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Abstract

Substitution at the 4-position of 1,8-naphthalimide with electron-donating groups can increase fluorescent quantum yields and change
emissive wavelengths from blue to red. Based on this molecular design concept, novel naphthalimide derivatives containing Schiff base
moiety were prepared by condensing 4-hydrazino-1,8-naphthalimides with the aldehydes. Amino conjugation between the 4-amino-1,8-
naphthalimide and the substituted moiety resulted in red shift of the absorption and fluorescence maximum wavelengths in the acetonitrile
solution and in the net solid film. In the meantime, concentration-quenching effect of fluorescence for common luminescent materials was
avoided. Some of these dyes emit brilliant red fluorescence in solid films and were used as non-doping emissive materials to fabricate
electroluminescence devices. Based on these results, guidelines for the molecular design of non-doping red emissive materials for OLED
applications are presented in this paper.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction and become either weakly emissive or not emissive at all

in the solid state. While doping the red emissive materials

Full color red—green—blue (RGB) displays based on in a host matrix is the common method for the construc-
organic materials own very attractive prospects. Severaltion of red OLEDs, concentration quenching, as a result
methods have been developed for obtaining RGB color of interaction among molecules at high concentration, is a
pixels [1-3]. Since the highest driving efficiency can be common and serious problem for molecule-based emissive

achieved by using self-emitting RGB pixels, it is important
to develop light emitting materials for each of these colors.
Materials for green and blue organic light-emitting diodes
(OLEDs) with high luminance, high efficiency, saturated
emission, and substantial lifetime have been repdded].
Recently, dot matrix OLED panels with blue and green
colors became commercially available and a full color
quarter video graphics array (320240 dots) panel was
also demonstratedi8]. However, red emissive materials
with high fluorescent quantum yields are not as common
as blue or green materials in OLED applicatigdk There

materials. Though red OLEDs were improved by transfer-
ring energy from a short-wavelength emitting material such
as small organic moleculgd1] and conjugated polymers
to europium complexefl4], the concentration quenching
cannot be avoided completely. For any red dopant, in-
cluding the very famous DCM series compounds reported
previously except the systems in this work, there is an
optimal doping concentration less than 2% in the host ma-
trix [2(b),4,10] Improved device performance with doping
europium chelates, which exhibit characteristic sharp red
emission, also has been demonstrdi®]. Nevertheless, a

were only a few organic compounds reported to have red problem yet to be resolved is the insufficient overlap be-

emissions, including pyran-containing compoufitly], eu-
ropium chelate complexgd 1], and porphyrin compounds

tween the spectral bands of emission of the host matrix and
that of absorption of the red dopant. With sensitive emis-

