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Sub-Atomic Particles /

Your notes

Sub-Atomic Particles

= Allmatteris composed of atoms, which are the smallest parts of an element that can
take place in chemical reactions

= Atoms are mostly made up of empty space around a very small, dense nucleus that
contains protons and neutrons

= Thenucleus has an overall positive charge
= The protons have a positive charge and the neutrons have a neutral charge

= Negatively charged electrons are found in orbitals in the empty space around the
nucleus
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The basic structure of an atom (not to scale)

= Subatomic particles are the particles an elementis made up of and include protons,
neutrons and electrons

= These subatomic particles are so small that it is not possible to measure their masses
and charges using conventional units (such as grams and coulombs)

= |nstead, theirmasses and charges are compared to each other using ‘relative atomic
masses’ and ‘relative atomic charges’

= These are not actual charges and masses but they are charges and masses of particles
relative to each other
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= Protons and neutrons have a very similar mass so eachis assigned arelative mass of
Twhereas electrons are 1836 times smaller than a proton and neutron

= Protons are positively charged, electrons negatively charged and neutrons are
neutral

= Therelative mass and charge of the subatomic particles are:

Relative Mass & Charge of Subatomic Particles Table

Subatomic Particle Relative Charge Relative Mass

Proton +1 1

Neutron 0 d

Elect -1 L
ectron 1336

o

Examiner Tips and Tricks

Therelative mass of an electron is almost negligible.

The charge of a single electronis -1.602 x 107 coulombs whereas the charge of a
protonis +1.602x1071? coulombs, however, relative to each other, their charges are -1
and +Trespectively.

Chemical Elements

= The atomic number (or proton number) is the number of protons in the nucleus of an
atom and has symbol Z

= The atomic numberis equal to the number of electrons present in a neutral atom of
an element

= E.g.the atomic number of lithiumis 3 whichindicates that the neutral lithium atom
has 3 protons and 3 electrons

= The mass number (or nucleon number) is the total number of protons and neutrons in
the nucleus of an atom and has symbol A

= The number of neutrons can be calculated by:

Number of neutrons = mass number - atomic number

s

Your notes
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= Protons and neutrons are also called nucleons ,

.
Your notes

o

Examiner Tips and Tricks

MASS NUMBER =
NUMBER OF NUCLEONS
IN A NUCLEUS

A

CHEMICAL SYMBOL
FOR ELEMENT

4

ATOMIC NUMBER
PROTON NUMBER)=

NUMBER OF PROTONS
IN-A NUCLEUS

The mass (nucleon) and atomic (proton) number are given for each element in the
Periodic Table

= Anatomisneutral and has no overall charge

= |onsonthe otherhand are formed when atoms either gain orlose electrons, causing
them to become charged

= The number of subatomic particles in atoms and ions can be determined given their
atomic (proton) number, mass (nucleon) numberand charge

Protons

= The atomic number of an atom and ion determines which elementitis

= Therefore, allatoms and ions of the same element have the same number of protons
(atomic number)in the nucleus

= E.g.lithiumhas an atomic number of 3 (three protons) whereas beryllium has atomic
number of 4 (4 protons)

= The number of protons equals the atomic (proton) number

= The number of protons of anunknown element can be calculated by using its mass
number and number of neutrons:

Mass number = number of protons + number of neutrons

Number of protons = mass number - number of neutrons

Electrons
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= Anatomis neutral and therefore has the same number of protons and electrons ,

= |ons have a different number of electrons to their atomic number depending on their Your notes
charge

= Apositively chargedionhaslost electrons and therefore has fewer electrons than
protons

= Anegatively chargedion has gained electrons and therefore has more electrons
than protons

Neutrons

= The mass and atomic numbers can be used to find the number of neutronsinions and
atoms:

Number of neutrons = mass number (A) - number of protons (Z)

o

Worked Example

Determine the number of protons, electrons and neutrons for the followingions and
atoms:

1. Mg?*ion

2. Carbonatom

3. Anunknown atom of element X with mass number 63 and 34 neutrons
Answer1:

The atomic number of a magnesium atom s 12
= Therefore, the number of protonsinaMg?*ionis also 12
» However, the 2+ charge inMg?*ion suggests it has lost two electrons

» Therefore, the Mg?*ion only has 10 electrons left now
The atomic number of a magnesium atomis 12 and its mass numberis 24

= Number of neutrons = mass number (A) - number of protons (Z)

= Numberof neutrons=24-12=12
» The Mg?*ionhas 12 neutronsinits nucleus
Answer 2:

The atomic number of acarbon atomis 6

= Therefore, the number of protonsinacarbonatomis also 6
The atom has no overall charge so the number of protons = the number of electrons

= Therefore, the carbon atomhas 6 electrons
The atomic number of a carbon atomis 6 and its mass numberis 12

= Number of neutrons = mass number (A) - number of protons (Z)

