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Topic 1. Concentration units and colligative properties

Solution is a mixture of two or more components.

1. Dissolution.

At room temperature ionic compounds can dissolve well only in
polar liquids. In order to dissolve an ionic compound the lattice must
be broken up. This requires the lattice energy to be put in. The sepa-
rate ions are then solvated by solvent molecules. These cluster (get
together) around the ions:

(i) positive ions are surrounded by the negative ends of the di-
poles of the solvent molecules;

(ii) negative ions are surrounded by the positive ends of the di-
poles of the solvent molecules, i.e.

OH
Ho  H |
H , =& H o He o
o D% HO—H (X)) H—OH
H’ of “H Iliér
H,-f"’ HH OH

When the solvent is water we speak about hydration; in case of
any other solvent we just speak about solvation. Solvation (or hydra-
tion) gives out energy as opposite charges come together. This ener-
gy change is called the enthalpy change of hydration (or solvation)
and given the symbol AHhydrssolv-

2. Concentration units. They are:

1) mass fraction percentage, ®%;

2) molar concentration (molarity), C;

3) normality, Ch;

4) titre (or titer), T*.

m

£ = E= v —> m=CMV, V — volume, L or dm?

n — number of moles; M — molecular weight

=
Il
I

! This concentration unit is widely used in the Russian Federation and
some other countries (red.)
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where M. — equivalent weight, feq — equivalence factor.

Equivalence factors for certain classes of compounds:
(acids) = —— (H,50,) = 1/

f;q act " basicity  €9- f;q z - 2

foq(bases) = ﬁ} ; €0. foq [Fe(OH)3] = 1,’3

fag(salts) = ——— eq. fig[AL(S0)3]= — = 1/

npeVealpye 2-3
where nue — number of metal atoms; Valwe - valency of Me.

Equivalent weight in acid-base and redox reactions:

H.SO4 + 2NaOH = Na,SO. + 2H,0

In this reaction it is two hydrogens that are substituted by sodium
atoms in the sulfuric acid molecule, therefore foq(H2SO4) = %;
feq(NaOH) = 1 (There is just one hydroxyl group in sodium hydrox-
ide which participates in the interaction). Thus,

Me(H2S04) =M - foq =98 x V2 =49 g mol ™.

H,SO4 + NaOH = NaHSO, + H.0
feq(HZSO4) = 1, feq(NaOH) = 1

In redox reactions, the equivalence factor describes the number of
electrons that an oxidizing or reducing agent can accept or donate
respectively:

2KMnO, + 10FeSO, + 8H,S0, = 2MnSO, + 5Fey(SO4)3 + K2SO4+ 8H,0
oxidant  reductant medium

2 Mn+7 + 5e- e Mn+2 feq = 1/5
5 Fe+2 — 29- e 2Fe+3 feq = 1

Titre of a solution
_m g —
r= v [m:],:>m—TV (1)

T ™

MoV MW(mi)x= 1073

Ly = ,:>m:CN Me V- 103 2



(1)= (2) => TV=CaMov - 103[T = 2=
ot = S5 - o -

feq 1000
Connection between molarity and percentage
= @i 100 wlisp _ T-1008

M FLa A5
cM T-1000
T = wp

p — density; for diluted solutions (p~1) T =

Problems

1) How many grams of lithium chloride are required to make 1L of a
3M solution?

m=CMV =3M x 425 gmol™* x IL=1275¢g

M (LiCl) =7 + 35.5 = 42.5 g mol*

2) What is the mass fraction percentage, normality and titre of the 0.8
M solution of Fe,(SO4)s if the density of the solution is considered to
be 1 g ml't?

C[Fex(SOa)s] = 0.8 M |C = m%wm.u - mf;m = w% = %
p=1gml!
08 X400 _ ..,
w32

‘M%Z
Chn-20%-?T-7

i
M [Fex(SO:)s] = 56 x 2+ 96 x 3 = 112 + 288 = 400 g mol*

2)Cn=C/foq=08x6=48N
1
feg= 33 = 19’5

23
3) Titre of the solution T (p=1)
T=w0=0.32 g/ml

Answer: 4.8 N; 0.32 g/ml; 32 %.




3. Colligative properties of solutions.

Raoult’s law: the relative lowering of vapour pressure for a solu-
tion is equal to the mole fraction of the solute when solvent alone is
volatile.

2p4 _ Xg A —solvent, B — solute

Pa
p=pa+ps; ps=0
Pp=pPa= QOA XA
Xat+tXg=1;Xa=1-Xs
pa=pa(l—Xs)

Pa
T = 1 —Xg
Pa
By rearrangement, 1 — :—f: Xp
. A
- A ng ng
Pa"Pa_ PA_ yoandxg= ==
Py Pa n4+ng En

A n ) .
2= 2B Ap, = 227 the lowering of vapour pressure.
Py in En

The consequences from Raoult’s law:

1) elevation of boiling point: the boiling point of the solution is high-
er than that of the solvent;

2) depression of freezing point: the freezing point of the solution is
lower than that of the solvent;

3) osmotic pressure: T = CRT.

Questions to review.

