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Share	—	copy	and	redistribute	the	material	in	any	medium	or	format	for	any	purpose,	even	commercially.	Adapt	—	remix,	transform,	and	build	upon	the	material	for	any	purpose,	even	commercially.	The	licensor	cannot	revoke	these	freedoms	as	long	as	you	follow	the	license	terms.	Attribution	—	You	must	give	appropriate	credit	,	provide	a	link	to	the
license,	and	indicate	if	changes	were	made	.	You	may	do	so	in	any	reasonable	manner,	but	not	in	any	way	that	suggests	the	licensor	endorses	you	or	your	use.	ShareAlike	—	If	you	remix,	transform,	or	build	upon	the	material,	you	must	distribute	your	contributions	under	the	same	license	as	the	original.	No	additional	restrictions	—	You	may	not	apply
legal	terms	or	technological	measures	that	legally	restrict	others	from	doing	anything	the	license	permits.	You	do	not	have	to	comply	with	the	license	for	elements	of	the	material	in	the	public	domain	or	where	your	use	is	permitted	by	an	applicable	exception	or	limitation	.	No	warranties	are	given.	The	license	may	not	give	you	all	of	the	permissions
necessary	for	your	intended	use.	For	example,	other	rights	such	as	publicity,	privacy,	or	moral	rights	may	limit	how	you	use	the	material.	A	Step-by-Step	Guide	to	Understanding	and	Applying	Tanabe-Sugano	Diagrams	in	Inorganic	Chemistry	Get	started	with	Tanabe-Sugano	Diagrams	and	improve	your	grasp	of	transition	metal	complexes	with	our
detailed,	step-by-step	guide.	Constructing	Tanabe-Sugano	Diagrams	Tanabe-Sugano	diagrams	are	a	powerful	tool	for	understanding	the	electronic	structure	of	transition	metal	complexes.	These	diagrams	provide	a	graphical	representation	of	the	energy	levels	of	a	metal	ion	in	a	ligand	field,	allowing	researchers	to	predict	and	interpret	the	electronic
spectra	of	these	complexes.	In	this	section,	we	will	explore	the	role	of	Racah	parameters	and	ligand	field	strength	in	constructing	Tanabe-Sugano	diagrams,	outline	the	step-by-step	construction	process,	and	discuss	common	pitfalls	and	considerations.	The	Role	of	Racah	Parameters	and	Ligand	Field	Strength	The	construction	of	Tanabe-Sugano
diagrams	relies	on	two	key	parameters:	the	Racah	parameters	(B	and	C)	and	the	ligand	field	strength	(Δ).	The	Racah	parameters	describe	the	interelectronic	repulsion	within	the	metal	ion,	while	the	ligand	field	strength	represents	the	influence	of	the	ligand	field	on	the	metal	ion's	energy	levels.	The	Racah	parameters	B	and	C	are	used	to	describe	the
energy	of	the	terms	arising	from	the	$d^n$	configuration.	The	parameter	B	is	related	to	the	Coulomb	integral,	while	C	is	related	to	the	exchange	integral.	For	a	$d^n$	configuration,	the	energy	of	the	terms	can	be	expressed	in	terms	of	B	and	C	as	follows:	\[	E	=	aB	+	bC	\]	where	a	and	b	are	coefficients	that	depend	on	the	specific	term.	The	ligand
field	strength,	Δ,	represents	the	energy	difference	between	the	$e_g$	and	$t_{2g}$	orbitals	in	an	octahedral	field.	It	is	a	measure	of	the	ligand	field's	ability	to	split	the	metal	ion's	$d$	orbitals.	Step-by-Step	Construction	Process	To	construct	a	Tanabe-Sugano	diagram,	follow	these	steps:	Determine	the	metal	ion	and	its	oxidation	state:	Identify	the
metal	ion	and	its	oxidation	state	to	determine	the	$d^n$	configuration.	Choose	the	Racah	parameters:	Select	the	appropriate	Racah	parameters	(B	and	C)	for	the	metal	ion.	These	values	can	be	obtained	from	literature	or	calculated	using	various	methods	1.	Calculate	the	energy	levels:	Calculate	the	energy	levels	of	the	terms	arising	from	the	$d^n$
configuration	using	the	Racah	parameters	and	ligand	field	strength.	Plot	the	energy	levels:	Plot	the	energy	levels	as	a	function	of	the	ligand	field	strength	(Δ/B)	to	create	the	Tanabe-Sugano	diagram.	The	following	Mermaid	diagram	illustrates	the	step-by-step	construction	process:	graph	LR;	A["Determine	metal	ion	and	oxidation	state"]	-->	B["Choose
Racah	parameters"];	B	-->	C["Calculate	energy	levels"];	C	-->	D["Plot	energy	levels"];	Common	Pitfalls	and	Considerations	When	constructing	Tanabe-Sugano	diagrams,	several	common	pitfalls	and	considerations	should	be	kept	in	mind:	Choice	of	Racah	parameters:	The	choice	of	Racah	parameters	can	significantly	affect	the	accuracy	of	the	diagram.
