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CHAPTER

24

ANALYTICAL CHEMISTRY \

After completing this lesson, you will be able to: \
+ Compar the classical medhod of aalysis i, moder mehods. \
¢ Discuss the procedure of combustion analysis.

. hﬁ-mudhmnlpptummlnw&%

o State the regions of electromagnetic spectrum used in IR and UV/vis spectroscopy.

* Explain the origin of IR absorption of simple molecules.

.nummmmammm.mm&mlﬁuummm
(Analyzing)

. hﬁmwm.punm“llm&hmwmm{mw

-rmm“mnr-mmmm&uuwmmm
(Analyzing)

® Qutline in simple terms the principles of proton NMR spectroscopy.

o Explain how chemical envirdmment of a Proton affects the magnetic field. It
experiences and hence the absorption of energy at resonance frequency.

o Describe standard scales used in proton NMR.

o Explain instrumentation and working of MS.

.mmb%ufﬁhMMMD{mhﬁwm&m:ﬂw

e Define and explain atomic emission and atomic absorption spectrum.

Q1,.\ is analytical chemistry? Give its classical method of analysis
Drawbacks.
Angwer

Analstical chemistry is the branch of chemistry that deals with separation and analysis
of & sample 1o identify its components. The separation is camed out prior 1o qualitative
and quantitative analysis. Qualitative analysis provides the identity of a substance
(composition of chemical species). On the other hand, Quantitative analysis determines
the amount of cach components present in the sample. Hence, in this branch different
techniques and instruments used for analysis are studied. The scope of this branch
covers food, water, environmental and clinical analysis.
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Classical Method of Analysls

1) Combustion Analysis and determination of Molecular Formula
Empirical and molecular formulas for compounds that contain only carbon and
hydrogen (C,Hs) or carbon. hydrogen. and oxygen (C,11,0,) can be determined with a
process called combustion analysis. The sole products will be CO; and H,O and these
wo products of combustion are separately collected.

Procedure

The steps for this procedure are: <
1) Weigh a sample of the compound to be analyzed and place it in tlfltlppmluhhmrﬂin

the image below, }"

2) Bum the cumpuund completely. The only products of the combustion uf a campound
that contains only carbon and hydrogen (C,1l) or carbon, mw'ﬂd oxygen
(C.H,0,) are carbon dioxide and water, N ¥

3) The H:0 and CO; are drawn through two tubes. Onedube ¢ 5 a substance that
absorbs water. and the other contains a substance thiat absorbs tarbon dioxide. Weigh

cach of these tubes before and after the combustion. Thetincrease in mass in the first

tube 1s the mass of H.O that formed in the r:umhuslmn d the increase in mass for the

sccond tubc is the mass of CUy formed. N,

Assume that all the carbon in the compound has beer %mcncd to CO; and trapped in

the second tube. Calculate the mass olscarbon inithe compound from the mass of

carbon 1n the measured mass of CO. fufmed.

5) Assume that all of the hydrogen/in the compound has been comverted to H;O and
trapped m the first tube, Calculate the mass of hydrogen in the compound from the
mass of hadrogen in the measured mass of water.

6) If the compound containg oxsgen as well as carbon and hydrogen, calculate the mass of
the vasgen by sublracting the mass of carbon and hydrogen from the to1al mass of the
original sample of compound.

7) Use this data 1o detesmine the empinical and molecular formulas in the usual way,
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Apparaius for Combustion Analysis A compound containing carbon and hydrogen (CaHb) or
carbon, hvdrogen. and oxygen (CallbOc) s burmed completely to form H20 and CO2. The
products are drawn through two tubes. The first tube absorbs water, and the second tube absorbs
carbon dwxide,

To illustrate how empirical and molecular formulas can be determined from data
derned from combustion analysis, lets consider a subsiance called trioxane
Formaldehyde, CHL0, is unstable as a pure gas, readily forming a mixture of a
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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 experimenty
17.471 g of trioxane is burned in the apparatus shown above, and 10.477 g H,0 and
25.612 g CO; are formed. In the second experiment, the molecular mass of trioxane is
found to be 90.079.
We can get the molecular formula of a compound from its empirical formula and its
molecular mass. To get the empirical formula, we need 10 determine the mass in grams
of the carbon, hydrogen, and oxygen in 17.471 g of trioxane. Thus.uuwmo perform
these general steps.

1) First, convert from the data given to grams of carbon, hydw

2) Second, determine the empirical formula from the grn’!ui‘ hydmgm. and
OXygen.

3) Third, determine the molecular formula from ,ﬂﬁw formula and the given
molecular mass.
Because we assume that all the earbon in trmme has’qﬂc& to form CO;, we can find
‘the mass of carbon in 17.47| g trioxane hy.talcil_ﬁﬂtﬂ'le mass of carbon in 25612 g
CO;. ,

)
blC Y1201
TgC=25.612 g€ =6.9899gC
. M{Hﬂlﬂm lm][ IolC .
Because we assume that al%ohh&hydmg:n in trioxane has reacted to form H;0, we
can find the mass of hydrogen n 17.471 g trioxane by calculating the mass of
hydrogen in 10.477 g HyO.

22l =10 4??W(Ialm]{ ]["?f'éii"]:l‘lmgu

Btcaun trioxane contains only carbon, hydrogen, and oxygen, we can calculate the
6x}g=n by subtracting the masses of carbon and hydrogen from the 1otal mass

ﬂf
750 B ?.4'n g trioxane - 6.9899 g C-- 11724 gH = 930950
We now calculate the empirical formula.

A.Y‘ 2molC =5,9gg¢}{;[ﬂ]= 0.58196molC +0.5818 =1 molC

12011 2C

?molH :l.l‘?!#}u\[ﬂ_]:l.lﬂl molH +0.5818 =2molH

1.00797 Y

7molO =9Jmm[wm+€q]=u.sammm +0.5818 =0mol O

The empirical formula is CH;O, which can be used to calculate the molecular formula.
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Empirical formula mass = 1(12.011) + 2(1.00794) + 1(15.9994)

= TN NY&
—— molecularmass _90.079 _ 3
~ empirical formula mass  30.026 =

Molecular formula CiHOy

- Drawback
The classical method ie. combustion analysis is only limited to those organic

compounds which contain carbon, hydrogen and oxygen. So there is a need of Such
methods which explain/find all types of atoms/elements present in an organic
compounds. So now modern methods are used which are being discussed in in hext topic.
Q2. What are different Modern Methods of Analyg.h? \\

Answer
Modern chemistry laboratories use sophisticated nﬂr\mﬁms to find the structure of

organic chemicals. These instruments are very m“ d\ry umlly need only
very small amounts of the chemical wolt atories in industry and
universities are equipped with a range of  instruments, but they tend to be very
expensive, 50 you don’t find many of them in sdzpoh.

Spectroscopy involved using instruments (o examine the radiation emitted or absorbed
by chemicals giving information about their muléulu structure.

