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CHEM 110 Final Exam - Practice Test 1 Solutions  
 
 
1C  
Given all the ions present in solution, we need to see which combinations would form an 
insoluble ionic compound. According to the solubility rules CaCO3 is insoluble and will 
likely form a precipitate. Thus the remaining two ions, sodium and chloride, are the 
spectator ions that do not participate in the reaction. 
 
 
2D 
For this type of titration problem we can easily solve by using the equation : 

 
MAVANA = MBVBNB 

 
Remember that often N is just equal to one, but in this case NB = 2 because the base has 
two hydroxides (NA = 1 and always will). Since we’re looking to solve for the 
concentration of the acid, MA, we write: 
 

€ 

MA =
MBVBNB

VA

=
(0.2657)(35.65)(2)

50.00
= 0.3789M

 
 
 
 
3A 
For this problem we need to add together the heats of formation for the reactants and 
subtract the sum from the heats of formation for the products, making sure that we 
multiply each value by the corresponding stoichiometric coefficient, as the equation 
below shows: 

ΔHRxn  = ∑mΔHf (products)-  ∑nΔHf (reactants) 
    

€ 

[4(90.3) + 6(−241.8)]− [4(−45.9)] = −906kJ  
 
Note that we do not include oxygen since the heat of formation is zero for any pure 
element. 
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4A 
This is a long question to solve, with lots of places to potentially make careless 
calculation errors, so be careful. First we need to draw lewis structures for the molecules 
so that we can assess which bonds are present. Since the bonds present on each side of 
the reaction are so different from each other we can’t really use the short-cut of 
eliminating like bonds on each side. Instead it will be wiser to just add up all the bond 
dissociation energies for each bond on both sides of the reaction. 
 
The bonds present in each molecule are as follows: 
 
C2H5OH : 1 C-C bond, 1 C-O bond, 5 C-H bonds, 1 O-H bond = 3234 kJ 
O2 : 1 O=O double bond = 495 kJ 
CO2 : 2 C=O double bonds = 1598 kJ 
H2O : 2 O-H bonds = 926 kJ 
 
We can then calculate heat of reaction using the equation below (taking into account the 
stoichiometry): 
 

ΔHRxn= ∑D (reactants)-  ∑D (products) 
 
  = [2(3234) + 7(495)] – [4(1598) + 6(926)] = -2015 kJ 
 
 
5B 
In order to get our target reaction, we must modify the three reactions given as follows: 
 
The first reaction is to be left alone, so its ΔH remains -622.2 kJ 
The second reaction must be doubled, so its ΔH becomes (2 x -285.8) = -571.6 kJ 
The third reaction must be flipped and doubled, so it becomes (-1 x 2 x -187.8) = 375.6kJ 
 
When the modified reactions are added together they become our target equation, and so 
we can get the overall ΔH by adding together the modified ΔH’s to get -818.2 kJ.  
 
 
 
6A 
This is an annoying way of testing your knowledge of solubility rules. If a reaction occurs 
it is because two ions have come together that are insoluble and so they drop out of 
solution as a precipitate (which just means a solid compound forming from a solution). 
The best way to look at this is to imagine you have all four ions present from the two 
solutions: 

Ca2+, Br-, K+, CO3
2- 

By looking at solubility rules we can see that CaCO3 is insoluble and so it will form a 
precipitate. 
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7C 
The fastest way to complete these problems is to follow the metals on both sides. For part 
A, Ag becomes oxidized to Ag+. In b) Pb is oxidized to Pb +. In c) Fe stays 3+ on both 
sides. In part d) Sr is oxidized to Sr 2+. Obviously C is the answer.  
 
 
 
8D 
The problem is best solved using the equation for diluting solutions: M1V1 = M2V2, 
where the initial concentration we’re looking for is M1. The solution is diluted from 5 mL 
to 27 mL, and so these are the initial and final volumes, respectively. The 10 mL sample 
is not needed to solve this problem and is just given to confuse you. Thus we can solve as 
follows: 

 

€ 

M1 =
M2V2
V1

=
(0.61)(0.027)
(0.005)

= 3.294M  

 
 
9C 
Remember that “Like Dissolves Like”. Since water mainly relies on H-bonding, we 
should expect our answer choice to do the same. The closest answers are (c) and (d) 
which both use H-bonding. However, since (d) is also used to a 4-carbon non-polar chain 
(which it will not get in water) it will not dissolve as well as (c) which only has a 1-
carbon non-polar region. So (c) is the best choice. 
 
 
10D 
Lets find how many moles 73 grams represent.  73 grams/(12*6 + 12*1+ 6*16) = 0.41 
moles. So for every 0.41 moles 732 kJ are released.  
So 3 moles/0.41 moles = 7.39 *-732 = -5415 kJ. 
 
