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Rozpousténi a hydratace iontu

Rozpousténi solutu (rozpousténa latka) :

1. Castice solutu se navzajem oddéli.

2. Castice rozpoustédla se navzajem oddéli, aby umoznily ¢&asticim solutu
proniknout mezi né.

3. Castice solutu a rozpoustédla spolu navzajem interaguji (dipél — dipdlova
interakce) a vytvareji roztok. Pokud je rozpoustédlem voda, mluvime o hydrataci

S klesajici _stabilitou iontd, tj. se wvzrlstajici polarizaéni silou kationtu a
polarizovatelnosti aniontu se zvySuje kovalentni charakter (prvky s vysokym
oxidacnim cislem neexistuji jako ionty, ale jsou soucasti kovalentnich molekul),
roste mira hydratace (resp. hydrolyzy nebo tvorby komplex() ve snaze rozprostfrit
svllj ndboj na vétsi povrch.

Hydration Numbers and Hydrated Radn of
Some Hydrated lons

lon e Hydration Number  Hydrated Radius (pm)

st (NS5 L 224

B Q0066 7 12

Ma® (R R 13 2Th

Li* Q0111 22 340
: Ha’" (0268 %
anion ionic radius (pm} hydrated radius (pm) 5 :@ Sr _. 0303 29
Clo4 189 350 g) N Cat’ B 4
80~ 236 400 &)%) Mg?® (0465 6
NOss‘_ 230 800 M, P90 d 00549 19
Hoo. 288 oy Zn’* 00599 44

HoPO& 450




Hydraty a aquakomplexy

I-Iydréty jsou soli, v jejichz krystalech jsou
zabudovany molekuly vody. Vlastnosti hydratu
soli se lisi od jejich bezvodych soli.

Aquakomplexy jsou koordinaCni sloucCeniny
obsahujici ion pfechodného kovu pouze s vodou
jako ligandem.

Table 7.6 Examples of cryital hydrates

Salt hydrate Farmula
Cobalt{n) chioride hexahydrate Coll, 6H,0
Coppar(u) sulphate pentahydrane CuS0,, SH O
tronin) sulphate heptahydrate Fes0,. TH,0
Pagnetium wiphate heptahydrate Mg30,. THO
Sodium carbonate decalydrate Py Oy, DO 0
Sodium hydrogensulphate monohydrate MaH50, 1O
Sodium sulphate decahydrate M50, 10H, 0

Compound

Formula

magnasium ammonium phosphate
hexahydrate

copper () nitrate hexahydrate
copper (I} sulfate pentahydrate
mercury {|l} nitrate hydrate
lithium chromate dihydrate

iron {ll} acetate tetrahydrate
copper (I} nitrate trihydrata
magnasium sulfae heptahydrate
Iz iy oxide wihydrate

zinc sulfate hexahydrate

lithium sulfate ydrate

sodium phosphale pentahydrate
iron (I} sulfate heatahydrate
sodium chromate tetrahydrate
manganase (I} chloride tetrabydrate
iren {1} chilsride hexabhydrate
sodium sulfate pentahydrate
calcium sulfate dhydrate

iron {[ll} nitrate nonahydrate
calcium nitrate tetrahydrate

zinc nitrate hexakydrate
manganeasa (|l} suifate hydrate
harylinm sulfite tetrabydrate
bismuth (lIl) nitrate pentahydrate
tin (IV) chloride pentahydrate
nickel {ll} nitrate Frexahydrate
sodium sultate pentahydrate
magnesium chlorde hexahydrate
manganese (I} bromide tetrahydrate
nickel (11} bromide hexahydrats
sodium thiosulfat: pentahydrate

MgNH,PO, - BH.O
CuiNL,), « 6H,U
Cus0, - 5H,O
HgINO,), - HO
Li.CrQ, - 2H.0
Fe{ZH,COQ), - 4H.0
CulNQ,), - 3H,0
MaS0, - TH,O
Fe,0,  3H,0
Zns0, - THO
LiHSO, - HO
MaH_ PO, - 5H,0
Fes0, - TH,O
Na.CrO, - 4H.0
MnCl, - 4H.0
FeCl, - BH,0
Na.CO, - 10H,0
Cas0, - 2H.0
Fe(NO,), - 9H.0
CalNg,), - 4H.0
ZnNO,), - 6H.O
Mns0, - H,O
Bes0, - 4H.O
Bi(NQ,), - 5H.O
snil, - 5H.0
Mi(NO.). - 8H.0
Na.30, - 5H.0
MgCl, - 6H.0
MnEr, - 4H.0O
MiEr, - 6H.O
Na5.0, - 5H,0




Pocet molekul krystalové vody v chloridech, dusi¢nanech a siranech kovu skupiny I11.A

chlorid 12,8,6,4 6,4,2,1 6,2,1
dusi¢nan 9,6, 2 4,3, 2 4 0
siran 12,7,6,1 2,1/2 0 0

Klesajici pocet molekul krystalové vody v nékterych solich kovl ukazuje, Ze mensi
ionty jsou snadnéji hydratovany a jejich soli tvori vétsi pocet hydratl s vyssSim

stupnem hydratace. Table....... Hydration energies and lonic radii
- lonic radius / pm " 1
Cation
(Six-coordinate) Enthalpy of hydration / kJ mol
Be®' 31 — 2494
Mg** 72 — 1921
Ca” 100 — 1577
st 118 — 1443
Ba~ 135 — 1305
, o . p . ‘s , Cation lon Radius Enthalpy of Hydration
Hydraty kovd alkalickych zemin obsahuji vice b i
molekul vody nez odpovidajici soli alkalickych Lr 30 -515
KOV v lik . ' kOVE Ikalickvech Ma' 118 405
ovu, protoze velikost iontu kovu alkalickyc & i 303
zemin je mensi nez velikost iontl alkalickych kovu Rb* 166 -296
Cs' 181 -263

a tim je vétsi i jejich hydratacCni energie.




Coppay, Water,_,

hydrated copper sulfate <
CuS0Q,.5H,0

endothermic

anhydrous copper sulfate  +  water

exothermic
Cuso, +  5H,0

blue crystals white powder

Priklad

NaCl dokaze pritahovat vlhkost ze vzduchu. Nechame-li
slané pecivo, napriklad rohliky s krystalky soli, néjakou
dobu v uzavieném neprodysném sacku nebo ve vihcim
prostredi, zanedlouho budou mit na povrchu mokrou

kGru, n

ekdy i s kapkami vody.

HYDROUS
VERSUS

ANHYDROUS

Hydrous is a term used

to explain a substance

that contains water as a
constituent

Composed of water
molecules

Known as hydrates

Hygroscopic compounds
can form hydrous
compounds by absorption
of water from the air

Can release water vapor
upon heating

Anhydrous is a term used
to explain a substance
that does not contain
water as a constituent

Not composed of
water molecules

EEEE S EEEEEEEEEEEEEESR
Known as anhydrates

Anhydrous compounds
can absorb water from
the air

Do not release water
vapor upon heating

Visit www.pediaa.com




Hydratacni enthalpie iontu

Hydratacni enthalpie iontu: energie uvolnéna rozpusténim 1 molu iontt v
plynném stavu ve velkém mnozstvi vody.

MPgrni0 = Mg .
where M** . reprezentuje ionty obklopene molekulami vody a rozptylene v

roztoku.

S klesajicim atomovym polomérem kationtu hydratacni enthalpie roste, protoze
interakce mezi iontem a vodou je silnéjsi a pri hydrataci se proto uvolnuje vice

energie. Heat of Hydration

, S . @ @
S rostoucim nabojem kationtu o @
hydratacni enthalpie roste, K e Flg @@
protoze s rostoucim nabojem ;
. /s . ’ = B sobite ™= =097 Laniben i 3
iontu klesa jeho atomovy [j”;._;,_ o ] ( Al =19 Km0l |
polomér. ‘M
w K'(aq) + F (aq) g
Podle Coloumbova zakona je E WP ;i B At +2kimol |
=~ l/r .
lattice energy hydration energy
(highly endothermic) (highly exothermic)

H,0
MX(s) ————= M*(g) + X (g) — M*(ag) + X (aqg)

solid separated (gaseous) ions hydrated ions




Lattice enthalpy (4H g)-
energy must be put into
saolid to break up ionic
lattice (hence
endathermic).
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l Enthalpy change of solution

Enthalpy of Hydration
{&Hhy)- energy released
as iong form interactions
with water molecules,
(hence exathermic).
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Hydratacni enthalpie iontu

Group 1 catlons Group 2 cations
Li+ -519 =
Na+ -404 Mg+ -1931 Ck
| -321 Ca* -1586 Br
Rb* -296 Sra+ -1456 r
I | 2 Cs* -271 Ba®+ -1316

Decreasing enthalpy
of hydration of cation

Rb* Cs*

Increasing electronegativity

Decreasing enthalpy of hydration of cation

Increasing
electronegativity

Halide anions

-504
-361
-330
-285




Hydratacni enthalpie iontu

Trivalent cation

La®*

Ce®*
pri

Nd?®*
Pm”*
Smﬁ 4
Eu”?
Gdﬂ- +
Tb:j +
D'j":; +

Ri/A

1-06
103
101
099
098
096
0-95
0-94
0-92
0-91

AHpya/kd mol

—3285
—3340
—3384

3420

3445
—3465

3508
—-3522
—3553
—3577

Hydratacni Gibbsova energie

lon Molar mass (g.mol ') |AGhya| (kJ.mol ']
Li’ (.94 475

Ma* 22.99 365

K 39.10 295

Cs’ 132.91 250

Mg? 2430 1830

Ca** 40.08 1505

Counterion Hydrated radius Ry (nm}) Hydration enthalpy (k] maol ')
NO; 0.223 312
Cl 0.224 365
CH4COO0 0.217 425
s0; 0.273 1035

Trivalent cation Ri/A AHpyafkd mol '

Ho®* 0-89 —3621

Er’* 0-88 —3647

Tm?3* 0-87 — 3668

Y3 0-86 3715

Lyt 0-85 3668

Monovalent cation

Lit 0-68 520

MNa™ 0-95 —406

NH; 1-48 —-322

Cs™ 1-69 - 276
lon Radius /A AGhyar /kJ mol !
Cations
Lit+ 0.69 —475
Na*t 1.02 —365
K+ 1.38 —295
Zn2+ 0.75 — 1955
Ca2* 1.00 —505
NH; 148 —285
Anions
F- 1.33 —465
- 2.16 —275
NO;7 1.79 —300
coi 1.78 —1315
SO~ 2.30 —1080
PO; 2.38 —2725




Priklad: Urcete tepelnou zmeénu pri rozpusténi 4.00 g KCl ve 100 g vody. Tepelna
kapacita roztoku je 4.18 J/K.g, rozpoustéci enthalpie jsou uvedeny v tabulce.

AH

soln

[ Mge = (C . (Mg + my) . AT

AT =AH,,, / (Mg, C . (Myg + My) ) = 17200/(74.56 . 4.18 . (4 + 100)) = 0.54 K

TABLE 5D.3 Limiting Enthalpies of Solution, AH,../(kJ-mel~"), at 25 °C*
Anion

Cation fluoride chloride bromide iodide hydroxide carbonate sulfate nitrate
lithium +4.9 —370 —488 —633 236 —18.2 —2F —I108
sodinm +1.9 +3.9 —{.6 —7.5 —445 —26.7 +204 —24
potassium —17.7 +172 +199 +203 —57.1 —30.9 +349 —238
ammoninm =E2 +148 +160 +13.7 -_ -_ +25.7 +66
silver —22.5 +65.5 +844 +112.2 —_ +41.8 +226 +178
magnesium  —12.6 —160.0 —1856 —213.2 +2.3 —253 —909 —91.2
calcium +11.5 —813 —1031 —119.7 —16.7 —13.1 —192 —18.0
aluminum —27 —329 —368  —385 - — —  —350 |




Termicka stabilita iontovych latek

Zahrivanim soli (hydroxidl-, uhlic¢itant
nebo dusi¢nanl) alkalickych kovd,
bude kation s nejvyssi polarizacni
schopnosti Li* nejsilnéji polarizovat
kyslik v OH" -, CO;* or NO,™ za vzniku
oxidu Li,O. Podobné Ca?* s wvy3§im
nabojem a mensim polomérem
kationtu bude reagovat spise jako Li*
nez Na*.

Protoze polomér Na* je prakticky
stejny jako polomér Ca?* a na
uhli¢itanovy anion jsou navazany
dva kationty Na*, oproti jednomu
kationtu Ca?*, je uhli¢itan v
Na,CO; polarizovan méné nez v
CaCO; a proto je Na,CO; vice
stabilni nez CaCO..

"
. o .
Mt 1O —H-" gt "t o= 02
[ . _._.-"'-. [
.1:",
Hydrcodde Carbonate

o _
Y NN = 8
.I’D-"-.-J hin

MNitrate

O the basis of thesestructures snd the diffarences inphysical properties of the
metallic ions |, 2cdain why the following prochacts war eformed in thesereactions:

. 2LiDHI(s) + Heat —
b, LiCOgi=)  + Heat —
e. 4 LiNG, + Heat —
d. MaOHi=) + Heat —
e, Nazﬂﬂgl:s:l + Heat —
f. 2ZNally(=) + Heat —

Liz O{=) + HyOigl

Liz O=) + Glolgl

2Li,0=) + 4 MO E) + Oglg)
MNaoHI(L

I'-IEEC'DEU:'

2MalCpiz) + Ogipl

Thermal Decomposition

The more reactive the metal, the more stable its nitrates, hydroxides and carbonates.

Nitrates

Carbonates

Hydroxides

Na

Mg
Al

Zn
Fe

Pb
Cu
Ca

Au

Decompose to nitrite
e.g. 2KNO;=> 2KNO, + 0,

Decompose to oxide
e.g. 2Mg(NO3) ,= 2MgO0 +
4ANO, + 0,

Decompose to metal
e.g. 2AgNO; = 2Ag +
2NO, + 0,

Do not decompose

Decompose to oxide
e.g. CaCO; = Ca0o +
co,

Do not decompose

Decompose to oxide
e.g. Mg(OH), = MgO
+H,0




Stabilita uhlic¢itanu

BeCO, je nestabilni v dusledku mensi velikosti kationtu a vétsi velikosti aniontu
(mensi kation stabilizuje mensi anion prostiednictvim mfizkové energie krystalu,
CO,> je pomérné velky anion a proto bude lépe stabilizovan velkym kationtem) a
muze byt uchovavan pouze v atmosfére CO,. Tudiz, BeCO; je na vzduchu nestabilni.

BeCO; neni termicky stabilni, zahrivanim prechazi na BeO. Termicka stabilita roste
s rostouci velikosti kationtu vzhledem k velikosti aniontu, tim padem je BeO
mnohem stabilnéjsi nez BeCO,. Termicka stabilita BeCO, (vice kovalentni) je proto
mensi nez termicka stabilita MgCO;, (vice iontovy). CaCO, je termicky stabilnéjsi nez
MgCO,, nejstabilnéjsi je BaCOs..

BeCO; je nerozpustny ve vode.

O
‘:é:__ Figure 19.8 Magnesium ions are better polarisers of
~ 1500 carbonate ions than calcium ions.
© BaCO,_
= , 7,
E SrCU:L__,] : Decomposition | Decomposition
I e )
o 1000 P temp for temp for
ﬂEJ CaC 03':-?--‘ " Hlertant carbonates sulphates
& | (in °C) (in °C)
2 500 R Be 25 500
g 9C0, Mg 540 805
= Ca 900 1149
o 0 ' :
3 50 75 100 125 150 o 120 1374
lonic radius, r./pm Ba 1360




BaCO, je stabilni, protoZe kation barya a uhli¢itanovy anion maji srovnatelnou
velikost. BaCO, je termicky stabilni, protoZe polariza¢ni sila Ba?* je mensi neZ u
ostatnich prvka alkalickych zemin. Velké kationty jako Ba?* maji malou polarizac¢ni
schopnost a nemohou polarizovat elektrony atomd O stabilizujici polyatomické
anionty jako je napfr. uhlicitan.

BaCO;, je nerozpustny ve vode.

Rada iontovych slouéenin, napt. AgCl) nejsou rozpustné ve vodé. Sily driici
pohromadé krystalovou strukturu AgCl (mrizkova energie) jsou mnohem silnéjsi,
nez sily uprednostnujici vznik hydratovanych iontd Ag*(aq) a Cl(aq) (hydratacni
energie).




