
Figure	  1:	  SEM	  image	  of	  a	  nanodiamond	  photonic	  
cavity.	  Nanoscale	  holes	  are	  etched	  into	  the	  layer	  
holding	  NV	  centers.	  Scale	  bar	  =	  200nm	  [3.]	  
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Abstract 

 Nanodiamonds are a unique resource that carry a vast array of properties and 
characteristics that cannot be found in any other material. The nitrogen-vacancy center in a 
nanodiamond has sparked a large amount of interest in scientists and researches from all over 
because of its additional set of unique individualities. Florescent nanodiamonds, bioimaging, and 
optical trapping are just a few of the vast applications of nanodiamonds in todays modern world. 
It can be concluded that nanodiamonds are making immense strides in advancing scientific 
research and discovery. 
 
1. Introduction & Theory 

Diamonds are commonly praised for their outstanding beauty and lust. They have been 
worn for centuries and are seen as a status symbol for wealth and prosperity. The quality of any 
given diamond is widely rated by using the “four C’s”: color, clarity, cut, and carat. A diamond 

used for jewelry needs high clarity with minimal 
characteristic flaws know as “inclusions” in addition 
to a perfect cut, allowing light to glimmer off in a 
beautiful fashion. Although diamonds are used for 
their natural beauty and luster in jewelry, they also 
have technological and scientific applications which 

have been investigated for many centuries. However, 
the diamonds used in recent years for scientific 
advancement look nothing like the diamonds you will 
find in jewelry. These diamonds are called 

nanodiamonds, often only measuring tens of nanometers across.   
Nanodiamonds are far from perfect in terms of the four C’s as previously mentioned. For 

nanodiamonds to be useful in scientific research and technological development, they need 
imperfections to give the nanodiamond an isolated color center. This color center will allow the 
diamond to act as a single trapped atom. A center in particular that is quite promising for the 
advancement of nanodiamond applications is the negatively charged nitrogen-vacancy center 
(NV). NV centers contain both a nitrogen atom and a vacant site. Properties that are associated 
with NV centers are non-linear optical response, high brightness, and photo-stability. In addition, 
observing nanodiamonds is reasonably inexpensive, requiring just a handful of easy to acquire 
laboratory equipment. With such a wide range of unique properties, NV in nanodiamonds has 
sparked a broad interest in people from all over. 

Fabricating the NV center in nanodiamonds can be done in three common methods: 
forming it during the diamond growth process, activating nitrogen 
present in the diamond as an impurity, and implanting nitrogen 
into ultra-pure (low-nitrogen) diamond [1]. Each method to create 
nanodiamonds comes with their own set of advantages and 
disadvantages. For example, detonation is a process used to create 
nanodiamonds. In this process, the nanodiamonds are formed 
from high-energy explosives that contain both carbon and 
nitrogen. The main advantage of this method is that the average 

Figure	  2:	  Structure	  of	  NV	  center	  in	  
a	  nanodiamond 



size of the resultant nanodiamonds is about 3-6 nm which is the optimal particle size for bio-
applications. In addition, the material used for this process is available in large quantities. 
However, the yield of usable NV is scarce and can be problematic. 
 NV centers have an electronic structure that consists of a nitrogen atom beside a vacancy 
in the diamond lattice. The NV develops a ground state spin triplet that can be controlled 
coherently at room temperature employing electromagnetic fields [2]. Because NV has this kind 
of energy level structure, NV fluorescence is spin-state dependent, which allows for simple 

methods to be used for optical initialization and readout. It is precisely these reasons why the NV 
center is one of the leading contenders for room temperature quantum information processing. 

Electron fine structures arise in the NV center because of the spin-orbit and spin-spin 
interactions. The 3E excited fine state relies on room temperature and strain collectively to 
simulate the ground triplet state with a single zero-field splitting of 1.42 GHz. When in a lower 
temperature environment, the fine structures of the excited triplet are exceedingly dependent on 
crystal strain. In the low strain limit, the structures exhibit four fine structure levels which relate 
to varying combinations of orbital and spin sub-levels. The excited triplet fine structure shows 
articulated Stark shifts which may be essential for tuning centers [1].  
 
	  
2. Applications 
 
2.1 Fluorescent Nanodiamonds and Bioimaging 
 
 Fluorescent nanodiamonds (FNDs) containing negatively charged nitrogen-vacancy 
(NV ̄) centers are promising optical imaging probes. They are applied widely in vitro and vivo 
imaging applications. Because of the relative easiness of specifically functionalizing their surface, 
slow emission rates for phosphorescence and low cytotoxicity, NDs have been used as 
biomarkers on long-term imaging, e.g. in intracellular labeling or in vivo tracking. Recently 
Nanodiamond fluorescence imaging has showed success in a number of studies. Figure 6 
displays the bright field and fluorescence images of a live HeLa cell after uptake of 35nm FNDs 

Figure	  3:	  -‐NV	  electron	  level	  structures.	  The	  boxes	  depict	  the	  fine	  structure	  
of	  electronic	  states	  for	  various	  temperature	  and	  strain.	  Dashed	  black	  
arrows	  show	  the	  sequence	  of	  transitions	  which	  are	  though	  to	  be	  
responsible	  for	  the	  optical	  spin-‐polarization	  of	  the	  ground	  state	  triplet. 



and how it tracks the movement of a single FND particle inside the cell in three dimensions 
under a wide-field microscope over a time span of 200s. There is no sign of photobleaching or 
photoblinking showing up during fluorescence of the particle. Again, the excellent photo stability 
of FND makes it an ideal tool for bioimaging. 

