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 The main function of red blood cell is -

Transfer of O2 from lungs to tissue.                       

Transfer of CO2 from tissue to lungs.

 To accomplish this function red cells has Oxygen 
carriers. 



 All aerobic forms of life depends on Oxygen Carriers.

 The transport and storage of Oxygen is extremely important physiological 

function and this is done by oxygen carriers.

 Various types of oxygen carriers occurring in living systems are -

Oxygen
carriers

Found in Metal Present Function

Hemoglobin 
(Hb)

All Mammals Fe(II) Carrier

Hemerythrin 
(Hr)

Various marine 
invertebrates

Fe(III) Carrier

Myoglobin 
(Mb)

All Mammals Fe(II) Storage

Hemocyanin 
(Hc)

Arthropods & 
Molluscs 

Cu(II) Carrier



 Under appropriate  circumstances, Dioxygen molecule become a ligand and this 
process is  called OXYGENATION in which oxygen molecule retains its identity.

 In ground state of oxygen molecule, it has two unpaired electrons in *(2py)
1 and 

*(2px)
1 antibonding molecular  orbitals.

 The  degeneracy of  -molecular orbital leads to Biradical Character of oxygen 
molecule.

 The binding of dioxygen by a transition metal involves electron transfer reaction 
from metal to dioxygen forming a coordinated superoxide ion.

 The coordinated superoxide ion binds to the metal in an angular as opposed to a 
perpendicular fashion and usually has a partial negative charge concentrated on 
the terminal oxygen atom. This superoxide ligand may be stabilized by an 
electrophile in the distal cavity, for example, the formation of a hydrogen bond.

Dioxygen as Ligand



What are the Oxygen Carriers??

 Oxygen carriers are compounds which can take up and 

release the oxygen reversibly.

 Oxygen carriers are needed in biological system as solubility 

of Oxygen is very low in water and it is 30 times more in 

Blood than water. Therefore oxygen has to be circulated 

inside body via blood.

 In the absence of  oxygen carrier, the amount of oxygen will 

be very low and person will suffers from HYPOXIA .
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Activation and reactions of the oxygen molecule 

1O2

ŷhɜ

↓D

O + O

1. Generated states:

Ground state: 3O2 (triplet: π* ↑↑ )

Generated state:1O2 (singlet: π* ↑↓ )

The generated state is usually formed through a Ămediator moleculeò 

(photosensibilisator, S):
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Activation and reactions of the oxygen 

molecule 

2. Ionisation of the oxygen molecule:


 2

e
2 OO IO2 ~ IXe      ionisation energy

It occurs only with extremely strong oxidizing agents (e.g. PtF6) 

3. Dissociation of the oxygen molecule:

O2→ O + O( + DO2)

The energy requirement (DO2) of dissociation is relatively large:

Ÿ burning takes place fairly readily at high temperature



Interactions of the Oxygen molecule with metal complexes

2n
K

2n OML OML 

Two extreme possibilities:

1. “ K” is high and “k” is low: oxygen carrier complexes

(e.g. hemoglobin, myoglobin, hemocyanin, etc.)

2. “K” is low, but “k” is high: redox catalysis

(e.g. oxygenases, oxidases, etc.)

O)H(or   OHLML OML 222ox.1n

k

2n  



Reactions of the oxygen molecule in biology 

1. Reversible binding of the oxygen molecule: 

2n
K

2n OML OML 

Binding of oxygen in different forms:

- M n+ + O2↔ M
n+O2 (molecular form)

- M n+ + O2 ↔ M
n+1(O2

-) (superoxide radical)

- M n+ + O2 ↔ M
n+2(O2

2-) (peroxide, monomer)

- M n+ + O2↔ (M
n+1)2(O2

2-) (peroxide, dimer)

2. Oxidases (dehydrogenases)

(Oxygen is reduced to peroxide or to water, it does not built in the

substrate)

S + 2H+ + O2 → Sox + H2O2

S + 4H+ + O2→ Sox + 2 H2O

(e.g. cytochrome c oxidase, blue copper oxidases, etc.)
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The posssible binding modes of O2

as superoxo ligand as peroxo ligand
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Bended (end-on) bridging side-on     bridging



Reactions of oxygen molecule in 

biology 

3. Oxygenases: (1 or 2 O atoms  build in the substrate)

- monooxygenases:

SH + O2 + 2H+ → SOH + H2O 

(e.g. cytochrome P450, tyrosinase, etc.)

