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PRINCIPLES OF

INSTRUMENTAL
ANALYSIS

FIETH EDITION

-

SKOOG * HOLLER - NIEMAN
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Sohntes
1. Caffaine
= 2. Azpirin
i 3. Benzoic Acid
3
1 1
4 8 min

Base/Acid Mixture

Column
Buent

Floer Reate
Detection

Hypsarsil BOS CLE, Hp, 1 5ked B
FMethanol:0.05M Phosphats Bauffar,
pH3EH [4k60)

1.0 Li=in

U Z54rm

Quantity/ 1000 Tablets (g)

S00.00

6500

15.00

1 0.00

5.00

33.00

8.00

1.00

M PHI0Z)

10.00

)

7.00

[}

5.00

2.00

4.00

155.00
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Quantitative analysis (@\\u litative analysis
Determhi:g how much of a material is present @ Attempting to identify what materials are
in a sample. @

present in a sample.

Volumetric
analysis

? ectrophotometer & Separation methods
alectrochemical methods Prof.J Al-Zehouri




«§» Acid base (aqueous) titration T4~
“Substance must have basic or ac@' &v‘

rharartarc AN O
| |

{calculate the sample In case of finished product)

Weigh and powder a 20 tablets. Add a quantity of
the powder containing 1 g of API ’?’i/

C%=
12
12. welight of sample taken

O\
— o dzan 2|




L, 57

o T
Dasardare

AT .

Volumetric assay 49~
- acld base (aqyeo
- Redox titrat
- precipitate titratio

- Camp/exometrlf
- others\\




Why ? Instrumental anaIyS|s@®<§\3%;;

* Impossibility of assay using v ric and
Gravimetric analysis. & &

. Very low sensitivity (,...) .

* Huge Num

* |lden |f|c tioh
. ‘{ analysis

@@@
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Instrumental Analysis

- Spectrophotometric methods Chromatographic methods Electrochemical methods Immunoassay methods
* UV-Vis *TLC,PC * Voltametry (Polarography) * RIA
*Fluorescence Spectroscopy * HPTLC * Amperometry * EIA
*IR * GC (GSC, GLC) * Conductometry * Fluorescencelmmuno
* MS * HPLC ,LSC,LLC * Coulonmetry assay
* NMR (H,C) * Jon-ExchangeChromato. * Electrogravimetry * PCR
*AAS * Gel Chromatography

* AES = Flame Photometry
* X-ray Spectrometry

Prof . J Al-Zehouri



& TLC& GC &HPLC

S0lvent Delivery Detector

' : Injector — e
— Column @

b
| - B |
| G
A Separation —) _
Mabile Pump
phase

TLC gc.swf

Sample Injection

Data Processor

- ‘e B ;
I Prof. J. Al-Zehouri
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Specz‘mchem/ca/Ana/y @@i@

Outline

« Spectroscopic Mez‘h@f
Analysis . Maki asurements

with light.
. /nsz‘rum r Measur/n g

@ng Molecular Spectroscopic
hoa’s

Prof. J. Al-Zehouri



*<v Specz‘rochemga/
Z 8y B Analysis

',,.b“}"
““
W ‘
'\,_\ G ./’/ ‘\\\(/y. ‘
AT \E
i \\\\g

. S,Eecz‘rochem/ca/ methods are among the
most popular of the instrumental ans @

techniques. @ \)
/
anti

o Ultraviolet and visible abso
spectroscopy are applied gg tative
determinations in many.&reas of life
sclences. J’

o [ikewise infra
frequently LS¢ ) dentify molecules and to
supply str ral information.

e Afo /ﬁ trometric methods use for
q alive elemental analysis.

IS

A
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Colorimetric and Spectrophotometric methods =

A group of techniques that relies on the interaction of
electromagnetic radiation and matter.

There are many types of methods based on either

molewlar or atomi interactions.  Absorption and Emission
of Radiation

Ab SOf Ptb 0 Absorption

Emission

Fluorescence

0 Emission

Prof. J. Al-Zehouri



Absorption-Spectrometry

« Molecular UV Absorption
Spectrometry
« Molecular V|S|ble Abs

Spectrometry
* Infrared Speci( 3]

. Nuclear tie Resonance

NMR
@ sorptlon Spectrometry
\

1=3_c anm‘mmp’rr\/

* Fluorimetry

« Atomic emission
spectrometry (Flame
Photometry)

Prof.J.Al-Zehouri
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Chlorpropamide Tablets @ ¥

Action and use
Hypoglycaemic. W
Assay : Weigh and poweder 20 t Shake
a gquantity of the powder co Ing 0.25 g of
Chlorpropamide with 4 Iethanol for 20
%@thanol to produce
ute 5 ml of the filtrate
hydrochloric acid and

orbance of the resulting
e maximum at 232 nm, appendix

soI
QS: late the content of
opropamide taking 598 as the value of

minutes, add sufficie
50 ml, mix filter
to 100 ml wit
measure t

% ,1cm) at the maximum at 232 nm.

Prof.J.Al-Zehouri



\ \ reflection

refraction

Light reflection / refraction

V 0
Al-Zehouri



1. Wave Properties 4)@@

Electromagnetic Wave
~+— Magnetic Field (B)

2

Electric -
Field (E)

Pg,'pagt?tlon
rection
A~ X7 wavelength (A)

propagation
2 Prof.J.Al-Zehouri
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@2@ electromagnetic wave to pass a fixed point in space.

p— )

V= wave nu

) | one cycle |
) = ! ;
s / \ /. Dx
; / Jl A Tlme or distance
e/ ‘“
\ \ /
- NG/ \_/

A= wavelength : The distance %‘/ﬁ any two consecutive maxima
or minima of an electromagn e ( distance that the wave

moves during one cycle)

v= frequency : The N illation of electromagnetic wave per
second ( No.of as units of hertz (Hz), which is one oscillation /s

e reciprocal of wavelength ,has units cm™
e : the maximum disturbance from the horizontal

7the time for one complete cycle

or, The time required for successive peaks of an

Prof.J.Al-Zehouri



y Wavelength, frequency, and wave number
Interrelated

The relationship between the wave nd

frequency Is: >
@(y of light = 3X10 10 cm/s)
Al
/"
3@@ V (frequency)

@x@@@ -

C Prof.J.Al-Zehouri



LS
% Nature of electromagnetic Radiation ,
Particle Properties of Electromagnetic Radiation When a sample absorbs electro-
magnetic radiation it undergoes a change in energy. The interaction between the
sample and the electromagnetic radiation is easiest to understand if we assume that
electromagnetic radiation consists of a beam of energetic pﬂﬂiclﬁs called photons.
When a photon is absorbed by a sample, it is dr:ﬁtr{:-}red and its energy acquired
by the sample.” The energy of a photon, in joules, ' its frequenty, wave-
length, or wavenumber by the following equations | , _ EJ'

E = hv —

he

A

=|
I
| =

| =
™

= hey
where h is Planck’s constant, which has a value of 6.626 x 10~ ] . 5,

\S Prof.J.Al-Zehouri



,,\,,»xi' ng :
By

U\:c.uv-‘

Angstrom unit (A) : A unit of length equal to 1 x 10-1° meter
Nanometer unit (nm) : A unit of length equal to 1x1 ot

210

| A = angstrom = 107" meter = 107* centimeter = 10" micromete
' nm = nanometer = 10”7 meter = 10 angstroms = 10™ micrometer

um = micrometer = 10°° meter = 10" angstroms

@Y
Prof.J.Al-Zehouri




What s the energy per photon of the sodium D line (A = 589 nm)?
SOLUTION

The energy of the sodium D line i

Che (6626104 .5) 30010 mg

E
A %9 10% m

= 337107

20\
\fb Prof.J.Al-Zehouri
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From the equation £ = hy and A v = ¢, derive

an equation which relates energy to wave-

length.

