PhD in Physics, End-of-Year Seminars, 17th and 18th September 2025

Discriminating superimposed historical inks exploiting
a non-invasive and multi-analytical strategy

BRI YN 1] T

Dr. Chiara Delledonne (chiara.delledonne@unipv.it)
Department of Physics, University of Pavia

Arvedi Laboratory of Non-Invasive Diagnostics, Department of Musicology and Cultural Heritage, University of Pavia

| l;r, ﬂ' "?ozwd)oz,. 9 “ﬂlﬁé i {”
) ARVED Vn ’ f 7
B uvssracoan [Q@%& L Ay ﬂtmma 2.6




(4) UNIVERSITA DI PAVIA h‘ ;‘V‘ 1 '] I
Dipartimento di Fisica | ABORATORY

oF NoN-Invasive DIAGNOSTICS

INDEX OF CONTENTS

THIRD YEAR OF

AIMS ACTIVITY

MATERIALS

PhD in Physics, End-of-Year Seminars, 17th and 18th September 2025 2



N YSARVED]
Dipartimento di Fisica | ABORATORY

OF Non-Invasive DiagNosTICS

J1] LLIIIC

INTRODUCTION

Manuscripts: Complex Heritage Artefacts

Supports: -
00 Papyrus
0 Parchment

O Paper

Writing materials:
e Inks
ce Pigments

ce Dyes

PhD in Physics, End-of-Year Seminars, 17th and 18th September 2025

e

P e it Sz
e - bubals 3

B e e
Eafhen - iy - ememapla

.

Veslis efbapeopraen 3 spuse s cas femmdis 5 Fimiriie
S0 mfantn offn @pore Mys comedze N besli ifie
8 (30 fudes @ poneze ek fie Xbes spae a3 dony
Fofsmitares THafai v monnbi by n..rn.feu.(uu.mm

h1~ L fila ’":.n

w mon Tabeza

Jsio, o s bono Vina - !
oz pone i sonlie) fane da

Yoodsiaiafhia bt

s o7 Fraaus g febaen e g allias wul

U s 3fhne bk s olles il

Ve b Fachss g [lune quings Vst onaf
affer fulnis g Jafemimes u b cibus fimpo

O Nl Waha e M oa emadsd on one anr o
ane M e bibeze o i fuera_pp fjumins s
Ve nvvm <k caem fia memoria (ot fopmie Thafad
y monnby e obfrune lavs -

28,

Ms.Ald. 211, 14th
century, Biblioteca
Universitaria di Pavia

Meope X zadize 1fhs Tale falma Yovgm e o
ot Py cemaner Moze@lafor’ in tezzems peo fie

Aszart i i Inatello.c e me accolle
yperidio ddicwidolocllie Gannitd 3 Reggio,

pperne i voleranche duarc alle luce-tatt

Cpent,comesi raccoglie dialle fetteres ded
Gpane,

o ,Mcmu(/... lade ocl oo Fuloi,

i regetrnarie, e gucertec:

e Mol Mtri 27" Ayt B Gt
o iigonys st 2l Copitanc Fdoomis frelle
ogud ininitexye e core delles e
g dnol 26) e tuttn et Cittet nom et elle S
+OVMolio Mstrt,calle geeels wivwoa Servitore e fuc
v parte X, J, ‘. G ppiniare

agronate, dhe moles winedivcrisoqqetti e diseprere, e
et e pi vole /..m{.?.e.m sy ool

i e tutte be-see oigili ¢ ftiche con' .

#rny che debluna cocrc fouttuons cgioande. Jope.

i viroluere prerora e ompiaicerin tetto, <o,

emcsmreblbe mio debito,e deriderio alll boro dimetnde:

seXaid

4
L aaicni, dellesilbanc s adeno 3

e antmranonidie & futiche 0 mio frllo sono state
s molbo maggiont disuiclle pos eridere aluano,che i ve:
n..mm.,z; ot volbimi seritté N maro;0 oIt
3 ¢ ntn i lageroletrarve
et tenebotdell-Cntichita cove intanoabolie dulle
, imemonia ¢ Mavtrt oV peareamentesseminate, par
Soric .k/édnlu‘i,u/”m)(mi,(‘hb; inpicpido et
Lprincipitatia Luidasteve s porre l wido delle Subbri-
vt i ierloave forse (vemon bprevenion e mortE)l
ctal. gttt wrivio cony
o to Luue, forge: Aoendo ‘YA Aungu, fotta bopricntete
» Qiviscste bparti dell® Eflizo,mi dowcrdere nonsweb.
o begran f&m poroc Lidhima o, quaando i et~
« Oeni, e dclai, fatiche rove dover everingrate o Gtadind.
+ Guide s e wryproco 0 st prrsodifforalimano
+in vt chibpame aalee conteyye dellecon prrti-
il Heriaih t X

e gl sl o

,m%,. a;’:x.., lle SSVY. ,...In%’/&am-_ J.ffd;nn :

ool con bt oo dellamol.
el lo porte, ¢ dellitnte deideri,he

i “ Mss-Turri-D-73, 16th
L. century, Biblioteca
digitale, Reggio Emilia




N YSARVED]
Dipartimento di Fisica | ABORATORY

1l L(
OF Non-Invasive DiagNosTICS

[0 M= §

INT

Manuscripts: Complex Heritage Artefacts

Supports: -
00 Papyrus
0 Parchment

O Paper

Writing materials:
e Inks
ce Pigments

ce Dyes

PhD in Physics, End-of-Year Seminars, 17th and 18th September 2025

S —

el fbapeopren 31 opuze Xhes cas femmdas TRimirine
S1 e fhon @ipere N comedze N besli 1fhe
B )50 furdug s inze Nhea ponese ek fie Moo opaze a3
Frfamitares THafaf w monnbs ¥y nafoipgismonte

