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ABSTRACT

In order to discover materials that can be used for OLED, extractions of marine microalgae was screened for
photoluminescence(PL) properties and analyzed using gas chromatography-mass spectrometry(GC-MS). The
extractions of Nitzschia denticula, Navicula cancellata and Nannochloropsis salina showed PL spectroscopy
among fourteen marine microalgae species. The selected three fractions from three microalgae were analyzed
by GC-MS. According to the results, it was found that the identified organic light-emitting materials can be
subdivided into three functional groups based on imidazole, purine and quinoline. These chemicals are
considered to have a strong relationship with PL spectroscopy for OLED materials.
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7}+A] 7] Iﬂ]E—OIE}(Jung et al., 2002). OLED+ %=1}
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i, o]¢] 24 Fdto] Uk *17}4 B!
o|th(Kim and Kim, 2002). 27 A&Z4+4$3, A%
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dgetA s, ARpESS ke
% SHA s A= shd

fol o] FolA AHA| W& FAsHA gtrhJung er al., 2002).
o|2{3t OLED &A= F2 ARgH= HFEdde A
A2 & Alq3, 4,4-bis[N-(1-naphtyl)-N-phenyl-amino]biphenyl
(@ -NPD), poly(p-phenylenevinylene)(PPV)7} Qltt. Alg3
L AR o] BE o F2 =AT HA Aje] wy
202 Alg-EH i (Hamada et al., 1999; Tang et al., 1989).
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%l th(van Mensfoort ef al., 2010) PPVE Fo LZE 712
VEAR, B aE 9 Fof tigh gAY FHoluH o]
alkyA 48 ZFAA Boi70] 24 8 A9 1S S
3+ 4= Qlth(Burroughes et al., 1990; Yang and Karasz, 1993).
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Table 1. List of marine microalgae for extraction
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(Jung and Moon, 2013).

E3H OLED: tf7] $9 Abau 23t 1ighstA wh-g-st
of 3L Fdsto], 249 +1 Al
2001). & LA o)7] ol BE A wAe a7k
o] AAE g ol =AIEH Qlof, HTole A=Al
cytochrome ¢, myoglobin, hemin, chlorophyll a, DNA &
= o] &t M=E A7t MY E L Qltk(Tajima ef al., 2006).
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(Choi et al., 2015; Shin et al., 2011).
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BHat sl o m) | 2 -2 3 (Korea Marine Microalgae Cultrue

Phylum Class Order Family Genus Species
Cylindrotheca closterium
o Bacillariales Bacillariaceae . . pungens
Bacillario - Nitzschia B
hyta Bacillariophyceae denticula
P Naviculales Naviculaceae Navicula cancellata
Naviculales Phaeodactylaceae Phaeodactylum tricornutum
Heterokon . . . . .
tophyta Eustigmatophyceae Eustigmatales Monodopsidaceae Nannochloropsis salina
Haptophyta Prymnesiophyceae Isochrysidales Isochrysidaceae Isochrysis galbana
Rh(;;i}:);)tlalyco Porphyridiophyceae Porphyridiales Porphyridiaceae Porphyridium cruentum
Trebouxiophyceae Chlorellales Chlorellaceae Chlorella vulgaris
Chlorococcales Radiococcaceae Gloeocystzs. gigas
Chlorophyco Coccomyxaceae Nannochloris oculata
phyta Chlorophyceae Tetrasporales Palmellaceae Sphaerocystis schroeteri
Dunaliellaceae Dunaliella tertiolecta
Volvocales

Chlamydomonadaceae

Tetraselmis suecica
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Center, KMMCC)o|| 4] +ofaro} AH-8-51 9] th(Table 1). ]
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u|N| &5 142 3 Nitzschia denticula, Navicula cancellata,
Nannochloropsis salina®| A 3§ d3g H}QO] L]—E]—‘/PO o,
o 329 2% L% 224 A% T 3
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A~
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2162 2l = 3l th(Figure 3).

