Recommended Reading: 5.1 — 5.5 (no character tables), 16

Ch 102 — Problem Set 2
Due: Tuesday, April 13 — Before Class

Problem 1 (30 points)

A) On-board storage of hydrogen is a major obstacle for the use of hydrogen as a clean-burning
transportation fuel. Ammonia-borane is an appealing candidate for chemical hydrogen-storage
applications. Amine-borane adducts can be readily synthesized from free amines and boranes.
Thermal decomposition of ammonia-borane adducts yields hydrogen and a mixture of
aminoborane and borazine products. Give the point group for ALL of the reactants and products
shown below except polyborazylene (don’t forget Ha!).
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B) Using the equation below calculate the hydrogen capacity (wt%) of ammonia-borane. Be sure
to show how you arrived at your answer for full credit.

[cat]
X HzB—NH; ——— > 3X H, + (BN)y

C) An alternative material for hydrogen storage is based on microporous metal-organic
frameworks (MOFs). Metal-organic frameworks consist of metal ions or clusters connected
through organic bridging ligands into extended one-, two-, or three-dimensional networks. The
high surface area and porous nature of these new materials make them particularly promising
candidates for high capacity (wt%) hydrogen storage materials. The crystal structures shown
below are portions of metal organic frameworks that have been used for hydrogen storage.
Assign point groups to each of the crystal structures and identify the number of different kinds of
Mn atoms for each structure.!!




Problem 2 (15 points)

Part A
Cyanate and fulminate are two anions with the same general formula [CNO]. There are three
possible linear arrangements of these three atoms.

a) Draw the Lewis dot structure, complete with formal charges and any relevant resonance
structures, for the anion with the arrangement [CNO]’, and rank the resonance structures in order
of importance.

b) Repeat part a) for the anion with the arrangement [CONT".

c) Repeat part a) for the anion with the arrangement [OCN]".

d) Salts of cyanate are stable and commercially available (e.g. potassium cyanate). Fulminate
salts are known but they are unstable and therefore explosive. Salts of the third arrangement of
atoms are unknown. Based on the Lewis structure you drew in parts a) — c¢), which do you think
is which? Explain.

Part B

Predict the structure of [BH4] using VSEPR. Using Valence Bond Theory describe the bonding
in this molecule. Clearly draw the B hybrid and non-bonding orbitals (if applicable) and the B-H
bonding orbitals. Based on this bonding picture, how many peaks do you expect in the
photoelectron spectrum of this molecule?

Problem 3 (35 points)

a) In each of the following reactions, determine the oxidation state of all atoms involved and
show that the reaction is balanced with respect to oxidation states (sums of oxidation states of
reactants and products are the same). Indicate which atoms are the formal oxidants (accept
electrons) and reductants (provide electrons). Note: S in FeS, is found as the [S,]* anion.

Pb02 + Pb + 2H2804 — 2PbSO4 + 2H20
4F682 + 1102 —> 2F9203 + 8802 I

b) Draw acceptable Lewis structures for all compounds in the following equations. Provide one
resonance structure that requires involvement of d orbitals at sulfur (clearly label it) and two
resonance structures that obey the octet rule. Include formal charge, electron count, and
oxidation state for each atom. Using VSEPR theory, predict the structures of these molecules.
Indicate predicted bond angles (for example: “<90°” or *“ >45° ”) and discuss how you
arrived at that prediction. Assign point groups for the predicted geometries. For the reaction(s)
involving an oxidation state change, indicate which atoms are the formal oxidants and
reductants.



SFg+3H,0 —» SO3+6HF
2SFsCl + Hy ——  S,F;q + 2HCI

3[SOF4] + H,O —— 3  2[HF,] + [SO,F] + 2SO0,

SOZ + [N3]_ e [N3SOZ]-

c) For SF,, clearly draw two additional conformations of different symmetry by varying the
dihedral angle between the equatorial SF bonds on diffeufatss (e rotate the two SFaround
the SS bond). Assign their point groups.

Problem 4 (20 points)

Pick a topic of interest from the recommended reading (descriptive chemistry) in bold at the
beginning of this problem set. Prepare two power point slides including relevant descriptive
chemistry (background on synthesis, applications, reactivity, properties, trend, etc, as applicable),
some concepts presented in class (oxidation states, Lewis dot structures, symmetry, etc) and
some application of the provided software (for example, different views of the molecules to
highlight symmetry elements / operations).