= Numberofneutrons=12-6=6
= The carbonatomhas é neutronsinits nucleus
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Answer 3: ,

Use the formula to calculate the number of protons Your notes
= Number of protons = mass number - number of neutrons

= Number of protons =63 - 34
= Number of protons =29
= (ElementXis therefore copper)
The atomis not charged so the number of protons = the number of electrons

= Therefore, the atom of element X has 29 electrons
The number of neutrons is 34 (givenin the question)

L
Isotopes

= The symbolforanisotope is the chemical symbol (or word) followed by a dash and then
the mass number

= E.g.carbon-12 and carbon-14 are isotopes of carbon containing 6 and 8 neutrons
respectively

= |sotopes are atoms of the same element that contain the same number of protons and
electrons but a different number of neutrons

PROTIUM DEUTERIUM TRITIUM

PROTONS 1 1 1
NEUTRONS 0] 1 2
ISOTOPIC 1 2 3
H H H
SYMBOL 1 1 1
@ =ELECTRON © = PROTON @ = NEUTRON

The atomic structure and symbols of the three isotopes of hydrogen

Properties of Isotopes

= |sotopes have similar chemical properties but different physical properties
Chemical properties
= |sotopes of the same element display the same chemical characteristics

= Thisis because they have the same number of electronsin their outer shells
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= FElectrons take partin chemical reactions and therefore determine the chemistry of an ,
atom

Your notes
Physical properties

= The only difference betweenisotopesis the number of neutrons
= Since these are neutral subatomic particles, they only add mass to the atom

= Asaresult of this, isotopes have different physical properties such as small differences
in their mass, density, melting point and boiling point
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Isotopes & Mass Spectra ,

Your notes

The Mass Spectrometer

= Themass spectrometeris aninstrument used to determine the relative isotopic mass
and therelative abundance of eachisotope

= Relativeisotopic massis the mass of anindividual isotope relative to the mass of
carbon-12

= Apart from finding the masses of isotopes, mass spectrometry is a vey useful tool for
detectingillegal drugs, forensic science, space exploration and carbon-14 dating

CHARGED PLATES

* ELECTROMAGNET S
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H |
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' |
ELECTRON GUN a/ i
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« DETECTOR

DETECTICON

The components of a mass spectrometer

How the mass spectrometer works
= Asampleisinjectedinto the spectrometerwhereitis heated and vaporised

= The atomsormolecules are then bombarded by high energy electrons created by an
electrongun

= The high energy electrons collide with the sample material and remove electrons
creating positive ions

= Theionsare then accelerated by attraction towards negatively charged plates

= Manyions strike the plate and are discharged, but a few will pass through a gap in the
platesinto a curved section of the spectrometer known as the flight tube

= Theflighttubeisencasedinelectromagnets which create a strong electromagnetic
field that deflects the path of theionsina curve

= Theions passonto acharged detector plate where every strike isrecorded as a small
current whichis then amplified

= By varying the electric and magnetic fields all the charged particles can be deflected to
the detector which gives information about the mass/charge ratio and abundance of
eachion
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Isotopes & Mass Spectra 4

, , Your notes
= |sotopes are different atoms of the same element that contain the same number of

protons and electrons but a different number of neutrons
= These are atoms of the same elements but with different mass numbers

= Therefore, the mass of an elementis given as relative atomic mass (A,) by using the
average mass of the isotopes

= Therelative atomic mass of an element can be calculated by using the relative
abundance values

A=

)+(re]ative abundance. X mass.

isotope 2 isotope 2) ete
100

(re]auve abundanceisotope | X MasS e 1

= Therelative abundance of anisotope s either given or can be read off the mass

spectrum
.
Worked Example
Calculating the relative atomic mass of oxygen
A sample of oxygen contains the following isotopes:
Isotope Percentage abundance
0 99.76
Ko 0.04
e 0.20
Whatis the relative atomic mass, A;, of oxygenin this sample, to 2dp?
Answer
(99.76 x 16) +(0.04 x 17) +(0.20 x 18)
s A=
' 100
= A =16.0044
= A =16.00
\
>
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Worked Example ,

Calculating the relative atomic mass of boron Your notes

Calculate the relative atomic mass of boron using its mass spectrum, to 1dp:

g \ 80.1
0
=
2
19.9
I S
10 11 m /e
Answer
(19.9 x10) + (80.1 x 11) _ 10801 = 10.8
" A 100 T e
\
(

o

Examiner Tips and Tricks

You can be expected to work with tables or graphs of data to calculate relative atomic
mass

You can also be expected to do these calculations backwards to determine the
abundance of one isotope given sufficientinformation

L
Mass spectra of molecules

= Whenacompoundis analysedinamass spectrometer, vaporised molecules are
bombarded with a beam of high-speed electrons

= These knock off an electron from some of the molecules, creating molecularions:

ELECTRON
BOMBARDMENT

MOLECULE ——> MOLECULE. + &

MOLECULAR ION

= Therelative abundances of the detectedions form a mass spectrum: a kind of molecular
fingerprint that can be identified by computer using a spectral database

= The peak with the highest m/zvalue is the molecularion (M*) peak which gives
information about the molecular mass of the compound

= Thisvalue of m/zis equal to the relative molecular mass of the compound
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The M+1peak ,

= The [M+1] peakis a smaller peak whichis due to the natural abundance of the isotope Your notes
carbon-13

= The height of the [M+1] peak for a particularion depends on how many carbon atoms are
presentin that molecule; The more carbon atoms, the larger the [M+1] peakis

= Forexample, the height of the [M+1] peak for an hexane (containing six carbon
atoms) ionwill be greater than the height of the [M+1] peak of an ethane (containing
two carbon atoms)ion

o

Worked Example

Determine whether the following mass spectrum belongs to propanal or butanal

A
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Answer:

= The mass spectrum corresponds to propanal as the molecularion peakisatm/z =
58

= Propanal arises from the CH3CH,CHO™" ion which has a molecular mass of 58
= Butanal arises from the CHzCH,CH,CHO"ion which has a molecular mass of
72

=

Examiner Tips and Tricks
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Amass spectrum can give lots of information about fragments of the overall ,

compound being analysed
Your notes

Mass Spectra - Predictions

= You canalso predict how a mass spectrum might appear for a given compound, e.g.
ethanol, CH;CH,OH

= Themethyl, CHz*, fragmenthas amass of 15.0

= The ethyl, CHzCH,*, fragment has a mass of 29.0

= Thebaseion, CH,OH*, fragment has a mass of 31.0
= The whole molecule has amass of 46.0

= Predicting mass spectrabecomes more complexwith the inclusion of halogenisotopes
such as chlorine and bromine

Chlorine
Chlorine exists as two isotopes, 3°Cland ¥Cl

= A compound containing one chlorine atom will therefore have two molecularion peaks
due to the two differentisotopes it can contain

» 35CI=M* peak
» 3Cl=[M+2] peak

» Theratio of the peak heights is 3:1(as the relative abundance of >°Clis 3x greater
than that of *Cl)

= Adiatomic chlorine molecule ora compound containing two chlorine atoms will have
three molecularion peaks due to the different combinations of chlorine isotopes they
cancontain

= 35C1+35CI=M* peak
s 35CI1+37Cl=[M+2] peak
» Thereisan alternative of 3/Cl+ 3°Cl doubling the [M+2] peak
s 3C1+%Cl=[M+4] peak
= Theratio of the peak heightsis 9:6:1

= Thisratio can be deduced by using the probability of each chlorine atom
being *°Clor3/Cl

. 35C|+35CI=3/4 X3/4 = 9/16

. 35C|+37c:|:3/4 X 1/4 = 3/16 but this doubles for the *’Cl + 3°Cl option,
therefore,6/16
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= 3Cl+3Cl=

= The presence of bromine or chlorine atoms in a compound givesrise to a[M+2] and

Vax1/a=1/16 4

Your notes

possibly [M+4] peak

COMPOUNDS CONTAINING 1CL ATOM

X ABUNDANCE

Z ABUNDANCE

3 (M* PEAK)
1 (LM +21 PEAK)
~
T T T T I T T T~
33 35 37 39 m/e
COMPOUNDS CONTAINING 2CL ATOMS
A 9 (M* PEAK)
6 (IM+21 PEAK)
1 (IM +41 PEAK)
N
I T T I I T I
68 70 72 74 76 m/e

Mass spectrum of compounds containing one chlorine atom (1) and two chlorine atoms

Bromine

(2)

= Bromine too exists as two isotopes, 7?Brand 8'Br

= Acompound containing one bromine atom will have two molecularion peaks

= 79Br=M+* peak

= 81Br=[M+2] peak

= Theratio of the peak heightsis 1:1(they are of similar heights as theirrelative
abundanceis the same!)

= Adiatomic molecule of bromine ora compound containing two bromine atoms will have
three molecularion peaks

= 79Br+7Br=M*peak
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= 79Br+81Br=[M+2] peak

s 81Br4+81Br=[M+4] peak

= Theratio of the peak heightsis1:2:1

Z ABUNDANCE

Z ABUNDANCE

Mass spectrum of compounds containing one bromine atom

1, SaveMyExams

COMPOUNDS CONTAINING 1Br ATOM

\

1 (M7 PEAK) 1 (IM +21 PEAK)

COMPOUNDS CONTAINING 2Br ATOMS

\

2 (M +21 PEAK)

1(M¥ PEAK) 1 (IM +4] PEAK)
ey
T 1 T T T T =
158 160 162 m/e

4

Your notes
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