N

E=hr v=c/A
E = hef )\

<
0L
@@ Prof.J.Al-Zehouri



SETES
% What is the energy of photons with a wave-
length equal to 0.05 nm?

PN\
E=hv=hcfA
, 663 %107 I ¢ }3.[!__1[01"3‘
= ]
5% 1077 o ¥
E=40x10"]

\; Prof .J. Al-Zehouri



Elect}wg&ﬂnneuc radiation is divided into several regions called y-ray , x-ray , ultraviolet, visible, 111f1 ar m]
i o
N Z//:

. R

oD | o
\Alys W | IR Microwave  Radio W

0.01

Types of Electromagnetic Radiation

wavelength

radio infrared visible light ultraviolet X-rays gamma rays
microwaves
) 4 B
‘ -' oK pe
ﬁed to used in transmits makes things | absorbed by | used to view used in
broadcast |cooking, radar,| heat from able to be the skin, inside of medicine for
radio and telephone and| sun, fires, seen used in bodies and killing cancer
television other signals radiators fluorescent objects fe
tubes rof. J. Al-Zehouri




s WTorz SRS .
';)r‘d 4‘& y -~y *‘\‘
TRNWZN
-]
3 G ]ﬂ\ :‘ /
Q\:t.)i.ﬁ‘\z A == i

Wavelength Units for Various Spectral Regions

Region Unit Definition
X-ray Angstrom unit, A 10" m
Uliraviolet /visible Nanometer, nm 107" m
Infrared Micrometer, wm 107" m

@@“
Prof.J.Al-Zehourli
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E ——

ey aiA

The different wavelength regions in electromagnetic radiation and the type of

transition :

Spectral region (Type of | Wavelength Type of transition

radiation)

Y-ray <0.0] nm Nuclear

X-ray 0.01 - 10 nm Core - level electrons

Far- UV 10- 200 nm Valence electron

Near -UV 200-380 nm Valence electron

Visible 380-780 nm Valence electron

IR 0.780 - 400 pnm Molecular rotation

Microwave 0.04-3 cm Molecular rotation;
Electron spin

Raidio wave =3¢ Nuclear spin

W Prof.J.Al-Zehouri
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Freguency

Typ
iram

Spe
g

SRS
%glhlnﬂ 1n-14 112 110 18 Jig

14 12

UV-VIS SPECTROSCOPY

Complementary Colors

Myax Color Observed Color Absorbed
380-420 Green-yellow Violet
420-440 Yellow Violet-blue
440-470 Orange Blue
470-500 Red Blue-green
500-520 Purple-red Green
520-550 Violet Yellow-green
550-580 Violet-blue Yellow
580-620 Blue Orange
620-680 Blue-green Red
680-780 Green Red

Prof. J. Al-Zehoutk
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Jio wave

spersion
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Type of Change of Change of nuclear
quantem change:  Change of spin orientation configuration Change of electron distribution configuration

.é. P
T8 = | @@ eoo-
L&A€

Wavenumber, cm ™'
10 1 100 10* 10" 0
| 1 | | 1 | s
Wavelength
10m 100 em 1 cm 100 pm 1000 am 10 nm 100 pm
| ! L L L L
; Frequency, Hz
ixiwr Ixw 3 X w" 3 x 107 3 x " 3 x 10" 3 x o™
1 L L 1 1 1
Energy, J/mol
10’ ([ 10 w (13 10’ 1w
| 1 . (& A - !
Type of NMR ESR Microwave Infrared Visible and X-ray y-ray
pectroscopy : ultraviolet

The regions of the electromagnetic spectrum. [nteraction of an analyte with electromagnetic radiation can result in the types of

hunges shown
o>

Prof.J.Al-Zehouri
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simmplified energy lewel diagram showing
absornpteon of a photon

JO>
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Below is an energy diagram which represents
the four lowest energy levels of an atom:

‘ e e e e = = —\_-.Ei

_E,

If an atom is in its lowest energy state, which
level represents the energy of the atom?

Prof.J.Al-Zehourli




@ SO
G What happens to the energy of the atom i
is excited from £y to 5 to £y, ete.”

v

A Theentrgy increases,

Prof.J.Al-Zehourli



SRS I
A\ |
— =/ il
("\:‘ - T =, "/_ -
3 A /‘ \r//

(- What must happen before the atom can be
excited from £ to £y

I

A The stom must absorb energy.

; ; Prof.J.Al-Zehourli




,,\,,»xi' ng :
X4 7

0 Write an expression for the amount of energy
necessary to excite the atom {rom the first to

the second energy level.
@\W
o\ ¢
A First level E,

Second level E5

The amount of energy necessary to excite the
atom would be the energy difference between
the two levels,

E; —Ey =AF,;,

N
5



N
rive an expression which relates the encrgy <\
of absorption to the wavelength of light
absorbed in the process

Es

1

\}>\)
L
I"-"iE'.l,|=E:|! — Ey

E = hecfA\
Therefore,

%@ AE, = he/h

Prof.J.Al-Zehourli



7 Q Whatfactor determines the wavelength of
light absorbed in a spectrum’

\XW
A >

A The differences between the various energy
levels in the atom or molecule.

@@%Ov v
@ Prof.J.Al-Zehouri



G What explanation would account for the fact
that the sbsorption spectrum for each kind of
atom and molecule is unique

MY

A Each atom or molecule has unique differences
between its energy levels.

@Kﬂ
Prof. J. Al-Zehouri
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Neio”

WY

The energy of atoms and molecules is quan-
tized (only certain allowed energy levels). An
absorption spectrum is the result of an atom
or molecule being excited to a higher energy
level by absorption of a quantum of energy.

. 1

.E;--"'E] = .ﬂ.E:;.; = hﬂﬂ = hev
E4 —E, = transition energy.
Each different kind of atom or molecule

gives its own characteristic absorption
spectrum.

Prof.J.Al-Zehourli
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%pectroscopy Based on Absorptige
ULTRAVIOLET (0)
AND VISIBLE SPE%@@

organic maleg
| 3 Tis chapter will deal mainly

analy
Wi theory of electronic
@ s1tions
@3 Prof.J.Al-Zehouri



present in a molecule and determime
chromophores gives to the /0@4%{@ eherqgy

transition @
b)be able to predict appr; e wavelength regions for
different types of tr; ons.

c) Understand @/@njugated system absorb at longer
e

a?b o)/ @prea’ict solvent effects on zx* and nx*

P PR A P P P By o~y A I Arrh At FH)L]:E)J:'»'Al_Zehou”



) =
o e=0
a Xx=NR

0 0= N

%
@@@ of molecular orbitals in formaldehyde

Prof.J.Al-Zehourli



[a) o arbital (<) o™ orbital

{b) m orbital (d) s * orbical
-/

%ution In sigma and pi molecular orbitals

Prof.J.Al-Zehourli
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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 ' anti-bonding
- g :
CH,COCH, b T T anti-bonding
> n ; non-bonding
n bonding

> o bonding
D CH2CH2 Prof.J.Al-Zehouri
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" The electronic spectrum of  molecul reslts from 4 transiton between two different molecula
electronic energy levels. A transition between two states will be denoted by using the notation illustrated
below:

—1"

denoted 5 -0

li Prof.J.Al-Zehourli



Antibonding

Antibonding

Nonbonding

Bonding

Bonding

@§ Electronic molecular energyv levels.

