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Electronic Spectra and Magnetic Properties of Transition Metal Complexes

Spectroscopic ground states, correlation, Orgel and Tanabe-Sugano diagrams for Transition
metal complexes (d'-d° states), calculations of Dg, B and B parameters, charge-transfer
spectra, spectroscopic method of assignment of absolute configuration in optically active
metal chelates and their stereochemical information, anomalous magnetic moments,
magnetic exchange coupling and spin crossover.

Electronic spectra and magnetic properties of transition metal complex

>

>

Electronic transitions involve the movement of electrons between different energy levels
within a molecule.

Electronic spectra provide valuable information about the electronic structure and
properties of molecules.

The energy of electronic transitions corresponds to the energy difference between
electronic energy levels.

Electronic spectra are typically measured using techniques such as UV-visible
spectroscopy.

UV-visible spectroscopy measures the absorption of ultraviolet and visible light by a
sample.

Absorption of light leads to electronic excitation, while emission of light occurs when
excited electrons return to lower energy states.

Electronic spectra are often represented as absorption or emission spectra, showing the
intensity of light absorbed or emitted at different wavelengths.

The absorption spectrum of a molecule contains peaks corresponding to electronic
transitions between different energy levels.

The positions and intensities of peaks in an absorption spectrum provide information
about the electronic structure and environment of the molecule.

Electronic transitions in molecules can be categorized into various types, such as n-n*
transitions and n-it* transitions.

T-T* transitions involve the excitation of electrons within m molecular orbitals.

n-rt* transitions involve the excitation of electrons from non-bonding (n) orbitals to mt*
antibonding orbitals.

Electronic spectra can be influenced by factors such as molecular symmetry, conjugation,
and solvent effects.

Symmetry selection rules dictate which electronic transitions are allowed or forbidden
based on the symmetry properties of the molecular orbitals involved.

Conjugated systems, such as those found in aromatic compounds, often exhibit more
intense and complex electronic spectra due to delocalization of i electrons.

Solvent effects can shift the absorption maxima and alter the intensity of electronic
transitions in a molecule.
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The Beer-Lambert law describes the relationship between the absorbance of light by a
sample and its concentration.

Electronic spectra can be used to determine the concentration of a compound in solution
through quantitative analysis.

Electronic spectra can also provide information about the stability and reactivity of
molecules.

The Woodward-Fieser rules are used to predict the absorption maxima of conjugated
organic compounds based on their structure.

Electronic spectra can be used to monitor chemical reactions in real-time by tracking
changes in absorbance or emission over time.

Time-resolved spectroscopy techniques allow for the study of ultrafast electronic
processes, such as photochemical reactions and electron transfer reactions.

Fluorescence and phosphorescence are examples of emission processes that occur
following electronic excitation.

Fluorescence involves the rapid emission of light by a molecule upon relaxation from an
excited state to a lower energy state.

Phosphorescence involves the delayed emission of light by a molecule following
intersystem crossing to a long-lived triplet state.

Electronic spectra can be used in analytical chemistry for the identification and
characterization of unknown compounds.

Electronic spectra are sensitive to changes in molecular structure, making them useful for
studying molecular conformation and dynamics.

Electronic spectra can be influenced by environmental factors such as temperature and
pressure.

Electronic spectra of transition metal complexes often exhibit characteristic features due
to d-d transitions.

Ligand field theory is used to explain the electronic spectra of transition metal complexes
based on interactions between metal d orbitals and ligand orbitals.

Charge transfer transitions occur when electrons are transferred between the metal and
ligands in a transition metal complex.

Ligand-to-metal charge transfer (LMCT) and metal-to-ligand charge transfer (MLCT)
transitions are common in transition metal complexes.

Electronic spectra can be simulated computationally using quantum mechanical methods
such as density functional theory (DFT) and time-dependent DFT (TD-DFT).

Computational simulations of electronic spectra can provide insights into the nature of
electronic transitions and help interpret experimental data.

The Franck-Condon principle states that electronic transitions occur so rapidly compared
to nuclear motion that the nuclei are effectively stationary during the transition.

Vibronic coupling between electronic and vibrational states can lead to vibronic fine
structure in electronic spectra.
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Electronic spectra can be broadened by factors such as homogeneous and
inhomogeneous broadening, which arise from molecular motion and environmental
effects.

Stark spectroscopy and Zeeman spectroscopy are techniques used to study the effects of
external electric and magnetic fields on electronic spectra, respectively.

Circular dichroism (CD) spectroscopy measures differences in the absorption of left-
handed and right-handed circularly polarized light and is used to study chiral molecules.
Magnetic circular dichroism (MCD) spectroscopy measures differences in the absorption
of circularly polarized light in the presence of a magnetic field and is used to study
paramagnetic molecules.

Electronic spectra of polyatomic molecules can be analyzed using group theory to
determine the symmetry and selection rules for allowed transitions.

Electronic spectra of polymers can provide information about the electronic structure and
properties of the polymer chains.

Electronic spectra are widely used in fields such as organic chemistry, biochemistry,
materials science, and spectroscopy.

Electronic spectra have applications in areas such as drug discovery, environmental
monitoring, and forensic analysis.

The Jablonski diagram is a graphical representation of electronic transitions and
relaxation processes in molecules.

Singlet and triplet states are common electronic states involved in electronic transitions
and relaxation processes.

The lifetime of an excited state determines the duration of emission processes such as
fluorescence and phosphorescence.

Electronic spectra can be recorded using various experimental techniques, including
absorption spectroscopy, fluorescence spectroscopy, and Raman spectroscopy.

Advances in instrumentation and theoretical methods continue to enhance our
understanding and application of electronic spectra in diverse scientific disciplines.
Transition metal complexes often exhibit intriguing magnetic properties due to the
presence of unpaired electrons.

The magnetic properties of a transition metal complex are influenced by the number of
unpaired electrons in its d orbitals.

Transition metal complexes with one or more unpaired electrons are termed
paramagnetic.

Paramagnetic transition metal complexes are attracted by an external magnetic field due
to the presence of unpaired spins.

The magnetic moment (u) of a paramagnetic complex is directly proportional to the
number of unpaired electrons.

The spin-only magnetic moment (us) of a paramagnetic complex can be calculated using
the formula: ps = V(n(n+2)) BM, where n is the number of unpaired electrons and BM
stands for Bohr magneton.
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Transition metal complexes with all paired electrons are diamagnetic and are weakly
repelled by an external magnetic field.

Diamagnetic transition metal complexes have magnetic moments close to zero.

The presence of ligands in a transition metal complex can influence its magnetic
properties through ligand field effects.

Ligand field splitting leads to the splitting of d orbitals into sets of different energies,
affecting the number of unpaired electrons and the magnetic behavior of the complex.
High-spin and low-spin configurations are possible for transition metal complexes
depending on the magnitude of the ligand field splitting.

High-spin complexes have a larger number of unpaired electrons compared to low-spin
complexes.

Complexes with weak ligand fields tend to favor high-spin configurations, while
complexes with strong ligand fields tend to favor low-spin configurations.

Magnetic susceptibility measurements can be used to experimentally determine the
magnetic properties of transition metal complexes.

Paramagnetic complexes exhibit greater magnetic susceptibility compared to diamagnetic
complexes.

Magnetic susceptibility measurements can provide information about the number of
unpaired electrons and the spin state of a transition metal complex.
Variable-temperature magnetic susceptibility measurements can help elucidate the
nature of magnetic interactions within a transition metal complex.

Exchange interactions between unpaired electrons in transition metal complexes can give
rise to interesting magnetic phenomena such as spin crossover and magnetic coupling.
Spin crossover involves the reversible transition between high-spin and low-spin states in
response to external stimuli such as temperature or pressure.

Magnetic coupling refers to the interaction between magnetic centers in a complex,
which can lead to the formation of magnetic clusters or the emergence of cooperative
magnetic behavior.

Charge transfer spectra involve electronic transitions in which electrons are transferred
from one molecular entity to another.

Charge transfer transitions occur between orbitals with different spatial distributions and
energies, typically involving the transfer of an electron from a donor to an acceptor.
Charge transfer transitions can occur in various types of molecular systems, including
organic molecules, transition metal complexes, and solid-state materials.

Charge transfer spectra can be classified into two main types: ligand-to-metal charge
transfer (LMCT) and metal-to-ligand charge transfer (MLCT) transitions.

In LMCT transitions, electrons are transferred from a ligand orbital to a metal orbital.

In MLCT transitions, electrons are transferred from a metal orbital to a ligand orbital.
LMCT transitions are commonly observed in transition metal complexes where ligands act
as the electron donors.
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MLCT transitions are commonly observed in transition metal complexes where the metal
center acts as the electron donor.

Charge transfer spectra typically occur in the ultraviolet (UV) or visible regions of the
electromagnetic spectrum.

The intensity and energy of charge transfer bands depend on factors such as the nature
of the donor and acceptor orbitals, the transition metal involved, and the ligand
environment.

Charge transfer spectra are often characterized by intense and broad absorption bands
with distinct features.

The position of charge transfer bands in the spectrum can provide information about the
electronic structure and coordination environment of the molecule.

The intensity of charge transfer bands is influenced by factors such as the overlap of
donor and acceptor orbitals and the strength of the interaction between them.

Solvent effects can significantly influence the position and intensity of charge transfer
bands in solution-phase spectra.

Charge transfer spectra can be analyzed using techniques such as UV-visible spectroscopy
and time-resolved spectroscopy.

Time-resolved spectroscopy allows for the study of charge transfer processes on ultrafast
timescales, providing insights into reaction kinetics and dynamics.

Charge transfer spectra are widely used in fields such as coordination chemistry, catalysis,
materials science, and photophysics.

The interpretation of charge transfer spectra often involves theoretical calculations and
computational methods such as density functional theory (DFT) and time-dependent DFT
(TD-DFT).

Charge transfer spectra play a crucial role in the design and optimization of molecular
materials for applications such as solar cells, sensors, and photocatalysis.

Understanding the electronic properties of charge transfer complexes is essential for
harnessing their potential in various technological and scientific endeavors.

Magnetic exchange coupling refers to the interaction between magnetic centers in a
system, which can lead to cooperative magnetic behavior.

Magnetic exchange coupling influences the alignment of magnetic moments within a
material and can give rise to various magnetic phenomena.

Spin crossover is a phenomenon observed in transition metal complexes where the spin
state of the metal center undergoes a reversible change in response to external stimuli
such as temperature, pressure, or light.

Spin crossover complexes typically contain transition metal ions with partially filled d
orbitals, such as iron(ll), cobalt(ll), or nickel(ll).

Spin crossover involves the transition between different spin states, typically high-spin
and low-spin configurations.
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High-spin configurations have maximum unpaired electrons, leading to large magnetic
moments, while low-spin configurations have fewer unpaired electrons and smaller
magnetic moments.

The transition between high-spin and low-spin states in spin crossover complexes is
accompanied by changes in the coordination geometry and ligand field strength.

External stimuli such as temperature or pressure can induce spin crossover by altering the
energy balance between high-spin and low-spin states.

Spin crossover can also be induced by photoexcitation, where light triggers electronic
transitions between different spin states.

Spin crossover complexes often exhibit hysteresis behavior, where the spin state persists
even after the external stimulus is removed.

The cooperative nature of magnetic exchange coupling can enhance the stability and
magnitude of spin crossover transitions in materials.

Magnetic exchange coupling can lead to long-range ordering of spin states in spin
crossover materials, resulting in collective magnetic behavior.

The temperature at which spin crossover occurs, known as the spin transition
temperature (Tc), depends on factors such as the ligand environment and the strength of
magnetic exchange interactions.

Magnetic exchange coupling can be characterized by techniques such as magnetic
susceptibility measurements, Mdssbauer spectroscopy, and neutron diffraction.
Theoretical models, such as the Ising model and the Heisenberg model, are used to
describe magnetic exchange interactions and predict the behavior of spin crossover
systems.

Magnetic exchange coupling plays a crucial role in the design of spin crossover materials
for applications such as molecular switches, sensors, and information storage devices.
Tuning the magnetic exchange interactions in spin crossover materials allows for control
over their magnetic properties and functional performance.

Cooperative effects arising from magnetic exchange coupling enable the development of
multifunctional materials with combined magnetic, optical, and electronic properties.
Spin crossover complexes have potential applications in areas such as smart materials,
magneto-optical devices, and spintronics.

Understanding the interplay between magnetic exchange coupling and spin crossover
phenomena is essential for the rational design and optimization of functional materials
for various technological applications.
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MULTIPLE CHOICE QUESTIONS

1. The ground state of V" ion is: ( Ajay Kumar)
A. °F
B. Dy
C. °F,
D. °Ds),

Answer A

2. The complex which exhibits lowest energy electronic absorption band is:
A. [NiCl, 1*
B. [ Ni(H,0)]*
C. [ Ni(CN), 1*
D. Ni(CO),
Answer A

3. The orange colour of Cr,0,” is due to: (Ajay Kumar)
A. Mental to ligand charge transfer transition
B. Ligand to metal charge transfer transition
C. Crystal —field transition
D. Charge-transfer complex formation
Answer B

4. The dark purple colour of KMnQ,is due to: ( Ajay Kumar)
A. d —d transition
B. ligand field transition
C. charge transfer transition
D. &-mt transition

Answer C

5. Which one of the following complex ions shows the minimum intensity of absorption in
the UV-visible region? ( Ajay Kumar)
A. [ Cr(H,0)s
B. [V(H0)s1*"
C. [ Mn(H,0)s1**
D. [ Co(H,0)s **

Answer C
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6. The absorption of Co(NH3)**sis: ( Ajay Kumar )
A. Stronger than that of [ Co(NH;)sCl]**
B. Stronger than that of [MnCl,]”
C. Weaker than that of [MnCl,]* but Stronger than that of [ Co(NH5)sCI]**
D. Weaker than those of both [MnCl,]* and [ Co(NHs)sCI]**

Answer B

7. The ground state term symbols for high spin d” S’ and d” configuration respectively are:
( Ajay Kumar)
A. *Sand °s
B. °Pand S
C. 'Sand®s
D. 'Pand °s

Answer ¢

8. The number of absorption bands observed for [FeF¢ ]* and [ CoFs |*7, respectively are:
( Ajay Kumar)
A. 1and3
B. Oand 1
C. 0and3
D. 3and 1

Answer B

2+

9. The number of possible d-d transition in [Cu(NH3)e 1" will be

A. One
B. Two
C. Three
D. Four

Answer A

10. The compound which shows LM charge transfer is : ( Ajay Kumar)
A. Ni(CO),
B. K,CrO,
C. Hgo
D. [ Ni(H,0)¢]*

Answer A

10
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11. The spectroscopic ground state symbol and the total number of electronic transition of
[Ti (H,0)g *" are ( Ajay Kumar)
A. *Tizand 2
B. *Ajand 3
C. *Tyzand 3
D. *Ayand 2
Answer C

12. Which of the following octahedral complex shows *T,, *A,, transition as the lowest
energy visible band in its electronic spectrum?
A. [Cr(NHs)g 1**
B. [CO(NHs)s I**
C. [FeFgs]*
D. [Ni(H,0)s ]**
Answer D

13. Which transition is responsible for the color of most transition metal complexes?( Ajay
Kumar )
A. d-d transition
B. p-d transition
C. s-d transition
D. f-d transition
Answer A

14. Which of the following complexes is expected to appear green in color? ( Ajay Kumar)
A [cu(H,0)6
> [ColH,0)e)”

" [Fe(H,0)6]™

" [Ni(H,0)6)*"
Answer A

o O

15. What is the color of the [Fe(H,0)s]*" complex? ( Ajay Kumar)
A. Yellow
B. Violet
C. Blue-green

D. Red
ANSWER- C

11
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Which of the following complexes is expected to exhibit the highest energy d-d
transition?

A. [Fe(H,0)¢]**

B. [Fe(CN)e]*

C. [Fe(en)s]*

D. [Fe(SCN)¢]*

Answer B

Which metal ion is responsible for the green color of emerald, a variety of beryl?
A. Chromium

B. Cobalt

C. Copper

D. Iron

Answer A

18. Which of the following complexes is expected to exhibit the lowest energy d-d

19

20.

transition?

