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Outline of Lesson 1

* |Information on the course

* Introducing the teaching team

* Introducing surface science — challenges and opportunities

 Why study surface science? — applications and Nature
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Information on this Class

e All information for this class will be on Moodle

* | will upload the slides for the Friday lecture by latest Thursday evening

* The class will be taught in a classical way:

* |n-class teaching (in-person attendance required, no recordings)

* Questions/engagement in class encouraged

e Annotated slides will be on Moodle
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Information on this Class - Schedule

 QOctober 6-12 (Week 5): Student feedback

* QOctober 24: No class (semester break)

 December 19: Last day of class (taught by Postdoc: Dr. Emily Schafer)

 January 12-31: Exam period

4 Lesson 1 — MSE 304 - Fall 2025



Information on this Class — Final Exam

* There will be a single oral exam

* It will be helpful to get used to answering questions and engaging in class!

* The Exercise Session is designed to help you prepare for the final exam

* The whole class, including the exam, is in English
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Learning Goals

Overall goal: By the end of this course, you should understand the key fundamental concepts of
surfaces & interfaces. You will be able to critically select techniques to characterize surfaces and
explain the role played by surfaces & interfaces in a broad range of phenomena in applied systems.

Fundamental
concepts

98

Characterization  Applications
techniques
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Plan of the Course: Fundamentals, Characterization, and Applications

1: Intro to Surfaces & Interfaces 8: Adsorption at Interfaces

2. Surface Energy & Real Surfaces 9: Surface Chemistry

3: Solid-Solid Interfaces 10: Biological Processes at Surfaces
4: Characterization of Real Surfaces 11: Electronic Properties of Surfaces
5: Solid-Liquid Interfaces + Techniques 12: Thin Film Technologies

6: Interfacial Phenomena 13: Biosensor Fundamentals

/. Charged Solid-Liquid Interfaces 14: Biosensing applications

Things may be adapted in real time — thank you for your patience!
Midterm feedback (Week 5) — Recap session Week 77
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Information on the Teachers

Prof. Nako Nakatsuka - Lectures

Nako.Nakatsuka@epfl.ch

Teaching Assistants — Exercises
Emie-Kim Ngo Tan Lianxin Xu

Emie-kim.ngotan@epfl.ch lianxin.xu@epfl.ch

8 Lesson 1 — MSE 304 - Fall 2025


mailto:Nako.Nakatsuka@epfl.ch
mailto:Emie-kim.ngotan@epfl.ch
mailto:Emie-kim.ngotan@epfl.ch
mailto:Emie-kim.ngotan@epfl.ch
mailto:lianxin.xu@epfl.ch

Emie-kim Ngotan (TA)

Passionate about translating science into real-world therapies.
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Surfaces & Interfaces in Our Research

Surface chemistry, characterization, and protection in biological systems
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Let’s Talk about ChatGPT and Al Tools in General

Use it as a tool to help you understand concepts, but don’t rely fully

What is half a decade?

5 years = 2 = 2.5 years.
O G P MO

What is one third of a decade?

10 years + 3 = 3.33 years (3 years and 4 months).
O 6 P O

BUT WHY?!

Engage with the tool to help you to
understand concepts but don’t take
everything it says for face value

So half a decade is shorter than a third of a decade?

No. Half a decade = 5 + 2 = 2.5 years; third of a decade = 10 + 3 = 3.33 years. So half a decade is
shorter. We should always critically review the
Source: Werner Seitz - LinkedIn answers Al tools give us
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Let’s Talk about ChatGPT and Al Tools in General

What Al do students chose ?

