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BASIC CONCEPTS

Formula of mass spectrograph:
- H2 r2
(The formula for mass charge ratio for mass spectrograph is m/e = 2Er where ‘H'

is the strength of magnetic field, E is strength of electrical field and r is the radlus of
~ curvature of positive ion. -

ONS TO SOLVE THE NUMERICALS

(1) = Empirical and Molecular F¢

(e Avermass of an element H
: Sum o ication of isotopic Mk

100
(i) Mﬁnﬁl 'I ent in a confp
= 00
Mass of the compo
(m) 9 N 0rga i Bbdsion
analysis. The formulas are as follows 213)

Mass ¢

% of carbon

“ofhydrogen = acs of organic compound X 18

% of oxygen = 100— (% of C + % of H)

(iv) Molecular formula = n(empirical formula)
' Molar mass

b= Empirical formula mass

(2) Concept of Mole and Avogadro’s Number -

Mass of element
Atomlc mass
Mass of the compound
Molar mass
Mass of the ionic compound
Formula mass

(i) 1 gram atom of an elemént =

(i)  1gram moiecular mass of a compound =

(iii) 1 gram formula mass =
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~_ Massof the ion _ '

lonic mass ¢
(v) Number of atoms of an element = Number of gram atoms x Na
(vi) Number of molecules of a compound = Number of gram mole x Na
(vii) . . Number of formula units in an ionic compound =

Number of gram formula x Na

. (vii) ~ Numberofions = Number of gramions x Ng
Mass of element x Na

(iv) ~ 1gramion =

(ix) ~ Number of atoms of an element = Atomic mass |
: Mass of compound x N
(x) Number of molecules of a compound = “Molar IFT)]ass 2

(xi) Number of formula units in an ionic compound
_ Mass of the ionic compeund

Formula mass
Mass of the ions

(xii) N”mbumulonlc mass NA -
(xii))  Numb n element in a mgfe
(xiv) - Volume SHE - Nu'mber, (

| yield
() . %yeld = Theoretical yield xdd

% NA i o

Determi ation 0 é'vErEge atomic

> abundance and ISOtOpIC?S
The % relative abundance 8t each isafo

factors are added up for all the isotopes and divide !I l )

i e e ey
(2)  Determination of % of an element in Neicrorrosess T ol |

- The mass of that element in the compound is divided by the molar mass of the
compound and multiplied by 100. :

(3) Determination of empmcal formula

The % of each element is divided by the atormc mass to get the mole ratios. The
mole ratios are divided by the smallest value to get the atomic ratios. If the atomic ratios are
whole numbers, then well and good, otherwise multiply with a suitable digit to get the whole
numbers. These whole numbers give the empirical formula.

' (4) *©  Determination of molecular formula from emplncal formula ' |

For this purpose, we should know the molar mass of the compound Molar mass is
divided by empirical formula mass to get the 'n’ factor.

n is multiplied with empirical formula to get the molecular formula

(5) Calculation of mole of a substance

Number of moles of elements are obta[ned by dividing the mass of the element
with atomic mass.-



[ Chapter 1] Basic Concepts - ; 3

In case of molecular compounds, the mass of the substance is divided by molar
mass to get the number of moles of the compound.

| (6) Calculation of number of atoms

To calculate the number of atoms of an element, divide the mass of the element by

~atomic mass and multiply with Na.

{7) % Storchiometrlc. calculation the number of molecules

To calculate the number of molecules of a compound divide mass of the
compound by molar mass and multiply with Na. :

(8) - Stoichiometric calculations

In stoichiometric calculations, the mass of the given substance is converted into
number of moles. These moles are compared with the moles of that substance whose
amount is requ1red For the purpose of comparison, we take the help <f Lalanced chemlcal
equation.

(9) Calcmning reagent -3

“lesser number of moles of the required prod c'
m
(18]

: To calculate the limiting reagent, weffi ii . m-‘ D of all
the reactants es are given. Thesg of wCOW D _

: | © .'ll'x]
of moles of th i@l substance. That JuSstemss am R AT Y Z

: | Eaurber of

Nétural abundance of st

' Element : Relative abundances in %
| Hydrogen - 1H =99.985 ‘H =0015
Carbon:"" AT '1620 = 98.893 °C =1.107
Nitrogen N =99.634 N =0.366
Oxygen 50 =99.759 ©0=0.037, 50 =0204
Shfhy o L Siteng Sak =076 s =422, %5 =0014
Fluorine - F =100 |
Chiopifie™ = #| &% “88805 = 5 53 o2 < SO SN
Bromine ‘ ggBr =50.54 g;Br =49.49
lodine ' 1513?! =100 .




limi Objective Chemistry Part-|

Atomic masses and abundances of several naturally occurring

isotopes
- 5 ¢ Average atomic
=T e Yk vt g i
' _ : - elements
- H-1 1 99.985 1.007825
H-2 2 0.015 2.0140 -1.007%4
c=-12 12 98.893 12 (by definition)
C-13 14 110 13.003355 - 12.011
O-16 16 99.759 15.994915
0-17 17 0.038 16.999131
‘0-18 . 18 0.200 17.999160 15.9994 -
Cu-63 63 - ©94% 62.939598
Cu—65 65 i w30.83 64.927793 63.546
Cs - 133 433 100 _ 132.905329 132.905
~Ur—235 0.720 235.043924
Ur — 238 99.280 5.05(17 64
' DEFINITIO

e F“Edmshortqu
= % yield:
t
multiplyin

N al ield '
reaction. Formula, oy|e T i <K
2 M

The actual amount of the prBduct whiclyisk

stoichiometry for calculating theoretical yield.

3. .~ “Alom: - (Rwp 2011)
~The smallest partlcle of an element which may or may not exist independently is

called an atom. The atoms of O, Cu and Au are made up of protons, neutrons and

electrons. No doubt, other fundamental particles are also there.

4. Atomic-mass-unit:

It is the mass of 1/12th of one atom of carbon with lightest isotope C — 12, Its value

~is 1.681 x 107 kg. It is calculated with help of Avogadro's number.

5. - Average atomic mass:

It is the average of atomic masses of all the isotopes of an element. Every |satepe2 i

has its own at mass. The average atomic mass is a fractional quantity.
236, Avogadro’s number: (Lahore 2014, Sahiwal 2014)
It is the number of atoms, molecules, formula units or ions present in one mole of

the element, a compound, or an ionic substance is called Avogadro’s number. Its value is
6.02 x 102,
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Formula applied:

(mass of Ne2. x % abundance] + (mass of Ne?! x % abundance) + (mass of Ne22 x % abundance)
100

Average At. mass =

Putting the values ¢.] |
20 x 90.92 +21 x 0.26 + 22 x 8.82
100 _ -
18184 +546+194.04 \
100

Average atomic mass of Neon - =

= -2%10-7-0-2 = 20.1_8.a.m.u Ans.

Therefore the average atomic mass of neon is 20.18 a.m.u

74 Branches of chemistry:
Some important branches of chemistry are as follows:
(i) Physical chemistry (ii) Inorganic chemlstry
m Organic chemlstry (iv) Analytical chemistry
aﬁj stry or Industrial chemi
The a mass of three isdiop ,
8. Chemi ‘ :
That bF&Bience which deals itpn of
matter, changes®of and laws and pri iplﬁ i ' arLs.is alled

chemlstry

Mﬂiﬂi@ - - ‘
tstance whlch gije [ ' gent in
olecule of a substance. The® jcal fo and of
4 | s |
CsH12 6 X

10. Gram atom: : .
The atomic mass of an element expr ' ' of an
element. 12 g of carbon, 56 g of Fe and 238 S giaiml aion N and

uranium respectively.

11. Gram formula: (Gujranwala 2009)

The formula mass of an ionic substance expressed in grams is called as gram
formula of the substance. 58.5 g of NaCl is gram formula of NaCl. It is not its molecular
~ formula. NaCl does not have molecules |

e 7 Gram ion:

The ionic mass of an IOHIC substance expressed in grams is called as gram ion. 17 :
g is gram ion of OH(a Simllarly 96 g is g ion of 804@

13. Gram molar mass: ~ (Bahawalpur 2008, Guyanwam) papss

The molar mass of a substance expressed in grams is called gram molar mass.
342 g is gram molar mass of glucose. 98 g is gram molar mass of H,SO,.

