The Chemists’ Shorthand: Atomic
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Natural lithium Is: .
74Z%GU(6015awm)
02.58% Li (7.016 amu):

Average atomic mass of lithi

7.42 x 6.015 + 92.58 x 7.016
100

=6.941 amu
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Chemical Stoichiometry

Stoichiometry - The study of quantities of
materials consumed and produced In
chemical reactions.
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Avogadro’s number
equals
6.022 x 1023 units



Atomic Masses
4o ,al) 4

Elements occur In nature as mixtures of
Isotopes

Carbon = 98.89% 12C
1.11% 13C
<0.01% 14C

Carbon atomic mass = 12.01 amu



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

C=12 0=16
CO, = 44.01 grams per mole
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Molar mass Is the mass of 1 mole of IN grams
1 mole ?C atoms = 6.022 x 10%% atoms = 12.00 g

1 12C atom = 12.00 amu
1 mole 1°C atoms = 12.00 g 1°C
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1amu=1.66x102%*g or1lg=6.022 x 10% amu
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Do You Understand Molecular Mass?

1 mol C;HO=(3x12)+(8x1)+ 16 =60 g C;HO
1 mol C;HgO molecules = 8 mol H atoms
1 mol H =6.022 x 1023 atoms H

1 met-C;H O y 8 mol H atoms X6.022 x 1023 H atoms _
60 g C;HO =~ 1 molC;HO0 1 mol Hatoms

72.5 g C5HgO X

5.82 x 10%4 atoms H
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Measuring Atomic Mass

Figure 3.1: (left) A scientist Injecting a sample into a
mass spectrometer. (right) Schematic diagram of a mass
spectrometer.
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The Chemists’ Shorthand:
Formulas
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Symbols = types of atoms -
Subscripts = relative numbers of atoms
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Figure 2.16:
The structural
formula for
methane.
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Figure 2.17: Space-filling model of methane. This type
of model shows both the relative sizes of the atoms In
the molecule and their spatial relationships.
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Figure 2.18: Ball-and-stick model
of methane.
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Standard Types of
Formulas and Models

Hydrogen Water Ammonia Methane

Molecular
formula H H,0 NH3

SULCUES. W H—0=H H—N—H
H

Ball-and-stick
model

Space-fi




Determining Elemental Composition
(Formula)

Figure 3.5: A schematic diagram of the
combustion device used to analyze substances for
carbon and hydrogen.

Furnace CO,, H,0, O,, and other gases 0, and
other gases

CO, absorber

H,O absorber such as NaOH
such as Mg(ClO,),
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The masses obtained (mostly CO, and
H,O and sometimes N,)) will be used to
determine:

% composition in compound
Empirical formula

Chemical or molecular formula if the
Molar mass of the compound is known or
given.
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Example of Combustion

—» Unused O,

H,O CO,
absorber absorber

Combust 11.5 g ethanol
Collect 22.0 g CO, and 13.5 g H,0
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Collect 22.0 g CO, and 13.5 g H,0

22¢C0O, m

C

% C in CO,
collected

22¢COy¢x 12¢C _—
= =6g C
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Convert g to mole:

6g x ImolC

ImolC — 12gC
n,,C — 6g ‘ n, = = 0.5 mol

12 gC

Repeat the same for H from H,O

1mol H,0 — 189 H,O0— 2 mol H—2g H
13.5¢ H,O— n, ,,H— mH

2x13.5

‘ n,, H= =1.5 mol H

18 molH  Faster H but
still need O ,,




2x13.5

mH: =15gH - mO=11.5g—'mC—'mH
18 =115-6-15=4g
m 4
mm) n,=- —— = —— =025molO
M 16

Empirical formula C,:H; O, 5

Divide by smallest subscript (0.25)

- Empirical formula C,H;O
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Percent composition of an element in a compound =

X molar mass of element
molar mass of compound

X 100%

IS the number of moles of the element In 1 mole
of the compound

] ® 46.07 X 100% = 52.14%
oy - 0 X (1.008 g) o .

