


Deciding on a technigque

A Organic vs. Inorganic
I Carbonbased or not

I Many compounds of interest are organic including
drugs, some toxins, synthetic fibers

A Quantitative vs. Qualitative
I Qualitative = Is substance present?

I Quantitative = How much of a substance is
present?



Introductory to Spectroscopy

Atomic Spectra

Electron excitation energy

The excitation can occur at different
degrees

. low E tends to excite the outmosti®@a F A N

- when excited with a high E (photon of high
an e can jump more than one levels

- even higher Ecantearinneea | g1 e
nuclei

An e at its excited state Is not stable
and tends to return its ground state

3If an e jumped more than one = | T TTTT 4d
energy levels because of absorption —
of a high E, the process of the e —
returning to its ground state may
take several steps,i.e. to the
nearest low energy level flrst then =2
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Introductory to Spectroscopy

Atomic Spectra

Atomic spectra energy

- The level and quantities of energy |
suppliedto excite®&a Oy 0S Y
& studied in terms of the frequency
and the intensity of ae.m.r. - the
absorption spectroscopy

- The level and quantities of energy =~ |
emitted by excited®a 2 | a U0UKS
to their ground state, can be measured
& studied by means of themission
spectroscopy

- The level & quantities ofenergy & = | ——=——-— 4d
absorbed or emittedy& intensity of n=4 ap
e.m.r) are specific for a substance @ | ————— 3d

etc.

n=3

- Atomic spectra are mostly in UV
(sometime in visible) regions N=2

Energy

n=1 1s




What Is spectroscopy?

A method used to identify and/or quantify

elements, atoms, molecules, matter, molecular
structure

by observing absorption, emission or scattering
Interactions
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What Is electromagnetic radiation?

mml “a"m!mm -
Radio, TV waves Infrared light X-rays
104 10€ 108 1070 1072 1014 1016 1018

] )
Frequency in Hz \

Blue

Visible light
Yellow Green

Red Qrange

Viclet

700 600 550 500 400
4.3 x 10" Hz) Wavelength in nm (7.5 x 10" Hz)

—_—

From http://www.priHbét@ﬂ?é@ﬁ%hjeh@%@?ﬁgfﬁé?éection_l.htm

chemical analysis of mateffals



Electromagnetic Radiation
Equation:C =\

A Speed of lightC= 3 x 18°cm/sec
A Frequencyy = cycles per second in Hz

A Wavelength] = distance between adjacent wave crests in cm
A Wave number\V = inverse of Wavelength in cin



What Is a spectrum?

A Graphical representation of what is happening to
the electromagnetic radiation.

A Ex. Infrared Spectrum (Aniline)

I X: wavenumbers, y: transmittance




Spectroscopy

Absorption of a photon of electromagnetic
radiation can trigger several event depending
on the energy (wavelength) of the photon.

Wavelength () Energy Molecular effects
cm kcal/mol
Higher frequency 10-9 Gamma rays 106
Shorter wavelength
10-7 X-rays 104 Ionization
Vacuum UV 102
10-3 Electronic transitions
104 - Visible 10
10-3 1 Molecular vibrations
. 2
10-1 Microwave %8__4 Rotational motion
Lower frequency 102 Riidi ; -
Longer wavelength 10 adio 10-6 Nuclear spin transitions
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Spectroscopy

The energy of the electromagnetic radiation can
be expressed in terms of energy or
wavelength:

C=3Xx1019cm
C=M hc S

h = 6.626 X 10—34JS

Conversion matrix

nm A cm—! eV
nm 10 107 1.240 X 103
A 0.1 108 1.240 x 104
cm™! 107 —108 1.240 X 101
eV 1.240 X 103 |1.240 X 104|8.0655 X 103
Spectrometric | UV-vis X-ray Infrared X-ray
region uUv v

Copyright © 2006 Pearson Prentice Hall, Inc.



Typical interactions

A Absorption (Absorbance, Transmittance)
faf AIKGE T2Sa AyS R2Say
A Emission (flame, spark, ICP)
faf AIKGE A& TIADSY 2F°F
A Scattering (Raman)
i LI aK 2F df AIKGE Aa RAC
frequency may be different too



of the interaction of

energy with matter. If oo o
emission results from

the relaxation of M*A

M, it will be In all

directions.

Spectroscopy \
Some potential outcome W? P X SR

Particular outcomes of =
interactions at a |
surface, particularly
reflections.




Spectroscopy

A sample, M, may absorb energy and consequen
be promoted to some type of excited state M*.
As a result of the promotion, the transmitted
signal is attenuated and reduced In proportion fc
0KS &l YL SQa 02y OSy d NJ
the signal, and the molar absorptivity of the
sample.

. SSNIXXEI] | &
(A=absorption, E=constant,
| = path length, c=concentration)



Spectroscopy

Spectrometers are typically designed with a
Oz2vaidlyd LIGK fSYyaJiKoe
constant:

. SSNXX&kc[ | &

(A=absorption, k=E+|=constant, c=concentration)



Spectroscopy
. SSNXD& [A=ksY

The relationship between absorption and
concentration is linear:

y=mx+b (where b=0)

Therefore, the value of the constant k Is equal to
the slope of the line.