14, Heteronuclear diatomic molecule: - - (_D.G. Khan 2011)
- A molecule having two different atoms of two elements is called heteronuclear

diatomic molecule. H — CI, H — Br, H — |, CO — NO etc are heteronuclear diatomic
molecules. : _ :
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=18, '_ Homonuclear diatomic molecule: (D.G. Khan 2011)

A molecule which is - consisted of two atoms -and both are same is called

homonuclear diatomic molecule. Hy, Oy, Ny, Clj, Br?_, l, etc are homonuclear diatomic
“molecules.

16.  lon: - (Sarg. 2011)
A positively or negatlvely charged atom or group of atoms is called an ion. For
example HE’) SO, @ , OH®, CO, ? etc. are various ions. :

17: - Isobars
Those atoms whrch have the same mass numbers but different atomic numbers

16S and 1SAr are isobars of each other.

18.  Isoelectronic species: -
- Those species 7.e., atoms, ions or molecules whrch have the same number of

electrons are called isoelectronic species. Naea Mg l@ S!@
specres Similarly C4, N3, 0-2and F‘1 are isoelectric to Sach other

Isotone :
Atoms Jlrualr“t having same nuy

and N have bo# s and are rsotonesl e
s

are isoelectronic

" Isotope
The ato

um bers am
Thatl rea

n
pro s formed is called llmmng I

Molecules of high molar masses
. macromolecules. The molecules of PVC, starch,
23..  Mass spectrometry:
It is a technique in which gas molecules“ere
separated on the basis of their mass to change ratio. It. may be for rsotopes of an element or
to see the fragmentation pattern of a molecule The isotopes of Ne can be separated by it.
24. Mass spectrum: (Sarg. 2014)
It is a graphical representation of the masses and the relative abundances of
moleculz- ions. The positively charged fragments are formed from it by the electron
bomba _ .ient. It shows peaks. The % of fragments is calculated from the base peak.
29, wiolar volume: : Rwp (2012), (D. G. Khan 2014)
~ ltis the volume of one mole of an ideal gas at standard temperature and pressure.
lts value is 22.414 dm3. H,, He, CH, has 22.4 dm?® of their volumes, when we take 2 g, 4 g

- and 16 g of them respectwely at S.T.P. | oo

26. Mole: ' - D.G. Khan (2013), (Lahore 2014)
The atomic-mass of an element, molar mass of a compound, formula mass of an
lonic substance and ionic mass of ionic substance expressed in grams is called one mole of

the substance. 2 g of Hy, 12 g of C, 17 g of OHQ. 58.5 g of NaCl are one mole of each.
100 g of diamond will be %9- = 8.33 moles. |
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. Molecular formula: 5 ‘ Rwp (2012)
"~ That formula of a substance which gives us the kinds and total number of atoms -
present in the molecule of a substance. KMnO, is molecular formula of potassium per
managanate. ; : : :
28. Molecular ion: B : ' (Sahiwal 2014)
- Any molecular species having positive or negative charge is called molecular ion.

MnO ", Cr,0 ~ are molecules ions. CH, is a molecutar ion. -

29. Molecule: Bahawalpur (2008), Rwp (2011), (D.G. Khan 2014)
The smallest partlcle of a substance which can exist independently IS called a
molecule. CO,, NH,, HZO show one molecule of each of them.
30. Polyatomic molecule:
A molecule having more than two atoms is called polyatomic molecule. C,Hg,044
is polyatomic molecule of sugar.

31.  Relative abw of an isotope: 3
“ecnedhe pegm;“ isotope of an elementralative.d |
element is called relative ‘abundance of isotole in
nature - ' |
Relative ’Fo ﬂss:
It is the mass of one atom of an elem¢
carbon tak ﬂﬁ 't'ertomlc mass

238. 024a

33

the reactlen C+0,—> COz.

34. - Stoichiometric calculations:
‘Those calculations which are based ®

_calculations. These calculatlon can be done on the bas:s of mele mole moie wi. .mole-
volume etc. ;

35 Stoichi ometry: - D.G. Khan (201 3)
- That branch of chemistry which deals with the quantitative relationship between
reactants and products in a balanced chemical equation is called stmchwmetry
36. Structural formula:
That formula of a substance which gives us the relative position of atoms and
groups in the molecule of a substance along with its bond lengths and bond angles is called |z

- structural formula. The structural formula of CH4 is tetrahedral ha\ftng certain bond tengths £

and six bond angles as 109.5°.
< Theoretical yield:

. The amount of the product calculated from balanced chem|ca| equation is called
theoretical yield. It is calculated from the balanced chemical equations by the basic
- principles of stoichiometry. In 2H, + O, ——— 2H,0, 1g of H, combines with 16 g of O,
to give 18 g of H,O. This 18 g of H,0 is theoretical yield of H,O.
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',.3,' &y Fﬂn - ' R ,.n.emfstr'ypan-f"'

38.-  Yield: -
~ The amount Mﬂﬂﬂmm |n ekt mioghireaClion: ig kfiown as yield of

* reaction or yield o roduct. WOy pes” .C grétical and actual.
Theoretical yield is calcuae from alan | i Jliadiot= but actual is a

“experimental quantity.




ANSWERS TO THE SHORT QUESTIONS -

| Atoms, lons and Molecules
| _ Q1 What is atomic mass unit?

fe balfeyuilE o
(Multan Board 2005, Sargodha 2008 Fd.abad 2009, Sarg. 2009, Gujranwala 2011)
Ans: Itis a unit of mass used for atoms and molecules (c;_.Jb’ Sedd L300 4)

and is equal to ‘lum the mass of an atom of carbon —12. It is obtained by
dividing the uni vogadro’s nunfps :

One amu. = 10% kg = 1.68(F
Q.2 - Whenever an e removed frorg

~ the formation of the cation is an endotHe

e [N QR E W s L iarin e = '
HEN »
mber of electrons and in itoin are al BT '
'removeawaas {0 RemSkiR 4 is an

- endothermic process ( J' Usd_ S v =t
~ and is called cation (/T uis L =3).
Q.3  What do you mean by molecular ions?

S il rl Ve 1 )4 3
(Azad Jammu & Kashmir Board 2{105 Sarg 2009 Sarg. 2010 DG. Khan 2012, Multan
2012, B.pure 2012, B. Pure 2013, Lahore 2014, Rwp. 2014, D.G. Khan 2014)

Ans:  Any molecular species & St S U having positive or negative charge is
called molecular |on u’: b’u)’{f dr':'l, ). They are mostly prcduced when a beam of
EI red
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(L/ JZ4) on molecules of a compound |n the vapour phase (utt =Jb Quix). The
examples may be CO®,_ N2®, CzH4 ,Oz ,CH4 ;

Q4  The atomic masses may be in fractions. Why? (Lahore 2004, AJK 2005, Multan
' 2008, Lahore 2008, Multan 2008, Lahore 2008, Sarg. 2009, B.Pur 2009)

: T*.Jﬂeﬁkﬂ!i_nzlﬁ 1) / \...{l J L’JJ‘:U‘EI Lﬁl(f/ -4
Ans:  Most of the elements have isotopes (U#++°T). Each isotopes contributes its atomic
~ masses. Hence, the average of atomic masses of isotopes will be definitely in

fractions (52 df b’J Anyhow the mono:sotoplc elements have also fractional
~ atomic masses.

Isotopes and their Identification

Q5  Why positively charged ions of 1sotopes are passed through magnetic field
in the mass spectrometer? '
Ny Pt B L2
Ans: The positively charged ions bend perge 2 ) e j@in es of the
two polf ﬂ;ﬂ;assed through the i 4
magneti@ficl semicircular pathg( =",
on the basis of m/e values and compgls
EIggire: 't ;
W FUCHion =of electro
spectrometer?  (Gujr 008,
el

Q.6

Ans: -

When positively charged ions of di
(U1s L/jxﬁ;}(ﬁul‘g = UI}gf), then ¢ the
number of ions falling upon that. In this way, the relative abundance (= # 3Lo1) of

these isotopes can be recorded, in the form of peaks on the graph.

