CHAPTER 24

' ANALYTICAL CHEMISTRY

Introduction

Analytical chemistry

covers

hydrogen, and oxygen (C,HyOc) can be determined with a process called co

“The b . . A
idenﬂf;al't‘:h of chemistry that deals with separation and analysis of a sample to
components is called analytical chemistry.” '

The separation i : .
o paration is carried out prior to qualitative and quantitative analysis.
ualitati i : e . ;
tive analysis provides the identity of a substance (composition of chemical species).
uantitati i : ; .
Quantitative analysis determines the amount of each components present in the sample.

Hence, in this branch different techniques and instruments used for analysis are studied. The scope of this branch

food, water, environmental and clinical analysis. - 1

SIGAT METHOD) GE ANALYSIS

Empirical and molecular formulas for compounds that contain only carbon and hydrogen (C,Hy) or carbon,
mbustion analysis. The sole products will be

CO, and H,0 and these two products of combustion are separately collected.

Procedure:

The steps for this procedure are:

Weigh a sample of the compound to be analyzed and place it in the apparatus shown in the image below.

Burn the compound completely. The only products of the combustion of a compound that contains only carbon
and hydrogen (C,Hy) or carbon, hydrogen, and oxygen (C,Hp0,) are carbon dioxide and water,

CH, + 20, —> COz+2H,0
wn through two tubes. One tube contains a substance that absorbs water, and the other

bsorbs carbon dioxide. Weigh each of these tubes before and after the combustion. The
be is the mass of H,O that formed in the combu.stion, and the increase in mass for

The H,O and CO; are dra
contains a substance that a
increase in mass in the first tu
the second tube is the mass of CO, formed.

n in the compound has been converted to CO, and trapped in the second tube. Calculate

Assume that all the carbo yEAL
m the mass of carbon in the measured mass of CO, formed.

the mass of carbon in the compound fro
! Mass of CO; 2
% of C = Vass of organic compound xgq x 100

Assume that all of the hydrogefl in the compound has been conygrted to H;O and trapped in the first tube.
Calculate the mass of hydrogen in the compound from the mags of hydrogen in the measured mass of water.

. Mass of H,O 2.016
% of H= Yfass of organic compound g x 100
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e If the compound contains oxygen as well as carbon and hydrogen, calculate the mass of the oxygen by subtracting '
the mass of carbon and hydrogen from the total mass of the original sample of compound.

. * Use this data to determine the empirical and molecular formulas in the usual way.

oxygen Compound ; , unused
added to be ; oxygen
here analyzed ; leaves

water absorber  carbon dioxide
Mg(CLQ,), absorber (KOH)

Fig 24.1: Apparatus for combustion analysis.
Apparatus for Combustion Analysis:

A compound containing carbon and hydrogen (C,H,) or carbon, hydrogen. and oxygen (C,HyO:) is burned
completely to form H,0 and CO,. The products are drawn through two tubes. The first tube absorbs water, and the second
tub: absorbs carbon dioxide.

To illusirate how empirical and molecular formulas can be determined from data derived from combustion
analysis. lets consider a substance callcd’\m Formaldehyde, CH,O, is unstable as a pure gas, readily forming a
mixture of a substance called trioxane and a polymer called paraformaldehyde. That is why formaldehyde is dissolved in a
solvent. like water, before it is sold and used. The molecular formula of trioxane, which contains carbon, hydrogen, and
oxygen. can be determined using the data from two different experiments. In the first experiment, 17.471 g of trioxane is
burned in the apparatus shown above. and 10.477 g H.O and 25.612 g CO, are formed. In the second experiment, the
molecular mass of trioxane is found to be 90.079.

Q. How will you determined the molecular formula of a compound?

Ans. We can get the molecular formula of a compound from its empirical formula and its molecular mass. To get the
empirical formula, we need to determine the mass in grams of the carbon, hydrogen, and oxygen in 17.471 g of
trioxane. Thus. we need to perform these general steps.

o First, convert from the data given to grams of carbon, hydrogen, and oxygen. /\O
* Sccond. determine the empirical formula from the grams of carbon, hydrogen, and oxygen. )
)

e Third. determine the molecular formula from the empirical formula and the given molecular mass.

Because we assume that all the carbon in trioxane has reacted to form CO,, we can find the mass of carbon in
17.471 g trioxane by calculating the mass of carbon in 25.612 g CO,.

“ge(( llno‘!’(ﬁ,)( lmo‘fﬁ (IZ.OHgC

Weight of carbon = 25.612 2€0, \32.010 €05 ) \ TmetCO ImaTC ) = 6.9899 grams of carbon |

Because we assume that all of the hydrogen in trioxane has reacted to form H,O, we can find the mass of
hydrogen in 17.471 g trioxane by calculating the mass of hydrogen in 10.477 ¢ H,0.

1 moHTi0_ )( 2 menf) ( 1.00797gH

Weight of hvdrogen = 10.4777 M( 18.0153471.0 TmorTL0 e H ): 1.1724 grams of carbon

Because trioxanc contains only carbon, hydrogen, and oXygen, we can calculate the mass of oxygen by
subtracting the masses of carbon and hydrogen from the total mass of trioxane. '

Weight of oxygen = 17.471 g trioxane —6.9899 gC — 1.1724 g H = 9.309 grams of oxygen
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We now calculate the empirical formula.

No. 1 :
0. of mols of carbon C = 6.68991;(( ]2r(1)1]°l c =0.58196 mol C = 0.5818 = Imol C

No. of mols of hydrogen H = 1.1721314{%%; 1.163 mol H + 0.5818 = 2mol H

N . -
- of mols of oxygen O = 9.309,96‘(%)— - 0.5818 mol C + 0.5818 = Imol O

The i . )
empirical formula is CH,0, which can be used to calculate the molecular formula.

Empirical formula mass = 1(12.011) + 2(1.00794) + 1(15.9994) b e

=30.026
_ molecular mass _.90.079 3
empirical formula mass ~ 30.026

Molecular formula C;HgOs

Drawback:

The classical method i.e. combustion analysis is only limited to those organic compounds which contain carbon,

hydrogcn and oxygen. So there is a need of such methods which expiain/find all types of atoms/elemcnts present in an
organic compounds. So now modern methods are used which are being discussed in next topic.

(&4 QUICK

Vj PUIZ

Ans.

Ans.

Ans.

4,
Ans.

Give difference bet\yeen qualitative and quantitative analysis.
Quantitative analysis:

It is the study that provides the information about the amount of the components present in a given
sample. e.g. sea water contains 9g/L NaCL.

Qualitative analysis:
It is the study that provide the information about the composmon of chemicals present in a given sample
c.g.egg contains calcium, water, proteins etc.
Name the products obtained by complete combustion of hydrocarbon.
The compounds obtained by complete combustion of hydrocarbons are CO, and water.

CH, + 20, __llame’y CO, + 2H,0 + energy

But in the limited supply of oxygen carbon monoxide is formed instead of carbon dioxide.
How mass of oxygen is calcqlated if it also present along with carbon and hydrogen.

In combustion analysis, a known amount of organic compound is burnt in free supply of oxygen. The carbon and
hydrogen of the organic compound is converted into CO,and H,Orespectively. But as oxygen gas i< _also
provided from the external source to burn the organic compound, so we cannot measure the Yeage of oxygen
present in the compound directly. However it is determined by method of difference.

% ageof O=100-(%ageof C+ %age of H)

Give general steps use to calculate empirical formula.

The steps involved in determination of empirical formula are:

Determine the percentage composition of each element in a substance.
Divide the percentage of each element by its atomic mass to get the number of moles.

Divide the moles of each element by the smallest number of moles to get atomic ratios.
If atomic ratios are not in simple whole number, and then multiply with a small s

- . . uitable nu
number ratio. Thus empirical formula is obtained. mber to get whole
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5. Give draw!'ack of combustion analysis..
Ans. Drawback of combustion analysis:

e Combustion analysis is only limited to those organic compounds which contain carbon. hydrogen and oxygen.

e It is a destruc.ive technique, Sample cannot be recovered.

