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AA ... Method for manufacturing the device

(57) Abstract: The present invention relates to a white light-emitting quantum dot. More particularly, the present invention relates to
a quantum dot and to a method for manufacturing same, the quantum dot comprising a core/shell structure and a ligand attached to
the surtace of the shell. The ligand includes a light-emitting group. The core/shell structure and the light-emitting group of the ligand
may emit light having complementary colors, thus emitting white light overall. The white light-emitting quantum dot according to
the present invention may emit white light alone without using a separate filter layer. Therefore, the light-emitting device which ad-
opts the white light-emitting quantum dot of the present invention may have a simple structure while achieving excellent color pur -
ity, high stability, and high light-emitting efficiency as compared to conventional light-emitting devices.
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ol 2 W= A4 R-¢ 7]l A, 250 ml o] el A7) AA 7.5 g3t
& 2] o DMFE(Ho] v/ ok who] =) 100 mIE ¥ 37, 80°CE 7 skal, l5&
B8 A17] 5. 50 °CA A NotE 2.4 Aol 1] = 4.8 0 habol. 241 7F S ukalch
Hhe &5 5, A 200 mlol] Hhe & FHEke] =3 A& oA
w3kl o] 2 BT e A A A s)ste, 68g/] AAE F5A

Br B(OH)z

Suazuk readlon
O

(5473 ¢l 2]

9-(10- B 2 2| 2D)-10-# J FE e} Al (29 o] A HA))

9-H 2 %_10-#H d QFE 2} 4l 8 g& anhydrous diethyl ether 300 m1¢]] < 4t}
o] 714 0°Coll A n-BuLi(2 M) 18 ml= A 3] WAt} 0°Col A 1A 3F 4] F-
1.10-tFo] B 2 2 dj Al 21.6 mIE W AT} 30 & F- 2417 $k57 ksl o), w30

O ol WA ko 2oz Y7t 5 SHF80mE YA )5S
RO B8 oHoH 2 40 mlE 33] 5ok gty on
T Al A $-hexane s O] 5o 2 AT dlo] ATA 9. U

9-(10-H 2 X e 2)-10-# A E 4l 5.7 g (50%)S A A Th.

@ ®

1. nBuli

soclbNlooe

Br CHYCH )3 CH,Br

H NMR (CDCls;, 400 MHz): 8.32 (2H, d), 7.63 (2H, d), 7.59(9H, m), 3.92 (2H, 1),
3.65 (2H, 1), 1.70-1.68 (2H, m), 1.64-1.60 (4H, m), 1.52(10H, m)
/‘é oﬂ Q_?SLU DJ-A-1 ?51—/\4
9-(10-&&3&] 21)-10-5d 9HE 2}All 4 o 1eq>9} wpo] 9 o} 1.3 g(2eq) S
el %% 50 mlell ¥50] a1 4A17F BH7 ke Ql T, o] 710l 6 MO] A E
50 mlE 9 a1 24 3F St gkl QT whg-o] U] o] A X8 w X g o of ek
Xﬂﬂ - ol & ofAl | o] E 30 ml= 3 8] =3kt Hekel & o n AojE 5
Ty e o2 A A - CHCLS ol 53 o= ARl sfo] A5
,SZ 2%} 10-(10-phenylanthrace-9-yl)decane-1-thiol 1.4 g (39%)2 A % T.

C "oy ®

NH3

OO e CCC

CHy(CHg)sCH,Br CH3(CHsCH, SH

'H-NMR (CDCl;,Varian4d00MHz): & 1.26-1.38 (6H, m), 1.43-1.46 (4H, m),
1.62-1.66 (2H, m), 1.85-1.90 (4H, m), 3.42 2H, t, J
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=6.8Hz),3.64-3.69(2H,m),7.31-7.35(2H,m),7.40-7.42(2H,m),7.48-7.59(5H,m),7.66(2H
,d,J=8.8Hz),8.33(2H,d,/=9.2Hz).