Prof. J. Al-Zehouri
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S ystems responsible for the abso

light are called chromophores @
chromophoric group, Chroyt @@ res which

give rise to oo™ tranS/t/ : e system which
contain electrons in o

W /ecu/ar orbital’s,
Compounds (:0/7
orbital’s aressattirated organic molecules

which contam atoms with lone pair
elec Xamp/es of o 6™ type

@*@,c CZand>C-H

Prof.J.Al-Zehouri



Chromophores which give rise @@X@
transitions are systems whic @@
electrons is non-bonding molecular
orbital's. Compounds O ning only n
and ¢ molecular ?s are saturated
organic mol which contain one or

more atc ‘ h lone pair electrons .
Exa of n o* type chromophores are

@“c O0-,>C-§-,>C-N-



type Chiomog%@ }
C=Cland-C=C -

w9

Prof.J.Al-Zehourli



LS
@ Q Which of the following transitions requires
o the most energy?

oco>o¥ n>o*, wo>w*

ﬂ'*
n

A

A g —+ 0* requires the most energy.

4
Ol
@@ Prof.J.Al-Zehouri
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Neio”

Q What types of transitions are possible in
cyclopentene (CsHy)?

Prof.J.Al-Zehourli



B i.
&}\\\M”/[/{%

S Z

Q What chromophore in cyclopentene is re- ,~f
sponsible for the lowest energy transition? |\

—
-
\1\:‘3_/ 4

NOV

PN

i
-

o

C= CE

The @ — w* is the lowest energy
transition.

\$
@@%@
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o -> 0" transitions
Not observed in in normal UV /Vis work

The absorption maxima are < 150 nm.

The energy is too great.

This type of absorption corresponds to breaking of C-
C, CH, CO, CX, ... bonds

Prof.J.Al-Zehourli



T 'ﬁ'
@
2, T
S

|
UV /Vis absorption “==

n > 0" transitions

The compound must contain atoms with unshared
electron pairs.

Compounds containing O, S, N and halogens can
absorb via this type of transition.

Absorptions are typically in the 150{260) nm region
and are not very intense.

Prof.J.Al-Zehourli
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S8 W\r

Neio”

180-500 nm 225-600

T—T .n—T7 transitions : UV and
visible

i Prof. J. Al-Zehouri



Q What is the chromophore in each of the fol-
lowing molecules which gives rise to the
lowest energy transition?

-ﬁ@@w

A a. Chromophore ~C=C_ _
m—>n*

b. Chromophore — O —

n—=+g*

?
Prof.J.Al-Zehourli



g=0* <| 150 (~C, (N

n-o 150}, )5() H;0, CH;0H, CH;C
t-n* 180 | 50)() CsC, C=0, C=N, (=C
n-n 225 C=0, GzN, N=N, N=O

Prof.J.Al-Zehouri



O

the observed absorption bands be due to the
same type of transition? Explain.

For the three compounds given below, can @*\é‘g/

CH; — Cl 172 nm
CH; — Br 204 nm

DA

Yes. All the absorptions are due to n -+ o*
transitions, Because the electronegativity of
each halogen is different, the electronic
environment in each molecule will be dif-
ferent; this results in a different degree of
interaction of molecular orbitals and, con-

sequently, a difference in energy between the
n and o* states.

2-8-18-7 FRPRA (PN
2-8-18-18-7 Prof.J.Al-Zehourli



SETES \
%w Molewlar absorption =

N.\'_/'//‘

Absorbing spedies
UV/Vis
We are dealing with electronic transitions.

Due to the large number of vibrational and
rotational states, the spectra appear as bands.

Prof.J.Al-Zehourli



A

A graph of a sample ::s &\o Hance of
electromagnetic raggatidn versus

wavelength. @
o

@ﬁ
Prof.J.Al-Zehourli
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ADsOroa

Chlorpropamide
Spectrum

- | ] ]
200 225 250 275 300 325 350 375 400
Wavelength

\) Prof. J. Al-Zehouri



below. The position of maximu

band (called A ., ) correspor@

intensity of absorption

Absorbance

e wavelength of
S. The width of the

wavdeh§ el Al-Zehourl
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U

For the following spectrum, indicate the

Amax [or each peak. /((\ \,//
intensity
of
absorption
‘ i
170 nm 200 nm 250 nm
wavelength (A) nm
A )T

A :."‘max 205 nm.
A = 235 nm.

@( ma X
\; Prof.J.Al-Zehourli



Q The spectrum for a compound which has
both n —+ «* and 7w — w* transitions is given

below. Give A,.x for the band resulting '\/
from each type of transition. @

intensity
of
absorption
170 nm 200 nm 250 nm
N
)
A n—+a*)) = 230 nm.

m—> ¥ ).mu 190 nm.

i) Prof.J.Al-Zehourli



,b,»si’ i«gi

g

.
In conjugated systems, such as ::C =C-C= C:: , 7 orbitals from each double bond interact to form a

new set of bonding and anti-bonding orbitals. This interaction is illustrated below.

®

| . Ja o

. AN
¥ : ;' * =

Taa ,i; S mF,n Sl SRS
E T S Gy Sta & ylta Sy o<l
e 2 A el i) gl
T S A gl Lijflia 1 * &l jaall
Se—tt—1, Lb f iz 14 g Jobdl) Jd
i YN / J9 M’ nn* J J4ay

Sl ff dule il Las

As the conjugated system in a molecule becomes longer (involves more atoms with m bonds), the difference
in energy between the ground states and the excited states for the =+ n* transitions becomes less. Con-
sequently, as the conjugated system increases in length the energy required for a 7 - #* transition becomes

less and absorption will occur at longer wavelength.

=

Prof.J.Al-Zehourli
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N \N\ll[ /4 ‘ /

200 Jal ntn

w
Q=

tar — IV near — W WIS

n —» 0¥ {|conjugate system)

m__ o 0¥ {conjugatelsystem ).

Absorption ranges of different electronic transition

\; Prof.J.Al-Zehouri



Terminology for absorption shifts '11

Bathochromic shift (red shift) — a shift to longer 7.; lower ene

ii.  Hypsochromic shift (blue shift) — shift to shorter 7.; higher energy
il. Hyperchromic effect — an increase in intensity

Iv. Hypochromic effect — a decrease in intensity

Terminology for Absorption Shifts

MNature of Shift Descriptive Term

To Longer Wavelength || Bathochromic

To Shorter Wavelength || Hypsochromic
To Greater Absorbance || Hyperchromic

To Lower Absorbance || Hypochromic

200 nm v 700 nm

Prof. J. Al-Zehouri
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S

S)H: N"' NHs
+8
pH —effect m—. =
A
=
alkaline mediun aad medium
7
% . (a) acidic form;
9 0.6 (b) basic form.
=4
. . 3 05
Acid medium shows £ " -
. . 2 04
Hypsochromic s_h/fz‘ -
and Hypochromic 03
effect 0.2 |
a
0.1 1
0.0

360 400 450 SO0 SSO 600 650 700 750
Waveleneth 0T J. Al-Zehouri



Phenol w-ee

=
OH L) 0
- - @ )
>
aid medsom alkalive medmm
Alkaline medium shows
Bathochromic shift and
Hypochromic effect
254 nm
270 nm

Prof. J. Al-Zehouri




Solvent effect

-

Dichloromethaneg

430 4480 230 280 B30 o880 730
Wawvelength [(nm) Prof. J. Al-Zehouri
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J

Absorption spectra of Benzophenon “ S
55 49 . F -0 =~ em?’
| w0
3 5h ]
10 N THRL
25 -
2.0 T
220 260 300 140 nen 380
A - — -

- in Cyclohexan

_____ in Ethanol
v

athochromic effect ( with increase the polarity )
@7@ h Hypsochromic effect ( with increase the polarity )

Prof.J.Al-Zehourli
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G.State
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Effect of polar
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UV/Vis quantitative analysis

The major use for this spectral region.

