Inorganic Reaction Mechanisms

Chem421



Inorganic Reaction Mechanisms

Course Name

Course Number

Inorganic Reaction Mechanisms

Chem421

Credit Hours (Lecture+ Lab) 2+0
Pre-requisite Chem322
Level Eight
Evaluations:
Assessments Credit Time
Quizzes/ Home Works 10 During the semester
Mid 1 20 6th week
Mid 2 20 12th week
Final 50 16th week
( pane

Ch'oko




Jcoc e nyy ClAS04
o
orsise © o LSIs2 ©

PPN
D AWl ¢ (o) phie ) &
Ay @ Letal il 2
(2D oy alh) sl a
pleole LS St it 2T D
e\ e & afe ghis Loy cxAr
alrg
Lv’)»/"j’)/*‘: !
i de sl o oty (D

NP RN O

CalCo cny (S04

9+ Cox(~4)x(-2)=+2
Co:{»é

calcium diChloro teta Crano < oplatate (V1) Sulphate

(@) Wi <D

{rFe-0 = Fe=-I

-D

ammoniam N Exa carbony| FErtate

Chapter 1: Introduction to
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What Are Coordination Compounds?

* Coordination compounds are substances
formed by the coordination of a central metal
atom or ion with surrounding molecules or
ions called ligands. These compounds play key
roles in biological, chemical, and industrial

Processes.
T




Components of a Coordination

SO
e

- Central metal ion (e.g., Fe**, Cu**)

Compound

- Ligands: molecules or ions that donate

electro

- Cooro
atoms

- Coorc
within

n pairs (e.g., NHs, CI7)

ination number: number of ligand
oonded to the metal

ination sphere: metal and ligands

orackets [ ]



Structure Example: [Co(NH3)e]?*

* This complex shows a central cobalt(lll) ion
surrounded by six ammonia ligands in an
octahedral geometry.

NH -
/I -
* Geometry: Octahedral \
Coordination Number: 6 = /\@N% A A
e Coordination Number: {
— e CP i
4
\|/
" ?

The Co(NH,),™* ion




Types of Ligands

« Ligand defined as neutral molecule or ion having a lone
electron pair that can be used to form a bond to a metal 10n.
C e

 Monodentate ligands have only one point of attachment to the
metal 1on

* Multi-dentate ligands (also called chelate ligand) have two or
more points of attachment to the metal 1on.

« Multidentate may be bidetate, tridentate, tetradentate, ....etc
e Bidentate ligand (chelate ligand) — two bonds to a metal 1on

= Polydentate ligand — more than two bonds to a metal ion




2: bi-dentate
3: tri-dentate
4: tetra-dentate
5: penta-dentate
6: hexa-dentate
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Ambidentate Ligand

Some ligands have the ability to bind to the central
atom via the atoms of two different elements.

For example, the SCN- ion can bind to a ligand via the
nitrogen atom or via the sulfur atom. Such ligands are

known as ambidentate ligands.

'§=C=N® «— ©s—c=N
isothiocyanate thiocyanate

O
binds through N binds through S

M«<——NL and Me<—— O—N=0

Ny S\ O
Nitrito — N Nitrito — O

phenyl isothiocyanate phenyl thiocyanate
'!r i 8



The Bidentate ligand
(Ethylenediamine)

the Monodentate ligand
(Ammonia)

e

(b) H

m-——:Zr

10



The Coordination of EDTA with a M>* Metal ion

EDTA(Ethylediamine tetraacetic acid) ion
bounded M, if M=Co*3, Co*? bounded by six
donors in [COEDTA]

o
HeH HOH
w | (-
+0—CCH _CH,C—0t
- NCH,CHN .
+yO—CCH

EDTA(Ethylediamine
tetraacetic acid) ion (EDTA%)

11



Types of Coordination Compounds

1. Based on the Charge of the Complex

- Cationic Complexes: Complexes with an overall positive charge (e.g.,
[Co(NH3)s]*").

- Anionic Complexes: Complexes with an overall negative charge (e.g.,
[Fe(CN)s]*).

- Neutral Complexes: Complexes with no net charge (e.g., [N1(CO)a4]).

2- Based on the Nature of the Ligand
- Monodentate Complexes: Ligands that bind to the central metal atom
through a single donor atom (e.g., NHs, H20, CI").
- Polydentate Complexes: Ligands that bind through multiple donor
atoms, forming chelate complexes:
Bidentate ligands: Bind at two sites (e.g., ethylenediamine (en)).
Tridentate and higher ligands: Bind at three or more sites (e.g.,
EDTA binds at six sites).

12



3. Based on the Nature of the Central Metal Atom
- Homoleptic Complexes: All ligands are of the same type (e.g., [Co(NHs)s]*").

- Heteroleptic Complexes: Different types of ligands are attached to the metal
(e.g., [Pt(NHs)2Cl2)).

4. Based on the Coordination Number

- Coordination Number 2: Usually linear geometry (e.g., [Ag(NHs)2]").

- Coordination Number 4: Can have tetrahedral (e.g., [N1Cl4]*") or square
planar geometry (e.g., [PtClsa]*").

- Coordination Number 6: Typically octahedral geometry (e.g., [Cr(H20)s]*").

5. Based on the Geometry

- Linear: Found in complexes with a coordination number of 2 (e.g., [CuCl:]").
- Tetrahedral: Common with a coordination number of 4 (e.g., [Ni1Cl4]*).

- Square Planar: Common in d® metals (e.g., [PtCls]*).

- Octahedral: Common for a coordination number of 6 (e.g., [Fe(CN)s]*).

13
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CN e g s Le Jewis Dase

‘ central metal M: Ni°
Ilgands L: CO (carbonyl)

Each ligand has at |least one lone
N| " pair of electrons with which to
" coordinate to the metal.

O//C C Q?‘ ~~ e Metal acts as Lewis acid.
\\\ + Ligands act as Lewis bases.

O oA e gy _ .
The ligands directly attached to the metal

tetracarbonylnickel: Ni(CO), are its first coordination sphere.

+ pale yellow liquid (m.p. -17°C, b.p. 43°C)~ ", | = = =7
, tpetrar)\/edral Cgmpo(ung P ) The coordination number of the metal

» synthesized in 1890 by Mond is the number of coordinate bonds to the
* extremely poisonous metal (CN =4 in this case).
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chel

through multiple donor atoms creating

a ring-like structure (e.g., [Fe(EDTA)]")

7.Bridged Complexes
Contain ligands that connect two or

more metal centers (e.g., [Mn,(CO),,]).

6. Chelate Complexes
Formed when a polydentate ligand binds to a metal

(@)
ocC :g:o co €O
oc Mn /Mr{ co
. OC
ocC coO Co
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Classic Monodentate Ligands

Common Name IUPAC Name

hydrido hydrido

fluoro fluoro

chloro chloro

bromo bromo

10do 10odo

nitrido nitrido

azido azido

0XO0 oxido

cyano cyano

thiocyano thiocyanato-S (S-bonded)
isothiocyano thiocyanato-N (N-bonded)

Formula

H-
£

Cl™
Br

SCN™
NCS™

(continues)

16



b

Common Name IUPAC Name Formula
hydroxo hydroxo OH
aqua aqua H,O
carbonyl carbonyl CO
thiocarbonyl thiocarbonyl CS
nitrosyl nitrosyl NO™*
nitro nitrito-N (N-bonded) NO,
nitrito nitrito-O (O-bonded) ONO ™
methyl isocyanide methylisocyanide CH;NC
phosphine phosphane PR3
pyridine pyridine (abbrev. py) CsH;sN
ammine ammine NH;
methylamine methylamine MeNH,
amido azanido NH, ™

imido azanediido NH2~




Chelating
Points Common Name I[UPAC Name

bidentate  ethylenediamine ,2-ethanediamine en NH,CH,CH,NH,
tridentate  dicthylenetriamine  1.4,7-triazaheptane dien NH,CH,CH,NHCH,CH,NH,

bidentate > pipyridine 2,2'-bipyridyl bipy C,oH;N,
HsN NH
i SN H
ethylenediamine bipyridyl
(en) (bpy)

diethylenetriamine

18



IUPAC Nomenclature of Coordination Compounds
Rules For Naming Coordination Compound

A. When naming coordination compounds, always name the cation before the anion. This rule holds

regardless of whether the complex ion is the cation or the anion. (This is just like naming an ionic
compound.)

