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Chapter 1: Introduction to 
Coordination Compounds
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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.
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Components of a Coordination 
Compound

• - Central metal ion (e.g., Fe²⁺, Cu²⁺)
• - Ligands: molecules or ions that donate 

electron pairs (e.g., NH₃, Cl⁻)
• - Coordination number: number of ligand 

atoms bonded to the metal
• - Coordination sphere: metal and ligands 

within brackets [ ]
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Structure Example: [Co(NH₃)₆]³⁺

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

• Geometry: Octahedral

• Coordination Number: 6
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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 ion.

• Monodentate ligands have only one point of attachment to the
metal ion

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

• Multidentate may be bidetate, tridentate, tetradentate,….etc
• Bidentate ligand (chelate ligand) – two bonds to a metal ion

 Polydentate ligand – more than two bonds to a metal ion
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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.
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The Bidentate ligand 
(Ethylenediamine) 

the Monodentate ligand 
(Ammonia)
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The Coordination of EDTA with a M3+ Metal ion

EDTA(Ethylediamine tetraacetic acid) ion 
bounded M, if M=Co+3 , Co+3 bounded by six 
donors in [CoEDTA]-

EDTA(Ethylediamine
tetraacetic acid) ion (EDTA4-)
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Types of Coordination Compounds
1. Based on the Charge of the Complex
- Cationic Complexes: Complexes with an overall positive charge (e.g., 
[Co(NH₃)₆]³⁺).
- Anionic Complexes: Complexes with an overall negative charge (e.g., 
[Fe(CN)₆]⁴⁻).
- Neutral Complexes: Complexes with no net charge (e.g., [Ni(CO)₄]).

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., NH₃, H₂O, Cl⁻).
- 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).
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3. Based on the Nature of the Central Metal Atom
- Homoleptic Complexes: All ligands are of the same type (e.g., [Co(NH₃)₆]³⁺).
- Heteroleptic Complexes: Different types of ligands are attached to the metal 
(e.g., [Pt(NH₃)₂Cl₂]).

4. Based on the Coordination Number
- Coordination Number 2: Usually linear geometry (e.g., [Ag(NH₃)₂]⁺).
- Coordination Number 4: Can have tetrahedral (e.g., [NiCl₄]²⁻) or square 
planar geometry (e.g., [PtCl₄]²⁻).
- Coordination Number 6: Typically octahedral geometry (e.g., [Cr(H₂O)₆]³⁺).

5. Based on the Geometry
- Linear: Found in complexes with a coordination number of 2 (e.g., [CuCl₂]⁻).
- Tetrahedral: Common with a coordination number of 4 (e.g., [NiCl₄]²⁻).
- Square Planar: Common in d⁸ metals (e.g., [PtCl₄]²⁻).
- Octahedral: Common for a coordination number of 6 (e.g., [Fe(CN)₆]³⁻).
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7. Bridged Complexes
Contain ligands that connect two or 
more metal centers (e.g., [Mn2(CO)10]).

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

through multiple donor atoms creating 

a ring-like structure (e.g., [Fe(EDTA)]⁻).
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Classic Monodentate Ligands

(continues) 16
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diethylenetriamine

bidentate 
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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(NH3)6] (NO3)3 Hexaamminecobalt(III) nitrate
K2 [PtCl6]   Potassium  hexachloroplatinate(IV)

Anionic ligands end in “-o.” 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 -o;
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. H2NCH2CH2NH2
(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’.

IUPAC Nomenclature of Coordination Compounds
Rules For Naming Coordination Compound
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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.
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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)4] Tetracarbonylnickel , [Co(NH3)3(NO3)3]  )Triaminetrinitrocobalt (III)   
Co in a complex cation or neutral  is called cobalt and Pt is called platinum. 
[Fe(H2O)6]SO4 Hexaaquairon (II) sulfate (Also, see examples 1-4.) 
- If the complex ion is an anion, the name of the metal ends with the suffix –ate.

