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Trends i n  t h e  O-H.,.n I n t e r a c t i o n  

Between Proton Donors and Proton Acceptors 
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Abst ract  

The 0-H.. .n i n t e r a c t i o n  between p ro ton  donor systems 

phenol, s u b s t i t u t e d  phenols, benzyl a lcohol  and cyclohexanol 

anc p ro ton  acceptor systems benzene, to luene,  m- and 

p--xylenes, naphthalene and anthracene have been s t u d i e d  by 

i n f r a r e d  spectroscopy. It i s  found t h a t  t he  s t r e n g t h  o f  t h e  
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546 IMARAH AND KAMOUNAH 

0-H...x hydrogen bonding decreases in the following order: 

phenol > benzyl alcohol > cyclohexanol, and phenol > cresol> 
2,6-dimethyl phenol > 2,4,6-tri-tret&utyl phenol. The stre- 

ngth of the proton acceptors, on the other hand, decreases 

in the fol lowing order: xylene > toluene > benzene > chloro- 
benzene, and for polyaromatic bases the trend is benzene > 
naphthalene > anthracene. 

The O-H...n interaction has recieved considerable 

attention C1-103 by using IR spectroscopy. It was suggested 
1 

using H NMR data El11 that phenol form 

benzene, where the OH proton is 

aromatic ring. No data are auai 

strength of O-H..,r interaction 

donor systems and hydrogen bond 

The aim of this work is to 

perpend 

able on 

between 

ng acce 

present 

a O-H.,,n bond with 

cular to the 

the relative 

hydrogen bonding 

tors. 

some qua 1 i tat i we 

relationship concerning these systems, 

Exper i menta 1 -------_---- 

Phenol, cresol, 2,64imethylphenol, 2,4,6-tri-tert- 

butylphenol, benzyl alcohol, cyclohexanol, benzene, toluene, 

m- and p-xylene, chlorobenzene,naphthalene and anthracene 

(all Fluka) were purified and dried before their use. The IR 

spectra were run on PYE UNICUM SPllOO Infrared Spectrophoto- 

meter using variable path length cell for the measurements. 
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INTERACTION BETWEEN PROTON DONORS AND PROTON ACCEPTORS 547 

The concentrat ion o f  t h e  hydrogen donors was kept  constant  

wh i le  the  hydrogen acceptor concentrat ion was var ied.  

A l l  systems were prepared i n  carbon t e t r a c h l o r i d e  

so lvent  which was p u r i f i e d  and d r i e d  over aluminum ox ide 

f o r  24 hours. 

Phenol and re1 ated hydrogen donor compounds e x h i b i t  two 

hydroxyl s t r e t c h i n g  v i b r a t i o n  spect ra i n  t h e  reg ion  3200- 

3700 cm w h i c h  belong t o  f r e e  and bonded OH bonds. In the 

presence o f  hydrogen acceptor aromatic base ( n  - r i c h  group) 

t h e  IR absorpt ion spect ra show new absorpt ion band loca ted  

between the  f r e e  and bonded OH bands o f  the  hydrogen donor 

compound, F ig .  1. 

-1 

The d i f f e r e n t  I R  absorpt ion o f  t h e  donor-ezceptor 

systems s tud ied  are  shown i n  Table 1, This t a b l e  shows t h r e e  

absorpt ion bands; one f o r  t h e  f r e e  OH, the  second f o r  

0-H. . .O bond and the  t h i r d  assigned t o  0-H.. .n bond. The 

s t r e n g t h  and p o s i t i o n  o f  t h e  new band r e l a t i v e  t o  the  f r e e  

OH band depend on the  type o f  i n t e r a c t i n g  systems. On the  

b a s i s  o f  t h e  recorded r c 3 u l t s  one can draw t h e  f o l l o w i n g  

comments: i) i n  phenol system t h e  frequency o f  t h e  new band 

changed by 40 cm i n  going from xylene t o  anthracene, 

i n d i c a t i n g  t h a t ,  t h e  s t r e n g t h  o f  O - H . . . r  i n t e r a c t i o n  i n  t h e  

phenol systems decrease i n  t h e  f o l l o w i n g  order :  m- and 

p-xylene > to luene > benzene 2 chlorobenzene > naphthalene * 
anthracene, ii) f i x i n g  the  concentrat ion of t h e  hydrogen 