1. Name the ligands first, in alphabetical order, and then name the metal atom or ion.
Note: The metal atom or ion is written before the ligands in the chemical formula.
e.g [Co(NH;)e] (NO3); Hexaamminecobalt(lll) nitrate
K, [PtCl;] Potassium hexachloroplatinate(lV)

Anionic ligands end in “-0.” For anions that end in “-ide’(e.g. chloride, hydroxide), “-
ate” (e.g. sulfate, nitrate), and “-ite” (e.g. nirite), change the endings as follows: -ide to -0;
e.g., chloride to chloro and hydroxide to hydroxo

-ate to -ato; e.g., sulfate to sulfato and nitrate to nitrato

-ite to -ito; e.g., nitrite to nitrito -

For neutral ligands,_ the common name of the molecule is used (e.g. H,NCH,CH,NH,
(ethylenediamine)). Important exceptions: water is called ‘aqua’, ammonia is called
‘ammine’, carbon monoxide is called ‘carbonyl’, and the N2 and O2 molecules are called
‘dinitrogen’ and ‘dioxygen’.

19



Table 1. Names of Some Common Ligands

Anionic Ligands | Names Neutral Ligands | Names

Br bromo NH; ammine

F fluoro H>O aqua

0~ 0X0 NO Nitrosyl

OH hydroxo CcO Carbonyl

CN” cyano 0> dioxygen
C,04~ oxalato N> dinitrogen
CO;5~ carbonato CsHsN pyridine
CH3;COO" acetato H,NCH,CH,NH» | ethylenediamine

3. The Greek prefixes di-, tri-, tetra-, etc. are used to designate the number of each
type of ligand in the complex ion. If the ligand already contains a Greek prefix (e.g.
ethylenediamine) or if it is a polydentate ligand (i.e. it can attach at more than one
coordination site), the prefixes bis-, tris-, tetrakis-, and pentakis- are used instead
(See examples 3 and 4).

The numerical prefixes are listed in Table 2.
Table 2. Numerical Prefixes

Number | Prefix Number | Prefix Number | Prefix

1 mono 5 penta (pentakis) | 9 nona (ennea)
2 di (bis) 6 hexa (hexakis) 10 deca

3 tr1 (tris) 7 hepta 11 undeca

4 tetra (tetrakis) 8 octa 12 dodeca

20



4. After naming the ligands, name the central metal.

- If the complex ion is a cation or neutral, the metal is named the same as the element.
[Ni(CO),] Tetracarbonylnickel , [CO(NH;);(NO;);] (Triaminetrinitrocobalt (111)
Coina complex cation or neutral is called cobalt and Pt is called platinum.

For example, Coina complex anion is called cobaltate and Pt is called platlnate For some
metals, the Latin names are used in the complex anions (e.g. Fe is called ferrate and not
ironate).

Table 3: Name of Metals in Anionic Complexes

Name of Metal Name in an Anionic Complex
Iron Ferrate
Copper Cuprate
Lead Plumbate
Silver Argentate
Gold Aurate
Tin Stannate
3 U0y ok Sbelk (T TY Sulfate
J//C O C N\’\BBU\ ( HZU 7 )tg%mﬂmmﬂcj,ﬂzuﬂ < ) )
ANTON C romple x
/wwfm\%> ey cenaan” CA Fe (), (Hzozl — p
MLJJK CO 4 (0) +(0) =+2 vy Cos +l 404 (-1 =+2 ZFE’ ((A/J%CHZOBJC[ — Cationic (OmPlﬁX
- Y= Co*a
/\/\Lafffﬁ) pHussiam i € ot Fekta amine cobalket (7TT) C hloticle [F cew n CH20)p| — neuntal compleX
9
A deih v LN s ) als [ b = oot
W dls o8 ANLL 23 ain ‘g N Liy Aak §o 0526292 50
oW eme s o8 VL, 2V Dea iy AP
NHs o amine ® L f“JL”““‘( o 21



5. To name bridging ligands between two metal ions, the prefix p is used before

the name of each of the ligands.
[(NH,),Co(OH)(NH,)Co(NH,),]J(NO,),
Octaammine-p-amido-p-hydroxodicobalt(lll) nitrate

If a complex has two similar bridging ligands, p-di is used for its name
JCo CNh), CH3o% SOy

© lewis acid —M" Co

OH2 H OH2 @ lewis base- /I/H?)/Hzo
o_ | O | O - 8
\ Fe/—" / SO 8 v herg: [ Co CHHY (H:O)]
/ \ \ 4 2 o coerdnation S
H>O | 8 I Ho () second » v S04
OH2 —_— OH2 @ neuttal gnod mono dentate ’”25“”‘0’
— @ Heffmrgp#fc i
B o o N2 sy - (3 Charqe of the complex = [Co CHiy (el
@ magnatic prery
Co,. [ALs 4stzd?
o pArvad® [P

pata wannetic

octaaqua-p-dihydroxo diiron(lll) sulphate

[(H,0),Fe(OH)(OH)Fe(H,0),] (SO,), . |
maghetic momen
Y AV Y
e \3c3+n =115 = 95/2\9\\

@ D(Jmhc,{%({ 55‘*""’@‘&;47
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Some Classes of Isomers
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Some Classes of Isomers

In coordination chemistry, isomerism refers to the phenomenon where
coordination compounds with the same chemical formula have different
arrangements of atoms or ions, leading to different properties. The main
types of isomerism are classified into two categories:

|- Structural isomers; There are several types of Structural isomerism.

The most common types are
Linkage (Ambidentate)

Isomerism
Coordination Isomerism
Ionization Isomerism
Hydrate Isomerism
ll- Stereoisomers; Contains two types;
Geometrical isomerism (cis and trans)
Optical isomerism (d and |)

24



[-Structural (or constitutional) Isomerism

Structural Isomerism

Structural isomers have different arrangements of atoms or ligands but the same
chemical formula. The types of structural isomerism are:

1- Coordination Isomerism:

Definition: Occurs when there is an exchange of ligands between cationic and anionic

parts of a coordination compound.
Requires at least two different metal ions in the coordination compound

[Co(NH;)6][Cr(CN)e] and [Cr(NH3)s][Co(CN)g]

Hexaamminecobalt(lll) hexacyanochromate(lll) and Hexaamminechromium(lll) hexacyanocobalate(lll)

2- Linkage (Ambidentate) [somerism:

Definition: Occurs when a ligand can bind to the central metal through
different donor atoms.

[Co(NH,),(NOy)CICI
Tetraamminechloronitrocobalt(I1l) chloride

N \’H\ YW)

[Co(NH,),(ONO)CI]CI

Tetraamminechloronitritocobalt(IIl) chloride

(red) 25



3- Ionization Isomerism
Definition: Arises when a counter 1on in the coordination compound can

replace a ligand, producing 1somers that yield different 1ons in solution.

