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INTRODUCTION:

The historical development of our understanding of matter extends back to the times of
Democritus at around 400 B.C. when he proposed that all matter was comprised of particles that
were not infinitely subdivisible. He proposed that the process of cutting a substance such as a
piece of copper in half, again and again and again, would ultimately reach a point where one
would have a particle that was the fundamental building block of copper. The word atom comes
from the Greek ‘atomos’ which means particle.

Other philosophers of the time such as Aristotle proposed that matter was infinitely subdivisible
and no matter how many times you chopped the copper block in half, you would always have
copper.

The historical development of our present day understanding of chemistry hardly changed for the
next 1800 years until chemists such as Dalton and Avogadro moved from the alchemists’
approach to a more scientific enquiry based study of matter.

To attempt to show the steps in our developing knowledge of chemistry is difficult but it is
possible to see 6 or 7 distinct phases of development where each led to a better understanding of
the nature of atoms and atomic structure.

ie.
DATE PERSON CONCEPT
1803 John Dalton Atoms as particles
1904 J.J. Thomson Electrons and protons
1911 Ernest Rutherford Orbiting electrons
1913 Neils Bohr Electron energy levels
1932 James Chadwick Neutron discovered
1926 Schrodinger Quantum mechanical model
1932 Heisenberg Refinement of quantum model
Dalign {180%) Thomsan [1904) Rutherard [1511)

Structurelass Electrons stuck in a Electrans ofbating
indivisibie spherne. sphera of uniborm argund an axtremety
positive alectricity. small positive nucleus.
Quantum mechanics "Popular modemn” Bohr (1813)

Since 1286 probability Mon-scientific works Electrons in d="nile
clouds have bean used often depict atoms orbits (enargy levelsh
far electrans (orbitals) this way.

HISTORICAL DEVELOPMENT OF ATOMIC STRUCTURE
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DEVELOPMENT OF THE ATOMIC THEORY:

(A TIME LINE FROM 400 B.C. TO PRESENT DAY)

Who ‘When

Demoerivns | -4

Thearised thar iFa of a splstance sample divided in Tialt uml Bl agaaion sned sev oo theny theves will come to 2

How

[oint wheve could divide o further. Coined the term “amos”

iyl Tra)

I the “Sceptical Scientist” abandoned the accepted Greek view thar substances were niade up of mystical
elements (varth, wind, water and fire). He suggestd that any substance that coubd not be broken down
fisrther was an clement and two of these could be pat together to form a compound. These were matetial

Boyle It

subistances that coubl be determined by experiment (he fivourad esperiment over theorising).
Concluded that sinoe aie was meuxihh*tl‘um 1t st e |.'|:I|'l1pl'i!i|.'l:| of iserete |H|-1il.‘k'$ !EPIJ?EH‘ I'j' a
voidl

Newton | e

Thoughe that gases were mache of particles

Supposing that gses have indivisible particles then he measunad the masses of constiteent elements of these
gases. From this be fond that the relative nasses of the constitents for a partioular gas ane alwiys i the
same viatio. This is the law of “definite proportions” P

[Haltcn 158
[halvew (L~
(WA} ey 1817

Dalton extemled his Izi;u.'!'ﬂ'}' tor sy lial sone comlnnatioans of elements can have different proportions (he
cetesd carbson momoside and cllson hiseicle, ol oot oo ol ethanee} This 15 e T wl '““'“i‘l’]"'
opertions”. Dalton vefirrad tohis assumed indivisille particles as “atoms” . :
Separateed mwetals such as sodiorn amil protassiamn from molten nctal snlts. e went o tedliseover spromtim,
it e meaggnesinm. Hue s provel that chilsine was an element by shoing hydrochlons acid

Chay-Tanssine | 1w

pomtizived e o ygren (all acids were bdievial b contain esygen ontil then) _ e
e fosumnl ol l.'ml-lllining s T v (g lljhli'n“ﬁ?lﬂl.l oy thie ratis ol their vedoenes for complite
et was conspant This is the Taw u:il'q_'l|||'|i|i|1i||.]:lr voluiemes .

Avasrlin | 1w

Bierechins T

Framnbader | 1514

Pruast T I

Llsal thues L o comlaininge volumes o mspiee the ypothesis tha whentival velumies of gas canfan I:|:|:.-' st
mnnbier of particls. This tewe observagion coull ave been wsasd o calioulate atomie weighes b was gl
i shevaisdes i

Thesugehit thiar the cxistenee of froe cadicals caroal rh:tr&inrhﬁ_l_‘_:_rlxtl:c. = e
Fownned thiat _\1|[‘i|:|]_|l‘i11 |I11|1EIH.'|.1| i as Eﬁi'll-lll.“i .:|| 1iiﬁ.l.ll-‘ﬁh when the |i’{l|[ wirs Fli-l.'“ﬂ.l |!|l'|'liHIH|'I a il
grating ( he pioseeral the gse o thas ) He also apglied his practive tor starlight and foml e linge slightly
shifted - bt wade oo conclision from dhis. N

Mulslisdyesd s resch thar all |_-|‘-|-|"-||i: Wi |_-.;|q||.i;|n||'|i|m\ |_|II|'|F|_|1'¢!LF|,‘" amml thus theinr w I.‘I.HI'I"H Teave ane

-HI-I‘:IIILP: Al

it valie with relation to lydrogen's atomie weght. P o i
Fowrnl avomie wenght was inversely progortional to specific hear ol an clement, Hameprh relative atonm

e hilwall 13540

Canmizeare | s

P, L] : :
| Fete "-'u':‘l[.:l'lh coubil them b beterminesd e
Berridinn - Pevlunced vhe l_i!--.t avenrate tuhle of atomie 1-._1-|ij_-ju.~. anil n.up;gmlwl the chensical symbed systen e chaments
B wi '_l_1uIy'__ﬂl_l_ls_._L::l_lhluu|.|||j1. vemihl e ﬂqnlljl ||'E|l|:'.\|.1ltL'd ) . - —_—
Fewnnl twir visbes that Twsmel clecorechenmstry :
(T (TERTTeTe o slwrance libeerated an an ebeerrode |hll'illg L‘lﬂ'll“l}'hl" 1% 'f'""'mnl tor Ul ijEEtIty il
l':ll'ﬂll'ﬂ}' (831 "Il"ll'il'ilj' e !II|'1:|||H|1 et st

2 Ve s libevatal by a given quantity of decteicity is proportional to the atammic weipht ol the element
| Dbevared and inversely propoctional to s valanee M e e i -
Firchhed Tovme that when leated (o inesmebescenee cach element emitred a nnigue specerom of light. He
iseeonered cesiom aml rubidinm nsing thes process, Foumd that elements absoch the same colouiresd Bamds of
ligght as they emnit ar bmlescence (this shhwed soclinm vaponr mst b i thhe stias atanessplhiere].

