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Chimica fisica. —■ Calculated scattering factor and diamagnetic 
susceptibility of H 2S .  N ota di S t e f a n i n  P o l e z z o , M a r i a  P a o l a  S t a b i ­

lirti e M a s s i m o  S i m o n e t t a , presentata (*} dal Corrisp. M . S i m o n e t t a .

R iassu n to . — Si presentano i calcoli del fattore di diffusione coerente dei raggi X 
e del contributo diam agnetico alia suscettività diam agnetica molare per la molecola H2S, 
eseguiti im piegando una funzione d ’onda SCF, e si fa il confronto dei risultati con i dati 
sperimentali.

In the present Note we employ the SCF wavefunction previously obtained [i] 
to calculate the  ̂ and pa  contributions to the X -ray  coherent scattering factor 

/  [2] for a gas of H2S molecules. The value of /  is obtained through the 
form ula

0 0  i

(0 / 2(̂ ) = X X fLWfiJP)I = 0 M=—I

where
0 0

fhS.k) =  (2 nf 121 Pim (r) r% dr
6

k  =  (47t sen 0/2)/X (0 being the scattering angle and X the wavelength of the 
incident radiation), Pim(r) is the / ,  m  contribution to the electron density 
and Jz+i/2 (kr) are the Bessel functions of /  —f-1/2 order.

Of course, the m ain contribution is expected to come from the spherical 
electron density function, p00(r), due to the nearly spherical shape of the 
hydrogen sulphide molecule.

We outline here the m ethod used to compute Poo(r ) and Pio(r )- 
The total electronic density p (r , 0 ,9 )  has been expanded in spherical 

harmonics about the sulphur nucleus

0 0  i

p (V , 0 , <p) =  X  v p t X *  =  1 2 X  X  Pim ( r )  0 f  (6) eim(f
p,q / = 0 m — —l

occ

where VPq — 2 ^  cpi cqi are the density m atrix  elements com puted from
i

the coefficients reported in [1] and (by , , 9^) are the Slater type atomic
orbitals on center p, choosen as basis (1 a*h on H and i s ,  2 s, 2 p, 3 s, 
3 p  and 3 d  on S). Therefore, in order to work out the p00 and p10 
term s one has to expand about the sulphur atom the hydrogen orbitals

(*) N ella seduta del 12 dicembre 1970.
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Fig. i. -  X -ra y  coherent scattering factor for H2S molecule; 

O /oo(^) points; X f  (k) points; •  experim ental points.
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h ± — (1 db I ^Ha)/y 2  and \h± |2. W e employ the Barnett-Coulson expansion 
(see e.g. [3]) for e ~ ^ Hl and e~Mr»i+rnJ ; and obtain;

1/2 OO X

OO TjX'

• P™ (a) P7' (a) Px (^) P™ (O') cos mcp cos m'cpl

where S 7 m eans sum m ing over m  even for h+ and over m  odd for and H 77 
means sum m ing over m  even,

Drm =  (2 — 8t0) ( / —  \ m \ )  \ j(l +  \ m  [) ! , R T (r , ß ; R)

is expressed through Bessel functions as reported in [3] and 2 a is the HSH 
angle. O f course, only the first few term s of the first series are involved, as 
they  m ust m atch with the corresponding angular part of the atomic orbitals 
on sulphur. On the other hand, the coefficients of Po(6) and P j(0) in the 
second series tu rn  out to be quite rap id ly  convergent (less than  10 term s are 
sufficient).

In the fig. I the results of the calculation for f 00(k) are plotted. The 
next contribution / 10(>è) to the scattering factor turns out to be appreciable 
only near the 0.1 point, so we can conclude th a t the inclusion of higher 
contributions surely would not m ake any significant addition and the use of only 
two term s in series (1) is justified. Therefore, the f ( 6) ~ [ fo o ( k ) + f io ( k ) ]112 
curve is not sensibly different from the / 00(Æ) curve as expected.

The experim ental points, according to the values reported in the ref. [4], 
are also shown in the figure: as m ay be seen, the comparison is satisfactory.

W e have also com puted the purely diam agnetic contribution %d to the 
m olar diam agnetic susceptibility [2] given by

which is in good agreem ent with the experim ental value of — 32.7.
A fter these calculations were completed a new ab initio calculation of 

the ground and excited states of H2S became available to us [5], in which 
more extended bases were used. However, the results for the ground state 
are p raticallÿ  unchanged and do not w arrant the use of these more com plicat­
ed wavefunctions.
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