Tool N %
GPT 387 93%
Coding support (Copilot, cody, phind) 105 25%
Other LLM (Mistral, Sora, Gemini, Bard, Ariya) 30 ™%
Writing support (deepl, grammarly) 23 6%

Image processing (midjourney, dall-e, stability, etc.) 31 ™%

=\ agepoly
Source: EPFL Teaching Day 2025
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Let’s Talk about ChatGPT and Al Tools in General

Positive
experiences with Al

e Getting simple
explanations for a
complex topic

e Getting 24/7 help

e Codeto generate
plots

e Debugging
e Writing formal letters

e Writing in foreign
languages

Source: EPFL Teaching Day 2025
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Let’s Talk about ChatGPT and Al Tools in General
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Al at EPFL - How to Be Informed

Information: http://go.epfl.ch/ai-teaching

Guidelines: http://go.epfl.ch/guidelines-ai-ed

Al/Ed workshops: Sept 18, Sept 30, Oct 16: http://bookwhen.com/epfl

Source: EPFL Teaching Day 2025
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Surfaces & Interfaces

Continuum Approach
(Classical Thermodynamics)
Surfaces are the terminal limiting planes for objects —
they are 2-D complex planes

Pure materials

“Interface between a material and nothing
(1.e., Ultra-High Vacuum)”

Atomistic Approach
(Statistical Mechanics)
Surfaces are 2-D defects in materials, specifically,
%5 they are topological defects containing under-
Yo serrrs ;’c'f:‘l coordinated units

Au(111) by contact-mode AFM

,,,,,,

- -

! """"

Only solids

NS
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Surfaces & Interfaces

Pure materials

“Interface between a material and nothing
(1.e., Ultra-High Vacuum)”

oooooo

-
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Au(111) by contact-mode AFM

Only solids

Surface of contact between two different
materials or two different phases

Solid- Solid
Solid-Liquid
Solid-Gas
Liquid-Liquid
Liquid-Gas

23
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Surfaces & Interfaces

‘ Surface of contact between two different
materials or two different phases

Solid- Solid
Solid-Liquid
Solid-Gas
Liquid-Liquid
Liquid-Gas

3
CHEMSNA
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Surfaces & Interfaces

Continuum Approach
(Classical Thermodynamics)

When two surfaces come in atomic contact, _
they form an interface. Surface of contact between two different

materials or two different phases

Hence interfaces are topological defects

formed by joining two surfaces Solid- Solid
Solid-Liquid
Solid-Gas
Atomistic Approach Liquid-Liquid
(Statistical Mechanics) Liquid-Gas

Interfaces are topological defects formed
by the joining of two surfaces

ND
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Do Surfaces Exist?

For a surface to exist in Nature,

above it there needs to be nothing

If this exists, It’s a rare event

This class will mostly be about

interfaces — where a material ends,

something else begins
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Surfaces & Interfaces at Different Length Scales
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Nanoscale Microscale Mesoscale Macroscale

Length domain (m)

N
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Modifications of Solid Surfaces

Adsorption

(liquid) Surface-initiated

Polymers “grafting to” synthesis

&

Polymers “grafting from”

Y
A

Adsorption
(liguid)

Self-assembled
monolayers

Adsorption
(gas)

-
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Surfaces & Interfaces

God made solids, but
surfaces were the work
of the Devil

Surface atoms
Unsatisfied vacancies
(dangling bonds)

Bulk atoms

, / All vacancies satisfied
= = 8 ¢ S K
/***/ o G * *,

- SRR 2 A N
Nobel P
Pﬁy:icsrf&? OO
e G

”~

Wolfgang Pauli

Surfaces looked messy, unpredictable, and plagued with 3y
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What is Surface Science?

Surface Science studies the structure, properties, and the phenomena that happen at
surfaces and interfaces.

Not superomniphobic
“on immersion Y
(lateral imbibition)

.' | | - : - *(
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What is Surface Science?

Surface Science is part of that tries to understand and characterize surface

and interfacial phenomena — the behavior of atoms, electrons, and adsorbates at surfaces

Quantum mechanical component to surface science — can’t be explained by classical physics

* Scanning tunneling microscopy (STM) — guantum tunneling of electrons

STM image of 48 iron atoms on copper
iIn a 12.4 nm diameter ring

D. Eigler, IBM Research Center

CHEMINA
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But Careful...

