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ABSTRACT
Effect of Surface Charge on Alq; Growth in [Comim][TFSI]

Ionic Liquid

Se-Won Choi
Advisor : Prof. Dong-Chan Shin, Ph.D.
Department of Advanced Materials Engineering

Graduate School of Chosun University

We presented previously that Alqgs single crystal would often show growth shape
instead of equilibrium shape during isothermal crystallization within ionic liquids. To
understand the detailed growth mechanism of Algs, we investigated the effects of
surface charge on the isothermal growth of Alqgs single crystal. [Comim][TFSI] was
used as an ionic liquid solvent. The heat-treatment temperature and concentration
were kept to be 100C and 1.0mol%, respectively. To provide preferential nucleation
site and control growth condition, we put glass, ITO glass and stainless steel
electrodes into solution. When the glass and ITO glass, with more surface charge
compared with stainless steel, was used as a single electrode, the bigger Alq; single
crystal was obtained. When ITO glass and stainless steel were used as counter
electrodes, 70 mV and 60 nA was sharply reduced until the initial half-hour. After
that, 10 mV voltage and 9 nA current difference was measured. The density and size
of the Alqs crystals formed at these conditions are 8x10°/mm” and 30 pm. The amount
of surface charge on the interface between the growing single crystal and ionic
liquids was directly related to growth velocity. When we applied 400 mV for 24
hours between ITO glass and stainless steel electrodes, density of Alqs crystal
increased to 11.7 times compared to the condition of no additional voltage. The
applied voltage was changed during growth such as 60 mV for initial 3 hours and
then 400 mV for 21 hours, the shape of Alqgs crystal changed from needle shape to
sea urchin. Through changing voltage and current, we could easily control the growth

of Alqs single crystal. Further investigation on growth mechanism of organic

_Vl_
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semiconductor is undergoing and will contribute for realization of flexible electronics

cra.
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Fig. 2. Changes in melting point according to alkyl chain of imidazolium based

ionic liquids[14]
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Fig. 5. Scheme of Jt-conjugation structure(top) and the energy structure(bottom)
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Fig. 6. Chemical structure of the two geometrical

Alqgs isomers[20]
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SRS ZXxclote HEO0A OIDITHEAH 20122 C2-position2| & & Xt
2H5tH, Ol Algs 28 &0 ge= 0IXIAH =Tk ol HAUSH 2lokH
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<1 <3h> <24h> <120h>

Fig. 8. Growth mechanism of Alqs crystal for isothermally
heat-treat in [Ciomim][TFSI][8]
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Fig. 9. Structural formula of [Comim] cation and [TFSI] anion
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Tris-(8-hydroxyquinoline)aluminum : Alg;

Fig. 10. Structural formula of Alqs material

_20_

Collection @ chosun



Ol CHet = &2 MeI0IH, 8IdEel 210
et olg 230 &set §8 Motel &0l 2| G20 I8 HE2 AMSE
 —

HIMES 6.90x107 Qmol0, EHAQ L2l=

Resistivity( 2m) = Sheet resistance(S2/square) x Thickness(m) (3-1)

0
I0

Ct2 A2 Salf HAHE ITO JIES HINE2 3.12x10% @m0l THIQ BHEX|
ALOI2l BIME gt H=Ch

rr

_21_

Collection @ chosun



15.0kV 8.8mm x100k SE(M)

Fig. 11. Microstructure of the cross section of ITO thin film

_22_

Collection @ chosun



s
09!

=] =]
=

ol2d A UM =S HMGHH [E Algs

Fig. 122 2AICQ 20| &g2
[Comim][TFSI] & Ol 1.0 mol%E
0, Algs 2= E&FAI210] ®IoHA

JHZ HEE = 5T/mn2 525
HE M5 Algs

X 11O JIE=S

T
28 %0l OIXle ZE&s

H% A= =0Iot)| fIoHH

MHSIRCE OLED Z& M=ol Algs
EHIIot0d 1 h S0t WBtst & AFEotA 2
=8 ZEMZ heating chamber 20l £ N,
ot0d 100CUHAM S& EX™elotAUCH IES
st Eolgh)| flotol sel, I1ITo, A

212 FHIE 28 890 =222 €1 24

h S XISHACHFig. 132 AZR) st =8 X o0 ITOY AHQZIA AE
JlEtE HAZot0, AEE M-SR BHSUAM 2Mols dYd 8FIF Algs &
0 OIXle S0l ol ZRAISHRICE QIfE 22 J|EY HSHE 2IIotA S
(TH A1q3 28 &0 DIXles F&s L20otED| fdt 1TO J1E AdelelA

10l 60, 400, 1000 mVS MAOZ2 24 h SO RXIGIUCH(Fig. 132 BEtH)

132] C&HE) EXcot E JIE:2
HED JEA0 = 028 A
ot AL

Collection @ chosun

isopropyl alcohol(TIPA)S A

HE 2clotA2n, 0 = 60

ol

ZotH Algs &
CTZ 24 h?

