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Chapter 1 J
|

o
Early Models of the Atom
outline

» Thomson's model

» Rutherford's model, difficulties with Rutherford's
model

> emission spectra, Absorption Spectra,

» Bohr's theory of the hydrogen, Bohr radius, radii and
energy of orbits, energy level diagram.

Dr Basma Elbadry 2



Definition

‘A model is a representation of a system in the
real world. Models help us to understand
systems and their properties.

S oA g0
-For example, an atomic_model represents what
the structure of an atom could look like, based
on what we know about how atoms behave. It is
not necessarily a true picture of the exact
structure of an atom.
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Democritus (460 BC ~,370.BC)

Ancient Greeks were the iirst to come up with the idea of atoms.

» Democritus suggested (along with his
mentor Leucippus) that all matter was
made of tiny indivisible (cannot be
divided) particles called atoms|

(Greek “"atoma").

» He also believed that different /o
atoms: aizill dbls e 3> ¢ R Olisiz go goSii B3lall Rua> gl (JweuSed dalso Ro) ngb.vp_gm) a}ml

- Are different sizes i e |
- Have different properties (logil &g o) Ol yaus
0 A 25 dalizall Ol gl sgicl LS
JAristotle did not support his atomic theory ;
Aalize plxol lg)
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JOhn DO“’O" (Early1800’s)

aill e g oyl e dainy 8)il) Gas 133gai 2 yisl Heilly ge= - 1800

Dyzall

1800 -Dalion proposed a modern atomic model based on experimentation not on pure reason.

Dalton viewed atoms as tiny, solid balls. His atomic theory had 4 statements...

\ Each element is composed of extremely small particles
called atoms. These atoms are indivisible (Atoms of
an element are not changed into different types of
atoms by chemical reactions).

2 All atoms of a given element are identical in size, mass
and chemical properties. Atoms of one element are
different from atoms of another element.

<v Atoms cannot be created, divided into smaller
particles, or destroyed.

4+~ Compounds are formed when atoms of more than one
kind combine. In a given compound, the relative number
and kind of atoms are constant

WlasS)l Alisll dulys Ol il o dilize plgil W] Jo2ii ¥ paisl Gly3) Gjaill dbls e ool I
e dalisi pme paic Gl)3 .abbalSll jailazlly aSlly axadl o dslhis A5lg)l paisll Ol gra>
3 paic Ol

131035 ol y20] Olasws ] lparwis gl Syl i) gSas

Ul iy oumill 23501 Yy olgll Syall b 15lg £33 o 35T o 3 2l i S yall oS
Ll

His ideas account for
the law of
conservation of mass
(atoms are neither
created nor
destroyed), the law of
constant composition
(elements combine in
fixed ratios) and Law
of Multiple Proportions


http://www.juliantrubin.com/imagesc/dalton1.gif

- J.J. Thomson discovered electrons in 1903 by using a
cathode tfube.

e e PR et <2 Thomson studied the passage of an electric
current through a gas in the near vacuum of the
gl plaziwl Gyrii gl GSas lgil A>g9 03gitS)l aiVl plaziwl Lyl Gguagb &yl CGThOde TUbe°

ass sl o AS the current passed through the gas, it gave

oz gl 83 AS o S ol anul A Gl 199 A ] Al Asmi Juls go Gguogh HSai Off IlghT

Balall JS 5o > b anailll b B3gzgall Cilanmzll i Fiiiwl
Jiuol dizl go o955 511 Gl jebu e Jol gautogh gl 5y Ml go ysuol Silayws szg :blxliall Thomson exper'imen'l'ed WlTh CaThOde r‘Clys Gnd
TR YT AR § found they could be deflected with a magnetic
L plate—the rays had charge and mass.

gt Liguil Jols JolS anid €5 (6 5l 1o iliygS YT yaye pgumegh yuy>

g Camwil Gl e il ygye elil

0 Thomson was able o measure the charge to mass
ratio and found that the mass of the particle was
much less than the mass of a hydrogen atom.

o It was concluded that the particles in the ray were
part of all matter.

0 Surprise—there are particles smaller than the
atom. He was the first scientist to show that the
atom was made of even smaller things.

