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triphenylamine units and (4-dimethylaminophenyl)-13,4-oxadiazole side groups
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Abstract: A new blue fluorescent aromatic diamine, 2-(4llémino-4-triphenylamine)-5-(4-
dimethylaminophenyl)-1,3,4-oxadiazole, is synthedim several steps. Based on this diamine four
fluorescent imide-type polymers, a polyimide ande¢h poly(amide-imide)s, are prepared by
solution polycondensation reactions. The structucds the monomers and polymers are
characterized by FTIR and NMR spectroscopy. Therpels show good solubility in organic
solvents, and have high thermal stability, the dgoosition temperature being above 380as is
determined by TGA measurements. The thermal detgoadmechanism of a polymer in an inert
atmosphere is investigated by using the coupledMBHTIR technique. The optical properties are
determined by UV-vis and fluorescence spectroscdpe polymers exhibit strong absorption
bands in the range of 357-373 nm, and blue fluemse in solution within the range of 423-469 nm
with low to moderate quantum fluorescence yieldsnfr0.11 to 1.30% and Stokes shifts values of

around 77 nm. The protonation is found to affeetspectral properties of the polymers.
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1. Introduction

Fully aromatic polyimides are one of the most im@ot classes of high performance polymers
used in many applications requiring polymer materigith high temperature resistance. These
polymers are characterized by an excellent comiomaif properties. They exhibit high thermal
and thermo-oxidative stability, good mechanicalpemties and low dielectric constant [1-3]. The
main disadvantage of aromatic polyimides is thefusibility and insolubility in organic solvents
which make them more difficult to be processedsthmiting their field of applications. Much
research effort has been expended to increasedoegsability of these polymers, for example by
introducing flexible or bulky groups into their nmamolecular chains [4, 5]. The presence of amide
groups in the polymer chains of an aromatic polgienleads to a class of polymers, aromatic
poly(amide-imide)s, which exhibit a reasonable Higgrmal stability and show improved solubility
in organic solvents and lower glass transition terafures in comparison with aromatic polyimides
of analogous chemical structure [6-8].

The incorporation of hexafluoroisopropylidene (&fpups or dimethylsilane units produces a
disruption of the crystallinity and conjugationarbmatic polyimides. These bulky groups limit the
chain packing of the polymers and increase theviodeme thus decreasing the dielectric constant.
The 6F groups improve considerably flame and olodatesistance, optical transparency and
solubility in organic solvents and decrease thestalinity, dielectric constant, water absorptiomda
color [9-12]. Also, the presence of dimethylsilameits enhances substantially the solubility in
organic solvents and maintains a high thermal althus improving the processability of the
resulting polymers. It was shown that the introdgcof silicon linked througtpara positions of
phenylene rings in the main chain gives-a conjugation and allows the transport of electfdi3s

14]. Another way to improve the solubility of thelpimides is the introduction in their main chain
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of triphenylamine groups. Such polymers exhibitcsgleoptical characteristics and hole-transport
properties and can be used in multilayer orgam@ctesluminescent devices [15].

Much research has been directed toward studying ladint-emitting polymer materials with
emission efficiency, good thermal stability andhiglass transition temperature. One approach to
develop such structures is the introduction of Bigkt-emitting fluorophores in the main or side
chains of the polymers. The development of theraimst polyimides having blue-fluorescence
properties for applications in light-emitting diedes of particular interest [16]. These polymers
exhibit high glass transition temperature and gh@aimal and chemical stability. The presence of
1,3,4-oxadiazole rings in the macromolecular chahshe polymers improves the thermal and
thermo-oxidative stability, hydrolytic resistanceada mechanical properties [17]. Due to the
electron-withdrawing character of the 1,3,4-oxadiaz ring, several oxadiazole-containing
polymers were studied for the construction of orgdight-emitting diodes [18]. It is known that
the polymers with electron donor dimethylamino siibsnts in thepara-position of the pendant
chromophoric 2,5-diphenyl-1,3,4-oxadiazole unit premising candidates for emissive materials in
light-emitting diodes. The substituted diphenyl;4;8xadiazoles are able to transport holes as well
as electrons and show an intense fluorescencelf18®ur laboratory we have prepared poly(1,3,4-
oxadiazole-imide)s, poly(1,3,4-oxadiazole-esterdie)¢ and polyazomethines derived from an
aromatic diamine 2-(4-dimethylaminophenyl)-5-(3jardinophenyl)-1,3,4-oxadiazole [20-22].
Starting from another diamine, 4diamino-4'-[2-(4-phenoxy)-5-(4-dimethylaminophenyl)-1,3,4-
oxadiazole]-triphenylmethane we prepared aromabiygmides, polyimides, poly(amide-imide)s
and polyazomethines having 2-(4-phenoxy)-5-(4-dhpleiminophenyl)-1,3,4-oxadiazole pendant
groups [23-25]. These polymers showed fluorescamselution and in solid state. Their solutions
exhibited fluorescence in the blue region, withhhgguantum yield and large Stokes shift values.
Protonation with HCI as a dopant caused a sigmfickecrease of fluorescent intensity, due to the
presence of nitrogen atoms with a free electronfpamn 1,3,4-oxadiazole rings and dimethylamino

groups.
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Herein, as part of our continuing interest in theparation of thermally stable polymers with
special properties for different applications, vescribe the synthesis of a new aromatic diamine, 2-
(4,4-diamino-4-triphenylamine)-5-(4-dimethylaminophenyl)-1,3,4aakazole, containing a
triphenylamine unit, 1,3,4-oxadiazole ring and eethylamino group. Based on this diamine, a
polyimide and three poly(amide-imide)s were prepaa@d characterized. The influence of the
polymer structure on the properties, such as sdlyhglass transition temperature, thermal stapili
and optical characteristics was studied. For onethef polymers a mechanism of thermal

decomposition in nitrogen was proposed.

2. Experimental
1. Materials

4-Dimethylaminobenzohydrazide, 4-nitrobenzoyl chlder 1-fluoro-4-nitrobenzene, 44
(hexafluoroisopropylidene)diphthalic anhydrid€FDA), 4,4-(4,4-isopropylidenediphenyl-1'41
diyldioxy)dianiline, phosphorus oxychloride (PQJCsodium hydrosulfide monohydrate, palladium
on activated carbon (1 wt%) were provided from Addrand used as received. 1-Methyl-2-
pyrrolidone (NMP) (Aldrich) was purified by stirgnwith NaOH and distilled from s prior to
use. Pyridine (Aldrich) was purified by stirring twiNaOH and distilled. Cesium fluoride (CsF)
also purchased from Aldrich, was dried for 6 h @@°C before use. The synthesis of 2,2H&j-
chloroformylphenyl)phthalimidyl]hexafluoropropane 8) ( and 2,2-bidN-(4-

chloroformylphenyl)phthalimidyl]dimethylsilan®) was described elsewhere [26, 27].

