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1. Basic Conceepts of Chemistry and Chemical Calculations

«\

a)
cline relative astomic mass ¢
The relative astomic mass is defined as the tatio 0l the average atomic mass factor to the unified

atnn\ic mass unit. (OR,
- . . Average massofthe atom
Relative atomic mass (Ar) = ~
unified atomicmass

d Relative atomic mass of hydrogen (Ar)ti = 1,008

Y 2. Define molecular mass
Moleculai-mass is defined as the ratio of the mass ofa molecule to the unified atomic mass unit.

Clative molecular mass of hydrogen molecule (Hz) = 2.016 B
B at d? you und.erstand Qy the term mole. NO he a MouE osS Mgﬁi-OWcL
"/ Moleis the Slunit to represent a specific amowunt of a substance. gsa Syste~1 Z—;:—’Tia elzgc
A Mole = weight / molar mass Mamyy el e MM tomy P

Dﬁncequ alent mass, \/%{
t

Gram equilvalent mass of an elem > compound orion is the mass that combines or displaces

1.008 g hydrogen br8g oxygenor 35.5 g chlorine.
@fb What do You understand by the term oxidation mumber. w9
tisdefined a{the imaginary charge left on the atom when all other atoms of

I
e pound have been removed in theirusual oxidation states that are assigned
accofding to set of rules.]

g Dis tinguish between oxidation and reduction. Yo
S N Oxidation
1. Removal of electron .

2. Positive charge increases

Reduction

1. Addition of electron

2. Negative charge increases

3. Ad ‘hzof oXygen or Removal-of 3. Addition of hydrogen orremoval of
ydrogen- Oxygen

ﬁj&alc’)ﬂate the molar mass of the following compounds. \/?j"
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Molar mass = 60 pesine” P/\ljt;lawmme Gl ‘fp'idﬁebga?e(ﬁg
i) Acetone [CH3COCH3) eThaeﬁ—— S“LSFM%—?@”:& o
g 2:6::4)(1]2—:636 ;:&je o @ gived i
O =1x16=15
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Molarmass = 58 (B9 wihen e
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B = 1x11=n PP@“C'*hZcigwg— f-hat—:JSheC?va}z_d.ion

O = 1x16=4 by i“;emed‘ ) "Mgi-gw:_éjs canied o4

Molar mass =62 con SV Ty "'%;a&eni-_

iv) Sulphuric acid [1:SO,) | 4% (w03 P

I = 2x 1 =2 '/,-’—'—'
S = I x 32 =32 n_’:’_L———T/mM“SC’ \
o S -‘-—~~--—'¥' ——— _—

O = 1x 16=64

Molar mass =08 \ T -1
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The density of carbon dioxide is equal 0 1.965 kgm™ at 273 Kand 1 atm Pressure.

12

2
@é
Calculatc the molar mass of CO;.

Molecular mass = Density x Molar volume s
Molar Volume of CO; a273K and | atm pressure =2.24 X 10”m

Density of CO; =1.965 kgm 1.965x 103gm?
Molecular mass =2.24 x 10%m3x1.965 x 10°gm™
=1.965 x 10' x2.24
=44 g
. hich contains the greatest number of moles of oxygen atoms
1 mole of ethanol ii) 1 mole of formic acid iii) 1 mole of H:O
Compounds No.of moles No.of Oxygen atoms
Ethanol C2HsOH 1 1x 6.083x 10%
Formic acid HCOOH 1. 2x 6.023x 102
Water O 1 1x 6.023x 10%

ole of Formic acid contains the greatest number of Oxgygen atoms

1m
In areaction X + Y+ Z>- XYZpidentify the Limiting reagent if any, in the following

r\eactlon mixtures.

