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Question 1
Based on the following st ructural formulas, compute the percent carbon, by

mass, in each compound.
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(almond f r agr ance)
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(vanilla f lavor )

C C

CC

C C

C

O

HHO

H3CO2 H

H H

Molecular weight of benzaldehyde: 106.13 g/mol

%C =
84.07g/mol
106.13g/mol

! 100%= 79.21%

Molecular weight of vanillin : 136.16g/ mol

%C =
96.08g/mol
168.16g/mol

! 100%= 57.13 %



Question 2
(a) What is the mass, in grams, of 2.50! 10! 3 mol of ammonium phosphate?

(b) How many moles chloride ions are in 0.2550g of aluminum chloride? (c)
What is the mass, in grams, of 7.70 ! 1020 molecules of ca! eine, C8H10N4O2

(d) What is the molar mass of cholesterol if 0.00105mol weighs0.406g?

(a) MW (NH4)3PO4 = 149.09 g/mol;

? g (NH4)3PO4 = 2.50 ! 10! 3mol (NH4)3PO4 !
149.09 g (NH4)3PO4

1 mol (NH4)3PO4
=

0.373 mol (NH4)3PO4

(b) ? mol Cl! = 0.2550g AlCl3 !
1 mol AlCl 3

133.34g AlCl 3
!

3 mol Cl!

1 mol AlCl 3
=

5.737! 10! 3 mol Cl!

(c) ? g C8H10N4O2 = 7.70! 1020 moleculesC8H10N4O2 !
1 mol C8H10N4O2

6.02 ! 1023 molecules C8H10N4O2

!
194.19g C8H10N4O2

1 mol C8H10N4O2
= 0.248g C8H10N4O2

(d) MW cholesterol =
g cholesterol

mol cholesterol

=
0.406g cholesterol

0.00105mol cholesterol
= 387 g/m ol



Question 4
Solid sodium hydroxide reacts with gaseouscarbon dioxide to produce solid

Na2CO3 and liquid water according to the following balanced chemical reacti on:

2NaOH(s) + CO2(g) ! " Na2CO3(s) + H2O(l )

Which reagent is the limitin g reactant when 1.85 mol NaOH and 1.00 mol
CO2 are allowed to react? How many molesof Na2CO3 can be produced? How
many molesof the excess reactant remain after the completion of the reaction?

The Þrst thi ng to do is useinformation weÕre given from the balancedchem-
ical equation, and from the problem itself.

From balanced equation From information in problem
2 mol NaOH
1 mol CO2

1.85 mol NaOH
1 mol CO2

We can see that, for every two moles of NaOH, we need 1 mol of CO2.
However, we only have 1.85 mol NaOH for every mole of CO2; we donÕthave
enough! NaOH must be the limiti ng reagent .

Since there is a 2:1 ratio of NaOH to Na2CO3, we can use the following to
Þgure out the amount of Na2CO3 made:

mol Na2CO3 = 1.85 mol NaOH !
1 mol Na2CO3

2 mol NaOH
= 0.925mol Na2CO3

To Þgure out how many moles of H2O remain after the reaction, we need
to Þgure out how many molesof H2O will be consumedbased on 1.85 moles of
NaOH. We can get that from:

mol H2O = 1.85 mol NaOH !
1 mol CO2

2 mol NaOH
= 0.925mol CO2 used. That

means we have 1.00 mol CO2 - 0.925 mol CO2 = 0.075mol CO2.



Question 5
Lith ium and nitrogen react to form li thiu m nitrid e:

6Li(s) + N2(g) ! " 2Li3N(s)

If 5.00 g of each reactant undergoesa reaction wit h a 88.5%yield, how many
grams of Li 3N are produced from the reaction?

The Þrst thi ng to do is useinformation weÕre given from the balancedchem-
ical equation, and from the problem itself, to Þgure out whether Li or N2 is the
limiti ng reactant.