- dioxygenases:

SH + O2→ SO2H

(e.g. tyrosinase, triptophane deoxygenase, etc.)



Reactions of oxygen molecule in 

biology 
4. Decomposition of H2O2 (or peroxides):

- through reduction: peroxidases

H2O2 + SH2→ S + 2 H2O

- through disproportionation: catalases

2 H2O2→ 2H2O + O2

5. Decomposition of the superoxide radical anion:

superoxide dismutase –through 

disproportionation

2 O2
-→ O2 + O2

2-

e.g. CuZn-SOD, Fe(Mn)-SOD, ...



What causes red blood cells to sickle?

Sickle cell disease is an autosomal recessive disease commonly found in African populations. The

disease gets its name from the fact that patientsôred blood cells become sickle-shaped when

passing through the capillaries of metabolically active tissues. These red blood cells become frail

and can rupture long before their normal lifespan. The sickled red blood cells block capillaries and

inhibit red blood cell function, causing severe anemia in sufferers.

The most common hemoglobin of adults is hemoglobin A (HbA). However patients suffering from

sickle cell disease are homozygous for the allele coding for the abnormal variant of hemoglobin

(HbS) due to a missense mutation in the gene encoding the ɓsubunit of hemoglobin. This missense

mutation replaces glutamic acid with valine at the sixth position of the ɓ-globin chain.

The absence of a polar amino acid at this position promotes the non-covalent

aggregation of hemoglobin in a low-oxygen environment which distorts red blood cells

into a sickle shape and decreases their elasticity. Biochemically, the low oxygen

environment causes the beta chain of neighbouring hemoglobin molecules to hook

together, becoming rigid and polymerized. These cells fail to return to their normal shape

when oxygen is restored and thus fail to deform as they pass through narrow vessels,
leading to blockage in the capillaries.



In vitro studies of deoxygenation and reoxygenation of sickle-cell hemoglobin indicates that the

process is reversible. The hemoglobin molecules polymerize and form crystals as oxygen

concentration is lowered. But as the oxygen concentration is increased again, hemoglobin

molecules can depolymerize and return to their soluble state. This can be written as:

The equilibrium reaction equation relates non-sickled hemoglobin with sickle cell 

hemoglobin polymers



Types of 
Oxygen 
Carriers

Natural Oxygen 
Carriers

Synthetic or 
Artificial 

Oxygen Carriers



Natural Oxygen 
Carriers 

Heme
Containing 

Proteins, Hb, Mb

Hemocyanin

Hemerythrin



Structure of a metallo-protein : A metal complex perspective

Spiral -  helix form of protein    Tape -  Pleated sheet form of protein 

Prosthetic groups – A metal complex positioned in a crevice. Some of the ligands 

for this complex or some times all of the ligands are provided  by the side groups 

of the amino acid units.

The geometry around the metal and bond distances and  angles are decided by 

the protein unit 

Myoglobin Carbonic anhydrase



Hemocyanin

Cytochrome C Coenzyme B12

Myoglobin

A cofactor is a non-protein chemical compound  that is bound to a protein and is 
required for the protein's biological activity. These proteins are commonly 

enzymes. Cofactors are either organic or inorganic. They can also be classified 
depending on how tightly they bind to an enzyme, with loosely-bound or protein-

free cofactors termed coenzymes and tightly-bound cofactors termed prosthetic 

groups. 

