Chemistry 11

Unit 8 : Atomic Theory
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Atomic Structure, Isotopes & Atomic Mass

Each element is made up of very tiny particles called _ofomS  , and each element is made up of
just one particular type of atom, which is different to the atoms in any other element.

J.J Thomson discovered _e\ecxyonS , and proposed the existence of a (_ %) particle.

It wasn’t until Rutherford’s famous gold foil experiment that the + proion was discovered,
and atoms were thought to me mostly empty space. He named the centre of atoms the NUC\RUS
Bohr improved on this model proposing that electrons move around the nucleus in specific layers
called _S\e\s

It was James Chadwick who discovered particles with no charge, which he named newkvons

nucleys - vrotons

o newvens— [ /. 8
€ X\ S ¢

How many electrons?
Atoms have no overall electrical charge and

are_neurral

This means atoms must have an al number
of positive protons and negative electrons.

The number of electrons is therefore the same as the
atomic numyer

Axomni ¢ nun\oer is the number of roXONS rather than the number of
electrons, because atoms can lose or gain electrons but do not normally lose or gain protons.

4



Atomic Number (Z)

The number of protons in an atom is known as the atomic number or proton

number dceswd chomae W
: '
: tem'o aNe

@ always the same for a partlcular element. Form‘

e The number of pro o'- S rdentiﬂ' s the ele' 'e t o

74 oF 'pvo'\'@\S

_;Examr_rle | ' L R .
“Ifanatom has Z = 12, then it MUST bean atomrof Mo B A R e T e e

If an ion has Z = 41, then it MUST be an jon of Ny
If the nuclear charge of a species is 424, theniit MUST be an atom or ion of
CA oot UM . : :

The overall charge on an atom is zero because
the number of peatons = number of _e\eéckvrons

The charge on any ion = humber of e~ 1623*_ . TR
of gauneq (©onion ).

Itis the smaller of the two numbers shown in most
periodic tables. (suallyon top...depends whereyou're looking)

Mass Number (A)

[mass number = number of protons + number of neutrons ]

Electrons have a mass of aimost zero, which means that the mass of each atom
results almost entirely from the number of protons and neutrons in the nucleus.
xechnnealy ‘
o Does not"appear in the perlodlc table' (not in this exact form)

o Can be expressed in number of ways: - ™°ss hzmw
Carbon-12 or *C__ or _“C

. ] ; e~ S
= Does notuniquely identify the element! - "‘*““‘(?\J?n“b’?wb oe provel )

e.g.3H: @'Ln *He : @_\_n

P oer‘od\C +alo\e
The larger of the two numbers shown in most periodic tables,

which you are probably familiar with is mass....actually shows
the relative _akOo\C  MASS




What's the mass number? ' How many neutrons?

4{171355 mmMmbemmnmmmWWmﬂ*W‘—

Akomic =H= *pvo"cor\

What are isotopes?

(S0YoDeS are atoms of the same element that contain different numbers of neutrons.

mass number
is different

atomic number
is the same
carbon-12 carbon-13

The \fmc*cw\-\'kj of different isotopes of an element is i ety ca\ _because they have the

same number of e\eCrronNS

The different _(n08%€S  of the'atoms means that .Mskcc\\ Proberi €L of .
. isotopes are slightly different. e '

. Mass of Atom Y
\C.. /-.@ Narie Syrabo) f“", | Ahu__n dance
63‘0 15 Phosphorus P 30978762 100 Only a few elements (e.g. phosphorus)

are monoisotopic {only have one naturally
31.972071 94.93 occurring isotope).
32071458 0.76
39.967067 4.29

35.967081 0.02

n

N_uk’f"v(sv“) AL { Y
- N - Most elements (e.g. sulfur) have two or more
k. isotopes.

Question: Why doesn’t mass number appear on the periodic table?
Answer: because ™Mass numbers oxe SpeciFiC 4o Pourkiculon

b | sotepes ond Mesty  elements ave 0("\1:\0.\3 a blend of twe

Ill or move \3ctcpes.
e.g. Indium has two isotopes: Indium-113 and Indium-115.

>
a
& f

| Indium is 4.28% "3In which has an isotopic mass of 112.904061 u

\e and 95.71% 18In which has an isotopic mass of 114.903878 u.
mnass
The yelodive odom\C A  in the periodic table are the weflghted

averages of the isotopic masses of each element. ©




Isotopes of chlorine

'-quu:t, 75% of naturally-oceurring chioring is chiorine-35 (*°CI)
and 25% is ghlorine-37 (*7Cl).

. 17 electrons
4 -'""'H.-'-.'_. .

Isotopes & Mass Spectrometry .
, ’ — ions with a | Mass Spectrometry uses the fact that charged particles

; "'“L‘,’,’,’f;_.‘f;'g moving through a magnetic field are deflected from their

a small | oiging| path based on their charge-to-mass ratio (e/m
amount
or-e/z) '

Jomune e e carton - ok
fow sz ara are deflected 'I;I SpO\CQ ex?\ov-cu‘c'\ on-

- daflpcted a

~ to the

large amount collection
plate

Describe the Process of Mass Spectrometry:
@ vaporization— sample heaxed and Vapovized,

@ ieni2ation = vapor paSSes accvoss Fhe  electran  beam, Knocking outr ¥he
elechrons leoving i pestrively Charged

an e\echriC £dd - the posirive \ons axe orrocved 40 s
cletnromagneic and,  occelexoX®  dowosrds W

@ Deflecion - electromagnesst creores  an e\ec’t—\"oma%ht"r'\c £1e\A\ ﬂg\«qzedei‘-\tem
. Hhe \ONS.ARE  amount by wMch ney Gt derlected depends
\ons WY Spedime /. oV

on  Their mass - YO chowge oG - .
Hy g€ the EMF awe Jefieched Farouigw o S Da

A given Syreng :
and  ontC o cal\eTINgG Jlasve.

B deckech on - ' . ;

(3) Acce\erayon -



Calculating Ar: Most elements have mgye  thon one  isotope.
The yelanve akownwe MASS of the element is the average mass of the isotopes taking

into account the abundance of each isotope.

5 isotopic mass of the most abundant |sotope The units are un{ﬂed atomfc mass units Al:

* Note: Mass number = atomic mass. The textbook is too simplistic and so the notes above are what you

should study.

