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Textbook + Figure 10

f

State the properties of metalaic bond
23

Metal cation

= .—6 —‘ —.__ .— ‘_ —/— “Sea” of electrons
Figure 10 The valence electrons in metals (shown as a blue cloud of minus
signs) are evenly distributed among the metallic cations (shown in red).

Attractions between positive cations and the negative “sea” hold the metal
atoms together in a lattice.

All the metal atoms contribute their valence electrons to form a “sea” of electrons.

The valence electrons of the bonding metallic atoms are not held by any specific atoms, and they are free to
move, they are often referred to as delocalized electrons.

The attraction of a metallic cation for delocalized electrons is called metallic bond.

Which is the best description of the valence electrons in the 04 A Ay ) A GRS Gl S ey cdna g La

600046
LYY LN
T

A. Have a fixed position in the lattice AL (f 50 adlga gl A
B. It is a sea of free-moving electrons a5 2l 5 jall Sy AN (e e A B
C. The electron density is concentrated around specific atoms e D 3 o Gy RSN MBS S5 C
D. The positive charges repulse with negative charges in it Allad) Sliaddl aa daagall Cliadd) \gd JUT D

@ . i £ 21 o 3 aed) diesd - S |“
What is the correct statement about the bonding 30 S0 8 gl Jl sl 2 Spald Apuly Al Bl

model shown in the figure below? AN gl o Ay S iy 5 fiami— A

A - The valence electrons move freely between the Latlase giy - B

metallic nuclei Sl slsal o sbeSIl cigslS Jis - ©

. g -1‘-‘_‘. L DR | IPER T 9. .. v---‘.."“.|; -
B — Form a brittle material Al ciaty el csgl) e ad Al W 36 - D

C — The Cations convey electricity along the metal —
$ 5 9OO0SEC

D - The metallic atoms form a "sea’ of negatively '_‘-..‘-_"_.;‘_9_/
OO DL e

charged ions
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CHML5.1.02.023.03 Explsin some physical properties of metals (Melting and boding points, Thermal and electrical conductivity, Malleability, ductiity, durability, Hardness and strength)

Property Explanation
Mercury is a liquid at room temperature (low melting point), but tungsten has a melting
point of 3422°C.
Melting points vary

The cations and electrons are mobile, so it does not take much energy to move past
each other.

High boiling points It requires much more energy to separate atoms completely from the lattice.
Good conductors The movement of mobile electrons around positive metallic cations freely.
Luster (shiny) Delocalized electrons interact with light, absorbing and releasing photons.

Malleability- Metal ions can move through delocalized electrons.

Ductility-Durabilit . . .
HCHIity-DUrablity Metallic cations are strongly attracted to the electrons and are not easily removed.

Transition metals are strong and hard while alkali metals are soft.

Hardness - strength N . .
& Transition metals have more delocalized electrons (s and d electrons), but alkali metals

have only one delocalized electron

What explain malleability of metals? Skl clall Abls i (o) L
A 5550555
External
force
70000 — 9000
W% %W QPP
059 o000Q
4 f8ed 0@:
The movement of the free (delocalized) electrons more easily 52 Aggany (Lmgaiall y2) Ball @lig s A
The reaction of free (delocalized) electrons with light sguall pa (daingaiall j2) Ball i s Jelis

The movement of metallic cations through free (delocalized) electrons (Armsadl ye) all Glig s e il Ciligd A5a

The movement of fixed electrons around the metallic cation Gl el Joa Badall clig iK1 A< s

What explain the luster of metals? Sl Gladd yedh 3 Lo

The movement of the free (delocalized) electrons more easily S Alggens (Lanaagaiall p2) Byall ciliy pSIY) ASpa
The reaction of free (delocalized) electrons with light sgenall g (Aaagaiall ) Ball cilig pSY) Jelis
The movement of metallic cations through free (delocalized) electrons (Reasanall pu2) Sall lig sSY1 g il s 4S5
The movement of electrons is fixed around the metallic cation Sl ol Jea skl ilig pSIYI ASHa
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CHML5.1,02.023.08 Differentiate between the different type of alioys (substitutional and interstitial)

An alloy is a mixture of elements that has metallic properties.

Substitutional alloys Interstitial alloys
Some atoms in the original metallic solid are replaced | When the small holes in a metallic crystal are filled
by other metals of similar atomic size. with smaller atoms.
Sterling silver is an example where copper atoms Carbon steel is an example where holes in the iron
replace some of the silver atoms in the crystal. crystal are filled with carbon atoms.
Which of the following is correct regarding the alloys in the Jeanll L_g 3)lsll iy (alaty Lad monia Q_"L. Lo L_gi
table below? oLl
ASuull A3
3 2 1 £
Alloy number
A5 eyl Luadll 353S0 3Ysal gailily 2l e ASi0ea
R e Alloy S
Sterling silver | Carbon steel | Titanium and vanadium alloy
Both 2 and 3 alloys are examples of Interstitial alloys aehl elibudl e Ve 5583 52 aSudl e s

Alloy 3 is an example of an interstitial alloy el bl e Vi 5003 2

Alloy 1 is used to make bicycle frames Glahall ehal delia 31 auud) ardns

Alloy 2 is an example of a substitutional alloy adlan) bl e Y Had 2 aud)

Steel is an example of Interstitial alloys. What element o ) By o e L AT By O
is added to the iron crystal to obtain steel? ST e Gyl ggad ')’b
A - Garbon (C) () agd = 4
B - Silver (Ag) (A Sl =B
C — Tin (Sn) -
D - Lead (Pb) (Pb) yelka - D
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CHM.5.1.01.011 Predict the periodicity of electronegativity in the periodic table, explaining the type of bands farmed between the elements (= g, lonic, covalent and metailic bonds )

