Chapter 11
States of Matter:
Liquids and Solids
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Comparing Gases, Liquids, ana Solids: aladslgallg Lilgulg iljledl djléo
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V1| CR VAR Characteristic Properties of Gases, Liquids, and Solids
State of Matter Volume/Shape Density Compressibility Motion of Molecules

(ias Assumes the volume Low Very compressible Very free motion
and shape of 1ts
container
Liquid Has a definite volume High Only slightly Slide past one another
but assumes (he compressible freely
shape of its container
Has a definite volume High Virtually Vibrate about fixed
and shape Incompressible positions

Omar Moawwad General Chemistry 102




Ch1

e A change of state or phase transition:

1. SOl — L iquid

oo Jlw
(Melting, Fusion)

2. LiqUid —e— Solid
J5lw o

(Freezing)

Jilw jle

(Evaporation, Vaporization)

Jle Jolw

(Condensation)

o Jjle
(Sublimation)
6. GaS ———) SOlid

Jjle o

(Deposition)
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A change of state or phase
transition

Sublimation

T

“
>

Vaporization
_—
——

Condensation

9

Melting (fusion) Vaporization
_
Liquid

Sublimation
Deposition

Temperature

°9 0
)

-— RN -
Freezing 0o Condensation 9 |
> W AR ety (liquefaction) 9

s tn (I
SOlid‘\T// Gas

Deposition

Melting
_—
—

Freezing

Solid

Example 1: Example 2:

What is the name for the What is the name for the
following phase change? following phase change?

L= Ly Hy0¢) — Hzo(g)

1. Condensation 1. Condensation

2. Vaporization 2. Vaporization
3. Melting 3. Melting
4. Sublimation 4. Sublimation

5. Freezing 5. Freezing
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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 :

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

2. Dipole — dipole: between polar molecules
Van der Waals force

3. London (dispersion) forces: between polar
or nonpolar molecule

4. Ton-dipole: between ion + polar molecule

5. Ionic forces
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1. Hydrogen bonding (duusgjysuadl dinulgJl)

N, O, F:aul ahil aoU quogyuall 853 blijl xic pii e
Example:

H,0, NH;, HF, CH;0H , CH;CO,H

2. Dipole-dipole forces:

oo (polar) dundll Glujadl gw udadl gqo e
Example:

H,S, PH,, CH:OCH:, NCl-

3. London (dispersion) forces:

e ggsw Sl g8Jg dubhall peg dulndll Glgjadl eras (6 698l 03 1ogi e
2105 (9 639290 695 g .laJ duog)l 638l lail (nonpolar) dund el Sliyjall
Olyjadl
Example:

C,F,, C,Hg, CO,, CCl,, CHy, BCl,

4. Ion-dipole :

And csiay ool bUWijl ge pill 696 e
Example:

AICl,"6H,0, Na* — H,0

5. Ionic:
o g jlo o guigll bl ge 2iii 696
Example:

NaCl, KI
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: 598l dijldo yoguosy dooo Ubouo U

sl JI 698Ul o s98)l cuipi e
Ionic > Ion-dipole > Hydrogen bonding > Dipole-dipole > London
(dispersion)

(Intermoluclaer forces) auu gl nuliUl 696 Cws djléall .1
Example :

CH;CH,CH,0H > CH3;0CH; > CO,
H-bonding Dipole-dipole London

dlisJlg GJAJl p.?.’th Qb e ajjlanll r(lu Ao dl sad)l csulud Jb L:Q ajlaadl .2

Example: —

2901 J g paolic 50 Ao gand Aoy 36501 0

GeH4_ > SiH4_ > CH4 3' @p‘ )

25 2%
Mo | Fe
15 | 18
4 4
Te | Ru
2|2
75 76
V [ Re | Os
19 | 22 | 22
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U Dlys daey dygall dlisIl e pueill oy dygudell SUSpoll O %

