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ABSTRACT 

Osmium is a rare platinum-group metal with a long history of highly specialized applications. 

This review summarizes its discovery, classification as a precious metal, supply characteristics, 

market structure, physical and chemical properties, refining routes, inorganic chemistry, 

principal applications, toxicology, and emerging uses. 

INTRODUCTION 

Osmium occupies a distinctive position among the precious metals. It is generally recognized 

as the densest stable element, is produced in exceptionally small volumes among the platinum-

group metals and is unusually reactive for a noble metal because it can form highly toxic and 

volatile osmium tetroxide (OsO₄). These combined characteristics have historically confined 

osmium to specialized applications, but they also underpin a distinctive chemistry that remains 

important in catalysis, electron microscopy, medicine, and materials science. 

Osmium has been known since 1803, yet it remains comparatively unfamiliar even within the 

scientific and industrial community. Published reviews generally treat osmium as a subject of 

marginal interest within broader platinum-group metal (PGM) discussions, and reliable 

consolidated information on its properties, applications, and market characteristics remains 

scarce.  

This article reviews the discovery of osmium, its classification as a precious metal, primary 

production and market structure, physical and chemical properties, refining and recovery 

routes, key applications in catalysis and electron microscopy, safety and environmental 

considerations, and recent developments in jewellery, investment products, and anticancer 

research. 

HISTORY 

Osmium (Os, atomic number 76) was discovered in 1803 by the English chemist Smithson 

Tennant during his investigation of crude platinum ore imported from South America, 

principally alluvial material from present-day Colombia. When such ores were treated with 

aqua regia (a mixture of nitric acid and hydrochloric acid), platinum and several associated 

metals dissolved, but a black insoluble residue remained. This residue is now understood to 

have contained platinum-group mineral phases, including osmium- and iridium-rich alloys 

such as osmiridium and iridosmine, as well as ruthenium-bearing PGM phases. By working up 

the alkali fusion of the residue, Tennant identified two previously unknown elements: iridium, 

named for the vivid colours of its salts, and osmium, named from the Greek osme (“smell”) 
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after the pungent volatile oxide formed during its oxidation. He formally reported both 

discoveries in 1804 in the Philosophical Transactions of the Royal Society of London, 

establishing osmium and iridium as new chemical elements.1 

One of the earliest widespread applications of osmium in the late 19th century was its use for 

pen nib tipping as osmiridium (which often was simply called iridium, although it contained 

osmium, too); that alloy offered an exceptional wear resistance. Another short-lived but 

important application was the light-bulb filament alloy of osmium and tungsten (Wolfram in 

German) that gave the OSRAM company its name. While osmium has persisted in several 

niche applications for 150 years, it is now attracting renewed interest.2 

OSMIUM AS A PRECIOUS METAL 

The late transition metals include the conventionally recognized precious metals, with 

ruthenium (Ru, 44), rhodium (Rh, 45), palladium (Pd, 46), and silver (Ag, 47) in the fifth 

period, beneath which lie osmium (Os, 76), iridium (Ir, 77), platinum (Pt, 78), and gold (Au, 

79) in the sixth period. 

 

Although its position in the periodic table supports osmium’s classification among the precious 

metals, it has historically not always been treated as such in commercial practice. Several 

factors help explain this distinction: 

• There has been no established investment market for osmium, and no widely accepted 

reference price comparable to the London Bullion Market Association spot prices for 

gold, silver, platinum, and palladium, or the Johnson Matthey reference prices for 

iridium, rhodium, and ruthenium. 

• Osmium is less chemically inert than the other precious metals and can oxidize to form 

highly toxic, volatile OsO₄ (osmium sponge already at room temperature, bulk osmium 

above 400°C), the pungent oxide first observed by Tennant and origin of the element’s 

name. 
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• Industrial uses have historically been very limited, and decorative or jewellery applications 

were, until recently, almost non-existent. 

Accordingly, formal recognition of osmium as a precious metal was historically uncommon, 

though not entirely absent: 

• Under the Harmonized System administered by the World Customs Organization, osmium 

is classified under HS Code 7110 (“Platinum, unwrought or in semi-manufactured forms, 

or in powder form”). 

• Russian Federal Law No. 41-FZ (1998) on precious metals and precious stones explicitly 

recognizes osmium as a precious metal. 

