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Abstract

Biomimetics refers to the invention and development of materials which are inspired from nature. The morpho butterfly wings are consisting
of nanostructured ridges. They exhibit the phenomenon of interference and diffraction. These contribute to the brilliant blue colour of
the butterfly. It is indeed an amazing fact that there are no pigments present for colour absorption. Development of Morphotex® by Tejin
Limited which is a fabric that is structurally coloured and does not use dye or pigment for coloration. Such fabric eliminates the pollution
caused in manufacturing and application of dyes and after treatment of the dyed textile. In today's world when everything is going green
and everybody is trying to reduce on pollution it is important to check for pollution caused by dyeing of textiles.

. Introduction

Nature has always been the first teacher to man. It has taught us
to learn and live. Man has, to best of his creativity, aped nature in
his life from the start of humanity. The field of mimicking nature to
produce technology is known a Biomimetics or Bionics. Structural
similarities between nature's gifts and technological innovations
are quite popular. Many of the wonderful structures of nature are
in the range of nanoscale. With the advent of nanotechnology
and the instruments to detect nanostructures in the 2 Ist century,
biomimetics is finding new arenas!'l.

2. Biomimetics

Biomimcry traces its roots long back ago when the Chinese tried to
develop a 'Synthetic silk' 3000 years ago. ‘The Eiffel Tower' takes
inspiration from the human thigh bone. Artificial surfaces have
been created which exhibit self cleaning property of Lotus leaf.
George Mestral invented 'Velcro' after observing how the burrs
stuck to his dog's coat. The weight distribution observed in ribs
and stems of lilypad inspired Joseph Paxton to design the 'Crystal
Palace' structure®?!,

3. Butterfly Wings

Colour origination from the butterfly wings can be due to the colour
pigments present on their wings or by the action of light on the
wing scales. The Morpho butterfly species, found in the neotropic
ecozones of South America, exhibit brilliant blue and green colours.
Study shows that this is due to no pigments but by interference,
and diffraction of light by the scales on their wings.

3.1 The morphology of Morpho butterfly

The origination of colours in Morpho menelaus and Morpho
rhetenor butterflies has been studied. The fore wings and the hind
wings, with a span of 14-18 cm, are brilliant blue. The wings contain
large number of scales. The scale surface consists of many ridges.
On both sides of each ridge, lamellae are running along the length
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of the ridge. The lamellae are tilted upwards at an angle to the side
of the ridge. They are positioned asymmetrically around the centre
of the ridge as shown in Figure | and Figure 2. The asymmetric
arrangement plays a part in the colour observed. The periodicity
of ridges lies between 300 and 200 nm with a total ridge width of
between 500 and 700 nm, but despite this, little variation is seen
in colour of the butterfly when viewed from different angles. This
contradicts the interference phenomena. It is only the intensity of
blue colour which varies. The lamellae and the air layers take part
in the interference and diffraction of light. The iridescent lamellae
are only present on the dorsal side of their wings, leaving the ventral
side brown this contributes to the structural colour®-°!.

Colour without dyes or pigments is the mystery presented by the
luminous blue Morpho menelaus butterfly. Its wings are covered
with tiny nanostructured scales which diffract the light and which -
by interference - eliminate all colours except blue. Unlike chemical
pigments, these physical colours never fade. This property also
makes them interesting!*.

3.2 Interference and Diffraction

Fig.| : Wing scales of morpho butterfly[10].

Interference effects are seen in thin films which produce colours of
soap bubbles and a slick of oil spreading over small puddles. These
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Fig.2 : Ridge structure[10].

films have thickness in the order of 550 nm (same as the wavelength
of light). When light is incident on such a film, a small portion gets
reflected from the upper surface and majority is transmitted into
the film. At the next interface of thin film and air, the transmitted
light gets reflected into the thin film and the rest is transmitted into
the air. The reflected rays travel along different paths and may be
reunited to produce interference. In the butterfly wing case, the
lamellae form the thin film and light propagates between the lamellae
and air. Depending on the wavelength and the angle of incidence,
there can be constructive interference or destructive interference.
Constructive interference produces bright regions and destructive
interference produces dark regions. The condition for constructive
interference is
2ut cost = (2m+1) A/2

where U is the refractive index of the cuticle with respect to air,
t is the thickness of the lamellae, A is the wavelength of incident
radiation and m is order of interference.

