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                                        Mole Concept 1.5

                                                        A w g sample was burned in the presence of CuO to cause

                                                        oxidation of C, H and N only (CO 2 , H 2 O, N 2 ). The gaseous

                                                        mixture was passed through a solution of KOH weighing

                                                        w 1 g. The final weight after passing the gases was w 2 . The

                                                        remaining gases on passing through white CuSO 4 crystal to

                                                        convert into blue crystal (hydrated CuSO 4 ) caused a weight

                                                        rise of w 3 g.

                                                        The remaining gas was collected over H 2 O at T Kelvin.

                                                        [Any gas collected over H 2 O is present with some water vapour].

                                                        Total pressure observed was ‘P atm’. Value of displaced

                                                        liquid was V mL and T. If aq. tension of H 2 O at T is P 1 atm [aq.

                                                        tension at any temperature is defined as maximum pressure

                                                        which can be exerted by water vapour in equilibrium with water

                                                        in liquid form], calculate the composition of each element.

                                                        From first experiment

                                                        [Liebig Method]

                                                        Organic Compound CuO CO 2 + H2O + N2

                                                        W gram

                                                        Absorbed

                                                        by

                                                        Absorbed

                                                        by

                                                        W 1

                                                        KOH w 2 (after)

                                                        CuSO 4

                                                        before

                                                        w 3 gm

                                                        Weight rise in KOH = w 2 – w 1 = w CO2

                                                        Since all CO 2 obtain from Organic Compound

                                                        w2 - w1

                                                        \ n C = n CO 2

                                                        fi

                                                        44

                                                        \ % of Carbon in Organic Compound

                                                        = 1 w2 - w1

                                                        ¥ 12 ¥ 100

                                                        44 W

                                                        w 3

                                                        Moles of H 2 O = = n H2O

                                                        = n H2

                                                        18

                                                        w3

                                                        \ moles of H 2 =

                                                        18

                                                        w 3

                                                        \ weight of H 2 = ¥ 2

                                                        18

                                                        w 3 2

                                                        \ % of H in Organic Compound = ¥

                                                        18 W ¥ 100

                                                        From second experiment : [Duma Method]

                                                        CuO

                                                        Organic Compound æææÆ H 2 O + CO 2 + N 2

                                                        N 2

                                                        Barometric

                                                        pressure = P

                                                        Fig. 1.2

                                                        PN

                                                        ◊V

                                                        2 N2

                                                        n N2

                                                        =

                                                        R◊T

                                                        N2

                                                        but

                                                        w N2

                                                        =

                                                        W ¥ 100

                                                        n N ¥ 28 ¥ 100

                                                        2

                                                        \ %N =

                                                        W

                                                        P¢ + PN 2

                                                        = P

                                                        aq. tension

                                                        \ PN 2

                                                        = P – P¢

                                                        % N in Organic Compound

                                                        [ P – P¢] V ml¥

                                                        10 -3

                                                        and n N2

                                                        =

                                                        RT

                                                        \ % N =

                                                        È( P - P¢) V ml¥

                                                        10 -3 ˘

                                                        Í

                                                        ˙

                                                        Î RT ˚

                                                        ¥ 28

                                                        W ¥ 100

                                                        estiMation of n 2 inforM

                                                        of nh 3 in solution

                                                        KJeldohl’s Method

                                                        W g sample was reacted with concentrated H 2 SO 4 to cause

                                                        conversion of all N 2 present in the compound. Ammonium

                                                        sulphate (NH 4 ) 2 SO 4 solution was then added with excess of

                                                        NaOH and all NH 3 librated was reacted with H 2 SO 4 solution

                                                        having molarity M 1 and volume V 1 liter. The residual acid

                                                        was reacted with NaOH solution and it was observed that V 2

                                                        liter of NaOH molarity M 2 was required to complete naturalization

                                                        of residual acid. Calculate % composition of N 2 from

                                                        above data?

                                                        con.H

                                                        Sol.

