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The modern periodic table.

MAIN-GROUP MAIN-GROUP
ELEMENTS ELEMENTS
1A 8A
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! d [ Metals (main 2
——— Atomic number -group)
1 (|)-|08 2A | f & [ Metals (transition) 3A | 4A | 5A | 6A | 7A 4He3
- ) Be — Atomic symbol [__1 Metals (inner transition) (13) | (14) | (15) | (16) | (17) 00
a | 4 . [ Metalloids 5 [ 6 | 7 | 8 | 9 [ 10
Li Be B, 1omic mass (amu) 1 Nonmetals B C N o F Ne
6.941 | 9.012 | - 10.81 | 12.01 | 14.01 | 16.00 | 19.00 | 20.18
11 12 |r TRANSITION ELEMENTS NIEE 14 15 16 17 18
Na | Mg | 38 | 48 | 5B | 6B | 7B | 8B \ 1B | 28 [ AL} Si | P S | Cl | Ar

22992481 3 | @ | & | ©® | 0 | ® (9 (10) | (11) | (12) [26.98|28.09 | 30.97 | 32.07 | 35.45 | 39.95

19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36

K Ca Sc Ti A\ Cr Mn Fe Co Ni Cu Zn Ga Ge As Se Br Kr
39.10 | 40.08 | 44.96 | 47.88 | 50.94 | 52.00 | 54.94 | 55.85 | 58.93 | 58.69 | 63.55 | 65.41 | 69.72 | 72.61 | 74.92 | 78.96 | 79.90 | 83.80

37 38 39 40 4 42 43 44 45 46 47 48 49 50 B 52 53 54

Rb | Sr Y Zr | Nb [ Mo | Tc | Ru [ Rh | Pd | Ag | Cd In Sn | Sb | Te | Xe
85.47 | 87.62 [ 88.91 [ 91.22 [ 92.91 [ 95.94 | (98) | 101.1 | 102.9 | 106.4 | 107.9 | 112.4 | 114.8 | 118.7 | 121.8 | 127.6 | 126.9 | 131.3
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Cs | Ba | La Hf Ta w Re | Os Ir Pt Au | Hg TI Pb Bi Po At Rn
132.9 | 137.3 | 138.9| (178.5| 180.9 | 183.9 | 186.2 | 190.2 | 192.2 | 195.1 | 197.0 | 200.6 | 204.4 | 207.2 | 209.0 | (209) | (210) | (222)
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Fr | Ra | Ac |Rf | Db | Sg | Bh | Hs | Mt | Ds | Rg | Cn
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/ ‘__~“~~—‘_§_
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Lanthanides | Ce Pr Nd | Pm | Sm | Eu | Gd | Tb Dy | Ho Er | Tm | Yb Lu
140.1 | 140.9 | 144.2 | (145) | 150.4 | 152.0 | 157.3 | 158.9 | 162.5 | 164.9 | 167.3 | 168.9 | 173.0 | 175.0

90 91 92 93 94 95 96 97 98 99 100 | 101 102 | 103

Actinides Th Pa U Np | Pu | Am | Cm | Bk Cf Es | Fm | Md | No Lr
232.0 | (231) | 238.0 | (237) | (242) | (243) | (247) | (247) | (251) | (252) | (257) | (258) | (259) | (260)

Silberberg, M., & Amateis, P. (2014). Chemistry The Molecular Nature of Matter and Change: McGraw-Hill Science.



Atomic Mass

How Much Do Atoms Weigh?




Atomic mass

Atomic mass (sometimes called atomic weight) is the mass of an
atom in atomic mass units (amu)

6~—
C
12.01+

Atomic

number By definition:
1 atom 2C “weighs” 12 amu

Atomic
Mass

On this scale
1H=1.008 amu
160 = 16.00 amu

Chang, R. Chemistry; McGraw-Hill, 2010.



Atomic mass unit

An atomic mass unit (amu) is defined as the mass of 1/12 the
mass of 1 carbon-12 atom. The relative masses of atoms are
internationally agreed upon and universally accepted.

1

amu = — mass of C-12 one atom

12

1amu=1.67x10% g

Atoms have very tiny masses so scientists made a unit to
avoid using very small numbers

Chang, R. Chemistry; McGraw-Hill, 2010.