4 Textbook + Figures 20, 21 +table 7 ‘ 121,122
Electronegativity Values for Selected Elements
1
1 i Metal
220 2 .Metalloid 13 14 15 16 17
2 LI 4 Be Neonmetal RN E Q[ p
2
098 157 255 304 344 398
" Na Mg 5 A %§ 7l
, " Na 7 Mg

@‘% 1.31 3 4 5 6 7 8 9 LI | 12 ‘fﬁi
® K “Ca S #2Ti “V #Cr “Mn “Fe Co # Ni #Cu ®Zn ¥ Ga
082 100 136 154 163 166 155 183 188 191 190 165 181
URp ® S ®Y “Zr Nb “2Mo T “Ru “Rh “Pd ¥Ag ¥ Cd © In % Sn
082 095 122 133 16 216 210 22 228 220 193 169 178 196
5Cs %Ba “La|”Hf #"Ta "W "Re ®0s "Ir ™ Pt HM wﬁa & T 8 pb 8 m
079 689 10 (43 |15 W7 19 |22 22 22 24 (19 18 18 | 18
T

258 316

7

Figure 20 Electronegativity values are derived by comparing an atom’s attraction for shared electrons to
that of a fluorine atom’s attraction for shared electrons. Note, the electonegativity values for the lanthanide
and actinide series, which are not shown, range from 112 to 1.7.

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

Electronegativity Difference | Bond Character
> 1.7 mostly ionic
04 —-17 polar covalent
<04 mostly covalent
0 nonpolar covalent

Electronegativity and Bond Character

E | T

E "liﬁ'fli'é' _—

g 75 : o

5 R e

o :

€ PrTTTCT A Mo

E o I L= P g : | | Figure 21 This graph shows that the difference

g N, ‘:JP | 1] lcobalént| in electronegativity between bonding atoms

E : ! I T determines the percent ionic character of the
0 0 1.0 20 3.0 bond. Above 50% ionic character, bonds are

Electronegativity difference mostly jonic.

Figure 21 summarizes the range of chemical bonding between two atoms. What percent
ionic character is a bond between two atoms that have an electronegativity difference of
2.00? Where would LiBr be plotted on the graph?
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What is the bond type in H,O molecule?
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$H0 egiall L3 dbll g5 Le

H 0 Element yuaisll
Al sl gl
20 |3 | SR
Electronegativity

Mostly ionic

Nonpolar covalent

Polar covalent

Mostly covalent

12. Look at the electronegativity difference in the table.

Which kind of bond is present in the compound OF;? | element

a. 1ionic

c. polar covalent

@the_garden_academy ) o The garden academy J

electronegativity

oxygen

3.44

fluorine

3.98

b. metallic

d. nonpolar covalent
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CHML5.1.01.011.10 Differentiate between polar covaient and non-polar cavalent bands while comparing the location of the shared slectrons - define if the compaund & palar ar nonpalsr

5 Textbook + Figures 23 , 24 25 124,125
&" 5
0 8 L
\ 5" / \
p ; 64'
5t - H H
2 ) NH3 H
" Figure 24 The symmetry of a CCI, Figure 25 The asymmetric shape of
Figure 23 The bent shape molecule results in an equal distribu- an ammonia molecule resuits in an
of a water molecule makes tion of charge, and the molecule is unequal charge distribution, and the
it polar. nonpolar. molecule is polar.
Polar nonpolar
Molecule is asymmetric. Molecule is symmetric.
It has lone pairs of electrons on the central atom No lone pairs of electrons on the central atom
Which of the following is correct regarding the two Lolial Jgand) & Ol Blad Lad masa 4:.19 Las

molecules in the table below?

Cl s~ Suigen
| i
‘ ” el JSG
e & cl |'6‘| H6+ y
2 'b§ P Molecule’s shape
+
ad H6
2 1 c-q:‘_).d‘ )
Molecule’s number
Molecule 1 is nonpolar due to the symmetry of the molecule eidl LB ¢Ls s 1 el
Both molecules are polar 9_.L.s Ol 2 L
Both molecules are nonpolar BB et Ol S
Molecule 2 is nonpolar due to the symmetry of the molecule sl bl G G e 2 gl
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Textbook + Figures 2, 3

6 CHILS 2 01.003 Use the kinetic molecular theory to explain the properties and behaviour of gases 240,241 242

Figure 2 Kinetic energy can be transferred
between gas particles during an elastic
collision. Between collisions, the particles
move in straight lines.

Explain the influence that gas particles have

on each other, both in terms of collisions and
what happens to particles between collisions.

Figure 3 In a closed container, compression and expansion change the volume occupied by a constant
mass of particles.

Relate the change in volume to the density of the gas particles in each cylinder.
The Kinetic-Molecular Theory
e Gases consist of small particles that are separated from one another by empty space.
e The particles have no attractive or repulsive forces.
e (Gas particles are in constant, random motion.
e Particles move in a straight line.
e Collisions between gas particles are elastic (no kinetic energy is lost).
e The total kinetic energy of the two particles does not change. KE = % mv?
e All particles do not have the same kinetic energy (different velocity).
e Temperature is a measure of the average kinetic energy of the particles.
e The constant motion of gas particles allows a gas to expand until it fills its container.

e Gases have low density. much space exists between gas particles.

® (ases can be compressed as there is an empty space between the particles.
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What definitely explain the decrease in density of gases in comparison to the density of liquids?

The strong attractive forces between the gas

a.  particles,

b. The far distance between the gas particles.

c. The slow motion of gas particles.

d. The inelastic collision between gas particles.

