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STECTROFHO!l!OKE?I!RIC STUDY OM THE CHXRGE TRARSPEZ COPE- 

OF I C D I N E  ACCEFTGR WITH S0t.E SCEIFF BASES n-DORORS 

KEY WORDS: Uv-visible spectrophotometry, charge trmsf e r  
C'P complex, Bensi-Eildebrand equation, Schiff  bases, 
iodine, exbinction coef f ic ien t  E c'p, equilibrium constant 
K ~ ~ ,  ionization poten t ia l  IP, f r e e  energies AGO, diss- 
ociat ion eneregies of t h e  charge t r ans fe r  complex excited 
s t a t e  W, 
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ABSTRkQP 

Schiff bases have been invest igated by uv-visible spectro- 
photometry i n  chloroform, The equilibrium constants of the 
CT complexes, t he  ionizat ion poten t ia l s  of the Schiff 
bases, and other physical CT pzrmeters  have a l so  been 
determined and discussed. 

The CT conplexes between iodine and f i f t e e n  d i f fe ren t  
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7 78 SAEED AND AL-AZZAWY 

INTRODUCTION 

acids (1-3) , purines and pgrimidines ( $ , 5 ) ,  indoles (6), 
vitznine B12 (7), s te ro ides  (%lo), cyclohexane derivz- 
t i v e s  (11-$3), R-carotene (14-16), r e t i o o l  (vi tanine A 
gives with aqueous iodine dark blue-green substance)(l7, 
181, phenothiazine and phenazines (19-21), d i f fe ren t  
amines and pyridines (22-29), some su l fu r  compounds (30- 
331, aronat ic  hydxocabons (34-36) ; furans,  dioxane, 
e thers  and ketones (37-40); subs t i tu ted  beneamides and 
acetaaides (41,42). On the  other hand, molecular CT conplex 
s tudies  of Schiff  bases with iodine were very limited. 

The only studies  known are those of benzylidene an i l ine  
(43-45), N-be~eylamine (441, p-N ,B-dimethyl~inobenzyli- 
dene an i l ine  and benzophenone mi l  (45). 

I n  the  present work t h e  I p  of f i f t e e n  Schiff bases; 

KCT, c'p, end b G 0  of CT complexes have been calculated 
from the  energies of t r a m i t i o n  hQCT of t h e  CT complex 
absorption bands f o r  t h e  first t i m e ,  a study which has 
not been attempted previously on such Schiff  bases with 
iodine. 

ZXPIBIIBNTAL 

- 
Iodine f o r n s  a wide range of CT conglexes with amino 

A l l  t h e  Schiff bases (Scheme 1) used throughout t h i s  
work are  wel l  known compounds, were prepared and purif ied 
using the  procedures described i n  the  l i t e r a t u r e  (46-50). 
Iodine was of Fluka and chloroform was of Fluka spectro- 
scopic grade, they were used directly without fu r the r  
purification. The uv-visible spectra  of Schiff  bases an0 
03 t h e i r  CT complexes with ioaine were measured on 8. Pye- 
Unican SP8-400 spectrophotometer using a quartz solut ion 
c e l l  of 1.0 CGI oath length. The reference solut ion used 
was chloroform containing the  same concentration of Schiff 
base i n  every case, The CT complex was followed by mezsur- 
ing the opt ica l  dens i t ies  of t he  new absorption bends of 
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CT COMPLEXES OF I O D I N E  ACCEPTOR 779 

Scheme 1 

t h e  c o q l e x e s  i n  the  region of 454 - 562 m a f t e r  24 
hours from the  preparation a t  304 X. The concentration 
of iodir-e being kept constant and t h a t  of Schiff  base 
was variable  i n  every s e t  of solut ions,  the  i n i t i a l  
concentration of Schiff  base was grea ter  than t h a t  of 
iodine. This was done, because Bensi - Hildebrand equation 
must .be held for 1:l moleculm complexes under these 
conditions (5l,52). The p lo t  of the  i c i t i a l  concentration 
of iodine divided by the  opt ica l  density of t he  CoEplex 
at  hmax against  the reciproczl  of t h e  i r j t i a l  concentra- 
t i on  of the  Schiff base gave according t o  Bensi-Eildebrand 
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780 SAEED AND AL-AZZAWY 

equation (equation l ) a  very good s t r a igh t  l i n e  of which 
the  in te rcept  equals t o  ( and t h e  slope equals 
t o  ( IDcT tcT), and f roa  these values EcT and KcT can be 

