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Abstract

Effect of charge on Alqgs; crystal growth

in [C.omim][TFSI] solvent

Sunhee Hwang
Advisor: Prof. Dongchan Shin, Ph. D.
Dept. of Advanced Materials Engineering

Graduate School of Chosun University

The organic semiconductor materials can control optoelectronic properties
according to molecular structure control, and are recognized as materials to
replace inorganic semiconductors due to various advantages such as flexibili
ty and lightness. It is known that there is a limit to commercialization due
to low charge mobility and instability of driving. However, recently, studie
s on the development of high-performance organic semiconductors and improvem
ent of device characteristics have been actively conducted. In particular, t
he performance of the organic semiconductor can be variously controlled thro
ugh the modification of the layered structure and material of the organic se
miconductor. In order to improve the characteristics of a device in the fiel
d of OLED(Organic Light Emitting Diode) in which an organic semiconductor ma
terial is used, it is necessary to control the crystal shape, crystal size,
phase, etc. of the organic semiconductor material.

In our Group, We confirmed that the charge affects the crystal growth of A
lgs in voltaic cell environment using ionic liquid as electrolyte. However, t
he difference in electronegativity between Stainless steel and ITO used as e
lectrodes is small, the oxidation-reduction reaction rate is relatively slo
w. That is, the influence of the effect of charge was small. In this study,

the cell potential was increased by using Cast iron and |ITO as electrodes, a

- viii -
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nd the effect of charge was controlled using parameters such as temperature,
concentration, and voltage.

In the first study, temperature(100, 130, 160 C) and concentration(4, 8 m
ol%) were controlled, and crystals of Algs with various shapes such as Aeroge
|, Xerogel, Ellipsoid, Sphere, and Irregular crystalline phase were confirme
d through two parameters. By controlling the charge, the nucleation rate and
the nuclear radius size are changed, which is ultimately considered to have
an effect on the crystal shape.

In the second study, the effect of charge was increased by artificially ch
anging the amount of voltage from the outside. For the conditions, voltages
of 1.0, 3.0, 5.0, 6.0, 8.0, and 10.0 V were applied to the O V point of the
concentration(4, 8 mol%) and temperature(100, 130, 160 C). Under the temper
ature conditions, rod phase at 100 C, Irregular crystalline phase at 130
C, and Irregular crystalline phase, Agglomerated and Aggregated colloid at
160 C were confirmed. Colloidal particles are formed under all conditions a
t 160 C except for a specific section(10.0 V). However, if a certain point
is passed, there is a section that is not formed. This is interpreted as the
generation principle of Agglomerated and Aggregated colloid and the electric
al double layer theory of colloid. Under the concentration conditions(4, 8 m
0l%) except 1.0 V, when a voltage was applied from the outside, bar shapes w
as confirmed. XRD, PL, and Raman were analyzed to confirm the phase and opti
cal properties of the crystals. Through the three analysis results, it is co
nfirmed that the phase transition of Algs changes in the order of 8 — ~ —
d.

In this study, if the cell potential increases in voltaic cell environment
and the effect of charge increases with applied external voltage, it promote
s phase change and crystal growth at low temperature, low concentration, and
shorter process time than conventional heat treatment methods. Since the pha
se and shape of the particles affect the overall OLED device, the results ar

e beneficial to be applied in related fields.

_iX_
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OIXl= &5t &

Sunhee Hwang
Advisor: Prof. Dongchan Shin, Ph. D.
Dept. of Advanced Materials Engineering

Graduate School of Chosun University
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Fig. 2. XRD by phase of Algs[12]
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Fig. 5. Difference in Gibbs Free Energy of Homo and Hetero[15]
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C. Colloidal crystal
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Fig. 8. Formation process of colloid[19]
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(a) (b) ()
step

B
A

0

Fig. 9. The equilibrium form, (a) The Wulff plot, (b) The depth of cusp is re
lated to the value of surface free energies(yA and 4B), (c) The energy of st
eps on surface is related to the difference B — ~A[20]
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%i"

Fig. 10. (a) Binding structure of Tris(8-hydroxyquinolinato)aluminium(Alqs),
(b) Microstructure of bare powder Algs crystal, (c) Structural Combination of
[Cyomim] cation and [TFSI] anion[10]
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Electrode
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Alg; growth
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Change of temperature
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Temperature change
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160 °C, 1 mol%

100 °C, 1 mol%

Concentration change

100 °C, 4 mol%

100 °C, 8 mol%

Fig. 11. Detailed experimental setup
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[Cremim][TFSI] + Alqs
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Fig.