Which is NOT an assumption of the kinetic-molecular theory? Saisall A$)all dlal Lalpdl Cod 2060 Ll 6

All the gas particles in a sample have the same velocity. Aoyl Gl e die 4 Glasa
A gas particle is not significantly attracted or repelled by other gas particles. o pe Gl Cilases il o ilam Y
Collisions between gas particles are elastic. Ly Ll Clasea G pabeadll 6S
All gases at a given temperature have the same average kinetic energy. ASHad) Bl Jasgie e dsea Ba da e 4 @lildl U

In the Kinetic-molecular theory which of the following terms %
“ . iliia o A Clalhad) e ol Al Al ki 3

5alad) (ya Aised Cilasuall 4 a) A8 daus il

is a measure of the average kinetic energy of the particles

in a sample of matter?

Volume !l O
Temperature pallian O
Mass a<y O
Density sl O

@the_garden_academy J; o The garden academy J @m.thegardenmdany.net. G 00971569174493 )
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Which of the following statements is True? $hasaus ddull clud (g

—p—

Particles of a gas collide with each other and with the walls of 238y cleghl (han aag (fand) lgans pe polia Gl Silasen
their container, these collisions are inelastic. Ly i Slaaleall
Particles of a gas collide with their container only L clegll s aclan el Slawas
Particles of a gas never collide plam Yl Gilases
Particles of a gas collide with each other and with the walls slesgll haa pay pand) leaans pe alal il Slases
of their container, these collisions are elastic. L ye Cilealianll sdag
Which of the following is correct about gases? fallall Gl Lad masa “,;L_. las (gl
The volume of the particles is big compared with ol sladll anay &)lae S Slapall ana

the volume of the empty space

Gas particles experience significant attractive and Ay @ilad el W Slesa auads

repulsive forces

During collision of gas particles kinetic energy LSall Al 8 a8 Soasy Hll Slass aalsd oLt
is lost
Gas particles are in constant, random motion Lilgde s dadly Hlall Slowe 3S)a

. Which is NOT an assumption of the kinetic-

molecular theory?

A. Collisions between gas particles are elastic.

B. All the gas particles in a sample have the same
velocity.

C. A gas particle is not significantly attracted or
repelled by other gas particles.

D. All gases at a given temperature have the same
average kinetic energy.
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7 Textbook + Example problem 1 + practice problem

CHML5.2.01,003.04 Compare betwesn diffusion and eflusion for different types of gases

243, 244

Rate, ' molar mass,

Rate, — \'I molar mass,

What is the ratio of diffusion rates for carbon monoxide and carbon dioxide?

(Molar masses: CO = 28.01 g/mol ., CO; =44.01 g/mol)

a| 1.25
e:| 1.15
« 1.47
d 1.95
Neon (Ne) has a molar mass of 20.0 g/mol; A g el 036 5las <20.0 g/mol ddge AbS Al fpall Gl
and Hydrogen Chloride (HCI) has a molar mass of 36.5 g/mol. .36.5 g/mol dJs. aks
What is the ratio of their diffusion rates? fla)liml S ma dod 8 L
0.54
0.77
1.35
1.83
What is the ratio of diffusion rates for sulfur 2. s (S03) w8l EPPCURLE | W] I VPR SO Y
trioxide(SO;) and sulfur dioxide(SO,)? f(SOy) syl
Molar mass of sulfur trioxide = 80 g/mol 80 g/mol = <., 2el) B A0 gall AL
Molar mass of sulfur dioxide = 64 g/mol 64 g/mol = =)<l 2080 Sl Adaall 21N

1.12 2.50 0.894 0.768
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Four identical balloons were filled with different gases fo the same volume, dbiae Sle e aeadl ey ik 2 da)doe STy :,.,i
Which balloon does the gas effuse the fastest from it? 95 el (S aie a0 e i gl
,.'/_\\l I,/'// \\ ,// \
heey | (e | | N |
yo\ S v
\ y v ,/ \\_ 4
& T T
ccly | ¢ | Ny | co; PR
Molar Mass
154 7 28 44
(9/mat)
CO;
CCls
N:
Clz
An unknown gas diffuses 1.25 times faster than N,Oy e e @il 1.25 « &)...i G Jagas e
N,O, gas. What is the molar mass of unknown gas? sl lall ddgall abSl L
(molar mass of carbon dioxide gas N;O,4= 92.0 g/mol) (92.0 g/mol = N,O4 (58Il sl 0 O &lsall Akl)
36.2 g/mol O
58.9 g/mol ')
7.7 g/mol @)
18.6 g/mol o)

3. CHALLENGE What is the rate of effusion for a gas that has a molar mass twice that of a gas that
effuses at a rate of 3.6 mol/min?
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Texthook + Example problem 2 + practice problem ‘

CMML5.2.01.004.07 Use the mathematical formula of Dalton’s law of partial pressures to cakulate pactial pressures and total pressure of 2 minture of gases
8 247,248,249

Dalton’s Law of Partial Pressures

Dalton’s law of partial pressures can be summarized by the following equation.

P.... represents total pressure. P, P,, and P, represent

P, =P +P,+P+...P =

n the partial pressures of each gas up to the final gas, P_.

To calculate the total pressure of a mixture of gases, add the partial pressures of each of
the gases in the mixture.

