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Synthesis of Fluorinated Polyimides 

Shigekuni Sasaki and Shiro Nishi Nippon Telegraph and Telephone Corporatwn, 
Musashmo-sh1, Tokyo, Japan 

I. INTRODUCTION 

Poly1m1de matenals have been extensively used m the aerospace and electronics fields because 
they are thermally stable, mechamcally strong, and electncally msulatmg [ 1-3] These fields 
al~o need transparent poly1m1de matenals to cover solar cells and poly1m1des that have low 
perm1tt1v1ty to decrease the delay time of electncal c1rcmts Optoelectromcs needs polyumde 
matenals with transparency at wavelengths longer than those of the v1S1ble hght reg10n and a 
controllable refractive mdex One of the most effective ways to satisfy these needs 1s to In­

troduce fluonne mto poly1m1de matenals [4,5] Fluorinated polymers, such as poly(tetra­
fluoroethylene), have attractive features such as low water uptake, water and/or ml repellence, 
low perm1tt1v1ty, low refractive mdex, resistance to wear and abras10n, and both thermal and 
chemical stab1hty The fluorme atom mducmg these properties 1s the second smallest atom, 
and its 2s and 2d electrons are close to the nucleus Its electnc polarity 1s therefore ~mall, and 
1t 1s the most electronegative of all the elements This high electronegat1v1ty results m strong 
bonds between carbon and fluonne atoms, g1vmg fluorocarbon materials high thermal and 
chemical stab1hty The low polanty of fluorme gives fluorocarbons a low refractive mdex and 
low d1electnc constant, and the low cohesive energy and surface free energy due to the low 
polanty result m a low uptake of water, water and ml repellence, and resistance to wear and 
abrasion The mtroduct1on of fluorme atoms mto poly1m1des 1s therefore expected to produce 
poly1m1des with many attractive features However, there 1s also a danger that the resultant 
poly1m1des may have some undesirable properties such as low adhesion strength, low mecham­
cal strength, or a high coefficient of thermal expans1on(CTE) The goal of fluormated poly1m1de 
research 1s to obtam the advantages of mtroducmg fluorine atoms without sacrif1cmg the many 
advantages of poly1m1des 

In 1972 Critchley et al reported on the synthes,~ and properties of poly1m1de~ bonded with 
perfluoroalkylene mo1et1es (6, 7] They synthesized fluormated poly1m1des m two ways by 
solut10n polymerizat10n and by melt polymerization. Figure I shows the synthesis scheme for 
one of the perfluoroalkylene-lmked poly1m1des Melt polymenzat10n, which 1s earned out by 
fus10n of d1amme and d1anhydnde, has the advantage of ~hortenmg the synthesis path, but It 
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Solut1on Polymenz.111011 

Melt Polymenzat1on 

Temperature 240 °C 

+ 

Solvent DMAc 
Temperdlure RT 

Sasaki and Nishi 

Figure 1 Synthesis scheme for Cntchley's fluorinated poly1m1de. (From Ref 6) 

1s restricted to a narrow range of fusible d1ammes and d1anhydrides Solution polymerization, 
on the other hand, can synthesize the whole range of poly1m1des 

In the 1980s, poly1m1des prepared from 2,2-b1s(3,4-d1carboxyphenyl) hexafluoropropane 
d1anhydride (6FDA) were reported by other researchers [5 ,8-11] The 6FDA polyim1des, which 
can be synthesized through conventional solution polymerization (Fig. 2), have good trans­
parency [9], and have lower dielectric constants than those prepared from other nonfluorinated 
dianhydrides [ 11]. 

Many researchers have recently been mvesugatmg the next generation of fluormated 
polyimides for electrorncs and optoelectronics apphcatlons For electronics, there are two trends 
m the development of fluormated poly1m1des. One 1s to make the dielectric constant as low 
as possible, and the other 1s to mtroduce fluorine atoms while mamta1ning many of the ad­
vantages of poly1m1des. Fluorinated polyim1des have recently attracted attention for optoelec­
trorncs because optical polymers require thermal stability as well as transparency, and fluori­
nated poly1m1des have the poss1b1hty to fulfill these requirements 

This chapter reviews recent developments m fluormated poly1mides for electronics and 
optoelectronics with particular emphasis on their synthesis. 

A number of d1ammes and d1anhydrides are mentioned. For easier comprehension, we 
have listed their chemical structures and abbreviations. Tables 1-4 show fluorinated dianhy-
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Figure 2 Synthesis scheme for 6FDA poly1m1de (From Ref 9) 
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drides, nonfluorinated dianhydrides, fluorinated diamines, and nonfluorinated diamines, respec­
tively. 

II. FLUORINATED POLYIMIDES FOR ELECTRONICS 

When a polyimide is used as an msulatmg material, the speed of signal transmiss10n m the 
electrical circuit mcreases as the dielectric constant of the polyimide decreases, because the 
delay time of an electrical circuit is proportional to the square root of the dielectric constant 
of the msulatmg material. A low dielectric constant is the most attractive property of polyimide 
materials for electronics apphcations Introducing fluorme atoms into polyimides is one of the 
most efficient ways to obtain this In this case, it is important to achieve the low dielectric 
constant while maintaining many of the advantages of polyimides such as high thermal stabll­
ity and mechamcal strength. 

In this section we describe novel fluormated polyimides derived from new fluorinated 
diammes or dianhydrides invented after the 6FDA polyimides. 

For easy comprehension, the characteristics of the fluorinated polyimides m each subsection 
are shown m similarly formatted tables that show the monomers used, imidizat10n conditions, 
poly(amic acid) (PAA) viscosity, molecular weight, film format10n, and dielectric constant. 



74 Sasaki and Nishi 

Table 1 Chemical Structures of Fluorinated Dianhydndes 

Chemical structure Abbreviation 
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Table 2 Chemical Structures of Nonfluonnated Dianhydndes 

Chemical structure Abbreviation 

)gr@( BPDA 

BTDA 

PMDA 

ODPA 

DSDA 

IDPA 

S1DA 

BDSDA 

HQDEA 
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Table 3 Chemical Structures of Fluormated Diammes 

Chemical structure 
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Abbreviation 

7FMDA 

13FMDA 

15FMDA 

20FMDA 

RfbMPD 

PFDA 

TFPDA 

OFB 

35-DABTF 

124-0BABTF 

4FBDAF 
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Table 3 Contmued 

Chemical structure Abbrev1at1on 

DTDE 

DTHE 
OCH2(CF2)2CF3 

-@-NH[-R1-iHN-@-
R1 = -CFCF3(0CF2CFCF3)m-O(CF2)s0-(CFCF3CF2)n·CFCF3- where (m+n) = 3 TFATFDADP 
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(continued) 
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Table 3 Contmued 

Chemical structure 

~OCF,CF,CF, 

F3CF2CF2COHFCF2CO 

Sasaki and Nishi 

Abbreviation 

DFPOB 

3Fdiamme 

3,3'-6F 

4,4'-6F 

4FMPDA 

8FODA 

8FSDA 

A. Fluorinated Polyimides with a Pendant Fluorinated Group 

lchmo et al [12] synthesized novel fluonnated polyimides contammg a fluormated alkoxy side 
cham m order to achieve a low dielectnc constant They first synthesized four novel fluon­
nated alkoxy diammes. Figure 3 shows their synthesis routes Fluorinated dimtro-compounds, 
which were synthesized by the etherificatlon of fluorinated alcohols and 2,4-dimtrofluoro­
benzene m Et3N/N,N-dimethylacetamide (DMAc) at room temperature for 2 h, were reduced 
with SnClifHCl to obtam the four fluonnated alkoxy diammes 

Figure 4 shows the synthesis scheme for these polyimides PAA synthesis was earned out 
m N-methyl-2-pyrohdone (NMP) at 25°C PAA solution was cast onto a glass plate and then 
heated at 100°C for 1 h, 200°c for 1 h, and 350°C for 1 h to obtam polyimide film Table 
5 shows the characteristics of these fluormated polyimides The mherent viscosities of these 



Table 4 Chemical Structures of Nonfluormated D1ammes 

Chemical structure Abbreviation 
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N02)X02 ,~ 
# OCH2(CF2)nX 

SnCIJHCI 

Sasaki and Nishi 

Figure 3 Synthesis route for fluormated alkoxy d1ammes X = F, n = 3 7FMDA, X = F, n = 6 
13FMDA, X = F, n = 7 15FMDA, X = R, n = 10 20 FMDA (From Ref 12 ) 

poly(amic acid)s are relatively low and tend to decrease with mcreasmg length of the fluori­
nated alkoxy group There are two causes for this behavior One is a reduction m nucleophihc 
reactivity of fluorinated diammes by the strong electron-attractmg force of a fluorinated alkoxy 
group, and the other is stenc hmdrance of the reaction of the adJacent ammo group in the 
fluormated diammes by the bulkmess of the fluormated alkoxy group. 

