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(CTEM) 34. Convoluted —i
3. in-situ Environmental Transmission Electron 35. Crozier and Chenna 2
Microscope (in-situ ETEM) 36. Knock-on damage <)
4. Transmission electron microscopy (TEM) 37. Radiolysis j
5. sealed gas cell 38. Egerton E
6. differential pumping system 39. Smith and Luzzi i
7. Ultra-High Voltage (UHV) 40. Van Dorp T
8. Boyes and Gai 41. Magnesium oxide (MgO) 5:
9. pole pieces 42. Magnesium (Mg) Y
10. Silicon nitride (Si3N4) 43. sputter-coated 3
I1. Scanning-Transmission Electron Microscope 44. epitaxially oriented \'{
(STEM) 45. hydroxylate ?
12. Nan Yao 46. hydroxylation °
13. Annular dark-field scanning transmission electron 47. Step
microscopy (ADF-STEM) 48. kink
14. Objective lenses (OL) 49. Microscale
15. Spacer 50. X-ray diffraction
16. Atomic Resolution 51. thermogravimetric analysis
17. Selected Area aperture 52. Raman spectroscopy
18. Elsevier Publishing company 53. Ex-situ
19. Window 54. Nitrogen oxide (NOx)
20. Standard Heating Holder 55. Sulphur oxides (SOx)
21. Environmental Cell (E-cell) 56. hydrogen sulfide (HYS)
22. thermodynamic 57. Fluorine (F) -
23. kinetic 58. Chlorine (Cl) ¥
24. de/hydrogenation 59. Bromine (Br) =
25. Platinum Nanocrystals (Pt) 60. Energy-dispersive X-ray Spectroscopy -
26. Carbon monoxide (CO) 61. Gatan Imaging Filter g
27. Titanium dioxide (TiO2) 62. Hashimoto and Naiki 3
28. Gold Nanoparticles (Au) 63. Baker and Harris
29. (Hansen et al., 2010) .
A




3
%
3
3
3
3
‘;;
4
2:‘
%‘
Y
!
!
h
d
§
2
k!
9
9
3

www.lJLK.ir

—t
0

Y sl oolead m 1WA YUl & ¥ oplodd w fuu"mdh»

[1] https://www.jeol.co.jp/en/words/emterms/search_result.html?keyword=Environment al%20TEM.

[2] Advances in windowed gas cells for in-situ TEM studies. Authors: Fan Wu and Nan Yao.

[3] Mehraeen S, McKeown JT, Deshmukh PV, Evans JE, Abellan P, Xu P, et al. A (S)TEM gas cell holder with
localized laser heating for in situ experiments. Microscopy and Microanalysis. 2013;19:470-8.

[4] Kawasaki T, Ueda K, Ichihashi M, Tanji T. Improvement of windowed type environmental- cell transmis-
sion electron microscope for in situ observation of gas-solid interactions. Review of Scientific Instruments.
2009;80:113701.

[5] Heide H. Elektronenmikroskopie von Objekten unter Atmosphéirendruck oder unter Drucken, welche ihre
Austrocknung verhindern. Naturwissenschaften. 1960;47:313—7.

[6] Heide HG. Electron microscopic observation of specimens under controlled gas pressure. The Journal of
Cell Biology. 1962;13:147-52.

[7] Imaging Gas-Solid Interactions in an Atomic Resolution Environmental TEM. Authors: Xiao Feng Zhang
and Takeo Kamino.

[8] Hansen TW, Wagner JB. Catalysts under controlled atmospheres in the transmission electron microscope.
ACS Catalysis. 2014;4:1673—85.

[9] Daulton TL, Little BJ, Lowe K, Jones-Meehan J. In situ environmental cell-transmission electron micros-
copy study of microbial reduction of chromium(VI) using electron energy loss spectroscopy. Microscopy and
Microanalysis. 2001;7:470-85.

[10] Creemer JF, Helveg S, Hoveling GH, Ullmann S, Molenbroek AM, Sarro PM, et al. Atomic-scale elec-
tron microscopy at ambient pressure. Ultramicroscopy. 2008;108:993—8.

[11] Allard LF, Overbury SH, Bigelow WC, Katz MB, Nackashi DP, Damiano J. Novel MEMS-based gas-
cell/heating specimen holder provides advanced imaging capabilities for in situ reaction studies. Microscopy
and Microanalysis. 2012;18:656—66.

[12] Yaguchi T, Suzuki M, Watabe A, Nagakubo Y, Ueda K, Kamino T. Development of a high temper-
ature-atmospheric pressure environmental cell for high-resolution TEM. Journal of Electron Microscopy.
2011;60:217-25.

[13] de Jonge N, Bigelow WC, Veith GM. Atmospheric pressure scanning transmission electron microscopy.
Nano Letters. 2010;10:1028-31.