Metalloenzymes and Oxygen carriers   
=  Protein + Cofactor

Porphyrins with 

different metals at its 

centre  are a 

common prosthetic 

group in bioinorganic 

chemistry

Chlorophyll



Inorganic Prosthetic group of three well  known oxygen 

carriers

Present in 

Vertebrates

Present in 

molluscs

Present in some 

sea worms



Can the  prosthetic unit part of a metalloprotein  perform its normal 

function without the protein unit around it ?

Fe2+

Free Heme

+ O2
Fe2+ O

O

Fe2+ O

O

Fe2++ 2 Fe4+ O

Fe4+ O Fe2+
+ Fe3+ O

Fe3+

Reversible binding of O2 is possible on when 

protein unit is present around the heme unit





Comparison of the various oxygen transport proteins

Property hemoglobin hemerythrin hemocyanin

Metal ion FeII FeII CuI

Number of subunits 4 8 10 ï100

M 65.000 108.000 450.000 ï

10 000 000

M:O2 ratio 1:1 2:1 2:1

Colour (deoxy) purply-red colourless colourless

Colour (oxy) bright red violet-pink blue

Metal bindig site porphin protein protein





Structure and action of hemoglobin

A complex 

protein:

Consists of 4 sub-

units, each of them 

being ~ a

myoglobin.

The binding 

between the hem 

and the protein is 

similar as in 

myoglobin.



Structure and function of hemoglobin

The protein sub-

units are 

represented by 

different colours 

red (2) and blue(2).

Hem: green (4)

A FeII ions are 

hardly accessible.



Hemoglobin- a quaternary structure of a 

protein

4 units

Each unit has a 

prosthetic group 

(heme) 

embedded in a 

crevice and 

partly 

coordinated by 

histidine units



Structure and function of hemoglobin

The oxygensaturation of hemoglobinis characterisedby cooperativity:

the extent of saturation changesin a ratio of 1:4:24:9 with an

increaseof the number of bound oxygenmolecules.

Reason: The sizeof the porphyrin ring in caseof FeII complex is not

large enough for complete fit ; the FeII ion is above the ring plane

closerto the proximal His. FeII binds more strongly.

During O2 saturation, there is a reversibleelectron transfer:

FeII + O2 FeIII -O2
- (iron III -superoxocomplex)

FeIII -ion is smaller, it “falls into”the ring planeand

changesthe position of the proximal His too.

Binding of superoxoligand is stabilisedby hydrogen-bonding

with the distal His.

(Movementsof the His ligands result in conformational changesin the

full molecule. (the molecule becomes“unfolded”for more efficient

oxygenbinding.)



Structure and function of hemoglobin

During binding of oxygen molecule oxidation state and spin state of 

iron change, which result in the decrease of the size of the ion.



Structure and function of hemoglobin 



Structure and function of hemoglobin 

Oxygen saturation of hemoglobin is influenced by the pH too.

The increasingmuscle

activity increasesthe pro-

duction of CO2 , resulting

in acidification: at lower

pH hemoglobinbindsless

oxygenproviding more

for the muscletissues

for the increased

physicalactivity.

CO2 + H2O HCO3
−+ H+



An oxygenstorageprotein, locatedin muscletissue.

It consistsof two main parts:

- protein: globin

- prosthetic group: hem

The globin consists of 153

amino acid molecules.

The 5th coordination position

of the octahedral FeII ion is

occupiedby a His imidazole-N

donor.

Structure and action of myoglobin



Structure and action of myoglobin 

hem

FeII + protoporphyrin IX

ring: porphin, substituted: 

porphyrin

The hem binds to the globin part

Only via a FeII -His interaction

(proximal His) without covalent

bonds.

The interaction betweenthe hem

and the globin is strengthenby

secondary bondings with the

globin

sidechains.

The imidazole-N of another His is

(distal His) alsocloseto the 6th

free coordination position of the

iron.

http://upload.wikimedia.org/wikipedia/commons/4/4d/Heme.svg


In the lung (pO2 > 100 Hgmm) the hemoglobin is saturated by O2, while in

the muscles,where the partial pressure of O2 is lower (~ 40 Hgmm),

hemoglobintransfers oxygento myoglobin.

