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Multiple Choice Section [2 marks each, 51 questions, total 102 marks]

1) How many moles of oxygen are formed when 58.6 g of KNO3 decomposes according
to the following reaction? The molar mass of KNO3 is 101.11 g/mol.

4 KNO3(s) — 2 K20(s) +2N2(g) +502(g)

A) 0.290 mol O2 D) 0.724 mol O2
B) 0.580 mol O E) 1.73 mol O
C) 18.5 mol O2

2) Which of the following is considered a STRONG electrolyte?

A) NH4NO3 D) HC2H302
B) C12H22011 E) CH30H
C) PbClp

3) What precipitate is most likely formed from a solution containing
Ba*t2, Natl, OH-1, and CO3-2.

A) NaOH C) NapCO3

B) BaCO3 D) Ba(OH)?

4) Give the net ionic equation for the reaction (if any) that occurs when aqueous
solutions of NapCO3 and HCI are mixed.

A) 2 Ht(aq) + CO32-(aq) — H2CO3(s)

B) 2 Nat(aq) + CO32-(aq) + 2 H*(aq) + 2 Cl-(aq) — H2CO3(s) + 2 NaCl(aq)

C) 2 Hf(aq) + CO32-(aq) — H20(1) + CO2(g)

D) 2 Nat(aq) + CO32-(aq) + 2 Hf(aq) + 2 Cl-(aq) — H2CO3(s) + 2 Nat(aq) + 2 Cl-(aq)
E) No reaction occurs.

5) The titration of 25.0 mL of an unknown concentration H)SO4 solution requires 83.6
mL of 0.12 M LiOH solution. What is the concentration of the H2SO4 solution (in M)?

A)0.20 M D) 0.36 M
B) 0.40 M E)0.25M
C)0.10 M

6) Determine the oxidation state of Sn in Sn(S04)2.

A) +2 D)0

B) +4 E)-2

C) +6



7) A sample of 0.300 moles of nitrogen occupies 0.600 L. Under the same conditions,
what number of moles occupies 1.200 L?

A) 0.600 moles C) 0.33 moles
B) 1.50 moles D) 6.00 moles
8) Determine the density of NH3 gas at 435 K and 1.00 atm.
A)2.10 g/L D) 2.24 g/L
B) 0.477 g/L E) 0.851 g/L
C) 0.321 g/L

9) A mixture of N2, O2 and Ar have mole fractions of 0.25, 0.65, and 0.10, respectively.
What is the pressure of N2 if the total pressure of the mixture is 3.9 atm?

A) 2.5 atm D) 0.98 atm
B) 0.39 atm E) 1.33 atm
C) 0.67 atm

10) Determine the theoretical yield and the percent yield if 21.8 g of K2CO3 is produced
from reacting 27.9 g KO2 with 29.0 L of CO2 (at STP). The molar mass of KO2 =
71.10 g/mol and K2CO3 = 138.21 g/mol.

4 KO2(s) +2 CO2(g) — 2 K2CO3(s) + 3 O2(g)

A)27.1 g,80.4 % yield D) 206 g, 10.6 % yield
B) 179 g, 12.2 % yield E)61.0 g, 35.7 % yield
C)91.7 g, 23.8 % yield

11) Which of the following substances (with specific heat capacity provided) would show
the greatest temperature change upon absorbing 100.0 J of heat?

A)10.0 g Ag, CAg=0.235J/g°C D) 10.0 g Fe, Cpe = 0.449 J/g°C

B) 10.0 g H20, CH,O = 4.18 J/g°C E) 10.0 g Au, CAy =0.128 J/g°C

C) 10.0 g ethanol, Cethanol = 2.42 J/g°C



12) A balloon is inflated from 0.0100 L to 0.500 L against an external pressure of 10.00
atm. How much work is done in joules? 101.3 J=1 L x atm

A)-49.6 ] D)-0.49 ]
B)49.6] E) -496 ]
C)0.49J

13) A 4.98 g sample of aniline (CoH5NH?2, molar mass = 93.13 g/mol) was combusted in
a bomb calorimeter with a heat capacity of 4.25 kJ/°C. If the temperature rose from
29.5°C to 69.8°C, determine the value of AH°comb for aniline.