Ysio, o s bono Yina e
oz pone i sonlie) fane da
O Nadze rews 1fbns hezbe of

£ ouzal

SN S yoras

b ) DA RER YR .

s o7 Fracms g febes anr g allias maliviag | wed 22

0 s 3 Ik s olles Salay

Ynare b faets g [ quings Mot fanaf o

dTer Tobiis  Tofimitare we by fompon

Ot bes oo M d emadzd o o 8
ant M e bibvze o i fuera_pp fjumins s
s owvm ot e fua memosia, ot Jopmie Slhafnd
m monnls e m obfmicss Lo -

Ane ans
7 v Mo
MM s - bubuds e
. 2 -allf ehes .u.,»;.ﬁ.’?
e ‘&gmﬁm..«.,.‘m..,\.\

s e -
TL[; Faramdos mialy Sanehs Svemge g N ifbn heali
[ e agn i pofica emplafiet (o L0
* b > Mol
Nenpe ¥ iz ifhos hale o pone fuls
12 ot Prams semsner Maze gl afor’ o tezsenna pemofie

4
L aaicni, dellesilbanc s adeno 3

 contentarano udire. (2;/,-:«4‘ i mio )(ni?(.',.-,mml(
" molko maggioni disuclle pos erédere aloano,che
,n..mim.,z;,muoém:.x..w:.-a' am
©imaginatesi gnto sic malugevole
it teneboe Qell Cntichited cone in tutte
, imamoria ¢ Hestr Ve puarccmenteAminate, par
estioric gy ctntici, ¢ Moderni. Gride inpicpido et
Ftatta L idestrnes s porve dosdo delle Subbi

Aszart i i Inatello.c e me accolle
yperidio ddicwidolocllie Gannitd 3 Reggio,

dévoleranche dare allie e tatt
Cpent.comesimaaaglic dule fetern O

kol 3l LA LTI (oo i e L

i gt @ guerte total >
e loho M 7 Augiat O O 0 o Aoyl Qs futs it
<8 ogenyes wte 2ol Copitane Fdoiomis foells » Dt &parti dedl Efiio,midoceridere man s
oyt ol Sl pat b i s e

« Oeni, e dclai, fatiche rove dover everingrate o Gtadind.
v (é..;x,m-ﬁ.y.uu.,«u A acggio.e oy admeno
+inparte cchibanes gt conte e dellco et
-+ ncrtlall Bz hoals 3 . oot

o ' Cperc guerto prccols modello,d guale imsiome con
,m%,. a;’:x.., :’2 SS UL ,..J:-%’/L.m-_ J.ffd;nn :
#rny che debluna cocrc fouttuons cgioande. Jope. { e con bicto wole oo ell of.
o s violucre prorons c conpiacerin tutto,co: ta omenranyet ohe lors prorto,e Dellaridnte desiderio,che
e mesrclle mio debita,e desiderio alle boro dimeande: s tenga 0 devvirlesin agni occtione. cAc Hortro Sig <

seXaid

3 2no
+OVMolio Mstrt,calle geeels wivwoa Servitore e fuc
v parte X, J, ‘. G ppiniare

ke molei nedivcri.soqafetti,e dsaprere, e

ite et prid ol  futted ity oo voggli
i vl .
i ettt e vigilic e ftiche cortope.

Seon.

ODUCTION

Ms.Ald. 211, 14th
century, Biblioteca
Universitaria di Pavia

Mss-Turri-D-73, 16th
century, Biblioteca
digitale, Reggio Emilia



N YSARVED]

Dipartimento di Fisica LA BO RATO RY

OF Non-Invasive DiagNosTICS

INTRODUCTION

Manipulations of original writings:

issues arise related to reading and interpreting texts
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Characterisation and discrimination between inks of different
and similar composition and appearance

/

Improve legibility when the original writing is compromised
by overwriting or cross-outs marks

I_% Validation of a non-invasive and multi-analytical methodological approach
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METHODOLOGY

Non-invasive and accessible

X-ray Fluorescence Micro-Raman Spectroscopy
XploRA PLUS confocal microRaman System
SpECtrOSCOpy (XRF) Instrument — HORIBA Scientific and Analytical

ELIO - Bruker XGLab s.r.l. Instruments

Portable Raman spectrometer i-Raman Plus 785S

— Metrohm
- Single point - Single point
- Mapping - Mapping

Elemental chemical composition Structural composition
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METHODOLOGY

Non-invasive and accessible

X-ray Fluorescence Micro-Raman Spectroscopy  Hypercolorimetric

XploRA PLUS confocal microRaman System . e
SpECtrOSCOpy (XRF) Instrument — HORIBA Scientific and Analytical Mqltlspec‘tral Imaglng (HMI)
ELIO - Bruker XGLab s.r.l. Instruments Profilocolore s.r.l.

