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APPENDIX A

Calculation of ZnO in PI film

Table A-1 Molecular weight of materials

Type of materials Molecular weight (M)
6FDA (dianhydride) 44424
TFDB (diamine) 320.23
ZnO 81.41
Zinc nitrate hexahydrate 297.49

15 wt% of poly(amic acid) (PAA) in DMAc was obtained as follows.

Assume we required solution 70 g
Amount of solute PAA, equal (15*70)/100 =10.5¢g
Amount of solvent, DMAc =70-105=595¢g

Molecular weight of poly(amic acid) = M, of 6FDA + M,, of TFDB
=444.24 +320.23
=764.47

Mol of poly(amic acid) (PAA) =g/ My
=10.5/764.47
=0.01374 mol

Amount of 6FDA dianhydride =mol of PAA / My, of 6FDA
=0.01374/444.24
=6.10164 g

Amount of TFDB diamine = mol of PAA / M,, of TFDB
=0.01374/320.23
=4.39836 ¢
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Assume we required concentration of ZnO at 5 mol% in PI film, the

calculation was as follows.

Assume we require PAA solution 5 g

Amount of PAA in solution = (15*5)/100
‘ =075¢g
Mol of PAA =g /M, of PAA
=0.75/764.47
=0.00098 mol
Mol of ZnO = concentration of ZnO * mol of PAA /100

= (5 *0.00098) / 100
=4.9054E-05 mol
Amount of ZnO =mol of ZnO * M, of ZnO
=0.00399 g
Therefore, concentration of ZnO at 5 mol% used 0.00399 grams in 5 grams of
PAA solution.



APPENDIX B

The XRD reflection of crystal structure of ZnO
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Table B-1 Relationship between plane reflection of crystal ZnO and 2 theta (degree)

Plane reflection of crystal ZnO 2 theta (degree)
100 31.42
002 34.04
101 35.88
102 47.16
110 56.28
103 62.52
112 67.66
201 68.80
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APPENDIX C

The average size of the crystal ZnO in polyimide films

The average size of the crystal ZnO in polyimide films was calculated by

Scherrer’s formula equation as shown below.

N 0.94
Pcosb

Where D = average size of the ZnO crystallites
A = the wavelength of the X-ray, 1.5418 °A
B = line width at half maximum of peak
6 = Bragg angle of the diffraction peaks

Diffraction angle of crystal ZnO was measured by XRD. The value of 20 peak
is 35.88° in which average size of ZnO crystal was calculated as follows.
D= (0.9 * 1.5418) /(0.12139 * cos 35.88)
=135.2273°A
=13.5nm
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APPENDIX D

Effect of curing temperature on photoluminescence
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Figure D-1 Effect of curing temperature on photoluminescence of pure PI

under nitrogen atmosphere.



Absorbance (a.u.)

==0==300C EX(EM491 nm) —4— 300 C EM (EX392 nm)
==0=-325C EX(EM 496 nm) —=— 325 C EM (EX 396 nm)
==A==350C EX(EM519 nm) —a&— 350 C EM (EX 393 nm)

40

[ 2.35.1 mol% Zn nitrate/Pl --¢— 300 C Absorbance

s N --@— 325 C Absorbance

I?’ 2 --#— 350 C Absorbance

B 30

& 20

B

-0r 10

AN B A O 0 O 0
300 400 500 600

Wavelength (nm)

Figure D-2 Effect of curing temperature on photoluminescence of 35.1 mol%
Zn nitrate/PI under nitrogen atmosphere.

(‘n'e) 99ua9saulwn|ojoyd

62



====300 CEX(EM501 nm) =—— 300 C EM (EX393 nm)
==0==-325 CEX(EM 521 nm) —#—325C EM (EX 392 nm)
==0==350 CEX(EM 545 nm) —&— 350 C EM (EX 394 nm)

< 0
74.1 mol% Zn nitrate/Pl --*— 300 C Absorbance _]
N --®=— 325 C Absorbance -
2 --#%=— 350 C Absorbance _"
& 9 a
> - 20
S g
9 5
c 2 —
< =
-g a
8 710
<C -

300 400 500 600
Wavelength (nm)

Figure D-3 Effect of curing temperature on photoluminescence of 74.1 mol%

Zn nitrate/PI under nitrogen atmosphere.
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Figure D-4 Effect of curing temperature on photoluminescence of 117.6 mol%

Zn nitrate/PI under nitrogen atmosphere.
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Figure D-5 Effect of curing temperature on photoluminescence of 0.6 mol% ZnO/PI

under nitrogen atmosphere.
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Figure D-6 Effect of curing temperature on photoluminescence of 3.3 mol% ZnO/PI

under nitrogen atmosphere.
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Figure D-7 Effect of curing temperature on photoluminescence of 74.1 mol% ZnO/PI

under nitrogen atmosphere.
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Figure D-8 Effect of curing temperature on photoluminescence of 117.6 mol%

ZnO/PI under nitrogen atmosphere.
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APPENDIX E

Effect of curing atmosphere on photoluminescence
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Figure E-1 Effect of curing atmosphere on photoluminescence of pure PI at 300°C

curing temperature.
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Figure E-2 Effect of curing atmosphere on photoluminescence of 5 mol%

Zn nitrate/PI at 300°C curing temperature.
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Figure E-3 Effect of curing atmosphere on photoluminescence of 10 mol%

Zn nitrate/PI at 300°C curing temperature.
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Figure E-4 Effect of curing atmosphere on photoluminescence of 15 mol%
Zn nitrate/PI at 300°C curing temperature.
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Figure E-5 Effect of curing atmosphere on photoluminescence of 35.1 mol%
Zn nitrate/PI at 300°C curing temperature.
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Figure E-6 Effect of curing atmosphere on photoluminescence of 74.1 mol%

Zn nitrate/PI at 300°C curing temperature.