A) +7.81 x 103 kJ/mol D) -1.71 x 103 kJ/mol

B) -3.20 x 103 kJ/mol E) -7.81 x 103 kJ/mol

C) +1.71 x 103 kJ/mol

14) Which statement is FALSE?

A) An exothermic reaction gives heat off C) AErxn is a measure of heat.
heat to the surroundings. D) AHyxp is the heat of reaction.
B) Enthalpy is the sum of a system's
internal energy and the product of
pressure and volume.

E) Endothermic has a positive AH.

15) Which of the following processes is endothermic?

A) the freezing of water D) the chemical reaction in a "hot pack"
B) the combustion of propane often used to treat sore muscles
C) a hot cup of coffee (system) cools on E) the vaporization of rubbing alcohol

a countertop

16) Using the following equation for the combustion of octane, calculate the heat of
reaction for 100.0 g of octane. The molar mass of octane is 114.33 g/mole.

2 CgH18+2502 — 16 CO2 + 18 H20O AH°rxn =-11018 kJ

A)4.82x 103 kJ D) 1.26 x 104 kJ
B)4.82 kJ

C) 9.64 x 103 kJ

17) Two aqueous solutions are both at room temperature and are then mixed in a coffee
cup calorimeter. The reaction causes the temperature of the resulting solution to fall
below room temperature. Which of the following statements is TRUE?

A) The products have a lower potential energy than the reactants.

B) This type of experiment will provide data to calculate AErxn.

C) The reaction is exothermic.

D) Energy is leaving the system during reaction.

E) None of the above statements are true.



18) A piece of iron (mass = 25.0 g) at 398 K is placed in a styrofoam coffee cup
containing 25.0 mL of water at 298 K. Assuming that no heat is lost to the cup or the
surroundings, what will the final temperature of the water be? The specific heat capacity
of iron = 0.449 J/g°C and water = 4.18 J/g°C.

A) 348 K D) 325K
B) 308 K E) 388 K
C) 287K

19) Choose the reaction that illustrates AH°f for Ca(NO3)2.
A) Ca(s) + N2(g) + 302(g) — Ca(NO3)2(s)

B) CaZ™(aq) + 2 NO3-(aq) — Ca(NO3)2(aq)

C) Ca(s) + 2 N(g) + 6 O(g) — Ca(NO3)2(s)

D) Ca(NO3)2(aq) — Ca2¥(aq) +2 NO3-(aq)

E) Ca(NO3)2(s) — Ca(s) + N2(g) +302(g)

20) Place the following types of electromagnetic radiation in order of increasing
frequency.

visible light microwaves X-rays
A) microwaves < visible light < X-rays C) microwaves < X-rays < visible light
B) X-rays < visible light < microwaves D) X-rays < microwaves < visible light

E) visible light < X-rays < microwaves

21) Calculate the wavelength (in nm) of the red light emitted by a neon sign with a
frequency of 4.74 x 1014 Hz.

A) 633 nm D) 704 nm
B) 158 nm E) 466 nm
C) 142 nm

22) Which of the following statements is TRUE?

A) The emission spectrum of a particular element is always the same and can be used to
identify the element.

B) Part of the Bohr model proposed that electrons in the hydrogen atom are located in
"stationary states" or particular orbits around the nucleus.

C) The uncertainty principle states that we can never know both the exact location and
speed of an electron.

D) An orbital is the volume in which we are most likely to find an electron.

E) All of the above are true.



23) Which of the following transitions (in a hydrogen atom) represent absorption of the
smallest frequency photon?

A)n=5ton=6 D)n=1ton=3

B)n=5ton=4 E)n=1ton=2

C)n=4ton=1

24) Give all possible values of / for a 3 sublevel.