                                                        2SO4

                                                        Organic Compound æææææÆ (NH ) SO

                                                        M1V

                                                        1

                                                        W gram

                                                        NaOH (for neutralisation of excess H2SO 4)

                                                        M2V2

                                                        4 2 4

                                                        æææææææææææææÆ NH

                                                        2NH 3 + H 2 SO 4 Æ (NH 4 ) 2 SO 4

                                                        and

                                                        H 2 SO 4 + 2 NaOH Æ Na 2 SO 4 + 2H 2 O

                                                        1

                                                        2 M 2 V 2 M 2 V 2

                                                        (i) n =

                                                        2 4

                                                        H SO

                                                        (react with NaOH)

                                                        M 2V2

                                                        2

                                                        (ii) n È M 2V2

                                                        ˘

                                                        H2SO4

                                                        = ÍM1V1

                                                        -

                                                        react with NH

                                                        2

                                                        ˙

                                                        3 Î

                                                        ˚

                                                        È M 2V2

                                                        ˘

                                                        (iii) \ n NH 3

                                                        = 2 ÍM1V1

                                                        -

                                                        2

                                                        ˙

                                                        Î

                                                        ˚

                                                        È1 ¥ nNH (iv) % N in OC =

                                                        3

                                                        ¥ 14˘

                                                        Í

                                                        ˙ ¥ 100

                                                        Î W ˚

                                                        Ï È M 2V2

                                                        ˘ ¸

                                                        Ì2 ÍM1V1

                                                        - ¥ 14

                                                        2 ˙ ˝

                                                        =

                                                        Ó Î

                                                        ˚ ˛ ¥ 100

                                                        W

                                                        Carius Method

                                                        [identifiCation of

                                                        halogen eXCePt fluorine]