What is the total pressure for a mixture that contains three Llagine Sie B30 Lo ayiay dala] I dnal L
gases with partial pressures of 1.35 kPa, 3.81 kPa, and 5.22 kPa? §5.22 kPa . 3,81 kPa , 1.35 kPa _Julls 4552

7.68 kPa
10.38 kPa
12.76 kPa
6.57 kPa
A sealed flask contains oxygen, helium, and nitrogen. S 1 g uilly asaliglly eI il 0 Jads Ggins Glin eleg
If the total pressure in the flask is 4.711 atm, the partial 2.592 atm s Oy I S5all laaally « 4.711 atm elegll 3 S Loz i)
pressure for O, is 2.592 atm, and the partial pressure for N> A1 all bial) 58 L <0.836 atm s» He I Sl lasally 2.955 atm
He is 0.836 atm, what is the partial pressure of N,?
/E\ 8.139 atm
° 0 ©
o O
4.711 atm
R 0.467 atm
y gl e
[ 2 .
.._» e °
sl 1.283 atm
e
S
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What is the partial pressure of carbon dioxide ina gas mixture with

a total pressure of 40.8 kPa ,if the partial pressures of the other two

gases in the mixture are 18.4 kPa and 7.50 kPa.

. 8.50

b. 10.2

c 5.20

¢ 14.9

What is the partial pressure of water vapor in an air
sample when the total pressure is 1.00 atm, the
partial pressure of nitrogen is (.79 atm, the partial
pressure of oxygen is (.20 atm, and the partial

pressure of all other gases in air is 0.0044 atm?

0.0056 atm 0.2100 atm

5 Lasic alsgll o e 3 oLl 3all il L
0.79 atm (gl il laaally 1.00 atm SN Laal)
aanl el Lzll; 0.20 atm eSS Siall el

?0.0044 atm 3% =l

0.80 atm 0.9956 atm

CHALLENGE Air is a mixture of gases. By percentage, it is roughly 78 percent nitrogen,
21 percent oxygen, and 1 percent argon. (There are trace amounts of many other gases
in air.) If the atmospheric pressure is 760 mmHg, what are the partial pressures of nitrogen,

oxygen, and argon in the atmosphere?

@the_garden_academy _/J o The garden academy J
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£ M.5.1.02.007 Explain how the phyrsical and chemical propertiss of a salid or lquid depend an the present particles, the type of honds, and the ntermolecular and intramalecuar forces

E Textbook + Figures 9,10, 11 251,252,253

CHM5.1.02.007 35 Compare and contrast thei forces (dispersion forces, -gipole forces, bond) with respect tn type of molecules imvolved and strength

10 Textbook + table 3 254

Attraction

Temporary dipole Temporary dipole
—t —t

Figure 9 When two molecules are close together, the electron clouds repel each other, creating temporary
dipoles. The 6 sign represents an area of partial charge on the molecule.

Explain what the 6+ and 8— signs on a temporary dipole represent.

In which halogen the dispersion forces are the most strong?

Fluorine-9 lodine-53

Bromine-35 Chlorine-17

d—

Figure 10 Neighboring polar molecules orient themselves so that
oppositely charged regions align.

Identify the types of forces that are represented in this figure.

d H H
v N
¢ o o o
g ; ~ '
.-. ". - IH
. . . or "o’ Figure 11 The hydrogen bonds
' y . i . y  between water molecules are
3 s N o S stronger than typical dipole-dipole
: Hydrogen /O / N attractions because the bond
hond H Hydrogen H  between hydrogen and oxygen is
bond highly polar.
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Table 3 Properties of Three Molecular Compounds

Molecular Structure Molar Mass (g) | Boiling Point (°C)

Water (H,0) 18.0 100

Methane (CH,) 16.0 -161.5

Ammonia (NH,) 17.0 =333

What is the reason for the high boiling point of ammeonia (NH;)
compared with the boiling point of methane(CH,)?
Compound Molecular Molar mass Boiling point o
structure ‘mo a e molar mass of ammonia is greater than the malar mass of methane.
(2/mol) (°C) Th | f ter than th | f meth
1
Water (H,O) 18.0 100
‘ k. The presence of hydrogen bonds between the methane molecules.
Methane (CH;) 6 16.0 -161.5 ,
c. The presence of hydrogen bonds between the ammonia molecules.
Ammonia (NH;) Q 17.0 =333
d. Polarity of methane molecules.
Which of the following is an intermolecular force? a2 jadl O Jasl Al (6 58 (e il AN (pa g

Hydrogen bond s g el dlay Yl (@)
Metallic bond 4 lal) aday) Ll )
lonic bond a4 Y1 Ak (®)
Covalent bond dpaaliall ddayl ) O

@the_garden_academy ) o The garden academy ) @m.theprdeniademy.ney 0009715691?4493 )




Which of the following molecules can form Hydrogen bonds?

HF

HCI

CH,

The Astatine is the h

known halogen,

what would its physical state be at room temperature?

i gllgh dogana 3 Chysme peain S8 58 I0Y) jaic
0 Bl dape 2 ddad) il s L

Solid
Plasma

Liquid

Gas

Why is the boiling point of ammonia much lower than the boiling

point of water, as shown In the table below?

clall
Water (H,0)
Ligalll
Ammonia (NH3)

=~ @

b

e 2
You
(4

S aly) JS5 o) (S AW Sl (e 4

GARDEN
ACADEMY

f

Fluories
s Tl W ;a0 =
B €C N O F Ne ¥
13 14 15 16 17 18 Group 17 Chiorine
Al Si P S Cl Ar " lotigionll k
30 31 32 33 34 35 36 T Oromine.
Zn Ga Ge As Se Br Kr =
48 49 50 51 52 53 54 Sodine
Cd In Sn Sb Te 1| Xe 1 -
80 8 82 83 84 86 {
Hg Tl Pb Bi Po Rn G
p

Ll
sl
E ]

colall e Aae (se S B Ligal e days 00 1L
folial Uyl fe g LS

17.0 =333

Because nitrogen atoms are more electronegative

than oxygen atoms

Because N-H bonds in ammonia are less polar

than O-H bonds in water

Because ammonia is a liquid at room temperature

Because the molar mass of ammonia is less than water

@the_garden_academy ) 0 The garden academy )