Q.7  What is mass spectrum (()?uﬁd’ bed_17 L =) or mass spectrograph?
‘ (Guj. 2013)

St Fn T

Ans: Itis a graph which is plotted between m/e of the positive ions on x-axis and thegz
relative abundance (= (Lo1) of the isotopes (% age) on y-axis. This graph.is(i &3
plotted with the electrometer and system is computerized.

Q.8  How does the change of either electric field or magnetic field help us to
' record the isotopic separation by mass spectrometer? (Multan 2013)

s JIJ:/ SessT ¢ I AL i S Ul S 2l S U -8

- M HIP
Ans: Smce e = g When the magnetic field H increases, radius of curvature

(F ad ¥ duf) I decreases and a particular ion falls at different position on
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electrometer. Similarly, the increase of electrical field E increases r. The change of r
means that we can do the separation of ions (.—:_GC/,,«-,:.I‘[ )';TJ: & Ja i /_’dv,’)

Q9 ~ Why theisotopes have the same chemical properties?

suLUF Ll JLLU R IAT -9

(Rwp-2007, Rwp. 2009, Lahore 2012)

Ans: The isotOpes of an element have same the number of electrons in different orbitals

- (1) They have the same number of unpaired electrons (1 ;’?ic__.ux/.:") in

the outermost (d_ts £\ = ) orbitals. The number of unpaired electrons in the
outermost orbitals determine (6./"L=}) the chemical properties of elements.

Q.10  One hundred ions of NOs© and fifty ions of 804@ have equal number of
charges, but they have unequal masses and unequal number of atoms in

them indivi iyt - - - |
| Ny ﬂluf}"t_é:* : fﬂgfz;lggﬁy‘f'f <! o ice g ()
Ans: 100 NO;;GE)aPBe 100 negative g . JOw = A alive

charges. Their ionic masses are respect and e e =88 evan if
© the nmnni e, then thel | @ :
' Each lunber of atoms fh Bk so 100%

Q11 In the pes of ¢ ﬁ X
. the second highest is of 30‘3 while g0 D

b
g 4:...../J 80"l ¢ A 4./::(!30'3 :ul.;a:.-./d RN O B

?u:[..f_

Ans: . The relative abundance of various (i) isotope is determined by the height of the
peak (St J;;) in mass spectrometer. gO¢ has 99.759 % of relative abundance.
308 has 0.204 % while 4017 has 0.037 % of relative abundance. So, the height of the
peak due to 507 will be smallest (J yz(’ a..._.-r%J J* J ﬂf eSS Jg SFTU).
Q.12 The ratio of heights of the peaks for the isotopes of chlorine is 3:1, but in
| case of bromine two peaks of equal heights are obtained. Why?

SUsd A2l EBr B uteeP 3 1ueklpeaksSassTLCl A2

Ans:  The height of the peak depends upon the relative abundance of isotopes -
(e / durd u’ 4577) of that element. Chlorine has two isotopes 7CI% = 75.53 %
and 17CI% = 24.47 % The intensities of these two peaks (= 2> SstduZz ») are
in the ratio of 3:1.

In the case of bromine the relative abundance are 50. 54 % for 3sBr5° and 49.46 %.
for 35Br8!. These two percentages are almost 50:50.
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Q.13  What is the reason for two equally strong peaks in the mass spectrum for
bromine ; while for iodine only one peak at 127 a.m.u is mdlcated'?
(Bahawalpur Board 2007, B.P. 2008)

?.;.,?:yf_.g..peak(ﬁ..{u/gﬂz_é-w/,u.u&/-‘l-tf peakssensf L B, 13

~Ans.  Bromine has two isotopes, which are almost equally abundant (ks 4/ ¥ =
Therefore, mass spectrometer gives two equally strong peaks. lodine is mono-
isotopic (c‘;..;;:jfgﬁ_{'l), so only one peak is obtained in the mass spectrum.

Q.14  No individual neon atom in the sample of the element has a mass of 20.18

a.m.u. Why? (Mirpur-2006, Model Paper-2006-07, F.Abad 2007, B.P. 2008, Multan
2012, Bahawalpur2012 F. Abad 2012, B. Pure 2013, Guj. 2013, Lhr 2014, Guj. 2014)

SU b 20.18 amugsHiE I ENe 14

Ans. 'Neon has three isotopes of atomic masses 20, 21 and 22 with relative abundances
(e ous ) as 90.92%, 0.26% and 8.82%.

The rela ass of heon, comes out to be 20. 18 a.m.u. So 20.18 a.m.u. is
the av Wmass (...‘JJ'UV Sathias ? _1s no
- atom of Ne with this atomic mass.

Q.15 Define empirical formula and how i
. (Faisalab ( ultan 2008, Muli@n 26
“MBREHL =k

H u

Ans:

.mpirical And MQI 8L PO el

(= § 40 in the molecule of [
M.F. = n(E.F.). |
E.F. of benzene is CH, but M.F is CgH% :
H,0, CO,, H,SO4, KMnO4 have same molecular are empirical formulas.

Q.16  One mole of H2S0O4 should completely react with two moles of NaOH. How
does Avogadro’s number help to explain it?(Fed-20086, F.D-2006)

' u.U’Jhgf-’c"_{:’/u'fL)J(/KJJJALJ’I-:..V/U'(MJ;_):’:JLNaOHJI‘J 1kH,S0, -16

: . _ ..q_t'/

~ Ans: . The balanced chemical equation beiween H2S04 and NaOH.
H2SO4 + 2NaOH — > NaSO4+2H20 St

One mole of HzS04 releases (t./>1,7) two moles of H* in the solution. It n@cﬁ?w"f‘- ;

moles of OH™ ions for complete neutralization (£- LJ»U"'/

Q.17 NaCl has 58.5 amu as formula mass and not the molecular mass. Justlfy it.
- (Rwp. 2005, Rwp. 2007, Multan 2008, Sarg. 2009) |

et E U S S e 585 amu Al BNGC 7

Ans: NaCl is a ionic compound. it has no molecules in the crystal structure
(s )rc'tu’_.ouuﬁ So, 58.5 amu cannot be catled as its molecular mass.
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_ Its_formu_la is NaCl because for one Na®, there is one CI@ in the crystal. Here,
58.5 amu is its formula mass.

Q.18 Molecular formula is multiple’ of empirical formula Give an example.
(Lahore Board 2005, Lahore 2012, Multan 2013)

S fie o S oK i sl E 18

Ans:  The empirical formula is the simplest whole number ratio of atoms of different
~ elements present in a compound._ Molecular formula tells us the actual number of
atoms of each element in a molecule. Hence the empirical formula has to be

multiplied (&> «~) with a suutable drgit (e st rt) to get the motecular
formula. -

: Benzene, CeHs=6(CH) , Ethane, CzHs = 2(CHs)

Concept of Mole and Avogadro’s Number ,
Q.19 Calcul s in grams of 107 moles of water.
. J i“ (Rawalpindi Board 2005), (D.G. Khan 2011 Rwp. 2011)
Ans: MassF»ﬂ H
T 103x 18¢g
. 0.018¢

Q.20 ier than tha
R&walpindi 2008, Rwp. : ; :
1 " ©
N . 7 s ] 20
“Ans:  The atomic mass of Mg i§ 24 g mol ' olp edto

the atomic mass of C i.e. 12 g moH. i i Lm‘ A than
that of carbon.

