0 ‘ U PN L}&J‘&g\

~

| by adle ;La\ \um\tej\u

L 4

~ .'




Applied analytical chemistry 4
441 Ch

Prepared by

Dr. Ehab Saleh




Types of Radiations
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Interaction of
radiation with
substances
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Sources of Electromagnetic Radiation



Sources of Electromagnetic Radiation

(I) Continuum source

A source that emits radiation over a wide range of wavelengths

log(Relative Intensity)

WiwWavelength

(II) Line source

A source that emits radiation at only select wavelengths

Intensity

-
—

VWavelength



Tab\e '] Common Sources of Electromagnetic Radiation for Spectroscopy

Source Wavelength Region Useful for

Hyand Dy lamp continuum source from 160-380 nm - UV molecular absorption

tungsten lamp continuum source from 320-2400nm - Vis molecular absorption

Xe arc lamp continuum source from 200-1000mm - molecular fuorescence

Nernst glower continuum source from 0.4-20 um R molecular absorption

globar continuum source from 1-40 um R molecular absorption

nichrome wire continuum source from 0.75-20um R molecular absorption

nollow cathode lamp — fine source in UVIV atomic absorption

1 vapor lamp ine source in UV molecular fluorescence

aser ine source in UV atomic and molecular absorption, fluorescence and scattering




Laws of light Absorbance
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Absorbance
and
complementary colors
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Instrumentation of UV-Vis
spectrophotometer



Instrumentation of UV -Vis spectrophotometer
4 parts

1) Radiation source
Provide a uniform beam of polychromatic radiation
For \Visible region( Tungsten lamp)
For UV region (deuterium lamp)
For Vis + UV regions ( Tungsten + deuterium lamps)
(1) Nilonochromator
e Convert polvchromatic radiation to monochromatic
radiation using Filter, prism or diffraction gratings
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_—Concave
mirrors

Changing the
position of prism or
diffraction gratings
will change the i that
will pass through the
exit slit

Reflection

> 0 — grating
Entrance
slit
(a)
|<
Entrance Collimating

slit lens : A ;
§ 2
Focusing E:‘,'tt
lens ”



Monochromators are classtfied as either fixed-wavelength or Scanning

[n 2 frxed-wavelength monochromator, the wavelength 1s selected by manually rotatig
the grating. Normally, a fived-wavelength monochromator 15 only used for quantitative
analyses where measurements are made af one or two wavelengths.

A scanning monochromator mcludes a drive mechanism that contimuously rotates the
orating, allowng sucoessive wavelengths fo exit from the monochromator. Scanning
monochromators are used o aoquire spectra and, when operated n 4 fixed wavelength
mode, for quantiative analysis




Filter

Filter is wavelength selector passes a nartrow band of radiation characterized by a
nominal wavelength. an effective bandwidth. and a maximum throughput of
radiation. The ideal wavelength selector has a high throughput of radiation and a

narrow effective bandwidth.

Nominal wavelength
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(I Absorption filters work by selectively absorbing radiation from a narrow region of

the electromagnetic spectriim.

A simple example of an absorption filter is a piece of colored glass.
A purple filter. for example. removes the complementary color green from 500—-560 mm.

Commercially available absorption filters provide effective bandwidths from 30—250 nm.

(IT) Interference filters use constructive and destiuctive interference to i1solate a narrow

range of wavelengths

Interference filters are more expensive than absorption filters. but have narrower effective

bandwidths. typically 10—20 nm



Instrumentation of UV-Vis spectrophotometer

4 Parts
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Types of UV-Vis
Spectrophotometer



Twvpes of I'V-Vis spectrophotometer
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Application of UV-Vis
1: Determination of unknown
conc



Determination of unknown concentration of sample
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In case of A of unknown not in Beers lamberts range i.e. in deviation
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Limitations of Beers Lamberts Law



Limitations of beers lamberts law

Fundamental
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HA + HO=H;0*+ A=