12. (a) The role of electrodes in [Cipmim][TFSI] and the direction of
electrons, (b) Overall experimental setup by spontaneous oxidation reduction
reaction in a voltaic cell environment, (c) Surface morphology of Cast iron
observed with FE-SEM, (d) Surface morphology of 1T0O observed with FE-SEM
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(a)

(b)

(c)

Fig. 13.
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0.154 | "\| Nucleation zone — 160 T
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0.00
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Time (h)
0.20 -
0.18 -
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0.14 [Cromim][TFSI],
100 °C, time-voltage graph (1)
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0.10 4
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[C1zmim][TFSI]+Alq; 1 mol%,
0.06 4 100 °C, time-voltage graph
0.04 - @)
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time(min)

(a) Time-Voltage graph by temperature change using Cast

iron and

ITO as electrodes, (b) An enlarged graph of the first 4 h of the (a) graph,
(c) Time-Voltage graph measured at 100 C using Stainless steel and ITO as

electrodes[10]
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Fig. 14. The microstructure observed on ITO after heat treatment of Algs of 1
mol%, (a, b) at 100 C, (c, d) at 130 T , (e, f) at 160 C
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Fig. 15. Zeta potential and Colloid relationship expressed by the equation
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Fig. 16. (a) Time-Voltage graph by concentration change using Cast iron and
ITO as electrodes, (b) An enlarged graph of the first 4 h of the (a) graph
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L

30.0 um

Fig. 17. The microstructure observed on ITO after heat treatment of Algs at
100 €, (a, b) Algs of 1 mol%, (c, d) Coffee ring effect at Algs of 4 mol%,
(e, f) Algz of 8 mol%
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Table.12 Algs:2l &f(Phase) & X-ray diffraction peakE LIEIHCE. Ol 0|5t
0 5° ~ 35" BRI 3|& peakZ =&t =& & XRD Z = Fig. 1801 LIEHRUCE.
ZxXclE XNAHTHA LS Algs bare powder= a-, B-phase0l =& &H UL, 0IE
[Comim] [TFSIT LHOIA 1, 4, 8 mol%2 =& BIEZ EXcE MESIACH. 1 mol %

WHE s 22l 20| HO| XRD 2AHS MO RBXS, J|E A8 IPS

OOII

Algg &80l =A % shape= HlWolH B-phase@Z =HECH 10, 29]. 4 mol%

o

Bor

sEE SIHAIIA D HY B-phase@E 24 EH, 8 mol%It TH MHHS

]

2 B-phasedt EOIEIXIC 7.1 degree 12t0l ~ peakll intensitydt SItGIEZ ~
-phase0l AU UCHD At== L.
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X-ray diffraction peaks in Alg3 phase identification

High Intensity Diffraction Low Intensity Diffraction Peaks

Algs . o
h;]se Peaks for Phase Identification for Phase Identification 2-
P 2-theta Position (degrees) theta Position (degrees)
6.4,7.4,7.9 8.0, 11.3, 12.8, 13.9, 15.1, 15.9, 16.8,
a 18.0, 19.2, 19.9, 20.7, 22.0
; 72,91, 96 7.1,12.0, 134, 13.5, 14.2, 147, 16.0,
16.7, 18.9, 19.3, 20.5, 20.8, 214, 22.0
Y 71
6.7, 74,77 7.0,73,76, 117, 13.4, 143, 14.7,
S 15.3, 154, 15.7, 15.9, 16.8, 17.7, 184,
18.6, 19.2, 19.5, 20.2, 20.7, 21.6, 22.1
€ 64,70, 74,79 9.1, 9.8, 10.0, 10.3
unkown  10.3, 155, 185, 21.2, 225 9.1, 13.4, 16.0, 16.8, 17.5, 19.7

Table. 1. X-ray diffraction peak by phase of Algs[10]

_34_

Collection @ chosun



Intensity (cps)

20 (Degree)

Fig. 18. HR-XRD result observed by changing concentration condition of Alags
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Electrode
ITO(10Q/), Cast iron
(20X50 mm?)
|