35S Al SST g il 3 N
O S (e

a8 st 3 N-H Lty 0

slall 3 O=H Lily il (s
) bl Aoy b il Liga) oY

chall \gia S8 Lsgadll Adpall 3BSI oY
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What is the type of attraction forces shown in the figure below? Salaal Sl el colal) gy L
Covalent bonds Acaaleall Lady N
Hydrogen bonds Aty gl Sl )l
Dispersion forces casl s
lonic bonds agey 1 Jadg
What explains the low boiling point of ammonia L LigaY) (L Ao alid ) 53 e
compared to with the boiling point of water? foll Lk o e
(°C) ol as o (g/mol) adsal ak<l) sl Sy Sl
Boiling Point (°C) Molar Mass(g/mol) | Molecular Structure Compound

(H20) ¢
100 18.0

Water

NH;) L gaY!
-33.3 17.0 o 5 st

Ammonia

Ammonia molecules do not form hydrogen bonds Loungyue bulg) Lol Cliia e Y
Ammonia molecules are nonpolar ikl e LisaY Sl
The attractive forces between ammonia molecules il (gl (e el LigaV) cilisia s (0l (g8
are weaker than it in water molecules slall Slia G
The attractive forces between ammonia molecules il (g5 e il Ligal ] Giliia fas cadall (g4
are weaker than it in water molecules slall Gliis (
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CHMS.2.01.004 11 Use the mathematical formuls af Boyle's lw 1o caltulsts valume-praseure changes for 3 gat sample 8t conitant lemperature

1 Textbook + figure 1+ example problem 1 +practice

grovlems 178, 279,260
l Pressure-Volume Changes
\ [0 atm, 101)]
10 Z
S8
@ W
N | |](2.0atm, 51}
E® 1
: S 4
v T | 5 |
R . — A< {13.0 atm, 2.5
— —_— S 5
PiVi=(1atm) (10L) PV =(2atm)(5L) P3Vz=(4atm)(25L) 0 05 10 15 20 25 30 35 40
=10 atm-L =10 atm.L =10 atm-L Pressure (atm)

= constant = constant = constant

Figure 1 As the external pressure on the cylinder’s piston increases, the volume inside the cylinder
decreases. The graph shows the inverse relationship between pressure and volume.

Boyle’s Law

P} Vl — szz P represents pressure. V¥ represents volume.

For a given amount of gas held at constant temperature, the product of pressure and
volume is constant.

The pressure of a sample of helium in a container
of 1.00L volume is 3.95 atm, if the temperature
remains constant. What is the new pressure in (atm)

if the same sample is placed in a 2.00L container?

The volume of a gas is 400.0 mL, and the pressure is 1.00 atm. 1.00 atm Lia 225 400.0 ml e aas
When the volume of the gas is 2.0 L, what is the pressure, e Jlall hia e 2.0 L el aas :L.;.ai 13
if the temperature remains the same? 5yl adl dajs i

0.20 atm

0.5 atm

5.0 atm

0.80 atm
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The pressure of a sample of helium in a 1.0 L container

0.857 atm 58 1.0 L dac dugls 3 agligll e Aie i
is 0.857 atm. What is the pressure if the same sample i SOL}‘ ; 4:.1 £ oA O
SOL Aes o 8 disell udd Ay 23 13 sl L
is placed in a ().50 L container? et T R S |
Al 5ylall daye ) sl
(Assume that the temperature is constant.) (18 Bhall 0 o) a8
d
0.44 atm
1.4 atm
1.7 atm
0.14 atm
Increasing the pressure on the balloon’s gas shown in bl (ICall zagall gl G e Jarall bl xie
the figure below, how that would affect the balloon’s €5hall da oild die gl aaa e ol ik L
volume at constant temperature?
It will increase 202y o
It will decrease Ji g
It will stay the same LS dus
It will increase triple times el 325 2 3
Air trapped in a cylinder fitted with a piston occupies aie 365.5 mL Jidy uSes dilis Lilyh & Jsans el

365.5 mL at 0.985 atm pressure. What is the new L L. 0.985 R
el i 313 (ML) saall saall L i 0.985 atm L
volume (mL)when the piston is depressed, increasing R =

the pressure by 50%? £50% lsiey laaall ) Casy

244 354 198 455

CHALLENGE Air trapped in a cylinder fitted with a piston occupies 145.7 mL at 1.08 atm pressure.
What is the new volume when the piston is depressed, increasing the pressure by 25%?7?
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CHMS.2.01.004 15 Use the rathematical formuls af Charkes’s lsw to calculsts valume- temparature changes fir 8 jas sample st condtant preszure

12 Textbook + figure 2 + example problem 2 + practice

problems 280,281 282
Volume v. Celsius Temperature
oo fi27°C, 600 m)]
— 3 ’
TE'EUD
E
5 400
o
> 200 7N
300 mL LA £ [(=123°C, 200 mL)|
4
0]
—-300-250-200-150 =100 =50 0O 50
Temperature (°C)
Volume v. Kelvin Temperature
N 1 )
Vi _300mL Y _ 600 mL Rl 1300 K, 600 mL]
T, 150K 7, 300K 3
E 600
=2 mL/K = 2 mL/K ‘;
= constant = constant 5400
°
> 200 = I
b [(150 K, 300 mL)]
-
96~ 50 100 150 200 250 300 350
Temperature (K)
Figure 2 When the cylinder is heated, the kinetic energy of the gas particles increases, causing them to
push the piston outward. The graphs show the relationship of volume to Celsius and Kelvin temperatures.
Charles’s law
Vl _ V;_ V represents volume,
']"I - fa T represents Temperature.
For a given amount of gas at constant pressure, the quotient of the volume and Kelvin
temperature is a constant.
The Celsius temperature ofa 6.8L of gas sample
is lowered from 27°C to 0.0°C, at constant pressure.
What will be the resulting volume (L) of this gas?
A-747
B- 6.19
C- 4.64
D- 3.10
A hat vwnlitrme 1wt s cvme (v Shaa ball - e § ~ - - aa o » |
what volume will the gas in tne balloon at the f':;;h{ OCCuUpy at 250 K?
(Assume that the pressure and the amount of gas remain constant) 4.3

a. 203L b. 3.07L )
c. 14L d 6.02L
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" What is the volume for the gas in the below balloon when A0 5t Ladie bl G llll Lo ga sl Sl aaa L
temperature changes to 348 K? €348 K A 5 ) ,all 401L