Ao 1 I 1 1 

*CT €CT* 'CT Do 2CT 
4- + -  (1 1 - I  

evaluzted. Ao and Do a r e  the  i n i t i a l  concer;trations of  
the iodine acceptor and Schiff  base donor respectively; 
1 is  t h e  path length (4.0 cm); ACT i s  the  opt ica l  density 
a t  hmax due only t o  t h e  complex, EcT i s  the  molar extinc- 
t i on  coeff ic ient  of t h e  complex a t  ' X m a x ,  and KCT i s  the  
equilibrium constant. This equation i s  va l id  for 1:1 com2lex 
when Do )) Ao. The concentration of Schiff  base was about 
5 - 20 t i n e s  greater  t h p  the concentratioQ of 5.odine.Figures 
1 and 2 represent e t y p c a l  p l o t s  of equatlon I. 

R E S U i F S  and DISCUSSICE 
Table 1 represeEts the longer h m a x  of Schiff  bases, 

(Xmax)cT , h ~lccp, CT,  XCT a d  &Go for CT complexes Of 

iodine w i t h  Schiff bases;DGo f o r  t h e  conplex has been 
calculated from the  values of KcQ ( = -RT In  KCT). The I p  
values of Schiff  bases and t he  values of W of CT complexes 
have been calculated using equations 2-4 (51,52). 

w = Ip - Ea - h$, 
k?here a, b, C,, and C2 are constznts of lodine, and there  
values a re  0.87, -3.6, 5.2 and 1.5 ev, respect ively (5I) ;  
and Ea i s  the  electron a f f i n i t y  of iodine which i s  equal 
t o  1.7 ev (40,53). Table 2 represents  the  average values 
of 
calculated from equations 2 and 3 agree very vrell vrith- 

I p s  and the  values of W, t he  values of I p s  which were 

$P 36-994646. 
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CT COMPLEXES OF I O D I N E  ACCEPTOR 

Fig. 1. Bensi - Hildebrand p lo t s  of the 
complexes of molecules 3, 4 and 7 
with iodine. 
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782 M E E D  AND AL-AZZAWY 

Fig. 2. Bensi - Bildebrand p l o t s  of the complexes of 
molecules 11, 1 2  and I 5  with iodine. 

The data of Table 1 ind ica te  t h a t  t h e  fornation of CT 
complexes of our Schiff  bases with iodine depends largely 
on the electron densify of  the  nitxogen atom of t h e  azo- 
Eethine group (-CH=N-). This i s  confirmed by t he  followings: 
first, the KCT values of complexes of 1 and 3 are 2.8 and 
1.8 times greater  than t h a t  of 2 respectively,  t h i s  is  
because N(CH3)2 subst i tuent  i s  8 strong electron donating 
group a d  substi tueed on the same phenyl r ing  which 
contains the  nitrogen atom of the azomethine group; 011 the 
same basis, t h e  value of RCT of  complex 5 is  1.9, 1.7, 3.9 
and 3.3 t i o e s  greater  than tha t  of 6, 7, 8 and 9 respectively,  
the N(CH 
a b e t t e r  n-electron donor. Second, t h e  value of KCT of 

group m k e s  t h e  r-itrogen aton of t he  zzome-thine 3 2  
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CT COMPLEXES OF IODINE ACCEPTOR 783 

Lbsorpticn M a x i m a ,  Molar Extinction Coefficients,  Energies 
of Transit ion,  Equilibrium Constants and Free Energies of 
the  Conplexes of SchFff Bases With Iodine i n  CHC13 at  304K. 

