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Chemical Stoichiometry

Chapter 3

- The study of
materials and

= chemical reactions.
Stoichiometry =

(One methane Two oxygen One carbon Two water
molecule molecules dioxide molecule molecules

Atomic Masses

Elements occur in nature as mixtures of
isotopes
Carbon = 98.89% 12C
1.11% “C
<0.01% “C

Carbon atomic mass = 12.01 amu
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Molar Mass

A substance’ s molar mass (molecular
weight) is the mass in grams of one mole of
the compound.

Avogadro’ s number
equals

CO, = 44.01 grams per mole

I mol @, = Y4.0l g O,
[od €8) .02 %107 e, €O,

Determine the formula weights of each of the following

Laboratory-sized compounds: (a) N;Os, (b) CuSO,, () (NH,);PO,,
d) Ca(HCOy),, (¢) alumi Ifide, (f) iron(IlI)
sample e e
Single molecule
Avogadro's A
number of
molecules
(6.02 X 10%)
1 molecule H,O 1 mol H,O
(18.0 amu) (18.0 g) 50,550, 5 "t“f"*/"" . 4%
BSeLssy, Tl
G032 pes e 4350t phoms £
/m’j/ﬁ/ 2.
D.Y % )0

(b) number of moles of NH,Cl1in48.3 g

Calculate the following quantities: of this substance

(@) mass, in grams, of 1.906 X 1072 mol Bal,




c) number of molecules in 0.05752 mol
HCHO,
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(d) number of O atoms in 4.88 X 1073
mct AI(NO;),

xxxxxx

Have SO, CH Or

). # ool = &27;/1)"1 ol cHOr
2.8 mdee = 7% 103 e
3, masy 0 b one Molec,

>
) So n Iwol €AY B L0325 fe
m 94, 1ot X Tl CH A
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3% (R ko, =2

Percent Composition

Mass percent of an element:

mass of element in compound

mass % = x 100%

mass of compound

For iron in iron (III) oxide, (Fe,05)
111.69

mass % Fe = x100% = 69.94%
159.69

Y7.99%2  s0.057%
masy 20 = iFa s e .ﬁ_aizf

160
(5999 : $2.M2 St

The molecular formula of allicin, the
compound responsible for the characteristic
smell of garlic, is CcH,,OS,. (a) What is
the molar mass of allicin? (b) How many
moles of allicin are present in 5.00 mg of
this substance? (c) How many molecules of
allicin are in 5.00 mg of this substance? (d)
How many S atoms are present in 5.00 mg
of allicin?

Glycine, an amino acid used
by organisms to make
proteins, is represented by
the molecular model below.
(a) Write its molecular
formula. (b) Determine its
molecular mass. (c)
Calculate the percent
nitrogen by mass in glycine.]

67 mass Z N - _’_"/ﬁb,aw 1967V




Formulas

molecular formula = (empirical formula),

[n = integer]
molecular formula =: C;H, = (CH),

empirical formula = 'CH

3.0l £ - 79.0C
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340  Whatis the molecular formula of each compound? <A
(a) Empirical formula CH, (% = 42.08 g/mol)
(b) Empirical formula NH; (. = 32.05 g/mol)
(c) Empirical formula NO; (. = 92.02 g/mol)

(d) Empirical formula CHN (. = 135.14 g/mol)
6- ﬁ/ N/(l (W IC amh 72. < 32“
N# -—
( “)2 > A, 1/,/

d CsH A,
CUN  mdat wr (175....)5’; 135"

Meaning Composition

One molecule / ,{) Two H atoms and one O atom
y

of water:
N

Two molecules y /' Four H atoms and two O atoms
of water: %) {)

One molecule ¥ | Two H atoms and two O atoms
of hydrogen V‘J)
peroxide: -

0063wl €lz ) mil &9 .2,
0.06J

35wl %2 :70
.0,

R4Sy Siy JztSE ppgrel S ]
Ar.ovés .07
¢
12,4y S iopicl 20,950 ml €l
S50, o : 7’
0%

sicl,

237 % ©O
27,3,¢ y lewll z mel
3.0l
722,06, 1O ~r O
7200,

Empirical Formula Determination

. Base calculation on 100 grams of
compound.

. Determine moles of each element in 100
grams of compound.

. Divide each value of moles by the smallest
of the values.

. Multiply each number by an integer to
obtain all whole numbers.

Find meldrr grlvos

346 A sample of 0.600 mol of a metal M reacts completely with excess fluorine to form 46.8 g of MFy. {4]

(a) How many moles of F are in the sample of MF; that forms?
(b) How many grams of M are in this sample of MF5?

