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e Thales of Miletus (about 624-about 527 B.C.)

—.Proposed that water is the primal matter from wh|ch
everything originated.

— He is also credited with defining a soul as that which
possesses eternal motion.

e Anaximander (610-546 B.C.)

— The primary substance, the apeiron, was eternal and
unlimited in extension. It was not composed of any known
elements and it possessed eternal motion (i.e., a soul).

 Anaximenes (585-524 B.C.) _

~— Stated that air is the primary substance

-""J'-L __t;_,

— Suggested it could be transformed into other substances
by thinning (fire) or thickening (wind, clouds, rain, hail,
earth, rock). E




m
m
il
i}
i}
il
il
i
i
i
i
i
i
i
i
i
i
i
i
i
i
i
i
i
i
i
i
i
i
i
i
i
i
i
i
i
i

L e e

3 1 0 A O A o e
5 3 O 0 O O O 0 0 0 B e

A SEEEE 5
¥ EEgREE W
8h e, R E i
R B R

Lol
it
B
i
A
e
i

2

B
it
| ..
e
e

55 O R
51 O R
| 0 5 O
| R R R R B e
0 B R R R B B
0 B SR R B
0 R SR R B )
N B R B B
SN B R B R

T
PR B L R B
R G R Bt
oo R EREREEH RO
R R ER R B

BB RS A
R B

B B RE R
B B RE R
BHH B R R
BHH B R R
BN B R R

EGEE, SEE
S —
ERHE B
EREEER B (W EEE
B B e R L

CnoamEa

L R R B R AL

B ARERERERE A E
LA Eam e




I A

ik
i

]
R R e

-
4 ' dmpiis
(8 B R

S EEEERRR R
SEEEER R R
HLHIEG EREE
B EEEE BRI

B e
R

IR B B R B
IR B R

i s
S
I
il
il

SEEEE S S S B S e e s e e
e
e

Ei B

s
e
|

RN T A

il
Li] Ii]

Ii]
awwwwwwwwwwwwwwwwwwgg




A S e e e e G R e
1 10 0 0 O

S B
S
0 R
S SR
S SR
SN
S SR
S S
S SRR
S

BRI
BRI

0 O D O O O B

L n
wEnN e

R

HEHEEEE A

EHEEEE

EHEEEE

EHEEEE

EEEEEEE A

EEEEEE SRR R
EEEEEE R R

SRR R EEEEE RN R R R

=
.
i
.
.
T
ki

=
s
$
i
i
il
i

I e R e e
=
s
G
i
i
i

L B R S
R S S

i
i
i
i
-
W
i
i
i
i
i
i
i
i

141 0 0 0 i 0 ) B B G R

S

i
i
i
i
i
i
i
i
i
i
:
-
!
5
i

i 41 1 0 A it
e
2 A O 0 S B B
T R

S R S B S B e e B e




 Robert Boyle (1627-1691)

— Hypothesized a universal matter, the concept
of atoms of different shapes and sizes

— Defined an element (The Sceptical Chymist,
1661)

* And, to prevent mistakes, | must advertise
You, that | now mean by Elements, as those
Chymists that speak plainest do by their
Principles, certain Primitive and Simple, or
perfectly unmingled bodies; which not
being made of any other bodies, or of one
another, are the Ingredients of which all
those call’d perfectly mixt Bodies are
immediately compounded, and into which
they are ultimately resolved.

— He could not give any examples of elements
that fit his definition.
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EXPLANATION OF THE PLATES. 219

or ultimate particles.

Fig. Fig.

1 Hydrog. its rel. weight 1|11 Strontites
2 Azote, - - - - - 512 Barytes - - - -
3 Carbone or.charcoal 518 Iron -« - - - -
4 Oxygen, - - - 714 Zinc - - - - =
5 Phosphorus, - - - 015 Copper - - - -
6 Sulphur, - - 13 16 Lea - - - -
7 Magnesia, - - 20/i7 Silver= - - - -
8 Lime, - -~ - - . 2318 Pltina « - - -
9 Soda, - - - - -28/19 Gold - - - - -
10 Potash, - 42120 Mercury - - - -

21. An atom of water or steam, composed of 1 of
oxygen and 1 of hydrogen, retained in physical
contact by a strong affinity, and supposed to
be surrounded by a common atmosphere of
heat ; .its relative weight = - - - . .

