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Question 1

Give the name or formula for the following compounds:

a. potassium dichromate

(5 marks)

b. sodium thiosulfate

c. lead(lV) sulfide

d. tetraphosphorous decoxide

e. sulfurous acid

f. Ca(HSO4)2

g. Nay0;
h. NOs
i ngClz

j. CaCly"2H50




Question 2

a. The 1981 Canadian penny has a mass of 2.80 g and is composed of 98% copper (by mass). How
many copper atoms are there in this penny? (2 marks)

answer:

b. A compound contains 38.67% K, 13.85% N, and 47.47 % O by mass. What is the empirical formula
of the compound? (2 marks)

answer:

c. The empirical formula of maleic acid is CHO. Its molar mass is 116.1 g/mol. What is its molecular
formula? (1 mark)

answer:




Question 3

a. Balance the following chemical equations using the smallest combining ratio (no fraction allowed).
(3 marks)
i P4010(s) + H,0(1) —> H3POg4(s)
ii.  H2C04(s) + 02(g) —>  COy(g) + H20(g)
iii. CaSiO3(s) + HF(g) —> CaFy(s) + SiFg(s) + H,0(l)
b. Give the balanced equation for each of the following reactions (2 marks)
i Calcium oxide reacts with pure aluminum producing pure calcium and aluminum oxide.
ii. Copper(ll) oxide reacts with sulfuric acid producing copper(ll) sulfate and water.
c. 1f7.80 g of chromium is burned (according to the unbalanced equation below), what mass of oxygen

does it combine with? (2 marks)

Cr(s) + Oz(g) — Cry03(s)

answer:




Question 4

a. If you mix 100. mL of 0.40 M AlCl3(aq.) solution with 200. mL of 0.33 M Na;CO3(aq.) solution what is

the maximum mass of precipitate (molar mass Al;(CO3)3: 234.0 g/mol) that you would expect to
produce? (3 marks)

answer:

b. To identify the contents of an unlabeled gas tank (containing a noble gas), a sample was collected
and found to have a density of 3.432 g/L at 15.0°C and 736 mmHg pressure. (3 marks)

i.  What is the molar mass of the gas? (Assume ideal gas behaviour)

ii. What is the chemical symbol of the gas?



Question 5

a. Classify each of the following reactions as precipitation, acid-base, or oxidation-reduction, and write
the net ionic equations. (3 marks)
i.  2HgO(s) —> 2Hg(l) + O2(g) |:| precipitation
Net ionic equation: |:| acid - base
|:| oxidation- reduction
ii.  H3PO4(aq) + 3KOH(agq) —> K3POg4(aq) + 3H,0(1) [ ] precipitation
Net ionic equation: |:| acid - base
|:| oxidation- reduction
ii.  NiCly(aq) + Na;S(aq) —> NiS(s) +2 NaCl(aq) [ ] precipitation
Net ionic equation: |:| acid - base
|:| oxidation- reduction
b. For each of the following reactions, complete and balance the formula equation with the proper

physical states (or state of matter) and give the net ionic equation.

(3 marks)

i K3POu(aq) + ZnCly(aq) —>

Net ionic equation:

i. Pb(NO3)(agq) +  Nal(ag) —>

Net ionic equation:

ii. H,SO4(aq) + Ba(OH)z(aq) —>

Net ionic equation:




Question 6

Permanganate ion and iodide ion react in basic aqueous solution to produce manganese(lV) oxide and
iodine. (4 marks)

MnOy (aq) + I (ag) —> MnO5(s) + Ix(aq)

a. Use the half-reaction method to balance the equation.

b. Identify the oxidizing agent: c. ldentify the reactant that is reduced
(1 mark)



Question 7

Figure 1 shows the line spectra of the hydrogen atom with its characteristic three spectral series, Lyman,
Balmer and Paschen. Figure 2 shows the electron transitions pertaining to these series. Please answer

the following related questions:

Line spectra of the hydrogen atom
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a. The three hydrogen spectral series appear at three different regions of the electromagnetic
spectrum. Match the electron transitions series (a, b, or c) if Fig. 2 with the names of the spectral

series in Fig. 1:

Series a Series b

(1.5 marks)

Series ¢

b. In what spectral regions (visible, ultraviolet, infrared, microwave, radio waves) do transitions from

the series “a” and “c” appear? (1 mark)
Series a Series c
c. Calculate the wavelength (in nm) of spectral line associated with the n = 6 to n = 3 electron
transition in a hydrogen atom (1.5 marks)

answer:




Question 8

a. Indicate whether each of the following set of quantum numbers is permitted or not permitted.
(1.5 marks)
Permitted Not Permitted
i n=1, €=0, meg=0, mg=-% D D
ii. n=5, =2, mg=-2, mg=+% D D
iii. n=5,£€=5 mpg=5, mg=+% D D
b. Label the following statements as true or false. (1 mark)
True False
i Hund’s Rule states that no two electrons in an atom may D D
’ have exactly the same set of quantum numbers.
A consequence of Pauli’s Exclusion Principle is that each
ii. orbital of a set of degenerate orbitals (ex: 3p) can only D D
have a maximum of two electrons.
c. Give the maximum number of electrons in an atom that can have these quantum numbers:

(1 mark)

i n=1, €=0, mg=0

ii. n=2,€=1, mg=-1

d. How many elements from Z = 1 to Z = 36 have only two unpaired electrons in their ground state?

(1.5 mark)

answer:




Question 9

The figure below shows the energy level diagram, orbital diagram and electron configuration for three

different atoms.
a. Indicate whether each representation is correct or forbidden for the atom in its ground state.

b. For those that are forbidden, state what is wrong.
c. Ifthe diagram is correct, give the name and symbol of the element whose atom is represented.

(3 marks)

A

energy

3p

3s

2s

1s

-

|:| forbidden

Ar| [T ][]

4s 3d 4p

|:| correct |:| forbidden

1s% 25° 2p6 35° 3p6 4s" 3d’
|:| correct |:| forbidden

d. Write the complete electronic configuration (spdf) of aluminum at ground state.

(1 mark)

e. Write the set of quantum numbers (n, €, mg, mg) for all the valence electrons in “Al” at ground state.

(3 marks)

- 10-



Question 10

neutrons, pH, ion, charge,
ionization, addition, removal,
proton, energy, electrons,
aqueous, solid, gaseous.

Use the proposed words to complete the following sentence:

Electron Affinity is the change associated with the of one mole
of to one mole of a atom. (2 marks)
An element has the following ionization energies (/,,) and electron affinity (EA) (1.5 marks)
I L I3 EA
Energy in kl/mol +735 +1445 +7730 +19

i. How many electrons are on the valence shell of this atom?
ii. Isthiselementa metal ,a nonmetal or a metalloid? (circle one answer)

iii. Given that the element is in period 3 of the periodic table, give the name of the element

Multiple choice questions. Circle only one answer for each of the following: (2.5 marks)
i Which atom has the biggest atomic radius: F P S Cl

ii. Which atom has the lowest first ionization energy: Na K 0] F

iii.  Which ion has the smallest ionic radius: 52' cl K" Ca2+

iv.  Which cation has the biggest ionic radius: Lit Na® K Ca2+

V. Which atom is the most electronegative: B N 0] S

-1l -



Question 11

a. The Lewis structure of PH3z shows that the central phosphorous atom has bonding electron

and nonbonding electrons. (1 mark)
b. Assign the formal charges to each atom in the resonance form for SOCI, given below. (2 marks)
:0: 0
R | B T I
10— :d—35—0:
For Cl: ForS For O: For Cl: For S For O:
c. Consider the following Lewis structures: (2 marks)
- --1 F --1 - --1 - --1
| | '.* !
G=c O=¢ G=¢ ¢
H—C:CII—H H-—"—-ﬁ—H H—Czﬁ—H H—C—ﬁ—H
0: | i HON ] HOH HON
1 2 3 4

i.  Which structure cannot exist?
iii. Which two are completely equivalent resonance structures? and

d. The following Lewis structures are the principal resonance forms of OCN".
Circle the structure that is the least contributor to the actual bonding state, and briefly explain why

it contributes the least. (2 marks)
-con] —[5=c=i | fo=c-
I 11 111
Explanation:

_12-



Question 12

a. List the molecular structures (1 to 5) that fit the descriptions below. (A structure can be used more

than once, only one answer per question.) (5 marks)
2-
L] L] L] o0 o0 :O:
‘F—S— F: 0=C=0 I
X X X X oo oo / Nee
1 2 3
R ‘F: :F:
N et N/
1 —P: E—S —F:
| > /\
‘F: :.F.Z :E:
4 5
Description answer

. . 2 T
i Contains a central atom with sp~ hybridization:

ii. Has an overall dipole moment:

iii.  The shape of the molecule is trigonal bipyramidal:

iv.  Hasonly 180° angle between bonds:

V. The arrangement of electron pairs around the central atom is octahedral

b. Draw a 3-D structure of CIF3 using the VSEPR model and give the name of this molecular structure.
Include all lone pairs and the bond angles (including distortions if any)
State whether the CIF3 molecule is polar or not and draw the overall molecular dipole moment on
the structure if necessary. (4 marks)



Question 13

Consider the following incomplete Lewis structure

a.

b. How many o and it bounds are found in this molecule:

C.