Brougsht Avogadin's themyphies back to the fore anel eonvineed many chemists o ke tem M‘l'ilﬂl'ﬁlf
Ll miboiram ansmic weigrhes were on the way aod with diem being alide o nopresent o mmpostands uaifemly

Stax LHii

Initiated wsing e g with an atemic weigght of 16 as stamband e other atonic wieights, Stas show vl ol
fitormic “k‘iﬁ[’llh were B remved from integral values, Showed the: atomie weight of carbon o be twelue

Mo Tl | 1

Menclebeen | Kt

Mo lammls was Bangehed at fior i |;-Fi1ufil- tabile Dasend on patterns af © elements when arranged in atomic
weight oaiker S R
P the 6 known elements in a row amd noticed ih-:mlf-_t;rwiﬂlh the valences. Fromm this he dis “’“II
e vonw it pesionds and placed them one o top of the other. He aoticed other similarities l.\it_hin propertics
o elemments within cach colipn - he callesd these groups. Although ather scientists were sceptical of this
peerivedic talile, Mendeles prodicred thiee ankiown dements that would be saon discovered

Cromihs LK

1 Helmbwlry | 1570

Promlueeed o visible grlow passing from a cathode o am anode. e Gl that this flow comlel tarn a muﬁ. briled
thiis Do comelidind was evidenes that the Bow was e up of soall particles. He said that this was a frth

form o matter =

-11‘I'H.I:|_1lll that (-1“'“';]_-'1_;.'.:“ FEs l.'iHl"l{ :I.n;;Eh ;h;l;:ll\ I:E,' =t ol :-h-rrrin-it}-' vanpecied to the elesnental

atom that apgseard oo the dlectiods

Muortesd atownie volinme agannst mleculae we

the nsultant

hurs then Memdelies's periods were cvilden

t.l'l. i Hl IT!'
Basbmniian |

Meyer 1574k
B rapds ) ) .
Maxowell shonweel thian the pliwoiena of nagnetism and dectracty were inestricabdy linbisd |1I-I1:?Il.j.:|1 his
Marswed| Es fwork with coeating dectromagnetic sadiation theough an oscillating charge be fimnl the spewd of light was

eonstint aml its value From this he sommised thar lght st be cnited by an oscillating clirge.

Usings spertvascopy fommd an wnknawn chment that De called gallium and isolated enoangl e Do verifieal by
her scienteses. Mendelen vecogisal this as o e cloments e bad predicied.
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Who [When| How
Cve | 153 [Cleve |'u-cg1|.i=n|11lph' clement scandinm discovere by Nilson was one -l Memlelewr's missing cements |
Hez it [Provided evidence thae backed up Maswell's equations.
e, = [Showed that the anwwnt a freering p:unx is decreased amd boiling point increased is proportional o the
Hacult L J|.|mlp.-_| ﬂpa,rtldni ol sobure ||hsﬂ'.lll
Hypothesised the theory of ionic dissociation after studying ionic and organic substances physical behaviour
Artlenius | vt ((elfect on freezing poing of water faml their conductivities. This was initially rejected as it implied dhat
atoms had some internal structure
. [Natwed patterns within the daik lines within the emission spectram of hydrugen and devised a simple
Baliner | IKH3 o il that gve al the wavelengths in this series - this was anly an empirical formula,
Propasedd that the number molecules in vapour is proportional to the molecules in solution. This allwwed
Ravult W46 | oderular wedgzlits in solution t be calolated.
; Winkler discovered the thind element when finding that there was a missing constituant of some silver are
Winkler” | 186 {4 was studying. He called this Erlﬂlmum
i Loventy, theorised that atoms consist ol charped particles and that these scillating prochwced light slser al |
Loremtz | 15t fas an emdssion from dements. He deduoal that garticles mass varied with their velociey and light mess have
Eu infinite veloaity (a5 it had no aiass). -
Nernst poanted ot that positive and negative ions could e insulaterl by water so they woubd ot I
Nevmst TRAE L teacted to each other, This left them free to conduct an ebectric current,
K Stoaiey =01 [Stoney suggsted e mimirmmen electrcal charge b calbod an dectron. i o _
[ (ol ehae the vays going o che opposite direction e catbode n}ls. were ;u\:tln Thser were sl 2
Lainlilstein I505 LT — l.ll-!'_ﬂ'l:ltl'lll'i
Fblomend Cronks wiork o shuw the ow of ch elertrvity ina vactm tube coubl be deflitid ||1],I a nugm‘iu
ficld. This showed that the “partiches” wens negatively charged. e caloubaced the mass of these particles (1
Thompson | 18T 1057 the mass of a hypdvogen atom]. The charge on the this was acoepted as a wnit of electrical carment
bl el electron He prosposeed the *pidding” moded of the atom wheee a positnee sphere lad dlecteons
b leled within it o
~ 1 [P that dhe particles emitted feom urmium were changed and could be electrons and theorised tat they
Recepicind | 1w st o fron the atoos theimselees. Thie atomes bad somwe fem o internal stcture
Planele ehivecely velaed Frogeencies of elecommagmnetic cadiation o encrgy by a sinple cunstant. s was
Manck tenn [t st oo uantune froined by Planck] appeoach s unobserable phesmena, with this be assamd thie
ey s ot infinitely divisible it ocowrmsl in quanta,
Rustherfonl |I;|]:- Lmulplgﬂw:l p]|.'1||:i;|'||1.5 MHB, Beeta and Ciammea rachiations in terms of cank J_I'ﬂil?‘l‘ll'\ ok mlnmt}m
Cimstein | 103 ||u|-|-,t._-|r| confirms that the ﬁpmlihlﬂll s thee Bastest :hIthlnE wan g with his special thnn’jriﬂ'r'lajﬂ
o Hle dhemonstrated alpha partiches were Bl atoms withost dectrons and that thought that there mast b a
Ruthertond | 10007 funslarenital positive part b Ut cosibl be deriveal htmﬂl_l,ltlmﬂl:ﬁ b called it [t
i ;  |Natsorad seantering patterns uFT'IIFﬂn particles were consistnt with a substance that had niassive |msil1':1-_ |
Huheefink ] 300 porints: with mostly spae arond thein
B Propeseal his moeled o atom with 2 dense aml iy psitive mcles with te outer egions ontining
Retherdond | 18011 dectroms .
" Parin | 1913 [Using Einstein’s work o ﬂrsw- mian iotion found first scowrate size for an atom
[ Confirmed isotopic natwre of elements and caloulated many atomic weights with G greater acommey. This
Hichands | 12413 [nas the st of the era of determining atomic weights as opposed o actual masses using dectromagnetic
I'IH.'{III'd’l-
T Gy demonstrated that the mumerous prwducts of radioactive decay were sotopes (2 term he coined) of
Sy | MBS e o - albeinigs the periodic tabile v vermain i tact
B Skl that a samipdie containing chargel neon pactscls produesd two fne lines, when acoebeatel tands
phwtoggraphic paper aml their paths changed through a magnetic field, which related o e atomic weghes
Astan pon fal thee twe isotopes of neon. When the relative dackness of these lines was wsal o calenlate the averape
gt wweeigrlit ol e it was spot o This was the st acourate mass spectrograph that went on oo be s
useful in studying other clements and compound composition and confirmed Soddy's sotope theory. |
[Balur puts Torwarnd a modified version of Rutherford"s muded of the atom, Using hydrogen as an example be
ol 1921 [mccesstully modeled discrete energy levels within the dlectron aebits {a tern he substantiated within die
mathenmatics of his theory]. UnBrtumately is inoded did not extend to more complex atoms,
s A wwre avourte mass spectrometer than developed by Aston resulted in the measurenent of bimlings
Astom | BRE ) ergies within atoms, prestictesd by Harkins
S [} Cirving i ne |u-n|xﬂ|l.'-: tor thes ol el e sduwet] that ehiactrons could inhabit orits as navis withou
)  relesing eneryry = meaniigg that electrons can inhabie stalde and varied odbits. These arbis were asociatl
Schridinger] R with dliserene momhers of waelengrhe - s dserece orbies were described inerms ol wave mecdanie
{These ca anserd e spectral lines albservd lgrl_lt_l_
Cladv ik |!|:-|;-.| T ick discoveral the nentron '1”1“' ""“'1: inie far [|nm with !tmilT'll |-|l'||_|'|n||[|g it l“‘m- B
T fietsenberg poimted out that nentens, with about the same mass s a proton, cokd be part o the maclean of |
atts providing a B Degter theont ival L-x|:1anilﬁuli ol electroms pairing with exira ot i the nacler
Heisenberg | 1952 [y [rad b Bl oo e bas dhoadlee v san). Thais excplained sotoges perbectly. He maintainid that the
L fprtons il pentroms i the m|r.-|g1l.\_t:|l_ld|£|1' b toyrethier by L'1L'||H||M:_u-g
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MASS SPECTROSCOPY:

The first mass spectrometer was built by Francis Aston in 1919 and was used to confirm the
existence of isotopes although the discovery of the neutron didn't occur until Chadwick's
research in 1932.

The basic principle involves combining electric and magnetic fields so that positive ions can be
accelerated and then deflected by varying amounts in accordance with their mass.

This is best understood if we use a more familiar model.

(1) Steel ball bearings of different masses are rolled down a ramp with gravity being the
accelerating field.

(i1) At the bottom of the ramp, on one side, we place a magnet which attracts the steel ball
bearings as they pass.

(i11) The attracting effect of the magnet results in the ball bearings moving in circular paths
where the radius is dependent upon the masses.

(iv) The lightest ball bearing will be deflected most and the heaviest ball bearing is deflected
least. (see diagram)

LIGHTEST HEAVIEST

O

BALL BEARINGS

% — N

This process of combining gravitational and magnetic fields to separate the ball bearings is
essentially the basis of the mass spectrometer except that we are using an electric field to
accelerate ions rather than a gravitational field to accelerate ball bearings!

HOW DOES A MASS SPECTROMETER WORK?

(1) The sample for analysis is firstly vaporised (if it is not already a gas).
(i1) The gas then enters a low pressure ionisation chamber where it is bombarded with electrons
resulting in the formation of mostly 1% ions, i.e.

Agy + e + energy - AT, + 2e

(i11) These ions are now accelerated to high speeds using an electric field. They move towards a
negatively charged plate with a hole in its centre.
(iv) A stream of positive ions passes through the hole and is then acted on by a magnetic field at
right angles to the electric field.
(v) This magnetic field causes the 1+ ions to move in curved paths with radius proportional to
their masses.
(vi) By changing the strengths of the electric and magnetic fields, different mass ions will arrive
at the detector at different field strengths.
(vil) A detector identifies the ions and their abundance. The detection is based upon either:
- the current produced by the ions, or
- the intensity of the 'spot' formed on a photographic plate.
(viii) The picture/graph obtained is called a "mass spectrogram".
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SIMPLIFIED DIAGRAM OF A MASS SPECTROMETER:
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Q1. Magnesium exists as three naturally occurring stable isotopes; i.e.
magnesium-24 (24Mg) natural abundance = 79%
magnesium-25 (23Mg) natural abundance = 10%
magnesium-26 (26Mg) natural abundance = 11%
Draw the mass spectrum for Mg.

ABUNDAMNCE (%)

g0 4
60
40 = '

20 -

Ll | -

24 25 26 MASS NO.

Q2. Chlorine exists as two naturally occurring stable isotopes; i.e. 33Cl and 37Cl.
When analysed in a mass spectrometer, the molecular ions formed are Cl,* ).

How many peaks will appear in the mass spectrum and at what mass numbers will they appear?
ANS. Three peaks will occur, one at each of mass numbers 70, 72 and 74.

Abundonce (%)
Q3. On the right is shown the mass spectrum for tungsten (W). 4
(1) Use this mass spectrum to identify the isotopes of tungsten
that occur naturally.
(i1) Use the answer for part (i) and the relative abundances to 20

determine the A (W). (183.7) |
(i11) Find the number of neutrons in 1 million tungsten atoms. 10 I
(109.7 million)

0 - L Sy § TH—

K T T T T T T

181 182 183 184 185 185 187
Relative isolopic mass
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IONIZATION ENERGY:

(i) DEFINITION:

The ionization energy of an atom is the least amount of energy required to remove the most
loosely bound electron from a gaseous atom. e.g. for magnesium the energy required is 733 kJ
per mole of Mg atoms:

The removal of electrons can be achieved by two different means of energy input using:

(1) light energy ("photo-ionization')
(11) electrons (‘electron bombardment')

(ii) TRENDS IN THE FIRST IONIZATION ENERGY:

The ionization energies (E,) for the first 20 elements are shown below.

ATOMIC NO. ELEMENT E1 (kJ/mol)
1 H 1312
2 He 2371
3 Li 520
4 Be 899
5 B 800
6 C 1086
7 N 1403
8 0 1313
9 F 1680
10 Ne 2080
11 Na 495
12 Mg 733
13 Al 577
14 Si 786
15 P 1063
16 999
17 Cl 1256
18 Ar 1520
19 K 418
20 Ca 590
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When the ionization energy data from the previous page are plotted as shown below, we notice:
(1) relative minima occur for Li, Na and K suggesting that these elements can lose an electron
easily.