When electromagnetic radiation, Lﬁﬁ as liih‘l"ﬁr infrared, shines on a chemical the
chemical may interact with the radiation in some way. The commonest example is
color. Color is produced wherf\daemtlls emit or absorb visible light of a particular
frequency.

The way a particular chemical interacts with radiation can tell chemists about its
molecules. A spectroscope is an instrument which allows radiation to interact with a
sample of a chemical, then analyses the changes.

Different kinds of radiation interact with chemicals in different ways (fig. 24.2). The
effects are summarized in table 24.1. In this section we will look at five types of

_ zopy that are particularly useful to chemists: infrared, ultraviolet/visible,
Wmﬂic resonance, algmic emission and absorption, spectroscopy and mass
spee

HOW DIFFERENT TYPES OF RADIATION INTERACT WITH CHEMICALS
e of radistion  Frequency range /Hz  Effect on molecule Type of spectroscopy
A~ ket

i 10" - 10" Excites the electrons Ultraviolet'visible
1 spectroscopy (see below)
Visible light 10'* . 10" Excites the electrons Uliraviolet/visible
spectroscopy (see below)
Infrared 10" - 10" Makes bonds vibrate Infrared speciroscopy (page
185)
Microwases 10*- 10" Makes molecules rotate  Microwave spectroscopy
Radio waves 1o*- 10 Changes the magnetic Nuclewr magnetic resonance
alignment of the nuclei  page (387)
ol some uloms
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Q3. How Infrared Spectroscopy (IR) Functions? Give its method of
analysis. (

Answer {
Infrared spectroscopy mlh:s use of the fact that molecules absorb infrared (IR)
radiation which has a wavelength longer than visible light, between about 2500 nm and
25000 nm. The energy of the radiation is absorbed in making the bonds vibrate (fig
24.3). When the molecule absorbs the radiation the bonds vibrate more energetically.
Different bonds (absorb radiation of different frequencies and the frequency is
characteristic of the particular bond concerned. We can use IR absorption to identify

the therefore the functional groups in an organic molecule.

er produces an infrared spectrum on a chart recorder. and an example is
showntin figure 24.4 this is the IR spectrum of propanone, CHyCOCH,.
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of radiation absorbed is 7.21x10'"Hz, and this fréguenc istic of the H-C1 bond.

P i A e

When an 1C| molecule absorbs infrared radiation, it rimmmﬂhﬂy. The frequency
vis

W

‘\$ oo we upwe  uw e

e waverumber fom™!
: " Figure 24.4 The infrared spectrum of propanone
= m will see that the spectrum is quite complicated even though propanone is a simple

molecule with only three types of bond. The complexity arises because each bonds can
vibrate in a number of different ways and the vibrations can interact with each other.
Nevertheless it is possible to see some characteristic peaks of absorption which we can
use to identify functional groups in the molecule.

Table 24.2 gives the characteristic absorption of some common bonds. In the spectrum
of propanone in figure 24.4 the strong peak at about 1720cm™’ corresponds to the C=0
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
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strength of the peak is a characteristic of the bond itself not of the number of bonds
present.

Most of the interesting parts of an IR spectrum are found in the region above about
1500cm™ . The peaks outside this region are less useful, but they are helpful in showing
the fingerprint of the compound: the characteristic pattern of its IR spectrum. The
fingerprint can be used to compare the compound’s spectrum with IR spectra of known
compound gwm in standard reference bnnks

e —— - —

l

of {11!

| o 1 wawerwmberfom !

Fig. 24.5.(a) the infrared spectrum of ethanol CH,CH,OH
Infrared spectra areé very useful: they are particularly helpful for identifying the
functional groups in an unknown compound. In the IR spectrum for ethanol in figure
24.5 (a) the peak just below 3000cm-1 is from the C-H bonds, and the peak at about
3400cm-1 is from the O-H bond.

HK' ible and Ultravoilet Spectroscopy (UV-Vis) Functions?
Answe

When you heat sodium chloride in a flame, it gives a yellow flame color. This is an
example of a visible emission spectrum, where a substance emits certain visible
frequencies when its electrons have been excited by heating or by an electrical

€% Y‘dﬁchrgc The radiation may be in the ultraviolet region of the ultraviolet region of the
spectrum as well as the visible.

By examining the frequencies emitted, chemists can get information about the
substance. The emission spectrum of hydrogen gave chemists the first clues about the
energy levels of electrons in an atom.

When white light shines on methylene blue (an organic dye), some of the electrons in
the dye’s molecules become excited. The electrons absorb certain frequencies of light
radiation and change their energy level. The radiation they absorb happens to be in the
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red end of the spectrum. Removing red from white light makes it look blue - but you
can only tell the color of methylene blue if light is shining on it. This is an example of
a visible absorption spectrum, where a chemical absorbs certain frequencies of visible
radiation. Ultraviolet radiation can be absorbed in a similar way it is not visible but can
be detected by instruments. By finding which frequencies have been absorbed chemists
can gel information about the chemical. You can read about visible spectra and the way
they give rise 1o color in transition metal compounds by considering an aqueous solute’
of titanium (I11) chloride. This contain the octahedral complex ions, [Ti(H,0)]", and
Cl'(aq) ions. A solution of titanium(lll) chloride is violet. An absorption spectrum -
shows that the solution absorbs most effectively in the m-yeﬂm- region of the

spectrum figure 24.5(b)

e a—— -

1

mlative absorption

wave number/cm”!

Figure 24.5(b) The absorption spectrum of [Ti(H,0),]""
Red blue and violet radiations are absorbed less efficiently, so the solute looks violet.
Both "nq:d CI' (aq) are colorless, so the Ti''(ag) ion must be responsible for the
color 6f'the Solution.
- : Interesting Information
dost gf the compounds of transition elements are colored. The color of these
mpounds can often be related 1o incompletely filled d-orbitals in the transition

In general, when light hits a substance, part is absorbed, part is transmitted (if the
substance is transparent) and part may be reflected.

If all the incident radiation is absorbed then the substance look black. If all the
incident radiatioh is reflected then the substance look white. On the other hand if
only a very small proportion of the incident white light is absorbed and if all the
radiation in the visible region of the spectrum are transmitted equally then the
substance will appear colorless.
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In an ultraviolet/visible spectroscope, radiation consisting of a mixture of ultraviolet
and visible frequencies is shone through a sample of a compound. A detector measures
the frequencies of radiation that have been absorbed and the spectrometer prints out an
absorption spectrum. Figure shows the ultraviolet/visible absorption spectrum df
methy lene blue. Notice the axes: the horizontal axis shows the wavelengths of radiation
absorbed. in nanometers nm, and the vertical axis shows the relative absorbance: how
strongly it is absorbed.