Table 12.3

lonic Radii for Several Cations and Anions

(for a Coordination Number of 6)

Ionic Radius

Ionic Radius

Cation (nm) Anion (nm)
AP 0.053 Br~ 0.196
Ba’" 0.136 Cl™ 0.181
Ca®* 0.100 F~ 0.133
Cs™ 0.170 [~ 0.220
Fe?™" 0.077 0%~ 0.140
Fe3™* 0.069 S~ 0.184
K* 0.138
Mg** 0.072
Mn?™* 0.067
Ni** 0.069 CO,2" 185
Sit* 0.040 NO,~ 189
Ti*t 0.061 50,2 230
PO, 238




Reakce iontovych sloucenin

1. Nejvétsi stabilita je dana nejtésnéjsim usporadanim iontd => moldrni objemy
(Mr/hustota) produktl budou celkové mensi nez molarni objemy vychozich latek.

Priklad:
KF (22.8 cm3/mol) + MF, (19.6 cm3*/mol) = KMgF, (38.6 cm3/mol)

KMgF; krystaluje v perovskitové strukture (prostorové usporna).

2. Pfi podvojném rozkladu alkalickych halogenidi ve vodnych roztocich musi
vzniknout dvojice latek, v nichz jsou navzajem vazany nejvétsi a nejmensi ionty.

Priklad:
LiBr + KF = KBr + LiF

(souvislost s hodnotami mrizkovych energii)




3. Ze dvou iontovych paru se slouci na iontovy krystal oba ionty s nejvyssim a oba s

VV/

Priklad:

2 NaF + CaCl, = 2 NaCl + CaF,
Na,SO, + BaCl, = 2 NaCl + BaSO,

U kationtU s vysoce obsazenymi d-slupkami (Cu*, Ag*, Au*, TI*, Zn?+, Cd?*, Hg?*, Pt%*)
klesa rozpustnost s polarizovatelnosti koordinacniho partnera (F < ClI- < Br < I),
patrné v dusledku vyrazného podilu polarizacnich a disperznich sil na mfizkovou,
resp. vazebnou energii.

Malou rozpustnost halogenid( a sulfidu kationtd s vysoce obsazenymi d-slupkami
pusobi disperzni sily velké u snadno polarizovatelnych aniontt (Cl-, Br, I, S¥), ale
relativné malé u molekul vody odolnych vUci polarizaci (viz. sirovodikovy zpUsob
déleni kationtl v kvalitativni analyze).




Rozpustnost iontovych latek ve vodé

SOLUBLE IONIC COMPOUNDS INSOLUBLE IONIC COMPOUNDS
Group 1A ions (Li*, Na*, K*, etc.) and ammonium 1. (Hydroxides) OH- and (Sulfides) $%, are insoluble
ion (NH4*) are soluble. except when with Group 1A ions (Li*, Na*, K*, etc.),

ammonium ion (NH4*) and Ca?*, Sr?*, Ba?*.

(Nitrates) NOs-, (acetates) CH;COO- or C2H302, 2. (Carbonates) COs?- and (Phosphates) PO are

and most perchlorates (G0x) are soluble. insoluble except when with Group 1A ions

(Li*, Na*, K*, etc.), ammonium ion (NH4*).

Cl-, Br, and I- are soluble, except when paired with
Ag*, Pbz*, Cu* and Hgz?.

(Sulfates) S0O42- are soluble, except those of Ca?,
Sr2+, Ba?*, Ag*, and Pb?*,

https://periodic-table-of-elements.org/SOLUBILITY




Common lonic Compounds

Solubility Table

Group 1 Group 2 Transition Metals

HH"" Li+ Na* K* Mﬂ2+ caz+ Baz+ Al3+ ':831- cu2+ Ag-l- z“2+ Pb2+
F sol sol sol sol | insol | insol | sl sol | sol | slsol| sol sol sol | insol
H sol sol sol sol sol sol sol sol sol sol | insol | sol sol
Br sol sol sol sol sol sol sol sol sol sol | insol | sol | slsol
I- sol sol sol sol sol sol sol sol insol | sol | insol
OH™ sol sol sol sol | insol | sisol | sol | insol | insol | insol insol | insol
§*- sol | sol | sol | sol sisol | sol insol | insol | insol | insol | insol
S0, sol | sol sol | sol | sol |sisol [insol [ sol | sol | sol |sisel| sol | insol
€0, sol sol sol sol | insol | insol | insol sl sol | insol | insol | insol
NO,” sol sol sol | sol | sol | sol sol sol sol sol sol sol sol
PO, sol | insol | sol | sol | insol | insol | insol | insol | insol | insol | insol | insol | insol
cro, > sol sol sol | sol | sol | sol | insol insol | insol | insol | insol | insol
CH,CO,” sol sol sol | sol | sol | sol sol |slsol| sol | sol | sol | sol sol

sol — soluble >1g/100 mL

insol — insoluble <0.1g/100 mL
sl sol — slightly soluble (0.1 to 1) g/toomL (blank) — not enough solubility data

FLINN

SCIENTIFIC

available to be determined oyl us iy DO
APSI01
Na*, K*, NH," salts All soluble
Nitrates — NO3 All soluble

Chlorides, bromides, iodides — CI', Br, I

All soluble, except for Pb>* and Ag*

Sulfates — SO~

All soluble, except for Pb**, Ba®*, and Ca**




Group I Alkali Group II Alkaline Post-transition
Metals Earth Metals Metals

Ammonium)  Lithium Potassium |Magnesium| Calcium Barium Iron (III) |Copper (II)| Silver Zinc Lead (II)
HH; Li* K+ Hg'" Ca® Ba+ Fe® Cu® .,gi- 7ni+ Ph+

Transition Metals

Chlorate
do;

Hydroxide
oH

Sulfite
50,

Sulfate
50,

Carbonate

Nitrate
NO,

Phosphate
PO,>

slighthy
soluble

soluble

soluble

insoluble

soluble

soluble

soluble

solubla

soluble

soluble

soluble

soluble

soluble

soluble

saluble

soluble

soluble

soluble

soluble

soluble

soluble

soluble

insoluble

soluble

insoluble

soluble

insoluble

soluble

insoluble

insoluble

soluble

slighthy
soluble

insoluble

slightly
soluble

insoluble

soluble

Insoluble

slightly
soluble

soluble

soluble

solubla

soluble

soluble

insoluble

insoluble

insoluble

soluble

soluble

Insoluble

slightly
solubla

soluble

soluble

insoluble

soluble

insoluble

soluble

Insoluble

slightly
soluble

insoluble

Insoluble

soluble

insoluble

soluble

insoluble

soluble

Insoluble

soluble

insoluble

insoluble

insaluble

soluble

slightly
soluble

slighthy
soluble

insoluble

insoluble

zoluble

Insoluble

soluble

soluble

soluble

insoluble

soluble

insolulble

Insoluble

slightly
soluble

insoluble

insoluble

insoluble

insoluble

slighthy
soluble

soluble

soluble

insoluble

soluble

Insoluble

Fluoride
F

Chloride
Cr

Bromide
Br

Iodide
I.

Chlorate
do,

Hydroxide
oH-

Sulfite
50,7

Sulfate
50+

Carbonate

Nitrate
NO,

Phosphate
PO*
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Rozpustnost

fosforecnan,
uhlic¢itant a
sificitand

Rozpustnost
siranu

!
|
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: Li | Be : fosforetnany,
]I | uhligitany
! L 8 Al se netvofi
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|
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rozpustné nerozpustné .
Solubility Rules for lonic Compounds
Na.SO Soluble lonic Compounds Important Exceptions
2 4
Compounds containing
K,SO, Soluble _ :
Rb.SO NO3 and CH3COO" (acetate) MNone
249 Cr, Br, I Ag®, Hgp?*, Pb?*
(NH4)2504 = S04 Sr?* Ba®*, Hgy**, Pb?*
Ag,SO,
{33804 E;Tbel:hat Insoluble lonic Compounds Important Exceptions
HgESO4 | Compounds containing
SI’SO4 i s= NH4*, Li*, Na*, K*, Rb*, Cs*, Ca?*, Sr¥*, Ba2*
PbSO, Insoluble |03 NHg", Li*, Na*, K", Rb", Cs*
BaSO PO4* NH4, Li*, Na*, K, Rb*, Cs”*
4 _
OH" NH4*, Li*, Na*, K*, Rb*, Cs*, Ca?*, Sr**, Ba2*




Soucin rozpustnosti

AByy = aA',tbB
K. = [AJ[B)
[A,B;]

K, = [A"][B

< D

.er’"f saturated solution
Ba’" S04%
Wil
Ba50a
solid salt

Table 5-7 :

Solubility-Product Constants, K, at 25°C

Fluorides
BaF,
MgF;
PbF,
SrF,
CaF,

Chlgrides
PbCl,
AgCl
Hg,Cl =

Bromides
PbBr,
AgBr
Hg,Br,*

lodides
Pol,
Agl
Hg,l,*

Sulfates
CasS0o,
Ag,S0,
Sr50,
PbSO,
BaSO,

Chromates

SrCro,

Hg,Cr0,e

BaCrQ,

83 X
8.5 X
456 X

24 %
1.2 X
7.6 %
1.3 X

1.5 X

3.6 X
2 X
8.6 X

10-¢
10-¢
10-¢
10—
10-1

10-
10-10
1018

10-¢
10-13
10—22

10-*
10-17
10-2

10=5
10-%
10=7
10-%
102

10-%
10-#
10-11

Chromates {com.}

Ag,CrO,
PbCrO,

Carbonates
NiCO,
CaCO,
BaCO,
SrCO,
CuCO,
ZnCO,
MnCO,
FeCO,
Ag,CO,
CdCO,
PLCO,
MgaCO,
Hg,CO,

Hydroxides
Ba(OH),
Sr(OH),
Ca{OH),
AgOH
Mg{OH]),
Mn{OH]},
Cd{OH}),
Pb{OH),
Fe{OH),
Co(OH),

B.0 ¥
3.2 x
1.3
20 x
8.9 x

2.0 %
4.2 x
1.8 X
2.5 %

10-12
10-18

10-12
10-13
10-14
10-15
10-18
10-18

Ni{OH),
Zn(OH),
Cu(OH),
Hg{OH),
an{OH),
CriOH),
Al{OH),
Fe(OH),
Co{OH},

Sulfides

Mn5

FeS

MiS

CoS

ZnSs

Sns

Cds

PbS

Cus

Ag,S

HgS

Bi,S,
Phosphates

Ag;PO,

Sr3(PO,),

Cay(PO,),

Ba,(PO,),

Pb,(PO,),

Hydroxides (cont )

1.6
4.5

N oo LW —
~J o
A A A A A A

— e N0 = = N W
e o

W
Cad o0 oMo o
KK KKK KKK KKK KX KX KX

10-1e
1Q-17
1019
10-2¢
1{]—2?
10-31
10=33
10=-38
1{]—113

10-16
10-19
10-21
10-22
10-22
10-2%
10-28
1029
10=37
1051
1054
10-12

10-18
10—
1032
10=-3%
10-54

*As Hgi*ion. K, = [Hgi+*][X")*




Rozpustnost iontovych latek

Rozpustnost ionovych sloucenin mlze byt odhadnuta pomoci Hessova zakona z
mrizkové energie (enthalpie, AH, ..i..) @ hydratacnich enthalpii kationtu a aniontu

(AH}q)-

Soli tvorené ionty velmi rozdilné velikosti maji sklon byt maximalné rozpustné,
zatimco soli s ionty podobné velikosti budou mit tendenci k mnohem mensi
rozpustnosti.

Priklad: Rozpustnost CsF a Csl. Vétsi hydratacni enthalpie CsF (F~ je anion s mensim
polomérem) indikuje, Ze CsF je rozpustnéjsi nez Csl, prestoze CsF ma vétsi
mrizkovou enthalpii.

M- X " ,
P i@ ¥ (g Solubility per
; ™ ; j 1L ] (% | 100g H.O
— A4 Il'll'-\.l. LT -4 l'l._L--I.-| .'I.r'lll:l!. o .lIHI.'I.: | rjlli | i |_|I|.\:1d |':.: I W il.__.. =F -I-
sl F40 271 204 35 367 g
'l.ll'|.-|j )

Csl B -271 SRE w45

e
MY = M+ Xaq)




Gibbsova energie a rozpousténi iontovych soli RPN
L] i.‘.-' i" L]
lattice energy hydration enercy solution
(highly endothermic) (highly exothermic)
H,0O
MX(s) ——— M*(g) + X (¢) —— MT(ag) + X (ag)
solid separated (gaseous) ions hydrated ions
entropy increase entropy decrease
AG = AH - TAS
saee  SLVess
sese T Serenh

Vznik srazenin

solute salvent

Kombinace nestabilniho kationtu a aniontu. Dochazi ke spontannimu vzniku
srazenin, v dusledku nerozpustnosti vyslednych sloucenin. AH muze byt kladna i
zaporna (exotermni i endotermni), reakce je rizena dominantnim entropickym
clenem —TAS.

Kombinace nestabilniho kationtu a stabilniho aniontu, resp. stabilniho kationtu a
nestabilniho aniontu. Obvykle nedochazi ke srazeni, reakce je endotermni s
neutralnim nebo mirné negativnim entropickym clenem —TAS.

Kombinace stabilniho kationtu a aniontu. Obvykle nedochazi ke srazeni, AH je
zaporné (jsou obvykle exotermni), ale byva kompenzovano entropickym c¢lenem —

TAS k témeér nulové AG. Ke srazeni dochazi pouze v pripadé vyrazné zapornych
hodnot AG.
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Salt Al AH"
I. Acidic Cations + Basic Anions
Be{OH), —121 -3
Mg({OH}, —63 =3
CalOH), — 28 16
Li,CO, 17 I8
MgCO, =45 2%
CaCoO, — 48 10
SrCO, _52 3
BaCO, — a7 —4
FePO, - 102 78
Oxide Solubility in HO AG nydration
(molmeta- L") (kJ-molmew™)
Amorphous SiO: 1.6E-03 -8.0
y-ALO; 1.6E-08 -18
MgO 1.8E-04 27
Nb2Os 2.5E-08 52
TiO, 1.0E-09 46
Ti»03 — 16
TiO — 34
ZrOz 2.5E-12 30
CeO:2 — 110
Ce20s3 1.6E-06 —59
CuO 2.0E-10 13
Cu,0 — —63
Fe:0s 4.0E-12 12
FeO 3.2E-10 —6.6

—TAS", 298 K

90
— ]
— 44
—34
—74
— 51
56
—43
— 180

Solubility (mel/kg H,O)

0LDOD00E
00002
0.025
0.18
00093
0.0002
000007
00001 1
slight




Vliv polarizacni schopnosti kationtl na rozpustnost

Sulfidy

1. Kationty zakoncéené vnéjsi skupinou 18 elektronl davaji se sirovodikem
nerozpustné sulfidy v kyselém prostredi (Zn%*, Cd?*, Hg?*, Cu*, Ag*, Au*). Vnéjsi
slupka je zaplnéna 18 elektrony také u Ga3*, In3*, Ge", Sn", SbY, AsY, které se
rovnéz srazeji sirovodikem.
Sulfidy této skupiny jsou pro nizs$i hodnoty Z/r nerozpustné v sulfidu amonném, od
Z/r = 4.9 jsou jiz rozpustné.

2. Kationty s neuplnou vnejsi elektronovou slupkou mezi 8 — 18 elektrony tvori
rovnéz nerozpustné sulfidy, pfi mensi polarizovatelnosti v neutralnim nebo
alkalickém prostredi, pfi vétsi polarizovatelnosti objemnéjsich elektronovych obalt
i z kyselého prostredi.

3. Kationty s vnéjsi slupkou 2 nebo 8 elektronll nedavaji nerozpustné sulfidy ani v
kyselém, ani v zasaditém prostredi (Li*, Be?*, Na*, K*, Ca?*, Zr**).




Uhlicitany

lonty zakoncéené skupinou 2 nebo 8 elektron( tvofi rozpustné uhli¢itany pfi Z/r = 0.6
— 1.3 (Cs*, Rb*, NH,*, K*, Na*, Li*).
Pri Z/r 2 1,3 tvofi nerozpustné uhli¢itany (Ra?*, Ba?*, Sr?*, Ca?*).

Hydroxidy

Pri Z/r > 2,5 ionty tvofi nerozpustné hydroxidy (La?*, Ce3*, Mg?*, Y3+, Sc3*, Zr#*, Hf*",
A3+, BeZ*, Ti*+).

