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                                        2.4 Physical Chemistry-I for JEE (Main & Advanced)

                                                        2. When a resolving power spectroscope is used it was

                                                        observed that the spectral line in H spectrum is not a

                                                        single line but a collection of several lines which are

                                                        very close to one another. Bohr’s theory does not explain

                                                        the fine spectrum of H atom.

                                                        3. It does not explain the splitting of spectral lines into a

                                                        group of finite lines under the influence of magnetic

                                                        field [Zeman effect] and electric field [Stark effect].

                                                        Jusitification of quantisation angular momentum.

                                                        4. Spectrum of isotope of H was expected to be same by

                                                        Bohr’s theory but it is different by experiment.

                                                        Ionisation energy: Minimum amount of energy which is

                                                        required to eject the electron from the atom from its ground

                                                        state.

                                                        E • = 0

                                                        \ IE = E • – E n = 0 – [E n ]

                                                        IE = - E n

                                                        Total number of spectral line that can be obtained when

                                                        electron in n th energy state gets transitioned.

                                                        ( Dn)( D n + 1)

                                                        =

                                                        2

                                                        n

                                                        4

                                                        3

                                                        2

                                                        1

                                                        2 2

                                                        hc z È 13.6z ˘ hc

                                                        D E = En

                                                        - E

                                                        2 n = = 13.6 -

                                                        1

                                                        2 Í- 2 ˙ =

                                                        l n2 Î n1

                                                        ˚ l

                                                        2 È 1 1 ˘ hc 1 13.6 È 1 1 ˘

                                                        = 13.6 en

                                                        Z Í - n

                                                        2 2 ˙ = fi =

                                                        2 2

                                                        1 2

                                                        l l Í - ˙e

                                                        În n ˚ hc În1 n2

                                                        ˚

                                                        1 2 È 1 1 ˘

                                                        7 -1

                                                        = RhZ

                                                        - = 1.097 ¥ 10 m

                                                        2 2

                                                        l Í ˙ RH

                                                        În1 n2

                                                        ˚

                                                        R = Rydberg constant

                                                        h

                                                        Frequency of revolution:

                                                        Distance travelled in 1 revolution = 2p r

                                                        r

                                                        meter.

                                                        Distance travelled in 2p r meter h 1

                                                        revolution

                                                        1

                                                        \ Distance travelled in 1 metre h

                                                        2p

                                                        r

                                                        revolution

                                                        V

                                                        \ Distance travelled in V meter h 2 p r

                                                        = Frequency

                                                        È2p

                                                        r ˘

                                                        \ Time taken = Í

                                                        Î V ˙

                                                        ˚ second

                                                        De Broglie Equation ______________________

                                                        According to this theory, small particles like electrons,

                                                        protons, neutron, a particle, etc., behave as particle nature as

                                                        well as wave nature. The wavelength of particle is given by

                                                        l = h

                                                        n

                                                        = h

                                                        m P(momentum)

                                                        Proof of Bohr’s Theory by De broglie Relationship

                                                        When electrons rotate around nucleus in any orbit, the

                                                        number of completed wave is equal to the number of orbit.

                                                        It means No. of waves = No. of oribtal

                                                        È h ˘

                                                        From nl

                                                        = 2p

                                                        r or n Í

                                                        Î n ˙ = 2p r m

                                                        1

                                                        ˚ 2

                                                        n = 1 1l = 2p r

                                                        n = 2

                                                        n = 5

                                                        2l = 2p r

                                                        5l = 2p r

                                                        mn

                                                        r = nh

                                                        2p

                                                        proved.

                                                        Some relations:

                                                        1. Between Momentum (P) and Kinetic Energy (K.E.)

                                                        2. Between K.E. and Wave length (l)

                                                        h h h

                                                        l = = =

                                                        P 2 KE. m 2q ¥ V ¥ m

                                                        for Electron

                                                        Since

                                                        fi

                                                        -34

                                                        6.625 ¥ 10 150

                                                        l = = Å

                                                        -19 -31

                                                        2 ¥ 1.6 ¥ 10 ¥ 9.1 ¥ 10 ¥ V V

                                                        K.E. = 1 2 mn2 fi 2K.E. = mn 2

                                                        2K.E. ◊ m = (mn) 2 = (P)

                                                        \ P = 2KE◊m

                                                        3. Relation between K.E. and mass of particle for same

                                                        value of de broglie wavelength.

                                                        2

                                                        h

                                                        We know l =

                                                        \ l 2 h

                                                        =

                                                        2(KE). m

                                                        2KE. m

                                                        \ for same l (Wave length)

                                                        1

                                                        \ KE µ m

                                                        mass of e – < Proton < Neutron < a particle

                                                        \ for same de-Brogile Wave length order of kinetic

                                                        energy

                                                        e – > Proton > Neutron > a particle

                                                        3

                                                        4

                                                        5
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                                                    2.4 Physical Chemistry-I for JEE (Main & Advanced)2. When a resolving power spectroscope is used it wasobserved that the spectral line in H spectrum is not asingle line but a collection of several lines which arevery close to one another. Bohr’s theory does not explainthe fine spectrum of H atom.3. It does not explain the splitting of spectral lines into agroup of finite lines under the influence of magneticfield [Zeman effect] and electric field [Stark effect].Jusitification of quantisation angular momentum.4. Spectrum of isotope of H was expected to be same byBohr’s theory but it is different by experiment.Ionisation energy: Minimum amount of energy which isrequired to eject the electron from the atom from its groundstate.E • = 0\ IE = E • – E n = 0 – [E n ]IE = - E nTotal number of spectral line that can be obtained whenelectron in n th energy state gets transitioned.( Dn)( D n + 1)=2n43212 2hc z È 13.6z ˘ hcD E = En- E2 n = = 13.6 -12 Í- 2 ˙ =l n2 Î n1˚ l2 È 1 1 ˘ hc 1 13.6 È 1 1 ˘= 13.6 enZ Í - n2 2 ˙ = fi =2 21 2l l Í - ˙eÎn n ˚ hc În1 n2˚1 2 È 1 1 ˘7 -1= RhZ- = 1.097 ¥ 10 m2 2l Í ˙ RHÎn1 n2˚R = Rydberg constanthFrequency of revolution:Distance travelled in 1 revolution = 2p rrmeter.Distance travelled in 2p r meter h 1revolution1\ Distance travelled in 1 metre h2prrevolutionV\ Distance travelled in V meter h 2 p r= FrequencyÈ2pr ˘\ Time taken = ÍÎ V ˙˚ secondDe Broglie Equation ______________________According to this theory, small particles like electrons,protons, neutron, a particle, etc., behave as particle nature aswell as wave nature. The wavelength of particle is given byl = hn= hm P(momentum)Proof of Bohr’s Theory by De broglie RelationshipWhen electrons rotate around nucleus in any orbit, thenumber of completed wave is equal to the number of orbit.It means No. of waves = No. of oribtalÈ h ˘From nl= 2pr or n ÍÎ n ˙ = 2p r m1˚ 2n = 1 1l = 2p rn = 2n = 52l = 2p r5l = 2p rmnr = nh2pproved.Some relations:1. Between Momentum (P) and Kinetic Energy (K.E.)2. Between K.E. and Wave length (l)h h hl = = =P 2 KE. m 2q ¥ V ¥ mfor ElectronSincefi-346.625 ¥ 10 150l = = Å-19 -312 ¥ 1.6 ¥ 10 ¥ 9.1 ¥ 10 ¥ V VK.E. = 1 2 mn2 fi 2K.E. = mn 22K.E. ◊ m = (mn) 2 = (P)\ P = 2KE◊m3. Relation between K.E. and mass of particle for samevalue of de broglie wavelength.2hWe know l =\ l 2 h=2(KE). m2KE. m\ for same l (Wave length)1\ KE µ mmass of e – < Proton < Neutron < a particle\ for same de-Brogile Wave length order of kineticenergye – > Proton > Neutron > a particle345
Atomic Structure 2.5Heisenberg Uncertainity Principle __________It is impossible to measure both the position and velocity (ormomentum) of a microscopic particle simultaneously withabsolute accuracy.According to this theory, product of uncertainity in positionand uncertainity in momentum is always greater than orhequal 4 p .h(Dp) (Dx) ≥4 phDx ¥ m ◊ DV = 4 phD x ¥ D V =4pmPhotoelectric effect: HertzLight = hv(1887) discovered that whena beam of light of suitablewavelength falls on a cleane –metal plate (such as cesium)in vacuum, electrons areVaccumemitted from the surfaceof the metal plate. Thisphenomenon involvingGthe emission of electronsfrom the surface of a metal by the action of light is knownas photoelectric effect. The electrons so emitted are calledphotoelectrons.Photon energy = K.E. of e – + threshold energy.K.E. of e – = photon energy – threshold energy.1 21 102 n n n È ˘m = h - h = hc Í - =l l ˙ h n - fÎ 0 ˚n 0 = Threshold frequency or critical frequency.l 0 = Threshold wavelength or critical wavelength.Experimental Result1. If n < n 0 fi Photoelectric effect does not occur. Whatever intensity is high.2. If n > n 0 fi Photoelectric effect. If intensity Increases numberof ejected electron Increases and K.E. remain same.3. If n Increases then K.E. of ejected e Increases sinceK.E. = hn – hn 0We know K.E. = hn – hn 0 ∫ y = mx – C.KEtan q = h = slopev 0qv 0v–hn 0Note:1. Current depends on intensity. i µ I (intensity)2. K.E. depends upon frequency and K.E. µ frequency.Stopping potential: It is the minimum required potential tostop moving electrons.K.E. = 1 2 mn2 = hn – W= Applied voltage ¥ charge [q ¥ V]V = stopping potentialCurrentStopping potential is same.I 2I 1I2 > I1VoltageQUANTUM NUMBERThe set of four integers required to define an electron completelyin an atom are called quantum number.1. Principle quantum number: It was proposed by Bohr.It is called orbit, shell or energy level.It is denoted by n. value of n is positive integer. It isdenoted by KLMNOP.........It shows the average distance from the nucleus2nr = 0.529 Å.zIt show the average energy of electron2zE = –13.62neV.Maximum number of electron in any orbit is given by2n 2It has maximum number of subshell = nMaximum number of orbital = n 2 .2. Azimuthal quantum number:It was proposed by Sommer Field.It is donated by l.It shows the shape of orbital.Value of l for any value of n 0, 1, 2, 3 ...(n – 1)l = 0 fi s subshelll = 1 fi p subshelll = 2 fi d subshelll = 3 fi f subshellIt has maximum no. of electron In any subshell = 2(2l+ 1)
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