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Home » Science » Chemistry » Difference Between Crystal Field Theory and Ligand Field Theory Many scientists and chemists have attempted to formulate theories to explain the bonding of coordination compounds and to justify and predict their properties. The first successful theory is the valence bond theory came out in the 1930s by Linus
Pauling. Then in 1929, Hans Bethe proposed a new theory called crystal field theory. The ligand field theory is a modification of the original crystal field theory. In the beginning, the crystal and ligand field theories were largely used to explain the concepts in solid-state physics. However, in the 1950s, chemists started to apply these theories to
transition metal complexes. The main difference between crystal field theory and ligand field theory is that crystal field theory describes only the electrostatic interaction between metal ions and ligands, whereas ligand field theory considers both electrostatic interaction and covalent bonding between the metal and its ligand. This article explains, 1.
What is Crystal Field Theory - Theory, Application2. What is Ligand Field Theory - Theory, Application3. What is the difference between Crystal Field Theory and Ligand Field Theory What is Crystal Field Theory The crystal field theory describes the electronic structure of metal crystals, where they are enclosed by oxide ions or anions. The
symmetry of the electrostatic field depends on the crystal structure. The d orbitals of the metal ions are split by the electrostatic field and the energies of these d orbitals can be calculated in terms of crystal field stabilization energies. Crystal field theory is used to understand the magnetic, thermodynamic, spectroscopic and kinetic properties of the
coordination metal complexes. The main three assumptions of crystal field theory include: (a) The ligands are considered as point charges, (b) No interaction /bonds between orbitals of metal and ligands (c) In a free metal ion, all the sub-shells of a particular d orbital are of equal energy. The interactions between metal ions and their ligands are
electrostatic in nature. In this theory, no bonding between the atom and the transition metal is considered. Because of this limitation, the crystal field theory is modified and proposed as ligand field theory. Figure 1: Octahedral splitting The ligand field theory is a combination of both crystal field and molecular orbital theories. It was first proposed
qualitatively by Griffith and Orgel. Ligand field theory is used to describe the bonding, orbital arrangement and other important characteristics of coordination metal complexes. Moreover, it describes p bonding and provides more accurate calculations of energy levels in terms of ligand field stabilization energies. More precisely, the ligand field
theory is used to judge the electron distribution among d orbitals of metal ions and their stereochemical activeness. The description of covalent bonding is not seen in the crystal field theory. Hence, ligand field theory is taken as a more realistic model that can be applied to describe the properties of coordination complexes. Figure 2: Ligand-Field
scheme summarizing o-bonding in the octahedral complex [Ti(H20)6]3+ Definition Crystal Field Theory: The crystal field theory is a theory that describes the electronic structure of metal crystals. Ligand Field Theory: Ligand field theory is a modification of crystal field theory and molecular orbital theory. Focus Crystal Field Theory: Crystal field
theory only describes electrostatic interactions between metal ions and ligands Ligand Field Theory: Ligand field theory describes both electrostatic interactions and covalent bonding between metal ions and ligands. Applications Crystal Field Theory: Crystal field theory provides only electronic structure of transition metals. Ligand Field Theory:
Ligand field theory provides electronic, optical and bonding characteristics of transition metals. Realism Crystal Field Theory: Crystal field theory is comparatively unrealistic Ligand Field Theory: Ligand field theory is more realistic than crystal field theory. Summary - Crystal Field Theory and Ligand Field Theory The crystal field theory is an
electrostatic approach that describes the electronic energy levels that govern the UV-visible spectra but does not describe bonding between metal ions and ligands. The ligand field theory is a complete description that is derived from crystal field theory. Unlike the crystal field theory, ligand field theory describes the bonding between metal ions and
ligands. This is the difference between crystal field theory and ligand field theory. Reference: 1.Dabrowiak, J. C. (2009). Metals in medicine. John Wiley & Sons.2.Huheey, J. E., Keiter, E. A., Keiter, R. L., & Medhi, O. K. (2006). Inorganic chemistry: principles of structure and reactivity. Pearson Education India.3.Sathyanarayana, D. N. (2001).
Electronic absorption spectroscopy and related techniques. Universities Press.4.Dolmella, A., & Bandoli, G. (1993). Inorganic structural chemistry: By Ulrich Miiller, published by Wiley, Chichester, UK, 1993, 264 pp. Inorganica Chimica Acta, 211(1), 126.5.Bothara, K. G. (2008). Inorganic Pharmaceutical Chemistry. Pragati Books Pvt. Ltd.. Image
Courtesy:1.”Octahedral crystal-field splitting.”By English Wikipedia user YanA (CC BY-SA 3.0) via Commons Wikimedia2. “LFTi(III)”"By Smokefoot at English Wikipedia - Transferred from en.wikipedia to Commons by Sentausa. (Public Domain) via Commons Wikimeida Study and Practice for FreeTrusted by 100,000+ Students WorldwideAchieve Top
Grades in your Exams with our Free Resources.Practice Questions, Study Notes, and Past Exam Papers for all Subjects! Welcome to the Chemistry Library. This Living Library is a principal hub of the LibreTexts project, which is a multi-institutional collaborative venture to develop the next generation of open-access texts to improve postsecondary
education at all levels of higher learning. The LibreTexts approach is highly collaborative where an Open Access textbook environment is under constant revision by students, faculty, and outside experts to supplant conventional paper-based books. Campus BookshelvesBookshelvesLearning Objects Home is shared under a not declared license and
was authored, remixed, and/or curated by LibreTexts. Ligand and Crystal Field theories are used to describe the nature of the bonding in transition metal complexes. Crystal Field Theory is based upon the effect of a perturbation of the d-orbitals consisting of electronic interaction between the metal cation nucleus and the negatively charged electrons
of the ligands: the metal-ligand interactions are electrostatic only. Ligand Field Theory treats the metal-ligand interaction as a covalent bonding interaction, and depends upon considering the overlap between the d-orbitals on the metals and the ligand donor orbitals. Crystal Field Theory Let us consider an octahedral arrangement of ligands around
the central metal ion. For the octahedral field generated, the ligands are considered to be point charges sited on the cartesian axes, and the effect these point charges have on the valence orbitals of the metal ion is calculated. The s-orbital of the metal is spherically symmetric, and so the result of its interaction with the ligand field is that its energy is