Uhlicitany | Rozpustnost ve vodé Rozpustnost ve vodé

Li* Spatné rozpustny nerozpustny
Na* dobre rozpustny Cl- rozpustny

K* dobre rozpustny Br rozpustny




Vliv polarizace na rozpustnost

rozpustny 17x1010 4.1x1013 1.5x101®

T|+ rozpustny 1.86x10* 3.71x10® 5.54x10°®
Hg,* 3.10x10°®% 1.43x10'® 6.40x102% 52x10?%
Hg?* - rozpustny 6.2x102%° 2.9x107%°
Pb?* 3.3x10% 6.60x10°% 89x10® 9.8x10°

Mg2* 5.16x101! rozpustny rozpustny rozpustny
Ca%* 3.45x 10! rozpustny rozpustny rozpustny

_
6.92x1022 5.61x101? 5.02x10°® rozpustny rozpustny

rozpustny

5.16 x 1011 3.45x101 4.33x10° 1.84x10"

€O, 6.82x106 3.36x10° 5.60x10%° 2.58x 107
$0,* rozpustny  4.93x10° 3.44x107 1.08x 1010




Vliv polarizace na rozpustnost

Rozpustnost 1,6 1,9.10% 9,3.104 9,1.103

Rozpustnost 13,9

Rozpustnost

Rozpustnost 0,18

Li,SO, . Na,SO,. CasSo,. BaSO,
H,O 10H,0 2H,0

Rozpustnost 1,5.102 6,2.10% 1,0.10°




lonic radius, A

Group in periodic table
I I

[1e]
=
o)
o
(%]
=
(=]

lonic charge ()

1.8 1
1.6 lonic potential < 4 A
1 K) P
Ho(l 2
1.4 = AU({) ° g( ) P -
i Pd(ll) ° e :
1 1 As—@ yogy . TIOD o .
104 N —@ Ca(”)_is Bi(l)’. @ Pb(lV)__\:_O/ 4 < |lonic potential <’{
] i Y, ° Ce(lv), ¢ S
Cu(l) Iy 3 Mo([¥) _ i
0.8 @ I Bi(V) _ -
Lid) Cu(ll) In(Il) Q.-
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0.4+ Pty » 7 Nodl) /- DT A —@ cov)—@
’ P As(y " HAV) |
1 L Fe()_ .-~
0.2 1 o Al() ¢ z«(iv)  lonic potential > 7
1 2o Fe(lll)
0.0 L ' L] '| T I L) l T [ L 'l L
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Vliv polarizace na zbarveni srazenin

VInova délka absorbovaného zareni souvisi se Sirkou zakazaného pasu (band gap, viz pasovy
model)

' — 4000
high E Infrared
AN _ =
conduction =
= band
= B
i } band gap &
- ® HigS-Chrth
_ h“.: 300 Unrawr;rreté o e:a%s o BaTe Hg o
low T ®) () valence band I 200(Be0 pgo

(b) 24 28 3.2 36 40 4.4 4.8 52 55 60 6.4 6.8
Lattice Parameter (A)

bila nazloutla zluta
TI* - bila nazloutla zluta
Hg,* - bila bila zluta
Hg2* bila bila bila oranzovo-
cervena

zluta

(=
-~

Pb2* bila bila




Vliv polarizace na zbarveni

o s ser  Ter
n2+

bila bila zluta cervena
Ga3* bila Zluta cervena cerna
As3* bila oranzova hnédocerna cerna

Rozpustnost 1,4.10° 8,1.10” 1,1.108

barva bila nazloutld Zluta
| zs | cds | Hgs

Rozpustnost 7,1.10° 9,0.10° 5,4.108

barva bila zluta cerna




Acidobazické chovani

Arrheniova teorie Stronger Bronsted base

HA = H* + A-
Kyseliny = latky schopné od&tépit proton. EES
Teorie nebrala v dvahu funkci rozpoustédia. | ws- | or
HSe | Br
Bronstedova—-Lowryho teorie = |

H* + H,0 = H,0*
Latky se chovaji jako kyseliny jen v pritomnosti zasady a naopak.

Teorie se tykala pouze protickych rozpoustédel,
predpokladala solvataci uvolnénych proton(
molekulami rozpoustédla.

kyseliny = donory protonu RNH, + H,0 = RNH," + OH~
zasady = akceptory protonu HCN +H,0 = CN™ + H;07

HCl = H* + CI




V okamziku uvolnéni protonu TN ~

prechazi kyselina HA do stavu ‘NH;, + H——OH =
oznacovaného jako

base acid
konjugovana zasada A-.
V okamziku navazani protonu
prechazi zasada (B) na jeji
konjugovanou kyselinu (BH*). R

H

Solvoteorie

Conjugate
acid of
NHj

oo |

H—éj: + H—O0: — c| + H—O—H

H

Conjugate
base of
H,O

rozSireni Brgnstedovy teorie pro aproticka rozpoustédla, pozadavkem této teorie

je autoionizace rozpoustédla.

kyseliny = |atky, které pfi interakci s rozpoustédlem zvysuji koncentraci kationt(

produkovanych autoionizaci rozpoustédla.

Napr. roztok hydrogensiranu v kapalném amoniaku se chova jako kyselina:

2 NH; = NH,* + NH,~ (autoionizace)
HSO,  + NH; = NH,* + SO,*




Disociace kyselin ve vodé a pKa

HA + H.O » A + H3O+

2 <

Rovnovdzna konstanta: K= [H,O0*] . [A7]
[HA] [H,0]

Pokud roztok neni prilis koncentrovany, je voda v nadbytku, jeji koncentraci
mUzZeme povazovat za konstantni a zahrnout ji do konstanty, dostavame tzv.
disociacni konstantu K, :

K.[H,0]=[H,0"].[A] K, = [H,0*].[A]
[HA] [HA]

Disociace vicesytnych kyselin probihda jako postupné odstépovani proton(
z molekuly kyseliny, o rovnovaznych koncentracich rozhoduje disociace kyseliny
do 1. stupne, plati:

pKa = - log(Ka)

KA1>> KA2 >> KA3




NizSi pKa u vysSich stupnd
souvisi s tim, ze k uvolnéni
protonu ze zaporneé nabité
Castice je treba vice energie.

H3P04 — HEPO; -+ H*
H,PO; = H,PO;2+H*
H,PO;?2 = PO 24+ H?

pK, = 2.12
pK, = 7.21
pK, = 12.3

pH

14.0 3
[pof-] .,[POJ ]
12.0 - .
£ PKy=12.32
10.0 - . -
[Hpo_z-] :’[Hpoﬂi ]
8.0 - [HPO,] o
6.0 - ST pK, = 7.21
[B.POl ~ @n,po;
40 4 [H'zp'ﬂa-] 3
2.0 4 =
’ ® pK;=2.12
0.0 AR . ; . '
0.0[ . ‘*]0.5 1.0 1.5 2.0 25 3.0
Equivalents OH™ added
1.0 ya
HaP Oy HzP Oy HPO4 JPC4
0.8
S
505 ,‘ -
P pan! pKaz pKas
= 04 -
=
E \
0.2 J
DD T T \; T T T T 1
0 2 4 B 5 10 12 14
pH




silné kyseliny: K, > 107
ve vodeé jsou uplné disociovany na oxoniové ionty a prislusné anionty
priklady: HCIO4’ HCI, H,SO,, HNO, HI, HBr

stfedné silné kyseliny: K, =10 -10?

ve vodnych roztocich jsou koncentrace nedisociovanych molekul a disociaci
vzniklych iontd srovnatelné

priklady: HF H;PO,, HNO,

slabé kyseliny: K, < 10*
ve vodeé jsou disociovany velmi malo, prevazuji nedisociované molekuly
priklady: H,CO,, H,S, HCN HOCI, H;BO,




Disociace zasad ve vodé a pK,

B + HO — " HB* + OH

“«—

Disociacni konstanta K : obdobneé jako pro kyseliny

K, = [HB*] . [OH]
[B]

pPKa + pKp =14

silné zasady K; > 102 ve vodé jsou upliné disociovany priklady: hydroxidy,
oxidy, sulfidy a hydridy alkalickych kovl a kovu alkalickych zemin

stfedné silné zasady K,=10"- 102 ve vodé jsou cdstecné disociovany
priklady: fosforecnany a uhlicitany alkalickych kovu

slabé zasady K; < 10 ve vodé jsou nepatrné disociovdany
priklady: NH,, sificitany, hydrogenuhlicitany, hydrogensulfidy




Sila kyselin a reaktivita

1. SilnéjSi kyselina ma schopnost vytésnit slabsi kyselinu (tedy jeji anion) z jeji soli.

ZnS + 2 HCl = ZnCl, + H,S

NaCl + H,SO, — HCI + NaHSO,

BaO + 2 HCl = BaCl, + H,0

2. Prednostné probihaji reakce, pri nichz vznika slabsi konjugovana baze i slabsi
konjugovana kyselina.

Al(OH); + 2 HCI = AICI; + 3 H,O

Al(OH), + KOH = K* + [AI(OH),]




Acid

Base

Increasing acid strength

perchloric acid
sulfuric acid
hydrogen iodide
hydrogen bromide
hydrogen chloride
nitric acid
hydronium ion
hydrogen sulfate ion
phosphoric acid
hydrogen fluoride
nitrous acid

acetic acid

carbonic acid
hydrogen sulfide
ammonium ion
hydrogen cyanide
hydrogen carbonate ion
water

hydrogen sulfide ion
ethanol

ammonia

hydrogen

methane

HCIO,
H,SO,
HI
HBr
HCI
HNO,
H,O"
HSO,
H,PO,
HF
HNO,

CH,CO,H

H,CO,
H,S
NH,"
HCN
HCO;
H,O
HS™
C,HsOH
NH,

CH,

Undergo
complete
> acid
ionization
in water

Do not
undergo

> acid
ionization
in water

Do not
undergo
base
ionization
in water

Undergo
complete
base
ionization
in water

F

4

[ Clo;
HSO,”

Br~
ClI”

L NOS_
H,O
S0
H,PO,”
=

NO,
CH,CO,
HCO;

perchlorate ion
hydrogen sulfate ion
iodide ion

bromide ion
chloride ion

nitrate ion

water

sulfate ion

dihydrogen phosphate ion

fluoride ion

nitrite ion

acetate ion
hydrogen carbonate ion
hydrogen sulfide ion
ammonia

cyanide ion
carbonate ion
hydroxide ion
sulfide ion

ethoxide ion

amide ion

hydride ion

methide ion

y1buans aseq Buisealou|




pKa Chemical Formula Name

-10 HCIO, Perchloric acid

—7 HCI Hydrochloric acid
-3.0 H,SO, Sulfuric acid
~1.74 H;O" Hydronium

—1.37 HNO; Nitric acid

+1.96 HSO, Bisulfate 1on
+1.90 H,SO, Sulfurous acid
+2.16 H;PO, Phosphoric acid
+2.46 [Fe(H,0)s] —

+3.18 HF Hydrofluoric acid
+4.75 CH;COOH Acetic acid

+4.97 [Al(H,0)s]"" —

+6.35 H,CO; Carbonic acid
+6.74 [Fe(H,0)q]" —

+6.99 H,S Dihydrogen sulfide
+7.20 HSO; Sulfurous acid
+7.21 H,PO4 Dihydrogen phosphate
+8.96 [Zn(H-0)s]" —

+9.21 HCN Hydrogen cyanide
+9.25 NH," Ammonium
+10.33 HCO; Bicarbonate




Hammettova kyselostni funkce

Hammettova funkce kyselosti (H,) je mira kyselosti, ktera se pouziva pro velmi

koncentrované roztoky silnych kyselin (vCetné tzv. superkyselin), nevodna i

smesna prostredi (véetné organickych rozpoustédel) nebo pro pevné latky (napf.

zeolity, pevné kyselé katalyzatory, apod.). Je zobecnénim klasické Brgnsted —

Lowryho stupnice pH vhodné pouze pro zredéné vodné roztoky.
[n]

H, =pK (InH")+log———=—-loga. . —lo
o = PK ,( ) g[[nH+] ga, , ~log

y[n

y InH?*

In je slabé bazicky indikator, napf. trinitroanilin , InH* je jeho protonizovana forma, H, —
udava hodnotu pK,, kterou by mél mit indikator, aby v daném prostfedi byl pomér obou

jeho forem jednotkovy. Acid strength/

Indicator Basic color Acid color pKa wi% H,50,4
Natural red Yellow Red +3.3 8 x 1078
Phenylazonaphthylamine Yellow Red +4.0 5x10°°
Butter yellow Yellow Red +3.3 3x 10
A-Benzeneazodiphenylamine Yellow Purple +1.5 2x 102
Dicinnamalacetone Yellow Red -3.0 48
Benzalacetophenone Colorless Yellow -5.6 71
Anthraguinone Colorless Yellow -8.2 Q

Ve zfedénych vodnych roztocich, kde se aktivitni koeficient blizi 1 prechazi tato
funkce na klasickou stupnici pH.




Hammettova kyselostni funkce

Decreasing Basicity of Hammett Indicator

| x| e MH MH O MH

HH_E = 2 2 2 F
Hammett 7 - NO; | ) QN cl . -NO; 0 Br NO, NG
Indicator N I Q U 0] o
' e
NH
ot bk

] 03 &, NO,

pK 2.8 0.2 2.4 -3.2 4.4 -5.9 -6.6 -8.1 -14.5

>

NH,

M

|
=
=

Indicator Color; 1 : : .
Basic Conditions . | | | i | . | | |

Indicator Color: : : .
acidicconations N HE N NN BN BN 1] I 1

Acid strength/

Indicator Basic color Acid color pKa wit% H,SO4
Natural red Yellow Red +3.3 8 x 108
Phenylazonaphthylamine Yellow Red +4.0 5x107°
Butter yellow Yellow Red +3.3 3 x 104
4-Benzeneazodiphenylamine Yellow Purple +1.5 2 x 1072
Dicinnamalacetone Yellow Red -3.0 48
Benzalacetophenone Colorless Yellow -5.6 /1

Anthraquinone Colorless Yellow -8.2 Q




Superkyseliny

Superkyseliny jsou latky, které jsou kyselejsi nez 98% kyselina sirova. Maji nizsi
hodnotu Hammettovy kyselostni funkce nez -12. Patfri mezi né:

Kyselina fluoroantimonicnd (nejsilnéjsi) (H, = -31,3)

F F
F Fo, F
e & PE—=tp — sb
NG | S
F F
(|)| F
Magickad kyselina (smés kyseliny fluorsirové a fluoridu RN + F—slb--“‘“F
antimoni¢ného, molarni pomeér 1:1) (H, = -19,2) HO/ \o ||:\F
i
Kyselina fluorosirovd (H, = -15,1) F—™%0
HO =
L 0
Kyselina trifluormethansulfonova (triflic acid) (H, = -14,9) F;/C\S/QO
oH OH
Kyselina chlorista (H, = -13,0) O?‘)/Cl%o

O




Superkyseliny

Superkyseliny jsou schopny esterifikace a mohou protonovat i neutralni molekuly
(zejm. alkany):

— - +
CHj CH,4

HiC_ | __CHs | HiC s -1
T —_— HsC C——~CH, —_— (l: + CH4
CHj CH, CHj

CH, + H* - CH.*
CH.* — CH;* + H,
CH,*+ 3 CH, — (CH,),C* + 3 H,

@  1.C0 (827 ban) @\ @\
+ super acl - +
P 2. H,0 CHO CO,H

0.2-21% 60-75%

-H*




Acidobazické chovani
hydridu

s atomovym Cislem vzrusta ve
skupinach i periodach kysely
charakter hydridu

Electronegativity increases,
acidity increases

14

15

16

17

6 7 8 <
CH, || NH;3 | H,O || HF
Neither acid Weak base Weak acid
norbase | [K,=18x109| N |l —68x 107
14 . 15 16 17
SIH 4 PH3 st HCI
Neither acid | [Very weak base| | Weak acid Strong acid
norbase ||K,=4x1028||K,=95x1078

Increasing acid strength I

:
Increasing base strength
6A(16) | 7A(17)
H20 HF Weakest Weakest
{ao; Bransted Bransted
Acid i +
%m it H.C H:N H,0 HF Acid [H.N]
Q
S & H2S HCI
28 H;Si HPf HS HC [H,P]*
S £ o Hi:Ge H;As HiSe HBr [H,AsT"
%S HoSe HBr i
T ®© |
8 Hy;5n H.5b H;Te HI Strongest [H.Sb]"
Brensted -
Y HoTe Acid

Hi0l" [H,F[ [HNe|'
[HiS1" [H,CI] [HAf"
H3Sel" [H;Brl" [HKr]®

MH:Tel" [Hall” [HXe]”

yiBuais pioe Buisealou|

yibuans aseq Buisealou|

Strongest
Hransied
Acid




Acidity increases within a 9
(electronegativity effect)

C N 0 - o
Hydride (H;C-H) (HN-H) (HO-H) (FH) |/ &
Pk, 48 38 15.7 3.2 S F
(@]
5 Cl i
(HS-H) (CHH) [[F 8
7.0 3 S8
Qa O wn
Se Br Sc B
(HSe-H) (Br-H) ||@ 3 =
3.9 -9
I
(I-H)
- ch¥3 - 46

1x1014 6.3 x 10
st 1x107 Hl 1.3 x 106
H,Se 2x10* HBr 1.0 x 10°
H,Te 2x 103 HI 3.2x10°

Short pka table

Functinonal group

Alkane

Amine

Alkyne

Water

Frotonated
amines

Carboxylic
acids

Hydrochlorc
acid

-7
-9
-10

Fxample

CH,

tNH,

R——H

HO-H

HH{? e

0
HachOH

HCI

Weaker
acid
pka
~50
~35
25
16
10
&
‘f -8
Stronger

acid




Acidobazické chovani oxidu

S atomovym Cislem vzrista ve skupindch zdsadotvorny/zasadity charakter oxid(,
hydroxidu, oxokyselin a klesa v periodach.