Alq; growth
[C1,mim][TFSI] + Alg,

|

Washing
Isopropyl alcohol (IPA)

|

Change of mol%
(1, 4, 8 mol%)

Change of temperature
(100, 130, 160 °C)

Applying Voltage
at 0 V point
(1.0, 3.0, 5.0,

6.0, 8.0, 10.0 V)

Dry
60°C, 24h
Condition
100 °C, 1 mol%
Temperature 130 °C, 1 mol%
change

160 °C, 1 mol%

100 °C, 1 mol%

Concentration
change

100 °C, 4 mol%

100 °C, 8 mol%

Applying Voltage at 0 V point
(1.0, 3.0, 5.0, 6.0, 8.0, 10.0 V)

Fig. 19. Detailed experimental setup
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(by 3.0V

(d) 6.0 V

(f) 100 V

Fig. 20. The microstructure by magnitude of external voltage applied to Alags
of 1 mol% at 100 C
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b)30V

((GR-F A ” (d) 6.0 V

(f) 100V

5.00 um

Fig. 21. The microstructure by magnitude of external voltage applied to Alags
of 1 mol% at 130 C
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2.00 uym

Fig. 22. The microstructure by magnitude of external voltage applied to Alags
of 1 mol% at 160 C
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Fig. 2301 LtEtH JH™ME 2% =21(100, 130, 160 CT)UMIM S=20IEJt L&
Chot S8 N8BS XS M, S20/E0t ddEX = #2001 4210, S201&

9| Electrical double layer OI20 2%, MIIEHO0| SOHXH ZH 220/ &

0l 45X =0 =, dgsS SHADIA =S &HIIZO0l SHXI| HEol =2
F0IE 2E2 JY0 Sitg=5 2B @Esl. =8 HEE dUMsE =2
01E XHNP)E ZBHEIIFH2Z otFSE 0 SEEA 210 S20IE AIAE |X
StCH27]. Deflt M0l StEsS MIIH0l H0X 1D, Mote 2 s82 &
Jtotl =it =, M 28 g) HEs Sof 8822 ®RAotl AY S2=201=
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[3)
(4]
o
=
o
[
Q
E
(0]
'—

5.0
Voltage (V)
Temperature Voltage 1.0v 30V 50V 6.0V 8oV 10,0V
Applying
160 °C voltage to Colloid Colloid Not Not Not Colloid
Colloid 0V for (agglomerated | (agglomerated colloid colloid colloid (aggregated
23 h 40 min particles) particles) particles)
Applying
130 °C voltage to Colloid Not Not Not Not Not
Colloid U\QSW 22h colloid colloid colloid colloid colloid
min
Applying
100 °C voltage to . . . Not Not Not
Not colloid Jovfer | collod Colloid Colloid colloid colloid colloid
min

Fig. 23. Microstructure and presence or absence of colloid organized by
external voltage applied to temperature condition
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100, 130C<2t &l 160 T2 XZAHUAE S20/=0F WHEOIE 5.0 VE JIES
-

£ S201E0t 4N €0, CAl 10.0 VE 2JtotdE M, =22

SHCH. HAIE QI 2EUAME 0l28t S JHAl 2201E Z2& Eeio 2 W X9
KNI EE (Self-assembly)0ll 2loH F=I|&Ql HiES I8 2, 3 RXE JIXCE
HOlIM Z2CH30,31]. DLt DIAIBS2 B2 [, Agglomerated colloide &

X, 22X 06ed OHOF 204 otLtel Gofeldt & Clusterdt HM S&GHD, £ CHA

ClusterJt st Z&=2 ot= HENOICH. BHHM Aggregated colloide= & X=0] 2

8t Heto 2 HIZ EX= A0 M)|l= SHElesS 2 0|8tCH[32,33,34].
Fig. 256= 160 €2 0V XI&W 1.0V & 10.0 VE QIDtotd Zt&st Algs2l OIAl
TZOICH. EEf =HOAE Fig. 25(b o2 Agglomerated colloid EEH, (d)=

g ) 2
Aggregated colloid 21 |RAIS 2oz THECH 160 T= 100 T2 130 CTOl
HlioH B2 K& AS-8210] 20 200/, O3 Mote S8& %etd 20|
Ct. Oledst &0l 10. gs 0 <
H =D, ol2 ol WEAH HE Xt 28 degoez SXAH dUpCD FHE