LC-MS (LC:Agilent 1200, MS:LCQ Advantage Max): Mobile phase from 0%
[water+0.01% HFBA+1.0% IPA] and 100% [CH;
CN+0.019%9HFBA+1.0%1PA]to0%[water+0.01%HFB A+1.0%IPA Jand 100%[CH;CN+
0.019%9HFB A+1.0%I1PA]in6.0min).Purityis99.72%,Rt=2.48min;MSCalcd.:426.24;MSF
ound426.2[M].

[z;st/\é oﬂ Q_ % DIJ-A-2 SL/H

A7) 34 o] 1o A @FA] o 3 q.;qg HHE 519l © o, ek §HA] o)) 200 A
1.10-t}ol B 2 w2 g Al th Al 1,5- dlbrompentane S A28} 3L, Pale yellow DJ-A-2E
g sl

H-NMR (CDCl;,Variand00MHz): 6 1.45 (1H, t, J
=7.6Hz),1.74-1.81(4H,m),1.87-1.92(2H,m),2.60(2H,q,J=7.6Hz),3.66-3.70(2H,m),7.32-
7.35(2H,m),7.40-7.42(2H,m),7.48-7.54(3H,m),7.55-7.59(2H,m),7.66(2H,d,J=8.4Hz),8.
31(2H,d,J=8.8Hz).

LC-MS (LC:Agilent 1200, MS:LCQ Advantage Max): Mobile phase from 10%
[water+0.01% HFBA+1.0% IPA] and 90% [CH»
CN+0.019%9HFBA+1.0%IPA]to5%[water+0.01%HFB A+1.0%IPA Jand95%[CH;CN+0.
01%HFBA+1.0%IPA]in6.0min).Purityis99.52% Rt=2.6 Imin;MSCalcd.:356.16;MSFo
und356.2[M].

B71 F7 ol 3 H 4] A A vbE R A R vhEa 2

h-BuL{

Br/‘%\Br

2

80H
refux, 7h

2.Crysialigation
Hexane

THF
78 °C to reflux
4l

r-BuLi

Br S Br EIOH
—— OO0 =k
2. Ciystallization
Br

THF
-78 *Ctto refiux
5h

Hex zne S)‘NHZ - Al
+Br

/‘é oﬂ Q_?Sl- DJ-A-3 ?51—/\4
*0*71 A ol 1ol A A ofl 39] A2 ksl o, w9 of 190 4]
9-bromo-10-phenyl anthracene 2! 9-(4-bromopheneyl)-10-phenylanthracene
A}-8-349 31, 3HeEA) 317 DI-A-3% $H Sk,
'H-NMR (CDCl;,Varian4d00MHz): 6 1.32-1.45 (12H, m), 1.60-1.63 (2H, m),
1.75-1.78 (2H, m), 2.52 (2H, q, J
=7.6Hz),2.75-2.79(2H,m),7.30-7.32(4H,m),7.35-7.41(4H,m),7.46-7.48(2H,m),7.53-7.6
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1(3H,m),7.66-7.73(4H,m).

LC-MS (LC:Agilent 1200, MS:LCQ Advantage Max): Mobile phase from 0%
[water+0.01% HFBA+1.0% IPA] and 100% [CH,
CN+0.01%HFBA+1.0%IPA]to0%[water+0.01 % HFB A+1.0%IPA]and 100%[CH,;CN+
0.01%HFBA+1.0%IPA]in10min).Purityis99.62% R t=3.94min;MSCalcd.:502.27;MSF
ound502.2[M].

