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Koordinacni slouceniny

Experimentalni vysledky nesouhlasi s dosavadni teorii

— nova teorie (model)

Empiricky Barva Pocet moll 1onth Pocet molu AgCl, které 1ze snadno
vzZorec na 1 mol latky vysrazet z 1 molu latky
CoCl;.6NH; |zlatohnéda 4 3
CoCl3.5NH; |fialova 3 2
CoCl;.4NH; |zelena 2 1
CoCl5.3NH; |zelena 0 0
NH NH
Oktaedr ’ i
Cl Ll
HaN Co- Cl  HsN Co Cl
H3N/ CI/
Cl NH3 2




Koordinacni slouceniny

[Co(NH,)]Cl, [Co(NH,)CIICl, [Co(NH,),CL,]Cl

Kov v oxida¢nim stavu n+ (primarni valence)
Komplex ma koordinacni ¢islo m (sekundarni valence)

Ligandy vazany k centralnimu atomu donor-akceptorovymi vazbami
3



Koordinacni slouceniny

Elektricka vodivost roztokli komplexnich sloucenin
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Koordinacni slouceniny

n+/- Naboj komplexu

Ligand\

Anion/kation opacného naboje

Centralni kation nebo atom kovu

Centralni kation kovu nebo neutralni atom je obklopen souborem
liganda. Kazdy ligand poskytne 2 elektrony do volnych d-orbitalt
kovu a vytvofi donor-akceptorovou vazbu.

Pocet ligandi = koordinacni Cislo



Koordinacni slouceniny v pevneé fazi




Ar

Ca

Sc

T1

Zmena poradi energetickych hladin

[Ne] 3s? 3p® (4s°)

[Ar] 4s! (3d° 4p?)

[Ar] 4s? (3d° 4p?)
[Ar] 3d! 4s? (4p?)

[Ar] 3d?4s? (4p°)




VysSSi stabilita zpola zaplnénych d-orbitalt

Sc

Ti

Cr

Fe

Co

Ni
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Zn
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Oxidaéni stavy prechodnych kovu

Sc| Ti | V |Cr{Mn|Fe| Co |Ni| Cu|Zn
23 | 1,23 :13’2’ 12, 12,3,11.2,3112 | 12 | 2
4
4! » 3,4, 4a516 ’4 3,4
> 5,0,
First lonization Energies of the Transition Elements (kJ/mol)
Period r
Fourth Sc Ti A% Cr Mn Fe Co Ni Cu Zn
631 658 650 652 717 759 758 737 745 906
Fifth Y Zr Nb Mo Tc Ru Rh Pd Ag Cd
616 660 664 685 702 711 720 805 731 868
Sixth La Hf Ta W Re Os Ir Pt Au Hg
538 680 761 770 760 840 830 870 890 1007 4



Vypoéet poétu d-elektronu

Comyright © The McGraw-Hill Companies, Inc. Permission required for reproduction or display.

1A Key: 7A | 8A
a_ W Metals (17| (18)
|

sb | e | 1

: o * A @) B Hormwetals (13 19 15) (1| ¥ | B
Kolik elektront je ve valen¢ni slupce B o S
Cr [Ar] 3 ds 4! (4p0) — @0 60 00 6 o oo SIS ° o

At

Kolik elektronti je odebrano pii tvorbé
kationtu: elektrony z s-orbitalu jsou
odejmuty jako PRVNI

Cr3*

Kolik elektronu zustane v d-orbitalech
Cr3* [Ar] 3d34s° (4p?)

Cr*jetzv. d’ kation
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Pz 22| F

komplex Ox.¢. (Ligand) Ox.¢. (M) pocet d-elektront
[Cr,0,]* -2 +6 dY

[MnO,] -2 +7 dY

[AgNH,),I* 0 +1 d

[Ti(H,O)(]** 0 +3 d!

[Co(en),]** 0 +3 ds

[PtCl,(NH;),] -1,0 +2 ds

[V(CN)(]* -1 +2 d?

