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EM radiation

Enetgg of photon = hv

SRS st Common A units
v - frequency (sec’) e
nm-10° m
AVNS K -10°10

¢ - speed of light

As ). inceases, the frequenay and energy of the
photon decreases.

L.Loliayli
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EM radiation

Type wavelength Interaction

Y <10 nm nudear emission
X-ray <10 nm atomic ionization
uv 10-380 nm electronic transitions
Vis 380-800 nm electronic transitions
IR 800nm-10011m bond interaction
Radio meters nudear absorption

£.ESnagni 10
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Emission

Source & i detector readout
Sample selector

With emission methods, the sample is an
integral portion of the source. It is used to
produce the EM radintion that will be measured.

12
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Absorbance

Source

>

s
selector

Sample

-

detector

-

readout

Common arrangement for UVNis

Source

-

Sample

-»

A
selector

-

ldetector

-

readout

Common arrangement for IR

Z.esnagni
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Component Configuration for

Optical Absorption Spectroscopy

source Lamp

 ——

sample Holder

Wavelength
selector

FPhotoelectric
Transducer

Signal Processor
and Readout

Z.Es'haghi
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Fluorescence

This is an emission method.

j Sourae All three of these work together
"4 as our source and sample.

selector

A
selector

WWw.ShimiPedia.ir
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Visible - ordinary glass or silica
uv - fused silica or quartz

IR - KCl, NaCl, IRTRAN

Www.ShimiPedia.ir
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Visible source - W lamp

The tungsten lamp is
similar to a normal
light bulb.

A range:  350-2200 nm

Useful in visible and

near IR range.

Z.Es'haghi
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UV source

D, lamp
D, + electrical energy

|

D, —» D, + hv

A range: 160380 nm

Z.Es'haghi
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IR sources

All are essentially heater elements. IR radiation
is produced by passing a current through the
element.

Nernst glower - ZrO,/yttrium oxides
400 - 20,000 nm

NiChrome wire - 750 - 20,000 nm
Globar - SiC rod - 1200 - 40,000 nm

21
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Laser
Light Amplification by Stimulated Emission of Radiation

(a) pumping of excited state (b) stimulated emission to produce
emission (Fig. 7-5)

) , @) 3)
— B I
+_ _—+—. T E_‘,‘- E %".—#" Heﬂt —_ _—
. 1 E} E.'l * *
Pumping | , ¥
energy i l
I
—4— ——E, -_— E, —
Excitation Partial relaxation Metastable
excited state

(a) Pumping (excitation by electrical, radiant, or chemical energy)

(2) (3)

o
il
i
*;33 1]
)
P
+€ 1

(b) Spontaneous emission
L.ESTlayin 23
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Population Inversion and Amplification:

Stimulated
emission
~N
2 ® - E
Absorption T T T \\ Y
! | : Light attenuation
/\/\f' | L J NS \U™ by absorption
| 1 1
I | I
4= _he 4ol o beel
E,-E,
(a)
- T —e T E},
| ! Light amplification
/\f\j’ | : by stimulated
| i J
Stimulated , | erussion
emission ——1—= :\\ —4 E,
Absorption

(b)
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Lasing medium can be solid (Nd:YAG, semiconductor diode laser
AlGaAs), gas (noble gas Ar™, He/Ne, CO2, N2) or liquid (dye)

Nﬂnpa.rﬂ_lle.l radiation
o

il

Laser

Mirror Active lasing medium
_ — — beam
wion—_L_ § T 1 pomialy
Radiation 1 transmitting
mirror
Pumping
source

Advantages *  intense
*  monochromatic (line sources)
*  pulsed (10-15-10-6 s) or continuous wave (cw)
*  coherent
. small beam divergence

Z.Es'haghi

25


https://www.shimipedia.ir

Hollow cathode lamp

This source produces emission lines specific for the
element used to construct the cathode.

26
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Bedrodeless discharge lamp

Similar to a hollow cathode lamp in its use, it produces
spectral lines by RF excitation of a metal salt - used for
more volatile on non-conducting materials.

e
\

RF coil ‘salt’ containing bulb

Z.Es'haghi
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Al gl

(4

@U.A

L4

Continuum sources produce broad range of A's (often blackbody)
Heated solid (Globar, nichrome wire) (1-40 pm)
Tungsten lamp (300-3000 nm)

Quartz Tungsten Halogen (QTH) lamp (200-3000 nm)
high temperature (3500 K)
Evaporation W(s) —> W(g)
W(g)+12(2) > Wl (g)
Redeposition  WI, (g)+ W(s) - W(s)+1,(g)

D> lamp or Hg/Xe arc-lamp - (160-400 nm)
electronic excitation

D5 +E aectrical —> D2 —> D(KE;)+D(KE; )+ hv
KE; +KE; +hv = E gectrica} — BDE

bond dissociation energy
28
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Sample cells

Cell materials

uv quartz, fused silica

Visible  glass, plastic (UV cells can be used)
IR KBr, NaCl aystals are most common
material nm range

silica 150 - 3000

glass 375 - 2000

plastic 380 - 800

L.Col1iayln

30
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Sample cells

standard liquid
cuvette

|
~samplecell

www . SHiithiPedia.ir
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Ideal Output:

100

- Wavelength ————

Filters:WWW-Shim i Pedia. ir

Absorption filter - colored glass or dye between two glass plates
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SRR

100 ~ Absorption
filters
) Orange
L
E i:ult-ﬂff
2 Green filter
e 4
S 50 filter
E .
S Combination
o of the two
filters
0 I I
400 500 600 700

Wavelength, nm

Interference (Fabry-Perot) filter - two thin sheets of metal
sandwiched between glass plates, separated by transparent material

"White" Light

Glass
(- Metal
= Dielectric
\‘< Metal
Glass
Narrow A 36
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Wavelength selectors

Absorbance filters

light allowed to pass

;
material 1 q

Colored glass
plates are used
to absorb the A
that are of no
interest.

Z.ES’haghi 37
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Wavelength selectors

Interference filters

Thin coating of

CaF, or MgF, S, iax = 2:n

~ where:
d = thickness
n = refractive
index

www.ShimiPedia.ir
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Visible - quartz
uv - N/A
IR - NaCl, KCI

Not commonly used in modern instruments.

Z.Es'haghi 40
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Wavelength selectors

Bandwidth is a function of the exit slit width.

Changing the position of the prism will change
the A that will pass through the exit slit.

£L.Es nagmni
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Wavelength selectors

Gratings
These are ranked by the number of lines or
grooves/mm.

UV/Vis 300 - 2000 lines/mm
IR 10 - 200 lines/mm

Closer lines will give a better dispersion and
result in inaeased resolution being possible.

Z.Es'haghi 43
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Wavelength selectors

ni =d(sini+sinr) i - inddent angle
of light beam

r - reflective angle
of light beam

d - distance between
lines

n - order of
reflection

A - wavelength

WWW.orltliireQia.ii
Z.Es'haghi
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Diffraction Grating (most modern instruments)

Echellette grating:

wave |

Extra pathlength traveled by wave 2 must be ni for constructive
imterference

ni =d(sin 6; +smno,)
Closely-spaced parallel lines (for UV 1000-2000/mm, for IR 10-
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JUia

Example:
For 8;=30°, 6;=45%nd grating ruled at 2000 lines/mm (blazes)

nA =d(sin 6; +sm6,)

1 . .
= 1]:]m(.cs.m 30°+sm 45°)
00

—6.03x10~" m or 603 nm

B 603 nm

or =301.5nm (2nd order)

B 603 nm

or =20l nm (3rd order)...

P

Problem: Higher order diffraction gives different A's at same angle?

Solution: Filters to reduce multiple order intensity

46
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Quality of Monochromators:

(1) Spectral purity

(2) Dispersion

(3) Light gathering

scattered or stray light in exit beam

Use entrance and exit windows. dust
and light-tight housing, coat interior
with light absorbing paint

ability to separate small wavelength
differences

Linear dispersion or reciprocal linear
dispersion - variation in A across the
focal plane
dy . dr d

D —

D=— =—=—
da dy nF

(F 1s focal length). D-1 has units
nm/mm ete.

light collection efficiency

fimumber

F collimating mifror

dia 47

collimating mirror
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i S e

(4) Spectral bandwidth

range of wavelengths exiting the
monochromator

Related to dispersion and entrance/exit
slit widths

Effective bandwidth =
bandwidth AL 1

2 Ay

Z.Es'haghi 48
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Effect of slit width:

Exit slit

www. ShimiPedia.ir

Monochromator
setting, A
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Monochromator
seting Effective
LR PR # pandwidth
Relative
slit
width
Exit
slit
. £ .
Ay Ra A u Effective
= g 7 bandwidth
=
=
|7
=
EF
3 -
E | iy |
& A Ay A,
g =
E
5 Effective
& bandwidth

Ay Ay Ay
Monochromator
selting, A

Complete resolution of two features-only possible when slit 1s
adjusted to produce effective bandwidth half (or less) of difference

between 2's

50
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As with a prism,
we still need the
proper lenses
and slits in order
for a grating

to work as o
monochromator,

Wavelength selectors

Z.Es'haghi
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Detectors

Common detectors

detector A range property typical
type nm measured use
Phototube 150-1000 wrrent uv
Photomultiplier 150-1000 wrrent UV /Vis
Solid state 350 -3000  varies varies
Thermocouples 600-20,000 crrent IR
Thermisters 600-20,000 resistance IR

VWWW.orllilfiiredia.it
Z.Es'haghi
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58 sl giSa
Photon Transducers:

(A) Photovoltaic cells - metal-semiconductor-metal sandwiches that
produce voltage when rradiated (350-750 nm)

Glass . .
‘%bb Thin ]aye_r of silver

\ I

Plastic
case

Selenium
Iron—

(B) Phototube - electrons produced by irradiation of cathode travel
to anode. A response depends on cathode material (200-1000 nm)

Electrons

/ Wire anode

_~ Photon beam

DC amplifier
and readout

R

F PR RV SN |

90 v DC
power supply +

54
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IR- S0l sl 555

(E) Thermal detectors - sensitive to IR (=750 nm)

thermocouples - junction thermometer
bolometers - resistance thermometer

pyroelectric devices - piezoelectric effect

In many cases. dark current reduced by cooling transducer (250
K to 1.5 K) - reduces thermal excitation of electrons.

