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‘The influence of variations in the OSiO bond angle « on the anisotropy of the i shiclding tensor of the
monosilicate anion SiO}™ in C3, symmetry has been investigated by semiempirical CNDO/2 calculations.
In the valence basis set of the silicon atom, no d-orbitals were employed. It could be shown that the terms
characterizing the four Si-0) bond contributions to Ao are of greatest importance for reproducing the expe-
rimentally observed trend of anisotropy signs in silicates. Both the increasing O(1)-Si-O(B) bond angle «,
and the decreasing Si-O(1) bond length ASi-O(1)) (and vice versa) exhibit an amplifying geometrical
influence on Ao.

In recent years, a number of 2°Si NMR studies were published concerned with the
theoretical interpretation of the isotropic chemical shift 8,,(**Si) in silicate materials.
Particular attention has been paid to the systematic investigation of various geometrical
and substitucnt cffects on the 8, (**Si) (refs? = %). For describing the trends of these
chemical shifts, semicmpirical procedures of quantum chemistry were found to be well
suited for the treatment cven of relatively large molecular systems. However, an cxact
numerical reproduction of experimental chemical shifts requires a non-cmpirical calcu-
lation of the shiclding of the considered 2°Si nucleus. Such non-empirical calculations
have been carried out by Tossell and Lazzeretti by means of the ab initio “Coupled
Hartree—Fock Perturbation Theory” (CHFPT)™S, and by Kutzelnigg and coworkers by
means of the IGLO method (“Individual Gauge for Localized Orbitals”)”®. In their
applications, these methods are limited to smaller molecular systems, as large basis scts
must be used, greatly extending the computing requirements.

Besides the isotropic chemical shifts in 2°Si NMR, also the anisotropy of the chemi-
cal shifts has increasingly been measured® !, from which additional conclusions can be
drawn on the respective structure and bonding type. So for example for the mono-

* Part 1. see ref.!.
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silicate component SiO}~, partly considerable anisotropy values with opposite signs
have been experimentally determined, although the corresponding isotropic chemical
shifts exhibit but little difference!!. Sceking theorctical interpretation of these
pronounced anisotropics, in our first communication' we have studicd the effect of the
Si-O bond length on the shiclding tensor, using semiempirical (CNDO/2) wave
functions, without d-orbitals in the valence basis set of the Si atom. In combination
with the magnetic shiclding theory of Karplus and Pople!?, this semiempirical proce-
durc provides a qualitative explanation of the connection between the geometrical
structure of silicates on the onc hand, and clectronic quantitics on the other hand, like
Si nctto-charges , a- or nt-character of the Si-O bonds, distribution of electrons around
the 2°Si nucleus or electronic excitation energics. These clectronic quantitics may affect
both the isotropic chemical shifts, and the individual components of the shiclding
tensor in silicates.

The aim of this work is an analysis ol the effect of changes in the O-Si-O bond
angle on the shiclding tensor and its anisotropy. In terms of the semicmpirical all-
valence-clectron procedure CNDO/2, and of the magnetic shiclding theory of Karplus
and Pople'?, we tried to determine which components of the wave function strongly
affect the anisotropy value and sign. The effects of the Si-O bond length (see ref.') and
of the O-Si-O bond angle on the tensor components and on the anisotropy were
compared.

The theoretical results were compared with the experimental NMR data and with the
geometrical parameters. This is rather difficult, as the various geometrical factors in
real silicate structures cannot be mutually separated, and only few experimental data
are presently available. The monosilicate model SiO}~, with externally saturated four
negative charges, as the smallest subunit of a silicate body, can only reflect the
influence of the immediate ncighbourhood of the °Si nucleus on its magnetic
shiclding.