[Fe(ox),]* -2 +3 d> 11



Donor-akceptorova vazba

donor-akceptorova vazba je ekvivalentni kovalentni vazbé

» 9

X

AKkceptor Donor Kovalentni vazba
Volny orbital Volny e par 12



VB teorie

MO teorie

Donor-akceptorova vazba

%
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Pt2+

[Xe] 4114 5d8 4s°

PtCl,?>

Ni2+
NiCl>

[Ar] 3d34s’

dsp? hybridni orbitaly

elektrony z CI', Ctvercovy

sp’ hybridni orbitaly
elektrony z CI, tetraedricky
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Co’" [Ar] 3d%4s® d S p
CoF > —

sp3d? hybridni orbitaly
Co*" [Ar] 3d%4s?

Co(NH,)**

elektrony z F-, oktaedricky

T O

d?sp? hybridni orbitaly
elektrony z NH;, oktaedricky 15



Monodentatni ligandy

cO Cr < £ >Cc=—=0]

oxid uhelnaty

Ni(CO),, Fe(CO)., Mo(CO),

. [ N J
. NH, PPh,
./ amoniak O fosfan
o

(= : SR,
O H,0 thioether
voda
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HSAB = Teorie tvrdych a mekkych kyselin a
bazi

R. Pearson 1963
Vysoka oxidacni Cisla centralniho atomu jsou stabilizovana F-, O?-
Nizka oxidacni Cisla jsou stabilizovana CO, CN-

Ene.rgie
MO, 1Tvrda
' Kyselina
LUMOy, T ——
HOMO ey _'].L_
Baze
HOMO,, T —'H,—
17




Tvrdé donorni atomy HSAB Mekké donorni atomy

CO, PPh,, I, C,H,, SRH, CN-, SCN-

NH,;, F-, H,O, OH-, CO,*

Malé donorni atomy Velkeé donorni atomy

Siln¢ elektronegativni Malo elektronegativni

Milo polarizovatelné Snadno polarizovatelné

slabé
stabilni komplexy stabilni komp]exy
komplexy
Tvrdé kovy Meékke kovy

Fe(III), Mg(1I), Cr(III), A1(I1T) Ag(D), Cu(I), Hg(II), Au(l)

Mal¢ atomy (1. ptfech. fada) Velké atomy (2. a 3. prech. fada)

Vysoky naboj Maly naboj 18



Neutralni bidentatni ligandy

pcticlenny chelatovy cyklus

[PtCl,(en)] ¢tvercove planarni komplex

1,2-diaminoethan = ethylendiamin = en

AT
PhoP  PPhy

1,2-difenylfosfinoethan 2,2'-bipyridin 1.10-fenanthrolin
dppe bipy phen

Chelatace - ligandy jsou vazany velmi pevné k centralnimu atomu 19



Aniontové bidentatni ligandy

O 0O

acetat = ac”

O O

n-donorni bidentatni ligand

H oxalat = ox*

20



Multidentatni ligandy

tetraanion kyseliny ethylendiamintetraoctove

EDTA

Hexadentatni
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Topologie komplexu

komplexace chelatace makrocyklicky efekt kryptatovy efekt

| _.NH;
HsN——=M=——NH,

H3N/ |




Nazvoslovi komplexnich sloucenin

H,0
NH,

co

SO,z
S,0,%
PO,
H,PO,
CH,COOr
C,0,>
(CHg)N
e

02

OH-

0,2

HO,

h

S2
S,z
HS-
CN-
SCN-

voda
amoniak

oxid uhelnaty
siran
thiosiran
fosforeCnan

dihydrogenfosforeCnan

octan

stavelan
dimethylamid
fluorid

oxid

hydroxid
peroxid
hydrogenperoxid
hydrid

sulfid

disulfid
hydrogensulfid
kyanid
thiokyanatan

aqua-
ammin-
karbonyl-
sulfato-
thiosulfato-
fosfato-
dihydrogefosfato-
acetato-

oxalato-
dimethylamido-
fluoro-

OXO-

hydroxo-

peroxo-
hydrogenperoxo-
hydrido-

thio-

disulfido-
merkapto-
kyano-
thiokyanato-
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Nazvoslovi komplexnich sloucenin

K,[Fe(CN),]
[Cr(en),]Cl,
[Pt(NH,),][PtCl, ]
[Co(NH,),CL,]
[Ni(CO),]
Na[Co(CO),]

