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What Are Nanomaterials?

Nanomaterials are substances engineered and used at an incredibly small scale — between 1 and 100

nanometres (nm) in at least one dimension. To understand just how small this is: one nanometre is one

billionth of a metre. A single human hair is approximately 80,000 nm wide. A red blood cell is about 7,000 nm

in diameter. Nanomaterials exist in a size regime where the rules of classical physics begin to give way to

quantum mechanical effects — and this is where their extraordinary properties emerge.

■ 1 nanometre = 0.000000001 metres = 10■■ m

Why Does Size Matter?

At the nanoscale, materials behave fundamentally differently from their bulk counterparts — even when the

chemical composition is identical. Gold, for example, appears yellow as a bulk solid but appears red, purple,

or blue as nanoparticles, depending on their size. This dramatic color change results from a quantum optical

phenomenon called Surface Plasmon Resonance (SPR) — the collective oscillation of electrons at the

nanoparticle surface in response to light.

The key reason nanomaterials are so special lies in their extraordinarily high surface-area-to-volume ratio. As

a material is divided into smaller and smaller pieces, a greater proportion of its atoms are located at the

surface rather than in the interior. Surface atoms are more chemically reactive — they have unsatisfied

bonds and interact readily with surrounding molecules. This is why nanoparticles are such powerful catalysts,

sensors, and drug delivery vehicles.

Size Comparison — Putting the Nanoscale in Perspective

Object Approximate Size Nanometres

Water molecule 0.3 nm 0.3 nm

DNA double helix (width) 2 nm 2 nm

Gold nanoparticle (typical) 5–50 nm 5–50 nm

Virus 20–300 nm 20–300 nm

Bacterium 1–10 µm 1,000–10,000 nm

Red blood cell 7–8 µm 7,000–8,000 nm

Human hair (width) ~80 µm ~80,000 nm



Types of Nanomaterials

Metal Nanoparticles

Gold (AuNPs), silver (AgNPs), and platinum nanoparticles are among the most widely studied. Gold

nanoparticles display size-tunable optical properties due to SPR and are used in medical diagnostics, cancer

therapy, and chemical sensing. Silver nanoparticles are powerful antimicrobial agents used in wound

dressings and coatings.

Carbon Nanomaterials

Carbon nanotubes (CNTs) are cylindrical carbon structures with exceptional mechanical strength and

electrical conductivity. Graphene — a single layer of carbon atoms arranged in a hexagonal lattice — is one

of the strongest and most conductive materials known. Fullerenes (C60, "Buckyballs") are hollow carbon

spheres with unique chemical properties.

Quantum Dots

Semiconductor nanocrystals (2–10 nm) whose electronic properties depend strongly on their size. Larger

quantum dots emit red light; smaller ones emit blue. This size-tunable fluorescence makes them invaluable in

biological imaging, solar cells, and LED displays.

Polymer Nanoparticles

Nanoparticles made from polymers like polyethylene glycol (PEG) or polylactic acid (PLA). Widely used in

drug delivery — their surface can be functionalized to target specific cells or tissues, carrying therapeutic

cargo directly to disease sites.

Metal Oxide Nanoparticles

Titanium dioxide (TiO2) and zinc oxide (ZnO) nanoparticles are powerful photocatalysts used in sunscreens,

self-cleaning surfaces, and water purification. Iron oxide nanoparticles (Fe3O4) respond to magnetic fields

and are used in MRI contrast agents and targeted therapy.



Real-World Applications of Nanomaterials

Medicine & Drug Delivery

• Targeted drug delivery systems using PEG-coated nanoparticles

• Gold nanoparticle-based colorimetric sensors for disease detection

• Silver nanoparticles in antimicrobial wound dressings

• Quantum dot fluorescent probes for cancer cell imaging

• Iron oxide nanoparticles as MRI contrast agents

Environmental Applications

• Titanium dioxide photocatalysts for water purification and pollutant degradation

• Nano-scale zero-valent iron (nZVI) for groundwater remediation

• Carbon nanotube membranes for water filtration

• Nanosensors for real-time environmental monitoring of heavy metals and antibiotics

• Nano-enabled fertilizers for sustainable agriculture

Electronics & Energy

• Quantum dots in QLED television displays

• Graphene-based electrodes for next-generation batteries and supercapacitors

• Silver nanowire transparent electrodes in touchscreens

• Perovskite nanocrystals for solar energy conversion

• Carbon nanotube transistors for computing beyond silicon

Food & Consumer Products

• Silver nanoparticle antimicrobial packaging to extend food shelf life

• Nano-encapsulated vitamins and nutraceuticals for controlled release

• Titanium dioxide and zinc oxide UV filters in sunscreens

• Nano-clay composites for improved food packaging barrier properties

• Nano-sensors for food quality and freshness detection

Safety and Ethical Considerations

The same properties that make nanomaterials useful — small size, high reactivity, ability to cross biological

barriers — also raise important safety questions. Nanotoxicology is the study of the potential harmful effects

of nanomaterials on living organisms and the environment.

■ Inhalation risk: Nanoparticles may penetrate deep into lung tissue

■ Cellular uptake: Some nanoparticles can cross cell membranes and accumulate in organs

■ Environmental persistence: Nano-silver can accumulate in aquatic ecosystems, harming microorganisms

■ Unknown long-term effects: Many nanomaterials have insufficient long-term safety data

■ Regulatory gaps: Existing chemical regulations were not designed with nanomaterials in mind



Key Terms Glossary

Nanometre (nm) One billionth of a metre (10■■ m)

Surface Plasmon Resonance
(SPR)

Collective oscillation of electrons at a metal nanoparticle surface in
response to light

Quantum dot Semiconductor nanocrystal with size-tunable optical and electronic
properties

Functionalization Chemical modification of a nanoparticle surface to add specific
properties or recognition groups

Nanotoxicology Study of the toxic effects of nanoscale materials on biological systems

PEG (Polyethylene Glycol) A biocompatible polymer widely used to stabilize and functionalize
nanoparticles

Colloidal dispersion A stable mixture of nanoparticles dispersed throughout a liquid
medium

Surface-area-to-volume ratio The ratio of surface area to total volume — increases dramatically at
the nanoscale

■ Want to go deeper? Read our comprehensive technical article on gold nanoparticle colorimetric

chemosensors at uocs.org — and explore more chemistry explainers at infochemist.com.
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