Koordinacni chemie

1893 K centralnimu atomu muze
byt vazano vice ligandii nez
odpovida jeho oxidacnimu Cislu.

Alfred Werner
(1866-1919)

NP za chemii 1913




Koordinacni slouceniny

Experimentalni vysledky nesouhlasi s dosavadni teorii
— nova teorie (model)
Empiricky Barva PoCet moluionti.  Pocet molu AgCl, které 1ze snadno
VZOrec na 1 mol latky vysrazet z 1 molu latky

COC13.6NH3 zlatohnéda
COC13.5NH3 fialova
COC134NH3 zelena
COC133NH3 zelena

Oktaedr 'I
>




Koordinacni slouceniny

[Co(NH,)]CL, [Co(NH,),CI]CL, [Co(NH,),CL,]Cl
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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 roztokti komplexnich sloucenin

<

(o0s (02 s (0820 (o) (ol (6T (ol

Luoteokobalt-  Xantho- Croceokobalt- Hezaminkobalt- Erdml.n.n-uhu
chlarid kobaltchlorid chlorid nitrit




Koordinacni slouceniny

nt+/- <<——— Naboj komplexu

Ligand§>

Centralni kation nebo atom kovu Anion/kation opacn€ho naboje

Centralni kation kovu nebo neutrdlni atom je obklopen souborem
ligandi. Kazdy ligand poskytne 2 elektrony do volnych d-orbital
kovu a vytvorfi donor-akceptorovou vazbu.

Pocet ligandi = koordinacni €islo




Y o/

Vnitrni a vnéjsi sféra komplexu

Vnitini koordinaéni sféra = ligandy piimo vazan¢ k centralnimu atomu
Vn¢éjsi koordinac¢ni sféra = ionty asociovane s komplexem, ale ne pfimo vazané k

. . centralnimu atomu
Vnéjsi koordinacni sfera

v . A rotiion
Vnitini koordina¢ni-sféra P

7 ae N

H,0... | .. 0SO;
Wi
v
HzO/ ‘ OH,
\_  HO J

[Mn(OH,)(SO,)]: vnitini koordinace SO,

[Mn(OH,)][SO,]: vnéjsi koordinace SO ,* 6




Koordinacni sloucCeniny v pevné fazi

K,[PtCl,]




Zména poradi energetickych hladin

[Ne] 352 3p6 (4s”)
[Ar] 4s! (3d° 4p?)
[Ar] 45*(3d° 4p?)
[Ar] 3d 4s? (4p”)

[Ar] 3d?4s? (4p?)




Zména poradi energetickych hladin




Elektronové konfigurace prechodnych prvku
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Distance from nucleus

Core orbitals

Orbital energy ————

Group number —m—————




Vyssi stabilita zpola zaplnénych d-orbitalu
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Oxidacni stavy prechodnych koviu
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First lonization Energies of the Transition Elements (kJ/mol)

Period

Fourth

Fifth

Sixth

Sc
631

Y
616

La
538

IVB

Ti
658

Zr
660

Hf
630

VB
v

Nb

ViB

Cr
652

Mo
685

W
770

VIIB

Mn
717

VIIIB

Co
758

Rh
720

Ir
880




Vypocet poctu d-elektront

Kolik elektronu je ve valenCni slupce
Cr [Ar] 3d° 4s! (4p?)

Kolik elektronu je odebrano pii tvorbé
kationtu: elektrony z s-orbitalu jsou

odejmuty jako PRVNI
C3t

Kolik elektronu zustane v d-orbitalech
Cr’* [Ar] 3d°?4sY (4p)

Cr*jetzv. d’ kation



pocet d-elektronu

dO
dO




Donor-akceptorova vazba

donor-akceptorova vazba je ekvivalentni kovalentni vazbé

Akceptor Kovalentni vazba
Volny orbital Volny e par 15




Donor-akceptorova vazba

VB teorie

—— Donor-akceptorova vazba




Donor-akceptorova vazba

MO teorie




Donor-akceptorova vazba

| Bond dipole _

Empty hybrid Filled sp- Resulting molecular orbital \
orbital on metal hybrid orbital of o bond between metal
oh ammonia and ammonia




