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1. (a) (1) Determine the possible values for the / and m; quantum numbers for a 54
electron, a 4f electron, and a 7g electron.
(2) Determine the possible values for all four quantum numbers for a 3d electron.
(3) What Values of m; are possible for forbitals?

(b) Determine the Coulombic and exchange energies for the following configurations,
and determine which configuration is favored (of lower energy):

(1).1..Land.u_._
oL L L g L1

(c) Using the Figure 1 to explain the following phenomena:
(1) The electron configuration of Cr is [Ar]4s'3d’ rather than [Ar]4s*3d".
(2) The electron configuration of Fe* is [Ar]4s'3d° rather than [Ar]4s*3d’.
Figure 1.
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in half-subshell
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2. T Slater Shielding Rule | :

® The electrons are grouped in the following order : 1s; 2s and 2p; 3s and 3p; 3d, 4s
and 4p; 4d; 4f, and so on — ns and np electrons always being considered as a single
group.

® FElectrons in groups above that of a particular electron do not shield it at all.

® A shielding of 0.35 is considered by each other electron in the same group (except
for a 1s electron, which contributes 0.30 to the shielding of the other 1s electron).

® For d and felectrons the shielding is 1.00 for each in the underlying groups. For s
and p electrons the shielding from the immediately underlying shell (i.e., n-1) is
0.85 for each electron; the shielding from groups further in is 1.00 for each
electron.

Using the Slater’s rules, Figure 2, and Figure 1 to answer the following questions:

(a)For 4s and 3d electrons of Cu, which type of electron is more likely to be lost when
copper forms a positive ion? Figure 1 can give you an opposite conclusion, discuss
them.

(b)Use Slater’s rules to calculate the effective nuclear charge Z* for the elements Li
through F. How is the trend in Z* reflected in the ionization energies in this period?

Figure 2.
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3. IE and EA energies of elements are shown in the Table.

Ionization Energy (IE, eV) | Electron Affinity (EA, eV)
H 13.598 0.7542
Na 5.139 : 0.548
Cl 12.967 3.617
Br 11.814 3.365
(a) Which of the following is softer ? Why?
(1) Cl or Br
(2)Hor Na
(b) Which of the element is much absolute electronegativity ? Why?
(1) Cl or Br
(2) H or Na

(10 points)

4. For the molecular, O=—C=—=C=0,

z

X

(a) Find the 3N freedom terms .
(b) Fill the following spaces of Table for the target molecule.

terms
F trans.
F roration
F vibration
F IR
F Raman
F Coincidence
F Silent
(c) What the vibration terms belong to stretching mode(s)?
O0=C=C=—0
- —_—
(15 points)
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Tablel. Character Table for Dy, and Dy,

Dy, E G () G {y) G (x) i olxy) o(xz) olyz)
Ag 1 1 1 1 1 1 1 1 X2y, ¢
Big 1 1 ~1 -1 1 1 -1 -1 R, xy
Bag 1 -1 1 -1 1 -1 1 1 Ry xz
Bag 1 -1 -1 1 1 -1 -1 1 Ry yz
A, 1 1 1 1 -1 1 o 1
By 1 1 -1 -1 -1 -1 1 1
By, 1 -1 1 -1 -1 1 -1 1 y
By 1 -1 -1 1 -1 1 1 -1 x
Deopy E 2C b . ooy, i Zsmd’ 0 Cy
Ajg=3,* 1 1 1 1 1 1 X4yt 2
Ayg=3y~ 1 1 -1 1 1 -1 R,
Eyg==Tl, 2 2 Cos ¢ 2 -2 oS ¢ 0 (R Ry) (xz, y2)
Eyg==4,4 2 2cos2¢ 2 20052 .. 0 02 =y 1)
A=3," 1 1 1 -1 =1 -1 z
Ay=3," 1 1 -1 -1 -1
Eq=11, 2 2 cos ¢ 0 -2 2cos ¢ 0 x. 9
Ep=4, 2 2 cos 2 0 -2 ~2 Cos 2¢ §
Table 2. The relation table between Dy}, and Dy,
Dy, Do
+ A
z, g
- B

