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The blue appearance of IN-5 when under a strong white

Fig. 1
light, It was divided into three parts: white inclusions
(Part [ ), dark inclusions (Part ][ ) and basal body
(Part TI)
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Images of the inclusion details

(a): The fluid-like white inclusions; (b), (¢): The crumb-like white inclusions; (d): The flat-shaped inclusions with spongiform structures;

(e): The fried-egg-like dark inclusions with white rims; (f): Cavity-like white inclusion with flower-like structure; (g):

The isolated dark and

white inclusions in the basal body; (h): Fluorescence of Part [ — Il in IN-3 under a 365 nm ultraviolet light; (i) : Bright greenish-yellow phos-

phorescence from IN-4 fragment excited by a 365 nm ultraviolet light
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Fig. 3 FTIR spectra of IN-3, IN-5, and IN-6
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Fig. 4 3D fluorescent patterns of three parts from IN-5 sample [ (a): Part T ; (b): Part I ; (¢): Part T[]
and bar graph of the ratio of the emission intensity at 446 and 388 nm (d)
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Fig. 5

Phosphorescence curves and the full width at half maximum (FWHM) in three parts. (a) IN-1 emits stronger phosphores-

cence by the duration of 365 nm excitation increasing; (b)—(f) Phosphorescence curves and the FWHM of three parts in

IN-2—1IN-6, respectively
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W /E #4EX 537 nm [iF5E, 2055 (FWHM) A 35 92 nm, [
HFFE 430 nm Bt T A — 59 850 . RO (L0240 1Y Jic iR
JEEAL LL 536 nm Ry, RIETETE S, 35 96 nm, T A A
R GBSO MR B IR 5S, H BRI 1 % X 430 nm [}
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MR FAIEF 1. 4 BT R AR =30 43 10 B 't 32 i
] RIS 77 ) o 35 B OBLHR B0PR B LA SO R By LA 4
RE 1R, BAO#EEEMAFHa, i o Mo, AR
B AL AE 430 nm [T M9 BEGIE . Ky o FE 4.45~5.43
ms, M o 7F 44. 82~63. 41 ms, B TR ACEF B BR 5, IR
A1k 536 nm G AYSEPRF AT L 71« 10. 53~15. 65 ms Al
72: 96.74~109. 31 ms K, FEJEFE 537 nm Pl T B85 O 06 i 52
bR o 10. 73~21.18 ms F1 7, : 110. 48~155. 80 ms
FHEAR, IN-3 A AAEN 530 nm @G Em o Moo, 25
9.97 R 85.37 ms, MAKKRFE, BEISHELY RS HE
i L T UR O A3 R B JIC R 43  TR AR T 1 B R A B OL R R
P RE K, Kb o ST KR L.

F1 WEHEHUSTHEESHERE Part T, T8

EFHFMYEMHRE R
Table 1  List of the calculated phosphorescence lifetimes of

Parts T to [ . and each R-squared (R*)
1 /nm 71 2 R?

421 4. 45 63.41  0.993
537 18.13 129.78 0.998

IN-1 Part [[[ 3§

IN-2 Part T F{afLik 432 5.15  57.60  0.979
IN-2 Part [[[ 3£ 541 12.53 110.48 0.991
437 4.85  45.26  0.984

IN'S Part | 01K 530 9.97  85.37  0.934
IN-3 Part I I €443 {& 536 15.65 105.59  0.993

519 10. 73
548 21.18

131.46  0.996

IN-3 Part [l #JiE 155.80  0.997

IN-4 Part T 4 {5 f 4k 432 5.05  49.57  0.986
' 424 4.47  51.85  0.991
IN-4 Part [l HJi 548 19.53  132.83  0.996

IN-5 Part T (o fgfk 432 4.62  44.82  0.990
IN-5 Part I I 542 (% 536 10.53  96.74  0.988
IN-5 Part [l %% 541 13.03 122.68 0.996
IN-6 Part | [k 416 4.87  50.56  0.982
IN-6 Part [T I% {5 {4 536 13.32  109.31 0.996
) 430 5.43  61.01  0.988

IN-6 Part [l JEJig 532 15.8  151.88 0.994
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Photoluminescence in Indonesian Fossil Resins
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Abstract Generally, fossil resins emit distinct fluorescence under ultraviolet illumination. However, their phosphorescence
remains to be characterized. In this paper, six Indonesian fossil resins similar to the Dominican blue amber, are further divided
into three parts: white inclusions (Part [ ), dark inclusions (Part I ), and basal body (Part [l ). By the infrared spectrometer,
three vibration peaks at 1 384, 1 377, and 1 367 cm ' indicate that these Indonesian fossil resins were derived from the
Dipterocarpaceae plant. Firstly, we investigated three-dimensional fluorescence contours from three parts in Indonesian fossil
resins. The results show the emission wavelengths covering the 330~380 nm ultraviolet area (excited by 235 nm), the 388 nm
(excited by 330 nm), and the 446, 474 and 508 nm in the blue-green area (all excited by 440, 415 and 395 nm). It suggested at
least two fluorophores contributing to the visible-range fluorescence. The relative concentration of these two fluorophores varies
from Part | to Part [ll. Additionally, Indonesian fossil resin (copal) radiated a bright greenish-yellow phosphorescence when
irradiated with a 365 nm ultraviolet light. Part [| &. [I have a strong phosphorescence covering 460~ 650 nm with an emission
center at 537 nm, while Part | is close to 430 nm. The lifetime of 537 nm emission lasts more than 100 ms, while that of 430
nm emission is about 50 ms. These luminescence differences indicate that Part || &. [ underwent more aromatization than Part

I in the fossilization process.
Keywords Indonesian fossil resin (copal resin) ; Fourier transform infrared spectra; Fluorescence spectra; Phosphorescence spectra
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