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Question 1 (12 points)
(a) What is the difference between a physical property and a chemical property? Give one example of each property.

Physical property does not involve changing the composition of a substance but chemical property involves changing the substance into another substance




(b) Which of the following properties are intensive and which are extensive: area, length, volume, temperature, mass, density?

Intensive: density


Extensive: area, length, volume, temperature, mass


(c) What is the difference between a molecule and a compound? Write a formula for a molecule that is also a compound and a molecule that is not a compound.

A molecule consists of two or atoms; may be atoms of the same element or different elements whereas a compound consists of atoms from different elements 

Also a compound: H2O		Not a compound: H2


Question 2 (13 points)
(a) The following procedure was carried out to determine the volume of a flask. The flask was weighed dry and then filled with water. If the masses of the empty flask and filled flask were 56.12 g and 87.39 g, respectively, and the density of water is 0.9972 g/mL, calculate the volume of the flask. 

Mass of water = 87.39 g – 56.12 g = 31.27 g


d = m/V 	


(b) The speed of sound in air at room temperature is about 343 m/s (meters per second). Calculate this speed in miles per hour.




Question 3 (13 points)
(a) Which of the following compounds are likely to be ionic and which are likely to be molecular: SiCl4, LiF, BaCl2, B2H6, KF, and C2H4?

Ionic: LiF, BaCl2, KF


Molecular: SiCl4, B2H6, and C2H4



(b) The adult human body contains about 5.0 g of iron (Fe). How many atoms of Fe are there in this quantity?









Question 4 (12 points)
Monosodium glutamate (MSG) has sometimes been suspected as the cause of “Chinese restaurant syndrome” because this food-flavor enhancer can induce headaches and chest pains. MSG has the following composition by mass: 35.51% C, 4.77% H, 37.85% O, 8.29% N, and 13.60% Na. What is its empirical formula?

Assume 100.0 g sample

       C		        H		            O		      N		            Na






		     		     







                                          

= 5.000	= 7.97		        = 3.99		     = 1.00	         = 1.000

≈ 5		≈ 8			≈ 4		      ≈1			≈ 1

Empirical Formula: C5H8O4NNa

Question 5 (12 points)
(a) Predict the products and then balance the following equations:

      NaOH     +      H3PO4      →     

     	 3NaOH     +      H3PO4      →     Na3PO4   +   3H2O

     (NH4)2CO3(aq)     +     CaCl2(aq)     →

(NH4)2CO3(aq)     +     CaCl2(aq)     →    2NH4Cl   +   CaCO3

     Al     +     H2SO4       →     

2Al     +     3H2SO4       →     Al2(SO4)3   +   3H2

(b) Write the complete ionic and net ionic equations for the following reactions.
      
     2AgNO3(aq)  +  Na2SO4(aq)  →   Ag2SO4(s)  +  2NaNO3(aq)
2Ag+(aq)  + 2NO3-(aq)  + 2Na+(aq) + SO42-(aq) →  Ag2SO4(s)  + 2Na+(aq)  + 2NO3-(aq)
2Ag+(aq)  +  SO42-(aq) →  Ag2SO4(s)  

     Na2S(aq)  +  ZnCl2(aq)  →   ZnS(s)  +  2NaCl(aq)
2Na+(aq)  + S2-(aq) + Zn2+(aq) + 2Cl-(aq)  →  ZnS(s)  +  2Na+(aq)  +  2Cl-(aq)
S2-(aq) + Zn2+(aq)   →  ZnS(s)  


Question 6 (13 points)
(a) Briefly explain the following terms:

Saturated Solution: no more solute can dissolve

Aqueous Solution: solvent is water

Solvent: component in greatest quantity


(b) Identify each of the following substances as a strong electrolyte, a weak electrolyte, or a nonelectrolyte: H2O, HNO3, KCl, CH3COOH, NH3, C12H22O11.

Strong electrolyte: HNO3, KCl

Weak Electrolyte: CH3COOH, NH3

Nonelectrolyte: H2O, C12H22O11


Question 7 (12 points)
(a) Obtain the oxidation number for the element noted in each of the following.

(i) S in S4O62-
O = -2 and S = +2.5		4x + 6(-2) = -2, x = 2.5

(ii) Al in Al(OH)4-
O = -2, H = +1 and Al = +3		x + 4(-2+1) = -1, x = +3

(iii) I in I2
I = 0

(b) For the complete redox reactions below, identify the oxidizing agent and the reducing agent:

(i) Cl2  +  2NaBr   →   2NaCl  +  Br2
                
 Cl = 0	    Na = +1	Na = +1	Br = 0
	    Br = -1	Cl= -1
Cl2 is reduced so is oxidizing agent		NaBr is oxidized so is reducing agent

(iii) 4Fe  +  3O2  →  2Fe2O3

    Fe = 0       O = 0	O = -2 and Fe = +3
Fe is oxidized so is reducing agent	O2 is reduced so is oxidizing agent


Question 8 (12 points)
Consider the reaction
MnO2  +  4HCl   →   MnCl2  +  Cl2  +  2H2O
If 0.86 mole of MnO2 and 48.2 g of HCl react, which reagent will be used up first? How many grams of Cl2 will be produced?

