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Abstract

Crystal growth of Algs via sublimation purification and

solution growth methods

Suho Park
Advisor: Prof. Dongchan Shin, Ph. D.
Dept. of Advanced Materials Engineering

Graduate School of Chosun University

Light-emitting materials used in OLED displays are generally manufactured
through sublimation purification. In order to make a high-purity substance,
it is necessary to repeat the process 3 to 5 times or more. There is a
problem in that the manufacturing cost increases due to a lot of manpower
input and losses in the process. In order to solve these shortcomings,
research on manufacturing an OLED light emitting material by a solution
process using an ionic liquid has been reported. The solution growth method
being studied recently is still in the early research stage. Therefore, it
is necessary to compare properties, obtained by solution growth method with
commercially available materials.

The sublimation purification method is similar to the vapor deposition
process ,in which crystallization occurs after evaporation from a solid
state to a gas state, in terms of deposition and crystal growth used in
actual OLED display manufacturing. Combustion materials may be generated
during vapor deposition. That may affect the characteristics of device
deposition-processed. However, studies related to by-products and
metamorphism are rare. Therefore, in this study, the characteristics of OLED
emitting materials obtained through sublimation purification and solution

growth methods were comparatively analyzed.
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In this study, Algs obtained through sublimation purification which had o
and B mixed phase was used as the initial powder. In the sublimation
purification method, crystal growth was performed by isothermal heat
treatment of Algs at 350C and 410C. The crystals grew in a planar shape
along the glass wall and then in the vertical direction, merging into
agglomerates. Algs heat treated at 410C for 5 h and 10 h changed to the a
phase from a and B mixed phase. Except those conditions, all processed Algs
maintained the initial o and B mixed phase. Vapor deposition process was
isothermally heat-treated at 350C. To investigate initial nucleation and
growth aspects, deposition was performed on an I|TO substrate. The growth
aspects of deposited Algs crystals changed to vertically dendrite growth from
planar growth. The enhanced deposition rate due to high processing
temperature is thought to be key role to growth mode change.

The solution growth method was performed at 100C and 160°C with 4mol% and
8mol% concentrations. Results from previous studies have shown that
heat-treatment at 180°C with the concentration of 16mol% yields a pure §&
phase. In this study, pure & phase was obtained by heat treatment at 160
with a concentration of 4 mol%. There is a difference in the rate of phase
change depending on the phase of the bare powder, but the time dependent
phase change of B—y—>38 is the same. As a result of PL measurement, the
main peak intensity of the crystals heat-treated at 410°C for 5 hours showed
maximum value in the sublimation purification method while that of the
crystals heat-treated at 160C for 6 hours in the solution growth method
showed maximum value. In both methods, the properties of the crystals
subjected to short heat treatment at high temperature were good. As a result
of Raman measurement, characteristic peaks were observed in the meridional
and the facial at 525 (cm-1) and 530 (cm-1). The results were the same as
those reported in the previous research, and there was a tendency of blue
shift as the main phase chaged to facial one.

In the case of the sublimation purification method, when the residual

amount in the crucible was less than 0.02%, the total yield was 48.5%. In

- viii -
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the solution growth method, the total yield was 80%. In the solution growth
method, the pure & phase was able to be easilly obtained at low temperatre
of 160C. We confirmed the possibility that solution growth method can
replace sublimation refining method. If the solution growth processed OLED
light emitting materials are used for mass-production, cost reduction can be

expected through simplification of the process and increase of yield.
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Fig. 1. Isomers of Algs[1]
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Fig. 2. Room—temperature X-ray powder diffraction patterns for a, B,
y,8 and & Algs[?]
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suspended in acetone for 15 hrs at
25°C with occasional stirringls

Y
annealed at 395°C in N»,
cooled to 25°C rapidly'5

heated to 410°C & cooled slowly'?
o 5 0
(Sigma Aldl‘iCh) annealed at > 3800C|2

re-crystallized in
acetone"

p —— ¢

heated to 350°C, held 15 min &
cooled to 20°C in Nzn

Fig. 3. The polymorphic transformations of Algs[3]
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(a) (b) (c)
step

Ya

Fig. 4. The equilibrium form is derived from (a) the Wulff plot, (b) the
depth of cusp is related to the value of surface free energies (yA and
¥yB), and (c) the energy of steps on surface A is related to the
difference yB-yA[5]

