Instructions:

1.

2.
3.
4

SN

Put your name on this exam paper!!! Questions are to be answered directly on these papers.
Allowed external materials: calculator (any type)

Print or write legibly!

The final 2 sheets of this exam paper are a periodic table and a formula sheet. Feel free to remove
them if desired.

There are xxx points on the exam. Time allowed = 55 minutes.

Multiple choice to be answered on the 1* page (like Midterm 1)

NOTE: Almost all of these could be asked as multiple choice. Obviously, on the real exam, you will have
more room to fill in the full solution! These examples will take longer than the actual midterm.

5.

A particular X-ray microscope can measure the position of a particle to within 5.0 x 10" m. What
is the minimum error in the momentum (/mv)?

(@ 1.1x10*kgms"
(b) 42x10"”kgms
() 1.1x10"kgms"
d 2=

(e)  hi2m

Draw Lewis structures for the following (including resonance and formal charges if necessary).
Note that in both cases, the central atom does not obey the octet rule.

(a) POCl, (b) SO~

Predict the Valence-Shell Electron-Pair Repulsion (VSEPR) Theory shape of the molecules in #2.
For 2(b), predict the direction of the dipole moment (if any).

What is this orbital?

(@  3py

(®)  3px

(©) 3d,
(d) 3d.y
(e) 3s

Explain the term “bidentate” (referring to a ligand).



10.

1.

12.

13.

Give a valid set of quantum numbers for an electron (4 quantum numbers!) in the following
orbitals: 3d, 5f, 2s.

Predict the colour of the hydrogen emission line for the transition between the n = 4 and n = 2
energy levels.

Balance the following nuclear equations by supplying the missing particle (in these cases, only 1
particle is missing). Note the following shorthand conventions:
(l)e (positron), ?le (B-particle), (l)n (neutron), ‘Z‘He (o-particle).

Note that the solution isn't necessarily one of these 4 particles!

(a) 22Rn — Bpo 4+
b Pu + "“Cc > + 6'n

Calculate the energy released in the nuclear reactions given in Question 8. Nuclear exact masses
are as follows: **Rn (222.0175777), *'®Po (218.0089730), “He (4.002603254), **U
(238.0507882), '*C (12 (exact)), ***Cf (244.066001), 'n (1.00866).

What is the oxidation state of vanadium in H,V,05?

(a) 2
(b) 0
(©) 2
d 4
e 5

CoClg" is a high spin octahedral complex. Show the d-orbital splitting in an octahedral complex,
and say how many unpaired electrons the complex has.

Explain why atomic radius decreases as you go left to right across the periodic table.

Arrange the following in order of increasing electronegativity: N, Zr, F, Cu



10.

11.

SOLUTIONS

(a)
O
:Cl ||:l Cl ?@ :(ID:@ ﬁ
:ClI—P—Cl: . . S S
’él’ @IO—S:O = O:§—O 9@ O—S—0O
I
10
O AY
w P
% o 7
"tetrahedral" geometry "trigonal pyramidal" geometry
(©)

“Bidentate” refers to a ligand that has two binding sites (lone pairs) on two different atoms.
3d must have n = 3 and [ = 2; m; can be any of -2, -1, 0, +1, or +2; m, can be +%2 or -2
5fmust have n = 5 and [ = 3; m; can be any of -3, -2, -1, 0, 1, 2, or 3; m, can be +%2 or -2

2s must have n =2, [ =0, and m; = 0; m, can be +%2 or -2

AE:_2_178X10—ISJ[ 21 _ 21 j = -2.178x10™"*5(1/4% = 1/2%) = -4.08x10™"°J
Rgna - Minitial

(note, the way the question is worded, either + or — answer is correct)

(a) jHe (or *He is sufficient) (b) **Cf

(a) E =(0.004002603254 + 0.2180089730 — 0.2220175777)(3.00x10%)* = -5.40x10"!

(b) E = (0.24406600 + 60.00100866 — 0.2380507882 — 0.0120000000)(3.00x10%)*
=6.05%10"

(d)

Co is 2+, therefore 7 electrons remaining in the d-orbitals; this will give it 4 4
3 unpaired electrons, as drawn.

-
—_—
_
N



12.

13.

Electrons in each shell will shield the electrons of higher energy, but they do not effectively shield
electrons of the same energy. Therefore, as you go right to left, you have the same number of core
electrons but increasing charge on the nucleus (called increasing effective nuclear charge). The
electrons in the valence shell therefore see increasing nuclear charge (and don’t see each other), so
they are drawn closer to the nucleus, therefore size decreases.

Zr<Cu<N<F



Appendix 1: Formula Sheet

PV =nRT
Ptotal=P1+P2+... In Nt — —kf
0
2
P+ | (V- nb) = nRT ;= 02
V2 N bk
E=mc*
— 3RT
YA c=Av (=Af)
rate, i, M, E=hv (= hf)
rate - Ug - M, {
- —2
= —_—mu
)
18 1 1
AE=-2178x10"") —— - —
Mna Minitial
h
A= —
my
A =¢ebc
(AAmY) > "
Constants:
h=6.626x107s 1 atm = 101.325 kPa = 760.00 Torr
¢=2.9979 x 10* m/s mass of an electron: 0.000549 amu (g/mol)
joules = kg m* s mass of a proton: 1.00728 amu
0OEC =273.15K mass of a neutron: 1.008665 amu
Ny = 6.022 x 10 mol™ elementary charge (e) = 1.60218 x 107" C

R=8314)mol' K' =8.314 L Pamol! K!=0.08206 L atm mol”' K
STP =1 atm, 0°C

kilo=10"  centi=10? milli=10" micro=10° nano=10" pico=10"
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