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The smallest unit of diamond 



Cubic Diamond 



Hexagonal Diamond (Lonsdeilit) 



Diamonds 
 

Cullinan 
 

3106 ct (621 g) 
 

 

 

è106 Brilliants 

 Cullinan I (530 ct) 

 Cullinan II (317 ct) 
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brillants 
 

 Different type  

 of diamond stones; 

it means...  
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Graphite 
É Hardness very low 

É Electrical conductivity high 

É Density 2.25 g/cm3 



Fullerene C60 
¸ A C60 molecule consists of 60 

carbon atoms bonded in the 

nearly spherical 

configuration 

¸ A C60 molecule or "buckyball" 

is about 7 angstroms in 

diameter (4.5 times as large 

as a hydrogen atom, or a bit 

less than a billionth of a 

meter) 

¸ Visually, it is quite different 

from both graphite and 

diamond - it is a yellow 

powder 



Nanotubes 

Carbon nanotubes exist 

as a macro-molecule of 

carbon, analogous to a 

sheet of graphite rolled 

into a cylinder 



Carbon Nanotube 

Graphite Crystallographic Plane (0001) !!! 
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nanofoam 



Theoretical phase diagram of carbon, which shows the state of 
matter for varying temperatures and pressures. The hatched 
regions indicate conditions under which one phase is metastable, 
so that two phases can coexist. 

Jan M. Zazula, On 

Graphite 

Transformations at 

High Temperature 

and Pressure Induced 

by Absorption of the 

LHC Beam, 1997 

http://lbruno.home.cern.ch/lbruno/documents/Bibliography/LHC_Note_78.pdf 

http://lbruno.home.cern.ch/lbruno/documents/Bibliography/LHC_Note_78.pdf


Carbon Synthesis 



The SEM micrograph  
of Diamond Powder from the Space  



Diamonds from the space  

MORASKO  

(Poland) 



Canyon Diablo with diamonds 



Diamonds from the Space 

Diamonds from Canyon Diablo 

Nanodiamond from Allende Micro-diamonds from Ureilit 



Lucy  

ÂAt a distance of 50 light 

years from Earth in the 

constellation Centaurus is a 

star of astronomical 

weighing 10 carats 

quadrillion. It is a giant lump 

of crystallized carbon 

(diamond) with a diameter 

of 1500 km. 



BPM 37093 cool white dwarf  

According to American astronomers at the Harvard-Smithsonian Centre for Astrophysics, a white dwarf star in the constellation 

of Centaurus, next to the Southern Cross, has been found to have a 3000-kilometre-wide core of crystallised carbon, or 

diamond. 

It weighs 2.27 thousand trillion trillion tonnes - that's 10 billion trillion trillion carats, or a 1 followed by 34 zeroes. The biggest 

earthly jewel is one of the British crown jewels, the 530-carat Star of Africa. 

However, this cosmic jewel is hidden beneath a layer of hydrogen and helium gases, with the diamond core making up 

between 50 and 90 per cent of its mass. "It's the mother of all diamonds," said astronomer Travis Metcalfe, who led the team 

of researchers that studied the star. 

"Some people refer to it as Lucy, in a tribute to the Beatles song Lucy in the Sky with Diamonds." 

Known officially as BPM 37093, the star confirms a theory, first raised in the early 1960s, that cool white dwarfs should have a 

diamond core. 

A white dwarf is what small stars, those up to about the size of the sun, turn into when they run out of nuclear fuel and die. 

The intense pressures at the heart of such dead stars compress the carbon into diamond. 

But confirming this theory has only been possible recently. 

Lucy "pulsates", which means its light fluctuates at regular intervals. "By measuring these pulsations, we were able to study the 

hidden interior of the white dwarf, just like seismograph measurements of earthquakes allow geologists to study the interior of 

the Earth," Dr Metcalfe said. 

"We figured that the carbon interior of this white dwarf has solidified to form the galaxy's largest diamond.Ă 

 

 

http://www.theage.com.au/articles/2004/02/17/1076779973101.html 



Diamonds from the Space 

Black Diamonds Carbonado 

The occurence of CARBONADO 

Carbonado - black diamonds, occurring in only two regions on earth in alluvial 

deposits (Africa and South America). Age them date back to the 3 billion years. Were 

probably the result of the supernova explosion (Cool White Dwarf???) and its 
chemical composition reveals similarity to cosmic dust. 





CNO cycle The CNO cycle (for carbonï

nitrogenïoxygen) is one of two 

sets of fusion reactions by which 

stars convert hydrogen to 

helium, the other being the 

protonïproton chain. Theoretical 

models show that the CNO cycle 

is the dominant source of energy 

in stars more massive than about 

1.3 times the mass of the Sun.   

The CNO process was 

independently proposed by Carl 

von Weizsªcker and Hans Bethe 

in 1938 and 1939, respectively. 

 

 

http://en.wikipedia.org/wiki/CNO_cycle 

 



Presolar diamonds 

A. Karczemska: NANODIAM, PWN, 2006 



Diamonds from the Space 

Supernova 

Cool White Dwarf 

Red Giant 



Diamond Crystals 

from Laboratory from Erth 



Diamond Synthesis 

É High Temperature & High 

Pressure Conditions  
 

 

The Hall Belt;  

the dotted region surrounding 

the sample S (red) is the 

pyrolitic gasket 

 

The original photo of  

General Electric Diamond Team: 

F.P.Bundy, H.M.Strong, H.T.Hall, 

R.H.Wentorf, A.J.Nerad, J.E.Cheney 



Diamond wafers 

ÅDIAFILM 
 



Artificial diamond wafers 

  

Å Crystals of  diameters about 1 cm 

Å Very high termal conductivity! 

