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44) The unit of molar molar absor absorptivity ptivity is: –1 –1 1. L mol cm 2. L–1 mol cm–1



3. L mol cm–1



4. L mol cm



Explanation: Beer-Lambert law A =   .c.l Where A = ab absorbance c = molar concentration l = pathlength (in cm)



   N    M   A   O    H    C    . .    I    D    D    R   A   A    V    M    E   A    H    Y    T    I   C    I    D    D   A   A  .  .    V    W    W    W   = molar extinction coefficient or molar absorptiviy =



A



cl



(note:   is pronounced as epsilon) Hence the units are usually in M -1cm-1 or L mol-1cm-1 ( ‘A’ has no units: see below) As 1 liter = 1000 cm3, the unit may be sometimes cm2 mol-1, especially in old literature.



Additional information Absorbance (A) = log10(1/T) = -log10 T = -log10 (I /Io) Where T = tr traansmitt ttaance = I /I /Io I = intensity of the transmitted light Io = intensity of the t he initial incident incident light



* Remember transmittance (T) is inversely related to absorbance (A) Other equations to remember: A = log10 (



100 %T



) = 2 - log (%T) 10



BEER-LAMBERT LAW: The actual absorbance,  A, of a sample is dependent on the pathlength l (in cm) and the concentration c (molar conc.) of the species.



Mathematically: A =  .c.l *   is a is a measure measure of the amount of light absorbed per unit concentration concentrat ion at a given wavelength. *   is an intrinsic property of the compound; Limitations: * Beer-Lambert law is a limiting law. It is only valid for dilute solutions. At higher concentrations, the electrostatic interactions between neighbouring molecules distort the energy levels which cause deviation from the law. * Deviations also occur when the molecules undergo chemical change in solutions (this may occur due to chan change ge in concentration or pH).



 Prepared by V. Aditya vardhan



2



adichemadi(at)gmail.com adichemadi(at)gm ail.com



WARANGAL



eg., Yellow chromate and orange and  orange dichromate are in equilibrium with each other in aqueous solution. The equilibrium shifts to the right if pH is decreased (when acid is is added) and shifts shifts to the left if pH is increased (when base is added). 2 2 CrO 4 2- (aq) + 2 H + (aq)    C r2O 7 (aq) + H 2 O (l)



yellow



orange



Hence the absorbance for this solution depends on the p H . * There should be no scattering of light. * There should be no fluorescence or phosphorescence INTERESTING Guess the molar absorbtivity of Cu2+ ions in an aqueous solution of CuSO 4. Whether 20 or 100,000 L mol-1 cm-1? You may prefer higher value as the copper sulphate solutions you have seen are usually a beautiful bright blue in colour. However, its molar absorbtivity value is 20 L.mol-1.cm-1! The bright blue colour is seen because the concentration of the solution is very high.



   N    M   A   O    H    C    . .    I    D    D    R   A   A    V    M    E   A    H    Y    T    I   C    I    D    D   A   A  .  .    V    W    W    W



Now consider the beta-carotene which is responsible for the colour of carrots. It is found at exceedingly low concentrations and still imparts beautiful orange color as its molar absorbtivity is 100,000 L.mol-1.cm-1.



Additional questions: 44.1) What is the concentration c oncentration of a solution whose absorbance is 0.21 when placed in a t ube of path length 10 cm (  max = 245 nm and  max = 31,500 M -1cm-1)



Ans:-



c=



A



 l



=



0.21



31500 x 10



= 6.67 x 10 -7 M 



44.2) If the visible spectrum of [Ti(OH2)6]3+ has an absorbance maximum at 0.9 at 510 nm and the spectrum was recorded on a 0.20 M solution in a 1.0 cm cell, what would be the value of   510 ?



Ans:-  510 = 4.5 cm-1M-1



44.3) Transferrin is an iron-transport protein found in blood. Desferrioxamine B is an iron chelator used to treat patients suffering from iron overload. Both are colourless in the absence of iron. The following following data was obtained in aqueous solution using a 1.00 cm path length cell for both species when fully complexed complexed with iron: ----------------------------------------------------------------------------------



 max / nm



 max / L mol–1 cm–1



iron ir on-t -trran ansf sfer errrin



iron ir on-d -des esfe ferrrio iox xam amin inee B
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----------------------------------------------------------------------------------428 3540 2730 470 4170 2290 ----------------------------------------------------------------------------------Calculate the absorbance at 470 nm of a solution that is 11.0   M in iron-transfer iron-transferrin rin and 69.5   M in iron-desfer iron-desferrioxamine rioxamine B, assuming both are fully complexed and that the cell path length is 1.00 cm.



Ans:-   M = 10-6 M For iron transferrin, A = 4.6 x 10 -2 For iron-desferrioxamine B, A = 1.6 x 10 -1 = 16 x 10 -2 Total = 4.6 x 10-2 + 16 x 10-2 = 2.06 x 10-1 44.4) The percentage transmittance of a transition metal complex at 360 nm and at 25 0C is 25% for a 6 x 10 -4 mol L -1 solution in a 1 cm cell. The molar absorption coefficient in the unit of L mol-1 cm-1 is



   N    M   A   O    H    C    . .    I    D    D    R   A   A    V    M    E   A    H    Y    T    I   C    I    D    D   A   A  .  .    V    W    W    W



(a)  1.0x10 -3



Ans:- A = log10 (



100 %T



(b)  1.0x103



(c)  2.0x10 3



(d)  1.0x10 4



) = 2 - log (%T) 10



= 2 - log25 = 2 - 2log5 = 2 - (2 x 0.6990)  0.6



  =



A



=



cl



0.6



-4



6 x 10 x 1



= 1 x 10 3 L mol -1cm -1



44.5) A solution of a compound shows a transmittance of 0.800 in a 1.0 cm cell at 525 nm. The transmittance in a 5.0 cm cell at the t he same wavelength would be (a) 0.160 (b) 0.654 (c) 0.240 (d) 0.317



Ans:-



 A1



 A2  But 



 or



 A1



 A2 l1 l2



1



5







 log10 T 1  log10 T 2







l1



l2



=



 log10 T 1  log10 T 2



=



 log10 0.800  log10 T 2



-log ogT T2  5 x -l -log og0. 0.8 8 = 5 x -(3l (3log og2 2 + lo log1 g10 0 ) =5 =5 x(x(-0. 0.9 9 +1) +1) = 0.5 0.5  Hence -l -1



or



T2 =ant =antilog( ilog(-- 0.5) = antilog ( 1. 1.5)  0.316



5) A sol solutio ution n conta containin ining g 5 ppm of KMnO4 (F.W = 158) has a transmittance of 0.360 measured in a 1cm cell at 500nm. The molar absorptivity absorptivity of KMnO K MnO 4 in L mol-1 cm-1 is (a) 1.1 x 104 (b) 1.4 x 10 4 (c) 1.9 x 104 (d) 2.7 x 10 4
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Ans:- 5 ppm = = = 5 grams of KMnO 4 is present in 10 grams (=10 mL) of water. Hence the conc. = molarity(M) =



Now   =



A cl



=



-logT cl







w FW



x



1000 V(in mL)



-log0.36 -5



3.16 x 10 x 1



=



=



5 158



x



1000 10



0.444 -5



3.16 x 10 x 1



6



= 3.16 x 10 -5 L. mol1. cm1



= 1. 1.4 4 x 10 4 L mo moll -1cm -1



Practice questions 1) The most intense absorption band in the visible spectrum of [Mn(H 2O)6]2+ is at 24,900 cm-1 and has a molar absorptivity of 0.038 L mol -1 cm-1. What would be the concentration of  [Mn(H2O)6]2+ solution present in a cell of path length 1.00 cm if the absorbance is 0.10? Hint: Don’t distract yourself from the 24,900 cm-1 value. It is unnecessary at present context.



2) Beer's Law states that; a) Absorbance is proportional to both the path length and conc. of the absorbing species b) Absorbance is proportional to the log of the concentration of the absorbing species c) Absorbance is equal to P 0 / P



   N    M   A   O    H    C    . .    I    D    D    R   A   A    V    M    E   A    H    Y    T    I   C    I    D    D   A   A  .  .    V    W    W    W



3) A solution containing 47 ppm of a compound X (FW = 225) has a transmittance of 29.7% in a 1.5 cm cell at 400 nm. The molar absorptivity in L mol -1 cm-1 is (a) 1.89 x 10 3 (b) 1.42 x 103 (c) 1.68 x103 (d) 1.79 x103 4) The transmittance of an alcoholic solution of a certain compound at 500 nm is 1 per cent in a 1 cm cell. cell. Its absorbance is (a) 1.0 (b) 2.0 (c) 2.5 (d) 4.0 5) If A is the absorbance absorbance and T is is the transm tr ansmittance, ittance, A is related related to t o T by the relation ......... 6) Molar absorptivity of a compound expressed in the unit/mol -1cm-1 does NOT depend on a) the the na natu ture re of th thee com comp pou oun nd b) the the con conccentr traati tion on of th thee sol solu uti tion on c) th thee wi widt dth h of th thee sam sampl plee cel celll d) th thee res resol olut utiion of th thee spe spect ctro roph photo otom met eter er 7) On passing monochromatic light through a solution of 0.004 M in a cell of 20 mm thickness, the intensity of the transmitted light was reduced by 50 percent. Calculate the molar extinction coefficient and give its unit. Note: Convert mm into cm. 8) Calculate the % transmittance of a 3 x 10 -5 M solution of an analyte with a molar absorptivity of 9000 L/mol cm. The sample holder is a 1 cm cuvette. D) 53.7% A) 98.1% B) 1.86 % C) 0.537% 9) A sample and its blank had a percent transmittance of 45.4% and 97.5%, respectively. What is the absorbance due to the analyte? c) 0.332 a) 0.011 b) 0.343 d) 0.514 Note: Take I0 value from the blank and I value from the sample.



