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Aim

* To give an overview of the conservation-
related chemical analysis possibilities at
University of Tartu

* And highlight some achievements
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Analytical techniques

Non-destructive

Destructive

* ATR-FT-IR spectroscopy
¢ Incl IR-microspectroscopy
* RAMAN spectroscopy
¢ Incl microspectroscopy
* IR reflectography
* X-ray radiography
* Portative and mobile:
* ED-XRF, RAMAN spectroscopy,
XRD, FT-IR etc
* Imaging ja mapping:
 Optical microscopy, XRF-
imaging, IR-imaging,
RAMAN-imaging etc

* X-Ray techniques
* WD-XRF
* SEM-EDS
* XRD
* Mass spectrometry
* GC-MS
* LC-MS
* APCI/ ESI/ MALDI-FT-
ICR-MS
* LA-ICP-MS
* NMR

OPTICAL

MICROSCOPY
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Optical microscope

* Optical microscope is the most common type of
microscope

— Up to 1000 x magnification

* Polarization microscope uses polarized light for
obtaining additional information

The ancient ship of Salme: unknown
material from the middle of the ship
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Micrsoscopy of Textile Fibres

POLYESTER

Studies of paint layers

Two main ways are used at our lab:

* Windows
— Mechanical scratching of the paint layers
— Significant damage to the object

* Micro-cross-sections
— Pieces of paint embedded into a polymer

— Insignificant damage to the object




Pulpit from 17. cen.

Windows

Windows made for the overpaints
of the Vigala Church altar

PAINT INVESTIGATION OF ALTAR AND PULPIT IN
THE CHURCH OF ST. MARY, VIGALA, ESTONIA

Signe Vahur''Z, Kriste Sibui, Pia Ehasalu?, Vaino Sammelseigh
Ive Ledto!

or g of the ¥
altar and pulpit in Vigala St. Mary's church in Estonia, com-
al and chomical analysis

||||||
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Technotray CU-
Light-activared
polymerization

MetaServ 250/ Vector
Power Head — Polishing
machine

Technovit 2000 LC -
monocomponent
methacrylate resin

chamber

SiC polishing papers: P400 (35 um),
P1200 (15 um),P 4000 (5 um)
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Micro-cross sections

Analysis by optical microscopy:
* Layers can be differentiated, their thickness
can be determined
* Qverpaintings
* Diffusion of binder or pigment from one layer
to another

Analysis with other techniques:
* Pigment and binder analysis in a layer

INFRARED (IR)
SPECTROSCOPY

Useful for identification of a wide
selection of materials




Principle
* The intensity of IR radiation absorbed by the
sample is measured.

» Often expressed as transmittance:

I, — Intensity of the initial

| I beam
T'=—-100% I = Intensity of the

0 transmitted beam

* IR (Infrared) spectral range:
—Mid-IR range: 4000 ... 400 cm™
—Far-IR range: 400 ... 10 cm™ (1)

Principle

* It is molecular spectroscopy
* It is vibrational spectroscopy

* The frequencies absorbed correspond to frequencies
of vibrations in molecules

e Useful for
¢ |ldentification
e Characterization

* Quantitative analysis
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Source: Wikipedia

Vibrations

* Valence vibrations — bond length changes

Symmetrical Asymmetrical
AN £ .

* Deformation vibrations — bond angle changes

Scissoring Twisting Rocking Wagging
(in-plane) (out-of-plane) (in-plane) (out-of-plane)
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Chalk (CaCO,) IR spectrum
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ATR-FT-IR spectroscopy

* ATR - Attenuated Total Reflectance

* Gives good spectra from easy and from difficult
samples

Diamond ATR-
microanalyzer
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ATR-FT-IR spectroscopy

2: Sample

1: ATR cr
Part of the 9
radiation / L
Py

passes “through”
the

sample
and is partly d= il
absorbed 27 nl\/si n’e- (n2 / nl)z

ATR-FT-IR spectroscopy

e is fast and convenient

* requires minimal sample preparation

* the IR spectra can be measured directly
from the sample surface

*|s in principle non-destructive
* |s usable with very small samples

e gives information about (almost) all
sample components

10



Linen ATR-FT-IR spectrum
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Dammar resin
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IR spectroscopy at low
wavenumbers (400-100 cm™)

* Many inorganics do not absorb in 4000-400 cm™!

