STOICHIOMETRY

3.4 Avogadro’s Number and the Mole

3.6 Quantitative Information from
Balanced Equations

3.7 Limiting Reactants
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The Mole

Sl unit for amount of substance

The mole (mol) is the amount of a
substance that contains as many objects
as there are atoms in exactly 12.00 grams
of Carbon-12
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The Mole

1 mol = 6.02 x 1023
6.02 x 1023 = Avogadro’s number (N,)

1 mol of H atoms =6.02 x 1023 atoms
1 mol of Na*ions =6.02 x 1023 ions

1 mol of CO, molec. = 6.02 x 1023 molec.
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The Mole

1 mol of particles = 6.02 x 1023 particles

This is a conversion factor that allows
us to convert between moles & number
of particles (atoms, ions, molecules,....)

6.02 x 1023
1 mol

1 mol
6.02 x 1023
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The Mole

How many He atoms are in 1.61 mol He

6.02 x 1022 atoms

1.61 meotx ; = 9.69 x 1022 atoms
N, atoms
mol —— molecules
apples
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The Mole

How many mol are 9.69 x 1023 atoms of He

mol

9.69 x 1023 atoms X =1.61 mol
6.02 x 1023 atoms
1
atoms N,
molecules  =————— -  mol
apples
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But How to Count Avogadro’s Number?

Molar Mass (M = g/mol):

The mass of 1 mole of the substance in grams
The mass of 6.02 x 1023 units of the substance

Laboratory-size
sample

Single molecule

Avogadro’s ;S

number of
molecules
(6.02 x 10%)
1 molecule H,O 1 mol H,O
(18.0 amu) (18.0g)
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The mass of:

1 mol '2C atoms =
6.02 x 1023 12C atoms =

M (12C) = 12.00 g/mol

12.00 g
12.00 g
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Molar masses for molecules:

The sum of molar masses of all atoms in
the molecule.

SO, 1S . 32.07 g/mol
20 2 (16.00) g/mol

M (SO,) 64.07 g/mol

1 molecule SO, 1S atom 2 O atoms

1 mol SO, 1 mol S atom 2 mol O atoms

23 g Na* =1 mol Na* =6.02 x 1023 Na* ions
24gMg =1molMg =6.02x 1023 Mg atoms
1gH =1molH =6.02x 102 H atoms
2gH, =1molH, =6.02x 102 H, molecules
=2 x6.02 x 1022 H atoms

44 g CO, =1 mol CO, =6.02 x 1022 CO, molecules

1
g M N,
o = — = —
g ——— - mol ——— - number

g 17N,
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Which contains more A e T 8

8 9 10

atoms 4gof4Heor16g . & O &
of 180 ? o | s o et e

Si
26.98 28.09 30.97 32.07 35.45 39.95

4 gHe =1 mol He =6.022 x 1023 He atoms
16g0 =1molO =6.022 x 1022 O atoms

Both contain the same number of atoms
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How many moles of He atoms are in 6.46
g of He?

1
M
g = —— mol
1 mol He
4 He x =1.
6.46 g-He 2.003 g He 1.61 mol He

Convert 1.61 mol of He to g
M

mol 1 o —— g

£
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How many He atoms are in 6.46 g of He?

1
M NA
g ‘== MOl ice—m atoms

1 molHe _ 6.02 x 1023 He atoms

040 g HeX 003 gHe * 1 moFHe

=9.72 x 1022 He atoms

£
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How many H atoms are in 72.5 g of C;H;O

1

M mol 8 A
g 11— C H80 11— mOI H 11— H atoms
3

1 C;HzO molecule = 8 H atoms

1 mol C;H;O molecules = 8 mol H atoms

M (C;Hg0) = 3(12) + 8(1) + 1(16) = 60. g/mol
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1 mok&sH0
60.0 g C;H;0

72.5 g C5H;0 x

6.022 x 1023 H atoms
1 mol H-atems

8 mol Hatoms
1 molG5H;0

= 5.82 x 1024 H atoms

£
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How many water molecules present in 2.56
mL of water. d =1.00 g/mL.

ML ne==p g c===p mo| »===p molecules

1.00 gH;0
X
mH0

6.022 x 1022 H,O molec
molH;0

2.56 mEH;0 x

1 moH:0
X
18.02 g H-0
= 8.56 x 1022 H,O molec

>y
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Stoichiometry

The study of quantities of materials
consumed and produced in chemical
reactions.

2CH,OH + 30, — 2CO, + 4H,0
Reactants Products

2, 3, 2, 4: stoichiometric coefficients
(mole ratios)

2 mol of CH;0H reacts with 3 mol of O, to
produce 2 mol of CO, and 4 mol of H,0

P,
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2CH,OH + 30, — 2CO, + 4H,0

2 mol CH,OH 3 mol O, 2 mol CH,OH
2 mol CO, 2mol CH,OH 4 mol H,0

How many moles of oxygen are required
to burn 5.00 moles of methanol?