Example 1: Magnesium has 3 naturally occurring isotopes which are listed:
Isotope Isotopic mass (u) % Ablmdance

Mg24 | 23.985042 7899 —> 5\3 ;\%

Ms25 | 24.985837 10.00 -

- Mg-26 25.082593 11.01

(22.985042)(0: 7899) + (aq;q%5337)(o.\oc) .\_(1‘5.%2_5%)(6.\\0\)

2. D\

19,458 + 249959 4 2.$6068

Avr of Mg

=\2431 \ \ &€ Sound N poriodic +alol &

Example 2: Naturally occurrlng samples of carbon are 98. W & Ec:\o Qgas
(isotopic mass = 12.0000 u) and 1.07% carbon-13 (:sotoplc mass = 13.0034 u

¢.0\C7

a) Calculate the expected atomic mass of carbon, (\ 3y
(c-a843)(12.000q) * (o 0107 {1390 Q

RO C

= e u = o0l34y

Av =2\, 0\
.‘\(\ v =\J\

2 dequ\

Ca}culate the mof carbon.
s 3 /o) when | mol of subostance

Assignment #1: page 146/147 Exercises # 13-17, 19, 20, 22, 23 a-d, 25

Complete ALL assignments on a separate piece of paper and attach to your booklet @en
handing in at the end of the unit. Be sure to clearly number each assignment with a heading.

¥ leost o\.P =2

otor —

mass
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The Electronic Structure of Atoms

__ Rutherford’s Model of the Atom

T Recall that, in Rutherford’s model, the positively charged protons sat in the nucleus
/ oy ) . . .
i * 4 while the negatively charged electrons moved around it. -
MEN Yy g
{‘\: ] While it represented a major advance, the model could not be correct.
N * L ] Vi
Here’s why:

o Opposite charges attract. So the positively-charged nucleus is very attractive to the orbiting electrons.
e, Particles that move in circular paths are accelerating (otherwise, their path would be straight).
o Itseemed that the electrons had to be accelerating, and thus losing energy continuously as radiation.

Waves behaving like particles?

Well hlt me wnth a Planck' :
j A serious challenge to Rutherford’s atomic model arose almost immediately.

By the end of the 1800s the physics available stated that accelerating charges
should radiate (lose) energy.

This méant that atoms should collapse in a fraction of a second as their electrons
lost energy and spiraled around the nucleus.

Figarn 1, Niels Rads cat 1911 tmes s puvmses, Eonent Bethefind O daly

e G by rssctn B imoent— Rutherford’s model could not explain why the electrons didn’t lose energy

MAWMM . . . . 0 . .
and spiral into the nucleus (much like any satellite that loses gravitational energy

and crashes back to Earth).
The Bohr model of the atom
In 1900, Max. __P\oncK. developed his ‘Quantum theory which states that energy could be
shown to behave like particles in fixed amounts he called Ouom‘\"(l |
In 1913, Niels _ 2o\ applied Plank’s theory to _e\e 0 S, and improved upon
Rutherford’s model. He proposed that electrons could only exist in fixed _enexqgu \ev e\s

The main energy levels are called principal energy levels and are given a number called the g\”'\"\C’\”\DQ\

%uom—‘ruw\ NN Rex (_LY\__ ) with the lowest in energy being 1.
o Each electron has a_§i%xed\ energy = an energy

level.
e Electrons can _YAMP _ from one energy level to another.

e Electrons can not be or exist between energy levels.

Graund state Excited state

A un‘(\‘\'U\m of energy is the amount of energy needed to _YN\Qowve, o\
e\e,c:\-roﬁ from one energy level to another energy level.




Understanding Bhor’'s Experiments

In 19713, Niels Bohr proposed a model that explained why the eléctrons stay in orbit! To understand the model,
however, we first need to get some things straight about electromagnetic energy.

Visible light is a form of electromagnetic radiation (EMR) and all EMR is made up of photons that travel at the
speed of light, c, where c = 3.00 x 108 m/s, or the speéd of sound, 3.00 x 102 m/s. AR Yen 5 ¥
T # oF waves /gem,w)‘ Vv = AV Al teaen s

wl” ur:" L . L

v:_yeociry | ‘m/s\)
A (lambda): wowe\enqﬂ\-h ()
C(m:) ’Fvec;,uex\c% (\-&—. ov .é-)

e 5/
lD-ln ID"" ld-li w-m | ._ ";-—i ],;-—: Qa ',B':l “;_4: BT i -
"Wavelength i I Velocity to Know:
Colours nowve dieFexent [ et e Speed of Light (¢) = 300 X \Q® m,/s
MVQ\QI\B'H’\-S O na e e ¢ Speed of Sound = 3,00 X\0* \'\\/5
e - ; l”.l E-'_—_'\ e Wovied i
500 600 650, 700 760 it 41/— ©o ‘n& d\\roc__\_,ek\‘
Solidsyliquidseandsgases when heated Elemental when excited at low pressure
uhder high pressure release-continuons How density) release di ecira.
Sspeefya. These samples emit light that These samples emit light that contain om
contain all colowrs (no gaps). certain coloared bands (separated by gaps).

The discontinuous pattern of light bands came to be known as a
or simply an emission spectrum.

it Wine  emission

SP LN~

Example 3,00 x \C*™M/s
Determine the wavelength of sound waves with a

frequency of 556 Hz. "
_ : = 55¢ W\, V=3.0C X\0"m /g
V= a\(J O A .—_—‘\_{_ ;
\‘-/
. 3 OC x \O* m =
A /s :\0. ‘S‘-\OW\‘
656\-\,_

1o



g
Bhor’s experiments... - é\"%

——He sawthat the spectroscope separated the light into-its ] :

component mgvg\gggﬁs and for hydrogen he saw a

agalnst a black : | ¥ Violat J groan e

series of

background. : Gas dischargo
be contalning

Bhor applied quantum principles to explain the _oxrigwny - gl

e spectvuvmn he saw for hydrogen.

