








Light-molecule interaction

The quantum mechanics interpretation

where

is the small time-dependent perturbation in the
Hamitonian due to the light-molecule interaction

is the dipole moment of the molecule

is the electric field of the light
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Molecular rotation

Permanent dipole moment:

F0

C. N. Banwell & E. M. McCash, Fundamentals of Molecular Spectroscopy (1994)



Molecular vibrations

Transition dipole moment:
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IR active



Transition dipole moment:
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Figure 1.6 The symmeiric sireiching vibration of the carbon
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Degrees of freedom

Total degrees of freedom in motion:
translation, rotation, and vibration

Degrees of freedom in vibrations:

Linear molecules with N atoms:

3N-5 vibrational modes

Non-linear molecules with N atoms:

3N-6 vibrational modes



Motions of a free water molecule

Rotations

Vibrations

3651.7 cm!

Infrared active
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3755.8 cm™"

Infrared active

A=27.8cm
B=155cm™

C=9.95cm™

1595.0 cm™’

Infrared active

http://www.Isbu.ac.uk/water



Motions of water molecules in liquid water

j hindered rotation




An example: 6 different vibrations of a CH, group

Symmetric Asymmetric Scissoring Rocking  Wagging Twisting
stretching stretching
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A typical RAIRS spectrometer
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IR spectra of C,H, on Pt(111)



Linear polarization spectroscopy

ELECTRIC FIELD

DIPOLE  __ + — +
H’ =pE
/"( ) teepe ' —
FORCES + - +
GENERATED
BY THE FIELD TIME —

Fic. 1.6. Forces generated on a dipole by an oscillating electric ﬁeld These forces tend
to alternately increase and decrease the dipole spacing.
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Orientation of SiH bonds on diamond surfaces
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H on Si(111): An ideal H-terminated surface
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IDEAL (441) TERMINATION

Internal reflection spectra of HF-treated Si(111) surfaces. (a) Surface

treated with pH-modificd buffered HF (pH 9-10)(solid curve) and with dilute HF
(100:1 H,O:HF)(dashed curve,) (b) s-polarization for surface treatment with pH-
modified buffered HF (pH 9-10). Inset: High resolution spectrum of Si(111) surface
treated with pH-modificd buffered HF (pH 9-10). (From Ref. 60.)
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Higashi et al.
Appl. Phys. Lett. 56, 656 (1990)



Helium atom scattering (HAS)

Advantages of using helium atoms as scattering agents:

*The lightweight helium atoms at thermal energies do not penetrate into the
bulk of the material being studied and so is surface-sensitive.

*The de Broglie wavelength of helium atoms is on the order of the interatomic
spacing of materials.

*Helium atoms are neutral and thus insensitive to surface charges.

*Helium atoms are chemically inert and non-destructive to the sample.



A typical HAS spectrometer

*The helium atom beam is created through free adiabatic expansion of helium
at a pressure of ~200 bar into a low-vacuum chamber through a small (~5-10
MmM) nozzle

*Typical helium atom energies produced are 5 — 200 meV, with a very narrow
energy spread of less than 1 meV.



The Maxwell-Boltzmann distribution of molecular speeds
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The distribution of speeds for nitrogen The distribution of speeds of 3 different
gas molecules at 3 different temperatures gases at the same temperature
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Apparatus for studying molecular speed distribution
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Hindered motions of adsorbate

Inelastic He scattering



Degrees of freedom

Total degrees of freedom in motion:
translation, rotation, and vibration

Degrees of freedom in vibrations:

Linear molecules with N atoms:

3N-5 vibrational modes

Non-linear molecules with N atoms:

3N-6 vibrational modes
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Electron energy loss spectroscopy (EELS)

High-resolution electron energy loss spectroscopy (HREELS)

off-specular

Banwell & McCash, Fundamentals of Molecular Spectroscopy, 4th Ed., Tata McGraw-Hill, 1994



A typical EEL spectrometer

Rotatable
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Figure 8.1 The electron energy loss spectrometer.
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EEL spectra of C,H, on Cu(111)