Oxygen saturation 

curves:

myoglobin:

Saturation, hyper-

bolical curve

hemoglobin: 

sigmoid curve →

ñcooperativityò

Structure and action of myoglobin 





Haemoglobin's oxygen binding affinity

is inversely related both to acidity and

to the concentration of carbon

dioxide. Since carbon dioxide reacts

with water to form carbonic acid, an

increase in CO2 results in a decrease in

blood pH, resulting in haemoglobin

proteins releasing their load of oxygen.

Conversely, a decrease in carbon

dioxide provokes an increase in pH,

which results in haemoglobin picking

up more oxygen.
CO2 binding with Hb

CO2 carried by Hb in the form of carbamate due to reaction of unionised

amino groups of Hb with CO2 and form carbamates, these carbamates forms

salt bridges which stabilize the Tensed (T) state or deoxygenated form.

NH2 CO2
R

H
N O

H

Carbamate

R

O

https://en.wikipedia.org/wiki/Haemoglobin
https://en.wikipedia.org/wiki/Carbonic_acid
https://en.wikipedia.org/wiki/PH


Several other iron

containing proteins (e.g.

hemerythrin and

ribonucleotide reductase)

contains oxo- or hydroxo

bridged dimeric units.

Hemerythrin consists of

max. 4 subunits (the figure

shows a trimer). Each

subunit contains two Fe(II)

ionsand binds oneO2.

Oxygen carrier molecule in

some lower animals (e.g.

marineworms).

Hemerythrin



Hemerythrin

In resting state it contains hidroxo and carboxylate bridged FeII -ions.

One of the FeII ions is unsaturated coordinatively and thus behavesasO2

binding site. The FeII ions are oxidised to FeIII the peroxo group is

stabilisedby hydrogen-bonding too. (The reversibility is not complete.)



Hemocyanin

Function:

Oxygen transporter of several groups of invertebrates

(e.g. octopus, lobster, snails, spiders, etc.)

Structure: complex protein     → M  450 000 - 9 000 000

It consists of 10 - 100 subunits. M  50-70 kDa/subunit

Copper content: 2 copper/subunit

Mechanism of Oxygen binding:

Cu(I) 2 + O2 Cu(II) −O2
2–−Cu(II) 

deoxy: Cu(I), oxy: Cu(II) -peroxo

Colourless,diamgnetic blue/green, diamagnetic

In acidic media the reaction becomes irreversible:

Cu(II) -O2
2–-Cu(II)  + 2H+  Cu(II) 2 + H2O2



Hemocyanin

Binding modes in the deoxy- and oxyhemocyanin

Cu−Cu distances: 

deoxy: 460 pm oxy: 354 pm





















Synthetic or 

Artificial Oxygen 

Carriers



What are AOCôs and HBOCôs?

Ô Artificial Oxygen Carriers are 
a type of red blood cell 
substitute

Ô Synthetic molecules that 
consist primarily of carbon 
and fluorine atoms

Ô Have the ability to dissolve 
significant quantities of 
oxygen and carbon dioxide

Ô Improve oxygen transport and 
oxygen unloading to the tissue

Ô Alternative to allogeneic* 
blood transfusions or to 
improve tissue oxygenation 
and function of organs with 
limited oxygen supply  

Ô * Allogeneic meaning 
genetically different

ÔHBOC is a ñHemoglobin 
Based Oxygen Carrierò

ÔMust be approved by the FDA 
before clinical use because 
these substances are 
considered drugs



History of AOC/HBOC

ÔLate 1800ôs, free hemoglobin 
solutions were administered

ÔModern scientific attempts to 
replace human blood began in 
the early 1900ôs

ÔHBOCôs were created in the 
1930ôs by Amberson

ÔModified study by Chang in 
1957

ÔCompanies with HBOCôS:

Ô HemAssist (Phase III Clinical 
Trials)

Ô Hemolink (Phase II Clinical 
Trials)

ÔOxyVita (Pre-Clinical Trials)