Echiff ’).ma%( €.I I n a x (  8 )  pcl? KCT - b G o  

Base 
No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
I1 
12 
13 
14 
15 

Complex ev” mol-ldm3 kJ%ol 
mn-” ( mO2 

454( 1600) 2.73 3000 20 . 20 
496( 5000) 2.50 5 9 0  21 073 
541 (2000) 2.29 3700 20 . 73 
562( 11 00) 2.21 5820 21 087 

mol) 
496( 240 2.50 8260 22 76 

540 (2860) 2.29 3050 20.24 
54x3570) 2.29 3370 20 50 
W(1’180) 2.28 1490 18.44 
544(1390) 2.28 1770 18.87 
520 ( 500 2.38 5000 21.49 

520 (1 180) 2.38 2780 20.01 
476(3300) 2.60 3600 20.66 

490(1670) 2.53 16CO 18.62 
51 8( 880) 2.39 4105 20 99 
530(1820) 2.34 2157 19.37 

c o q l e x  7 is  2.3 a d  1.9 times grea te r  than t h g t  of 8 and 
9 respectively,  t%is is obvious since ortho subst i tuent  
may hinder donation of n-electrons from riitrogen atom of t h e  
azomethine t o  the iodice molecule. Third, p-E,K-dinethyl- 
minocimamylidene-p-nitr oani l i n e  and p-I? ,N-dimet h 7 l a i i l o -  
benzylidene-p-nitroaniline both did not give CT com-olexes 
w i t h  iodine a t  211, i n  these cases t h e  strong electron 
withdrawing E02 gcoup nakes the  nitrogen of t h e  azomethine 
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784 S A E E D  AND AL-AZZAWY 

The Ionizat ion Po ten t i a l  Values of Schiff  Bases and the 
Dissociation Energies of the  C’J? Excited S t a t e s  U. 

Schiff  base 
No . Ip (ev1-l 

1 
2 

3 
4 

5 
6 

7 
8 

9 
10 
11 
12 
1 3  
I 4  
15 

6.92 * 0.11 
7.14 * 0.14 
6.91 f 0.11 
6.59 f 0.18 
6.53 0.15 
6.59 0.18 
6.59 f 0.18 
6.58 0.18 
6.58 0.18 
6.64 0.23 
6.99 0.14 
6.64 5 0.23 
6.78 5 0.27 
6.65 2 0.24 
7.12 0.28 

~ 

2.71 
3.71 
2.71 
2.91 
2.62 
2.91 
2.91 
2.60 
2.60 
2.56 
2.69 
2.56 

2-55 
2.56 
3.08 

a p o o r  n-conor. Fourth ,KCT values cor re la te  well with 
Hamnett u para and meta subs t i tcen ts  for conpounds 1- 
9, Figure 3. On the  other hand, t he  value of  KcT of 
c o q o m d  10 is 1.4 and 1.8 t i n e s  grea te r  thm tha t  of 
I1 and 12. It is w e l l  known t h a t  t h e  delocal izat ion 
of t h e  oxygen lone pair of electron with the  f o u r  f l- 
electrons of butaciiene system of t h e  furan r i n g  i s  
lowest, because of t he  higher nuclear charge of  oqgen  
conpared with nitrogen (48). The sulfur atom has q p -  
roxiaately the  sane electronegat ivi ty  of carbon, hence 
conjugation of the sulfur electrons with the  four  - 
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CT COMPLEXES OF IODINE ACCEPTOR 

Fig. 3. Plot  of log Kc2 of CT complexes of 
compounds 1-7 and 9 with Hammet t  

O p , m  subetifuents. 

e lec t ronl i s  more comclete than i n  oxygen o r  nitrogen 
analog, thus making t he  thiophene r i n g  a b e t t e r  elect-  
ron donor which i n  t u r n  increases t h e  electron density 
of the  nitrogen aton of the  azomethine group, The value 
of KCF of corqound I 0  i s  3.1 times greater  than t h a t  of 
13, and the  value of  KcT of 14 i s  1.9 times greater  
than t h a t  of 15, apparently t h e  e f f ec t  of subst i tuent  
i n  the  2-posieion i s  greater  than t h e  e f f ec t  of the 
same subst i tuent  in t he  3- o r  4-position. 