I 0]

w_=_—=n0

Si=N

Complete the Lewis structure with electron lone pairs where ever needed.

For this molecule, complete the following table

atom

hybridization

bond angle around the atom

Si

(2 marks)

(1 mark)

(4 marks)

_14-



Question 14

a. For each of the following pairs, which member has the lowest boiling point at a given temperature?
(Circle your choices.) (3 marks)

i C2H5 or C4H10

o |
HLH—$—$—§—H or H—?—?—E
H H H
b. What is the strongest intermolecular force in each of the following pure substances? (1.5 marks)

. CHsCl

i CH3CH3

ii. NH;




Question 14 (Cont.)

c. The schematic phase diagram for a substance is given below. (2.5 marks)
A
1.0
B
=y
=
g
2
7 0.5 —
g
a
0 T T T T >
0 100 200 300 400

Temperature (K)

Estimate the normal boiling point (P = 1 atm):

Estimate the normal freezing point of the substance (P = 1 atm):

What is the physical state of the substance at:

T=150K, P=0.2 atm:

T=100K, P=0.8 atm:

T=300K, P=1.0atm:

Draw on the graph the position of the critical point. What is the meaning of this point? (1 mark)

- 16-



Question 15

When a 4.25-g sample of solid ammonium nitrate dissolves in 60.0 g of water in a coffee cup
calorimeter, the temperature of the solution drops from 22.0°C to 16.9°C. Assume that the specific heat

. . -1-1 .
of the solution is the same as for pure water: s =4.18 J.g ".K " and that no heat is lost or absorbed by the
calorimeter.

a. Calculate AH (in kJ/mol NH4NQs) for the solution process. (3.5 marks)

answer:

b. Isthis process endothermic or exothermic ? (circle one answer) (0.5 mark)

_17-



Question 16

a. From the balanced equation:

2 NH4Cl(s) +4 05(g) —® 2NO(g) +4H,0(g) + Clo(g)  AH°=-271.8 kI

Given that:  AH{[NO3(g)] =33.1kl/mol and  AHg[H,0(g)] = -241.8 ki/mol

Calculate the standard molar enthalpy of formation for NH4Cl(s). (2 marks)

Answer:

b. Given the reactions:
CHa(g) —® C(g) +4H(g)

HC=CH(g) —® 2C(g) + 2H(g)

What is the estimated C = C bond energy in kJ-moI_1

AH° = 1656 kJ
AH° = 1648 kJ
(2 marks)
Answer:

- 18-



Question 17

Laboratory: Experiment 2
Stoichiometry

The chemical reaction for the laboratory is:
Na;COs3(s) + 2HCl(ag) > 2NaCl(ag) + Hy0(l) + CO(g)

HCl is added in excess.

a. Complete the following laboratory data sheet (1 mark).
DATA SHEET
Mass of empty evaporating dish after initial heating, g 57.0197
Mass of evaporating dish plus sodium carbonate, g 57.3224

Mass of sodium carbonate, g

Mass of evaporating dish and sodium chloride (after final weighing), g 57.3368

Mass of sodium chloride, g

Theoretical yield of sodium chloride, g

Percentage yield of sodium chloride

Sample calculations:

b. Theoretical yield of sodium chloride (2 marks)

c. Percent yield of sodium chloride: (1 mark)

-19-
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Question 1

Give the name or formula for the following compounds: (5 marks)

a. potassium dichromate

b. sodium thiosulfate

c. lead(lV) sulfide

d. tetraphosphorous decoxide

e. sulfurous acid

f. Ca(HSO4)2

g. Nay0;
h. NOs
i ngClz

j. CaCly"2H50

K2Cr207

Na25203

PbS,

P4010

H»S03(aq)

Calcium hydrogen sulfate (or bisulfate)

Sodium peroxide

Dinitrogen pentoxide

Mercury(I) chloride

Calcium chloride dihydrate




Question 2

a.

many copper atoms are there in this penny?