A. [Ni(H,0)e]*"

B. [Co(H,0)¢]*
C. [Fe(H,0)e)*"

D. [Mn(H ,0)¢]*"

Answer D

. The color of a coordination complex can change due to: ( Ajay Kumar )

A. Change in ligand concentration
B. Change in temperature

C. Change in pH

D. All of the above

Answer: D)

What is the color of [Cr(H20)6]3+? ( Ajay Kumar )
A. Green

B. Red

C. Yellow

D. Blue

Answer: a)

12
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21. Which of the following complexes is expected to exhibit the longest wavelength
absorption in the visible region?( Ajay Kumar)
A. [Co(H,0)¢]2+
B. [Cr(H,0)¢]3+
C. [Fe(H,0)6]3+
D. [Ni(H,0)¢)**

Answer: c)

22. Which of the following complexes is expected to exhibit the highest energy d-d
transition?( Ajay Kumar )
A. [Fe(H20)6]2+
B. [Fe(CN)6]4-
C. [Fe(en)3]2+
D. [Fe(SCN)6]3-

Answer: b)

23. Theground state term symbol of Ni** ions is :
A. °F
B. °A
C.°pP
D. °E
Answer A

24. The compound that absorbs light of longest wavelength is :
A. [Cr(NO,)e]**
B. [Cr(NHs)e]**
C. [Cr(H,0)e)**
D. [CrFe]*

Answer D

25. The color of [Cu(NHs)4]?* is primarily due to:
A. d-d transitions
B. r-t* transitions

C. Ligand-to-metal charge transfer transitions
D. Metal-to-ligand charge transfer transitions

Answer D

13
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The color of [Ni(H20)e]?* is due to:
A. d-d transitions

B. Charge transfer transitions

C. Spin-forbidden transitions

D. Ligand field transitions

Answer- A

The crystal field splitting in a tetrahedral complex is generally:
A. Smaller than in an octahedral complex

B. Larger than in an octahedral complex

C. Equal to that in an octahedral complex

D. Unaffected by the geometry

Answer: A

Which of the following complexes is expected to have the highest crystal field splitting
energy (Ao)?

A. [Co(H,0)e]**

B. [Ni(H,0)6]**

C. [Mn(H;0)e)?**

D. [Fe(H,0)6]**

Answer C

29. The color of [Fe(H.0)s]** appears yellow due to: ( Ajay Kumar )

A. d-d transitions

B. Ligand-to-metal charge transfer
C. Metal-to-ligand charge transfer
D. Spin-forbidden transitions

Answer A

30. The splitting of d-orbitals in an octahedral field leads to which energy arrangement?(

Ajay Kumar )

A. t¢ higher than eg

B. t; lower than eg

C. tg,same as eg

D. t,; and eg are not affected

Answer A
14
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31. In a d° octahedral complex, the ground state electron configuration is:
A. t42ge3g
B. £ €78
C.t°e’g
D. t6Zg e’g

Answer C

32. The color of a coordination complex can change with changes in:
A. Temperature
B. pH
C. BothAandB
D. Neither A nor B

Answer C

33. The crystal field splitting energy (Ao) for an octahedral complex is higher than that for a

tetrahedral complex due to:
A. Greater electron repulsion in an octahedral field
B. Lesser electron repulsion in an octahedral field
C. Different ligand field strengths
D. Different oxidation states of the metal
Answer A

34. In an octahedral field, the five d-orbitals split into:
A. Two sets of three orbitals and one orbital

B. Three sets of two orbitals
C. Two sets of two orbitals and one set of one orbital

D. Three sets of three orbitals

Answer A

35. Which electronic transition is responsible for the color observed in transition metal
complexes?( Ajay Kumar )
A.n-mt*
B. m-m*
C.d-d
D.o-o*

Answer: C

15
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36. The ground state term for t°,,e%; in octahedral field is :
A. *Agg
B. ’E,
C. “Ty
D. Ty,

Answer A

37. The origin of the yellow colour of an aqueous solution of K,CrO,is due to :( Ajay Kumar)
A. d-d transition
B. H,O to Cr® charge transfer
C. O” to K* charge transfer
D. 0¥ to Cr® Charge transfer

Answer D

38. The molar absorptivity at lemda max is minimum for:( Ajay Kumar)
A. [Mn(H,0)e]?**
B. [Cr(H,0)¢]**
C. [Co(H,0)e)?**
D. [Fe(H,0)e]?*
Answer A

39. Only one absorption band in visible region of spectrum of :
A. [Ni(H,0)]**
B. [Fe(CN)s]*
C. [Ti(H,0)]**
D. VO,

Answer B

40. The crystal field stabilization energy (CFSE) value for [Ti(H,0)¢]** that has an absorption
maximum at 492nm is:
A. 20,325 cm™
B. 12,195 cm™
C. 10,162 cm™
D. 8,130 cm

Answer D

16
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41. The red colour of oxyhemoglobin is mainly due to :
A. d-d transition
B. Metal-to-ligand charge transfer transitions
C. Ligand to mental charge transfer transitions
D. Intra ligand 1t - t* transition

Answer D

42. The number of microstates for d° —electron configuration is :
A. 21*6°
B. 14 * 6>
C.7*6
D. 28 * 6>

Answer C

43. The first excited state configuration for low spin octahedral d* system is:
A. ’E
B. °T,
C. ’E
D. °T,

Answer C

44. The light pink colour of [Co(H20)s]** and deep blue colour of [CoCl,]?- are due to :
A. MLCT transition in the first and d-d transition in the second
B. LMCT transition in both
C. d-d transition in both
D. d-d transition in first and MLCT in the second

Answer C

45. A transition metal complex shows a magnetic moment of 5.20 B.M. at room
temperature. The number of unpaired electrons on the metal is:
A. 3
B. 4
C. 5
D. 2

Answer D

17
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46. The metal ion which is most likely to show spin -high spin equilibria in its complexes has
the electronic configuration:
A. d’
B. d*
C. d°
D. d?®

Answer B

47. The effective magnetic moment is maximum for:
A. K;Mn(CN)g
B. K;MnO,
C. K;MnCl,
D. KMnO,

Answer C

48. The complex with spin- only magnetic moment of ~4.9 B.M. is :
A. [Fe(H;0)e]**
B. [Fe(CN)¢]*
C. [Fe(CN)¢]*
D. [Fe(H,0)s)**

Answer A

49. The magnetic moment of [Ru(H.0)e]?* corresponds to the presence of
A. Four unpaired electrons
B. three unpaired electrons
C. two unpaired electrons
D. zero unpaired electrons
Answer D

50. Which of the following is a paramagnetic complex?( Ajay Kumar )
A. [Fe(CN)e]*
B. [Ni(CN)4]*"
C. [Co(NHs)e]**
D. [Cu(NHs)4]**

Answer: D

18
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52.

53

54

55.
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Which of the following is an example of a low spin complex?
A. [Fe(H;0)e]?*

B. [Fe(CN)e]*"

C. [FeFe]?*”

D. [Fe(NHs)e]?**

Answer: A

Which of the following factors affects the splitting of d orbitals in a coordination
complex?

A. Nature of ligands

B. Oxidation state of the metal

C. Coordination geometry

D. All of the above

Answer: D

. A complex with a magnetic moment of 5.92 BM is likely to have:

A. Three unpaired electrons
B. Four unpaired electrons
C. Five unpaired electrons
D. Six unpaired electrons

Answer B

. Which of the following factors affects the splitting of d orbitals in a coordination
complex?

A. Nature of ligands

B. Oxidation state of the metal

C. Coordination geometry

D. All of the above

Answer: D

The coordination number of a metal center in an octahedral complex is:
A 4
B. 5
C. 6
D. 8

Answer: ¢

19



CHEMISTRY Code: B020801T Inorganic Chemistry -l

56. Which of the following statements about low-spin complexes is true?
A. They generally have strong-field ligands
B. They have a higher number of unpaired electrons
C. They are always diamagnetic
D. They exhibit high magnetic moments

Answer: A

57. Which of the following ligands is generally considered a strong-field ligand?
H.O

B) NHs

C) CN-

D) CI~
Answer: C

58. Which of the following ligands is generally considered a strong-field ligand
A. H,O
B. NHs3
C. CN~
D. CI-

Answer: C

A)

59. Which of the following complexes would be expected to have the lowest crystal field

splitting energy (Ao)?
A. [Co(H;0)e)**
B. [Co(NHs)s]®*
C. [CoFe)*

D. [Co(CN)e]?*"

Answer: A

60. Which of the following complexes is expected to have the highest magnetic moment?

A. [Fe(H,0)e]%*
B. [Fe(CN)e]*
C. [FeFe]*"

D. [Fe(NHs)e]**

Answer: D

20
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62.

63.

64.

65.

66.
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The coordination number of a metal ion in [Cu(NHs)4]?* is: ( Ajay Kumar )
A. 4

B. 5

C. 6

D. 8

ANSWER- A

The magnetic moment of [Fe(CN)e]*" is:
A. 0 BM

B. 1.73 BM

C. 5.92BM

D. 4.90 BM

ANSWER: A

Which of the following is an example of a chelating ligand?
A. H,0

B. NH;

C. EDTA

D. CO

ANSWER: C

A coordination complex with a magnetic moment of 4.9 BM likely has how many
unpaired electrons? ( Ajay Kumar)

A. 0

B. 1

C. 2

D. 3

ANSWER: C

The term used to describe a complex that can exist as geometric isomers due to the
presence of unsymmetrically placed ligands is:

A. Optical isomerism

B. Linkage isomerism

C. Coordination isomerism

D. Stereoisomerism
ANSWER: D

Ligands that can donate electrons through o and nt bonding are called:
A. Chelating ligands
B. Bridging ligands
C. Ambidentate ligands
D. Anionic ligands
ANSWER: C
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67. Which of the following complexes exhibits color due to d-d transitions?
A. [Zn(Hzo)5]2+
B. [Co(NHs)e]**
C. [CU(H20)5]2+
D. [Ni(CN)a4]*"
ANSWER: C

68. The magnetic moment of a complex is measured in units of:
A. Tesla (T)
B. Joules (J)
C. Bohr magneton (BM)
D. Molar mass (g/mol)
ANSWER: C

69. The color of a complex is influenced by:
A. The nature of the metal ion
B. The type of ligands attached
C. The oxidation state of the metal
D. All of the above
Answer:

70. In a square planar complex, the splitting of d orbitals is generally:
A. Large
B. Small
C. Nonexistent
D. Independent of ligand type
ANSWER: B

71. Which of the following is a characteristic property of coordination compounds?
A. Catalytic activity
B. High electrical conductivity
C. Low melting point
D. None of the above
ANSWER: A

72. The coordination number of a metal in a square planar complex is:
A. 4
B. 5
C. 6
D. 8
Answer: A
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73. Which of the following complexes is likely to be paramagnetic?
A. [Ni(H20)e]**
B. [Zn(HZO)5]2+
C. [CO(NH3)6]3+
D. [CU(H20)5]2+
Answer: d)

74. Ligands that have more than one donor atom capable of binding to a metal ion are
called:
A. Chelating ligands
B. Monodentate ligands
C. Polydentate ligands
D. Anionic ligands
Answer: A

75. Which of the following statements about crystal field theory is correct?
A. It describes the bonding in organic compounds.
B. It explains the colors observed in coordination complexes.
C. ltis applicable only to ionic compounds.
D. Itis not related to magnetic properties.
Answer: B
76. The spectrochemical series arranges ligands in order of increasing:
A. Size
B. Charge
C. Ability to split d orbitals
D. Electron affinity
Answer: C

77. The presence of unpaired electrons in a coordination complex can lead to:
A. Color
B. Paramagnetism
C. Both a)andb)
D. None of the above
Answer: C

78. The coordination number of the metal ion in [Fe(CN)g]® is:
A 4
B. 5
C. 6
D. 8
Answer: C
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Which of the following is an application of electronic spectroscopy?
a) Detection of impurities
b) Control of purification
c) Study of kinetics of the chemical reaction
d) All of the mentioned
ANSWER: D

Which type of electronic transition is primarily responsible for the color in coordination
compounds?

A. x0>0%

B. *n—>m*

C. d>d

D. x>

Answer: c)

In the spectrochemical series, which ligand causes the greatest splitting of d-orbitals?

a) Cl-

b) NH3

c) H20

d) CN-
Answer: d)

What is the term for the energy difference between split d-orbitals in an octahedral
field?

a) Crystal field splitting energy

b) Ligand field stabilization energy
c) Spin pairing energy

d) lonization energy

Answer: a)

Which of the following complexes exhibits a Jahn-Teller distortion?

a)[Ti(H20)6]>"
b)[Cu(H20)6]*"
c)[Fe(CN)6]*
d) [Co(NH3)6]*"
Answer: b)
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Which factor influences the magnitude of crystal field splitting (A0)?

a) The charge of the metal ion

b) The nature of the ligands

c) The geometry of the complex

d) All of the above

Answer: d)
Which transition metal ion typically does not exhibit any color in solution due to lack of
d-electrons?

a) Ti**
b) Sc**
c) Fe*'
d) Ni**
Answer: b)
Which complex will have the highest value of Ay?

a) [Cr(NH3)6]3+
b) [Cr(H20)6]3+
c) [Cr(CN)6]3-

d) [CrF6]3-
Answer: c)
In which type of complexes does At (tetrahedral field splitting energy) apply?
a) Square planar complexes
b) Tetrahedral complexes
c) Octahedral complexes
d) Trigonal bipyramidal complexes
Answer: b)
Which ligand is considered a strong field ligand in the spectrochemical series?
a) Cl-
b) H20
c) NH3
d)co
Answer: d)
What is the expected number of unpaired electrons in [Fe(H20)6]*" if it is a high-spin

complex?
a)o
b) 2
c)4
d) 6
Answer: c)
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Which spectroscopic technique is commonly used to study electronic transitions in
coordination compounds?

a) NMR spectroscopy

b) IR spectroscopy

c) UV-Vis spectroscopy

d) Mass spectrometry

Answer: c)
What is the crystal field stabilization energy (CFSE) for a d® metal ion in an octahedral
field?

a) -1.24,

b) -1.84,

c) -0.44,

d) -0.64,

Answer: b)
Which term describes the splitting of d-orbitals in a tetrahedral coordination
environment?

a) t,; and e, splitting
b) A; splitting
c) m-backbonding
d) Charge transfer
Answer: b)
For a [Mn(H20)6]** complex, what would be the expected color of the solution?

a) Colorless

b) Red

c) Blue

d) Pink

Answer: d) Pink
Which of the following transition metal ions typically exhibits a high-spin octahedral
complex?

A) Fe(CN)g]*

B) [Mn(HzO)6]2+

C) [CO(NH3)6]3+

D) [Cu(NHs)a]**

Answer: B
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95. For the complex Co(NHs)s]**, the oxidation state of cobalt and the number of unpaired
electrons respectively are:
A) +3,4
B) +3, 2
C)+2,3
D) +2,2

Answer: B

96. The magnetic moment (u) of a transition metal complex can be calculated using the
formula u=n(n+2). For a complex with 3 unpaired electrons, the magnetic moment is
approximately:

A) 1.73 BM
B) 2.83 BM
C) 3.87 BM
D) 4.90 BM
Answer: C

97. Which of the following complexes is expected to be diamagnetic?
A) Fe(CN)e]*
B) [Ni(CN).]™
C) [CoFq)*
D) [MnCl)*

Answer: B

98. In crystal field theory, the splitting of d-orbitals in an octahedral field results in which set
of orbitals being lower in energy?

A) eg

B) t.g
C) a1g
D) b,g

Answer: B
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99. Which of the following complexes has the maximum number of unpaired electrons?

A) [Cr(H,0)6]*"
B) [Fe(HzO)e]Z+
C) [CO(H20)6]3+
D) [Ni(H,0)e]*"
Answer: A

100. The complex [Fe(H,0)q]*" exhibits what type of magnetic behavior?

A) Diamagnetic

B) Paramagnetic

C) Ferromagnetic

D) Antiferromagnetic
Answer: B
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Metaln- Complexes

Metal carbonyls, structure and bonding, vibrational spectra of metal carbonyl for bonding
and structural elucidation, important reactions of metal carbonyl; preparation, bonding,
structure and important reactions of transition metal nitrosyl, dinitrogen and dioxygen
complexes; tertiary phosphine as ligand.

Metal- n complex

>

>

Metal carbonyls are coordination complexes containing metal atoms bonded to one or
more carbonyl (CO) ligands.

The most common metal carbonyls feature transition metals from groups 6 to 10 of the
periodic table, such as chromium, iron, nickel, and cobalt.