The Shielding Tensor of the Monosilicate Component Unit SiOf;‘

The shiclding of the 2°Si nucleus in the SiOf™ anion by a magnetic ficld can mathe-
matically be described as a tensor which can be visualized by means of an ellipsoid.
The position of the SiOf~ ion of C;, symmetry in the coordinate system is shown in
Fig. 1, together with the orientation of the shiclding tensor components with respect to
the Si-O bonds. The component o, in the z direction coincides with the threefold
symmetry axis (along the Si-O(1) bond, and will further be designated as o). The
shiclding tensor is axially symmetric, i.c. in terms of the Cy, symmetry of the SiO}™ ion,
the xx and yy components in the x/y planc are identical (o,, = 0,, = ¢,). The anisotropy
Ao of the axially symmetrical shiclding tensor then follows as

Ao = op - o )
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In the following we shall assume that the change in the diamagnetic part of the
shiclding constant is insignificant, and that the paramagnetic parts Op, and Op,,,
alone are sufficient to correctly describe the individual anisotropy components as well
as the genceral anisotropy trend, i.c. its dependence on changes in the geometry of the
unit. The effect of a change in the O-Si-O bond angle on the shiclding tensor was
investigated in the following way:

Starting from the ideal T, symmetry of the SiOj~ ion, with four cquivalent Si-O
bonds, of length 160 pm, all three O(1)-Si-O(B) angles « were changed in the same
sense in steps of 10° between 90° and 130°. In this process, all Si-O bond lengths
remained unchanged. Such change in the geometry of the SiO} ion preserved the Cj,
symmetry. Based on the LCAO-MO principle in ZDO approximation according to
ref.!?, the paramagnetic part of the parallcl component of the axially symmetric
shiclding tensor follows from

eI,
Opana]| = — ] 0 m2 r _3>3p 2[(Ran)y + E (QAB)”] )
B=A
with
oce uno 3
(WS 2 2 (¢ - )7 (Cin Civa = Civa "j.w\)2
i
and
occC uno
2 (Rup)y = 2 E (¢ - )" (Cin CiyA = CivA CjxA)
B=A A
z
ol Gr 2 6,
Ore Oux = 6,2 6,
Fia. 1 <
Model of the monosilicate component unit SiO}” o8l oler oI

in the coordinate system, and oricntation of the
tensor components with respect to Si-O bonds
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z(cms Cjyis = Ciyts Cjxi) )

B=A

h, e, pgand m are conventional universal constants. (r‘-‘)_;P is the expectation value of
the reciprocal cubic radius of clectron orbitals in the 3p atomic functions of the Si
atom. The c; 4 cte. are the expansion cocfflicients of an LCAO-MO representation. The
i and j designate the occupied and unoccupicd MO’s, A represents the considered Si
atom and B the ncighbouring oxygen atoms. The cxcitation encrgics were appro-
ximated as the difference of the molecular orbital energies €. When all excitation
cnergies arc approximated by a common mean value AE, then the tensor componcnts
depend only on the elements of the charge density—bond order matrix PMA\,B (= bonding
order bctwccn the p- or v-th p atomic orbitals on atom A or B, respectively) of the
ground state'?. Thus the excited states need not be further considered.
In the “AE” approximation we have

ey, 3 1
(’pum" = _8—.7[_—— >%p (AE) I(Q/\A)H z (QAB)”] (5)
B=A
with
i(QAA)II = P Poava = Peaca yA)A+P AvA (6)
and
1
3 (QAH)H = -Pow P vav P, xAVB P VAYB * )

By a cyclic coordinate interchange, analogous expressions are obtained for the verti-
cal tensor component g,.

RESULTS AND DISCUSSION

The Effect of a Change in the O-Si-O Bond Angle on the Silicon netto Charges
and the Isotropic Chemical Shifts

Any deviation from the ideal tetrahedral angle in SiOj™ at constant Si-O bond length
Icads to a reduction of the silicon netto charge gg; (Fig. 2). Assuming that in the for
alumosilicates typical range of isotropic chemical shifts 8(2’Si) and Si netto charges,
the relation (sce refs>?)
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6iso(2°Si) = (s ®

also holds in the considered case of changes in the O-Si-O bond angle, then any such
change should lead to a low-filled shift (= reduction of O,,,). In considerations of the

substituent and bond-angle effects on the trend of the isotropic chemical shifts 8,,,(*°Si)

in silicates and alumosilicates® it was found as satisfactory and uscful to apply the

