
Dissing by Eli Charlton

① For the four closed-shell electrons in the ls22s2 shells #Be
,

(a) to ⇒ L -
- S

,
5=0 and to ⇒ 5=0.

Altogether, this means that the Be term symbol
is 25+12

,
=

'

So
.

(b) For each of the two valence electrons of

Carbon
,
there is a set of orbital angular momentum

operators :
Iggy,fq for electron I

ii. ii. Ii for election 2
.

Since I! -- little and lit commute
,
we

can find simultaneous eigenstates 1h , me,>
that obey till , .me.) -- til, Chell 1h , me . >

little
, me,)

-

- time
, thine.) .

And same thing for operators ti -- II 't Ii
'

and tf with slates 1h
, men .

Since the two valence electrons of C are in the

p orbital , we
know that l , =L , =L .

From the properties of angular . momentum



lggy.no
,

operators and their eigenstates , we know

that me,
= -Li , -41, - . - gli - 1,4
= - 1,0, I

Mei -Lz,
-lztl, - - -

j
lez- I, Lz

= - I
, 0,1 .

So
,
we have 32=9 possible States for

the two C electrons :

Il,meir Hamed Z Ime
, inez>

= I - I, -1 ), I -1,07, I - I, D ,
I 0, - t ) , 10,03, 10 , D,

11 , -1 ), 11 , O ) , 11 , D .

(c) The operators Id = titty for a -- x,>it ane

another set of angular momentum operators .
Again , 12=1×2

- til ' + IZZ and Et commute

and have simultaneous eigenstates IL , my
[ 21L ,Mr> = til (LtDIL ,MD
[ 7- IL

,
My = tMill

,MD .

Since Id ane total (orbital ) angular momentum
operators, their possible eigenvalues are constrained
by the individual angular momenta eigenvalues .



qty In particular, for Id -

-Ii + Ii
,
the possible

values for L ane

( = Il, -121 , * . . , l, tlz
← in steps of

"

L )
So
,
for t

, -12=1, L can take the values

[ = 0 , 1,2 .

For a particular L, the values of Me
are

ML = - L , - Ltl, . . . , L -I, L .

If we list all the possibilities for 1L,Md,
we get
↳ O

, MEO I 10,07

2=1 , Mi - I , 0,4 : 11, -1 ), 11,07, 11, -113

1=2
,ME -2, -1,0, -11,2

-

- 12
, -27,12, -17, 12,07 , 12, -113,12, -12)

which is 9 States
.
The Imei , men ) and

IL , Mu) states both span the same

9- dimensional vector space .



④
(d) Using the Clebsoh - Gordon table

,
we get that

←dmh, mea > states )lil 12,23am = lls " f d }L=2
12
, 1) ↳m = Trzlho) + fatal )

11,17cm = Iz 11,07 - Izl9D }L= I

11,0> in = Try 11,4) - trzl -417
10,07rem = try 11, -D - try 10,07 tf, I -1,17 .

}
Iii) written in terms of Ime

, ,med, we can see that

12,27hm , 1317hm ,
and 1907hm (L--2,0 )

are symmetric and

11,17µm and I 1,07hm (La )
are antisymmetric under exchange of electrons
I and 2 .

This agrees with the rules stated in the problem .



② For the two p electrons of C
, 4=4--1 .

(a) Since they are both electrons
, they have spin 42

.

So S
,
= 52=1/2 .

For l
, -12=1 , total L can take on the

values L -- Il , -ed , - r. ,l, -112
= 0
, 1,2 .

Likewise for 9=52--112 , total S can take on

the values S= Is, -szl, - . - gsrtsz

= 0
,
I .

Again by the same logic, total J can take

on the values 5=1 L -Sl , . . . ,
Lts .

↳tlygg
The possibilities (and their term symbols) are

1--0,5=0,5--0 ⇒
'
so ( 's )

↳ o
, 5=1,5--1 ⇒ 35

, ( 3g )

( =L , 5=0,5--1 ⇒ '
p , ( 'p )

( = I
, 5=1,5--91,2 ⇒ Ipo

,
3p

, ,

3 Pz ( 3 p )
↳ 2,5--0,5=2 ⇒

'
D ( ' D )2

1--2,5-1,5=1,43 ⇒ 3D , ,3Dz , 'D , (3D )



ja Ignoring T
,
we get the six ten

symbols
'

5,35 ,

'
P ,3P ,

'
D
,
3D

.

But some of these represent states that

are symmetric under exchange of electrons
I and 2

.
These are not valid fermionic

States since fermionic States must be antisymmetric
under exchange .

Consider the States 1L
,
s ) corresponding to the

"I term symbol . These stales are products of
an orbital angular momentum part and a spin -part .

By the logic of the previous problem , the

largest L (or s) states are symmetric
under exchange and then the lower L Cars)

states alternate symmetric (antisymmetric as

you
decrease L (or s) .

For example , in our case gleaned a
"triplet ")

↳ 2 → symmetric 5=1 s symmetric
↳ Is antisymmetric 8=0 → anti sym -

Lio → symmetric . ↳failed a'
'

singlet
"

)
The only way to get antisymmetric kiss slates

is by multiplying symmetric and antisymmetric



④ States together . This happens when

lacon) 1=0 or 2- and 5=0
(Sym .) Camtisym .)

OR
L -- I and 5=1
( antisym .) (sym .)

These slates correspond to the 3- term symbols
'
s
,
'D and 3D

.

(b) Hund is rules tell you how to order the

15,453 states in energy . Rule 1 tells
you which S have lower energy . Rule 2 tells

you
which l have lower energy. Rule 3 tells

you which J have lower energy.

Rule I says maximize 5. The largest possible
S we can pick is 5=1

,
so 3p states are

lowest in energy and '
s and

'
D are higher th

energy . Let's draw an energy bud diagram
to describe what Hund 's Rule I told us :

's
,
'D

€43.21 T EnergyTe
Before Rule L After Rule I



④(c) Rule 2 tells us to maximize L
- This means

that '
D (with 1=2) is lower in energy

than ' s (with L-0) . The diagram becomes :

' 5-
T Energy ' s

,'D÷
'sine.ee -

3-pXBefoeRule L After Rule 1 After Rule 2

(d) Rule 3 tells us to minimizes it the
shell is less than half full (which it is since

2 out of 6 electrons on the
"

p
-shell " '

are filled) .

This means that lower 5 states have lower
energy .

The diagram then becomes
.

' 5- '
So

's
,'D#

1¥21 TEnergy
¥\¥ (splittings are

Ipo exaggerated for
Before Hund's After Rule 1 After Rule 2 After Rule 3 ease of reading)
rules

This agrees with the neutral carbon (CI)
entry in the NEST Atomic Spectra Database.