8582 nm

T
¥ ¢

Hydrogen Spectrum

/76\%3 ‘¥

\.e_ve.-\ -

U' z Bohr said that electrons travelled in specific paths called orbits.
/Mm " Unlike satellites orbiting the Earth, however, an electron can only change its

“altitude” by galnlng or losing a specific quantum (packet) of energy
F )dul.mn ¢ Ao €= Y\V’

to g hi . When an electron absorbs a quantum of energy (nV ) it
"IUMPS uh” 4O o nighea ey \env e,\

i ¢ Whenan elactron emits a quantum of energy (W' ) it
— “FoN\ A2WNT ao A \ower e \eVeN

s The amount of energy must be (at least) some required mulﬂple of __ ora
jump cannot take place. Qvuowﬁ-um

absorption gnassion During a fransition, the movement is instant:

! g ( e electrons aremm be between OO WS/ ex\ex%':\
Nas gk

Model of how e “jump” Energy Levels

To'move from one Ievel to another, the electron must galn or Iose the right amount of

energy. . ‘ _ _
The required amount ofenergy is known asa q(J\Ol“'\'id\m : : N
Fg X -
0D M,(\ e
—_— @ -7 o-f’ \\%“ :et‘ ¢
Here's the Idea: ks O \
"YL'e“e:e?u (9""‘
—_—— —_—
R
)
N
2 0 x,pp
\@"‘ & dﬁ‘;’b
- fo\\3 n
enexgy F:‘,&\L&‘p
q\osQ\rbeai '
\4( =| 7
e e”

Lo



Quantum Theory rescues the Nuclear Model

To move from one level to another, the e\eChvon must gain or lose the right
amount.of oneray . .
- e .
e The hanhex the energy level, the N it is
@c-ie , bfrom the nucleus.
e oW : . -
w2 g l W Go\n energy to move to higher energy levels
4D )
e " w‘""‘ (away from nucleus)
W / \ose energy to move to lower energy levels
T 1 (closer to nucleus)
S n
i The degree to which they move from level to level determines the
® Asec EregueinCy of Wawt heu E’Jmﬁ-

G [ P | e L o8 b

Join enexgy e move up

\eve\

—_— wouj from nc\eus
N =D Aowendg NACRAS '

lese entray 4o Fa\ bodk dow

Higher energy levels are _c\OS@¢ +ogekhes
enerqy to change levels in the higher energy levels.
Onceina higher energy orbit, any __eé\ecxv o

1 . This means it takes €SS
N> vad \oddex
could thenretumntoa _\ow e

energy orbit by emitting a specific amount of _ex\ exg% .

corresponding to the energy difference.

umS

A

3. O?\ Qoo /s

—

666 X 6~IM

Each transition corresponds to a
certain amount of energy, known
as a quantum.

. The emission spectrurh for any
given.element is the collection of
all light-emitting quantum
transitions as seen through a

- prism or diffraction grating.

The emission spectrum oppears below:

F =lu.67 x10" p, 1N

W SR ol 656nm
Lt e ]
_—\—LV-__'_T_" B | I | |
x=290 45D 0 50 6 650 700 760w
‘“Ohm I‘.. Rt
Example Calculate the quantum of energy that must be absorbed for an electron in the hydrogen atom to
jump from the 2nd energy level to the 3rd energy level {the red band seen in its emission spectrum){ E N
PR R ) S 'F |
/ _2
o HF
K K a5 | B Boexoy (Joules 3—\
—A=¢36nm I (Planck’s Constant): §. 63 X o™ )93
vim): £-(V') = freguency
V=3.0XI0°m/s (#z ov ‘/s) |
—— =
w4 lcwate _ h \ 12

ﬁe?,umc%



' The shortcomings...
Bohr's model of the __ - Hg(&wﬂ%&ﬂ atom was successful inl explaining the mystery of

bright line spectra.
--BUT his model failed to explain the energies absorbed and emitted by atoms with _(thC\-€.

than one €\eCxrron

Bohr had improved the Rutherford model by incorporating
ggucwﬁ—um rules

His model explained why atoms were stable and it successfully
predicted the emission spectrum for Hydrogen. Bohr's model was
ultimately deficient, however, and was replaced by the
guantum medhanical MO\

This model successfully predicted the emission spectrum for all
the elements and - nearly 100 years later - is still the best model
available. '

The “birth” of quantum mechanics caused a lot of trouble,
however, because accepting it meant letting go of our
classical assumptions about the universe.

*{n the Bohr model; ‘electrons behaved as particles in orbits
around the nucleus. "

. Light energy @
= h x frequency

| ]
uy\v,ed’\ c_*qd\%,; simply orbjtals.
YQ%\ ONS wwnere &~ exisYy (He—‘seﬂ\buv' 8\

Did you know that an element can be identified by its emission spectra?
When atoms ___aloSovp energy, electrons move into _hanex energy levels.
These electrons then lose energy by e»m‘\*\"\hg W 3\\’\‘ when they return to

In the quantum mechanical model, the electrons only

_predictable as waves smeared out in regions of space
known as __ g\ Curcrum orbirals or

lower energy levels.

Mercury Nitrogen

No two elements have the same pattern of coloured bands in their
emission spectra and so the emission spectrum for each element

acts as its fingerprint.

ey

3



Quick Check

1. Describe the appearance of hydrogen’s “bright-line” spectrum.

2. Briefly indicate how electrons generate each visible line in hydrogen'’s emission spectrum.

5.2 Activity: The Art of Emission Spectra

When the light emitted by vapourized and then thermally or electrically exdited elements is viewed through a
spectroscope, a unique line spectrum is observed for each element. In this activity, you will reproduce the emission
spectra for lithium, cadmium, sodium, and strontium by colouring in the most visible spectral lines on diagrams
representing those spectra.

Materials

centimetre rules
various colours of felt pens or coloured pencils, including: blue, red, yellow and black

Procedure

Using felt pens or coloured pencils, draw vertical lines of the appropriate colour at each of the indicated
wavelengths on the spectral diagrams for the elements listed below.

Once all the colours are drawn, use a black felt pen or coloured pencil to shade in all of the remaining space on
each diagram. Be careful not to blacken out any of the coloured vertical lines.

After completing the diagrams, look up the emission spectrum of any other element of your choosing and draw
that spectrum on the blank diagram below. You will discover that some atomic spectra include many lines while
others contain only a few. Some suggestions are helium, mercury, potassium, or cldum.