Modern Methods of Anal sis

Q. What is spectrcscopy?
Ans. Spectroscopy involved using instruments to examine the radiation emitted or absorbed by chemicals giving
information about their molecular structure. '

The branch of science which describes the interactions of electromagnetic .radiation with matter is known as
wpectroscopy. It means. it is the area of study that represents molecular structure with electromagnetic radiation.
Electromagnetic radiation is form of energy cor.:monly known as radiation energy such as light energy. According to
quantum mechanics, electromagnetic radiation has the propertics of both a wave and a particle, like discrete packet of
energy, called quanta or photons. An electromagnetic radiation can be characterized in different ways.

Wavelength
; The distance between two successive cresis or troughs of a wave in a beam o ;
is denoted by A (lambda). The units commonly useu for wavelength are angstrom. nanometer, micrometer and meter.
(Im=106 pm =109 nm = 1010 GA) '

Frequency
The number of waves passing through a point on the path of a beam of radiation per second is called frequency

and is denoted by V (nu). It is expressed in hertz (Hz) or cycles per second (cps). (1 Hz=1 cps).

-Wave number
It is the number of waves passing per centimeter. A common unit for vs is the reciprocal centimeter (cm —1).

fradiation is called wavelength and

Energy

Electromagnetic radiation can be characterized in terms of energy possesse
unit is joule (J). Each photon has an energy which is proportional to the frequency of light.

gamma rays, X-rays. ultraviolet. visible light, infrared rays, microwaves and radio waves, all are
clectromagnetic radiation- Electromagnetic spectrum covers a wide range of wavelengths and radiations of different
wavelengths have different characteristics. The whole electromagnetic spectrum can be conveniently divided into several
regions, each region can be defined by the limits of any of the four paramcters, i.e., wavelength, frequency, wave number

d by each photon of radiation. The SI

Cosmic rays,

or energy.
Table 24.1 Ranges of electromag nticradiations in spectral regi
~. ) b e taie no ., , . L _aveﬂhmﬁer 8  '
Spectrum regiop. Wa@ehgth‘ : m (cm-* 1% i
B i ]0-62 ' 3 x 107 10"
.OSIMIC ravs 2 =
e Q - 3 x 10% 2% 107"
107'A : ‘
Gamma ravs o 3% 10" 10’ 2x 107"

‘ 107'A ' ’
X-rays 100A (10 nm) 3x 10" 10° 2x 107"
Ultraviolet y 400 nm 7.5 x 10" 2.5 x 10° 5x 107"

Visible 800 nm 3.8x 10" 1.3 x 10* 2.5x 107"
Infrared 10° um o101 = 10 2 % 1072
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= -25
Microwave 106 um (1m) 3x 10 1072 2x10

28
10° m 3% 10° 107 2=

Radio wave

| tadiowave
Principle of Spectroscop

. . 8 rgy. When a molecule
All organic compounds interact with clectromagnetic radiation, that is, they albsorst;'_:sng};, a bond vibration.

absorbs energy, a transformation occurs. Lower energy radiation may cause a momCUba-r (rjclcava’gc

Higher energy radiation may cause the promotion of electrons to higher energy levels or bon

i iti olecule

Whether the transformation involves molecular rotation, bond vibration, or clectronlC_ttil::Sl’tljlol:: ;::orl:tion of

absorbs only the wavelength, of radiation with exactly the energy necessary for the tra"i' re of the molecule. By

wavelengths of radiation is selective for a particular transition which depends on the st;'uc uf encrgy_absorbed with
measuring the absorption spectra of known compounds we can correlate the wavclcng‘_‘S 0 compcIgs.
characteristic structure feature. This information is then used to determine the structure of unknown ‘

Spectrophotomete

is called
The instrument used to mcasure the amount of electromagnetic radiation absc_)rbedhb)t/ :a‘:o;?:{:g:ng,;sdzsired
spectrophotometer or spectrometer. It consists of light source of radi.allon,. with a prls":i_lt.z:m that is absorbed by the
wavelengths which are passed through a sample of the compound being investigated. The rab o tion peaks are plotted as
sample is detected and is recorded on a chart against the wavelength or wave number. Absorp P
minima in infrared, and usually as maxima in ultraviolet spectroscopy.

RN

H electron
) exited
@]
‘6 \H
\ =/ bond
/// vibrate
@)
2N
H molecules
rotate

magnetic alignment
of hydrogen nucleus
changes (NMR)

Fig 24.2 effect of different types of radiation on the water molecule
Infrared/Spectroscopy.(IR
Infrared Spectroscopy

Wavelengths in IR region extends from 2.5 to 1§ Km (4000 to 625 cm™ X
supply sufficient energy for bond§ in the .mole.cule to w.brate. The mqlecular |mot1f)n that is affected by the absorption of
quanta of the infrared radiation is the vibrational motion. The studies of vibrational spectra of molecules lead to the
information on the flexibility of the n_mlecules.. The small displacement of the constituent atoms from their equilibrium
positions can be seen in term of vibrational motion of thc'ator_ns. S}lch changes in the bond-length produce a change in the
dipole moment of a heteronuclear molecule and if the oscillating dipole cou

' ples with the electrical field of the radiati
exchange of energy takeb place. For example, below is the spectrum of propa S

none (CH;COCH;).

)- Although this radiation is weak, it does
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80~ f r ' : H,C—=C—CHs
3 ﬂf ;
2 6o K 5
£ ; : Tl o
5 : —-C-=1720cm
40 : ¢ _1
5 | R C—-H =.3000cm
209 b ‘ E ' :

30IOO 20E)0 1751011600 1500 B:Jf)

wavenumber/cm '
The infrared s-spectrum of propanone
anone is a simple molecule with only three
ays and the vibrations can
jon which we can use to

We will sce that the spectrum is quite complicated even though prop 4
types of bond. The complexity arises because cach bond can vibrate in a number of different w
interact with each other. Nevertheless it is possible to see some characteristic peaks of absorpt
identify functional groups in the molecule. :

The following gives the characteristic absorption of some common bonds. In the spectrum of propanone in figure
above the strong peak at about 1720cm™" corresponds to the C==O bond. The weaker absorption at.3000cm- corresponds
to the C—H bond. This peak is weaker even though there are more H atoms in the molecule: in IR spectroscopy the
strength of the peak is a characteristic of the bond itself not of the number of bonds present.

Intensity

(M=medium,
S=strong)

Sen

C — H | Alkanes, alkenes, arenes 2840 to 3095 M/S
C =C | Alkenes 1610 to 1680 M»
C=0 A[dehydes, ketones, 1680 to 1750 S
acids, esters
C — O | Alcohols, ethers, esters 1000 to 1300 S
C =N | Nitriles 2200 to 2280 M
C — CL | Chloro compound 700 to 800 S
Free 3580 t0 3670 S
- Hydrogen-bonded in
O —H | alcohols, phenols 228003500 S (broad)
Hydrogen-bonded in
scide 2500 to 3300 M (broad)
N — H | Primary amines 3100 to 3500 S
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Figure shows th '
i ¢ IR spectrum of ethanol, CH,CH,0H. Look closely at the spectrum.
1004
o 804
)
c
£
€ 60-
wvi
c
c
c 40+
@
o
o
o
20+
0...
| | I I 1 | | 1
4000 3000 2000 1000
wavenumber (cm-1)
1.  What bond gives rise to the peak just below 3000cm~?
Ans. Below 3000 cm™" is the region which is for C—H stretching vibration in IR spectra.
2. What bond gives rise to the peak at about 3400cm='?
Ans. 3400 cm™' is a region for a sharp peak of —OH stretching vibration.

VisibleiandiUltravoiletiSpectroscopy!

In ultraviolet-visible spectroscopy, the absorption of ultraviolet (200-400 nm) and visible (400-750 nm) radiation
by molecules is associated with the extraction of loosely held electrons (such as unshared electrons or electrons in a ©t
bond) from a lower-energy, occupied molecular orbital (MO) to a higher energy unoccupied molecular orbital (MO*).
There are three kinds of electrons, these in & bonds, these in © bonds and unshared electrons which are denoted by the
letter, ‘»” for nonbonding e.g. .