Collection @ chosun



C. Ol=24 %Al

=)
r0
>.
2

& A= dHZ0el2 RIIL0I2d RIS0I222 0IF
21 S0I1201 A9 HIHWEHESZ Qloh
COHA HMZ EMSCH6]. ol
= HE2 ZE &+ YLD 2H0l =0t Gty 2Z=ES dlg +
HAM &&tZE 2z 22110 JUCH. L8 0|28 UM = ‘Designer solvent” etl&
2clH 20l222= phridinium, imidazolium, pyrrolidinium, phosphonium,

ammonium, sulfonium S0l YLD S0l == TFSI, PFg, BF4, 0tf, CI, Br & %=

@2 301201 JUCH7]. 0l & 1,018829 0IR4 HAE SHE = US LY
@2 oIt

KSNK HAREN =2 AMEE IR UMl [Comim] [TFSI]E Fig. 50 LIEH

Ol ottt &&EO0l U} imidazol iumH
TFSIOF AP EICHS8]. Imidazoliumel S&2 ol 182
chargedt Jt& =1 chain 20/t ZJIg=+5 tail2ll charge= 00 2&oH&ICH(Fi
g. 6). dlE DS S0l AMOI0l= electrostatic interactions, chainOiid= s

hort-range VOW interactionsdt &E8HCH. A2 2 interaction@zx BH x|

S XOIJF ZAstC OE SELZ= taile S&8-e ZE¢S 20/MH chainOl
2= STE2 el Chain Z01JF B2WEH S2d HHM JrRLE 2
HXHA OlgdsS JtE HF™W SAIHAICHI]. £8F chaingl 2010t ZHXEHA
londt cluster2l AHOIONA OFE =0l SItotH H=Jt Sototd) YEIF 2A8HC

ImidazoliumAHl 20l=2 1, 3-position®l EAJF JAes D2IFHEHL X2 2-pos
itiontll= EtADE QUCH. AUHEOCZR EtABCL &2AQ MIISHEIF 28I C-H &
S0l CH2 positionOl HIoH 26HCH. 2—position? £=AJF = acidic positionOl
1 H-bondingO| ZalCts AR 20D QUCH11].

-

=]

Collection @ chosun



=\ (CF:S0,),N°

N \‘}%\

Fig. 5. 1-dodecy|-3-methylimidazolium bis(trifluoromethylsulfonyl)imide,
[Ciomim] [TFSI]

_‘IO_

Collection @ chosun



-1.0000

0.4695 0.0761

Fig. 6. Multiscale coarse-grained model of BMIM*/NOs~ (C4). The
number on each coarse—grained site is the assigned partial charge for
this site[8]
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Fig. 8. Tris(8-hydroxyquinolinato)aluminium. (a) molecular structure, (b) SEM
Image of Alas Powder
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Fig. 9. Sublimation system
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Fig. 10. a) Glass inner tube, b) Sublimation section of inner tube
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Fig. 11. Heat treatment process of sublimation purification
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Fig. 12. Temperature by distance of 350C, 410C
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Fig. 13. Heat-treatment chamber System
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Fig. 14. Section of ITO with Alas deposited
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Fig. 15. SEM images of Algs crystal heat-treated at 350C at different
growth times
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Fig. 16. SEM images of Algs crystal heat-treated at 410C at different
growth times
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Fig. 17. SEM image of the ITO surface before deposition
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Fig. 18. SEM image of section A, B, and C
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Fig. 19. SEM images of the central section deposited at different times
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Fig. 20. XRD data of Algs crystal heat-treated at 350C, 410C at

different growth times
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Fig. 21. Micro—Raman spectra for crystalline powders of five Alas phases.
The order of presentation is chosen to emphasize the similarities and
differences among the crystalline forms[2]
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Fig. 22. Raman data of Algs crystal heat-treated at 350C, 410C at
different growth times
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Fig. 23. PL data of Algs crystal heat-treated at 350°C, 410C at different
growth times
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Fig. 24. The highest intensity of PL data by time of 410C and 350C
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Fig. 25. Block heater for heat treatment
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Fig. 27. SEM image of Algs crystals heat treated at 100C for a) 1d at
4mol%, (b) 1d at 8mol%, (c) 2d at 4mol%, (d) 2d at 8mol%, (e) 5d at 4mol%,
(f) 5d at 8mol%
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Fig. 28. SEM image of Algs crystals heat treated at 160C for a) 1d at
4mol%, (b) 1d at 8mol%, (c) 2d at 4mol%, (d) 2d at 8mol%, (e) 5d at 4mol%,
(f) 5d at 8mol%
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Fig. 30. HR-XRD data of Algs phase heat-treated at 160°C
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Fig. 32. Raman data of Algg crystal heat-treated at 100°C, 160C at
different growth times
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Fig. 33. PL data of Algs crystal heat-treated at 100°C, 160°C at different
growth times
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