Li
et rrrrr et rrrr
450 500 550 600 650 700
Lithium: 4 coloured lines — one blue at ~460 nm, one blue at ~496 nm, one yellow at ~610 nm, and one
red at ~670 nm
(&
et e e
450 500 550 600 650 700
Cadmium: 5 coloured lines — three blue at ~467 nm, ~470nm, and ~508 nm, one yellow at ~609 nm,
and one red at ~642 nm
Na
I I T T e e I I
450 500 550 600 650 700
Sodium: 2 bright yellow lines close together at ~590 nm
Sr

L s T O I A O

450 500 550 600 650 700
Strontium: 7 coloured lines — 4 blue at ~460 nm, ~482 nm, ~488 nm, and ~495 nm, and three red at
~670 nm, ~686 nm, and ~715 nm.

4DCY



@ﬂmi\?’?@&% Assignment #2: #1-10

The Atom: Quantum Mechanics Worksheet

Answers

1. Of y-rays and p-waves, which has the longest wavelength? Greatest energy?
/A— waves have Aonaaa w-«wb{c.nd’ﬁ\.; Han Y- sy, Shmallen wave IGAJ'H“ means If\lb ha

fregrang (e 2 NV} and s hghen gy (2 49) | o 7o rays b more R
2. Calculate the energy of one photon of yellow light (A = 589 nm)

E=hY = h e - 6.631(!0_”3'-,5/ x 3.0 X‘ogyA-/
N .

= | 3 3% KIO—“"I

5.%9 xto-:fr,{

3. What is a bright-line spectrum? How is it different from a continuous spectrum?

A Lr\dk"’-l.:u, S{lu‘l‘l‘v\m s & cellecshon o-f 5:-'.0"&'}' coloured ln;u Tt are Lmitted '-a
exeted orhims. Unhke corthmmous .l{l.ufrx.

briahit- dine Ara have b aps o
V"\\':S:n Col wt ’ d sr'- L\ L\] d f‘" f
4. Briefly explain why the bright-line spectrum of hydrogen is composed of discrete lines and is not
a continuous spectrum.

’nﬂb ﬂ"fcm can av\ab A-bSan a\n..! ‘jul't, oﬁ A .Lu:u.')":ol #’ 'f enu\dq;_s. 'T‘\E.M- l.r\u\olze.s corrlSront‘
b a de Lo ded -/ eolomas = thus Phe J.sgrg;{c, lm.es and Jg/,;.

5. What bright-line spectrum did the Bohr model successfully predict? How did it fail?

'}'bd/\v o 7"\1- seL\f M-\:AJ CDv—lJ w.'/ LI- Mstcl -6 rl‘td.(__'/‘ 4-:3 eﬁ\ms,

6. What is a quantum of energy? What relationship exists between all quanta?

A 3r‘°:jc‘;— ‘rM—ku{ ! ar " bundle 'f enMJJ. 7‘-:7 e M :n'f'!.ou-‘ muL-l-.r'l,,J .7‘ h?

7. How does an orbital differ from an orbit?
Orbutals one m-:f‘tw.mn-'/ﬂlf——ué] Jb‘fu\.u-u-.\ul eqiDas -‘]" space wheae of & Lked + {mJ. -~
(w-l\',_..,l..,\, dectnn, e ddectron (s s(are-..l ont bbb an ddechon clownd and '.4__-,5-/1-
ewengwher i D erbohd AU ot onee. Jn ol‘L-.a'lLS) electons behave Loke Sofollifes
0-m Mﬂh.—\J- 'h-l- an'ﬂ\ " Finags

8. Iisovgmany electrons are in the 3" energy level when it is exactly half-filled?

%e. 15“‘ lnm‘m {l.-rb‘. (Su 13'-" So WS o{ ﬁ\l- rt/h;du-. +&L/G> lﬂa{Js a Maz_n:umm O‘S' 8 Q—— -
Thus o  helds 4 o7 When l’\.Aer- fuuc.al
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The Quantmp\ Mechanical Model & Electromc jiructure of Tl}\e Atom
oy e e —— \-——-—’ \_../ R, S g G gy ~~mut—
Recall, we discussed the Bohr Model, and how at the Chemistry 11 level, this model is slightly different.
Instead of electrons being arranged in shells that are a different distance from the nucleus, they are arranged in energy
levels, sub-levels and orbitals.

Let's talk about those....

What is ionization energy?
lonization is a process in which atoms \05€ X ¢ ) electrons and become _ICYD .
The Q'} ﬂ#— O AY 5&1 Y !‘C{\(h) energy of an element is the energy required to Mme

electron from a gaseous atom. ea. Mo+ Mm-+e mr —-ma*ee”
The second ionization (I2) energy involves the removal of a L dde | Q electron:

Looking at trends in ionization energies can reveal useful evidence for the arrangement of electrons

3o (Licskioni subion 0—%3

|n atoms and ions.
Evidence for Prmcnpal Energy Leve \M .
5% -d;,r &é e~ (8™ jenizpbien enaryy)

& ‘w ‘ Plotting the successive |omzat|on energies of magnesium clearly shows
§ 5 n r‘:, the existenceof ___O\ife cent ene_m\\-\ evels
= . / ae .ﬂ‘ and the number of electrons at each level.

% 4 ‘/)3 = v o .

= ok a™® Successive ionization energies \NYCUSL as more electrons are

g Srvensay | | removed. (e vnore @ in nuders ,cund 1esS €7 malkeS
& 5 . \Q,VC\ Ser o dhvrunge e threlCrren ‘ )

- L = Large jumps in the ionization energy reveal where electrons are being

S &6 5 0.6 8 '\v = &  removed from the next principal energy level, such as between the
SRS SAS ITONN i . ;
2nd and 3rd, and 10th and 11th ionization energies for magnesium.