• Under regulations issued by the U.S. Department of the Treasury implementing the Bank 

Secrecy Act and USA PATRIOT Act anti-money-laundering provisions for dealers in 

precious metals, osmium is explicitly included in the regulatory definition of a “precious 

metal” since 2005.3   

A significant step towards broader international recognition came in 2025, when the 

International Organization for Standardization (ISO) published ISO 19376-1 standard defining 

precious metals as “gold, silver, platinum, palladium, rhodium, iridium, ruthenium, and 

osmium”.4 

Osmium is therefore clearly a precious metal in chemical and several regulatory classifications, 

even though it lacks the transparent pricing, liquidity, and standardized bullion market 

associated with the seven other precious metals. 

CONCENTRATION IN EARTH’S CRUST AND MINING 

Osmium is among the rarest naturally occurring elements in Earth’s crust, with an average 

abundance of approximately 1.5 ppb (parts per billion), equivalent to about 1.5 mg per tonne 

of rock.5 It is roughly three times rarer than platinum and of similar or slightly lower abundance 

than the other scarce platinum-group metals (PGMs) such as iridium, ruthenium, and rhodium. 

No economically significant primary osmium deposits are known; consequently, the metal is 

produced exclusively as a by-product of other mining operations. In nature, osmium occurs 

mainly in trace quantities within PGM sulphide ores or in alloys such as osmiridium and 

iridosmine, natural alloys composed primarily of osmium and iridium. Historically, small 

quantities were recovered from alluvial platinum sands and placer deposits in the Ural 

Mountains, Tasmania, northern California/southern Oregon, and the Chocó region of 

Colombia, where the relative osmium-to-iridium ratios varied characteristically by geographic 

source. Today, most osmium supply originates indirectly from large-scale platinum and 

palladium mining in South Africa, followed by Russia and Canada, as well as from nickel 

operations such as those in Ontario, where trace PGM contents become recoverable because of 

the vast tonnages processed. 

Despite its geological rarity, osmium is also the least-produced member of the PGM family. 

This reflects not only its very low concentration in ores, but also the technical and economic 

challenges associated with its recovery. During metallurgical processing, osmium is readily 

oxidized to volatile and highly toxic OsO₄, creating both metal losses and significant handling 
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hazards. Commercial demand and market value have historically been lower than for platinum, 

palladium, rhodium, or iridium, reducing incentives for dedicated recovery. Reliable 

production statistics remain scarce, but global primary output is generally the smallest of all 

precious metals, and is mainly linked to broader platinum, palladium, and nickel production 

cycles rather than to direct osmium demand. 

 

Figure 1 – Photomicrograph of natural osmiridium sample. Photograph courtesy of L. A. Britton. 

MARKET STRUCTURE: SUPPLY, PRICE, AND DEMAND 

Primary Supply 

Owing to processing complexity and limited end-uses, neither osmium supply nor worldwide 

demand can be characterized with complete certainty. Information gathered by the 

International Platinum Group Metals Association (IPA), following a survey of parts of its 

membership, indicates that in South African PGM processing circuits, osmium is generally 

treated as an impurity rather than as a target product. Consequently, a significant proportion 

may be lost before final precious metal refining. Losses are understood to occur during base-

metal refining, where osmium can report to waste or intermediate streams rather than being 

recovered as a saleable product. Potential loss pathways include selenium–tellurium residues 

sent for further specialist treatment, final alkaline leaching, and volatilization during 

concentrate drying before transfer to the precious metals refinery. 

Substantial above-ground inventories of unprocessed or partially processed osmium-bearing 

materials may be held at mine sites. These materials appear to be retained pending technical, 

commercial, or market conditions that would justify further processing and release into the 

market. 

Global annual demand for osmium is not reported in a comprehensive public statistical series. 

Based on confidential discussions with key market participants, the authors estimate current 

annual demand at approximately 1.5 tonnes, with South Africa accounting for roughly 85% of 

primary supply (and smaller contributions from Russia and Canada). On this basis, osmium 
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represents the smallest precious metal market by volume (compared to an annual iridium 

demand estimated at approximately 7 metric tonnes). 

Because osmium is not generally reported separately in customs statistics and is often grouped 

with iridium and ruthenium, all supply, demand, and end-use estimates should be treated as 

indicative rather than definitive. 