The 1981 Canadian penny has a mass of 2.80 g and is composed of 98% copper (by mass). How

(2 marks)

moles of copper:

ncy=2.80gx 2x imol

100" 63.55g

=4.3,%x 10 mol

number of atoms:

#atom = N X ncy= 6.022 x 10%% mol™ x 4.32x 102 mol =

2.6 x 1022 atoms

answer:

b. A compound contains 38.67% K, 13.85% N, and 47.47 % O by mass. What is the empirical formula

of the compound?

(2 marks)

Work with exactly 100 g of material:

moles of each component:

ne=100gx 3567, 1Mol _ 4 5890 mol k
100 ~ 39.10g

ny=100gx 1385, 1Mol _ 5 ge06 mol N
100 = 1401g

no=100gx 747, 1mol ;5 567 mol 0
100  16.00g

Search for the smallest whole number ratio:

0.9890 _ 0.9886 _ .\
0.9886 0.9886

2.967
0.9886

=30

Therefore the empirical formula is: KNO3

answer:

C.

The empirical formula of maleic acid is CHO. Its molar mass is 116.1 g/mol. What is its molecular

formula?

(1 mark)

The formula mass of CHO is:
(12.01 + 1.008 + 16.00) —8_ =29.02 _&_
mol mol

116.1-8-
mol _

20.02-8
mol

molar mass
empirical formula mass

4. Therefore, the molecular formula is C4H404




Question 3

a. Balance the following chemical equations using the smallest combining ratio (no fraction allowed).

(3 marks)
i. P4O10(s) + 6H,0(1) —>  4H3P0y(s)
i 2HCo04(s) + 02(8) —> 4co,(g + 2H,0(g)
iii. CaSiO3(s) + 6HF(g) —>»  CaFy(s) + SiFa(s)  + 3H,0()
b. Give the balanced equation for each of the following reactions (2 marks)

i Calcium oxide reacts with pure aluminum producing pure calcium and aluminum oxide.

3Ca0 + 2Al —> 3Ca + Al,O3

ii. Copper(ll) oxide reacts with sulfuric acid producing copper(ll) sulfate and water.

CuO + H2504 > CUSO4 + Hzo

c. 1f7.80 g of chromium is burned (according to the unbalanced equation below), what mass of oxygen
does it combine with? (2 marks)

4Cr(s) + 305(g) — 2Cry03(s)

Moles of chromium burned:

ner=7.80gx 1mol =0.150 mol Cr
52.00g
moles of Oy consumed:
3moIO2
npz =0.150 mol Cr x =0.1125 mol Oy
4 mol Cr
Mass of O, consumed:
Mass O = 0.1125 mol O; x 32.00g = 3.60g 0>
1mol
dITSWET .




Question 4

a. If you mix 100. mL of 0.40 M AlCl3(aq.) solution with 200. mL of 0.33 M Na;CO3(aq.) solution what is

the maximum mass of precipitate (molar mass Al;(CO3)3: 234.0 g/mol) that you would expect to
produce? (3 marks)

Reaction: 2AICI3(aq) + 3NayC0O3(aq) — Aly(CO3)3(s) + 6NaCl(aq)

If AICl3 is the limiting reactant, the number of mole of Al;(CO3)3 obtained will be:
1Al,(CO
1L o40. M0 2(CO3)3 _

n Al5(CO3)3(s) = (100. mL) x .
2(CO3)3(s) = ( ) oy 1 2 Alc

1Al,(CO
1L o33 Mol 2(CO3)3 _

n Al»(CO s) = (200. mL) x X
2(COs)s(s) = )X To0omL L 3Na,CO4

The actual limiting reactant is AlCl3 and the maximum mass of precipitate expected is:

2.0x 10 mol x 234.0 g/mol = 4.7 g Aly(CO3)3(s)

dITSWET .

b. To identify the contents of an unlabeled gas tank (containing a noble gas), a sample was collected
and found to have a density of 3.432 g/L at 15.0°C and 736 mmHg pressure. (3 marks)

i.  What is the molar mass of the gas? (Assume ideal gas behaviour)

Ideal gas, therefore, PV = nRT The number of mol of gas is obtained with: n = PV
(736mmHg)x — 2™ »1.000L

For1Lofgas:n= PV — 760mmHg _ _ 0.%68satm.L 1 = 4.095x10 " mol.
0.08206° m|x(273.15+ 15.00Kk  23.65atm.L.mol

K.mo

For 1 L of gas the mass is 3.432 g, therefore, the molar mass of the gas is

3.432¢.°1

molar mass = —————— =
0.0409s mol.L

83.8 g/mol Kr (or krypton gas)

ii. What is the chemical symbol of the gas?