Periodic Table of the Elements

1A VIIIA
1 241 2
H He
oos | NIA atomic number — |14 12 | electronegativity A IVA VA VIA VIIA | 400
3 104 15 Si ‘(_SYITIbOL i 5 20|66 25|7 308 35(9 40|10
- Silicon ACK = S0l

Li Be atomic weight — | 28.09 white = synthetic B C N (0] F Ne
Lithium Beryllium red = gaseous Boron Carbon Mitrogen Coygen Fluarine Meaon
6.941 | 9.012 b‘H;: liquid 10.81 12.01 14.01 16.00 | 19.00 | 20.18
11 08|12 12 (250 C, 1qa:m.1 13 15|14 1.8 16 21(16 25|17 30|18
Na | Mg Al | Si P S | Cl | Ar
2290 | 2451 | B _IVB VB VIB VB VIIB VIIB VIIB 1B 1B | 7858 | 2800 | 3097 | 32.07 | 3545 | 39.95
19 08|20 1021 13|22 15|23 16|24 16|25 15|26 18|27 18|28 19|29 19|30 16|31 16|32 18|33 20|34 24|35 28|38

K| Ca|Sc | Ti |V Cr Mn| Fe |Co | Ni [ Cu|Zn | Ga|Ge|As | Se | Br | Kr
Potassium Calcium Scandium Titanium Wanadium Chromium Manganese Iren Cobalt Micksl Copper Znc Gallium Germanum Arsenic Selenium Bromine Krypion
3810 | 4008 | 4496 | 4758 | 5094 | 5200 | 5494 | 5585 | 5893 | 5869 | 6355 | 539 | BOT2 | 7261 | 7402 | 7896 | 7990 | 8380
37 0838 10|39 1240 1441 16|42 1843 19|44 22|45 22|46 22|47 19|48 17(49 17|50 18|51 1852 21|53 25|hH4
Rb| Sr | Y | Zr Nb Mo|1le | RU|Rh|Pd Ag|Cd| In | Snh | Sb | Te | Xe
Rubidum Strontium Yitrium Zirconium MNiobium Moybgznum | Technefium | Ruthenium Rhodium Palladum Siver Cadmium Indum Tn Antimony Tellurium lzdine Xenon
8547 | 8762 | 8891 | 91.22 | 9291 | 9594 98 101.1 1029 | 1064 | 107.9 | 1124 | 1148 | 1187 | 121.8 | 1276 | 126.9 | 131.3
55 07|56 09|57 14472 13|73 15|74 17|75 19|76 22|77 22|78 22|79 24(80 19|81 18|82 18(83 19|84 20|85 22|88
Cs | BajlLa  Hf | Ta| W | Re| Os | Ir | Pt  Au|Hg | Tl | Pb | Bi | Po | At | Rn
Cesium Barum Lanthanum Hafnium Tantalum Tungsten Rhenium Osmium ridium Plafinurm Gold Mercury Thallium Lead Bismuth Polonium Astaiine Radaon
1329 [ 1373 | 1389 » 1785 | 1809 | 1839 | 186.2 | 1902 | 1922 | 1951 197.0 | 2006 | 2044 | 207.2 | 2080 209 210 222
87 07|88 09|89 13104 105 108 107 108 109 110 111 112 113 114 115 116 117 118
Fr |Ra | Ac . Rl | Db | Sg | Bh | Hes | Mt | Ds | Rg |Uub | Uut |Uug |Uup | Uuh | Uus |Une
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Question | Atomic mass

1) What is the mass (in grams) of one Ag atom?

Silver
107 8682

2) What is the mass (in grams) of one iodine (I) atom? (atomic mass = 127)

e

\\[E'('-:‘m'\J

S
l

1%

Toaine

12620447




AowuuwAasdv lua (nausau)

O s:kw309nKous3an 1 3uou 10 u Vs Gidu 1 Twa o:lsuinnfu

Q mKINAovMs Cu (copper) 1 lwa dovMmoegvls

d wminowsagrluanu 1 lwa dovnoevls

10



M O L E

AvogadrosNumber

and
Molar mass of Elements




Mole (A unit to count numbers of particles)

7,
&/

New definition of Mole (Jan 2018) Dozen =12

The mole, symbol mol, is the SI unit of amount of substance.
One mole contains exactly 6.022 140 76 x 1023 elementary entities.

