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EOT COVERAGE - CHEMISTRY
GRADE 10 A AND 10 HSA

1. Differentiate between the ground state and excited state of an atom. (Text book
pages 14-15)
GROUND STATE

VERSUS
EXCITED STATE

Ground state is the state in Excited state is any state
which all electrons in a " the system that has a
system are in the lowes ighe nergy than the

possible ener rels ground state

[ AR B RN R REERNESRNENRSENNESRNR) L RN R RN NERESRNENNRRN.]
Known to be having a Has a high energy
“zero” ene

Highly stable Highly unstable i
@ Electron
LB R BN R R NERNNSERNHNSSS®RH..] LR B B BB R NENERRNERSSSERNRSH:S.]
Has a long lifetime . .
EEEEEEm Nucleus Nucleus
nce betw
ground state electr
the atomic cleus
Ground state Excited state
. Figure 10 The figure shows an atom that has one electron. Note that the
: EI"—".C”"-‘“-“' 2 C illustration is not to scale. In its ground state, the electron is associated with
t possible higher en b =15 the lowest energy level. When the atom is in an excited state, the electron is
y levels associated with a higher energy level.

Visit www.pediaa,co

Visible series
(Balmer)

\‘J/

n=5

n=6
Ultraviolet Infrared
series n=7 series
(Lyman) (Paschen)

Figure 11 When an electron drops from a higher-energy orbit to a lower-energy orbit, a photon is
emitted. The ultraviolet (Lyman), visible (Balmer), and infrared (Paschen) series correspond to
electrons dropping to n =1, n = 2, and n = 3, respectively.

2. Explain Aufbau principle, Pauli’s exclusion principle and Hund’s rule. (Text book
pages 25,26 and 27)

Aufbau Principle:

Electrons will occupy the lowest energy level arbital that will
receive it.

Pauli Exclusion Principle:

No two electrons within an atom may have an identical set of all four
quantum numbers..

Hund’s Rule:
Electrons will occupy all empty orbitals in a subshell with single
electrons having parallel spins befcre entering half-filled orbitals.

1 GEETA SAEED KHAN (SANA)



EOT COVERAGE - CHEMISTRY
GRADE 10 A AND 10 HSA

3. Use the electron configuration notation, orbital notation and noble gas notation of
an element (atomic numbers 1 to 36) to identify the location of the element in the

periodic table (period, group, block). (Page 47,49)

8. Without using the periodic table, determine the group, period, and block of an atom with the
following electron configurations.

a. [Nej3s* b. [He]2s? c. [Kr]5s?4d"5p®
9. What are the symbols for the elements with the following valence electron configurations?
a. s°d' b. s*p? €. s7pF

10. CHALLENGE Write the electron configuration of the following elements.
a. the group 2 element in the fourth period
b. the group 12 element in the fourth period
c. the noble gas in the fifth period
d. the group 16 element in the second period

8. a. group 2; period 3; block s
b. group 2; period 2; block s
c. group 17; period 5; block p
9. a.5c,Y,La,Ac b.N,P, As, Sb, Bi c. Ne, Ar, Kr, Xe, Rn

10. a. 1s22522p®3s523p°4s?
b. 1522522p®3523p€4523d™"°
c. 1522522pf3s23pf4s23d'°4pc5524d"05pb
d. 18°25°2p*

4. Predict the trends of the properties of elements across a period and a group of the

periodic table. (Page 50 to 54)

lonization energy

lonization energy

5. Describe how ions (cations and anions) form to fulfill the octet rule. (Page 65 to 68)

6. Describe how ions (cations and anions) form to fulfill the octet rule. (Page 67)
- Ions are formed when an atom gains or loses electrons from the outermost
energy shell.

- The tendency of atoms to have eight electrons in their outer shell is known as the

octet rule.
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m Jonic Bond — form between a metal cation and nonmetal

anion

m To follow the octetrule, the cation gives up an electron(s) to
the anion, which bonds the two ions together.

m When the two ions bond, they become a neutrally charged

compound.

¢TG4
= -
-
SO0y CHLORINE
Table 1 Electron-Dot Structures

Group 1 2 13 1 5 16 7 ]
l. L - " .0 - Ly -
[oH Fi | Ne:

: d i e

23]
498 ol

B | B | € | W
Neutral

sodium
atom

s

1 electrons
_—  m—)

x 11 protons

{11+)
1
10 electrons Sodium
(10—) \ ion
o~
1 protons
1+)
Sodium lonization
atom energy
Saodium Electron
T jlonmMat) ¥ )

Figure 2 In the formation of a positive ion.
a neutral atom loses one or more valence
electrons. The atom is neutral because it
contains equal numbers of protons and
electrons; the ion, however, contains more
proton= than cloctrons and haz a positive

charge.