raised: the increased repulsion between the negative point charges representing the ligands and the negative charge of the electrons in the s-orbital mean that the s-orbital electrons lie at higher energy. Similarly, the metal p-orbitals lie along the cartesian axes, and so point directly towards the point charges, and this means that the p-orbitals all
have the same degree of interaction with the ligands, and so they remain degenerate, but the extra repulsion between the p-orbital electrons and the point charges of the ligands means that the p-orbitals are raised in energy. Crystal field around the metal s-orbital Crystal Field around the metal p-orbitals The main effect the introduction of the ligands
has on the orbitals of the metal ion is on the d-orbitals. The symmetry of the d-orbitals means that they fall into two categories when the ligand field is introduced. Some of the orbitals point directly towards the ligands, and some point between the ligands. d-orbitals which point towards the ligands d-orbitals which point between the ligands The d(x2-
y2) and d(z2) orbitals have lobes which point directly towards the point charges of the ligands, and so the have a greater electrostatic repulsion. The d(xy), d(xz), and d(yz) orbitals have lobes which point between the charges, and so have a lesser electrostatic repulsion. Therefore, the d-orbitals are no longer degenerate, due to their different
electrostatic repulsion with the ligands, and they split into two groups which have different energies. Group theory can be used to show that the d(x2-y2) and d(z2) orbitals belong to the eg symmetry group in the octahedral field, and the d(xy), d(xz), and d(yz) orbitals belong to the t2g symmetry group. Orbital diagram for the metal orbitals in the
octahedral Crystal Field The metal s- and p-orbitals increase in energy, and the d-orbitals split into two groups in the octahedral field. The difference in energy between the two sets is the ligand field splitting parameter, Ao. The energy difference between the two sets of orbitals from the d-orbitals in the crystal field is known as the ligand field
splitting parameter, Ao, where the o refers to the fact that it is an octahedral field. Conservation of energy states that the energies of the t2g orbitals lie at -0.4Ao0 and the eg orbitals lie at +0.6A0, so the total energy is [3x(-0.4A0)]1+[2x(+0.6A0)] = 0. Sign Up Now &Daily Live Classes3000+ TestsStudy Material & PDFQuizzes With Detailed Analytics+
More BenefitsGet Free Access Now New Maximum safety: Flammable, corrosive, and toxic chemicals in one cabinet - secure and compliant New Optimised process control with leakage tests, gas consumption measurement and modular expandability New ERALAB OCM offers a range of easy to use, rugged and accurate oil analyzers New Customized,
flexible and transparent processes for your future and investment security New Flexible operation from parallel batches through SMB to integrated continuous processing New The compact and robust solution for safe level monitoring for all types of liquids New Guaranteed contamination-free grinding of very small quantities in controlled
atmospheres New Screening tests & parallel syntheses - Operating up to 6 mini high-pressure reactors simultaneously New Impact and cutting in a single unique combination New Pack your own MPLC glass columns, ideal for temperature sensitive applications Shaft seal-free pumps for maximum reliability and safety Segment leading Optical
Emission Spectrometer with accurate analyses down to single ppm optical emission spectrometers © 1997-2025 LUMITOS AG, All rights reserved Home » Science » Chemistry » Difference Between Crystal Field Theory and Ligand Field Theory Many scientists and chemists have attempted to formulate theories to explain the bonding of coordination
compounds and to justify and predict their properties. The first successful theory is the valence bond theory came out in the 1930s by Linus Pauling. Then in 1929, Hans Bethe proposed a new theory called crystal field theory. The ligand field theory is a modification of the original crystal field theory. In the beginning, the crystal and ligand field
theories were largely used to explain the concepts in solid-state physics. However, in the 1950s, chemists started to apply these theories to transition metal complexes. The main difference between crystal field theory and ligand field theory is that crystal field theory describes only the electrostatic interaction between metal ions and ligands, whereas
ligand field theory considers both electrostatic interaction and covalent bonding between the metal and its ligand. This article explains, 1. What is Crystal Field Theory - Theory, Application2. What is Ligand Field Theory - Theory, Application3. What is the difference between Crystal Field Theory and Ligand Field Theory What is Crystal Field
Theory The crystal field theory describes the electronic structure of metal crystals, where they are enclosed by oxide ions or anions. The symmetry of the electrostatic field depends on the crystal structure. The d orbitals of the metal ions are split by the electrostatic field and the energies of these d orbitals can be calculated in terms of crystal field
stabilization energies. Crystal field theory is used to understand the magnetic, thermodynamic, spectroscopic and kinetic properties of the coordination metal complexes. The main three assumptions of crystal field theory include: (a) The ligands are considered as point charges, (b) No interaction /bonds between orbitals of metal and ligands (c) In a
free metal ion, all the sub-shells of a particular d orbital are of equal energy. The interactions between metal ions and their ligands are electrostatic in nature. In this theory, no bonding between the atom and the transition metal is considered. Because of this limitation, the crystal field theory is modified and proposed as ligand field theory. Figure 1:
Octahedral splitting The ligand field theory is a combination of both crystal field and molecular orbital theories. It was first proposed qualitatively by Griffith and Orgel. Ligand field theory is used to describe the bonding, orbital arrangement and other important characteristics of coordination metal complexes. Moreover, it describes p bonding and
provides more accurate calculations of energy levels in terms of ligand field stabilization energies. More precisely, the ligand field theory is used to judge the electron distribution among d orbitals of metal ions and their stereochemical activeness. The description of covalent bonding is not seen in the crystal field theory. Hence, ligand field theory is
taken as a more realistic model that can be applied to describe the properties of coordination complexes. Figure 2: Ligand-Field scheme summarizing o-bonding in the octahedral complex [Ti(H20)6]3+ Definition Crystal Field Theory: The crystal field theory is a theory that describes the electronic structure of metal crystals. Ligand Field Theory:
Ligand field theory is a modification of crystal field theory and molecular orbital theory. Focus Crystal Field Theory: Crystal field theory only describes electrostatic interactions between metal ions and ligands Ligand Field Theory: Ligand field theory describes both electrostatic interactions and covalent bonding between metal ions and ligands.