                                                        Organic Compound W

                                                        gram

                                                        AgNO3

                                                        HNO3

                                                        ion in solution ææææÆ AgX

                                                        æææÆ X

                                                        W Gram ________________________________

                                                        W g of Organic Compound is reacted with concentrated

                                                        HNO 3 , then AgNO 3 solution is added in the remaining solu-

                                                        -

                                                        3
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                                                    Mole Concept 1.5A w g sample was burned in the presence of CuO to causeoxidation of C, H and N only (CO 2 , H 2 O, N 2 ). The gaseousmixture was passed through a solution of KOH weighingw 1 g. The final weight after passing the gases was w 2 . Theremaining gases on passing through white CuSO 4 crystal toconvert into blue crystal (hydrated CuSO 4 ) caused a weightrise of w 3 g.The remaining gas was collected over H 2 O at T Kelvin.[Any gas collected over H 2 O is present with some water vapour].Total pressure observed was ‘P atm’. Value of displacedliquid was V mL and T. If aq. tension of H 2 O at T is P 1 atm [aq.tension at any temperature is defined as maximum pressurewhich can be exerted by water vapour in equilibrium with waterin liquid form], calculate the composition of each element.From first experiment[Liebig Method]Organic Compound CuO CO 2 + H2O + N2W gramAbsorbedbyAbsorbedbyW 1KOH w 2 (after)CuSO 4beforew 3 gmWeight rise in KOH = w 2 – w 1 = w CO2Since all CO 2 obtain from Organic Compoundw2 - w1\ n C = n CO 2fi44\ % of Carbon in Organic Compound= 1 w2 - w1¥ 12 ¥ 10044 Ww 3Moles of H 2 O = = n H2O= n H218w3\ moles of H 2 =18w 3\ weight of H 2 = ¥ 218w 3 2\ % of H in Organic Compound = ¥18 W ¥ 100From second experiment : [Duma Method]CuOOrganic Compound æææÆ H 2 O + CO 2 + N 2N 2Barometricpressure = PFig. 1.2PN◊V2 N2n N2=R◊TN2butw N2=W ¥ 100n N ¥ 28 ¥ 1002\ %N =WP¢ + PN 2= Paq. tension\ PN 2= P – P¢% N in Organic Compound[ P – P¢] V ml¥10 -3and n N2=RT\ % N =È( P - P¢) V ml¥10 -3 ˘Í˙Î RT ˚¥ 28W ¥ 100estiMation of n 2 inforMof nh 3 in solutionKJeldohl’s MethodW g sample was reacted with concentrated H 2 SO 4 to causeconversion of all N 2 present in the compound. Ammoniumsulphate (NH 4 ) 2 SO 4 solution was then added with excess ofNaOH and all NH 3 librated was reacted with H 2 SO 4 solutionhaving molarity M 1 and volume V 1 liter. The residual acidwas reacted with NaOH solution and it was observed that V 2liter of NaOH molarity M 2 was required to complete naturalizationof residual acid. Calculate % composition of N 2 fromabove data?con.HSol.2SO4Organic Compound æææææÆ (NH ) SOM1V1W gramNaOH (for neutralisation of excess H2SO 4)M2V24 2 4æææææææææææææÆ NH2NH 3 + H 2 SO 4 Æ (NH 4 ) 2 SO 4andH 2 SO 4 + 2 NaOH Æ Na 2 SO 4 + 2H 2 O12 M 2 V 2 M 2 V 2(i) n =2 4H SO(react with NaOH)M 2V22(ii) n È M 2V2˘H2SO4= ÍM1V1-react with NH2˙3 Î˚È M 2V2˘(iii) \ n NH 3= 2 ÍM1V1-2˙Î˚È1 ¥ nNH (iv) % N in OC =3¥ 14˘Í˙ ¥ 100Î W ˚Ï È M 2V2˘ ¸Ì2 ÍM1V1- ¥ 142 ˙ ˝=Ó Î˚ ˛ ¥ 100WCarius Method[identifiCation ofhalogen eXCePt fluorine]Organic Compound WgramAgNO3HNO3ion in solution ææææÆ AgXæææÆ XW Gram ________________________________W g of Organic Compound is reacted with concentratedHNO 3 , then AgNO 3 solution is added in the remaining solu--3
1.6 Physical Chemistry-I for JEE (Main & Advanced)tion (containing halide ion solution which is obtained by reactionbetween Organic Compound and concentrated HNO 3 ).Weight of residue will be formed if w 1 g white precipitate, w 2g of AgBr (pale yellow precipitate) and w 3 g of AgI (brightyellow precipitate) are formed. Then calculate % compositionof Cl, Br and iodine.wCl% W Cl in Organic Compound =W ¥ 1001 [AgCl] 35.5 100= ¥ n ¥ ¥ (using POAC)W1 ¥ w1¥ 35.5% W Cl in Organic Compound =¥ 100143.5 ¥ Was same1 ¥ w280% W Br in Organic Compound = ¥ ¥ 100188 W1 ¥ w3% W I in Organic Compound = ¥ 127 ¥ 100235 ¥ WestiMation of sulPhurW g sample of Organic Compound was reacted with concentratedHNO 3 . The remaining solution containing H 2 SO 4 (obtainedafter all the sulphure gets oxidised to SO 3 and then toH 2 SO 4 ) was reacted with excess of BaCl 2 solution and w 1 gof white ppt of BaSO 4 was obtained. Calculate % compositionof sulphur.w% S = SW ¥ 100 = 1 ¥ w1¥ 32¥ 100W ¥ 233estiMation of PhosPhorusHNO3Organic Compound æææÆ H 3 PO 4Mg(NH 4 )PO 4Magnesia mixture[MgSO 4 + NH4Cl]æææææææÆDææÆ Mg 2 P 2 O 7 (white ppt)W g sample of Organic Compound was reacted withHNO 3 . All phosphorous after being oxidised to H 3 PO 4 wasreacted with magnesia mixture and a yellow precipitate wasobtained, which on heating gives w 1 g of white precipitate ofMg 2 P 2 O 7 . Calculate % of P in Organic Compound.w P% of P in Organic Compound =W ¥ 1002 ¥ w131= ¥ ¥ 100222 WFrom2[ nMg2P 2O]7¥ 31 ¥ 100WestiMation of oXYgenWeight of oxygen in Organic Compound= Weight of organic compound – W ¢[sum of weight of all element]eXPeriMental Methodsfor deterMination ofatoMiC Mass of MetalsDulong Petit’s lawAtomic weight ¥ Specific heat of compound ≥ 6.4(i) This is experimental law.(ii) Specific heat should be measured in calorie/gram.(iii) The above expression given is approximately Atomicweight.1 g of metal at 30º was immersed in 10 g of water at 19.886ºC. If the final temperature is 20ºC then predict that metalcould be iron (Specific heat of H 2 O = 1 cal/g).1 gm metal at30°C20°C10 gm water at19.866°CHeat lost by metal = Heat gained by waterm 1 C 1 Dt 1 = m 2 C 2 Dt 21 ¥ C 1 ¥ [30 – 20] = 10 ¥ 1[20 – 19.886]\ C 1 = 0.1146.4\ Atomic mass =0.114 = 56.2andandW gramdeterMination ofMoleCular Mass[viCtor MaYer Method]WeightPV = nRT = ¥ RTMolar MassW RTM Mass =( P – P¢)VV air displaced = V vapourP air displaced = P vapourwMolar mass= ( P – P¢)VRT\ P displaced air = (P – P¢)Fig. 1.3P = P+ PWaterdisplaced air
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