Market Pricing 

Several major precious metal companies, including Heraeus, Johnson Matthey, and 

Engelhard/BASF, used to publish osmium reference prices. Owing to the very small size of the 

market, limited industrial applications, and low trading liquidity, independently verifiable 

public price information is now difficult to obtain. In practice, osmium pricing is determined 

primarily on a transaction-by-transaction basis between market participants. Based on 

information compiled by SFA Oxford, osmium prices in 2025 appear to range between 

approximately US $400 and US $450 per troy ounce.6 

 

Figure 2 – Indicative osmium sponge price, 2019–2025. Source: SFA Oxford analysis based on 

TradeDataPro. 

Demand 

Approximately two-thirds of annual osmium demand is consumed in the industrial applications 

described in this article. Established uses such as scanning electron microscopy sample 

preparation are characterized by stable, recurrent demand, whereas newer applications, 

predominantly in osmium chemistry, appear to show moderate growth. 

A modest collector market for osmium also exists. According to SMT Metalle Wimmer, a 

European trader of rare metals, there is a regular demand from element collectors, often with 

scientific or academic interests, who seek osmium to add to element collections. In addition, a 

growing community of hobbyist metallurgists has been experimenting with safe methods to 

consolidate osmium sponge or powder into beads and other forms.  
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To date, the investment market for osmium has remained limited, partly because of subdued 

price appreciation but primarily due to the absence of sustained end-market demand. Growth 

in emerging applications, including chemical synthesis and jewellery, could potentially alter 

this situation; however, any such effect might be partially offset by conversion and release of 

above-ground inventories held at mine sites. In addition, products such as osmium crystals 

cannot readily be converted back into sponge or powder form; such reconversion would be 

technically complex and costly, and private investors would be unlikely to recover the 

fabrication premiums paid over the intrinsic metal value. 

TECHNOLOGY 

Unlike platinum or palladium, osmium has never achieved widespread industrial use as a bulk 

material. Its importance is instead concentrated in highly specialized applications where its 

unique chemical properties justify its scarcity, cost, and associated hazards.  

Over the past century, osmium chemistry has become established in two major scientific 

domains: 

• selective oxidation catalysis. 

• transmission electron microscopy. 

Over the past decade, osmium has attracted niche interest as a collectible sample, jewellery 

material and marketed investment product. 

FUNDAMENTAL PHYSICAL AND ELECTRONIC PROPERTIES 

Osmium is a 5d transition metal with electron configuration [Xe]4f¹⁴5d⁶ 6s² and crystallizes in 

a hexagonal close-packed (hcp) structure under ambient conditions. It is a hard, bluish-grey 

metal with a Mohs hardness of approximately 7, sufficient to scratch glass. The element is best 

known for its exceptional atomic packing and metallic bonding, which give rise to a density of 

approximately 22.6 g·cm⁻³ – making it the densest stable element – and an unusually high 

melting point of 3033 °C, the highest among the precious metals.7 Osmium also exhibits very 

low vapor pressure and an exceptionally high bulk modulus reported in some studies to 

approach that of diamond.  

REFINING AND METALLURGICAL RECOVERY 

Industrially, osmium is recovered exclusively during the refining of platinum, palladium, and 

nickel concentrates, where it is typically removed at an early stage of the process together with 

ruthenium. After dissolution of the sulphide feed, osmium is selectively oxidized to volatile 

OsO₄ using strong oxidants such as sodium chlorate, sodium bromate, chlorine gas, or nitric 

acid. Dry circuits may employ ozone or oxygen at elevated temperature. Because OsO₄ is 

highly volatile, it can be separated from the main metal-bearing liquor by distillation or gas 

stripping and captured in dedicated scrubbers or absorption traps containing hydrochloric or 

hydrobromic acid or an alkaline solution. The absorbed osmium is then converted into stable 

chlorocomplexes, commonly precipitated as ammonium hexachloroosmate(IV), purified by 

washing, and finally reduced under hydrogen at elevated temperature to yield metallic osmium 

sponge. 
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The separation of osmium from ruthenium requires careful control of oxidation potential, 

acidity, and temperature, since both metals form volatile tetroxides under similar conditions. 

Selective nitric acid oxidation has historically been used because osmium oxidizes more readily 

than ruthenium under moderate conditions. Alternative hydrometallurgical routes, including 

peroxide–sulfuric acid systems or alkaline alcohol traps followed by chemical reduction, have 

also been described. Regardless of the specific flowsheet, osmium refining remains one of the 

most technically demanding stages of precious metal metallurgy owing to the need for 

quantitative recovery, prevention of toxic OsO₄ emissions, and minimization of losses from 

one of the rarest and lowest-volume precious metals. 