Ck.
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¥ 00 —

Particles Aggregated Particles

o6 ®

Clusters Agglomerated Particles

Fig. 24. Generation principle of Aggregated colloid and Agglomerated colloid
[32]
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(a).160 °C-1.0V

&

(c) 160 °C10%D V

Fig. 25. The microstructure observed by applying external voltages of 1.0
V and 10.0 V from the 0 V point at 160 C, (a, b) Shape of Agglomerated
colloid, (c, d) Shape of Aggregated colloid
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Fig. 262 S& X219 ®e )| 2 22R0IS 2H RLE Fel5t0] LIEFYL
H, 4 c 2mol 4

mol%2 =ZHUH A= 20| 0| MIICHE 8 mol%It &

H Z220/E ZFO0| 2K 2=0. 220129 Electrical double layer 0|2
of HEaH, S2201= 2XH(NP)2 Fotet Ol2sZIF 2A6HH HII0ISS MOt

HAAUAM Algsel s=5 SIHAZ B, Algs particleOl ZOFXIA T/ XIEH Ol
248 MU WA 2 Algg2t JHE = A= M6tel 22 20t S0, 2D
Z0 4 mI%2 BIAIZRES 2, NGt 0l2sTIt ZAGHH DHAN 2220/E0t
OLEQ{XICH. OI20 2ot 8 mol%2 SIHAIIIH TOHE 2 Algedt JHE # e
&5t 20l HACHHA 2201 Xt MHEIHOF SHCE. GHAICH 8 mol%Sl X2
A= 2201 XDt SR X LUCH. NP= BEIIF=2 HESIL N SHEG
A &0 220lE ANABES S|SX&tC. =, HEe ogdn) HE0| #g8s 01R1
UAS M AHFEO B=20|& AIAEE FXECH, JHL 8 molwE t=sEIF SIHA
Ol=24d 9 LHl Algs 2 Xb A0l Heldt 22Zal A XIA =0 Double layer 2t
WA= &0l fA=S A0ICH
25 AW &Iz s& 240 ARHL2 2DotH S201E XD =
OIEIXl =0t ZZ201E2 Electrical double layer OIE0 et M= 2IDtot
A EHH FHIIFO0 SHXA T MEo S201E Z2F0| 4K E2 Ae=2
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Temperature Voltage 1.0V 30V 50V 6.0V 80V 100V
Applying
Volt
Nlt“:—gl'lzf’id o OV bor Colloid Colloid Collsid | Not colloid | Not colloid | Not colloid
21 h 20 min
Applying
4 mol% Voltage to . . . . . .
Colloid oV for Not colloid | Not colloid | Not colloid | Not colloid | Not colloid | Not colloid
23 h 5 min
Applying
Voltage to
N:tn:glllzaid 0\% Not colloid | Not colloid | Not colloid | Not colloid | Not colloid | Not colloid
for 23 h

Fig. 26. The presence or absence of colloid by voltage applied to temperatur

e condition
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Fig. 272 4 mol%2 0V XIZ=H 1.0, 3.0, 5.0, 6.0, 8.0, 10.0 VE ¢€IJ}tctH
2HE5H Alas2l DIAIR0ICH IOt 2R H A0 IS M= RingS 0IFW U=
0

=
Ellipsoid SHEHQ Algs Z2&H0l &QITUCH(Fig. 17(c, d)). DLt ARHEAS 0

oAl &I, 1.0 VE Mot & 20 pmll Y& BI6tAH ECH 8 mol%el
TAUNMNE ARHS0] QS M= =48s Z2EA L 7 e L0 2L
XIeH(Fig. 17(e, f)), LS QIIGHAH =H 1.0 VE HMIotD & 20 wmll <Y
&0 =QIECH,

CtE A0 dloh 8 mol%2l 8.0 V, 10.0 V =H0A &S XH0I2 JIEHOM =
o= Alas SR EHECHFiIg. 28(e, f)). 4, 8 mol%2 =2HUM= S8 2
SES I JUJ| 20 Y UM Algsel & M HFH0l LA ITOZ
Algs LA A2 2d0I2t WAECH SHAICH 8 mol%2l sS0 2df 0101 =2 +
SEs I 230 HER2Z |T00 2422 2 10.0 Ve HNE S CIJtoh
I W20l ITOUA ZE0l Y& 21e2 THHECEH 0|0 e 2HZ SHOA
SAE6t Algs SXUE 2EGH)| fAo ESXH= Filter paperOl Zef FE-SEM2Z 2t & &t
Z0, 8.0, 10,0V & £ 2 iz HES A2 SQIGIACHFig. 29, 3
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(d) 6.0 V*

(f) 10.0 V
!