Lth I,‘-H.] Hg U? {j{:}';- H: ::-Ir. FQU

Na,O | MgO | ALO; | 5i0; | POy | 50y | CLO,

K.0 | CaO | Ga,0O, | GeO, | As,0. | 8e0; | Br.O

Rb,0 | Sr0 | IO, | 800, | 8b,O. | TeO, | LO,
Cs,0 | BaO | TLO, | PbO, | Bi,O, |

sasealou AoEeq

8A
(18)

B Strongly basic B Strongly acidic
O] Weakly basic B Moderately acidic
Amphoteric £ Weakly acidic




Acidobazické chovani oxokyselin

Cim slabsi je O-H vazba, tim silné&jéi je kyselina. O-H vazba je oslabovana rostouci
elektronegativitou centralniho atomu.

Zvyseni pocCtu atomu kysliku vede ke zvyseni oxidacniho Cisla centralniho

atomu. VysSi oxidacni Cislo na centralnim atomu reprezentuje pozitivni naboj
na atomu.

OH S
Acid Strength H-OH b e r_[::[) ri.ll—{:rH
—_— W5 ow oM 0O
H-0O-| H-O-Br H-0-CI \ borlc acid  Garbonic acig Nitric acid :
L N, 0.3~ -35 =1 oxyacids
25 23 3.0 | alkaline S f
hydroxides| H . . © Acid strengths
E—— ‘L | Be Bl nlol Fl | are Ingicated by
Electronegativity of Y Na | Mg (Allsi|Pls cl | ek,
K_| Ca Ga{Ge |/As|Se | Br\
Rb | Sr An | Sn] SblTe| | [
- Cs | Ba TI|Pb| Bi [Po| At]
Acid Strength Fr | Ra / 7 | \
Sl | | _~ O=Cl=0
o o ! O=pP-OH 0=5=0 i
H-O-CI H-O-CI=0 H-0-CE0 H-O-CI=0 Sl S Py é}H 0
o
OH  phosphoric  sulfuric adig Porclion®
e silicic aclo acld T acid
~9.5 -21 15
Number of Oxygen Atoms on ClI




TABLE 16.6 Electronegativity Values
{EN) of ¥ and Acid-Dissociation
Constants (K;) of the Hypohalous Acids,

H—O—Y
Arcid EMof Y K,
HCIO 3.0 3.0 x 1078
HEO 2.8 25 =107
HIO 2.5 23 = 107"
Chlorine
Acid Formula | oxidation pK;
state
Hypochlorous acid HCIO +1 +7.5
Chlorous acid HCIO5 +3 +2.0
Chloric acid HCIO4 +5 —1.0
Perchloric acid HCIO, +7 —10

Oxidation number

| &

Acidic

| () |

| P

Se T WV CrMn FeCo NI Cun




Pravidla pro predikci sily oxokyselin

Oxo skupiny zvysuji aciditu v dusledku delokalizace ndboje na aniontu rezonanci.

Sila kyseliny roste s vyssim
pomérem kyslika vzhledem k
vodikim:

« HCIO nejslabsi

+ HNO,

* H,CO,

* H,SO,

* HNO;

* HMnO, nejsilngjsi

Oxoacids that have different central atoms
which are from the same Group of the periodic
table have increasing acid strength with
increasing electronegativity of the central

atom.
¥ ¥ Y1 VI VI
| A—M =1 ~
C N 0 F | Ne  H-0-N=0 increasing !
i stronger
) e electro- I acid
St S H-0-P=0 negativity i
|
|
Ge| As | Se H-0-As=0 i
o o |
Sn| Sb| Te
Pb| Bi Po
Viiv substituentu
T 79 9 79
H—C—C—OH  H—C—C—OH Cl—C—C—OH Cl—C—C—OH
H H H Cl
pK, = 4.8 pK, = 2.8 pK, = 1.3 pK, = 0.64




B.O.

Vazebny rad vazeb v oxokyselinach

=Vx + Ch,/n,

Vx = valence vybraného periferniho atomu XO Ch
Ch, = naboj aniontu

n, = celkovy pocet

perifernich atomu

S0, V,=2,Ch,=-2,n,=4,B.0.=2+(-2/4) =
$0,> V,=2,Ch,=-2,n,=3,B.0.22+(-2/3) =
PO> V,=2,Ch,=-3,n,=4,B.0.=2+(-3/4) =
NO,” V,=2,Ch,=-1,n,=3,B.0.=2+(-1/3) =

NO,” V,=2,Ch,=-1,n,=2,B.0.=2+(-1/2) =
BO> V, = Ch A=-3,n,=3, BO—2+(3/3)
0;* V;=2,Ch,=-2,n,=3,B.0.=2+(-2/3) =
clo, VO=2,Ch 1,n,=4,B.0.=2 +(-1/4) =

()

ClO; Vy=2,Chy=-1,n,=3,B.0.=2+(-1/3) =
Si0* V,=2,Ch,=-4,n,=4,B.0.=2 +(-4/4) =

Das, A.: Indian Journal of Applied Research 3, 2013, 41-43.

1.33

1.33
1.75
1.66




Pravidla pro odhad hodnot pK,

Paulingova pravidla

1. Pro oxokyseliny O, E(OH), hodnota pK, = 8 — 5p
2. Pro kazdy nasledujici stupen disociace polyprotickych kyselin (pro q > 1) se
hodnota pK, zvysi o 5 jednotek.

To dovoluje vysvetlit pokles acidity oxokyselin chloru v radé: ?‘
S

HOCI, > HCIO,; > HCIO, > HCIO O=p—oH
Obdobné plati: H,SO, > H,SO; a HNO; > HNO,. 0 N\ ;
| oo
ﬁ 0
O—S—O0H
Priklad |
o
H,5e0,

1. vzorec kyseliny: 0,Se(OH),

2. pKa do prvniho stupné (disociovan jeden proton) podle Paulingovych pravidel:
pKa=8-5%2=-2 (experimentalni hodnota: -3)

3. pKa do druhého stupné (disociovany oba protony) is thus -2 + 5=3 (experimentalni

hodnota: 1.9).




Mnoho oxidl nekovu a nékteré oxidy kovl po rozpusténi ve vodé neprechazeji
kompletné na kyselinu. Odchylky od Paulingovych pravidel umoznuji tyto
skutecnosti odhalit.

Priklad

OH
Rozpusténim CO, ve vodé vznika kyselina uhliCita, jejiz experimentalni /I*MOH
hodnota pK, = 6.4, zatimco pravidla predikuji hodnotu pK, = 3. Chyba je v O ' OH

predpokladu, Ze veskery CO, rozpusteny ve vodé existuje jako kyselina
uhlicita, ve skutecnosti je to pouze 1 - 2 %.

Ricciho pravidla

H.MO,

pKa=8—-9m—4n

n=a-b
kde m je formalni naboj (oxidacni Cislo) centralniho atomu, n je pocet ne-hydroxylovych
kyslik( ve vzorci kyseliny.

HaIVIO(a+1)
pKa=2.1+49(n-1), kden=1, 2,3 proK,K,, Kg

Ricci, J. E.: Journal of the American Chemical Society 70, 1948, 109-113.




CIOH
BrOH
IOH

Sb(OH),

Si(OH),
Ge(OH),
Ti(OH),
B(OH),
Al(OH),

8,7
10

11

10
8,6
8,8
9,2
9,2

CIOOH

I0(OH),
SO(OH),
SeO(OH),
TeO(OH),

NOOH

PO(OH),
HPO(OH),
H,PO(OH)

AsO(OH),

CO(OH),

1,6
1,9
2,6
2,7
3,3

2,1
1,8
2,0

2,3

ClO,0H
10,0H
SO,(OH),

Se0,(OH),

NO,OH

CIO;0H -




Polarizace iontu a acidobazické vlastnosti

S klesajici stabilitou iontd, tj. se wvzrUstajici polarizacni silou kationtu a
polarizovatelnosti aniontu se zvySuje kovalentni charakter (prvky s vysokym
oxidacnim cislem neexistuji jako ionty, ale jsou soucasti kovalentnich molekul),

roste mira hydratace a hydrolyzy, resp. tvorby komplext (= snaha rozprostrit svij
naboj na vétsi povrch).

1) Nestabilni kationty vytvareji ve vodném prostfedi aquakationty, které reaguiji
jako bronstedovské kyseliny

. 3 .o 2 — -
HOH ’ g HO ! H '
H,0 ., | . .OH, | H,0., | .OH, |
I I\\ + Oln,, ; UAI\\ I Olu,,
H,07 | OH, NS H0” | OH, N
OH, OH, L ]
[Al(H,0)6]**(aq) H,O(l) [Al(H,0)s0H]**(aq) H30"(aq)

2) Nestabilni anionty budou vazat protony z molekul vody, vodné roztoky téchto
aniontl proto budou reagovat zasadité.

S +H,0 = HS + OH-
P>+ H,0 =PH; +3 OH"




Kyselé a zasadité ionty pfritahuji silné
molekuly vody v primarni hydratacni sfére,
coz vede k silnéjSimu poutani molekul i vné
této sféry a tvorbu sekundarni, pripadné
dalSich hydratacnich sfér.

Mg(H2O)362+ + CO3(H20)282- Mg(CO3) (S) + 64 HZO secondary hydration sphere

RS
——

Hydration Numbers and Hydrated Radii of
some Hydrated lons

Vznik srazeniny je provazen uvolnénim

’ v , lon Zr Hydration Number  Hxydrated Radius (pm)
velkého mnozstvi molekul vody -

Cs” 0.0055 f 228

k™ 00066 7 232
Nat 0.0088 13 276
Li* 0.011 22 340
Ba®* 0.0268 28
Sri” 0.0303 29
Ca*’ 0.0351 29
Mg'*  0.0465 36
Cd*t 0.0549 19
Zn** 0.0599 44

Sourcis: Hydration numbers from AL T. Rutgers and Y. Hendrikx, Trans.
Faralay Soc. 58. 2184 (1962 Hydrated madii from B P Hanzlik, foorganis
Aspects of Bidogical and Organic Chemistry, Academic Press, Mew York,
1976, p. 31.

Nome Z2/r ratios corrected for electronegativity using equation (2.11).




a hydraled ion

OH,
HO. | e OHy
* 4+ 60H, — AR
AP+ 60H; H,0" | ~OH,
e bewils o e
achd hasie LMy
TR H 01
(a)
O-H bands
electron dendity weakoned
shifts toward |

alumirem lon

[AIfH,0),1**

H
H H

a hydroxy cation

Higher pH (more basic solutions)

or, more acidic cations (al a given pH)

rl

JEETTE H | o - 3
2H, 0O H _H* c4 | Ne
——— ! H — |H-O{A-O-H| — IC )
" ; o | o]
) H | H
a mewa hydroxde a hydrozo anion an oxo anian
+2HY -
~-H,0
-2H,0 :
. L
H"
e ||_.{' 0 |'|
‘o=@ oo @i
an oxo acid I_ J
hypothetical in this case CRH a polynuclear oxo anlon
J| _:]H:L" _iljiﬂ__.....--“'
Al, 0,
an odlde

pH pii1 kterém se srazi hydroxid:

pH = pK,, — 1E)Ing M- 28
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Pourcentage d'espices

100

20

% formation relative to Al

207

RE-R-E-E-R-R-B-

410

o O
1

c
b

Hydahsis of aluminium at 8*10-6 M concentration

12

14

\:ﬂ

Bl 1

BIEOH)2*

AlOH)*

. /___AI (o HH{S}_\_\&

Al OH™

T

"

AIOH),

_/I—//

A5 6.5
nH

7.a




Railsback's Some Fundamentals of Mineralogy and Geochemistry

+6

complexes
No ,
" poly-

Oxo- "\ nuclear
', com-

. hydroxo— Poly—‘-,plex/e}
_* Ca2t . Hydroxo-complexes | complexes Jieeet - -
possible

Si(OH),4 HPO ,2-
~AI(OH),*  (H,Si0,0) )

Hydrated cations :
Ligands:

" M“‘\\
e (aquo-ions) o e
Contours of equal . e above e
ionic potential = e _ plane Q \
0z

lonic potential: . Aqueous speciation of s
Low High some hard cations across P R
OH -

~ the periodic table Hz0
' .. o ' v . Partrayal of tetrahedral coordination above is imperfect because the
Change n 5p8C|at|0n with Increasing pH cation and three oxygens are shawn as if their centers were coplanar.

LER PTSpeciation200602 1/2001 rev 9/2006




Type of saltis

Mechanism of

Cations types

Anions types

and base.

involved in hydrolysis
hydrolysis

1 |A salt formed| No hydrolysis Strong base cations Strong acid anions
between a strong (pH=T) i § + ¥ 2 s _ S
sekt &nd & oG Na*, K*, Rb*, Cs*,|CI, Br, I, NO;, SO,~,
base is an neutral CaZ*, Sr=*, Ba#* ClO,
salt

2 (A salt formed Cationic Weak base cations Strong acid anions
between a strong| hydrolysis [ihqolyple in water|CF, Br, I, NOy, SO,%,
acid and a weak (pH<7) ; . A )
base is an acid salt base cations: NH 1 C|O4

Ag+, Cu®*, Zn=,
APF* Cr3* and others

3 |A salt formed Anionic Strong base cations Weak acid anions
e s e | e [Mar, KRB, Cet|F, CH€OO, CN:, NOy,
& basle salt Ca?*, Sr2*, Ba2* §%, CO7 S8i0ZF 80,7

PO,%

4 | A salt formed Cationic- Weak base cations Weak acid anions
between a weak acid | anolle lInsoluble in water|F-, CH;COO-, CN-, NO,,
and a weak base can| "YArolysis . | ao. 2. @i 2- 5.

= (PHw7) base cations:| S+, CO;%, SiO;%, SO,
be neutral, acidic, N o4 3
or basic depending NH,*, Ag+, Cu4,|PO,
on the relative Zn?+ AP+, Cr3+
strengths of the acid and others




The effect of the charge on the metal ion

on acidity:

A
The higher the charge on metal ions of about the same
ize, th idic will the metal ion be: ha == ~
size, the more acidic will the metal ion be: —— o| AR ALO, 5i0, Hel g
i -+ +2/+ & -
| memen] SR oo poye s |5
g ‘o | Mg MgO SiO o
Metal ion: La3* TH* 9, Ca**  CaC P,0 g'
§ Na* Si, 0, f_:'_
lonic radius (A): 1.00 1.03 0.94 K Na, 5C <
pK.: 141 127 8.5 3.2 K0 PO
Log K,(OH"): -0.1 1.3 2.5 10.6 SI0 v
_ | increasing
| metalion
acidity
Metal ion Ni Cu* n Ag cd? Ba*' Ce’ Hg* Ph* Bi’
rl A Lh. b 0.72 0.74 1.26 0.97 1.34 1.034 1.10 1.32 Lh.S5
p 1.45 1.28 118 0.12 0.52 0.20 0.65 0.36 0.21 0.81
Metal 1on Ma Mg® Al K’ Ca’ ™ vin®’ Fe' Fe'' Co
. 0,97 LLEET Y 0535 1.33 0,94 0,69 LBk (.55 0,74 0,72
i .26 | s 4 A (10 [h4u 218 093 4.30 1.1% 1.28




pK, kovovych iontu ve vodnych
roztocich

Wulfsberguv vzorec:

pK_ = 15.14 - 88.16(Z2/r)

15

13

11

%
+ Experimental
.:', —Predicted (Electrostatic)
+
L
L
0.05 0.25
22 /r (pm')

Relationship between Z-/r Ratios and Acidity of Metal lons

—= — —
Z* [r Ratio Ly Category pK, Range Examples
0.00-0.01 < 1.8 Nonacidic cations 1415 Most + 1 ions ol the s-block
0000 1.8 Feebly acidic cations 11.5-14 -
0.01-0.04 1.8 Feebly acidic cations 11.5-14 Most + 2 ions of the s- and f-block
0.00 - 0d 1.8 Weakly acidic cations h-11.5 MWost + 2 ons of the d-block
0.04-0.10 1.8 Weakly acidic cations 6-11.5 All + 3 1ons of the f~block
(1,00 - 1 1.8 Muoderately acidic cations | -6 Most + 3 jons of the d-block
0. 10-0.16 < 1.8 Moderately acidic cations | = Most +4 ions of the [~block
010016 - 1.4 Strongly acidic cations { -4 1 Most + 4 ions of the d-block
0.16-0.22 |.8 Strongly acidic cations { —4)-1
0,16 and up - 1.8 Very strongly acidic cations < —4)
0.22 and up .} Very strongly acidic cations (—4)

MoTe The electronegativities of the p-hlock elements vary too greatly to allow their inclusion in one category of “catlom.”