Metal carbonyls are typically prepared by the reaction of a metal precursor with
carbon monoxide under specific conditions of temperature and pressure.

The bonding in metal carbonyls involves a combination of 6 and m interactions between
the metal center and the CO ligands.

Metal carbonyls often adopt a linear or nearly linear geometry around the metal center
due to strong mt back bonding from filled d orbitals of the metal to the anti-bonding n*
orbitals of CO.

The metal-carbon bond distances in metal carbonyls are influenced by factors such as
the metal oxidation state, the number of CO ligands, and the coordination
environment.

Metal carbonyls exhibit characteristic infrared (IR) absorption bands in the region
around 2000-2200 cm™ due to the stretching vibrations of the CO ligands.

The position and intensity of CO stretching bands in the IR spectrum provide
information about the nature of the metal-carbon bonds and the coordination
geometry of the complex.

Metal carbonyls are often volatile and have low melting and boiling points, making
them useful as volatile precursors for metal deposition in thin-film technology.

Metal carbonyls can undergo ligand exchange reactions with other ligands, leading to
the formation of a variety of coordination complexes.

Some metal carbonyls, such as iron penta carbonyl (Fe(CO)s), are toxic and pose health
hazards due to their ability to release toxic CO gas upon decomposition.

Metal carbonyls play important roles as catalysts in various organic and industrial
processes, including hydro formylation, hydrogenation, and carbonylation reactions.
The n-back bonding interaction in metal carbonyls can stabilize metal complexes and
influence their reactivity in catalytic transformations.

Metal carbonyls can serve as spectroscopic probes for studying metal-ligand
interactions and electronic structure using techniques such as infrared spectroscopy
and X-ray crystallography.
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The synthesis and study of metal carbonyls have contributed significantly to our
understanding of organometallic chemistry and transition metal coordination
chemistry.

The electronic and steric properties of metal carbonyls can be tuned by modifying the
ligands attached to the metal center, allowing for the design of catalysts with specific
reactivity and selectivity.

Metal carbonyls can form clusters or polymeric structures through metal-metal
interactions and bridging CO ligands, leading to interesting structural motifs and
properties.

The stability and reactivity of metal carbonyls can be affected by the presence of
ancillary ligands, such as phosphines or alkyl groups, which can influence the electronic
and steric environment around the metal center.

Metal carbonyls have applications in fields such as materials science, catalysis,
organometallic synthesis, and medicinal chemistry.

Continued research into the synthesis, characterization, and reactivity of metal
carbonyl complexes promises to uncover new insights and applications in diverse areas
of chemistry and technology.

Dinitrogen (N2) and dioxygen (O2) are diatomic molecules composed of two atoms of
nitrogen and oxygen, respectively.

Dinitrogen and dioxygen are abundant gases in the Earth's atmosphere, constituting
approximately 78% and 21% of the atmosphere by volume, respectively.

Dinitrogen and dioxygen molecules are highly stable due to the strong triple bonds
between the nitrogen and oxygen atoms.

Despite their abundance, dinitrogen and dioxygen are relatively inert under normal
conditions and require activation for chemical reactions to occur.

Dinitrogen and dioxygen compounds are formed when dinitrogen or dioxygen
molecules react with other chemical species to form new compounds.

Dinitrogen compounds often involve the conversion of N2 into nitrogen-containing
compounds such as ammonia (NH3), nitric oxide (NO), or nitrous oxide (N20).

Dioxygen compounds involve the incorporation of O2 into molecules, leading to the
formation of oxides, peroxides, or other oxygen-containing compounds.

Dinitrogen compounds are of great importance in agriculture and industry due to their
role in nitrogen fixation, which converts atmospheric N2 into ammonia for use as
fertilizer and in the production of nitrogen-containing chemicals.

Dioxygen compounds play essential roles in biological processes such as respiration,
where 02 is utilized by organisms to generate energy through aerobic metabolism.
Dinitrogen and dioxygen compounds are also involved in environmental processes such
as combustion, oxidation, and atmospheric chemistry.

Transition metal complexes can activate dinitrogen and dioxygen molecules, facilitating
their conversion into useful compounds.
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Metalloenzymes such as nitrogenase and cytochrome c oxidase are capable of
catalyzing the conversion of dinitrogen and dioxygen, respectively, in biological
systems.

Dinitrogen compounds exhibit a wide range of coordination modes in transition metal
complexes, including terminal, bridging, and n2 binding modes.

Dioxygen compounds can coordinate to metal centers in various oxidation states,
leading to the formation of metal-superoxo, metal-peroxo, and metal-oxo complexes.
Dinitrogen and dioxygen compounds are subject to activation and functionalization by
transition metal complexes through processes such as reduction, oxidation, and
insertion reactions.

The reactivity of dinitrogen and dioxygen compounds can be influenced by factors such
as the nature of the metal center, the coordination environment, and the presence of
ancillary ligands.

The activation of dinitrogen and dioxygen by transition metal complexes is an area of
active research with implications for catalysis, energy storage, and environmental
remediation.

Dinitrogen and dioxygen compounds have applications in the synthesis of
pharmaceuticals, fine chemicals, and materials.

The study of dinitrogen and dioxygen compounds contributes to our understanding of
fundamental chemical processes and the development of sustainable technologies.
Continued research into the activation, functionalization, and utilization of dinitrogen
and dioxygen compounds promises to unlock new opportunities for addressing global
challenges in energy, agriculture, and environmental sustainability

Tertiary phosphine ligands contain a phosphorus atom bonded to three alkyl or aryl
groups (R), making them trialkylphosphines or triarylphosphines.

The general formula for tertiary phosphine ligands is PR3, where P represents the
phosphorus atom and R represents the alkyl or aryl groups.

Tertiary phosphine ligands are commonly used in coordination chemistry and
organometallic catalysis due to their ability to stabilize transition metal complexes
through o-donation and ni-back bonding.

Tertiary phosphine ligands donate electron density to metal centers through their lone
pairs of electrons on phosphorus, forming a coordination bond.

The steric bulk of tertiary phosphine ligands can influence the geometry and reactivity
of transition metal complexes by controlling the accessibility of the metal center to
substrates.

Tertiary phosphine ligands are often employed in homogeneous catalysis for various
transformations such as hydrogenation, hydroformylation, and cross-coupling
reactions.

Common examples of tertiary phosphine ligands include triphenylphosphine (PPh3),
tricyclohexylphosphine (PCy3), and trialkylphosphines such as trimethylphosphine
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(PMe3) and triethylphosphine (PEt3).

Tertiary phosphine ligands can be modified with different substituents to tune their
electronic and steric properties, thereby optimizing their performance in catalytic
reactions.

Tertiary phosphine ligands are often used in combination with transition metal
catalysts to enhance catalytic activity, selectivity, and stability.

The versatility and tunability of tertiary phosphine ligands make them valuable tools in
synthetic chemistry for the development of efficient and selective catalytic processes.
Metal clusters are aggregates of metal atoms held together by metallic bonds, often
containing a defined number of atoms ranging from a few to several hundred.

The structure of metal clusters can vary widely, from simple linear or planar
arrangements to more complex three-dimensional geometries.

Metal clusters can be classified based on their size and structure, including
mononuclear complexes, oligomers, and nanoparticles.

The bonding in metal clusters arises from a combination of metallic, covalent, and
sometimes ionic interactions between the metal atoms.

Metallic bonding in metal clusters involves the delocalization of valence electrons over
multiple metal atoms, leading to cohesive forces that hold the cluster together.
Covalent bonding in metal clusters arises from the overlap of atomic orbitals between
adjacent metal atoms, resulting in localized electron pairs and directional bonds.

The electronic structure of metal clusters is often described using molecular orbital
theory, where bonding and anti-bonding orbitals are formed from the combination of
atomic orbitals.

Metal clusters can exhibit a range of electronic configurations, including closed-shell,
open-shell, and mixed-valence states, depending on the number of valence electrons
and the bonding interactions.

The stability and reactivity of metal clusters are influenced by factors such as the size,
shape, composition, and surface chemistry of the cluster.

Ligands can be used to stabilize metal clusters by coordinating to the metal atoms and
providing additional electronic and steric effects.

Metal clusters can undergo structural transformations, such as rearrangement,
fragmentation, and aggregation, in response to changes in temperature, pressure, or
chemical environment.

The geometry of metal clusters can be determined experimentally using techniques
such as X-ray crystallography, electron microscopy, and spectroscopy.

Density functional theory (DFT) calculations and other computational methods are
used to predict and analyze the structure, stability, and bonding of metal clusters.
Metal clusters can exhibit unique properties compared to bulk metals, including size-
dependent electronic, optical, magnetic, and catalytic properties.

Metal clusters have applications in various fields, including catalysis, nanotechnology,
materials science, and biomedical research.
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Bimetallic and multimetallic clusters, containing two or more different metal atoms,
can exhibit synergistic effects and enhanced properties compared to monometallic
clusters.

Metal clusters can serve as models for understanding the reactivity and catalytic
mechanisms of metal surfaces and nanoparticles.

Metal clusters supported on solid surfaces, such as metal oxides or carbon materials,
can exhibit enhanced stability and catalytic activity due to interactions with the
substrate.

Metal clusters can be synthesized using various methods, including chemical reduction,
vapor deposition, and cluster beam techniques.

Continued research into the synthesis, characterization, and applications of metal
clusters promises to uncover new insights and technologies for a wide range of
scientific and technological applications.
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Which of the following statements about complex ions is true?

A. The ligands in a complex ion are always negatively charged.

B. The coordination number of a metal ion can vary depending on the ligands.
C. The central metal ion in a complex ion is always in a low oxidation state.

D. Complexions do not exhibit any magnetic properties.

ANSWER: B

The color of a coordination compound is generally attributed to:
A. d-d transitions

B. p-p transitions

C. s-s transitions

D. f-f transitions

ANSWER: A

Which of the following is an example of a bidentate ligand? ( Ajay Kumar )
A. H,O

B. NH3

C. EDTA

D. en (ethylenediamine)
ANSWER: D

The term used to describe a complex that exhibits different colors depending on the
orientation of polarized light is:
A. Optical isomerism
B. Linkage isomerism
C. Coordination isomerism
D. Stereoisomerism
ANSWER: A

The magnetic moment of [Co(NHs)e]3* is expected to be:
A. Zero

B. 1.73BM

C. 3.87BM

D. 5.92 BM

ANSWER: B

Which of the following ligands can form a stable ring structure with a metal ion?
A. H,0

B. NHs

C. EDTA

D. CO

ANSWER: C
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7. The magnetic moment of [Mn(H,0)e]?* is expected to be:
A. O BM
B. 2.83 BM
C. 4.9BM
D. 5.92 BM
ANSWER: B

8. Which of the following complexes is likely to be diamagnetic?
A. [Fe(HzO)5]3+
B. [Fe(CN)5]3‘
C. [Co(NHs)e]**
D. [Ni(H.0)e]**
ANSWER: B

9. The oxidation state of the metal in [Fe(CN)e]* is:
A. +2
BRY 43
C. +4
D. +6
ANSWER: C

10.  Which of the following is an example of a tetradentate ligand?
A. H,O
B. NH;
C. EDTA
D. CO
ANSWER: C

11. The coordination number of the metal in [Ni(CO)4] is:
A. 4
B. 5
C. 6
D. 8
ANSWER: A

12. The magnetic moment of [Fe(H,0)s]?* is expected to be:
A. 0 BM
B. 5.92 BM
C. 2.83BM
D. 4.90 BM
ANSWER: A
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The spectrochemical series ranks ligands based on their ability to:

A. Form chelates

B. Split d orbitals

C. Increase coordination number
D. Enhance magnetic moment
Answer: B

The coordination number of the metal ion in [Cu(NHs)4]?* is:
A 4
B. 5
C. 6
D. 8
Answer: A

Which of the following complexes is most likely to exhibit color?
A. [Zn(H20)6]2+

B. [Ni(H,0)e]**

Gt [CO(NH3)6]3+

D. [Fe(CN)5]3'

Answer: D

The magnetic moment of [Co(NHs)e]3* is expected to be:
A. 0 BM
B. 1.73 BM
C. 3.87 BM
D. 5.92 BM
Answer: d

Ligands that can coordinate to a metal ion through more than one donor atom are

called:
A. Chelating ligands
B. Bridging ligands
C. Ambidentate ligands
D. Anionic ligands
Answer: ¢
The oxidation state of the metal in [Co(NHs)s]®* is:
A. +2
B. +3
C. +4
D. +6
Answer: b
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A coordination complex with a magnetic moment of 0 BM is likely to be:
A. Paramagnetic
B. Diamagnetic
C. Ferromagnetic
D. Antiferromagnetic
Answer: b

The prsence of unpaired electrons in a coordination complex can lead to:
A. Paramagnetism

B. Diamagnetism

C. Both a) and b)

D. None of the above
Answer: ¢

The stability of a complex ion [Cu(NHs)4]** compared to [Cu(H;0)4]** is primarily due
to:

A. Higher charge density of NH; compared to H,0

B. Lower charge density of NH; compared to H,0O

C. Similar charge density of NHs; and H,0

D. No effect of ligand on stability

Answer: A

Among the following ligands, which one is expected to form the most stable complex
with a transition metal ion?

A. F-
B. g
L. Br-
D. I~

Answer: a) F~

Which of the following is a characteristic of a more stable complex?
A. Larger crystal field splitting energy

B. Smaller crystal field splitting energy

C. No correlation with crystal field splitting energy
D. Constant crystal field splitting energy
Answer- B

The stability of a complex is influenced by:
A. Geometry of the complex

B. Oxidation state of the metal ion

C. Nature of the ligands

D. All of the above

Answer-D
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The stability of a complex is often measured by its:
A. Solubility product

B. Formation constant (Kf)

C. Molar mass

D. Boiling point

Answer —-B

Which of the following complexes is expected to be the most stable?

A. [Fe(CN)e]*~

B. [Fe(H20)5]3+

C. [Fe(NH3)6]3+

Answer - C

The stability of a complex can be affected by the chelate effect, which refers to:
A. Greater stability of a chelating ligand

B. Weaker stability of a chelating ligand

C. No effect of chelation on stability

D. Dependence on ligand charge

Answer - A

Which of the following ligands typically forms stable complexes due to their ability to
form multiple bonds with the metal ion?

A. Ammonia (NHs)

B. Water (H,0)

C. Ethylenediamine (en)

D. Hydroxide (OH")

Answer —C

Stability constants of complexes generally:

A. Increase with increasing ligand concentration
B. Decrease with increasing ligand concentration
C. Remain unaffected by ligand concentration

D. Depend solely on the metal ion

Answer -A

Which of the following is a factor affecting complex stability?
A. Ligand field strength

B. Oxidation state of the metal

C. Coordination number

D. All of the above

Answer -D

38



31.

32.

33.

34.

35.

36.

CHEMISTRY Code: B020801T

The stability of a complex ion is often indicated by its:

A. Coordination geometry

B. Crystal lattice structure
C. Formation constant

D. Metal-ligand bond length
Answer —C

Which of the following complexes is likely to be more stable in an agueous solution?

A. [Ni(NHs)a]?*
B. [Ni(H,0)a]?*

C. [NiCla)*
D. [Ni(CN)4]*
ANSWER - B

The stability of a complex can be influenced by the:
A. Shape of the ligands

B. Size of the ligands

C. Electron configuration of the metal

D. All of the above

Answer: d)

Which of the following is not a typical factor contributing to the stability of a complex?

