creative
comimons

C O M O N S
& X EAlI-HI el Xl 2.0 Gigel=
Ol OtcHe =2 E 2= FR0l 86tH AFSA
o Ol MHE=E= SN, HE, 8E, A, SH & &5 = AsLIC

XS Mok ELICH

MNETEAl Fots BHEHNE HEAIGHHOF SLICH

Higel. M5t= 0 &

o Fot=, 0l MEZ2 THOIZE0ILE B2 H, 0l HAS0 B2 0|8
£ 2ok LIEFLH O OF 8 LICEH
o HEZXNZREH EX2 oItE O 0lelet xAdE=2 HEX EsLIT

AEAH OHE oISt Aele 212 WS0ll 26t g&
71 2f(Legal Code)E OloiotI| &H

olx2 0 Ed=t

Disclaimer =1

ction

Colle


http://creativecommons.org/licenses/by-nc-nd/2.0/kr/legalcode
http://creativecommons.org/licenses/by-nc-nd/2.0/kr/

[ UCI ]1804: 24011- 200000265207

2016 2E

1

]
—

M AFEES)

OLED ME9 MWZHEs= 98

Ol=2d A2 MAIES

THfEm et
&AM S et
2 2 A



(o]

HZHsE 2

OLED Mzl

Olz2d A2 MAIES

Reuse of Ionic Liquid for the Recrystallization of OLED

Matenals

2016 2& 25¢

THOEm et
&AM S et
2 2 o«

Collection @ chosun



OLED M=o MZ

12 THAIS

R X

X M
o

O

K

HO

<J

4
E

100
KU

=

o]
il
H

R0
<)

oF
ol

xr
ol
H0
O]

OF
H

2015¢ 102

OFJ
ol

=
ol

el
K

=
ol
E[0]

4

0
K0

Collection @ chosun



o0

K

oJ

it

ol =

&
E

=
ol

&
K

-t

KO
oF
oF

K

2015¢ 113

OFJ
ol

=
ol

&l
K

Collection @ chosun



List Of Tables -+wwreeereeerreereerrrmmrreerueenreeneensesreereeereeeneenns I
LlSt Of Figures ................................................................ |\Y%
Abstract .......................................................................... VII
Fl 1 T A 2 cevrererereeresnsnssssssssesesssessssssssssesessssssssssssssssens 1
L. CIT 2 E et ssssssssssssssssssss s ssssssssssssssessans 1

H 2 E Q|2 HUH ceererererererererererereeresereseesesesesasesesesens 2
F 1 B OS24 OHT| crerererererererereresesesssesssssesssesssssssssssssssssssssens 2

1. OISA OHF O] JHQ weeereerressersessssssssssssssssssssssssssssssassssasessaees 2

2. ImidazoliumZl| Ol A OHF| weereersessersesssssssssesssssssssssssnsenes 4

H 2 E OLED KHE wrereererererssssssssrerersssssssssssasesessssssssssasasesesssens 7

H 3 = OLED FHE EHIEFEH crevrererererereneressssssssssesssssssesens 11

1. 2SR EEE cerverreerrsssessnesssssnsssssssssssssssessssssssesssssssssssssassanss 11

2. 0|24 HHE 0|28 OLED THZ FH| ceeeeeserseresensenens 13

H 3 & AS THE L EFEH eereneneenennsneeeessssssesens 15
H 1 E ASTHD L | D] cererererererereressressrssssssssessssasasasasesens 15

Collection @ chosun



2. &8 DD 17
T 2 B A HEE cerveiiinsnnsisssssnssssssnsssssssssssssssassssssassssssasssses 19
1. AL S DFE ceecccssnnnecccsssnteccsssssnnntecssssnntanscssssansesssssssssesessssssssssces 19
Hl 4 & 2O LU DR ceeereneneneneneneneennseese 22
M1 & EXel A2t 2 NPB ZEHAL B} ceeeeeeee 22
M 2 2 Cmim[TFSI|S A0 TFE NPBL IHZE &3t
................................................................................................... 28
H 3 & Comim[TFSI12 THAIS 0 & NPB2 MZ A3
................................................................................................... 34
| 5 T ZE it 40
PP 41

Collection @ chosun



List of Tables

Table 1’ Unlt Cell dimenSionS Of NPB -oceeeveeereereenneianininiiinna.,

Table 2’ Process Condition ............................................................