Negative lon Formation
Nonmetals, which are located on the right side of the periodic

table, easily gain electrons to attain a stable outer electron config-

uration. Examine Figure 4. To attain a noble-gas configuration,
chlorine gains one electron, forming an ion with a 1- charge.
After gaining the electron, the chloride ion has the electron
configuration of an argon atom.

Chlorine atom (Cl)  1s72¢%2p%3s%3p
Argon atom (Ar} 157262 2p*35"3p"
Chloride ion (C1) 157257 2p"3s"3p"

An anion is a negatively charged ion. To designate an anion, the

ending -ide i added to the root name of the element. Thus, a
chlorine atom becomes a chloride anion.

Figure & During the fermation of the negative chlgride fon, a newtral atom gains

one electran, The process refeases 349 klimol of energy.

Table 3 Group 1517 lons

Table 2 Group 1, 2, and 13 lons

Group Configuration Charge of lon Formed
1| noblegaghs |t whenthes electronis lost
[nable gas]ns? | 2+ whe the ¢ elections are lost

B | [nobkgaspsp

1 sl setione Meutral chiorine atom
me N

J + e
17 protons

17+

Chioride jon

18 electran
TNH s N

80

[17+)

49 XL
mal
Chiorine + electron
atom {e”}
Chloride
+ enel
ion [CI7) o

Group Configuration { Charge of lon Formed
15 [noble gaskis®ng® 3- when three electrons are gained
6 | [noble gasins®ng® 2— when two electrons are gained
17 | [noble gasihsing® 1- when one electron is gained

31 When he 7 ElECOns are st
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7. Use the Lewis diagram (electron-dot structure) to explain how elements from the
periodic table groups combine to form an ionic compound. (Page 70,71)

Table 4 Formation of Sedium Chloride
Chemical Equation

Ma + Cl— Na'+ CI” + energy

Electron Configurations

(e electron is transfemed.

mem;ﬁ — [Ne| + [Ar] + energy
(B — [ B

Ha ] Mat
Orbital Notation

1Dne clechisn i3 TamSnat.

RO £ - =
W ] 3z W p 3 oy
Y PR ot
Ha a =c
[ + + enegy
) w, o mk I = »
Mt r_t

Electron-Dot Structures

One electron i transferred.
Naa 3% E — [Na]t & [€1] + energy

Atomic Modals

Holactions 17 ehecirons © dectoas. B alecrons
va v A S
- 99 gL -
Tprost TV oo : T pratoms: W
M+ L M+ m+
Sadum atom Chionne som Sedium jon Chioride ion
PRACTICE Problems W ADDITIOMAL PRACTICE
Explain how an ionic compound forms from these elements.
7. sodium and nitrogen 9. strontium and fluorine Group 17
B. lithium and oxygen 10. aluminum and sulfur — Group 2 —l

11. CHALLENGE Explain how slements in the two groups
shown on the periodic table at the right combine 1o form
an ionic mmpomﬁ_

™

Three Na atoms each lose 1e-, forming 1+ ions. One

N atom gains 3e, forming a 3— ion. The ions attract,
forming Na.N. The overall charge on one formula unit
of Na_N is zero.

o

Two Li atoms each lose 1e-, forming 1| ions. One O
atom gains 2e , forming a 2— ion. The ions attract,
forming Li,O. The overall charge on one formula unit
of Li,O is zero.

©

One Sr atom loses 2e -, forming a 2+ ian. Two F atoms
each gain 1e-, forming 1— ions. The ions attract, form-
ing SrF,. The overall charge on one formula unit of SrF,
IS Zero.

10. Two Al atoms each lose 3e -, forming 3+ ions. Three
S atoms each gain 2e-, forming 2— ions. The ions
attract, forming ALLS.. The overall charge on one
formula unit of ALLS, is zero.

11. One group 2 atom loses 2e |, forming a 2+ ion. Tweo
group 17 atoms cach gain 1e , forming 1  ions. The
ions attract, forming XY, where X represents a group
2 atom and Y represents a group 17 atom.
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8. Describe the relationship between lattice energy and the charge of ions. (Page 74,75)
- Lattice energy increases for ions with higher charges and shorter distances
between ions.

Compound Name: Chargeoneachion 1a t?ilf.le/:wnoelsgy
NacCl sodium chloride 1,-1 -787.5
NaBr sodium bromide / 1,-1 -751.4
CaF2 calcium flouride +2,-1 -2634.7
MgO magnesium oxide +2,-2 -3760

Lattice energy
Because the ions in an ionic compound are arranged in a crystal lattice, the energy
required o separate 1 mol of the fons of an fonie compound is referred to as the lathce

energy. The strength of the electrical forces holding ions in place is reflected by the
lattice energy. The greater the lattice energy, the stronger the force of attraction.

