The History of
the Modern
Periodic Table



Johann Dobereiner

In 1829 he classified some elements into
groups of three, which he called triads.
The elements in a triad had similar
chemical properties and or'c/er/ y ph ys'/ca/
properties. S

(ex. Cl, Br, I and
ca, Sr, Ba)

Mode/ of triads
1780 - 1849




John Newlands

In 1863, he suggested that elements be
arranged in "octaves” because he noticed

(after arranging the elements in order of
increasing atomic mass) that certain

properties repeated every 8th element.
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Newlands ' claim to see a repeating pattern was met
with savage ridicule on its announcement. His
classification of the elements, he was told, was as
arbitrary as putting them in alphabetical order and
his paper was rejected for publication by the
Chemical Society.

1838 - 1898 Law of Octaves



John Newlands

His law of octaves failed beyond the
element calcium. WHY?

Would his law of octaves work today with
the first 20 elements?

1838 - 1898 Law of Octaves



During the nineteenth century,
chemists began to categorize the
elements according to similarities

in their physical and chemical

properties. The end result of

these studies was our modern
periodic table.



C. Dimitri Mendeleev

« 1869 came up with the eight — -
column table

» Because of blank spots on the
table Mendelevium was able to
predict properties and masses of
several elements not yet
discovered

« Table arranged in order of
Increasing atomic mass and the
properties of the elements
repeated in an orderly way
(periodic law)




AS YOU Know, Tne elements are arranged in tne rerioaic |aoile. oOCICINLE

The elements were first arranged in this way by Dmitri Mendeleev, a professor at St.
Petersburg University, in 1869. His arrangement was based on atomic mass.

When Mendeleev was setting
out the table, only 63 elements
had been discovered. His big
idea was to leave gaps for yet
to be discovered elements. He
was able to predict the
properties of some of these
elements, including silicon and
boron. When his predictions
were shown to be accurate his
table became accepted, and it
is the basis of the one we use
today.

‘Maybe one day we'll understand why Dmitri always lays
out his blocks this way!'

Mike Turner, Jau. 2004




Omitri Mendeleev

In 1869 he published a table of
the elements organized by -

Increasing atomic mass.
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Mendeleev...

» stated that if the atomic weight of an
element caused it to be placed in the
wrong group, then the weight must be
wrong. (He corrected the atomic
masses of Be, In, and U)

* was so confident in his table that he
used it to predict the physical
properties of three elements that were
yet unknown.



After the discovery of these unknown
elements between 1874 and 1885, and the
fact that Mendeleev's predictions for Sc,
Ga, and Ge were amazingly close to the
actual values, his table was generally
accepted.



However, in spite of Mendeleev's great
achievement, problems arose when new
elements were discovered and more
accurate atomic weights determined. By
looking at our modern periodic table, can
you identify what problems might have
caused chemists a headache?

Arand K
co and Ni
Te and I

Th and Pa



Mendeleev called the "father of the
modern periodic table”



Henry Moseley

In 1913, through his work with X-rays, he
determined the actual nuclear charge
(atomic number) of the elements*. He
rearranged the elements in order of
Increasing atomic number.

*"There is in the atom a fundamental
quantity which increases by regular
steps as we pass from each element to
the next. This gquantity can only be the
charge on the central positive nucleus.”

1887 - 1915




Henry Moseley

His research was halted when the British
government sent him to serve as a foot
soldier in WWI. He was killed in the
fighting in Gallipoli by a sniper’s bullet, at
the age of 28. Because of this loss, the
British government later restricted its
scientists to noncombatant duties during

WWII



Glenn T. Seaborg

After co-discovering 10 new elements, in
1944 he moved 14 elements out of the
main body of the periodic table to their
current location below the Lan ﬂvama’e
series. These became known ==
as the Actinide series.

+ Actinicde |20 ga oo [iod Jqoz 1oz
Series Th Pa U Hp Pu Am Cm Ek Cf Es|Fm|Md| Ho| Lr

1912 - 1999



Glenn T. Seaborg

He is the only person to have an element
named after him while still alive.

TR
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"This is the greatest honor ever bestowed
upon me - even better, I think, than
winning the Nobel Prize."”

1912 - 1999



Periodic Table Geography

&+ Periodic Table of Elements -
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Periodic Law

When elements are arranged in order of
increasing atomic humber, there is a
periodic pattern in their physical and
chemical properties.