Portable Raman spectrometer i-Raman Plus 785S - High-resolution image acquisition and

— Metrohm calibration system in 34 equispaced bands
. Single point - Single point 1;rofm 300-10(70 n.mhv.wth 20 nm steps
- Mapplng - Mapplng - oftware tools with Image-processing

functions

Elemental chemical composition Structural composition ~ Spectral reflectance and colourimetric properties
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Carbon ink : éarbc;n bkl){:\ck
Cl —___ -Gum Arabic
- Water
Giovanni Alcherio, 1411 (Tasseva, J., Analyst, 2017)
-
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Carbon ink +Corbon black
Cl > «GUM ArabnlIC
- Water
Giovanni Alcherio, 1411 (Tasseva, J., Analyst, 2017)
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-
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Carbon ink . Carbon black
Cl - . Water
Giovanni Alcherio, 1411 (Tasseva, J., Analyst, 2017)
—
. Gall-nuts
Iron_gall ink . Iron(ll) Sulphate
—— (. Copper(ll) Sulphate)
IGI1—-1GI2 - 1GI3 - IGI4
Giovanni Battista Palatino, 1545 . Water
_
) . Gall-nuts
. . Logwood
Logwood ink ron(I) Sulphate
LI1-=LI2-=1LI3-Ll4 — . Copper(ll) Sulphate
Pierre de Ribeaucourt, 1792
. Sugar
] - Water
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> |nks with distinct chemical composition (i.e., carbon ink and iron-gall ink)
> |nks with similar chemical composition (i.e., logwood ink and iron-gall ink)

> |Inks with the same raw materials but in different amounts (i.e., iron-gall ink ;) and iron-gall ink,))
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> |nks with distinct chemical composition (i.e., carbon ink and iron-gall ink)
> |nks with similar chemical composition (i.e., logwood ink and iron-gall ink)

> |Inks with the same raw materials but in different amounts (i.e., iron-gall ink ;) and iron-gall ink,))

e Whatman® paper
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RESULTS

Micro-Raman Spectroscopy
Iron-gall ink ) on Logwood ink, Mapping analysis - Mock-ups

Bench-top set-up
Laser excitation line: 638 nm line - Objective lens: 10X - Laser power: 1.32x10* W/cm?
Integration time: 15 s - Accumulation: 30

Map size: 214 um x 203 um - Spectra acquired: 120
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RESULTS

Micro-Raman Spectroscopy
Iron-gall ink ) on Logwood ink, Mapping analysis - Mock-ups

Bench-top set-up
Laser excitation line: 638 nm line - Objective lens: 10X - Laser power: 1.32x10* W/cm?
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Iron-gall ink 3, on Logwood ink,,

Row pre-processing: Standard Normal Variate (SNV)

Column pre-processing: Centering

Loading plot (93.4% of total variance)
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Component 2 (5.7% of variance)
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analysis

Logwood ink,
Data - Point analysis

Iron-gallink s,
Data - Point analysis

Data - Mapping
analysis
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Principal Component Analysis
Iron-gall ink 3, on Logwood ink,, Mock-ups

Row pre-processing: Standard Normal Variate (SNV)
Column pre-processing: Centering

Score plot (93.4% of total variance)

; Paper data - Point

_ ) analysis
Loading plot (93.4% of total variance)

Logwood ink,
Data - Point analysis

20 r

Wavenumber (cm™)

0.15
|

0.10
]

0.05
]

around 1480
"W&l

1488.06

145271
1484.42

= \Mavenumb¢

0_X03

O 5902

Data - Point analysis

Data - Mapping
analysis

[
@
PY Iron-gall ink(g)
o

Component 2 (5.7% of variance)
0.00
Component 2 (5.7% of variance)

o around 1433 V05301 e 200

wn e 150143 Yn&@@uz 09 0
< | 8 203,37 07_X02v07_X00
< | Wavenumber (Cm-l) Bt Yuej(m_xu LI4

around 440 g 104
' Wavenumber (cm) &% 20 - |

| around 1540 | |

-0.15 -0.10 005 0.00 0.05 0.10 0.15
Component 1(87.7% of variance) = 2 o ° b 2
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Hypercolorimetric Multispectral Imaging
Iron-gall ink5) on Logwood ink Mock-ups
Visible image: .
0;5 | LI4
Colorimetry: o
RGB="78,84,91" 0.35 -
Lab="34.95,-2.16,-6.01" S 03 IGI3
S 025 A
RGB="87,92,100" 7]
" n o 015 A
Lab="38.68,-1.12,-6.11 L
0.05 A
0300I i I4(I)0I a I5(I)0I a I6&)0I a I7(I)OI a I8&)0I i I9&)0I i I10I00

