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A 

LAST NAME:  __________________________________________________________ 
 
FIRST NAME:  _________________________________________________________ 
 
Student Number: _______________________________________________________ 
 
 

CHM 1311 D  
Prof. Goto 

Midterm #1 
Fall 2018 

 
 

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 (8 marks) 
 
a) The height of the mercury in the open-end side of a manometer is 12.0 mm higher than the gas side. 

If atmospheric pressure is 760 torr, what is the pressure of the gas sample? 
 
 
 
 
b) You use a 100 mL graduated cylinder that is specified to be accurate to within 0.5 mL to measure 

out 95 mL of water.  How many significant figures should you use to record this volume? 
 
 
 
c) What is the nuclear symbol for the gold isotope that contains 116 neutrons? 
 
 
 
d) What is the overall yield of a multistep synthesis with a 92% yield for the first step, 85% yield for 

the second step and 54% yield for the last step? 
 
 
 
 
e) Suppose a brick of dry ice (solid CO2) is put into a glass flask containing a mixture of oxygen and 

carbon dioxide gas.  What will happen to the partial pressure of the oxygen as the dry ice undergoes 
sublimation? (Sublimation is solid to gas phase transition. Assume that the temperature does not 
change.)  
 

 
 

f) The temperature of water decreases when solid urea is dissolved to make a solution.  Is the reaction 
urea (s) → urea (aq) endothermic or exothermic? 

 
 
g) Is the average kinetic energy of a hydrogen gas molecule under standard conditions greater than, 

less than or equal to the average kinetic energy of an oxygen gas molecule under standard 
conditions? 

 
 
h) A gas absorbs 500 J of heat while it does 500 J of work.  What is ΔU for the gas? 
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Question 2.  Short calculations  
 
a) How many nm3 are in 5 mm3? (2 marks) 

 
 
 
 
 
 
 
 

b) A tablespoon of pure vanilla extract contains 14.8 mL of ethanol (C2H6O, 46.07 g/mol). If the 
density of ethanol at 20 oC is 0.789 g/mL, calculate the total number of H atoms present in one 
tablespoon of vanilla extract. (4 marks) 
 
 
 
 
 
 
 
 
 
 
 

c) A sample of propane (C3H8) was burned in a calorimeter with a heat capacity of 3.50 kJ/oC that 
contained 1.5 kg of water (heat capacity = 4.184 J oC g-1). The temperature of the calorimeter and 
water increased from 23.0 oC to 32.0 oC. How much heat is released from the combustion? (4 
marks) 
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i) For a hypothetical reaction: 
3 A + B →  2 C 

with standard enthalpies of formation 
 
ΔH f

o  for A = 2.0 kJ/mol, B = 1.5 kJ/mol, and C = 4.2 kJ/mol, 

what is  ΔHreaction
o ?  (2 marks) 

 
 
 
 
 

 
 
 
 
d) How many Joules of work is done when 3.65 L of an ideal gas is isothermally compressed by a 

constant external pressure of 4.5 atm until its volume is half its initial size?  (2 marks) 
 
 
 
 
 
 
 
 
 
 
 
e) What is the concentration of Na+ if 50.0 mL of 0.345 M Na3BO3 is mixed with 25.0 mL of 0.635 

Na2HPO4? (4 marks) 
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Question 3. 
1.45 g of a solid hydrocarbon is subjected to combustion analysis and found to produce 5.01 g of CO2 
and 0.821 g of H2O.  
 a) What is the empirical formula for this compound? (4 marks) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
b) Suppose some of the solid hydrocarbon enters into the gas phase at 350. K to give a partial pressure 
of 7893 Pa and density of 0.3476 g/L.  What is the molecular formula of this compound? (4 marks) 
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Question 6.  (6 marks) 
For the chemical reaction: 

8 Al (s) + 3 Fe3O4 (s) → 9 Fe (s) + 4 Al2O3 (s) 
What mass of iron (55.85 g/mol) will be formed if 2.75 g of aluminum (26.98 g/mol) is allowed to react 
with 8.00 g of iron oxide (231.55 g/mol)? 
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Constants and Conversion Factors 
 
1 mmHg = 1 torr      760 mmHg = 1 atm  1 atm = 101325 Pa  
1 atm = 1.013125 bar  1 L atm = 101.325 J         1 bar = 105 Pa  1 kPa = 1000 Pa 
1 cm3 = 1 mL = 1000 µL 1 dm3 =  1000 mL = 1 L 1 m3 = 1000 L        1 cal = 4.184 J         
1 L = 1000 mL  1 m = 100 cm = 1000 mm  1 m = 109 nm = 1012 pm   
 
Avogadro’s Number NA 6.022x1023 mol-1 

Gas constant R 8.31451 J·K-1·mol-1  

 R 0.08206 atm·L·K-1·mol-1 

 R 8.31451 L·kPa·K-1·mol-1 

 R 0.0831451 bar L·K-1·mol-1 

 

 

Equations 

T in K( ) =T in oC( )+ 273.15 K
  

n = m
M

=
N
NA

  
 
% Yield = 

actual yield
theoretical yield

×100%  

c mol / L( ) = n
V     

c1V1 = c2V2 = n
    

p = mg
A  

p = dgh      pV = nRT     
p1V1
T1

=
p2V2
T2  

pT  =  p1 + p2 + p3 + …    pA = X A × pT     X A =
nA
nT  

d = m
V

= p ⋅M
RT

    EK = 1
2
mv2     E = 3RT

2NA  

Rate A
Rate B

=
MB

MA

   p = nRT
V − nb( ) − a

n2

V 2

 

ΔE = w + q      w = F × d = − pΔV
   

qcalorimeter =CcalΔT

ΔEreaction = ΣBEreactant bonds broken − ΣBEproduct bonds formed

   
ΔH reaction

o = ΣvpΔH f ,p
o − ΣvrΔH f ,r

o

 

 q = mcΔT       q = nCmΔT
    

ΔEmolar =
ΔE
n   

ΔH reaction = ΔEreaction + RTΔngas
  

H = E + pV
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