Collection @ chosun



Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.

Fig.
Fig.
Fig.
Fig.
Fig.
Fig.

Fig.

Fig.

List of Figures

1’ The structure Of iOniC hquld Cation ................................. 5
2. The structure of 1-alkyl-3-methylimidazolium cation -+ 5
3. The structure of anion (a)hydrophilic (b)hydrophobic -+ 6
4. Low molecular weight light emitting materials -« 8
5. Low molecular charge transport materials ««++-------oeeeeeeeee 9
6. A schematic diagram of sublimation process -« 12
7. A schematic diagram of OLED material purification

methOd Wlth iOniC lquIdS ................................................. 14

8. Chemical structure of ionic liquid a) Comim|[TFSI] b)

C1zmlm[TFSI] ..................................................................... 16
9. Chemical structure of NPB material ««----ooooveeeeeeeseneeeeeens 16
10. Digital heating mantle =« «-eseereseresereseninn, 18
11. A schematic diagram of experimental procedure ------- 21
12. Recrystallization NPB XRD data by Comim[TFSI]

Process holding time -« s esereresesesnensnnnns 24
13. FWHM of [110] by Process holding time ---------=+++--- 25

14. Microstructure of recrystallization of NPB by

Comim[TFSI] Process holding time a) reference b)lh

C)2h d)4h @)8h rrereerrererrertee 26
15.Recrystallization NPB XRD data by Ciomim|[TFSI]

Process hOldlng tlme ......................................................... 27

_|\/_

Collection @ chosun



Fig.

Fig.

Fig

Fig.

Fig.

Fig

Fig

Fig.

Fig.

16. Microstructure of recrystallization of NPB by
C1omim[TFSI] Process holding time wsseesrssersseseens. 27
17. Color of change of Comim[TFSI] and NPB by reuse
times (a),(b) reference (c),(d) Itime (e),(f) 4times (g),(h)

. 18. XRD peak of recrystallization NPB to Comim[TFSI] by

reuse times .......................................................................... 30
19. Relative intensity of recrystallization NPB by
szlm[TFSI] reuse timeS .................................................... 31
20. Microstructure  of  recrystallization NPB by
Comim[TFSI] reuse times a) reference NPB b) 1 time
c) 2 times d) 3 times e) 4 times f) 5 times g) 6

times h) 7 times ................................................................ 32

. 21. Purity of recrystallization NPB by Comim[TFSI] reuse

. 22. Color of change of Ciomim[TFSI] and NPB by reuse

times (a),(b) reference (c),(d) Itime (e),(f) 2times (g),(h)
3times (1),(j) 4 times (k),(I) 5 times (m),(n) 6 times
(0),(p) 7 times (q),(r) 8 times (s),(t) 9 times «ww-eeeeeeeeeeeee 36
23. XRD peak of recrystallization NPB to Ciomim|[TFSI]
DY TEUSE HMES wrroesressrssesserssmssesssssssise s 37

24. Relative intensity of recrystallization NPB by

Collection @ chosun



Cromim[TFSI] reuse times -+ wwseesesessrmssmssmssmisminsinininns, 38
Fig. 25. Microstructure of  recrystallization @ NPB by
Ciomim[TFSI] reuse times a) reference NPB b) 1 time
c) 2 times d) 3 times e) 4 times f) 5 times g) 6

times h) 7 times 1) 8 times j) 9 times ««wroooeeeeeeeeeeeeeeess 39

_\/l_

Collection @ chosun



ABSTRACT

Reuse of ionic liquid for the recrystallization of OLED

materials

Eun-Sun Kim
Advisor : Prof. Dong-Chan Shin, Ph.D.
Department of Advanced Materials Engineering

Graduate School of Chosun University

OLED is thin and has a fast response and a wide viewing angle than
the previous display but the high price has disadvantages. Due to
sublimation purification using a method for purifying an OLED material.
When using this method, the sublimation temperature point, and using the
difference to achieve the desired purity, the user must repeat the process
over a 3 to 5 times and 6 times. So the raw material is expensive due to
the large loss of material during the purification process. However, in the
present study give the imidazolium-based Ionic Liquid and OLED
materials which was investigated in the crystalline phase and the purity of
the OLED material through recycling of the ionic liquid. imidazolium
alkyl chain is based ionic liquid was used Comim[TFSI] and C;,mim[TFSI].
OLED materials are used the NPB. the ionic liquid was set to 3 wt% of
NPB. Conditions for recrystallization of NPB was 170C for 1 hour
holding time, the atmosphere was carried out in a nitrogen atmosphere. At
this time, the resulting crystal phase is a crystal phase analysis by XRD
was a crystal phase through the SEM, and evaluated for purity via HPLC.
First an C,mim[TFSI] and NPB was used to indicate the result of the