Question 5

a. Classify each of the following reactions as precipitation, acid-base, or oxidation-reduction, and write
the net ionic equations. (3 marks)
i.  2HgO(s) —> 2Hg(l) + O2(g) |:| precipitation
Net ionic equation: |:| acid - base
2HgO(s) —> 2Hg(l) + O2(g) . oxidation- reduction
ii.  H3PO4(aq) + 3KOH(aq) —> K3POg4(aq) + 3H,0(1) [ ] precipitation
Net ionic equation: . acid - base
N -
H (aqg) + OH (aq) —> H,0(l) |:| oxidation- reduction
iii.  NiCly(aq) + Na;S(ag) —> NiS(s) +2 NaCl(aq) B orecipitation
Net ionic equation: |:| acid - base
2+ 2- .
Ni~ (aq) +S (ag) —> NiS(s) |:| oxidation- reduction
b. For each of the following reactions, complete and balance the formula equation with the proper

physical states (or state of matter) and give the net ionic equation.

(3 marks)

i 2K3POg4(aq) + 3ZnCly(aq) —> Zn3(P0y)3(s)

+ 6KCl(aq)

Net ionic equation: 2PO43_(aq) + 3Zn2+(aq) —> Zn3(P0g4)(s)

ii. Pb(NO3),(aq) + 2Nal(aq) —> Pbly(s) + 2NaNOj3(aq)

Net ionic equation: Pb2+(aq) +ZI_(aq) —> Pbljy(s)

iii. H>SOg4(aq) + Ba(OH)s(aq) —> 2H,0(l)

+ BaSO0y(s)

Net ionic equation: 2H*(aq) + SO, (aq) + Ba’'(aq) + 20H (aq) —> 2H,0(l) + BaSO4(s)




Question 6

Permanganate ion and iodide ion react in basic aqueous solution to produce manganese(lV) oxide and

iodine.
MnOy (aq) + I (ag) —> MnO5(s) + Ix(aq)

a. Use the half-reaction method to balance the equation.

(4 marks)

Step 1: Separate the two half-reactions:
T— I
MnO, —> MnO,

Step 2: Balance the elements (except O and H)
20— |,
MnO, ——> MnO;
Step 3: Balance O by adding H,0
20— |,
MnO, —> MnO, + 2H,0
Step 4: Balance H by adding H*
20— |,
4H" + MnO; —> MnO, + 2H,0
Step 5: Balance the charges with electrons
20— |, + 2e (the oxidation reaction)
3e” + 4H" + MnO, —> MnO; + 2H,0 (the reduction reaction)

Step 6: add-up both reactions, make sure the number of electrons are the same.

X2 ——> 1, + 2e)
2x(3e” + 4H" + MnO, ——> MnO; + 2H,0)

6I"—> 3, + 6e”
+ 6e + 8H' + 2MnO, ——> 2MnO, + 4H,0
6" + 8H" + 2MnO; —> 3l + 2Mn0, + 4H,0

Add OH™ to neutralize the acid (to get a basic solution)

8OH + 61" + 8H" + 2MnO, —> 3l + 2MnO, + 4H,0 + 80H"
6l + 8H,0 + 2MnO, —> 3l + 2MnO; + 4H,0 + 80H"

Finally: 6 + 4H,0 + 2MnO;, —> 3l + 2MnO; + 80H

Check atoms: 61, 8H, 120, 2Mn = 6l, 8H, 120, 2Mn
Check charges: -6 -2 = -8

b. Identify the oxidizing agent: __MnO, __ c. Identify the reactant that is reduced _MnO, _

(1 mark)



Question 7

Figure 1 shows the line spectra of the hydrogen atom with its characteristic three spectral series, Lyman,
Balmer and Paschen. Figure 2 shows the electron transitions pertaining to these series. Please answer

the following related questions:

Line spectra of the hydrogen atom
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Fig. 1 Fig. 2

The three hydrogen spectral series appear at three different regions of the electromagnetic
spectrum. Match the electron transitions series (a, b, or c) if Fig. 2 with the names of the spectral
series in Fig. 1: (1.5 marks)

