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ShieeCterization methods

Nanomaterial characterization methods

Structural characterization Chemical characterization
X-ray diffraction Optical spectroscopy
Small angle X-ray scattering UV-visible spectroscopy
Electron microscope FT-IR spectroscopy
Scanning electron microscope Raman spectroscopy
Transmission electron microscope Electron spectroscopy
Scanning probe microscope Energy dispersive spectroscopy
Scanning tunneling microscope Electron probe micro analyser
Atomic force microscope Electron energy loss spectroscopy
Gas physical and chemical adsorption Auger electron spectroscopy

X-ray photoelectron spectroscopy
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Spectroscopy is the study of the interaction between matter and electromagnetic
radiation.
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Sir Issac Newton (1643 ~ 1727)

- Advances in optics, specifically prisms, enabled systematic observations of the solar spectrum.
- Isaac Newton first applied the word spectrum to describe the rainbow of colors that combine to form white light.
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Spectrum with
absorption line
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Gas cloud Gas cloud

Spectrum Emission line

Light source Light source

Fraunhofer lines

a. Solids, fluids and high-pressure gases emit a continuous spectrum.
b. When the light passes through a low-density cold gas, specific colors of light are absorbed.
c. A low-density hot gas emits a line spectrum.
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Nanoparticle Technology

Calcium (Ca) Kalium (K) Natrium (Na) Copper (Cu)

- A flame test is an analytic procedure used in chemistry to detect the presence of certain elements.
- Based on each element's characteristic, different emission spectrum is shown.
- The color of flames in general also depends on temperature.
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INLormimogcels: historical time line

Modern
Democritus 460 BC Thomson Rutherford  Bohr Quantum
and Dalton 1803 AD 1897 1912 1913 Cloud Model

post 1930
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Classical mechanics

Quantum mechanics

Max Planck
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numbers
at every point

distribution -
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nics: electron cloud

Classical mechanics

Electron

~ Proton

Quantum mechanics

Electron

Electron cloud

(probability) Proton
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@oEntummechanics: tunnel effect

Particle Particle cannot go
through the wall
. _ o—>
Classical mechanics

Wave

VW

Wave is reflected by
the Wall

Quantum mechanics

... but some portion can
go through the Wall
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f orbital
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Carbon

15 orbital 25 orbital — 2px
All s orbitals are spherical, and thelr size increases with Empty
rmm——— AN [

z z 2 1s 2s 2px  2py  2pz

Px Py P:
The three p orbitals are dumbshell-shaped and are oriented along the three
perpendicular x, . and Z axes.
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ININEERNCIPIESfor: electron configuration

Electron configuration in orbitals

1. Building-up principle 2. Pauli exclusion principle 3. Hund’s rule
&/4 . Carbon
p > charge N
S
/4 - =
S s =+ ; L o=-1 . .

7 N 1s22s22p%, [Hej2s22p® 8 O 1s22s%2p*, [Hej2s%22p*

: > (-
&S FAY
Is . Is .

9 F1522s22p%, [Hej2s?2p° 10 Ne 15225%2p®, [He)2s22p®

16




Nanoparticle Technology

SIECTRoniconfiguration diagrams

af COCeree i 1s 2s 2px 2py 2pz
/\ :s —@ 6s Lithium, L 1s%2s’ (T[]
s 4: 4.5',““ ad Beryllium, Be 152252 [T 1]
gl f: ‘o_...SS 4p Boron, B 1s?2s?2p!
gu Y ) — T Carbon, €  1s22s%2p?
'é :: @ 4; e 3, Nitrogen, N  1s22s22p3
§ 35 3¢ Oxygen, O  1s?2s522p?
i ;: _._-::. 2p Fluorine, F  1s22s%2p°
S @ 1s Neon, Ne 1s22s5?2p®
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[esasilicon and copper
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Elemental property with electron configuration

Silicon (Si) Copper (Cu)
15%2522p53s23p? 15%2522p53s23p®3d104s?

