.~ 3. Interaction Energy (Triplet Separations) in L-S and
j-i Couplings

As a result of spin-orbit interaction the atomic terms consist

of multipl§t components of slightly different energy, each
corresponding to a different value ot J. The interaction, and
hence the multiplet splitting, increases rapidly with atomic

number Z, and is specially large in excited states of heavier
atoms. '

We have already seen in chapter 5 that for a single-electron

atom the interaction energy l.e. the shift of each fine-structure
level from the hypothetical centre is given by

— ATy = g CLL A1) — K(141) — s(s41)] om-?
“ T 2+3) (1)
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where g = B aF1) S5 = ViG+D, * = JTTFD

and s* = 4/s(s+1). Using cosine lawt, the last expression
may be written as

—AT)s = al*s* cos (I*s™). (1)

In the case of two optical electrons there

! here are four angular
momenta 4 *, Li*, s;* and s5,* with six possible i

nteractions :
(1) s1* with s3*,  (2) 4* with L*, (3) L,* with s;*,
(4) L* with so*, (5) 4,* with Se*,  (6) Ly* with s.*,

TJ*2 = [*2 4 %3 4 2/% 5% cog (J* s%).
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In L-S coupling, the inter

actions (1) and (2 i
(3) and (4), while (5) and ol anc (2) predominate over

(6) are negligibly small.

~ Applying ¢q. (1), the energics corres onding to the inter-
actions (1), (2), (3), (4) are ) P °

AT1 = ay Sl* 52* COS (Sl* -72*)

ATy = ag h* Iy* cos (h* 1,*)

ATy = ay I}* 5,* cos (I,* 51%) (1)

ATy = ay Iy* 53* cos (I* 5,*)
Again, in L-S coupling, s*
angles around their resultan
magnitude. Therefore, we ha

Il

Il

and s,* precess rapidly with fixed
t S* which remains invariant in
ve by cosine law

S* = 5% + §*2 4 25,* 5,* cos (51* 59%).
This gives

ATy = } a, (S*2—s5*2—s,42), ...(iii)

Similarly, 4* and /,* precess rapidly with fixed angles around their
resultant L*_ so that

AT, = } ag (L*2—[*2— [,*2), ...(iv)

Now L* and S* precess around their resultant J* in the same
way as /* and s* of a single electron precess around their resultant
J*. The interaction energy corresponding te this precession is
due to couplings between /;* and s;* and between /,* and 52*,
that is, A7s;and AT;. Here the average values of the cosines
must be evaluated since the angles between .the vectors are
continually changing. The average values are given by

cos (I* 5;*) = cos (I;* L*) cos (L* S*) cos (S* 5,%)
and cos (l* Ea*) = cos (lo* L*) cos (L* S*) cos (S* 53%).
Using these average values of the cosines in eq. (ii), we get
ATs+ ATe = [as h* s,* cos (hh* L*) cos (S* 5,%)
+ag l* s3* cos (l,* L) cos (S* s3*)] cos (L* §¥).

Applying cosine law for the various terms, we get

T [* 5 [¥2 4 L*3—[*3 S*2 45, —5%?
AASECEe= [a. &= 2 L% L¥ 2 8% s5,*
x2
*3 *3_1 *2 S*2+S *a_slﬂ J*S_L*g_s
+a h* s : 2'- Il;* L* . p) .53* sa¥ 2 L* S*
*3__ ] w2 S*ﬂ s *]_S *2
| [y ko
*3 *2 *2 J“— L"—-S*"‘
P LMol 4L, w5
+ + al : 2 L*S 2 S*z 3
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Thizs may be written as

ATV AT (@ aybog o) (S0 forogen
I'ag ’3.! ! ,‘il ‘c'l) V\(.’Qj.’. ’("Q}

where Qg = ‘i‘ ,Jii ' " 7‘("01 ’V!}
,") ‘Il‘!! [-.Q .c‘.,.‘“"l.'_’_.‘g‘!

and METETLE T Ty (vit)

For any given triplet 4* /* g* 51 L%, §* etc. are fixed -
magnitude so that ay , a4, , 24 , a, are constants. Writing

(y a3 4 a, a4 = A, ... (i)

eq. (v) becomes

ATy4 A Ty= _;_ A~ S*9), (ix)

We may now write any fine-structure term by the formula
T=T0—AT1—A73—AT3—AT4 ’ - (x)

where Ty is a hypothetical term value for the centre of gravity of
the entire electron configuration.

As an example, let us consider a ps configuration. We have

h=1,L=0; " L =1(Pterm)
S =485 =14%; S S=0,1,
For § = 0 (singlet state)
J=|L—=S|,|L=S|+1,.... (L + 8)

S l

and for § = 1 (triplet state) ,'
J=0,1,2 ~
I'he configuration gives a singlet term 'Py and a triplet term
*Po,1,3. The shift of each term from the centre of gravity is
AT+ ATy, Now,
ATi+ATi=} ay (S =5, —5y*") + § ay (L*3—},*3— ),

Putting §=0, s;=¢}, s3=¢, L=1, §=1, h=0, we get
Ja
AT+ ATy= ~ ‘Tl .

Thus the singlet term is shifted up the hypothetical centre by
3a,/4, as shown in Fig. 7.
Again, puuing S= l, 31=‘ ’ sl"-"* ) Lﬂl, ll=l| IIE'O’ we get

a
AT+ ATy = il
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The triplet term is shifted down the hypothetical centre by a,/4, as
shown n Fig. 7. This has been so o

chosen because singlet levels lic above 4 E——

the corresponding triplet levels of the "

same clectron configuration, /

. - ’

Now, the shift of cach finc-struc- !

ture level from the hypothetical centre AL, 1

of the rriplet term is A T34+ ATy. Now, a4

|

ATg- - ATy=3% A (J*2—L*?—S§*?), .

. I

Putting L=1, S=1 and J=0, |, 2; !

we get j

o To

AT+ ATy= —24, — A, A. |

Taking it a regular triplet, the levels \ 3
3Py and 3P, are lowered by 24 and 4 &' J‘Dz
Frqm the centre while the level 3P, is 4 ’,,"A p—
raised up by A (Fig. 7). A 3
The total 3P separation, that is, \-2A i
the 3Py—3P, interval is 34. By eq. (vi), L
(vii) and (viii), we have (Fig. 7)
A = aa‘ma + a4 g
11*2_12*2+L*2 Sl*ﬂ'_sz*2+s*2
BT e 2 5%
+ a 12*2,_[1*2_‘_ L2 S2*2_31*2+S*2 .
2 [*3 2 S8
Putting h=1, l;=0, L=1, s,=%, s5=} , S=1, we get
as
A= —
2

Thus in ps configuration the total 3P separation is 3a,/2 . o

s
i
e a
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