CHEM-651: Inorganic Chemistry

Midterm Il — November 6" 2014
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This exam is comprised of 6 questions and is 10 pages in length. Please be sure
that you have a complete exam and place your name on each page.

Answer each question to the best of your ability. Partial credit will be awarded
where appropriate. You are not permitted to use any supplemental materials
other than what is included in this test booklet. Calculators are not needed and
are not permitted to be used. PLEASE DO NOT REMOVE ANY PAGES FROM THIS
EXAM.

Write all your answers directly in this test booklet and show all work where
necessary.

Good Luck!
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1. (18 total points; 6 points each) Based on your knowledge of Ligand Field Theory, predict the d-
orbital splitting diagram for the following three complexes in the geometry indicated. Be sure to
label each d-orbital.

(a) (6 points) Octahedral [CrClg].
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(b) (6 points) Linear [Ag(C0),]".
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(c) (6 points) Square Planar [AuCl,]".
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2. (20 total points) For each of the following, please provide the metal oxidation state, valence
electron count, CFSE and multiplicity.

(a) [Cu(OH,)e)** (b) [FeCls]*
g A
N A
G VEC= 7
DOM.!:\ ,L'I‘
crse = Gloy) - 3pt) — P
= 0,0 =P
c) . S d)
Aot
Mn‘“ VEC - l 6
Quia fet

crSe = 3lo¥) ~ 0.6
=10.6

(c) [MnFg]*

b)

v 1 4

Fe"  vECT 1F
DDU«EIGJ{'

CFse = S(o-4) -2»
10 -21°P

L

(d) [Fe(CN)e]”™  (e) [Pt(NCMe)]™
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3. (18 total points) Using your knowledge of Ligand Field Theory, please address the following. You
may find the use of simplified MO diagrams and/or orbital sketches to be helpful in formulating
your answers to the questions below.

(a) (5 points) Although oxygen is more electronegative than nitrogen, ammonia is a
significantly stronger field ligand than water. Please provide a model that is consistent
with this observation.
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(b) (5 points) Although nitrosonium ([N=0]") is cationic it is an extremely strong field
ligand. Please provide a model that is consistent with this observation.
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(c) (8 points) Except in cases in which ligand geometry requires it, square-planar geometry
occurs most commonly for d’, d® and d° metal ions with strong field n-acceptor ligands.
Please provide a model that is consistent with this observation.
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4. (18 total points) The generalized microstate table for the 2p°3s' configuration is illustrated
below.
Ms
3/2 1/2 -1/2 -3/2

2 O] ®©
1 x 0] xO¢ x

M, 0 x xO¢A xO¢/A x
-1 % xO¢ 2O¢ ®
=2 ®© ®

(a) (3 points) Draw the microstate having quantum numbers Mg =-3/2, M, = 1.

2p 3s

(b) (10 points) From the above table, determine all spectroscopic terms that comprise the
2p2351 configuration. To which spectroscopic term does the microstate in part (a)

belong.
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(c}) (2 points) Which spectroscopic term is the lowest energy term of the 2[)2351
configuration?

Tp

(d) (3 points) Split the ground state spectroscopic term into all possible states via spin-orbit
coupling. Indicate which of the new spin-orbit coupled states is the ground state.
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5. (14 total points) Consider the electronic structure of the complexes [Fe(CN)s]*” and [Fe(OH,)¢)**

to answer the following (note: you should use the Tanabe-Sugano diagrams provided at the end
of this exam to help you answer these questions). Roth e Ol@’

(a) (2 points) What is the ground state term of [Fe(CN)¢]*™?
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(b) (2 points) What is the ground state term of [Fe(OH,)¢]**?

-
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(c) (7 points) Which transitions are spin allowed for [Fe(CN)g]*? Which transitions are spin
allowed for [Fe(OH,)g]**?
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(d) (3 points) If [Fe(CN)s]*” were to lose a cyanide ligand to generate the five-coordinate

[Fe(CN)s]*", how many transition would you expect this complex to display, based on the
Tanabe-Sugano diagrams provided?
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6. (12 total points) Consider the following questions dealing with electronic absorption
spectroscopy.

(a) (4 points) The following transitions could occur in an octahedral d® complex. Indicate
which of the following transitions are formally forbidden and explain why this is the

case.
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(b) (3 points) Propose mechanisms by which each of the forbidden transitions shown above
could gain intensity.
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(c) (5 points) Explain why the ligand field (d—d) bands are shifted only slightly along the
series of [X—Co(NHs)s]** complex (X = F~, CI', Br™ and I'), but charge-transfer bands are
shifted greatly for the series.
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PERIODIC TABLE OF THE ELEMENTS

1 Z
H He
1.0070 4.00260
a3 4 5 7 3 o 10
Li | Be B C N| O F | Ne
6041 |0.01218 1081 | 12,011 | 14.0087( 15.0004] 18.0084| 20.170
K 2 13 15 18 7] 18
Na | Mg Al | 1 P S Cl | Ar
22.0808 | 24.305 26.0815| 28.0856| 306738 3208 | 36453 | 20.048
0 2 21 2 23] 24| 25 B[ 27| 28 2% £ ] 2] = ) £ T
Ca| Sc| Ti V| C|Mn| Fe|] Co| Ni| Cu|Zn | Ga| Ge| As| Se | Br | Kr
30.0983| 40.08 |44.6850| 47.68 | 50.0415] 51.008 |54.9360 | 58.647 | 58.6032] 58.60 | 63548 | 6530 | 6972 | 7250 [74.0218| 78.08 | 79.004| 8380
7| 28 £ 40 41| 42| 43| 44| 5| 48 47 48] 40 50| &1 82 sl 5
Rb| Sc| Y| Zr | Nb| Mo| Tc | Ru | Rh | Pd| Ag| Cd | In | Sn | Sb | Te I Xe
854678 | 67.62 |68.0056| 01.224 | 020084) 9504 | (98) |101.07 | 102006] 108.42 [ 107.088] 11241 ] 114.82 | 118.71 ] 121.75 | 127.60 | 128.608] 121.20
s5] se 57 72 73| 74 76 ) 77| 78 70 go| a1 2| & 84 85| 88
Cs| Ba| LaJ Hf | Ta| W | Re | Os| Ir [ Pt | Au| Hg| TI | Pb | Bi { Po| At | Ran
132608 | 137.33 [ 138.900 ] 178.40 | 180.048] 183.85 |186.207| 1002 | 19222 | 105.08| 196.967| 200.50 | 204.383| 207.2 | 208.980| (209) | (210) | (222)
87| 8 8] 04 06| 08| 07| 108] e
Fr| Ra| Ac ] Unq| Unp| Unh | Uns | Uno | Une
(223) [220.025|227.028 (261) | (262) | (263) | (262) | (208) | (2e8)
(7] 56| 60 et 2 es| o4 5 ) 67 8 89 70 7
Ce | Pr | Nd |Pm [Sm | Eu [Gd [ Tb | Dy { Ho | Er [ Tm | Yb | Lu
140,12 | 160.908| 144.24 | (145 | 150.36 | 151.08 | 157.25 | 102.50 |104930] 167,26 | 168.034| 17304 | 174907
so| o1 02 ) 04| 5| o8 o7 08 go| 10| 11| 102 102
Th | Pa| U |Np|Pu |Am [Cm | Bk | Cf | Es | Fm | Md | No | Lr
232038 231.026[ 238.020| (237 | 244 | @43y | 12a7) | @am | @5v) | (252) | @57) | 258) | (260) | (260)
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Selected Tanabe-Sugano Diagrams
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