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INTERMOLECULAR STRUCTURE AND NMR PARAMETERS IN BINARY 

MIXTURES OF TRIFLUORACETIC ACID AND

N, N– DIMETHYLFORMAMIDE MODELLED BY QM/MD APPROACHES

Structural analysis

Results and conclusions

• Our results show that by far the dominating form of intermolecular 

aggregates in neat TFA was that of the cyclic type – 60% overall, and 

especially cyclic trimers the population of which was as high as 48.5% on 

average. Interestingly, this constitutes a major qualitative difference 

compared to neat acetic acid, which is mainly composed of linear type chain 

aggregates, and even the cyclic structures that are formed are mostly dimers 

[3].

• The intermolecular structure of the TFA-DMF mixture changes drastically. 

All TFA molecular aggregates between TFA molecules are virtually broken, 

and instead, hydrogen-bonded TFA-DMF complexes are forming. 

• The NMR shielding constants calculated for the acidic proton in neat TFA 

and the TFA-DMF mixture were computed to be equal to 21.64 (±0.12) and 

20.26 (±0.12) ppm, respectively, was predicting that chemical shift of the 

acidic proton is by around 1.4 ppm in the TFA-DMF mixture than in the neat 

TFA. The predicted difference of the chemical shifts is considerably 

underestimated as compared to the corresponding experimental result. This 

discrepancy is likely caused due to the prolific proton transfer between TFA 

and DMF molecules in the mixture – an effect that was not accounted for in 

our model.
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The main task

This study aims to identify which of the occurring changes in the

intermolecular structure of trifluoracetic acid and its mixture with N, N –

dimethylformamide led to this strong increase in chemical shift of the acidic

proton between neat TFA and the TFA-DMF mixture with the molar ratio of

1:1.
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Fig. 2. Rdaial distribution functions for pure TFA (on the left)  and TFA and DMF mixture (on the right)

MD simulations were carried out for both systems using an OPLS-AA force field.

NPT ensemble was used to reach thermodynamic equilibrium and stable density of

the system at the temperature of 298 K and pressure of 1 atm. The production run

was performed in the NVT ensemble at the same temperature for 2 ns. After that,

intermolecular structure analysis was performed using the geometrical definition

of a hydrogen bond. This was followed by quantum mechanics/molecular

mechanics calculations of the 1H NMR shielding constant of the acidic proton for

both systems.

Fig. 1. Molecule structures and labels used in this work: trifluoracetic acid (on the left) and N, N -

dimethylformamide

Trifluoracetic acid Acetic acid

Type of 

associate

Part of molecules, 

%

Part of molecules, 

%

Cyclic dimers (a) 3.4 17.1 

Cyclic trimer (b) 48.5 15.1

Cyclic tetramers (c) 10.1 6.2

Cyclic pentamers 

(d)
2.0 1.5

Cyclic hexamers (e) 0.8 0.8

Cyclic heptamers 0.2 -

Cyclic octamers (f) 0.13 -

Open-chain 34.4 33.4

OH...OH chains (g) 1.6 4.2

Monomers 3.8 3.6 

Introduction

Carboxylic acids are strongly associating compounds, whose intermolecular

structures can vary from cyclic dimers to chain-type associates [1]. These

complexes exist in a dynamic equilibrium that is characteristic of each

specific acid. Leonardo W. Reeves' study focused on the formation of

hydrogen bonds in modified acetic acids and their mixtures with different

polar solvents and revealed a strong dependence of some NMR parameters on

the molar composition of the mixture [2]. It has been observed that the

difference between the chemical shift of the acidic proton of trifluoroacetic

acid (TFA) in pure liquid and the mixture with N, N-dimethylformamide

(DMF) is as high as 4 ppm. In contrast, the chemical shift of the acidic proton

of pure acetic acid is virtually insensitive to the amount of DMF in the

mixture. The reason for this difference can be due to changes at the molecular

level when the hydrogens of the methyl group of the acetic acid are replaced

by fluorines. This substitution can affect the dynamical equilibrium between

molecular aggregates in pure acid and its mixture with DMF. Also, DMF is a

good proton acceptor, which can lead to the formation of hydrogen bond

aggregates between TFA and DMF molecules. Changing equilibrium between

various intermolecular aggregates induced by changing the composition of the

mixture could lead to such a drastic increase in chemical shift.

Table. Percentages of molecules involved in various hydrogen-

bonded associates in liquid TFA and liquid AA. [3]
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