15

The first ionization energies offgroup 2 elementsjalso show -~ 900
evidence for the gﬁstence of different principal energy levels.
800 \
700
6

(> Wl protas > e” (whenvemons
Even though the nuclear charge increases down the roup, th
first ionization energy _de (. {2OSES QWM ‘\
00
energy levels, which lie further from the nucleus and are 1esS 500 \
atvraced 10 e nodteLs

L 400 T
7highe ¢ eﬂeqxg tevels, aure Be Mg %a

(U
%\\Q((er e o Curtver H#He 4 \Rele jent 5‘6

This means electrons are being removed from successively higher
oM nueus:

electron removed

(kd mol-)

first ionizafion energy

e



. On graph paper, cons‘;_rlé:m rﬂrw

Tabie 1
ELEMENT

using the data liste ln table 1. NUmMBES
hydrogen 1
2. Plot the atomic number (x-axis) helium’ 2

. . i
of each element against the first oW :
ionization energy (y-axis) of the e .
same element. o g 4
. fuori

3. Label each point on your graph et 2
a . sodium 11
with the atomic symbol for the il ki i
aluminum 13
element. sificon s
4. Can you observe a periodic e i
trend? If so, describe the trend chlorine 17
argon 8
potassium L 18
shown by your graph. D e } =

ATOMIC

HADIUS fmnd

0.037
0.05

0.152
0.111
0.0868
0077
0070
0066
0,084
6070
0.186
0.160
143
0117
0.110
0.104
0.089
0.094
0231
0.197

Assignment #3 Graphing Activity lonization Energy Trends

FIHST JIONIZATION
| BNERGY ki woll
1312
2372
519
900
799
1088
1406
1314
1682
2080
498
736
577
Ta7
1063
1000
1255
1518
418
590

Evidence for Sub-Levels

very V\ig) {;_‘{‘,'\(7‘“ W Lndg« ‘f@

y Ievels contain one or more

The first ionization energles for the elements in period 3

neyrease

(revels within \eveld

v

)

. with different but exact

max no. electrons

L

o

\0

Ta

7

ke Bror Yy

Tre 3 Ygrell’ NoldS
more han e

bt

Hrolends e / ‘
1600 : N )
= L ¢ show a__Geneval
= 1400 o
2 \ 5 / ¥,
g ~12001¢— ‘—)However, aluminium’s value is below that of magnesium..
o0 . & ' - '
E E L X This suggests that the third principal energy level |s
‘= < 8001 82 NOT one single energy level.
2 \m\emte (m\\jmm All prunc:pal ener
- 400+— C L
Nna Mg S' P > |C‘:ll 'f‘gr energy values
?ﬂ 60 D> — elément (Foi) '
- ( o
The sub-levels sub-level
There are four sub-levels. 5
Labelled in order of increasing energy: E’,\
s, p, d and fil g g Q
Each holds a different number of electrons. O S d
&
e_§
—_ Each principal energy level contains a different number of sub-levels.
\ \s K.
2 \ as P \ 3
3 \5‘3 op Od \ \% &
t |45 Fp 4d 45| 32



Shapes of Atomic Orbitals

+ Different atomic orbitals are denoted by letters.

Atomic Orbitals
The numbers and kinds of atomic orbitals depend
on the energy sublevel.

+ The s orbitals are spherical. and p orbitals are

dumbbell Shapﬁd ’ LE:::F!\ su:I::ols m:::lfs gr_b_{m:wpor elocfr::u in elocTt:::sln
ae/Q - ' sublevel | each orbital olnergly
eve!
Z’E % >x< L' |5 |\ [& (&
sorbital Py orbital Py otbital Py orbitai 6 ' J
. Four of the tne d orb1tals h'l\e the same shape but T —
5|58 |2 |& 1™
5 10
P |3 | ®
H | 4 d |2 o | R
3 3 14
Blocks of the periodic table: Label the block of the periodic table & note the trends:
Blocks of the periodic table
What are s, p, |—
d and f blocks?||l | |
& Wichest |
Click a shaded [ | e ;,Qt\we\ 'S
areaofthe A :
periodic table (e 3B vutenane
to find out.
Jey-lceai
H pesy _ F dock
e\ 15 ') 1] ‘niopnest
Jed yalenme Y e ( suo-tend
1S Voaotal

(.
Shells, Orbitals & Sub-shells

i\
Ao ﬁs is the set of all orbitals found in the same _€ (}
e The W consists of the 2s and the 2p orbitals

vel (all have the same n-value)

A ’JUU‘ @Y\w is a set of orbitals of the same type within a shell (or principal energy level)
o The set of three 2p orbitals in the second energy level (2px, 2py and 2pz)

/N

Energy Level
w

;\
G g

Laee L &

1

Us ie Slled REFORE 2d

o)



Where do the electrons go?

Types of n=5%,p\& n'g s - type subshells contain MAX ée—

Orbitals | n=4: 9P\ ¥ p - type subshells contain M} % &Qg e

;Inni:;: : : ; 2:‘?) e d - type subshells contain MAX DC "
Level i [ - type subshells contain MAX lqﬂ

Eaon oroitul can.
nold o MRX of de

(it ofpoi & 'SpinS

| oroital

X0 ae can Yole e sume et of quantom numiecs
The Aufbau principle: ‘ - .

As part of his work on electron configuration, Niels Bohr developed the Aufbau principle, which
states how electrons occupy sub-levels.

The AuFban rinapie stedes Yo ¥he (owesT
enerpy Stb-leve> are CCCLPA (Gilled) Srrst.

This means the 1s sub-level is filled first, followed by 2s, 2p, 3s Af
and 3p. 4d
: 3
However, the 4s sub-level is L.O\NE K.. @ ( 3d
than the 3d, so this will_gt111 FIRDT ® 4s

¥ N \mporrant 3s

—

Mep“m Ao rememoe(
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Electron configuration & Energy Level Diagrams

2‘

1s 25 2p 3s3p4s 3d 4p 5s 4d S5p 4f 5d

. i s WydroaenN&« mrql,e_ vic of eirelee
Eresty Lo 3 etk e & (v repulsive )
n=s e s e e el
:-: % "-W"A e e— ——
B g o X
Encrgy 5? 6 All orbitals in the
\M\S n=2 m??fzel?:ve
ds \?;—;—N:‘ m tlws said to be
£ S

F lowest €
(e\“‘ \eQVZ\ =§ ground % " (unexciled e>
n=!|

*Other polyelectronic atoms, have multiple electrons which repel
'““‘g ‘“ \ ! each other, causing differences in energies between the subshells in a
ca e’ given energy level. (more on this later) :

riting electron configuration

« The f‘,\'CC.‘h_‘Qn CC(\%%J g, a of an atom is a shorthand method of
writing the location of electrons by [ Jex g&j Sﬁig ﬁs Qﬁ!)lh\

. The sublevel is written followed by a superscript with the _ AWWNN0EC O‘P e\ec.j YN

in the sublevel.

