
UNIT II:

Chemistry:

sclENcE 1206

CHEMICAL REACTIONS Text: ChaPters *8

I

.lri:r.: l

P*"c subs*anccs

I

".eSl

Ctassification of Matter as Pure Substances or Mixtures:

Pure Substancesi

1. Elements:

Gompounds:2.

l



All elements are classified as metals or nonmetals, depending on their properties'

I

METALLOIDS (Semimetals)
- elements tnrilnir"'tome properties of rnetals and some properties of nonmetals

- include af f ef"menis on eithei siOe of the staircase line except Al an! At

- also includes one form of Carbon, lraphite, which is dull and brittle (nonmetal)'

but is a good conductor of electricity (metal)

cH EMt CAL F AMt Lt Es {G ROU P S) :

Groups of erements in the same verticar corumn that have simirar physicar and chemicar properties'

1' Alkali Metals: 
: S"X,t"l;l$,c properries (see tabre above) . .. - - - --:-
_ highly reactive, 

"Jp""Lru)*ith 
water; reactivity increases going down the group

Alkaline Earth Metals: 'GrouP 2, llA
- snow metallic properties (see table abgve) 

! - -. r-
- less reactive tnan-Jf<ili metals; reactivity increases going down the

group,

Halogens: - GrouP 17, VllA
- show nonmetallic properties (see table above)

- reactivity decreases going down the group

4. Noble Gases: - GrouP 18, VlllA
- show nonmetallic ProPerties
- extremely low chemical reactivity

2.

3.

i

rrrc llcobLc ( br*daUt, )

paor conduc*ors
fod *nJ*c*orsCONDUCTIVITY OF HEAT &

ELECTRICITY fnDsTl^s,-s, Sornc 6ol
and,-$r is liluidatt solids ex@pl

STATE AT ROOM TEMPERATURE

fr3$ J s*at (e&scL*t of starca:eLOCATION (PERIODIC TABLE)
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The basic building block of all matter

The smallest particle oian element that retains the properties of that element

;i""tti;;ilt neutrat: # of positive charges = # of negative charges

composed of 3 types of subatomic particles:

:1

".Eg

Atomic Number:

ffi
Atom showing the movement of electrons

1.67 x 10'24

1.67 x 10-24

9.11 x 10-28

Mass Number:

Quantum Mechanics Theory of the Atom:

l st shell = 2 electrons

shell = I electrons

\
; \ru shell= 18 electrons



a,
Cl- ion

When sodium metal and chlorine gas react, the sodium atoms each lose one electron to a

chlorine atom. ln so doing the atoms form ions of opposite charge:

(posi*ivc ions)

-1c'*
-8;-' 2c'

Clatom

Summary:

Gations:

+i

-re.[]^ -ta----z;-2L-

-8 e--
* $e,--

2c'
1

.FSarnc
Compare to nearest
Noble gas: @

hgon a$m

elcchon
Conf,gtrrafion

Anions: (nrgeliva ionS)

)

Cations:

Anions:

Naminq lons:

element name + the word "ion" eg: Na* = sodium ion

stem of element name + ide + the word "ion"

eg: Cl, chlorine becomes Cl- = chloride ion

, phosphorus becomes p& = phosphide ion

O, oxYgen becomes 02- = oxide lon

IVote;

1. Both cations and anions are more stable than the atoms from which they form since these ions

attain the.same stable eiect'ron cohfiguration as the nearest noble gas'

z. Boron, carbon and silicon do not tend to form ions (they instead share electrons with other atoms)

3. The noble gases do not form ions since they are already stable (have filled orbitals)

4. Hydrogen cbn form a cation or ah anion:

t . Cation: H*, hydrogen ion has 1 proton but no electrons

. Anion: H- , hydride ion has 1 proton and 2 electrons



G. Polyatomic lons (Complex lons)
. Cations or anions composed of a group of atoms with a net positive or negative charge

