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1. Nitric oxide is made from the oxidation of ammonia. What mass of nitric oxide can be
made from the reaction of 8.00 g NH, with 17.0 g O, given the following, unbalanced
equation? If 10. grams of NO are obtained, what is the percent yield for the reaction?

4NH, +50, — 4N O + 6H,0

1 mol NH 4molNO _
8.00 g NH; * 17403gN1;3 * Tl NH, 0.4698 mol NO

1 mol O 4molNO _
17.0g O, * 3]'9988;02 * e 0, = 0.425 mol NO

0, is the limiting reactant since it produces less NO. Calculate the mass of NO that can

be theoretically obtained:
0.425 mol NO » 2058 = 1275 ¢ NO

% yield = f35E=5z * 100% = 78% yield

2. You mix aqueous silver nitrate with aqueous aluminum chloride and a precipitate
forms! You use 200.0 g of aluminum chloride and 325 g of silver nitrate.
a. Write the balanced and net ionic equations.

34gN O, (aq) + AICL; (aq) —3A4gCl(s) + AN O,),(aq)
34g* (aq) +3NO; (aq) + AP" (ag) + 3CI (aq) —3A4gCl(s) + A" (ag) + 3N O;(aq)

34g"* (aq) + 3CI (aq) —3A4gCl(s)

b. How much solid can theoretically be produced?

This is a limiting reactant problem!

1 mol AICI 3 mol AgCl __
200.0 g AICI; * 133.34gA1c313 * Tl AICT, =4.50 mol AgCI

1 mol AgNO 3mol AgCl _
325 g AgNO; * 169.87gAgN3O3 T ol AgNO, 1.91 mol AgCl

AgNO, is the limiting reactant.
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1.91 mol AgCl+ 228280 = 274.2 g AgCl

c. After doing the experiment, you got a 92.0% yield. How many chlorine atoms
are there in the solid that you made?

2742 g AgCl % 0.92 = 252.27 g AgCl formed

1 mol AgCl Lmol CI_ . 6.02%10% atoms CI_ _ 24~
252.27 g AgCl* 73335 o ieci * Tmolagcl * — TmolCl 1.06 107 CI atoms

3. The commercial production of nitric acid involves the following reactions.
Balance them and identify which ones are redox reactions. For the redox reactions,
identify each element’s oxidation number, the oxidizing agent (OA), and the reducing
agent (RA)
4NH, (g)+50,(g) — 4NO(g) + 6H,0(g)
N: -3 to +2 (oxidized); O: 0 to -2 (reduced); OA: O,; RA: NH,
2NO(g)+ 0,(g) = 2NO,(2)
N: +2 to +4 (oxidized); O: 0 to -2 (reduced); OA: O,; RA: NO

3NO,(g) + H,O()>2HNO(aq) + NO(g)

N: +4 to +5 (oxidized); N: +4 to +2 (reduced); OA & RA are NO,

All three reactions are redox reactions!

4. An oxoacid with the formula H,E O, has a formula mass of 178 g/mol, has 13 atoms in

its formula unit, and contains 34.80% by mass, and 15.38% by number of atoms, of the
element E. What is the element E, and what is the formula of the oxoacid?

13 atoms = 0.1538 = 2 atoms of E in formula unit

Mass E in formula = 0.3480 » 18 = 61.94-£

mol



We can find the molar mass of E by dividing the mass of E in the formula by 2 since
there are 2 atoms of E.

61945 g
— =30.97-=—F must be P hosphorus

The rest of the molar mass of the compound must be for the H and O in the formula.
Mass of H& O = 178%] - 61.94%1 = 116.06%

Remember that x and z represent the number of atoms of H and O in the formula,
respectively.

# atoms H +# atoms O =13 -2 =11
x+tz=11
x(l.OOSmiol) +z(15.9994$) = 116.06%
x(1.008) + (11 —x) (15.9994) = 116.06
1.008x + 175.9934 — 15.9994x = 116.06
—14.9914x =— 59.9334

x=4s0z="7

Formula: H,P,0,

. Find AH_, for the reaction: 3C(s) + 4H,(g) (| C,H,(g). Use these reactions with known
AH.

CyHy(g)+50,(g)—3C0,(g) +4H,0(g) AH =—2043 kJ
C (s)+ 0, (g) ~CO, (g) AH =—393.5 kJ
2H, (2) + 0, (2) —>2H,0(g) AH =—483.6 kJ

We want C;H; on the products side, but in the first equation it is on the reactant side.
So, reverse the first equation (like multiplying by -1).

3C0O,(g)+4H,0 (g) —>C3H, () +50,(2) AH = 2043 kJ
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Next, we want 3 moles of C(s). So multiply the second equation by 3 to become:
3C(s)+30,(g)—3C0O,(g) AH =—1180.5 kJ

Finally, we want 4 moles of H,(g) on the reactant side. Multiply the third equation by 2.
4H, (g) + 20, (g) —4H,0(g) AH =—967.2 kJ

Finally, sum all three equations together and the corresponding enthalpy values to get:

3C(s)+4H,(g) — C,Hy(g)  AH =104.7 kJ

When 5.03 g of solid potassium hydroxide are dissolved in 100.0 mL of distilled water
in a coffee-cup calorimeter, the temperature of the liquid increases from 23.0°C to
34.7°C (density of water 1.00 g/cm?). What is the solution AH (the enthalpy for
dissolving) in k) per mole of KOH? Assume the calorimeter absorbs a negligible
amount of heat, and because of the large volume of water, that the specific heat of
the solution is the same as that of pure water (4.184 J/ g °C).
The premise here is similar to what was covered in an earlier lecture when thinking
about dropping a hot metal in water and considering the heat transfer. The heat from
dissolving the potassium hydroxide is transferred directly to the solution.
qdissolving + Dsotution — 0
9sotution — qdissolving
To find qgigsoning: Tirst find the mass of the solution:
Total mass = (100.0 mL x I.OOn%) +5.03¢g=105.03 ¢
G dissotving = McAT = (105.03 g) (4.184goc) (34.7°C—23.0°C)=5141.5J =5.14 kJ

Thus, 00 IS €qual to = -5.14 kJ. Since the problem asks for kJ per mole of KOH, we
need to find the moles of KOH.