It	is	essential	to	use	reliable	values	for	B	and	C.	Ligand	field	strength:	The	ligand	field	strength	should	be	varied	over	a	sufficient	range	to	capture	the	relevant	energy	level	crossings	and	trends.	Term	symbol	identification:	Correct	identification	of	term	symbols	is	crucial	for	interpreting	the	diagram.	Interpreting	Tanabe-Sugano	Diagrams	Once
constructed,	Tanabe-Sugano	diagrams	provide	a	wealth	of	information	about	the	electronic	structure	of	transition	metal	complexes.	In	this	section,	we	will	explore	how	to	understand	energy	level	diagrams	and	term	symbols,	identify	key	features	and	trends,	and	relate	diagrams	to	electronic	spectra.	Understanding	Energy	Level	Diagrams	and	Term
Symbols	Tanabe-Sugano	diagrams	display	the	energy	levels	of	the	terms	arising	from	the	$d^n$	configuration	as	a	function	of	the	ligand	field	strength.	The	diagrams	are	typically	plotted	with	the	ligand	field	strength	(Δ/B)	on	the	x-axis	and	the	energy	(E/B)	on	the	y-axis.	The	term	symbols	used	in	Tanabe-Sugano	diagrams	are	based	on	the	Russell-
Saunders	coupling	scheme.	For	example,	the	term	symbol	$^3T_1$	represents	a	triplet	state	with	T1	symmetry.	Identifying	Key	Features	and	Trends	When	interpreting	Tanabe-Sugano	diagrams,	several	key	features	and	trends	should	be	noted:	Energy	level	crossings:	Energy	level	crossings	occur	when	two	or	more	energy	levels	intersect	as	a
function	of	ligand	field	strength.	These	crossings	can	lead	to	changes	in	the	ground	state	configuration.	Term	symbol	splitting:	The	splitting	of	term	symbols	can	provide	insight	into	the	ligand	field's	influence	on	the	metal	ion's	energy	levels.	Spin-allowed	transitions:	Spin-allowed	transitions	occur	between	terms	with	the	same	spin	multiplicity.	These
transitions	are	typically	intense	and	can	be	used	to	assign	electronic	spectra.	The	following	table	summarizes	the	key	features	and	trends	to	look	for	in	Tanabe-Sugano	diagrams:	Feature	Description	Energy	level	crossings	Intersections	between	energy	levels	as	a	function	of	ligand	field	strength	Term	symbol	splitting	Splitting	of	term	symbols	due	to
ligand	field	influence	Spin-allowed	transitions	Transitions	between	terms	with	the	same	spin	multiplicity	Relating	Diagrams	to	Electronic	Spectra	Tanabe-Sugano	diagrams	can	be	used	to	predict	and	interpret	the	electronic	spectra	of	transition	metal	complexes.	By	identifying	the	spin-allowed	transitions	and	their	corresponding	energies,	researchers
can	assign	the	observed	absorption	bands	in	the	electronic	spectrum.	For	example,	consider	a	$d^6$	complex	with	a	ligand	field	strength	of	Δ/B	=	20.	The	Tanabe-Sugano	diagram	for	this	complex	would	show	the	energy	levels	of	the	terms	arising	from	the	$d^6$	configuration.	By	identifying	the	spin-allowed	transitions,	researchers	can	predict	the
electronic	spectrum	and	assign	the	observed	absorption	bands.	Practical	Applications	Tanabe-Sugano	diagrams	have	numerous	practical	applications	in	the	field	of	transition	metal	complexes.	In	this	section,	we	will	explore	case	studies	of	transition	metal	complexes,	discuss	how	to	apply	Tanabe-Sugano	diagrams	in	research	and	studies,	and	examine
the	limitations	and	future	directions	of	these	diagrams.	Case	Studies	of	Transition	Metal	Complexes	Tanabe-Sugano	diagrams	have	been	used	to	study	a	wide	range	of	transition	metal	complexes,	including:	Octahedral	complexes:	Tanabe-Sugano	diagrams	are	particularly	useful	for	understanding	the	electronic	structure	of	octahedral	complexes,	such
as	$[Cr(H_2O)_6]^{3+}$	and	$[Fe(CN)_6]^{3-}$.	Tetrahedral	complexes:	Tanabe-Sugano	diagrams	can	also	be	applied	to	tetrahedral	complexes,	such	as	$[MnCl_4]^{2-}$	and	$[CoCl_4]^{2-}$.	How	to	Apply	Tanabe-Sugano	Diagrams	in	Research	and	Studies	To	apply	Tanabe-Sugano	diagrams	in	research	and	studies,	follow	these	steps:	Construct
the	Tanabe-Sugano	diagram:	Use	the	step-by-step	construction	process	outlined	earlier	to	create	the	Tanabe-Sugano	diagram	for	the	complex	of	interest.	Identify	key	features	and	trends:	Analyze	the	diagram	to	identify	key	features	and	trends,	such	as	energy	level	crossings	and	term	symbol	splitting.	Relate	the	diagram	to	electronic	spectra:	Use	the
