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Allochroic Effect and Chromaticity Analysis of Rare-Earth Molybdate Pigment

ZHANG Jingcui', PAN Zhidong', ZHANG Yehong?, LU Youjun®, WANG Yanmin'?
(1. School of Materials Science and Engineering, South China University of Technology, Guangzhou 510640, China;
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Abstract: Allochroic effect of rare-earth molybdate materials is related to the reflection spectrum and the power distribution of
illuminants. Based on the chromaticity, the power distribution of four standard illuminants (i.e., D65, A, F2 and F11) were compared
for constructing the illuminant difference functions (IDF), indicating that a significant allochroic effect of the materials usually occurs
between two illuminants with a great difference in the power distributions. The allochroic effect appears when the minimum
reflectivity is near asharp peak of IDF, while the color difference is small asthe minimum reflectivity isfar away from the sharp peak.
Rare-earth ions with a potential allochroic effect were selected based on the atomic characteristic absorption spectra, and rare-earth
molybdate materials synthesized via solid-state reaction were used for the related experimental validation.
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Fig. 1 Relative spectral power distributions of standard light
sources D65, A, F2 and F11
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Fig. 2 Illuminant difference functions (IDF)
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Fig. 3 Total area enclosed by illuminant difference functions
and the x-axis.
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Table 1 Influence of local low/high reflectance on Iy

X19 weighed IDF Low/high reflectance Values of Iy
Positive High reflectance Ix >0
Positive Low reflectance Ix <0
Negative High reflectance Ix <0
Negative Low reflectance Ix >0
Zero High reflectance lx is about 0
Zero Low reflectance Ix is about 0
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Table 2  Main peak wavelength of rare-earth ions
absorption spectrum/**?”!
Main peak wavelength absorption spectrum in
Tons L.
visible range/nm
prt 446,473, 482, 595
Nd** 530, 575, 588
Sm** 405,591
Eu’* 393, 466
Ho** 447,457, 461, 540, 640
Er* 448, 520
Tm* 683
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Ho,M0Og 5 Nd;MoOg s &5 40,  AHANFH
t B AR SOOI EAE R ZE R « Ho,MoOg 1
S A IMEAL T2 455.0nm. 545.0nm 1 645.0 nm
B db, BRIBUE MR, bMERSLE 5c).
% 3 Nd,;MoO4. Nd,(MoO,); 5 Ho,Mo0Og, FEAEIHRE SR
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Table 3 L*a*b* values of Nd;MoQO4 Nd,(MoO,); and

Ho,Mo00g between different illuminants

Phase Illuminant L* a* b*
Nd>MoOg A 74.30 4.13 -12.46
Nd>,MoOg D65 74.55 3.21 -12.18
Nd;MoOg F2 72.89 -5.09 -14.57
Nd>MoOg F11 75.77 -5.09 -10.35

Nd>(MoOy)s3 A 70.63 1494 2146
Ndx(MoO,)3 D65 70.66 15.12 -23.01
Ndy(MoOy); F2 68.28 434 -28.05
Nd2(MoOy)3 F11 76.50 3.61 -14.91
Ho,Mo0Og A 87.41 1.76 28.28
Ho,Mo0g D65 86.16 -3.38 28.51
Ho,MoOg F2 87.52 2.28 27.02
Ho,MoOg F11 83.16 13.69 19.71

Bl 4 Nd;MoOg. Ndy(MoOy,); 5 Ho,MoOyg 1E AN Al FRiE Y J5
N
Fig. 4 Color of Nd;MoOg, Ndy(Mo0O,); and Ho,MoOg4 under
different illuminants
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Ndy(MoOy); th Z T N .
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NUE. =F P EAEHER 7ORE F11 5H R0
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%4 NdMoOs. Ndy(Mo0O,); 5 Ho,MoO, FER SR 2 B #Y
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Table 4 AE of Nd;MoO4 Nd;(MoQO,); and Ho,MoOg

between different illuminants

AE
Phase
A-D65 A-F2 A-F11  D65-F2 D65-F11 F2-Fl1
Nd;MoOg¢  1.00 9.56 9.57 8.79 8.58 5.10

Nd>(MoOg4); 1.57 12.70 14.34 12.13 15.23 15.52
Ho,MoOg  5.29 1.37 15.29 6.01 19.44 14.23
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Fig. 5 Diffuse reflectance spectra and AL*, Aa* and Ab* of samples
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