Z, Ig

Hg ng+B3g

Ag Ag+B]g

ZZ Blu

. , Ay

Hu BZu+33u

Au Au+Blu
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5. For the six coordinational o-ligang metal complexes, MX, in O, group, the metal
center orbital represented as ,, + ¢, (d), aig (s), and #y, (p), and the six o-donor

combinational orbitals represented as the a;, + eg + ty
M center . o donor ligand

Iy combinational orbitals

P
Ly

PE arg

lg

arg ey fla
(a) Find the Molecular Orbitals of o-type MX4 complexes in O, system.
(b) Find the #,, wave function of the combinational 6-donor ligand orbitals.
(c) The crystal field theory focus on the d-orbitals splitting in the MXg of Oy, system.
When p-n donor or «t’ acceptor contribute to the d orbital splitting, find simple

Molecular Orbitals of MX, in O, system including m-orbitals contributions.

d-orbital splitting . .
p-n donor orbitals of MXgin O » 7 -acceptor orbitals

system

|

PE Ao'—" IODq

t2g

12, 1w tlg tZg
(d) When =" acceptor orbitals or p-7 donor orbitals contribute to the simple d-orbitals
splitting MO in O, system. Which 7 system increases the 10D, energy, and which

T system decreases the 10D, energy.
(e) For the crystal field stabilized energy (CFSE) model.

Il

tZg
Find the electronic configurations, unpair electron, and spin-only magnetic
moment, (i = g./s(s + 1), g = 2.00) of d' to d"° electronic configuration ions.

( 20 points.)
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6. The stepwise stability constants in aqueous solution at 25°C for the formation of the
ions [M(en)(t1,0),]**, [M(en),(H,0),] **, and [M(en);] >* for copper and nickel are
given in Table. Why is there such a difference in the third values? (Hint: Consider the
special nature of & complexes.) (10 points.)

2 2
EM(GH)(H_QOM] EM(el’l)z(Hzo)z] [M (en)3] 2+
Cu  3x10" 1x10° 0.1 (estimated)
Ni  2x10’ 1x10° 1x10*

7. (a) For each of the following sets, which complex would be expected to have the
highest C-O stretching frequency?
(1) Mo(CO);(PCly )3 Mo(CO);(PCl,Ph); Mo(CO);(PPhs);
(2) [Ta(CO)e] W(CO)s [Re(CO)e]"
(b) Account for the following trend in IR frequencies:
[Cr(CN)s(NO)*  w(NO)= 1515 cm’
[Mn(CN)s(NO)]>”  v(NO)= 1725 cm’
[Fe(CN)s(NO)]*  v(NO) = 1939 cm (10 points.)

8. Based on the Orgel diagram for the d’ and d* ion in an O, system, the optical transition
of spin-allowed transitions are,

D1=10Dq = nA2—> nTz ..................... (1)
V=1 8Dq-C = nA2—> nTl(F) ............... (2)
03=15B+12Dqrtc = "Ay—s "Ty(P). ... 3)

where c is the energy solution of the state mixing,

n is the spin multiplicity. (3pts,each)

(a) Find the spin multiplicity of “n” for & and &° ion
in an Oy, system.

(b) The spin-allowed transitions of [Ni(H,O)s]*" and
[Cr(H,0)s]’" showed in the Table, find the Dq,c
and B values for each complex.

[Ni(H,0)]*"  [Cr(H,0)]"

Energy ——

d 3. € octahedral  Dge—

o 8500 cm™ 17400 cm™
v, 15400 cm™ 24600 cm’
Vs 26000 cm™ 37900 cm’’
(c) The transitions energy of [Ni(NH;)s]*" are v;=10750 cm™, v,=17500 cm™, find Dq
and B values with the d® Tanabe-Sugano Diagram. (15 points.)
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Tanabe-Sugano Diagram of d* jon.
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