Surface Science is not a mature field

Why Wolfgang Pauli perceived it as the work of the Deuvil

This class will leave lots of

holes, not for pitfalls of the

Instructor, but because of
the state of the field

Prof. Francesco Stellacci

NS
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Why Should We Study Surface Science??

Diverse applications in our lives

&L
CHEMSNA
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Why Study Surfaces & Interfaces?

The efficiency of all (electro)chemical reactions that take place at a surface scales
with the available surface area

Porous electrodes for lithium-ion batteries Haber & Bosch Process

Ammonia synthesis

% N, + 6H* +6e"> 2NH, ‘C’
, Hydrogen evolution
HIOEED 2H* +2e> Hz/‘

Electrons

Current
collectors

3D cathode
(LiMnO,, on porous Ni)

3D anode
(NiSn on porous Ni)

NiSn on porous Ni LnMrO on porous Ni
¢ Y YWY YN T

LAAAAR L

«A ‘VA VAN'

A_A L5 aa & e
‘v B -r”‘v‘v ok gk 8 d @ \
e . ‘ ; -l m J ‘ BT ,-’
SR = 4 Steam-methane reforming and QERONOIaRICE S
2 2 "i" “‘7(' 2 20 :""\s” " €.t Water-Gas shift S
'“"3" R Am ‘”“"‘f‘“ A8 fbb““wi‘ ” (Y CH, + 2H,0 > CO, + 8H* + 8¢’
Anode Cathode Anode Cathode C

PSS S AR S| (1‘

Pikul et al. | Nature Communications | 2013 Kyriakou et al. | Joule | 2020

N
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urfaces & Interfaces in Nature

Specific surface area = ratio of area (A) to volume (V)
Nature harnesses high A/V materials

The Brain

86 billion neurons

* 100 trillion synapses
* Neural connectivity
e Efficient metabolism

Microvilli (small intestine

* Absorption & exchange

* Efficient interactions

 Cell-environment
interfaces for
biochemical reactions

Chemical reactions often take place at interfaces

Materials with high A/V play an important role in several artificial surfaces & interfaces
e.q. catalysts 31
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High Area to Volume in Microvilli Enables Digestion

Question: How long would it take to digest a sandwich without microvilli?

W 2377

A = 0 - d. h Diameter (d) = 0.1 um:1X10—7m
Length (h) =1 um = 1 x 10—6 m

A=7-(1x10"m)-(1x10 °m)=3.14 x 10’ m?
Assume microvilli covers most intestinal surface ~1000 microvilli/ pm?

Total microvilli on 1 cm?surface:

1cm? = 10° pm? = 10° x 1000 = 10! microvilli

Total Surface Area = 10 x 3.14 x 10 ¥ m? = 31.4m?
) / With mirovilli

So if on average, it takes someone 4 h to digest a 31.4m
sandwich WITH microvilli... Ratio = = 314,000

104 m?
it would take 1,256,000 hours = 143 years
WITHOUT microvilli!!l

3  Lesson 1 - MSE 304 - Fall 2025 C H E M % N A
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How Does a Gecko Stick on a Wall?

1. Their hands and feet excrete sticky materials (goo)

2. Their hands and feet have tiny hooks

3. Their hands and feet are like tiny suction cups

4. None of the above

37 Lesson 1 — MSE 304 - Fall 2025
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How Does a Gecko Stick on a Wall?

Hypothesis 1: Capillary forces for adhesion (like insects) — condensation of
water from atmosphere forming a monolayer of water molecules/insects
secreting liquid from their feet can cause significant capillary attraction

AN NALS OF THE NEW YORK
ACADEMY OF SCIENCES

ORIGINAL ARTICLE

Capillary adhesion of stick insects

Guillermo J. Amador® @ | Brett Klaassen van Oorschot! ® | Uddalok Sen? |
Benjamin Karman® | Rutger Leenders?

ND
BUT: the toes of geckos are highly hydrophobic unlike insects... C H E M%NA
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Intermolecular Forces of Attraction — What is At Play for Geckos?

