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ABSTRACT KEYWORDS
Weinvestigated theinfluence of rare earth element (REE) Ce on the surface Freshwater pearls;
microstructure and luster of pearlsin the scaled of micro and nanometer Rare earth elements;
range by means of scanning electronic microscopy (SEM),reflect and Scanning electronic
Raman spectra. We found that the pearlsin control group without adding microscopy (SEM);
REE dosage are mainly build up by spindly aragonite blocks, while the Aragonite blocks.

REE pearls are made up by pseudo-hexagonal blocks that are the most
idea blocks in crystallography. The luster of REE pearlsis stronger than
that of the control pearls. And the reflect intensity also islargely enhanced
than that of the control pearls. The intensity of Raman vibration peak
from REE pearls is almost two times than that of the control pearls. The
results show that an appropriate quantity of REE Ce will promote the

growth of pearls, and enhanced the lustrous of pearls significantly.
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INTRODUCTION

Pearlsarelargely found of peoplebecause of they
beautiful color and luster. They arewiddy used inadorn-
ments, such as pearl necklaces, brace ets, and eardrops.
Their optica beauty of d eganceand soft lugterisclosdy
rel ated tothemicro-structure of pearls. Pearlsaremainly
composed of aragonite calcium carbonate
(94.7%~96.0%) and onchiolin (3.1%~4.6%). Theara:
gonite blocks and organics uniformly cementated to-
gether show sand texture under optical micros-
copy**78, Pearlssurface can beclassified tofour lev-
elsmicrostructure; that ismosai ¢ blocks, small plates,
microstructure and pearlslayer. Themosaic blocksare

thesmallest unit cell of structure, almost asthick asa
small block. Theblocksarethebas c unit cell of pearls
layer by whichthey arranged intwo dimensionsto build
up pearl layer’®. The surface gloss of pearlsisacom-
plicated effect of reflection, refraction and interference
of light shining on the multi-layer complex surface of
pearls.

For 20 yearls, rare earth e ements (REE) have been
widely used in agriculture, forest, animal husbandry,
freshwater livestock, forageand medicing?*59, Inthe
present work, weinvestigated theinfluenceof REE on
the microstructure and surface gloss of pearls surface
by means of observing surface microstructure, anayze
the reflection spectrum and Raman spectrum of fresh
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water and REE pearls.
EXPERIMENT MATERIALAND METHODS

Experimental materials

Test pearl bivalves. Healthy freshwater pearl
bivalves, 1-2yearsold, 7.0-8.0 cm long, and weighing
20-30 g, were purchased from a bivalves culturing field
in Xiangcheng section of Suzhou city, Jiangsu Province.
They weretemporarily kept infully aeration tap water
box for two weeks.

Preparation of therare earth standard additive
solution

A Ce(NO,), stock solution of 0.600 mg/ml was
prepared by dissolving 0.31g white powder ceriumoxide
(CeQ,, 99.99%, bought in Beijing Youyan rare new
materid limited company ) inagueousnitricacid (HNO,;
2 ML), then was diluted with water to give a different
additivesolution.

Experimental method

Pearl bivalveswere cultured accepting static water
culture method. They wererandomly dividedinto two
pardle groups, that isonecontrol group and atest group.
Theconcentration of Ce(NO,), inthegroupswas|ev-
elsof 0and 1.0 mg/1. Each rare concentration set two
parallel groups. To simulate open water, 100 L vessels
containing 40 L of freshwater served as culturing ves-
sels, each vessdl consisting of 12 bivalves. During cul-
tural, the pH value in water was kept at 7.5-7.8, the
concentration of Ca?* was 20 mg/I, the dissolved oxy-
gen content was 7.5-8.2 mg/1, and the temperature was
in the range 18-22 °C. The bivalves were fed with
home-made feed once aday; the water was changed
every 15 days. After 45 days of culturing, six bivalves
were randomly selected from each group, and were
dissected in anice-box to extract their pearls, dry by
air. Thepearlswereimmersed 5% NaOH solution for
15 minstoremoveorganicsand imputity on pearls, then
immersed 5% EDTA solutionfor 5and 30 mins, findly
rinsed with deionized water and dried inair. The pearls
wereanalyzed by UV-visible spectroscopy (UV-3600)
and Raman spectroscopy (RENISHAW). After evapo-
ration gold film, they were observed by field emission
scanning e ectron microscopy (Hitachi S4700).

—————— FULL PAPER
RESULTSAND DISCUSSION

Pearls sampled in the control bivalvesgroup (no
REE) werefound to be with smooth surface and good
luster by naked eyes. Thetypica morphology and sur-
face microstructure was observed by SEM, asshown
in Figure 1(a). Therearemany spindle-shaped or fish-
like shaped thin dices proximately parallel aigned on
the surface of pearls. The dicestakean orientation of
30° with respect to horizontal direction. The length of
dicesisinalargeof 1~3 um, width 0.8~0.3 um. The
ratio of thelong and short axesisabout 3:1. From the
gapsand ridgesbetweenthedices, itisevident that the
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Figurel: (a) Thetypical SEM picturesof pearlsinthecon-
trol group. Many rhombusor spindly crystal slicesareuni-
formly located on the surfacewith an angle of 30° to horizon-
tal. (b) Many regular hexagonal blocksar e seen on thetop
surface, without any overlap or aggr egation. Each block has
aperfect regular hexagonal structure
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subsurfaceisa so composed of spindly withsamedigned
direction. Theseshow that thegrowth styleischarac-
teristic of agrowth of layer- structured.