(i1) relative maxima occur for He, Ne and Ar suggesting that these elements cannot lose an
electron easily.

(i11) First ionization energies show a general increase across each period due to the outer
electrons being in the same valence orbitals (thus approx. the same distance from the nucleus)
and yet attracted by an increasing nuclear charge.

A

e

2O 0Ey -~

1S08 +

Ca

] i ] 'S L i i i 1 L i a L

o L 1 1
4 6 8 10 IZ2 I+ 16 18

4 20 22

ATOMIC NUMBER

(iii) SUCCESSIVE IONIZATION ENERGIES:

Although we are often considering just the removal of the first electron (i.e. the first ionization
energy "E;") chemists have learnt a good deal of information about electron energy levels by
measuring successive ionization energies. The removal of a second electron requires the second
ionization energy given by E,, the removal of a third electron requires the third 1onization energy

e.g. Be, + 899Kk —  Beyt t+ e (E; =899 kJ)
Beyt + 1748k]  — Bey2 + e (E,=1748k))
Bep?" + 14780k]  —  Beg®t + e (E;=14780KkJ)
Bep" + 20940k]  —  Begtt + e (E, =20940 kJ)

There is no fifth ionization energy for beryllium (Es) because there are only 4 electrons per Be
atom to be removed!

By looking at the data above we can see that the first and second ionization energies for
beryllium are both fairly low (both under 2000 kJ) whereas the third I.LE. shows a huge increase
to nearly 15000 kJ. This suggests that Be atoms have two outer or valence electrons that are
easily removed.
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(iv) QUESTIONS ON IONIZATION ENERGY:

Q1. Why do the first ionization energies of elements show a general:
(1) increase across any given period of the Periodic Table.
(i1) decrease down any given group of the Periodic Table.

Q2. Why does boron have a lower ionization energy than beryllium even though boron has a
higher nuclear charge?

Q3. An element X has successive ionization energies of E; = 733 kJ/mole, E, = 1440 kJ/mole
and E5 = 15780 kJ/mole respectively.

(a) How many valence electrons does X possess?
(b) Which group of the Periodic Table does X probably belong to?

Q4. In terms of ionization energies and orbital occupancy explain why aluminium forms 3+ ions
but does not form 4+ ions.

Q5. As Na' is isoelectronic (has the same number of electrons) with Ne, compare the first
ionization energy of neon with the second ionization of sodium.

Q6. (1) Why is the second 1onization energy of an atom always greater than the first [.LE.?
(i1)) Why does this rule in part (i) not apply to the element hydrogen?

Q7. The ionization of both atomic hydrogen and helium involves the removal of a Is electron
and yet E; for He is much greater than E, for hydrogen. Explain.

Q8. Qualitatively sketch a graph of the first 5 successive 1.E.s for:
(1) sodium (11) silicon (111) aluminium (iv) calcium.

Q9. Given that the first ionization energy for magnesium is 733 kJ/mol, would the value of E,
for an excited Mg atom be greater or less than 733 kJ/mol? Explain.

Q10. Element X is investigated and found to have:
First ionization energy (E;) = 1,290 kJ mol™.
Second ionization energy (E;) = 13,680 kJ mol™.
Third ionization energy (E3) = 15,070 kJ mol™.
(1) To which group of the Periodic Table does X most likely belong? Explain your
reasoning.
(i1)) What is the likely formula for:
* the oxide of element X?
¢ the chloride of element X?
(i11) Why is the third ionization energy (E3) greater than the second ionization energy
(Ep)?

QI11. Explain why the decreasing ionization energies as we progress down Group I of the
periodic table mean that the elements become increasingly strong reducing agents whereas the
decreasing ionization energies as we progress down Group VII means that the elements become
increasingly weak oxidisers.
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ATOMIC STRUCTURE
A QUANTUM MECHANICAL VIEW

1. EMISSION SPECTRA

(a) Emission of light from a heated or bombarded atom results from a sequence of steps that
make up an "ELECTRONIC TRANSITION".
In summary:
- all atoms are normally in the lowest energy or "GROUND" state.
- absorption of energy occurs by heating or e bombardment
- electron(s) are "PROMOTED" to higher energy levels
- the atom 1s now said to be in an "EXCITED" state: this occurs only momentarily
- electron(s) now drop back through an energy gap AE to the lower energy levels
- energy is now "EMITTED" in the form of a photon (quantum) of light
- the photon's energy (colour/type) is determined by the energy gap AE
- frequency of the emitted light (f) is given by the Planck Equation AE = hf where
h = Planck's Constant =3.99 x 10713 kJ s mol™!
- the atom is now back in its "ground" state.

(b) The emission spectra for the various elements are like 'fingerprints', uniquely identifying each
element.

(c) Because only a limited number of energy lines are found in each emission spectrum, we
conclude that there must be a limited number of possible energy states for an atom; ie atoms are

"QUANTIZED"

(d) The "bookshelf" analogy is a useful way of explaining this concept; i.e. books can only be on
shelves 1,2,3, ... but not in-between!

WAVE MODEL FOR LIGHT & ELECTRONS:

(a) In 1923 de Broglie postulated the duality of light - suggesting that light behaved as both
particles (photons/quanta) and waves.

(b) By 1926 Schrodinger had extended the particle~wave model to explain the properties of
electrons.

(c) This new approach was quite different from the classical Newtonian physics and was named
QUANTUM MECHANICS.

(d) A key feature of the quantum mechanical view of the atom is that electrons are located in
regions of the atom called ORBITALS which are cloud-like regions surrounding the nucleus. The

energy of each orbital is found by solving complex quantum mechanical equations.

(e) An orbital can be thought of as a region in which the probability of locating the electron is
greater than a certain value e.g. 95% (c.f. bees around a hive).
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SHELLS, SUBSHELLS & ORBITALS:

(1) Shells are the major energy levels (historically called K, L, M, N,... )
(i1) Within each shell there are subshells of similar but not identical energy
(i11) These subshells are labelled s, p, d, f,.......
(iv) 's' subshells are spherical regions (clouds) and 'p' are dumbell shaped etc.
(v) subshells within a shell are made up of orbitals all of which have identical energy
‘s’subshells have only 1 orbital
‘p’ subshells have 3 orbitals
'd' subshells have 5 orbitals
'f' subshells have 7 orbitals
‘g’ subshells have 9 orbitals etc...............

