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%% Basics
More than one component, homogeneous — solution
Gas solution — no problem

Liquid solution — gin |
linl
sinl
Solid solution — {substitutional
interstitial
gas in solid (ex. H, in Pt)
solid in solid[prep: melt > cool }
soln - evaporate

Some terminologies: unsaturated
saturated (concentration = solubility)
supersaturated
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Molarity (M; %84 5 2 JE &)
= mol/L (mol of solute/volume of solution)
Mole fraction (% 2 4 %)

=mole fraction of A =n,/n; = X,
(n, : mole of A; n; : mole of total)

Molality (m; £ £ ¥ 2 k&)

= mol/Kg (mole of solute/weight of solvent)

Mass percent or weight percent (£ £ f ~ & &)

= mass percent of A = (W,/W;) x 100%
(W, - weight of A; W, : total weight)
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sk The energies of solution formation

Solute Solvent

sloute-solute

0
solvent-solvent

‘ solute-solvent

Solvation E involved
G &)

Ex.

AH1n = 3 kd/mol
NaCI(S) + H20(|) Na*(aq) + CI’(aq)

AHC = 786 kJ/mol

_ . ..
lattice E (&5 ¥ it ) AH®4ydration

+H,0
Na'@) + Cl /
| AH%%yration —783 kJ/mol

+H20
Free energy determines the direction:

AGOsoln = AHOsoln soln

— TAS®
-

L usually positive




KCI(s) = K*(aq) + Cl (aq) AS° = 75 JK-Imol-!
LiF(s) = Li*(aq) + F (aq) AS° = -36 JK-Imol-!
at e

Small ions form tight solvation shell
CaS(s) > Ca®(ag) + S*(aq) AS° =-138 JK-'mol-!
(Charge effect)

Conclusion
solubility is difficult to predict

General rule
Like dissolves like
polar compound dissolves in polar compound
nonpolar compound dissolves in nonpolar compound
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% The effect of structure on acidity

© Brgnsted-Lowry acid
X-H -« Potentially acidic S X + H’
Two major factors
the strength: stronger bond - weaker acid
the polarity: more polar - stronger acid
Ex. Inthe same period
HTCH3 H-NH, H-OH HT_F

Leastlpolar Most polar
Weakest bond Strongest bond

Acidity (polarity factor)




Ex. Down a group

H-F H-CI H-Br HTI
Most polar Least polar
Strongest bond Weakest bond

Fact: Hl is the strongest acid in water
Q: Is it due to bond strength factor?

X | BE of H-X | AH® ation TOT | AS®.qvaii0n TOT | €lectron affinity
(kd/mol) | X (kd/mol) | X~ (IJ/K-mol) (kJ/mol)
F 565 -510 -159 -327.8
Cl 427 -366 -96 -348.7
Br 363 -334 -81 -324.5
I 295 -291 —64 —295.2
AG i, \
HX@q) — Hen * X
AG ‘
11 AG: reverse of the solvation of HX
AG,: bond energy data
X LSt AGs AGg: ionization data of H atom
AG l AG,: electron affinity data of X atom
2 AG AGg: solvation of proton
Hg — e + H' ) AGg: solvation of halide
+
Xg + e LG X@)

AG = AG]_ + AGZ + AG3 + AG4 + AG5 + AG6

Overall: the halide solvation entropy change is the
determinant factor
Note: inthe same period the sizes of Xs are similar




© Oxyacids
containing H-O-X structure

Ex. 1 7
H—O-%PO H—O-q\ H—-O-CI=O H-O-CI
9] @]
K ~107 ~1 1.2x102 35x108

a

v More oxygen attached to the central atom
- more acidic

EX. HOCI HOBr HOI
K, 4x108 2x107° 2x 101

v With more electronegative atom attached to O
- more acidic

© Oxides

H-O-X can also behave as a base
——

Releasing OH: NaOH, KOH, -
(X is electropositive or O-X is weak)