[12-15] These dyes possess a highly concentration depen-sion variation and the need of strict control on doping level,
dent emission. They have an inherent tendency to crystallizedoping is unlikely to be a favored approach in the mass
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production of OLEDs, which requires high consistency in
production quality. On the other hand, the synthetic routes
of these red emissive compounds are rather complicated
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[5] and, consequently, result in high production cost for crease fluorescent quantum yields and tune easily the
red OLED devices. Therefore, there remains much room emission wavelengths to longer ranggx8-31] Based
and challenge for the synthesis of red emissive materialson this finding, we prepared several novel naphthalimide
with high efficiency and color purity. More recently, Chen derivatives, molecular glass materials, by condensation
et al.[17] developed a non-doping red-emissive molecule of 6-hydrazino-benzodg]-isoquinoline-1,3-dione with the
[(2,3-bisN,N-1-naphthylphenylaminod-methylmaleimide]  aldehydes as shown iBcheme 1 The synthetic proce-
with respectable efficiency and brightness. dures have more than 80% yields towards these emitting
1,8-Naphthalimide derivatives have photophysical prop- molecules. Some of them emit brilliant red fluorescence in
erties, which have been widely used as brilliant yellow solid films and the concentration-quenching phenomenon is
dyes in synthetic fiber technology and as optical brightener avoided. Non-doping film of 6N-anthracenylmethylidene-
[18,19] as functional segment for the design of dual-mode hydrazino)-benzodel-isoquinoline-1,3-dione (NP-RED3)
chemical (protons)/electrochromic molecular switcfiy, was used as emissive layer to fabricate OLEDs. NP-RED3
and as functional fluorescent imaging polym§l,22] has a red emission peak at 620 nm with a maximum bright-
Naphthalimide derivatives are also an attractive class of ness of 15.5cd/f and a maximum current density of
electron-deficient organic materials for OLEDs and are 2.9 mA/cn?.
used as a new type of electron-transporting emitting mate-
rials for both small molecule and polymer-based OLEDs
with high performance, good light stability, high fluorescent 2. Experimental
quantum vyield, and high electron affinif23,24] Related
naphthalene-tetra carboxylic diimide compounds have elec-2.1. General
tron mobility as high as 0.16 ct{(V s) [25]. However, most
of the previous work concluded that 1,8-naphthalimides 'H NMR spectra were recorded on a Brucker AM-500
compounds could be utilized for green or blue devices spectrometer. Chemical shifts were given in pf (ela-
due to the fact that naphthalimide derivatives emit light tive to tetramethysilane (TMS). Mass spectra were recorded
mainly in the blue and green-yellow regiof26]. Few com- on an MA1212 instrument using standard conditions (El,
pounds previous reported have emission wavelengths longerf70eV). UV-Vis spectra were recorded on a Varian Cary
than 600nm. As hole-blocking and electron-conducting 500 spectrometer. IR spectra were recorded on a Nico-
host materials, the 1,8-naphthalimides were best usedlet FT-IR20SX spectrometer. Photo-luminescent spectra
more recently for red phosphorescent dopant Ir-basedwere recorded on Varian Cary Eclipse. Elemental analysis
complexes[27]. In fact substitution at the 4-position of data were obtained on a Perkin-Elmer 240c instrument.
1,8-naphthalimide with electron-donating groups can in- Fluorescence lifetimes of compounds were measured by
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Scheme 1. The synthesis routes of the compounds.
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Table 1

Absorption and fluorescence spectra data of the compomﬁfg(/l(lm,
M adnm and relative fluorescence quantum yighd)( 10~4 M in CH3CN
and in the solid state)

Compounds A2 (logs) A N Al in the
CH3CN ()2 solid state

NP-REF 431.4 (429) 521 (0.90) 545

NP-RED1 4410 (4.36) 527 (0.62) 558

NP-RED2 453.4 (4.31) 546 (0.23) 643

NP-RED3 464.4 (4.42) 565 (0.14) 661

NP-RED4 477.0 (4.42) 659 (0.024) -

NP-RED5 485.2 (4.80) 536 (0.95) 618

NP-RED6 486.3 (4.78) 517 (0.96) 620

niH [35] 379(0.03)

NP-OCH; [36] 480

NP-piperazin[20] 515(0.03)

NP-N(CH)> [23] 538

2Rhodamine B in CHCN was used as fluorescence quantum yields
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8.53Hz, 1H), 7.78 (m, 3H), 7.70 (d| = 4.58 Hz, 1H), 7.05
(d, J = 8.75Hz, 2H), 4.03 (t, NCH-, 2H), 3.83 (s, OCHl
3H), 1.60 (m, —CH-, 2H), 1.35 (m, —-Ck, 2H), 0.93 {(t,
—CHg, 3H). Element analysis: Calc. forogH3N303: C
71.82,H5.74, N 10.47; Found: C 71.73, H5.72, N 10.42%.
NP-RED3: from BHBI/9-anthraldehyde, recrystallization
from ethanol/acetone (1:2) to afford red crystals with a yield
of 83%, m.p.: 238-240C. MS—EI: 471 A+). 'H NMR (in
DMSO-t) & (ppm): 9.72 (s, 1H), 8.89 (d/ = 8.42Hz,
1H), 8.84 (d,J = 8.42Hz, 2H), 8.70 (s, 1H), 8.54 (d,
J = 7.18Hz, 1H), 8.44 (dJ = 8.46Hz, 1H), 8.20 (d,
J = 847Hz, 2H), 7.89 (tJ = 7.70Hz, J = 8.00Hz,
1H), 7.73 (m, 3H), 7.62 (tJ = 7.57Hz, J = 7.36 Hz,
2H), 4.05 (t, NCH—, 2H), 1.62 (m, —Ci}, 2H), 1.36 (m,
—CHy,—, 2H), 0.93 (t, —CH, 3H). Element analysis: Calc. for
C31H25N30,: C 78.98, H 5.31, N 8.92; Found: C 78.88, H