1. What are colligative properties?

Colligative properties are those properties which depend on the num-
ber of solute and solvent particles but not on the nature of the solute.
These properties are: 1) the lowering of vapour pressure; 2) the ele-
vation of boiling point; 3) the depression of freezing point; 4) the
osmotic pressure.

2. What are the ideal solutions?
The solutions that follow the Raoult’s law are said to follow the ideal
solution theory. Diluted solutions follow this theory. Even moderate-
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ly concentrated solutions can follow this theory if solute-solute inter-
actions are small. Certain non-electrolytes, such as toluene in ben-
zene, follow the ideal solution theory over all concentrations.

3. What is osmosis?

If a solution is separated from the solvent by a semipermiable mem-
brane which blocks the solute molecules but allows the passage of
solvent molecules, then more solvent molecules will pass from the
solvent side to the solution side than from the solution side to the
solvent side. This phenomenon is called osmosis.

I

| solvent

I
[

+—solution

T
|,|1“:
[ll||l

1
I

B rod e b ————————a-semipermeable
e e e e s el membrane

Figure 1. Osmosis and osmbtic pressure: Osmotic pressure developed
will be equal to hydrostatic pressure of the liquid column of height h

4. What is the osmotic pressure?

The passage of solvent through the membrane can be stopped if ade-
quate pressure is applied on the solution side. This pressure is known
as osmotic pressure. It is the osmotic pressure which is responsible
for some of the effects (like climbing of water up a tall tree, and the
bursting of red blood cells when placed in water).

Bl = %RTz nRT, p= E RT = CRT or © = CRT (osmotic pres-
sure)



Topic 2. Solutions of electrolytes
There exist strong and weak electrolytes. Strong electrolytes dis-
sociate completely into ions. They are strong acids, bases and soluble
salts. Strong acids are HCI, HCIO4, H.SO4, HNOs3. Strong bases are
alkalies.
H,SO, — 2H* + 8042'
NaOH — Na* + OH"
A|2(SO4)3 — 2AR + 35042'
Weak electrolytes dissociate partially:
WMH,OH = NH, +CH"
CH.COOH = CH:CO0 + HY
1) Ostwald’s dilution law.
Weak electrolytes are characterized by two indexes:
(i) degree of dissociation;
(i) dissociation constant.
o= O =" oL
CH; COOH = CH, OO + HY

[CH:COOH]  caca  cda? _ cal

— = = = = 2
K=" Itmcoom —¢-¢@ xil-a) {i ¥ A
E = .:‘.:12  — o= % ¢
1 — |a="EV
v=1
L Ostwald's dilution
{ dihation ) law

Ostwald’s dilution law states: the more the dilution, the more the de-
gree of dissociation.

2) Isotonic coefficient (van’t Hoff factor)

P . . ..
i= > P — number of particles as a result of dissociation;

N — number of dissolved molecules.

Na — number of dissociated molecules;
N — Na = N(1 — a) non-dissociated molecules;
nNa — number of ions formed as a result of dissociation.
P=N(1-a)+nNa=N[(1-a)+na]

8



i= N[(i_;?-l_ I1H]=1— ag+na=1— a(l—n)

i—1=-a(l-n)
; cp = T
i—l=an-1),a= —
n=2,a=i-1 (1)
a=VKV (2) ()=2)i—1=vKV
PR
(i—-12=KV: K = Tl}
The van’t Hoff factor is to be taken into account if it is necessary to
calculate the osmotic pressure of a solution containing electrolytes,
i.e. 1 =1CRT
Problem

What is the osmotic pressure of blood?

Solution

1) The isotonic solutions for blood are 0.9 % NaCl and 5 % CsH1205
solutions because they have the osmotic pressure equal to that of
blood. Let’s calculate the osmotic pressure of these solutions.

®% (NaCl) = 0.85-0.9 % n =1iCRT;

= wig -10-d c..l?-f;-ll}z D.ExlﬁzﬂlismTaE: 15{]‘1‘?‘105?‘1‘1_3

M M 585
M(NaCl) = 23 + 35.5 = 58.5 g mol*

i

NaCl — Na*+CI (100 %, a=1) a=i-l;i=a+1=1+1=2
T =36.6+273.15=309.75~310K

n=2x150x831x310="772,830 Pa=772.8 kPa
772.8+101.3="7.6 atm

2) 5 % CgH1206 solution is not suitable for patients suffering from
diabetes. Glucose is a non-electrolyte. Therefore, 1 = CRT.

5x10 50 ﬂzamai 280 s
= “1s0 _ 180 0287y =?280molm
M(CeH1206) = 72 + 12 + 96 = 180 g mol*
n=280 x 831 x 310 =721,308 Pa= 721.3 kPa (7.1 atm).
Therefore, on average the osmotic pressure of blood is about 7.4 atm
(7.1and 7.6 atm in our calculations)

Answer: 7.4 atm.




Task. Calculate the sum of coefficients in the left part of the
short form of the ionic equation for the reaction between solutions of
Fe(OH)sz and H2S04. 1) 8; 2) 16; 3) 4; 4) 22.

