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QOHO| O
Ll | & o Table 13.1 | Types of Solutions
State of
[TTTTTTTTTTomTmmommo | Resulting
! Solute Solvent | Solution Examples
(E%Eg"%) i Gas Gas i Gas Air
1| Gas Liquid | Liquid Soda water (CO> in water)
(.g.u"_,_.g_g) ' Gas Solid | Solid H, gas in palladium
| Liquid Liquid i Liquid Ethanol in water
' Solid Liquid |} Liquid NaCl in water
1 Solid Solid | Solid Brass (Cu/Zn), solder (Sn/Pb)
= _———
2EG g -y
1 (precipitation)
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a
278} (crystalization)
ES} QA —oooeo
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¢ 89 (solubility) » 273

(°I) 0°C, 2100 mLY NaCl 35.7 g
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AH4: Formation of solute-solvent interactions
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AH,: Separation of solute molecules
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AH,: Separation of solvent molecules

AH3<O

Solution

AH

JO

A 3%

i153)

(3

nO

() MgSO,, ... AH_, =-91.2 kJ/mol <0

NH,NO; ... AH_ =+26.4 k/mol>0
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Aol S — (D OLA] ( ) FEME (entropy)

AH <0 AS >0
& T ool W D —e “RENE" AS >0
o | 39 83 + 3¥ 81 — 8
Like dissolves like.
H3Y 83 + HIY 81 — 8%
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¢ ® 2ape C,H.,OH/H,0
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5+(' 999, a S0jek(se) <------ > NaCl/H,0
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[Ex 13.1] ¥UA &3 (relative solubility, miscibility)

formaldehyde
Br, : KClI : CH,O
| |
| |
C,H, HO | ccl, NH, () |  Cs, H,0
(£=0D) (u=187D) |, (u=0D) (u=146D) |, (u=0D) (11=1.87 D)



—
cQIG . CO-H— Ty, ALBR U5
EBasT = SYE | | o®
- g S J
O-H Eg+T = B9k? < 9
- )
TABLE 13.3 Solubilities of Some Alcohols in Water Hydrogenbond ¢
Solubility in H,O X ‘ a4 0.
Hal ..H C~H H A,
Alcohol (mol/100 g H,0 at 20°C)* C o) \ HQ H H
> >n | Sew Lo
CH;0H (methanol) o0 H / wH H™ A H® ¢ H ~ Hydrogen bond
CH,CH,OH (ethanol) 00 H H
CH,CH,CH,OH (propanol) 00 (a) (b)
CH,CH,CH,CH,OH (butanol) 0.11
CH,CH,CH,CH,CH,0H (pentanol) 0.030
CH,CH,CH,CH,CH,CH,0H (hexanol) 0.0058
CH,CH,CH,CH,CH,CH,CH,OH (heptanol) 0.0008

? The infinity symbol indicates that the alcohol is completely miscible with water.
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(glucose, C¢H1,0¢) ... 5 O-H — 83g/100mL H20

= Hydrogen-bonding
o " LI) ' sites
H A \ Ay
0=C c” wl
/N, H
C=——=C
H—0" So—H
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& (concentration)2| Tl

O ETFUEE(%), ppm, ppb

(Y2)8a9 AF
% = oo m=ma~ <100 (°l) 36g HCI/ 100g % — 36% HCI &%
o—|—| =20
(NB)8Ao Al
ppm = =g === x10° (@) 1mg 8% / 1kg &%
o—|—| =20
img 88/ £#8A 1L — 1 ppm
2 B8&E(V)
v o 889 82

[Ex 13.2] @0 24.4g/ S 1989 (%4 98.08 g/mol)

24.4¢
98.08g/mol

=0.249 mol

0.249 mol H,SO

288 (molality) = —510g kg H,0 4-1.26m




0.97 M (45C)

1.0 M (25C)

£o £, 3 MZA He
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(HEtE EAIF: 32.04 g/mol)

2T =0.976 g/mL,

[Ex 13.3] 2.45 M (

2.45mol%x32.04g/mol =78¢g
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& 1L =9

9769—-789g=898¢



B 85 «— 2 (°) NaCl: 35.7 g / 100mL water, 0°C

(5% 259N FoiN ¥ 800l =8 & Y= §%el Ny Q)

P _T|_7(-" 250 = 5 KNO,

NaNO;

22T = &%k T

NaBr
KBr

Solubility (g solute/100 g H,0)

KClI
: ot
S son  BO| Oj3t MEfo| SO|T — MO KA
0 20 40 60 80 100

Temperature (°C)

« 14 2

& 2E1 = 8%

0 10 20 30 40 50
Temperature (°C)

Solubility (mM)

EHMEZE: Tt = CO,g) 1 (coldtap water in a glass)

Y BT = 0,01 (thermal pollution)
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d=2 848 prt = THe %k

Henry
golo] xgo
I S (mol/L = M) ELENEENTE

Henry B3 44 < (8, 83), 2k

(°l) N,/water, 07T, 1atm: =6.8x10* mol/L

CN,(g)

= SNy(e) _ 6.8x10~*mol/L

Tat =6.8x10"*mol/L-atm
N, (g) atm

OgE oM 2 (RR)@H2 0.78 atm

c=k P, (6.8x10~*mol/L-atm)(0.78 atm)