Vliv elektronegativity

Kationty prvkd s elektronegativitami
vetsimi nez 1.5 maji mensi hodnoty pK,
(jsou vice kyselé) neZ ionty ostatnich
prvkd obdobného naboje a velikosti.

Wulfsberguv vzorec:

pK. = 15.14 - 88.16[(Z%/r) + 0. 096(EN-1.50)]

Plati jen pro prvky jejichz Paulingova elektronegativita je
vétsi nez 1,5)

4
"4
(= 9§

16

14

12}

107

Bd

Fll

‘ Monacidic cations

Weakly
nckdic
canions

moderaicly
acidic
s | catons

0.1 A4 A0 A6 e 7

Zifr rﬂ.ﬂ‘iﬁ[IP - 1.50]

Strongly

| acidic

cations




Hybridizace a acidobazické

vlastnosti

Se zvysujicim se s-charakterem
hybridniho orbitalu uhliku dochazi
u ke zvyseni kyselosti vodikového
atomu v prislusné C-H vazbé
elektronegativita

(zvySuje  se

atomu C).
sp sp?
l S
R—C=C—H C—C

Most acidic protons
Most stable conjugate base

Least acidic protons
Least stable conjugate base

CH, H,C—=CH, HC==CH
molecules methane cthylene acetylene
hybrid orbitals
of carbon
% of s character
clectronegativity 248 2.75 3.29

CH, < CoHy < CjHy
acidity order

Hybridization Effect on the Acidity of Hydrocarbons

5= VAN S p
1]

; Q 1 8 sp-50%s —=Cc-H pKa=25
en

£

i O | 8 8 Sp2 -33%s /{\C’H pKa = 44
S H

@ ;

§ O + 8 8 8 Sp3 -25%s /\C, H pKa =50

Ho




Se zvysujicim se p-charakterem hybridniho orbitalu dusiku dochazi u ke zvyseni

bazicity v prislusné N-H vazbé. .
2
N
X
I R——C=——=N:
/

aniline pyridine

basicity order

hybridization of sp3 sp2 Sp
N-atom
s character 25% 33% 50%
L lone pairis in
lone pairis in _
a porbital an sp’ orbital
O: O
CII :?: H, 'H
C * CH3 /'C\"/CHS
H3C/ \N/ - H C/C\\l\ei)/CHS H3C |T|
| 3
H x ¥ H
Nis sp? Nis sp?
amine

amide




Lewisova teorie kyselin

Ize ji aplikovat i na slouceniny, které neobsahuji kysely proton.

Kyselina = kazda castice, ktera je akceptorem volného elektronového paru. Jako
Lewisovy kyseliny Ize chapat také kationty, v€etné protonu.

Napr. kationty, molekuly s nasobnymi vazbami na centralnim atomu, molekuly s
volnymi d-orbitaly na centralnim atomu nebo elektronove deficitni molekuly.
Tyto cCastice jsou schopny prijmout volny elektronovy par jiné ¢astice (baze), tim se
vytvori donor-akceptorni vazba.

Baze (zasada) = kazda cCastice, ktera je donorem volného elektronového paru. Jako
Lewisovy baze lze chapat také anionty a neutralni ligandy.

i R
F—]|3 ¢ :[f:— — F—]|3—F
13 15

Lewis acid LLewis base




Electron deficient molecules such as

BE ,AICI,,BeF, etc...

Molecules with one (or) more lone pairs of
electrons.

NH,,H,0,R-O-H,R-O-R, R - NH,

All metal ions

Examples: Fe* ,Fe™ ,Cr*,Cu™ etc...

All anions

F,Cl',CN ,SCN",SO7 etc...

Molecules that contain a polar double bond
Examples : §0O,,C0O,.80, etc...

Molecules that contain carbon - carbon
multiple bond

Examples: CH,=CH.,CH=CH elc...

Molecules in which the central atom can
expand its octet due to the availability of
empty d — orbitals

Example: SiF,,SF FeCl, etc..

All metal oxides
CaO,MgO,Na O etc...

Carbonium ion

(CH, )3 | &

Carbanion

CH,"




Lewisova teorie

Li*

He
BeH, NH, | H,O | HF | Ne
MgH LPH, H.S ot [ ar |
CaH, .AEHI H,Se. HBr | Kr
SrH, . SbH, | H,Te | HI | Xe
B:-le [ Lewis acid Lewis base
Lewis acid/base complex
_ Na* E _ e ’ “GamH
H°~y H" ' , H
LR H




Teorie Lewisovych tvrdych a mékkych kyselin a zasad ("hard and soft (Lewis)
acids and bases", HSAB)

Pearson 1963

,Tvrdy" = dana castice je mald, ma vysoky naboj (kritérium naboje se vztahuje
zejména ke kyselindm, k zasadam jen v mensi mire), a neni, nebo je jen
slabé, polarizovatelna.

,Mekky" naopak znamena velky polomér, maly naboj a velkou polarizovatelnost.

vlastnost HA SA HB SB
elektronegativita 0,7-1,6 1,9-2,5 2,1-3,0 | 3,4-4,0
iontovy polomér [pm] <90 > 90 > 170 ~ 120
naboj > +3 <+2

Tvrdé Lewisovy kyseliny (HA) maji maly iontovy polomér, vysoky pozitivni naboj,
byvaji silné solvatovany, maji prazdné orbitaly ve valenéni sféfe (prechodné kovy z
pocatku 3d rady maji tendenci byt silnymi Lewisovymi kyselinami) a vysokou energii
Priklady: H*, kationty alkalickych kov( (Li*, Na*, K* ad.), Be?*, Mg?*, Al3*, Fe3*, Cr3*,
Ta>*, Cr*, Ti**, BF;, karbokation R,C*




Mékké Lewisovy kyseliny (SA) maji velké iontové poloméry, nizky pozitivni naboj,
zaplnéné atomové orbitaly (prechodné kovy z konce 4d a 5d série s témér
zaplnénymi d-orbitaly, s naboji +1 nebo +2) s nizkou energii nejnizsSiho
neobsazeného molekulového orbitalu (LUMO).

Pfiklady: Hg**, Hg,%*, Pt** Pd%*, Ag*, BH;, p-chloranil, ryzi kovy (v oxida¢nim stavu 0)

Tvrdé Lewisovy zdsady (HB) maji malé iontové poloméry , byvaiji silné solvatovany,
jsou vysoce elektronegativni, slabé polarizovatelné a maji vysokou energii
nejvyssiho obsazeného molekulového orbitalu (HOMO).

Priklady: kyslikaté ionty (OH-, O%, RO~), malé halogenidové anionty (F-, Cl), RCOO-,
CO,?%, hydrazin, azan,

Mékké Lewisovy zasady (SB) maji velké atomové poloméry, stfedné velké hodnoty
elektronegativity, jsou silné polarizovatelné a maji nizkou energii nejvyssiho
obsazeného molekulového orbitalu (HOMO).

P‘r‘|'k|ady H, SZ-’ Sez-’ -, PH3’ CN-, SCN-, CO, benzen Typical Frontier Orbitals for Typical Frontier Orbitals for

Hard Acids and Bases Soft Acids and Bases

LUMO

LUMO _ LUMO
LUMO
—+-
4 HOMO
- HOMO
HOMO
-

HOMO




HARD-SOFT ACIDS & BASES Energie
CHARACTERISTICS & DIFFERENCES 4
LUMO, o+ — )

HARD ACID SOFT ACID Saure
Small ionic radius Large ionic radius LUMOp - ——
High positive charge Low positive charge HOMO. L _/H_
Low electronegativity Intermediate electronegativity et
High energy LUMO Low energy LUMO

HARD BASE SOFT BASE Base
Small radius Large radius HOMO, - _’H,_
High electronegativity Intermediate electronegativity
Weak polarizability High polarizability
High energy HOMO Low energy HOMO - .

Hard acid Soft acid Hard base Soft base
Small size, high Large size, small or Valence Valence

positive charge, not
easily distorted,

polarized

H* i Mg2+

zero positive charge,
several valence
electrons-easily
distorted

Ag* Pd*

electrons tightly

held

F and CO3>

electrons easily

distorted

S+, CO




Hard acids

Harte Sauren (ger.)
Acido duro |spa.]

TRYAHO KHCAOTE (rus.)
twarde kwasy (pol.}

Acide dur (fra.)
Acidi duri (ita.)

Hard bases
Harte Basen (ger.) Base dur (fra.) TPYAHO DCHOBEHWE [rus.)
Basze duro (spa.) Basi duri [ita.] twarde zasady (pol_)

H', L', Na*, K, RbY, Cs°, Be™, Me,Be, Mg™",
Ca,Sr, Ba™, 8¢ 1a", Ce” 6d™, Lu™ Th",
qu-' [UDz]l', F_UA: Ti'h, Erd.-' Hf'“, [UU]E‘, Cr‘j*,
cr™, [Mo0]*, [(wo)*, Mn®*, BFs, BCl3, B(OR)s,
BR3, AI**, MesAl AICI;, AlHs, ARz, Ga™, In™,
CO,, [RCO', [NC], 5i**, sn**, [MeSn]™",
[Me;Sn]**, N*, [RPO]*, [ROPO]®, As™*,Mn™*,
Fe®*, co™, cl*, a’, I°*, I"*, SO5, HX (H-Briicken
bildende Molekiile)

NHs, R—-NH,, N,Hs, H,0, OH, 0, ROH, [ROT,
R20, [CH3COO]", [COs])™", [NOs]”, [PO4]™,
[SOaI*, [CIOL], F, (CI).

Borderline acids
Sduren im grenzbereich (ger.)
Arido fronterizo (spa.) NOrpaHWYHLIE HACAOTE |Mus._)
Acide & la limite {fra.) pograniczne kwasy (pol.}

Acidi di frontiera (ita.)

Borderline bases
Bazen im grenzbereich (ger.)
Baze fronterizo [spa.) NOf PEHHYHE S DCHOE3HME (Fus.)
Baze & la limite (fra.) pograniczne zasady (pol.]

Basi di frontiera {ita.]

Fe*, co®, Ni**, cu®', zn®, RR¥, IF*, RUY, D05,
MesB, GaHs, [RsC]", [CsHs]', sn**, Pb™, [NOT",
shb**, Bi**, 50,

CsHsNH3, CsHsN, [Na]™, Ny, [NO,], [SOs]*, Br

Soft acids

Weiche S3uren (ger.]
Arido blando (spa.)

Acide mou (fra.)
Acidi mioli [ita.)

MATKOS KWCNOTS (rus. )
migkkie kwasy (pol.)

Soft bases

Weiche Basen |ger.)
Baze blando (spa.)

markoe OcHosasme [rus.)
migkkie zasady {paol.}

Base mou (fra.)
Basi mali {ita.]

[Co(CN)s]*, Pd™, Pt**, Pt", Cu*, Ag', Au®, Cd™*,
Hg', Hg"*, [MeHg]" ,BHs:, MesGa, GaCls, GaBrs,
Gals, MeaTl, CH,, Carbene, HiC'

H™, R™, C:Ha, CeHe, [CN]™, RNC, CO , [SCN]™, RsP,

(RO)3P, R3As, R2S, RSH, [RS], [5;03]2-, I~
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Podle HSAB tvrdé kyseliny (hard acids,HA) preferuji vazbu s tvrdymi bazemi (hard
bases, HB) za vzniku iontovych sloucenin, zatimco mékké kyseliny (soft acids,

SA) preferuji vazbu s mékkymi bazemi (soft bases, SB) za vzniku kovalentnich

sloucenin.

[HSAB Principle]

Hard Acid | -P"€®'S_ [Hard Base
! !

prefers

Soft Acid Soft Base

Typical Frontier Orbitals for Typical Frontier Orbitals for
Hard Acids and Bases Soft Acids and Bases
LUMO
LUMO — LUMO
LUMO
s
4 HOMO
—H- HOMO
HOMO
-
HOMO
A B A B

Energeticky rozdil mezi HOMO/LUMO orbitalem je u komplexu slozeného z SA a SB

nizsi, nez u "tvrdych" analogd.

Absolutni tvrdost (absolute hardness) je definovana jako

ELUI-.-IIEI- - EHD.-HEI'

hardness =n=

_ lonization energy (I) - Electron Affinitv(EA) = .




HSAB a elektronegativita
Velké rozdily elektronegativit mezi HA a HB davaji vznik silnym iontovym vazbam.

Elektronegativity SA a SB jsou témeér stejné a proto maji vazby mezi nimi méne
iontovy charakter, tj. vazby mezi nimi jsou vice kovalentni.

Interakce mezi HA — SB nebo SA — HB jsou vétSinou polarné kovalentni a maji
tendenci byt reaktivnéjsi nebo méneé stabilni. Polarné kovalentni slouceniny snadno
tvori bud vice iontové nebo vice kovalentni slouceniny pokud spolu mohou reagovat

(viz elektronegativita).

hard term soft term

K I (0] p man -Sa I emova rovn ice (electrostatics) (orbital overfap)
AE /‘ Qacid * Quase g ( Cacid* Chase* B8 )°

eR \\{f HOMObase — LUMOacia

size/polanzability — gnergy maich

Kvantifikuje energetickou zmeénu pri
reakci Lewisovych hard/soft kyselin. r:harges

*hard/hard interakce maximalizuji elektrostaticky term (tj. vice nabité molekuly se
navzajem vice pritahuiji)

*soft/soft interakce maximalizuji term orbitalového prekryvu (tj. molekuly s
podobnou energii HOMO a LUMO orbitalt nejsnadnéji tvori kovalentni vazbu)




Fajansova pravidla, elektronegativita a HSAB

Fajansova pravidla koresponduji s Paulingovym vypoctem iontovosti vazby pomoci
elektronegtivit a také s HSAB, predikujici vlastnosti vazby na zakladé
polarizovatelnosti (zaloZzena na velikosti a naboji atomu). Binarni slouceniny soft
acid a/nebo soft base jsou obvykle kovalentni.

_compound | ___Fajans | Pauling | ___HsAB

NaCl low + charge, larger 3.16 -0.93 = hard acid,
cation, smaller 2.19 borderline base;
anion, ionic ionic
ionic

All, high + charge, 2.66-1.61= hard acid, soft base
smaller cation, 1.05 covalent
larger anion, covalent
covalent

Napr. vazba v jodovodiku (HI) je témér nepolarni (rozdil elektronegativit 0,3),
jodovodik je vSak nejsilnéjsSi z halogenvodikovych kyselin v dusledku snadné
polarizovatelnosti velkého atomu jodu, zvyseni polarity vazby H-I a nasledné jeji
elektrolytické disociace




Priklad

lonty rtuti, Hg(l) a Hg(ll), jsou toxické tim, ze mohou vytésnovat ostatni kovy z
molekul enzymu a nicit tak jejich aktivitu.

a) Jsou tyto ionty tvrdé nebo mékké kyseliny?

b) Jaké skupiny v aminokyselindch se na né mohou vazat?

Reseni

Hg(l) a Hg(ll) jsou velké, polarizovatelné ionty. Jsou tudiz mékké kyseliny a dobre
se vazou na mekké baze, jako je atom siry, resp. sulfidovy Ci hydrogensulfidovy
anion. Z aminokyselin je sira obsazena v cysteinu nebo methioninu.

Cysteine Methionine

) O

S

NH, NH,




Priklad
Na zakladé teorie HSAB navrhnéte vzorec jednoduchého mineralu, obsahujiciho
dany prvek:

a) zirkonium(1V)
b) kadmium(Il)
c) wolfram(VI)
d) zinek(ll)

e) méd(l)

Redeni
ZrO, (mineral baddeleyit)
CdS (mineraly greenockit a hawleyit)
WO, (mineraly tungstit a meymacit)
ZnS (mineraly sfalerit a wurtzit)

Cu,S (mineral chalkocit)




Rozpustnost a HSAB

Rozpustnost ve vodé

Voda rozpousti latky, které disponuji alespon jednou ,hard" casti. Sloucenina
vznikajici kombinaci ,soft acid" + ,soft base" je malo rozpustna v polarnich
rozpoustédlech jako voda.