standard and was defined as 1. NP-REF was prepared by condensa.29, N 8.89%.

tion of 2-butyl-6-hydrazino-benzaig]-isoquinoline-1,3-dione with acetal-
dehyde[20]. NiH: 1,8-naphthalimide[35]; NP-OCH;: 4-methyoxyIN-
butyl-1,8-naphthalimidg36]; NP-piperazin: 4-(4methyl-piperazin-1-yl)-
N-butyl-1,8-naphthalimide [20]; NP-N(CHg)2: 4-dimethylaminoN-
butyl-1,8-naphthalimidg23].

NP-RED4: from BHBI/4-dimethylaminobenzaldehyde,
recrystallization from ethanol/acetone (2:1) to afford
red-brown crystals with a yield of 78%, m.p.: 26722
MS-EI: 414 M*). 'H NMR (in DMSO-ds) & (ppm): 8.79
(d, J = 8.47Hz, 1H), 8.47 (dJ = 7.26Hz, 1H), 8.36

single-photon counting technique (Edinburgh FL 900) with (¢ ; — 4.29Hz, J = 4.23Hz, 2H), 7.77 (tJ = 8.26,
a hydrogen-filled flash lamp or a nitrogen lamp as the ; — 7.47Hz 1H), 7.65 (ddJ = 8.54, J = 8.85Hz, 3H),
excitation source. Data were analyzed using a non-linearg 79 (4,7 = 8.9 Hz, 2H), 4.03 (t, NCh—, 2H), 3.00(s, 6H),
least-squares fitting program with deconvolution method. 1 60 (m, —CH_, 2H), 1.35 (m, —Ch—, 2H), 0.93 (t, —CH,
The temporal resolution after deconvolution of the exciting 3p). Element analysis: Calc. forsgH26N4O,: C 72.46, H

pulse was~200 ps. The absorption and fluorescence spectrag 28 N 13.53: Found: C 72.36, H 6.25, N 13.48%.

data of the compounds in the solution and in the solid film
are shown irrable 1

2.2. Syntheses

All the compounds were derived from 2-butyl- or
2-dodecyl-6-hydrazino-benzald]-isoquinoline-1,3-diones
which were previously reportef20]. General process of
preparing NP-RED1-4: 1 g (3.5 mmol) 2-butyl-6-hydrazino-
benzo-flie]-isoquinoline-1,3-dione (BHBI) and 3.6 mmol of
the aldehyde were added with stirring into 60 ml of ethanol,
and refluxed for 2.5h. After cooling to room temperature,
the precipitated product was filtered and dried.

NP-RED1: from BHBI/benzaldehyde, recrystallization
from ethanol to afford yellow crystals with a yield of
85%, m.p.: 204-206C. MS—-EI: 371 #*). TH NMR (in
DMSO-&) 8 (ppm): 8.79 (d,J = 8.36Hz, 1H), 8.48 (d,

J = 6.72Hz, 1H), 8.46 (s, 2H), 8.38 (dI = 8.49Hz,
1H), 7.81 (m, 3H), 7.75 (dJ = 8.13Hz, 1H), 7.50-7.42
(m, 3H), 4.03 (t, NCH—, 2H), 1.60 (m, —Chk-, 2H), 1.35
(m, —CH—, 2H), 0.93 (t, —CH, 3H). Element analysis:
Calc. for G3H21N305: C 74.39, H 5.66, N 11.32; Found:
C 74.30, H 5.62, N 11.28%.