This number is the fixed numerical value of the Avogadro constant,
N,,and is called the Avogadro number.

1 mol = N, = 6.02 x 102 entities
\ J

|
Avogadro number

12
https://iupac.org/new-definition-mole-arrived/ (Oct 2019)



Relationship between mole and number of atom/molecule

Cu atom
mass 63.5

O

Culatom=63.5amu

Tmoleof Cu=63.5g

Copper 1 atom hasmass  63.5x1.67x10?%

g

Copper 6.02x10%° atoms hasmass  63.5x(1.66 x102%) x 6.02 x 10

Therefore, 1 mole of copper atom = 6.02 x 1023 atoms = 63.5 grams

Chang, R. Chemistry; McGraw-Hill, 2010.



One Mole of:
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Molar mass (1nasio lua) .02 x 107

N0 e o35
Molar mass i@ iniinvasasuiiIunsy 7
Fuou 1 Tua (wihy g/mol)

Tmoleof Cu=635g

O AN HANW LS VDINIAND INALRzNNADYMDN (Atomic mass
vs. Molar mass)
118926 oN Yoy Cu 9o WINAL 63.5 amu

11avU249 Cu 226N NI 1 mol winAu 63.5x 1.66 x 1024x 6.02 x 1083 =
63.5¢g

gatiu 1nasia lua (molar mass) = 63.5 o /mol

atomic mass (amu) = molar mass (grams/mol)

1A LuA 1ar NassmaN dsauLfieniit warasriig

Chang, R. Chemistry; McGraw-Hill, 2010. 15



A19111 molar mass vadasusynou

d Molar mass ¥83a15UsEN0U MHAN NATINVDI molar mass VIR BLADY
 a@wnsam molar mass vesusazezneulinulaoznonlunseee

1S 32.00 g/mol
20 2 x (16.00 g/mol)

Molar mass of SO, is 64 g/mol

Chang, R. Chemistry; McGraw-Hill, 2010. 16



Question | MW

Calculate the molar mass (in g/mol ) of the following compounds:

(a) CO,

(b) H,S0,

(c) CH,COOH

17



Mass-mole-number

relationships for MASS (g)
of element
elements

A (g/mol)

AMOUNT (mol)

of element

\ 7

Avogadro’s
number
7 (entities/mol)

p

ATOMS
(or MOLECULES)

of element

v

Silberberg, M.; Amateis, P. Chemistry The Molecular Nature of Matter and Change 7th edition; McGraw-Hill Science, 2014.



Interconverting Moles, Mass, and
Number of Chemical Entities

Mole <¢=) Mass (g) Mole = mass (g)
Molar mass
Mass of O-atom 16 grams = 1 mole g
Mass of O-atom g grams = é Mole =
molar mass

There are 6.02 x 10" ’carbon atoms in this box



Mole

Interconverting Moles, Mass, and
Number of Chemical Entities

&= Mass (g) Mole = mass (g)

Molar mass

20



Amount-Mass-Number Conversions
Involving Elements

PROBLEM: Silver (Ag) is used in jewelry and tableware but no longer in
U.S. coins. How many grams of Ag are in 0.0342 mol of Ag?

PLAN: To convert mol of Ag to mass of Ag in g we need the molar mass of Ag.

Amount (mol) of Ag IZ:) Mass (g) of Ag
MASS (g)
of element
multiply by Molar mass of Ag (107.9 g/mol)
M (g/mol) mol — g
molar mass

AMOUNT (mol) 00342 =&

of element 107 9

g=3.T grams

21



Sample Problem 1.1

PROBLEM: How many moles of carbon are in 0.315 g of graphite?
IATUIUNIITUIUINAVD9 C N9UN 0.315 NSU

22



Sample Problem 1.1

PROBLEM: How many mass in grams of PCl; are in 0.186 mol?