Priklady
Sulfid olovnaty neni rozpustny ve vodé (sulfidovy anion je mékéi zasadou nez

oxidovy anion; olovnaty kation je mékkou Lewisovou kyselinou).

Sulfid sodny rozpustny ve vodé je, protoze sodny kation je tvrdou Lewisovou
kyselinou, kterou voda dobre solvatuje.

Jodid stribrny je nerozpustny ve vodé diky kombinaci soft acid, Ag* and soft base, I'.

Jodid lithny je kombinaci Li* (hard acid) a I (soft base) a tedy rozpustny ve vodé.




Sirovodikova srazeci metoda kvalitativni analyzy

= tradi¢ni kvalitativni metoda analyzy kationtu je zaloZzena na rozpustnosti, resp.
nerozpustnosti chloridd a sulfidi kovu a jejich ndslednych reakcich.

1. vysrazeni kationtu I. tridy roztokem kyseliny chlorovodikové

Chloridovy anion je tvrdsi zasadou, nez sulfidovy anion (ma mensi polomér) a
vysrazi proto tvrdsSi Lewisovy kyseliny (které by se srazely i se sulfanem; v prvnim
kroku je ale chceme oddélit, aby "nestinily" kationty II. tfidy). Mezi tyto tvrdsi
kyseliny pocitdme Ag*, Pb?* a Hg,*.

2. vysraZeni kationta 11-1V. tfidy sulfanovou vodou

Sulfidovy anion je mékkou zasadou (SB) a srazi proto kationty meékdi, nez kationty I.
tridy. Jde o kationty Bi3*, Cd?*, Cu?*, Hg?*, As3*, As°*, Sb3*, Sb>*, Sn?*, Sn*. Je
zfejmé, ze vyssi naboj znamena nizsi tvrdost.

3. Od Il. tridy tvrdost Lewisovych kyselin stoupa, a to az k V. tridé kationtu, ktera
zahrnuje Mg?*, Li*, Na*, K* a NH,*. Zvlasté kationty alkalickych kov( plati za tvrdé
kyseliny (HA), které jsou velmi dobre solvatovany vodou (hydratovany) a jejich soli
jsou proto dobre rozpustné. Tyto ionty se rozlisuji plamennymi zkouskami.




SOLUTION OF CATIONS, GROUPS 1-5

add HCl(aq)
precipitate group 1 cations

_ separate solution from precipitate
<

add Ha5(g)

precipitate group 2 cations

separate solution from precipitate

add NaOH(aq)
or NHz(g)
add (NHg)25(aq) precipitate group 3 cations

separate solution from precipitate

add Na3zCOslaq)

[or (NH4)2HPO4laq)] Precipitate group 4 cations

separate solution from precipitate




Qualitative Analysis Separation

Group 1 Group 2 Group 3 Group 4 Group 5
HSAB acids Soft Borderline and soft Borderline Hard Hard
Reagent HCI H,S (acidic) H>S (basic) (NH4),CO3 Soluble
Precipitates AgCl HgS MnS CaCO5 Na*
PbCl, CdS FeS SrCO3 "
Hg,Cly CuS CoS BaCOs NH,4 *
SnS NIS
As5S3 ZnS
Sb,S3 Al(OH)3
Bi>S3 Cr(OH)3




Barevnost soli
Sul tvorena SA-SB je tmavsi nez jeji "tvrdy" analog.

Prikladem muze byt oxid olovnaty PbO (SA-HB), respektive sulfid olovnaty PbS.
(SA-SB). Zatimco PbO je zZluta-oranzova latka, PbS je Cerny.

Yellow Lead monoxide Red Lead Monoxide
| e Galenit (PbS)
(Massicot) (Litharge)

Katalytické jedy

Jako katalyzatory se Casto uzivaji elementarni kovy (platina, nikl, apod.), tedy
velmi mékké Lewisovy kyseliny (maji nulovy ndboj). Jako katalytické jedy proto
funguji mékké Lewisovy zasady, napt. sulfidy (kovy s nimi zreaguiji).




Goldschmidtova klasifikace prvku

Gas Phase <— Atmophile

<— Lithophile

<+<— (Chalcophile

Metallic Liquid

<— Siderophile

Litofilni prvky vykazuji silnou afinitu ke kysliku, vyskytuji se v silikatovych
mineralech, pripadné jako halogenidy. Litofilni prvky tedy tvofi kationty, které
povazujeme za tvrdé Lewisovy kyseliny (HA). Ty se vazou s kyslikem jakozto mt-

donorem.

Chalkofilni prvky maiji silnou afinitu k sife; tvofi s ni sulfidy. Oproti litofilnim prvkim

jsou jejich kationty mékcimi kyselinami.

H. He. N. Noble gases

Alkalis. Alkaline Earths.
Halogens. B. O. Al. Si. Sc. Ti.
V.Cr. Mn. Y. Zr. Nb.
Lanthanides. Hf. Ta. Th. U

Cu.Zn. Ga. Ag. Cd. In. Hg.
Tl.As. S. Sh. Se. Pb. Bi. Te

Fe.Co. Ni. Ru. Rh. Pd. Os_ Ir.
Pt. Mo. Re_ Au. C. P. Ge. Sn




Goldschmidtova klasifikace prvki

Pomoci konceptu HSAB muzeme vysvétlit, proC se vapnik vyskytuje v litosfére jako
siran nebo uhli¢itan (HA-HB, nebot anionty kyslikatych soli obsahuji atomy kysliku

slouzici jako donofi m-elektront), olovo jako sulfid a zlato jako tellurid anebo ryzi

(elementarni zlato je nejmékcéi kyselinou, coz je dano velikosti, elektronovou
strukturou i nulovym nabojem).
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. Lithophile

Ficure 7.2, Goldschmidt's classification of the elements.

Goldschmidr’s Classification
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Geochemical Classification

Lithophile

Siderophile

Chalcophile

Atmophile

Organophile

Fluid-mobile




Goldschmidtova klasifikace prvki
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Hydratace iontu a standardni elektrodovy potencial

lonizacni energie a elektronova afinita se tykaji vzniku iontu z izolovanych atomu
v plynném stavu.

Vznik iontld v roztoku zahrnuje:
1. Atomizace: standardni stav -> volny atom (g)
2. lonizace: volny atom (g) -> volny ion (g)
3. Hydratace: volny ion (g) -> hydratovany ion(aq)
Pokud je tento proces sledovan
za standardnich podminek (25 °C, 101,325 kPa),
predpoklada se, Ze je prvek ve styku s roztokem svych iontl o koncentraci
1 mol/I
méri se srovnanim vuci vodikovému systému
nazyva se sledovana veliCina standardnim elektrodovym potencidlem (E), nebo
také redoxpotencialem.

Vztah mezi standardnim elektrodovym potencialem a Gibbsovou energii:

AG =-|z|.F.E

z je pocCet elektron zdcastnénych v oxidacné-redukénim procesu
F je Faradayova konstanta (96487 C/mol)




Redoxni potencial (oxidacné-redukéni potencial, redox potencidl) = mira
schopnosti redoxniho systému prevést jednoho z reakénich partnerld do
oxidovaného stavu. Vyjadruje redukcni stav systému v milivoltech (napéti mezi
standardni vodikovou elektrodou a prislusnym oxidacné-redukénim prechodem)

TABLE 17.1 Standard Reduction Potentials at 25 °C

Reduction Half-Reaction E* (V)
Stronger Fig) + 2e” —+ 2F"(aq) 287 Weaker
Cim vice ma cinidlo E>0 — HOgdag) + 38 og) + 2047 —+2H 0N b oy
] o _ R ’ agent MnO Jlag) + BH*lag) + 5S¢~ — Mn*ag) + 4 H,0(/) 1.51 agent
tim vétsim je oxidacnim Clilg) + 2¢° —> 2C1(ag) 1.36
ve . v/ , Cr0,log) + 14H*lag) + 6e° — 2 Cr**og) + 7H,0(/) 1.33
Cinidlem, ¢im ma E<O, OJg) + 4H'(aq) + de=  — 2HO() 123
s . . VeV s Brilagl + de” — 2 Br {ag] 1.0%
tim je silnéjsim fisr oG Gt e
redukcnim Cinidlem R ) &0 B i
) Qylgl + 2H ag) + 2e” = H ;05 (ag) 070
Ijish + 28 —s 2 I"[ag) 0,54
X7 7 s Vv s D;[ﬂb + EHIu“] + 40 s "ﬂH'iﬂ‘ﬂ oLa0
Cim ma kov zapornégjsi Cu™{ag) + 2¢° —+ Cul#) 6.34
s &n + 2 — 50 L
hodnotu redoxniho o i olic
- , R 2H (gl + 2¢” — Hlg) 0
potencialu, tim ma vétsi | ET——— ——— 013
4 Ni*'lag) + 2& — Mil 5} - 0,26
schopnost uvolnovat vyl s Zis o
eIektrony. Fe''lag) + 2¢” — Fe{s} - 0.45
Zntag)l + 2 —+ Zn{s) - 0,76
ZHON + 2¢ —+ Higl + 20H" (aq) -0.83
Al"™Mag) + 3e° — All 1) « 166
Weaker Mg**(ag) + 2e” — Mgis) -2.37 Stronger
ﬂxidiﬁ“g ".*‘W' + 8 —-—k Hat!' = 2.7 rnd uci"g
agent Li*log) ¢ e — Lifs} - 3.04 agent




Elektrochemicka rada napéti
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\'4 \'4 V 4 v é (o)
Vytésinovani kovu z | e o
O e oo V4 i l K K+
roztoku jejich soli metals that react 24
with water Ca Ca
| Na Na*
Mg M%2+
o/ 7 v \"4 \"4 7 Al Al +
Kov stojici v radeé napéti o 72+
s v , metals that react 2
vlevo dokaze kov (v kladném with acids ;e :fg:
. \Y4 V4 o/ 7 I I
oxidacnim  stavu)  stojici Sn Sn2+
’ 2
vpravo redukovat a sam se ib ﬂ2+
7 7 . 2
tim padem oxidovat, a Cu cut
7 LV 4 2
naopak — kov, ktery stoji v metals thatare  Hg Hg=*
o . L _ highly unreactive Ag Ag*
fadé napéti napravo je | Au Aud*

schopny kov stojici vlevo

zoxidovat a sam se redukuje higher metals will replace lower metal ions in solution
lower metals will not replace higher metal ions in solution

Zn /-""""“\J
r 5 )
- Zn°® - Cu” = Zn" + Cu°
- 0 Stare +2 State +2 State 0 State
AgNO;
= B Electron Transfer
e Chemistry .
Tunneling
——Cu
Electrons transfer from zinc metal to the copper(Il) ion
AgNO,;— : ) ; :
x2 Single Electron Transfer (SET)




Reakce kovu s kyselinami

Kov stojici v fadé napéti pred vodikem, tj. od vodiku nalevo (zde nahore nad
vodikem), je schopen redukovat vodik a sam sebe oxidovat (kovy stojici daleko
pred vodikem jsou schopny zredukovat vodik dokonce i z vody).

2 Na+H,S0O, 2 H, +Na,SO,
2Na+2H,0 > H,+2Na"+2O0H"

Kov, ktery stoji za vodikem, je schopny zoxidovat vodik a sam sebe redukovat:
CuO+H,->Cu+H,0

reakce Cu:

zfedéna HNO;: 3 Cu+8HNO; - 3 Cu(NO;), +2NO +4 H,0
konc. HNO,: Cu + 4 HNO; - Cu(NO;), + 2NO, + 2H,0
konc. H,SO,: Cu +2H,S0, - CuSO, + SO, + 2 H,0

V neoxidujicich kyselinach se méd nerozpousti.

reakce Zn:

konc. H,SO,: Zn + 2 H,S0, - Z2nSO, + SO, + 2 H,0

zfedéna H,S0O,: Zn +H,50, - ZnSO, + H,

konc. HNO;: 4 7Zn + 10 HNO; - 4 Zn(NO,), + NH,NO, + 3 H,O

reakce s HCl (konc. i zfed.): Zn+ 2 HCI - ZnCl, + H,




Periodic Table of the Elements

o, —
)
i*% *1 2 3 4 5 6 7 8 9 10 1 12 13 14 15 16 17 18
% :
i ) ] Akali Metals B OtherMetals =
) B AkaiEanhmetals ] NonMetals " | .
B TansitonMetals  [[] Halogens T:I
3 || RareEarth Metals [[] Noble Gases p E
: el
s xe
a 2
7
Electron
Electron Reducing Elements Oxidizing Elements Deficit
Surplus Sl
58 |59 [o0 o1 oz 63 o4 o5 |6 [or L2 B _
Ce Pr‘ﬂd Pm|Sm| Eu|Gd| T | Dy | Ho| Er | Tm | Yb | Lu | Lanthanides
T 1 ]9z 93 |94 |95 97 |98 |9 Jod 1o Jio¢ fio3 -
Th|Pa|U | Np| Pu|Am|Cm|Bk | Cf | Es |Fm |[Md | No| Lr | Actinides




Atoms with
positive charge
(i.e. those with
more electrons

than protons) are
chemically

oxidized relative

to their elemental
condition,

Elements
that exist in
nature in
just one
positively
charged
state

For example,
K+ and Ca?*.

Elements with
no redox
chemistry
in nature

Railsback's Some Fundamentals of Mineralogy and Geochemistry

A periodic table of redox behavior

Li Be
NaMg
K Ca Sc‘ Ti
Rb Sr Y Zr
Cs Ba La Hf
Ral Ac|Thi Pa |l
Elements Elements that Elements that Elements that
that exist in exist in nature in  exist in nature in  exist in nature in
nature in elemental states ranging elemental
more than (uncharged) form  from positively  (uncharged) form
one and in at least charged to and in at least
positively one positively one
charged charged state charged charged state
state
For example, For example, For example, For example,
Mo®+, Mo**, Fe®, Fe?*, S8* to S, 0, to 0%,
& Mo?+. & Fe.

Elements with at least some
redox chemistry in nature

(and thus with multiple forms that can't be shown on a one-cell-per-
element table like this one, but shown in their multiple forms on the
Earth Scientist's Periodic Table of the Elements and Their lons)

Atoms with
charge
(i.e. those with
more electrons
than protons) are
chemically
relative
to their elemental
condition.

Elements Elements
that exist in that exist
nature in in nature
just one in no
: charged
charged state at all
state (the noble
gases)
For example,
Fand CI-.

Elements with
no redox
chemistry
in nature




Elektrochemicka rada napéti

g lkyselinou ——#  vodik + sdl

s vodni parouy ———P vodik + oxid

se studenou vodou

— vodik + hydroxid

K. Ba Ca Ma|Mg Al Mn Zn Cr Fe Cd|Co M Sn Pb |H EeiRiYs R els By

+ + +

+ 2+ 2+ + 2+ 3+ + 2+ 3+ 2+ 24+ 2+ 24+ 2+ 24 + 2
K. Ba Ca Ma|Mg Al Mn Zn Cr Fe Cd|Co M Sn Pb |H gel
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Rada aktivity kovti

1. Snadnost se kterou kov v roztoku ztraci
elektrony a tvori pozitivni ionty klesa v radé
shora dolU tj. od Cs po Pt.

2. Kovy z horni casti fady maji schopnost
vytésnit kovy umisténé nize z roztoku jejich
soli.

3. Rada aktivity kovd charakterizuje miru
jejich reaktivity.

4. Kovy v horni casti rady je obtizné ziskat z

Reactivity

jejich rud.

Metal Name

Magnesium

Aluminum

Titanium

Manganese

Zinc

Chromium

Iron

Cadmium

Cobalt

Nickel

Tin

Lead

HIGHLY REACTIVE

Hydrogen

Al MODERATELY REACTIVE
Ti Mg
Mn Very Slow Reaction with Cold
Zn Water, Strong reaction with
hot water or steam
Cr
Fe Al, Ti, Mn, Zn & Fe
Moderate reaction with hot
Cd ; .
C water or steam and dilute acid
(¢]
Ni Ni, Sn & Pb
S Slow reaction with dilute acid
n
Pb
Nonmetal (For Comparison)

Antimony

LEAST REACTIVE




ACTIVITY SERIES OF METALS

Best reducing MWost reactive

Li agent metals
K
Displaces Hy from Ba
H,O( 1), steamn, or
acid (H,0") Sr
Ca
Na
Mg
Copereten ||
3 Zn
Cr
Fe
Displaces H, Ni
from H;O* Sn
Pb
H,
sSb
Cu
Do NOT displace Hg
H, from HyO(l), steamn, < Ag
or acid (HyOF) Pd
Pt
L Aul WWorse reducing Least reactive
agent metals
Oxid. # 1+ 1+ 0

* H gains e~ andis reduced:

+ Hence metals are reducing agents

+ metals become oxidized
0 1+
Lifs) » Li*

<A metal higher in the series will displace an elemeant below it in the series.

