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1. Fourier Transform Infrared Spectroscopy
2. Ramman Spectroscopy
3. Mass Spectroscopy
4. Gas Chromatography
5. Pyrolysis
6. Nuclear Magnetic Resonance Spectroscopy
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8. Attenuated Total Reflectance- Fourier Transform
Infrared Spectroscopy

)l ale

ST TA) g 525 5 55 ome) bl sk
100 (3590 e e ) il

u_w[m.tu‘_w/’} CodlalS (\Yl/\c\) oo m.)‘).hxw
aobi sy silitl oS (L il > Sy Y
ool yim olSils Lyt 01Suily )| ki lS
e e ) i iy 4 I Sy
ul.e(o_w‘ c(dw L;o).ko?m 9 Lg.)l_;.om,o)w
D0 Lol aes il o b) ool olKutils

0 S gy ol b5 Lo (WAY) ol (o SL
i oKl i 218l 051 ol sl
.QLQ,&.&‘
S w2 Y 5 O Cldp Cuope g Lais

Wcuiajy 2 s & e &5 (oleend slayiSTy
sla Sty glod 5l ml ol NN dgud o
Amd o gy Slogl sl oSS 4 e
9 Y¥O cm™) JouS s, slrog S Cls (slayle cons
u»Lw‘ P Lbd.)w 2 (A/\' cm’l) ul.woy»fl 9 (\VY’
gldte ) E9b 9 omlinponly Oliee Slpes
em™ anb ) S5 )5 05,5 Glo il ialS .l
oSy ala 5y on L A Slgi e VWYY
O gl il Lad Sses 50 (b S 9 )S
T oosmmbio 450 YO+ dgds > leioguST gl sl
sla Sty s b o JolS axd Yer 35 083 0
Jide yialS' L Bls &y e a5 — o) S5 )S
(slaog,S LS5 & prio 5 02 JuuS 15 ol 09,5
2 9 ST oglas a2 )3 Voo g0 5 3600 il
JuSis gla yiiSly 9 35,5 o oS ampp ¥Fer
&) 23S 5,8 JLis 4 Sslog)l (gl 5L
5 ul)w Oﬂl .(Tatsushi Murae et al., 1995) KU
asleo 31 030l Uy alEiylofl luSy (slodises
b ) Sy e bgpe logel a0 Colue
JSB g Cul i (y g g8 S o8 (gl
Lol adllas 5 apolee JB Cls g

8 345 4o -0
g0 Ao 560 o)) (olewd lale gl
& obl loylis L o 5l T )5 syl ales |
L eladlogs ojmgin 5 ol slajlisbo Lol and ool
G (yead &) WNgad oo Hlas by Sl SOl sl
vl cage (poye adign 6 g e S5 pae b
il s ol ) By Bis b g s bole glaog S
28 ol cado )31 355 lacglds (pl D9d 0 (5
L Sy 9 rpjy p 03l &y Ol o )l dlgo
T KV PV S PP VO JUPR JE g 2
b by Olo slalg s pods comge pol opl g Conl
9 Yeor cm?! 039.}._700 )J a)_:94_; Uﬂ_mgl leb‘l_:y

190 Ol g jlgs «Jgl ojloid qpgs Juw | VA



ak . .
= sl gLl (song ju owlias gs

(8551 5 Mg oliingy

(5 U e ( 7Ly 63‘5] (e e-dsbl (o
i dpoly 4 g slayin o 45T L oMk il
o] olSaisls

(5 9 e (g o] (e bl ies

oed @l

Anderson, K. B. & Crelling, J. C. (Editors) (1995).
Amber, resinite, and fossil resins (Develgped from a
symiposium sponsored by the Division of Geochemistry,
Ine., at the 208th National Meeting of the American
Chemical Society, Washington, DC, Augnst 21-25,
1994). Washington DC: American Chemical
Society.

Anderson, K. & Crelling, J. (1995). Introduction. In
Amber, resinite, and fossil resins. pp. xi—xvii.
Washington DC: American chemistry society.

Azémard, C., Vieillescazes, C., & Ménager, M.
(2014). Effect of photodegradation on the
identification of natural varnishes by FT-IR
spectroscopy. Microchemical Journal, 112, 137-
149.

Beltran, V., Salvad6, N., Buti, S., & Pradell, T.
(20106). Ageing of resin from Pinus species
assessed by infrared spectroscopy. Analytical and
bioanalytical chemistry, 408(15), 4073-4082.

Cartoni, G., Russo, M. V., Spinelli, I., & Talarico, F.
(2003). Characterisation of fresh and aged
terpenic resins by micro-FTIR and GC-MS
analyses of varnishes in XVI-XVII centuries
paintings. Annali di chimica, 93(11), 849-861.

Casadio, F., & Toniolo, L. (2001). The analysis of
polychrome works of art: 40 years of infrared
spectroscopic investigations. Journal of Cultural
Heritage, 2(1), 71-78.

Ciofini, D., Striova, J., Camaiti, M., & Siano, S.
(2016). Photo-oxidative kinetics of solvent and
oil-based  terpenoid  varnishes.  Polymer
Degradation and Stability, 123, 47-61.

Cunningham, A., Gay, I. D., Ochlschlager, A. &
Langenheim, J. H. (1983). 13 C NMR and IR
analyses of structure, aging and botanical origin
of Dominican and Mexican ambers.
Phytochemistry., 22(4), 965-968.

