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Bidentate	ligands	are	Lewis	bases	that	donate	two	pairs	("bi")	of	electrons	to	a	metal	atom.	Bidentate	ligands	are	often	referred	to	as	chelating	ligands	("chelate"	is	derived	from	the	Greek	word	for	"claw")	because	they	can	"grab"	a	metal	atom	in	two	places.	A	complex	that	contains	a	chelating	ligand	is	called	a	chelate.	Some	Bidentate	Ligands
ethylenediammine(en)acetylacetonate	ion(acac)	phenanthroline(phen)oxalate	ion(ox)	=	Ni	=	C	=	N	=	H	=	Cl	ethylenediammine	(en)Ethylenediammine	is	a	neutral	molecule	containing	two	N	atoms	that	can	each	donate	a	pair	of	electrons	to	a	metal	atom.Ni(en)2Cl2In	this	complex,	two	ethylenediammine	molecules	are	bonded	to	the	Ni	atom.	The
coordination	number	of	6	results	in	an	octahedral	structure.	=	Ni	=	C	=	O	oxalate	ion	(ox)Oxalate	ion	is	a	bidentate	ligand	even	though	it	contains	four	O	atoms	which	have	lone	pairs	of	electrons.[Ni(ox)2]2-In	this	complex,	two	oxalate	ions	are	bonded	to	the	Ni	atom.	The	coordination	number	of	4	results	in	a	square	planar	structure.	=	Rh	=	C	=	H	=
N	=	Cl	phenanthroline	(phen)Phenanthroline	is	a	neutral	molecule	containing	two	N	atoms	that	can	each	donate	a	pair	of	electrons	to	a	metal	atom.[Rh(phen)2Cl2]+In	this	complex,	two	phenanthroline	molecules	are	bonded	to	the	Rh	atom.	The	coordination	number	of	6	results	in	an	octahedral	structure.	=	Cr	=	C	=	H	=	O	acetylacetonate	ion
(acac)Acetylacetonate	ion	contains	two	O	atoms	which	allow	this	ligand	to	function	as	a	bidentate	ligand.Cr(acac)3In	this	complex,	three	acetylacetonate	ions	are	bonded	to	the	Cr	atom.	The	coordination	number	of	6	results	in	an	octahedral	structure.	Applications	ZUD	cleanser,	which	contains	oxalic	acid,	is	used	to	remove	rust	deposits.	Rust	reacts
with	oxalic	acid	to	produce	a	colorless,	water-soluble	complex	ion	(i.e.,	[Fe(C2O4)3]3-)	which	contains	the	bidentate	ligand,	oxalate	ion.	Because	the	complex	ion	is	water-soluble	it	can	be	washed	away.	=	Fe	=	O	=	C	oxalate	ion	(ox)Oxalate	ion	is	a	bidentate	ligand	even	though	it	contains	four	O	atoms	which	have	lone	pairs	of	electrons.	[Fe(C2O4)3]3-
In	this	complex,	three	oxalate	ions	are	bonded	to	the	Fe	atom.	The	coordination	number	of	6	results	in	an	octahedral	structure.	Its	time	to	prepare	for	your	A-level	chemistry	exam.	Dont	be	daunted	by	the	volume	of	material	you	need	to	go	through	or	anything	you	may	not	know	100%	yet,	thats	where	we	at	A-level	Chemistry	come	in	with	loads	of
revision	notes	of	your	coursework	no	matter	if	its	AQA,	OCR	or	EdExcel.	Weve	got	revision	notes	that	will	help	you	familiarize	yourself	with	the	major	themes	and	topics	that	tend	to	come	up	in	the	exams	so	youll	feel	prepared	and	confident	before	you	enter	the	exam	hall.	To	make	the	most	of	revision	notes,	whether	youre	making	your	own	or	using
ours,	keep	reading	to	learn	top	tips	that	will	facilitate	deep	learning.	Lets	get	started:	When	revising,	make	sure	youve	allocated	enough	time	to	go	through	all	your	coursework	at	least	four	times.	Without	proper	planning,	you	could	end	up	skimming	or	skipping	sections,	losing	sleep	and	stressing	yourself	out.	Create	a	timetable	that	will	give	you
sufficient	time	to	dedicate	to	each	topic	and	stick	to	it.	Effective	retention	and	recall	are	based	on	your	ability	to	create	strong	associations.	If	you	rely	on	only	one	way	to	recall	information,	if	you	hit	a	mental	block	youre	unable	to	retrieve	it.	By	adding	things	like	colour,	symbols,	diagrams,	keywords,	patterns	or	doodles,	you	create	much	stronger
connections	in	your	brain	and	multiple	routes	to	the	same	information.	A	word	of	caution	though	-	dont	fall	into	the	procrastination	trap	of	making	your	revision	notes	the	prettiest	in	the	world.	Do	whats	necessary	to	remember,	then	move	on.	While	on	the	topic	of	procrastination,	dont	give	in	to	distractions	or	urges	to	suddenly	tidy	your	room	and	pair
all	of	your	socks.	Procrastination	often	comes	from	a	deeper	place.	Are	you	avoiding	revision	because	you	feel	overwhelmed?	Are	you	afraid	of	performing	badly	in	your	exam?	Is	it	because	youre	intimidated	by	how	much	you	still	need	to	learn?	Are	you	bored?	Address	where	your	urge	to	procrastinate	is	coming	from	and	then	get	back	to	the	books.
Keep	in	mind	that	your	brain	is	like	a	sponge	and	that	it	takes	time	to	process	information.	Limit	your	revision	sessions	to	between	40	to	60	minutes	and	then	stretch	your	legs	and	take	a	break	for	10	minutes.	Its	also	important	to	do	more	than	just	read	as	youll	soon	lose	focus.	Include	other	activities	like	note-taking	or	mind	mapping	to	keep	you
engaged.	Whether	you	use	revision	guides	like	ours	or	choose	to	make	your	own,	science	has	proven	that	one	of	the	best	things	to	do	for	learning	is	to	sleep	on	it.	Sleep	helps	to	process	information	and	transfer	it	from	the	short-term	to	the	long-term	memory,	which	is	why	planning	is	so	important	to	A-level	chemistry	success.	Were	not	going	to	wish
you	good	luck	with	your	revision,	because	lucks	got	nothing	to	do	with	it,	thorough	preparation	does,	and	were	confident	that	between	our	revision	notes	and	your	brains,	youll	do	just	great!	Lets	get	started.	Bidentate	ligands	play	a	crucial	role	in	coordination	chemistry.	They	serve	as	molecules	or	ions	with	two	donor	atoms	capable	of	binding	to	a
central	metal	atom	or	ion	at	two	distinct	points.	This	blog	will	explore	the	diversity	of	bidentate	ligands,	shedding	light	on	their	structures,	properties,	and	significance	in	various	fields.	To	begin,	lets	define	bidentate	ligands	and	delve	into	the	concept	of	chelation	and	the	chelate	effect.	Bidentate	ligands	are	molecules	or	ions	featuring	two	donor
atoms	that	can	bind	to	a	central	metal	atom	or	ion	at	two	distinct	points.	This	unique	characteristic	imparts	enhanced	stability	and	affinity	to	metal	complexes,	a	phenomenon	known	as	the	chelate	effect.	Chelation	and	the	Chelate	Effect:	Chelation	occurs	when	a	single	ligand	forms	multiple	bonds	with	a	metal	ion.	The	resulting	complexes,	known	as
