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ABSTRACT

Ternary Sm(Ill) ion complex, SmM(HDMPE);.nphen is synthesized through usage of solution precipitation method which is further
characterized by numerous techniques such as elemental analysis, "H-NMR, FT-IR and photoluminescence spectroscopy. We have
also probed luminescence decay time as well as color coordinates of the evolved complex. When the excitation of the evolved
complex is monitored at 373 nm in solid state at room temperature, it showcased pure sharp emission bands from f-f transitions of
samarium ion, 4G5/296H5/2, 465/296H7/2 and 4G5/296H9/2 at 564 nm, 600 nm and 646 nm respectively. The Sm(lll) ion can be
efficiently sensitized alone by 1-(2-hydroxy-4,6-dimethoxyphenyl)ethanone (HDMPE) but the introduction of adjuvant ligand 5-Nitro-
1, 10-phenanthroline (nphen) have outcomed in amplified photoluminescence. The photoluminescence emission spectra showcased
that ternary complex might be a promising candidate for usage in advanced displays and lighting systems.
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INTRODUCTION

3 .
ecently, Ln”* ion complexes have garnered

significant thoughtfulness of research fraternity.

These complexes have exhibited extraordinary
solicitations in numerous arenas such as biomedical
sensors as well as bio-medical imaging. Here, when doped
in polymers, these complexes can be used for sensing
minute quantities of biomolecules which then can have
various solicitations such as assessing physical state of
any patientl’ 2 for usage inorganic light emitting diodes*®
or for amplification of optical properties” °. These Ln**
ion complexes have showcased distinctive photo-
luminescent characteristics like high color purity, narrow
emission bandwidths in the visible as well as near-
infrared regions of the spectra, large Stokes shifts and
lifetimes up to several milliseconds™*. Nevertheless, direct
excitation of Ln*" ion is not efficacious as these ions
exhibits feeble fluorescent properties primarily owing to
its low quantum yield as well as small absorption cross-
section™. Henceforth, any strong absorbing organic
chromophore like B-diketone, B-hydroxy ketone or -
aminoketone were employed as light gatherer for
sensitizing Ln*" ion through antenna effect™™ which will
ultimately enhance Ln* ion emission. Finally, 1-(2-
hydroxy-4,6-dimethoxyphenyl)  ethanone  (HDMPE)is
picked as prime ligand primarily owing to its dual role of
bridging varied building blocks as well as chelating central
metal ion which outcomes in amplified
photoluminescence as well as quantum yield.

Adjuvant ligands like biquinoline or 1,10-phenanthroline
or bathophenanthroline or bipyridine are recurrently
picked up by most researchers for carrying out synthesis
of ternary lanthanide metal complexes as these bidentate
chelating ligands replaces water molecules from

coordination sphere of central metal ions™®, thereby
satisfies coordination number of lanthanide ions which
will ultimately lead to amplified luminescence properties.
Consequently, for seeking newer photo luminescent
material showing outstanding luminescence properties, 5-
Nitro-1, 10-phenanthroline (nphen) is picked here as
adjuvant ligand for synthesizing ternary Sm(lll) ion
complex “Sm (HDMPE);.nphen” through usage of 1-(2-
hydroxy-4,6-dimethoxyphenyl) ethanone (HDMPE) as
prime ligand. The complex formed is characterized by
elemental analysis and numerous spectroscopic
techniques. The photoluminescence emission spectrum of
this complex shows the introduction of adjuvant ligand 5-
Nitro-1, 10-phenanthroline (nphen) have outcomed in
amplified photoluminescence. Hence this ternary
complex might be a promising candidate for usage in
advanced displays, organic light emitting devices and
lighting systems.

MATERIALS AND METHODS

5-Nitro-1, 10-phenanthroline, Sm(NO;);6.H,0 (99.9),
benzene-1,3-5-triol, dimethyl sulphate, potassium
carbonate and sodium hydroxide were purchased from
Sigma-Aldrich and used as received without additional
purification. The synthesized ligand HDMPE was
recrystalized three times with methanol before synthesis
of complexes. The elemental analysis was performed
using thermoscientific flash 2000 elemental analyzer. The
percentage of Sm (lll) was estimated by complexometric
titration with EDTA. The "H-NMR spectra were measured
on Bruker Avance Il 400 spectrometer using
tetramethylsilane (TMS) as an internal reference
(chemical shift in 6 ppm). Infrared spectra were recorded
(Perkin Elmer spectrum 400) from 4000-400 cm™ in KBr
pellets. The excitation and emission spectra was
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measured using Hitachi F-7000 fluorescence
spectrophotometer with excitation and emission slits of
2.5 nm and with PMT at 400 V at room temperature in
solid state. The lifetime value of the complex was
Synthesis
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calculated by the software of the spectrophotometer (FL
solution for F-7000) by monitoring 465/296H7/2 emission
line of Sm>* at room temperature in solid state.

