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ATTO TNV €1TOXN
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H ATOMIKH YIIO®OEXZH TOY AHMOKPITOY
(400 7.X.)

*H UANn atroteAcital atrd HIKPOOKOTTIKA, adpaTa CWHATIOIA,
TQ OTTOIa OEV PTTOPOUV Va dlaoTTacBouv o€ JIKPOTEPQ
owparTidla.

*Ta cwpaTidla dlaPEPouV WC TTPOC To HEYEBOC, TO oXAMA
Kal To BApoc.

*YTTAPXEI KEVOG XWPOG METACU TWV CWHATIOIWV.

*Ta cwpaTidla BpiokovTtal 0€ OUVEXN Kivnon HECA OTOV
KEVO XWPEO KAl OUYKPOUOVTAI HETACU TOUC.

*MeTd Tn oUyKpOUON Ta GTOUA UTTOPOUV Va ATTOXWPICTOUV?

N va evwoouv. % .



I2TOPIKH ANAAPOMH

APIZTOTEAHZ...
ATTEPPIYE TNV ATOMIKNA UTTOBEON

... 2000 xpévia (MEZAIQNAY). ..

Arouikn Oswpia — John Dalton ~ 1§




John Dalton Atomic Model

* Elements are made of extremely small particles
called atoms

* Atoms of a given element are identical in size,
mass, and other properties.

* Atoms cannot be subdivided, created, or destroyed

* Atoms of different elements combine in simple
whole number ratios to form chemical compounds

* In chemical reactions, atoms are combined,
separated, or rearranged.




Dalton’s Atomic Theory

Carbon monoxide
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Carbon dioxide
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Law of Multiple Proportions
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Law of Conservation of Mass



I2TOPIKH ANAAPOMH

» 1897: avakaAuyn Tou nAekTpoviou (Thomson)

TO JOVTEAO TOU
«OTAPIOOYWHOU»

> 1911: avayvwpidetal n UTTAPEN TTUPN VA OTO
ATOHO, O OTTOIOG ATTOTEAEI TO HEYAAUTEPO
TTO000TO TNG MAdag Tou, Kai gival BeTIKG
popTiopévog (Rutherford)

> 1932: avakaAuwn Tou veTpoviou (Chadwick) | U




Cathode Ray Tube

Cathode

Fluorescent screen

High voltage

J.J. Thomson, measured mass/charge of e
(1906 Nobel Prize in Physics) ¢



Thomson’s Model

Positive charge spread
over the entire sphere
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Rutherford’s Experiment

(1908 Nobel Prize in Chemistry)

Gold foil
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Detecting screen

a particle velocity ~ 1.4 x 10" m/s
(~5% speed of light)

1. atoms positive charge is concentrated in the nucleus
2. proton (p) has opposite (+) charge of electron (-)
3. mass of p is 1840 x mass of e (1.67 x 1024 g)
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ATOMIKO MPOTYMNO Rutherford

*Ta ATOMO £XOUV TTUPNAVA, O OTTOIOG Eival OETIKA
POPTICHEVOG, KATOAAMBAVEI TTOAU MIKPO OYKO,
OAAQ TTEPIEXEI TO MEYOAUTEPO TTOOOOCTO TNG
MAlag Tou atouou (~99,5%).

glec

trons

*Ta NAEK?
TOV BETIK

'Upw ATTo




AOMH TOY ATOMOY

Mpwrtodvio )

