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THE sensitivity o~ the hydroxylic. stretching fre­
quency of a particular substance m different sol­
vents in the presence of proton acceptors viz 

organic bases, has been analysed to understan'd th~ 
nature of the interaction between the two entities 
and the extent of complex fo~mation 1 • The type(s) 
of complexes formed by 4-nttrophenol, 2,4-dinitro­
pheno~ and picri~ acid with nitrogenous bases 
mcludmg the tertiary amines, viz. triethylamine 
I ,4-diazabicyclo[2.2.2]octane (DABCO), 1,5-diazabi: 
cyc.lo[5.4Jl)u.ndec-5-ene {DBU) and 4-(N,N-dimethyl­
ammo)pyndme (4-DMAP) in non-hydroxylic sol­
vents, such as chloroform, dichloromethane acetone 
~ceto_nitrile an~ tetra~ydrofuran have been 'analysed 
m this present mvest1gation. 

Experimental 

4-Nitrophenol (Riedel), 2,4-dinitrophenol (SISCO) 
and picric acid (ALF A Biochem) were recrystallised 
from benzene and dried under reduced pressure. 
Triethylamine (Glaxo) was freshly distilled before 
use. DABCO and DBU (both Aldrich) were used 
as such ; 4-DMAP (Merck) was recrystallised from 
ether. Chlorotorm, dichloromethane, acetone and 
tetrahydrofuran were purified and dried as described 
in the literature. 

The equimolar mixtures of nitrophenols and 
amines were prepared by thoroughly mixing exactly 
their 0.4 M solutions in appropriate solvents. 
Infrared spectra were recorded on a Shimadzu 
IR-435 spectrophotometer using sodium chloride 
liquid cell of slit width 0.072 em for solutions. 

Results and Discussion 

The results are presented in Table l. The 
stretching frequency for the free hydroxyl group of 
4-nitrophenol appears as a sharp peak at 3 580 em-• 
in chloroform and dichloromethane solutions. Since 
the solvation through hydrogen bonding occurs, a 
shift in the peak position upto 3 100 cm-1 has been 
observed for the hydroxyl group in some solvents. 
When 4-nitrophenol is complexed with triethylamine 
in chloroform or dichloromethane, a multiple 
absorption peak of mejium intensity appears at 
2 ~ em-• which can be attributed to the presence 
of stmple hydrogen bonded complex of type-I in the 
system 2 • This system in acetone and acetonitrile 
gives an ~dditional peak at 1 900 cm-1 indicating 
the formation of proton-transferred hydrogen bonded 
system of type-11 along with simple hydrogen bonded 
complex I. In type-II, the proton of the nitro phenol 
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is. completely transferred to the base, but there is 
still hydrogen bonding interaction between the 
phenolate anion and the proton 2 • 

ROH+NR~ ==:;;: R- OH- ... NR~ (Type-1) 
+ 

ROH+NR~ ~ R-0-······HNR~ (Type-11) 
Due to the increase in polarity of the solvent, the 

formation of proton-transferred hydrogen bonded 
complex is favoured. In tetrahydrofuran, however, 
no appreciable change in the spectrum of nitro­
phenol is observed in the presence of triethylamine. 

DABCO forms simple hydrogen bonded complex 
with nitrophenols as well as proton-transferred hy· 
drogen bonded complex in dichloromethane and 
acetonitrile to considerable extent, whereas in tetra­
hydrofuran this complex is formed in small amount. 
In chloroform, solid quaternary ammonium salt has 
separated out from the solutton. It gives peaks at 
2 400, 3 100 em-• and 2 000- l 700br em-• due 

+ 
to NH ab~orption 3 • 

DBU -4-nitrophenol complexes are of both 
type-1 and -II in all the solvents except in acetone 
where soluble quaternary ammonium salt results. 
The behaviour of 4-DMAP complexes With 4-nitro­
phenol also resembles that ofDBU in all the solvents 
studied indicating the presence of equilibrium 
between type-1 and -11 complexes. 2,4-Dinitro­
phenol gives OH stretching frequency at 3 200 cm·1 

as a sharp peak accompamed by a broad peak at 
3 100-3 400 em-• in chloroform and in dJchloro­
methane corresponding to IIOH and IIOH •.•. 0 (inter· 
molecular) absorptions respectively. The same 
absorptions occur at 3 250 and 3 100-2 900 cm-1 

in the solvents viz. acetone, acelOnitrile and tetraby· 
drofura.n. With triethy Ia mine, 2,4-dinitropllenol 
forms Simple hydrogen bonded complex in all the 
solvents ~s.ed. The be~aviour of DABCO complexes 
of 2,4-duutrophenol IS almost similar to that of 
triethylamine. But, quaternary ammonium salt 
formation occurs in chloroform and acetone in 
addition to acetonitrile and THF. DBU is found to 
form both hydrogen bonded as well as soluble 
quaternary ammonium salt in chloroform and 
dichlorometh.ane. 4-~MAP forms insoluble quater­
nary ammonmm salt m chloroform and dichloro­
methane and soluble quaternary ammonium salt in 
acetone and acetonitrile. 

