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A study of compositional characteristics of Chinese cultured pearls

ZHANG En, XING Ming and PENG Ming-sheng
(Earth Science Department of Sun Yat-sen University, Guangzhou 510275, China)

Abstract: Using such means as ICP-MS, IC, XRD and IR, this paper has systematically studied the composi-
tions of Chinese peatls and their shells characterized by different geneses or different localities. Some conclusions
can be reached: (U Freshwater cultured pearls contain relatively rich P, Mn and Ba, whereas sea-cultured pearls
have comparatively abundant Sr, Zn, Cr and Ni. @ Compared with freshwater cultured pearls, sea-cultured
pearls have more varieties and higher content of cations and anions as well as higher content and level of amino
acid. @ There exist consistent compositional variations between sea-cultured pearls and their shells or between
freshwater cultured pearls and their shells. Nevertheless, there are obvious compositional differences between the
nacres and the pearl cores of sea-cultured pearls. These results can play a certain role in identification and theo-
retical-pharmacological researches of pearls.
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1
Table 1 Characteristics of the samples
D,
D,
B, -
Hl—l
Hi,
B2 —
Hy.
Hy, -
133 -
Hs,
H3—2
1.1 ICP-MS 2 P Mn
80 ICP- Ba Sr Zn Cr Ni
MS ELAN6000 2001
FR 1175 W 0.83 L min
15 L min 1.2 L min
Auto LensTM H,, H;; 1
100 ms 8 Hz,l
2 1.2
2 wp 1076
Table 2 Trace element analyses of the pearls
Dy D, Hi» Hi, Hy» Hy, Hs» Hs,
P I 60.01 70.94 53.1 22.75 49.26 17.88 59.49 82.88
Sr 411 419.1 1184.7 892.1 1377.1 1415.1 883.8 327
Mn 362.1 262.2 33.64 266.9 3.542 2.066 13 484.7
Ba 142.5 122.5 12.4 75.52 1.655 4.413 53.44 81.29
Zn 0.81 0.301 19.36 5.2 20.9 12.84 101.4 442.8
Cr 4.852 2.548 7.1 7.945 12.83 19.02 0.065 4.673
Ni 8.986 9.111 12.46 15.9 37.45 18.34 13.96 10.59
Co 0.388 0.453 0.519 0.376 0.6 0.476 0.258 0.364
Cu 1.921 0.362 4.531 15.86 19.86 3.203 1.137 9.724
Rb 0.014 0.013 0.048 0.021 0.172 0.094 3.762 0.069
Pb 0.869 1.153 2.28 0.971 1.71 0.808 2.423 1.633
80 1.5¢g 50 mL Lit @
85C 24 h
Metrohm 792Basic 1C
ZOOC 6.2"“6.8 H2_1 @ H2_]
MPa 1.00 mLL min 1.35 mM Ca®" >NH, Mg "
H2504 1.7 1’1’11’1’101 L NaHCO3 ~1. 8
mmol L Na,CO4 3 F~ Cl” SO NO; @
Na* Br~ @
K" Ca®" NH, Na® > SOi” >Cl” >NO; >F~

NH, >Ca?" >K* >Li"

Cl” >
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3 mg L
Table 3 Ion chromatographic analyses of the pearls
Dy D, B Hi, Hiy Hy., Hy B,
Li* — — — 0.007 0.008 0.005 0.004 0.004
Na* 14.279 14.726 9.842 35.559 12.457 27.506 25.710 32.073
NH, 3.905 3.399 3.976 6.718 2.084 2.752 0.327 4.807
K’ 0.370 0.504 0.675 1.071 0.553 1.049 0.634 2.300
Ca?* 0.652 1.961 0.615 3.371 0.844 1.573 0.886 3.137
Mg?* — — — — — — 6.833 —
total 19.206 20.590 15.090 46.726 15.946 32.886 34.414 42.323
F 0.168 0.132 0.058 0.145 0.169 0.221 0.269 0.193
Ccl 2.028 2.125 2.211 22.015 3.998 9.985 2.507 21.609
Br- — — 0.111 0.171 0.061 0.170 — 0.206
NOs5 0.249 0.257 0.429 0.182 0.245 0.281 0.287 0.289
SOF~ 2.181 2.314 2.253 5.203 1.418 4.669 1.584 6.223
total 4.625 4.829 5.061 27.716 5.891 15.327 4.647 28.520
SO;" >NO; >Br >F Cl-  SO;~ pH
® RCOO™
1.3
“ ” 1 . 5 (%) 2
~2%
2.1 XRD
XRD D
max-11IA CuKa
35kV 35mA 3°~90°
4
1995 2003
2.2 IR
IR
EQUINOX 55 0.2 cm™!
4000~400 cm ™!
2 2 981.0 ~ 2983.9 cm ™!