23] 3742 GC-MSE 243 7
E32o] L}E]-‘*E} N. denticula 29 52L&
, ©]% N-(3-fluorobenzyl)-7H-purin-6-amine-2
224 CiHioFNs, #7342 523.8TC, 184
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FTHA =
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2 270.6C,
t}(Table 2).
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Figure 1. Photoluminescence spectra and chromaticity(0.027, 0.062) of forty seventh fraction extracted from marine

microalgae, Nitzschia denticula
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Figure 2. Photoluminescence spectra and Chromaticity(0.026, 0.069) of thirty first fraction extracted from marine

microalgae, Navicula cancellata
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Figure 3. Photoluminescence spectra and Chromaticity(0.083, 0.071) of one hundred third fraction extracted from

marine microalgae, Nannochloropsis salina

4-Phenyl-3,4-dihydroisoquinoline- 2} 207, E2}4] o]
CisHiNSl =20y, U= 1.07g/r, F=3 326.5C, <13}
ol 1434Co|tt. F+ £4 & HANYE 7HA = SE
o|th(Table 2).

N. salina 39 £42 F107kA7F Yebg o, ofF
2,5-Dihydro-2,3-diphenyl-1H-Imidazole%t & 7] 2] 412
2|5 7HA = 3HghE ol th(Table 2).

o
A3 AR SARAN BT ol FrstuA Ae
A AaAe] e 07 Sohsha glor, AR 2
£ 84 wAle] dojutd) gk BEA Y ARAAA
S5 olF o SUtH(Shin, 2010). 21 F S WA R F= S
oo, AE 5 T ool #4H3L glov, 59

o= 71E9 HoleoUA AAEZ AT Sl
NEe APozxe) A7t APl lck(Shin et al.,
2011; Yun et al., 2012). o]= u|H|ZF 9] ujjofo] A-EAHA
of A3stA b2 1 A 9 Ao S3 S A=
7beote, gl Eal LR7FA Y Ak}l o] 7HE3t]
T2 o] tH(Oh et al., 2003). o]2fgt FoJ Al & Ao A=
A w2 FE =& ool Agstar}, 474t
ZA Y ALTMeAE AL E APt AgEkE 9
A= A& FH7F Zolsfof Stk HolA & dAtolA
© A AN T2 FAEE= o nARR 1455 A
sto] &390, N. salina, N. denticula, N. cancellata
£350] 29 2R F BT WSS AL N
denticula= 400-470nm, N. cancellata~= 400-480nm, N.
salinai= 400-500nm H 9Jol| A w27} T2 = Qle}. F W
o] BpAYoR soln, axe] AL Aol o
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Table 2. List of substances extracted from marine microalgae analyzing by GC-MS

