Nano Liquid Photonic Coating:
Materials-Science Analysis of
Nano-Structured Optical Films for
Horticultural CMH Systems

1. Introduction

Advances in controlled-environment agriculture increasingly rely on improvements in optical
efficiency rather than increases in electrical power. Ceramic metal halide (CMH) systems remain
widely used due to their broad spectral distribution and high radiative stability. However,
conventional CMH reflectors and arc-tube surfaces exhibit inherent inefficiencies, including
diffuse scatter, off-axis photon loss, and non-optimized spectral output.

NanoGrowLight’s Nano Liquid Photonic Coating is a nano-structured optical film designed to
modify photon behavior at the material interface. This whitepaper provides a materials-science
analysis of the coating’s composition, optical mechanisms, and performance characteristics.

2. Materials Composition and Nano-Layer Architecture

The Nano Liquid Photonic Coating consists of a multi-layered nano-scale film deposited through
a liquid-phase application process. Each layer is engineered with specific refractive index values
to create controlled optical interactions.

2.1 Layer Structure
The coating architecture includes:

High-index nano-layers for photon redirection
Low-index buffer layers for spectral smoothing
Reflective nano-clusters to enhance PAR-band reflectivity
Surface-level scatter-control layers to reduce diffuse loss

2.2 Material Properties
Key materials-science characteristics include:

Refractive index tuning across 1.4-2.1

Nano-cluster size distribution in the 20—80 nm range
Controlled surface roughness (Ra < 50 nm)

High thermal stability suitable for CMH arc-tube temperatures
Chemical inertness under prolonged UV exposure



These properties allow the coating to maintain structural and optical integrity under
high-temperature, high-photon-flux conditions.

3. Optical Mechanisms
The coating enhances optical performance through several nano-scale mechanisms:
3.1 Photon Redirection via Index Gradient

The refractive index gradient across layers creates preferential photon pathways, redirecting stray
photons downward toward the plant canopy.

3.2 Beam Geometry Modification

Nano-cluster reflectivity reduces lateral dispersion, tightening beam spread and increasing
photon density in the central field.

3.3 Spectral Purification

The coating selectively enhances blue-rich wavelengths (400—500 nm) through constructive
interference and reduced spectral noise.

3.4 Reduction of Diffuse Scatter
Surface-level nano-structures minimize Lambertian scatter, improving directional photon flux.
3.5 PAR-Band Optimization

The coating increases usable PAR without altering the CMH lamp’s electrical characteristics,
representing a materials-driven efficiency gain.

4. Thermal and Mechanical Stability

CMH systems operate at elevated temperatures, requiring coatings with high thermal resilience.
4.1 Thermal Performance
Testing indicates:

e No delamination at arc-tube temperatures

o Stable refractive index under thermal cycling

e No degradation under UV-rich emission spectra

4.2 Mechanical Adhesion



The coating maintains adhesion under:

e Repeated heating/cooling cycles
o High-intensity photon bombardment
o Reflector vibration and handling

These properties make the coating suitable for long-term horticultural deployment.

5. Performance Data

Controlled testing demonstrates measurable improvements in optical and horticultural
performance:

e 18% increase in usable PAR
o 22% tighter beam spread

e Enhanced spectral consistency
e Improved canopy penetration
e Reduced internodal spacing

e Increased vegetative biomass

These results were obtained using identical environmental conditions and uncoated CMH
baselines.

6. Horticultural Impact

The materials-driven optical improvements translate into biological responses:

o Higher chlorophyll activation

e Increased leaf density

e Reduced elongation

o Faster vegetative development

e Improved uniformity across canopy zones

These effects were observed across microgreens, herbs, and ornamental species.

7. Certification and Compliance

NanoGrowLight systems incorporating the coating are UL-certified, confirming:

o Electrical safety

e Thermal stability

e Component integrity

e Manufacturing compliance

This certification supports adoption in research laboratories and commercial facilities.



8. Applications in Materials Science and Photonics

The coating demonstrates practical application of nano-structured optical films in:

e High-temperature lighting systems

e Controlled-environment agriculture

e Spectral-shaping photonic devices

o Reflective surface engineering

o Nano-layer refractive index modulation

Its performance suggests broader applicability in optical efficiency enhancement across multiple
industries.

9. Conclusion

Nano Liquid Photonic Coating represents a materials-science advancement in horticultural
lighting. By leveraging nano-layer refractive index control, photon redirection, and spectral
purification, the coating improves optical efficiency without increasing electrical power
consumption. This demonstrates the potential of nano-structured photonic films to enhance
performance in high-temperature, high-flux lighting environments.



