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Lecture 9
Solutions and colloids
il g adl g Jallacall

A solution (soln):Jd siall

e is a mixture of 2 or more substances in a single phase.

saa) 5 s je 8 3 sall (e SS) ) ) (e Ild s One gonstitugnt js usually

regarded as the SOLVENT and the others as SOLWYJTES.
Il and 5 AY) 5 cudall and <l Sall as)

O SOLUTE: the part of a solution that is being ‘diss§Jved (usually the lesser
amount). %

4aS JBY 058 Wlle 5 ald) oy (o3 ;%\
O SOLVENT: the part of a solutigg.th S the solute (usually the greater

amount).
4aS ISV 058 Llle 5 ldall cuaf (53) b a e s quiall

Q Solutions in whichgheSglv
a.gwmgmswi A

oL 3all) oLl Ay 5udady) Aol cldUal) (g o ¢ Al /2
gL il g ploassl) g pladld dan e liadla i g0
0583761260

water are called aqueous solutions.

il Jallad)
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Types of Solutions Jlkaall £ )

Appearance of
Solute Solvent solution Example
laall udll ol Jlie Q
14-carat gold ( /
Solid Solid Solid .
diladile | dladia dla 3ala
Solid Liquid Liquid
ilasale | Adilu dala Al dila
Liquid Liquid Liquid JAIcohoI in water
Jibw il i slall b Jgasll
Gas Liquid LQ v Soda (CO, in water)
J& i \dﬁw (slad) 2 050 SN st ) 1 guall
Gas Ga S Air (N,, O, ...)
S e (onensCmaS) (i 9 i) 5] 9d)

\ 3 Can a solution be solid?
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Characteristics of Solutions dJ slaall (ailad

Distribution of particles is uniform. 2 s <l jall &) 58

Components do not separate on standing. Q
a8 5l b Sall Juadisy b
Components cannot be separated by filtration.

3 el b Sl iy Y %
It is possible to make solutions of many diff erbe/ vent

compositions
Cudall 5 laall (e Adlise GLS 55 (e (e Sad (0

Solutions are transparent (even if{Colbred).
Rk culS ) ia diled Jiladl)

Solutions can be separat purg components (e.g., distillation,
chromatography).

(0sL) e sile s S | ook oo 5l phail) Ao g0 4085 3 sl Jillaall Jucd (S

This separati hyS&al change.

‘;‘1173‘}:‘5 o~ .

Conce Xtion JuS Al

\nount of solute in a given amount of solution (rarely “in amount of

Zudal) 48100 40 culdall 4S8 cuuatla ) 5ol J dlaall (e 23n0 d0aS 3 Cldal) 40aS ga a8 )

(Sl 21235 ol el
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UNITS: <laagll
# Percent Composition: gl qus sl

A) % mass (W/w) s duus

% mass (w/w) = (mass of solute/mass of soln) x 100 @
B) % volume (v/v) aaall ds %

% volume (v/v) = (volume of solute/volume of solng x 10

C) % mass/volume (W/v) asall ) ALst) duu

% mass/volume (w/v) = (mass of soluﬁ@b soln) x 100
# Molarity (M) 4N gal) %
"

Molarity (M) = mole te/liter of soln (v)

\ Cudall fpe il IS QA Y g 220 A
&  Molalit \
a m) = moles of solute/kg of solvent

(Al e al e LS 8 A1 Y pall Ao ) 31V 4l

s Per million (ppm) ¢edall ¢ 5132

Parts per million (ppm) = (mass of solute/mass of soln) x 10°

# mole fraction (x) (osall sl

mole fraction (x) = moles of solute/total moles of soln
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# Mass per volume (mg/L)  asall Al AbigY)

Mass per volume (mg/L) = mass of solute/liter of soln

# Normality (N) Jsiaall 4 s

Normality (N) = equivalents of solute/liter of soln

el (e Al JST laal) lalSa o 4 Ll ﬁb

Ee" il gale ‘ \ V-
d M =m when the solvent is distilled Ws density =1
then, 1 L = 1 kg (NOT salt HZO%
Q ppm= 103 ppb (part per bilN ppt (part per trillion)

d Mass (moles) of soln =

s) of solute + mass (moles) of

solvent
d Common @ r solutions and solids are:
Units Solutions Solids
ppm mg/L ng/mL mg/kg Ha/g
ppb Hg/L ng/mL Mo/kg ng/g
ppt ng/L pg/mL ng/kg pg/g
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Example 1: An IV soln is prepared by dissolving 5.0 g glucose (CgH120g) in
dist. H,O to make 100 mL soln. Calculate

(a) molarity M,
(b) % wiv, and
(c) ppm of the IV soln.