Example :
CH3;CH,CH,CH3;0H > C3HgOH > CH3;CH,0H
H-bonding H-bonding H-bonding
(4C) (3C) (2C)
Example :
CeHq4y > C5sH{; > CH3CH,CH,CH;
London London London

(6C) (5C) (4C)

G e dijlaadl gy ggupddl Gl sac Wgludg g8l caylit Jb Lo .3
(Branching g ail) (550l J5ui

[ Branching T — Intermoluclar force l]

Example:

CH, cl
l |
CH,CH,CH,CH,Cl > CH;— CH — CH,Cl > CH; — C — CH;

I
CH;
Dipole-dipole Dipole-dipole Dipole-dipole

(4C) (4C) (4C)
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Example 3: Gut how can we distinguish\
whether a compound is
polar or nonpolar?

JB 51 o] Wdoy s (49

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

2. HF

3. H,S
4. H,0

b all ghy dauliuio e dyjspodl 653U dnuoodl SlaJl gros 355 o) 13] o
(polar)

Example:
CH3;Br,CH5Cl, CH;OCH;

deulinio djspall 653U dagsodl Gl gras Cuils 3] %

06 s podl ggsy wligrisul o 63paio plgji elliad &jspodl 6531 il 131 o
(polar)
Example:

H,S, NCly, H,0

e uSpodl ggsy Oligrislul (o baxaio ploji elliod U dyjsrall 6331 cils 13] o
(nonpolar) _uns
Example:

CO,, BCl;, CH,
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:dy S5 01 0 3J1 aysol dubrs <

ujsadl 81 wie Ul Cilgo sace Joi ellial M 0l
Example:

H,S, NCl, H,0, CO,

ujspodl 61 el duduwg g’ JoUl 6)AJl
Example:

CHsBr, CH5Cl

EIYRUN PREN [RUSLEEY PYUER b I [ [P

Increasing
electronegativity

21
Sc i f i

136 | 15 55 : 55 ERE . o
® : 5| @ L K YEYL
2 7 9)-05J J
122 : ] ) 78 | 1 ] ) bl e

57 7. 7 7 5
la
1.0
89

Ac
i}

SUSpoUl) Sl 00 bnds 3olg £6ig Jguss o Jgal LSkl g 13] o
(nonpolar) ihs ué Ldpall ggsu (dgiiell

Example:
CH3 ) CCl4 ’ C2H6 ) C2F4

06 ispodl ggsy WMl o g o Ji51g Jgups o Jgdls wSpall g 13] o
(polar)
Example:

CH;Br, CH;OCHs,
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Example 4 :

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

A CH,

B. Cl,

c 0,

D. HF

E. Aand D

Example 5 :

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

A. Ion-dipole

B. dipole-dipole

C. Dispersion

D. Hydrogen bonding
E. Band C

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. i only

B. ii only

C. iii only

D. i and ii

E. i, ii, and iii
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(Properties of Liquids

« Cohesion : attraction force between the same
molecule (cluwlo! 696)

« Adhesion : attraction force between different
molecule (G LUl 696)

/ 696 (o Sl Guo Ul 6o cLoJIL",o\
wgulll Lo clodl gaiy ¢l cluwlod!l
)60 Jhuw Jbheyg sreul
(concave)
696 (o 8l clwlall 696 GUI o
Qg Lo Uil eaipy U Ui Guoulill
@JnveX) oo Jhuu Jbeyg gs}miul/

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.
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Properties of Liquids

Viscosity: is a measure of a fluid’s resistance
to flow (éoqjUl)

Strong High N * viscosity decreases

] when temperature
intermolecular :> g

. . increases.
forces vIScosity Losic doaill AaA
\ J

o)yl asys eaiy

Kinetic energy (KE)

» As temperature increases, kinetic energy increase
oo ales ddle adps aolb elliaig Jiludl 6 65g2g0dl Glyjall

g bl
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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,H:Cl
B) CH;0H
C) CeHy,
D) CH;CH,CH,CH,

Example:

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,and5
E. O

§ 9 1011 12 13 14 1516 17 18 1920 20 223 XM

TIME (Minutes)

Hear added ar a constant rate
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Properties of Liquids

Vapor pressure (P)

 Transfer liquid to gas at current temperature.

in

&

4 )
Strong

Interm r
ermoiectiia pressure
forces

NG J

wd

VARG prressure (alm)

- as temperature increases,
 Vapor pressure increases.