*

relative paramagnetic shiclding constants of, ... Contrary to oy, the relative quantity

Opara has the same sign as the chemical shift d which is defined as positive towards low

ficld, sce Eq. (9):
W P
. 3
Opara = _ﬁ:u . (())

In the investigation of the Si-O-Si bond-angle cffect on the trend of isotropic chemi-

cal shifts in di- and polysilicates, the individual clectronic factors affecting op,,, in

terms of Eq. (9) have alrcady been extensively discussed and compared as dimension-
less relative quantities®. In analogy to these considerations, in this work the effect of

the clectronic factors P, Ry, and (AE*)™! on the isotropic Opara Will be analyzed.
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para iN the
“AE” and “sum-over-states” approximation is shown. Only Pj, as a quantity describing
the asymmetry of charge distribution about the nucleus reflects directly the trend of the
isotropic chemical shifts with the O-Si-O bond angle, as expected from the course of
the Si netto charges gg; (see Fig. 2) and from the relations (8) and (9). For the factor
(AE*)™!, corresponding to the reciprocal of the electronic excitation energy, we obtain
a course analogous to P. The trend of the reciprocal cubic radius of the clectron orbits
in the 3p atomic functions of the Si atom, R3,, is uncorrected (f = 1, sce ref.?), contrary
to the course of P, or (AE*)™1.*
The explicit consideration of a change in the excitation energy within the “sum-over-
parae FTOM
Fig. 3 it can be seen that the isotropic chemical shifts are gencrally affected by a
deformation of the tetrahedron, but a definite relation to the individual O-Si-O bond
angles o in the silicate anion SiO3~ cannot be established.

In Fig. 3, the course of the named factors and of the resulting isotropic o

states” approximation dircctly yiclds the expected trend of the isotropic o

The Effect of the O-Si-O Bond Angle on the Shielding Tensor

In our investigation of the effect of the Si-O bond Iength on the anisotropy Aa(*Si) it
was shown that the size and sign of Ao is determined by the contributions of the Si-O
bonds!. Therefore in the discussion of the cffect of the O-Si-O bond angle o on
AG(**Si), the contributions A(Q4) and A(Qaa), localized directly on the Si atom, and
the Si-O bond contributions A(Q,;) and A(Q ) Will be considered separately, see Eqs
(10) and (11):

AN = [Qad)) = QAL (10)

A@p) = 13 Qan)y - D, (Qan).]- (an

B=A B=A

The expressions for the Q terms in the “AE” approximation arc analogous. According
to Egs (1) to (7), the anisotropy of an axially symmetric shiclding tensor should be
proportional to the following negative dilferences:

Ao = -A(Qpp) or Ao = -A(Qap) (12)

* The unrealistic trend of 0% para in the AL approximation (AE = const = 1) could be corrected by a suitable
choice of the so called adjustment factor f < 1 in K*. In such case the ffactor would first of all correct the
assumption underlying the “AE" approximation, namcly that the clectronic excitation energies do not

change from molecule to molecule.
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and

Ao = -A(Qup)  or Ac = -AQap) - (13)

The results of the “AE” and “sum-over-states” approximation are visualized in Figs
4 and 5. In both representations it is evident that although the (AB) terms are nume-
rically smaller than the local (AA) terms, the splitting of the perpendicular and parallel
components and their contribution to the Ao anisotropy is considcrable. While the
splitting of the (Qa4 ) term in the “AE” approximation is small, it does not differ con-
siderably from the (Q4p) term in the “sum-over-states” approximation. As in ref.! the
effect of the (Rpp) term was found as determining for the size of Ao, we assume that
the (Qp4) term (sce Fig. 5) might be somewhat overstated owing to the use of
uncorrected excitation energics in the “sum-over-states” approximation.