Lattice energy 15 directly related to the size of the ions bonded. Smaller ions form
compounds with more dosely spaced ionic charges. Because the electrostatic force of
attraction between opposite charges increases as the distance between the charges
decreases, smaller ions produce stronger attractions and greater lattice energies. For
example, the lattice energy of a lithiom compound is greater than that of a potassium
compound with the same anion because a lithium ion is smaller than a potassium ion.

As the lattice energy
increases, the ion size decreases, and as the lattice
energy decreases, the ion size increases.

The relationship is inverse.

Table 6 Lattice Energies of Some lonic Compounds

Kl 632 KF _ 808
Kar &7 Agcl | 910
RF | 774 | mer | ew
Nl 682 LF | 1030
MaBr 732 s, | 2142
NaCl | 769 MaO | 3795

5 GEETA SAEED KHAN (SANA)
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9. Write the chemical name of an ionic compound containing monoatomic and
polyatomic ions (including oxyanions). (Pages 79 to 81)

10. Write the chemical name of an ionic compound containing monoatomic and
polyatomic ions (including oxyanions). (Page 82)

Table 9 Common Polyatomic lons

|_ton | Name | lon | Neme

NH,* ammonium 10, periodate
NO,” | nitrite | CHO, | acetate

’ . i dihydrogen
NO, nitrate | H,PO, phosphate
OH- hydroxide Cco> carbonate
CN- cyanide SO‘L2 sulfite
MnO,- permanganate SO* sulfate

_ | hydrogen R .
HCO, o 5,0, thiosulfate
Clo- hypochlonte 02> peroxide
CIO~ | chlorite CrO* | chromate
ClO, | chlorate Cr 0> | dichromate

- > hydrogen
I hi HPO*
ClO, perchlorate O, phosphate
BrO, | bromate PO™ phosphate
10 | indata A<O > arsenate

PRACTICE Problems

¢

Ammonium ion
{NHs )

Phosphate ion
(POS? )

Figure 9 Ammonium and phosphale ons are
polyatomic; that is, they are made up of more than
one atom. Each polyatomic ion, however, actsas a
single unit and has one charge.

W ADDITIONAL PRACTICE

Write formulas for ionic compounds composed of the following ions.

Use units as a guide to your solutions.
24. sodium and nitrate

25. calcium and chlorate
26. aluminum and carbonate

27. CHALLENGE Write the formula Tor anionic compound formed by ions from a group 2 element
and polyatomic ions composed of only carbon and oxygen.

24. NaNO,
25. Ca(CIO.),
26. AL(CO.),

27. Answers will vary; example: MgCO,

GEETA SAEED KHAN (SANA)



Maming an oxyanion

An oxyanion is a polyatomic ion
composed of an element, usually a
aonmetal, bonded to ane or more
oxyeen atoms. More than one

EOT COVERAGE - CHEMISTRY

GRADE 10 A AND 10 HSA

Table 10 Dxyanion Maming Corventions for Sulfur and Nitrogen

+ [dentify the ion with the greatest number of axygen atoms.
This ion is named using the reot of the nonmetal and the
suffix -ote.

« [dentify me on with fewer oxygen atoms. |his 1on is namead
using the root of the nonmetal and the suffix -ite,

oxvanion exists for some nonmet-

als, such as nitrogen and sulfur.
These ions are easily named using
the rules in Table 10.

Examples: NO,

nitrote

WO~
nifrite

S0 s02
sulfote  sulfite

A shovwn in Table 11, chlorme forms four ecyanions that are
named according to the number of oxypen atoms present. Mames

Table T Cxyanian Naming

Comwentions for Chiorime

of similar oxyanions formed by other halogens follow the rules used
fuor chilarine. For example, broming forms the bromate jon (B0, ),
and indine forms the perindate ion I[ID+ ) and the odate don (10,7).

Maming ionic compounds

Chemical nomenclature is a systematic way of naming com-
pounds. Mow that you are familiar with chemical formulas, you
can use the following five rules to name ionic compounds.

1. Name the cation followed by the anion. Remember that the

= The ceyaniaon with the greatest
rumber of moygen atoms is
namead using the prefix per, the
root of the nonmetal, and the
suffin -rke.

= The axyanion with ane fewer
oxygen atom i5 named using
the root of the nonmetal and
the suffix -ofe.

cation is always written first in the formula.
2. For monabtomic cations, wse the element name.

3. For monatomic anions, use the root of the element name plus
the suffix -ide.

Example:

i—i‘uln 1—|

Cesium bromide

= The aoxyanion with two fewer
oxygen atoms is named wsing
the root of the nonmetal and
the suffix -ife.

« The axyanion with three fawsar
OXygen atoms |5 named using
the prefix hypo-, the root of
the nonmetal, and the suffix
-ite.

4. To distinguish between multple svidation numbers of the
same element, the name of the chemical formula must indicate
the oxidation number of the cabion. The oxidation number 15
written as a Roman numeral in parentheses after the name of
the cation.