2.2. Characterization

FTIR spectra were recorded on a Bruker Vertex 7f@eguencies ranging from 400 to 4000
cm?® by using KBr pellets. The NMR spectra were recdrdm a Bruker Avance Il 400
spectrometer operating at 400.1 and 100.6 MHZHband**C nuclei respectively. Samples were
recorded with either a 5 mm multinuclear inverseedion z-gradient probéH spectra and all H-C

2D experiments) or with a 5 mm four nuclei direetattion z-gradient prob&C spectra). All the
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experiments were recorded using standard pulsesseqs, in the version with z-gradients for 2D
spectra, as delivered by Bruker with TopSpin 2.16 Fdpectrometer control and processing
software. Chemical shifts are reported dnunits (ppm) and were referenced to the internal
deuterated solvent foH and**C chemical shifts (DMSO referenced'sit 2.51 ppm and’C: 39.47
ppm). Electrospray ionization mass spectrometryl{##S) was performed on an Agilent 6520
Series Accurate-Mass Q-TOF LC/MS. Data were cade@cand processed using MassHunter
Workstation Software Data Acquisition for 6200/6586€ries, version B.01.03. The sample was
dissolved in DMSO and diluted with methanol 1:9/§yivithout added salt or acid prior to analysis.
The molecular weights and their distribution westetimined by gel permeation chromatography
(GPC) with a PL-EMD 950 evaporative mass detectostrument. Two poly(styrene-co-
divinylbenzene) gel columns (PLgel ;on Mixed-D and PLgel 5um Mixed-C) were used as
stationary phase whild,N-dimethylformamide (DMF) was the mobile phase. Bhent flow rate
was 1.0 mL mift. Polystyrene standards of known molecular weightewused for calibration.
Differential Scanning Calorimetry (DSC) was perfean on a Mettler Toledo DSC822
Approximately 10 mg of sample were tested applyngeating rate of 10°C minfrom 20 to
300°C. Thermal stability was analyzed by means oMettler Toledo TGA-SDTA 851
derivatograph. The thermogravimetric (TG) and deiixe thermogravimetric (DTG) curves were
recorded in nitrogen, with a flow of 20 mL rffitin the temperature interval of 25-3@and with
the heating rate of 2@ min™. The coupled technique TG/MS/FTIR was applied gisimlevice that

is composed of a thermogravimetric analysis detyipes STA 449 F1 Jupiter (Netzsch, Germany),
coupled with a spectrophotometer type Vertex-70 RFT(Bruker, Germany) and a mass
spectrometer QMS model 403 CAéolos (Netzsch, Geynarhe analyzed sample mass ranged
between 7.3 and 8.4 mg and the applied heatingwasel 0C min™in the temperature range of 25-
68C°C in nitrogen. Further information on the techniadlaracteristics and operation of the
TG/MS/FTIR system is detailed in a previous pagd8].] UV-visible absorption spectra were

recorded in the 270-570 nm spectral range using/\avisible spectrophotometer (Analytic Jena
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210 Plus) and steady state fluorescence measurement performed on a Perkin Elmer LS 55
fluorescence spectrometer. Fluorescence spectm reeorded between 350-670 nm, by exciting
the polymer samples at the wavelength corresponidirtpe absorption maximum. The absolute
fluorescence quantum yields were measured witmi@giating sphere on an Edinburg Instruments
FLS980 Spectrometer, at a concentration of 1.86l L™. Both the samples and reference were
excited at the same wavelength. The Stokes shiéte walculated as the difference between the
wavenumbers corresponding to the maxima of therphen and emission bands. All the solvents
of different polarities used for absorbance andrifiscence measurements were of spectrometric

grade. All spectral measurements were performedoah temperature.

2.3. Yynthesis
2.3.1. N-(4-dimethylaminobenzoyl )-N'-(4-nitr obenzoyl )hydrazine (3)
4-Dimethylaminobenzohydrazide (Aldrich) (4.475 )Zb mol), NMP (35 mL) and pyridine (2
mL) were placed in a 100 mL three-necked flask gogd with mechanical stirrer, and the mixture
was stirred until complete dissolution was achievélde solution was cooled to 0°C, and 4-
nitrobenzoyl chloride (4.637 g, 0.025 mol) was atldader stirring. The flask content was kept at
0°C for 1 h and at room temperature for 6 h. Thectien mixture was poured in water while
stirring, and the resulting precipitate was filtdirevashed with water and dried. Yield: 85%. FTIR
(KBr, cm®): 3252 (NH of hydrazide), 3020, 2918, 2865, 1680NH), 1639 (CONH), 1605 and
1510 (-C-C- aromatic), 1372 (C-N), 1343 (NH NMR (CDCk, 400 MHz)s (ppm): 3.01 (6H, s,
CHs), 6.76 (2H, dJ = 8.8 Hz, H-3), 7.82 (2H, dl = 8.8 Hz, H-2), 8.15 (2H, d} = 8.8 Hz, H-2),
8.38 (2H, dJ = 8.8 Hz, H-3'), 10.26 (1H, s, NH-6), 10.72 (1H,NH-6"). 1*C NMR (CDC}, 100
MHz) 6 (ppm): 39.6 (2C, ChJ, 110.8 (2C, C-3), 118.6 (1C, C-1), 123.7 (2C, 5-B8.9 (4C, C-2
and C-2'), 138.4 (1C, C-1'), 149.3 (1C, C-4), 15Z1C, C-4), 164.4 (1C, C-5), 165.7 (1C, C-6).

