
In 2016 the sculptor Anish Kapoor used Vantablack, a pigment 
said to be the blackest ever made, to coat his Cloud Gate sculpture 
in Chicago (1). How is blackness defined and measured? How 
does the pigment work?

A black body is one that absorbs all electromagnetic radiation; 
it is a perfect absorber. It is also an ideal radiator, emitting 
radiation that depends only on its temperature and size (2). The 
total power, P, radiated by a black body is given by:

P = σAT
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where A is the object’s surface area, T is its temperature in kelvin, 
and σ is the Stefan-Boltzmann constant (5.67 × 10−8 W m−2 K−4). 
The spectrum peaks at a wavelength λmax:

λmaxT = 2.83 × 10−3 m K

Objects that we see as black absorb radiation over the entire 
range of visible wavelengths — about 400 nm (violet) to 750 nm 
(red). But they do not absorb all the visible radiation. Reflected 
radiation enables us to see shapes and surface textures, and 
objects can appear both black and shiny (3). An object appears 
shiny if it has a smooth surface, so that most of the reflected 
radiation undergoes specular reflection (‘mirror reflection’ — 
4a). One with a rough surface appears matt (4b).

In 2014 the UK company Surrey NanoSystems announced the 
development of Vantablack, a pigment that absorbs 99.965% of 
radiation with a wavelength of 750 nm, and a similar percentage 
across the visible range and into the ultraviolet (200–450 nm) 
and infrared (up to about 16 000 nm).

A surface coated with Vantablack appears to have no surface 
features or texture (5, 6). The images on this page are not as 

black as the real objects because you are looking at the ordinary 
black ink used to print this magazine. 

The name Vantablack is derived from Vertically Aligned 
NanoTube Array. Carbon nanotubes are cylindrical structures 
made from sheets of carbon only one atom thick. Within the 
sheets, the carbon atoms are arranged hexagonally, like the 
layers of atoms in graphite (7). 

The pigment is made by ‘growing’ carbon nanotubes on a 
metal surface so that they are aligned vertically (8). The tubes 
are about 20 μm long and 20 nm in diameter. Vantablack has a 
very low density (about 100 kg m−3) and, though quite stiff, can 
bend without fracturing. 

When light meets Vantablack, a very large fraction travels into 
the tubes and the spaces between them, undergoing multiple 
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4 Reflection from a surface: 
(a) specular reflection; (b) diffuse reflection
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2 Black body radiation spectrum
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7 Molecular model of a carbon nanotube

3 ‘Black’ objects reflect some visible radiation

17www.hoddereducation.co.uk/physicsreview16 Physics  Review  February 2018

5 An object coated with Vantablack appears like
a black hole

6 Crumpled foil coated with Vantablack

8 Electron micrograph of Vantablack on a metal
surface

reflections. When a light beam of intensity I0 meets a surface, a 
fraction, f, is reflected and the rest is absorbed. After n reflections 
the intensity, Ir , of the reflected beam is:

Ir = f nI0

Even if f is not very much smaller than 1, after several 
reflections Ir is very much less than I0.

Vantablack has already found many applications, such as 
coating the inner surfaces of imaging systems to reduce ‘stray 
light’. Maybe it could be used to colour fabrics — someone 
wearing Vantablack clothes would appear as a disembodied face 
and hands.

Visit the Surrey NanoSystems website to find out more about 
Vantablack and to see a YouTube video of the coated foil: 

www.surreynanosystems.com/vantablack

1 Anish Kapoor’s Cloud Gate sculpture (a) before 
and (b) after being coated with Vantablack
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