The dielectric constant of the polyimides at 1 kHz decreased with mcreasmg fluorme 
content as shown m Figure 5 The lowest dielectric constant measured was 2 6. The polyimide 
with the highest fluorme content exhibited low water absorption, so the stabihty of its dielec­
tric constant was good After agmg at 25°C ma relative humidity of 70% for 5 days, the 
mcrease m dielectric constant was only O 1 But the polyimide with this dielectric constant had 
relatively poor thermal stabihty its glass transition temperature was 189°C and the polymer 
decomposition temperature givmg 10% weight loss was 455°C This shows that the introduction 
of a long fluorinated alkoxy group mto polyimides lowers the dielectric constant, but also lowers 
the thermal properties 

Auman et al. [13] have reported the synthesis of polyimides with a pendant bis(tnfluoro­
methyl)heptafluoropentyl group They synthesized a novel fluoroalkylated diamme (RtbMPD) 
that had good reactivity and thermal stabihty as well as a high fluorine content Figure 6 shows 
the synthesis scheme for the amme. 

Figure 7 shows the synthesis scheme for the polyimides with a pendant bis(tnfluoro­
methyl)heptafluoropentyl group. Table 6 shows the characteristics of the fluorinated polyimides. 
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Figure 4 Synthesis scheme for fluormated poly1mides with fluormated alkoxy side cham (From Ref 
12) 

The RfbMPD was reacted with several fluonnated and nonfluonnated dianhydndes to form 
poly(amic acid)s m the conventional way Then the poly(amic acid)s were converted mto the 
polyimides by thermal or chemical imidization Their charactenstics are shown m Table 6 
These polyimides had a relatively high molecular weight and low dielectnc constant In par­
ticular 6FCDA/RfbMPD had a high glass transition temperature, at 347°C, as well as a very 
low dielectnc constant, 2 3 at 1 MHz The CTE, however, was high for polyimide, probably 
a result of the bulky pendant fluorocarbon cham The polyimides with a pendant bis(tn­
fluoromethyl)heptafluoropentyl group are mterestmg because they have both a low dielectnc 
constant and high glass transition temperature 

Yusa et al [14] have reported the synthesis of polyimides with a perfluorononenyloxy 
group Figure 8 shows the synthesis scheme for the fluormated polyimides Table 7 shows their 
charactenstics A new monomer, 1,3-diammo-5-(perfluorononenyloxy)benzene (PFDA) was 
reacted with dianhydndes m the conventional way to form P AAs and converted these mto 
polyimides by heatmg at 250-300°C The inherent viscosities of the PAAs were relatively low, 



Table 5 Charactenst1cs of Fluorinated Poly1m1des 

Monomers Im1d1zat1on cond1t10ns 
D1anhydnde D1amme Solvent, temperature( 0 C)/t1me (h) 

6FDA MPD NMP, 100/1, 250/1, 350/1 
6FDA 7FMDA NMP, 100/1, 250/1, 350/1 
6FDA 13FMDA NMP, 100/1, 250/1, 350/1 
6FDA 15FMDA NMP, 100/1, 250/1, 350/1 
6FDA 20FMDA NMP, 100/1, 250/1, 350/1 
BPDA MPD NMP, 100/1, 250/1, 350/1 
BPDA 7FMDA NMP, 100/1, 250/1, 350/1 
BPDA 13FMDA NMP, 100/1, 250/1, 350/1 
BPDA 15FMDA NMP, 100/1, 250/1, 350/1 
BPDA 20FMDA NMP, 100/1, 250/1, 350/1 
BTDA MPD NMP, 100/1, 250/1, 350/1 
BTDA 7FMDA NMP, 100/1, 250/1, 350/1 
BTDA 13FMDA NMP, 100/1, 250/1, 350/1 
BTDA 15FMDA NMP, 100/1, 250/1, 350/1 
BTDA 20FMDA NMP, 100/1, 250/1, 350/1 

•Inherent v1scos1t1es were measured with O 5 wt% NMP solulion at 30°C 
hMeasuremen!S were made at 23°C, 50% RH, and 1 kHz 
Source Ref 12 

PAA v1scos1ty• Molecular Film 
(ri[dl/g]) weight format10n 

0 70 Yes 
0 38 Yes 
0 31 Yes 
0 33 Yes 
0 29 Yes 
0 93 Yes 
0 47 Yes 
0 32 Yes 
0 34 Yes 
0 25 Yes 
072 Yes 
0 41 Yes 
0 30 Yes 
0 30 Yes 
0 28 Yes 
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30 
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Figure 5 Relat10nsh1p between d1electnc constant at 1 kHz and the fluorme content of fluormated 
poly1m1des and the reference nonfluormated poly1m1des (From Ref 12 ) 

0 17 dl/g, because of the low react1V1ty of PFDA due to its strong electron-withdrawing char­
acteristic The dielectric constant of 6FDA/PFDA was low, 2 5 at 10 kHz. 

Makmg poly1m1des with a pendant fluormated group 1s a useful way to obtam polyim1des 
with a high fluorine content By choosmg a fluormated group, one can obtam fluorinated 
poly1m1des with a high molecular weight, and such poly1m1des have both a low dielectric 
constant and a high glass trans1t1on temperature However, they have the disadvantage of havmg 
a high CTE because of the bulkmess of the pendant group. 

B. Fluorinated Polyimides Prepared from 
Bis(trifluoromethyl)diaminobiphenyl 

2,2' -bis(trifluoromethyl)-4,4' -d1ammob1phenyl (TFDB) 1s mterestmg as a monomer of fluori­
nated polyim1des TFDB, whose synthesis route 1s shown m Figure 9, was synthesized by Maki 
and lnuka1 m 1972 [15] 

Matsuura et al. (16] synthesized fluorinated poly1m1des from TFDB and 6FDA or pyro­
melht1c d1anhydride or PMDA m the conventional way (Fig 10). Table 8 shows the charac­
teristics of the fluormated poly1m1des from TFDB They had high mtrins1c viscosities 6FDA/ 
TFDB had excellent properties such as low dielectric constant (2 8 at MHz) and high trans­
parency, and PMDA/TFDB had a low CTE (-0 5 x 10-5 0 c-1) 6FDA/TFDB 1s discussed 
as an optical material m Sec. III B 

6FDA/TFDB has another characteristic. 1t 1s soluble m common polar orgamc solvents, 
such as acetone or tetrahydrofuran. Matsuura et al. used 1H nuclear magnetic resonance (NMR) 
to characterize the 1m1d1zat1on process and found that the 1m1d1zat1on reaction began at just 
over 70°C and was completed by about 200°c 

