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LAST NAME:

FIRST NAME:

Student Number:

CHM 1311 D
Prof. Goto

Midterm #1
Fall 2019

Please keep your work covered at all times and keep your eyes on your own paper!
Cheating or any appearance of cheating will result in an F in the course and possible
expulsion from the university.

There are 8 pages in this test, for a total of 40 marks. A periodic table and data
sheets are provided at the end. You may rip these pages off of the exam and use
them to cover your work during the test. Any scratch work should be done on the
back of these pages.

Please show all work to receive partial credit.

Make sure that units are included in your final answer.

You have 90 minutes to complete the test.

Warning:

Cellular phones, unauthorized electronic devices or course notes are not allowed
during this exam. Phones and devices must be turned off and stored in your bag. Do
not keep them in your possession, such as in your pockets. If caught with such a
device or document, academic fraud allegations will be filed which may result in your
obtaining a 0 (zero) for the midterm.
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Question 1. Short answer questions (9 marks)

a) How many significant digits should be in the answer to this calculation?

243.66-38221 2065 Yy &4
400-81 392+« 3 3 Sr¢ DIGS

-

b) How many neutrons are contained in ''’Ag™?
47 ePeo TONS
FoF NEVTRONS= (/D -47 = 63

¢) How many atoms of hydrogen are in 0.150 mol of H;PO4?
nqspoHKSr\“!H )(NA

23 ol
=0.156 mal X 2 X £.022%/0 ATOMS /ms
= 2.3 x16*3 AToMS

d) A balloon filled with air comprised of nitrogen and oxygen is brought into a cold room. Will the
partial pressure of oxygen in the trapped air increase, decrease or stay the same?

NO  CHANGE
V) As Tl BoT p; IS5 ConNSTANT

e) When a piece of chocolate cake is removed from the fridge, the cake reaches room temperature
while the icing on top remains cold to the touch. What has higher heat capacity, cake or frosting?

FROSTIN &

f) Oxygen gas reacts with hydrogen gas to form water in an exothermic reaction. Which bond has the
larger bond dissociation energy, the H— H bond or O — H bond?

g) If a gas in an open-end manometer has a pressure of 732 torr, then what will be the height
difference in mercury level between the two sides of the manometer on a day where the

atmospheric pressure is 760 torr? 760-732 =228 mnm Hi]

h) A gas is compressed while it releases 250 J of heat, such that AE is -365 J. How much work was
done? %:’25‘0'_&_ A E= -365T7

w: AE-g =-3653 +250T
=-1157%
1) What is the concentration of chloride in a 0.625 M solution of aluminum chloride?

[C]']20.625Mx daalC)”

,M6, A'{C{_S

| 68 M

=
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Question 2. Short calculations (10 marks)

a) How many kilograms is a cube-shaped marshmallow measuring 1 8 mm along each side with a
density of 0.55 g/mL? (2 marks)

3
d=m  m=dV =dx P =055 ¢ (15mm) (R
V cms

0 M~

-3
- > 2 j (o k.S / 9 )
= 207" kg
b) What is the molecular formula of a compound with a molecular mass of 176.1 g/mol that contains

an equal number of nitrogen, oxygen and carbon atoms, and two hydrogen atoms for every carbon

atom? (2 marks) M NOC Hz
M

"\

140| 16001 (2.0l +( 0608 szJ(m/
Yy 636

\

_M/_ e - 4 N.,_{OL(CL/H'g
Muocd, Y10%

V| Ve \J
c) A 25 mL aliquot of a 2.65 M solution is diluted to a total volume of 500. mL. A 25 m% portion of
that solution is diluted by adding 125 mL of water. What is the final concentration? (3 marks)
¢ V= Cqo Vo V '
e = e Vi - ALSH) Sut) —
. ( =0.1325M
L 560 L

Cq_VB z C3CV3+V.4)

Cscﬂ = (0.1315"1 ) (25mt) - 0022V

Vs +Vy 25ml + [ALSmlL

d) Write the balanced chemical equation for the reaction of solid calcium carbonate is added aqueous

hydrochloric acid, which produces aqueous calcium chloride, carbon dioxide gas, and liquid water.
(3 marks)

Cq 6030\ + l”c’“b\ — (Ca C!zcgz) + (OU‘JIJ /42‘0)
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Question 3. (3 marks)
A sample of Br; (g) takes 15 minutes to effuse through a membrane. How long would it take the same
number of moles of H; (g) to effuse through the same membrane?

CMTE B I Ma | 20608) g
eATe M, Mg 2 (72.90)

e
Z bte. | Aty Nty, = o123 ates.

K Dtg, . = B.1123)(IS min)

btl"‘z -— }7— fV\I./\

Question 4. (3 marks)

It is possible to use liquid nitrogen to make ice cream. Given that the heat capacity of cream is 3.35 J
¢! °C! and one litre of liquid nitrogen can absorb 79.7 kJ of heat before it evaporates, how many litres
of liquid nitrogen are required to bring the temperature of 1.99lg of cream from 4°C down to -20°C?