No simple correlation between the parallel and perpendicular components of the (2)
and (Q) quantities and the O-Si-O bond angles « could be detected. The course of the
(Qap), is cvidently determined by the change in the o bond order of the Si-O(1) bond,
P_g;.o(1y (Fig. 6). The st bond orders of the Si-O(1) bond, Pgio 1y (0F Pysiyo(1y) do not
significantly change, indicating that the (p-p), character of this bond, established in
ref.!, is hardly affected by changes in the O-Si-O bond angles. Therefore the trend of
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Parallel and perpendicular components of (Qaa)
and E(QM,) terms of the “AE™ approximation in
depgﬁaence on the bond angle a, according to
Eqs (6) and (7): 1 (Qan) 2 (Can)1s 3 2 (Qap)is
43;/\( Qan)| hoh

Dependence of the (Q) terms in the “sum-over-
states” approximation according to Eqs (3) and
(4). corresponding to Fig. 4 (smaller values cor-
respond to stronger shiclding of the resonating
nucleus): 1 (Qaa)ys 2 (Qaa)r 3 2 (Qp)Ls
42}\(9/\3)" Bt
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(Qap))| (sec Eq.(7)) must be caused by the elements of the charge density—bond order
matrix corresponding to the three Si-O(B) bonds (sce Fig. 1).

In order to test the rclevance of the presented results, and thus the suitability of the
SiO}~ model for a semiempirical interpretation of the magnetic shiclding of the 2°Si
nucleus in silicate solids, some analogous calculations have also been carried out for
the ortho-silicic acid model. Concerning the trend of the parallel and perpendicular
components of the (R,4) and (43) quantities and the corresponding anisotropies in
terms of Eqs (10) and (1), the results obtained for the monosilicate anion with four
negative charges were confirmed. Thus for example an enhancement of the three bond
angles a from 109.47° to 120° yiclds 0.048 and 0.027 for the A(Q, ) terms, and -0.038
and -0.046 for the A(Quy) terms in the SiO§™ ion and in Si(OH),, respectively.*

Calculated and Experim)enml Relation between the O-Si-O Bond Angle o
. (/I
and the Anisotropy Ao(® ’Si)

In order to predict which of the calculated terms makes the most important contribution
to the anisotropy, and to obtain a better theoretical understanding of the calculated
quantitics, it is uscful to make a comparison with the experimental findings for the
monosilicate component unit SiOf~.

0.40 5
p e T
0.00 J
-0.20 3
_o40 ]
~0.60 3 2
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. //‘
3 FiG. 6
=100 3 Bond orders of the Si-O(1) bond in dependence on
~1.20 3, a: 1.7 bond orders Psivo) (= Pysiyon)): 2 o bond
80 9C 100 110 130 a 140 orders l’.-su()m

* It is found that also for the change in the Si-O(1) bond length, the results for orthosilicic acid and those
presented in ref. for the monosilicate anion are analogous. The A(£244) and A(Q,g) terms agree in their
sign trend and are also of similar size for the same change in bond length. As example let us present the
results for an extension of rg_, from 160 to 164 pm: for Si()"‘" and Si(OH). respectively, the
corresponding values are A(S2,44) -0.0031 and -0.0035: A(£245) 0.0044 and 0.0036.
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The experimental geometric and shiclding data for tetramethylammonium silicate
(TMAS) and for tricalcium silicate hydrate (TCSH) are summarized in Table I (ref.'°).
The paramagnetic parts of the shiclding tensor components were calculated by means
of Eq. (2). In comparison with the experimental values, O, and Oy, are negative,
nevertheless their change with gcometry should correspond to the change in the expe-
rimental values of o) and o, (scc Tables I and II). The calculated values of o), o, and
Ao can be qualitatively referred to the experimental values of TMAS and TCSH, when
only the .;.“A(Q/\U) term in Eq. (2) is taken into account in the calculation. As alrcady
indicated by the course of the (Q4p) components (sce Fig. 5), a reduction of the three
0-Si-0 angles  to 100° or 90° Ieads to an cnhancement of the shielding of the 2°Si
nucleus perpendicular to the threefold axis with respect to the shiclding of the resonating
nucleus parallel to this axis (this means negative anisotropy values Ao,). This type of
angular gcometry corresponds to that in TCSH, for which a negative anisotropy cqual
1o =74 ppm has been experimentally determined (sce Table I).