Ando et al [ 17] obtamed more detailed information about the molecular structure of 6FDA/ 
TFDB poly(am1c acid)s and poly1m1des during 1m1dizat1on under various conditions by mea­
suring 13C NMR Figure 11 shows 13C NMR proton-decoupled spectra of 6FDA/TFDB samples 
cured at various temperatures Small peaks origmating from poly1m1de are seen m the 70°C 
sample because the lffi1dizat1on reaction begins at just over 70°C. Significant changes are caused 
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KF/ DMAc 
RT 11 days 

H2, 60 ps1g / RT 

Pd /C, EtOH, 4 h 

RtbMPD 

Figure 6 Synthesis scheme for RtbMPD (From Ref 13 ) 

Sasaki and Nishi 

by 1m1dization at 120°C. The chemical shifts of the two signals resonated at right (shown by 
arrows) are the same as those of TFDB. This means that depolymenzation of the poly(amic 
acid) main cham occurred at 120°C. Figure 12 shows the v1scos1ty coefficients of 15 wt% 
DMAc solutions of 6FDA/TFDB cured under the same conditions as the samples for NMR 
measurements. The low v1scos1ty of the 120°C sample 1s consistent with the depolymenza­
tion at the poly(amic acid) amid group and decrease of molecular weight identified m the NMR 
analysis Viscosity mcreases monotomcally with curmg temperatures from 120°C to 300°C. 
This shows that the polycondensat1on reaction proceeds and the molecular weight of polyim1de 
mcreases even after 1m1d1zat10n 1s completed (at 200°C) 
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Figure 7 Synthesis scheme for fluonnated poly1m1des with a pendant b1s(tnfluoromethyl)heptafluoro­
pentyl group (From Ref 13 ) 

Hams et al. [18-20] have investigated ngid soluble fluorinated polyimides from TFDB 
and various dianhydndes, PMDA, (BTDA), ODPA, DSDA, 6FDA, and BPDA using a one­
step procedure Figure 13 shows the synthesis scheme for the fluormated polylmides, and Table 
9 shows their charactenstlcs The polymerization was earned out in refluxing m-cresol con­
taining isoquinohne Under these conditions the intermediate poly(armc acid)s spontaneously 
cychzed to the corresponding polyimides Except for PMDA/TFDB, all the polyimides were 
soluble in m-cresol. Their inherent viscosities were from 1 0 to 4.9 dl/g 

C. Fluorinated Polyimides Prepared from Perfluoro Aromatic Diamines 

Hougham and Tesoro [21] have reported the synthesis and properties of polyimides from 
perfluoro aromatic diamines The alffi of their study was to obtain polyimides with a high glass 
transit10n temperature and low dielectric constant for use as an insulator 



Table 6 Charactenst1cs of Fluormated Poly1m1des 

Monomers Im1d1zat1on cond1t10ns 
Dianhydnde D1amme Solvent, temperature(°C)/t1me(h) 

PMDA RtbMPD NMP, 135/0 5, 200/0 5, 350/1 
PMDA RtbMPD NMP, 135/0 5, 200/0 5, 350/1 
BPDA RtbMPD NMP, 135/0 5, 200/0 5, 350/1 
BTDA RtbMPD NMP, 135/0 5, 200/0 5, 350/1 
6FDA RtbMPD NMP, 135/0 5, 200/0 5, 350/1 
6FDA RtbMPD NMP/acet1c anhydnde/pyndme (chemical) 
6FCDA RtbMPD NMP/acet1c anhydnde/pyndme (chemical) 
3FCDA RtbMPD NMP/acetic anhydnde/pyndme (chemical) 

•Number-average molecular weights by GPC of PAA m DMAc/L1Br/H3POiTHF at 35°C 
bNumber-average molecular weights by GPC of poly1m1de m DMAc at 135°C 
cMeasurements were made at 0% RH and 1 MHz 
Source Ref 13 

PAA viscosity 
(ri[dl/g]) 

Molecular Film 
weight format10n 

50,800· Yes 
92,100· Cracked 
56,000· Cracked 
31,500· Yes 
82,700· Yes 
47,500· Yes 
53,200b Yes 
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Figure 8 Synthesis scheme for fluormated poly1m1des with a pendant perfluorononenyloxy group 
(From Ref 14) 

The perfluoro aromatic diammes they used were 1,4-tetrafluorophenylene diamme 
(TFPDA) and 4,4' -octafluorobenzidme (OFB) In all the polyimides obtamed usmg the per­
fluoro aromatic diammes, only low-molecular-weight ohgomers (Table 10) were obtamed after 
the solution stage of the reaction because of the low reactivity of these diammes By optimiz­
mg the synthesis conditions, it is possible to form films Good films of 6FDA/TFPDA were 
made from the product of the 130°C and 150°C reactions, but the product of 22°C reaction 
did not form a film 6FDA/OFB gave almost the same results The anhydride structure is an 
important factor m formmg good film Neither TFPDA/BTDA nor TFPDA/PMDA formed 
films Imidizat10n conditions are also an important factor m formmg good film They followed 
the cham extension reaction by FTIR on sequentially cured and cooled films of 6FDA/OFB 



Table 7 Charactensucs of Fluonnated Poly1m1des 

Monomers Im1d1zat10n cond1t10ns 
D1anhydnde Diamme Solvent, temperature( 0 C)/ume(h) 

6FDA PFDA DMAc, 250-300/-
BTDA PFDA DMAc, 250-300/-
6FDA 4,4'-ODA DMAc, 250-300/-
BTDA 4,4'-ODA DMAc, 250-300/-

•Inherent v1scos1t1es were measured with O 1 g/dl DMAc solution at 30°C 
bMeasurements were made at 10 kHz 
Source Ref 14 

p AA v1scos1ty• Molecular Film 
(YJ[dl/g]) weight formation 

0 17 Yes 
0 17 Yes 
0 43 Yes 
0 56 Yes 
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CF3 02N-6Br 
j C• IDM> 

TFDB 

Figure 9 Synthesis route for TFDB (From Ref 15 ) 

They found that the cham extension began at temperatures between 200°C and 300°C, but 
optimal mecharucal properties were not obtamed with curmg temperatures below 350°C Figure 
14 shows the synthesis scheme used to prepare 6FDA/OFB polyimide 

At 100 kHz, the dielectnc constant of the dry 6FDA/TFPDA was 2 75 and that of 6FDA/ 
OFB was 2 75 The glass transition temperatures of both of these polyimides were above 
330°c 

Perfluoro aromatic diammes have poor reactivity, so it is necessary to optimize the reac­
tion conditions m order to obtam good films on the polyimides prepared from perfluoro aro­
matic diammes 

D. Fluorinated Polyimides Prepared from Benzotrifluoride-Based 
Diamines 

Gerber et al [22] synthesized fluonnated polyimides from 3 ,5-diammobenzotnfluonde (35-
DABTF) and nme dianhydndes Figure 15 shows the chemical structures of the polyimides 
prepared from 35-DABTF, and their charactenstics are shown m Table 11 Poly(amic acid)s 
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Figure 10 Synthesis scheme for fluormated poly1m1des from TFDB (From Ref 16) 

prepared from 35-DABTF had relatively high mtrmsic viscosities, from 0 3 to 0.9 dl/g, and 
they produced good films Introducing a tnfluoromethyl group mto diamme did not affect the 
react1V1ty of the diamme 35-DABTF/6FDA polyimide had the lowest dielectnc constant, 2.58 
at 10 GHz, among the mne polyimides prepared from 35-DABTF and had a relatively high 
glass transition temperature of almost 300°C 