ELECTRON ACCOMMODATION IN ORBITALS:

(1) Pauli Exclusion Principle:
"An atomic orbital can hold a maximum of 2 electrons, i.e. it may hold 0, 1 or 2 e™"
(i1) The two electrons that occupy the same orbital have the same energy but have opposite
angular momentum 1i.e. opposite "spin".
(ii1) Hund's Rule:
"All orbitals of equal energy acquire 1 electron before any accepts 2"
(iv) Electrons occupy the lowest possible energy levels except when excitation occurs.
ie. atoms are normally in the "ground state".
(v) The order of filling of the orbitals in increasing energy level in a many electron atom is:

Ts Tp 7d Te S
\65 6p of \

e
-
o

1.e. the filling sequence is:

Is <2s<2p<3s<3p<4s<3d<4p<5s<4d<5p<b6s<4f<Sd<......
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EXAMPLES OF ELECTRON CONFIGURATIONS:

Using the filling sequence for the orbitals as discussed above, we see that the ground state
electronic configuration for any atom or ion is simply found by allocating the number of
electrons to the lowest possible vacant orbitals.
For example:

(a) Hydrogen: H = 1s!

(b) Sodium: Na = 1s2 2s2 2p6 3s! or (Ne) 3s!

(c) Oxygen: O = 1s22s2 2p* or (He)2s?2p*

(d) Zinc: Zn = 152252 2p®3s23p®4s23d10  or (Ar)4s23d10 etc..........
Q12. Give the ground state configuration for:

(1) a potassium atom (i1) a sulfur atom

(i11) a calcium atom (iv) an aluminium atom

(v) a chlorine atom (vi) an aluminium ion

(vii) a fluoride ion (viii) a rubidium ion

Q13. The ground state electronic configuration for a sulfide ion (S*") is the same as the ground
state electronic configuration for an argon atom.
Based on this fact:

(i) what are the similarities between S*”and Ar?

(ii) what are some of the differences between S*~ and Ar?

(iii) compare the size (radii) of S and Ar.

Q14. Give the ground state electronic configuration for each of the EIGHT elements that
comprise PERIOD 3.

QI15. An electrically neutral atom has the following electronic configuration:
X =182 2s22p% 352 3p% 45! 3d2
(1) identify the element X
(i1) what is special about this atom of element X?

Q16. Give the general form for the electronic configuration for:
(1) the “alkali metals™ i.e. Group [A
(1) the “alkali earths” i.e. Group I1A

Q17. An element has as part of its valence orbital electron configuration the following
arrangement:
X =( )..ns2np’ where () =noble gas
(1) what group of the Periodic Table does X belong to?
(i1) how many valence electrons does X have.
(111) what is the formula of the compound formed between X and calcium?
(iv) draw the electron-dot representation for the compound formed by X and sulfur.

Q18. Give the name, symbol and ground state electronic configuration for the element that is in:
(1) period 2, group V which is also called period 2 , group 15
(1) period 3, group IV which is also called period 3 , group 14
(111) period 4 group III which is also called period 4, group 13
(iv) period 3 group IV which is also called period 3 , group 14
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ORBITALS & THEIR SHAPES:

Remember that the words orbital and orbit are very different in their meanings. An orbit
involves a very predictable path being followed such as occurs with the Moon’s movement
around the Earth.
The term ‘orbital’ refers to a region of space surrounding an atom where an electron is likely to
be located within a given probability. Just as we can specify the likelihood of locating bees
around a hive to a given probability, so too can we specify the probability of locating electrons.
Rather than being distinct pathways as occur with orbits, orbitals are thus probability
distributions are appear as three dimensional ‘cloud’ like regions with cloud-like shapes
depending upon the orbitals concerned.

‘s’ orbitals are spherical in shape.

‘p’ orbitals are dumbbell in shape (somewhat ‘propeller’ shaped).

‘d’ orbitals are double dumbbell in shape or even more complex.

SHAPES OF ORBITALS
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A SCHEMATIC ENERGY LEVEL DIAGRAM OF THE
ORBITALS FOR A MANY ELECTRON ATOM:
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THE PERODIC TABLE

The information gained from ionization energies enables us to come up with the model for
electron arrangement as shown on page 15.
Long before such a model had been developed, chemists recognised similarities between certain
elements and established so-called “Chemical Families” which we now associate with the
various ‘groups’ within the Periodic Table.

GROUPS OF THE PERIODIC TABLE

Elements within any given vertical column (group) of the Periodic Table show chemical and
physical similarities due to them having similar outer shell electron arrangements.

EXAMPLE 1.
All the elements in Group IA (also written as Group 1) have a ground-state electronic
configuration of:
M = (noble gas) ns' ~ where M = Li, Na, K, Rb, Cs, Fr,...........
This gives a family of elements that we call the ALKALI METALS.

EXAMPLE 2.
All the elements in Group IIA (also written as Group 2) have a ground-state electronic
configuration of:
M’ = (noble gas) ns* where M’ =Be, Mg, Ca, Sr, Ba, Ra,...........
This gives a family of elements that we call the ALKALI EARTHS.

EXAMPLE 3.
All the elements in Group VIIA (also written as Group 17) have a ground-state electronic
configuration of:
X = (noble gas)...ns’np°  where X=F, Cl, Br, I, At,..........
This gives a family of elements that we call the HALOGENS.

EXAMPLE 4.
All the elements in Group VIIIA (also written as Group 18) have a ground-state electronic
configuration of:

U e I U e I e e D e I e s e

Q19. Give the ground state electronic configuration for each of the Alkali Metals and explain
why these elements all have the tendency to form 1+ ions but never 2+ ions.

Q20. What would be the general format for the ground state electronic configuration for the

elements that comprise Group VIA (Group 16) which are sometimes referred to as the
CHALCOGENS? (noble gas)....ns” np*

Q21. In example 4 above, why was the element helium (He) a special case and not represented
by the standard format X' = ( )....ns* np® even though it is a noble gas?
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PERIODS OF THE PERIODIC TABLE

Elements across any given horizontal row of the Periodic Table make up a PERIOD of the
Periodic Table. Each period corresponds to the filling of a particular main quantum level and
because these levels can accommodate differing numbers of electrons, the periods differ in
length.

For example:

PERIOD ELEMENTS NUMBER OF ELEMENTS
1 H < He 2
2 Li <= Ne 8
3 Na < Ar 8
4 K < Kr 18
5 Rb <= Xe 18
6 Cs <= Rn 32

Elements within the same period do not show chemical and physical similarities but show a
trend of changing properties as electrons are progressively added to the same quantum level.

e.g. PERIOD 2

starts with Li = (He) 2s' and the second level fills up and ends with Ne = (He) 2s* 2p°

e.g. PERIOD 3

starts with Na = (Ne) 3s' and the third level fills until we end with Ar = (Ne) 3s” 3p°

Across any given period of the Periodic Table, the general trends in properties are typically:

LEFT SIDE OF PERIODIC TABLE < RIGHT SIDE OF PERIODIC TABLE
Group [A metallic elements < Group VIIIA non-metallic elements
Group IA basic oxides < Group VIIA acidic oxides
Group IA electropositive elements <> Group VIIA electronegative elements
Group [A powerful reducing agents <> Group VIIA powerful oxidisers
Group IA low ionization energy < Group VIIIA high ionization energy

A more detailed view of the changing properties across the Periodic Table is shown on the
next page (18) where the variations across period 3 are shown.

