Chemistry 3840
Midterm Examination #2 (March 12, 2025)

1. The nickel complex [Ni(CN)4]* is diamagnetic (all electrons are paired), while [NiBr4]*" is
paramagnetic (has unpaired electrons). Fully explain these observations. Include labelled
diagrams. (16 points) i i ) , _[
[/\//' (CN>L{j'2'——> Niam) — d8 —> N7 s a streng field ligand -"-Cqec
5 . [0 Sprn, Seuare /a./)af‘ eom 67‘
[N;qu]Q‘——D N{(IE)——?O(B‘—DQF— is a\FbJeo..K\Cw(J_ 0B ST 4 1_/37_ J b
\»3o«ncl exé)cc"\‘ x4y —

4e+f'akedr'ad eome‘('r A
<-—
ﬁ)ﬁ jjﬂl j-ocb which LOOU..(&&.SQ =3

Peoraamaaganetic | ‘ _
T B . dy. H
d=z? Axijz dz® -

. , - 2
_“> N\.(ID Co:nple;(cg Can £c c(‘“ner‘ square F(G«naf or M
+?+W4\gidfm\) depeﬂd(lﬂj L,Hoo,q —Hr\(_ ‘.D'o..no(s, S(n'c.e dlamagn?‘{—\t
CNtBﬁ Y ~ ParaMo:jn44%c) (-J- mqg—( bave 4e-+ra(me4r¢| o
3eome4rj y whichh makes sense as 8('—‘\—5 a weak -Ce‘li' : A )
- COAUcrseb>CN:CGN5\{—-1;‘('S dia. mac Ae-F:'CJMeanIAﬁ elle™ are Pa"'e‘l'

Werefore, itmust be =quareplanar which agrees widh CN7 being a strong €gldl |
: 2. Give an example of an ionization isomer of [CoBr(H20)s]Cl. No explanation is required. J -
(6 points) '
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3. Starting from an octahedral orbital splitting diagram, use the principles of Crystal Field Theory
(CFT) to indicate (and discuss) the orbital splitting diagram for a square planar metal complex
(complete removal of the two ligands along the x-axis). Be sure to label all orbitals. (12 points)
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4. Properly draw the following complexes using fully expanded Lewis structures. Be sure
to draw and label all reasonable isomers. (dmpe = Me,PCH2CH2PMes; py = pyridine

(CsHsN); "Bu = CH,CH>CH2CH3) (18 points)
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5. Calculate the Crystal Field Stabilization Energy (CFSE) for one of the following two
octahedral complexes. Show your work and explain (in 10 words or less) any assumptions
you made. (12 points)
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6. As arecent university graduate with a major in Chemistry, you are very excited about your
job interview for a research chemist position at NOVA Chemicals. When you arrive, you are
sent into a lab where you find two vials on a bench. One of the vials is filled with a purple
powder and the other contains a yellow powder. Nearby you see two labels ([Co(NH3)6]*" and
[CoI(NH3)s]*"). If you place the labels on the correct vials you will get the job. Which label
do you place on which vial? Why? Explain in four sentences or less. (18 points)
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7. Name the following complex according to [UPAC convention. If there are any errors in the

given formulae, provide the correct chemical formulae. (6 points)

[Ru(NH3)sCI[Br —» LRuC((NHz )sJ Br
pe naamminechlororuthenium (Il‘) bromide
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8. For the following molecule .
. (1) . What is the metal oxidation state the d-electromc conﬁguratlon and the electron
count at the metal centre? (8 pomts) ’
Provide the correct [UPAC formula (4 points)
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Bonus
Alfred Werner is often considered the “Father of Modern Coordination Chemistry” and was
awarded the Nobel Prize in Chemistry in 1913 for his work that established the prevalence of
octahedral geometry for late transition metal complexes. Briefly explain how conduct1v1ty
experiments were essential for providing support for the structures he proposed for various cobalt
complexes. Use examples. (4 points)
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Additional Information  Cenfa(n an 'y ch bon atom <.
Spectrochemical series for ligands:

weak field ligands (small Ao) strong field ligands (large Ao)

I'<Br <S* <SCN < CI' < F < OH" < OH, < MeCN < NH; < PR3 < CN" < CO < NO*

\

Spectrochemical series of metals:
[Note: not all metals included, use general trends to predict relative ordering]

Mn?" < Ni?* < Co?" < Fe?" < VZ' < Mn** ~ Co?" < Mn*" < Mo3* < Rh3* ~Re?* ~ Ru?* < Pd*" < I3 < Pt**
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