Ca2[Fe(CN)6]  Calcium hexacyanoferrate(II) (Also, see examples 5 and 6.)
For example, Co in a complex anion is called cobaltate and Pt is called platinate. For some 
metals, the Latin names are used in the complex anions (e.g. Fe is called ferrate and not 
ironate).
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5. To name bridging ligands between two metal ions, the prefix µ is used before 
the name of each of the ligands.
[(NH3)4Co(OH)(NH2)Co(NH3)4](NO3)4
Octaammine-µ-amido-µ-hydroxodicobalt(III) nitrate

If a complex has two similar bridging ligands, µ-di is used for its name.

octaaqua-µ-dihydroxo diiron(III) sulphate   
[(H2O)4Fe(OH)(OH)Fe(H2O)4] (SO4)2
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Isomers
Same formula but different 

arrangements of atoms or ions

I- Structural isomers 
(different bonds) II- Stereoisomers 

(same bonds but differ in 
the spatial arrangement 

Coordination 
Isomerism

Linkage 
(Ambidentate)

Isomerism

Ionization 
Isomerism

Hydrate 
Isomerism

Geometric 
isomers
( cis and 
trans)

Optical 
isomers

(d and l )

Some Classes of Isomers

(نفس الروابط ولكن 
تختلف ف
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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:
I- Structural isomers; There are several types of Structural isomerism. 

The most common types are 
Linkage (Ambidentate)

Isomerism
Coordination Isomerism

Ionization Isomerism
Hydrate Isomerism

II- Stereoisomers; Contains two types; 
Geometrical isomerism (cis and trans) 

Optical isomerism (d and l )



I-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(NH3)6][Cr(CN)6] and [Cr(NH3)6][Co(CN)6]
Hexaamminecobalt(III) hexacyanochromate(III)  and Hexaamminechromium(III) hexacyanocobalate(III)

2- Linkage (Ambidentate) Isomerism: 
Definition: Occurs when a ligand can bind to the central metal through 
different donor atoms. 
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3- Ionization Isomerism
Definition: Arises when a counter ion in the coordination compound can 

replace a ligand, producing isomers that yield different ions in solution.
Example:
[Pt(NH3)3Br]Cl   and [Pt(NH3)3Cl]Br

[Cr(NH3)5SO4]Br and [Cr(NH3)5Br]SO4

4- Hydrate Isomerism
Definition: Occurs when water molecules are present either inside or 

outside the coordination sphere, leading to isomers.
[CrCl2(H2O)4]Cl⋅2H2O        (two water outside the sphere)

[CrCl(H2O)5]Cl2⋅H2O          (one water outside the sphere)

[Cr(H2O)6]Cl3 (all water as ligands)



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.
 Cis – same side (next to each other)
 Trans – opposite sides (across from each 

other)

II-Stereoisomerism

27

تُعرَّف بأنها مركبات تناسقية يمكن فيها للذرات أو مجموعات 
الذرات أن تتخذ مواقع مختلفة حول حلقة صلبة أو رابطة.



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

(a) cis isomer (b) trans isomer
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Geometrical (cis-trans) Isomerism for an 
Octahedral Complex Ion

Determine Which of these compounds is ci  and which is trans?
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II- Stereoisomerism
2- Optical Isomerism:

Defined as, coordination compounds in which isomers 
have opposite effects on plane-polarized light.

30

Optical Activity
• Exhibited by molecules that have 

nonsuperimposable mirror images (chiral 
molecules).

• Enantiomers – isomers of nonsuperimposable 
mirror images.
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The trans isomer of dichlorobis(ethylenediamine) cobalt (III) ion 
and its mirror image are identical. They are not optical isomers in it.

Delta- dichlorobis(ethylenediamine) 
cobalt (III)

Lamda-
dichlorobis(ethylenediamine) cobalt 
(III)



Electron Configurations

• Example
 V: [Ar]4s23d3

 Fe: [Ar]4s23d6

• Exceptions: Cr and Cu
 Cr: [Ar]4s13d5

 Cu: [Ar]4s13d10
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Exercise: Analyze the Complex

• Given the complex [Cr(en)₂Cl₂]⁺

• 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.
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Suggested Answers

• 1. Central metal: Chromium (Cr³⁺)
• 2. Ligands: en (bidentate), Cl⁻ (monodentate)
• 3. Coordination number: 6
• 4. Geometry: Octahedral
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Chapter 2: Substitution Reactions 
of Octahedral Complexes
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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 SN1 mechanics (substitution on octahedral 
complexes).
2.9 Reactions with SN2 mechanics (substitution on octahedral 
complexes).
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تتضمن بعض التفاعلات المعقدة تغيرات ف بنية مجال التناسق; ويحدث ذلك عندما تتفاعل الليغاندات مع أيونات الفلزات — التي تكون عادةً 
مميهة (أي محاطة بجزيئات الماء) عندما تكون ف حالة حرة. وتُعرف قدرة المركب التناسقي على استبدال واحد أو أكثر من الليغاندات المكونة له 

بليغاندات جديدة باسم "نشاط المركب التناسقي".



