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Rutherford's Gold Foil Experiment 4

Your notes
Rutherford's Gold Foil Experiment

= Evidence forthe structure of the atom was discovered by Ernest Rutherford at the beginning of the
20th century from the study of alpha particle scattering
= The experiment consisted of beams of high-energy alpha particles fired at thin gold foil and a detector
onthe otherside to determine
= Thedifferent angles of deflection of the alpha particles
= The number of alpha particles that were deflected at each angle

Apparatus for the Rutherford Scattering Experiment

= The setup forthe scattering experiment consisted of:
= Asource of alphaparticlesinalead container
= Athinsheet of gold fail
= Amovable detector
= Anevacuated chamber

Ry o DETECTOR OF d—PARTICLES

_PATH OF DEFLECTED
A —PARTICLES

th— SOURCE o

Experimental set up for a-particle scattering

Purpose of the lead container

= Alpha particles are emittedin all directions, so the source was placed in alead container
= Thiswas to produce a collimated beam of alpha particles
= Thisisbecause alpha particles are absorbed by lead, so along narrow hole at the front allowed a
concentrated beam of alpha particles to escape and be directed as needed
Purpose of the thin sheet of gold foil

= Thetarget material needed to be extremely thin, about 10-¢ m thick

= Thisisbecause a thicker foil would stop the alpha particles completely

= Gold was chosen due toits malleability, meaning it was easy to hammerinto thin sheets
Purpose of the evacuated chamber
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= Alpha particles are highly ionising, meaning they only travel about 5 cm before interacting with ,
molecules of air

= So,the apparatus was placedin an evacuated chamber

= Thiswas to ensure that the alpha particles did not collide with any particles on their way to the foil

target

Your notes

Findings from the Rutherford Scattering Experiment

= Analpha(a) particle is the nucleus of a helium atom, so it has a positive charge

ATOMS
(_) A
®
C °

—_—
[ ]
N1

V

[#-parmices] - 4
(=) =

When a-particles are fired at thin gold foil, most of them go straight through but a small number bounce
straight back

= The observations from Rutherford's experiment were:
A. The majority of a-particles passed straight through the foil undefiected

= This suggests the atomis mostly empty space
B. Some a-particles deflected through small angles of <10°

= This suggests thereis a positive nucleus at the centre (since two positive charges would repel)
C. Only a small number of a-particles deflected straight back at angles of >90°

= This suggests the nucleusis extremely small and is where most of the mass and charge of the atom

are concentrated
= Thisledtothe conclusion that atoms consist of small, dense positively charged nuclei surrounded

by negatively charged electrons
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NEGATIVE ELECTRONS ‘/
Your notes

SMALL, POSITIVELY
CHARGED NUCLEUS
DIAMETER =10 " m

<— DIAMETER OF ATOM = 10 °m ——>

An atom: a small positive nucleus, surrounded by negative electrons

= (Note:The atomis around 100,000 times larger than the nucleus!)
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@ Worked example

In an a-particle scattering experiment, a student set up the apparatus below to determine the number
of a-particles, n, incident per unit time on a detector held at various angles 6.

+90° Detector

+170°
Particles > k=l 0°
-170° Thin gold
foil

-90°

Which of the following graphs best represents the variation of n with 8 from O to 90°?

0 Il I > 0 Il I > O I Il > 0 = I >
45 90 © 45 9 © 45 9 © 45 90 ©

A. B. C. D.

Answer: A

= The Rutherford scattering experience directed parallel beams of a-particles at gold foil
= The observations were:

= Most of the a-particles went straight through the foil

= Thelargestvalue of nwill therefore be at small angles

= Some of the a-particles were deflected through small angles

= ndrops quickly withincreasing angle of deflection 8
= These observations fit with graph A
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Nuclear Notation /

Your notes

Nuclear Notation

= Allmatteris made from atoms
=  Atoms are made up of three subatomic particles:
= Protons
= Neutrons
= FElectrons
Structure of the Atom

@ =PROTON
O =NEUTRON
@ =ELECTRON

Protons and neutrons are found in the nucleus of an atom while electrons orbit the nucleus