On the other hand, an opening of the O-Si-0O angle « leads to a greater enhancement
of the parallel tensor component O, With respect 10 Op,,), and thus to a positive
anisotropy Adi,), and this can be compared to the situation in TMAS (Table I).

Contrary to this, the quantitics calculated from the local (€244)) components do
not reproduce the experimentally found signs (Table II). Thus the shiclding of the 28
nucleus is only correctly described by the parts of the molecular wave function that
characterize the four bonds to the neighbouring O-atoms.

The Relation Between tll(e O-Si-0 Bond Angles, the Si-O Bond Lengths
and the Anisotropy A(Y(Z ’Si)

In real silicate structures with the tetracdric monosilicate component unit SiOf~, the
0O-Si-0 bond angles vary between about 101° and 117°. The Si-O bond lengths lie
between 155 and 169 pm (ref.'¥). From the results of semiempirical EHT-MO calcu-
lations of the SiO}~ ion' it is known that in the tetracdric unit the larger O-Si-O
angles are enclosed by the shorter Si-O bonds, and the smaller O-Si-O angles by the

TaBLE |
Experimental data on the geometry (r, pm) and NMR spectra (o, ppm) of tricalciumsilicon hydrate (TCSH)
and tetramethylammonium silicate (TMAS)

w® ’si-0(1 )" r Si—()(l&)“ B Oy Ao Ofiso)
TCSH? 104 167 161 35 109 -74 84
TMASS 11 157 160 152 73 +78 99

. .19
“ Ref.'% ® structural data on the structurally analogous hcm:morphnc‘ : < structural data from ref.'®,
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longer Si-O bonds. Experimentally observed steric details in various silicates (e.g.
pyrosilicate in Ba;Si,NbsO,, (ref.'®), benitoit!”, TMAS!8 and hemimorphit!®) confirm
these results.

This cxperimentally and semicmpirically proved connection between OSiO bond
angles and Si-O bond lengths within the monosilicate component unit SiOf~ will in the
following be related to the geometric factors discussed in ref.! and in this work as
affecting the anisotropy Ao of the shielding tensor.

In Fig. 7 is shown the dependence of the anisotropy Adi, on the change in rg;_o
and <O(1)-Si-O(B) (sce ref.'). Ao is cvidently affected in the same direction by an
opening of the three bond angles o and reduction of the Si-O(1) bond length, and vice
versa. Assuming that these variations arc linear in the whole considered angular and
length range, we can quantitatively estimate and compare the effect of both these
geometric factors on Ao(*’Si).

A lincar regression analysis yiclds for the dependence of Ao (in ppm) on the Si-O(1)
bond length (with constant O-Si-O angles)

AG{qy = +7.745 = 4.821.107 rgi o) [pm] (14)

and for the dependence on the O(1)-Si-O(B) angle (at constant bond lengths)

TaBLE 11
(_«alculjlcd (ensor COMPONENLS Oy AN Tpyryy . aNisOtropics Adey ey and chemical shifts o (all in ppm)
in SiOy™ ; all Si-O bonds 160 pm long

a, ® Opara| Oparal Ac((‘alc) o(iso)a
90 -7.74° -4.65" -3.09 -5.68
-21.39¢ -25.06° +3.67 -23.84

100 -8.38% -6.99% -1.39 -7.45
-22.19¢ -23.96° +1.77 -23.37

109.47 -7.94" ~7.94% 0 -7.94
-23.18¢ -23.18° 0 -23.18

110 -7.86" -7.95? +0.09 -7.92
-23.26° -23.15° -0.11 -23.19

120 -6.35" -7.96° +1.61 -7.42
-24.79¢ -22.76° -2.03 -23.44

130 -2.53% -6.09" +3.56 -4.90
-26.17° -22.95¢ -3.22 -24.02

¢ Ofisoy = 1/3(0) + 2 o) b Oparall (1) from ref.2, only (Qpp) terms considered; Oparal| (1) from ref.2, only
local (R2p4) terms considered.
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Aol = =17.79 + 1.63.107'a  [°]. 15)