Buchanan et al [23] have synthesized fluonnated polyimides from CF3-substituted oxy­
diamhne 4,4'-oxy-bis[3(tnfluoromethyl)benzenamme] (124-OBABTF), which was synthesized 
m two steps from 2-chloro-5-mtrobenzotnfluonde as descnbed by Maki and Inukai [15]. Figure 
16 shows the chemical structure of the fluorinated polyimides obtained from 124-OBABTF, 
and their charactenstics are shown m Table 12 Five poly(amic acid)s were prepared m the 
conventional way Their mherent viscosities were above 1 0 dl/g m most cases despite the 
presence of the strongly electron-withdrawing CF3 groups of 124-OBABTF. Thermal imi­
dizat10n of the PAAs produced polyimide films that were tough, clear, and nearly colorless 
The dielectnc constants of these polyimides are of particular mterest The most highly fluon­
nated poly1mide, 124-OBABTF/6FDA, had a dielectnc constant of 2 76 at 1 MHz, and its glass 
transit10n temperature was 295°C 
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Table 8 Charactenst1cs of Fluonnated Poly1m1des 

Monomers 

Dianhydnde 

PMDA 
6FDA 

Diamme 

TFDB 
TFDB 

Im1d1zat10n cond1t10ns 
Solvent, temperature( 0 C)/time(h) 

DMAc, 70/2, 160/1, 200/0 5, 350/1 (N2) 

DMAc, 70/2, 160/1, 200/0 5, 350/1 (N2) 

•Inherent v1scos1t1es were measured with DMAc solution at 30°C 
hMeasurements were made at 23°C and 1 MHz under dry cond1t10ns 
Source Ref 16 

PAA v1scos1ty• 
(ri [dl/g]) 

1 79 
1 00 

( 

Molecular 
weight 

Film 
formation 

Yes 
Yes 

D1electnc 
constantb 

32 
28 
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Figure 11 13C NMR proton-decoupled spectra of 6FDA/TFDB samples cured at vanous temperatures 
(From Ref 17 ) 
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Figure 12 V1scos1ty coefficients of 15 wt% DMAc solutions of 6FDA/TFDB poly1m1de as a funct10n 
of curmg temperature (From Ref 17 ) 



Synthesis of Fluorinated Polyimides 

R PMDA, BTDA, ODPA 
DSDA 6FDA, BPDA 

TFDB 

m-cre~ol, 1~oqu111ohne 

reflux mg 
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II II 

P,,...._ /c, 
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Figure 13 Synthesis scheme for the fluormated poly1m1des from TFDB (From Ref 20) 
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Incorporation of benzotrifluoride moiety mto poly1m1de 1s an effective way to lower the 
dielectric constant while mamtammg the glass transition temperature 

E. Fluorinated Polyimides Prepared from O-Substituted Diamines 

Misra et al [24] have synthesized fluorinated poly1m1des from 6FDA and seven fluorinated 
d1ammes with varymg structures m order to study the effect of different fluorinated segments 
upon the dielectric constant They synthesized the novel d1ammes 4FBDA, DTDE, DTHE, 
and TFATDFDADP [25] Figure 17 shows the synthesis scheme for the fluormated polylill1des, 
and their characteristics are shown m Table 13 After the room temperature reaction, the PAAs 

,,,__, from BAT, BAO, and BDAF were highly viscous, whereas thos~ from 4FBDAF, DTDE, 
DTHE, and TFATDFDADP showed no appreciable mcrease m solution v1scos1ty After heatmg 
at 100°C, the solution v1scos1ty of the poly(am1c ac1d)s from 4FBDAF, DTHE, and 
TFATDFDADP mcreased Their number average molecular weights are given m Table 13 
The molecular weight of 6FDA/DTDE was very low, those of 6FDA/BAT and 6FDA/DTHE 
were from 4000 to 9000, and those of 6FDA/TFATDFDADP, 6FDA/BAT, 6FDA/BAO, and 
6FDA/BDAF were all above 15,000 Misra et al [24] concluded that these were due to de­
creased nucleoph1hc react1v1ty of the amme caused by the presence of a strong electron-w1th­
drawmg group ortho to the ammo group (fluorme atoms m 4FBDAF, and fluorinated acryloxy 
or alkoxy groups m DTDE and DTHE) In addition to this electromc effect, steric hmdrance 
due to the presence of a bulky group ortho to the ammo groups may also lower reactivity, 
causmg a decrease m molecular weight, as m the case with poly1m1de from d1amme DTDE 
At 100 kHz, the dielectric constants of the poly1m1des prepared from diammes DTHE and 
TFATDFDADP were 2 93 The correlation between the dielectric constant and the fluorine 
content was weak because of the lack of systemic variat10n m the polymer structures The 



Table 9 Charactensucs of Fluonnated Polyrrmdes 

Monomers Im1d1zat1on cond1t1ons 
D1anhydnde D1amme Solvent, temperature(°C)/t1me(h) 

PMDA TFDB Refluxmg m-cresol (chem1cal) 
BTDA TFDB Refluxmg m-cresol ( chem1cal) 
ODPA TFDB Refluxmg m-cresol (chem1cal) 
DSDA TFDB Refluxmg m-cresol (chemical) 
6FDA TFDB Refluxmg m-cresol (chemical) 
BPDA TFDB Refluxmg m-cresol (chemical) 

"Inherent v1scosmes were measured with poly1m1de m-cresol solution at 30°C 
bASTM D-150 
Source Ref 20 

PAA v1scos1ty• Molecular 
(ri[dl/g]) weight 

1 6 
1 1 
1 0 
1 9 
49 

FIim 
format10n 

Yes 
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Yes 
Yes 
Yes 

D1electnc 
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Table 10 Charactenst1cs of Fluonnated Poly1m1des 

Monomers 

D1anhydnde 

6FDA 
6FDA 
6FDA 
PMDA 
BPDA 
BPDA 
BTDA 

D1amme 

TFPDA 
PDA 
OFB 
TFPDA 
TFPDA 
PDA 
TFPDA 

Im1d1zat10n cond1t1ons 
Solvent, temperature( 0 C)/t1me(h) 

NMP, room temp - 150, 350 
NMP, room temp - 200, 350 
NMP, 50 - 200,350 
NMP, room temp - 200, 350 
NMP, 75 - 200,350 
NMP, room temp - 200, 350 
NMP, room temp - 200, 350 

•Number-average molecular weights by GPC of PAA m THF 
bMeasurements were made at 100 kHz under dry cond1t1ons 
Source Ref 21 

PAA v1scos1ty 
(TJ[dl/g]) 

0 03-0 045 

( 

Molecular 
weight• 

940 - 1381 

1480 

714 - 890 

Film D1electnc 
format10n constantb 

Yes 2 75 
Yes 29 
Yes 2 75 
No 
No 
Yes 29 
No 
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Figure 14 Synthesis scheme for 6FDA/OFB poly1m1de (From Ref 21 ) 

R BTDA, 6FDA, ODPA, BPDA, IOPA, 
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Sasaki and Nishi 

Figure 15 Chemical structure of the poly1m1des from 35-DABTF (From Ref 22) 



Table 11 Charactenstlcs of Fluormated Poly1m1des 

Monomers Im1d1zat10n cond1t1ons 
D1anhydnde D1amme Solvent, temperature( 0 C)/t1me(h) 

BTDA 35-DABTF DMAc, 100/1, 200/2, 300/1 (air) 
6FDA 35-DABTF DMAc, 100/1, 200/2, 300/1 (air) 
ODPA 35-DABTF DMAc, 100/1, 200/2, 300/1 (air) 
BPDA 35-DABTF DMAc, 100/1, 200/2, 300/1 (air) 
IPDA 35-DABTF DMAc, 100/1, 200/2, 300/1 (air) 
PMDA 35-DABTF DMAc, 100/1, 200/2, 300/1 (air) 
S1DA 35-DABTF DMAc, 100/1, 200/2, 300/1 (air) 
DSDA 35-DABTF DMAc, 100/1, 200/2, 300/1 (air) 
BTSDA 35-DABTF DMAc, 100/1, 200/2, 300/1 (air) 

"Inherent v1scos1t1es were measured with O 5 wt% DMAc solution at 35°C 
bMeasurements were made at 10 GHz 
Source Ref 22 

p AA VISCOSity• 
(rt[dl/g]) 

