Chem101 - Lecture 2

Atoms and Molecules

Elements

6 808 &

* An alphabetic listing of the elements
is found inside the back cover of your
Textbook.
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6 Elements

¢ Elements are pure substances
()_( containing only one kind of atom

(homoatomic).
* There are at last count 114 elements.

(Your book indicates 112.).
- 88 of these are naturally occurring.
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6 Elements

¢ On the inside of the front cover of you
()_( book is a tabular arrangement of the
elements.

- This arrangement is called the Periodic

E 5 Table.
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6 Elements |

<4 Table21:
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6 Elements

¢ On the inside of the front cover of you
book is a tabular arrangement of the

elements.
. - This arrangement is called the Periodic
Table.

- You will learn this semester that there is
a great deal of significance to this

arrangement
H ¢ The resource page at the Chem101
yw-{  website provides links for several

. other periodic tables.
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b well-defined set of physical characteristics.
- Nitrogen is a clear, colorless, nonflammable

k—{“ (Na).

- * The web-based periodic tables given on the

& Elements as Pure Substances
,)_( - Hydrogen is a clear, colorless, flammable
m diatomic gas (N,).
)_( Resources page list characteristc physical

% g‘ * As pure substances, each element has a
diatomic (H,) gas.
- Sulfur is a yellow, amorphous polyatomic (Sg)
solid.
- Sodium is a highly reactive, soft, metallic solid
properties of the elements.
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& “Seeing” Atoms

« g‘ ¢ How an STM works:
& Scanning Tunneling Microscopy

(6. Binwig, H. Rafrer, Ch. Gerber, €. Veoel, Prys. Rev. Let. 43, 57 (1982).
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"~ “Seeing” Atoms

;{‘ ¢ Up until the 1970’s no one had ever seen an
atom.
- Atoms were theoretic objects that could explain
the properties of matter.
* In 1981, the invention of the Scanning
Tunneling Microscopy (STM) allowed us to

now “‘see” atoms.
- The inventors received the Nobel Prize for their
<

invention in 1986.
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~ “Seeing” Atoms
* Silicon crystal lattice
o
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& “Seeing” Atoms

% g‘ ¢ How an STM works:

&
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& “Seeing” Atoms

* g‘ * Nickel crystal lattice

&
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t& “Seeing” Atoms

?‘* * Xenon atom on a nickel crystal lattice
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< ?‘“ * Carbon monoxide molecules on a platinum
crystal lattice
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t& “Seeing” Atoms

?‘“ ¢ Scientists at IBM have learned how to
arrange atoms on a surface.

%—[ * Xenon atoms on a nickel crystal lattice
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{'g; Chemical Symbols for Elements

%

Cdr ~» Most of the symbols are derived from
Py the element’s English name:

¢ 4 - H (Hydrogen), C (Carbon), Ca
fj ”w (Calcium), O (Oxygen), CI (Chlorine)

; ¢ Some of the symbols are derived from
: - the element’s German or Latin name:
- Au (Gold, aurum), Ag (Silver,

argentum), Na (Sodium, natrium), Cu
(Copper, cuprum), Fe (Iron, ferrum)

)

¢
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&4+ Each element has a unique one or two
Py character symbol (Table 2.1 and
5/ < Periodic Table)

S - Thg fir§t letter of the symbol is always
capitalized.
tﬁ' - The second letter, if there is one, is
always lower case.
¢ P
g
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t& Compounds

« P
&4+ Compounds are pure substances

Py whose molecules contain more than
{ f‘ g one type of atom (heteroatomic)
,;; ¢ There are millions of different
tﬁ compounds.

J

£
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& Compounds as Pure Substances
;{“ * As pure substances, each compound

. has a well-defined set of physical
characteristics.
& - Methane (CH,) is a clear, colorless,
flammable gas.
J‘"‘E’.& - Acetic acid (GH,0,) is a crystalline
N white solid.

3:
]

- Dihydrogen oxide (H,O) is a clear,
colorless liquid.

8-

o
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Molecular Formulas for Compounds

¢ For example:
P - The molecular formula for water is H,O
Each molecule of water contains two hydrogen
(H) atoms and one oxygen (O) atom.
S - The molecular formula for methane is CH,

Each molecule of water contains one carbon (C)
atom and four hydrogen (H) atoms.