A. Nature of the metal ion

B. Charge of the metal ion

C. Coordination number of the complex
D. Relative atomic mass of the ligand
Answer: d)

The stability of a complex can be enhanced by:

A. Increasing the oxidation state of the metal ion
B. Decreasing the charge density of the ligand
C. Decreasing the coordination number

D. Introducing more bulky ligands

Answer: d)

The stability of a complex often correlates with its:
A. Magnetic properties

B. Color

C. Formation enthalpy

D. Electron configuration

Answer: b)

Inorganic Chemistry -l
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The stability of a complex is generally lower in:
A. Nonpolar solvents

B. Polar solvents

C. Aqueous solvents

D. Organic solvents

Answer: d)

Which of the following ligands is expected to form stable complexes due to its ability

Inorganic Chemistry -l

to act as a m-acceptor? ( Ajay Kumar)
A. NH;3

B. CO

C. H,O

)y

Answer: b)

The stability of a complex can be determined by measuring its:

A. Solubility product

B. pH

C. Equilibrium constant
D. Formation constant
Answer: d

A complex with a low formation constant (Kf) is generally considered:

A. Less stable

B. More stable

C. Independent of stability
D. Unrelated to stability
Answer: a)

The stability of a complex can be affected by the:
A. Ligand field splitting parameter (Ao)

B. Electronegativity of the ligands

C. Magnetic moment of the metal ion

D. Bond order of the ligands

Answer: a)

A complex with a high coordination number tends to be:
A. More stable

B. Lessstable

C. Unaffected by stability

D. Dependent on ligand charge

Answer: a)

( Ajay Kumar)
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The stability of a complex can decrease with:
A. Increasing electron density of the ligands
B. Decreasing oxidation state of the metal
C. Increasing atomic size of the ligands

D. Presence of bulky ligands

Answer: d)

Which of the following ligands is known for its strong field strength and ability to form

stable high-spin complexes?

A. H;0

B. NHs

C. CN-

D. A
Answer: c)

The stability of a complexion is primarily influenced by:
A. Coordination number

B. Oxidation state of the metal

C. Electron configuration of the metal

D. All of the above

Answer: d)

The stability of a complex can be enhanced by forming:
A. Monodentate ligands

B. Bidentate ligands

C. Tridentate ligands

D. Tetradentate ligands

Answer: b)

Which of the following ligands typically forms stable complexes due to their m-donor

ability?

A. H,O

B. NH;

C. coO

D. Cl-

Answer: c)

The stability of a complex can be studied by:
A. Conductivity measurements
B. UV-visible spectroscopy

C. Titration methods

D. All of the above

Answer: d)

Inorganic Chemistry -l

( Ajay Kumar)
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The stability of a complex generally increases with:
A. Decreasing atomic number of the ligand

B. Increasing atomic number of the ligand

C. Decreasing coordination number

D. Increasing ligand charge

Answer: b)

Which of the following complexes is expected to be more stable in an acidic solution?
A. [CU(NH3)4]2+

B. [CuCl4)*

C. [CU(H20)4]2+

D. [CU(CN)4]3_

Answer: d)

A complex with a high spin state is typically more stable when:
A. The metal ion has a large charge

B. The ligands are strong field but weak m-acceptors

C. The coordination number is low

D. The metalionisin a low oxidation state

Answer: D

The stability of a coordination complex is NOT influenced by:
A. The nature of the metal ion

B. The electronic configuration of the metal ion

C. The shape of the ligands

D. The hybridization of the metal ion

Answer: C

The stability of a complex can be decreased by: ( Ajay Kumar)
A. Using ligands with strong m-donor ability

B. Increasing the electron density around the metal center

C. Employing ligands that are strong field but poor o-donors

D. Decreasing the oxidation state of the metal ion

Answer: D

A tetrahedral complex with high-spin configuration is often more stable when:
A. The complex has a low coordination number

B. Strong-field ligands are employed

C. The metalionisin a low oxidation state

D. The metal ion has a large ionic radius

Answer: C
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The stability of a coordination complex is generally enhanced by:
A. Decreasing the m-acceptor ability of the ligands

B. Increasing the oxidation state of the metal ion

C. Employing ligands that induce high-field splitting

D. Decreasing the electronegativity of the ligands

Answer: B

A complex with a square planar geometry is often stabilized by:
A. Ligands that form strong m-bonds

B. Utilizing ligands with low charge density

C. Increasing the electron density around the metal center

D. Using ligands with weaker o-donor abilities

Answer: A

Which of the following ligands typically results in the most stable complexes due to its
ability to form extensive nm-bonding interactions?

A. NH3

B. H20

C. CO

D. ClI-

Answer: C

Which factor primarily determines the thermodynamic stability of a coordination
complex?

A. Coordination number

B. Metal oxidation state

C. Ligand field strength

D. Stability constant (K)

Answer: D)

The stability of a coordination complex is often quantified by its:
A. Bond order

B. Coordination geometry

C. AGvalue
D. Ligand denticity
Answer: C)

Which of the following is a correct statement regarding chelate effect in coordination
compounds? ( Ajay Kumar)

A. Chelate complexes are always less stable than non-chelate complexes.

B. Chelation increases the thermodynamic stability due to entropy changes.

C. Chelation decreases the coordination number of the metal center.

D. Chelation has no effect on the stability of a complex.

Answer: B)
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The thermodynamic stability of a coordination complex is influenced by:
A. The charge on the metal center

B. The electron configuration of the metal

C. The nature of the coordinating ligands

D. All of the above

Answer: D)

The stability constant (K) of a complex is a measure of:

A. The kinetic inertness of the complex

B. The tendency of the complex to decompose

C. The equilibrium between free metal ions and complexed ions
D. The redox potential of the metal center

Answer: C)

Which term describes the stability of a coordination complex in terms of its ability to
resist decomposition?

A. Kinetic stability

B. Thermodynamic stability

C. Steric hindrance

D. Electrophilicity

Answer: B)

In general, a higher stability constant (K) for a coordination complex indicates:
A. Lower thermodynamic stability

B. Higher thermodynamic stability

C. Faster decomposition rate

D. Increased ligand exchange kinetics

Answer: B)

The Gibbs free energy change (AG) for the formation of a coordination complex is
related to its stability by the equation:

A. AG =-RT In(K)

B. AG =RTIn(K)

C. AG=K/RT
D. AG=-K/RT
Answer: A)
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Which factor contributes significantly to the stability of octahedral metal complexes?
( Ajay Kumar)

A. Ligand field splitting energy (Ao)

B. Coordination geometry

C. Charge density of the ligands

D. The nature of the central metal ion

Answer: A)

The stability of a coordination complex can be influenced by the enthalpic and
entropic contributions. Which of the following statements is true?

A. Increasing entropy always decreases the stability of a complex.

B. Enthalpic contributions are more significant than entropic contributions.

C. Higher stability is typically associated with a decrease in entropy.

D. Both enthalpic and entropic factors contribute positively to stability.

Answer: D)

Which of the following factors primarily determines the stability of a complex?
A. Ligand field strength

B. Coordination number

C. Metal oxidation state

D. Crystal field splitting energy

Answer: A

The stability of a complex is influenced by the of the metal ion.
A. Radius

B. Oxidation state

C. Electronegativity

D. Electron configuration

Answer: B

Which of the following ligands generally leads to more stable complexes due to
stronger field strength?

A. CI

B. F

C. HyO
D. NHs3
Answer: B
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Increasing the oxidation state of a metal ion usually the stability of its
complexes.

A. Increases

B. Decreases

C. Does not affect

D. Depends on the ligands

Answer: A

The stability of a complex can be enhanced by of the metal ion.
A. Increasing the ionic radius

B. Decreasing the coordination number

C. Increasing the charge density

D. Decreasing the electronegativity

Answer: C

Complexes with a high coordination number tend to be stable.
A. Less

B. More

C. Equally

D. Unpredictably

Answer: B

Which type of ligand is known to form very stable complexes due to chelation?
A. Monodentate

B. Bidentate

C. Tridentate

D. Tetradentate

Answer: B

The stability of a complex is enhanced by

A. Decreasing the electron density around the metal ion

B. Increasing the electron density around the metal ion

C. Maintaining the same electron density around the metal ion
D. None of the above

Answer: B

Crystal field stabilization energy (CFSE) is directly related to
A. The type of ligands attached to the metal ion

B. The oxidation state of the metal ion

C. The geometry of the complex

D. The coordination number

Answer: A
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Complex stability is affected by the
A. Position in the periodic table
B. Half-life

C. Mass number

D. Atomic number

Answer: A

In general, complexes with

A. Larger and less polarizable

B. Smaller and less polarizable
C. Larger and more polarizable
D. Smaller and more polarizable
Answer: C

Inorganic Chemistry -l

of the metal ion.

ligands tend to be more stable.

The stability of a complex is influenced by the of the ligands.
A. Size

B. Charge

C. Shape

D. All of the above

Answer: D

complexes are generally more stable due to effective utilization of d-

orbitals.

A. High-spin

B. Low-spin

C. Square-planar
D. Tetrahedral
Answer: B

The stability of a complex can be enhanced by of the ligand.

A. Increasing the steric hindrance
B. Decreasing the basicity

C. Increasing the electron-donating ability

D. Decreasing the electronegativity

Answer: C

The chelate effect refers to the increase in stability due to
A. Formation of multiple bonds between metal and ligand

B. The presence of specific ligands
C. High-spin state of the metal ion
D. High coordination number
Answer: A
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Which of the following factors does NOT affect complex stability?
A. Geometry of the complex

B. Ligand field strength

C. Nature of solvent

D. Atomic number of the metal

Answer: D

A complex with a low crystal field splitting energy (Ao) tends to be stable.
A. Less

B. More

C. Equally

D. Unpredictably

Answer: B

The stability of a complex can be adversely affected by of the ligand.
A. Increasing the electron density

B. Decreasing the steric hindrance

C. Increasing the basicity

D. Increasing the size

Answer: D

Which type of isomerism can affect the stability of complexes?
(Ajay Kumar)

A. Geometric isomerism

B. Optical isomerism

C. Linkage isomerism

D. All of the above

Answer: D

Which of the following ligands is classified as a chelating ligand?
A. NH;

B. H20

C. EDTA%*

D. CO

Answer: C

Ligands that can donate both electron pairs from the same atom are termed:
A. Monodentate

B. Bidentate

C. Ambidentate

D. Polydentate

Answer: C)
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Ligands that donate two electron pairs to a metal ion are known as:
A. Monodentate

B. Bidentate

C. Ambidentate

D. Polydentate

Answer: B)

The ligand responsible for the color in coordination compounds of transition metals is
often a:

A. o-donor

B. m-acceptor

C. Both o-donor and m-acceptor

D. None of the above

Answer: C)

Which of the following ligands is considered a strong field ligand?
A Ll

B. H,O

C. CN-
B[R
Answer: C)

Ligands that primarily donate electron density through lone pairs of electrons are
termed:

A. o-donors

B. m-acceptors

C. Both o-donors and m-acceptors

D. None of the above

Answer: A)

Ligands that can bind to a metal center through two donor atoms are referred to as:
( Ajay Kumar)

A. Monodentate

B. Bidentate

C. Tridentate

D. Tetradentate

Answer: B)
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Ligands that are capable of binding to a metal center through more than two donor
atoms are known as:

A. Chelating ligands

B. Monodentate ligands

C. Bridging ligands

D. None of the above

Answer: A)

The ligand NO* is an example of a(n):
A. Anionic ligand

B. Neutral ligand

C. Cationic ligand

D. Radical ligand

Answer: C)

Ligands that stabilize high oxidation states of metal ions are generally:
A. Strong field ligands

B. Weak field ligands

C. Chelating ligands

D. None of the above

Answer: A)

Ligands that have multiple donor atoms in a single molecule are called:
A. Bridging ligands

B. Chelating ligands

C. Monodentate ligands

D. Coordination ligands

Answer: B

Ligands which can form a bridge between two or more metal centers in a complex are
termed:

A. Monodentate

B. Bidentate

C. Bridging ligands

D. Tridentate

Answer: C) Bridging ligands

Ligands that bind to metal ions through the lone pairs of sulfur atoms are classified as:
A. Chelating ligands
B. Soft ligands
C. Ambidentate ligands
D. Hard ligands
Answer: B)
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100. Ligands that can accept electron density from metal ions through m-back bonding are
known as: ( Ajay Kumar)
A. o-donors
B. m-acceptors
C. Ambidentate ligands
D. Polydentate ligands
Answer: B)
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Metal Clusters

Higherboranes,carboranes,metalloboranesandmetallocarboranes.Metalcarbonyl and halide
clusters, compounds with metal — metal multiple bonds.

Metal clusters

>

>

Metal clusters are aggregates of metal atoms held together by metallic bonds, typically
consisting of a few to several hundred atoms.

The size of metal clusters can vary widely, from nanometer-scale clusters to larger
assemblies with dimensions on the order of micrometers.

Metal clusters exhibit unique electronic, magnetic, optical, and catalytic properties that
differ from those of bulk metals.

Metal clusters can be composed of a single metal element (monometallic clusters) or
multiple metal elements (bimetallic or multimetallic clusters).

The structure of metal clusters can range from simple, compact geometries to more
complex, cage-like structures.

Metal clusters can have different oxidation states, electronic configurations, and spin
states depending on their composition and size.

Metal clusters often exhibit size-dependent properties, where properties such as melting
point, reactivity, and optical absorption are influenced by cluster size.

The stability of metal clusters is influenced by factors such as size, shape, surface
chemistry, and ligand binding.

Ligands can stabilize metal clusters by coordinating to the metal atoms and providing
additional electronic and steric effects.

Metal clusters can be synthesized using various methods, including chemical reduction,
solvothermal synthesis, laser ablation, and cluster beam deposition.

Techniques such as X-ray crystallography, transmission electron microscopy (TEM), and
scanning tunneling microscopy (STM) are used to characterize the structure of metal
clusters.

Metal clusters can exhibit plasmonic properties, where collective oscillations of electrons
give rise to enhanced absorption and scattering of light.

Metal clusters can catalyze a wide range of chemical reactions, including hydrogenation,
oxidation, and carbon-carbon bond formation.

Metal clusters supported on solid surfaces, such as metal oxides or carbon materials, can
exhibit enhanced stability and catalytic activity.
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Bimetallic and multimetallic clusters can exhibit synergistic effects, where the
combination of different metal atoms leads to enhanced properties compared to
monometallic clusters.

Metal clusters can serve as models for understanding the reactivity and catalytic
mechanisms of metal surfaces and nanoparticles.

Metal clusters have applications in areas such as catalysis, sensing, electronics, photonics,
medicine, and environmental remediation.

Metal clusters can be functionalized with organic ligands, biomolecules, or polymers to
tailor their properties for specific applications.

Metal clusters are used as building blocks for the synthesis of nanomaterials and
nanostructures with controlled size, shape, and composition.

Metal clusters can exhibit superparamagnetic behavior at the nanoscale, making them
suitable for applications in magnetic resonance imaging (MRI) and magnetic separation.

Metal clusters can form self-assembled monolayers (SAMs) on surfaces, where the
arrangement of clusters is controlled by interactions with the substrate and surrounding
molecules.

Metal clusters can be encapsulated within host molecules or matrices to stabilize them
and prevent aggregation.

Metal clusters can act as templates for the synthesis of novel materials with unique
properties, such as metal-organic frameworks (MOFs) and covalent organic frameworks
(COFs).

Metal clusters can be functionalized with biomolecules or targeting ligands for use in
biomedical applications such as drug delivery, imaging, and therapy.

Metal clusters can exhibit tunable fluorescence and luminescence properties, making
them useful for applications in sensors, imaging, and optoelectronics.

Metal clusters can undergo reversible redox reactions, making them suitable for use in
energy storage and conversion devices such as batteries and fuel cells.

Metal clusters can be immobilized on electrode surfaces to fabricate electrochemical
sensors and catalysts for applications in environmental monitoring and renewable
energy.

Metal clusters can be dispersed in polymers or incorporated into coatings to impart
antimicrobial, antifouling, or corrosion-resistant properties.

Metal clusters can exhibit tunable magnetic properties, making them suitable for
applications in data storage, magnetic recording, and magnetic resonance imaging (MRI).

Metal clusters can be encapsulated within carbon nanotubes or graphene to create
hybrid materials with enhanced mechanical, electrical, and thermal properties.
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Metal clusters can catalyze the production of hydrogen from water or organic
compounds, offering potential solutions for renewable energy storage and fuel
production.

Metal clusters can be used as photocatalysts for solar-driven chemical reactions,
including water splitting, carbon dioxide reduction, and organic synthesis.

Metal clusters can be engineered to exhibit enhanced stability and catalytic activity under
harsh reaction conditions, such as high temperature or pressure.

Metal clusters can undergo size-selective adsorption and separation of gases or liquids,
offering potential applications in gas purification, chemical separations, and
environmental remediation.

Metal clusters can be synthesized with controlled chirality, offering opportunities for the
development of chiral catalysts and materials for asymmetric synthesis.

Metal clusters can be immobilized on surfaces or embedded in membranes to create
functional materials for gas sensing, chemical sensing, and environmental monitoring.