Wavelength (nm)

Image of Principal Component  Image of Principal Component
Analysis — PCA2: Analysis — PCA3:

Image of normalised
difference indexes:

PhD in Physics, End-of-Year Seminars, 17th and 18th September 2025 12
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RESULTS

X-ray Fluorescence Spectroscopy

Logwood ink, on Logwood ink, Mock-ups
80% FeS0O,*7H,0 - 20% CuSO,*5H,0_70% FeS04*7H,0 - 30% CuSO,*5H,0

Single point analysis Mapping analysis

Measurement time: 90 s - Tube voltage: 40 kV - Tube current: 100 p Tube voltage: 40 kV - Tube current: 100 pA - Map size: 3cm x 3 cm

4500 -
Visible image:

©
3
= LI4
e
[¢)
=

] Rh

S Fewy
. . Cu
KCa Ti Mn Ni LX:KR LIl
0 | ] 1 ] 1 I 1 -_l

Energy (keV)
PhD in Physics, End-of-Year Seminars, 17th and 18th September 2025 13
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RESULTS

X-ray Fluorescence Spectroscopy

Logwood ink ;) on Logwood ink, Mock-ups
80% FeS0O,*7H,0 - 20% CuSO,*5H,0_70% FeS04*7H,0 - 30% CuSO,*5H,0

Single point analysis Mapping analysis

Measurement time: 90 s - Tube voltage: 40 kV - Tube current: 100 p Tube voltage: 40 kV - Tube current: 100 pA - Map size: 3cm x 3 cm

Elemental map Cuy,:

30
25
i - L4 20
15
Ar 10
! rh 50
S Fewy
. . Cu
O 1 I 1 I 1 I I T
16

2 4 6 8 10 12 14

Visible image:

Intensity (u.a.)

Energy (keV)
PhD in Physics, End-of-Year Seminars, 17th and 18th September 2025 13
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RESULTS

Hypercolorimetric Multispectral Imaging

Logwood ink;, on Logwood ink, Mock-ups
80% FeSO,*7H,0 - 20% CuSO,*5H,0_70% FeS04*7H,0 - 30% CuSO,*5H,0 04 -
Visible image:
Colorimetry: 03 1
n n 3 L|1
RGB="90,92,103 c
S 02 A
Lab="39.05,1.04,-7.29" E
& Li4
RGB="88,89,99" >
Lab="38.14,1.06,-6.50"
0300I - I4(I)OI h IS(I)OI - I6(I)0I h I7(IJOI - I8£)OI i I9é)OI h IlOIOO

Wavelength (nm)

PhD in Physics, End-of-Year Seminars, 17th and 18th September 2025 14
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RESULTS

Micro-Raman Spectroscopy
Ms.Ald.52, 11th century Point analysis - Manuscripts

Collection: Manoscritti Aldini — Biblioteca Universitaria di Pavia
Portable set-up

Laser excitation line: 785 nm line - Laser power: 1.01x10> W/cm? - Integration time: 5 s - Accumulation: 5
Laser excitation line: 785 nm line - Laser power: 3.03x10°> W/cm? - Integration time: 10 s - Accumulation: 1
Laser excitation line: 785 nm line - Laser power: 2.02x10°> W/cm? - Integration time: 5 s - Accumulation: 3
Visible image

o Mrem sRaYuar OF Lo GYILLULA JATITATE:

PhD in Physics, End-of-Year Seminars, 17th and 18th September 2025
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RESULTS

Micro-Raman Spectroscopy
Ms.Ald.52. 11th century Point analysis - Manuscripts
[ ] [ ] ’
Collection: Manoscritti Aldini — Biblioteca Universitaria di Pavia

Portable set-up

Laser excitation line: 785 nm line - Laser power: 1.01x10> W/cm? - Integration time: 5 s - Accumulation: 5
Laser excitation line: 785 nm line - Laser power: 3.03x10°> W/cm? - Integration time: 10 s - Accumulation: 1
Laser excitation line: 785 nm line - Laser power: 2.02x10°> W/cm? - Integration time: 5 s - Accumulation: 3

5000 -
Visible image
L ssensins u&uttuazczl b‘qnbmml""

3 LN |

z ¢ |

5 ANE

£ : ny

i - Iron-gall ink — Ms.Ald.52 (text)
] 1471 4

- A ' - ] I ) 1571 lron-gall ink — Ms.Ald.52
Parchment manuscript I i 1 _ (rewritten text)

| — L _
0 200 400 600 800 1000 1200 1zp_o 1600‘ 1800 2000 'ron-gall ink on paper

X Lab.Sample
Wavenumber (cm?)
PhD in Physics, End-of-Year Seminars, 17th and 18th September 2025 15
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RESULTS

Hypercolorimetric Multispectral Imaging

Ms.Ald.52, 11th century Manuscripts

Collection: Manoscritti Aldini — Biblioteca Universitaria di Pavia

V|S|ble image - spectral range 380- 780 nm: 14 Iron-gall ink — Ms.Ald.52 (text)
WWWWW uul\’uawpl L qubmwm 0.9 1
mn‘yg'mnfqmw. “firf o1 0.8 -
um cdunrﬁmwboﬁzﬂ 07 1
3 : = g g 0.6 4
0.5 A
0.4 -
0.3
0.2