chelates,	exhibit	increased	stability	compared	to	their	monodentate	counterparts.	The	chelate	effect	arises	from	the	cooperative	binding	of	bidentate	or	multidentate	ligands.	The	examples	of	bidentate	ligands	are	deeply	discussed	in	given	below;	Formula:	C2H4(NH2)2	Description:	Symmetrical	molecule	with	two	amino	groups.Formula:	C10H8N2
Description:	Consists	of	two	pyridine	rings	linked	at	the	2nd	position.Formula:	C12H8N2	Description:	Planar,	aromatic	ligand	with	two	nitrogen	atoms.Formula:	C4H13N3	Description:	Features	three	amino	groups	separated	by	ethylene	linkers.Formula:	C2O42	Description:	Dianion	with	two	carboxylate	groups.Formula:	C5H7O2	Description:	Consists
of	a	-diketone	structure.Formula:	C3H2O42	Description:	Dianion	with	two	carboxylate	groups	separated	by	a	methylene	bridge.Formula:	C7H5O3	Description:	Derivative	of	salicylic	acid	with	a	carboxylate	group.Formula:	C2H5O	Description:	Ethyl	group	attached	to	an	oxygen	atom.Formula:	CH3O	Description:	Methyl	group	attached	to	an	oxygen
atom.Also	Read:	20	Examples	of	Polydentate	Ligands	Bidentate	ligands,	molecules	or	ions	with	two	donor	atoms	capable	of	binding	to	a	central	metal	atom	or	ion	at	two	distinct	points,	play	a	pivotal	role	in	coordination	chemistry.	Their	importance	stems	from	various	characteristics	and	applications,	making	them	key	players	in	the	formation	and
stability	of	metal	complexes.	Here	are	some	crucial	aspects	highlighting	the	significance	of	bidentate	ligands:	Enhanced	Stability:	Bidentate	ligands	contribute	to	the	enhanced	stability	of	metal	complexes	through	chelation,	a	process	where	a	ligand	forms	multiple	bonds	with	a	metal	ion.	The	resulting	chelates	are	often	more	stable	than	their
monodentate	counterparts,	a	phenomenon	known	as	the	chelate	effect.	This	increased	stability	has	profound	implications	in	the	design	and	synthesis	of	coordination	compounds.	Selective	Metal	Binding:	The	ability	of	bidentate	ligands	to	bind	to	metal	ions	at	two	distinct	points	provides	a	level	of	selectivity	in	metal	coordination.	This	selectivity	is
crucial	in	various	applications,	such	as	catalysis	and	bioinorganic	chemistry,	where	specific	interactions	between	ligands	and	metal	ions	are	desired	for	optimal	performance.	Catalytic	Activity:	Bidentate	ligands	are	commonly	employed	in	catalysis,	influencing	reaction	rates	and	selectivity.	The	chelating	effect	enhances	the	catalytic	efficiency	of	metal
complexes,	making	them	valuable	in	industrial	processes	and	laboratory-scale	reactions.	The	controlled	coordination	environment	provided	by	bidentate	ligands	contributes	to	the	precision	of	catalytic	systems.	Biological	and	Medicinal	Applications:	In	bioinorganic	chemistry,	bidentate	ligands	are	prevalent	in	metalloenzymes	and	biomimetic	catalysts.
The	structural	and	electronic	properties	of	these	ligands	make	them	suitable	for	mimicking	the	active	sites	of	biological	systems.	Additionally,	metal	complexes	with	bidentate	ligands	are	explored	for	medicinal	purposes,	including	drug	delivery	and	imaging,	owing	to	their	controlled	reactivity	and	potential	therapeutic	effects.	Environmental
Remediation:	Bidentate	ligands	find	applications	in	environmental	remediation	efforts.	Metal	complexes	formed	with	these	ligands	can	be	utilized	to	remove	or	immobilize	toxic	metals	from	contaminated	environments.	The	selective	binding	ability	of	bidentate	ligands	aids	in	the	design	of	effective	strategies	for	cleaning	polluted	water	or	soil.
Structural	Diversity:	The	diverse	nature	of	bidentate	ligands	allows	for	the	creation	of	a	wide	range	of	coordination	geometries	and	structures.	This	structural	diversity	is	valuable	in	tailoring	the	properties	of	metal	complexes	for	specific	purposes,	ranging	from	magnetic	materials	to	sensors	and	electronic	devices.	Versatility	in	Synthesis:	Bidentate
ligands	are	versatile	in	their	synthesis	and	modification.	This	flexibility	enables	the	fine-tuning	of	ligand	properties,	such	as	electronic	and	steric	effects,	to	meet	the	requirements	of	a	particular	application.	The	ease	of	modification	contributes	to	the	adaptability	of	these	ligands	in	various	chemical	contexts.	Bidentate	ligands	enhance	stability,	provide
selectivity	in	metal	binding,	and	contribute	to	catalysis,	biological	processes,	medicinal	applications,	environmental	remediation,	and	structural	diversity	in	coordination	chemistry.	Their	unique	characteristics	make	them	indispensable	tools	in	designing	and	synthesizing	metal	complexes	with	tailored	properties	for	a	wide	array	of	scientific	and
industrial	applications.	Welcome	to	the	ChemistryLibrary.	This	Living	Library	is	a	principal	hub	of	the	LibreTexts	project,	which	is	a	multi-institutional	collaborative	venture	to	develop	the	next	generation	of	open-access	texts	to	improve	postsecondary	education	at	all	levels	of	higher	learning.	The	LibreTexts	approach	is	highly	collaborative	where	an
Open	Access	textbook	environment	is	under	constant	revision	by	students,	faculty,	and	outside	experts	to	supplant	conventional	paper-based	books.	Campus	BookshelvesBookshelvesLearning	Objects	Home	is	shared	under	a	not	declared	license	and	was	authored,	remixed,	and/or	curated	by	LibreTexts.	Ambidentate	ligands	are	a	type	of	ligand	which
can	bond	to	the	central	atom	in	two	places,	but	not	at	the	same	timeSCN-	and	NO2-	are	good	examples	of	ambidentate	ligandsWhat	are	ambidentate	ligands?To	understand	ambidentate	ligands,	one	must	first	understand	what	a	ligand	is.	A	ligand	is	a	molecule	or	ion	(a	functional	group)	that	can	bind	to	a	central	metal	atom	(which	can	be	in	a	zero,
negative,	or	positive	oxidation	state)	this	bonding	usually	involves	the	ligand	donating	one	or	more	electron	pairs.	This	means	that	ligands	act	as	Lewis	bases	(because	they	donate	a	pair	of	electrons),	and	the	central	atom	acts	as	a	Lewis	acid	(because	they	accept	a	pair	of	electrons).	All	ligands	must	have	at	least	one	donor	atom	with	an	electron	pair
which	can	be	used	to	form	a	covalent	bond	with	the	central	atom.The	reaction	between	a	central	metal	ion	and	a	ligand	can	be	explained	more	simply	in	the	reaction	below:Ligands	can	be	classified	in	a	variety	of	ways	such	as:	size,	charge,	and	the	number	of	electrons	that	are	donated	to	the	central	metal	ion.	It	is	important	to	know	that	the	size	of	a