Accordingly, we can conclude tha t  the  CT complexes 
between iodine and our  Schiff bases a r e  of n-+d  type, 
i n  which the in te rac t ion  is  between iodine nolecule and 
t he  lone pair  of e lectron of t h e  nitrogen atom of the 
azomethine group, t h i s  is  confirmed by: (i) the  close 
values of W (Table 2 )  which ind ica tes  t h a t  a l l  complexes 
have t h e  same nature of chemical interact ion,  and ( i i )  
t he  low values of ionizat ion poten t ia l s  of our heteroc- 
y c l i c  Schiff bases, conpounds '10-15 (Table 21, compares 
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786 SAEED AND AL-AZZAWY 

with the  ionizat ion poten t ia l s  values of 8.87, 8.20, 8.90 
and 10.20 ev f o r  t h e  unsubstitxited thiophene, pyrrole, 
furan ard pyridine r ings ,  respect ively (54,55), t h i s  
indicates  t h a t  t h e  dooor group i s  the  azonethine. 

REZFENCm 
1. Neil-Malherbe H., Eochem. J. 1946; 40: 363. 
2. S l i f k i n  PI. A . ,  Nature 1963; 198: 1301. 
3. Mulliken R.S., Rec. Trav, Chin. 1956; 75: 8&5. 
4. S l i f k i n  M.A., Biochen. Biophys. Acta 1965; 103: 365. 
5. S l i f k i n  K.A. Charge Transfer Ir , teractions of Bio- 

molecules, 1st ed. LondonJTevr York: Academic 
Press ,  1971. 

6. Foster  R., Eanson P., Tetrahedron 1965; 21: 255. 
7. Heathcote J.G., S l i f k i n  N.A., Biochim. Bio?hys. Acta 

8. Wobschall D. , Rorton D.A., krchs. Biochem. Biophys. 

9. Bersohn R., Isenberg I., J. Chem. P3ys. 1961; 35: 1640. 
10. Jones J.S., Bersohn M., Neice G.C., Nature 1969; 211: 

11. Evans D.F., J. Chen. Phys. 1955; 23: 1424. 
12. Trayham J.G., Olechowski J.R., J. An?. Chen. SOC. 1959; 

13. Wobschall D., Morton D.A., J. Am, Chen. SOC. 1965; 

I$. S l i f k i n  M.B., Spectrochim. Acta 1964; SO: 139?. 
15. Lupinski J.H., J. Phys. Chen. 1963; 67: 2725. 
16. Huggins C.M., LeBlanc O.E., Nature 1960; 186: 552. 
17. Lucy J.A. ,  Lich t i  F.U., Biochem. J. 1967; 103: 34. 
18. Lucy J.A., Lich t i  F.U., Biochem. J. 1969; 112: 231. 
19. Xatsunaga Y., Helv. Phys. Acta 1963; 36: 800. 
20. Guttnam F., Keyzer H., J, Chen. Phys. 1967; 46: 1369. 
21. Uckida T.,  Bull. Chem, SOC. Japan 1967; 40: 2244. 
22. Yzda B., Tmaka J., Nagalrura S o ,  Bull. Chem. SOC. 

1968; 158: 167. 

1967; 122: 85. 

309 

$1: 471. 

87: 3559. 