4 - The molecular formula for acetic acid is
C,H,0,
Each molecule of acetic acid contains two
carbon (C) atoms, four hydrogen (H) atoms and
two oxygen (O) atoms.
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& Molecular Formulas for Compounds

p * Molecular or Chemical formulas are
used to indicate the chemical
composition of a compound’s
molecule.

¢ In a molecular formula, the chemical
symbols of all of the elements
contained in the compound are listed.

B8

:ﬂ’& - Subscripts are used to indicate the

)_( numbers of atoms of each element
_ contained in each molecule of the
5 2 compound.
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& Inside the Atom

i?‘ e Atoms are the limit of chemical
o
subdivision in matter.

el * Each element has a different type of
@ atom.

- Each with different chemical and
& physical properties
¢ To understand how different types of

¢ atoms can have different chemical and
S physical properties, we need to know
. what atoms are made of.
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& Exercise 2.5

Determine the number of each type of atom in
molecules represented by the following formulas:

sulfur trioxide (SO;)

5y jee

nitric acid (HNO;)
ammonia (NH;)
propane (C;Hyg)

< &

= J;' ;fg
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& Inside the Atom

i?‘ e All atoms are made of three different
"f subatomic particles.
\ p

- These were discovered in the latter part
of the 19" and early part of the 20"

@ century.

* The three subatomic particles include:

- The proton
¢ P _
> The electron
\ ,: - The neutron
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@ Inside the Atom

‘&_{- ¢ Each of these particles have
- - distinguishable physical properties,
the important ones being mass and

w electrical charge.
Characteristic Properties
Particle | Gommon | Chame | nags (g | Rejuive

Electron o I [907x10"] 11836
'b_{" [Proton [ p. p+. H+ I+ | 167x10%| 1
- [Neutron n 0 [rerxiox| 1
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Inside the Atom

* The protons and neutrons are tightly
3'{' bound together and located in the
" center of the atom in a region called

the nucleus.

* The electrons surro the nucleus.
& Nucleus

(comprising the

< protons and neutrons)

3
s
@

Electrons
Are located outside of
the nucleus
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Inside the Atom

* The protons and neutrons contribute
essentially all of the mass to an atom.

* The protons contribute all of the positive
charge, while the electrons contribute all of
the negative charge.

L

M - In a neutral atom the net charge is zero,
therefore the numbers of protons and electrons
are equal.

s

Characteristic Properties

. Common || Charge Relative
Paricle | Gomnon | CEe | mass () | R

Electron e 1- 9.07 x 10 | 1/1836
Proton P p+, H 1+ 1.67 x 10 1
Neutron n 0 1.67 x 102 1
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Inside the Atom

‘&-{' ¢ The popular model of an atom shown on
o the previous slide is also misleading.
)_( - The volume occupied by the nucleus, which
contains essentially all of the mass, is quite
small compare to that occupied by the
E 5 electrons.
129

- The diameter of the nucleus is approximately
1/100,000 the radius of the electron cloud.
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Inside the Atom

¢ The popular model of an atom shown on
the previous slide is somewhat misleading.

- The electrons are not hard spheres that whirl
about the nucleus, but rather should be
thought of as a cloud that surrounds the

o«
—
WE nucleus. T

Nucleus -+ 1
(comprising the ’@
protons and neutrons) / Electrons

Are located outside of
the nucleus
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Inside the Atom

Nucleus Electron Cloud

(negative charge)

(mass and
positive charge)

The electron cloud
If the nucleus were would extend 1km to
1 cm in diameter Water Street!




& Inside the Atom

* The number protons an atom contains
»— determines which element it is, this
S number is called the atomic number and is
represented by the letter Z.

m - On the periodic table the symbols for the
elements are arranged according to their
atomic numbers.

¢ For an electrically neutral atom, the

'5_{“ number of electrons is equal the number of
- protons.
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Isoto pes

L. ¢ The number of neutrons an atom has
4 does not affect its electrical charge,
- Nor does it affect which element an atom is.
m * The number of neutrons in an atom is
approximately equal to the number of

protons, but it can vary for the different
,b{g atoms of a given element.