HCl



MnO2



HCl will be used up first (limiting reactant)

23.4 g Cl2 will be produced

Question 9 (13 points)
(a) The volume of a gas at STP is 488 mL. Calculate its volume at 22.5 atm and 150 oC.

T1 = 273 K, P1 = 1.00 atm, V1 = 0.488 L, 
T2 = 423 K, P2 = 22.5 atm, V2 = ?



		


(b) A sample of air contains only nitrogen and oxygen gases whose partial pressures are 0.80 atm and 0.20 atm, respectively. Calculate the total pressure and the mole fractions of the gases.

PT = 0.80 + 0.20 = 1.00 atm

x1 = 0.80/1.00 = 0.80

x2 = 0.20/1.00 = 0.20





Question 10 (13 points)
What volume of a 0.50 M KOH solution is needed to neutralize completely 10.00 mL of a 0.30 M H2SO4 solution? The neutralization reaction is 
2KOH  +  H2SO4   →   K2SO4  +  2H2O

mol H2SO4 = 0.30 M x 0.01000 L = 0.0030 mol















Question 11 (12 points)
(a) Insulin is a hormone that controls the use of glucose in the body. How many moles of insulin are required to make up 28.2 mL of 0.0048 M insulin solution?

moles = 0.0282 L x 0.0048 M = 1.4 x 10-4 moles







(b) A quantity of 25.0 mL of a 0.866 M KNO3 solution is poured into a 500-mL volumetric flask, and water is added until the volume of the solution is exactly 500 mL. What is the concentration of the final solution?




“Exactly 500 mL” so can be considered as 3 significant figures.






Question 12 (13 points)
(a) What are the four colligative properties that change when a solute is added to a solvent?

Vapor pressure lowering, boiling point elevation, freezing point depression, and osmotic pressure


(b) A glucose solution is made by dissolving 9.28 g of glucose in 123.2 mL of water. Calculate the percent by mass concentration, %(m/m), of glucose. Assume water has a density of 1.00 g/mL


123.2 mL water will have a mass of 123.2 g (density = 1.00 g/mL)





Question 13 (12 points)
(a) Give the conjugate base to each of the following species regarded as acids.

HPO42-		PO43-


HNO2		NO2-


PH4+		PH3


(b) Give the conjugate acid to each of the following species regarded as bases.

HPO42-		H2PO4-


NH3		NH4+


HSO4-		H2SO4



Question 14 (13 points)
(a) Calculate the pH of a solution whose hydroxide ion concentration is 2.65 x 10-4 M. Is the solution acidic, basic, or neutral? 

pOH = - log(2.65 x 10-4) = 3.58

pH = 14.00 – 3.58 = 10.42

basic 


(b) Morphine is a narcotic that is used to relieve pain. A solution of morphine has a pH of 9.61 at 25 oC. What are the hydronium and the hydroxide ion concentrations?
 

[H3O+] = 10-9.61 = 2.45 x 10-10 M






Question 15 (13 points)
(a) Write down the number of valence electrons in the atoms having the following electron configurations. How many electrons must the atoms with the following electron configurations gain or lose in order to achieve octet of their valence shell?

(i) 1s22s22p63s23p5	

Valence = 7		gain 1 electron


(ii)1s22s22p63s23p64s1

Valence = 1		lose 1 electron



(b) Draw Lewis structures for the following molecules and predict the molecular geometry and polarity of each molecule.

(i) SiBr4

                     . .
                   : Br :
              . .     . .   . .
	: Br : Si : Br :
              · ∙     ∙ ∙    · ∙
                   : Br :
                      ∙ ·

Tetrahedral, tetrahedral, nonpolar



(ii) SCl2


                                      . .     . .   . .
			: Cl : S : Cl :
                                      · ∙     · ∙   · ∙

Tetrahedral, bent, polar




 
Question 16 (12 points)
(a) Differentiate between Arrhenius acids and Bronsted-Lowry acids.

Arrhenius is limited to aqueous solutions 


(b) Give the chemical formula of each of the following:

Sulfuric acid:	H2SO4

Nitric acid:	HNO3

Ammonium hydroxide:	NH4OH



(c) Complete the following dissociation equations:

Al(OH)3(aq)   →   Al3+(aq)   +   3OH-(aq)


H3PO4(aq)   →   PO43-(aq)   +   3H+(aq)




Bonus (10 points)
Write two metals and two nonmetals that you have encountered today. Write formulas for two compounds that might result from the combination of these metals and nonmetals. Name these compounds.


Metals: Na and Al

Nonmetals: Cl and O

NaCl: sodium chloride

Al2O3: aluminum oxide

A lot of examples are available
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