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A&l QX , A7 55 AHdsEL, HE, dFvE, 5, 4F, °lEF, dF, =7F, ZLE, o¥yFE, F
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AT 5

A1gke] oA, A7 2w FAd B 3o AU A, FHF Q0] 100m o8kl AL Eqow
S 29 A SEA.

2T% 6

ALl glolr, 71 el A S3A WelA sk s GAEe S A o] dRl A
o she 2R AR S9RA.

tlo
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2,

AFE 7

Aol gloid, 371 elw PR e Erel ATE AZRUY(C=0) Ei HEZAI(0NE 2
o sh 2w A AP

.
tlo
A
o,

AT% 8

AT 9
A8l oA, A7l A 3 FAFES (=0, (=S, (=Se ¥ C=N F #Ho|x r}o] A Fiele= AL

Aol glojA, A7l A I FAIES, Flol=2ZA Aloli}o]=(Hydrogen cyanide), &F Aloluo]l=
(Sodium cyanide), ¥EMF Alolvfo]=(Potassium cyanide), Z4 Alo}upo]=(Calcium cyanide), G~ A]o}L}o]
= (Mercury cyanide), 2% YHEZXFA|o]E(Sodium nitroprussiate), °FEYEZ (Acetonitrile), Ao}
A ZF2Z7 o] =(Cyanogen chloride), Alo}=Al H Zwlo]=(Cyanogen bromide), Alo}x=Al ZEF 2 #}o]=(Cyanogen
fluoride), 7}2X dt]o}wl(Carbonyldiamine), 7+EHX dr]o|w|t}Z(Carbonyldiimidazole), 7FErIEY EAJ
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o] E (Carbamoyl phosphate), A|¢to}mlo]=(Cyanamide), A&F TlA|¢tolrlo]=(Sodium dicyanamide), WEL:=UE
U (Malononitrile), WalZUYEH (Valeronitrile), ™Wg o]aA]old|o]E (Methyl isocyanate), HE AJo}l=o}
Aol E(Methyl cyanoacrylate), ™E #HZAJolrbo]=(Methyl ferrocyanide), o€ o]&A]o}d|o]E (Ethyl
isocyanate), o€ Alolrolm @ o]E (Ethyl cyanoacrylate), ol& | EAJopr}o]=(Ethyl ferrocyanide), =
23 o] A&Alold|o] E(Propyl isocyanate), X2 Alo}rolTH# o]E (Propyl cyanoacrylate), 23 HZA
olt}ol = (Propyl ferrocyanide), & o]&AJol|o]E (Butyl isocyanate), & Aloli-o}l= & #H o]E (Butyl
cyanoacrylate), H&8 #HZAJolt}o]=(Butyl ferrocyanide), ZME o]iA]old]o]|E (Pentyl isocyanate), ZME
Aotizol - H o] E(Pentyl cyanoacrylate), FNE s ZAJolt}o] = (Pentyl ferrocyanide), A o]&Ajoly|o]E
(Hexyl isocyanate), &2  Alojrolg e o]E(Hexyl cyanoacrylate), A  #H ZA]o}l}o] = (Hexyl
ferrocyanide), H8 AJo}li=o}A|E]o] E(Butyl cyanoacetate), & Alo}-o}lA|E|o]E(Allyl cyanoacetate), 3-
ol =g 2 EYEZ (3-Aminocrotononitrile), 2-wEFE]Z2YEL (2-Methylbutyronitrile), 2-WE2 AJo}y-o}
Al o] E (2-Methoxyethyl  cyanoacetate), E]QA|w]7}28}x}o] = (Thiosemicarbazide), TE] L 2A}olulo]l=
(Dithiooxamide), E]Qo}A|Eo}mto]=(Thioacetamide), & E] AW o]E(Ethyl thiooxamate), 2-w&l-2-E]
Q2 Alm] 7} 2 upRFo] = (2-Methyl-3-thiosemicarbazide), 4-v €l -3-E] @ A 1] 7} 2 v} A}o] = (4-Methy1-3-
thiosemicarbazide), 2-A]o}xE]Q o} Eolulo]=(2-Cyanothioacetamide), 4,4-TlHE-3-E] 2 A|n]7}28}x}o]=
(4,4-Dimethyl-3-thiosemicarbazide), 4-°|¥-3-E] 9 A|n|7}ZH}A}o] = (4-Ethyl-3-thiosemicarbazide), 2-H &
T E]| e ¥l Atrlo] © (2-Bromothiobenzamide), 3-H ZRE]Qwlzlrulo] = (3-Bromothiobenzamide), 4-B Z X E]Q Wiz}
w}o] = (4-Bromothiobenzamide) , 4-Z 2 2 E] @ Wi A}ulo] = (4-Chlorothiobenzamide) , Bl e Wl z}pmjo]l =
(Thiobenzamide), 4-HEwlAIE] Q o}n}o]=(4-Methylbenzenethioamide), A#x=<9-#o}(Selenourea), AU =FE
olulo] = (Selenoformamide), A& =o}AEolulo]=(Selenoacetamide), & =wlx}vlo]=(Selenobenzamide) =
842 Urea)Z o] Fo3]l oA Aele Aol shvtg xstsle AL EHo=R 3= 199 A 5FAY A

=z uohg .