(2) 200 atoms of x + 200 atoms of y + 50 molecules of Z»
(b) 1mole of x + 1 moleof y+3 moles of Z2

(<) 50 atoms of x + 25 atoms of y +50 molecules of Z

d) 25 moles of x -+ 5 moles of y+5 moles of Z»
Question | Number of moles of reactants Number of moles of reactants Limiting
allowed to react - ~ consumed during reaction Reagent
: X Y Za X Y Za
a 200 atoms | 200 atoms 50 50 atoms 50atoms 50 - y/)
) molecules molecules
Imole 1mole 3moles 1mole Imole lmole X&Y
c S0atoms | 25 atoms 50 25 atoms | 25atomns 25 Y
. molecules molecules
d 25moles | Smoles | Smoles | 2.5moles | 2.5moles | 2.5 moles X
e alculate the average atomic mass of natu;'ally occurring magnesium using the
ollowing data
'_ Isotope Xsotopic atomic mass Abundance (%)
[ Me-24 23.99 78.99
| Mg-25 24.99 10.00
[ Me-258 25.98 11.01
Aiverge aroniismass= (78.99 X23.99)+ (10:; j:.99)+ (11.01 X 2598)
. 2430.9 : 2431
100

Der’ngc qtomxc mass ol‘ Mg = 24.31 j

36 t12 ass of one atom of an element is 6. 645 x 102 g. How many moles of element are

hierein 0.320 kg.
Given: mass of one atom = 6. 645 %1072 g
=~ Mass of 1 mole of atom =6.645 x 1023% 6,023 x 107
=40g
= Number of moles of element in 0320 kg = =~ 0.320Kg = - x120g )

A e i

$moles

= $
VA i it il
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s = 322 ST 56 nsAcld
N ~ Molar mass = 322 YE g wivantsl ™ ¢ :z@'ﬂﬁcéi‘
Molar mass T = rvio) WY 1o G as thE HC
n calculated empirical formula mass T RacicikY o
322 o mast os Base
B e | ERAyate ¢ the BT
Molecular formula = (Na;SH20014)a = (N22SH20010)1 ~ wolat m2.ss o8I
= Na;SH20014 T T AAdirY |
| ———— 5 mats A5 .
: ivov) cing 289 %
Since all the hydrogen in the compound present as water Ejii{ s ) ;;i_-_:- m;*
S
ol ™MAE o)
Molecular formula = Na2SO4 .10H20 =M e 105t ¢
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2 . Quantum Mechanical Model of Atom

)

Cl) Which quantum number reveal information about the shape, energy, orientation
and size of orbitals?
Principle quantum number : Reveal information about Energy and Size
Azimuthal quantum number :Reveal information about Shape
Magnetic quantum number : Orientation
@ How many orbitals are possibl¢ for n =4?
Ifn=4 | values are 0,1,2,3 (s,p.d,f)
If1=0 4s orbital 3 =1 orbital
Ifi=1 m=-1,0,l = 3 orbitals
fl=2m=.2-1,0,1,2 =5 orbitals
fl=3m=.3,-2,-1,0,1,2,3 =7 orbitals
Total number of orbitals are possible = 16 orbtals
@, How many radial nodes for 2s, 4p, 5d and 4f orbitals exhibit? How many angular
" nodes?
Orbital ..m 1 Radial nodes | Angular node
- _(x-1-1)

1

2s , . 0
4p _ i 1
.‘ . . 2

3

3d
4f

@The stabilisation of a half filled d - orbital is more pronounéed than that of the -
p-orbital why? : - ‘ .
In d- orbital 10 exchanges are possible but in p-orbital 3 exchanges are possible
; Greater the number exchanges, greater the stability. '
‘Consider thé. following electronic arrangements for the d° configuration.
(i) which of these represents the ground state
(i) which configuration has the maximum exchahge energy.

[Leiejal SRR
(@) (b)

(1) which of these represents the ground state

11111@@."'

(i1) which configuration has the maximum exchange energy.