,(9) ~

=5.3x10*mol/L=5.3x10%*M

EHMEE (carbonated beverages) -------- >




N 344+ (Colligative properties) <«--------
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A(E), B(3E)

T

G,

Water
Vapor
Temperature  Pressure
(°C) (mmHg)
0 4,58
5 6.54
10 9.21
15 12.79
20 17.54
25 23.76
30 31.82
35 42.18
40 55.32
45 71.88
50 92.51
55 118.04
60 149.38
65 187.54
70 233.7
75 289.1
80 355.1
85 433.6
90 525.76
95 633.90
100 760.00

P.=X, P, = P,=(l-%;)P;
P;—PAEAszB'E
A $3(8N2 5%

[Ex 13.6] 218 g glucose (m.w. 180.2 g/mol) / 460 mL water at 30C

P, AP=?
21
218 g glucose: 180.298/gm0| =1.21mol
460
460 mL water: 1877 /gmol =25.5mol

25.5

XA=121+255

=0.955, Xx3;=1-0.955=0.045

P,=X,P; =0.955x31.82=30.4 mmHg

AP =P?—P, =x,P?=0.045x31.82=1.4mmHg



P =P, +PF; =X,Py+X3P; =x,Py+(1-Xx,)P;
= (P;_ Pé)XA_i_ PBO e _P'r=Pbenzene"’Ptoluene
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/ Temperature / \
Freezing Freezing Boiling Boiling

point of point of point of point of
solution water water solution
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L ATf :Tf _T.F — ATf ATb- f o=
AT, cm — AT, =K. f N\ Tommeue f1 N
f f ' f Freezing Freezing Boiling Boiling
Y point of point of point of point of
T solution water water solution
2 oLF UE 44
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Table 13.2 | Molal Boiling-Point Elevation and Freezing-Point Depression
Constants of Several Common Liquids
e T I
Normal Freezing ! K; | Normal Boiling ' K, |
_|Solvent _ _ _ _ __ Point (CY* _ _ | (°Cim) _i_ _ Point CQ)* _| (Clm) 1 _
|\ Waer_ _ _ _____O0____y_18_' __100 __ _ 052 J1
Benzene 5.5 512 80.1 253
Ethanol 1173 o199 78.4 L 12
Acetic acid 16.6 1 3.90 : 117.9 1293 :
Cyclohexane 6.6 200 80.7 279 |
|
*Measured at 1 atm.




[Ex 13.7] °IEH ==°|ZF [EG]: CH,(OH)CH,(OH)

29 51 HLY (bp.197C) « AEN 25

EG 6519 / water 2505g 89| oj= &2

)

o o

7 ® Qo

Ethylene glycol
mw = 62.01 g/mol

)

651 1
(i) Mo 2 & HF 62.01x2.505=4.19m

(i) 1EH WA, AT,

AT, =K, xm=(1.86)(4.19)=7.79°C

T;=0 — T,=-779°C

AT, =K, xm=(0.52)(4.19)=2.18"C

T;=100 — T,=102.2°C
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@ MEo AE 8 M (osmosis)

Semipermeable Osmotic
membrane pressure

Solute
molecule

Solvent
molecule

E
\ T
\
\
AN Solvent Transfer

I 89 Box s
— 2
Net transfer of solvent AFA
== RL Ry
Y
(a) (b)
© Water molecules
Solute molecules
(o] Moy
S NE e >

>

ol mu ou
o
N

(7)), 23(TY) "t — Y= <ot 2O YA (c)

.
- EYETEUN T2 (b) PO
L A3 B2 2N W ()
o
L NEO| AE B4 (YN 4E B
. CHE B (ME) | Ay m
cBjpo Bl S = 1] / (isotonic)  (hypotonic) (hypertonic)
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[Ex 13.8] M8A [C.H,] 7.85g/ CeHg 301g — AT, = 1.05C
gzyec 1 _1.05

1000 _
_K——E—O .205m 7.85x 5~ =01 =0.205xM — M =127 g/mol

[C.H,] — 12x5+1x4=64 — C H; (4ZE)

[Ex 13.9] 8IR22HI(Hb) 35.0g/ 1L £8% — 1 =10.0 mmHg

=M RT
10.0
T 760.0 _ 4 _ 35. O
M= RT (O 08206)(298) =5.38x10*M axa

oM

oo MM
H
r A

8% < 500
LH WY — [5" _EJJ



Dissolved molecules (sugar)

Nonelectrolyte solution

Mojmel FRY
“MEfE” —— “Gf=” —— [N £ T —> van't Hoff factor (i)
) ATf (% Xé]) Dissolved ions (NaCl)
=
AT, (1) «— wjmsymopat 1y
7=IMRT
Electrolyte solution
AT, =1K. m
f f
HIMSA . 1=1
[¥ll] °I2M9I van't Hoff factor NaCl, KNO3 :  i=2
Na2S04, MgCI2: =3
TABLE 13.5 van’t Hoff Factors for Several Substances at 25°C
: Why?
Concentration
Compound 0.100 m 0.0100 m 0.00100 m Limiting Value
Sucrose 1.00 1.00 1.00 1 1.00 |
NaCl 1.87 1.94 1.97 1 2.00
K,S0, 2:32 2.70 2.84 1 3.00 1
MgSO4 1.21 153 1.82 1 200 !

e e = d

O|2"% (ion pair)
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