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Green Preparation of Y-Type Titanyl Phthalocyanine
Nanoparticles and Their Crystal Stability Investigation
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Abstract: This research is to study the green process for the preparation of Y-TiOPc¢ nanoparticles with CF,COOH/1,2-
C,H,Cl, system. The acid-soluble solvent produced in the preparation of Y-TiOPc was recovered by acid-base neutralization
followed by strong acid displacement and atmospheric distillation, which could obviously reduce the emissions of both
CF,COOH and 1,2-C,H,Cl,, the recovered solvents reach the reuse standards. The crystal stability of the prepared Y-TiOPc
nanoparticles was investigated. The results revealed that Y-TiOPc nanoparticles prepared with CF,COOH/1,2-C,H,Cl, sys-
tem show much better crystal phase stability than those prepared by traditional concentrated sulfuric acid process. No crystal
form transformation from Y-TiOPc to B-TiOPc is observed through the ball-milling or ultrasonic treatment within 4 h, which
satisfies the stability requirement in the organic photoconductors (OPC) fabrication process. Finally, the prepared Y-TiOPc
nanoparticles were applied in OPCs to evaluate their photoelectric properties. The influence of precipitation temperature of
Y-TiOPc¢ nanoparticles for the OPC property was investigated and the optimal precipitation temperature is confirmed as 0 °C.
The property parameter of the OPC fabricated by Y-TiOPc nanoparticles precipitated at 0 C are V,=828.7 V, E, , =
0.09 wl/em®, V,=33.7V, R;=20.3 V/s.
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Fig. 1

Preparation process of Y-TiOPc nanoparticles using CF;COOH/1,2-C,H,Cl, system and recovery process of acid solvent
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Table 1 Recovery experiment results under different molar ratios of sodium trifluoroacetate and concentrated sulfuric acid
Molar ratios 1: 1:2 1:3 1:4 1:5
Recovery rate of trifluoroacetic acid/% 0 70. 88 71. 84 68. 60 73.38
Recovery rate of concentrated sulfuric acid/% 0 0 43.13 77.93 77. 60
Recovery rate of sodium bisulfate/% 0 27.58 55.25 75.75 24.92
The purity of recycled concentrated sulfuric acid/% — — 63. 10 67.03 82.76
The purity of recycled trifluoroacetic acid/% — 98. 35 98. 30 97. 65 97. 06
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Table 2 Distillation recovery results of 1,2-dichloroethane

Distillation temperature/°C 81 82 83

1,2-Dichloroethane purity/% 99.91 99. 88 97.71
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Fig.2  XRD patterns of Y-TiOPc nanoparticles prepared by CF;COOH/1,2-C,H,Cl, system (a) and concentrated sulfu-

ric acid system (b) after different ball-milling time
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Table 3 X-ray diffraction peeks intensities and crystal forms of Y-
TiOPc nanoparticles prepared by CF,COOH/1,2-C,H,Cl,

system after different ball-milling time
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Table 4 X-ray diffraction peeks intensities and crystal forms of Y-

=4

TiOPc nanoparticles prepared by concentrated sulfuric

acid system after different ball-milling time

XRD diffraction

XRD diffraction XRD diffraction

) XRD diffraction peaks ks intensiti Ball- aks intensiti aks intensities of
Bal?—Mlllmg intensities of Y-TiOPc/% pe;t S_,IT,HO?S;:;S Crystal Milling PcdeS-’Il‘I-lOCII:b;II;S pea E_Tffloi)nj;b @ Crystal
time/h of B-TiOPc/ % form o besr 7o B-TiOPc/% form
time/h
9.6° 24.1°  27.3°  10.4°  26.2° 9.6° 24.1°  27.3°  10.4°  26.2°
0 45.3 22.5 100 0 0 Y-TiOPc 0 80.0 25.9 100 0 0 Y-TiOPc
1 40.5 19.3 100 0 0 Y-TiOPc 1 83.5 26.3 100 13.8 22.0 Mixed crystals
2 35.0 19.0 100 0 0 Y-TiOPc 2 99.9 24.2 100 31.0 49.7 Mixed crystals
3 32.5 19.0 100 0 0 Y-TiOPc 3 89.4 21.7 34.2 56.2 100 Mixed crystals
4 30.5 17.4 100 0 0 Y-TiOPc 4 87.2 13.7 36.7 69.3 100 Mixed crystals
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Fig. 3 XRD patterns of Y-TiOPc nanoparticles prepared by CF;COOH/1,2-C,H,Cl, system (a) and concentrated sulfuric

acid system (b) after different ultrasonic treatment time
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Table 5 X-ray diffraction peaks intensities and crystal forms of Y- Table 6 X-ray diffraction peaks intensities and crystal forms of
TiOPc nanoparticles prepared by CF,COOH/1,2-C,H,Cl, Y-TiOPc nanoparticles prepared by concentrated sulfuric
system after different ultrasonic treatment time acid system after different ultrasonic treatment time

XRD diffraction XRD diffraction XRD diffraction XRD diffraction
Ultrasonic peaks intensities of peaks intensities of Crystal Ultrasonic peaks intensities peaks intensities of Crystal
treatment Y-TiOPc/ % B-TiOPc/% form treatment of Y-TiOPc/% B-TiOPc form
time/h time/h
9.6° 24.1° 27.3° 10. 4° 26.2° 9.6° 24.1° 27.3° 10. 4° 26.2°
0 52.2 23.9 100 0 0 Y-TiOPc¢ 0 80.0 25.9 100 0 0 Y-TiOPc
1 47.9 15.7 100 0 0 Y-TiOPc¢ 1 91.4 24.8 100 0 4.5 Mixed crystal
2 39.1 18.6 100 0 0 Y-TiOPc¢ 2 73.3 24.6 100 6.9 7.1 Mixed crystal
3 38.9 17.8 100 0 0 Y-TiOPc¢ 3 89.1 23.3 100 9.6 11.7 Mixed crystal
4 36.4 16.7 100 0 0 Y-TiOPc¢ 4 75.6 24.8 100 10. 1 13.5 Mixed crystal
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Table 7 Dark decay data of OPCs prepared from Y-TiOPc nanop-
articles obtained at different precipitation temperatures
(acid dissolution temperature is 0 C)

NO. Deionized H,0 VoV E,,/ Vv Ry/
temperatures/ °C (pJ/em?) (V/s)
1 0 624. 66 0. 138 40. 4 28.8
2 10 659. 563 0. 168 37.9 29.8
3 20 656. 600 0.184 63.3 44. 4
4 30 668. 700 0.170 96. 4 96. 4
1000 5
— OZC
8001 — 13
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2
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0 T T T
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Exposure/(pJ/cm?)
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Fig. 4 Dark decay curves (a) and light induced discharge curves (b) of OPCs using Y-TiOPc nanoparticles prepared at different precipitation temperatures
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Fig. 5 Dark decay curve (a) and light induced discharge curve (b) of OPCs using Y-TiOPc nanoparticles prepared at 0 “C precipitation tem-

perature and optimizing other conditions
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