ligand	is	indicated	by	its	cone	angle.	The	cone	angle	of	a	ligand	is	the	angle	formed	with	the	central	metal	atom	this	is	better	explained	by	the	image	below.Ligands	also	dictate	the	reactivity	of	the	central	metal	atom	when	bound,	including	the	reactivity	of	the	ligands	themselves	and	the	ligand	substitution	rates.Ambidentate	ligands	are	ligands	which
can	bond	to	the	central	atom	in	two	places.	This	is	because	they	have	more	than	one	donor	atom	which	can	coordinate.It	is	important	to	note	that	these	ligands	are	capable	of	bonding	to	a	central	atom	through	two	different	atoms,	but	only	bonds	with	one	of	them	at	a	time.	This	type	of	ligand	also	tends	to	be	linear	in	geometry.Examples	of
ambidentate	ligandsSCN-	is	an	example	of	an	ambidentate	ligand.	This	is	because	it	can	bond	to	a	coordination	centre	through	nitrogen	as	well	as	sulphur.	The	below	image	shows	how	SCN-	can	act	as	an	ambidentate	ligand.As	you	can	see,	SCN-	can	bond	either	through	the	sulphur	atom	or	the	nitrogen	atom,	but	not	at	the	same	time.Another
example	of	an	ambidentate	ligand	is	NO2-.	This	ion	can	bind	to	a	central	atom	through	either	the	nitrogen	or	one	of	the	oxygen	atoms,	but	again,	not	at	the	same	time.Linkage	IsomerismLinkage	isomers	are	two	(or	more)	compounds	in	which	the	donor	atom	is	different	(so,	the	connectivity	between	the	atoms	is	different).	Put	more	simply,	the	only
difference	between	the	two	is	what	atoms	in	the	ligand	bind	to	the	central	ion.This	type	of	isomerism	can	therefore	only	occur	when	the	compound	contains	an	ambidentate	ligand.The	image	below	shows	linkage	isomerism	in	the	NO2	ligand.	The	two	isomers	have	coordinated	to	a	metal	ion	in	two	distinct	ways.Different	names	are	used	to	specify
which	atom	has	coordinated	to	the	central	metal	ion.	So,	when	NO2	binds	with	the	N	atom	is	it	called	nitro,	but	when	it	binds	with	the	O	atom	it	is	called	nitrito.There	are	many	other	examples	of	this	naming	convention.	For	example,	then	SCN-	binds	through	the	lone	pair	of	electrons	on	the	S	atom,	the	complexes	are	called	thiocyanate.	When	the
ligand	binds	through	the	N	atom,	the	complexes	are	called	isothiocyanate.Further	Reading	//byjus.com/chemistry/ligands-complexity-of-coordination-compounds/	AnswerVerifiedHint:	A	ligand	is	an	ion	or	molecule,	which	donates	a	couple	of	electrons	to	the	vital	steel	atom	or	ion	to	shape	a	coordination	complicated.	The	word	ligand	has	come	from	a
Latin	word,	which	means	bind.	Ligands	may	be	anions,	cations,	and	impartial	molecules.	Ligands	act	as	Lewis	bases	(donate	electron	pairs)	and	vital	steel	atoms	regarded	as	Lewis	acid	(electron	pair	acceptor).	The	nature	of	bonding	among	steel	to	ligand	varies	from	covalent	bond	to	ionic	bond.Complete	answer:	Bidentate	ligand	is	a	ligand	that	has
teeth	''	or	atoms	that	coordinate	without	delay	to	the	vital	atom	in	a	complex.	An	instance	of	a	bidentate	ligand	is	ethylenediamine.	An	unmarried	molecule	of	ethylene	diamine	can	shape	bonds	to	a	steel	ion.	The	bonds	are	shaped	among	the	steel	ions	and	the	nitrogen	atoms	of	ethylene	diamine.The	shape	of	ethylenediamine	may	be	proven	under	this
is	an	instance	of	bidentate	ligand:	According	to	coordination	chemistry,	ligands	may	be	defined	as	an	ion	or	molecule	which	can	bind	to	a	central	metal	atom.	Ligands	are	those	elements	that	are	negatively	charged	or	neutral	in	nature.	Ligands	generally	satisfy	the	primary	valency	of	the	coordination	complexes.	Ligands	are	regarded	as	Lewis	bases,
despite	the	fact	that	uncommon	instances	are	recognized	to	contain	Lewis	acidic	"ligands".	Some	of	the	common	examples	of	bidentate	ligands	are	ethylene	diamine,	oxalate	etc.Note:Metals	and	metalloids	are	certain	to	ligands	in	nearly	all	circumstances,	despite	the	fact	that	gaseous	"naked"	steel	ions	may	be	generated	in	an	excessive	vacuum.
Ligands	in	a	complex	dictate	the	reactivity	of	the	vital	atom,	which	includes	ligand	substitution	rates,	the	reactivity	of	the	ligands	themselves,	and	redox.	Ligand	choice	is	an	important	attention	in	lots	of	sensible	areas,	which	includes	bioorganic	and	medicinal	chemistry,	homogeneous	catalysis,	and	environmental	chemistry.	Ligands	play	a	vital	role	in
chemistry,	particularly	in	coordination	compounds.	A	ligand	is	a	molecule	or	ion	that	can	donate	a	pair	of	electrons	to	a	central	metal	atom	or	ion.	The	donated	electron	pair	forms	coordinate	bonds	with	the	metal,	forming	coordination	compounds.	Ligands	act	as	Lewis	bases	(electron	pair	donors),	and	the	central	atom	acts	as	a	Lewis	acid	(electron
pair	acceptor).	The	nature	of	metal-ligand	bonding	can	range	from	covalent	to	ionic.	Moreover,	the	metal-ligand	bond	order	can	range	from	one	to	three.	[1-4]	In	nearly	all	situations,	metals	and	metalloids	form	bonds	with	ligands.	The	ligand	influences	the	reactivity	of	the	central	atom	in	a	complex,	ligand	substitution	rates,	ligand	reactivity,	and
redox	properties.	Selecting	appropriate	ligands	is	crucial	in	various	practical	fields,	such	as	bioinorganic	and	medicinal	chemistry,	homogeneous	catalysis,	and	environmental	chemistry.	The	word	ligand	comes	from	Latin	and	means	tie	or	bind.	Ligands	can	be	classified	into	different	types	based	on	the	number	of	binding	sites	with	the	central	metal
atom,	charge,	and	size.	[1-4]	Monodentate	ligands,	also	known	as	unidentate	ligands,	form	only	one	bond	with	a	metal	ion.	It	means	they	have	a	single	donor	atom	capable	of	coordinating	with	the	metal	center.	Some	examples	of	monodentate	ligands	include	water	(H2O),	ammonia	(NH3),	chloride	ion	(Cl),	cyanide	ion	(CN),	and	pyridine	(C5H5N).
Because	they	bind	to	the	center	through	one	atom	only,	they	are	called	monodentate,	meaning	one	tooth.	These	ligands	possess	specific	properties	that	make	them	useful	in	coordination	chemistry.	Firstly,	their	ability	to	form	a	single	bond	allows	for	the	formation	of	simple	complexes,	making	them	relatively	easy	to	study	and	manipulate.