Example:

[Pt(NH,),Br]Cl and [Pt(NH;),Cl]|Br

NH3 1* Br i NH3 1*
ol | N HaN- c‘ NH;
0, 0
[Cr(NH;),SO,]Br and [Cr(NH;);Br]SO, N ‘ N o ‘ g
L H3N J L H3N
4- Hydrate Isomerism (ol (olNFaJsEI

Definition: Occurs when water molecules are present either inside or

outside the coordination sphere, leading to isomers.
CrCl,(H,0),]C1-2H,0 (two water outside the sphere)

CrCI(H,0),]Cl,-H,0O (one water outside the sphere)
[Cr(H,0)]Cl, (all water as ligands)

26



[I-Stereoisomerism

gz s il b S Bl S 5o il S
el 5 Ao dal Jy diiis gl Jos O A

1- Geometrical Isomerism (cis-trans):

Defined as, coordination compounds in which
atoms or groups of atoms can assume
different positions around a rigid ring or bond.

" (s —same side (next to each other)

S

" Trans — opposite sides (across from each
other)



Geometrical (cis-trans) Isomerism for a Square
Planar Compound
(a) cis isomer  (b) frans isomer

(b)




Geometrical (cis-trans) Isomerism for an

Octahedral Complex Ion
i ] NH
£ j; 7 NH, /%, \jjlo / 3
H,N —_ —i——\— NH, H3N/"_( ‘i-ECl
Cl NH,
+yan s Clis

Determine Which of these compounds is ci and which is trans?



II- Stereoisomerism

2- Optical Isomerism:

Defined as, coordination compounds 1n which 1somers
have opposite effects on plane-polarized light.

Optical Activity

* Exhibited by molecules that have
nonsuperimposable mirror images (chiral
molecules).

* Enantiomers — 1somers of nonsuperimposable
mirror 1mages.



: : L Lamda-
Delta- dichlorobis(ethylenediamine

| is(ethy lamine) d|chlorob|s(ethylened|am|ne) cobalt
cobalt (I11) i

(IS 1

P il Cl $ .
er ern
\D&d E 0%
en/

cis-isomer
(d and [ forms)

Cl

—l +
:
en
/
Cl

trans-isomer

The trans isomer of dichlorobis(ethylenediamine) cobalt (l1l) ion
and its mirror image are identical. They are not optical isomers in it.

31



Electron Configurations

* Example
W4S23CP
= Fe: [Ar]4s?3d°
* Exceptions: Cr and Cu
= Cr: [Ar]4s'3d°
= Cu: [Ar]ds!'3d!°

32



Exercise: Analyze the Complex

Given the complex [Cr(en),Cl,]*

1. Identify the central metal and its oxidation
state.

2. Name the ligands, their type, and charge.
3. Determine the coordination number.
4. Predict the geometry of the complex.

33



Suggested Answers

1. Central metal: Chromium (Cr3*)

2. Ligands: en (bidentate), CI~ (monodentate)
3. Coordination number: 6

4. Geometry: Octahedral
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Chapter 2: Substitution Reactions
of Octahedral Complexes




Objectives

2.1 Mechanism and kinetics of complex reactions.

2.2 Catalysts and catalysis.

2.3 Reaction kinetics and reaction mechanics.

2.4 Mechanism of Ligand Reactions

2.6 Factors affecting reaction mechanics.

2.7 General substitution reactions in octahedral complexes.
2.8 Reactions with S,1 mechanics (substitution on octahedral
complexes).

2.9 Reactions with S,2 mechanics (substitution on octahedral
complexes).

B3l 0555l — N Sl e Sl Jolis Lkt S5 ooy € Gulisll Jloms 3 3 i 3all oA g s
5, B e ST o oy dlomad e bl oS 15,05 G pndy . 5 Ul Q3 055 Loie (Ul iy jomy dbloes (6T) gt
A S Bl el s sl
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Substitution Reactions of Octahedral Complexes

2.1 Mechanism and kinetics of complex reactions.

Some complex reactions involve changes in the structure of the coordination field.
This happens when ligands react with metal ions — which, when free, are usually

hydrated (surrounded by water molecules).The ability of a complex to replace one

or more of its ligands with new ones is called “complex activity.”

o|f this replacement happens quickly, the complex is called active.

e|f it happens slowly or not at all, it’s called inactive.

/\ Note:“Active/inactive” refers to reaction rate, which is related to the kinetics of
the reaction, not the stability.

Stability is described by terms like “stable” or “unstable,” which are related to

thermodynamics, not reaction rates.
37
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It was found that the ionic complex [(Co(NH;)c]*® can remain for several days
in an acidic medium without breaking down due to its kinetic inactivity or
lack of activity (stable compound), although from a thermodynamic point of

view it is considered an unstable complex, as evidenced by the following

crer . Ll o S Gt e Jolaall OF iy Ling) oS alo Y1 Jolaal] O15Y1 ot O LY
equilibrium constant: 3 UCOMNHIE)6] s 15715« L i <« A1 £

(AL

[ Co(NH,)(]3* + 6 H;O0+ =———= [Co(H,0).]3*+ 6 NH% K =102
Note that the forward equilibrium constant is large (this means that thermodynamically the reaction with
acid happens, but actually does not happen, and the compound [ Co(NH;)¢]3* is not affected by acids
. 2_ . o ‘\
In contrast, the [Ni(CN),]* complex is very stable. ke namicl

1 1, [
_bghle —

[Ni(CN), 1> —, Ni2*+ 4 CN K=1022 — %~

Thermodynamically, the reaction does not happen. However, the rate of

substitution of cyanide ions with numbered cyanide ions is rapid.

A J A 2| ,L‘K V&
‘A{\} Wlet! &
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For most first-row transition metals with octahedral complexes,
the substitution happens quickly, especially with ligands like
water. These are called labile complexes, meaning they react fast,
sometimes instantly.

e However, complexes of chromium Cr (lll) and cobalt Co (1)
are not labile. Their substitution reactions are slow, taking hours,
days, or even weeks at room temperature (25°C).

Because of their slow reactions, Cr (lll1) and Co (lll) complexes are

useful for studying reaction mechanisms in detail.




Important Definitions:
1. Labile and inert describe how fast a reaction happens -
this is called kinetics.
e Labile = reacts quickly
e Inert =reacts slowly or not at all
2. Stable and unstable describe how strong or weak a complex is
— this is called thermodynamics.
e Stable = hard to break
e Unstable = easy to break e AL A2

3. Reaction mechanism means the step-by-step process of how

a reaction happens at the molecular level.



In kinetics, we use an equation called the rate law to describe how
fast a reaction happens.
e The reaction rate (R) depends on:

@ The concentration of the reactants (how much of each substance

is present).

) (D

.

- The temperature and the type of medium (like water or air).
There’s also a number called K (rate constant) in the equation.
K changes with temperature and tells us how fast

the reaction goes. 18) K G 2 L 2 i

il E s i Kdas amy ¢ (e



Example of a Rate Law:
For the reaction: A+ B - C+ D (Products)

) [PH] oo 85 s iy ¢ S5 e 55de
The rate law is: Al ) Ll s 535, 3) [OH,

LS 95k Ol OF i i 05 ¢ (Y

R = K,[A] + K, [AI[B] + K,,[A][BI[H"]
This means the reaction can happen in three different ways:
1. The first step depends only on the amount of A.
2. Second step depends on the amounts of both A and B.
3. The third step depends on A, B, and H* (acidity)
So the pH affects the reaction.
® Also, since [H*] and [OH] are related (if one goes up, the other goes

down), this means OH™ can also take part in forming the intermediate

complex before the final products are made.



Most chemical reactions happen in more than one step.

e Because of that, we can’t find the rate just by looking at the
balanced equation.

e Onlysimple (one-step) reactions allow us to calculate the rate

directly. el e Y155 o S

e In multi-step reactions, one step is usually slower than the others.