From these equations it follows, for example, that a shortcning of the Si-O(1) bond
by ca 2 pm (from 160 to 158 pm), or an opening of the three bond angles o by ca 0.6°
cach (starting from the idcal tetrahedral angles), quite independently cause Ao to
increasc from zero to about +0.1 ppm.

Besides the found qualitative agrcement of the sign trend, and of the calculated and
experimental anisotropies (vide supra) we have also tested whether there exists a semi-
quantitative relation between the two quantities. Basced on Eqs (14) and (15), theoretical
A0 (1) Were calculated for various real silicates. The necessary Si-O(1) bond lengths
and O-Si-O bond angles were taken from the literature!81920 - 25 A results and geom-
etric data arc summarized in Table III. The correlation of the sum of the calculated
anisotropics Ao, and Aa(h With the corresponding experimental AGy, (refs® = 112%)
is shown in Fig. 8. In spite of thc great difference in the absolute values of the two
quantitics, the calculated anisotropies reproduce well the experimental sign trend.
Considering that the anisotropics A0,y have been calculated on the assumption that

sion)
168 164 160 PM 152
4,00 st A u "
: 1.0 4
AG, 3
e 86
ppm ppm
0.00 3 0.0
3 2.5
-2.00 4
—-1c
~00]
P -1.5
-6.00—: T T 7 T . =20 T+
80 90 100°  110* 120 a 140 ~150 A8y, pOm 100
FiG. 7 Fii. 8
Anisotropies /.\ﬁ(“l(.) calculated by means of Eqs (‘orrsl'{liolrll ’(())f experimental anisotropies Ad(cx,
(2) and (7). in dependence on rgi_o) (7) (see (refs ") with the corresponding AG(calc)
rcf.]), and on O-Si-0O angle a (2) (in Eq. (2) the values calculated by means of Eqs (1) to (16)
(244) terms were not included) (for numbering see Table III). Linear regression

analysis yields:

Ay = =982 . 107 + 105 . 107 Acey  [pm] (17)
with maximum and minimum deviation 0.0305
and 0.208 ppm, respectively
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the remaining gcometric parameters remain constant in each casc (rgi_o = 160 pm, or
<0O-S-0 = 109.47°), then the corrclation With A0, is satisfactory, as such ideal
geometric relations do not actually occur in the real silicate component units SiO}~ (see
Table III).

CONCLUSIONS

The results of ref.! and of the present work indicate that a detailed understanding of the
trends in the magnetic shiclding of the 2°Si nucleus in silicate solids may serve as an
additional source of information on the structure of the silicate and on the character of
the respective bonds.

In the representation of the clectron distribution in semicmpirical (CNDO/2) wave
functions, the experimental trend of the tensor components of the anisotropy Ao in
dependence on the O-Si-O bond angle is qualitatively reproduced. The experimental
finding!! that silicates with the monosilicate component unit SiOF™ exhibit very diffe-

TasLe 111
Variation with gecometry (r in pm: & in °) of AG(cc) (in ppm), calculated for real silicate structures by
means of Eqs (1) and (15)

No.  Silicate rsi-o()  Tsi-om) Al a, ® A ale) AG(carey”

1 Cae|Si207/(OH)}e 167 161 -0.306 104 -0.835 -1.141
(TCSH, ref.'®)

2 (‘asSig(’)7b 166.7 160.5 -0.291 106.5 -0.439 -0.73
(Rankinite, rcf.zo)

3 SiO2 160.9 160.9 -0.012 109.4 0.045 +0.033
(T-Quartz, rcf.m)

4 B-(‘azSi()ab 161 164 -0.017 110.6 0.241 +0.224
(B-Dicalciumsilicate, rcl'.n)

5 [(CH3)3Si]sSigO20 158.8 160 0.089 109.9 0.124 +0.213
(QsMs, ref.?)