Wide applicabilty
- thousands of methods
- most common type of assay

High sensitivity
- detection limits of 104 -10° M

Molecular absorption methods “=

Prof.J.Al-Zehourli
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e Molecular absorption methods “=”

Quantitative Analysis
Reasonably selective

Relatively specific methods can or have been
developed.

Significant efforts have been made to apply the
approach to a wide range of  materialks.

Good acwraqy - 1 - 5% range
Relative simple and inexpensive

Prof.J.Al-Zehourli






sample i1s directly proportional to its thic

length) I
A(I b 14 4 -—
12 + n
A 107 /7 //
08 + =N f‘
06 + |
0.4 + oo
{ 02+ O™ = constant

0 f : : . i
@%ﬁ 0 02 04 06 08 1
@@4@ Pathlength / cm
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W .gust Beer (German) 1852

Beer's law stated that absorbance is proportional t@n@
concentrations of material sample. QQ
)

O

FTTTTTY

= 0.4 / ‘!I l
g 0.2 - e

0.1 0.2 03 04 05 08

=

concentration (M) of standard solutions Prof. Il Al-Zehouri



Specific Absorban&f?’¢‘~»

Aa b (Lambert) }
Ao C (beer)

A= constant XCX b @

harmonlous @
A = con taE:E WZOHCGHU&UOH A(1%,1cm)=Absorption o
O

poodh?

ey

1 g dissolved in 100 ml

using 1 cm cell at certain
wave length

cm) 0%

1 /1 €= Absorption of M.W
mo dissolved in 1000 ml at

certain Waok [ErgittZehouri

@




VA

Sample cells

standard liquid
cuvette

-

sample cell
for gases

liquid
sandwiched
between
two NaCl
plates

for IR
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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)

| Jog(T) = A
P A - absorbance

A = abc

d Prof.J.Al-Zehouri
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Q Lambert-Beer Law

« -logP/P, = €cb (L) @W@
. P = transmitted light (Radi o@%
Power= Transmﬂtedﬁ%ﬁ |

P, =Incident light (rad Power=Incident

intensity I,
« C = concentr QR I¥ moles/l
* £ = molg » ptive= Molar extinction
coe!

* b (L, th Iength (thickness) length of cell
q ough which light passes.

Prof.J.Al-Zehourli



@ A =log,, P,/ P Absocbance vs. Transmittance =2

A= Iog;g LAl
A =log 100/ %T
A=2- Iogjg %I

% Transmittance

0 10 20 0 40 50 60 70 80 90 100
L ! | | [ | | |
o rrrrr T
2015 10 08 07 06 0S5 0.4 03 02 0.1 0.05 0.00
Absorbance
Transmittance T = Optical density D = Extinction E
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Summary of equations

-log F-’E = abc

log Po = abe
P

Jog(T) = abc
-log(T) = A

A = abc
A = £be

Prof.J.Al-Zehourli
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Example one

Cakulate the absorbance of a solution having a %T of
89 at 400 nm.

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

A = dog(T) = -log(0.89)
= 0.05]

Prof.J.Al-Zehourli



Example 2

310 nm what is the abs at that
wavelength?

A. -log p/p, :Absoe
- log 0.90 @E@lance

0.03 orbance

If the % transmission of a solutg' ?@&% at

?Xi
Prof.J.Al-Zehourli
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Quantitative analysis “=

All conditions must be held constant.

Variations in solvent, temperature, pH, time of
reaction and other factors used to prepare the

sample can alter the complex and how/where it
absorbs.

Instrumental conditions must also be the same of all
standards and unknowns - wavelength, slits, cuvettes

Prof.J.Al-Zehourli
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b Biochemistry Example assay\"
@%@3

f‘
|
|

o 0
e

Q. Throw the determination of Q@e IN
patient serum we found t ple

absorption 0.85 and @i@ dard
absorption (100mg/ .36 at 500 nm.
What is the Glu @oncentraﬂon.

A. 0.85/0. 00 = 236 mg/dl

?Xi
Prof.J.Al-Zehourli



Action and use
Hypoglycae

Prepar
Chlor Ide Tablet\- 200 225 250 275 Sﬂﬂ 325 SSD

>

Chlorpropamide

O O
\ 7/

@W

O
J"\N/\/CHS

232 nm

Chlorpropamide
spectrum

|
375 400

Wavelength

Prof.J.Al-Zehourli



Assay : Weigh and powder 20 tablets, S
guantity of the powder contalnm ¢
Chlorpropamide with 40 mi noI for 20
minutes, add sufficient meth to produce 50
ml, mix ,filter and dilute f the filtrate to 100
ml with 0.1 M hydro aC|d. Dilute 10 ml of
this solution to 2 ith 0.1 M hydrochloric
acid and m e absorbance of the
resulting so n at the maximum at 232 nm,

app .Calculate the content of
@)@I@@ pamide taking 598 as the value of

1cm) at the maximum at 232 nm.

Prof.J.Al-Zehourli



* Suppose the average Welghtdg?@&l

300 mg .What is the we|$I
* If the abs. =0.61 ,Wh

Concentration of opamlde ?
 What Is the ta ontent ?

?Xi
Prof.J.Al-Zehourli



You want to make your measurement ata A, to
minimize errors and achieve maximum sensitivity.

Small error

identical variations
in wavelength.

Large error

Prof.J.Al-Zehourli



%T

Measuring absorbance =

Small AC - large A%T

Small A%T -large AC

concentration

Prof.J.Al-Zehourli
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Measuring absorbance

Errors may also be made during the measurement of
absorbance.

At low c- a small change in concentration can result
in a large change in %l.

At high c- changes in %T are very small.

It is best to stay in a range of 80-20%T to minimize
measurement errors.

Prof.J.Al-Zehourli
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x@u Measuring absorbance.

Relative error vs. %T

80% 20%

Relative error

%T

Prof.J.Al-Zehourli



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 cell.

Prof.J.Al-Zehourli
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@
Quantitative analysis =

The relationship between concentration and absorption
must be established.

Your method
should only be

7a it
W\

Prof.J.Al-Zehourli



Beer ¢:s law can be extended tg é@es
contalnlng several absor 00 ponents
provided that three ar Ateractions
between the comp

Prof.J.Al-Zehourli
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Measuring multiple species %=

When two or more species absorb light at the same

wavelength, the rewlting absorbance is the sum of
all absorbances.

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

Ar=(ag+a)b

Prof.J.Al-Zehourli



concentration,
absorption of each
values, as well as the
solution at a wavelength of

390 510 nm. If you know that the
a Jon values were as follows:

@i&
Prof. J. Al-Zehouri

cobalt concentration 0.1 i);
another nickel in the same

then determine th



®<§ v@_,
e absorption of cobalt standard solution at 0.02
e absorption of cobalt standard solution =062
e absorption of Nickel standard 50/ 90 nm=0.74

e absorption of Nickel standard so Ky n ar 510 nm =
0.054
e absorption of Mixture 50 . ‘ i at 390 nm = 0.88

e absorption of solut 510 nm = 0.410

Required .

