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LAST NAME:

FIRST NAME:

Student Number:

CHM 1311 D
Prof. Goto

Midterm #1
Fall 2017

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 (1 mark each)

a) A 5.00 L flask is filled with argon gas at 1.35 atm and 31.0 °C. After a 3.00 mol sample of nitrogen
gas is added at this temperature, what is the partial pressure of argon?

b) Are the average bond energies used to estimate reaction energy values exothermic or endothermic?

c) At constant pressure an ideal gas inside a piston contracted, involving 250 J of work and releasing
500 J of heat. What is the value of AE for the gas in this process?

d) A micropipette can remove 1 mL of liquid from a solution to an accuracy of 1 uL. How many
significant figures should you use to record the volume of the 1 mL solution removed by this
pipette?

e) Write the chemical symbol for the element containing 13 protons, 10 electrons and 14 neutrons.

f) If the standard heat of formation of liquid H,O is -285 kJ mol”, then what will be the heat of the
reverse reaction performed with 0.50 mol of liquid H,O?

Question 2. Short calculations

a) What is the root mean squared speed of an oxygen (O) molecule at 298 K? (2 marks)
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b) How many millimeters thick is a square piece of aluminum (density = 2.70 g cm™) measuring
22.86 cm in length and width, with a mass of 2.568 g? (2 marks)

c) Calculate the change in volume for an ideal gas that does 325 J of work at a pressure of 1.0 atm and
298 K. (2 marks)

d) 4.00 L of an ideal gas at 20.0 °C in a balloon is put into a refrigerator, causing a 4-fold decrease in
the temperature of this gas. What will be the new volume of this gas? (2 marks)

e) Ifittakes 22 hours for a helium-filled balloon to shrink to half its original volume at 298 K, 1.0 atm
due to effusion, how long would it take for the balloon to shrink to half its original volume under
the same conditions, if it was instead filled with oxygen gas? (2 marks)
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f) What would the concentration of potassium be if a 35.0 mL sample of 0.025 M K,SO, was added to
50.0 mL of 0.50 M K;3PO4? (3 marks)

Question 3.

A pawnshop customer wants to sell a ring weighing 13.5 g. To determine the composition of the ring
the pawnshop owner places it into a pot of boiling water. The ring is then transferred to a coffee cup
calorimeter containing 25.0 mL of room temperature (25.0°C) water. Using the data in the table below,
determine what this ring made out of, given that the temperature of the water in the calorimeter rose to
26.2 °C and the density of water is 1.00 g/mL. (4 marks)

Specific heat capacities (Jg' °C™")

liquid water 4.184
gold 0.126
brass 0.380

stainless steel 0.500
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Question 4. Answer the questions below. You may need to use data provided on the equation sheet.

a) Calculate the standard combustion enthalpy for liquid butanol (C4H;00). (3 marks)

b) Calculate AE} for the standard combustion of liquid butanol. (3 marks)

eaction

Question 5.

Hydrogen gas, Ha(g) is passed over Fe,Os(s) at 400°C. Water vapour is formed together with an iron
oxide containing 72.3% Fe by mass. What is the empirical formula of this iron oxide? (4 marks)
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Question 6.
For the chemical reaction:
Cly(g) + 4 NaClO (agq) — 4 NaCl (aq) + 2 ClO2 (g)
1.00 L of chlorine gas at 10.0 °C, 4.66 atm was dissolved in 750.0 mL of 2.00 M sodium hypochlorite.

a) Assuming complete reaction, how many grams of chlorine dioxide will be produced in this reaction?
(6 marks)

b) If the percent yield of the reaction is 86.4%, what is the mass of chlorine dioxide that will actually be
produced? (1 mark)
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Constants and Conversion Factors
I mmHg=1torr 760 mmHg =1 atm

1 atm = 101325 Pa 1 atm =1.013125 bar

1 bar =10’ Pa lem=1mL=1000uL  1dm’= 1000mL=1L 1 m’=1000L
1cal=4.1841J 1 L=1000mL 1 m=100 cm = 1000 mm 1 m=10" pm
Avogadro’s Number Ny 6.022x10* mol™
(Gas constant R 8.31451 J-K ' mol!

R 0.08206 atm-L-K ™' -mol™!

R 8.31451 L-kPa-K ™' mol

R 0.0831451 bar L-K ™' mol™

Standard Formation Enthalpy Data (at 298.15 K, 1.000 bar)

AH?(C,H,,0(1))=-327.0 kJ mol” AH?(H,0(1))=-285.83 kI mol”

AH?(CO, (g))=-393.5 kJ mol” AH (H,0(g))=-241.8 kI mol”

Average Bond Energy Data

H—H 435kImol’ N=N 945kJmol’ N—H 390 kI mol! C—H 412 kJ mol™

Equations
7(inK)=7(in °C)+273.15 K p=t_ N % Yield = —2ctual yield
M N, theoretical yield
c(mol/L)=§ cVi=cV,=n =%
V V.
p=dgh pV =nRT Py _ Py
L 1
n
pT=p1+p2+p3+-~- pA=XAXpT XA:_
n
T
M 1 _
a=n-22 £, =Ltmy PRELL
V. RT 2N,
__ [3rr Rate A |M, nRT n’
V=,]— = pP=7—~—a—
M Rate B\ M, (v—nb) "V
AE =w+ q w= F X d = _pAV qcalorimctcr = CcalAT
AE
reaction = z:BE‘reactam bonds broken product bonds formed molar =
AH® . =Xv AH] —Xv AH' =AE__ +RTAn__ H=E+plV
reaction p f.p r for reaction reaction gas
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MAIN-GROUP o o
ELEMENTS The Modern Periodic Table ELEMENTS
]J r o h)

Bk aribar I Metals (main-group)
] Metals (transition)
Atomic symbol ] Metals (inner transition)
[ Metalioids
Atomic mass (u) - L5

1

1

H
1.008

12,01 | 1401 | 16.00 | 19.00 | 20.18

TRANSITION ELEMENTS

:::::::::: As of June 2012, elements 114 and
__ nnnnnnnnnn 116 have been ofMclally recognized.

INNER TRANSITION ELEMENTS "~ ===o__ _ pending vorMication by IUPAC.

59 | 60 | 61 | 62 | 63 ,

Pr | Nd | Pm | Sm | Eu

[ 1409 | 1442 | (145) | 150.4 | 1520
9 | 92 [ 93 | 94 [ 95

Pa | U [ Np | Pu | Am

(231) | 238.0 | (237) | (242) | (243)

6| Lanthanides
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