NP-RED2: from BHBI/4-methoxybenzaldehyde, recrys-
tallization from ethanol/acetone (1:1) to afford red powder
with a yield of 87%, m.p.: 215-21%C. MS-EI: 401 (™).

IH NMR (in DMSO-t) & (ppm): 8.79 (d,J = 8.37 Hz,
1H), 8.48 (d,J = 7.22Hz, 1H), 8.42 (s, 2H), 8.37 (d| =

General preparation process for NP-RED 5 and NP-RED
6: 7mmol BHBI or DHBI and 3.4 mmol terephthalalde-
hyde were added with stirring into 60 mL of ethanol and re-
fluxed for 5 h. After cooling to room temperature, the precip-
itated product was filtered and dried; recrystallization from
dimethylformamide afforded the pure product.

NP-REDS5: red powder, yield 81%, m > 300°C.
MS-EI: 664 MT). *H NMR (in DMSO-ds) & (ppm): 8.85
(d, J = 7.78Hz, 2H), 8.52 (dJ = 6.82Hz, 4H), 7.95 (s,
4H), 7.93 (s, 2H), 7.83 (m, 4H), 4.05 (t, NGH, 4H), 1.60
(m, —CH—, 4H), 1.36 (m, —Chk, 4H), 0.93 (t, —CH, 6H).
Element analysis: Calc. for4gH3sNgO4: C 72.29, H 5.42,

N 12.65; Found: C 72.16, H 5.40, N 12.61%.

NP-REDG6: red powder, yield 83%, .m > 300°C.
MS-EI: 888 M™). IR (KBr): 3460, 3280, 2950, 2930,
2870, 1690, 1640, 1570, 1430, 1390, 1360, 1270, 1240,
1120, 1100, 940, 780, 760 crh 'H NMR (in DMSO-ds)

d (ppm): 8.84 (d,J = 7.78 Hz, 2H), 8.51 (dJ = 6.82 Hz,
4H), 7.95 (s, 4H), 7.93 (s, 2H), 7.73 (m, 4H), 4.05 (t,
NCHy—, 4H), 1.59-1.36 (m, 40H), 0.93 (t, -GH6H). Ele-
ment analysis: Calc. for £gHggNgO4: C 75.68, H 7.66, N
9.46; Found: C 75.60, H 7.62, N 9.41%.