Determine the 5;% concentration of each of cobalt and

n/cke/ ole mixture. Required :

@@@

Prof. J. Al-Zehouri



curve of absorbance ver
concentration of an aIy series of
standard solutlons 21037 d be a straight line

deaI
A

@x&
Prof.J.Al-Zehourli




R
Deviations from linearity @@v
positive .
deann‘I @W
-
g / negative
g deviation

concentration

. Fund | Limitation to Beers Law

o I%r 0 I Limitation to Beers Law
@@ umental Limitations to Beer s Law

Prof.J.Al-Zehourli
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Fundamental Limitations @fﬁw

 Beer s Law is a limiting law th@@@@d only for

low concentrations of an

 For sufficiently low con lon of analyte , the
@essentlally constant

refractive index remal ,
and the calibrat@ve IS linear.
. Since the,r e index varies with the analyte

..... » conce lon ,the value of A will Change
we must avoid the high concentration
Q{ yte solution. ( less than 0.01M)
Paracetamol = 151,2 g

1.51 g/l
Prof.J.Al-Zehourli



Fundamental Limitations i@
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Absorption f light P

[gle

@&3
Prof. J. Al-Zehouri



Chemical Limitations @ifi

* Chemical deviation from Be ﬁ@@can

occur when the absorbl es IS
Involved In an equmb actlon

@&@
Prof.J.Al-Zehourli



Phenol w-ee

=
OH L) 0
- - @ )
>
aid medsom alkalive medmm
Alkaline medium shows
Bathochromic shift and
Hypochromic effect
254 nm
270 nm
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Instrumental Limitations @fiv

©

» Using polychromatic radiatio @@s
gives a negative deviati06> eers

law. @
« Stray radiation :ﬁ\ ;ss absorbance =

negative devi; :

- il"'-'.
AA
avielengl ation
1&& Effect of wavelength on the linearity of a
Beer's law calibration curse

Prof.J.Al-Zehourli



Stray radiation \fi
oL

e’
follow
the optical path the

Any radiation reachin

@S@
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Instrumental methods

All of the methods have the same general
components

Source, Wavelength selector

Sample cell, Detector
Read-out

The actual arrangement of the components
will vary based on the method.

Prof.J.Al-Zehourli



axpendix Il B. Ultraviolet and Visible

A0sorption Spectrophotometer

Apparatus Spectrophotomet

suitable for measuring Iin iﬁ aviolet
r

and visible range of the um consist
of an optical system le of
producing '{‘a dmatic radiation in

the range of200-nm to 800 nm and a
device suitable for measuring the
abSO@Q@ ce.

\; Prof. J. Al-Zehouri
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~ Instruments for Optical Molealar Spectroscopy

The equipment used share any common features
regardless of the A being measured.

Each will have a

light source
sample cell
). selector

detector

Prof.J.Al-Zehourli
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Sample cells

Cell materials
uv quartz, fused silica
Visible  glass, plastic (UV cells can be used)

material nm range
silica 150 - 3000
glass 375 - 2000
plastic 380 - 800

2 Prof.J.Al-Zehouri




Absorbance

Source

A

selector

-+ Sample

-»detector

~» readout

Common arrangement for UVNis

Scheme of an Absorption Spectrophotometer

e

Lamp

—
| :s-l = =S
M | |-

monochromator sample

[ |

cdetector

yuri



Single beam spectrophotometer

This type of instrument works with a single
light path.

One must account for variations in
detector response and source output for

each .

It is best when working with single A ¢

methods and individual analytes.. S

Prof.J.Al-Zehourli



Detector

T a
3
2 _
1 - light source 4 - sample cell
2 - wavelength sekector S - detector
3 - shutter 6 - readout

Prof.J.Al-Zehourli



Double beam spectrophotometer

Wlsrror
4 I“Jl‘.l
Ik lamp [ Tungson lamp Reference
u.mf H Photo dinde
Double beam in space.
e il @
M
| . |
| fj i Fhoto dinde
Beam

/

splitter

Prof.J.Al-Zehourli
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Ko

UV-VIS sources - Iy
@ - (\
monochromator/

beam splitter optics Iy

< >
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Double beam spectrophotometer

DB in time.

recombining
mirrof

Prof.J.Al-Zehourli


../../My Documents/DB.swf
../../My Documents/DB.swf
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Double beam spectrophotometer

While a double beam in time instrument can
reduce much of our noise and make it possible
to obtain entire spectra, there are still
problerns.

The major one is that you can’t look at
anything that changes at a rate near or faster
that the chopper rate.

With a typical instrument - no kinetic studies are
possible.

Prof.J.Al-Zehourli
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Sources

For a general purpose instrument, we need a
way to produce a broad range of A with
reasonably uniform intensity.

We can seldom obtain uniform intensity but most
instruments can account for this.

Lets review some of the more common sources.

Prof.J.Al-Zehourli



UV source

D, lamp
D, ¢+ electrical energy

'

D, — D, ¢+ hv

A range: 200380 nm

Prof.J.Al-Zehourli



Visible source TUNGSTEN LAMP S

The tungsten lamp is
similar to a normal
light bulb.

) range:  350-2200 nm

Useful in visible and
near IR range.

Prof.J.Al-Zehourli




As with a prism,
we still need the
proper lenses
and slits in order
for a grating ...
to work as a
monochromator.

Prof.J.Al-Zehourli
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& Lens materials

The material used for construction of lenses must
allow light to pass.

This is a function of the A range that the
instrument is designed to work with.

Visible - ordinary glass or silica
uv - fused silica or quartz

Prof.J.Al-Zehourli
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& Lens materials

The material used for construction of lenses must
allow light to pass.

This is a function of the A range that the
instrument is designed to work with.

Visible - ordinary glass or silica
uv - fused silica or quartz

Prof.J.Al-Zehourli
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Detectors

OK, now we need a way of detecting any light
that has made it though our system.

The purpose of a detector is to convert our
response into a measurable signal.

The approach taken varies based on the type of

light that is being used. Jiond sp s aial e Al
Bs g )ia EJ\JB‘Y ‘\.J\A.\MY\

Prof.J.Al-Zehourli
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b Detectors

Common detectors

detector }. range
type am

Phototube 150-1000
Photomultiplier 150-1000

Solid state Photodiodes 350 - 3000

property
measured

wrrent
wrrent
varies

typical

uv
UV /Vis
varies

Prof.J.Al-Zehourli
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Dotedors

sl G guY) v

V, ,
()
e

M\&MM\WY\@M@)\_\J\ RY) oﬁm@u&M\wgbﬁj&MhM\é\aﬁY\

A Y A AN ¢ A 8 paledd) Jie il Mg calaad) (e dasgall ¢ sSola Bale 5 | A0 guall

Phototube Works via the photoelectric effect.

A photon hits the cathode
which is covered with a
photoemissive surface.

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

Tubes are subject to a small
‘dark awwrrent’ due to
thermal effects.

cathode

anode

+

=2
0V ==
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Phototube
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Detedors s Laal) b gual) o gy

Apulun ST 568 1305 il s Y1 Caeliay 53 dynode JSi e Jagall ()5S Cun e i S8V a5
Photomultipliers (PM)

These detectors are similar to a phototube in
that you still have an initial cathode where an
incoming photon will cause an electron to be
ejected.

Unlike a phototube, a PM will amplify your
signal using a series of ‘dynodes.’

Prof.J.Al-Zehourli



Detectors

Ja gl
conversion
PM Tube dynode
ancde —window
O
dynode \_/‘
top view
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Detectors

PM Tube

A single electron is ejected ot
the conversion dynode.

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

Amplifications of 105107 are
obtained.

Prof.J.Al-Zehourli




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

Once established, no
awwrrent flows.

p region n region

Prof.J.Al-Zehourli



Detectors

Photodiodes
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
sensitive than a phototube

and costs less than a PM
tube.