- VIl -
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recrystallization according to the same crystal exhibited the best holding
time of 8 hours heat treatment of the crystalline phase in the NPB. Thus,
recrystallization of NPB of the recycling of the ionic liquid Comim[TFSI]
The holding time of 8 hours, C,mim[TFSI] was carried out as in the
experiment 1 hour. The crystalline phase of the recrystallization was found
Comim[TFSI], NPB and recycling the ionic liquid is, but growth to the
general direction the same as the reference NPB, Ci;mim[TFSI] In the [001]
growth first in the direction to be grown in the form of a plate that were
observed. NPB of the crystal phase of the recycling of the ionic liquid
was equal to 8 times, and the purity was also uniform. Therefore,

recycling of these ionic liquids is considered would be to lower the cost.
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Abstract

OLED =2 MZHSE g 0I2d HH2 HALS

Eun-Sun Kim
Advisor : Prof. Dong-Chan Shin, Ph.D.
Department of Advanced Materials Engineering

Graduate School of Chosun University

OLED= JIEQ CIAZHOIE0 2 FHe HE SE4d L "2 Ao
£ X1 JAXLH IR0l =Ct= ©&EO0l UCH OLED M= E EHote &HY
£ &3 ZHYS ALESH)| HEO0ICH 0 HEHE M8 & 32 33 & 2%
UE 0180t 0IEXIE Aotes =8 2J| A= 3~53 BI=23&EH=S &
XMOF ot HMUE S0l M=2 @2 42 26te & M=l et E& dl
MCH ODHdU 2 AP M= ImidazoliumH 024 HHE O0I=26tH OLED
SE FHMotd Ol2d MM MAMES Sot0 OLED M=o Z2EH& 2 =
SO0l CHotOd X AFGHRILE imidazoliumHl Ol=24d WM alkyl chainOl 2JH@!

Comim[TFSI]2} 129HQ! Cpmim[TFSI] & AR5t 1D OLED ME= NPBE A

ottt 0l2d M S0 A NPBE 3wt%= U&EoHRUCH NPBS MZEJ
g Fg XHLZE= 170TC RAAIZE 1AL =Rl 24 =RJI0A &
ot Ol E0A Z2EHa2 XRDE Sot¢ 2= E4otU2H SEM
= Sot 2&2af, HPLCE Sot =&& dJItotth. B4 NPBE 0l=24d
BHM Comim[TFSI]S O0lE0tH =XIAIZH0 [HE MHZEetet 20 s2st 2
= UEHUHRRD 1 = 8AIZF EXlcl 8 NPBOIA JtE £E2 ZE& S LIEHU
AULE [etd ol2d Ml MAFEN E NPB2l MZ& 2= Comim[TFSI]
HAME RAARZIS 8AIZF2=Z ot Comim[TFSI] (A= 1AI2Zt22 ot &
g= ddotRl 0l2d 9ME MAIEotd NPBE MZEsh g 21
S

Comim[TFSI] OlM2l Z2&E &2 reference NPB2 S&otH X HQ Heo=z

A EOIA 2L, Comim[TFSI] Ol&d [001]2 &2 24 H&HOIH BHao| SEN
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2. ImidazoliumA 0|24 WXl

Ol24 A2 Ctest 20I=22 Fig. 10l LIEHLHACHS]. Lol=2 EEFAl et
ImidazoliumH|, PryidiumM|, Pyrrolidinium}|, Ammonium3|, PhosphoniumH 2 &7 &l
HXl=0, 2 = ImidazoliumH 024 MUAH= 2022 Imidazole 1,3 X0 Xl

stel 24 FAX0l alkyl chaing Z&6t= 0l=24 HXAOICH Ol &t imidazolium
20I22 Fig20l LIEHLHRAUCE ImidazoliumH Ol24 MUX= &0l &I R0
D0l AFR ElD UCH6][7]. 3t LOI20 XIS alkyl?| 2l alkyl chain 20101 It
ct Ol24 2o E40l et A2 SHN U dEBHoZ ALS