17 ©JAK



[ uwondaaxa +—— snIpeJ | Juisua19p +— E
i P e o P R TG . 7 W snIavy
e IECHECRECRECTRO RO EQ IF =
w R = e = Nl fka 5 i JALLYTaH
| g
_, (,_1ow 1)
“ 0Zs1 9571 bbb £901 98L LLS £EL rer NOLLYZINOI
I e L Sl — 1314
- WASIAIXO SHASIAIXO 1NAHAMOd s>  SHADNATH TNAHIMOd HADNaTH AUNLVN |
TNAHAMO ATONISVAUINI at ATONISYIHINI _1nA¥IMOL Xoaad |
TSNOILOVAH | AAILVOAN AAILVOANOMIOATA = HALLISOdOMLOATA AAILISOd HANLVN
ON OU1LOATH ATONISYAUINI ATONISYAUOINI | o¥1odT1d ¥ OU.LOAT1d
- AAIXO
- DIAIDY DIAIDV DIAIDV IVHLAEAN | OIMALOHAWY oISV oISV 40 THANLVN
ASVE-dIDV
suoun oD ‘Os Horg 018 LOAV RLITY O°EN HAIXO
E fOs ‘O'd MO VINWAOA
= INATVAOD | INAIVAOD | INATVAOD | INATVAOD DINOI DINOI DINOI AGMMOTHD
NI ONIGNOE
 ououm ) 108 104 OIS 0NV R EITY IDEN VINWANOA
f10d AAIHOTHD
TV.LAN AVLAW TV LAW AVLANW AVLAW IV LANW TVLANW IV LA TVILAW-NON
“NON “NON “NON -NON -NON MO TVLANW
A se GN) | dese GN) | dese BN) e 5€ BN) L€ .5¢ (3N) g 5 BN) .5¢ (2N) St (OGN NOILVINDLINOD
NOH.LOATH
81 Ll o1 S1 Pl €1 z1 1
HAHWIN DTANOLY
i 12 S d 13 v E3 T BN TOHINAS
NODHV ANTHOTHD | dANd NS | SNHOHdSOHd | NOOJI'TIS | WNINIWATY | WAISANDVIW | WNIaOs INAWATA

dONRAdd AHL SSOYUDV SANTHUL AINOS SINIAWATI € dOordiad

©JAK

18



REVIEW QUESTIONS ON PERIOD 3 ELEMENTS

Q22. Why do the first ionization energies (E;) of the individual elements increase across a
given period such as period 3 of the Periodic Table?

Q23. Consider the 8 elements that comprise period 3; i.e.

Na Mg Al Si P S Cl Aj

ANS.
(1) Which element has the lowest first ionization energy (E;)? (Na)
(11)) Which element has the highest first ionization energy (E;)? (Ar)

(i11) Which element has the highest second ionization energy (E;)? (Na)

(iv) Which element does not react to form any compounds? (Ar)

(v) Which element is the most reactive non-metal? (ChH

(vi) Which element is the most reactive metal? (Na)
(vii) Which elements form basic oxides? (Na, Mg)
(viii) Which of these elements form acidic oxides? (P, S, Cl)
(ix) Which element is a semi-conductor of electricity? (S1)

(x) Which element exists as a covalent network solid? (S1)

(xi) Which element forms an ionic chloride with formula XCI,? Mg)
(xi1) Which element forms a covalent chloride with formula XCI,? (S)

(xii1) Which element has the lowest boiling point? (Ar)

(xiv) Which element forms acidic oxides with the formulae XO; and XO3?  (S)

(xv) Which element forms an amphoteric oxide? (AD)
(xvi) Which element exists as tetra-atomic molecules X4? P)
(xvii) Which elements exist in two or more allotropic forms? (P, S)
(xviil) Which element forms a covalent chloride XCl5? P)
(xix) Which element exists as diatomic molecules X,? (ChH

(xx) Which element has the greatest difference between the third and
fourth ionization energies; 1.e. E; and E4? (Al)
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GROUP IA (ALKALI METALS)

PROPERTIES:
ELEMENT | ELECTRON E, ATOMIC M.P. DENSITY
CONFIGUR" | (kJmol™") | RADIUS (pm) (°C) (gmL™"
Li (He) 2s' 526 67 180 0.53
Na (Ne) 3s' 504 98 98 0.97
K (Ar) 4s' 425 135 64 0.86
Rb (Kr) 5s' 410 148 39 1.53
Cs (Xe) 6s' 380 167 29 1.87

(E, = first ionization energy, — pm = picometres = 10""°m and M.P = melting point)

(1) This chemical family comprises the highly reactive metallic elements lithium (L1), sodium
(Na), potassium (K), rubidium (Rb), caesium (Cs) and francium (Fr).

Francium is a synthetic and radioactive element that will not be of great concern to us in this
discussion.

(i1) All these metallic elements have just one valence electron; i.e. one more electron than the
nearest noble gas.

(i11)) They all have very low first ionization energy (E;) values and very high second
ionization energy (E,) values. The values of E; decrease down the group.

(iv) These metals react readily by the loss of one electron thus forming 1+ ions where the 1+
ion achieves stability by having a noble gas electron configuration. This high tendency to
form positive ions is why the alkali metals are described as electropositive.

eg. Na. — Na' + e where Na' = (Ne)

(v) As highly reactive metals that are electron donors, these elements are powerful reducing
agents. The alkali metal reactivity increases down the group because the outer single valence
electron is progressively further and further from the nucleus and thus not as strongly held
and therefore more easily lost.

(vi) Each of the alkali metals reacts explosively with water to form the metal hydroxide and
hydrogen gas. The formation of hydroxyl ions makes the solution alkaline or basic. e.g.
2Na(s) + 2H20(]) — 2NaOH(aq) + Hz(g)

NaOHug — Na'ay + OHg)
(Note that by knowing any chemical equations for the reaction of sodium; eg with water as
shown, one can immediately predict what the equations will be for any member of this
family. One only has to replace sodium’s symbol in the equation with the other alkali metal’s
symbol e.g., rubidium reacting with water gives ......
2Rb(s) + 2H20(1) — ZRbOH(aq) + Hz(g)
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GROUP 1A (ALKALI METALS)
CONTINUED:

(vil) The reactivity of these metals increases with atomic number (i.e. down the group) due
to the outer valence electron being further from the nucleus and thus, less strongly attracted;
(see diagram below)

(viii) The alkali metals react rapidly with oxygen at room temperature to form metal oxides
and even metal peroxides e.g.