Modern periodic table —

« where certain electron configurations are
periodically repeated



Periodic properties

« Both the position and the properties
arise from the electron configurations of
the atom



Elements are arranged:

Vertically into Groups

Horizontally Into Periods

19
K

36




If you looked at one atom
of every element in a
group (family) you would
SCC...




Each atom has the same number of
electrons in it’s outermost shell and
sublevel.

* An example...



The group 2 atoms all have 2 electrons In
their outer shells

Be (Beryllium)

Atom

Mg (Magnesium) Atom



The elements in any group of the
periodic table have similar physical

and chemical properties! 1
The number of outer or ‘valence” 15
electrons in an atom effects the A

way an atom bonds. !

The way an atom bond's

determines many properties of the U
element. 13

This is why elements within a
group usually have similar
properties

The vertical columns of the periodic table
are called GROUPS, or FAMILIES.



The horizontal rows of the periodic table
are called PERIODS.



It you looked at an atom from each
element in a period

19 31 [32 |33 |34
K Ga| Ge| As

you would see...

Each atom has the same number of
electron holding shells.



The period 4 atoms each have 4 electron
containing shells

19 31 |32 [33 |34 36
Ga| Ge| As| Se Kr

4t Shell
@
Potassium)

Kr (Krypton)

Atom Atom

Fe (Iron) Atom



The periodic fable i1s The most
important tool in the chemists
toolbox!

\_— .




F. Surveying the table

« Columns 1 and 2 have electrons filling
the s sublevel

« Columns 3-12 have electrons filling the d
sublevel

» Columns 13-18 have electrons filling the
p sublevel



Periodic Table and Electron
Configurations

« Build-up order given by position on periodic table; row
by row.

~ +» Elements in same column will have the same outer

| Is | shell electron configuration.

28 2
."i..'; | Ip
d.ﬁ | : . . . np . : . . 7
5.# : . . . . d.{ '|| . . . . i
ﬁ.ﬂ - . . . ﬁ-ﬂ. . . . . -
T.n — . . . ﬁ.ﬂl . . . .

’ 4

3f



N Ol g B O N

Figure 8.13

1A
1
(1) 7
(2)
3B
(3)
s block
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Octet rule

* In chemistry an atom that has 8 electrons
In 1ts outer level is particularly stable

« Helium is the duet rule



Metals

» To the left side of the stair step
— Conductors and are malleable and ductile
— Hard and shiny
— 3 or less electrons in the outer energy level
— Do not hold outer electrons tightly



Nonmetals

To the right of the stair step

Do hold the outer electrons tightly
Brittle

Solids or gases

Five or more electrons in the outer
energy level



Metalloids

 have properties of both metals and non
metals



Periodic Properties

* Elements in a group tend to form ions of the
same charge.

— Wodeled by clectron configurations.
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Periodic Properties
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Periodic Trend of Ionic Charges 18
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Predicting oxidation numbers

+1...... s

O...... ok
+2...... X
+3...... 0l
A+4 .. p?
3., 03
2. .. X
1., 05

Tend to have more than one oxidation state
d sublevel series



The Transition Elements are almost
unpredictable, and sometimes have more
than one possible charge -- due to d

orbitals --
T
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Atomic Radii

 As the principal quantum number increases the
size of the electron cloud increases

« Atomic Radii increases from top to bottom and
from right to left

— As you move to the right the number of protons
Increase in that particular energy level

— As you move down the number of electrons increase
with less ability to hold the electrons
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Atomic Radius ™!
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Atomic radius (pm)

The Periodic Table 02

(g Fr
Hb F H
K I1|I Ill' [
}H' ||1.L III 1. |I T
Na | i AR

10 20 30 40 50 60 70 80 a0 100
Atomic number



Periodic Properties 02

Atomic Radii 02:

N\
Atomic Z
radius
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lon Radi

All atoms electrons are arranged to made it as stable as
possible

Stable atoms are noble gases

If sodium loses one electron it has a noble gas
configuration and a charge of +1

Chlorine gains an electron and then has a noble gas
configuration and a — 1 charge

Metallic ions on the left and in the center of the chart are
formed by the loss of electrons making them smaller in
radii

Non metallic ions on the right are formed by gaining
electrons



Periodic Properties

* How does the size of an atom change when
electrons are added or removed?

As an Atom loses
)

1 or more electror
(becomes positive)

‘ Na*'

~

~ Sodium atom Sodium ion

, Its radius {4 orotons 11 protons
decreases. 11 electrons 10 electrons

186 pm radius 95 pm radius



Periodic Properties

* How does the size of an atom change when
electrons are added or removed?