The uliraviolet/visible spectrum of an organic compounds is characteristic of that
compound. The compound can be identified by comparing its spectrum with the
spectra of known compound. However other types off mmnpywkul‘ly infrared
and nuclear magnetic resonance. are more useful for piecing 'w the structure of

an organic compound. \

;I ] 1 1
200+ 300 400 500 605 700 800
wavelength/nm

The visible/UV spectrum of methylene blue
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The approximate wavelengths of visible
radiation of different colours

Caolour Approximate
wavelength/nm

[infrared] above 700

red 620-700

arange 600-620 .

yellow s20-600 =~ (AN J

green 520-580 X

blue-green 490-520. N\

blue m-—«anu* .

indigo 440

violet 4&-&0

[ultraviolet] below 4

Table 24.3 pives the approximate wavelengths ufﬁpﬁh radiation of different colors.
Look at the visible/UY specteum of ylene blue in figure 24.6
1) What colors of visible light does meflivlene Blué absorb?
2) Explain why methylene blue ‘hasa blue color.
3) How can we get mlnrmaum],aﬁdu a compound using UV/visible spectroscopy
4) What is color of [Ti(H20)]C13 I‘.‘ﬁl‘leth solution
§) Give color of following wavelength (i) 600-620 (ii) 490-520

Q5. How Nuclear Magnetic Resonance (NMR) Functions? Give in detail.

Answer
When cenain atoms are placed in a sirong magnetic filed. their nuclei behave like tiny
bar magncts and align themselves with the ficld. Electrons behave like this too, and for
thi st both electrons and nucler are said to posses Spin since any spinning electron
chargehas an associated magnetic feld.

Just @8 electrons with opposite spin pair up together, a similar thing happens with the

\ and neutrons in the nucleus. If a nucleus has an even number of protons and
& m:s their magnetic ficlds cancel out and it has no overall magnetic filed. But if

the number of protons and neutron is odd the nucleus has a magnetic feld.

If the substance is now placed in external magnetic field. the nuclear magnets line up

with the field, in the same way as a compass needle line up with a magnetic field (Fig.

24.7)

The nuclear magnet can have two alignment of low and high energy (fig 24.8). To
make the nucleus change to the high energy alignment energy must be supplied.
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Two alignment of the nuclear magnet in an external magnet field. The energy difference
( between Lhe two orientations is the basis of the technique of NMR

It : that the energy absorbed corresponds to radio frequencies. The precise
frequency of energy depends on the environment of the nucleus, in other words, on the

other nuclei and electron in its neighborhood. So by placing the sample being
examined in a strong magnetic [illed and measuring the frequencies of radiation it

o~ \Mm-hs information can be oblained about the environments of nuclei in the molecule.
The technique is called nuclear magnetic resonance (NMR). Figure 24.9 shows a
simplified diagram of NMR spectrometer.
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A simplified NMR spectrometer. The sample is dissolved in a Lﬁlﬂﬂ&h as "H,0 or CCl,
which does not have nuclear magnetic properties. ' 4

The technique uf NMR is particularly useful for i
hydrogen atoms ('H) in a ml:rlur.:ule It is also used 1o
The common isotope of carbon, °C does not have a nuclg;
contains 1% of the "'C isotope which does show

number and type of
ition of carbon atoms,
magnet but natural carbons
ic behavior and can be

identified using NMR. &
¥
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F‘ﬁ 24.10 The proton NMR spectrum of ethylbenzine, CoHsCH,CH,
Flguum shows the NMR spectrum of ethylebenzene C,H,CH,CH;. This II a
proton spectrum: the frequencies correspond to the absorption of energy by 'H
nuclei, @h are protons. Notice that there are three major peaks of differing heights.
. curre!ponds to H atoms in a different molecular environment. This area

| lu:h peak is proportional to the number of that type of H atom in the molecule.
The largest peak (A) corresponds 1o the 5 H atom sin C¢Hs, the benzene ring. The
second largest (C) corresponds to the 3 H atoms in the -CH, 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 shifi, form a fixed reference
point. The reference point normally used is the absorption of a substance known as
TMS. The chemicals shift of TMS is set at zero,

TMS stands for tetramethylsilane, Si(CH;),. This non-toxic and uncreative substance
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is chusen as the NMR reference because its protons give a single peak that is well
separated from the peaks found in the NMR specira of most organic compounds.

Table 24.4 gives the chemical shifts for some common proton environments.

Type of proton Chemical shift, &, in region of
A—CH, 0.9
R—CH-R 13
" > &
_E_t“,‘_ 1.3 4
N
—0—(H, 14 \
—0—CW—R 40 al \
—{—H 50 { y

@_“ 1.5 | ‘,1
Y% N
-I:o A gl i

H
Shows a simplified proton NMR spectrum for ethanol, CH,CH,OH. It has been
simplified by removing some of the detail, so the peaks appear single. Notice that it
includes the peak for TMS. Notice too that an integrated trace is shown: this gives the
relative areas under each of the peaks.

i PN ittt tace ]
{3
.
e . ; |
QY | | fi e
B ‘ II
g__J\__,_)\ N

Figure 24,11 A simplified proton NMR spectrum for ethanol, CHsCH,OH.
The integrated trace shows that areas under the peaks are in the ratio 1:2.3
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Spin-spin coupling

The simplified NMR spectrum of ethanol, shown in figure 24.11, shows three single

peaks. The smallest peak corresponds to the single Ol proton: the middle peak / .
corresponds 1o the two CH; protons and the largest peak corresponds to the three CH,

protons. A detailed high-resolution spectrum of ethanol shows that the CH. and L!‘h

peaks are in fact split into a number of subsidiary peaks (figure 24.12). This splitting is

caused by spin-spin coupling between ptulms on nmghbnnng clrhun aloms.

r e i i
‘ poih by D
[ Ll D L O,
protea, gl
g
by Tha LN peolom
}
1]
L i LI L
[ L] T | ™ T H
LE (%] LT Wil
rhaw sl ey _J

i i

Figure 24.12 A detailed high-resolution NMR M for ethanol

Here is what happens. One of the carbon atoms n I has two protons on it (CH: )
the other has three (Cll)s. Consider Chi: protons which act like tiny magnets. When
the external magnetic Field s nppllL these three tiny magnets can arrange themseles
in four dilferem wavs.

1) All three aligned with the mamr:tld field

2) All three aligned againét the nugmhc lield

3) Twoaligned with the field and one aligned against it

4) On aligned withthefield and two aligned against i,
Each ol these four arrangements gives a slighthy dilferent overall magnetic field. Each
different licld intesdcts with the neighboring CH2 protons slightly differently so these
CH; protons give four different peaks very close 1o one another. These peaks are called

a quyricts .
two protons on the CH: group can arrange themsclves differently in the

Sim ,

external magnetic ficld. This time there arc three different arrangements - see if you
hat they are. Each of these different fields interacts with the neighboring

um slightly differently so we see three dilferent peaks close to one another.