Prof.J.Al-Zehourli
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Chemical Deri v& n

PRINCIPLE :

°TQ » Q

organic
m.;]‘lﬂu]., derivatizing derived

agent compound

0 M\/
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Method(3): Z-Chloro-2-4- dmn‘mb%@@

Principle:

Reaction with 1-Chloro-2-4-d obenzene to
give a N-alkyl 1-2,4- dm%@n ine : yellow
color (450 nm)

) 5; &

Prof. J. Al-Zehouri




Method(4): Hantzsch reaction @@W

Condensation of amine with @yl acetone and
Formaldehyde

Prof. J. Al-Zehouri



AL forschung, 2001 Feb:51(2):87-103. J”‘
ation of the antiepileptics vigabatrin and gabapentin in dosage forms and biological fluids usm §§' '
| reaction. ®

'%()s

&
21N Qﬁi‘a&\ﬂ\:/,/—')//
# Author information

Abstract

A selective and sensitive method was developed for the determination of the anticonvulsants vigabatrin (1) (CAS 60643-86-9) and gabapentin (I1)
(CAS 60142-96-3). The methed is based on the condensation of the drugs through their amino groups with acetylacetone and formaldehyde
according to Hantzsch reaction yeilding the highly fluorescent dihydropyndine derivatives. The yellowish-orange color was also measured
spectrophotometncally at 410 nm and 415 nm for | and I, respectively. The absorbance-concentration plots were rectilinear over the ranges 10-70
micrograms/ml and 20-140 micrograms/ml for | and I, respectively. As for the fluorescence-concentration plots, they were linear over the ranges 0.5-
10 micregrams/ml and 2.5-20 micrograms/ml with minimum detection limits (S/N = 2) of 0.05 micregram/ml (approximately 2.1 x 10(-8) mel/l) and 0.1
microgram/ml (approximately 5.8 x 10(-7) mol/l) for | and II, respectively. The spectrophotometric method was applied to the determination of | and ||
in their tablets. The percentage recoveries +/- SD (n = 6) were 99.45 +/- 0.13 and 98.05 +/- 0.53, respectively. The spectrofluorimetric method was
successfully applied to the determination of | and Il in spiked human urine and plasma. The % recoveries +/- SD (n = 5) were 98.77 +/- 0.29 and
98.39 +/- 0.53 for urine and 99.32 +/- 0.74 and 93.90 +/- 0.96 for plasma, for | and II, respectively. No interference was encountered with the co-
administered drugs: valproic acid (CAS 99-66-1), diphenylhydantoin (CAS 57-41-0), phenobarbital (CAS 50-06-6), carbamazepine (CAS 298-46-4),
clonazepam (CAS 1622-61-3), clobazam (CAS 22316-47-8) or cimetidine (CAS 5148161-9). A proposal of the reaction pathway is suggested. The
advantages of the proposed methods over existing method are discussed.

"
A\S\) HoN COOH
H NHp

_:;1" vigahatrin
HaC .
~ COOH

5

Gabapentin
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Phenols
Ar-OH + Ferric Chloride W@
%

N
Violet &%(530-550

N\

E'_il
OH O—Fe

|
Cl
+ FeCly ——»
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Methyldopa

238.2 C10H13 OA W

‘”"
&@

D 2
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Principle of assay '

The reaction bez‘ween z‘n

jon and Pheno/ gro&%

Methyldopa g/v olex with

violet color @&] /Imax at 545
n

nm ., con [ to the visible
assa

@i@%

Prof. J. Al-Zehouri



. ;' » Methyldopa Tablets
ASSAY :

Weigh and powder 20 Tablets. Dissolve a gua
powder containing the equivalent of 0.1 gﬂ@‘
methyldopa as completely as possiQle\ igv ICient 0.05 M
sulphuric acid to produce 100 ml a@@%r. To 5 ml of the
filtrate add 2 ml of iron sulphatg solution ,8 ml of

te=¢it
@ nt water to produce 100

glycine buffer solution and g]
ml.Measure the absorha Q ¢
maximum at 545 n (‘

Repeat the pro @(e using 5 ml of 0.10%w/v solution of

methyl S in place of 5 ml of the filtrate,
beginni e words add 2 ml| of........

‘ @ Qe the content of C10H13NO4 using the declared
@ ént of C1IO0H13NO4 in methyldopa BPRS.

Prof.J.Al-Zehourli




O
» Benzoic acid 6% 4 @
- Salicylic acid 3% b5

Use : Antiache

@i&
Prof.J.Al-Zehourli



For salicylic acid

Cool the titrated solution obtained in the Assay f<§
benzoic acid, dilute to 250 ml with water a @ +To 5
Ution

ml of the filtrate add sufficient /ron(/l) nikate § to
produce 50 ml. Filter, if necessary, We haze and
S

measure the absorbance of the r olution at the
maximum at 530 nm, Appendil ~using /ron(lll) nitrate
solution in the reference ceculate the content of
C7H603 from the abs

the operation usi
sallcylic acid an
rron(lll) nit

@%Q\\)/ COzH
@5&@ <j[OH Prof. J .Al-Zehouri

ce obtained by repeating
fa 0.024% w/v solution of
Inning at the words 'add sufficient
ution ...".




%«w Complexation reactions
» Analysis of metals and metalloids in water,
pharmaceutical preparations and other matrices.

» Once the metal ions bind the ligand specific colour
changes are observed which can be quantitated as
a function of the amount of metal ions present.

Fn=‘+3mﬁ Fg |
M M=

Feli 1, 10-phenantherolng Felll=1, 10-phenanthroline
Fnalyte COmga
(510 nm)

\S Prof. J. Al-Zehouri



Dithizone (Pb)

A
Reaction of complex formation of dithizone with Pb 2+

'-'-iJEHf. T'E'Hﬁ' CeHe
N |
u{? Ns”f} ”\ P i ”_Hx\
I P c -
2CgHs C—SH + Pb2* === CgHs \ / q"\m=m’f
RH _Nf;ff \ = | +2H
N—0N CeHs
H'; 520 nm

iV
9%



Zincon (Zn)

HO4S HO3S

N=N OH - MET N=N_ ﬂr::
@ ' - IIM:
N—NH COH iH N—N O
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Diphenylcarbazid
AlC.

NH-NH-¢ N—N—¢
/ /7 |
“(V s e ¢ : 7
Cnl l) + 0O (\ (\-()-(.f (H,0)4 540 nm
NH—NH—¢ N=N—¢
1,S-diphenylcarbazide Cr-diphenylcarbazone complex

The chemical reaction between chromium (VI) and diphenylcarbazide, which results in chromium-diphenylcarbazone.

@@%@o
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HC— S

N
Ho— 8
Silver

diethyldithiocarbamat
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Eriochrome Cyanine R

CHsy CH4 9@

HO O

MNaQOC C QDOMNa + Al —complex
S04 MNa 535 nm

Eriochrome Cyanine R.