 
11A 
The balanced reaction looks as follows: 

C5H12(g) + 8 O2(g) → 5 CO2(g) + 6 H2O(g) 
 
 
12E 
In the first solution there are (0.05L)(0.1M) = 0.005 moles of HCl which means 0.005 
moles Cl-.  
In the second solution there are (0.01L)(0.2M) = 0.002 moles of NaCl which means 
0.002 moles of Cl-. 
Adding these two solutions gives us 0.007 moles of Cl- in a 0.06 L solution. The new Cl- 
concentration is (0.007moles)/(0.06L) = 0.117 M. 
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13A 
The eqn for osmotic pressure is as follows: 

atmiMRT  7.36==Π  
The van’t Hoff factor, i, represents the ions that break into solution, in this case the 
molecule breaks up into 3 ions, so i = 3. Also remember that temperature must be in K 
(298 K). 
 
 
 
 
14B 
Percent yield is (actual yield)/(theoretical yield) * 100. The actual yield is given as 3.6 
grams. First find the limiting reagent. 
 
7.73g H2O*(1 mole H2O/18 grams H2O)*(3 moles MgO/ 3 moles H2O) = 0.43 mol MgO  
 
3.82g Mg3N2*(1moleMg3N2/100.92gMg3N2)*(3 moles MgO/1moles Mg3N2) = 0.114 
mol MgO  
 
Mg3N2 is the limiting reagent, so we know 0.114 moles MgO is produced.  
This gives the following mass:  
(0.114moles MgO)*(40.31grams MgO/1 mole MgO) = 4.595 grams MgO.  

 
(3.6grams/ 4.595grams) x 100% = 78.7% yield MgO 

 
 
 
15E 
We are looking for the mass the CFC. We know that qsys= mΔHvap.  
ΔHvap is given, and we know qsys = - qsurr. We can calculate the qsurr by examining the 
water freezing. The water starts at 18°C. So it must first be cooled, then frozen. There are 
2 steps in this case.  

q1= mcΔT = (100g)(4.184J/gK)(-18°C) = -7531.2 J 
q2= -mΔHfus=(100g)(334J/g) =  -33400 J 

 qsurr = - 40931.2 J 
So qsys = - qsurr    qsys= 40931.2 J.  Finally we can calculate the mass using qsys= mΔHvap.  
m= qsys/ΔHvap= 40931.2 J / 289J/g = 142 g CFC!! 
 
 
 
16D 
(54g CH4)*(1moleCH4/16g CH4)*(1mole CO2/ 1 mole CH4) = 3.375 moles CO2  
3.375 moles of product means the total heat released is 3.375 * (-1386.4 kJ) = -4679.1 kJ 
released.  
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17A 
ppm is simply the mass (or volume, or moles) of the solute divided by the entire mass and 
then multiplied by a million: 

ppm 1900
g 5

 0095.0
=

g = 1.9 x 103 ppm 

Remember to make sure that all values are in the same units before calculating. 
 
 
 
18) 18378.3 kJ 
Three steps in this endothermic process.  
 q1 = mC∆T = (340.2g)(1.07J/gK)(-1 - -4) =1.092 kJ 
 q2 = mΔHfus = (340.2 g)(54 kJ/g) = 18370.8 kJ 
 q3 = mCΔT = (340.2 g)(3.77 J/gK)(4 - -1) = 6412.77 J 
q = (1.092 kJ + 18370.8 kJ + 6.41277 kJ) = 18378.3 kJ.   
 
 
 
19C 
The lowest boiling for a solution is a colligative property and so depends on the amount 
of solute dissolved in solution. Specifically, the lowest boiling point will be the solution 
with the fewest moles of solute. Remember that we have to take the molality values and 
multiply them by the number of ions that each molecule will dissociate into. The smallest 
number we get is for (c) which remains at 3.0 since C2H5OH is not ionic and doesn’t 
dissociate very well in solution.  
You should also realize that since C2H5OH has the fewest moles it will also have the 
highest freezing point.  
Also, had the question been asking for the lowest freezing, or highest boiling point, then 
the correct answer would have been the solution with the greatest number of moles, 
which is (b). 
 
 
 
20B 
Let’s set up and balance the combustion equation: 
  2C8H18+ 25O2 à 16CO2 + 18H2O 
So 0.2 liters per mile means we burn 40 liters in this trip. Then we can calculate the mass 
by using the density, m = (40L)*(703g/L) = 28120g Octane.  
 
(28120g C8H18)*(1 mol C8H18 / 114 g C8H18)*(16 mol CO2/ 2 mol C8H18) = 1.97x103 mol 
CO2 
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21B 
Break the reaction into components showing the oxidation numbers on each element.  
 

𝐶𝑢! + 2𝐴𝑔! + 2𝑁𝑂!! → 2  𝐴𝑔! + 𝐶𝑢! + 2𝑁𝑂!! 
 
Cancel out the components that are the same on both sides of the reaction and write down 
the redox reactions.  
 

Oxidation:  𝐶𝑢! → 𝐶𝑢! + 2𝑒! 
𝑅𝑒𝑑𝑢𝑐𝑡𝑖𝑜𝑛:  2𝐴𝑔! + 2𝑒! → 2𝐴𝑔! 