12Fe(OH)3 + 3H2SO4 — Fey(S04)3 + 6H.0

2Fe(OH); + 6H" + 3S04* = 2Fe® + 389,% + 6H,0 (full form)

2Fe(OH); + 6H" = 2Fe3* + 6H,0 (+2)

= Fe3 + 3H,0 (short form); ¥ =1 + 3 =4 (e 3).

Acids and bases

Acids were originally identified by their sour taste. Now they are
recognized by the colour changes of dyes called indicators and by
their reactions with metal oxides, hydroxides and carbonates, and
also with metals themselves. All of these reactions produce ionic
compounds called salts.

Bases were originally identified by their slimy feel. Now they are
recognized by their effect on indicators, and by the fact that they re-
act with acids. If a base dissolves in water it is called an alkali.

The reactions of acids
1) With bases (metal oxides or hydroxides), for example:
2HNOs(aq) + CaO(s) — Ca(NOs)2(aq) + H-0(I)
calcium nitrate
H,SO4 + 2NaOH — Na,SO4 + 2H,0
2) With metal carbonates, for example:

/CO;T
2CH;CO0H + KL£05=2CH;CO0K +H,COs
potassnun \H{}
acetate -

3) With reactive metals:
2HCI + Zn = ZnCl, + HzT

In each case the hydrogen of the acid is replaced by the metal to
form a compound called a salt.
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Theories of acidity

Many theories of acidity have been proposed, including the fol-
lowing. Arrhenius (1887) thought of acids as producing hydrogen
ions (H):

HCl — H* + CI

H,SO4 — 2H* + 8042'

Strong bases are completely dissociated into ions in agueous so-
lutions: NaOH — Na* + OH".

The Lowry-Bronsted description of acidity is the most generally
useful current theory. This defines an acid as a substance which can
donate a proton (an H* ion) and a base as a substance which can ac-
cept a proton:

HCOOH = HCOO +H'
acid base proton
HCl+NH;—NH, +CI’
acid  pgze conjugate cowj. base
acid
In the second example the CI- ion has become a conjugate base, and
NHs* — a conjugate acid. HCI can also donate a proton to water.
Therefore, water acts in this case as a base. On the other hand, water
may act as an acid depending on the surroundings, for example:
HO +HO = HO0" + CI
acid ! base?  acid? base
NHz + HpO = NHy + OH"
base acid

Another theory (the Lewis theory) is also used to describe acids.
This theory regards acids as electron pair acceptors, and bases as
electron pair donors in the formation of dative covalent bonds:

F H F H
el |
F—]?E +:I'i~—H —_— F—]|34—P|'-_—H
F H F H

acid base
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Hydrolysis of salts (additional material)

Some salts interact with water. They are said to undergo hydroly-
sis. The ions of weak electrolytes attract oppositely charged particles
to produce new hydrolyzed ions, for example:

2NaOH + H>C>04 = Na,C,04 + 2H,0

sodium oxalate
Sodium oxalate is soluble in water and dissociates completely into
ions. In fact sodium oxalate is hydrolyzed according to the equation:
Na,C,0; — 2Na'* + C2042'

;}é‘ +C,07 +H,0 == 2¥a + HC,07 +OH"

T
H +0OH"
C,0 +H,0 = HC,0; HOH) pH>7

OH "~ + phenolphthalein — red colour

The pH range for phenolphthalein is 8-10. Therefore, sodium ox-
alate may be identified by the colour change of this indicator.

Task (choose the correct answer)
1. The formula to calculate the titre of a solution is:
A. T=V/m;
B. T=mV;
C.T=cMV;
D.T=wnd.
2. The titre of 554 ml solution containing 2.5 g of a solute is:
A.45¢g/L;
B. 221.6 mi/g;
C. 0.00451 g/ml;
D. 0.2216 L/g.
3. The strong electrolyte is:
A. silicon dioxide;
+B. sodium sulfate;
C. the acetic acid;
D. iron (111) hydroxide.

12



Topic 3. Buffer Solutions

Buffers are solutions which have the ability to resist changes
of acidity or alkalinity, their pH remaining almost constant when
small amounts of acid or alkali are added.

One example of a system involving a buffer is blood, whose pH
is maintained at approximately 7.4. A change of as little as 0.5 of a
pH unit is likely to be fatal.

Buffer solution is a mixture of a weak acid or base and a soluble
salt of that acid or base. There are acidic and basic buffers.

A. Acidic buffer

—

CH; COOH =[CH: COO |+ H*
CHs COONa —|CH; COO]+ a"

[CH;COC]H'] +1_ 1 [CHsCOOH] _ ., Cacid
Ka="Temooom — 1=K emaoo] ® FaCo
Er]-K,g [ e
— s
-log
Y = -logK,-logEa H = pK + logl53] | pH of acidic buff
B lx___k_{g T or |p P Dg[Acid] pH of acudic butter
F

If we need to prepare a buffer, Henderson-Hasselbalch equation
looks like this:
pH=pE + lng%
CaVa
B. Basic buffer
Basic buffer solution contains a weak base and its soluble salt.
The example is ammonium buffer system NHsOH/NH,CI.
NH,OH = INH; + OH
NH,Cl —H; +CI
Taking into account the same considerations and the equation pH
= 14 — pOH, Henderson-Hasselbalch equation looks like that:
—14 K + log=b b
pH=14 pr llzrgW

5

(1]

pH of basic buffer (b — base)

13



The ability of the buffer solution to resist the changes in pH val-
ue on addition of small amount of an acid or a base, is called buffer
action.