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.”

•If this replacement happens quickly, the complex is called active.

•If 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



It was found that the ionic complex [(Co(NH3)6]+3  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 

equilibrium constant:
[ Co(NH3)6]3+ + 6 H3O+                     [Co(H2O)6]3+ + 6 NH4+    K = 1025

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(NH3)6]3+ is not affected by acids   

In contrast, the [Ni(CN)4]2- complex is very stable.

[Ni(CN)4]2- Ni2+ + 4 CN          K ≈ 10-22

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

substitution of cyanide ions with numbered cyanide ions is rapid. 
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وُجِد أن المعقد الأيوني [Co(NH3)6]³⁺ يمكن أن يبقى لعدة أيام ف وسط حمضي دون أن يتفكك, وذلك نظراً لخموله الحركي 
), رغم أنه يُعد معقداً غير مستقر من وجهة نظر الديناميكا الحرارية, كما يتضح من ثابت الاتزان التالي: (أي كونه مركباً مستقراً

لاحظ أن ثابت الاتزان للتفاعل الأمامي كبير (وهذا يعني أن التفاعل مع الحمض ممكن من الناحية 
الديناميكية الحرارية, ولكنه لا يحدث فعلياً, كما أن المركب [Co(NH3)6]³⁺ لا يتأثر 

بالأحماض).

من الناحية الديناميكية الحرارية, لا يحدث التفاعل; ومع ذلك, فإن معدل استبدال أيونات السيانيد بأيونات سيانيد مرقمة 



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.

• However, complexes of chromium Cr (III) and cobalt Co (III) 

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 (III) and Co (III) complexes are 

useful for studying reaction mechanisms in detail.
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بالنسبة لمعظم الفلزات الانتقالية من الصف الأول ذات المعقدات ثمانية السطوح, يحدث الاستبدال بسرعة, خاصة مع 
روابط مثل الماء. تُسمى هذه المعقدات بالمعقدات غير المستقرة, أي أنها تتفاعل بسرعة, وأحيانًا بشكل فوري.



Important Definitions:

1. Labile and inert describe how fast a reaction happens → 

this is called kinetics.

• Labile = reacts quickly

• Inert = reacts slowly or not at all

2. Stable and unstable describe how strong or weak a complex is 

→ this is called thermodynamics.

• Stable = hard to break

• Unstable = easy to break

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

a reaction happens at the molecular level.
40

3. تشير آلية التفاعل إلى العملية التي توضح, 



In kinetics, we use an equation called the rate law to describe how 

fast a reaction happens.

• The reaction rate (R) depends on:

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

is present).

- 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.
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تتضمن المعادلة أيضاً قيمة تُعرف بـ K (ثابت 
السرعة); وتتغير قيمة K بتغير درجة الحرارة, 



Example of a Rate Law:

For the reaction: A + B → C + D (Products)

The rate law is:

R = Ka[A] + Kab[A][B] + Kab[A][B][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.
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 [⁺H] علاوةً على ذلك, ونظراً لوجود علاقة بي
و[OH⁻] (إذ يؤدي ارتفاع أحدهما إلى انخفاض 

الآخر), فإن هذا يعني أن أيون الهيدروكسيد 



Most chemical reactions happen in more than one step.

• Because of that, we can’t find the rate just by looking at the 

balanced equation.

• Only simple (one-step) reactions allow us to calculate the rate 

directly.

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

This slowest step controls how fast the whole reaction goes.

• This slow step is called the rate-determining step.
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تتحكم هذه الخطوة الأبطأ ف سرعة التفاعل 



NO₂ + CO → NO + CO₂

This reaction looks simple, but in reality, it occurs in two steps:

⚙ Step-by-Step Mechanism:

Step 1 (slow):

NO₂ + NO₂ → NO + NO₃

• This is the slow step, and it involves two NO₂ molecules.

• Because it’s slow, it controls the speed of the overall reaction.

• So it is the rate-determining step (RDS).

Step 2 (fast):

NO₃ + CO → NO₂ + CO₂

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

• It uses the NO₃ formed in Step 1 and reacts it with CO.
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📌 Key Observations:

• The intermediate NO₃ is formed in Step 1 and used in Step 2.