= Each of these subatomic particles has a mass and a charge
= Charge canbe expressed in coulombs (C), or units of elementary charge e
= Masscanbe expressedinkilograms (kg), orin atomic mass unitsu
Table of properties of subatomic particles

particle charge /C charge /e mass / kg mass /u

proton +1.60 x1071? +1 1.673x10-%7 1.007276
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neutron

0 0 1.675 x10-%/

1.008665

electron

-1.60x107" -1 9.109 x 1073

0.000549

= Anucleus canbe described using ‘;X notation

NUCLEON NUMBER %\

A

yA

é_’{ﬂCHEMCAL SYMBOL
FOR THE ELEMENT

PROTON NUMBER nﬂ}

‘}X notation is used to describe the constituents of a nucleus

= The top numberArepresents the nucleon number or the mass number

Nucleon number (A) = total number of protons and neutrons in the nucleus

= ThelowernumberZrepresents the proton or atomic number

O Examiner Tip

In Chemistry, you may see nucleon numberreferred to as mass number and proton number as atomic
number. Both of these are valid, just make sure you don't mistake mass number for atomic number, or

vice versa.

Proton number (Z) = total number of protons in the nucleus

Make sure you know that the periodic table is ordered by atomic number
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Emission & Absorption Spectrum

Spectra & Atomic Energy Levels

= Atomic spectra are observed when atoms emit or absorb light of certain wavelengths

= These are known as emission spectra and absorption spectra

= Atomic spectra provide evidence that electronsin atoms can only transition between discrete atomic

energy levels
Emission Spectra

= Emission spectracanbe produced by heating alow-pressure gas
= Heating provides energy to excite electrons to higherenergy levels

= Whenanelectrontransitions back to alower energy level, it emits a photon
= Eachtransition corresponds to a specific wavelength of light which correlates to an observable

spectralline

= Theresulting emission spectrum contains a set of discrete wavelengths, represented by coloured

lines onablack background

Emission spectrum of hydrogen gas

HYDROGEN EMISSION SPECTRUM

410 434 486 656
WAVELENGTH , A (nm)

</ \/\/

AN

n=>5
n=4
n=73
n=2

A typical hydrogen emission spectrum contains several spectral lines in the visible region of the

electromagnetic spectrum
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Absorption Spectra

= Absorption spectracan be produced by passing white light through a cool, low-pressure gas

= Only photons with the exact energy required to excite electrons will be absorbed

= Eachabsorbed photon corresponds to a specific wavelength of light which correlates to an

observable darkline in a continuous spectrum of wavelengths

= Theresulting absorption spectrum contains a set of discrete wavelengths, represented by dark lines

ona coloured background

= Theselines correspond to the same lines observed on an emission spectrum for the same element

Absorption spectrum of hydrogen gas

HYDROGEN ABSORPTION SPECTRUM

410 434 436 656
WAVELENGTH , A (nm)

N\/\>

A VAVA -

n=5
n=4
n=73
n=2

A typical hydrogen absorption spectrum is the inverse of its emission spectrum
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Spectra & Chemical Composition

s

= The chemical composition of a substance can be investigated using emission and absorption spectra Your notes

= Eachelement produces aunique pattern of spectrallines

No two elements produce the same set of spectralllines, therefore, elements can be identified by their
atomic spectrum

Emission spectra of different elements

HYDROGEN

HELIUM

£

NEON

SODIUM

i

MERCURY

#savemyexams

Emission line spectra are unique to each element, like a fingerprint
= Forexample:

= Hydrogenis known to produce strong spectral linesin the red portion of the visible spectrum, at

656 nm
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= Whensodiumis burned, a characteristic yellow flame is observed due to it producing strong ,
spectrallinesin the yellow portion of the spectrum, at 589 nm
= When mercuryis burned, most of the emission lines are below 450 nm, which produces a Your notes

characteristic blue light
= Elements such as sodium and mercury are known for theiruse in street lights, as well as neon forits use
in colourful signs
= This canbe achieved when
= Anelectrical dischargeis applied to the vapourised substance
= The energy supplied excites orbital electrons within individual atoms to a higher energy state
= Whenthe electrons move back down to the ground state, a specific wavelength of lightis emitted
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Photon Energy 4