diagram	to	predict	and	interpret	the	electronic	spectrum	of	the	complex.	Limitations	and	Future	Directions	While	Tanabe-Sugano	diagrams	are	a	powerful	tool	for	understanding	transition	metal	complexes,	they	do	have	limitations.	For	example:	Simplifications	and	assumptions:	Tanabe-Sugano	diagrams	rely	on	simplifications	and	assumptions,	such
as	the	use	of	a	single	ligand	field	strength	parameter.	Neglect	of	other	effects:	Other	effects,	such	as	spin-orbit	coupling	and	Jahn-Teller	distortions,	are	not	accounted	for	in	Tanabe-Sugano	diagrams.	Future	directions	for	Tanabe-Sugano	diagrams	include	the	development	of	more	sophisticated	models	that	account	for	these	effects	and	the	application
of	these	diagrams	to	more	complex	systems.	References	Tanabe,	Y.;	Sugano,	S.	On	the	Absorption	Spectra	of	Complex	Ions.	I.	Journal	of	the	Physical	Society	of	Japan,	1954,	9(5),	753-766.	Sugano,	S.;	Tanabe,	Y.	On	the	Absorption	Spectra	of	Complex	Ions.	II.	Journal	of	the	Physical	Society	of	Japan,	1954,	9(5),	766-779.	FAQ	What	are	Tanabe-Sugano
diagrams	used	for?	Tanabe-Sugano	diagrams	are	used	to	understand	the	electronic	structure	of	transition	metal	complexes	and	predict	their	electronic	spectra.	How	do	I	construct	a	Tanabe-Sugano	diagram?	To	construct	a	Tanabe-Sugano	diagram,	follow	the	step-by-step	process	outlined	in	this	article,	which	involves	determining	the	metal	ion	and	its
oxidation	state,	choosing	the	Racah	parameters,	calculating	the	energy	levels,	and	plotting	the	energy	levels	as	a	function	of	ligand	field	strength.	What	are	the	limitations	of	Tanabe-Sugano	diagrams?	Tanabe-Sugano	diagrams	rely	on	simplifications	and	assumptions,	such	as	the	use	of	a	single	ligand	field	strength	parameter,	and	neglect	other	effects
like	spin-orbit	coupling	and	Jahn-Teller	distortions.	Sarah	Lee	2025-06-09	07:49:40	You	need	to	be	logged	in	to	add	comments.	Click	here	to	login.	To	ensure	we	keep	this	website	safe,	please	can	you	confirm	you	are	a	human	by	ticking	the	box	below.	If	you	are	unable	to	complete	the	above	request	please	contact	us	using	the	below	link,	providing	a
screenshot	of	your	experience.	Short	description:	Method	of	predicting	a	chemical	complex's	absorption	spectrum	In	coordination	chemistry,	Tanabe–Sugano	diagrams	are	used	to	predict	absorptions	in	the	ultraviolet	(UV),	visible	and	infrared	(IR)	electromagnetic	spectrum	of	coordination	compounds.	The	results	from	a	Tanabe–Sugano	diagram
analysis	of	a	metal	complex	can	also	be	compared	to	experimental	spectroscopic	data.	They	are	qualitatively	useful	and	can	be	used	to	approximate	the	value	of	10Dq,	the	ligand	field	splitting	energy.	Tanabe–Sugano	diagrams	can	be	used	for	both	high	spin	and	low	spin	complexes,	unlike	Orgel	diagrams,	which	apply	only	to	high	spin	complexes.
Tanabe–Sugano	diagrams	can	also	be	used	to	predict	the	size	of	the	ligand	field	necessary	to	cause	high-spin	to	low-spin	transitions.	In	a	Tanabe–Sugano	diagram,	the	ground	state	is	used	as	a	constant	reference,	in	contrast	to	Orgel	diagrams.	The	energy	of	the	ground	state	is	taken	to	be	zero	for	all	field	strengths,	and	the	energies	of	all	other	terms
and	their	components	are	plotted	with	respect	to	the	ground	term.	Background	Until	Yukito	Tanabe	and	Satoru	Sugano	published	their	paper	"On	the	absorption	spectra	of	complex	ions",	in	1954,	little	was	known	about	the	excited	electronic	states	of	complex	metal	ions.	They	used	Hans	Bethe's	crystal	field	theory	and	Giulio	Racah's	linear
combinations	of	Slater	integrals,[1]	now	called	Racah	parameters,	to	explain	the	absorption	spectra	of	octahedral	complex	ions	in	a	more	quantitative	way	than	had	been	achieved	previously.[2]	Many	spectroscopic	experiments	later,	they	estimated	the	values	for	two	of	Racah's	parameters,	B	and	C,	for	each	d-electron	configuration	based	on	the
trends	in	the	absorption	spectra	of	isoelectronic	first-row	transition	metals.	The	plots	of	the	energies	calculated	for	the	electronic	states	of	each	electron	configuration	are	now	known	as	Tanabe–Sugano	diagrams.[3][4]	Number	must	be	fit	for	each	octahedral	coordination	complex	because	the	C/B	can	deviate	strongly	from	the	theoretical	value	of	4.0.