,1

l

. Eg. NHn* NOe'

Nitrite ionAmmonium ion

a.) lron (ll) sulphide

Fe z+ S2-
FeS

b.) Copper (ll) chloride

Cuz+ ZLI-
C*Cl2

Write the names for the following ionic compounds

c.) potassium carbonate

K{ Cort-
K+ Vrco,

NOe-

Nitrate ion

COr'-

Carbonate ion

See page 196 for a table of some common polyatomic ions or back of periodic table rI Narnc {ha rna.}-al

practiceQuestions: llnd corvrpl<r ion a-s

Write the name for the compound formed by sodium and a carbonate ion.

Na+ Co.a- 
- '---'sJi;m-l;il"41' * No'tc:

No + --B \,la 2 Co3 -r|]!1.Yol 
need

lnort +{^an I complo,
Complete the following examples by writing the chemical formulas. loa r lou y*lr uS.
a.) ammonium nitrate

Ntlq+ NoB-

NHq Nor

bractzrl:

b.) barium phosphate BaL+ pOr3- d.)sodium sulfate

D. Murtivarent rons E:l i'olr- Bnr(eo'11. I],:l So'r2'

J

a.) NiS

N i2t s-
r,\r cr.e\ C tt\ S.,^.rRd e

b.) CuF

filcr (tlft,ro,idc

E" Hydrated lonic Compounds
. Water molecules are loosely

. Eg. ZnCl2'6H2O

]J o, SO4
r certain transition metals can form more than one type of ion, each with a different charge

. Eg. Fe3* Fez*

. The more commonly occurring is listed on top, thus Fe3* is more common than Fez*

Example: Write the chemical formulas for the following

rYunsenes a I tv ) $ ttori lc

c.) lead (lV) oxide

Pb++ ZO7-

PbO2
d.) copper (l) chloride

Cu + cl-

CqCl

c.)MnF4

d.)CrzOs

2C.* 3O1-
Chrornte'n (rf f) oxAa

held within the ionic compound

CuSOa. 5H2O

*F"r ions.uri*h mor.a

*ha'. I cha/3c, Yn M[f
Sprci€q ohich .cl'\3r9c- ls

[.';nq Lsed' Yoq ho"" ,- .

{rD u& 9to rnaq fl Er 2.ro' o '

I - Ovra

t t - *r.:o
It I - *hrza
lV - Ser.r
V - {ive
vt - six

An example of a hydrated compound is copper (ll) sulfate pentahydrate, also known as CuSo+rSHzO
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GeneralRu/es:

i.

2"

1

Name each ion
. Monotomic: cation retains metal name, anion name ends in "ide"

. Polyatomic: give name from back of periodic table

Multivalent use Roman'numerals to indicate charge (1, ll, lll, lv, v, vl)

Hydrated: use Latin prefixes to indicate # of water molecules present

2=di
7 = hepta

4 = tetra
I = nona

1 = mono
6 = hexa

3=tri
I = octa

g = p€nti
10 = deca

Examples:

a.) Monatomic.

b.) PolYatomic:

c.) Multivalent:

d.) Hydrated:

CagPz ea\cil.t ghcrPL.& e')AlCl3

<rrdi,'rr,. [rara.l.a- f'] (NH4)2COr amnnnniurm rbr[nn'lc'

iron (tt\ oridc- 9.) v:Ns

BaCl2. znro be' lurrr cltlpri&- dih#ra,lc

NasBOs

FeO

I -*:su

Ionic Compound Molecular ComPound

@ 'lqrrtiawiAalr.l
. at itrar.r sho,'€l -sol'd

' .-^r"t-+ bsn*'t 'rPnctac:!"h{(a
'-cqfion({) and anf on c- | ' solllt 6+

' .il"ft n. r.x4,t,neA ?oo.m lz'rnP

' [onic bonds ' o-leclnolr*6

Example: Hz A molecule of hydrogen gas has 2 atoms of Hydrogen,.each with one electron'

Wnen tney nonO tne! shlre a pair of electronJ (one pair = one covalent bond)' Si

tovatlnt bond fomcd

-r .a

'#t!df'
Hydrogen molerulcH2

::i,,.,iB"f.rbondlng ..