This slowest step controls how fast the whole reaction goes.

e This slow step is called the rate-determining step.

43



NO, + CO - NO + CO,
This reaction looks simple, but in reality, it occurs in two steps:
£ Step-by-Step Mechanism:

Step 1 (slow):

NO, + NO, - NO + NOs

e Thisis the slow step, and it involves two NO, molecules.
e Because it’s slow, it controls the speed of the overall reaction.
e Soitisthe rate-determining step (RDS).
Step 2 (fast):

NOs; + CO - NO;, + CO,

e This step is faster and happens after the first step.

e [tusesthe NOsformed in Step 1 and reacts it with CO.



» Key Observations:

e The intermediate NOs is formed in Step 1 and used in Step 2.

e Intermediates do not appear in the final overall equation.

e The slow step (Step 1) determines the overall rate of the reaction.

That’s why it’s called the rate-determining step.

—_— 9

Rate Law:
Since the slow step involves:

NO, + NO, - NO + NOs the rate depends on the concentration of NO,

squared:

7 Rate = k [NO,]?

Notice:

e (COisnotinthe rate law, because it only appears in the fast step.

e We only use reactants from of the slow step to write the rate law.
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2. 2. Catalysts and catalysis :

e A catalystis a substance that changes the speed of a chemical
reaction — usually by making it faster. j
Cdelad 3 el Y

e |t does not get used up in the reaction.

e For example, manganese dioxide (MnO,) helps potassium

chlorate (KCIOs) break down faster to produce oxygen gas (O,).

e A catalyst works by giving the reaction a different path that

needs less energy to start. This is called lowering the
T e e b e U W e

activation energy.

Gy ¢ sdl) 57 B3l e, Jelazl) il




Energy

Effect of a Catalyst

Activation
energy

Catalyzed

Reactants

R i | Products

Activation energy
with catalyst

Progress of the reaction

a7



Types of Catalysts:

1. Homogeneous Catalysts:
The catalyst and reactants are in the same phase (like all in a liquid phase,
or all reactants in a solid phase, etc.).

e Example: Catalyst and reactants are both dissolved in water (liauid
ohase). Two phases One phase
2. Heterogeneous Catalysts:
The catalyst and reactants are in different phases.
e Example: A solid catalyst with gas reactants.
Enzymes (Biological Catalysts):

e Enzymes are special catalysts found in living things.

Amylase
Starch——— Gloucose

e They speed up reactions in the body by using their active sites
(special regions on their surface).
e The shape of the enzyme is very important for it to work properly.
e This shape is held together by intermolecular forces like:
- Hydrogen bonds
- Dipole-dipole forces
- London dispersion forces

Jons S sl 31 IS5 e

liquid phase single liquid phase

solid phase
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2.3. Reaction Kinetics & Reaction Mechanism

Transition State Theory (TST): e

e This theory explains how reactions go through a high-energy
transition state before forming products. ¢ =3 deyasiz:

e The transition state is in temporary equilibrium with the
reactants. e

e TST does not apply to reactions that are controlled by how fast
particles move (diffusion-limited reactions).

7 For a reaction to'happen easily: ._

e It should have higher entropy AS* (more disor&c;}deurﬁ)w

e And lower activation energy As?‘t (less energy needed to

start the reaction)
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2.4. Rate measurements of reactions. J«@ow%wwfvwi
. ‘yu;;o\

To measure how fast reactions happen, we look at the half-life (how long the molecules

last before reacting)

a3 o ASTChadl jas @) elan Clnpdlods Jolis
A1 3 ity b o o (el ol 120) B G sl s e »
. (pH) L;é’.'ﬁ)-*vé-“

1. Chemically Inert Molecules:
e These molecules react slowly (half-life more than 1 minute).
e  We can measure them using optical methods (like light absorption) or by checking
pH changes.

Jebol ] 3 s ¢ gl (a6 sy Aelardl sl 32 A1) "Bl Bl Sl psiis
2. Unstable Molecules: - Lkl

e  These react faster (half-life between 1 minute and 0.001 seconds).

e  We use stopped-flow techniques (which mix reactants very quickly) to measure

@ y;ﬂy‘yg}g-&owtﬁﬁbw
them, Fast Spectroscopy. e W odn Gy (i3 Ml 1) 230

LlasS Jelil day o lay;
Sleoes S b S ) s Yl G el

3) Molecules chemically fast
when their half-life is less than one thousandth of a second (ms 1 > (1/2). In this case,
relaxation methods (fast spectroscopy) such as nuclear magnetic resonance

(NMR) can be used.
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2.5. Mechanism of Ligand Reactions:
bl sl (e ¢ (Gl dlins) sl kel laiall 3
- SN25 SNI i sy o

In octahedral (hexacoordinated) complexes, ligands can be

replaced in two main ways. SN1 and SN2 Mechanisms
S (Gl (pulest) Aol W oot 350 Loy S 50 1555 ] ‘Mdy
(3 First Type: SN1 I\/Iechanlsm

e Theold ligand leaves first, breaking its bond with the

metal. e

e This creates a temporary 5-ligand (pentacoordinated)
intermediate, which has an empty space.

e This first step is slow and controls the reaction rate.

e Then, the nMng quickly enters and fills the empty
space — this second step is very fast. S i ) o L5

o ey Tl Yl gl sl 0 ol @

» This is called an SN1 reaction (unimolecular nucleophilic
substitution). -



5

RN

I
g
ov

SN

Al L'//mg_‘; NI RN: d\é/vdlglﬁwc

Step 1
Slow (-X)
ML X : > ML; + X
. Unimolecular and — ol
(C'N/"—Q rate-determining MC\MUW”( ake) QNS
step
Step 2 mév\/ [/(BOMJ
ML, LS =  MLJY
5-coordinated i (C.N.=6)
intermediate s

Rate = K [ML:X]

The first step is the slow step and hence it is also the rate-determining
step for the process.
The overall rate is: Rate = k [ML:X]
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The Second Type: S\ 2 Mechanism -

o) Gl el Loy T o s 5]
e Inthis type, the new ligand attaches to the metal first.
e This forms a 7-ligand (heptacoordinated) intermediate.
e This first step is slow, because it’s crowded around the
metal. T
e Then, the old ligand quickly leaves in the second
step, which is fast.
» This is called an Sy2 reaction (bimolecular nucleophilic
substitution).

3 8y g oy ¢ 5 U @
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Step 1
slow (+Y)
ML,X > MLXY
bimolecular &
C /V — /. rate-determining step C.N=7

unstable

Step 2
Fast

ML XY > MLY Rate = K[ML;X][Y]

—_—

The first step is the slow step and hence it is also the rate-determining
step for the process.
The overall rate is Rate = k [MA:L] [Y]
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Dissociative Mechanism (D mechanism) — — SNy e
il 2ol 056 OF Y1 e SNT 2 IV ods ais
e This mechanism is similar to SN1, but the rate law is different.
1. The old ligand (L) leaves the metal, forming a 5-ligand
(pentacoordinated) intermediate. s et oSl ey
2. This intermediate briefly exists alone, surrounded by:
. The old ligand (L) .
e Thenewligand (L) — L
A & Solvent molecules (S)

3. Then, the new ligand attaches to the metal.

Important Notes:

The reaction rate does NOT depend on the concentration of the

new ligand.
The M—-L bond fully breaks before a new bond forms.
e WVimL DoAY
k1
ML6 = = ML5+L

k2
ML5 + L = *ML5L
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The rate of the reaction is given by this equation:

R = (KiKz [MLe] [L']) / (K- + Kz [L])