Artificial Oxygen carriers 

Reversiblebinding of O2 can beachievedbysmall modellcomplexes

(mostlyCoII - complexes,FeII only with macrocyclicligands)

L= 3-Bu-Salen

CoII + O2→ Co
III−O2

−

The first synthetic revers-

ible oxygen carrier:

Vaska complex

[Ir I(PPh3)2ClCO]

Ir I + O2→ Ir
III−O2

2−



Artificial Oxygen carriers 

Reversible oxygen carrier FeII complexescould be modelled, with

N-donor macrocyclic ligandsmimicking porphin ring and when the

closevicinity of the metal ion was defended by hydrophobic side

chainsfrom further mostly redox interactions.



Artificial Oxygen carriers





An artificial cell or minimal cell is an engineered 

particle that mimics one or many functions of a 

biological cell. The term does not refer to a specific 

physical entity, but rather to the idea that certain 

functions or structures of biological cells can be 

replaced or supplemented with a synthetic entity.

What are Artificial Cells?





Artificial Cells 

(AC): Time Line 

of Ideas Since 

First Reported 

(1957)









The general principles of artificial cells can form the basis of a

large number of artificial systems. In addition to being of

cellular dimensions in the micron range, they can also be in

the macro range, nano range or molecular range.

Furthermore, the membrane material includes polymer,

biodegradable polymer, lipid, crosslinked protein, lipid-

polymer complex, lipid-protein complex and membrane with

transport carriers. Artificial cells can contain an unlimited

variety of material individually or in combinations. These

include cells, stem cells, enzymes, multienzyme systems,

hemoglobin, magnetic materials, microorganisms, vaccines,

genes for gene therapy, genetically engineered cells,

adsorbents, drugs, hormones, peptides, proteins and others.

Present status of the basic features of artificial cells of macro, micron, 

nano and molecular dimensions



Uses of the AOC

Ô Developed for 2 main 
purposes:

Ô Function as alternatives to 
blood transfusion (avoid, 
reduce, and delay transfusion 
of allogeneic blood)

Ô Improves the tissue 
oxygenators of organs with 
poor blood supply

Ô NOTE: It is a Red Blood Cell 
Substitute, not a complete 
replacement.

Ô The AOC is much smaller than 
a red blood cell, and can travel 
through smaller capillaries



Benefits and Disadvantages of the AOC

Ô Still going through intensive clinical trials, but plan to have/be:

Ô Long circulation half -life

Ô Long shelf life

Ô Oxygen delivered to the tissues in need

Ô Differing side effects (Flu-like symptoms or an increased risk in death/heart 
attack)

Ô Reasonable cost



Future of the AOC

ÔPass the clinical trials

ÔWill be on the market

ÔLess of a health risk

ÔHealth Care Coverage



Artificial oxygen carriers: a new future?

Despitethe fact that allogeneicred blood cell (RBC) transfusionscan be life-savingin exsanguinatingtrauma

patients,manyadverseeventsimpactingpatientoutcomehavedocumented. Therefore,artificial oxygencarriers

were initially beendevelopedasñbloodsubstitutesòin the 1980s and 1990s. Artificial oxygencarrierscan be

groupedinto haemoglobin-basedoxygencarriers(HBOCs)andperfluorocarbon-basedoxygencarriers(PFCs).

Theclinical useof artificial oxygencarriershasmainly beenstudiedin traumaandmajorsurgery. HBOC studies

in generaldid not show a benefit in the primary outcomeparametersuch as avoidance/reductionof RBC

transfusionsor 28-day mortality and signsof vasoconstriction/hypertensiondue to nitric oxide scavengingand

increasedrelativerisk of myocardialinfarctionanddeathwereshownin a meta-analysis. Consequently,theFood

andDrugAgencyin 2008putall HBOC trialsonhold.

