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3,3',4,4'-benzophenonetetracarboxylic dianhydride(BTDA)$} 4,4'-(hexafluoro-

isopropylidene)-diphthalic anhydride(6FDA)ll 4,4'-diaminodiphenyl ether(ODA)$} 2,2'-bis(3-amino-4-hydroxyphenyl)

hexafluoropropane diamine(AHHFP)E T}t & H|2 z}zt o
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Abstract: Poly(amic acid)s were successfully synthesized from 3,3',4,4'-benzophenonetetracarboxylic dianhydride
(BTDA) or 4,4"-hexafluoroisopropylidene diphthalic dianhydride (6FDA) with different molar fractions of 4,4'-oxyaniline
(ODA) and 2,2'-bis(3-amino-4-hydroxyphenyl)hexafluoropropane diamine (AHHFP). Stepwise thermal imidization
method were used for preparing polyimide copolymer films. Two-axis out-of-plane retardations were detected for optical
retardation (R, and R,) measurement using an LCD panel measuring device. The optical transparency and yellow index
were measured by a ultraviolet-visible (UV-vis) spectrophotometer and a color-difference meter. Their thermal properties
were investigated using differential scanning calorimetry (DSC) and thermogravimetric analysis (TGA). The physical
properties of PI copolymer films were found to be strongly dependent upon the morphological structure and composition.
After all, Ry, of PI copolymer films were possibly controlled.

Keywords: polyimide, copolymer, optical retardation.
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Scheme 1. Synthetic routes of polyimide copolymers.
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Table 1. Monomer Compositions of Polyimide Copolymers

Series I Series 11
Sample = ODA AHHFP Molar
Code (mole) (mole) BTDA 6FDA ratio
(mole) (mole)
A 2 0 2 1:0:1
B 1.8 0.2 2 0.9:0.1:1
C 1.4 0.6 2 0.7:0.3:1
D 1 1 2 0.5:0.5:1
E 0.6 1.4 2 0.3:0.7:1
F 0.2 1.8 2 0.1:0.9:1
G 0 2 2 0:1:1
o)1l Eejoleat A7AE TH7|E ol gsle] felHd] 12
Al AN="IE 5, 80°C Fg el 3027 AH] DA
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Figure 1. FTIR spectra of BTDA-based polyimide copolymer thin

films.
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Figure 2. FTIR spectra of 6FDA-based polyimide copolymer thin
films.
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Table 2. Optical Retardations and Color Intensities of Polyimide Copolymer Thin Films

Optical retardation Color intensity Thickness
Sample code
Ry (nm) Ry (nm) A’ Trsse’ (%) Y1 (1)
Series I-A 0.21 293 420 86.0 81.7 30
Series 1-B 0.11 309 420 852 80.1 30
Series 1-C 031 257 414 85.8 78.6 31
Series 1-D 0.22 160 397 86.9 652 30
Series I-E 0.14 167 388 88.7 64.1 30
Series I-F 0.08 99 372 89.5 472 31
Series 1I-G 0.27 95 375 88.9 63.8 28
Series 1I-A 0.65 187 386 81.5 22.6 30
Series 11-B 0.20 162 380 88.7 18.5 31
Series 1I-C 0.09 150 378 88.0 17.6 30
Series 1I-D 0.46 113 378 88.6 18.4 29
Series 1I-E 0.08 98 366 89.1 12.5 31
Series 1I-F 0.25 74 360 88.6 13.9 28
Series 1I-G 0.58 73 348 88.4 9.9 29

“In-plane retardation. *Out-of-plane retardation. ‘Cut-off wavelength. “Transmittance at 550 nm. “Yellow index.
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Figure 3. UV-vis spectra of BTDA-based polyimide copolymer thin
films.
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Figure 4. UV-vis spectra of 6FDA-based polyimide copolymer thin
films.
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Table 3. Thermal Properties of Polyimide Copolymer Thin
Films

Thermal Property

Sample code

T/ (C)  Tol () Tl (C)  wid (%)
Series I-A 283.7 511.1 546.8 57.9
Series 1-B 293.8 414.7 541.5 55.9
Series 1-C 319.5 332.9 466.6 55.5
Series 1I-D 319.9 309.5 433.7 52.3
Series I-E 335.6 287.9 406.7 51.7
Series I-F 352.5 302.2 409.3 49.5
Series 1-G 340.9 310.5 416.7 41.8
Series 1I-A 302.5 503.4 529.7 534
Series 11-B 312.6 422.5 515.1 57.3
Series 11-C 312.1 360.2 495.1 55.7
Series 11-D 3189 3233 4353 50.4
Series 1I-E 319.1 314.4 437.8 48.4
Series 1I-F 328.7 310.4 417.1 46.7
Series 1I-G 325.5 316.0 428.9 447

“Glass transition temperature. “Temperature at 5% weight loss.
“Temperature at 10% weight loss. “Weight percentage of char residues
at 800 °C.
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Figure 5. DSC thermograms of BTDA-based polyimide copolymer
thin films.
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Figure 6. DSC thermograms of 6FDA-based polyimide copolymer
thin films.
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Figure 8. TGA curves of 6FDA-based polyimide copolymer thin
films.
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