3.84L
273 L
2.31L
A sample of gas occupies a volume of 6.50 L Ld 95.0 °C 5))a 330 2ic 6.50 L Laps & (e die Jodn
at 95.0 °C .What is the Celsius temperature(’C) a4t -
°1. 2 e Wdie seasa o3l G
at which the volume of the gas sample will 2 o e A C) Bl 4,

become 1.63 L?

-181 -92 365 418

CHALLENGE A gas occupies 0.67 L at 350 K. What temperature is required
to reduce the volume by 45%7?
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CHM5.2.08 004 19 Use the mathematical formule of Gay-Lussac's law e for @ gas samgle at constant volume
Textbook + figured + example problem 3 + practice

13 283, 284

problems

1.0L 0L
Pressure v. Kelvin Temperature

L]
(300 K, 3.0 atm)

L1
t -,
1.5 atm
©
¥ -
C
(150 K, 1.5 atm)
. : 4 [1]
1 _15atm 2 _30atm o] 100 200 300 400 500 600
Ty 150 K T 300K Temperature (K)
= 0.01 atm/K =0.01atm/K
= constant = constant

Figure 3 When the cylinder is heated, the kinetic energy of the particles increases, increasing both the
frequency and energy of the collisions with the container wall. The volume of the cylinder is fixed, so the
pressure exerted by the gas increases.

Gay-Lussac’s Law

P: - Pz P represents pressure.
Tl - jf"2 T represents temperature.

For a given amount of gas held at constant volume, the quotient of the pressure and the
Kelvin temperature is a constant.

The pressure in an automobile tire is 2.50 atm at 40.0°C
. What will be the pressure if the temperature decreases

to 32.0°C? (the volume remains constant )

A-257

B-1.52

C-2.44

D-1.28
The pressure for a gas in a cylinder is 1.00 alm at 300 K. 2300 K 22 1.00 atm adlghaul 3 5l baal)
What will be the pressure if the temperature increases to 400 K? £400 K I s)lall dayn <l 13) M\ e S

0L

0.75 atm

2.67 atm

2.44 atm

1.30 atm
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GAY-LUSSAC’S LAW The pressure of the oxygen gas inside a canister is 5.00 atm at 25.0°C.
The canister is located at a camp high on Mount Everest. If the temperature there falls to —10.0°C,
what is the new pressure inside the canister?

The pressure in an automobile tire is 1.88 atm at 25.0°C. What will be the pressure if the
temperature increases to 37.0°C?

Helium gas in a 2.00-L cylinder is under 1.12 atm pressure. At 36.5°C, that same gas sample
has a pressure of 2.56 atm. What was the initial temperature in degrees Celsius of the gas in
the cylinder?

CHALLENGE If a gas sample has a pressure of 30.7 kPa at 0.00°C, by how many degrees
Celsius does the temperature have to increase to cause the pressure to double?
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CHM.5.2.01.004 24 liw e pe changes for & gas sample
Textbook + example problem 4 + practice problems +
table 1

14

The Combined Gas Law

P: V1 - le"’; P represents pressure. V represents volume.
Tt Tz T represents temperature.

For a given amount of gas, the product of pressure and volume, divided by the Kelvin
temperature, is a constant.

A sample of gas starts at 110.0 kPa, 30.0° C, and 2.00 L. 2.00 L« 30.0°C ¢110.0 kPa e oy 3l e die

What is the volume in mL if the temperature increases daicall alys 80.0°C ) sbadl dajs caaly 13 aaadl L

to 80.0° C and the pressure increases to 44(.0 kPa? £440.0 kPa Ji
|I 30.0°C

110 kpa
2.00L
0.64 L
0.58 L
1.3L
8.1L
A sample of gas starts at 1.00 atm, 0.00° C, and 30.0 mL. 30.0mL: 0.00°C « 1.00 atm s iy Jall e die
What is the volume if the temperature increases to 27.0° C ) daraall 2y 27.0°C N sihall A e caly 13 anall L

and the pressure increases to 2.00 atm? £2.00 atm

65.9 mL
16.5 mL
54.6 mL

13.7 mL
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The volume of a sample of gas measured at 25.0°C and 1.00 atm  5.00 L s 1.00 atm Jeaay 25°C 50 o 3 2 e Jall (m R a3

is 5.00 L. if the gas was pressed to 3.00 atm and the volume i1 03 282,00 L paal! meeels 3,00 atm J il aﬂ'-o a-';j!
§ Jall gl

became 2.00 L what is the final temperature?

6

o)

84.6°C

20.3%€

CHALLENGE If the temperature in the gas cylinder at right increases to 30,0“{:-“_' =
and the pressure increases to 1.20 atm, will the cylinder’s piston move up or down?