CH8]. Ol=24d Ao 42 3022 AJIU SF0 &2210

) 20l=201 2ohA ZEEO0 &CH9]. alkyl X202 20l

o

AOl
AN

[Uoll

o] PIHETIH ZIHECL 0I2H WA XXE A2 UD UASL, alkyl
2 D UODZ2 RIYTIF SIHECL L8 0124 % MY

10].
S0I29 ggez 0l2d dMs a=d, dx=d2 8201 Z2EE0ACHS].
= S0l2= LEHHRACH Olelet S
Ol2 & Fo MH=It EOIE=S ad2 HZ0] Zoll&ICh F2 JH==0l et
<

[BF4] < [TESI]
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— Ry Ry Ry Ry
[midazalium Pyridinium Pyrrolidinium Ammaonium Phasphonium

Fig.1. The structure of ionic liquid cation[5]

"“-N/QI\N-""CHHBHI
Ay

Fig.2. The structure of 1-alkyl-3-methylimidazolium cation[6]
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CZ_ DEFF
O

chloride Trifluoromethane-sulfonate

F

F|F \S“’ e O

A Y f>Z
|

Hexaflouro-phosphate Bis(triflouomethane-sulfonyl)amide

Fig.3. The structure of anion[9]
(a) hydrophilic  (b)hydrophobic
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Perylene, Quinacridone, RubreneOl U1, MEA+ Q1& LHMI = Firpic, Ir(ppy)s

Ol RUCt. Figs= M2X &ot =EMEE LIEHURUCH 3 FEMES 2= CuPclt

U1, 88 =3ME= NPB, 88X =SMESZ= Alg3, PyPySPyPyJt RUCH11].
A

H
cigt OLEDME= RIISHSZA &4, =20 Fefst 422 =0 JLE

2
=20 U= SHUAM= 8ol THHEFAOF 8tCH12]. 0l & NPB= M <& T
SO0l CuHnN2 3tst 2XE 1), 2AUE 2 588.74g/mol OICH13]. & X

£ Triclinic *Z& 5 2t©S0{ NPB unit cell® dimensions Table.10ll LIEHLHACE
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Fig.4. Low molecular weight light emitting materials[5]

(a) Low molecular weight fluorescent material (b) Low molecular
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phosphorescent material

(b)

NPB



(©

Alqg3 PyPySPyPy
Fig.5. Low molecular charge transport materials[5]

(a) Hole injection material (b) Hole transport material

(c) Electron transport material
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Table 1.Unit cell dimensions of NPB[11]
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a=10.3077 a=82.339(2)°
Unit Cell dimensions | b=11.3545 3=77.657(2)°
c=14.4778 ~=75.526(2)°
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Impur|t|es Sublimation purified Material
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Fig.6. A schematic diagram of sublimation process
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Fig.7. A schematic diagram of OLED material with ionic liquid purification
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2 AE0M AEE 0l24d 9H= Fig8%2 20l imidazoliumH 0|

1-dodecyl-3-methylimidazolium(C;,mim[TFSI]) ni; 20l

o

bis(trifluoromethylsulfonyl)imide(TFSI) 22 Z& & [Ci;ymim][TFSI](IoliTec C0.99%)
@t 1-ethyl-3-methylimidazolium(Comim[TFSI])  bis(trifluoromethylsulfonyl)imide(TFSI)
J[C;mim][TESI](IoliTec C0.99%)2 2ERE AFR5HUCH

OLED M= Fig.91 g2 X8 It N' -
Di(1-naphthyl)-N,N'-diphenyl-(1,1'-biphenyl)-4,4'-diamine(NPB)(Jilin C0.99%) £ AlE

ot AL
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Fig.8. Chemical structure of ionic liquid

a) Comim[TFSI] b) Cimim[TFSI]

Fig.9. Chemical structure of NPB material
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2. &8 DD

Ol2d Xl MMAIE 2 NPBS MZEHE st EXlI=

Digital Heating Mantle(DMB-JM, MS-DM)2 AtE0IULCH 2 HAF0HM ALZSH HE
2 2BIHOZ AIZ &= heating chamberLt furnacel H|WdiAM OLED HZ 2

283t € [ 024 MM SX HES |2 24F & = U
@]