 
The oxidizing agent is the reactant that allows for oxidation to occur. Oxidation can only 
occur simultaneously with reduction. So the key point here is to realize that the species 
being reduced is IN the REACTANT that is the oxidizing agent. Since Ag is being 
reduced, AgNO3 is the oxidizing agent.  
 
 
22D  
For this we want to use the dilution equation for calculating molarity with respect to 
volume: 
   M1V1 = M2V2 
Please see the supplement for more info on using this equation. 
To solve this question, we must find the volume of the resulting solution that has K+ 
concentration of 0.5 M. 
However, before we start plugging in values we must make sure that the concentrations 
for M1 and M2 are for the same molecule or ion. The problem we have is that the initial 
concentration of 2.5 M is for K2SO4 but the final concentration of 0.5 M is for K+. To 
remedy this we can change the initial concentration of 2.5 M K2SO4 to 5.0 M K+ since 
there are two K+  ions for every one K2SO4 molecule. 
Now we plug in the values: 

mLV  500
5.0

0.500.5
2 =

×
=  

So the new solution must have volume 500 mL. However, this is not the answer since 
they ask how much must be added, not how much will the volume actually be. Instead, 
we will need 450 mL more water to get from 50 mL to 500 mL. 
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23C 
Determine which ions are not present in the net ionic equation, these are the spectator 
ions. Start by determining the full molecular equation by using the solubility table.  
 
𝐹𝑢𝑙𝑙  𝑀𝑜𝑙𝑒𝑐𝑢𝑙𝑎𝑟:   𝑁𝐻! !𝐶𝑂!   𝑎𝑞 + 𝑆𝑟 𝑂𝐻 !   𝑎𝑞 → 𝑆𝑟𝐶𝑂!   𝑠 + 2  𝑁𝐻!𝑂𝐻(𝑎𝑞) 
𝐹𝑢𝑙𝑙  𝐼𝑜𝑛𝑖𝑐: 2𝑁𝐻!!   𝑎𝑞 + 𝐶𝑂!!!   𝑎𝑞 + 𝑆𝑟!! 𝑎𝑞 + 2𝑂𝐻! 𝑎𝑞 → 

𝑆𝑟𝐶𝑂! 𝑠 + 2𝑁𝐻!!   𝑎𝑞 + 2𝑂𝐻! 𝑎𝑞  
𝑁𝑒𝑡  𝐼𝑜𝑛𝑖𝑐:  𝐶𝑂!!!   𝑎𝑞 + 𝑆𝑟!!(𝑎𝑞) → 𝑆𝑟𝐶𝑂!(𝑠) 
 
Notice that NH4+ and OH- are the same on both sides. This means they did nothing in 
the reaction except watch (spectate). They are omitted from the net ionic and are the 
spectator ions. 
 
 
24A 
The only equation associated with freezing point is: ΔT = i  x  Kf   x  m 
We don’t need to include i because this is a non-electrolyte. Our best chance of solving 
for molar mass is to try to get the number of moles of the solute from the molality, m. 
We can rewrite the eqn more specifically to show: 

molmol

kg
molKT f

05.1
86.1

35.058.5
K

 waterkgT  solute 

 water
solute 

f

=
×

=
×Δ

=

×=Δ

 

Lastly, we calculate molar mass by using the mass value given for the solute, 25 g: 
 Molar mass = 25 g / 1.05 mol = 23.8 g/mol 
 
 
 
25E 
For neutralization problems, plug the values into the following equation. 
 

𝑁!𝑀!𝑉! = 𝑁!𝑀!𝑉! 
1 0.5𝑀! 10𝑚𝐿! = (2)(0.25𝑀!)(𝑉!) 

𝑉! = 10𝑚𝐿 
 
 
Take note that this equation suggests that the moles of H would be equal to the number of 
moles of OH at neutralization.  

𝑁! =
𝑚𝑜𝑙𝑒𝑠  𝐻

1  𝑚𝑜𝑙𝑒  𝐴𝑐𝑖𝑑 
 

𝑁!𝑀!𝑉! = 𝑁! ∗𝑚𝑜𝑙𝑒𝑠  𝑜𝑓  𝐴𝑐𝑖𝑑 = 𝑀𝑜𝑙𝑒𝑠  𝑜𝑓  𝐻 
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26E 
Like Dissolves Like. 
Octane is a hydrocarbon, non-polar and therefore used to dispersion forces. Only (d) and 
(e) are non-polar and of the two (e) is by far the closest in design to octane considering it 
has a 6-carbon non-polar chain. 
 
 
 
27A 
 
When facing a problem that refers to solutions and a change in boiling point, you should 
immediately refer to: 

Δ𝑇! = 𝐾!𝑚  𝑖   
 
DO NOT forget the Van Hoff Factor i. Remember that  

𝑖 = 𝑛𝑢𝑚𝑏𝑒𝑟  𝑖𝑜𝑛𝑠  𝑠𝑜𝑙𝑢𝑡𝑒  𝑑𝑖𝑠𝑠𝑜𝑙𝑣𝑒𝑠  𝑖𝑛𝑡𝑜 
 
We already know 

Δ𝑇! = 101.56− 100 = 1.56  𝑎𝑛𝑑  𝐾! = 0.51 
 

 
With this, we can solve for 

𝑚𝑖 = !!!
!!