Q.21 - 180 grams. of glucose and 342 grams of sucrose have same number of
_ molecules, but different number of atoms present in them. Justify it.
(Lahore-2005, Faisalabad 2008, Bahawalpur 2008, Guj 2012, F. Abad 2014, Lhr 2014)

LG A SRR IS Sl S 21

Ans: 180 grams of glucose (CsH120s), and 342 grams of sucrose (Ci2H22011) are one
- mole of each. One mole of various () substances contain equal number of
molecules i.e. 6.02 x 1023
~ One molecule of CsHi20s has 24 atoms. The total number of atoms of
one mole is 24 x 6.02 x 102, One molecule of C12H22011 has 45 atoms. The tolc
number of atoms of sucrose in one mole of sucrose is 45 x 6.02 x 102, It means
that one mole of both glucose and sucrose will have different number of atoms.

Q.22 .What is the number of H® ions in 9.8 g of HsPO4? - (Fd.Abad 2009)
& ?.;.U’;iﬂJ HOLHPO,08g  -22

No. of moles

1]

n n
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Ans:  When one molecule of HzSOxs ionizes (<t # T), it produces two H® and one
: SO‘%9 ion. Hydrogen ion contains +1 charge while suiphate jon has —2 charge. The
ions produced by complete ionization (J’ v A1 J’() of 4.9 grams of HzSO4 in
water will have equal +ve and —ve charges but the number of H® ions is twice than
number of negatively charged sulphate ions.
Similarly 1 mg of KoCrOj will have thrice the number of ions (2K* + Cr04@). If the -
number of formula units is X then ions will be 3X. '
Q.28 © 96 gm of SO;2 has Avogadro’s number of 804"2 ions, twice the Avogadro’s
numbers of negative charges, 4Nx as oxygen atoms and 5 Na as total number
of atoms. How? -

,r,.JJ /lJSNAmw AL GF TNy 7 e 2N, -1S0, N, L2SOs r:/ 9% 28
' ..?_/J J’J&Gt’\.ﬂ.ﬂw’ N Au:(u{. ¢ dl ot

~ Ans: The ionic ga is 96 a.m.u. So, in 96 gms of 804@, there is one mole of
SO@Jﬁmofthespemes '_ - _' S5,
 602x10 ‘

Each SOF . R two negative charg
MM ET'J'oxygen atons
% 60" has five §

Q.29 One o #ffoles of
of electrons and twenty-eight molgs
present in it. Justify.

. ..(J'f - u!J:LSJVJ :’)}"23;3!@/1/6!)!‘;,0 5

Ans:  The molecule of H — O — H has two bonds in it. Therefore, one mole of H20
contains two moles of bonds and three moles of atoms. Similarly, there are eignt
“electrons in oxygen and one electron in each of the two H atoms. One molecule of
H20 has 10 electrons. So one mole of water contains 10 moles of electrons. There
are 28 moles of all fundamental particles (=173(>L*) in one mole of water 10 moles
of electrons, 10 moles of protons, 8 moles of neutrons.

Q.30 Prove that one mole of each Nz, CO; and H: contain equal number of

. molecules. (Multan 2004, Sargodha 2008, Lahore 2008, Lahore 2009, Multan 2009) Eluii. _

~Ans:  This is according to Avagadro S Iaw thal one mole of a substance has 6 02 x 1023
molecules in it. So, 28 g of Hy, 44 g of CO; and 2 g of H, have 6.02 x 102
molecules in each.

Q.31 Nz and CO have same number of electrons protons and neutrons. Justify.

(B.Pur-2006, Rwp-2007, B.Pur-2007, Guj. 2008, Faisalabad 2010, Sarg. 2011, M. Pure

2012, Guj. 2012, D. G Khan 2012, Guj. 2013 Faisalabad 2013, D.G. Khan 2013,
B. Pur 2014, GUJ 2014, B. Pur 2014)
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“Ans:  The molar mass of HzPQ, is 98 amu 9_.8 g of HaPO4 is 0.1 moles. 1 molecule of
H3POs has 3HO, Hence the number of H* ions in 0.1 moles of H3POs is 1/10th of
Avogadro's number multiplied with 3 i.e,, 3 x 6.02 x 1022 = 1.806 x 10%,

Q.23  What is the mass and number of molecules of CO; in 0.224 dm3 of CO; at
S.1.P? %
€ S QIS un STP K0.224 3 LA Sl 23
Ans:  0.224 is 1/100th of one molar volume at S.T.P. Hence the number of molecules will
be 1/100th (-« uir) of Avogadro's number ie., 6.02 x 104, and mass will be
44/100 = 0.44 g

Q.24  Define Avogadros number? How does it relate to the masses of chemical
substances?  (Gujranwala 2005, Rwp. 2009, B.P 2012, D.G. Khan 2013, B. Pur 2014, Multan 2014)

Se MRS AL S LK g S 8PSy 28
Ans: It is the number of afoms, molecules or ions in one gram mole of an element,
- compound arﬂn. One gram mole (.;.qla rl/ JUL/y) of the substance is the

at lar mass or ionic mass taken in grams. It means that the number
\ s72) Is related witll taasi ' of Na
and ave equal numberfpfi '
Q.25 “mber of covalent o 2008)
: ; =25
Ans s of CHy. It hifs lecule
gy marniEH!e total numb@r 4102 =
1.204 x 1024, '
R at STPelthough § af three
gases are very different from eaghfg
rg 2012)

-wu",../wu&/zz414/swg!coz T T TE, e 0626

LS Y i vlf)rot[.urful.fw

Ans:  One mole of an ideal gas at S.T.P occupies (¢ /f &) a volume of 22.414 dm3,
Sizes and masses of molecules of different gases do not affect the volume.
- Normally (4. t) it is known that in the gaseous state, the distance between the
molecules is 300 times greater than their diameter (#). Therefore two grams of Hj,
16g of CHs and 44g of CO, (1 mole of each gas) separately (Ji ..51) occupy l_ﬁi-'lgl
volume of 22.4 dm3. This is called molar volume (Vm). : > h;,':'* P

Q.27 4.9 g of H2S04, when completely ionized in water have equal number of —
positive and negative charges, but number of positively charged ions are
twice the number of negatively charged ions. Give reason.

' (Lahore 2012, Sarg. 2014)

.Jar_dx/lnlﬂ(f];bd".ulu»?-;r_t'ﬂd'y By l/;:"g};;)fdtu?H2304rI/4 9 27
St LL,‘(JG:-JIA”J/ Td’;fﬂd//' Tl
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Ans:  When one molecule of H2SOq ionizes (& bt #T), it produces two H® and one
' -80@49 ion. Hydrogen ion contains +1 charge while sulphate ion has -2 charge. The
ions produced by complete ionization (& 7 %7 ) of 4.9 grams of H2S0s in
water will have equal +ve and —ve charges but the number of H® jons is twice than
“number of negatively charged sulphate ions.
Similarly 1 mg of KoCrO4 will have thrice the number of ions (2K* + Cr04@). If the
number of formula units is X then fons will be 3X.

Q.28 * 96 gm of SO;2 has Avogadro’s number of SO;’e ions, t\_rvice the Avogadro’s

numbers of negative charges, 4N as oxygen atoms and 5 Na as total number
of atoms. How?

Bt /ufsnAi,n‘,g 1L TNt e 2Ny 280, N, 2502 01/06 28
| : ..q_/ Jukrs.fk.,j-‘ N Au":;t ?d’-c..

~ Ans:  Theion J\ﬁ j ﬁ is 96 a.m.u. So, in 96 gms of 804@. there is one mole of
SO@ of the species faye e. a'rﬁ numper SEREEE o,

6. 02 x 1 j

Each S u'BS two negative ch@r8 ; : C

|“ oxygen atof

= ’
&H'w@ has fivele p N Na

Q.29 One as twosfholes of b Stelmmales
of electrons and twenty-eight mgle : pattigles
present in it. Justify. ”

‘ -U‘/u..ft"..wululjﬂ*d/)I‘ZSJ)!wjl/ai)fJ il s skt 3 35 29

Ans:  The molecule of H — O — H has two bonds in it. Therefore one mole of H20
contains two moles of bonds and three moles of atoms. Similarly, there are eight
“electrons in oxygen and one electron in each of the two H atoms. One molecule of
H20 has 10 electrons. So one mole of water contains 10 moles of electrons. There
are 28 moles of all fundamental particles (=175>t*) in one mole of water 10 mo!es
of electrons, 10 moles of protons, 8 moles of neutrons.