Synthesis of ligand 1-(2-hydroxy-4,6-dimethoxyphenyl)ethan-1-one (HDMPE)

The ligand HDMPE was synthesized by adopting conventional method as per literature™ and is given in Scheme 1 as

follow:
Dry acetone e}
HO oH NH.HCI Ho @ Rt ol HO
CH;CN, Anhydrous ZnCl, H,O0, Heat ellux,2ars CHj3
> CH, CH3),SO
Dry HCI gas, Et,0 Reflux, 2 hrs o OH (CH3),80y4, H;CO OCH3
HO OH HO OH K,COs,
HDMPE

2,4,6-trihydroxyacetophenone

Scheme 1. The synthetic route of ligand HDMPE.

Synthesis of complex SmM(HDMPE);.nphen

Scheme 2 depicts the synthetic route of complex
Sm(HDMPE);.nphen. The complex was synthesized by
mixing ethanolic solution of 3 mmol HDMPE ligand, and 1
mmol nphen with ethanolic solution of 1 mmol
Sm(NO;)3.6H,0. Afterwards the pH of mixture was
adjusted to 6.5 - 7, using NaOH (0.05 M) solution with
constant stirring. This resulted into formation of white

precipitates. These precipitates were stirred for 3 h at
about 40°C and then allowed to digest for 1 h. Finally, a
suction filter was used to filter precipitates, washed with
doubly distilled water and then with ethanol, dried in
vacuum oven at 50°C. The obtained complex was white
powder with 83 % yield. The powdered the complex was
stored in sample tube in vacuum desiccator.

o O \/
CH,3 NaOH (a - /’\ ]
+ Sm>*(aq) () > o ¥
HsCO OCH; nphen (alc) “H CH,
HDMPE
H4CO OCHj
- -3

Sm(HDMPE);.nphen

Scheme 2. The synthetic route of Sm(HDMPE);.nphen

RESULTS AND DISCUSSION
Solubility

The complex Sm(HDMPE);.nphen was stable under
atmospheric condition. The complex Sm (HDMPE);.nphen
was found to be soluble in dimethyl sulfoxide, dimethyl
formamide, chloroform and acetone, sparingly soluble in
methanol and ethanol but insoluble in benzene and
hexane.

Elemental analysis, ‘H-NMR and IR Spectra

The elemental analysis data for HDMPE (CyH1,04) were
found (calculated) % C, 60.87 (61.22); H, 6.14 (6.16); O,
32.19 (32.61) IR (KBr) cm™ 3430 (b), 3099 (m), 3005 (w),
2943 (w), 2847 (w), 1640 (s), 1538 (s), 1457 (m), 1366 (s),

1324 (m), 1270(s), 1221 (s), 1207 (s), 1112 (m), 1079 (m),
1045 (w), 896 (m), 835 (m), 658 (m), 594 (s). "HNMR (400
MHz, DMSO): d 2.52 (s, 3H, CH3), 3.83 (s, 6H, OCH3), 6.02
(s, 2H, Ar-H), 13.84 (s, 1H, OH).

The elemental analysis data for Sm(HDMPE)s.nphen
(C42H40012N3Sm) was found (calculated) % C, 52.32
(52.48); H, 4.17 (4.19); N, 4.29 (4.37); O, 23.32 (23.38);
Sm, 15.42 (15.64). IR(KBr):cm™2934 (m), 2454 (m), 2326
(w), 1617 (m), 1587 (s), 1562 (s), 1486 (s), 1372 (s),
1325(m), 1236 (s), 1211 (m), 1142 (m), 1127 (s), 1056 (m),
907 (m), 874 (s), 841 (m), 823 (s), 787(m), 769 (s), 682 (s),
621 (m), 585 (m), 432 (m)."HNMR (400 MHz, DMSO): d
2.49 (bs, 9H, CH3), 3.47 (bs, 18H, OCH3), 6.22 (bs, 6H, Ar-
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H),7.66 (bd, H, nphen), 7.90 (bd, H, nphen), 8.36 (bd, H,
nphen), 8.67 (bs, H, nphen), 8.90 (bd, H, nphen), 9.06 (bd,
H, nphen), 9.12 (bd, H, nphen).