¢ three peaks are called triplet,

As 2 general rule: A group carrying n protons will cause the protons on a

neighboring group to split into n +1 peaks. S
When vou are interpreting a high-resolution spectrum like the one in figure 24.12 you
can

o Use the position of cach overall peak o identify the 1y pe of protons causing the peak

* Use the imegrated trace to find the number of each type of proton

e Use the ne 1 rule above 1o get information about the number of protons von neighboring
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Rroups.

Q6. Give Principle and functions of Atomic Emission Spectroscopy.
Also give its advantages and disadvantages.

Answer
Atomic emission spectroscopy pertains to electronic transitions in atoms which use and
an excitation source like flames sparks. Emission spectroscopy is related to atoms,
Emission speciroscopy is concerned with the characteristic radiation produced when
atoms are excited, They emit radiations in the form of discrete wavelengths of light,
called spectral lines while returning to the lower energy states. e

Principle N

»

The source vaporizes the sample and causes cl i :an of elementary
particles in the gas. Excited molecules in the gas phase emit band spectra. Thus, a
molecule in an excited state of energy, E2 md:q;;m a 1o a state of lower

energy E| and a photon of energy hv is emitted M ‘j
E2-El=hv .’ ¥
In each electronic state a molecule may exist in a mﬁbﬂ‘ of vibrational and rotational

states of different energies. 2
%

Advantages of Emission S ¥y )
Emission method is extremely im:Em in anlﬁr:is
1) This technique is highly speciﬁc

2) This method is extremely nnsllhr, With this techmque all metallic elements can be
detected even if they are present in very low concentration.

3) Even metalloids have been identified by this technique.

4) This analysis can be performed either in solid or liquid state with almost equal
convenience.

5) This technique requires minimum sample preparation as a sample can be directly

introd in tothe spark
6) m.t%u: provides results very rapidly. Il automated, time required is just 30 sec
oo te.
7) This. .ﬂhﬂd has been used for a wide variety of samples like metals, alloys, paints,
Wﬂl specimen, environmental and biological samples.
~ antages of Emission Spectroscopy
1) The equipment is costly and wide experience is required for its successful handling and
interpretation of specira.

2) Recording is done on a photographic plate which takes some time to develop, print and
interpret the results.

3) Radiation intensities are not always be reproducible.
4) Relative error exceeds | to 2 %.
5) The accuracy and precision are not high.
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Applications

1) Emissinn speciroscopy 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.

2) Alloys of Zn, Cu, Pb, Al, Mg and Sn have been analyzed.

3) Luhriclnti‘ oils have been analyzed for Ni, Fe, Cr, Mn, Si Al and so on. If the
concentration of metal in lubricating oil has increased during use, it indicates exéessive
wear and tear need for engine overhaul.

4) In petroleum industry oil is analyzed for V, Ni, Fe the presence of which makes fuel
poor. s \

5) Solid samples and animal tissues have been analyzed for several elements including K,

6) Emission spectroscopy has been used 1o detect 40 elements “llﬂ!.md soil. Thus
metal deficiency in pants and oil can be diagnosed. al

7) The following materials have been analysed by EMIPH Q?&copy:

1) Trace and major constiluents in ceramics. 3

i) Traces of Co, Ni, Mo and V in Graphite. |

iii) Trace metal impurities in analytical regents.
iv) Trace of Ca, Cu, Zn in blood. p
v) Zinc in pancreatic lissues. p '

Q7. Give Principle and -~ Applications of Atomic Absorption
Spectroscopy (AAS). =

Answer
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 | ppm. The greatest advamage
of AAS is the analysis of one metal in the presence of another metal, thus saving time
and eliminating error.

Principle of AAS
AWN ion spectroscopy involves the study of the absorption of radiant energy,
al

usu sible by neutral atoms in the gaseous states. If light of the resonance
wave%lh passes through a flame containing the atoms, then part of the light will be
rbed, and the extent of absorption will be proportional to the number of ground
& ; g e atoms present in the flame. This is the underlying principle of AAS.
Applications of Atomic Absorption Spectroscopy (AAS)
1) The AAS technique has become the most powerful tool of analysis. The method is
well-suited 1o the analysis of a 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.

?
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4) The twchnique is firmly established in analytical chemistry ceramics mineralogy,
biochemistry. metallurgs . water supplics and soil analysis.

Q8. Give Method of analysis of Mass Spectrometry (MS).
Answar '
The mass spectrometer is an instrument which turns atoms and molecules into ions and'
measure their 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 aloms were hnown as atomic weights, but nowadays *\gm referjo them as
relative atoms masses.

The basic idea of a mass spectrometer can be demonstra El‘i the apparatus in
figure 24.13. Wooden balls of different sizes but with i rs roll down a
sloping plain. At the bottom of the slope a powerful ma].*lm iron cores and

the moving balls are deflecied

L e - b _:n:ruilg cHI.mEn J

Figure 2413 A simple model 1o illustrate the working ol a mass spectrometer.
As the balls havesidentical iron cores. they are all atracted equally by the magnet. But

the smaller ballsiare lighter and therelore they are deflected the most. The balls collect
in diftefent compariments depending on their mass. All balls of the same mass collect

compartiment. Suing this simple apparatus. it is possible to separate the

dl“ﬁ Sized halls according to their mass and 1o find the relative numbers of cach

5_‘!' mass spectrometer according works in a similar fashion 1o this simple model It

<0 separates atoms according 1o their mass and shows the relative numbers of the different

atoms present. Before the woms can be deflected and separated. they must be
comverted to positivels charged jons,
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Lo “dwam puip

Figure Ii.idhdilgnmuf;;!fw“; |
Figure shows a simple mass spectromicter. The five main stages.
I) Vaporization - the sample of elements is vaporized. :
2) lonization — positive ions are. ined from the vapor.
3) Acceleration — the positive ions are accelerated by an electric field.
4) Detection — the ions aré detected and a record is made.

Instrumentation and Working
It can be cxplained as follows

1) Vaporization
volatile solids are injected into the instrument just before the

Gases, liquids and _
ioni chamber. Less volatile solids must be preheated to vaporize them.

2) loni; ‘ B o
Afterwaporization the elements passes into the ionizatian chamber. Here atoms of
elements are bombarded with a stream of high energy electron. This causes ionization.

L. knocked out of the atoms leaving posilive 1ons.

' One or occasionally two electron are
("0, Thus for an atom X we have:
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e 4 X - X' . .
+ -
high-energy  atom positive B e
clectron ion i h:gih..tn“
Eitcirop
out pf X Fetreating

ur occasionally

f- * H = xa - B

2 elections -
knocked 4 A
out of X D 4

3 - Acceleration L

These positive ions such X+ and X2+ now M in parallel
which an electric field is applied. The electric fi ell accelerates the m?‘&'sh
instrument towards the magnetic filed. e

4
4 - Deflection Y

As the ions pass through the magnetic field, fhey iv: deflected according to their mes

and their charge. Notice that particles can nnb' ;Mi through the instrument if they ae
positively charged.

i

5 - Detection ’ & i

If the accelerating eleetric field and the deflecting magnetic fi field stay constant, ions of
only one particular mass/c ratio will hit the ion detector at the end of e -
apparatus. lons of smallep arge ratio will be deflected too much. lons of greast

mass/charge ratio will be deflected too little.