Suppose a few drops of HCI are added to the acetic buffer:

CH3COONa + HC1 — CH3COOH + NacCl
CHsCOO + Na* + H* + G = CH3COOH + Na* + GF
CH3COO + H* = CH;COOH

If a few drops of NaOH are added,

CH3COOH + OH = CH;COO" + H,0

Labwork

1) Calculate the ratio of 0.1 M CH3COONa to 0.1M acetic acid to
get 20 ml buffer solution with pH 4.523. The dissociation constant of
the acid is 3 x 107,

20 ml buffer; pH 4.523
pH = pK + log—== s=Ca=C
Eal;l'ra

pH = pK + Eﬂg%

pK = -logio K = -log (3 x 10®°) = -log 3 + log 10”° = -log 3 + 5log1o 10
=5-1log3=5-0.477 =4.523

4523 =4.523 + log Vs/Va; log Vd/Va=0; V/V,=1=1:1

Therefore, to obtain the 20 ml buffer we should mix equal amounts
of CH3COONa and CH3COOH, i.e. 10 ml of each component.

2) How much of 0.3 M ammonium hydroxide should be mixed
with 30 ml of 0.2 M solution of NH4CI to give a buffer solution of
pH 8.65? Ky, (NH;OH) = 1.8 x 10°°.

Coly
Cslz
pPKp = -log (1.8 x 10°) =5—-1log 1.8 =5 —0.255 = 4.745
e i X
8.6 =14 —4745 + log——— = 9.255 + log—
! ?90.2 x 30 820
—0.605 =log_  0.605=log (20/x); 4=20/x; x=5ml

pH =14 — pK, + log

Answer: 5 ml.
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Problems

1) Calculate pH of a buffer solution that is 0.04 M CH3;COONa and
0.08 M CH3COOH at 25°C. pKa = 4.74.
Data: Solution

[Salt]

C(CH;COONa) =0.04 M| pH = pK +log

C(CHsCOOH) = 0.08 M |pH = 4.74 + log (0.04/0.08) = 4.74 +

pKa (CH3;COOH) =4.74 |+10og0.5=4.74-0.3=4.44
pH - ? |
Answer: pH 4.44,

2) Calculate the pH of 0.02 M HNO: that is dissociated by 50 %.

C(HNOy) =0.02 M HNO; <> H" + NOy

0% =50 % (0.5) 1) Che = Ca=10.02 x 0.5=0.01 =102
pH - ? | 2) pH = -log 102 =2

Answer: pH 2

Additional problems

1) Calculate the pH of 0.01 M HCI.

2) Calculate the pH of 0.001 M KOH solution.

3) Calculate the pH of 0.002 M NaOH solution.

4) Calculate the pH of 0.1 M NH.1OH solution. K, (NH:OH) = 1.8 x
10°°. (Answer: pH 11.11).

5) Calculate the pH of 0.1 M CH3;COOH solution. K, (CH;COOH) =
1.8 x 107°. (Answer: pH 2.9).

Buffer capacity
pH=pK + 1
Problem

Calculate the pH range of high capacity buffer containing formic acid
HCOOH. Ka(HCOOH) = 1.8 x 10™.

Solution

The buffer capacity is maximum near pK, of the acid.

1) pKa=-log (1.8 x 10*) =4 —1log 1.8 =4 - 0.255=3.745=3.75
2)pH=3.75+1; pH 2.75-4.75

Answer: 2.75-4.75.
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Biological buffers
1) Hydrogen carbonate (hydrocarbonate) buffer system;
2) phosphate buffer system;
3) plasmatic protein buffer system;
4) hemoglobin-oxyhemoglobin buffer system.
Hydrocarbonate and plasmatic protein buffer systems act effectively
in blood plasma. The two other systems act most effectively in eryth-
rocytes.

1. Hydrocarbonate (hydrogen carbonate) buffer system consists of
the carbonic acid H.COs and its soluble salt sodium hydrocarbonate
NaHCO:a:

(HA)  H,OO, =(HCO + HY  acid
(A7) NaHCO; —+HCO3) + Ma*  salf

Action; NaHCO; + HLac «<» NalLac + H>,CO; < H,O + CO, (@9)
!
CO21
Carbon dioxide eliminates through the lungs.

2. Phosphate buffer system consists of two salts: NaH»PO, and
Na;HPOQOa,. The first one acts as an acid.

NaH,PO; — Na* + H,PO,

H.FOy = HPOy +H'

Na;HPOy — HPCY +2Ha"
The phosphate buffer system operates effectively in the internal fluid
of all cells.

3. Plasmatic protein buffer system is represented by different pro-
tein molecules acting as polyelectrolytes. Just the only amino acid
histidine possesses the remarkable buffer action at the pH values near
the pH of blood plasma. The action of the proteinaceous buffer sys-
tem can be described by the following scheme:

*NH;—(R)—COO" + H* — *NH3;—(R)—COOH (acid neutralization)
*NHs—(R)—COO" + OH — NH>—(R)—COO" + H,0O (alkali neu-
tralization)

16



Hemoglobin-oxyhemoglobin buffer system

Inside erythrocytes pH is maintained at 7.25. The main buffer
system in erythrocytes is hemoglobin buffer system which is a kind
of protein buffer system. It consists of two forms: hemoglobin system
HHb and oxyhemoglobin system HHbO,.