1.00 atm

30.0 mL
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problems
“Equal volumes of gases at the same pressure and Shall dazg daiall Jubh die (giad i) (e duslaadl alaall
temperature contain equal numbers of particles.” i sh "cilesal e L;L:u el e
This is the statement of .....c.cciinn: :
s
: :
o
~
: :
] -
: ¢
Combined gas law Sl Al el
Le Chételier's principle aadaldyl fase
Ideal gas law ol Sl ¢ glall
Avogadro’s principle aolasl fase
According to Avogadro’s principle, 1 mol of any gas
at STP occupies a volume of
224 L 3. 72 L 1.00 L 6.02 L
What is the volume of 7.85 mol sample of gas
at (STP)? ( the molar volume is 22.4 L at STP)
A-143L
B- 290L
C- 88.0L
D- 176 L
What size container do you need to hold 0.0459 mol of N, gas at STP?
How much carbon dioxide gas, in grams, is in a 1.0-L balloon at STP? Molar mass CO, = 44 g/mol
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What volume in milliliters will 0.00922 g of H, gas occupy at STP? Molar mass H, = 2 g/mol

What volume will 0.416 g of krypton gas occupy at STP? Molar mass Kr = 83.8 g/mol

Molar mass CoHg = 28

Calculate the volume that 4.5 kg of ethylene gas (CH ) will occupy at STP. ¢/mol

CHALLENGE A flexible plastic container contains 0.860 g of helium gas in a volume of 19.2 L.
If 0.205 g of helium is removed at constant pressure and temperature, what will be the new

volume? Molar mass Helium = 4 g/mol
How many neon atoms are there in 1.86 L sample Bl Aoty bcall v i 186 L J Gl ) e s
at standard temperature and pressure (STP)? §(STP) Lyl

- _9).1\_;_95‘ (.\Ac) culh
6.02 x 10
Avogadro’s constant(number)

R = 0.0821 L.atm/mol.K

5.00 x 10> 2.70 x 10*

3.50 x 10 1.40 x 10*°
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290, 291, 292

CHIL5.2,01.004.28 Use the ides] gas law 1o caifulate prassurs, volime 1emperatire, mass ¢, for & gas cample when three quantities are given
16

Textbook + example problem & + practice problems

The Ideal Gas Law P1V1  P2V2

nilT1 n2T2
P represents pressure. V represents volume.

PV = nRT n represents number of moles. R is the ideal gas constant. Value of R m

T represents temperature. i

2 i 0.0821 b

For a given amount of gas held at constant temperature, the product of pressure and T
volume is a constant. 8.314 n;oi_ﬁ

L-mm Hg

624 mol-K

What is the volume of a 0.323 mol sample 0.323 mol g¥se 22 & (e die paa la

of a gas at 12°C and 0.900 atm? €0.900 atm 5 12°C xc

R =0.0821 L.atm/mol.K

1-26 L
8.40 L
353 L

6.52 L

What is the volume(L) of 0.216 mol sample iays 2 0.216 mol W)laie aeligl) 52 e dis (L) paa Lo

of helium gas at a temperature of 30.0 °C and
¢7.16 atm lias 30.0 °C 5))
a pressure of 7.16 atm?

R =0.0821 L.atm/mol.K

0.750 L 1.40 L 0.375L 285L

An ideal gas has a volume of 9.40 L. If the number
of moles of gas and the temperature (K) are doubled,
while the pressure remains constant, what is the new

volume of the gas (L)?

A-4.70
B- 235
C- 37.6
D- 18.8
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Determine the Celsius temperature of 2.49 mol of a gas contained in a 1.00-L vessel at a
pressure of 143 kPa.

Calculate the volume of a 0.323-mol sample of a gas at 265 K and 0.900 atm.

What is the pressure, in atmospheres, of a 0.108-mol sample of helium gas at a temperature of
20.0°C if its volume is 0.505 L?

If the pressure exerted by a gas at 25°C in a volume of 0.044 L is 3.81 atm, how many moles of
gas are present?

CHALLENGE An ideal gas has a volume of 3.0 L. If the number of moles of gas and the
temperature are doubled, while the pressure remains constant, what is the new volume?
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Textbook

292

[ MPV=mRT | | MP=DRT |

M is molar mass, m is the mass, D is the density

What is the molar mass of unknown gas at STP, STP fuulall laially 5)hall das 2ic Jsgase il Adsall AESH L
if its density was 1.70 g/L? £1.70 g/L 3l adbs i< 1
R = 0.0821 L.atm/mol.K

87.3 g/mol

25.6 g/mol
38.1 g/mol

5.11 g/mol

A 4.25 L flask is filled with butane gas (C,H,) b sic (CgHyg) (hsd) o eslaa 4.25 L aaga 350
at a pressure of 1.5atm and a lemperalure of

8yl & gl €8 L =20 °C i)ja dsyy 1.5atm
-20 °C. What is the mass of butane in the flask? o SRR

CaHip Jhsall ddsall 4B

R Molar mass of butane C H,,

0.0821 L.atm/mol.K 58.1 g/mol

178 g 89¢g 26.7 g 135¢

A 4.50L flask is filled with butane gas (CsHjo)
under a pressure of 1.20 atm and a temperature
of (-10.0°C). What is the mass of the butane in
the flask?

(molarmassofbutane=58.1g/mol, R =0.0821)
A-465¢g

B-145g
C-26.6¢
D-358¢g
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Textbook ‘

CHM.5.2.01.003.15 Fredict the conditions under which 2 real gas might

ideal behavior i effect
18

Particles take up no space Particles have volume
Particles

No attraction or repulsion There are intermolecular interactions

behaviour
Collisions between particles are elastic Collisions are not elastic
High temperature Low temperature
Low pressure High pressure
Conditions
Nonpolar Polar
Small particles(low molar mass) Large particles(high molar mass)
When real gases deviate most from ideal gas
behavior?
[ ———————— A — At high pressures and low temperatures

a. When the particles are far apart and attractive forces decreases B — At low pressures and high temperatures

b. When the particles are closer together and attractive forces increases C — At high pressures and high temperatures

c. At high pressure and low temperature

5. 4 ; - W
d. When the gas is liquefied if enough pressure is applied B nwpressmesgd oy rmpemies

Which of the following is a characteristic of the ideal gas? € bl Sl (ailiad (e L Lea éi

Its particles move at variable velocities and on winding LESTLIRCH VTS ST LPRCAESWIRT PYWERISEN. o O

(zigzag) lines

Its particles take up space and measured in volume units (L)

Its particles collide with each other or with the wall surface

in perfectly elastic way

Its particles experience intermolecular attractive forces

(L) pndl sangs Ll oy LA (e Bn dilses s O

laslad glegh (han aa ol Lpans alasn palass
e IS Aije

Lty il (gl wlsn s O

When does a real gas behave like an ideal gas?