Iron-gall ink — Ms.Ald.52
(rewritten text)

Reflectance

Near-infrared image - spectral range 780-1000 nm: Wavelength (nm)

PhD in Physics, End-of-Year Seminars, 17th and 18th September 2025 16
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RESULTS

Hypercolorimetric Multispectral Imaging

Ms.Ald.52, 11th century Manuscripts

Collection: Manoscritti Aldini — Biblioteca Universitaria di Pavia

Visible image - spectral range 380 780 nm: 14 Iron-gall ink — Ms.Ald.52 (text)

T e S L R AT 0.9 7
3 Tl ARpn ¥

mrpg-mnfqmwz‘ 038 -
[ um cdtwrfmneboﬂt. o1 07 1

o s, 0.6
05
0.4
03 4
0.2 A

Iron-gall ink — Ms.Ald.52
(rewritten text)

Reflectance

Near-infrared image - spectral range 780-1000 nm: Wavelength (nm)

Image of Principal Component Analysis - PCA2:

; ~ Visible image:

PhD in Physics, End-of-Year Seminars, 17th and 18th September 2025 S T | S J



Dipartimento di Fisica | ABORATORY

F NoN-INvAsIVE DiagNosTICS

UNIVERSITA DI PAVIA [ﬁ‘ ;"‘ 1 ']l

RESULTS

Hypercolorimetric Multispectral Imaging

Ms.Tic.67, 18th—19th century, Autograph section by Siro Comi Manuscripts
Collection: Manoscritti Ticinesi — Biblioteca Universitaria di Pavia

T[] e [coma] |

Gty Pt

SRR Qhlogpls | piioe
A %Jw@%jc ?au'm. J.&M:. ) x
_ %J"a‘@"y loman. |y ok | 16

1% VA 1 [ ¥

_‘zTﬁ.' *?\J’Z} i foidan | %mvx il 16 £070

(W vokule ax. 1488 (2 )n ok 21537 (3 ) ved 1404
u‘):}:wd" wﬁmvn mi‘ax iﬂs‘ﬂ'( o‘(‘) 91@]( SeasNe
% ytorile W Mor2a dom.2. g 16y (2) Jivaboschs Lie..
I ko VL85, cap 2. S () Zoif Sy
BT (9)) o stk Dt ol honb e
/uviei)wmv'i" Zgza,(gx)i%g.qulg_gv» oyl (91

Paper manuscript

PhD in Physics, End-of-Year Seminars, 17th and 18th September 2025 17
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RESULTS

Hypercolorimetric Multispectral Imaging

Ms.Tic.67, 18th-19th century, Autograph section by Siro Comi Manuscripts
Collection: Manoscritti Ticinesi — Biblioteca Universitaria di Pavia

Visible image:

v § N . l n Vf:tﬂ
> rFe 9 0.6 1 UNDERLYING TEXT
\ 0.5 A
CROSS-OUT MARK

0.4 A

0.3 A

Reflectance

0.2 A

0.1 A

0 - T T r r r )
300 400 500 600 700 800 900 1000

Wavelength (nm)
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RESULTS

Hypercolorimetric Multispectral Imaging

Ms.Tic.67, 18th-19th century, Autograph section by Siro Comi Manuscripts
Collection: Manoscritti Ticinesi — Biblioteca Universitaria di Pavia

Visible image:

; B
: 71 4 | R o ; : / : . 4 f & ¢ 0.6 -
P > o . . £ ‘.’ . R T 2T 14 " A

: UNDERLYING TEXT
- 0.5 -

= o 04 | CROSS-OUT MARK

E 03 :

Image of normalised difference indexes: ks i

-~ , - ™ . R B L 02 - |

AD AT VN T R .

> 0.1 |

N ‘ I i

. " 9 | g > - " ‘ » ,‘ g ~' 1 ] 0 - T T T : T T I ,
w : ’ - ik S 300 400 500 600 |_7£°_l 800 Em_ _}000
‘ Wavelength (nm)
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Ms.Tic.67, 18th-19th century, Autograph section by Siro Comi

Collection: Manoscritti Ticinesi — Biblioteca Universitaria di Pavia

Visible image:

Image of Principal Component Analysis — PCA1:

wwm&‘ WA ETL TAEH
> - 8

P

PhD in Physics, End-of-Year Seminars, 17th and 18th September 2025

Reflectance

RESULTS

Hypercolorimetric Multispectral Imaging
Manuscripts

0.6 1
0.5 -
0.4 -
03 -
0.2 -
0.1 -

0 A

UNDERLYING TEXT

CROSS-OUT MARK

L‘;*--------

o

Wavelength (nml)-
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RESULTS

Mock-ups — Manuscripts

The non-invasive and multi-analytical methodology:

v characterisation and discrimination of inks with similar chemical compositions and

those used for writing, with the inks superimposed by erasure
v enhancing legibility of text overwritten by cross-outs

v potential and optimal combined use of different techniques

PhD in Physics, End-of-Year Seminars, 17th and 18th September 2025 18
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= Ongoing collaboration with the Biblioteca Universitaria di Pavia on case (

studies of original manuscripts (e.g., Ms.Ald.211, 14th century) '