Examples:
Cio,~  perchlorate
Cio,~ chiorate
CIQy chiorite
Cior hypachlorite

Mote: This rule applies to the transition metals and metals on the right side of the
periodic table, which often have more than one eddation number. See Table 8 earlier
in this lesson. It does not apply to group 1 and group 2 cations, as they have only one

oxidation number.

Examples: Fe'' and O, ions form FeQ, known as ron(ll) oxide.

Fe'' and O, ions form Fe,0,, known as iron(lI1) oxide.

5. When the compound contains a polvatomic ion, simply use the name of the

polvatomic ion in place of the anion or cation.

The name for NaOH s sodium hydroxide.
The name for (NH )5 is ammonium sulfide.

Examples:

GEETA SAEED KHAN (SANA)
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PRACTICE Problems. W ADDITIONAL PRACTICE

Interpret the formula representations and name these compounds.

28. NaBr 32 Ag,CO,
29, CaCl, 33. CHALLENGE The ionic compound NH_CIO, is a key reactant used in sofid

30, KOM rocket boosters, such as those that powered the Space Shuttie into orbit. Name
2. cunoy, this compound.

28, sodium bromide
29. calcium chloride
30. potassium hydroxide
31. copperlll) nitrate
32. silver chromate

33. ammonium perchlorate

PROBLEM-SOLVING STRATEGY

MNaming lonic Compounds

MNaming ionic compounds is easy if you follow this
naming-comention flowchart.

Apply the Strategy

Name the compounds KOH and Ag,CrO, using
this flowchart.

s PO, = samkim prasphale ) Fag Oy = boallll] aside

11. Explain some physical properties of metals (melting and boiling points, thermal and
electrical conductivity, malleability, ductility, durability, hardness, and strength).
(Pages 83 and 84)

Physical Properties of Metals

All metals are solid at room temperature except mercury
and gallium. Mercury is liquid at room temperature,

ATE whereas gallium is a soft solid at a temperature below
29.76°C and liquid at a temperature above it.
LUSTER All metals are lustrous in nature i.e. they show brightness

on reflection of light.

It is the property that exhibits resistance to indentation
HARDNESS by an external force. Almost all metals except zinc,
mercury, and gallium are hard.

It is the property of metals to be beaten into thin sheets
on hammering. Except for zinc, all metals are malleable.

It is the property of metals to be drawn into wires. Except

MALLEABILITY

BASCEILY for zinc and mercury, all metals are ductile.
It is the property of metals to withstand longitudinal pull
U= when they are in the form of a wire. Almost all metals
STRENGTH i -

except zinc & mercury exhibit very high tensile strength.

Metals produces resonant sound when struck. This
property of a metal is called sonority. Almost all metals

SONORITY are sonorous, however, the level of sonority varies from
metal to metal. For example, when we drop a small iron
nail, it produces a ringing sound.

It is the property of metals to transmit heat or electricity
through a unit area in unit time. Almost all metals are
good conductors of heat and electricity, however, the
level of conductivity varies from metal to metal.

CONDUCTIVITY

MELTING & Usually metals h_ave very I‘_\lgl:\ melt!ng and boull_ng point,
BOILING POINT however exception to this is sodium, potassium, and
mercury.

Almost all metals have very high density with an

DENSETY: exception of sodium, potassium, and calcium.

8 GEETA SAEED KHAN (SANA)
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Sigma (¢ ) Bond

(a) It is formed by the end to end overlap of
orbitals.

(b) The orbitals involved in the overlapping are
§-5. S-p, Or p-p.

(c) Itis a strong bond.

(d) The electron cloud is symmetrical about the
line joining the two nuclei.

(e) It consists of one electron cloud, which is
symmetrical about the internuclear axis.

(f) Free rotation about ¢ bonds is possible.

12. Differentiate between sigma and pi bonds. (Pages 96 to 98)

' Pi (n) Bond
It is formed by the lateral overlap of orbitals.

These bonds are formed by the overlap of p-p
orbitals only.

It is weak bond.
The electron cloud is not symmetrical.

There are two electron clouds lying above and
below the plane of the atomic nuclei.

Rotation is restricted in case of pi-bonds.

Water (Hz0)

Ammonia (NH3)

Methane (CHy)

Figure 7 Sigma bonds formed in 2ach of these molecules when the atomic orbital of each hydrogen atom

overfapped end-to-end with the orbital of the central atom.

List the orbitals that can form sigma bonds in a covalent compound,

Sigma bonds can form from the overlap of an s orbital
with another s orbital, an s orbital with a p orbital, ora p
orhital end-to-end with another p orbital.