Intermolecular forces make two molecules come closer together and interact

The force of attraction is proportional to the electronegativity (how much the molecule likes electrons)

Increasing electronegativity >

H

P |
Li Be B G N o) F
10 15 20 25 3.0 3.5 40
Na | Mg Al Si P S Cl
09 12 15 18 il 25 3.0

0.8 10 13 15 16 16 15 18 19 19 19 16 16 18 20 24 28

Rb | Sr Y Zr | Nb | Mo || Tc | Ru|| Rh| Pd || Ag | Cd In Sn || Sb || Te [

0.8 10 12 14 16 18 1Lz 22 22 250 1) 1Ly 1 L7 18 55 21 2.5

Cs | Ba ||La-Lu|| Hf Ta W Re || Os Ir Pt | Au || Hg Tl Pb Bi Po || At

0.7 09 10-12 13 15 LTy 1L 22 2.2 250 24 1Ll 18 19 L2 20 s ES

<—— Decreasing electronegativity

Fr | Ra || Ac | Th || Pa U |[Np-No O+
0.7 09 1l ! 13 14 14 14-13 'I'
’ @
No electronegativity. With electronegativity
Electrons held in the FElectrons are drawn

centre of the bond.
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Different Forms of Intermolecular Interactions/Forces

Intermolecular Forces | Formed by attraction between: - *’/’:
A
y
lon-dipole lon + polar molecule ‘ g/
y
Hydrogen bond Molecules with H, N, O, F atoms “

o \d
Dipole-dipole Two polar molecules 0 I >«
lon-induced dipole lon + nonpolar molecule Q
= ’
-3 Attraction —»<—
(@) Repulsion <¢——»
Dipole-induced dipole Polar + Nonpolar molecule - : .
P P P o Dipole-dipole
: -
Ny (@)
N D Van der Waals forces Two nonpolar molecules ®
—> <« —> -
—0 +0 —0
+0 =
\ / +8
/OmmmH—o ‘ ” Qo H
o- o+ o-
Nucl
- H Iron ion Oxygen Hydrogen chloride Argon HEIEHs Electron
o+ (induced dipole) (polar) (induced dipole)
H-bond lon-induced dipole Dipole-induced dipole Van der Waals forces

N3
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How Geckos Stick on der Waals Science

Revealing the lizards' secret, engineers aim to make wall-walking robots

27 AUG 2002 - BY BEN SHOUSE

Lamella

Adhesion strength from subdividing each toe into 2 billion
microstructures =2 maximize contact area =@ increase

Wang et al., J. Bionic. Eng., 18, 1011, 2021

cumulative van der Waals interactions with the surface

i
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Semiconductor Material Led to Evidence of Interactions
PNAS
Evidence for van der Waals adhesion in
gecko setae

Kellar Autumn, Metin Sitti, Yiching A. Liang, Anne M. Peattie, Wendy R. Hansen, Simon Sponberg, Thomas W. Kenny, Ronald

RESEARCH ARTICLE BIOLOGICAL SCIENCES v

Fearing, Jacob N. Israelachvili, and Robert J. Full | -6 = Authors Info & Affiliations

August 27, 2002 99 (19) 12252-12256 https://doi.org/10.1073/pnas.192252799

Gecko adhering to
molecularly smooth
hydrophobic gallium arsenide
semiconductor demonstrates
mechanism of adhesion is van
der Waals force

| k. N
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Wall-Climbing Robots Inspired by this Knowledge
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Key Takeaways

Surface science is not a mature field
Studying surface science is important for diverse applications
Surfaces and interfaces play a key role in Nature

Nature can inspire research projects

ND
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Challenges of Studying Surface Science

1. Surface science needs its own field and special tools

Bulk atoms = 1043

Number of atoms in ~
3

a 1l cm? cube ~.

..!

