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Development of environmentally friendly inorganic fluorescent pigments, A,V.0O,,
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Abstract To develop the bright-vivid red- and yellow-inorganic fluorescent pigments with high luminescence properties,
A;V,0,, (A=K and Rb) and Cs,V,0,, inorganic pigments were synthesized by a water assisted solid state reaction (WASSR)
method and a conventional solid state reaction method. Although impurity peaks corresponding to the AVO, and AV;Oq
(A=K, Rb, and Cs) were observed in all samples prepared, the trigonal structure A;V;0,, (A=K and Rb) and orthorhombic
structure Cs,V,0,, were successfully obtained as a main phase. These inorganic pigments showed the broad absorption band
(under 550 nm) originated from CT transitions of VO, polyhedron, and the strong broad red- and green-emission bands due
to 'T, > 'A, and °T, > 'A, transitions of the [VO,]" group. The A,V,0,, (A=K and Rb) and Cs,V,0,, pigments showed
a bright-vivid red- and yellow-body color, where the a* values of the A;V;0,, (A=K and Rb) were +35.5 and +45.9,
respectively, and b* value of Cs,V,0,, pigments was +50.3. The L* values of the A;V;0,, (A=K and Rb) and Cs,V,0,,
inorganic pigments were over +45. These results indicate that the A;V,0,, (A=K and Rb) and Cs,V,0,, inorganic pigments
could be an attractive candidate as a bright-vivid red- and yellow inorganic pigments.
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Fig. 1. Schematic diagram of hypothetical reaction mechanism of the WASSR method.
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Fig. 2. XRD patterns of the A;V;0,, (A=K and Rb) and
Cs,V,0,, fluorescent pigments.
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Fig. 3. SEM images of the A;V;0,, (A=K and Rb) and Cs,V,O, fluorescent pigments.
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9} V,0,9 AL wkgoA AVOy} FAHoE Uehls
AFEHE AVOE AV.0,, (A=K, Rb) & Cs,V,0,,
o] == A g o ER AZbETE Edl
WASSR ®Ho= 12} 4 &, 370°CellA 6r17F &<
AA2)3 A,V,0,(A=K and Rb)?} Cs,V,0, &% <t
59| mMFRE B4 A3, A,V,0,(A=K and Rb)
9} Cs,v,0, FF 5+ 12 ume] YRS 7L
ATHFig. 3).

FdE A V.0, (A=K, Rb¥} Cs,V,0,8 AA+=
S ERIs] fI8ted, dojzxl XRD A Al disfA
RIETAN-FP Z23S Algste] A2 )4 slsl
tH21]. 2 A3E Table 19 e o™, Fig. 40 4
Atz BAEE YeEpITE AV,0,,(A =K and Rb)$}
Cs,V,0,= BF o= Wdo=z gze] ol 53 upg
ol To= FHE 3N TXE 7KK UTth AV,0,
(A=K and Rby= Z2ATx Wl V0,8 VO, thiA|=
7HAAL Qlom, ME sl AARE sl Adsiar

Sitt. 7t HhEAle] Vv ooledt 0 olestel Aze @

A;V,0,, (A=K and Rb) and Cs,V,0,, pigments from the
Rietveld refinement using XRD data

Formula K;V0,, Rb,V,0,, Cs,V,0,,
Crystal system  Trigonal Trigonal Orthorhombic
Space group P3Im P3Im Cmm?2

a (nm) 0.86944(0) 0.87070(3)  0.56826(6)

b (nm) 0.86944(0) 0.87070(3) 0.96461(4)