As an Atom gains

1 orm ore electrons o) r
(nsgative), it fills its j

ve), |
VE J nce layer, | -
'r'ﬂergfor@) it racliye  Chlorine atom  Chloride ion
e 17 protons 17 protons
increases 17 electrons 18 electrons

99 pm radius 181 pm radius



lons and lonic Radii02

TABLE 6.1 Some Common Main-Group lons and Their Noble Gas Electron
Configurations

Group Group Group Group Group Electron

1A 2A 3A 6A 7A Configuration
H* [None]

H~ [He]

Li* Be?* [He]

Na* Mg** Al* O*" F~ [Ne]

K* Ca*t *Gat S (@l [Ar]

Rb* Sit Tt Se*~ Br~ [Kx]

Cs* Ba** Ly g Te*™ I~ [Xe]

* These ions do not have a true noble gas electron configuration because they have an
additional filled d subshell.

Chapter 06 52



Na

11p*

+

— 11 p

Copyright 1929 by John Wiley and Song, Inc. All nghts resaned,




——17 p*

Cogyrght 1889 by John Wiley and Sons, Inc, All dghts resered,



lons and lonic Radi

(a) (b)



Ionic Fadii

Lit  Be<T

Se<”  Br-

O Te<™ I”




Trend of 1onic radii

The cation of an atom decreases In size while the
anion of an atom increases In size.

The trend can not be made according to the periodic
table, but by the isoelectronic series.

The more positive an ion Is the smaller it is because
Z ¢ Increases, while the more negative an ion, the
larger it Is because Z . decreases.



First ionization Energy

* energy needed to remove the most
loosely held electron from the atom
(Measured in kilojoules/mole)



successive lonization energy

doghle 152252 2p6 352 Tl 152252 2p0 351
i ng"'
..-'.: P.t. )

P oMgigy — Mgtigi+e” [EQ) = 733 kJAmol
poMztizy s Moetizh +e” [E(Z) = 1451 kJ/mo]
b Mzetizd = Mgdtizh + e” E(3) = 7733 kJ/mo]




lonization Energy

Minor irregularities in the E; values are explained
by looking at the electron configurations.
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lonization Energy

lonization energies vary periodically, which Is
explained by the changes in Z .

B Rh Cs Fr

lonization energy (kd/mol)

0 10 20 SID 40 50 60 70 80 90
Atomic number
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lonization properties

The ionization energies are periodic

The ionization energy tends to increase as
atomic number increases in the period

In the column there 1s a decrease of ionization
energy as the atomic # increases

The shielding effect causes the inner electrons
to shield the outer electrons from the pull of the
protons

Nuclear Charge, Shielding effect, Radius and
sublevel all effect ionization energy
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Succesive Values of lonization Energies, /, for the Elements Sodium Through
Argon (kd/mol)

496 4560
7388 1450
578 1820
786 1580 1
1012 1900 | 22,200

(Inner-shell electrons)

1000 2250 - 8500 |27,100
1251 2300 9460 11,100
1521 2670 8780 12,000

the amount of energy required to remove
a 2p e (an e in a full sublevel) from a Na
lon is almost 10 times greater than that
required to remove the sole 3s e




Periodic Properties

 Another periodic trend dealing with an e- IS

to
attract or gain



Electron Affinity 01

Electron Energy: Energy change that occurs when
an electron iIs added to an 1solated atom In the
gaseous state.

Abbreviation is E_, it has units of kJ/mol. VValues are
generally negative because energy Is released.

Value of E_, results from interplay of
electron attraction, and electron—electron
repulsion.



Electron affinity (kJ/mol)

Electron Affinity 02

Atomic number
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Periodic Properties

« Atoms that tend to accept an e- are those that
tend to give a neg. charge.
— The closer to a full outer shell an atorn has, the
higher the affinity (morc neg. the measurement)
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LEAST STABILITY

GREATEST STABILITY

NO
SPECIAL
ARRANGEMENT

HALF-FULL
SUBLEVEL

FULL SUBLEVEL

FULL VALENCE LEVEL
-OUTER LEVEL




Periodic Properties

» Electronegativity 1S a key trend.
— [t retlects
2 chernica

the ability of an atorn to attract clectrons in
| bond.
— F Is the most clectroncgative clement and it
clecreases moving away frorm I
* Electronegativity correlates to an atom’s
ionization energy and electron aftinity
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[onization energy

Electron affinity >

Atomic radius

Electron affinity

Ionization energy

Atomic radius