Dr Basma Elbadry
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cathode ray tube

Slit Phosphorescent background strip

-) - (+)
Cathode gg Anode

Visible
cathode ray

(a)

(b)

https://www.youtube.com/watch?v=_nLESbIUAHY
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https://www.youtube.com/watch?v=_nLESblUAHY

Millikan's oil drop experiment e = 1.6X10

Charged plate
N

N

Viewing
microscope

Charged plate

https://www.youtube.com/watch?v=nwnjYERS66U
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https://en.wikipedia.org/wiki/Oil_drop_experiment
https://en.wikipedia.org/wiki/Oil_drop_experiment
https://en.wikipedia.org/wiki/Oil_drop_experiment
https://en.wikipedia.org/wiki/Oil_drop_experiment

Sir J.J. Thomson M%I—emm-a@@b)_

In 1897, J.J Thomson's proposed the Plum Pudding Model
which states that:

o atoms mostly consist of positively charged material with
negatively charged ,DC(I"TiC'@S (electrons) located throughout  FElectron
the positive materia

- Won a Nobel Prize

Positive charge
distributed
throughout
atom

0 Overall, the atom is neutral atom because the atom had
the same number of positive and negative charges.

o Definition: an electron is a negatively charged

subatomic_particle. TNy T

) symbOI- e Olasuz e Seizs Uizge disuiy Aigauite Bilo (o W)l (b eS8yl Gl Geuesh 7 il :z3gaill
I Asmgall B3lall Y5l acjge (ColigyIVI) dulus didss G

o mass of e is 9.11 x 10-28 grams 9o gouito

o charge of e is 1.6 x 1019C

Adlully Azgall Olizidl go duwbi 33l Sgiz Cu> tele i BibygS Aslsio 8,1l :dzalual

00Vl yailas

Al dicuiy oot )3 93 asw> g gVl icay y=ill

€ oyl
2> 25710 x 9.11 :,9,3SIVI alis
28)sS 9710 x 1.6— 159,80V dizid




Rutherford, Gei

e In 1911, Rutherford
discovered the atom’s
nucleus.

e Planetary model
Based on results of
thin foil experiments

e Alpha particles
(positively charged
radioactive particles)
were propelled through
gold foil to study their
behavior.

beam of
alpha particles

lead screen
with slit
) radioactive
lead shield source

A transmitted beams
(little or no deflection)

B scattered beam
(small deflection)

C scattered beam
(large deflection)

movable
fluorescent
screen

viewing
microscope

alpha '
>particles <
L

nucleus

gold atom

http://micro.magnet.fsu.edu/electromag/javay d_ag_:_._._mﬂ at}dl ‘-JP u"'s)'édm JS‘U Lu“” WSf}SJI 'DLb'L“ a"‘“‘l" BJS‘DJ JJ}b-).)J a-}'ml \!“'ISSS'” z.\g.n.lﬂ

Bl

Positively charged alpha-particles were directed at a piece of thin gold foll.

wle gallb] sic (dsuiteg Bilw| digoiiie Slatuws) LQ_“uLa.Lu.D elw duwlyrs 5)49)3) o5 1t gl 10

Ul o N> aas) 35,


https://phet.colorado.edu/en/simulation/rutherford-scattering

Rutherford model

through the foil. (They wouldn't be deflected much by the
positive “plum pudding” and wouldn't be affected by the

ti ny electrons.) Z3sai b uzsall B3all BaiS il o) i) 5rlie w1 33l e Olaswcl yai o gogiall o oS

But he found that most of particles pass straight
through the foil, but some it were deflected at wide
angles and some bounced straight back.

o Rutherford suggested the following characteristics of
the atom:

The expected result was for the particles to pass straight ||

0y lo ke Syssuall Slig IV 1537 ol “caar3ll issgs”
raglmill ailidl

SlHiges AR GHE s S Slageiill e

B35 Llgy Dbyl Slassall yiany

sl ] 3] Sl o Lz Julb 322

Byl e 3)98)3) Sloliiiwl

Byill alis ahso e Sgin By blgi o ByUll e

urge dixdy digaiis iy «Oligigpll rawsd Clasuz o Blgill 818 ;sSii
£l oo Bluc Bl a2 ahrinog izl Al Sligys)] Sligigull bhuad

Tl g8 olsiio 51 Jz Lao woligyShl aylludl izl Jalss blgill Gizgall dizdll

o It consists of asmall core called nucleus, that
contains most of the mass of the atom

o This nucleus is made up of particles called protons,
which have a positive charge

o The protons are surrounded by negatively charged
electrons, but most of the atom is actually empty
space

o Accounted for the neutral charge of atoms, the +
nucleus balanced the - electrons.
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" g
e i \

g WA
/ 4 \ \
/ / \ \
@ 0
| \ | |
\ \ / 14
\ \ | 4 /
> \ / /

11
Dr Basma Elbadry



Sir James Chadwick (932

Neutron Discovered in 1932 by James
Chadwick (1891-1974).