This	ratio	changes	the	relative	energies	of	the	levels	in	the	Tanabe–Sugano	diagrams,	and	thus	the	diagrams	may	vary	slightly	between	sources	depending	on	what	C/B	ratio	was	selected	when	plotting.	Parameters	The	x-axis	of	a	Tanabe–Sugano	diagram	is	expressed	in	terms	of	the	ligand	field	splitting	parameter,	Δ,	or	Dq	(for	"differential	of	quanta"
[5][6]),	divided	by	the	Racah	parameter	B.	The	y-axis	is	in	terms	of	energy,	E,	also	scaled	by	B.	Three	Racah	parameters	exist,	A,	B,	and	C,	which	describe	various	aspects	of	interelectronic	repulsion.	A	is	an	average	total	interelectron	repulsion.	B	and	C	correspond	with	individual	d-electron	repulsions.	A	is	constant	among	d-electron	configuration,
and	it	is	not	necessary	for	calculating	relative	energies,	hence	its	absence	from	Tanabe	and	Sugano's	studies	of	complex	ions.	C	is	necessary	only	in	certain	cases.	B	is	the	most	important	of	Racah's	parameters	in	this	case.[7]	One	line	corresponds	to	each	electronic	state.	The	bending	of	certain	lines	is	due	to	the	mixing	of	terms	with	the	same
symmetry.	Although	electronic	transitions	are	only	"allowed"	if	the	spin	multiplicity	remains	the	same	(i.e.	electrons	do	not	change	from	spin	up	to	spin	down	or	vice	versa	when	moving	from	one	energy	level	to	another),	energy	levels	for	"spin-forbidden"	electronic	states	are	included	in	the	diagrams,	which	are	also	not	included	in	Orgel	diagrams.[8]
Each	state	is	given	its	molecular-symmetry	label	(e.g.	A1g,	T2g,	etc.),	but	"g"	and	"u"	subscripts	are	usually	left	off	because	it	is	understood	that	all	the	states	are	gerade.	Labels	for	each	state	are	usually	written	on	the	right	side	of	the	table,	though	for	more	complicated	diagrams	(e.g.	d6)	labels	may	be	written	in	other	locations	for	clarity.	Term
symbols	(e.g.	3P,	1S,	etc.)	for	a	specific	dn	free	ion	are	listed,	in	order	of	increasing	energy,	on	the	y-axis	of	the	diagram.	The	relative	order	of	energies	is	determined	using	Hund's	rules.	For	an	octahedral	complex,	the	spherical,	free	ion	term	symbols	split	accordingly:[9]	Splitting	of	Term	Symbols	from	Spherical	to	Octahedral	Symmetry	Term
Degeneracy	States	in	an	octahedral	field	S	1	A1g	P	3	T1g	D	5	Eg	+	T2g	F	7	A2g	+	T1g	+	T2g	G	9	A1g	+	Eg	+	T1g	+	T2g	H	11	Eg	+	T1g	+	T1g	+	T2g	I	13	A1g	+	A2g	+	Eg	+	T1g	+	T2g	+	T2g	Certain	Tanabe–Sugano	diagrams	(d4,	d5,	d6,	and	d7)	also	have	a	vertical	line	drawn	at	a	specific	Dq/B	value,	which	is	accompanied	by	a	discontinuity	in	the
slopes	of	the	excited	states'	energy	levels.	This	pucker	in	the	lines	occurs	when	the	identity	of	the	ground	state	changes,	shown	in	the	diagram	below.	The	left	depicts	the	relative	energies	of	the	d7	ion	states	as	functions	of	crystal	field	strength	(Dq),	showing	an	intersection	of	the	4T1	and	the	2E	states	near	Dq/B	~	2.1.	Subtracting	the	ground	state
energy	produces	the	standard	Tanabe–Sugano	diagram	shown	on	the	right.	This	change	in	identity	generally	happens	when	the	spin	pairing	energy,	P,	is	equal	to	the	ligand	field	splitting	energy,	Dq.	Complexes	to	the	left	of	this	line	(lower	Dq/B	values)	are	high-spin,	while	complexes	to	the	right	(higher	Dq/B	values)	are	low-spin.	There	is	no	low-spin
or	high-spin	designation	for	d2,	d3,	or	d8	because	none	of	the	states	cross	at	reasonable	crystal	field	energies.[10]	Tanabe–Sugano	diagrams	The	seven	Tanabe–Sugano	diagrams	for	octahedral	complexes	are	shown	below.[7][11][12]	d2	electron	configuration	d3	electron	configuration	d4	electron	configuration	d5	electron	configuration	d6	electron
configuration	d7	electron	configuration	d8	electron	configuration	Unnecessary	diagrams:	d1,	d9	and	d10	d1	There	is	no	electron	repulsion	in	a	d1	complex,	and	the	single	electron	resides	in	the	t2g	orbital	ground	state.	A	d1	octahedral	metal	complex,	such	as	[Ti(H2O)6]3+,	shows	a	single	absorption	band	in	a	UV-vis	experiment.[7]	The	term	symbol
for	d1	is	2D,	which	splits	into	the	2T2g	and	2Eg	states.	The	t2g	orbital	set	holds	the	single	electron	and	has	a	2T2g	state	energy	of	-4Dq.	When	that	electron	is	promoted	to	an	eg	orbital,	it	is	excited	to	the	2Eg	state	energy,	+6Dq.	This	is	in	accordance	with	the	single	absorption	band	in	a	UV-vis	experiment.	The	prominent	shoulder	in	this	absorption
band	is	due	to	a	Jahn–Teller	distortion	which	removes	the	degeneracy	of	the	two	2Eg	states.	However,	since	these	two	transitions	overlap	in	a	UV-vis	spectrum,	this	transition	from	2T2g	to	2Eg	does	not	require	a	Tanabe–Sugano	diagram.	d9	Similar	to	d1	metal	complexes,	d9	octahedral	metal	complexes	have	2D	spectral	term.	The	transition	is	from