Step 1: Calculate the molar mass Step 2: Convert NO. of mol of PCI; to mass
of PCl, in grams

mol =
molar mass of PCl; = P + 3x(Cl)

=31 + (3x35.5)
=137.5 g/mol o
0.186 mol =

molar mass

137.5 ¢/mol

¢ = 25.58 grams

Therefore, There are 25.58 gram of PCI,; in 0.186 mol of PCI3

23



Sample Problem 1.2

PROBLEM: qaunsnawed ZnCl, (Tumie nsu) Afiduiulua windu
0.065 lua



Sample Problem 1.3

PROBLEM: How many moles of Al,O; are in 47.5 grams of Al,O,7?



Amount-mass-number relationships for compounds.

22.4 and® Cfgfrr:tlj(lzsl AMOUNT (mol)
| AMOUNT (mol) < of elements
of compound in compound
. — and elements _

6.0

Silberberg, M.; Amateis, P. Chemistry The Molecular Nature of Matter and Change 7th edition; McGraw-Hill Science, 2014. 26



Interconverting Moles, Mass, and
Number of Chemical Entities

Mole {:",?;Eﬁfb,ﬁ.i) Mole = number of molecule
of compound
6.02 x 10%3
O, 6.02x = 102 molecules = 1 mole
O, N molecules = N mole
6.02x10%

6.02x102%3 molecules 27



Interconverting Moles, Mass, and
Number of Chemical Entities

Mole ¢=) Mass (g) Mole = mass (g) g

Molar mass molar mass

Mole < ;‘,",‘,i,&ﬁﬁ;’t,ﬁ; Mole = number of molecule
of compound
6.02 x 103
S N V(L) N

A

mol= = = —— =
molar mass 6.02x10" 22.4 mol x (6.02x10")

28



Sample Problem 1.2

Converting Between Number of Entities
and Amount of an Element

PROBLEM: How many molecules are in 2.85 x 103 mol of CO,?

of element

MASS (g) }

At (g/mol)

of element

AMOUNT (mol) ]

Avogadro’s
number
(entities/mol)

ATOMS
(or MOLECULES)

of element

N
mol =
6.02x10%
2.85x10° = N
6.02 x10”

N =1.72 x 102 CO, molecules

44



Sample Problem 1.2A | Converting Between Number of Entities
and Amount of an Element

PROBLEM: How many PCl; molecules are in 1.24 x 10 mol of PCI, ?

44



Sample Problem 3.4 Converting Between Number of Entities and Mass of

Compound |

PROBLEM: Nitrogen dioxide is a component of urban smog that forms
from the gases in car exhausts. How many molecules are in
8.92 g of nitrogen dioxide?

PLAN:  Write the formula for the compound and calculate its molar mass. Use
the given mass to calculate first the number of moles and then the
number of molecules.

Mass (g) of NO,

divide by M

Amount (mol) of NO,

multiply by 6.022 x 1022 formula units/mol

Number of NO, molecules

31
Silberberg, M.; Amateis, P. Chemistry The Molecular Nature of Matter and Change 7th edition; McGraw-Hill Science, 2014.



Sample Problem 3.4 Converting Between Number of Entities and Mass of

Compound |

PROBLEM: Nitrogen dioxide is a component of urban smog that forms
from the gases in car exhausts. How many molecules are in
8.92 g of nitrogen dioxide (NO,)?

Molar mass = (N) + 2(0O)
=14 + 2(16) = 46 g/mol

A

g N V(L) N
mol= - 23 - - 2
molar mass 6.02x10 22.4 mol, x (6.02x10™)

8.92¢  Nyo,
46g/mol  6.02x10%

N yo, =1.17x102  NO, molecules

Therefore, there are 1.17x102 molecules in 8.92 g of NO,, 2



Sample Problem 3.4A Converting Between Number of Entities and Mass of

Compound |

PROBLEM:  How many HCI molecules are there in a 3.46 g sample of
hydrogen chloride, HCI?

33



Relationship

between
moles and Chemical Formulas

0

What does the subscript in a chemical formuia
tell you?

