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NANODIAMONDSFORBIOMEDICINE

****************************************************************************************************************

UniqueNanodiamonds

ProducedbyLaser from Ash & Wax
www.nanodiamomond.co.il



ÁPioneering technology for nanodiamond 
synthesis

ÁCreation novel products based on 
nanodiamonds 

Ray TechniquesΩ (RT) Technologies

Our mission is to develop & provide advanced materials
based on the unique nanodiamond features

www.nanodiamomond.co.il
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Nanodiamond Structure

ÅDiamond core (sp3) with average 
size of ~4 nano-meters having 
unique diamond properties

ÅHybrid surface structure                   
(sp2) with unpaired electrons

ÅActive surface shell of various 
functional groups containing     
O, H and N   

Chemicallyactiveshellsenableto attach inert tiny diamondcrystalsto
bio-moleculesandparticles,to transfer them uniquediamondfeatures
andto createnew objectsandwith desiredpropertiesandfunctions.
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Current Nanodiamond Applications

CVD precursor

Galvanic coatings 

Anodizing

Electroless coating

Polymer films

www.nanodiamomond.co.il
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The first complete collection of academic

papers on ND applications in biomedicine

up to 2010: 

Á targeted drug and gene delivery 

Á cancer therapy 

Á bio-sensing

Á single particle imaging in cells 

Á novel composites for implants

Á extraction and purification of proteins

According to experts in the field of ND bio-
medical applications, ND will be widely used in 
the pharmaceutical  industry within 3 years.

Nanodiamonds Bio-Med Research:
Rapidly Growing Market
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ÁHigh chemical stability of ND nucleus and high chemical activity of its 
functional cover providing the outstanding ability of interaction with 
bio-molecules and drugs

ÁAbility to control the constancy of size and shape of agglutinates

Á Large specific surface area and high adsorption potential

ÁExtreme mechanical hardness

Á The highest thermal conductivity while being absolutely dielectric 

ÁPossibility to be turned into a semiconductor

ÁOutstanding optical properties including photoluminescence 

Á The highest sound propagation velocity

ÁBiological compatibility and non-cytotoxicity

What is Special about 
Nanodiamonds for Bio-Med?
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Next-Generation Cancer Treatment

Benefits:
ÁND can trap ~ 5 times more drugs compared to existent drug delivery
ÁDrugs can be slowly released over time (several months) 
ÁND localize drugs andminimize and mitigate side effects
ÁND can be combined with a wide variety of drugs and RNA

The researchers led by Dean Ho
(Northwestern University in Illinois)
discovered that binding drugs to ND
decreased tumor resistance to drugs
leading to their effective shrinkage
followingchemotherapy.
NDs are non toxic to body tissuesand
are not recognized by the bodyΩs
immunesystemasforeign.
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Promise for Safe Gene Therapy

Gene therapy promises hope for successful treatment of many diseases:
Á severe inherited ailments - like-cystic fibrosis, hemophilia, muscular 

dystrophy and sickle cell anemia
Á retinal diseases and color blindness 
ÁParkinsonΩs disease, diabetes and cancer 

Major problem:  
efficient and safe delivery of genes to cells.

Proposed solution: NANODIAMOND CARRIER

Preliminary results: straight ND gene delivery                                                   
into cells was found to be 70 times greater
than that of a conventional standard.
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Long-Lasting Implants & Prostheses
Huge demand for medical implants:
Â Cardio-defibrillators, heart valves, pacemakers, etc
Â Orthopedic implants
Â Intraocular lenses
Â Cosmetic implants and many more 

The market for medical implant devices in the U.S. alone is estimated to
be $23 billion per year and it is expected to grow by about 10 % annually
for the next few years. 
Today the materials mostly used in medical implants are not enough 
biocompatible and wear resistant.
THE NEW HOPE: 
ND coating for implants and advanced ND-polymer compositions with high
biocompatibility and wear resistance.
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Bio-Sensing
ND has be shown to be a promising bio-sensing material:

ÁWide working potential window due to unique diamond features

ÁResistance to fouling

ÁCompatibility with biological fluids & non-cytotoxity

ÁEase of surface modification

www.nanodiamomond.co.il

Serial Gamma Scintigramsof KS 
Patient after Pegylatedliposomes
containing 111In- DTPA (remote 
loaded) 

4 hr          24 hr         48 hr         96 hr

ND is a safe alternative 
to toxic quantum dots!
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Magnetic Resonance Imaging (MRI)

Á MRI contrast agent to ND leads to
dramaticallyimprovedsignaldensityand
vivid image contrast as per a study by
NorthwesternUniversity

Á RayNDhave demonstratedenhanced
paramagnetism,increasedamountof RPC
and stronger anti-ferromagnetic
exchangeinteractionbetweentheseRPC.

Á RTsurfacemodification by Fe-doping,
enablesproducingmagneticND.

Á RT surface modification by heat
treatment results in strong ferro-
magnetismof un-knownnature.
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Single Particle Imaging 

Á Proteins are hard to track in living bodies, but 
by attaching bright markers it's possible to see 
where they are and where they are going. 

Á Existing techniques employ fluorescent probes 
which can often extinguish or turn dark and 
may be toxic in a live body.

Á ND can attach to proteins in the body making 
them easier to detect and track. 

ND is ideal for single particle imaging:

Å long shelf lifetime 
Å fluorescence lasts forever
Å no blinking behavior
Å non-cyThe market for medical implant devices in 

the U.S. totoxic and highly biocompatible

ND can attach to proteins in the body 
making them easier to detect and track. 
(Source: Carlo Bradac, Macquarie 

University)
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Extraction and Purification of Proteins

www.nanodiamomond.co.il

Recombinant luciferase chromatography using ND sorbent : 1 - initial 

sample, 2 - freely released protein components, 3 - washing the column, 

4 - 9 - the maximum fraction of the luciferase activity in the elution.

The yield reached in two independent  tests by one operation amounted   

35 and 38%  of the desired product .

Bondar et al, Nanodiamonds with original properties: application in 

biology and medicine; 
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Nanodiamond (ND) Quality

In biomedicine, you need ND powder of the best quality! 

The quality of ND is determined by: 

Á Chemical homogeneity of functional groups on the surface area

Á Purity (metal- and graphite- free) 

Á Grain size homogeneity 

Á Absence of poly-crystals

Á Ability to full disaggregation

The quality of ND depends on 

the methods of ND

synthesis and purification.
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Where can you get high quality ND?
WheredoesconventionalNDcomefrom?

ÁNDs used today are produced by detonation. Explosivesare
detonated inside metal reactors,which inevitably causesmetals to
penetratethe morphologicalstructureof ND

WheredoesRayNDcomefrom?

ÁRay Techniques has developed a novel άgreenέ laser-based
technologyfor producingND(RayND)

ÁWedo not detonateςwe makeour diamondsout of purecarbon

sootby controlledsynthesis!

RayNDis the most suitableNDfor biomedicine!

www.nanodiamomond.co.il 15



Existing Technology of ND Production

Á Preparation of explosive materials 
mixture containing TNT and RDX

ÁMixture detonation in chambers 
and obtaining blend containing 
ND, other carbon structures and 
metals

Á ND separation and purification by
boiling in nitric acid for a long 
time and washing 

ND reactor in Sarov

Polluting and Dangerous 
Technology!

www.nanodiamomond.co.il

Detonation Synthesis 

The product of low quality!
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