BETIKG QOPTIOHEVO CWHATIOIO
m = 1,67252x10%* g
q=1,6022x10"°C

Approximately 107%m

> Mupiivag
NeTpovio

NAEKTPIKG OUBETEPO CWHATIOIO
m = 1,6749x1024 g

q=0C _/

HAEKTPE}VIO Proto l MNeutron
APVNTIKA QOPTICHEVO CWHATIOIO W

m = 9,1093897x10-% g ]

q= 1,6022)(10'19 C Approximately 107° m



ATOMIKO MOVTEAO
Rutherford

/Prntun
Neutron

ATopIkA akTiva ~ 100 pm =1 x 1019 m

Mupnvikn akTiva ~5x 103 pm =5 x 10-1°m



AOMH TOY ATOMOY

ATOMIKOG apIOuoG (Z)

apPIBuOG TTPpWTOVIWY TOU TTUPAVA HOGIKOG oy 12 ﬁ
apiBpog

Madikog ap1Buog (A) aroués _y &

APIBUOG TTPWTOVIWV Kl VETPOVIWV apiBpog

TOU TTUpva

looToTTO

ATOHO TWV OTTOIWYV OI TTUPHVES £XOUV TOV iB10 ATOMIKO, aAAd
OI10POPETIKO palikd aplOud

2o 4o

Gvepakag-12 dvepakac-13 GvBpakag-14
98,9% 1,1% <0,1%
6 TTpwToVIa 6 TpwTovIa 6 TTpwWToHVIa

6 veTpovia 7 veTpoOvIa 8 veTpovia




Chadwick’s Experiment (1932)
(1935 Noble Prize in Physics)

dloms - 1 p, Ae aloms - £ p

mass He/mass H should = 2

measured mass He/mass H =4

o +°Be —— 'n+12C + energy
neutron (n) is neutral (charge = 0)

n mass ~p mass = 1.67 x 10-%* g
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TABLE 2.1 Mass and Charge of Subatomic Particles

Charge
Particle Mass (9) Coulomb Charge Unit
Electron* 9.10938 x 10~ * —1.6022 x 1077 —1
Proton 1.67262 X 10~ +1.6022 x 107" +1
Neutron 1.67493 x 10~ 0 0

*More refined measurements have given us a more accurate value of an electron’s mass than Millikan’s.

mass p = mass n = 1840 x mass e-
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Atomic number, Mass number and Isotopes

Atomic number (Z) = number of protons in nucleus
Mass number (A) = number of protons + number of neutrons
= atomic number (Z) + number of neutrons
Isotopes are atoms of the same element (X) with different

numbers of neutrons in their nuclei

Mass Number—— A

Atomic Number—— ZX Element Symbol

H  TH([D) H(T)

235 U 238 U
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The Isotopes of Hydrogen
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.14
How many protons, neutrons, and electrons are in ;C ?

.11
How many protons, neutrons, and electrons are in ;C ?
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The Modern Periodic Table

1 18
1A 8A
L 13 14 15 617 |

3A 4A 5A 6A  TA
5 7 8 1
B {: N 0 i‘
3 4 5 6 7 8 9 10 11 12 :1 : 1; lsﬁ |
3B 4B 5B 6B 7B | 8B | IB 2B
21 22 26 27 28 29 30 31 33 34
Sc Ti Fe Co Ni Cu Zn Ga As Se
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39 40 44 45 46 47 48 49 51 52
Y Zr Ru | Rh | Pd | Ag | Cd In Sh Te
55 6 57 72 73 74 75 76 77 78 79 80 81 83 84 8
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ctals Ce | Pr | Nd | Pm | Sm | Eu | Gd | Tb | Dy | Ho | Er | Tm | Yb | Lu
Metalloids 90 91 92 93 94 95 96 97 98 99 100 101 102 103
etallods Th Pa U Np | Pu | Am | Cm | Bk Cf Es | Fm | Md | No Lr
Nonmetals
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Chemistry In Action

Natural abundance of elements in Earth’s crust cus
e N\
All others 5.3%

Mantle

Aluminum 8.3% E ;

2900 km 3480 km

Natural abundance of elements in human body

Oxyegen All others 1.2%
6%(% = 1ol Phosphorus 1.2%

~——Calcium 1.6%

~Nitrogen 3%

\ Hydrogen 10%
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Mopio (molecule) is an aggregate of two or more atoms in a
definite arrangement held together by chemical forces

@
o P “®s
H, H,O NH, CH,

A diatomic molecule contaigs onlv two atoms

H|[2A 3A4ASABATA[ |
N|[O|F
Cl
Br

H2, N2, 02, Brz, HCI, CO 1

diatomic elements

A polyatomic molecule contains more than two atoms
O3, H,0O, NH;, CH,
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An ion is an atom, or group of atoms, that has a net
positive or negative charge.

cation — ion with a positive charge

If a neutral atom loses one or more electrons
It becomes a cation.