Two shared pairs

. " . . of electrons
Qo0 + 0 — o=a ‘

Figure 8 Multiple covalent bonds form
when two atoms share more than one pair
of electrons.

a. Two oaygen atoms form-a double bond.

b. Afripte bond forms between two

o N g N — Ne=N: @ nitragen atoms.
' ’ Three shared pairs

of electrans

9 GEETA SAEED KHAN (SANA)
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Double bonds

A double covalent bond forms when bwo pairs of electrons are shared between two
atoms. For example, atoms of the element ooovgen only exist as diatomac molecules,
Each oxvgen atom has six valence electrons and must obtain two additional electrons
for a noble-gas configuration, as shown in Figure 8a. A double covalent bond forms
when each oxygen atom shares two electrons; a total of two pairs of electrons are shared
between the two atoms.

Triple bonds

A triple covalent bond forms when three pairs of electrons are shared between two
atoms. Diatomic mitrogen (M) molecules contain a triple covalent bond. Each nitrogen
atom shares three electron pairs, forming a triple bond with the other nitrogen atom as

shown in Figure 8b.

The pi bond

A multiple covalent bond consists of one sigma bond and at least one pi bond. A

pi bond, represented by the Greek letter pi (), forms when parallel orbitals overlap and
share electrons. The shared electron patr of a pi bond occupies the space above and
below the line that represents where the two atoms are joined together,

It 15 important to note that molecules having multiple covalent bonds contain both
sigma and pi bonds. A double covalent bond, as shown in Figure 9, consists of one

pi bond and one sigma bond. A triple covalent bond consists of two pd bonds and one
sigma bond,

Figure 8 Notice how the multiple bond between the two
carboh atoms in ethene (C_H | consists of a sigma bond and
8 pi bond. The sigma bond = farmed by the end-to-end
overlap of arbitals directly between the twa carban afonzs,
The carbron stoms are close enough thal the side-ty-side

p oobitals overlap and form the pi bond. This resudts ina
doughnui-shapsd clowd around the sigma bond

13. Identify the relationship between the type of a covalent bond (single, double, triple)
and its bond length, bond strength and the bond dissociation energy. (Page 99,100)

Single, Double, and Triple Bonds

H-H O0=0 N=N
L ] aw L
L J L
®

Share 1 pair valence e Share 2 pairs valence » Share 3 pairs valence
electrons electrons electrons

Long bond length * Medium bond length e Short bond length
Weakest » Intermediate strength * Strongest

Lowest reactivity * Medium reactivity * Highest reactivity

sciencenotes org
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- The triple bond is shorter than a double bond, and a double bond is shorter than
a single bond.

- Weaker bond strength results in the bond having less bond dissociation energy.

- On the other hand, stronger bond strength results in the bond having stronger
bond dissociation energy.

Table 1 Covalent Bond Type, Bond Length, and Bond-Dissociation Energy

Molecule Bond Type Bond Length Beond-Dissociation Energy
F, single covalant 143 x 10" m | 159 kd/maol |
e, | double covalent 121 W02 m 498 kl/moal
M, triple covalent 110 x 10 m 945 ledfmal

Heat Heat
Exothermic Reactions Endothermic Reaction

A reaction that releases A reaction that the system
energy from the system in absorbs energy from its
the form of heat. surrounding in the form of
heat.

14. Name a binary molecular compound based on its molecular formula. (Page 102)

1. The first element in the formula is always named first, using the entire element
name. M is the symbal for nitrogen.

2, The second element in the formula is named using its root and adding the suffix
-ide. O |5 the symbol for oxygen so the second word is oxide,

3. Prefixes are used to indicate the number of atoms of each element that are
present in the compound. Table 2 lists the most common prefixes used. There are
two atoms of nitrogen and one atom of oxygen, so the first word s dinitrogen
and the second ward is monoxide,

Table 2 Prefixes in Covalent Compounds

Mumber of Atoms I Prafix Mumber of Atoms

1 mono- | B hexa-
2 i | 7 hepta-
3 tri- 8 octa-
4 tetra- | g nona-
5 penta- | 10 deca-

11 GEETA SAEED KHAN (SANA)
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PRACTICE Problems W ADDITIONAL PRACTICE

Mame each of the binary covalent compounds isted below.
14. CO,

15. 50,

16. NF,

12 Ccl,

18. CHALLENGE What is the formula for diarsenic tricwide?

14. carbon dioxide

15. sulfur dioxide

16. nitrogen trifluaride
17. carbon tetrachloricde
18. As O,

15. Name an acid (binary acid and oxyacid) given its chemical formula and vice versa.
(Page 104)

Naming binary acids

A binary acid contains hydrogen and one other element. The naming of the common
binary acid known as hydrochloric acid is explained in the following rules.

1. The first word has the prefix ydro- to name the hydrogen part of the compound.

The rest of the first word consists of a form of the root of the second elemeant
Plus thee sulfix <ic. HC! (hydrogen and chlorine) becormes hydroctilforic.