A58
\S’S Prof. J. Al-Zehouri



ﬁHH

HN

NH,

e

4+ -

-+ IHIS'ED] o = I

Acid mediom

Se
+ 40H — E

MNeutral or alkaline medum

(\/\@

NH
e
4

NH |4+ 6 H,0

4+

Se
@—}? + 4 H,0
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Dimethylglyoxime (Ni) . @

PYANY

/OH 0—HO
OH k. T
OH—O0
Dimethylglyoxime aqueous Nickel dimethylglyoxime complex

we
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Pharmaceutical Appllcatlc)l@fi

+ UV (A1%,1cm) @@W
« UV ( Std) @

e UV after extraction

« UV & Titration @
* Vis. %g@vatlsatlon
% Dervatisation & Titration
@gﬁ Prof. J. Al-Zehouri




Propranolol Hydrochloride s 8
95.8

H OH
HCI %
b
Use :Beta Blocker ( Antihypertensive agent
1.2
1.0 4 ~——— propranolol

()/Y\ﬁ)\

OH
200nm

l

0.8 1

0.6

Absorbance

1 1 ' L) L] 1 1

200 250 300 350 400 450 500 550 600
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Propranolol Tablets 80 mg S

Assay : Weigh and powder 20 tablets. Shake a qu

powder containing 20 mg of Propranolol Hydr with 20 ml
of water for 10 minutes. Add 50 ml of met ke for further
10 minutes, add sufficient methanol to 00 ml and filter.
Dilute 10 ml of the filtrate to 50 ml with anol and measure the
absorbance of the resulting solut Q n the maximum at 290 nm.
Calculate the content of Cl « \\ HCI taking 206 as the value
of A(1%,1cm) at the max 290 nm .

1- If the tablet a elgh 300 mg . What is the sample

taken er =75 mgq)

What IS % content ? ( Answer = 100.75%)

ﬁ/@ﬁ IS the Tablet practical content? ( Answer =80.58 mg)

0.00403 = el 3858 0.004 = kil s 3 Prof.J.Al-Zehourl



SRS
%OO Contain 80

X 20 @
X=75 mg m@
T.C =20/100 X 10/50 X 100 / 1000 = 0.004 g% @

P.C = 0.83 /206 =0.00403

% yeild = 0.00403/0.004 X @@7 %
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Chloramphenicol
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L
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-

H NHCOCHCL
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Concentration of Salt

pH = pKa + log

Concentration of acid

O [nonprotonated species]
= % og A/HA (acid)

(\ ;
pKa + log B/BH* ( base) [ protonated species]

@i&
Prof J. Al-Zehourli
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Henderson-Hasselbalch equatlor s*%%

» A compound will exist prl @@
its acidic form if the p @@

solution Is less than@&
compound s p

c A compou XIS'[ primarily In
|ts baS| |f the pH of the

u@m S greater than the
und s¢: pKa.
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N
acidic form basic form

RCOO™ + H°
RNH; + H'

HCOCCHH

1\\0&'

FoT the most effective separation,
the pH of the water layer should be
at least two units away from the
pKa values of the compounds
being separated. Then the relative
amounts of the compounds in
their acidic and basic forms will be
at least 100:1

| 1
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o Chloramphenicol Eye Ointment 2%

Assay

50 ml of Benzene and extract with ,., SiVe guantities
of 50,50,50 and 30 ml worm wate mlne the extracts,
dilute to 200 ml with wates,. mi Wd filter, discarding
the first 20 ml of the filtra e 10 ml of the filtrate to
50 ml with water and e the absorbance of the

resulting solutlon aximum at 278 nm .

. What is the s weight taken ? ( Answer = 0.59)
= 297 and A=0.3 What is the % = okl 38
tion? (Answer= 101%) 0.001
0.00101 =<

‘ e DISTRUBUTION Constant 4/1 water/benzene
? hat is the resulting extraction % ? (Answer 99. 84%?
Prof.J.Al-Zehourli



Calculate A1%,1cm for :

A- compound with an ab /7 of
0.524 and a concem‘raz‘/ 0.002% W)V

Answer = 26

B-A compo an absorpz‘/on of
0.715 and centration of 10 ug/m/
Ans 715

@@@
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A

e
Kexiletine Injection
o

Mexiletine Hydrochloride

CH3 H NH,

5 .
\)\CH3 and enantiomer , HCI

CHj

C11H17NO,HCI 215.7 /\5%7%&4

Action and use

Anti-arrhythmic@@
Prepang @
Mexiletine
e Capsules

NN\

Absorbance

280 nm
spectrum

| | z e | | 1
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Wavelength

i) adas bl sl slias
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EXITIL INJECTION
(250 mg/10 ml)

( Acceptable range 92.5 to 107.5% of th
¢

Assay : %
Dilute a volume 2 ml to 10€ with 0.01 M HCI .

Prof. J. Al-Zehouri



Rifampicin

2.0+
—— Aqueous sample C43H58N4012
= == -Unine sample (without use of other pharmaceutical compounds)
------ Urine sample (with use of other pharmaceutical compounds)
1.5 =
o 1 ‘\\_//
2 s
2 [ 823
1
o
i
=)
<«
0.5+
0.0 J v T v T R | ' ]
400 500 600 700 200

Wavelength / nm se Antituberculous.

Figure 6. Absorption spectra of urine samples spiked with rifampicin and
isoniazid and a synthetic mixture of these analytes after colorimetric

reaction.

w9
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IS

=" Rifampicin Capsules

Visible-spectroscopy method

Assay : Ll 28] %@W

Shake a quantity of the mixed contg
containing 0.1g of Rifampicin with ¢
add sufficient methanol to produae 200 ml and filter.
Dilute 2 ml of the filtrate to. 200l with phosphate buffer
pH 7.4 and measure .& psorbance of the resulting
solution at the “’,: at 475 nm. Calculate the

content of C43 14012 taking 187 as the value of

A(1%,1 § nm. (A=0.38)
Answaer 1.6%
)

0.00203 (Lexll 3:S il €0.002 (s_aill 3 sl
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Principle of assay '

The reaction bez‘ween z‘n

jon and Pheno/ gro&%

Methyldopa g/v olex with

violet color @&] /Imax at 545
n

nm ., con [ to the visible
assa

@i@%
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. ;' » Methyldopa Tablets
ASSAY :

Weigh and powder 20 Tablets. Dissolve a gua

gﬂ@y v

methyldopa as completely as possihle\in,s!
sulphuric acid to produce 100 ml ang\ilter. To 5 ml of the
gifrate solution ,8 ml of

filtrate add 2 ml of iron(ll)sulp
ml.Measure the absor the resulting solution at the
maximum at 545 n

Repeat the pro @(e using 5 ml of 0.10%w/v solution of
methyl S in place of 5 ml of the filtrate,
beginni e words add 2 ml| of........

‘ @ Qe the content of C10H13NO4 using the declared
@ ént of C1IO0H13NO4 in methyldopa BPRS.

Prof.J.Al-Zehourli



UV and vo N 3/’
(B |

Aminophylline

PR N
:
b 0

Slig very soluble less than 1
freely soluble from 1 to 10
soluble from 10 to 30
sparngly soluble from 30 to 100
slightly soluble from 100 to 1000
very slightly soluble from 1000 to 10 000

%[:zlran:’[in::alll‘_.,r insoluble moare than 10 000

Prof. J. Al-Zehouri



Aminophylline w

0
H

LI G O@@W

] 2
Theophylline spectru

y hylline-Ethylepedy
r

Ethylenediamine + H,SO,

]
3]
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©
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o
7]

¥

<

Theophyllineg spectrum
275 nm
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St

Aminophylline Tablets voumete ttraton F 4

Content of theophylline, C/TH8N40O2 @“
80.6 to 90.8% of the stated amount of Aminophylli

Content of ethylenediamine, C2H8N2

ine @
Not less than 10.9% of the stated amount of Am@p@lgne.
)

Assay

with a mixture of 20 ml g soa’/um hydroxige and 60 ml
of waterfor 10 mi | Q D sufﬁ(:lent waterto produce 200
ml, mix and filter. e 5 ml of the filtrate to 250 ml with

0.01M 500’ Yyoxiae and measure the absorbance of the
resultmg on at the maximum at 275 nm, Appendix |1 B.

i! f e content of C/H8N402 taking 650 as the value

, 1 cm) at the maximum at 275 nm.
Prof.J.Al-Zehouri



Sor eth vilenediamine \Weigh and powgde(s=
20 tablets. Shake a quantity of th er

containing 0.3 g of Aminoph |th 20
ml of water, heat to 50° f mutes and
titrate with 0.05M su 4/3, cacio’ VS using

/)

until the colorneha gs from blue to green
Each m (”i 5M sulphuric acld VS'1s
eqm to 3.005 mg of C2ZH8N2.