The above elemental analytical data indicate the
stoichiometry of the ternary complex Sm(HDMPE);.nphen
to be 3:1:1 (HDMPE: Sm: nphen). The "H-NMR spectrum
of the ligand HDMPE showed singlet at 6 13.84 due to
phenolic proton which disappeared in the complex
Sm(HDMPE);.nphen was indicating that ligand is
coordinated with Sm(lll) ion through the oxygen atom of
phenolic OH group of the ligand HDMPE. The FT-IR
spectra of ligand HDMPE exhibits abroad absorption band
at 3430 cm™ assigned to v(O-H) stretching vibration [2022]
which disappeared in the IR spectra of complex the
Sm(HDMPE);.nphen. The ligand also displays the intense
C=0 stretching vibration band at 1640 cm™, which was
red shifted 23 cm™ in complex the Sm(HDMPE);.nphen,
indicating that phenolic and carbonyl group of HDMPE
participated in coordination with Sm(lll) ion>’. The strong
absorption band at 1587 cm™ in complex the
Sm(HDMPE);.nphen assigned to C=N stretching vibration,
provided good evidence that the nitrogen atoms of nphen
were coordinating with the Sm(lll) ion'™ . The strong
absorption band at 1562 em™ in complex the
Sm(HDMPE);.nphen assigned to N=0 stretching vibration.
The peak for Ph-O vibration of the ligand HDMPE present
at 1270 cm™ showed a red shift of 34cm™ in the complex
Sm(HDMPE);.nphen, indicating that the phenolic group is
involved in coordination with the Sm(lll) ion. The
appearance of absorption bands at 585cm™ and at 432
cm™ in the complex Sm(HDMPE);.nphen was assigned to
v(Sm-N) and v(Sm-0)'®% respectively, which affirms that
the nitrogen atoms of the nphen and oxygen atoms of the
ligand HDMPE participated in coordination with the
Sm(lll)ion. Finally, it can be concluded from the FT-IR and
'"H-NMR spectra of the ligand HDMPE and complex Sm
(HDMPE);.nphen, that the coordination of Sm(lll) was
through the oxygen atoms of phenolic and carbonyl group
of ligand HDMPE and nitrogen atoms of the nphen.

Photoluminescent properties

Figure 1 depicts the excitation profile of the Sm (lil)
complex Sm (HDMPE);.nphen, recorded by monitoring
465/296H7/2 transition, inset shows the excitation
spectrum of ligand HDMPE. The excitation spectrum of
ligand HDMPE shows a broad band extending from 260 to
435 nm centred at 350 nm assigned to n—> T transition.
While the excitation spectra for the solid complex
Sm(HDMPE)s.nphen, narrates the broad excitation band
in the region 250 to 450 nm centered at 373 nm assigned
to > Tt transition which shifted 23 nm as compared to
free ligand indicated the larger conjugated system in the
complex Sm(HDMPE)s;.nphen. While excitation peaks
centred at 401 nm appeared in the complex
Sm(HDMPE);.nphen assigned to the electronic transition
6H5/2%4F7/2 of Sm(lll). The excitation range from 345- 420
is fairly appropriate to meet the demands of UV LED. The
most intense peak at 373 nm apparently show that the
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complex Sm(HDMPE);.nphen effectively excited by near
ultra violet light.
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Figure 1: Photoluminescence excitation spectra of

Sm(HDMPE);.nphen, monitored at A.,, = 600 nm in solid
state at room temperature and inset shows the excitation
spectrum of ligand HDMPE.
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Figure 2: Photoluminescence emission spectra of

Sm(HDMPE);.nphen in solid state at room temperature,
monitored at A, = 373 nm.

The emission profile of Sm(HDMPE);.nphen (Figure 2)
shows three identified emission peaks corresponding to
characteristic emission transition 465/296H5/2 (magnetic
dipole transition), 465/296H7/2 (mixed magnetic-electric
dipole transition) and 465/296H9/2 (electric dipole
transition) at 564 nm, 600 nm and 646 nm respectively®
% on monitoring the excitation at 373 nm in solid state at
room temperature as shown in Table 1.