Q.30 Prove that one mole of each N, CO; and H; contain equal number of

. molecules. (Multan 2004, Sargodha 2008, Lahore 2008, Lahore 2009, Multan 2009) |

_Q_AIAJlA;J/{QLJunQ\.QLHz »41C0O,, szu{/cf.ﬁ" ~—30 Y
.Ans:  This is according to Avogadro’s law that one mole of a substance has 6.02 x 102

molecules in it. So, 28 g of Hz, 44 g of COz and 2 g of Hp have 6.02 x 102
molecules in each.

Q.31 N2 and CO have same number of electrons, protons and neutrons. Justify.
(B.Pur-2006, Rwp-2007, B.Pur-2007, Guj. 2008, Faisalabad 2010, Sarg. 2011, M. Pure

2012, Guj. 2012, D. G Khan 2012, Guj. 2013 Faisalabad 2013, D.G. Khan 2013,
B. Pur 2014, GUJ 2014, B. Pur 2014)
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Sttt _L/f/JlJﬂJ/l/zjﬂlp@ e®LCO,N, 31
~ Ans:  No. of electrons in Nz = 7 + 7 = 14, number of protons NnNg=7+7= 14 and
number of neutrons (14 —=7) =7 + 7= 14,

“In CO, number of electrons in C = 6 number of electrons in O = 8, total number of
electrons =6+8=14.

Number of protons in C = 6, number of protons in O = 8, total number of protons =
6+8=14.

Number of neutrons in C = 6, number of neutrons in O = 8, total number of
neutrons =6 + 8 = 14.

Q.32  Calculate the mass in kg of 2.6 x 1023 molecules of SO,. (Falsalabad 2010)

Uk ...auu;,()r"tz 6x 10880, -32
Ans:  6.02 x 1023 molecules of SO, have mass =64 gm
1 molecule of SO, has mass = 64 gm

6.02 ydﬂ'e"es SHstlavo gl o
26:% 1?“9“6:3 of SO, have mé ﬁﬁ] E

CM\“HIE(!'I"uuldcompl ' -, es of NaC -ifyit.

~ Q.34 How'can the efficiency of a chemical reaction be expressed? '
(Gujranwala Board 2005, Lahore 2007, Lahore 2014)

Se oS LSSt 34

An.s:l The efficiency (f »J ) of a chemical reaction can be expressed (t./ z¥) by the
: percentage vyield (/1s14,%) of the chemical reaction. Percentage yield depends

upon the ratio of actual yield ( mm&"n) and theoretical yield ( ,myu‘k
actual yield
' theoretical yield ™ 10 F ol
- Q.35 11 g of carbon is reacted with 32 g of oxygen to give CO,. Which is the
' ~ limiting reactant. (Multan Board 2005, Muitan 2008, B. Pur 2009, F Abad 2013)
C+0, > CO; :

S G LimitingUy 2 u-g bl S e o T Sa2f a1 35
Ans: According to the balanced chemical equation, 12 g of carbon should completely |
react z.'.,lpL/ Jbﬂ/ul’d"( with 32 g of oxygen to glves 44 grams of COz So 32

 %vyield =




28 - | " limi Objective Chemistry Part-I

grams of oxygen will be in excess (L :‘JG'.) in comparison (i&-) to 11 grams of
carbon. So carbon is the limiting (uua‘-;f) reactant.

Q.36 Concept of limiting reactant is not applicable to the reversible reactions.
; Explain it. * (Lahore Board 2005, Faisalabad 2007, Fd.Abad 2009)

Sud_pEW 2t S PGS Limiting  -36

Ans: ~ In the case of reversible reactions (=3 J_ts & 6L, certain amounts of the

reactants are left behind at the equilibrium stage. In the case of reactions having

one of the substance as limiting one of the substance has to be consumed

completely. So, the reversible reactions donot help us to understand (:<) the
concept (.51) of limiting reactant :_ln,«ﬁ}m;é./ J’f u:‘ff 1$).

Q.37 Distinguish between actual and theoretical yield. Calculate efficiency of a

reaction. (B.Pur Board 2005, Multan-2006, Mirpur- -2006, Multan 2007, Rwp. 2009, Lahore 2010,
B. Pure 2013, Multan 2014, B. Pur 2014)

mn‘m( S uijlsuw"‘mpt” B | 3T
The amoJ 3 SmeLEiLLe.

he product that e
~ reaction is called -actual yield. The amogn
chemical e Iled theoretlcal yle '

Ans:

The
yseld

kymw

(Lah 20035, Guj. 2006, B. Pur-2006, pr -2007, F. Abag-&
' 2010, Rwp. 2010, Faisalabad 2011,

St S PUASSS

Ans: A Ilmmng reactant is that one which is in‘lesser quantity and it is consumed earlier
 (ebbx &). Whenever, it is consumed then the further formation of the product
stops, although the excess reagent is lying in the vessel. If the limiting reagent is

" not available c_u"’ <) fo the excess reagent then product cannot be formed
further.

Q.39  Why the experimental yield is mostly less than the theoretical yleld?

(Mi_rpur 2004, Sargodha 2005, Model Paper-2006-07, B.P-2007, Guj. 2008, B.P. 2008, Rwp. 2010, Multan
2011, Bahawalpur 2011, Multan 2011, F. abad 2012, Guj. 2012, Rwp. 2012, Guj. 2013, Multan 2013, p: %
L

D.G. Khan 2014, B. Puriou}—z IEIE
S‘c_dnrr u.:( C—J’J!J’Lf‘ / ;i:l..vd[./ -39

Ans:  Experimental yield is: mostly less than theoretical yield due to the following

I-H.JEI

reasons. |
(1)  Mechanical loss of products due to:
(@) filtration (b) separation by distillation

“(c)  separating by separating funnel (i3 Jisé_/s %)
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Q.40

Ans:

Q4

Ans:

(1)
(il

- (i)
Q.42

(d)  washing (e) drying | () crystallization
(2) Side reaction. (3) Reversibility of reaction.

_ Law of conservation of mass (uLz_E’(JJ’G') has to be obeyed in stiochiometric

calculations. ' (Lahore 2013)

‘i'a.b‘/l;.;dbUJ! b’uLL.EUJ’WUiJu‘CL_/ n....«[r"‘j &’LL}J"!"LU’/ rﬁ (2 -40
Total mass of reactants must be equal to to_tal mass of products in a chemical
reaction. So, the calculation (t&.—L>) Can be done for relative amounts of reactants
and products in a chemical reaction. -

Define storchlometry What are its basic assumptlons?
: (Faisalabad 2010, Guj. 2014, Lahore 2014, Lahore 2014)

sV ouluig /Sl Le 4
The branch of chemistry which deals with quantitative relationships (=Gl d;l,w)

betwee rﬂelu nd products in a balanced chemical equation ( uﬂf J Jud(/

Al hiometry.

To perf ometric calculationgf¢
All the Fﬂ[ﬂe completely convé
No sid taking place. |
ass and lawpf
Mﬁﬁ tion in atm
meg burnt?

|m}

Since O, is always excess and is leflQUer IS AlNo Pl el A Sal pert ototal
O, can burn the whole material. So burning material is limiting reactant. This is one

of the best example of a reaction which is frequent in our surrounding in which one
substance is limiting. One of the reactants should be taken in large excess to

consume other material completely.
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EXPERIMENTAL
TECHNIQUES IN CHEMISTRY

DEFINITIONS

(May be used in short questlons with examples)
(1)  Analysis: :
The process of determination of composition of a substance quantitatively or

qualitatively is sis. The analysis can be volumetric or grammetric. Acid-base
titration is quﬂaﬁi«rﬂ salt analysis is qualitative analysis.
(2) - Ana

That sample of the substance whic .I ahabde. BAald or
base whose m@iali \@ng determined by v@l m m
(3) Analf‘ nullstry "R
' That branch of chemistry which deal§ wiilll i lit fliwe"andlysis

- is calle Quantitativ ptric.
QuahtatM%il‘ is. : h '
(4) i&{3nk: | '

That vesse[ in which th

It is a discrete solid particle whichy i i aces
intersect at definite angles and show certain isfics. egents
the picture of a crystal. :
(6) Crystallization: uj. 2008, F. A 5, Lahore 2014)

It is the removal of a solid from solution by i mcreasmg its concentratlon above the
saturation point in such a way that the excessive solid separates out in the form of crystals.