A)0 D)-1,0,1

B)1,2 E)0,1,2,3

0)o0,1,2

25) No two electrons can have the same four quantum numbers is known as the

A) Pauli exclusion principle C) Aufbau principle

B) Hund's rule D) Heisenberg uncertainty principle

26) Choose the orbital diagram that represents the ground state of N.
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27) The complete electron configuration of gallium, element 31, is
A) 1522522p103521522522p103523p 10452343

B) 1522522p63s23p63d104524p1

C) 1s42542p63543p64s43d3

D) 1s42542p103543p9

E) 1s42542p83543p84s3

28) Place the following in order of increasing atomic radius.

As O Br
A)As<Br<O D) As<O <Br
B) O<As<Br E)O<Br<As

C)Br<As<O



29) Which of the following statements is TRUE?

A) An orbital that penetrates into the region occupied by core electrons is less shielded
from nuclear charge than an orbital that does not penetrate and therefore has a lower
energy.

B) An orbital that penetrates into the region occupied by core electrons is more shielded
from nuclear charge than an orbital that does not penetrate and therefore has a lower
energy.

C) It is possible for two electrons in the same atom to have identical values for all four
quantum numbers.

D) Two electrons in the same orbital can have the same spin.

E) None of the above are true.

30) Place the following in order of increasing radius.
Ca2' S2 Cr

A) Ca2" < CI' < %
B)Cl' < Ca2" < S
C)S2" < CI' < Ca2’
D) Ca2" < S2°" < CI
E)Cl < 82" < Ca2"

31) Choose the paramagnetic species from below.

A) Ca D) Zn

B) 02 E) Nb3*

C) Cd2"

32) Choose the ground state electron configuration for Cr3".
A) [Ar]ds]3d2 D) [Ar]3d3
B) [Ar] E) [Ar]4s23dl

C) [Ar]4s23d6

33) Of the following, which element has the highest first ionization energy?
A) beryllium C) carbon
B) boron D) lithium

34) Which of the following statements is TRUE?

A) A covalent bond is formed through the transfer of electrons from one atom to another.
B) A pair of electrons involved in a covalent bond are sometimes referred to as "lone
pairs."

C) It is not possible for two atoms to share more than two electrons.

D) Single bonds are shorter than double bonds.

E) A covalent bond has a lower potential energy than the two separate atoms.



35) Which of the following represent the Lewis structure for Br'?

Ay B D) Br”
B) ‘Br: E) Br
C) ‘Br

36) Which of the following reactions is associated with the lattice energy of CaS
(AH1att)?

A) Ca(s) + 5(s) — CaS(s) D) Ca2'(g) + S2(g) — CaS(s)
B) CaS(s) — Ca(s) +5(s) E) CaS(s) — Ca2'(aq) + S2'(aq)
C) Ca2'(aq) + S2'(aq) — CaS(s)

37) Choose the compound below that should have the highest melting point according to
the ionic bonding model.

A) StIp D) SrF2
B) MgF»> E) StBrp
C) CaClp

38) Choose the best Lewis structure for BeF?.

A) F=Be=E: D) ‘E—Be—E:
B) EBe—k: E) *E—Be=E;
C) F—Bc—F

39) Consider the molecule below. Determine the molecular geometry at each of the 2
labeled carbons.

H Cl
Se=c/ CH
v Ne=c”
#7 N
5| F

A) C1 = tetrahedral, C2 = linear D) C1 = trigonal planar, C2 = tetrahedral
B) C1 = trigonal planar, C2= bent E) C1 = trigonal pyramidal, C2 = see-
C) C1 = bent, C2 = trigonal planar saw
40) Choose the bond below that is the weakest.
A) C=0 D) C=S
B) N=N E) K-Cl
O)C-1
41) Give the approximate bond angle for a molecule with an octahedral shape.
A) 109.5° D) 105°
B) 180° E) 90°

C) 120°



42) Determine the electron geometry (eg) and molecular geometry(mg) of BCI3.
A) eg=trigonal planar, mg=trigonal planar

B) eg=tetrahedral, mg=trigonal planar

C) eg=tetrahedral, mg=trigonal pyramidal

D) eg=trigonal planar, mg=bent

E) eg=trigonal bipyramidal, mg= trigonal bipyramidal

43) How many of the following molecules are polar?