ESI-MS: calcd. for GsH16N4O4 m/z = 328.322¢M ], found m/z = 329.2577 [M+H]



2.3.2. 2-(4-Nitrophenyl)-5-(4'-dimethylaminophenyl)-1,3,4-oxadiazol e (4)

Compound3 (4 g) and POGI(50 mL) were introduced in a flask equipped withgmetic
stirrer, and refluxed for 6 h. After cooling to rmdemperature, the reaction mixture was poured in
an ice-water mixture, and the resulting precipitate filtered, washed several times with water and
dried. Yield: 87%. FTIR (KBr, ci): 3025 (C-H aromatic), 2918 and 2865 (N 1606 and
1510 (-C-C- aromatic), 1580 and 1341 (N&bretching), 1017 and 960 (1,3,4-oxadiazdld)NMR
(CDCls, 400 MHz)5 (ppm): 2.88 (6H, s, C#), 6.56 (2H, d,J = 8.8 Hz, H-3"), 7.76 (2H, d] = 9.2
Hz, H-2"), 8.09 (2H, d,J = 8.8 Hz, H-2"), 8.17 (2H, dJ = 8.8 Hz, H-3").1*C NMR (CDC}, 100
MHz) & (ppm): 39.5 (2C, CH), 109.22 (1C, C-1"), 111.1 (2C, C-3"), 123.8 (AT3"), 126.9 (2C,
C-2'), 128.0 (2C, C-2”), 129.3 (1C, C-1'), 148.6Q1C-4), 152.2 (1C, C-4"), 161.2 (1C, C-2),
165.8 (1C, C-5). ESI-MS: calcd. for;£814N4Os m/z = 310.3074 [M, found m/z = 311.2457

[M+H] "

2.3.3. 2-(4-Aminophenyl)-5-(4'-dimethylaminophenyl)-1,3,4-oxadiazol e (5)

Compound4 (8 g, 0.0334 mol) was dissolved in 250 mL boilindpagmol. To this boiling
solution sodium hydrosulfide monohydrate (10 g) wedded within 20 min and after a half hour a
clear dark green solution was obtained. The hatrethsolution was filtered and after cooling to
room temperature a white precipitate was separdfiett: 82%. FTIR (KBr, crit): 3447, 3350 and
3220 (NH), 3037 (aromatic C-H), 2915 and 2853 (N@:H 1608, 1495 (C-C aromatic), 1011 and
960 (1,3,4-oxadiazole)*H NMR (CDCk, 400 MHz)s (ppm): 3.05 (6H, s, C), 4.03 (2H, bs,
NH,), 6.75 (4H, d,J = 8.8 Hz, H-3’ and H-3"), 7.90 (2H, d,= 8.4 Hz, H-2’), 7.95 (2H, d] = 8.8

Hz, H-2"). 3C NMR (CDC}, 100 MHz)§ (ppm): 40.1 (2C, CH), 111.4 (1C, C-17), 111.6 (2C, C-
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37), 114.2°(1C, C-1"), 114.7 (2C, C-3’), 1281 (2C-2"), 128.4 (2C, C-2), 149.3 (1C, C-4"), 152.1

(1C, C-4), 163.9 (1C, C-2), 164.4 (1C, C-5). ESSMalcd. for GeHigN4sO miz = 280.3244 [N,

found m/z = 281.2570 [M+H]

; « N=N . 4
H,C_ 4 1 T 1

5 2 2
H,C o

2.3.4. 2-(4,4'-Dinitro-4 "triphenylamine)-5-(4-dimethylaminophenyl)-1,3,4-oxadiazol e (6)

Compounds (5.54 g, 19.79 mmol), CsF (10.52 g, 69.29 mmolfiudro-4-nitrobenzene (5.6 g, 20
mmol) and DMSO (70 mL) were added in a three nedlask. The reaction mixture was heated at
140°C under stirring and inert atmosphere for 24ithwas cooled to room temperature and
precipitated into water. The yellow precipitate when collected by filtration and washed with
water. Yield: 69%. Mp. 235-23C. FTIR (KBr, cm): 3079 (aromatic C-H stretching), 2910 and
2869 (aliphatic C-H stretching), 1600 and 1504 ifaatic C-C stretching), 1580 and 1341 (NO
stretching), 1008 and 954 (oxadiazole ring), 845N(Gtretching for aromatic N0 'H NMR
(CDCls, 400 MHz)s (ppm): 3.07 (6H, s, C8), 6.76 (2H, dJ = 8.8 Hz, H-3"), 7.22 (4H, d] = 9.2
Hz, H-3%), 7.28 (2H, dJ = 8.8 Hz, H-3'), 7.97 (2H, d] = 8.8 Hz, H-2"), 8.13 (2H, d] = 8.4 Hz,
H-27), 8.19 (4H, dJ = 9.2 Hz, H-2*).2*C NMR (CDCE, 100 MHz)s (ppm): 40.1 (2C, Ch), 110.5
(1C, C-1"), 111.6 (2C, C-3"), 122.2 (1C. C-1'), 1334C, C-3*), 125.7 (4C, C-2*%), 126.4 (2C, C-
3", 128.4 (2C, C-2"), 128.7 (2C, C-2'), 143.4 (2C;1%), 147.4 (1C, C-4’), 151.3 (2C, C-4%),
152.5 (1C, C-4"), 162.5 (1C, C-2), 165.5 (1C, C-BSI-MS: calcd. for GH.:NgOs m/z =

522.5115 [M], found m/z = 523.2763 [M+H]

n » N—N ' !
Hsc\N4 SRR 4

2.3.5. 2-(4,4 ~diamino-4 "-triphenylamine)-5-(4-dimethylaminophenyl)-1,3,4-oxadiazol e (7)
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The dinitro compound (9 g, 15.10 mmol), Pd/C (Pd content 1%, 0.46 gyl ethanol (200 mL)

were introduced in a three neck round-bottom fla$kdrazine monohydrate (70 mL) was slowly
added and the reaction mixture was heated to rdfuxt2 h. The hot mixture was filtered to
remove Pd/C and the solvent was evaporated. Thdtings product was recrystallized from
ethanol. Yield 26%. Mp. = 248-24Q. FTIR (KBr, cm'): 3456, 3350, 3220 (N§), 3028 (C-H
aromatic), 2907, 2857 (C-H aliphatic), 1610, 15Q0oihatic C-C stretching), 1010, 950
(oxadiazole ring).'H NMR (CDCk, 400 MHz)d (ppm): 3.05 (6H, s, CH), 5.12 (4H, bs, Nb),
6.66 (4H, dJ = 8.6 Hz, H-3*), 6.75 (2H, d] = 9.0 Hz, H-3"), 6.89 (2H, dl = 8.8 Hz, H-3’), 7.00
(4H, d,J = 8.6 Hz, H-2*), 7.82 (2H, d] = 8.8 Hz, H-2'), 7.94 (2H, d] = 8.8 Hz, H-2").2*C NMR
(CDCl;, 100 MHz)6 (ppm): 40.1 (2C, CH), 111.5 (1C, C-17), 111.6 (2C, C-3"), 114 (1C, §:1
116.1 (4C, C-3%), 117.5 (2C, C-3'), 127.6 (2C, Q;2127.7 (4C, C-2¥), 128.1 (2C, C-2"), 137.9

(2C, C-1%), 143.5 (2C, C-4%), 151.6 (1C, C-4"), 1841C, C-4"), 163.9 (1C, C-2), 164.3 (1C, C-5).
UV-Vis (DMSO): = 364 nm. Fluorescence ( DMSOY;,,= 412 nm, S$ 48 nm, QY= 8.28%.