Cte &0

MZ&E3st & NPB2 OIMl & =4S 6t FE-SEM (S-4800, Hitachl)% = of
E0lotA ) HEE3H = NPBL A HgtE s¢b & 0[0IX AHM2=Z 26
Eo 0l=2d A2 THAIE0 HE A Bt s2Le 2HES AMECHALL HEE

3t & NPBO ZHACl EIl= X-ray Diffraction(XRD)(X'PertPro, PANaly tical)2

0|23t 2AHGIULCH17. EHETHE 5°~45°, scan speed= 0.020|Ch MZHSH &

OLED M2 2 =& HItE <l of High Performance

Chromatography(HPLC)(Prominence, Shimadzu)E AtE0t0H =4 0HRULH

HAXACZ2=E F3H 28 S AIE0tH 254nm UV

uvi
N2 AUiFCl = 0329 HAEIXZ Z43HALCE
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Fig.10. Digital heating mantle
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2ot =M = 0124 A Yl 3wt%=2 St magnetic
2t=0t stirring Ot S&IGHRUCE 0l=24 HUHQ THALEO ([

%
E NPB2 MZE 3 A& S Table 22| =21 Fig 110l SAIE & AU 2ok

AEE NHSIULCE Comim[TFSII2H 3wt% NPBE &4 ZRJI0A 170C 2&2
el ANZERZ 1, 2, 4, 8AI2F @XHel & LWHotW OLED ME2E MZ &3St ot
[, =S8 ZZ =S XRDZE ZAGIH ZZF LS HlWotH EXal AlsS Z2Eat
A CH Comim[TFSIN2l 2= 8AI2H0l ER36t1), Comim[TFSI|= 1AI2F €Xel Gt

2

NPBIt MZHS 20oli= NS &2l GtAL et MEES &= 170C
A Comim[TFSIJ= 8AIZ2F, Cimim[TFSI] A2t ZXelottd NPBol THZ&E 3t
L 0l24 HHo MALS AE2S oI MZAEE & RII2SE 0248 Ak
F2lAIIIDJ] ?IotH JILAEHE AMZACH 22l NPB&= Isopropyl
Alchol(IPA)E AtEGHH NPBO 20 A= 024 HHE MESHULCH MEHS NPB
= 70C QE0lA 24A12F SOt AXSIUCEH E£&F 2elE 0l24 Ml MAIES
LISt Ol=24 2% CHHl NPBE 3wt% E& A2l & MHZES HMelE Gt

Comim[TFSI|= & 73| MAIE ot 1), Comim[TFSI]= 93| MAtE GHRULCEH

rr

o

bl
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Table 2. Process condition

Ionic Liquid

Comim|[TFSI], Ciomim|[TFSI]

OLED material

NPB

process temperature

170°C

atmosphere

50ccm N, atm

holing times

C,mim|[TFSI] 8h

Clzmim[TFSI] 1h

Reuse times

Comim|[TFSI] 7 times

Ciomim[TFSI] | 9 times

Collection @ chosun
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Fig.11. A schematic diagram of experimental procedure
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Fig.12= Comim[TFSIJCHHl 3wi% NPBZ N, 29719 ¥xel 2% 170COIA
Xl AlZES TAIZE 2A12F 4A12F 8AIZE S Xelotd MZEE3 & NPB AIZO0
CHst XRD =HZUE LIEIHCHI4]. XRD CIOIHE Sol X2l &(reference)

A2 JHXLD A2 1AI12E 2A12E, 4A12E, 8AIZE S e2l5t L0 &
MZE3t & NPB= reference NPB2| Z&HAN =st BHAS UEHHUCEH
Fig.13= XRD ZMZLH HIIIIAQ! 19°2 [110]H2 FWHME HAtst Z0E
el =2 LIEFH A O0ICH Fig.132 JdHZUA 2E0HF= AKX reference NPBL
FWHME 0.230I3 2Lt Xl AlZ2t0l SIS FWHM gt0| Z0tMd 8Al2H &
Helst MZ0ME 0152 FWHM g0l Jt&E &2 212 SoIstCt 012 20l
ielm 3ol 242 FWHMOI &lt=e A2 Z2E4ACS BFH0| ?=0otlt= RS
O|0I8tCt. Fig.14= Comim[TFSI] S0HA ZSXHlAlZtOl [tet HZ2E 3t NPB Al
29| SEM AMES LIEFHCE Fig.142 (a)Q referencefilAle B2 2 LS AD|
b imP =0 oled U S0HA MZESe NPB A28l 22X 2JI= 1h
gxel 2o 2um 2A12F Xl 2D 3um, 4AI2H el Z b 3um, 8AIZH E X

