
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, H3CN=C=S, the bond angle at nitrogen is
14i. However, in the silyl isothiocyanate molecule, H3SiN=C=S, the bond angle at nitrogen is
180°.Explainwhy with pictures.

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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3. (10 points) Draw the following orbitals on the x, y, z coordinate system and show whether
they are gerade or ungerade. -zZ _
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a. s orbital

b. px orbital

c. dxyorbital

'I.

z;ti U h9 eJ-t\cb.

"i..
'I

~&Qk



tJ
5. (18 points) Answer the following questions using the character table for the S4 point group.

S4 E S4 Cz sl
A 1 1 1 1 Rz X2+y2, Z2

B 1 -1 1 -1 z zZ x -y ,XY

E 1 1 -1 -1 (x.y); (Rx,Ry) (xz, yz)
1 -1 -1 1

a. Would a molecule of this point group be chiral? Explain.
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b. Would a molecule of this point group have a dipole moment? Explain.
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c. What is the symmetry of the translations?
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d. What is the symmetry of the rotations?

A: Rz
E: R~1R1

e. Why are there several sets of two basis functions in parenthesis for the E irreducible
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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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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 I - -norma VIbrationalmodes d'3 N-6 :: 3 (b) _ (,0 y~ ~ for this molecule?
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t.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. \ ( \_ I, \'~
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8. (10 points) Identify ALL ofthe atomic states for the s2dl electronic configuration and arrange
these states in order of energy starting with the ground state. 10\
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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 I1and F which has

a. Higher atomic radius \-\ -. e.(' peri rl\U'~ \ \y 06 5e~J
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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.
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