Applications Crystal Field Theory: Crystal field theory provides only electronic structure of transition metals. Ligand Field Theory: Ligand field theory provides electronic, optical and bonding characteristics of transition metals. Realism Crystal Field Theory: Crystal field theory is comparatively unrealistic Ligand Field Theory: Ligand field theory is
more realistic than crystal field theory. Summary - Crystal Field Theory and Ligand Field Theory The crystal field theory is an electrostatic approach that describes the electronic energy levels that govern the UV-visible spectra but does not describe bonding between metal ions and ligands. The ligand field theory is a complete description that is
derived from crystal field theory. Unlike the crystal field theory, ligand field theory describes the bonding between metal ions and ligands. This is the difference between crystal field theory and ligand field theory. Reference: 1.Dabrowiak, J. C. (2009). Metals in medicine. John Wiley & Sons.2.Huheey, J. E., Keiter, E. A., Keiter, R. L., & Medhi, O. K.
(2006). Inorganic chemistry: principles of structure and reactivity. Pearson Education India.3.Sathyanarayana, D. N. (2001). Electronic absorption spectroscopy and related techniques. Universities Press.4.Dolmella, A., & Bandoli, G. (1993). Inorganic structural chemistry: By Ulrich Miiller, published by Wiley, Chichester, UK, 1993, 264 pp. Inorganica
Chimica Acta, 211(1), 126.5.Bothara, K. G. (2008). Inorganic Pharmaceutical Chemistry. Pragati Books Pvt. Ltd.. Image Courtesy:1.”Octahedral crystal-field splitting.”By English Wikipedia user YanA (CC BY-SA 3.0) via Commons Wikimedia2. “LFTi(III)”By Smokefoot at English Wikipedia - Transferred from en.wikipedia to Commons by Sentausa.
(Public Domain) via Commons Wikimeida Molecular orbital theory applied to transition metal complexes Ligand field theory (LFT) describes the bonding, orbital arrangement, and other characteristics of coordination complexes.[1][2][3][4] It represents an application of molecular orbital theory to transition metal complexes. A transition metal ion has
nine valence atomic orbitals - consisting of five nd, one (n+1)s, and three (n+1)p orbitals. These orbitals have the appropriate energy to form bonding interactions with ligands. The LFT analysis is highly dependent on the geometry of the complex, but most explanations begin by describing octahedral complexes, where six ligands coordinate with the
metal. Other complexes can be described with reference to crystal field theory.[5] Inverted ligand field theory (ILFT) elaborates on LFT by breaking assumptions made about relative metal and ligand orbital energies. Ligand field theory resulted from combining the principles laid out in molecular orbital theory and crystal field theory, which describe
the loss of degeneracy of metal d orbitals in transition metal complexes. John Stanley Griffith and Leslie Orgel[6] championed ligand field theory as a more accurate description of such complexes, although the theory originated in the 1930s with the work on magnetism by John Hasbrouck Van Vleck. Griffith and Orgel used the electrostatic principles
established in crystal field theory to describe transition metal ions in solution and used molecular orbital theory to explain the differences in metal-ligand interactions, thereby explaining such observations as crystal field stabilization and visible spectra of transition metal complexes. In their paper, they proposed that the chief cause of color
differences in transition metal complexes in solution is the incomplete d orbital subshells.[6] That is, the unoccupied d orbitals of transition metals participate in bonding, which influences the colors they absorb in solution. In ligand field theory, the various d orbitals are affected differently when surrounded by a field of neighboring ligands and are
raised or lowered in energy based on the strength of their interaction with the ligands.[6] This section does not cite any sources. Please help improve this section by adding citations to reliable sources. Unsourced material may be challenged and removed. (January 2021) (Learn how and when to remove this message) In an octahedral complex, the
molecular orbitals created by coordination can be seen as resulting from the donation of two electrons by each of six o-donor ligands to the d-orbitals on the metal. In octahedral complexes, ligands approach along the x-, y- and z-axes, so their o-symmetry orbitals form bonding and anti-bonding combinations with the dz2 and dx2—y2 orbitals. The dxy,
dxz and dyz orbitals remain non-bonding orbitals. Some weak bonding (and anti-bonding) interactions with the s and p orbitals of the metal also occur, to make a total of 6 bonding (and 6 anti-bonding) molecular orbitals[7] Ligand-Field scheme summarizing o-bonding in the octahedral complex [Ti(H20)6]3+. In molecular symmetry terms, the six
lone-pair orbitals from the ligands (one from each ligand) form six symmetry-adapted linear combinations (SALCs) of orbitals, also sometimes called ligand group orbitals (LGOs). The irreducible representations that these span are alg, tlu and eg. The metal also has six valence orbitals that span these irreducible representations - the s orbital is
labeled alg, a set of three p-orbitals is labeled t1u, and the dz2 and dx2—y2 orbitals are labeled eg. The six g-bonding molecular orbitals result from the combinations of ligand SALCs with metal orbitals of the same symmetry.[8] 1 bonding in octahedral complexes occurs in two ways: via any ligand p-orbitals that are not being used in o bonding, and