A. Hemoglobin system

HH: =+ Hv + H'

EtHb — Hy + Et”

b. Oxyhemoglobin system

HHLO,+= HhO; + H'

EtHbOy —HbO; + Et*

Hemoglobin and oxyhemoglobin systems are connected to each
other: HHb + Oz <> HHbO..

Participation of hemoglobin in the pH regulation in blood is con-
nected with its role in the oxygen and carbon dioxide transportation.
Hemoglobin-oxyhemoglobin buffer system is closely connected with

hydrogen carbonate system:

CO, + B0 8™ oo, = B+ HCOS

The proton formed as a result of dissociation interact with oxyhemo-
globin ion:

H' + HbO; = HHbO; — HHb + O3

IR [I55ies

The O molecules interact with HHb in the lungs. Hydrogen car-
bonate ions take protons from oxyhemoglobin. The carbonic acid
formed breaks down to give CO, which goes away through the air
passages of the lungs:

S [Fp + 0, = HHbO,
HHng+ HC D3_ — Hb[:l;: + HjCDg
~

e

B

<
HaO  COgt
pH of some biological fluids:
1) human blood = 7.38;
2) human saliva = 6.4,
3) human stomach fluid = 1.0;
4) human muscle fluid = 6.83.

17



Topic 4. Colloidal solutions

Colloidal solutions are intermediate between true solutions and
suspensions. The diameter of colloidal particles may range from 1 to
100 nm. A colloidal system is always heterogeneous and consists of
at least two phases: the disperse phase and the dispersion medium
(the medium in which these colloidal particles are dispersed).

The structure of colloidal particles

Let us mix two diluted solutions of AgNOs and KIl, one of them
being in the excessive amount (for example, potassium iodide KI).
The structure of the colloidal particle (micelle) is as follows:

AgNO; + KI (excess) = Agl| + KNOs

KI-K*+1I

{[Ag]:]m-n]:' . n_x}K—}x-xIC n
e Ly QW/ difft + xKT
core llayer 2ndlaver giepicon (n-xK
L adSDI“pt{crn ]_a}-'ersl laj-'er al~ .\
- Granula
Micelle

In this case, granule is charged negatively.

Labwork

1) Mix diluted solutions of K4[Fe(CN)g] and FeCls. Write down
the structures of two possible micelles.
3K4[F€(CN)6] + 4FeCl3 = Fe4[Fe(CN)5]3¢ + 12KCl1
a) K4[Fe(CN)g] (excess) — 4K* + Fe(CN)s*

((Feu[Fe(CN) o) * nFe(CN);" » 4 — K} 4xK

b — — —
£ core 1st layer 2ndlayer diffusion
- .
ER adsorption lavers | ayer
Granula
— e -
Micelle

b) FeCl; — Fe®* + 3CI
{( Fes[Fe(CN)g]s)m * nFe3* « 3(n — X)CI'}>* 3xCI-
greenish colour micelle (positively charged).

18



2) Mix diluted solutions of K4[Fe(CN)s] and CuSO.. Write down
the structure of the micelle in case of the excessive amount of potas-
sium hexacyanoferrate (1) Ks[Fe(CN)g].

Ks[Fe(CN)e] + 2CuSO, = | Cuz[Fe(CN)s] + 2K2SO,4
K4[Fe(CN)e] (excess) — 4K* + Fe(CN)s*
{(Cuz[Fe(CN)s])m * nFe(CN)g* * 4(n — X)K*}* 4xK* (red brick)

Properties of colloids
1) Mechanical properties
2) Optical properties of colloidal solutions
3) Electrical properties of colloidals

1. Mechanical properties of colloidals:
a) Brownian motion;

b) Diffusion;

c¢) Coagulation and sedimentation.

Y P {
\.\\J,\/‘-\{

Figure 2. Brownian motion

The coagulation is a process of integration and aggregation of
dispersed phase particles into larger aggregates which leads eventual-
ly to sedimentation. Coagulation processes take place in the blood.

(i) Types of coagulation.

There are two types of coagulation: fast and slow.

0+0— oot B

O+0— o HE, %—»Jr% %

Slow:
Fast:
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Coagulation can be caused by different external factors: raising or
depressing the temperature, shaking, exposure to light, adding the

chemical substances etc.

(if) Coagulation kinetics. Adding the electrolyte solution to the
colloidal system results in coagulation.
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Coagulation is then followed by sedimentation.

2. Optical properties: Tyndall effect.
When light passes through a sol, its path becomes visible because of
scattering of light by colloidal particles. This is called Tyndall effect.

Light beam is not visible in true solutions and water.

“ Laser beam

Pure water

The more the
concentration of
electrolyte add-
ed, the more the
coagulation rate.