2.3. Preparation of OLED devices

NP-RED2, NP-RED5 and NP-RED6 have broad emis-
sion spectra. Significant portion of their emission spec-
tral wavelength are below 600nm, and these compounds
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cannot emit a pure red color. NP-RED3 thick film has a pho- was condensed with ferrocene formaldehyde to afford
toemission peak at 661 nm without emission spectra below 6-(N-ferrocenylmethylidene-hydrazino)-benzde]-isoqui-
600 nm. Therefore, NP-RED3 was used in the fabrication of noline-1,3-dione. From the molecular structure of these
OLED devices. The ITO-coated glass substrate was cleanedlyes, the naphthalimide moiety and the €N group are
by repeated ultrasonic wash and oxygen plasma treatmentlinked by two saturated bonds (structure 1IScheme 2 It
Organic materials were sequentially deposited onto the seems that the two parts do not conjugate with each other.
ITO substrate with a deposition rate of 0.1-0.2 nm/sec at This may be attributed to the “amino conjugation effect”
a pressure of 5 10~>Torr to form the desired device in the delocalization structures Il and Ill Bcheme 2The
configuration. The pressure during deposition of aluminum same phenomenon was observedrans-4-amino-stilbene
was below 1x 10~/ Torr. I-V andL-V characteristics were  as described by Jye-Shane Yang e{28]. In this case, the
measured with computer-controlled source meter Keithley whole molecule has a new characteristic in the absorption
236 and Si-photodiode calibrated by integrating sphere. EL and emission spectrg84]. The luminescence intensity is
spectra were recorded on Oriel CCD spectrograph. Thedetermined by the degree of conjugation along the entire
emission area of the device was 0.1Zcrdefined by the molecule and increases with the donor—accepter interaction
overlapping area of the anode and the cathode. of the substituentg32]. By replacing the ferrocene unit with
suitable substitutes, a series of red fluorescent molecules
were successfully prepared. The absorption spectra and flu-
3. Results and discussion orescence emission data of the compounds studied in this
work are listed inTable 1
It is believed that the development of color in 1,8- The 4-amino-1,8-naphthalimide part in the de-localized
naphthalimides is dependent on the presence of a strongstructures above is an intramolecular charge-transfer analog,
electron-donating substitute on the 4-position of the naph- which typically consists of two parts, an amino substitute
thalimide ring[28-31] When hydrogen is replaced by an electron donor and a naphthalimide electron acceptor. The
electron-donating group such as an amino group, the fluores-fluorescence lifetimes of the emitters depend on the elec-
cent quantum yield is gradually increased and the emissiontron donor substitutes linked by the=8 group. NP-REF
wavelength is red-shifted from blue to green region. With- was used as a reference compound, which has the simplest
out extending the conjugation through electron-donating methyl group at the termini. The fluorescence emissions of
groups, naphthalimide moiety alone does not show red emis-the compounds in this study decay according to single expo-
sion. Different color emission was found among azomethine nential kinetics. By extending the whole amino conjugation
derivatives of 4-amindN-phenylnaphthalimide, in which  length, the fluorescent lifetimes of NP-RED1 and NP-RED3
the CHN group forms part of the common conjugation in THF decrease to 4.71 and 0.29 ns, respectively, in com-
chain linking N-phenylnaphthalimide and a benzene ring parison with NP-REF. Similar trend was also evident with
[32]. They luminance is present not only in crystals and NP-RED2 and NP-RED4. The quenching of the excited state
frozen solutions like azomethines of simpler structures with in NP-RED2 and NP-RED4 may be attributed to the in-
intramolecular hydrogen bonding, but also in solutions at crease in the electron-donating ability of the substitutes in
room temperatures. By altering the structure of the substi- the para position of the benzene ring. The intramolecular
tute on the benzene ring, one can shift the luminescence incharge transfer and the amino conjugation effect in these
DMF ranging from 465 to 525nm and in crystals ranging compounds will also depend upon polarity of the solvents,
from 512 to 605 nni32]. which could be also explained by the resonance structures
In our previous design of ferrocene-naphthalimide of the compounds shown tBcheme 2However, this expla-
dyads[20], 6-hydrazino-benzodg]-isoquinoline-1,3-dione  nation might not be suitable for compound NP-RED5 and

Ra Ra Ra
(0) / 0 / /
() )
HN H
/ v v
/ / J
Rb~" 1 Rb I Rb n

Ra: alkyl chain ~ Rb: sustituted aromatic ring

Scheme 2. Resonance structures of the azomethines-substituted 1,8-naphthalimides.
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Table 2 3.0 ——
Fluorescent lifetimes of compounds in this study with a single-exponential
fits 2.57
Compounds 7 (ns)in t(ns)in t(ns)in <t (ns)in <t (ns)in 35 |
THF CeHiz  CHsOH CHCN  DMSO g 2.0]
NP-REF 7.40 - - 8.14 - % 1.57
NP-RED1 4.71 2.72 2.24 5.29 4.37
NP-RED2 4.21 3.20 0.21 1.16 1.02 g 1.01 b
NP-RED3 0.29 0.24 0.17 0.22 0.56 g
NP-RED4 0.23 3.08 - - - T 0.5] 7
NP-RED5 1.91 0.82 0.47 1.61 1.02
NP-RED6 1.94 1.47 1.86 1.75 0.36 0.07
450 500 550 600 650 700 750 800
Wavelength/nm