['%1—/\3 oﬂ 6] Q.?SLU DJ-A-4 ?51—/\4

271 A4 o 5914 1.10-tFo] HZ 26|71 o] Al 1,5-dibrompentaneS AF8-3}-%1 AL,
Pale yellow 3L#] DJ-A-4& 144 3} %t

'H-NMR (CDCl;,Variand00MHz): 6 1.39 (1H, t, J
=7.6Hz),1.54-1.60(2H,m),1.73-1.82(2H,m),2.61(2H,q,J=7.6Hz),2.79-2.82(2H,m),7.31-
7.33(4H,m),7.39-7.40(4H,m),7.47-7.49(2H,m),7.54-7.60(3H,m),7.67-7.73(4H,m).

LC-MS (LC:Agilent 1200, MS:LCQ Advantage Max): Mobile phase from 5%
[water+0.01% HFBA+1.0% IPA] and 95% [CH;
CN+0.019%HFBA+1.0%IPA]to0%[water+0.01 % HFB A+1.0%IPA]and 100%[CH;CN+
0.01%HFBA+1.0%IPA]in6.0min).Purityis99.58%,Rt=2.8 5min;MSCalcd.:432.19;MSF
ound432.2[M].

&71 9 el 5 6] AA Nbg A R vhg it A

3
1
nBuLi HalN Jj\NHR.
{ 4
B'/\H;\B' EfOH
2 roflux, 12h
THF 2. BN NaQH ay
-7 °C o refux EtoH
O 12h reflux, 4 h
O Pd{PPhs)y 5
2o (I
SOOI
refux, 15h s
1.
B{OH) ‘ a-Bul O HaN ’J'LNH,
9 10
Br
Br Br
1 /\{:);‘ OOO reﬂux 12h
. —_—
THF 2 NeOH aq
-78 9C to refix EDH
12h O refiux, 4 h
- Br 3 SH
13 DJ-A4

[z;st/\é o] 7 Q_ F&- DJ-A-5 4

&7 G2 ol 1014 73 ofl 39| 345 whnskl o, v 9k of] 19114
9-bromo-10-phenyl anthracene t 4] 9-borom-10-(2-napthyl)anthracene A}-& 3} 31
WA 314 DI-A-SE §HA 8kl Tl

'H-NMR (CDCl;,Variand00MHz): 6 1.32-1.42 (12H, m), 1.59-1.65 (2H, m),
1.75-1.81 (2H, m), 2.54 (2H, q, J/=7.6Hz),2.79(2H,t,J
=7.6Hz),7.28-7.35(4H,m),7.39-7.43(4H,m),7.57-7.62(3H,m),7.69-7.76(4H,m),7.90-7.9
3(1H,m),7.98(1H,s),8.01-8.04(1H,m),8.07(1H,d,J=8.4Hz).

LC-MS (LC:Agilent 1200, MS:LCQ Advantage Max): Mobile phase from 0%
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[water+0.01% HFBA+1.0% IPA] and 100% [CH;
CN+0.019%9HFBA+1.0%IPA]to0%[water+0.01%HFB A+1.0%1PA]and 100%[CH,CN+
0.019%9HFB A+1.0%I1PA]in10min).Purityis99.84% Rt=4.95min;MSCalcd.:552.29;MSF
ound552.2[M].

[149]  3/dol 79] A A WH-gEA == vha ) A

[150] g

0
n-‘::l >—0-B
-TB'CIOI'I.
12h
.
B H;N‘NN;-
* v 2.6N KaDH a3,
rediux, 150 lu"c bremx EtOH
ralx. 40
19 DJ-A-S
[151] skA] o) 8] 813% DJ-A-6 $HA]
[152] "L7] ShA o] 72] A S WEE-ELS o vk 9RA] of 20]| A 1.10-TFo] B2 Ry Al
) Al 1,5-dibrompentane- AF-838F 3L, 2= A 313 DJ-A-65 /3 313 U

[153] 'H-NMR (CDCl;,Variand00MHz): 6 1.39 (1H, t, J
=7.2Hz),1.62-1.54(2H,m),1.85-1.71(4H,m),2.61(2H,q,J=7.2Hz),2.83-2.79(2H,m),7.36-
7.28(4H,m),7.42(4H,s),7.63-7.59(3H,m),7.76-7.70(4H,m),7.93-7.91(1H,m),7.98(1H,s),
8.04-8.02(1H,m),8.07(1H,d,J=8.4Hz).