.1a.,., '', ' .],.'r,## 
+'H# l

Hydtogenrtor! HYdrcgcn rlofr
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4.

6

The prefix mono is usually only used for molecules with 1 atom of oxygen (monoxides)'

Certain Hydrogen compounds (those with H first in the formula) do not use prefixes'

eg. HzSG) = hydrogen sulfide' not dihydrogen sulfide

Noor

Plos(.)

SOzGI

Examples:

-lckaphnclh+-,r r hoya n'ida

.<ulCrr Jlortda

ta"r-j

l

SO3(r1 sulfitr Jr i axdz

l.tro61 JinijtTen'rnonoxi&

. Molecules that ionize in water to produce hydrogen ions, H*(rq), ions which give acids their properties

. Properties of acids;
. Conduct electricitY
r Turn blue litmus PaPer red

. Taste sour

. React with many metals to produce hydrogen gas' H4s1

r Have a PH value of less than 7

. Neutralize or partially neutralize bases

. General Formula: H-("q) or COOF@'I

r Nofe; not all hydrogen containing compounds a1e.91!1

, Eg: Nit. - cHr cH3oH czHsoH

Naming Acids

GeneralRules

. Name the hydrogen compound like an ionic compound, then convert the ionic name to the acid name

hydrogen 

-ide 

becomes hydro-ic acid

hydrogen ite becomes ous acid

hydrogen-ate becomes 

-ic 

acid

ExamPles:
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. Nofe; Not all compounds that contain OH are bases

Eg: CH3OH GiHsOH

Naming Bases

r follow the general rules given for ionic compounds

Examples: NaoH sadirm hYdrn"t/e

NH4OH

Writing Base Fdrmulas

r follow the general rules given for isnic compounds

Examptes: Lithium hYdroxide LioH

&.tail)z

ir



Writing Acid Formulas

General Rules:

1. Translate acid name into ionic name: hydro_ic acid -) hydrogen _ide
_ous acid -+ hydrogen _ite

. _ic acid -) hydrogen _ate
4. Write chemical formulas for each ion, using rules for writing formulas for ionic compounds.

5, Hydrogen symbol is written first (cation), except for carboxylic acids (those with COO group), in
which case hydrogen is placed at the end eg: CH3COOH

Give the state as aqueoqg l (aq),6

Examples:

Hydroiodic acid

Chlorous acid

Chloric acid

Boric acid

Benzoic acid

BASES

g+1
h,r4luar todiLc

h,;5; -r^r:HE
r{r' -q,or;

hr.rd.,atcn Chlora{9^Y1;J-' -. Boi'
hqArDqrn bore-*'

t l,l,' . Cr bl s(go-
hlatro3zn btsl?'oo*+

R I caqr

[lC lDz cazLr

HCIOI re1)

CcHsC@[ca".r

o ITloSt are ionic compounds that contain the hydroxide ion, OH-, an ion that gives bases their properties

. Properties of bases;
. Conduct electricity
. Turn red litmus paper blue
. Taste bitter
r Feelslippery
. Have a pH value greater than 7
. Neutralize or partially neutralize acids

@



MAAular Elemelts Ex

'11c,"., &rl\, &qO-tt'n-,&:
Monatomic - o1e atom

H'. ca) , NecS) ,

lf,2r$ , Altrt
Oz1q.\ , Fz cal , C\5r, B5al ,

Diatomic - two aton'rs/molecule

P*,rr - ?ho6ryt'lJ ; sulfur I Ol L$':1o :
* more than 2 atorn!4lq!99!.!g

1. Molecular ComPounds

Common (to rnernorize):

b) Binary Molecular CornPounds

eg. CO CAz CCl4 SO3 NzO

Writing Motecular Formulas

General-Ru!E

1. Write each atom sYmbol'

2.Eachprefixindicatesthesubscrrptforthenonmetalatomthatprecedesit(#ofatomspreseni).