Different from the ternary Sm(HDMPE);.nphen complex,
the magnetic dipole transition 465/296H5/2 is the strongest
emission in case of binary complexzz’ ? The magnetic-
electric dipole transition 465/2$6H7/2 was strongest in case
of ternary complex Sm(HDMPE)s.nphen while the electric
dipole 465/296H9/2 transition was subsidiary in most of
Sm(Ill) complexes®®>*.

The photoluminescence intensity of ternary complex was
amplified as compared to the binary complex, because in
the ternary complex OH groups was removed from the
inner coordination sphere of Sm(lll) ion.
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Table 1: Photoluminescence data of Sm(HDMPE);.nphen in solid state.

Complex Aex (nm) Ay (nm)
564
Sm(HDMPE);.nphen 373 600
646

The replacement of water molecules by aromatic N-
donors adjuvant ligand ‘nphen’ results in amplified
photoluminescence intensity and stability of complexes
(23,321, Further, it was noticed that the adjuvant ligands in
the ternary complex amplified photoluminescence
intensity greatly due to the coordination effect between
the ligand and adjuvant ligands which is beneficial for
efficient intermolecular energy transfer from ligand to
Sm>* ion. In the lanthanide complexes the intensity ratio
of the electric dipole transition to the magnetic dipole
transition act spectroscopic probe to determine the local
environment around luminescent center. The
Sm(HDMPE);.nphen possess low intensity ratio indicating
that the Sm(lll) ion occupies site symmetry with an
inversion centre.

Figure 3 shows the photoluminescence decay curves for
complex Sm(HDMPE)z;.nphen at A= 600 nm and Ag=
373 nm in solid state at room temperature. The decay
curve of this luminescent ternary complex obey single
exponential curve, which can be represented by the
equation /=I, exp (-t/t), where t is the radiative decay
time, | and |, are the luminescence intensities at time t
and 0, respectively. The life time value calculated for
complex was found to be 0.795 ms as presented in Table
1.
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Figure 3: Luminescence decay curves for
Sm(HDMPE)s.nphen in solid state at room temperature,
monitored at A, = 373 nm and A ., = 600 nm.

With the help of Commission International De Eclairage
(CIE) chromaticity coordinate diagram, the emission color
of the luminescent complex have been analyzed and
tabulated in Table 1. The CIE color coordinates (x, y) of
the complex are located at 0.5023, 0.4773 which lie in
deep orange spectral region as shown in Figure 4,
suggesting promising application of this complex in
advanced display and lighting systems.

Assignment T (ms) x and y coordinates
*Gs/;>°Hsy
*Gs/,>°Hy)a 0.795 0.5023, 0.4773
*Gs/;>°Hoy
0.8 ;’&E 5 :
=

o7

06

os

Junm

0.4

L1
TR
i

0z

o1

-

| - 3 ;e O |

o dave |
o o1 oz LE s [ 06 0.7 x

Figure 4: CIE coordinate diagram of Sm(HDMPE);.nphen.
CONCLUSION

In this work, one newer ternary Sm(lll) complex, Sm
(HDMPE)s.nphen have been synthesized which is further
characterized through various techniques like elemental
analysis, FT-IR, 'H-NMR and photoluminescence
spectroscopy. Variation in FT-IR and NMR spectra of free
ligand (HDMPE) and evolved complex have indicated that
oxygen atoms of both phenolic as well as carbonyl group
of prime ligand and nitrogen atoms of adjuvant ligand
(nphen) were effectively coordinated to Sm(lll)ion.
Furthermore, the preferred coordination environment is
well-matched for sensitizing luminescence of Sm(lll) ion
with prime ligand HDMPE and adjuvant ligand, leads to
highly efficient and saturated orange photoluminescence.
In conclusion, this evolved complex Sm(HDMPE);.nphen
has show cased excellent luminescent properties,
consequently can have potential solicitations for usage as
light emitting materials in lighting systems.

Acknowledgement: Authors express their profound
thanks to the University Grant Commission, New Delhi for
providing financial assistance in the form of a UGC-BSR
Research Start-Up-Grant No.F.20-4(5)/2012(BSR).

REFERENCES

1. Hemmild I, Luminescent lanthanide chelates—a way to more
sensitive diagnostic methods, Journal of Alloys and
Compounds, 225(1-2), 1995, 480-485.

