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1.5-point multiple choice, select 1 answer only. Do all questions (1.5 points each, 6 total)
What is the missing particle in this balanced nuclear reaction?
Be + - "C
(e) o-particle
David Price won the Cy Young Award in 2012. His fastball pitch averages 95 mph.
Assuming a baseball weighs 0.145 kg and the speed converts to 42.5 m/s, what is the

wavelength of Price’s fastball?

() 1.08x10**m

The half-life of **Pu is 34.1 minutes. Calculate how long it would take 99% of a sample of
#2py to decay.

(a) 227 min

One of these sets of quantum numbers is valid. Choose the valid set.

(a) n=3,1=2,m=2

1-point multiple choice, select 1 answer only. Do all questions (1 point each, 3 total; there
is no penalty for a wrong guess):

Based on the geometry (trigonal planar), what is the hybridization of the C in formaldehyde,
H,C=0?

©  sp°

Based on the geometry (trigonal bipyramidal), what is the hybridization of the P in
formaldehyde, PCls?

(e) sp3 d

What is this orbital?
(c) 3d,



Question 3

(a)

(b)

(©)

(d)

Draw the Lewis structure for 1 of the following 2. Note that the central atom will
not obey the octet rule. (2 points)

POC13 XCO3
: ﬁ:

: Cl—P—Ci: _Q:ﬁe:Q
:Cl:

Draw the Lewis structure of either CO32' or NO;,". Include all lone pairs, resonance
structures, and formal charges. (3 points)
. ..O O.. .. e.. ..©
g=c—; 8—0=0 0——0;
:0: S HoK - ok
Q @ .o @

.. . .. e .o 0O
:Q—N:Q = _Q:N—Q:

Pick any 2 of the 4 molecules in (a) or (b) and say what its VSEPR shape is? Choose
from: linear, bent, trigonal pyramidal, trigonal bipyramidal, square-based pyramidal,
trigonal planar, square planar, see-saw, T-shaped, tetrahedral, or octahedral.
(2 points)

POCI; = tetrahedral

XeOj; = trigonal pyramidal
COs”> = trogonal planar
NO, = bent

Show the overall dipole moment (or state that it is 0) for 2 of the following 3
molecules. (2 points)

H‘ H
c b [N H E T E
H” H H



Question4 (3 points) The synthesis of rutherfordium (Rf) occurs by the following (balanced) nuclear
reaction. Calculate the energy required (in J/mol) to force this reaction to take place. The
exact masses (in g/mol) are “PCf = 249.07485, *C = 12 (exactly), 2TRf = 257.1032, and
'n = 1.00866.

MW 4 20 BIRE 44y

Am = products — reactants
=257.1032 + 4%1.00866 — 12 — 249.07485 = 0.06299 g/mol = 6.299x10" kg/mol

E = mc* = (6.299x107 kg/mol)(3.00x10°* m/s)* = 5.67x10"* J/mol
Question 5  Arrange the following elements based on their periodic trends (2 points)
Atomic radius (smallest to largest): Sr, Te, Ru Te < Ru < Sr

Ionization energy (smallest to largest): Al, Ca, Rb Rb < Ca < Al

Question 6  Determine the number of d-electrons, then arrange them in the d-porbitals, for the
octahedral complex ion [V(H20)6]2+. (2 points)




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=A (=Af)
rate, 4, M, E=hv (=hf)
rate - Uy - M, , {
- —2
= —_—mu
)
s 1 1
AE=-2178x10"") —— - —
Pna 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
0EC =273.15K mass of a neutron: 1.008665 amu
Ny = 6.022 x 10 mol™ elementary charge () = 1.60218 x 10" 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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