Chemistry 6011 (Fall 2016)
Advanced Inorganic Chemistry I
Exam 1

Name:

Show your work for maximum credit.

1. (10 points)_ In the methyl isothiocyanate molecule, H;CN=C=S, the bond angle at nitrogen is

142°. However, in the silyl isothiocyanate molecule, HsSIN=C=S, the bond angle at nitrogen is
180" Explain why with pictures.
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2. (10 points) a. Explain the following observation: In the following series of compounds, the
stretching frequency of PO varies as follows:
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b. What would happen to,P-O stretches if the O was changed to the 18-O isotope?
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3. (10 points) Draw the following orbitals on the x, y, z coordinate system and show whether
they are gerade or ungerade.
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4. (3 points) Why are Se(VI) compounds less stable than those of S(VI) and Te(VI)‘? A
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5. (16 points) Answer the following questions using the character table for the S4 point group.

S E S4 C, S

A 1 1 1 1 R, Xy’ 2

B 1 s | 1 -1 z x>y, Xy

E 1 i E | - xy); RsRy) | (xz,¥2)
1 - - i

a. Would a molecule of this point group be chiral? Explain.
No btecavse W has an S, symmedry

b. Would a molecule of this point group have a dipole moment? Explain.
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¢. What is the symmetry of the translations?
L4

By +y

B: z
d. What is the symmetry of the rotations?
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e. Why are there several sets of two basis functions in parenthesis for the E irreducible

representation? ) ) g
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6. (5 points) How do you distinguish between a sigma and pi bond in terms of symmetry around
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7. (30 points) Consider the molecule depicted below in which A is an element from n=3.
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Cav E 2C4 C2 ;o 3,
A 1 1 1 1 1 Z xX+y, 2
A 1 1 1 -1 -1 R,
B; 1 -1 1 1 -1 -y
B, 1 -1 1 -1 1 Xy
E 2 0 2 0 0 | xy)s ®RsRy) | (xz,y2)

a. Find one type of ALL of the symmetry elements/operations in the molecule and either describe
their locations in words or draw them.
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b. How many normal vibrational modes do you expect for this molecule?

3N-6 = 3(6)-6 =13 N
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ﬂ Give the symmetrles of the nor?ial modes and say which will be IR or Raman active.
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d What is the symmetry for a symmetric stretch of the A-B bonds in the equatorial plane?
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€.Use group theory to determine the orbital hybridization of the central atom. Determine which
orbitals from the axial and equatorial bond positions contribute to the hybridization. Hint: Select
a basis set for the axial sigma bonding and equatorial sigma bonding. - 3 .
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8. (10 points) Identify ALL of the atomic states for the s*d" electronic configuration and arrange

these states in order of energy starting with the ground state. ~
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9. (5 points) Fluorine is the most electronegative element and yet its electron affinity is not as
high as you would predict based on periodic trends. Explain.
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Extra Credit:

1. (Explain) Between H and F~ which has
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2. Determine the complete Russell-Saunders term symbols for all of the atomic states of this

element and arrange them in order of energy using the microstate table below and properly show
the ground state.

m\(,[t he Qavse wﬁnef LU IA no-‘* bc, dimwn to an

T 15 05 05 15
+5 X X
+4 &K XK
= § KRR XKARPA AZE
+2 / /
A, RGN | ¥ IAY
0 A¥, ! %/
5! ). 54 XA X
5 K X
3 X 2.9 X
4
-5 X &
x ,
G- \%;?}’5 @_‘_\ Ve L.::ril-q’ﬁP A
Motk s A iz & - :
=% ‘}E G X- k=41 A'P E T orm} ked the
e i 5303 - e ) terms -
A \_:31? E - Q'D
55 L2
Mol 2 “L&‘: - *F
0. |\ =3 _ 8
\é = 0.9 Q.G—
fic L= % ab - , H
5205 3 @ - o