via any 1 or r* molecular orbitals present on the ligand. In the usual analysis, the p-orbitals of the metal are used for o bonding (and have the wrong symmetry to overlap with the ligand p or i or * orbitals anyway), so the 1 interactions take place with the appropriate metal d-orbitals, i.e. dxy, dxz and dyz. These are the orbitals that are non-bonding
when only o bonding takes place. Example of 1 backbonding with carbonyl (CO) ligands. One important i bonding in coordination complexes is metal-to-ligand  bonding, also called m backbonding. It occurs when the LUMOs (lowest unoccupied molecular orbitals) of the ligand are anti-bonding * orbitals. These orbitals are close in energy to the dxy,
dxz and dyz orbitals, with which they combine to form bonding orbitals (i.e. orbitals of lower energy than the aforementioned set of d-orbitals). The corresponding anti-bonding orbitals are higher in energy than the anti-bonding orbitals from o bonding so, after the new i bonding orbitals are filled with electrons from the metal d-orbitals, AO has
increased and the bond between the ligand and the metal strengthens. The ligands end up with electrons in their m* molecular orbital, so the corresponding m bond within the ligand weakens. The other form of coordination m bonding is ligand-to-metal bonding. This situation arises when the n-symmetry p or 1 orbitals on the ligands are filled. They
combine with the dxy, dxz and dyz orbitals on the metal and donate electrons to the resulting n-symmetry bonding orbital between them and the metal. The metal-ligand bond is somewhat strengthened by this interaction, but the complementary anti-bonding molecular orbital from ligand-to-metal bonding is not higher in energy than the anti-bonding
molecular orbital from the o bonding. It is filled with electrons from the metal d-orbitals, however, becoming the HOMO (highest occupied molecular orbital) of the complex. For that reason, AO decreases when ligand-to-metal bonding occurs. The greater stabilization that results from metal-to-ligand bonding is caused by the donation of negative
charge away from the metal ion, towards the ligands. This allows the metal to accept the o bonds more easily. The combination of ligand-to-metal o-bonding and metal-to-ligand n-bonding is a synergic effect, as each enhances the other. As each of the six ligands has two orbitals of m-symmetry, there are twelve in total. The symmetry adapted linear
combinations of these fall into four triply degenerate irreducible representations, one of which is of t2g symmetry. The dxy, dxz and dyz orbitals on the metal also have this symmetry, and so the n-bonds formed between a central metal and six ligands also have it (as these n-bonds are just formed by the overlap of two sets of orbitals with t2g
symmetry.) Main article: Spin states (d electrons) See also: Magnetochemistry This section does not cite any sources. Please help improve this section by adding citations to reliable sources. Unsourced material may be challenged and removed. (January 2021) (Learn how and when to remove this message) The six bonding molecular orbitals that are
formed are "filled" with the electrons from the ligands, and electrons from the d-orbitals of the metal ion occupy the non-bonding and, in some cases, anti-bonding MOs. The energy difference between the latter two types of MOs is called AO (O stands for octahedral) and is determined by the nature of the m-interaction between the ligand orbitals with
the d-orbitals on the central atom. As described above, n-donor ligands lead to a small AO and are called weak- or low-field ligands, whereas n-acceptor ligands lead to a large value of AO and are called strong- or high-field ligands. Ligands that are neither n-donor nor n-acceptor give a value of AO somewhere in-between. The size of AO determines
the electronic structure of the d4 - d7 ions. In complexes of metals with these d-electron configurations, the non-bonding and anti-bonding molecular orbitals can be filled in two ways: one in which as many electrons as possible are put in the non-bonding orbitals before filling the anti-bonding orbitals, and one in which as many unpaired electrons as
possible are put in. The former case is called low-spin, while the latter is called high-spin. A small AO can be overcome by the energetic gain from not pairing the electrons, leading to high-spin. When AO is large, however, the spin-pairing energy becomes negligible by comparison and a low-spin state arises. The spectrochemical series is an
empirically-derived list of ligands ordered by the size of the splitting A that they produce. It can be seen that the low-field ligands are all n-donors (such as I-), the high field ligands are n-acceptors (such as CN— and CO), and ligands such as H20 and NH3, which are neither, are in the middle. - < Br— < S2— < SCN—- < Cl- < NO3—- < N3-<F-<
OH—- < C2042— < H20 < NCS— < CH3CN < py (pyridine) < NH3 < en (ethylenediamine) < bipy (2,2'-bipyridine) < phen (1,10-phenanthroline) < NO2— < PPh3 < CN— < CO Crystal field theory Ligand dependent pathway Molecular orbital theory Nephelauxetic effect ©~ Ballhausen, Carl Johan,"Introduction to Ligand Field Theory",McGraw-Hill Book
Co., New York, 1962 ~ Griffith, J.S. (2009). The Theory of Transition-Metal Ions (re-issue ed.). Cambridge University Press. ISBN 978-0521115995. ~ Schlafer, H. L.; Gliemann, G. "Basic Principles of Ligand Field Theory" Wiley Interscience: New York; 1969 ~ Bhatt, Vasishta (2016-01-01), Bhatt, Vasishta (ed.), "Chapter 1 - Basic Coordination
Chemistry", Essentials of Coordination Chemistry, Academic Press, pp. 1-35, d0i:10.1016/b978-0-12-803895-6.00001-x, ISBN 978-0-12-803895-6, retrieved 2024-06-18 ~ G. L. Miessler and D. A. Tarr "Inorganic Chemistry" 3rd Ed, Pearson/Prentice Hall, ISBN 0-13-035471-6. ™ a b c Griffith, J.S. and L.E. Orgel. "Ligand Field Theory". Q. Rev. Chem.
