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Ch 11

« Comparison of Gases, Liquids, and Solids

dilall 3 gall g i gaadl gl JAad) 4 jla
ol A8 (la Wb Gany) adlga & B -
Ll Bball ALG 8 ad) ga (A Jilgudd) -
Aulaia g Uy it Jaiall 4G & Alall aigall -

-
Solid Gas
IFLICHPAR  Characteristic Properties of Gases, Liquids, and Solids
State of Matter Volume/Shape Density Compressibility Motion of Molecules
Gas Assumes the volume Low Very compressible Very free motion
and shape of its
container
Liquid Has a definite volume High Only slightly Slide past one another
but assumes the compressible freely
shape of its container
Solid Has a definite volume High Virtually Vibrate about fixed
and shape incompressible positions
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¢ A change of state or phase transition:

1. SOlid  — | jquid
wlo Jlw
(Melting, Fusion)

dalall &Y gal

2. Liquid ee—— Solid
Jilu la

(Freezing)

Jila e

(Evaporation, Vaporization)

e Jilas

(Condensation)

la Il

(Sublimation)

6. GaS ———) SOlid
e cla

(Deposition)
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 Phase Transitions

1 Gas
Sublimation
- | = 5 S
Melting (fusion) Vaporizati 9 - = - v
porization ° ° ; £ =
) RS ' ’ g g Liquid 2
< Freezing 00 e Condensation 9 g = 5
) > T ae et (liquefaction) 9 [ = “« 2~ o =
Solid w/ Gas = ‘5
Deposition \ 4 \ 4
Solid
Example 1: Example 2:
What is the name for the following phase What is the name for the following phase
change? change?
Lo~ Ly Hz0(5) = Hz0(y)
1. Condensation 1. Condensation
2. Vaporization 2. Vaporization
3. Melting 3. Melting
4. Sublimation 4. Sublimation
5. Freezing 5. Freezing
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Ch 11
e

- Intermolecular Forces: Explaining Liquid Properties

p

Intermolecular Forces

- Intermolecular forces are attractive forces between molecules.

« Intramolecular forces hold atoms together in a molecule.
(Intramolecular forces are much stronger than intermolecular forces)

Types of Intermolecular Forces:

Hydrogen bonding (H — bond): special case of dipole — dipole force for (H + N, O, F)

Dipole — dipole: between polar molecules

London (dispersion) forces: between polar or nonpolar molecule [Van der Waals forces ]

Ion-dipole: between ion + polar molecule

A

Ionic forces
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1. Hydrogen bonding (4 s ued 4k )

NIO,F@m\k“_l\)ﬂ\ghbup})%\ﬁjdjnu)\mc:u:\ °
Example:

H,0, NHs, HF, CH;0H , CH;CO,H

2. Dipole-dipole forces:

L (polar) skl cliy sl g sl s & o
Example:

H,S, PH;, CH;OCH;, NCl,

3. London (dispersion) forces:

358 LY (nonpolar) duldll e iyl e o5 3 il oS5 dphil) e s bl iy jal) gaes 3558 o2 2a 58 @
Sl all pes (8839 sa B4 A 5 cled Bam )
Example:

C,F,, C,Hy, CO,, CCl,, CH;, BCl5,0,,F

4. Ion-dipole:

b o5 O Bl e iz S e

Example:

AlCl5.6H,0 ,Na* — H,0

5. Ionic:

DB Y5 3B e sl Bl ) e iiiBA e
Example:

NaCl, KI
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Ionic > Ion-dipole > Hydrogen bonding > Dipole-dipole > London (dispersion)

Example:

CH;CH,CH,0H > CH3;0CH; > CO,

H-bonding

(Intermoluclaer forces) awi ) Ll il 5 8 Coa &5 54l

Dipole-dipole

:(MW) 438 gall ALl g (5 4 anad) (33 5k e 40 ) a5 e )l (5 68 Cagllis Ja 3 40 Jadll 2

Example:

GeH, > SiH, > CH,

H
220
3 K S
Li | Be B
098 | 157 204
11 12 13
Na | Mg Al
09 | 131 1.61
19 20 2 2 23 2 [ 2 2 30 3l
K |G |[S|Ti|V Mo | Fe Cu | Zn | Ga
082 | 100 | 136 | 154 | 163 15 | 18 190 | 165 | 181
CREIEIERK] 0|l u R ED
Rb | S [ Y [Z | Nb Te | Ru Cd| In
082 | 095 | 122 | 13 | 16 210 | 22 193 | 160 | 178
55 % 717 7 5| 7% 79 | 80 | 81
Cs | Ba[La | H | Ta Re | Os Au | Hg [ T
079 | 089 | 110 | 13 15 19 | 22 24 19 13
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GO9Sl 3y A gal) ALK (e puail) Ay A gadamd) LS pal) A

Example:
CH;CH,CH,CH3;0H > C3HgOH > CH;CH,0H
H-bonding H-bonding H-bonding
(4cC) (3C) (2C)
Example:
Cs¢Hy4 > CsHy, > CH;CH,CH,CH;
London London London
(6C) (5¢C) (4C)
:(Branching g ,ill) oS jall Jd 33 5k (e 43l oty 50,8 @l )3 2ae gy (s ll gl Jls (4.3
Example:

[ Branching T — Intermoluclar force | ]

CH;CH,CH,CH,Cl > CH; —CH — CH,Cl > CH; — C— CH;
Dipole-dipole Dipole-dipole Dipole-dipole

(4C) (4C) (4C)
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Example 3:

Which of the following would you expect to have the
least intermolecular force?

Gut how can we distinguish \
whether a compound is polar or

1.CH, nonpolar?
2. HF S 13 Lo Syl Wiay S (K1
3.H,S Q‘#'MJT-&?\@E‘_‘SJA\
4. H,0 \_ -
(polar) (ki S yall ()5S Agbiia e 45 S jall 5 )4 ddapadll il )3 e (S5l 1) o
Example:
CHgBT B Cchl B CH3OCH3
Aglite 40 S yall 3,0 Ao all ) AL e S 1Y) o
(polar) hd S yall & sSs lig STV (e 835k )5 51 llial 4y 38 5all 3300 S 1) -
Example:
H,S, NCl;, H,0
(nonpolar) ok e S all & oS iy IV e 52 ke gl g5l elliad ¥ 4 3 jall 30 S 1y -
Example:

€0, , BCls, CHs
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1438 pal) B aant AdS
Ao Sl 31 A el Y e 2ae J8 ellia 0 e
Example:
H,S, NCl;, H,0, CO,

A S oall 5,00 iad Al s eS JEYI 5N
Example:

CHyBr, CH4Cl

H

220

3 4 5 & 7 8 9

L | B Blc|w|o|EF

0.98 | L57 204 | 255 | 304 | 244 | 28 I - I -

11 12 13 u 15 16 17

AR HEEEE ncreasing electronegativity
0.93 | 131 161 | 190 | 219 | 258 | 31§

19 20 21 22 3 24 25 26 7 o 29 30 3l 2 3 £ 35 - .

K [Co|S [Ti |V |C|M|F |Co|Ni|Cu|Zn|Ga|Gel|ds|Se|Br Agads g ¢S Al )

0.82 [ LOD [ 136 | 154 | 1.63 | 1.66 | 1.55 | 1.83 | 1.88 | 1.91 | 190 | 1.65 | 1.81 | 2001 | 218 | 255 | 2.%
a7 £ EL 40 41 42 43 a4 45 [ 47 48 49 50 51 52 53

Ag
082 [ 095 [ 122 | 133 | 16 | 216 | 210 | 22 | 228 | 220 | 193 | Lé9 | 178 | 196 [ 205 | 21 | 266
55 56 57 72 73 T4 75 76 el 78 78 a0 81 82 [ &3 a4 85