Solution:

(@) Convert: g — moles of glucose. N.w
Jsall ol all G 35S slall J saia b
Since, molar mass of C¢H1,04 = 180.0 g/m%«

Use fan 180 = 35S slall 4 gall ALK () Cupm

(b) Convert: ml— L %%
100 ml = 100 x10° Q

mass in gram

Then, number of o\ Ne=
molar mass

‘b Y _°>8 __578x102mol,
180 g/mol
\mole solute
Thus, K
\ L of soln
=(2.78 x 10° mol)/(1.00 X 10 L) = 2.78 M

(b) % w/v = (mass of solute/volume of soln) x 100 %

= (5.0 g glucose/ 100 mL soln) x 100 % = % 5.0

(c) ppm = (mass of solute/mass of soln) x 10° = (5.0 g/100 g) x 10°
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=5.0 x 10* [since d(H20) = 100 mL = 100 g]

> d(H20) = distilled water ks ¢l

Preparing Solutions (1.0 M NaCl)

Nﬁy{m 2,58 e A Y g 1 Jslaa s Q
(3le Al 2 agagall &5l e Jga 1 quii Jay) b

r}(&‘b\’

SN

(2) 3)
(1) Wei \Xt 1 mble(58.45 g) of NaCl and add it to al1.0 L volumetric flask.

P )lia b9 )8 L aguini g agad pall 3 ) 6IS Ga(al s 58.45) dse 1 )
(2) water to dissolve the Nacl then add water to the mark.

hM\M;N\%éeﬁJ}A\%J}E%Mcw\%

(3) swirl to mix aehalails sl & jas
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Dilution <idasl)

A Dilution: is adding extra solvent to decrease the concentration of a s1n. Q

Jladdl 3€ 5 Cangat) 48Lial Cude 48Lal g Cagadl

dThe amount of solute remains constant before and afté&gdiluti ut the
concentration decreases.

(258 QI 4aS ) 508 5l Sy (S) Cagatl) ey g J8 450 \ \b

Before dilution After dilution

%1XV1 = %ZXVZ Q

[ Concentrations and v~olum can be most units as long as they are consistent
it s A8t Lol Lalls calas o) alama 3 0 65 of (S alaa) 5 <l 3 5l
> Example: How wwﬁargzoo mL of a 3.5 M soln of acetic acid if we

have a bdttle of c cetic acid (6.0 M) ?
itial soln oY/ w4 Final soln gL s

Concen n: 6.0 M 35M
& ?L 0.20 L
L of initial acetic acid
M;xXV;=M,XxV,

6.0MxV;=35Mx0.20L
V;=35Mx020L/6.0M=0.12L

Concy xVol;, = Conc, x Vol, %%
MixVi = MyxV, %
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O Put 0.12 L (120 mL) of conc acetic acid in a 200-mL volumetric flask, add

some water and mix, and then fill to the mark with water and swirll

How H,0O Dissolves lonic Compounds Q
A 5 il pall A0y plal) a gl s %

» Consider NaCl (solute) dissolving in water (solvent).
el elall (8 s OIS (g gucall 0y ) IS) aledall e i \
» The water H-bonds have to be interrupted, b
il ) ki elall (8 dpin 5 jagll Loyl 5 )l
> NaCl dissociates into Na* and CI,
(Sl syl 2 ) SISI (50l 5 (Dl 5S) &.—\aﬂ‘%o & p s sall 3 )lS Jlasy
e

» Cat/Anions attract oppositely ch f H,O molecules

(Na*....”OH, and CI'....%"
L s dad & patiall il O iV 5 5l s

» When attraction %on to H,O molecules is greater than ionic bond

(keeping iog in I
ass e Al 4 B e i S) elad) Al el Gl 68 S Ladie
l (Al S 43 e g

h&yrons will be completely removed from the crystal and surrounded by

»O molecules (HYDRATED ions).
(Aaae i sl ety eladl iy Jan Jalay 5 Uy HSI) (g0 ALK il g1 A )y g

» Such interaction between solute and solvent is generally called Solvation.

10
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How H,O Dissolves Covalent Compounds
Lpanlodil) CilsS yall 4030 plal) 2 g8 CasS

» Covalent bonds do not dissolve in water, but some covalent com u%
o3 Agaaludll LS jall Gany (S5 elall (8 2 dpealidl) Lyl )l b‘
> Molecules should have no more than 3 C atoms for each O,W\N, oy F :
D38 ) s i a8 50 JSI (50 S )3 3 (e S e (g gt U\N
> Examples: Acetic Acid CH;COOH is soluble b

el b cild i) oaes N

but benzoic acid CsgHsCOOH is not. slal L3 Jeiigy e &L gyl aaa (<1
> Although table sugar, C;,H,,044, C n%a
very soluble in H,O.
elall 8 laa Qid sl Y s XU Q\sz% s i 3Ll S (e a2 Il
because it has many O atomg an bonds that can form many H-bonds
with H,O
e 2l (0S5 i GJNMU CanSY) 3 el e (s ging (323) ) 43y