An additional refining route described in patents associated with Colonial Metals employs 

ozone as a powerful oxidizing agent for volatilization and separation of ruthenium and 

osmium.8 In this approach, ozone promotes the conversion of osmium to volatile OsO₄ under 

controlled conditions, enabling rapid removal from mixed precious metal streams without 

relying solely on conventional chlorate- or bromate-based oxidants. The resulting tetroxide can 

then be captured in suitable absorption systems and converted through established downstream 

steps to purified osmium compounds or metallic sponge. Ozone-based processing has been 

described as an alternative oxidation route which may offer high oxidation efficiency, cleaner 

reagent profiles, and improved process control in specialized refining circuits. 

 

Figure 3 – Osmium sponge atop an osmium sputtering target made by hot isostatic pressing with gold 

as a contrast to colour. Photograph courtesy of L. A. Britton. 

OXIDATION STATES AND INORGANIC CHEMISTRY 

Osmium displays one of the widest, if not the widest, oxidation-state ranges among the 

transition metals, extending from 0 to +8. Low-valent osmium complexes, typically involving 

neutral carbonyl ligands, are common in organometallic chemistry, whilst Os(II), Os(III), and 

Os(IV) dominate coordination chemistry. Easily accessible high-valent compounds are rare 
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among transition metals; osmium and ruthenium are both notable in this regard. This redox 

flexibility is central to osmium’s catalytic behaviour and distinguishes it from its lighter 

congeners in Group 8. 

OSMIUM TETROXIDE: STRUCTURE AND REACTIVITY 

Osmium tetroxide (OsO₄) is the most chemically and practically significant osmium 

compound.9,10 Readily accessible from the metal and from most osmium compounds, it is a 

molecular, tetrahedral oxide in which osmium is in the +8 oxidation state.11 OsO₄ is highly 

volatile and intensely toxic, with a suffocating odour often compared with ozone, yet it is also 

one of the most selective and powerful oxidants known.9,12 Its ability to undergo concerted 

[3+2] cycloaddition reactions with carbon–carbon double bonds underlies its importance in 

both organic synthesis and biological staining.13,14,15 The compound’s ease of reduction and its 

interaction with unsaturated bonds account for much of its hazard to living organisms: it reacts 

with cell membranes and is particularly damaging to the lungs and eyes. A warning symptom 

of osmium exposure at trace levels is the appearance of visual halos, attributed to deposition 

of reduction products at the corneal surface.12,16 

Freshly distilled osmium tetroxide is a colorless liquid that crystallizes at approximately 40 °C 

and gradually develops a pale-yellow color on exposure to light. It is moderately soluble in 

water, forming aqueous solutions historically referred to as “osmic acid”, but considerably 

more soluble in hexane and other fully saturated hydrocarbons, as well as in inert chlorinated 

solvents such as carbon tetrachloride. 

 

Figure 4 – Osmium tetroxide. Photograph courtesy of Colonial Metals Inc. 

Because OsO₄ formation can occur under mild conditions, finely divided osmium metal must 

be handled with great caution. Spontaneous oxidation has been reported for osmium sponge 

and may depend on calcination conditions, surface area, and residual occluded hydrogen from 
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the refining process. Bulk metallic osmium will burn in oxygen or ozone at red heat to form 

appreciable quantities of OsO₄. Osmium tetroxide solutions in hexane, or vapours in air, may 

be quenched or deactivated with corn oil or other lipids rich in unsaturated double bonds.17 

OsO₄ has found specialized clinical use as a dilute aqueous solution injected intra-articularly 

in the treatment of persistent synovitis in rheumatoid arthritis, where it ablates damaged 

synovial tissue (osmium synovectomy). 18 , 19  Unlike ruthenium tetroxide, OsO₄ does not 

spontaneously disproportionate back to the elements during distillation under normal 

conditions.20 It dissolves quantitatively in aqueous alkali to form the corresponding alkali 

perosmate and osmate upon reduction.21 

OSMIUM IN HOMOGENEOUS CATALYSIS 

Alkene dihydroxylation  

The most important catalytic application of osmium in organic synthesis is alkene 

dihydroxylation. In this reaction, OsO₄ adds across a carbon–carbon double bond to form a 

cyclic osmate ester, which is subsequently hydrolysed to give a vicinal diol.  