 
Figure 4: Three-dimensional tracking of a single 35-nm FND in a live HeLa cell. Bright field and 
epifluorescence merge images of the cell after FND uptake (left). Three-dimensional trajectory of a 
single FND inside the cell over a time span of 200s (right). 

 
 

Furthermore, the brightness of a single NV ̄ center is about one third of a quantum dot. 
Researches have proved that this brightness of the FND can be improved by surface plasmon 
resonance (SPR). The lithographically fabricated bowtie nanoantennas with high precision 
electron beam showing below could provide a structure that enhances fluorescence and which is 
more controllable and amenable to integration. Partially is due to the highly enhanced local fields 
when the plasmonic nanoantennas are pumped resonantly and the whole structure leads to 
increased Raman scattering. Mostly this is a result of strengthened absorption and radiative 
emission rate, leading to enhancement of the intrinsic quantum efficiency. In Figure 6 we 
observe the great enhancement of a single molecule’s fluorescence as large as with a factor of 
1340. 

 

 
Figure 5: a. Schematic of bowtie nanoantenna (gold) coated with TPQDI molecules (black arrows) in 
PMMA (light blue) on a transparent substrate; b. Scanning electron microscopy (SEM) image of a gold 
bowtie nanoantenna. Scale bar, 100 nm 

 



Figure 6: a. Confocal fluorescence scan of a low concentration sample of TPQDI in PMMA without 
bowtie nanoantennas. b. Confocal scan of 16 bowties coated with a high concentration TPQDI in 
PMMA. c. Fluorescence time trace of a single unenhanced TPQDI molecule aligned along the excitation 
polarization axis. d. Fluorescence time trace of the TPQDI/PMMA-coated bowtie nanoantenna. Blinking 
dynamics and eventual photobleaching are due to one molecule that has been enhanced by a factor of 
1,340. 

 
 
 
 
 
2.2 Optical Trapping 
 

Optical levitation of negatively charged nanodiamond with Nitrogen vacancy center 
provides a novel platform for cavity free optical system. Such system has the potential to make 
the extremely sensitive instruments for sensing tiny forces possible as well as creating 
macroscopic Schrodinger Cat state. The optical trapping was first demonstrated in the liquid and 
later at atmospheric pressure and high vacuum. Let’s first introduce the up to date experiment 
setup of optical trapping in vacuum.  



 
Figure 7: schematic diagram of the optical trapping setup. The excitation laser and trap laser are 
combined and focused by a NA=0.9 trap objective in a stainless steel chamber where the trapping 
happens. The photoluminescence (PL) is collected into a single-mode fiber. 

 
The excitation laser is a Picoquant LDH-FA pulsed laser (532nm; 40MHz; 100 ps 

bandwidth) and the trap laser is a YAG laser (1064nm) whose first order refracted beam is used 
for trapping. The trap laser is chopped using an acousto-optic modulator (AOM) before the 
telescope. A feedback mechanism is used to change the shape of the potential well that the 
diamond sees, so the diamond will oscillate at the bottom of the valley. A typical position 
measurement is shown below:  

Figure 8: diagram of the typical position measurement of a trapped nanodiamond. Left: Motion of the 
diamond at atmosphere pressure; right: Motion in the vacuum. At atmosphere pressure, the motion is 
Brownian. At vacuum, it is three dimensionally independent harmonic oscillation. 

 
The advantage of using a NV centered nanodiamond is being able to perform measurement 

on the energy structure of the system. When the excited NV center relaxes to a lower state, it 
emits photons, known as photoluminescence, allowing us to understand what state the diamond 
is at in order to exert control. Additionally, since the diamond contains a single spin the system 
can function as a quantum mechanical oscillator system that combines ultrahigh Q-factor. As a 
result, the system must to have pressure low enough; however, we are yet been unable to 



maintain trapped diamond below 0.5KPa because the diamond might either melt or sublime at 
very low pressure. Such low vacuum constraint limits the possible Q-factor to about 20.  

 
Figure 9: optically detected magnetic resonance in trapped nanodiamond with chopping. A: The ESR 
(electron spin resonance) for the NV is suppressed by the trap laser as the ESR signal enhances while the 
laser is being chopped. The graph corresponds to the transition from ground spin state to ±1 state. B: An 
external magnetic field removes the degeneracy between the m=+1 and m=-1 spin state. 

 
The +1 and -1 spin state are normally degenerate, meaning they contain the same energy. 

With an external magnetic field, these two spin state react differently to it. The nanodiamond 
will feel a push if there is a +1 spin; it feels a pull is there is a -1 spin. A macroscopic 
Schrodinger Cat state is referring to the superposition of +1 and -1 spin state. Once the 
nanodiamond can be cooled down to its ground state, it is theoretically possible to both push and 
pull the diamond.  

Figure 10: photos of the trapped nanodiamond and the chamber. 
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