• Intermediates do not appear in the final overall equation.

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

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

Rate Law:

Since the slow step involves:

NO₂ + NO₂ → NO + NO₃  the rate depends on the concentration of NO₂ 

squared:

✅ Rate = k [NO₂]²

Notice:

• CO is not in the rate law, because it only appears in the fast step.

• We only use reactants from of the slow step to write the rate law.
45



2. 2. Catalysts and catalysis :

• A catalyst is a substance that changes the speed of a chemical 

reaction — usually by making it faster.

• It does not get used up in the reaction.

• For example, manganese dioxide (MnO₂) helps potassium 

chlorate (KClO₃) break down faster to produce oxygen gas (O₂).

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

needs less energy to start. This is called lowering the 

activation energy.

46

لا يُستهلك ف التفاعل.

• يعمل العامل الحفاز عن طريق توفير مسار 
مختلف للتفاعل يتطلب طاقة أقل للبدء; وتُعرف 
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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.).
• Example: Catalyst and reactants are both dissolved in water (liquid 
phase).
2. Heterogeneous Catalysts:
The catalyst and reactants are in different phases.
• Example: A solid catalyst with gas reactants.
Enzymes (Biological Catalysts):
• Enzymes are special catalysts found in living things.

• They speed up reactions in the body by using their active sites 
(special regions on their surface).
• The shape of the enzyme is very important for it to work properly.

• This shape is held together by intermolecular forces like:
- Hydrogen bonds
- Dipole-dipole forces
- London dispersion forces

48

يُعد شكل الإنزي بالغ الأهمية لكي يعمل 



2.3. Reaction Kinetics & Reaction Mechanism

Transition State Theory (TST):

• This theory explains how reactions go through a high-energy 

transition state before forming products.

• The transition state is in temporary equilibrium with the 

reactants.

• TST does not apply to reactions that are controlled by how fast 

particles move (diffusion-limited reactions).

✅ For a reaction to happen easily:

• It should have higher entropy  ΔS+  (more disorder)

• And lower activation energy Δsact (less energy needed to 

start the reaction) 49

• تفسر هذه النظرية كيف تمر التفاعلات عبر 

• توجد الحالة الانتقالية ف حالة توازن مؤقت مع 

• لا تنطبق نظرية الحالة الانتقالية (TST) على التفاعلات التي تتحكم فيها سرعة حركة الجسيمات 
(التفاعلات المحدودة بالانتشار).

مزيد من الفوضى



2.4. Rate measurements of reactions.
To measure how fast reactions happen, we look at the half-life (how long the molecules 

last before reacting)

1. Chemically Inert Molecules:

• These molecules react slowly (half-life more than 1 minute).

• We can measure them using optical methods (like light absorption) or by checking 

pH changes.

2. Unstable Molecules:

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

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

them, Fast Spectroscopy.

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.
50

لقياس سرعة حدوث التفاعلات, ننظر إلى عمر 
النصف (أي المدة التي تبقى فيها الجزيئات قبل 

أن تتفاعل).

تتفاعل هذه الجزيئات ببطء (يبلغ عمر النصف أكثر من دقيقة 
• يمكننا قياسها باستخدام طرق بصرية (مثل امتصاص الضوء) أو عن طريق رصد التغيرات ف الأس واحدة).

.(pH) الهيدروجيني

نستخدم تقنيات "التدفق المتوقف" (التي تمزج المواد المتفاعلة بسرعة فائقة) لقياسها, وذلك ف إطار التحليل 
الطيفي السريع.

جزيئات سريعة التفاعل كيميائياً

عندما يقل عمر النصف عن جزء من الألف من 
الثانية (1 مللي ثانية). وف هذه الحالة, يمكن 

استخدام طرق الاسترخاء (مطيافية السرعة 



2.5. Mechanism of Ligand Reactions:

In octahedral (hexacoordinated) complexes, ligands can be 
replaced in two main ways. SN1 and SN2 Mechanisms

👉 First Type: SN1 Mechanism
• The old ligand leaves first, breaking its bond with the 
metal.
• This creates a temporary 5-ligand (pentacoordinated) 
intermediate, which has an empty space.
• This first step is slow and controls the reaction rate.
• Then, the new ligand quickly enters and fills the empty 
space — this second step is very fast.