45) Gelatin is added during polarogr polarographic aphic measurements measurements to: 1. reduce streaming motion of falling mercury drop 2. increase Id
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3. increase E1/2 4. eliminate residual current current Explanation: When a surfactants like gelatin, Triton X-100 are added to the solution, the streaming effects at the drop surface are minimized, and the polarographic wave approaches the limiting current smoothly. Additional information: ELECTRO-ANALYTICAL METHODS * Electro-analytical methods are of two types viz., 1) Bulk methods: which measure properties of whole solution. e.g. measurement of conductivity of solution which depends on the concentration of analyte. 2) Interfacial methods: which measures the signals for the phenomena occuring at the interface between the solution and electrode. e.g. determination of p H of solution at pH electrode.



   N    M   A   O    H    C    . .    I    D    D    R   A   A    V    M    E   A    H    Y    T    I   C    I    D    D   A   A  .  .    V    W    W    W



* Interfacial methods are again of two types viz., 1) Static: No current passes between the electrodes, and the concentrations of species in the electrochemical cell remain unchanged. e.g. Potentiometry 2) Dynamic: Current flows and concentrations change as the result of a redox reaction. * Dynamic methods are further divided into: 1) Controlled-current methods: Fixed amount of current is passed through the analyte. e.g. controlled-current coulometry. 2) Controlled-potential methods: Potential is controlled. It is again of two types viz., i) in which constant potential is applied throughout the analysis. e.g. controlled-potential coulometry, amperometry. ii) in which potential potent ial is systematically varied. varied. e.g. voltammetry Types of electrodes 1) Indicator electrode: The electrode whose potential depends on analyte’s concentration. It is also called working electrode at which the analyte undergoes redox reaction. 2) Counter electrode: The second electrode, which serves to complete the electric circuit and provides a reference potential against which the working electrode’s potential is measured. It’s potential remains constant. 3) Reference and auxiliary electrodes: The potential of the counter electrode may change in dynamic methods due to change in the concentration of analyte. To overcome this problem, the counter electrode is replaced by two electrode system consisting of: 1) a reference electrode, whose potential remains constant and through which no current flows and 2) an auxiliary electrode that completes the electric circuit and through which current is allowed to flow. Ohm’s law: A current, i, passing through an electric circuit of resistance, R, generates a potential, E; thus E = iR Potentiometer: Used to measure the potential of an electrochemical cell under conditionsof 
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zero current. Galvanostat: It is used to control the current flowing through an electrochemical cell in dynamic methods such as controlled-current coulometry. Potentiostat: A potentiostat potentiostat is used to control the potential pot ential of the t he working electrode electrode in dynamic dynam ic methods. metho ds. Electrical double layer The interactions between the solid and the electrolyte will be considerably different to those in solution. For electrodes which are under potentiostatic control there will also be the additional influence of the charge held at the electrode. These different factors result in strong interactions occurring between the ions/molecules in solution and the electrode surface. This gives rise to a region called the electrical double layer. The interactions between the ions in solution and the electrode surface were asssumed to be electrostatic in nature and resulted from the fact that the electrode holds a charge density (q m) which arises from either an excess or deficiency of electrons at the electrode surface. In order for the t he interface to remain r emain neutr neutral al the charge held on the electrode electro de is balanced balanced by the redistribution of ions close to the electrode surface. The attracted ions are assumed to approach the electrode surface and form a layer balancing the electrode charge. The overall result is two layers of charge (the double layer) and a potential drop which is confined to only this region (termed the outer Helmholtz Plane, OHP) in solution. The result is absolutely analogous to an electrical capacitor which has two plates of charge separated by some distance (d).



   N    M   A   O    H    C    . .    I    D    D    R   A   A    V    M    E   A    H    Y    T    I   C    I    D    D   A   A  .  .    V    W    W    W



POLAROGRAPHY * Polarography Polaro graphy is a subset subset of o f voltammetry in which which the electrode electro de processes pro cesses are studied by using two electrodes - one polarizable and one unpolarizable. * Dropping Mercury Mercur y Electrode (DME) is an example for for polarizable work working ing electro electrode de used in polarography. Nowadays a Static Mercury Drop Electrode (SMDE) is in use. * Polarography differs from voltammetry in that it employs the electrode (like DME) whose surface is continuously renewed. Diffusion current (i d ): The maximum diffusion current (or limiting current) is the faradaic current flowing as a result of a redox process process at the electrode surface when the migration and convection convecti on effects are completely eliminated.



Explanation: An electroactive species (the charged ions or dipolar molecules) undergoing an electron exchange at a microelectrode may be brought to the electrode surface by three modes: 1. Migration: Electroactive species are migrated towards the electrode due to directed movement in an electrical electr ical field. field. 2. Convection: Electroactive species may be brought to the electrode by mechanical means such as thermal currents or stirring or density gradients. Convection is possible whenever the solution is is stirred or agitated or heated. 3. Diffusion: It occurs under the influence of a concentration gradient. The effect of electrical migration can be eliminated by adding a supporting electrolyte in a concentration at least 100-fold greater than the analyte. Usually a potassium or quaternary
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ammonium salt is added (e.g. ammonium (e. g. KCl, KClO4, strong stro ng acid or base, tetraethylamm tet raethylammonium onium perchlorate in nonaqueous solvents). Their discharge potential is more negative than most cations. The supporting electrolyte lowers the resistance and the potential gradient. Convection effects can be minimized by using quiescent (unstirred) solutions during the experiment. Ilkovic equation id   708nCD1/ 2 m 2 / 3t 1/ 6



where



id = diffusion current (in   M  ) n = no. of o f electrons electrons transerred t ranserred D = diffusion coefficient of analyte (cm2.s-1) C = concentration of analyte (mM) m = mass of mercury flowing through capillary tip (mg.s-1) t = drop life (s)



   N    M   A   O    H    C    . .    I    D    D    R   A   A    V    M    E   A    H    Y    T    I   C    I    D    D   A   A  .  .    V    W    W    W



* Diffusion current constant (I) = 708 nCD1/2



Polarogram (voltammogram) * In polarography, the current flowing in solution is measured as a function of an applied voltage. * A polarogr polarogram am is a curve visualizing visualizing the processes occurring occu rring in the course cour se of electrolytic electro lytic polarization of the DME. * A polarographic wave or polarogram is obtained by applying voltage. This experiment employs usually usually two methods met hods of applying applying the voltage, voltag e, a linear sweep (DC) and a differential pulse. pulse.



* The potential of a redox system under conditions of diffusion control is given by E=E  O



0.05 9 n



log



i



id  i







0.059 n



1/ 2



 D  log  red    Dox 



half-wave potential: is the point at which the current is one-half the limiting diffusion current.



i.e., i 



id 



2 At this point the first logarithmic term in above equation becomes zero and E1/2 =E O 



0.059 n



1/ 2



 D  log  red    Dox 



Usually half-wave potentials are characteristic and usually independant of concentration of  electroactive species. Hence, in qualitative chemical analysis, these can be used to identify chemical species. However pH, buffer strength, and complexing characteristics can affect the half-wave potentials and hence these factors must be controlled. * The polarogram obtained for each electroactive species exhibits a sigmoidal curve.
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limiting current



   t   n   e   r   r   u    C



Half wave potential (E1/2 ) Diffusion current (id) Electrode reaction of analyte begins here



id  _  2



Residual current Discharge of supporting electrolyte begins here



   N    M   A   O    H    C    . .    I    D    D    R   A   A    V    M    E   A    H    Y    T    I   C    I    D    D   A   A  .  .    V    W    W    W Applied potential (V)



Residual current: * Even in the absence of analyte, a small current inevitably flows through an electrochemical cell, which is called the residual current.