H n

C=0:

et T
H%

On absorbing energy any of these electrons can ente'rlgxgited states, which are either anti-bonding o* or nt*, All
molecules have o and 6* orbitals, but only those with m orbitals have n* orbitals. Only the n — n*, 1 — n*, and more
rarely the n — o* excitations occur in the near ultraviolet and visible regions, which are the available regions for ordinary
spectrophotometers. The energy required for o — o* transition is very high and therefore, occurs it, in the vacuum UV
region (below 200 nm) which is not usually accessible in most UV-Vis) spectrophotometers. The relative energy for 3
electrons transitions detectable by UV spectrophotometer in order of increasing AE isn — n* < 5 —y % < - o*. In

~ fact, the absorption of UV-Vis radiation by a molecule results in the electronic transition from highest occupied MO to the
" lowest unoccupied MO (molecular orbital).
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Relative energy changes in_vplved
in various electronic transitions

{nformation|
Most of the compounds of transition clements are colored. The color of thcsc-: compoun
incomplctely filled d-orbitals in the transition metal ion. ) .
In gencral, when light hits a substance, part is absorbed, part is transmitted (if the substance 1S transparent) and
part may be reflected. . A
If all the incident radiation is absorbed then the substance look black. If all .lhe' incldent_ rad}atlop is reflected the_“
the substance look white. On the other hand if only a very small proportion of the incident white light is absorbed a§1d if
all the radiation in the visible region of the spectrum are tronsmitted cqually then the substance will appear colorless.

7 A QUICK
&0 Quiz

ds can oflen be related tg

Look at the visible/UV spectrum of methylene blue given below:

Color Wavelength
= violet 380-450 nm
o
'{E ~ blue  450-495nm
§ green 495-570 nm
B yellow 570590 nm

orangé 590-620 nm
200 300 400 500 600 700 800 fed  |[620s7sOm

~ wavelength/nm
The visible / UV spectrum of methylene blue

1.  What colours of visible light does methylene blue absorb{y"
Ans. Methylene blue absorb red colour radiations in the range of 650-8Q0nm.
2. Explain why methylene blue has a blue colour.——7 | \ ¢ ¥ >

Ans. When white light shines on methylene blue, some of the electrons in the dye molecules become .tI:xcited. The

electrons absorb certain frequencies of light radiation and change their energy level. The radiation they absorb 10
be in the red end of the spectrum. Removing red from the white light makes it look blue. '

3. How can we get information about a compound using UV/visible spectroscopy?
Ans. UV-visible (UV-vis) spectroscopy has been applied in numerous ways to facilitate qualitative and quantitativc

analysis as well as structure determination and online reaction monitoring in a wide range of environments
4. Give colour of following wavelength (i) 600-620 (ii) 490-520

Ans. (i) The colour of the above mentioned wavelengths would be orange.

o"—x 7 | : |

(ii) The colour of the above mentioned wavelengths would be green.

—e, . e

s Sl i
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NMR)

Nuclear magnetic resonance
atomec nuclel. All nucl

m which electrons Spi
used 10 denote the spi

ei ¢ (NMR), as the name implics, is concerned with the magnetic propertics of ccrull_m

arry a charge, and some of them also spin about their exes in a manner that 1s analogous to that
n about their axis. The nuclei, whose spin quantum number is zero, do not spin. The symbol L is
N quantum number of a nucleus.

The Nuclear Magnet

along thi\ jg;: nﬂ‘:i Cgflrgc, Whether .POSili\’C or negative, consisting a circular current wi_iich generates a magnetic dipole
£ S. ince all nuclei carry a charge, a spinning nucleus behaves as a tiny bar magnetic, called nuclear
magnet, placed along the spin axis, and has a characteristic magnetic moment, . In the absence of an external magpetic
ficld, the “"CI““T magnets are oriented in a random fashion. However, if they are placed under the inflience of a uniform
external magnetic field, they can take up different orientations with respect to the applied magnetic field in 2 quantized
system. According to the quantum mechanics, the number of possible orientations of a nuclear magnet in an applied

magnetic field is determined by the spin quantum number of the nucleus and is given by (2L +1).

icle applied
foind l‘ magnetic

T ‘magnet’ | field

AE (corresponds to
radio frequencies)

l nuclear applied
magnetic

‘magnet i
- field

energy

Two alignment of the nuclear magnet n an external magnet field. The energy
difference between the two orientations is the basis of the technique of NMR

The absorption of electromagnetic radiation by @ nucleus, to induced spin-flipping will take place when the
frequency of the electromagnetic radiation is exactly equal to the processional frequency of the nucleus, 1.e., the two
frequencies are in resonance; hence the term nuclear magnetic resonance (NMR).

Instrumentation e 12%

There are two types of spectrophotometers which are commonly used for the NMR study:

(i) Continuous Wave (CW) NMR spectrophotometer

In CW-NMR spectrophotomeler, the frequency of the electromagnetic radiation is Kept constant and the strength
of the applied magnetic field is gradually varied to sequentially bring the processional frequencies of all the nuclei in
rCSpons: with the frequency of the electromagnetic radiation. The spectrum is recorded directly as absorption verses
frequency, and.it takes several minutes 10 complete.

(ii) Fourier Transform (FT) NMR spectrometer ‘ . o

In the FT-NMR spectrophotometcr, the s_llcnglh of the up]\ll.cd magnetic field IS k-f'p(‘mnst.ml and the radio-
ingle short-duration (uncmsccm‘mds').pu“grlul pulse (a l!-lllsl ‘.\t radio-frequency energy) which
le frequency range ‘tn l.\c _s'l‘uducd‘ ||lc‘.\'lplm| detected in this case is recorded, digitized and
stored in a computer as an array of numbers. Fourier lrun:;h)'mmtum‘ (a mulh‘cmnlllcnl treatment form as a CW spectrum,
In the CW-NMR Spccm)plmlumclcr,'wc measure lhc"rudmn‘l .:‘:uuy?)\' \f'hu:h 1S “"5‘fllx'd, whereas in the FT-NMR
spectrophotometer it s the energy emitted by the rC!'ll?\lllg ""TI.“ t\lm.h s m‘cusured. l!n\;:s‘ the CW-NMR experiment
provides an absorption spectrum, whereas the pulsed FT-NMR experiment provides an emission spectrum. ‘

frequency is applied as a §
effectively covers the who

2

(%3 CamScanner
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O —0
O O
W=
radio signal - detector
generator
: | I
: in
N ! S ©@© @ "
powerful ’ - recorder
@—sam le
e N 4 is dissolved in a solvent such asv

A simplified NMR spectrometer. The sample

H,O or CCL, which does not have nuclear magnetic P"Operﬁes-

Usefulness of NMR
(i) The technique of NMR is particularl
molecuie. .
(i) It is also used to find the position of carbon atoms, The common 150
magnet but natural carbons contains 1% of the °C isotope which d
identified using NMR. '

Q. Whatis n + 1 rule?

e . 1
Ans. n+ 1 rule is used to determine the multiplicity and splitting patterns of peaks in 'HNMR.
Where n = number of neighbouring protons (on adjacent carbon)

v fooas
y usefui for identifying the number and type of hydrogen atoms ('H) in a

tope of carbon, 12C does not have a nuclear
oes show magnetic behavior and can be

Peak A

5 area below peak

g = 5 units

Q

g Peak C

3 Peak B area belovy

z area below P€ak =3 units
’ E peak = 2 units ™S

g TR

TTrrTrrrrrrqtrrr el

i 9 8 Wt em 5 4 2 2 1 0

chemical shift (ppm)

The proton NMR spectrum of ethylbenzne, C;H,CH,CH,

Examples: -
The above figure shows the NMR spectrum of ethylbenzene C,HsCH,CHs. This is a proton NMR spectrum: the
frequencies correspond to the absorption of energy by 'H nuclei, which are protons. Notice that there are three major
peaks of differing heights. Each peak corresponds to H atoms in a different molecular environment. This area under each
peak is proportional to the number of that type of H atom in the molecule. The largest peak (A) corresponds to the SH
atom since Cglls, the benzene ring. The second largest (C) corresponds to the 3 H atoms in the —CHj group and the third
peak (B) corresponds to the 2 H atoms in the CH; group.

The H atoms in a particular type of environment have similar positions in the NMR spectrum. Normally this
position is measured as a chemical shift, from a fixed reference point. The reference point normally used is the absorption
of a substance known as TMS (tetramethylsilane). The chemicals shift of TMS is set at zero. ‘

Q. Why we use TMS as reference compound for THNMR spectroscopy? -

Ans. TMS stands for tetramethylsilane, Si(CH3)s. This non-toxic and uncreative substance is chosen as the NMR

reference because its protons give a single peak that is well separated from the peaks found in the NMR spectra of
most organic compounds.