Monodentate	ligands	also	tend	to	be	highly	selective	in	their	binding,	as	they	have	a	specific	site	on	the	metal	ion	where	coordination	occurs.	Another	essential	property	of	monodentate	ligands	is	their	ability	to	increase	the	solubility	and	stability	of	metal	complexes.	By	coordinating	with	the	metal	ion,	they	can	prevent	unwanted	precipitation	or
decomposition	reactions,	ensuring	the	longevity	of	the	complex.	It	is	worth	noting	that	while	monodentate	ligands	can	only	form	one	bond	with	a	metal	ion,	they	can	still	participate	in	multiple	coordination	sites	if	multiple	ligands	are	present.	It	allows	for	forming	more	complex	structures,	such	as	polymeric	or	macrocyclic	compounds.	Bidentate
ligands	are	molecules	or	ions	with	two	donor	atoms	capable	of	forming	two	bonds	with	a	metal	ion.	They	are	commonly	used	in	coordination	chemistry	to	form	stable	complexes	with	transition	metals.	Some	examples	of	bidentate	ligands	include	ethylenediamine	(en),	oxalate	(ox),	and	acetylacetonate	(acac).	Bidentate	ligands	are	often	called	chelating
agents	because	they	form	a	ring-like	structure	known	as	a	chelate	when	coordinated	with	a	metal	ion.	The	term	chelate	comes	from	Greek,	meaning	claw.	This	term	describes	ligands	that	can	grab	the	central	ion	in	two	or	more	places,	like	a	claw.	The	binding	affinity	of	a	chelating	system	depends	on	the	bite	angle	or	chelating	angle.	The	chelate
structure	provides	increased	stability	to	the	complex.	It	has	been	found	that	the	chelate	effect	is	predominantly	an	effect	of	entropy.	Bidentate	ligands	also	tend	to	have	a	flexible	structure,	allowing	them	to	adopt	different	conformations	when	coordinating	with	the	metal	ion.	Polydentate	ligands,	also	known	as	multidentate	ligands,	can	donate	multiple
electron	pairs	to	a	central	metal	ion	in	a	coordination	complex.	These	ligands	have	multiple	binding	sites,	which	allow	them	to	form	multiple	bonds	with	the	metal	ion	simultaneously.	Molecules	with	three	donor	atoms	are	called	tridentate;	four	are	called	tetradentate,	five	are	called	pentadentate,	and	six	are	called	hexadentate.	The	chelating	effect	is
also	observed	in	polydentate	ligands.	The	resulting	chelate	structure	enhances	the	stability	of	the	coordination	complex	by	reducing	the	chances	of	the	ligand	dissociating	from	the	metal	ion.	Examples	of	polydentate	ligands	include	diethylenetriamine	(dien)	and	ethylenediaminetetraacetic	ion	(ETDA4-).	Diethylenetriamine	has	three	nitrogen	atoms,
while	EDTA4-	is	a	complex	ion	with	six	coordination	sites	two	nitrogen	and	four	oxygen	atoms.	The	chelating	effect	and	the	ability	of	polydentate	ligands	to	form	stable	coordination	complexes	make	them	valuable	in	various	applications.	For	instance,	in	biochemistry,	EDTA	is	commonly	used	for	metal	ion	chelation	in	medical	treatments	and	diagnostic
tests.	In	industry,	polydentate	ligands	are	utilized	for	catalysis	and	in	pharmaceuticals	and	other	chemicals.	Ligands	having	more	than	one	potential	donor	atom	are	known	as	ambidentate	ligands.	For	example,	thiocyanate	ion	(NCS)	can	bind	to	the	central	metal	ion	with	either	nitrogen	or	sulfur	atoms.	Also,	the	nitrate	ion	(NO2-)	can	bind	at	either	the
nitrogen	atom	or	one	of	the	oxygen	atoms.	Other	ligands	include	bridging	ligands,	which	bind	to	two	or	more	metal	ions,	and	organic	ligands,	which	are	the	organic	derivatives	of	the	abovementioned	inorganic	ligands.	References	Study.comThoughtco.comChem.libretexts.orgChemed.chem.purdue.edu	Ligands	as	you	may	recall	are	Lewis	bases,	that	is
they	contain	at	least	one	lone	pair	of	electrons	that	they	are	able	to	use	to	form	a	dative	or	coordinate	bond	to	a	metal	atom	or	ion,	which	acts	as	a	Lewis	acid.	The	majority	of	ligands	that	you	are	likely	to	meet	will	be	unidentate	or	monodentate	ligands,	that	is	a	ligand	that	uses	only	one	pair	of	electrons	to	form	a	coordinate	bond	to	a	metal	ion	or
atom,	now	some	monodentate	ligands	such	as	water	molecules	may	contain	more	than	one	lone	pair	of	electrons	but	they	are	only	able	to	use	one	of	these	lone	pairs	of	electrons	to	form	a	coordinate	bond	to	a	metal	atom	or	ion;	examples	of	common	monodentate	ligands	are	shown	below:	bidentate	ligands	While	all	the	ligands	shown	above	are
monodentate	ligands,	that	is	ligands	that	only	bond	to	a	metal	atom	or	ion	using	one	lone	pair	of	electrons	there	are	other	types	of	ligands	that	use	more	than	one	lone	pair	of	electrons	to	form	multiple	coordinate	bonds	to	a	central	metal	atom/ion	in	a	complex,	these	ligands	are	called	polydentate	ligands.	One	example	of	such	a	ligand	is
ethylenediamine	or	ethane-1,2-diamine,	the	structure	of	this	bidentate	ligand	is	shown	below.	A	bidentate	ligand	is	one	that	forms	two	coordinate	bonds	to	a	metal	atom	or	ion.	Ethylenediamine	is	a	small	molecule	which	contains	two	nitrogen	atoms,	these	nitrogen	atoms	can	use	their	lone	pairs	of	electrons	to	form	two	coordinate	bonds	to	a	metal
atom	or	ion,	hence	they	are	called	bidentate	ligands.	An	example	of	a	complex	containing	this	bidentate	ligand	is	the	octahedral	[Co(en)3]3+	complex;	which	is	shown	in	the	image	below;	you	may	notice	that	the	formula	for	the	ethylenediamine	ligand	(H2NCH2CH2NH2)	is	often	simply	shortened	to	"en".	To	try	and	help	you	visualise	how	the	nitrogen
atoms	in	the	ethylenediamine	ligands	bond	to	the	central	cobalt	ion	I	have	shaded	each	of	the	nitrogen	atoms	in	the	three	separate	ethylenediamine	ligands	a	slightly	different	colour.	However	it	can	be	difficult	to	visualise	the	structure	of	this	complex	from	the	3d	model	so	a	simplified	version	of	the	octahedral	shaped	complex	is	also	shown.	It	is	clear
from	this	simplified	structure	that	each	of	the	ethylenediamine	ligands	is	forming	two	coordinate	bonds	to	the	central	cobalt	ion.	Another	bidentate	ligand	that	you	may	meet	is	the	ethanedioate	ion	(C2O42-)	or	you	may	see	it	called	by	its	traditional	name	which	is	the	oxalate	ion,	a	3d	model	and	displayed	formula	for	this	bidentate	ligand	is	shown
below.	Like	ethylenediamine	it	can	form	two	coordinate	bonds	but	this	time	it	uses	one	of	the	lone	pairs	of	electrons	on	an	oxygen	atom	instead	of	a	nitrogen	atom.	Aromatic	bidentate	ligands	Two	aromatic	bidentate	ligands	that	you	may	also	meet	are	ortho-phenanthroline	and	bipyridine;	whose	name	is	often	shortened	to	bipy	are	shown	in	the	image
below,	they	are	similar	to	the	ethylenediamine	bidentate	ligand	in	that	they	also	use	two	nitrogen	atoms	to	form	coordinate	bonds	to	a	metal	ion	in	a	complex.	EDTA4-	EDTA4-	(ethylenediaminetetraacetic	acid)	is	a	hexadentate	ligand;	that	is	it	will	form	six	coordinate	bonds	to	a	metal	ion.	The	structure	of	EDTA	is	shown	below	and	the	purple	arrows
shown	in	the	image	indicate	the	six	lone	pairs	of	electrons	in	the	EDTA	ligand	that	will	bond	to	the	metal	ion.	The	EDTA	molecule	is	able	to	wrap	itself	around	the	central	metal	ion	in	a	complex	and	form	six	coordinate	bonds	with	it,	the	image	below	shows	the	shortened	formula	of	the	EDTA	ligand	forming	6	coordinate	bonds	with	a	central	cobalt	ion.