📌 This is called an SN1 reaction (unimolecular nucleophilic 
substitution).
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• آلية تفاعلات الرُبيطات:

ف المعقدات ثمانية السطوح (سداسية التناسق), يمكن استبدال الليغاندات 
.SN2و SN1 بطريقتي رئيسيتي: آليتي

• يغادر الرابطد القدي أولاً, كاسراً رابطته مع 
• يؤدي هذا إلى تكوين مركب وسيط مؤقت خماسي الرابطة (خماسي التناسق) يحتوي 

على فراغ.

هذه الخطوة الأولى بطيئة وتتحكم ف سرعة 

• بعد ذلك, يدخل الرابط الجديد بسرعة ويملأ 



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 [ML5X]

52



The Second Type: SN2 Mechanism

• In this type, the new ligand attaches to the metal first.
• This forms a 7-ligand (heptacoordinated) intermediate.
• This first step is slow, because it’s crowded around the 
metal.
• Then, the old ligand quickly leaves in the second 
step, which is fast.
📌 This is called an SN2 reaction (bimolecular nucleophilic 
substitution).
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ف هذا النوع, يرتبط الليغاند الجديد بالمعدن 

يُشكّل هذا مركباً وسطياً سباعي التناسق (بسبع 

• تتسم هذه الخطوة الأولى بالبطء بسبب 

• بعد ذلك, يغادر الرابطد القدي بسرعة ف 



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 [MA5L] [Y]
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Dissociative Mechanism (D mechanism)

• 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.

2. This intermediate briefly exists alone, surrounded by:
• The old ligand (L)
• The new ligand (L)
• 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.

ML6                               ML5 + L

ML5 + L- ML5L-

k1
K-1

k2
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(D آلية) آلية الانفصال

تشبه هذه الآلية آلية SN1, إلا أن قانون السرعة مختلف.

يوجد هذا المركب الوسطي منفرداً لفترة وجيزة, 



The rate of the reaction is given by this equation:

R = (K₁K₂ [ML₆] [L’]) / (K₋₁ + K₂ [L])

[ML₆] = the metal complex with its original ligands

[L’] = the new ligand coming in

[L] = the original (leaving) ligand

K₁, K₂, K₋₁ = rate constants

The speed of the reaction (R) depends on how much of the leaving ligand 

[L] is present.

But if [L] is very high, then K₋₁ becomes very small and can be ignored.

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

→R = K₁ [ML₆]
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تعتمد سرعة التفاعل (R) على كمية الربيطة 

 حبصت -K نإف ,ًادج ةيلاع ]L[ تناك اذإ نكلو
.اهلامهإ نكيمو ةياغلل ةريغص



The associative mechanism (A mechanism)

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.

ML6 + L‘                            ML6L' 

ML6L'                              ML5L‘   + L

The reaction rate law can be calculated from the equation: R = K₁ [ML] [L']
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تتميز هذه الآلية بتكوين المعقد بأكمله على هيئة 
 ,(ML5L) مركب وسطي سباعي التناسق



The Interchange Mechanisms

In this reaction mechanism:

• One of the M–L bonds (metal-ligand) starts to stretch, but it doesn’t 

fully break.

• At the same time, a new ligand (L′) begins to lightly interact with the 

metal.

This forms a weak, temporary complex called ML·L′, where:

• The new ligand (L′) is starting to attach,

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

ML₆ + L′         ML6·L′        [L5M…………………L, L′]                 ML5·L′  + L
K1 K2
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آليات التبادل

• تبدأ إحدى روابط M-L (رابطة فلز-

 ('L) وف الوقت ذاته, يبدأ ربيطة جديدة •



2.6 Factors affecting reaction mechanics.

2.6.1. – Effect of Solvent 

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 [L5MX] will be observed even if the 
real reaction is 

[L5MX] +H2O →[L5MH2O] +X
[L5MH2O] +Y →[L5MY] + H2O

It cannot be determined whether the reaction proceeds 
according to the S2, SN1 mechanism from the law Rate only.
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العوامل المؤثرة على آليات التفاعل.

تحدث العديد من تفاعلات الاستبدال ف المركبات المعقدة
ف الماء, الذي يُعدّ بحد ذاته ربيطة, ويتواجد بتركيز عالٍ وثابت

 R=K (1) (55.5 مولار). وبالتالي, سيُلاحظ قانون المعدل ف المعادلة
[LsMX] حتى لو كان التفاعل الحقيقي

لا يمكن تحديد ما إذا كان التفاعل يسير وفقاً 
لآلية (SN2) أم (SN1) بالاعتماد على 



2-Formation of ionic pairs

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 

[L5MX]n+  +Ym- ↔ {[L5MX]Y} n-m

When the formation of this double ion is the only way Ym- reacts with [L5MX]n+ 

at a reasonable rate, the rate law will take the form:
R = K \ K [L5MX] [y] = K\\ [L5MX] [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.