The neutron has a mass nearly equal to the
proton’s.

e 1675 x 10-?*grams
There is in the atom's nucleus
symbol: n®
Also has a zero charge
(1932) by goliv Juoss dbuulgs ogyiguil| woLiuS|

:oLliassSVI Juslay

Byl Blgi (nd 1251 )5 9> Lz iGgyigull

uadlazll

oh> 24710 x 1.675 gl Cus uygigull @liS o ailiS wyiai :alis)l
(EL)gS W) yauo iz :dizddl

1 eyl

Ooligigyull wailzs 8y 101 Blgi J51> 1gs ;RBgall

B
1836 electrons | proton

If an electron weighed the same as a dime, a proton
would weigh the same as a gallon of milk!

& o

T T
| neutron | proton

Neutrons and protons have almost the same mass.

(Click here to continue

Dr Basma Elbadry 12


http://education.jlab.org/atomtour/fact2.html
http://education.jlab.org/atomtour/fact2.html

8yl 3lgill 23gai yazle
Summary of the Nuclear Model of the Atom Bl catuncaiat ahe

Au>go disuiy digouite Wligigll

Al dizuiy digouite 1 SligysIy

(82ulo0) dizeds Jomi M 1 ligyigalll

Byl AlS ahme e b ging Dligyigailly Siligigyul
ﬂroms contain protons, neutrons, and 132 80,0 955 (il wlsill (b g7 Sligyigailly Sligigyl
electrons. Slaill 2,15 1395 Uiy ISV
Atomic Structure
» Protons are positive, electrons are o
hegative, neutrons have no charge. 3
o
» Protons and neutrons contain most of | melen

the mass of an atom. @ 0

» Protons and neutrons are located in the i otEn
nucleus, which is very small.

» Electrons are located outside the proton
Qeleus. electron /

Dr Basma Elbadry 13




Difficulties with the Rutherforc
:5,.1.U .)Jg.é)f)) a.)s.o.l CJle.Sho )

< Atoms emit certain discrete characteristic frequencies of electromaanetic

radiation b lisie 93801 gled)ll o Bjaang duse D133y Slsyil 1
asubligs g gSll gloall o Bjrang 831xe O3y juai Olyill e

O}hu:[jl 0id ).Lu.lﬂJU\J_C.JJlD HE jJ}ﬁJ'JJ CJ&DJ .

The Rutherford model is unable to explain this phenomena. ([

It should radiate electromagnetic waves of the same frequency. ﬂmk ;J
The radius should steadily decrease as this radiation is given off. %
The electron should eventually spiral into the nucleus.

R i Pl s e s i) Pl et g il A iy R sl Bataxll iy
But it doesn't BusablisiogygS Elwil

55 pall OligyISIVI gy 2 [-asisixdl Sl (05 Eraze Y 1 o) algill sl lgidg b )5 Lgisl adaie SligysIYl | iy lin
According to classical mechanics and

electromagnetic theory, any charged
particle moving on a curved path emits
electromagnetic radiation; thus, the
electrons would lose energy and spiral
into the nucleus.

[(centripetal acceleration) jSye ¢ )luwil ,0)Rii 3)59)3) 23gai (8 DligySIVl e
33yl Juiis b lifiogygS Ologe OligySIVl )i ol iz Al & yhill Bsy e
@l glas go iy gyl jluso phs ciuai yadlin ol i UL douii @

Blgill b oSVl By ol iy slgill g6 @
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Atomic Spectra -——

Emission Spectrum

» When a gas in a tube is subjected to a voltage at low pressure, the gas ionizes,
and emits light characteristic of the gas.