* The residual faradaic currents arise from (a) trace impurities, (such as heavy metals, electroactive organics, or oxygen), (b) from the electrode material (which often undergoes slow, potential-dependent faradaic reactions), (c) from the solvent and supporting electrolyte. * To obtain the true diffusion faradaic current, a correction must be made for the residual current. The total measured current in any voltammetric experiment, itot, consists of two parts: that due to the analyte’s oxidation or reduction, i a, and a background, or residual, current, ir. itot = ia + ir The residual residual current, in turn, has two sources. One source is a faradaic faradaic current due to t o the t he oxidation or reduction of trace impurities in the sample, ii. The other source is the charging current, ich, that is present whenever the working electrode’s potential changes. ir = ii + ich Faradaic currents cur rents due to impurities can usually be minimized minimized by carefully preparing the sample. For example, one important import ant impurity is dissolved O2, which is reduced first to H2O2 and then to H2O. Interference from dissolved O2 is also removed by purging the sample with an inert gas such as N2 before the t he analysis. analysis. Two methods are commonly used to correct for the residual current. One method is to extrapolate the residual current portion of the voltammogram immediately preceding the rising part of o f the current-potential current-pot ential curve. curve. The advantage advantage of this method is that it does not require any additional data. On the other hand, extrapolation assumes that changes in the residual current with potential are predictable, which often is not the case. And this method is questionable at low concen concentrations. trations. A second approach is to obtain a separate voltammogram for a blank containing appropriate supporting electrolyte. The blank’s residual current is then subtracted from the total current obtained with the sample. * One of the difficulties in evaluating a polarogram is the measured current oscillates perma-
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nently between a minimum and maximum value. This behavior is caused by the nonconstant electrode surface area. Usually the current rises as the drop surface area grows, and decreases as the drop falls. * The   polarographic maxima, which arises due to convection around the growing mercury drop (in case of DME). It can greatly exceed the limiting currents. Hence surfactants, such as gelatin gelati n or Triton X-100, termed maximum suppressors, are added to the solution to eliminate these maxima. But these convective maxima are rarely important in polarography at an SMDE. Advantages of polarography: * This method has high precision (reproducibility of measurements). The precision is around 1% to 2% for concentrations greater than 10-4 M. * Sensivity is very high with the detection limits of about 10 -6 M. * Constantly renewed surface of DME. * Applicable Applicable to wide variety of o f oxidizable and reducible functionalities.



   N    M   A   O    H    C    . .    I    D    D    R   A   A    V    M    E   A    H    Y    T    I   C    I    D    D   A   A  .  .    V    W    W    W



Limitations: * Constantly changing surface area of DME result in current oscillations. * Difficult Difficult to investigate oxidation processes pro cesses due to the t he ease of oxidation of mercury mercury drop dro p itself. AMPEROMETRY * A form of voltammetry in which current is measured as a function of time t ime while while maintaining maintaining a constant potential is called amperometry. Since the potential is not scanned, amperometry does not lead to a voltammogram.



* One important application of amperometry is in the construction of chemical sensors, like sensor for dissolved O 2 in blood, glucose sensor etc., The amperometric sensors are portable just like potentiometric sensors. Amperometric titrations: Amperometric t itrations: * This technique technique is also used in amperometric titrat tit rations ions in which which the equivalence point is determined through measurement of the electric current produced by the titration reaction. It is a form of quantitative analysis. Advantages: 1) Very dilute solutions can be titrated with high degree of accuracy. 2) Precipitation titrations can be performed with ease. (advantage over potentiometry) 3) Foreign electrolytes electrolytes do not in interfere terfere the titration. t itration. 4) It is suitable for both reversible and irreversible titrations. 5) Amperometric titrations yield more accurate results than polarographic measurements. 6) Unlike in polarography, supporting electrolytes do not interfere amperometric titrations. 7) Titrations can be done rapidly. Potentiometric titrations: In which potential of suitable electrode is measured. The end point is determined by a sudden change in potential. Conductometric titrations: The electrical conductance is measured during titrations.



COULOMETRY * Coulometry is an analytical method for measuring an unknown concentration of an analyte in
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solution by completely converting the analyte from one oxidation state to another. In this method the current curr ent required to exhaustiv exhaustively ely (completely) oxidize oxidize or reduce the analyte is measured. * It is of two types: 1) Controlled-potentia Controlled-potentiall coulometry (potentiostatic (pot entiostatic coulometry) 2) Controll Contro lled-current ed-current coulometry (amperostatic coulometry or coulom co ulometric etric titration) titrat ion) * One of the limitation limitation of this method method is the efficiency efficiency of current to t o oxidize or reduce the analyte may not be always 100%. CYCLIC VOLTAMMETRY * The potential pot ential is scanned in in forward and backward directions direct ions (cyclically) (cyclically) while while monitoring the current. * An isosceles-triangular or staircase potential pot ential waveform is used. Scans can be initiated initiated either in the cathodic or anodic direction.
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oxidative current
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reduction



oxidation



reductive current
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 E  p



voltage
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cyclic voltammogram



* For a reversible electrochemical reaction the CV (cyclic voltammogram) recorded has certain well defined characteristics. I) The voltage separation between the current peaks is



ca th tho di dic  p



E







an od od ic ic p







57



mV   where n = number of electrons n II) The positions of peak voltage do not alter as a function of voltage scan rate. III) The ratio of the peak currents is equal to one for reversible reactions.



 I  pa  I  pc



E



1



For irreversible systems, this ratio may be less than or more than 1. IV) The peak currents are proportional propo rtional to the square root roo t of the scan rate. (That means peak  currents vary with scan rate) I pa and Icp 



v
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* Cyclic voltammetry finds finds its greatest g reatest use in the study st udy of electrochemical electr ochemical reversibility reversibility,, kinetics, and transient intermediates. But it is rarely used for qualitative analysis. STRIPPING VOLTAMMETRY * Stripping voltammetry is applicable applicable to analy analytes tes that t hat oxidize or reduce r educe reversibly at a solid (like thin-film mercury) electrode. * Basically, stripping voltammetry is a two-step operation. Deposition: In this step the ions of interest are electrolytically deposited on the working electrode by controlled potential electrolysis. Stripping: After a quiescent period, a reverse potential scan, is applied in which the deposited analyte is removed from the electrode. * The electrode used may be anodic or cathodic.
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POTENTIOMETRY * Based on measurement of E cell which is the difference difference between the Electrode Electr ode potentials po tentials of two half cells properly connected. Ecell = Ereduction half cell - Eoxidation half cell Usually the potential pot ential of one half cell (reference electrode) electro de) is known and kept constant const ant during the experiment. The potential of another half cell (working electrode) relative to that of reference electrode is calculated. * Following are the common reference electrodes used. Standard Hydrogen Hydrogen Electrode (SHE): Pt, Pt , H2(1 atm)/1M H+ E0 = 0.00 V Saturated Calomel Electrode (SCE): Hg / Hg2Cl2(sat) , 0.1M KCl E0 = 0.2444 V Silver elect rode: Ag/AgCl E0 = * Nernst equation: To calculate the EMF of a cell;



EE 



RT



E  Eo 



2.303RT



EE 



2.3 .30 03RT
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or



o



or



nF



ln K c



nF



nF



log K c



 pro rod duct of equilibri riu um conc. of products    product of equi librium conc. of reactants 



. log 



This equation is also applicable to single electrodes.



electrodes represent For metal or anodic electrodes represented ed by Mn+ / M Mn+ + ne-  M



Kc =







[M] n+
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E = Eo -



2.303RT nF 0.059 n
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. log



1 n+
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1 [M n+ ]



( [M] = 1)
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For non metal or cathodic electrodes represent represented ed by A / Ann A, Pt + ne -    A



Kc =



[A n- ] [A,Pt] o



E=E -



0.059 n



n-



. lo log [A [A ]



( [A, Pt] = 1)



Ion Selective Electrodes (ISE): Electrodes in which the membrane potential is a function of  the concentration of a particular ion in solution. Membrane potential: A potential developing across a conductive membrane whose opposite sides are in contact with solutions of different composition.
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[A]sample solution



E.g. Glass pH electrode - The SiO groups of glass are differentially attached to H 3O+ ions on the two sides and thus giving rise to membrane potential across. POTENTIOMETRIC TITRATIONS * For a redox reaction, the equivalence point is the point where E cell = 0. Hence Ered.half cell = Eox. half cell



CHROMATOGRAPHY - BASIC CONCEPTS AND TERMS



Chromatography: It is a separation method based on the distribution (or partitioning) of components of the mixture between two phases i.e., stationary phase and mobile phase. This type of chromatography is also called elution chromatography in which the mobile phase is is continuously passed through or along the chromatographic bed. Analyte or solute: The components present in the sample (mixture).