Example If the p sublevel contains electrons itis written p

E A P E Wirite the electron con %— uration for the following elements:
(&)

Qe vn \ssuiole (o €10 2P SUblevE
e Jo'l 2 2502 = ara+lb+\=1le” (Abmf.number)
P S fura neotral Ne
|>lggoa & & P \\e N 33 sudeve

de in assdoevd)
—~ S e,

7%9*——86 fohed —— suo-tewels dent have Yo be filled;

I oo i B depends on P vatencte e- Qe
15" dsdp e

15.999
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Orbital Arrangements with the Periodic Table

C )
Ao

3 e 0
W0
4

§ o B SF o
fow 4 e — valen e o
A e B il
A 2s b
3 3s alPB o
sl el 4p
5. |5 ICa 5p
b 98 6p
i+ s 7p
(oome as\ = ——ucten € ¢n Fedoituly
\e\'e'. ML
2P 'ﬁuﬂﬂw) 51
g (1R

The electron conﬁguration is a listing of the electrons in that atom (or ion) in order of increasing energy.

D Find eement in fermode
Example 1 Silicon (33 \5:1 35@#’ 551 5P,2 TO\b\f # note atemic numiags

’ ; ‘H' and werk
Almic #(2»1 @*rw;d@s o v%enJr ;
(3 count expunents= e
Example 2 Technetium (TL) i O\C:'lg tNL wa’é
Hanic#(a)Hd> 194 $A°35*3p° He' 30" Hp© 56" d

2 2% o

Practice: Predict the electron configurations for phospgoxrus, strontium, and cadmium.
Aonic \ Symool\ \ Electren CenGayraticn

\D \ Y \ |&? \a’ls"o?‘,?" 55 op
Bl \ or \‘53l \35& 2p \53& 3p¢ [Us? 34" Hp®| D"

l—\ ‘6 \ Cd sba labag?olssa 5?5"'54!53“)"‘?“‘553 ;_,dw@@




Electron configuration of transition metals

4d

Although the 3d sub-level is in a lower principal energy level than § 4p
the 4s sub-level, it is actually higher in energy. g 2d
o S

This means that the 4s sub-level is filled before the 3d sub-level.

Electron configuration of Cr and C

The electron configurations of chromium and copper are exceptions to the normal rules of orbital

filling:
I\ Y "M
C(‘ chromium ?(/01 C_u: copper QF\\\"B the *emgq
1522522p63523p64s13d5 1522522p%3523p64s'3d10 Seae

5 \O
d orbitals are more stable (i.e. have lower _e_e(ﬁﬂ ) when exggtly half-filled or filled. +
For this reason, an electron may be promoted from the & to the _d_ in certain, cases. (%o Y2 &l or Gl d-erbi
With larger atoms like this it can be useful to shorten the electron arrangement. (core notatiog?

Copper can be shortened to [Ar]zts1 3d10.
"— last ndole goro-

Electron configuration of ions (
When writing the electron configuration of ions, it is important to ﬂe‘,@\'\ﬁ;‘\D
HDD or subtract the appropriate number of ﬁ!ﬁd' Cn%
B Cakicrt> REMUE
For non-transition metals, the sub-levels are then filled as for atoms. elec
(rransibon metud o present Exophar® 1 .
- — - } "
Example what is the electron structure of @2 :
1 Count number of electrons in atom ge” ocd a&

-~

10 elec oS 1N \Cr

2. Add or remove electrons due to charge Dr&-=

3. Fill sub-levels as for uncharged atom \5 A8 R ;‘f

22



. 3'%’52:hm 25

When transition metals form ions, it is the that are removed
Y P,,LE F(ﬂ E the 3d electrons. (just as how 4s electrons are filled before 3d e’)

Electronic con

1. Negative Ions (Anions):  Add appropriate # o! electrons to last subshell, starting with the

configuration of the neutral atom.
add 8e” P@ add de”
(e finsamples: 6D i ze”  icwelecienic
‘:())e Ne.  Oadum:. 1520 Ap + 2e Natam - 163 3s73g” " o Ne
0 I\ o ent 15" ape N> o 19858 8P5 7 (106)
2. Positive Ions (Cations): Uh, oh... there are some rules!

i) the electrons in the outermost shell (largest n-value) are removed first.
i) after that. remov e be (within the outermost shell)

' Examples: sift) (e MO ae . . FD Nmae,a@mw&cw
jodedtniC g ey 15 qa"’@)f'f&";:ﬁ %

: a? 24° Yie &r
X0 (0} 2. . Se? 1y 410 Fe LArd "'\?32)6 nef-\- m;wms“’
(wse—)\_'sn ien. Ckr 55744 @rcmglt_‘e?r& enarey teuel
“Core Nofahd‘. v(\évé\za\ EIRST -2¢~

Isoelectronic | (ewectren cm\‘-:gg’a‘\“'"’) Fe?': [r] 2a®
This word is an adjective meaning ©_ 05 the same ﬂuml’)erb_cQ 'C,\'ﬁ(,'\'fdﬁ 4

For example, Na+ is isoelectronic to Nf,since they both have _[)_ electrons.
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—~
l lec mc

‘After a né'SIe ga

t\fe\

g::""'“*’ e ‘v{ ﬂ-‘*» é,f? "%\ A’-f’.“?“q% ,z?.:;‘\n ‘&?‘4)’\,

" L

. N “'a
i bé’gfﬁ%"h the periodic table and so too, a new __[E [ Q\‘

. We can condense electron configurations using core

— QeI in which the configuration of the previous _ NOBLE GRS is represented by

that noble gas symbol in then outer electrons are igdigqteg in bolg type. lence e~
Example: i nney core =Co\l sreits ‘v‘o(\‘ ooter
Element ~ Full Electron Configuration \t Core_g--Notatioy ~‘oéevr'7c 0
2081 LM Is* 2% Ap© 2 Ned 2p'=
& licon LNEI22* Dp°
ar [Ne 35* 3p©
CalcioM LAcQ H3®
acandiom LA Hs* 24"

Full Electron Conﬁguraﬁon o ~ Core Notation

D‘}f} 4?2 Hp ™

kiemovt o _p ZD " de

(B3 (o)

o |7 s

[K15s”

ke

[ADUs 3J"“4¢ =LK

— BrO +1¢”
m l Sn -

(k)5 33°5p”

Q{(%‘\-_' \[} ln@—3cl

[K YA

( femove de fers S5 ond le

Use the periodic table to identify the neutral atoms having the following electron configurations: oo 5?
- Electron Configuration Element Name
[Ne] 352 Me
[Ar] 4s?3d° n
[Kr] 5524d'05p3 ob
7
elefry R

\arWanide »e@Ss )

Notice where each of these elements is located on the periodic table. L ook at the highest energy sublevel being
filled (bold type) in each of the atoms in the table, and identify the four different sections of the periodic table
associated with each of these four sublevels.

o
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e o
Assignment #4 \ 0 OUK

Electron Conficuration Worksheet /\z

right now...SKIP QUESTIONS #1 & 3...we will come back to these after we study "energy level diagrams"
Complete the following questions on a separate piece of paper.