K,[Ni(CN),]

hexakyanoZelezitan tridraselny (draselny)
chlorid tris(ethylendiamin)chromity
tetrachloroplatnatan tetraamminplatnaty
komplex triammin-trichlorokobaltity
tetrakarbonyl niklu (nebo nikl)
tetrakarbonylkobaltid(1-) sodny

tetrakyanonikl(4-) tetradraselny

24



Stabilita komplext

Konstanta stability komplexu = rovnovazna konstanta tvorby

Vysoka hodnota K

= stabilni komplex
Ag* + NH; = [Ag(NH ]

[Ag(NH,)I* + NH, = [Ag(NH,), I* [AgNH;']
[Ag*][NH;]

[Ag(NH,),*]
* [AgNH,*IINH,]

25



Stabilita komplext

Konstanta stability komplexu ML

Me + L

MeL + L

MeL, + L

MeL; + L

1

-

MeL

MeL,

MelL,

MeL,

CMeL

CMe " CL

CMEI;E

CMmeL "~ CL

CMeL;

CPMEI..._E ) C.L
CMeL.,

CMeL, ~ €L

Ke>Ky>Ke... > K

n
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Stabilita komplext

Celkova konstanta stability komplexu

Me+L = McL K il
e * 01
: Me+L = MecelL
MeL +L = Mel, o + -
Cviel, * ©1
MeLy + L == MeL, K= —Mels_
‘MeL: " €L
- Me + 2L = MelL
MeL;+L = MeL, K, = Mol + <~ € 2
-.Hl.'].'| {1

Me + 3L = MelL,

=K, K, ...K, Me + 4L = MeL,

54:K1'K2'K3‘K4

P

pa

P

Pa




Stabilita komplext

Komplex lg f3 Komplex lg B
[Ag(NH;),]" 7 [Cu(NH;),]*" 13
[Ag(S,0,),1° " 13 [Fe(CN)4]*~ 44
[Ag(CN),] 21 [Fe(CN),]*~ 33
[Au(CN),] 37 [Ni(CN),1*" 29
[Co(NH;)s]*" 5 [Zn(NH;),]*" 10
[Co(NH,).]*" 35 [Cu(CN),]~ 27
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Stabilita komplext

Cd** + CN~ = [Cd(CN)1* K, =105
[CA(CN)]* + CN~ = [Cd(CN),] K, = 1052
[Cd(CN),] + CN~ = [Cd(CN),] K, = 1045

[EHCN)]T +:CNT2 [CHON) I« oniyse103:Such (fyisaolss

1,0

05

[]"
lgcey- —
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Chelatovy efekt

logK = 8.61
[Ni(H,0)]>* + 6 NH; - [Ni(NH,) > + 6 H,0

logK = 18.28
[Ni(H,0)(]*" + 3 en . [Ni(en);]** + 6 H,O

&
<

AH stejna pro obé reakce (N1-O — Ni-N)

AS vysoka pro chelataci, vznikd vice Castic 20



Chelaty, makrocykly, kryptaty

Nobelova cena za chemii 1987

Donald J. Cram

Jean-Marie Lehn

Charles J. Pedersen

31



Chelaty, makrocykly, kryptaty

EDTA

kyselina ethylendiamintetraoctova

Chelatacni terapie Pb otravy
Chelatometrie

Rozpousti CaCO,

32



Chelaty, makrocykly, kryptaty

Metaloporfyriny: M = Fe (hem, cytochrom c¢), Mg
(chlorotyl), Co (B,)

Rs Rg R1
R7 R2
R1 2 R'] 0
Rs Rs

33



Hemoglobin

( N
oy
\
*,

Protein (globin)
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Chelaty, makrocykly, kryptaty

Valinomycin

35



Tvary molekul a iont

Prvky hlavnich skupin >>>> VSEPR

Prechodné prvky >>>>>>>>> Teorie ligandového pole

36
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Oktaedrické komplexy O, Tetraedrické komplexy T,

A B 37



Nejdulezitéjsi tvary komplexnich Castic

Tetraedricky

Ctvercové planarni

Trigonalné bipyramidalni

Ctvercove pyramidalni

Oktaedricky

1090 28’