1{1)1 111 @@

' —
@ State and explain Pauli's exclusion principle. - “/ Be >
“No two electrons in an atom can have the same set of val fall foar quantum numbers._” '
Eg. For the electron in Helium [HeP N ’
Valus of Quantum number 1% electron 11" electron t
1 )|
0 0
0 0

I

2 e
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@ Defing prbital? what are the n and I values for 3p, and dd,%.,? electron?
Orbital is a three dimensional space which the probability of finding the electron is maximum
Ipx orbital = n=3 &l=-I
ddyzy20rbital = n=4 &l=-
8.) Explain briefly the time independent schrodinger wave equation?
The time independent Schrodinger equation can be expressed as, Jd2 . _c),?: )_'_\J

A p o
leledlf-l\}, | - —;' - (,70 STaya 07 y
isca amiltonian operator ’] s |
yis the wave function }? - ’1 2- C -)-__,_q"t' l)'}—VV

E is the energy of the system 8172--4 )

: g ]
,MH)’? Ly R

The above schrodinger wave equation does not contain time as a variable

and is referred to as time independent Schrodinger wave equation.
Calculate the uncertainty in position of an electron, if Av=0.1% and v= 2.2 x10°ms"

Ax. Ap= -2
- 4“ ' 3
A Ap = 528 X6 F Kgms™ ,
Ax. (mAv) > 528107 Kgm’s
Data Av=0.1% {0>22x10°ms” and m=9.1x 10'Kg

el x2 2x10°ms™!
I00

=22 >%10"ms "
A 528% 10 Kgm”s™

| 9.1)(19““&):‘2.2): 10’ ms™!

Ax> 2 64x107°
&be quantnm mechanical treatment of the hydrogen atom gives the energy value:

E.= ———ev atom™
i) use tlns expression to find AE between n =3 and 15\ =

i) Calculate the wavelength corresponding to the above transition.
—13.6

= n’ £f whma thi i
n=3 E, = ?‘6 _1:‘6 =—1.51eV atom™ OWW o M ¥
—13.6 —136 * F.ECL

n=4 E,=———= — =—0.85eV atom™ W
4 16
AE = (E, — E,) = (- 0.85) - (~1.51) eV atom”’ ' R S (ept
= (- 0.85 + 1.51) y BT

Ao
At
W

:_0.66 eV atom™! MC\_Q,\\

¥ wfv‘-]q{"“

{{T O

ot

}\lat\*
L'Dh{ (LK\‘ \-‘] =

f\x’fjlr"k.f TS

Klnaly Send Me Your Study Materials To Us Emall ID padasalal net@gmall com



https://whatsapp.com/channel/0029VaAqUqk9Bb672tBn033m
https://whatsapp.com/channel/0029VaAqUqk9Bb672tBn033m

__www.TrbTnpsc.com

www.Padasalai.Net _

LR
(leV = 1.6 x 10°12])
o)
AE = 0.66 x 1.6 x 10~'?]
s AE = 1.06 x 10-1° ]
i hv = 1.06 x 10~1° ]
hc —19
u — =1.06%10"""]
? A
1 e hc
T 1.06x107°) '
_ 6.626% 10*JS<3x10°ms™" )b’7~'-
- 1.06 10"’ ‘3.17 X

A=1875%10"°m

ow fast must a 54g tennis ball travel in order to have 2 de Broglie waveleng(h that
15 equal to that of a photon of green light 5400A°?

Wave length of photon of green light = 5400A°
Planck’sconstant (h ) =6.626x 107 JS
WA s
mV
v
- moA
- 6.626 X 10~JS

 54x<10°Kgx54G0<i0"°m
V=227>%10ps"

@*‘or each of the following, give the sub level designation, the allowable m values and
the number of orbitals - -

i) n=4,1=2, i)n=5,1=3 fii)n=7,1=0 £
= n 1 sub level m values Number of orbitals
‘3 designation |-, :

