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Preparation and Properties of Structural Color Pigments
by Additive Color Method

LI Xiaochan®
(Ningbo Inlight Technology Co., Ltd., Ningbo 315000, China)

Abstract  Structural color is achieved by exploiting the interference, diffraction, and scattering effects
between incident light and micro-/nano-structures. Physical vapor deposition (PVD) process is one of the commonly
used methods for realizing structural color pigments by breaking vacuum-deposited films into micro-scale flakes.
Significant efforts are typically required when a new color is needed as new structural designs and retuning
deposition tools are necessary. Inspired by the color blending techniques of traditional painting and drawing, the
solution to the aforementioned problems of structural color is to mix different structural color pigments for various
colors. Different from traditional chemical pigments or organic dyes, the structural color follows the additive color
mixing principles as it generates colors in the reflective format. In this work, spectra and color properties of
structural color pigments before and after color mixing were investigated. Measured spectra of mixed pigments are
consistent with theoretical calculations, and L', @', b~ values are within the range of used basic pigments. The
proposed mixing method of structural color here presents a more rapid and feasible way for the new color generation
of structural color, which is of great help for improving the yield and reducing the cost when mass-producing.
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Tab. 1 Experimental scheme of preparation for structural color

pigments by additive color method

Combination Pigment name Mass Pigment name
mode before mixing ratio after mixing

1# Emerald Green 1

1 Hybrid Green A
2# Deep Green 1
3# Sapphire Blue 2

1 Hybrid Blue A
44# Bluish Violet 5
1# Emerald Green 3

1 Hybrid Olivine A
5# Champaign Gold 5
1# Emerald Green 25

2 Hybrid Celeste A
3# Sapphire Blue 8
1# Emerald Green 5

2 Hybrid Olivine B
6# Red 4
3# Sapphire Blue 1

2 Hybrid Grayish Blue A
5# Champaign Gold 1

2 0% Red ! Hybrid Purplish Red A

ybrid Purplish Re

44# Bluish Violet 2
1# Emerald Green 15

3 Hybrid Grayish Green A
8# Silvery Grey 16
7# Purplish Red 2 . .

3 Hybrid Grayish Purple A
8# Silvery Grey 1
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Fig. 1 Morphology of structural color pigment prepared by
PVD process captured by optical microscope (magnifi-

cation 20x10)
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Fig. 2 Particle size distribution of structural color pigment prepared by PVD process. (a) Particle size distribution of 1# Emerald
Green, 2# Deep Green and Hybrid Green A, (b) particle size distribution of 3# Sapphire Blue, 5# Champaign Gold and Hybrid
Grayish Blue A, (c) particle size distribution of 4# Bluish Violet, 6# Red and Hybrid Purplish Red A, (d) particle size distribu-
tion of 7# Purplish Red, 8# Silvery Grey and Hybrid Grayish Purple A
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Fig. 3

Weak contrast hue combination: reflectance spectra of color card coated with structural pigment before and after mixing. (a)

Reflectance spectra of color card coated with 1# Emerald Green, 2# Deep Green and Hybrid Green A, (b) reflectance spectra of

color card coated with 3# Sapphire Blue, 4# Bluish Violet and Hybrid Blue A, (c) reflectance spectra of color card coated with
1# Emerald Green and 5# Champaign Gold and Hybrid Olivine A

1# Emerald green 2# Deep green Hybrid green A

3# Sapphire blue 4# Bluish violet Hybrid blue A
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1# Emerald green
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Fig.4 Weak contrast hue combination: photograph of color

card coated with structural pigment before and after

mixing
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Tab.2 Weak contrast hue combination: color performance before and after mixing

Pigment name L'(D65) a'(D65) b'(D65) C'(D65) h°(D65)
1# Emerald Green 453 —-30.0 14.6 33.4 154.0
2# Deep Green 39.8 —22.0 12.3 25.2 150.9
Hybrid Green A 435 -27.1 142 30.6 1523
3# Sapphire Blue 42.6 2.5 —41.1 41.1 273.5
44# Bluish Violet 33.4 16.7 —34.5 383 295.8
Hybrid Blue A 36.5 11.7 -37.0 38.8 287.6
1# Emerald Green 453 —-30.0 14.6 33.4 154.0
5# Champaign Gold 59.1 6.0 21.1 21.9 74.1
Hybrid Olivine A 52.3 —2.2 18.1 18.2 96.9
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Fig. 5 Strong contrast hue combination: reflectance spectra of color card coated with structural pigment before and after mixing.

(a) Reflectance spectra of color card coated with 1# Emerald Green, 3# Sapphire Blue and Hybrid Celeste A, (b) reflectance
spectra of color card coated with 1# Emerald Green, 6# Red and Hybrid Olivine B, (¢) reflectance spectra of color card coated

with 3# Sapphire Blue, 5# Champaign Gold and Hybrid Grayish Blue A, (d) reflectance spectra of color card coated with 4#
Bluish Violet, 6# Red and Hybrid Purplish Red A
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Fig. 6 Strong contrast hue combination: photograph of color
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mixing
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Tab.3 Strong contrast hue combination: color performance be-

fore and after mixing

Pigment name

L'(D65) a'(D65) b'(D65) C'(D65) h°(D65)

1# Emerald Green 453 -30.0 146 33.4 154.0
3# Sapphire Blue 42.6 2.5 —41.1 41.1 273.5
Hybrid Celeste A 459 218 54 22.4 193.9
1# Emerald Green 453 -30.0 14.6 33.4 154.0
6# Red 38.0 19.9 10.6 22.6 28.1

Hybrid Olivine B 42.7 -9.0 13.6 16.3 123.7
3# Sapphire Blue 42.6 2.5 —41.1 41.1 273.5
5# Champaign Gold 59.1 6.0 21.1 219 74.1

Hybrid Grayish Blue A 51.5 6.1 -12.5 13.9 295.9
6# Red 38.0 19.9 10.6 22.6 28.1

4# Bluish Violet 33.4 16.7  —345 383 295.8
Hybrid Purplish Red A 34.7 189 234  30.0 308.9
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Fig. 7 Chrominance and non-chrominance combination: reflectance spectra of color card coated with structural pigment before and af-
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Tab. 4 Chrominance and non-chrominance combination: color

performance before and after mixing

Pigment name

L'(D65) a'(D65) b'(D65) C'(D65) h°(D65)

1# Emerald Green 453  -30.0 146 33.4 154.0
8# Silvery Grey 51.4 —0.8 0.9 1.2 131.4
Hybrid Grayish Green A 48.5 -11.6 6.1 13.1 152.3
7# Purplish Red 35.6 19.0 -8.9 209 3350
8# Silvery Grey 51.4 —0.8 0.9 1.2 131.4
Hybrid Grayish Purple A 42.5 10.3 —4.4 11.2 3369
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