3

20.0 ym

Fig. 27. The microstructure by magnitude of external voltage applied to Alags
of 4 mol% at 100 C
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@OV

(f) 100V

Fig. 28. The microstructure by magnitude of external voltage applied to Alags
of 8 mol% at 100 C
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Fig. 29. Images of observing the microstructure of Algs grown in [Cimim] [TFS
I] solvent by applying 8.0 V to Algs of 8 mol%
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Fig. 30. Images of observing the microstructure of Algs grown in [Cimim] [TFS
I'] solvent by applying 10.0 V to Alas of 8 mol%
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Fig. 312 s& =2 £ 24X &% NES TASGHH LIERCH (a) ds%
ol 1 mol%S ZAHO0ICH R2 s&2 ool =501 £FotI| W20 AlZ2tol X
Ol ek 170 JIEUA M- dFH0l 20 L= Hetero nucleation and growthJt
LMSICHD M2AECH 1 mol%2 Z240 URHELS QIGHI fH 25 £24(100,

130, 160TC)0l et 2chal, &gt ZA A Agglomerated & Aggregated collo
id S 4 shapes JHE Alggdt EQI=ICH,

b)= D=0l 4, 8 mol%2 XAHS LIEHWCH LEIMO=Z MM AZH0| I
=

~~

XI™ Hetero2Ch HomoJt =& st J|2It &0, s&2 SIt2 2o Cell LHS
“S=0l SOtotAl DY, 0I=2 Qo 2N oA S84 4&01 0Li= Hom
0 nucleation and growthJt ZMsH 2oz AIZECH. 2SS0l SItE 220 2
SHEYZ CIISHAH &EH 4, 8mole & XH 2F Algg S22 20! oiffjaecz 8%
ol= o2 EOolsC}),
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(a) 1 mol%

Apply voltage
He g B MY
® [rzmim)[Tesy)
Alg; particles are formed Alqs crystals are generated on ITO Various crystal forms are observed
due to the increase in temperature by Heterogeneous nucleation and growth with temperature change

(b) 4 and 8 mol%

Ancde Cathode

e Voltage increase

Apply voltage
He i
N i 5 i
Py" Mo i * He
i H+ [Cumimlrrssu'} ylﬁzmim;msl]_}
Aldq; particles are formed Sufficient driving force in ILs Rod-shaped Alg; is formed Alg, particles fall off from ITO
due to the increase in temperature  cause Homogeneous nucleation and growth due to overvoltages of 8.0, 10.0 V

Fig. 31. Difference between nucleation and growth processes at low and high co
ncentrations
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Fig. 32, 332 Algs2 & EAZ2 <ot High resolution X-ray diffractometer
(HR-XRD, X' Pert PRO MRD, PANalytical Co.)E A5t 5 ~ 35° HRIWA &
H& 3|& peakZ =ASH JeHZOICE. 1 mol% £H2 MFD= 2L 201 A
XRD =AS XAHSHA RIAXISH, JIE & ARSI Algy 4&0l =M L shape=
HlW5tH B-phase@2 =HEICH 12, 29].

4 mol%= QIJHE 2ARHA0l AU, 1.0 Vel Z2HUHAME ©2Y p-phaseOl LIE
“HCH. el 3.0 VEH 10.0 VIIXlE 8A&E2SZ pg-phaseXl 2 7.1 degree 2H0
v peak@l intensityIdt SIIot22 A-phaselOl AWJUCID AIZECEH. Ot&IHXIZ 8
mol% =212 1.0, 3.0, 5.0, 6.0 V= p-, yphase22Z &QIECt, AL M2 S
8.0, 10.0 V& BJtAIIIA =™ 6.7, 7.3, 7.7 degree F*2t0IlA § peak? intens
ityob SItotAH E ¢ p-phasee &HEGHAICH y-—phase d—phase @& AXMO| 8 A

OF HHEICH.