The ion detector is usually linked through an amplifier to a recorder. As the !ﬂﬂl'“f
the magnetic field is slowly increased ions of increasing mass will be detected w0
mass spectrum similar to that shown in figure 24.15 is traced out by the recorder.

e SR ¥ R = o~ —

W ]|

e

delector cumenl

(= relative abundance)

P

b |

TR L L »n
L Relative atomic mass -
rer trac magnesil
A mass spectrometer trace for naturally uccumng ag il e

ive a me
The relative heights of the peaks in the mass Spectnn & ’
amounts of the differ ions present.
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n practice a reference peak using a known substance is first obtained on the mas
spectrum the relative masses of other particles can then be obtained by cnmyuis;:

with this.

what are different zones of a flame? Discuss with reference to
temp.

Mw'{':mperalur: Variations with a flame.

There are four different pans or zones of a flame i.e.
Blue zone(a zone of complete combustion) 3
Dark zone(a zone where no combustion oceurs) ¢
Luminous zone(a zone of partial or incomplete combustion) \
Non-luminous zone(a zone of complete combustion) al )

; >
Luminous zone where incomplete combustion takes place has'the temperature between
600-850C (1.112-1,562 °F). A h’

Non luminous zone where complete combustion lak;s place has the temperature of
about 2000C (3,632 °F). 7 .
In fires (particularly house fires), the cooler flames &fe often red and produce the most

smoke. Here the red color compared 1o typical yellow color of the flames suggests that
the temperature is lower. This is beCause theré is a lack of oxygen in the room and
therefore there is incomplete combustion and the flame temperature is low, ofien just
600-850 °C (1,112-1,562 °F). This means that a lot of carbon monoxide is formed
(which is a flammable gas if hot enough) which is when in Fire and Arson
investigation there is greatest risk of backdraft. When this occurs flames get oxygen,
carbon monoxide combusts and temporary temperatures of up 1o 2,000 °C (3,632 °F)
occur.
Flame temperatures of common items include a candle at 1,400 °C (2,600 °F), a blow
torch — at around 1.600 °C (2.900 °F) a propane torch at 1,995 °C (3,620 °F), or a
much oxyacetylene combustion at 3,000 °C (5,400 °F).

1o. Writaxh on Forensic Chemistry and problem solving skill.

'Hl*.r " . - "
Forensic ehemistry is the application of chemistry to criminal investigation. This major

| mended for individuals who wish to pursue a career in criminal Imtesﬂgltlm_h

A3 A the & weoratory analysis of forensic evidence, or pursue graqualr S:IIJ-d}" in for:nsm

selence. |his course of study would also develop the analytical slulls_ rcqulrﬁ:_l for
careers in other areas of civil law such as cnvimnrnmtati p}}llutn:_-n_ 1m:n:l-:nt
investigation and product liability. Due to the nature of forensic investigations, the
forensic chemist requires a strong background in ch::mu:al analysis and problem
solving skill and must be able to effectively communicate the results of laboratory
analysis in reports and in the courtroom. 50 & ﬁ.?rensn: chltmlst must ha\r_l: a strong
theoretical and experimental background in analytical chemistry as well as in problem

solving skills.
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— have good attention to detail and superior problem-soly;
g (hinking abilities 10 Solve crime puzzles based on fragmen.
5"'25' .el'Fm:ns'n: chemists must take accurate notes and make accurate records of
TI::l:i: “l:;lﬂeings. They need strong writing skills to produce clear reports on gy
rechnical subjects so that others can understand. | |
Analytical measurements are essential to everyday life, required to dfttmin: P
composition and control the quality of many products, to protect the environment ang
o monitor health. Consequently Analytical Chemistry has a major impact, not only iy
chemistry, but also in fields such as hmchrn:llstry, gnd th forensic, food,
environmental and pharmaceutical sciences. Forensic chemisiry is the application of
analytical chemistry to the law and involves the exami‘n:l.iun of M traces, such as
body fluids, bones, fibres and drugs. Success in analytical chemistry "y A abiity
to make rigorous measurements, an appreciation of the prir .ﬁn and b of
modern instrumentation. and a problem-solving apmfi, v PR

Q11.Write a note on Chemical Instrumentation Irq F.’chnolony.
Answar . '
Chemical instruments are used extensively in re.'.:‘rch and development activities,
laboratories being one of the major users. Use of chiemical instruments for disease
diagnosis i on a rise. 3
Chemical equipment market is growing at a rapid rate due to the continuoss
requirement of these instruments” in_ pharmiaceutical and biotechnology industries.
Besides, the increase in number of biotechnology firms worldwide, advances in life
science research and technology innovations with human genome mapping. and
emergence of proteomics have enabled industry growth; as such high-end
projects require quality instruments with high throughput capacity. All these factors ar
driving the life scigice and chemical instrumentation market.
The global life science and chemical instrumentation market was estimated 1o be §302

billion inthe year 2011 and is expected to grow at a CAGR of 8.4% from 2011 102016
10 reach $45 2 billion.

E:‘z'_ oy is Connection between Chromatography and MS?

milﬁtﬂlﬂhr is the collective term for a set of laboratory :ethqnqw’#"’:m’.:
Paration of mixtures and for the detection of small amounts of materials PF=Cy
i mintuzes. The mixture is dissolved in a fluid called the mobile phase: e
o~ v camies it through a structure holding another material called the stationary 1o separd®
Tarlous constituents of the mixture travel at different speeds, causing them 19 caation®?
b e ion is based on differential pantitioning between the mobile . ifferent®
phases. Subtle differences in a compound's partition coefficient result

:‘Ilfﬂlmn o the stationary phase and thus changing the separation- ,‘.,.ss-wdﬂg
WLASS . i
*ectrometry (MS) is an analytical technigue that measures 1% Copqicies. o

ratio of ¢ : . ha il
dinn r:ini;ha:\nd particles. It is used for determining ","s:ﬁm'"":‘f S
chemical § e Ehnenial composition of a sampl:ormulccl-l € po

sifuciures of molecules, such as peptides and other chemica
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qorks by ionizing chemical compounds to generate charged molecules or molecule

jagments and measuring their mass-to-charge ratios.