079 [ 089 [ 110 | 13 1.5 17 [ 19 [ 22 [ 22 12 | 24 19 13 1% [ 19 | 20 | 22
a7 a8 a0 .
Ac

il e S all () oSy (A penal) LS all) A (e L 2y £ 55 (50 S 0 055 Sl IS -

(nonpolar)
Example:
CHs, CCl,, C,Hy, C,F,
(polar) (ké oS all &5y DA (g g 53 e STy (528 e S SRl S 1Y -
Example:

CHsBr, CH;0CHs
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Ch 11
Example 4:

In the liquid state, which species has the strongest intermolecular forces, CHs4, Cl,, O; or HF?

ClL,

M O 0N =W
T
~

Example 5:

What is the strongest type of intermolecular force in CHCL,?

Ion-dipole
dipole-dipole
Dispersion
Hydrogen bonding
BandC

moo®»

Example 6:

Identify the intermolecular forces that expected for each of the following substances:

a. Methane
b. Trichloromethane CHCI3

c. Butanol CH3CH2CH2CHZOH

Answer:

a. Nonpolar molecule - London forces
b. London forces, dipole-dipole forces
c. London forces, dipole-dipole forces, hydrogen bonding
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Example 7:
Which of the following concerning intermolecular forces is/are correct?
i. Intermolecular forces depend in part on the shape of a molecule.

ii. London forces contribute to the net forces of attraction found in all molecular

solids and liquids.

iii. Hydrogen bonding is a special category of dipole-dipole attractions.

A. ionly
B. ii only
C. iii only
D. iand ii

E. i,ii, and iii

Omar Moawwad 12
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Properties of liquids:

Surface tension: is the energy required to increase the surface area of a liquid by a
unit amount. The values are given in J/m?.

e e Lo clalai¥) apea e 358 agle ()5S mhaull Lo sgasall el m
.lalasyl @\AAL)AB)EA_ILG Jdalall L;J:JPJ“M ;95‘)&5\ u

Strong

intermolecular  m—— )

forces

High surface
tension

uu
UK}MLbbp;‘y
CLe00000g®
~9 O0&WCOO &
Qo0 o
OO \(b
Lpbbbb \¥
uuyuuub
0. Q0000 g
Y00 V“:’tb
‘v\r\.\,b\.«
‘b»uu»vV“

Example 8:

What is the term for the force per unit area

required to increase the surface area of a

liquid by a unit amount?
A) Vapor pressure

B) Surface tension

C) Viscosity

D) Capillarity

Omar Moawwad

Example 9:

A) CSH18

B) HE

D) CH;CH,Cl

E) CH;0CHs

Which of the following substances is most likely to have

the highest surface tension?

C) CH;CH,CH,CH,CH,CH,CH,

13
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« Cohesion: attraction force between the same molecule (&l 3 )

« Adhesion: attraction force between different molecule (=34l 5 )

(concave) sie JSi sy g il sl elall ais N clulaill 38 (e 5T Guadlill 558 clall 8 o
(CONVEX) wane JSé any s (5 pmll i) (8 5 3l @i Y A 3usDlill 558 (o STl 58 3030 &

Example 10:

Which is the best reason for why water in a glass capillary has a concave meniscus, while

mercury in a glass capillary has a convex meniscus?

A. Mercury has a greater dispersion force than water.
B. The water is attracted more strongly to the glass than the mercury is attracted to the

glass.
C. The mercury is attracted more strongly to the glass than the water is attracted to the

glass.

D. Water is a molecular compound while mercury is a metallic element.

E. Water has a greater dispersion force than mercury.

Omar Moawwad 14
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Viscosity: is a measure of a fluid’s resistance to flow (4= 3l)

 viscosity decreases when temperature increases.

EJ\JQ\:’\AJJ&:\):\LAA.\QQA}‘)H\UASA_\S

4 )
Strong :
intermolecular High
forces viscosity
- J

Kinetic energy (KE)

« As temperature increases, kinetic energy increase

ity il a3 lle S A allias s Bl 353 53 sall <y 3l

Example 13:

Using the heat curve, define the segment time (s) that the kinetic energy of the substance is

increasing.