NP-REDG6 due to the fact that they consist of two naphthal-
imide moieties with a tail-to-tail configuration. Our previ- Fig. 2. Fluorescent spectra of NP-RED1-6 in the film (thickness
ous study on the naphthalimide dyads with a head-to-head1000nm).
configuration exhibited the complicated intramolecular in-
teraction in such structurg¢23(d)]. The fluorescent lifetime
data in various solvents are listedTable 2 . NP-RED 2-6 shift to longer wavelengths, emitting brilliant
In reference to NP-REF, as seenTable 1 the maximum (o4 flyorescence in the solid filnFigs. 1 and 2 The in-
absorption wavelengths of NP-RED 1-6 in acetonitrile were ¢ ea56 in the electron-donating abilities of the substitutes on
red-shifted 10, 22, 33, 46, 54, and 55 nm, respectively. This the nara position of the benzene ring is accompanied by
may also be assigned to the lengthening of the conjugatediyrge shifts in the luminescence spectra. With a methoxyl
system containing 4-amino-1,8-naphthalimide moiety and o, attached to theara position of the benzene ring, the
increases in the electron-donating abilities of the substitutes. y,aximum wavelength of solid NP-RED2 shifts to 643 nm.
The structural factor determines the luminescence proper-Np_.RED4 has a dimethylamino group—a strong electron
ties of these dyes. NP-RED 1-6 molecules are not as rigid aSqonor—attached to thpara position of the benzene ring.
1,8-naphthalimide, the naphthalimide part and the azome-he maximum wavelength of NP-RED4 in acetonitrile shifts
thine part may not be at the same molecular panel, and they; g5g nm. The fluorescence of NP-RED4 in the film was
two parts may not form perfect “amino-conjugation” with sy in color as seen by naked eyes. However, the emission
each other. So the fluorescence of NP-RED 1-6 in the ace-ig i the far-infrared region and was too weak to be recorded
tonitrile solution (10*M) is still yellow or green in color. by fluorescence spectrometer in our laboratory. Neverthe-
In the solid film where the molecule is fixed, red shift of the less, the rotation of the dimethylamino group may quench
maximum emission wavelengths of the compounds can besingle excited state of NP-RED4 as in DB]. When the
obseryed much more cIengSFz(ble 1.F|gs. 1 and 2 Since _ (para-N,N'-dimethylamino)-benzeny! group is replaced by
there is no electron-donating substitute on the benzene ringg rigid group such as julolidine, the fluorescence of the red
of NP-RED1, the conjugated structure of NP-RED1 shifts its g pitter will be recovered as that in DCM3]. The corre-
maximum emission W'c_lvelength_to _558 nm, which is stlllye_l- sponding synthesis is in progress. Doubling the degree of
low in color. The maximum emission wavelengths of solid amino-conjugation chain along the entire molecule may also
result in red shifts of the luminescence spectra as seen in
, , , , solid NP-RED 5 and 6.
115 Electronic interaction between the anthracene unit and
the 4-amino-1,8-naphthalimide moiety of NP-RED3 is ev-
ident in Table 1and Fig. 1 For NP-RED3, the typical
emission bands (400-460nm) of anthracene unit disap-
peared (excited at 350nm). There is only one emission
band between 300-800 nm in acetonitrile (1®), and the
shape is similar to the band of 4-amino-1,8-naphthalimide,
0- 10.0 which is assigned to the new conjugated system composed
; ; ; ; of 4-amino-1,8-naphthalimide and the anthracene moiety.
300 400 500 600 700 800 This indicates that there exists an intramolecular effec-
Wavelength/nm tive energy transfer from the anthracene moiety to the
) ) . _4-amino-1,8-naphthalimide in NP-RED3. The results are in
Fig. 1. Absorption and fluorescence spectra of NP-RED3 in acetonitrile . . “ . . .
(10-4M) and in the solid state — curve (a): absorption in acetonitrile; satlsfactory_ :_algreement with t_he am_mo conjugation” theory
curve (b): fluorescence in acetonitrile; curve (c): fluorescence in the solid [33]. In addition, anthracene is a typical electron donor. The
film (thickness> 1000 nm). photo-induced electron transfer (PET) from the anthracene