11 protons 11 protons
11 electrons 10 electrons

anion — ion with a negative charge

If a neutral atom gains one or more electrons
it becomes an anion.

17 protons 17 protons
17 electrons 18 electrons




A monatomic ion contains only one atom
Na*, Cl, Ca2*, O%, Al3*, N3-

A polyatomic ion contains more than one atom

OH-, CN-, NH,*, NO,-
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Common lons Shown on the Periodic Table

1A

2 13 14 15 16 17

2A 3A 4A S5A 6A A

Li* C+ | N> | 0> | F

Nat | Mg?* 3 4 5 6 7 8 9 10 11 12 AP p3- S3- Cl-

3B 4B 5B 6B 7B | 8B | 1B 2B

Cr** | Mn** | Fe** | Co** | Ni** | Cu* 3 _

| e Cr¥* | Mt | Fe* | Co™* | Ni+ | cu+ | 20 S |
2+

Rb* | Si2* Agt | Ca?* gﬁﬂ Tex | I
Au* | Hg?* Ph2+
Cs* Baz+ Au3+ Hg§+ Pb-1+
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How many protons and electrons are in 12§AI 9

How many protons and electrons are in 53Se*?
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Formulas and Models

Hydrogen Water Ammonia Methane
Molecular H, H,0 NH; CH,
formula - - :
Structural H—H H—O—H
formula

model

Bl andsick o ¥
oo O © Q‘

Space-filling
model




A molecular formula shows the exact number of
atoms of each element in the smallest unit of a
substance

An empirical formula shows the simplest
whole-number ratio of the atoms in a substance

molecular empirical
H,O H,O
O, O

N,H, NH,
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ionic compounds consist of a combination of cations
and an anions

« The formula is usually the same as the empirical formula

* The sum of the charges on the cation(s) and anion(s) in
each formula unit must equal zero

The ionic compound NaCl




1A 8A

2A 3A 4A 5ABA 7A
Li N|IO|F
Na|vg Al S [ Cl
K|Ca Br
Rb|Sr I
Cs|Ba
The most reactive (green) and the most reactive

(blue) combine to form ionic compounds.
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Formula of lonic Compounds

2x+3=+6 3x-2=%
Al,O,

Al 0%
Tx42=42  2x-1=22
CaBr,

Ca’* Br-
Tx+2=42  1x-2=22
Na,CO,
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Chemical Nomenclature

* lonic Compounds
— Often a metal + nonmetal
— Anion (nonmetal), add “ide” to element name

BaCl, barium chloride
K,O potassium oxide
Mg(OH), magnesium hydroxide

KNO, potassium nitrate

33



* Transition metal ionic compounds
— indicate charge on metal with Roman numerals

3B 4B5B 6B 7B —8B— 1B 2B

FeCl, 2Cl -2soFeis +2 iron(ll) chloride
FeCl; 3CI -3soFeis +3 iron(lll) chloride

Cr,S; 3S2-6s0Cris+3(6/2) chromium(lll) sulfide
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TABLE 2.2 The “-ide” Nomenclature of Some Common Monatomic Anions

According to Their Positions in the Periodic Table

Group 4A Group 5A Group 6A Group 7A

C carbide (C*7)* N nitride (N°7) O oxide (O”7) F fluoride (F)

Si silicide (Si*7) P phosphide (P°7) S sulfide (§77) Cl chloride (C17)
Se selenide (Se*") Br bromide (Br )

