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INSTRUCTIONS

You have 50 minutes for this exam.

Check that this exam booklet consists of 5 PAGES
PRINTED ON BOTH SIDES. There is one blank page in
case you need extra space to work on problems and a
datasheet including a periodic table and some character
tables.

The datasheet and periodic table (last page of this booklet)
may be removed.

Write all answers on the answer sheet provided. Answer
written in this question booklet will not be marked.

The only calculator allowed is the Sharp EL-510R. All other
calculators/electronic devices will be confiscated.

Molecular model kits may be used and may be pre-
assembled.

RULES GOVERNING FORMAL EXAMINATIONS

1.

3.

Each examination candidate must be prepared to produce,
upon the request of the invigilator or examiner, their
UBCecard for identification.

Examination candidates are not permitted to ask questions of
the examiners or invigilators, except in cases of supposed
errors or ambiguities in examination questions, illegible or
missing material, or the like.

No examination candidate shall be permitted to enter the
examination room after the expiration of one-half hour from
the scheduled starting time, or to leave during the first half
hour of the examination. Should the examination run forty-
five (45) minutes or less, no examination candidate shall be
permitted to enter the examination room once the
examination has begun.

4. Examination candidates must conduct themselves honestly

and in accordance with established rules for a given
examination, which will be articulated by the examiner or
invigilator prior to the examination commencing. Should
dishonest behaviour be observed by the examiner(s) or
invigilator(s), pleas of accident or forgetfulness shall not be
received.

. Examination candidates suspected of any of the following, or

any other similar practices, may be immediately dismissed
from the examination by the examiner/invigilator, and may
be subject to disciplinary action:

= gspeaking or communicating with other examination
candidates, unless otherwise authorized;

= purposely exposing written papers to the view of other
examination candidates or imaging devices;

= purposely viewing the written papers of other
examination candidates;

= using or having visible at the place of writing any books,
papers or other memory aid devices other than those
authorized by the examiner(s); and,

= using or operating electronic devices including but not
limited to telephones, calculators, computers, or similar
devices other than those authorized by the examiner(s)—
(electronic devices other than those authorized by the
examiner(s) must be completely powered down if present
at the place of writing).

. Examination candidates must not destroy or damage any

examination material, must hand in all examination papers,
and must not take any examination material from the
examination room without permission of the examiner or
invigilator.

. Examination candidates must follow any additional

examination rules or directions communicated by the
examiner(s) or invigilator(s).
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(16 marks total, 2 mark each)

For each question below, enter the best answer on the separate answer sheet provided. Answers recorded here
will NOT be graded.

1.

What is the correct label that describes the
symmetry of a 3dxy orbital in a D¢n complex?

a) ey
b) elg
C) =) g
d) alg
e) t2 g
f) none of the above

Which other orbitals have the same symmetry as
that of a 5d,2_,2 orbital in a D2nh complex?

a) Sdzz

b) 6s

C) 3dx2—y2

d) all of the above
e) aand c only

f) none of the above

Which of the following is true about the
symmetry of the following SALC? (wrt = with

respect to...)
-
R
CA

What is the appropriate hybridization of the
underlined atom in CH3CN (acetonitrile)?

a) antisymmetric wrt E
b) symmetric wrt C4

c) gerade

d) ungerade

e) antisymmetric wrt |
f) none of the above

a) the atom should not be hybridized
b) sp
c) sp
d) sp3
e) d3s
f) none of the above

2

5. Which of the following is the best description

each of the O-N o bond in NO2™ ?

a) ooy = O sp + N sp? for both NO bonds
b) ooy = O sp? + N sp? for both NO bonds
c) ooy = 0 sp®+ N sp3 for both NO bonds
d) goy = O sp + N sp for both NO bonds
e) goy = O sp? + N sp for both NO bonds
f) each o,y bond is different

. Which of the following complexes should have

the largest Ao (assume all are low-spin)?

a) [Mn(NH3)e)]*

b) [Mn(BF3)e)]*"

¢) [Mn(OHa2)s)]**

d) [Mn(CH3)e)]*

e) [Mn(N(CH3)3)6)]*"
f) itis impossible to tell

. Which of the following statements is false about

octahedral and tetrahedral complexes with o-
donor ligands?

a) only 2 metal d orbitals mix with ligand o
orbitals in On symmetry

b) A, is typically about (S)AO

c) the metal d orbitals are responsible for more
M-L bonds in octahedral complexes

d) the valence metal dxy orbital is non-bonding
in On symmetry

e) Tdare more likely to be high spin

f) none of the above

. What is the most appropriate description of the

following molecular orbital from an On complex?

a) metal-based o orbital
b) metal-based c* orbital
¢) non-bonding orbital

QN e
d) ligand-based o orbital %

e) ligand-based c* orbital > A
f) none of the above
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Part 2. (30 marks total)

In this part of the exam, your answers will also be in the form of a multiple choice response. However, a series of
questions will all share the same series of possible answers. These are listed at the beginning of the question.