» When the emitted light is analyzed with a spectrometer, a series of discrete
bright lines is observed: :(Emission Spectrum) (pilasidl aglall
vpihie b sic ilyeS 32 wasl Usls ey i e
el epliv

+ Each line has a different wavelength and color.
= This series of lines is called an emission spectrum.

dladiall anblull bohall jo dlulw jghi

Eigh voltage wilie gels p2se Jsbs o b3 JS
difference
- Diffraction iVl caubll awl behall o dlulul 0is )=
I grating
Line spectrum
-
v I

Low-pressure gas
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Example of Emission Spectrum

1 The simplest line spectrum is that for atomic hydrogen

A(nm) 400 500 600 700

| .
I

2006 Brocks/Cole - Thomson

2 Other atoms exhibit completely different line spectra

0Because no two elements have the same line spectrum, the

phenomena represents a practical and sensitive technique for
identifying the elements present in unknown samples

eyl 8)5 b ob (Wb iz buwl
ola daline dubos Blbi yoymi ¢Vl Sl e
) dwlausg dilac dudi Jiad spalall sda b (bl bl judi (Blies V (u paic u‘l Qil Hai e
Jabgymall i Slusll b 53g>gall rolisl
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Atomic Spectra

Absorption Spectrum sobaioVl cab

83320 dazge Jlgbl aic cquall yolnisl Baul paisll (Sas o
v'An element can also absorb light at specific wavelengths.

v'An absorption spectrum can be obtained by passing a
continuous radiation spectrum through a vapor of the gas.

v'The absorption spectrum consists of a series of dark lines
superimposed on the otherwise continuous spectrum.

v'The dark lines of the absorption spectrum coincide

with the bright lines of the emission spectrum
Sl )By e yelue peled] Wb ) jai §iyb oo polalell cub wle Jgoall aly o

saiuall cigbll Gob ygbi il &SIl behdl e dlulw o yobaieVl iub oeSiy
SlaVl iy b dsnblull beball go Gilbii yolbaisVl b (b @Slul bghall e




Example of Absorption Spectrum

g

» Absorption Spectrum of Hydrogen atom

(b)

{(nm)

400 500 600 700
©2003 Thomson - Brooks Cole

» A practical example is the continuous spectrum emitted by the sun

Dr Basma Elbadry 18



Hydrogen Spectrum — The Balmer Series

In 1885, Johann Jakob Balmer
analyzed the hydrogen spectrum and
found that hydrogen emitted four
bands of light within the visible
spectrum. His empirical formula for
the visible spectral lines of the
hydrogen atom was later found to be a
special case of the Rydberg formula,
devised by Johannes Rydberg.

Wavelength (nm) Color
Johann Jakob Balmer 656.2 red
| 1885 0le b 486.1 blue
J5bs dgigus bghs @)l )10 ey gl ol 1299 uzeyugll b Julis plo ﬂb:ﬁﬁ 434.0 blue-violet
Awpilabie  410.1 violet

ezl 5)1) @yall asishll behsll ciuog Wl Gagi uils

£y guilags 1)sb Gl E pal) dws o wols Al il lais| pi E>Y
RN ~. @ -
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Hydrogen Spectrum — The Balmer Series

Empirical equation that correctly predicted the four visible emission lines of
hydrogen.

1 1 1
TZRH(ZZ nzj

A(nm) /‘ /‘ 486.1 656.3

364.6 410.2 434.1

- Ry Is the Rydberg constant
- Ry =1.097 373 2 x 107 m~!
°nis an integer, n = 3,4, 5,
> The spectral lines correspond to different values of n

Dr Basma Elbadry 20



Other Hydrogen Series

» Other series were also discovered and their wavelengths can be
calculated

» Lyman series: %z R, (1 = '11—2) n=223,4,.
» Paschen series: %: RH(;Z ~ 12) n=4,56, .
n
» Brackett series: 1 1 1
XzRH 42 p? n=95,061,..




