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Solutions of
nonelectrolytes

Solutions

« Solution isa mixture of two or more components that
form a homogenous molecular d1spers1on (one phase). —

aautAuw

s dissolved in gHEOr

e It consists of gficlOrMOTe SAlL

« Solute molecules or iGN8 are “diSSOIVES

distributeédiin the solvent medium.
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Solutions

A'trug solution is a'single phase system.
NaCl and water, ethanol and water

— Form a solution (one phase) = a solution 2

Talc and water

— Form a suspension (two phase) = ngt solution &t
Qil and water

— Form an emulsion (two phase) = not solution <
Solutions are composed of:

» Solute: is the substance thatdissolves which may be
S01jG, liquid, or gasy
Solvent: is the substance that does

fiedissolving which

oy | may besolid, iquid, or gasy
: \
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Solutions
Which the solvent and which is the solute?
« Solvent: component in greater extent.
* Solute: component in minor extet.

 Note: When a solid solid is dissolved in liquid, it is the solute
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Solute - Solvent : ' Solution ' . Example =~

Gas  Gas_  (GasD  Air(Q,inN)
Gas Liquid  (Liqui Carbonated beverages (CO, in H,0)
: ‘  E I :
Liquid Liquid (Liquid) Wine (ethanol in H,0) :
o s J2) Vinegar (acetic acid in H,0)
Liquid  Solid Solid>  Dental amalgam for fillings (liquid SIS

Solid  Liquid (Liquid) Saline (NaCl in H,0)

Solid  Solid  ((Solid  14-karat gqld (Ag in Au) 3@@)

Swimming pool (Cl, in H,0)

mercury in solid silver) < [P

Sugar in water

>¥,> Steel (carbon in iron)

Dissolved ions (NaCl)

cSolutions)

(D« Non-electrolytes: do not yield jons when dissolved in
water; therefore, do not increase electrical conductivity of”
solution (e.g. sugar, some pelymers, some drugs).

(o> Electrolytes: form ions in solution; therefore, increase
electrical cenductivity (e.g. NaCD).

Dissolved molecules (sugar)

Nonelectrolyte solution

N
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Solutions
Concentration expressions
. . % 1,5

 Molarity(M): no. of moles.of solute in 1 litre of solution. %T:,’)“;T
« Molality (m): no. of moles of solute in 1 kg of solv%rg“z’{\);;‘
+ Normality(N): no. of equivalents in 1 liter of solution.
* Mole fraction (X): ratio of pumbenofifi6les of one

componetit to tgtaliiioIes of all constituents (solute and

solvent).
* Percent by weight (w/w): no. of grams of solute in 100 g To%'

of solution. S

« Percent by volume (v/v): no. of milliliters of solute in 100 [ .4~
ml of solution.

« Percent weight in volume (w/v): no. of grams of solutein | 4,

100 ml of solution. oo of
" Ideal solutions
Opeh T
« Solutions in which there is figichangeginythepropertiesios
liecomponents when they are ffixed
e For a mix of molecules of A and B, the interactions
between unlike neighbors (U,p) and like neighbors
U and must be of the'same average strength, i.e.,
AB=UAA+UBB I an 103l souton, ne ... e pxacty e same as
A S N (Ve and forees between he me.msmm_ fand g-)“ - ‘
e ' solvent moleaues . . . soule, s
2/ Gt No heat is &volved or o 7 bl s
R : ) the final volume FPWRQ80008 (,L5) s B
— @9;“\ is the sum of the volume of Kelelele] Jo! o%%% s .‘P“’—’:
: the individual components. Ogg)OOOOQOOOo = 2Cssall
000" 000" 00 P gl s
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UBB 5 UBB = UAA
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Ideal solutions

—Ideal solution:

7+ E.g.100 ml of ethanol + 100 ml of methanol =
(200 ml SOltOR. — 5  wydeegen ©ond

* No heat is evolved or absorbed.

ealsolution:

« E..100 ml of sulfuric acid + 100 ml of water =
(180 ml solution.

. Heat is evolved (exothermic). <>>'¢ =+ ¢

Adssakean = AV
Yaaddesle Loy
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Ideal solutions
RAOUICSLAW bl bsces (50 @ e

actions in diquid prevent all molecules

frq,,chﬁpmg_as_aJLapor Dlsru\p/tng/th cohesion
(by increasing T) will increase the tendency of

molecules to(€scape from the liquid as a vapor.
 When (the vapor _pmssgre the /fexternal

pressure, the system is said to be infequilibrium, and
the vapor pressure is known as the equilibrium
wvapor pressure (P)

* A substance with a high vapor pressure at normal

temperatures is often referred to as jfola
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Ideal solutions

Raoult’s Law:

« The partial vapor pressure of each component in
an ideal solution is equal to the vapor-pressure
of the pure component multiplied by its _mole

fraction in the mixture.
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Ideal solutions
Raqult’s Law

