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Abstract: The carbonyl stretching frequencies of 1-substituted 2-pyrrolidinones and related compounds were meas-
ured in binary mixtures of hexane-CDCl3 and acetonitrile-D2O and plotted against the mole fraction of the less polar 
co-solvent The ν(C=O) vs. mole fraction correlations enabled to recognize and assign all species resulting from sol-
vent-solute interactions in binary mixtures. The slopes of the above dependencies for species with angular hydrogen 
bonds correlate well with the carbonyl group relative basicities and reveal that the solvent sensitivity of species in or-
ganic hexane-CDCl3 mixtures remarkably depends on the steric effects of substituents in the vicinity of the C=O 
group. On the other hand a similar dependence for aqueous acetonitrile-D2O mixtures indicates that ν(C=O) 
sensitivity is proportional to the alkyl group effects as expected in Taft substituent constants. 

Introduction 

Recentlly1-3 a significant solvent and solvent 
mixture sensitivity of the infrared frequencies charac-
terizing the carbonyl stretching vibration of 1-cyclo-
hexyl-2-pyrrolidinone in both aqueous and organic 
solvent mixtures was used to recognize the solute-
solvent interactions. The results suggested that 1-cy-
clohexyl-2-pyrrolidinone in binary mixtures exists in 
several different domains, the lifetime of which are 
much longer than the period over which the C=O 
stretching frequency is measured. In connection with 
the above results we decided to investigate the car-
bonyl stretching frequencies of 1-substituted 2-pyr-
rolidinones and 3-substituted 2-oxobenzothiazoles in 
mixtures of hexane-CDCl3 and acetonitrile-D2O and 
compare the results with similar data obtained for 
N,N-dimethyl-acetamides: 

R = H (P) 
R = CH3 (MP) 
R = CH(CH3)2 (IPP) 
R = cyclo-C6H13 (CHP) 
R = CH2CH2OH (HEP) 

R = H (OBT) 
R = C8H17 (OOBT) 

(DMA) 

Experimental 

The materials and experimental conditions were 
similar to those used in1,2 and will be characterized in 
more details later.4,5 

Results and Discussion 

Figure 1 represents the dependence of the carbonyl 
stretching frequencies of 1-cyclohexyl-2-pyrrolidinone 
(CHP) on the mole fraction of n-hexane in solvents 
formed by mixing of n-hexane and deuteriotri-
chloromethane. The absorption band at 1704.4 cm-1 in 
pure hexane belongs to molecules of CHP existing in 
the free monomeric state (FM). When CDCl3 is added 
to the solution of CHP in n-hexane the above ab-
sorption band is dramatically shifted to the lower fre-
quency region (1685.4-1681.0 cm-1), whereby its po-
sition is linearly dependent on the composition of the 
mixture. Using the recently proposed approach to the 
stereochemistry of hydrogen bonding6 the above re-
gion can be assigned to the species of CHP bonded via 
linear hydrogen bonds between the C=O group and 
CDCl3 molecules (LM). Finally, increasing the con-
centration of CDCl3 in the mixture the ν(C=O) bands 
are further shifted to the lower frequencies (1673.1-
1664.4 cm-1) creating a new linear dependence upon 
the mole fraction of n-hexane. The above range evi-
dently belongs to the species of CHP stabilized by 
classical angular hydrogen bonds with the CDCl3

molecules (AM). The behavior of other studied com-
pounds (2-pyrrolidinones, 2-oxobenzothiazoles and 
dimethylformamide) is similar to that of CHP, with 
exceptions described in more details in.4,5 
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Figure 1. Dependence of carbonyl stretching frequencies 
for 1-cyclohexyl-2-pyrrolidinone (CHP) on the mole frac-
tion of hexane formed by mixing of hexane and CDCl3. 

Figure 2. Correlation between the slopes ρ of ν(C=O) vs. 
mole fraction (C6H14) dependences in hexane-CDCl3

mixtures and relative basicities (∆ν(OH)) for 1-substituted 
2-pyrrolidinones and related compounds. 

The most remarkable common feature of all stud-
ied compounds in both organic and aqueous binary 
solvent mixtures is a statistically significant correla-
tion between the carbonyl stretching frequencies of 
species forming angular hydrogen bonds (AM) with 
the more polar co-solvent and the composition of the 
solvent mixture. The ρ values of the above dependen-
cies can be  plotted  against  the  relative  basicities  of 

studied compounds as it is illustrated in Figure 2 and 
Figure 3. 

Figure 3. Correlation between the slopes ρ of ν(C=O) vs. 
mole fraction (CH3CN) dependences in CH3CN-D2O mix-
tures and relative basicities (∆ν(OH) for 1-substituted 2-
pyrrolidinones. 

It follows from the comparison of the above 
figures that the solvent sensitivity of the AM species 
of the above substances in organic mixtures of 
hexane-CDCl3 depends on the steric effects of 
substituents in the vicinity of the C=O group. On the 
other hand, for aqueous CH3CN-D2O mixtures the 
above solvent sensitivity is proportional to the 
electron-donating effects of the substituents attached 
to the nitrogen atom. The above distinct behavior of 
solvent/solute interactions in organic and aqueous 
mixtures can be easily explained as the difference in 
the size of small D2O and bulky CDCl3 molecules 
interacting with sterically hindered C=O group. 
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