BrCl3 CS2 SiF4 SO3

A)l D)4
B)2 E)0
C) 3

44) A molecule containing a central atom with sp3 hybridization has a(n)
electron geometry.

A) linear D) tetrahedral
B) trigonal bipyramidal E) bent
C) octahedral

45) What is the strongest type of intermolecular force present in NH2CH3?

A) dispersion D) ion-dipole
B) dipole-dipole E) none of the above
C) hydrogen bonding

46) Place the following compounds in order of increasing strength of intermolecular
forces.

CO2 F> NH2CH3

A)NH2CH3 < CO2 < F2 D) Fp < CO2 < NH2CH3
B) F» < NH2CH3 < CO2 E) CO2 < NH2CH3 < F
C)NH2CH3 < F2 < CO2
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47) Use the molecular orbital diagram shown to determine which of the following has the
highest bond order.
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A) C27 D) Cp2-
B) N22* E) Bp2"
C) B2
48) Which is expected to have the largest dispersion forces?
A) C3Hg C)F2
B) C12H26 D) BeClp

49) Which of the following substances would you predict to have the highest AHyap?

A) CH3Cl D) CH3CH20OH
B) HCI E) CH3CH2CH2CH3
C) HOCH2CH20H

50) How much energy is required to vaporize 98.6 g of ethanol (CQH50H) at its boiling
point, if its AHyap is 40.5 kJ/mol?

A) 86.7kJ D) 52.8 kJ

B) 11.5kJ E)39.9kJ

C) 18.9kJ
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51) Consider the phase diagram shown. Choose the statement below that is TRUE.
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Temperature (not to scale)
A) The triple point of this substance occurs at a temperature of 31°C.
B) At 10 atm of pressure, there is no temperature where the liquid phase of this substance
would exist.
C) The solid phase of this substance is higher in density than the liquid phase.
D) The line separating the solid and liquid phases represents the AHyap.
E) None of the above are true.
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Weritten Part

1) An X-ray photon of wavelength 0.989 nm strikes a surface. The emitted electron has a
kinetic energy of 969 eV. What is the binding energy of the electron in kJ/mol?
(KE =% mv?, 1 electron Volt (eV) = 1.602 x 10°]) [10 marks]



2) Use the bond energies provided to estimate AH rxp for the reaction below.

Bond

C-O
C=0

O-H

[10 marks]
CH30H(I) +2 O2(g) — CO2(g) +2 H20(g) AH®rxn =?

Bond Energy (kJ/mol)
414
360
799
498
464

13
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3) Write at least one Lewis structures for the phosphate ion, PO43' and write a second
structure that is a resonance structure of the first. Identify how many resonance
structures you expect in total (it is OK to draw them all if you want, but it is not
necessary). On any structures that you do draw, assign formal charges to any atoms
that require them. Identify the molecular shape of the phosphate ion and draw the
structure in a three dimensional representation. Specify the bond order of the PO bond

in phosphate ion.
[10 marks]
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4) Sketch a heating curve diagram (energy verses temperature) for the warming of ice,
initially at -8.00°C, to steam, at a temperature of 120.0°C. Calculate how much heat
(in kJ) is required to heat a 15.0 g of ice from 8.00°C to steam at 120°C.

The heat capacity of H,O (s) =2.09 J/g°C and H,O (g) =2.011J/g°C.  [10 marks]



5) Write a hybridization and bonding scheme for acetylene, HCCH, using the valence
bond theory approach. Indicate the hybridization about each atom. Sketch the
structure, including overlapping orbitals, and label all bonds using clear notation. If
the molecule has a molecular dipole indicate this. [10 marks]

16