0 53 
0 70 
0 34 
0 89 
0 53 
0 93 
0 64 
0 51 
0 37 

( 

Molecular Film 
weight format10n 

Yes 
Yes 
Yes 
Yes 
Yes 
No 
No 
No 
Yes 

D1electnc 
constantb 

2 90 
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2 91 
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R 6FDA, ODPA, BPDA, 
PMDA,BTDA 

Sasaki and Nishi 

n 

Figure 16 Chemical structure of the polyimides from 124-0BABTF (From Ref 23 ) 

results also suggest that at comparable fluorine contents, fluorine bound to an aromatic ring 
lowers the dielectric constant more than aliphatic fluorine does (compare, for example, the 
polyimides from BAT and BAO with that from BDAF) 

F. Fluorinated Polyimides Prepared from (Mono- or Bis­
trifluoromethyl)benzenetetracarboxylic Dianhydrides 

This sect10n describes a study of fluorinated poly1m1des with a rigid-rod structure. The main 
purpose of this study was to obtain a low dielectric constant and low thermal expans10n 

Matsuura et al [26] synthesized a series of new fluorinated rigid-rod poly1m1des by the 
reaction of TFDB with 1,4-b1s(trifluoromethyl)-2,3,5,6-benzenetetracarboxyhc dianhydride 
(P6FDA), 1-(trifluoromethyl)-2,3,5,6-benzenetetracarboxyhc d1anhydride (P3FDA), or PMDA 
Figure 18 shows the synthesis route for P6FDA 

Figure 19 shows the synthesis scheme for the fluorinated rigid-rod poly1m1des prepared 
from P6FDA and TFDB Table 14 shows the characteristics of the fluorinated poly1m1des 
prepared from P6FDA and P3FDA. The mtrins1c v1scos1t1es of P6FDA/TFDB, P3FDA/TFDB, 
and PMDA/TFDB poly(am1c ac1d)s were O 6, 0.7, and 1 8 dl/g, respectively, and these de­
creased with increasing number of trifluoromethyl side chains in the dianhydride umt Matsuura 
et al. [26) suggested two reasons for this behavior· 1t 1s easy to open the d1anhydride ring by 
introducing trifluoromethyl group, and chain-chain interacuon decreases with mcreasing fluo­
rine content All the poly(am1c acid)s produced good films The coefficients of thermal ex­
pansion of P6FDA/TFDB, P3FDA/TFDB, and PMDA/TFDB were -0 5 x 10-5 0 c-1, 2 8 x 
10-5 0 c-1, and 5 .6 x 10-5 0 c-1, respectively, and increased with the number of trifluoromethyl 
side chains in the d1anhydride unit This shows that the trifluoromethyl side group loosened 
the molecular packing The dielectric constants at 1 MHz of PMDA/TFDB, P3FDA/TFDB, 
and P6FDA/TFDB were 3.2, 2 8, and 2 6, respectively, and decreased as the fluorine con­
tent increased. 

This study showed that fluorinated poly1m1des with a rigid-rod structure can have both a 
low dielectric constant and low thermal expansion, and that the pos1t10n of the trifluoromethyl 
groups 1s important for a low CTE. 



Table 12 Charactenstlcs of Fluonnated Poly1m1des 

Monomers Im1d1zat1on cond1uons 
D1anhydnde D1amme Solvent, temperature( 0 C)/t1me(h) 

ODPA 124-OBABTF DMAc, 100/0 5, 200/0 5, 300/1 (air) 
6FDA 124-OBABTF DMAc, 100/0 5, 200/0 5, 300/1 (air) 
BPDA 124-OBABTF DMAc, 100/0 5, 200/0 5, 300/1 (air) 
PMDA 124-OBABTF DMAc, 100/0 5, 200/0 5, 300/1 (air) 
BTDA 124-OBABTF DMAc, 100/0 5, 200/0 5, 300/1 (air) 

"Inherent v1scos1ues were measured with O 5 wt% DMAc solution at 35°C 
bMeasurements were made at 50 % RH and I MHz 
Source Ref 23 

( 

PAA v1scos1ty• Molecular Film 
(TJ[dl/g]) weight formation 

1 23 Yes 
0 60 Yes 
1 79 Yes 
1 25 Yes 
1 41 Yes 

D1electnc 
constantb 

3 14 
2 76 
3 20 
3 16 
3 22 
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Figure 17 Synthesis scheme for the fluorinated poly1m1des (From Ref 24 ) 

Sasaki and Nishi 

G. Fluorinated Polyimides Prepared from Rigid Fluorinated 
Dianhydrides 

Trofimenko [27] synthesized a new class of rigid fluorinated monomers for polyimides based 
on a 9,9-disubstituted xanthene core The aim was to obtam polyimides with a high glass tran­
sition temperature, low coefficient of thermal expansion, low dielectric constant, and low water 
absorption all at the same time He synthesized two dianhydrides, 9,9-bistrifluoromethyl-
2, 3, 6, 7 -xanthenetetracarboxy he dianhydride ( 6FCD A) and 9-phenyl-9-trifluoromethy 1-2, 3, 6, 7 -
xanthenetetracarboxyhc dianhydride (3FCDA) Figure 20 shows the synthesis route for 6FCDA 
and 3FCDA 

Auman [28] synthesized novel fluormated polyimides from 6FCDA or 3FCDA and nme 
diammes mcludmg a rigid fluorinated diamme hke TFDB. Figure 21 shows the synthesis 
scheme for the fluorinated polyimides from 6FCDA or 3FCDA, and their characteristics are 
shown m Table 15 He used two methods to synthesize the polyimides synthesis of the poly-

-



Table 13 Charactenst1cs of Fluormated Poly1m1des 

Monomers Im1d1zat1on cond1t1ons. 
Dianhydnde D1amme Solvent, temperature( 0 C)/t1me(h) 

6FDA 4FBDAF NMP, 70/12, 100/2, 150/2,200/2,250/2,300/1 
6FDA DTDE NMP, 70/12, 100/2, 150/2,200/2,250/2,300/l 
6FDA DTHE NMP, 70/12, 100/2, 150/2,200/2,250/2,300/1 
6FDA TFATFDFDADP NMP, 70/12, 100/2, 150/2,200/2,250/2,300/1 
6FDA BAT NMP, 70/12, 100/2, 150/2,200/2,250/2,300/1 
6FDA BAO NMP, 70/12, 100/2, 150/2,200/2,250/2,300/1 
6FDA BDAF NMP, 70/12. 100/2, 150/2,200/2,250/2,300/1 

•Number-average molecular weights by GPC of PAA m THF 
bMeasurements were made at 22°C, 50% RH and 100 kHz 
Source Ref 24 

PAA v1scos1ty Molecular 
(ri[dl/g]) (Mw) weight• 

3964 
417 

8507 
29,297 
15,602 
30,402 
27,600 

Film 
format10n 

No 
No 
Yes 
Yes 
Yes 
Yes 
Yes 

D1electnc 
constantb 

2 93 
3 00 
2 95 
2 95 
2 99 
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Figure 18 Synthesis route for P6FDA (From Ref 26 ) 

Sasaki and Nishi 

(armc acid) with subsequent coatmg and thermal curmg, and direct synthesis of the polyrmide 
in one pot by solution imidization man NMP/N-cyclohexylpyrollidmone (CHP) solvent mix­
ture at 180-190°C. 