+ =3 9 A A CAS No.
Octadecamethylcyclononasiloxane 666 Ci3Hs5400Si9 556-71-8
5,6,8,9-Tetrametoxy-2-Methylpepero(3,4) 355 C21H2sNO4 74199-94-3
Pentasiloxane, dodecamthyl 384 Ci12H36048Si5 141-63-9
N. denticula Hexasiloxane, tetradecamethyl 458 Ci14H4,05Si6 107-52-8
N-(3-fluorobenzyl)-7H-purin-6-amine 243 Ci2HoFNs 67023-51-2
Tetracosamethylcyclododecasiloxane 888 C2H7,01281 181919-94-3
Tricontamethylcyclopentadecasiloxane 1110 C30HooO15S1; 23523-14-0
4-Phenyl-3,4-dihydroisoquinoline 207 CisHisN 52250-50-7
heprasiloxane,1,1,3,3,5,5,7,7,9,9,11,11,13,13 504 Ci14Hus06Si7 19095-23-9
N. cancellata 9,12-Octadecadienoic acid 498 C,7H5404S1, 54284-45-6
pyrrolo[2,3-b]dibenzofuran 207 C14HoNO 998201-57-1
Carbobonic acid 207 Ci2H17NO, 998201-33-6
Hexadecamethylcyclooctasiloxane 592 Ci6Has0sSisg 556-68-3
Hexasiloxane, tetradecamethyl 458 C14H4,05Si6 107-52-8
Tetracosamethylcyclododecasiloxane 888 C2H7,01,81, 181919-94-3
Pentasiloxane, dodecamthyl 384 Ci12H36048Si5 141-63-9
N salina 3-Isopropoxy-1,1,1,7,7,7-hexa methl-3,5 576 C13H5,07Si7 71579-69-6
Octasiloxane, 1,1,3,3,5,5,7,9 578 Ci6Hs5007Sis 19095-24-0
Benzeneacetic acid, alpha 472 C20H400sSis 37148-65-5
3-Butoxy-1,1,1,7,7,7 hexamethyl-3,5,5 590 C19H5407Si7 72439-84-0
Heptasiloxane, hexadecamethyl 532 Ci6Has06Si7 541-01-5
2,5-Dihydro-2,3-diphenyl-1H-Imidazole 222 C»1H2sNO:s 55955-50-5
Bo| =& A4 LHkAF EA BAo| AFR-EH oty o). E3F mol| A peak”} Yrebytth E 3 imidazole, purin, quinoline
EeE 9 2] dizh #4 dtolle &oldt Ae= EL °l Z3tE 524E 3 PR 9¥FE Fe AR wdHn
5 th(Back, 2014). N. salina®] % H3F=2 L Li et al. & A AHE T AY vAERRe 22 Hosle AE
(2009)°) 4] imdazoleA|7} 1= EZ <l 1-(4-fluorobenzyl) Lol B2lo] EA A0 A8 I WPt Yy E o] &
-2-(4-fluorophenyl )-1H-benzo[d]imidazole®] % ¥r33-o], 5Fo] OLED 4A] Hofel 2 Hof Fof &-8o] 715351,
4839t 474mm TN A e RS Hop 25 AR aAjolmz A WBA A7 2 4 A A
Dihydro-2,3-diphenyl-1H-Imi dazole7} 3§ ¥34of g o2 AndHc A FE Y AHEkY JHeAEE ¢
o2 At® Hth N cancellata = quinoline#| 2l 3k 27} A7 2oty doF AE Sao] OLEDAXA} 7
1,2,2°-(1,4-phenylenedivinylene)bis-8-quinoline I} kS 95k o] V2R R R AEE o ke Al Hof &
2,2’-(1,4-phenylenedivinylene )bis-8-methoxyquinoline,2,2’- L2 7|tk £ e Aoz FohEc)

(1,4-phenylenedivinylene)bis-8-acetoxyquinoline A &2 e

T g 747 435, 443, 439m 1o A pack7h B o],
FZ % 4-Phenyl-3,4-dihydroisoquinoline7} 33 2330 43k
S F= o7 ArEHtkLiang ef al., 2003). N. denticula®)
I 22 Vabre et al.(2014)9] Ao A (E)-9-benzyl-N-(2-
methoxyethyl)-8-(4-(trifluoromet  hyl)styryl)-9H-purin-6-
amine®| 3 P& LA 5HA 1, purin| 7} EFHE of 454
mof| A 73t peako] 22, N-(3-fluorobenz yl)-7H-purin-6-

B aTE

AL

FRATAT HEFA 7|2
2010-00207113}F A sno Yoz 435 7)o
ofol ZA=gY

Y7l MY

amine”} 3 Wgo| ¥ F= AL AlrH o] A
5o W=, OLED &ah= 3 g £4 43 2|4 435mm,
o 474mmol A peak7h ZQlEm], & o] A= 400-500

REFERENCES

Burroughes, J.H., D.D.C. Bradley, A.R. Brown, R.N. Marks, K.
Mackay, R.H. Friend, P.L. Burns and A.B. Holmes(1990)



S/1UFAAE U A AEF S B2 L F 0 gy 569

Light-emitting diodes based on conjugated polymers. Nature.
347(6293): 539-541.

Baek, D.H. (2014) Properties of silicon for photoluminescence.
Appl. Sci. Converg. Technol. 23(3): 113-127.