Chelates	Ligands	such	as	chloride	(Cl-)	ions,	cyanide	ions	(CN-),	fluoride	ions	(F-)	and	neutral	molecules	such	as	water	(H2O)	or	ammonia	(NH3)	are	monodentate	or	unidentate	ligands	and	used	only	one	lone	pair	of	electrons	to	form	a	coordinate	bond	to	a	central	metal	atom/ion	in	a	transition	metal	complex.	However	ligands	such	as	ethylenediamine
(en);	a	bidentate	ligand	and	EDTA;	a	hexadentate	ligand	are	able	to	form	multiple	bonds	to	a	central	metal	ion,	these	ligands	which	are	able	to	form	more	than	one	coordinate	bond	to	the	metal	ion	are	often	referred	to	as	chelating	agents	or	chelates	(from	the	Greek	word	"chele"	meaning	claw).	These	chelating	ligands	are	able	to	form	complexes
which	are	much	more	stable	than	those	formed	with	simple	monodentate	ligands,	this	is	seen	in	the	equilibrium	contants	for	the	formation	of	these	complexes,	the	equilibrium	constants	for	the	formation	of	complexes	involving	chelating	ligands	are	very	large	in	comparison	to	those	for	monodentate	ligands.	This	added	stability	found	in	these
complexes	is	often	referred	to	as	the	chelating	effect.	Common	uses	of	EDTA	Many	metals	such	as	lead,	mercury	and	cadmium	are	toxic	and	can	have	serious	detrimental	effects	on	the	human	nervous	system	and	can	cause	various	neurological	damage	as	well	as	kidney	damage	and	serious	respiratory	problems,	however	it	is	possible	to	remove	these
metals	from	the	tissues	in	the	body	where	they	have	built	up	by	treatment	with	a	chelating	agent	such	as	EDTA.	Here	the	EDTA	is	usually	injected	into	the	bloodstream	where	it	will	bind	to	these	metal	ions	in	the	body	tissues	and	form	very	stable	complexes	which	are	water	soluble,	since	these	complexes	are	now	water-soluble	they	can	be	easily
filtered	by	the	kidneys	and	excreted	in	urine.	Salad	dressings,	mayonnaises,	sauces	as	well	as	processed	meats	and	many	canned	foods	have	EDTA	added	as	a	preservative.	The	presence	of	metals	such	as	magnesium,	calcium,	copper	and	zinc	which	are	naturally	found	in	soils	and	water	end	up	in	many	of	these	foods	and	the	presence	of	these	metals
will	help	speed	up	the	oxidation	processes	in	the	foods	which	will	cause	the	foods	to	spoil	and	lose	their	distinctive	tastes,	flavours	and	colour.	EDTA	can	form	stable	complexes	with	many	of	these	metal	ions	and	so	prevent	these	oxidation	reactions	in	the	foods	from	taking	place	and	so	extend	their	shelf	life.	EDTA	and	other	chelating	agents	are	also
added	to	many	boilers	and	heating	equipment,	here	the	EDTA	will	remove	any	metals	ions	present	and	so	prevent	the	build	up	of	scale	and	also	prevent	corrosion	both	of	which	will	reduce	the	efficiency	and	life	of	the	equipment.	EDTA	and	other	chelating	agents	are	used	in	paper	making	industry	where	it	removes	metal	ions	from	the	paper	pulp
which	results	in	"whiter"	and	brighter	paper.	Biological	molecules	Many	important	biological	molecules	such	as	the	protein	haemoglobin;	which	is	responsible	for	the	transport	of	oxygen	around	the	body	and	the	pigment	chlorophyll	found	in	the	leaves	of	plants	are	based	on	the	porphine	conjugated	ring	structure	shown	in	the	image	below;	now
porphine	is	a	tetradentate	ligand;	that	is	one	that	is	able	to	form	four	coordinate	bonds.	When	porphine	forms	coordinate	bonds	to	a	metal	ion	the	hydrogen	atoms	attached	to	the	nitrogen	atoms	in	the	ring	structure	are	lost	and	this	will	then	allow	the	four	nitrogen	atoms	to	form	four	coordinate	bonds.	You	may	notice	that	porphine	has	a	conjugated
ring	system,	that	is	one	which	contains	five	membered	rings	linked	by	methine	groups	(CH)	and	the	molecule	consists	of	alternating	single	and	double	carbon	bonds,	this	conjugated	system	of	alternating	double	and	single	bonds	allows	them	it	to	absorb	light;	particularly	in	the	visible	part	of	the	electromagnetic	spectrum.	While	the	ring	structure	of
porphine	is	the	basic	starter	unit	found	in	many	biological	molecules,	porphyrins	are	derivatives	of	porphine,	these	porphyrin	molecules	have	the	same	basic	conjugated	ring	structure	as	found	in	porphine	but	with	added	side	groups	or	metal	ions	such	as	iron	or	magnesium	added.	Haemoglobin	for	example	is	the	protein	that	is	responsible	for
transporting	oxygen	in	the	bloodstream	to	ensure	the	body	cells	are	able	to	respire.	Haemoglobin	consists	of	a	heme	molecule	(see	the	image	below).	This	heme	molecule	consists	of	a	porphyrin	ring	system	with	an	iron	ion	(Fe2+)	in	the	centre	of	the	molecule.	The	porphyrin	ring	system	in	the	heme	molecule	acts	as	a	tetradentate	ligand,	the	heme
molecule	uses	the	four	nitrogen	atoms	present	in	the	porphyrin	ring	system	to	form	four	coordinate	bonds	to	an	iron	ion	(Fe2+).	The	iron	ion	(Fe2+)	also	forms	a	temporary	and	reversible	coordinate	bond	with	an	oxygen	molecule,	which	acts	as	a	monodentate	ligand.	The	Fe2+	ion	has	an	octahedral	arrangement	around	it	with	the	heme	molecule
around	its	equator,	with	an	oxygen	molecule	and	a	large	protein	molecule	called	globin	which	is	bonded	to	a	histidine	residue	(histidine	is	an	amino	acid),	this	histidine	residue	makes	up	the	sixth	and	oxygen	molecule	occupy	the	remaining	two	sites	in	the	octahedral	structure,	this	is	outlined	in	the	diagram	below:	When	an	oxygen	molecule	is	bonded
to	the	iron	ion	(Fe2+)	in	the	heme	molecule	the	whole	complex	is	called	oxyhaemoglobin,	it	is	this	oxyhaemoglobin	that	gives	blood	its	characteristic	red	colour.	However	once	the	oxygen	is	removed	it	is	replaced	by	a	water	molecule,	which	like	the	oxygen	molecule	acts	as	a	monodentate	ligand,	this	whole	complex	is	now	called	deoxyhaemoglobin
and	its	colour	changes	to	dark	red.	The	structures	of	oxyhaemoglobin	and	deoxyhaemoglobin	are	shown	below:	The	silent	killer	Carbon	monoxide	(CO)	gas	is	often	described	as	the	silent	killer,	it	is	an	odourless,	colourless	gas	which	is	produced	when	fuels	like	gas,	oil,	coal,	and	wood	undergo	incomplete	combustion	in	boilers	and	stoves,	often	due	to
faulty	or	poorly	serviced	and	ventilated	appliances.	It's	a	lethal	deadly	gas	because	it	bonds	strongly	to	the	haemoglobin	in	the	blood	more	readily	than	oxygen,	effectively	starving	the	body's	cells	of	oxygen.	In	the	UK	carbon	monoxide	poisoning	causes	approximately	60	deaths	annually	and	hospitalises	around	4,000	people.	Symptoms	of	CO	poisoning
can	be	easily	mistaken	for	other	illnesses,	which	makes	it	even	more	dangerous.	Early	signs	include	headaches,	dizziness,	nausea,	shortness	of	breath,	and	fatigue.	As	exposure	increases,	symptoms	may	progress	to	confusion,	chest	pain,	loss	of	consciousness,	and	ultimately	death.	Prolonged	exposure	even	at	low	levels	can	lead	to	neurological
problems	and	heart	damage.	To	prevent	CO	poisoning	it	is	important	that	all	heating	appliance	are	regularly	maintained	and	that	carbon	monoxide	detectors	are	installed	in	rooms	containing	log	burners,	gas	boilers	and	fires.	The	carbon	monoxide	molecule	has	a	lone	pair	of	electrons	that	it	can	use	to	form	a	coordinate	bond	with	the	Fe2+	ion	in	the
haemoglobin	protein	molecule,	this	is	outlined	in	the	image	below,	while	the	addition	of	carbon	monoxide	(CO)	to	haemoglobin	to	form	carboxyhaemoglobin	is	shown	as	a	reversible	reaction	in	the	image	the	reaction	is	by	no	means	easy	to	reverse,	the	reason	for	this	is	simple,	the	CO-Fe	bond	is	much	stronger	than	the	bond	between	the	oxygen
molecule	and	the	Fe2+	ion,	this	stronger	affinity	for	CO	makes	it	very	difficult	for	CO	to	dissociate	from	haemoglobin,	even	in	the	presence	of	oxygen.	This	effectively	means	when	the	CO	bonds	to	haemoglobin	it	effectively	blocks	oxygen	transport,	leading	to	oxygen	deprivation	in	the	body	tissues	and	if	not	quickly	treated	and	reversed	then	death
may	follow.	Chlorophyll	Chlorophyll	absorbs	the	light	energy	needed	by	plants	to	photosynthesise,	chlorophyll	contains	at	its	core	a	porphyrin	ring	structure	where	the	nitrogen	atoms	form	four	coordinate	bonds	to	a	magnesium	ion	(Mg2+),	this	is	outlined	below	where	a	part	of	the	chlorophyll	structure	is	shown:	The	presence	of	the	conjugated	ring
system	in	the	porphyrin	ring	structure	is	responsible	for	the	absorption	of	the	light	needed	for	photosynthesis	to	take	place.	Ligands	are	Lewis	bases,	that	is	they	are	electron	pair	donors;	they	will	donate	an	electron	pair	and	form	a	coordinate	bond	with	metal	atoms	and	ions.	While	ligands	are	Lewis	bases	the	metal	ions	are	Lewis	acids	and	when	a
Lewis	acid	and	a	Lewis	base	react	a	coordinate	bond	is	formed.	Ligands	which	form	only	one	coordinate	bond	are	called	monodentate	ligands	while	ligands	which	form	more	than	one	coordinate	bond	are	called	polydentate	ligands.	Complexes	formed	from	polydentate	ligands	are	much	more	stable	than	those	which	contain	only	monodentate	ligands.