: 4 2 4d +2,+1,0,-1, -2 5 —d orbitals
7 5 3 sf +3,42,+1,0 -1, 2, -3 7 — 4f Orbitals
i 7 0 7s 0 1—7s orbital
etermine the values of all the four quantum numbers of the 8th electron in
=atom and 15th electron in Cl atom and the-Jast-electremrimekromium
Atom Electron n ] " an 5
o) gth 2 1 -1 A9
Cl 15 3 1 +1 +A
,Qr__———hest-eleemu——-d\
o — (24%) —— —
@ve the electronic configuration of Mn2* and Cr,

— Electronic configuration of Mn?* js 152 252 2ps 3s23p% 3d°
_E!ectronic configuration of Cr?*is 1s? 252 Zp6 3s2 3pf 343
escribe the Aufbau principle P -
_ In the ground state of the atoms, the orbj intl iri i
__energies.which is in accordance with (n+0) :'uI:.o . ﬁl[csl,,an Y Al

"‘_—;-L____ it
— e e e ————
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| (4)

1s<25<2p<3s<3p<4s<3d<4p<
5s<4d <5p <6s<4f<5d<6p<Ts<
5f<6d <7p<8s

atom of an element contains 35 electrons and 45 neutrons. Deduce
~ i) The number of protons
The number of protons = The number of electrons = 35
ii) The electronic configuration for the element

1s? 22 2p° 3s? 3p° 452 3d"° 4p°
iii) All the four quantum numbers for the last electron 5
Last electron present in 4Pyorbital Lp A
n 1 m S AV n
Al 1 0 s iy 9

OW s
I7.§.w that the circumference of the Bohr orbit for the hydrogen atom is an integral
multiple of the de Broglie wave length associated with the electron revolving around the
nucleus.
According to the de Broglie concept, the electron that revolves around the nucleus exhibits both
particle and wave character. In order for the electron wave to exist in phase, the circumference of the orbit
should be an integral multiple of the wavelength of the electron wave. Otherwise, the electron wave is out of

phase.
@rcumference ofthe orbit =nA

2rr - =nk
2ar  =nh/mv
Rearranging, mvr =nhl2zn
Angular momentum =nh2n
alculate the energy required for the process.He*g — He¥' g + &
- The ionisation energy for the H atom in its ground state is - 13.6 ev atom™!.
He* — He?*' > e~
—13.6=Z%
Bom—0r
—13.6 (2)* i
=T 7 = —5¥q
El (1)‘2
—13.6(2)* :
E_=—=Z—=0
= (==) yis
Required Energy = E=—E; =0—(-5.4) = 5/\. ev

>
e e DI S e
e
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(f\'),.‘.‘\n ion with mass number 37 possesses unit negative charge. If (he ion conta;
" 11198 more ncutrons than electrons. Find the symbol of the jon. ns
Numbers Atom Uni-negative jon
Number of electron x=-1 x

Number of protons x—1 Xx—1
Number of neutrons y

Giventhaty =x + 1 1.1% of x

111
=X+ —)
y=x+_=x

y=LlIx
mass number = 37
massnumber=numberofpmtmrs+numberofneuﬂons=(x- D+1.11x=37
= x+L1lx=38
=211x=38

K= =18

211

number of electron (or) number of protons = (x - 1)=18-1=17
2&  symbol ofthe fonis 35CI-
e Li™ ion is a hydrogen like ion that can be described by the Bohr mode],

Calculate the Bobr radius of the third orbit and calculate the en
in 4th orbit. € energy of an electrop

Bohr radius of the third orbit

(0.529)n2

In

F
n =3 and Z value of Li** jon is 3
(0.529)32

In= 3 = 1.587A°

The energy of an electron in 4th orbit.