ATE 11

Aggel A, 7] &% FASELS, BHE F8E(Boron hydroxide), FH|E  FA4FEE (Aluminum
hydroxide), = 4F8}E(Gold hydroxide), ZFH F4FslE(Gallium hydroxide), °©JEF FAFsHE(Yttrium
hydroxide), <l 44F8E(Indium hydroxide), 2%+F F2F8}&(Scandium hydroxide), ZWE FAkshE
(Cobalt hydroxide), ©]&]l¥ FAF8}E(Iridium hydroxide), FEl§E FAF3}E (Ruthenium hydroxide), I & =4k
3} (Chromium hydroxide), & <2F3}&E(Iron hydroxide), AE2FF 2F3}E(Zirconium hydroxide), ElEbgE
FAF8E (Titanium hydroxide), dt=w <AF8lE (Hafnium hydroxide), 222 $AFs%E(Silicon hydroxide),
Hael  A8LE (Tungsten  hydroxide), AlF  $4F8E(Cerium  hydroxide), Q22F  4-4F8}E(Osmium
hydroxide), ®lhd ZAF8HE(Vanadium hydroxide), YUQH 432 (Niobium hydroxide), B8 FAM3E
(Tantalum hydroxide) % E#]Bdl AFsE (Molybdenum hydroxide) @ o] Fo]d 1Fo|A Ad¥w Holx s}

& ¥gohe AL 590 s aw P 2ol Ax
A7 12

Aggoll A, A7l i T FARIETS V] 55 FASES RRATIE dAE, AT A, e
(heating), & g2 (vacuum heating) T+ AZX(drying)ol] 93 FdH= AL EFo=r &= 189 4
A B Az Uy,

AT 13

Asgol glo1A, 471 k@ FAA HAAR Baete] B Hol 100m olak) HHE WAk WA
xS A 5o st U AR HEAe Az

A7 14

S A

A7) SR AT ol AR g AT 2

7] R A2 7] AR A2 aolo] wjHHE | 1elw Pt BIA S wets U@ wdteii,
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Al4e] QoA A7) B4 AAHES, BE AASEe T, A7) 1AW FAH SFA WA A
B o FAAEe AL dm o) A 5o s A Y 24,

A3 16

B owe adw b BEAe) B otk nok A, F4 ESAS T@se 1w 34 B
WA, ol et B o % W A BEA Az el B Aol

B}
©H =
9 =2 Ao Qs T 54 %%% 7]Hke] WEE A
HZ, 2R FxHe AALS (electroluminescence, EL) 7-8E €3 w34 Az} A Zro| djgk A7) &3]
3 Jok. FAY FALF V&S, F2 Ao FY (carrier injection)dll & AHAY FEo=2 A
3= F71EFtlo] 2= (organic light-emitting diodes, OLEDs)ollA] $--&o] T a1 t}.

>

g &Y, HISSEd 12 ZA g add FARE 483 OLEDs 7Iuke] HAEE 4AxE Bastal .
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a2y, add FAHE S2E A5 @4 OLEDSQ] g Zol &-83to] A Axpel e V&S] U] T
FAE e R S &85 LA HlE) ¥ g 2 = g

oA Zed FAx7E SHEE (aggregatlon) 7 X

(photon re-absorption)oll o3& #FA] £33 (self-quenching)® & AES sty wjFolt}. FA|H o=, 1T
A 71AHe] n-conjugated AAES] FEAGow Qste], e aHA FAH7E AEYD (restacking) &
H7b dojupr] 91, ﬁj)rx—qlgi =3 @48 dog|A HArt. OLEDs ¢33 =HE

o F dde, 2w opet, WFFoRe] AjEo] Ad % g AASS
AZF3HAl A 8l = ﬁ:ol‘ﬂr
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wak, a2 %A 2Ae $e %A E S (photoluminescence quantum yield, PL-QYs)&= ZAAIEF Axb A&
Al A7 2 ¢ oo, e AR s w0 1WA, &) S wal Aold = ANk, BAME o
2 f§7] dFAEY BEA FA (PL-QYs: 80-90%) o vla) @A 3s] W FAF && (PL-QVs: 2-20%)S 7HXItt.
Heo], whags ZA A dAsteE S0l o &A% Ao R Rl AARY 2xe] Aol AEe otdIds v

(s}
4 A~
A g .

ol#fst e UAHe SRS ] 5] EZRELEF(PVAS e 1EA (5 1 A=

=vtolB] (cellulose nanofiber)(HIS&12d 4)52] WiEZA S48 d8ste] Uy 244 s S ¢34
HIAS A3 A7y Ruygor), oJHs e gxpaso] G (PL-QVs: ~12%), 1
converting 94 Wh3-& 9% A wg dEd gy k. Fe, A AEE 8 A A 9
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S 4 B gl I dAde] mE 29 39 dusoln
% 5% AN 19 9w A BFA e FAAAE I A R A Eab 2 H = (EDS)o]
o.

