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Department of Chesistry, Facul ty  ol' Science, Alexandria 

University, Alexandria, ZI;"LpT 

Abstract : 

The e lec t ronic  absorption spec t r a  of 2-nitrophenol, 

s a l i c y l i c  acid,  2-minopheno1, c e t  Pchol, pyrogal lol  and 

g a l l i c  acid,  hzzve been netmured Fs di f fe ren t  solvents.  

The solvent  e f f ec t s  on the s p e c t r a  have been discussed 

and the solvent induced s p e c t r a l  shifts have been analyzed 

as a funct ion of d i f fe ren t  solvent p o l a r i t y  parameters. 

Loleculer o r b i t a l  ca lcu la t ions  of the dFfferent s ing le t -  

s i n g l e t  and t r i p l e t - t r i p l e t  transiti.uns 5.n these s y s t e m  

have been done using the PPP method. 

1. Introduction 

The solvent e f f ec t s  Fn the electrcmic and in f ra red  

absorption spec t r a  of some s u b s t i t u t e d  phenols U S F ~ ~  

di f fe ren t  solvent m i x t u r e s  have beeo investigated'' 2. 

The e lec t ronic  spec t ra  of v a r i o u s  subs t i tu ted  phenols 

have been a l s o  calculated u s h g  d i f f e m n t  MO methods. 

Author t o  whom CorresFondance is adresseG. 
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48 2 H A S A N E I N ,  MASOUD AND HABEEB 

The PPP nethod haa been found t o  successful ly  describe 

tha e lec t ronic  spectra  of  C L ,  m- a d  p - b e n z e n e d i ~ d , ~ .  

Structural  p a r m e t e r s  and e l ec t ron ic  proper t ies  of  

monosubstituted phenols ca l cu la t ed  by CNDO and INDO 
methods were found5-7 t o  be cons is ten t  with exgerimental 

resu l t s .  Ab Fni t io  ca lcu la t ions  or' orb i t a l  energies  and 

substl tuent in te rac t ions  have been a l s o  perfoxmed8-10. 

The present study r epor t s  the electronic  absorption 

spectra  of 2-nitrophenol, s a l i c y l i c  acid, 2-aminopheno1, 

catechol, pyrogal lol  and g a l l i c  ac id  in d i f f e ren t  solvents  

and the r e s u l t s  of regression ana lys i s  f o r  solvent e f f e c t s  

on peak locations.  The PEP ca lcu le ted  s inglet-s inglet  and 

t r i p l e t - t r i p l e t  fl-+fl t r a n s i t i o n s  for these compounds 

are  a lso reported. 

* 

2, Exgerimental 

The e lec t ronic  absorption spec t ra  mere obtained 

using a Pye-Unicam sP-1800 spectrophotometer. All chenicals  

were  of ana ly t i ca l  reagent grade a d  the so lvents  used 

mere spectroqual i ty ,  

3.  Lethod of Calculations 

a )  The Regression Analysis: 

I n  the regression analys is  the observed peak 

location Is considered as the dependent var iable  while 

the independent var iab les  have been selected t o  be the 

solvent Fn te rac t im  mechanisms E, M and N. The parameter 
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SPECTRAL STUDIES ON SOME PHENOL DERIVATIVES 403  

E I s  an empirical  solvent p o l a r i t y  parameter s ens i t i ve  
4 

t o  both solvent-solute hydrogenbcnd dipolar  i n t e rac t ions ,  
and the parameters M and N a m  defined as follows 11,12 

n2 - I 
2n2+ 1 

h l =  

d - 1  n 2 - 1  
d t l  n 2 + 2  

N =  ( 2 )  

A Fortran IV which u t i l i z e s  the Gauss elimination 

method t o  s o l v e  the s e t s  of n u l t i l i n e a r  equations by 

s t a n d a r d  matrix methods has been used in the present 

calculat ions.  

b) UO Calculatione 

The FFP ~ e t h o d l ~ , ~ ~  has been used t o  calculate  the 

d i f fe ren t  singlet-single t and t r izle t - t r ip le  t X - + d  

t r ans i t i ons  for the subs t i tu ted  2 t s l ; o l s  studied here. 

P u l l  configuration in t e rac t ion  ca lcu la t ions  including 

only  s i n g l y  excited configurat ions Lave been perfonned. 