CamScanner
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1. Which type of nucleus has magnetic fioig?
ns. The nucleus which )
A BSOS a::Sn:dd number of protons and neutions has nuclear magnetic field. While in case of even
il esemsh utrons the opposite 1izld of pair cancels out each other and no overall field in this case.
i- " Pens when a magnetic nucleus is placed in magnetic field?
ns. en a magnetic nu is ol : : ; . . - : i
it alignmger; iy tC)::us i1s placed in magnetic field the nuclear magnet will be align with applied magnetic field.
. 8:: lc?w energy along the applied magnetic ficid.
* high energy which is against of applied magnetic fieid.
3. Whatis nuclear magnetic resonance spectroscopy? :
. Certai i('H, Bc. 1 : :
Ans o ::uml’c;]elsg H, “C, "P) are placed in a sirorg magnetic ficld and radio fre :
clei. Since these nuclei absorb certain radio waves to flip their spin, that radio frequency 1s observed on

NMR spectrurln and this absorbed frequency depends on the applied magnetic field and environment of the
protons. In this way one can examine the structure of the organic molecule. Such technique is called NMR

spectroscopy.
4. What information is obtained from NMR spectrum?

quency is applied to flip the spin of

Ans. NMR spectrum gives following information
e Total number of protons in the organic molecuie.

e How many different types of protons are prescnt according to their environment.
e Position of the different protons.

e Their connectivity sequence.
5.  What information’s are obtained from numbers of peaks and area under peaks in NMR spectrum?

Ans. The information obtained from:

(i) Number of peaks: Type of the some nuclei with difterent environments.
(i) Area under peak: Number of spinniug nuelei of a particular environment.

6. What is NMR reference?

Ans. The NMR references includes:
Chemical shift: Difference among environments starting from a reference point.
pylsilane (TMS) considered at reference zero point.

e
e Reference point: It is the point for the absorption of tetramet

Intensity ™S

B4

§ chemiza! shift 0

S

7. Why splitting of peaks occur? |
ssess magnetic ficld and have intfluence on the neighbouring protons (vicinal protons).

Ans, Since every nucleus po
When external magnetic field is applied then a nucleus feels two types of magnetic field
" (i) Applied magnetic field
(ii) The magnetic field due to its neighbouring protons.
effects on the magnetic fields of each others are called magnetically coupled

Such type of protons which have ete ‘ ‘ cach
nuclei. Due to this magnetically coupling a proton signal split and this splitting depends on the number of vicinal

protons.

—
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Q.3(5) Discuss the general principle and instrumentation of AtQmic Emission

Spectroscopy. I
Atomic Emission Spectroscop - :
itions in atoms. Emission spectroscopy is concerned

Atomic emission spectroscopy pertains to electronic trans : >0 - the f y
; } : orm
with the characteristic radiation produced when atoms are excited. They emit radiations 1 the of discrete

wavelengths of light, called spectral lines while returning to the I=wer energy states.
Principle
The source vaporizes the sample and causes electronic excitation of elementary

molecules in the gas phase emit band spectra. Thus, a molecule in an excited state of energy,
state of lower energy E; and a photon of energy hv is emitted where

' Ez —-E| = hv
In each electronic state a molecule may exist in a number of vibrati

Types of Spectrum

particles in the gas. Excited
E, undergoes a transition to a

onal and rotational states of different energies.

Spectrum may be classified as:
1. Continuous Emission Spectrum

2. Line or Atomic Emission Spectrum
The approximate wavelengths of visible radiation of different colours

Infrared Above 800
Red *650-800
Orange 595-650
Yellow < 580-595
Green 500-580
Blue-green 490-500
Green-blue 480-490
Blue 435-480
| Violet 400-435
Ultraviolet Below 400

Atomic or Line Emission Spectrum

When an element is vapourized in a flame, or in an electric arc or in a discharge tube, it emits a light of
characteristic colour. The re§ol.utlon of ray of this light produces coloured lines separated by dark spaces. This type ©
separation is called a line emission spectrum. A

Energy being emitted

d o : '
No
- «; 0, N> Detectorl— 1NN 11
ules ﬂ ‘ |

of molec

(Atomic emission spectrum) |
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Eac . - . o
h element hag Its own characteristic colour by which it can be identified:

Elements. | Colour.in Bunsen flame J Elements Glowing Colour
2 Na Yellow Ne Orange red . '
Sr Red He Orange pink
K Violet H, Orange red & blue
CcL, Orange green

The lines in the spectrum of an element are not haphazardly distributed but they occt” i groups or series. In

“series the separation between them decreases regularly as their wave length decreases. At a Cut i limitigg QN
spectrum becomes continuous,

Advantages of Emission Spectroséopy
Emission method is extremely important in analysis like:
(i) This technique is highly specific )
(ii)  This method is extremely sensitive. With this technique all metallic elements can be detected even if they are
present in very low concentration,
(iii) Even metalloids have been identified by this technique.
(iv)  This analysis can be performed either in solid or liquid statc with almost eqtial convenience. :
(v)  This technique requires minimum sample preparation as a sample can be directly introduced in.to the spark.
(vi)  The technique provides results very rapidly. If automated, time required isjustv30 sec to one mmu‘tc. '
(vil) This method has been used for a wide variety of samples like metals, alloys, paints, geological specimen,
cnvironmental and biological samples.
Disadvantages of Emission Spectroscopy : _ )
(i)  The cquipment is costly and wide experience is required for its successful handling and mte\rg;%ﬁ}_\!on of
spectra. ' ~
(i)  Recording is done on a photographic plate which takes some time to develop, print and interpret the rcsuh“.v
(iii) Radiation intensities are not always be reproducible.
(iv) Relative error exceeds 110 2 %.
(v)  The accuracy and precision are not high.
Applications: N _ N . _
(i)  Emission spectroscopy has been employed in determining the impurities of Ni, Mn, Cr, Si, Al Mg, As, Sn, Co,
V. Pb. Bi, P and Mo in iron and steel in metallurgical processes.
(i)  Alloys of Zn, Cu, Pb, AL, Mgand Sn have been analyzed. ‘ .
Lubricants oils have been analyzed for Ni. Fe, Cr, Mn, Si, AL and so on. If the concentration of metal in

i L . )
" lubricating oil has increased during use, it indicates excessive wear and tear need for engine overhaul.
(iv) In pctmle:lm industry oil is analyzed for V, Ni, Fe the presence of which makes fuel poor.
(v)  Solid samples and animal tissues have been analyzed for several elements including K, Na, Ca, Zn, Ni, Fe and
Vv o ¢ e b

Mg etc. . . ) ] )
(vi) Emission spectroscopy has been used to detect 40 elements in plants and soil. Thus metal deficiency in paints
Yl ~MIS S J ‘

and oil ¢an be diagnosed. A}
The following materials have been analysed by emission spectroscopy:

s Trace and major constituents in ceramics.

e Traces of Co. Ni, Mo and V in Graphite.

e Trace metal impurities in analytical regents.
* Trace of Ca, Cu, Zn in blood.

* Zinc in pancreatic tissues,
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1. Define atomic emission spectroscopy- . o | |
Ans. Atomic emission spectroscopy pertains to electronic transitions in atoms which use an excitation source like flame
sparks and concerned with the characteristic radiations produced when atoms are excited.

2. What is meant by excitation of molecule?

Ans. When a gaseous sample is introduced it absorbs energy as a result excitation of electrons occurs from lower energy
levels to higher energy level which is known as excitation.

3. Name those elements which can analyze by emission spectroscopy.
Ans. A number of elements can analyze by emission spectroscopy due to their characteristic emissions are
Ni, Mn, Cr, Si, AL, Mg, As, Sn, Co, Pb, Bi, P, Mo, V, Na, K and Zn.
4.  How emission spectroscopy apply in metallurgy? ‘ ' - .
Ans. Emission spectroscopy has been employed in determining the impurities of Ni, Mn, Cr, Si, A{, Mg, As, Sn, Co, V,
Pb, Bi, P and Mo in iron and steel metallurgical processes.