Te telluride (Te*") I iodide (I")

*The word **carbide™ 1s also used for the anion C%_.
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TABLE 2.3

Cation

Anion

aluminum (AF")

ammonium (NHJ)

barium (Ba®")

cadmium (Cd*")

calcium (Ca*")

cesium (Cs™)

chromium(IIl) or chromic (Cr'™")
cobalt(I) or cobaltous (Co>")
copper(I) or cuprous (Cu™)
copper(Il) or cupric (CuH)
hydrogen (H")

iron(Il) or ferrous (Fe>™)
iron(I1I) or ferric (Fe*™)

lead(Il) or plumbous (Pb*")
lithium (Li*")

magnesium (Mg”")
manganese(Il) or manganous (Mn“)
mercury(l) or mercurous (Hg%*)*
mercury(ll) or mercuric (Hg“)
potassium (K*)

rubidium (Rb™)

silver (Ag")

sodium (Na™")

strontium (Sr° )

tin(Il) or stannous (Sn>")

zine (Zn>")

*Mercury(l) exists as a pair as shown.

bromide (Br )

carbonate (CO§*)

chlorate (ClOy)

chloride (Cl)

chromate (CrOﬁf)

cyanide (CN )

dichromate (Cr,03")
dihydrogen phosphate (H,PO, )
fluoride (F )

hydride (H )

hydrogen carbonate or bicarbonate (HCO;)
hydrogen phosphate (HPO3 )
hydrogen sulfate or bisulfate (HSO, )
hydroxide (OH )

iodide (1)

nitrate (NOy)

nitride (N°7)

nitrite (NO, )

oxide (0*)

permanganate (MnOy )
peroxide (037)

phosphate (PO; ")

sulfate (SO;)

sulfide (8°7)

sulfite (SO3 ")

thiocyanate (SCN )
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« Molecular compounds

— Nonmetals or nonmetals + metalloids

— Common names
— HzO, NH3, CH4, Prefix Meaning

- Element furthest to the left in a period ';0“0'
and closest to the bottom of a group on .

tri-
periodic table is placed first in formula et

penta-

— If more than one compound can be
formed from the same elements, use hepta-
prefixes to indicate number of each kind octa-
of atom nona-

. . deca-
— Last element name ends in ide e

hexa-

0 3 N O B LN =

—
o O
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HI
NF,
SO,
N,Cl,
NO,
N,O

Molecular Compounds

hydrogen iodide
nitrogen trifluoride
sulfur dioxide
dinitrogen tetrachloride

nitrogen dioxide

dinitrogen monoxide
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Compound

lonic Molecular
Cation: metal or NH}} * Binary compounds
Anion: monatomic or of nonmetals
polyatomic
Naming
Cation has Cation has more * Use prefixes for
only one charge than one charge both elements present

(Prefix “mono-"
usually omitted for

¢ Alkali metal cations ¢ Other metal cations -
e Alkaline earth metal cations the flbl‘ St_ eliment)
« AT, AIPY, Ca?, Zn?t * Add “~ide” to the
; root of the second
Naming element
Naming :
« Name metal first
* Specify charge of

¢ Name metal first metal cation with

e [f monatomic anion, Roman numeral
add “~ide” to the in parentheses
root of the element ¢ [f monatomic anion,
name add “—ide” to the

« If polyatomic anion, root of the element
use name of anion name
(see Table 2.3) e If polyatomic anion,

use name of anion
(see Table 2.3)



An acid can be defined as a substance that yields
hydrogen ions (H*) when dissolved in water.