2. The second word is always ocid. Thus, HCl in a water solution is called
hydraochiaric acid.

Tahle 3 Naming Oxyacids

Compound Oxyanion | Acid Suffix Acid Mame
|HCIO, i chiorate e chioric acid
| HCIO, | chiorite -ous chiorous acid
| HNO, I ritrate -t nitric acid
'HNO, | nitrite -ous nitrous acid

1. First, identify the oxyanion present. The first word of an axyacid's name consists
of the root of the oayanion and the prefix per- or hypo- if it is part of the
oxyanion’s name. The first word of the oxyacid's name also has a suffix that
depends on the cxyanion's suffix. If the oxyanion’s name ends with the suffix -ate,
replace it with the suffix -ic. If the name of the oxyanion ends with the suffix -ite,
replace it with the suffix -ous. NO,~, the nitrate jon, becomes nitric.

2, The second word of the name Is always ocid. HNO, (hydrogen and the nitrate jon)
becomes nitric ocid.

12 GEETA SAEED KHAN (SANA)



EOT COVERAGE - CHEMISTRY
GRADE 10 A AND 10 HSA

PRACTICE Problems ‘ ADDITHIONAL PRACTICE

Mame the following acids. Assume sach compound is dissolved in water.
19. HI

20. HCIO,

21. HCIO,

22, H .50,

23.HS

24. CHALLENGE What is the farmula for periadic acid?

19. hydraiadic acid
20. chloric acid

21. chlorous acid

22. sulfuric acid

23. hydrasulfuric acid
24 HIO,

Table 4 Formulas and Names of Some Covalent Compounds

Formula | Commeon Name | Molecular Compound Name
|HO dilydrogen monoxide
NH, nitragen triydride
NH, dinitrogen tetrahydride
|Hel. hydrochloric acid
CHO, 2-{acetyloxy)benzoic acid

16. Draw Lewis structure for a number of covalent compounds with single and multiple
bonds. (Page 109)

EXAMPLE Problem 3

LEWIS STRUCTURE FOR A COVALENT COMPOUND WITH SINGLE BONDS Ammonia is a raw
material used in the manufacture of many products, including fertilizers, cleaning products, and
explosives. Draw the Lewis structure for ammonia (NH,).

1 ANALYZE THE PROBLEM
Ammonia molecules consist of one nitrogen atom and three hydrogen atoms. Because
hydrogen must be a terminal atom, nitrogen is the central atom.

2 SOLVE FOR THE UNKNOWN
Find the total number of valence electrons available for bonding.

S valence electrons 1valence electron __
INatom X =——Fo———— + 3Hatoms X — o= = 8 valence electrons

There are 8 valence electrons available for bonding.

8 electrons

2 electrons/pair — 4 pairs Determine the total number of bonding pairs.

To do this, divide the number of avallable electrons by two.
Four pairs of electrons are available for bonding.

H—N—H Place a bonding palr (a single bond) between the central
nitrogen atom and each terminal hydrogen atom.

H
Determine the number of bonding pairs remaining.

4 pairs total — 3 pairs used  Subtract the number of pairs used In these bonds from
= 1 pair available the total number of pairs of electrons available.

The remaining pair—a lone pair—must be added to either the terminal atoms or the central
atom. Because hydrogen atoms can have only one bond, they have no lone pairs.

.e
H—N —H Place the remaining lone pair on the central nitrogen atom.

H

3 EVALUATE THE ANSWER
Each hydrogen atom shares one pair of electrons, as required, and the central nitrogen atom
shares Unee pains of electons and has one lone pail, providing a stable oclel
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PRACTICE Problems W, ADCITIONAL PRACTICE

37. Draw the Lewis structure for BH,.

3B. CHALLENGE A nitrogen trifluoride molecule contains numerous lone pairs.,
Draw its Lewis structire.

. H
I
B
AN
H H
38. E:
= B =
Ao il

17. Determine the exceptions to the octet rule (add number of valence electrons, sub
octets and coordinate covalent bonds, expanded octets). (Page 113,114 and 115)

Exceptions to the Octet Rule incompiele ocet
Generally, atoms attain an octet when thev bond with other atoms. Some
molecules and wns, however, do not obey the octet rule. There are several € 0)-

reasons for these exceptions.
Figure 15 The central

Odd number of valence electrons RGN RN it
mofecubs does not satisfy

First, a small group of molecules might have an odd number of valence the actet rule; the nitrogen
electrons and be unable to form an octet around each atom. For example, NO, atom has only seven

has five valence electrons from nitrogen and 12 from oxygen, totaling 17, SOl I Reaulbes
which cannot form an exact number of electron pairs. | energy level

CI0, and NO are other examples of molecules with odd numbers of valence electrons.

Suboctets and coordinate covalent bonds

Another exception to the octet rule is due to a few compounds that H—EBE—H
form suboctets—stable configurations with fewer than eight electrons |
present around an atom. This group is relatively rare, and BH_ is an H

example. Boron, a group 13 metalloid, forms three covalent bonds
with other nonmetallic atoms. The boron atom shares only six elec-
trons—too few to form an octet. Such compounds tend to be reactive and can share an

entire pair of electrons donated by another atom.