Spectroscopy

All absorptive processes are governed by the
1stlaw of thermodynamics (Do you remember
it?), all involve the excitation of a sample M in th
ground state to a higher energy excited state M*

The energy absorbeg@E, must be sufficient to
bridge the gap In energy between the two levels
The excited state could be the result of the
ejection or promotion of an electron or a change
AY UKS SfSOUNRYQa OAO0



Spectroscopy

® M#* = excited state

A

Regardless, the AE = by
excited state Is
unstable and T R M- momd
the system must
decay back to

Promotion AE = energy gap

@ ®

M* Immediate

Radiationl @ :' Radiationless
adiationless _—
the more stable disspation wel /
. WVl Emission
State AN \
—M Delayed

Copyright © 2006 Pearson Prentice Hall, Inc
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Spectroscopy

he excess energy that is released upon decay
can be dissipated by one of three processes:

1. Electrons can collide and convert their excess
energy to kinetic energy, a process favored in
a2zt dziA2y o CcKA& Aa Oz
UN} yarxuA2z2yé o0SOldzasS vy



Spectroscopy

he excess energy that is released upon decay
can be dissipated by one of three processes:

2. The M A M transition can result in the
emission of a photon with energy equal to the
energy of the original absorbed photon if that
IS how the excited state was generated. This
LINRPOSaa Aa OFffSR aSy



Spectroscopy

The excess energy that is released upon decay
can be dissipated by one of three processes:

3. A combination of radiationless transition and
emission can occur, resulting in the emission o
a photon of lower energy that corresponds to
the smaller energy gap traversed in the
relaxation. The emission may be immediate
(emission)pr delayed (fluorescence or
phosphorescence).



Spectroscopy

Phosphorescence typically involves a longer dela
time relative to fluorescence.

Also, phosphorescence generally lasts longer.



Spectroscopy

Fluorescence is exploited in many areas of
forensic science, including DNA typing and
fingerprint visualization.

However, traditional fluorescence spectroscopy Is
not frequently used.



Spectroscopy

In forensic analytic chemistry, UV/VIS/IR anc
elemental spectroscopy Is favored whereas
other kinds, such as nuclear magnetic
resonance (NMR) spectroscopy and
rotational spectroscopy are rarely employed.



Spectroscopy vs. Spectrometry

Spectroscopy:

A Measures the response of chemical species to
electromagnetic radiation (energy).

A Relates responses to atom type and/or molecular
structure.

A Involves the absorption, emission, or diffraction of
radiation.

ANMR, IR, UVVIS:X} &€ RAFTFNI OUAZ2YZ



Spectroscopy vs. Spectrometry

Spectrometry:
A Does not involve electromagnetic radiation.
A Mass spectrometry



Spectroscopy vs. Spectrometry

However, the terms are often used
iInterchangeably.



Spectroscopy types

{ LISOUNR&O2LE OFYy 0SS R.
OStSYSYulto YR aY2z2ft ¢
compounds) spectroscopy.

Atomic spectroscopyg AA, Graphite furnace (GF)
X-Ray Fluorescence (XRF), Atomic Emission
(ICRAES)

Molecular spectroscopgUV/VIS, IR, Raman,
abawe



Some common techniques of
molecular spectroscopy

A Raman (1930s/1960s)
A UV/Vis (1941)

AIR (1951)

ANMR (1952)



Raman Spectroscopy

Scatteringof Infrared lightdue to
molecular bond vibrations.

Key Parameters
peak location
peak shape
peak strength
wave numbers
transmittance




Ultraviolet/ Visible Spectroscopy
(UV/Vis)

Absorptionof Ultraviolet and Visible
light due to electrons moving to
higher energy levels

Key Parameters

molar absorptivity (e gxtinction
coefficientmaximum absorption
(I max)

absorbance




Infrared Spectroscopy (IR)

Absorptionof Infrared lightdue to
molecular bond vibrations.

Key Parameters
peak location
peak shape
peak strength
wave numbers
transmittance




Absorption Spectrometry
A Ultraviolet (100- 400 nm)
A Visible (406 700 nm)
A Infrared (>700 nm)

LTRAVIOLE VISIBLE AMHED\

100 260 315 400 wavelength (nm)



Atoms have a number of excitec
energy levels accessible by
visibleUV optical methods

AMust have atoms (break up molecules)

A Optically transparent sample of
neutral atoms (flames, electrical
discharges, plasmas)

AMetals accessible by Wis, non
metals generally less than 200nm
where vacuum UV needed)



Ultraviolet and Visible Spectrophotometry

measure the amount of light transmitted through a solution

monochromator detector

lamp amplifier —| readout

Diode Array

Dispersion device

En trance slit

Sample

Sou rce

Dr. ArmanSedghi "New methods for chemical analysis of materials"



UV-VIs Spectra

A One instrument can measure both wavelengths

A Related to how many alternating double and
single bonds a compound has
A. SSNXa [ ¢
I A =ecl
A Absorbance = A
Ae molarabsorptivitycoefficient

A ¢ = concentration
Al = path length



UV-VIS
A Compounds can be identified based on
wavelength of maximum absorbance
Al 2y OSYUN) GA2Y OFYy 06S
Law

| OHT 3.2 |

%

Absorbance —»
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J
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Wavelength/nm
The aqueous ultraviolet absorption spectrum of cocaine hydrochloride
Spectrum recorded by Andrew Jackson, Staffordshire University, UK

Jackson & Jackson: Forensic Sclence @ Andraw R. W. Jacksan and Julle M. Jackson 2004

Dr. ArmanSedghi "New methods for chemical analysis of materials"



IR spectrum Is vibrational

A Molecules absorb light stretcning:
at different wavelengths
In the IR region
depending on what types
of bonds they contain.