[MLg] = the metal complex with its original ligands

[L'] = the new ligand coming in

[L] = the original (leaving) ligand ) 25 o (R) Jolish o o ez
Ki, K2, K-4 = rate constants

The speed of the reaction (R) depends on how much of the leaving ligand
e ~K 0Bl 2t [L] cals 131 0

[L] is present. ] ey 25 s
But if [L] is very high, then K_; becomes very small and can be ignored.

e So, the equation becomes simpler: When [L] is very high

—->R = K1 [MLG]



L Jo alaST il oS LY odis jas

The associative mechanism (A mechanism) — = SANS

This mechanism is characterized by the formation of the entire
complex as a seven-coordinate intermediate 'ML5L" which is

followed by a dissociation step to give the product complex.

ble
ML6 + L' = — MLeL'

ML6L' = » ML5L +L

——

The reaction rate law can be calculated from the equation: R = K; [ML] [L']

wij\ U2 (0 1

Yo
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Jolal
@ The Interchange Mechanisms s ) MLty oo s
In this reaction mechanism:
e One of the M—-L bonds (metal-ligand) starts to stretch, but it doesn’t
fully break. (L) tr Ty s 30 3y
e Atthe same time, a new ligand (L') begins to lightly interact with the
metal.
This forms a weak, temporary complex called ML:L’, where:

e The new ligand (L') is starting to attach,

e And the old ligand (L) is starting to leave.

M\)ﬂ/’/ﬂ/p-“ ks s 5L
MLg + L' ——= ML6:L"' =5+[L5M.......ccuveu....... L, L'] == ML5:L" +L

=6
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2.6 Factors affecting reaction mechanics.
siall LS 3 Jlaza ) Qwu;w&: Ldall Bad
2.6.1. — Effect of Solvent P i ot e
A Jelial 015 ) o [LSMIX]
Many substitution reactions in complexes take place
in water, which itself is a ligand and is present at a high and
constant concentration (55.5M). Thus the rate law in
-, Equation (1) R=K [LsMX] will be observed even if the
= real reaction is
ad P

A" o oF galhien
[LMX] +H,0 —[LMH,O] +X | -
[LMH,O] +Y —[L:MY] + H,O

It cannot be determined whether the reaction proceeds
according to the S2, SN1 mechanism from the law Rate only.

Wby o Jelad OIS 13] Lo 022 S Y
e slxs VL (SN o (SN2) .39
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2_Formation Of ionic pairs Laa=Y 08 l.>|Lw~Y L).ql =l 4.9)».51-‘ ngaj b}ﬂﬂs UWLAMWu}iJ Los
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.4.9-)\54 Gl
When the reactant complex is a cation and the entering group is an anion,
and especially when one or both of them has a high charge, then in this case
ion pairs will be formed, or sometimes called outer coordination compound.

They have a constant K

%/]new[ éf&ﬂ”oﬂ

o [LMX] Y™ o {[LMX]YY

Ll do el 058 08 « Jyedio da S{LHNIMLMX]S oo $-YAMS Jolad do I Lol 52 253300 001 i 155 05 Lakie

When the formation of this double ion is the only way Y™ reacts w“ftuﬁ [LsMX]

at a reasonable rate, the rate law will take the form:
R =K'K[LsMX] [y] = K" [LsMX] [y]

But in the end we will find that the rate law is the rate law mentioned in
equation (2) which expresses a reaction that follows the SN2 mechanism.
Therefore, additional experiments must be conducted.

do ol 056 OF Aot ¢ &Ll 3 STy

sy (2) Dslall éﬂi.ﬂ\ Oglall ga

SN2 L o Jelis o5 n

(2) R=K [LeMX] [L]* Shs

iegazms olS 13| Lo Jy ks y5 « [OH] S s)aell bigl 55 5 &m@)ﬁuxﬁ
Jolid s dblas 3 5 Ll of — (SN2) laeddl o Nolis Jig Lo gag — 5,80 Okl 125 JomnS 30
555 M gon e ams 055, glmY (e Jolis 3) Ol 545 2ol Sl J}T@' I eles Y
bl Al Melad 3 s s g ¢ (CB) amsl i saclal
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3- Formation of the accompanying base: (Conjugate base (CB)

When the rate law includes the concentration of hydroxyl ions [OH], the
question arises as to whether the hydroxyl group actually attacks the metal,
which is an SN2 reaction, or whether the hydroxyl group appears in the rate
law because it first reacts with one of the ligands attached to the metal atom
(a fast reaction) to remove a proton from it, forming the conjugate base
(CB).Which in turn react as shown in the following reactions:

[Co(NH,;),CI]?* + OH- <> [Co(NH;)4(NH,)CI]* + H,O

[CoNHy), (NH,)CIE + L o [Co(NHg(NH)LT + CF S

ool edie IS Jelad) &

[Co(NH3)4(NH,)L]Y + H* — [Co(NH;)sL]**

In cases where the slow reaction takes place using the Sx1 mechanism, it is
called the overall reaction mechanism represented by the two previous
equations using the SN1-CB mechanism.

hydrated ions) sl.ull b3 clties 15559 oW Jsls ends 2 e el e OF J15,LEY1 55 1 Wl dols o Vms — 1
AW 5 RPN aT e el g
s o A5 ¢ S oWl gy 85 €W Sl leall S gy Uokiss A SVl i ¢ Al Sy e Sl
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2.7 General substitution reactions in octahedral complexes.

Most of the substitution reactions of octahedral complexes are of the following

types:

HEES.
1- Water-exchange rates: We would like to point out that all reactions that

involve the exchange of water and the formation of complexes of hydrated

ions are all fast reactions. As a special case we will study the rates at which

hydrated ions exchange water molecules With water as a solvent, all these

reactions are rapid except for special reactions.

+3
|HE({) PlE |(rH O +3 Rh II O +3 | . . 2 Heo k

The half-life of the hydrated chromium(lll) ion is ~105%3.5 sec), which is
illustrated by the diagram in Figure (1). - is\.»ﬂw’/“f

The effect of size and charge on the alkali and alkaline earth ions can also be

—_—

observed. We find that within each group, the replacement rate is observed to

be It increases with increasing size /
IVl Jtme sl3 ¢ Ao gamma IS cyand 46T kg . ol 201 & gkally 25l ol 5Aal Quﬁi&%w b e Ll s



This prompts us to ask: What are the factors that affect the reaction rates of similar and different
complexes of metal ions? In this case, labeled water (H20)* is used, i.e. it contains, for example,

the oxygen isotope (80), where the formation of The following equilibrium: .
Ve o 35 A Jalsadl g Lot il ] Liady Ly

M(H0)]™ + H.0"  [M(H20)5(H,0)]™ + H,0
~ ylso Pt -
: — J »~e !
3 | | LINg K*RYCS o
Rh™ | TN ot 5
Ck X _B_Cf: Mgz"' i Cai* s;“ ,Ba2+ V,ZJ‘
< 1 | I
CO ﬂi" Sc3* G(;ia’ Ct L3t
\
v llT
AL OS/ o - Zlnz" cd?* g2t
1 4]
vi* | mi®* Co** Fe®* Mt E gl gk = Miﬂ
I i 1 o

10° 10t 10° 10° 10* 10° 10° w  10® 10° 10'¢
(™) Jasa Jama

Figure (2-3) shows the rate constants (seconds) for the replacement of water by different
hydrated ions. 0 @ @

0O, )j 2 [Comzo);” [ o C129)4% -
o
@ Lce ()l [ i (#ha0)e) [ Fe G )

/LSJ ry\&)‘ (_/_D/_
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Kinetic studies showed that within a single group in The periodic table:
K/ S—~— e L Odll 3)3(..??3;\;”)'@ A ol Jsls Jore sloy

** The rate of exchange of water molecules increases with the increase in the size of

the metal atom.

o\
** For ions M, M?, M?® which have the same size, it was found that the ion that The one

that carries the least charge is the one that exchanges the fastest.

