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A partial
chart of
chemical
symbols in
use about
1780

Antoine Lavoisier
(1743 1797)
(1743‐1797)

Listed 33 Substances
Simples (elements) in his
Traité Élémentaire de
Chimie (1789)
I hi
In
his lilist are iincluded
l d d lilight
h
(lumière) and caloric
(calorique), which he
believed to be material
substances.

The Atomic Theory
• John Dalton (1766‐1844)
– New System of Chemical
Philosophy, 1808
– All bodies are constituted of a vast
number of extremely small
particles,, or atoms of matter bound
p
together by a force of attraction
– The ultimate particles of all
homogeneous bodies are perfectly
alike in weight, figure, etc.

The Atomic Theory
– Atoms
to s have
a e definite
de te relative
e at e weights
e g ts “expressed
e p essed in
atoms of hydrogen, each of which is denoted by
unity”
– Atoms combine in simple numerical ratios to form
compounds
– Under
U d given
i
experimental
i
t l conditions
diti
a particular
ti l
atom will always behave in the same manner
– Atoms are indestructible

Dalton’ss Elements
Dalton
1.
2.
3.
4
4.
5.
6.

Oxygen
Hydrogen
Nitrogen
Carbon
Sulfur
Phosphorus

7. Gold
8. Platinum
9. Silver
10 Mercury
10.
11. Copper
12. Iron

13. Nickel
14. Tin
15. Lead
16 Zinc
16.
17. Bismuth
18. Antimony

19. Arsenic
20. Cobalt
21. Manganese
22 Uranium
22.
23. Tungsten
24. Titanium

25. Cerium
26. Potassium
27. Sodium
27 Calcium
27.
29. Magnesium
30. Barium

31. Strontium
32. Aluminium
33. Silicon
34 Yttrium
34.
35. Beryllium
36. Zirconium

Jöns Jakob Berzelius (1779‐1848)
From Annals of Philosophy 2, 443‐454 (1813), 3, 51‐2, 93‐106, 244‐255,
353‐364 (1814):
The chemical signs ought to be letters, for the greater facility of
writing, and not to disfigure a printed book. Though this last
circumstance may not appear of any great importance, it ought to be
avoided whenever it can be done. I shall take, therefore, for the
chemical sign, the initial letter of the Latin name of each elementary
substance: but as several have the same initial letter,, I shall
distinguish them in the following manner:
1. In the class which I call metalloids, I shall employ the
initial letter only, even when this letter is common to the
metalloid and some metal.
2. In the class of metals, I shall distinguish those that have
the same initials with another metal, or a metalloid, by
writing the first two letters of the word.
3. If the first two letters be common to two metals,, I shall,,
in that case, add to the initial letter the first consonant which
they have not in common: for example, S = sulphur,
Si = silicium, St = stibium (antimony), Sn = stannum (tin),
C = carbonicum,, Co = cobaltum ((cobalt),
), Cu = cuprum
p
(copper),
( pp ),
O = oxygen, Os = osmium, &c.

Elements known to Berzelius
Name

Symbol

Name

Symbol

Name

Symbol

Name

Symbol

Oxygen

O

Tungsten

Tn

Palladium

Pa

Uranium

U

S l h
Sulphur

S

A i
Antimony

Sb

Sil
Silver

A
Ag

C i
Cerium

C
Ce

Phosphorus

P

Tellurium

Te

Mercury

Hg

Yttrium

Y

M

Columbium
Cl
(nioblium)

Copper

Cu

Glucinum
(beryllium)