PFCstudiesin non-cardiacsurgeryweresuccessfulin reversingphysiologictransfusiontriggersandin reducing

theneedfor allogeneicRBC transfusions. In addition,therewereno majorsafetyissues. However,a PFCstudyin

cardiacsurgerywas prematurelystoppeddue to an increasedincidenceof neurologicadverseevents,and this

programhasneverbeenre-started.

In recent years, focus on the potential clinical use of artificial oxygen carriers moved away from ñblood

substitutesòtowardsñoxygentherapeuticsò. Due to the relatively shorthalf-life of 12ï24 h, this may indeedbe

reasonable. However,clinical studiesshowingclearbenefitsin this new areaarestill scarce. The areawith most

documentedevidenceareñcompassionateuseòprograms. In suchprograms,patientsweretreatedwith HBOCsat

a median haemoglobinconcentrationof 39 g/l. Survival of patients with severeanaemiafor whom RBC

transfusionwasnot anoptionwasclearlyandsignificantlyhigherif treatedwith anHBOC. It is alsoconceivable

thatanHBOC maybecapableof bridgingapatientwith severeanaemiauntil RBC transfusionsbecomeavailable.

doi: 10.1186/s13054-018-1949-5By Donat R. SpahnPublished online 2018 Feb 23

https://dx.doi.org/10.1186/s13054-018-1949-5
https://www.ncbi.nlm.nih.gov/pubmed/?term=Spahn%20DR%5bAuthor%5d&cauthor=true&cauthor_uid=29471841


In animalmodels,artificial oxygencarriershavealsoprovento beefficaciousin relievingorganischemiasuch

asfetal hypoxiain pre-eclampsiaandcerebralischemia. However,in a recentstudymyocardialperfusionwith

an oxygenatedHBOC-enrichedsolution did not reducethe infarct volume nor was post-ischemic cardiac

functionimproved. In contrast,HBOC attenuatedintenseexercise-inducedcardiacdysfunction.

Machineperfusionof liver graftsafter prolongedcold ischemiawith HBOC enrichedperfusateappearsto be

efficaciousin improving theconditionof the liver graft prior to transplantationin multiple animalexperiments.

And recentlythe first humanliver transplantationaftermachineperfusionwith HBOC wasperformed. Theuse

of artificial oxygencarriersin pre-transplantperfusionis also conceivablein other organssuchas lung and

heart. Thefuturewill tell whetherHBOCsor PFCsaremoreefficacious.

PFCsmay alsobe usedascontrastagentsand, in conjunctionwith magneticresonanceimaging,as infection

tracers.

Finally yet importantly, artificial oxygen carriers look like a logical adjunct to PatientBlood Management.

PatientBlood Managementis alreadyhighly successful: a reductionin the use of allogeneicblood product

transfusionof approximately40%, a decreasein hospitalmortality (ī28%), infection rate(ī21%), combined

myocardialinfarction andstroke(ī31%), lengthof hospitalstay(ī15%), andannualcosts($7ï29 million) has

beendescribedin a study on 605,000 patientsin WesternAustralia. Nevertheless,havingan artificial oxygen

carrierto bridgetheperiodof low haemoglobin/haematocritor in thecontextof augmentedhaemodilutionmight

broadenthespectrumof PatientBloodManagementandmaymakeit evenmoresuccessful.

Artificial oxygen carriers thus may indeed have a new future in a large variety of clinical scenariosand

diagnostic/therapeuticconcepts.



Artificial Blood Substitutes: First Steps on the Long Route to Clinical Utility

The 21st century is challengingfor humanbeings. Increasedpopulationgrowth, population

aging,generationof new infectiousagents,andnaturaldisastersaresomethreateningfactors

for the currentstateof blood transfusion. However,it seemsthat scienceandtechnologynot

only could overcomethesechallengesbut alsowould turn manyhumandreamsto reality in

this regard. Scientistsbelievethatoneof thefutureevolutionaryinnovationscouldbeartificial

bloodsubstitutesthatmight pavetheway to a newerain transfusionmedicine. In this review,

recent status and progressesin artificial blood substitutes,focusing on red blood cells

substitutes,aresummarized. In addition,stepstakentowardthedevelopmentof artificial blood

technologyandsomeof their promisesandhurdleswill be highlighted. However,it mustbe

notedthat artificial blood is still at the preliminary stagesof development,and to fulfill this

dream,ie, to routinely transfuseartificial blood into humanvessels,we still haveto strengthen

ourknowledgeandbepatient.

