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Question 1]25]

1.1 Predict the trend in radius for the following ions: Be?*, Mg?*, Ca**, and Sr**. (5]

1.2 For principal quantum level n = 5, determine the number of allowed subshells (different
values of 1), and give the designation of each. [6]

1.3 The first ionization energy for phosphorus is 1060 kJ / mol, and that for sulfur is 1005 kJ /
mol. Why? [6]

1.4 Give the electron configurations for sulfur (S), cadmium (Cd), hafhium (Hf), and radium
(Ra). 8]

Question 2 [25]

2.1 Order the following bonds according to polarity: H-H, O-H, CI-H, S-H, and F-H. [7]

2.2 Draw the Lewis structure and then all possible resonance Lewis structures of NOs~  [6]

2.3 Give the Lewis structures for each of the following. [12]
a.HF  b.CHa c. CFa4 d. NO*



Question 3[25]

3.1 Predict the molecular structure of the sulfur dioxide molecule. Is this molecule expected to

have a dipole moment? [8]

3.2 Describe the bonding in the ammonia molecule using the localized electron model.  [8]

3.3 Use the molecular orbital model to predict the bond order and magnetism of N2 [9]
Question 4[25]

4.1 As the energy flows into the ice, the random vibrations of the water molecules increase as the
temperature rises. Eventually, the molecules become so energetic that they break loose from their
lattice positions, and the change from solid to liquid occurs. This is indicated by the plateau

at 0 °C on the heating curve. At this temperature, called the melting point, all the added energy
is used to disrupt the structure by breaking the hydrogen bonds, thus increasing the potential
energy of the water molecules. Draw a graphical presentation of the heating curve of water and

show all the phases. [10]

4.2 X-rays of wavelength 1.54 A were used to analyze an aluminum crystal. A reflection was
produced at 19.3°. Assuming » = 1, calculate the distance d between the planes of atoms
producing this reflection. [5]

4.3 Silver crystallizes in a cubic closest packed structure. The radius of a silver atom is 144 pm.
Calculate the density of solid silver, [10]
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Equations

sta

Throughout the test the following symbols have the definitions specified unless otherwise noted.

L, mL = liter(s), milliliter(s) mm Hg = millimeters of mercury
g = gram(s) Lkl = joule(s), kilojonle(s)
nm = nanometer(s) v = volt(s)
atm = atmosphere(s) mol = mole(s)
ATOMIC STRUCTURE
E = energy
E=hv v = frequency
¢ = Av A = wavelength
Planck’s constant, & = 6.626 x 1074 J s
Speed of light, ¢ = 2.998 x 10 ms™!
Avogadro’s number = 6.022 x 10% mol™!
Electron charge, ¢ = —1.602 x 10~'? coulomb
EQUILIBRIUM
CFDY
K. = %: where a A+bB &2 ¢C+dD Equilibrium Constants
‘- (P PD)d K. (molar concenirations)
P (P, (P \ K, (gas pres?u1es)
- K, (weak acid)
A-
K, = % K, (weak base)
K t
& - [OH IHE"] w (vaten)
b [B]
K, = [H'][OH7] = 1.0 x 107 at 25°C
= Ka x Kb
pH = —log[H*], pOH = -log[OH™]
14 = pH + pOH
= s 1A ]
pH = pK,, + log [HA]

pK,=-logK,, pK, =-logk,

KINETICS
In[A], - In[Aly = —kt

k = rate constant
t =time
Iy = half-life



GASES, LIQUIDS, AND SOLUTIONS

PV = nRT

moles A

= he =
Py = Py x Xy, where X, total moles
PtotaI=PA+PB+PC+"'

n
n=—-—

M
K =°C+273

- m
D= v

KE per molecule = %»mvz

Molarity, M = moles of solute per liter of solution

A =abc

P = pressure

V = volume

T = temperature

n = number of moles

mi = mass
M = molar mass
D = density
KE = kinetic energy
v = velocity

A = absorbance

a = molar absorptivity
b = pathlength

¢ = concentration

Gas constant, R = 8.314 I mol ' K!
= 0.08206 L atm mol ' K

= 62.36 L torr mol L K1
latm = 760 mm Hg
= 760 torr

STP = 0.00°C and 1.000 atm

THERMOCHEMISTRY/ ELECTROCHEMISTRY

g = mcAT
AS® = 3 5° products —¥ S° reactants
AH® = ¥, AHE products —¥, AH; reactants
AG® = ¥,AGF products -3 AGF reactants
AG® = AH® —TAS°
=—-RI'nK

=-—nFE°

oy
il
= {J-Q

g = heat
HL = mass
¢ = specific heat capacity
T = temperature
§° = standard entropy
H® = standard enthalpy

G° = standard free energy
n = number of moles

£° = standard reduction potential
I = current (amperes)
g = charge (coulombs)
t = time (seconds)

Faraday’s constant, F' = 96,485 coulombs per mole
of electrons
1 joule

Lvolt = 1 coulomb
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