PhD in Physics, End-of-Year Seminars, 17th and 18th September 2025
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‘.‘ftﬂ el
= Ongoing collaboration with the Biblioteca Universitaria di Pavia on case e b e
9% 4 A o e 3 ey
. " '*.". ..". ;

studies of original manuscripts (e.g., Ms.Ald.211, 14th century) ; o &
WSy~
= Ongoing processing of data from diagnostic campaigns on original + . " g

manuscripts (e.g., manuscripts by Alessandro Manzoni, 19th century; 13th century

reused polyphonic parchments)

- Ve
men : : F ts

dig s SRS TE 2L U, VRS K
quan moment ou, comune nous le verrons
o dans la saite, un bommé a tourné, contre la
% gy Bberté mime, des Wgious sortics de terre
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AL NP
w Ongoing collaboration with the Biblioteca Universitaria di Pavia on case Roingoning Dapsomsd AL
studies of original manuscripts (e.g., Ms.Ald.211, 14th century) : . ek e
g » .
= Ongoing processing of data from diagnostic campaigns on original + '_ *

manuscripts (e.g., manuscripts by Alessandro Manzoni, 19th century; 13th century

reused polyphonic parchments)

me - 1

= |mplementation of other analytical techniques in collaboration with

quau moment ou, comme nous le verrons

5, dans laullculonm a tourné, contre la

- ': ; liberté mime, des légions sorties de terre
= pour la dd'.w.ln .

Optics Department of the Institute of Physics of the Czech Academy of ;

Sciences in Prague (e.g., Micro X-Ray Fluorescence spectrometry; Terahertz Imaging;

Surface-Enhanced Raman Scattering; Spatially Offset Raman Spectroscopy)

PhD in Physics, End-of-Year Seminars, 17th and 18th September 2025
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Dr. Chiara Delledonne (chiara.delledonne@unipv.it)
Department of Physics, University of Pavia

Arvedi Laboratory of Non-Invasive Diagnostics, Department of Musicology and Cultural Heritage, University of Pavia
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MATERIALS

Production of inks and mock-ups

Q

Carbon ink Iron-gall ink Logwood ink

Giovanni Alcherio, 1411 Giovanni Battista Palatino, 1545 Ribeaucourt, 1792
(Tasseva, J., Analyst, 2017)

Gall-nuts - 12,2 g
Logwood -6,1g

Iron (II) Sulphate -6,1 g
Copper(ll) Sulphate-1,5g

Gall-nuts-15,4 g

Carbon black - 0,6 g Iron (ll) Sulphate - 10,2 g

Water -9 ml Water - 150 ml
Sugar-1,5g¢g

Water - 293,7 ml

PhD in Physics, End-of-Year Seminars, 17th and 18th September 2025
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, T A A IGI3
Iron-gall ink 5y on Py

Logwood ink,

Raman Intensity (arb.units)

PhD in Physics, End-of-Year Seminars, 17th and 18th September 2025

RESULTS

Micro-Raman Spectroscopy
Mock-ups

Bench-top set-up
Mapping analysis

Laser excitation line: 638 nm line
Objective lens: 10X

Laser power: 1.32x10* W/cm?
Integration time: 15 s
Accumulation: 30

Map size: 214 um x 203 um,
Step=23,8umYe 22,7 umX
Spectra acquired: 120
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Micro-Raman Spectroscopy

: . Mock-ups
Bench-top set-up - Point analysis

Laser excitation line: 638 nm line - Objective lens: 50X long working distance - Laser power: 5.23x10* W/cm? - Integration time: 10 s -
Accumulation: 10

1200 - 37\7 437 456 , ,‘;‘ '\W
] \/ 514 1094 f" ¥

1100 / '

1000

900 H

800

Intensity (u.a.)

700

600

—T1 r T r T - 1 * T ' T * 1T * T ' 1
200 400 600 800 1000 1200 1400 1600 1800 2000

Wavenumber (cm™)
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Hypercolorimetric Multispectral Imaging
Iron-gall ink) on Logwood ink ,, Mock-ups

Image of Principal Component Analysis — PCA2: Image of Principal Component Analysis — PCA3:

300-320-340, 320-340-360, 340-360-380, 360-380-400, 380-400-420, 400-420-440, 420-440-460, 440-460-480, 460-480-500, 480-500-520, 500-520-540, 520-540-560, 540-560-580, 560-580-600, 580-600-620, 600-620-640,
620-640-660, 640-660-680, 660-680-700, 680-700-720, 700-720-740, 720-740-760, 740-760-780, 760-780-800, 780-800-820, 800-820-840, 820-840-860, 840-860-880, 860-880-900, 880-900-920, 900-920-940, 920-940-960,
940-960-980, 960-980-1000
Coefficienti 1.9746,0.0113,0.0055,0.0021,0.0017,0.0015, 0.0010, 0.0008, 0.0006, 0.0004, 0.0003, 0.0002, 0.0002, 0.0001, 0.0001, 0.0001, 0.0001, 0.0001, 0.0001, 0.0001, 0.0000, 0.0000, 0.0000, 0.0000, 0.0000, 0.0000, 0.0000, 0.0000,

