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Liquids and Solutions
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N> 0.69 < 1073
CcO 1.04 < 1073
O> 1.38 < 1073
Ar 1.50 %< 10°3
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Pressure and Solubility of Gases

The solubility of a gas in a liquid is proportional to the
pressure of the gas over the solution (Henry’s law).




Henny's Law Solubility Curve
for 50.-H.O
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Gas solubility and temperature
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Temperature & the Solubility of Gases
The solubility of gases DECREASES at higher temperatures
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342.3¢g Suc
Nyarer = 180gWater 1mol Water =9.99mol
189 Watyer
Xor = e 9L _ 0 978541

M e + Ny 9.991+0.2191

R = P

Water Water

X = 26710 X 097854 =26.13

Vapor Pressure Lowered = 26.7-26.1= 0.6
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1 mol CP

n, =9521g CP =0.6633
78549 CP
Nes =38.49 csllzzrg;’; %BB=0.312
M,  0.6633

=0.67996

X = —
" N +Nps  0.6633+0.3122

P.. = P% X, =347X0.679964 = 235.95 = 236Torr

Ol el (10 0.250 mole s C”H12, olissll (w 0.450 mole ¢ oS Jolaa @

s Ol ol bl o e 13 i sl el sl s L, C7HL0

) eoloadl ds 53 i e 321 torr Gl siSaall 5 25°C o)l 4a )3 2ie 451 torr
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P... =Py X, =.450X451=202.95

Pen Pen Pen

P = P% Xy =0.250X 321=80.25
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nNn=——;N,, =———;N =
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X — nCPen — RT _ I:)CPen
=ren Nepen + Npen PCPenV + Ppenv I:)CPen + I:)Pen
RT RT
80.25

= 0.283

P o
CPen 80.25 + 202.95
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: Lowering the Vapor Pressure il bl 8 (alii) -
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Vapor Pressure Lowering

Pure solvent Solution with a
nonvolatile solute

The presence of a non-volatile solute means that fewer solvent particles are

at the solution’s surface, so less solvent evaporates!
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PA :XAPOA

PA = vapour pressure of solvent A above the solution
Xa = mole fraction of the solvent A in the solution

°a = vapour pressure of pure solvent A
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PT = PA + PB
FULICAPP ISP EEN Y

Pt = XAPOA + XBPOB

iy el J slaall Caymy 5 ¢ Ul S0 LS 2000 Jillaall e g5l 5 ¢y 538 (3alaty

L sbse dana (505 ¢ 4l pa cl a6l 4l S Jali e iasy ¥ 630 2 3iaY) Gl J slaall”
"4l e p s o senal Lol

£ i 5l Jilad (o laall Jaaall 21 3 s ol jall s yy e Jilad (o )lal) Jaaall adiay

- G SN e ey LS o ) jall Ay

Variation of vapor pressure with temperature.

As the temperature increases, the kinetic energy of the molecular

motion becomes greater, and vapor pressure increases.
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Vapor Pressure vs. Temperature
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AP =P°(1-X;)

X,=1-X; 10 dung
AP=P°. X, e\
Xo=AP/P° (2) POy

O (2) Aabaall eaagis | (g Al baaall G il (RUAYL AP/ P sl i ay s
i Sl sl = 5 il Jarall 8 sl (ealassy)
Clagaa 22e e gl 58 50 o L sy oAl baaall 4 il (mlissy) o gl
Aaaaall pal Al (e Afpals g adld el )
Ol S
n, W,/ M,
X2 = = (3)
N+ n, Wi/ M; +W,/ M,

c @y w4 adl el jadl aae ny g OF S
Il cndall el jall Gl 5 5Y W, ¢ Wy
el s cudall 4 58l Gl 35V M, ¢« My
t O (3) ¢ (2) oihlaall (e it
AP W,/ M,

P* Wi/ M; + W,/ M,
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s adabaall e ¥l skl Blia 4 W2/ M2 Jlea) (S laa asidal)l Jillsall A
s alll o) pall ) Gl patias
AP W,.M;

— (5)
P W;.M,

:())JdGa

D oSall e 158.0 g 4l3h piasa J il the vapor pressure bl baall ga L
slall ) il Cadall A Jaaall o Wle 25 0C o) s a2 e sl 641.6 g &
SssSadl uall sl iy 23,76 mmHg s sl sl da (i e )

