Chemistry Lab: Division C
2019 SciOly Summer Study Session

●
●
●
●

This exam contains two parts, one designed to test you on your knowledge of acids and
bases and the other to test you on your knowledge of aqueous solutions.
This exam can be split apart, but each page must have your team name and number if
you decide to do this.
You are not allowed to talk to other teams for help during this exam. If you have a
question, ask one of the proctors instead so you don’t get disqualified.
A periodic table is provided on the last page for reference and to help answer some
questions.

Names:_________________________________________
School:_________________________________________
Score:____/323
Place:___

Part One: Preliminary Knowledge(37 points)
1.Determine the molecular and net ionic equations for each of the following reactions.(4 points
each)
a.Aqueous sodium sulfate reacts with aqueous calcium hydroxide.
b.Phosphoric acid reacts with water.
c.Hypobromous acid reacts with ammonia
d.Benzoic acid reacts with potassium acetate
e.Thiocyanic acid reacts with methylamine
2. Balance the following chemical equations with the smallest whole number coefficients.(2
points each)
a. ___H2SO4 + __NaOH--->___H2O + ___Na2SO4

b. __C8H18 + ____O2---> ____CO2 + ____H2O

c.___HIO3 + ___FeI2 + ___HCl ---> ___FeCl3 + ___ICl + ___H2O

d.___Cu + ___HNO3---> ___Cu(NO3)2 + ___NO +___H2O

e.___KMnO4+___HCl--->___KCl+___MnCl2+___H2O+___Cl2

3. Determine the amount of carbon dioxide produced from 1kg of C8H18 reacting with a 90%
yield according to the above equation in 2b.(7 points)(Round to 3 significant figures)

Part Two: Acids and Bases(143 points)
Multiple Choice:(2 points each)
1.What is the pH of a 1M solution of HCl?
a) 3
b) 0
c) 1
d) -1
2.Which of the following acids are used to treat scurvy?
a) Ascorbic acid
b) Acetic acid
c) Propanoic acid
d) Phosphoric acid
3.Which of the following equations represents the Ka expression?
a)H3O++C2H3O2---->H2O+HC2H3O2
b)BCl3+F2--->BClF2+Cl2
c)NaOH+H2O--->OH-+H2O+Na+
d)HCl+H2O--->H3O++Cl4.Which of the following correctly pairs an acid with the correct conjugate base?
a)NH4+ & Hb)HCl & OHc)HC2H3O2  & C2H3O2d)KOH & OH-

5.Which of the following is the most acidic -OH group in ascorbic acid?

a)1
b)8
c)10
d)12

6.Fill in the blank: As a result of the leveling effect, the strongest form of an acid in solvent is the
acidic form of ________?
a)Water
b)The Solvent
c)The Solute
d)None of the above

7. The Ka of acetic acid is 1.77*10-5. Calculate the pH of a 0.37M acetic acid solution.
a)2.53
b)2.49
c)2.69
d)2.59
8. Weak acids taste____
a)sour
b)bitter
c)sweet
d)no taste
9.Which of the following is always true?
a)pH=-log(pOH)
b)pH+pOH=14
c)Kw=1*10^-14
d)pH=pKa-log([A-]/[HA])
10.Which of the following is the strongest acid?
a)H2CO3(Ka=4.2*10^-7)
b)H3PO3(Ka=7.5*10^-3)
c)HN3(Ka=1.8*10^-5)
d)HCN(Ka=4.0*10^-10)
11.Which of the following is a weak base?
a)NH3
b)NaOH
c)H2SO4
d)KCl
12.Strong bases and strong acids are both:
a)gases at room temperature
b)compounds that have high boiling points
c)compounds that have high melting points

d)strong electrolytes
13.What compound below is used primarily in making fertilizers?
a)lye
b)ammonia
c)baking soda
d)glacial acetic acid

14.Which of the following is a lewis acid?
a)BF3
b)CH4
c)Mg(OH)2
d)KOH
15.Which of the following is used in car batteries?
a)NaOH
b)HNO3
c)H2SO4
d)HCl
16.What is the definition of a lewis base?
a)An electron pair donor
b)A proton acceptor
c)A proton donor
d)An electron pair acceptor
17.What is the name of the acid formed by the hypochlorite ion?
a)hydrochloric acid
b)chloric acid
c)hypochlorous acid
d)hydrogen hypochlorous acid
18.What is the pH of a 0.230M solution of carbonic acid?(Ka1=4.3*10-7,Ka2=5.6*10-11)
a)3.50
b)3.13
c)3.64
d)4.17
19.Which of the following is the strongest acid?
a)H2SO4
b)HCl
c)HNO3

d)HI
20.What is the conjugate base of H3PO4?
a)HPO42b)H2PO4c)PO43d)None of the above