The crystalline substance is though to be pure. Sugar, we eat is in the form of crystals.
(7) - Distribution coefficient:

It is a constant which is a ratio of concentration of a solute in two solvents under
the given conditions. It is a constant quantity under the given conditions for a system.

(8) Distribution law: (D. G. Khan 2012, D.G. Khan 2014, Rwp. 2014, B. Pur 2014)

According to this law a substance is distributed between two immiscible liquids in =<

-such a way that its concentration in two liquids is constant. It is independent of the-amoun{ 2 =5x
of the solvent added. It gives distribution coefficient and is represented by K.

(9) Filter medium: (Rwp. 2012)
That porous material which is used for filtration of a solid substance from a liquid is
called filter medium. Filter paper is the best example of a filter medium.

31
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M P
Any water insoiub! a reasonable degree of rigidity and

can be used to separate the components from each other is called filter. Filter paper is a
best filter, :
(11) Filtrate: = de (Rwp. 2012)
That liquid which is collected after passing through the filter medium is called
filtrate. It is collected in a beaker or flask in: the Iaboratory
(12) Fluted filter paper: g
That filter paper which has a fan like arrangement with alternate elevations and
depressions at various folds, and is used te increase the rate of filtration is called fluted filter
Paper. - e ,
(13) ~ Gooch crucible: = - | (Lahore 2012)
A crucible which is made up of ceramic material having a perforated base and
covered with afilter paper or asbestos material i is known as Gooch crucible.
(14)  Mobile phase:
- A phase which is consnated of a single solvent or a mlxture of solvents and is used

for the separauon of co hromatography is called mobile phase.
(15)  Mother Ilqurdvﬂeln : _
P The solutio S behmd after tife jormation ot the crysialg 1S calleg

mother liquor. Molasses from Sﬁ: industry is a best

(16)  Partition chr y: (Lahore 201§ R
That type of
between the two Ilquids

(17)  Partiti _
The rmnﬁt' lf'lhe solute djs
equilibrium posi 8 cBefficient. It is b

represen

- (18)  Quanti .
That branch of analys&s in which the com
quantitatively is called quantitative analysis. Volumg
major types of it.
(19)  Residue:
L. That solid substance which is left behind on the filter medium during filtration is
called residue. It cannot pass through the pores of filter paper. ; _ :
(20)  Sintered glass crucible: (Lahore 2012)
: It is a glass crucible with a sintered glass disc sealed into the bottom.
(21)  Solvent extraction:
It is @ method of extracting of a desired component from the SOIUtiOI’lS by shaking it
with second liquid in which the component is more soluble. This second liquid is immiscible
with the first liquid. Separating funne! may be used to separate two layers.

(22) - Stationary phase: ' N

A stationary phase may be consisted of sohd or a liquid supported on a solid or a
gel. It may be packed in a column. In column chrornatograph, silver gel is stationary phase.
(23)  Sublimand: | (Lahore 2014)

The solid substance which is being sublimed is called sublimand. Naphthalene can
be sublimed and is called sublimand.







Q.1

| Ans:

ANSWE

S 10 THE s‘ﬂ ORT QUESTIONS

Mention various ex enmental technlq : : puriﬁdation .
of suhstances? F _ ahore 2007)
-: ‘:. -]
The techniques MH as foHo ! :
A SU#) (v)

(i) Filtrationii) Crystallization (f blinjalie
Solvent extraction |
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It depends uprfatta—r;pkpe substances, that which technique is to
be used. ;

Q.2 How do you ]ustify that‘qualltatwe and quantitative analysis are discussed in
analytical chemistry? (Multan 2011) -

e b A LB A S S il S Ly St ST 2
Ans: It is that branch of chemistry which gives up analysis (=%) of elements and

‘compounds. In qualitative analysis (-7 de) we come to know about nature of the

elements and in quantitative analysns {asf g4l2)-gives us the quantities of different
elements in the compound.

- Q.3  Define sublimation with an example? (Rwp. 2005, Lhr. 2008, Multan 2008, (Sarg.
2009, Lahore 2009, Multan 2009, Rwp. 2009, Rwp. 2010, Bahawalpur 2011,
D.G. Khan 2012, F. Abad 2012, Lahore 2013, Guj. 2013, Lahore 2014)

; _J)dl';‘..ﬂjsid/ i P ;Jf -3

Ans: The vapourisation ( Jf KJ U= =M\5) of a solid directly on heating without passing
- through the liguid phase and the condensation of these vapours on cooling to solid
without ﬁ “gh liquid phase i is-called sublimation. Naphethalene, iodine,
NH4CI and camphor (46T UTGergo UDIIMS :
separation of solids without using solverls

Q.4 How des sedto dry the c D
' u!tan 2008 B.Pur 2008
g
Mﬂﬂi :! et and theyn
afch glass g
, Some drymg agents Lb? ) lik§
Q.5 How does a Gooch crucibl€increase

(Gujranwala Board 2005, Multan 2007, Sarg. 2009, R
: ?

Ans:  This crucible is made up of porcelain (165, i as pe orated base Uslly
; covered with a filter paper or asbestos mate. Filtration can be done qmckiy if this
crucible is placed in a suction (u/ ¥1x) of filtering apparatus.
Q.6  Concentrated HCl and KMnO4 solutlons cannot be filtered by Gooch crucible.
- Give reason. (Gujranwala 2011, Bahawalpur 2011, F. Abad 2012, B. Pure 2013)

-U..( L'z.?:.éxuff /‘J" c..dl;f@f ; s KMHO,;JJI HCI L1158 stesl s -6

Ans:  Conc. HC and the oxidizing agents like KMnOs react with filter paper. For this
. purpose, the perforation ({1.+) of Gooch crucible is covered with asbestos mate.

Ans:

o

In this way the above solutions can be filtered. — > [y

Crystallization

Q.7  Which solvents are mostly used in crystallization.
- (Modei Paper -2006-07, Rawalpindi 2007, Faisalabad 2007, Rwp 2011, Guj. 2013)

?LULP"H)JL’C—UICL LL;;E?F .'7

Ans:  The most commonly (J__iu’_.xa..-.-,?/ used solvents are:
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(i) Water (ii) Rect =N )=APed|8ixalcohol (iv) Ether
(v) Acetone (Vl) Chboroform (vii) CCly (viii) Acetic acid (ix) Petroleum ether.
Q.8  Give the main characteristics of the solvent used for crystallization. :
(Sargodha 2005, Federal-2006, Sargodha 2008, Lahore 2009, Fd.Abad 2009, Guj. 2010, Faisalabad 2010,
B. pure 2012, D. G. Khan 2012, Guj 2012. M. Pure 2012, D.G. Khan 2013, Lahore 2014)

. -u"udxuwu’J_,Jw{btfcsf o
Ans: (i)  The solvent should dissolve a large amount of solule at high temperature.
(i)  The solvent should have no chemical reaction with solute.
(i) It should not dissolve the impurities ( u*’U’)
(iv) It should be cheap ().

(v) It should not be inflammable (m,;/ et ).