* For a/ non-volatile soluté, the total vapor pressure
(Piorar) 18 €qual to the vapor pressure of the solvent

(P solvent) Only total — Psolvent
m,,.\uo&-\

Lo\ ,,L_._\sa.?a)\ﬁ‘;” Pl XPO
X: mole fraction of solvent

P®,: vapor pressure of pure solvent
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Ideal solutions
Raoult’s Law

« If components constituting a solution are volatilé, each will
produce a partial pressure above the solution, which
calculated from Ideal Solutions' Raoult’s Law

« The total pressure is the sum of the partial pressures of all
the constituents.
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* Pyies Ppene: vapor pressures of

. X_tgl, )&en: mole’fiactions 0 X ®

 For two constituents, - . @@ @

and®
8 X ol =B Ttol° Xt
Pben P ben® Xben B

o
5
N total _,Pxol + Pben §
* Pyoys Ppen: partial vapor S
© pressures §'
>

~ toluene'

<pure components. >
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Ideal solutions i Lo
Raoult’s Law fenaritd

| = OJdohe gl
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Ideal solutions

Aerosols and Raoult’s law
. Raoult s law is {importay F.t because it allows theficalculatio
[TO knowledge of ll“ %!!!"»lﬂ N—0f~t

BESI AR

oy

« The requirement of (fhe Montreal Protocol in 1989 for the

__replacement of chlorofluorocarhan (CFC) propellants in
anetered-dose inhalers)with hydrofluoroalkanes: (HEAS), because of

~the ozemesdepleting properties of CFCs, led toG@ substantial review

( ncopel I&\- < 054! of the formulation of these devices as a consequence of major , =S Y 23
‘3 o‘ differences in physical and chemical properties of these propellants. C CC4
e idel d A 134 FAs
O’/p O 2slo P o The two most widely used (H 5 fmi HF/{ ?27ﬁand HE. a. HFAs D
el ? P e The vapour prtissure of (metere "}’:]_Jalers'_\ det.ermines the
aerosol droplet Size and consequently has af important influence on
P\ GARRY ) the efficiency of deposition in the lungg
ChrD) e Cp—
s P _‘é\ > ® » o
S\ deget \ .
€_? Qa s\'S’
depd. o
PRy
QA 2
Ideal solutions ©
Example: 3 e @ Q(Qenc.m):‘(\\\tﬁ)m
e Calculate the vapour pressure ) _at above an aerosol — 30/ w/w
mixture consisting_of 30% w/w of (HEA)134a (tetrafluoroethane, —-——\ 09 3/..,..\
molecular wei - with a vapour pressure of 68.4 psig and 70% 63 Wpsiy
w/w_ of [HEA227J (heptafluoropropane, molecular weight 170) with a
vapour pressure of 56.0 psig. Assume ideal behaviour. (@A ‘QQ“‘“,“ (¥RA)22>
Answer . — 1713/ . /*’/ “"v
No. of moles of HFA 134a in 100 g mixture =@/1_(_)g=(6f2§4'1 males i 2 _W“
No. of moles of HFA 227 in 100 g mixture =(70)170 = 0:4118 mole - 56 £SY
X34 =0. 2941/0ﬂ=04166 P Lt
Xgp7=0.41 18/0 7059 =0. 5834 0-70%A

P=p 134x134+ P°2a7Xay
P= (68 4%0. 4166) + (56 0 % 0.5834)

P=61.17 psig=5.23 x 10° Pa

Scanned with CamScanner


https://v3.camscanner.com/user/download

R YG &= &
2slE

> 0 Sl
- CSanGm,

Real solutions

* In real solutions,

* The adhesive attraction of A for B might beg€S§jor gxceed
the cohesive attraction between A and A or B and B,

« This can happen even if¢he liquiddarg'completelymiscible.

+ The more dissimilar’ the nature of A and 3 the more
strongly the solution is gxpected to d%late from 1deality.

2

» These r alsolutlons may not obey Raoult’s law. There can
be lﬁgatlv 0 F deviations. T 228
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Real solutions
Partial pressures of components

/less-than in ideal solution

(]

eae‘

(AA and BB) s
A holds B back and B holds A
back.

{

Lol

Ba)ej | U

o Uy

p

A

Vapour pressure

| _Total vapor pressure may show
a minimum.

E.g. chloroform and acetone
form hydrogen bonds
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o> Qs 5% A «1 A disrupts B cohesion so

Real solutions

Partial pressures greater than
in ideal solution.

Cohesive attractions (AA and
BB) greater: than adhesive:
attractions (AB).

o
(]

easier for B to escape and
vice-versa

Vapour pressure

Total vapor pressure may

show amaximum
E.g. CCl4 - MeOH
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