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Question 1 (12 points)
(a) Each of the following parts contains an underlined property. Classify the property as intensive or extensive. 
(i) A sample of an acid has a volume of 30.00 mL.

(ii) Water boils below 100 oC on top of a mountain.

(iii) Lead is denser than aluminum.


(a) Each of the following parts contains an underlined property. Classify the property as physical or chemical. 
(i) Oxygen gas supports combustion.

(ii) Water boils below 100 oC on top of a mountain.

(iii) Lead is denser than aluminum.


(c) Give two examples of each of the following:

(i) Molecules which are elements:

(ii) Molecules which are compounds:


Question 2 (13 points)
(a) Fill in the blanks in the table (one column per element).
	Symbol (in the neutral atom)
	65Cu

	37Cl
	
_________
	
________

	Number of protons
	
___________
	
__________
	
_________
	
78

	Number of neutrons
	
___________
	
__________
	
46
	
117

	Number of electrons
	
___________
	
__________
	
36
	
_________

	Name of element
	
___________
	
__________
	
_________
	
_________




(b) If you have a 37.65-g piece of chromium metal on your car, how many atoms of chromium are in the piece?




Question 3 (12 points)
(a) A piece of copper wire is 7.6 m long and has a diameter of 2.0 mm. If copper has a density of 8.92 g/cm3, how many moles of copper are in the piece of wire (Hint: volume = cross-sectional area x length = πr2h, π = 3.143)?







(b) A cylindrical glass tube 12.7 cm in length is filled with mercury. The mass of mercury needed to fill the tube is found to be 15.5 g. Calculate the inner diameter of the tube (the density of mercury = 13.6 g/mL; volume = πr2h, π = 3.143).








Question 4 (13 points)
(a) Methanol (CH3OH) is an organic solvent and is used as a fuel in some automobile engines. From the following data, calculate the standard enthalpy of formation of methanol:
2CH3OH(l)  +  3O2(g)   →   2CO2(g)  +  4H2O(l)		ΔHorxn = -1452.8 kJ
(ΔHfo of CO2(g) = -393.51 kJ/mol, ΔHfo of H2O(l) = -285.83 kJ/mol)		







(b) A 0.1375-g sample of solid magnesium is burned in a constant-volume bomb calorimeter that has a heat capacity of 1769 J/oC. Calculate the heat given off by burning Mg (in kJ/g) if the temperature increases by 1.126 oC.








Question 5 (12 points)
(a) An electron in the orbit of principal quantum number ni in a hydrogen atom makes a transition to an orbit of principal quantum number 2. The photon emitted has a wavelength of 434 nm. Calculate ni.







(b) What is the de Broglie wavelength in nm of a 2.6-g ping-pong ball travelling at 35 miles per hour?







Question 6 (12 points)
(a) Briefly explain the following terms:

Aqueous Solution:


Saturated solution:


Strong electrolyte:



(b) An aqueous solution of hydrazine (N2H4) can be prepared by the reaction of ammonia and sodium hypochlorite.
2NH3(aq)  +  NaOCl(aq)   →   N2H4(aq)  +  NaCl(aq)  +  H2O(l)
What is the theoretical yield of hydrazine, in grams, prepared from the reaction of 50.0 mL of 1.22 M NH3(aq) with 100.0 mL of 0.440 M NaOCl(aq)?








Question 7 (12 points)
(a) In each part, a set of quantum numbers is given. If the set is an allowed combination of n, l, ml, and ms, give the number of orbitals and the maximum number of electrons. If the combination of quantum numbers is not allowed, state why. 

(i) n = 4, ms = -1/2


(ii) n = 5, l = 3


(iii) n = 3, ml = 0



(b) Elements in the periodic table are classified into four based on chemical properties. Name these four classes. 





Question 8 (13 points)
(a) Calculate the volume (in mL) occupied by 0.8452 g of CO2 gas at STP. 









(b) A volume of 5.5 L of H2 gas measured at STP is reacted with an excess of N2 gas. Calculate the mass (in grams) of NH3 produced. The reaction equation is:
3H2(g)  +  N2(g)   →   2NH3(g)










Question 9 (12 points)
(a) Briefly explain oxidation and reduction.



(b) Given the redox reaction below: 
     PbO2(s)  +  Cl-(aq)  →   ClO-(aq)  +  Pb(OH)3-(aq)  

(i) Assign oxidation numbers to all species in the reaction.





(ii) Identify the oxidizing agent and the reducing agent.

Oxidizing agent:

Reducing agent:

(iii) Write down the oxidation and reduction half reactions.

Oxidation half reaction:

Reduction half reaction:



Question 10 (13 points)
(a) List the following ions in order of increasing ionic radius:
N3-, Na+, F-, Mg2+, O2-



(b) Which of the following processes require the greatest input of energy? Why?
P(g)   →   P+(g)   +   e-
P+(g)   →   P2+(g)   +   e-
P2+(g)   →   P3+(g)   +   e-




(c) Ionization energy is always a positive quantity, whereas electron affinity may be either positive or negative. Explain.


Question 11 (12 points)
Sodium bicarbonate is often sprayed over spilled acid solutions. A laboratory technician is prepping an experiment and accidentally spills concentrated sulfuric acid solution on the prep bench. The technician then sprays a solution of sodium bicarbonate on the acid spill.  

(a) What is the chemical basis of this action?




(b) Write the chemical formulas of the bicarbonate and the acid.

Sodium bicarbonate:

Sulfuric acid:


(c) Write both the name and the chemical formula of any one product that may be formed.



Question 12 (13 points)
(a) Predict the products and then balance the following chemical equations. Also state the type of chemical reaction (do not use redox or nonredox).

C2H5OH  +  O2   →



S8  +  O2  →



(b) Predict the products, balance and then write the net ionic equations of the following reactions (hint: make use of the solubility rules):

2AgNO3(aq)  +  Na2SO4(aq)   →   




(NH4)2CO3(aq)  +  CaCl2(aq)  →   


Question 13 (12 points)
(a) A compound that is composed of carbon, hydrogen, and oxygen contains 70.6% C, 5.9% H, and 23.5% O by mass. The formula mass of the compound is 136 u.  What is the molecular formula of the compound? 










(c) A compound of empirical formula C2H5 effused through a porous barrier in 1.62 min. It took an equal volume of xenon 2.43 min to effuse under the same conditions of temperature and pressure. What is the molecular formula of the compound?









Question 14 (13 points)
(a) What is meant by neutralization reaction?



(b) How many grams of H3PO4 are in 175 mL of a 3.5 M solution of H3PO4?







(c) What is the concentration (M) of KCl in a solution made by diluting 25.00 mL of 0.250 M KCl with water to 78.50 mL solution? 





Question 15 (13 points)
(a) Resonance structures of the SO3 molecule exist. Draw Lewis structures of the different resonance structures and use formal charges to explain whether some of them are more favorable or not.










(b) Draw Lewis structure of the simplest molecular compound likely to form between the Se and H atoms.







Question 16 (13 points)
Draw Lewis structures for the following molecules and predict the electron group geometry, bond angle, molecular geometry and polarity of each molecule.

(a) TeCl4









(b) XeBr4








Bonus (10 points)
You are given two colorless solutions, one containing NaCl and the other sucrose (C12H22O11). Suggest two tests that would allow you to distinguish between these two solutions.
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