the	(t2g)6(eg)3	configuration	(2Eg	state)	to	the	(t2g)5(eg)4	configuration	(2T2g	state).	This	could	also	be	described	as	a	positive	"hole"	that	moves	from	the	eg	to	the	t2g	orbital	set.	The	sign	of	Dq	is	opposite	that	for	d1,	with	a	2Eg	ground	state	and	a	2T2g	excited	state.	Like	the	d1	case,	d9	octahedral	complexes	do	not	require	the	Tanabe–Sugano
diagram	to	predict	their	absorption	spectra.	Splitting	of	2D	term	in	an	octahedral	crystal	field	Electronic	transition	from	ground	state	2T2g	to	excited	state	2Eg	for	a	d1	electron	configuration	Electronic	transition	from	ground	state	to	excited	state	for	a	d9	electron	configuration	d10	There	are	no	d-d	electron	transitions	in	d10	metal	complexes
because	the	d	orbitals	are	completely	filled.	Thus,	UV-vis	absorption	bands	are	not	observed	and	a	Tanabe–Sugano	diagram	does	not	exist.	Diagrams	for	tetrahedral	symmetry	Tetrahedral	Tanabe–Sugano	diagrams	are	generally	not	found	in	textbooks	because	the	diagram	for	a	dn	tetrahedral	will	be	similar	to	that	for	d(10-n)	octahedral,	remembering
that	ΔT	for	tetrahedral	complexes	is	approximately	4/9	of	ΔO	for	an	octahedral	complex.	A	consequence	of	the	much	smaller	size	of	ΔT	results	in	(almost)	all	tetrahedral	complexes	being	high	spin	and	therefore	the	change	in	the	ground	state	term	seen	on	the	X-axis	for	octahedral	d4-d7	diagrams	is	not	required	for	interpreting	spectra	of	tetrahedral
complexes.	Advantages	over	Orgel	diagrams	In	Orgel	diagrams,	the	magnitude	of	the	splitting	energy	exerted	by	the	ligands	on	d	orbitals,	as	a	free	ion	approach	a	ligand	field,	is	compared	to	the	electron-repulsion	energy,	which	are	both	sufficient	at	providing	the	placement	of	electrons.	However,	if	the	ligand	field	splitting	energy,	10Dq,	is	greater
than	the	electron-repulsion	energy,	then	Orgel	diagrams	fail	in	determining	electron	placement.	In	this	case,	Orgel	diagrams	are	restricted	to	only	high	spin	complexes.[8]	Tanabe–Sugano	diagrams	do	not	have	this	restriction,	and	can	be	applied	to	situations	when	10Dq	is	significantly	greater	than	electron	repulsion.	Thus,	Tanabe–Sugano	diagrams
are	utilized	in	determining	electron	placements	for	high	spin	and	low	spin	metal	complexes.	However,	they	are	limited	in	that	they	have	only	qualitative	significance.	Even	so,	Tanabe–Sugano	diagrams	are	useful	in	interpreting	UV-vis	spectra	and	determining	the	value	of	10Dq.[8]	Applications	as	a	qualitative	tool	In	a	centrosymmetric	ligand	field,
such	as	in	octahedral	complexes	of	transition	metals,	the	arrangement	of	electrons	in	the	d-orbital	is	not	only	limited	by	electron	repulsion	energy,	but	it	is	also	related	to	the	splitting	of	the	orbitals	due	to	the	ligand	field.	This	leads	to	many	more	electron	configuration	states	than	is	the	case	for	the	free	ion.	The	relative	energy	of	the	repulsion	energy
and	splitting	energy	defines	the	high-spin	and	low-spin	states.	Considering	both	weak	and	strong	ligand	fields,	a	Tanabe–Sugano	diagram	shows	the	energy	splitting	of	the	spectral	terms	with	the	increase	of	the	ligand	field	strength.	It	is	possible	for	us	to	understand	how	the	energy	of	the	different	configuration	states	is	distributed	at	certain	ligand
strengths.	The	restriction	of	the	spin	selection	rule	makes	it	even	easier	to	predict	the	possible	transitions	and	their	relative	intensity.	Although	they	are	qualitative,	Tanabe–Sugano	diagrams	are	very	useful	tools	for	analyzing	UV-vis	spectra:	they	are	used	to	assign	bands	and	calculate	Dq	values	for	ligand	field	splitting.[13][14]	Examples
Manganese(II)	hexahydrate	In	the	[Mn(H2O)6]2+	metal	complex,	manganese	has	an	oxidation	state	of	+2,	thus	it	is	a	d5	ion.	H2O	is	a	weak	field	ligand	(spectrum	shown	below),	and	according	to	the	Tanabe–Sugano	diagram	for	d5	ions,	the	ground	state	is	6A1.	Note	that	there	is	no	sextet	spin	multiplicity	in	any	excited	state,	hence	the	transitions
from	this	ground	state	are	expected	to	be	spin-forbidden	and	the	band	intensities	should	be	low.	From	the	spectra,	only	very	low	intensity	bands	are	observed	(low	molar	absorptivity	(ε)	values	on	y-axis).[13]	Cobalt(II)	hexahydrate	Another	example	is	[Co(H2O)6]2+.[14]	Note	that	the	ligand	is	the	same	as	the	last	example.	Here	the	cobalt	ion	has	the
oxidation	state	of	+2,	and	it	is	a	d7	ion.	From	the	high-spin	(left)	side	of	the	d7	Tanabe–Sugano	diagram,	the	ground	state	is	4T1(F),	and	the	spin	multiplicity	is	a	quartet.	The	diagram	shows	that	there	are	three	quartet	excited	states:	4T2,	4A2,	and	4T1(P).	From	the	diagram	one	can	predict	that	there	are	three	spin-allowed	transitions.	However,	the