 

 

Scheme 1 – Alkene dihydroxylation 

For practical and safety reasons, OsO₄ is now typically used catalytically and regenerated in 

situ by terminal oxidants such as N-methyl­morpholine N-oxide (NMO), potassium 

ferricyanide, or hydrogen peroxide. These advances greatly reduced osmium consumption and 

significantly broadened the synthetic utility of the process. The Sharpless asymmetric 

dihydroxylation remains a landmark in enantioselective catalysis and a cornerstone of modern 

synthetic methodology.22 
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Scheme 2 – Sharpless asymmetric dihydroxylation mechanism 

Osmium-mediated oxidations are valued for their high chemoselectivity and controlled 

reactivity, often minimizing over-oxidation. Continued input from process chemistry, together 

with growing demands for safer, more sustainable, and cost-efficient methods, has led to 

improved catalytic systems and safer operating protocols.23 

Beyond dihydroxylation, osmium exhibits a broader catalytic repertoire: 

Oxidative Cleavage of Olefins and Diols 

 

Scheme 3 – Oxidative cleavage of alkenes 

 

Scheme 4 – Oxidative cleavage of vicinal diols 

Catalytic osmium systems combined with stoichiometric co-oxidants such as periodate or 

Oxone can convert alkenes into aldehydes, ketones, or carboxylic acids via dihydroxylation 

followed by C–C bond cleavage. These methods are often considered practical alternatives to 

ozonolysis for sensitive substrates.24 
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Scheme 5 – Sharpless Aminohydroxylation 

Osmium catalysts enable the simultaneous introduction of amino and hydroxyl groups across 

carbon–carbon double bonds, providing direct access to vicinal amino alcohols – valuable 

motifs in pharmaceuticals and natural product synthesis. This chemistry is best known 

through the Sharpless aminohydroxylation and related imido-osmium methodologies.25,26 

Oxyamination and Diamination Reactions 

 

Scheme 6 – Oxyamination 

 

Scheme 7 – Diamination 

Closely related high-valent imido-osmium intermediates can promote diamination or 

oxyamination of alkenes, enabling rapid assembly of densely functionalized nitrogen-

containing products. Although less broadly adopted than dihydroxylation, these reactions 

demonstrate the versatility of osmium-mediated nitrene chemistry.25,27 

Transfer Hydrogenation and Borrowing-Hydrogen Catalysis 

 

Scheme 8 – Transfer hydrogenation 
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Scheme 9 – Alcohol dehydrogenation 

 

Scheme 10 – Borrowing-hydrogen C-N formation 

 

Scheme 11 – Borrowing-hydrogen C-C formation 

Organometallic osmium complexes have been investigated in reversible hydrogen transfer 

chemistry, including transfer hydrogenation of ketones, alcohol dehydrogenation, and 

borrowing-hydrogen C–C/C–N bond-forming processes. Whilst ruthenium and iridium 

dominate this field industrially, osmium has shown mechanistically valuable and sometimes 

highly selective reactivity.28,29,30 

Olefin Isomerization and Hydrogenation 

 

Scheme 12 – Olefin isomerization 

 

Scheme 13 – Olefin hydrogenation 
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Low-valent osmium hydride and carbonyl complexes can catalyse alkene migration, selective 

isomerization, and in some cases hydrogenation. These transformations exploit the robust 

hydride chemistry and accessible oxidation states of osmium.30,31 

C–H Functionalization and Cyclisation Chemistry 

 

Scheme 14 – C-H functionalization 

 

Scheme 15 – Annulation - cyclisation 

More recent studies have explored osmium complexes in C–H activation, annulation, and 

cyclisation reactions. Although this area remains niche compared with rhodium, iridium, or 

ruthenium catalysis, it illustrates that osmium can participate in modern bond-forming catalysis 

beyond classical oxidation chemistry.32,33 

Although alkene dihydroxylation remains the defining reaction of osmium in organic 

chemistry, the metal exhibits a much broader reactivity profile encompassing nitrene transfer, 

oxidative cleavage, hydrogen transfer, olefin rearrangement, and emerging C–H 

functionalization chemistry. This combination of powerful redox behavior and rich 

organometallic reactivity suggests that osmium remains underutilized relative to its lighter 

Group 8 analogue, ruthenium. 