T 62 AAd 19 e Ad E3HA(GQDEBNO, i kA dtek 0.24 Fu) 2 T s~w @ gAA
(Pristine GQD)<] g+ ~#NEZ 18 Zo|r},

T 78, (AA Y 19 2 PR B (GRDEBNO, B A & 0.06 FHF%) L 2 FAH &
MN(solution, 0.1mg/ml)e] 3 E(FA &£&, PL-QV) 54 2=, ()HAA 19 e 2 534
(GQD@BNO, —refs FAd 3 0.06 5%, 28 A 89 (GAD solution), A YAHE A
B Az EHA 4 5HBN0) 2 2HE R F9-H1(6GQD powder) ] F AHER | Bl () A A4
19] e dAE EEA(GADEBNO, 1 AP e 0.06 T 3H%) 2 el S 48 (GAD solution) <]
o] 7] 9} (excitation wavelength)ol W& Ayr3te w3 AFEZHS AT,

w 8L, ay® %4 -k (0, 0.002, 0.004, 0.008, 0.015, 0.031, 0.06, 0.122, 0.243, 0.486, 0.967 ==
%)oﬂ up2 AAld 1(GQDEBNO-S) 2 A Alel 2(GADEBNO-L)2l Zrefdl A H3A9 () FF%=, (AW YA

, (A /mpEdd e 2= E w3

T 95 AANd 19 s SR S (GADEBNO, i SAbH = 0.06 TH%) 2 oW FAE +&
(GQD solution)®] A<M w=3o] that Ao g7 w=e] 1esolt},

2

%108 AAe] 39 AA B A Q7 Agel mE W FEF LAY adzoln,

gy e HA57] 98 A g

S Qi oe A geE b S gl 3 e
St ol ¥ wWe 549 1A Felel tal @4stes Aol olun, W odwEel A 2 A% Weld) X9
HE RE WA, FEE WA GARS E£E Aom ofssolol Bk AYE EWe] oA, FREES
A 2oyl Yage Z1s] gstel AAnt Srjste] £AG ot

noZolA A ol WA 54 AxdE AYs] 98 AsR dom, X Uye s owrt
ohth we] HEE wuld wushAl theA ek et @, 250 EAL THETH ¥ FdelA, "X
b EmE R o ol WAN el A 54, £1, @A, B4, THLL EE 052 £UE 4
o EAYE AASHAE AoNA, S} Te 7 049 e S4B} 24, WA, BA, AL Bt oE
2 2P A5 £A = b beRe Ve AAEA g Ao ofsiHolol gtk

g oA g @, 1EHol AL Aol §ojF EFAA o714 AgHE RE FolEe B wyol
Sahe J1&Rolld Bdel AN A2 Aol ola ugom olsiHE Ad FAF v AHw ek, Y

oz AgEE e AoHel Rt AT B folEe A %ol B 4 AHE onjsl AR o
g s Qow i Eolel s, B Edelx Wushl AlaA i @, olHolAY Hushl B4
IEE R EEEoey

a3 FARPA Eakx 2 o AE b

£ 1o ¥ oune o Add] t aw g BEAS A
AN W AR PR BEAE AR PHE EA

R 1% % 2% gxat, aelw G e)e] BAE 2w A 896D solution)E Fu] @,

A Fol, 7] ndw FAHL, a) achielEs FHY FaES EHstu AGste] B ool Fl A
E TehtelE 7 SHES Axs WA W b) Y] TehtolE 37 SFBRYH AU 4 oled
AASE BAE Ba 2old = Uk

A ANl W, ) FEE SRS dke FEY Bt Gk E3S9 £3ES X9 & A
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A Eol, A7) Wk FEY EE el BEEEge, dubY B4 Eb vt mgdel 7] A=Ay
G, BIAG, AL, ARAG, H7) HEID, F71009, HENG, AW, BAA, BRAY, ANG =
= oolEd 23S EFU 5 At

w3, 4] Goke BHY R Wbl Easgel 471 ARRANY, GIAY, A=AY, §7] LELD, §7]
Qarel FolA HEHE o= shtolyel Aol olES 247 AWE Warhe A, WS Wsrh we,
B WY REEET RS ]