spectrum	of	[Co(H2O)6]2+	does	not	show	three	distinct	peaks	that	correspond	to	the	three	predicted	excited	states.	Instead,	the	spectrum	has	a	broad	peak	(spectrum	shown	below).	Based	on	the	T–S	diagram,	the	lowest	energy	transition	is	4T1	to	4T2,	which	is	seen	in	the	near	IR	and	is	not	observed	in	the	visible	spectrum.	The	main	peak	is	the
energy	transition	4T1(F)	to	4T1(P),	and	the	slightly	higher	energy	transition	(the	shoulder)	is	predicted	to	be	4T1	to	4A2.	The	small	energy	difference	leads	to	the	overlap	of	the	two	peaks,	which	explains	the	broad	peak	observed	in	the	visible	spectrum.	See	also	Character	tables	Laporte	rule	References	↑	Racah,	Giulio	(1942).	"Theory	of	complex
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1495–1501.	doi:10.3891/acta.chem.scand.08-1495.		Method	of	predicting	a	chemical	complex's	absorption	spectrum	For	other	uses	of	"T–S	diagram",	see	temperature–entropy	diagram.	In	coordination	chemistry,	Tanabe–Sugano	diagrams	are	used	to	predict	absorptions	in	the	ultraviolet	(UV),	visible	and	infrared	(IR)	electromagnetic	spectrum	of
coordination	compounds.	The	results	from	a	Tanabe–Sugano	diagram	analysis	of	a	metal	complex	can	also	be	compared	to	experimental	spectroscopic	data.	They	are	qualitatively	useful	and	can	be	used	to	approximate	the	value	of	10Dq,	the	ligand	field	splitting	energy.	Tanabe–Sugano	diagrams	can	be	used	for	both	high	spin	and	low	spin	complexes,
unlike	Orgel	diagrams,	which	apply	only	to	high	spin	complexes.	Tanabe–Sugano	diagrams	can	also	be	used	to	predict	the	size	of	the	ligand	field	necessary	to	cause	high-spin	to	low-spin	transitions.	In	a	Tanabe–Sugano	diagram,	the	ground	state	is	used	as	a	constant	reference,	in	contrast	to	Orgel	diagrams.	The	energy	of	the	ground	state	is	taken	to
be	zero	for	all	field	strengths,	and	the	energies	of	all	other	terms	and	their	components	are	plotted	with	respect	to	the	ground	term.	Until	Yukito	Tanabe	and	Satoru	Sugano	published	their	paper	"On	the	absorption	spectra	of	complex	ions",	in	1954,	little	was	known	about	the	excited	electronic	states	of	complex	metal	ions.	They	used	Hans	Bethe's
crystal	field	theory	and	Giulio	Racah's	linear	combinations	of	Slater	integrals,[1]	now	called	Racah	parameters,	to	explain	the	absorption	spectra	of	octahedral	complex	ions	in	a	more	quantitative	way	than	had	been	achieved	previously.[2]	Many	spectroscopic	experiments	later,	they	estimated	the	values	for	two	of	Racah's	parameters,	B	and	C,	for
each	d-electron	configuration	based	on	the	trends	in	the	absorption	spectra	of	isoelectronic	first-row	transition	metals.	The	plots	of	the	energies	calculated	for	the	electronic	states	of	each	electron	configuration	are	now	known	as	Tanabe–Sugano	diagrams.[3][4]	Number	must	be	fit	for	each	octahedral	coordination	complex	because	the	C/B	can
deviate	strongly	from	the	theoretical	value	of	4.0.	This	ratio	changes	the	relative	energies	of	the	levels	in	the	Tanabe–Sugano	diagrams,	and	thus	the	diagrams	may	vary	slightly	between	sources	depending	on	what	C/B	ratio	was	selected	when	plotting.	The	x-axis	of	a	Tanabe–Sugano	diagram	is	expressed	in	terms	of	the	ligand	field	splitting	parameter,
Δ,	or	Dq	(for	"differential	of	quanta"[5][6]),	divided	by	the	Racah	parameter	B.	The	y-axis	is	in	terms	of	energy,	E,	also	scaled	by	B.	Three	Racah	parameters	exist,	A,	B,	and	C,	which	describe	various	aspects	of	interelectronic	repulsion.	A	is	an	average	total	interelectron	repulsion.	B	and	C	correspond	with	individual	d-electron	repulsions.	A	is	constant
among	d-electron	configuration,	and	it	is	not	necessary	for	calculating	relative	energies,	hence	its	absence	from	Tanabe	and	Sugano's	studies	of	complex	ions.	C	is	necessary	only	in	certain	cases.	B	is	the	most	important	of	Racah's	parameters	in	this	case.[7]	One	line	corresponds	to	each	electronic	state.	The	bending	of	certain	lines	is	due	to	the
mixing	of	terms	with	the	same	symmetry.	Although	electronic	transitions	are	only	"allowed"	if	the	spin	multiplicity	remains	the	same	(i.e.	electrons	do	not	change	from	spin	up	to	spin	down	or	vice	versa	when	moving	from	one	energy	level	to	another),	energy	levels	for	"spin-forbidden"	electronic	states	are	included	in	the	diagrams,	which	are	also	not
included	in	Orgel	diagrams.[8]	Each	state	is	given	its	molecular-symmetry	label	(e.g.	A1g,	T2g,	etc.),	but	"g"	and	"u"	subscripts	are	usually	left	off	because	it	is	understood	that	all	the	states	are	gerade.	Labels	for	each	state	are	usually	written	on	the	right	side	of	the	table,	though	for	more	complicated	diagrams	(e.g.	d6)	labels	may	be	written	in	other
