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The structure of the atom and the periodic
properties of the elements
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Timeline of Atomic Theory

Democritus Michael Faraday  Robert Millikan Niels Bohr
~400 BC 1839 1909 1913

John Dalton  J.J. Thomson Ernest Rutherford de Broglie Schrodinger
1803 1896 1909 1924
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Democritus 400 BC

 He asked: Could matter be divided into
smaller and smaller pieces forever, or was
there a limit to the number of times a piece
of matter could be divided?

* His theory: Matter could not be divided into
smaller and smaller pieces forever,
eventually the smallest possible piece would
be obtained.

* This piece would be indivisible.

* He named the smallest piece of matter
“atomos” meaning “not to be cut”.
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This theory was 1gnored and forgotten for more
than 2000 years!

Why?

* The eminent
philosophers of the
time, Aristotle and

Plato, had a more Aristotle and Plato favored the earth, fire,

res_l:)ECtEd’ (and air and water approach to the nature of

ultimately wrong) matter. Their ideas held sway because of

theory. their eminence as philosophers. The
atomos 1dea was buried for approximately
2000 years.
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Dalton’s Theory
(18034 )
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J.J. Thomson 1897

Electrodes to Electrodes to
generate ray deflect ray
—_— e e,

Displacement

| Anode B

Voh::[ge L ?/

Cathode @ Evacuated tu be/

oy

/ Negative plate

\ I 1856-1940
| Nobel Prize in Physics 1906

Positive plate

Cathode ray

Cathode rays could be deflected, or bent, by magnetic or electric fields--cathode rays consist
of charged particles

Particles were emitted by the negatively charged cathode and repelled by the negative
terminal of an electric field-- the particles had a net negative charge; these particles are now
called electrons.

measuring the extent of the deflection of the cathode rays in magnetic or electric
fields of various strengths--calculate the mass-to-charge ratio of the particles
elm =1.76 X10" C-kg’
mass-to-charge ratio of cathode rays is independent of the nature of the metal electrodes or
the gas--which suggested that electrons were fundamental components of all atoms 8



Oil drop experiment Robert Millikan (1906)

X-ray to produce

charge on droplets
. . Charge in
Pinhole
kerap coulombs (C)
Oil sprayed
in fine droplets A 48x107°C
B g2 ig e
Oil atomizer =—
C 6.4x10°1°C
Telescopic D 16x10°C
eyepiece L S —
E 48x1079C

Charged oil droplet Electrically charged
under observation brass plate

-charged oil drops in electric field =p
-electric force opposed gravity — drop floats

-droplet charge in multiples of electron charge ge=1.6x1 019 C
-found electron mass by using g/m from Millikan
m,=9.11x10-31 kg very very small



Positively
charged \
matter -

Negatively
charged
electrons

Thomson’s Plum Pudding or Chocolate Chip Cookie
Model of the Atom. In this model, the electrons are
embedded in a uniform sphere of positive charge.



E. Rutherford

el o particle Gold atoms
ea - @
container \
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(b) What Rutherford expected if
Thomson's model were correct
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Positively . °
o \ Thin gold foil j T « . . .
Redium X _ i 2 It was almost as incredible as if
-, codaoms . you fired a 15-inch shell at a piece
L - . .
B . oftissue paper and it came back and
L
(a) Rutherford's experiment (c) What Rutherford actually observed hlt YOU-”

* Most of the positively charged “bullets” passed right through the gold atoms in
the sheet of gold foil without changing course at all.

* Some of the positively charged “bullets,” however, did bounce away from the

gold sheet as if they had hit something solid. He knew that positive charges
repel positive charges.

This could only mean that the gold atoms in the sheet were mostly open space. Atoms were not a
pudding filled with a positively charged material.

Rutherford concluded that an atom had a small, dense, positively charged center that repelled his
positively charged “bullets.”
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He called the center of the atom the “nucleus” @ —
o s
The nucleus is tiny compared to the atom as a whole. %Q
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Hydrogen Atomic Spectrum and Bohr Hydrogen Atom Theory
—. ARTFH
HEF BTEDTHKE. BIRERURE,

RES A — R B — MR MRF B 608 e, R
H IR 7 A R T R RE RS B

\ SR F I IERHIE:
Q_ﬁ  ~ O ik
- . Bl Bl / ]




SRR TR R E G -
CNEZIT) B, 8. = B REORS 60

4000 A 5000 6000 7000
| 1 I | i | 1 I I | ‘ 1 I ! | |

=

=
@

0
Q

2L
Q

T

I
o
Qo —
o
P

5000 6000 7000



CURZ LR AR

AW B
Pl 2 Ha
Jﬁﬂ?(n) 1

Hg Hy  Hpg Hey
4000 5000 8000 7000
K ()
e R WLFEIX, SEeitndeit i JUAR A 37 i Rt 23 40l Ho K
HE  Hy  Hs He ...
9 3 4 5
U Konm 656.279  486.133 434.048 410.175 397.009 .
n>5H) ik 2 25 45 H V‘] HE 13