22. An atom of ammenia, composed of 1 of azote and
1 of hydrogen - - - - - - - . . .

23. An atom of nitrous gas, composed of 1 of azote
and 1 of oxygen - - - - - - . . .

24, An atom of olefiant gas, composed of 1 of carbone

and 1 of hydrogen- - - - - -

25 An atom of carbonic oxide composed of 1 of car-

bone and 1 of oxygen - - - e e

26. An atom of nitrous oxide, 2 azote + 1 oxygen -

27. Anatom of nitric acid, 1 azote 4- 2 oxygen - -

28. Anatom of carbonic acid, 1 carbone 4- 2 oxygen

29. An atom of carburetted hydrogen, 1 carbone +
bydrogen-~----- =oa =

30. An atom of oxvnitric acid, 1 azote + 3 oxygen

31. An atom of sulphuric acid, 1 sulphur 4 3 oxygen

32. An atom ofsulphuretted hydrogen, 1 sulphur + 3
hydrogen - R R -

33. An atom of alcohol 3 carbone 4- 1 hydm s

34. An atom of nitrous acnd 1 nitric acid 4~ 1 nitrous

1]
]

35. Ang‘;som of acetous acid, 2 carbone -4 2 water -
36. An atom of nitrate of ammonia, 1 nitric acid + 1

ammonia - 1 water - - =
37. An atom of sugar, 1 alcobol 4 1 carbomc amd =

PLATE IV. This plate contains the arbitrary marks
ors lgns chosen to represent the several chemical elements

46
68
38
56
56
95
100
100
140
167

8
6
12

12
17
19
19

26
34

16
16

31
26

33
35
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Pieces of Atoms — the electron

* Heinrich Geissler
(1814-1879) ..

e Julius Plucker
(1801-1868)

— Evacuated tube
glowed, 1859

— Rays affected by a
magnet




* Johann Wilhelm Hittorf (1824-1914)

— Maltese cross tube, 1869
* Rays travel in straight line

» Cast shadows of objects




* William Crookes (1832-1919)

— Verified previous observations, 1879

— Caused pinwheel to turn
* Composed of particles

— Have negative charge




* Joseph John Thomson (1846-1940)
e/m =-1.759 x 102 coulomb/gram - 1897

Dt

N




* Robert Millikan (1868-1923)

— Oil drop experiment — 1909
e =-1.602 x 10'*° coulomb
N = 6.062 x 1022 molecules/g-molecule

 charged :._jﬁfi:f : charged et al
0il droplets T ' plate (4]

B
; micrasco pe

! charged met al
ionizing plate (-}
radiatian

light source




Pieces of Atoms — the proton

* Eugen Goldstein (1850-1930)
— Canal rays - 1886
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Relative Relative Mass
- coulomb Charge amu

electron _(136 ore -1.602 x 10*®  9.109 x 1028 0.0005486 = 0

proton p*or 11H 1.602x 10 1.673x10?% 1.0073

neutron 01 1.675 x 1024
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 J.J. Thomson

— Plum pudding — 1904

* Partly based on A. M.
Mayer’s (1836-1897)
floating magnet experiment

A. M. Mayer




“We suppose that the atom consists of a
number of corpuscles moving about in a
sphere of uniform positive
electrification...

when the corpuscles are constrained to
move in one plane ...the corpuscles will
arrange themselves in a series of
concentric rings.

When the corpuscles are not constrained
to one plane, but can move about in all
directions, they will arrange themselves in
a series of concentric shells”

J.J. Thomson, 1904

Photo Reference: Bartosz A. Grzybowski,
Howard A. Stone and George M. Whitesides,
Dynamic self-assembly of magnetized,
millimetre-sized objects rotating at a liquid—air
interface, Nature 405, 1033-1036 (29 June 2000)
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From the experimental results, Rutherford deduced that the

positive electricity of the atom was concentrated in a small
nucleus and “the positive charge on the nucleus had a

numerical value approximating to half the atomic weight.”
Recollections by Sir Ernest Marsden, J. B. Birks, editor, Rutherford at Manchester, W. A.
Benjamin Inc., 1963
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(Gasinlet Repeller Electron

plate trap

] A sample is introduced as a vapor
‘into the ionization chamber.

There it is bombarded with high-
‘energy electrons that strip electrons
from the atoms or molecules of the
sample.

Accelerating
plates

Magnet

Lig ht ions

DETECTION

Heavy ions

are deflected
too little.

To mass
analyzer

are deflected

too much.

2. The resulting positive particles are
accelerated by a series of negatively
charged accelerator plates into an
analyzing chamber.

To vacuum pump Detector

3. This chamber is in a magnetic
field, which is perpendicular to the
direction of the beam of charged
particles.

The magnetic field causes the beam
to curve. The radius of curvature
depends on the mass and charge of
the particles {as well as the
accelerating voltage and strength of
the magnetic field).

A mass spectrum is a plot of the
relative abundance of the charged
particles versus the ratio of
mass,/charge (m/z).

Relative Abundance

4. Here, particles of 2'Ne " are focused
on the detector, whereas beams of ions
of “Ne™ and 2*Ne ™ (of lighter or
heavier mass) experience greater and
lesser curvature, respectively, and so
fail to be detected.

By changing the magnetic field, charged
particles of different masses can be
focused on the detector to generate the
observed spectrum.
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Radioactivity and
Stability of the nucleus

Wilhelm Conrad Roentgen
1845-1923

Discovered x-rays - 1895

Barium
platinocyanide




Henri Becquerel (1852-1908)
Radiation activity, 1896

Uranium nitrate

Image of potassium uranyl
sulfate
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Ernest Rutherford (1871-1937)
a, B,y - 1903
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