NO; SO~

HCO; CO;” F CI° Br-

2919.5~2921.3 em ' 2 852.0 —2855.7 cm ™!

2522.2~2523.0 cm !
3374.1~3425.6 cm™ !

C—H —OH
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4 XRD
Table 4 X-ray powder diffraction data of freshwater cultured pearls and sea-cultured pearls
H3—2 HZ—Z DZ Dl Bl @ @
dA Iy dA 11, dA 11, dA 11, dA 11, dA 11, dA 11
4.212 2 3.86 12
3.3959 48 3.4010 34 3.406 1 26 3.4112 37 3.4112 46 3.396 100
3.2733 22 3.2757 13 3.2828 11 3.2852 18 3.2876 28 3.273 52
3.035 100
2.8714 18 2.8750 65 2.876 8 55 2.8805 54 2.8841 87 2.871 4 2.845 3
2.7025 100 2.7056 100 2.707 2 100 2.710 4 100 2.7120 100 2.700 49
2.484 6 29 2.488 6 22 2.4913 20 2.4913 25 2.4926 21 2.481 33 2.495 14
2.4111 9 2.4111 5 2.4099 9 2.4212 9 2.409 14
2.3731 33 2.3755 24 2.3755 25 2.3779 20 2.3816 38 2.372 38
2.3410 11 2.3340 12 2.3351 14 2.3469 14 2.341 31
2.3305 17 2.3316 15 2.328 6 2.285 18
2.1912 6 2.1912 5 2.1943 6 2.1963 10 2.188 11
2.106 3 10 2.1072 8 2.108 2 12 2.108 2 2.1119 9 2.106 23 2.095 18
1.9770 27 1.978 6 22 1.9795 20 1.9819 18 1.9827 27 1.977 65 1.927 5
1.8798 14 1.8812 13 1.876 1 9 1.884 1 16 1.8871 13 1.882 32 1.875 17
1.8144 15 1.8151 11 1.8185 11 1.8178 15 1.8192 14 1.814 23
1.743 4 41 1.7452 32 1.7452 34 1.7458 49 1.747 1 40 1.742 25
1.726 3 22 1.7275 16 1.726 9 15 1.7293 17 1.7299 22 1.728 15
1.698 3 1.626
1.4139 15 1.414 6 21 1.414 6 19 1.4150 15 1.4162 26 1.411 5 1.422
1.3596 8 1.3616 7 1.3609 9 1.3613 9 1.3682 6 1.358 3 1.356 1
1.3517 5 1.3616 10 1.328 2
1.2352 4 1.2442 5 1.2395 5 1.240 7 1.247 1
1.2242 7 1.2253 6 1.2229 8 1.224 5
1.108 4 5 1.1088 5 1.1096 7 1.1719 6
(DJCPDS5-0453 @JCPDS5-586
0.95 ICP-AES
—O 0.998 2
0—C—0 Mg**
712em™ ' 698 em™ ! O—C—O
Ca®*
1990 Ca?" Ca®" + Mg*"
0.16 1998

5

Table 5 The range of infrared spectroscopic wavenumber date of freshwater cultured pearls and sea-cultured pearls

-1 -1

cm cm
1787.2~1786.5 1471.5~1473.1 1783 1485 CO3 V3
1081.6~1082.2 1082 CO3~ v
860.0~861.9 859 O3~ v
709.7~710.3 712 698 CO3~ vy
3374.1~3425.6 H,0

2981.0~2983.9 2919.5~2921.3

2852.0~2855.7 2522.2~2523.0 C—H —OH
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