Hoy  FAAo=m dgol e A7l 359 FIES AFoMHCOIE 343 (Sodium  acetate
trihydrate(NaCoHsC0,.3H,0)), AFE7IHUO]E 743}%(Sodium carbonate heptahydrate(Na,COs.7H;0)), &F Al
Ego]E HElsto]=do]E (Sodium citrate pentahydrate (NayCel:07.5H:0)), 4&F LAXEAFOE LH|7}8}0]
=#o]E (Sodium orthophosphate dodecahydrate(NasPO,.12H,0)), vl 1UlE-42F EIEHOIE H7lslo]=d ol E
(Magnesium and sodium tartrate decahydrate(NaMg(C;HiO05)5.10H:,0)), 4w A olE d7}slo|=# o] E (Sodium

sulfate decahydrate(Na;SO,.10H:0)), XEEbG-vlauvlg AdHolE dA}sto] =g o]E (potassium and magnesium

sulfate  hexahydrate(KMg(S0,),.6H0)), gty olAE| o] E t}olslo|EH o] E (Calcium  acetate
dihydrate(Ca(CH:0,),.2H,0)), Eaty o] E FArpstol = o] E (Calcium
carbonatehexahydrate(CaC0;.6H0)), s F2gol= FAlstol =g o] E (Calcium chloride
hexahydrate(CaCl,.6H:0)), g A E ol E H=gslo| =g o] E (Calcium citrate
tetrahydrate(Cas[ 0:CCHoC(OH) (CO2)CHoCO:15.4H:0)),  Z5  FHOJE  HElslo]=#o]E  (Calcium lactate
pentahydrate(Ca(CsHs05)5.5H,0)), s HolEge]E Egslo| =g o] E (Calcium nitrate

trihydrate(Ca(NO3),.3H,0)), Z4 A#o]E tholdlo]=do]E (Calcium sulfate dihydrate(CaSO,.2H,0)), WL
Ul olAlH ol E H EZ}3lo]=#o]E (Magnesium acetatetetrahydrate(Mg(CoHs05)..4H,0)), wl1dlg 7FR Mo E
flelslo] =@ o] E  (Magnesium carbonate pentahydrate(MgCOs.5H:0)), wl2uls: olAlEHo]E Egslo] =g o]E
(Magnesium acetate trihydrate(Mg(CsHs02),.3H:0)), vFIUlE UolEoE  EAlsto]=go]E  (Magnesium

nitrate hexahydrate(Mg(NOs;),.6H,0)), "l1Ulf QAR X AW o|E =2E}slo]=¢o]E (Magnesium orthophosphate

octahydrate(Mg;(PO4)2.8H,0)), IS AE| e Aol E FElstol =g ol E (Magnesium sulfate
heptahydrate(MgS0,.7H,0)), w2 EIEg ol E T Ebeto] = 7 o] E (Magnesium tartrate
pentahydrate(MgCH,05.5H,0) ) 2 Bt FtHE o] E d)7}slo]| =0 E (Sodium carbonate

decahydrate(Na,C0s.10H,0)) ol Al Aele shito]dd 4= Q).

7] B3 YTl EY 34

N o o8 #daA 4= F
100 WA 400 CellA 3=

o Sl Q)
o = 2A .
B} vl skA 150 WA 300 CollA] 32 4= )

50 o

B4 oleg AN SAstel, Aojxl b

dg Sol, 47 & &, dEe, HEE, ojixZRAE ¥Folutel=, UMEMIAE tHE X Folnto
=, ORHIEARL, oMHEUER, viEA] cled, vEZstolmg2ite, WA, A, EF<l, Alo]FERE i
ol5e] S T F Ak

7] Srfel ojel] wrol&o] Eejum, TaEutolE 3t spghEol o SR wstso] Tewl dApie] o
i 4 A

ojwf, AdejHow g7l FA % FEHol2e] SenE I e 2eueAds FHLR B 5 9

471 2 AR ool weh Sl AEE 5 ok 7] 24 &vfel wek A7) e A A
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e 2AgoRA, WE P 24T & Ak,
A7) B gl B, oRe, e, osraws, EEoule=, uEdAEAs Hugxelules, of
AE, opEUED, WEA deg, dEdsolsafe, WA, AU, B, AoFRAN i o5
23 2T 5 A
1% o, A7) 2w FARL, A0l Lam A 50 mm 2 & ATk Axdo] maw, 4Y) Aw P
Ao 22 Fabel Eelo)ad & ow, wWe] A H2rYY(C=0) Ei HAEZAIONE 7H 5 9
o,
geowm, 47 add FAH g 41 dEYs ATAE Eds], aUW FAAG 49 MEgs AT
A wYsE £F 942 FHBTHSI0)
d AAde] w2, 7] 1 dEY2 AFAE, daE x3ste FAE (hydride) T}, 55 FAEES
98 4 A