6  Cas(OH)2(Si0)2 162 164.7 -0.065 113.4 0.702 +0.637
(Calcio-Chondrodite, rcf.“)

7 [N(CH3)4)sSisO20 . 69120 157 160 0.181 111 0.306 +0.487
(TMAS, ref.'®)

8 Baz[SizOo]b 156.1 163.1 0.219 112.8 0.599 +0.818

(Sanbornite, rcf.zs)

“ AG(cat) = AO{gicy + ATy (16); b small deviations from 3, point symmetry.
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rent shift anisotropies, together with almost equal isotropic chemical shifts, becomes
theorctically understandable on the basis of the discussed dependence of the molecular
wave function and shiclding tensor on geometric factors. Our results show that the
components of the axially symmetric shiclding tensor arc to a different degree affected
by the individual changes in the O-Si-O bond angles. Thus an opening of the three
bond angles a leads to a greater enhancement of the component o) (parallel to the
threefold symmetry axis), as compared to the perpendicular component o), i.e. the
resulting anisotropy is positive (and vice versa). At the same time it was found that the
(Rap) and (Qp) terms characterizing the contribution of the four Si-O bonds to Ao are
determining for the reproduction of the experimental trend of the anisotropy sign.

From the independent calculations concerning the effect of Si-O bond lengths and
0-Si-0 bond angles on Ac(*’Si) it can be concluded that the two mutually coupled
geometric factors synergistically affect Ao. According to Eq. (17), a change of 10 ppm
in experimental anisotropy corresponds to a calculated value of about 0.1 ppm (see Fig. 8).
The influence on Ao of a change in the O-Si-O bond angle is usually at least twice
larger than the cffect of the simultancously changing Si-O(1) bond length (sce in Table 111
Ac* and Ac**). This means that for example an enhancement of A, by ca 10 ppm
would be caused by an opening of the three bond angles o by 0.4° cach, and by a
shortening of rg;_;) by ca 0.65 pm within the monosilicate component unit.

These results demonstrate that from a knowledge of the tensor components and their
anisotropy, it is possible to recognize small deviations from ideal tetrahedral symmetry,
i.e. to draw a rclation to the individual Si-O bond lengths, O-Si-O bond angles and
character of the Si-O bond in the SiOj™ ion.

The aim of further calculations of magnetic shiclding of the 2°Si nucleus in silicate
solids thercfore should be a systematic study of various gecometric effects on the
shiclding tensor by means of non-empirical methods. As indicated by CHFPT and
IGLO calculations of the shiclding tensor in inorganic Si compounds for some selected
3= &t might then be possible 1o obtain a good quantitative reproduction of
the measured tensor components and anisotropics. For the interpretation of shiclding
tensors and anisotropies, the IGLO method scems to be of advantage. As the chemical
shifts o are obtained as a sum of contributions of localized orbitals, conclusions
concerning the individual MO contributions to the anisotropy Aa(*°Si) can be dircctly
drawn and compared with the results of semiempirical (CNDO/2) calculations
discussed in ref.!. Our own ab initio calculations by means of the IGLO method investi-
gating various geometric cffects on the 2°Si shiclding tensor are in preparation.

geometries

In connection with the discussed studies on silicates, a study of the influence of
geometric changes on the shiclding tensor of *'P in solid phoshates would be of inte-
rest. Recently by means of a simple tensor model, the experimentally observed depend-
ence of the tensor components of the *'P shiclding tensor on the P-O bond length was
related by Olivieri?” to differences in (P-0O) bond orders. An analysis of the influence
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of P-O bond lengths on the P shiclding tensor might, in analogy to the influence of
Si-O bond length on the magnetic shielding tensor in silicates, as discussed in ref.},
bring information also on the nature of the P-O bond, i.c. on the relevant orbitals.
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Translated by D. Dosko¢ilova.
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