Bending:

A This light = energy

A The energy causes the co (P
bonds to vibrate @ ® & ©

Out of plane Out of plane

Dr. ArmanSedghi "New methods for chemical analysis of materials"



IR spectrum of cyclohexanol
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UV and IR spectroscopy

1. Applied on solid or liquid samples
2. Samples are usually organic

3. Atomization or lonization not need for these
spectroscopies



Nuclear Magnetic Resonance (NMR)

Absorption of radio wavesn the presence of a
strongmagnetic fieldused to determine
molecular structure

Nucleus typesH, C, F, P, N

Key Parameters
chemical shift:d (delta), Tau
frequency:ppm or hz
coupling constant
Integrals




Library Resources for
Spectroscopy

A Indices to Articles

A Handbooks

A Spectra Libraries & Software
A Encyclopedias & Texts

A Web Sites



Graphs, text and tables

Abdrich Spects sl Viewes
Q) e o] [C wlalely| g elal 2| ol x|
2.Amino&.chiorobenzyl alcohol, 3% - |
[»

SiEsaly

spectra: graph
From SigmaAldrich

0H NMR (CDCL,)
d3.24 (s, 3H, CH,N) 6

from J. Org Chem V59
(1994) p 479

articles & handbooks:
text and tables



SigmaAldrich Print

. 3-Volume sets of

spectra

v 13C and 'H NMR spectra for
over 12,000 compounds

v IR spectra for over 18,000
compounds

. Also available in
electronic formats

Sigma-Aldrich Reference Books

Dr. Arman Sedghi  "New methods for
chemical analysis of materials"



Analysis of Inorganic Substances

A Heavy metal poisons
A Explosives
A Metal composition of bullets

A Main analytical technique used for inorganic
substances is:

Atomic spectroscopy



Atomic spectroscopy

A Atomic emission
I Zero background (noise)

A Atomic absorption
I Bright background (noise)
I Measure intensity change
I More signal than emission
I Trace detection

Dr. ArmanSedghi "New methods for chemical analysis of materials"



Compare Emission and Absorption
Spectra

Emission Spectrum

Absorption Spectrum

E L 5 Y e A e
- . oy N X ;
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i ~0% population

.
\
\
.
5

Emission | Absorption

. 4
.
)
\
\
.
]
\
.
.

~100% population

Energy

Signal is proportional top number of atoms

AES low noise (background)

AAS high signal

The energy gap for emission is exactly the same as for absorption.

All systems are more stable at lower energy. Even in the flame, most of the atoms will be in
their lowest energy state

Dr. ArmanSedghi "New methods for chemical analysis of materials"



Characteristics of Atomic Spectroscop

A Involves EMR in the UV and visible regions of
the EMR spectrum

A Based on excitation of a (valence) electron to

an excited state
A Involves atoms or ions in the gaseous state
ALY @2t gSa | LINRPOSaa OF
A Capable of analyzing ~ 70 elements



Atomic Spectroscopy

A  Types:
1. Atomic Absorption Spectrometry (AAS)
2. Atomic Fluorescence Spectrometry (AFS)
3. Atomic Emission Spectrometry (AES)



Atomization

A A process by which molecular constituents
(analyte) of a sample are simultaneously
decomposed and converted to atoms (and
lons) in the gaseous state

A Atomic spectroscopy methods are categorized
based on the type of atomization

ACKS FUZ2YAT I UGAZ2Y LINRO
ISY SNIF U2 NE




Atomization and Excitation

A The excitation step involves promotion of an electron
to a higher energy state

A Excitation can occur several ways, including
I Flame
I Electrical discharge
I Inductively coupled plasma
I Absorption of EMR
A Involves outer bonding electrons
A Several transitions are possible
A Excitation involves discrete spectral lines



Atomization and Excitation

4.0 — \
: +» Atomic Emission Spectroscopy

oL A The heat from a flame or an

| electrical discharge promotes an
2 electron to a higher energy level
520 ~—— » A As the electron falls back to
5 08 ¢ ground state, it emits a

é% 5 g & wavelength characteristic of the
T EE) (B E excited atom or ion
oL \ L Y Y Y -

Excitation Atomic
emission

© 2004 Thomson - Brooks/Cole



Atomization and Excitation

Atomic Absorption
Spectrometry

A A photon of light
promotes an outer
electron to a higher
energy level

A Absorption only occurs
In the gas phase

A Involves both atoms and
lons

A Involves discrete energy
transfers