YoH 46.07 g X 100% = 13.13%
%0 46.07 g X 100% = 34.73%

C,HO 52.14% + 13.13% + 34.73% = 100.0%
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Note

If results are : 0.99:2.01:1.00
Then you have to convert to whole numbers:

N |
CH,N
If results are : 1.49 :3.01:0.99
Then you have to multiply by 2:
3 6 2
C;HgN,

Hence, empirical formula is the simplest formula of a compound
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Then
Empirical Formula

Using the previously calculated % in compound:

% in gram

a. Number of mole of C =

Atomic mass of C

% in gram

b. Number of mole of H =

Atomic mass of H

a b

Then divide by the smallest number:

smallest smallest

smallest
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Formulas

(empirical formula) ,
[77=Integer]

molecular formula

molecular formula = C;H; = (CH),
empirical formula = CH
Then

Molecular Mass

Empirical Mass
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Figure 3.6:
Examples of substances whose empirical and molecular formulas differ. Notice

that molecular formula = (empirical formula)n, where r1s a integer.

ChHh = (CH)ﬁ Ss«; = (S)x C('-HIZOE'- = (CHzo}h
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3H,(g) + Ny(g) = 2NH;(g)
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Limiting Reactant Calculations

What weight of molten iron is produced by 1 kg each of
the reactants?

Fe,05(5) + 2Al(s) > Al,O5(s) + 2 Fe(o)
1 mol 2 mol

6.26mol 18.52

The 6.26 mol Fe,045 will
Disappear first
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Theoretical Yieldis the amount of product that would
result if all the limiting reagent reacted. Its amount Is
Calculated using the balanced equation.

Actual Yield is the amount of product actually obtained
from a reaction. It is usually given.
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Percent Yield

actual yield

Percent yield = X 100%

theoretical yield

Actual yield = quantity of product actually
obtained

Theoretical yield = quantity of product
predicted by stoichiometry
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Percent Yield Example

CHgOs(s) + C4HgO5(€) — CoHgO4(s) + CH3CO.H(€)

Slﬂi{_?}-’li(.‘ acid acetic :—.1.1}l'i}-"{i‘h“i(‘lt{f ;_-;a.spirm acetic acid

I

Actual yield = 6.26 ¢
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Sample Exercise

Titanium tetrachloride, TiCl,, can be made by
combining titanium-containing ore (which Is often
Impure TiO,) with carbon and chlorine -

Tloz(s) + 2 Clz(g) + C(S) — T|C|4(|) + COz(g)
If one begins with 125 g each of Cl, and C, but
plenty of titanium-containing ore, which is the

limiting reagent in the reaction? What quantity of
TiCl, can be produced?
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Practice Example 1

A compound contains C, H, N. Combustion of
35.0mg of the compound produces 33.5mg CO,
and 41.1mg H,0O. What is the empirical formula of
the compound?

Solution:

1. Determine C and H, the rest from 33.5mg is N.
2. Determine moles from masses.

3. Divide by smallest number of moles.
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Practice Example 2

Caffeine contains 49.48% C, 5.15% H, 28.87%
N and 16.49% O by mass and has a molar mass
of 194.2 g/mol. Determine the molecular
formula.

Solution:

1. Convert mass to moles.

2. Determine empirical formula.
3. Determine actual formula.

C8H10N402
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Practice Example 3

Nitrogen gas can be prepared by passing
gaseous ammonia over solid copper(ll)
oxide at high temperatures. The other
products of the reaction are solid copper and
water vapor. If a sample containing 18.1g of
NH; is reacted with 90.4g of CuO, which is
the limiting reactant? How many grams of
N, will be formed.
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Practice Example 4

Methanol can be manufactured by
combination of gaseous carbon monoxide
and hydrogen. Suppose 68.5Kg CO(Q) Is
reacted with 8.60Kg H 2(g). Calculate the
theoretical yield of methanol. If 3.57x104g
CH3O0OH is actually produced, what is the
percent yield of methanol?
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Practice Example 5
SnO,(s) + 2 H,(9) — Sn(s) + 2 H,O(/)

a) the mass of tin produced from 0.211 moles of hydrogen
gas.

b) the number of moles of H,O produced from 339 grams of
Sn0O,,

¢) the mass of SnO, required to produce 39.4 grams of tin.

d) the number of atoms of tin produced in the reaction of 3.00
grams of H.,.

e) the mass of SnO, required to produce 1.20 x 104
molecules of water.
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