[ Wy

Fig. 34= 2 GroupOllAM 248t Algs bare powder 2l DSC dataOICt. OIE & 1ot
@™, 351.4 CRH &HO0IJF dOHCH10]. E£8F Algs ZH A0 2o 208 Y2
SEARSUHM a-Algs 365 T[35], p-Alg2 290 C[12], H-Algs 389 T Ol
AH[35, 36], 0-Algs2 380 C OlA&H[2,12,35], e-Algs 330 COIA EXHMeldttd 20
ACtD SBOSHCHE]. OIME JIE AFBE D Ues JIA4Y L SHES D20AH &
MOIJF MHECH BHHO = HF0A= 0l2d BHE ALEotH 100 T2 =2
2E0AM dYS ZEGHE JIA0ILE EHY 22 JIE EXcl 2™l bl M2,
B2 2E Al ol &0 S8 E U
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ﬁ 6.0V (B+y)

* i i f
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* 50V (B+y)
—J\/\_JM/MWJ\J\M_/VM_

Intensity (cps)

no voltage (B)

N 1 N 1 N 1 N 1 N 1 N
5 10 15 20 25 30 35
26 (Degree)
Fig. 32. HR-XRD result according to the magnitude of the external voltage
applied to Algs of 4 mol%
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8.0V (p+5)

*l: Y : i " 6.0V ([3+y)
__J_l/‘\_,/uf\ A A f_/\Ll_,\_,\A_, ‘J\“T—‘—’A—"*’T’;’g
¥ 50V (B+y)

_AMUMMLP_,M
MMW\\JM
M@MM@

Intensity (cps)

" | L 1 N L 1 L | L
5 10 15 20 25 30 35
26 (Degree)

Fig. 33. HR-XRD result according to the magnitude of the external voltage
applied to Algs of 8 mol%
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10
Offset Onset
196.7°C A16.8°C
0 i S . Offset
e 7 pidl
B % o e S g Offset
1 X~/ B . 429.7°C
) e \ | o : halpy ™S
182.0°C || Enthalpy nset nthalpy N\~~—._
e = o \ P ——
E 10 l\ |" 2o o 8 351.4°C sansig | R
Point of Reaction ___ || Point of Reaction Max/Min \
—_ E . | " |
= 186.0°C ‘,‘, 356.0°C 358.8°C || |
2 -20 | -7.788mJ/s ‘|
L |
— Max/Min f Enthalpy
[1] 4 188.0°C | -155.6169)/g
% -17.731ml/s | |
30 |
Point of Reaction
i 4204°C — |
-40 Max/Min \
422.5°C LJ
i -44397Tmlfs -
-50 T T T T T T T T z
100 200 300 400 500

Temperature(C)

Fig. 34. Differential scanning calorimetry(DSC) data of bare Algs powder[10]
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Fig. 35. Differential scanning calorimetry(DSC) curve for Alqgs[12]
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Fig. 362 Algz powder2 Z2st& SE4Z2 20t2J| o Photoluminescence measu
rement system(1403,spex)E OI=3t0d LIEFH e IZOICH. He-Cd laser2 325 nm
O Excitation light sourceE ALEot0 300-900 nm rangeE Z4&otULCEH.

&Merol 3JI2 intensity g2t2l AJ|= Blell otXl LK UACH. DeiLt 516 nmUIA X
CH 22 intensity JtXl= bare powderJt M= QIDISHA &H LI A2t
0l 520 nmZ shift otH ECh. £8H, 4 mol%S Z=2A0AM JtE =2 intensitys
-, ~v-phase2 JtXl= 10.0 V Z=242| 1.43X10° 3tOICH. 21t 8 mol%2l 8.0 V, 1
0.0 V ZHXME s-phase0l #0IH =S 1.8X10°, 1.88X10°8t22 intensity 2t0
SOtotH &Lk XRD =& SEoHEH, 4-, f—phase2 &2
AHEN UXCH y-phasedll HIGH s-phasell O £E2 & 222 IHNle A2Z A

St

facial structure&

PL DcHZ= =0 22 g2 JIECE BIXES HME £ AL, BEXZE(Full W
idth at Half Maximum, FWHW)OIE+ =ICH Z& gt 1/2 K& 2 =

