CROATICA CHEMICA ACTA CCACAA 63 (2) 181—186 (1990)

YU ISSN 0011-1643
CCA-1932 UDC 547.787
Note

Description of Molecular Distortions: IV. Relationships Between
the Distortion and the Hydrogen Bond Strength for Some
Compounds Containing HSO4 Ions

V. PetruSevski
Institute of Chemistry, Faculty of Science,
Skopje, Yugoslavia
and
A. W. Al-Kassab, B. D. James and J. Liesegang

Department of Chemistry, La Trobe University, Bundoora, Victoria, 3038, Australia

Received June 21, 1989

Several methods are known for describing the distortions of
tetrahedral molecules. In the present paper, some correlations bet-
ween the hydrogen bond strength and the different measures for
the distortions of HSO4 ions are evaluated. In terms of the distor-
tion indices the rasults reflect similar trends to those calculated for
phosphates!. It is found that weaker hydrogen bonding is accom-
panied by larger distortions of the HSO4 tetrahedra.

INTRODUCTION

Previous works have shown that hydrogen bonding has a remarkable
role in modifying the oxo-anions geometry in the HXO, and H,XO, groups
to which the hydrogen atom is attached 3. Thus, the existence of correla-
tions between the three distortion indices* and the hydrogen bond lenght!
for some hydrogenphosphates, as well as correlations between X-O(H) and
O-H... O distances (in which X = B,C,N,S,Si,As,Se,I)»? for a number of hy-
drogentetraoxoanions, were revealed. The distortions of polyatomic molecules
(or ions) in the solid state, however, may be described in a varitey of ways*!
each method having some advantages and some shortcomings. It is therefore
of interest to study the effect of hydrogen bonding in some hydrogensulfates,
especially on the distortion indices?, displacement vectors® and the total
aistortion® of these ions.

DEFINITIONS AND CALCULATIONS

All quantities were defined in the original papers®69.

A total of 39 hydrogensulfate ions from 30 different crystal structuresl11-401
have been investigated. Data for Ba(HSO,), were not included in the regres-
sion analysis because the hydrogen bonds in this compound are exceptionally
weak (Table I). Inaccurate structures (estimated standard deviation of bond-
-lengths > 1 pm) were also excluded, Compounds with proton-disorder were
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also excluded, unless the proton was disordered between the proton-donor
and the proton-acceptor. H;SO; was considered as the only known example of
a dihydrogensulfate compound.

Calculations of the distortion indices (DI(TO), DI(CTO) and DI(00)), di-
splacement vetors (Dy(E), Ds(F2) and Du(F2)), the total distortion (D) and the
regression analyses were performed on a Commodore 128 micro-computer
with a suitable programs written in Basic. The input data were the unit-cell
parameters and the fractional coordinates of the five atoms (S, Oi, O, Os, Oy).
The tondlengths were not corrected for thermal motion.

RESULTS AND DISCUSSION

The distortions and the hydrogen-bond strenghts for the investigated
compounds are presented in Table I, and the least-squares-best-fit lines are
given in Table II. Somewhat surprisingly, the r value for the correlation
between DI(OTO) and R(O...O) is somewhat lower than the r value for the
DI{O0)-R(O ... O) correlation. It is expected that DI(OO) should be the most
»independent« distortion index, since it has been shown that the distortion of
tetrahedral oxo-anions may be visualized as »a central atom moving in a rigid
tramework of oxygens«* Whit respect to this, the results for hydrogen-
sulfates clearly differ from those obtained for hydrogenphosphates'.

TABLE II

Regression relationships for the distortion indices referred to in the text

Hy&rogen Sulfate Least-squares-best-fit

Distortion Indices Regression Formula 4
DI(TO) 6.02 X 10" X R(O - - - O)/pm - 0.1285 0.63
DI(OTO) 4.92 X 10% X R(O - - - O)/pm - 0.0816 0.44
DI(O0) 2.20 X 107 X R(O + - - O)/pm - 0.0592 0.46
Ds(E)|/° 0.0655 X R(O - - - O)/pm - 14.64 0.33
'D3(F3)|/pm 0.209 X R(O... O)/pm - 44.79 0.63
Dy(Fo)|/° 127 X R(O...O)/pm - 25.00 046
D, 167 X107 X R(O...O)pm - 0.3792 0.59

The lcwest value for r (0.33) was obtained for the regression of 'Dy(E) on
R(O...0), as expected. It has been shown by Murray-Rust et al.ls] that for
distortions preserving Cs co-kernel (or effective) symmetry, DyE) = 0, so
the values for this distortion vector are expected to be much smaller than the
values for Dy(F,) and this is, indeed, the case (see Table I). Once again, the
highest value for r (Table II) is obtained for the regression of [Ds(Fy)| on
R(O...0) Dy(F,) being the vector analogy of the distortion index DI(TO).
The correlation coefficent for the regression of D, on R(O...O) is, also, rather
high.

& Despite the rigorous criteria under which the structures were taken into
consideration, the scatter of the points (especially in the case of DI(OTO),
DI(00),Dy(E)//° and ID4(F,)!/® correlations) is very large (the situation with
the hydrogenphosphate-correlations is quite similar). Since this scatter is not
4 result of inaccuracies in the crystal-structure determinations, it indicates
that, although important, the hydrogen bonding is far from being the only
cause for the distortions of oxo-anions in crystals. In a more sophisticated
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approach, the interaction with (metal) cations must be taken into account.
Moreover, the recent works of Finney and Savagel4243] reveal the importance
of the so-called non-bonded interactions in minimizing the crystal energy.
Obviously, further work is needed to estimate the effect of these interactions
on the distortion of polyatomic molecules and ions in crystals.
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SAZETAK

Opis molekulskih distorzija: IV. Odnos izmedu veliGine distorzije i jakosti vodikove
veze u spojevima s HSO4 ionima

V. Petrufevski, A. W. Al-Kassab, B. D. James i J. Liesegang

Procijenjene su korelacije jakosti vodikove veze s nekim mjerama za distorziju
iona HSO4. Rezultati su usporedeni s onima za fosfate. Slabija vodikova veza obi¢no
je zdruZena s vecom distrozijom HSO4-tetraedra.
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