Series a Series b Series ¢

Balmer

Paschen

Lyman

In what spectral regions (visible, ultraviolet, infrared, microwave, radio waves) do transitions from

the series “a” and “c” appear? (1 mark)
Series a infrared Series ¢ ultraviolet
Calculate the wavelength (in nm) of spectral line associated with the n =6 to n = 3 electron
transition in a hydrogen atom (1.5 marks)
Bohr's atom or Balmer-Rydberg equation
2
VA 1 1 1
En=-8 — =Ru(5—-——)
n A n.2 n2
in “out
2 2 )
Eo=-B—, E3=—Bl—2 2L _1097x10'm L1
1 1 1 5 -1
AE =E3—Eg = (-B=)-(-B— —=9.145x10m
atom 3 6 ( 9 ) ( 36 ) 1
AE.iom = -2.178 x 10 21 (0.0833 x 10°7) 2=1.094x10°m  or 1094 nm
AEaiom = -1.815 x 10 )

| AEatom | = Ephoton = hv
Since ¢ = A v then Ephoton

hc/\
(6.626 x 1041.5)(2.998 x 10°m.s)/( 1.815 x 10 1) = 1.094 x 10" m

Finally, A=hc/Ephoton




Question 8

a. Indicate whether each of the following set of quantum numbers is permitted or not permitted.

(1.5 marks)
Permitted Not Permitted
. n=1,8€=0, mg=0, my=—% | []
i n=5, €=2, mg=-2, ms=+% H []
i n=5 £=5 mg=5, ms=+% [] |
b. Label the following statements as true or false. (1 mark)
True False
. Hund’s Rule states that no two electrons in an atom ma
.- O n

have exactly the same set of quantum numbers.

A consequence of Pauli’s Exclusion Principle is that each
ii. orbital of a set of degenerate orbitals (ex: 3p) can only .
have a maximum of two electrons.

[]

c. Give the maximum number of electrons in an atom that can have these quantum numbers:

i n=1, €=0, mg=0 2

ii. n=2,€=1, mg=-1 2

d. How many elements from Z = 1 to Z = 36 have only two unpaired electrons in their ground state?

(1.5 mark)

With 36e_, the electronic configuration is : 1s2 252 2p6 352 3p6 452 3d10 4p6

“on
S

You cannot have two unpaired electrons in an “s”orbital

You can have two unpaired electrons for each p orbital twice (p2 and p4)
therefore: “2p”: Cand O, “3p”:SiandS, “4p”: Ge and Se.
You can have two unpaired electrons for the “3d” orbital twice: Ti and Ni

total 8 elements




Question 9

The figure below shows the energy level diagram, orbital diagram and electron configuration for three

different atoms.

(3 marks)

a. Indicate whether each representation is correct or forbidden for the atom in its ground state.

b. For those that are forbidden, state what is wrong.

c. Ifthe diagram is correct, give the name and symbol of the element whose atom is represented.

A

energy

A A

ty

ty

RARR({EN

3p

3s

4s

2s

1s

I:l correct

An orbital cannot hold more than two

3d

I:l correct

. forbidden

-

. forbidden

1s% 25° 2p6 35° 3p6 4s" 3d’

. correct

I:l forbidden

d. Write the complete electronic configuration (spdf) of aluminum at ground state.

1s2 Zs2 Zp6 3s2 3p1

(1 mark)

e. Write the set of quantum numbers (n, €, mg, mg) for all the valence electrons in “Al” at ground state.

(3,1,-1,+1/2)
(3,0,0,+1/2)
(3,0,0,-1/2)

There are three valence electrons in aluminum

(3 marks)

- 10-



Question 10

neutrons, pH, ion, charge,
ionization, addition, removal,

a. Use the proposed words to complete the following sentence:
proton, energy, electrons,
aqueous, solid, gaseous.
Electron Affinity isthe | energy |  change associated with the | addition | of one mole
of | electrons | toonemoleofa | 83as€ous | atom. (2 marks)
b. An element has the following ionization energies (I,,) and electron affinity (EA) (1.5 marks)
I L I3 EA
Energy in kl/mol +735 +1445 +7730 +19
i. How many electrons are on the valence shell of this atom? 2
ii. Isthis element , a nonmetal or a metalloid? (circle one answer)
iii. Given that the element is in period 3 of the periodic table, give the name of the element __Mg_
c. Multiple choice questions. Circle only one answer for each of the following: (2.5 marks)
i Which atom has the biggest atomic radius: F P S Cl
ii. Which atom has the lowest first ionization energy: Na K 0] F
. . . . 2- - + 2+
iii. Which ion has the smallest ionic radius: S cl K Ca
iv. Which cation has the biggest ionic radius: |_i+ Na+ KJr Ca2+
V. Which atom is the most electronegative: B N (0] S