Ch. BIXIZ A& 21, p-phasell bare powder= 84.7821 X =2 JIXICH. &HXl
Bt 4 mol%-3.0 V& ZZ240lA ~-phaseOl MI|H ZI™H 87.92, 8 mol%-8.0 VOHIM 5—p
hase@ 2 A X0l TIHA 89.712 2EZE0| SItotA ECh. HE0 2 ARUHAMN=
B-phaselil y—phase ¥ §-phaseOl =& THA Convolution peakdt ZIAI| =0l BF
XIZ0l Bt UCtD HEECEH
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1.8x10°

1 — 4 mol%-no voltage
1.6x10° (a) 10V
] ———30V
s —
1.4x10 _ i
1.2x10°% 6.0V
= 1 —— 80V
% 1.0x10° 10.0V
= 5 ] bare powder
= 8.0x10° 1
D- B
6.0x10°
4.0x10°
2.0x10° 4
B
350 400 450 500 550 600 650 700 750 800 850 900
Wavelength (nm)
2.0x10°
6] (b) — 8 mol%-no voltage
1.8x10 ] b
1.6x10° - —3.0V
] —50V
5 -
1.4x10 _ O
é; 1.2x10° 4 —80oV
@ & ——100V
= L B bare powder
7' 8.0x10°~
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2.0x10° -
0.0

-7t - r - 1r-~rr-r 1T 1T "t 11 717"
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Wavelength (nm)

Fig. 36. PL data in the range of 300-900 nm by magnitude of external voltage
applied to concentration condition, (a) Alas of 4 mol%, (b) Alas of 8 mol%
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Fig. 372 UV Raman microscope(LabRam HR800, Horiba)S 0l&
' 2 500-545 cm' Raman shift R2te 24 ZWE LIEIICEH
St ALt
bl 2l ot Xl
t T 24

nm2| Excitation light sourceE AtE
Raman intensity®t 822 AJl=
T2+2| peakdt LEELZ shif
JtXI= Raman shift pointE Tabl

QEECZ shift otAH =

5 cm!

(]

=

Blue &ate 2 shift ot= A2E 2|0|8tCt.
cm = Ring def. (el BHE) L AI-0 str. (A5
2&) ¥ CCC def.(CCC B1&)0ICH37,38].

2f peakl AKX Z&S Soll B

SEM)A 2301 ACtD A2 E L.
S OtXl Ol8&EAM=Z LiH
fac-Algs X8 Jt&ICH. O & =X
er-Algse= &4 X2l M2 0t
1)[39].
HH & 1t

oty

0
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Q
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INE={E G

e.20
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= Oxygen(&tA) 9l 2AXI0 et P2
UX| B,

lue &'&fC 2 shift ol 0IRE
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(a) 4 mol%

1

100V __,_/ML

80V 80V

g PN I A AJ‘__UM._J\_ s —//\w/
| . \ | Sov | <

E=0, CE N SIS ISt S | N | L T TRy aov
= . i 30V oy
2 2
] I 8 10V
£ ﬂk ﬁ |‘\ 1.0V <

e 5 SR | o R Juoo ) no voltage

no voltag

400 600 800 1000 1200 1400 1600 1800 500 505 510 515 520 626 530 535 540 545
. -1 0y o
Raman Shift (cm™) Raman Shift (cm 1)

(b) 8 mol%

100V 100V

—e ._.7 N, — N I (S, S "»7-,, g._o__\'_.. S_OV
T sov ]
I T D | EaY
R

5 f 50V € L o e ne SOV
. — ¥ L) | (R St DURIE_ S (L el o

Ke)

a £ 30V

< EXRY <

£ 2
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§ £ 1.0V
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A 1o0v
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Fig. 37. The Raman data according to the magnitude of the external voltage
applied to the concentration condition shows a Blue shift in the 500-545 cm
section, (a) Graph of 400-1800 cm' and 500-545 cm' Raman shift section in 4
mol% of Algs condition, (b) Graph of 400-1800 cm™' and 500-545 cm™' Raman
shift section in 8 mol% of Alags condition

_65_

Collection @ chosun



Raman shift point of 500~545 cm™
. Raman shift point
Condition with Y-max (cm-)
bare powder 523.75
"""""" amol% | 5668
1.0V 526.68
30V 527.85
S0V 528.43
6.0V 529.60
8oV 529.60
100V 530.15
8mo% [ 52002
1.0V 529.60
30V 529.60
S0V 529.60
6.0V 529.60
8oV 530.19
100V 530.19

Table. 2. Y-max value in the Raman shift range of 500-545 cm
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