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Vacuum deposition of metal on the surface of organic membranes is a technique widely used
from industry to university laboratories. We introduce here the origin of the desorption of metal
vapor atoms from organic surfaces, extension to various metal species, and applications. This
desorption phenomenon of metal atoms was accidentally discovered as selective Mg deposition
with photochromic diarylethene (DAE). Metals having an intrinsic high vapor pressure such as
Mg and Pb deposit on the colored DAE surface but not on the colorless surface. The core
phenomenon of selective deposition is the metal atom desorption from the colorless DAE surface,
which has a low glass transition temperature (low Tg). On low Tg surfaces, active molecular
motion suppresses nucleation of metal film formation and accelerate desorption. Metal atom
desorption depends on the intrinsic vapor pressure pf metals, and the lower the intrinsic vapor
pressure, the easier to desorb. This desorption phenomenon occurs not only in DAE surfaces but
also in various low Tg and/or low surface energy organic surfaces, but its origin is in weak
intermolecular attraction. Fluorine-based organic films with a small dispersion component of
surface energy and a flexible molecular structure show high desorption efficiency even at low
vapor pressures Au, Cr, and
Ag. This desorption-based
selective metal deposition
method can be applied to
maskless vacuum-deposition
for various metal pattern 5= ,
formation in the erldS Of Isomerization pattern Mg pattern
electronics and photonics. In R .

addition, the metal vapor P .
integrated deposition has
been demonstrated as an

efficient 3D deposition method nucleation
for precious metals Colorless surface - Colored surface

3D integrated deposition of Au vapor atoms based on
efficient desorption
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Figure 1. (a) Photochromism of diarylethene
molecule. (b) Selective Mg deposition. (c)
Mg atom behavior on colorless and colored
DAE surfaces.
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Figure 2. Deposition property of Mg on
crystal and amorphous surfaces. (Adapted
with permission from Ref. [4]. Copyright
(2008) American Chemical Society.)
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Figure 3. (a) AFM images of Mg nanocrystals
generated on DAE crystal surfaces. (b)
Schematic diagram in which Mg nucleation is
suppressed by molecular diffusion around
steps. (Adapted with permission from Ref. [7].
Copyright (2019) Elsevier.)
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(Reproduced with permission from Ref. [11].
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Figure 6. (a) Process for preparing memory
devices and obtained minute organic memory.
(b) Memory principle and electrical
characteristics. (Reproduced with permission

from Ref. [30]. Copyright (2018) Wiley-VCH).
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Figure 7. Cathode patterning of OLED based
on selective Ca deposition using PDMS
printing. (Reproduced with permission from
Ref. [19]. Copyright (2012) Japan Society of
Applied Physics.)
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Figure 8. Experimental setup (left figure) and metal vapor 3D-deposition using organofluorine

surfaces (right figures). (p-FTS: polymerized trichloro(1H,1H,2H,2H-perfluorooctyl)silane, AGC-RA:
mold releasing agent MR F-6811-AL, AGC Seimi Chemical Co., Ltd. FG93: mold releasing agent

FG-5093F-130, Fluoro Technology Co., Ltd.)
Copyright (2022) Wiley-VCH).

Acc. Mater. Surf. Res. 2022, Vol.7 No.3, 119-127.

(Reproduced with permission from Ref. [27].

125



Acc. Mater. Surf. Res.

%o HLPEERO ROV BLBEM B 2T — R L 723

AT HEHNT, — o &REAREENT IR,
BB AEIRAT T Tk T 555104

BIRREMET HI L ATREIC2 5[20],

5. F&o

AR CIIEZLNERVMA TE- &R R 3
PN =HHER TN O DL B T BEER %Iz
T, EDOFE RNBIRIKIR, flie & BRSO
BEIEA~DPEBENE JE R ETERM LT, 4
WA JBREIE Mg =0 Zn IZBRESN TV, A
FEREI ORI ZE 3 72 Au =2 Cr 728 T it B,
G REPMEDRASH TE, 208
BRI, =7 ha=2 2% 5 Tekk 4 72
DB CRI SN TWNDRAF NV IRF — = T IRy
YR~ AV LU CRGICEI T, PE¥EHE TH
D TSN AN EIARFSI D, B
T A BOFENZ—T 171G
MTELTHA), &RPIEHEFEZ R T LV
REITEZE/R B D AT A% H#TD
LWL HIREEND, OFY, AR DILZEZK
% OB HEMT MR A BB TE 5 Al Reftk
EHT S, HREFREN TR TZOMBEEICIY, 7
~ray 7R BZERAE R, =L sha=2
A COIBIRD RN IANHZ LR LT
A

6. i

AR TR LI D —ER1% ., BEA KFD
PN TR & 2% . REAR R 200 AT R — R %
HRCHRL KO8 B B B % L D I RINFFEIC K
AT, EIomFFE i3, IR R E i
WRRZE 17 R 73X ) (No.4T1) . e OFHF
FAAFZEB) GREZE S 19350098) 35 LU
WF5E(C) GREEE 5 21K05214) . BHFE Br=~ifv
1L “Photosynagetics” (Fi/&H T 5 JP26107012)
IZEDb D THD,

SE XM

1) D. Myers, Surfaces, Interfaces, and Colloids:
Principles and Applications, 1999, Wiley-
VCH.