Basic —— caO(s) + H,0() 5 Ca(OH),(aq)
oxide T

Actually Ca?* and O




Acidic—— 50,(g) + H,0() S H,SO,(aq)
OXIde 1l I

Il «-----More covalent I
H—O—%—O—H

o)
Based on Lewis acid-base model

SO; is a Lewis acid
H,O is a Lewis base
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© Structure effects
more polar group = more hydrophilic
more non-polar group = more hydrophobic (or lipophilic)
© Pressure effects
Little effects on s and | Henry’s law constant
For gas: }
Governed by Henry's law P = kX

Partial pressure Mole fraction
Obeyed most accurately under
* dilute condition
* solute does not dissociate
» solute does not react with solvent

Increase P = increase solubility
(gas + solv = soln)




© Temperature effects
Difficult to predict

Usually (not always): Tt = solubility 1
AH & AS for gas = usually negative
Tt = solubility |

Ex. CO,”(ag) + CO,aq) + H,0() 5 2HCO, (aq)

In hard water: Ca(HCO,;), soluble

CaCo,

Tt > [CO,(aq) |

= equlibrium <
= CO,”(aq) 1
= CaCO,(s) |

insoluble

sk The vapor pressures of solutions

© Raoult’s law (#+= 2 &)

For a nonvolatile solute
P

soln solv’  solv

vapor P of the soln
the mole fraction of solv
. vapor P of the pure solv

solv*

|:)soln:
)FE‘S’OW:

A model:

=X AP° =(1-

solution vapor pressure

5% YO R
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o]
>(solute) P solv

- PO

Xso\v

Q00000 OOAVAVO

Can be used to determine MW

solv




Ex.
water ag soln

POsoIv Psoln Posolv > Psoln

% 7,

water ag soln

© When solute is also volatile

For ideal solution: follows Raoult’s law

Pa=X\P%
Pg = XgP’%

XB:O XB:l




© Nonideal solutions

» With positive deviation
weak solute-solvent interactions: AH, (+)

escaping tendency increases

= - POB
PO, — Ak
B
Xa=1 X Xa=0
XB =0 XB =l
EX. AN A e
H-C-C-0 H-C-C-C-C-C—C-H
H H HHHHHH
ethanol hexane

» Negative deviation
strong solute-solvent interactions: AHg,, (-)

escaping tendency decreases

o] < P%
PoA = [ -
B
XA =1 X XA =0
Xg = 0 Xg =1
Ex. HsC ,
)=0--H-0
HsC

acetone
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freezing-point depression

» Boiling-point elevation

Ex.  Aqueous solution of a nonvolatile solute

pure solvent
Pvap K
a

Lhatm ---g------—7-7"------ e o

AT, =T, -T,
AT, =K, m

solute

molal boiling-point
elevation constant

solution

/

A colligative property ) N T

Depends only on concentration T,

Ty

» Freezing-point depression

pure water

1 atm -

AT, =Kim

solute

molal freezing-point
depression constant

aqueous
solution

Can be used to determine MW
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% Distillation of a mixture 2

v
= bpof Shaded area:
pure B . W o
gas-liquid in equilibrium
bp range
with a . :
composition Liq at |.b0I|S atm
' of | becoming gas at p
Bﬂrgf: : Lig at min equilibrium with gas atn

(contains more volatile A)
Lig at x in equilibrium with gas aty

mole fraction

From mto p: gas-liquid in equilibrium
Different pair at different temperature

A pure material has a sharp bp
A mixture has a bp range

FEFXGFUWEE

3% Fractional distillation NTU Qukodie é

Distilled through a fractionating column

gas and liquid in equilibrium vapors out

one \
. P T as
theoretical { y g N

R -
plate | V-~ quuid} equilibrium

liquid
i T

vapors in

mole fraction
temperature 5 '|'1>T2>'|'3>T4
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More theoretical plates = better separation

In reality — depends on packing material

(in a fractionating column)

More surface area
= height of theoretical plate is smaller
= more plates in the same column