For example: HCI gas and HCI in water

*Pure substance, hydrogen chloride HCI .

v

Dissolved in water (H;O0*" and CI7),
hydrochloric acid

CI

40



TABLE 2.5 Some Simple Acids

Anion Corresponding Acid
F~ (fluoride) HF (hydrofluoric acid)
Cl (chloride) HCI (hydrochloric acid)
Br (bromide) HBr (hydrobromic acid)
I (1odide) HI (hydroiodic acid)
CN™ (cyanide) HCN (hydrocyanic acid)

S*” (sulfide) H,S (hydrosulturic acid)

41



An oxoacid is an acid that contains hydrogen,

oxygen, and another element. 6°

HNO, nitric acid o» 'S

s _®
H,CO, carbonic acid @ o o

@
. . (™

H3PO4 phosphoric acid o "
.
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Naming Oxoacids and Oxoanions

Oxoacid

per— —ic acid

T + O]

Reference “—ic” acid

l —[O]

“—ous” acid

l —[O]

hypo— —ous acid

Removal of

all HT ions

Oxoanion

per— —ate

—ate

—ite

hypo— —ite
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The rules for naming oxoanions, anions of
oxoacids, are as follows:

1. When all the H ions are removed from the
“-Ic” acid, the anion’s name ends with “-ate.”

2. When all the H ions are removed from the
“-ous” acid, the anion’s name ends with “-ite.”

3. The names of anions in which one or more
but not all the hydrogen ions have been
removed must indicate the number of H ions
present.

For example:

— H,PQO, dihydrogen phosphate
— HPO, % hydrogen phosphate
— PO,* phosphate
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TABLE 2.6 Names of Oxoacids and Oxoanions That Contain Chlorine

Acid

Anion

HCIO, (perchloric acid)
HCI1O; (chloric acid)
HCIO, (chlorous acid)
HCIO (hypochlorous acid)

ClO, (perchlorate)
ClO5 (chlorate)
ClO, (chlorite)
ClO ™ (hypochlorite)
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A base can be defined as a substance that yields
hydroxide ions (OH-) when dissolved in water.

NaOH sodium hydroxide
KOH potassium hydroxide
Ba(OH), barium hydroxide
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Hydrates are compounds that have a specific
number of water molecules attached to them.

BaCl,*2H,0 barium chloride dihydrate
LiCleH,0O lithium chloride monohydrate
MgSO,+7H,0 magnesium sulfate heptahydrate

Sr(NO;), *4H,0 strontium nitrate tetrahydrate

CuSO,+5H,0 — @8




TABLE 2.7

Formula Common Name Systematic Name

H,O Water Dihydrogen monoxide

NH; Ammonia Trihydrogen nitride

CO, Dry ice Solid carbon dioxide

NaCl Table salt Sodium chloride

N,O Laughing gas Dinitrogen monoxide
CaCOx Marble, chalk, limestone Calcium carbonate

CaO Quicklime Calcium oxide

Ca(OH), Slaked lime Calcium hydroxide
NaHCO; Baking soda Sodium hydrogen carbonate

Na,CO5- 10H,O
MgSO, - 7TH,O
Mg(OH),
CaSO, - 2H,0O

Washing soda
Epsom salt
Milk of magnesia

Gypsum

Sodium carbonate decahydrate
Magnesium sulfate heptahydrate
Magnesium hydroxide

Calcium sulfate dihydrate
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Organic chemistry is the branch of chemistry that
deals with carbon compounds

al Groups

methylamine acetic acid

6

® ¢ 9_6
®© 8¢ °“O°
O ¢ &

CH-,OH CH,COOH
3 CH;NH, ’ 40

methanol

-

¢




TABLE 2.8

Name Formula Molecular Model
Methane CH, &
.,
[
Ethane C,Hg ¢ @
» &
© ¢
Propane C3Hg a
e
Butane C,Hyy ¢ L"
L
u“ L
9 C
Pentane CsHyz ﬂ" (....
o | @
L 2 AN
C C ¢
Hexane CeHyy
R
Heptane CiHyg ¢ C 3 ¢
"'“2 @ Q o
Octane CyH g
Bgbybyby:
Nonane CyHy, “ ‘ & &
(_,, -
22 PeC
Decane CyyHas % %
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