Donor-akceptorova vazba

VB teorie

"Lewisovska baze"

[Co(NH,)s]**

Kazdy ligand poskytne do
vazby 2 elektrony

"Lewisovska kyselina"




P2+ [Xe| 4f145d8 4s°
PtCl>

dsp? hybridni orbitaly

elektrony z CI-, ¢tvercovy

Ni2*  [Ar] 3d34s°

NiCl,>

sp® hybridni orbitaly
elektrony z ClI, tetraedricky




Co’*" [Ar] 3d%4s?
CoF >

spd? hybridni orbitaly
Co’t [Ar] 3d%4s?

Co(NH;)"

elektrony z F-, oktaedricky

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




Monodentatni ligandy

oo Cr > =)

oxid uhelnaty

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

amoniak ©/ tl“:())I:fZ%

thioether




HSAB = Teorie tvrdych a mékkych kyselin a bazi

R. Pearson 1963
Vysoka oxidac¢ni ¢isla centralniho atomu jsou stabilizovana F-, O~

Nizka oxidacni Cisla jsou stabilizovana CO, CN-




Tvrdé donorni atomy M¢ekke donorni atomy

- - 2-
Bl 175, 1350, (QIAE, 10 CO, PPh,, I, C,H,, SRH, CN-, SCN-
Malé donorni atomy

. ., Velké donorni atomy
Siln¢ elektronegativni

. : , Malo elektronegativni
Malo polarizovatelné

Snadno polarizovatelne
stabilni komplexy stabilni komplexy

komplexy

Tvrdé kovy Mekke kovy

Fe(I1I), Mg(II), Cr(III), AI(III) Ag(I), Cu(I), Hg(II), Au(I)
Malé atomy (1. ptfech. fada)

Velké atomy (2. a 3. prech. fada)

Vysoky ndboj 24

Maly naboj




Energie

LUMO,pier, .
Kyselina

LUMO,

HOMO e,

‘/HT

Tvrda Mcekka




Neutralni bidentatni ligandy
/\

H péti¢lenny chelatovy cyklus

2N NH2
\ / [PiCL(en)] ctvercové planarni komplex

1,2-diaminoethan = ethylendiamin = en

4 e N/
N/  /

N (X )
1,2-difenylfosfinoethan 2,2'-bipyridin 1.10-fenanthrolin

dppe bipy phen

Chelatace - ligandy jsou vazany velmi pevné k centralnimu atomu




Aniontové bidentatni ligandy

O O

acetat = ac” H oxalat = ox?

O O

N/

R O—H, n-donorni bidentatni ligand

/ 5

(oo 57

of SN= v/

‘H—0 R’ FQ'I

¢ %Cs

s’ C\\ @)
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[FG(CO)g(n4-C4H6)]

komplex Pd(II)-oxim




Tridentatni ligandy

diethylentriamin

dien tpy

1,2,4-triazacyklononan

makrocyklicky ligand




Tetradentatni ligandy

tris(2-aminoethyl)amin

tren

porfyrin
ftalocyanin




Multidentatni ligandy

tetraanion kyseliny ethylendiamintetraoctove

EDTA
O
O.