5.03 g KOH » ZelEOLe = 0.0896 mol KOH

_ -Sl4kJ K
Dsoution ~ ToR06mol K0T~ 214 mat kom0



7. Consider the following reaction:
2Mg (s)+0,(g) —2MgO(s) AH =1204 kJ

a. Is this reaction exothermic or endothermic?
Exothermic! Enthalpy is negative

b. Calculate the amount of heat transferred when 3.55 g of Mg(s) reacts at
constant pressure.

L mol Mg 1 molrxn —1204 kJ —
k % k =
3.55g Mg * 5= 2313 * 2moi e Tmoiry 87.9 kJ transferred

¢. How many grams of MgO are produced during an enthalpy change of -234 kJ?

Lmolrxn , 2 mol MgO  4030g MgO __
- * * =
234K * 30417 * Towotran * Tmoltigo ~ 12718 MgO

d. How many kilojoules of heat are absorbed when 40.3 g of MgO(s) is
decomposed into Mg(s) and O,(g) at constant pressure?

This is the reverse reaction! Make sure you flip the sign of the enthalpy

1 mol MgO 1 molrxn 1204 kJ _
* *
403 g MgO 20302 M0 ¥ Trol M0 * T molran =602 kJ absorbed

It should make sense that this is a positive number because heat is now being
absorbed (endothermic reaction).
8. Ethanol (C,H,OH) is currently blended with gasoline as an automobile fuel.
a. Write a balanced equation for the combustion of liquid ethanol in air.
C,H,OH (I)+30,(g)—2C0,(g) +3H,0(g)
b. Calculate the standard enthalpy change for the reaction, assuming H,0(g) as a
product. Some useful AH® values: H,0(g): -241.82 kJ/mol; CO,(g): -393.5

kJ/mol; C,H,OH(l): -277.7 kJ/mol.

AH®,,, ZnAH (products) — ZmAH (reactants)

AHC vy = [ (~ 2418258 % 3 mol Hy0) + (= 393.5 7KL= % 2 mol CO, ) | = [0+ (= 2777 i * 1

ol CO, mol C,H OH

* 1 mol C2H50H)] =

-1234.8 kdJ/mol rxn
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-1234.8 kJ/mol rxn


c. Calculate the heat produced per liter of ethanol by combustion of ethanol
under constant pressure. Ethanol has a density of 0.789 g/mL.

This is another way of asking how much heat is produced if 1 L of ethanol is
combusted. First how many moles of ethanol is in 1 L of ethanol.

1L CZHSOH* % % 0789,”& * 1 mol C,H;OH

T W =17.126 mol CZHSOH

Then, use stoichiometry to find the proportional amount of heat produced.

17.126 mol C,H OH % —Lmolon— , DS — 311473 kJ == 2.11 * 10* kJ
mol CyH molrxn

Thus, heat produced per liter is 2.11*10* klJ/L ethanol.
d. Calculate the mass of CO, produced per kJ of heat emitted.

Once again, this question is another way of asking how much CO, is produced if 1
k) of heat is emitted. So, start off with 1 kl of heat being emitted.

1 molrxn 2mol CO, , 44.01 ¢ CO,
- * *
LkJ —1234.8 kJ 1 molrxn 1 mol CO,

=0.0713 g CO,

Thus, the answer is 0.0713 g of CO,/kJ heat emitted.

a. A strontium hydroxide solution is prepared by dissolving 12.50 g of Sr(OH), in
water to make 50.00 mL of solution. What is the molarity of this solution?

1 mol Sr(OH),

12.50 g Sr(OH), * 121.63 g Sr(OH),

=0.1028 mol Sr(OH),

[Sr(OH)Z] _ 01028 mol SHOH); _ 5 (55 3 r

0.05000 L
b. Next the strontium hydroxide solution prepared in part (a) is used to titrate a
nitric acid solution of unknown concentration. Write a balanced chemical

equation to represent this reaction.

Sr(OH),(aq) + 2HN O,(aq)—Sr(N O;),(aq) + 2H,O(])

c. If 23.9 mL of the strontium hydroxide solution was needed to neutralize a 37.5
mL sample of the nitric acid solution, what is the concentration of the acid?

First, find out how many moles of base were added to neutralize the acid.

2.055 mol Sr(OH),

2.055 M Sr(OH), : -

* 0.0239 L = 0.0491 mol Sr(OH),



Next, it is important to determine how much hydroxide (OH’) was added,
because we know the amount of acid must be equal to the amount of OH added
for the full neutralization to occur.

0.0491 mol Sr(OH), * T24%Cl- = 0.0982 mol OH added

Thus, 0.0982 mol of acid were neutralized. Since HNO, just has one acidic
proton, 0.0982 mol of HNO, were neutralized. Now, the HNO, concentration can
be calculated.

0.0982 mol HN O,

[HNOs] = —s1

=262M