Daher, C. & Bellot-Gurlet, L. (2013). Non-
destructive characterization of archacological

va | 1m90 gliw g ler «Jgl ol g Juw

o] i oSl i 0aStils 15|

9 ch& 5@[.%0-.0‘.\)‘5— > cd..\o>‘ cAJ.)LC cM
2y Ll @ olge glwlas (WWAY) . olelS ¢ sesl
3890 AJJUa.o) S &9y d)lf)ﬁo g_»L.o)S Lgl)?l

Yo degazmo ()45 S ELS 4 cg0me

o Kin 5 LT CLlin 5 Slyo wle islans i

resins: seeking alteration criteria through
vibrational signatures. Analytical Methods., 5(23),
6583-6591.

Daher, C., Bellot-Gurlet, L., Le Ho, A.-S., Paris, C.
& Regert, M. (2013). Advanced discriminating
criteria for natural organic substances of
Cultural Heritage interest: Spectral
decomposition and multivariate analyses of F'T-
Raman and FT-IR signatures. Talanta., 115,
540-547.

Daher, C., Paris, C., Le Ho, A., Bellot-Gurlet, L. &
Echard, J. (2010). A joint use of Raman and
infrared spectroscopies for the identification of
natural organic media used in ancient varnishes.
Journal of Raman Spectroscopy., 41(11), 1494-1499.

Daher, C., Pimenta, V. & Bellot-Gutlet, L. (2014).
Towards a non-invasive quantitative analysis of
the organic components in museum objects
varnishes by  vibrational  spectroscopies:
Methodological approach. Talanta., 129, 336—
345.

Daher, C., Drieu, L., Bellot-Gutlet, L., Percot, A.,
Paris, C., & Le Ho, A. S. (2014). Combined
approach of FT-Raman, SERS and IR micro-
ATR  spectroscopies to enlighten ancient
technologies of painted and varnished works of
art. Journal of Raman  Spectroscopy, 45(11-12),
1207-1214.

Derrick, M. (1989). Foutier transform infrared
spectral analysis of natural resins used in
furniture finishes. Journal of the American Institute
Jor Conservation, 28(1), 43-56.

Derrick, M. R., Stulik, D., & Landty, J. M. (2000).
Infrared spectroscopy in conservation science. Getty
Publications.

Echard, J.-P. & Lavédrine, B. (2008). Review on the
characterisation of ancient stringed musical
instruments varnishes and implementation of
an analytical strategy. Journal of Cultural Heritage.,
9(4), 420-429



@

e b 9 00 550 JUT 39 > Sagin 56> S el / ol )50 9 9sbl s le il

Feller, R. L. (1995). Accelerated aging: photochemical and
thermal aspects. Getty Publications.

Hwang, R. & Teerman, S. (1988). Hydrocarbon
characterization of resinite. Energy & fuels., 2(2),
170-175

Langenheim, J. H. (2003). Plant resins: chemistry,
evolution, ecology, and ethnobotany.
Portland/Cambridge: Timber Press.

Langenheim, J. H. (1995). Biology of amber-
producing trees: focus on case studies of
Hymenaea and Agathis.

Mallégol, J., Gardette, J.-L.. & Lemaire, J. (2000).
Long-term behavior of oil-based varnishes and
paints. Photo-and thermooxidation of cured
linseed oil. Journal of the American Oil Chenists’
Society., 77(3), 257-263.

Mills, J. S. & White, R. (1977). Natural resins of art
and archaeology their sources, chemistry, and
identification. Studies in Conservation., 22(1), 12-
31.

Mills, J. & White, R. (2012). Organic Chemistry of
Musenm Objects. Taylor & Francis.

Murae, T., Shimokawa, S. & Aihara, A. (1995).
Pyrolytic and spectroscopic studies of the
diagenetic alteration of resinites. In _Awhber,
resinite, and  fossil  resins. Washington DC:
American Chemical Society

Pelosi, C., Falletta, G., De Dominicis, B., & Baraldi,
P. (2013). The painted silk panels of Palazzo

Barberini at Rome. The scientific investigation
and preservation challenge. Procedia Chemistry, 8,
248-257.

Prati, S., Sciutto, G., Mazzeo, R., Torri, C., &
Fabbri, D. (2011). Application of ATR-far-
infrared spectroscopy to the analysis of natural
resins. Analytical and bioanalytical chemistry, 399(9),
3081-3091.

Ribechini, E. (2009). Direct mass spectrometric
techniques: versatile tools to characterise
resinous materials. Organic mass spectrometry in art
and archaeology. New York: Wiley., T7-95.

Sarmiento, A., Pérez-Alonso, M., Olivares, M.,
Castro, K., Martinez-Arkarazo, 1., Fernindez,
L. A., & Madariaga, J. M. (2011). Classification
and identification of organic binding media in
artworks by means of Foutier transform
infrared spectroscopy and principal component
analysis. _Analytical and bivanalytical ~ chemistyy,
399(10), 3601-3611.

Scalarone, D., Lazzari, M., & Chiantore, O. (2003).
Ageing behaviour and analytical pyrolysis
characterisation of diterpenic resins used as art

materials: Manila copal and sandarac. Journal of

analytical and applied pyrolysis, 68, 115-136.
Vassallo, A. M., Liu, Y. L., Pang, L. S. K., & Wilson,

M. A. (1991). Infrared spectroscopy of coal

maceral concentrates at elevated temperatures.

Fuel, 70(5), 635-639.

190 Gl g jlgs (gl ojloids qogs Jlw | Ao



	6