A coordinate covalent bond forms when one atom donates both of the electrons to be
shared with an atom or ion that needs bwo electrons to form a stable electron arrange-
ment with lovwwer potential energy. Refer to Figure 16 Atoms or ions with lone pairs
often form coordinate covalent bonds with atoms or ions that need two more electrons.

H H H H
1 I 1
H—B -+ ::M—H —_— H—B—MNM—H

1 | I |

H H H H
The boron atom has no electrons Ihe nitrogen atom shares
to share, whereas the nitrogen both electrons (o form the
atorm has two electrons to share. coordinate covalent bond.

Figure 16 |n this reaction between boroas ritvwwdride (BH ) and ammonia (MH ), the nircgen afom doaates
both electnons that are shared by boran and nitrogen, forming & coordinate covalent bormd
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Expanded octets

The third group of compounds that does not follow the octet rule has central atoms that
contain more than eight valence electrons. This electron arrangement is referred to as
an expanded octet. An expanded octet can be explained by considering the d orbitals
that occur in the energy levels of elements m period three or higher, An example of an
expanded octet, is the bond formation in the molecule PCL.

:Cl: Cl: Figure 17 Prior to the reaction of PCI, and C1,
| 4 7] & EI E| . every reactand atom follows the octet rule. Aftsr
=] “+ Cl—Cl: —_— ap v= Ihe reaction, the product, PCI,, has an expanded
'El/"\ﬂ':'d : - " ’El Cl ociet containing 1en electrons.
Expanded octet

LEW!S STRUCTURE: EXCEFTION TO THE OCTET RULE Xenan i a noble gas that will form a
few compounds with nonmetals that strangly attract electrons. Draw the correct Lewis structure

for xenon tetrafluoride (XeF |

1 ANALYZE THE PROBLEM
You are given that a molecule of xenon tetrafluoride consists of ane xénon atom and four
fluoring atoms. Xenon has kess attraction for electrons, soit s the central atom.

EXAMPLE Problem § (continued)

18 pairs avallable — 4 pairs used

2 SOLVE FOR THE UNKNOWN

First, find the total number of valence elecirons.

= 14 pairs available

Hpairs—dFalemst

Daterming the numbes of remaining pairs

3 pail
i} Add three palrs o each F atom to abtain an octst.

1F dtam
§ 3 = 2 pairs unused Daterming how many pairs temain,
ualénos eleciions ulence plections _
1 Xeatom ¥ = jn = + A Fatoms X~y p e = 36 valence efectrons . .
'.F' E' Place the two remaining pairs on the central

36 slections g .
J electonalpel = 18 pairs Determine the tofal number of bonding pairs: >xe/ e atom.
FOF £ R

\ / Use foar bonding pairs 1o bond the four F atoms to . I

Xe SRl e i 3 EVALUATE THE ANSWER

/ \ This structure gives xenon 12 total electrons, an expanded octet. Xenon compounds, such as

F F the XeF, shown here, are toxic because they are highly reactive.

PRACTICE Problems W ADDITIONAL PRACTICE e e

Draw the expanded octet Lewis structure for each molecule, 47 :F: 48 :C: . 49 .F, ¢|F- .

a7 oF, ¢ i .
48. PCI, s l g \ /u
. CHALLENGE Draw the Lewis structure for the molecule formed when six fluorine atoms and : : :Cl B P b S e
“oresurhwetambwdcnvatenty. Li l \.. .F/ | *
:'F' “: :C . .C.: .!F :F: 01.

18. Using the VESPR model the electron domain geometry and molecular geometry for
different molecule and ions. (Page 119)

Table 5 Molecular Shapes: 2 or 3 Total Pairs

Total | Shared | Lome | Hybrid

Piotectite Mailrs Pairs Pairs | Orbitals

] Molecular Shape®

The three bonding sdectron palrs bn AICT,
- faave maximum separsthon in 8 trkgonal

AT 2 3 o sp? ]
planar shape with 120° bond angles.

15 GEETA SAEED KHAN (SANA)



EOT COVERAGE - CHEMISTRY
GRADE 10 A AND 10 HSA

Tabie 6 Molecular Shapes: 4, 5, or 6 Total Pairs

Molecul | Total | Shared | Lona | Hybrid Molecular
DIRCR | Pairs Pairs | Orbitals Shape*

‘When the central atom In.a malecule
has fowr pairs of bonding electrons,
™ as CH, does, the shape s tetrahedrat,
The bond angles are 1085

CH,

MH, has three single covalent bonds

and one lone pair. The ione palr takes

up a8 greater mnl’spa::e'lhm

the shared pairs. There s stronger
= repuision betweaen the lone pair and

sl Wl s
geometiry is trigonal pyramddal, with

Trigonal pyramidal 1073 bond angles.