Z.Es'haghi
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UV/VIS 4aabi ) iS5 e A 4l ol i 68  Sg laiala
(PT)

Detectors

Phototube Works via the photoelectric effect.

A photon hits the cathode e
P ]
which is covered with a | cathode

photoemissive surface.

You get a current that is
proportional to the intensity
of the photons.

Tubes are subject to a small +
‘dark wrrent’ due to 9 V %
thermal effects. :

Z.Es'haghi
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Phototube

L.Coliaylll
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Detectors

PM Tube

A single electron is ejected at
the conversion dynode.

Subsequent dynodes are
~ 90V more positive which
results in the e being
acelerated and ejecting
additional electrons.

Amplifications of 105107 are
obtained.

o W W W W e B =

Z.Es'haghi

N e B e s B =

60
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Detectors

Solid state - photodiodes

When a potential is applied to a doped Si aystal, we
can obtain two regions

n - electron rich
p - *+ hole rich

p region n region

Once established, no
wrrent flows.

61
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Photodiodes

Detectors

When exposed to light, this disturbs things
and allows a wrrent to flow.

The wrrent is proportional to the amount

of light.

A photodiode is more

tube.

sensitive than a phototube - :
and costs less than o PM

g

Z.Es'haghi
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Detectors

Photodiode array

A series of photodiodes that are spaced at
regular intervals on an IC dhip.

This type of detector can measure several
wavelengths at once.

- Wy oW e N e e e e

Z.Es'haghi
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2R Ol aals (Sl sla ) 853
Detectors

IR (heat) detectors.

Thermocouple

Two dissimilar metals are welded together.
You get a potential difference E_, that is
temperature dependent.

Thermister

Resistance changes as a function of
temperature.

64
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S5 58

Detectors

Pyroelectric
Barium titanate or triglycine sulfate crystal
sandwiched between two electrodes.

A temperature dependent voltage develops

..............

66
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Golay_ s5aa

Detectors

Golay detector.
A pneumatic detector - Xe filled chamber

Heat causes a pressure change.

The Xe expands which causes a flexible
mirror to distort.

This moves the position of a'beam of light.

67
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Detectors

pneumatic chamber

\
1

A

'f
|

i / \l

absorblng film

ﬂexnble mirror

68
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Sensitivity - Cusls o

Detection Limit -pepais as e

Dynamic Range - (Sl od gasa
Selectivity - sy Al e

Signal to Noise Ratio - (i) A 4 Cwdle Gt o
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Calibration Sensitivity
S =mc+S,,

where S :Measured signal; ¢ : Concentration
S, - Instrumental signal for a blank: 2 : Slope
Calibration sensitivity =m
Analytical Sensitivity

y=m/lsg

where

m: slnpe of \the calibration curve

5 : standard deviation of the measurement

70


https://www.shimipedia.ir

] Sensitivity

A measure of the ability of an analytical method to

discriminate between small differences in analyte
concentraiion

m Calibration sensitivity (S = 7i.c + S

Signal

T
-

Concentration Concentration

Z.Es'haghi



https://www.shimipedia.ir

[ Sensitivity

m Analytical sensitivity (y = m/sg)

m - slope; s — standard deviation of the measurement

Relative insensitive to amplification factors

Increase the gain of the instrument by a
Factor of two

Concentration

Z.Es'haghi
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Detection Limit

Minimum conc. that can be detected at a known confidence level

The minimum distinguishable analytical signal

S m Sbg + ,IE(SM

If k=3 the confidence level of detection is

~ 959% 111 most cases.

. et ig — i.g
Detection limit: ¢, =-—2—*%
m

Z.Es'haghi
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B Detection imit (Limit of detection, LOD)

The analyte concentration giving a signal equal the blank

signal, Si;, plus three time standards deviation of the
blank, s,

S

m

= §,; + ks,

Analytical Signal Standard deviation of
the Blank signal

Blank signal

Conwvert signal response, S, , to analyte concentration

Z.Es'haghi
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® Dynamic Range
Lowest concentration (LOQ) to the concentration where

the calibration curve departure from linearity (limit of
linearity, LOL)

S

m

= §,; + ks,

Analytical Signal Standard deviation of
the Blank signal

Blank signal

Convert sz'gnal response, Sm, Lo ::ma'l'pte concentration

Z.Es'haghi
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Dynamic Range

LOL ,,ff
| .
|
|
2 LOQ=10s, :
o
= |
5 |
2| C,LOQ
A |

¢, = detection limit - Dynamic range i

Al :

Concentration

Figure 1-7 Useful range of an analytical method. LOQ =
limit of quantitative measurement; LOL = limit of linear
response.
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m Selectivity
The degree to which the method is free from

interference by other species contained in the
sample matrix

S=myc, + mycy + meCe+ S

The selectivity coefficient for B with respect to A

Note: this is the selectivity of an analytical
technique

Z.Es'haghi
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m Calibration Methods

m Calibration Curve

Signal
—

Concentration

Z.Es'haghi
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m Calibration Methods
® Standard Addition

Signal

Without sample matrix effect

With sample matrix effect (signal suppressed)

Concentration

Z.Es'haghi
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B Standard Addition

C,; C,, and C; are the concentrations
of analyte after spiked with stnard,
with counting the amount of analyte
in the original sample solution.

C, 1s the concentrations of analyte in

sample without spiking

Sample signal S=mC + Sbl

Su

\, C, =S;,/m

Conc. of analyte Cu

Concentration

Z.Es'haghi
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A ES KR Kt kv gy

®m Internal Standard

Add a substance in a constant amount to all samples
and, blanks, and calibration standard in an analysis

Smlalyie/ Sintemal

Concentration

Z.Es'haghi
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Calibration

curves
Q
Q
C
(4]
0
-
(@]
o
0
©
©
Q
(6]
Q
=
o
O

0.40

0.35

0.30

0.25

0.20

0.15

0.10

0.05

0.0

-0.05

LA

Quadratic

calibration

Linear
calibration
curve

) I I | I Ill | — I [ S0 ) 1 l | S

N llllllllllllljllllllllllllllllllllllllllll

<) 10 15 20
Amountof protein (ug)

5
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A 5 GG S sl i)

smglet state: All electrons i the moelecule are spin-pared
Tuplet state: One set of electron spans 12 unpaired

l T
[ T T

ground aycited guctted
ginglet state singlet state triplet state
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The absorption process

Electroni

Changes in the dstribution of electrons about atoms
or molewles.

Molew lar

T —s " n —nN

I

VW WV WV el HEEDIII SoGCAIICA=IT
Z.Es'haghi 91
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The absorption process

N

N\

- 4' Electronic levels
(UV interactions)

/

/
»

—~Vibrational sublevels
/" (IR interactions)

A"'//'

L

< Rotational sublevels
(IR interactions)

W_—I__

{|
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Molecular absorption

]

VWV VYV VWV eI BHETIIT SUITCAR I
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Energy

S5 55 7 sk

—r Antibonding o

Antibonding m

I Non-bonding &
€

Eonding 1

(&) Eonding o
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UV /Vis absorption

UV/Vis absorption by organic compounds requires that
the energy absorbed corresponds to a jump from a
populated orbital to an unpopulated one.

o E Y anti-bonding
* X I anti-bonding
n non-bonding
Tf bonding

o bonding

96
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Ol e g3l

Energy

I Antibonding
1 T Antibonding
* * *
ROl R
Tt 1
R =l =
Nonbonding
Bonding
Bonding -
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Absorption

Nonradiative

; Fluorescence
relaxation

¢ M

0AY

o I ———
Resonance
Non-resonance

o] =——
o] =——
&

e l—O 11yl 11 98
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Molecule:

E

¥

E

Energy

E,

Molecular Molecular
Excitation Emission

.

LY

5 ¥

AT k¥

*

Band 1 Band 2

ya

== R
Ry

/Y3

-V Lifetime
UV, 1100

1';' 0

vibrational and rotational transitions - band emission spectra
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UVIVIS (s i st 5 5iSaml 5o (il R Gl 8

Franck-Condon Principle: Electronic excitation occurs
so rapidly that the nuclei do not have time to change
their

positions or their momenta during the transition.

Allowed Transitions: ¢ — 6*; T —7*

Forbidden Transitions: ¢ — t*; 1 — ¢*; N — 7*;

n — o™

Molar Absorptivities: n— n* = 10-100 M-1cm-1
T——mn*_ =~ 1000 - 10,000 M-1cm-1

Z.Es'haghi 100
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A5 55 A 7 sl G GYEE) &) 63l

4l 3 -ah Dl saby il 4 .
200 Nm < .22 o F A UV

* -
g = o Transitions

Gisn x9S AS ol Sle jo e
4\.\;\.\ Pr yjAMJjM (A s L MJ\J

223 e # 250-150 nm
JJ _qum\ A.E\U w‘ JJ L.A‘ J\)‘“ ‘,45,3 °
(o e@\ 700 — 200 nm 53 gdaa 7 =70 andw — 7 Transitions
Cada 50 JUES) & 63 0 yiaga 525
Sl UVIVIS (s

* | | [ |
72— O Transioons
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Spectra

With UV, Vis, IR - absorption occurs over a range. By
scanning and measuring absorption over a range of
wavelengths, we can produce a spectrum.