1) Draw the energy level diagrams for the following atoms.

a C d B
b. Chlorine e. Ca
& Zn

2) Write the electron configurations for the following atoms.

a P e. Nd
b. Co f. Sr
c. Fe g. Beryllium
d. Osmium h. Si
3) Draw the energy level diagrams for the following ions.
a Ii d H'
b, iG" 6. Cr
¢ AP ' :
4) Write the electron configurations for the following ions.
a. N* e. P
b. Na" f. Todide ion
¢. Fluoride ion g. Tin(2)
d. Mg* h. Sulphide ion

5) Using core notation, write the electron configurations for the following
atoms and ions.

a. K f. Tellurium
b O g. Xe
¢. Cr h. Hg
d Vv i; Gl
e. Calcium 5 2o

6) How many valence electrons are in each of the atoms/ions from #5?
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Date:

\
Name: ﬁg Cj Block:

Electron Configuration Worksheet Key Assignment
(46 marks)

Chemistry 11

Complete the following questions on a separate piece of paper.

1) Draw the energy level diagrams for the following atoms. (5 marks)

a. C = (e d. B= 5o
1 4 $.
2p <0
i 8 14
th N
s Trt
e. Ca-=20e"

b. Chlorine = | e

[T iy ot B
}u'_ theReo ?r% Tt
i N,
c. Zn 'Té

ii L LV‘L Li T‘L 3d

AT

U A TR

s

S0 A W

“Uf—Zs



2) Write the electron configurations for the following atoms (8
marks). S P B
a P 925 2p° 35730
b. Co \67'26129(a 5515§>st‘7’ 2at
2 . _ ' 19 b
c. Fe 15725 ZQ(" s QP(D L‘[SZ 3
d. Osminm \s*252¢° 35" 35U 3 Ypbs™ Hd 5005 L/j:
12 r oAl F ol o2 |05 (U O
e. Nd |§°2572p°35°3p" Hs 3 ™Hp” oo Td ~9p" (63
~ / C.2
f Sr\s /57 Q(" s gf);\>(° U<*3.'°4 P(" 35
g. Beryllium 1§ 25"
hoSi \§252¢° 3s 3@1

3) Draw the energy level diagrams for the following ions. (5 marks)

a. Li" = Ze c. AP*= |-
14 AL Tl 20
T \S Aos
o
b. C* —l0e d H - e
T4 4ty
14"'25
ki 4



4) Write the electron conﬁguratlons for the following ions. (8 marks)
a. N lgt/2s" Z_P

b. Na" |=" ZSZZQ("

c. Fluoride ion | 7s> 29‘0

d. Mg™ |57 2572 0

e. P |22 6P 32 3¢
£ lodideion |72 225" Do e 5 Oligebs"Ha5p°
g Tin(2) \s" 220725 Q“’L{SZ&S‘DLW“’ 5 HA"°
h. Sulphideion \5/s"Z (* 25 3 9‘0

5) Using core notation, write the electron configurations for the
following atoms and ions. (10 marks)

K :[CAQHS
b. 0% [He)25™2¢%

¥c. Cr:[Ac\Hs 3Q°

28



d. V:L[A<1Hs*3d?®

e. Calcium : [ A< \Hs"

f. Tellurium : [ ke 1554 'O 501
g Xe : LKl 5ecHA' 5@“’

h. Hg : LXe | (os7HE'MEQ™

i, cr:INe) 33730

i Zn?t: LRc138°

6) How many valence electrons are in each of the atoms/ions from

#57? (10 marks)
a. K | f. Tellurium (o
b. 0* O g. Xe O
c. Cr 4.(, h. Hg /
dV %5 i cr O
e. Calcium / j. Zn** O
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Electron orbitals

As Heisenberg suggested, itis __| m;p_‘jpi b to exactly locate the position of an
electron within an energy sub-level. Corbi’rcu))
But Schrodinger’s equation showed that by measuring the electrop density around the nucleus,

it is possible to define __CEAICOS wWere eVechenS gcee
MOosY LiXe\ at any one time.

These regions are called__ O Y21 = b

Each energy sub-level has one or more orbitals, each of which can contain a maximum of

,@m‘ mattan)
Shapes of Atomic Orbitals
z Z Z z
Different atomic orbitals are denoted by A & x -
letters. bk
y y y

The s orbitals are _(* \( MQ,( , ‘

& bital . orbital rbital bital
and p orbitals are el 5 O X Ppsns AP
S .

Four of the five d
orbitals have the
same shape but

p different orientations
A

in space.

e Youli Bxclosian YrinCiple Sates $hay each
oroiral Yoy contuin NO MORE +nan AL”

It also introduces a property of electrons called 5? N , Which has

two states: * D "and* DOLON :

The spins of electrons in the same orbital must be Qszgﬁi f ; 1 \/

i.e. one ‘up’ and one ‘down’,

A € Neryd \ege\ d(‘o&f&m
3P | ___ shows how the orbitals
3s 1L , i are filled. Orbitals are

1 for represented by squares, and
2 : . sirenl
Figure 5.4.5 The spin PV ﬂ' 4 magnesium, electrons by arrows pointing up
mber {
:';:;‘;3;‘::; v,\'rl;rich posTig;Iespin 2s 1\’ \63 asa&Pb 551 or down.
an electron has. K
1s {1l ' cepresents an e”
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Rules for filling electro

en two electrons occupy a p sub-level, they could either completely fill the same p orbital or half fill
two different p orbitals.

Honds RULE stakes +red strole €7 occupy all
emfg?[ oroifals within a g{?bﬂe\re\ pefece They

atary to form paird N orbitald.

If two electrons enter the same orbital there is y
151N 2p |1} 2p ]
€L 21 between them

due to their []ﬁ%‘h\lez charges. 9o [4 , %2¢ /L

The most stable configuration is with single
1s (1|

electrons in different orbitals. 1s

Evidence for Hund’s rule

.The first ionization energies for the elements in period 3 show a %enera\ tncreasS<.