900

1200 + 90°

90°

90°

C.N.4

C.N.4

C.N.5

C.N.5

C.N. 6

O o

$o oge o

88




VVVVVV

Koordinac¢ni Cislo 2

Cu(D), Ag(D, Au(l), Hg(1D N

180°

[CuCL] O=0—=0 [AuCN)] @=@——0—-@

Koordinacni Cislo 3 L
trigonalné planarni

Hgl, |

39



Nejdulezitéjsi tvary komplexnich Castic

Koordinaé¢ni Cislo 5

Trigonalné bipyramidalni Ctvercové pyramidalni

axidlni ligandy apikalni ligandjjEpg

ekvatorialni ligandy

bazalni ligandy
Tyto dvé struktury maji velmi podobnou energii

40



Izomerie komplexnich sloucenin

Konstitu¢ni (strukturni) izomerie
Vazebna

Koordinacni

IonizacCni

Prostorova (stereo) izomerie

Geometricka
Opticka

41



Konstitucni (strukturni) izomerie

Vazebna: SCN-, NO,, OCN-

NH
| ® NH;
NNZ
HsN—Co N\
HsN |
NH;
nitro-

N\
HsN—Co

nitrito-

2+

42



Konstitucni (strukturni) izomerie

Koordinaéni:

[Pt(NH;),][CuCl,] [Cu(NH;),][PtCI,]

Ionizaéni:

[Co(NH,):SO,]Br [Co(NH.):Br]SO,

43



Prostorova (stereo) izomerie

Geometricka: cis-trans, diastereomery

NH, NH;

“O,N

Cis trans

44



Protinadorove leky

(0] H, 5
[\ (@)
HN_ 9 N4
Pt /Pt\
H3N/ \O "’II///N 0 O
Hy
(0]

Nedaplatin Oxaliplatin
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Prostorova (stereo) izomerie

Cisplatina = kancerostatikum

H
HoN N o

T\I HaN
@ N lt—NH3
/"

(0]
—-a0
© NH
H H | )\
H H Z
o} N NH;

H

{

N
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Prostorova (stereo) izomerie

Geometricka: mer-fac, diastereomery

A A
fac B mer 5
A VK B A /M’ B
A/ B
B A




Prostorova (stereo) izomerie

Opticka: enanciomery

48



Prostorova (stereo) izomerie

Opticka: enanciomery

9/1‘

Nema S_ \

49



Opticka rotace

Nepolarizovane svétlo — Sifeni vin s vektory el.pole v mnoha smérech
Polarizované svétlo — filtrem vybran jen jeden

Opticky aktivni latka sta¢i rovinu polarizovaného svétla o urCity thel
M¢éieni thlu stoCeni analyzatorem — druhy filtr

Polarizing Angle of
filter r-:lzrtatlﬂnfﬂf
ane o
Unpolarized .

polarization
|

Rotated ',/“/

polarized light

Light
source

I Ry ,

! Polarized ©Optically active

. : solution
Polarizer 1ght . Anal
axis nalyzer

50



Popis vazby v komplexech

1) VB

2) Teorie krystaloveho pole (CFT = Crystal Field Theory)

1929, Hans Bethe Cisté elektrostatické interakce mezi
ligandy a kovem

3) Teorie ligandoveho pole (LFT = Ligand Field Theory)
1935, modifikace J. H. Van Vleck  Podil kovalence

4) MO

51



Teorie ligandového pole

o

52



d-orbitaly v oktaedrickém poli ligandu




Rozstepeni d-hladin v O, poli

Destabilizace 0.6 A

R
.ll"
&
Vi 3
; IsA,
#
y - ﬁ" = [0 Dg
F L
* 2. A
" 50 ;
. - *

Stabilizace 0.4 A,



Stabilizacni energie ligandového pole

(CFSE = Crystal Field Stabilization Energy )

.
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.
.
.
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.
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.
.
.
.

ay
y
Ny
1]
.....
o
Ny
Ny
L

Slab¢ pole
A, < P (parovaci energie)

Vysokospinové komplexy

*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
‘Q
*

L 4
L 4
L 4
L 4
L 4
L 4
L 4
L 4
L 4
L 4
L 4
L 4
L 4
L 4
L 4
L 4
L 4
L 4
L 4
L 4
.0
L 4

Siln¢ pole
A,> P (parovaci energie)

Nizkospinové komplexy
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Stabilizacni energie ligandového pole

Nizkospinové komplexy
Vysokospinove komplexy

O © —— 3
’ T Siln¢ pol
é’ﬁ Slab¢ pole Eﬁ poie X
b L
i ©® O O l i 000,

A, roste
56



Slabe pole Siln¢ pole
e CFSE CFSE
di |ty 1| 044, |ty 0.4 A,
dz | t,,2 2 | 0.8A, |t2 0.8 A,
d® |ty 3| 124, |t 1.2 A,

d® | t,8e2 |2

1.2 A

6a 2
t,,°e

1.2 A

CFSE = (n t,,) 0.4 A,— (ne,) 0.6 A,

¢ = pocCet neparovych elektronu




Stabilizacni energie ligandového pole

-

CFSE for high spin d¥ is
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[Ti(H,0)]**
d!