Since the strength of the bond between the metal atom and the water molecule M-OH,

—_——

increases with the increase in charge and the size of the metal ion decreases, it has

been suggested that the transition state of the water exchange reaction must first

—

contain a step of breaking the M-OH bond that is highly present before the formation of

the new bond, i.e. it is a reaction with a dissociation mechanism of the type D-type
S
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2- Formation of complexes of agueous metal ions:

ol

me le

olbxe Jady . Lgsdl s (Ligand) GRS e B e S Bl Jrany
Pl A 3wt 538 0 Y gl a0 (635 Jaatll s (e gyl 5l

It is the replacement of a coordinated solvent molecule with a metal atom (such as a

water molecule) by an L-ligand. Perhaps most of the reactions studied of this type

lead to the formation of an ionic complex of an aqueous metal ion in

solution. Example:

HyOu_

H,0™"

OH,
P

NL.,,
‘OH,
OH,

2+
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(la a0 Jslall el ot
The reaction proceeds in two steps. In the flrst sfep, an aéfua ion-ligand

outer-sphere complex is formed between the hydrated metal ion and the

ligand. This is followed in a second step by the removal of a water

—_—

molecule from the hydrated ion in the same way as the exchange of water

molecules, i.e.,The reaction mechanism is of the mutual dissociation

type la mechanism

3 4—2)

M(H,O), + L

M(H,0), L [(H,O)M...(H,O)L]*

g e

- M(H,0).L + H,O

Ve
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3-lonic substitution reactions Il ¢ QB Jon b € 097 00

In this case the entering group is an ion, for example replacing an ammonia
molecule with a bromide ion in an aqueous solution.
[Co(NH;)s]** + Br — [Co(NH,);Br]?* + NH,

e

It appears that the reaction does not proceed in one step as shown in the

previous equation, but in aqueous solutions, an ammonia molecule first

emerges and is replaced by a water molecule, which subsequently causes an
attack by the bromide ion on the aqueous complex formed.

This is what is called ionic substitution reactions.

_ 3+ i _ 2+
V‘/\ NH3 _1 Iqu
7| g |3 Wit | Bhs
: 5/_)— K \:-COT:- + Br e - ‘\;_',‘.C “: + H,O
| NHT] YOH, NH;>" | “Br
NHz MNH; et meoliate
L = L = un Skt ble
@éﬂff(d( K/ﬁd\'\'ut') ! /
[LMX] + H,O0 _— [LiIM(H,O)] + X

[L.M(HO)] + Y

Nt

» [L.MY] + H,O
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4-Attack interactions on the interconnected: B S o) S G o8 e (bl
LS5 ol e (o)

In some known reactions, the replacement of the ligand occurs not by breaking

\

the bonds between the metal atom and the ligands, but by breaking the bonds

—

——

of the ligands themselves and re-forming them. (O3

One of the known reactions of this type is the hydration of carbonato

complexes. When we carry out a hydration reaction of the complex using

labeled water (H,O) containing the oxygen isotope '8 (O), we find that there is

s

no evidence of the presence of the oxygen isotope 18 in the coordination range

] ] ] dmb . gyl 1 e By all el (gam] g S lins 5.8 dkas A
of the ion during the hydration process. e g g

O\
IRV "
LY CO3

[Co(NH3)5OSOZ]+ + 2H,0"" —— Co(NH,);(H,0)]** + CO, + 2H,0*
LA — A - L
The most‘accepted mechanism for this reaction involves a proton (H) attack on

the oxygen atom attached to the cobalt atom followed by the step of expelling a

carbon dioxide ecule
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H = I
B0
\
[(NH,),CoH,0)] "+ H,0'

o) s (lIgANd) oy, o Lomon oy Jolis o =T Il
gl e S ol o) B9V Blad | (3 Eodomy (S bl s
iidall oM, e B3l (Metal carbene com"plexeS)
. (carbonyl metals)
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Another example of a ligand-attack reaction is the nucleophilic attack involved in
the initial step in the preparation of metal carbene complexes.Carbonyl metals.

\)ﬂ/é\\\? \\ PR AAYE

;! /O
3 [(CO).M——C -
> N

M(CO), + DD ]
— S p

<\R+ I
Y
(COM=C
D
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What is Hydrolysis Reactions W / o

The substitution reactions in which a ligand is replaced by a H,O molecule

or by OH- groups are called hydrolysis reactions.

They are of two types

(a)when an aqua complex is formed by the replacement of a ligand by H,0

—

molecules are called acid hydrolysis

(b) the reactions, in which a hydroxo complex is formed by the replacement

ofeﬁ_gaicm/y_Ol-l' group are called base hydrolysis reactions.
NOTE-Acid hydrolysis reactions occur in neutral and acidic solutions and
basic hydrolysis | basic medium.
Ex- [Coll(NH;)5CI]?* + H,O —[Colll (NH;)s(H,O)]** + CI
[Co(NH;):Cl]?* +OH- —»[Co(NH,);(OH)]?* +ClI- — = oee  Nwarlvsis

acidh  hydelr 3

FALp Il P\, o L LSedl 7
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2.8 Reactions with Sy1 mechanics (substitution on =i
octahedral complexes).

DIAGRAMMATIC REPRESENTATION OF
~  DISSOCIATION < //,

- e N\

slow =M Fant
X /;onal blpyramlc:\ 9
PE | I P intermediate, MLy | N
NS S
”,' M \M\/
|_’4 _i. - L L _____ L
L Octahedral complex
Octahedral complex "L‘\ MLSY
A ~
MEsX Slow ] Fast
IL: ‘‘‘‘‘‘‘ TI= _,L
-X ”’1’ \M /‘\/'I +Y
& 2 g
L':-é—— _}L —.

Square pyramidal
intermediate, ML 5

The typical reaction coordinate diagram for ligand displacement reactions in
octahedral metal complexes through S, 1 mechanism reaction.
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l

X,M—Y

>
o
p—
b
=
Ll
lg
e
<))
R
(=
Q.

Reaction Coordinate

Reaction coordinate

* Two step mechanism:
Formation of intermediate: ML ;X — ML + X (Slow)
Attack of incoming group: MLy + Y — ML,Y (Fast)

v ;
g o L

L_M.““ L Ll Loz M-' R
L L

TBP Sq. Py

—
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2.9 Reactions with Sy2 mechanics (substitution on octahedral

.

complexes).
Y
X Y
e g Stow oo Fas S
"" \Nll/"‘ - 'l, \AIA// - "l M\ "I
o Byl +Y el e X L/||L
\\\ / /' L
L . 5
By L
Octahedral complex X S (e
MLsX Seven coordinated MLSY
intermediate
MLsXY
Unstable

The typical reaction coordinate diagram for ligand displacement reactions in
octahedral metal complexes through the S 2 mechanism.
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MLX +Y 3 ” - L
[Mj!k, st?rﬁn Iiv;:;e Tomet L ;MQ“)L(
5 L/ AN Ll

ML.Y Intermediate or
TS

>
o
la
@
=
w
3
dad
=
7]
-
<
Q

Capped Oct.  Penta bipy =

e

Reaction Coordinate

; L 2P =5 733 S PR L A L
* Two step mechanism:

Formation of intermediate: ML:X + Y — ML:XY (Slow; Int. rarely isolatable)
Release of leaving group : MLXY — ML.Y + X (Fast)

s
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Chapter 3: Substitution Reactions of Square Planner

Complexes & A = 4

and the Trans Effect

77
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Square Planar Complexes

1. Mechanism of ligand substitution for
square planar complexes

2. Berry Pseudorotation
3. The trans-effect

4. Square planar Pt(II) anticancer drugs
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Substitution reactions of square planar complexes

/ﬂ

Recall: Octahedral MLsX + Y

\ 2001

Square planar is the common geometry for the following d® metal ions.