PCA 0.0000, 0.0000, 0.0000, 0.0000, 0.0000, 0.0000

Canali in
Ingresso

PhD in Physics, End-of-Year Seminars, 17th and 18th September 2025
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Hypercolorimetric Multispectral Imaging
Mock-ups

Logwood ink ;) on Logwood ink

Map of multispectral similarity - Logwood ink (4):

Likelihood = X
®

Select 3 point in the left or right scene.

or
(only for Multispectral and Colorimetric ikelfiood).

Likelihood: | MultiMetric -

Name Size -
VINIRR 8280x5520
VINIR G 8280x5520
VINIRB 8280x5520
V| 300-320-340 8280x5520
V| 320-340-360 8280x5520
v 340-360-380 8280x5520
v 360-380-400 8280x5520
v 380-400-420 8280x5520
| 400-420-440 8280x5520
v 420-440-460 8280x5520
v 440-460-430 8280x5520
V| 460-480-500 8280x5520
V| 480-500-520 8280x5520
V| 500-520-540 8280x5520
V| 520-540-560 8280x5520
v 540-560-580 8280x5520
v 560-580-600 8280x5520
v 580-600-620 8280x5520
| 600-620-640 8280x5520
V| 620-640-660 8280x5520
V| 640-660-620 8280x5520
V| 660-680-700 8280x5520
V| 680-700-720 8280x5520
V| 700-720-740 8280x5520
V| 720-740-760 8280x5520
v 740-760-780 8280x5520
v 760-780-800 8280x5520
v 780-800-820 8280x5520
| 800-820-840 8280x5520
V| 820-840-860 8280x5520
V| 840-860-830 8280x5520
V| 860-880-900 8280x5520
V| 880-900-920 8280x5520
V| 900-920-940 8280x5520
V| 920-940-960 8280x5520
V| 940-960-980 8280x5520
v 960-980-1000 8280x5520

PCA

PCAT 1905x524

PCAZ 1905x524 v

Criterion: () Shape () Lewels

Selection Size: | Spx

Blur Size: | 1px
Distance: | Eucidean -
Colormap: | GrayScale -
Gamma Curve: F 3.23
Threshold: ., 0.93

Database Likelihood

Point Likelhood

PhD in Physics, End-of-Year Seminars, 17th and 18th September 2025
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Ms.Ald.52, 11th century
Collection: Manoscritti Aldini — University Library of Pavia

Intensity (u.a.)

Portable set-up:

Laser excitation line: 785 nm line -
Laser power: 4.04x10°> W/cm? -
Integration time: 10 s -
Accumulation: 1

PhD in Physics, End-of-Year Seminars, 17th and 18th September 2025
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Hypercolorimetric Multispectral Imaging

Ms.Ald.52, 11th century Mock-ups
Collection: Manoscritti Aldini — University Library of Pavia

Lewvel: Fixed

Image of Principal Component Analysis — PCA2: .

Immagin (mpoitate Threshold: @ Manual Automatic

IR_FC 8280x5520
IRFCR  8280x5520 Value: 0.48
. . . RFCG  8280x5520
Canali in Illgl‘eSSO VIShbil R, VIShbil G, VISbil B IRFCB  8280x5520 Method: o e =
IR.GC 8280x5520
Coefficienti PCA 0.0797,0.0012, 0.0004 " MiNrcr s
UVFCG  8280x5520
UV_FCB 22805520 2
UV_GC 8280x5520 ompurte
Vishil 8280x5520
V VISbilR  8280x5520
v VIShil G 8280x5520
V VIShilB  8280x5520
VINIR 8280x5520
VINIRR  8280x5520
VINRG  8280x5520
VINIRB  8280x5520
300-320-340  8280x5520
320-340-360  8280x5520
3 3 8280x5520
Colorimetry: 420.440.460

440-460-480 8280x5520
460-480-500 8280x5520
480-500-520 8280x5520
RG B="96 84 68" 500-520-540 8280x5520
" ! ! " 520-540-560 8280x5520

= 540-560-580 8280x5520
Lab="36.99,5.19,13.22 AL N
580-600-620 8280x5520
600-620-640 8280x5520
620-640-660 8280x5520
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Ms.Tic.67, 18th-19th century, Autograph section by Siro Comi

RESULTS

Hypercolorimetric Multispectral Imaging
Manuscript

Collection: Manoscritti Ticinesi — Biblioteca Universitaria di Pavia

Image of normalised difference indexes:
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Image of Principal Component Analysis — PCA1:
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MICRO-RAMAN — SETTINGS

XploRA PLUS — HORIBA Scientific and Analytical Instruments
Software: LabSpec6 - HORIBA Scientific and Analytical Instruments