Molewlar absorption
spectra example

Visible | Near

IR

uv

103
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Joa il

Solvent effect

Our choice of solvent can affect the appearance of a
spectrum - can result in band broadening.

Example
Vapor phase spectrum
N( )N
& 3 Here we have no
VA
N—/ solvent and minimal

interaction between
the molewles

105
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 hypsochromic shift & Dblue shift.
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 pathochromic & red Shift.

Z.Es'haghi 107


https://www.shimipedia.ir

TABLE 14-3 Effect of Multichromophores on Absorption

Compound Type Amax(nm) €max
CH;CH,CH,CH—CH, Olefin 184 ~10,000
CH,—CHCH,CH,CH—CH, Diolefin (unconjugated) 185 ~20,000
H,C=—CHCH—CH, Diolefin (conjugated) 217 21,000
H,C=—=CHCH=—CHCH—CH, Triolefin (conjugated) 250 —
O
CHgCHgCHgCHg(l,l‘CH3 Ketone 282 27
0]
CH,—~— CHCHchz(u,CHg Unsaturated ketone 278 30
(unconjugated)
O
CH2=CH(|£CH3 o,B-Unsaturated ketone 324 24
(conjugated)
219 3,600
Z.Es'haghi 108
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TABLE 14-4 Absorption Characteristics of Aromatic Compounds

Compound E; Band B Band

Amax(Dm) €max Amax(nm) €max
Benzene CeHg 204 7,900 256 200
Toluene C¢HsCHj 207 7,000 261 300
m-Xylene CsH4(CH3), == — 263 300
Chlorobenzene C¢HsCl 210 7,600 265 240
Phenol C¢HsOH 211 6,200 270 1,450
Phenolate ion Ce¢HsO™ 235 9,400 287 2,600
Aniline C¢HsNH, 230 8,600 280 1,430
Anilinium ion CeHsNHT 203 7,500 254 160
Thiophenol CgHsSH 236 10,000 269 700
Naphthalene CyoHg 286 9,300 312 289
Styrene C¢HsCH—CH, 244 12,000 282 450

Z.Es'haghi 111
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1,10-phenanthroline
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(Absorption) Spectrop

s General Stuff:

hotometry

Absorbing solution

/ with concentration ¢

T

P/P,

o
P, p
A q
Defs &
b

*Qualitative: Spectrum (a plot of A vs. A) is

A

-logT

characteristic of a specific species
‘Quantitative: Absorbance at a particular A can be

related to the amount of absorbing species

L.ESsTayri
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Optical Spectroscopv and Instrumentation (Chapter 7)

(IR, visible and UV)

pathlength
b
—

-

) :
0 / :>

concentration c

. I
Transmittance = —
I
. , I
Percent Transmifttance %7 = I_ =< 100%
0
Absorbance A =-logT
1
= —log—
I
I
= Jog -2
1
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KN =K. b.c
aA_jk‘ oJM\AM‘_;LuLe.uJ@Jd.\J.ou)aL_\MA\L\
\_u\_edgjuwd_ﬁn(c \ALM)A)
Absorbance= A =Log P° /P = a.b.c
o sla 4y | 258 Ol A Ol ey ubile S
25 e oaliis € (52 il Gy ) ks

A= LogP°/P Sbc
www.ShimiPedia
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Caa g Jlah) aalea

Transmission and Absorbance

b
Light
— >
P, P
Sample
» Transmittance- fraction of the light T— r
transmitted by the solution (often %) 5

Z.Es'haghi
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Absorbance (A)

_ Iy
A=-log,, T zlﬂgFD

« Absorbance 1s the crucial quantity, due to
Beer’s law (or the Beer-Lambert law)

(See Box 19-1)
Molar Absorptivitry (€)

A =¢ehc Path Length (b)

Concentration (c¢)
10

L.Loliayli

J.LO
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Quantitative Analysis

P
p is a measure of the light that passes through

° the solution - transmitted

E is also called the
° transmittance (T)

-log(T) = A
P A - absorbance

A = abc

Z.Es’haghi 121
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L’j s Gl 9489 e dia )y ‘_5\)\3 quLA - Jlia
S Gl i 66 400 g0 Jgb 52 )

%T = T x 100 so:
T =89 /100 = 0.89

A =og(T) = -log(0.89)
= 0.05

(SRS N u u
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Cia Gl (K 0dle ppm 4.5 Gl slaa 1 Jlia
025 (i1 8 0.3 Ll sie 56 530 z e sk 2 ¢
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A8 Gl ) Jslasa

A=zabc
where:
A = absorbance b = cell pathlength

a = absorbtivity ¢ = concentration
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. 0.30 abs
bc =~ (2.00 cm)(4.5ppm)

a -

= 0.033 abscm™ ppm™*

Note the units of a in this case are

abs an? ppm’. This is a function of how the problem
is set up.

Z.Es'haghi 125
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A = abc
Where: A =0.20,a=10, b = lem

c=A/(ab) = 0.020 M
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In this example, the cell path is not known but does
not matter - it is the same for both.

Aunknovm - eb (unlmown
Alusovm £b cl:mmm
Aunlmoum <unlmoom
Almown (knovm

Www.onlmireaia.ir
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Our unknown concentration can be found by:

A

Qnknown - ol i CQenown
Aknown
CGolmown = (0.500/0.200) x 1.0x104 M
=25x104M

This assumes that you are in the ‘linear range’ for the
method.

Z.Es'haghi 129
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G 4o da gy e SV (55

P
log "o = abc
9

Jog(T) = abc
Jog(T) =
A = abc

A = £bc
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Measuring absorbance

If we have o small

variation of A during
our measurement,

Small

errof there can be a large
difference in response
if we are not at the

Large Amax:

error

identical variations

in wavelength.
«T1] ”'/ »

131
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Concentration —>

Z.Es'haghi 132


https://www.shimipedia.ir

G yaY- oy 8 5 cld)
Measuring absorbance

Deviations from the relationship.

Most absorbing spedes will only give a linear
response over a certain range.

Your method
should only be
used in this

range.

133
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Measuring absorbance

This response could

be due to badkground,
interference, or a

lack of sensitivity

This could be due
to self-absorption
or insuffident
light passing
through the cll.

VVVVVV e 0 IELL TN ©SUIICL: Il I
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%T

Measuring absorbance

Small AC - large A%T

Small A%T - large AC

/

concentration

Z.Es'haghi
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2 0 e

A

UV-Vis Beer’s Law

N.B. Choice of standards important!
This graph may be significantly
non-linear

L)

16
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]

°*€ =n/ (n2+2)2
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Physical effects - stray light, polychromatic radiation
Or noise

A;, =-logT; =g, bc

Anikeliony *iresim |5 A1)
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O A e Beer 58 ) sl i) aas
Sl G sl S Sadie

— non-linear calibration curve

1.00
£, = 1000
€= 1000
2 060 £ = 1500
g € = 500
a
2
Z 040
£, = 1750
£, =250
0.20
0.00

0.0 2.0 4.0 6.0 8.0 10,0
Concentration, M x 10*

Absorbance
Absorbance

Wavelength Concentration
143
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COolla e YAt e
+ HA+ H20 = H3 O+ + A-
)R 3 (1) zse Jsb ) (om0 Ay 50 Cima dul o
S8 4 yaie 48 Cal 58 5o (et 5ol Gl S
A0 s (1) 70 dsh 03 Ol 5 358 (el O il

Cldl yas) ala GRS (gl cValad 45 Sl pH i e
Sl (Sl
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@Lm.w Q\é\):.'\\

Y 2"

Limitations of Beer's Law

(1) Chemical effects - analyte associates, dissociates or
reacts to give molecule with different

1.00:0

0.800 }-————-

0.200

0.0
Eﬂﬂﬂ 4,00 8.00 12.00

Indicator concentration, M x 107

16.00
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= Not straightforward due to log relationship between
absorbance (and concentration)and what is actually
measured ( fransmittance):

Azebc=-logT
dA = eb dc = -0.434 d%
Dividing
dc - 0.434dT
c Tlog(T)

So, the RSD with respect to concentration varies as:

sC _ 0.434 S-

€. -Tlog(T)

16
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Ar = abyg + 050,
Since they are in the same sampling cell, then:

A;=(ag *a)b
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JUi

Two metal complexes (X & Y)

demonstrate ot least some '
absorption over the entire visible
range. !

A mixture was measured at two A | I
using a 1 am cell and the fdlowing
data was obtained.

A, = 0.533 A, =0.590 X 355x10° 5.64x10?
Determine the concentration of Y 296x10° 1.45x10%

each spedes.

148
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Ath,
0.533 = (3.55 x 10°) €, * (2.96 x 10°) €,
or

(= 0.533-296x10°C,
3.55 x103

www.ShimiPedia.ir
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At ),
0.590 = (5.64 x109) C, + (1.45 x 109) C,

Substituting for C; in this expression gives:

2 R 3
0.590 » —2X10(Q333-20xT0 ), 145 x10%,

Solving for C, shows that C =3.60x10° M

£Z.ES'nagni
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And

C = 0.533 - (2.96 x 10%)(3.60 x 10%)
X 3.55x10°

=1.20x10M

Two or three species can be determined with this
approach. Beyond that, the errors tend to become
too great.

WWW.ohimiFedia.Ir
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o i g8 ol 50 an Se (slea ge Jsh el

Choose A qq for M and 2., for N

A
I

.