Metal clusters can exhibit quantum confinement effects at the nanoscale, leading to
unique electronic, optical, and magnetic properties that differ from those of bulk
materials.

Metal clusters can catalyze the activation and transformation of small molecules such as
hydrogen, oxygen, and carbon monoxide, offering potential applications in sustainable
chemistry and energy conversion.

Metal clusters can be synthesized using environmentally friendly methods and renewable
resources, offering potential solutions for sustainable manufacturing and resource
utilization.

Metal clusters can be tailored to exhibit catalytic activity and selectivity for specific
chemical transformations, offering potential applications in green chemistry and
industrial processes.

Metal clusters can be integrated into devices for applications in electronics, photonics,
and information technology, offering potential solutions for next-generation
technologies.

Metal clusters can be incorporated into materials for applications in biomedicine and
healthcare, offering potential solutions for drug delivery, imaging, and therapy.

Metal clusters can be engineered to exhibit enhanced stability and performance in harsh
environments, offering potential applications in aerospace, defense, and energy
industries.

Metal clusters can be synthesized with precise control over size, shape, and composition,
offering opportunities for the development of advanced materials with tailored
properties.
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Metal clusters can be functionalized with ligands or surface modifications to control their
interactions with biological systems, offering potential applications in diagnostics,
therapeutics, and regenerative medicine.

Metal clusters can be synthesized with controlled morphology and surface chemistry to
facilitate their integration into devices and materials for various applications.

Metal clusters can be engineered to exhibit multifunctional properties, offering potential
solutions for addressing complex challenges in areas such as energy, environment, and
healthcare.

Metal clusters can be synthesized with controlled dispersion and stability in solution or in
solid matrices, offering potential applications in coatings, films, and composites.

Metal clusters can be synthesized using bottom-up approaches that enable precise
control over their properties and performance, offering potential solutions for designing
advanced materials with tailored functionalities.

Metal clusters can be synthesized using scalable and cost-effective methods, offering
potential solutions for large-scale manufacturing and industrial application
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Ligands which tend to form stable complexes with a wide range of metal ions are
classified as:

A. Soft ligands

B. Hard ligands

C. Chelating ligands

D. Polydentate ligands

Answer: D)

Ligands that bind to metal ions through nitrogen atoms in a ring structure are commonly
referred to as:

A. Chelating ligands

B. Macrocylic ligands

C. Polydentate ligands

D. Bridging ligands

Answer: B

Ligands that donate electron density primarily through their pi-electrons are known as:
A. o-donors

B. m-acceptors

C. Ambidentate ligands

D. Polydentate ligands

Answer: A)

The ligand that binds to metal ions via multiple nitrogen atoms in a macrocyclic ring is:
A. EDTA

B. CN-

C. 2,2'-bipyridine

D. Crown ether

Answer: D)

Ligands that can link two or more metal centers within a coordination compound are
termed: ( Ajay Kumar)

A. Monodentate

B. Bridging ligands

C. Chelating ligands

D. Ambidentate ligands

Answer: B)
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Ligands that exhibit high selectivity toward certain metal ions due to size and charge
considerations are classified as:

A. Soft ligands

B. Hard ligands

C. Chelating ligands

D. Ambidentate ligands

Answer: B)

Which of the following factors does NOT contribute to the stability of a complex?
A. High oxidation state of the central metal ion

B. Presence of multiple ligands

C. Large size of the central metal ion

D. Low spin state of the central metal ion

Answer: D

Chelate effect refers to:

A. Decreased stability of a complex due to steric hindrance

B. Increased stability of a complex when a ligand forms a ring structure with the metal
ion

C. Formation of colored complexes

D. Decreased stability of a complex due to charge repulsion

Answer: B

The stability of metal complexes generally increases with:
A. Decrease in the oxidation state of the metal ion

B. Increase in the coordination number of the metal ion
C. Decrease in the electronegativity of the ligands

D. Increase in the crystal field splitting energy

Answer: B

Which of the following ligands would generally result in the most stable complex?
A. CI-

B. H;O
C. NH;
D. CO
Answer: D
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Which of the following is a characteristic of an inner-sphere mechanism in a coordination
complex reaction?

A. No ligand exchange occurs

B. Ligand substitution occurs without the metal ion leaving the coordination sphere

C. Formation of a new complex through an outer-sphere mechanism

D. Redox reaction involving the metal ion

Answer: B

Which type of ligand is generally a stronger field ligand?
A. Ammonia (NHs)

B. Water (H;0)

C. Cyanide (CN7)

D. Chloride ion (CI")

Answer: C

Which of the following is NOT a factor affecting the rate of ligand substitution in a
complex?

A. Nature of the leaving group

B. Steric hindrance around the metal ion

C. Charge on the metalion

D. Size of the ligand

Answer: D

14. A labile complex is one that:

15.

A. Forms a stable chelate structure

B. Undergoes ligand exchange rapidly
C. Cannot undergo redox reactions

D. s highly colored

Answer: B

Which of the following is an example of an outer-sphere mechanism in a complex
reaction?

A. Ligand substitution involving direct interaction between the metal ion and the
incoming ligand

B. Redox reaction involving the metal ion

C. Formation of a coordination compound

Intramolecular rearrangement within the complex

Answer: D
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The stability constant (K) of a complex is a measure of:

A. The rate of ligand substitution

B. The tendency of a complex to undergo redox reactions
C. The stability of a complex in solution

D. The color of the complex

Answer: C

A complex with a low spin state usually results from:
A. Strong field ligands

B. Weak field ligand

C. Neutral ligands

D. Monodentate ligands

Answer: A

Which of the following ligands can bridge between two or more metal ions?
A. Chloride (CI7)

B. Water (H,0)

C. Ethylenediamine (en)

D. Nitrate (NO3")

Answer: A

A coordination compound in which a ligand is replaced by another ligand is an example
of:

A. Chelation

B. Isomerization

C. Ligand substitution

D. Redox reaction

Answer: C

In a square planar complex, which geometry factor generally contributes to increased
stability?

A. Large bond angles

B. Presence of strong field ligands

C. Low coordination number

D. High oxidation state of the metal ion

Answer: B

The spectrochemical series arranges ligands based on their:
A. Color

B. Size

C. Crystal field splitting ability

D. Charge

Answer: C

59



22.

23.

24.

25§

26.

CHEMISTRY Code: B020801T Inorganic Chemistry -l

The complex [Fe(CN)s]®*~ is an example of a:
A. Octahedral complex

B. Tetrahedral complex

C. Square planar complex

D. Trigonal bipyramidal complex
Answer: A

Which of the following ligands is commonly used to stabilize metal ions in oxidation
states lower than their usual state?

A. Cyanide (CN")

B. Ammonia (NHs)

C. Water (H;0)

D. Nitrate (NO37)

Answer: A

The overall charge on a complex ion is balanced by:
A. The metal ion only

B. The ligands only

C. Both the metal ion and the ligands

D. The solvent molecules

Answer: C

A ligand that can donate more than one pair of electrons to a metal ion is called:
A. Chelating ligand

B. Polydentate ligand

C. Bridging ligand

D. Monodentate ligand

Answer: B

What is the Chelate Effect in coordination chemistry?

A. The enhanced stability of a complex formed when a ligand forms a ring structure
with a metal ion

B. The decrease in stability of a complex due to the formation of a ring structure with a
metal ion

C. The reaction between two metal ions to form a chelating complex

D. The change in oxidation state of a metal ion upon complex formation

Answer: a)
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Which factor contributes to the increased stability of chelate complexes?

A. Decreased ring strain in the chelate ring

B. Increased entropy due to ring formation

C. Enhanced electrostatic interactions between the ligand and the metal ion
D. Increased number of donor atoms coordinating to the metal ion
Answer: d)

Chelating ligands typically have:
A. Only one binding site

B. Multiple binding sites

C. Negative charge

D. Non-metallic elements
Answer: b)

The term "chelate" is derived from the Greek word meaning:
A. Metal binding

B. Claw

C. Coordination

D. Complexation

Answer: b)

Chelate complexes are often more stable compared to non-chelated complexes due to:

A. Increased rigidity of the chelate ring

B. Decreased electronic density around the metal ion
C. Reduced steric hindrance

D. Higher charge density of the ligand

Answer: a)

The chelate effect is observed when:

A. Ligands coordinate in a monodentate manner

B. Ligands form a cyclic structure with a metal ion

C. Metalions form a coordination complex with multiple ligands
D. Ligands have high charge density

Answer: b)

Which of the following is an example of a chelating ligand? (House craft)
A. Ammonia (NHs)

B. Water (H;0)

C. Ethylenediamine (en)

D. Chloride ion (CI7)

Answer: c)
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Chelate complexes are commonly used in:
A. Biological systems
B. Industrial catalysts

C. Medicine
D. All of the above
Answer: d)

The chelate effect is primarily driven by:

A. Steric hindrance of the ligands

B. Entropy considerations

C. Electrostatic interactions between ligands

D. Thermodynamic stability gained from ring formation
Answer: d)

Chelate complexes are often more kinetically inert compared to non-chelated complexes
due to:

A. Increased solubility in water

B. Stronger metal-ligand bonds

C. Reduced stability of the chelate ring

D. Higher oxidation state of the metal ion

Answer: b

What is magnetism?

A. The study of electricity

B. The force of attraction or repulsion between magnetic materials
C. The study of light

D. The study of heat

Answer: B

Which material is most commonly used to make permanent magnets?
A. Coppe

B. Iron

C. Aluminum

D. Steel

Answer: B

What causes an object to become magnetized?
A. Electric charge

B. Heat

C. Arrangement of atoms

D. Radio waves

Answer: C
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Which of the following is not a magnetic material?
A. lIron

B. Copper

C. Nickel

D. Cobalt

Answer: B

In coordination compounds, the central metal ion is typically surrounded by:
A. Water molecules
B. Organic ligands

C. Anions
D. Cations
Answer: B

The coordination number of a metal ion in a complex is defined as:
A. The number of ligands bonded to the metal ion

B. The total charge of the complex

C. The number of electrons donated by the metal ion

D. The oxidation state of the metal ion

Answer: A

Which of the following factors does NOT affect the stability of a coordination complex?
A. Nature of the ligands

B. Charge on the central metal ion

C. Coordination number of the metal ion

D. Atomic number of the metal ion

Answer: D

The color exhibited by coordination compounds is primarily due to:
A. The presence of ligands

B. The oxidation state of the metal ion

C. The d-d transitions in the metal ion

D. The crystal structure of the compound

Answer: C

Which of the following statements about the central metal ion in a coordination complex
is true?

A. It always has a positive charge.

B. It can exhibit different oxidation states.

C. It only forms complexes with anionic ligands.

D. It does not participate in bonding with ligands.

Answer B
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Ligands in coordination chemistry are best described as:
A. Positively charged ions
B. Electron donors

C. Metals
D. Inert gases
Answer: B

Which of the following is NOT a characteristic of ligands?

A. They coordinate with metal ions through covalent bonds.
B. They can be neutral molecules or ions.

C. They determine the geometry of the coordination complex.
D. They are always positively charged.

Answer: D

Which type of ligand typically forms a stronger bond with a metal ion?
A) Monodentate ligand

B) Bidentate ligand

C) Neutral ligand

D) Anionic ligand

Answer: B

The term "chelate effect" refers to the:

A. Ability of a ligand to bind to multiple metal ions simultaneousl|
B. Enhanced stability of a complex due to a polydentate ligand
C. Interaction between ligands and solvent molecules

D. Formation of a coordination compound

Answer: B

Ligands that contain lone pairs of electrons and can coordinate to metal ions are known

as:
A. lonic ligands

B. Nonpolar ligands

C. Coordination ligands
D. Lewis bases
Answer: D

Ligands in coordination chemistry are best described as:
A. Positively charged ions
B. Electron donors

C. Metals
D. Inert gases
Answer: B
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Which of the following is NOT a characteristic of ligands?

A. They coordinate with metal ions through covalent bonds.

B. They can be neutral molecules or ions.

C. They determine the geometry of the coordination complex.
D. They are always positively charged.

Answer: D

Which type of ligand typically forms a stronger bond with a metal ion?
A. Monodentate ligand

B. Bidentate ligand

C. Neutral ligand

D. Anionic ligand

Answer: B

The term "chelate effect" refers to the:

A. Ability of a ligand to bind to multiple metal ions simultaneously
B. Enhanced stability of a complex due to a polydentate ligand

C. Interaction between ligands and solvent molecules

D. Formation of a coordination compound

Answer: B

Ligands that contain lone pairs of electrons and can coordinate to metal ions are known

as:
A. lonic ligands

B. Nonpolar ligands

C. Coordination ligands
D. Lewis bases
Answer: D

What is steric hindrance?

A. A type of bond formation

B. The resistance of a molecule to rotation around a bond
C. Obstruction caused by the size of substituents

D. The interaction between molecules in a crystal lattice
Answer: C

Which factor contributes to steric hindrance in molecules?
A. Small atomic radius

B. Symmetrical molecular structure

C. Presence of bulky substituents

D. High electronegativity

Answer: C
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How does steric hindrance affect chemical reactions?

A) It increases reaction rates by stabilizing intermediates

B) It decreases reaction rates by inhibiting molecular collisions
C) It has no effect on reaction rates

D) It changes the oxidation state of the reacting species
Answer: B

Which of the following is an example of steric hindrance in organic chemistry?
A) A small alkyl group attached to a benzene ring

B) A large tert-butyl group attached to a carbon atom

C) A linear alkane chain

D) A planar aromatic compound

Answer: B

In enzymatic reactions, steric hindrance can affect:
A) Substrate binding and specificity

B) Enzyme denaturation

C) pH of the reaction medium

D) Reaction equilibrium

Answer: A

In a typical octahedral complex with coordination number 6, what is the hybridization
of the central metal ion?

A. sp

B. sp2

C. sp3

D. d2sp3

Answer: D

For a square planar complex with coordination number 4, what is the expected
hybridization of the central metal ion?

A. sp

B. sp2

C. sp3

D. d2sp3

answer: B

In a tetrahedral complex, what is the hybridization of the central metal ion?
A. sp

B. sp’

C. sp3

D. d’sp’

Answer: C
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In an octahedral complex like [Ni(CN),]*, what is the hybridization of the nickel ion?
A. sp

B. sp2

C. sp’

D. d’sp’

Answer: D

Which type of hybrid orbitals are used by the metal ion in a square planar complex like
[Pt(NH_3)_2Cl_2]?

A. sp

B. sp”2

C. sp”3

D. d”2sp”3

Answer: B

In the complex [Fe(CO)_5], what is the hybridization of the iron atom?

A. sp

B. sp”2

C. sp”3

DiSiad2SpA3

Answer: A

For an octahedral complex [Co(H_20)_6]"2+, what is the hybridization of the cobalt
ion?

A. sp

B. sp”2

@ spes

D. d"2sp”3

Answer: D

In a square pyramidal complex, what is the hybridization of the central metal ion?
A. sp

B. sp”2

C. sp”3

D. d”2sp”3

Answer: D

For a trigonal bipyramidal complex, what is the hybridization of the central metal ion?
A. sp

B. sp”2

C. sp”3

D. d"2sp”3

Answer: D
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69. Which of the following describes the hybridization of the central metal ion in the
complex [Cu(NH_3)_4]r2+?

A. sp

B. sp”2

C. sp”3

D. d"2sp”3
Answer: C

70. According to Valence Bond Theory, a covalent bond is formed by:
A. Sharing of electrons between two atoms
B. Transfer of electrons from one atom to another
C. lonicinteraction between positively and negatively charged ions
D. None of the above
Answer: A

71. Which atomic orbitals overlap to form a sigma (o) bond in the Valence Bond Theory?
A. s-sorbitals

B. s-p orbitals

C. p-p orbitals

D. All of the above
Answer: D

72. In Valence Bond Theory, the concept of hybridization is used to explain:
A. The shape of molecules
B. The bonding in molecules
C. BothAandB
D. None of the above
Answer: C

73. Which type of hybridization is associated with sp”3 hybrid orbitals?
A. Linear
B. Trigonal planar
C. Tetrahedral
D. Octahedral
Answer: C

74. The concept of resonance in Valence Bond Theory involves:
A. Sharing of electrons in multiple bond formations
B. The delocalization of electrons over multiple atoms
C. Formation of bond angles in molecules
D. None of the above

Answer: B
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According to Valence Bond Theory, the maximum number of bonds that can be formed
by an atom depends on:

A. The number of valence electrons

B. The availability of empty orbitals

C. BothAandB

D. None of the above

Answer: C

Which of the following is NOT a postulate of Valence Bond Theory?