Example: Zn(s) + Cus040aq) — ZnS0,40aq) + Cu(s)
(from Cu lakb)

Reduction of metal oxides

Potassium
Sodium
Calcium
Magnesium
Aluminium

Zine
Iron
Lead

Mot reduced by
carban

Reduced by
carbon

Reduction with Hydrogen

Uxides are not reduced by
hydragen

Reduction with Carben
Patassium
Sodium
Creides are not reduced by
Calcium
carbon
hMagnesium
Alunmniuem
{Carbon)
Aine
Iron
= Oxides reduced by heating
Llgd
with carbon
Lead
{Hydrogen)
Copper
Silver Oxides decomposed 1o
Gold metal by heating only

Orxides are reduced by
heating with hydrogen




Reactivity Series of Metals

Pot - — Potassiom K (Most reactive metal)
. K otassium Sodium Na
Most reactive Na Sodium o .
Ca Calcium Extract by aleium @
Mg Magnesium electrolysis These metals are M]Hgnr.?s_mm Mg
Al Aluminium y more reactive | Alumimum .A]
C Carbon than hydrogen Zine Zin
: i 3 Iron Fe
Increasingly Zn  Zinc _
: gy Fe Ferum \ Extract by Tin Sn
reaclive Sn Tin carbon reduction | Lead Ph
Pb Lead / [Hydrogen] [H]
Cu Copper ! Heating directly — Copper Cu
Hg Mercury in air These metals are Mercury Hg
Least reactive Ag  Silver I Found as less reactive than —  Silver Ag
Au  Gold ¥ natural element hydrogen | Gold Au (Least reactive metal)
Very Reactive | Li Lithium T | T f
A K Potassium Reacts Potassium
. with Sodium | gt Very
o Sapan Water Lithium | Wi reactive
Ca Calcium Eatra::!ll;lm by Calcium
ectrolysis
Na Sodium l
Mg Magnesium Expensive RF-:IH
Al Aluminum Reacts | wit
with M . acids
= Carbon Dilute A::ﬂ::,?ul:;n
i
Zn Zinc e :r Zine React
Fe Iron Extraction by Iron with
Ni Nickel Metal Ouide Tin oxygen
Reduction
Sn Tin R?;_i::i hrlengrininsi Lead
Pb Lead il or €0,
H Hydrogen inexpensive
Copper
e Copper _L Mercury
Hg Mercury Silver
Ag Silver Very
Au Gold oy unreactive
Pt Platinum 1 o Gold *




i

Magnesium

Aluminum

Titanium
Manganese

Zinc
Chromium

Iron

Cadmium

Cobalt

Nickel
Tin

Lea

Hydrogen

Symbn“ Reactwutv with Oxyge! .____

g Cs, Fr, Rb, K, N;
® . .
o |
o
5|
e
AL
T Mg,Ti,Mn,Zn & Fe, Ni, Sn
2 _mm &Pb
E Zn Reacts with oxygen on heating to
& Cr form oxides
= Fe
o Co Reacts with oxygen at ordinary
- Ni temperature
S _
Sn
Pb _
H . Nonmetal (For Comparison) I

Reactivity with Water

Reactivity with Acids

CS Fl', nh‘& CS, Frr Rbl K, Ha’ Hf'

Very Slow Reaction with Cold | React vigorously with dilute acid |

Water, Strong reaction with hot to give hydrogen
water or steam
Al, Ti, Mn, Zn, Fe, Ni & Sn
Al, Ti, Mn, Zn & Fe React moderately with dilute
Moderate reaction with hot acid to give hydrogen
water or steam
Pb
Ni, Sn &Pb React with Concentrated acid to
Do no react with water SIS Ay Croatt
Nonmetal (For Comparison) | Nonmetal (For Comparison)

|

Least Reactive

, Ag, Au & S, Bi, Cu, W, Hg, Ag, Au & Sb, Bi,Cu, W, Hg, Ag, Au &




Reaktivita nekovu

Béhem vytésnovacich reakci vice aktivni nekov
vytésnuje méne aktivni nekov ze slouceniny.

Aktivita nekovu zavisi na jejich schopnosti pfijimat z
roztoku elektrony, za tvorby pozitivnich iontd. Cim
snadnéji nekov prijima elektrony, tim je aktivneéjsi, a
tim vyse je v radeé reaktivity nekovu.

Activity Series of Non-Metals

Most reactive fluorine F
chlorine Cl

oxygen O
bromine Br

iodine |

sulfur S

Least reactive | (red) phosphorus P

He

increase in reactivity

Lmre:-:ctivef

Reactivity Series
Nonmetals

S| |
- Sulfur




Reaktivita cenctivity

decreases

AU
o
! ]11 =
Uy

alaily Qg iy

Reactivity
increases

e EO
t. HoJs

o
e

[ frhy
T

aww | pven | e f g [ g | e
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21 =5
gf. T
o e e

sl E=] [TEN]
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Au

prunt
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= et uenace penaie]
b Pt i Pk

= Kl
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Ha =T HER

HI AR

Reactivity
increases

Reactivity
decreases




Element Reaction with dilute hydrochloric acid
potassium very violent- very explosive
sodium very violent- explosive
calcium very rapid- lots of hydrogen produced
magnesium rapid- bubbles of hydrogen produced steadily
zinc slow- bubbles of hydrogen produced slowly
iron slow reaction- some bubbles produced
hydrogen no reaction
copper no reaction
No initial No Slow Fastest Fast

reaction reaction reaction reaction reaction




FrOStlo]V diagram — ?- e —— hmg ———

Tendence dvou latek k synproporcionaci 5 4 m/

¢i  disproporcionaci lze  vyjadfit 41 oo o /- -
s . . v ’ &4 E . - —O- -

Frostovym diagramem oxidacnich Ccisel, w’ —O—pH= 14,

9 3 I"l-h':l!'!

pokud je u latek hodnota AG/F nize neZ / /fa.m/\
cara spojujici prislusna oxidacni Cisla na N /
obou stranach, pak tyto latky, jsou-li

MO
0 4 N:He-

‘1 ‘ ¥ 1 L] ¥ T L] L]
spolecné pritomny v roztoku, podléhaji 3 2 4 0 12 3 4 s
. . MNumero di ossidazions
synproporcionaci.
A species in a Frost diagram is unstable with respect to disproportionation
if its point lies above the line connecting two adjacent species.
6 «.euthe following species would tend to N 'O::/
6 7 Frost diagram for Mn in aqueous acid - disproportionate......... O /
5 1 )

4 . /
NH,OH NO

2

w o ) / r

< NH. \ NH;OH" N-O,
27 NH, \ No / [NO LN\

4 1 .

Unstable species are above the
lines connecting their neighbors

o & 7 |oxidation states 3 and &)
L
1F NO NO
0 / N o]
e g 7 - _/ N-H.
o) 4 LK _ 4
-3 -2 -1 0 +1 +2 +3 +4 +5
-3 Oxidation Number Oxidation number, N




Koordinacni (komplexni) slouceniny

Tvorba komplexU je charakteristickd pro prechodné kovy. Jsou tvoreny centralnim
atomem (iontem) a ten je koordinacné kovalentnimi vazbami vazan s atomy, ionty
nebo atomovymi skupinami — ligandy.

Mn* + xL = ML, "
(M = centradlni atom, L= neutralni ligand)
Mn* + xLY- = ML, - (¢y-)

(L= aniontovy ligand)

Koordinacni Cislo - pocet atomU ligandl primo vazanych na centrdlni atom v jeho
koordinacni sfére prostrednictvim tzv. donorového atomu (vétsinou C, P, N, O, S

nebo halogen) o EEEED 000000000

ds in

c-  cr l

e j@g.@ lHT l LI e

A \x
4d s -
cl* e "Cl
cr- cl




Stabilita komplexu
1. NejvysSe nabité kationty vazou prednostné nejmensi anionty. Naptr.:
K[FeCl.] + 6 KF = K[FeF.] + 6 KCl (F <CI)

2. Pri vzniku iontovych komplexh mohou hrat vyznamnou roli elektrostatické sily,
coz vysvita z fady stability: s rostouci velikosti iontl (a tim padem i vzdalenosti
iontd) vznikaji méné stabilni komplexni ionty, malé ionty vytvareji stabilnéjsi
komplexni ionty. To plati zejména tehdy, ma-li centralni kation konfiguraci vzacného
plynu nebo vysoky naboj.

AIF3 > AICI3 > All%; FeFg® > FeCl 3 > FeBrg; CeF¢ > CeCl> > CeBrg*

3. Cetné vyjimky z tohoto pravidla indikuji zapojeni také jinych nei ¢isté
elektrostatickych interakci. Napr.

K,[HgCl,] + 4 KI = K,[Hgl,] +4KCl (CIF <)

4. Stabilita komplext se zvySuje u ligandl obsazujicich nékolik koordinacnich mist
najednou (tzv. chelaty).

5. Bazictejsi ligandy tvori stabilnéjsi komplexy.

6. Stabilni komplexy tvori neutralni ligandy malé velikosti s velkym dipdlovym
momentem.




v v

7. Komplexy nékterych iontl (Cr3*, Co3*, Pt?*, Pt**, Ni%*) velmi neochotné méni

ligandy. Tyto ionty maji nezaplnéné d-slupky.
d3: Cr3+,

dé: Co3*, Pt#*

d8: Ni%*, Pt%*

U nezaplnéné d-slupky vznika nepriznivé rozlozeni naboje pro prisun dalsiho

ligandu, ktery ma nahradit jeden z pavodnich.

Konstanty stability

Postupné konstanty stability Cd** + NH, — [Cd(NH,))?+
jsou rovnovazné konstanty
dané pro kazdy krok procesu

[Cd(NH;)]*t + NH; — [Cd(NH,),]*"

substituce ligandu. (CA(NH, ), ]2+ + NH, — [CA(NH, ]2+

[Cd(NH,),]?* + NH; — [Cd(NH,),]*"

(CA(NH,)*]

_ _ 2.51
Ky = Tewrmay = 107
___[Cd(NH,)ZT] 141,96
K = [Cd(NH:;)ZiﬁNH:;] = 107
_[CANH)FT] 441,30
KB a [Cd(NH:s)g_'-][NH:s] =10
K4 _ [C‘II(NH:;)?{‘F] — 100779

~ [CA(NH,)37|[NH,]

Celkova konstanta stability je rovnovazna konstanta celkové reakce.

B = K KyKyK, = 106,56




Periodic Table of the Elements

Irwing-Williamsova rada stability [«

Be Blc|lnlolr|ne

* Stabilities of the high spin complexes of the 3d
metals from Mn?* to Zn *with a common ligand
is usually

Mn*< Fe*< Co*< Ni*< Cu*> Zn*

* This is attributed to the CFSE values of the
complexes and called natural order of
stability.

* There is a discrepancy with Cu which is due to
Jahn = Teller distortion

+ Partially explained by electrostatics: smaller 200 pm =2 A
metal centre, same charge = greater charge
@ @@
« Based on electrostatics we expect stabilities
which vary as: -1185 -447 i -280 -257 +342 —762
Mn®*< Fe®*< Co®* < Ni¥* > Cu**>Zn* Eo, (mV) (+771) (+153)"!
* Irving William Series gives Cu?* more stable - = 'T"" 'T'H- 'H“H'
el
gl - Sibb b S i i
- Because of Jahn Teller Distortion
electron configuration in an octahedral low-spin complex
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log K versus £

log E For addition of ist en
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Stability constant (log K1) of divalent mtal ions

10

log K,

Al

NH;CH~CH-S/

NH,CH }é, /;/ { \

oxX 7 7

. . 1 P " " 1 i . .
BasSrCaMg Mn FeCoMiCulZn

Log stabulity constant




Klasifikace koordinacnich slouc¢enin podle koordina¢niho €isla

centralniho atomu (hybridizace):

koord. ¢
koord. ¢

koord. ¢

. 3 (zfidka) - trojuhelnik [Hgl;]

koord. ¢

koord. ¢

C. 2 (zfidka) - linearni [Ag(CN),]

C. 4 (Casto) - tetraedr [Cu(CN),]> nebo étverec [Pt(NH,),]**

. 5 (zfidka) - trojboka pyramida nebo ctvercova pyramida [Fe(CO);]

. 6 (nejCastejsi) - oktaedr [Co(NH,).]**

koord. ¢

Coordination
number

2
4
4

. 7 (zfidka) — pentagonalni bipyramida [ZrF/]*

Shape Hybridization
Linear sp
Tetrahedral sp?
Square dsp?
planar
Octahedral sp3d-?
' Nn«‘9 4 ‘
va——C 2
U “

Examples

[CuCLJ
[CuCLJ
[Ni(CN),]*

[Fe(H,0)s>*

Co-ordination

2 4 4 6
number
linear tetrahedral square planar octahedral
Shape | Iy, T R B T | .....
—M— M. M: M
7N R e
Bond angles 180° 1091470 90° 90°
: 2+
Occurrence Agt Large Iigainds Pt Commonest
complexes (e.g. CI) complexes
e.g. [Ag(NH;),]* [CuCly)> [PtCl,)> [Cu(H,0)6]*




CN | Geometry Hybridization Example
2 Linear H sp [Ag(NH;),]"
4 | Tetrahedral ‘ *’% sp? [CA(NH,),]*
4 square planar :}4‘ sp-d [Cu(OH,)4]*"
5 trigonal bipyramid “%“‘ spd Fe(CO)s
5 Square pyramidal A"‘ sp-d- [Mn(Cl);]*
6 Octahedral % spid- [Fe(CN)q]*




Orlatals of Ce® e |++|* [ * | + ] + |

o

amel= v lised -f** * + +

crbe i s ol o

o

ol |’ #4444 4]

Jonter armlal ar
nzb-spr comzple s Ad

Cratom (7 = 24)
Ground state

d?sp3

Cr (Lil)

Hybnidisation

[CRr(NH,), )" ion

N

== _'Il',l

Ll

.'-,rl-‘:."'-'ll'-l.*rld A
bit e bifte b ity
S e o electns A:f
Fren six 15 1ok
3d 4y 25p
T[T
T|T
J*xp? hybridization
T|T |
£ O A O e O O

Six pairs of electrons from
six NH3 molecules (ligands)




Znilh in [£nCl4]2-

Zn(lly in ZnClz

sp3

Zn2 ion

£n atom

Ni-atom

dspz N

[Ni(CN),,] 3

Cl - CF CF

THTLITHTLT] Tl TLTLTL]  (tetrahedral
s ¥ hybei d orbitals
CH ClH
TITLTITITY Td Td (lincar)
sp hybrid orbitals
TITLTITITY
3d 45 4p
TUTLITITIT Tl
3d 4s 4p
Av vty 4 Ay
NININTATS
[T dsp’—Hybridisation
NI IS TN o] D]+l




