 
0.750 3.0 1.0 7 
0.875 3.5 0.5 8 

1.000 4.0 0.0 9 
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2,513
4

513
4

,,513
4

1413

 

2 CHA513
0
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20

4  λmax
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1 1413
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