
Atoms, Molecules 

and Minerals



Matter

ÅAtoms

ïThe smallest unit of an element that 

retain its properties

ÅMolecules- a small orderly group of atoms 

that possess specific properties - H2O

ïSmall nucleussurrounded by a cloud of 

electrons

ïThe nucleus contains protons and 

neutrons



The Nucleus

ÅProtons

ïPositive electrical charge

ïMass equal to 1 atomic unit

Å1 atomic unit = 1.66 * 10-24g

ïThe number of protons in the nucleus 

determines the atomic number

Atomic number defines the element!



The Nucleus

ÅNeutrons

ïElectrically neutral - no charge

ïMass of 1 atomic unit

ïThe number of neutrons + protons equals 

the atomic mass

ïThe number of neutrons in the nucleus of 

a given element may vary producing 

isotopes(stable or unstable, i.e. 

radioactive)



Isotopes

ÅNumber of protons constant in a given 

atom

ÅNumber of neutrons vary

ÅAtomic mass varies

ÅIsotopes may be stable or radioactive

C C C
6 protons 6 6

12 protons and neutrons 13 14

stablestable Unstable, i.e., 

radioactive



Electrons

ÅElectrons form clouds around nucleus

ïNegative electrical charge

ïMass is much much less than 1
ÅNot a significant contribution to the mass of the 

atom

ïElectrons = protons in electrically neutral 

atom

ïVariations in the number of electrons 

produceions



Ions

ÅAtoms may gain or lose electrons

ïóWantô to achieve noble gas electron 

structure

ïLoss of electrons makes a positively 

charged ion - cation

ïGaining electrons makes a negatively 

charged ion - anion

ïOppositely charged ions may attract one 

another



Bonding

ÅAtoms are stable when their outmost 

electron shell is filled

ïElectron structure like a noble gas

ïAtoms lose, gain or share electrons to 

achieve a noble gas structure

ïThe outmost electrons are referred to as 

the valence electrons.  They are the most 

important factor in determining the 

chemistry of the element.



Where are the 

electrons in an 

atom?
In particular, where are the 

valence(outer shell) electrons 

in an atom?



Schrodinger Wave Equation

In 1926 Schrodinger wrote a wave equation (Y) that 

describes the location and other properties of electrons 

surrounding the nucleus of an atom. 

Four quantum numbers uniquely specify the position and 

characteristics of an electron in an atom



Schrodinger Wave Equation

Y = f(n, l, ml, ms)

principal quantum number n

n= 1, 2, 3, 4, é.

n=1 n=2 n=3

Determines the distance of electron from the nucleus



e- density (1s orbital) falls off rapidly

as distance from nucleus increases

Where 90% of the

e- density is found

for the 1s orbital
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Y = f(n, l, ml, ms)

angular momentum quantum number l

The angular momentum quantum number determines the 

shapeof the ñvolumeò of space that the e- occupies 

l = 0     s orbital

l = 1     p orbital

l = 2     d orbital

l = 3     f orbital

Schrodinger Wave Equation
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l = 0 (s orbitals)

l = 1 (p orbitals)
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l = 2 (d orbitals)
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ÅThe magnetic quantum numberml relates to the 

orientation of the region the electron is most likely in.  It 

takes integer values between ïl and +l: 

ml = -l, -l+1,é, 0,é, +l-1, +l.



ÅThe spin quantum number ms does notrelate to where an 

electron is likely to be found in space.  It refers to 

the orientation of the electronôs magnetic field.  It takes   

values 

ms = +1/2 and -1/2,

sometimes called ñupò and ñdownò.

This is the source of magnetism!



Energy of orbitals in a singleelectron atom

Energy only depends on principal quantum number n

En = -RH (     )
1

n2

n=1

n=2

n=3
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Energy of orbitals in a multi-electron atom

Energy depends on n and l

n=1 l = 0

n=2 l = 0
n=2 l = 1

n=3 l = 0
n=3 l = 1

n=3 l = 2
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ñFill upò electrons in lowest energy orbitals (Aufbau principle)

H 1 electron

H  1s1

He 2 electrons

He  1s2

Li 3 electrons

Li  1s22s1

Be 4 electrons

Be  1s22s2

B 5 electrons

B  1s22s22p1

C 6 electrons

? ?
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C 6 electrons

The most stable arrangement of electrons in 

subshells is the one with the greatest number of 

parallel spins (Hundôs rule).

C  1s22s22p2

N 7 electrons

N  1s22s22p3

O 8 electrons

O  1s22s22p4

F 9 electrons

F  1s22s22p5

Ne 10 electrons

Ne  1s22s22p6
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Order of orbitals (filling) in multi-electron atom

1s < 2s < 2p < 3s < 3p < 4s < 3d < 4p < 5s < 4d < 5p < 6s
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Outermost subshell being filled with electrons

7.8



Paramagnetic

unpaired electrons

2p

Diamagnetic

all electrons paired

2p
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8.2

Classification of the Elements