—-13.6Z2

n2
n=4and Z value of Li?* jon js 3

—13.6x3%2 _336x9
E.—T — T:—?.GS eV atom™
rotons can be accelerated in particlé a
of such accelerated

1.673 x 10‘27Kg)_
Given :-
v=285x 103ms! :

h
A= ;
mv

2= h _ 6.626 x 10—34

1673 X10727 x 2 85 x 108 ~ 1389 x 10m

2 ccelerators. Calculate the wavelength (in A)
Proton moving at 2.85 x 10% ¢! (the mass of proton is (

m,=1.673 x 102

Kg;h=6.626x 103
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[jxm.ssnm%“ ] (1A= 10""m)

éaWhat is the de Broglie wavelength (in cm) of a 160g cricket ball travelling at140 Kmbr'.
| m=160g=160 x 10~ kg
140 X1000
v=140 km hr'! =——— = 38.88 ms™"

60 X60
h=6.626 x 10

h 6.626 x 10734 .
A= = = 1.065 10-¥ v o®m
mv 160 X103 x 38.88 B \ o v
A=1.06510%m ol N

23. Which has stable electronic configuration ? Ni** or Fe**
Ni(Z=28) = 15? 25? 2p° 352 3p® 4523d®

Ni?* =152 252 2p° 32 3p° 3d?
Fe (Z=26) = 152 2¢? 2p® 3s? 3p° 4s23¢°
Fe* =152 252 2p® 3% 3p° 3d°

If d - orbital is kalf filled, Fe** is more stable. So is more stable Fe** than Ni**
24. What is meant by nodal surface? , '
> The region where there is probability density function reduces to zero is called nodal surface or a
radial node
> Forns orbital, (n-1) nodes are found in it.

25. What are degenerate orbitals?
> Three different orientations in space that are possible for a p-orbital. All the three p - orbitals namely
Px, Py and p- have same energies and are called degenerate orbitals.
> In the presence of magnetic or electric filed the degeneracy is lost.
26. State hund’s rule of maximum multiplicity
It states that electron pairing in the degenerate orbitals does not take place until all the

available orbitals contain one electron each.

Ex :- Electronic configuration of Carbon 1 1
1s?

252 2px.l 2p’I

27. What are the limitations of Bohr’s atom model?
> The Bohr’s atom model is applicable only to species having one electron. )
> It was unable to explain the splitting of spectral lines in the presence of magnetic field (Zeeman s

effect or an electrical field ( Stark effect).
> Bohr’s theory was unable to explain why the electron is restricted to revolve around the nucleus in a

n
fixed orbit in which the angular momentum of the electron is equal to —

27
28.How many unpaired electrons are present in the ground state of Cr’**( Z = 24) and
Ne(Z=10) .
Cr(z=24) =  1s225°2p° 3¢ 3p°4s'3d’
cr = 1s?2s?2p6 352 3p83d° it contains 3 unpaired electrons
Ne(Z=10) =  1s?2s?2pS no unpaired electrons in it

| 29. Which is the actual electronic configuration of Cr (Z=24) why? o
Cr(Z=24) = 1s22s? 2p® 3s? 3p 4s'3d’ -
Cr with 3d® is half filled and it will be more stable
' 30. Which is the actual electronic configuration of Cu (Z=29) why? b
Cu (Z=29) = 152252 2p% 3s? 3p® 4s5'3410 -
Cu with 3d'%is completely filled and it will be inore stable

~

)
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31.Define Quantum number and what are its types?
The electron in a astom can explained by Quantum numbers
Types of quantum numbers )
1, Principal quantum number 2, Azimuthal quantum number 3, magnetic quantum Numbey
quantum number ndq
32. Write a notes on Principal quantum number
» ltis denoted by the symbol *n’
» The ‘n’ can have the values 1,2.3....
Shell K L M N
___'n’ value 1 2 3 4
> The maximum number of electroas in a shell can be calculated by the formula 2n2,
> The energy of the electron is given by

—1312872
E.= TKJH]O]".

