Chemistry of Matter

Properties and Interactions of Elements
MS State Objectives 2.a. and 2.b.
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B Elements are substances that cannot be
broken down into simpler substances.

B Made up of only one type of atom
B Basic building blocks of matter

B The smallest particle of an element is an
atom.
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Russian scientist discovered a

set of patterns that seemed to apply to all elements

B arranged the elements in order of increasing atomic
mass (protons + neutrons in the nucleus)
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i Modern Periodic Table

HBIn 1913, Henry Moseley discovered a way to
measure the positive charge in the nucleus
to determine the atomic number

Marranged the elements by increasing atomic
number instead of atomic mass

1
1 . . Z
Periodic Table

1-013 24 135 146 157 168 :I.'?'9 ‘mfu
Li | Be of the B| C
e El ¢ R S
Na| v ements Nl el S
2299 | 2430 3 4 5 6 7 8 9 10 11 12 3207 | 354

19| 20| 21| 22| 23| 24| 25| 26| 27| 28| 29| 30

K|Ca|Sc|Ti|V |Cr|Mn|Fe|Cof Ni|Cu|Zn

30.10 | 40.08 | 44.95 | 47.88 | 50.94 | S2.00 & 55.85 | 58.93 | 5B.69 | 63.55 | 6539 . |

37| 38| 39| 40| 41] 42 44| 45 46| 47| 48
Rb|Sr| Y |Zr (Nb|Mo|Tc|Ru|Rh|Pd|Ag|Cd
8762 | 83 9291 | 9594 | (o7.90) | 10107 | 10291 | 10642 | 1077 | 11241 114

8547 2 .91 | 91.22 3 10642
55| 56 57| 72| 73| 74 75| 76| 77| 78
Cs|Ba|la|Hf |Ta| W|Re|Os| Ir | Pt | Au
132,91 | 137.33 | 138.91 | 17849 | 180.95 | 183.85 | 186.21 | 190.23 | 192.22 | 195.08 | 196.97 | 200.59 .38 7.2 8.
87 88| 89
Fr | Ra|Ac|Rf |Ha|Sg

(223.02)| (226.03)|(227.03) |(261.11) |(262.11) | (263.12)

58 59| 60 62 63| 64| 65| es| 67| e8] 69 70| 71
Ce| Pr{Nd|Pm|Sm| Eu|Gd|Tb |Dy|Ho| Er [Tm|Yb| Lu
11111 4424 |(194.91)| 15036 | 15197 | 157.25 | 158.93 | 16250 | 169.93 | 167.26 | 168.93 | 173.04 | 17497

140.12 . 144.24

90 91| 92
Th|Pa| U [Np|Pu|Am|Cm|Bk | Cf [ Es |Fm|Md|No| Lr
232.04 | 231.04 | 238.03 |(237.05)|(244.06)| (243 06}|(247.07)|(347.07) |(351.08) (352.08) | (357.10} | (358.10} | (259.10) | (36211




Q Periodic Table

—
B Arranged by increasing atomic number
(proton #)
B Rows are called periods & are labeled 1-7

B There are 18 columns

B Each column contains a group or family of
elements.

B Groups are elements that have similar physical

or chemical properties.

BEX. All elements in group 1 are metals & react
violently with water.
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Groups/Families

B Groups 1 and 2 along with Groups 13 and
18 are called the representative elements.
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Q Groups/Families
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How Elements Interact

State Objective 2.a.



Physical vs. Chemical

Ch

B Physical change occurs when the physical
properties are changed, such as size or shape.

B Ex. Folding a piece of paper or a change in the state of
matter: solid, liquid, gas

B Chemical change occurs when the chemical

properties of the substance cause a change
producing a new substance (the atoms have
rearranged)




!ﬂ Examples of Chemical

- , Reactions

B Food spoiling
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Interaction Between

. , Elements:

If thre are 110+ elements, how is it possible to have millions
of different substances?

B Compounds are substances that form when two or more
elements combine from a chemical change.

B Ex. NaCl (Sodium Chloride)

B The properties of compounds are different from the
properties of the elements that make up the compound

B A molecule is the smallest particle of a substance with the
same properties of that substance. Ex. H>O (water) -

B Each molecule behaves like water, if the molecule is
divided, Hydrogen and oxygen no longer behave like ©
water




How do Elements Interact in

' Chemical Changes?

B Chemical properties of elements are
determined by the number of electrons in the
outer most energy level called valence

electrons

A llA
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B \Valence electron number is determined by the
group number for representative elements

Valence Electrons
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Element Families have similar

chemical properties

B Alkali Metals: Group 1; 1 valence electron

B Alkaline Earth Metals: Group 2; 2 valence electrons
B Halogens: Group 17; 7 valence electrons

O Nob1le Gases: Group 18; 8 valence electrons

2 3 4 5 6 7 8
= e[S G [
‘Mg Al S|ps CIAr
L Ca- . Ga-+Ge-| ‘As-|-Se- 1B [ Kr:
*Sre ‘In* SnSbTe | :)E{:e:
.Ba- “TI+|-Pbe{ - Bi+|-Poq: At{ RN
-Ras




Al
Q Practice

Use the periodic table to answer the questions.