* At the same time they can be determined in
400-100 cm™

(2)
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Pigment reference samples

Example: Coat of arms of Bengt
Hinrich von Biestram

14



Results:

102 Cinnabar + linseed oil
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* Red paint layer contains two red pigments:
cinnabar (HgS) and red lead (Pb;0,).
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Spectrochimica Acta Part A: Molecular and
Biomolecular Spectroscopy

journal homepage: www.elsevier.com/locate/sss

-IR spectroscopy in the region of 550-230cm™" for identification of
inorganic pigments

Signe Vahur+, Anu Teearu, Ivo Leito
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IR Microspectroscopy

* Very local IR analysis
* Very small objects

* Possibility of mapping

(=)

Nicolet IN10 MX FT-IR microscope

* Transmission, reflection, ATR
¢ Visual imade, IR mapping
* Aperture down to 5x5 um

16



* IR mapping: Contract based on C=N valence vibration
at 2083 cm!

B i - I
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Bernt Notke
altar 1483

Rk e

Blue paint
sample from
tabernacle

Piihavaimu
church
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Blue paint
VY Silicates
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Signe Vahur, Aivar Kriiska and Ive Leito

INVESTIGATION OF THE ADHESIVE RESIDUE
ADHESIVE

BY MICRO-ATR-FT-IR SPECTROSCOPY

1 EARL
(ESTONIA)

* Paint samples

* Very large
number of
calibration
mixtures

e PLS calibration

Contents lists available at ScionceDirect
Spectrochimica Acta Part A: Molecular and
e 3 Biomolecular Spectroscopy

journal homepage: www.elsevier.com/locate/san

ATR-FTIR spectroscopy and quantitative multivariate analysis of paints
and coating materials

Philippa Alice Hayes ", Signe Vahur*”, lvo Leito*
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Scanning Electron Microscope
together with X-Ray
Microanalysis (SEM/EDS)

SEM-EDS: Principle

* Scanning electron microscope (SEM)

* The surface is scanned with an electron beam
and the formed secondary electrons or
backscattered electrons are detected giving
the topgraphy (image) of the surface

* X-Ray Micro-analysis (EDS or EPMA)

* Characteristic X rays are used for determining
the elemental composition

* Both imaging and analysis possibilities are
together in the same instrument

()

10/24/2014
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SEM-EDS
equipment

SEM-EDS: practical

* There is almost no limit to sample size

* The limitation is in handling rather than in the
capabilities of the instrument

* No dissolving
¢ cleanliness is important

* The sample is placed into vacuum (10 Torr or
below)

* Sample should be conductive
» Surface resolution: down to 50 A
* Magnification up to 100 000 times

(«2)

21



SEM gives an image of the surface

™ " e Ty— Signad A = OB3D st 10 M o1
185

Iron-gall ink writing on paper

Metal (Au, Pt) coating
is used in the case of |
nonconductive ——F
samples

Samples covered
with gold layer

10/24/2014

22



EDXRS e. EDS

* |t is elemental analysis
—Almost all elements can be determined
—Does not differentiate between the same element in
different compounds
E.g. Lead in lead white [PbCO,-Pb(OH),] and red
lead (Pb;0,)
—Both qualitative and (semi)quantitative analysis

* Quantitative:
—The number of quanta emitted is proportional to the
number of atoms of the element [ 2 ]

A blue paint from the Tallinn
town hall wall: SEM-EDS
spekctrum

M Spectrum 4

I Theoretical Spectrum
Wi% o
407 20
336 11
124 04
42 02
22 01
22 01
22 01
15

05

03

03

EwEpTFgTRO0

The blue pigment is smalt (SiO,-K,0-CoO)

10/24/2014
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Overlapping of S/Pb/Hg

Tallinn Toomchurch: Bengt Hinrich
von Biestrami coat of arms (18.
century), red paint EDS spectrum

<psleV

PAINT INVESTIGATION OF ALTAR AND PULPIT IN
THE CHURCH OF ST. MARY, VIGALA, ESTONIA

Signe Vahur''3, Kriste Sibul, Pia Ehasalu?, Vaino Sammelselg)
Iva Laite'
After an illegal painting of the ¥
altar and pulpit in Vigaia 5t. Mary's church in Estonia, com-
prehensive paint layer and Iys!
studies - using optical microscopy, scanning electron
- energy -ray ¥ [SEM-
EDS) a o attenuated total reflectance Fourier tra
form i TR FT-IR) sp ¥ - were ca
ried @ history of the colour scheme and pa

i -
pasitions of the altar and the pulpit could be revealed to
great extent. This is the first study of this kind in Estonia
and it is d to provide ial for similar
investigations in the Baltic and Northern-European region.