Soc. 1957, 11, 381-393 ~ "10.3.1: Ligand Field Theory - Molecular Orbitals for an Octahedral Complex". Chemistry LibreTexts. 2021-09-03. Retrieved 2023-12-07. ~ "10.3.1: Ligand Field Theory - Molecular Orbitals for an Octahedral Complex". Chemistry LibreTexts. 2021-09-03. Retrieved 2023-12-07. Crystal-field Theory, Tight-binding Method, and
Jahn-Teller Effect in E. Pavarini, E. Koch, F. Anders, and M. Jarrell (eds.): Correlated Electrons: From Models to Materials, Julich 2012, ISBN 978-3-89336-796-2 Retrieved from " Share — copy and redistribute the material in any medium or format for any purpose, even commercially. Adapt — remix, transform, and build upon the material for any
purpose, even commercially. The licensor cannot revoke these freedoms as long as you follow the license terms. Attribution — You must give appropriate credit , provide a link to the license, and indicate if changes were made . You may do so in any reasonable manner, but not in any way that suggests the licensor endorses you or your use. ShareAlike
— If you remix, transform, or build upon the material, you must distribute your contributions under the same license as the original. No additional restrictions — You may not apply legal terms or technological measures that legally restrict others from doing anything the license permits. You do not have to comply with the license for elements of the
material in the public domain or where your use is permitted by an applicable exception or limitation . No warranties are given. The license may not give you all of the permissions necessary for your intended use. For example, other rights such as publicity, privacy, or moral rights may limit how you use the material. Crystal Field Theory (CFT) and
Ligand Field Theory (LFT) are both theoretical models used to explain the electronic structure and properties of transition metal complexes. CFT focuses on the interaction between the metal ion and the ligands, treating the ligands as point charges that create a crystal field splitting of the metal's d orbitals. This splitting leads to the formation of
different energy levels and determines the color and magnetic properties of the complex. On the other hand, LFT takes into account the covalent bonding between the metal ion and the ligands, considering the overlap of their orbitals. LFT provides a more detailed description of the electronic structure, including the formation of molecular orbitals
and the influence of ligand properties on the complex's properties. While CFT is simpler and easier to apply, LFT offers a more accurate and comprehensive understanding of transition metal complexes. Crystal Field Theory (CFT) and Ligand Field Theory (LFT) are two theoretical models used to explain the electronic structure and properties of
transition metal complexes. While both theories aim to describe the interaction between metal ions and ligands, they differ in their approaches and assumptions. In this article, we will explore the attributes of CFT and LFT, highlighting their similarities and differences.Crystal Field TheoryCrystal Field Theory, developed by Hans Bethe and John
Hasbrouck van Vleck in the 1930s, is a simple and intuitive model that focuses on the electrostatic interactions between the metal ion and the ligands. According to CFT, the ligands are treated as point charges, and the metal ion is considered as a positive point charge surrounded by a set of negatively charged ligands.The main attribute of CFT is its
ability to explain the color and magnetic properties of transition metal complexes. The splitting of the d-orbitals in the presence of ligands leads to the absorption of certain wavelengths of light, resulting in the observed colors. Additionally, the unpaired electrons in the split d-orbitals give rise to paramagnetism, which can be measured
experimentally.Another important aspect of CFT is the concept of crystal field splitting. The ligands exert an electrostatic field on the metal ion, causing the d-orbitals to split into two sets of energy levels: the lower energy set (eg) and the higher energy set (t2g). The energy difference between these sets is known as the crystal field splitting energy
(A). The magnitude of A determines the color and magnetic properties of the complex.CFT also provides a qualitative explanation for the spectrochemical series, which ranks ligands based on their ability to cause crystal field splitting. Ligands that donate electrons to the metal ion, such as cyanide (CN-) and carbon monoxide (CO), are considered
strong-field ligands and lead to a large crystal field splitting. In contrast, ligands that do not donate electrons, such as water (H20) and ammonia (NH3), are weak-field ligands and result in a smaller crystal field splitting.Despite its success in explaining many properties of transition metal complexes, CFT has some limitations. It neglects the covalent
bonding between the metal ion and the ligands, assuming purely ionic interactions. This oversimplification can lead to inaccuracies in predicting certain properties, especially for complexes with ligands that exhibit significant covalent character.Ligand Field TheoryLigand Field Theory, also known as the Molecular Orbital Theory, was developed by
Jorgen Lindegaard and others in the 1950s as an extension of CFT. LFT takes into account both the electrostatic and covalent interactions between the metal ion and the ligands, providing a more comprehensive description of transition metal complexes.One of the key attributes of LFT is its consideration of molecular orbitals (MOs) formed by the
overlap of metal d-orbitals and ligand orbitals. The MOs are delocalized over the entire complex, allowing for electron density to be shared between the metal ion and the ligands. This sharing of electron density leads to the formation of bonding and antibonding orbitals, which affect the stability and reactivity of the complex.LFT also introduces the
concept of ligand field splitting, which is similar to crystal field splitting in CFT. However, in LFT, the splitting is not solely determined by electrostatic interactions but also by the overlap of metal and ligand orbitals. The ligands are classified as o-donors or m-acceptors based on their ability to donate or accept electron density, respectively. Ligands
that are both o-donors and nm-acceptors, such as carbon monoxide (CO), have a significant impact on the ligand field splitting.Another attribute of LFT is its ability to explain the spectroscopic properties of transition metal complexes. The formation of MOs leads to the splitting of the d-orbitals into different energy levels, resulting in the absorption of
specific wavelengths of light. The energy difference between these levels determines the color observed in the complex. LFT also provides insights into the magnetic properties of complexes by considering the distribution of electrons in the MOs.While LFT offers a more accurate description of transition metal complexes compared to CFT, it is a more
complex and computationally demanding theory. The calculations involved in LFT require the use of quantum mechanical methods, making it less accessible for qualitative analysis and quick predictions.ComparisonBoth Crystal Field Theory and Ligand Field Theory have their strengths and weaknesses, and their applications depend on the specific
context and level of detail required. Here are some key points of comparison between the two theories:Approach: CFT focuses on electrostatic interactions, treating ligands as point charges, while LFT incorporates both electrostatic and covalent interactions through the formation of molecular orbitals.Complexity: CFT is a simpler theory that can