A 1,2,and 5
B. 2,3,and 4
C. 2and 4

D. 1,3,and 5
E. 0

Omar Moawwad
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Example 11:

Which factor affects the viscosity of a liquid?
A) Temperature
B) Pressure
C) Molecular weight

D) Surface tension

Example 12:

Which substance is most likely to have the highest viscosity?
A) C,HsCl
B) CH;0H
C) C¢Hqa

D) CH,CH,CH,CH,

Omar Moawwad
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Vapor pressure (P)

« Transfer liquid to gas at current temperature.

s 1
E 4 1 |
Strong : /
intermolecular m—) Lower vapor i
forces pressure g2
I >
T '—""'T_’-'j t
L] =0 (i} 150
temperature (deprees Celsing)
« as temperature increases,
vapor pressure increases.
Example 14:

What happens to the vapor pressure of a liquid as temperature increases?
A) Decreases
B) Remains constant
C) Increases

D) Becomes zero

Example 15: Example 16:

What term describes the pressure exerted by a vapor | Which of the following substances is most likely to have

in equilibrium with its liquid phase at a given the highest vapor pressure at a given temperature?
temperature?

A) Atmospheric pressure
A) CH3CH20H

B) Boiling point
B) CH3CH2CH20H

C) Vapor pressure

C) CH3CH2CH2CH20H

D) Osmotic pressure
D) CH3CH2CH2CH2CH20H

Omar Moawwad 17
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Transformations from one phase to another occur when energy is added

or removed from a substance.

Sl e Ll 3) o Adlall Rdlia) die (s AT ) As je (g Y gl Eaaas

Molar heat of fusion (AH;,;) is the energy required to melt 1 mole of a solid substance at its freezing
point.

Molar heat of vaporization (AH,,,) is the energy required to boil 1 mole of a liquid substance at its
melting point.

Molar heat of sublimation (AH,,;,) is the energy required to sublime 1 mole of a solid.

° AHquZ MLA PN M‘J\J MJM\ 43kl _—
o AH,g,: Jlall sl 4330 dadal) P S

vap-

Strong

. High AH
intermolecular  s—) gAH fus
forces =" vap AHgyp = AHpys + AHygy
(Hess'’s Law)
Example 17:

Which of the following substances is most likely to have the lowest heat of vaporization?

A) C8H18
B) HF
C) CH,CH,CH,CH,CH,CH,CH,

D) CH,CH,CI
E) CH,0CH,

Omar Moawwad 18
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The heat of phase transition

phase changes involve heat transfer:

« Melting, vaporization, and sublimation are endothermic (5,/_all yal)
« Freezing, condensation, and deposition are exothermic (5.l a k)

n = number of moles (mol
4 AH= nxAHvap\ (mol)
m = mass (g or Kg)
AH= nXAHqu
s = specific heat capacity (J/g. K)
AH =m.s. AT _
k j AT = difference of temperature (°C)
Sublimation
Melting (fusion) Vaporization :

) Condensauon ' ’A

) Freezing
f P (liquefaction)

Solid W

Deposition

Omar Moawwad
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Example 18:

The enthalpy of fusion of aluminum is 10.7 K] /mol (Molar mass = 27 g /mol).
How many grams of aluminum can be melted by adding 77.3 KJ of energy to
the metal at its melting point?

A. 313 g
B 205g
C 439¢g
D. 153 g
E 195¢g
Solution:
AH=n X AHqu
_ AH _77.3_722 ]
" T AHns 107 et
m
n=—— m=nXMw="7.22X%X27 =194.9 mol
Mw
Example 19:

Liquid butane, C,H;, (Molar mass = 58 g/mol), is stored in cylinders to be used as a fuel.
Suppose 35.5 g of butane gas is removed from a cylinder. How much heat must be

provided to vaporize this much gas? The heat of vaporization of butane is 21.3 KJ /mol.