Figure 3. De-
pendence of the
coagulation  rate
(OA) and (-
potential (CB) on
the concentration
of electrolyte add-

Colloidal solution

(light beam not visible) (light beam visible)
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Figure 4. Tyndall effect
It is possible to measure the size of colloidal particles using ul-
tramicroscope. Let’s consider this method.
m — total mass of disperse phase;
mo — the mass of a colloidal particle;
n —number of the particles in the visible area.

m } m 4 3__5|3m
3

m=mon=Vdn; V =

— = - Tr T =
dn > nd 3 ! 4 4mrnd
=

mo = Vd, V= 37

where V is volume of a particle, d is its density.

If it is necessary to calculate the diameter of colloidal particles,
Im 5 |8x3Im slla . 5||E1

D= 2r_2-,1||4 d_"Jl 4nnd:ﬂnndNﬁJE

3. Electrical properties of colloidals:
a) electrokinetic potential (-potential);
b) electrokinetic phenomena.

Colloidal particles posess some type of electric charge. Depending on
the charge, they move towards a positive or a negative electrode
when an electric field is applied to a colloidal dis- +,
persion. Such movement is referred to as electro- ’L_‘

phoresis.

FeCl + 3H;0 = Fe(OH)s] + 3HCI
nFe(OH); + nHCl = nFeQCl + 20H,0
< N

byt ! et

nFeQ  nCl
{[Fe(OH)z]m * nFeO* * (n — x)CI"}** xCI o
The granule is positively charged, therefore the particles of the sol

will move to cathode K(-). £ foloctrothermodvmamic

potential)
diffusion
laver

\

L - electokinetic (feta)-potential

Fe(OH);
+++ ++ +




Electrokinetic phenomena
1) Electrophoresis is a motion of particles under the influence of
electric field.
2) Electro-osmosis is a motion of liquid in porous body under the
influence of electric field.
It is possible to calculate zeta-potential and electrophoretic mobility
of particles on the base of the data obtained on studying electropho-
resis and electro-osmosis.
¢ = 22 (Electrokinetic potential of a particle in electrophoresis)

so5f
He = =
D = go¢ (dielectric permittivity of dispersion medium);
€0 — permittivity of free space (vacuum), ¢ — dielectric constant of
dispersion medium; 1 — dynamic viscosity.

{ = :?—XV (Electrokinetic potential of a particle in electro-osmosis),
lnl3

i — strength of current, » — specific electroconductivity, V — volume
velocity.

Problem

Write down the structure of silicon dioxide micelle in case of exces-
sive amount of sodium silicate solution mixed with HCI diluted solu-
tion.

Solution
Na;SiO3 (excess) + 2HCI = H;Si03] + 2NaCl

H,SiO; —3‘ SiO, + H.O: Na,SiO; — 2Na* + SIO3

{[Si04],, * 08I0z » 2(n —x)Na '} 2xNa” o,
— — T— I .
“core W 2nd layer diffusion 20n- N7 + “\ix.\a
" lawv nSio;s’
| adsorption lavers . ayer ,/‘_“\ \ +
. Gramila ) wsio]
Micelie

Answer: granule is negatively charged.
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Topic 5. Solutions of macromolecular compounds

Finely dispersed systems

Suspensions Colloidal solutions (1-100 nm) True solutions
and Emulsions | 1. In solid dispersion medium | 1.  Molecular
> 100 nm (foam rubber) solutions (sugar)
Tothpaste 2. In gaseous dispersion medium: | 2. Solutions of
Tomato paste | a) solid dispersed phase (smoke); | electrolytes:
Milk b) liquid phase (fog, clouds): strong acids
mayonnaise smoke + fog = smog (cmor) alkalis, bases
oil in water 3. In liquid dispersion medium soluble salts

Liophobic (solvent-hating) sols:  Liophilic colloids:
a) solid phase (hydrosols); Solutions of macromolecular
b) gaseous phase (foams) compounds (and gels)

In macromolecular colloids, the dispersed particles are themselves
large molecules (usually polymers). A macromolecule is a large mol-
ecule commonly created by some form of polymerization. Biopoly-
mers are nucleic acids, proteins and peptides, carbohydrates, and
some lipids. In biochemistry, the term “macromolecule” is also ap-
plied to non-polymeric molecules with large molecular weight such
as macrocycles. The constituent molecules from which macromole-
cules are assembled are called monomers.

1. Polyelectrolytes and proteins.

Polyelectrolytes are polymers whose repeating units carry an
electrolyte group. These groups will dissociate in aqueous solutions
(water), making the polymers charged. Polyelectrolyte properties are
thus similar to both electrolytes (salts) and polymers, and are some-
times called polysalts. Like salts, their solutions are electrically con-
ductive. Like polymers, their solutions are often viscous. We distin-
guish between plycations, polyanions, and polyampholytes. Many
biological molecules are polyelectrolytes. Polyampholytes are poly-
electrolytes which bear both cationic and anionic repeated groups.
All proteins are polyampholytes, as some amino acids tend to be
acidic while others are basic.
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Structure of proteins

Proteins are long polymers of amino acids linked by peptide
bonds. There exist several levels of protein molecule organization:
1) primary structure is the sequence of amino acids linked by peptide
bonds;
2) secondary structure formed with the help of hydrogen bonding
(for example, alpha helix of protein molecule);
3) tertiary structure is the three-dimensional structure of globular
proteins (formed by means of ester bonds, for example);
4) quaternary structure (hemoglobin molecule).