Fir st, we need to Þgure out how many molesof Li and N2 there are.

mol Li = 5.00g Li !
1 mol Li
6.94 g Li

= 0.720mol Li

mol N2 = 5.00gN2 !
a mol N2

28.00g N2
= 0.178mol N2

We can now Þgure out what the limitin g reagent is, based on the balanced
equation

From balancedequation From information in problem
6 mol Li
1 mol N2

0.720mol Li
0.178mol N2

=
4 mol Li
1 mol N2

Comparing the quantities, we can see we have less Li than we need (4 mol
vs 6 mol), so Li is the limitin g reagent. We can Þgure out how much Li 3N we
make by:

g Li 3N = 0.720mol Li !
2 mol Li 3N

6 mol Li
!

34.83g Li 3N
1 mol Li 3N

= 8.36 g Li 3N

Since we only get an 88.5% yield, however, we need to multi ply 8.36 g by
0.885. Thi s givesus 7.40 g Li 3N.



When hydrogen sulÞde gas is bubbled into a solution of sodium hydroxide,
the reacti on forms sodium sulÞde and water. How many gramsof sodium sulÞde
are formed if 1.50 g of hydrogen sulÞde is bubbled into a solution containing
2.00 g of sodium hydroxide, assuming that the sodium sulÞde is made in 92.0%
yield?

Question 6

Fir st, we need a balanced chemical equation:

H2S(g) + 2NaOH(aq) ! " Na2S(aq) + 2H2O(l )

We need to Þgure out what the limit ing reagent is. We can do thi s by:

mol H2S = 1.50 g H2S #
1 mol H2S

34.08g H2S
= 0.0440mol H2S

mol NaOH = 2.00 g NaOH #
1 mol NaOH

40.00g NaOH
= 0.0500mol NaOH

From balancedequation From information in problem
1 mol H2S

2 mol NaOH
=

0.5 mol H2S
1 mol NaOH

0.0440mol H2S
0.0500mol NaOH

=
0.88 mol H2S
1 mol NaOH

We have much more H2S than we need (we need 0.5 mol for every 1 mol
NaOH, but we have 0.88 mol for every 1 mol NaOH). Therefore, H2S is in ex-
cess, and NaOH is the limit ing reagent. We can Þgure out the yield, by

g Na2S = 0.0500mol NaOH #
1 mol Na2S
2 mol NaOH

#
78.04g Na2S
1 mol Na2S

= 1.95 g Na2S

We only make 92.0% yield, so we need to take 92.0% of 1.95 g. This gives
us 1.79 g Na2S.



The characterist ic odor of pineapple is due to ethyl butyrate, a compound
contain ing C, H, and O. Combusti on of 2.78 mg of ethyl butyrate produces a
6.32 mg sample of CO2 and 2.58 mg of H2O. What is the empir ical formula of
the compound?

Double J eopar dy

This is a combust ion problem. Thi s meanswe are looking at the following
type of reaction:

hydrocarbon + O2 ! " H2O + CO2

The only source of C in the reacti on is in CO2, and the only sourceof H is
in H2O. So, we can Þgure out how many molesof C and H we have.

6.32 mg CO2 #
1 g

1000mg
#

1 mol C
44.01g CO2

= 0.000144mol C #
12.01g C
1 mol C

=

0.00172g C

2.58 mg H2O #
1 g

1000mg
#

2 mol H
18.02g H2O

= 0.000286mol H #
1.01 g H
1 mol H

=

0.000289g H

We Þnd grams of oxygen by: 0.00278g sample - (0.00172g C + 0.000289g

H) = 0.00077g O #
1 mol O
16 g O

= 0.0000482mol O

Now we need to Þnd the mole rati os of each element to the element present
in the smallest amount (in this case, O).

0.000144mol C
0.0000482mol O

= 2.9 = 3
0.000286mol H
0.0000482mol O

= 5.9 = 6
0.0000482mol O
0.0000482mol O

= 1

The empirical formula of ethyl butyrate is thus C3H6O.