Nucleus Nucleus
14 Protons 29 Protons

14 Neutrons 34 Neutrons

- Si has 14 electrons in 3 shells - Cu has 29 electrons in 4 shells
- The valence shell has 4 electrons. - The valence shell has 1 electrons.
- Half-full valence shell gives semiconductor property - Single valence electron makes copper a good conductor.
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Early concept

Electr
Electron ool

(a) Ground state (b) Excited state

Electron

O

Ground Absorption Excited “Proton
state of photon state o
“Average” distance B

of the electron
from the proton

(a) Ground state (b) Excited state

Modern concept
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ghptionancemission

Absorption Emission
_ =
level 5 i level 5
level 4 electrons gain el
= level 3 level 3
T level 2 ¥— level 2
level 1 . £ L4 . 4 level 1
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4p
3d
Natn um (Na) " _ Excited state
Emission » g
1522522p%3st spectrum E E
4p 3s Ground state
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Excited state
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tom vs. molecule

Atom Molecule
[ ] [
[ ] [}
[ ] [ J
Level 2 Level 2
Electronic
energy levels
.
Vibrational
Level 1 Level 1 Rotational energy levels
energy levels p
“
L = ” _
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SHECITonICenergy levels: molecule

Molecular orbital (MO) of ethene

D orbitals overlap 7 bond formed
/ N\ \

Carbon

2pz
2s

-~ 2px

| [ ]

2s 2px  2py  2pz

e

;/l. = '—v-i;:\t{:;v ';:“
1s ‘— 2py (empty)
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v levels: molecule

Molecular orbital (MO) of s orbitals

Antibonding MO, G*15
Node

—
Q _ Energy of isolated

Isolated H atoms

Bonding MO, G5
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v levels: molecule

Molecular orbital (MO) of p orbitals

Antibonding MO

A e *
P |
1, o
SN
n

Bonding MO
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v levels: molecule

Molecular orbital (MO) of p orbitals

node

» m

\ - OO\C) DOQ

2 nodes Antibonding

1 node Nonbonding

O;

{

oV
0o~ a ~0 —> %
0 nodes Bonding
Possible 2p, Molecular  Energy
interactions orbitals levels
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BIECHLOMICEnergy. levels: molecule

Bonding, antibonding, nonbonding in molecular orbital (MO)

A
o™ antibonding
m* antibonding
n (empty p) non-bonding
y
£ ;N (lone pair) non-bonding
4
p bonding
y
;O bonding
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- 28, MO: oxygen 2s AO + hydrogen ¢ MO

- 1b, MO: oxygen 2p, AO + hydrogen ¢* MO
- 3a; MO: oxygen 2p, AO + hydrogen ¢ MO
- 1b, (nonbonding MO): oxygen 2px AO
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VAT N2l ENEro) Ievels molecule

Vibrational motions

f Electrically-excited state
T l
S
>
' 4 |
?:) Infrared
bendlng @ | absorption

E icl
-‘E’ Electroniciground state

C =2 S
-—
O
o

symmetric stretching
Near-intrared
absorption
—p v=1 § /
\absorpon. = | Rotational
Vi F-basd
. ) Bond interval “_____—absorption
asymmetric stretching
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Ethene (C,H,) p orbitals overlap  bord formed

Theoretical spectrum of C,H,

Experimental spectrum of C,H,

CH
Be-20 -
5 | H o H 4
- Q
B 6e-20 C:C =
| / S\ E
£ H H =
= 4e-20- wn
=z
£ 7 2
2 2020
o] - . ﬁ - - - - - 00 L L L | L L L L | L L L L | L
500 1000 1500 2000 2500 3000 3500 3000 2000 1000
wavenumber (cm")

Wavenumber (cm-1)
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ms: molecule

Anti-stokes scattering light

hv,
Molecular vibration
hv,
Incoming Rayleigh
photons scattering light
hv, Yo
Stokes scattering light
A Raman scattering Voo %