IF Both HA and A=absorb at the selected wavelength, then beers law is
written as

A=ambCritasbCa

Ctot=CHA+CA

C s =0 1A C ot Where o na is the fraction of weak acid present as HA

Ca=0aCiwt  Where a 4 is the fraction of weak acid present as A-

dgatoaga=1so0o aa=1-amHar

Ca=(1-0ma) C tot
From Eq 2 and Eq 3 into Eq 1 = A=(HHA[IHA+HA-HA[IHA)thot

This equation is nonlinear

It is converted into linearif a ga =2a o and hence A=a s b Ciot



I o +1 Stray

A =log
It+1stray
Io
If conc of sample is small |I stay << <loand It => A =10g w—
Significantly observed It

A is unaffected by the stay radiation

IF conc of sample is high Istay < loand 1t

o longer Significantly observed

Negative deviation of beers -<=Value of A decease
lambert law



Application of UV-Vis
2: Electronic transitions in organic
compounds



) 4 oc—c Present in saturated compounds
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e nit™* called R band

e Benzene has three TTTT*bands

A ax —184 nm
hax — 204 nm called K band

A max = 256 nm called [3 band

Compound Ao K band | A . 3 band

Ar-NH, 230 280
Ar-OH 210 270
Ar-SH 236 269

Ar-O° 235 287




| Bathochromic shift (Red shift) |

¢ The shift of Amax to higher values
+ Reasons

[) Conjugation to chromophore

(1)) Attachment to auxochrome

CH2=CH?2 CH2=CH-NH2
Ethylene vinyl amine
7 175 nm ™ 230 nm
O g gT
benzene phenol aniline
™ 203 nm ™ 210 nm ™ 230 nm

benzene styrene Nitro benzene
CH2=CH2 CH2=CH-CH=CH2
Ethylene 1.3-butadiene
* 175 nm 7 217 nm

(III) solvent effect
polar solvent cause red shift in 7™

*
A
| AE |AE
T .
non- polar solvent  polar solvent
AE decrease Amay increase

Energy

Polar solvent
» does not interact with ground state (i)

o Stabilize excited state (7*) by solvation (dipole dipole in’
H- bonding) because excited stateis more polar




- - - (I11I) solvent effect
[H}rpsochromlc Shift (Blue shift) :I polar solvent cause blue shift in nt*

4 The shift of Amax to shorter values )
4 Recasons AE
10 b &E
- —

(I) Saturation of chromophore

U CH=CH2 U CH2CHS3 non polar solvent polar solvent
AE Increase Amax decrease

ethyl benzene

Energy

styrene
Tt 244 nm tt* 206 nm

(IT) Protonation of nitrogen or oxy-anion auxochrome

U NH2 O":JHB Cl

aniline aniline hydrochloride
7Tt 230 nm 7Tt 203 nm
— T
zro Na U OH
phenol

sodium phenoxide

7Trt™ 235 nm 7rt* 210 nm




W U

Ci1s stilbene Trans-stilbene

ma* 276 nm ma* 307 nm

styric hundrance of phenyl group in Cis form
increase E decrease Amax
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Application of UV-Vis
3: Determination of pKa of weak
acid



HB<« H™ + B-

RKa=[HT][B] g+ B

|HB]

-Log Ka=- ( Log [H] + Log [B] )
[HB]

-Log Ka = - Log [H*]- Log [B]
[HB]
pKa = pH - Log ﬂ
[FB]

PKa = pH + Log [HB]
[B]

At [HB] = [BIZ> pKa = pH




- . . 2.0+
Determination of pKa of weak acid 15 |
— " 1.6 E::_lljl;'l‘:f'
dh Y 14 -0
| pH —.l
¢ 1.2+ an Ir:::;f?s
- B N 72
Half height method =AY 4kl M ZNN\ /N o3
0.4 _ # -.'\ \
0.2 I ‘\“«;; I _—
T 0.0 .
Stock solution of weak acid 33{} 4E;[} ‘5,1[} Sllll] 5SIU ﬁll}[] 6.‘%{} '?fi{} TSI[}
3 . hinm) _
J ¢ for example 10 ™ M max 2 1
100 ml
pH A
}"]]131 1 }"]HHI 2
Buffer solution
of different pH values
2.0
184 —m— =434 nm .
= ] L] = 600 nm e
' Sample solution of weak acid : j_
for example (1ml stock solution of weak acid + 2 ml ’
.\ buffer of different pH values then compolete up to 127
d mark using solvent) 2 107 e
10 ml 208l o .
0.6
0.4 . N
! 0.2 .
Blank solution 0ol et - 1’53
< 2 ml buffer of different pH values then ' . . . . ;
N compolete up to mark using solvent) 2 4 6o 8 10 12
10 ml