= !.!"
!.!"

= 3.06. 
 

Now we must find the answer choice that matches 𝑚𝑖 = 3.06. 
 
For Answer choice (a)  

𝑚 = 1.02,𝑎𝑛𝑑  𝑖 = 3  𝑠𝑜  𝑚𝑖 = 3.06 
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28C 
 
First determine and balance the reaction. When dealing with the formation of a 
compound with no given reaction, assume the reactants as the constituent elements in 
their elemental form. 
 

𝑁! + 4𝐻! → 2𝑁𝐻! 
 
We want to determine the Hf of NH3: 
 

Δ𝐻°!"# = Σ𝐻!!"#$%&'( − Σ𝐻!!"#$%#&%'   
The Σ𝐻!!"#$ = 0 because they are all in their elemental form. So Δ𝐻°!"# = Σ𝐻!!"# 
 
We must determine Δ𝐻°!"# with the bond enthalpies.  
 

H!!"! = Δ𝐻°!"# = Σ 𝑟𝑒𝑎𝑐𝑡𝑎𝑛𝑡  𝑏𝑜𝑛𝑑𝑠 − Σ(𝑝𝑟𝑜𝑑𝑢𝑐𝑡  𝑏𝑜𝑛𝑑𝑠)   
 
So draw the Lewis structures, determine how many and which types of bonds are present, 
then finally, plug the bond values into the equation above.  
 
Σ 𝑟𝑒𝑎𝑐  𝑏𝑜𝑛𝑑𝑠 = 1  𝑁 ≡ 𝑁 + 4 1  𝐻 − 𝐻 = 1 1 ∗ 910 + 4 1 ∗ 421 = 2594  𝑘𝐽 
Σ 𝑝𝑟𝑜𝑑𝑢𝑐𝑡  𝑏𝑜𝑛𝑑𝑠 =   2 4  𝑁 − 𝐻 = 2 4 ∗ 347 = 2776  𝑘𝐽 
 
Finally: 
 
Δ𝐻°!"# = 2594− 2776 =   −182  𝑘𝐽       
 
The  Δ𝐻°!"# pertains to 2 moles of NH4 being produced (based on the balanced reaction.) 
To determine the Hf for just 1 mole of NH4, divide the Δ𝐻°!"#  by 2.    
 

H! =
Δ𝐻°!"#
2 =   −

182  𝑘𝐽
2  𝑚𝑜𝑙𝑒𝑠 =   −91

𝑘𝐽
𝑚𝑜𝑙𝑒 
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CHEM 110 Final Exam – Practice Test 2 Solutions 
 
1C 
The standard balanced equation for the combustion reaction (which always has CO2 and 
H2O as products) looks like: 

2 C6H14  +  19 O2  →  12 CO2  +  14 H2O 
Since we have only one mole of hexane (instead of two) we will need half the amount of 
oxygen, so 9.5 moles of O2. 
 
 
 
 
2D 
Since neither reactant is said to be in excess, we must first decide what the limited 
reactant is before determining the max yield. To do this we start by converting all mass 
values to moles: 

mols
g

molOHg

mols
g

molg

289.0
015.18

1 21.5

140.0
636.89

1SrH 52.12

2

2

=×

=×
 

We could determine the limiting reactant the conventional way by calculating the 
maximum amount of product we can get from the perspective of each reactant, however 
it’s possible to quickly recognize that according to the balanced reaction if we use all 
0.140 moles of SrH2 we will need double the number of moles of H2O, which is 0.280, 
and we have 0.289 moles of H2O. So, it turns out that SrH2 is the limiting reagent, since 
there would be some H2O left over if we used up all of the SrH2. 
The next step is to figure out how much H2 we can get when we use up all of our limiting 
reagent, the 0.140 moles of SrH2/: 

g
mol

gmols
mol
mols

mols 564.0
 H1

016.2 H280.0
SrH 1
 H2

SrH 140.0
2

2
2

2
2 =×=×  

 
 
3E 
For this type of titration problem we can easily solve by using the equation MAVANA = 
MBVBNB. 
Remember that often N is just equal to one, as is the case for both the acid and the base in 
this problem. Since we’re looking to solve for the concentration of the acid, MA, we 
write: 

M
V
VM

M
A

BB
A 4605.0==  
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4D 
This problem talks about increasing the temperature of water and so we are dealing with 
calorimetry, and the equation q = mcΔT. But before we can use that equation to solve for 
the final temperature we first need one more variable, q, the energy that is liberated by 
burning 2.5g of the compound: 

kJkJ
g
kJg 000,1414
5.7

425.2 ==×  

Notice how for this problem I convert from kJ to J since the q = mcΔT uses that unit. 
Next we solve for final temperature: 

4.633

),(

=+=

−=

if

if

T
mc
qT

TTmcq
 

 
 
