Chapter 4: Atoms and elements

Laws: constant composition and conservation of matter
(1700s) k) Lovwrmmds have Gixed rati» of elements
Dalton's atomic theory: (early 1800s)
= Matter is made of indestructible atoms
= Atoms of one element are the same
= Atoms combine in simple ratios to make
compounds

Discovery of the electron: (J. J. Thomson, late 1800s)
= Cathode ray tube (beam of electrons)

Cathode rays

..

Partially evacuated
glass tube

High voltage
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Electrons

Figure 2.5: The Beam of Negative

Particles Bends Downward

Source: Photo by
James Scherer.
i Houghton Miffiin
Company. All
rights reserved,

Presaniation of Line Arl /lllusirations, 2a-10

Electrons are:
= the same no matter which substance they come
from.
= particles that are smaller than atoms.
= negatively charged.

.-J/-h ‘

Plum pudding model

Electron

Sphere of positive
charge
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Discovery of the nucleus

E\Lﬂ/\l 1o rA

Gold foil experiment: to test plum pudding model

Source

Expected: alpha particles
to fly straight through foil

Alpha-particles

\\

Plum ]'lm‘]ding
atom

(a) Butherford s eex{:l&'r;’rm:l recu it
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Actually: most went
straight through, but some
were strongly deflected.

Muclear
atom
e A

Mucleus @ Proton
@ Neutron

(k) Butherford’s actual result



Modern nuclear model of the atom

Conclusions:
= Atoms are mostly empty space
= Atoms must contain a dense positively-charged
core that is small but massive

Nucleus: Rutherford's name for the (+)-charged core of
the atom

Modern model of the atom:

Nucleus @ Proton
@ Neutron

Electrons

3 subatomic particles:

charge

+ protons p*

neutrons n°

- electrons e-
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Elements

The number of protons determines which
element an atom is.

Atomic number (AN) = # p* in nucleus

1s—o 6<—_
\\\ AN is found
H C T
on the
XXXX XXXX periodic table!
Hydrogen has | protons in its nucleus.

Carbon has protons in its nucleus.
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Periodic table

Dimitri Mendeleev CTOETHIE [IEFMOAMHECKOTO 3AKOHA
discovered that elements ' 'M_j;? )
with similar properties are y;?%m :

found every 8 elements ety
when put in order of '
atomic number.

He, Ne, and Ar are all unreactive gases
(atomic numbers 2, 10, and 18)

=
pE

I 2 3 4 5 b 7 i b (1] It 12 I3 i 15 l6 17 18
H! | He |VEH ["Be’| B C N | O F | MNe | MNa|Mg| Al | 5i P 5 | G | Ar

—_— | e

— —
— | —

EH%"—"‘-‘-—._L-—-'-'"J

[ Elements with similar properties recur in a regular pattern. ]

A Simple Periodic Table

. . H He
Periodic table:

3. 4 5 6ﬂ 'f“ 8 9 10
o Columns = groups LifBe| B |C|N|OJF |Ne
. 11 12 13 14 15 16 17 18
or families (18 groups) |[Na|Mg| Al |Si| P | S |Cl]Ar

19 20

o Rows = periods (7) K | Ga

Elements with similar properties
fall into columns.
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Sections of periodic table

‘e

Main group A W YomMan pum . 6”"‘? #‘r
Transition elements "B

Inner transition elements below vest of Jable

Metals: Comductors (glectricity/lact) M)
malleable, duchle except Hy (o)
Nonmetals: ]V\Snl«’rofs, dul , brcttle

GM (S\ ov (9) exceP‘I' Br(ﬂ)
Metalloids:  ¢owbimation o rnrq\h‘es

S * Ge ave Semiconducters

VEi | 72 N Kt

Periodic Table of the Elements

I 1 2 3 4 5 6 7 8 9 10 1 12 13 14 15 16 (s 18

IA A e VB vBe viB viB viie viie viie 1B A IVA.J VA VIA VIA VIHIA

1 Ill_’f An 0 ( g 2

| n e ST main group —— g nowmetals | 2

onm ete

1.008 4.003

Er’ 4 2 (G/, 7 8 9 10

2 Li | Be — () N O|F | Ne

6.939 | 9.012 'ITAM g(»h Iine (e e Vd'.s. 1081 | 12.01 | 1401 | 16.00 | 19.00 | 20.18

1" 12 13 15 16 17 18

3| Na | Mg Al @ P | S |Cl| Ar

2299 | 24.31 26.98 9 | 30.97 | 32.07 | 3545 | 39.95

19 20 2 22 23 24 25 26 27 28 29 30 31 34 35 36

° . -

£+ K |Ca Sc | Ti |V |Cr | Mn|Fe|Co | Ni |[Cu|Zn|Ga @ -@ Se | Br | Kr

o 39.10 | 40.08 4496 | 4790 | 50.94 | 52.00 | 54.94 | 55.85 | 58.93 | 58.69 | 63.55 N 65.38 169.72 | 7261 J 7492 | 78.96 | 79.90 | 83.80