. (MW=342.3 g/mol) s»

Jall

Mol sucrose = (158.0 g)/(342.3 g/mol) = 0.462 mol
Mol water = (641.6 g)/(18 g/mol) = 35.6 mol

mol water 35.6 _
Xwater = = = 098/
(mol water)+ (mol sucrose) 35.6+0.462
Psol’n = Xwater P vater = (0.987)(23.76 mm Hg)
=23.5mm Hg
1 (YY) Jdéa

vy, 0.1252 atm s 8l gl ol Jaazall (IS 13)e 25 9C o ) ja da ) die
Ll ol cpyill (e 78.0 g 8 naphthalene (CyoHg) ol (10 6.4 g 4413
Jslaall 38 cp 5l 5 )0
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Jad)
The vapor pressure of pure benzene is 0.1252 atm, meaning that

PP = (11252 atm

The number of moles of each component of the solution is:
T8.0g

moles of benzens = m = 1.0 mol
moles of naphthalene = big = (.(499 moal
P T 12817 g/mal

Thus, the mole fraction of solvent (benzene) is

™ 1.0} mol

A= 2y + Mo ~ 1.00 moly. (498 mol = 0.902

By Raoult's law, the vapor pressure of benzene above the solution is
P = XiP =0.9525 x 0.1252 atm = (.118 atm
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Figure 1.3: Phase Diagram for a Solvent and its Solution with a Nonvolatile Solute
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Compound Boiling Point (°C) kp (°C/m)
water 100 0.515
ethyl ether 34.55 1.824
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camphor 207.42 5.611
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Freezing Point Depression Constants

Compound  [Freezing Point (°C) [ [lk¢ °C/m)
water o 1853
acetic acid 16.66 3.90
benzene 553 |5.12
p-xylene 1326 a3
naphthalene 80.29 6.94
cyclohexane 6.54 200
carbon tetrachloride -22.95 208
camphor 178.75 377
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Some Boiling Point Elevation and Freezing Point Depression Constants
Nomalbp (°C) K, Normal fp (°C) K
Solvent pure solvent (°Clm) pure olvent (°C/m)
Water 100.00 +0.5121 0.0 1.86
Benzene 80.10 +2.53 5.50 4.90
Camphor 207 +5.611 179.75 39.7
Chloroform  61.70 +3.63 -63.5 4.70
(CHCl)

‘Jla
SV b=t o s glycol (1,2-ethanediol), CoHgO, JsSalall e Lal s oS
. 20°C G5 Jslaall aeay ¥ (el e 1.00 L

k¢ (H,0) = 1.86°C kg mol '
0T = kf m

AT, 200°C
m=—>=>=

= =10.8 molal
Ke  1.869Ckgmol? moa

since 1.0 L has a mass of 1.0 kg we need 10.8 mol of ethylene glycol

10.8 mol x 62.1 g/mol = 670 g ethylene glycol.
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Osmotic Pressure (w) 7=IMRT

The van’t Hoff Factor
of 0.0500 M Electrolyte Solutions at 25°C

Electrolyte i (Measured) i (Calculated)
Sucrose* 1.0 1.0
HCl 1.9 2.0
Nadl 1.9 2.0
MgS0, 1.3 2.0
MgCl, 27 3.0
FeCl; 34 4.0

biaca Al A Jolaall e 100 ML & o) e 1,10 g ssise Sl Jslaar JUe
05, 13gd (G adl (sl 8 Led e 25°C aie 3.93 x 100713 atm o8 (5 ) sl
Jall

IV 303107 atm = 0.100L

n= - =1.63x107 mol
RT 008206 Latmmol™ K «298K

or in Sl units

_ IV _ 3.93%107 atm (100328 )« 0100 dm”
RT 83145 Jmol™ K-

110 g

163 %107 mol
Note the very high molar mass of the protein.

=163%107 mol

molar mass = =67.5 kg/maol
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AHv =535-17.7=358 KImpl -!
LnX1=(17.7/8.314) (8.6 /280.5 x 289)
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: ) gl
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: s gben X cpldill A gal) pusl) b Ao g
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