provide qualitative explanations and predictions, while LFT is more complex and requires quantum mechanical calculations for accurate results.Accuracy: LFT offers a more accurate description of transition metal complexes, especially those with ligands exhibiting significant covalent character, while CFT can provide a good approximation for purely
ionic complexes.Properties: Both theories can explain the color and magnetic properties of transition metal complexes, but LFT provides a more detailed understanding by considering the distribution of electrons in molecular orbitals.Spectrochemical Series: CFT provides a qualitative explanation for the spectrochemical series based on ligand
strength, while LFT offers a more comprehensive understanding by considering the ligand's o-donor and n-acceptor abilities.ConclusionCrystal Field Theory and Ligand Field Theory are two theoretical models used to describe the electronic structure and properties of transition metal complexes. While CFT focuses on electrostatic interactions and
provides a simple and intuitive explanation for many properties, LFT incorporates both electrostatic and covalent interactions, offering a more accurate and comprehensive description. The choice between the two theories depends on the level of detail required and the specific context of the complex under study. Both theories have contributed
significantly to our understanding of transition metal chemistry and continue to be valuable tools in the field. Comparisons may contain inaccurate information about people, places, or facts. Please report any issues. Ligand field theory, in chemistry, one of several theories that describe the electronic structure of coordination or complex compounds,
notably transition metal complexes, which consist of a central metal atom surrounded by a group of electron-rich atoms or molecules called ligands. The ligand field theory deals with the origins and consequences of metal- ligand interactions as a means of elucidating the magnetic, optical, and chemical properties of these compounds. Attributed
mainly to the works of the U.S. physicist J.H. Van Vleck, the ligand field theory evolved from the earlier crystal field theory, developed for crystalline solids by the U.S. physicist Hans Albrecht Bethe. Bethe’s theory considers the metal-ligand linkage as a purely ionic bond; i.e., the bond between two particles of opposite electrical charges.It further
assumes that the electronic structure of the metal atom is altered by the electrical field generated by the surrounding negative charges (the ligand field). In particular, the effects of the ligand field on the five d orbitals of an inner electron shell of the central atom are considered. (The d orbitals are regions within an electron shell with certain
preferred orientations in space; in transition metals these orbitals are only partly occupied by electrons.)In the isolated metal atom, the d orbitals are of the same energy state and have equal probabilities of being occupied by electrons. In the presence of the ligand field these orbitals may be split into two or more groups that differ slightly in energy;
the manner and the extent of orbital splitting depend on the geometric arrangement of the ligands with respect to the orbitals and on the strength of the ligand field.BackgroundCoordination complexes are often colored and display unique magnetic properties, indicating that the electronic structure of these compounds differs from that of free metal
atoms or ions. LFT was developed as an extension of crystal field theory (CFT) to better account for these properties.Main AssumptionsLFT acknowledges that ligands are not just point charges but possess distinct molecular orbitals that interact with the metal’s d orbitals.The d orbitals of the metal ion are affected by the ligand’s electron density and
geometry.Splitting of d OrbitalsIin a free metal atom, the five d orbitals (dxy, dxz, dyz, dx?-y?, dz?) are degenerate, meaning they have the same energy. When ligands approach the metal ion, electrostatic interactions cause the d orbitals to split into two energy levels: a set of lower energy orbitals and a set of higher energy orbitals.Octahedral
Complexes: In octahedral complexes, where six ligands surround the metal, the d orbitals split into a lower energy set of three (t2g) and a higher energy set of two (eg) orbitals due to the ligand’s repulsion along the axes and attraction along the axes.Tetrahedral Complexes: In tetrahedral complexes, where four ligands surround the metal, the
splitting is different. The eg orbitals have lower energy than the t2g orbitals due to the different geometry.Crystal Field vs. Ligand Field TheoryCrystal Field Theory (CFT) considers only the electrostatic interactions between ligands and metal ions, leading to a qualitative understanding of color and magnetism.Ligand Field Theory (LFT) expands on
CFT by considering the molecular orbitals of the ligands, providing a more accurate description of complex properties like magnetic behavior and spectral features.Spectrochemical SeriesLFT explains the ordering of ligands based on their ability to cause higher or lower splitting of the d orbitals. This ordering is known as the spectrochemical series.
Ligands that cause greater splitting are called strong-field ligands (e.g., CN-, CO), while those causing less splitting are called weak-field ligands (e.g., Cl-, H20).Color and SpectraThe color of coordination complexes arises from the absorption of light corresponding to energy differences between the split d orbitals. Strong-field ligands cause larger
energy gaps and absorption in the visible region, leading to intense coloration.Magnetic PropertiesLFT explains magnetic behavior by considering the distribution of electrons in the split d orbitals. Unpaired electrons in the lower-energy set (t2g) give rise to paramagnetism, while paired electrons in the eg set result in diamagnetism.Limitations and
ExtensionsWhile LFT improves upon CFT by including ligand molecular orbital effects, it still simplifies certain aspects of bonding and ignores more advanced concepts like covalency and electron correlation. More advanced models like Molecular Orbital Theory (MO) and Density Functional Theory (DFT) provide a more comprehensive
understanding.Ligand field theory is a modification or an extension of crystal field theory and molecular obital theory. It describes bonding in transition metal complexes and how the orbitals arrange to a more energetically favored geometry based on a ligands electron donating.Ligand field theory represents an application of molecular orbital theory
to transition metal complexes. A transition metal ion has nine valence atomic orbitals-consisting of five nd, one (n+1)s, and three (n+1)p orbitals.In Ligand field theory, the various d orbitals are affected differently when surrounded by a field of neighboring ligands and are raised or lowered in energy based on the strength of their interaction with the
ligands.The Ligand Field Theory analysis is highly dependent on the geometry of the complex, but most explanations begin by describing octahedral complexes, where six ligands coordinate to the metal.The ligand field theory was developed by John Hasbrouck Van Vleck and Hans Albrecht Bethe.Ligand field theory describes both electrostatic
interactions and covalent bonding between metal ions and ligands.Ligand field theory is more realistic than crystal field theory. It delivers insights into the process of chemical bonding in transition metal complexes. Home » Science » Chemistry » Difference Between Crystal Field Theory and Ligand Field Theory Many scientists and chemists have
attempted to formulate theories to explain the bonding of coordination compounds and to justify and predict their properties. The first successful theory is the valence bond theory came out in the 1930s by Linus Pauling. Then in 1929, Hans Bethe proposed a new theory called crystal field theory. The ligand field theory is a modification of the original
