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Abstract:  2,2,2-trifluoroethanol (TFE) aqueous solution is a special associate system. Molecular dynamics (MD)
simulations combined with the chemical shifts in NMR were used to investigate the hydrogen-bond network in TFE-
water system. The strong hydrogen bonds and weak C—H---O contacts were found existing in the TFE-water mixtures
from the information of radial distribution function (RDF). And the TFE-water mixtures could be divided into three different
regions from the analysis of the hydrogen-bonding network. In the water rich region, water molecules prefer to form
the hydrogen bonds with themselves and establish the stable clusters. With the concentration of TFE increasing, the
stable structure of water molecules was broken down. In the TFE rich region, the self-associated clusters of TFE were
dominant. In addition, the chemical shifts were adopted to study the interactions in the mixtures. The varieties of the
average hydrogen bond numbers from MD simulations and the chemical shifts in NMR showed good agreement.
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Scheme 1 Structure of 2,2,2-trifluoroethanol
(TFE) molecule
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Table1 Atom types in TFE aqueous solution
H.O TFE
OW(oxygen atom in water) OH(oxygen atom in hydroxyl group)

HW (hydrogen atom in water) HO(hydrogen atom in hydroxyl group)
Cy(carbon atom in methylene)
HC(hydrogen atom in methylene)
C y(carbon atom in CF; group)

F(fluorine atom)
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Table 2 The fraction of the accepted H-bonds for
OW---HW—OW and OW---HO—OH at x=0.1

Accepted H-bonds

X(OW:--HW—OW)(%) x(OW---HO—OH)(%)

0 5.09 21.35
1 42.53 68.01
48.74 10.60

0.03

2
3 3.61
4 0.00

0.03




W e AR K R TRE KW T30 112K

431

=
=1

(a)

Fraction of the hydrogen bonds (%)
=] + =N} o
< = = =
Ll
\(1‘ b
- \ = O
X//\\ G

Fraction ol the hydrogen bonds (%)
W =
oo o
>(/'
Vot
.\ i
=
[/
v / \

0 ¥
00 02 04 06 Lo

X(TFE) AIFE)

Fraction of the hydrogen bonds (%)

00f S, © £ ool (d)
= ——
50 e 5 —
70 0 2 8ot
60 -1 g
50 260t
40 - B -
—~3 = 40l — 1

30 o 2
20 Y b
W e s -3

P =3
869204 o6 o8 10 2 8002 04 06 03 0

x (TFE) (TFE)

E 2 TFE-H.0 FR2HHSEEMEHE
Fig.2 Type and number of hydrogen bonds in TFE-H,0 system
fraction (%) of OW atoms accepting hydrogen bonds to (a) HW atoms, (b) HO atoms, (c) HC atoms, (d) HO atoms. The atom types refer to those in
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Fig.4 Comparisons between the average hydrogen bond numbers in MD simulation and
chemical shifts of NMR spectra in TFE aqueous solution
the comparison of (a) HW atom, (b) HC atom, (c) F atom. The data of chemical shifts are from the literature [11]
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