Al high pressure and low temperature

When high pressure is applied and the gas changes
to the liquid phase

When the particles are close to each other, and attractive

forces are high

When the particles are far apart, and the attractive forces

are low

¢ Ml S e i Sl iy e

Aaiaidl sl dass ) Ll e

i3 daniay ade ol e (e W Alls Jeam Lexie

el (g8 N3y Landl e 0o cilisall s Laie

laall o Jing el lpiaes Go Silijall sans ledie
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o NS LB RS R canty s e Textbook + example problem 7+ practice problems 296, 297, 298 299
20 calculate the amounts of gasecus reactants and products in a chemical reaction Textbook + example problem & + practice problems ‘ 298,299
In the chemical reactions’ equations, which physical state/s by Vs /Al éi Al COlelall S alaa A
of matter that can use their coefficients to represent both HEPLSRTLER RV DIPORPURES I OV XIDVRCE B
molar amounts and relative volumes? Calgall il duaaal) il lgawdy ciYsall
i Gas e )
i Liquid il i
iii. Solid e i
iandii i 5i
i, ii, and iii i s e i
i only L j
ii only Lass
- How many liters of propane gas (C3:Hz) will undergo complete combustion
with 35.0 L of oxygen gas?
s Haiiv + 5050 3C0::0 4 4H:0;
-3 Hg(g) T 92Uz LU0, + 4H20(y
c. 0.250L d. 0.200L
How many liters of propane gas (CsHs) will undergo Led) i) sl LA (C3Hg) Gl Jle &l i sxe S
complete combustion with 30.0 L of oxygen gas? $oanSY) e (50 30.0 L 5y 52 JoSIL
Assume that pressure and temperature remain constant 3l ds joy el US|y yual

C3Hs(g) + 502(g) = 3COy(g) + 4H20(g)

2L

1L

6L

5L
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Nitrogen and hydrogen gases react to form .(NH;) Lisadl J (o (g pugl) JIE e gl JlE el

ammonia gas (NH;). What volume of ammonia is ’ — &'
tHy (ungynell (n 8. B 05 3 Ligdd! paa
formed from the reaction of 8.75 L of hydrogen H,? 2wl n gl gl el o

Assume that temperature and pressure remain bady il dap ol jagdl

constant

N2(g) + 3H2(g) T 2NH3(9)

5.80L 13.3L 9.50 L 15.8 L
What is the mass of ammonia gas (NH;) can be formed from e 5 13.7 L o JSam o oS0 _’;s\(NHg) Liga¥! jle A L
13.7 L of hydrogen gas H, at 93.0°C and a pressure of 0.396 0.396 atm laaia; 93°C 5)a days 2ic Hy s jasl)
alm according lo the reaction in the chemical equation below? olial Alleas)l dlsladll o onal) Jelill s
(molar mass of NH: = 17.04 g/mol) ( 17.04 g/mol = NH3 1 adsall akisli )
(R = 0.0821 L.atm/mol.K) (R = 0.0821 L.atm/mol.K)

N2(g) + 3H2(g) — 2NH: (g)

0.274 ¢
0.122¢g
2.05¢g

124¢g
When iron rusts, it undergoes a reaction with oxygen to form CpsSal Sy & delim 4l camall Ty Laxie
iron(lll) oxide. (1) waadl s
What is the volume of oxygen gas at STP that is required STP (pueclidll haially 5)all dajs e Saws 5le PECN
to completely react with 52.0 g of iron? faaall 50 52.0 g ae Ll Jelind o530
(molar mass of Fe = 55.8 g/mol) (55.8 g/mol= Fe 1 adyall ar<ll )
R =0.0821 L.atm/mol.K R = (.0821 L.atm/mol.K

4Fe(s) + 30; (g) — 2Fez0s (s)

1.24 L

27.8L

15.7L

0.711 L
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What is the volume of carbon dioxide gas produced from o€ ligy€ ya 25 g 1 Al IS ye 23 CypaSH L ‘_r':\i e
the complete decomposition of 25 g from calcium carbonate ‘
3 P 9 £ cpanclal) Juially Bal Ayt ey aoliof Alslaall Gy oppanally

by heating, according to the below equation, and at STP conditions? g
(100 g/mol = CaCO; ddsall 45 s Luke)

(if the molar mass of CaCO; = 100 g/mol)

R = 0.0821 L.atm/mol.K 0.0821 L.atm/mol.K = R

A
CaCO3(s) = CaOys) + CO2(g)

5.60L @)
8.22L @)
89.7L @)
123 L O

CHALLENGE An excess of acetic acid is added to 28 g of sodium bicarbonate at 25°C and
1 atm pressure. During the reaction, the gas cools to 20°C. What volume of carbon dioxide will
be produced? The balanced equation for the reaction is shown below.

NaHCO,(aq) + CH,COOH(aq) — NaCH,COO(aq) + CO.(g) + H,O())

Molar mass NaHCO3 = 84 g/mol — R= 0.0821 L.atm/mol.K
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