Gas chromatography-mass spectrometry (GC-MS) is a method that combines the
features of gas-liquid chromatography and mass spectrometry to identify different

es, even present in small amounts, within a test sample. Applications of GC-
MS include drug detection, fire investigation, environmental analysis, explosives
investigation, and identification of unknown samples. GC-MS can also be used in
airport security to detect substances in luggage or on human beings. Additionally, it
can identify trace elements in materials that were previously thou@l 1o ,Iuﬂr:
disintegrated beyond identification. GC-MS has been widely hera as 4 "gold
standard” for forensic substance identification because it is used to perform a specific
test. A specific test positively identifies the actual presence of a w substance in

a given sample. v

Liquid chromatography-mass spectrometry (LC-MS, or altematively HPLC-MS) is a
chemistry technique that combines the physical ‘sepa capabilities of liquid
chromatography (or HPLC) with the mass analysis capabilities of mass spectrometry.
LC-MS is a powerful technique used for many ions which has very high

sensitivity and selectivity. Generally its application is oriented towards the general
detection and potential identification of chemicals in-the presence of other chemicals
(in a complex mixture). Preparative LC-MS sy%m can be used for fast and mass
directed purification of natural-produéls extracts’and new molecular entities important
to food, pharmaceutical, agrochemical and other industries. The limitations of LC-I':IS
in urine analysis drug xrﬂninﬁ! that it often fails to distinguish h‘lwﬁ'ﬂ SPW‘F'F
metabolites, in particular witthydrdindune and its metabolites. LC-MS urine analysis
testing is used to detect specific: categories of drugs. However, gas chromatography
(GC-MS) should be used when detection of a specific drug and its metabolites is
required.
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e right answer from the choice

Q1: Select th s given with each question

1) which of the following techniques does not involve electromagnet;,
radiations?
n) Infrared spectroscopy
b NMR spectroscopy

) Muss spectroscopy e )
d) Al of these involve electromagnetic radiations - 9‘
2) Which region of the electromagnetic spectrum is involved In the electrons
excitations? N\
n) Uhraviolet b) Visible
¢) Both of these d) Hmcl&ll,
3) mawtmm;mmmwh others as the
a) Uliraviolet spectroscopy b} Visible spectroscopy
¢) Electronic spectroscopy . d) Noae'of these
4) Which of the following is used as a source of visible radiations?
8) Tungsten filament lamp Hydrogen discharge lamp
¢) Deuterium discharge lamp All of these
5) Hhaththlww-hngﬂ!wpl_dtlu ordinary infrared region?
a) 0B-25 pum . > b) 25-16 pm
c) 8300-1000am d) 400-200 am
€) The position of an infrared absorption band is commonly expressed by:
a) Wavelengih &) Wave number
c) Both of these d} WNone of these
7) Which of the following is not used as a source of infrared radiations?
a) ﬂmm filament b) Tungsten filament
) Globar d) Norie of these
!lm region of the electromagnetic spectrum is involved in masi
e ? "
") Visible b) Microwave

i €) Radiowave d) None of these

9) Mass spectroscopy is an analytical technique which involves:
4} Production of gaseous ions form the sample
b) Separation of the gaseous jons
¢) Measurement of the relative sbundance of the gaseous ions
d) All of these

10) Mass spectrometry can be used to determine:
3) Molecular weight b) Molecular formuls
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o) Molecular structure d) All of these v
which of the following species is detected in the mass ctrometer
" 51 Positisely charged species b) Radicals § . .
<1 Neutral molecules d) All of these
which of the following species s produced in the ionirat: ’
ulm - > 'imquf‘.
a) Positively charges species b) Radicals
¢) Neutral molecules d) All of these
mmhIHnlIMMimwmﬂ”mh'“
a mass spectrum? X N
a) Molecular weight b) Relative 3
c) Both of these d) Noneofthese,
14) What kind of sample can be studied in a mass : y
1) A gas iquid
¢) Asolid
15) Near ultraviolet region of these e
between:
a) 10-200 nm
¢} 400-750 nm 3C
16) Far ultraviolet or vacuum ultray gener between.
a) 10-200 nem », b) m-ll.:':
¢) 400-750 nm ’:t d) 300-500 nm
17) Far infrared region of tii'olu%u'u;mtk radiation generally lies between:
a) S50-200 nm - b) 100400 nm
€) 50-1000 nm d) 1-20 nm
| ¢ 4 4 a 5
i1 & ‘l; < 10 L]
i3 | b | 15 a

_ 3 ‘. ief answers for the following questions
A&' is spectrascopy? Underline its principle.
Spectroscopy / . _
Spectroscopy involves using instruments to examine the radiation emitted or absorbed
by chemicals giving information about their molecular structure

Principle . :
When electromagnesic radiation, such as light or infrared, shines on a chemical the

chemical may interact with the raduation in some way. The commonest example i
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color, Color is produced when chemicals emit

or absorb visible ) .
Iregquency. E "
Q2. What is meant by wavelength and frequency?
Answer
Wavelength
The distance between two consecutive nodes and internodes is called wavelength
Frequency

Number of waves pass through an area in one second 15 called frequency
Q3. What is spectrometer? Briefly discuss its working?

Answer ’ )
Spectrometer is used 10 the ﬁmm
meter is measure the amount
an organic molecule. oniedly
Working :
Spectrometer produces a spectrum on chart ‘M*"“GHII“
bonds have stronger peaks which have

Q4. How will you distinguish hmm tir J
Benzene and anthracene by UV-spectroscopy?

Anywar
13- Pentadiene . 1.4 - Pentndiene
€ c!:\. ) C ,C\\
. N - R & ™
’ > o Ea 5 ~CH, C ﬁ:”/ ¢
ii) SP* - Sp’ <SP - §F° - SP’, i) SP-Sp'—SP -SP - SP
iii} Double bonds are conjugated iii) Double bonds are not conjugated
\, Anthraene
i) A ion peak in UV-
\ | fe P'::‘:;;:,,’,"’ ) ety 5o

absort
fﬁuhummdumu}mdtﬂ.hlvﬂﬂummmhm o
Av H&,.Izlmnmdh__ﬂhmrnputluly Write the structures of the

CH;=CH-CH; -CH; - - CH; (1-pentenc)
CH; - CH = CH - CH; -CH; (2-pemicne)

Q6. m-mm;mmunmwwm

Anywar

Significant of Atomic Absorption Spectroscopy
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i AAS method s hluhl” specific, hence analysi T weap
| pussible and a high energy source needs m}:’.::;' mﬂ:ll from a complex mixture is

i) Well-suited for the analysis of substance at low concentrations. r W
) Haghly specific firmly established in analvti | 5 ; - ¥
: biochemistry, metallurgy etc.. ytical chemistry, ceramics, mlv_
a7. How will you distinguish between 2-Pantanone and 3-Pantanoe
mass spectra? l:rhrm by using
) W
4
1 = Pantanone 3_,.-&- :

1) The major peak is at 85, i) The
i) The small peak one at | 5.

a29.

Q1. What is combustion analysis? [ :~ ibe it different steps.