— 15 =& '
T om Surface atoms =10 cadh”

~ 2 - N -~ -~ = - -

! A% - - - - - "

-~ o~ - r' i e - -
s S N SN ) » Mol 2 a"A

Weak signal — bulk dominates the signal from most characterization techniques
Surface sensitivity required — surface-specific (XPS, STM, AFM) or surface-enhanced (SERS)

Surfaces are dynamic — surface atoms have weaker bonds = higher mobility

NG
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Challenges of Studying Surface Science

2. A freshly cleaned surface remains clean for a very short time interval

Average molecular velocity

Supersonic aircraft
Concorde

Vavg —
- M

At 20 °C:
Vavg = 472 m/s for N, 566 m/s

N
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Challenges of Studying Surface Science

2. A freshly cleaned surface remains clean for a very short time interval

The number of molecules that hit the sample surface per unit time (impact frequency) and unit area
is calculated as follows:

. %) P T P: pressure
nS ~2.Tx10 cm S M: molecular weight
'\/MT T: Temperature

Each atom of a 1 cm? metal surface is hit 100 million times/s by a gas particle
(at atmospheric pressure)

N
47 Lesson 1 — MSE 304 - Fall 2025 C H E M % N A



Ultra High Vacuum (UHV) Needed for Ultra Clean Surfaces

Impact frequency (1/cm? s)

1£-17

1€-16

1£-15

1E+14

1€-13

1£+12

1E+11

1£€+10
1E-08

1E-07

16214
18213
18212
1€+11
1€+10

1E-09

— |Impact frequency :
= = Number density

£-08

1807

1E-06 1E-O05 1E-04 1E-03 1E-02 1E-0

Pressure (Pa)

Impact frequency/unit area and number density
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as a function of the pressure for an ideal gas

Number density (1/cm?3)

The number of impacts per second per cm? can only be decreased by pressure reduction

1 Pa is about the pressure exerted by a
CHF 100 note on a table!

sont protégé
par le droit pénal. |

ets de banque

I"L Les bill
nt protégés

D x
A=
w9 B
24}
z;_ .
)
=5
= <
B2
- {85
==
<C <C
feall=a)

1 standard atmosphere = 101,325 Pa
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Vacuum Levels Significantly Impacts Monolayer Formation

Rough Vacuum High Vacuum Ultra High Vacuum
1 atm —= 102 Torr 102 Torr - 10°® Torr 108 Torr - 10°*2 Torr

1 residual gas monolayer 1 residual gas monolayer
every 4 SECONDS every 4 DAYS
3 @) o
o® ® o
High Vacuum o © ° "~ Residual gas | UHV
= | | "
33333000 \/AC COAT

& Sample to analyze S N
49 Lesson 1 — MSE 304 - Fall 2025 C H E M % N A



Why Do We Need Ultra-High Vacuum?

Instrumentation Depositions
lon and electron beam Chamber atmosphere can
instruments affect surface of specimen
Need low pressure to avoid Gas in chamber can adsorb
collisions with gas molecules onto surface

 IWELwYE Ll
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Ultra High Vacuum (UHV) Applications

51

Latin word “vacuus”: free or empty (space without air or matter)

Vacuum Pressure (Torr) Mean Free Path Molecules/cm?
Vacuum cleaner 600 70 nm 101°
Thermos bottle 102-10* 0.01-1m 1014 - 1012

Vacuum tube 10-7=10-10 1-1000 km 10— 104
Surface analysis chamber 10°-1011 100-10,000 km 10°-=10°
Moon surface 10-11 10,000 km 4x10°
Interstellar space 10-1/ Unimaginable 1

S
o

+— Quter

— Vacuum

case

flask

Insulated

2 support

2000 How Stuff Works
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Why Do We Need Ultra-High Vacuum?

Lower pressure to decrease the mean free path — the average distance a particle travels
before undergoing a significant collision with another particle