Example 13:

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

D) Becomes zero
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Example 14 :

What term describes the pressure exerted by a vapor in equilibrium with
its liquid phase at a given temperature?

A) Atmospheric pressure
B) Boiling point

C) Vapor pressure

D) Osmotic pressure

Example 15:

Which of the following substances is most likely to have the highest
vapor pressure at a given temperature?

A) CH3CH20H

B) CH3CH2CH20H

C) CH3CH2CH2CH20H

D) CH3CH2CH2CH2CH20H
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Phase change

% Transformations from one phase to another occur when energy is added or removed
from a substance

63Ul (o Wljl gl asUndl dolsl sde i1 Ul dlopo (o gl ixnj &
- 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.

Sublimation

o 630 &ldl dojll &sUnJl AH, /'—\
Bl y5al dojull &8UnJIAH, - -

Melting (fusion) Vaporization

AHsub = AHfus + AH\/ap QIIIN| :-:.‘.'.'.':. Condensation @

(liquefaction)

Solid ‘\imd// as
(Hess’s Law)

Deposition

Example 16:

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

A) C8H18

B) HF Strong High AH,

intermolecular AH

C) CH?CH’)CH')CH')CHf)CHf)CHQ forceS vap

D) CH;CH,Cl
E) CH;0CHs,
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Phase change

The heat of phase transition
phase changes involve heat transfer:

» Melting, vaporization, and sublimation are
« endothermic ( 65U yolo)

» Freezing, condensation, and deposition are
exothermic (6l3oU 5jb)

n = number of moles (mol)
(AH= nXAH,q,
m = mass (gor Kg)

a | AH= nXAHp,
s = specific heat capacity (J/g. K)

AT = difference of temperature (°C) KAH =m.sS. ATJ

Sublimation

T

Melting (fusion) Vaporization 0 o

] ? 99
A

>

Freezing . - Condensation @
' (liquefaction) o ¢

Deposition
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Example :

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:

3
B.7.44x10°] AH, = m.s.AT = 100 x 4.18 x (280 — 270) = 4180]

3
C. 6.05%10°] mass 100

D. 0 n= molar mass _ 18 >-55mol

E 1.86 % 103] AH, =1 X AHpys = 5.55 X 335 = 1861.1]

AH = AH; + AH, = 4180 + 1861.1 = 6041.1J

Example:

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 J/(g'K), respectively. For H20, AHfus = 6.86
kJ/mol.

Solution:
AH = AH, + AH, + AH;3
mass = molar mass *n =18 x 1 = 18g
AH, = m.s;...AT =18 X 3.07 X (0 — —25) = 1381.5]
AH, = n X AHp,s = 1 X 6.86 X 1000 = 6860/
AH; = m.s)igyiq- AT = 18 X 4.18 X (30 — 0) = 2257.2]
AH = AH; + AH, + AH; = 1381.5 + 6860 + 2257.2 = 6041.1] = 6.041K]
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Phase change

Boling point (yWwleJl doys) : 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

boils when the external pressure is 1 atm.

% Normal boiling point pressure always at 1
atm

< 1 atm = 760 mmHg hoo

% Boling point for water = 100 °C

[- Pressure T — Boiling point T J

[ Strong intermolecular forces |:> High Boiling point J
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Phase change

* Freezing point: the temperature at which a pure liquid
changes to a crystalline solid (or freezes).