%

Exercise 2.13

Determine the number of electrons and protons
contained in an atom of the following elements:

a. sulfur
b. As
c. element number 24
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Isotopes
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¢ Each element has its own
characteristic number of isotopes and
relative abundance of each.

»<
¢ For example
- Phosphorus (P) has just one naturally occurring

isotope
it contains 16 neutrons.
- Carbon (C) has two naturally occurring isotopes
one has 6 neutrons and represents 98.93% of all
'B_{o naturally occurring carbon
the other has 7 neutrons and represents the remaining
1.07% of all naturally occurring carbon
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Isotopes

1 g‘ * The number of neutrons does affect an
o s
atom’s mass.

® G886

- The sum of the number of protons and
neutrons an atom contains is called the
atom’s atomic mass number.

8-

- The atomic mass number is represented by
the letter A.

'}B_{b * The different forms of atoms that
- elements have due to differences in their
H number of neutrons are called isotopes.
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@ Isotopes

- Chlorine (CI) also has two naturally occurring
isotopes:
one has 18 neutrons and represents 75.78% of all naturally
occurring chlorine
the other has 20 neutrons and represents the remaining
24.22% of all naturally occurring chlorine.
- Magnesium (Mg) has three naturally occurring
isotopes:
one has 12 neutrons and represents 78.99% of all naturally
occurring magnesium
another has 13 neutrons and represents 10.00% of all
naturally occurring magnesium

and the last has 14 neutrons and represents the remaining
11.01% of all naturally occurring magnesium.
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& SOtOQC

¢ The number of naturally occurring

isotopes an element has, and their

natural abundance, are characteristic

properties of each element.

- They have been determined
experimentally.

- They can be looked up in the CRC
Handbook of Chemistry and Physics.

- They can also be found on-line at the
WebElements web site:

University of Wisconsin-Eau Claire ~ Chem101 - Lecture2 37

Isotopes

* The convention used to distinguish one
isotope of an element from another is
modify the element’s chemical symbol:

o
@&
&
3
s
@
&

)

- Where E is the element’s chemical symbol,

rs @ %

- Zis the element’s atomic number,
'b_é" - and A is the element’s atomic mass number.
>~
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SOtOQC
* Some isotopes are radioactive

- This means that their nuclei are
unstable

They fall apart to produce new elements
and in the process release energy

University of Wisconsin-Eau Claire ~ Chem101 - Lecture 2

& Isotopes
‘&_é‘ * Another way to represent the different
isotopes of an element is to write out
il the name of the element followed by
w the atomic mass number:
- phosphorus-31
& - carbon-12 and carbon-13
- chlorine-35 and chlorine-37
'&.{" - magnesium-24, magnesium-25 and
)_( magnesium-26
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Isotopes

* For our previous examples:
- Phosphorus: P
'sC and ;C
>Cl and [JCl
- Magnesium: %Mg , Mg and 5Mg

- Carbon:
- Chlorine:

e Since an element’s atomic number is
unique, it is not necessary to include
it, for example, for magnesium we can
write:

- Magnesium: *Mg , Mg and *Mg
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Exercise 2.15

Determine the number of protons, number of
neutrons, and the number of electrons in atoms of
the following isotopes:

Ty
a. 3Ll
22
b. 1o Ne

44
c. nCa

8686 @686 @§-88:6
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Exercise 2.17

Write symbols like those given in Exercise 2.15
for the following isotopes:

a. cadmium-110

b. cobalt-60

c. uranium-235

Q- A8--B
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& Relative Masses

* By convention, atomic masses are
determined by comparing them to the
mass of the carbon-12 isotope.

_4—(
¢ The unit of mass that is used is called
the atomic mass unit and is
& represented by the symbol u.
¢ The atomic mass unit is equal to
5?“!{0 exactly 1/12 the mass of the carbon-12

w{  isotope.