11KJ
129K]

13 KJ/mol
1207

E 213 KJ/mol

S O % o

Solution:
_om 35.5 — 061 ]
n—MW = 58 = V. mo

AH=n X AH,q, = 0.61 x 21.3 = 13 KJ

Omar Moawwad
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Example 20:
How much heat must be added to raise a sample of 100g of water at 270K to 280K?

The specific heat capacity of water is 4.180]/g*K, water's heat of fusion is 335 J/mol, and

the molar mass of water is 18 g/mol.

Solution:
AH = AH, + AH,

A. 4.18%103]
B. 7.44 x 103] AH; =m.s. AT = 100 X 4.18 X (280 — 270) = 4180]
C. 6.05x103] mass 100

n= = = 5.55mol
D. 0 molar mass 18
E. 1.86*10%] AH, = n X AHzs = 5.55 x 335 = 1861.1]

AH = AH, + AH, = 4180 + 1861.1 = 6041.1]

Example 21:

Calculate the enthalpy change upon converting 1.00 mol of ice at - 25.0 °C to water at 30.0 °C
under a constant pressure of 1 atm. The specific heats of ice and liquid water are 3.07, and

4.18]/(g - K), respectively. For H,0, AHg,s = 6.86 kJ/mol.

Solution:

AH = AH, + AH, + AH;

mass = molar mass *xn = 18 x 1 = 18g

AH; = m.s;q..AT =18 X 3.07 X (0 — —25) = 1381.5]

AH, =n X AHp,s =1 X 6.86 X 1000 = 6860/

AH; = m. Sjiquiq- AT = 18 X 4.18 X (30 —0) = 2257.2]

AH = AH; + AH, + AH; = 1381.5 + 6860 + 2257.2 = 6041.1] = 6.041K]

Omar Moawwad 21
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Boling point (o 43 ,3): the temperature at which the (equilibrium) vapor
pressure of a liquid is equal to the external pressure.

[ When vapor pressure = external pressure ]

= The normal boiling point is the temperature at which a liquid boil when the external
pressure is 1 atm.

» Pressure T — Boiling point 1

Strong High

intermolecular _

forces Boiling point

Temperature

Heat

% Normal boiling point pressure always at 1 Laéa
atm

% 1 atm = 760 mmHg

% Boling point for water = 100 °C

Omar Moawwad 22
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Freezing point: the temperature at which a pure liquid change to a crystalline

solid (or freezes).

(e 51) A sh dalia 3ale ) A Q) lasie Jsaty Al 5l pall da g

Melting point: the temperature at which a crystalline solid changes to a liquid

(or melts).

(s ) Jila ) 4 sl Adall sald) lavie Jgai il 5 ) jal) 4

Boiling point:.(Lasii ) 4l ) AL salall laie Jsati Sl 551 el da

Boiling
Point

Temperature

Melting—
<— Freezing

Melting
Point

Y

Heat
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Example 22:

What is the name given to the temperature at which a liquid's vapor pressure equals the external
pressure?

A) Boiling point

B) Freezing point

C) Sublimation point
D) Melting point

Example 23:

Which substance is most likely to have the lowest boiling point?
A) H,0
B) H,S
C) co,

D) CH,CH,0H

Example 24:

What is the term for the point at which a substance transition from the liquid phase to the solid phase?
A) Freezing point
B) Melting point
C) Boiling point
D) Sublimation point

Example 25:

What is the term for the point at which a substance transitions from the solid phase to the liquid phase?

A) Freezing point B) Melting point C) Boiling point D) Sublimation point

Omar Moawwad 24
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-
« Phase Diagrams

A8

« Critical temperature (T_): the temperature above which the gas cannot be made to liquefy,

no matter how great the applied pressure.