5B 
This problem requires Hess’s law to solve. We need to combine the two reactions given 
to end up with the target equation for which we need to find ΔH. 
The target equation shows 2 moles of NO2 in the reactants side. The only place we see 
NO2 is in the second reaction, but on the products side and there’s only one mole, not 
two. To fix this we need to flip the second reaction and also multiply it by 2 so that it 
looks like: 

2 NO2  →  2 NO  +  O2 , ΔH = 114.2 kJ 
Notice that the ΔH value has changed because the reaction has changed. Since the 
reaction was flipped, the sign was flipped, and since we multiplied the reaction by two, 
we do the same to the ΔH. 
Next, notice that the target equation has one mole of N2O5 on the products side, and we 
can only find N2O5 in the first reaction just on the reactants side. So we simply flip the 
first reaction, and we flip the sign of the ΔH value too to get: 
 2 NO  +  3/2 O2  →  N2O5 ,  ΔH = -223.7 kJ 
Lastly, we add the two reactions together and end up with the target equation after we 
cancel out any molecules that are on both sides. We also can then add together the two 
new ΔH values to get the total ΔH for the target reaction: 114.2 + (-233.7) = -109 5 kJ. 
 
 
6B 
To answer this problem we need to track the oxidation numbers for every element in each 
compound as they go from reactants to products: 

KClO3 (aq)  +  HBr (aq)  →  Br2 (l)  +  H2O (l)  +  KCl (aq) 
+1 +5 -2         +1 -1       0  +1 -2  +1 -1 

Remember to check the rules for calculating oxidation numbers. 
Notice that Cl goes from +5 to -1, which means it has gained 6 electrons and was 
reduced.  
Notice, more importantly for this problem, that Br goes from -1 to 0, which means that it 
lost 1 electron, and thus HBr was oxidized. 
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7B 
To set this up we need to use calorimetry’s energy conservation equation: qsys = -qsurr. 
Let the unknown compound be the system, and the water the surroundings: 

8.28
)]0.25(184.40.40[)108(803.00.10

=

−××−=−××

=

f

ff

surrsys

T
TT

qq

 

 
 
8E 
When dealing with percent yield you usually need to find the theoretical yield first, as is 
the case for this problem. To do this, we first need a balanced equation: 

H2  +  F2   →  2HF 
Next we convert from mass to moles and then we determine the amount of moles of HF 
we could have gotten, which we then convert to mass: 

 HF5.319
 HF1

006.20
 H1mol
 HF2

016.2
1 H1.16

2
2 g

mol
gmol

g
molg =×××  

Now we just plug in the theoretical yield of 319.5 g into the percent yield equation: 

 %94%100
5.319

300% =×=Yield  

 
 
9E 
The products of the reaction can be predicted using the solubility rules:  

Ba(NO3)2 (aq)  +  Na2CO3(aq)   →    BaCO3 (s)  +  2 NaNO3 (aq) 
This shows that Na+ and Cl- are always in aqueous form and thus are spectator ions. 
 
 
10B 
The best way to predict solubility is to follow the rule “like dissolves like”. 
With that in mind, we should recognize that water is dominated by hydrogen bonding, 
and so our best candidates will also have H-bonds. Of the options, choices 1 and 2 both 
have H-bonds, but option 2 also has a long 4-carbon nonpolar chain. This means that 
option 1 likes having H-bonds as well as a 4-carbon nonpolar region interaction, which it 
will not get when dissolved in water. So, of the two options, option 1 is less suited to be 
dissolved in water since it will not get the long nonpolar chain interaction that it’s use to 
getting.  This makes option 2 the most soluble, followed by option 1. After that, we have 
option 3 which despite not having H-bonds, is still polar and therefore closer to water’s 
intermolecular forces than butane, which is clearly a nonpolar hydrocarbon that has 
completely different intermolecular forces than water. 
 
 
11B 
Based on the solubility rules provided on your data sheet, CaSO4 is insoluble and will not 
dissolve in water. 
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12C 
When you’re given the different ΔHf values for each reactant and product we need to use 
the equation: 

ΔHRxn  = ∑mΔHf (products)  -  ∑nΔHf (reactants)  
     

kJ4.130]2)4.900()6.986[(]2)285()2346[( −=×−+−−×−+−=   
 
 
13A 
We are first gonna need a balanced reaction before we can determine exactly how many 
of each bond is present: 

CH4  +  2 O2   →   CO2  +  2 H2O 
If we draw the correct Lewis structures we’ll find the following bonds present: 
Reactants: 4 C-H, 2 O=O, which when we add the values from the table gets 2642 kJ 
Products: 2 C=O, 4 O-H, which when we add the values from the table gets 3450 kJ 
Lastly we combine the energy values for reactants and products using the following 
equation: 

ΔHRxn  =  ∑D (reactants)   -   ∑D (products)   =   -808 kJ 
 
 
 
 
14E 
The lowest freezing point (and highest boiling point) typically belong to the solution with 
the greatest number of moles of solute. The corresponding number of moles for each 
answer is as follows: 