_23_



Mixing
1.0 mol% Alqs +

[Cmim][TFSI] A Surface charge of substrate
@ Glass. ITO glass.
stainless steel
Algs growth
Temp : 100 C
Holdingtime : 24 h
Q B Supply charge on substrate
Washing gzltage:_ 60. 400, 1000mV
i s rrent: 0.05, 0.32, 0.8pA
ITO glass, stainless steel
Dry Supply charge on substrate
Temp - 60 °C, 24 h C by a two step
G 60mV3h—400mV 21h
- ITO glass, stainless steel
Analysis
SEM, EDS, XFD

Voltage-current

Fig. 12. Schematics of experimental procedure
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Fig. 13. Process system of Alqs crystal growth by surface charge
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e E@8e Algs 232 EEiQ A0, €4 L5 HItol)| fAdl field
emission scanning electron microscope(FE-SEM, S-4800, HITACHDE AIE6tU 2
0, 82 242 <IoH energy dispersive X-ray spectrometer(EDS, eds6506, Oxford)
E ME0IRULE Algs ZEAS &0C16tI| 2o high resolution X-ray diffractometer
(HR-XRD, X’Pert PRO MRD, PANalytical Co.)& At&E3I0 5°~ 35° HANM =
Z ot
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v. 21 & 1

2

1. 28 & Motlll THE Algs 2&

Fig. 14= [Comim][TFSI] =01 1.0 mol% Alg:2 S&8 & 100CH A 258t
Ol24 %A W 4E59 J|EES £20Z N 24 h RASIHSH, 0 T D&t
A0 @4 & Algy 2E=S 2ZEeH ZUE LIEFWH AL Fig. 14(a) =l I1EL| 0
HAS Algs Z2EAO X 20/= 30 + 3 uym0lD LEE= 1.2x10Ymm*0ICH.
(b2 ITO J|ERl= 28 &

o AHelela AE JlE

010t 40 £ 4 umOI0H LZ & 6x10°/mm’0l 12, (c)
e 28 Z01JF 20 £+ 2 umOlH Z2&=

3x10°7/mm*0| 12, ()2 EXIE ITO J|E0ols 2F 2019t 15+ 3 pmOlH L
CE 2x107mm” 22 EAZRACH 01 20| JITel HA M50l [Het Algs 2
Aol AJI LTIt gethlesE 0lss JIE HIMEH et JIEe EHHo &
Sst & Motel 3710t Tt2)] HZ0ICH Rl 22 &AM 3% HoH2
2220 =22 H0HMN =S Ol Xl =ot HHO N Mo =H &
ACH AHQeA AEN 22 EXe Moot A SEO0DJ] HEo ZEH
22 38 MotE d4EtCh2d4] EXIE ITo= AHQelA AEBHO @2 3M
HMolE 2=l Ol ARZ 0lHE &2 Soll ITO EH2| Mol kALt
JI MH=0ICH 212 HH0 g4 M Mol =2 ML 245 X
E 9 ot EH s FHAIZICH et =2 EH 38 MGIE e &
2l HEUHM=E Algy A0 Al LHSE 0lae 3I|12 d&80tH =2 259
Z28S 4stC et Dol M XMool 2ol Algs 282 HEH Mo =
OtXIOH, N el 2 Algy dXAHE S2HEIIH &L 0 2o =2 238 M
OtE = JIENAME AUESZ 21 20/2 Z2HO0| d&HoIULCH TetM 0l=
o AlEE HOHO Mol Z&E0| Jtsg ITO2E AHQelA AE S AFESHH &
SHOHACH
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Fig. 14. Algs crystal growth by surface charge of (a) glass, (b) ITO,

(c) stainless steel and (d) grounding ITO substrate
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Fig. 15. Algs crystal growth (a) on ITO and (b) in ionic liquid[8]
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Fig. 162 Algs bare 221 024 N UWoIM S&s Z2&, el
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(€) — heterogeneous Alg,

e oy (b) —— homogeneous Alg,
o, b=

Q.

