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Abstract A comparative studies on the morphology of micro/nano-structure, the thickness of nacreous layer of
natural-color golden seawater cultured pearl with different diameters and golden shades are carried out by ultra-violet
and visible (UV-V ) absorption spectrum, scanning electron microscopy (SEM) and high resolution transmission
electronmicroscopy (HR-TEM). Furthermore, the relations between the thickness of nacreous layer and the color
and the unique characteristic of UV-V,, spectra are further discussed. The results show that: the intensity of
absorption band in UV-Vj absorption spectra is increasing as the deep color of golden-color pearl, the deep or light
color of golden-color pearl has no direct relation with the thickness of nacreous layer. It is found that the thickness of
nacreous layer located in different regions on the surface of golden-color pearl is different. Meanwhile, the density of
“imbricate” structure and the morphology of the surface of golden-color pearl are different. The above characteristics
maybe result to the slight varied UV-V absorption spectra with different regions on the surface of nacreous layer. In
addition, one dimensional quasi-photonic bad gap structure exists in the nacreous layer of golden-color pearl, which
should have close relations with the coloring of golden pearl and the density of golden-color.
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Table 1 Physical characteristics of typical natural-color golden cultured pearl

Sample Weight /g  Average diameter /mm Color Shape Thickness of nacreous layer /mm
HK-1 2.4526 11.96 Dark yellow Circle 2.223

HK-2 2.4946 12.15 yellow Circle 2.285

HK-8 2.7342 12.67 Light yellow Circle 2.432

HK-9 2.7847 12.83 Dark yellow Circle 1.963

HK-10 3.3614 — Light yellow Oval —

HK-11 3.8203 13.75 Dark yellow Circle minor fault 1. 960

TDR-1 0.7246 7.98 Light yellow Circle 1. 024

TDR-2 1. 7517 10.61 Light yellow Circle 2.730

TDR-3 2.0985 11. 32 Yellow Circle 2.167

TDR-4 3.1341 12.99 Dark yellow Circle 2.335

TDR-5 3. 3418 13.31 Yellow Circle —

TDR-6 4.1339 14. 32 Dark yellow Circle 3. 488

TDR-7 4. 9817 15. 20 Yellow Circle —
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Fig. 1 Optic photos [(a). (c¢)] and their corresponding UV-V,, absorption spectra [ (b), (d)] of natural-color

golden cultured pearl
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Fig. 2 UV-V,, absorption spectra of natural-color golden pearl on different regions of the surface of
nacreous layer [ HK-1-(a) ; HK-2-(b) ]
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Fig.3 SEM (a) ~ (d) and optic photos (e) of the

surfaceand crossing section of nacreous layer of

natural-color golden cultured pearl
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Fig.4 SEM photos (a) ~ (b) of the crossing section of
nacreous layer of natural-color golden cultured
pearl and the model of one dimensional photonic

band gap structure (c¢)
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Fig. 5 SEM photos (a) ~ (c) of the surface of nacreous

layer of natural-color golden cultured pearl and the

corresponding structure model (d)
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(d) of the crossing section and surface of nacreous
layer of natural-color golden cultured pearl and the

corresponding structure model (e)

XF B TR R R B Sl oK 25 Y R B UL ml R
BB R A 1 i — 20 U8 O i — 4RO T B 4
L R RAE TR B 2R R RO STA RO A 2
B — P SCAT A R I G PN R 1 A TR U R A BT
BN K ST /N R o A T AR 0 £ 5 5 Y B
AT H N TR BRI 5 A HUR R 8 i —
Yl PR A5 M 2 B0 HAE AT IR OK B BREE = A
WL ) DL TE 22 TR 2 R A AR 1 D' 1 BR 45 F IR 1 A i
WIRNY . T4 TR 2 2R R AR B AS M 5 bR SOk

0416005-5



g3

i

(18— 19 Pk Y7 B 5 M 2 Bh . I, BRI
TRJZ BB B 0 R R AR S R AR AE 1 — Ot T
B A AT A Fr it — AT 5T

4 4 e

S 6 S [ A KN AR TR 4 €6,V VR R
(6,15 K F2 565 BK 46 TR L UV-V LR OE S K 325 Bk
JE2 R AT HE TR« % B0 4 BB S 1 R
LU 7 1 UV- V336 ] R AE 0% 0 I £ 388 5 8k fHL
G BB 25 2 I TR 5 4 Bk 0 (VR TR R AR A
EAIEHE,

[F]— 91 4 Bk AN [ X350 5 B J2 2 1A 1 DL 8 L 32 Bk
JE 2 I 1 A FLR S5 W S A e 22 5 00 5 A Lok
P SR SR BRI UV-V, i 1 17 70 K 5 2 5
PERY BRI

G B R 2 I B H T 50 T SO TR R TR A
A LR R R G5 % G5 H 5 e T B
b ELAT B AU O 25 M R AE T 00 A 01 oy o —
YE (6T AE IR G K bR B A O A 1 75 5 4 Bk
BB 5 B (77 28 R B L L7 RS A 4 (R
VR 119 G Bk T HRE B 9 B2 B J2 o S M
75 5 4 (0 1 TR TR AT 3 6 [ BT A e — B

Bt RHMBEFRF A A BB RLES-TR
BOMOR B X T AR SR AL 6 48 5, B AT AL M B BR
HRERRLEREE S F 2B RIS F B
L RMEARRKEELRETREALE P (NGTO)
WAL AR XS 2k B RN K 5 3 3R Ak 6 45 8,
ER—FFREME!