2. Moynagh J, Schimmel H, Tests for BSE evaluated, Nature,
400 (6740), 1999, 105.

3. Kumar R, Makrandi JK, Singh |, Khatkar SP, Synthesis,
characterizations and luminescent properties of terbium
complexes with methoxy derivatives of 2'-hydroxy-2-
phenylacetophenone, Spectrochimica Acta Part A: Molecular
and Biomolecular Spectroscopy, 69(4), 2008, 1119-1124.

4. Kumar R, Makrandi JK, Singh |, Khatkar SP, Preparation and
photoluminescent properties of europium complexes with
methoxy derivatives of 2’-hydroxy-2-phenylacetophenones,
Journal of Luminescence,128(8), 2008, 1297-1302.

International Journal of Pharmaceutical Sciences Review and Research
Available online at www.globalresearchonline.net

© Copyright protected. Unauthorised republication, reproduction, distribution, dissemination and copying of this document in whole or in part is strictly prohibited.

185



Int. J. Pharm. Sci. Rev. Res., 45(2), July - August 2017; Article No. 34, Pages: 182-186

5.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Kumar R, Khatkar SP, Makrandi JK, Singh |, Synthesis,
Characterization  and Luminescent  Properties  of
[Tb(HMPA);(phen)] Complex, ECS Transactions,11 (26) ,
2008, 11-15.

Kumar R, Makrandi JK, Taxak VB, Khatkar SP, Preparation
and Photoluminescent Properties of new Europium
Complexes with 2'-Hydroxy-3-(p-methoxyphenyl)
Propiophenone, ECS Transactions,6 (27), 2008, 25-30.

Khatkar SP, Han SD, Park JY, Kumar R, Liang Y, Taxak VB,
Preparation and luminescence properties of Eu(TNB);-phen
complex incorporated in a silica matrix, Bulletin of
Electrochemistry,21(3), 2005, 123-127.

Kumar R, Khatkar SP, Synthesis and Characterization of
Luminescent [Tb(HMAP);(Bipy)] Complex, ECS Transactions,
11 (20), 2008, 29-33.

An D, Yue Z, Chen RT, Dual-functional polymeric waveguide
with optical amplification and electro-optic modulation,
Applied physics letters, 72(22), 1998, 2806-2807.

Kaur G, Dwivedi Y, Rai SB, Study of enhanced red emission
from Sm (Sal) 3 Phen ternary complexes in Poly Vinyl Alcohol
film, Optics Communications, 283(18),2010, 3441-3447.

Selvin PR, Principles and biophysical applications of
lanthanide-based probes, Annual review of biophysics and
biomolecular structure, 31(1) 2002, 275-302.

Reyes R, Hering EN, Cremona M, Da Silva CF, Brito HD,
Achete CA, Growth and characterization of OLED with
samarium complex as emitting and electron transporting
layer, Thin Solid Films, 420, 2002, 23-29.

Cui Y, Yue Y, Qian G, Chen B, Luminescent functional metal—
organic frameworks, Chemical reviews, 112(2), 2011, 1126-
1162.

Chen FF, Chen ZQ, Bian ZQ, Huang CH, Sensitized
luminescence from lanthanides in d—f bimetallic complexes,
Coordination Chemistry Reviews, 254(9), 2010, 991-1010.

Taxak VB, Kumar R, Makrandi JK, Khatkar SP, Synthesis and
characterization of luminescent Eu(HMAP);-2H,0 and
Tb(HMAP);-2H,0 complexes, Displays,30(4), 2009, 170-174.

Li HF, Yan PF, Chen P, Wang Y, Xu H, Li GM, Highly
luminescent bis-diketone lanthanide complexes with triple-
stranded dinuclear structure, Dalton Transactions,41(3),
2012, 900-907.

Xu 'S, Liu M, Han HL, Li ZF, Jin QH, Hou J, Su W, Chen YY, Yao
JY, Synthesis, structures and luminescence properties of
nine lanthanide complexes with triphenylphospine oxide
and phenanthroline, Polyhedron, 85, 2015, 69-75.

Nandal P, Kumar R, Khatkar A, Khatkar SP, Taxak VB,
Synthesis, characterization, enhanced photoluminescence,
antimicrobial and antioxidant activities of novel Sm (lll)
complexes containing 1-(2-hydroxy-4, 6-dimethoxyphenyl)
ethanone and nitrogen containing ancillary ligands, Journal
of Materials Science: Materials in Electronics, 27(1), 2016,
878-85.