crystal field theory. In the beginning, the crystal and ligand field theories were largely used to explain the concepts in solid-state physics. However, in the 1950s, chemists started to apply these theories to transition metal complexes. The main difference between crystal field theory and ligand field theory is that crystal field theory describes only the
electrostatic interaction between metal ions and ligands, whereas ligand field theory considers both electrostatic interaction and covalent bonding between the metal and its ligand. This article explains, 1. What is Crystal Field Theory - Theory, Application2. What is Ligand Field Theory - Theory, Application3. What is the difference between
Crystal Field Theory and Ligand Field Theory What is Crystal Field Theory The crystal field theory describes the electronic structure of metal crystals, where they are enclosed by oxide ions or anions. The symmetry of the electrostatic field depends on the crystal structure. The d orbitals of the metal ions are split by the electrostatic field and the
energies of these d orbitals can be calculated in terms of crystal field stabilization energies. Crystal field theory is used to understand the magnetic, thermodynamic, spectroscopic and kinetic properties of the coordination metal complexes. The main three assumptions of crystal field theory include: (a) The ligands are considered as point charges, (b)
No interaction /bonds between orbitals of metal and ligands (c) In a free metal ion, all the sub-shells of a particular d orbital are of equal energy. The interactions between metal ions and their ligands are electrostatic in nature. In this theory, no bonding between the atom and the transition metal is considered. Because of this limitation, the crystal
field theory is modified and proposed as ligand field theory. Figure 1: Octahedral splitting The ligand field theory is a combination of both crystal field and molecular orbital theories. It was first proposed qualitatively by Griffith and Orgel. Ligand field theory is used to describe the bonding, orbital arrangement and other important characteristics of
coordination metal complexes. Moreover, it describes p bonding and provides more accurate calculations of energy levels in terms of ligand field stabilization energies. More precisely, the ligand field theory is used to judge the electron distribution among d orbitals of metal ions and their stereochemical activeness. The description of covalent bonding
is not seen in the crystal field theory. Hence, ligand field theory is taken as a more realistic model that can be applied to describe the properties of coordination complexes. Figure 2: Ligand-Field scheme summarizing o-bonding in the octahedral complex [Ti(H20)6]3+ Definition Crystal Field Theory: The crystal field theory is a theory that describes
the electronic structure of metal crystals. Ligand Field Theory: Ligand field theory is a modification of crystal field theory and molecular orbital theory. Focus Crystal Field Theory: Crystal field theory only describes electrostatic interactions between metal ions and ligands Ligand Field Theory: Ligand field theory describes both electrostatic
interactions and covalent bonding between metal ions and ligands. Applications Crystal Field Theory: Crystal field theory provides only electronic structure of transition metals. Ligand Field Theory: Ligand field theory provides electronic, optical and bonding characteristics of transition metals. Realism Crystal Field Theory: Crystal field theory is
comparatively unrealistic Ligand Field Theory: Ligand field theory is more realistic than crystal field theory. Summary - Crystal Field Theory and Ligand Field Theory The crystal field theory is an electrostatic approach that describes the electronic energy levels that govern the UV-visible spectra but does not describe bonding between metal ions and
ligands. The ligand field theory is a complete description that is derived from crystal field theory. Unlike the crystal field theory, ligand field theory describes the bonding between metal ions and ligands. This is the difference between crystal field theory and ligand field theory. Reference: 1.Dabrowiak, J. C. (2009). Metals in medicine. John Wiley &
Sons.2.Huheey, J. E., Keiter, E. A., Keiter, R. L., & Medhi, O. K. (2006). Inorganic chemistry: principles of structure and reactivity. Pearson Education India.3.Sathyanarayana, D. N. (2001). Electronic absorption spectroscopy and related techniques. Universities Press.4.Dolmella, A., & Bandoli, G. (1993). Inorganic structural chemistry: By Ulrich
Miiller, published by Wiley, Chichester, UK, 1993, 264 pp. Inorganica Chimica Acta, 211(1), 126.5.Bothara, K. G. (2008). Inorganic Pharmaceutical Chemistry. Pragati Books Pvt. Ltd.. Image Courtesy:1.”Octahedral crystal-field splitting.”By English Wikipedia user YanA (CC BY-SA 3.0) via Commons Wikimedia2. “LFTi(III)"By Smokefoot at English
Wikipedia - Transferred from en.wikipedia to Commons by Sentausa. (Public Domain) via Commons Wikimeida Ligand-Field Theory The valence-bond model and the crystal field theory explain some aspects of the chemistry of the transition metals, but neither model is good at predicting all of the properties of transition-metal complexes. A third
model, based on molecular orbital theory, was therefore developed that is known as ligand-field theory. Ligand-field theory is more powerful than either the valence-bond or crystal-field theories. Unfortunately it is also more abstract. The ligand-field model for an octahedral transition-metal complex such as the Co(NH3)63+ ion assumes that the 3d,
4s, and 4p orbitals on the metal overlap with one orbital on each of the six ligands to form a total of 15 molecular orbitals, as shown in the figue below. Six of these orbitals are bonding molecular orbitals, whose energies are much lower than those of the original atomic orbitals. Another six are antibonding molecular orbitals, whose energies are
higher than those of the original atomic orbitals. Three are best described as nonbonding molecular orbitals, because they have essentially the same energy as the 3d atomic orbitals on the metal. Ligand-field theory enables the 3d, 4s, and 4p orbitals on the metal to overlap with orbitals on the ligand to form the octahedral covalent bond skeleton that
holds this complex together. At the same time, this model generates a set of five orbitals in the center of the diagram that are split into t2g and eg subshells, as predicted by the crystal-field theory. As a result, we don't have to worry about "inner-shell" versus "outer-shell" metal complexes. In effect, we can use the 3d orbitals in two different ways. We
can use them to form the covalent bond skeleton and then use them again to form the orbitals that hold the electrons that were originally in the 3d orbitals of the transition metal. Crystal Field Theory (CFT) and Ligand Field Theory (LFT) are two theories in inorganic chemistry that describe the bonding patterns in transition metal complexes. They
have some similarities, but also key differences: Crystal Field Theory (CFT): Treats ligands as simple point charges. Based on simple electrostatics of the metal-ligand interaction. Does not describe bonding. Considers the attraction between the central metal and ligands in a transition metal complex as electrostatic only. Primitive and based on some
inaccurate assumptions, but still useful due to its simplicity and effectiveness in explaining magnetism, colors, structure, and relative stability of metal complexes. Ligand Field Theory (LFT): Uses the concept of molecular orbitals to describe the bonding between the metal and ligands in the complex. Rooted in molecular orbital theory, making it more