Intensity

Excited States

| +

5N B IS B
1l ]

o S

Ground vibrational

w States

Rayleigh Stokes Raman Anti-Stokes

Raman

Rayleigh
Scattering

Anti-Stokes Stokes

Increasing Wavelength ——»
<+— [ncreasing Frequency
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Molecular rotation
Microwave spectroscopy

10° 100 10° 10 10° 102 meters
1 kilometer 1 meter 1 millimeter 1000 nanometer 1 nanometer

Broadcast Microwaves X-rays Cosmic

band rays
Radar Infrared Ultraviolet Gamma

(IR) (uv) rays
T -~ NS TAVAVA

Long Wavelengths 4 Short Wavelenghts

Visible Light

Infrared Ultraviolet
(IR) (Uv)

700 nanometers 600 nanometers 500 nanometers 400 nanometers
Molecular vibration Molecular dissociation
IR spectroscopy UV-vis spectroscopy

Raman spectroscopy
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INStRUImentciagram and Image

Detector
Light source T I /
\ : |
YA —
/ T sample

Monochromator Cuvette

Monochromator
(wavelength selector)

1. Light sources
- UV source: deuterium (D,) lamp emit radiation in the range of 160 ~ 375 nm.
- Visible source: tungsten (W) filament lamp is commonly employed in the range of 350 ~ 2500 nm.
2. Monochromator (wavelength selector): prism and grating et et o
3. Cuvette sl St
- The containers for sample and reference solution must be transparent to the radiation which will pass through them (quartz or fused silica).
4. Detector
- The photomultiplier tube is a commonly used detector in UV-Vis spectroscopy.
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Double beam spectrometer

Mirror

*Reference cell just contains the pure solvent.

D, lamp J Tungstenlamp Reference
Mirror/ @ Photo diode
Data readout
Filter 2
Data S
Processing g
< L I L I h
N Wavelength (nm)
F' avelength (nm
/ . *Signals of solution
| Photo diode based on pure solvent
Beam
litter Sample
Monochromator Sp

*Sample cell contains the solution.
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Transmittance (T): T =1/1,

IO I Absorbance (A): A=log,,I,/1 =log,,1/T
h \ % % Transmittance
L 1 | I I I T
H 2.!1[!.5 1!.0 I'!'B U|? o6 05 cla | DL | ll|? [ il Dtlls le
b Absorbance

Beer-Lambert law

. molar absorbtivity (L/mol-cm)

A= |Og10 |0 /1 =¢gbc b: path length of the sample (cm)
c: concentration of compound in solution (mol/L)

om.

400 ] —
401 Standard 1
402
Standard 2
., ]
Standard a §1  stndaras Unknown
samples 5 8 Lstandard 4 sample
a, E \ 4
7 Concentration
d of unknown
799 | | |
800 — — Concentration (mol/L) |
L
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Vacuum UV or Far UV (1<190 nm) A Excited State

/ \ A ' / A
Jt*(anti-bonding)
n (non-bonding) H |t
O JI:* ’

A
x (bonding) 'Ground State

Sample  yv.visible %\ R
N o {anti-bonding) A

increase in orbital energy

ENERGY
-
4
*
a
T
a
*
3
¥
Q
&
4
v
a
*
Q
¥
Q
*

UV/Vis
o (bonding)
Wavelength
Visible: 400 ~ 750 nm
Ultraviolet (UV): 200 ~ 400 nm
Vacuum UV or Far UV: ~ 200 nm
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-

BIECHRONINANSItions offmolecular energy level

6 — ¢ transitions

1. An electron in a bonding s orbital is excited to the corresponding antibonding.

2. The required energies to these transitions are very large.

3. Methane shows an absorbance maximum at 125 nm which is not seen in typical UV-visible spectra.

n — ¢ transitions

1. Saturated compounds containing atoms with lone pairs (nonbonding) are capable for these transitions.
2. These transitions usually need less energy than ¢ — o™ transitions.

