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Abstract

Iridium is very important element among the all transition metals with highest reported oxidation state i.e. +9 in gas phase existing
species IrO4*. Instead of its less reactivity, it forms number of compounds having oxidation states between -3 to +9. It is second known
densest element after osmium. Till now itstoxicity and environmental impact is not much morereported and thusit may be use as green
element in various fields of its application. Reason behinds it’s less toxicity and environmental impact may be due to its less reactivity
and solubility. Corrosion and heat resistant properties of Iridium makes it much more useful element for alloying purpose. Iridium is
the member of platinum family and used as catalyst due to its variable oxidation states. Iridium(l11) complexes show great catalytic
activity in both the acidic and basic medium for various or ganic as well as inorganic chemical transformations. Catalyst may be defined
as the substance which can increases the rate of reaction of a specific chemical reaction without changing its own composition. Iridium is
only one reported catalyst which is able to captur e the sunlight and convert it into the chemical energy. Thus, it may be used in artificial
photosynthesis process to solve our future food problem. Instead of these advantage, Iridium chemistry and its catalytic activity is not
much reviewed till date, therefore, present review includes a brief introduction about chemistry and catalytic application of Iridium,
which proof itself a boon for beginnersto start their research career in thefield of Iridium chemistry.
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INTRODUCTION

Iridium (Ir) is one of most important rare element among nine rarest elements [i.e. Ruthenium (Ru), Rhodium (Rh), Palladium
(Pd), Tellurium (Te), Rhenium (Re), Osmium (Os), Iridium (Ir), Platinum (Pt) and Gold (Au)] present in the Earth’s crust. It
usualy occurs in nature as an uncombined element or in natural aloys, i.e. especially the osmium-iridium aloys, osmiridium
(osmium rich) and iridosmium (iridium rich). Noble metals include the transition metals of Platinum family i.e. element of VIIIB
groups namely Iron, Cobalt, Nickel, Ruthenium, Rhodium, Palladium, Osmium, Iridium and Platinum. Noble metals means less
reactive elements, in fact, iridium is the most corrosion resistant metal known. Natural sources of Iridium are mainly found in
Canada, South Africa, Russia and State of Alaska. Smithson Tennant (1761-1815) discovered the Iridium (in 1803), and named it
Iridium (based on the name of Greek Goddess ‘Iris’, which symbol is a ‘Rainbow’). Tennant choose this mainly due to various
colours of Iridium compounds like Iridium potassium chloride (K2IrClg) is dark red, Iridium tri-bromide (IrBrs) is olive-green and
Iridium tri-chloride (IrCls) is dark-green to blue-black [1]. Catalytic chemistry of Iridium started in 1960 by Lauri Vaska [2]
[Vaska L (1968) Accounts Chem Res 1:335] with his studies on IrCl(CO)(PPhs), complex, later on it is known as “Vaska’s
complex. This was the first study that gives a major and different role to Iridium for Organometallic chemists to understand the
oxidative addition, a fundamental step in homogeneous catalysis. Wang et al. (2014) reported an iridium containing compound
(iridium tetraoxide cation; 1rO4*) in gas phase [3]. This is highest experimentally known formal oxidation state of any chemical
speciestill date. Present review mainly explores the basic chemistry of Iridium and its applications.

IRIDIUM CHEMISTRY

Iridium is one the most important element of the platinum group elements. It has an electronic configuration of
1522572p°3s?3pf3d°45?4p54d195s?5p55d76<%. It has widest range of oxidation states i.e. -3 to +9 among the all transition metals.
With this unique electronic configuration iridium shows various unique properties, that explores it broad area applications i.e.
industrial, medical and catalysis [4,5,6,7]. Key process in photosynthesis is the photolysis of water means breaking of water
molecules in hydrogen and oxygen [8,9]. Sheehan et a. (2015) reported the iridium as an effective molecular catalyst for water
oxidation [1Q]. Thus, iridium becomes a most promising catalyst to solve food crisis (via catalyzing artificial photosynthesis) and
energy problem (via production of hydrogen as aternating source of energy). A brief summary of iridium chemistry is shown
below in diagrammatic scheme-1.
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Iridium (second densest element) isa very hard, brittle and silvery-white transition metal. It isknown asthe most corrosion
resistant metal even at temperature as high as 2000°C

Duetoitswidest range of oxidation states (from -3 to +9) and

itsunique chemical and physical propertiesit showswonderful catalytic properties.

