Chemistry 448/548 Key 3 Test 3
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A Frenkeldefect occurs when an ion is displaced from its nosital

The_Fermi levek highest filled molecular orbital in a band.

The filled collection of orbitals in a semiconducicalled the valence band
Interstialsolvent molecules are solvent molecules that appegps in the lattice.

What is the proportionality that corresponds to a diaigbole interaction?E [ %

A ligandis a molecule, atom, or ion covalently bound to aahenter.

The_barycentes the average energy of a collection of orbitasy.(thed orbitals in a complex)
A increaseslown a group.

BsHg has a nidsstructure.

. The bridging hydrogens in diborane(6) are attached toadtifzan via a 3-center-2-electrdond.

Write a short description of band theory. (5 points)

Atoms of a single element in a lattice are each sunded by several other atoms. Thus, each
atom has orbital overlaps with several other atoAg&oltzmann (thermal) distribution of the
atoms leads to a large number of different energiesdoln of the bonds between the atoms. For
even relatively small masses of materials thereaee 130 atoms that give rise to a comparable
number of bonds. Since these bonds are not all (faime energy a continuum of energy states
is obtained and these are called bands. Two typesidélexist. The valence band is comprised
of the bonding MO's and is filled while the conductiond#& made up of the anti-bonding MO's
and is nominally empty.

Would GaAs or InSb be a better semiconductor? Praigdysical justification for your
answer. (10 points)

InSb is the better semiconductor. Two factors infi@ethe conducting ability. The energy
required to promote an electron from the valence banbe@onductance band and the energy
required to transfer an electron from one atom toetghbor.

Both In and Sb have a higher energy valence shell&saand As. For this reason overlap is
poorer and the energy gap between the valence and cormhubtamds is smaller. Likewise the
electronegativity gap between In and Sb is smaller thainbetween Ga and As. Thus, there is a
smaller barrier to moving electrons across a blockodifl InSb because there is less tendency for
the electrons to localize on one element.

List the following in order of increasing melting piok,O, N,, LiCl, LiF, H,, He, BaO, SiBy,
and SiQ. Justify your ordering. (16 points)

He, H,, N,, and SiBy are nonpolar substances all held together only by Lomligpersion
forces. These forces increase with increasing mtaecvolume so the order is as listed ,CHis
placed between Nand SiBy because although it is smaller than both it is hegetiwer by
hydrogen bonding which is fairly strong. It is placed@iween because it is only a little smaller
than N, so the hydrogen bonding overrides the size differentbeoyery much larger size of S|Br
more than compensates for the hydrogen bonding.



LiF, LiCl, and BaO are all held together by ionic Bmg, while SiG is a network covalent
substance. The bonding here is much stronger thanfahg intermolecular forces so all are
solids at room temperature. Electrostatic attragsgroportional to ZZ- so BaO has a higher
melting point than either LiF or LiCl because of thghler charges on Ba (+2) and O (-2). LIF
melts higher than LiCl because the latter has a polaizable anion. Both"Fand Ct have the
same charges, butGs$ larger. A more polarizable anion makes deformiegdttice and, hence
melting the solid, easier. Finally, SiGs a network covalent solid. These generally have
extraordinarily high melting points because 4 stable leav&onds must be broken.

Consider the linear complex: MLDraw the ligand field splitting diagram for this molecule
Label the orbitals. Whicld-electron configurations would undergo Jahn-Teller disinst?
Neglect high/low spin considerations. (Hint: Assunelidlands are on the z-axis.) (10 points)

points directly at incoming ligands and expergtioe greateste" repulsions

2
- angled towards incoming ligands and experiencegdhmediate e repulsions
XZ yz
____ ___ points away from incoming ligands and experighedsast ee" repulsions
Xy  2-y2
dl, &, b, d7
Write clear structural formulas for: (6 points) NH3
mer, trans-diamminetriaquahydroxochromium(lil) nitrate | H,Oy,, | WOH,
’. r‘\ (N03)2
Br HO” | “~oH,
OC//,,,.Fl W Br | NH;

cis-dibromotetracarbonyliron(ll) €
oc” | “~co
CO

For 5 of the following 6 reactions: What are the presfidBalance the equation. Clearly
indicate the reaction you don't want graded. (15 points)

2Fe + 3G 0O - 2FeC} Ti+ 2CL 0O~ TiCly
3Mn + 2Q O ~ MngO, 2U + 35 0 - 2UH,
2Sc + 390 - Sg0, V +2C, 0O VCl

What is a catalyst precursor and why is it thatombgeneous catalysis catalyst precursors are
added to reactions instead of the actual catalyticellyeaspecies. (8 points)

A catalyst precursor is the material added to a reattianthen converts to the active catalyst.
Catalyst precursors are used because the active cadlysitally too reactive to isolate.