-1 
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80 

4 I 

3 3500 -1 ~ O O o  Wavenumber (cm ) 

Fig.?. OH stretching epectra of phenol : (-)0.05H phenol; 
(0) in preaence of 1.67M toluene. 

acceptor the extent of 0 - H . . . r  interaction decrease in the 

following order: phenol > cresol > cyclohexanol a bunzyl 

a1 coho1 > 2,64imethyl phenol > 2,4,6-tr i-tertAuty1 phenol . 
The force constant wa3 calculated approximately f r o m  

the wavenumber o f  the new band using the equation C121: 
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INTERACTION BETWEEN PROTON DONORS AND PROTON ACCEPTORS 549 

-1 
Table 1 Absorption  maxima,^ in cm and force constant, 

k in N . m  for free and bonded OH groups. 
-1 

I---------------------I----------I----------I---------- I 
I I Free I Bonded I Bonded I 
T I 0-H...O I O-H...r I I 0-H 
i System I----I-----I----I-----I----I----- I 
I I -  I I -  I I -  I I 
I I v  I k I v  I k I v  I k I I---------------------I----I-----I----I-----I----I-----I 
I Pt-:en01 136201727.2134851674.01 - I - I 
I I- - m-xylene I = I = 134601664.4135501699.41 

- - p-xylene I = I = 13460166A.4135501699.41 
1 = - Toluene I = I = 134601664.4135601703.31 
I = - Benzene I = I = 134801672.1135801711.21 
I = - Chloro- I = I = 134801672.1135801711.21 
I benzene I I I I I I I 
I = - Naphthalene1 = I = 134621664.4135801711.21 
I = - Anthracene I = I = 13460166A.4135901715.21 
I I I I I I I I 
IToluene-o-Cresol 136401735.3135001679.8135801711.21 
I I I I I I a1 I 
I = -2,6-0imethyl-136401735.31 - I - 136101723.21 
I phenol I I I I I I I 
I I I I I I bI I 
1 = -2,4,6-tri- 136801751.51 - I - 136201727.21 
I tert-Butyl I I I I I I I 
I phenol I I I I I bI I 

- 

r = -Cyclohexanol 136601743.0134401656.7136001719.21 
I I I I I I a1 I 

a: weak 
b: very weak 

In a series of experiments to show the trend of the 

0-H...n incraction, the phenol concentration was kept 

constant at 0.1 M and the hydrogen acceptor concentration is 

changed, Fig.2. This fiqure indicates the extent of interac- 

tion o f  phenol uith the different hydrogen acceptors. The 
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5 50 IMARAH AND KAMOUNAH 

Cox. of acceptor (MI 

Fig.2. Relationship between the concentration of hydrogen 
acceptor8 added to 0.05M phenol and relative 
intenritj of 0-R...n band:(.) ~~11one; (o )  toluone; 
(A) bsnsene: (v) chlorobensene$ (a) naphthalene; 
(A) anthracmo. 
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INTERACTION BETWEEN PROTON DONORS AND PROTON ACCEPTORS 551  

Conc. of toluone(R) 

Mig.3. Relationrhip between the concentration of tolurnr 
added to 0.05fl of hydrogen donors rnd relrtiv 

(A) 2,6-dimrthjlphenol; ( 0 )  bencjlalcohol ; (0) 2*4,6- 
tri-tart-butylpheool ; (A) cyclohexrnol. 

inteneitr of O-H...n b u d : ( @ )  phenol;(o) 0-cresol; 
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552 IHARAH AND KAnOUUH 

interaction of the different hydrogen donors with toluene as 

a hydrogen acceptor is shoun in Fig.3. This figure shows the 

trend of O-H,.,* interaction in these systems. 