A. Overlapping atomic orbitals form molecular orbitals

B. Hybrid orbitals are formed by mixing different types of atomic orbitals
C. Electrons are shared between atoms to form covalent bonds

D. Electrons always occupy the same orbital

Answer: D

In Valence Bond Theory, the bond strength is influenced by:
A. The extent of orbital overlap

B. The electronegativity of the atoms involved

C. BothAandB

D. None of the above

Answer: C

Which type of hybridization is associated with sp”2 hybrid orbitals?
A. Trigonal planar

B. Linear

C. Tetrahedral

D. Octahedral

Answer: A

The concept of hybridization was introduced in Valence Bond Theory to explain
A. The geometry of molecules

B. The formation of multiple bonds

C. BothAandB

D. None of the above

Answer: C

Crystal Field Theory (CFT) is used to explain the bonding and properties of:
A. lonic compounds

B. Covalent compounds

C. Coordination complexes

D. Metallic compounds

Answer: C
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According to Crystal Field Theory, the interaction between metal d-orbitals and ligands
leads to the splitting of d-orbitals into different energy levels. This is known as:

A. Ligand field theory

B. Electron repulsion theory

C. Crystal splitting theory

D. Crystal field splitting

Answer: D

Which of the following ligands generally results in larger crystal field splitting in
octahedral complexes?

A. Weak-field ligands

B. Strong-field ligands

C. Neutral ligands

D. Anionic ligands

Answer: B

In an octahedral crystal field, the d-orbitals split into two sets of energy levels:
A. Three lower-energy orbitals and two higher-energy orbitals

B. Two lower-energy orbitals and three higher-energy orbitals

C. Four lower-energy orbitals and one higher-energy orbital

D. One lower-energy orbital and four higher-energy orbitals

Answer: A

Which of the following metal ions typically shows the most significant crystal field
splitting in octahedral complexes?

85. A) Copper (Cu)

86. B) Zinc (Zn)

87. C) Cobalt (Co)

88. D) Silver (Ag)

89. Answer: C

The crystal field splitting energy (A_oct) in octahedral complexes refers to:
A. The energy difference between the t2g and eg sets of d-orbitals

B. The energy difference between s and p orbitals

C. The energy required to break a coordination bond

D. The energy of ligand-field orbitals

Answer: A
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Which of the following factors does NOT influence the magnitude of crystal field
splitting in a complex?

A. Nature of the metal ion

B. Nature of the ligands

C. Oxidation state of the metal ion

D. Coordination number of the complex

Answer: D

The color of transition metal complexes can be attributed to:
A. Crystal field splitting

B. Ligand field theory

C. Electron transfer

D. All of the above

Answer: A

Which of the following is an example of a strong-field ligand according to Crystal Field
Theory?

A. Water (H,0)

B. Ammonia (NH;)

C. Cyanide (CN-) D) Chloride (Cl-)

Answer: C

Crystal Field Theory is particularly useful in explaining the magnetic properties of
transition metal complexes, such as:

A. Paramagnetism

B. Diamagnetism

C. Ferromagnetism

D. Antiferromagnetism

Answer: A

Molecular Orbital Theory (MOT) is used to describe the bonding in complex
compounds by considering the interaction between:

A. Metal ions and ligands

B. Valence electrons of metal ions

C. Atomic orbitals of metal ions and ligands

D. Coordination number of the complex

Answer: C
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In Molecular Orbital Theory, the combination of atomic orbitals from metal ions and
ligands results in the formation of

A. Hybrid orbitals

B. Molecular orbitals

C. lonic bonds

D. Covalent bonds

Answer: B

Which of the following statements about molecular orbitals in complex compounds is

true?

A. Antibonding molecular orbitals are always lower in energy than bonding molecular
orbitals.

B. Molecular orbitals are formed from the interaction of atomic orbitals with identical
energies.

C. Electrons in molecular orbitals are localized between individual atoms.

D. The number of molecular orbitals formed equals the number of atomic orbitals
involved.

Answer: B

In a typical metal-ligand complex, the highest occupied molecular orbital (HOMO)
corresponds to:

A. The ligand orbitals

B. The metal orbitals

C. The antibonding molecular orbitals

D. The bonding molecular orbitals

Answer: A

The stability of a metal-ligand complex, according to Molecular Orbital Theory, is
determined by:

A. The number of ligands coordinated to the metal ion

B. The energy level of the highest occupied molecular orbital (HOMO)

C. The coordination geometry of the complex

D. The electronegativity of the metal ion

Answer: B

100. Which of the following is a key advantage of Molecular Orbital Theory over Valence

Bond Theory for describing complex compounds?

A. It provides a more detailed understanding of orbital interactions.
B. It simplifies the calculation of bond angles.

C. It considers only localized electron pairs.

D. It applies only to simple diatomic molecules.

Answer: A
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Isopropyl and heterophyl Acids and salts
» Isopropyl alcohol, also known as 2-propanol or isopropanol, is a common solvent and
disinfectant.

» Its chemical formula is (CH3)2CHOH, and its structural formula is CH3CHOHCH3.

» Isopropyl alcohol is miscible with water and has a wide range of applications in
industry, medicine, and household products.

» Itis commonly used as a solvent for coatings, inks, and pharmaceuticals.

» Isopropyl alcohol is also used as a cleaning agent for electronics and medical
instruments due to its ability to dissolve oils and kill bacteria.

» In the medical field, isopropyl alcohol is used as an antiseptic for disinfecting skin and
surfaces.

» Isopropyl alcohol is flammable and should be handled with care.

» It evaporates quickly, leaving little residue behind, making it suitable for cleaning
sensitive electronic devices.

» Isopropyl alcohol can be synthesized by the hydration of propylene or the
hydrogenation of acetone.

» It has a boiling point of approximately 82.6°C and a melting point of -89°C.
» Isopropyl alcohol is commonly available in concentrations ranging from 70% to 99%.

» The 70% solution is commonly used as a disinfectant, while the 99% solution is used
for industrial purposes and as a solvent.

» Isopropyl alcohol can cause irritation and drying of the skin with prolonged exposure.
» It is also toxic if ingested and should not be consumed.

» Isopropyl alcohol can be denatured to make it unsuitable for consumption, typically by
adding small amounts of other chemicals such as methanol or denatonium.

» Isopropyl alcohol can be used as a fuel additive or as a solvent in fuel systems due to
its ability to absorb water and prevent fuel freezing.

» Isopropyl alcohol is used in the production of acetone and other chemicals through
oxidation or dehydrogenation reactions.

» It can act as a mild reducing agent in organic synthesis reactions.

» Isopropyl alcohol can be used to dissolve a wide range of substances, including resins,
gums, and essential oils.

» Isopropyl alcohol is commonly used in the production of hand sanitizers, especially
during times of increased demand such as pandemics.
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» Heteropoly acids are a class of inorganic acids containing multiple metal atoms
(usually transition metals) surrounded by oxide ligands.

» HPAs have the general formula Hn[XmOy]-zH20, where X represents a metal atom, n
is the charge on the HPA, and m and y are integers.

» HPAs are highly acidic and can be used as catalysts in various organic and inorganic
reactions.

» They are often used in heterogeneous catalysis due to their high stability and
reactivity.

» HPAs are typically insoluble in water but can be dissolved in polar solvents such as
acetonitrile or dimethyl sulfoxide (DMSO).

» The structure of HPAs consists of a central metal atom surrounded by oxygen atoms in
a polyhedral arrangement.

» The metal atoms in HPAs are often in high oxidation states, allowing for multiple
coordination sites for ligands.

» HPAs exhibit strong Brgnsted acidity, making them effective catalysts for acid-
catalyzed reactions such as esterifications and alkylations.

» HPAs can also exhibit Lewis acidity, allowing them to catalyze reactions involving
electron-pair acceptors.

» HPAs are used in the production of fine chemicals, pharmaceuticals, and polymers.
» They are also used in the petroleum industry for hydrocarbon conversion reactions.

» HPAs can be synthesized through various methods, including precipitation, ion
exchange, and thermal decomposition of metal salts.

» The catalytic activity of HPAs can be enhanced by doping with other metal ions or
incorporating them into solid supports.

» HPAs can be immobilized on solid supports such as silica or alumina to facilitate their
recovery and recycling in catalytic processes.

» HPAs can be modified with organic ligands to tune their properties and improve their
performance in specific reactions.

» HPAs are used in the production of biodiesel from vegetable oils through
transesterification reactions.

» They can also be used in the production of pharmaceutical intermediates and fine
chemicals through selective oxidation reactions.

» HPAs have been investigated for their potential applications in energy storage and
conversion devices, such as fuel cells and batteries.
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» HPAs can be used in water treatment processes for the removal of heavy metal ions
and organic pollutants.

» HPAs have been studied for their antimicrobial properties and potential applications in
the development of antimicrobial coatings and materials.

» HPAs are used in the synthesis of organic peroxides, which are important
intermediates in the production of polymers and pharmaceuticals.

» HPAs have been investigated for their potential applications in environmental
remediation, such as the degradation of organic pollutants in wastewater.

» HPAs can be used in the synthesis of fine chemicals and pharmaceuticals through
hydrogenation and dehydrogenation reactions.

» HPAs are used as precursors for the synthesis of metal oxide catalysts, which are
important in industrial processes such as petrochemical refining and environmental
catalysis.

» HPAs can be used in the synthesis of porous materials such as metal-organic
frameworks (MOFs) and covalent organic frameworks (COFs) for gas storage and
separation applications.

» HPAs have been studied for their potential applications in photochemical reactions,
such as photocatalytic water splitting for hydrogen production.

» HPAs can be used as corrosion inhibitors in metal coatings and paints to protect
against environmental degradation.

» HPAs are used in the production of specialty chemicals such as dyes, pigments, and
fragrances through various organic synthesis reactions.

» HPAs have been investigated for their potential applications in the synthesis of
nanomaterials with controlled size, shape, and composition for catalysis and materials
science.

» HPAs have been studied for their potential applications in biomedicine, such as drug
delivery systems and diagnostic imaging agents.
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The concept of sigma (o) and pi (1) bonding in complex compounds is a direct
consequence of:

A. Molecular Orbital Theory

B. Valence Bond Theory

C. Crystal Field Theory

D. Ligand Field Theory

Answer: A

Which type of molecular orbital is typically involved in forming the bond between a
metal ion and ligands in a complex?

A. it orbital

B. o orbital

C. d-orbital

D. p-orbital

Answer: B

According to Molecular Orbital Theory, the bonding in complex compounds can be
explained based on:

A. Electron transfer between metal ions and ligands

B. Overlap and mixing of atomic orbitals

C. Crystal field splitting of d-orbitals

D. Coordination number of the metal ion

Answer: B

The application of Molecular Orbital Theory in complex compounds helps in predicting
and explaining:

A. Colour and magnetic properties

B. Coordination geometry

C. Melting point and boiling point

D. Crystal lattice structure

Answer: A

In a coordination compound, the central metal ion is surrounded by ligands, which are
typically:

A. Positively charged ions

B. Neutral molecules or negatively charged ions

C. Electrons

D. Protons

Answer: B
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The coordination number of a metal ion in a complex is defined as:
A. The number of ligands bonded to the metal ion

B. The total charge of the complex

C. The oxidation state of the metal ion

D. The number of metal ions bonded to each ligand

Answer: A

Which of the following ligands is classified as a strong-field ligand in Crystal Field
Theory?

A. H,0 (water)

B. NH3;(ammonia)

C. CO (carbon monoxide)

D. Cl- (chloride ion)

Answer: C

In an octahedral complex, how many sigma (o) bonds are formed between the metal
ion and the ligands?

A. 4

B.5

C.6

D.8

Answer: C

The coordination geometry of a complex with six ligands arranged around a central
metal ion is typically:

A. Square planar

B. Tetrahedral

C. Trigonal bipyramidal

D. Octahedral

Answer: D

Which of the following statements about chelating ligands is true?

A. Chelating ligands can bind to only one metal ion at a time.

B. Chelating ligands enhance the stability of a complex by forming multiple coordinate
bonds.

C. Chelating ligands are always negatively charged.

D. Chelating ligands have low affinity for metal ions.

Answer: B
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The color exhibited by many transition metal complexes is primarily due to:
A. Ligand-metal charge transfer
B. Crystal field splitting

C. Chelation effect
D. Redox reactions
Answer: A

Which theory provides a more detailed understanding of the electronic structure and
bonding in complex compounds, compared to Valence Bond Theory?

A. Ligand Field Theory

B. Crystal Field Theory

C. Molecular Orbital Theory

D. Hybridization Theory

Answer: C

The term "coordination sphere" in a complex compound refers to:
A. The ligands directly bonded to the metal ion
B. The overall charge of the complex
C. The number of d-electrons in the metal ion
D. The coordination number of the metal ion
Answer: A

Which of the following ligands is commonly used to stabilize metal ions in biological
systems, such as hemoglobin?

A) Cyanide (CN-)

B) Ethylenediamine (en)

C) Carbon monoxide (CO)

D) Ammonia (NHs)

Answer: B

In coordination complexes, the distinction between low spin and high spin complexes
primarily depends on the magnitude of:

A. Crystal field splitting energy (A)

B. Ligand field stabilization energy (LFSE)

C. Coordination number of the complex

D. Oxidation state of the metal ion

Answer: A
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Low spin complexes are typically associated with:
A. Large crystal field splitting (A)

B. Small crystal field splitting (A)

C. Strong-field ligands

D. Weak-field ligands

Answer: A

Which of the following ligands is more likely to form a low spin complex with a
transition metal ion?

A. Cl- (chloride ion)

B. H,0 (water)

C. NH; (ammonia)

D. CO (carbon monoxide)

Answer: D

The electronic configuration of metal ions in low spin complexes typically involves:
A. Maximum pairing of electrons in the lower energy d-orbitals

B. Maximum unpaired electrons in the higher energy d-orbitals

C. Partially filled d-orbitals with minimal electron pairing

D. Fully filled d-orbitals with no unpaired electrons

Answer: A

High spin complexes are characterized by:
A. Large crystal field splitting (A)

B. Small crystal field splitting (A)

C. Strong-field ligands

D. Weak-field ligands

Answer: B

Which of the following ligands is more likely to form a high spin complex with a
transition metal ion?

A. CN- (cyanide ion)

B. F- (fluoride ion)

C. CO (carbon monoxide)
D. H20 (water)

Answer: D
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The term "spin pairing energy" refers to the energy required to:

A. Promote electrons from lower energy d-orbitals to higher energy d-orbitals
B. Pair up electrons in the same d-orbital to achieve low spin configuration

C. Overcome crystal field splitting in high spin complexes

D. None of the above

Answer: B

Which of the following statements about low spin and high spin complexes is true?

A. Low spin complexes have a higher magnetic moment compared to high spin
complexes.

B. High spin complexes have more unpaired electrons than low spin complexes.

C. Low spin complexes are more common with weak-field ligands.

D. High spin complexes have a smaller crystal field splitting energy (A) than low spin
complexes.

Answer: B

In a low spin octahedral complex, how many unpaired electrons are typically present
in the d-orbitals of the metal ion?

A.0

B.1

E=2

D.3

Answer: 0

Which of the following transition metal ions is more likely to form a low spin complex
with a strong-field ligand?

A. Fe*'

B. Co™

C. Ni**

D. Mn**

Answer: A

Which of the following best describes the inner sphere mechanism in coordination
chemistry?

A. Direct transfer of a ligand from one metal ion to another

B. Indirect transfer of electrons via a bridge ligand

C. Exchange of counterions between metal ions

D. None of the above

Answer: A
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26. In the inner sphere mechanism, the formation of a coordination compound involves

27.

28.

29.

30.

A. Solvation of metal ions by water molecules

B. Direct coordination of a ligand to a metal ion followed by ligand transfer to another
metal ion

C. Release of metal ions into the solvent

D. None of the above

Answer: B

Which of the following is a characteristic of the inner sphere mechanism?
A. Ligand substitution without direct contact between metal ions

B. Formation of a bridging ligand between metal ions

C. Rapid exchange of ligands in solution

D. Formation of outer coordination sphere complexes

Answer: B

The outer sphere mechanism in coordination chemistry involves
A. Direct transfer of a ligand from one metal ion to another

B. Indirect transfer of electrons via a bridge ligand

C. Exchange of counterions between metal ions

D. None of the above

Answer: C

Which statement best describes the difference between inner sphere and outer sphere

mechanisms?