24 11.0

1 c 10.5

Absorption/a.u

NB/A0UddsaIoN|
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Table 3
Comparison photophysical data for 1,8-naphthalimide compounds

o5 (%) Aem (NM) AL (nm) Ered (V) (vs SCE) EL color Reference

In CH3CN Solid Film

NP-RED 3 14 565 661 620 -0.76 Red-orange This work
NP-RED 4 24 659 >750 —0.70 This work
NP-N(CHs)2 49 515 532 -1.10 Green [23(e),23(h)]
niH 3 379 400-420 -1.25 Blue [26(b),26(c)]

unit to the 1,8-naphthalimide moiety takes place in the same levels for 1,8-naphthalimides are very deep in general (from
direction as that of intramolecular energy transfer from the 7.3 to 6.9 eV), suggesting that these materials make good
anthracene unit to the 1,8-naphthalimide moi@9]. Both blocking layers in OLEDs. The substitution by azomethine
processes red-shift the emission wavelength of NP-RED 3 unit at the 4-position oN-butyl-1,8-naphthalimide reported
to longer wavelength region. Consequently, fluorescenceherein changes the HOMO level of the compound to 6.5eV
lifetime of NP-RED 3 is shortened considerably over that (based on the data of the electrochemical measurements) and
of the reference compound NP-REFable 2. When in tunes the energy band gap of the compound as well.
solutions, all the compounds discussed above, except for The amorphous state also influences the emission wave-
NP-RED4, showed similar emission spectra with small length of these compounds. As seenFig. 2, NP-RED?2,
wavelength shifts compared to NP-REF. However, when NP-RED3, NP-RED5 and NP-RED6 in films of more
they form solid films, the emissions of these molecular than 1000 nm have orange—red emission around 620 nm.
materials are very different from that of NP-REF. For ex- However, NP-RED2, NP-RED5 and NP-RED6 have broad
ample, the emission of NP-RED3 in the film has a red-shift emission spectra. Significant portions of their emission
of more than 110nm compared to that of NP-REF. This spectral wavelengths are below 600 nm. These compounds
is apparently related to steric configuration of anthracene cannot emit pure red color. Because of light scattering ef-
unit. This configuration is also favorable in applications fect, the absorption and transmittance spectra of the thick
like OLEDs[3(b)]. The opto-electronic equipment has to be film (>1000 nm) of NP-RED3 cannot be obtained even us-
designed to accept temperature excursions as high@s.80 ing the integrated technique. The insert figurd-af. 3was
This is a problem since the glass transition temperature orabsorption spectrum of NP-RED3 vacuum deposition film
recrystallization temperatures of many organic materials in 100 nm, which shows that non-aggregation was observed
are in rangd3(b)]. Materials having high glass transition in the film. Thick film of NP-RED3 has a photoemission
temperatures are particularly desirable for enhancing thepeak at 661 nm and no emission spectra below 600 nm.
stability and lifetime of the devices. In fact, no distinct glass Therefore, it can be used as a non-doping red emitter to
transition state was observed when compound NP-RED3fabricate red OLEDs since that the concentration quench-
was taken on the second heating cycle DSC analysis (differ-ing effect is avoid. To keep the injection balance of elec-
ential scanning calorimeter TA DSC 2910 Instrument, not tron and hole, phthalocyanine copper (CuPc) was used as
shown in figure), while NP-REF hasTg of about 115C. hole-transporting layer. OLEDs with the structure ITO/CuPc
Thermal analysis results therefore indicated that the target(12 nm)N,N’-bis(1-naphthyl)N,N’-diphenyl-1,1-biphenyl-
compound has higfiy and good thermal stability, which is ~ 4,4-diamine (NPB 30 nm)/NP-RED3/sodium stearate
very essential for fabricating stable organic EL devices. (2nm)/Al (100nm) were prepared. Better result was ob-
Data shown inTables 1 and &lso indicate that the emis- tained with a device where the emitter layer thickness
sion color of the 1,8-naphthalimides can easily be tuned by was 10-45nm. The PL and EL spectra of the material are
using different substitutes at the 4-positif28-31] Using shown inFigs. 3 and 4respectively. Luminescence—current
different 1,8-naphthalimides, OLEDs with blue, green or density—voltage characteristics of the device are shown in
even orange emission colors have been made, in which theFig. 5. According to the photoemission results of NP-RED3
1,8-naphthalimides acted as non-doping emitter or host ma-(Table 1, Figs. 2 and B the emission peak of NP-REDS3 film
trix with electron- transporting and hole-blocking functions shifts to longer wavelength region with increasing thickness
[23,24,36,37] The energy gaps of 1,8-naphthalimides could of the film. The device with a 45 nm thick NP-RED 3 film
also be tuned by chemical modification of their structures, has double EL peaks at 575 and 620 nm respectively with a
especially by substitution at the 4-position. They have low maximum luminance of 15.5 cdfand a maximum current
reduction potentials (about1.1V versus SCEJ38] and density of 2.9 mA/crf at an applied voltage of 22V, shown
high photostability{18], making them good candidates for in Fig. 5 Turn-on voltage of this EL device is 14 V. Unfortu-
use as n-type materials in OLEDs. None of the naphthalim- nately, other devices with thicker emitting layer (more than
ide compounds have a detectable oxidation wave in acetoni-45 nm) have much higher turn-on voltage, and the emitting
trile and dichloromethane, putting it outside of the window layers were penetrated after the turn on. The above results
available in these solvents (up to 2.027]. The HOMO suggest that the electron—hole recombination process in
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Fig. 3. Fluorescent spectra of NP-RED3 in solid film with the varied thicknesses (a: 8.5nm, b: 45nm, c: 100nm). Inset: The absorption spectra of
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Fig. 5. Luminescence—current density—voltage characteristics of a de-
vice with the configuration ITO/CuPc (12nm)/NPB (30 nm)/NP-RED3
(45 nm)/sodium stearate (2 nm)/Al (100 nm).