ESI-MS: calcd. for GgH26NsO m/z = 462.5458 [M], found m/z = 463.3731 [M+H]

2.3.6. Synthesis of poly(amide-imide)s 10a, 10b and 10c

The poly(amide-imide)slOa-c were synthesized by solution polycondensation i@acof
diamine7 with diacid chlorides or 9, in NMP as a solvent and in the presence of pyeidis acid
acceptor. In a typical experimeritQa was prepared as follows: diamiidg0.462 g, 0.001 mol),
NMP (6 mL) and pyridine (0.2 mL) were introducedoira flask and the mixture was stirred under

nitrogen until complete dissolution. Diacid chlai@ (0.719 g, 0.001 mol) was added and the
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reaction mixture was stirred for 10 h to yield acaus polymer solution. The solution was diluted
to about 5% by addition of more NMP and the polymvas precipitated by pouring into methanol.
The precipitated product was filtered, washed weitfianol and water and dried under vacuum at
110°C for 10 h to give poly(amide-imide)0a The poly(amide-imidelOb was prepared starting
from 7 (0.462 g, 0.001 mol) and diacid chloriél€0.627 g, 0.001 mol) while copolyamid@cwas
prepared from diacid chlorid® (0.719, 0.001 mol) and a mixture 8f(0.231 g, 0.0005 mol) and
4,4-(4,4-isopropylidenediphenyl-1'Aiyldioxy)dianiline (0.205 g, 0.0005 mol).

10a

FTIR (KBr, cmi‘): 3430 (NH stretching), 3043 (aromatic C-H), 292855 (C-H aliphatic), 1786
and 1726 (C=0 of imide ring), 1671 (C=0 of amids)10 and 1508 (C-C aromatic) 1368 (C-N of
imide ring), 1192 and 1210 (C-F), 1017 and 961 ,ft¢kadiazole ring), 720 (C=0 bending of
imide ring). *H NMR (DMSO-d6, 400 MHz) (ppm): 3.02 (6H, s, C¥), 6.85 (2H, bs, H-2), 7.02
(2H, bs, H-9), 7.20 (4H, bs, H-12), 7.64 (4HJds 7.2 Hz, H-18), 7.79 (2H, bs, H-23), 7.85 (6H,
bs, H-3 and H-13), 7.91 (2H, bs, H-8), 8.00 (2H, H25), 8.10 (4H, dJ = 8.4 Hz, H-17), 8.22
(2H, bs, H-26), 10.45 (2H, bs, NHFC NMR (DMSO-d6, 100 MHz) (ppm): 39.7 (2C, Ck), 64.6
(1C, heptetJcr = 25 Hz, C-28), 109.9 (1C, C-4), 111.7 (2C, C2)4.9 (1C, C-7), 119.3 (2C, C-
9), 121.7 (4C, C-13), 123.3 (2C, dr = 287 Hz, C-29), 123.7 (2C, C-23), 124.5 (2C, §-2@6.1
(4C, C-12), 127.1 (4C, C-18), 127.7 (4C, C-3 anfl)Ct28.3 (4C, C-17), 132.6 (2C, C-22), 132.9
(2C, C-27), 134.4 (2C, C-19), 134.7 (2C, C-16), .936IC, C-14 and C-25), 137.4 (2C, C-24),

141.6 (2C, C-11), 150.3 (1C, C-10), 152.2 (1C, C18p.8 (1C, C-6), 163.9 (1C, C-5), 164.9 (2C,

C-15), 165.7 and 165.9 (4C, C-20 and C-21). UV-UnVISO): )\abE = 372 nm. Fluorescence

(DMSO): A,y = 469 nm, SS 92 nm, QY= 0.11%. GPCM, = 19500 g mét, M, =25700 g mdt,

PDI = 1.32.
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FTIR (KBr, cmi‘): 3384 (N-H stretching), 3043 (aromatic C-H), 392854 (C-H aliphatic), 1786
and 1726 (C=0 of imide ring), 1671 (C=0 of amide€p8 and 1504 (C-H aromatic), 1368 (C-N of
imide ring), 1017 and 965 (1,3,4-oxadiazole rin§260 and 810 (Si-C stretching), 719 (C=0
bending of imide ring)'H NMR (DMSO-d6, 400 MHz) (ppm): 0.80 (6H, bs, C#Si), 3.02 (6H,

s, CHy), 6.85 (2H, bs, H-2), 7.02 (2H, bs, H-9), 7.20 (4id, H-12), 7.63 (4H, d = 8.1 Hz, H-18),
7.85 (6H, bs, H-3 and H-13), 7.90 (2H, bs, H-8D18(2H, bs, H-26), 8.09 (4H, d,= 8.3 Hz, H-
17), 8.12-8.15 (4H, m, H-23 and H-25), 10.42 (2K, KH).*C NMR (DMSO-d6, 100 MHz)
(ppm): -3.3 (2C, CHtSi), 39.7 (2C, Ch), 109.9 (1C, C-4), 111.7 (2C, C-2), 115.0 (1C,)C129.3
(2C, C-9), 121.6 (4C, C-13), 122.7 (2C, C-26), 228.C, C-12), 127.0 (4C, C-18), 127.7 (4C, C-3
and C-8), 128.2 (4C, C-17), 128.4 (2C, C-23), 13@®, C-22), 132.5 (2C, C-27), 134.3 (2C, C-
16), 134.6 (2C, C-19), 135.9 (2C, C-14), 140.3 (B25), 141.5 (2C, C-11), 145.7 (2C, C-24),

150.3 (1C, C-10), 152.1 (1C, C-1), 162.8 (1C, Ci63.9 (1C, C-5), 164.8 (2C, C-15), 166.6 and

166.9 (4C, C-20 and C-21). UV-Vis (DMSO’);abS: 373 nm. Fluorescence (DMS3),,= 423 nm,

