Dalton’s Atomic Theory (1808)
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Dalton’s Atomic Theory
(continued)
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Oxygen in CO and CO,

Carbon monoxide o__— _1
@

2 g 9_ _ . . _ .l.

Carbon dioxide - c " -

Ratio of oxygen in
carbon monoxide to
oxygen in carbon dioxide: 1:2



Avogadro’s Hypothesis (1811)

At the same temperature and pressure, equal
volumes of different gases contain the same
number of particles.

» 5 liters of oxygen
» 5 liters of nitrogen

» Same number of particles!
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2 volumes hydrogen combines with 1 volume oxygen toform 2 volumes gaseous water
i m
1 volume hydrogen combines with 1 volume chlorine to form 2 volumes hydrogen chloride

Interpreted in |81 | by Avogadro



Hydrogen
| Volume

N molecule

| Molecule

Hydrogen
| molecule

2 atoms

+ Chlorine

| Volume

N molecule

| Molecute

+ Chlorine

| molecule

2 atoms

Hydrogen Chloride

2 Volumes

2N molecules

2 Molecules

Hydrogen Chloride

2 molecules

4 compound-atoms
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The Chemists’ Shorthand: Atomic Symbeols

Mass number — 39

K(— Element Symbol
Atomic number — | 9



Chemical Stoichiometry

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



The Mole
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Avogadro’s number

equals
6.022 x 1023 units



Natural lithium is: .
7.42% SLi (6.015 amu)
92.58% ’Li (7.016 amu):

Average atomic mass of lithium:

7.42 x6.015 + 92.58 x 7.016

100 =6.941 amu



Atomic Masses
g HAl) sl

» Elements occur in nature as mixtures of isotopes

3 Carbon = 98.89% 2C
b 1.11% 13C
> <0.01% '*C

> Carbon atomic mass = 2.0 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 O=16
» CO, = 44.01 grams per mole
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Molar mass is the mass of 1 mole of €995 in grams
shoes

marbles
atoms

1 mole 12C atoms = 6.022 x 1023 atoms = 12.00 g
1 12C atom = 12.00 amu

1 mole 1°C atoms = 12.00 g 1°C
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1 amu=1.66x 1024g or1g=6.022 x 10%% amu



§ Do You Understand Molecular Mass?

How many H atoms are in 72.5 g of C;HgO ?

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

- 5y 1WO 8 mokH atoms 8.022 x 10%% H atoms _
| 8- 60 g H,0 | LmoleA0 1 molHatoms

5.82 x 10%4 atoms H




Measuring Atomic Mass
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electric field

Positive

ion beam

Heating device

to vaporize Electron
sample beam

Accelerated

Detector plate

Least
massive ions

Magnetic field

Y,

Most
massive
ions




Intensity of peaks

Spectrum

10 Ne(90.92%

Most Allun ant isotope

10 Ne(0.26%) Aﬁ Ne(8.82%)
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Atomic mass (amu)
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The Chemists’ Shorthand: Formulas Sl jaall
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Standard Types of
Formulas and Models

Hydrogen Water Ammonia Methane

Molecular

formula Hy H,0 NH; C:
Structural |
formula H—C—H

H—H H—O0—H H— fFI H |
H

H

| ¢
it e o O 6O g

Nk




Percent composition of an element in a compound =

Nn X molar mass of element
molar mass of compound

X 100%

n I1s the number of moles of the element in 1 mole

of the compound
2 x(12.01 g)

6 x (1.008 Q)

0] —_ : 0]
' ‘ /eH 46.07 g X 100% =

_1x(16.00g)
( 0 — 0

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

0 — 0fH =
. % C 16.07 g X 100%
4 L

52.14%

13.13%

=34.73%

100.0%



Determining Elemental Composition

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
such as NaOH

H,O absorber
such as Mg(ClOy),




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.



Example of Combustion

¥ ¥ W W

0y —>» Ethanol - (N — Unused O,

Pt

Heat

H,O CO,
absorber absorber

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



Collect 22.0 g CO, and 13.5 g H,O

16 x 2

12
» 222C0, m

C

% Cin CO,
collected

22¢C0O, x 12¢C ——

m_= = 6g C
44¢2CO,




Convert g to mole:

6g x ImolC

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

12 ¢C

Repeat the same for H from H,O

1mol H,0 — 189 H,O0— 2 mol H—2g H
13.5g I_I2C)_> nmol I_I_> mH

2x13.5

) oo H- =15 mol H

18 mol H  Faster H but
still need O




2x13.5

mH = =15gH ) mgy = 11.5g - m- - my,
18 =11.5-6-15=4g
m 4
mmm) n,= —— = —— =025molO
MM 16

Empirical formula C,:H; :O ,¢

Divide by smallest subscript (0.25)

- Empirical formula C,H;O




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



Note

» If resultsare: 0.99:2.01:1.00
» Then you have to convert to whole numbers:
> I 2

> CH,N

» f resultsare: 1.49 :3.01:0.99

» Then you have to multiply by 2:

> 3 6 2
» C;HN,



Formulas

» molecular formula = (empirical formula),

[n = integer]

» molecular formula = CH, = (CH),

» empirical formula = CH
» Then

» Molecular Mass

» Empirical Mass



CGHG = (CH)G SE = (S)E CGHIZOﬁ = (CHZO)G
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Limiting Reactant Calculations

What weight of molten iron is produced by | kg each of
the reactants!

Fe,O5(s) + 2Al(s) = Al,Os5(s) + 2 Fe(¢)
| mol 2 mol

6.26mol 18.52

The 6.26 mol Fe,O; will
Disappear first




Theoretical Yield is 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.



PercentYield

actual yield

Percent yield = X 100%

theoretical yield

Actual yield = quantity of product actually
obtained

Theoretical yield = quantity of product
predicted by stoichiometry




Percent Yield Example

C7H603(S) + C4H603(€) _> C9H804(S) + CH3C02H(€)

salicy]ic acid acetic a.nh}-'dride a,spirin acetic acid

144 ¢ excess

Actual yield = 6.26 g



Sample Exercise

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

f one begins with 125 g each of Cl, and C, but
blenty of titanium-containing ore, which is the

imiting reagent in the reaction! What quantity of
TiCl, can be produced!?




Practice Example 1

> A compound contains C, H, N. Combustion of
35.0mg of the compound produces 33.5mg CO, and
4].1mg H,O. What is the empirical formula of the
compound!?

» Solution:

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

» 3. Divide by smallest number of moles.



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:

I. Convert mass to moles.

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



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.



Practice Example 4

> Methanol can be manufactured by combination of
gaseous carbon monoxide and hydrogen. Suppose 68.5Kg
CO(g) is reacted with 8.60Kg H 2(g). Calculate the
theoretical yield of methanol. If 3.57x104g CH3OH is
actually produced, what is the percent yield of methanol?



Practice Example 5

» SNO,(s) + 2 H,(g) — Sn(s) + 2 H,O(/)

» a) the mass of tin produced from 0.21 | moles of hydrogen
gas.

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

» ¢) 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 102!
molecules of water.