37 38 39 40 a1 42 43 44 45 46 48 49 50 52 53 54

wa}rr

5/ Rb | Sr Y | Zr [Nb |Mo | Tc | Ru | Rh IW\- In | Sn e | | Xe

85.47 | 87.62 88.91 | 91.22 | 92.91 | 95.96 (98) 101.07 | 102.91 106& 7.87 | 112.41f) 114.82 | 118.71 | 121.75 60 | 126.90 | 131.29

55 56 57-70 7 72 73 74 75 76 77 ﬁ 79 80 81 82 83 84 85 86

6| Cs | Ba Lu | Hf | Ta | W | Re | Os K Pt | Au | HgJl Tl | Pb | Bi | Poj At | Rn

132.91 | 137.33 174.97 | 178.49 | 180.95 | 183.84 | 186.21 | 190.23 | 1 195.08 | 196.97 | 200.59,204.38 | 207.2 | 208.98 | (209) (210) (222)

87 88 89-1 103 104 105 106 107 108 109 110 111 112 113 114 115 116 117 118

7| Fr | Ra L Lr | Rf | Db | Sg | Bh | Hs | Mt | Ds | Rg | Uubfl Uut | Uuq | Uup | Uuh Uuo

(223) (226)/ 257) | (261) | (262) | (271) | (@72) | (270) | (276) | (281) | (280) | (285)@ (284) | (289) | (288) | (292) (294)
. 57 58 59 60 61 62 63 64 65 66 67 68 69 70
nner - *apla | Ce | Pr [Nd ([Pm |Sm | Eu |Gd | Tb | Dy | Ho | Er | Tm | Yb
.\.v_ o 138.91 | 140.12 | 140.91 | 144.24 | (147) | 150.36 | 151.96 | 157.25 | 158.93 | 162.50 | 164.93 | 167.26 | 168.93 | 173.04
a hg { f I OM 89 20 91 92 923 94 95 96 97 98 99 100 101 102
elewoyt Ac | Th |Pa| U |Np | Pu Am | cm | Bk | cf | Es | Fm | Md | No
MQVI S (227) | 232.04 | 231.04 | 238.03 | (237) | (244) | (243) | (247) | (247) | (257) | (252) | (257) | (258) | (259)

Reference: http://www.webelements.com
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Some important groups

IA: alkali metals L Na,
ol veactive w/ H,0
lIA: alkaline earth metals
bum W/ ‘or('c)m' WIM'T? ”aw\e
VIIA: halogens

(VM rs of 4'\'m_;~>
F'z 3 sz (3) F~E

Br, (1)
T, ()

VIIIA: noble gases  unreactive (‘memL)
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lons

lons: charged atoms or molecules
Saww -ﬂf b e : \/\Qh—"h‘d O\'f‘ow

P+

lo e ~+

no Ntx ,_,5 \e + Na
‘e ~ 0\+ow\ ion
”r “f+

lle [De”

Stable ions have the same # electrons as the...
Wearest noble 9as

Valence electrons: Dld?\rms—f electrouns

by ‘rzstg[\,le for Ceactjviy
V“mv\\em?uﬁ\fs = ”\\T‘OM‘) ‘.li (rbwww\ mum)

Main-group metals: loge fhetr valevice electrous
?03}{1\\]6 tons

%f«b(e:/’ A A Il

Ions Li + Ble
Na® M:rg,rr Al%Y
kKt  ca*" Ga
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lons

Metallic elements are... V\evc}w\j 3
VstdAAJ umsfab(e (reacjr.‘./e)
Metals in compounds are... + stable ions

(gpr———0

Nonmetals: %aiv\ ¢~ o form S'We 1015

F+e —F

VA VIA VIIA VIILA
N> 0o F™ (Ne)
p?"  52- cl—

Selp Br—

&, C\MW]@ - ‘hvfoot\rﬂ — ¥
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Mass number

Atomic § = H fro'\‘ons
MasS H = #F+ + Hn

carbon-12: =HL\; = b

PN e b
1 - m
carbon-13 :ﬁf*: L
T
T;MM .

. . Same H
Isotopes: versions of an atom with the... Jittovan e

Sawe ANI dif€event MN

3 naturally-occurring isotopes of carbon:

[soTope
Isotope name AN MN #p* #n° #e S:/:nrbol
carbon-12 G L kb b 6 ¢
carbon-13 6 13 6 1 0 cC
carbon-14 b 1 6 8 b &

S——

WS 2 0 button in

| D™ me VN Efsqu
isotope symbol: AN |
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Isotopes

An atom has 11 protons and 12 neutrons

AN = ||

MN=173 = Hp * Hin
isotope name = Sod ium— 23
isotope symbol = TNa

#te if neutral = ||

#e if stable ion = (D (l\)a‘r)

Mass number:

will cover
Atomic mass: Mon Felo KI
Atom MN atomic mass
carbon-12 12 exactly 12 amu

carbon-13 13 13.00335amu
magnesium-24 24 23.98504 amu
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Atomic mass

A sample of natural carbon contains...
98.9% carbon-12
1.1% carbon-13

trace carbon-14

Atomic mass of "natural carbon":

On periodic table:

6
C
12.01

Mass number is NOT on the periodic table!
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