MH, 4 3 1 sp?

‘Wiater has two covalent bonds and two
. pairs causes the angle to be 104.5%,
H,O 4 2 2 sp ™ less than both tetrahedral and migonal
T pyramid. As a reswll, water mofecules
s have a bent shape.

90" The MbBr, molecule has five pairs
5 5 o =pid 5 = bipyramidai shape minimizes the
120 repulsion of these shared electran
pakrs.

MbBr,

Trigonal bipyramidal

T As with NbBr, SF, has no unshared
ﬁ‘-‘ -'" electran pairs on the ce::ra!.au:_mr.

o0 X
5F, & & o spid? } - Hionwewer, six shared palrs arranged
- about e central atom result in an

octahedral shape,

EXAMPLE Problem 7

FIMD THE SHAPE OF A MOLECULE Phosphorus trinydrida, a calorlsse gas, is prodused when
organic materials, such as fish fiesh, rot. What is the shape of a phosphorus trihydride molecule?
Predict the bond angle and identify hybrid orbitaks.

1 ANALYTE THE FRORBRLEM

# phosphorus triydride molecule has three hydrogen atoms bonded (o a central
phiosphorus atom.

EXAMPLE Problem 7 [continued)

2 SOLVE FOR THE UNKNOWN
Find the total number of valence electrons and the number of electron pairs.

1valenee alectron

1P atom x S¥8ience slechons | 3y ynme x Laltnes slecion _ g yajance electrons
;&Wiﬁm = 4 pairs Determine the total number of bonding pals.
H=F=t H—P—H Diraw the Lews strocture, using ane- pair of

.!| - H elecirons 1o bond each H atom to the central P

atom and assigning the lone pair 1o the P atom.
Lewis Muolecular
structure shape

The molecular shape is trigonal pyramidal with a predicted 107" bond angle and sp* hybrid
arhitals.

‘3 EVALUATE THE ANSWER
All electron pairs are used and each atom has a stable electron configuration.
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PRACTICE Problems W ADDITIOMAL PRACTICE

Determine the mol i angle, and hybrid orbitals for each maolecule.
56. BF, 57 OCl, 58. BaF, 59. CF,
60. CHALLENGE Fora NH,* ion, identify its molecular shape, bond angle, and hybrid orbitals.

shag

56. trigonal planar, 120°, sp2
57. bent, 104.5°, sp=
58. linear, 180°, sp
59. tetrahedral, 109°, sp3
60. tetrahedral, 109°, sp3
19. Categorize bond types using electronegativity difference into mostly ionic, polar
covalent, mostly covalent, and non-polar covalent bonds. (Pages 122 and 123)
Electraneg.a;.tivity Walues for Selected Elemeants
1
1 | H Matal
220 5 L! Mstaliod 1= 1 15 %5 17
- 3 I.I . | ﬂe Somnmsaial L I: ¥ N L I'J o F
coE 15T 255 304 344 308
1 Ma & Mg el s p omos ol
= = )
ciod L = * = i = = = - & e e 2% Ds8 3N
4'“"’&“"‘““ u?xﬁ-ﬁ"“xﬁ-mq‘_nm.ﬁ._ﬁ“_nnnh‘ 1 Mg 15 g
GE2 100 136 (154 1530 186 155 183 (B8 61 | 1oo  1ESs  1El | i 265 286
5"“‘5{"'? "’_ﬁ"‘"'ﬁ""'ﬁ_"’t“'H“‘h"'ﬁ“h‘_ﬁﬂ'h’“ } | T e |
0EZ 085 132 133 18 295 290 | 22 228 330 | 183 168 178 188 _“”'. FiEE
E'uﬁ_ihqh-ﬁufnﬁ "W SRe 208 7 IH: hﬂ_ﬂ-!{nuﬂ & Ph 8 B s Po 0 A
g¥e  @Em 10 13| 1n 7 T 2z | =z || 2= 19 in 18 19 z20 23
7T
oF; B9 1

Table 7 EN Difference Between Atoms within a Compound and Bond Character

Electronegativity Difference Bond Character
=17 mostiy ionic
04 —17 polar covalant
< !14. miasthy cnvaillent
'u nonpolar covalenit

20. Describe conditions needed for a molecule to be polar. (Page 125)

- A molecule will be polar if the bonds are polar, and these polar bonds are
arranged in such a geometry that the dipole moments do not cancel one another.

- For a molecule to be polar, the difference in the electronegativity of the bonded
atoms must be between 0.4 and 1.7. Then, if the molecule is symmetric, then the
molecules are usually nonpolar.

- Molecules that are asymmetric are polar if the bond type is polar.

- Example: CCl4. In CCly, the bond type is polar, but it is a symmetric molecule
making it non-polar whereas NH3 has polar bond and is asymmetric making it
polar.
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