He found that combmmg ngid fluorinatmg diatlhydndes with a rodlike fluorinated diamme 
like TFDB produced polyimide films with an ideal combmation of low dielectric constant, low 
moisture absorpt10n, and low CTE. The polyimide from 6FCDA and TFDB had a low dielectric 
constant of 2 4 at 1 MHz, low CTE of 6 ppm, low moisture absorption of 1 2 wt% at 85% 
relative humidity (RH), and high glass transition temperature of 420°C 

The fluormated polyimides from 6FCDA or 3FCDA and a ngid fluormated diamme are 
very attractive for electrorncs apphcation 

Auman and Trofimenko [29] have reported the synthesis of fluorinated, high glass tran­
sition temperature, soluble polyimides based on 12, 14-diphenyl-12, 14-bis(tnfluoromethyl)-
12H, 14H-5, 7-dmxapentacene-2,3, 9, 10-tetracarboxyhc dianhydnde (PXPXDA). The chemical 
structure of the fluorinated polyrmides is shown m Figure 22, and their characteristics are shown 

-



Synthesis of Fluorinated Polyimides 
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Figure 19 Synthesis scheme for the fluormated poly1m1des from P6FDA and TFDB (From Ref 26 ) 

m Table 16 The poly1m1de synthesis was earned out m the same two ways, as for 6FCDA 
and 3FCDA The molecular weights of the PAAs and poly1m1des were all high PXPXDA/ 
TFDB had a low d1electnc constant of 2 6 at I MHz and low CTE of IO ppm 

H. Fluorinated Polyimides Prepared from 2,2'-
Bis(fluoroalkoxy)benzidines 

The previous sect10n showed that TFDB 1s smtable as a d1amme for fluorinated, ng1d-rod 
poly1m1de Femng et al [30] have mvest1gated the synthesis and properties of fluormated 
poly1m1des prepared from novel 2,2'-b1s(tluoroalkoxy)benz1dmes. Figure 23 shows the syn­
thesis scheme for the poly1m1des from 2,2'-b1s(fluoroalkyoxy)benz1dmes, and thetr character-
1sttcs are shown m Table 17. The three new d1ammes were synthesized from the correspond­
mg 3-(fluoroalkyoxy)mtrobenzenes by reduction, followed by benz1dme rearrangement The 
fluonnated poly1m1des from the three diammes (TFMOB, TFEOB, DFPOB) were synthesized 



Table 14 Charactensucs of Fluonnated Poly1m1des 

Monomers Im1d1zat1on cond1t1ons 
D1anhydnde Diamme Solvent, temperature( 0 C)/tIIDe(h) 

PMDA TFDB DMAc, 70/2, 160/1, 200/0 5, 350/1 (N2) 

P3FDA TFDB DMAc, 70/2, 160/1, 200/0 5, 350/1 (N2) 

P6FDA TFDB DMAc, 70/2, 160/1, 200/0 5, 350/1 (N2) 

PMDA DMDB DMAc, 70/2, 160/1, 200/0 5, 350/1 (N2) 

P3FDA DMDB DMAc, 70/2, 160/1, 200/0 5, 350/1 (N2) 

P6FDA DMDB DMAc, 70/2, 160/1, 200/0 5, 350/1 (N2) 

PMDA DPTP DMAc, 70/2, 160/1, 200/0 5, 350/1 (N2) 

P3FDA DPTP DMAc, 70/2, 160/1, 200/0 5, 350/1 (N2) 

P6FDA DPTP DMAc, 70/2, 160/1, 200/0 5, 350/1 (N2) 

•Inherent v1scos1t1es were measured with DMAc solution at 30°C 
bMeasurements were made at 23°C and 1 MHz under dry cond1uons 
Source Ref 26 
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PAA v1scos1ty• Molecular Film 
(ri[dl/g]) weight Yes/No formation 

1 8 Yes 
07 Yes 
06 Yes 
27 Yes 
1 3 Yes 
07 Yes 
1 3 Yes 
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02 Yes 
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D1electnc 
constantb 

32 
28 
26 

.... 
g 

en 
DI 
UI 
DI 
~ 
DI 
::, 
0. 

z 
iii" 
:r 



Synthesis of Fluorinated Polyimides 105 

"' 

!U\JXC = 0, HF 

X CF3 

CH3 CH3 

# CH, 0 CH3 

1 .. .,, .. .,. 
X CF3 

HOOC~COOH 

HOOC~o~COOH 

Dehydrauon 

0 0 \\ XXXXX CF3 // 

l I~ I~ \ 
o l 

\C # # C 
// 0 \\ 
0 0 

X=CF3 6FCDA 
X=Ph lFCDA 

Figure 20 Synthesis route for 6FCDA and 3FCDA (From Ref 27 ) 

usmg the conventional polymerization and one-pot solution polymerization. The polyimides 
had high molecular weights and gave good films. Tnfluoromethoxy substitut10n was shown 
to give properties similar to tnfluoromethyl substitution. The polyimide from 6FCDA and 
TFMOB had a low dielectric constant of 2 8 at 1 MHz, low CTE of 10 ppm, low moisture 
absorption of O 8 wt% at 85% RH, and high glass transition temperature of 375°C. 

I. Fluorinated Polyimides Prepared from a Diamine Based on 
Trifluoroacetophenone 

Rogers et al. [31] have synthesized very high glass transition temperature, soluble polyimides 
from a diamme based on tnfluoroacetophenone. 1,1-bis(4-ammophenyl)-1-phenyl-2,2,2-tn­
fluoroethane (3Fdiamme) was prepared usmg the procedure of Kray and Rosser [32] as shown 
in Figure 24. Figure 25 shows the synthesis scheme for the polyimides prepared from PMDA, 
3Fdiamme, and phthahc anhydride Their characteristics are shown in Table 18. 



106 Sasaki and Nishi 

+ 

R MPD, PPD, DAD, TFDR DMDR 
4,4'-0DA, 15-DAN 1 4'-0DA 
4.4'-6F 

NMP or NMP/CHP 
RT 

tHO OH t I llxxxxx CF3 II I N-C C-N-R 

I~ I~ 
# # 

HO-C O C-OH 
II II 
o o n 

I Coat 

2 Dry, thermally 

11111d1ze, 150°C 

or 
I Solution 1m1d1zc 

180- 190°C 

2 Coat 

1 Dry, 150°C 

t- \:O:XXCF3

; t 1 I ~ I '<::::::: ' N N--R 
\ D D I 

C C 
// 0 \\ 

0 0 n 

Figure 21 Synthesis scheme for the fluormated poly1m1des from 6FCDA or 3FCDA (From Ref 28 ) 

A calculated amount of phthalic anhydride was added to the prepared diamme solutron to 
afford nonreactive end groups and controlled molecular weights The mtrmsic viscosities of 
the three polyimides from PMDA, 6FDA, and BPDA were O 65, 0 36, and O 47 dl/g, respec­
tively These polyimides were soluble m NMP, and tough films could be formed from the 
polyimide solutions The PMDA/3Fdiamme polyimide exhibited a glass transition temperature 
exceedmg 420°C 

Soluble polyimides with high glass transition temperature could be synthesized from 
3Fdiamme. 

111. FLUORINATED POLYIMIDES FOR OPTO-ELECTRONICS 

Optical polymers are expected to be used for optical communications. Such optical polymers 
reqmre thermal stabihty above 300°C as well as good transparency because they must be 
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Table 15 Charactenst1cs of Fluormated Poly1m1des 
'< 
:J -::r 

Monomers C1> 
Im1dIZation cond1t1ons PAA VISCOSlty Molecular Film D1electnc (I) 

cii" 
D1anhydnde Diamme Solvent, temperarure( 0 C)/t1me(h) (ri[dl/g]) weight format10n constant 0 -6FCDA 4,4'-ODA NMP, 350/- 250,000• Yes 28 :!! 
6FCDA 3,4'-ODA NMP, 350/- 207,000· Yes 29 C 

0 
6FCDA MPD NMP, 350/- 147,000• Yes ::::!. 