(2) R=K [L6MX] [L] \
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2- تكوين الأزواج الأيونية
عندما يكون معقد المتفاعلات كاتيوناً وتكون المجموعة الداخلة أنيوناً - لا سيما إذا كان لأحدهما 
أو لكليهما شحنة عالية - فإن ذلك يؤدي إلى تكوين أزواج أيونية, وهو ما يُعرف أحياناً بمركبات 

التناسق الخارجية.

عندما يكون تكوين هذا الأيون المزدوج هو السبيل الوحيد لتفاعل $Y^m-$ مع $[LMX]^{n+}$ بمعدل مقبول, فإن قانون السرعة سيتخذ الصيغة 
التالية:

ولكن ف النهاية, سنجد أن قانون السرعة 
هو القانون المذكور ف المعادلة (2), والذي 
.SN2 ليسكورديهلا تانويأ زيكرت لعافتلا ةعرس ةلداعم نمضتت امدنعيعبّر عن تفاعل يتبع ميكانيكية ]OH⁻[, ةعومجم تناك اذإ ام لوح لؤاست روثي 

 لعافتلا ةعرس ةلداعم ف رهظت اهنأ مأ — )SN2( طمنلا نم ًلاعافت لثيم ام وهو — ًةرشابم ندعلما مجاهت ليسكورديهلا
 نيوكت ىلإ يدؤي امم ,هنم نوتورب عازتنلا )عيرس لعافت ف( ندعلما ةرذب ةطبترلما تادناجيللا دحأ عم ًلاوأ لعافتت اهنلأ
:هاندأ ةحضولما تلاعافتلا ف لخدت اهرودب يتلاو ;)CB( ةقفارلما ةدعاقلا



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(NH3)3Cl]2+ + OH- ↔ [Co(NH3)₄(NH2)Cl]+ + H₂O

[Co(NH3)4 (NH2)Cl]2+ + L- ↔ [Co(NH3)₄(NH2)L]+ + Cl-

[Co(NH3)₄(NH2)L]+    + H+    → [Co(NH3)5L]2+ 

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. 
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)CB( ةقفارلما ةدعاقلا( :ةقفارلما ةدعاقلا نيوكت

ف الحالات التي يحدث فيها التفاعل 
البطيء عبر آلية S_N1$$, يُطلق على 

آلية التفاعل الكلية -الممثلة بالمعادلتي 

1 - معدلات تبادل الماء: نود الإشارة إلى أن جميع التفاعلات التي تتضمن تبادل الماء وتكوين معقدات للأيونات المميأة (hydrated ions) هي 
تفاعلات سريعة. وكحالة خاصة, سندرس المعدلات التي تتبادل بها الأيونات المميأة جزيئات الماء; ففي وجود الماء كمذيب, تُعد جميع هذه 

التفاعلات سريعة, باستثناء بعض التفاعلات الخاصة.



2.7 General substitution reactions in octahedral complexes.
Most of the substitution reactions of octahedral complexes are of the following 

types:

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. 

THE COMPLEX [Cr(H2O)6]+3 , [Rh(H2O)6] +3 which are relatively slow.

The half-life of the hydrated chromium(III) ion is ~105×3.5 sec), which is 

illustrated by the diagram in Figure (1). 

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
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يمكن أيضًا ملاحظة تأثير الحجم والشحنة على أيونات الفلزات القلوية والقلوية الترابية. وجدنا أنه ضمن كل مجموعة, يزداد معدل الاستبدال 
مع ازدياد الحجم.



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 (H2O)* is used, i.e. it contains, for example, 

the oxygen isotope (18O), where the formation of The following equilibrium:

[M(H2O)6]m+ + H₂O*            [M(H₂O)5(H₂O)*]m+ + H₂O

Figure (2-3) shows the rate constants (seconds) for the replacement of water by different 
hydrated ions.
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وهذا يدفعنا إلى التساؤل: ما هي العوامل التي تؤثر على معدلات 



Kinetic studies showed that within a single group in The periodic table:

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

the metal atom.