N\

O @) _
_)\\ //4— O""o o'
—0 /\ — M

M=
—

N AVAN )
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Hexadentatni




Topologie komplexu

komplexace chelatace makrocyklicky efekt kryptatovy efekt

NH;
_NH;

| _.NH;
HzN——=M=——NH,

H2N/ |

s




Nazvoslovi komplexnich sloucenin

voda -
amoniak

oxid uhelnaty -

siran sulfato-
thiosiran thiosulfato-
fosforeCnan fosfato-
dihydrogenfosforecnan dihydrogefosfato-
octan acetato-
stavelan oxalato-
dimethylamid dimethylamido-
fluorid

oxid OXO-

hydroxid hydroxo-
peroxid peroxo-
hydrogenperoxid hydrogenperoxo-
hydrid hydrido-

sulfid thio-

disulfid disulfido-
hydrogensulfid merkapto-
kyanid

thiokyanatan thiokyanato-




Nazvoslovi komplexnich slou¢enin

K;[Fe(CN),] hexakyanoZelezitan tridraselny (draselny)
[Cr(en),]Cl, chlorid tris(ethylendiamin)chromity
[Pt(NH,),][PtCl,] tetrachloroplatnatan tetraamminplatnaty
[Co(NH,),Cl,] komplex triammin-trichlorokobaltity
[Ni(CO),] tetrakarbonyl niklu (nebo nikl)

Na[Co(CO),] tetrakarbonylkobaltid(1-) sodny

K,[Ni(CN),] tetrakyanonikl(4-) tetradraselny




Stabilita komplexu

Konstanta stability komplexu = rovnovazna konstanta tvorby

Vysoka hodnota K

= stabilni komplex
Ag* + NH; = [Ag(NH)J*

[Ag(NH.)I* + NH, = [Ag(NH,), T* K. [AgNH;"]
[Ag*][NH;]

[Ag(NH,),*]
[AgNH;*]J[NH;]

K,=




Stabilita komplexu

Konstanta stability komplexu ML




Stabilita komplexu

Celkova konstanta stability komplexu

Me + 1

MeL +L = Mel,

MelLs + L = MeL,

MeL,+L = MeL,




Komplex

[Ag(NH;),]"
[Ag(S,05),] =
[Ag(CN),]
[Au(CN),]
[Co(NH,)c]?"
[Co(NH;)6]*

Stabilita komplexu

Komplex

[Cu(NH,),]*"
[Fe(CN)]*~
[Fe(CN)4]"
[Ni(CN),]?
[Zn(NH,),]**
[Cu(CN),]~




Stabilita komplexu

Cd*" + CN~ = [Cd(CN)]" L= 107

[CA(CN)]"™ + CN~ = [Cd(CN),] = 1052

[CA(CN),] + CN™ = [Cd(CN);] ey 2= 3075
[Cd(CN);]~ + CN~ = [Cd(CN),]*" Co=10%3 . B, =1018#




Chelatovy efekt

logK = 8.61
[Ni(H,0) > + 6 NH, - [Ni(NH,)]2* + 6 H,0

logK = 18.28

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

<
<«

AG = —RT InK= AH —TAS

AH stejna pro obé€ reakce (N1-O — Ni-N)
AS vysoka pro chelataci, vznika vice Castic




Chelaty, makrocykly, kryptaty

Nobelova cena za chemii 1987

Donald J. Cram Jean-Marie Lehn Charles J. Pedersen




Chelaty, makrocykly, kryptaty

EDTA —

kyselina ethylendiamintetraoctova

COOH
COOH

COOH .
\\\\‘\\

ST ey

—/ L

Chelataéni terapie Pb otravy v/

Chelatometrie L

Rozpousti CaCO,




CaEDTA trans N




Chelaty, makrocykly, kryptaty

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




Hemoglobin

Protein (globin)




6CO, + 6H,0 — CH,,0, + 60,

Mg chlorofyl

COOCH,
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Relative solar intensity —

COOC,Hag

600
Wavelength (nm)




Chelaty, makrocykly, kryptaty

Valinomycin




Tvary molekul a iontu

Prvky hlavnich skupin >>>> VSEPR

Prechodn¢ prvky >>>>>>>>> Teorie ligandového pole




Nejdulezitéjsi tvary komplexnich castic

Tetraedricke komplexy T




Nejdulezitéjsi tvary komplexnich castic

Tetraedricky 1090 28' C.N. 4

Ctvercové planarni

Trigonalné bipyramidalni 1200 + 90°

Ctvercové pyramidalni

Oktaedricky




Koordinaéni Cislo 2

180°

[CuCL ] _ \D @ [Au(CN),]-

Koordinacni Cislo 3 U
trigonalné planarni




Nejdulezitéjsi tvary komplexnich castic

4

Koordinacéni Cislo 5

7 N\

Trigonalné bipyramidalni Ctvercové pyramidalni

B (— axidlni ligandy apikélni ligand C—) (i
)