Samira Moradi, Ali Jahanian-Najafabadi and Mehryar Habibi Roudkenar

doi: 10.4137/CMBD.S38461

Published online 2016 Oct 27

https://dx.doi.org/10.4137/CMBD.S38461


Three major classes of cellular HBOCs are polymerized, cross-linked, and conjugated Hbs. Spontaneous 

separation of Hb chains is prevented by various modifications. For example, in the cross-linked type, Hb 

chains are bound by intermolecular covalent bonds, in the polymerized type, they are bound by intermolecular 

covalent bond, and in the conjugated type, a polymer is bound to the surface of Hb.



Artificial cells: from basic science to applications

Artificial cells have attractedmuch attentionas substitutesfor natural cells. There are many

different formsof artificial cellswith manydifferentdefinitions. They canbe integralbiological

cell imitatorswith cell-like structuresandexhibit someof the key characteristicsof living cells.

Alternatively, they canbe engineeredmaterialsthat only mimic someof the propertiesof cells,

suchassurfacecharacteristics,shapes,morphology,or a few specific functions. Theseartificial

cells canhaveapplicationsin many fields from medicineto environment,andmay be useful in

constructingthetheoryof theorigin of life. However,eventhesimplestunicellularorganismsare

extremelycomplexandsynthesisof living artificial cells from inanimatecomponentsseemsvery

daunting. Nevertheless,recentprogressin the formulationof artificial cells rangingfrom simple

protocellsandsyntheticcells to cell-mimic particles,suggeststhat the constructionof living life

is now not an unrealisticgoal. This review aims to provide a comprehensivesummaryof the

latestdevelopmentsin theconstructionandapplicationof artificial cells,aswell ashighlight the

currentproblems,limitations,challengesandopportunitiesin this field.

doi: 10.1016/j.mattod.2016.02.020

Can Xu, Shuo Hu and Xiaoyuan Chen

Published date: 2017 Jan 9

https://dx.doi.org/10.1016/j.mattod.2016.02.020


Approaches for the design and 

construction of artificial cells: 

In the top-down approach, 

artificial cells are created by 

stripping or replacing the 

genomes of living organisms 

(cells, bacteria or viruses), 

reducing their complexity, and 

only retaining minimum 

substances to maintain the 

essential life. In the bottom-up 

approach, artificial cells are 

constructed by assembling non-

living components to form an 

integral that can replicate 

essential properties of natural 

cells.



Metal porphyrin complex takes significant step towards cheap water oxidation 

catalysts

A copper complex inspired by nature can efficiently split water at neutral pH, 

potentially opening the door to more commercially viable hydrogen fuel production.

Hydrogen is an attractive alternative to oil and gas. The only product of hydrogen 

combustion other than energy is water, which is itself a source of hydrogen. Due to 

the energy required to split water into hydrogen and oxygen, a major research area 

centres on catalysts that can lower this barrier and make the reaction easier to 

perform. The most effective catalysts for this process contain noble metals such 

as ruthenium and iridium, both of which have drawbacks of high prices and scarcity.

Now, a new study by a team of researchers led by Rui Cao, of Renmin University of 

China in Beijing, reports a copper porphyrin complex that can catalyse the water 

oxidation reaction at neutral pH, which is beneficial from an ease of use and safety 

standpoint, with an overpotential of 310mV. While this does not outperform 

conventional noble metal catalysts, it does represent a significant improvement in the 

performance of catalysts based on cheap and abundant elements. Previous copper 

catalysts have required much higher overpotentials and/or an alkaline pH.