Diffraction is also a form of interference. The bending of light around
an obstacle whose dimensions are comparable to the wavelength of
light is called Diffraction. Since the ridge gap is between the ranges
of 300-2000 nm light bends from the edges of ridge and produces
the diffraction pattern. The arrangement of ridges on scales can be
compared to the diffraction grating. Hence the positions of principle
maxima in the diffraction pattern is explained mathematically by the
following equation
mi = dsin 6

where m is an integer, A is the wavelength of the incident light, d
is the gap between the ridges and 0 is the angle by which the light
wave bends. The thickness and angle of incidence decides the type
and intensity of the colour observed”!.

4. Applications

The colour in 'Inverse Opal Films'is due to similar phenomenon as
that of butterfly wings. Much research has been done on butterfly
wings under the topic of natural photonics. The photonic crystals
are those substances which can manipulate the flow of light. The
crystal consists of two dielectric materials of different refractive
indices, the thickness of which is in order of wavelength of light. The
propagation of the light of some specific energy range is prohibited
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by the crystal. This is created by photonic band gap. The photonic
band gap prohibits the flow of light just as the electron band gap
does in semiconductors®!.

The Tejin Fibers Limited has reproduced the blue colour of Morpho
butterfly by producing fabrics which are structurally coloured,
named as Morphotex®. The Morphotex® fabric has 61 alternate
layers of nylon and polyester which are having different refractive
indices. This corresponds to the ratio of refractive index ratio
of butterfly cuticle to that of air which is 1.56. The process of
alternate lamination depends upon the type of polymers and their
forming temperatures. The forming temperature difference (AT)
is the difference between a forming temperature T1 of the first
polymer and the forming temperature T2 of the second polymer.
Generally polymer with a forming temperature of 80°C or less is
selected, so that the polymer with lower forming temperature do
not degrade at high forming temperature of the other polymer. If
the forming temperature difference is more than 80°C, the melt
viscosity difference will be large, resulting in nonuniform formation
of filament. The second criterion for the two polymers is to meet the
refractive index ratio. It is found that the ratio of refractive indices
should lie between .01 and 1.2. The lower limit for n1 1.3, since
most of the polymers have refractive index between 1.3 and 1.7.
The lower limit of n1/n2 is taken as 1.01 because if the refractive
index is below 1.01, the fiber structure is influenced by fluctuation
of refractive index w.r.t. temperature and dispersion, which will
cause problems in interference of light and in getting the appropriate
colour, even with largely increased number of laminations. The
upper limit is kept as 1.2 since composite polymer with forming
temperature difference less than 80°C and refractive index less than
1.2 is not found. Hence
1.01< (ni/n2) >1.2

Morphotex® fiber is spun from a spinneret by composite melt
spinning. Composite Melt Spinning carried out at a temperature of
274°C and a take up speed of [200m/min to obtain a continuous
thread with 61 numbers of laminations. Then heat stretching is
carried out by a roller stretching machine at a temperature of
90°C and a take up speed of 300m/min to obtain a desired fiber
structure.

The reflection spectrum of such a fabric is evaluated by a
microspectrophotometer. The results of evaluation are such that the
fabric shows a transparent blue and has an anisotropic characteristic
i.e. different colour are observed from different viewing points. The
reflection peak A is at 0.47um or 470nm and the reflectivity is I.1.
Various other synthetic polymers like polymethylmethaacrylate,
polyvinylacetate, polystyrene, polyvinylidene fluoride, nylon 66
and polyphenylene sulfide can also be spun to produce alternate
layers!®!.

6. Advantages

The worldly consumption of dyes is enormous. Dyeing procedures
include many chemical substances in addition to these dyes. The
dyes mostly are synthetic which possess disposal problems. If left in
the open, they are hazardous to environment and life forms. Dyeing
without dyes would have seemed impossible 10 years back but now
Morphotex®, developed by Teijin Fibers Limited, is a structurally
colored textile which uses no dye[9] .1t helps in reducing use of
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chemical substances and energy. This fibre is used for interiors of car
and the outer parts of man-made leather shoes. The technological
advancement of this unique fabric is highly beneficial for a green
environment.
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