@ {1 ekvatorialni ligandy

90°

1200
.

bazalni ligandy
Tyto dvé struktury maji velmi podobnou energii




Trigonaln€ bipyramidalni Ctvercové pyramidalni

3- — n:
CN

«~CN
NC-n...
.Co

nc” TON

[Co(Me,tren)Br]* [VO(acac),]




Izomerie komplexnich slou¢enin

Konstitu¢ni (strukturni) izomerie
Vazebna

Koordinacni

[onizacni

Prostorova (stereo) izomerie

Geometricka
Opticka




Konstitucni (strukturni) izomerie

Vazebna: SCN-, NO,-, OCN-

nitrito-




Konstitucni (strukturni) izomerie

Koordinaéni:

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




Konstitucni (strukturni) izomerie

Ionizacni:

[Co(NH,)sSO,]Br [Co(NH,)<Br]SO,




Prostorova (stereo) izomerie

Geometricka: cis-trans, diastereomery




Prostorova (stereo) izomerie

Geometricka: cis-trans, diastereomery

N
Cl——~Pt
HsN




Prostorova (stereo) izomerie

trans

Ball-and-stick
model

/NH3
Structural P
NH,

Cl \
formula / \
Cl

Color Orange-yellow Pale yellow

Solubility 0.252 ¢/100 g H,0 0.037 /100 g H,0




Protinadorové léky

Cisplatin Carboplatin Nedaplatin Oxaliplatin

Neaktivni latky

HaN |

S /C
/Pt\

Cl NH5




Prostorova (stereo) izomerie

Cisplatina = kancerostatikum




Prostorova (stereo) izomerie

Geometricka: mer-fac, diastereomery




Prostorova (stereo) izomerie




Prostorova (stereo) izomerie

I\SONhPoh(OO‘SouthLlM) '




Prostorova (stereo) izomerie




Prostorova (stereo) izomerie

Opticka: enanciomery




Prostorova (stereo) izomerie
Opticka: enanciomery




Mirror

]
Mirror image of left hand
Left hand Is identical to right hand

(a)




Prostorova (stereo) izomerie




Opticka rotace

Figurs 20.13

Lnpolarzend light consats of weves
vibrating in many ciferen plares
(incicated by the armcwes). The polar-
izing filter blocks all waves excent
[hose vibraling in a given plans

o~ Polarizing
filser

Lis ]llh.u.l'l::ll

ligha

Figurme 20,14

Thg rotaton of he @lane of palenzsd
fght by an aptically achive sub-
stance. The angle of rodation s
callgd hata {8




N Angle of
Folarnzing r{ntgtin}ﬂ of
filter

| | plane of
Unpolarized polarization
light |

|
""'”” o Rotated .

Light
source
| . '
i Polarizeq  OPtically active

- light solution
F‘t::_larlzer Analyzer
axis




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




Teorie ligandového pole




Fig. 11.6 Complete set of
d orbitals in an octahedral
field produced by six
ligands. The e, orbitals are
shaded and the ry, orbitals
are unshaded. The torus of
the d.: orbital has been
omitted for clanty.