Your notes
Photons & Atomic Transitions

The Photon Model

= Photons are fundamental particles that make up all forms of electromagnetic radiation
= Aphotonisdefined as
A massless “packet” ora “quantum” of electromagnetic energy

= This means that the energy transferred by a photonis not continuous but as discrete packets of energy
= |notherwords, each photon carries a specific amount of energy and transfers this energy allin one
go
= Thisisincontrast to waves which transfer energy continuously

Atomic Energy Levels

= Electronsinanatom occupy certain energy states called energy levels
= Electrons willoccupy the lowest possible energy level as this is the most stable configuration for
the atom
= Whenan electron absorbs or emits a photon, it can move between these energy levels, orbe
removed from the atom completely
Excitation

= Whenanelectron moves to a higher energy level, the atomis said to be in an excited state
= Toexcite anelectronto ahigherenergy level, it must absorb a photon
= Electrons canalso move back down to alower energy level by de-excitation
= Tode-excite anelectronto alower energy level, it must emit a photon
lonisation

= Whenanelectronisremoved from an atom, the atom becomes ionised
= Anelectroncanberemoved from any energy levelit occupies
= However, the ionisation energy of an atom is the minimum energy required to remove an electron
from the ground state of an atom
Representing Energy Levels

= Energylevels canberepresented as a series of horizontal lines
= Theline at the bottom with the greatest negative energy represents the ground state
= Thelines above the ground state with decreasing energies represent excited states

= Theline atthe top, usually O V orinfinity OO represents the ionisation energy
Energy Levelsin aHydrogen Atom
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ENERGY WVALUES /
IONISATION LEVEL 0 eV
6 Your notes
5 -0.54 eV
4 -0.85 eV

3 iL -1.51 eV

EXCITED STATE 2 -3.40 eV
EMITTED PHOTON
ELECTRON ENERGY TRANSITION
GROUND STATE 1 -13.6 eV

A photonis emitted when an electron moves from a higher energy state to alower energy state. The
energy of the emitted photon is equal to the difference in energy between the energy levels in the
transition.
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@ Worked example

Explain how atomic spectra provide evidence for the quantisation of energy in atoms.

Answer:
Step 1: Outline the meaning of atomic spectra

= Atomic spectra show the spectrum of discrete wavelengths emitted or absorbed by a specific
atom
Step 2: Describe the relationship between energy and wavelength

= Photonenergyisrelated to frequency and wavelength
= Therefore, photons with discrete wavelengths have discrete energies equal to the difference
between two energy levels
Step 3: Explain how atomic spectra give evidence for the quantisation of energy

= Photons arise from electron transitions between energy levels

= Thishappenswhenanelectronis excited, or de-excited, from one energy level to another, by
either emitting or absorbing light of a specific wavelength

= Since atomic spectra are made up of discrete wavelengths, this shows that atoms must contain
discrete, or quantised, energy levels
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@ Worked example ,

Your notes
The diagram shows the electron energy levelsin an atom of hydrogen.

N
O ____________________
-0.85 n=4
~1.51 n=3
-3.40 n=2

|
o ENERGY (eV)

n=1

Determine the number of possible wavelengths that can be produced from transitions between the n
=4 excited state and the n =1ground state.

Answer:

= There are six possible wavelengths that could be produced from the different energy level
transitions
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]
Now A

= The possible transitions are:
= n=4ton=3
= n=4ton=2
= n=4ton=1
= n=3ton=2
= n=3ton=1
= n=2ton=1

©O Examiner Tip

Make sure you learn the definition for a photon: discrete quantity / packet / quantum of
electromagnetic energy are all acceptable definitions
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Calculating Photon Energy

= Eachline of the emission spectrum corresponds to a different energy level transition within the atom
= FElectrons cantransition between energy levels absorbing or emitting a discrete amount of energy
= Anexcited electron cantransition down to the next energy level or move to a further level closerto
the ground state
= Forexample, if an atom has six energy levels:
= Atlow temperatures, most electrons will occupy the ground staten=1
= At hightemperatures, electrons may be excited to the most excited staten=6

