3.2 - Periodic trends.notebook

E Periodic trends

Understandings:

oo rp—
ey, shcion oy and decronegaity
Guidance

dctiites i th e s o peod hckd b v
= Cutes chango Fom b rough aphcrr 1o s s prod

Applications and skills:

posion n the eod Tl

reference to akal metals (Group 1) and halogens (Group 17). -
—
s hlogers and halogens wih hade o
S
Physical properties
e s
ol
Shielding and "effective nuclear charge
— (S —
= 2> 49
= Wouy
- 1-0n 1
Ny
(s 2N gty &
P—
prr—— 2 s M
tecvon [ PO [ F ey P Ew ppesy
rpaion
e PR TR TR PR
e R - S

Whs rlsionshp doss this have wih tomic radis!

Acomic radius i it to messare for 3 single stom 35
orbias do notprovide us with aset boundary for the
outsde ofanstom.

We messur i by haingthe disance between thenucll of 2
bonded stoms

s noble gaes do notform bands we ignor ther sxomic
i

Trande i sl ko in Poiod 2 a3
@ ®e 0000
©00000e

>

ENC incrensiny

Down a group.

ment | Nudear charge
u 3 1920

Na K | 1572572p°3s"

K 19 | 1572572p°35' 3p°ds'

remains approximately +1 down the group.

% [w [ [s v [s Ja
16 160 | 17 |0 e |

ENE asm | m
o) | Mg | Py | TR | ) | 65 | €h
Sandd Lol Lo Rl P WLl Bl

ngr sl 1LM e

b arek Yo
7\‘:“@4&\:' n e '-Lm -
B s biggr a or o e s
ek B4 &gﬁ TN

Rudi decrenm 45 e bnaare 1ot ‘m.m\a oyd e N

Across the perod,negate ons (Grovp 14:17) >

Rk ks v voe )
et e St

P 5% ) inctases (395 0K M e o)

beause

F- Ne,Nat,and Mg, (Oder ¥er in horic k)

152525

T e Ny T 1% 3-2- 46
y 1

»
12-2:410 ]
Sodust

Horosark- 991 = Q1,2,3,4,5,6 —Wd

7 (a) Epan whats mea by e aomic ks of.
) T somc i f e St e foun o e s bkt
) gy 0o v o o i

lonisation energy

Definidon -The energy required to remove | mole of lectrons
from I mole of  guseous scoms in their ground stace.

2 general wends -

Electron affinity

X+ e X

he ®
(3rd, 4. ofen requie lrge amounts of STEY endothermit Why?

@

uclesrcharge of spproximtely +7 and soattactelectrons the most
+The Group I metal hav the lowest effctive ucear charge o spproximatly +1 and
soatracetheextra lctron he et

v siabe N *le M g
3 gt AW

o R

Eaterie e A

T
Goneral trend A J.L,“% 55 & aig) }hu [

b e P e S A s dadan
tessd as the lmk‘ mh.. (».; v
b b "-314 .m..A_, s M«H b
P b‘\;; e .JM sabm ]

gw “u i e e

2 P3¢ A
Rt 'jw.&_

A
BITIT] oo il Sk st gl o repreh &
e b — S5 gy ransed

December 11, 2014



3.2 - Periodic trends.notebook

Electronegativity

The electronegativity of an element is a measure of the ability of its atoms to attract
electrons in a covalent bond (see Chapter 4). It is related to ionization energy asit is
also a measure of the attraction between the nucleus and its outer electrons — in this
case bonding electrons.
« Electronegativity increases from left to right across a period owing to the increase in
nuclear charge, resulting in an increased attraction between the nucleus and the bond

electrons.

« Electronegativity decreases down a group. The bonding electrons are furthest from
the nucleus and so there is reduced attraction.

Group (vertcal) 27 & 45 b T W

Period (horizontal)

Lanthanides

Actinides

T Oy [Ho E Tm
11 122 123 124 125

Bk [ Cf (Es Fm Md
1 15 138 136 128 113 128 13 13 13 13 13

Periodic tabla of electronegativty using the Raulaggcale

By \ele> Bkt s

10 Which of the following changes is endothermic?

| Cafg)—>Cafg)+e
I g +e—Hg X

Il O +e—0xg)

A landll

landll

C llandlll

13 1201

T reqie sy

D I Il,and Il

11 Identify the element which is likely to have an electronegativity value most similar to that of lithium?
A beryllium B sodium
12 The graph represents the variation of a property of the Group 2 elements.

physical property

€ magnesium

D hydrogen

Be Mg

Identify the property.