34



Relationship between moles and Chemical
Formulas

v H,0 Fwu 1 luana & H Aoznon

H,O 1 molecule Usznausie H I 2 atoms

v H,0 fuu 1 mol 34 luiana

H,O 1 molecule Usznauaig H udn 2

atoms

H,O 11x6.02x10% molecule dUsznousny HA w2 x6.02 x10%3
atoms  winruf lua wihAuA lua

Gl

H,O mole Usznousie H N, mole

35



Relationship between moles and Chemical
Formulas

0 wavesluansluanawasansinuin 1 ua azfisiaswindu
FUIU LHAYDIDEMNONILL

I I O laYRoy 2 ssdlalasian Usuanin 8 H o:man 3w 2 1ua

laYRoy 1 ssdeandian Usuanin & O azman I uIw 1 ua

36



Example 1 | How many mole of O-atom in 1.5 mol of C;H,O

Example 2 | How many mole of C-atom in 1.5 mol of C;H.O

37



Interconverting Moles, Mass, and
Number of Chemical Entities

Mole Mass (g) Mole = mass (g)
Molar mass
Mole &= (x%ﬁﬁ;’bﬁg) Mole = number of molecule/atom/ion
of compound o N, 6.02 x 1023
mol,
Mole «= | Atom
g N N4

mol = —> = 2 23
MW 6.02x10 mol ; x(6.02x107)

38



Follow-Up problems

1) avnauIu C ozmau ot lu 1.65 mol was CO,

2) Calculate number of P-atom in 1.65 mol of P,0,,

39



Sample Problem 1.8 Converting Between Number of Entities
and Mass of an Element

PROBLEM: How many O-atoms are in 4.4 g of CO,?

PLAN: The number of atoms cannot be calculated directly from the mass. We
must first determine the number of moles of O-atoms in the sample
and then use Avogadro’ s number.

g N Atoms

molar mass moLA X 6.02x10°

4.4 N,

44 g/mol 2 x 6.02x10”

N, = 1.204 x 10?3 atoms

There are 1.204 x 10?3 O-atoms are in 4.4 g of CO,
45



Follow-Up problems

3) Calculate number of O-atom in 18 grams of C;H,,0,
(molar mass of C;H,,0, is 180 g/mol)

4) Calculate number of H-atom in 18 grams of C;H,,0O,
(molar mass of C;H,,04 is 180 g/mol)

41



Follow-Up problems

3) How many Fe atoms are in 95.8 grams of Fe?

4) How many S atoms are in 3.2 grams of S?

42



Sample Problem 3.5 Converting Between Number of Entities and

Mass of Compound i

PROBLEM: Ammonium carbonate, a white solid that decomposes on
warming, is an component of baking powder.

a) How many molecules are in 41.6 g of ammonium
carbonate [(NH,),CO,]?
b) How many O atoms are in 41.6 g of (NH,),CO,?

PLAN:
Mass (g) of (NH,),CO,

divide by M
Amount (mol) of (NH,),CO,

multiply by 6.022 x 1023 formula units/mol

Number of (NH,),CO, formula units

3 O atoms per formula unit of (NH,),CO;

Number of O atoms

43



Sample Problem 3.5

SOLUTION:

a) How many formula units are in 41.6 g of ammonium

carbonate?

Molar mass of (NH,),CO, = 96.09 g/mol

o N 41.6g N

mol =

N = 2.61 x 1023 molecules (NH,),CO,

Therefore, there are 2.61 x 1023 molecules of (NH,),CO, in
41.6 g of (NH,),CO,

44



Sample Problem 3.5

SOLUTION: b) How many O atoms are in this sample?

g _ Ny
MW mol ,x(6.02x10%)

41.6g Ny
96.09g /mol  mol ; x(6.02x10%)

N,= 7.82 x 1023 O atoms

Therefore, there are 7.82 x 10%* O atom in 41.6 g of (NH,),CO,

Comment : A common mistake is to forget the subscript 2 outside the parentheses
in (NH,),CO;, which would give a much lower molar mass

45



Sample Problem 3.5A

PROBLEM: Tetraphosphorus decoxide (P,0,,)reacts with water to form

phosphoric acid, a major industrial acid. In the laboratory, the
oxide is a drying agent.

(a) What is the mass (g) of 4.65 x 1022 molecules of P,0,,?
(b) How many P atoms are present in this sample?

46
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