E=hf

Energy and frequency of a photon are directly proportional

= The energy of a photon can be calculated using the formula:

E = hf

= Using the wave equation, energy can also be equal to:
hc

A

= Where:
= F=energy of the photon(J)
= h=Planck's constant(Js)
= c=thespeedoflight(ms™)
= f=frequency (Hz)
= A =wavelength(m)
= Thisequationtellsus:
= The higherthe frequency of EM radiation, the higher the energy of the photon
= Theenergy of a photonisinversely proportional to the wavelength
= Along-wavelength photon of light has alower energy than a shorter-wavelength photon

Difference in discrete energy levels

= Thedifference between two energy levels is equal to a specific photon energy
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The energy of the photonis given by: /
AE = hf = E2 - E

1 Your notes

Where:

= Fy=energy of the lower level (J)

= [ =energy of the higherlevel (J)
Using the wave equation, the wavelength of the emitted, or absorbed, radiation can be related to the
energy difference by the equation:

hc

This equation shows that:
= Thelargerthe difference in energy between two levels AE, the shorter the wavelengthA and vice
versa
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@ Worked example /
, , Your notes
Some electron energy levels in atomic hydrogen are shown below.

-0.54 eV

-0.85 eV /\

-1.5eV

Energy

-3.4eV

The longest wavelength produced as aresult of electron transitions between two of the energy levels
is4.0x107m.

(a) Draw an arrow to show the transition that would produce:
= Aphoton of wavelength 4.0 x 1074 m. Mark with the letter L.
= The photonwith the shortest wavelength. Mark with the letter S.
(b) Calculate the wavelength for the transition giving rise to the shortest wavelength.

Answer:

(a)

= Photonenergy and wavelength are inversely proportional
= Therefore, the largest energy change corresponds to the shortest wavelength (line S)
= The smallest energy change corresponds to the longest wavelength (line L)
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4

-0.54 eV Your notes

Ve ossev /N

-1.5eV

Energy

\ -3.4eV

(b)

Step 1: Write down the equation linking wavelength and energy

hc 3 hc
AE E2 - E1

A=

Step 2: Identify the energy levels that give rise to the shortest wavelength

= The shortest wavelength photon willcome from a transition between the energy levels that have
the largest difference:

= E. = —0.54¢eV
« E = —34¢eV
= Therefore, the greatest possible differencein energyis

AE=E, - E = -0.54 - (-3.4) = 2.86eV

Step 3: Calculate the wavelength
= Toconvert fromeVto J: multiply by 1.6 x 1077 J
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_ (6.63x10734)(3.0x 108) /
2.86x (1.6 x 10719) Your notes

A =4.347x107m=435nm
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@ Worked example

Light of wavelength 490 nmis incident normally on a surface, as shown in the diagram.

/E SURFACE

v

LIGHT WAVELENGTH

490 nm A% Y Y

Ll e _ _ |

The power of the lightis 3.6 mW. The light is completely absorbed by the surface.

Calculate the number of photonsincident on the surface in 30 s.

Answer:
Step 1: Write down the known quantities

= Wavelength,A=490 nm =490 x10-7m
= Power,P=3.6mW=3.6x10"3W
= Time, t=30s
Step 2: Write the equation for photon energy and write in terms of wavelength

E=hf p= e
= = = —
A
Step 3: Calculate the energy of one photon
hc 6.63x 10734)(3.0x 108
=— = ( X ) = 4.06 X 10719]

A 490x 1077

Step 4: Calculate the number of photons hitting the surface every second

power of light source  3.6x1073

energy of one photon ~ 4.06x 10~19

Step 5: Calculate the number of photons that hit the surfacein30 s
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number of photonsin 30 s=(8.87 x10®) x 30 =2.7 x 107 ,
Your notes
O ExaminerTip

The values of Planck’s constant and the speed of light will be included in the data booklet, however, it
helps to memorise them to speed up calculations!
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