[154] LC-MS (LC:Agilent 1200, MS:LCQ Advantage Max): Mobile phase from 0%
[water+0.01% HFBA+1.0% IPA] and 100% [CH;
CN+0.019%9HFBA+1.0%IPA]to0%[water+0.01%HFB A+1.0%1PA]and 100%[CH,CN+
0.019%9HFB A+1.0%1PA]in6.0min).Purityis99.76%,Rt=2.23min;MSCalcd.:482.21;MSF
ound482.2[M].

[155]  sHAdel 89 A whg- A == vh &3

[156]
ot

[157] [&+Ad ol 9] CdSe/ZnS §+4d
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&3] EA o] AlAl g Wi o2 AZslrE B A A 0, Tt E
AF8HE 9] 0.4 mmol CDO (99.99 %), ©}¢1 o} Al B ©] E 4 mmol (99.9 %, %)
2214k (0A)€] 5.58 mLE 100 mL2| 3 1+ &eh2= ol Far A9 7] shof] A
150 °C% 304 &5 <F 714 3} v} v} 1 octadecene (ODE) 20 mLE ¥ 31 &+ &
310 °C=2 <7} 81t} trioctylphosphine 3 mL(TOP), 2 2% 1 mmol (SE), & (S)
2.3 mmol S W2 A Fehz=Ho 4 vk vhg &= E 10 9310 °CE
H2]8 AL o 2 BT AA Y A S ERENEE 20 mLe FHeko)
obAl o m AASATHE 3] o). FAHE 5.0mgmLe] FER FEEEE
= Ak redispersed 313U

[3F7d ol 10] ZnO nanoparticles 373

700 b QA HAE S5 02 ALgH 1, Zn0 L AHEHA & Tl

HE& AHE3F91 T = Zine acetate S dimethyl sulfoxide(DMSO, 0.5 M) 30 mL
Y al, o gh-2of Bl EduE ¢ R E 80 Z(TMAH, 0.55 M) &3-5-3 1 A7k &<t
SLukahEl ). o] - £141 1 aho ol Bh& 3} F1e op A B £ A K sk,
33 ¥ ZnO Y= P A= 30 mg/mLo] e R ol §-E-of] WAk B LED A& 3] 4]
2 s A5 ARSI T

[ 1] WA kg oFz}x k4 (Ligand Exchange)

T 49 248 v o 22wl Al Wik ok x-S SFA] B QI T, = AF Y] $HA] o) 90l A
A 28k A O 2 CdSe/ZnS &N (0.2 ml, 5 mg/ml in hexane)=r A| 223}, 7]
ekl of) 30| A A 23k 1452 (0.5 ml, 3 mM in hexane)= ] 7}8} 3L 303-%F

| A kSO, W-g-& F 22 ol methanolS 7}8Fe] LAl g} Al 7] $-o
A5 glo] WA d-sg kA xS Al 2319 U Ligand exchange 2 3+ IR
DATAR 29138} 9131, UV <= R PL 2 Ee}E 18ttt &= 5= 7]
Az u Ay ‘ﬂa Fg GAA o] FT-IR=F Edto] ), (a)w= 4 ol 3(DI-A-DE (b)=

2 Ao 1(DJ-A-1 + CdSe/ZnS)S =43k Zlo|t}, =3 = 62 UV &< Z PL
29 Eﬂ@]ﬂ%, )= 34 ol 8(QDs), (b)= &g el 3 H (o= AA e 12 548
zlo]t},