Gl

F

Titanium

Ti

Nickel

Ni

Aluminum

Al

Boron

B

Zirconium

Zr

Cobalt

Co

Magnesium Ms

Carbon

C

Silicium

Si

Bismuth

Bi

Strontium

Sr

Nitric radicle N

Osmium

Os

Lead

Pb

Barytium

Ba

Hydrogen

H

Iridium

I

Tin

Sn

Calcium

Ca

Arsenic

As

Rhodium

Rh

Iron

Fe

Sodium

So

y
Mo
Molybdenum

Platinum

Pt

Zinc

Zn

Potassium

Po

Chromium

Gold

Au

Manganese Ma

Muriatic
radicle
(chlorine)
Fluoric
radicle

Ch

William Prout (1785‐1850)
Prout’s Hypothesis:
In two papers On the Relation between the Specific
Gravities of Bodies in their Gaseous State and the
Weights of their Atoms (Annals of Philosophy, 1815,
1816), Prout hypothesized that the atomic weight of
every
e
e ye
element
e e t iss aan integer
tege multiple
utpeo
of tthat
at o
of
hydrogen, suggesting that the hydrogen is the
fundamental particle that the atoms of other elements
are made.
“If the view we have ventured to advance be correct, we may almost consider the πρωτη
υλη (tr.: primal matter) of the ancients to be realised in hydrogen; an opinion, by the by, not
altogether new. If we actually consider this to be the case, and further consider the specific
gravities
iti off bodies
b di in
i their
th i gaseous state
t t to
t representt the
th number
b off volumes
l
condensed
d
d into
i t
one; or, in other words, the number of the absolute weight of a single volume of the first
matter (πρωτη υλη) which they contain, which is extremely probable, multiples in weight
must always indicate multiples in volume, and vice versa; and the specific gravities, or
absolute
b l t weights
i ht off allll b
bodies
di in
i a gaseous state,
t t mustt b
be multiples
lti l off the
th specific
ifi gravity
it or
absolute weight of the first matter (πρωτη υλη), because all bodies in a gaseous state which
unite with one another unite with reference to their volume.”

Johann Wolfgang Döbereiner (1780‐1849)
Döbereiner’ Triads:
In his paper, An Attempt to Group Elementary
S b
Substances
according
di to Th
Their
i A
Analogies
l i
(Poggendorf's Annalen der Physik und Chemie, 1829),
Döbereiner grouped elements to show that atomic
weights of a middle element were an average of two
similar elements.
Examples of Döbereiner
Döbereiner’ Triads:
“…the atomic weight of bromine might be the arithmetical mean of the atomic
weights of chlorine and iodine. This mean is (35.470+126.470)/2 = 80.470 This
number is not much greater than that found by Berzelius (78.383)”
Using modern values: Cl = 35.45
Br = 79.90
I = 126.90

Examples of Döbereiner’ Triads: (continued)
“…the
…the specific gravity and atomic weight of strontia are very close to the arithmetic mean of
the specific gravities and atomic weights of lime and baryta, since
[356.019(=Ca.)+956.880(=Ba.)]/2 = 656.449(=Sr.) and the actual value for strontia is 647.285. “
Using modern values:
Ca = 40.08
S = 87
Sr
87.62
62
Ba = 137.33
“In the alkali group, according to this view, soda stands in the middle, since if we take the value
for the atomic weight of lithia, determined by Gmelin, = 195.310, and the value for potash =
589.916, then the arithmetic mean of these numbers, (195.310+589.916)/2 = 392.613,which
comes very close to the atomic value for soda, which Berzelius determined as = 390.897.”
Using modern values:
Li = 6.94
Na = 22
22.99
99
K = 39.10
“If sulfur, selenium, and tellurium belong to one group, which can well be assumed, since the
specific gravity of selenium is exactly the arithmetic mean of the specific gravities of sulfur and
tellurium,
ll
and
d allll three
h
substances
b
combine
b
with
h hydrogen
h d
to form
f
characteristic
h
hydrogen
h d
acids, then selenium forms the middle member, since [32.239(=S) + 129.243(=Te)]/2 = 80.741
and the empirically found atomic value for selenium is 79.263.”
Using modern values:
S = 32.07
Se = 78.96
Te = 127.60

Alexandre‐Émile Béguyer de
Ch
Chancourtois
t i (1820
(1820‐1886)
1886)
The Telluric Helix
Using values of atomic weights
obtained by Stanislao Cannizzaro in
1858, de Chancourtois devised a
spiral graph that was arranged on a
cylinder which he called vis
tellurique, or telluric helix because
tellurium was the element in the
middle of the graph.
The surface of the cylinder had a circumference
of 16 units, the approximate atomic weight of
oxygen, and the resulting helical curve, which de
Chancourtois called a square cirlcl triangle,
brought similar elements onto corresponding
points above or below one another on the
cylinder Thus,
cylinder.
Thus he suggested that "the
the properties
of the elements are the properties of numbers.”