Practice	questions	Reactivity	in	Chemistry	Coordination	Chemistry	CC4.	Chelation	Monodentate	ligands	bind	through	only	one	donor	atom.	Monodentate	means	"one-toothed".	The	halides,	phosphines,	ammonia	and	amines	seen	previously	are	monodentate	ligands.	Bidentate	ligands	bind	through	two	donor	sites.	Bidentate	means	"two-toothed".	An
example	of	a	bidentate	ligand	is	bis(dimethylphosphino)propane.	It	can	bind	to	a	metal	via	two	donor	atoms	at	once:	it	uses	one	lone	pair	on	each	phosphorus	atom.	Figure	CC4.1.	An	example	of	a	bidentate	ligand	coordinated	to	a	metal.	More	examples	of	bidentate	ligands	are	shown	below.	They	all	have	at	least	two	different	atoms	with	lone	pairs.	In
some	cases,	there	are	additional	atoms	with	lone	pairs,	but	only	two	of	them	are	able	to	face	the	metal	at	one	time.	Oxalate	and	glycinate	would	act	as	bidentate	donors,	donating	up	to	two	sets	of	lone	pairs	at	the	same	time.	Table	CC4.1.	Some	common	bidentate	ligands	Bidentate	binding	allows	a	ligand	to	bind	more	tightly.	Tridentate	ligands,	which
bind	through	three	donors,	can	bind	even	more	tightly,	and	so	on.	This	phenomenon	is	generally	called	the	"chelate	effect".	This	term	comes	from	the	Greek	chelos,	meaning	"crab".	A	crab	does	not	have	any	teeth	at	all,	but	it	does	have	two	claws	for	tightly	holding	onto	something.for	a	couple	of	reasons.	A	very	simple	analogy	is	that,	if	you	are	holding
something	with	two	hands	rather	than	one,	you	are	not	as	likely	to	drop	it.	Multidentate	ligands	bind	more	tightly	because	of	the	chelate	effect	The	chemical	reasons	for	the	chelate	effect	involve	relative	enthalpy	and	entropy	changes	upon	binding	a	multidentate	ligand.	In	terms	of	enthalpy,	in	order	to	completely	remove	a	bidentate	ligand,	two
coordinate	bonds	must	be	broken.	That	costs	more	energy	than	breaking	one	coordinate	bond	for	a	monodentate	ligand.	In	terms	of	entropy,	which	deals	with	the	distribution	of	energy	within	a	system,	it	is	generally	thought	that	bringing	two	molecules	together	(a	bidentate	ligand	and	a	metal	complex)	costs	less	than	bringing	three	molecules
together	(two	monodentate	ligands	and	a	metal	complex).	That's	because	individual	molecules	are	free	to	move	around,	tumble	and	vibrate	independently.	Once	they	come	together,	they	have	to	do	all	these	things	together.	Since	these	different	types	of	motion	represent	different	ways	of	distributing	energy,	if	the	system	becomes	more	restricted,
energy	can't	be	distributed	in	as	many	states.	Energy	is	lowered	even	more	by	two	bonding	interactions	Compared	to	two	separate	donors,	bidentate	donation	is	entropically	favoured	Problem	CC4.1.	Draw	metal	complexes	using	the	ligands	below,	binding	to	Ni(2+)	in	a	bidentate	mode.	A	ligand	could	be	monodentate,	meaning	it	binds	through	a	lone
pair	on	a	single	atom.	It	could	be	bidentate,	meaning	it	binds	through	lone	pairs	on	two	different	atoms.	It	could	even	be	tridentate,	with	three	atoms	bearing	their	own	lones	pairs,	tetradentate,	and	so	on.	Table	CC4.2.	Examples	of	polydentate	ligands.	There	is	a	symbol	for	denticity,	(it's	a	Greek	letter,	pronounced	"kappa"),	which	simply	describes
how	many	atoms	are	bound	to	the	metal.	For	example,	in	ethylenediamine	or	1,2-diaminoethane,	NH2CH2CH2NH2,	the	two	nitrogen	atoms	can	be	bound	to	the	metal	at	the	same	time,	although	none	of	the	other	atoms	in	between	would	be	directly	attached	to	the	metal.	This	donor	is	capable	of	binding	in	a	2	mode.	However,	if	for	some	reason	one	of
the	nitrogen	atoms	lets	go	of	the	metal	so	that	the	ethylenediamine	is	hanging	on	by	only	one	nitrogen,	we	would	say	that	the	ligand	is	binding	in	1	mode.	Problem	CC4.2.	In	each	of	the	following	cases,	i)	describe	the	denticity;	ii)	indicate	the	charge	on	the	ligand	and	on	the	metal.	Problem	CC4.3.	In	the	following	cases,	the	ligand	has	slipped,	so	that	it
isn't	binding	as	tightly	as	it	possibly	could.	In	each	case,	i)	describe	the	denticity	as	drawn;	ii)	state	the	maximum	denticity	possible;	iii)	indicate	the	charge	on	the	ligand	and	on	the	metal.	There	are	more	subtle	aspects	of	chelation.	For	example,	two	different	bidentate	ligands	may	not	necessarily	bind	to	the	metal	in	exactly	the	same	way.	In	the
drawing	below,	it's	apparent	that	the	three	bidentate	phosphine	ligands,	bis(dimethylphosphino)methane,	bis(dimethylphosphino)ethane,	and	bis(dimethylphosphino)propane,	do	not	all	bind	the	metal	with	the	same	geometry.	In	each	case,	the	metal	forms	a	different	angle	with	the	two	phosphines.	The	term	"bite	angle"	is	frequently	used	to	describe
how	different	bidentate	ligands	will	attach	to	metals	at	different	angles.	In	the	picture,	the	P-Pd-P	angle	appears	to	be	about	90	degrees	when	dmpm	is	bound;	in	reality	it	is	even	smaller.	With	dmpe,	the	bite	angle	appears	larger	in	the	picture	than	the	one	for	dmpm,	and	in	reality	it	is	larger,	although	not	quite	as	large	as	it	appears	here.	Two
different	ligands	that	bind	with	two	different	bite	angles	will	have	different	influences	on	the	complex	that	forms.	In	fact,	chemists	often	use	these	differences	to	"tune"	the	behaviour	of	transition	metals	that	are	used	as	catalysts	for	important	properties.	They	might	add	similar	ligands	with	different	bite	angles	to	see	which	one	best	promotes	the
desired	catalytic	reaction.	Many	factors	can	influence	the	bite	angle,	including	structural	features	of	the	bidentate	ligand	itself,	the	metal,	and	other	ligands	bound	to	the	metal.	However,	a	particular	ligand	will	usually	have	a	normal	range	of	bite	angles	that	it	will	be	able	to	adopt	under	different	circumstances.	Problem	CC4.4.	Certain	ligands	may
have	natural	bite	angles	that	work	better	in	some	cases	than	in	others.	Propose	the	optimum	bite	angle	in	each	of	the	following	geometries.	Problem	CC4.5.	Certain	ligands	tend	to	give	a	certain	range	of	bite	angles.	Use	the	suggested	criterion	to	predict	which	ligand	in	each	pair	would	give	the	larger	bite	angle.	Problem	CC4.6.	Suggest	which	ligand