2. Properties of solutions of polymers and peptides.
1). Coacervation: the phenomenon of forming a liquid rich in
polymer phase in equilibrium with another liquid phase.

..

Figure 5. Coacervation: Hydrate shells join together

2). Denaturation of proteins involves the disruption and possible
destruction of both the secondary and tertiary structures. Denatura-
tion occurs because the bonding interactions responsible for the sec-
ondary and tertiary structures are disrupted. The most common ob-
servation in the denaturation process is the precipitation or coagula-
tion of the protein molecule.

3). Osmotic and oncotic pressure: oncotic pressure is colloid 0s-
motic pressure — the part of the osmotic pressure created by the larger
colloidal solute components. Oncotic pressure is 0.5 % of the total
osmotic pressure of blood plasma.

4). Viscosity of polymer solutions. The viscosity of even dilute
polymer solutions is usually far larger than just the viscosity of the
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background solvent, due to the large differences in size between the
polymer and solvent molecules.

5). Electrophoretic mobility.

6). Gelation (transformation of a sol into a gel). Protein gels can
be formed by the addition of salts, the action of enzymes, changes in
pH or by the application of heat. At the isoelectric point (pl) proteins
have no net charge, and therefore do not repel each other. When pro-
teins are at their pl, this results in the formation of strong gels. pH ~
5 is the pl of gelatin proteins. So,

The isoelectric point (pl), sometimes abbreviated to 1EP, is
the pH at which a particular molecule or surface carries no net
electrical charge.

3. Donnan membrane equilibrium.

This equilibrium takes place due to a semipermiable membrane.
Protein salt of sodium dissociates into protein polyanion and sodium
cations as follows: PtNa, = Pt* + zNa*. Let’s consider the case when
the cells are put into the NaCl solution.

(Caut ) @ (Cax—%)
®x) ¢ ~ (Cout —x)
inside the cell outside the cell
[Na+]in[C|_]in = [Na+]out[C|_]out
(Cin + X)X = (Cout — X)?
Cinx + X2 = Cout2 —2CouX + 2
CinX + 2CouX = Cout2

£z
X(Cin + 2Cout) = Cout2 =S XK= —D:lr
- El?l+ ‘EEIHI

Coure  _ Cour _ Cour

If Cout e Cin > X =

Cint 2Coue 2Coue 2

4. Gels.
A gel is a solid, jelly-like material that exhibits no flow when in
the steady-state. It is necessary to distinguish between hydrogels, or-
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ganogels and xerogels. Hydrogel is a network of polymer chains that
can absorb water or agueous solutions. Most authors agree on the fact
that at least two components are needed for a gel: a network and a
solvent. Organogel is a non-crystalline thermoplastic solid material
composed of a liquid organic phase enclosed in a three-dimensional
cross-linked network. Xerogel is a solid material formed from a gel
by drying.

Whey protein gels are obtained by heating in two stages: (i) the
first step involves changes in the conformation (usually induced by
heat) or partial denaturation of the protein molecule; (ii) in the sec-
ond step, a gradual association (or molecule aggregations of de-
naturated proteins) leads to increasing the viscosity.

Properties of gels

1). Swelling. The polymer network absorbs solvent without being
dissolved. Such a process is referred to as ‘swelling’. The swelling
state is generally characterized by the degree of swelling:

m—m, V=1
: ® where

L= — o =
M VD

m, V — the final mass or volume, and
mo, Vo — the initial mass or volume of a polymer.
2). Physico-chemical properties of gels:
a) gels can absorb substances;
b) gels are characterized by diffusion of electrolytes and other sub-
stances;
c) gels containing electrolytes can conduct electricity;
d) chemical reactions in gels show the certain peculiarities:
e the reactions proceed slowly;
e the precipitates formed in the reactions are of periodic nature.

Figure 6. Liesegang rings



3). Gel aging. This is characterized by time-dependent changes in
the chemical or physical structure, and the properties of a gel. It is the
process by which liquid is separated from gel owing to further coagu-
lation. Gel aging can involve polymerization, crystallization, aggre-
gation, syneresis. These processes take place in our body and deal
with the aging. Many gels display thixotropy — they become fluid
when shaken, for example.

Problem

A polymer of 2 g was put into the tube containing petrol. The poly-
mer was then taken out of the tube, its mass became equal to 2.4 g.
Calculate the degree of swelling (in %) of the polymer.

Solution

The degree of swelling of a polymer is determined with the help of
the following formula:

m— 1y
% = —— x 100 %
m

o
o= 22720 10006 =22 05 = 20 9
oo = 5 0 D—Z o= [+]
Answer: 20 %.