Eluent : The solvent which is used to carry the components of the mixture through a stationary phase. It is the mobile phase. Eluate: The gas or liquid exiting the column, containing the mobile phase and the solutes. Principle of chromatography: The analytes are partitioned between the stationary and mobile phases based on their relative solubilities; or affinities with the phases; or relative vapor pressures. Types of chromatography Partition chromatog chromatography raphy: a method using the partition of the solutes between two liquid phases (the solvent as mobile phase and the film of solvent on the adsorption column). e.g. gelfiltration chromatography Adsorption chroma chromatography: tography: that in which the stationary phase is an adsorbent
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e.g. Ion exchange chromatography, affinity chromatography. High performance liquid chrom chromatography atography (HPLC): a type of automated chromatography chromat ography in which the mobile phase is a liquid liquid which is forced under high pressure through t hrough a column co lumn packed with a sorbent. Ion exchange chromatography: that in which the stationary phase is an ion exchange resin. Affinity chromatog chromatography: raphy: involves the analyte being attracted to specific groups covalently attached to the stationary phase. Especially used to separate and purify proteins. Exclusion chromatography: that in which the stationary phase is a gel having a closely controlled tro lled pore size. Molecules are separated separ ated based on o n molecular molecular size and shape, smaller smaller molecules being temporarily retained in the pores. e.g. gelfiltration chromatography
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Liquid chromatography (LC): mobile phase is a liquid. Gas chromatography (GC): mobile phase is a gas.



Chromatogram: A plot of detector’s signal as function of elution time or volume.



Retention time (tR): The time a solute takes t akes to move from the point of injection injection to the t he detector. detecto r. Retention volume (VR): The volume of mobile mobile phase needed to move a solute so lute from its point of  injection inj ection to the detector. V RRetention time x flow rate = t .F R



c



Another important relation is: V R  V M  K CV S  



Where VM = Volume of mobile phase VS = Volume Volume of stationary st ationary phase KC = Distribution constant



Air peak: A small early peak in chromatogram that appear soon after the sample is injected. This peak represents the solute that is not sorbed onto the stationary phase and moves along the mobile phase. Since these solutes do not interfere with stationary phase, they are considered nonretained. e.g. Air and methane usually form air peaks in GC. Void time (tM): The time required for unretained solutes to move from the point of injection to the detector. Void volume: The volume of mobile phase required to elute the nonretained component. (also called dead volume or hold-up volume) Baseline width: The width of a solute’s chromatographic band measured at the baseline (w).
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peak due to solute



air peak tm



w Retention time
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Distribution constant or partition coefficient (K c): Also denoted by KD or Kp. It is considered as an equilibrium concentration for the following equilibrium:   Amobile    Astationary



K c 



| A |S



| A | M 



where |A|S = Activity of analyte on stationary phase |A|M = Activity Activity of analy analyte te on mobile phase Also represented as K c 



C S



C  M 



where Cs = molar concentration of analyte on stationary phase CM = molar concentration of analyte on mobile phase



comment: Greater the distribution constant, greater is its affinity with the stationary phase and moves slowly during the elution. Retention factor or Capacity factor (k or k’): The ratio of amount of solute (not concen concentratration) in the stationary phase to the amount in the mobile phase. k  



W S



W  M 



where WS = amount of solute in stationary phase WM = amount of solute in mobile phase or k  



t R t M t M







t R' t M 



where tR’ is called adjusted retention time.
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Phase volume ratio (   ): The ratio of volume of stationary phase to the volume of mobile



phase. V S



  



V  M 



Where VM = Volume of mobile phase VS = Volume Volume of stationary st ationary phase The relation between KC, k and   is K C   k . 
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Retardation factor (R or R f ): The ratio of o f velocity velocity of solute (v) through column to the t he average average velocity of mobile phase ( u). It measures the extent to which a solute is retarded in its passage through the column. Its value is always be equal to, or less than, one.



R=



or



R=



or



R=



v



where v 



u



V M 



 L t  R



and u 



 L



t  M 



(here L = length of column)



where VR = Retention volume



V  R



1



1  k 



Practical values of Rf  are evaluated from the ratio: R f  =



distance moved by solute



distance moved by the solven front



Plate number (N) & plate Height (H): A chromato chromatographic graphic column is considered to have series of discrete sections called theoretical plates. The column efficiency is measured in terms of  number of plates, N or height of the plate, H. The relation is:  N  



or



 L



 H 



 t    N     R     



2



or



 t    N   16  R   w or



2
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2



where w1/2= width of peak at half of its height



Note: H is also represented as Height Equivalent to One Theoretical Plate (HETP). H is also measured by another relation as given below.



 2



 H  



 L



where  2 = variance or square of standard deviation representing the peak width.



comment: Efficiency Efficiency of chromatographic chromato graphic column increases with increase in the plate plat e number or decrease in the plate height.
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Peak resolution (RS): The separation between two chromatographic bands.  RS 



t R, A  t R, B







0.5( w A  w B)



2t R



w A w B



Where tR,A & tR,B= Retention times of solutes A and B wA & wB = Baseline widths of A and B



Generally a resolution >= 1.5 is expected for accuratequalitative and quantitative analysis. Peak capacity (nc): Maximum number of solutes that can be resolved on a particular column.  N 



nc  1 



4



 ln



V max V min



Where Vmin and Vmax are the smallest and largest volumes of mobile phase in which a solute can be eluted and detected. Separation factor or Column selectivity (   ): The ratio of retention factors (capacity factors) of two solutes.



  



k  B



kA







t R, B  t M  



t R, A  t M



 



Note: Usually KB is the distribution constant for more strongly retained species and hence the   value is always greater than unity.. Shapes of peaks: Usually the peaks in chromatogram are Gaussian curves (symmetrical bell shaped curves based on Gaussian function). However following curves are also observed.
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doublet



Fronting occurs due to injection of too much sample. Tailing occurs due to presence of highly active sites in the stationary phase.
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Theory of Band broadening and Van deemter equation:: As a solute band travels down a column it spreads out along the column’s length, which is known as “band roadening”. The broadening of bands at the column co lumn reflects the loss of column co lumn effici efficiency ency.. The effi efficiency ciency of  capillary and packed chromatographic columns at low flow velocities can be approximated by the following expression:



or



H  A



 B



H A



 B



u



 CS u  CM u  H p  H d  H s  H m 



 Cu where Cu = C Su + C  M u u This is Van Van deemter equation. Where A (Hp) = Coefficient of multiple path effect (Eddy diffusion) B (Hd)= Coeffi Co efficient cient of o f longitudinal diffusion. CSu (Hs)= Mass transfer coefficient for stationary phase. CMu (Hm)= Mass transfer coefficient for mobile phase.



At high flow velocities in packed columns, where flow effects dominate diffusion, the efficiency can be given by H  A



 B u



 CS u



The band broadening is affected by the following factors: 1) Multiple path effect or Eddy diffusion (A or H p): In an open tube, all molecules travel the same distance. But in a packed column, molecules can take paths of different length around particles. Hence some particles move slowly than the others. This leads to band broadening. In this case, broadening depends on the particle size (d p) and not on linear velocity (u).  H p  2 d p



2) Longitudinal Diffusion (B/u or H d): Random molecular motion causes diffusion to



 18



Prepared by V. Aditya vardhan



adichemadi(at)gmail.com adichemadi(at)gm ail.com



WARANGAL



occur from center of zone to t o outward, out ward, i.e. from high to low concentration. Broadening Broadening depends on diff diffusion usion coefficient coefficient (D ( DM) and linear velocity ( u). Longer the time more dispersion and more broadening.  H d  



2 d m



u 3) Mass transfer: A chromatographic separation occurs because solutes move between the stationary and mobile phases. For a solute to move from one phase to the other, it must first diffuse to the interface between the two phases. This is called mass transfer. Its effect on band broadening can be considered under two different headings given below. i) Mass Transfer in Stationary Phase (CS.u or Hs): Molecules can spend different times dissolved in or adsorbed on the stationary phase. Hence the solute molecules in the stationary phase take longer or shorter than expected to cross into the mobile phase. In this case, broadening depends on stationary phase film thickness (d f ), diff diffusion usion coefficient coefficient (DS), retention factor (k), and linear velocity (u).
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ii) Mass Transfer in Mobile Phase (C M.u or Hm): Molecules in the mobile phase travel at different velocities, depending on their distance from the wall or particle surface. Broadening is dependent on column diameter (dc) or particl particlee diameter diameter (dp), diffusion coefficient (DM), retention factor (k), and linear velocity (u).  H m 



fn( d p 2 , dc 2 )  Dm



u



Note: Mass transfer term arises from slow or fast equilibrium for solutes partitioning between the mobile and stationary phases. If the equilibrium is slow, while a solute molecule is in the stationary phase other molecules will have traveled down the column a certain distance. The overall result is band spreading that is proportional to the flow rate. Following graph summarizes the effect of above terms on the plate height (H) with increase in the linear velocity (flow rate) of mobile phase ( u).