OSMIUM IN ELECTRON MICROSCOPY 

Osmium tetroxide is widely used in transmission electron microscopy (TEM), particularly for 

biological samples, given its convenient preparation as a solution in hexane or water. Its high 

atomic number provides strong electron scattering, whilst its selective reaction with 

unsaturated lipids stabilizes cellular membranes. Osmium fixation and staining enable high-

contrast imaging of membranes, vesicles, and organelles at nanometre resolution. 

Chemical Basis of Osmium Staining 

The staining action of OsO₄ arises primarily from addition to carbon–carbon double bonds in 

unsaturated lipid chains, followed by reduction to electron-dense osmium species. The 

resulting osmium-containing adducts are electron-dense and resistant to extraction, providing 

both fixation and contrast. This dual functionality distinguishes osmium from alternative 

heavy-metal stains such as uranyl acetate or lead citrate. The primary reduction product of 

OsO₄ on biological tissue is osmium dioxide rather than metallic osmium. Osmium tetroxide 
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was formerly employed in the development of latent fingerprints: where skin lipids were 

present, exposure to OsO₄ vapor produced a readily visible black stain.34 

SAFETY, TOXICOLOGY, AND ENVIRONMENTAL CONSIDERATIONS 

Most hazards and regulatory concerns associated with osmium arise from OsO₄. This 

compound is highly toxic and presents severe risks to human health, particularly through 

inhalation and eye exposure; even low concentrations may cause pulmonary injury, irritation, 

and characteristic corneal damage.35,36 Its handling therefore requires rigorous engineering 

controls, closed-system operation where possible, appropriate personal protective equipment, 

and carefully defined operating procedures.36,37 

Although the environmental behavior, persistence, and bioaccumulation potential of osmium 

species remain insufficiently characterized, releases of OsO₄ and related compounds are subject 

to stringent regulatory control, and contemporary practice emphasizes catalytic use, microscale 

handling, waste segregation, and minimization of emissions.37,38 In the United States, OsO₄ 

appears in the EPA List of Lists, is subject to reporting under EPCRA Section 313 (Toxic 

Release Inventory), and discarded commercial chemical products containing the substance may 

be regulated under RCRA acute hazardous waste code P087, with associated storage, handling, 

and disposal obligations where applicable.38,39 

Because of its extreme toxicity, OsO₄ has periodically been cited in security literature and in 

the news as a potential chemical threat agent; however, assessments generally note that its 

scarcity, volatility, corrosivity, and handling difficulties greatly limit its practicality for large-

scale malicious use.40 

JEWELLERY, SOCIAL MEDIA, AND OSMIUM AS AN INVESTMENT 

Osmium is among the most challenging metals to process and fabricate. Although it possesses 

an attractive blue-grey lustre and high hardness, its exceptionally high melting point, stringent 

health and safety requirements, and historically limited availability have prevented broader use 

in jewellery and investment applications. Conventional investment casting is not feasible for 

osmium, and the production of complex geometries is generally restricted to electric discharge 

machining (EDM) and/or powder-metallurgical routes. Because osmium can oxidize to OsO₄ 

under certain processing conditions, machining and polishing operations require rigorous 

control measures. 

According to a personal communication received by the authors, a notable early example of 

osmium fabrication occurred in the early 1980s, when osmium and iridium castings were 

produced by electron beam melting (EBM) at Engelhard and subsequently manufactured into 

simple wedding-band-style rings. These items may represent the earliest documented use of 

osmium in jewellery. 

Most osmium available to consumers today is either in the form of arc-melted buttons 

(Figure 5, shown in comparison with platinum) or as sintered or hot-isostatically-pressed (HIP) 

products such as sputtering targets. Osmium, in addition to being hard, is also brittle: jewellery 

and crystal specimens fabricated from the pure metal may fracture on relatively low-energy 

impacts or accidental drops from as little as waist height. 
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Figure 5 – Arc-melted osmium button on top of platinum buttons for color comparison. Photograph 

courtesy of L. A. Britton 

Investment-Grade Osmium 

In recent years, spark-plasma-sintered and other powder-metallurgical osmium products 

(Figure 6) have been produced in China (distributed via Luciteria), the USA (Rare World 

Metals Mint), and Austria (SMT Metalle Wimmer) and sold as bullion items ranging from 1 g 

up to 1 kg. 