('n"e) @ouaosauiwn|ojoyd



==C==nitrogen EX (EM 511 nm) —e— nitrogen EM (EX 391 nm)
==0=--argon EX (EM 524 nm)  —#— argon EM (EX 392 nm)

3 30
117.6 mol% Zn nitrate/Pl --®— nitrogen Absorbance ]
\ 300°C --@— argon Absorbance ]
p— = _ 3
j [ |.11' _— Q
g 2 F‘;J! \‘. . 20 g
o) L 1 % @ 2.
O o al
& = T 3 &
e = \u \O_ P° (J‘? 3 §
O s . oY %
g 1Pads cwwb J10 8§
N R ‘o n"[:l-.u 9 ’!3‘
H \ =S 3 c
: .\ -: L
- .."'r!.-
O—Illlll.lllll 0
300 400 500 600

Wavelength (nm)

Figure E-7 Effect of curing atmosphere on photoluminescence of 117.6 mol%

Zn nitrate/PI at 300°C curing temperature.
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Figure E-8 Effect of curing atmosphere on photoluminescence of 0.6 mol% ZnO/PI

at 300°C curing temperature.
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Figure E-9 Effect of curing atmosphere on photoluminescence of 3.3 mol% ZnO/PI
at 300°C curing temperature.



==0= - nitrogen EX (EM 460 nm)
-=0--argon EX (EM 458 nm)

—®— nitrogen EM (EX 331 nm)
—&— argon EM (EX 333 nm)

4 -
- 74.1 mol% ZnO/PI --&=— nitrogen Absorbance
— 300°C --®= argon Absorbance :
: -1 200
3 E o
T Bk 5
8 1 :
o EL ) =
e 2R % 3 100
g - \ [} -
5 3 d
2 E L \nR <
< 1E \\_ '.'-.,E... ;
E \ \\"*--..
o LS """--l-..._...___ i 0
i et S
0 '1|||l11||I||||l||||l||||l:|||q
300 400 500 600
Wavelength (nm)

Figure E-10 Effect of curing atmosphere on photoluminescence of 74.1 mol%

ZnO/PI at 300°C curing temperature.
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APPENDIX F

Effect of ZnO concentration on photoluminescence
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Figure F-1 Effect of ZnO concentration on absorbance of Zn nitrate/PI under

argon atmosphere at 300°C curing temperature.
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Figure F-2 Effect of ZnO concentration on photoluminescence of Zn nitrate/PI

under argon atmosphere at 300°C curing temperature.
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Figure F-3 Effect of ZnO concentration on absorbance of ZnO/PI under argon
atmosphere at 300°C curing temperature.

82



--#--PIEX(EM464 nm)

--%— 0.6 mol%Zn O EX (EM 469 nm)

- -&--3.3 mol%Zn0 EX (EM 461 nm)
-=0--35.1 mol ZnO EX(EM 457 nm)
==¥=-=741 mol% ZnO EX(EM 458 nm)
- -4 -=117.6 mol% ZnO EX (EM 458 nm)

83

—— PI EM (EX 339 nm)

—&— 0.6 mol%ZnO EM (EX 338 nm)
—&— 3.3 mol%ZnO EM (EX 337 nm)
—e— 35.1 mol% ZnO EM (EX 332 nm)
—%— 74.1 mol% ZnO EM (EX 333 nm)
—a— 117.6 mol% ZnO EM (EX 333 nm)

100
- argon
: 300°C
; 80 I- e
T
% 60 7§
% 1“‘:‘4"‘3“
g 40 P *‘t
B T
S
.8 -
(a 20 ;’WQ*.
| ‘c’\
0-||||||_||| tya sl s s g s laaaaly
300 400 500 600
Wavelength (nm)

Figure F-4 Effect of ZnO concentration on photoluminescence of ZnO/PI under

argon atmosphere at 300°C curing temperature.



APPENDIX G

Effect of the origin of ZnO on photoluminescence
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Figure G-1 Effect of the origin of ZnO at concentration of 74.1 mol% on

photoluminescence under nitrogen atmosphere at 300°C curing temperature.
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Figure G-2 Effect of the origin of ZnO at concentration of 117.6 mol% on

photoluminescence under nitrogen atmosphere at 300°C curing temperature.
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Figure G-3 Effect of the origin of ZnO at concentration of 35.1 mol% on

photoluminescence under nitrogen atmosphere at 300°C curing temperature.
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Figure G-4 Effect of the origin of ZnO at concentration of 74.1 mol% on

photoluminescence under nitrogen atmosphere at 300°C curing temperature.
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Figure G-5 Effect of the origin of ZnO at concentration of 117.6 mol% on

photoluminescence under nitrogen atmosphere at 300°C curing temperature.
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