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ABSTRACT

Optical properties and color analysis of nacreous layers were performed using various pearl shells. The cross
section and microstructure of the surface in each nacreous layers were observed through a SEM (Scanning
Electron Microscope), and the diffraction pattern on SEM images was analyzed using FFT (Fast Fourier
Transform). Through these analysises, it was verified that the color and optical characteristics are closely related
to the structure of nacreous layers. Incident angle-dependent reflection spectrum was used to examine the
phenomena of color differenceas the direction of observation. Quantified values on the color change were
obtained by CIE L*a*b* color scale. Using this research, database for the characteristics of natural pearl shells can
be established, and the precise analytic method for observation of pearl shells was suggested.
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AAEE (mollusks)®] iz} A FHe o3t PF=3}
(bio-mineralization) Z-§-2] AFE-2# 37 (shell) 7} 2+
9] ZF= (nacreous layer) 12|31 ZF (pearl) 7} A=l
t} (Addadi et al., 2006). A543l BE AR EEL o}2T}
& AFAL sl 2A02 o)g AL Sk NS
ul, AFE A = glor A Fe gz A0
2 AFzNE BAg A= mal
(Mother-of-Pearl, MOP) 2} 21 ®HAo3 o]g3lc}

AR W} slatat deaten i 4 ek slaat
2oe] F52 ofzof 217 (Akoya pearl)  AAHE of
FofAFEFN (Pinctada fucata), F¥A5 (South sea

1 &4} (iridescence) &
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pearl) & AAksl= AAF=x7) (Pinctada maxima), A5
(black pearl) & A= ALAFxI  (Pinctada

margaritifera), "PHA1F (mabe pearl) & AJAtsl= mhd|x
7\ (Pteria penguin, Pteria sterna), A&7 (abalone
blister pearl) & A3l %5 (abalone) Fo] gloH, &
$AF mi|2E Y82 o 2 g5AF (freshwater pearl) &
AAvsl= Dzl (Hyriopsis  schlegelii, Hyriopsis
cumingii) 7} 9t} (Kim and Park, 2008). $-2yelo =
HAEAFE Y8l AAE- (Haliotis discus hannai) 9} of
AFE AYAsl= AF27) (Pinctada fucata)’} Z3) 2
FAEL ek 2 9 @Al diFolzA (Anodonta
fucudai) 1} BxJ) (Anodonta woodiana) = Z3|3 &
2 4 slork TR Pl elelg Fox BAA A5
of zolel & 4 glol, AAE olgsh glen &
A sElvel AFgAd rEEe] AFE Ak 2ol 3
Avs} A%z T2 $R9T Jang, 2002).

Hekt $59) Si2Ee JEsla e Age) AT
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AF5E Apiet shn, 1 Fo] ofF Al & = o] glo] A

Sk "—’.‘ 2 -'IFHE AREEAY 3, 24, A Fo] AHEE

Y3 ° 7 7t A% gich

—?—"—M]’ﬂ wulEE AAAe A 24

F& CaCO; = FA=" n|=k] Na, Ba,
% A7} 329 (conchiolin) 22 & 47

AR, a8l ok7te] HoOF 4 o] 9t} (Wada, 1999).

¥o1Ee] gl Fo ek o] Aolr} lor St &
Apelelle 2AER9] F7luAe] SR EAIRE. 24
Sale 2o thilAe A sjzbe| ¥3bE G7]EA ] X9

ol 7t uich 23871 sheterst Fat chern o
A ¢lt} (Matsushiro, 1997). sjz+& wlgzExE zhz)=
(periostracum), 55% (prismatic layer), 283 AF3
(nacreous layer) 2.2 o]Foj# glon] 7 Zwlt} T T}
A 725 2ok oy AAEEC] 227 AEES =
o)7] I3 WA Sl5Eel SHez ofsE 4 9

ol RFEe we Zwel met Ae) Hel B4
olg]d|4l2 (iridescence) & H.olt) Hujjo] ZFgalo] A

W72 vlATFed] o3 A5 AR TSR s,

NF2 ol RS Ap ol 23t A, 571270 Slalo]
wasge Aol Az Agslel veht sz QelA so
(Rayleigh., 1923; Snow et al., 2005). AFZ2] Mz} Zel
oleldlizg AEE oo A Bolsken A F8
E4o] Hiu, B Moz HAT 5 gl wolE 7&%4
A <1 49 53 KR e Pl T
A 9 5 ol sieh A9 A% AR Aol AT

° I

= =2 T
A BYYEAE AF%PO% A7e] Hbapy 2oER S
A 2 A AL BAKE A x v, 28 A

1054, S sIFe 7 71EE Aok Aok Aol gl
W, APACT 1 $AE 23 At g,

webd 2 ol As Aela depte ekt A53e)
AL F73 o] 9lo] A (color matrix system) & Abx}
23 gl 9 Aee AR EH PsE 2 CIE
(Commission Internationale de I'Ecalirage) ¥&F74¢l
Lratb* 902 $aibes 24510 2o) 42 2aeg
& At E wE Zheol e} g AR AL W)
w7 flaf AFSol siabEls L] Axd dejste] vt
A SAsKTE Azt o3k whakg 54 B 9Hell
ute}l th2 A Hole Ao dizt RS s EE A7)E et
yF1 CIE L*a*b* color scale2 color spaceg}i W3}
SR FAelA Aol At ARE FA3HEe w ] s
ool djgt 2= eI} Ne| AAAAE & = A e
(Nassau, 2001).
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A AR Bolls vl A el oFal=
AL Haliotis discus hannai )2+ A £ 399 o}
FoF AFxJ| Pinctada fucata =7, €EFS|E] =)