waw, 7] da i $a8HEe =0, =S, (=Se 2 C=N & Holx shje] AL E@de 5

dE S, 7] A S FAIEL, dto]=2A Alojr}o]=(Hydrogen cyanide), ZAFH Alott}o]=(Sodium
cyanide), XNEMF Alo}uo]=(Potassium cyanide), Z& Aloluo]l=(Calcium cyanide), & AJojrjol=
(Mercury cyanide), AF YUERIFEAo]E(Sodium nitroprussiate), oFHEUYEZ (Acetonitrile), Alo}xAl
ZZ¢}o]=(Cyanogen chloride), AJo}xAl B =Zwnlo|=(Cyanogen bromide), Alo}xAl ZF 9 #}o] = (Cyanogen
fluoride), ZFE2XH ]}l (Carbonyldiamine), 7F2X dt]o]n|t}Z(Carbonyldiimidazole), 7FERIEI FEAH
o] E (Carbamoyl phosphate), A|¢to}mlo]=(Cyanamide), AF TlA|¢tolrlo]=(Sodium dicyanamide), WEL:=UE
Y (Malononitrile), @l ZYEZ (Valeronitrile), WE o]iAlold|o]E (Methyl isocyanate), ™Y AJo}i-o}
Aol E(Methyl cyanoacrylate), ™E #HZAJolr}o]=(Methyl ferrocyanide), o€ o]4iA]old|o]E (Ethyl
isocyanate), o€ Alo}rolm @ o]E (Ethyl cyanoacrylate), o€ | EAJopr}o]=(Ethyl ferrocyanide), =
23 o]&Alold|o]E (Propyl isocyanate), EZZ Alo}rolTH# o]E (Propyl cyanoacrylate), 23 HZA
olt}o]=(Propyl ferrocyanide), HE o]&A]old|o]E(Butyl isocyanate), FE Alo}i-ol= o] E (Butyl
cyanoacrylate), H8 #HZAJol}o]=(Butyl ferrocyanide), ZME o]iA]o}u]o]E (Pentyl isocyanate), W&
Alo}-ol A - g o] E (Pentyl cyanoacrylate), #NE s ZA]o}li}o]=(Pentyl ferrocyanide), &4 o]AAJold|o]E
(Hexyl  isocyanate), 32  AolwoladH o] E(Hexyl cyanocacrylate), &2  #HZA|o}}o]= (Hexyl
ferrocyanide), H-8 AJo}li=o}A|E]o]E(Butyl cyanoacetate), & Alo}-o}lA|Eo]E(Allyl cyanoacetate), 3-
ol =g 2 EYEZ (3-Aminocrotononitrile), 2-wEFE]Z2YEL (2-Methylbutyronitrile), 2-WE2 AJo}y-o}
Al o] E (2-Methoxyethyl  cyanoacetate), E]QA|w]7}28}x}o] = (Thiosemicarbazide), TE] 2 2A}olulo]l=
(Dithiooxamide), E]Qo}A|Eo}vto]=(Thioacetamide), o€ E] AW o]E(Ethyl thiooxamate), 2-H & -2-E]
Q2 Alm| 72 upRFo] = (2-Methyl-3-thiosemicarbazide), 4-v €l -3-E] @ A n] 7} 2 v} A} o] = (4-Methyl-3-
thiosemicarbazide), 2-A]o}:E]Q o}r|Eolulo]l=(2-Cyanothioacetamide), 4,4-T)H|E-3-E] 2 A|n]7}28}x}o]=
(4,4-Dimethyl-3-thiosemicarbazide), 4-°€-3-E] 2 A|n|7}EH}A}o] = (4-Ethyl-3-thiosemicarbazide), 2-H &
R E| e Wl Atrlo] = (2-Bromothiobenzamide), 3-H EXE]Q wlzlrlo] = (3-Bromothiobenzamide), 4-H E X E]Q Wiz}
wlo] = (4-Bromothiobenzamide), 4-2 2 ZE| @ WlA}rto] = (4-Chlorothiobenzamide), E] e dll R}rjo] =
(Thiobenzamide), 4-HEWlAIE] Q o}n}o]=(4-Methylbenzenethioamide), A x=%-#o}(Selenourea), Ad =3
olmto] =(Selenoformamide), Ao} Eolulo]=(Selenoacetamide), Ald|:=lz}w}o]=(Selenobenzamide),

Z(Urea) T o859 %3S x3a 4= giv}.