M?I@J,%,LE AN AN EY IS I de

PLIX 45

1885$ R E/RZE (1.J. Balmer 1825-1898) K I, LK)

595 (n) L [BAFAEAR R 250 7 FE

A =364.56x

n’ —4

(nm)

n=3,4,5,6



H 4% (J.R. Rydberg 1854-1919)3C 2 /R E I AL 5 PRI
G5y 1NN CE | {1
v=—=R(—5-—
A n.=oon,

VIREE RoONBEESERE

PSR TR, HEN1.097X105em!, n N IE
B, Hn,<n,

o+ FHILLAN UG AN A6 0k 18 2R AT & AR EE T AR,
= n =20, B B 1) 2wl L6 El’]%é)%f \7'9 HURZE
R,




SETCERFHLRAR, B
A X B3 B (Lyman) 2, 7 DL IX B ER
3 (Balmer) &, 214X HIMEAR (Paschen)
A 13K ﬁ ¢ (Brackett) 2 1 35 15
(Pfund) Z. 1E17] — 2K 8% 22 I3 B (wave
number) &R /& B P Z 56 o8 R T\

n:izs
Bra_ckett 1 1
ﬁ:lzs‘” V = ROO 5 — 5
n n

RABEER R, n,KTn,, “HH RS KHIEZLL
HE&FH n IRWFELTR:

The allowed values for » in above equation @J ﬁnt Xt T Balmer 2)%/% ) Ab 2
| |
Name " " v =3.289 1015(? ——)s
n
Lyman series 1 2,34,... _
Balmer series 2 3,4,5,... " _ 3 Zl: (H )
Paschen series 3 45,6.... n=4 " (Hﬂ )
Brackett series . n=5 WE ( H,)
. 5,6,7,...
Pfund series s n==~6 g (H(s )
6,7,8,...



é_—lxi Y _Lﬁééﬁ_ii’/t\t
T I R L

T AR e R

B | ovsnrromx
D | s s



F— UV ——Visible ~ Infrared
6000 K
AT

[\

|IIII \

|III \'\

I.'I \ ' Classical prediction
| \ . 6000 K
II| \.\.
| seook  \
| N\

\
\\_\

Radiation intensity

4000 K
T | T ] T
500 1000 1500 2000 2500 3000
Wavelength (nm)
| A p| B
E FE forv>w,
o o
& 2
F <
2 g
[ %] [
[ o
= 5
L
Light Intensity

Light Frequency




¥ /R¥Eie (Bohr’s Model, 1913)
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O R (stationary state):
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§11.3.2 AIAEIRIE (The Uncertainty Principle)
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§11.4 S§EFHEFNFEREE! (Quantum Mechanical Model

T

of Hydrogen Atom)
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s orbitals

! I | Top: The electron probability
// . AN . Density as a function of r.

Middle: The pattern of dots
represents the electron probability
in a plane with the nucleus at its
center. The closer the spacing
between dots, the higher is the

i Probability of finding an electron.
\.) \@) | Bottom: A spherical envelope
/ containing 90% of the electron
(@) Is (b) 25 (€) 3s charge density or a 90% probability
of finding an electron.
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2p orbitals

-~

&N

(a) (b) (c)

(a) Thevalue of @w2is zero at the nucleus, rises to a maximum on either side, and then

falls off with distance (r) along a line through the nucleus (i.e. along the x, y, or z
axis).

(b) The dots represent electron probability in a plane passing through the nucleus,
e.g., the xz plane.

(c) Electron probability represented in 3D. The greatest probability of finding an
electron is within the two lobes of the dumbbell-shaped region.
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Oven Slit Magnet Detector

The Stern-Gerlach experiment (1920)

Ag atoms vaporized in the oven are collimated into a beam by the slit,
and the beam is passed through a nonuniform magnetic field. The beam
splits in two. (The beam of atoms would not experience a force if the
magnetic field were uniform. The field strength must be stronger in
certain directions than in others. 81
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(Electron Configurations in Atoms)
1. HFHEiE (Electron spin)

classical  Stern-Gerlach Experiment (1921)
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(electron spin quantum number)
b. BUE, +1/28-1/2

(2) ZET A &Schrodinger’s wave equationfif i
W IR G

(3) RS T FE BRI T4 & 7L

n. I. m- Fmg




2. HETH

7 TR )

(The principle of electron configurations)
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