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A knowledge of theoretically calculated hyperfine
coupling constants (hfc) for a radical is helpful in in-
terpreting its electronic structure and explaining the
magnitudes and signs of the observed values. In the
calculation of the isotropic hfc, the spin-polarization
effect should be included.! The one-center dipolar
interaction integrals mainly contribute to anisotropic
hfc.> With these two factors taken into considera-
tion, an improved SCF-MO function has been con-
structed and the isotropic and anisotropic hfc have
been calculated.

The ground electron-configuration (¥,) for a rad-
ical was obtained in terms of the approximate open-shell
MO’s of Longuet-Higgins and Pople using INDO
approximation.?) There are four types of one-electron-
excited electron-configurations which are eigen func-
tions (doublet) of §, and §2. When SCF-MO’s are
used, however, only one of them (¥,,(II))¥ interacts
with ¥ and the wave function ¥, can be improved
by use of the first order perturbation: ¥=¥ 431, 7,
(II). The i, j components (i, j=X, ¥, Z) of the
anisotropic hfc, A3, and the isotropic hfc, ¥, for a
nucleus N are:

AY = gBhyxtr(pP), P, = Xy | rn=3(Brngrn s —rn20s) | Xs),
(1)

a¥ = (8n/3)gBliyntr(0Q), Qrs = {X,|0(rn) | Xs), 2)

Prs = CmCsm + iZ}Z (CriCsx+ Csi Cry) (mi | mk) [A Eyy,, (3)

where C,; are the LCAO coefficients (¢,=>%,C,,),
AE, the energy differences between ¥, (II) and ¥,
0,s an element of the AO spin density matrix, and
the other notations have their usual meaning. The
second term in g, is what appears by spin-polarizarion.
If AO’s X, and X, belong to different atoms, dipolar
interaction integrals P,; are evaluated over the Slater
type AO’s? and one-center P, over the SCF-AO’s
expanded by Loéwdin.® @, are also evaluated over
the Lowdin’s SCF-AQ’s, only if both X, and X, are
centered on the atom N.

The hfc of HCO, CO,~, CH,=-CH, HCN-, and
CH=C were calculated. The results for HCO, a
typical ¢-radical, are described in some detail. The
electronic structure of this radical has been reported.?
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TaBLE 1. CONTRIBUTION OF ELECTRON-CONFIGURATIONS
To hfc (MHz) oF THCO IN THE PRINCIPAL AXES

Configuration a Az s Agzy Ayy A,
v, 243 23.2 —-3.3 —6.3 -—16.9
lo—60 1 —0.1 0.2 0.0 0.1
2060 31 —-3.3 2.1 1.3 2.0
2070 5 —-1.0 —-0.4 0.6 0.4
3660 9 —1.1 0.9 0.4 0.7
36—70 2 —0.4 0.1 0.3 0.2
1z—2rn 0 0.6 —-0.1 -0.6 0.0
4970 -3 0.8 0.5 —-0.5 -0.4
Sum of i—k 45 —4.6 3.3 1.5 3.1
Total 288 18.7 0.0 —4.8 -—13.9
TaBLE 2. CONTRIBUTION OF EACH ATOM TO THE ANISO-

TrOPIC hfc (MHz) oF H?CO IN THE PRINCIPAL AXES

Atom Ayz Azy Ayy Azs
C 2, —4.3 0 2.2 2.2
2p,> —27.4 0 54.8 —27.4
2p.2 —1.5 0 —1.5 2.9
Others 0 —0.1 0 0
Total of C —33.2 —0.1 55.5 —22.3
H 3.1 2.9 —0.8 —-2.3
(o] 4.6 —2.8 —1.3 —3.3
H+O 7.7 0.1 —2.1 —5.6
Total —25.5 0 53.4 —28.0

The contribution of each electron-configuration to

hfc for the proton is shown in Table 1. We see that
the most important contribution is C-H ¢—o* (20—

60). Spin-polarization should be included in the
calculation of anisotropic hfc as for the isotropic hfc.

Each atom of HCO contributes to hfc of 13C (Table
2). Holmberg® resolved the experimentally observed
hfc (MHz) of '3C into two axial parts: (4,,,4,,,
4,,)=(—48,72, —24)=(—40, 80, —40),,,+(—8, —8,
16)5,,- The second term shows the contribution of
the carbon 2p, orbital normal to the molecular plane.
Table 2 suggests that the effect of neighbouring atoms
is larger than that of C(2p,), and that the observed
values can be resolved into those of 2p, and 2p,. Di-
rection cosimes obtained show that the principal axis
» of ™H, 13C, and 70O rotate by 75° 33°, and 16° from
the C-O bond, respectively. The results for HCO
are compared with available experimental data in
Table 3. Satisfactory agreement was found for both
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TaBLE 3. CALCULATED RESULTS FOR ¢-RADICALs (MHz)
(Data in the parentheses are experimental.)
Radical Nucleus a Az Ayy Ayl Ref.
HCO H 288 19 -5 —14
(354) (25) (—8) (—=17) 6
(381) (15) (—2) (—14) 7
3G 550 —25 53 —28
(365) (—48) (72) (—24) 6
(378) (—39) (50) (—12) 7
170 —22 47 —100 54
(=) (=) (=) (=)
CO,- 3G 610 —21 54 —33
(467) (—47) (79) (—33) 8
170 —29 38 —75 38
(—90) (25) (—53) (28) 8
HCN- H 356 19 -8 —11
(384) () (=) (=) 9
BG 550 —21 35 —14
(207) (=) (=) (=) 9
UN 10 43 —-20 —23
(18) =) (=) (=) 9
Vinyl H, 56 36 -9 —27
(45) (38) (—11) (—27) 10,11
Hirans 251 8 —6 -9
(190) (=) —) (=) 10
H,; 118 10 -5 -5
(95) (=) —) (=) 10
3G, 388 —58 110 —51
(301) (=) (=) (=) 12
BCp —27 13 —4 -9
(—24) (=) (=) (=) 12
Ethynyl H 151 4 —2 -2
(45) (=) -) (=) 10
3G, 978 87 —44 —44
(=) (=) (=) (=)
1BC, 54 27 —-13 —13
(=) (—) (=) (—)
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e. g., for the anisotropic hfc (MHz) of 13C, from (—17,

47, —30) to (—25, 53, —28).

The isotropic and ani-
sotropic hfc of other og-radicals calculated by the pres-
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ent method, some of which are given in Table 3, o3 (1964).

are useful for the analysis of complicated ESR spectra
in solid solution.
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