H



cumulative curve
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Best performance point:optimum velocity & minimum plate height.



u  B/ u 



Linear velocity, u 



Linear velocity, u 



Conclusions: 1) In general plate height first decreases and then increases with the linear velocity. There is an optimal velocity where the height is minimum and the best performance is achieved.
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2) At very high linear velocities, the plate height is not much affected by longitudinal diffusion. 3) Mass transfer in both stationary and mobile phases are increased with linear velocity of  mobile phase. How to increase the column efficiency ( to get smallest plate height, H): 1) Choose a packed column with small particle size (d p) or an open-tubular column with small diameter (dc). 2) Choose a column with thin film of stationary phase (d f ). 3) Always operate at or near optimum velocity (of mobile phase). General elution problem problems: s: 1) If the resolution is sufficient then the time taken for the elution will be long. 2) If retention times (tR) are short then the resolution will be bad. 3) If the length of column is longer, though the resolution is acceptable, the time taken for the elution will be longer.
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Solutions to general elution problem problems: s: By changing the conditions during separation so that they are optimal for each pair of  analytesas they elute. For example: In Gas chromatography: Temperature programming - temperature is changed during elution. In Liquid chromatography: Solvent programming (gradient elution) - the polarity of the solvent is changed. Some important points to consider:



1) Peak resolution is proportional to square root of column column length. length. i.e., R  L 2) In normal-phase partition chromatography, the stationary phase is polar and the mobile phase nonpolar. In reversed-phase partition chromatography, the polarity of these phases is reversed. 3) The diff diffusion usion coefficient, coefficient, DM has a greater effect in gas chromatography than in liquid chromatography. 4) Diffusion coefficients in gases are usually about 1000 times larger than diffusion coefficients in liquids. 5) The plate height is smaller in HPLC when compared to GC. 6) The number of theoretical plates will be more in case of GC than in case of HPLC. It is due to longer columns used in GC. 7) The minimum value of resolution of two peaks considered to be completely resolved is 1.5. 8) Isocratic Elution is the elution (in HPLC) with a single solvent or constant solvent mixture. 9) Theoretical Plate is a hypothetical discrete section on a chromatography in which a solute molecule equilibrates between the mobile and stationary phase. 10) In gel filtration chromatography, the small compounds elute last.



GAS CHROMATOGRAPHY (GC) * Gas Chromatography (GC) is used to separate volatile components of a mixture without decomposition, by differential migration through a column containing a liquid or solid stationary phase. Method
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A small amount of o f the sample to be analyzed analyzed is drawn up into a syringe and then injected injected into hot injector injector port of the gas chromatograph. The injector injector is set to a temperature higher higher than t han the components’ boiling points so that they evaporate into the gas phase inside the injector. A carrier gas, such as helium, helium, flows through the t he injector injector and pushes the t he gaseous components of the sample onto the GC column where the separation of mixture takes place. Molecules partition between the carrier gas (the mobile phase) and the high boiling liquid (the stationary phase) within the GC column. After components of the mixture move through the GC column, they reach a detector. The components of the mixture will reach the detector at varying times due to differences in the partitioning between mobile and stationary phases. The detector sends a signal to the chart recorder which results in a peak on the chart paper. The area of the peak is proportional to the number of molecules generating the signal. In gas chromatography, the moving phase (or "mobile phase") is a carrier gas, usually an inert gas such as helium or nitrogen or hydrogen. The stationary phase is a microscopic layer of  liquid or polymer on an inert solid support, inside a piece of glass or metal tubing called a column. The instrument used to perform gas chromatography is called a gas chromatograph. Gas chromatography is also sometimes known as vapor-phase chromatography (VPC), or gas-liquid partition chromatography (GLPC) as the liquid is usually employed as stationary phase. If solid is used as stationary phase, the techique is referred to as Gas Solid Chromatography (GSC).
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Carrier gas: * Must be inert and do not react with the components in the mixture. * Highly purified. Flow rate of carrier gas: * Flow rate depends on type of column. Packed columns have more flow rate than capillary column. (But greater efficiency and resolution is achieved by using capillary column) * Flow rate decreases with increase in temperature of column as the viscocity of gas increases with temperature. Materials for stationary phase: e.g. Apiezon L - Branched B ranched chain alkane grease, Dimethyl silicone, silicone, Polyethyl glycol. * Should have low vapour pressure. * Thermal stability. * Low viscocity viscocity.. * High selectivity for compounds of interest. Detectors: Characteristics of an ideal detector: * Adequate sensitivity * Stability and reproducibility * Short response time * Should work in a wide range of temperature * Sample should not be destructed E.g. 1) Flame Ionization Detector (FID): The column effluent, containing organic compounds, is burned in a small air/H2 flame. As a result various ions (like CHO +) are formed. These ions create an electrical current that can be detected. The signal is directly proportional to the num-
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ber of reduced carbons in the column effluent. It is mostly suitable for organic compounds. 2) Thermal Conductivity Detector (TCD): The detector contains two resistors in identical heated chambers, one of which is surrounded by the column effluent gas, the other is surrounded by the identical gas with an identical flow, but it has not passed through the column. When the column effluent contains other molecules, it conducts heat slightly differently so the resistor has slightly slightly different different temperature. This gives a signal that indi indicates cates some foreign subtance subtance is coming out of the column. Suitable for all types of analytes. 3) Electron Capture Detector (ECD): It is an example of a selective detector. The detector consists of a beta emitter such as 63Ni. The emitted electrons ionize the mobile phase, which is usually N2, resulting in the production of additional electrons that give rise to an electric current between two electrodes. When a solute with a high cross section for the capture of electrons elutes from the column, the electric current decreases. This decrease in electric current serves as the signal. The ECD is highly selective toward solutes with electronegative functional groups, such as halogens, and nitro groups gr oups and is relativel relat ively y insensitive insensitive to amines, alcohols, and hydrocar hydrocarbons. bons. It is widely used in the analysis of environmental samples.
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4) Other detectors include MS spectrometer, FT-IR etc.,



Techniques: Temperature programming: involv involves es increasing increasing the column column temperature continuously cont inuously or in steps during elution. Kovats retention index system: * Kovats retention ret ention index is a method method of o f quantifying quantifying the relative elution times of compounds in gas chromatography to help identify the components of a mixture. The principle is - for a homologous series of compounds, the logarithm of the retention time is directly proportional to the number of carbon atoms. Retention index = I = 100 x no.paraffinic carbons e.g. For n-pentane, the Kovats index is 500, and for n-octane it is 800. Advantages: * Fast analysis * Can be automated * Small samples are sufficient * High resolution * Non-destructive * Highly accurate quantification * Allows on-line coupling, e.g. to MS (mass spectrometer)



Disadvantages: * Limited to volatile samples. These compounds must be stable below 400 oC * Temperature of column is usually limited to ~ 380°C * Analytes should have b.p. below 500 °C * Not suitable for thermally labile samples * Samples must be soluble and do not react with the column * Requires spectroscopy (usually MS) to confirm the peak identity. * Slow injection of large samples results in decreased resolution.
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HPLC (HIGH PERFORMANCE LIQUID CHROMATOGRAPHY) * In High-performance liquid chromato chromatography graphy (HPLC), the t he separation is achieved by a pressurized flow of liquid mobile phase through the columns containing a microparticulate solid support. Features: * Pressurised flow of liquid mobile phase. * Stationary phase may be - a solid as in case of adsorption type of columns; - or a liquid which is supported on a solid support. e.g. partition type * The microparticulate micropar ticulate solid so lid support is usually made made up of silica or chemically modified silica silica like siloxane. * Non volatile solutes can also be separated. * Though high pressure is used, the performance is not due to pressure. It only increases the flow fl ow rate. r ate.
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Types of HPLC: 1) Partition chromatography: * liquid-liquid type. * More common method. * The stationary phase is a liquid which is immiscible with the liquid mobile phase and is supported support ed on a solid matrix either by simple simple adsorption process pr ocess or by chemical chemical bonding bonding (bonded stationary phase). e.g. water or triethy triethyle lene ne gl glyc ycol ol on sil silic icaa gel - liq liqui uid d liqu liquid id type organosiloxanes - bonded type * Applicable for the separation of polar or non polar analytes with low molecular weights. * It is of two types again depending on the polarity of the solid phase used. 1) Normal phase partition chrom chromatography: atography: The stationary phase is polar while the mobile phase is non polar. In this type, the least polar analyte is eluted first. 2) Reversed phase partition chromatography: The stationary stat ionary phase is non polar while the mobile phase is polar. In this type, the most polar analyte is eluted first. 2) Adsorption or liquid-solid liquid- solid chromatography: * Stationary phase is a solid. * Usually non polar stationary stat ionary phases based based on charcoal or polar stationary st ationary phase like like silica silica or alumina are used. * By using this method it is possible to separate the isomeric mixture like meta and para substituted benzenes, which is not possible by other methods. 3) Ion exchange: * Stationary phase is an ion exchange resin. * Resins may be of two types i.e., 1) cation exchange and 2) anion exchange * Ion exchange chromatography is of two types i.e., 1) suppressor based 2) single column * The detector usually employed is a conductivity detector. * In suppressor-based ion chromatography, the ion-exchange column is followed by a suppressor column or by a suppressor membrane that converts an ionic eluent into a non-ionic species that does not interfere with the conductometric detection of analyte ions. * In single-column ion-exchange chromatography, analyte ions are separated on a low-capacity ion exchanger by means of a low-ionic-strength eluent that does not interfere with the conductometric detection of analyte ions.
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4) Size exclusion: * Used for molecules having MWs’ greater than 10,000. * Stationary phase is a porous material. * Separation is based on the size of the solute particles. * Separation mechanism is sieving and not partitioning. * The large molecules molecules are eluted first as they are excluded from the small pores (not ret retained ained with in the pores). * The small molecules permeate through the pores and strongly retained and hence are eluted last. * It is again divided into 1) Gel filtration:- is a type of size-exclusion chromatography in which the packing is hydrophilic. It is used to separate polar species. 2) Gel permeation:- is a type of size-exclusion chromatography in which the packing is hydrophobic. It is used to separate non polar species.
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5) Affinity chroma chromatography: tography: * The stationary phase contains a covalently bonding a reagent called an affinity ligand on a solid support. When the sample is passed through the column, only those analytes binding selectively to the affinity ligand are retained. Remaining molecules pass through the column. After removing the undesired molecules, the retained molecules are eluted by changing the polarity of the eluent. * Usually antibodies, enzym enzymee inhibitor inhibitorss are a re used u sed as affi affinity nity ligands. * It is used to purify large biomolecules like proteins, enzymes, DNA etc., 6) Chiral chromatography: * A chiral stationary phase is used to separate enantiomers. The stationary phase preferentially complexes complexes to an enantiomer. Techniques used in HPLC Sparging: is a process in which dissolved gases are swept out of a solvent by bubbling an inert and insoluble gas. Isocratic elution: The solvent composition remains constant through out the elution. Gradient elution: The composition of the solvent is changed during the elution.



