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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.

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.

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:

= gpeaking 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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Part 1. (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 valence electronic configuration for a Cu?" ion?

a) [Ar]4s?3d’
b) [Ar]4s'3d®
c) [Ar]4s°3d’
d) [Ar]4s?3d’
e) [Ar]4s'3d!"
f) none of the above

2. What is the best way to describe the Pt-Cl bonds in cisplatin?

a) coordinate bonds where both electrons are owned by a formally anionic chlorido ligand
b) coordinate bonds where both electrons are owned by a formally neutral chlorido ligand
c) coordinate bonds where both electrons are owned by the cationic metal centre

d) polar covalent bonds where the electrons are shared between the two partners

e) polar covalent bonds where the electrons are mostly on the metal centre

f) none of the above

3. What is the correct way to describe Co(en)>Cl, using the covalent bond classification method?

a) ML4X>
b) ML:X»
c) MLg
d) MLs
e) MX4
f) MXe

each en ligand is worth L2

4. For which of the following is it not possible for the metal to be iron(III)?

a) [MLsXz]"

b) ML3X3

¢) [MLsX]*"

d) [MXe]*

e) [MLe]*"

f) none of the above
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5. The empirical formula for a complex is Fe(NH3)sCls. The conductivity of a 1M solution of this complex in
water is no different than that of water itself. Lastly, you know that the molecule has a three-fold axis of
symmetry. Which species is it?

a)
b)
c)
d)
e)
f)

mer-Fe(NH3);Cl; ¢ 3NH3
fac-Fe(NH3);Cl;  3NH;
cis-[Fe(NH3)4Cl>]Cl e 2NH3
trans-[Fe(NH3)4Cl2]Cl e 2NH3
[Fe(NH3)6]Cl3

none of the above

6. An inner sphere ligand is

a)
b)
c)
d)
e)
f)

a)
b)
©)
d)
¢)
f)

a)
b)
c)
d)
e)
f)

a proligand that helps create a sphere around a metal ion

a chemical species that binds directly to a metal centre through a coordinate bond
a chemical entity that is a counterion to a charged metal complex

a neutral molecule that binds directly a metal centre

an anion that is attracted to a metal ion through electrostatic interactions

none of the above

Which of the following is true about the Lewis adduct formed between water and boron trifluoride?

a coordinate bond is formed from B to O and formal charges are created

a coordinate bond is formed from O to B and formal charges are created

a coordinate bond is formed from a F to the O and formal charges are created

a coordinate bond is formed from B to O and formal charges on these atoms do not change

a coordinate bond is formed from O to B and formal charges on these atoms do not change

a coordinate bond is formed from a F to the O and formal charges on these atoms do not change

Which of the following complexes includes a metal with a d electronic configuration?

Co(en)Cl>
Fe(phen),Cl
Mn(NH3);Cl3
[Mn(NR3)4Clo]'*
none of the above
all of the above
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Part 2. (34 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.

Q9-14. (2 marks each) The reaction of carbon monoxide with OsCl; yields numerous products. Each of the
products is an Six-coordinate Os(III) complex with varying combinations of CO and Cl ligands. Identify the
appropriate complex corresponding to each of the statements. Important: In some cases, more than one answer
may be a reasonable, however, you cannot use an answer more than once! We strongly suggest that you determine
your final set of answers before filling in the bubble sheet.

a) hexacarbonylosmium(III) chloride e) mer-Os(CO):Cl3
b) [Os(CO)sCl]|ClL2 f) fac-tricarbonyltrichloroosmium(III)
¢) cis-dicarbonyltetrachloridoosmium(III) chloride g) none of the above

d) trans-[Os(CO)4Cl2]Cl

9. This species, when dissolved in water, will not show a precipitate upon addition of AgNOs. E (F already used)
10. The metal complex in this species has axial symmetry.  F (B, D also reasonable but already used)

11. This species would result in the largest conductivity when dissolved in water. A is the only valid answer

12. The metal complex in this species is of the same point group as BrFs. B is the only valid answer

13. The metal complex in this species is part of a dihedral point group. DorG

14. The freezing point of a 1 mol/l aqueous solution of this complex would be the same as that of a 2 mol/l
aqueous solution of ammonia.
D or G, Cis NOT a valid compound but was accepted.
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Q15-20. (2 marks each) Answer the following questions using the possible answers given below. Each question
has a single correct answer. Answers can be used more than once.

15.

16.

17.

18.

19.

20.

a) G g) Cq4 m) Tq
b) Civ h) Ca n) On
c) Csn 1) Can o) In
d) Ds J) Da p) C
e) Dsd k) Dadg qQ Coy
f) Dsn 1) Duan r) none of the above

[CoCl4]* is an isotropic dianion. What is the correct symmetry of this species?

M

What is the correct symmetry for the diastereomer of [PtClsBr,]* that belongs to a dihedral point group?

L

What is the correct symmetry for the diastereomer of [PtClsBr,]* that belongs to a cyclic point group?

Q

What is the correct symmetry for A-Ru(phen)2Br2? (hint: Recall that the phen ligand is a planar ligand with
two nitrogen atoms that serve as ligands)

What is the correct symmetry for the achiral form of Ru(phen)>Br,?
R (D2h)

What is the correct symmetry for the cis-dichloridodibromidopalladium(II) dianion?



October 14, 2015 CHEM 208 Page 6 of 8

Q21-25. (2 marks each) Answer the following questions using the possible answers given below. Each question
has a single correct answer. Answers can be used more than once.

21.

22.

23.

24.

25.

a) E e) Cs 1) S m) Ch

b) C; f) Cs 1) Ss n) i

c) G g) Si k) Se 0) none of the above
d) C4 h) S3 ) oy

Which symmetry element correlates with the point of the Csy point group?

If you have a C; axis and no reflection planes in a molecule, what type of improper axis of rotation might
exist in this molecule?

K (look at the flowchart...)

Which symmetry element would be responsible for the following transformation? (note that there is only one
type of ligand in this complex)

LG I | \\\LQ : LG It | \\\LS
i, M o !, M o
L? | ® LY | v,
L, L,

Which symmetry element would be responsible for the following transformation? (note that there are two
different types of ligands in this complex)

% X
Las,, | by Los, | wls
J,,M_.\ : p,_M_.\ N
LY | VL, LY | v,
X, X4

Which symmetry element is equivalent to performing an Ss three times (S3*) when the S; axis is the primary
axis in this system?

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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This page is available in case you need extra space to work on problems
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Molecular
Structure

Does the
molecule contain an
inversion center?

Is the molecule
linear?

Does the Does the b n
molecule contain Yes molecule contain | T’eS‘ e
two or more unique two or more unique molecule contatm :n
inversion center?
Cy axes? Cy axes?
No

Does the

molecule contain
two or more unique
C, axes?

Does the
molecule contain an
inversion center?

Does the
molecule contain an
inversion center?

Does the molecule
contain one or more
reflection planes?

Does the Identify the
molecule contain a Yes highest order C,.. Yes

proper rotation axis Are there n perpen-

(C)? dicular C, axes?

Does the
molecule contain a
horizontal reflection
plane (op,)?

Does the
molecule contain a
reflection plane?

Does the
molecule contain n
vertical reflection

planes (o,)?

Does the
molecule contain an
inversion center?

Does the
molecule contain a
2n-fold improper
rotation axis?

Does the
molecule contain a

horizontal reflection

plane (op,)?

Does the
molecule contain n
dihedral reflection
planes (o4)?