(a) 0.2 x 2 = 0.4 moles 
(b) 0.2 x 3 = 0.6 moles 
(c) 0.2 x 1 = 0.2 moles 
(d) 0.2 x 2 = 0.4 moles 
(e) 0.2 x 4 = 0.8 moles 

Thus answer (e) will have the lowest freezing point. 
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15D 
 
This problem is can be very deceiving. Way too much information is given. The fact that 
we have 1 L of stock solution is irrelevant. Recall molarity is calculated by moles/L. Also 
remember that molarity is consistent throughout the solution. If I take a random sampling 
of the stock solution, it will have the exact same molarity. Do not confuse molarity with 
the number of moles though. This random sampling of the stock solution will also have a 
random amount of moles depending on the volume and molarity. So 0.05L of the stock of 
0.346 M is how many moles?  
 
 n/V = M, n = VM = (.346) x (.05) = 0.0173 moles.  
 
This number of moles would then be diluted into a new volume, but we are looking for 
moles not molarity. Finally, notice that for every mole of K2O, there are 2 moles of K. So 
moles of K will be 2 x (0.0173) = 0.0346  
 
 
 
16C 
 
This is an unusual question, and is certainly not the norm when it come to 
freezing/boiling point questions. 
 
Assume the normal boiling and freezing points of the solution are 100°C and 0°C. Then 
use the equation on the sheet ∆Tb=Kbm. This is also ∆Tf=Kfm, where f is freezing and b 
is boiling. ∆T is calculated by (Tfinal–Tinitial) Use the information given to find m then 
solve for ∆Tf.  
 
 ∆Tb = (60 - 100) = Kb(.32)m.  
   m = - 125  
 
Now  
 ∆Tf = Kf (2.31)m = -288.75 
 
Assuming the initial freezing point was zero, we get -288.75°C as the freezing point.  
 
Note that we neglected to convert into kelvin. This would have been redundant because 
we are finding differences so the addition would have canceled out.  
Also note we solved for a negative number for m. Usually this is a bad thing to do, but in 
this situation it is necessary to determine the correct direction in which the temperature 
change takes place.    
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17A 
This is a much trickier version of the standard titration problems you have encountered. 
Once you balance the equation it shows that we need 2 moles of HCl for every 1 mole of 
K2CO3. So first we must determine how many moles of K2CO3 we have and then how 
many moles of HCl we need: 

  HCl0155.0
 K1mol

 HCl2
204.138

1 K068.1
32

32 mol
CO

mol
g

molCOg =××  

Next we calculate molarity by dividing moles by volume: 

 M
L
molM HCl 66.0

02355.0
0155.0

==  

 
 
 
18D 
 
The formula for osmotic pressure is given on the equation sheet as π = (n/V)RT. You are 
given in this problem π, R, T, and V. So solve for n. (n= πV/RT). Be sure to convert into 
SI units. This will yield the moles of pepsin we have. To find the molar mass, dived the 
mass we have by the moles.  
 
Π = 1.632 mmHg/760 = 0.002147 atm.  
R is (0.08206), 
T is 273 + 27 = 300 kelvin,   
V is 0.3 L.  
 
So  
 [(0.002147)(0.3)]/[(0.08206)(300)] = 2.62 × 10-5 moles.  
 
The molar mass is then calculates by 
  
 (0.9g)/(2.62 × 10-5moles) = 3.44 × 104 g/mol.  
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19F 
 
(Kf for water is 1.86°C/m) 
 
When facing a problem that refers to solutions and a change in freezing point, you should 
immediately refer to: 

Δ𝑇! = 𝐾!𝑚  𝑖   
 
DO NOT forget the Van Hoff Factor i. Remember that  

𝑖 = 𝑛𝑢𝑚𝑏𝑒𝑟  𝑖𝑜𝑛𝑠  𝑠𝑜𝑙𝑢𝑡𝑒  𝑑𝑖𝑠𝑠𝑜𝑙𝑣𝑒𝑠  𝑖𝑛𝑡𝑜 
 
We already know 

Δ𝑇! = 0− −2 = 2 
𝐾! = 1.86 
  𝑖 = 3 

So solve for m: 

𝑚 =
Δ𝑇!
𝐾!𝑖

=
2

1.86 ∗ 3 = 0.358
𝑚𝑜𝑙𝑒𝑠  𝑠𝑜𝑙𝑢𝑡𝑒
𝑘𝑔  𝑠𝑜𝑙𝑣𝑒𝑛𝑡  

           
We can now solve for the moles of solute knowing that we have 1 mole of solvent 
(.018kg) and the molar mass of CaCl2. 
 
0.358!"#$%  !"#$%&

!"  !"#$%&'
∗ 0.018  𝑘𝑔  𝑠𝑜𝑙𝑣𝑒𝑛𝑡 ∗ ! !".! !! !".!" !  !"!!!

!  !"#$  !"!!! !"#$%&
= 0.716  𝑔  𝐶𝑎𝐶𝑙!     