T

‘5——%5
Q.3(6) What is the basic principle of Atomic Absorption Spectroscopy? Describe the
' instrumentation used. '

Atomic Absorption Spectroscopy (AAS

The technique has been particularly useful in the determination of trace metals in liquids. The versatility of AAS
~ can be realized from the fact that 60-70 elements have been analyzed by this method in concentration as low as 1 ppm.
The greatest advantage of AAS is the analysis of one metal in the presence of another metal, thus saving time and
climinating error.

Principle

When white light is allowed to pass a sample of a substance, it may absorb radiation of a particular wave length,
There will be a dark space in the continuous spectrum of white light for that particular wave length. This spectrum is
called a line or atomic absorption spectrum. .

A substance which absorbed a particular radiation in normal state will emit the radiation in excited state. The
emission lines and absorption lines will be exactly at the same place in the spectrum. For example H, gas gives red colour
spectrum in excited state. In normal state it absorbs the red colour. Thus there will be a dark line in place of red colour in
the continuous spectrum.

Atoms or molecules

/ Increases wavelength
Electromagnetic /\N‘U\_o o‘o : >

radiation—7 P 0 © o Petector] [T T 1 1]

A N\Jo o

e

Only some of
the radiation
gets through

(Atomic absorption spectrum)

Applications of Atomic Absorption Spectroscopy (AAS)
(1) The AAS technique has become the most powerful tool of analysis. The method is well-suited to the analysis ofa
substance at low concentration
(2) It has several advantages over conventional absorption or emission spectroscopic methods.

(3) AAS methods are highly specific, hence analysis of a metal from a complex mixture is possible and a high energy
source needs not be employed.

(4) The technique is firmly established in analytical chemistry, ce
supplies and soil analysis. 7

ramics, mineralogy, biochemistrly, metallurgy, watef J

{

M b —
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A QUICK
B

1. Give principle of atomic absor
Ans. Principle of AAS:

ption spectroscopy.

Atomi i i ' . 2
— n[:; gbsorptlon Spectroscopy involves the study of the absorption of radiant energy, usually visible by
o) oo in the gaseous states. If light of the resonance wavelength passes through a flame containing the
A part of the light wil] be absorbed, and the extent of absorption will be proportional to the number of
ground state atoms prese |

iy o nt in the flame. This is the uriderlying principle of AAS.
2. ive e:w ap_phcapons of Atomic absorption spectroscopy. '
Ans. Applications of Atomic Absorption Spectroscopy (AAS)

(5) The AAS technique

has become the most powerful tool of analysis. The method is well-suited to the analysis of

a substance at low concentration |

(6) It has several advantages over conventional absorption or emission spectroscopic methods.

(7) AAS methods are highly specific, hence anal
- Chergy source needs not be employed.

(8) The t;chnique is firmly established in anal
supplies and soil analysis.

ysis of a metal from a complex mixture is possible and a high

ytical chemistry ceramics mineralogy, biochemistry, metallurgy, water

__'———l—-—____—________—'_.
ExXercide; Q.3(7) What is the basic principle of Mass Spectrometer? How does it work :
Eﬁ

PECTROMETRY (MS)

The mass spectrometer is an instrument which turns atons and molecules into ions and measures théir mass.

In 1919, Aston invented the mass spectrometer. This gave chemists a reliable and accurate method of comparing
the relative masses of atoms. At one time, the relative masses of atoms were known as atomic weights, but nowadays we
refer to them as relative atoms masses.

7

: Mass spectrometry is an analytical technique which involves the production of gaseous ions from the substancc
under investigation, their separation according to their mass-to-charge ratio (m/e) and the measurement of the relative
abundance of these ions. In this technique, no absorption of light is involved. This is why it is commonly called

spectrometry istead of spectroscopy. It is called spectroscopy because the ultimate result is obtained in the form of a
‘spectrum’ as in the case of other spectroscopic techniques.

Basic Principle

In mass spectrometry, as organic molecule under high vacuum is bombarded with an electron of energy greater
than the ionization energy of the molecule; the ionization energy of most of organic molecules is around 10 eV (964
kJmol"). As a result of this, one of the clectrons of the molecule is dislodge and a singly charged molecular ion is
produced. The molecular ion which is produced in this primary process is a radical cation, i.e., it has an unpaired electron
is positively charged.

o4 -
M+e —— M +2e

The sample in vapour state is usually subjected to a"beam of electrons of 70 eV energy. These highly energetic
clectrons not only ionize the organic molecules but also impart a large amount of energy to the molecular ions. A
molecular jons generally dissociates into fragments called fragment ions.

+ + + o
M ——— (m, +my)or(m; +m,)

The positively charged ions are separated by deflection in a variable magnetic field. The ions are directed into an
analyzer tube surrounded by a magnet. The magnet deflects the ions from their original path causing them to adopt a
circular path the radius of which depends on the mass-to-charge ratio (m/z) of the ions. The jon beam of a particular m/z

CamScanner
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be sel tivély fo;:used through a narrow slit on to an ion collector where it generates a current proportional to the
can be SCIEC

the singly charged ions and appear in the mass spectrum at half the m/z value (m/2z) of the sin

gly charged ions of the

same mass. For example, a doubly charged ion of mass 90 give rise to a pcak at m/z 45.

Instrumentation and wrkin gl |
pparatus. Wooden balls of different sizes

but with identical iron cores roll down a sloping plain. At the bottom of the slop
and the moving balls are deflected. | .

I\g

. The basic idea of a mass spcctrometcf can be demonstrated using the a
e a powerful magnet attracts the iron cores

Sloping plane

“— Large powerful magnet
N

S

collecting compartments

increasing deflection

Fig 24.11 A simple model to illustrate the working of a mass spectrometer

As the balls have identical iron cores. they are all attracted equally by the magncet. But the smaller balls are lighter
and therefore they are deflected the most. The balls collect in different compartments depending on their mass. All balls of
the same mass collect in the same compartment. Using this simple apparatus, it is possible to separate the different sized
balls according to their mass and to find the relative numbers of each present. :

A real mass spectrometer according works in a similar fashion to this simple model. It separates atoms according
to their mass and shows the relative numbers of the different atoms present. Before the atoms can be deflected and
separated, they must be converted to positively charged jons. '
Vaporized sample

ionization chamber

electron gun-l magnetic field )

recorder ~heavier particles
A /\ A particles of
intermediate mass
4 —Lighter particles ., -
amplifier

ion detector

Y
to vacuum pump

‘Fig 24.14: A diagram of a mass spectrometer.
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Figure shows a si ‘ .
g ! 5\1/0“5 a simple mass Spectrometer. There are five main stages.
2. Ioa;.aori.zatlon = t.h? sample of elements is vaporized. )y e o \
* lonization — positive jong are obtained from the vapor. | - ) |

8! e - ‘ : : ¥ 1heh
i gccele.ratlon the Positive jons are accelerated by an electric 'ﬁe'I(d. Al i
» Detection ~ the jong-are detected ade..

QU|CH : and a record is made. - ) :
W QUiz &

1. -Why does the magnet have th

Ans- Ma-gnet.has same attraction for all balls because they all are of iron core with equal attractions. . D O
2.+ Which size of ball wij be deflected the most? Why? * e ‘ N
Ans. Small balls w \

ill be deflected more due to lighter frictionless mass comparative to large balls

8 IK | ‘ | A \
& QUIZ . e\

i

€ same attraction for all the balls?