4Nas) + Oy —  2NaxOg (product is sodium oxide)
2Nag  + Oz —  NapOy (product is sodium peroxide)

To prevent these reactions with O, gas, the very reactive alkali metals are normally stored
under paraffin oil or kerosene.

(ix) All the commonly encountered compounds formed by the alkali metals are ionic with the
alkali metal present in the M ionic state.

Practically all of these ionic solids are white crystalline, water soluble compounds with high
melting points.

=
LITHIUM  (He) 2s' ”"L e
'-_'o-gf"‘l -
SODIUM  (Ne) 3s' \ Na /ie=
= 7 NG
INCREASING
REACTIVITY
N
POTASSIUM (Ar) 4s' i K Mhe
: R
.ff-'-?- ;
RUBIDIUM  (Kr) 5s' {\ Rb | e
H L _,-' \‘-\_ e \';
INCREASING
Lo REACTIVITY
CAESIUM  (Xe) 6s' i s \ile
1 HE e
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GROUP VII or 17 (THE HALOGENYS)

PROPERTIES:
ELEMENT | ATOMIC | ELECTRON | ATOMIC M.P. B.P.
NUMBER | CONFIGUR"Y | RADIUS (pm) | (°C) (°C)
F 9 (He) 25 2p° 68 -220 -188
Cl 17 (Ne) 3s”3p° 99 -101 —35
Br 35 (Ar)....4s” 4p’ 114 -7 58
I 53 (Kr)....5s" 5p 133 114 183
At 85 (Xe)....6s" 6p’ - - -

(pm = picometres = 10 *m M.P = melting point  B.P = boiling point)

(1) These elements form a family with many similarities in terms of their properties although
astatine is of limited concern to us here as it is highly radioactive and thus unstable.

(i1) Each of the halogens is one electron less than a noble gas configuration and thus they tend
to react by the gaining of one electron per atom and the subsequent formation of 1— halide
ions.

e.g. cl + e —> CI where Cl = (Ar)
The chloride ion has the same electron configuration as an argon atom.

(ii1)) The halogens are powerful electron acceptors i.e. powerful oxidising agents. The
oxidising strength decreases down the group because, as the atomic radius increases, the
electron attracting capacity decreases; (see diagram next page)

(iv) The high tendency to attract electrons and form negative ions means that the halogens are
described as being electronegative elements.

(v) As uncombined elements, the halogens exist as diatomic molecules X, with an

intramolecular single covalent bond and van der Waal’s forces between molecules; i.e.
intermolecular.

X X

(vi) The physical properties of the halogen elements are determined by the van der Waal’s
forces increasing with size and mass of the molecules. e.g.

HALOGEN | FORMULA | STATE AT S.L.C. COLOUR
fluorine F, gas pale yellow
chlorine Cl, gas pale green/yellow
bromine Br, liquid reddish brown

iodine I, solid deep purple
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GROUP VIl or 17 (THE HALOGENS)
CONTINUED:

(vii) The halogens react with most metals to form ionic metal halides with the reactivity
decreasing down the group;
c.g. ZAI(S) + 3BI’2(]) — 2A1Br3(s)

(viii) The halogens react with many non-metals to form covalent halides, once again with the
reactivity decreasing down the group;
Examples: CBry PCls HF HBrO; SF¢ Cly

(ix) The hydrogen halides (HX) are water soluble covalent gases which, in aqueous solution
ionise to give acidic solutions; i.e.
HCluy — Hoag + Clag

(x) The oxides of the halogens (e.g. C1,O) also give acidic aqueous solutions.
Cle(g) + H,Op — ZHOCI(aq)
HOClay —  Haug + OCl g

(x1) In the diagrams below, [ is used to represent the electron vacancy in the outer (valence)
‘p’ orbital of the halogen atom. The smaller the atomic radius, the greater the electron
attracting capacity of the halogen; i.e. fluorine with the smallest radius is the most reactive
element in this chemical family and the reactivity decreases down the group!

ot =

FLUORINE (He) 2s” 2p° \F I ; A
A

CHLORINE (Ne) 3s’ 3p®

INCREASING
REACTIVITY

BROMINE  (Ar)... 45’ dp’ He e

IODINE (Kr)....58% 5p°
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PERIODIC TABLE
REVIEW QUESTIONS

Q24. Give the ground state electronic configuration for each of the EIGHT elements that
comprise PERIOD 3.

Q25. An electrically neutral atom has the following electronic configuration:
X =182 2s22p% 352 3p% 45! 3d2
(1) Identify the element X
(i1) What 1s special about this atom of element X?

Q26. Give the general form for the electronic configuration for:
(1) the "alkali metals" i.e. Group I
(1) the "alkali earths" i.e. Group Il

Q27. An element has as part of its valence orbital electron configuration the following
arrangement:
X =( ).ns2np’ where () =noble gas
(1) what group of the Periodic Table does X belong to?
(i1) how many valence electrons does X have.
(111) what is the formula of the compound formed between X and calcium?
(iv) draw the electron-dot representation for the compound formed by X and sulfur.

Q28. Give the name, symbol and ground state electronic configuration for the element that is
n: (1) period 2, group V

(i1) period 3, group IV

(111) period 4 group III

Q29. Which element has the ground state electronic configuration of:
(Xe) 6s2 4f14 5d10

Q30. Give the ground state electronic configuration for:
(a) Kr (b) Br- (c) Rb*
- what do all three have in common?
- what are three differences?
- what is the order for the particle's atomic/ionic radii (smallest first) ? Explain.

Q31. Why do the atomic radii of elements tend to DECREASE across any given period of the
Periodic Table?

Q32. Describe the trend in change of chemical properties as one progresses across any given
row (period) of the Periodic Table.

Q33. Why do the Alkali Metals become increasingly reactive down the group whereas the
opposite is true for the Halogens?
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Q34. Consider the following elements with ground states shown:

A = ( ) ns? B =( )ns?np’
C =( ) ns?np* D = ( ) ns!
E = ( ) ns?2np® F = ( ) ns?np?
What is the most likely chemical formula for the compound formed (if any) between:
(1) A and C (i1) D and C
(i) B and F (iv) C and E
(v) D and B (vi) C and F ?

Q35. Give a graphical sketch of the successive ionization energies (E; to Es) for the element
magnesium.

Q36. Use your graph from Q35 to explain why Mg forms 2+ ions but not 3+ ions in normal
chemical reactions.

Q37. Describe the steps involved in the process in which (e.g.) copper compounds when
heated by a bunsen burner produce a bright green light.