I
|
I
"——-.1!
|

Abhsorhance -
At

Sy
/

Wavelenprh m—

So: At = Ay + Apg = sbey + gybeyy
Atz = Ape + Az = epebey + gbeyy

= Only ¢, and ¢y are unknowns. Obtain eb-values experimentally
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Measure b-values

= Generate 4 Beer's Law plots for M and N at %; and %,

'A'Ml \SIDPE = EMlb

Ci

3. Measure A, and A, for mixture
= Now we have ATI: ATE; EMlbr ENlbﬂ EMEb and E.th
4. Solve simultaneous-equations for c,; and ¢,
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n -> 0" transitions

UV /Vis absorption

Examples
Aoxr MM i
H,O 167 1480
CH,OH 184 150
CH,Cl 215 140
CH,NH, 227 600
\WW/-\W\W.\W\WDMUUUUUUUU o WA LCAe Il I

Z.Es'haghi

154


https://www.shimipedia.ir

5 ) AR

( Single Beam ) s n <SS e
( Double Beam ) ssin 5o o
( Multichanel ) 4uls ais o
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S5 S a5 Sl

Single beam spectrophotometer

0 :

1 - light source 4 - sample cell
2 - wavelength selector S - detector
3 - shutter 6 - readout

156
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Single beam spectrophotometer
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Single beam spectrophotometer

W lamp & / Another view
detector 1

wvette

. N
.
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S5m0 e sl gdg Sl

Double beam spectrophotometer

DB in time.
recombining
mirror

u pnoa@ooon ﬁ[[[qdohctoc

160
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Double beam spectrophotometer

WwWWw.ShimiPedia.lr
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) S5 5 e s Nl

Double beam spectrophotometer

This approach will account for variations in detector
and source response since it is the ratio that is
measured.

Noise spikes are
also reduced by
using o ‘lodk-in’
omp that only
measures a signal
with the right
S frequency - based
— on our chopper.
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R0 G5 SIS e i g Sl
Single Beam Scanning Spectrophotometer

Sl ) U8 (5 5 500alS (SleSiST SaS 4y o
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Multichannel spectrophotometers

photodiode array

www.ShimiPedia.ir
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Specrophotometric titrations

The absorbance of a solution ‘
can be monitored during o

Experimental
titration. 3

setup

In this example, stirring will
cause the solution to cirawlate

\..:.,__d-“‘
in the awvette and the Logees | B
response can be measured. \‘—"”//ﬁ

You could also use a pump
or simply transfer a sample at
known intervals.
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Spectrophotometric Tifrations

= Use spectrophotometer as detector instead of eye
or potentiometer

= Use special titration cell

1 Set wavelength fo 2, of absorbing species
.. Plot A (volume corrected!) vs Volume of titrant

170
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Spectrophotometric titrations

The type of titration curve you obtain s dependent on
the reaction involed.

In this example
- the somple does not absorb
at the measured wavelength

- the titrant will absorb

equivalence point

g 171
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3

corr

~

Volume titrant (mL)

|
|
|
|
i endpoint
:
1
:

]
But, we don't measure A_,...

(V,+V ]
- s~ Yadd
Agps = observed absorbance
V.= (initial) sample volume

Vg = volume of titrant added (in total from beginning
01‘? titration)
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Spedrophotometric titrations

N

Determine what would cause these types of
titration curves.
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IR b (o) 5

: Wavelength Range, |Wavenumber Frequency Range,
Region 1
pm Range, cm Hz
Near 0.78-2.5 12,800-4,000 3.8E14 - 1.2E14
Middle 2.5-50 4,000-200 1.2E14-6.0E12
Far 50-1,000 200-10 6.0E12-3.0E11
Most used 4,000-670 1.2E14-2.0E13

2.5-15

Z.Es'haghi
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IR absorption

Each molewle can have a large number of vibrations
that it can undergo.

Examples v
e

symmetrical asymmetrical scissoring
stretching stretching

Z.Es’haghi
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Only some modes may be IR active:
Example CO> 0=C=0 linear

o0 G0
5° 28*  &-

No net dipole
moment change

+—t

Net dipole
moment change

257* 0"

Net dipole
moment change

VAV ol st | e lodiinansis] ||
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ﬂ The Infrared Part of the EM Spectrum

EnancaT DRLANDD LAWRINCOE
NrnxeiLey NATIOMAL Lasomarony

THE ELECTROMAGNETIC SPECTRUM

SxXCen —od P C
reacsm - ol 1T SALTE! g ek
W mnar . Camut Thos Paicad . 1. Wty A
a.l - - ’ | - .i _\
“c
il e
WARELEART W
it 1o* 1o | w' w* swo* 0% Ww* w* w' w* w* w" w w™
1ML
MIESIWAYES — RTFT XY WAMA HAYS

Cpeama
Vsl

G 4
IR units: wavenumbers (cm-'), Near-IR: 4000 — 14000 cm-"
10 micron wavelength = 1000 cm-1 Mid-IR: 500 — 4000 cm-"!

1eV=8100cm” Far-IR: 5—500 cm-t
1 THz = 33 cm™? .
300 Kelvin =210 cm IRCavers ~ 1imeV to 1 eV
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IR absorption

The real strength of IR is its ability to identify functional
groups.

Functional wavenumber wavelength
Group (em?) (1um)

C-H, aliphatic 30002850 3.33.5
C-H, aromatic 3150-3000 3.23.3
OH 36003000 2.83.3
(=0, aldehyde/ketone 1740-1660 5.746.0
<H,d 1300-1200 7.68.2

850-890 13.2.14

e g 185


https://www.shimipedia.ir

oS Gl )

=tretching vibrations

KA

Symmetric Asymmetric
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Bending vibrations

Mear Mear Mear
y y F%
In-plane rocking In-plane scissoring Cut-ot-plane wagging  Out-of-plane twisting

Z.Es'haghi 187
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Molecular stretching and bending motions in the infrared

Antisymmetric
stretching

Out-of-plane
bending

Z.Es'haghi 188
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Key Functional Groups by Region
of the IR Spectrum

Transmittance (%)
2

4000 3000 2000 1600 1200 1000 800
-~ Wavenumber (em~1)

AR o Y AL . HER U ety St
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IR absorption

Due to the large number of vibrational states, IR
spectra can be very complex.

Q l m—f\/\-
2
|
£
- .
© \ CH,
’: ' C-H rock
a~ “
/ bend
/ "
A / 6 8 10 12 14
C-H Cc=0 wavelength, um
stretch stretch
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THE ABSORPTION PROCESS

RADIATION

—_—

BEAM

Y

V,
FREQUENCY
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Classical vibrational motion:

Force required to displace m 1s
F=-k-v Hooke's Law
spring constant (N/m)

www.ShimiPedia.ir
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1 k m1m2
Vin = H =
27 \'m m,+m,

v 1 k 1 |k(m +m,)
" 2z\u 2rx m,m,

v=1\F=5.3x1012\F
27C \| p M
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An Example: CO,

«— - —

IR Absorbence

(@] C 0
Symmetric Stretch
&'¢ |(Dipole moment = 0 so not IR active)
o f E | F ; > — >
Ry Asymmetric Stretch
M LEn (Has dipole moment so IR active)
n 2ann 2400 2ann 2400 1ann 1ann ann f f
Wavenumber (cm-1) i. n I.
A Dipole Moment = charge imbalance in the molecule #

Bending Mode

(Has dipole moment so IR active)
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A_h\ﬂ Example_ mfre!red spectrum
Emvcar omaros Lovncnse of a biological system
u-a I 1 1 1 1 I
Amide ] —» ]
o6l L—‘;_I111de IT i |0
Q amids I
[
& vC c
3 % // ‘ \H / a2
<) ol
wn
]
«

1 [l L | L | 1 1 L 1 L | L
4000 3500 3000 2500 2000 1500 1000
Wavenumber (cm)
Protein Amide I 1690-1600
Typical IR Protein Amide II:  1575-1480
absorbance  Lipid =CH,: 3100-3000
positions:  Lipid -CH,, -CH,;: 3000-2850
Nucleic Acid -PO,:1225, 1084

A good reference] Mantsch and Chapman, lofrared spectroscopy. of biomolecules. 1996, New York: Wiley-Liss.

The peak positions of Amide I and II
are sensitive to the protein secondary
structure (w-helix, g-sheet. random
coils, etc.)

Z.Es'haghi
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O-Hﬁjﬁuﬂﬂ)\o)&l

Consider a typical O-H bond (like the one in 2-butanol). The bond length is not
fixed, but rather expands and contracts (stretches) over time.

It's like the atoms are connected by a spring which vibrates with a characteristic v:

30y

£y

Time \ '\
bond compressed
hond compressed

bond stretched

bond stretched
Time required for one cycle = 1/v
The periodic vibration of a bond over time describes a wave motion

A wave of electromagnetic radiation can transfer its energy to the vibrational motion

of a molecule only if there is an exact match between the frequency of the radiation
and the frequency of the vibration.

When energy is absorbed in this way, the result is an increase in the amplitude of the
vibration.

Z EShagni
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IR a2l

Inert solid electrically heated to 1500-2200K

Nernst Glower
— Rare earth oxides formed into a cylinder
— Formed into a resistive heating element, 1200-2200K

Globar Source

— Silicon carbide rod, also electrically heated, 1300-
1500K

— Greater output than Nernst Glower below 5 um

Tungsten Filament Lamp
— Used in near-IR region of 4,000-12,800 cm-?!