:J 
6FCDA PPD NMP, 350/- 117,000• Yes DI -6FCDA 4,4'-6F NMP, 350/- 143,000• Yes C1> 

0. 
6FCDA DAD NMP, 350/- 203,000• Yes "O 
6FCDA TFDB NMP, 350/- 215,000• Yes 0 

'< 
6FCDA DMDB NMP, 350/- 251,000· Yes §" 
3FCDA 4,4'-ODA NMP, 350/- 325,000· Yes ii 
3FCDA 3,4'-ODA NMP, 350/- 241.000· Yes C1> 

(I) 

3FCDA MPD NMP, 350/- 229,ooo• Yes 
3FCDA PPD NMP, 350/- 266,000• Yes 
3FCDA 4,4'-6F NMP, 350/- 211,000• Yes 
3FCDA DAD NMP, 350/- 387,000• Yes 
3FCDA 1,5-DAN NMP, 350/- 177,000• Yes 
3FCDA TFDB NMP, 350/- 396,000• Yes 
3FCDA DMDB NMP, 350/- 298,000• Yes 
6FCDA 4,4'6F NMP/CHP, 180-190 (chemical) 102,0Q0b Yes 23 
3FCDA 4,4'-ODA NMP/CHP, 180-190 (chemical) 327,oooc Yes 28 
3FCDA 3,4'-ODA NMP/CHP, 180-190 (chemical) 167,oooc Yes 28 
3FCDA MPD NMP/CHP, 180-190 (chemical) 204,oooc Yes 27 
3FCDA 4,4'-6F NMP/CHP, 180-190 (chemical) 321,00QC Yes 25 
3FCDA DAD NMP/CHP, 180-190 (chemical) 228,0Q0b Yes 

•Number-average molecular weights by GPC of PAA m DMAc/L1Br/H3POiTHF at 35°C 
hNumber-average molecular weights by GPC of poly1m1de m DMAc at 135°C 
0Number-average molecular weights by GPC ofpoly1m1de m DMAc/L1Br/H0 PO/THF at 35°C 
dMeasurements were made at O % RH and 1 MHz 
Source Ref 28 .... 

0 ..... 
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Figure 22 Chemical structure of the poly1m1des from PXPXDA (From Ref 29) 

compatible with conventional mtegrated circmt (IC) fabrication. As a consequence, conven­
tional optical polymers, such as poly(methyl methacrylate) and polycarbonate, cannot be used 
in these applications because of their poor thermal stability ___, 

On the other hand, conventional polyimides hke Kapton are reddish-brown m color and 
have not been used m optoelectromcs applications Some fluonnated polyimides are transpar­
ent, so they look very promismg as optical polymers In this sect10n we first discuss an evalu­
ation of fluorinated polyimides with a hexafluor01sopropylidene group as an optical waveguide 
matenal, and then discuss the synthesis and properties of several new fluormated poly1mides 
for optoelectromcs 

A. Fluorinated Polyimides with Hexafluoroisopropylidene Groups as an 
Optical Waveguide Material 

Reuter et al [33] mvestigated the optical properties of three fluorinated polyimides from 6FDA 
These polyimides are all advertised as havmg good optical properties a Pyralm product (Du 
Pont) prepared from 6FDA and ODA, SiXEF-44 (Amencan Hoechest) prepared from 6FDA 
and 4,4-6F, and SIXEF-33 (Amencan Hoechest) prepared from 6FDA and 3,3-6F Figure 26 
shows the chemical structures of the polyimides In their expenment, planar wavegmdes were 
produced by spin casting films onto glass substrates, and the optical losses were measured usmg 
a 633-nm He-Ne laser. The relationship between optical loss and curmg conditions was m-
vestigated. _, 

They found that the mtroductlon of a hexafluor01sopropyhdene group mto the polyimide 
umt greatly improved the optical transparency of polyimides The optical losses ranged from 
very high for PMDA/ODA polyimide film through moderate for 6FDA/ODA polyim1de film 
to low for 6FDA/4,4-6F polyimide film and 6FDA/3,3-6F polyimide film The 6FDA/4,4-
6F polyimide film, after drymg for 1 h at 90°C, has optical losses below O 1 dB/cm at 633 
nm. The low loss below O 5 dB/cm ws retamed at temperatures up to 200°C but the loss 
mcreased to more than 2 5 dB/cm with heatmg to 300°C They pomted out two possible causes 
for the observed wavegmde losses. ordenng with or without charge transfer complex forma­
t10n, and voids or pmholes. 

For waveguide application it is important to know the optical losses of typical fluormated 
polyimides. The values are O 5 dB/cm after 200°C annealing and 2 5 dB/cm after 300°C 
annealmg 



Table 16 Charactensucs of Fluormated Poly1m1des 

Monomers Im1d1zat10n cond1t1ons PAA v1scos1ty 
D1anhydnde D1amme Solvent, temperature( 0 C)/t1me(h) (TJ [dl/g]) 

PXPXDA 4,4'-ODA NMP/CHP, 180-190 (chemical) 
PXPXDA PPD NMP/CHP, 180-190 (chemical) 
PXPXDA DAD NMP/CHP, 180-190 (chem1cal) 
PXPXDA TFDB NMP/CHP, 180-190 (chemical) 

•Number-average molecular weights by GPC of polylffi1de m DMAc at 135°C 
bNumber-average molecular weights by GPC of polylffi1de m DMAc/L1Br/H3P04'THF at 35°C 
cNumber-average molecular weights by GPC of PAA m DMAc/L1Br/H3P04'THF at 35°C 
dMeasurements were made at 0% RH and l MHz 
Source Ref 29 

Molecular 
weight 

44,000", 68,40Qb 
53,600" 
38,lOOC 
68,40Qb 

Film 
format10n 

Yes 
No 
Yes 
Yes 

D1electnc 
constantd 

28 

25 
26 
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Figure 23 Synthesis scheme for the poly1m1des from 2,2'-b1s(fluoroalkoxy)benz1dmes (From Ref 30) 

B. Fluorinated Polyimides from Bis(trifluoromethyl)diaminobiphenyl as 
an Optical Material 

In Sec 11.B we saw that the fluonnated poly1m1de prepared from 6FDA and TFDB has high 
transparency, so 1t 1s expected to be useful as an optical matenal The optical loss of 6FDA/ 
TFDB poly1m1de film after high-temperature curmg (350°C) was O 7 dB/cm at the wavelength 
of 633 nm [34] This value 1s much lower than that for 6FDA/4,4-6F poly1m1de films after 
300°C curmg (see Sec. III.A) Optical matenals must have a controllable refractive mdex as 
well as bemg transparent. Matsuura et al [35] have synthesized poly1m1de copolymers from 
6FDA, PMDA, and TFDB m order to control the refractive mdex Figure 27 shows the syn­
thesis scheme for the copoly1m1des from 6FDA, PMDA, and TFDB The refractive mdex at 
the wavelength of 589 3 nm of 6FDA/TFDB was 1.556, and that of PMDA/TFDB was I 647 
Thus, the refractive mdex can be controlled between I 556 and I 647 by the copolymenza­
t10n of 6FDA, PMDA, and TFDB (Figure 28) f36] 



Table 17 Charactenstlcs of Fluormated Polyim1des 

Monomers Im1dizat10n cond1t1ons 
D1anhydnde D1amme Solvent, temperature(°C)/t1me(h) 

6FCDA TFDB NMP/CHP, 180-190 (chemical) 
6FCDA TFMOB NMP/CHP, 180-190 (chemical) 
6FCDA TFEOB NMP/CHP, 180-190 (chemical) 
6FCDA DFPOB NMP/CHP, 180-190 (chemical) 
3FCDA TFDB NMP/CHP, 180-190 (chemical) 
3FCDA TFMOB NMP/CHP, 180-190 (chemical) 
3FCDA TFEOB NMP/CHP, 180-190 (chemical) 
BPDA TFDB NMP/CHP, 180-190 (chemical) 
BPDA TFMOB NMP/CHP, 180-190 (chemical) 
BPDA TFEOB NMP/CHP, 180-190 (chemical) 
BPDA DFPOB NMP/CHP, 180-190 (chemical) 
PMDA TFDB NMP/CHP, 180-190 (chemical) 
PMDA TFMOB NMP/CHP, 180-190 (chemical) 
PMDA TFEOB NMP/CHP, 180-190 (chemical) 
PMDA DFPOB NMP/CHP, 180-190 (chemical) 