:E ‘b slall il ja ae A 9 Hugd) Jal 5 )l

ounad¥farely react with H,O giving ions

9 cLall & Jelatila \JJU &L\L\S)A

number of C atoms, it is

Cl(g) + H.0(l) — ClI'(aq) + H;0"(aq)
E.g. 2 SO5(g) + 2H,0(l) — HSO,4 (aqg) + H;O"(aq)

sl st A

11
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Lecture 10
Solubility 4t

O Solubility: the maximum amount of a solute that dissolves in a given a t of

solvent at a given temperature.
Ama 3 ) a da o i Gudall (e Badaa ApaS 8 ol ) (S il 5 il dall QA%

) Solubility is a physical constant.
(i A Al o) \
# Soluble substances: 433U ALl A gl

When one substance (solute) dissolves in_arfothel (sol¥ent) e s Levie

(;.uwid\) soAlsle A (c._a\ld\) h
(e.g., table salt or table sugar in water ' b S gl aladall la (Jia

# Insoluble substances: 43 Al \
When one substance does olyg/in another.
Y

LAY salall 8 Laale g

e
e liquids the terms miscible / immiscible are

(e.g., sand in H,
1 If both the solvent S e

used.
RECHEY ] & > sall Juld clatlhiaal) 8 i g ol 5 cudall IS S )

s sl eluansl a,jjgse-l.m 4zl SlulUal) (i s ui\.u /a
sb sl g slaassl) g ploadl dan e ciladla 5o
0583761260
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Factors Affecting Solubility 4l sl A 3 5 sall Jal gal)

1. Nature of solute/solventeuiall s ciial) dapla
2. Temperature 5, 4 Q
3. Pressure bl b

1. Nature of solute/solvent uiall g Gldal) dawl %

> Polar compounds dissolve in polar compounds

Agaaill LS jall (& 535 dgdadl) LS )
(e.9., C,HsOH Js&Y) or Cy,H,,0, % ).

slall B g sSaall SN

> Nonpolar compounds dissolve polar compounds

Fih 1) s sall b i) i ol

(e.g., CeHs in CCl )N
058 05 shaall cp ) Jia

> Most Nnic ¢ ounds (e.g., NaCl) dissolve in water by dissociation into

A A I (G e bl (B sl (a0 seall 2 ) 5IS (i) AL ) LS jal) alana

> Small covalent compounds that can form hydrogen bond dissolve in water

sLall 8 ¥ dion 5 5o A ()5S0 ) it ) 5 ppieaall Lpaalicil) LSl

13
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(e.g., NH3 in HZO) | @ (JJ\.&.’J\)@}AY\ Jia

2 Temperature 5_) sl da ,a

A) Solids or liquids in liquids: 100
Sl A ALiluad) ) dlal) o) gall A1) 90

m Solubility increases with increasing 80

temperature.
Bl oadlds 3 8ak ) ae Al sl ol i

m MOST salts have greater solubility in

70
60

50
hot water.

CAL slall b dlle 4l g3 A 43 Lgpl 3Y) aliea

40

30
m A FEW salts become less soluble with |

Solubility (g of salt in 100 g H,0)

20
increasing temperature

81l A 3 By 3 Lyl s 085 1 2ha) (s JalE

0
0 10 20 30 40 50 60 70 80 90 100
Temperature (°C)

Example: Jta 5

>A solutiongCohtaimi .3 g of NH,CI in 100 g of water at 90 °C will be

da ) die elall e aloa 100 B psia¥) 2 slS (e alja 71.3 (o sty Jslas

4 sia

3727 Lamddins L sa¥) 2y ) lS) alill (5 glse U 45 500 da 50 20 ) 3L0oall ds o Cumddil
el
> Therefore, 24.1 g of NH,CI will precipitate.

pstisa¥) 05 aal 241 sy Cogu

14
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< Crystallization: ,skl
v’ to purify a solid, chemists often make a saturated soln of it at high
temperature; when it cools, the precipitated solid will have myag less

impurity than before.
voodie lall 3alall 338 (e aaie Jglae Jery Bale () siliasS) 244

e J8 Qi gl o (5 gial (o g Auu yial) 2alad) 8 lany j
J8 3
B) Gases in liquids:  Jibw & 4uld < ji& o

[ Solubility decreases with increasing temperagure

51l 0 5ty 3 Al 30 i

)

N
N |

Solubility (mmol /L) at 1 atm

0 20 40 60 80
Temperature (°C)

15
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1) Pressure has little effect on the
solubility of liquids and solids.