Infrared lasers

Z.Es'haghi 200


https://www.shimipedia.ir

p 2L R s S Sailad

Infrared

Source

Movable
mirror

™7

Beam

splitter Deteetﬁ §
i ®
Fi?ted
g
Sample

esnay COPAPartment


https://www.shimipedia.ir

Clis Cladla e pada -|R Ju

Z.Es'haghi 202


https://www.shimipedia.ir

203

Z.Es'haghi


https://www.shimipedia.ir

Z.Es'haghi 204


https://www.shimipedia.ir

Z.Es'haghi 205


https://www.shimipedia.ir

Light Path
(shown by red line)
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Ol miw JAlN - FT-IR
Michelson Interferometer

A

\\ >

Source

)

Delay

——_—— = —

TTTTT

BS

/

: Detector

Z.Es'haghi
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Interferometer

fixed mirror

xTﬂ l

+ / X franslating
source L L |

/ i MIirror

beamsplitter F /22—
\
derector
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F-transform: I(AL)-DC

Frequency
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Rule of thumb:
symmetric=Raman active, asymmetric=IR active

Co, H,0

-

« Ou@u()—> Raman: 1335 cm™!
—
Ou@u()—> IR: 2349 cm™

Raman + IR: 3657 cm™!

Raman + IR: 3756 cm™!

>

T
?m—(i) U ¥ X
IR: 667 cm +1IR: 1594 cm™!
O @u® > <
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Main Optical Transitions: Abgorption, Scattermng, and Fluorescence

2nd Electromic

fon Excited State
|
—
E
j—
@) 1st Electronic
b e Fxcited State
Ej SElasti_c: :
D cattering —_—
= (Raleigh) I |
m JI.| _l:_ .]_-.:
= | : =]
2 | : EI
E | 1 v G E: € it
5 | : |
|
I g Q omat |
|
| | !
| : :
| | H Electronic

Ground State

Fluorescence
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Raman Spectrogcopy: Abgorption, Scattering, and Fluorescence

2nd Electronic
Excited State

1st Electronic
Excited State

mtoles Anti-Stoles

Excitation Energy, o (cm™1)

e — e — — e — e — ——— —

|
|
|
|
o
|
|
|
|
!

_.I'*{:":rﬂ__ r) Tllllrl‘t:l.
states Electronic
ﬂ 1 oo .................................................................................................................... ":-j'l"l:l'“lld Stﬂtﬁ
IR Raman Resonance Raman

G AG=G,_ .—C Ac=g, .G
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Molewlar fluorescence

Normal relaxation process

N Large jumps are
! P //7 called internal
X 6 A~ conversion.
)v\‘ ’/'[
) /
e The process in
{ well understood
. but is temperature
"
X dependent
absor ption relaxation

L.CS1iayin 218
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I
absorption fluorescence
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Q = rate of fluorescent relaxation
total relaxation rate
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8-hydroxyquinoline
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Auorescent methods

Calibration curves are often linear over a 10® range.
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Fluorescence

This is an emission method.

All three of these work together
"4
A
selector

as our source and sample.

A
sample = —>detector —| readout
selector

www.ShimiPedia.ir
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ol ) 18 oyl

Remember that the top
spectra is absorption
and the bottom is
emission.

Now we not only need to
deal with the A for
absorption but the
emission A__..

Fluorescence spectra

excitation

aemission

300 350 400

—_——— ey e
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) (3 s g S

| ~0% population
‘ A
§ Emissioné Absorption
2 N N
Y

~100% population
www.ShimiPedia.ir
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BBV PN SR Prp

Atomic energy  Molecular energy

- N N, _FE. _E.
pc-pulat:.mn(;) Yy exp Ll exp —L;
population(0) N, kT RT

Atom Wavelength N./N, at 3000 K
Cs 852.1 nm 7.24 <103
Na 989.0 nm 5.88 « 104
Ca 422.7 nm 3.69 < 10°
www. ShinitPedia. e 0"
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(Atomic Fluorescence) il (il ) 51518
(Arc & Spark ) 4 s 5 =8 | S mued o
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L &) 6 i paddic Jaghd 3 (A g
Atomic emission

Qualitative analysis

Methods rely on the presence of specific emission
lines.

Element  Major emission line, A

Ag 3281
Cu 3248
Hg 2537
K 3447

Zn 3345
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Excitation Sources

Flames |

This approach works best for

Group IA and lIA elements |
because they are easier to ,. |
ionize. '

Samples are introduced via
aspiration into the flame so
must be liquids or gases.
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Excitation sources

Flome excitation
This method of excitation is of relative low

temperature:
Air/H, 2100°C
O,/H, 2700°C

N,O/C,H, 3050°C

This results in only a very small percentage of the
atoms being ionized (<1%). One option is to go to
higher T - Plasma emission.

238
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Excitation Sources

Inductively coupled

plasma source
(ICP)

o g 239
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5299 5 (slandl

Excitation Sources

Microwave plasma source

reagent gas Tuned to He vibrations

sample *\
microwave *  plasma ind

: window
cavity water out

41
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Flame photometer

PM
Tube

Either a grating or
a simple filter

242
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excited @& wavelength |
atoms | selector
excitation cetector
Source 1996 8. M. Tisswe

Z.Es'haghi 243


https://www.shimipedia.ir

)

sl a5 5 il (bl s oS 4 a3 S S o

Sl @ba 5 il 5 Gl g o OB .

Z.Es'haghi 244


https://www.shimipedia.ir

number

Atomic absorption

As the temperature inaeases,
more atoms are exdted.

T, Most are still in the

atomic state.

Minimum
energy for
ionization

L<T,<T,

energy

VYW WY WY a1 00N N oo O A I SAm Ul

Z.Es'haghi
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Atomic absorption equipment

In its simplest form, an AA resembles a single beam
spectrophotometer.

detector
I sample |

source
NI A
\ J

T ——

\f) monochromator

chopper
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(Hollow Cathode Lamp , HCL ) -
39 i) G su 4dat el e
(Electrodless Discharged Lamp , EDL)
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Hollow cathode lamp

This source produces emission lines specific for the
element used to construct the cathode.

The cathode must be capable of conducting
a arrent for it to work.

249
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Hollow cathode lamp

This source produces emission lines specific for the
element used to construct the cathode.

The cathode must be capable of conducting o wrrent.
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ey S jJ\A J\S u.n\.u.a‘

base plug cathode glass shield low-pressure inert gas
\ \ /
==
. —N
“ < window
anode glass envelope

The hlack "getter" spot

Electron and ionic impact on cathode
M(s) — M(g)

M(g) > — — M¥(g)

M*(g) — M(g) +hv

Thin lay of cathode material

www.ShimiPedia.ir

251



https://www.shimipedia.ir

Hollow cathode lamp

The lamp is filled with an inert gas like argon or neon.
When a potential is applied, it causes the gas to
become excited and it is driven towards the cathode.

Metal atoms are then
sputtered off the
surface of the cathode.
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Hollow cathode lamp

Repeated bombardment of the metal atom by the gas cuses it
to be exdted. It ultimately relaxes, producing spedfic atomic
emission lines.
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Electrodeless discharge lamp

e

‘salt’ containing bulb

WWW. Sh P@d

254


https://www.shimipedia.ir



https://www.shimipedia.ir

RS <) lia
Lg\M@UAO

Www.ShimiPedia.ir

Z.Es'haghi 256


https://www.shimipedia.ir

Lg\édmeu

Flame atomization

A flame atomizer will usually have
a long, narrow burner head that

serves as a sample path (b). & g

Sample is introduced L
via aspiration. mixing

The nebulizer controls sample chamtzer
flow, producing a mist.

The mixing chamber assures that
the sample mixes with the
oxidant and fuel prior

to entry into the flame.

nebulizer
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Flameless atomization

purge gas

light path —»

‘L\ ’/4
water cooling
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Background correction

With the HC, we measure
HC absorption of our element
and badkground over a very
narrow bandwidth.

With the D, lomp, we measure
absorption over o much larger
D, bandwidth. Because the
elemental line is so narrow,

— - we mostly measure
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Background correction

VWV WV VWV el HEE0HIEI SSCIICAIT
Z.Es'haghi 261


https://www.shimipedia.ir

Background correction

badkground bkg + sample
/ The difference
l between the two

absorbance

------ our background

‘ «———— signals gives us
: corrected sample

|

+—HC output
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lens lens detector
Ty @
monochromator
hollow atomized
cathode lamp  sample _
readout || amplifier

=996 B. M. Tissue
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Atomic fluorescense

Absorption
detector

Fluorescence
detector

’/'/.
; | :. % Grating
source
sample
chopper
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THE BASIS OF NMR 4 fumngmessas

more energy when its
The case of the spin half nucleus magnetic field opposes

1f 13C. 15N 19F 31p the applied field

Energy gapin field
corresponds to radio B
frequency

Nuclei are charged and
many have spin which
makes them magnetic

NOFIELD

MAGNETIC FIELD APPLIED AEEE
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At ol Sy g asee Lal ¢ a dn ) NMR o&iia
(L55K50)oni 58 dan 5 (Fued arie) odiivs b dan | Lial unklic

NMR Instrumentation CW Continous Wave

« An NMR machine is basically a big and expensive FM radio.

g_—= i
5;: : |
ZE: j_- K g‘ !
B1 % ./
Recorder =1
il Al

o]
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| = half integer (1H, 13C, 15N, 31P) :Jts
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‘ n=ylh/2n l

* h is the Planck constant

v is the gyromagnetic ratio, and it depends on the
nature of each nuclei.
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AE=hv
} ‘v=';rBOJ"2ﬂ: l
AE=vhB,/2n

* For 'H in normal magnets (2.35 - 18.6 T), this frequency is
in the 100-800 MHz range. For '3C, 1/4 of that...

r-rays x-rays UVVIS [|R p-wave radio

——T———

1010 10+8 108 104 10+ 100 104
wavelength (cm)

* To explain certain aspects of NMR, we need to refer to
circular motion. Hz are not the best units to do so. We define
the precession or Larmor frequency, m:

®=2nv = ‘ ® 4 =7 B, (radians) I
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pLAA 44414 B,>0 =hv
TS~ AE=T

« Each level has a different population (N), and the difference
between the two is related to the energy difference by the

Boltzmman distribution:
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FMore Shielding  Less Shielding
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Energy

Ab=sorbed
Energy

Increasing Freguency ——
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Sl TMS | 020 (0 S 5 U589 0 NMR ) (e see 2 )00l
CH,
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CH,
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« For protons, ~ 15 ppm:
Alcohols, protons o

Aromatics to ketones
: Amides
Acids _ .
Aldehydes A Olefins Aliphatic
L I nE
r » ppm
I I I I | - PP
15 10 7 5 2 0
TMS
+ For carbon, ~ 220 ppm:
_ Aromatics,
]:3&;;;’; conjugated alkenes Aliphatic CH.,
Olefins CH,, CH
4 A
| I I I | T |
L . m
| | | | | | PP
210 150 100 80 50 0
v - TMS
C=0 of Acids,

Carbons adjacent to

Idehvyd t
aldenydes, esiers alcohols, ketones
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Spin Y2
Nucleus nucleus

A Chemical bond(s X

The resonant frequency of A 1s dependent
on the alignment of X. A’s signal 1s split
into two equal parts because X 1s about
equally divided between alignments.