SEM-EDS application to pigment analysis:
http://www.morana-rtd.com/e-
preservationscience/2009/Vahur-30-05-2008.pdf
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X-Ray Fluorescence (XRF)

ED XRF Analysis

* Non-destructive

* Portable

* Obtained information is
similar to SEM-EDS

(=)
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MASS SPECTROMETRY

Large an diverse group of
techniques

We will look at GC-MS, LC-MS MALDI-
MS, APCI-MS (and ICP-MS)

General

* Mass spectrometry (MS) is based on analysis
of ions formed from substances/materials

* Depending on realization, MS is suitable for:
—analysis and/or characterization
—Individual compounds or mixtures
—Solutions or solids without dissolving

* For separation of mixtures can be based on
* high mass accuracy/resolution
* hyphenated techniques : GC-MS and LC-MS

10/24/2014
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Principle

Sample introduction

lon source

Mass analyzer

lons

Vacuum

Detector

“———4——

Ma'ss
spectrum [ 53 ]

Mass spectrum example:
Vanillin

UVANILLIN
108y 152
Me‘o CHO
1 HO
81
ag g1 65 23
I B\ 7
| || | |
T[T ||||| TTIT T

LLLAN | I T T LR R RN LN LR LR LR ERA R AR RERLY LA
38 48 58 &8 e 88 98 1688 118 1264 13M4B 158  16H
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Chromatograph MS (mass spectrometer)
separates the detects and identifies the

analyte(s) from analyte(s) and performs
other substances quantitation

Sampling in GC-MS and LC-
MS

* Chromatographs need solutions
* In addition

* GC needs volatility

* LC needs ionizability

* Most of the interested compounds are not
volatile

* Pyrolysis, thermochemolysis [ 55]

10/24/2014
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MALDI - Matrix-assisted laser desorption/ionization

MALDI enables direct ionization of solid materials
— Sample is mixed with a matrix

— The matrix absorbs radiation and transfers the energy
to sample molecules

Very large molecules can be ionized
Not all molecules ionize with equal ease

Matr'x propertles are Research article ¥ESomeray
important TR e——
O- _OH 2,5-Dihydroxybenzoic acid solution in MALDI-
MS: ageing and use for mass calibration
OH Anu Teearu,®* Signe Vahur,? Uku Haljasorg,” Ivo Leito,® Téiv Haljasorg®

and Lauri Toom®

2,§—Dmydrmyhznmi( z(ld [DHB) is F he most widely used and studied matrix compounds in matrix-assisted laser
ization (MAI H theinfiuence of ageing of the e DHA solution on the MALDI mas pec

HO

ing in

pound DH jith MALDIF
{MALDLFT-ICR-MS) and reflectance r rared (ATR-FT-IR) spectros-

D B corr Mmg nificant |ag ng product uhzvehz detected, The hﬂy of theaged DHBsn\ tion to actasa MALDI matrix was tested
H conservation an i

A " of pe ki wed
a1t ised o el colibaution oF the et de. Copyri gm 2014 John WIeyGSn s, Ltd.
\parting infarmatian may be fund in the online version of this artizie ar the publishers web. s

FT-ICR - Fourier Transform lon Cyclotron
Resonance

* FT-ICR mass spectrometry (FT-ICR-MS ) provides
very high mass resolution and accuracy

— R 2>100 000

* Mass spectrum is obtained from cyclotroning
frequency of ions in the ICR cell, which is in very high
magnetic field and high vacuum.

10/24/2014
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MALDI-FT-ICR-MS principle
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Example: High resolution and high mass accuracy

CHHLG0ENa+ 1|0 2Tppem]
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Research Article ﬁlmm‘r

[e—yey—— [reyTr—— e r—— [P ——

fwleyonneiibeany.m) DO!10L1002ms 2471

Analysis of dammar resin with MALDI-FT-ICR-
MS and APCI-FT-ICR-MS

Signe Vahur,* Anu Teearu, Taiv Haljasorg, Piia Burk, lve Leito
and Ivari Kaljurand
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ESI- and APCI-FT-ICR-MS

APCI mass spectrum of
Dammar resin

i
aswT

{m/z range 200-500

a0a3eTe

2126090
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LA-ICP-MS

Important

The best results are obtained when different
techniques are used in combination
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