Detectors used in HPLC * The detectors used in HPLC are based on UV-Visible absorption, fluorescence, conductivity or of mass spectroscopy type. Some other important points: * Adsorption chromatography and gel permeation chromatography are most suitable for non polar solutes. * Ion exchange and gel filtration are most suitable for ionic solutes. * For non ionic polar solutes, partit partition ion chromato chromatography graphy is is more more often used. Additional questions 45.1) Explain why an excess of supporting electrolyte is added to electroactive species in polarographic analysis?
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Ans:: In polarography Ans polarography,, a hi high gh concen concentration tration of an elec electrochemi trochemicall cally y in inert ert background background or a supporting electrolyte is added to the solution to suppress the migration of electroactive species speci es towards the electrodes by electrostatic attraction. attr action. The supporting electrolyte ensures that the double layer remains thin with respect to the diffusion layer, and it establishes a uniform ionic strength throughout the solution, even when ions are produced or consum consumed ed at the electrodes Usually a potassium or quaternary ammonium salt can be used as supporting electrolyte. 45.2) The value of E 3/4-E1/4 (in millivolts) from a polarogram, for a two electron reversible reduction reaction is: a) - 56.4 b) +56.4 c) -28.2 d) +28.2



Ans: E3/4 -E1/4 =



- 56.4



mV n Where n = no.of electrons electrons transferred
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Hence for two electron reduction, the value is -28.2 mV. H.W: Deduce the above equation and confirm yourself.



45.3) What are the different waveforms waveforms used in voltammetry voltammetry? ?



Ans: An s:



Line Li near ar scan: scan: e.g. polarograph polarography y, hydrody hydrodyna nami micc voltamm voltammetry etry..



  e   g   a    t    l   o   v    d   e    i    l   p   p    A



time



Differential Diff erential pulse: e.g. diff differential erential polarography polaro graphy..



  e   g   a    t    l   o   v    d   e    i    l   p   p    A



time



Square wave: e.g. square wave voltammetry.



  e   g   a    t    l   o   v    d   e    i    l   p   p    A



time
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  e   g   a    t    l   o   v    d   e    i    l   p   p    A



Triangular: e.g. cycli cyclicc voltammetry volt ammetry..



time



45.4) What is hydrodynamic voltammetry. Ans:- Linear-scan voltammetry in which the solution or electrode is kept in motion is called hydrodynamic voltammetry. 45.5) A substance undergoes a two electron reversible reduction at dropping mercury electrode, and gives a diffusion current of 7.5 m  . When the potential at the dropping mermer-
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cury electrode is - 0.615 V, V, the current is 1.5 m  . The E1/2 (in volt) will be: a) -0.683 Ans:- Equations:



b) -0.674



E=E  O



0.05 9



E1/2 =E  O



n



log



0.059 n



i



id  i



c) -0.652







0.059 n



d) -0.633



1/ 2



 D  log  red    Dox 



1/ 2



 D  log  red    Dox 



Therefore:



E1/2 - E =



0.059 n



E1/2 - (-0.615 15)) =



log



i



id   i



0 .0 5 9 2



E1/2 + 0.615 = 0.03 log



log



1



4



1 .5



7 .5  1 . 5



 0.03 log 4  0.018



E1/2  0.018  0.615  0.6 33 V 



45.5) Why ampertometric titration is better method than polarographic method for quantitaive analysis? Ans:- Amperometric titrations are not affected by supporting electrolytes. 45.6) What is overpotential? Ans:- Overpotential is the difference between the potential actually required to initiate an oxidation or reduction reaction, and the potential po tential predicted predicted by the Nernst equation. 45.7) In a chroma chromatographic tographic analysis of lemon oil a peak for limonene has a retention time of  8.36 min with a baseline width of 0.96 min.   -T -Terpinene erpinene elutes at 9.54 min, with a baseline width of 0.64 min. What is the t he resolution between the two peaks? Ans:2t  R 2(9.54  8.36)  RS    1.48 w A  wB 0.64  0.96
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45.8) Describe the functioning of following detectors used in gas chromatography. chromatography. 1) FID - Flame Ionization Detector 2) TCD - Thermal Conductivity Detector. Detector. Ans:- FID - Flame Ionization Detector:- The column effluent, containing organic compounds, is burned in a H 2 flame. As a result various ions (like CHO +) are formed. These ions create an electrical current that can be detected by holding a potential of a few hundred volts between the burner tip and a second electrode located above the flame. The signal is directly proportional to the number of reduced carbons in the column effluent. It is mostly suitable for organic compounds. TCD - Thermal Conductivity Detector:- The detector contain containss two resis resistors tors in identical identical heated chambers, one of which is surrounded by the column effluent gas, the other is surrounded by the identical gas with an identical flow, but it has not passed through the column. When the column effluent contains other molecules, it conducts heat slightly differently so the resistor has slightly different temperature. This gives a signal that indicates some foreign subtance is coming out of the column. Suitable for all types of analytes.
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45.9) A chroma chromatographic tographic peak is determined to t o have a retention time (t R) and baseline peak width (w) of 3.756 and 0.412 min, respectively. respectively. The number of theoretical plates (N) for the peak is: 2



2



0.412  t  3 Ans:-  N   16   R   16    1.35 x 10  w  3.756 



45.10) What is gradient elution and how does this differ from from an isocratic separation? What advantage does gradient elution have over isocratic separations? Ans:- Gradient elution is the process of varying the composition of the mobile phase during the separation. In isocratic separations the solvent compostions are kept constant. A gradient elution has advantage over the isocratic one as it will allow for the separation of species with a broad spectrum of polarities within shorter times than isocratic separations. In isocratic separations, the elution times are longer. 45.11) A polar compound is gas chromatographed on an SE-30 (very non-polar) column and then on a carbowax 20M 20M (very polar) column. How will K = c S /cM vary between the two columns? Ans:- A polar compound binds strongly with the polar stationary phase and hence the c S for carbowax 20M will be more than the c S for SE-30. Therefore Kcarbo20M > KSE-30. 45.12) In a chromatographic analysis analysis , butyric acid elutes with a retention time of 7.5 min. The column’s void time is 0.5 min. Calculate the capacity factor for butyric acid.