173

i-Raman Plus 785S — Metrohm
Software: BWSpec®- B&W Tek, Metrohm

PhD in Physics, End-of-Year Seminars, 17th and 18th September 2025



¢B) UNIVERSITA DI PAVIA ” V‘ D I
Dipartimento di Fisica | ABOR A O
o vE DiaG

MICRO-RAMAN — SETTINGS

Bench-top instrumentation: XploRA PLUS confocal microRaman System Instrument -

Olympus Microscope BX41 and Raman module

Laser excitation lines — Power:
* 532 nm-100 mW
* 638 nm - 100 mW
* 785 nm-300 mW

Portable instrumentation: Portable Raman spectrometer i-Raman Plus -
BAC151C compact Raman microscope compatible with B&W Tek portable Raman system

Laser excitation lines — Power: Objective lens:
* 785 nm-300 mW = 5X

- 10X

= 50X
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HMI - SETTINGS

Software:

e CapturePick® for the image acquisition

* SpectraPick ®for the image calibration processing

* PickViewer® for the image post-processing, provides image processing tools

Several kinds of analyses are possible with PickViewer, such as:

add and integrate any other imaging data (fluorescence, X-ray, thermal etc.);
multichannel images viewer; any pixel colorimetry and spectral reflectance read-out;
mapping by colour, spectra, arbitrary channels; principal components analysis; contrast
enhancement through digital imaging processing algorithms; neural network based
clustering; colour and spectral signature database; two ways mapping by database entry;
any channel to RGB false colours visualization; channels math, indexes and normalised

phD GORLEQEIL of Year Seminars, 17th and 18th September 2025
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HMI - SETTINGS

The calibration procedure follows three steps:

1) white patches analysis to achieve correct white balance and even exposure across all the
subject;

2) running an Artificial Intelligence based optimizer that finds the mathematical function to
translate camera digital values of the colour-checker into radiometric and colorimetric

measurements;

3) applying the calibration to the acquired images and producing 34 monochromatic
images, containing the spectral reflectance at 320, 340, 360, 380, 400, 420, 440, 460,
480, 500, 520, 540, 560, 580, 600, 620, 640, 660, 680, 700, 720, 740, 760, 780, 800, 820,
840, 860, 880, 900, 920, 940, 960, 980 nm.

The achieved precision across the whole 36 megapixel image is better than 95% on the
spectral reflectance images and colour error less than CIE2000 AE = 2 for the colour
image.
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HMI — SETTINGS

The radiometric references consist in a number of white patches (to sample any uneven lighting)

surrounding the subject and of a 36 patches colour-checker.

These references are built using colour’s samples out of the NCS — Natural Colour Systemic®®©
catalog and their spectral reflectances are accurately measured in Profilocolore lab in the range of
220 to 1050 nm at 0.7 nm accuracy (Instrument System Spectroradiometer CAS 140 CT and dark

room).

Optical filters:

PFCL-A_77x2 PFCL-B_77x2 PFCL-IR1-760 _77x2 PFCL-|R2-850_77X2
e e i i ¥ [ : ae 5 | i
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HMI - SETTINGS

Hypercolorimetric Multispectral Imaging (HMI), Profilocolore srl (Roma, Italia):

the system consists of a modified camera, a set of optical filters with different spectral
transmittances, a checkerboard target for colour calibration and white balance of the images, white
markers for balancing the exposure, and sophisticated software for image acquisition, calibration
and processing.

Nikon Z8 mirrorless 45.7 megapixel digital camera (Minato, Tokyo, Japan), modified under a Nikon-
Profilocolore project, to reach the full spectral range of sensitivity of silicon sensors from about 300
nm to 1000 nm.

AF-S 50mm 1:1.4 G Nikkor lens (Minato, Tokyo, Japan) mounted with FTZ adapter.

Lighting was obtained by Two Godoz TT600 xenon flashes (T = 5600 K) (Shenzhen, Guangdong,
China) controlled by the Godox X2T-N transmitter and used after removing their front plastic lenses,
thus allowing also the UV wavelength to be emitted.

Philips infrared incandescent lamps (PAR38 IR 175W E27 240V Red 1CT/12).

Visible images of fluorescence induced by ultraviolet light are acquired using Madatec CR230B-HP
UV LED lamps (365 nm UV source with a power of about 3 W) (Pessano con Bornago, Italy).
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XRF — SETTINGS

Portable XRF spectrometer ELIO by Bruker XGLab s.r.l. (Milan, Italy)
Low-power X-ray tube with Rh anode and 1.2 mm of analytical spot.

Working conditions

- Single point method, 90 s, 40 kV, 100 pA - 2048 acquisition channels
Net area counts of the peak (Ka) normalized to net area counts of the peak of Rh-La.
- Mapping method - 40 kV, 100 pA - 2048 acquisition channels
Movement setup: Rows = 40, Columns = 40, Spectrum time = 1 s, Rows distance = 750 um,
Columns distance = 750 um,
Area=3cmx3cm

Software ELIO 1.60.57 by Bruker XGLab s.r.l. (Milan, Italy)
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