Q.9  Mention the major steps involved in the crystallization.
(Model Paper-2006-07, Rwp-2007, Multan 2007, Lahore 2007, Sargodha 2008, 2011, Faisalabad 2013, F. Abad 2014)

?ng.xl./xb’rwl(' ] r_'f e z..bu"" -9

Ans: (i) Prep urated solution (¢ «»s.& ). (i) Filtering the lmpUI’IlIBS
(m Co ate (duflf/”) (iv) Collection of crystals. .
out for f ared crystalline s
(Lhr-2006 Mult alpindi 2007, Multa

~ly MMI

bomng the substance wn
Hot

impurities and the pure decolorized (

cooling. The dehydrating agents emploge

Q.11 What is solvent extraction?  (Lahoie 2008, Lahore 2010, Sarg. 2011, Mirpur 2012, Guj. 2013)
Setbl sl Sedra sl A1

Ans: This is a technique (¢ 3.%) in which a solute is separated (¢./" i) from the
solution. For this purpose, the solution is shaken (:1%) with another solvent in which

the solute is more soluble. Anyhow the added solvent should not be miscible with

~ the solution.
Q12  What |s_ether extraction?

?c‘;blyﬂﬁfd_/:.ﬁ:’l}f alf/d_l.:‘..fa.)}g}/ A a1 i :
Ans:  Some organic products are prepared in aqueous medium. We have to remove this

organic compound, from water. For this purpose, ether is added. Two separate

layers are produced ( g & U i ») in the separating funnel. The ether layer

contains the organic compound. This ether layer is separated and ether is-
evaporated (bxf & Uf = it).
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Q.13 Whatis Ry value? Give its units.
(Multan Board 2005 D.G. Khan-2006, Multan 2007, Lahore 2009, B.Pur 2009, Faisalabad 2010,
Faisalabad 2011, Multan 2011, Lahore 2012, Guj. 2013, Multan 2013)

S e S ISR, 3
- Ans: Ry stands for 1/ V) retardation factor (VS s 2 26 ). 1t is different for
~ each component which is separated by chromatography.
~ _ Distance travelled by a component from the originai spot
Re = Distance travelled by the solvent from the original spot
It has no units.
Q.14  Give the main uses of “paper chromatography.
: (B.Pur-2006, Gu; 2009, Lahore 2010, B.Pur 2012, Multan 2013, Lahore 2014, Lahore 2014, D.G. Khan 2014)

LWL s S 14

: Ans: (i) &B} nion and punfcatlon Jf ¥ z._/ L) of coloured organic
‘ (i) l purity ( de)ofth CRERaHASS. ‘ .
(i) Inq it d quantitative analfsi

(iv) F ﬁﬁauon punﬁcailon :

_ reactsons
Q.1 jonary and n
: (Lah :' , Federal-200%
HEN 1

e solvent or the mixture nis s

. chr mo@#e phase §-
mobile phase flows is stationary ( J’ L) P
important mobile phases while silica g
stationary phases.

- Q.16  What is the distribution coefficient? To which technique it is applicable?
(Azad Jammu & Kashmir Board 2005, Guj. 2009, Lahore. 2010, D.G. Khan 2011, Gujranwal 2011, Guj 2012,
D.G. Khan 2013, Multan 2013, B. Pur 2014, Guj. 2014, Guj. 2014)

. St IS i) S b K LS Ay A6
Ans: It is the ratio of the amounts of solute dissolved in the immiscible liquids
(uf-; s f 22471 at equilibrium.
concentration of solute in organic phase
concentration of solute aqueous phase

- This technique is used in the solvent extraction of certain soluble compounds. > o
Q.17.  How naphthalene can be purified? (Guj. 2008)

‘i‘c.ﬂ:bbfubb)d(fqur‘" A7

Ans: Naphthalene can be directly converted from solid to vapour state, i.e., by the

sublimation. The impurities are left behind (wdbi U~ ) because they do not
- sublime. Inverted funnel can be used.

Distribution coefficient (Ko) =
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Q.18 In solvent extra ' ¢ I€peated extractions using small portions of
solvent are more efficient than using a single extraction but larger volume of
solvent. Why? -~ (Rwp. 2008, Sarg. 2010, Lahore 2011, Sarg. 2014)
| Lﬂi.ﬂ’&wv@w?w?_/uﬁa.uwa./”f.:,ﬂmf( e dptfioz - 18

t 2 WS Ui 2 p S LA et S 2 i Pl s sy e Sl

Ans: ltis due fo constant value of distribution coefficient (~>» B’(“' of a solute in two
solvents, which are insoluble. Say an organic solute is 1g, and is present in
1000 ml of H,O. We have 1000 mL of ether for extraction. If we use. 1000 mL ether

in one installment; 67% of 1g of solute is extracted if K is 2 in the favour of ether.

But by using two installments of 500 mL each 75% of 1 g is extracted and so on.
Q.19  Why is there a need to crystallize a crude product? (Guj. 2010, Lahore 2014)

Sewn P SoL Il ot 19
- Ans: Impurities are moipresent in the crude product (._f:lx u“’bt ). By using a

suitable s ich the required substance under preparation is soluble is
e used to of that substance
Q.20 lodine is more soluble in water in presg

F 0 H Lr-gd
Ans: To iSsolv dilute solutign af
- ghfi ligive l?' ion. JTAS

: HEm

solubie in H,O

\__2




GASES

- EQUATIONS TODO THE

SoClRl ¥ 'NUMERICAL PROBLEMS
(1) PV =K TP . (Boyle's law) -
@ yiK  prR (Ceess
(3): - Ki= C°+27316 5o e Y
() . C°=509

(5) Fe =9
e

(7) .

(8) :

) E | @8 equation) -
’!!i

(10) = 55 (General gas eq calc@ia

(11)

(120  pa= XaPy, ps = Xa Py, po =

_. =

(13) = \/;f (Graham's law of diffufie

(14) .;; = VW (Graham's law of diffusion in terms of molar mass of gases)

L - P
. (19) . PV'E 3 mNc2 (kinetic equation of gases)

o n1c12 + n2022 3 n3032 4+, i + nl'l czl"l : :
(16) cz2 = , (Mean square velocity)
Pt 0, + 0y +, S +n, ,
o 3 Ao - : oot mean)
1 : % ; n1C12 s n2022 + ﬂ3C32 o7 SR T, + nnczn square
(7).~ G 2 _ N N T N +n | Vvelocity

of agas .,

[3RT - ' _ - '
(18)  cCrms. = ™ (Root mean square velocity of a gas related with
_ temperature and molar mass of agas)
| PV -
(191 - 5r &2 (Compressibility factor)

43
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(20) -(P + %) (V-b) =RT (Van der Waal's equation for one mole of a real gas)

(21 )” (P it W) (V- nb) =nRT (Van der Waal's equation for n moles of a real gas)
“METHODS TO SOLVE VARIOUS NUMERICAL PROBLEMS

(1) If temperature and number of moles of an ideal gas are constant the following
| - equation is applied. It is deduced from Boyle's law
) —— T ,
(2)  When the pressure and number of moles of an ideal gas are constant, then the
following equaiion is a'ppﬁed..lt'is deduced from Charles's law

Vi N
e |
(3) If we want to calculate the volume of a gas at any temperature at constant

pressure and number of moles then followmg relatlonshlp is given by Charles

IO
Vo is the gas at 0°C.

(4) If none of the parameters is constant to s¢

- Pi¥ a2
T

(5) - Inorder to calculate the value of general §as

| Iaw.mnBWE'aﬁ's Isw'

=t R ' e valties of geheia
g - |
" RT

(7) If we want to calculate the number of molé : : z
moles with Na. The number of moles are calculated from point (6) given above.

(8) To determine the density of a gas use the following relationship
_PM

=55 : - (Bahawalpur 2008)
Be careful in selecting the units of P and M.
(@ IfMisingmole™, Pisin atm and Ris in 0.0821 dm? atm K™ mol™, then 'd'
comes out to be in g dm™.
(b) IfM=kgmol™!,P=Nm=? and R=8.3143 JK‘1 mol™, then “d" comes out to
‘beinkg m=.
(9) - To determine the mass of the given gas, use the fol!owmg relationship
PVM :
= RT : ;
(100 To ca!culate the partial pressure of a gas multiply the mole fraction with a total
pressure of the mixture
. pp = XP
The mole fraction of a gas is ratio of number of moles of that gas to total number of
~ moles of mixtures '
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Xi = nl

(11)  To get the pressure of the dry gas, subtract the aqueous len5|on from the m0|st
gas _ -
: Pdry Pmnsl 3% P{aq tension)
Aqueous tension is the pressure of vapours of water at a given temperature

(12) The comparison of rate of diffusion of gases can be done by knowing the densities
of gases

BT ..
b\

or, weshould know the molar masses of gases.

e,
rz- Mi.