Tasks (choose the correct answer)
1. Lyophilic colloid is:
A. an emulsion;
B. a suspension;
C. a solution of protein;
D. hydrosol of Fe(OH)s.
2. Alpha-helix of the protein molecule is:
A. the primary structure;
B. the secondary structure;
C. the tertiary structure;
D. the quaternary structure.
3. The colloidal solution with the gaseous dispersion medium is:
A. a suspension;
B. a foam;
C. the oxygenated mineral water; D. smog.
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Additional material: Suspensions and Emulsions

Suspension is a heterogeneous mixture containing solid particles
that are sufficiently large for sedimentation. Usually they must be
larger than 1 micrometer. The internal phase (solid) is dispersed
throughout the external phase (fluid) through mechanical agitation.
Unlike colloids, suspensions will eventually settle. An example of a
suspension is sand in water. The suspended particles are visible under
microscope and will settle over time if left undisturbed. This distin-
guishes a suspension from a colloid, in which the suspended particles
are smaller and do not settle. Colloids and suspensions are different
from solutions, in which the dissolved substance (solute) does not
exist as a solid, and solvent and solute are homogeneously mixed.
The examples of suspensions are pastes (toothpaste, tomato paste).

Emulsion is a mixture of two or more liquids that are normally
immiscible. Examples of emulsions include milk, mayonnaise, oil in
water when shaken etc. Two liquids can form different types of
emulsions. As an example, oil and water can form, firstly, an oil-in-
water emulsion, where the oil is the dispersed phase, and water is the
dispersion medium. Secondly, they can form a water-in-oil emulsion,
where water is the dispersed phase and oil is the external phase, the
dispersion medium. Multiple emulsions are also possible, including a
‘water-in-oil-in-water’ emulsion and an ‘oil-in-water-in-oil> emul-
sion. Emulsions, being liquids, do not exhibit a static internal struc-
ture.
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Problem for advanced level

Calculate the electrokinetic potential of the quartz surface on the data
obtained in the study of electroosmotic fluid transport through a
guartz membrane.

Given: { = z_’f"_ V= %v

i=2x10°A 0.02 ml st =0.02 cm3/s=2 x 108 m%s,
V =0.02mls? becausel m = 100 cm
®x=12x10%2Sm? and 1 m® =10 cm?

n=1x10%Pa s [1)D=goe=28.85x 102 x 80.1=7.1 x 101
-5 a -2 . A -2 ~
e=801 2)§: 107" 12107 = 2 = 10 _ 1.2

2x10~F =71 %1020 71
-2

€=8.85%x 102 Fm?!
Answer: 169 mV.

=0.169 V =169 mV
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Appendix
Formula to calculate { (zeta)-potential
Micelle can be considered as spherical capacitor.

_ 9. _F_,4a _,a
F=k%i E=_=k o=k

1 . p_,9_ _34 . .

k= pg E= kr‘“ p—— (intensity)
__4a _a_&=

E= spdmre Py 5p | where

S —surface area, ¢ — surface density of charge, q — charge.
508 } —=> 5 a4 =—> 07y~ &’

=

E= p where
U — voltage (potential), d — distance between plates in capacitor.
Epsf s
C= Cpe= = —
d Ar

€0 — permittivity of free space (vacuum), ¢ — dielectric constant of
dispersion medium, D — dielectric permittivity of dispersion medium.

q q g q ng
=—, —=—, —=—,where
A fit] A deg dr
D =g S = 4nr?
g _ spedar®
r:hp_ dr
r+é Pz
dr  dmeps
= = d
e q
r ¥y
ri+ddr rtdé o 1r+ & 1 1 1
I ==1 rYodr= —- =———+-=--
r re r r o r+ & r r
i rié-r &

r+& rir+ &) - rir+ &)

] __ amspsE _ _ _
i E - 4 (@2 — @1), where g2=(, 01 = 0. Thus,
&  dmsps
rir+ &) g G-’
_ Amegerirt 5}{

o
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The colloidal particle moves as a result of two forces: electrical force
Fe and resistance force Fres, i.e.

F. = qE F = 43?.:',;.5;'!‘r+ a}E{ (1)

Fres =TV |E.o. = fov=6mprvy (2), where

f = kanr (k = 6 for spherical particles); n — dynamic viscosity, v —
velocity; r + 3 =1 + Ar.
dmeperir+ &)

=@ = E¢ = 6myry
“,;.clr-+a-} _ . 3 mw & v 3 & v
E{ 3T}t:>{_ 2 &gk r+é speE (" r+5)_ speE
3 " -’\a’
E r+é ‘f 1
(== LT =12 5 (Electrokinetic potential of a particle)
‘D‘E DE
D EpE
U = ?"7 = DTE (Electrophoretlc mobility of a particle); pe = V/E.

It is possible to deduce the formula to calculate -potential in electro-
osmosis. Let’s introduce additional values.
V =v - S (volume velocity) = v = V/S

() . xS _ _

l—R == =ExS>E= pr
1 11 .
R = Pe= | ®- specific electroconductivity;
H
i — strength of current
7w nv nWVus nH nx
== — = == — = —
C;’ DE DES q D i v LEpE v
i .. .
E = = { = E— zeta-potential in electro-osmosis
= o

On the base of the data obtained on studying electrophoresis and

electro-osmosis it is possible to calculate zeta-potential of particles.

¢ = % (Electrokinetic potential of a particle in electrophoresis)

EE:,’
He = :

g"_

Y (Electrokinetic potential of a particle in electro-osmosis).

Lepd
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