N5 - feriodic ¢fcends

Target:

| can describe periodic trends
and the reasons behind them.

Links to YouTube Presentations:

Part 1:

Part 2:
(based on an old version of this lecture — same info just not laid out the same)


https://youtu.be/jmy5tlVlFTs
https://youtu.be/lTGOnu_WJ5I

CWa'cn.in.g. ..

Don’t over think this stuff.

You can talk yourself into backwards
answers.

Focus on the fact that there are only a set
number of trends to learn.

Practice explaining each trend until you can
do it In your sleep!

There will ALWAYS be exceptions. Don't
worry about that — focus on the pattern and
answer guestions based on the patterns.
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df actos that contribute
to trends we see on the

pe'u‘odic table



EVERYTHING Is about...

o Attractions
» Repulsions




e
Shielding Effect
* |nner shell electrons repel the outer
valence electrons
« Keeps valence e from feeling the full
attractive force of the nucleus.

ADAM’S
shielding
electrons

Valence
electrons

BSSURFGUPPY.COM




e
Effective Nuclear Charge (Z.)

* The relative attraction the valence electrons
have for the protons in the nucleus

Electrostatic \
Force of Attraction Outer

electrons
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Nucleus | Z
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e
Effective Nuclear Charge (Z.)

(Adding a proton
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e
Effective Nuclear Charge (Z.)

 The relative attraction the valence electrons
have for the protons in the nucleus

{Zeff:Z'S }

Z = nuclear attraction = # protons
S = the core/inner e- shielding the valence e-’s
= the total number of e- minus the e- in the
highest occupied s and p energy levels




4 N
Calculating Effective Nuclear Charge
Lot =2L-S
Magnesium
Z =12 protons
S = (12 total e) — (2 valence e) = 10 core e-
Zs=12-10=2

Aluminum
Z = 13 protons
S == (13 total e) — (3 valence e’) = 10 core e Zeff =

13-10=3

Aluminum is smaller in radius! Valence
electrons are pulled in harder by the nucleus

- /




Atomic radius of H,




ATOMIC RADIUS

What dtow

Y5 the distance between
two bonded nuclei

Can't measure to the
edge b/c orbitals aren’t
tangible!

Atomic radius of H,




g ATOMIC RADIUS

Why

INCREASES DOWN because...

Circle one:

4
+* e

© Increased %  or Increased
*, Shielding . Nuclear Charge

More energy levels

 v.e" Further from nucleus

More shielding

Less attraction - Larger Radius




g ATOMIC RADIUS

Why

DECREASES TO RIGHT because...

Circle one:

4
*
*

Increased or " Increased ™
Shielding % Nuclear Charge ;

4
‘Q

* More protons

« Same # of energy levels so no
Increase in shielding

« Stronger nuclear attraction -
Smaller Radius




JONIC RADIUS

Cation

nion

* Lost electrons

« Always smaller
than their neutral
atom

 Gained electrons
» Always bigger than
their neutral atom

* Reduced e-
repulsions

* Nucleus pulling on
fewer e

« May even drop down
an energy level!

« Extra valence e-
= more repulsions
= bigger




Isoelectric Species
Atoms/lons that have the same number of e-

All these examples are 1s%2s22p°

Ol0

8 protons 9 protons 10 protons 11 protons 12 protons

* Increased protons pull harder on valence
electrons - “Greater effective nuclear charge”

* Radius ends up smaller
. /




Qonization ofn.e’cg#

High Low
lonization lonization
Energy Sure.

Whatever.
. . Take “em.




IONIZATION ENERGY -

What dtow

The energy required to
remove one electron from a
neutral atom of an element

—

Noble Gases are
HIGHEST!

They REALLY don’t
want to let go of an e-

/




- IONIZATION ENERGY

Why

DECREASES DOWN because...

Circle one:

4
+* e

© Increased %  or Increased
*, Shielding . Nuclear Charge

* More energy levels

* v.e  Further from nucleus

* More shielding

* Less attraction - easier to take electron away!




i IONIZATION ENERGY

Why

INCREASES TO RIGHT because...

Circle one:

0.‘
*

Increased or + Increased ™
Shielding :, Nuclear Charge ;

‘e «*
0. “

« More protons eeas

« Same # of energy levels so no
Increase in shielding

e Stronger nuclear attraction -
Harder to take e- away!




Subsequent lonizations

Each time e- removed —>harder to take next one.
Radius is getting smaller = increased attraction

HUGE LEAP in |.E. once it's achieved noble gas

configuration

— why would it want to lose another one?!

Element IE, IE, IE;
Na 436 4560

Mg 138 1450 1730
Al 578 1820 2750

IE,

11,600

/
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ELECTRONEGATIVITY

What

dtow

A measure of the abllity of
an atom in a chemical
compound to attract
electrons from another
atom in the compound

How strongly can one atom
pull on the electrons being
shared in a bond.

—

Noble Gases are
LOWEST!
They DON’T CARE
about attracting
electrons!




e

ELECTRONEGATIVITY

Why

s Increased
.. Shielding ¢

More energy levels

or

v.e- Further from nucleus

More shielding
Less attraction

DECREASES DOWN because...

Circle one:

Increased
Nuclear Charge




i ELECTRONEGATIVITY
Why
INCREASE TO RIGHT because...