this material is hindered. In the same device structure, the
organic photovoltaic properties of NP-RED 3 with a 1.1V
voltage and a HA/cm? current density were observed,
when the device was irradiated by the quartz light at 50 W.

Although the OLED performance of the device made
by NP-RED 3 was poor relative to that of devices with
red-doping method; however, it is still valuable guidance for
the materials design started from the currently known struc-
tures, specifically for exploring new non-doping red emit-
ters. Tillnow no any DCM and DCJTB series red emitter can
be successfully used to make non-doping red OLED devices
[4,5,10,16] Further study directed towards the optimization
of the device is being carried out. This includes improv-
ing color purity, understanding different performances of the
devices with different thickness of the emissive layers, and
increasing luminescent efficiency.

4. Conclusion

Amino conjugation between the 4-amino-1,8-naphthali-
mide and the substitutes was observed. The lengthen-
ing of the conjugated system and the increase in the
electron-donating ability of the substitute result in large
red shift of the maximum absorption and emission wave-
length of these Schiff base compounds. Some simple
1,8-naphthalimide based compounds were prepared, which
emit brilliant red fluorescence in solid films. Concentration
guenching effect of fluorescence common for luminescent
materials was avoided. NP-RED3 was used as non-doping
emissive layer to fabricate electroluminescence devices.
The NP-RED3 has an EL peak at 620 nm with a maximum
brightness of 15.5cd/fmand a maximum current density
of 2.9 mA/cn?. Due to synthetic flexibility of this class of
materials, work is currently in progress to prepare other
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naphthalimide derivatives with narrower FWHM, higher
fluorescence quantum yield, and far-infrared emission.
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