-

Co* Ni2* Cu3*
Rh* Pd2: Ag3*
Ir Pt2+ Au3*

Kinetics - Ligand Substitution Reactions

MLgY + X dissociative mechanism

For Square Planar ML X + Y — ML3Y + X
X and Y can be any pair of ligands.

Rate = k[ML;X][Y] i.e. second order kinetics so it depends on the nature of

both the leaving group X and the entering group VY.

Steric crowding slows down the reaction.

Evidence for an associative mechanism.

e

_—
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Mechanism for Square Planar Ligand Substitution

For square planar BOTH bond-breaking and bond making are important in the

reaction mechanism (i.e. an associative mechanism).

entering group can approach from top or
bottom since sq. planar is easy to get into

Y \
\ % makin
s b b in 7L

L/ \x / reakmg

by qoned iy i
4
fransition state

N]Li% leaving group Op=5

Stereospecific - X (leaving group) is trans to L; and so is ¥ (entering group)

LQ N J{Wni

e g0 &

\
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4 Incoming ligand attacks
l from above the square plane

/ / Plane containing P+(II) and
1 four ligands.

Incoming ligand attacks from
below the square plane

L, ke L L, Lems

—_—

Ly Ls Ls

Initial attack by the entering group at a square planar Pt(II) centre is from above or
below the plane. Nucleophile Y then coordinates to give a trigonal bipyramidal

intermediate species which loses X with retention of stereochemistry.
i peiiabnandnisbiintelatootho oo tnls S i et L5

y = X
X T YN, T Y
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Square Planar Substitution Reactions
Examples:

solvent

ML,X, + L'

C]//,,M e NHE1,

t + NHEL
PP Y

’

MLLX + L

Clty,  aNHEL
-
PLp? YOl

Factors Which Affect The Rate Of Substitution

i). Role of the Entering Group
ii). The Role of The Leaving Group

iii). The Nature of the Other Ligands in the Complex

iv). Effect of the Metal Centre

+

NHEt,
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i). Role of the Entering Group
« The rate of substitution is proportional to the nucleophilicity of entering group

« i.e. for most reactions of Pt(II), the rate constant increases in the order: H,O0 <«
NH; = py < Br < I < CN-
« The ordering is consistent with P+(II) being a soft metal centre.

ii). The Role Of The Leaving Group
For the reaction
[Pt(dien)X]" + py ———— [Pt(dien)(py)]* + X
in H,O at 25°C the sequence of lability is;
H,O > CI- >Br- > I- > N3~ > SCN- > NO,~ > CN-
with a spread of over 10° in rate across series.

+
N N
£ ! .
N—Pt—X + py —= N—PBt—Py + X

[
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* the leaving group does not affect the nucleophilic discrimination  factors
only the intrinsic reactivity.
= the series tend to parallel the strength of the Metal-L bond.

iii). The Nature of other Ligands in the Complex

3. The trans effect

The frans effectis best defined as the effect of a coordinated ligand upon the
rate of substitution of ligands opposite to it.

Or The ability of a ligand in a square planar complex to direct the replacement if
the ligand trans to it.

« The trans effect is given as the following series:

CN- > NO,- > I- = SCN- > Br- > CI- > py > NH; > H,0
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The Trans Effect in Practice

1.

Reaction 1
NH, NH,
NH3 NH3 'Nl"B
Reaction 2
Cl cl
Pt &»
cl cl -cr

[PH(NH,), 12 — 2L [PH(NH,),Cl,)

TRANS
why the different isomers ?

2. [PHCIL, P =i [PH(NH2),Cls]

/ less trans directing ability than CI

CI1s
NH; Cl
Pt
NH, NH,
cl NH,
Pt
cl Cl

very good at directing next Cl-

trans to it
NH
. Cr ?
- Pt
-NH; Cl
TRANS

cl

+ NH3 .

-Cr Cl

Pt

CISs

Cl

NH;

NH,

NH,

85



Conclusion: Cl- has a greater trans directing effect than NH;.

Trans directing series Cl" > NH;3

Depends on order in which the reagents are added as to which geometric isomer
is formed so has uses for devising synthesis of Pt(II) complexes.

e.g. consider the preparation of cis and trans PtCl,I(py) from PtCl,2-, I- and py.

cl

cl Cl Cl
Pt L Pt
cl cl -G I
higher than CI" in the trans directing
series, directs py trans to it
cl cl a
Pt — . Pt
i cl a al

Cl

Cl

* Py

- CI

+ I

-cr

cl

Cl

cl

Pt

Trans

Pt

Cis

PY

Cl

lower than ClI” in the trans directing
series, Cl- directs I trans to py

PY
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Polarization Theory
For explaining the kinetic trans effect in square planar P+(II) complexes

5+ Cl- to be displaced

The Pt(II) cation induces a dipole in the
polarizable trans-directing ligand A,

Trans directing Ligand

The induced dipole in ligand A induces a dipole
in the polarizable Pt(II) cation,

The chloride anion trans to A is more easily
released due to the extra repulsive forces
between its negative charge and the
induced dipole of the Pt(II) cation.
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Support for this theory is demonstrated by looking at the trans-

directing series.

The more polarizable ligands such as SCN-, and I- and the ligands
containing n-clouds e.g. CN- are high in the series, whereas less

polarizable ligands such as ammonia or water are lower in the series.

Additional support comes from the observation that P+(IT) complexes
demonstrate a more pronounced trans effect than those of the less
polarizable Pd(II) and Ni(II) cations.
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Other contributing factors to the trans-effect

« In the trigonal plane of the 5-coordinate transition state or intermediate, a n-
bonding interaction can occur between a metal d-orbital (e.g. d,,) and suitable
orbitals (p atomic orbitals, or molecular orbitals of p-symmetry) of ligand L, (the
ligand trans to the leaving group) and Y (the entering group).

« These 3 ligands and the metal centre can communicate electronically through -
bonding only if they all lie in the same plane in the transition state or

intermediate.

« This implies the 5-coordinate species must be trigonal pyramidal.

Ly

L _Plt‘.‘\\\\\\\x L “‘\‘\\6 x
2 2
| \v t
Ls Y
Pt

trigonal bipyramidal

transition state or intermediate =-bonding in the trigonal plane
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Rules:

« It is easier to replace CI- than most other ligands.

«  If youwant to displace some other ligands with Cl- you must use a huge
excess of CI°

« If there is more than one possibility for replacing the Cl-, the one that is
replaced is the one trans to the ligand higher in the series.

=  Part of the general order for the trans effect (the ability of ligands to
direct trans-substitution) is shown below:

CN- > NO;- > I- > SCN- > Br- > ClI- > py > NH; > H,0

« A strong n-acceptor e.g. CN- will stabilize the transition state by

accepting electron density that the incoming nucleophile donates to the metal
centre, and will thereby facilitate substitution at the site trans to it.
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iv). Effect of the Metal Centre

« The order of reactivity of a series of isovalent ions is:
Ni(II) > Pd(II) » P+(II)

« This order of reactivity is the same order as the tendency to form 5-coordinate
complexes.

« More ready the formation of a 5-coordinate intermediate complex, the greater
the stabilization of the transition state and so the greater the bimolecular rate
enhancement.