! Coupling
Spectra: S - (m

No coupling A coupled to X
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('H; 250.13 MHz)

J |

PPM2.8 26 24 22 20 18 16 1.4 1.2 1.0 0.8 0.6
- - o ~
CH, CH;4

i

No spin-spin coupling is observed if:

1. protons are separated by four or more single bonds, i.e..

2. H-C-C-C-H

3. profons areequivalenti.ewithin.a CH,; or-CH, group
£L.2esnagni 29V
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1H and 3C NMR
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055 2 NMR :JGs

CH,CH,CH,CH,C

Chemicall shift (6, ppm)
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CH,CH,CH,CH,CH,

Chemical shift (6, ppm)
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INTRODUCTION
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Vacuum
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Turbomolecular pump

A turbomolecular pump relies on a series of blades or airfoils
that spin at 30,000 - 90,000 RPM. This tends to deflect gas
molecules down and out the outlet.

=

rotating blade —

fixed blade

to rough
pump r—

motor

A

lubrication
access

WWWw.onhnimirFedila.Ir
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Qil diffusion pump

A diffusion pump is another commonly used type

of high vacuum pump.
inlet

water cooling <, ./ N \ to
coils ~a A )\ roughing
pump

vents

1]

stacks

heater
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i [l s R s s =

S electrons

(_Tic:-nizuﬁon chamber for El or Cl

& & &« &

sgmple molecules in condensed phase

FIG. 6.4. Sketch illustrating that in direct-exposure ionization {direct El or G}, the sample in the
condensed phase is placed directly int-the ionizing medium. DClis especially useful in analy-

ses of nonvolatile samples.
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Continuous 1 (g): Direct Injection

s s s Wl s B
?ID 1ass analyser

~—
Lenses
— ——
| |
| |
| |
I lonization [
I Chamber |
[ ~— I
- f— | lan Saurce
Capillary - | | Housing
Golumn /
from GG
lon Source Block

FIG. 16.6. Sketch of inlet-system configuration showing an example of inserting capillary gas
chromatograph column directly into ionization chamber of a mass spectrometer.
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Continuous 2 (g): Jet-Orifice Separator

~~

B

lon Source

Tir

vac

FIG. 16.8. Schematic diagram of jet-orifice separator for GC-MS.
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Continuous 3 (g): Open-Split w/ Purge Gas

|l s W s s Y s Y

GC e ——— MS
e e —— LTINS
He
Figure 4.2

Open-split coupling. The helium current protects the
eluent from air oxidation
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lonization

A number of ionization techniques exist.

/ \Elcctron impaad ()

1 Chemical ionization (CI)
Fast atom bombardment (FAB)

Field ionization

increasing energy
and fragmentation

Plasma desorption
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Electron impact source

When a sample molecule enters the source, it
passer through the electron beam and is ionized.

The repeller insures - 1 1 1
that the ion is rapidly
pushed out of the :
source, towards the 4 1l \ ‘ 1 .
lens stack. ]
o] \ i
Any negative ions are B
pulled into the vy
repeller. I + i U U
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Electron impact source

As an ion accelerates
towards the first lens, it
comes under the influence
of the next, more negative
lens. It passes the first
lens and accelerates
towards the next.

»
o |
By the final lens, it is /
traveling so fast that it A
simply passes directly
into the analyzer.
- constant KE

|
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Types of mass analyzers
0 Magnetic
O Eledrostatic
o Time of Flight
O Quadrupole Mass Filter

© Quadrupole ion storage (ion rap)

We'll look at the Quadrupole Mass Filter - it is
commonly used in GC/MS systems.
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s S S B e e B

-Tons moving in magnetic
field will have a force
exerted on them

‘Radius of curvature will
vary with m/z:
m = B2r

z 2V

Where: B = magfield
V = accel. potential
r = radius of sector

Magnetic Sector Analyzers

Gaseous sample ——=

Hot
filament
electron

SOUrce
.__‘_.-"
lonization .~
chamber
Path of
- lighter
jons

Magnet ———»
107" torr

Path of -
heavier ions ] / "v"/‘:

...f.' ll
Metal
apalyzer .

']
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Double-Focusing Analyzers

R S S s S s 0 B S B B S s S s R . . .
B Resolution can be improved if the K.E. of the ions is

limited . ... How?
Electrostatic
Sector

Magnetic
Sector

! i where: E = electric i

- field ?
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Time-of-Flight (TOF)
Mass Analyzers

B e e e e e e R e e D S S S e e e
Eiectron coneral KV, sub-pis pulse, kHz

B Simple concept:
T r d
v Accelerate all 7 i oaeeg)
Filurmest ; gid

iohs to same K.E.
lom cuthoske  [Pymode

[
v Velocities of ions e dom N T
will vary with S § p— -
i cem e K Fitkd feee -.L,'#. -
eI Masses ) = I - _._|_._
. : A LEpArMI0E e gion o —
lonization -
\l’ - fe' m Accelerazjon ."‘.h_'ul_:_. mulliplication e
} * regson Mg |. -|
MGSS/‘IQH 1-2m Oscilloscope ~ "ﬁ“-;-:”
cm/sec (grams) v

1.60 x 10-12 grg/V
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Schematic of @ quadrupole MS system.

quadrupole X-ray

analyzer /I b
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Quadrupole

lons are produced
and accelerated.

They enter a region
with four poles.

The potential of
the poles varies
resulting in ions

Y of a specific mass

reaching the
detector.
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Quadrupole

This type of analyzer is the most commonly used for
GC/MS work. A large number of spectra are available
for comparison to your unknowns,

Z.Es'haghi 320


https://www.shimipedia.ir

Quadrupole

At any set of conditions, only ions of a specific M/Z
can successfully travel through the entire filter.

Others are drawn into the rods.

[———
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GC-MS

A mixture of compounds is separated
by gas chromatography, then identified
by mass spectrometry.

gas chromatograph mass spectrometer
in jCCtOl‘

He inlet == ion
source mass filter
* detector
PR T -7 e
column o
{

e evacuated chamber
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What is @ mass spectrum
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A simple mass spectrum
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A simple mass spectrum

The masses in this example should look familiar.
This is a spectrum for air - a mixture.

Nitrogen - N,

15NN - an isotope peak.

/" Its small because "N is not
very common in nature

www.ShimiPedia.ir
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A simple mass spectrum

Well we know what most of the lines are due to but
what could 16 and 17 be from?

&N,
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Fragmentation pattern
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Isotope classes

A+l
Two isotopes. Examdes. Cand N

A+2

At least two isotgpes with the highest mass isotope

being +2 from the lowest mass isotope. Examplss.
0, S, Cl, Br.

In organic MS, the most abundantisotopes are
also the lowest mas.
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Working with the molecular ion

lets assume that you have obtained the following
mass spedral data:

m/e abund m/e abund
20 3472 41 14044
27 20593 42 7575
28 48287 43 27536
29 79823 44 31440
39 14675 45 1026

Which line would be the molecular ion?
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Atomic masses and isotope

Mass RB Mass RB Mass RB Class

H 1.0078 100 A

C 120000 100 13.0034 1.1 A+l
N 140031 100 150001 037 A+l
(@) 159949 100 17.9992 0.2 A+2
F 189984 100 A

S 31.9720 100 329715 0.8 33.9679 44 A+2
Cl 349989 100 369659 325 A+2
Br 789183 100 809163 98 A+2

RB = relative abundance

Z.Es'haghi
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Using isotopic abundances

How did | know there were three carbms?
No, | didn't just make it up.

The key to using the A+1 and A+2 lines is the known
abundances of naturally occurring isotopes.

In our simple example, all that was pesent was H
and C so lets consider them first.

VWV WV WV el HEEDIII SoCIICA=IT
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Carbon - an A+1 element

When we normalize b the molecular ion, the A+l
element can help 15 determine the nunber of
carbons in our compound.

Roughly speaking, for every 100 carbons we
measure, one of them will be a 13C.

When normalized to the molecular ion, this equates
to an incaease inthe A+1 peak of 1.1 for every
carbon.

VV WV VWV el HEE 00T SSoGCAICA=IN
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Carbon - an A+1 element

As the number of carbons incease, the probability of
there being al>C also goes up. This is an additive
process.

For hydrocarbons, the

For our propane example intensity of the A+1 line

HsC - CHy - CHy 11 tells us the # carbon.
HsC - CHy - CHy 11 “H has too small of an
HyC - CHy - CH, 11 intensity to be seen.
total 33 Other A+1 elements will
; also contribute to the

intensity of this line.

VWV WV WV el HEEDIII SoCIICA=IT
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Carbon - an A+1 element

There is also the hance that a8 molkecule might conin
more than one 13C,

The probability of this happeningis pretty rare -
#C *(1.1)2% - 0.000364% for 3 C

You instrument wil not be able to see this. Its less
intense than thecontribution from deuterium.