A. Inner sphere involves direct coordination between metal ions, while outer sphere
involves indirect interaction via solvent molecules.

B. B) Inner sphere involves direct transfer of ligands between metal ions, while outer
sphere involves ligand exchange via bridging molecules.

C. C) Inner sphere is a slower process compared to outer sphere.

D. Outer sphere involves direct coordination of ligands to metal ions. Answer: B

Which of the following is a key requirement for the inner sphere mechanism to occur?
A) High dielectric constant of the solvent

B) Presence of chelating ligands

C) Ability of ligands to bridge between metal ions

D) Overlapping coordination spheres of metal ions

Answer: D
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The term "ligand bridging" is most closely associated with which mechanism?
A) Inner sphere

B) Outer sphere

C) Both inner and outer sphere

D) Neither inner nor outer sphere

Answer: A

In the outer sphere mechanism, the coordination compound formation is mediated by

A) Ligand transfer between metal ions

B) Direct electron transfer between metal ions

C) Formation of coordination complexes with solvent molecules
D) None of the above

Answer: B

Which of the following factors favors the outer sphere mechanism?
A) High concentration of metal ions

B) Low dielectric constant of the solvent

C) Absence of bridging ligands

D) Formation of stable coordination complexes

Answer: A

Which type of reaction is more likely to proceed via the inner sphere mechanism?
A) Ligand exchange in a coordination complex

B) Redox reaction involving electron transfer between metal ions

C) Dissociation of counterions from metal ions

D) Formation of a coordination compound with a neutral ligand

Answer: B

In an electron transfer reaction, which species gains electrons?
A) Oxidizing agent

B) Reducing agent

C) Catalyst

D) Solvent

Answer: A

Which of the following is true about oxidation in an electron transfer reaction?
A) It involves loss of electrons

B) It involves gain of electrons

C) It increases the oxidation state of a species

D) It decreases the oxidation state of a species

Answer: A
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The movement of electrons from one species to another in an electron transfer
reaction is driven by:

A) Decrease in potential energy

B) Increase in potential energy

C) Change in solubility

D) None of the above

Answer: A

Which type of bond breaking or formation is typically associated with electron transfer
reactions?

A. lonic bonds

B. Covalent bonds

C. Metallic bonds

D. Coordinate bonds

Answer: B

Which factor is necessary for an effective electron transfer reaction to occur?
A. High temperature

B. Presence of a catalyst

C. Suitable redox potentials of the reacting species

D. Presence of light

Answer: C

Which of the following best describes a monodentate ligand?

A. A ligand that can form one bond with a metal ion through a single donor atom
B. A ligand that can form two bonds with a metal ion through two donor atoms

C. A ligand that can form three bonds with a metal ion through three donor atoms
D. A ligand that can form multiple bonds with different metal ions simultaneously
Answer: A

A bidentate ligand can coordinate to a metal ion through:
A. One donor atom

B. Two donor atoms

C. Three donor atoms

D. Four donor atoms

Answer: B

Which of the following ligands is an example of a bidentate ligand?
A. NH3 (ammonia)

B. H20 (water)

C. ethylenediamine (en)

D. CO (carbon monoxide)

Answer: C
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How many coordination sites does a tridentate ligand occupy when binding to a metal
ion?

A. One

B. Two

C. Three

D. Four

Answer: C

Which statement is true regarding the coordination ability of tridentate ligands?

A. Tridentate ligands can only bind to one metal ion at a time.

B. Tridentate ligands can form multiple bonds with different metal ions simultaneously.
C. Tridentate ligands typically form chelate complexes with metal ions.

D. Tridentate ligands cannot form stable complexes due to their geometry.

Answer: C

Which statement correctly describes the mechanism of an SN1 reaction?

A. It involves a single step process with simultaneous bond formation and bond breaking.

B. It proceeds via a concerted mechanism involving attack of the nucleophile and
departure of the leaving group simultaneously.

C. It is a two-step process involving formation of a carbocation intermediate followed by
attack of the nucleophile.

D. It is a stepwise process where the nucleophile attacks the electrophile directly without
forming an intermediate.

Answer: C

In an SN2 reaction, the reaction rate is primarily dependent on:
A. The concentration of the nucleophile only.

B. The concentration of the electrophile only.

C. The concentration of both the nucleophile and the electrophile.
D. The stability of the carbocation formed.

Answer: C

Which type of stereochemistry is typically observed in SN2 reactions?
A. Retention of configuration

B. Inversion of configuration

C. Racemization

D. No change in configuration

Answer: B
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The leaving group in an SN1 reaction departs in what manner
A. Simultaneously with the attack of the nucleophile

B. After the attack of the nucleophile

C. Before the attack of the nucleophile

D. Without any nucleophilic attack

Answer: A

Which of the following factors does NOT favour an SN2 reaction mechanism?
A) Strong nucleophile

B) Primary alkyl halide substrate

C) Polar protic solvent

D) Backside attack by the nucleophile

Answer: C

For which one of the following ions, the colour is NOT due to a d-d
Transition?

A. CrO*,

B. Cu(NHs)*",

C. Ti(H,0)¢™"

D. CoF*

Which of the following is NOT a characteristic of isopropyl acids?
A. They contain a branched carbon chain

B. They are commonly used in organic synthesis

C. They have a linear molecular structure

D. They are often found in household products like rubbing alcohol
Answer: c)

Isopropyl acids are commonly derived from which compound?
A. Ethanol

B. Propanol

C. Methanol

D. Acetic acid

Answer: b)

Which of the following is an example of an isopropyl acid?
A. Acetic acid

B. Propionic acid

C. Butyric acid

D. Isobutyric acid

Answer: d)
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54. Heterophyl acids are known for their:

55.

56.

57.

58.

59.

A. Linear molecular structure

B. Branching in the carbon chain

C. Saturated hydrocarbon structure
D. Unstable chemical properties
Answer: b)

Heterophyl acids are primarily derived from:
A. Ethanol

B. Methanol

C. Propanol

D. Butanol

Answer: d)

Which of the following is an example of a heterophyl acid?
A. Isobutyric acid

B. Propionic acid

C. Valeric acid

D. Formic acid

Answer: c)

Isopropyl salts are commonly used in:
A. Food preservation

B. Perfume making

C. Solvent extraction

D. Soap manufacturing

Answer: d)

Heterophyl salts are often utilized in:
A. Pharmaceuticals

B. Petroleum refining

C. Agricultural fertilizers

D. Paint production

Answer: a)

Inorganic Chemistry -l

Isopropyl salts are derived from the reaction between isopropyl acids and:

A. Water
B. Alcohols
C. Bases

D. Oxygen
Answer: c)
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Heterophyl salts are formed through the neutralization of heterophyl acids with:
A. Acids

B. Alcohols

C. Bases

D. Hydrocarbons

Answer: c)

Which of the following is NOT a common application of isopropyl salts? a) Cosmetics
b) Cleaning products

c¢) Food additives

d) Pharmaceuticals

Answer: c)

Heterophyl acids are often characterized by their:
A. Strong odors

B. High solubility in water

C. Low reactivity with other chemicals

D. Neutral pH

Answer: a)

Isopropyl acids are commonly used in the synthesis of:
A. Plastics

B. Detergents

C. Perfumes

D. Insecticides

Answer: c)

Which of the following is NOT a characteristic of heterophyl acids?
A. They are often found in nature

B. They have a straight carbon chain

C. They exhibit isomerism

D. They can be synthesized in the laboratory

Answer: b)

Isopropyl acids are often used in the production of:
A. Synthetic rubber

B. Synthetic fibers

C. Synthetic fragrances

D. Synthetic dyes

Answer: b)

87



66.

67.

68.

69.

70.

71.

CHEMISTRY Code: B020801T

Which of the following is NOT a property of isopropyl salts?
A. High solubility in water

B. Low volatility

C. Strong odor

D. Antimicrobial properties

Answer: c)

Heterophyl acids are commonly found in:
A. Essential oils

B. Petroleum products

C. Metal ores

D. Inorganic salts

Answer: a)

Isopropyl acids are used as:

A. Corrosion inhibitors

B. Precursors in drug synthesis
C. Flame retardants

D. Lubricants

Answer: b)

Heterophyl salts are commonly used in:
A. Food preservation

B. Metal plating

C. Water treatment

D. Soil conditioning

Answer: c)

Isopropyl acids are often classified as:
A. Alcohols

B. Aldehydes

C. Carboxylic acids

D. Esters

Answer: c)

Heterophyl acids are known for their:
A. High volatility

B. High reactivity

C. Low solubility in water

D. Low boiling points

Answer: b)

Inorganic Chemistry -l
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Isopropyl salts are commonly used as:
A. Flavor enhancers

B. pH regulators

C. Emulsifiers

D. Antimicrobial agents

Answer: d)

Heterophyl acids are often used in the production of:

A. Plastics

B. Paints

C. Fuels

D. Adhesives
Answer: b)

Isopropyl acids are primarily produced through the:
A. Fermentation of sugars

B. Hydrolysis of esters

C. Oxidation of alcohols

D. Reduction of ketones

Answer: c) Oxidation of alcohols

Heterophyl acids are commonly found in:
A. Vinegar

B. Lemon juice

C. Lavender oil

D. Ethanol

Answer: c)

Isopropyl salts are often used as:
A. Solvents

B. Surfactants

C. Stabilizers

D. Thickeners

Answer: a)

Heterophyl acids are characterized by the presence of:

A. A carboxyl group
B. A hydroxyl group
C. A carbonyl group
D. A halogen group
Answer: a)

Inorganic Chemistry -l
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Isopropyl acids are commonly employed in the production of:
A. Synthetic fibers

B. Synthetic rubber

C. Synthetic fragrances

D. Synthetic dyes

Answer: c)

Which of the following is NOT a characteristic of isopropyl acids?
A. They contain a branched carbon chain

B. They are commonly used in organic synthesis

C. They have a linear molecular structure

D. They are often found in household products like rubbing alcohol
Answer: c)

Isopropyl acids are commonly derived from which compound?
A. Ethanol

B. Propanol

C. Methanol

D. Acetic acid

Answer: b)

Which of the following is an example of an isopropyl acid?
A. Acetic acid

B. Propionic acid

C. Butyric acid

D. Isobutyric acid

Answer: d)

Heterophyl acids are known for their:
A. Linear molecular structure

B. Branching in the carbon chain

C. Saturated hydrocarbon structure
D. Unstable chemical properties
Answer: b)

Heterophyl acids are primarily derived from:
A. Ethanol

B. Methanol

C. Propanol

D. Butanol

Answer: d)
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Which of the following is an example of a heterophyl acid?
A. Isobutyric acid

B. Propionic acid

C. Valeric acid

D. Formic acid

Answer: c)

Isopropyl salts are commonly used in:
A. Food preservation

B. Perfume making

C. Solvent extraction

D. Soap manufacturing

Answer: d)

Heterophyl salts are often utilized in:
A. Pharmaceuticals

B. Petroleum refining

C. Agricultural fertilizers

D. Paint production

Answer: a)

Isopropyl salts are derived from the reaction between isopropyl acids and:
A. Water

B. Alcohols

C. Bases

D. Oxygen

Answer: c)

Heterophyl salts are formed through the neutralization of heterophyl acids with:
a) Acids

b) Alcohols

c) Bases

d) Hydrocarbons

Answer: c) Bases

Which of the following is NOT a common application of isopropyl salts?
a) Cosmetics

b) Cleaning products

c) Food additives

d) Pharmaceuticals

Answer: c)
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Heterophyl acids are often characterized by their:
A. Strong odors

B. High solubility in water

C. Low reactivity with other chemicals

D. Neutral pH

Answer: a)

Isopropyl acids are commonly used in the synthesis of:
A. Plastics

B. Detergents

C. Perfumes

D. Insecticides

Answer: c)

Which of the following is NOT a characteristic of heterophyl acids?
A. They are often found in nature

B. They have a straight carbon chain

C. They exhibit isomerism

D. They can be synthesized in the laboratory

Answer: b)

Isopropyl acids are often used in the production of:
A. Synthetic rubber

B. Synthetic fibers

C. Synthetic fragrances

D. Synthetic dyes

Answer: b)

Which of the following is NOT a property of isopropyl salts?
A. High solubility in water

B. Low volatility

C. Strong odor

D. Antimicrobial properties

Answer: c)

Heterophyl acids are commonly found in:
A. Essential oils

B. Petroleum products

C. Metal ores

D. Inorganic salts

Answer: a)
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96. Isopropyl acids are used as:
A. Corrosion inhibitors
B. Precursors in drug synthesis
C. Flame retardants
D. Lubricants
Answer: b)

97. Heterophyl salts are commonly used in:

A. Food preservation
B. Metal plating

C. Water treatment
D. Soil conditioning
Answer: c)

98. Isopropy! acids are often classified as:
A. Alcohols
B. Aldehydes
C. Carboxylic acids
D. Esters
Answer: c)

99. Heterophyl acids are known for their:
A. High volatility
B. High reactivity
C. Low solubility in water
D. Low boiling points
Answer: b)

100. Isopropyl salts are commonly used as:
A. Flavor enhancers
B. pH regulators
C. Emulsifiers
D. Antimicrobial agents
Answer: d)

Inorganic Chemistry -l
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MODEL PAPER

Which of the following is responsible for the color exhibited by transition metal
complexes?

a. Electronic transitions

b. Vibrational transitions

c. Rotational transitions

d. Nuclear transitions

Answer: a)

The color of transition metal complexes arises due to the absorption of
electromagnetic radiation in which region?

A. Infrared region

B. Ultraviolet-visible region

C. Microwave region

D. X-ray region

Answer: b)

The energy of a photon absorbed or emitted during electronic transitions is directly
proportional to:

A. The wavelength of light

B. The frequency of light

C. The intensity of light

D. The speed of light

Answer: b)

Which of the following statements regarding the color of transition metal complexes is
correct?

A. Colorisindependent of ligands

B. Color arises due to d-d transitions only

C. Color depends on the metal ion and the ligands

D. Coloris observed only in the presence of strong-field ligands

Answer: c)

The color of a complex can change with:
A. Change in ligands

B. Change in metal ion

C. Change in coordination number

D. All of the above

Answer: d)
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The color of a complex appears complementary to the color of light absorbed. This is
based on which principle?

A. Beer-Lambert Law

B. Absorption Spectroscopy Principle

C. Complementary Color Principle

D. Pauli Exclusion Principle

Answer: c)

The energy difference between the ground state and excited state of electronsin a
transition metal complex corresponds to which spectral region?
A. Infrared

B. Ultraviolet
C. Visible
D. X-ray
Answer: c)

Which of the following ligands typically causes a larger splitting of d orbitals and hence
stronger color?

A. Weak-field ligands
B. Strong-field ligands
C. Neutral ligands

D. Bidentate ligands
Answer: b)

The absorption of light in the ultraviolet-visible region by a transition metal complex
results in:

A. Excitation of electrons from the ligands to the metal

B. Excitation of electrons from the metal to the ligands

C. Excitation of electrons within the metal d orbitals

D. Excitation of electrons within the ligand orbitals

Answer: b)

The color of a coordination compound is primarily determined by the:
A. Metalion only

B. Ligands only

C. Geometry of the complex

D. Metal ion and ligands

Answer: d)
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Which of the following is NOT a factor influencing the color of transition metal
complexes?