Ans:- retention factor or capacity factor = k  



t R  t M  t  M 







7.5  0.5 0.5



 14



45.13) How does the capillary column achieve more resolution resolution over the packed column setup in gas chromatography? chromatography? Ans:- Consider the terms in the van Deemter equation: H = A + B/u + Cu. A – It is a multiple path factor. In capillary column there is only one path and hence this



 27



Prepared by V. Aditya vardhan



adichemadi(at)gmail.com adichemadi(at)gm ail.com



WARANGAL



factor is not a consideration. B/u – this is the longitudinal diffusion term which tells us that the longer the time the analyte band spends in the column the more dispersion. This is the most significant of the three terms in the band broadening characteristics of the van Deemter equation. Flow of the mobile phase through a capillary column is relatively unimpeded when in comparison with a packed column. This allows for a faster mobile phase flow rate through the column. Cu – The mass transfer between the mobile phase (m.p) and the stationary phase (s.p) term is of less importance in the GC capillary column. 45.14) Briefly explain how the mercury working electrode is produced for anodic stripping voltammetry. Ans:- Hg2+ in the aquous solution is reduced to Hg° metal, coating the working electrode. 45.15) Substances A and B were found to have retention times t imes of 17.30 and 19.92 minutes respectively on a 25.0 cm column. c olumn. The widths (at the base) for A and B were 1.10 and 1.22 minutes respectively. respectively. Calculate resolution, resolution, the average number of plates plates in the column and the plate height..
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Ans:- Resolution =  RS 



t R, A  t R, B



0.5(w A  wB )







17.3  19.92



0.5(1.1  1.22)



 32.086



Calculation of number of plates, N 2



2



 t  R   17.3  N for substance A = 16    16    3957 1.1 w     2



2



 t  R   19.92  N for substance B = 16    16    4265 w 1.22     Hence the average no. of plates = Plate height, H =



 L



 N 







25



4111



3957  4265 2



 4111



 0.000608 cm



45.16) Describe two advantages of open tubular columns over packed columns columns in gas chromatography. Ans:- 1. Better separations – there is essentially no multiple path band broadening, and the equilibration time between stationary and mobile phases is fast, giving a smaller C term. 2. Lower operating o perating pressures pressures – do not need to t o force flow through packed column, column, so much longer columns can be used. This results in more theoretical plates. Practice questions 1) In a polarogram,the wave height is a measure of  (a) migration current (b) diff diffusion usion current (c) re residual current (d) de decomposition current



2) One of the following is not related to polarography a) limiti ting ng cu curre rrent nt b) di diffus usiion cu curre rren nt con consta stant nt d) current efficiency c) Ilkovic equation 3) A stude student nt recorded recorded a polarogram polarogram of 2.0 mM mM Cd+2 solution and forgot to add KCl solution.
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What type of error do you expect in his results? a) only migration current will be observed b) only diffusion current will be observed c) both migration current current as well as diffusion current will be observed d) both cathodic current as well as diffusion current will be observed 4) The half wave potential for a reversible reduction of a metal ion in polarography is independent of  (a) concentration of the supporting electrolyte electrolyte (b) concentration of the electroactive species (c) concentration of the complexing agent (d) temperature of the t he solution solution 5) T he E1/2 in polarographic reversible reduction is dependent on the
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a) co conc ncen entra trati tion on of th thee meta metall ion c) limiting current



b) di difffus usiion cu curre rrent nt d) nature of the metal ion.



6) Which of the following is static interfacial electro-analytical method? 3) Potentiometry 1) Coulometry 2) Polarography 4) Amp Amperometry erometry 7) In polarography, if ‘m’ is the mass of the mercury drop and ‘t’ is the drop time, the diffusion current is proportional proport ional to 2 1



2 1



a) m 3 t 3



b) m 3 t 3



2 1



c) m 3 t 6



8) The nature of excitation signal used for cyclic voltammetry is c) triangular a) linear scan b) diffrential pulse 9) Match of the following P) coulometry Q) ion select ive elect rode R) polarography S) amperomet ry



a) P - II b) P- I c) P- VI d) P- III



Q-IV Q -II Q -V Q-IV



3 1



d) m 2 t 6



d) square wave



I) dropping mercury electrode II) current ef efficiency III) dead stop end point IV) membrane potent ial V) conductometer VI) actinom actinometer eter



R-I R- III R -III R-I



S - III S- V S -IV S - VI



10) For a redox reaction Cd 2+ + 2e -  Cd , the (Ep)anodic observed in cyclic voltammetry at hanging mercury drop electrode is -650 mV Vs SCE. The expected value for (E p)cathodic is d) -621mV a) -708 mV b) -679 mV c) -650 mV Hint:



ca th tho di dic  p



E







an od od ic ic p



E







57 n



mV  



11) A polarogram is obtained when _____ is plotted against _____ b) current, applied potential a) current, time
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d) current, concentrat ion



12) The ratio between peak anodic current to peak cathodic catho dic current in cycli cyclicc voltammetry for for a reversible redox reaction will be: c) =1 a) >1 b) 


d) All



14) Choose the incorrect statemen stat ement. t. 1) Electrode potential is kept constant through out the experiment in amperometry. 2) The indicator at which the analyte undergoes redox reaction is called working electrode. 3) Current is allowed to flow through the reference electrode and its potential is altered throughout the experiment. 4) A potentiometer is used to measure the potential of electrochemical cell under the conditions of zero current. 5) Dropping mercury electrode is a polarizable working electrode.
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15) The faradaic current flowing as a result of a redox process at the electrode surface when the migration and convection effects are completely eliminated is called as __________ . (ans: diffusion current) 16) Which of the following represents the ilkovic equation? 1) id   708 nCD1/ 2 m1 / 3t 1 / 6



2) id   708nCD1 / 3 m 2 / 3t 1/ 6



3) i d = 708nCD1/2m 2/3 t1/6



4) id   708nCD1 / 2 m 2 / 3t 1/ 3



17) Choose the correct statement(s). A) Half-wave potentials are dependant on the concentration of electroactive species. B) The polar polarogram ogram obtained for each electroactive species exhibits a sigmoidal curve. C) The residual faradaic current that arise from O2 as impurity is eliminated by purging the analyte solution with N2. D) In coulometry, the analyte is either partially reduced or oxidized. 18) Which of the following is dependant on the scan rate in cyclic voltammetry? a) peak volta tag ge pot oteenti tiaal b) th thee vol olta tag ge seperati tio on betw tweeen current pe peaks c) peak currents d) Both Bot h peak voltage potentials and and peak currents. 19) The value of E 3/4-E1/4 from a polarogram can be given by the equation: 1) E3/4 -E1/4 = 56.4mV 3) E 3/4 -E1/4 =



+ 56.4 n



mV



2) E3/4 - E1/4 =



4) E 3/4 -E1/4 =



- 56.4 n



- 56.4 n2



mV



mV



20) One of the difficulty in working with dropping mercury electrode is: 2) Non constant surface area 1) Constantly renewed surface area 3) Insolubility in analyte solution 4) All H.W: Is there any other disadvantage?
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21) The function of the reference electrode in coulometric analysis is to a) control the potential pot ential of the cathode b) control the t he potential of the anode c) enable the measurement of the potential of the auxiliary electrode d) enable the measurement of the potential of the t he working electrode. 22) Which of the following is an ion selective electrode? 1) dropping mercury electrode 2) hydrogen electrode 4) glass electrode 3) quinhydrone electrode 23) The diffusion current in a polarogram is proportional to a) the residual current b) the migration current c) the wave height d) the t he concentration concentration of the supporting electrolyte electrolyte
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24) The incorrect statement among the following is: A) In constant potential coulometry, the amount of substance deposited during electrolysis depends only on the applied current. B) In potentiometric titrations, the resultant potential pot ential is a function of the amount of titrant t itrant added. C) In amperometry, the voltage applied between the indicator electrode and reference electrode is constant. D) In colorimetry, the absorption is measured at a fixed wavelength characteristic of the coloured species. Explanation: In coulometry, the major drawback is efficiency of current.



25) Of the samples below, which is best suited for separation by gas chromatography a) a mixture of proteins with masses in the range of 1,000-5,000 daltons b) a mixture of low molecular weight alcohols and ketones with boiling points below 100°C c) a drinking water sample suspected to have high levels of Pb 2+ and other metal ions d) a mixture of drug compounds susceptible to decomposition above 120°C 26) Of the following compounds, which would you expect to elute first from a gas chromatography column? a) Methanol b) Et hanol c) n-Propanol d) n-Butanol Explanation: Due to lowest boiling point and hence high vapour pressure (but not just due to low molecular weight) 27) Which type of injector is most commonly used for capillary GC chromatography? c) Split injector a) Pu Purge and tr traap b) Sp Splitl tleess injecto torr d) Loop inj injector ector Why?: for injecting small volumes. 28) Which of the following is not a common detector for gas chromatography? a) Refractive index detector b) Flame ionization detector c) Thermal conductivity detector d) Mass spectrometer Explanation: Refractive index detector is an HPLC detector.
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29) In gas chromatography, if two solutes with short retention times co-elute (i.e. are not resolved), what is the simplest way to attempt to resolve the peaks? a) Use a longer column b) Use a higher column temperature c) Use a lower column temperature d) Use a more polar solvent Explanation: At lower temperature elution times are longer. 30) How does band broadening by eddy diffusion depend upon the flow rate of the mobile phase? a) the height equivalent to a theoret t heoretical ical plate plate increases with an increase in in the flow rate of the t he mobile phase. b) the height equivalent to a theoretical plate decreases with an increase in the flow rate of  the mobile phase. c) the height equivalent to a theoretical plate is independent of flow rate of the mobile phase. d) There is insufficient information to answer the question.
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31) The correct order of elution of the following solutes in reversed phase HPLC is: Cl



A)



, B)



1) A, A, B, C, D



, C) HO



OH



2) C, D, B, B, A



and D)