3. lf no prefix is present, then there is only one atom of that nonrnetdl present' Monoxide = one

oxygen atbm present. ./ , (

Examptes:'. carbon monoxide co 
,dq5Ytl^a

carbon dioxide C0" (--{ 
- 
.io"[>ocrl.\./

carbon tetrachtoride CC\+ L R\'"

Suphur trioxide SO g

Dinitrogen rnonoxide I{zO

Naming Molecular Substances

Genera!-BY!E

'1, First element is named in full'

2. Second element name is shoriened and given an ide ending'

3.Useprefixes(sameasforhydrates)toindicatethenumberofeachkindofatom.

".s:

-$

HaOrr) =

Hz0z(u =

NHaG) =

water

hydrogen Peroxide

ammonia,

CHIGI = methane

CsHe(sl = ProPsfie

C6H12Oqs1 = glucase

eH.oHxl = methanol

C2H5OH111= ethanol

C12H22O111"1 = SUCTOSe



mpounds are:

I - nuno
2- ai
3-+ri
*- la{aa

5. qaa*t

b'hcun
1- hcy{e

t' ock

E.&,wt,wBi,,

Write the chemical formula'

a.) Barium hYdroxide octahYdrate

Ba(ot+). ' 8l'lz o

b.) Copper (ll) sulphate pentahydrate

CuSol' S[hO

Write the names for the following ionic compounds'

a.) MgSOe o5H2O

Ynalncitlm strlfr{<' Pofl+t h1d;oJ<<

c.) zinc chloride hexahYdrate

ZnClz '6ltzo

d.) barium hYdroxide octahYdrate

Ba(aH)e ' SHzO

c.) FeCl2e5H2O

iran (rl) chtorid. Pc'tbh1 ez,J<;

a)

b) PolYatbmic:

c) Multivalent:

Monatomic: Silver chloride

Ammonium nitrate

Nt{q }.D3

lron(ll)sulPhide

fcS

Zinc chloride hexahYdrate

ZnCla - 6l{z o

aluminum oxide

-A!? 
: -

potassium carbonate

lead(lV)oxide

fuo"

Coppe(l I )sulPhate PentahYdrate

fuSo+.5llzO
d) HYdrated:

ffi-e..



IONIC COMPOUNDS

. These compounds form after an electron transfer:

' usually fro m a metal to a nonmeta' 
.^r ^,o a+trartarr ra eA( e oppositely. the resulting ilnt i.riion. and.anions) are attracted to each other (since they ar

charged) and they form ionic bonds

. Together all of the ions present form an ionic crystal lattice in which the net charge is zero

r Eg: (1) in a sample of sodium chtoride, NaC[ for every Na* ion there is one cl- ion

r Eg: (2) in a sample of calclium chlorid-e, C.itr, for every Ga2* ion there are 2 Cl- ions

&

B.

Monatomic lons (SimPle lons)
. - Singte atoms inat nae lost or gained one or more electrons

. iori" Binary lonic Compounds (2 simple ions)

. Eg. Na* Cf

Binary lonic ComPounds

Gomptete the following examples by writing the chemicalformulas'

c.)aluminum oxide
a.) sirver chtoride Al3+ 

fll: Alt 0gA3* cl' 
Al3r gz_Agcr

b.) barium fluoride d') magnesium nitride

Bo,* F- BoF2 ,Hf:i $; Mg:Na
F' i4dz*

Complete the following examples by writing the names't'or the following ionic compounds

a.) KgN

?o,lassiom ni*lide

b.)Li2o

Metals and nonmetals combine to form ionic compounds by transferring electrons'

ffiniccomPound
t) Nornc 'lna ma{al ion

lrWlfi :fl-.L, ion cr cha"q2 *r..c cali'''1 10 "i/c9
.=!Naver trie ?re#xrrl 4 qso lo,^ercase '{o na'nc