in	each	pair	would	have	the	larger	bite	angle,	and	why.	This	site	was	written	by	Chris	P.	Schaller,	Ph.D.,	College	of	Saint	Benedict	/	Saint	John's	University	(retired)	with	other	authors	as	noted	on	individual	pages.	It	is	freely	available	for	educational	use.	Structure	&	Reactivity	in	Organic,	Biological	and	Inorganic	Chemistry	by	Chris	Schaller	is
licensed	under	a	Creative	Commons	Attribution-NonCommercial	3.0	Unported	License.	Send	corrections	to	cschaller@csbsju.edu	This	material	is	based	upon	work	supported	by	the	National	Science	Foundation	under	Grant	No.	1043566.	Any	opinions,	findings,	and	conclusions	or	recommendations	expressed	in	this	material	are	those	of	the	author(s)
and	do	not	necessarily	reflect	the	views	of	the	National	Science	Foundation.	Navigation:	Back	to	Coordination	Chemistry	Index	Back	to	Reactivity	Back	to	Web	Materials	on	Structure	&	Reactivity	in	Chemistry	A	ligand	is	a	molecule	or	ion	that	has	one	or	more	lone	pairs	of	electronsThese	lone	pairs	of	electrons	are	donated	by	the	ligand,	to	form	dative
covalent	bonds	to	a	central	metal	atom	or	ionLigand	nameLigand	formulaWaterH2OAmmoniaNH3ChlorideClCyanideCNThiocyanateSCNEthanedioate	(ox)COOCOO	C2O421,2-diaminoethaneH2NCH2CH2NH2The	complex	of	a	central	Fe2+	ion	and	water	ligands	is	formed	with	dative	covalent	bondsDifferent	ligands	can	form	different	numbers	of
dative	bonds	to	the	central	metal	ion	in	a	complex.Some	ligands	can	form	one	dative	bond	to	the	central	metal	ionOther	ligands	can	form	two	dative	bonds,	and	some	can	form	multiple	dative	bondsMonodentate	ligands	can	form	only	one	dative	bond	to	the	central	metal	ionExamples	of	monodentate	ligands	are:Water	(H2O)	moleculesAmmonia	(NH3)
moleculesChloride	(Cl-)	ionsCyanide	(CN-)	ionsSmaller	monodentate	ligands	tend	to	form	octahedral	complexes,	while	larger	monodentate	ligands	tend	to	form	tetrahedral	complexesBidentate	ligandsBidentate	ligands	can	each	form	two	dative	bonds	to	the	central	metal	ionThis	is	because	each	ligand	contains	two	atoms	with	lone	pairs	of
electronsExamples	of	bidentate	ligands	are:1,2-diaminoethane	(H2NCH2CH2NH2)	which	is	also	written	as	enEthanedioate	ion	(C2O42-	)	which	is	sometimes	written	as	oxExamples	of	complexes	with	bidentate	ligandsThe	en	and	ox	bidentate	ligands	form	coordinate	bonds	through	the	lone	pairs	on	the	nitrogen	and	oxygen	atoms
respectivelyPolydentate	ligandsSome	ligands	contain	more	than	two	atoms	with	lone	pairs	of	electronsThese	ligands	can	form	more	than	two	dative	bonds	to	the	central	metal	ion	and	are	said	to	be	polydentate	ligandsAn	example	of	a	polydentate	ligand	is	EDTA4-	,	which	is	a	hexadentate	ligand	as	it	forms	6	dative	covalent	bonds	to	the	central	metal
ionExample	of	a	polydentate	ligand	complexThe	EDTA4-	ligand	forms	6	coordinate	bonds	to	the	central	metal	ionDid	this	page	help	you?,the	free	encyclopedia	that	anyone	can	edit.117,937	active	editors	7,001,233	articles	in	EnglishThe	English-language	Wikipedia	thanks	its	contributors	for	creating	more	than	seven	million	articles!	Learn	how	you
can	take	part	in	the	encyclopedia's	continued	improvement.GL	Mk.II	transmitter	vanRadar,	Gun	Laying,	MarkI,	or	GL	Mk.I	for	short,	was	an	early	World	WarII	radar	system	developed	by	the	British	Army	to	provide	information	for	anti-aircraft	artillery.	There	were	two	upgrades,	GL/EF	(elevation	finder)	and	GL	Mk.II	(pictured),	both	improving	the
ability	to	determine	a	target's	bearing	and	elevation.	GL	refers	to	the	radar's	ability	to	direct	the	guns	onto	a	target,	known	as	gun	laying.	The	first	GL	sets	were	developed	in	1936	using	separate	transmitters	and	receivers	mounted	on	gun	carriages.	Several	were	captured	in	1940,	leading	the	Germans	to	believe	falsely	that	British	radar	was	much
less	advanced	than	theirs.	The	GL/EF	attachment	provided	bearing	and	elevation	measurements	accurate	to	about	a	degree:	this	caused	the	number	of	rounds	needed	to	destroy	an	aircraft	to	fall	to	4,100,	a	tenfold	improvement	over	early-war	results.	The	Mk.II,	which	was	able	to	directly	guide	the	guns,	lowered	the	rounds-per-kill	to	2,750.	About	410
Mk.Is	and	1,679	Mk.IIs	were	produced.	(Fullarticle...)Recently	featured:	Andrea	NavageroNosy	KombaMcDonnell	Douglas	Phantom	in	UK	serviceArchiveBy	emailMore	featured	articlesAboutLieke	Klaver	ahead	in	the	women's	400	metres	final...	that	a	400-metre	race	in	2025	(pictured)	was	won	by	Lieke	Klaver,	who	pretended	that	an	absent
competitor	was	running	in	front	of	her?...	that	the	land	snail	Drymaeus	poecilus	is	notable	for	the	striking	variety	of	colors	and	patterns	on	its	shell?...	that	a	forensic	investigation	of	Signalgate	has	determined	how	a	journalist	was	included	in	a	group	chat	about	Operation	Rough	Rider?...	that	two	of	the	players	involved	in	the	2005	Vietnamese	football
match-fixing	scandal	did	not	accept	payment	because	they	felt	ashamed?...	that	a	rebellion	against	a	peace	treaty	with	the	Yuan	dynasty	operated	out	of	the	Historic	Site	of	Anti-Mongolian	Struggle	on	Jeju	Island?...	that	Nathan	Frink	fled	the	United	States	with	enslaved	children	to	settle	in	Canada,	where	he	was	elected	as	a	Member	of	the	Legislative
Assembly	and	caught	in	a	smuggling	conspiracy?...	that	Seattle's	women's	ice	hockey	team	has	an	expected	rival,	despite	not	even	having	played	their	first	game?...	that	Cave	Johnson	Couts	was	separately	acquitted	for	shooting	his	foreman,	firing	on	funeral	mourners,	and	whipping	a	native	laborer	to	death?...	that	characters'	scars	in	an	episode	of
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convicted	of	heresy,	Joan	of	Arc	was	burned	at	the	stake	in	Rouen,	France.1723	Johann	Sebastian	Bach	(pictured)	assumed	the	office	of	Thomaskantor	in	Leipzig,	presenting	the	cantata	Die	Elenden	sollen	essen	in	St.Nicholas	Church.1922	The	Lincoln	Memorial	in	Washington,	D.C.,	featuring	a	sculpture	of	the	sixteenth	U.S.	president	Abraham
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adopted.Ma	Xifan	(d.947)Colin	Blythe	(b.1879)Norris	Bradbury	(b.1909)Wynonna	Judd	(b.1964)More	anniversaries:	May	29May	30May	31ArchiveBy	emailList	of	days	of	the	yearAboutSeventeen	performing	"Oh	My!"	in	2018South	Korean	boy	band	Seventeen	made	their	debut	on	May	26,	2015,	when	they	performed	a	showcase	for	their	debut	EP	17