/8 ¢ A\ ' \
2\ oly ' A — k BT
. o _~ 2 \\ " A —
e - : - : ‘ @ Below \/§ 7rd p
3 X /| Atmospheric NS o hgs
. 4 _ | Pressure Pressure
oo >
| i 14 3 . /\: mean free path
Zre T kg: Boltzmann’s constant
Eoa I: Temperature
(“ == r d: diameter of particle
p: pressure
Short Mean Free Path Long Mean Free Path
(Atmospheric Pressure) (Low Pressure)

N
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How To Achieve Ultra High Vacuum (UHV)
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How To Achieve Ultra High Vacuum (UHV) - Pumps

Type of pumps used
7

Final vacuum level
= Degassing rate of the chamber materials

--<.2 Agilent
o e %, ULIRA HIGH VACUUM HIGH VACUUM ROUGH VACUUM

| e

Q i

CREATING
VACUUM

ION PUMPS

10-% 104 102 102

Pumps do not work over wide pressure range

NG
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How To Achieve Ultra High Vacuum (UHV)

Removeable
heating system

for bakeout Th|ck Ti wire

1 atm 103 mbar

Tu rbo/ UHV
diffusion 108 mbar

Pirani
gauge

Cooling
Ti subllmatlon olate

pump

lon
gauge

Image: Nic Spencer

0
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Stage 1: Backing pump (“Backs Up” the Primary Pumps)

1atm —> 103 mbar

h Backing
pump

56

Pirani
gauge

Lesson 1 — MSE 304 - Fall 2025

-1

Reduce pressure to a workable level from atmospheric P

Connection to the
vacuum chamber

3

Sorption pump:
molecular sieve

Discharge gas molecules

Prevent backflow

e e p s e e

Molecular sieve traps gas

— molecules

\

Heating to release trapped gas

molecules — regeneration

Cooling with liquid -~
nitrogen to adsorb gases

Image: Wikipedia
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How to Measure the Pressure? Pirani Gauge

If P> 103 mbar (low-mid vacuum) pressure can be
measured by thermal conductivity (hot wire in a gas)

C
A=An-c-A—
* e NL

A: heat conductivity

A: structure factor (geometry dependent constant)
Electrical leads Heated wire n: number of molecules per unit volume in m?

c: medium speed of the particles in m/s

/\: mean free path

¢, : molecular thermal capacity

1atm —> 103 mbar

—

Pirani
gauge

To vacuum —»

p
kgT Sl
S7 Lesson 1 — MSE 304 - Fall 2025 C H E I\A ;E N A

Pressure is calculated by combining thermal conductivity and ideal gas law: T =



How To Achieve Ultra High Vacuum (UHV)

Removeable
heating system

for bakeout Th|ck Ti wire

Backing pump UHV pump

1 atm 103 mbar

UHV

10 mbar

Pirani
gauge

Cooling
Ti subllmatlon olate

pump

lon
gauge

0
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Stage 2: Turbo Molecular Pump

Gas molecules in the pump are given a desired orientation by impacts with a rotating turbine
The rotor speed needs to be comparable to the thermal speed of the molecules
Noisy, possible vibration

At 20 °C:
Vave = 472 m/s for N, Chamber

Rotor

b
e
79y
v

7

/

/k“-:*
3 —
A~

T

),
¢ —

s~

Stator

Backing pump +——

Roger Federer

Motor Precision

N
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Stage 2: Diffusion Pump

Gas molecules in the pump are given a desired orientation by impacts with a supersonic vapor jet of oil molecules
Polyphenyl esters are used for their low vapor pressure at room temperature
Cheap and effective for all gases

Needs a cooling system and consumes significant energy

Chamber

J Raphael Nadal
Oll Raw power

ﬂff
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How to Measure the Pressure? lon Gauge