Look closely at given figure:

1. How many different ions are detected.in the mass spectrum: of haturally j
occurring magnetism? : 2 " o 1o | . iy
. PR ST B S
Ans, The above mass spectrum shows three peaks at different relative massgs hence | 2 g
it should contain three different jons. - ' R W U SE
- ! ! ’ . 2 ]
2.  What are the relative masses of these different ions? . ‘ (|’ ‘5’..% ; '
| : i < 2 i oy P v e T B
Ans. The graph shows that they have relative masses.of 24, 25 and 26 inmags [§ 2 _ o
spectrum. , B A AR N e g |
: . : . . . R Y A Y ¢ =1
3. What are the relative proportions of these different ions? Nt  EA 3 s _
Ans. The intense peak of ions having mass 24 is the fost abundant ion ‘(71%), while : L-u—ﬂ—-;

the relative masses 25 (10%) and 26 (11%) are of low abundanéei;

ciut el 2223 24 25 2827
AF Relatlve-atomiec mass - -

) . ) ‘A: : i-."," ' N 1- ] "‘._“
There are four different parts or zones of a flame i.e. It TR it b :
Blue zone(a zone of complete combustion)
Dark zone(a zone where no combustion occurs)

Luminous zone(a zone of partial or incomplete combustion) = = ¢ ¢ ’

) \

Non-luminous zone(a zone of complete combustion) b 7 oo \

Luminous zone where incomplete combustion takes place ’kj_aé th
1,562 °F). 4 T

Non luminous zone where complete combustion takes place has thg temperature, of about 2000C

In fires (particularly house fires), the cooler flames are often red and .pfl"c'.)fduce the most smoke,
compared to typical yellow color of the flames suggests that the temperature is'lower, T

e ‘temperature between '60,0-850(: (1,112

(3,632°F).
Here the red color

: - r. This is becayse there is.a Jack of
oxygen in the room and therefore there is incomplete com.bus.q'm and the!f]?mg. :temp?f?tur‘e i< IOW;:Of‘ftﬁn ju'st;(ioogi;s'(') kL
(1,112-1,562 °F). This means that a lot of carbc‘)n‘monom.dc is formed (whi¢h is;a ﬂ?mma,blp' et |
when in Fire and Arson investigation there is greatest risk of backdraft: When thi

ammable gas if hot enoughy which js
, kdraft: When this dceurs flames get ¢ n,
monoxide combusts and temporary temperatures of up to 2,000 °C (3’632-'01:‘"1'-" it i

g6t oxygen, darbon |

n r s v |
) DI

\ ! PO 2 & . W
iR RO 1} - . S e !
' '

0
a4
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N Ol common ttems include o candle ar 1,400 “C (2,600 °F), & blow torsh ot eround | 0oty (|
Forensic ¢ At LO9S *C (1,620 L) or a much hotter guyagetyleng combustion at 3 000 “C (5,496 7%,
: s Lhemistry And Problem Solving Skill

“‘»d?\i\im;:l‘;l:;‘: :.'l‘:""“:\“lf\ l\‘ the application of chemistry 10 criminal investigntion This major ts ;‘f\-'”"”“"i"ﬁ lee
Pursue graduate \'lu-d\ \ I;_llrsur a career in .vrumnul mvestigation, i the I.‘»:hgruhm unulym'uf "ﬂtf‘i?",’- f:v.uxru w i
careerns iy other a;\m\" \!.m. Qrensie sewenee '.hh vcourse of study waould also llmf.‘lﬂli the i”“"f’“"*’! “ : ’L?c”eé &
nature of forensie ".“\ .u\llnl:m such as environmental poliation. acoident investigation and pt”dt"..' f':*”' " jf'ﬂ‘ L. |
solving skill = ’ f“'ﬂ""““\ the forensic chemist requires a strong hackground in chemical analyso e ”M“
S and must be able 10 effectively communicate the results of laboratory analyses i repo@s 86w @

courtroom. So a € L aale - -
~0 4 forensic chemist must have a strong theoretical and experimental background in analyB8h ches Gy

W -!‘\ ae N .
| el as m problem solving skills

: _
tlame CMperature

': A
(=, ) ) )& Propane fgh

¢

2goper) cpam

. f orensic chemists must have good attention to detail and superior problem-solving shalis, Mgy need e
thinking abilitics 1o solve crime puzzles based on fragmentary evidence. Forensic chemists mu Lk S\ OWUE BORES
§ ™ake accurate records of their findings. Thev need strong writing skills o produce cleag s o ghly tech
§ subjects so that others can understand ‘ |

'\‘“M.“lical measurements arc cssential 1o everydav life. required to determine Mg comostion and comizol e

' Mim ot many products. 1o protect the environment and to monitor health Consequent/YU#ahrcal Chematry s
major mmpact, not only in chemistry, but also in ficlds such as b hemisly, WHRg forggie. food. emymomments
pharmaceutical sciences. Forensic chemistry 1 the application of analvtiS@l chemW@iry 1o the law md mvobes §
examination of physical traces, such as body fluids, bones, fibres and drug@ So8REss 9 analyrtical chemntry reguares §
abilimy 1o make rigorous measurements. an 'npprc'cmmm of the princiges anSigracie of modern imstrumseniztion, andiy

problem-sohing approach

S. Chemical Instrumentation And Technology
Chemical instruments are used extensively in resgarah M@l devepment activities, laboratones bemng one of

major users Use of chemical instruments for discase dingndi® QIS

Chemical equipment market 1s growing at a rgiipraic Wed the contmuous requirennen

i Shese
pharmaceutical and biotechnology industries Besifies g mcrcase m number of buwtecheology fioms

ivances n life science rescarch and technology Zanove® i n gEmoOme mapping, and emergERce

hzve enabled industry growth: as such high@hd Jphc 8 cquire quality mstruments =@ dogd
Y E b 4 :
capacity. All these factors are driving the life sqgfPc =B tation market
The g!*ha’ life science and che S > ‘ 21 estumated to be $302 B n m the veur M

and 1s expected 10 grow al a CAGR of G« 11O ' ach $45 2

Chromatography it theud@tthe 1crm for a2 Laborato
| the detection of small amour®@of matewls present 1n those mintures The

phiase which carmics 11 tgough Batruciure holding another material called ¢

| of the mixture trave) & diffcrentBpeeds, causing them 10 separate The e

| herween the mobile and)statlGl@ry phases. Subtle differences w a compou 5

Yetention on the datignany Phasc and thus changing the separation p
Wass spectromery (M5) s an analytical techuique that measures the mass-to-charge rato of charged parsaies '

je used fof@@erMing masscs of particles, for deternuning the elemental composition of a sample or polecgls. and

clucidating thé chemical structures of molecules, such as peptides and other chemical compognds MS works by lomi

ghemical S@mpodnds 1o generale charged molecules or molecule fragments and measuring their mass 10 0ANES FAlRS
Gas chromatography-mass spectrometry (GO-MN) 15 a method that combines the featares of oy

' .MLHIMJM.’!} and mass '_)pggygl_uguy 1o identily different substanges. even present i small amounts, within 8 N

§ samplga’ Applications of GC-MS nclude drug detection, firg investigation, enviconmental  analysis, o pivs

| investigation, and identification of unknown samples. GC-MN can also be wsed i anport sevunity 1 detect subsianes

! luggage or on human beings 'Ad(mmnuvlly, It can idently Wy eleiments in matenials that were prevoush thought

(]i;[megmlcd heyond identification. GC-MS has boen widely heralded as a “gold stapdand” o forensly subs

dentification because 1115 used 1o perform a specific fost A specitic test posttivelh identifies the avfual preseme

rticular substance 10 A given sample,

(
|

pa
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Liquid Chrom -
at - e — SR
0graphy-mass spectrometry (LC-MS, or alternatively HPLC-MS) is a chemistry technique

that combines th .

€ physical ; s . 2
BETREG i eCtrometn):_ L%_;;gmi'ztmn capabilitics 0(: liquid chromatography (or HPLC) with the mass analysis capabilities
selectivity. Generally it S a powerful technique used for many applications which has very high sensitivity and

the presence of othe, Cllm":lfzzll'liﬂ(lilf)ll l:ﬁ oriented !ownrds the general detection and potential identification of chemicals in
purification Or“ﬂlllraI-pmducl; ciltn m‘mplcx mixture). I’rcpnrn!i.\'c [.C-MS system can be used for fast and mass directed
other industries, The lilllilzliioﬁq -)frfllc(t:\ ‘:nd new .molccular‘cmmcs important to food, pharmaceutical, agrochemical and
specific metabolites, in pg i '~ ¢ iy 1S in urine mmI)-'sns drug screening is that it often fails to distinguish between |f
particular with hydrocodone and its metabolites. LC-MS urine analysis testing is used to detect