3. They can be initiated by light whose wavelength is in the range of 150 ~ 250 nm.

n — xt* transitions and  — &t* transitions

1. Most absorption spectroscopy of organic compounds is based on these transitions.

2. These transitions are belong to an experimentally convenient region of the wavelength (200 ~ 700 nm).
3. These transitions need an unsaturated group in the molecule to provide the = electrons.
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0Scopy. analysis

Typical absorbance spectra of carbonyl group

JC —= JU%
\ o* antibonding
I 7™ antibonding
8 _’_’:Jl N—> t* transition]
c > AE
2 5 . e
= g - : n—Tmn transmonl
2 ] nonbonding !
=2 N — JU*
<< 7 bonding
o bonding
Wavelength (nm)
Amax (NM)
Functional group strong weak
T—T* n—7*
c=0 166 280
C=C-C=0 240 320
C=C-C=C-C=0 270 350
T
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BAEASIDIEISPECTROSCOPY analysis in nanotechnology

Energy levels UV-visible spectrum
(dimension dependency) (size dependent on Ag nanoparticles)
6 ®e, = 10 nm
i ~ - 20 nm
Y T @ @ e 28 — 30 nm
; O == 40 nm
I E \ 50 nm
Bulk Nanoparticle Cluster Atom @ \ - gg el
< 10 nm <2 nm CQD =+ 80 nm
“1.25
©
valence £
band o)
_ _ 300 800 700 800
continuous discrete Wavelength (nm)
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UV-visible spectrum
(shape dependent on Au nanomaterials)

e
A

icles

~ .

104

084

06 —— 15nm nanospheres
§ —— 30nm nanospheres
044 ——— 2.5AR nanorods

—— 4 .5AR nanorods
asil ——7.5AR nanorods

Ll ¥ T T Ll L) L) Ll T " 1
400 500 600 700 800 900 1000 1100 1200 1300
Wavelength (nm)

UV-visible spectrum
(time dependent on Cu?* reduction)

S i
“ =
4 0 min

g 3 l
g -
€2 120 min
£
<

)

1
400 600 800 1000 1200
Wavelength / nm

S
[
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Extinction [-]

Counts

400 500 600 700 800 900 . -
0 20 40 60 80 100 120
Wavelength [nm]

Scan position, nm
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Infrared Spectroscopy
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Wavelength range (1)
- Near-IR (NIR): (0.7 ~1)to 5 um
- Middle-IR (MIR): 5 to (25 ~ 40) um
- Far-IR (FIR): (25 ~ 40) to (200 ~ 350) um

MID

Thermal
- -

!
:
1
:
:
’
Y

8

NFRARED

Extremely  Very Uttraviolet
Low  Low Radio Visible Gamma
Frequency hequenC) Waves Light X-rays Rays
- - : ol oo ol - -1 - - -

U mn -

Sl |

LOW ENERGY HIGH ENERGY

LOW FREQUENCY HIGH FREQUENCY
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Detector

1. Light source

- Infrared (IR) source: Nernst lamp (ZrO,, CeO,, THO,) or Globar lame (SiC) N

2. Sample gratinga mirrors
- Powder samples are generally used in IR spectroscopy.

3. Monochromator (wavelength selector) detectoﬂ

- Prism: NaCl (670 ~ 4000 cm1), KBr (250 ~ 670 cm1), LiF (2000 ~ 10000 cm-?)
- Blazed grating: a special type of diffraction grating

4. Detector
- Thermocouple, pyroelectric (triglycine sulfate) and photoconductive (PbS, CdTe, InSb) detectors are commonly used in IR spectroscopy.
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SIONIIProcessing (Fourier Transform)

Reference Sample

F(x) F(x)
interferogram AW——~—
apodization
Fourier transform Fourier transform
phase correction ————

%.2 832
80
60
60
EGY 40 gcy 40
20 2
11 004

40000 2000 1000 4000 transmittance 4000.0 o0 1000 4000

calculation
( intensity ratio )

intensity spectrum Intensity spectrum

2 infrared spectrum

[http://www.slideshare.net/muttaqinpapasafira/principles-of-ftir]
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NIOIECUIAIFENErO)