Badcock GG, Cavill GW, Robertson A, Whalley WB, The
chemistry of the “insoluble red” woods, Part IV, Some mixed
benzoins, Journal of the Chemical Society (Resumed) 1950,
2961-2965.

Taxak VB, Kumar R, Makrandi JK, Khatkar SP, Luminescent
properties of europium and terbium complexes with 2'-

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

ISSN 0976 — 044X

hydroxy-4', 6'-dimethoxyacetophenone, Displays, 31(3),

2010, 116-121.

Poonam, Kumar R, Boora P, Khatkar A, Khatkar SP, Taxak VB,
Synthesis, photoluminescence and biological properties of
terbium (lll) complexes with hydroxyketone and nitrogen
containing heterocyclic ligands, Spectrochimica Acta Part A:
Molecular and Biomolecular Spectroscopy, 152, 2016, 304-
310.

Poonam, Khatkar SP, Kumar R, Khatkar A, Taxak VB,
Synthesis, characterization, enhanced photoluminescence
and biological activity of Eu (lll) complexes with organic

ligands, Journal of Materials Science: Materials in
Electronics, 26(9), 2015, 7086-7095.

Poonam, Kumar R, Khatkar  SP, Taxak VB,
Photoluminescence, Antimicrobial and Antioxidant

Properties of New Binary Samarium (lll) complex with 1-(2-
hydroxy-4,6-dimethoxyphenyl)ethanone, International
Journal of Pharmaceutical Sciences Review Research 33 (1),
2015, 253-258.

Wang D, Zheng C, Fan L, Zheng J, Wei X, Preparation and
fluorescent properties of europium (lll) complexes with B-
diketone ligand and 2, 2-dipyridine or 1, 10-phenanthroline,
Synthetic Metals,162(23), 2012,2063-2068.

Li HF, Li GM, Chen P, Sun WB, Yan PF, Highly luminescent
lanthanide complexes with novel bis-B-diketone ligand:
Synthesis, characterization and photoluminescent
properties, SpectrochimicaActa Part A: Molecular and
Biomolecular Spectroscopy, 97, 2012, 197-201.

Leng J, Li H, Chen P, Sun W, Gao T, Yan P, Aggregation-
induced white-light emission from the triple-stranded
dinuclearSm (Ill) complex, Dalton Transactions,43(32),
2014,12228-12235.

Ahmed Z, Iftikhar K, Synthesis, luminescence and NMR
studies of lanthanide (lll) complexes with hexafluoro
acetylacetone and phenanthroline, Part
Il,InorganicaChimicaActa,392, 2012,165-176.

Kin Z, Kajii H, Hasegawa Y, Kawai T, Ohmori Y, Optical and
electroluminescent properties of samarium complex-based
organic light-emitting diodes,Thin Solid Films, 516 (9),
2008,2735-2738.

Luo YM, Chen Z, Tang RR, Xiao LX, Peng HJ, Investigations
into the synthesis and fluorescence properties of Eu (lll), Tb
(1), Sm (111) and Gd (l11) complexes of a novel bis-B-diketone-
type ligand, Spectrochimica Acta Part A: Molecular and
Biomolecular Spectroscopy,69(2), 2008,513-516.

Yue B, Chen YN, Chu HB, Qu YR, Wang AL, Zhao YL,
Synthesis, crystal structures and fluorescence properties of
dinuclear Tb (Ill) and Sm (lIl) complexes with 2, 4, 6-tri (2-
pyridyl)-1, 3, 5-triazine and halogenated benzoic
acid,InorganicaChimicaActa,414 (39-45), 2014,39-45.

Kusrini E, Saleh MI, Yulizar Y, Za'Aba NK, Majid WA,
Samarium (lll) picrate tetraethylene glycol complex:
Photoluminescence study and active material in monolayer
electroluminescent, Journal of Luminescence,131(9),
2011,1959-1965.

Kido J, Hayase H, Hongawa K, Nagai K, Okuyama K, Bright
red light-emitting organic electroluminescent devices having
a europium complex as an emitter, Applied physics
letters,65(17), 1994, 2124-2126.

Source of Support: Nil, Conflict of Interest: None.

International Journal of Pharmaceutical Sciences Review and Research
Available online at www.globalresearchonline.net

© Copyright protected. Unauthorised republication, reproduction, distribution, dissemination and copying of this document in whole or in part is strictly prohibited.

186