 

Figure 6 – Osmium ingots (front) and iridium ingots (back). Photograph courtesy of A. Wimmer 

Unlike gold, silver, and platinum, fabricated osmium investment products typically carry very 

high manufacturing premiums above the intrinsic value of the raw metal, comparable to 

manufactured products of iridium, ruthenium or rhodium as complex powder metallurgy and 

EDM is needed for production. Whereas bullion products for the more established precious 

metals are commonly traded with relatively modest fabrication spreads, osmium bars, discs, 

and decorative pieces may be sold at premiums of 200–300 % relative to the notional value of 

the more readily traded sponge or crude metallic form. These elevated mark-ups reflect the 
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technical difficulty of fabrication, low production scale, niche distribution channels, and 

marketing factors rather than broad industrial demand or deep market liquidity. 

Such products are frequently promoted through direct-sales networks, specialist dealers, and 

social-media advertising, where emphasis is often placed on rarity, aesthetics, and the potential 

for price appreciation. The secondary market for osmium remains comparatively illiquid and 

underdeveloped. In contrast to other precious metal bullion products, where transparent spot 

pricing, recognized standards, and numerous buy-back channels exist, resale opportunities for 

fabricated osmium products are limited and depend on finding a willing niche buyer. 

Consequently, realized resale values are often substantially below the original retail purchase 

price, with fabrication premiums seldom recoverable. 

Crystalline Osmium 

A distinct commercial niche has emerged for crystalline osmium produced by chemical vapor 

transport (CVT). Over recent decades, CVT methods for selected precious metals – most 

notably osmium, ruthenium, gold, and platinum – have gained commercial relevance as routes 

to exceptionally high-purity crystalline materials. The underlying principles were described in 

the 1960s by Harald Schäfer in “Chemical Transport Reactions”.41 In the case of osmium, 

crystalline material is obtained through decomposition and disproportionation of volatile 

osmium chloride species (commonly described as OsCl₄-derived vapours) on a heated 

substrate, typically quartz. The process requires osmium sponge as feedstock, controlled 

chlorine partial pressure, sealed ampoules, tube furnaces, and extended processing times. 

The method was revived commercially in 2005 by Ivan Timokhin, a chemist and element 

collector who reported the preparation of large osmium crystal aggregates of exceptional purity 

(>99.9995 wt %). Timokhin and partners subsequently founded Cristalworks in Switzerland, 

to manufacture crystalline osmium materials. Among its notable applications was supply of 

osmium used in the Hublot Osmium Firmament Tourbillon, regarded as one of the first watches 

to incorporate crystalline osmium as a visible dial material. The company specialized in two-

dimensional polycrystalline mats that could be sectioned by EDM and incorporated as inserts 

in jewellery and fine horology. 

Crystalline osmium has been actively marketed as a luxury and collectible material, with retail 

prices that bear little relationship to any established market value for osmium metal. Published 

retail quotations for crystalline osmium from commercial distributors were approximately US 

$ 2’560/g in May 2026; however, these quotations should not be interpreted as independently 

verified secondary-market prices. Whereas osmium metal or less-processed osmium material 

has been available through alternative channels at materially lower levels, ranging from 

approximately US $ 350 to US $ 460 per ounce, depending on product form, purity, quantity, 

and seller. Critically, crystalline osmium currently has no recognized secondary market: there 

is no transparent, liquid mechanism by which retail purchasers can resell such material at, or 

near, the price originally paid. The substantial premiums commanded by crystalline osmium 

products could therefore be explained by fabrication complexity, limited production scale, 

certification costs, reseller margins, branding, and the dynamics of a highly specialized niche 

market — rather than any independently verifiable or realizable asset value. 
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OSMIUM IN SOCIAL MEDIA 

A further development is the emergence of osmium as a subject of active engagement by retail 

investors and hobbyists on social media platforms. Reddit hosts a dedicated community 

(r/wallstreetosmium) established in 2021, with several thousand participants. The emergence 

of such an online community illustrates growing retail and hobbyist interest, but such activity 

should not be confused with transparent industrial demand or institutional market liquidity. 

FUTURE DIRECTIONS 

Osmium is likely to remain a low-volume, high-specialization precious metal. Its future 

industrial relevance will probably continue to depend less on bulk metallic applications than 

on the unique reactivity of OsO₄ and selected osmium complexes. Advances in safer catalytic 

methodologies, electron microscopy techniques, metallurgical recovery processes, and 

preclinical medicinal chemistry (including for anti-cancer chemotherapy) 42  may support 

incremental growth. However, the absence of transparent pricing, limited secondary-market 

liquidity, and the hazards associated with volatile osmium compounds will continue to 

constrain broader adoption. 
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