Molecular energy

E= Eelectronic + Evibration + Erota\tion + Etransi

A y _
—_— —mre—
—_— —
15t Excited -
. State _ il —_
o
2 —
= v —
2 e ;
1 -~
Groung -
E—- — 0 —

Electronic + Vibration + Rotation

tion

Increasing energy

P
L

Ground Vibrational Rotational translational

electronic > energy > energy > energy
enerqgy levels levels levels
level
Electronic

Electron moving between electron shells
Vibrational

Stretching and compressing of the bond lengths
and bond angles

Rotational

spinning around

Translational

moving of the whole particle from one place to
another
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L A

3
3 ]
L,

X

Compression Elongation

—_ X
Hooke’s law 0

F =—kx
— X

F: forces needed to extend or compress a spring
k: spring constant
x: distance
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NIECUlaravabration (Hooke’s law)

If the molecular vibration is harmonic oscillator...

v: frequency (cm)
c: light velocity (3 x 101° cm/s)

. 1 |K
‘ f \[ IW t V=—— |[— K: force constant (dyne/cm)
2rC\ u m: atomic mass

w: reduced mass of atoms, m; m, / (m;+m,)

K increase L increase
I I -
Single bond
@ o - (i T CI - (1280 cm?) C-Cl (750 cm%)

CcC-0 (1100 cm™)
@ J_— < Doublebond c-C (1200 cm-t)

I I (1650 Cm'l)
C-D (2206 cm'?)

@@ —c=c— (Tz”lg'g f;“g C—H (3000 cmr)
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NIBDIECTIarRvIbration (energy levels)

» Energy levels of molecule with dissociation
Harmonic Potential Anharmonic Potential

Potential Encrgy ( U)

Electronic

e |
| transition | Excited elaectronic
.................................................................... ’ .
ic Di d (In optical |, state.
Interatomic Distance . ')
or uv) disscclation

_ _enargy
4 Vibrational transition &
+U o Ground state
=
¢ ® - Rotational
i| oo worenal] vasio
= ilibeium di ) in microwave
I —— - ._.E@&’J'zml_“‘! “'-‘“'J‘““' (in Infrared) r.|:=' '[ )
g ) Internuclear separation
o0
+U v=0 — ™ 4 y=
L J

51




Nanoparticle Technology

NIBIECtlarvabration (example)

Net dipole moment

Carbon dioxide (CO,) Water (H,O)

Molecular
dipole
Net dipole moment =0 Net dipole moment #0
IR inactive IR active
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NBIECTarvIbration (example)

Example: vibrations of methylene group (-CH,-)

Symmetric Stretching

"

Rocking

Y

¢

Asymmetric Stretching Scissoring (bending)
Wagging Twisting

[https://en.wikipedia.org/wiki/Molecular_vibration]
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NBIECTIarvIbration (example)

Example: Fourier transform-infrared (FT-IR) spectrum of formaldehyde

Fercent Transmizsion

100 —

n — -I - —
1165 crn?
—H= wag
2725 ot
- ':H;:“'- - 1485 crnt |
=Y SRRt CHs 1250 emt
sciszor  CH2 rock
2850 ol | C”)
iZH=
-1
asyrm stretch 1730 crn /C\
—=0 H H
0 stretch
4000 2000 2000 1000 00
Frequency
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2919 1709
4 Mercaptoundecanoic acid 2851 1732;
OIB/\/\/\/\/\/SH 2 1 1 800
" ic) 0 0\ N
S . e
| =
8 Dodecanethiol 2923
(o] S S
%2}
a0, 3 29555 [2853
Ethanol washingsﬂwith sonication (b) I I - g
- A N
CO,H ?OZH @ COH 1 6 1 5
HOLC HO.C COH HOLC As-prepared Pt 2928 1740 N\
Hozwt“?-\-z oY, 1 oi‘,?k\- 1 3279 | 2882 VA
0-::.(;, 4 COH HO,G A CoH HO,C B8 cr® (a) e Y g S — 2033
v T ¥ T v T T T v T
ALOs 4000 3500 3000 2500 2000 1500