OH



3) C, D, A, B



4) B, A, D, C



Explanation: In reverse r everse phased HPLC, the t he stationary stat ionary phase is non non polar po lar and the mobile phase is polar. Hence the more polar ethylene glycol (C) will have more affinity with the mobile phase and elutes first. The least polar (non polar) benzene is eluted last. 32) Which of the following detectors is commonly used in gas chromatography? 2) Flame ionization 1) Fluorescence 3) At omic absorbance 4) All



33) The resolution term in chromatographic separations is proportional to _____ . (ans: L 1/2) 34) The most common mobile phases in GC are _____ . (ans: H 2, He and N2)



35) Which is the best match between detectors used in GC and compounds to which thery are sensitive? 1) Therm Thermal al Cond Conducti uctivi vity ty Detec Detector tor (TCD) (TCD) P) N & P conta contain inin ing g compou compound ndss 2) Fl Flame-I -Ion oniizati tion on Dete teccto torr (F (FID ID)) Q) All ty typ pes of species 3) Electr tron on Captu ture re Dete teccto torr (E (EC CD) R) Organic com omp pou oun nds 4) Nitr Nitroge ogen n Ph Phosp osphor horus us Detec Detector tor (NPD) (NPD) S) Ele Electron ctron wi withd thdraw rawiing sp speci ecies es.. Answer: Ans wer: 1-Q, 2-R, 3-S, 4-1 36) Of the following compounds, which would you expect to elute last from a reverse-phase liquid chromatography column? a) Methanol b) Et hanol c) n-Propanol d) n-Butanol
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Explanation: n-Butanol is least polar and hence elutes last. It has less affinity with polar mobile phase but stronger affinity with non polar stationary phase. 37) Match the following.



1) A relatively simple, universal universal gas chromatography detector 2) A gas chromatography detector that has no response to water. 3) The “A” term of the van Deemter Deemter Equation 4) The “B” term of the van Deemter Equation 5) The “C” term of the van Deemter Equation 6) A polar gas chromatography stationary phase 7) The solution or gas (mobile phase + solutes) entering the chromatograp chromatographic hic column. 8) The solution or gas exiting the column. 9) The most selective kind of  chromatography; it employs specific interactions between an immobilized molecule and a solute 10) A type of chromatography in which charged charge d solutes are attracted to the t he stationary phase by electrostatic forces. Answer: 1-O, 2-G, 3-K, 4-I, 5-F, 6-N, 7-D, 7- D, 8-C,



A) Adsorption Chromatography B) Affinity Chromatography C) Eluate D) Eluent E) Elution F) Equilibration between Stationary and Mobile Phases Term G) Flame Ionization Detector H) Ion Exchange Chromatography I) Longitudinal Diffusion Term J) Molecular Exclusion Chromatography K) Multiple Path Term L) Partition Chromatograph Chromatography y M) Polydimethylsiloxane N) Polyethylene Glycol O) Thermal Conductivity Detector
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38) In HPLC, smaller stationary phase particles result in a) higher operating pressures for the same flow rate. b) smaller plate heights. c) better separation separations. s. d) higher column costs. e) All of the above are correct.



39) Which of the following measurements involves scanning an applied voltage: a) electrogravimetry b) coulomet ry c) voltammetr voltammetry y d) potentiometry



40) Which of the following graph most accurately depicts the variation of Height, H of  theoretical plate with the flow rate of mobile phase?
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41) In a linear sweep voltammetry experiment, the identity of the analyte that is undergoing reaction is reflected by: a) one-half the voltage at which the limiting current is reached b) the voltage at which current begins to flow c) the current at one-half the limiting current d) the voltage at which the current is one-half the limiting current 42) Which of the following methods is based on minimal current flow? a) coulometry b) voltammetry c) potentiometry d) amperometry



43) In gas chromatography, if a solute is retained too long it can be made to elute more quickly by b) using a higher column temperature. a) using a longer column. c) us using a low oweer col colu umn te tem mper erat atu ure d) us usiing a mor oree po pollar sol solv vent. 44) A student plans to use HPLC to separate two co-solutes, X and Y, using an absorbance detector. First, he needs to select the wavelength   to record a chromatogram. He knows that: * at   = 317 nm the molar absorptivities,   of both X and Y are low * at   = 255 nm the molar absorptivity,,   of X is low, but that of Y is high * at   = 379 nm the molar absorptivity,,   of X is high, but that of Y is low



* at   = 411 nm the molar absorptivities,   of both X and Y are high * and the HPLC detector has working range 300-600 nm For best result, the t he student should set   equal to: d) 411 nm a) 317 nm b) 255 nm c) 379 nm 45) To improve resolution in a chromatographic separation, you must A) decrease the number of theoretical plates on the column B) increase the height of the theoretical plates on the column
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C) increase both the number and height of the theoretical plates on the column D) increase the number of theoretical plates on the column 46) An Analy Analyst st loaded a mixtur mixturee of two compounds, X and Y, Y, onto ont o C18 column. After After 20 min run, only 1 peak appeared in chromatogram. What are possible causes of this outcome? (a) one of the compounds, X or Y, is markedly non-polar and has not been eluted yet. (b) both compounds, X and Y, happen to elute at the same time (c) one among them, X or Y, does not absorb at the wavelength   used for detection (d) all of the above 47) Which of the following analytical methods is based on the measurement of the quantity of  electrical charge required to convert a sample of analyte from one oxidation state to another? a) electrogravimetry b) pot entiometry d) coulometry c) absorbance
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48) In a chromatographic analysis, increasing the flow rate of the mobile phase would A) decrease broadening due to longitudinal diffusion B) increase broadening due to mass transfer between mobile and stationary phase C) increase broadening due to multiple paths through particles of stationary phase D) Both A and B 49) The following statement describes which type of GC detector? The eluate is burned in mixture of hydrogen and air and compounds that contain carbon and hydrogen produce CH radicals that react with O atoms to produce electrons. The electrons flow to the cathode and the current measured is proportional the amount of analyte. 2) FID 1) TCD 3) MS 4) ECD 50) Which type of chromatography involves the analyte being attracted to specific groups covalently attached to the stationary phase? 3) Affinity 1) Partition 2) Adsorption 4) Ion-exchange 51) The order of elution of ions in an ion-exchange chromatography filled with resin with NH3+ groups is: a) Al3+, Ba2+, Ag Ag+, H+ b) H+, Ba2+, Ag Ag+, Al Al3+ c) H+, Ag+, Ba2+ , Al3+ d) H+, Ag Ag+, Ba2+ , Al Al3+ Note: The ions with more charge and small size are binded to the resin strongly and eluted last. 52) Which of the following detectors in GC allows for both identification and quantification of an unknown peak in a sample? 1) Mass spectrometer 2) Flame ionization 3) Thermal conductivit y 4) Sulfur ch chemiluminescence 53) Reversed-phase HPLC of a multi-component sample usually uses A. elution with a polar solvent B. gradient elution from a less polar to a more polar solvent C. elution with a non-polar solvent D. gradient elution from a more polar to less polar solvent Note: Hence the more polar analyte will elute first. Remember in Reversed-phase HPLC the solven is polar whereas the stationary phase is non-polar.
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In case of normal phase HPLC, the polarity of the solvent is increased during gradient elution. 54) Choose the INCORRECT statement(s). A) Resolution of a column in column chromatography can be improved by decreasing the peak widths. B) Peak width is a kinetic effect associated with the solute’s movement within and between the mobile phase and stationary phase. C) The time of separation between two peaks ( t  R ) in chromatogram can be improved by increasing the column’s selectivity for one of the analyte. D) In chromatography, column efficiency always decreases when the length of the column is increased. 55) a) In a reverse-phase separation, predict the order of elution for the following compounds: a) first: ethyl acetate – diethyl ether – butanol:last b) first: diethyl ether – ethyl acetate – butanol:last c) first: diethyl ether – butanol – ethyl acetate:last d) first: butanol – ethyl acetate – diethyl ether:last
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56) In a liquid chromatographic separation you could change the selectivity factor,   , most directly by changing the __________ . (ans: composition of the mobile phase) 57) Which of the following statements is wrong? 1) The diff diffusion usion coefficient, coefficient, DM has a greater effect in gas chromatography than in liquid chromatography. 2) The number of theoretical plates will be more in case of GC than in case of HPLC. It is due to longer columns used in GC. 3) The minimum value of resolution of two peaks considered to be completely resolved is 1.5. 4) All are correct 58) When an AC arc is produced between two carbon electrodes electro des in helium helium atmosphere, the soot soo t that is collected will be rich in buckyballs buckyballs like C60 and C70. When this mixture mixture is subjected to t o size exclusion chromatography, the C 60 is eluted before C70 and other higher fullerenes. This is contrary to the expectation (that is, usually the heavier ones are eluted first in the size exclusion chromatography). The reason is: 1) C60 is more polar than the other fullerenes. 2) C60 has lower surface area area than the other higher fullerenes and is less retained on the surface of the gel used. 3) C60 has foot ball shape. 4) C60 is less polar than the other fullerenes. 59)
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