& X

1 Qi Lijian, Huang Yilan, Zeng Chunguang, e al.. Colouration
attributes and UV-NIS reflection spectra of various golden
seawater cultured pearls [J]. Journal of Gems and Gemmology,
2008, 10(4) . 1—8.

TR, WA, WEL, F KRS KB R E ORI R
UV-Vie i U650, A 55415, 2008, 10(4): 1—8.

2 S Elen. Spectral reflectance and f{luorescence characteristics of
natural-color and heat-treated golden south sea cultured pearls
[J]. Gems & Gemology, 2001, 37(2): 114—123.

3 S Elen. Update on the identification of treated golden south sea
cultured pearls [J]. Gems &. Gemology, 2002, 38(2): 156 —
159.

4 Chen Yu, Guo Shouguo, Shi Lingyun, et al.. Application of
spectroscopy in identification of golden saltwater pearl [J]. Acta
Optica Sinica, 2009, 29(60): 1706 —1709.

Be &, #FE, fms, F OGSYEESEAE KB RE S
Ry FLT]. JekaE4R, 2009, 29¢6): 1706 —1709.

5 Liu Wenwen, Li Liping. Technology and identification of golden
dyed pearls [J]. Journal of Gems and Gemmology, 2007, 9(4) :
33—36.

NEE, 7. BRI EEORE TZ RS RYEELT].
FAHFA¥AE, 2007, 940 33—36.

6 Zhang Gangsheng, Xie Xiande, Wang Ying. Raman spectra of
carotenoid in the nacre of Hyriopsis cumingii (Lea) shell [J].
Acta Mineralogica Sinica, 2001, 21(3): 389—392.

SRR, BHEME,. £ & M2 RETRAY MR
Wothr &OEBHr s [J]. 5244, 2001, 21(3) . 389—392.

7 Qin Zuolu, Ma Hongyan, Mu Shichun, et al.. Research on
relationship between color and raman spectrum of freshwater
cultured pearl of good quality [J]. Acta Mineralogica Sinica.,
2007, 27(11). 73—175.

ZAEM, Dart, K4, % RRRK2 R KRS58
ek R L] 7924, 2007, 27(11D) . 73—75.

8 F Song, A K Soh, Y L. Bai. Structural and mechanical properties
of the organic matrix layers of nacre [J]. Biomaterials, 2003, 24
(20): 3621—3631.

9 F Song, Y L Bai. Effects of nanostructures on the fracture
strength of the interfaces in nacre [ J]. Journal of Material
Research, 2003, 18(8): 1741—1744.

10 M R Snow, A Pring, P Self, et al.. The origin of the color of
pearls in iridescence from nano-composite structures of the nacre
[J]. American Mineralogist, 2004, 89(10): 1353 —1358.

11 E Yablonovitch. Inhibited spontaneous emission in solid-state
physics and electronics [J]. Phys Rev Lett, 1987, 58 (20):
2059—2062.

12 S John. Strong localization of photonics in certain disordered
dielectric super lattices [J]. Phys Rev Lett, 1987, 58 (20):
2486 —2489.

13 E Yablonovitch. Photonic band gap structures [J]. J Opt Soc Am
B, 1993, 10(2). 283—294.

14 Deng Kaifa, Shi Dufang, Jiang Meiping. et al.. Progress in the
study of photonic crystal [J]. Chinese ] Quantum Electronics,
2004, 21(5): 555—564.

TPk EFETT, WEME, & LT R R R &TFHRT
22482004, 21(5) : 555—564.

15 X Li, W Chang, Y J Chao, e al.. Nanoscale structural and
mechanical characterization of natural nanocomposite material:
the shell of red abalone [J]. Nano Letters, 2004, 4(4); 613 —
617.

16 X Li, Z H Xu, R Z Wang. In situ observation of nanograin
potation and deformation in nacre [J]. Nano Letters, 2006, 6
(10): 2301—2304.

17 G Zhang, J Xu. From colloidal nanoparticles to a single: new
insights into the formation of nacre’ s aragonite tables [J].
Journal of Structural Biology, 2013, 182(1). 36—43.

18 Li Bo, Zhou Ji, Li Longtu, e al.. One dimensional photonic
band gap in Abalone shell [J]. Chinese Science Bulletin, 2005,
50(13): 1422—1424.

2o, M. et oMy 46 T R A
[T, Bl2fm, 2005, 50(13): 1422—1424.

19 Yan Jun, Zhang Gangsheng. Studying on the shell structural

property of cristaria plicate and the coloring mechanism of

nacreous layer [J]. Journal of Anqing Teachers College (Natural

Science Edition), 2011, 17(3). 83—385.

e AR KRNI, R BOE I D58 S5 R R AE B R T 5 BL

(I, 2 BRI % g 2 it CEL AR R 220D » 2011, 17(3): 83—85.
EH&E: £

0416005-6