De Chancourtois was the first scientist to see the periodicity of elements
when they were arranged in order of their atomic weights. He saw that the
similar elements occurred at regular atomic weight intervals.

John A. R. Newlands (1837‐1898)
L off O
Law
Octaves
• From 1863 through 1866, Newlands published
papers on the
h relationships
l i hi between
b
the
h
elements. In 1865 he stated:
“If the elements are arranged in the order of their
equivalents, with a few slight transpositions, as in
the accompanying table, it will be observed that
elements belonging to the same group usually
appear on the same horizontal line.”

Newlands continued:
“It will also be seen that the numbers of analogous elements
generally differ either by 7 or by some multiple of seven; in
other words, members of the same group stand to each
other in the same relation as the extremities of one or more
octaves in music. Thus, in the nitrogen group, between
nitrogen and phosphorus there are 7 elements; between
phosphorus
h h
and
d arsenic,
i 14;
14 between
b t
arsenic
i and
d antimony,
ti
14; and lastly, between antimony and bismuth, 14 also.
This peculiar relationship I propose to provisionally term the
"Law of Octaves".

Dmitri Mendeleev (1834-1907)
The Periodic Law, 1869
“I began to look about and write down the elements
with their atomic weights and typical properties,
analogous elements and like atomic weights on
separate cards, and this soon convinced me that the
properties of elements are in periodic dependence
upon their atomic weights.”
‐‐Mendeleev, Principles of Chemistry, 1905, Vol. II
The problem with previous attempts to organize the
elements was that the pattern of repeating
properties did not hold after the element calcium.
Mendeleev proposed longer columns of elements to
allow him to align those elements with similar
properties

Right: Mendeleev’s first sketch of his periodic table

•
•

Mendeleev’s arrangement of the elements were presented to the Russian
Physico‐chemical Society by Professor Menschutkin because Mendeleev was ill.
The table was first published in the German chemistry periodical,
periodical Zeitschrift fϋr
Chemie, in 1869.

Translation of the German text in Zeitschrift fϋr Chemie, 1869:
Concerning the relation between the properties and atomic
weights of elements. By D. Mendeleev.
Arranging the elements in vertical columns with increasing
atomic weights,
g , so that the horizontal rows contain similar
elements, again in increasing weight order, the following table
is obtained from which general predictions can be drawn.
Elements show a periodicity of properties if listed in order of
size of atomic weights. Elements with similar properties either
have atomic weights that are about the same (Pt,
(Pt Ir,
Ir Os) or
increase regularly (K, Rb, Cs). The arrangement of the elements
corresponds to their valency, and somewhat according to their
chemical properties (eg Li, Be, B, C, N, O, F). The commonest
elements have small atomic weights.
g
1.
2.
3.

4.

The value of the atomic weight determines the character of the element.
There are unknown elements to discover eg., elements similar to Al and Si
with atomic weights in range 65
65‐75.
75.
The atomic weights of some elements may be changed from knowing the
properties of neighbouring elements. Thus the atomic weight of Te must be in
range 123‐126. It cannot be 128.
S
Some
typical
i l properties
i off an element
l
can be
b predicted
di d ffrom iits atomic
i
weight.

Mendeleev published a revised, horizontal table in 1871

Note the structure of this table.
It was clear, that there were a number of gaps of “missing” elements in the table.
Mendeleev, made several predictions about properties of some missing elements.

Mendeleev predicted four elements: ekaboron (Eb), ekaaluminium (El), ekamanganese (Em),
and ekasilicon (Es)
Ekaboron and scandium
Scandium was isolated as the oxide in autumn, 1879, by Lars Fredrick Nilson.
Per Teodor Cleve recognized the correspondence and notified Mendeleev late in that year.
Mendeleev
d l
had
h d predicted
d d an atomic mass off 44 for
f ekaboron
k b
in 1871 while
h l scandium
d
h
has an
atomic mass of 44.955910.