" 1600 SPb

£ 1400 /

4]

e o 2

::, £1200 /5?5 However, sulfur's value is below that of phosphorus.

2 £1000

g . 8004 ‘ 3?" ' As the highest energy electrons of both are in the 3p sub-

2 ¥ % level this is evidence for Hund’s rule. _ )

£ 6¢ 5;. Teni e Hen enecoy ¥ (easiecr ""0 cemoce

400 ———=t————— T y|¢. “now €~ are sharing an ordital S0
NaMg Al Si P 8§ CI Ar *v\Qg cre m
element
. \ (ot
Evidence for Hund’s rule: P vs. S no repuldion f FRpe
- " S e iR
¢ Phosphorus has three electrons in its 3p sub-level 3p [ ,) 1 3p 1L ’} 1
and sulfur has four. » 1 L 3s ,] L
The lower first ionigation energy for sulfur is 20 AL
becauseithasa_mi(OQ €~ inoneof 20 (ALY [k . 1
i 2s 2s

the 3p orbitals. Mutual mg;\‘aﬁg \ 1) B— ——
between these two electrons makes it easier to 1s '] L @ 1s 1 tﬁ!

remove 1.
—————EE——
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What's the point of all this stuff? @ * @ o ® )
2 hydrogen

\' Q\'e Nnte_ Electrons are the electrons e

found in the outermost open shell of an atom. e “ fimsbrd
2 fluorine

atoms

They are the ones that are able to take part in
- < ‘n wbor; :ng;ide
chemical yeachionS . @ ~ e

\ oxygen
* bmd( (1% » 2amyrgs
Electrons in the core, or in full d or f subshells, are never
valence electrons. @ .oo
4 ﬂuonne camon a malecite of

carbon tetrafluoride

Review:

 For any atom, the C&(OL)(\C\ 3hkrefers to the situation where the electrons are in the
lowest energy state possible. For hydrogen, this is when the electron is in the 1s orbital

» When an electron is excited (absorbs energy) it will — depending on the amount of energy absorbed

— jump up to any particular energy level above the qv\romd Stede

« In the hydrogen atom, all subshells in a given shell are Ae gmgw (of equal energy). This
is because there is only a single electron (no other repulsive forces).  {e.g. energy of 2s = 2p}

 In multi-electron atoms, many orbitals are occupied simultaneously — the electrons “sense” each
other through repulsive forces and have to be optimally arranged. In such atoms, subshells have
different energies within each shell. {e.g. energy of 2s 2p}

» The listing of the electrons in the atom from lowest energy orbital to hlghest energy orbital is
known as the electron configuration of an atom.

Summary of Quantum Numbers

Every electron can be uniquely described using tour quantum numbers:
n = principal quantum number — indicates the energy level. Bigger n-value means further from
the nucleus.
| = angular momentum quantum number — gives the shape of the orbital.
m = magnetic quantum number — gives orientation of the orbital in space.
s = spin quantum number — Tells you the orientation of the electron.

Quantum| | Possible
nmber | Name What it labels | values
o electron energy level Except for d-orbitals, the shell number
n | principal | T o namben 1.2.3.. | matches the row of the periodic table.
= s orbital
. ; ) 1 = porbital
£ azimuthal | orbital type:s,p.d.f | 0.1.2,..n1 | 57 8% orbital
3 = f orbital

integers between| €=0(s) 2 e inone orbital
and including £=1(p): 2 e ineach of three sub orbitals

my magnetic orbital sub-type 3 (Px. Py. P2)
" Land £ {=2(d): 2e ineach of 5sub orbitals
‘(R ’t‘l, oo t‘l, [ (dxy. dxz. d,x. dXZ.,Z. d:Z)
ins i ingl -orbital
mg spin electron spin : “%’ bsg‘;:v:;dmy T . 33




S

/P

3> Assigment #5Hebaenpg155 #28:27i(every second letter), #28 (acegik) , #29

Complete ALL assignments on a separate piece of paper and attach to your booklet when
handing in at the end of the unit. Be sure to clearly number each assignment with a heading.

Electron configurations for the first 18 elements:

Element VA Is 2s 2p 3s 3p
H 1

He 2 — \
Li 3 o _k
Be 4 N~
B 5

c e NG G
N A AN

0 8 %‘ Q__Q N
F 9 N

Ne 10

Na 11

Mg 12

Al 13

Si 14

P 15

S 6 -

Cl 17

-
—
00
|
H

How does this pattern of organizing electrons relate to the periodic table?
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Review

For any atom, the O,C 0 UNN ST refers to the situation where the electrons arc in the lowest energy state
v

possible. For hydrogen, this is when the electron is in the 1s orbital

When an electron is excited (absorbs energy) it will — depending on the amount of energy absorbed — jump up

to any particular energy level above the L1 oUnd STAKQ .

In the hydrogen atom, all subshells in a given shell are Mgu\ Lre\ QL (of equal energy). This is because
there is only a single electron (no other repulsive forces).  {e.g. energy of 2s = 2p}

In multi-electron atoms, many orbitals are occupied simultaneously — the electrons “sense” each other through
repulsive forces and have to be optimally arranged. In such atoms, subshells have different energies within
each shell. {e.g. energy of 2s # 2p}

The listing of the electrons in the atom from lowest energy orbital to highest energy orbital is known as the

electron configuration of an atom.

Electron configurations for the first 18 elements:

Element VA Is 2s 2p 3s 3p
H e
He > AV 15 tatrgy teval 36 bl
Li 3 AN A -
Be 4 NN N
B 5 NV A A o
C 6 N~ ANV AN
N 7 A MmN AAA
0 g A AL VA A
F o A v NN N
Ne o A Ay v A AY 97 enefgy leved T4
Na 1 N L o
Mg 2 M oA v N
Al 13 A Ay AWV AV A, A
S A A A M A d ) DIRY S ey
P 15 v A AL AV A A g 79 WATAL One \Sin
s 16 v AV AV AL AL A g S By wesiel
cl 17 Av AV M A Ay Ay v Av g
Ar 5 A AV AW Ay AL A AL 37 eaerg lesat s T

How does this pattern of organizing electrons relate to the periodic table?

34
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