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DESCRIPTION OF MOLECULAR DISTORTIONS
II. INTENSITIES OF THE SYMMETRIC STRETCHING BANDS
OF TETRAHEDRAL MOLECULES
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The symmetry of many molecules in the solid state is
lower than that of the free molecule (or in cage of
ions - of the "free” ion). As & consequence, the =se-
lection rules for IR absorption are relaxed and tran-
sitionsg which are forbidden for the free molecule be-
come allowed. Whether the corresponding band would be
strong, medium or weak, will depend on the degree of
the molecular distortion. In an attempt to describs
the disgtortions of "tetrahedral" molecules in a more
rigorous way than this is usually done, & guantity
called distortion vector (S) is defined.

A qualitative agreement between the magnitude of =
and the intensity of the symmetric stretching band
was found for a number of crystalline compounds con-
taining sulfate ions. In cases where both the inten-
sity of the bands has been guantitatively determined
and the c¢rystal structure is known, the calculated
values of S are fairly well correlated to the mea-
sured IR intensities, the correlation coefficient for
a function of the Y = b*X2 type being r = @.81.

INTRODUCTION

It is well known that very often the molecular symmetrv is lowe-
red on going from gas to s0lid and the molecule is said to be
"distorted" in the crystal. Several appronaches have so far been
applied in order to describe these distortions in a most approp-
riate way. Baur {[1], in his study of phosphates, introduced the
distortion indices as measures for the departures of the P-0 and
0-0 distances and 0-F-0 angles from their wvalues in an "ideal"
tetrahedron. In describing the coordination arcund metal atoms,
Dollase [2] used quantities called absolute and relative distor-
tion of & given polyhedron with respect to an idealized least
squares, best-fit polyhedron of the same kind. Murray-Rust et
al. [3-5)] used symmetry coordinates to define displacemant vecg-
tors which transform as the irreducible representations of the
molecular point group. Howewer, the results abtained by any of
these methods could not be eagily related to the results derived
from spectroscopic measurements e.g. the removal of degeneraci-
es, the non-zero intensity for "forbidden" transitions etc.

In a previous paper [6] we showed that tensors can be succesful-
ly applied in degcribing molecular distortions. Although a

0022-2860/88/$03.50 © 1988 Elsevier Science Publishers B.V.



350

strong carrelation was found between the main components of the
tensor of distortion and the freguencies (IR or Raman) of the
componente of the antisymmetric stretching vibration for a seri-
es aof sulfate compounds, this method [6] could not tell anything
about the band intensities.

In this work we pregent a method (bagsed on =imple geometrical
arguments) which could be used te estimate the IR band intensi-
ties of the symmetric stretching vibrations in tetrahedral ions
in crystals {in our case - sulfates) with known structure.

THE METHCD

The idealized "free™ =sulfate 1on has a tetrahedral structure
with R(S-0) = 147.2 pm [4]). Its symmetric stretch can be visua-
lized as a synphase motion of the four oxygens towards the sul-
fur atom ar away from it. The mode iE infrared inactive =since
the permanent dipole moment is zerc and there is no change in
its value during the vibration.

Most sulfate ions are, of course, distorted in the crystalline
state. If the distortion is such that the ion has a DBj, 5S4 or
Dyg symmetry, the net dipole meoment is still 2ero and will re-
main so during the symmetric stretching vibration. For any other
type of distortion the ion will possess a net dipole moment and
its change during the symmetric stretching vibration could be
expected to be proportional to the dipole moment value in the
equilibrium state. In other words, the intensity of the symmet-
ric stretch should follow the magnitude of the net dipole moment
of the ion, provided that the form of the normal mode is essen-
tially the same as in the case of the undistorted ion (for small
distortions such an assumption appears to be a reasonable cne).

In an attempt to facilitate the correlation between the crystal-
lographic measures of distortion and its spectroscopic manifes-
tations, we propose to introduce a guantity called "distortion
vector” S defined as :

— —_— — —_—
S = (505 + S0 + SO3 + S04)/<S0> (1)

wvhere §Si are the bond-vectors and <80% is the mean value of the
bond lengths. The guantity thus defined is proportional to the
eguilibrium walwe of the dipole moment and, if the assumptions
outlined above hold, to the dipole moment change during the
symmetric stretching vibration.

RESULTS AND DISCOUSSION

The distortion wvector values for many different sulfate compo-
unds were calculated from the avallable crystal structure data.
As seen from the examples given in Fige. 1 and 2, it appears
that, at least gualitatively, +the intensity of the symmetric
stretch does indeed increase with the increaged distortion vec-
tor magnitude.
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A somewhat more gquantitative approach is alsec posgible if the
data on the intensity of the symmetric streteh (I) as well as
structural data are taken into account. We attemptad to correla-
te the values of the distortion vecter {calculated on the basis
cf available crystallographic data [7-18]) with those for the IR
intensity (the latter have been reported [18,28] for a rather
limited number of sulfates). The results are given in Fig. 3.
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Fig. 3. Regression of the inten=it
I y of the symmetric
804 streteh (I) on the distortion vector value

l. Ca804.2H50 (7] 2. CaSo
. 4 [8]
3. HZZn(Soé)Q.sHZO [9] d. M9504.7H20 {ig@])
?- (NHq)zMn(SOd)E.SHQO [11] 6. FESO4.7H20 [12}]
- KaNi(S04)5.6H;0 {15} 8. (NH4)2N1(504)2.GH20 {14]

9. (NHd)QZn(SOQ)Z.Gﬂzo {15] 1¢. (NH
. 4)2Fe(B04)5.68H40 [16
11. (NH4)2CD(SO4)2-6H20 {161 12, (NHg)sz(SO:)g.EHgo El?}
13, Kzﬂg(SO4)2.6H20 [18)

Despite the considerable scatter of the points (which may be
partly due to inaccuracies in the determination of the intensity
values and/or the insufficlent refinement of the crystal struc-
tures), a clear trend ig readily seen. The eguation of the best-
fit curve wase found to be

1= 1569-|S] p.8142 (2)

with a correlation coefficient r = B.81. It should be noted that
an additional (perhaps guite important) factor may contribute to
the observed scatter of the points. The symmetric stretching
vibrations of phosphate and sulfate compounds {[21,22] are, name-
ly, known to be affected by the so-called "specific cation ef-
fects" and these could not be taken into account in our simple
model. Because of that, the eguation (2) should not be used for
predictive purposes, but could help to make a more reliable az-



signment of the infrared bands in some more inveolved cases, es-
pecially when bands due to vibrations other than the sulfate
symmetric stretch appear in the same spectral region (e.g-. in
various types of coordination compounds containing sulfate ions,
in organic sulfate compounds atc.).
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