[14] Rajasekhara S, Hattar KM, Tikare V, Dingreville RPM, Clark B. Hydride formation in cladding materials
studied via in-situ environmental heating transmission electron microscopy. 2012.

[15] In Situ Environmental TEM in Imaging Gas and Liquid Phase Chemical Reactions for Materials Re-
search. Authors: Jianbo Wu, Hao Shan, Wenlong Chen, Xin Gu, Peng Tao, Chengyi Song, Wen Shang, and
Tao Deng.

[16] Rao S, Prater J, Wu F, Nori S, Kumar D, Narayan J. Integration of epitaxial permalloy on Si (100) through
domain matching epitaxy paradigm. Current Opinion in Solid State and Materials Science. 2013;18:1-5.
[17] Gupta N, Singh R, Wu F, Narayan J, McMillen C, Alapatt GF, et al. Deposition and characterization of nano-
structured Cu20 thin-film for potential photovoltaic applications. Journal of Materials Research. 2013;28:1740—6.
[18] R. Sharma, Microsc. Microanal. 2001, 7, 494.

[19] T. W. Hansen, J. B. Wagner, R. E. Dunin-Borkowski, Mater. Sci. Technol. 2010, 26, 1338.

[20] K. Kishita, H. Sakai, H. Tanaka, H. Saka, K. Kuroda, M. Sakamoto, A. Watabe, T. Kamino, J. Electron
Microsc. 2009, 58, 331.

[21] N. Tanaka, J. Usukura, M. Kusunoki, Y. Saito, K. Sasaki, T. Tanji, S. Muto, S. Arai, Microscopy 2013,
62, 205.

[22] Wu F. Planar defects in metallic thin film heterostructures: North Carolina State University; 2014.

[23] Bayati M, Molaei R, Wu F, Budai J, Liu Y, Narayan R, et al. Correlation between structure and semi-
conductor-to-metal transition characteristics of VO, TiO /sapphire thin film heterostructures. Acta Materialia.
2013;61:7805-15.




P il oploab m 1WA Gl w ¥ oplosd m i Jlw

[24] Jinschek JR. Advances in the environmental transmission electron microscope (ETEM) for nanoscale in
situ studies of gas-solid interactions. Chemical Communications. 2014;50:2696—706.

[25] Rose HH. Historical aspects of aberration correction. Journal of Electron Microscopy. 2009;58:77-85.
[26] Marton L. La microscopie electronique des objets biologiques. Bulletin de 1'Academie de Belgique
Classe des Sciences (5). 1937;28:672-5.

[27] Tanaka N, Usukura J, Kusunoki M, Saito Y, Sasaki K, Tanji T, et al. Development of an environmental
high-voltage electron microscope for reaction science. Microscopy. 2013;62:205-15.

[28] Baker RTK, Harris PS. Controlled atmosphere electron microscopy. Journal of Physics E: Scientific
Instruments. 1972;5:793.

[29] Butler EP. In situ experiments in the transmission electron microscope. Reports on Progress in Physics.
1979;42:833.

[30] Boyes ED, Gai PL. Environmental high resolution electron microscopy and applications to chemical sci-
ence. Ultramicroscopy. 1997;67:219-32.

[31] Sharma R. Design and applications of environmental cell transmission electron microscope for in situ
observations of gas—solid reactions. Microscopy and Microanalysis. 2001;7:494-506.

[32] N. Yao GES, R. A. Kemp, D. C. Guthrie, R. D. Cates, C. M. Bolinger. Environmental cell TEM stud-
ies of catalyst particle behavior. In: Bailey G, editor. 49th Annual Conference of EMSA. San Francisco: San
Francisco Press; 1991. p. 1028-9.

[33] R. Sharma, Microsc. Microanal. 2001, 7, 494.

[34] J. R. Jinschek, S. Helveg, Micron 2012, 43, 1156.

[35] E. D. Boyes, P. L. Gai, Ultramicroscopy 1997, 67, 219.

[36] S. Takeda, H. Yoshida, Microscopy 2013, 62, 193.

[37]1J. F. Creemer, S. Helveg, G. H. Hoveling, S. Ullmann, A. M. Molenbroek, P. M. Sarro, H. W. Zandbergen,
Ultramicroscopy 2008, 108, 993.

[38] N. de Jonge, W. C. Bigelow, G. M. Veith, Nano Lett. 2010, 10, 1028.

[39] Parkinson GM. High resolution, in-situ controlled atmosphere transmission electron microscopy (CA-
TEM) of heterogeneous catalysts. Catal Lett. 1989;2:303—7.

[40] Komatsu M, Mori H. In situ HVEM study on copper oxidation using an improved environmental cell.
Journal of Electron Microscopy. 2005;54:99—107.