QpCCth L‘“CL(HILS 01 dfll 'S \ I S ‘ &- € p e
S

—_—

———— —_—
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*  The empirical fo 2 0f .
o Ther II | i;ﬂrmnl.n ofan organic compound can be found by analysis of its combustion products
> molecular "ac SRy :
_ ar formula of a compound can be found from the empirical formula once the relative molecular mass
1S unknown, ,
The structural fi NT | P : 4
. '(.llll’dl formula shows the precise arrangement of atoms. It can be found from knowledge of some of the
Xe) G a . 7 - 5 .
properties of the compound or by using instrumental methods, particularly mass spectrometry, infrared (IR)
:ﬁpLC(rO\COP)' and nuclear magnetic resonance (NMR).
. * 1INs \ af e 1y - . - :
_I he instrument that is used to measure the amount of clectromagnetic radiation absorbed by an organic molecule
1s called Spectrophotometer or Spectrometer.
* Absorption of infrared radiation causes covalent bonds within the molecule to be promoted from one vibrational .
energy level to a higher vibrational energy level. :
* Stronger bonds require greater energy to vibrate. Therefore such bonds absorb infrared radiation of shorter
wavelengths.
1 <
e Different functional groups absorb infrared radiation at different wavelengths and their presence or absence in a
molecule can be determined by examination of an IR spectrum.
e No two compounds have exactly identical infrared spectra.
e Absorption of ultraviolet visible radiation causes electrons within molecules to be promoted from one ener
I -
level to a higher electronic energy level.
e If an organic compound does not absorb UV-Vis radiation it means that the compound does not contain

conjugated double bonds. .

e If an organic compound absorbs UV-Vis radiation it means that the compound contains a carbonyl group or

conjugated double bonds. For example, conjugated dienes. carbonyl compounds and aromatic compounds all

absorb in the UV-Vis region. :

Absorption of radio waves in the presence of a magnetic field causes nuclei within molecules to be promoted

from one spin energy level to.a higher spin energy level.

The number of signals in the NMR spectrum corresponds to the number of different types of protons in the

molecules. ' o . , .

e The position (¢chemical shift) of each signal gives mfo_rmatnon at?out the structural environment of the protons.

e The relative areas (Interrogation) under the signals give the ration of the numbers of each type of protons in the’
moleculé. If the molecular formula is known, the actual number of each type of protons can be determined.

signal gives us the number of protons on neighboring carbons. The number of peaks

e The splitting pattern of each \ > th
a signal is split is one more than the total number of protons on directly adjacent

into which a signal is split
carbons.

¢ Emission spectroscopy
radiations in the form o
states.

* Atomic absorption spectrosc

is concerned with the characteristic radiation produced when atoms are excited. They emit
f discrete wavelengths of light, called spectral lines while returning to the lower energy

opy involves the study of the absorption of radiant energy, usually visible by neutral
atoms in the gaseous states. If light of the resonance wa elcnth passes through a flame containing the atoms, *
then parn of the light will be absorbed. and the extent of absorption will be proportional to the number of ground

siate atoms present in the flame.

CamScanner



https://v3.camscanner.com/user/download

90 .

Unapter-Z4 (Analytical Chemistry)

® Mass spectroscopy involves organic molecules being bombarded by a very high-energy electron beam.

The. peak of highest intensity in a mass spectrum is referred to as the base peak.

* Fragmentation processes can produce numerous fragments from which the structures of organic molecules can be

deduced.

e Whén one electron is removed from a molecule, a molecular ion is produced. The m/e value of the molecular ion

peak is the molecular weight of the compound being investigated. The molecular weights obtained by mass
spectroscopy are extremely accurate.

EXERCISE
Q1. Multiple Choice Questions. Encircle the correct answer:
©  Read the question carefully.
©  -Try to answer the question yourself before reading fhe answer choices.
©  Guess only if you can eliminate one or more answer choices.
©  Drawing a picture can help.
©  Don’t spend too much time on any one question.
©  In-depth calculations are not necessary; approximate the answer by rounding. = A
1) Which of the following techniques does not involve electromagnetic radiations?
(a) infrared spectroscopy (b) NMR spectroscopy
(c) mass spectroscopy (d) all of these involve electromagnetic radiations
(2) Which region of the electromagnetic spectrum is involved in the electronic excitations?
(a) ultraviolet (b) visible (c) both of these. (d) none of these
3) Which of the following techniques is different from the others as regards the basic principle?
(a) ultraviolet spectroscopy ~ (b) visible spectroscopy
(c) electronic spectroscopy (d) none of these
C)) Which of the following is used as a source of visible radiations?
R (a) tungsten filament lamp (b) hydrogen discharge lamp
(c) deuterium discharge lamp .(d) All of these
(5) What is the wavelength range of the ordinary infrared region? , ‘
(a) 0.8-2.5 pm (b)2.5-16 um - (c) 16-1000 um (d) 400-800 nm
(6) The position of an infrared absorption band is commonly expressed by:
. (a) wavelength (b) wave number (c) both of these ' (d) none of these
) Which of the following is not used as a source of infrared radiations?
(a) nernst filament (b) tungsten filament (c) globar (d) none of these
8) Which region of the electromagnetic spectrum is involved in mass spectrometry?
(a) visible (b) microwave (c) radiowave (d) none of these
(9) Mass spectroscopy is an analytical technique which involves: _ ' '
(@) production of gaseous ions form the sample (b) separation of the gaseous ions
(c) measurement of the relative abundance of the gaseous ions
(d) all of these
(10) = Mass spectrometry can be used to determme , ,
« (a) molecular weight (b) molecular formula (c) molecular structure (d) all of these
(11)  Which of the following species is detected in the mass spectrometer?
(a) positively charged species (b) radicals
(c) neutral molecules (d) all of these
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(12)

(13)
(14)
(15)‘
(16)

(7)

Which of the followin
(a) positively charges s
(¢) neutral molecyleg

Which kind of information

g species is produced in the ionization chamber of a mass spectrometer?
pecies (b) radicals
. (d) all of these .

S ——" about a positively charged species obtained from a mass spectrum?

What Kind og o g (b) relative abundance (c) both of these (d) none of these
mple can be studied in a mass spectrometer?

(:’) a gas ' (b) a liquid (c) a solid (d) all of these

Near ultraviolet region of these electromagnetic spectrum generally lies between: ‘

(a) 10-200 nm (b) 200-400 nm (c) 400-750 nm (d) 300-500 nm

Far ultravmlct Or vacuum ultraviolet region generally lies between.

(2) 10-200 n (b) 200-400 nm (¢) 400-750 nm (d) 300-500 nm

Far mfrared region of the electromagnetic radiation generally lies between:

(d) 1-20 pm

@@50 35 db?@]és J/ﬂ@@éf

(2) 50-200 pm (b) 100-400 um (c) 50-1000 pm

Answer &

R T T R

Rcaeon v

1) (c) MHSS SPCC)IFOSCOpy (mass Becausemass spectroetry uses beam of high energy electrons.
Spectrometry
() (c) Both of these. Both UV and visible radiations can change electronic level by differen
‘ electronic excitations. _
3) (d) None of these. All of above techniques are based upon principle of electronic excitations.
q p |
“) (a) Tungsten filament lamp. Because tungsten (W) is a metal known for the production of high energ
_ electronic beam.
(5) (b) 2.5 - 16 um It is the ordinary IR region.
(6) (b) Wave number It is the common position expression of IR absorption bond. |
(7) (b) Tungsten filament Tungsten filament is used as a source of IR or visible light.
(8) 1 (d) None of these. Mass spectrometry is the technique in which no radiations are used fo
_ analysis.
) (d) All of these. Because all of these involved in mass spectrometry.
(10) (a) Molecular weight. Mass spectrometry is used for determining the relative mass anc
abundance of a compound. ‘ ‘
(11) (a) Positively charged species. | In mass spectrometry only positively charged ions are allowed to hit thy
detector to find their mass.
(12) (a) Positively charged species. [ In ionization chamber the high energy electrons hit the compound and knocl
out its valence electron, as a result cations are formed.
(13) (c) Both of these. Mass spectrum gives information about the molecular weight and relativ
' abundance.
(14) (d) All of these. ) {\11 type ofcompounds can be analyzed by spectrometer but they need to
introduce in form of gas.
(iS) (b) 200 — 400 nm. This is the region near to UV region. . —
(16) (@) 10 — 200nm. It is the region lies far from UV region. =
17) () 50-1000 pm It is the for infrared region of EMR. ‘ 7 -
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HORT ANSWERS QUESTIONS

3 i i
Give brief answers for the following questions. ————

(i) Whatis Spectroscopy? Underline its principle.
Ans. Spectroscopy

!t 1s the branch of chemistry which deals about the interaction of light with matter. Spectroscopy mvf)lvedflll_SlEg an
Instrument determining the structure, mass and percent abundance of elements by emission or absorption of lig t.
Principle:

The source vaporizes the sample and causes electronic excitation of elementary particles in the gaS(:i- EXNgd
mOlef:l_lleS in the gas phase emit band spectra. Thus, a molecule in an excited state of energy, E2 undergoes a
transition'to a state of lower energy E1 and a photon of energy hv is emitted where

E2-El=hv

In each electronic state a molecule may exist in a number of vibrational and rotational states of different energies.