—t, e 1

1o 0
t, 'e 206

2g g
ruzovy

243 kJ mol!
(A,)

Rozstépeni d-hladin v O, poli

¥
1.0 —
loge (0.5 —
0.0 —

‘Y
Iy
.
IS
5
5
Iy
‘Y
IS

‘
Iy
.
IS
.
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RS S A

3/5A,
! 10Dq

2/5A,

vy v
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|
20,300 cm™
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UV-vis spektrum [Ti(H,0).]3*

Blue

Absorption ———

400 500 600
Wavelength (nm)

400

Red

700

700
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630

Orange

590

Yellow

560

430

Blue

480
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Rozstépeni d-hladin v T poli

""" S — 1:2
““““ 2/5A,
=" 1
........ 3/5A,
...... v
* e
A= 419 A,

T, komplexy jsou vzdy vysokospinove
zadny d-orbital nemifi pfimo k ligandum (jako u
O,) slabsi interakce



d-orbitaly v tetraedrickém poli ligandu




Roz$tépeni d-hladin v ¢tvercovém poli (d®)

X2-y?2
b,
2_ 2_ x2- y2 “‘

Ni(CN),”, PdC1,%,

2+ 2 “‘QQ

- “
Pt(NH,),>", PtCl1,%, CYR

*
——
_ * —
AUCI "’ ..’
4 . ‘e
*
R ‘e 2
"¢ 0.’ Z
. LN
"’ 'o‘ xy
o* . . b2
Q’ * “ g

—— “ ’Q “

e *eet’

—_—, o™

———————— & ‘t 0‘

S xy ** “
‘e, _e* . 2
L 4 * *
.'0. ‘0’ *e Zz a
'0.. t '0‘ 1g
‘e, 2g R
.0._ “
———————— &
0..
‘0

v

OdtrzZeni ligandti v ose z o4



18-ti elektronové pravidlo

Cr(CO),

[Co(NH,),ClL;]

Cr dé
6x CO 6x2=12
celkem 18
Co d’
3x NH; 3x2=6
3xCl 3x1=3

celkem 18
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Vliv ligandu na viastnosti komplexu

[Ni(H,0)6]™* [Ni(en)(H,0)4]'> [Ni(en)»(H,0),]"? [Ni(en)s]*

reen oreen/blue blue urple
o}

66



Energy

Vliv ligandu na vilastnosti komplexu

[CrPﬁP- [Cr(HO), ]+ [Cr(NH,), 3+ [Cr{CN), Ik
Green Violet Yellow Yellow



Faktory ovliviiujici velikost rozstépeni ligandového pole

Spektrochemicka fada ligandi:

I <Br <S* <SCN- < CI <Nj, F< OH- < 0x, 0> <H,0 <NCS < py, NH,
<en < bpy, phen <NO, <CH;, C.H; <CN-<CO

Centralni atom:
3d<4d <5d
2+ <3+ <4+

Mn2+ < Ni2+ < C02+ < Fe2+ < V2+ < Fe3+ < C03+ < Mn3+ < M03+ < Rh3+ < Ru3+ < Pd4+ < Ir3+ < Pt4+

Typ koordinace 4/9 Ay = A,

Sila a dé¢lka vazby M-L
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Elektronické prechody

O O Elektronicky © O

prechod

Ly Ly Ly oy

[Cr(H20)5 1% [Fe(H20)g1**  [Co(H20)g 12+ [Mi(H20)5 1%+ [Cu(H20)g ]2 69



Wavelength (Color) Color
Absorbed Observed
400 nm (violet)
450 nm (blue)
490 nm (blue-green) red E
530 nm ( ) purple
570 nm ( violet
580 nm ( ) dark blue
600 nm ( ) blue
650 nm (red) blue-green