Answer "
Empirical and molecular formu m&ﬂﬂ that comain only carbon and
hydrogen or carbon, hydrogen and oxygen can be determine with a process called with
a process called combustion !MW’ The sole products will be CO, and H,0 and these

two products of combustiofi aré separately collected.

Steps AR
1) Weight a sample of the compound to be analyzed and place it in the apparatus.

ii) Burn the compound completely. The only products of the combastion of a compound
contain only carbon and hydrogen i-e CO,.
i) The HyQ_and €O, are drawn through two tubes. One tube contains a substance that

dioxide, _ .
of these tubes before and after the combustion. The increase in mass in the

s the mass of HyO that formed in the combustion, and the increase in the
the second tube is the mass of CO; formed.

that all the carbon in the compound has been converted 1o CO; and trapped in
second tube. Calculate the mass of carbon in the compound from the mass of

y in the measured mass of COy. :
1 ' wpound has been converted to H;O and
L %90 Y) Assume that ail of the hydrogen in the compo :
* trapped in the first wbe. Calculate the mass of hydrogen in the compound from the
measured mass of water. v
¥i) If the compound container oxygen as well as carbon and hydrogen from the total
of the original sample of compound.
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Q2. An organic compound consists of carbon; hydrogen and oxy
was subjected to combustion analysis 0.5438g of the compoung
gave 1.039g of CO; 0.6369g of H;O. Determine the empirical
formula of the compounds.

Anywer
Mass of compound = 05439y
Mass of C()y = |.039g
Mass of 11,0 = D.636%
Mass of C( 12
1.039 12 3
—_-ﬁ..’ﬂll"] i 106 P
= 52%

N
Mass of HO<
%01 = Trasof Compouhi1p %100

06360 an/ L Y
. a.smi‘-%ﬁ'w
- 13% .. “F
%of0 = 10052 4%
-35% Wy
Now we determine Empirical Formula of compound
- f

1) .
Percentage composition IC{ N\ -

NI ;35
2)
Percentage No. of moles
: A 52 13 33
(Dividing by atomie mass) = 73 1,008 32
= 433 : 1289 : 1.09
k)| :
: No. of moles
1 433 1289 1.09
(Di¥iding by least value) = 7o 109 109
"“*Y‘ - =39 TH
4)
Rounding off date =4 12 3= |

. Empirical Formula of Compound = C, H,;0,

Q3. The combustion analysis shows that organic compounte oo,
65.44% carbon, 5.50% hydrogen and 29.06% of ﬂlrg;"‘w,d s
empirical formula? If the molecular mass of this
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111159"!0'!." then calculate molecular formula of given org-mh;

compound. (Ans: C3H;0, C4H,O,) ,f\
Angwal
& H 0 &
|) Percentage composition =65.44 550 290 4 \
- © 6544 550 2906 ¢
2) No of moles 12 1008 e AN
“545 621 181 0. K9
3) Mole ratios ) Ve
et L U545 e 18 G N
(Pividing 0y Lonst iS00 “TIT a1 N,
=30:34)3; l ____‘é".y:(‘-l 2
=3:3:1 l”!
Empirical Formula Y

(on rounding off date) = C,H,0, XL
Empirical Formula Mass of CH,0, =M:ﬁ1 |
=5524 \ 1}

Molecular Mass of compound 15

[a]
A {(’: ‘Empincal Formula Mass
('
2110.15
§5.24
y L 4
“\‘?‘; = 1,99 or 2

A
So h!druuia- Formula = C3H:O, x 2
< = CoHiO,

L +

meant by the term chemical shift of a particular proton in

technique of NMR is useful in identifying the number and types of hydrogen

in a molecule. The largest peak (A) corresponds to SH atoms in CgHg, second
largest corresponds to 3 — H atoms in CH; — group and third is 2H atoms in CH; group.
The H- atoms in particular p fype of environment have sim8ilar 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. The chemicals shift of chemicals shift of TMS is set at zero.

www Perfect?411 com
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Miegriled trace
0 'r\,
R &
" QN
_.Elj r 7 3 k‘i—
| =
s A AY ¢
'I'l'- J‘ ; I.I; il- =
u‘nluwﬁummﬂ_n;' ]
SURLID 10] WAKDATS HINN YOS V Zi vz ambig
%
l
as. the general principle and instrumentation of Atomi
Spectroscopy.

MWMWHMMWE:HHIMHW?:'{
: particles on the gas. Exited molecules in the gas phase emit band specti. Ll
\ molecule in an excited state of energy, E2 undrogoes a transition 10 & stale

\ energy E1 and a proton of energy hr is emitied where
E2-El=hr

www Perfect?411 com
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instrumentation
[he process is performed in the solid or liquid state with almost equal convenience. It

wmﬂmmmmw»ﬂu-mﬂmnm&dﬁtﬂy introduced inlo the

Recording s done on a photographic plate which take some time to develop, ',\\)
,.{..undumpnmhmuh (N

\

mummwﬂhdunmicmmw,
mwwm

gy, ml@n&ﬂhuﬂmmhw“ﬂ

wavelength passes through a Nlame containing the atoms,
absarbed, and the extent of absorption will be proportic
state aloms present in the flame. This is the und

Instrumentation
Alomizer devices are cither comtinuous or di
plasmas and Mame. J -
ﬂiﬁ!ﬂti‘till‘hﬂfﬂmm_ are the method to introduces
samples into the atomizer Drruln:lmhm droplets by aerosol.

Q7. What is the basic m Spectrometer? How does it
work? , S
Principle of 8 ("

i mmuﬁm

Mass spectrometer is an insirument which turns atoms and molecules into wons and
measure theur h-ﬂl&:¢mh¢¢emmndnwmdmhlhﬂm
sizes but |

wont cores, roll down a sloping plain. At the bonom of the slope a
powerful magnét aftracts the iron cores and moving balls are defleated. As the balls
have identical iron cores. they all attracted equally by the magnet

E

ing can be explained as wooden balls of different sizes but with identical iron
| down & sloping plain. At the bottom of the slope a powerful magnet attracts
cores and the moving balls are defleated. As the balls have identical iron cores

L W hey are all attracted equally by the magnet. But the smaller balls are lighter and
fore they are defleated the most. The balls collect in different comparments
. wn!mﬂ:irmu All balls of the same mass colicct in the same compartments.

\ Swing this simple apparatus. it is possible 10 separme the different sized balls
'\.\ according 1o their mass and 1o find the relative numbers of each present. A real mass
spectrometer according works in a similar fashion 10 this simple model. It seperates

aoms a mm:uhﬁurmﬂﬂwslhmhwllm&ﬂudﬂﬁmtm

present Hﬂmﬂ:.nummhdcﬂmdudﬂﬂluﬂ-*ﬂ must be converted to
positively charged ions.
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Short Answers and Questions

Q1: Define analytical chemistry:

Anywer
Analytical chemistry s the branch of chemistry which deals with the separation and

analysis of a sample to identified its components,
Q2: What is Qualitative analysis? N

Answer
The analysis which provides the identity of a substance i.e chemical mmpmmno{.lhc‘
substance is called qualitative analvsis.

