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Abstract: The material's size and shape influence its physical, chemical, and
mechanical properties. This study describes an investigation of natural photonic
structure of the butterfly’s wing, mainly composed of chitin. The effect of
corrugations at the nanoscale on material's optical response is unambiguously
revealed in presented thermal measurements. Furthermore, the presented study
shows the possibility of exploiting holography to monitor dynamics in situ.
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INTRODUCTION

Apatura iris butterfly’s wing used for this study is shown in Figure 1°.
Butterfly wings are made of the biopolymer chitin®, with general formula
(CgH1305N)n. The chitin composition of different parts of the butterfly's body is
described elsewhere.’ The paper revealed that chitins from different parts are
chemically very similar, but with significant differences in their surface
morphologies.
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Fig 1. Apatura iris butterfly: (A) An optical image of the whole butterfly; (B) SEM image of a
ground scale of the wing.

In this study surface morphology is characterized by JEOL JSM 6610 LV
(Japan), Scanning Electron Microscope (SEM) in conjunction with the Energy
Dispersive Spectroscopy (EDS) detector model X-Max Large Area Analytical
Silicon Drift connected with INCA Energy 350 Microanalysis (detection of
elements Z > 5, detection limit: ~ 0.1 mas. %, resolution 126 eV).

Micro-elemental (EDS) analysis of Apatura iris butterfly’s wing in two
selected points, scale cell and the wing membrane, given in Figure 2, showed
presence of carbon (C), oxygen (O) and nitrogen (N) originated from chitin. As it
can be seen, the content of C, N, and O slightly differs in scale cell and the wing
membrane, indicating different chitin compositions in different surface structures.
The presence of gold (Au) originates from sample preparation for SEM/EDS
analysis.

Thermal camera "FLIR A65" (640 x 512 pixel, thermal resolution 50 mK,
focal length 13 mm, field of view angle 45° x 37°) is used to measure the
temperature of the sample after the irradiation with laser. Later, holographic
method will be used to characterize the interaction of the photonic structure with
light ®7. A scheme of the holographic setup that is going to be used in the
experiment is described elsewhere®. The setup will allow simultaneous recording
of deformation and temperature.
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Fig 2. (A) SEM image of the scale cells and the wing membrane of Apatura iris butterfly’s
wing, (B) EDS analysis of the wing at the scale cell (Spectrum 1), (C) EDS analysis of the
wing at the wing membrane (Spectrum 2).

RESULTS AND DISCUSSION

Six samples are individually irradiated by external lasers operating at four
different wavelengths (450 nm, 532 nm, 660 nm, and 980nm) keeping the power
and illuminated spot diameter constant at 1 mW and 1 mm, respectively. Thermal
measurement is made over the period that includes the time before the start of
heating (interaction with laser), during the heating itself, and after the irradiation
stopped, more precisely the cooling of the sample.

The difference in temperature due to heating by laser at different wavelengths
has been©observed. The highest temperature is caused by the interaction with 450
nm light, while the lowest is recorded for the wavelength of 532 nm. However, the
complete reversible cooling (reaching the initial state) has not been observed for
the wavelengths of 450 nm and 980 nm. A complete return to the initial state is
observed for the wavelengths of 532 nm and 660 nm.

Analyzing data in depth is vital to link thermal measurement with the
reflectance spectrum’ (Figure 3A) and the heating/cooling process as a function of
time. Figure 3B is showing the change in temperature over time, as a function of
wavelengths.

Finally, the thermal measurements match the reflectance pattern and the
heating/cooling dynamics as a function of time. It is evident that the temperature
maximum in Figure 3B at 450 nm corresponds to the reflectance maximum. The
maximum value recorded at 450 nm is followed by 660 nm, while reflectance is at
minimum around 532 nm.
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Fig 3. (A) Apatura iris reflectance spectrum; (B) Cooling dynamics as a function of time after
the irradiation with four different wavelengths. The lasers have been switched on at 2™ second
and switched off at 9" second in order to record heating/cooling dynamics. (Reflectance
spectrum is taken from the reference 9)

The only observed discrepancy refers to the wavelength which does not
belong to the visible part of the spectrum and for which completely different rules
apply. The photon at 980 nm carries the energy that cannot cause any electronic
transitions but can affect the vibrational one within the system as well as thermal
management by vibrational relaxation.

The observed asymmetric heating/cooling response scales perfectly with the
measured reflectance response.

CONCLUSION

This -paper presents an investigation of Apatura iris's natural photonic
structures under the light irradiation at different wavelengths. The correlation
between the reflectance at different wavelengths and thermal response is revealed.
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H3BO[TO
TEPMAJTHO UCITUTUBAILE MATEPUJAJIA U3 JIETITUPA APATURA IRIS

MAPUHA CHUMOBUR IABJIOBUR!, MAJA TTAbAKO?, TUMUTPUIE MAPA3, AJIEKCAHZIPA PAIYJIOBUR?, BOJAHA

BOKUR*, IAPKO BACWUbEBUR* U BPAHKO KOJIAPUR*®

"Mawwumncxu Qaxyniueins — Ynusepsuiueinl y Beoipagy, Kpanuue Mapuje 16, Beoipag, Cpouja; *HHciluiny i 3a
Xemujy, fexHonoTujy u metwanypiujy, Ynueep3uitiein y beoipagy, Fbeiowesa 12, beoipag, Cpouja;
SUncmumym 3a otwiiy u pusuuxy xemujy, Ciitygeniticku wipt 12/V, Beoipag, Cpouja; ‘Llentap 3a
Qoinonuxy, Hncmuinyi 3a Gusuxy, Ynusepsuiieii y Beoipagy, Ipeipesuya 118, Beoipag, Cpduja, °Tpyia 3a
MUKDPO U HaHoQoToHCKe matlepujane, YHueep3uitell y Mowncy, Ilapx wipi 20, 7000 Mownc, Beniuja

Odnuk M BeMTMYMHA Mareprjala yTUUYy Ha Herope (PU3HUKe, XEMHU]jCKe U MEXaHHUYKe
ocodune. OBa CTyIMja OMUCYje MpoyvaBase MPUPOSHUX GOTOHCKUX CTPYKTypa, KpUia JierTupa
KOja ce TIpeTeXxHo cacToje ol monuMepa XuTuHa. Edekar HaHO Kopyraljije Ha OMTUYKH OATOBOP
MarepHjana je MpPe3eHTOBaH KpO3 TepMaiHa Mepema. Takohe je mpencraBbeHa MOryhHOCT
npuMeHe xonorpadcke MeTozie 3a npahemwe TUHAMUKE in Sifu.

(ITpumibeHo 27. MapTa; pesuaupano 20. anpuna; npuxsahero 21. jyna 2023.)
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