-1l -



Question 11

a. The Lewis structure of PH3z shows that the central phosphorous atom has

6__ bonding electron

and _2__ nonbonding electrons. (1 mark)
b. Assign the formal charges to each atom in the resonance form for SOCI, given below. (2 marks)
292 ;6;
oo | .. .. [ ..
:C—s—cl: :0—s—ql:
For Cl: ForS__0__ ForO: _0__ ForCl: _0_ ForS _+1_ ForO: _-1_
_0__
c. Consider the following Lewis structures: (2 marks)
- --1 i --1 - --1 - --1
| | ! !
G=c O=¢ G=c ¢
H—CZ?—H H-—"—-ﬁ—H H—Czﬁ—H H—C—ﬁ—H
| 0: | i HON ] i 0 ] i :0: ]
1 2 3 4

i.  Which structure cannot exist? 3 it has a carbon with 5 bonds

iii. Which two are completely equivalent resonance structures? 1

d. The following Lewis structures are the principal resonance forms of OCN".
Circle the structure that is the least contributor to the actual bonding state, and briefly explain why
it contributes the least. (2 marks)

-can] - [B=c=i]

_12-



Question 12

a.

molecular structures (1 to 5) that fit the descriptions below. (A structure can be used more than

once, only one answer per question.) (5 marks)
2-
oo oo oo b :O:
F o F: 0=C=0 J
oo oo oo oo b ../ \..
1 3
P F: o iR
Ll N/
:Cl—P tF—S—F:
| ¢ / N\
‘F: :.F.! :EZ
4 5
Description answer
i Containsacentral atom with sp” hybridization: 3
ii.  Has an overall dipole moment: 1
iii.  The shape of the molecule is trigonal bipyramidal:
iv.  Hasonly 180° angle betweenbonds: 2
V. The arrangement of electron pairs around the central atom is octahedral . 5

Draw a 3-D structure of CIF3 using the VSEPR model and give the name of this molecular structure.
Include all lone pairs and the bond angles (including distortions if any)
State whether the CIF3 molecule is polar or not and draw the overall molecular dipole moment on

the structure if necessary.

Name of the molecule: T-Shaped

:.F.:
.,
<—|—:.F.—C|..

angles < 90°

The molecule is polar.

(4 marks)



Question 13

Consider the following incomplete Lewis structure

a.

b. How many o and it bounds are found in this molecule:

C.

F I 0]

w_=_—=n0

Si=N

Complete the Lewis structure with electron lone pairs where ever needed.

tF — [~ 0— C— Si==N:
|
:": :S:

o 7 T 3

For this molecule, complete the following table

atom hybridization bond angle around the atom
3 o
I sp’d <90
0 sp’ <109.5°
2 o
C sp 120
Si sp 180°

(2 marks)

(1 mark)

(4 marks)

_14-



Question 14

a. For each of the following pairs, which member has the lowest boiling point at a given temperature?

(Circle your choices.) (3 marks)
i or C4H10
Small non polar molecule has weak London
dispersion forces. Small intermolecular
forces
ii NH3 or
NH; has stronger intermolecular forces (H-
bonding) than PH3 (London dispersion).
Therefore, PH3 has a lower boiling point.
'
iii H—$—C|—§):—H or
H H
C,HsOH is capable of H-bonding
intermolecular interactions while C;HsF
cannot (dipole - dipole).
b. What is the strongest intermolecular force in each of the following pure substances? (1.5 marks)

CHsCl Dipole - dipole
CH3CH3 London dispersion forces
NH3 H-bonding

_15-



Question 14 (Cont.)

c. The schematic phase diagram for a substance is given below.

(2.5 marks)
A ......................................
1.0 . .
) liquid critical
Solid point
€
=y
&
g
>
@® 0.5 —
g
a
gas
0 T T T T >
0 100 200 300 400
Temperature (K)
Estimate the normal boiling point (P = 1 atm): 400 K
Estimate the normal freezing point of the substance (P =1 atm): 300 K

What is the physical state of the substance at:

T=150K, P=0.2 atm: gas
T=100K, P=0.8 atm: Solid
T=300K,P=1.0atm: ___ both liquid and solid__

Draw on the graph the position of the critical point. What is the meaning of this point? (1 mark)

At this point, distinct liquid and gas phases do not exist.
The state of matter is more a “fluid” than a liquid or a gas.