1. How many valence electrons does sodium have?

2. How many electrons are found in the electron cloud of an
atom of chlorine?

3. What is the group number for each of the %;q%m; mggels

below? " @ Si
o w JE BN
2 (D% ede(1)ise
.1‘:,___.""_.-' '-L‘ %:‘___;:%r :.-rr
_1'_... 'a.".‘ --.%,r F‘.‘r
Boron -l
Yalence Silicon
Electrons Yalence

Electrons Antimony Yalence)




Q Chemical Bonds

Sl |

B Elements bond to other elements to become stable
by having a full valence shell.

B Most elements need 8 valence electrons to become
stable

B Elements will become stable by losing, gaining, or
sharing valence electrons

B Elements that lose electrons become positively charged
lons.

B Elements that gain electrons become negatively charged
lons.

B Types of bonding:
M [onic
B Covalent




lonic Bonding

B lonic bonding is when a strong attraction
occurs between oppositely charged ions to
hold them close together to become stable
(like two magnets)

Mlon: an atom that no longer has a neutral
charge because it has lost or gained an electron

B Typically between a metal & non-metal
HmEx. Na'Cl




>

Na Na* Cr
Sodium atom Chlorine atom Sodium ion Chloride ion
\ (a cation) (an anion) j
Sodium chloride (NaCl)

Copyright @ Pearson Education, Inc., publishing as Benjamin Cummings.
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B Covalent bonds are chemical bonds that form
from atoms that share valence electrons to
become stable

B Occurs between two or more nonmetals
mEx. H, , Clb, HO , CgH120s6 @

Covalent Bonding

AT

& FElecron from carbon
& FEleciron from hpdrogen
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Q Covalent Bonding




4 .-
ﬂ Chemical Formulas

B Chemical formulas show a combination of
chemical symbols & numbers that indicate
which elements & how many atoms of each
element are present in a compnatind

mH,O (Water)

BN (Nitrogen Molecule)

Subscript: # of atoms Hydrogen




Q Chemical Equations
il

B A process that produces a chemical change is
called a chemical reaction.
B Reactants are substances that exist before the reaction
begins
B Products are substances that form as a result of the
reaction
B Chemical equations tell chemists the reactants,
products, and proportions of each substance
present in a reaction ( like a recipe)
HmEX 2H> + O, > 2H>,0
Reactant Product




Q Law of Conservation of Mass

B The Law of Conservation of Mass states that
mass (matter) can neither be created nor
destroyed.

B Therefore, atoms are never lost or created
during a chemical reaction.

B Chemical equations must be balanced in
order to show the same number of atoms for
each element on tiggssgEignt & product side
of the equation. [,
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CH,+20,—> C0O,+2H,0
=1 C=1
H=4 = H=4
O=4 O=4




Chemistry of Matter

Forming Acids & Bases

State Correlation 2b



Properties of Acids & Bases

B An acid is a compound that produces
hydrogen ions in water (H*)

B The greater the concentration of H ions produced,
the stronger the acid

B Tastes sour

B Reacts with non-metals

B HaveapH<7

B Turn blue litmus paper red

B Examples: HCI, HoSO4, HNO3




Properties of Acids & Bases

B A base is any compound that produces
hydroxide ions (OH") in water.

B The greater the concentration of OH" produced,
the stronger the base.

M Taste bitter & feels slippery
W Reacts with metals

B HaveapH>7

B Turn red litmus paper blue

B Examples: NH3, NaOH, NaHCOs3




pH Scale

Acidic Neutral Basic
[H;0*] 10° 107" 102 10° 10™* 10° 10 107 10°® 10° 10" 10" 107"% 107" 107™
Lemon Juice Soft Drinks Milk Baking Soda  Household ammonia

(pH 2.2-2.4) (pH3.9) (pH 6.4) (0.1 M) (pH 8.4) (pH 11.9)

HCI (1.0 Vinegar Blood NaOH (1.0
(p u.u?ﬂ (PH 2.4-3.4) (pH 7.4) {pH‘i-lLﬂiw

Stomach Acid Seawater Milk of Magnesia
(pH 1.0-3.0) (pH 7.0-8.3) (pH 10.5)

ENCSSM 2002




Predicting Acids & Bases

using the Periodic Table

B Acids form when hydrogen chemically 9

combines with certain nonmetals. ke
M AIll halogens (group 17) form acids when 17
combined with hydrogen Cl

MEXx. Fluorine & hydrogen (HF)




Predicting Acids & Bases

using the Periodic Table

B Bases form when a hydroxide ion (OH
") joins with a metal

B The metals in group 1 (alkali metals)
and group 2 (alkaline earth metals)
readily form bases with hydroxide ions

mEX. KOH

mEX. Ca(OH).

Li Be
Lithium Beryllium
11 12
Na | Mg
Sodium Magnesium
19 20
K Ca
Potassium Calcium
37 38
Rb Sr
Rubidium Strontium
55 56
Cs Ba
Cesium Barium
g7 88

Ra

Fr