A. Nature of ligands

B. Oxidation state of metal ion

C. Coordination number

D. pH of the solution

Answer: d)

Which type of ligands generally produce low spin complexes and weaker color?
A. Strong-field ligands

B. Weak-field ligands

C. Monodentate ligands

D. Chelating ligands

Answer: b)

The color of a coordination compound disappears when:
A. The temperature is lowered

B. The complex dissociates

C. The complex is diluted

D. The ligands are changed

Answer: b)

The color of a coordination compound is observed due to the absorption of light in the
visible region, resulting in the promotion of electrons from:

A. Bonding to antibonding molecular orbitals

B. Antibonding to bonding molecular orbitals

C. Highest energy occupied molecular orbital to lowest energy unoccupied molecular

orbital

D. Lowest energy occupied molecular orbital to highest energy unoccupied molecular
orbital

Answer: d)

The presence of unpaired electrons in the d orbitals of transition metal ions gives rise
to:

A. Magnetic properties

B. High reactivity

C. Metallic luster

D. All of the above

Answer: a)
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The color of a coordination compound can be explained by:
A. Crystal field theory

B. Molecular orbital theory

C. Valence bond theory

D. All of the above

Answer

Which of the following factors does not affect the stability of a complex?
A) Ligand size

B) Ligand charge

C) Coordination number

D) Central metal atom

Answer: C)

The stability constant (K) of a complex is directly related to:
A) Concentration of reactants

B) Concentration of products

C) Equilibrium constant

D) Rate constant

Answer: C)

In the complex [Fe(H20)6]”(3+), the oxidation state of iron is:
A) +3

B) +2

C) +6

D) +1

Answer: A)

The stability of a complex increases with:

A) Decrease in size of the central metal atom
B) Increase in the charge of the ligand

C) Decrease in the charge of the ligand

D) Increase in the coordination number
Answer: B)

Which of the following statements regarding chelate complexes is true?

A) They have higher stability constants compared to non-chelate complexes.
B) They have lower stability constants compared to non-chelate complexes.
C) They involve only monodentate ligands.

D) They have lower coordination numbers.

Answer: A)
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The reaction mechanism involving a single step is called:
A) Unimolecular

B) Bimolecular

C) Termolecular

D) Trimolecular

Answer: A)

A reaction mechanism involving two steps and two molecules colliding is termed:
A) Unimolecular

B) Bimolecular

C) Termolecular

D) Multimolecular

Answer: B)

Which of the following is an example of a termolecular reaction?
A) 2A->B+C

B) A+B—>AB

C) A+B->C

D) A->B

Answer: C)

The rate law for a reaction is determined by:
A) Stoichiometry

B) Mechanism

C) Temperature

D) Pressure

Answer: B)

The slowest step in a reaction mechanism is known as the:
A) Rate-limiting step

B) Fast step

C) Intermediate step

D) Transition state

Answer: A)

Which of the following factors does not affect reaction rate?
A) Concentration

B) Temperature

C) Surface area

D) pH

Answer: D)
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In a bimolecular reaction, the rate is directly proportional to the:
A) Square of the concentration of one reactant

B) Cube of the concentration of one reactant

C) Square of the concentration of both reactants

D) Square root of the concentration of both reactants

Answer: C)

The rate constant (k) of a reaction depends on:

A) Temperature only

B) Concentration of reactants only

C) Both temperature and concentration of reactants
D) Pressure only

Answer: C)

A reaction mechanism involving the formation of an unstable intermediate is termed:
A) Concerted mechanism

B) Stepwise mechanism

C) Elementary mechanism

D) Complex mechanism

Answer: B)

A reaction that proceeds in the absence of light is termed:
A) Photolytic

B) Heterolytic

C) Homolytic

D) Non-photochemical

Answer: D)

In a reaction mechanism, an intermediate is:

A) A reactant

B) A product

C) A stable species formed in one step and consumed in another step
D) A catalyst

Answer: C)

Which of the following is not a common type of elementary reaction step?
A) Nucleophilic attack

B) Proton transfer

C) Radical chain propagation

D) Redox reaction

Answer: D)

99



34.

35.

36.

37.

38.

39.

CHEMISTRY Code: B020801T Inorganic Chemistry -l

A reaction that proceeds with the absorption of heat is termed:
A) Exothermic

B) Endothermic

C) Isothermal

D) Isobaric

Answer: B)

The rate-determining step of a reaction mechanism:
A) Always involves the reactants

B) Is always the first step

C) Isthe step with the highest activation energy

D) Isindependent of temperature

Answer: C)

Which theory describes metal-ligand bonding based on the overlap of atomic orbitals?
A) Crystal Field Theory

B) Ligand Field Theory

C) Molecular Orbital Theory

D) Valence Bond Theory

Answer: D)

According to Valence Bond Theory, the coordination bond between a metal and ligand
forms through:

A) Electrostatic attraction

B) Overlap of atomic orbitals

C) Formation of covalent bonds

D) Exchange of electrons

Answer: B)

Which theory considers the metal-ligand interaction in terms of donation and back-
donation of electron density?

A) Valence Bond Theory

B) Crystal Field Theory

C) Ligand Field Theory

D) Molecular Orbital Theory

Answer: D)

In Molecular Orbital Theory, the o-donation by ligands involves the overlap of:
A) Metal d-orbitals and ligand p-orbitals
B) Metal s-orbitals and ligand d-orbitals
C) Metal d-orbitals and ligand s-orbitals
D) Metal p-orbitals and ligand d-orbitals
Answer: C)
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Which theory is primarily used to explain the color and magnetic properties of
coordination compounds?

A) Valence Bond Theory

B) Ligand Field Theory

C) Molecular Orbital Theory

D) Crystal Field Theory

Answer: D)

Crystal Field Theory describes the interaction between metal and ligands in terms of:
A) Covalent bonds

B) lonic bonds

C) Electrostatic interactions

D) Hydrogen bonding

Answer: C)

The splitting of d-orbitals in Crystal Field Theory occurs due to the presence of:
A) o-bonds

B) m-bonds

C) Ligand field

D) lonic bonds

Answer: C)

In an octahedral field, the d-orbitals of the metal ion split into how many sets of
energy levels?

A) 2

B) 3

C) 4

D) 5

Answer: B)

Which type of ligands generally produce a larger crystal field splitting energy?
A) Weak-field ligands

B) Strong-field ligands

C) Monodentate ligands

D) Polydentate ligands

Answer: B)

The spectrochemical series ranks ligands based on their:
A) Mass
B) Size
C) Ability to split d-orbitals
D) Charge
Answer: C)
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Which of the following ligands is typically considered a weak-field ligand
A) Cyanide (CN")

B) Ammonia (NH;s)

C) Carbon monoxide (CO)

D) Water (H,0)

Answer: D)

Which theory is an extension of Crystal Field Theory and includes covalent interactions
between the metal and ligands?

A) Valence Bond Theory

B) Ligand Field Theory

C) Molecular Orbital Theory

D) Hybridization Theory

Answer: B)

Ligand Field Theory accounts for the metal-ligand interaction by considering:
A) Overlap of atomic orbitals

B) Electrostatic attractions

C) Donation and back-donation of electron density

D) Hybridization of orbitals

Answer: C)

In Ligand Field Theory, the metal-ligand bonding involves:
A) Formation of o-bonds only

B) Formation of m-bonds only

C) Both o-bonds and m-bonds

D) No bonds are formed

Answer: C)

Which theory is useful for understanding the magnetic properties of coordination
compounds?

A) Valence Bond Theory

B) Ligand Field Theory

C) Molecular Orbital Theory

D) Crystal Field Theory

Answer: C)

According to Valence Bond Theory, the bond strength between the metal and ligand
depends on:

A) Overlap of atomic orbitals

B) Electronegativity difference

C) lonic character

D) Coordination number

Answer: A)
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Which theory provides a qualitative description of the structure and bonding in
coordination complexes?

A) Valence Bond Theory

B) Ligand Field Theory

C) Crystal Field Theory

D) Hybridization Theory

Answer: A)

Which of the following ligands would cause the most significant crystal field splitting in
an octahedral complex?

A) I

B) F

C) A

D) H.0

Answer: A)

The color exhibited by coordination compounds is primarily due to:
A) Crystal field splitting

B) Ligand field splitting

C) Absorption of light in the visible region

D) Formation of covalent bonds

Answer: C)

Which theory explains the shape, color, and magnetic properties of coordination
compounds?

A) Valence Bond Theory

B) Ligand Field Theory

C) Molecular Orbital Theory

D) Crystal Field Theory

Answer: D)

Which of the following complexes is expected to exhibit the longest wavelength
absorption in the visible region?

a. [Co(H,0)e]2+

b. [Cr(H,0)e]3+

c. [Fe(H,0)6]3+

d. [Ni(H,0)¢]**

Answer: c)
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The color of a coordination complex can change with changes in:
A. Temperature

B. pH

C. BothAandB

D. Neither AnorB

(Ans: C)

The ground state term for t°,;e’, in octahedral field is :

A. Ay
B. ’E,
C. Ty
D. *Ty
Answer A

The light pink colour of [Co(H,0)e]** and deep blue colour of [CoCl,4]?- are due to :
A. MLCT transition in the first and d-d transition in the second
B. LMCT transition in both

C. d-dtransition in both

D. d-dtransition in first and MLCT in the second

Answer C

The compound that absorbs light of longest wavelength is :
A. [Cr(NO,)e)*

B. [Cr(NHs)s**

C. [Cr(H,0)¢]**

D. [CrFgl*

Answer D

In a d° octahedral complex, the ground state electron configuration is:

A. t4zge‘°’g
B. t?’zgezg
C. t°e’g
D. t62g e’g
Answer : C

The complex with spin- only magnetic moment of ~¥4.9 B.M. is :
A. [Fe(H20)5]2+

B. [Fe(CN)el*

C. [Fe(CN)gl*

D. [Fe(HzO)5]2+

Answer A
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The magnetic moment of [Ru(H,0)s]?* corresponds to the presence of
A. Four unpaired electrons

B. three unpaired electrons

C. two unpaired electrons

D. zero unpaired electrons

Answer D

Which of the following ligands is generally considered a strong-field ligand?
A. A)H,0

B. B) NHs3
C. C)CN-
D. D)CI-
Answer: c)

The ground state term for t°,,e”, in octahedral field is :

A. Ay
B. ’E,
08T,
D. Ty
Answer: F

The origin of the yellow colour of an aqueous solution of K,CrO,is due to :
A. d-dtransition

B. H,O to Cr® charge transfer

C. 0% to K" charge transfer

D. 0% to Cr® Charge transfer

Answer D

The light pink colour of [Co(H,0)e]** and deep blue colour of [CoCl,4]?- are due to :
A. MLCT transition in the first and d-d transition in the second

B. LMCT transition in both

C. d-dtransition in both

D. d-d transition in first and MLCT in the second

Answer C

The compound that absorbs light of longest wavelength is :
A. [Cr(NO,)e)*

B. [Cr(NHs)s]**

C. [Cr(H,0)e)*"

D. [CrFe]*
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Answer D
Among the following ligands, which one is expected to form the most stable complex
with a transition metal ion?

A. F

B. CI

C. Br-

D. I’
Answer: a)

Which of the following complexes is likely to be more stable in an aqueous solution?
A. [Ni(NH3)4]*
B. [Ni(H20)4]*

C. [NiCl*
D. [Ni(CN)4J*
ANSWER : B

Ligands that primarily donate electron density through lone pairs of electrons are
termed:

A. o-donors

B. Tm-acceptors

C. Both o-donors and mt-acceptors

D. None of the above

Answer: A)

Ligands that stabilize high oxidation states of metal ions are generally:
A. Strong field ligands

B. Weak field ligands

C. Chelating ligands

D. None of the above

Answer: A)

Ligands that bind to metal ions through the lone pairs of sulfur atoms are classified as:
A. Chelating ligands

B. Soft ligands

C. Ambidentate ligands

D. Hard ligands

Answer: B)
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The ligand that binds to metal ions via multiple nitrogen atoms in a macrocyclic ring is:
A. EDTA

B. CN-

C. 2,2'-bipyridine

D. Crown ether

Answer: D)

Which of the following is NOT a characteristic of ligands?

A. They coordinate with metal ions through covalent bonds.

B. They can be neutral molecules or ions.

C. They determine the geometry of the coordination complex.
D. They are always positively charged.

Answer: D

The coordination number of a metal ion in a complex is defined as:
E. The number of ligands bonded to the metal ion

F. The total charge of the complex

G. The oxidation state of the metal ion

H. The number of metal ions bonded to each ligand

Answer: A

Which of the following statements about chelating ligands is true?

E. Chelating ligands can bind to only one metal ion at a time.

F. Chelating ligands enhance the stability of a complex by forming multiple
coordinate bonds.

G. Chelating ligands are always negatively charged.

H. Chelating ligands have low affinity for metal ions.

Answer: B

Which atomic orbitals overlap to form a sigma (o) bond in the Valence Bond Theory?
E. s-sorbitals
F. s-p orbitals

G. p-p orbitals
H. All of the above
Answer: D

In Valence Bond Theory, the concept of hybridization is used to explain:
E. The shape of molecules

F. The bonding in molecules

G. BothAandB

H. None of the above

Answer: C
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Ligands that can donate both electron pairs from the same atom are termed:
E. Monodentate

F. Bidentate

G. Ambidentate

H. Polydentate

Answer: C)

The stability of a complex is influenced by the of the ligands.
E. Size

F. Charge

G. Shape

H. All of the above

Answer: D

The stability of a complex is enhanced by

E. Decreasing the electron density around the metal ion

F. Increasing the electron density around the metal ion

G. Maintaining the same electron density around the metal ion
H. None of the above

Answer: B

The magnetic moment of [Fe(H,0)s]?* is expected to be:

E. 0BM

F. 5.92BM
G. 2.83BM
H. 4.90BM
Answer: a)

Ligands that can coordinate to a metal ion through more than one donor atom are
called:

E. Chelating ligands

F. Bridging ligands

G. Ambidentate ligands
H. Anionic ligands
Answer: c)

The oxidation state of the metal in [Co(NH3)s]3* is:

E. +2

F. +3

G. +4

H. +6
Answer: b)
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Which of the following complexes is likely to be more stable in an aqueous solution?
E. [Ni(NH3)a]**
F.  [Ni(H20)4)*

G. [NiCls]*"
H. [Ni(CN)4]*
ANSWER -B

Which of the following ligands typically forms stable complexes due to their m-donor

ability?

E. HO

F. NH;

G. CO

H. CI
ANSWER —C

Which of the following complexes is expected to have the highest magnetic
moment?

E. [Fe(H,0)e]**

F. [Fe(CN)e]*

G. [FEF5]3_
H. [Fe(NH3)5]3+
Answer: d)

The magnetic moment of [Co(NHs)e]3* (d®) in a low spin configuration is:
A. 1.73 BM

B. 3.87BM
C. 4.90BM
D. 5.92BM
Answer -A

Which of the following is true for a low-spin d® complex?
A. It has 4 unpaired electrons

B. It has 1 unpaired electron

C. Ithas 0 unpaired electrons

D. It has 3 unpaired electrons

Answer: ¢
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Which of the following complexes would likely be diamagnetic?The crystal field
splitting energy (Ao) in octahedral complexes refers to:

A. The energy difference between the t,g and e® orbitals

B. The energy difference between the d orbitals in the presence of ligand field
C. The energy required to pair up electrons in the d orbitals

D. The energy difference between the bonding and antibonding orbitals
ANSWER : B

Which of the following complexes would likely be diamagnetic?
A. [Fe(H,0)e]3*

B. [Ni(CN)4)*

C. [Co(NHs)e]?*

D. [Mn(H;0)e]**

Answer B

Which of the following complexes exhibits color due to d-d transitions?
E. [Zn(H,0)6]**

F. [Co(NHs)e]®*

G. [Cu(H,0)e]**

H. [Ni(CN)s]*"

Answer: c)

Ligands that have more than one donor atom capable of binding to a metal ion are
called:

E. Chelating ligands

F. Monodentate ligands

G. Polydentate ligands

H. Anionic ligands

Answer: a)

The magnetic moment of [Co(NH3)e]3* is expected to be:

E. Zero

F. 1.73BM
G. 3.87 BM
H. 5.92 BM
ANSWER -B
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A coordination complex with a magnetic moment of 0 BM is likely to be:
E. Paramagnetic

F. Diamagnetic

G. Ferromagnetic

H. Antiferromagnetic

ANSWER- B

Which of the following ligands is expected to form stable complexes due to its ability
to act as a m-acceptor?

E. NH;
F. CO
G. H,0
H.AF
ANSWER- b)

Which of the following complexes is expected to be more stable in an acidic solution?
E. [Cu(NHs)a]**

F. [CuCls)*

G. [CU(H20)4]2+

H. [Cu(CN),]®"

ANSWER- D

In general, a higher stability constant (K) for a coordination complex indicates:
E. Lower thermodynamic stability

F. Higher thermodynamic stability

G. Faster decomposition rate

H. Increased ligand exchange kinetics

Answer: B)

Which of the following ligands would generally result in the most stable complex?
E. CI-

F. H,O

G. NH;

H. CO
ANSWER -D
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