Japan 1960; 23: 1660. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
3
:
5
3
 
3
0
 
J
a
n
u
a
r
y
 
2
0
1
1



CT COMPLEXES OF IODINE ACCEPTOR 787 

23. Kobinata. S,, Nagakurs S,, J. An. Chen. Soc. 1966; 88: 

24. Plyler  E.K., kiulliken R.S., J. Aa. Chen. SOC. 1959; 

25. G i n n  S.G.W., Wood G.D., Trans .  Faraday SOC. 1966; 

26. Lake R.F., Thompson H.V., Proc. 3. SOC, 1967; A297: 

27. Yarwood J., Chen. Comun. 1967; 609. 
28, B i s t  H.D., Person W.B., J. Phys. Chero, 1567; 71: 2750. 
29, Isubomura H., J. Am. Chem, SOC. 1360; 82: 40. 
30, Storn E.I., O r r  U.L., Snowden B.S. Jr., Voessner D.E. 

31. Romming C. , A c t a  Chem. Scand, 1960; 14: 2145. 
32. Hassel O,, Proc. Chen. SOC. 1959; 250. 
33. NcCullough J.D., Chao G.Y., Zuccaro D.E., Acta Crysta- 

l l o g r .  1959; 12: 815, Chao G.Y., McCullough J.D., Acta 
Crystallogr, 1960; 13: 727. 

71: 2703. 

7&: 4500. 

3905 . 
81: 823. 

62: 777. 

4-w. 

J. Phys. Chem. 1967; 71: 4.017. 

34. Bensi H.A., Hildebrand J.H., J, Am. Chem. Soc. 1949; 

35, Keefer RON,, Andrevrs L.J.,J. Am. Chem. SOC. 1952; 

36. Klaeboe P., J. An. Cbem. SOC. 1967; 89: 3067. 
37. Brandon M., Twers PI., Seales S.Jr., J. Am. Chem. SOC. 

38. Tamers ki . ,  Brandon K., J. Am. Chea. SOC. 1960; 82: 2134. 
39. Hassel O., Acta Chem. Scand. 1965; 19: 22590 
40. Mulliken R,So, 5, Am, C h e m .  SOC. 1950; 72: 600. 
41. Drago R . S . ,  Sol les  T.F., Niedeielski R.J., J. An. Chen. 

42. Carlsoa R.L., Drago R.S., J. Am. Chem, SOC. 1963; 85: 9 5 .  
43. Ebra N,, Bull. Chem. SOC. Japan 1960; 33: 540. 
44, E138sser M,, Abdel-Halin F., A s h r a f  El-Bayoutri M. , J. 
45, Saeed A.A.H., J. I r a c i  Chem, SOC. 1988; 13: 173. 
46. Saeed A.A.H., Matti G.Y., Can. J. Spectrosc. 1980; 25: 29. 

1960; 82: 2129. 

Soc. 1966; 88: 2717. 

Am. Chem. SOC. 1971; 93: 590. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
3
:
5
3
 
3
0
 
J
a
n
u
a
r
y
 
2
0
1
1



7 88 SAEED AND AL-AZZAWY 

47. Saeed A.A.H., Matti G.Y., Bull. Col l .  Sci. Basrah Univ. 

48. Saeed A.A.H., O t h m a n  S . A . V . ,  81-Jhal i l  K . A . ,  A t t o  

49. Saeed A.A.H., Habib M.J.A., J. Iraqi Chem. SOC. 

50. Saeed A.A.H., Matti G.Y., Indian J. Chen. 1979; 

51. Foster R. Organic Charge Transfer Complexes 1st ed. 

52. Nulliken R.S., Person W.B., A .  Rev. Phys. Chen. 1962; 

53. Person W.B., J. Chem. Phys. 1963; 38: 109. 
54. Eland J.H.D., Ict. J. Mass Spec. Ion Physics 1969; 

55. Sime M.E., Phi l l i p s  D., A l - A n i  K.E., Mol. Photochem. 

1900; 0:  53. 

A . T . ,  Can. J. Spectrosc. 1981; 26: 38. 

l987; 12: 279. 

18B: 338. 

London.New York: Academic Press,  1969. 

13: 107. 

2: 471. 

1976; 7: 149. 

Date Received: 02/03/92 
Date Accepted: 03/05/92 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
3
:
5
3
 
3
0
 
J
a
n
u
a
r
y
 
2
0
1
1