The strength of the 0-H...(I bond dependr on the proton 

of ths phenol compounds uhich decrease on alkyl substituent 

of the ring, and the (I charge on the benzene ring which 

increases on alkyl substituent in the ring and decreases on 

chloro o r  multiring substituent as in naphthalene and anth- 

racene in uhich the (I charge spreads over a wide area. 

In conclusion the relationships shoun in figures 2 and 

3 indicates that the O-H...* hydrogen bonding decrease 

in the following order: phenol > cresol > benzyl alcohol > 
cyclohexanol > 2,6-dimethylphenol > 2,4,6-tri-tcrt-butyl 
phenol, and the hydrogen acceptor ability to form O-H...* 

hydrogen bonding decreases in the following order: m- xylene 

a p-xylene > toluene > benzene 2 chlorobenzene > naphthalene 
> anthracene. 

Thus measured A v with the change of the intensity 
OH 

o f  the band could be used to give the relative extent of 

0-H...(I interaction. 

Ref erences ---------- 
1, D.L.Pouel1 and ReWest, 'Hydrogen bonding studied-VIII. 

The thermodynamics of hydrogen bonding o f  phenol to some 

3xygen-containing molecules and to benzene.', Spectrochi- 

mica Acta, 20, 983 (1964). 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
4
:
0
0
 
3
0
 
J
a
n
u
a
r
y
 
2
0
1
1



INTERACTION BETWEEN PROTON DONORS AND PROTON ACCEPTORS 553 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

S.Murakami and R.Fugishiro, 'Thermochemical evidence o f  

O-H...r type intermolecular hydrogen bonds.', Bull. 

Chem. SOC. Jap., 40,1784 (1967). 

A.S.N.Murthy, S.N.Bhat and C.N,R.Rao, 'Molecular orbital 

studies of the hydrogen bond.', J,Chem.Soc.A,1251 (1970). 

K.Szczepaniak and H.Falk, 'Weak intermolecular interac- 

tions of OH groups: An infrared study of phenol and 2,6- 

diisopropylphenol.', Spectrochimica Acta, 26A,883 (1970). 

D. Bloser, J.M.Murphy and J.N.Spencer', 0-H.. ,n Bond 

enthalpy for the phenol-benzene complex.', Cand.J.Chem., 

49, 3913 (1971). 

Z.Yoshida and N-Ishibe. 'Intermolecular hydrogen bond 

involving a n-base as the proton acceptor.X, part IX.', 

Bull. Chem. SOC. Jap., 42, 3263 (1969). 

Z.Yoshida and E.Osawa, 'Intermolecular hydrogen bond 

involving a n-base as the proton acceptor. 11. Interac- 

tion between phenol and various n-base. Preliminary 

infrared study.' J,Amer.Chem.Soc., 87, 1467 (1965). 

Z.Yoshida and E.Osawa, 'Hydrogen bonding o f  phenol to 

n-electrons of aromatics, polyolefinsr heteroaromatics, 

fuluenes and azulenes.', J.Amer.Chem.S0~.,88,4019 (1966). 

Z.Yoshida, N.Ishibe and H.Ozoe,' Hydrogen bonding of 

phenol with acetylenes and allenes.', J.Amer.Chem.Soc., 

94, 4908 (1972). 

10. J.P.Seguin, L.Nadio, R.Uzan and J.P.Doucet, 'Phenol- 

methylbenzenes associations:A general treatment relating 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
4
:
0
0
 
3
0
 
J
a
n
u
a
r
y
 
2
0
1
1



5% IMRAH AND KAHOUNAH 

A v to the distribution o f  charges on the electron 
OH 

donors and acceptors.',Spectrochimica Acta,37,205(1981). 

11, T.Gramated and O.R.Simonsen,' Studied of hydrogen bond- 

ing-XXVII. NMR studies of hydrogen bonding and solvent 

effect.'* Spectrochimica Acta,32,723 (1976). 

12. C.N.Banuell,'Fundamentals of molecular spectroscopy.'* 

McGrau-Hi 1 1 . London, (1972). 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
4
:
0
0
 
3
0
 
J
a
n
u
a
r
y
 
2
0
1
1