Picric acid gives fairly sharp peak at 3 100 cm- 1 

(OH) in chloroform and dichloromethane. In 
acetone and acetonitrile a broad peak appears at 
3 200-2 900 em-• (0-H······O), and the same 
appears at 3 100-2 800 em-• in tetrahydrofurao. 
Triethylamine forms simple hydrogen bonded coJll· 
plex in chloroform and dichloromethane and soluble 
quaternary ammonium salt in acetone, acetonitnle 
and THF. DABCO forms insoluble quaternarY 
ammonium salt in all the solvents except m acetone 
whereas the quaternary ammonium salt is soluble. 
In addition, presence of simple as well '-as proton· 
transferred hydrogen bonded complex . was also 
noticed in acetone establishing equilibrium among 
all the theee types of complexes. fhe spectrum of 



NOTES 

TABJ.~ 1-IR S:P:S:CTRAJ. DATA liOR NrtRO:PB.SNOX.-AMINB COMPX.BXBS IN VARIOUS SOJ.VBNTS 

Phenol Base Solvent IImas 
em-• 

Assignment 

4-Nitrophenol Triethylamine CHC1 1 , CH,Cl,, acetone, acetonitrile 2 400m OH•••N 
Acetone 3 500w 

+ 
NH 

+ 
Acetonitrile I 900w o-···HN 

DAB CO CH,Cl,, acetone, acetonitrile, THF 2 400m OH•••N 
+ 

CHCI 1 1 3 IOOs, 2 400m, NH 
2 000-1 700s 

+ 
CH1 Cl1 , acetonitrile, THF 1 900m o-··•HN 

+ 
Acetone 3 500s NH 

DBU CHCI 1 , CH,Cl,, acetone, acetonitrile, 2 400m OH•••N 
THF 

+ 
CHC1 1 , CH,Cl,, acetonitrile, THF I 900m o-···HN 

+ 
Acetone 3 500m NH 

4-DMAP CHCI 1 • CH,Cl,, acetone 2 400m, OH•••N 
+ 

acetonitrile I 900w o-···HN 

2,4-Dinitrophenol Triethylamine CHCI 1 , CH,C11 , acetone. acetoni trUe, 2 400m OH•••N 
THF + 
Acetonitrile 3 500m NH 

+ 
THF 1 950m o-···HN 

DAB CO CHCI 1 , CH,Cl,, acetone, acetonitrile 2 400m OH•••N 
+ 

CHC11 , acetone, acetonitrile, THF 3 500m NH 
+ 

THF I 920m o--··HN 

DBU CHC1 1 , CH,Cl, acetone, acetoni trUe 2 400m OH•••N 
+ 

Acetone 3 500m NH 
+ 

Acetonitrile l 900m O)•••HN 
+ 

4-DMAP CHC1 1 1 , CH,Cl,• 3 lOOs, 2 600s, NN 
+ 

2 050s, 1 950s NH 

Acetonitrile 3 soow. OH•••N 
2 400m 

Picric acid Triethylamine CHC1 1 , CH,Cl,, acetone. acetonitrile, 2 400m OH···N 
THF + 
Acetone, acetonitrile 3 500m NH 

+ 

DABCO CHCI.•, CH,Ct,•, THF". 3 400s, 3 lOOs, NH 
acetonitrile 2 SOOm 

+ 
Acetone 3 500m NH 

2 400m OH···N 
+ 

I 900m o-···HN 

DBU CHC1 1 , CH,CJ,, acetone, acetonitrile, 2950m OH•••N 
THF OH .. •N 

+ 

4·DMAP 
Acetone l 900m HN 
CHC11 2 950m OH .. •N 

+ 
CH,Cl1 1 , acetone•, 8 200m NH 
acetonitrile" 1 900m 

•Spectra of the thrown out solid taken In KBr wafer. 

picric acid undergoes no significant change in the 
presence of DBU in chloroform, dichloromethane, 
acetonitnle and THF. 4-DMAP forms simple 
hydrogen bonded complex in chloroform and 
msoluble quaternary ammonium salt in all the other 
solvents. 

bonded complex in solvents of high dielectric cons­
tants. When the basicity of the amine is high ( as 
in 4-DMAP) and the solvent is polar (as acetone) 
di!.sociation of the complex to quaternary ammonium 
cation and phenoxide ion is facilitated. 

From the analysis of the above data it is con­
cluded that nitrophenol-amine system forms simple 
hydrogen bonded complex in the solvents of low 
dielectric constant and proton-transferred hydrogen 

References 

G. M. BARROW and :E A. YBRG:S:R, J, Am. Chem 
Soc., 1954, 76, 5211 ; :E. A YBRGER and G M. 
BARROW, J. Am. Chem. Soc., 1955, 77, 4474, 6206; 

63 



J. INDIAN CHEM. SOC., VOL. 68, JANUARY 1991 

G. M. BARROW. J. Am. Chem. Soc., 1958,78, 5802; 
1958. 80, 86; D. GURKA, R. W. TA~'J.'. L. }ORIS and 
P. V. R. SCHIER]A, J. Am. Chem. Soc., 1987, 80, 
5957 ; J. W. SMITH and H. C. VITORIA., J. Chem, 
Soc. (A), 1988. 2488. 

2. C. L. BELL and G. M. BARROW,]. Chern. Phys., 1959, 
31. 1158. 

3. D. F. DETAR and R. W. NOVAK,]. Am. Chem, Soc., 
Hl70, 91, 1361 : G. SoCRR'l'ES. "Infrared, Charac· 
teristic Group Frequencies", Wiley. New York, 
1980, p. 55. 

64 