 
 
 
20C 
Since phosphorus doesn’t have a consistent oxidation number, we have to analyze the 
oxidation number for all the elements and set their sum equal to the charge of the ion: 

P        O4         3- 
x  +  -2(4)  =  -3,  so we can solve for x = +5 

Thus the oxidation number for P is +5. 
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21B 
Write the reaction and balance it.  

𝑀𝑔 + 𝑂! + 𝐻! → 𝑀𝑔 𝑂𝐻 !   
 
This is a Hess’s law problem. We must use the partial reactions to create the overall 
reaction. Start with the furthest left reactant and determine which partial reaction contains 
that specimen. If only one partial reaction contains the specimen, it must be used to 
obtain the overall reaction. If that reactant is in more than 1 partial reaction, skip it and go 
onto the next reactant. Once a partial reaction is used, cross is off and do not use it again. 
Remember that any manipulations done the reaction must also be done to the  Δ𝐻°!"#. 
Below is the solution: 

Reactants: Products: Δ𝐻°!"# 
Mg + (1/2) O2 MgO (1/2) (-452) 

(1/2) O2 + (1/2)H2 OH (1/2)(-771) 
MgO + OH + (1/2) H2 Mg(OH)2 (-1/2) (321) 
Sum: Mg + O2 + H2 Mg(OH)2 -722 kJ 

 
 
22E 
 
We know:  

𝑀!"#$%&"' =
𝑚𝑜𝑙𝑒𝑠!"#$%&
𝐿𝑖𝑡𝑒𝑟𝑠!"#$%&"'

   

 
Find the moles of the solute: 
 

𝑚𝑜𝑙𝑒𝑠!"#$%& = 𝑀𝑉 = 1.25 ∗    .01 = 0.0125  𝑚𝑜𝑙𝑒𝑠  𝐿𝑖!𝐶𝑂! 
 
Now convert to mass of Li+ 

0.0125  𝑚𝑜𝑙𝑒𝑠  𝐿𝑖!𝐶𝑂! ∗
2  𝑚𝑜𝑙𝑒𝑠  𝐿𝑖!

1  𝑚𝑜𝑙𝑒  𝐿𝑖!𝐶𝑂!
∗
6.941  𝑔𝑟𝑎𝑚𝑠  𝐿𝑖!

1  𝑚𝑜𝑙𝑒  𝐿𝑖! = 0.174  𝑔  𝐿𝑖! 
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23A 
First determine the amount of energy required to heat the water, and then to boil it. 
 
𝑞 = 𝑞! + 𝑞! 

𝑞! = 𝑚𝐶Δ𝑇 = 216𝑔 4.184
𝐽
𝑔°𝐶 100− 25 = 67.78  𝑘𝐽 

𝑞! = 𝑚Δ𝐻!"# = 12  𝑚𝑜𝑙𝑒 40.66
𝑘𝐽
𝑚𝑜𝑙 = 487.92  𝑘𝐽 

𝑞!"! = 555.4  𝑘𝐽      
 
This energy must have all come from the combustion of the propane, so we can say: 

𝑞!"! =   −𝑞!"##             𝑎𝑛𝑑            𝑞!"## = 𝑞!"#$ =   −555.7  𝑘𝐽   
                    

𝑞!"#$ = 𝑚Δ𝐻!"#$                                   −555.7  𝑘𝐽 = 𝑚   −555.7
𝑘𝐽
𝑚𝑜𝑙𝑒  

 
So m=1 mole of propane which is 54g need to combust.  
 
 
24D 
Write the reaction and determine which the limiting reagent. The maximum amount of 
Carbon dioxide produced is the amount produced by the limiting reagent. 
             
Reaction: 

𝐶!𝐻!" + 14𝑂! → 9𝐶𝑂! + 10𝐻!𝑂   
 

320𝑔  𝐶!𝐻!" ∗
1𝑚𝑜𝑙𝑒  𝐶!𝐻!"
128  𝑔  𝐶!𝐻!"

∗
9  𝑚𝑜𝑙𝑒  𝐶𝑂!
1  𝑚𝑜𝑙𝑒  𝐶!𝐻!"

∗
44  𝑔  𝐶𝑂!
1𝑚𝑜𝑙𝑒  𝐶𝑂!

= 990  𝑔  𝐶𝑂! 

 

117𝑔  𝐶!𝐻!" ∗
1𝑚𝑜𝑙𝑒  𝑜!
32  𝑔  𝑂!

∗
9  𝑚𝑜𝑙𝑒  𝐶𝑂!
14  𝑚𝑜𝑙𝑒  𝑂!

∗
44  𝑔  𝐶𝑂!
1𝑚𝑜𝑙𝑒  𝐶𝑂!

=   103.4  𝑔  𝐶𝑂! 

 
 
25B 
Write the reaction: 

𝐶!𝐻!"𝑂! + 12𝑂! → 6𝐶𝑂! + 6𝐻!𝑂 
 
Now plug the values into this equation. 
 