(c) What element is represented by the symbol M?

a)  ME

wel M gW/F- ,20¢ F
0. 600 PY4 [N)M p /2 L ad

H ra00ml B, 19, F . 929F
/ wed
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Find:

Mass % Empirical
formula

elements
1 Sample

Given:

= 0, | 12 , B
Calculate 2 ‘ L— ;
CuO H,0 absorber CO, absorber

Assume
100 g 3
Wg mole ratio

Furnace

sample

Grams of Use Moles of
each element / atomic +"  each element
weights

drops. is a compound of carbon, hydrogen,

-smelling substance in magy oyl
Mbustion apparaty) 0.449 g of CO; and 0.184 g of Hy0

.48 Me s
and oy 05 & of me
formed. What is menthol’s molecul — —t
4 1] Ha‘
Pl AaLA4m g
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Chemical Equations

—_—
W’j"a /uu’(&a p/a’-z. ¢

0184 H,.0x _’_:“’_H*f.,, 3_’"_‘%0-. ﬂ”"‘;’{
18, Ho  1mdl A 2 .

2 oo Chemical change involves a
reorganization of the atoms in one or

01595 —0u2 s¢ o020~ sH:009,0
more substances.

0.09,0, {2 - 0.0012 w0
ICJ” —_—

0.001
C -8 =1t o:/ [’Iﬂdla
zlo < 20

Chemical Equation

\d » A representation of a chemical reaction:

molecules
2H,0

One carbon Two water
C,H,OH + 30, —

One methane Two oxygen
i > . o
molecule molecules dioxide molecule
CcO, +

reactants

(in)




Chemical Equation
C,H,0H + 30, — 2C0, + 3H,0

The equation is balanced.
1 mole of ethanol reacts with

to produce

2 moles of carbon dioxide and 3 moles of
water

QACHBH B0, % IHO 2L

Consider the Combustion of
Propane (C;Hjg)
If 5.0 g of propane is burned in excess
oxygen:

1. What mass of CO, is produced?

How many grams of O, are needed for

complete combustion of the propane?
p! prop:

Movie
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Calculating Masses of
Reactants and Products

Balance the equation.
Convert mass to moles.
Set up mole ratios.

Use mole ratios to calculate moles of
desired substituent.

Convert moles to grams, if necessary.

Given: Find:

Grams Grams
of of
substance A substance B
Use Use
molar mass molar mass
of A of B

Use :
Moles coefficients Moles
of —. » ofAandB of
substance A from substance B

balanced equation

3.70  Bismuth oxide reacts with carbon to form bismuth metal:

Bi,04(s) + 3C(s) — 2Bi(s) + 3CO(¢)
—_—
When 0.607 mol of Bi>O3 reacts with excess carbon, how many (a) moles of Bi and (b) grams of CO form?
—

*) 0.007 m#6 wffbm_ <12M ol

Calcium hydride reacts with water to produce
calcium hydroxide and hydrogen gas.

A. Write a balanced chemical equation
for the reaction.

B. How many grams of calcium hydride
are needed to produce 5.0 g of
hydrogen gas.

’nd’ 6'.
3 = a8, 0
b) 0.607 »= 63)&7:5 _7.25-——
‘> ¢
= 5100 ; co
slo
=

2
- .05 Hy
/.-..I ¢2.0% 5l
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:ﬂ‘J K] [A.%




372

Chromium(I1I) oxide reacts with hydrogen sulfide (H,S) gas to form chromium(III) sulfide and water:
Cr04(s) + 3H:S(g) — Cr,Sy(s) + 3H,0())

To produce 421 g of Cr,S3, how many (a) moles of Cr205 and (b) grams of Cr,03 are required?
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Limiting Reactant

The is the reactant
that 1s , limiting the
amounts of products formed.

Movie

Solving a Stoichiometry Problem

Balance the equation.
Convert masses to moles.
Determine which reactant is limiting.

. Use moles of limiting reactant and mole
ratios to find moles of desired product.

Convert from moles to grams.

2CH,OH + — 2CO, + 4H,0

Given 1.0 g of CH,OH ard 1.0 g of O,, how much CO, will
be produced in this combustios« reaction?

3.82  In the following reaction, 2.35 mol of NHj reacts with 2.75 mol of O;: how many moles of water form?
= 4NHy(g) + 50,(g) — INOlg) + 6H,0(!)

a0 — =

LJ
235 by o bmel D5 o0 140
— 1—-0%

Find exe® Wi

2.25uf 8, IntM 220 i,

$sto,

2.3y -220 = 0.75 md N/ﬁ

actual yield

et 338
TeraaE

% yield =

By definition, the actual yield is less than the theoretical yield, so the percent yield is always less than 100%

A+B
(reactants)

(side product)

(main product)




3.95

When 20.5 g of methane and 45.0 g of chlorine gas undergo a reaction that has a 75.0% yield, what mass (g)
of chloromethane (CH3Cl) forms? Hydrogen chloride also forms. {A:
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