oo |

):
ke

Mo o ol

oA Ao uh

= & oAy EFE Ao|gFE, Ao L FIE
o 29¢ ¥

W, A7 5% FistEe, 428 5 = 4, o, =

g 5 Q. dE 59, 7] 55 FAtsES, 22 $AHsE (Boron hydroxide), ¥F
& (Aluminum hydroxide), & F4F8}E(Gold hydroxide), ZF 48 (Gallium hydroxide), °©|EH
& (Yttrium hydroxide), ¢1F F4F381E(Indium hydroxide), 2=7HgF F°4F8FE(Scandium hydroxide), ZHWE
AF8}E(Cobalt hydroxide), ©]g SHE(Iridium hydroxide), SFElH 4rsHE (Ruthenium hydroxide),
E $AF3E (Chromium hydroxide), A& (Iron hydroxide)d¥ 2 37F 54 $A8tE ) 23y 4
& (Zirconium hydroxide), ElebgE F2F8E(Titanium hydroxide), 3tZ¥F $°4F381E (Hafnium hydroxide), 2
2]& $=AF3}E(Silicon hydroxide), B8l 4=AF3}E-(Tungsten hydroxide), A& <AF3}E(Cerium hydroxide),
S 22F $4F8E (Osmium hydroxide) 53 22 47} 54 $4tetE, vlus 44+8lE (Vanadium hydroxide), Y
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[0111]
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[0115]
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Qo] S zAHIo| uwal, BNO WEZHA W @ %= dk=ko] 0.002, 0.004, 0.008, 0.015, 0.031,
0.06, 0.122, 0.243, 0.486, 0.967 F=F%] WS A},

AAA 1 - 39 Ax

17 e A SRS 2,000 rpn, 308 2A0E % WYe Waske] Wit Aol oF 2030 m3l 1
P BGA H9EE A9,

AAA 2 - 39 A=

o

)

A7) 2R AR H BEAES 500 rpm, 3059 FHoR FHo=E
a8 FAE 5EA d9HE A

A 3 - HA wF AR Alx

il
i1z}
oY
o
2
og{;v"
o
ol
)
o,
=N

7ol of 100 m

2 713 fdl, s AFo2A4, AF FA 4SE(indiun tin oxide, I1T0)<S 150 nme] T2 IH ST},
47 QU FA ArsEel ZYE vl W A% ghe oF 20 0/sq oItk 37 S AT 9o, cyano AR
DHAE DR FHE Aol 2ES 239 AN)E olge] mYste] Sk f105S Pt

gom, AAd 19 2ad GAH BFA (LA A T 0.06 FHE L vRIT AL FALAE 2
A4 mhie))eF 3:7 o HEm|E Egste] 2000 rpm 0 5% WHkAIA 7 o}ﬂl Ak Hol2ES FAHAA
F. 239 Q4715 olgste] 47 AR f4F 9ol W] BT F4

&7 @FS 9ol BaTiOs7F &
Ho|AEE 233 AH7]E o]

A7) Hlo|AEEL = A3d VB B3 ZyHYoen, IEH I AH Su AAES ¥ 9= 40T
A 308wk A3,
Hlale] 1 - AA 9 A} A%

BNO 39T BL vholdis} 3:7 o Amnlm Bdsle] WHES GAF Ae Agaans A 35 FAF P
o WA WF 2442 AZHAT

Hlare] 2 - M7 2 AA) Al

Zeagl 2w FAE EL vklvise) 3:7 of Amle Eekste] WSS AT AL Aelstas AAld 33
A e A B 2AE Axssit

T 5 A 19 e FAA SEA ak9-rfe] FARARE A (SEM) AR B olluA] Ak S ER(EDS)
U = 58 Fxshd, dojx o FAbA 5 sheHe= g 1ol oF 20-30 me) e, %%‘EJ EDS 2=
AEG o2, (B, 28.7 at%), (C, 4.8 at%), (N, 15.1 at%), (0, 51.4%)9] Ux F=F& 7HHS & 4 Aot

=62 Ao 19 W A HA(GRDEBNO, el FAA FEF 0.24 ) R L
(Pristine GAD)2] vt ~HEY Tgzolt}, = 68 FFsHH, Z|xwl ad FA- FARHA 28 4
A4 2R e gt AMEHANE 1388.5 e 9 1595.5 e BrelA 247 D=3 o] vEhtom | D to G
& (I)/I0)% 0.7919] #e 2 28 A = qvh. webr], BNO e 29 5338 oA 1ga =
Aol FxA wWygoly a7k dojux Fues & 4 Ao,