Q9-16. (1 mark each) The following species can all serve as ligands in transition metal complexes. Identify the
properties of each of these ligands by selecting the appropriate answer from the list below. When necessary, the
underlined atom represents the atom which is being used to form the bond to the metal. In each case, select
a single answer.

9. N(CHs)s 13. AICI3 a) c-donor only
b) o-donor + G-acceptor
¢) o-donor + m-donor
10. Br 14. CN” d) o-donor + n-acceptor
e) o-acceptor only
f) m-donor only
11. CH3CN 15. NO3 g) m-acceptor only

h) cannot bind through this atom

12. OCN 16. 2,2’-bipyridine

Q17-22. (2 mark each) The following MO diagram is a partial valence MO diagram for a low-spin d® complex
with 7 donor ligands. Identify the most accurate description for each of the orbitals identified. The number
corresponds to the question number. Each answer can only be used once.

S — a) o* MO
T b) &b MO

- ¢) non-bonding MO
——22,[ ] d) 7* MO
e) m MO
f) metal d orbitals

A _u_ + + + 21.[ ] g) metal s orbitals

1 h) metal p orbitals
18. |:| i) ligand c SALCs

A 4-20.[ ] j) ligand 1 SALCs
4

AT R |
9.1 4
4

N
~= =]
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Q23-27. (2 marks each) Select the appropriate electronic configuration that corresponds to the properties
described AND identify the appropriate spin state. For each question, you MUST select two bubbles: one for
the d" configuration (a-j) and the other for the spin state (k-m).

a) d° f) d° k) high spin

b) dt g) db 1) low spin

c) d? h) d’ m) high-spin/low-spin not applicable
d) d° ) d®

e) d4 ]) le

23. An octahedral complex with the largest possible LFSE.

24. An octahedral complex with a very small Ao, formally having 5 6 bonds and 1 & bond.

25. An octahedral complex with a very large Ao where LFSE = 0 and formally having 3 r bonds.

26. An octahedral complex with S = 3/2 that cannot have any other spin states.

27. A tetrahedral complex with a total spin of S = 5/2.
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Part 3.

(22 marks total)

In this last part of the exam, your answers should be written clearly on the back page of the answer sheet in
the appropriate box. Only answers within the box will be considered while marking.

H H
28. (12 marks) Two complexes with amido ligands (NH2") show different M- ‘ s H/,/
NH2 bonding geometries. The geometries of the M-N bonds in the two 1200 r\; H\"'N
complexes are shown on the right. Importantly, for the Ti(IV) complex, all 105°\l
of the atoms shown are in the same plane (TiNH2), which is not true for the ¢
Fe(IT) complex. Both complexes have no unpaired electrons. Ti(IV) Fe(II)
a) In which complex is the amido ligand acting “normally”, i.e., purely as a o-donor?
b) Draw the correct ligand field splitting diagram for the Ti(IV) complex using the correct symmetry labels
assuming pseudo-On symmetry. Be sure to include metal d electrons where appropriate.
c) Draw the correct ligand field splitting diagram for the Fe(Il) complex using the correct symmetry labels
assuming pseudo-On symmetry. Be sure to include metal d electrons where appropriate.
d) What is the difference between the amido ligand in the Ti(IV) complex and the one in the the Fe(II)
complex?
e) Draw the localized M-N antibonding interaction that is unique to the Ti(IV) complex? (focus on a single
M-N interaction, don’t worry about any other ligands)
f) What difference in the metal ions creates this change in the ligand behaviour?

29.

(10 marks) Carbon disulfide (CS2) is not typically a ligand in transition metal complexes, mostly because it
decomposes easily. However, several transition metal complexes with this ligand have been isolated.

a)
b)

c)

d)

Draw the appropriate Lewis structures that properly describe the bonding in CSa.
In what types of orbitals do each of the four lone pairs reside? (e.g. the lone pair in NH3 is in an sp> orbital)

Draw a representation of one of each of the bonding, non-bonding, and antibonding molecular orbitals
that describe the n delocalization in this molecule. Show the internuclear nodes if applicable. Use the
relative sizes of the components to identify the amount each of the atoms is contributing to each orbital —
if all atoms contribute evenly, they should all have the same “size”.

In complexes where CS: acts as a ligand, it sometimes binds in a so-called “side-on” S——Cc——s
geometry (shown below) and is positioned such that it is closest to the central carbon

atom. Why is this unexpected? Which orbital would have to be used to form the o

bond? CS; is acting as a pure ¢ donor in this situation.

How would you expect CSz to bind to a metal centre if it were acting as both a o- M
donor and a m-donor? Which orbitals on the ligand would be used to form each of
these bonds?

END OF EXAM
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This page is available in case you need extra space to work on problems
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