Al gd e Qs Ll (5]

Gas at low+——

(Gas at low pressure

(as molecule

Dissolved gas
molecule

pl’t‘SSUl‘(‘
Sl oS5 Adeall o) gall 5 S gl Liquid ——= (Gas molecules can
solvent enter the liquid and
Jazazall 30l Ll gy 2l N become dissolved
2) Henry’s Law:s s o5
The solubility (Sg) of a gas in a liquid
Is directly proportional to the pressure , .
When the gas is
compressed, gas
(Pg) Ll molecules enter
\ Gag at—p the liquid more
Laall ga b b i el 455 high frequently, so
pressure &
more are dissolved
S=kP
QThermal Pollutiof): s ) sl & st
W n perature of water increases, because of output from, e.g., a power

\@Land.m(m‘)\;&_img_uuu) ;LAS\::J\J;‘\AJJJ\JJ.\LALQ

02 solubility decreases and may become so low that fish die.

5 lon¥) Janloa slall L lan (i iy o Jainall Gy slall b puannsSY1 e Al 53 JiS

16
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Colloids 435,40 Jallaall

O Are homogeneous mixtures containing particles ranging from 1 to 1000

nm.
Sasl 1000 I 1 Ge g8 i da e (ot il st cilladd Q

O Characteristics of colloidal systems: 4l A pailad

1. They scatter light and therefore appear turbid, cloudy, 1

A gl dapmas Se Helai il o guiall Jias
2. They form stable dispersions; i.e., they do not fo a phases that

settle out.
T Al g Aliadia Jal je ) 5SS Ll e 446

[ When the size of colloidal particles %O m, the system is unstable

and separates into phases which call n.

S Jatyg Qb e Jslaall muad | Ly 5l e SISl g pall Sl o paa (3585 Ladie

17




0583761260 (Al /2

Tyndall Effect & Brownian Motion (45 &) Jalaall) b i 48 a g Jlais il

Q Tyndall Effect Jais i ;
light passing through and scattered by a colloid viewed at a right angle.

1 When a shine light through a colloid and look at the syw@ 90°

angle \
A 290 450 32 Jsbaall Hhaill xie 5 5558 Jolae IS aaY ¢ 5 A%
Qﬁual particles.

L”J)ﬂ\&bw\a.ﬁj‘)ujd \JLLMB Lfmé‘hl&

O Brownian Motion 4z g ! RS,Q )
Is the random motign okary particle suspended in colloidal solutions.
g all @mg@%ﬁ\ 13S all a
e N »

- .4I - - 1' ". . ... . . J
Flashlight : ) Lot
Solution Colloid Suspension

the light pathway is seen without seeing

,v
-

18
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solution colloid suspension
smallest = » largest
] \
Types of Colloidal Systems4s s all M&
Gas in liquid pe&cream
Jils S le \4.4.1 , <
Gas in solid fows Alasd jall g a
lasal b e
Liquid in gas Cloud, fog
e b dil Cluall y clall
: HQ Milk, mayonnaise
Iisall 5 Calll
) Cheese, butter
335 5 daual)
Smoke
oAl
Solid in liquid Jelly
Jila A dla dl g AN
Solid in solid Dried paint

19
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Comparison between Solutions, Colloids, and Suspensions
Slaladl) g by e s Jalladdl o 45 5l

soln

#  Property | Solution | Colloid | Suspension

{ Paticlesize 0440 1100 >poﬂ\)g\’
(M) s S\

2| Filterable with | No No Yes
ordinary paper | i o o

3| Homogenequs | Yes Q orderline | No

4 Settleson  [No No Yes
standing

| \rto Transparent | Tyndall | Translucent

effect | (opaque < )

6| Example Saltsoln  [Starch | Muddy water
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B. Properties of solution, colloids, and
suspensions
Solutions Colloids Suspensions
Do not separate| Do not separate Particles settle
on standing on standing out
Cannot be Cannot be
separated by separated by C.ng b:iﬁiz?_:‘::ed
filtration filtration Y
Do not scatter Scatter light . Mgy scatter
light (Tyndall effect) [2iBARAG=nol
transparent
Example: Is a 0.5% wi/v solution of KCI ertalc (b) hypotonic, or
(c) isotonic compared to red blood ce and Cl = 35.5, RBC have 0.3
osmol)?
Solution:
e 0.5%wiv: 0.5 x ml soln
Then, 5.0 g KCI | (A9L) soln
e (500 In) X (1.0 mol KCI/74.6 g KCI)
Cl/L =0.067 M

(solid) — K+(aq) + CI-(aq) (2 moles)
smolarity 4dsasdt = M x i = 0.067 x 2 = 0.13 osmol
e Osmolarity (KCI soln) < osmolarity (red blood cells“0.3”)

Therefore, the KCI soln is hypotonic.

21