advanced and accurate. Describes the attraction between the central metal and ligands in a transition metal complex as a coordinated covalent bond or a dative covalent bond. More complex than CFT but provides a more detailed description of bonding in coordination compounds. In summary, CFT is a simpler and more primitive theory that treats
ligands as point charges and does not describe bonding. On the other hand, LFT is a more advanced and accurate theory that uses molecular orbitals to describe the bonding between the metal and ligands in a complex. Both theories can reach similar conclusions, but LFT provides a more detailed understanding of the bonding in coordination
compounds.Crystal Field Theory (CFT) and Ligand Field Theory (LFT) are two theories in inorganic chemistry used to describe the bonding patterns in transition metal complexes. Here is a table comparing the differences between them: Property Crystal Field Theory (CFT) Ligand Field Theory (LFT) Description One of the simplest models for
explaining the structures and properties of transition metal complexes. Treats ligands as point charges and cannot explain the differences between ligands in the spectrochemical series. More advanced, rooted in molecular orbital theory, and provides a more detailed description of bonding in coordination compounds. Bonding Interaction Treats the
interaction between the central metal and ligands as purely electrostatic. Considers the bonding between the central atom and ligands according to the concepts of molecular orbital theory, including covalent interactions. Predictions The magnitude of the crystal field splitting energy is affected by the identity, oxidation state number, and
arrangement of the ligands. Generally, the splitting is greater for 4d and 5d metals than for 3d metals, and greater for higher oxidation states. Can successfully predict the structures, spectroscopic properties, colors, and magnetic properties of coordination complexes. Limitations Primitive and based on incorrect ideas, but still useful due to its
simplicity and effectiveness in molecular symmetry. More accurate and complex than CFT, can also predict structures, spectroscopic properties, colors, and magnetic properties of coordination complexes. Application Suitable for most common type of coordination complex geometry: the octahedral geometry. Applicable to a broader range of
coordination complex geometries and can explain more complex bonding situations. In summary, while CFT is simpler and more applicable to a limited range of coordination complex geometries, LFT is more advanced, complex, and can explain a wider variety of bonding situations in transition metal complexes. Home » Science » Chemistry »
Difference Between Crystal Field Theory and Ligand Field Theory Many scientists and chemists have attempted to formulate theories to explain the bonding of coordination compounds and to justify and predict their properties. The first successful theory is the valence bond theory came out in the 1930s by Linus Pauling. Then in 1929, Hans Bethe
proposed a new theory called crystal field theory. The ligand field theory is a modification of the original crystal field theory. In the beginning, the crystal and ligand field theories were largely used to explain the concepts in solid-state physics. However, in the 1950s, chemists started to apply these theories to transition metal complexes. The main
difference between crystal field theory and ligand field theory is that crystal field theory describes only the electrostatic interaction between metal ions and ligands, whereas ligand field theory considers both electrostatic interaction and covalent bonding between the metal and its ligand. This article explains, 1. What is Crystal Field Theory -
Theory, Application2. What is Ligand Field Theory - Theory, Application3. What is the difference between Crystal Field Theory and Ligand Field Theory What is Crystal Field Theory The crystal field theory describes the electronic structure of metal crystals, where they are enclosed by oxide ions or anions. The symmetry of the electrostatic field
depends on the crystal structure. The d orbitals of the metal ions are split by the electrostatic field and the energies of these d orbitals can be calculated in terms of crystal field stabilization energies. Crystal field theory is used to understand the magnetic, thermodynamic, spectroscopic and kinetic properties of the coordination metal complexes. The
main three assumptions of crystal field theory include: (a) The ligands are considered as point charges, (b) No interaction /bonds between orbitals of metal and ligands (c) In a free metal ion, all the sub-shells of a particular d orbital are of equal energy. The interactions between metal ions and their ligands are electrostatic in nature. In this theory, no
bonding between the atom and the transition metal is considered. Because of this limitation, the crystal field theory is modified and proposed as ligand field theory. Figure 1: Octahedral splitting The ligand field theory is a combination of both crystal field and molecular orbital theories. It was first proposed qualitatively by Griffith and Orgel. Ligand
field theory is used to describe the bonding, orbital arrangement and other important characteristics of coordination metal complexes. Moreover, it describes p bonding and provides more accurate calculations of energy levels in terms of ligand field stabilization energies. More precisely, the ligand field theory is used to judge the electron distribution
among d orbitals of metal ions and their stereochemical activeness. The description of covalent bonding is not seen in the crystal field theory. Hence, ligand field theory is taken as a more realistic model that can be applied to describe the properties of coordination complexes. Figure 2: Ligand-Field scheme summarizing o-bonding in the octahedral
complex [Ti(H20)6]3+ Definition Crystal Field Theory: The crystal field theory is a theory that describes the electronic structure of metal crystals. Ligand Field Theory: Ligand field theory is a modification of crystal field theory and molecular orbital theory. Focus Crystal Field Theory: Crystal field theory only describes electrostatic interactions
between metal ions and ligands Ligand Field Theory: Ligand field theory describes both electrostatic interactions and covalent bonding between metal ions and ligands. Applications Crystal Field Theory: Crystal field theory provides only electronic structure of transition metals. Ligand Field Theory: Ligand field theory provides electronic, optical and
bonding characteristics of transition metals. Realism Crystal Field Theory: Crystal field theory is comparatively unrealistic Ligand Field Theory: Ligand field theory is more realistic than crystal field theory. Summary - Crystal Field Theory and Ligand Field Theory The crystal field theory is an electrostatic approach that describes the electronic energy
levels that govern the UV-visible spectra but does not describe bonding between metal ions and ligands. The ligand field theory is a complete description that is derived from crystal field theory. Unlike the crystal field theory, ligand field theory describes the bonding between metal ions and ligands. This is the difference between crystal field theory
and ligand field theory. Reference: 1.Dabrowiak, J. C. (2009). Metals in medicine. John Wiley & Sons.2.Huheey, J. E., Keiter, E. A., Keiter, R. L., & Medhi, O. K. (2006). Inorganic chemistry: principles of structure and reactivity. Pearson Education India.3.Sathyanarayana, D. N. (2001). Electronic absorption spectroscopy and related techniques.
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