21.Which of the following can never be a base?
a)NH4+
b)SO42c)Fd)NaOH
22.What is another name for hydrochloric acid when it is used in pools?
a)Chloric acid
b)Glacial acid
c)Muriatic acid
d)Lye
23.Titrating HC2H3O2 with
which of the following bases will yield an equivalence point that is

NOT above 7?
a)Ca(OH)2
b)NH3
c)NaOH
d)Mg(OH)2
24.At the half-equivalence point, which of the following is true?
a)pOH=10.5
b)pOH=pH
c)pH=3.5
d)pH=pKa
25.Which of the following will decrease the pH of a solution when dissolved in it?(circle all that
apply)
a)Al(H2O)63+
b)Fe(H2O)63+
c)KC2H3O2
d)MgCl2

Short Answer:
1.List all 7 strong acids and 8 strong bases when dissolved in water(1 point each).

2. Determine the pH, pOH, percent dissociation and whether or not the solution is acidic or
basic for each of the following situations.(4 points each)
a.0.15M of HC2H3O2 (Ka=1.8*10-5)

b. 0.50M of H2SO4(Ka1=very large, Ka2=1.2*10-2)

c.0.30M of H2PO4-(Ka2=6.2*10-8,Ka3=3.6*10-13)

d. 0.001M of HCl(Ka1=very large)
e.0.75M of NH3(Kb=1.8*10-5)

3. Determine if the following salts would produce an acidic, basic, or neutral solution in water.(1
point each)
a)NaOH
b)MgSO4
c)NaNO3
d)KCl
e)LiC2H3O2
f)NaHSO4
g)NH4Cl
h)K2S
i)LiNO2
j)KI

k)MgO
4.a) Determine the pH of 500mL of 0.0500M acetic acid.(12 points all together, 4 points for
each part)
b.) Determine the pH of the solution after the addition of 50g of NaC2H3O2.Assume that the
volume increase of the solution is negligible.What kind of solution is formed?

c.) Now that that kind of solution is formed, compute the pH of this solution after the addition of
50mL of 1M HCl. How does this compare to the pH of the solution if no NaC2H3O2 was
added

earlier?

5. Explain the difference between the end point and equivalence point of a titration. (5 points)

6. The following describes a titration of 50mL of 0.250M acetic acid(Ka=1.8*10-5) with 0.100M
strontium hydroxide. Determine the pH at each step of the titration and identify the major
species present in solution at each step.(5 points each)
a)0mL of base added

b)40mL of base added

c)100mL of base added

d) At the equivalence point of the titration

7. Out of the following indicators, which would be best for the titration described above?(5
points)(Multiple indicators can be chosen)(5 points)

8. Draw an example titration graph of the titration described above, labeling the equivalence
point, end point and buffer regions of the graph.(5 points)

Part 3: Aqueous Solutions(143 points)
Multiple Choice(2 points each)
Use the following chart for questions 1-4.

1.How manys grams of sodium nitrate must be added to 100 grams of water at 40℃ to form a
saturated solution?

A.100g
B.75g
C.105g
D.115g
2. A solution of ammonia contains 30g of ammonia in 200g of water at 10℃. Which of the
following amounts of ammonia would create a supersaturated solution if added to this solution?
A.40g
B.60g
C.80g
D.120g

3.Which of the following amounts of solute describes an unsaturated solution of sulfur dioxide at
60℃ in 100g of water?
A.2g
B.7g
C.10g
D.12g
4.Based on the chart, which of the following trends can be seen in the solubility of gaseous
substances?
A.Solubility increases as temperature increases
B.Solubility increases as temperature decreases
C.Solubility decreases as temperature decreases
D.Solubility doesn’t depend on temperature
5.What is the percent composition by mass of nitrogen in hydrazine? (N2H4)
A.88%
B.90%
C.100%
D.85%

6.What is the molarity of an HCl solution which contains 4 moles of HCl in 5 liters of water?
A.1M
B.0.80M
C.0.60M
D.0.85M
7.How many more moles should be added to 500mL of a .40M solution to achieve a new
concentration of 0.50M?
A.0.05mols
B.0.20mols