_ (0529)n*

> The distance of the electron nucleus is given by In = ‘—T— Ao-
33. Write a notes on Azimuthal quantum number
> Ttis denoted by the symbol ‘I’
> 1=(n-1),the ‘I’ éan have the values 0, 1,2.3.... 5,
Sub Shell (orbitals) s p d f
‘n’ value 0 1. 2 3

> The maximum number of electrons in a orbital can be calculated by the formula 2(2h1).
> Itis used to calculate the orbitals angular momentum by using
Angular momentum /1(1+ 1) ;h-t
34. Write a notes on Magnetic quantum number
> Itis denoted by the symbol ‘m’
> Its value ranging from — to + 1 through 0
ie, if1=1 = m=-1,0 and +1
> The values of ‘I’ represent different orientation of orbitals in space
> The Zeeman effect experimental justification of this quantum number.
35. Write a notes on Spin quantum number
> Itis denoted by the symbol ‘s’
> The electron in an atom revolves around the nucleus and also spins in a clockwise direction orin

clockwise direction.
Spin direction clockwise . anti-clockwise
‘s’ value +% .

36. Write a notes on Zeeman efeect
The spitting of spectraf lines in the presence of magnetic field.
37. Write a notes on Stark efeect
The spitting of spectral lines in the presence of electrical freld.
38. How many unpaired electrons are present in the ground state of Fe¥* (Z = 26),
Mn?* (Z =25) and Ar (Z= 18) ‘
Fe(z=26) =  1s?2s?2p3¢? 3p® 457 3d°

E?* = 157252 2p% 352 3p6 4s° 348

Number of unpaired electrons = §
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437 )
N 7
- Mn (2=26) =  1s? 2s? 2p® 3s? 3p® 4s? 34 ¥/
Mn?* = -

1s? 257 2p® 3s? 3p® 45° 3P

3d°

Number of unpaired electrons = 5
Ar(z=18) =  1s?2s?2p®3s? 3p°
i 1
3p®
No unpaired electrons in it
39.Sketch and explain the shapes of s-orbital.
ILs

> For s-orbital / = 0 and hence, m can have only one value,ie., m = 0.
> This means that the probability of finding the electron in s-orbital is the
same in all directions at a particular distance. 2S
> In other words s-orbitals are sphericall; symmemcal .
40.Sketch and explain the shapes of p-orbitals. R4
» p-orbitals, /=1 and the corresponding m values
- =L 0&+1.
> The three different ‘0’ values indicates that there
are three different possible orientations as px, py and

P and the angular distribution along thex,yand z
axis respectively. 2P
41.Sketch and explain the shapes of d-orbitals. ,,_% } 2 3 i
> For ‘d’ orbital /=2 and the comresponding m values are —%ﬁ %
2,-1,0.+1,42. 2d- @ T ¥
» The shape of the d orbital looks like a'clover leaf’.ned88  2- H o ¥
> The five m values give rise to five d orbrtals namely‘éx, Y —'—%—H- %ﬂéx %v
dx,day2 and dp. . _— o i
42. Sketch and explain the shapes of f-orbitals. AV v o )
> For'f' orbital, I =3 and the m values are -3, -2.-1, 0, +1 -IL+3 +¥
> Corresponding to seven forbitals £, 2, £22, fiyz, faxy’ s fxx -3yz), fex —ﬁ red 8 —3
43.Define Exchange energy
> Iftwe ormore electrons with the same spin are present in degenerate orblta]s, there is a possibility for
exchangmg their positions.

» During exchange process the energy is released and the released energy is mlled exchange energy.
» For example, in chromium the electronic configuration is [Ar]3d5 4s'. The 3d orbital is

half filled and there are ten possible exchanges

2 excﬁanges by electrons

Overall electron exchanges (4 +3 +2 +1=10)

SERERERER AR EIEN
4 exchanges by electrons 3 exchangeé by electrons
IERERERE} IEEERERE

1 exchanges by electron
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@ldcnlify the missing quantum numbers and the sub energy level
) Sub energy Jevel
4d

5p

— - 3d

——

?
1 ?
?
?

Sub energy level
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