** For ions M, M2, M3  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-OH2

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
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أظهرت الدراسات الحركية أنه ضمن مجموعة واحدة ف الجدول الدوري:

يزداد معدل تبادل جزيئات الماء مع زيادة حجم ذرة المعدن.



2- Formation of complexes of aqueous metal ions:

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:
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 مظعم لعلو .L عونلا نم )Ligand( ةطيبرب )ءالما ءيزج لثم( زلف ةرذب طبترم بيذم ءيزج لادبتسا ف كلذ لثمتي
:لاثم .لوللمحا ف هَّيُمم يزلف نويلأ ينويأ دقعم نيوكت ىلإ يدؤت طمنلا اذه نم ةسوردلما تلاعافتلا



The reaction proceeds in two steps. In the first step, an aqua 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 Ia mechanism
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يتم التفاعل عبر خطوتي. ف الخطوة الأولى, يتكون معقد "خارجي النطاق" (outer-sphere complex) بي الأيون المعدني المميّه (المحاط بجزيئات 
الماء) والربيطة (ligand). تلي ذلك خطوة ثانية تتمثل ف إزالة جزيء ماء من الأيون المميّه, وذلك على غرار عملية تبادل جزيئات الماء; أي أن آلية 

.(Ia آلية) التفاعل تتبع نمط التفكك المتبادل



3-Ionic substitution reactions

In this case the entering group is an ion, for example replacing an ammonia 

molecule with a bromide ion in an aqueous solution.

[Co(NH3)6]3+ + Br → [Co)NH3)5Br]2+ + NH3

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.
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ف هذه الحالة, تكون المجموعة الداخلة عبارة 
عن أيون; فعلى سبيل المثال, استبدال 



4-Attack interactions on the interconnected:

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. 

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 (H2O) containing the oxygen isotope 18 (O), we find that there is 

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

of the ion during the hydration process.

[Co(NH3)5OCO2]⁺ + 2H3O+* Co(NH3)5(H2O)]³+ + CO2 + 2H2O*

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 molecule
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4- التفاعلات الهجومية على العناصر 
ف بعض التفاعلات المعروفة, لا يحدث استبدال الرابطة 
(الليجاند) عن طريق كسر الروابط بي ذرة المعدن والروابط 
(الليجاندات), بل عن طريق كسر الروابط داخل الروابط 

(الليجاندات) نفسها وإعادة تكوينها.

تُعدّ عملية تميؤ معقدات الكربونات إحدى التفاعلات المعروفة من هذا النوع. فعند 



69

مثال آخر على تفاعل يتضمن هجوماً على ربيطة (ligand) هو الهجوم 
النيوكليوفيلي الذي يحدث ف الخطوة الأولية لتحضير معقدات الكربي المعدنية 
(metal carbene complexes) انطلاقاً من الكربونيلات المعدنية 

.(carbonyl metals)



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.
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What is Hydrolysis Reactions

The substitution reactions in which a ligand is replaced by a H2O 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 H20 

molecules are called acid hydrolysis

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

of a ligand by OH- group are called base hydrolysis reactions.

NOTE-Acid hydrolysis reactions occur in neutral and acidic solutions and 

basic hydrolysis I basic medium.

Ex- [Colll(NH3)5CI]2+ + H2O    →[Colll (NH3)5(H2O)]3+ + Cl 

[Co(NH3)5CI]2+ +OH- →[Co(NH3)5(OH)]2+ +CI-
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2.8 Reactions with SN1 mechanics (substitution on 
octahedral complexes).

The typical reaction coordinate diagram for ligand displacement reactions in 
octahedral metal complexes through SN1 mechanism reaction.
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The typical reaction coordinate diagram for ligand displacement reactions in 
octahedral metal complexes through the SN2 mechanism.

2.9 Reactions with SN2 mechanics (substitution on octahedral 
complexes).
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Chapter 3: Substitution Reactions of Square Planner 

Complexes 

and the Trans Effect
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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. 

1. Outer 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.
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[Fe(H2O)6]2+ + [Fe(H2O)6]3+                                    [Fe(H2O)6]3+ + [Fe(H2O)6]2+

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)6]²+ + [Co(NH3)6]3+ [Co(NH3)6]3+ +[Co(NH3)6]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)6]4- + [Mo(CN)6]3- [Fe(CN)6]3- + [Mo(CN)6]4-
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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.
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electron transfers 
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