Cceeeam < 3 28 3—3" °c fziug = /97 VT/L
n = [I\qgj .
AT=€E20-4)c=-24°C

T8TAL HEAT TO BE ABSoRB D

@TGT/\C ="™MC AT

="(199k5) (3.35 A A (-29.0°C) (0’3 /i)

= 154 G9¢ kI

%= B Ve Bromac | (59 49¢ k1
79.7 &Y /L

L obll:. /L

<206 ) L
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Question 5. (4 marks)

Acetic acid mixed was mixed with baking soda to produce CO2 gas. What is the mass of carbon
dioxide produced in a reaction that allowed 95.3 mL of gas to be collected over water at 300.15 K, 1.00
atm, given that the vapour pressure of water at 300 15 K is 24.6 mm Hg?

m=nM= Qa P ) VM

KT
= LOO o.{"V\" A4 6 mm ”3 'q‘:;" _{J_ )}a O‘?SBL)(l:!ouléaowz)?/ml
(o.oga_oc a:MM';' ) (360. I5K)

= 065 3

Question 6. (4 marks)
Chlorine has two naturally occurring isotopes, *°Cl (34.97 g/mol) and *’Cl (36.97 g/mol). What is the
percent abundance of each isotope, given that the average isotopic mass of chlorine is 35.45 g/mol?

Mo = %>7Cl Masey + X P7CH My e
UaaY, L)
X (—X

ML\ = X M3?Cl + M’.‘:?C( "XM’>"(|
y = Ma- Msoc

M"asc - M'B‘)c(
(

= 35 45 -3£.97 -6 +4¢
3447 - 3(97

Sk ABUNBANCE GF 35c 1S 26 %
37C1 s 24X
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Question 7.

Copper reacts with nitric acid to form the poisonous gas NO, in the following reaction:
Cu(s) + 4 HNOs(ag) —» Cu(NOs)2(ag) + 2 NOz2(g) + 2 H20 ()

a) What volume of NO; gas would be produced if 1.00 g of copper is added to 275 mL of 0.250 M
nitric acid and allowed to react in an open flask at 298.15 K? (5 marks)

FRoM Cu - ﬂU(),_z Neo * Qmo, "JOL: 2

lpae | Cu M

=Ioof1
o
FRom HND3 ™ Nyo, = r\l-}uog‘wi < cVx—=3
leslHNa_}

-"—-<6.9\50 m:/’,) (O.f)\’?SL\ /[Z_

= 0e3 43T mel + mocE  ProOVCT

V= nkT | - coPPER IS LimyTING
=)
=0 6314msl){00 52006 L atu Kol 1) (295 (5K)
| atm
= —76@ m L

b) What volume of NO;, would be produced if this reaction had an 83% yield? (1 mark)
V=763 L X 0.837% =63% L

b) How much work would be done by the gas produced by the complete reaction of 1 mol of copper at
298.15 K? (2 marks)

w=-p4av
=B ng RT
+(2-0)(8 .34 T R'mel™)(246.15K)
= -6 T
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Constants and Conversion Factors

I mmHg =1 torr

1 atm = 1.013125 bar

1 em’=1mL = 1000 uL
1 L=1000 mL

Avogadro’s Number
Gas constant

Equations

T(inK)= T(in °c)+273.15 K

c(mol/L)=

<|=

p=dgh

pr = pitp>2tpst...

-M

=

AE=w+q

reaction reactant bonds broken

q = mcAT

=AF +RT Anga‘

reaction reaction

760 mmHg =1 atm

1L atm=101.325J]
1dm’= 1000mL=1L
1 m=100 cm = 1000 mm

>U>U>U>Ug

6.022x10% mol™
8.31451 J-K ' mol!
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1 atm = 101325 Pa
1 bar =10’ Pa
1 m*=1000L
1m=10"nm=10"pm

1 kPa= 1000 Pa
lcal=4.1841]

0.08206 atm-L-K ' mol’!
8.31451 L-kPa-K ' mol!
0.0831451 bar L-K ' -mol!

NqE
==

eVi=cl,=n

pV =nRT

pA=XAxpT

Rate A 3 M
Rate B M

A

B

w=FXxd=-pAV
product bonds formed
qg=nC AT

H=FE+pV

actue%l ylelld < 100%
theoretical yield

=mg
A

pV _pY,

2

=C AT

qcalorimeter cal

=>v AH° —-Xv AH®
r fi.p r for
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MAIN-GROUP

ELEMENTS The Modern Periodic Table ELEMENTS
prm—— r - \
1 18
h_ g Atomic number I Metals (main-group) __.wo
el 2 | [ Metals (transition) 14 [ 15 | 16 | 17 |, o0

Atomic symbol ] Metals (inner transition) :
[ Metalioids 6 7 8 9 | 10
— Atomic mass (u) 1 Nonmetals Cc N 0 F Ne
- 14,01 | 16.00 | 19.00 | 20.18
r TRANSITION ELEMENTS SR REEARD
Cl Ar
3545 | 39.95

:::::::::: As of June 2012, elements 114 and
i RTINS, e 116 have been officlally recognized.
$ T T e ey ) e e Eloments 113, 115, 117 and 118 are
INNER TRANSITION ELEMENTS "7 ==oo__ _ pending verification by IUPAC.

w6 2] &
Ce | Pr | Nd | Pm | Sm | Eu
140.1 | 1409 | 1442 | (145) | 1504 | 1520
9 | 9 | 92 | 93 | 94 | 9
u Am
2380 (243)

6| Lanthanides

Th | Pa Np | Pu
,, (231 (237) | (242)

Szelécal
Rys|ige