¢ (nm) 0.50011(5)  0.52707(1)  0.52139(6)
a(’) 90 90 90

B 90 90 90

e) 120 120 90

Final R-factors

R,, (%) 18.33 9.78 21.32

R, (%) 13.09 7.33 16.08

S (%) 3.03 2.40 435

V-0 distance in VOn

V1-01 (nm) 0.1649 0.1671 V1-01: 0.2024
V1-04*3 (nm)  0.1558 0.1795 V1-02: 0.1847
V2-02 (nm) 0.1554 0.1880 V1-03: 0.1960
V2-03*2 (nm)  0.1823 0.1834 V1-04:0.2015
V2-04*2 (nm)  0.2029 0.1881
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Fig. 4. Crystal structures of (a) the trigonal A;V;0,, (A=K and Rb) and (b) the orthorhombic Cs,V,0,, fluorescent pigments.
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Fig. 5. Photoluminescence excitation and emission spectra of
the A;V;0,, (A=K and Rb) and Cs,V,0,, fluorescent pigments.
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Fig. 6. UV-vis diffuse reflectance spectra of the A;V,0,, (A=K
and Rb) and Cs,V,0,, fluorescent pigments.
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AR Fgd oM FETE HERIIO Y, UV-vis &
HAEH = A,V,0,,(A =K and Rby} 52403 Jolo)
o277 Bt} Fug godelre] FFTE EIAth
°l& Cs,V,0,8 A8+= el vo, thdAl vk At
= A "3t AV.0,(A =K, Rby= AAT+x Wl
VO,8F VO, A7 EA1E sk e, 07 2p Ak
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V' 3d A= oux] ELe Vool FHo (A
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A7e] A717F vo, thaA Rt Zsh] wiEel] A;V,0,,
(A=K and Rb)2] 43¢ JAof|x9] FF5+= VO; th
Aol ogk Aoz AlgEol FEdh, AT A
VO, tFaAE 7HRAaL JA] e Cs,V,0, = 43 9

Table 2

CIE L*a*b* color coordinate data for the the A;V,0,, (A=K and
Rb) and Cs,V,0,, fluorescent pigments. The color coordinate data
of the conventional red pigments and yellow pigments are given
for a comparison

Sample L* a* b*
K;V;0,, 52.1 +35.5 +19.1
Rb;V,0,, 474 +45.9 +34.4
Cs,V,0y, 73.1 +15.1 +50.3
Cd(S,Se) 28.1 +56.1 +35.3
Fe,O;, 38.9 +28.9 +35.3
PbCrO, 81 +25.0 +89.0
(Bi,Ca, Zn, La)VO, 89.5 —-5.53 93.8

Ao 9] FT47t Qv Ao=w AZEET Table 20 &
33 AV,0,,(A=K and Rb)?} Cs,V,0, &% <t5e]
ZHl B8 YeRNQITE T3 AlHe] A EAS vl
A7) Slste] 48 FUIEE 9 7|l RaE ks
el A E4S JEpIITE AAe] ZAMEE B
AV,0(A=K and Rb)e|] A4 =S Yeplls a*
W 7 435590 +45.95 JEpSleH, ol 7|E
o AEEHI e SHEES IHT HA N s
Cd(S,Se)(a* =+56.1)[27]H = W RS Yehi
Aoy, EHEDS Tt A 2 AN A ks
3l Fe,04(a* =+28.9)[28]H T} =2 78 YehfaL 2l
Tk ME e Ul L 247 4749 521 7]
Fo] A8 <FE(Cd(S,Se)=28.1, Fe,0;=38.9)[29]%.t}h
2 @S UERR ok meRA, AV,0,(A=K and
Rb) 24 % ks B sAkst w718 7| 9s
AA QtsEA9] 8Tl w8 ZoE AlEdrh
Cs,V,0, 8% otg+= 7|9 AR 2 olE (PbCrO,
2 (Bi,Ca,Zn,La)VO,)[4,9] Brl= Tha Wo A =4
< YeERULE SHAIEE Cs,V,0,, ¥ StEe] L* Fo]
730]H, G| TS YEl= b¥= +50.30F Bl
salet =glejgh olgw o] JhFsd Aow Azt
o}

UL shAleE A gl gae] 2 B8 7 AV,0,
(A=K, Rb) ¥ Cs,V,0,, 3% F7] k55 WASSR ¥
Hah IS Tl AR FAEL s &
o7 Edof thslli] XRD #4418 3 A3} AVO, #
AV,04A =K, Rb and Csy} EEE thh golgloe
Y, trigonal 7322] A;V.0,,(A =K, Rb)%} orthorhombic
T2 Cs,V,0,7F 42 IR A V,0,,(A=
K and Rb)¢} Cs,V,0,= VO, thA U] O o]}
V' oolae] As} ol Moloelair ARl gol A
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