Δ𝐻°!"# = Σ𝐻!!"#$%&'( − Σ𝐻!!"#$%#&%' 
 

Δ𝐻°!"# = 6 −400 + 6 −300 − −1200 =   −3000  𝑘𝐽   
 
The answer is positive because the question asked about the magnitude of energy, not the 
change of energy. Keep an eye out for this! Energy cannot have a negative magnitude.  
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26E 
Break each of these into their ions: 

𝑁𝑎!        𝐶𝑂!!!        𝑅𝑏!      𝑂𝐻!        𝐿𝑖!        𝑆𝑂!!!   
𝑁𝑎!        𝑅𝑏!              𝐿𝑖!          are always soluble.  
𝑆𝑂!!!   is usually soluble.  
𝐶𝑂!!!        𝑂𝐻!   are usually insoluble.  
 
We must pick the answer choice that is an exception to 𝑆𝑂!!!  but not to 𝐶𝑂!!!      𝑂𝐻!. 
 
 
27B 
Decomposition the following reaction: 
 

𝐶!𝐻!"𝑂!   𝑔 →   6𝐶   𝑠 + 6𝐻! 𝑔 + 3𝑂! 𝑔     Δ𝐻°!"# =   −1200  𝑘𝐽     
                 
The reaction will release 1200 kJ for every 1 mole of C6H12H6 decomposed.  
 

90𝑔  𝐶!𝐻!"𝑂! ∗
1  𝑚𝑜𝑙𝑒  𝐶!𝐻!"𝑂!
180  𝑔  𝐶!𝐻!"𝑂!

∗
−1200  𝑘𝐽

1  𝑚𝑜𝑙𝑒  𝐶!𝐻!"𝑂!
=   −600  𝑘𝐽 

 
 
28 C 
This is an acid base neutralization problem. Moles of H from the acid will neutralize 
moles of OH from the base. To determine the concentration of the resultant solution, you 
must determine the moles of H and OH present before the solution is mixed: 
 
𝑀𝑜𝑙𝑒𝑠  𝐴𝑐𝑖𝑑 = 𝑀! ∗ 𝑉! =    .031  𝑚𝐿 ∗ 0.9  𝑀 =    .0279  𝑚𝑜𝑙𝑒𝑠  𝐻!𝑆𝑂! 
 

𝑀𝑜𝑙𝑒𝑠  𝐻 = 0.0279  𝑚𝑜𝑙𝑒𝑠  𝐻!𝑆𝑂! ∗
2  𝑚𝑜𝑙𝑒𝑠  𝐻

1  𝑚𝑜𝑙𝑒𝑠  𝐻!𝑆𝑂!
= 0.0558  𝑚𝑜𝑙𝑒𝑠  𝐻 

 
𝑀𝑜𝑙𝑒𝑠  𝐵𝑎𝑠𝑒 = 𝑀! ∗ 𝑉! = 0.029𝑚𝐿 ∗ 1.69  𝑀 = 0.0491  𝑚𝑜𝑙𝑒𝑠  𝑅𝑏𝑂𝐻 
 

𝑀𝑜𝑙𝑒𝑠  𝑂𝐻 = 0.0491𝑚𝑜𝑙𝑒𝑠  𝑅𝑏𝑂𝐻 ∗
1  𝑚𝑜𝑙𝑒  𝑂𝐻
1  𝑚𝑜𝑙𝑒  𝑅𝑏𝑂𝐻 = 0.0491  𝑚𝑜𝑙𝑒𝑠  𝑂𝐻 

   
 
Since there are more moles of H, the resultant solution will be acidic. The concentration 
of H in the resultant solution will be the (moles of H after neutralization)/(Liters of final 
solution).  
 

𝑀!! =
𝑚𝑜𝑙𝑒𝑠  𝐻  𝑎𝑓𝑡𝑒𝑟  𝑁𝑒𝑢𝑡𝑟𝑎𝑢𝑙𝑖𝑧𝑡𝑖𝑜𝑛

𝑇𝑜𝑡𝑎𝑙  𝑉𝑜𝑙𝑢𝑚𝑒 =
0.0558  𝑚𝑜𝑙𝑒𝑠  𝐻 − 0.0491  𝑚𝑜𝑙𝑒𝑠  𝑂𝐻

0.031+ 0.029  𝐿  
 
𝑀!! = 0.11  𝑀  𝐻! 
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29A 
Find the moles of 𝐶!𝐻!𝑁!𝑂! and convert it to moles of gas, then determine the volume.  
  
 642.41  𝑔  𝐶!𝐻!𝑁!𝑂! ∗

!  !"#$  !!!!!!!!
!!"  !  !!!!!!!!

∗ !"  !"#$%  !"#
!  !"#$  !!!!!!!!

= 20.51  𝑚𝑜𝑙𝑒𝑠  𝑔𝑎𝑠. 
 
 

𝑉 =
𝑛𝑅𝑇
𝑃 =

20.51  𝑚𝑜𝑙𝑒𝑠 ∗ 0.08206 𝑎𝑡𝑚 ∗ 𝐿
𝑚𝑜𝑙𝑒 ∗ 𝐾 ∗ 273.15  𝐾

1  𝑎𝑡𝑚 = 459.7  𝐿   