@A 19) el A HEhA (GQDEBNO, 1EiW PN FeF 0.06 FFH) B 2efW I 8
gE(SOluthH, 0.1mg/m1)Y =3 EA (%A &8, PL-QY) =7 _j_P,HE’ (MHAA ] 19 28 A Baby
(GQDEBNO, —#i® <*Abd ek 0.06 53%), 2#H¥ FAH *%0“ (GQD solution), 2 FAHES 238X
21 A3 MEH: E4 9 (BN0) E 2 S 3915 (GAD powder) ] HF ~HAEH A () HA Y
19] e A 5 (GRDEBNO, el FAFH e 0.06 T %) L A YA T%QH(GQD solution)<]
)79} (excitation wavelength)ol] W& A tstd w4 ~FE-S Yt

JE _N

D:

=7 Fxshd, a2 kA 8o vl e FAH 59A 2R oF 8uje] A aEe e o
SAHNeH, o= a2 FAHS Fed 79 49 FAE Abold ofal r|di¥= Aolwr E4 Ak uh
ehA, BNO miE A2 RE e g e 3 olyA Al o Wy 5A4S us FEAEE & T

_18_



10-2
0
20-0077048

[}

=

=

v

=

~~
®
& o
—_— _#
= . g
°
s 20 i
o) (&) 0 = o
° = I o e
s o ~ on No wv. 5
m# © ﬁ\@ ° ? do o
B X 2 { - " A
N S LT S B o F 1R
Hro - 1H .6% ,.mﬂ, Hr < o ol B o
ol X o X - So — ol > l
s g v S ;
T s = 5 =5 X B ofp 5 o N
" L o8 o° ol K = B - ~ a
~, N umo 'y ~o ,.ml N oﬁe
o 8 ° < 7 M A o g O ﬁ il
A - P X B < R X w
< = iry =K s ~ oR —
- . ot P 1 T0° JAR ~ o X X E_e
KR \U| - X ;AE — ~ e} O_W ~ —_
Xos o H T A = %o s o S
& R S - ks ~ 7o mr X _ o9 = e
20 o ® o 53 ° i A o ‘W 6y <0 In
5 v o2k ® T ) oS W2 R ® s 7 "
) ~ )
W...W ﬂa % m_upo mﬁ ‘WI % umo m M_uluw ﬂl‘_ o dAl ol ‘MO
A — - s -~ X ™ =
nl oy = W < Wo ﬂr o 1Xro = o - 3 wr d
- o o w i e oBR o o’ — 1m|, o M Ho of Ey
73 3% — nl B ol I 1” o~ < b o~ Lu
5 o I — o ToH o ,:L O# g U N el
o = ST S o = S G
o Mw e - N mx_m y ) o o ”n_m o)/ < % 4
o r B | . = = o Hl N < X = o = fid
Lo e S = =3 o M 50 1 U X - g ar
s o = ﬂl = T o B n\__.% 00 MG_H W_u mY 14 o B X
o 2% N T T w 5 ey ol . = - %
e B M w ﬂ__./l L.O OL :H ‘AIVM 1 T‘_ o ﬂ,vx_ M.A ‘ul B :i yA
X0 S ~ frss =~ l 5y ,l.» < ‘ﬁm 1# .
Rl iy = A o ]]OM R oMo# o
o;ro.l Jﬂor ! 1 T g ) B 5
v 9 k2 E WA_I owa S m ~ _= o ™o o | o B = R
B B e x5 5 B v A i ey G
w2 g% - B o @ 5 - e o= a -
— : = T — he -
° ) Sl N B X ol L Wy oy % ° T T w o
o3 K , o° = = _ X <0 o < <0 o
i o = ~ 9 T o 3 i = o) ~ " = B < oy X
o %o = ME M = ® I 30 1 & of U % i w_h o
T o = S o o oF i w3 T T
n& £ = 0 o o o T {
T ncal ToR 5 o ol — = 1 i r = N Mo - e
o) % = e _ :i KA X el o) Bo E Hrv ~
[am) —_ o ‘ul HE e
g X T (| X 5 oy 2 — | B X0
?mmq;kf: - "5 Bas .
o 00 v = X I 00 ~ N el = T - T T k] 79 ol
0 KOS u] < o A 5T s Bl X T i
e Ko w o 23 b TPy - = ® X
Rl BT T G SHC-Y - Y " IS 0 o0
ey T . ~a o = X E T = of X W r = I K
mz w;_a/ Ezoﬁo_g zﬂu N d.ﬁo%alﬂﬂ/oﬁ F
B o JA% B 1r41zr0 ™ WW G oxmw mﬂﬂﬂ ﬂu
LT Ef o } o - \.WA 0 = =1 fast o) < X0
~ %o - Ie) — M —_ U - oF A_I
ol el Y T o° — N . X 1_
ﬁéwwmnw ﬂuiﬁo ﬂ\am - | uxurl7 G T B w X
o = L 4 . X 5 W.m = — z7 k) ey = woor n = nal
oo p 2 wE e % - b B ) H e n
= ©w © pi rQl +— OT T —_— w ~ B X Tw — ol
ol o5 o - = wﬁ _ 2 W el = R0 @ RO 3 T o
W AR EEY ) 3 e 2 T 0| oE S W " ’ ,£|a Y
o' ._ﬁ N (@) » jans ﬁ i o H.f L - T
= — m =) iy Gl X T o L i > o
S, — W < = o N A T ) v %0 . <0 LW__
= % S T o ) poMy - %o 5 |
= — < < = N B 9T = -~ > _ W_M M e
s & = T = = N zr Uo
[ = oﬁEVS 5 o u,ud% ﬁoﬂl
= = woor < " ) iy m% > T _ﬂmo
= il —~
_|_ S — TN Mrrc X v o <
=2 I~ <0 XA oy .WM HO <
W S Bo ot = =]
m_ —_ ,A.._ H;E
5 F WX IS
2, S H o
= !
I
a
=