C.0.25mols
D.0.10mols
8.What is the molality of a solution which contains 4 moles of solute in 4kg of solvent?
A.1m
B.3m
C.4m
D.2m
9.What is the ppm of a solution which contains 0.033g of solute in 500g of solution?
A.86ppm
B.76ppm
C.66ppm
D.56ppm
10.What is the ppb of the above solution?
A.56,000ppb
B.86,000ppb
C.76,000ppb
D.66,000ppb
11. How many moles of solute are contained in 50mL of solution that has a concentration of
5M?
A.0.25 moles
B.0.50 moles
C.250 moles
D.10 moles
12. How many kg of solvent are there in a solution with a molality of 6m and contains 2.0 moles
of solute?
A.0.50kg
B.0.10kg
C.0.33kg
D.0.20kg
13. Which of the following is insoluble in water?
A.NaCl
B.AgCl
C.H2SO4
D.MgCrO4
14. What happens to the boiling and freezing points of a solution as soluble solute is added?
A.Boiling point decreases and freezing point increases

B.They both increase
C.They both decrease
D.Boiling point increases and freezing point decreases
15.Which of the following are true of colligative properties?
A.The depend on the identity of the solute
B.The depend on the identity of the solvent
C.They depend on the number of particles in solution
D.None of the above
16.Which of the following compounds would lead to the highest change in boiling point of a
solution?
A.MgCl2
B.KOH
C.NaNO3
D.HC2H3O2
17.Which of the following isn’t a colligative property?
A.Osmotic pressure
B.Vapor pressure lowering
C.Boiling point depression
D.Freezing point depression
18.1.5 mols of solute are dissolved in 200g of solution, which has a normal freezing point of
27℃. What is the new freezing point of this solution?(Kf=2.0℃/m)
A.15℃
B.12℃
C.20℃
D.30℃
19.What is the new boiling point of the above solution if the boiling point of pure solvent is
112℃?(Kb=1.75℃/m)
A.140℃
B.130℃
C.110℃
D.125℃
20. What is the percent by mass of carbon in octane?(C8H18)
A.84.2%
B.80.5%
C.87%
D.88.3%

21. What is the equilibrium concentration of the chloride ion in a solution of silver
chloride?(Ksp=1.77*10-10)
A.5.56*10-5M
B.1.33*10-5M
C.2.14*10-6M
D.9.45*10-4M
22.What will happen to the solubility of silver chloride as more chloride ions are added to the
solution?
A.Only temperature can affect solubility
B.There will be no change.
C.It will increase
D.It will decrease
23. What is the equilibrium concentration of the hydroxide ion in a solution of magnesium
hydroxide? (Ksp=5.61*10-12)
A.1.41*10-7M
B.1.12*10-4M
C.2.24*10-4M
D.7.51*10-4M
24.Which of the following factors don’t determine the solubility of a compound in water?
A.Molecular polarity
B.Temperature
C.The presence of radioactive elements
D.Whether the mixture is stirred or not
25.Which of the following is most likely to be insoluble in water?
A.Heptyne
B.Magnesium chloride
C.Potassium nitrate
D.Lithium hydroxide

Short Answer:
1.Write the reaction responsible for ocean acidification. What happens to the pH of the water as
more gas is added?(10 points)

2.What forces must be overcome to form a solution? What is responsible for a solution being
formed even if the process is endothermic?(11 points)

3.Why must a soda can be pressurized and kept in cool temperatures in order for it not to
explode?(11 points)

4.Identify each of the following as soluble or insoluble compounds in water.(1 point each)
a)NaCl
b)KNO3
c)Na2S
d)Mg3(PO4)2
e)NaHCO3
f)CaSO4
g)PbCl2
h)LiClO3
i)Mg(OH)2
j)BaS
k)Mg(NO3)2
5. What is the change in vapor pressure of a solution where 30g of sodium chloride is dissolved
in 200mL of water? The vapor pressure of pure water is 57.74torr at 39.8℃(10 points)

6. What is the molar solubility of Cu(OH)2 given that it’s Ksp is 4.5*10-21?(10 points)

7. 50g of LiOH and 30g of K3PO4 are added to a 500mL beaker filled with water. What will be
the first precipitate formed upon the addition of the Cu2+ ion?(The Ksp of Cu(OH)2 is 4.5*10-21 and
the Ksp of Cu3(PO4)2 is 1.40*10-37)(10 points)

8.A solution of potassium acetate has a concentration of 0.534M. It’s density is 1.0745g/mL.
What is the molality and ppm of the solution?(10 points)

9.Calculate the osmotic pressure of 0.89m sodium chloride dissolved in water at 25℃.(Assume
that the addition of the NaCl doesn’t change the volume of the solution)(10 points)

Periodic Table:

