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College Chemistry: Pors-| 7. Liguids and $o41.4.

L mmmmmmmmmm.%w
i) HgO has higher boiling point than HF & NH, Why?
) L, has higher heat of sublimation. Why?
A Water boils at low temperature on Murree Hills. Why?
vi! Difierentiate biw Amorphous & aystallise solids.
vii) lonic arystalks are brittle. Why?
i) Laftice energy increases with decrease in size of cation or anion. Why?
x) Covalent crystals are dissolved in non-polar solvents. Why?
x) Define orystal lattice and lattice pomnt.
xi) Metallic crystals are not brittle. Why?
xii) Bubbles confinuously come out of a boiling liquid. Why?
Q3. Answer any Eight parts from the followings.
i)  What type of forces are present in substances like He, Ne, Ar, Cl;, CH,, etc.?
(i) How sea life survives under frozen sea?
liii) Boiling points of noble gaases increase down the group. Why?
liv) Boiling point of CyH, (ethane) is -88.6°C and that of CgH,  is + 68.7°C. Why?
lv) HF s a weaker acid than HCL. Why?
(vi) Why H,O is a liquid and H,S is a gas at room temeperature?
(vii) Electronegativity of F is more than oxygen, but boiling point of water is higher than that of HF. Why?
(viii) Ethyl alcohol is soluble in water, but hydrocarbons are insoluble in water. Why?
(ix) Why the metals are malleable and ductile?
(x) Why acetone is soluble in chloroform?
(xi) Why the melting and boiling point of alkanes increase with increase in molar mass?
{xii) What is transition temperature?
Q4. Answer any Elght parts from the followings.
(i) Metallic aystals are lustrous. Why?
(i) NaCl is an insulator but sodium is conductor of electrons. Explain with reason?
(ili) lce floats on water. Justify it.
(iv) Why cleavage is an anisotropic behaviour?
{v) Define crystal lattice and lattice point?
(vi) What is the relationship between boiling point of a liquid and extemal pressure?
(vil) What do you mean by symmetry? Give elements of symmetry?
(viii) lonic compounds do not have molecule. Why?
(ix) Molecular crystals are soft. Why? _
Section - |l (Attempt any three questions) (8x 3)=24
Q5. (a) What are covalent solids? Gove their properties. |
(b) Give five uses of liquid crystals.
(c) Differentiate b/w isomorphism & polymorphism.
Q6. (a) What is polarizability? On What factors does it depend?
(b) What is the mechanism of generation of London forces?
(¢) How does H-bonding saves the aquatic life?
Q7. (a) Define Allotropy. Give examples.

(b) [szt';iﬁm crystal system. Describe tetragonal, hexagenal and orthethombic crystal
Ems.

(€} lonic crystals do not conduct electricity i solid form. Why?

Q8. (a) How does crystallography helps to determine Avogadro's number?
(b) Evaporation causes cooling. Explain | .
(c) Define habit of & erystal with example. .

Q9. (a) What is hydrogen bonding. Explain rolé of hydrogen bonding in food and biological materials
(b) Explain the structure of NaCl. Show that ratio of Na* and Cl " ions in its unit cell is 1:1

ha prev 5

| ATOMIC\STRUCTURE

Albert Einstein Neil Bohr

Continuous Spectrum

Red Orange Yellow Green Biue Violet

. Line Emission Spectrum

Diffraction on Compact
Disc(CD) Susface




Chapter-5

SUB-ATOMIC PARTICLES OF ATOM
Discovery of electron (cathode rays)
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Atomic Structure

vacuum pump

 B.ATOMIC PARTICLES OF ATOM
' Matter is c’bmposed of very small particles called atom.
. According to Dalton’s atomic theory, atom cannot be divided further.

+ However, modem researches show that atom Is divisible. Several sub-atomic particles
"l clectron proton and neutron have been discovered.

—

| UJ.B[.‘JL‘EI‘},‘ of Electron (Cathode Rays)

Gus Discharge Tube

v ltis a glass tube having two metallic electrodes sealed into it.
4 ltmay contain a gas. air or vapours of any substance at any pressure.

I v ltfube can be connected to a vacuum pump (0
+ -
"

~ maintain apy low pressure.
v The electrodes are connected to a high voltage
- baftery. The exact voltage required depends
upon the length of the tube and the pressure

inside it. - vacuum pump
* Aslit can be used in it to get a sharp beam of e
tadiations.

Sample-

LEL‘JE_ Zieon sign’ is also a discharge tube. which contain neon gas at ab P;'GCS:!TE’; S; t?)t::litnlag
tm"'Te“!*.r'ts'ic:vn and computer monitor screen are also gas discharge tube

. jhf.frr”'pr

Willigp,

|‘ Crooks Experiment
e late 19t century, William Crooks

- this
%.hf electric current throuah ase:s._ For

e used a gas discharge tube.
Wﬂl]am Crooks Exp&ﬂﬂlﬂﬂt
Hy Obtained following results

At

R"""‘-'h of

duct ele

. nomal pressure, gases do not con
YV olts.




%
* However, when the pressure inside the gas discharge tube is reduced and high v

5000-10000 volts is applied, the gases begin to conduct electricity and a unifo
appears inside the tube,

* When the pressure is further reduced to 0.01 tor, uniform glow disappears ap4
fluorescence appears on the glass walls opposite to '

* the cathode. This is actually due to the striking of some rays on the glass wall. The,
rays are called Cathode rays.

* The colour of the fluorescence depends upon the composition of glass.

* Different gases and vapours of different substances were used in the discharge tube. Als,
different metals were used as electrodes. But always same rays were produced.

tage of
m gloy

’roperties of Cathode Rays
I. Travel in a Straight Line

In 1869, Hittorf showed that Cathode rays travel in a
straight line.

He found that cathode rays produce a sharp shadow of

VaCUUM pump

an opaque object placed in their path. It shows that

these rays travel in a straight line, perpendicular to the
surface of cathode.

Figure: Cathode rays cast a shadow
al an opague object

2. Possess Momentum.

These rays can drive a small paddle wheel placed in

their path. Cathode rays strike against the paddles of the
paddle wheel and make it move.

This shows that cathode rays are actually beam of
particles which have momentum (i.e. mass and velocity).

Exercise Q4 (d):

The bending of the cathode rays in the electric and
magnetic fields shows that they are negatively charged.

+ ¥ -
anode

rotating paddle

Figure: Cathode rays derive d small
paddle wheel

magnel
3. Negatively Charged G =
In 1895, J Perrin showed that cathede rays are negatively u;de
charged. A
He fmfmd that when cathode rays are passed through a i
magnetic field :
o cgln leld, these are curved downward by the magnetic \charged plate

, In 1897 J.J. Thomson showed that wh
189 en
cathode rays are passed through an electric field, these are

deflected towards Positively charged plate.
These experiments shaw_t_hat cathode rays are negatively charged.

Figure: Deflection of cathode 2y

| -~ hield
electric and nmgnﬂhc fiel

., produce F

"91 Pass through thin foil

- * Stoney called these rays as ‘electrons’.

_ d]schgem Goldstein used a perforat

Atomic Structure

luorescence

They. produce greenish fluorescence on striking the walls of the glass tube.
They also produce fluorescence inirare earthis and minerals.

e.g. alumina glows red and tin stone alows yellow.
5, Produce X-rays | |
'. Cathode rays can produce X - rays; when strike an anode particularly with high atomic
mass.
6. Possess Energy (Energetic Rays) |
* When cathode rays strike an object, it becomes heat up showing that _cgthc?de rays are
en’eggéﬁc rays. When cathode rays from a concave cathode fall on a platinum foil, it
“begins to glow. |
7, lonize Gases kalH
These: can ionize gases by removing electron from them. Thus, positive lons are
~ produced.
8. ?'_'Cme Chemical Change . "
These are negatively charged. So, their addition cause reduction of a substance. 1hus,
_ these can cause achemical change.

These can pass through a thin metal foil like aluminium or gold foil.

.1'0-.lC‘hurge to mass (e/m) ratio
Their e/m ratio shows that they are simply electrons.

* JJ. Thomson proved that cathode ray

Particles. He calculated their e/m ratio.

every gas used in the discharge tube. H
of atom

< are actually a stream of negatively charged
He found that the e/m ratio remains same for
e concluded that these are fundamental particles

rv of Proton (Positive Ravys)
N 1886 a German phuysicist, Eugein Goldstein disc

1%@&, in the gas discharge tube.

overed another f rays called

e cathode In




——— Atomlic Structure

. ; Part-1

and after passing through perforated cathode, they produce glow on the wall. . Et"’d” Q6. (9): | | | b
b ch adwick’s experiment for the discovery of meutrons. v

mlr ford Prediction
L 1920 Rutherford predicted the presence of a neuttal partigle (neutron) in the nucleus
| _-matom [t is because the atomic masses of atoms could not be explained on the basis of
g:;ns and electrons only.

e Since these rays pass through the holes (canals) in the cathode, therefore, these ar
called canal rays. :

e These rays are called positive rays since they cany positive charge.

g

How Canal Ravs are Produced? (Origin of Positive Kays)

These rays are produced when high-speed cathode rays (electrons) strike the g

molecules present inside the gas discharge tube. Cathode rays remove electrons from the ? gas

molecules and convert them into positive ions. These ions then move towards the cat Chadwick’s Experiment o S
as positive ray. R -;."hcha‘dwick discovered neutfon in 1932, He was awarded Nobel Prize in Physics in 1935.

g Chadwi | f beryllium with a-particles (produced from
M+e —> M* + 2e- ", Chadwick bombarded the nucleus o | | | prc

(Positive ray) e | . polonium metal souree) and found that it gave highly penetrating radiation. Charged
s detector showed these radiations as ~eutral. These radiations were called neutrons.

[

roperties of Positive Rays

el _ sourca of a-particles ( Polonium ) gg Target

1. Travel in a straight line v V.4
These rays travel in a straight line in a direction opposite to the cathode rays. | G— 0= o0—» Q\ :
2. Produce Flashes (Fluorescence) - : I 8':_:@—. oﬁ.:— O_-charue e a P!
They produce flashes on striking ZnS plate. . Lk j_‘ r;utmnl
3. Positively Charged L (He mudiel)
’ These rays are deflected in an electric and magnetic field in a way that shows thell < Covery of neutron
atitre Shatiaa Fiqure: Bombardment of Be with a_particies at

4. Charge to mass (e/m) ratio =
(i) The charge to mass ratio (e/m) for these rays is always smaller than for electrons. ¢ Nuclear Reactions: This neutron was produced as

(i) The e/m ratio depends upon the nature of the qas used in the gas discharge tube. Formation of a-Particle from Polonium
Heavier the gas, smaller is the e/m value. | 26D 22p, Y} 4He +-Particle)

(iii) The e/m ratio is highest when hyd ' i e particle '
rogen is present. It is because, the positive P Formation of Neutron

obtained from hydrogen have least ‘m’ value. Henee its e/m ratio is highest.

‘ U nsi
| Ve neutrons are also CO

. roduces the lightest positive particle, Rutherford called this positive Partic’
as proton. It is also considered as the fundamental particle of an atom.

. * From e/m ratio of proton, the mass of proton was calculated to be 1.6726 x 10°
1.0073 amu.

» [he mass of proton is 183€ imes areater than that of electron.

a fundamental particle of

27 kg or

tely d an electron.

Protons and Electrons were discovered uritil 1886 and their properties were comple

: ino an
, . understood until 1895, mission of a neutrin
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3. High Penetroting Power

utrons have haoh | peneTating power. |hey can knock out high-speed nrree. . &

H"

|

— = - o, ., ——— -:.-
paraitin, water, paper and celulose 5

&. Fost and Slow Neutrons

-

-I-...—,-...u . 3 e A.
* Neurons Taveling with 1.2 MeV energy are called fast “eﬂ_-::—:
L ,
d| -.-..hl-'E-_-_ L ':‘—- -11:- .“ES-E Tﬂ-—-—....-. E are a.-.-._le'H :-.E_-_:'::__:
: - 3 — U —— - - - .
. ____l}__;‘“ e _;'_: .::-.,_H T,::E E*-eh_‘ '- -:___, ll-:;:: :ﬂ_a i-"'n.-r Irrl-e H..:.:...,EE::. :...E,.: —

ey Can cany ot nuciear reacions when used as projectiles.

'l 5 produced. This radiocactive = Cu_emits an electron _ﬁ,— particle] and¥s

2iomic number s increased by one unit.
1 63 “F
e+ xCu —» 5 Cu + hv - radiasions!
66 %
EC\J —_— EZH-'!- _?E
6. Biological Activity:

Ihese are used in the treatment of cancer due to their biological activity.

""r;ltirl# f,.fflarg# ((.,’ RIEIHIEUP

charge Mass (kg) Mass (amu)

| Proton +1.6022 % 10— +] 1.6726 x 1(r%1 1.0073 |
r*uw: [ -1 | ' ' 9
} | 0 | 0 ‘ 16250 % 102 | 1,0087
Electy : | I I 1 o

- el

Atomic Structure
. | F—h—-‘.\*’
Iﬁ. 2 is JJ Thomson s experiment for de'.erminm,g e/'m vallee of eleciron? %:5’
;,_
g_,l_‘r_b_g_m_%@ﬂ.dwmmed the e/m rdfio of cafibde (electidihs) rays in 1897 But he could

ot determine the charge or mass gf the electrons separately,

s He subjected a beam of catfiede rays o the simul
felds as shown in the figure.
¥ In the absence of€lectiic & magnetic field, the electrons strike at P,
v Whenionly magnefic {ield is applied, the electrons strike at P,
v When'only eleciric field is applied, the electrons strike at P,
s The strength ‘ofielectric and magnetic field is so adjusted that the electrons strike at P,

o Now fropi the comparison of the strengths of electric and magnetic fields e/m ratio is
calculated.

s The calculated value of e /m is 1.7588 x 10™ Coulomb/kg.

-':.:lm has two parallel electrodes in it.

Ex-m:".'-' Q5. (a):

Figure: Measurement of e/m value ol
electron by J.J. Thomson

A. Millikan determined the charge of an

With the help of an apparatus as shown In the L

€ Upper electrode has a hole in it.
¢ chamber s filled with air and its pressuré

Neous

lain Millikan’s oil drop experiment to determine the charge of an electron?
-U{‘_'“g“r
s ure

s effects of electric and magnetic

¢ lfmeans onekg of electron carries a charge of 1.7588 x 10" Coulombs.

Figure: Milhikan s oil drop method for

dernpunation ol charge of clectron
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Atomic Structure
adjusted with a vacuum pump. » Q5. (¢): T f""‘ /

+ The apparatus has an atomizer to introduce fine droplets into the chamber. ' E"”"’z mass of electron from the above two experimens. "?(

+ It has a microscope and arc lamp to see the motion of droplets. Fualu ? j
The falling droplet is illuminated by the arc lamp perpendicular to the direction of yie, | petermination of Mass of Electron v
Thus, it appears as bright speck (spot) against dark background. From e/m ratio of electrons, mass of.electron can Be calculated as

« An X-ray generator is used to ionize the gas in the chamber. Since

y

Working “n;'= 1.7588 x10" C/Kg

« Tiny droplets of oil are introduced into the chamber by an atomizer. Some droplets ente; | e
into the hole. ' _ ) 1

e Droplets fall under the action of gravity. | 1.7588x10

« Falling velocity of the droplets is directly proportional to its weight. -
i.e. vy & mg (1)

where m= mass of droplet. g = acceleration due to gravity

« Now the air between the electrodes is ionised by X—rays. Oil droplets take electrons
from the ionized air and become negatively charged.

The electrodes are then connected to the an electric field of strength E. The oil droplets, Ercise QO(b):

being negatively charged, rises up towards the positively charged plates, against the force
of gravity with velocity v,.

i.e. v, 0. Ee —mg (2)
where e= charge on the droplet.
e Divide eq (1) by (2)

- 1.6022x10"C
1.7588x10" Ckg™
m = 9.1096 x10*' kg

Discuss it and explain the conclusions.

HUTHEFORD 'S MODEL OF ATOM (DISCOVERY OF NUCLEUS)
|\ - scaltering experiment

Rutherfofd’s atomic model is based on the scattering of a-particles from a thin gold foil.

w—_—

v In 1911, Lord Rutherford bombarded a thin gold foil 0.00004 cm thickness with high-

speed o - particles, coming from a radioactive material (radium or polonium).

m : .
A - - (3) ' Abeam of a-particles was obtained by using a pinhole in lead sheet. A photographic
vz Ee-mg | : When o -particles struck the

| el Tl ‘ K ieder Plate or a screen coated with ZnS was used as a detector. Vwhen o -p
+ The strength of the electric field is so adjusted that the droplet becomes stand still. Un screen, flashes of light were produced.
this condition, mass of the droplet (m) can be determined. * )

- Rutherford observed that most of the particles went
: SAtrajght through the foil.

eW were deflected at various angles and some

e Thus if v;, vy, E, g and m are known, charge on the droplet can be determined usin3
equation (3)

Were deflected backward.
Conclusions | | |
. ';[ggkanlg"tjﬂgined charge on many oil droplets and found that it was alway: M
59 x 10" or some multiple of it, | ' Since  most of the « <les went straight,
: ' ' - _parﬂc es aure Ruthertords ox yernent 1or
* The least charge 1.59 x 10-* C on oil droplet is becauise when it picks up on@ e’eﬁf;'i ) -tefore, most of the space in an atom is emPY P Rutberords apen
hl:nh e air in the ci]??ber. This value is very close to the modem value of € ~ © The central heavy reaion. which deflects the a-particles, i
which is 1.6022 x 10~** C. Thus charge on one electron =1.6022 x 10-*C o b MUSthave hoaon oesrive charge, This part of the atom.ig called Ruct
* This charge present on an electron is the smallest charge of electricity that has i J ~ Seancie S
determined so far.

SRS O IDje: ory Sma volume Qi 3
°Ccup|ed by extra nuclear moving electrons.

, atom. Remaining volume of the atom is
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Rutherlord s Atomic Mode

Based on g - scatering experiment, Rutherford proposed a planetary model of atop, |, (1)
tem. B
1211. This model was similar to solar system | where E = Energy of the quantum v=Frequency of radiation
Postulates ' wi ' ) - T
| | . | .~ h = Planck’s constant=6625 x 10~ * Js
1. An atom consists of a nucleus containing positive charge and practically the whoe of ity T
Mass. e
¢. The nucleus is surrounded by a number of electrons equal to the number of protopg i m
the nucleus. : f]’-‘ml""'w
3. The electrons are in constant motion around the nucleus in closed orbit like that of B P O Bt Lot
planets around the sun. The centrifugal force is balanced by the electrostatic force of Itis denoted by v. Its tnifs are cycles s~ or s or Hertz (Hz).
altraction between the electrons and nucleus. Thus, electrons revolve around (he 1Hz = 1 cycles s |
nucleus, | |
Itis related to waveélength as
: - l 2
1. Rutherford’'s model is based upon t These laws can be : gr? :'cf:ve'"ocw preecs .
easily applied to neutral bodies but not to the charged bodies such as electrons and A =wavelength of any light radiation
pmmm | . -r: w.
2. A _revolving electron must emit eneray continug As a result, WNJM diatt
electron will move in a spiral path and will fall into the nucleus. Thus, - [tis the distance between two adjacent crests or troughs In a beam of radiation.
whole atom would collapse. However, it never happens. ) I Itisdenote by A.

3. If electron emits energy continuously, then a gontinuous spectrum IS units are meter, nanometre or angstrom efc.

© 1A%= 10"m. 1 nm=10"°m, 1 pm =10""m
PUt eq;2 In €q. |
E_inhc/x (3)

ﬁlsrelated to the wave number i.e.; v as

Figure: Expocted spiral path ol

olectron around the nuclous

PLANCK'S QUANTUM THEORY
posed MHMM_QUM 10 explain emission and

rding to his theory, enefgy travels in a discontinuous mann® 'w-‘.'-“ Number
It is composed of large number of tiny discrete (separate) units.called quanta.

Aw=l/V (4)

Itis the number of waves per unit distance.

Postulates of Planck's Quantum theory: | Itis denoted by v . Its units are m™ orem™ etc.
1. Energy is not emitted ar abso;b_ad continuously, It is emitted or absorbed ‘“Ih: ._Put #q.4in eq. 3
gt of snergy b shen, mll?dw o ave packets called quanta. I case of 1% shc rtional to Its frequency
2. Each wave packet or quantum has a deﬂﬁite- amount of energy. | i Emaﬁﬁm 1, 3 and 5 shows that energy of S ts“:ir‘:'tﬂv i
3. Abody ' | Md Wave number but inversely Pmpomond s

- e the wave number of photons, gt ngth, wave 1
| "‘l&ﬂunships of energy, frequency. ‘:“WIE '
&re accepted by scientists and used oY

| ' e
atuaticn ' direclly related to the frequency of radiation o |

i "
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Atomic Structure

) wcond Orblt IS [(JUI' TITTIE'S at#d"y‘ !ITI"_,.IP_' rﬂ@ :’Iu[i‘:-;c} rj-“__“- fl‘["‘;' !,?,ﬂ. ‘F' ‘: rf"'-'"]‘ s nine
The orbit is sixteen times away.

Wﬂ“mv and fourth . B

nh

V =
2nmr

I $ J‘

2 n°h° /——————_——7*}
V=TT 33— Frercise Q5: WIS, e Rl
LR LU | la jor C(I[C.‘Ufﬂfiﬂg the enerqgy Of an electron in nth orbit using Bohr § model

e the formu | |
Comparing eq. 3 and eq. 4 |, we get E::: mﬁ; ir{ uiew this formula explain the Jellowings.
2 2,.2 A ;
Le _ Ez h_z ’ v of the Revolving Electron -1
Areom  42°m°r S0 total energy of aneléétron ingan orbit is equal to the sum of its K.E. due to its

Squaring on both sides

! The ot Tl ' ith the nucleus
‘ or motion and P.E. due to electrostatic ipferaction wi |
/ &g nZh? .. o E=KE #P.E.
am Ze* > Kinetic Energy
I = g h° x-rﬁ I—TA=IG"”m K.E. is given by
= -
mMe Z — r | 1 7
" | N K,E & _2- mnv
=(an)x"z" | N o2 o, Le (3)
| KE =}'—m Le since v = from eq.{
where | 2 4negr m BEpA
Eo h? | | - 2
ag = —— = constant . Its value is 5.29x 10~ "'m or 0.529 A B E - Ze
KM e _ ST[EUT
’ -» For hvdrogen. Z= 1, therefore = Potential Energy
. : -
r ‘a. i _ ; Work done is given by
50, the equation for radius of orbits ‘n’ in an hydrogen atom is - Work = Force x distance 4 the electrons s the
¥ . ucleus and the
r = 0529 , n® - The electrostatic force of attraction between the n dr. the the work
’ . .. | distance ar,
This eq. shows that radius of the orbit is directly proportional to the square of orbit number loumbic force - Z‘-’i _|f the electron moOVes through a smal
Hence higher orbits have more radii and vice versa [t means that radius of erbits goes O" i ane, v

incr |
easing with increasing orbit numbers. done for moving electron is given by

292 « dr (work = force x distance )

work =
r = (0529 x 12 = 0529A ‘ 411’.80 r2 distance ‘v from the nucleus, total
r = 0.529 . " In ord he tulal P.E of electron at @ Bad' tance 'r. Thus above eq 1S
929 , 2*=211A work erlsto Talciulagﬁ tn»; 'ulg 3 “loctron from nfinity to distan .
r = ] 2 _ 47 | ' done is calculated in brin
o A Sk Mt@ﬂ between the limits infinity and 1

r'0-529! 4‘:. _ E . :
. 84 A Thus PE . Zo' dr
r = 0529, 5'=1822A | | o) ' Aneor’
goes orl Increasing with Increasing orbit numbers. The orbits ar¢ "

r'"rl""!"'_'z“l"-r.( L

B




T'he minus sign indicates that the P.E. decreases when the electron is broy,
distance ‘r’. At infinity, the electron is not attracted by any thing, thus P.F
nearer to the nucleus, electron is attracted by nucleus, thus P.E. is less than

ght from, i
IS Zero

Zero For n=1

-+ Thus
Total energy= E = KE. + P.E.
2o’
8ne,r
= 222
ﬂﬂor
87[501'

= On substituting the value of ‘* from equation (5) in eq.
E=-

Ze®

dne,r

8 4

(7) we get
2 e*
6o n2h?
rmZ o
_ mz%

8&3 nah2 T

Where E,_ is the energy of the electron in nth orbit.

2. 9
_ﬂ]n }]*
TMmie*®

8ne,

Since r = from éq. (5)

. Eﬁ:} - EI
tis the
Wlye,

For hydrogen atom Z=1 Thus
E=-218x 10'IE X

= 1)

""5("RUM
O ~-l'?a,'d"P'ﬂy or dispersion o) the components of white light, when It Is passed through

e
o Vhe

| ;.:.\‘11" b Pﬂl"’f—l’

1=

—

—

—_—
m—

1313.31

Atomle Structure

12

- 1313.31

=-1313.31 k) /' mal

[

= ~-328.32 %P mol

«82.08 kimat”",

s 3 AY I-.Jrnul"‘
- 140 02 kdmal I

™o mom

=128 13 h.h‘nui" I
)
131331 il

1313.31

L

1813.32

131331

s — ‘5253 kl.l f‘f I*Ili.ﬂ

5’

131331

——— e
18
-

)

= m‘@;_:'ﬂﬂlue_ of enerqy goes on Increasing towards higher orbits.

| = Tkﬁnergy differences between adjacent orbits are
L EE, = (-328.32) - (- 1313.31)= 984.99 ki/mol
S Ey - E, = (- 145.92) - (- 328.32) = 182.40 kJ/mol
E(-Ey = (- 82.08) - (- 145.92) = 63.84 ki/mol
Thus, difference of enerqy between adjacent enerqy levels goes on decreasing.
€. By ~E, > Ey~E; > E,~Ey > ..

* The energy difference between first and infinite energy level is given as
= (0) = (= 1313.31) = 1313.31 kd/mol
lonization energy of the hydrogen. This value agrees well with the experimental

EWII 'l’ Called a spectrum.
chL I‘ -. .

l'l M of White Light;
from sy, and electric bulb consists of radiations
twavelengths.
N this light is passed through a prism, it 18

ahy - red ~'_‘m° a band of different colours. It is because, lle
U onger wavelengths bend to smaller degree while

— 14592 k.:_l / ITI(}I

= -8208 kJ/ mol

=0 kJ / mol (l.e. electron Is free from the nucleus)

; | —
while light

PIsm
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the light of shorter wavelengths bend to a greater degree and thus different -
obtained as shown in the figure.

-
Coloyy 'j‘upon the nature of element.

Atomic Structure

separated by dark spaces. [he number of lines and distance between them

i
A

Electromagnetic Spectrum:

(Visible and Invisible Spectrum)

There are seven regions in electromagnetic
spectrum. One is the visible region. The
spectrum of white light is visible to the naked eye

1 T ! ﬂ[ﬁnuous

| od. |
& is known as visible trum. Its range is from et el 11x.
frequency | waves |Fa Mode ._,[g;&i 2 | ray
400 nm to 800 nm. >= £
Others are: Wavelength l
' inm
¢ The rays having wavelengths below violet S 2000 400
are Ultraviolet, X-rays and y-rays. These i 800, ¢
have photons with greater energy. Frequency | | |
e Above red are infrared, microwaves and "-T" 3x10"[1.6x10"[7.8x10] 3xio"
radio waves. All these are not visible to the | ;, ' T R U

Line gpectrum of Na consists of two yellow linesSéBarated By a definite distance
i gmilarly. the spectrum of hydrogen consistssef a numbefigfilines of different colours
ted by definite distances. In hydrogef atom Spectrum.

P2 between lines decreases with deeréase in wavelenath | (TN
rigure: Atomic spectrum of
hydrogen

e
' m can oe O O es,
0.1 0. o S

i Atomic absorption spectrum
} j Atomic emission speetrum

i (ine Absorption Spectrum or Atomic Absorption Spectrum.

naked eye.
¢ |hese ays form the invisible §@ctrum. regions of spectrum

Figure: The visible and other

Tupes of Spectrum

There are two types of spectrum
(i) Continuous Spectrum e.g. Rainbow
(lii) Line Spectrum e.g. Atomic Spectrum

i) Continuous Spectrum

definite boundary can be drawn between them is called continuous spectruin.
Example. Kainbow

It is obtained from the light emitted by the sun or
incandescent (electric light) solids. It is the property of
matter in bulk.

The spectrum in which rays of different wavelengths diffuse into one another and |

" In this, dark lines are separated by bright bands.
M&Q@ne » f[Atornic] Absorption Spectrum)

fhe: 'Whi_te light is passed through a sample of a substance, it may absorb particular
Wtions. THis light on passing through prism will form a spectrum in which dark lines will
. % present in place of absorbed radiations.

Ithas been shown in the fig,

(- (TICIL LT

atomic absorption spectrum

some radiations
passed through

' Figure: Atomic absorption specirum

'M'”' ission Spectrum or Atomic Emission Spectrum.
| ‘%)-Bﬂght lines are separated by dark bands.

q '“'.‘rl
sJiDlg

€ (Origin Of Atomic Emission Spectrum)

[

Exercise Q10. (c): . 2 [ Wh ic discharge
. e 7B When a substance is heated or subjected to electric dischars® S I
What Is the origin of line spectrum? ) - | duce bright lines on a
: b ity o . | produce bng
. J f’-‘.‘*y Tadiations of definite wavelengths. These radiations will p

(ii) Line Spectrum ( Or Atomic Spectrum )

called line spectrum.

Qrigin of Line Spectrurm

Line spectrum s chargetenstic of an atom, When an element O
volatilized on a flame, 1t emits light. When this light is seen through a spectro™

The spectrum In which dark or bright lines are separated by bright or dark "

¢ its compt
etel,

- 'l'...d"

as shown in the figure.

7
1l

Ealedﬂ]—" ..lll.-“.ED
alomic em

ission spectrum

Atomic emissiof gpectrum

JU”ﬁ
d

I
yi




element is same.

appear black.

Exercise Q10. (a):

Continuous Spectrum
In this, coloured are diffused
il into each other and they are
not separated.

258

tach colour in the band has a
VA range of frequencies.

There s not sharp boundary

. between the colours.

e The position or wavelength of lines in both emission and absorption spectrum o

e In emission spectrum, the lines appear bright while in absorption spectrum these lines

m

ey

What is spectrum. Differentiate between continuous spectrum and line spectrum.
M

- Line Spectrum
It consists of dark or bright lines
separated by bright or dark bands

™™

s Jmmc of the

g I"‘ID«LECU]EE

Each line in the spectrum has ifs |
colour andd

own charactenstic
equency.
There is distance between the dines

staﬂama““ passIngG

E- | anguiar pmsen.

—

1 has onlly one &

t is charactenstic of atoms

i

| polipchromaiic Bght through 2 |

| 'l‘* lere

h’d CTOGE

it is obtained oy % heating @ substance
of by passing pokychpgmalichic":
twoughi 2 substande” and hen
;mscng emilied radialions through 2
¥ 4.

bt ::sd B0 H,pea

Sn wwighigl 3

-'|-‘ l‘._l

Example

Lo

0

\'/

Line Emission Spectrum Line Absorption Spectrum
Or _ - Or

(Atomic Emission Spectrum)

(Atomic Absorption Spectrum)

In this bight lihes are separated
by dark bands.

It is fofmed When theésubstance
is in excited state.

it is formied when the substance
tb excited to,uapour state

For its formation electron jumps
from "higher energy level to

Jower energy level and emit
enemy os light. The emitted

radiations are indicated by
-coloured lines.
Emission spectrum of sodium
sl has two yellow lines separated
dark bands

In this dark lines are separated by
bright bands.

It is formed when the substance is in |
unexcited state. |
It is formed by transparent gases, |
transparent liquids and solids. J

For its formation electron jumps from |
lower energy level to higher energy |
level by absorbing energy. The
absorbed radiations are indicated by |
dark lines.

Absorption spectrum of sodium has
two dark lines separated by bnght
bands.

on Spectrum of Hydrogen

When hydrogen is filled in 2 discharge tube at 2 very low pressure, it ems bluish hght
mmmmmmmmwms many ines called spectral lines. These lines
#be dassified into five groups called spectral senes.

8 Lyman series (U.V. region)

| 9 Balmer series( Visible region)
%) Paschen, series(l.R. region)
” Mﬂlsena(l K. region)
& Ph“hﬂlﬂ(l,ﬂ region)

'hﬁ.,, Bohr's atomi '
series discovered before Ralmer series
hdwem:sa:mﬁiﬁmnmﬁundm The lines of Baimex oy
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Biacket serles |

Pashen seiles

Blamsel saites Prund serles

Al ﬂrmﬁ’, §l’l‘ l_li'lm

l]“u AL
LY. vegiton Asitde regtan) (AR veglon) | (LR reglon) (LK. veglon) |
YA PRT [ —————— ‘ ! of electron In lower enerqu or¥it Hais
%2 x I e e X I 530 10° 240 x 10° 1 | 34 % 108 ﬂﬂl gnergy W 3y LNy 18
— — “_-'] - - . " — S ————— L — =t n]?"-"l
e x o Mo 107 0 Iee) | T HOX 1O HEY 10* T 2 14% 108 = §-_;" ; 2
TR TP | AR PR [0 (X1 | o h
s T R T Tow 1 | 2 -
W20 W M 10N e | z‘k‘ﬂ 1P 1 - | L ITIZ‘Q* mZ e
Tk W | 5i8x 100 1 1 | S ——— QD AE =Ez2 - 1*—823-,-* *-82,.
G Smda M ey I 1 i ! K can2 E0N
T =
— — R 2 2 4
- AE = - MZ g T Z%e
- a8 o N 9
X 8eamch® MBeoni h'
O L h o . k-l
Accosding o Bohr's theory, when hydrogen 2tom is heated _ — b =S e — o
or sudjected o electric discharge, its electron moves from lower n=5}—8—8— - &0 - N
A0 My, 0 hugher @il *?:4.2 . W .i“'.‘f'.l this electron comes back, it - -— 3 me forhydrogen atom Z=1. therefore
emifs same energy in the form of photon of light. it
L » . = . N 3
Five senes of spectral ines are present in hydrogen atom . | AE=2.18x107'8J L = : J
spectnum. | R nons
Series Name n, n, Region of Spectrum
Lyman series 1 2.3.4... ultraviolet
Balmer series 2 3.4 5. visible
Paschen series 3 4.56... infrared
4 1 1 3
Em Seres - 5. 6, 7... i.nfra.rEd Figure: Series of speciral 2 2
3 BES | - S nl n2/‘
= 5 6 vi 8 : in H-atom specirum \
Phund seri infrared \
A
~ Q23| .2z 2 Hz
w n
. - : . . | 1 N2y
| Exercise Q9. (a): Derive the following equations for hydrogen atom which are related 10 A
; # '..1 (1) Energv dfﬁﬁence between two leUE’_S, m and n;. | Thiseq h bt oF f hoton emitte :'906 on decreasing betw
TS i : ; | 4 shows that the frequency Oj pro
: ! ; , _
! - (ti) Frequency of photon emitted which an electron jumps from nz 107 eels g we move tow ardsf}rli:h er orbits.

L alculation of Wave Yumbers of Photons of Vdrious 5_r.u-'r fral Séries by Bohr s Theor!

————

Accordi ‘ | it
ornos fromn fotop s postulate, an electyon emits energy in the form o photon Wh" - p
p igner energy orbit o lower energy orbit such that -
AE=hv =E, -E,

V

cy=mZ%*(1 1

8esh® \ n? nj
- Let energy of eléetron in figher energy orbit N, is

i a e
|
b

* 5 1 =Ccv nce
B C ) orv=C and 1=- , therefore v=cv, Fi€
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!

—-» For hydrogen atom Z=1

o= 2

m e’ (1 4.1 SR
2 2
Ny Nz \M Nz

e ] k- s
BgSCh3 ¢ N

8]

where R = n;e =1.09678 x 10’ m™! = Rydberg constant

BEOCha

Exercise Q9 (b):

Justify that Bohr's equation for the wave number can explain the spectral lines of Lyman
Balmer and Paschen series. |

spectrum of hydrogen atom.

First line =1 (lower orbit} & n,= 2 (higher orbit)

- ! e |
v=109678x10’ [;15 - ;g] =1.09678 x 10’(;12- - -él-f) = 82.26x10°m™
Second line n,=1 & Ne=3
- TR 1 1
v =1.09678 x 107(;—;?_;5) = 1'09678)(10?(-1_2- _Ez_] = 07.49 x iosm—l
Limiting line n,=1 & e
v = 109678 ?( Lod (1 1
v=4. %10 \;;2-—;—2' =1.09678 x10 IE_._2]=109_673,,{105“!
2 o0

The limiting line of Lyman series lies in UV region.

Gy=¢ & n,=3

i , 1 -1) '
v =1.09678 « 107(-—---—) =1.09678 » 107[512- -515) =15.234%x10°m"’

Z 2
Wy Ny

n n

§r=1.09678w10’(.‘.1__.1.%=1 - 7(1 1 _
2 g 09678 210 HEZ—-EZ—J=20.566x105m :

s Thus, Bohr's theory explained the spectrum of hydrogen atom.

Calculations of Wave numbers Of Various Lines Present In H-Atons Spectrum
Bohr's theory can be used to calculate the wavenumbers of spectral series of emission

Exercise Q13:
Point out the defects of Bohr’s model. How these defects are partially covered by dual nature
of electron and Heisenberg'’s uncertainty principle?

E D(fl'cc! of Bohr’s Atomic Mode

fl h
;,::1.09678%10?\“12 nlg) = 1.09678x10?[%H§J: 23_00x105m-1
Umitingline n;=2 &  np= %0
,' . 7"1 1) 1 1
V= 1.09678 x 10 il a 1-096787‘10?(? - —Z-J =27421%x10°m™' The
\l1 Do} 2° o

LmﬁmMalmer series lies in LL.V. region, while other lines fall in visible region.

» Similarly wave numbers of other series of lines i.e. Paschen, Brackett and Pfund series

can also be calculated.

‘Bohr's theory explains the stability of atom, ionization energy and the spectra of

‘ydrogen and hydrogen like atoms containing one electron e.g. He", Li%*, Be®* etc.

ithas following defects

i) It can not explain the spectrum of multi-electron systems like He, Li, Be etc
i) High resolving spectrometer shows that individual lines in line spe

ctrum of an atom

actually consist of several lines. e.q. Ha-line in Balmer series consists of five component

li-"-iﬂ.s.-_'_r_}li___simz_alled fino structure or multiple lines. Bohr's theory cannot gxp!ain tl1j15_fine
Structure. Splitting of lines shows that only principle quantum number is not sufficient.

AzZimuthal quantum explains the splitting of of spectral lines.

(lli) BOhr suggested circular orbits for electrons. However, researchgs haye Sal;ownczha{'l:‘:
motion of electron around the nucleus takes place in three dimensional space.

~ Admic model is not flat

V) & : ' maanetic field, some new lines are_created.
%Lectmm of atom is faken 1 = Lken in a weak magnetic field, its

slThl-;is s called Zeeman effect. e.g. when N? spectrum s ta
o e is split up i nt lines. |
gle line s split up into two compone — is taken in an electrical field. lines

e when emission spect et I?f E'!thﬁgd}-;::'(l: effect
e split up into ines: This Is ca |
up into component lin Starks effect.

Sohr's theory cannot explain Zeeman effect and




Tos auciain Zeeman and Sterk ofec. Sommedeld suggested in 1515 thae
gy wuriue 1 licica crom =ther fen i ormular ot

i s model mudeus s oresent 2t one of the fock of he ellipse. The /
slictical sath of dectron goes on changing i spacz 2nd hus nucieus is
ueren. e sectron o e o 2l sices ~
P | @

Exercine Ql2. (a). \ ;/)
What are X.rays? What is thelr origin? How was the idea of atomic number derived frory 17,
discovery of X-rays?

LRAYS AND ATOMIK. NUMBER

When fast moving electrons strike a heavy metal anode surface In a discharge tube
some highly energetic rays are produced. These roys are called X-rays.

concave surtace cathode rays
In 2 gas discharge tube, electrons produced by
neated tungsten filament are accelerated by high voltage. .

This gives them sufficient energy. Thus, when an electron > T
suddenly stops on collision, energy is released in the form
of electromagnetic waves called %-rays. A-rays

When X-rays are generated, they emit in all directions. These are passed through 2 slit
and then through aluminium window. These are then thrown on a erystal of Ky [Fe(CNJg),
which analyze the Y-rays. The rays are diffracted from the crystal and a line spectrum of K=
rays s obtzined. This is taken on a photographic plate. This A = ray spectum .
charactenstic of the target material, This spectrurn has discrete spectral lines, These lines 21
grouped into K-series, | ~series and M-series. Each series has various lines as K. , Ks » Lo Ly

Mg, Mg etc.
Meorsclow & Faie: K bationshiip of Atomiie Nummber with J'" rause
It states,
The frequency of a spectral line In X-ray spectri | re of atom’
number of the element emitting It. X 4 iy
Jv =alZ - b)
This linear equation is the Moseley's Lav.
where v = frequency of emitted Arays. Z = atomic number of element
a = proportionality constant b = screening constant of the metal®

| : i) Mbseley arranged K and Ar, Ni and Co in a proper way in Mendeleev periodic table.

S T .
L - t,..fl: - r_. ,.i""_' e il - - -
: TN Drneriet gk 2 slermery denend o st
:-.' r‘p- - - =t I I -"
AL Ll ~(z. VISl tPhie S Y. AW
- pr - -
|
Woseley's Experiment
"J .#:‘1,‘ —_— .:':‘_ ¢ " 1""- .
s 1913 - 1714, an Engen Ocientiof Mosiey studied the X-rays emitted by variou

1 The emitted rays are classified into two groups
(a) One gith shories wavelengths are called K ~ series, and
(b) One with longer wavelengths are called L - series

9. Wavelengthhof efitted X-rays decreases with increase in atomic number of target '
< 3. The relationship between frequency (v) of a particular line in X-rays and atomic number
| of the element is given by

Importance of Moseley’s Law

_ (il) This law has led to the discovery of many elements €.g. Tc (43), Pm(61), Rh(45)

(iii) The atomic number of rare earths have been determined by this law

“(DUAL NATURE OF MATIE

WAVE-PARTICLE NATURE OF MATTER

-Broglie Hypothesis
Einstein and Plank showed that li

- - icles in motion also
o - ‘oalie, said that all matter partic I
a French scientist, Louis de B o ation, ioms and olecules all have

ght has both wave-like and particle-like properties.

' i roperties. Thus, electron, Pro
both particle and wave like properties. Th

d
He obtained a relationship betweern the wavelength an
using Einstein & Planck equations.

Einstein eq.is

lled wave-particle duality.
the momentum of the particle,

E - mcl (1) . *.:;l*
Plank's eq.is
E = hy -~ (2)




>

oll hemistry: Part-| 266

gimilarly, an & — particle moving with s
emaller than that of electron,

Comparing eq. (1) and (2)

'

L il | : T :
mc hv , Now consider a mass of 0.001 kg (1 g) moving With A Velocity of 10 m/s. its wavelength
mc2=— , Sincev=c/A - willbe
A h 6.625x10™

mc =; “mv 0.001x10

: A=6.625 x 10-%nm
A= o This wavelength is much shorter. I eannot be measured by any method.

For a particle of mass (m) & velocity (v) the de Broglie equation will be |i Thus, heavier bodies also have wavelength but their wavelength can not be measured Thus,

h h . iis said that heavier bodies do rot hape waves.

;\' — ——— T — ¥
v p ;

where p = mv = momentum of particle, h = Plank’s constant = 6.625 x 10-

3¢ | 3',1perfmenml Verification of Dual Nature of Matte
This equation shows that | " Davisson and Germer Experiment

e Particle has both wavelength (A) and momentum. ie.,
properties. Thus, it has dual nature.

In 1927, two American scientists, Davisson and Germer

gave experimental verification of
the wave nafure of electron.

it has both wave and particle

Th | f Elaiane | : . They bombarded a thin Ni foil with fast moving electrons. Electrons are obtained from
° e wavelength of particle is inversely proportional to its momentum. I" heated tunasten filament and accelerated by the potential difference through the charged
' plates, They observed that electron’s diffraction was similar to the X — rays diffraction.
Examples §  Moreover, they experimentally calculated the wavelength of electron, which was similar
* Consider an electron moving with velocity 2.188 x 10 m s~ ! [ts wavelength can be § _;1?¥1ﬁ.§_$-calculated theoretically using de-broglie eq.
calculated as . Thus, Davisson and Germer verified de-broglie’s eq. and dual nature of electron.
¥,083.00 Gl eI & i /108 10~ kg . . Davisson and Germer got Nobel Prize for inventing apparatus to prove the matter
Planck’s constant = h = 6,625 x 10-%4 . Waves, h A
| ' De. ' ‘ iving the equation of matter waves.
Velocity of electron = v = 2.188 x 10° rratl y . e-Broglie also got separate Noble prize for giving 4

Wavelength =) =?

.I.'! 2 ' .
2 SENBERG'S UNCERTAINTY PRINCIPLE
Hence _ R . * It stat
. tWas given by Werner Heisenberg in 1927. It states = r
A= _b_ = 6.625x10* It s Impossible to determine simultaneously and precisely, both position an
e - _—___—_—-_'-_—-—l—____— _
mv 9.108x10"% x 2.188 10° b = .f’ltntum of a small fast moving particle e.g. electron.
A=033 x 10m I E"P'anauo,, icle. the less will be the certainty
' Ty ! a __.ll_ Means the more we certain about the position of a particle, the less
Or =033 nm ,  Since 1'nm.= 10-* n, bouLte:tB Momentum and vice versa. | r i ARG
hi | il rays L T = L uncertainty in mom r
’ Z::C::‘;ie;gth of moving electron of first orbit of H-atom is similar to that of A2 ., | o UNcertainty in position is Ax and
easured.

N E.isenberg

rJ i

For a proton moving with the same velogity
than that of electron, '




density diagram for i -atom

Te orbital is acluaﬂ} a spread of diarge around the nudeus. It is often called electron
5 _ |

2 — Al : L
Ax AD = O g wau_e_and it does not occupy a definite poSiion in
To satisfy this eq., it is clear that if uncertainty in position Le., Ax is small, yncgp. ﬁ'ﬁ g Schrodinger gave a wave equatiofifijmbich gives
|,;I"'."_ : o
Explanation in terms of Compton Effect "~ his is the same distance as calgulated by Boly for the 1" =TT
4 =h | my

momentum i.e., Ap will be large, and vice versa. "y Wﬂ'ﬂy of finding electrons in various regions in SRl
Thiis principal can be understood in terms of Compton Effect. . of H-atom. _
e, Photon with shorer wavdiength will have high momentum. When such phoy

A AN
%! e OB Atomic Structure
T itals
i e , : : e fegions are called orbitals.
Heisenberg uncertainty principle is negligible is case of large objects. (Macroscopic ., . These - Y B
of fange oby SCOPIC Objecyy H-atom. the maximum probability of finding electron is
An election s 2 very smal partice. Therefore, 10 locate its position light hayir iR m for 2 distance shgifer otllengerighan 0.053 nm, probability of finding electron
sirikes an eiecivon, # pushes the electon and disharbs its momentium. This is called Compi
Eflect. Thus, whille detenmining fhe position of dectron; we will become uncentain 2o

W‘g to Schrodinger theory, electron is coneid 2 ..
A eance of 0.053 nm from the nucléus
"mlelmﬁ.‘ mc“Erﬁ_a i avine
‘ ks le.g. X-12ys) : Lases sharply 2 hydrogen atom.
momentun of diecwon. ¥ we wse light of longer wavdlength then determinzrion o ) Szt

Orbit Orbital
i is the'@acular path on which jt is the region in space in which
o e roudiies zround the oz | lectron

- L .‘ : “ -r+ L]
" " " o " i L] . "‘1 _r"" | r“r m‘i _I.'_ ‘-fﬁ# ] - a oni r - F_*_I =3
- m m e Lise I 0Ne 00N $ IS S50 $ Ner S iAaris
Z B B 2 :

mecnanical mooet

- i i . . A
it 15 TWee CETeNSONas

Heuce we cannot deterine both posiion & momentixm of dectron sirnulzren s, B & stomic structure.

o It is w0 dimensional
A - S

WNUmber of clectrons in 2n orbit

Wl s given by the formula, 20

Wl Where 'n’ is the number of
orbit

; In this exact position of electron 5

Cromgewiaran atih Bodo's Thesry

Bakiy, s Wis teory, assxned that dectons zxe material particles and raflve zeo.o0 ¢
miciens i some defivite obits. Thus, thelr momenturn and position can be detzrmaine. o
zeowacy. But with e idea of wave natuee of dection Helsenberg says that it czn i0%
- = # (7

Fach orbital contains maximum two
dectrons,

4

il
!

Only probability of electron is given

g

¥
|

Hrtlse 14, (b): ?

_eimﬁum numbers? Discuss their significance.
""‘ft"‘f.‘f"f""f NUMBERS .
-y 'TWOW of electrons In

i~ called quantum numbers.

- ger equation for hydrogen atom. | > iy
 Three . ydroge - od by solving Schrodinger wave equation while spin

urn ftum numbers are obta { electron in a magnetic field. i.e.,

i v & anticlockwise.
| Hantum numbers are

Board), 2017

Frarcion (G114 (5) A &b | % o 18 indicated in an orbital. -
Briefly discuss the wave mecharicol model of atorn, how has 1 glven the ideo of oroitd ——— : _,___:_,

space around the nucleus Is described by a set of four

values which give acceptable solutions 1o

Tk,
| 4 S 2MUm numbers are sets of numerical
tot, " "Umber is due to the two different orientations O
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tEdencted ity ¢ IEwiwar o=1.23

aue of T mlﬁmn;ttea:@aﬁmmm-:nr
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e mudeus & vice versa. |t s the measure of size of decronic shell

o The sziue of o cormesponds o 2 definite shell eg

The dectrons = 2 shell can be determined by the formulz 27

a Shefl  Capacity (2a")
I “ Z2xF=2

2 L Z2xZ=8

3 M 2x3F=18
4 N 2x&=32

ber (/)
it gives information about Sub-shells
Origin of Azimuthal Quantum Number
A spectrometer of high resclving power shows that an individual line in 2 line spectum

Jreanitun

"I?' Il

of 2n atom is actually further divided into several fine lines. It means thanan mdmduai

shell is further divided into several sub-shells.
These sub-shells are explained in terms of azimuthal quantum number

Azimuthal guantum number is denioted by “2”
thasvaluefrom 0,1,2,3..(n-1).
e Thenumbers0,1,2 3 .. conapondsforvanoussubshells
Examples:

0 stands for s-subshell means sharp

1 stands for p- subshell means pﬁncnple

2 stands for d- subshell means ‘diffused’

3 stands for {- subshell means ‘fundammtai‘“
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It m the shape of a mbshéllhlwhld) the %tmn is present.
ﬂhugll can be obtamed by using the form ¥

. ly _“
. _l

af“t”a!soteﬂﬁabcu‘ﬂ'te -mape of orbital
&Emef summary iS given helow

—_—

SUbshEH M Mexcimum number of Electrons C\/)
5  spherical 2
- dumbbell 6 i
,  Wsausage 10
% complex 14

( B
ﬁeﬂoeen Principal and Azimuthal Quantum No.
_?"' relatlonshlp is as follows

=

'n Shell ¢ Subshell
3 __li"'iK 0 s (1s) |
2] 0 s (2s)
3 M 0 s (3s)
1 p (3p)
— 2 d (3d)
- N 0 s (4s)
1 p (4p)
2 d (4d)
3 f (4f) etc.
4

N I” a
<UL t"“ Quun

It tum Number(m)

o e“lhf’onnatmn about the different orientation of orbitals in space. |
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Origin of Magnetic Quantum Number

« In the presence of magnetic field, lines in the line spectrum of an atom are fy
up into various very fine lines. The appearance of these lines is explained by

quantum number.
e [tisrepresented by ‘m..

« It gives the orientation and degeneracy of the orbital is space. Hence, it is alsq calleg |

orbital orientation quantum number.

e It has value from m=-£..0..+¢ orim =0 £ ...

i
_...___IEE

her spli

Magnetj.

¢« The value of ‘=’ shows the different ways in which a particular orbital can be arranged

In space. e.g.
Examples:
(i) When £ =0, s-subshell m=0

It shows that s-orbital can be arranged in space only in one way. Thus, it is not further
sub-divided into other orbitals. It is a spherical and symmetrical orbital. In this probability of

finding electron is same in all directions.
(ii) When £ =1 p-subshell m=-10, +1

It means that p-orbital have three possible
orientations in space. Thus, p-orbital is further
sub-divided into three orbitals along X, Y and Z-axis.
These are written as p,, p,, p,- These three orbitals are
present perpendicular to each other.

In the absence of magnetic field all the three
p-orbitals have same energy. These are called 3-fold
degenerate or triply degenerate orbitals.

(iii)) When £ =2, d-subshell m=-2,-1,0, +1. +2

Thus, d-subshell is 5-fold degenerate.
(iv) When £ =2, d-subshell, m=-3,-2,-1,0 +1. +2, +3

Thus, f-subshell is 7-fold degenerate etc.
Formula for number of possible orientation of orbitals

For a given value of ‘£, the total valyes of ‘m’ are (2¢ + 1)
Thusfor =0
=1
t=2

s- subshell (2 x 0 + 1)'= 1 orientation
P-subshell (2 x 1 + 1) = 3 orientation
d-sSubshell (2 x 2+ 1) = 5 orientation

£ =3 - subshell (2 x 3 + 1) = 7 orientation

:

| M

w between Principal, Azimuthal and Magnetic Quantum Nos

R

Atomic Structure

' The relationship is given below
L’_J_piﬂ_
Jent0 0 1s
‘' 9 0 0 25
1 -1 sz h -
0 2py Possible

—
R _+ 1 ___QQ;[ Orientations of orbitals

1 =1 3p, 1 Three
0 3p, Possible Orientations
+1 3p, ol potbiials
2 —2 3dl, * =
-1 3d,, Frve
0 3d;’ Possible
+1 3d,, Orientations
+2 3d,. 2 of d-orbitals

Itdescribes the spin of electron is an atom. It is denoted by s.

Origin of Spin Quantum Number

‘pmduces doublet line structure in the emission Sp

Alkali metals have one electron in their valence shell. When this electron jurpps from Fhe
eXcited state to the ground state, it emits light and forms a line spectrum. High resolving

Spectrometer shows that each line in. the line emission spectrum consists of two lines.
This is called doublet structure. This doublet structure is different from the fine line

sﬁu.Ch-lre, which is explained by azimuthal quantum number.
The lines explained by azimuthal quantum number are closely
SPaced, while in doublet structure two lines are widely spaced.

%mit and Uhlenbeck su ested. that an electron

nd UhlenbecK suggesier, = = —===+—
%ﬁmmm axis. This is called self-rotation. It may be

Clockwise or anticlockwise. So an electron generates two opposite

Magnetic i te spins. This Spin motion S
dnetic fields due to two opposite SP ectrum of an

N

mber.

tom, | | in quanfum nu
tcan be explained by spin g be + Y2 or—-¥2

a
The Spin quantum number of an electron May
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-/&jue:l OF _Ifagnetic qguanturt Nuinoet f‘f..r'f ‘j OIoHal. Thus it has five
WAy arnbey

Onie rn apm
M ﬂw oYoitals are writien as rJ , O | l

'" fve orbitals Ao not have same f;}'mpo Oy O Ay and d g . 4 have four lobes each,
Ay have onily two lobes and a doughnut at rhe centre.

; _ .
e explamed on the basis of azirih s
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Oz - 2 80 s

Comsider the shapes of ¢ pr andl 4-cbitals

B

1here is s only one value ¢ of
mhrml

Jize of s crbitals | ifi * '
Thus Zs orbital with inc in "?‘M—QLMM_@mmm number (Nl » . -

is larger ln size th
the o an 1s orbital and 3s orbital is latdar in size than Zs orbital

provability of finding electron . . ; d"
@ﬂﬂm md& 15 Zefo&m_tmm.rhls IEQM 15 Lﬂ”e‘d v oy f
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College Chemistry: Part-l A P ; Part-] Atomic Structure
tomie Sfruq
o (=0

= m=0 = 19 i
Exercise Q15. (a): ~ n=1 AT & l?t .s +1/2'ndicated by
Discuss rules for the distribution of electrons in energy sub-levels and in orbitq|s \‘?(@ ~ pnother electron enters In this oroital only if it has opposite, spin to that of first.
, b ) Thus for this second electron
ELECTRONIC DISTRIBUTIONS -1 =0 m=0 RO indcR by |

1. An orbital like s, p,, py, p, and d,, etc. can have maximum two electrons. Thus two electrons in an orbital will have opposite spin indicated by and  their one

2. The maximum number of electrons in a shell is calculated by the formula 202 Where ‘n‘ | quantum number i.e.; spin quantum number will be different.

is the orbit number. " The arrangements I} and {} @are not possible;

Orbital containing two electrons with 'epposite spin is called completely filled orbital and
lectrons are said to be paired.
' 3 Orbital: containing one electron is,_called half-filled orbital & electron is said to be

There are some rules for the distribution of electrons in different

Te : -
sub-shells. dh_lp D Arrangemep, of
orbitals according (o y 4

rule

(1) Aufbau Principle
According to Aufbau (German word, Building up) principle

o palred

Electrons are filled in subshells in order of increusing ciiergy ls 0
values. 24 0 '
The energy of orbital is determined from the (n+¢) rule. 2p 1 W B e
ve wer the (n+(] velue lower will be the eneray of orbital & vice 3: 1 If orbitals of same energy are available, then electrons will go in separate orbitals with
versa. N e ite spin.
If two orbital have same (n+¢£) value then lower the value of n [E& 2| 3+2=3] same spin, rather than in same orbftall with o?pos eopt SRS A
lower will be the energy of orbital & vice versa. | s 01 4+0 ='5:} _--_._'ln other words, electrons are distributed in an atom in su
Examples ap 1| 4+1=5 § - number of unpaired electrons.
rbital n+f) value nvalue Remarks - TR ..___P___ T e
4s 4+0=4 2 Thus, 4s is of 5s 0+5+0=5__-: - o | 1’3 2s 2o, 2p. 2p
3d 3+2=5 3 lower energy 5p T\ 5+1=$J] = bR ey
5+ 251 — TH
4p 4+1=5 < Thus, 3d is of > ‘Y 5| B N [’ || 1T1
51 3@ =
3d 3+2=5 3 lower energy = o 6506 1s 2s 2p, 2p, 2p,
6p [ 64| . [ IT‘T
Thus on the basis of this rule, order of filling of orbitals will be J Skl aomm ! —
3[+3=71 8 is 2s 2p, 2p, 2P
0

s 25 2p 3s 3p 4s 3d 4p 5s 4d 5p 6s 4f 5d 6p 7s 5f 64 IS

Consider 1s orbital . |
For a single electron in this orbital




Atomic numbes Llectron ( onliguration Nuiﬂliun

ls'
——— — i
1 2 1s? 2
Lithium 3 1s? 26! T ]
L R —

| il (a)'lthe nature of electrode
. (b) the nature of the discharge tube
(c) the nature of the residual gas

x (d) all of the above
The velocity of photon is

N I N
o R )
Newgm |7 [ % o, 7
T N £ % —

e ———

e i W o R B O B 5

P
I L

20%, 257, 2p,

N s
@;E-;{ﬂ) Independent of its wavelength
| - (b) Depends onits wavelength

" [¢) Equal to squaré of its amplitude

~ (d) Depénds on its amplitude

(Folsalabad Board, 2009) (D.G. Khan Bdard, 2012) (Muktan Board, 2011)

L'l'he wave number of the light emitted by a certain source Is 2 x 10* m. The

)

~ wavelength of this light will be
_‘(a‘) 500 nm (6) "500m (c) 200nm (d) 5 x 10" m

DG Khon Badid, 2009) (Rawalpindi board, 2011) (Gujranwala board, 2012}

T

| | e
[Nel 37 3%, 35" 35,
[Ne) 3s* 3p*, 3p? 3p!
[Ne]&z 3p': 3p1y3p3;

|Ar] 46"

) Hu erﬁlrd's model of atom failed because (Multan Board, 2012)

= Ta e atom did not have a nucleus and electron

{ I‘ %b itdid' not account for the attraction between proton and neutrons
u , , c) i :

did not account for the stability of the atom

. ld)'there is actually no space between the nucleus and the electrons

!9 ; "11§°h1"! model of atom is contradicted by (Multan Board, 2093)

| :r(a) Planck quantum theory (b) Pauli’s exclusion principle

| L 4?)~Heisenberg's uncertainty principle (d) All of the above

s Splitting of spectral lines when atoms are subjected to strong electric field is called.

| ' {a)geeman effect (b) Stark ezh‘ec’teff
Ph ' d) Compton efiect
gy Bonrd, Otozz!)eyj:?éﬁmeﬁme“udh Board. 2009) ({Bu)Moafpplr Board, 2010) (Rawalpindi board, 2011) (Gujrarmuale board,
lfﬁjf) taualpindl board, 2012) (Gujranwala board, 2010) 2012 (Sargodha Board, 2014)
.":'_J‘ . ?}n)ﬂ"’ ground state of an atom, the electron l:-,d prcrrcﬁlt
- 18} in the nucleus (b) in the second she
RS, :
3 (6] nearest to the nucleus (d) farthest from the nucleus

|
5 i 1
R TV
|_ '.di'_'.-l-_“li
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ix) Orbitals having same energy are called
(a) hytrid orbitals () valence orbitals

C) degenerate orbitals (d) d-orbitals
Sascictod Boerd, 2008 (Belawsiur Boord, 2009) Sargodhe Board, 2009, 2012 (Rawalpindi Be

f"u:f:r}rdan 0 ‘I -

2uNn+{) rule, orbitals are filled energy

wise. Thus ofBilfals are filled in lollowing order |

F

d 2o gallg W de T4 An Lo AL £ - -
IO (Foisslebod Bourd, 2011) ID.G. Khen Board, 2012} (D.G. Khan Board 2012 = U (Muigy B fl»p %?1 é?i :'jf T S SRR ARG
%} When 6d orbital is complete, the entering electron goes into Hence, whenld Bibital is complete, the S
o ...‘ “",,_': —5 i) -'__,'* l‘d" Td glettron will qoes N /p orbital
~aitere Bocrd, 2007) (Sargodhe Bozrd, 2009) (Rawslpind Board, 2010, 2012 (Gujranewala board. 20121 (v - P e — i USRS |
o1 G S 207 L THGEan B

Q2 Fill in the blanks with suitable words

n § -particles are nothing but moving with a very high speed.
i) Ams: (c) | @ Thecharge onone mgole of eﬁlectrons is coulombs.
Fosthue mun are oroduced due 1o orezegion of geses | Light tawels in the form of photons. Since vl T [i] The mass of hydrogen atom is graims.
presest in the discherge e | of ight s 2 constant quantity, therefore, velogs, + %) The mass of onemole of electrons is grams.
i “-:l-ﬂlﬂé—-p?% FU:WA:‘; PR T s i [t Dy nen ' ) Energyis when electron jumps from higher to a lower orbit.
- TWE > L¥ | i ~
| Dostive 2y  onizal model of
- e | i) The ionizafion energy of hydrogen atom can be calculated from
Ne & g7 — W + Ze | L
| ositive ) | . : - er has value.
since difievent gases have difierent nature of ruclei Wil For d sub-shell, the azimuthal guantum numb

Mm.rmdpmiﬁwmﬁdiﬂerm!im
differery gane

(330) Amns: (a)

i) The number of electrons in a given subshell is given by formula
X} The electronic configuration of H' is

H -

iv) Ans: (c)
According to Rutherford’s atomic model, a revolving
electron must emit energy continuously. As a result,
electron will move in a spiral path and will fall into
the nucleus. Therefore. whole atom would@ollanse

Hence, Rutherford’s model does not account for the
stability of atom.

Answers:

e - ’ -4
li) electrons (ii) 96500 (iii) 1.66 x 10-*" (iv) 5.48 X10

(v) released  (vi) Bohr's (vii) two (viii) 2(2(+ 1)
lix) 1s*

Q3. Indicate true or false as the case may be

, ‘ | | | Ak
(vi) Ans: (b) i) A neutron is a slightly lighter particles than a proton

i omentum.
When emission spectrum ‘of excited H-atom ls taken (ll) A photon is the massless bundle of ene‘rgy bUIt l-}ajnrz of length.
in an electrical field, lines are split up into - iii) The unit of Rydberg constant is the reciprocal O

component lines. This is called stark e‘ffer:t liv) The actual isotopic mass is a whole number. ot bodlos
V) Heisenberg's uncertainty principle is applicable to T:ti;or? deisity.
V) The nodal plane in an orbital is the plane Qlze10 8

Edv'imoddindkatestbeempmmmmd

momentum of electron. However, according 1o

Helserberg uncenzinty principle, both position and
momentum. of electron cannot be determined

(2¢+ 1).
tark effects.

number. Hence, for 2p orbital, n=2. hen
According 1o Azimuthal quantum ””mbfr' j*l'
A%Z, 1=0,1. Here ‘0’ stands for ‘s-orbital’ 2n
stands for 'p’ orbital, Hence, fro 2p orbital, |=]
Thus, for 2p orbital, n=2, |=1
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OR Gases do not conduct decticlty & 1 M (DG Khan Boary g,

At high pressure, bpmtdpbprmlnthedm:harge tube. it will ca
hindrance for the movement of electrons (cathode rays). Thus, conduction of ol ..

e(-h'ltity '
difficuit. -

However, 2t low pressure amount of w is less; therefore, electrons (cathode rays) cs
move and conduct electricity easily. Hence, it is necessary to decrease the pregsure

discharge tube to get the cathode rays. _ m .
(b) Whichever gas Is used in the discharge tube, the nature of the cathode rays remaiy,

the same. Why? ' (D.G. Khan Board, 2011: Gujranwala Board, 2013
OR Cathode rays do not depend upon the nature of the gas. Discuss:  (D.G. Khan Board, 2008, 2017)

OR Why cathode rays are independent of nature of gas used in the discharge tube? (D.G. Khan Board
2000 Cugrarnsala Boord, 2014)

OR Why e/m values of cathode rays is same ]a} all gases: (Sargodha Board, 2007: Lahore Board, 2009,

The cathode rays are actually electrons. Since electrons are present in all-:atoms and*tgeu
nature is same. Therefore, these are considered as fundamental particle of atom. Thus,

MJMWMIW no matter which gas is use 2 in the discharge tube.
It was proved experimentally by J.J. Thomson. He calculated e/m ratio of cathode rays

dmﬁﬂcd\ndemobumdbydiﬂerelﬂgms have same nature,

it ®
i «
i
' *!
-" -

i
: i
e —
:

(€) Why e/m value of the cathode rays Is just equal to that of electron?

fmmd,m DG MmBoa'd, 2012: Bahawalpur Board, 2010
Board, 20009 Gujranwala Board, 201

e/m ratio of cathode rays is 1.7588 » 10M
mmmmMMm

adha Board ZW

n g tqugelectron It

"‘-».

Cﬂ%,whlchis /s

‘\r

by taking different gases in the discharge tube. But he always found the same e/m rafio: "‘z"

wﬂn used 2 perforated cathode for the discovery
W have small pores which act as wiadl canals

""‘—‘—’“ _-._._.__

| —
—

of positive rays. The
Sarnc.e pcqime
<o cananis, therefore, t.‘rmarealmcallmcmm)g o o

¢ e/m values Is the same. S Jkshore Board, 2010: Rowalpindi Board, 2011)
properties of positive ra ravg_c_i_epew__;glpon the aure a{theéa:'f" (Rawalpindt Board, 2007)

S S e —————

i ! ‘-'J

majpodmrmhrdlﬂwmmm%tmm;mm

1»;:,-!" ‘ 2 [ays are electrons. Moreo'uer nﬂu‘e of eiectrons is same in all atoms. Thus, e/m
- me for different gases.

Positive rays are produced due tb ionﬂatlon of gases present in the discharge tube.

eg. consider the ionizafion of He and Ne
y x'ﬂ‘-{ He + e” 2 He* + Z2¢

> n"‘:l'*.r_ Ne' + 2" '—* N€+ A

1.,

oh ws that pgsmve fays are nuclei of gases. Different gases have different nature of
4 e/ m ratio for different posmve rays is different.

w;:“* % ) O i s X iR,
times less th=.
U ltl e ravs obtained from hydrogen gas Is 1836
i : ;.; G; 'Zf | lgéf ::p‘;a' e _(Lahore Board, 2007: Gujranwala Board, Board, 2011)

*r}i’m ays obtained from hydrogen gas in a discharge tube consists of piftz:i.:::f a:d the
G «f rays consists of electrons. A proton and an electron have equal magn harge

f
.Jsm, ass of a proton is 1836 times greater than that of an elet;tr;:mf gﬁfﬁe er;r;; value o
Psitive ray obtained from hydrogen gas is 1836 times less than that 0

5 '- ' * e of an electron?
('UL( 1) Explain Millikan’s oil drop experiment 10 determine the charg f

Solved on Page 245 - e -
*w“un is J.J Thomson’s experiment for determining e/m value of ele -
0le ed *an Page 245 e 3 P

T YT experiments. e ——
7 mass of electron from the above two € ¥

Page 247

| s F” Chadwick’s experiment for the
4 Pﬂae 243
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Solized on Page 250

(<} !iuda-mmwaﬂyou_ﬂad
(i) Radius is directly proportional to the square of the number of orbit.
(#) Radius is inversely proportional to the number of protons in the nucleus.

Theeq.udionfm:adhﬁd-n‘mbitdhydmgenatomis

e —— e —

l"=a::ﬂn‘l."hz
rmZe”
2 2 2
or r= £“h2x-"— or ra X
ame” 2 Z
Hence, this equation shows that

(i) the radius is directly proportional to the square of the number of orbit (n).

(i) the radius is inversely proportional to the atomic number (Z) which corresponds to the
number of protons in the nucleus.

(d) How do you come to know that the o;!odﬂe: of electrons in higher orbits are fess
thmﬂloochlmurorbluofhydrogcf atom?

According to Bohr's theory, the equation for velocity of an electron in a_ny prbit is

2
dney m r

e —

v

This equation shows that square of velocity of electron is inversely praportional to 1
radius of orbit (r). It means electrons revolve faster in an otbit of smaller radius nearer 10 the

nucleus. As the electron moves to higher orbits of larger radius, its velocity decreases.

(¢) Justify that the distance gaps between different orbits go on Increasing from the lowe!
to the higher orbits.

g
=

According to Bohr's theory, the equatlc;n lcln_'-mcilﬁs_;f .br_l:;llt 8 .
Ff = 0529 o ﬂ:

This equation shows that radius of the orbit is direct] re of 0P

| 0 y proportional to the squa r
number (n). Hence, higher orbits have more tadii and vice versa, It means that radius ©
orbits goes on increasing with increasing orbit numbers

——

- 0529 , 1*=0529A
0529 ., 22=211A
0529 x 3l - 475A

Forn=2 T =

rz—'rl { r!'—'r! T

So, we have ;
Thus, radius of orbits goes on increasing with increasing orbit numbers.

8. Drive the formula for calculating the energy of an electron in nth orbit using Bohr’s
el Keeping I view this formula explain the followings:

Solved on Page 253 | e
(a) The potential energy of the bounded electron Is negative. A
, Ze°
According to Bohr's theory, Potential Energy = P.E. = —E;:;r_

The minus signfindicates that the P.E. decreases when the elec?rcn is brm;:ght fram
‘Infinity to'distance 'r. At infinity, the electron is not attracted by any thing, thus P.E. is zero.

‘ * Zero
At a point niearer to the nucleus, electron is attracted by nucleus, thus P.E. is less than
Le, negative.

R ——

—
— e T

e ————— ——

(b) Total energy of the bounded e_‘:_lfc_t;ran is also negative. AL ERSet S
. o -
According to Bohr's theory, Total Energy = Eas Bein x

The minus sign indicates that the energy decreases when the eleci;?n isﬂlzrr;ueg:etr:wr::
Winity to distance 'r". At infinity, the electron is not alfac T acies; thua energl i lem
%ro, At a point nearer to the nucleus, electron is attracted DY '

than zero |.e. negative.

il 1o 7, but energy of higher orbits ar
rorbits. o

iéctron in n™ orbit of hydrogen atom Is given as

(E,_Ehgfﬂv ﬂf an elcé‘tm—ﬁ 1Is inversely
. 4lways greater than those of the lowe
According to Bohr's theory, the eneray of €
e £

2

En=

n

Th‘-‘ﬂ. It shows
) The energy of an electron s Inve

) The negative sign indicates the
moves to higher orbits,
Increases.

2
' ton”.
| rgpﬂﬂlﬂnﬂl
rsely P wween electron and nucleus. As the electron

i .
attraction b nucleus decreases and hence its energy

its attraction with
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College Chemistry: Part-l

Examples:
Forn=l E= -13133‘- _ ~1313.31 kJ/ mol
For n=2 &:-131;31=-32332 kJ / mol efc.

Thus. the energy ‘E, is greater than 'E

(d) The energy difference between atilacel‘li levels goes on decreasing sharply.

The energy difierences between adjacent orbits are . |
E, - E, = (- 32832) - (- 1313.31)= 984.99 kj/mol
Es—-Ey = 1- 14592) - (- 32832) = 182 40 kJ'mol -
E.-E, = (-8208)-(-14592) = 63.84 kJmol

Thus, E,-E,>E,-E,>E-E;> ...
_____—__—_____———"

Q9. (a) Derive the following equations for hydrogen atom which are related to:
(i) Energy difference between two levels, n; and n,.

(1) Frequency of photon emitted which an electron jumps from n, to n,.
(i) Wave number of the photon when the electron jumps from n; to n;.

Solved on Poge 260

: - 0ge ' * _ /’E,';;f

(b) Justify that Bohr's equation for the wave number can explain the spectral
Lyman, Balmer and Paschen series. Y _—3

E3 —2mic Stry, W—"
e I '
b Hydrogen atom and He* are monoelectronic system, but the size of He" is much

fructure

11. (9
an a(rmaﬂﬂ than H. Why? (Multan Board, 2009)

' en atom and He" ion have one electron in their outermost shell. However,

Both hydrog
the nucleus of He* has greater positive charge(due to two prtons) than that of hydrogen

iatom (due to one proton). Therefore, nucleus of He* attracts its electron more powerlully as
fwmpared to hydrogen. Hence, size of He” becomes smaller than hydrogen.

(b) Do you think that the size of Li" iler tha ¢ - with calcula
~ Both He* and [ 2* ions haveene eleciion in their outermost shell. HCFWEVE!T.IEhE nucieus
of Li* has greater positive charge(due to three, protons) than that of He® ion (due o m;a
proton). Therefore, _ucleus of Li2* attracts its electron more powerfully as compared to He
"Honce. size of Li2* betomes smaller thanfydrogen.

Mathematical Calculations
For monoelectronic systems, Bohr s equation for radius of orbit is given 0¥

n
[ < ac

Z

Where
n = number of orbit 7 = Atomic number &

1" 0529 =/0.176 A

T =

For 1* orbit of He™ 1on
= 2 =2

It shows that size of Li **is smaller than He"

How was the Idea of atomic number

olved on Page 262
SO’UOd Oon Fage find le. (a) What are X-rove? What Is their odgfn?

Q10. (a) What Is spectrum. Differentiate between continuous spectrum ané

derived from the discovery of X-rays?

w_——————_____—-—/ Solved on Page 264 e ¥ 6

it A D | B Houw docy the Bohr's model Justify the Moseley s oquetion”

(b) Compare line emission and line absorption spectra, @‘rgi;g Bt s theory, the frequency of emitted photon is given as
Solved on Page 259 mztet( 1 1 ]

{¢) What Is the origin of H_ric tpect_rpm_? » - 1 V= rgg:fahﬂ {;E . ns .

Solved on Page 256

= s
-

L 2% -
LR

&

-




o vaz® * e therefore, they can be differentiated by ‘m’ values. e.g. 2p, . 2p, . 2p, are

it , orbitals. Their (n+ ¢) are same i.e., (2+1)=3 but their m values are different.

3 J
Fs A%
b
!

Thus. when electron jumps from higher orbit ‘ng’ to lower orbit ‘', the square g N . —— N SNSRI g, PR L -
frequency of photon emitted is directly proportional to the atomic number of the o Distribut electrons in orbltals of yla, yCu, AU RCr, ol gRn = 7
which s the Moseley s law Le., 3§ ola 188 2% 2p° 3s* 3p° 4s" 3d" 4p° 5" AdW6p° 6s° 4f* 54"
dv =a2-4 »Cu 1s* 2s* 2p* 3s* 3p® 4¢' 3" :

',All 153 253 2pf~ 352 3p:- 452 adlﬂ 4~P‘ 55;.' 4dm spb 651 4{14 Sdm

—————————————————————————————————————————————————— e ————————— R : 4 q: 8 1 . 5
BEE Pt ot (s Gits & BAAPS wader. How thess dafects ere portiolly conwu iREL 1* 2 %" % % & 5 o

dual nature of electron and Heisenberg's uncertainty principle? b 1 288 2p° 3¢° 3ptdst 340 4p® Bs* 44 Sp°
Mﬂ]‘t Pwm 152 ?,S: 2pe 35-: Sp& 45. ad!ﬂ 4{30 551' 4d1ﬁ Spfb 66: 4[“ Sdm 6p¢-

W
Ql4. (a) Brigfly discuss the weve mechanical model of atom. how has it given the ide | als, Justify these by keeping in view the

ﬁ 6. Drow the shapes of s, p and d-orbit

of orbizai™ Compare orbit and orbital. [Rowalping Boerd 2012 | azimuthal and magnetic quantum numbers.
E |

o v al

v

::-fai wwﬁ i Soked on Page 274
2 Whuz are quentum numbers? Discuss their significance. " |
o Whem smimuthal quantum number has a value 3, than there are seven mluﬂi Meauber * )and mass interconversions: RE.= 8:*:5..1"
-ﬂm number. Give ressons. | Bty BV 3 —1/ v E=mc l Moseley's_equation
OR Find the value of magnetic guortum muember, m, when the azimuthal quantum number, & i3 ""'?‘L—_gz__g)_
Saréodha Boord 2014 | br's equations: Ui
I r - - ' 1 = i
2 &m o Tmaghens quantum number (m) & related to azimuthal guanuiin pumoe ,'h!hrmme“mm = mur = 92-‘1 de-Broglie equation
- 0. w | YT e D
£ 2
r— h;ﬂ?"ﬂ-‘:}r r = @ x M Constants used in equations
Whenl{ =3itsforbital & m= -3,-2,-1,0, +1, +2 +3 e 4 | Emiﬁﬂiwﬁgﬂ"m"
Thus m has 7 valuesfor =3 O an electron ;E:?;: El;?c;ns:lignt
_ _ anck s CONSITE
These seven values show that f-orbital has severi different orfentations in SP2¢< T B MZ%* S I h= 6.625 x lf;'“JS
2 =-2.18x10 *— w
Q15. (a) Discuss rules for the distribution of electrons in energy sub-levels 8sn’h? Or L S:ciréogg x 107 C

b * n
O g 13133 | nww%kg
2
n

Solved on Page 276 —9 108 x 10
- - ¥ 4 | ’J’m E%%L A shalo Eﬂ@ﬂﬁﬂ'—qm
(b) What is (n + I) rule. Arrange the orbitals according to this rule. Do yoU R0 3 x 10°ms™’

- : c—-
this rule is applicable o degenerate orbitals? //;b;; “&L[_l__ 1) _gf 1) | Rudberq constant




College Caemistry Part [ 290 |

on:
C=3 x lo.rﬂ,‘s M_— 50=8.85110“2C’J"m"
: . h=6.625 x 10-%.)
i m=91x 10-* kg
V= e = 1.6022 « IO-I’C
Sm E -+ h v . .El= ?
Or V‘:"E“"""“"lll-i-—-: 1.509 M.d Ene ::1-;91 first orbit is given by
h 6.625x1p» —2X10 s g ray | mg v
. e
| E E — 9 9. 9
S 3o & 3x10° | 1 8einih
v 1509.9% ~1988x10¢m 0| ele . (91x10)1.602x10"
' _ . ] 8 x EBleO‘sz x1% x (6.625x10'34
Since P 1 |
2 W — 5.030}{105’“-1 @ | El =|_.2 18 x Io-llJ @
(b) ?—C:"‘;;*\WJ energy of the ph . 3 Q19. Bohr's e ti th dius of nth orbit of electron in hydrogen atom is
ﬁ‘mﬂ? ‘"6H1 and wave nurp;mbi?;:{::::s °19% and calculate the wave length " e :: r{?:;z %,
- -625 L 10'“']5 C 3 e — . I'n = :
_ = 108 . p- 2
E=10"J =101, 107 = 192, " W by arameter
h= 6.625 s 0~%erg | | hile doing calculations take care of units of energy p
029x 107 Js= 6. 625 . 10* %107 erg s =6.625x 10~ erq's @) When the electron moves from n = 1 to n = 2, how much does the radius of the orbit
c=3x 10 mis = 3 » 100 o, Increases, : 3 RN
o - 1 0= 10 "erg selution;
=9 Im.:,lﬂdcm 50=8_85x10"2CtJ"m"
ejg:is the unit hi= 6 625 v 10-34 Js
v=7? af energy in L Y
C.gs. sytem. m= 91 x 107" Kg

e= 16022 X 10-*C

Radius of nth orbit is given by

3x10'"
s 1 -4 )2
Vi & 122 11 1) (6.625 x 107 ds) 3
" 1988wy ~[5.08% g3 e __ (885x10™C'y " m ) ,

K52 | . 3.14 x (0.1« 10" kg) (1.602x10™°C)




r

N (S —

L
& = Q0P X 0% x ot = 0829A% « o B

s e =1 |
n=0529 . ' =QXNA

Sux ve = 3 |
a=089. 2 =2114
’\;' Menoe ot Doadius = -n = 211 A-QK0A = 1.58) A | Q

> mu*”nﬁh*“ﬂnimhﬂ rReld o =l and aet
2 we [P"

-

SI'LY - = JJ._S},?\ 1{:‘_“‘1‘ AN ‘:!t = J.S:FA \ :".‘. :.: i = ] \
.
Thies for e

Tt"-':x-S:};\ :L‘ -:I.I&
hus foe =3

=030 ¥=474

I

L&

Hence dsance Savelled=1,- =4 T5A' -2 11 A*=265 A

. r‘_‘_ & - L
Amd form= 10 "‘t(fs' that energy difference be

™

t.;' 3!5‘\1\\ ‘t«".l\ir

ey elec tion I nth orbit i given by

ok
%

q

0

Whete « = atomic number n sBlimbes of vl

Fop Hudiosen At _ £ = 1

Therelne

S
-

1 hus

Fortl: 1 B\

l:\j’: N = s i_

Py

R‘QH -t 4 E:.'

For n

I

4
-

Ll
4

. -y . L d h Y
= 2 10N 10 W 2 <SS 10T = QS 10
.
‘ +
- < . . . ' 5 .
= ’L"‘"}ﬂ N —_— = 1'-‘1 10 ¢ = ﬂt“w\’.\‘ ‘
;.:-:
5 s . 1 T 9 !'\tT \'{(‘\‘\”"!
— L 8 tb"‘-ih\ N . = \ "{‘\ l y - { L'q. 1% ®
4-
. - Y 1 - " . 2\ ] \ %t.i\‘ 5 = )
R |b\:: N — = o e N l.'l‘ g =« 2 .
.

Energy differences will be

El‘Etzi.""{}.f_‘.'-‘\cJ‘\
EG‘En[:t.-O:';:H
E'I‘Eg':.—ﬂ 130 x

S e ={-0.0872x 10-")- (-0.130 x

X . A8 3
o 10-") =16385x 1077

»J

10° - (=2 18 x

10-"*)- (-0.545x 10-'%) =0.308 x 10

10~ ") (0. 242 10-"*)=0.106 x 10
10" =00488 x 104

noeen second and third orbits Is approximately Sve

~Umes smaller that that between first and second ordits.

e =059 x I =529 A
<

-
Hence dstance tevelled= 1, -5.=509A_2 810X _Hoos A v
M— /

i - - E, and Es - £;
Energy difference between Ea- & ’ and E, - Eq is given by

The ratio of the energy dift

Ference Detween Ee = &

EE‘E; n_ 1.635‘\10‘:5 =5

e ———————e

Es-E, 3.08x10"

hanE, - E,.

1 :
X g‘(E:e -Ey)=(E: - E2

Hence, energy difterence between Es

- Ep I8 approximatedy five times smaller




College Chemistry. Part-l
(e) Cdddclhawqfdn«m in He' hlﬁntﬂw orbits md]mguy that the cum

— e —— g e P —

 differences are different from those of hydrogen atom

Therelore

2
E,,=~2.18x10‘" . = =2, 18 x10° lﬁx-—-

Thus
/s

2°

I'I

Forns=1 Ey=-2.18x10"« 7 = =872%x107"%J

Forn= 2 by = -2.18%10’w>‘--—§2—2—: —

F‘Orn - 3 Ea‘-’ "‘2.18?‘510_18;1 52—;- =

7

Forn =4 Fq=-218x10" ~ ?

Forne=0 Es=-218210

Fnergy diffecences will be

g " =218 107"
fog = Ey=(40 968 x 10~ ")
£y = Eg=(-A) 5451 10 %)

hp =1 4) 2488 » 10 “;* (=£) 545 »

"{""“‘-"’ diffewnce of energy velween the energy levels of e’ Je different it

h_y-du,gwr

v (o872 2 10" “)
- (218 102
(4968 10 M) = Q|23 « 10743

2182107

968107 J = 0968107 J

545107 J = 0645 10" J

x5 n 3488107 = 0348810

=664 10%)
= 121x 1073

10-*) = 0196 103

ot

@ o you thisk thet groups of the spectral Miss of He' dne ot differen ploces 1%

s for hiyds vgen Spu? glue reosons.

Yhea sty Sifssoe belvesy Bieay wvdls ) ie”
A Y ansdiony Pl At s W0 BT’ el SR il Aiferend b

ify'hvwv it A

m——'ﬂ;

"
I]‘-ﬂ"'. |_‘_ d*ﬂ‘

i 1:!';'1
nﬂ r’

WIT Cabaloria R sothus off potncigal spusmionnns pmidoay W s slastorm Wi fnydv sV |

puiosd fw s auhse o anavssy -

o 'y /Ar"? ¢ dr!_‘* -fﬂ'}'

928% . 1974

' 2
Hence ~0.242x10" «-2.18%1p lﬂ-,..:l?

n

/. 218#10 ’?
20242220

n =y93] G

=9

or r

' v
022, Bohr's Jormula jor the energy levels of hydrogen atom for any system say H, He",

Li* ete is

f_ f!’lZ'ﬂ.;.*‘lli
-..-l'l . i il ?
Hﬁfjﬂfh

o2

| (Z°)

Lo S K1 7 ,

For hydrogen Z = 1 and for He’, Z = Z,

ydrogen atom end He’.

for b
(8) Draw an energy lewl diagram for caleslete the energy needed 1o remove the

(b) Thinking thet K = 2,18 7 10’ w3,
electron from hydrogen atom end from He',

K=218 » 10773

Vo hy*jf',.ggn l = ]
i _"-Hiffg'/ i nth orod s guwen Dy

r’-/‘-'f
..t #
;-4 - / 7
N/
{ 4L .
e T A 1
I, : ; 4 18 1071 55 |2 218430 ¢
l’lt ;.- - j-' ?.*" — r =" F i J'f
{ 43
b A =04
v 2 # '; 4 -
Forn = & ¥ = 2 15718 o |

".ri' e Qtaee, e
o baudoga?y § Hast oM 1O 200 W
}_!m,!a Y rr"’,;g 'H:F m'j-Frj’ﬁl sr'"l‘.‘:.' ra‘.’l :
- " I i | f i / E e

a a
ety rp.{,r_“-rﬂz} A e 1 &

A . rMJ
B },F-ﬁ (218710 U Zm/lf

J iy ARENT
ot &t F’J !T,f"i f-‘ﬂ

# | Ly di
F NS IS ?:’.P :-":Thffﬁih
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da*t { = 2
For He* lon Z w=Calculate the wave number of the photon whey th

Energy In nth orbit is glUBﬂsz a” (hn = 5ton =2, ¢ electron Jumps from
Bo® .-K( ‘zi] ; (t) n = 5 ton = 1.
1 | In which series of spectral lines these photons will appear.

"—'——__—_\——————
Solution:

¢
Forn=1  E,=-218x10 ‘"[%] « -8.72%107%J

( 22 ) | Rydberg constant = R =.1097 « 10" ;!
Porfie o  Eow=2.18x107% <5 |=0J .

\ U'J' J
MHence to move an electron from He' ion's first orbit to an infinite distance, the

When electron jumps fromn = 5ton = 2.

"y energy required will be _ ) | The wave number of the photon is given by the eq,.
EmHE1=O—-(—8.72x10 ’“)=|8.72>¢10'“J| @) | Rf P 1) oo 10?( 1 1)
| Ve el ol X e St
This is the lonization energy of He" ion. ‘n¢  nf) o2 1
- 1 1
| . A il i 3 v=1.097x107(5—2—5-]
(c) How do you Justify that the energles calculated in (b) are the lonization energles ofH
ana ey PG S a—— - {}:1_097x107x£1-=2,30x106m"
The amount of energy required to remove an electron from an atom or lon 100 *
to an infinite distance is called ionization energy. | This spectral line is present in visible region( Balmer Series )
Hence, 2,18 x 10°'® J and 8,72 x 10-'* J are the ionization energies of He | When electron jumps fromn = 5ton = 1
atom and He" ion respectively. i
| " The wave number of the photon is given by the eq.
A - / : L1 .1
(d) Use Avoc + b H ¢ i ‘ 1 _2 =1.097x10'| =5~ =
(d) Use Avogadro’s number to convert lonization energy values in kJmol™ or H and HEL | ViR ===l 12 g?
| The ionization energy of H-atom in kJ/mol is given as | RUBRLY
s 6.02x10% - 6 TR e oy e
E=218x10""x 7000 -[1312.36 kJ/mol| v =1, X1 17 25
: The ionization energy of He*-ion in kJ/molis given as G =1.097x10"x 2= =[1.05 10" m’! ©
_ E=872x10"8x 6.02x10™ -[5249.4 kJ/mol| ¢ - Series )
t | 1000 - < AL This spectral line is present in UV region ( Lyman
| e : 7 ond
e (e) The experimental values of lonization energy of H and He" are 1331 kJ mol” @ ; w
.-_ﬁ 5250 kJ mol' respectively. How do you compare your values with expedmeﬂm i A photon of a wave number 102.70 * L hju:‘ f:ef:;:::rtmgnfaﬂs. L
o values? ////n/g‘ : (ﬂ) DEtEMIHE the numbcr ﬂf thﬂ‘ Orb'tﬁ'om wner
+ Sl
T'he calculated values of ionization energies for H-atom and He jort Plution; 10" m~"
- Bohr's theory are 1312.36 kJ/mol and 5249 4 kJ/mol respectively. for ") Rudberg constant = R = 1097 x
. These results agree well with the experimental results i.e. 1331 kJ/mO - Ny =
‘el atom and 5250 kJ/mol for He*ion. syl ng="¢ on by the eq. ‘
Both H-atom and He*ion consists of one electron each and the abovfem | The wave number of the photon & giv
ctem.

clearly shows that Bohr's theory is perfectly applicable to one electron 5/

v L

i — ':

!""'J‘ : j '
. i - § ¢
ey - -*;
ol
o oy ¢

"
-ttt




298
Atomlc Structure
AE =2.18 x 10‘13(1 1
l 1 16 J
\ | - 18 _ 15
1'097){10?)((1];2'-_1_2' | QE 218)(]0 xi—é= @
nz ) |
And the energy difference for n=4 to n=2 can be calculated by the eq
Thus AE = 2.18x10-13[_1___1_.J |
1 22 42
H2 AE = 2.18x 10‘13(5-%&_J
2 ~1-0.93637 =0.0636 3
nz A | ﬁE=2.18}(10-13:’(1—6-=4}(10'19=[0_4)510-18J @
or na= 0.0636 The energy difference in second case is small.
T It is because electron travel more distance from n=4 to n=1 than n=4 to n=2. And
Ny = 1’0 0636 3.96~ 4| © since gnergy IS dir[elctlizh rele;ted to the distance of the electron, hence energy difference in
: second case is smaller than first case.
' - A
(b) Indicate the n.‘i:me of the ‘seri‘es to “’h"_:h this th"l" belongs. Ll S ~ 025, (a)What is de Broglie’s wavelength of an electron travelling at half a speed of light?
This spectral line is present in Lyman series LT T T R T T
: — oI L M - — L -31
(c) If the electron will fall from higher orbit to n = 2, then calculate the wave number of V;ZS Cﬁ;ﬂ?ﬁhﬁ? _*T_ 2 1 xlOIaOm /s g
the photon emitted. Why this energy difference is so small as compare to above g e , ]
calculations? I Velocity of electron= v= s )l 10° m/s
When electron jumps fromn = 4 ton = 2. 2 Lyers
; h = 6.625 x 10-**Js
The wave number of the photon is given by the eq. A="7 Ty
| m= 1pm
. 140
Ve =" =1.097 x 107(% - %) Wavelength of the electron is given by T
1 N2 34 | '
_ - : ) — h 4 6.625x10 = h.85 % 1002 m = 4.85 IL“J ©
v =1.097x 10‘?[— -—-] mv ~ 9.1x10 7 x1.5x10
4 16
) 7, 3 l R , ' © — o Pl g e - : :
v=1097%10" 16 =|2.05646 x 10° m 1-] ) Convert the&;l_a;;;j'—;};(_:tr;; into grams and velocity of light into cm s"'. Calculate
?{E:Lf&‘fkﬂgth of an electroninem. .
. Energy difference for n=4 to n=1 can be calculated by the eq. o 31 -91x 10-%
e . / 1 1 ) m=9.1x 10-% kg =9.1x 10~ ;-:10009— Ofﬁ / ) ]J=]OTerg
el . AEZZ.ISXIO_IB ) | VEIOCitv O”ight =c=J3 X 10° m/f’ﬂza x 1 ol Im= 100 cm
e Ny Ny 3x10 10 4
b 3 Ay H 1 1 / VEIOCity of electron= v= _g_ - ’(2 =1.5x10 m/s ?
A us  AF =218 x10:'81 = _ % _ v 4«10
R (12 42) Planck's constant = h= 6.625x 10 ’;‘ Js=6.625x 10 erg s
_ 6.625% 107* ergs




Wavelength of the electron is given by

=[4.85 x 10" cm|

b 6625x10”
mv 9.1x10%x1.5%x10"

A

i;:)Convut the wave length of electron &om:nettr; to
) nm (i) A (iii) pm

L=485x 10" m
Solution:
(i) Im=10%nm
Therefore
A =485 x 10-”x10° nm=4.85 x 10*nm |

(ii) 1m=10""A°
Therefore
A =485x10"" x 10" A =4.85x 10-2A= [0.0485 A)

(iii) 1m=10"pm
Therefore
A=485x 10-"x 10" pm=[4.85 pm |

L]
[
1
— |

Atomic Structure

Choice Questions from PAS 1 PAPER!
"~ Maximum number of electrons in an orbital IS™ (Lalére bourd, 2014)

(a) 6 (b) 10 ic) 14 (d) 2

9. $Cu—> 3,Zn + X where X is: tLahore board, 2614)
(a) Proton (b) Pesition (¢). Electron (d) Neutron

3 Lines of Paschen series are produced when electrons jump from higher orbits to ..........

Orbit. (Gujranwala board, 2008)
-(a) lr.t (b) 2h=! (C) 3r:.1 (d) 4”'

4. The electronic configuration of @n atom is 1s* 2s* 2p®. The number of unpaired electrans

in this atom i8: (Guramwala board, 2008)
(a) O (b) 2 (c) 4 (d) 6

5. Negative charge on ¢athode rays was established by: (Gujranwala board, 2009)

(a) William Crook (b) J Perin (c) J.J. Thomson (d) Hittrof
0. The e /m value for positive rays is maximum for: (Gujranwala board, 2009)
(&) hydrogen (b) helim (c) oxygen (d) nitrogen

1. Bombardment of a-particles on Beryllium (Be) atom emits neutron and this process is
called: (Gujranwala board, 2011)

18) natural radioactivity (b) artificial radioactivity
() Pauli exclusion principle (d) Hund'’s rule

8. Balmer series in hydrogen spectrum lies in the region: (Gujranwala board, 2011)
(@) ultraviolet (b) visible (c) infrared (d) microwave

J. Positive rays were discovered by: (Multan Board, 2011)
@) J.J. Thomson (b) Ruther ford  (c) William Crooks

10, Lyman series lies in: (Multan Board, 2011) | |
@) UV region (b) Visible region (c) IR region (d) Microwave region

11 Cathode rays cause a chemical Change because they BAUL v aiases effect. (Rawalpindi Board,
2013 "

(d) Eugene Gold Stein

@) Oxidizing (b) Conducting  (c) Reducing  (d) Diffusing

2 After filling of 4f, the entering electron goés Ini@ (Multan Board, 20153)
) 5 (b) Gp | | : 4d as named
s The Positive particle produced in the discharge tube from Hydrogen gas W

ton by: (Multan Board, 2013)

' ick
@) Milikan b) Goldstein (¢) Rutherford . (c! i

TN A\ enee .
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College Chemistry Part| .
14. An orbital which is spherical and symmetrical is: (Lahore Board, 2009) S the Redberg's constant is m.c. m’ o Atomic Structure
15 :)wmm is the unit of (ab.:su-n.::.m T e 3 (a) 1.7904 X 107";11“I (b) 1.9768 x 107 m-!
‘ ' 10°m .
(a) time (b) length (c) Mass (d) Frequen (c) 1.09678 X | m (d) 1.6 % 107 m!
& x Mass of electron is (Lahore Board, 2011)
16. Properties of waves are: (Faisalabad Board, 2009) ,*” 91095 x 10™ kg (b) 401098 10 N
: a) 9. .
(a) Wave length (b) Wave number (c) Frequency (d) all o 01095 X 10 kg (d)9.1095 x 1 01

17. The nature of anode rays depend on (Rawalpindi Board, 2009)
(a) The nature of the electrode (b) The nature of the residual gas
(c) The nature of the discharge tube (d) All of above

18. Total number of spectral regions in a spectrum is: (Lahore Board, 2010)

20 Neutron was discovered by (Lahore Board, 2011) (Sargodha Board, 2014)
(a) Chadwick (b) C.D'Andersen (c) Rutherford  (d) Goldstein
21 When 4s orbital is comiplete, the electron goes into (Sargodha Board, 2010)

(a) 4p orbital (b) 3d () 4d (d) 4f

(a) 4 (b) 6 (c) 7 (d) 8 32. The limiting line of Balmer Sexies lies in the region (Sargodha Board. 2011)
19. The value of Plank’s constant is (Lahore Board, 2010) (a) visible (b) U.V. (c) NearR. (d) Far L.R.

(a) 6.62x 10 Js (b) 6.62 x 107 J, s 33. Lyman Series lies In spectral region (Sargodha Board, 2013)

(c) 6.62 x 10% J.s (d) 6.62 x 10™ J.s (a) Infrared (b) ultraviolet (¢) visible (d) none of these
20, In discharge tube experiment the pressure of gas was measured at (Bahawalpur Board, 2010 |

(a) 760 torr (b) 0.1 torr (c) 0.01 torr (d) 10 torr
21. The number of neutron present in },K is (Fatsalabad Board, 2011)

(a) 39 (b) 18 (c) 20 (d) 19

22, Lyman series occur in; (Lahore Board, 2007)

(a) visible region (b) UV, region (c) | R. region (d) None of these
23. Balmer series Is found in (Fatsalabad Board, 2007)

(a) LK. region (b) UV region (c) visible region.  (d) None of these

24, Which equation correctly represents the Heisenberg's uncertainty principle? (Falsalabod
Board, 2010) (Sargodha Board, 2013)

h
(8) AX%xAP = — (b]AXxAl’}j—
4n 4 .
f h h ,
(€) AXxAP2 o= (d) AXxAP< > Detailed Explanation of Past Papers MCQs &
» wCu+"x", What is “%X"? (Fateatabad fdrd, 2010 Canswer S to all Past Papers SHORT QUESTONS in
b) proton (€) Beta rays (d) gamma rays OLLEGE CHEMISTRY OBJECTI VE BOOK-I
26. The 'wwdimg,th oA l//umn senes les In the Yeaon, (Sargodha Board, 2010) a"ﬁOD | | _
V.V () visible (c) | K (d) None of the above (1‘ ~HAYS AND I8 PROP ERTIES — T g
- - . y . | - > 7/ re
21 Wrrber of nestrons present in WS (0.0, Khan Board, 2010) F’ “’4;!4; Will You prove that cathode rays are material particles with negative charge? (Lahe
(%) 20 (b)) 19 (¢) 39 d) 18 “ Whl/ r:“ﬂ? Oulranwala Board, 2008; Mulian Boarc. ZWJM chemical change)? (0.6. Khan Board,

2,0 MJUMMF rays have reducing effect (or con cau
) ll'”#ﬁ ’fuu;;fr Z01 1)
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College Chemistry: Port-l oo
Ie
(3) How cathode rays are termed as electrons? (Faisalabad Board, 2009)

Long Questions
(1) Discuss properties of cathode rays. (Falsalabad Board, 2012) _

POSITIVE RAYS AND ITS PROPERTIES gort’
(1) Which obseruation tells the presence of positive rays in discharge tube? (Faisalabg ¢ 9 What aré | |
2lsalabad Bon@l sg7, 2009: Falsalabad Boord, 2009, 2013: Guffémecla Board, 2013) Give two defects in

2008- D.G. Khan Board, 2009) | d', oot del
2\ Give reason for the production of positive rays. (Lahore Board, 2013) ord’s atomic model. (Multan Board, 2008: Lakore Board | -
( } f Pr prS 2 .Rs rgodha Board, 2010: Rawalpindi Board, 2011; Multan Board, ;OIIJ N v

(3) Write properties of positive rays. (Gujranwala Board, 2011: Lahore Board, 2013) | e
(4) The elm value of Positive Rays is less than Cathode Rays. Justify. (Multan Board, 205 ?-n'te defects in Rutherford's madel of atom. How Bohr removed them? (Sargodha Board

(5) Explain the experiment which help us to understand the discovery of protons. (Lahore §  2011)
Board, 2007) ‘
K'S QUANTUM THEORY, WAVELENGTH, FREQUENCY, WAVENUMBER

SGort Questions
1) Give postulates of Planck’s theory: OR What is Plank's theory (Rawalpindi Board, 2009:

4  Lahore Board, 2013)
Sargodha Board, 2007, 2009, 2013: Ltfhore Board, 2014) ) Derive the formula for frequency of photon (only in two steps) (D.G. Khan Board, 2010)
lved in the conversion of Cu into Zn. (Gujranudla B48) Differentiate between (or What is) frequency and wave number. (D.G. Khan Board, 2007.

le results in the increase of atomic number off Multan Board, 2010. Cujranwala Board, 2011)
l§) Give the relationship bétween energy and frequency. (Bahawalpur Board, 2008) !

i

|

|

(F aisalabad Board, 2008:
(2) Write down nuclear reactions invo

2014) or How the emission of a B-partic

elernent? (Rawalpindi Board, 2013)
(3) Complete (Faisalabad Board, 2011) b) The energy associated with violet colour is greater than red colour in visible spectra.
(a) $He + Be - ? ~ (b) 1N + gn > ? .~ Why? (Lahore Board, 2007)
(4) How neutrons are used in the treatment of cancer? (Bahawalpur Board, 2012) |2t Questions | , i
(5) Write two properties of neutron. (Gujranwala Board, 2009: Rawalpindi Board, 2009: Lahot Be l) (i) Write three points of Planck's quantum theory. (ii) define frequency and wavelength.
2014): ' (Falsalabad Board, 2010)
(6) Write balanced equaﬁon fC"' any two nuclear reactions (Multan Board, 2008: Faisalabad B¢ ” .
2013) USTULATES OF BOHR'S ATOMIC MODEL, RADIUS OF ORBIT
Juestions
ler radius? (Sargodha Board, 2013) OR

. (0688 Why the electrons move faster in an orbit of smal

Long Questions
(1) Describe the discovery and Properties of neutron in Chadwick experimern |
Board, 2010: Gujranwala Board, 2011: Multan Board, 2012) e How do you come to know that the velocities of electros in higher orbits are less than
(2) Discuss Chadwick’s experiment for the discovery of neutron. Compare the pro° , those of lower orbits. . |
electron and proton. (Rewalpindi board 2007: Multan board 2007) _ ;'he radius of first orbit of hydrogen atom iS 0.529A. Calculate the radius of 3° orbit of
Pdmgen atom. (Gujranwala Board, 2013) . :
rent orbits go on increasing from the lower to

L .
)J“’t'fv that the distance gaps between diffe

e hIQhEr orbits. (Falsalabad Board, 2007: Sargodha Board, 2009)
u“t,ﬂn!
(Gujranwala Board, 2008, 2009:

Short Questions 2oll) Do
, ard, “Eriy : . : | n atom.
(1) Calculate the mass of an electron when ejfn = 1.7588 ¥ 10Y C kg (Lahore z: i mehardacgus of revolving electron ”: ;ggorﬂiiwz{ﬁ, Board, 2010: Rawalpindl Board, 2010:
r : -
2014: Falsalabod Board, 2011: Multan Board, 2011, 2013) ORHow the mass of elect s 9 Sargadn, g oard 2009: Bahawalpur Boar
_ J . (ghore Boar {2] Gi oard, 2012, 2013) . D.G. Khan Board 2011: Multan
calculated by using e/m value? (Multan Board, 2010: Bahawalpur Board, 2011 Bo:"? Postulates of Bohr's atomic model. (Lahore Board, 2009: D.G. |
Bod’ &EH
1‘ ;'Ir. 1 _ : d {Sargﬂdha
(1) How e/m (charge to mass ratio) value of glectron was measure i 0¥ OF ELECTRON (BOHR'S ATOMIC MODEL) s
D.G. Khan Board 2012) - Loctron M H estion ' bit of atom?
12) Explain Millikan's oil dedp @xperiment to determine the charge of an ele~” - h ¢ lectron) is negative in an orolt o -
w S 4, 2013, 2017 (a,,'if:’fennal energy of an electron (07 bonded €
'pur Board, 2011: Sargodha Board, 2013)

Board, 2010: Gujratwale Board, 2012; Lahore Board, 2013: Lahore Board,
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'2) Total energy of bonded electron is negative. Why? (Gujranwala Board, 2010)
(3) The energy difference between adjacent levels in an atom goes on decreasing Hia
Why? (Rawalpindi Board, 2007)

(4) Calculate ionization energy of hydrogen atom by using Bohr’s atomic mode] Guirn B

Board, 2010}
Long Questions

(1) Derive the formula for calculating the energy of an electron in nth orbit using Bohr (1) Giue defects of Bohr's Atomic Model. (Lahere Board, 2011) OR Describe defects in Bohr’s

mode! (Faisslabad Board, 2011: Azad Kashmir Board, 2012)

SPECTRUM

. X-RAYS, MOSELEY S *7

(1) Define spectrum. Name its two types. (D.G. Khan Board, 2012: Multan Board, 2007, 2009: Lahore
Board, 2009) OR What is spectrum? Give one example. (Bahawalpur Board, 2009)

'2) Why atomic spectrum is line spectrum? (Lahore Board, 2010)

(3) What is atomic emission spectrum? (Sargodha Board, 2014) OR What is the origin of the
emission of line spectrum of an atom? (Rawalpindi Board, 2013)

'4) What is the origin of line spectrum? (Sargodha Board, 2009)

'S) Differentiate between line spectrum and continuous spectrum. (D.G. Khan Board, 2010
Lahore Board, 2014 Sargodha Board, 2011: Multan Board, 2012)

Short Questions | -

EMISSION SPECTRUM OF HYDROGEN ATOM, EXPLANATION BY BOHR'S THEORY .l

Stz Luesiicms

1 W & the onigin of hydrogen specirum? (D.G. Khan Board, 2010)

7 Wirite nomes of spectral series of hypdrogen spectruim, fLabore Board, 2011)

3 Wrar 5 Lyman series? In which region it fies? (Rosclpindl Board, 2011)

£ Wt s the origin of hydrogen spectrum on the basis of Bohr’s model? Madtan Bos

=min
(5 Write down the equation for energy difference of two orbits of H-atom WM
mio
..--—'""""//

0.6. Khaw Board, 200%) OR Gle two defects of Bohr’s atomic model. (D.G. Wﬂ“ﬂ
wmmrﬂumums—pﬁm 2011, 2014) NOTE For shot @
wao defecss will Se wieed preferabi,

atomic model. (Multan Board, 2009, 2013: Lahore Board, 2014)

e T EVC T 2
—AYS, MOSELEY'S LAW

0 uestions |

(1) What are X-rays? Houw they are produced? (Sargodha Board, 2007: D.G. Khan Board, 2007:
Rawalpindi Board, 2012)

" [2) How the K-series, L Series and M-series of X-rays spectrum are produced? (Lahore Board,

2013)
(3) What isdMoseley’s law? Write importance of Moseley's law (Rewelpindi Board, 2007: D.G.

Khan Board, 2010 Multan Board, 2010: Lahore Board, 2014) OR Give importance of Moseley law

(Azod Kashmir Board, 2012: Rawalpindi Board, 2012) OR Give the Moseley’s equation. Also write
_its importance (¢~ significance). (Faisalabad Board, 2007: Lahore Board, 2009: Multon Board, 2013)

. * : : ; _ | 14) Define Moseley'’s law. Give its mathematical expression. (Multan Board, 2007: Gujramwal
'6) Differentiate between atomic emission and atomic absorption spectrum (Bahawalpur Board, §& g7

Board, 2009: D.G. Khan Board, 2012: Faisalabod Board, 2012: Sargodha Board, 2010, 2013) or What
| 5 MOSEJB]J’S law. (Faisalabad Board, 2008: Lahore Board, 2011, 2012: D.G. Khaon Board, 2009)

(1) What are X-rays? Give the conclusions drawn by Moseley from the study of spectral

lines. (Faisalabad Board, 2013)

Short Questions

1) Write and explain de-Broglie’s equation. (Multas Board, 2008, 2010

2) Electron has its dual nature. Justify. (Sergodba Board. 2011)

) State Heisenberg’s uncertainty principle aond urEe down
Jormlequation/formula (Gujramsels Board, 2009: Felssichad '

w’%w
@EQUAHOM HEISENBERG'S UNCERTAINTY PRINCIPLE
uestions

Board, 2008: Fatsalabad Board.
1) Whar is the function of principle quanium number? (Gujramssle
M:&l’noﬁa
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Atomic Structure

Long Questions TEST YOUR SK1
(1) What are quantum numbers? Give the significance of any one quantum numpey - K'“"" Marks: 85
Khan Board, 2009) 6. .. 20 Minutes | | | _
(2) What are quanturn numbers? Discuss their significance? (Fatsalabad Board 2007. s, £ Over writing, cutting, erasing, using lead pencil will result it boss of mark
board 2007) 90dhg, » Each guestion has four po-ulblt_e answers. Chilose the corect m:.
(3) Discuss (i) Azimuthal quantum number (i) Magnetic quantum number (Sargod B ﬁ' " The wave length of Lyman Senes lies in the region
2013) d, - (b) Visible (¢] IR ) None of sbove
 (4) What are quantum numbers? Discuss Principal and Azimuthal quantum numpe,, B @  How ™2 electrons can be accommadated in&#ub-shell for which n=3. 7 = 12 .
(Sargodhe Board. 2014) B (28 (b) 6 (c) 18 d)'aD |
(5) What are quantum numbers? Explain Principal and Magnetic quantum numbers. (uy, | g Theelectronic configuration of afatom S 188.25", 25", The number of unpaired electrons in this atom
Board, 2011) | (b) O (c) 4 (d) 6 - atom s
‘6| Drow ond explain shapes of s- and p-orbitals. (Rowalpindi Board, 2009) @ Thelimiting line of Balmer seriesies in the regon
'7) Define orbital Discuss shapeS of its types. (Lahore Board, 2010) - (2) Visible b) UV <) Near LR (d) FarlR
S St e o , s l)  Positive ions are formed from the neulyal atom by the loss of
ALUFBALU PRINCIPLE, PAULI'S EXCLUSION PRINCIPLE, HUND'S RULE (a) Posittons (b) protons {C) electrons (d) neutrons
Shor: Questions gL W) Cathoderays are deflected by
1) Whae is Aufbou principle? (Bebouwdpur Board, 2008) OR Define and explain n+/ rule Multan 2 on asiiicld oruiugiP) 2 magnetic field only  fc) by both 7 by o
Board, 2012) OR Why 45 sub-shell s filled first and 3d afterward. (Sargodha Board, 2013) - De;m Ejuﬁ!,;,i‘ﬁm B ra,’: ‘5,.;?:” {wr, Oy o
2| Stote Paulis Exclusion principle with on exarnpie (Lahore Board, 2007, 2011, 2008, 2012, 2014 i) Neutron W‘ * S I s
3 Sicte Aufoou principle and Pauli's exclusion principle. (Lohore Board, 2010) (a) positive charge b) negative charge ) no chargd  * (d) il are comected
- Mﬂ'ﬁfm ibe Hund's nule. Expiaxn with 'emmpia (Azod Kashmir Board, 2012: D .G. Khan Y Lines of Paschen series are produced when electrons jump from higherorbiis o orbit
Bowd. 2010 Sargodhe Board, 2012: Lahore Board, 2014 Faisalabad Board, 2013: Multan Board, 2013) ' )1 (b) 2™ {c) 34 d) 4*
5) Define' State Hund's rule and Paulis Exdusion principle (Gujranwala Board, 2011: D.G. Kha' | ¥ & When 810ms are volatilized, they form
Bowd 2012  Mulian Board, 2012: Rowdpindl Board, Z013) D i3) gontinuous spectrum {b) line spectrum| (c) electromagnenc spectrum (d) none
Long Questions i) “SaMillikan method for determination of charge on electron the zir tin the chamber is jonized by
1) Explatn the following rules with examples. (i) Pauli’s Exclusion principle_(ii) Hunds (2) Protons (b) Electron field (c) X-rays (d} % -particles

P Smallest charge of electricity that has been measured so far is
(2) charge on & partides  |[b) charge on dedron () charge on X-rays|(d) charge on gamma s

Fule 0 G. Khan Board, 2012)

ELECTRONIC CONFIGURATIONS OF ELEMENTS ' » § " % particies resembles |
Short Questions T e i | b ) 2l He’) (b) He” (c) He atom (d) Hep moiecuie
: g = 1 > . n ’ Splitti | | L) sy : e | the infi f electric field is called
(1) Write electronic configuration for an element with atomic number Z % 29 (Palsalabod < Sﬁ;rk :flf spectral hnefbc;l' ch: h ;:megf-fe:;umr.:?g r:r ;;i EL;?:: 0 e Pl
M. Zﬁl l.‘l m) ‘ . erman C .1 | H . |
; : . p : Aﬂ.‘ﬂ ' : : ' d oroil of rogen atom is:
(2) Give the electronic configuration of Cay,, and Brs (Fatsalabad Board, 2009: .G, Khan Board. ) Bd;’;%‘z Bohr gb?;mgl‘f];“zf‘i radius "z fezﬂg Ao ~ d) 50A
2011) ', . | | | _ , |
") An orbital can have maximum two electrons with opposite spins according 10

(3) Distribute the electrons in Cuy, and Brag (Faisalabad Board, 2008: Rawalpindt Board, 2011 <) Hund’s Rule  [[d) Pauli exclusion principie

(4) Write electronic configuration of ;4K and ,JCu OR Write electronic configuration of i) (;L:E::]::E:;::;lgiunébi@ii Ezuinptr;:m]e : |
elements with atomic number 19 and 29 (Lahore Board, 2008: Faisalabad Board, 2013) (3) visible region (b) Ultraviolet region (c) Microwave yegion (d) Infrared region|
(5) Write down the electronic configuration of Fel26) and Br(35) (Lahore Board, 2014) |
(6) Write electronic configuration of elements with atofnic number z= 24, z=37 (Sorgo T, 2:10 1 SUBJECTIVE Marks: 68
AT IR - e . mﬂout ﬁ[‘g:;tlﬁns 2 3 and 4, Write any TWENTY TWO(22) short answers U:thzile ;n,:ﬁ e
| imbers carefully. | il
@ Section = |
U Mr &ny Eight parts from the followings.

i Ho:.r “Nliate between line spectrum and continuous spectrum.

I mi) Def POsitive ra
| ys are produced? - £
) Wh[ar;e alomic orbital what is about the probability of finding €

Is T
the cause of origin of x-rays?

ectron between two orbitals?
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(v} e/m value of cathode rays is independent of nature of gas. Why?
(vi) State Moseley's law and write down its equation.

{vii) Write down important points of quantum theory.

(viii) Rutherford's model cannot explain the stability of atom. Why?
(ix) What is stark effect?

(x) What is the origin of line spectrum?

(xi) How X-rays are analyzed?

(xii) Calculate the energy of photon travelling with a velocity of 3 X 10° m s*! and having a waveleng, oA

nm.
(i) Why the pressure inside the discharge tube was reduced to 0.01 torr to produce cathode rays?

(i) According of de Broglie's idea, only microscopic particles have the waves. Explain?

(iii) Why the positive rays were called as canal rays?

(v} What are slow neutrons? What happens when they are bombarded on nitrogen?
(v) Why Millikan ionized air in the chamber of his apparatus to determine charge on electron?
(vi) What is the effect of magnetic field on cathode rays?

(vii) What are the results of Rutherford's a-scattering experiment?

(viii) What is an angular momentum of electron in an orbit?

(ix) Electron has its dual nature. Justify?

(x) What is (n+1]) rule?

(xi) How emission spectrum of hyrogen is obtained?

(xii) What is Summerfelds modification of Bohr Atomic Model?

Q4. Answer any Six parts from the followings.

(i) Justify that the distance gaps between different orbits go on increasing from the lower to the higher orbits?
(ii) Define Azmuthal quantum Number and give its importance?

(iti) How is the wave nature of electron verified?

(tv)] Heisenberg uncertainty principle is nof applicable to large objects. Why?

lv) What is the concept of Schrodinger about nature of electron?

(vi) What information is obtained form azimuthal quantum number?

(vii) What are degenerate orbitals? :

(viil) How is spinning motion of electron about its axis is related to the spectrum of an atom?
(ix) What is the difference between 1s, 2s and 3s orbitals?

Section - |l (Attempt any three questions) (8x 3)=24

Q5. (a) Derive an expression 1o calculate the energy of an electron in nth orbit of H-atom. (04)
b) How did millikan determine the charge of an electron ? (09)
Q6. (2) Write 2 short note on Heisenberg's uncertainty principle. (04)
(b) How does spin quantum number explain the doublet structure in“the spectrum of H-atom. (03)
ic) What is Zeeman effect? (01)
Q7. (2) What is Hund's rnule. :gg;

e
— T

(c) How will you demonstrate that cathode rays posseds energy and momentum? :gg,;
Q8. (2) Describe J.J.Thomson experiment to calculate the e/m value of electron. (03)

{b}wmewwenm)berdﬂm photon when the electron jumps from : .
fin=6n=2 (iijn=6ion =1 lnwhich seties of spectral lines these photons will appegﬁ
(c) Dyaw the shapes of d-orbitals’ (ow Boft
Q9. (2) Give the main points of Ruthelord slomic modeh.and also describe defects of this model. HOS)
remorsed these defects ' |
(b) A phw;n of a wave number 102.70 X 1080 ! is emitted jumps from higherton = 1 (03)
D?tmnrne the numbler of thatorbit fom where the electron falls (02)
(c) Describe Atomic emission 8nd Atomic Absorption spectrum with diagrams?
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