[zolovany kation

Interakce
ligandy-kation

Energy of
attraction of
point charges

Interakce
ligandy-d elektrony



Rozstépeni d-hladin v O, poli

Destabilizace 0.6 A

> A =10Dg

Stabilizace 0.4 A




Stabilizacni energie ligandového pole

(CEFSE = Crystal Field Stabilization Energy )

Slab¢ pole
A, < P (parovaci energie) Silné pole
Vysokospinove komplexy A,> P (parovaci energie)

Nizkospinoveé komplexy

78




Stabilizacni energie ligandového pole

Nizkospinové komplexy

Vysokospinove komplexy

Slab¢ pole

A, roste




Slab¢ pole

Siln¢ pole

CFSE

CFSE

0.4 A,

0.4 A,

0.8 A,

0.8 A,

1.2 A,

1.2 A,

0.6 A,

1.6 A,

0.0 A,

2.0 A,

0.4 A,

24 A,

0.8 A,

1.8 A,

1.2 A,

12 A,

CFSE=(nty,)04A,— (ney)0.6A,

¢ = pocCet neparovych elektronu




T, ad! ion

Rozstépeni d-hladin v O, poli

VT, oa d= 1on

— T4 T
Cr, ad’ 1on




Rozstépeni d-hladin v O, poli




Stabilizacni energie ligandového pole

Talde: 18,3 ¢
.'||!:|I i sns Ol varkous Period 41

CEFSE for high spin d% is
(+3/5-2/3-2/3 -2/1)A




[Ti(H,0)]**
d!

tZglegO _'tdegl
ruzovy

243 kJ mol!
(A,)

Rozstépeni d-hladin v O, poli

|
20,300 cm™

Frequency



UV-vis spektrum [Ti(H,O0)]**

|
2
Sy
o
o))
)
=

500 600

Wavelength (nm)

- o




Yellow




Rozstépeni d-hladin v T poli

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




Fig. 11.10 Complete set of
d orbitals in a cubic field.
Either set of tetrahedral
ligands (@ or O)) produces a
field one-half as strong as
the cubic held.







Rozstépeni d-hladin v ¢tvercovém poli (d®)

X2- Y2
b,

%2-\/2
Ni(CN),”, PdC1%, Y

Pt(NH,),”", PtCl,",
AuCl,

Odtrzeni ligandu v ose z




Fig. 11.12 An octahedral
complex (a) undergoing -
axis elongation such that n
bhecomes tetragonally
distoried (b) and finally
reaches the square planar
hmat {c). The a,, (d.2)
orbital may lie below the ¢,
id,. and ..} orbitals in the
square planar complex.

Remaoval of 2 lipands
L

ib)




Cu(hfacac),




18-ti elektronové pravidlo

[Co(NH,),Cl;]

Cr do
6x CO 6x2=12
celkem 18

Co d’
3x NH; 3x2=6
3xCl 3x1=3
celkem 18




Vliv ligandu na vlastnosti komplexu

[Ni(H;0)]"* [Ni(en)(H,0),]" [Ni(en)o(H;0)]"* [Ni(en)s]"

green green/blue blue purple




Vliv ligandu na vlastnosti komplexu

Energy

[CrF.]% [Cr(H,O).]3* [Cr(NH.), 7+ [Cr{(CN), >~
2] 2] 2] 375 a]
Green Violet Yellow Yellow



Faktory ovliviujici velikost rozstépeni ligandového pole

Spektrochemicka rada ligandu:

I <Br <S8 <SCN- < CI < Nj, F< OH- < ox, O* < H,0 < NCS- < py, NH,
<en < bpy, phen <NO, <CH;, C.H; <CN <CO

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

Mn2t < Ni?t < Co?t < Fe2" < V2 < Fe3* < Co¥t < Mn3" < Mo3 < Rh3" < Ru3™ < Pd# < I3t < Pt4t

Typ koordinace 4/9 Ay = A,

Sila a délka vazby M-L




Elektronické prechody

inreasing
enengy

The energy of ﬁ'ul'i. parCual
colour is just ight o promote
the electron.