Ekaaluminium and gallium
In 1871 Mendeleev predicted the existence of yet undiscovered element he
named eka‐aluminum (because of its proximity to aluminum in the periodic table).
The table below compares the qualities of the element predicted by Mendeleev
with actual characteristics of Gallium, discovered by Lecoq de Boisbaudran in
1875).
1875)

Ekasilicon and germanium
G
Germanium
i
was iisolated
l t d iin 1882 b
by Cl
Clemens Al
Alexander
d Wi
Winkler,
kl
and provided the best confirmation of the theory up to that time,
due to its contrasting more clearly with its neighboring elements
than the two p
previouslyy confirmed p
predictions of Mendeleev do
with theirs.

Ekamanganese and technetium
Technetium was isolated by Carlo Perrier and Emilio Segrè in 1937,
1937 well
after Mendeleev’s lifetime, from samples of molybdenum that had been
bombarded with deuterium nuclei in a cyclotron by Ernest Lawrence.
Mendeleev had predicted an atomic mass of 100 for ekamanganese in
1871 and the most stable isotope of technetium is 98Tc.
Tc

Julius Lothar Meyer (1830‐1895)
In 1864, Meyer produced a table of 28 elements
which he listed by their valence or ‘combining
power’’ off the
h elements
l
(now
(
called
ll d oxidation
id i
number).
The 28 elements were almost entirely main
group elements.
elements
He incorporated what we now call transition
metals in another table in 1868 which listed the
elements in increasing weight order with
elements with the same valence in a given
column.
Meyer's
y
table was not p
published until 1870.

• Also, in 1870, Lothar Meyer plotted atomic volumes against
atomic
t i weight.
i ht
• Meyer measured the volume of one atomic weight's worth of
each element (i.e., one mole) and figured that since the number
of atoms in each amount was the same, the volumes measured
must represent the relative volumes of the individual atoms.

Lewis Reeve Gibbes (1810‐1894)
Professor of Chemistry at the College of Charleston
from 1839 to 1892
Between 1870 and 1874 Gibbes,, without knowingg
any of the work by Newlands, Mendeleev and Meyer,
worked out the first version of his "Synoptical Table
of the Chemical Elements“ and in October, 1875,
di
discussed
d an iimproved
d fform off it att a meeting
ti off th
the
Elliott Society of Charleston

The Nobel Gases
In 1785 , Henry Cavendish reported on his analysis of air (Philosophical
Transactions 75, 372 (1785):
…after which only a small bubble of air remained unabsorbed, which certainly was not
more than 1/120 of the bulk of the phlogisticated air let up into the tube; so that if
there is any part of the phlogisticated air of our atmosphere which differs from the
rest, and
d cannot be
b reduced
d d to nitrous
i
acid,
id we may safely
f l conclude,
l d that
h it
i is
i not
more than 1/120 part of the whole.

In 1894, Lord Rayleigh (John Strut) (1842‐1919) and William Ramsey (1852‐
1916) jointly announced the discovery of argon, both working on
properties of atmospheric nitrogen.
On August 18, 1868 French astronomer Pierre Janssen observed a bright yellow
line with a wavelength of 587.49 nanometers in the spectrum of the
chromosphere of the Sun during a total solar eclipse

Cavendish

Rayleigh

On October 20
20, 1868
1868, English astronomer Norman Lockyer also observed a
yellow line in the solar spectrum, which he concluded that it was caused
by an element in the Sun unknown on Earth. Lockyer and English chemist
Edward Frankland named the element with the Greek word for the Sun,
ἥλιος (helios).
On March 26,
26 1895 Sir William Ramsay isolated helium on Earth by treating the
mineral cleveite (a variety of uraninite) with mineral acids.
Ramsay

Henry Moseley (1887‐1915)
In 1913, using x‐ray
diffraction spectra,
Moseley showed a
systematic relation
between wavelength
and atomic number
Resulted in
arrangement of the
periodic table by
atomic number
rather than atomic
weight

Periodic Table, 1930

Henry Hubbard’s periodic table (1924)

Glenn Seaborg (1912‐1999)
•

•
•

Starting in 1940, Seaborg was the principal or co‐
discoverer of ten elements: plutonium (94),
americium (95), curium (96), berkelium (97),
californium (98)
(98), einsteinium (99)
(99), fermium (100)
(100),
mendelevium (101), nobelium (102) and element
106, which was later named seaborgium in his
honor. He also developed more than 100 atomic
isotopes and is credited with important
isotopes,
contributions to the separation of the isotope of
uranium used in the atomic bomb at Hiroshima.
Seaborg reconfigured the periodic table by placing
th llanthanide/actinide
the
th id / ti id series
i att the
th bottom
b tt
off
the table.
Seaborg also proposed extending the periodic
table to include predicted elements up to atomic
number 168.