+
Et f”-h_, - '_‘\d\CI EtOH CIJ' “ I;1~_. o FUAN 194

M + P — Mo
Etp Q Etp
Me Me

« M@I)Nik=33 M1 sec!
Pdk=0.58 M-! sec-!
Ptk=6.7 x 10-¢ M-! sec-!
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4. Square Planar Pt(II) anticancer drugs

Cisplatin and its analogs are heavy metal complexes containing a P+(II) central
atom surrounded by 2 Cl and 2 NH; in the cis position,

II'IH3 NH3
Cl —P]’t —Cl Cl —Il"t -NH;3
|
NH3 Cl
Trans-platn Cis-platin

Cisplatin was first synthesized by M. Peyrone in 1884.

Sometimes referred as Peyrone's chloride.

Rosenberg (1970s) is recognized as the discoverer of cisplatin through a series of
studies on E.Coli and the effects of Pt(II) compounds in cell division.




DNA Binding - Crosslinking in DNA

« Cisplatin has biochemical properties
that allow it to produce interstrand and
intrastrand cross-linking in DNA.

« Transplatin is an inactive isomer
because it cannot form the 1,2-
intrastrand crosslink.

« Inthe 1_2-intrastrand crosslink the
DNA is unwound and bent toward the
major groove,

« Essentially when cisplatin binds to DNA
it “kinks" the DNA an prevents it from
unwinding.

« Thus the (cancerous) cell cannot
reproduce itself,

« Cancerous cells reproduce faster than
other cells.

\ A

.
\ %/ \"/
v"?"/o \ \

«\\"

/
e
.
- .
-

7‘
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Although cisplatin is also able to interact with many types of proteins vital to
replication and cell division, its primary target is DNA.

Cisplatin alters the physical structure of DNA when it is bound to it, but the
overall structure remains intact.

It is believed that the alterations of the DNA structure prevents replication

and thus activation of cellular repair mechanisms.

Cisplatin is a chemotherapy drug used as therapy against:

d

d

d

Testicular - most effective
Ovarian

Head

Neck

Bladder

Cervical

Lymphomas
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Chapter 4: Oxidation Reduction Reactions and
Inner and Outer Sphere Processes
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Oxidation-reduction reactions and inner- and outer sphere

There are two mechanisms by which inorganic complexes transfer electrons.

A
[ 1

1. Quter sphere mechanism When electron
transfer occurs between complexes that
do not undergo substitution. No new
bonds are broken or formed.

2. Inner sphere mechanism When Electron
transfer occurs between complexes via a bridging
ligand. At least one of the complexes needs to be
labile to allow the bridge to form. Bonds are broken
and formed.
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Out-of-coordination mechanism Contains an electron transfer from the reducing agent to the oxidizing

agent with the coordination spheres not connected.This occurs when one of the reactants meets the "second"
outer coordination sphere of the other reactant, and then a flow of electrons occurs from the reducing agent to
the oxidizing agent. These mechanisms occur when a rapid electron transfer occurs between complexes that

are inert in terms of substitution.

1. Outer sphere mechanism: In this mechanism one reactant is reduced and other is
oxidized by involving three steps

Outer sphere electron transfer

ML, . MYL, == M"L, + MOV,
oxidant (O) reductant (R)
1s reduced 1s oxidised
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[Fe(H,0)4]* + [Fe(H,0)]** > [Fe(H,0)c]** + [Fe(H,0)(]**

These are of two types:

Self Electron Transfer. Both species involved are similar, same metal ions and same ligands/ ligand
framework, only differ in oxidation states.

[CO(NH3)5]2+ + [CO(NH3)5]3+ _9 [CO(NH3)6]3++[C0(NH3)5]2+

Crossed Electron Transfer: Both species involved are different i.e. either different metals or different
ligands or both. Crossed electron transfer is faster than Self Electron

[Fe(CN)]* + [MO(CN)e]* sy, [Fe(CN)(]* + [Mo(CN)(]*

ﬁN 4 Cl 2 C\N 3 (‘:l 3

CN CN]™™ [Clo | ACI” CN CN]™” [cl cl]”

Q:,Fe.lp + erp ] B §.Fe_? + erp ]

cN | “cN ca’ | ta e | N ca’ | "a
CN cl CN Cl
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Inner-coordination sphere "bridged" mechanism: Inner-coordination field electron transfer
reactions occur when both the reducing agent and the oxidizing agent share a single ligand in the

first "internal" coordination field of the two complexes, and the electron transfers

throughthe ligand.

NH ol
: OH, V/OH.,
HSNQ l %X ............. CT_...-
[Co(NH;3)sNCS]*2 + [Cr(H,0)6]** ——|  .Co " on,
H3;N I\NH3 OH,
NH.

—[Co(H,0)s]*? + 5NH} + [Cr(H,0)<SCN]*2

X=F,Cl",Br,I ,S03;*,NCN~,N3,P0;3 P,0;*, CH;COOH
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[Cr(H;0)5X]™ + [Co(NH3)5X]** = [(H,0)5Cr(X) Co(NH3)s] ™

electron transfersIl

[Cr(H;0)5X]** + [Co(NH3)5(H,0)]** = [(H0)5Cr(X)Co(NH3)5]**
H', H,0

[Co(H,0)6]" + 5NH;
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Addition and Oxidation Reactions

The general equation for this reaction

y

ILM+x-y —>lnM<x

For these reactions to occur, several reaction must occur

1- in order to increase the oxidation number of the metal, the metal atom must contain at least two electrons in
the subshell by +2

M+n \ M("+2)+
dn R Mn—z

2- The metal atom must be coordination unsaturated, so the coordination number of the metal can be
increased by 2

3- The metal atom must contain empty orbitals that can accept the added bonding electrons
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Some examples

1-Addition of hydrogen complex iridium

H
Ph3P\lr/Cl ! \Phgp._,._“lr.'..,....H
oc”~  PPH, oc” | PPH,
Cl

2-oxidation addition reactions on the bonded of XY on the complex [Ir CI(CO)(PPh,),] in the square
planar case

X
Ph3P\l P o Pth__'_‘“l ........ Y
r > I
o=c¢” PPH, 0=c | >PPH,
Cl
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3-oxidation addition reactions on the bonded of XY on the complex [Ir H{CO)(PPh,),] in the square
planar case

H X
.0 ., Php | Y
PPH,—— 1~ : I
N
PPH, 0=¢" |\PPH3
PPH, H
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Mechanisms of Addition-Oxidation Reactions:

There are three main types of mechanisms, which depend on the amount of reactants and the
reaction conditions:

1. The coordinated mechanism:
The properties of this mechanism are:

1. The reaction contains a tri centric transition state and the approach of the inner part from
the side.

2. The -molecule bonds to the reaction center, and then the electrons are spontaneously
rearranged in a sequential (XY) TO M-X, MY

= 4 . (M-X ),(M-Y)y
InM +X —¥ » [InM iMoo
D G X
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General features of the coordinated mechanism:

1-The reactant molecule is coordination-unsaturated.
2-The reaction is common when the bond is slightly polar, such as RSi - (H2)....

3-The reaction is stereoselective, and the addition of compound (X) is of the cis type.

Ph;P | _H
5 ..'ll‘
PH,P Co a-
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2- Addition reactions with oxidation by addition of a nucleopile

General Features
1- The addition to the complex is in the trans position.
2-The reaction rate is sensitive to the nature of the other ligands in the complex

Me Me
Ph,P Co ~ [PhsP. _Co Ph,P Co
’ ] Me—-X 1 fast I
T slow T, AT
ci” “Npph, ct”” “Npph, c” | DpPph,
X

The distinctive properties of this reaction are
1- The greater the electron —donating property of the phosphine group, the greater the addition rate.

2-The greater the number of ligands in the complex, the slower the addition rate, due to the crowding
of grous in the transition state.
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