(i) What is meant by wavelength and frequency?
Ans. Wave length ()): ' y

It is the distance between two adjacent crests or troughs in a beam of radiation.

It is measured in Pico meter, angstrom or nm.
" 1A°=10"m , Inm=10"m , Ipm=10"m
Frequency (v):
It is the number of waves passing through a given point in one second.
It-is represented as v and units are cycles s

1Hz =1 cycle S™

(iii) What is spectrometer? Briefly discuss its working.

Ans. Spectrometer:

It is an instrument used to measure the amount of radiations absorbed and emitted bv a compound under
analysis. : o

Working of spectrometer:

In spectrometer the electromagnetic radiations are passed through a sample under analysis. The instrument -
records the difference between incident light and emitted light and gives the information ab(;ut the/eempaard b
form of a spectrum. p

iv) How will you distinguish between (i) 1,3-Pentadiene and 1,4-Pentadi i
i} anthracene by UV-spectroscopy? adiene (jii) Benzene and

Ans. () 1, 3-Pentadiene and 1, 4-Pentadiene:

We can differentiate between these two on the basis of their UV
systems absorbs high wavelength and 1, 3-Pentadiene is a conjugated sy
length with high Amax than isolated system in 1, 4 pentadiene.

— absorption spectrum. Conjugated
stem and it will absorb higher wave

CamScanner
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CH2=CH—CH=CH—CH3 H,C =CH - CH; - CH=CH,
1, 3-Pentadicne 1, 4-Pentadiene
(Conjugated) ‘ " . (Isolated)
(high absorption) ' (low absorption)
Amax =223 nm Amax = 178 nm

(i) Benzene and anthracene:

N A.mhracenc is a highly conjugated system having three merged benzene rings hence will show high
absorption as compared to less conjugated benzene. |

SEENE 00

Benzene Anthracene

(v)

Two isomeric dienes (X) and (Y), having the molecular formula CsHs, absorb at Amax 223nm and
Amax 178nm respectively. Write the structures of the two isomers.

Ans.

As X is absorbing longer wavelength radiation indicates the presence of conjugation while shorter wavelength
radiation in Y indicated that such type of conjugation is not present in the structure of Y. Therefor the possible

structures for X and Y could be

Structure of X ‘ Structure of Y
CH,=CH-CH=CH - CH;4 7 H,C=CH =~ CH; - CH=CH,
1, 3-Pentadiene 1, 4-Pentadiene '

(Conjugated) (Isolated)

(high absorption) o (low absorption)
Amax = 178 nm

Amax = 223 nm

(vi)

Give significant application of Atomic Absorption Spectroscopy (AAS).

Ans.

(a) Itisused to analyze the substance having low concentrations.

(b)  This method is used to analyze an ion of a complex compound.
(c) Atomic absorption speetroscopy is used in analytical chemistry of mineralogy, biochemistry, metallurgy, soil

analysis etc.
(d). Ttisused in clinical chemistry to analyze metals in biological fluids and tissues.

(e) Itis used for the analysis of metal contents in water.

How will you distinguish between 2-Pantanone and 3-Pantanoe by using mass spectra?

(vii)

Ans,

nd has a sharp major peak of fragment cation in mass spectra. This characteristic peak for

Each compou
b nd at 57 m/e for 3-pentanone.

2_Pentanone will be at m/e = 43 a
0]

1l
H_;C —C—-CH,- CHZ_" CH3
2-Pentanone

Its due to fragment

0]

Il
H;C-CH,-C—-CH,—CH;
3-Pentanone

‘0 = C—CH,—CH,

‘0 = C—CH;
. M

Mass _ 13 _ % = 57
e

CamScanner

4

£


https://v3.camscanner.com/user/download

3-Pentanone

- MASS SPECTRUM
80-
o ]
2 601
5 .
c ] 5
5 407
3 ] g
20 g
O_O:L' —— ||l: :|[|”' y ;Ill —
00 20 0 . 60 80 100
m/z .

2-Pentanone
MASS SPECTRUM

100+
80
601
404

20

Ll
T

0.0-

— i

Q.3. Give detailed answers for the following questions.

0.0

20

40

60
m/z .

80 1100

Q.3.(2) An organic compound consists of carbon; hydrogen—and oxygen ‘was subjected to

combustion analysis(0.5439g of the com
empirical formularof the compounds,

pound gave 1.039g of CO;,)0
. ' \—/,' )

.6369g of H,0. Determine the

Ans, Given data

Mass of organic compound = 0.5439g
Mass of carbon dioxide = 1.039g
Mass of water = 0.6369¢

Required

Empirical formula of the compound =?

Solution

Percentage composition of the sample

% of@': Mass ot.' Co,
S % Mass of organic compound

1.039g 12.00

Massof'H,0 '

%ofly/dp’ogx

0.6369g 2.016

Mass of organic compound

% o@ 100 - (% of C + % of H)

VTR = 100-(52.08+13.11) = 34.77%

B e~

12
g

0.5439g * 44,00 * 100=52.08%

A

2.016

0, _ m aus 0(‘1 Lo . :XIOO

o —

18

= 0.5439g% 13 *100=13.11%

x 100

%100

\

mad O TD L m r"mo{
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Scholar’s Federal CHEMISTRY - XII “‘

Number of gram atoms

TTTT—— e N
Gram atoms of element = % of clement |
. Atomic mass of element é{ ) {1 y 1D 12~ 7
52.08 ' - ' '
Gram atoms of C = 2 - 4,34gram atoms -
Gram atoms of H = <01 =13.00 rarﬁatoms
1.008 ~'0VUE
, 34.77 '
Gram atoms'of O = 16.00 = 2.17 gram atoms

Atomic ratio '

Gram atoms of element
Smallest number

434~

Atomic ratio of element =

Atomic ratioof C = 217 &
Atomic ratioof H = 172'1173 =‘:‘6

Atomic ratioof O = -2—:/- = [)

Empirical fomlula( CZH_:G‘\,

3. The combustion analysis shows that organic compounds contain 65.44% carbon, 5.50% hydrogen
and 29.06% of oxygen. What is empirical formula? If the molecular mass of this compound is
110.15gmole™ then calculate molecular formula of given organic compound.

Ans. Given data
Percentage of carbon = 65.44%
Percentage of hydrogen = 5.50%
Percentage of oxygen = 29.06%
Molecular Mass = 110.15g/mole
Required
Empirical formula =

Molecular formula =

Solution
Number of Gram atoms
Percentage of element
Atomic massof element

Gram atoms of element

65.44 :
Gram atoms of C = ~57 % 5.45 gram atoms

5.50

Gramatomsof H = 708 = 5.45 gram atoms

29.06

* Gram atoms of O = 7500 ~ 1.82 gram atoms
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Atomic ratuo

. . number of gram atoms of element
Atomic ratio of element =
p ! . Smallest number
) o _ 545
Atomic ratio of C = _1.82 =3
) ) _ 345
Atomic rétlo of H = _1.82 =3
g . _ 182
Atomic ratio of 0 = 1.82 =1

Empirical formula of the compo'und

C, H and O are present in the compound in the ratio of 3: 3: 1 so the empirical formula C,H,0.

Molecular formula

In order to determine the molecular formula, first calculate the empirical formula mass.

Empirical formula Mass of C,H,0=12 x 3 + 1.008 x 3 + 16 x 1 =55.05 gmol’

Molecular Mass = 110.15gmol™
Molecular Mass 11015
= Empirical formula mass 55.05 B
Molecular formula = n x (Empirical formula) AN
= 2xCH,0
= CH,O0, . !

0P O®OO®e--
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