Glenn T. Seaborgg ((1912‐1999))
Extending the periodic table

The Modern Periodic Table
Groups 1A
1A‐8A
8A and 1B
1B‐8‐B
8 B – Historical numbering
Groups 1‐18 – IUPAC numbering

•
•
•

Horizontal rows on the periodic chart are called periods.
Vertical columns are called groups.
groups
Elements in the same group have similar chemical properties.

Some ggroups
p have names

Metals are on the left side of the heavyy zig‐zag
g g
line on the periodic table

Nonmetals are on the right side of the heavy zig‐zag line
on the periodic table (with the exception of H).
H)

Metalloids border the zig‐zag line (with the exception of
Al and Po).

The “A” Groups (groups 1,2, and 13‐18) are called the
Main Group Elements or Representative Elements

The “B” Groups (groups 3‐12) are called the Transition
Elements or Transition Metals

The two rows of elements at the bottom of the table are called
the Inner‐transition Elements.
Th top row iis kknown as the
The
h Lanthanide
L h id Series
S i
The bottom row is known as the Actinide Series

Properties of Metal, Nonmetals,
and Metalloids

Metals versus Nonmetals

Metals versus Nonmetals
• Metals tend to form cations (positive ions).
• Nonmetals tend to form anions (negative ions).

Metalloids

• Have characteristics
of both metals and
nonmetals.
example silicon
• For example,
looks shiny, but is
brittle and fairly
poor conductor.
d t

Hydrogen
Some uses of Hydrogen:
• commercial fixation of nitrogen from
the air in the Haber ammonia
process
• hydrogenation of fats and oils
• methanol production, in
hydrodealkylation hydrocracking
hydrodealkylation,
hydrocracking,
and hydrodesulphurization
• rocket fuel
• welding
• production
d i off h
hydrochloric
d hl i acid
id
• reduction of metallic ores
• for filling balloons (hydrogen gas
much lighter than air; however it
ignites easily)
• liquid H2 is important in cryogenics
and in the study of superconductivity
since
i
it
its melting
lti point
i t iis only
l jjustt
above absolute zero

Group 1A: Alkali Metals
Li, Na, K, Rb, Cs, Fr

Soft,
metallic
solids

C l d flflames
Colored
react with water

Li

Na

K
Li

Na

K

Group 2A: Alkaline Earth Metals
Be, Mg, Ca, Sr, Ba, Ra

Burning
B
i
magnesium

Ca, Sr, Ba react with
water. Mg reacts slowly

Group 3A: B, Al, Ga, In, Tl
Sapphire: Al2O3
with Fe3+ or Ti3+
impurity gives
blue whereas V3+
gives violet.

Gallium melts at 29.8
29.8°°C

Ruby: Al2O3
with Cr3+
impurity

Group 4A: C, Si, Ge, Sn, Pb

Quartz, SiO2

Ge

Group 5A: N, P, As, Sb, Bi
Phosphorus first
isolated by Brandt
from urine, 1669

White and red phosphorus

Group 6A: O, S, Se, Te, Po
Sulfuric acid
dripping from
snottite in
cave in Mexico

Elemental S has a ring
structure.

Group 7A: Halogens
F, Cl, Br, I, At

Group 8A: Noble Gases
He, Ne, Ar, Kr, Xe, Rn

Xe forms three
compounds:
XeF2
XeF4 (below)
X F6
XeF
Kr forms only one
stable compound:
KrF2

Transition Elements

Colors of Transition Metal
Compounds

Iron

Cobalt

Nickel

Copper

Zinc