720 nm (purple)
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Molar absorbance (octahedral)

—
NS

-
N

-
o

oo

o))

N

N

o

- g N
[ Co(H20)5 12+ [CoCl4 )%
- - e
- A 5 —
(octahedral) (tetrahedral)
| l | | |
400 500 600 700 800

Wavelength (nm)

700

600

500

400

300

200

100

Molar absorbance (tetrahedral)
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Popis vazby v komplexech pomoci MO

t"ll_l
a:l:
1g .L'.
3xnp u_ -
a, s h
1 A €
I1x ns 4 ; g
- yh
S (me1) d T T SALCAO
X(Il— ) —" A+ e+t
5 Yo1g g u .
N u] Orbitaly
] S ligandt
Orbitaly kovu V s
b t"ll_l
a
19
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Valencni orbitaly kovu

A 4

Px Py P,
Xy XZ yz

e




Sigma vazby M-L




Nevazebné d-orbitaly

t"ll_l
Sar
. 1g {
tu S
El1[1 : E; "
gt by by
_ .k\-.;:: {fl 31 E|+ Eg+ t1u
—
.._':; e I t2 g
1 Ill g - . I
St Y Neexistuje zadna
= vhodna kombinace AO

ligandt
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A €y,
(N+1)p e

d

( n+ )S j
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MO pri n-vazbe

'

pr-dn RO, RS, 0%, F,CI,Br,I,R,N°  dn-dn R,P, R,As, R,S

Ao
\ "

drn-n* CO, RNC, pyridin, CN’, N,, drn-c* H,, R;P, alkany
NO,, ethylen
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Volny e parna C
HOMO
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Ligandy s pi orbitaly
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Zpétna p1 donace
M — CO

Sigma donace
M < CO

a bond:
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Jahn-Tellerova distorze

Degenerované hladiny

CasteCné obsazené

N -
Nelinearni molekuly T S 5,
Degenerace se odstrani — N —
deformaci Ay <
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Tonkc radii (pm)

lonic radii (pm)

3 B ¥

2

Ca?* Ti2* VI* O Mn?* Fel® Co®* Ni?* Cu?* Zn?*
1 1 1 1 1 1 1 1 1 1 1

(1] 1 2 i 4 5 [ T ] o 1[4
Mumber of 3d electrons

S Tidt VIt O Mt Fe?t Cott NiY Ga'*
i i i i 1 1 1 1

1] I 2 k] d 5 L] T E L] [ [1]
Mumber of Ad electnon
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Kinetika

Th,0(8)
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| | || | cr®
2+ 2+
Pt Pd
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Mechanismy reakci

Mechanismus

Disociativni (D)

W(CO), » W(CO); + CO
W(CO); + PPh; —— W(CO),(PPh,)

Asociativni (A)
[Ni(CN),J* + HCN- — [Ni(CN),(“CN) J*
[Ni(CN),(CN) ¥ ——— [Ni(CN);(4CN) > + CN-
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Trans-Influence (thenmodynarnic effect)
extent to which a ligand wealens the metal-lisand bond of the ligand rans to itse1f
From MME: 8iRg = Ph= R = P{OR)g > CN = AsRg > NRg = Cl = Br> 1
From ¥-my K= H > CHy =FPHRz = AsFg = C0O > CyHy = Cl

Trans-Effect (Jdnetic effect)

extent to which a ligand effects the rate of exchange of the ligand trans o itself
Diszociative mechanistn, rarns effect series = rans influe hce series

Aoasociative mechanism: CO, CH, CoHy = PRy > Hx Me =Ph = py»= 1= Br= Cl= HHyg
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Mechanismy reakci

Vyménny (1)

ML, +Y

meziprodukt

MYL_,+L
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Magnetické viastnosti komplexu

_ M Magneticka susceptibilita
7 H

M = magnetizace
H = intenzita mg pole

Molarni magneticka susceptibilita

M
qu=t N, > C
IO ZM: —
4KT T

Magneticky moment

u=2./S(S+1)= /n(n+2)
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Magnetické vlastnosti komplexu

Curie-Temperatur

Neél-Temperatur

Paramagnetismus

Temperatur —

Ferromagngtismus

Antiferromagnetismus

I
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l .

I I Paramagnetis-
IParamagnetismus ! mus
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