Lyman series
(ultraviol

Balmer series
(visible light)

-

= =
I
(PP R B

~
I
'

=
I
A

n==6
(a)

The hydrogen atom

A&

A

s— \

——

=3

-

'
Paschen series n=7  Lyman Paschen Pfund ,—0.28 eV
(infrared) o 6\\ series series series / 0.38 eV
n=353 T i W—' —054eV
i n=4 i ~0.85eV
Brackett series - —{ BV
rared) Brzfckctt
: y | series
Pfund series n="7 —3.40 eV
infrared) Balmer
series
% <
Ve .Ui/'z‘ o |
e\»r * -’:f
R Y ZN)
- \)Uu., A e ] ™ 5‘
NS 1) 5
, ; \ \S\ M J'/ \‘ \
s 9 l'p) ;/ . J\” !
J J ,\_‘ -
0’.L\ n=| — ~13.6 eV

Dr Basma Elbadry
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Bohr's theory of the hydr'oger-—

» In 1913 Bohr provided an explanation of atomic
spectra that includes some features of the
currently accepted theory.

» His model includes both classical and non-
classical ideas.

» His model included an attempt to explain why

the atom was stable. | f o
B b Loadl i
ge 34l il yailasll jasy Gaal (uzgyigll 6yl cadhll Buwai jgu i 1511913 ple (no @
Adidl 4 adll
D 2iged 2elle

ASawllS jutg &Sl GISsT Joudiy .1
Byl el cuw 7z i dglxs 2



Bohr's Assumptions for Hydrogen, 1

0 The electron moves in circular
orbits about the nucleus under
the influence of the coulomb
force of attraction.

> The Coulomb force, F, produces the
centripetal acceleration, a for
continued motion. o‘f'f A 0,5

o
Nb’,‘;w F, = Fcent-/w
' Ze? v*
e 2 = Mg P N e
» For Hydrogen atom, Z=1 ‘oa2g) Mgl 0y Hau Slolyisl
2 :3lgill Jg> @515 Slylae b ymxis 59,0V .1

mev.2 —Re ™

' Ayl pgleS bods yiliy
Syl jlaiw) sl @ 58 el £ )Ll Ziis F' pglgS 895 @




Bohr's Assumptions for Hydrogen, 2

0 An electron with constant acceleration moving in an allowed
orbit does not radiate electromagnetic energy. Thus, its
total energy E remains constant.

= Therefore, the total energy of the atom remains constant.

= This representation claims the centripetally accelerated
electron does not emit energy and therefore does not
eventually spiral into the nucleus

‘b line g)gS b giu ¥ zgaus )lae o ygysIVl 2
Al ey E alsll aslhll Jhhs e

Blaill o Lyt olg iz )5 aiBlb 288y o) eIyl ol iz 13a



Bohr's Assumptions for Hydrogen, 3

abls Jbi Hlas Wl el dlb Ol dlgl Al o oeiSIVI Jiiiy lodie Cisuiy gloill o

0 Radiation is emitted by the atom when the electron makes a
transition from a more energetic initial state to a lower-
energy orbit. @lb Jsi Jlae Wl el @l S15 gl V> o o9y Jil Losic Sungiy glaiyl @

SISl agy yalb opuadi Sey ¥ JBTYI o
> The transition cannot be treated classically
> The frequency f of the photon emitted in the transition is
related to the change in the atom's enerqy. & & v il b Jaldil aiall gisil (7 323
> The frequency is independent of frequency of the electron's
orbital motion. Sl Ghaall Eall 235 oo Jiluse 23500
> The frequency of the emitted radiation is given by

Ei = Ef - hf
Where E; is the energy of the initial state, E; is the energy of
the final state, and E>E;

o If a photon is absorbed, the electron moves to a
higher energy leve| il @te ssiue ol it o031 ol Liss &3 cuatel 3]«

F
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Bohr's Assumptions for Hydrogen, 4

L

» The allowed electron orbits is determined by orbital angular
momentum, L was defined as:

L=m,vr

» The orbital angular momentum is quantized and equal to an
integral number of h where h=h/2m

L = m,vr =nh

Where n is quantum numbers ‘Slaall sslill p33l ooz g zsawall Dl)lasll 4
n=1,2,3,... el s s ceathll Bk sililizad »

nh=1L

(e =1,2,3) 28 5ic gd Ng 2—}; = h ‘u>



Bohr Radius

» Solving for the radii of the Bohr orbits give us:

— - ——

r = n=12,3,... -

> This shows that the radii of the allowed orbits have
discrete values—they are quantized

- When n = 1, the orbit has the smallest radius, called
the Bohr radius, a, .

