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Optical properties of ancient paper are governed
by structural disorder of cellulose

Braidotti M. C., Mosca Conte A., Violante C., Conti C., Fastampa R.,
Pulci O., Lojewska J., Missori M.

7
{

Modern paper artificially aged
(48 days at 90° and 50% RH)

o n

|

— 14K
—T79K
— 300K

o
®

Absorbance (0.D)
o
>

o
kY

2 3
Energy (eV)

RIEST

IE_,C C J - PIFN SE &Y“ JAGIELLONIAN
r = ; v UNIVERSITY

{ l ETSF &) UUNIVERSITA D1 ROM/

% N a S L - R pavERsITA &’ N KRAKOW

TU|
DE LU'AQUILA

_.
=
=
:,
o
=
=




Yellowing ot ancient paper
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Visual degradation in Leonardo da Vinci’s iconic self-portrait: A nanoscale
study
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Paper: morphology and chemistry
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Degradation at the molecular scale
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UV-Vis spectroscopy of ancient papet
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Optical response of strongly absorbing inhomogeneous materials: Application to paper degradation
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Theoretical simulations of cellulose UV-Vis absorption
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Temperature etfect on spectral line shapes
of chromophores in solid
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Experimental set-up for low-temperature UV-Vis

spectroscopy of paper
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Decreasing the scattering ot paper

Refractive index of cellulose n =1.5 — refractive index matching material must be
cryogenic, UV transparent, low viscosity — enamel of acrylate polymers (n.~1.46)
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Absorption and scattering
(modeled by a polynomial)
contributions of a paper sample
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Chromophores localized in the disordered regions

of cellulose fibers

Cellulose fibers are composed of ordered and disordered regions
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Conclusions

The absorption spectra of paper show negligible modifications as
function of temperature (14-300K).

These results can be explained according the following hypothesis:

» dynamic effects due to temperature are negligible with respect to
those due to structural disorder;

» chromophortes that are relevant for UV-Vis absorption (responsible

for yellowing of ancient paper) are localized in the disordered
regions of cellulose fibers.
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