locations	for	clarity.	Term	symbols	(e.g.	3P,	1S,	etc.)	for	a	specific	dn	free	ion	are	listed,	in	order	of	increasing	energy,	on	the	y-axis	of	the	diagram.	The	relative	order	of	energies	is	determined	using	Hund's	rules.	For	an	octahedral	complex,	the	spherical,	free	ion	term	symbols	split	accordingly:[9]	Splitting	of	Term	Symbols	from	Spherical	to
Octahedral	Symmetry	Term	Degeneracy	States	in	an	octahedral	field	S	1	A1g	P	3	T1u	D	5	Eg	+	T2g	F	7	A2g	+	T1g	+	T2g	G	9	A1g	+	Eg	+	T1g	+	T2g	H	11	Eg	+	T1g	+	T1g	+	T2g	I	13	A1g	+	A2g	+	Eg	+	T1g	+	T2g	+	T2g	Certain	Tanabe–Sugano	diagrams	(d4,	d5,	d6,	and	d7)	also	have	a	vertical	line	drawn	at	a	specific	Dq/B	value,	which	is
accompanied	by	a	discontinuity	in	the	slopes	of	the	excited	states'	energy	levels.	This	pucker	in	the	lines	occurs	when	the	identity	of	the	ground	state	changes,	shown	in	the	diagram	below.	The	left	depicts	the	relative	energies	of	the	d7	ion	states	as	functions	of	crystal	field	strength	(Dq),	showing	an	intersection	of	the	4T1	and	the	2E	states	near	Dq/B
~	2.1.	Subtracting	the	ground	state	energy	produces	the	standard	Tanabe–Sugano	diagram	shown	on	the	right.	This	change	in	identity	generally	happens	when	the	spin	pairing	energy,	P,	is	equal	to	the	ligand	field	splitting	energy,	Dq.	Complexes	to	the	left	of	this	line	(lower	Dq/B	values)	are	high-spin,	while	complexes	to	the	right	(higher	Dq/B
values)	are	low-spin.	There	is	no	low-spin	or	high-spin	designation	for	d2,	d3,	or	d8	because	none	of	the	states	cross	at	reasonable	crystal	field	energies.[10]	The	seven	Tanabe–Sugano	diagrams	for	octahedral	complexes	are	shown	below.[7][11][12]	d2	electron	configuration	d3	electron	configuration	d4	electron	configuration	d5	electron	configuration
d6	electron	configuration	d7	electron	configuration	d8	electron	configuration	There	is	no	electron	repulsion	in	a	d1	complex,	and	the	single	electron	resides	in	the	t2g	orbital	ground	state.	A	d1	octahedral	metal	complex,	such	as	[Ti(H2O)6]3+,	shows	a	single	absorption	band	in	a	UV-vis	experiment.[7]	The	term	symbol	for	d1	is	2D,	which	splits	into
the	2T2g	and	2Eg	states.	The	t2g	orbital	set	holds	the	single	electron	and	has	a	2T2g	state	energy	of	-4Dq.	When	that	electron	is	promoted	to	an	eg	orbital,	it	is	excited	to	the	2Eg	state	energy,	+6Dq.	This	is	in	accordance	with	the	single	absorption	band	in	a	UV-vis	experiment.	The	prominent	shoulder	in	this	absorption	band	is	due	to	a	Jahn–Teller
distortion	which	removes	the	degeneracy	of	the	two	2Eg	states.	However,	since	these	two	transitions	overlap	in	a	UV-vis	spectrum,	this	transition	from	2T2g	to	2Eg	does	not	require	a	Tanabe–Sugano	diagram.	Similar	to	d1	metal	complexes,	d9	octahedral	metal	complexes	have	2D	spectral	term.	The	transition	is	from	the	(t2g)6(eg)3	configuration
(2Eg	state)	to	the	(t2g)5(eg)4	configuration	(2T2g	state).	This	could	also	be	described	as	a	positive	"hole"	that	moves	from	the	eg	to	the	t2g	orbital	set.	The	sign	of	Dq	is	opposite	that	for	d1,	with	a	2Eg	ground	state	and	a	2T2g	excited	state.	Like	the	d1	case,	d9	octahedral	complexes	do	not	require	the	Tanabe–Sugano	diagram	to	predict	their
absorption	spectra.	Splitting	of	2D	term	in	an	octahedral	crystal	field	Electronic	transition	from	ground	state	2T2g	to	excited	state	2Eg	for	a	d1	electron	configuration	Electronic	transition	from	ground	state	to	excited	state	for	a	d9	electron	configuration	There	are	no	d-d	electron	transitions	in	d10	metal	complexes	because	the	d	orbitals	are
completely	filled.	Thus,	UV-vis	absorption	bands	are	not	observed	and	a	Tanabe–Sugano	diagram	does	not	exist.	Tetrahedral	Tanabe–Sugano	diagrams	are	generally	not	found	in	textbooks	because	the	diagram	for	a	dn	tetrahedral	will	be	similar	to	that	for	d(10-n)	octahedral,	remembering	that	ΔT	for	tetrahedral	complexes	is	approximately	4/9	of	ΔO
for	an	octahedral	complex.	A	consequence	of	the	much	smaller	size	of	ΔT	results	in	(almost)	all	tetrahedral	complexes	being	high	spin	and	therefore	the	change	in	the	ground	state	term	seen	on	the	X-axis	for	octahedral	d4-d7	diagrams	is	not	required	for	interpreting	spectra	of	tetrahedral	complexes.	In	Orgel	diagrams,	the	magnitude	of	the	splitting
energy	exerted	by	the	ligands	on	d	orbitals,	as	a	free	ion	approach	a	ligand	field,	is	compared	to	the	electron-repulsion	energy,	which	are	both	sufficient	at	providing	the	placement	of	electrons.	However,	if	the	ligand	field	splitting	energy,	10Dq,	is	greater	than	the	electron-repulsion	energy,	then	Orgel	diagrams	fail	in	determining	electron	placement.