If P < 103 mbar pressure is measured by ion gauges
— —7-—1—7—
"ol | S
1atm —> 103 mbar I o
g Qﬂ i ——
S b1
Backing * Grid S m
pHmP [P Filament § [
" {:z»t::i:[ Sl e
! Collector s Pl
T S  [(CSl——
irant lon S T
ga uge ga u ge o 2}{::,:; ;ij: 71::?.:: <
P<I— =<
pif ““*J—‘
Filament
Heating Supply T'e
Iel +50 Vdc llc +200 Vdc
BiFa”sagTﬁ:)nptly Electrometer GSrLdpg:f/S
Electrons accelerated between a cathode and anode ionize gas
lons are attracted by the anodic collector =
. . Ic : i
Anode current is proportional to the pressure: P — |_: current at collector electrode (< number of ions generated)

(3 X Ie) s: gauge sensitivity (constant)
l,: electron emission current (constant)

N
61 Lesson 1 — MSE 304 - Fall 2025 C H E M % I\I A



Maintaining Ultra High Vacuum (UHV)

Removeable
heating system
for bakeout Thick Ti wire

/

Backing pump UHV pump
1 atm 103 mbar
Turbo/ UHV
diffusion SO6050
 W—

10 mbar

Pirani
gauge

Cooling
Ti sublimation olate

pump

lon
gauge

Image: Nic Spencer

0
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Stage 3: lon Pump

lonizes gases and employs a strong magnetic field to accelerate them onto a solid titanium electrode
Sputtering of Ti occurs
Ti atoms produced react with gas molecules (oxygen, hydrogen, CO, CO,), which chemisorb to the surface

Not very suitable for noble gases or large amounts of gas

Titanium cathode

e

Anode with honeycomb
structure (anode array)
“\

), Titanium cathode
— (cathode)

Matsusada Precision

[ 2

eElectron *Titanium atom
Gas molecules = Gas + ions

3
CHEMSNA
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How To Achieve Ultra High Vacuum (UHV) - Baking Out

UHV chambers are heated overnight (150-200 °C) to increase the desorption gas rate of species adsorbed on chamber walls

Probability of desorption of a particle per second: V = voe_Eads/kT

oSS (Tl 2 "

Pl o . 4

B #

ES

V,: intrinsic vibration/attempt frequency of adsorbed molecule to leave surface
E, ... binding energy of molecule to the surface
k: Boltzmann’s constant

T: Absolute temperature of surface during bake-out

For H,O on stainless steel, increasing T (300K to 500K), increases the desorption
probability by several orders of magnitude

Before heating: adsorbed and residual gases are mainly H,O molecules
After heating: CO, H, and CH, are present

NS
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Requirements for Construction Materials of UHV Chamber @ 200 °C

1) Mechanically and thermally stable

2) Low vapor pressure

Polymeric materials: cannot be used as construction materials (high VP,
permeability/trapping water, thermal, mechanical, and chemical instability)
(apart from Viton and PTFE)

Zinc alloys or galvanized steel: cannot be used as construction materials (high
vapor pressure of zinc)

Ta, W, Mo: used to make sample holders (too expensive and difficult to
machine to be used for the chamber)

.

Stainless steel: suitable to make chamber

y .'.‘/;‘.’ . . .
\'V

Oxide ceramics: suitable to make electrical insulators ~
Cu gasket seal

Cu: usually used to make gaskets

NG
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Requirements for Construction Geometry

1) Large diameter tubing to connect pumps
2) Bends should be avoided

Thin pipes and cracks cannot be evacuated in finite time

@

At RTP, the mean free path of gas molecules is on the order of meters

v

Molecules move back and forth between the walls without collisions Pumping velocity o r
@ (r = radius of the
connecting pipe)

Low probability that a molecule leaves the chamber through a thin pipe

JD-MOT

Sun et al. | Vacuum| 2024

N
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Key Takeaways

UHV conditions are necessary to obtain clean surfaces
Increase mean free path of molecules = decrease collisions with surfaces
UHV conditions are challenging to obtain (complex instrumentation)

Keeping surfaces clean is very challenging

NS
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Summary of Today’s Class

* Information on the course
* Introducing surface science — challenges and opportunities
 Why study surface science? — applications and Nature

* Basics and applications of ultra high vacuum (UHV)
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