[41] Giorgio S, Sao Joao S, Nitsche S, Chaudanson D, Sitja G, Henry CR. Environmental electron microscopy
(ETEM) for catalysts with a closed E-cell with carbon windows. Ultramicroscopy. 2006;106:503—7.

[42] Creemer JF, Helveg S, Kooyman PJ, Molenbroek AM, Zandbergen HW, Sarro PM. A MEMS reactor for
atomic-scale microscopy of nanomaterials under industrially relevant conditions. Microelectromechanical
Systems, Journal of. 2010;19:254—64.

[43] In Situ TEM Study of Catalytic Nanoparticle Reactions in Atmospheric Pressure Gas Environment. By:
Huolin L Xin, Kai-Yang Niu, Daan Hein Alsem,and Haimei Zheng.

[44] Xin HL, Niu K, Alsem DH, Zheng H. In situ TEM study of catalytic nanoparticle reactions in atmo-
spheric pressure gas environment. Microscopy and Microanalysis. 2013;19:1558-68.

[45] Recent advances in gas-involved in situ studies via transmission electron microscopy. By: Ying Jiang,
Wentao Yuan, and Zhaoyong Zhang.

[46] A (S)TEM Gas Cell Holder with Localized Laser Heating for In Situ Experiments. By: Joseph T. McKe-
own, Patricia Abellan, Bryan W. Reed, and N. D. Browning.

[47] Gao M, Chen X, Pan H, Xiang L, Wu F, Liu Y. Ultrafine SnO2 dispersed carbon matrix composites de-
rived by a sol—-gel method as anode materials for lithium ion batteries. Electrochimica Acta. 2010;55:9067—74.
[48] Gbordzoe S, Kotoka R, Craven E, Kumar D, Wu F, Narayan J. Effect of substrate temperature on the
microstructural properties of titanium nitride nanowires grown by pulsed laser deposition. Journal of Applied
Physics. 2014;116:4310.

[49] Wu F, Rao SS, Prater JT, Zhu YT, Narayan J. Tuning exchange bias in epitaxial Ni/MgO/TiN heterostruc-

3
%
3
3
3
3
\%‘:
4
2:.
%;
Y
!
!
h
d
§
?
3
9
9
3

www.lJLK.ir

.




3
%
3
3
3
3
‘;;
4
2:‘
3,:
Y
!
!
h
d
§
2
k!
9
9
3

www.lJLK.ir

-

Y sl oolead m 1WA YUl & ¥ oplodd w fuu"mdh»

tures integrated on Si(1 0 0). Current Opinion in Solid State and Materials Science. 2014;18:263.

[50] Rao SS, Prater J, Wu F, Shelton C, Maria J-P, Narayan J. Interface magnetism in epitaxial BiFeO3-
La0.7Sr0.3MnO3 heterostructures integrated on Si (100). Nano letters. 2013;13:5814-21.

[51] Rao SS, Prater JT, Wu F, Nori S, Kumar D, Yue L, et al. Positive exchange bias in epitaxial permalloy/
MgO integrated with Si (100). Current Opinion in Solid State and Materials Science. 2014;18:140-6.

[52] Singamaneni SR, Prater J, Wu F, Narayan J. Interface magnetism of two functional epitaxial ferromag-
netic oxides integrated with Si (100). APS March Meeting Abstracts. 2014;1:1249.

[53] Singamaneni SR, Prater J, Wu F, Nori S, Kumar D, Yue L, et al. Positive exchange bias in epitaxial per-
malloy/MgO integrated with Si (100). APS March Meeting Abstracts. 2014;1:1254.

[54] Wu F, Narayan J. Controlled epitaxial growth of body-centered cubic and face-centered cubic Cu on
MgO for integration on Si. Crystal Growth & Design. 2013;13:5018-24.

[55] Molaei R, Bayati R, Wu F, Narayan J. A microstructural approach toward the effect of thickness on semi-
conductor-to-metal transition characteristics of VO2 epilayers. Journal of Applied Physics. 2014;115:4311.
[56] Wu F, Zhu YT, Narayan J. Grain size effect on twin density in as-deposited nanocrystalline Cu film.
Philosophical Magazine. 2013;93:4355-63.

[57] Lee YF, Wu F, Narayan J, Schwartz J. Oxygen vacancy enhanced room-temperature ferromagnetism in
Sr3Sn0O/c-YSZ/Si (001) heterostructures. MRS Communications. 2014;4:7—13.

[58] Wu F, Zhu YT, Narayan J. Macroscopic twinning strain in nanocrystalline Cu. Materials Research Let-
ters. 2013;2:63-9.

[59] Lee YF, Wu F, Kumar R, Hunte F, Schwartz J, Narayan J. Epitaxial integration of dilute magnetic semi-
conductor Sr3SnO with Si (001). Applied Physics Letters. 2013;103:2101.