4umOIALCH SXcl AlZ2t0l Sotge+== NPB2 ZEA0| 2= 22z d&ot=

.

o
NS € = UL SXal A2l [HE NPBS MZ&Est=s 2342 o, 2

OIel I3 19°0lAM 2l FWHMS ZItotAS [ 8AIZE EXlst AIZ0IA JtE
cC =

L5 ZIA0 HEEASS BE

nio
ron

Fig.15= C;,mim[TFSI] CHHl 3wt% NPB g0t 1AIZ2E EXel & AlZe
XRD ZUE UEHHCL XRDZUUAE 2WHFz= AXME Comim[TFSIIUHA=
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. [110] 3 wt% NPB / C,mim[TFSI]

8h
g

@' 4h
-

N 1h
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1 | L 1 H
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2 6 (degree)

Fig.12. Recrystallization NPB XRD data by Comim[TFSI] Process holding time
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o 023 0.19
E% 0.15 0.19 0.17 @

E; 0.15
= 0.1
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reference 1h Zh 4h gh

Holing time

Fig.13. FWHM of [110] by Process holding time
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Fig.14. Microstructure of recrystallization of NPB by Comim[TFSI] Process holding
time

a) reference b) 1h ¢) 2h  d) 4h e) 8h
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3 wt% NPB /C,,mim[TFSI]

[001]

Intensity

-
1 1 1
10 20 30 40
2 O (degree)

Fig.15. Recrystallization NPB XRD data by C;,mim[TFSI] Process holding time

Fig.16. Microstructure of recrystallization of NPB by C;,mim[TFSI] Process holding

time
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M 28 Cmim[TFSI|E THAIE 0l THE NPBE MZ A st

Fig.172 MZE3 2% 170CH A Comim[TFSIIE 73| DtXI THAFZ 0 28 0|2
3t & NPB2 MG AXIOICH (2)2 201 €X™el & 0l24d X
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Comim[TFSI]S MAFEGIH NPBE 170COIA 8Al
St NPBAIZ 0 CH ZUE LIEtHOL EXe reference NPB2}
Comim[TFSI|E 720t THAFESIH HZE 3t & NPBX reference NPB2H =& &t
ZHAO triclingdt2 UEIHHJACE Fig.192 Fig.182] XRD =JFZUHE Sl 10°
peak [001]ZH Dt 19° peak [110]1%H 2| IntensityS Hl W ol /AL Comim[TFSI]E

B 730X THALE ot st MHZEE S & NPB= [001]2 2CH [11018H9
Intensity )t & & =H LEHGICE =, reference NPB2F 20| [110]1H

SOECE OlgA M Z33 = NPB2 OlMT7ZXE 24010 ?16t0d SEM2 Sat
O X10.0K2| BHEZ Fig.200l MZE S & NPB2 OINMRPXEE Z4A0HRULCH Fig.20
HAM E0F= AXMY SHIM reference NPBL| B AXII(It 1mmEE 0I%

SU Cmim[TFSI]S MAEGtH HZ2ESH & NPB= 0.5um ~ 2ume| 3I|E UHEH

D QUCHI9]. Figl182
o] O MZE S

s
oIn
0

S
o
Ol

2
I
)l
Pl

XRD

10| &

LHO! Comim[TFSIN2l THAIE = =0 &23101 LESHCH Fig21€ Comim[TFSI|S
7SI DR MALESHH MZ A3 & NPB2l =& E HPLCE2 S0l =J& ZUE
LIEFHCE. referencd NPBS| === 99.788% Ol , Comim[TFSI12 THAtE ==

H1 3@
J

rr

Jb EJIotHE THZ &S & NPB Z&E A reference@ Hl WS 0.014%
HETO X0IE EUSH 0|2 Z22 X0ls SHXEAN S0HIIl W

=
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Z=4chsiul

CHOSUN UNIVERSITY

Fig.17. Color Change of Comim[TFSI] and NPB by reuse times
(a),(b) Reference (c),(d) ltime (e),(f) 4times (g),(h) 7times
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[110]

3 wt% NPB / C,mim[TFSI]

§ times

3 times

4 times

Intensity(a.u.)