- 14 -

| s30

rLl-o
2
o A




ZIHSd 10-2020-0077048

v
v e
Boric acid

3

Gl

[ Microwave heating =i§tl1;01<hs“l.ﬂ_hiol_ ““BNO matrix
GQD solution GQD incorporated boron oxynitride (GQD@BNO)

EH3a
T L _15
14—
/\«13
12—t
11
—~10
LIGHT
EHH3b
—1 o5
A—23
21
20
LIGHT
Er4
LIGHT
436
30—+ 1~34

_15_



ZIHSd 10-2020-0077048

S0.0 027 0.4 906
Ke

_Ehergy {

VY
P X

——GQD@BNO (I A, =0.714)
——Pristine GQD (I_1_ =0.791)

G
D
G
\’A\
1200 1400 1600 11:5:'-::'1:3
Raman shift (cm )

Intensity (a.u.)

_16_



ZIHSd 10-2020-0077048

3

X10

o
o

~f- GQD@BNO (0.06 wi%)
—{— GAD solution (0.1 mg mi |
—i—BNO

1=~ GQ0 powder

Py
w

PL intensity (a.u.)
(=]

-
= |

-
[

R ——

Q
Solution GQD@BNO
Wavelength (nm)

c '5" GQD@BNO 58 nm -
o 1.04 » — 300 nm
~ y w— 320 NM
= e 340 N0
‘w05 e 360 N 4
o . s 380 1Y
E a0 3981 458 — 400 nM
& {SQD solution g5 A
E’: 1.0- e ====300 rim |
m
= 0.5
S
Z 0 Ot I e T

250 300 350 400 450 500 550 600 650 700 750

Wavelength (nm)

_17_



u.

Relative PL intensity (a.

—w— GQD@BNO-L
—w— GAD@BNO-S

= GRD@BNO-L

o GOD@BNO-S |
107 10" 10°
R eqp (Wt%)

- ] =-..g___-
ke .

Radiative decay rate - GQD@BNO-L

= o GQD@BNO-S
[-]

Meon-radiative decay rate

Ly - GQD@BNO
—— GQD solution
1.04
0.8 '-H
"a_
[
5
0.4 D'|_i
=R =
1_LJ_.U
L 3§ |_| - 1 —
55 ¥ LHJ—D-G-E!—D-D
0.0 1 ; ; y . : : T
0 2 4 g 8 10 12 14 18

UV irradiation time (hr)

_18_

ZIHSd 10-2020-0077048



EL intensity (a.u.)

400 500 600 700
Wavelength (nm)

_19_

ZIHSd 10-2020-0077048



patsnap

TRAFROE) BRENBEEANAEFRETREATMHE EEZNEERNEBAABHULRFHEAEFETRESTE
B 5%
NI RE)E KR1020200077048A AN 2020-06-30
HiES KR1020180166185 Bi5 B 2018-12-20
HRIBRBEEFAGG) BERZEARE
BB (TR AGER) MEESHESEREMHER
[FRIR 8 A SR
LIRS
25
A HAe
srpis
2518
IPCH#E C09K11/02 CO9K11/65 HO1L51/50 B82Y20/00 B82Y40/00
CPCH#E C09K11/02 CO9K11/65 HO1L51/502 B82Y20/00 B82Y40/00 HO1L51/50
REAGF) KRN E
SAEREERE Espacenet
HME(F) f B
AFNERERTAEAHBEESLSEAALMN B REENS A A ‘C
BEZENREATNAEREFR. G2EHEEFSESMBIATLUNE 0

HASREFRNRESIBNENFATURSAERETF/ANETH

=,

Boioaed /11i1d i

: ) Micowave healing

QD solution

6D incorporated boron oxynitride (GAD@BNO)


https://share-analytics.zhihuiya.com/view/8d188d9c-f55e-4d72-8614-9908dadba7fc
https://worldwide.espacenet.com/patent/search/family/071101802/publication/KR20200077048A?q=KR20200077048A

