May 2013
Midterm Test #1 Name: _______________________

Chem 1001A


Name: _____________________________

Student Number:__________________________

	Part A:           / 15 marks
	Part B:           / 43 marks
	Total:            / 58 marks


This test is worth 15% of your final grade.

There are 7 pages.  This is a closed –book exam. Non-programmable calculators allowed.

A periodic table can be found at the end of the exam.  You may detach it if you wish.
Answer all questions in the space provided.  Make sure to include all units in your answers.  

Be legible - if we can’t read it we can’t mark it.

Formulas:

R = 8.314 J/Kmol  ;    0.08206 Latm/Kmol        Rydberg Constant:  0.01097 nm-1
1 calorie = 4.184 Joules
T (K) = T (°C) + 273.15

PV = nRT
Avogadro’s Number = [image: image2.png]6.022 x 10 /mol
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Planck’s Constant   h = 6.626 x 10-34 Js
Speed of light :     c = 3.00 x 108 m/s
Part A. Answer each question with a few sentences or equations where necessary. 
(3 marks each)

1.
Why is Boyle’s law (pV = constant) not exactly followed by gases at high pressure?


At high pressure, the molecules are close together. When they are close, they take up a significant portion of the volume of the container, so ‘V’ is actually smaller than the container volume. Also, the molecules attract one another, which tends to reduce the pressure.

2.
An exothermic reaction releases some gas into the atmosphere. Is the change in internal energy ((E) for this reaction positive, negative or zero? Explain.


(E = q + w for any process. In this case, q < 0 because heat is leaving the system. Also, w < 0, because the system has to do work as the gas pushes back the atmosphere. Thus, (E < 0.

3.  
Consider a sample of H2(g) at 100oC and a sample of CH4(g) also at 100oC. What can be said about the molar kinetic energies of these gases? Why?


The average kinetic energies are the same. Average kinetic energy depends only on temperature.
4.
 In the photoelectric effect, the kinetic energy of the ejected electron is equal to the photon energy minus what quantity?

The kinetic energy of the ejected electron is equal to the photon energy minus the binding energy of the electron.

5.
The valence electrons in a La atom are 6s25d1. What are the four quantum numbers for each of these three electrons?


One of the 6s electrons: 
n = __6__   l = __​0___ ml = ___0__  ms = __+1/2 ___


The other 6s electron: 

n = __6_     l = __​0___ ml = ___0__  ms = __- 1/2 ___


The 5d electron: 

n = __5__   l = __2_ ml = _-2 or -1 or 0 or 1 or 2_  ms = _+1/2 or -1/2____
Part B. Answer all four questions.   Full solutions required for full marks.
B1.
(a)  [5 marks] The pressure (in bar) exerted by 25 moles of argon gas in a 10.0 L container at 50oC is 67.2 bar using the ideal gas law.
Use the van der Waals equation to calculate the pressure (in bar) exerted by 25 moles of argon gas in a 10.0 L container at 50oC. For argon, a = 1.363 bar L2 mol-2 and b = 0.0322 L mol-1.
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(b) [3 marks] Explain why the values for the ideal gas law and van der Waals equation are different.
The value calculated using the van der Waals equation is lower than using the ideal gas law. This is because at this pressure the molecules are experiencing attractive forces which pull the molecules closer together, reducing the pressure.

(c) [6 marks]Poisonous hydrogen cyanide (HCN) is an important industrial chemical.  It is produced from methane (CH4), ammonia (NH3), and molecular oxygen (O2).  The reaction also produces water.  The reaction is shown below:
 _____CH4 (g)  + ____ NH3 (g)  + ____O2 (g)  ( _____ HCN  + ___ H2O (l)     (unbalanced)
If the yield of this synthesis is 97.5% HCN, how many kilograms of methane should be used to produce 1.50 x 105 kg of HCN?
Answer:

Theoretical Yield = [image: image12.png]Actual Visld
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Theoretical Yield = [image: image14.png]150 x 10° kg

X210 % % 100%



 = 1.538 x 105 kg HCN

(1.538 x105kg HCN)(103 g/kg) =1.538 x 108 g HCN

[image: image16.png]1538 x 10° g HCN.

5.690 X 10° mol HCN
27.03 g/mol
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B2.
(a) [4 marks] Calculate the density (in g L-1) of N2(g) at 100 bar and 100oC.
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(b) [4 marks] Calculate the average speed (in m s-1) of N2(g) molecules at 100oC.
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(c) [4 marks] Calculate the average kinetic energy (in J mol-1) of N2(g) molecules at 100oC.
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(d) [4 marks] Methane, the main constituent of natural gas, burns in oxygen in the reaction:

CH4(g) + 2 O2(g) → CO2(g) + 2 H2O(l)

Calculate (Ho (in kJ mol-1) for this reaction using the following information:


CH4(g) + O2(g) → CH2O(g) + H2O(g)

(Ho = -284 kJ mol-1

CO2(g) + H2O(g) → CH2O(g) + O2(g)

(Ho = 518 kJ mol-1

H2O(l) → H2O(g)



(Ho = 44.0 kJ mol-1

CH4(g) + O2(g) → CH2O(g) + H2O(g)

(Ho = -284 kJ mol-1
CH2O(g) + O2(g) → CO2(g) + H2O(g)

(Ho = -518 kJ mol-1
2 H2O(g) → 2 H2O(l)



(Ho = -2(44.0 kJ mol-1)

________________________________________________________________________
CH4(g) + 2 O2(g) → CO2(g) + 2 H2O(l)
       (Ho = - 284 + (-518) + 2(-44) = -890 kJ mol-1
B3. (a) [4marks]A 7.40 g sample of sucrose (C12H22O11) is burned in a constant volume calorimeter which has a heat capacity of 7.00 kJ/oC. The temperature increases from 24.8oC to 41.7oC. Calculate the molar energy of combustion of sucrose (in kJ/mol).
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(b) 
[5 marks] Oxygen gas can be produced by the decomposition of hydrogen peroxide according to the reaction: 
2 H2O2(aq) → 2 H2O(l) + O2(g). A 10.0 L air-filled vessel is initially at 25oC and 1.00 bar pressure. 50.0 g of H2O2(aq)  is placed in the vessel and fully decomposes. The temperature increases to 35oC. Calculate the final pressure (in bar). Neglect the volume that the liquids occupy.
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B4.
(a)[5 marks] Calculate the energy (in kJ mol-1) of photons resulting from the lowest energy transition of an electron in the Lyman series of the hydrogen atom. Transitions in the Lyman series terminate at m = 1.
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The lowest energy transition must originate at n = 2, thus:
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(b) [5 marks]NO2(g) is an important species in the formation of smog in large cities. The N-O bond dissociation energy is 279 kJ mol-1. Calculate the longest wavelength (in nm) of light that can break this bond.
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