SS=50 nm, QY= 0.88%. GPCM, = 33600 g mot, My, = 46100 g mot, PDI = 1.37.
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FTIR (KBr, cm®): 3429 (N-H stretching), 3041 (C-H aromatic), 298921, 2853 (C-H aliphatic),
1777, 1721 (C=0 of imide ring), 1669 (C=0 of amjdEj09 and 1507 (C-H aromatic), 1364 (C-N
of imide ring), 1220 (aromatic -C-O-C-), 1209 ant9Q (C-F), 1017 and 955 (1,3,4-oxadiazole
ring). *"H NMR (DMSO-d6, 400 MHz) (ppm): 3.02 (6H, s, CH), 6.62 (s), 6.71 (d) = 7.8 Hz),
6.85 (2H, dJ = 8.1 Hz), 7.04 (2H, d] = 8.5 Hz), 7.11 (dJ = 8.4 Hz), 7.22 (4H, d] = 7.8 Hz),
7.36 (t,J = 7.7 Hz), 7.64 (4H, d] = 7.0 Hz), 7.79 (2H, bs), 7.83-7.85 (6H, m), 7(28, d,J = 8.4
Hz), 8.00 (2H, bs), 8.10 (4H, d,= 7.6 Hz), 8.22 (2H, dJ = 5.6 Hz), 10.41 (2H, bs, NH). 10.45
(2H, bs, NH)**C NMR (DMSO-d6, 100 MHzy (ppm): 39.7 (2C, Ch), 64.6 (1C, heptetlcr = 25
Hz), 107.4 (CH), 109.9 (1C), 111.7 (2C), 112.0 (CH)5.0 (1C), 119.3 (2C), 119.6 (CH), 121.6
(4C), 121.9 (CH), 123.3 (2C, dcr = 287 Hz), 123.7 (2C), 124.4 (2C), 126.0 (4C), .02(AC),
127.6 (4C), 128.2 (4C), 130.9 (CH), 132.5 (2C), .23@C), 134.3 (2C), 134.6 (2C), 135.2 (C),

135.8 (4C), 137.4 (2C), 141.6 (2C), 150.3 (1C),.63C), 152.1 (1C), 158.7 (C), 162.8 (1C), 163.9

(1C), 164.8 (2C), 165.7 and 165.9 (4C). UV-Vis (D®IS A, = 373 nm. Fluorescence (DMSO):

Ao = 452 nm, SS 79 nm, QY= 0.18%. GPC10c M, = 28800 g mét, M,= 36100 g mot, PDI =

1.25.

2.3.7. Synthesis of polyimide 11
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Polyimide 11 was prepared by a two-step polycondensation wacdf diamine7 with
dianhydride6FDA. In a 100 mL three-necked flask equipped with maata stirrer and nitrogen-
inlet and outlet were introduced diamin€0.462 g, 0.001 mol) and NMP (6 mL). The mixturasw
stirred under nitrogen to the complete dissoluaod 6FDA (0.444 g, 0.007 mol) was added and
stirring was continued for 12 h. Then, pyridinenfB) and acetic anhydride (2 mL) were added and
the resulting solution was heated at 100°C for Zhe flask was cooled-down to room temperature
and the solution was poured into methanol to pretg the polymer. The solid product was
filtered, washed three times with water underistyrand dried at 100°C. FTIR (KBr, ¢th 3070
(C-H aromatic), 2931, 2850 (C-H aliphatic), 17841d725 (C=0 of imide ring), 1612 and 1500 (-
C-C- aromatic), 1210 and 1192 (C-F), 720 (C=0 beqdif imide ring). '"H NMR (DMSO-d6, 400
MHz) & (ppm): 3.02 (6H, s, C4), 6.85 (2H, bs, H-2), 7.21 (2H, bs, H-9), 7.32 (4id, H-12), 7.48
(4H, bs, H-13), 7.78 (2H, bs, H-18), 7.86 (2H, Hs3), 7.96-8.01 (4H, m, H-3 and H-20), 8.20 (2H,
bs, H-21).1*C NMR (DMSO-d6, 100 MHz)p (ppm): 39.7 (2C, CH}, 64.5 (1C, heptetlcr = 25
Hz, C-28), 109.8 (1C, C-4), 111.7 (2C, C-2), 11A¢, C-7), 122.3 (2C, C-9), 123.3 (2C.J¢ =
291 Hz, C-29), 123.5 (4C, C-18), 124.3 (2C, C-2Pp.1 (4C, C-12), 127.5 (4C, C-14), 127.7 (2C,
C-3), 127.9 (2C, C-8), 128.7 (4C, C-13), 132.6 (2£17), 132.9 (2C, C-22), 135.8 (2C, C-20),

137.5 (2C, C-19), 145.7 (2C, C-11), 149.5 (1C, ¢-162.2 (1C, C-1), 162.6 (1C, C-6), 164.2 (1C,
C-5), 165.9 and 166.0 (4C, C-15 and C-16). UV-VBMSO): A, = 369 nm. Fluorescence

(DMSO): A= 417 nm, SS= 43 nm, QY= 1.30%. GPC11 M, = 9200 g mdf, M,, = 12400 g

molt, PDI = 1.35.



3. Results and discussion
3.1. Synthesis of diamine 7

A new diamine7 was prepared through a sequence of reactionshagnsin scheme 1.
Dimethylaminobenzohydrazide reacted with 4-nitratmgh chloride in NMP as solvent and
pyridine as catalyst, resulting in compou®idontaining a nitro group. This compound was tretate
with POC} to give the corresponding oxadiazole nitro degvatThe reduction oft with sodium
hydrosulfite in ethanol afforded the amino oxadlazderivative5. Compound6 was prepared
starting from5 and 1-fluoro-4-nitrobenzene in the presence of.dgfe hydrogenation o was
further performed by using hydrazine hydrate amatalytic amount of Pd/C to obtain the diamine
7. The structure of the compounds7 was confirmed by FTIR and NMR spectroscopy.
Unambiguous assignments for thie and *C chemical shifts were based on two-dimensional
homo- and heteronuclear correlations ltke*H-COSY (Correlation SpectroscopyH,*C HSQC
(Heteronuclear Single Quantum Coherence) as welHBMC (Heteronuclear Multiple Bond
Coherence). All the spectra were in good agreem#iht the proposed structures. In the FTIR
spectrum of7 characteristic absorption bands appeared at 3 &) and 3220 (NH asymmetric

and symmetric stretching), 2954 and 2857 (C-H alijg, and at 1013 and 944 ¢nf=C-O-C=
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stretching in oxadiazole ring) confirming the prese of primary amine and dimethylamine groups,
and 1,3,4-oxadiazole ring (Fig. S1 of the Supplelargnmaterial). Fig. 1 represents thé¢ NMR
spectrum of7 with the assignment for all the protons. The pmet@ ortho position to the amine
groups appeared at 6.66 ppm as a doublet whilg@rbi®ns inortho position to oxadiazole ring
appeared as doublet at the highest ppm valuespibitens of aromatic amine groups appeared as a

singlet at 5.12 ppm.