CH deformation
'4 B
CC stretch
CH stretch
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Figure 8.4 Electron energy loss spectrum of ethyne adsorbed on the Cu(111) surface. (Reproduced with permission
Jrom B. J. Bandy, M. A. Chesters, M. E. Pemble, G. S. MacDougall and N. Sheppard, Surface Science, 139, 87, 1984.)
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IR versus EEL spectra

CO/Cu(ll}) ﬂ
x 300
10.5%
i\ ——RAIRS
——
| | | I
0 1000 2000 3000
Wavenumbers

Figure 7.13. RAIRS spectrum of a monlayer of CO adsorbed on a Cu (111) surface
at 95 K in comparison with analogous data obtained using electron energy loss
spectroscopy, after Chesters et al. [10]
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Photoelectron spectroscopy (PES)

hv = E; ,+ BE (binding energy)
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A typical PES spectrometer
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UV photoelectron spectrum of CO
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X-ray photoelectron spectra
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Auger electron spectroscopy (AES)

E

Auger+Ez=Ex_Ey or EA =Ex_Ey_Ez

uger



Typical Auger electron spectra
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Diamond growth by chemical vapor deposition (CVD)
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Figure 1. Auger spectra of natural diamonds
(A to C), CVD diamonds (D to G), HOPG
(H) and glassy carbon (I). Ay is the main

peak and A, is the satellite peak which
shows the significant difference between
sp°- and sp>-bound carbons.

HOPG: highly oriented pyrolytic graphite
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H on Si(111): An ideal H-terminated surface
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IDEAL (441) TERMINATION

Internal reflection spectra of HF-treated Si(111) surfaces. (a) Surface

treated with pH-modificd buffered HF (pH 9-10)(solid curve) and with dilute HF
(100:1 H,O:HF)(dashed curve,) (b) s-polarization for surface treatment with pH-
modified buffered HF (pH 9-10). Inset: High resolution spectrum of Si(111) surface
treated with pH-modificd buffered HF (pH 9-10). (From Ref. 60.)
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Attenuated total reflection (ATR) spectroscopy

"Evanescent" means "tending to vanish", which is appropriate because the
intensity of evanescent waves decays exponentially (rather than sinusoidally)
with distance from the interface at which they are formed.

Evanescent waves are formed when sinusoidal waves are (internally) reflected
off an interface at an angle greater than the critical angle so that total internal
reflection occurs.
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Total internal reflection

Total internal reflection

6. = sin'l(n,/n,)

http://hyperphysics.phy-astr.gsu.edu/hbase/phyopt/totint.html



Penetration depth of evanescent wave

The penetration depth (d,,) into the sample 1s typically between 0.5 and 2 um,
with the exact value being determined by the wavelength of light (1), the angle
of incidence (¢) and the indices of refraction for the ATR crystal (n,) and the

medium (n,) being probed.

where
Ny = Ny/H,
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Evidence and applications of ATR

Fingerprints on a glass of water
made visible by frustrated total
internal reflection
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http://las.perkinelmer.com/content/Technicallnfo/TCH_FTIRATR.pdf



The Beer's law

T = i = 107%% = 10~*
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Biological applications of ATR

*Total internal reflection fluorescence (TIRF) microscope

The development of the microscope aims to imaging molecular events occurring
on cellular surfaces such as cell adhesion, binding of cells by hormones,
secretion of neurotransmitters, and membrane dynamics.
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TIRF microscopy

. Objective

. Emission beam (signal)

. Immersion oill

. Cover slip

. Specimen

. Evanescent wave range (<200 nm)
. Excitation beam

. Quartz prism
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Advantages of TIRF microscopy

In cell and molecular biology, a large
number of molecular events occur on
cellular surfaces such as cell adhesion,
binding of cells by hormones, secretion of
neurotransmitters, and membrane
dynamics. However, when these
molecules are excited and detected with a
conventional fluorescence microscope, the
resulting fluorescence from those
fluorophores bound to the surface is often
overwhelmed by the background
fluorescence due to the much larger

population of non-bound molecules.
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Chapter 25. Processes at solid surfaces

P.925



Principle of surface plasma resonance (SPR)

The incident wave vector 1s given by the following expression:

K. = [Z—ﬁ)n sin @,
A

i

where K; is a component of the incident light wave vector parallel to the prism
Interface, @, is the incident light angle, A 1s the wavelength of the incident light and
n is the refractive index of the prism.