OIS Jara o con il 3 Jysa (S Y ey 1) 5 ) el da s Al 30 el A8 )(T,)

« Critical pressure (P_.): the minimum pressure that must be applied to bring about
liquefaction at the critical temperature.

Aa all sl all ds o vie Ll iz sl ool I(P)

 Critical point:
(P_,T,) 0 Agsall il

* Triple point:
OS1s A  (lal) Gl (Jiludl) ESEN clal) Lgad aatiad ) Al

Phase Diagram of Water

rEquiIibrium

\‘/—Equilibrium SOlld
£ ~ 217.754Q=cmmmmmmmmmnnns
meltirig liquid o S . A = Triple point
P g <—TesFng porizati 8 Liquid B = Melting point
soli vapori on
(atm) ig 1.00 C = Boiling point
congensation a D = Critical pressure
sublimation gas Q = ‘e .
danaiion e s = 0.0060 : . E = Critical point
L L ] L]
0.00 0.01 100.00 373.99
T () Temperature (°C)
Strong
intermolecular mm—=) High (T )
forces
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Example 26:

Consider the shown phase diagram for water. At which of the following points
representing melting point, triple point, critical pressure, and boiling temperature in

order?

a) A, B,DandG
b) C,A,GandF

c) E,A C andlI % 1
d) C.AH,andI :
e) G A FandH
0.006
0T a2 S w

Temperature (K)

Example 27:

Consider the shown phase diagram. At which of the following points representing pressure and

temperature, gas state can be seen at?

a) A B, CandF
b) B,F,Dand C
c) B,C,DandE
d) C,A BandF

e) C,D,EandF =

Omar Moawwad
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-

Jaa g

1.Surface tension 1
2.Viscosity T
3.Vapor pressure |
4.Boiling point 1
5.AH vaporization T
6. Critical temperature 1

7.Mealting point T

As intermolecular forces (IMF) T

/

Omar Moawwad
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According to the Clausius—Clapeyron equation:

/AHVap = Molar heat of vaporization (J/mob
P = (equilibrium) vapor pressure

T = temperature (K)

N

= gas constant (8.314 J/K « mol)

J

= This equation can be used to find the vapor pressure, the heat of
vaporization, or the temperature.

-

OC (uspslais) sunl g K (OAIS) (bl Bas g1 (T) 0SS O g o

273 < goz K J| °C g0 Jug=il) =

Example:

33°C - 33+273=306K

N J

Omar Moawwad
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Example 28:
The vapor pressure of diethyl ether is 401 mmHg at 18°C.

Calculate its temperature at a vapor pressure of 656 mmHg.

AH = 26.0 kJ]/mol.

vap

a) 32°C
b) 305 °C
c) 350K
d) 25 °C
Solution:
P; =401 mmHg P,=656 mmHg
T, =18°C=291K T,=7?
KJ J In P2 _ Atvap (1 _ 1
AHyap = 26— = 26000 —— P, R T, T,
R =8.314]/mol -K
401 mmHg\  26000]/mol (1 1
" (656 mmHg) T 8314//mol K (Tz T 291 K)
—0.492 = 3127.26 (i — L)
R ' T, 291K
1 —0492 L 000327
T, 312726 7 291K "
T, = 304.96 K = 31.96°C
Omar Moawwad 29
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Example 29:

In a certain mountain range, water boils at 94°C. What is the atmospheric pressure under
these conditions? The enthalpy of vaporization of water at 100°C is 40.7 kJ/mol. The
normal boiling of water is 100°C

1750 mmHg
324 mmHg

613 mmHg
941 mmHg

329 mmHg

m o 0O =2

Solution:

P, =7 P,=760 mmHg
T;=94°C=367K T, =100°C=373K

mol mol

K
AHygp = 207 _ 407002 In[ P, J AH [ 1 1

R =8.314]/mol-K

1 ( P, )_ 40700 J/mol ( 1 1 )
n 760 mmHg ~ 8314]J/mol-K \373K 367K

1n( Py )=—0.21457

760 mmHg

P, = 021457 — 0 2069

760 mmHg

P, = 613.235 mmHg

Omar Moawwad 30
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Problems:

1) A 35.8 g sample of cadmium metal (Mw = 112.41 g/mol) was melted by an electric heater providing
4.66 ] /s of heat. If it took 6.92 min from the time the metal began to melt until it was completely
melted, what is the heat of fusion per mole of cadmium?

a) 620 KJ/mol
b) 6.2K]/mol
c) 1.9 KJ/mol
d) 19K]

e) 66.2 KJ/mol

2) A quantity of ice at 0°C is added to 64.3 g of water in a glass at 55 . After the ice melted, the
temperature of the water in the glass was 15 2. How much ice was added? The heat of fusion of water and
ice are 6.01 kJ /mol and the specific heat is 4.18 /(g - °C).

a) 272g
b) 18g

c) 18¢g
d) 298¢g

e) 65g

3) Methanol, CH;0H, a colorless, volatile liquid, was formerly known as wood alcohol. It boils at 65.0°C and

has a heat of vaporization of 37.4 k] /mol. What is its vapor pressure at 22.0°C?
a) 4atm
b) 14.4 atm
c) 780 mmHg
d) 0.144 atm

e) 109.2 atm

Omar Moawwad 31
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4) Shown here is the phase diagram for compound Z. The triple point of Z is —5.1 % at 3.3 atm and the
critical point is 51 % and 99.1 atm.

Pressure (atm) —»

\

Temperature (°C) —
a) What is the state of Z at position A?
b) If we increase the temperature of the compound at position A to 60°C while holding the pressure

constant, what is the state of Z?

c) If we take the compound starting under the conditions of part b and reduce the temperature to 20°C

and increase the pressure to 65 atm, what is the state of Z?

5) The triple point of a solid is at 5.2 atm and —57 . Under typical laboratory conditions of P = 0.98 atm and
T = 23, this solid will:

a) remain solid indefinitely
b) Melt

¢) Condense

d) Boil

e) Sublime

6) For each of the following substances, list the kinds of intermolecular forces expected.

a) BF;
B
|

|

b) isopropyl alcohol, CH;CHOHCH,
¢) hydrogen iodide, HI
d) krypton, Kr

Omar Moawwad 32
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7) Arrange the following substances in order of increasing magnitude of the London forces:
CH4, CH3CH2CH2CH3, CZH6' CSH18

a) CH, < CHy;CH,CH,CH,, < C,H,, < CgHyg
b) CH, < CH;CH,CH,CHs, < CgH,g, < C,H,
¢) CH, < CyHy, < CH3CH,CH,CHs, < CgHyg
d) CHyCH,CH,CHs < CH,, < CgH,g, < C,H,
e) CH, < CyHy, < CgHyg,< CH3CH,CH,CH,

8) Predict the order of increasing vapor pressure at a given temperature for the following
compounds: CH;CH,CH,CH,0H, CH;CH,0CH,CH;, HOCH,CH,CH,0H

a) HOCH,CH,CH,0H < CH;CH,CH,CH,0H < CH;CH,0CH,CH,
b) CHsCH,CH,CH,0H < HOCH,CH,CH,0H < CH;CH,0CH,CHs
¢) CHsCH,0CH,CH; < CH3CH,CH,CH,0H < HOCH,CH,CH,0H
d) b+c

e) None of these
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Ch 11

Answers:

1) b (6.2KJ/mol)
2) a (272 9)

3) d (0.144 atm)
4)

a) Gas
b) Gas
c) Liquid

5) e (sublime)
6)

a) London forces, dipole-dipole forces

b) London forces, dipole-dipole forces, hydrogen bonding
c) London forces, dipole-dipole forces

d) London forces

7) ¢ (CH, < CyHg, < CH3CH,CH,CHs, < Cg4Hyg)

8) a (HOCH,CH,CH,0H < CH;CH,CH,CH,0H < CH;CH,0CH,CHS,)
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