The researchers were inspired by the role other metal porphyrins play in oxidising water during

photosynthesis, where a magnesium porphyrin complex present in chlorophyll is a key component. óTheother

reason for using metal porphyrins for water oxidation catalysis comes from haem proteins, which contain iron

porphyrin active site structures and play key roles in many oxygen-related biological processes. For example,

cytochrome c oxidase and cytochrome P450 are the two most famous haem enzymes to catalyse oxygen

activation in biology,ôsays Cao.

With the porphyrin ligand conferring some much needed stability on the catalyst, the present demonstration of

its water oxidation performance could make the field of metal porphyrin catalysis more attractive to

researchers. óIômactually a little surprised that it works as well as it does,ôcomments Gary Brudvig, a water-

splitting expert based at Yale University in the US. óWestudy porphyrins and we didnôttry to use copper

porphyrins for water oxidation catalysis before, but now theyôveshown that it works, I think itôsan interesting

system to explore.ô

Caoôsteam also discovered that this catalyst can produce hydrogen peroxide at acidic pH, a phenomenon

rarely observed in this type of system, but one that could shed new light on the mechanism of the

reaction. Edwin Constable, a water oxidation expert at the University of Basel in Switzerland, describes it as

an unusual reaction. óIfyou understand what is happening with the hydrogen peroxide, youôregoing to get a

much better understanding of what is happening with the water oxidation system.ô
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Chemical looping combustion (CLC) and chemical looping reforming (CLR) are innovative technologies for clean

and efficient hydrocarbon conversion into power, fuels, and chemicals through cyclic redox reactions. Metal

oxide materials play an essential role in the chemical looping redox processes. During reduction, the oxygen

carriers donate the required amount of oxygen ions for hydrocarbon conversion and product synthesis. In

the oxidation step, the depleted metal oxide oxygen carriers are replenished with molecular oxygen from the air

while heat is released. In recent years, there have been significant advances in oxygen carrier materials for

various chemical looping applications. Among these metal oxide materials, iron-based oxygen carriers are

attractive due to their high oxygen-carrying capacity, cost benefits, and versatility in applications for chemical

looping reactions. Their reactivity can also be enhanced via structural design and modification. This review

discusses recent advances in the development of oxygen carrier materials and the mechanisms of hydrocarbon

conversion over these materials. These advances will facilitate the development of oxygen carrier materials for

more efficient chemical looping technology applications.

https://doi.org/10.1016/j.eng.2018.05.002
https://www.sciencedirect.com/science/journal/20958099
https://www.sciencedirect.com/science/journal/20958099
https://www.sciencedirect.com/science/journal/20958099/4/3


Classification of chemical looping systems. (a) Complete/full oxidation system; (b) partial 

oxidation system; (c) selective oxidation system; (d) solar/nuclear system



Low overpotential water oxidation under mild conditions is required for new energy conversion technologies with

potential application prospects. Extensive studies on molecular catalysis have been performed to gain

fundamental knowledge for the rational designing of cheap, efficient and robust catalysts. We herein report a

water-soluble CuII complex of tetrakis(4-N-methylpyridyl)porphyrin (1), which catalyzes the oxygen evolution

reaction (OER) in neutral aqueous solutions with small overpotentials: the onset potential of the catalytic water

oxidation wave measured at current density j ¼ 0.10 mA cm2 is 1.13 V versus a normal hydrogen electrode (NHE),

which corresponds to an onset overpotential of 310 mV. Constant potential electrolysis of 1 at neutral pH and at

1.30 V versus NHE displayed a substantial and stable current for O2 evolution with a faradaic efficiency of >93%.

More importantly, in addition to the 4e water oxidation to O2 at neutral pH, 1 can catalyze the 2e water oxidation to

H2O2 in acidic solutions. The produced H2O2 is detected by rotating ring–disk electrode measurements and by the

sodium iodide method after bulk electrolysis at pH 3.0. This work presents an efficient and robust Cu-based catalyst

for water oxidation in both neutral and acidic solutions. The observation of H2O2 during water oxidation catalysis is

rare and will provide new insights into the water oxidation mechanism.