\; Prof. J. Al-Zehouri




7 1nle Fthvlenediamine = 1 Mole H.SC2%/

Indicator

Color pH Range

acidic endpoint basic

promocresol green | yel

promotiymol blug | ye

phenolpthaleln Co

o green blue | 4006

| mettyl red e vellow  yellow | 44-6.2

ow o green blue | 6276
orless lightpink red | 8.0-10

3

ent

W
@se vs strong acid , titration jJump from 4 to 6
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Pharmaceutical Application &&=
(Pharmaceutical Dosage For @@@x

I

« Compound Ben 0| omtment
» Aspirin and e Tablets
« ZINC an I|c Acid Paste

@&i
Prof.J.Al-Zehourli



* Benzoic acid 6%
« Salicylic acid 3%

Use : Antiache

NT A

v in water

f.J.Al-Zehourli



COOH COOH

=
T
p Ka:5 ' 18 Benzoic acid S;licylic acid p Ka: B@Z\X@

14

10

eduivalence point

weak acid

@%ﬁ mL titrant

Derivatization,Vis and titration
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Compound Benzoic Acid Ointment

DEFINITION i:g

Compound Benzoic Acid Ointment contains 6.0% w/w of Benzoic Acid an %0
w/w of Salicylic Acid in a suitable emulsifying basis.

Content of benzoic acid, C7TH60?2 @@W

5.7 to 6.3% w/w.
Content of salicylic acid, CTH603 %@
2.7 to 3.3% w/w. @
ASSAY @
For benzoic acid @

To 2 g add 150 ml of w arm until melted and titrate
with 0.1M sodiu Ide VS using phenolphthalein
solution R1 as indieator. Reserve the solution for the Assay
for salic i@.QAfter the subtraction of 1 ml for each 13.81
I3 found in the Assay for salicylic acid, each ml
odium hydroxide VS'is equivalent to 12.21 mg of

Prof. J .Al-Zehouri



TP (S
J” / fr:\\\":‘"

N
v Lk
N hp}
R
=,

For salicylic acid & v
Cool the titrated solution obtained in the AS@%@&
lter.

benzoic acid, dilute to 250 ml with wafre %@
To 5 ml of the filtrate add sufficien @ Jrate
solution to produce 50 ml. Filt essary, to
remove haze and measure th sorbance of the
resulting solution at the mum at 530 nm,
Appendix Il B, usin /1]) nitrate solution in the
reference ceII e the content of C/H603 from
the absorb tained by repeating the operation
usmg 5 O 024% w/v solution of salicylic acid

) mg at the words 'add sufficient iron(l/1)

e solution .. |
Prof. J .Al-Zehouri



gty

_

et

‘mpound Benzoic Acid Ointment contain 3%0 Sa|ICy|IC acld & 6% ¢

it

i

Benznic acid  the accav will dnne ac the fallowinn - N
very soluble less than 1
2 | r
wi freely soluble from 1 to 10
Pl
soluble from 10 to 30
Tt
m sparingly soluble from 30 to 100 3
SO
T slightly soluble from 100 to 1000
di very slightly soluble from 1000 to 10 000

M
5e
0

th

practically insoluble

more than 10 000

S&%vinformation :A(S) =0.38 ,A(S:r): 0.39Calculate
2306 content of S.Aand B.A

Prof. J .Al- Zehourli
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w«splrln and Caffeine Tablets

DEFINITION
Aspirin and Caffeine Tablets contain |@@%SO mg of

Aspirin and 30 mg of Caffeine. )

Content of aspirin, CgHO, @ @

330 to 370 mg. @@
Content of caffc%@@ H,,N,O, 7 CHs

275t%<$1® O/JN\N | N/>

CH3
Action and use
Central nervousktohulail-Zehouri



C,H;O 180.2 50- 8—2<
ol g4

ASSAY CH;
In a flask with a ground o,r sopper dlssolve

74 Add 50.0 ml of
0 5 M sodium hy 'V \foe. Close the flask and
allow to stand h. Using 0.2 ml of

phenol W@m solution R as Indicator, titrate
Wlth hydrochloric acid. Carry out a blank

1 ml of 0.5 M sodium hydroxide is equivalent
5 04 ma of COH804. Prof. J. Al-Zehouri




Back-titration

o

P
OCOCH3 » ) OH
7
+ 2 NaOH @@ + CH3COONa
NaOH + HCI A + 120 |
C\>@ NaCl + HOH . ~

1M Qs 2 M NaoH
1 gy 2000 ml NaOH 1M - 2"4

o | | o

@g > 4000 ml NaOH 0.5 Mol
9
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s (Automatic burette)

. HCIO, in CH,COOH

c
=Weak base in CH,COOH
*Burette . HCIO, + CHy,COOH e CHACOOHM,* '+ CI1OL’ 10
Acotacetium ion
* Conical Ry —— N : + CHy;COOH =P Ry N'“H + CH,COO” ’78
Ry = Rs— / Acetate lon
Ry Ry
* Reaction : CH,COOH:' '+ CHL,COO” - 2CH,COOH

/

* Indicato: IND+CH,COOHYCIO " — INDVCIOf + CHyCOOH

wrvstal Vio'et
Naphtolbe yzein
Malachite Green

Prof. J. Al-Zehouri
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;§t\\“\| {é

3 VAY (as finished product)
Weigh and powder 20 tablets.
For aspirin

To a quantity of the powder con g%
Aspirin add 20 ml of water of soa’/um

C/z‘raz‘e ana boil under a re ona’enser for 30

of warm Waz‘er 5 Qj‘ » az‘e W/z‘h 0.5M sodium
n ydroxm’e ng phenolphthalein soluz‘/on

V'S Is equivalent to 45.04 mq of

4 :\_.\MBJLA
Prof. J. Al-Zehouri




of Caffeine add 200 ml of water and
30 minutes. Add sufficient wart r@

ml and filter. To 10 ml of th@ te add 10 ml
of IM sodium hydroxiae tract
Immediately with fi | quantities of

chloroform, WS ach extract with the same

10 ml of water YFilter the combined chloroform
extrac cessary, through absorbent cotton
pre %’ moistened with chloroform.

Prof. J. Al-Zehouri
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- IfVs=155 & F=1

calculate the % of Asplrlm
practical tablet co @z@%

-1f A=0.63
calculate @o of caffeine & the

%‘g@al tablet contains

Prof. J. Al-Zehouri



Salicyhc acid UV-Specir

0
290 300 310 320 330 340 350

260 270 280
o
L. 940 .10 :
?, Yo wiw UV+ EDTA titration .
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To the combined agueous extracts ()l@@@i(i
the Assay for salicylic acid add
sodium hyaroxide and 50 m enol orange
lriturate. 7o the resulting é . /0/7 aadd sufficient

hexamine to change tf ““2 ofour of the solution to

('”
red and then a T é’ aP 3 g of hexamine and

titrate with O. VA@ adisodium edetate VVS. Each

ml of 0 (L“ disodium edetate VS Is equivalent
[o 8 ¢ 0 of ZnO.

Prof. J. Al-Zehouri




- IfVs=14.1 & F=1 @@i@

calculate the % of Zinc @@
the practical paste con

If A= 0.78 @@

calculat f Salicylic acid &
the p paste contains

@(&i
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