Pinctada margaritifera 3|7}, ¢ 2~Edg dz]o} Pinctada

maxima 72, Q29| Pteria penguin |7}, T Fx|¢ &

$x7) Hyriopsos cumingii )72 &35t} (Fig. 1).
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Fig 1. Various mother-of-pearls; (a) Haliotis discus hannai,
(b) Pinctada fucata, (c) Pinctada margaritifera, (d)
Pinctada maxima, (e) Pteria penguin, (f) Hyriopsos
cumingii
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Fig 2. Schematic of incident angle-dependent detection.
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Pteria penguin, Hyriopsos cumingii) 7} o|ujjsfjo|c}.
Fig. 32 A%z} ofzo %Tzuﬂ sz e SEM o
wAsh FRTAsHE wojzch 4729 olebnjol= A4%
o] ofzof AFzse A2A L E_%kgi A welA glAuk
(Fig. 3-¢) 3AE2] A%, olvfsfiel b dnfsfinte] S74<l
offmifole grAAEe] 499 wetow Jdw wdso]
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Fig 3. SEM images and FFT results of the cross-section of
Haliotis discus hannai and Pinctada fucata (a) SEM
image for the cross-section of Haliotis discus hannai, (b)
FFT results for the cross-section of Haliotis discus
hannai, (c) SEM image for the cross-section of Pinctada
fucata, (d) FFT results for the cross-section of Pinctada

fucata.
g, FAYFozE A FAS =@ WD s g
(Fig. 3-a).
olRbolE AR § Ao FAs BARo] A 0.367 4

m, o}Zok A2 0475 pm, 7L AFEz7 0450 xm,
3 AZx7) 0410 pxm, vl¥E7) 0.350 pxm, Dz
1133 pm 2 o3 AP b Axe) A45E F4e)n
Slef. AF2E olRE offmfolE AR 2o E7
A6 Aol7t 9, Mdsh P ishsh ojuls) Wz
A9A S4E 2o

olulshe] A%, Aol A9 Ho|7} YA vjeds T2

7} A fARlEE 2 =M olZof AFxA (P
fucata) & Azt A ‘36}1:}
Fig. 4= ZAE sj7}te] 39 o)A & Jehdc) AF:2= 1

H Et %‘“Hvﬂﬂr ojufs roJof] A}o]E Hol=v] Fig. 4-a2]
AL 7 ZRE AFSS TSR 2450 $52 dn
(stacks) 2 2eke] 33 ql Fjelu]|= He 2 #oigir)
@] o] lo| A= qlgh uke} ko] elnfshe] £ 1 F
o] Ao AT FAE W T4 FHE vehs A
ol sigictk. Fjetv|=At E71e AAdelA AA ol —rﬂﬂ% 7N
2 A 7 el Age) W 4% W dtha
Byu=e] 9t} (Kim et al., 2008).
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Fig 4. SEM images of the surface of Haliotis discus hannai
and Pinctada fucata (a) SEM image for the surface of
Haliotis discus hannai, (b) SEM image for the surface of
Pinctada fucata.

FEALE BAE FxYE itk
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2. CIE L*a*b* color scale
CIE L*a*b* color scale> Z#lol| w3t ARE $x]3}5)
Heldls 2Rz, A diake] Aol gk A el 4
< 3=t g FE3H ARk

L*&52 Fdizt 10055 071419 HeE 74+ 100 3
A0 ALAE etk a* 5 ok e s s S
w9 ke 2= =l AL Jeln, b*52 oF| ek

Table. 1 CIE L*a*b* color scale for surface of various mother-of-pearls

CIE L*a*b* color

Mother of pearl Degree L*(D65) a*(D65) b*(D65)
25 Degree 91.18 16.89 0.4
H. discus hannai 45 Degree 62.88 5.54 3.34
75 Degree 46.64 2.67 4.83
25 Degree 95.94 -0.94 -0.98
P fucata 45 Degree 61.53 0.02 1.72
75 Degree 52.95 -1.22 1.07
25 Degree 96.40 -0.81 0.87
P margaritifera 45 Degree 68.45 -0.85 -0.67
75 Degree 55.57 -1.13 1.38
25 Degree 98.38 -1.02 -2.07
P maxima 45 Degree 70.88 -0.98 -0.75
75 Degree 62.11 -1.91 -1.38
25 Degree 100.00 -11.86 3.68
P penguin 45 Degree 64.33 1.08 3.12
75 Degree 51.32 -0.96 -1.77
25 Degree 91.84 -0.52 6.22
H. cumingii 45 Degree 88.89 -0.95 5.39
75 Degree 88.09 -1.41 5.07
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Fig 5. Reflectivity for various incident angles of light on each mother-of-pearl; (a) absolute value for each angle of Haliotis
discus hannai, (b) relative value for each angle of Haliotis discus hannai, (c) absolute value for each angle of Pinctada
fucata, (d) relative value for each angle of Pinctada fucata, (e) absolute value for each angle of Pinctada margaritifera, (f)
relative value for each angle of Pinctada margaritifera, (g) absolute value for each angle of Pinctada maxima, (h) relative
value for each angle of Pinctada maxima, (i) absolute value for each angle of Pteria penguin, (j) relative value for each
angle of Pteria penguin, (k) absolute value for each angle of Hyriopsos cumingii, (l) relative value for each angle of
Hyriopsos cumingii.
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