Circle one:

Increased or + Increased ™
Shielding . Nuclear Charge ;

« More protons

« Same # of energy levels so
no increase in shielding

« Stronger attraction







REACTIVITY

What

tow

Elements in the same
group have similar types
of behaviors because
they have the same # of
valence e- |

BUT

The MAGNITUDE of their
reactions changes!

Metals and Non-metals
are opposite trends!
Noble gases are
“INERT” or non-reactive




g REACTIVITY

Why

METALS INCREASE DOWN because...

Remember — metals want to
LOSE electrons

Circle one:

4
+* e

© Increased %  or Increased
*, Shielding . Nuclear Charge

* More energy levels

« v.e" Further from nucleus

More shielding

Less attraction = easier to LOSE an electron!




g REACTIVITY

Why

NON-METALS INCREASE UP because...

Remember — nonmetals
CerIe One .. want to GAIN electrons
Decreased
{ —I-H-eFeeceeeI— :oor Increased

Shleldlng Nuclear Charge
[Hal TRICKY!!!11! |

FEWER energy levels

v.e- CLOSER to nucleus

LESS shielding
MORE attraction - easier to GAIN an electron!
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SHIELDING
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ELECTRON AFFINITY>
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—

—
RADIUS

1A 8A
1 2
H He
1.00784 2A an . oA 6A TA 4002602
3 4 5 B 7 8 ] 10
Li Be B C N (o] F Ne
6.941 9.012182 10.811 120107 14.0067 15.0904 18.9984032 20.1797
1 12 13 14 15 16 17 18
Na Mg Al Si P S Cl Ar
22060760 | 24.3080 3B 4B 5B 6B 7B —— 88— 1B 2B seoa1ss6 | 2e0ess | soeraves | anoces 35453 30,848
19 20 21 22 23 24 25 28 27 28 29 30 3 32 33 34 35 36
K Ca Sc Ti v Cr Mn Fe Co Ni Cu Zn Ga Ge As Se Br Kr
39.0083 40078 44 955012 47BET 50.9415 51.9861 54.938045 55.845 58.9331985 58,6034 61548 6538 69.723 T264 74.92160 TBOE 79.904 B3.798
a7 38 38 40 41 42 43 44 45 46 47 48 48 50 51 52 53 54
Rb Sr Y Zr Nb | Mo | Tc Ru Rh Pd | Ag | Cd In Sn Sb Te 1 Xe
B5.4678 B7.82 88 90585 91224 92.00638 9596 (o8] 101.07 102.90550 106.42 107.8642 112411 114.818 118710 121.760 12760 12690447 131.293
55 56 57-T1 72 73 T4 75 76 7 78 79 B0 81 82 83 B4 85 86
Cs Ba Hf Ta W Re Os Ir Pt Au Hg Tl Pb Bi Po At Rn
1328054519 137.327 Lanthanides 178.49 180.94788 18384 186.207 190.23 192.217 195.084 196 966560 20058 204.3833 w72 208 98040 (209 [210] [222]
a7 88 89-103 104 105 106 107 108 108 110 111 12 13 114 115 116 17 118
Fr Ra Rf Db | Sg | Bh Hs Mt Ds | Rg | Cn J Uut | FI | Uup|] Lv | Uus | Uuo
223 [226] Actinides [267] [288] [271] [272) [27a0] [278] [281] [280 [285] [284] [285] [288] [293] [204] [284]

ALINIA4dVY NOdHL1O3 14
ALIAILYOINOYH1LO3 14
ADddNd NOILVZINOI

o



e

\
I:|rl'1'r‘|
INTERMEDIATE ATTRACTIVE FORCE *' PHIW:».I'UM ’“‘TTTI‘“::TWE FORCE
| small Zg,, small d arge Lgy » SMA
Li ‘maximum electronegativity F
*maximum electron affinity
*maximum ionization energy
*minimum ionic/atomic radius
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‘minimum electronegativity
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dmax
/




— note: they augmented the

reactions, but it is such a fun, silly, memorable

video I think it is still worth watching ©

— old footage ﬁom WWII.
Neat to see such old footage and how they
actually disposed of the sodium after the war!

— Periodic Table episode


https://www.youtube.com/watch?v=m55kgyApYrY
https://www.youtube.com/watch?v=HY7mTCMvpEM
https://www.youtube.com/watch?v=0RRVV4Diomg

Quick summary. Also has a quick but good

explanation @F some exceptions to the trends



https://www.youtube.com/watch?v=hePb00CqvP0

Youlube Link to this Presentation

( these are based on an old version of this lecture — same info

just not laid out the same way we did in class)

Part I:

Part 2:



https://youtu.be/jmy5tlVlFTs
https://youtu.be/lTGOnu_WJ5I

Things past this slide are
not being taught this year



JLlectwon Affinity



ELECTRON AFFINITY

What Jtow

How much energy is
released when the atom
gains an electron to make a
negative ion.

How much stabllity does it
gain once it is an anion.
More energy released —
more stable.

—

Noble Gases are LOWEST!
They DON’T CARE about

attracting electrons!







ELECTRON AFFINITY

‘W/z#

DECREASES DOWN

* Electrons are further
from nucleus in higher
energy levels

* Increased shielding from

core e-'s causes the
nucleus to not pull as
hard on valence e-'s

« So atom doesn’t notice
as much if it gains an
electron — doesn’t gain
much stability

INCREASES TO RIGHT

e Closer to filling valence
shell — noble gas
configuration is most
stable
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