Oxidation | Type of | Geometry No. of Magnetic 1) 2) 3) ) 3) (6) ()
o wad Configuration state of |hybridi-| shape |unpaired | nature > -
an S metal zation electrons 3P 4p )
n @ ) @ ) ®) ™ o'« | T] O 11 +3 3 |Paramagnetic
3d 45 4p e | O] 3] BIRTR] +3 ;%;;3] Octahedral 3 Paramagnetic
_— nner
NIt (@) ammit] O CLI +2 2 |Paramagnetic dsp?
i 4d
3+ OEOE K .
. [Cr{H;0)] LLU_LH_L_I u;!;! ole +3 spid? | Octahedral 3 Paramagnetic
icl NN HORBEHHE +2 sp? | Tewrahedral 2 Paramagnetic z - (Outer)
,__"_,____..3 spid
spr
co™'(d® [ttt D L1111 +3 4 Paramagnetic
miceny | [T [B] [ETE] +2 dsp? | Square planar 0 Diamagnetic
————— ~ .
Rearrangement  dsp? [COFG]S HHAEA E EH... +3 ({sialdzl Octahedral 4 Paramagnetic
uter,
spid?
i | I | | E [i] 2 Paramagnetic
l LN conty)e”| MIHIELELE] ] GIELE] 43 d2pd | Octahedral 0 | Diamagnetic
. (Inner)
Ni(CO), HIHHH m HHE 0 sp? Tetrahedral 0 Diamagnetic Rearrangement  /sp
* .
Rearrangement sp? Co’ (d'?) [ttt ] D L1 +2 3 Paramagnetic
3d 4s - ap 4d | [counorg®| BRI [B] EIELE] EIE[TT]| +2 | sp? | Octahedral | 3 |Paramagnetic
MiNHye | [T ] HHHEHH +2 spd? | Octahedral 2 Paramagnetic = (Outer)
spid? (Outer) spid?
3d 4 4 rM@h | BN O (11 2 4 |paramagnetic
s p
2+ 05 I ] “l | +2 5 P eti
e H - i FecNyg™ | BT ] EIETE] 2 d2sp? | Octahedral 0 | Diamagnetic
e e ———— [
i Rearrangement  d2sp? {Incer)
vnienyg ™ | [HIEHTETS] [(B) [RISIE +2 d25p3 | Octahedral 1 |Paramagnetic |
Reammangement  d%sp’ o treotor” | (I (8] LT EETTT| +2 | o | Ocubednd | 4 |Purmagrt
—_— uter
2- T+ " spid?
MCL IT“H“{” m‘—a—‘l.l.E.| 2 >’ Tetrahedral ’ RSSISS [Fe(N'H3}6]2' Same +2 sp¥d? | Octahedral 4 Paramagnetic
sp? (Outer)
. Fe''(a”) HHHEE D HEE +3 5 Paramagnetic
C“2+(d9) IH["’“”“]” D I I I J +2 1 Paramagnetic
reeny’ | MIHTELETE] (2] EIRIE] +3 d%p’ | Octahedral 1 Paramagnetic
= HHE i (Inner)
[CuCly] AR HEHHE 2 sp3 | Tetrahedral 1 |Paramagnetic —
—_—— 15
sp? .
Fe ([t L1l 0 4 |Paramagnetic
[cuiney) )| [BIRIHITE] [3] (RISt +2 dsp? | Square planar 1 Paramagnetic
dspz Fe(CO)s mmﬂ m 0 {[dsp]vj lt'.Trngn_ad[al 0 Diamagnetic
—_— nner, ipyrami
One electron is shifted from 3d- to 4p-orbital dsp?
Complex | Central | Configuration | Hybridisation | Geometry of | Number of | Magnetic S. | Complex CE““:‘“ C““"g'l"““i““ H!‘b"idis"_ﬁ“ﬂ Geometry | Number of | Magnetic
ion metal ion of metal ion of metal ion | complex ion | unpaired hehaviour Ne. metalion | of metal ion of metal ion of the unpaired | behaviour
Tt : complex electrons
involved electrons
_ ) i . i ] (i) i 2 7 sp Tetrahedral 3 P: tic
[NICN L] Ni! d' dsp” Square planar L] Diamagnetic ol M b 4 ? S e
1 1 i 3 = iy | [Cr(H,0)5 34 3 2.3 Octahedral 3 PuifartEtic
INICl)a) Nit* d P Tetrahedral 2 Paramagnetic (i) {C304_\:]_ or 3d d~sp ctahedra aramagnetic
[CoFs]™ Co™ d’ sprd” Octahedral -+ Paramagnetic (i) | Ni(CO), Ni 1 4 . Tetrahedral 0 Dl




Teorie krystaloveho a teorie ligandového pole

Teorie krystalového pole (CFT) uvazuje pouze elektrostatické interakce, neuvazuje
castecné kovalentni charakter vazby centralni atom — ligand.

Teorie ligandového pole (LFT) je slozitéjsi, je zobecnénim predchozi teorie,
zahrnuje i teorii MO-LCAO).

Princip teorie krystalového pole (CFT)

Vychozim bodem je klasicky popis systému ligandu, kdy se na ligandy pohlizi jako
na zaporné bodové naboje, jejichz elektrostatické pole, krystalové pole, ovlivhuje
elektrony vnéjSich d orbitald komplexniho centra. Mezi centralnim atomem a
ligandem existuje elektrostaticka pritazlivost (mezi kladné nabitym kationtem kovu
a zapornym nabojem na nevazebnych elektronech ligandu), nebo také
elektrostaticky odpor kdyz elektrony ve vnéjsich d orbitalech maji odpudivy ucinek
na zaporné nabity ligandovy systém.




Octahedral, Tetrahedral & Square Planar

[ CF Splitting pattern for
&: : ’$ various molecular geometry

Octahedral ‘
i M'n | / b ]
\4 4 P N ¢
* 3‘ . III:E \ | d'_ar..r d .r_# t
g d oy Co -
e i A A e s | e
8 - LA (Majority Low spin)
Weak field A < Pe !
Strong field ligands
Strong field A > Pe ie., Pd¥, Pt>, Ir*, Au™




Oktaedrické komplexy

— centralni atom je obklopen 6 ligandy, elektrony na orbitech d,, , a d,, jsou
lokalizovany v bezprostredni blizkosti zapornych ndaboju ligandl, zatim co
elektrony na zbyvajicich d orbitalech jsou ovlivnény ligandy méné. Soubor 5
plvodné degenerovanych d-orbital(l se elektronovou repulzi energeticky Stépi na
2 podhladiny:

de-yZ' dzZ d d d

xy? Yxz ?

d,

Energeticky rozdil mezi témito podhladiny se nazyva sila ligandového pole,
oznacuje se D a udava se vem™.

Ligands as
point charges

sférické oktaedrické ‘




LUMO

. y  u_r LUMO €y
Velikost A zavisi: ¢, ¥
P low-spin ||
high-spin A A
1) na povaze centralniho atomu v '
Le —I— ,
a) s oxidacnim cCislem A roste "~ HOMO e =—
, L HOMO
b) s hlavnim kvantovym cCislem A roste
strong  donor L strong o donor L/

n-acceptor L

Mn?t < V&< Co?t< Fe*' < Nitt <Fet'< Co*t<Mn* <Rh* < It < PE

- Ist row/low-valent 2nd,3rd row/high-valent -
low A high A

I1) na povaze ligandu
ligandy lze sestavit podle schopnosti stépit d-orbitaly centralniho kovu do tzv.

spektrochemické rady ligandu:

I-, Br, Cl, SCN-, F-, S,0,,, CO;%, OH-, NO;, SO,%, H,0, C,0,%, NO,,, NH;, C.H:N,
en, H, C.H., CO, CN-

zhruba plati poradi:

halogenkomplexy < aquakomplexy < amminkomplexy < kyanokomplexy




upper d-orbitals

high-field |ligands;
A electron-pairing energy
15 smaller than A

upper d-orbitals
Ay

1

.1

.1

lower d-orbitals

love-field ligands; & i1s smaller than

L repulsion energy reguired to pair up
1 1 1 laweer d-arbitals glectrons in the same orbital
| | ‘
o dz’ dx*-y? > dz? dx2-y?2
o Q)
L oa
T |
dxy dxz dyz dxy dxz dyz
= stromg WERk for
CN",CO NO,” en NH; H,0 ox OH- F~ SCN-,CI- Br~ I°

Relative ligand field strengths




[CoF]*” Octahedral complex sp®d?

Co ad[TUTUTITIT] co®*aalld [CoFg]*
as (11 45
[Co(NH,)g]** Octahedral complex sp3d?
Co ad NUIUTITIT] cod*aallil [Co(NH,;)g]**
45 “ 4s

ENCSSM 2003

4d

4p

sq TUTITITIT

4s |

QOuter orbital complex
High spin complex
4 unpaired electrons

4p

3 (THTHTY

45

Inner orbital complex
Low spin complex
No unpaired electrons




d orhitals/in
octahedral field i ‘&

atomic d orbitals

ENERGY

J

(a) Red form (b) Green form




Tetraedrické P B0
komplexy

L
£

Jsou tvoreny u iontl — =
nékterych prechodnych kovl |
(Coz+, Cu2t, Zn2+, Cd?*,
resp. Ti**, Mn?*), zejména
pokud jsou ligandy velké.




Oktaedrické a H m\ |
tetraedrické komplexy

[Fe(Hz0)s]*

Cotahedral
T &

Octahedral complex in a cube.
Ligands are on the centers of

w the cube faces.
dx2 s y2 d22
A % *Eg
) 3
? 0
-w® E e \
- 2
2® S o ,/
Y | ;
2g9
dxy dxz dyz
Octahedral

(a) (b)

[Zn(NHs5)4]?*

Tetrzhadral
S o

Tetrahedral complex in a cube.
Ligands are on alternate cornei
of the cube.

Tetrahedral




Ctvercové planarni komplexy

Ctvercové komplexy jsou zndmy u nékterych
pfechodnych kovl, napf. Ni, Cu, Rh(l), Ir(l),
Pd(Il), Pt(ll), and Au(lIl).

| .
3 Fd
i -
‘ i E nr'l
i | ! ~
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Py N - =]
o - A - N o -
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':hl s iy,
5 L7
2 v
L sen Plan —-— , e
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,
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,
1
A
!
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Ctvercové a tetraedrické komplexy

4
NH; HsN,
%,

H,N—£niNH; H;N—Pt—NH;

NH:: NI l_‘:

these
molecules
are W
identical! /

tetrahedral square planar

o




Crystal Field splitting diagrams (pi-acceptor ligands)

| Octahedral | Fentagonal bipyramidal | Square antiprismatic |
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Magneticke viastnosti

- priblizné uréeny poétem neparovych elektron(

- podle multiplicity délime komplexy na nizkospinové a vysokospinové
(diamagnetické a paramagnetické)

Napf. pro oktaedrické komplexy Fe?* (d®) plati:
[Fe(H,0)]?* = vysokospinovy komplex (D < p = energie parovani)
[Fe(CN)¢]* = nizkospinovy komplex (D >p)
(vliv ligandu, jeho postaveni ve spektralni radé)

[Fe(H,0)¢]?* = vysokospinovy komplex
[Co(H,0)¢]>* = nizkospinovy komplex
(vliv oxidacniho Cisla centralniho atomu)




High spin: Low spin:

weak-field ligand strong-field ligand
. a4 T
__axial SEE
§amm fTUrit
: s 1
« TITIT
* T[T
R
o gands
o [
TTIT
TITHTY
dl g2 oF o oF b of oF d¥ Ji0
Sc| Ti| | Cr| Mn| Fe| Co| Mi| Cu| Zn T
¥ Zr[ Nb) Mo| Tc| Ru] Rh| Pd| Ag| Cd TT
Lal Hf| Tal W | Re| Os| Ir| PL| Au| HQ d’
3 4 5 &6 7 & 9 10 11 12 R
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Zbarveni komplext

- sila ligandového pole ¢asto odpovida energii viditelného zafeni 13000 - 25000 cm?
coz vede k barevnosti vétSiny sloucenin prechodnych kovl (v absorpcénich spektrech
absorpéni pasy tzv. d-d prechodi)

T
2 11
s L |
3 33 -
E N ! ) A %
EI IE / i |
R (A VAR VA
¥ e TR R B SN ST . S S _ " A
‘f.; . 1y Xz 4z T'-.-' I ,L | ,‘L
The energy of this particular ' ) . i 2 e e
colow is just ight 0 promote [MilH O = {green) [Mi{NHa}]** (blue) [Nifen)s]** {violet)

the eecton.

Napf. zabarveni derivatd kationtu [Co(NH;).]?*, ve kterych je molekula NH,
substituovana ligandem, ktery stoji ve spektrochemické radé vlevo od NH;. S
klesajici silou primérného ligandového pole se méni zabarveni:

[Co(NH,)e]**

[Co(NH,):CI]% cerveny
(Co(NH,),Cl,]* fialovy
[Co(NH;);Cl4] modry




Oxidacné-redukcni stalost komplexu

Z moznych elektronovych konfiguraci ma univerzalni stabilizaCni vliv konfigurace
d% a d'9. Ostatni zavisi na symetrii a sile ligandového pole.

Napf. pro oktaedrické komplexy se slabym ligandovym polem je velmi stala
konfigurace d° s vysokospinovym usporadanim (Mn?*, Fe3*), nebo d3 (Cr3*).

Pfi silném ligandovém poli je stala konfigurace d, ktera odpovida obsazeni vSech
orbitall t,,. V pfipadé, Ze el. konfigurace lezi mezi uvedenymi, je nestala napf.:

Cr2*(d*) - Cr3*(d®) ... oxidace
Mn3*(d*) - Mn2?*(d®) ... redukce




Chelaty

Chelaty (chelatové komplexy) maji na jeden centralni atom navazané dva ci vice
donorovych atomu téhoz ligandu. Chelatotvorné cCinidlo je organicka latka, ktera
poskytuje nejméné dva volné elektronové pary na vznik dativni vazby. Néektera
tato Cinidla se pouzivaji v analytické chemii, napf. EDTA (etylendiamintetraoctova
kyselina a jeji soli), biuret a jiné. Rada chelatotvornych ¢&inidel se pouZiva v
mediciné pfi akutnich otravach kationty nékterych dvoj- i trojmocnych kovu, k
jejich vyvazani a odstranéni z organismu. Fyziologicky vyznamné jsou téz chelatové
struktury u mnohych enzymu, ddle pak napr. hemoglobin, chlorofyl a jiné

biologické pigmenty.
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Popis vazby mezi ligandy a centralni castici v koordinacni chemii pomoci HSAB

Teorie HSAB dobre popisuje vybér ligand( k centralnim casticim v komplexnich
(koordinacnich) slou€eninach. Obecné plati, Ze centralni ¢astice (atom prechodného
kovu, pripadné jeho kation) je Lewisovou kyselinou a ligandy pak Lewisovymi
zasadami. Stabilni jsou takové komplexy, v nichz se vaze tvrda Lewisovou kyselina s
tvrdou Lewisovou zasadou (a méeékka s mékkou).

i G 11111
. = 11111

Hard Borderline
Acid - Class A cations e.g. Li*, Na*, Mg?*, - Medium oxidation state of - Low oxidation state of Class B
Ca®*, Ba®, AP*, Ga¥* Class B cations (almost divalent)  cations (monovalent, heaviest)
e.g. Mn?", Fe?*, Co™, Ni*", Cu*,  e.g. Cu’, Ag’, Cd*", Au", Hg*
- High oxidation state of class B Z:’;' pd2* € Ag £
cations e.g. V3, Cr¥, Co*, Fe?* '
- Lanthanide and actinide cations
Base Carboxylates (Glutamate and Imidazole (Histidine), Amides Thiols (Cysteine}, Thioethers
Aspartate), Hydroxyl group (Serine, (Asparagine, Glutamine), (Methionine), Phenyl
Theronine, Tyrosine), Guanidinium Nitrogen of the peptide bond, (Phenylalanine), Ethylene,
(Arginine), Carbonyl, Alcohols, Indole (Tryptophan), Pyrrole Cyanide etc.
Amines, Ether, Water, Nitrate, (Porphyrin), Nitrite, Azides,
Sulphate, Phosphate, Carbonate, etc.  Nitrogen gas. Pyridine, Aniline,
Chloride, etc.

Covalent bond




Popis vazby mezi ligandy a centralni castici v koordinacni chemii pomoci HSAB

1. Irving-Williamsova rada stability:

Baz+{ 31.21" < cai-l- < Mg2+ < MII2+ < Fez+{ cl:’z'l' < le'l' < Cu2+ < zn2+

hard acids s

2. Urcité ligandy tvori nejstabilnéjsi komplexy s kationty jako

jsou APt Ti** nebo Co3*, zatimco jiné tvori stabilni komplexy
s Ag*, Hg?* nebo Pt%*.

Acids Bases

Hard H, Li*, Na’, K, Be*, Mg¥, Fe™, Ca*", Cr*,  F-, OH", H20, NHs, COs*, NOs-, O,
Cr¥, Al*, SOs, BFs SO4*, POs*, ClOs~

Borderline Fe?t, Co?*, Ni?*, Cu?, Zn?*, Pb?*, SO., BBra  NO:2, SO, Br-, N3-, N2, CsHsN, SCN-

Cu*, Au, Ag®, Tl*, Hg»**, Pd**, Cd¥, Pt¥, H-, R-, CN-, CO, I, SCN-, RaP, CeHs,

Soft He, BH: R:S

soft acids

10

log K,

| i ] & i i 1 i ‘ i
Ba SrCaMg Mn FeCo NI CuZn




Priklad

Enterobactin je molekula pouzivana urcitymi bakteriemi k zachycovani Fe(lll) a jeho
transportu do bunky (siderofor). Konstanta stability (formation constant) komplexu
Fe(lll)-enterobactin je ccal0*. Vysvétlete vysokou hodnotu konstanty.

Redeni

Fe(lll) jako HA se vaze silné na
donory kysliku. Enterobactin ma
nékolik donort kysliku schopnych
vazat zelezo - dvojice OH skupin
na kazdém ze 3 benzenovych
jader enterobactinu (katecholy).
Vzhledem k velké vzajemné
vzdalenosti katecholovych skupin
v enterobactinu, je dostatecny
prostor k chelataci iontu zeleza
molekulou enterobactinu a vzniku
chelatu s vysokou konstantou
stability.

OH O
", OH
H H
N-"r ﬂ\"’«me O
" (-} .
Q)
0 {) O
D)\_)
HN 0

HO