A ionic radius

first ionization energy

13 Atomic radii and ionic radii are found in the |B data booklet.
Explain why:

(a) the potassium ion is much smaller than the potassium atom.

(b) thereis a large increase in ionic radius from silicon (Si*) to phosphorus (P-). - + \

B atomic radius

(c) the ionic radius of Na* is less than that of F-.

€ neutron/proton ratio

110

»

ionic radius/10-2m

)

ionic radius/10-2m

rcises

21 Identify the graph which shows the correct ionic radii for the isoelectronic ions CF", K*, and Ca%*?
. 4 2+
O a kA
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Melting points

(more detail left until we have covered topic 4)

Element Melting point/K Element Melting point/K
u 454 [ 54
Na 37 Cly 172
K 337 Bry 266
Rb 312 I 387
Cs 302 At; 575

Group | (alkali metals)

Group |7 (halogens)
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Chemical properties

riviny .m,..r.mm\.,.”wm,,.mmm energylevel The lkali metals
inGroup 1
Group 17

»
sccounted forb the e itk properte discued ccher.
Group 18

+ Colourless gases

« Very unreactive

+ Exist as single atoms

Group 1: the alkali metals
and They are

d watr,

three clements are summarized in th tabe below.

erties Chemical p
- They - he
and heat. + They form ionic compounds with non-
« They have low densiis. metls.
+ ey have g1y iy surtoces when

freny cu i o o

k+
Write equations between Li, Na, K and water:

2L +200 —2Li6H

+
Why does universal indicator in theWRer turn h\ue7

(Hint: The acid-base character of a solution depends on the presence (ki) or OH(basic)
ions)

Reaction with water

hydroxid
disilled wate, the ollowing happens.
surbce.
oduced
Why? I
Group 17: the halogens
The Groo

3
propertiesare summarized i the table belows:

Physical properties Chemical properties

. goup.
gase (F and C1) 0 iuid B, and | + Theyform onic ompounds with

it X

geﬂm GREP | "Eiire = ooua Vquek

a balanced equation between Na af Py 2 C{

HOWE

Which would be the most vigorous reaction between a halogen and group | metal?

Yt By B8

orange owing to the production of bromine:
2KBr(ag) + Clyfaq) - 2KCllag) + Brfaq)

r
e
Dovelass [

Cluma B+ k(i
N el 2 N,
[ o

KD sm(%)
Buak Br*kl-)gh T+ t1ow

Reactions with suvél.;}m can beused to identify th prcscnt ey,

"
The haiides
The halogens form insoluble s
with slver, Adding a soltion
contining the halde 0 soluton
contaning silverions produces
aprecipitate thatis useful in
idenifying the halide on.
A0+ X-(aa) > AXE)
“This is shown s photo.

otk

(}rl» K@rﬂv.mk“ Ir- k@r_,m‘,;.

Element 117 would be a new halogen.
Whereas the discovery of the early elements
involved the practical steps of extraction and
isolation often performed by one individual,
later elements are made by teams of scientsts
working together. New elements are as much
invented as discovered, but their existence e other ranuranc. He won th
provides further knowledge about the natural rn 1951 Nobel e i Chemt
world. The first synthetic elements were the 13
transuranics. They are radioactive elements
which are heavier than uranium, the heaviest
natural element.
Claims that a new halogen, element 117, had
been made were first made in Aprl 2010
but these findings have yet to be confirmed.
Scientists publish their own results in scientific
als

e
Gl Seaborg (1912-1999)

journa by several the same field. This
e i e o bave th proprtes pedcted ofa
halogen below astatne, twill provide more evidence to support our model of the atom and
the Periodic Table.

