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Helpful programs Software to drive the tutorials and exercises -
accessible interactively from all tutorials
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Softbook Format

A typical page - from the tutorial ‘Colloids’

Toolbar links to database, speciation software

Hypertext link
EE Colloids / =] E
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- to diagram Cation Hy

Significant hydrolysis oceurs for meta f high charge. Trivalent ions have stepwise pkg (-l *H,)
values in the range 3-7. AI(H;D)BSJ' has g *K values of 4.9, 5.5 and B.7 {n = 1-3). Thus in weakly acidic
dilute solution it exists as a mixture of weak conju

\acids and bases (see speciation).

Polymeric ions form in more concentrated solution b
sharing of -0OH groups, e.q. :
13AI(HQOJES+ = AI1304(OH324?+ + 32H; 0% + 18H: 0

AlO, tetrahedron

The AI13@4(DH324?+ polyrmer is well characterised. Its
structure indicates a central A0, tetrahedron,
surrounded by AlCg actahedra that link by sharing of
edges and vertices.

Hudeown catinns can be ptiliced to achieve Cgagmatinn

Aluminium hydrolysis, 0.050 mM AlO, octahedra

Molecular structure of

100
A(OH)(5) [AI04 Aly2{OH) 54{H;0)]"*
B0
E Al{OH),
£ &0
E e AlHz006* + H0 = AIOH)(Hy D)5 + Ha O g "y = 4.9
< T+
5 o Ml Oha2 U AOHHLOE + 0 = AOH MO + 0" g iG=55
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SolEq: built-in exercises
Computed
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Cd + dithizone + acac (0.3:1:1)
Class A — Class B cilassification 2 . Answer
Danoar preference for cations varies dramatically with cation position in the periodic table. iy
80 oy
Class A: Tendency to complex with Class E: Tendency to complex with
hard metal ions soft metal ions
N>>P > As> Sh N<< P > As> Sh g o
0>>5>8e>Te O<<S<Sa=Te s
F>>Cl>Br>l F<Cl=Br<Tr =40
The carbination of ligand and cation can be highly selective. The figure illustrates distinctive Class A Cabz Cd + dithizone + acac (0, A:1000)
character (U™) and Class B character (Ag*) toward the halide ligands. Zn®* represents a Bordetline 0 100
[transition) case. cd
ut Ag*t
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6 EIE AT A Cd{pz),
=
=2 g e
2 5
| zn®* : F 4
153 1CI1 1I§l]r 22'0 radius {pm}) & Exercize cids
The 'softness’ or ‘hardness' of a donor atom may vary according to its bonding the ligand. 4 cd
0 L e
30 35 40 45 50 55 60 65 70 75 8O0
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Exercise:
The strang preference of a Hard {or Soft) metal ion for a Hard (or Soft) donar can be illustrated by
calculating the distribution of the ion between two dissimilar competing ligands.

Click here to reveal
Use Speciesto calculate the distribution of Cd®* between the hard' O-donor ligand acetylacetone

Ipenta-2 A-dione, acac) and the 'soft' S-donor, dithizane. Input data are in the file Od Dz.spe. Vary the the ExerCISe
[acac] by a factor of 1000 to see what effect that has on the calculated distribution.

Deduce from this result whether Cd®" is showing CH, _CH
N

CH o
Class A or Class B behaviour. S e CoHs—C=MN
H

/
G SH HH-CgHg

Acetylacetons Dithizone AcceSS SPECIES flle and
software via toolbar icon




All parameters can be varied.

Curves re-drawn in real time.

Vary any concentration

Vary any constant

« Speciation as a pie-chart—
e Speciation curves @~ =———

« Titration curves —

E Demonstration Titration
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In practice, the burette is 12 “Wol(ml]

pH dv/dpH

Degree of neutralization

uzually a syringe-burette
with the piston driven

by & computer-contralled
stepper motor.

Approx. pH fange for indicatar colour change 0.26

Indicator pha
1
p

S o2 0.40
pka=7.00 o's Voltmi==» 1'o
Track volume with cu@nr. Yol= 0.969ml 045

Sfuvol) . "
a(pH
SOme comman (pH)
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Methyl Orange
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pka=39 0 05 yoigmiy== 10 “? Help on endpomtl

11.459
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Real-time titration simulation with end-
point calculation

|
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Lecture demonstrations

Vary acid-base systems in real-time:

|!Titratinn of diprotic acid with HaOH

Eile DOptionz  Hide Buffer Capacity  Blot Alpha  Thin Lines  Hintz  Unknowns  pka Table
H2A = H+ + HA- 14

Plot multiple o N >l pH=
curves, each == A= He o+ - ”
with different pK m

ValueS ﬂND u:iissuc:iatiﬂ_‘“I N

pka= 15.00
Initial molarity
[ O
C= 01000
Strength of titrant

A M os
pki= -2.0
¥ Include ionic strength

show pk Table
Show _buffer —_ .EIDtAIpha ‘
capacity and

G I t Thin Lines
ots
p Flot another curve U e 25%, 50% 75% 100%
X Close Percent titrated = Titn. Curve |Buffer Cap.

//

Show how to generatue high buffer
capacity at a specified pH
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B Acid Rain
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Distribution of acid rain
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pH of rainfall in
Europe  +

catalysts.

kim downwind from the S0 source.

concentrated in industrial areas

are downwind from such areas.

E@iorld Resources Institute.

of hours to days, depending on free radical
concentrations, humidity and availability of metal /

This delay in generation of H;S04 means that the 32
tain generally deposits a few hundred to thousa

Furthermare, emissions are from pg
e wiorld's worst Used with permission.
affected regions, Scandinavia and north-eastern USA,

Map: World Resources 13559, Used with permiszion.
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A page from: Acid Rain

A page from: Surface complexation

QOxide surface properties 2
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Surface reaclions can be described by the mass balance and equilbrium concepts wsed for homogen-

eous solution For corsenience, reprasanting suface grups in FeO0M as aFe-0H, we can write:
wFe-0H +H" = oFe-0Ht and  wFe-0OH = oFe-0r « H*

Theer reaclions shivw hal the 'axide suface’ = amphoteric and hag pH-dependert charge.

Bdsorplion of anions absersed al low pH and cation adsarplion at high pH suppart thes madel.
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