{(a02dy gl) dy gl o 6slo JI el Judl oade Jgady JUI 6jlpadl doyo

« Melting point: the temperature at which a crystalline
solid changes to a liquid (or melts).
of) Jilw I dyygldl ddundl 8sladl aic Jgaii Ul 8)lpadl éo)s

(g

Boiling point (J! dliludl 65laJl boaic Jgaii Ul olpadl doys :
(B4 gl) dyjLe

Vaporizing—

Temperature

<«— Freezing
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Example 17 :

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 18:
Which substance is most likely to have the lowest boiling point ?
A) H,0
B) H,S
C) co,
D) CH;CH,0H

Example 19:
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 20:

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
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Phase Diagram

- Critical temperature (T ) : the temperature above which the gas
cannot be made to liquefy, no matter how great the applied pressure.
Bl Jljlell Jygad Jhay U lesrey JUI ojlpall dops tdopadl oylpadl doys(T,)
B o sl and
* Critical pressure (P ) : the minimum pressure that must be
applied to bring about liquefaction at the critical temperature.
oyl oylindl o sie honll ippadl neuadl (P.)
 Critical point:
(P.,T.) o digsoll dbdul
» Triple point:
Wb 6 (cadl, jlodl (Jhiludl) SuUl SULJI logs gaini Ul dbsil
rEquilibrium \L,_Equilibrium .OJ. Ig:i

‘\
- " L CRITICAL
melting liquid POINT

5
freezing

condensation

sublimation \

P
deposition TRIPLE POINT

B

T C)

Strong

intermolecular =)

forces
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Phase Diagram of Water

Phase Diagram of Water
Solid
-

)

N
=
N
q
0

Triple point
Melting point
Boiling point
Critical pressure
Critical point

Liquid

A
B
C
D
E

o
ANA -
o Gas.:

Pressure (atm

Y ¥ —
0.00 0.01L 100.00 373.99
Temperature (°C)

Intermolecular force

e

As intermolecular forces (IMF) 1

1. Surface tension T
2. Viscosity T

3. Vapor pressure |
4. Boiling point 1

5. AH vaporization 1

&Critical temperature 1 /
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Phase change

» According to the Clausius—Clapeyron equation:

- R \T, T,

J _ AH vap ( 1 1 J G{VapzMolar heat of vaporization (J/DI)

P = (equilibrium) vapor pressure
T = temperature (K)

R = gas constant (8.314 J/Kemol)

)

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

4 N

°C (g guuliw) g K (3615) guldl 8209y (T) g9si gi way
273 © gox K (o] °C o Jug=il) =

Example:

33°C »33+273=306K j

\_
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Example 21:
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 kdJ/mol.
vap

a) 32 °C
b) 305 °C
c) 350 K
d) 25 °C

Solution:

P; =401 mmHg P,=656 mmHg
T;=18°C=291K T,=7

AH = 26£ = 26000L
vap mol mol

8314 J/mol-K

T, 291K

(401 mmHg) 26000 J/mol ( 1 1 )
n

656 mmHg

1 1
—0.492 = 3127.26 (— — ——
0492 = 3127 6(T2 2911{)

1 —0.492 1

T, 3127.26 * 291k
T, = 304.96 K = 31.96°C

= 0.003279
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Example 22:

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

A. 1750 mmHg
. 324 mmHg

613 mmHg
941 mmHg

329 mmHg

Solution:

P,=760 mmHg

T; =94°C=367K T, =100°C=373K
Kj J

AHvap - 407@ - 407007

R =8.314]/mol - K

ln( Py ) 40700 ]J/mol ( 1 1 )

760 mmHg) 8314 ]/mol-K \373K 367K

n (L) — — 0.21457

760 mmHg

P. -
—2— = ¢7021%7 = .8069
760 mmHg

P, = 613.235 mmHg
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