•Number-average molecular weights by GPC of polynmde m DMAc at 135°C 
bMeasurements were made at 0% RH and I MHz 
Source Ref 30 

PAA v1scos1ty 
(ri[dl/g]) 

( 

Molecular Film 
weight• format10n 

126,000 Yes 
107,000 Yes 
88,800 Yes 
52,900 Yes 

208,000 Yes 
149,000 Yes 
98,200 Yes 

315,000 Yes 
165,000 Yes 
113,000 Yes 
65,900 Yes 

107,000 Yes 
87,400 Yes 

121,000 Yes 
61,300 Yes 

D1electnc 
constantb 

24 
28 
30 
25 
27 
26 
3 1 
29 
27 
33 
27 
26 
26 
3 3 
25 
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Figure 24 Synthesis route for 3Fdiamme (From Ref 32 ) 

Sasaki and Nishi 

These polyumdes had good transparency m the near-mfrared region as well as m the v1s1ble 
region. Matsuura et al [37] fabncated optical ndge wavegmdes for optical commumcat1on 
components from these copoly1mides, and at the wavelength of 1 3 µm, the optical loss of these 
waveguides was O 3 dB/cm These polyim1des wavegmdes have been used m optoelectromc 
mult1ch1p modules [38,39] In addition, single-mode optical wavegmdes made from these flu­
orinated polyimides were recently fabncated [40] 

Besides wavegmdes, several other optical components such as optical filters [41] and optical 
waveplates [42] have been fabncated usmg optical polyimides made from 6FDA, PMDA, and 
TFDB. 

C. Perfluorinated Polyimides 

Although the fluormated polyimides from 6FDA,PMDA, and TFDB have excellent proper­
ties as optical matenals, there are some absorption peaks m the near-mfrared region due to 
the harmomcs of the carbon-hydrogen bonds [34] For optical commumcatlon use, Ando et 
al [43,44] proposed perfluormated polyimides, m which fluorme-carbon bonds were substi­
tuted for hydrogen-carbon bonds, because these should have no absorption peaks between 1 0 
and 1.7 µm They first mvestlgated the synthesis of the perfluormated polylffiides usmg P6FDA, 
which 1s the only d1anhydnde without carbon-hydrogen bonds, and five perfluoro d1ammes 
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Figure 25 Synthesis scheme for the poly1m1des from 3Fd1amme (From Ref 26 ) 
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(Fig 29) The conventronal two-step reaction was unable to produce a continuous frlm of 
perfluormated polyimide 

The primary reason for gettmg noncontmuous film was thought to be the poor reactivity 
of perfluoro diammes and the high rigidity of the polymer cham Therefore, they next syn­
thesized a novel perfluorinated dranhydride with a flexible ether hnkage, 1,4-bis(3 ,4-dicarb­
oxytrifluorophenoxy) tetrafluorobenzene dianhydride (lOFEDA), via a three-step reactron (Fig 
30) An estimation of the reactivity of the five perfluormated diammes by the reactron with 
phthahc anhydride, and 15N and 1H NMR study showed that tetrafluoro-m-phenylenediamme 
(4FMPD) was the most reactive among the five diammes [44]. Perfluorinated polyimide was 
synthesized from lOFEDA and 4FMPD, and a flexible film was formed (Fig 31) The per­
fluormated polyimide had a high glass transition temperature (301 °C), and high imtial poly­
mer decomposition temperature (407°C) The 10FEDA/4FMPD polyimide film cured at 200°C 
was soluble m polar orgamc solvents Then, usmg the 10FEDA/4FMPD polyimide dissolved 
m acetone-d6, the visible-near-mfrared absorption spectrum was measured (Fig 32). The sohd 



Table 18 Charactenst1cs of fluormated poly1m1des 

Monomers Im1d1zat10n cond1t1ons 
D1anhydnde D1amme Solvent, temperature( 0 C)/t1me(h) 

PMDA 3Fdiamme NMP/DCB, 165 (chemical) 
BPDA 3Fd1amme NMP/DCB, 165 (chemical) 
6FDA 3Fd1amme NMP/DCB, 165 (chemical) 

"Inherent v1scos1t1es were measured with NMP solution at 25°C 
DCB, o-d1chlorobenzene 
Source Ref 31 

PI v1scos1ty• Molecular Film 
(TJ [dl/g]) weight formation 

0 65 Yes 
0 47 Yes 
0 36 Yes 

D1electnc 
constant 

.... .... 
~ 
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DI 
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6FDNODA 

6FDN4,4-6F 

6FDN3,3-6F 

Figure 26 Chemical structures of the fluormated poly1m1des as an optical wavegmde material (From 
Ref 33 ) 

hne md1cates the absorbance of IOFEDA/4FMPD and the dashed !me md1cates that of par­
tially fluorinated poly1m1de (6FDA/TFDB) Except for a small absorpt10n peak (at 1.4 µm) 
due to moisture, the perfluormated poly1m1de has no substantial absorption peak over the wide 
wavelength range from I O µm to 1 65 [ 44] . 

Perfluormated poly1m1de with high transparency at the wavelengths of optical commum­
cauons, 1 0-1 7 µm, 1s a prom1smg matenal for optical commumcat10n apphcauons. 

IV. SUMMARY 

Fluorinated poly1m1des have been extensively mvest1gated mamly for electronics use Smee 
their first synthesis by Cntchley et al m 1972, many new fluorinated poly1m1des have been 
reported If the fluorinated polyim1des from 6FDA are considered the first-generation fluon­
nated poly1m1de, the ones currently bemg developed should be called second-generation flu­
orinated poly1mides. These fluorinated poly1m1des for electronics use require several proper­
ties, such as low d1electnc constant, low thermal expansion coefficient, and high glass trans1t1on 
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Figure 27 Synthesis scheme for the copoly1m1des from 6FDA, PMDA, and TFDB (From Ref 35 ) 
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Figure 29 Structure of perfluormated poly1m1des from P6FDA (From Ref 43) 

temperature, all at the same time. Investigations of fluorinated polyimides for optoelectronics 
use have also started recently These can be called the third-generation fluormated polyimides. 

A few difficult problems still pose challenge to the synthesis of the fluormated polyimides. 
The mam problem is the low reactivity of diammes caused by the mtroducuon of a fluorinated 
substitute, which has a strong electron-attractmg force and causes a steric effect. To solve this 
problem, one must select a fluorinated diamine that has high nucleophihc reactivity or find a 
new method of synthesizmg fluormated polyimide from a low-reactivity diamme. It is also 

F 

NC~F + 
NCVF 

F 

Figure 30 Synthesis route for lOFEDA (From Ref 43 ) 
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Figure 31 Synthesis scheme for perfluormated polynmde from lOFEDA and 4FMPD (From Ref 43 ) 

important to know the reaction mechanism m order to synthesize high-molecular-weight flu­
orinated polyimides. Some of the fluormated polyimides are soluble m certain solvents, and 
this characteristic has been used to determine the reaction mechanism of fluormated poly1m1de 
synthesis by NMR measurements 
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Figure 32 V1s1ble-near-mfrared absorption spectra of 10FEDA/4FMPD and 6FDA/TFDB poly1m1des 
dissolved m acetone-d6 (From Ref 44 ) 
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In the future, tluormated poly1m1de studies will receive more attention, and tluormated 
poly1m1des designed for both electncal and optelectncal apphcauons are expected to become 
a key matenal, for example, m mtegrated commumcat10n systems 
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