The resonance b t e p l s ,  VSIF's ~e ane-center e lec t ron  

repulsion lntegpals  haw been assigned t h e i r  w e l l  l m o r p  

value s 1 6 ~ 1 7 -  

have been c d c u l a t e d  using the  Lataga-Nish imoto  

approxhationl8,  

nethod been used in o u r  ca lcu lz t ions  end the molecules 

ham been a s s i g e d  t h e i r  experimental geometries . The 

calculat ions have been perfonned a a PDP 11/70 computer. 

The two-center e lec t ron  repulsion i n t e g r a l s  

A F o r t r a n  IV pro:- l9 for the PPP 
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484 H A S A N E I N ,  MASOUD AND HABEEB 

4. Results and Discussion 

a) Analysis f o r  the Solvent EPfects: 

The electronic  absorption spec t ra  o f  2-nitrophenol 

In n - h e m e  a8 the s o l v e n t  exh ib i t  three bands with peak 

locat ions a t  226 "I, 270 nm and 345 nm. Since the n i t r o  

group i s  b e h g  one of the s t ronges t  acceptor sube t i tuents  

and the h y d r o x y l  p o u p  being a s t r m g  donor  the t h i r d  

band c a  be assigned a s  an i n t r a o l e c u l a r  charge 

t ranafer  band. This band is s h i f t e d  t o  longer wave- 

lengths an g o b 6  t o  more po la r  sol-.-ents (Table 1) due 

t o  the nore s t a b i l i z a t i o n  o f  the excited s t a t e  than 

tfiat o f  the ground s t a t e ,  A consrs tent  red sWt has 

been a l so  observed f o r  the seconc! b a d  while the first 

band appeared only a s  a shoulder a t  230 nin in cyclohexane. 

Ia case o f  s a l i c y l i c  acid,  tFe f i r s t  band appeared 

in h e m e  and e thv lo l  with Inax located a t  239 m and 

236 nn respect ively,  vrhile the second band appeared at 

278 nm, 277 nn and 260 rn Fn cyclohezzne, methanol and 

water respect ivcly.  L o r e  sys t ena t l c  changes have been 

observed f o r  the in t ranolecular  C.? band where i t  appeared 

at 309 m, 330 m, 306 ma, 3 l G  11c a d  3C5 n m  in h e m e ,  

acetone, D O ,  ace t i c  acid and e th . l ?o l  respectively.  Ihe  

possible  ion iza t ion  of the -CGOH s o u p  r e s u l t s  In a blue 

shift of the Fnt rmolecular  CT b a d  end may explain i t s  

disappearence Fn solvents  such as m t e r .  
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486 HASANEIN, MASOUD AND HABEEB 

For 2-minophenol where the t w o  subs t i tuents  

introduced i n t o  the  benzene r i n g  are strong donor groups 

such an in t ranolecular  CT band has disappeared and both 

the first and second bands have a h o m  more n -'it 

character,  

234 11111, 233 nm and 225 nm in heyane, methanol and water 

respectively,  while of the  second band were at 286 run, 

278 nm, 285 M and 277 n m  Fn h e m e ,  acet ic  acid,  methanol 

and water respectively.  This shors  a blue shift as the 

p o l a r i t y  of the solvent increases  ind ica t ing  the n -3 
character  of both bands. 

)I 

The peak locations of the  first band were 

SFmllar solvent e f f e c t s  have been observed for 

catechol. The peak loca t ions  of the  first band are 

240 nm, 236 nm and 230 nm In c y c l o h e m e ,  methanol and 

water respect ively and those f o r  the  second band are 

279 nm, 262 m, 269 M, 290 m an6 283 nm Fn h e m e ,  

DMF, a ce t i c  acid, ethanol and water respectively.  It 

i s  worthmentioning that KO c l acu le t i ans  on catecho16 

using the CND0/2 method showed t h t  only one ro t a t iona l  

isomer with interamoleculer h y d r o b m  bond can ex i s t  

(Fig, 1). T h i s  hydrogen bonding nay someGhat hinder 

the n -e t r ans i t i on  Fn this nolecule. 

bonded s t ruc tu res  are e-ected for 2-nitro-, 2-carboxy a d  

2-minophenols as shorn Fn F i g .  1. 

