+co

oo L[ (-vyaz iR
kR . L, —5= ) 142
“P:i?e* ) g ﬁ RICIIRST I (1*—62’6 S, )dxdy:%_,q(kf, ko), (1
o

q=ky ~ kf, kf and ky being of magnitude k and having the directions respectively of scattering and of ¢, R is the dis-
tance from the center of the sphere to the point of observation, V = 120 /2u, U is the scattering potential, p is the mass
of a scattering particle; and i is Planck’s constant. Formula (1) is true for vibrations of electric type, but these coincide
with the magnetic ones for kr > 1 [5]. We may put +V as +V = (m? — 1)k* within the sphere and +V = 0 elsewhere, for
then Helmholtz's equation formally coincides with Schrédinger's equation, whose solution is (1). The first term in (1) is
the formula for Fraunhofer diffraction with this choice for +V.

From (1) and this +V we may calculate the scattered intensity 1= | ¥|? and the attenuation factor o= (47/k)Im A
(kg, ko) for |m — 1| - 0, which gives us all the results of chapter 11 of [6].

The following formula is readily derived for the refractive index o of a medium containing N particles per unit

volume:
2 cos
a=1 +Nr2—kl{-e~ptgﬂ —Bcos (r—8)+
p

CoSs
4 e—ptgl -

2 in 28 cos? B
‘Bsin(p—QB)+ sin ‘cos(’},
¢ p?

p=2m—Dkr, tgB=o(n—1), m=n—ix

Also, (1) enables us to calculate the characteristics of a multilayer sphere; for instance, the attenuation factor of
a transparent (x= 0) two-layer spherical particle is

6= :rg @2 — X, — X3}, X1==[2—K (g2 B2)]- [l — r1/7al;
1
Xo=4[ cos [}/ T8 +po [(m — 1)/ (e — 1) =11/ (ryfr) —E] £ dE.
0

Subscript 1 relates to the core and subscript 2 to the outer shell; K = o'/m?, in which o is the attenuation factor for a
sphere of radius r, and having m = 1, in this approximation.
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CALCULATION OF THE w-ELECTRON STRUCTURE OF SOME
VINYL ETHERS BY THE SEMIEMPIRICAL SELF-CONSISTENT FIELD METHOD

Yu. L Frolov
Izvestiya VUZ. Fizika, No, 3, pp. 177-179, 1965

Values are discussed for the resonance integral of C—O(8x_(y) and for the parameter dwg of the oxygen atom for
use in m-electron calculations for vinyl ethers by means of a semiempirical form of the MOLCAO self-consistent field
method, 8w equals wo—we, in which, in general, wj is the part of the coulomb integral aj=wi— X N;yi; dependent

J(+D)
only on the type and valency state of atom i in the approximation used. The subscripts O and C correspond to oxygen
and carbon, the Vij are the two-electron repulsion integrals, and Nj is the number of p- or w-electrons brought into the

molecular structure by atom j.

The sequence of operations is as follows. First the electronic absorption spectrum (band with peak at 192 mu [1],
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supposed band in 130-160 my region) is used to select the parameters for vinyl-n-butyl ether; then these are used to cal-
culate the structures of divinyl ether and furan, the results being compared with experiment (UV spectra). Pople’s meth-
od [2, 3]is used, the two-center electron-repulsion integrals being calculated by the method of [4], while the y; are
found from ¥; = 3. 29 ngf [5], in which the Z?ff are the effective nuclear charges calculated from Slater's rule, but with
allowance for the charge distribution of the mobile electrons:

for C ZE7 —3,60—0,35 pis,
for O Z87 = 595—0,35 p;;;

in which p;; and p;; are the charges of the mobile electrons on the corresponding atoms.

The table gives the results, in which &, is the energy of the molecular orbital; the numbers are those of the carbon
atoms. The energies of the electronic transitions have been calculated without allowance for interaction between config-
urations. The B-_ are from K1) = 2523 exp(—-5. 0085 1), the basic data for this coming from benzene and ethylene [4],
i.e., B(1.39=—2.39 eV and B(1.35) = =2, 92 eV. The lengths of the C~C bonds in furan are from the microwave
spectrurn [6]. The 252 my band of furan is very weak [7, 8] (peak extinction coefficient about one), and this may be
assigned to the transition to the triplet state (calculated energy 4. 6 eV).

The results are in satisfactory agreement with experiment; the parameters can be applied to molecules with the
structure Ry~0O—R,, Ry and R, being unsaturated hydrocarbon radicals.

The calculated electron-density distributions are

1.94 0.99 1.07 187
024 097 ) 0

CiHg—O — CH = CH, ,, &
ds2 076 250 CH/ \C/ﬁH
—pr—

189 1.00  1.055 N
CH,= CH—0 O'QSC 097 44\\ 240 Q/
9 == H— — H == CHQ 0 .
<«—CH —~ CH

'y v
0.53 0.76 1.04
The results are in good agreement with the reactivity. The two ethers have negative charges on the B-carbon; they
react with halogens in accordance with Markovnikoff's rule. The calculated electron-density distribution for furan indi-
cates that the a-carbon is highly reactive in electrophilic attack and radical processes. The free-valency results for fu-
ran resemble those for aromatic compounds; in fact, the a-hydrogen is replaced by bromine [9], but the double bond is
not broken. This is typical of aromatics.
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