Å Small internal stressess 

                               De Beers Industrial Diamonds Group 



Diamond Synthesis 

É Special Conditions under 

Reduced Pressure: 

  ssp3 hybridisation 
É Very Important Role of Electrons 

É Nucleation on Carbon Ions 

É Role of Hydrogen 



 The  ssp3 hybridisation in the gas phase 
É Very Important Role of Electrons 

É Nucleation on Carbon Ions 

É Role of Hydrogen 



Synthesis of Diamond-like Carbon 
& Nanocrystalline Diamond Coatings 
   

     Radio 

Frequency 

Plasma 

Activated 

Chemical 

Vapour 

Deposition 

RF PA CVD 

¶ S.Mitura, E.Mitura, A.Mitura: "Manufacturing of amorphous carbon layers by RF

dense plasma";  Diamond Rel. Materials, 4(1995)302.

¶ S.Mitura, A.Mitura, P.Niedzielski, P.Couvrat: ĂNanocrystalline Diamond Coatingsò,

Journal of Chaos, Solitons and Fractals (Special Issue), 10(12) (1999) 2165..



Carbon - Properties 



AFM picture of DLC 

DLC coating; 

É about 3000HV 

É ca 60% diamond 

É ca 30% graphite 

É ca 10% carbines 

 

 

 



AFM picture of NCD 

NCD coating; 

É about 95 GPa 

É ca 95% diamond 

É ca 03% graphite 

É carbines 

É fullerens 

É nanotubes? 

 

 

 



NCD 

High Resolution 

Transmition 

Electron Micrograph 

(HRTEM) 

of  

NANO-DIAMOND 

Particle 



Raman Spectra of NCD 

Peak  [cm-1] Phase Bond

  

É 1139               NCD  ssp3

  

É 1332           Diamond  ssp3

  

É 1444               NCD  ssp3

  

É 1528            Carbine  sp1

  

É 1600  NCG  ssp2

  

 

 
S.Mitura, A.Mitura, P.Niedzielski, P.Couvrat: ñNanocrystalline 

Diamond Coatingsò, in: S.Mitura (Editor):  NANOMATERIALS, 

Pergamon Press, Elsevier Science, Oxford, 2000. 



WğAƏCIWOƏCI MECHANICZNE WARSTWY 
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   Bioactivity of diamond 

ÂK.Mitura, S.Mitura, Influence of diamond 
powder particles on human gene expression, 
in: V.Zhitomirsky and A.Raveh(eds.), Proc. The 
Internat. Conf. On Superhard Coatings, 
Kibbutz Ein-Gedi, Israel, 27 Feb.-01 March 
2006, Surface Coatings Technology, 201 
(2007) 6063. 

 



NANODIAMOND  PARTICLES  ï 

RF/PACVD METHOD  ï HR TEM  

 

 

 

 

 

 

 

 

 

K.Mitura , HR TEM 

examinations of 

nanodiamond particles for 

biomedical applications, 

Journal of Achievements 

Materials and 

Manufacturing 

Engeenering, 37, (2009), 

317-322. 



NANO-

DIAMOND 

Particle 

 HR TEM ï 

detonation 

method 

K.Mitura , HR TEM 

examinations of 

nanodiamond particles for 

biomedical applications, 

Journal of Achievements 

and Materials and 

Manufacturing 

Engeenering, 37, (2009), 

317-322. 
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Molecular level  
Determination of nanodiamonds bioactivity 

Gene name Encoded protein PCR product 

length 

Main inducing stimulus 

JUN Jun activation domain binding 

protein 

118 Cellular stress  

FRAP1 FKBP-rapamycin associated 

protein 1 

141 Genotoxic stress 

K.Mitura, S.Mitura, Influence of diamond powder particles on human gene expression, in: V.Zhitomirsky 

and A.Raveh(eds.), Proc. The Internat. Conf. On Superhard Coatings, Kibbutz Ein-Gedi, Israel, 27 Feb.-01 

March 2006, Surface Coatings Technology, 201 (2007) 6063. 
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Ristein J., Riedel M., Mantel B. F., Stammler M., Ley L.: ĂSurface doping: a special 

feature of diamondò; Journal of Physics: Condensed Matter; 13(2001) 8979-8987 



Allergic examinations ï patch tests 



Ăpatch testò 

S. Mitura, P. Niedzielski, B. Walkowiak (Eds.)
NANODIAM,  New  technologies  for  medical  applications:  studying  and
production of carbon surfaces allowing for controllable bioactivity.

PWN, Warsaw 2006



RF PACVD system with magnetron sputtering 



Stainless steel  

Titanium  

NCD  

E.coli cells found  
at the surfaces:   

Jakubowski W., Bartosz  G., Niedzielski P., Szymanski W., Walkowiak B.  
Nanocrystalline diamond surface is resistant to bacterial colonization.   
Diamond and Related Materials, 2004; 10: 1761 -3.  

Each bright point, in this 

magnification, means 

colony of bacteria. Under 

higher magnification we 

could calculate each 

separate bacterium (cell). 
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Synthesis of ampicillinum on the surfece of nanodiamond particles 
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FT ï IR from nanodiamond powder particles 

modificated by Fenton reaction 

Widmo FT ï IR ampicyliny 

Ampicylina 

61 

2 Staphylococcus ureus  

ATCC 6538 

Examinations on: 

1 Pseudomonas aeruginosa  ATCC 9027 

3 Escherichia coli  ATCC 8739 



Arbor A., 2009, Proc. University of Michigan  

DNA - nanoparticles 

DNA DNA nanoparticles 



Au-DNA 

Ag-DNA 

Pt-DNA 

DNA  
and metal nanoparticles  