Wavenumber (cm™)
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Evidence for the existence of C,,, structures

IR Intensity (arb. unit) IR Intensity (arb. uit)

IR Intensity (arb. unit)

1600

1200 800 400
Frequency (1/cm)

(b) dumbbell

&l ”Ma I.EI.J-A_I.._

1600 1200 800 400
Frequency ( liem)

{c) peanuts P55

1600 1200 800 400

Frequency (1/cm)

IR Intensity (arb. unit) IR, Intensity {arb. urit)

IR Intensity (arb. unit)

(d) peanuts P56

1600 1200 80O 400
Frequency (1/cm)

(e) peanuts P66

1600 1200 800 400
Frequency (1/em)

(fy bucky tube

1600 1200 80D 400
Frequency (1/cm)
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Anti-stokes scattering light
hv,

Molecular vibration
hv,

Incoming Rayleigh
photons scattering light
hv, Yo
M

Rayleigh and Raman stokes/anti-stokes scattering
(%
Stokes scattering light
A Raman scattering Vo~ %)
Sir Raman A
(1888 ~ 1970)
Excitated state

z
g a o
& 74/‘ > %A S 74/‘ 3
h £ m T £
- (L) \J \ .
Lord Rayleigh 0 o 2 £ ¢ °
(1842 ~ 1919) E ii
A v Vibrational levels
:g * Av? 2 Auv
= Y A Ground state
Scattering
Infrared L Y d
absorption Raman Rayleigh Raman
anti-stokes stokes
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Rayleigh and Raman stokes/anti-stokes scattering

Stokes Anti-Stokes |
’ S S
A Eex = hy ex
Ecx . Iwcx_"
— AV — ) <~ h(ve, + v,)
V=1 —hv, VT l Yy -~ hv,
v=0 v y=0
Ps
Stokes lines are those in which the photon Anti-Stokes lines are those in which the
has lost energy to the molecule. y photon has gained energy from the molecule.
) Stokes Anti-Stokes n
Vex = W Vex T Wy
A | A
v

Vex — Vy Vex ch+Vv

The strongest scattering is Rayleigh scattering.
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Rayleigh and Raman stokes/anti-stokes scattering

Stokes H,
(-1
Q| =
i e
FETE Anti-Stokes
Anti-Stokes
lines: =
-3000 -2000 -1000 0 1000 2000 3000
Av [om ']
: e 107counts,L
e Avvib_>
11 count
J | J L vR;lman vIaser
‘ Raman scattering intensity
: 1in 107 photons is scattered inelastically.

Frequency —>
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INSERIMmentdiagram and image

Raman Spectroscopy atiing

RENISHAW 4

Objective

Lens

Notch Filter

% Mirror
& ) .

’ 3

v/

Light source
500 ~ 700 nm laser

——— TAPP Porphyrin

10000 H
Powder

Software

5000 p

Inelastic
Scattered Light

® ©
b1 o

Raman Intensity (a.u.)

1200 1600

Raman Shift (cm™)

Elastic scattered light Inelastic scattered light
:Rayleigh scattering :‘Raman stokes/anti-stokes scattering
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(CH3),C=0 C= _ CH; 0
— ] Acetone P§
HsC” “CHg
f i CH; — | e——CH; HH
CH;CH,OH Ethanol H-C-C-0-H
H H
|+— s=0 0
CH -\S=O S
B J\_,J (CH3), . JL 1 He”Son,
CH;CH,0,CCH; o C=0 Ethyl o
acetate CHaJI\O/C”RCHB
CHs
< Ar CH
il

500 1000 1500 2000 2500 3000
Wavenumbers
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FMBIRESHECTROSCOPY. VS, Raman spectroscopy

FT-IR spectroscopy (dipole moment) Raman spectroscopy (polarzability)

Permanent dipoles (AB: HF) o: induced dipole moment

p=caE o polarizability (C-m#V)
E: electric field

Polarizability is the ability for a molecule to be polarized.