Example: Name the compound when aluminum (metal) combines with chlorine (non metal)

-' :"' 6trrrn irram et{eriAe

all tvlllv evlrryvsrrv
Rules for wmlng the-hemicalformulas for tl

r) trr;*c *rrc sgmbalr {o, 'lt* ions

z\ Balaact 4*'e cWTcs
g) tJrilc {hc Ermtrle
Example: what is the chemical formula when aluminum (metal) combines with chlorine (non metal)

' Al3+ cl- ""-"1.ni,iL, rtrrr3o$ *h.cse Al Cl3

l;*hium orile

€-
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According to this theory, an electron with a specific energy occupies a region in space (orbital) or

electron energY level'

Electron EnerqY Diaorams of Atoms:

r An energy level represents a specific value of energy of an electron and corresponds to a general

location
. The number of occupied energy levels in any atom is normally the same as the period number in

which the atom appears
. for the first 3 energy levels, the maximum number of electrons that can be present are 2' 8 and 8 in

oioer or increasiniLnergy (increasing distance from nucleus)

. a lower energy teiel is fittlO witn electrons to its maximum before the next level is started'

o the electrons in tne nrghest (outermost) occupied energy level= valence electrons' which is the same

as the group number (for group A elements)

STABLE ATOMS
. have low chemical reactivitY
. include noble gases, all of which have 8 valence electrons (except He, which has 2)

. other atoms can become more stable by reacting and changing the number of thejr electrons, thereby

attaining tne same staUte etectron configuration (structure) of the nearest noble gas:

. atoms can follow one of two rules:

a)octetRule:-atomsattempttoobtainSvalenceelectrons

b)DuetRule:-atomsattemgttoobtain2valenceelectrons
- includes H, Li and Be

. one way atoms can achieve a stable octet or duet is by forming lons

loN
... .-r -.or.otorn.or,group of-atorns.that has-a positive ornegative charge, due,to the loss or'gain ofong or-=

more electrons
. single atoms:form simple ions (monafomic ions).

r group of atoms: form complex ions (polyatomic ions)

Exampte:sOdiUmmetalandchlorinegas-reacttoproduceNaCl'averystableandunreactive
substance,comparedtoNa(alkalimetal)orCl(halogen).
TheY do so bY first forming ions'

l"-
8c'

*b(4,&o"
92-

2e'

@

*Sema

i'^ffiahon
2c-

@
Na atom

Compare to nearest
Noble gas:

8e'

2c'

@
Na* ion

r.lcon *on



SER'ES OF ELEMENTS:

1. Representative Elements: A groups or groups 1,2, 13 -18

2. Transition Elements: B groups or groups 3 - 12

HWDROGEN; - the lightest element and most abundant element in the universe

- doesn't really belong to any group

- it sometimes Uenaves like'ai alkali metal, sometimes like a halogen and at other times in

its own unique waY ie. as an acid

PERIODS: horizontal rows of the periodic table

€1

All elements. aro.elassifi edas"a metal.or"a,non metal'--

The information provided by the periodic table for each element. Fill out the information below.

€
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1. HomogeneousMixtures: /Srlu{ionS)

2. Heterogeneous Mixtures:

' h4va 2 or Y"ro.r visihla f-rvrpon,rtJr

Propefties and Changes of Matter:

4{&
@--

4. GhemicalChange:

-Alerggr) Colov CL\r!^Sc

z) Brer,5.l ( ti5h+, +*P')
3) Gos bubb [cr

$ f,to,Pila}'
s) $"a Jo ,-nrr*'

@-