Scheme-1: A breif summary of Iridium Chemistry

APPLICATIONSOF IRIDIUM

Iridium and its complexes have wide range of application in various field of science. Catalysis is one most important application
field of Iridium and its complexes i.e. catalyzed tritium labeling process for targeted drug design, catalyzed various organic
reactions including hydrogenation, hydrogen-transfer reactions, functionalisation of C-H bonds, alylic substitution, 1,3-dipolar
cycloadditions, catalyzed fine chemical synthesis, etc. Other applications of iridium and its complexes includes (i) used as
anticancer agent, (ii) used in energy production, (iii) used in electrical and electrochemical processes and (iv) used for fixation of
atmospheric carbon dioxide (CO.) in useful products [5,6,10,11,12]. Scheme-2 includes brief information about various
applications of iridium and iridium-based complexes.
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Scheme-2: Various applications of Iridium and its complexes
CATALYSISBY IRIDIUM
Iridium has been reported as a versatile catalyst to catalyze various chemical reactions in both the acidic and basic medium
[13,14]. Iridium and its complexes have been used as homogeneous catal yst, nano-catal yst and bio-catal yst.

Iridium as homogeneous catalyst
Iridium is a good homogeneous catalyst and has a wide range of applications [6,7] which is summarized in Scheme-3 given
bel ow:
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Scheme-3: Variousfields of applications of Iridium as homogeneous catalyst

www.greenchemistry.in 208



Green Chemistry & Technology Letters
Vol 2, No 4, December 2016, pg. 206-210
elSSN: 2455-3611, Dol: 10.18510/gctl.2016.247
GIAP Journals

Iridium as nano-catalyst

Transition metal nanoparticles with controlled diameter, size, and shape show better efficiency of catalysis to catalyze various
chemical reactions in comparison to bulk materials. Recent reporting on catal ytic applications of iridium nanoparticles exploresits
important in the field of nanocatalysis[7].

Bayram et al. (2010) reported the complete hydrogenation of benzene at room temperature and mild pressure by using zero-valent
iridium nanoparticles [15].

1r(0) nanoparticles

Room temperature
Mild Pressure

Rueping et al. (2011) reported the synthesis of stabilizer free iridium coated carbon nano-tubes (Ir@CNT) and their catalytic
applications in hydrogenation of N-heterocyclic compounds [16].

Iridium coated
m carbon nanotubes ©\/j\
N 60°C, 2.25h, N
H

190 bar H, &
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Iridium as bio-catalyst
Catalytic activity of iridium and its complexes also makes them an attractive bio-catalyst which can catalyze some specific

biological reactions [5,17,18]. Some of them illustrated bel ow:

Amination
CH,OHCH,CH,OH » CH,NH,CH,CH,NH,
. Cp*Ir ashydride
1,3 Propanediol transfer catalyst 1,3-Propanediamine

produced by C.butyricum
grown on glycerol
Reduction with formate
NAD™* » NADH
Ir'"" Cp* Complex

Environmental I mpact of Iridium

There is no more reporting till date about any health benefits or risks associated with iridium and its complexes on human beings
aswell as on the environments.

CONCLUSION

Iridium and its complexes have a wide range catalytic activity to catalyze number of organic and inorganic transformations. It is
most promising metal as bio-catalyst, catalyst for artificial photosynthesis and catalyst for water oxidation for hydrogen
production in near future. Present review highlights the fundamentals of iridium chemistry and explores its applicationsin various
dimensions and inspiring the further research to extend the iridium chemistry.
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