Beyond this temperature and pressure, it is impossible to liquefy a gas.

- 16-



Question 15

When a 4.25-g sample of solid ammonium nitrate dissolves in 60.0 g of water in a coffee cup
calorimeter, the temperature of the solution drops from 22.0°C to 16.9°C. Assume that the specific heat

of the solution is the same as for pure water: s =4.18 J.g_l.K_1 and that no heat is lost or absorbed by the

calorimeter.
a. Calculate AH (in kJ/mol NH4NQs) for the solution process. (3.5 marks)
Olwater = M X Sp X AT = (60.0 +4.25)g x 4.18 J.g "K' (16.9 + 22.0)°C = -1.369.X10°
note: specific heat unit = K. However, Celsius values were used since here AT.c = ATy.
Owater + Qreaction = 0 (conservation of the energy) then:
Oreaction= +1.369.X103J (endothermic)
Molar mass NH;NO;: 2(14.01 g) + 4(1.008 g) + 3(16.00 g) = 80.05 g/mol
The number of mole of NH4NO3 is: 4.25 g x 1mol = 5.31x10_2 mol.
80.05g
Oranct; . 3
Finally, AH = _reaction 1 369)(12 b . 2.578x10" J/mol = +25.8 ki/mol
n 5.31x10 < mol
answer:
b. Isthis proces (0.5 mark)

¢ endothermic oy exothermic ? (circle one answer)

_17-



Question 16

a. From the balanced equation:
2 NHaCl(s) + 4 05(g) —® 2 NOs(g) + 4 Hy0(g) + Cly(g) AH® =-271.8 kJ

Given that:  AH{[NO3(g)] =33.1kl/mol and  AHg[H,0(g)] = -241.8 ki/mol

Calculate the standard molar enthalpy of formation for NH4Cl(s). (2 marks)

AH°® = X AHgproducts - AH{ reactants

Since AH{of O3 and Cly(g) is zero, then:
AH° =2 AHNO,(g) + 4 AHZH,0(g) - 2 AHE NH4CI(s)
—[AH° - 2 AHZNO>(g) - 4 AHgH0(g) 1/ 2 = AHZ NH4CI(s)

- [-271.8 kJ— (2 mol x 33.1 kJ/mol) — (4 mol x -241.8 kl/mol)]1/2 = -314.6 ki/mol

Answer:

b. Given the reactions:
CHy(g) —> C(g) + 4H(g) AH° = 1656 kJ

HC=CH(g) — 2C(g) +2H(g)  AH°=1648 kI

What is the estimated C = C bond energy in kJ-moI_1 (2 marks)

HC = CH(g) has 1 C=C and 2 C-H bonds.
The average energy of one mol of C-H bond is: AH" = 1656 kJ / 4 C-H bond = 414 kJ / C-H bond
Therefore, the value of the C = C bond is equal to HC = CH(g) — 2 C-H bonds:

1648 k) —2 (414 k)) = 820 kJ / mol C = C bond

Answer:

- 18-



Question 17

Laboratory: Experiment 2
Stoichiometry

The chemical reaction for the laboratory is:
Na;COs3(s) + 2HCl(ag) > 2NaCl(ag) + Hy0(l) + CO(g)

HCl is added in excess.

a. Complete the following laboratory data sheet (1 mark).
DATA SHEET
Mass of empty evaporating dish after initial heating, g 57.0197
Mass of evaporating dish plus sodium carbonate, g 57.3224
Mass of sodium carbonate, g 0.3027
Mass of evaporating dish and sodium chloride (after final weighing), g 57.3368
Mass of sodium chloride, g 0.3171
Theoretical yield of sodium chloride, g 0.3338
Percentage yield of sodium chloride 95.01%

Sample calculations:

b. Theoretical yield of sodium chloride (2 marks)
Na;COs3(s) + 2HCl(ag) = 2NaCl(ag) + Hy0(l) + COy(g)
Na,COs is the limiting reactant (mol. mass : 106.0 g/mol)
Mol of NaCl formed: 0.3027 g NayCOsx Ml 2Nad _ 5 514,103 mol Nacl
106.0g Na,COg3
Theoretical yield: 5.711x10> mol NaCl x 58'4‘:*‘3 - 0.3338 g NaCl
mo

c. Percent yield of sodium chloride: (1 mark)

Yieldss = —actual vield ;q50, = 0-3171,1000=  95.01%

theoretical yield 0.3338
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