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ABSTRACT 

 
We produce crystalline compositions capable of 

converting wavelengths of light up and down the 
electromagnetic spectrum. We incorporate precise ratios of  
ions in unique host lattices and synthesize them under exact 
conditions to achieve control of their optical properties 
through highly complex energy transfer mechanisms.  The 
emissions of the crystals are tuned for various parameters 
such as lifetime, emission spectra and power density. The 
reader of this text has at least 1,000 of our crystals 
incorporated into something they are carrying or wearing. 
The photonic crystals can be grown to any size or 
morphology with the photonic property of converting 
almost any wavelength to any other wavelength. The 
crystals can be incorporated into inks, plastics, metals, 
water, solvent, drug formulations, etc. With numerous 
potential applications, we are specifically targeting medical, 
anti-counterfeit, defense, industrial, transportation, lighting, 
solar, display, optical computing, toys and the telecom 
markets. 
Keywords: nanocrystals, medical, anti-counterfeit, defense, 
solar 
 

1 THE DREAM 
 
On the most basic level our universe functions on the 

conversion of energy and the interpretation of that energy 
as information. The ability of a species to efficiently utilize 
and react to the myriad of energies in an always-changing 
environment is a significant determinant of evolutionary 
success. Sequoia trees, for instance, can live thousands of 
years.  The idea of the human race maintaining such 
homeostasis and extending our years of highest quality of 
life to thousands of years is very achievable. After millions 
of years of evolution we are not that far – perhaps just a few 
generations away.  It has always been the goal of humanity 
to increase the quality and longevity of life, ensuring the 
survival of our world and species.  The concept of the 
‘Garden’, (living with your loved ones in peace for a very 
long time) is not that far away.  Everyone has a part to play 
in the process, some facilitate progress, others until 
awakened hinder.  

 
 

2 THE REALITY 
 

As technologies rapidly advance so do our knowledge and 
understanding of the universe.  History has shown that as 

knowledge and technology evolve many prevailing truths 
and realities could not be more wrong.    Helios will take 
the sun across the sky on his chariot or the world is flat.  
These absurd statements were facts not too long ago.   One 
has to assume that looking back in a thousand years, our 
reality in 2014 will be absurd.  Don’t care if you’re Stephen 
Hawking, our mental model of the universe will seem 
barbaric a thousand years from now.  (Good reason to leave 
egos at the door.)  The ability and knowledge needed to live 
significantly longer lives may seem obvious 100 years from 
now.  Science has made great progress in the ability to grow 
transplantable organs and tissues in a laboratory from our 
own stem cells.  This is a small step toward achieving that 
knowledge but much is still to be accomplished and major 
technological hurdles must still be surpassed.     

3 MATERIAL OF OLD 
The roman poet Ovid described the ages of man as metals 
of decreasing value: Gold, Silver, Bronze and Iron. The 
discovery and exploration of the uses of these metals have 
defined many cultures as well as destroyed many more.  
Materials define us - Bronze Age, Iron Age. These words 
represent swaths of time.  There is no disputing that we are 
in the age of hydrocarbons aka petroleum.  Our economies 
are defined by this crude, which is pumped from the ground 
and refined. We power cars and airplanes with it, shape it 
into plastic bottles and tons of other parts and pieces and 
fight wars over its sources.   

 
4 MATERIALS OF NEW 

 
To achieve this utopia new materials must be created. As 
humans, we evolve and survive based on how energy is 
processed and interpreted even though we only sense a 
miniscule portion of the electromagnetic spectrum.  
Technological advances lead to the creation of new 
materials and the ability of us as humans to detect and sense 
regions of the electromagnetic spectrum that are currently 
out of reach [Fig. 1].   

 
 

Fig 1: Electromagnetic Spectrum 
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4.1 The Amazing Rare Earths 

Rare Earths are the material of the future.  The fascinating 
properties of these materials are due to inherent gaps in the 
orbital structure of the 6s and 4f electrons, protected by the 
outer 4d and 5p orbitals and filling the 4f orbitals prior to 
the 5d orbitals. This unique electron configuration  
separates the lanthanides and actinides from the rest of the 
periodic table. Rare earth elements, when crystallized in 
precise ratios at high temperatures, exhibit unique 
properties unlike any other material known to man.  
Intelligent Material Solutions, Inc. (IMS) has the ability to 
synthesize highly uniform, rare earth-based crystals of 
various sizes and morphologies [Fig. 2].  

 The designed crystal composition and architecture yields 
exceptional electromagnetic up and down conversion 
properties, in that they transform light (photons) from a 
lower energy to that of higher energy and vice versa.  In 
terms of the particle nature of light, upconversion implies 
the absorption of two or more low energy photons resulting 
in the emission of a higher energy photon. Alternatively 
down-converting crystals can convert energy over extreme 
energy levels, such as transforming x-ray, UV or visible 
light into infrared light  [Fig. 3]. 

          

 
 
 

 
 
Temporal properties can be controlled such as rise and 
decay times to produce various optical signals [Fig. 4]. 

 
 

 
In addition, Intelligent Material® can store energy and emit 
photons over a controlled period of time by a process called 
photostimulated luminescence (PSL). PSL occurs through 
the creation of electron traps in the crystal lattice that 
undergo electron-hole pair recombination events as a result 
of carrier and electron interactions.  Photons in the crystal 
lattice can either be absorbed, generating free carriers, or 
they can initiate a recombination event and subsequent 
photoemission at another wavelength.  In examples of 
afterglow materials the rare earth dopants are the primary 
acceptors undergoing a thermal energy transfer to another 
metal in the host lattice.  This radiative transfer can occur 
from minutes to hours depending on the composition and 
the crystal field strength of the emitting ions. 
 
 

5 ENERGY AND/OR INFORMATION 
 

The synthetic methods developed by IMS to control particle 
morphology and composition provide an excellent tool for 
precise analytical assessment of almost any experimental 
system utilizing specific wavelengths and intensities of 
light for identification and quantification.  This tunability of 
the crystal structure provides vast multiplexing capabilities 
based on the temporal properties of the crystal. The energy 
converting crystals can be grown to any shape or size with 
the photonic property of converting almost any wavelength 
to any other wavelength [Fig. 5].  
 
 
 

Fig 2: Uniform Crystals – white bar 100nm 

Fig 3 : Possible Overlayed Emission 

Fig 4: Rise/Decay Times of Yttrium Oxide 
upconverting crystals of varying Ytterbium/Erbium 
ratios.  
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These inert crystalline structures convert energy and 
provide information. Similar to human perception, photons 
enter the Intelligent Material®, interact with the structure 
and emit a programmed response.    IMS is developing 
products that leverage these extraordinary properties under 
the Sunstone® brand where energy is needed and under the 
Intelligent Material® brand when information is needed. 
Sunstone® and Intelligent Material® can be incorporated 
into any substrate and possess any surface functionality. 
Intelligent Material® can be combined to produce almost 
an infinite  amount of combinations and be distinguished at 
parts per billion concentration.   
 
Our current focus is on plasmonic materials. We are 
developing ‘photonic bombs’ with nanopatterns of silver 
and rare-earth crystals.  
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Fig 5 : Diamonds / Hex Plates -  photonic crystals 

NSTI-Nanotech 2014, www.nsti.org, ISBN 978-1-4822-5827-1 Vol. 2, 2014426




