
@oo 

+~, , _ ~  [ ( -V)dz ,  eikR 
+'-=- dk~R 2~ik~le i (~%+YqY)(1--e '~e-%~ , ) d x d y = .  R A(k f ,  ko), (1) 

- -00  

q = k 0 - kf, kf and k 0 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 = tiZU/2p, U is the scattering potential, p is the mass 
of a scattering particle; and ti is Planck's constant. Formula (1) is true for vibrations of electric type, but these coincide 
with the magnetic  ones for kr >> I [5]. We may put +V as +V = (m z -- 1)k 2 within the sphere and +V = 0 elsewhere, for 

then t telmholtz 's  equation formally coincides with SchrOdinger'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 I = ]r and the at tenuation factor o ~= (4~r/k)Im A 

(k0, k0) 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 a of a medium containing N particles per unit 

volume: 

2~_{ cos~ 
a = 1 + Nr "~ - -e -~ tg~  . cos ( ? - -  .8) + 

? 

e-ptg~ cos ~ ~ sin 2~ cos~ ~ / + - ~'~ s t n ( ~ - - 2 ~ ) +  ~ ) '  

? = 2 ( n - - - 1 ) k r ,  tg~----*z(n--1),  m = n - - i " ~ .  

Also, (1) enables us to calculate the characteristics of a mult i layer sphere; for instance, the attenuation factor of 

a transparent (• = 0) two-layer spherical particle is 

= T.r 2 (2 - -  X~ - -  X2); )(1 = [2 - -  K (~, ~)] '  [1 - -  r,/r2], 

X~ = 4 S/cos [P~V 1 - -  ~ + p~ [(nl - -  1)/(n.~ - -  1) - -  l] V (r~/r2)~ --  62] ~ d L 
0 

, 2 O,  Subscript 1 relates to the core and subscript 2 to the outer shell; K --- 0 ] ~  2, in which is the at tenuation factor for a 

sphere of radius r 2 and having m = n 2 in this approximation. 
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C A L C U L A T I O N  OF THE 7 r - E L E C T R O N  S T R U C T U R E  OF SOME 

VINYL ETHERS BY THE S E M I E M P I R I C A L  S E L F - C O N S I S T E N T  F I E L D  M E T H O D  

Yu. L Frolov 

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

Values are discussed for the resonance integral of C - O ( B c _ o )  and for the parameter 8w O of the oxygen atom for 
use in v-electron calculations for vinyi ethers by means of a semiempirical  form of the MOLCAO self-consistent field 

method; 8w O equals COO-coC, in which, in general, w i is the part of the coulomb integral ai=,oi--  ~ NjTij dependent 
](c-i) 

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 7ij are the two-electron repulsion integrals, and Nj is the number of p- or v-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 mp [1], 
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supposed band in 130-160 m• region) is used to select  the parameters  for v iny l -n -bu ty l  ether; then these are used to ca l -  

culate  the structures of divinyl ether and furan, the results being compared with exper iment  (UV spectra). Pople 's  meth-  
od [2, 3] is used, the two-center  electron-repulsion integrals being ca lcula ted  by the method of [4], while the 7i are 
found from 7i = 3.29 Z. eft  [5], in which the Z el f  are the e f f ec t i venuc l ea r  charges ca lcula ted  from SEater's rule, butwith 

1 
al lowance for the cha@e distribution of the mobile  electrons: 

for C z y f = 3 , 6 0 _ O , 3 5  pii ' i 

for  O Z~ f f  = 5,25--0,35 pjj; 

in which Pii and Pij 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 e lectronic  transitions have been ca lcula ted  without a l lowance for interact ion between config- 
urations. The 13C_ C are from B(r) = 2523 exp( -5 .  0085 r), the basic data for this coming from benzene and ethylene [4], 
i. e . ,  8(1.39 = - 2 . 3 9  eV and 8(1.35) = - 2 .  92 eV. The lengths of the C - C  bonds in furan are from the microwave 
spectrum [6]. The 252 m> band of furan is very weak [% 8] (peak ext inct ion coeff icient  about one), and this may  be 
assigned to the transition to the tr iplet  state (ca lcula ted  energy 4. 6 eV). 

The results are in satisfactory agreement  with experiment;  the parameters  can be appl ied  to molecules  with the 
structure R1-O--R z, R 1 and R a being unsaturated hydrocarbon radicals.  

The ca lcu la ted  e lec t ron-dens i ty  distributions are 

1.94 0.99 1.07 
0.24 0.97 

C 4 H 9 -  O - -  CH = CH2 

0.52 0.76 

1.89 1.00 1.055 
0.23 0.97 

C H 2 = C H  O - -  CH =- CH~ 

0.76 

The results are in good agreement  with the react ivi ty .  

/. g l  

, .  
,r/ 

e!~ CH 
/.04 

The two ethers have negat ive charges on the 13-carbon; they 
react  with halogens in accordance with Markovnikoff 's role. The ca lcu la ted  electron-densi ty distribution for furan indi-  
cates that the cx-carbon is highly react ive  in e lec t rophi l ic  a t tack  and radica l  processes. The f ree -va lency  results for fu- 
ran resemble those for a romat ic  compounds; in fact, the c~-hydrogen is rep laced  by bromine [9], but the double bond is 
not broken. This is typical  of aromatics.  
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