[ A ol2] QD-LED 4=} A 2}

QD-LED<= Sl mE544kslEo0] I ¥ W 52 ITO/r2]) 7] F(sheet resistance
<10Q/0yoll A 2F&} A} ITO 8l = 1 -7 2232 AF&3)o] ol A =3}
oA 2 d o &7 A H5}G AL, of 2 AkA 15 Eek 2l A g ekel T

%3} poly(3,4-ethylene dioxythiophene):poly(styrene sulfonate) (PEDOT:PSS,
Baytron P Al 4083) 9:1 F-3] 1] 2 o] AT 23 ok 5182 3]4] 3k 5 3027} 4,000
rpm C. 2 223 5 ¥ v}, PEDOT:PSS & ¥ H ITO 12| & t]7] ol 10 & &<t
120 °CE 8k ZH o] E R W o] 7] & FATh

HAHE 7S N2 AN FRB oA Zyn])d IS PVK,
2 2ZWMAL] 0.01 g/mL)= 30% 53,000 rpm O = AW FE 3 5 30 B &
180 °C ol A 7132 o] 7] Helslo], & 55 0= A&t HdFow

9

ol
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[175]

0%
>

71

ﬂl

Alel 1ol A Az gk WA kg 9FAb3] & 95 202 &< 1,500 rpm 2=
ot}

+,Zn0 Y=Y AH30 mg/mL) 82 30% 5 <9F 1,500 rppm O 2 A S E AL
£ 150 °Coll A 30 w1t o] A 3 v, mhA| 2o 2 o] 2] g v vk

2k A (9 74 9 ~ 5 x 10-¢torr) ol ¥ a1 1] F cathode(100 nm 2]
2ol e,

o 1] Orange QD-LED 4~A} A 2}

of 20]] }\1 5Ll }\ﬂ Hha} Okz]_xq q]/\] /\L7] %L/\g oﬂ 9/] Orange Okz]_xq eR
o2 ALg s,

o]l 2] Blue OLED Z~#} #]| 2}

00 29020 W21 94 912097 B A 391 DAL g o R

.gﬁ

1'.10

o r‘
M orlo

)
m o
o{}J ON

_ e

E=)
2

K OlN'

— nz
o

Bl

>,
ol >,
£

e

_|_4
%Oro

e
Lo o

¥ A A ol 29} v ae] 1 9 29] Z A F(EL) A AFS] IVL 54 7 EL
skl ek, & o441 7] 2,000 ed/m2 o], ZF7F 249

7] 31 2 295z 70 YWY I 79] (a)+ Current density and
luminance versus driving voltages WEldl 21 ] 31, (b)+= luminance power efficiency
versus luminance= YEF Zl ot}

ouﬁi_zﬂ

o},
A &
KN
=
K<l
i

Wi (M~

3t 1
[Table 1]
Color of LED |V(V) Amax(NM) FWHM(nm) |L,.(cd/m?) [na(cd/A)
2 A]e2 4.2 470, 595 40 2015 0.19
H] 3l e 1 4.9 590 39.2 1790 1.27
H] 2l &2 44 460 27.8 1502 0.29

1

sa A7) AR ol 2 0 Vsl 1 20 M A2 Ak it E A

AAEG = ER]S S48 vh 21 A3 12 8ol EAISSITE &2 8ol A (b)E
nlael 19] Fl, (c)F= Hlalel 29 F9, (d) A Al ol 29] FU 02 ALE-SF LEDS]

Electroluminecence(EL) spectra©] ™, ¥F2] 2(FWHM)-> Z}Z} Blue, Orange 9}

white”| 27.8 nm, 39.2nm, (42.2nm, 39.3nm)°] 3 t}-.

A4 o] &7

skl whe A 0 e W] WSS P shA ehaLs
AR TS 2 WA WY 5 Q) W o] g dol] 4 gA] T2}
e shE A Fol o] whag el nlshe] S A, 1o H e

g g 58 VA A & 5 Q)
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[Fig. 1]
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[Fig. 3]
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[Fig. 7]
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