(13)  To calculate the root mean square velocity, we should know the temperature and
molar m f z

(14) If we knF der Waal's constafjt

followin
V —nb) = nRT.

Nmﬂ 111 perinions
&d"ih short qus

_ Absolute scale of tempe
hich st
called Kelvin scale of temperature Fer examplg
(2) Absolute zero: (G
: It is hypothetical temperature at whichi{he : 2 gases Decome 2§
Its value is —273.16°C. This temperature can never be achieved. It is theoretlcally achleved
- value by Charles's law.
(3) Aqueous tension:
The pressure of vapours of water at a particular temperature is called aqueous
tension. Water vapours are always present in the air and exert pressure.
(4) - Avogadro’s law: (Federal Board 2013, Lahore 2014)
: Equal volumes of all the gases at same temperature and pressure contain equal
number of molecules. 10 mL of Hy, O,, CH, separately at 0°C and 1 atm pressure contain (&
“equal number of molecules of each gas in their vessels. O
(55  Boyle's law: (Guj. 2013, LahoreW S
The volume of given amount of a gas is inversely proportional to the pressure of
the gas at a constant temperature. Mathematlcally PV=Kor PV, = szz at const T and
~number of moles.
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(6) ~ Charles’s law: 5 (Lahore 2014, D.G. Khan 2014, Sahiwal 2014)
~ The volume of the given amount of a gas is directly proportional to the absolute

s : eat V Vi 'V,
temperature of the gas, at constant pressure. Mathematicaily =K er'-*r" = at constant P

and number of moles. .~ i T Gl
(7). Critical pressure: " (Sarg.-2010, D.G. Khan 2014)
It is the minimum pressure which is required to liquefy a gas at its critical

. temperature. It is different for different gases and is denoted: by P, _

(8) Critical temperature: ' (Sarg 2010, D.G. Khan 2014, Rwp. 2014)
' The temperature of a gas above which a gas cannot be liquefied, no matter how
great the pressure is applied, is cailed crltleal temperature Itis different for different gases
and is denoted by T,. _ .
(9 Critical volume: ! : _. (Rwp. 2014)
~+ The volume which is occupied by one mole'of a gas at critical temperature and

cntlcal pressure is ¢ Ji Ijnlume. It is different for different gases and is denoted by
VC i 4
(10)  Dalton’s la ﬂ essure:

Total pressur es of ideal gases i ..
_pressures at a given tFLﬁ - SOy =Py # Py,
(11)  Diffusion: ™

aisalabad 2013, B P
The s molecules ofld

“ collision to forn?m:“fng s called diffugfio
after its burst. mmm .

(12) <Effusion: (Faisal 3, BIPlrB@6
' ge of gas y one Rvit
container into an evacuated space is call
(13)  Gas laws:

Gas laws are the relationships between the
~and prevailing conditions of temperature and presSe
pressure temperature law are gas laws.

effusion :

(14)  Graham’s law of diffusion: | ' (Bahawalpur 2008)
()  The rate of diffusion or effusion of a gas is inversely proportional to the
: Iy d,

: - . 1
| sqeare root of the density of the gas. ra% or_ _r;: a:

(i)  The rate of diffusion or effusion of a gas'is inversely proportional to the
_ iy zeiug
square root of the molecular masses of the gas. ra—7r= er—1 =
AN
(15)  Ideal gas: '
That gas which obeys gas laws like Boyle's law, Charles's law and Avogadro s law

is called ideal gas. The ideal gas should obey the general gas equatlon i.e., PV=nRT.
(16)  Isotherm: :

A graph between,pressure and volume of the gas at constant temperature and the
number of moles is called isotherm; Itis a parabolic curve. It is in the shape of a curve.
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(17)  Joule-thomson effect: : - (Lahore 2011, Lahore 2012)
The phenomenon of the change of temperature when a gas expands adiabatically
from or region of high pressure to a region of low pressure is called Joule-Thomson effect.
We can liquefy gas by this phenomenon.. :
(18)  Liquefaction:
The process of conversion of a gaseous substance into the liquid state is called
liquefaction of the gas. There are various methods for th:s process
(19)  Mean square velocity: (Guj. 2014)
It is the average of the squares of all the possible velocities of gas molecules.

257 Z okl
. Sia e -4 L6
- n

(20)  Mole fraction of gas:

It is ratio of number of moles ofe gas to the total number of moles of all the gases
in the mlxture

(21)  No
- That gas which obeys the gas lawglg

: _ : 3 The
general gas e 2 nRT is obeyed ap :
(22) Partﬁg
: es

- The ich is exerled by a indiyi Mg gespoUsImighue is galled
partial HFi ' '
(23) ermanen gases:
Those gases which ha riticalf HmpeNC
(24)
-A fourth state of matter which.is mgs d pantigles is

~ called plasma. 99% of the universe is made o inddhevdcuum
. and is called plasma. -
(25)  Root mean square velocity:
It is a square root of mean square velocity of a gas.
-. 3RT
Crms M

- It is directly proportlonal to the square root of absolute temperature and mversely

__proportional to square root of molar mass of gas.
(26) Second definition of Charles’s law:

volume at O°C for every 1°C rise or fall of temperature at constant pressure.
statement convinces us that at —273.16°C, the volume of gases will be zero.
(27)  Triple point:

The temperature where three states of a substance coexlst is called the triple
point.
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ANSWERS TO THE SHORT QUESTIONS

‘Boyle's Law

Q1 Why is the Boyle s Iaw applicable only to the ldeal gases?
: | (Fd. 2009, F. Abad 2012, Guj. 2013)

S baudigurd T 2oy
Ans:  Boyle's law is applicable (£551) to those gases which have no forces of atiractions

among the molecules. Such gases are ideal (dfw) So Boyles law is applicable to

~ only ideal gases. lts formula is PV = K when n and T are cqnstant
Q.2  When a gas obeys the Boyle’s law, the isothemfs for the gas can be plotted.
How is it true? , : (Guij, 2013)

?ﬁ-_é' J,.wébé..,u;Isothernisc’_z:w?..‘,—.d/rb’dﬂvﬁuiﬁ‘ﬁg)uu*f Lho -2

Ans: Isothermwt“xs between pressure and volume at constant temperature
and num his condition is fulfille 2 . :
- means ‘s erature (=st? 20 oY ale :
temperatu#aﬁ go away from the §x |
Q3 ~ Whatarei What happens tojhe go ‘o isathalr
are plotted at high tem eraturefora pagtiglte !
| Maﬁ l = H‘#fu“‘ ; :
Ans.  Isotherms are the graphs J:

curves. |
When the isotherms are plotted at highe
the axis (Ut -l s.0 axis). The reason | .
at high temperatures. In this way the points in the graph paper go away frorn the

axis.

- Q4  The product of pressurs and volume at constant terr*perature and number of
: moles is a congtant quantity. Why?
: (Muitan Board 2004, Sarg. 2009, Fd.Abad 2009)

?u:;(.‘a.ﬂﬁ*g}v -.Qu}l!.,u:(}‘" u._.r/'d" H’JP.J;!JQJLJI -4
Ans:  When the temperature and number of moles of a gas are constant, then the e
increase of pressure decreases the volume in such a way that PV remains o .
constant (PV = K). By doubling (¢./t/3) the pressure the volume becomes half. We
~ can say that, -
PiVi = PV, = P3V3, at constant temperature and number of moles.
- Q5  Why do we get a straight line when pressures are plotted against inverse of

volumes? This straight line changes its positions in the graph by varying the
temperature Justifyit. (B.Pur 2008, Guj 2011 D.G. Khan 2014)