Disadvantage
more surface area
= more holdup

= greater loss

Ex. Glass beads: HEPT~8-9 cm, holdup/plate~0.9 g
Glass helices: HEPT~4-5 cm, holdup/plate~0.6 g

© Azeotropes (£ i* $)

A minimum or maximum
in the boiling point-composition diagram
Behaves as a pure compound

azeotrope

i 1 HHY

B 100° B B /\ = 645

© (@) ~ -5

61.2°
560
78.3°,
78.15 =
ft3ey azeotrope

1009 %% 100% 100% 80 % 100%

Z.B XK Ed ath
ethanol water acetone chloroform

Can not be separated by ordinary distillation process
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Ternary azeotrope is also possible
Ex. Benzene (80.1°C) 74%
Ethanol 19% } Boils at 65 °C
Water 7%
E X 2
% Solid mixtures ehesl ¥
mp of Pure compound has a constant mp
T pure A » .
: L(A+B) Mix of two solids: mp covers a range

/ mp of
: pure B

: | Descending along the red dashed line:
""""""" : y b Solid A appears at ¢
More A is formed as T is lowered

;f i The lig composition moves along c-d-e
N Solid B comes out at f
S(B) Solid mixture below f-e

A X B

Solid and liquid are in equilibrium between c-f

The composition at e behaves as if a pure compound:
has a constant mp

The point e is called eutectic point (% 3 2k)
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e/ IT=MRT
i (M: molarity; T in K)

Ex. 1.00 x 10-3 g of a protein

0 S5iition in 1.00 mL water
solvent T I1=1.12 Torr, at 25.0 °C
Ans
semipermeable membrane: 1.12 Torr
only solv molecule can pass = ——
760 Torr/atm
=1.47x107° atm
= M(0.08206)(25.0 + 273)

The P required to prevent osmosis

A good way to determine MW

v" Glossaries
Isotonic solutions (% /% &4 ;%): having identical TT
Hypertonic: with higher IT (higher concentration)

Crenation: cell outside is hypertonic = water flows out
Hypotonic: with lower IT (lower concentration)

Lysis: cell outside is hypotonic = water flows in

v" Applications

> Dialysis blood in blood out

I+I I+I

Dializing soluton:

Same composition of
essential ions and molecules
as in blood

waste comes out
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» Reverse 0smosis p

i

semipermeable membrane:
only water molecule can pass

Can be used in desalination of sea water

FEFXGFUWEE

T - NTU & hemistry
% The colligative properties (i #c{+) Qhenbiy é
I:)vap
ATb ) ] .
AT, Depend on concentration only: colligative property
IT

v’ Electrolyte solution

may not dissociate completely

forms ion pair
moles of particles in soln
moles of solute dissolved

van't Hoff factor i =

Ex. 0.10 m NaCl(ag) = i=1.87 (from experiment)
AT =imK IT1=IMRT
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Electrolyte
NacCl
MgCl,
HCI
glucose

I (expected)
2.0
3.0
2.0
1.0

I (observed)

= } Due to ion

2.7 .
19 pairing

1.0

Higher charge
More ion pairing

sk Colloids (% %8)

FEFHLEFE
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A suspension of tiny particles in a medium

Tyndall effect

(2-1000 nm)

light scattering by these particles

e ® e ®
et @ 0P O
=3 - ¥, +
+ — o
o ;! A e . ®
+ + %
... . ...
heatlngﬂ,
([}
00 % °
.+ .+ . d
+ +
b ®
. ® @ +
.
0...

Major stabilizing factor:
electrostatic repulsion

To destroy (coagulate):
* heating (penetrates the shell)
* add electrolytes
(neutralize the charge)
» discharge through electrodes
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Examples of colloids

Fog liq
Smoke S

Whipped cream g
Milk liq
Paint, gelatin (F? %)

(7]

Polystyrene foam g
Cheese liq
Ruby glass S

in gas
in gas

in liq
in liq
in lig
in solid

in solid
in solid

Type

aerosol (# %" 5 &)
aerosol

foam
emulsion (5% 5 5 %)
sol (7% *})

foam
emulsion
sol
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