Chem 245

Practice Midterm Exam
Name:

LD.

Answer all FIVE of the following questions below in the space provided. Some equations, physical
constants, and a Periodic Table are included at the back. All questions are of equal value.

1. (a) What are the values of the quantum numbers / and n for a 5d electron?

(b) At most, how many 4d electrons can an atom have? Of these electrons how many, at most, can have mg = -%2?

(c) A 5felectron has what value of quantum number /? What values of m, may it have?

(d) What values of the quantum number m, are possible for a subshell having [ =47

(e) Calculate the effective nuclear charges experienced by a 5p and a 4d electron in a tin (Sn) atom (Z = 50).

2. (a) The second ionization of carbon (C* — 4 ¢") and the first ionization of boron (B — B + ¢") can both be
described by the reaction 1s22s22p1 - 1525 + ¢ Compare the two ionization energies (24.383 eV and
8.298 eV, respectively) and the effective nuclear charges Z*. Is this an adequate explanation of the
difference in ionization energies? If not, suggest other factors.

(b) Select your choice by circling it:

(1) Smallest radius: Sc Ti A%
(i1) Greatest volume: s> Ar Ca’?
(iii) Lowest ionization energy: K Rb Cs

(iv) Highest electron affinity:  Cl Br I

(v) Most energy necessary to remove an electron: Cu  Cu”* Cu*



3. The isomeric ions NSO (thiazate) and SNO (thionitrite) have been reported. Draw the most important Lewis
resonance structures of each of these isomers, including geometries, and determine the formal charges of all
atoms in the structures. Describe the hybridizations of each atom in each of the structures. Which isomer do you
predict to be the most stable (lowest energy), and why?

4. The thiazyl dichloride ion, NSCl, , is isoelectronic with thionyl dichloride, OSCl,.

(a) Provide a Lewis structure, with formal charges, for each and predict the geometric molecule shapes.
(b) Which of these species has the smaller CI-S-CI bond angle? Explain.
(c) Which species would have the longer S-CI bond length? Explain.



5. (a) Prepare a molecular orbital energy level diagram for SiS, silicon sulfide, showing clearly how the valence
shell atomic orbitals interact to form MOs. Label the MOs with appropriate symbols and add electrons.
Atomic orbital energies: Si, 3s =-15.89 eV, 3p =-7.78 eV; for S, 3s =-22.71 eV, 3p =-11.62 eV.

(b) How does your diagram illustrate the difference in electronegativity between Si and S?

(c) Predict the bond order and the number of unpaired electrons.

(d) SiS+ and SiS  are also known. Compare the bond orders of these ions with the bond order of SiS. Which of
the three species would have the shortest bond length? Why?

(e) Compare your molecular orbital description of the SiS bonding with that of the Lewis description.
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Slater’s Rules

Groups: (1s) (2s,2p) (3s,3p) (3d) (4s,4p) (4d) (4f) (5s,5p), etc.
7*=7-S

1. For ns and np valence electrons:
(a) Each electron in the same group contributes 0.35 to the value of S for each other electron in the group.
EXCEPTION: a 1s electron contributes 0.30 to S for another 1s electron.
(b) Each electron in n-1 groups contribute 0.85 to S.
(c) Each electron in n-2 or lower groups contributes 1.00 to S.

2. For nd and nf valence electrons:

(a) Each electron in the same group contributes 0.35 to the value of S for each other electron in the group.
(b) Each electron in groups to the left contributes 1.00 to S.
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