Elektronické prechod

Elektronicky
prechod

o Ly o o

[Cr(H20)5 1% [Fe(H20)g1¢*  [Co(Ha0)g 12+  [Mi(H20)g 1%+ [Cu(H20)g ]2




Elektronickeé

L
Energy




R =NH-

Mormalized emission intensity

(FFs)  NCs

BA0 B0 G50
Wavelength/nm




Wavelength (Color) Color
Absorbed Observed

100 nm (violet)

150 nm (blue)

190 nm ( red

530 nm ( ) purple
570 nm ( violet

580 nm ( ) dark blue
600 nm ( ) blue

650 nm (red)

720 nm (purple)




conc HCI
ﬁ_

| Co(Hz00s J2* [ CoCls |2

[ Co(H20)g 12+




o/

[ Co(H20)g ]2+

<

A B
(octahedral) (tetrahedral)

Molar absorbance (tetrahedral

|
700

Wavelength




Popis vazby v komplexech pomoci MO

3xnp

1x ns

SALCAO

Orbitaly
ligandil

5x (n—1)d

Orbitaly kovu




Valencni orbitaly kovu

A 4

Px Py P,
Xy XZ yz

X




Sigma vazby M-L




Nevazebné d-orbitaly

by

Neexistuje zadna
vhodna kombinace AO
ligandil




Nonbonding

HOMO

Bonding




ti,
(n+1)p s

a

19

(n+1)s _

ey, Ly

nd




4L(LGOS)1 10




4L(LGOS)




MO pri n-vazbé

pr-dr RO, RS, 0%, F,CI,Br,I,RN  drndr R,P, R;As, RS

[ 4
¢ ®

drn-n*  CO, RNC, pyridin, CN, N,, drn-o* H,, R;P, alkany
NO,, ethylen 112




Volny e parna C
HOMO

O=Q)
Volny e par na O







Ligandy s pi orbitaly

P1 baze Pi kyselina




a bond: x backbond:

M= § >C=0
ernpty filled
d or p-orbital or-0rbital

filled ernpy
d-orbital m+-0Thital

L,M(CO)

Zpétna p1 donace
M — CO

Sigma donace
M « CO




Jahn-Tellerova distorze

Degenerované hladiny

CasteCné obsazené

Nelinearni molekuly

Degenerace se odstrani

deformaci




lonee radu (pmj

Mumber of 3d elecinons

lonic radii (pm)

3% et Ma?® Fe?* Co?* N
| | |
4 5 L 3

Wumbcer of 4 elocirom




Kinetika

c
2
3
@
=




Mechanismy reakci
Mechanismus
Disociativni (D)

W(CO), . W(CO), + CO

W(CO), + PPh, — W(CO)(PPh,)

Asociativni (A)
[Ni(CN),J> + “CN- —— [Ni(CN),(CN) J*
[Ni(CN)4("“*CN) ]** ——— [Ni(CN);(**CN) ]* + CN-




Trans-zeslabeni: schopnost ligandu zeslabit vazbu k jinému

ligandu v trans poloze
Trans-Influence (themmodymamic effect)
extent fo which a ligand weakens the rnetal-lizand bond of the ligand frans to itself
From HME: 5iFz = Ph=FE = P{OR); = CH = AsF; > HREz; > Cl » Br = |
Fromn X-tay: B = H = CFy =PRz = AsRg = CO = C;Hy = Cl

Trans-efekt: schopnost ligandu urychlit substituci jiného ligandu
v trans poloze

Trans-Effect (kdnetic effect)

extent fo which a ligand effects the mte of exchange of the ligand trans o itself
Dizzociative rechanisin, rans effect seres = rans influence series
Azzociative mechanizm: 0, CH, CyHy = PRy = H > Me = Ph= py > =EBr» Cl= HHg




Mechanismy reakci

Vyménny (1)




Magneticke vlastnosti komplexu

_ v Magneticka susceptibilita
£= H M = magnetizace
H = intenzita mg pole

Molarni magneticka susceptibilita

Magneticky moment

u=2/S(S+1)=/n(n+2)




Magnetické vlastnosti komplexu

Curie-Temperatur Neél-Temperatur

Antiferromagnetismus

I Paramagnetis
| mus

|

Tog