Scheme 1
Figure 1
3.2. Synthesis and general characterization of the polymers
The poly(amide-imide)s10a and 10b were prepared by low-temperature solution
polycondensation reaction of with two diacid chlorides containing imide rings and 9,
respectively. The copolyimidé0c was synthesized starting from the diacid chlor@land an
equimolar mixture of diamine§ and 4,4-(4,4-isopropylidenediphenyl-1'diyldioxy)dianiline.
The polyimidell was obtained in two steps; in the first step a @olig acid was prepared by
polycondensation reaction of an equimolar amoun? @nd 6FDA, in NMP as solvent. In the
second step the poly(amic acid) was chemicallyizgdlin the presence of acetic anhydride and
pyridine. The chemical structure of the polymerglustrated in Fig. 2.
Figure 2
The structure of the polymers was confirmed by FaiR*H NMR. In the FTIR spectra of all
the polymers characteristic absorption bands appeatr around 1780, 1720, 1360 and 720 (imide
ring), at 1015 and 950 (1,3,4-oxadiazole ring) ah@919 and 2855 ci(aliphatic C-H groups)
(Fig. S2 of the Supplementary material). FTIR sgecf 10a 10c and 11 showed characteristic
absorption bands for 6F groups at around 1180 a6 &' (C-F stretching). The FTIR spectrum
of 10b presented a specific absorption band at 818 (&i-C stretching). ThéH NMR spectra of
104, 10b and 10c showed characteristic peaks of amide groups aitab@4 ppm (see Fig. 3 for

104).
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Figure 3

All the polymers were easily soluble in polar ongasolvents such as NMP, DMF, N,N-
dimethylacetamide (DMAc) and DMSO. The polyimidd was soluble in chloroform and
tetrahydrofuran while the poly(amide-imide)s wanedluble in these solvents. The good solubility
can be explained by the presence of 6F or dimel&wyks groups in their chemical structure, which
increased the flexibility of the macromolecular icilsathus enhancing the solubility. The molecular
weight was determined by GPC. The number averadecoar weight i1,) values of10a 10Db,
10cand11 were of 19500, 33600, 28800, 9200 g hakspectively, the weight average molecular
weight My) values were of 25700, 46100, 36100, 12400 g 'makspectively, and the

polydispersity index (PDI) was of 1.32,1.37, 1.2335, respectively.

3.3. Influence of the structure on the thermal stability
The thermal behavior of the polymers was investigaby DSC and TGA. The DSC
measurements did not evidence a glass transitiopature in the measurement domain. This can
be explained by a high rigidity of macromoleculaains due to the presence of 2-(4-phenoxy)-5-
(4-dimethylaminophenyl)-1,3,4-oxadiazole pendardugs which may produce steric hindrance.
The main thermogravimetric characteristics obtaifiech the analysis of the TG and DTG curves
are presented in Table 1. The DTG curves are catipaly shown in Fig. 4. The obtained results
reveal that polymer degradation comprised two oedhstages. A significant amount of residue
resulted at 90, which is the temperature at which the heatingcgss ended. If the thermal
decomposition onset temperature is taken as then#hestability criterion, the series of thermal
stability increase istOb<11<10d 10a.
Figure 4
Table 1
The analysis of the results shows the same thestadilility for 10a and 10¢ as well as
approximately the same thermal decomposition deseperature and approximately the safpgk

in the first stage. In their cases, the thermabdsmosition initiation probably occurred in the same
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groups which exist in both structures. A prior st{29], which applied the TG/MS/FTIR technique
to other polymers containing oxadiazole in theiteschain, established that thermal decomposition
initiation occurs in the methyl groups and the oaadle in the side chain. The thermal
decomposition in inert atmosphere di included three stages, where the secdpgy had
approximately the same value H3a polymer andLOc copolymer. A different behavior dfOb was
found, which exhibits the lowest thermal stabilitynen the thermal decomposition onset
temperature is considered as the thermal staloflitgrion. The temperature peak of approximately
544°C was not detected for this polymer. In order tarity aspects related to the thermal
degradation mechanism of this polymer, the coupl@dVS/FTIR technique in inert atmosphere
(nitrogen) was used. The obtained MS spectra redetilat thermal decomposition initiation is
probably due to tha andb scissions in the side chains, and to ¢heission in the amidic group
(see scheme 2). This assumption is supported bpréssence of ionic fragments m/z=15 (£
m/z = 93 (GHsNH,") and m/z = 103 (€H4sCN") (see Fig. 5a and 5b). At temperatures higher than
540°C, the decomposition continued with tthecissions in the imide group (see scheme 2). Specia
mention should be made of the ionic fragment m/z03 the intensity of which increased and
reached a temperature peak of approximately’G80t may be associated with benzonitrile
(CsHsCN") which may result, together with the ionic fragmemn’z = 44 (CQ") and the fragment
m/z = 28 (CO), from the imide group degradation (see Fig. SthefSupplementary material). The
ionic fragments m/z = 78 (Els) and m/z = 30 (CkD") was also identified in the MS spectra at
temperatures higher than 3@ (see Fig. 5¢ and 5d). Fig. S4 of the Supplemgntaaterial also
shows ionic current variation with temperature @ase for other ionic fragments, on which we
relied when we suggested the degradation mechatescribed in scheme 2, like for instance: m/z
= 18 (HO"), and also m/z = 58 (Si(G)) and m/z = 128 (NCEH4CN"), with lower intensity for
ionic current.

The degradation mechanism suggestedifily is also supported by the FTIR analysis of the

solid residue resulting after sample heating inogién at a rate of 2@ min* up to 540 and up to
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650°C. The structure o10b was identified by FTIR spectroscopy (Fig. S5 of Swgpplementary
material). In the FTIR spectra @Db characteristic absorption bands for imide ringpegped at
1786, 1726, 1360 and 732 ¢rfimide rings), 1671 (amide groups), 1017 and 96&d@zole ring)
and 1260 and 810 ¢h(Si-CHy). In the case of the same polymer heated up t6G4dth the
heating rate of 1% min™ it can be observed a significant decrease of biseration band at 1671
cm?, due to the partial decomposition of amide growrs] the disappearance of the absorption
bands of 1017 and 965 &mdue to the decomposition of oxadiazole ringssténg absorption
band appeared at 2220 ¢mrobably due to the formation of CN groups. In E¥R spectrum of
the polymer heated up to 64D the absorption bands characteristic for the inmidgs at 1786,
1726, 1360 and 732 c¢hwere not observed. Characteristic bands can he ae#620 (aromatic
systems), and at 1080 &nfvery broad) due to the formation of Si-O-Si greup
Scheme 2
Figure 5