R
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2

kB oS

E i

e M

(a) — Bare Alq,

002

101
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104
032
173
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Fig. 16. XRD data of Alqgs of (a) bare powder, (b) in ionic liquid and
(c) on ITO substrate[8]
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Fig. 17. Measurement a voltage and current between ITO glass and stainless
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at 100C for 24 h in ionic liquids
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(b) B 10 min (¢) C 25 min

Fig. 18. SEM image of heat treated ITO surface after (a) A 2 min, (b) B 10 min, (¢) C 25 min, (d) D 1 h, (¢) E 4 h
(f) F24 h

_35_

{“/Collection @ chosun



Table 1. EDS analysis of ITO surface

Collection @ chosun

Dark spot Average(Atomic%) Standard deviation

0] 93.96021 0.326534

In 5.712681 0.333210

Sn 0.327113 0.008766
White face Average(Atomic%) Standard deviation

) 94.10718 0.218658

In 5.579465 0.113032

Sn 0.313353 0.112721
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cathode

Corrosion

2In*? + 3/20,

/,Hz
N

Sn+4 + Oz

i 5 2 10 11 12 13 14

[Camim][TFSI] [Comim][TF 5I]
[C-mim][TF 51) +Algs + Algs + substrate

+Algs
k pH=35 pH=6.3 ‘/

Fig. 19. Schematic of chemical oxidation-reduction reaction

H0

between ITO glass and stainless steel in ionic liquid
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3. QIDF MotOlAel Algs 28 &

Fig. 200l= DC power supplyS OI&oHAl ITO J|Et AHQIZIA AE DJIH
ALOIOIA 24i5t= H 22l 68 (60 mV)2t 4081 (400 mV)E QIDIGIAS M,
ITO J/&20 g4 & Algs 2= UEHHRULCE Fig. 20(a)= ITO J|EDH AH|
olglA AE JIEN MYZ2 68 (60 mV)E QlJtst 222 ITO J|&R0 &4
E Alg; 2849 BZ 20l= 30 £+ 4 ymlZ QJF M Lok, U&=

4x10Ymm’2 2 1.7Hf SIISIRACE Fig. 20(b)y= LS 40HH (400 mV)Z 21D}
g Ao HZF Z20l= 30 £+ 2 umle=zE QI MU s, 2=
92x10"mm’S 2 11.781 SOI5tQUCH LS QIIHEH0f of

O, Ol0fl et == 2o ZA0| &AL

ZFI|E 0|00 222 H(system) M&tES =FHet 21, 0|24 Hiles HE2
°F 0.10 MQO| SZEACH Ol HUAA ITO J|EAOIS] EF HES 0.26
ROl SHEUCH O =0 8 TXIUHMN 2 MA= Fig. 212 20[ OH

== ITO J|E20 =2 Y HMotE dAI2ICH 0l2 Qo JIE HEHP2
Alg; &t A 0latel V2 d&ob)| H/_XNH, =2 L2 Z2H0l &
HEIC
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Fig. 20. Alqs growth by applying voltages (a) 60 mV
and (b) 400 mV to ITO for 24 h
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Fig. 21. Schematic of surface charge accumulation between

ITO glass and stainless steel
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4. Two-step & CIJH0 THE Algs 28 A&

Fig. 22& ITO JI&1 AHIQI2[A AE JIE AOIO MYS two-stepl 2 2!
Jtotd €& Z0t0IM, Fig. 23= OO0 CHEt BIHUS tEHH X OICH Fig.
22(@)= 60 mVe MU= 3 h QI = ITO JI&0l &8 Algs Z2ES LHE
tH 2J0I0H, 5 ~6 pm 3|9 His EEHE H&EGIRULCL Fig. 22(b)= ()2 =A

HA S 400 mVZ SIHAIA 21 h S |XIgH WE UHEHH J2 2 1TO
JIERA0 &8 Al 282 8 g2l 250l dEotAth =I101 8=
60 mVZ QIJIGIRE M Al BE &EHE =XotH B4 gtz d&&t
I =AE KNS 0l1F LS 400 mVE SIHAIZIEH OI&M SLE/JS A
&0l Fig. 24% 20| II2& F= ofH E2 82 S2HEIIAH D0, J1E2

SEAE Algs Z2E L JIEAOIN =2 &6t
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Fig. 22. Algs growth with two-step of (a) 60 mV
for 3 h and (b) 400 mV for 21 h
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;““E 2MUi%iul

CHOSUN UNIVERSITY

60 mV

21h

Fig. 23. Alqs growth mechanism with two-step voltage change. In (a) 60 mV for 3
h is needle phase and (b) 400 mV for 21 h is star crystal phase
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Fig. 24. Schematic of star crystal growth by intial needle
crystal at high voltage
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V. 28

> AHQlelA AE > X ITO I8 =22 24
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—_—
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