Carat	in	front	of	a	crowd	of	1,000	people.	Since	then,	the	group	have	held	9	concert	tours,	13	fan	meetings,	and	have	performed	at	a	number	of	music	festivals	and	awards	shows.	Their	concert	tours	include	the	Right	Here	World	Tour,	which	sold	over	one	million	tickets,	and	the	Follow	Tour,	which	was	noted	by	Billboard	as	being	the	top	grossing	K-
pop	tour	of	2023.	In	2024,	Seventeen	made	their	first	appearances	at	festivals	in	Europe,	when	they	were	the	first	South	Korean	act	to	perform	at	Glastonbury	Festival's	Pyramid	Stage	and	as	headliners	for	Lollapalooza	Berlin.	Seventeen's	live	performances	are	well	regarded	by	fans	and	critics	alike,	and	garnered	them	the	award	for	Top	K-pop
Touring	Artist	at	the	2024	Billboard	Music	Awards.	(Fulllist...)Recently	featured:	Accolades	received	by	Top	Gun:	MaverickNational	preserve76th	Primetime	Emmy	AwardsArchiveMore	featured	listsIgnace	Tonen	(1840	or	1841	15	March	1916),	also	known	as	Nias	or	by	his	Ojibwe	name	Maiagizis	('right/correct	sun'),	was	a	Teme-Augama	Anishnabai
chief,	fur	trader,	and	gold	prospector	in	Upper	Canada.	He	was	a	prominent	employee	of	the	Hudson's	Bay	Company.	Tonen	was	the	elected	deputy	chief	before	being	the	lead	chief	and	later	the	life	chief	of	his	community.	In	his	role	as	deputy,	he	negotiated	with	the	Canadian	federal	government	and	the	Ontario	provincial	government,	advocating	for
his	community	to	receive	annual	financial	support	from	both.	His	attempts	to	secure	land	reserves	for	his	community	were	thwarted	by	the	Ontario	premier	Oliver	Mowat.	Tonen's	prospecting	triggered	a	1906	gold	rush	and	the	creation	of	Kerr	Addison	Mines	Ltd.,	although	one	of	his	claims	was	stolen	from	him	by	white	Canadian	prospectors.	This
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AsturianuAzrbaycancaBosanskiFryskGaeilgeGalegoHrvatskiKurdLatvieuLietuviNorsk	nynorskShqipSlovenina	Retrieved	from	"	2EP	by	Seventeen17	CaratEP	by	SeventeenReleasedMay29,2015(2015-05-29)GenreK-popdance-pophip	hopLength16:48LanguageKoreanLabelPledis	EntertainmentLOEN	EntertainmentSeventeen	chronology17
Carat(2015)Boys	Be(2015)Singles	from	17	Carat	"Adore	U"Released:	May	29,	201517	Carat	is	the	debut	extended	play	(EP)	by	South	Korean	boy	group	Seventeen.	It	was	released	on	May	29,	2015,	by	Pledis	Entertainment	and	distributed	by	LOEN	Entertainment.	"Adore	U"	serves	as	the	lead	single	for	the	EP.17	Carat	features	five	tracks	written,	co-
written,	and	co-produced	by	Seventeen's	group	members.	"Adore	U"	was	chosen	as	the	lead	single	for	the	EP	and	was	performed	on	multiple	music	shows	by	the	group.	"Shining	Diamond"	was	used	as	a	pre-single	on	the	group's	reality	debut	show.	The	group	stated	that	the	tracklist	was	chosen	to	reflect	Seventeen's	core	concept	of	"boys'	passion".[1]
The	album	has	two	physical	versions:	one	with	a	"black"	themed	photo	card	set,	and	the	other	with	a	"white"	themed	photo	card	set.	All	copies	include	a	CD	containing	the	songs	and	a	fold-up	poster/lyric	sheet."Adore	U"	is	the	lead	single	of	the	extended	play.	It	was	written	by	Woozi,	S.Coups,	and	Yeon	Dong-geon.[2]	The	Korea	Herald	states	"'Adore
U'	is	a	funky	pop	song	about	a	teenage	boy	trying	to	navigate	through	puppy	love."[3]	It	marks	the	beginning	of	the	group's	trilogy	composed	of	the	singles	Adore	U,	Mansae,	and	Pretty	U	about	a	boy	meeting,	falling	in	love	and	asking	out	a	girl.	The	track	was	composed	and	arranged	by	Woozi,	Bumzu,	and	Yeon	Dong-geon.	The	music	video	for	the
single	was	released	on	May	29,	2015,	and	was	directed	by	Dee	Shin.	The	dance	choreography	accompaniment	to	the	song	was	choreographed	by	Hoshi	and	focuses	on	"storytelling,	and	on	highlighting	each	member's	strengths	onstage".[4]	The	single	has	sold	more	than	38,000	digital	copies	and	peaked	at	number	13	on	the	Billboard	US	World
Chart.The	EP	has	sold	over	82,972	copies	in	South	Korea.[5]	It	peaked	at	number	4	on	the	Korean	Gaon	Album	Chart[6]	and	number	8	on	the	US	World	Billboard	Chart.[7]Year-end	listsCritic/publicationListRankRef.BillboardThe	10	Best	K-pop	Album	of	2015Placed[8]Hoshi	participated	in	the	choreography	of	"Adore	U"	and	"Shining	Diamond",	Dino
choreographed	"Jam	Jam".[9]Official	track	list[10]No.TitleLyricsMusicArrangementsLength1."Shining	Diamond"WooziVernonS.CoupsKim	Min-jeongWooziMasterKeyRishiMasterKeyRishi3:242.""Adore	U""	(;	Akkinda)WooziVernonS.CoupsBumzuWooziBumzuYeon	Dong-geonWooziBumzuYeon	Dong-geon3:073."Ah	Yeah"	(Hip-Hop	unit)S.
CoupsVernonWonwooMingyuCream	DoughnutRishiCream	DoughnutRishi3:294."Jam	Jam"	(Performance	unit	+	Vernon)WooziHoshiDinoVernonWooziCream	DoughnutCream	Doughnut3:255."20"	(Vocal	unit)WooziWooziWon	Yeong-heonWon	Yeong-heonDong	Ne-hyeong3:23Weekly	chart	performance	for	17	CaratChart	(2015-
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Carat:"2015	Album	Chart"."2016	12	Album	Chart"."2017	11	Album	Chart".^	"2015	Albums".	Gaon	Music	Chart.	Korea	Music	Content	Industry	Association.	Archived	from	the	original	on	September	10,	2016.	Retrieved	November	29,	2016.^	"June	27,	2015".	Billboard.	Retrieved	29	November	2016.^	Benjamin,	Jeff;	Oak,	Jessica	(December	12,	2015).
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News	(in	Japanese).	Archived	from	the	original	on	July	5,	2023.	Retrieved	February	18,	2024.^	"2015	27	Album	Chart".	Gaon	Chart	(in	Korean).	Archived	from	the	original	on	August	7,	2016.	Retrieved	February	18,	2024.^	"Seventeen	Chart	History	(World	Albums)".	Billboard.	Retrieved	February	17,	2024.^	"2015	Album	Chart".	Gaon	Chart	(in
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through	two	donor	atoms	are	called	bidentate	ligands.e.g.	1.	Ethylenediammine	binds	to	the	central	metal	atom	through	two	nitrogen	atoms.2.	Similarly,	Oxalate	ligand	`"C"_2"O"_4^{2}`	utilizes	electron	pair	on	each	of	its	negatively	charged	oxygen	atoms	on	linking	with	central	metal.shaalaa.comIs	there	an	error	in	this	question	or	solution?

What	is	a	ligand	give	an	example	of	a	bidentate	ligand.	Bidentate	ligand	example	list	class	12.	Bidentate	ligand	list.	Natural	ligand	example.	Bidentate	ligand	example.	Bidentate	ligand	def.	Bidentate	ligand
example	list	pdf.