Determination of pKa of weak acid |

J

Limiting absorbance method

Stock solution of weak acid

for example 1!]“3 M

gy

4l ALyt

2.0+

Buffer solution
of different pH values

Sample solution of weak acid

for example (1ml stock solution of weak acid + 2 ml
buffer of different pH values then compolete up to
mark using solvent)

10 ml

Blank solution
2 ml buffer of different pH values then
compolete up to mark using solvent)

1.8- T
\ pH=10.85
1.6+ ph=9.&1
\ pH=4.0
1.4 | pH=7.7
] . pH=7.08
1.2 ! iR pH=6.5
@ .04 Vi pH=5.4
= N \ pH=4.37
0.8 . \ pH=3.05
AT pH=2.3
064 = A\, /
0.4 - \
0.2 N\
0.0 T
T T T T T T T T 1
350 400 450 300 550 60O 650 TOO 750
L(nm)
- |
Amax 2 hmax 1
lI.i*l’I'I.EII 1 }'l]]ﬂ.‘[ 2
pH
A | Log [A/Anx-A] A Log [A/Amnax-A]
Log [ I
mII'A
pH
+ pKa = pKay + pKa 3
2
A
Log |[ ]
Amar-A

pH




Determination of PKa of weak acid

dsh v

.l

Modified Limiting absorbance method | &y s,

] Stock solution of weak acid
<: for example 1!]'3 M
N

Buffer solution

of different pH values

-

' Sample solution of weak acid

for example (1ml stock solution of weak acid + 2 ml
| buffer of different pH values then compolete up to

d N mark using solvent)
10 ml

- Blank solution

< 2 ml buffer of different pH values then
VN { compolete up to mark using solvent)
10 ml

2.0+
1.8+ T
| H-10.83
1.6 pli-0.51
\ pH=9.0
.4+ | pH=7.7
i W pH=T.08
1.2 \ il pH=6.5
w0 i pH=54
ﬁ . 1} pH=4_37
0.8 . . N pH=3.05
Py \ W\ 1H=2.3
064 = W '
0.4 . \
0.2 ~— \N
0.0 o
T T T T T T T T 1
3500 400 450 500 550 60O 650 700 750
L)
- Bl
hmax 2 homax 1
}-mnx 1 }—max 2
pH
A [Log [A-Ami/Amax-A] | A [Log [A-Awin/AmarA]
A-Ag;
Log [ —]
AII'II.I—A
pKa = |1Ka] + pKa 5
2
Lﬂg I A'Ami.ll ]
I'I'I-!'I‘A
0 pH




4: Application of UV-Vis
Spectrophotometer

a: Determination of stoichiometric
ratio of the complexes

b: determination of stability
constant of the complexes



Metalion | |Ligand
(vacant orbital )| *|(contain hetero atoms 0, S, N, X)

(acceptor) (contain free lone pair of electrons)
(donor)

Coordination bond s A J aed

mM + nL — lv[an
KS = [ I\’/[an ]

™ "

Stability
constant

Coordination compound
or Complex

Example:

Co (NH3)g ] Cl3

Stochoiometry of
complex

M: L

1:6

or

L:M

0: 1




Stoichiometry of complex
A Aay i)

Molar ratio method

T

N

100 mllfor example 1072 M

T

Stock solution of
metal

Absorbance

Wavelength (nm)

Stock solution of
7 |ligand -3
100 ml|for example 10 M

O s aas affe
Stock solution
of metal
Jiall S A= G849

0.5 ml

e e

Stock solution

of ligand

Tt Jae S5 OS5

0.2,0.3,0.4,0.5,06,0.8,1,1.2, ..... .