Typical SEM images of pearls sampled from the
REE test group with aCe concentration of 1.0 mg/1 is
showninFigure1(b). Thesurfaceluster of pearlswas
found to belargely increased, and the surface micro-
structuretook large change. Many regular hexagona
blocksare seen on thetop surface, without any overlap
or aggregation. Each block hasaperfect regular hex-
agonal structure. A profileof the REE pearls, confirm-
ing that the pearlsarebuilt up from microlayerscom-
posed of ordered hexagonal blocksin alayer by layer
manner, without any dislocations or faults, each
microlayer corresponding to thethickness of theblocks.
Each block, even the smallest, has a perfect regular
hexagonal shape, freefrom breakages or fragments.
Moreover, the subsurfaceisasmooth planeasaresult
of ahighly ordered and compact packing of the hex-
agonal blocks, devoid of any gaps or ridges. More-
over, unlikethe pearlsfrom the control group, these
changes show aphasetransition in the microstructure
of the pearlsthat wasinduced by the presence of Ce.

Thereflection spectrum collected from the samples
isshowninFgure2. Thesamplesof thenatura andthe
REE pearlswere mounted under the 5xdry objective
of amicroscopeand an gperturewasused toilluminate
anareaof 0.07mm with unpolarized light & normd in-
cidence, respectively. A polarization insensitive spec-
trometer (USB2000) was used to analysisthereflec-
tion light. Asexpected, distinct differenceswere noted
in the two spectra. There are four main peaksin the
two samplesat 430 (blue), 519 nm (green), 588 nm
(orange) and 620 nm (red), respectively. Theintensity
of 519 nmin natural pearl isonly ahaf that of the REE
pearls, and thetwo other peaksat 588 nm and 620 nm
aresmeared together. Thereflected peaksobservedin
two samplesagreewith the mircrostructure of thetwo
samples. Thenaturd pearlshaveamesastructure, and
their surfacesare very rough, on which lightswould
takeadiffusereflection than produceinterference. Ad-
ditionally, the groovesand micro-caves may produce
strong diffraction effect. Asaresult, thenatural pearls
have wesk iridescence color. On the contrary, the REE
pearl hasaplanar layered structure; the smooth surface
could not only give astrong reflection light, but also
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produce astrong interference. Theenhancedintensity
at 519 nm of REE pearlsismainly originated fromthe
Bragg scatter effect on the planar |ayered microstruc-
ture. Therefore, thebrighter color of the REE pearlsis
acombined effect of interference, reflection, and dif-
fraction ontheir super-nacrelayers.
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Figure?2: Thereflection spectrum collected fromthesamples

Figure 3 is the Raman spectrum of the pearls
sampled in the REE Ce and the control groups. The
measurement was operated on aconfocal Raman spec-
trometer usngaHe-Nelaser withawavd ength of 632.8
cm?, scanning time 10 s, scanning range
105.24~3505.60 cnt and theresolution of +1 cm™.
Therearefour strong Raman vibration pesks positioned
at 706, 1082, 1132 and 1520 cm* for both kinds of the
pearls. Where, the peak of 1082 cm* attributes the
symmetrical vibration of Co,* anion, and peak of 706
cm belongsto theanti- symmetrical vibration of Co,>
anion. They are both the Raman vibrations peaksfor
aragonite blocks?3"9, Theintensity of theformeris
about two timesthan that of thelatter, indicating that
thevibration of doublebond ismuch stronger than that
of thesinglebond. In addition, the peak at 1082 cm'?
of the REE pearlsisa so much stronger than that of the
control pearls. It showsthat REE Ce can enhancethe
luster of pearls. The peaksof 1132 and 1520 cm* are
thetypica al trans conjugated double bond caused by
carotenoid. The pesk of 1132 cm® belongsto thestretch
out and draw back vibration (v,) of C-C singleband,
and 1527 cmt isattributed to the stretch out and draw
back vibration (v,) of C-C double band. Theratio of
therelativeintensity of thetwo peaksisbasicaly un-
changed. Itissuggest that theratio (0.0~3.7) isclosdly
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related to the color of pearls. Thelarger theratio, the
deeper color of pearlsig?.
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Figure3: The SEM pictureof pearlswith 1.5 mg/| REE Ce.
Thearagonitecrystalson pearlssurfacevariesfromregu-
lar hexagon toround, suggesting that it may do unfavorable
for pearlsgrowth if the REE concentration largethan the
threshold

Raman Intensity (a.u.)
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Thearagonitecrystalson pearlssurfacevaries
from regular hexagonto round, suggesting that it may
do unfavorablefor pearlsgrowth if the REE concen-
tration largethan thethreshol d.

The shape of the aragonite crystals blocks com-
posed superficid microstructureof pearlschangesfrom
spindly to perfect regular hexagonal sheets, suggesting
that the microstructure of pearlsisstrongly influenced
by REE Ce. The glossiness changesaccordingly with
themicrostructure, the pearlswith theregular hexago-
na structuredisplaying thehighest glossness. Sincethe
growth conditions, such asthewater temperature, the
pH, and thefeeds, were kept constant inthetest groups,
apart from the Ce concentration, it can be concluded
that the microstructure of pearlsisgreatly modulated
by the presence of Ce.

CONCLUSION

We have studied the effects of REE Ce on the su-
perficial microscopic structureof pearls. Wefound that
the control pearlssurfaceweremainly build up by spin-
dly aragoniteblocks, whilethe REE pearlssurfacewere
chiefly composed of theregular hexagonal aragonite
blocksthat isthe most ideablocksin crystalics. The
intensity of reflect and Raman vibration from the REE
pearlsismuch stronger than that of the control pesarls.

Also, theluster of the REE pearlsislargely enhanced
than that of the control pearls. Theresultsshow that an
appropriate quantity of Cewill promotethe growth of
pearls, and enhanced thelustrous of pearlssignificantly.
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