Q38. What are some of the predicted properties of the following unknown elements?
(1) element 117 (1) element 118 (111) element 119

Q39. Before the year 1604, only 12 elements had been discovered. What scientific reasons
account for the fact that about 100 more elements were later discovered?

Q40. Why were the “Noble Gases” (Group VIII) amongst the last of the elements to be
discovered?

Q41. What is meant by the term “periodicity”? What are some examples of the properties of
elements that vary periodically?

Q42. Why did Mendeleev’s Periodic table have:
(1) Zn in the same group as Ca?
(i1) Ag in the same group as Na?

Q43. Mendeleev based his Periodic Table on his calculated relative atomic masses (A;). This
would have meant that he initially placed iodine (mass = 126.9) in Group VI and the element
tellurium (mass = 127.9) in Group VII. He realised this order was wrong but couldn’t explain
the reason. What is the modern day explanation for having their order reversed?

Q44. What was Ernest Rutherford’s nuclear model of the atom and what dramatic experiment
led him to this nuclear model?

Q45. Henry Moseley made a major discovery using X-rays which led to a new ordering
concept for the elements. What was this development?

Q46. The development of the Mass Spectrometer enabled chemists to identify different types

of the same element. How was this achieved and what ‘new’ particle was postulated to
explain this occurrence?
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Q47. Why was the neutron difficult to detect?

Q48. What is the difference between an emission spectrum and an absorption spectrum? Give
examples.

Q49. The successive ionisation energies for any given element give a very important and
direct indication of the energy levels for the electrons of that element.

Sketch a graph of the likely successive ionisation energies for the element aluminium from E,
to E;s.

Q50. Describe at a basic level the quantum mechanical model of electron structure including
the distinction between shells, subshells and orbitals.

Q51. Selenium (Se) is immediately below sulfur (S) in group VI of the periodic table. What is
the likely chemical formula for:

(1) calcium selenide?

(i1) sodium selenide

Q52. An element has an atomic number of 27. Give the ground state electronic configuration
for a neutral atom of this element.

Q53. Which of the following electronic configurations does NOT represent an
atom in its lowest energy (ground) state?

A. 1s22s22p5 B. 1s22s22p®3s23p!

C. 1s22s22p%3s23p54s! D. 1s22s22p63s23p63d> 4s2

The next 2 questions refer to the elements with outer-shell configurations shown:

"A" = (noble gas) ns? "C" = (noble gas) ns? np?
"B" = (noble gas) ns2 np* "D" = (noble gas) ns!
Q54. Give the chemical formula and describe the likely bonding for the compound formed by
(1) A and B.
(i) A and C.

(ii1) B and C.
Q55. Which elements from period 3 would correspond to A, B, C and D?

Q56. The term ‘isoelectronic’ means ‘possessing the same number of electrons’.
Give the symbols and charges of:
(1) three non-metallic 1ons that are isoelectronic with an argon atom.
(i1) three metallic 1ons that are isoelectronic with an argon atom.
(i11) Arrange the 6 ions listed above in order of increasing ionic radius. Explain your
reasoning.
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Q57. An outline of the Periodic Table is given below with only hydrogen and helium
having their normal symbols.

V! T ) ) ) AN |

(a) Using only the symbols given above, write the chemical formula for the likely
compound formed (if any) between the following pairs of elements:

(i) Aand F (il) Band G (iii) Cand F

(iv)Dand G (v)Aand G (vi)Fand G

(b) In the compound formed between G and hydrogen, what is the ox(H)?
(c) In the compound formed between A and hydrogen, what is the ox(H)?
(d) Using only the symbols given above, write the formula for a compound formed by E
that would be mostly:
(1) 1onic (i1) covalent
(e) Draw the electron dot representation for the molecules (1) F»  (i1) G

Q58. The element hydrogen is sometimes shown in the Periodic Table as a group I element
and sometimes as a group VII element.

(1) What is one chemical property of hydrogen suggesting that it should be in group 1?

(i1) What is ene chemical property of hydrogen suggesting that it should be in group VII?

(111) Why does it seem preferable that most modern Periodic Tables now show the element
hydrogen as a ‘family’ on its own? (i.e. not in either group I or VII)

Q59. Successive ionization energy data (E; <> Es) are given below for 4 unknown elements
A, B, C and D. The energy units are in kJ mol "

ELEMENT E, E; E; E4 Es
A 135 329 517 3166 3401
B 102 829 936 1158 1308
C 165 347 1370 1562 1705
D 115 902 1105 1326 1569

(a) Write down the equation showing the process occurring when:

(1) element A undergoes its first ionization.

(11) element B undergoes its third ionization.

(1) element D undergoes its fifth ionization.
(b) Which of the listed elements A, B, C or D is likely to be in group III of the Periodic
Table?
(c) Which two of the listed elements A, B, C or D are likely to be in the same group of the
Periodic Table?

Q60. A positive ion has a ground state electron configuration of 1s® 2s® 2p®. What are the
likely possibilities for its identity?
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CHEMISTRY(LEVEL 4C)
PERIODIC TABLE (CRITERION 7)
TEST 2 (25 marks)

Q1. In terms of orbital occupancy, write down the electronic configuration for:

(@7 HE— |V £ — |5 72— Y=
(4 marks)
Q2. Which one of the three chemical species, Ar Cl” or K* would have the greatest radius?

Explain by referring to their electronic configurations.
(4 marks)

Q3. An outline of the Periodic Table is given below with only hydrogen and helium having
their normal symbols.

H He

A g F
i (= ) L ) [ A e

(1) Using only the symbols given above, write the chemical formula for the likely

compound formed between the following pairs of elements. (2 marks)
AandF....... Band G...... CandF......... DandG..

(i1)) How many valence electrons does element E possess?
......................................................................................................... (1 mark)

(i11) Using only the symbols given above write a formula for a compound formed by E
that would be mostly:

(a) covalent ... (b) ionic (1 mark)

Q4. A student states that Mg3* does not exist in nature because Mg3* does not involve a
"noble-gas configuration".
Explain this answer in more detail using an electron energy level diagram for magnesium.
(4 marks)
Q5. "The addition of an electron to a chlorine atom gives it the same electron configuration as
argon, thus the chloride ion should be as unreactive as argon."
Why is this conclusion incorrect? Explain briefly.
(2 marks)
Q6. Consider the 8 elements that comprise Period 3 (ie. Na < Ar).
(1) Give the formula for the chloride and oxide of each element (where they exist).

(3 marks)
(11) In terms of trends across the table, what changes occur in:
(a) the atomic radii of the elements?
(b) the metallic nature of the elements?
(c) the ionic nature of the chlorides?
(d) the acid/base nature of the oxides? (4 marks)
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