Similar  hydrogen 

F o r  pyrogal lol  only the first and second bands arc 

observed. The solvent e f f ec t s  on peek loca t ions  are c o r e  
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4aa HASANEIN, MASOUD AND HABEEB 

c l e a r  f o r  the  second band where i t  appeared a t  265 m, 

266 nm, 267 ma and 270 nm In cyclohexane, ethanol, methanol 

and water respectively.  Introducing a caxboqylic g r o u p  

i n t o  pyrogal lol  t o  give g a l l i c  ac id  caused the appearence 

of the intramolecular CT band with peak loca t ions  a t  

325 nm, 302 nm and 296 5 i n  ace tom,  ethanol and water 

r e spec t lw ly .  The second band appeared a t  274 m, 276 m 

273 m and 274 In hexane, JIMF, ethanol  and methanol 

respoctively.  

k multiple linear regression analysis f o r  the 

solvsnt e f f e c t s  on the spec t ra  of these subs t i tu ted  

phenols has been done and the r e s u l t s  are reported i n  

Table 2. 83 an ind ica t ion  o f  the f i t  the sup of the 
hM 

s q u a r e d  res idua ls  been ca lcu la ted  l o r  each. I n  a t e s t  

for s i g n i f i c a x e  r e fe r r ing  t o  a o r e - t a i l  t e s t  the  l e v e l  

o f  s ignif icance has been found t o  be above 9Wo corresp- 

o n d i q  t o  the value o f  the mul t ip le  co r re l a t ion  coe f f i c i en t .  

This may indica te  that the smt i n  peak loca t ion  i n  

dFfferent solvents can be reasonably e-pressed In t e r n s  

of the solvent p o l z r i t y  parameters 2, Ju and IT, 

b) M O  Calculations: 

The ca lcu la ted  s ingle t - s ing le t  and t r i p l e t - t r i p l e t  

TC -+T' t r a n s i t i o n s  using the FEP ;lethod are given in 

Table 3. The agreement between calculated and observed 

t r ans i t i ons  i s  reasonable, In T a b l e  3 the  ca lcu la ted  

noleculer ioc iza t ion  po ten t i a l s  are also given together  

mlth the only avai lable  experinental  value for ca techol  
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CT 

L~ 
1 

L~ 
1 

489 

I 

479.9697 -1.1093 -715.3577 31.3132 0.7931 

359.7670 -1.4493 -150.96a6 43.7441 0.9337 

- 

2 7 4 . 4 4 4 8  -0.0404 12.1021 15.3173 0.7939 

Table 2: Results of the regression analysis 

System 

I 

- 
I1 

111 

IV 

v 
__+ I 

I 0.1068 141.1507 -0.9686 0.7113 

Lb i244*4797 
1 

a : Multiple correlation coefficlent. 

vihich shows a good agreement. Although the e f f e c t s  o f  

subs t i tuents  on a c i d i t y  are l a r g e l y  determined by e f f e c t s  

In the phenodde a n i o n  and only t o  a s l i gh t  extent  by 

those In the corresponding n e u t r a l  phenol2’, a reasonable 

correlation between the ca lcu la ted  pos i t ive  charge on the 

phenolic group oxygen and the ava i lab le  experimental 

a c i d i t i e s  has been obtained as shorn In Table 3. 
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490 HASANEIN, MASOUD AND HABEEB 

c 

IV 

V 

VI 

I 

Teble 3 :  Calculated aLd experimental i o n i z e t i o n  p o t e n t i a l s  and 
t r a n s i t i o n  energies  i n  eV: 

J 

' 3.182 3 .99ag 2.315 
8.162 8,56b 10.05 t0.015 5.258 4.443 4.518 4.003 

' 6.522 5.165 5 .746  

6.137 4.660 - 3.613 
11.130 - - +0.028 6.475 5.390 4.902 

6.742 4.983 

7.353 - - +0.030 3.814 4 .524  5.070 3.657 
6.053 5 .343  3.770 

3 . 5 0 3  4.188h - 3.475 

A c i d i t y  T r i p l e t  

I I I I I I 

4.903 3.583 - 
7 . 3 3  +O.Q37 5.457 4.591 5 .371  4 .342  1 6.377 15.485 1 1::;:: 1 1 I 1 11.330 - 

a )  Applying Xoopm.n's theorem b) Reference 9 .  
c )  Reference 21: for the  i o n i z a t i o n  of the  hydroxyl group In 20% dioxane- 

water eolvent  a t  3 W C .  

d )  The ca lculated atomic charge on the h y b x y l  oxygen. 

e )  In hexane a s  s o l v e n t .  f )  Regression I n t e r c e p t  (eV) 

g)  In 'cyclcherene a s  so lvent  h )  In water as s o l v e n t .  
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