In	this	case,	Orgel	diagrams	are	restricted	to	only	high	spin	complexes.[8]	Tanabe–Sugano	diagrams	do	not	have	this	restriction,	and	can	be	applied	to	situations	when	10Dq	is	significantly	greater	than	electron	repulsion.	Thus,	Tanabe–Sugano	diagrams	are	utilized	in	determining	electron	placements	for	high	spin	and	low	spin	metal	complexes.
However,	they	are	limited	in	that	they	have	only	qualitative	significance.	Even	so,	Tanabe–Sugano	diagrams	are	useful	in	interpreting	UV-vis	spectra	and	determining	the	value	of	10Dq.[8]	In	a	centrosymmetric	ligand	field,	such	as	in	octahedral	complexes	of	transition	metals,	the	arrangement	of	electrons	in	the	d-orbital	is	not	only	limited	by	electron
repulsion	energy,	but	it	is	also	related	to	the	splitting	of	the	orbitals	due	to	the	ligand	field.	This	leads	to	many	more	electron	configuration	states	than	is	the	case	for	the	free	ion.	The	relative	energy	of	the	repulsion	energy	and	splitting	energy	defines	the	high-spin	and	low-spin	states.	Considering	both	weak	and	strong	ligand	fields,	a	Tanabe–Sugano
diagram	shows	the	energy	splitting	of	the	spectral	terms	with	the	increase	of	the	ligand	field	strength.	It	is	possible	for	us	to	understand	how	the	energy	of	the	different	configuration	states	is	distributed	at	certain	ligand	strengths.	The	restriction	of	the	spin	selection	rule	makes	it	even	easier	to	predict	the	possible	transitions	and	their	relative
intensity.	Although	they	are	qualitative,	Tanabe–Sugano	diagrams	are	very	useful	tools	for	analyzing	UV-vis	spectra:	they	are	used	to	assign	bands	and	calculate	Dq	values	for	ligand	field	splitting.[13][14]	In	the	[Mn(H2O)6]2+	metal	complex,	manganese	has	an	oxidation	state	of	+2,	thus	it	is	a	d5	ion.	H2O	is	a	weak	field	ligand	(spectrum	shown
below),	and	according	to	the	Tanabe–Sugano	diagram	for	d5	ions,	the	ground	state	is	6A1.	Note	that	there	is	no	sextet	spin	multiplicity	in	any	excited	state,	hence	the	transitions	from	this	ground	state	are	expected	to	be	spin-forbidden	and	the	band	intensities	should	be	low.	From	the	spectra,	only	very	low	intensity	bands	are	observed	(low	molar
absorptivity	(ε)	values	on	y-axis).[13]	Another	example	is	[Co(H2O)6]2+.[14]	Note	that	the	ligand	is	the	same	as	the	last	example.	Here	the	cobalt	ion	has	the	oxidation	state	of	+2,	and	it	is	a	d7	ion.	From	the	high-spin	(left)	side	of	the	d7	Tanabe–Sugano	diagram,	the	ground	state	is	4T1(F),	and	the	spin	multiplicity	is	a	quartet.	The	diagram	shows	that
there	are	three	quartet	excited	states:	4T2,	4A2,	and	4T1(P).	From	the	diagram	one	can	predict	that	there	are	three	spin-allowed	transitions.	However,	the	spectrum	of	[Co(H2O)6]2+	does	not	show	three	distinct	peaks	that	correspond	to	the	three	predicted	excited	states.	Instead,	the	spectrum	has	a	broad	peak	(spectrum	shown	below).	Based	on	the
T–S	diagram,	the	lowest	energy	transition	is	4T1	to	4T2,	which	is	seen	in	the	near	IR	and	is	not	observed	in	the	visible	spectrum.	The	main	peak	is	the	energy	transition	4T1(F)	to	4T1(P),	and	the	slightly	higher	energy	transition	(the	shoulder)	is	predicted	to	be	4T1	to	4A2.	The	small	energy	difference	leads	to	the	overlap	of	the	two	peaks,	which
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