Choi, K.S., C.J. Ryu, D.J. Park, S.C. Oh and H. Kwak(2015) Lipid
extraction Nannnochloropsis sp. microalgae for biodiesel pro-
duction using supercritical carbon dioxide. Korean Chem. Eng.
Res. 53(2): 205-210.

Hamada, Y., H. Kanno, T. Tsufioka, H. Takahashi and T.
Usuki(1999) Red organic light-emitting diodes using an emit-
ting assist dopant. Appl. Phys. Lett. 75(12): 1682-1684.

Jung, J.H. and D.G. Moon(2013) Emission characteristics of poly-
mer blue organic light emitting devies on the plastic substrates.
J. KIEEME. 26(9): 682-685. Surface treatment effects of in-
dium-tin oxide in organic light-emitting diodes

Jung, S., N.G. Park, M.Y. Kwak, B.O. Kim, K.H. Choi, Y.J. Cho,
Y.K. Kimand Y.S. Kim(2002) Surface treatment effects of in-
dium-tin oxide in organic light-emitting diodes. Opt. Mater.
21(1): 235-241.

Kim, J.H. and S.Y. Kim(2007) Functional verification method of
OLED driver IC using PLI. The Magazine of the IEEK. 44(6):
83-88.(in Korean with English abstract)

Li, C., G. Zhang, H.H. Shih, X. Jiang, P. Sun. Y. Pan and C.H.
Cheng(2009) High-effcient phosphorescent iridium(Ill) com-
plexes with benzimidazole ligand for organic light-emitting di-
odes: synthesis, electrochemistry and electroluminescent
properties. J. Organomet. Chem. 694: 2415-2420.

Liang, F., J. Chen, Y. Cheng, L. Wang, D. Ma X. Jing and F.
Wang(2003) Synthesis, characterization, photoluminescent
and electroluminescent properties of new conjugated 2,2'-
(arylenedivinylene)bis-8-su bstituted quinolines. J. Mater.
Chem. 13(6): 1392-1399.

Lin, K.K., S.J. Chua and S.F. Lim(2001) Influence of electrical
stress voltage on cathode degradation of organic light-emitting
devices. J. Appl. Phys. 90(2): 976-979.

Oh, H.M., A.R. Choi and T.I. Mheen(2003) High-value materials
from microalgae. Kor J. Microbiol. Biotechnol. 31(2):95-102.
(in Korean with English abstract)

Shin, E.M.(2011) Technology of electrical barrier material.
Elastomers Compos. 46(1):22-28.(in Korean with English ab-
stract)

Shin, H.J., J.H. Park, W.K. Jung, H. Cho and S.W. Kim(2011)
Development of biorefinery process using microalgae. J.
KSPE. 22(10): 7-16.

Tajima, H., K. Shimatani, T. Komino, M. Matsuda, S. Ikeda, Y.
Ando and H. Akiyama(2006) A voltage-induced transition of
hemin in BIODE(biomolecular light-emitting diode). Bull.
Chem. Soc. Jpn. 79(4): 549-554.

Tang, C.W., S.A. VanSlyke and C.H. Chen(1989) Electroluminescence
of doped organic thin films. Appl. Phys. 65(9): 3610-3616.

Vabre, R., M. Legraverend and S. Piguel(2014) Synthesis and eval-
uation of spectroscopic properties of newly synthesized
push-pull 6-amino-8-styryl purines. DYES PIGMENTS. 105:
145-151.

van Mensfoort, S.L.M., V. Shabro, R.J. de Vries, R.A.J. Janssen and
R. Coehoorm(2010) Hole transport in the organic small mole-
cule material a-NPD: evidence for the presence of correlated
disorder. J. Appl. Phys. 107(11): 113710.

Yang, Z., I. Sokolik and F.E. Karasz(1993) A soluble blue-emitting
polymer. Macromolecules. 26(5): 1188-1190.

Yun, Y.M., K.W. Jung, D.H. Kim, Y.K. Oh and H.S. Shin(2012)
Optimization of bio-H, production from acid pretreated micro-

algal biomass. J. KORRA. 20(1):78-86.(in Korean with
English abstract)