Fig. 6 shows a comparison between the FTIR spedittained by the coupled TG/FTIR
technique for different temperatures, with a viewdetermining the degradation mechanism@j.
It can be concluded that the results were in agee¢mwith the previous results of the MS spectra
analysis. Water-specific bands ranged between 40@03400 crl, CO,-specific bands ranged
between 2400 and 2200 ¢nand between 740 and 600 ¢nand benzene-specific bands ranged
between 1600 and 1400 @nf30]. An intense peak at approximately 3015'cwas identified,
which agrees with the literature data [31] and fnayssociated with the presence of;AHtensity
peak at 1373 crhindicates the presence of benzonitrile [32], whetaa 2180 and 2108 ¢hpeaks
may be associated with the presence of carbon nde§33], results which were also supported by
the MS spectra shown in Fig S3 in the Supplementaaterial, for the ionic fragment m/z = 28
(COY. A 1265 cmi peak specific to amines [34] and a 1730'cpeak specific to carbonyl
compounds [35] were also identified, thus confirgnthe presence of ionic fragments m/z = 93

(C5H5NH2+) and m/z = 30 (Cb‘D+)
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Figure 6

3.4. Optical properties

The optical properties of the new polymers weresstigated by absorption and fluorescence
spectra in different solvents, namely NMP < 33.0), DMF ¢ = 38.25), DMAc € = 37.8) and
DMSO (£ = 46.7). The absorption and fluorescence data wellected in Table 2. In all selected
solvents these compounds exhibited a strong albsorpand located in the range of 357-373 nm,
attributed to ther-n* transitions resulting from the conjugation betwete aromatic rings and
nitrogen atoms (see Fig. 7a). The absorption spexftdOa with amide groups in the backbone
exhibited red shifts in all solvents (NMP (18 nfdMF (19 nm), DMAc (10 nm) and DMSO (20
nm)) in comparison with that of corresponding paiide 11 (see Table 2). These red shifts of the
absorption maxima are due to the specific solubeesd interactions and indicate longer
conjugation.

On the other hand, the absorption spectra foraafipdes were slightly affected by changes in
the physical properties of the solvating media {ghéhochromic shift caused by solvent was only
cca. 10 nm, as can be seen in Fig. 7, for comp&0ad

Figure 7
Table 2

Fig. 8 shows the fluorescence spectra of the iiyatsid samples in various solvents. These
spectra exhibit a single emission band in all stlyewith the emission maximum centered between
407 and 473 nm in the blue region (see Fig. 8ag. dission maximum presents anomalous blue
shifts (39 and 46 nm) in DMF and DMSO solutionspexctively froml0ato 10b (see Table 2 and
Fig. 8b), due to the presence of a flexible dimksitgne bridge that introduces a deviation from the
linearity of the chains. The copolym&@c had an emission maximum around 451 nm that is blue
shifted in DMF and DMSO solutions in comparisonhwihat of the corresponding poly(amide-
imide) 10a Moreover the hypsochromic shifts (24 nm and 13 nm) in eraissnaxima ofl0a

were observed in DMF and DMSO compared to NMP aMiAD solvents, while forlOb some
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bathochromic shifts (17 and 33 nm) were found infBDdhd DMSO compared to that of NMP and

DMAc solutions. These shifts in the fluorescencecima are a consequence of the specific solute-
solvent interactions from the system (the reorgation of local environments due to hydrogen
bonding formation). Also, the positive solvatochronbehavior of 10b in DMF and DMSO
solutions indicates greater stabilization of theiex singlet state of the compound in these saédven
compared to NMP and DMAc solventshile the absorption spectra are slightly affedigdolvent
characteristics. In all studied solvent)a, 10band 10c have the most red-shifted emission
maximum, like in absorption, compared to thoseheftorresponding diamingand polyimidell,
that can be due to the its longer conjugation lerayid to electro-affinities of 6F units which
influence thern-n* transitions (see Table 2). Also, the fluorescemeads (full width at half-
maximum of the fluorescence band, FWEMfor 10a, 10band 10cin all selected solvents (see
Table 2) are larger than that of the correspondiiagnine7 or polyimide 11, indicating that the
conjugation length is more precisely controlledofsér conjugation) in diaminé and polyimidell
[35] and the solvents influenced easily the spégraperties of these samples. For these newly
developed polyimide and poly(amide-imde)s the Cossion Internationale de L’Eclairage (G
coordinates were evaluated to e @.15, 0.06;10a: 0.18, 0.10;10b: 0.16, 0.04;10c: 0.19, 0.10;
and11: 0.18, 0.12) indicating blue emission.
Figure 8

For all investigated compounds, the large valueStokes shifts (40-100 nm, see Table 2) in
each of the solvents at room temperature were aton The polymetOahas larger Stokes shifts
values in DMF and DMSO solutions due to considerabédia (solvent) reorganization originated
from the hydrogen bonding formation [36].

The fluorescence quantum yields (QY, %) of the pwys in dilute DMSO solution are listed
in Table 2. The highest QY value of 8.28 % was olex for diamine7, that is much higher than

that of corresponding polyimides and poly(amidedi@)s. The polymerd0Oa and 10c had the
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lowest QY values of around 0.1 %. The luminesceamezntum yields range from 0.11 to 8.28%,
thereby indicating a quenching effect for the coomts derived from diaming

Figs. 9a and 9b display the emission spectra of(aolide-imide)10b and diaminéeZ with an
increase of excitation wavelength from 363 to 4 Rluorescence spectra displayed an emission
pattern slightly dependent on the excitation wawglle (Fig. 9a), namely it can be found that as the
excitation wavelength increased the emission baatedsed in intensity and a shift to longer
wavelengths (a very small red shift) appeared. &lsesall red shifts can be associated with a strong
correspondence between excitation energy and tirenic structure of the emission spectra [37]
and with the existence of many binding speciehiengystem, due to the more intense interactions
between solute and solvent [38]. Also, from Figwaes observed that fai0b the spectral shifts are
followed by a slightly decrease in fluorescencedbadth (the full width at half-maximum of the
emission band, FWHM,), while for corresponding diamiréand polyimidell no changes in the
position and shape of the emission band were redoad the excitation wavelength increased (Fig.
9b). Similar behavior was observed in all invesegacompounds in selected solvents. Compared to
10a, 10band 10c¢ the emission spectra of diamii@eand polyimidell are less sensitive to the
excitation wavelength values.