[60] Wu F, Wen HM, Lavernia EJ, Narayan J, Zhu YT. Twin intersection mechanisms in nanocrystalline fcc
metals. Materials Science and Engineering: A. 2013;585:292—6.

[61] Sharma R. Experimental set up for in situ transmission electron microscopy observations of chemical
processes. Micron (Oxford, England : 1993). 2012;43:1147-55.

[62] Sun L, Noh KW, Wen J-G, Dillon SJ. In situ Transmission Electron Microscopy Observation of Silver
Oxidation in Ionized/Atomic Gas. Langmuir. 2011;27:14201-6.

[63] Yokosawa T, Alan T, Pandraud G, Dam B, Zandbergen H. In-situ TEM on (de)hydrogenation of Pd at
0.5—4.5 bar hydrogen pressure and 20—400°C. Ultramicroscopy. 2012;112:47-52.

[64] Vendelbo SB, Kooyman PJ, Creemer JF, Morana B, Mele L, Dona P, et al. Method for local temperature
measurement in a nanoreactor for in situ high-resolution electron microscopy. Ultramicroscopy. 2013;133:72-9.
[65] Alan T, Yokosawa T, Gaspar J, Pandraud G, Paul O, Creemer F, et al. Micro-fabricated channel with
ultra-thin yet ultra-strong windows enables electron microscopy under 4-bar pressure. Applied Physics Let-
ters. 2012;100:—.

[66] S. B. Simonsen, I. Chorkendorff, S. Dahl, M. Skoglundh, J. Sehested, S. Helveg, J. Am. Chem. Soc.
2010, 132, 7968.

[67] S. B. Simonsen, I. Chorkendorff, S. Dahl, M. Skoglundh, J. Sehested, S. Helveg, J. Catal. 2011, 281, 147.
[68] Y. Kuwauchi, H. Yoshida, T. Akita, M. Haruta, S. Takeda, Angew. Chem. Int. Ed. 2012, 51, 7729.

[69] Exploring the environmental transmission electron microscope. By:Wagner, Jakob B.; Cavalca, Filippo;
Damsgaard, Christian D.; Duchstein, Linus D.L.; Hansen, Thomas W.; Renu Sharma, Peter A. Crozier. Pub-
lished in:Micron.

[70] Current status and future directions for in situ transmission electron microscopy. By: Mitra L. Taheri,
Eric A. Stach, Ilke Arslan, P.A. Crozier, Bernd C. Kabius, Thomas LaGrange, Andrew M. Minor, Seiji Takeda,
Mihaela Tanase, Jakob B. Wagner, and Renu Sharma.

[71] Experimental set up for in situ Transmission Electron Microscopy observations of chemical processes.
By: Renu Sharma. Center for Nanoscale Science and Technology, National Institute of Standards and Tech-
nology, Gaithersburg, MD 20899-6203.




Iranian Journal of

Volume 8 = Issue 2 * Summer 2020 = No.30

SANAZ SHOBIKEH "2*
*researchers4u@yahoo.com

1. B.Sc. of Electronic Engineering,

B SHIRAZ University Transmission Electron
- Microscope laboratory Specialist
2. TEM Experts workgroup

Keywords

In-situ ETEM, Sealed gas
cell, Differential pumping system
(open cell platform), Gas phase
reaction, Interaction, lonization.

An introduction to In-situ Environmental
Transmission Electron Microscope equipped
with a gas-controlled environment
operational principals and structures

Over the last decades, conventional transmission electron microscope (CTEM) operating un-
der ultra-high vacuum condition is considered essential equipment in the fields like: research,
medicine, industrial, etc. although in recent years in order to obtain practical information, re-
searchers have been looking for a solution to observe specimens in a real world conditions
(namely: in gaseous and fluidic environments). For this reason, In-situ Environmental Trans-
mission Electron Microscope (In-situ ETEM) is created to achieve the main goal that is viewing
various samples in gas or liquid-controlled environment. In this article, ETEM with capability of
providing different gas-controlled setups for specimens has been comprehensively discussed. In
this kind of microscope, volume around the sample will be filled with gases so that the pressure
of the volume is kept higher than that of the TEM column. Therefor ETEM column vacuum will be
kept at a constant level and the parts inside it will continue to work under ultra-high vacuum con-
ditions as before. Currently there are two commercial solutions available to observe samples un-
der gaseous environment inside In-situ ETEM, namely differential pumping approach and sealed
gas cell. As we will discuss later in this article the sealed gas cell method has various advantages
over the latter approach, such as: a much thinner gas path length, a better resolution, a higher
pressure limit, much more rapid thermal response, more rapid stabilization of specimen drift, and
a much lower cost, etc.
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