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Susceptibility and magnetic shieldings of all nuclei are
calculated for water and hypofluorous acid. A finite per-
turbation SCF method with gauge invariant gaussian basis
set is used. Results calculated with a slightly extended basis
set agree well with experimental values.

The finite perturbation self-consistent field (SCF)
method has been used for the calculation of magnetic
properties of some linear molecules ! 2. The aim of
the present calculations has been to prove this
method on non-linear molecules calculating the sus-
ceptibility and magnetic shieldings of FOH and
H,O0.

In the Hamiltonian describing the closed shell
molecule in the presence of a uniform magnetic
field the vector potential of this field is included.
Gauge invariant atomic orbitals are chosen as a basis
set to provide the minimal or slightly extended sets
to have enough flexibility to describe the induced
electronic motion. The single determinant MO wave-
functions in the presence and in the absence of ex-
ternal magnetic field are determined by solving
Roothaan-type equations for several finite magnetic
field strenghts. The susceptibility is deduced by
numerical differentiation of the molecular energy.
Magnetic shieldings are calculated by means of
Ditchfield’s® expression, where the derivatives of
the density matrix are calculated numerically. With-
in such a model there only remains to specify the
basis set. In this work we have used two types of
basis sets. The first one (I) is a slightly extended
basis set composed by Dunning’s [3s2p] set? on
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oxygen and by STO-4G functions® on hydrogen.
The total SCF energy of H,O calculated with this
basis set in the absence of the magnetic field is
E= —-759859 a.u. The experimental geometry
(R(O—-H) =1.8111 a.u., <CHOH =104.5°) was
used. The second basis set (II) used is the minimal
STO-3G set®: With this set we calculated the mag-
netic properties of H,O and FOH at fixed geometry
for H,O (R(O—H) =1.8100 a.u., <€ =105°) and
for FOH (R(F-0)=2.7250 au., R(O-H) =
1.8217 a.u., <C FOH =97.200°). The calculated
energies are E= —75.0012 a.u.and E= —172.3622
a.u., respectively.

The calculated susceptibilities are shown in
Table 1. Components of both molecules are given
for comparison in the O —H bond axis framework.
Susceptibilities of H,0 calculated with basis set I
are comparable with those of Thomsen and Swan-
strom ® calculated with the near Hartree-Fock basis
set without gauge invariant orbitals. STO-3G basis
set gives about 20% too small absolute values as was
noticed before 2. It is supposed that the susceptibility
of FOH calculated with the same basis set (II) is
for roughly the same amount too low. Also by
Pascal additivity rule it should be about 16.10~ ¢ erg
gauss 2mole™!. Nevertheless, basis set II shows
the anisotropy of FOH susceptibility, which is much
greater than in H,0, as expected.

Magnetic shieldings calculated with the first basis
set (I) are given in Table 2. The magnetic shield-
ings of both oxygen and hydrogen are nearly the
same as those of Thomsen and Swanstrem %, the
differences are not greater than some percents,
though the geometries of both calculations are
slightly different. There are some differences be-
tween our values and those of Ditchfield 1® which by
our oppinion are due to the different geometries of
H,O used in both calculations and less to the dif-

ferent extended basis sets.

Table 3 shows the magnetic shieldings of all
nuclei in FOH and H,0 calculated with basis II. As
it is seen from the values for water, the basis set
(and geometry) dependence is much more pronounc-

Table 1. Magnetic susceptibilities of H,O and FOH 2.

z
0%
— Xzzx Xyy X2z Xizo dx®
H
AN —13.81 —13.77 —13.84 —13.81 —0.11 basis I
O—H —11.41 —11.77 —11.52 —11.57 basis IT
F —13.96 —14.06 —14.04 —14.02 —0.18 Ref. 8
\ —13.0%0.1 Ref. 7(expt.)
0—H —16.74 —11.53 —11.30 —13.19 basis IT

a Units are 10— %erg gauss—2 mole—! (cgs ppm).

b Ay=y11"% (x22+733) in the principal axis system.
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Table 2. Magnetic shieldings of Hy,O calculated with basis set I.

b4 Nucleus Ozz Oyy Ozz AO’ Oiso
A
i
| (6] 343.7 290.6 298.8 49.0 311.1 present work
H | H 349.0 272.7 291.2 67.1 304.3 Ref.  (column EC)
17 360.9 325.3 307.0 44.8 331.1 Ref. 8
O————=x
H 38.86 24.96 31.38 10.69 31.73 present work
39.2 23.5 29.5 12.7 30.7 Ref. ¢ (column EC)
36.7 12.0 24.3 18.6 24.3 Ref. ? .
Table 3. Comparison of magnetic shieldings of FOH with those of H,O.
z
t Nucleus of
—z interest Ozz Oyy G2z Oiso Ref.
F 474.5 —5.1 102.1 190.5
F 187+20 11 (expt.)
—81.5 7
N
O—H (0] 340.9 181.8 —5.4 172.4
H 317 25.3 27.6 28.2
27.7 20.4 24.2 24.1 ao
H 0 371.5 356.1 374.7 367.5
N 315.7 290.6 326.9 311.1 *
O—-H H’ 29.2 25.5 43.3 32.7 :
27.6 25.2 42.2 31.6 10
25.0 31.7 *

* Calculated values with basis set I (Table 1) transformed to O—H bond axis fromework.

ed for the shielding of oxygen than for that of
hydrogen. Unfortunately no reliable values have
been published about fluorine and oxygen shield-
ings in hypofluorous acid. But the agreement of
fluorine shift with the experimental value ! is good.
Comparing the values of both molecules a pronounc-

1 M. Hladnik, D. Pumpernik, M. Zaucer, and A. AZman,
Chem. Phys. Letters 42, 361 [1976].

2 M. Zaucer, D. Pumpernik, M. Hladnik, and A. AZman,
to be published.

3 R. Ditchfield, J. Chem. Phys. 56, 5688 [1972].

4 T. H. Dunning, J. Chem. Phys. 53, 2823 [1970].

5 W. J. Hehre, R. F. Stewart, and J. A. Pople, J. Chem.
Phys. 51, 2657 [1969].

6 K. Thomsen and P. Swanstrem, Mol. Phys. 26, 751
[1973].

ed diminution of oxygen shielding going from H,0O
to FOH can be seen.

We may conclud that the finite perturbation
method combined with gauge invariant basis sets
gives reliable results for magnetic susceptibilities
as well for magnetic shieldings.

7 B. R. Appleman and B. P. Dailey, Advan. Magnet. Res.
7, 231 [1974].

8 G. P. Arrighini, M. Maestro, and R. Moccia, Chem. Phys.
Letter 7, 351 [1970].

9 M. Jaszunski and A. Sadlej, Theor. Chim. Acta 27, 135

[1972].

R. Ditchfield and R. E. McKinney, Chem. Phys. 13, 187

[1976].

11 J, E. Hindman, A. Svirmickas, and E. H. Appelman, J.
Chem. Phys. 57, 4542 [1972].

-
=5