2) M. Irie, Y. Yokoyama, T. Seki, Edt., New

Acc. Mater. Surf. Res. 2022, Vol.7 No.3, 119-127.

https://www.hyomen.org

Frontiers in Photochromism, 2013, Springer.

3) M. Irie, Diarylethene Molecular Photoswitches,
2021, Wiley-VCH.

4) T. Tsujioka, Y. Sesumi, R. Takagi, K. Masui, S.
Yokojima, K. Uchida, S. Nakamura, J. Am.
Chem. Soc., 2008, 130, 10740.

5) T. Tsujioka, J. Mater. Chem. C, 2014, 2, 221.

6) T. Tsujioka, Chem. Rec., 2016, 16, 231.

7) T. Tsujioka, S. Matsumoto, K. Yamamoto, M.
Dohi, Y. Lin, S. Nakamura, S. Yokojima, K.
Uchida, Appl. Surf. Sci., 2019, 490, 309.

8) Y. Sesumi, S. Yokojima, S. Nakamura, K.
Uchida, and T. Tsujioka, Bull. Chem. Soc. Jpn.,
2010, 83, 756.

9) T. Tsujioka, Y. Sesumi, S. Yokojima, S.
Nakamura, and K. Uchida, New J. Chem.,
2009, 33, 1335.

10) T. Tsujioka, M. Dohi, Appl. Phys. Express,
2012, 5,041603.

11) T. Tsujioka, S. Matsumoto, J. Mater. Chem. C,
2018, 6, 9786

12) T. Tsujioka, M. Dohi, Appl. Phys. Express,
2014, 7,071602.

13) I. Takemoto, T. Tsujioka, Jpn. J. Appl. Phys.,
2018, 57, 121601.

14) T. Tsujioka, A. Matsui, Appl. Phys. Lett.,2009,
94,013302.

15) T. Tsujioka, R. Takagi, T. Shiozawa, J. Mater.
Chem., 2010, 20, 9623.

16) T. Tsujioka, J. Mater. Chem., 2011, 21, 12639.

17) T. Tsujioka, Soft Matter, 2013, 9, 5681

18) K. Yamaguchi, T. Tsujioka, Thin Solid Films,
2015, 597, 220.

19) T. Tsujioka, K. Tsuji, Appl. Phys. Express,
2012, 5,021601.

20) T. Tsujioka, R. Shirakawa, S. Matsumoto, J.
Vac. Sci. Technol. A, 2017, 35,020603.

21) T. Tsujioka, A. Nishimura, Appl. Phys. A,
2021, 127, 228.

22) M. Dohi, T. Tsujioka, Appl. Phys. A, 2022, 128,
606.

23) A. Thran, K. Kiene, V. Zaporojtchenco, F.
Faupel, Phys. Rev. Lett., 1999, 82, 1903.

126



Acc. Mater. Surf. Res.

24)J. Lee, S. Varagnolo, M. Walker, R. A. Hatton,
Adv. Func. Mater., 2020, 30, 2005959.

25) S. Varagnolo, K-W. Park, J-K. Lee, R. A.
Hatton, J. Mater. Chem. C, 2020, 8, 13453.

26) S. Varagnolo, J. Lee, H. Amari, R. A. Hatton,
Mater. Horizons, 2020, 7, 143.

27) T. Tsujioka, H. Kusaka, Adv. Mater. Interfaces,
2022, doi.org/10.1002/admi.202201096.

28) M. Dohi, T. Tsujioka, Appl. Phys. Express,
2013,6,091601.

29) T. Tsujioka, N. Matsui, Opt. Lett., 2011, 36,
3648.

30) T. Tsujioka, N. Matsui, Opt. Lett., 2012, 37,70.

30) T. Tsujioka, K. Hoshimoto, Adv. Electron.
Mater., 2019, 5, 1800491.

31) Z. Wang, Y-l. Chang, Q. Wang, Y. Zhang, J.
Qiu, M. G. Helander, SID Symposium Digest
of Technical Papers, 2021,
doi.org/10.1002/msid.1195.

32) S. K. Kim, K-S. Kim, H. Park, J. Y. Kim, D.
K. Kim, S-H. Kim, J-H. Baek, J-J. Kim, R.
Pode, J. H. Kwon, J. Ind. Eng. Chem., 2022,
doi.org/10.1016/j.jiec.2022.07.011.

Acc. Mater. Surf. Res. 2022, Vol.7 No.3, 119-127.

https://www.hyomen.org

127