3 mol O,
2 molGH;OH

5.00 molSH;OH X =7.50 mol O,
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What mass of water is produced if 209 g
of methanol is burned?

2CH,0H + 30, — 2CO, + 4H,0

2 mol T> 4 mol
1 2 M
M
—
209 ¢g —— ?9

g CH,OH » mol CH;OH =» mol H,O0 =» g H,0O

£
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2CH,OH + 30, — 2CO, + 4H,0
g CH,OH =» mol CH,OH » mol H,0 » g H,0

209 g GH;OH L —— x
39N X320 geHOA

4 meH;0  18.02 g H,0
X
2 met€H;OH 1 .motH,0
=235 g H,0

>y
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What mass of O, required to produce 155
g CO,?
2CH,OH + 30, — 2CO, + 4H,0

g CoO, mol CO, mol O, g0,

1 met€0, 3 melO,

155 9GO x X X
" 440 g€O, = 2 meolew;

32.0 g O,
1 metO;

=169 g O,

<> Y
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6.50 grams of aluminum reacts with an
excess of oxygen. How many grams of
aluminum oxide are formed?

4Al1 + 30, — 2Al,0,
Answer =12.3 g Al,O, produced
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Limiting & Excess Reactants

Limiting reactant: The reactant that is
consumed first, limiting the amounts of
products formed.

2NO + o, — 2NO,
2 mol 1 mol 2 mol
6 mol 3 mol 6 mol
6 mol 6 mol 3 react 6 mol

3 excess
Limiting Excess

reactant

__reactant
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If 124 g of Al are reacted with 601 g of
Fe,0,, calculate the mass of Al,O; formed.

2Al + Fe,0, — ALO, + 2Fe

g Al have =i mol Al =—)-
mol Fe,0; ==—p g Fe,0, needed
OR

g Fe,O; have wmmmp- mol Fe,O,

) MO| Al ===—p- g Al needed

£
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2Al + Fe,0, — ALO, + 2Fe
124g 601g
g Al == mol Al == mol Fe,0; needed == g Fe,0, needed
1 motAT 1 -metFs,0,
124 g-AT x X 23
27.0 gAT 2 motAT
160. g Fe,0,
X = 367 g Fe,0; needed
1 melfe,0;

£
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2Al + Fe,0,
124g 601g

Start with 124 g Al === need 367 g Fe,0,

-~ ALO, + 2Fe

Have more (601 g) Fe,O,
. Fe,0; in EXCESS
Al is LIMITING REACTANT

Use LIMITING REACTANT to calculate
amount of product that can form
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How many grams Al,O; will form?
2Al + Fe,0, — AlLO, + 2Fe
124 g

g Al == mol Al == mol Al,O, == g Al,O, formed

mot AT 1 melALO,
124 g AT x — X 23
27.0 gAT 2 motAT
102 g ALO
97275 =234 4AlL0,

X
1 melAL;O;

£
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2H, + O, — 2H,0
If 5.00 g of H, and 5.00 g of O, were

reacted, how many grams of H,O will be

produced and how many grams of each
reactant will remain?

Answer = 5.63 g H,0; 4.37 g H,.

£
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Reaction Yield

Theoretical Yield:

amount of product that would form if all
limiting reagent reacted.

Actual Yield:

amount of product actually obtained from a
reaction.

Actual Yield
% Yield = - - x 100%
Theoretical Yield
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When 5.00 g of C,H,, and 5.00 g of O,
were reacted, the actual yield of CO, was
3.56 g. What is the % yield of CO,?
2C,H,, + 130, — 8CO, + 10H,0

1 mol€;H, 13 mot-6;

5.00 X X
SCRT 58.1 70 2 mol-€ H,

32.0 gO,

X p - =17.9 g O, needed

Have only 5.00 g O,
O, is LIMITING REACTANT
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% Yield =

2C,H,, + 130, — 8CO, + 10H,0
Theoretical yield of CO,:

1 mol-O7 8 met€0,
5.00 g-O7 x X
32.0 gO; 13 metO7
44.0 g CO, 4230 CO
X =4,
1 meot€0; g%
Actual Yield
o/ Vi -
o Yield = oretical Yield * 100
3.56 x 100% = 84.2%

4.23
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Reaction Yield

When 5.00 g of H, and 5.00 g of O, were
reacted, the yield of H,O was 87.9%. What
is the actual yield of H,0?

2H, + O, — 2H,0
Answer=4.95¢g
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