WWW.olllinFedld.il
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The A+2 elements

Chlorine and bromine are both common in organic
compounds.

They also produce very charaderisti patterns due to
the relatively high abundance of there isotopes.

lets look at some oftheir patterns. You need to be
able to identify them if you ever plan of finding the
molecular ion of a brominated or chlorinated
compound.

VWV WV WV el HEEDIII SoCIICA=IT
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Chlorine

o cl, Cl, Cl,

By the time you have 4 chlorine, the A+2 line is
significantly larger than the A Ine.

Z.Es'haghi 339
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Another example

Dichloromethane - a common GC/MS solvent
49

CH.Cl,
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relative abundance

n-hexane

Mote the molecular
57 ion at 86.

We have a typical
hydrocarbon pattern
43 with 57 being the
41 most intense lina.

27 86

71

20 40 60 80 wmz

—_———— ey~

341
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n-hexane

n-hexanevs. 1-hexene

Note how the molecular
ion for 1-hexene (at 84)
is more intense.

O 207
1-hexene

40

Also, in each cluster,
theC H,,,and C H,,
ions are of increased
intensity.

an

42
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All three hexenes

1-hexene
Here you can see that the
I | WL is not a large difference
o sa regardless of where the
2-hexene double bond is.
J ,._l-. The tendency for the bond
- LI | to migrate during
ionization tends to make
3-hexene the spectra look quite
similar.

VWV WV VWV el HEE0HIEI SSCIICAIT
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Some other helpful tools

Some simple tools canbe used to help inerpret your
spedra.

The odd elecron rues. Used to confirm if a
spedral line could be due to a molecuar ion.

The nitrogen rule Helpful if an odd number of N
are present.

Logical losses. Do the other lines make sense
based on your molecular ion?

VW WV WY el HEEDIII SoCAIICA=IT
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Logical losses

Only a limited number of neutral fragments of low
mass are commonly lost.

1 H 27  CH,
15 CH; 29  GHs or CHO
16 NH, 31 OCH; or CH,OH
17 OH 35 Cl

19 F 43  OGH, or COOH
26 CN 46 NO,

These are fqr a sinde bond deavage - radical losses

348
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Logical losses

We can also have neutral losses It requires that at
least two bonds are broken so they are less

common.

2 H, 27
17 NH, 28
18 Hy0 30
20 HF 34

HCN
CO/CyH,
CHyO
HyS

36
44
74
80

HCI
COq
CsH,Oq
HBr

We can use these ‘bsses’ to help piecething together

349
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JUi

Logical losses example

Lets see how logial losses can help.

First, here is the idormation needed for the parent
jon.

M/e Rel. Abund

57 100.00 86 appears to be the
84 0.10 parent ion.
85 040

It's even numbered
86 15.51 so we either have o
87 1.00 N or an even number.

350
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Logical losses example

4

}5

12

CHg 86

e

AL ' | ZE

™ T rrTrre

0 4 B 12 16 20 24 28 32 36 40 44 48 52 56 60 64 68 72 76 80 84 88

M/Z
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So n-hexane appears to be the likely material.
Mass, elements, lines and losses all make sense.
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Another logical loss example - CH,Cl,

49

You can also see
how we have a Cl,
patternat84and a
Cl pattern at 49

||| theloss ofaCl.

www.ShimiPedia.ir
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Fresh solvent

(eluent)
Initial band ./

with A and B solutes

A
Column packing
(stationary phase)
suspended in

solvent (mobile phase) B

Porous disk i
0 0 e B 0 A

Solvent flowing
out (eluate) 0 0 0 emerges @ emerges
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Adsorption Chromatography

« * Solute adsorbed
® & +——0n surface of
®  stationary phase

Adsorption ehromatography
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S8 sile g S (s
lon Chromatography

Mobile anions
held near cations
that are covalently
attached to
stationary phase

anions can be
attracted to it
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Size-Exclusion

lobile anions Large molecules
2ld near cations are excluded
|at are covalently * & o
itached to 3
ationary phase
Vi =
(o]
Small molecules o "

penetrate pores
of particles

=)
nion-exchange
1sin; only & °
1ions can be @
itracted to it -
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Affinity

Z § .
o * One kind of molecule
in complex mixture
becomes attached to
molecule that is
covalently bound
to stationary phase

All other
molecules simply
wash through
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Partitioning
Partitioning
- > A

A bike partitioning of analyte A

stationary

each analyte will have some equilibrium partitioning between the
mobile and stationary phase, analogous to the partition coefficient
used in solvent extraction.

Distribution Constant (partition coefficient)

_Cs
Cu
C, concentration of analyte in stationary phase
Cy ¢ concentration of analyte in mobile phase

Retention Factor (capacily factor)

, moles,(stationary)  |.CsVs Vs

moles ,(mobile) "~ 'CuV, = Vy
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Retention

I'ime -

Figure 26-4 A typical chromatogram for a two-c ymponent mixture, The

v | a ke he | g (> 4" '
small peak on the left represents a species that is not retained on the column
and so reaches the detector almost immediately after elution is started. Thus its
retention time fy, is approximately equal to the time re quired for a molecule of

the mobile phase to pass through the colums

ty; = time for mobile phase (unretained component) to travel from injector to detector

tg = time for retained analyte to travel from injector to detector.

tg' = tg-ty; = adjusted retention time 364
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Selectivity

Selectivity in analytical separations is achieved through selecting proper conditions
such that two (or more) analytes have differential retention (and thus f}.‘uRﬂn{l Atg).
Selectivity is achieved Ilu'nuﬂh differential affinity for the stationary phase, ie- K,
Kg. Thus the selectivity coefficient for analyte B with respect to analyte A is
dEfillEd As:

o = % a = selectivity coefficient
A

Where “B” is the more strongly retained component (longer retention time). Thus
a is defined such that it is always greater than 1.0

kK's Trp—Ilm Up

It is easy to show the following: o =

Ka Tra-Iy Ua

Thus, we get selectivity coefficient from chromatogram!
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> The column >
|
Theoretical
plate
N = 'z
()-2;‘
N (7
w?
_5.54¢,°
W2
W = width of peak at the baseline as measured by the

tangent to the slope of the guassian curve at the
inflection points (ie- calculus can show that W=4+}

W,,= width of peak at half peak height
N is a dimensionless quantity. 100 <N <2 x106

Both N and H can be quoted but must be quoted for a specific
analyte and set of conditions
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—N = 1000

N= 100
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Infiection point

w =40
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Band broadening in chromatography

H . O-;-Jemﬁ:

X

Why do peaks disperse?
- Kinetic factors
- thermodynamic factors

Van Deemter Equation

H =A+E+(__TH u = flow rate
U
A = Eddy diffusion coefficient

B = Longitudinal diffusion coefficient
C = Mass transfer coefficient
(C,+Cu_ C =stationary phase mass transfer
C,, = mobile phase mass fransfer

370
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van Deepter Plot

A - eddy diffusion
B — longitudinal diffusion
C — mass transfer

Optimum
column TOTAL
efficiency
C
A
B
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Resolution

For 2 adjacent peaks, A & B:

R =’ﬂi= Irs —IR,A _Z(IE.E—TR,A]
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Example

JUia

Ry= 13

-
R |
-

5 AN
i n
t !
; | ;
4 = s T lihe ™
A (Pula 1 Al :
ik |
[
|
|
‘—ru—i'l
|
|
a /\ T,_ N i < f"_
il Waf2 :I::_ J.-'-II wpll
et A '4| v } Wy
|
il —F i ==
Time, min
Fgure 26-11 Sepantions at theee vesolations bHege, By= 238/ Wi |+ Wl

Chromatogram C
tgpp =13.4 cm
tg 4y =8.1cm

W,=18cm
W;=3.75cm

R 2(tpg —1g.a)
STOW,+W
A TV¥¥g
 2(13.4-8.9)
1.8 +3.75
=1.9

Usually one needs
R.> 0.5 to identify
presence of 2™ peak,
R ~1.5 to quantify
the 2™ peak
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4l a J(1+k'p)

If the peaks are very close (not well resolved necessarily),
then o ~1

Z.Es'haghi
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(Adsorption Chromatography) s &l Ssiles S e
(Partition Chromatography) emsi & Ssilag S o

( lon-exchange Chromatography) (s s (523 4l Ssilag S o
(Size Exclusion Chromatography) s2_kb-s jlail 8 S gilag S e
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Adsorption chromatography

The stationary phase is a solid. Separation is dve to a
series of adsorption/desorption steps.

_
O—=

Wwww.ShimiPedia.ir
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Partition chromatography

Separadtion is based on solute partitioning between two
liquid phases.
(relative solubility)

-
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lon exchange chromatography

The stationary phase has an ionically charged surface,
opposite that of the eluents.
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Size exclusion chromatography

Separation is based on molecular size. Stationary
phase is a material of controlled pore size. Also
called gel permeation.