Q3: What is Quantitative analysis?

| AL
The analysis which determines the amount of each component presei ’-‘mweu
called quantitative analysis.

N\
ldtﬂll: of substance

Qa: WWMmmr

me;dtCH;O.ummbleu-pnnlﬂ.ﬂdﬂl formir
called trioxane and a polymer called de, that i
water,

Q5: What is spectroscopy?

Antwer - e
Spectroscopy involved using instruments to examise the radiation emitied or absorbed
by chemicals giving information about thm n-’uh structure.

Q6: What is Infrared m(’ '

Angwer :
Infrared spectroscopy llﬁc copy which measures the bonds and have
wavelength longer than viSible light i ¢ 2500nm and 25000nm

Q7: Which bond give rise to the peak just below 3000cm '?

The weaker absorption at 3000cm ' corresponds to the C-H bond.

Q8: Wbﬂﬂﬂnﬁutnthpe&ltMMcm

Answer
about 3400cm ' is from the O—H bond.
Q9: give rise to the peak at about 1720cm'?
Answer 0
. mﬂ;mhulmlﬂﬂ:m"cnmapmdunﬂuc-um.
k do you mean by visible and ultraviolet spectroscopy?

' It is an example of H C visible emission spectrum, where a substance emite certain

visible frequencies when its electrons have been excited by heating or by an electrical
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discharge these radiations may be in the visible as well as in ultraviolet and visible
spectroscopy

Q11: What does the colour of the transition element shows?

Answar .f\
The cui:ut of transition elements show s incompletely filled d— orbitals ndumm{\

Q12: What is TMS? N

Answer ,
TMS is tetramethyIsilane, Si (CH,) and is unreactive substance bevau
a single peak.

Q13: What is Spin-Spin coupling? €N Q

The splitting of protons on neighboring carbon
Spin-spin coupling
Q14: What are quartet peaks?
Answer
When extemal magnetic field s applied Clly
close 10 one another. Mwml&dquﬂg
Q15: What are triplet peaks?

Answer

When exienal magnetic field is(a (zm;huiliﬂﬂyﬂmdiﬁum
peaks ¢lose 10 one another is i

Q16: What is the general rule spl

Answer
A group camying n will cause the protons on a neighbouring group to split imo
n+ | peaks. »”

Q17: What is ulnnis llll&iﬂn spectroscopy?

Anvwer
Atomic lii* spectroscopy pertains to electromic transitions in atoms which use and

son course like Names sparks.
incipal of atomic emission spectroscopy?

vapourizers the sample causes electronic excitation of clementary paricles
gas. Exited molecules in the gas phase emit bond spectra. Thus a molecule in an

exited state of encrgy E; undergoes a transition state of lewer encryy 1y and a photon
8 of energy hy is admutied
N Fr=E,=hy

Q19: Enlist major advantages of emission spectroscopy?
Answer

i) Metalloids have been identitied with this technique
i) Perform either in solid or liquid state.
i) Just require J0sec 1o one minute
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Q20: Give disadvantages of Emission spectroscopy:

Angwer
1) Radiation mtensities are not always be reproducible. s
n) Relative error exceeds | to 2%. \ \
ii) The accuracy and precision are not high C
Q21: Give some applications of emission spectroscopy. f 5

i) Alloys of Zn. Cu. Pb. Al, Mg and Sn have been analy zed. .
i) In oil is analyzed for V, N )
;Jm-um analy zed for i.&hhu??\rimmw
ni} Traces of Co, Ni, Mo and V in Graphile may be synthesize.

Q22: What is atomic absorption spectroscopy? S \J
Answer

Atomic absorption spectroscopy involhies the
usually visible by natural atoms in the gas

Q23: What is mass spectroscopy?

Answer 2 %/
The mass spectroscopy lsanm:trun'ltnkwﬁ' “mnﬁmhwln into sons and
measure their mass and its study is

Q24: Why does the magnet have m fnr.llﬁllhh?

Anywer TN\
Wooden balls of different Myl wilii wentical iron coves, roll down a sloping plain.

At the bottom of the ;Imamfnimwmnﬂ:melmmwhmﬂl'
balls are deflected. ﬁu.ﬂ*hlh Have identical iron coves, they are all attracted equally by

the magnet.
Q25: Wiﬁlhﬂﬂﬂhhﬂuﬂdﬂﬂmﬂt?%?

Answer
Hls are lighter the balls collect in differemt compartments depends on

five main stages of mass spectrometer.

AR wer
on i) lonization
Acceleration iv) Deflection
%‘ v) Detection
\ %2? Name the four different zones of a flame?
d N Aewer
i i) Dark zone

1) Blue zone
i) Luminous zone
Q28: What is luminous zone?

Answer
In luminous zone incomplete combustion takes place has the temperature of 600 -

BS0°C.

ivl Non luminous zone
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Q29: What is non - luminous zone?

Answer
None-luminous zone 15 the zone where complete combustion takes place has the
temperature of about 2000°C. f’\\
Q30: Red colour of a flame explains what? ™
Answar K

In fire when the red colour is most. it suggest that the lack of oxygen s there ﬁ“:utt#

Mame is bumed and the flame iemperature is low from 600 - 850°C. Asfungiiuwl'
carbon nonoxide is formed and cause greater risk of backdraft.

Q31: What is forensic chemistry? -«-_"
Anywer 3
Forensic chemistry is the applicaton of chemistry to cr
involves the examination of physical traces such as
drugs. R {-,%. )
Q32:What is the market value of
instrumentation?
Anywer

The global life science and chemical in

billion in the vear 2011 and mcxpn;mdh ‘
to reach $45.2 billion, )
Q33: What is chromatography?

was estimated to be $30, 2
R of 8 4% from 201) 10 2016

Angwer 4
Chromatography is the calh mforliﬂufhbntﬂrhdmiquwﬁt
separation of mixtures and for the detection of small amounts of material present in
those mixtures, “f‘”*ﬁ *

nn:mn mass spectrometry?

h isa mthmque that mcasure the mass 1o charge ratio of charged particles is

used ining masses of the particles, elemental composition of molecule and
ddtion the chemical structure of the molecules such as peptides.
Q3s: ‘ os chromatography-mass spectrometry (GC-MS)?

MS) is the method that combines the features of gas-liquid chromatography and
- mass-spectrometry 1o identify different substances even present in small amounts with/
.\ in atest sample.
N\ Q36: What is Liquid-chromatography-mass spectrometry (LC-MS) or (HPLC-MS)?
“\ Anywer .
. (LC-MS) is a technique that combine the physical separation capabilities of liquid
chromatography with the mass analysis capabilities of mass spectroscopy. Used for
very high sensitivity and selectivity.

(TYITTY]
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