1.8 ml

10 m

l

Sample cell

Adza) Aty
buffer soln
diall Joa (A=
2 mil

i Alasill Aty e
iy ialls SaSial)

pE PO
buffer soln

l JEall o A=
2ml

;10m “4 ": 5’51923 .
aially Laziadl

l

Blank cell

WV ligand | V metal | [Ligand] | [ Metal] [L.] /[MvI]
(ml) (ml) After After
dilution | dilution
0.2 0.5
0.4 0.5
0.5 0.5
0.6 0.5
0.8 0.5
1 0.5
1.2 0.5
1.6 0.5

<{)> [ ligand] and [metal] were calculated using dillution law
(c x v) before dilution = (c x v) after dilution

v before dilution

c after dilution = ¢ before dilution x
v after dilution

<:> If [ stock solution of metal] = [ stock solution of ligand]
and dilution of both occured in the same measuring flask

[L1/[M] = V ligand / V metal

[L1/LM]

< If break point occured at [L])/ [M] value equal 0.5 i.e. 1/2
stochiometry = 1L & 2M i.e n =0.5

<~ If break point occured at [L])/ [M] value equal 0.33 i.e. 33/100
stochiometry = 33L & 100M i.e 1L & 3M n =0.33



Al 4y k)

Contineous variation method

metal

\100 rf" for example 1{)-3 M

e
’ ’ Stock solution of

~, |ligand

;‘i‘Oﬂ ml for example 10'3 M

1 | Stock solution of

Oa e aas ofe

Stock solution
l of metal

Sl s e 5 g
09,08,086,..01ml
e s ek
Stock solution
of ligand
JEall e = 555
01,02,04,..09ml
VYm+ V0L is constant cuss

Al a2y
buffer soln
Joadl s e
2mi

pially St

Sample cell

FEENICH
buffer soln
Joall Jass =
2ml

(10 mi S AL e

il atlall

Blank cell

§
E |
<
Wamlan-qtn {nm)
v v [Ligand] | [metal] | i
ligand | Metal mole mole fraction of Ligand
fraction of
metal
04 0.9
0.2 0.8
0.4 0.6
0.8 041

< [ ligand] and [metal] were calculated using dillution law

(c x v) before dilution = (¢ x v) after dilution

¢ after dilution = ¢ before dilution x v before dilution

v after dilution




([ metal] x V ml)/1000
Ly =

M Emetal]x le)mooﬂ +E-igand]x le)ﬂﬂ@

([Ligand ] X Vml)1000

X . ——
. Emetal]x vml)mooﬂ +E-igand]x le)mmﬁl



M
mole fraction of metal

or
JL

mole fraction u:wl
Hif break point of Ym at 0.5 =:> 1

—— — — $" m:VL=1:1
Vp +V
1~ m 7N : _
1 stochiometry y A =1
33
-
2 =S Vm:iVL=33:67

e )’L .

#If break point of 1, at 0.33 = > L ®
Vm:VL=1:2

stochiometry Dy s 2



A/An

Kn - n+1
( 1- A/Ay ) Cr" n?

A is the absorbence at reagent concentration Cp

Am 1s the maximum absorbance of the complex

n is the stoichiometric ratio of the complex

K is the stability constant



5: Application of UV-Vis
Spectrophotometer
Determination of Iron in Water



{ within the pH range of 3.0-3.5.
_|_ ,f' \
FE 2 + 3 Q\ \‘\} — DrangE‘rEd FE{D-phE“}}E"_ com pI'E"X

,f/ /
Y p— B
o-Phenanthroline i

# oy
Aalaa @ 58 55

A galaiay) (uld ol
hamax 43 38 5 J<

A

400.0 460.0 520.0 580.0 640.0 7000
Wavelength (nm)

Absorbance

Note

+
Fe'> + NH,OH —> Fe Conc