*a,=0.0529 nm i

A general expression for the radius
of any orbit in a hydrogen atom is
g o r,=a,n? | L~ @ — 8
And the velocity of the electron in the [ ag
nt" orbit is : b

k,e?
. ‘ ' I—“i\ N f'- v.n e ;h \/ ©2004 Thomson - Brooks/Cole

Dr Basma Elbadry 28




Energy of Orbits

L

» The total energy of the orbittom is

4

E:K+U:%mev2—k

e

X
[

» The total energy can also be expressed as

2
E—_ kee - - ke 2
21 2 (n*) Qo
- Note, the total energy is negative, indicating a bound electron-proton system

€ 5 @ 0 1S U s D an!
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Energy of Orbits

B

» The energy of any orbit is

2
ECE (1j n=123,...

" 2a_ \ n?
- — 13,
E,=-13.606 eV / n? En - G eV
n?.h
N ©

AR-PA -3.Uu
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Specific Energy Levels

_

» Only energies satisfying the previous equation are allowed

S—d s s
» The lowest energy state is called the ground state
> This corresponds ton = 1 with E = -13.606 eV

» The ionization energy is the energy needed to completely
remove the electron from the ground state in the atom

- The ionization energy for hydrogen is 13.6 eV

032xel| GSlbJl S giwie
diyLul dsleall Giad (il pa bis g 2 semall DB 1
rdws) Vl Al powdd d5lb J5YI Al 2
eV 13.606— = E @lhall 4S5 Cu> 1 — 1 go golgii @
ool Bl 3
8yl 6 dno )Vl A o JolSIl gyiSIVl AV dojl @Slhll oo @

eV 13.6 $olui uzgyiugll 5,4 plill @5l e

31



Energy Level Diagram

» Quantum numbers are given
on the left and energies on

n E (eV)
the rlght o - 0.00
» The uppermost IeveI, 2 —g-gggi
represents the state 2 YYYY {570 .
for which the electron is ) Paschen
removed from the atom ’ SEnes
2 B'l‘ - ~3.401
almer
- Adding more energy than series
this amount jonizes the
atom C
Et’ - EF —~ 1.5\ _=\3.60 Lyman
\2 adev series
= -0
] XYVY ~13.606

©2004 Thomson - Brooks/Cole g

froragshe  Ar g2
A = 103.u
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Frequency of Emittedﬂo.to.ns

» The frequency of the photon emitted when the electron makes a
transition from an outer orbit to an inner orbit is

o
Ei — Ef' _‘ke.ezm .

RY4 / h  2ah{n? n? e

» It is convenient to look at the wavelength instead

Dr Basma Elbadry 33



Wavelength of Emitteﬁh.o.to.ns

» The wavelengths are found by

1 f ke’ [1 1 1 1
S A 7T TRy
A ¢ 2ahc\n’ n | ngoong )

» The value of R, from Bohr’s analysis is in_excellent agreement with
the experimental value

Yo Sedam s> Gepd S b o mbe
g W e Sl S e s Nan




Extension to Other Atoms

» Bohr extended his model for hydrogen to other elements in
which all but one electron had been removed

a
r =(n®)=
L ( )Z
2 2
En:—kzee Ezz) n:1,2,3,...
a, \n

- Zis the atomic number of the element and is the number of

protons in the nucleus

Dr Basma Elbadry 35



2 bonr viode

oIt violates the Heisenberg Uncertainty Principle because
it considers electrons to have both a known radius and
orbit.

2 The Bohr Model provides an incorrect value for the ground

state orbital angular momentum.

0 It makes poor predictions regarding the spectra of larger

atoms.

0It does not predict the relative intensities of spectral
lines.

0 The Bohr Model does not explain fine structure and
hyperfine structure in spectral lines.

0 It does not explain the Zeeman Effect.

Dr Basma Elbadry
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Successes of the Boehr

o Explained several features of the hydrogen spectrum

o Accounts for Balmer and other series

o Predicts a value for Ry, that agrees with the experimental value

o Gives an expression for the radius of the atom

o Predicts energy levels of hydrogen

o Gives a model of what the atom looks like and how it behaves

o Can be extended to “"hydrogen-like" atoms .Those with one
electron

o Ze? needs to be substituted for e? in equations

o Z is the atomic number of the element
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