Exercises
2 the alkal
the hal fro
>\: fonic charge € metting point of the element
o

N S T
A e sl @ D sy

T B ity e e DO
e B

the halogen-halogen bond energy

the number of neutrons I the nuceus of the halogen atom

e

e e e 5

28 A paper published in April 2010 by Yu. Ts. Oganessian and others clai

2 new element with atomic number 117. One of the isotopes is 330

@wmems is correct?
the nucleus of the atom has a relative charge of +117
7

B 72Uus has a mass number of
€ there are 262 neutrons in 2Uus
(D) G T
—_—

onwm>
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Recap - Types of bonding

Bonding is determined using electronegativity values...
electronegativity values.
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Bonding of the Period 3 oxides

y ure of their ionic
character, as s shown i They icity in the liquid
state, when the ions are free to move.

Note that d ber of a Period 3 clement s related to
number.Itis +1 for Pl Group2,

Group 13, +4 p 14, and s0 on. Ox are discussed i
Chapter 9.

(LTI Na;0() | MgO(s) | ALOsG) | Si0s) | POwsV| SOV | CLOAY
oxide P.0:9) | S040) | Cholg)

Oxidation i8] +2 43 +4 4543 | 46044 | 47041
number

IRV hioh | hich | high |verylow | none | none | none

giant ionic giant ‘molecular covalent
= Qﬁg covalent

Acid-base character of the Period 3 oxides

War00 | Mg | A0, | S48 | Pty | 50w | choa
o |cloa | Ve th

basc amphoteric addic

M wGA or o
bise whan Aissolytd in wckes
Buse 3 hydide
Sodium oxideand magnesum oxide isslve i water o form
solutions owing to the presence of hydroxide ions:

Na,0(s) + H,0()) — 2NaOH(aq)

MgO(s) + HyO(l) — Mg(OH),(aq)

Acidic oxides
The
solutions. Phosphorus(V) oxide reacts with water to produce

phosphoric(V) acid:
PO + 6H,00) = 4H,PO(aq)

R wE — Basic oxides

PiO(5) + 6H,0() — 4H,PO5(aq)
S0,() + Hy0() = H,50,aq)
acid:

50,(g) + H,0() = H50;(aq)

; ‘ ey Aunl-\‘m'c )

C1,05() + H,O() — 2HCIO aq) e

1,0) duce chloric(l) acid (HCIO): ’
L0 + H,00) — ZHCIO‘W L‘\j;nb‘\ lbfo"b et
ilicon dioxide does not react with water, but reacts with concentrated alkalis to form

silicates:

51045 + 20H-(ag) = SIO;(ag) + H,0()

—_ — ,S_:l_-_\—
Amphoteric idga 2Na0K m.; o ( N \..\*\-q,-\
Aluminium oxide does not affect the pH w led te rasitis essentially

insoluble. It has amphoteric properties, however.as it shows both acid and base
behaviour. For example, it behaves as a base asit reacts with sulfuric acid:

ALOs(s) + 3H,S04(aq) — AL(SO.)(aq) +3H,0()

id when it ith alkalis such as sodium hydroxide:

Q.09+ 3H,0() + 20H-(ag) = 2A1(OH) i fa

ide of a Period 3 element s a solid at and forms a basic oxide. Identify the
element.
A Mg B A cr DS
sowm pair of elements has the most similar chemical properties?
Nands B NandP € PandCl D NandCl
31 Identiy the oxide which fass an acidic solution when added to water
A NaOlg O Mgots) C S0y D SOifg)

32 (a) Use the data below to identify the state of the four axides listed under s

ard conditions.

Melting point/ K Boilina naint / K

Mgo 3125 3873

) Si0z(quartz) 1883 Y98 2503

S PO 297 Soqp | 448 |
I S0, 200_pqp | 263 4

b) Explain the difference in meking points by referring to the bonding and structure in ez :
€) The axides are added to separate samples of pure water. State whether the resulting liquid is
idic, neutral, or alkaline. Describe all chemical reactions by giving chemical equations.
(d)’ Use chemical equations to describe the reactions of alum/mOTT™eerdemwithim—
(1) hydrochloric acid
(i) sodium hydroxide
33 Describe the acid-base character of the oxides of the Period 3 elements Na to Ar. For sodium axide
and sulfur triexide, 3

2

(b) Structure and bonding

()  gent stucture covalent

ing;

strong covalent bonds

hroughout structure

o © molecular, covelent bonding;
weak ntermolecuar forces

between molecues;

P,0,s lrger molecule and

50 has stronger

dispersion forces and a igher
meting point then SO,

SO, (@  mokeculr, covalent bonding;
weak ntermolecar foroes
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