Figure 9

The studied polymers have different numbers ofogi#én atoms which can be susceptible to
protonation. Thus, the influence of dilute HCI s@muo on the absorption and fluorescence spectra
of 10ain NMP solution was monitored. The changes obskmethe UV-Vis spectra otOain
NMP solution were shown in Fig. 10a. The increasethe concentration of HCIl led to the
progressive enhancement of the absorption intessitom 313 and 386 nm, respectively. These
changes in absorption intensities indicate the gmres of more than one protonated species in
solution [39] Fig. 10b shows the fluorescence responsd @ in acidic medium where a gradual
decreases in emission intensity and small bluet gthe emission maximum of the solution

containing 65Q.L HCI was moved to 435 nm with respect to neutaltson) of emission band
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with a progressive increase in acid strength of niedium were observed. These changes in
emission spectral characteristics are attributedgootonation process of the nitrogen atoms.
Figure 10

4. Conclusions

A new aromatic diamine 2-(4;diamino-4-triphenylamine)-5-(4-dimethylaminophenyl)-
1,3,4-oxadiazole was synthesized and used forrigygapation of a polyimide and three poly(amide
imide)s. The polymers were soluble in organic salseand exhibited high thermal stability, with
decomposition temperature above 3B0A mechanism of thermal decomposition in nitrogéra
poly(amide-imide) was estimated by using the cadipl€&s/MS/FTIR techniques. The obtained
results revealed that thermal decomposition imttrais probably due to the scissions of methyl
groups and of the oxadiazole in the side chaintbedmidic group in the main chain and continues
with the imide group degradation. The products lated during the thermal decomposition
process in nitrogen atmosphere were water, carloxide, benzene, methane, benzonitrile, aniline
and carbon monoxide. The optical properties ofnth@ diamine and polymers were studied by UV-
vis and fluorescence spectroscopy. The absorptidriflaorescence maxima were observed at 357-
373 nm and 407-469 nm, respectively, dependinghenstructure of the compounds and the
characteristics of the solvating media. The polgrehowed blue fluorescence in solution, with
low to moderate quantum fluorescence yields varfiog 0.11 to 1.30%. Stokes shifts values were
around 77 nm. The emission peaks of poly(amide@)sidvere broader than those of diamine and

polyimide. Under acidic conditions the emissioncseof investigated compounds were altered.
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Figure captions

Scheme 1Synthesis of diamin@.

Scheme 2The proposed thermal degradation mechanisrii@Gor

Fig. 1.'H NMR spectrum of diamin@.

Fig. 2. Chemical structure of poly(amide-imide€))8a 10b, 10¢ and polyimidell.

Fig. 3.'H NMR spectrum ofl0a

Fig. 4.DTG curves of polymer$0 and11.

Fig. 5. lonic current variation with temperature for tmagments: m/z = 15 (a), m/z = 103 and 93
(b), m/z =78 (c) and m/z = 30 (d), fd@b.

Fig. 6. FTIR spectra of the volatile products evolved dgrihermal decomposition @bb.

Fig. 7. UV-Vis absorption spectra for the all investightgolymers in DMF solution (a) and for
poly(amide-imide)LlOain selected solvents (b).

Fig. 8. Fluorescence spectra of all investigated sampldBMF solution (a) and of poly(amide-
imide) 10b in selected solvents (b), the CIE 1931 (X,Y) chrbtaiy diagram of all investigated
compounds in dilute DMSO solution (c).

Fig 9. The emission spectra f@aOb in DMAc solution (a) and diaminé in DMF solution (b) with
an increase of excitation wavelength from 363 t6 A.

Fig. 10.Changes in the UV-Vis absorption (a) and emisspectra (b) ofl0aupon the addition of

dilute solution of HCI.
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Scheme 2
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Figure 2
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Figure 3
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Figure 4
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Figure 5
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Figure 6
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Figure 9
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Figure 10
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Table 1

Thermogravimetric characteristics of the polymers.

41

TOnseta TPeakb TEndsetC Wd M Reside
Polymer Stage
(°C) (°C) (°C) (%) (%)

I 442 541 579 27.47

10a 51.24
Il 579 624 721 21.29
I 381 503 540 22.43

10b 50.93
Il 540 572 721 26.64
I 441 543 561 23.56

10c 57.84
Il 561 601 701 18.60
I 396 458 524 15.30

11 [l 524 548 570 10.37 53.23
1] 570 618 700 21.10

8The onset temperature of the decomposition.

P Thermal degradation peak temperature of the decsitipo process.
“The end set temperature of the decomposition.

9Mass loss in every stage.

®Weight loss after the end of decomposition process.



Table 2

The values of maxima at the highest wavelength rakisa bands {,,) and emission bands

(M), Stokes shifts (SS), the full width at half-maxim of the emission band (FWHM and

emission quantum yields (QY) values for investigasamples (c = 1.520° mol L), in selected

solvents.
Compound Media A Aem SS  FWHMem QY
(nm) (nm) (nm) (nm) (%)
7 NMP 288", 366 409 43 64 -
DMF 288", 363 408 45 64 -
DMAc 288", 363 407 44 60 -
DMSO 288", 364 412 48 62 8.28
10a NMP 369 444 75 107 -
DMF 368 468 100 117 -
DMAc 360 455 95 89 -
DMSO 372 469 92 114 0.11
10b NMP 373 447 74 105 -
DMF 357 429 72 115 -
DMAc 368 456 88 100 -
DMSO 373 423 50 107 0.88
10c NMP 369 446 77 103 -
DMF 369 451 82 106 -
DMACc 369 451 82 97 -
DMSO 373 452 79 106 0.18
11 NMP 368 439 42 80 -
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ACCEPTED MANIJSCRIPT

DMAc 367 422 41 62 -

DMSO 369 417 43 64 1.30

S"shoulder.
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Supplementary material

New blue fluorescent and highly thermostable polyinde and poly(amide-imide)s containing

triphenylamine units and (4-dimethylaminophenyl)-13,4-oxadiazole side groups

Corneliu Hamciut, Elena Hamciut Mihaela Homociany Gabriela Lisa

“petru Poni” Institute of Macromolecular Chemist#LA Aleea Gr. Ghica Voda, 700487 lasi,
Romania

Gheorghe Asachi” Technical University of lasi, Eig of Chemical Engineering and

Environmental Protection, Department of Chemicajigeering, 73 D. Mangeron Street, lasi,

Romania
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Fig. S1.FTIR spectrum of diaming&.
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Highlights
. A new blue fluorescent diamine having atriphenylamine group and 1,3,4-oxadiazole ring

was synthesized,

. Highly thermostable aromatic polyimide and poly(amide-imide)s with blue fluorescent

properties were prepared;

. A therma decomposition study was performed;

. The fluorescence characteristics were determined in solution using different solvents;

. The fluorescence quenching process was studied in the presence of hydrochloric acid.