High 4 . .
O orbital T orbitals
Induced dipoles (O, by H,0)
Dipole-induced dipole
attraction
\ &- >
&= \" S+ . -
s 1 Low ’ El cct‘rlca}. Field
) ) Q O ((P _ _ Direction
] Electrical Field
Isolated oxygen molecule Induced dipole Permanent dipole IntenSitY
(nonpolar) (oxygen molecule) (water molecule)
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Bending

Asymmetric C-O stretching

Raman: active (change in polarizability)
IR: inactive (no change in dipole moment)

Raman: inactive (no change in polarizability)
IR: active (change in dipole moment)

Raman: inactive (no change in polarizability)
IR: active (change in dipole moment)
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FMBIRESHECTROSCOPY. VS, Raman spectroscopy -
IR
Spectrum comparison
Raman
V4
FT-IR spectrum SN @
10
£
2 |
g In 3000 cm! region
E FT-IR: NH,* vibration
= Raman: CH and CH, stretching
3600 3200 2800 2400 2000 1600 1200 800 400 g In 1600 cm* region
7em™ FT-IR: NH;* deformation
Carboxylate asymmetric vibration
Raman spectrum Raman: very weak signal
~100 )
HOCO-CH—CH,~S—§—CH,—CH—COOH In 410 cm'! region
NH, NH, i FT-IR: weak signal
£ Raman: -S-S- stretching
1 :
1 - ! L " s 0
300 3200 2800 2400 2000 1600 1200 800 400 0
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FMBIRESHECTROSCOPY. VS, Raman spectroscopy

Spectrum comparison
Raman

y 4

T

Oleic acid methyl ester

C=C . 9 i

C CHy(CH)eCH,  CH, (CHy)s CH, — C—OCH,
=0 c=c

. - ~
/ H H

=

.

600 1100 1600 2100 2600 3100
Energy, cm™!
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FMBIRESHECTROSCOPY. VS, Raman spectroscopy

Frequency
(em™") IR Raman”

Alkanes

CHj3 sym stretch 2862-2882 Vs Vs

C—C stretch 1040-1100 - s

Cyclopentane ring breathing 889 — s
Alcohol O —H stretch 3635-3644 m w
Acetylene C—H bend 825-640 3 w
Acetylene C=C 2230-2237 — s

=N stretch in R—CN 2230-2250 s vs
Cyanate C=N 2245-2256 s Vs
C—H in R—CHO 28002850 m —
=0 in R—CHO 1730-1740 Vs w

R —NO; asym stretch 1530-1600 Vs m-w
R —NO; sym stretch 1310-1397 s Vs
C —S stretch 580-704 — Vs
S —H stretch 2560-2590 w s
R; S; S—S8 stretch 507-512 m-w s Vs = very strong
Benzene nng breathing 992 — Vs S = strong
Primary R—Cl 650-660 S S m = medium
Primary R —Br 565-560 s Vs w = weak
Primary R—I 500-510 S Vs dash = absent
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Nanoparticle Technology

RBIFESIECTROSCOPY VS. Raman spectroscopy

FT-IR spectroscopy
Advantages
- Simple instrumentation
- Fast measurement
- Available for low concentrated samples
Disadvantages
- High priced detector
- Dissolution problem with aqueous solutions

Raman spectroscopy
Advantages
- Well-suited for agueous solutions
- No sample preparation necessary
- Bands below 400 cm* are measurable.
Disadvantages
- Strong laser is required.
- Lower sensitivity because scattering effect is weaker.

- Fluorescence of sample may overlap with the signal
T ——
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Nanoparticle Technology
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Nanoparticle Technology
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Conceptual diagram of surface enhanced Raman spectroscopy (SERS)
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Nanoparticle Technology
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