385


https://www.shimipedia.ir

53y 3351 3l & silas <

oﬁdJﬁS&\A ojéaoj\di\\g&u\cg\aduusuj\é o
Al o alad) bl J S o 31l sl (5 )lalas
(5 Ba b d) o dsa ) (A Ssleg S JJ Ghgy o) o
g (e ol

M) 5 i ) Bl e g e Rl s e
NS 3485 @l yia Jals 4

IS W g g ey aiile K 5 oled Sda sl o o
)l

Z.Es'haghi 386


https://www.shimipedia.ir

fomsSaa )8 L Jla i )l

(S sk, ki a ) se L latil s an e

S ) ) (dad e b sl o da JilE e digar R
gl e saldti) Jla y

Col B W) Ja B e by g ) jada QB aigas K e
S oo oaldiul g Saa )

4 i hadd gy et Q8 e g 2kl ) ge ol e
A8 1A 2l O e (U o )

vw.ShimiPedia.i

Z.Es'haghi 287



https://www.shimipedia.ir

HPLC 2 Jslaie sla BDla ) A ciladi

Solvent strength and polarity i

Solvent £ P viscosity RI
n-penfane 0.00 ~0.0 0.23 1.36
cdl, 018 16 097 1.47
wluene 0.29 24 0.59 1.50
othyl ether 0.38 28 0.32 1.35
THF 0.45 40 1.41
MEK 0.51 47 1.38
acsfontrile 0.65 58 0.37 1.34
methanol 095 51 0.60 1.33
€°is for alumina

VWV WV WV el HEEDIII SoCIICA=IT
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UV cutoff
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Common diameters for analytical work

diameter plates
10 um 5000
5 um 9000
3 um 15,000

All ofe for a 15 ecm x'4.6 mm id column
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Strong cation - sulfonic acid group
Strong anionic - quarternary amine
Weak anion - primary amine
Weak cation - COOH

VYWV VY a0 i1 i CUITCLa b s
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Injection systems

A very common approach is the use of sampling

vdvosondloops —
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UV/Vis detector - filter type

light dual photocell
source dotoctor

el

fixed A
dual filter

flowcell

If the filter is replaced by a monochrometer, you end up
with a variable wavelength UV/ Vis system

VVVVVV eI HBETUIT ©SUIICL: Il
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Photodiode array detector

phatodiode array

The photodiode array allow you to simultaneously
monitor a range of A or obtain complete spectra.

VWV WV VWV el HEE0HIEI SSCIICAIT
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Refractive index detector

Bulk property detector - general purpose.

Based on refraction of light as it passes from one media

to another. Presence of a solute changes the
refractive index of the solvent.

H

nsollvent only\ ‘ sample present

Z.Es'haghi
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Refractive index detector

Waters design
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Refractive index detector

Varian design
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Amperometric detectors

electrodes

Several elecirodes and combinations can be
used. Allows for some interesting data.
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» Gas Liguid Chromatography (GLC)
» Gas Solid Chromatography (GSC)
A a dee (i (B S gilas Sl 5 GLC
AS e dee (2 (B S 5iles S il 5 GSC

WWW.ShimiPedia.ir

Z.Es'haghi 406


https://www.shimipedia.ir

Schemati of a packed column
gas chromatograph

[carrier ]__

gas i heated

//,///”f.zones

column

system
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Flow control

a - compressed gas qylinder
b - pressure regulator
¢ - valve

d - filter

VWV WV WV el HEEDIII SoCIICA=IT
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Injection port
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GC &y

Syringes

Syringes are used to introduce a known volume of a
liquid or gas samples .

Adapters can be used to help control the volume
injected.

||v||n||||u|||||n|1
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GC sl sim g5l
Types of columns

Conventional

1/81/4" OD, stainless steel or glass tube
6 - 20 feet in length

Preparative
>1/4"

>10 feet in length

Capillary
0.1-0.5 mm ID
10 - 100 meters in length

[ASr) SR ) ||uy| 1
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Types of columns

Packed

7/

N

porous
packing

non-porous
packing

Open tubular
(capillary)

Packed with
porous layer

coated with
porous layer

liquid
coated

bound
phase

packed
capillary

liquid coated
wall

L.ESsTayri
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Types of columns

open (capillary)

. bead column Porous Wall
Layer Coated

. porous layer Open Open
Tube Tube

‘ conventional

www.ShimiPedia.ir
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Carrier

Silicone
rubber
septum

Detector
oven

Column
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(as Flow

Injection Port

Carrier
Gas
Eeservoir

Make-up Gas
(optional)

Sample > e
Introduction f {?/ \-.

Injection Port Oven

Temperature T,

N\

Separation
column

T

Column Oven
Temperature T,

Z.Es'haghi

Detector Oven
Temperature T,

415


https://www.shimipedia.ir

A4 g () gl S

VWV WV WV el HEEDIII SoCIICA=IT
Z.Es'haghi 416


https://www.shimipedia.ir

OQuter wall of column

0.1 -0.53 mm
inner diameter

Stationary phase
(0.1 — 5 um thick)
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Solid support
Stationary coated with Stationary
liquid stationary solid-phase
phase liquid phase

Column wall

Wall-coated Support-coated Porous-layer
open tubular open tubular open tubular
column column column

(c) (WCOT) (SCOT) (PLOT)

www.ShimiPedia.ir
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GC 2 Saisd gy dalse
e H=A +B/u+ Cu

¢ Which of the above affects H the most in GC?

B/u effects!
Diffusion coefficients are large in the gas phase.

o = ED%

e Simply increasing the flow rate partially
addresses the B/u-effects-in GC

Z.Es'haghi 419
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355 (R g3 (g dale Sl ) sl sin b GC o
Al 2 e sEddy

e No “A” term, straight path.

OQuter wall of column

#

FIOW " 0.1 -0.53 mm
l inner diameter

Stationary phase

wwa. SHitfliPedia.ir
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sl Sde pala e\.ﬁ.} 3 dld Aol sl s Ciea e
culls)

Trapped polar solute

Mobile Phase
|

Silica Support

WWW.orltiiiireGia. i
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bl CuaS g Yl s lullad ye Gl il

e A =EtOH
e B = methylethyl
ketone

e C =Dbenzene
e D = cyclohexane

e Chromatogram 1
= unmodified

Detecter Response

e Chromatogram 2
= silinazied
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GC 0 Usiw i

Phase polarity examples.
Non-polar - methyl silicone
Best for non-polar compounds

Intermediate - methyl silicone/phenyl
o~ silicone: 20-50% phenyl
<.-' Best for mixed samples

\‘.'.' : Polar - Carbowax 20M
ﬂ Best for polar compounds

Z.Es'haghi
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Column Selection

Internal diameter
As diameter increases, the pressure requirements
are reduced. The sample capaxity increases and
resolution decreases.

Diameter plates / m capacity, ng/peak
0.2-0.25mm 4000-5000 5-100

0.32 3000 400 - 500
0.53 1600 1000 - 15,000

2 mm packed 2000 20,000

WAARA SRKhimmiPadia ir
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#1 n-heptane

#2 tetrahydrofuran
#3 2-butanone

#4 n-propanol

We can reason this order h%
considering the polarity of the
analytes and of the s.p.

In GC the s.p. characteristics
have the largest effect on the
order of elution.

1
;ju!uf <.P
2
LE
.E;E H\ ¢
L\ AN
TYRICAL CHROMATOGRAM ON CARBOWAY
=
a |2 B = pole S.P.
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Isothermal & T Programming ¢s_ 52 4wlas

1 =il L Gy
» The more | {-,
volatile cpds “T i —
elute very €a | |
close together '| | g
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(Saie ) Jala S sla Ss
O, is usually avoided since it will oxidize the s.p.

3 most common gases N, H,, He.

Each have very different H . characteristics.

min

The lighter gases He and H, require faster analysis flow rates
20-50 cm/min.

Diffusion in He and H, causes more band-broadening in m.p.

Greater MT effects decrease band-broadening at faster flow
rates

H=A+B/u+ Cu

N, H_ ., occursat about'10 cm/min.
Z.Es'haghi 431
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GC sl ssaa

CCh - Catalytic Combustion Detector

TCD - Thermal Conductivity Detector

FID - Flame lonization Detector

DELCD - Dry Electrolytic Conductivity Detector

FID/DELCD - combination Flame lonization Detector and Dry Electrolytic Conductivity Detector
HID - Helium lonization Detector

ID - Photo lonization Detector

PD - Nitrogen-Phosphorus Detector

—
n-

D/DELCD - combination Nitrogen-Phosphorus Detector and Dry Electrolytic Conductivity Detector

. 11D - Thermal lonization Detector

. FPD - Flame Photometric Detector

. FPIVFID - combination Flame Photometric Detector and Flame lonization Detector
. Dual FPD - dual wavelength for simultaneous sulfur and phosphorus response

. FID dual FPD - combination dual Flame Photometric Detector and Flame lonization Detector

mal
"
=

- Electron Capture Detector

-
o
=

- Reduction Gas Detector

=
L
=

- Aromatic Selective Detector

Z.Es'haghi
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GC 5&)}35\33

FID(Flame lonization Detector)

collector —»

ol igniter
- ‘ @ A make-up gas may

burner jet  also be present if

capillary columns
are to be used

hydrogen
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FID

Exat Gases

Insulated

Connection
to Clollector

Electrode \

4,

Insulation —

Insulated ___
Connection
to Jet

—
Hydrogen

Capillary Column
Carrying Mohile
Phase (Helium)

'

‘ Insulated

Collector
Electrodes

o
s il B Flame
L~ Insulated Jet

[ Insulation

Air or Oxygen
for
Combustion
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Termal Conductivity Detector (TCD)

carrier

reference

K
ANV

AN

Zero
control

power —
supply —

carrier +

/' sample

RS

detector

recorder

block
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Electron Capture Detector(ECD)

e As an analyte flows through
past the Ni-63 source
electron capture is possible
by electron-withdrawing
species:

o A+e-=>A

e Current decreases as a
result of e- capture by
analyte. This is one of the
few instances in which a
signal is produced by a
decrease in detectable
phenomenon.

Megative
wallage

o
=
=

7

el ;’W”J’ SIS ISIIS
— ._.-‘
-
k!
_,foLaT'ﬂf.fzzd

-
=5
o i

-

1

_,.

—
-

e
Ee)

i

A

: 2


https://www.shimipedia.ir

\ Radioactive

‘ Source

Nitrogen or Hydrogen.
For Pulsed Mode
Operation 10%
iLe fane in-Adg(
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