% - A carbon-12 atom weighs exactly 12 u.
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& Relative Masses

h * The mass of an atom cannot be
T determined by simply adding up the

mass of its constituent protons,
w neutrons and electrons.
& converted to energy, which is used to
hold the nucleus of the atom together.
L’}?_{” * The mass of the atoms for each
element must be determined

_ experimentally.
% University of Wisconsin-Eau Claire  Chem101 - Lecture 2

- This is because some of the mass is

& Relative Masses

¢ Chlorine has two naturally occurring isotopes:
f’ chlorine-35 (75.53%) and chlorine-37
(24.47%).

- The atomic weight for chlorine-35 is 34.97 u.

- The atomic weight for chlorine-37 is 36.97u.

* The average atomic weight for chlorine is

&; (75.53)(34.97u) + (2447)3697u) _ oo o
29 -

L_T r * This is the mass reported for chlorine on the

periodic table.
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& Relative Masses

* The atomic mass is also called the atomic

L— weight.

34—+ The atomic weights of the elements are given
on most periodic tables of the elements.

w * The atomic weights given reflect weighted
average of the masses of the naturally
occurring isotopes of an element.

- For example, the atomic weight given for carbon is
12.01 u instead of exactly 12 u.
3—{9 - This is because naturally occurring carbon
. comprises
)—( 98.93 % carbon-12 and 1.07% carbon-13.
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& Exercise 2.38

Calculate the atomic weight of boron on the basis
of the following percent composition and atomic
weights of the naturally occurring isotopes.
Compare the calculated value with the atomic
weight listed for boron in the periodic table.

boron-10 = 19.78% (10.0129 u)

boron-11 = 80.22% (11.0093 )

8-.88-%
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& The Mole

‘., * The atomic mass unit is a very small
unit of mass.
- For example: 1 g of carbon-12 weighs
5.0x 102 u
¢ In the lab we typically use grams as
our unit of mass.

83;51;&8:@
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& The Mole

* The number of atoms in a mole of atoms
is 6.022 x 1023 mole™ ( per mole).
- This number is called Avogadro’s number.
- You can have a mole of any object, like
1 dozen (12) or 1 gross (144), it is just a
number.

BI@@Bf
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& The Mole

* A mole is defined as

- The number of atoms of an element who’s mass
in grams is numerically equal to the atom’s
mass in atomic mass units.

- This number is the same for all elements
* For example:

- The mass of 1 mole of carbon is 12.01 g.

- The mass of 1 mole of chlorine is 3545 g.

m&sr
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& The Mass of a Mole of Molecules.

3‘{ ¢ To determined the molecular weight of

=

UL
0 ( 1 mol O )(16‘00g O) _ (16‘00g O)
1 mol H,0/\ 1mol O 1 mol H,0

H ( 2 mol H )(I.OOSg H) _ (2.016g H)
& " \mot H,0\ 1molH )~ \1molH,0
¢ Added together these give the molecular
3“{0 weight for H,O:

Y (16.00 g 0) . (2.016 g H) ~ (18.02 g H20)

" 1 mol H,0 1 mol H,0 1 mol H,0
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& The Mass of a Mole of Molecules.

3‘{ * Pure substances are made of molecules.

* The mass of a mole of molecules is
called the molar mass or molecular
weight.

¢ The molecular weight for a compound
can be determined from its chemical

'b—éo formula and the atomic weights of its

- constituent atoms.

a8
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Exercise 2.29

Determine the molecular weights of the following
in u:

a. oxygen (O,)

b. carbon monoxide (CO)

c. chloric acid (HCIO5)

d. glycerine (C3HgO;)

e. sulfur dioxide (SO,)
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Exercise 2.44

Write three relationships (equalities) based on the
mole concept for each of the following elements
(See section 2.7 for some examples):

a. bromine
b. carbon
c. silver
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Exercise 2.57

Urea (CH,N,0) and ammonium sulfate
(N,HSO,) are both used as agricultural
fertilizers. Which one contains the higher mass
percentage of nitrogen?
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Exercise 2.46

Use a factor derived from the relationships
written in Exercise 2.44 and the factor-unit
method to determine the following (The factor-
unit method is discussed in Study Skills 2.1.):
a. The mass in grams of one bromine atom
b. The number ot grams of carbon in
2.75 mol of carbon
c. The total mass in grams of one-half
Avogadro’s number of silver atoms
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