The wave vector of the plasmon mode is described by the following expression

. . —

i 27\ | &€&,

Kp=|— ,' -
A )N\e +eé,

where K, 1s the surface plasmon wave vector and &, and &, are the complex
dielectric constants of the metal film and the dielectric exit medium, respectively.

Smith et al. Appl. Spectrosc. 57, 320A (2003)
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SPR occurs when | K, =K

The intensity of the reflected light will decrease where SPR exists, thereby giving rise
to a well defined minimum in the reflectance intensity.

* If the incident angle is fixed and 100
polychromatic and light is reflected | ne=1.40
from the surface, then light will be - ne=1.46
adsorbed by the resonance at ) 7
particular wavelengths giving rise to > : /
a typical SPR minimum in the 2 60|5,[
reflectance spectrum. :i_: 25k \['A%R
0] :
c o 5 o 40 20r I : I " .:
* [f monochromatic light is reflected o2 234 538 | | | oM
from the surface over a range of L L\ NS S
incident angles, then a similar 20r- ! <ih
>, ; ) ! AO
reflectance minimum will occur with . e —y
h : : l i 0 | | I
respect to the incident angle - - =4 o ca
Angle (0)
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Chapter 25. Processes at solid surfaces
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http://www.labtech.co.uk/downloads/nomadics_principles.pdf
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The electrode-surface interface

Chapter 25. Processes at solid surfaces

P.932
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The electrode-surface interface

Chapter 25. Processes at solid surfaces

P.933
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The electrode-surface interface

Chapter 25. Processes at solid surfaces

P.933
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Zeta potentials of colloids

! Electrical double

' layer

+ *The zeta potential 1s the electric
: Slipping plane otential at the radius of shear
O\ " Dosl W . .
relative to its value in the distant,

Farticle with negative baEdlm

surface charge

*The radius of shear is the radius
i of the sphere that captures the

a colloid particle.

Shear radius rigid layer of charge attached to
Diffuse layer

Distance from paricle surface

http://www.malvern.com/LabEng/technology/zeta potential/zeta potential LDE.htm



What is zeta potential?

*Most particles dispersed in an aqueous system will acquire a surface charge,
principally either by ionization of surface groups, or adsorption of charged species.

*These surface charges modify the distribution of the surrounding ions, resulting in
a layer around the particle that is different to the bulk solution.

If the particle moves, under Brownian motion for example, this layer moves
as part of the particle.

*The zeta potential is the potential at the point in this layer where it moves
past the bulk solution. This is usually called the slipping plane.

In other words, zeta potential is the potential difference between the
dispersion medium and the stationary layer of fluid attached to the dispersed
particle.



/eta potential 1s one of the main forces that mediate interparticle interactions.
The significance of zeta potential is that its value can be related to the stability of
colloidal dispersions.

Particles with a high zeta potential of the same charge sign, either positive or
negative, will repel each other. Colloids with high zeta potential (negative or
positive) are electrically stabilized while colloids with low zeta potentials tend to
coagulate or flocculate.

Zeta potential [mV] Stability behavior of the colloid
from 0 to X5, Rapid coagulation or flocculation
from £10 to 30 Incipient instability
from 30 to T40 Moderate stability
from 40 to 260 Good stability
more than ¥61 Excellent stability




Zeta Potential (mV)

The zeta potential 1s sensitive to the concentration and type of ions (such as pH)
in solution.
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Laser Doppler Velocimetry

Laser beams are aligned at the stationary layer in the cell.
At the crossing point of the beams, Young's interference fringes of known spacing

are formed.

Particles moving through the fringes under the influence of the applied electric
field scatter light whose intensity fluctuates with a frequency that is related to the
particles velocity.

A frequency spectrum is produced from which the mobility and hence zeta

potential are calculated