= 3 times

2 times

L 1 time

referenice
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2 6 (degree)

Fig.18. XRD peak of recrystallization NPB to Comim[TFSI] by reuse times
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Fig.19. Relative intensity of recrystallization NPB by Comim[TFSI] reuse times
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Fig.20. Microstructure of recrystallization NPB by Comim[TFSI] reuse times
a) reference NPB b) 1 time c¢) 2 times d) 3 times

e) 4 times f) 5 times g) 6 times h) 7 times
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Fig.21. Purity of recrystallization NPB by Comim[TFSI] reuse times
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Ml 32 C;ymim[TFSI|E MAtES NPB2 MHZAES

Fig.22&= Cpmim[TFSI] MAtE0 OE Ool24d HHe M4 ™
Cimim[TFSI|E MAIE6tH MZAH3 & NPB 222 JHAAEEZ Lt
Cmim[TFSIJ= I SYHE Comim[TFSIJHA {II2 MZ2ESC Jsez
dark yellow2Z BIMO0| OIFHXICH 9 MAIE = AMAO|l blackOl T UALCH.
Comim[TFSI|2] & Bi5lo| Roloz= 0|24 M
8z, 2&=29 Jg2Bhe= 0l2d HUNE HAISE 0 Ot HA0l ZIUACH
Ol24 MHI} 2402 HA gD, 0 et 0l24 MHIF NPBS EH
SUHUA22Z NPB2 M0l HFRRCE Fig232 Ciomim[TFSI|E 132 93X
HALZSH THZE3H & NPB2l XRDOICH  Cpmim[TFSI|E AE0tH MZE 3t

AlZ! NPB2t reference NPBE H|wot 2H, OhHHC 2 HE St reference NPB
ot €2l Comim[TFSI|E 0I&85t0 MZE3 & NPB= [001]He=Z 24 HFE

ALt reference NPB2| peak?t ?IXIJF HEQ| 8l HE 20t REAHQ BHEO0| &
X

Ol Cimim[TFSI]Jt 3wt% NPBE ZoHAIIIH M2E3Ot 2 M

oF THZ A3 & NPB= [001]%H0] [110]H 2Lt Intensity?t =H LIEFGCH = TN
Z3d3t E NPB= [001]3H0| & H&E HEHY S =QIGIACH OIZH MZE 3
= NPBS OIMR?ZXZE 2tF0ol)| fIGtH Fig252 Sot M Z2&ESHE NPBY
SEM O|O0|Xl OICt. &4 Z 1, reference NPB2t HIWot0d MZAES & NPB= 50
un Ol&tel AJIE Jt&l Eatel HEHE ©CLh XRD dataS Soll Intensity?t 2 M
2383 & NPB= %1 2 A9 FHE A=l =, Comim[TFSII2
Comim[TFSI]2| THAIE O [HE THZE3 & NPBLl XRD dataE HlwoltH 2H
ZHAE2 B 2L XIS Comim[TFSIIE MAIE6I0 HZA 3 & NPB= 0 &
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CHOSUN UNIVERSITY

S T ) )

Fig.22. Color Change of Cixmim[TFSI] and NPB by reuse times
(a),(b) Reference (c),(d) 1time (e),(f) 2times  (g),(h) 3times (i),(j) 4time
(k),(I) Stimes (m),(n) 6times (0),(p) 7times  (q),(r) 8times (s),(t) 9time
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[001] 3 wt% NPB / C>mim[TFSI]
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Fig.23. XRD peak of recrystallization NPB to Ciomim[TFSI] by reuse times
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Fig.24. Relative intensity of [001]and[110] by reuse times to C;,mim[TFSI]
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Fig.25. Microstructure of recrystalliztion NPB by Ciomim[TFSI] reuse times
a) reference NPB b) 1 time c¢) 2 times d) 3 times e¢) 4 times

f) 5 times g) 6 times h) 7 times 1) 8 times j) 9 times
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OLED ME= LEECZ St MEYS 0186t FHME D =0 dMud
A2 MEel =S8 =2Het =&st MBI et A0 =H 27FHAHA
Ct. Oleigt OLED MZ&2 HIES ¥FJ| folAd =2 d70Ms ol2d AH 2
MAtES S8 OLED M=l MZEH0l tHot ZAF otACH M Comim[TFSI],
Comim[TFSI]S OIE6t0{ OLED & & NPBS MZESE st Xl Al2tS
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