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Table I. Determination of Termonomer in EPDM-Comparison of Methods (Data Shown as Weight Per cent Termonomer) Lee, Kolthoff, Kemp and Identification NMR and Johnson Peters of termonomer 7.3 5.0 Dicyclopentadiene 3.8 4.7 Dicyclopentadiene 1.1 1.6 , . . 1,4-Hexadiene 4.8 6.6 ... Dicyclopentadiene 4.1 4.3 ... Dicyclopentadiene 1.9 2.9 ... 1,4-Hexadiene 2.0 1.8 ... Ethylidene norbornene 9.6 7.7 ... Ethylidene norbornene 9.0 10.4 ... Ethylidene norbornene 4.6 4.8 ... Ethylidene norbornene 5.7 5.9 9.0 Ethylidene norbornene 2.8 3.6 4.5 Ethylidene norbornene 1.7 2.3 4.8 Ethylidene norbornene 4.6 5.4 6.0 Ethylidene norbornene I
 
 .
 
 .
 
 . I .
 
 containing each of the above mentioned termonomers. Ethylidene norbornene has a broad band at 12.35 p ; dicyclopentadiene has a broad band at 14.3 p and a weak band at 10.55 p ; and 1,Chexadiene has a strong sharp band at 10.35 p and a weak band at 11.25 p. Although these termonomers have absorptions at other wavelengths, we have found the above wavelengths to be the most useful for identification. Quantitative Analysis of Termonomer. The Kemp and Peters method is a n accurate way of determining unsaturation in highly unsatuated polymers. The method, however, generally gives high results on rubbers with low unsaturation, such as butyl rubber. Lee, Kolthoff, and Johnson ( 5 ) introduced a n unsaturation
 
 procedure for butyl rubber which minimized the effect of branching of the polymer during the reaction of IC1 with the polymer. Side reactions due to branching of the polymer were the explanation for the high results obtained on butyl rubber using the Kemp and Peters method. Table I compares the amount of termonomer found by this N M R method to the Kemp and Peters and Lee, Kolthoff, and Johnson methods. Actually the per cent unsaturation is found by the latter two methods and the weight per cent of termonomer is calculated from the unsaturation data. The first three samples in Table I were prepared in our laboratory and the remaining ones were commercial samples from different manufacturers. The termonomers were identified by N M R and infrared. Table I shows that the data obtained by the N M R method agree more closely with the Lee, Kolthoff, and Johnson method than with the method of Kemp and Peters. The difference between the latter two methods is best explained on the basis of side reactions occurring between the IC1 and polymer because of branching near the double bond ( 5 ) . The reason for the difference between the N M R and Lee, Kolthoff, and Johnson methods is not clear. The reproducibility of the N M R method was *lo t o 1 5 z . Although side reactions were minimized with butyl rubber by the Lee, Kolthoff, and Johnson method, this may not be the case with EPDM. Reaction of IC1 with EPDM's containing different terrnonomers could differ and consequently lead to varying side reactions. Different termonomers should not effect the NMR results. RECEIVED for review March 13, 1970. Accepted June 15, 1970. The authors thank the Firestone Tire and Rubber Company for permission to publish this work.
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 Spectrophotometric DeterminationI of Sulfur Dioxide Amir Attari,l T. P. Igielski, and Bruno Jaselskis Department of' Chemistry, Loyola University, Chicago, Ill.
 
 MICROAMOUNTS of sulfur dioxide are commonly determined by the West-Gaeke and modified colorimetric methods (1-7). These methods are primarily based on the use of acid bleached pararosanaline in the presence of formaldehyde with sulfur dioxide. All of these methods are quite sensitive and specific, but require very close controls t o achieve satisfactory precision. Stephens and Lindstrom (8) recommended an alternative method for the determination of sulfur dioxide based on the 1
 
 Present address, Institute of Gas Technology, Chicago, Ill.
 
 (1) P. W. West and G. C. Gaeke, ANAL.CHEM., 28, 1816 (1956). (2) P. W. West and F. Ordovea, ibid., 34, 1324 (1962). (3) A. J. Steigmann, J. SOC.Chern. Znd., 61-18 (1950). (4) S. Atkin, ANAL.CHEM., 22, 947 (1950). (5) P. F. Urone and W. E. Boggs, ibid., 23, 1517 (1951). (6) R. V. Nauman, P. W. West, F. Tron, and G. C. Gaeke, ibid., 32, 1307 (1960). (7) F. P. Scaringelli, B. E. Saltzman, and S. A. Frey, ibid., 39, 1709 (1967). (8) B. G. Stephens and F. Lindstrom, ibid., 36, 1308 (1964). 1282
 
 reduction of iron(II1) by sulfur dioxide in the presence of 1, 10-phenanthroline and the subsequent formation of tris-1 , 10-phenanthroline iron(II), Fe(II)phen8*+. This method yields satisfactory results when the reduction is carried out at 50 "C. In the Stephens-Lindstrom method the amount of Fe(I1)phen32+ produced in the reaction of the Fe(II1) varies not only with the amount of sulfur dioxide but also with the temperature. In our laboratory we have modified the StephensLindstrom method by introducing acetate ion for the formation of a labile iron(II1) acetate phenanthroline species and, furthermore, we elucidated the stoichiometry of the reaction at various temperatures. EXPERIMENTAL Apparatus. A Cary Model 14 and Beckman DB Spectrophotometers were used for the absorbance measurements. The p H of the solutions was determined by a Corning Model 12 research p H meter. Known amounts of sulfur dioxide were introduced into the absorption flask either from a standard aqueous solution or from a gas flow system shown in Figure 1. The absorption train for the standard sulfur
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 WATER FLOW
 
 PURlF AIR
 
 FOR INTRODUCING CONTAMINATING GASES ABSORBER
 
 Figure 1. Gas Bow diagram dioxide atmosphere contained a supply of purified air or nitrogen, a flow meter, a constant temperature (30 “ C ) enclosure for the permeation tube followed by a copper sulfate on pumice absorption tube and a gas washing bottle for the absorption of sulfur dioxide thermostated at various temperatures. A Sage syringe pump was used to inject the interfering gases into the gas stream. Atmospheric sulfur dioxide was measured after drawing the air with a pump through a Brooks flowmeter, the copper sulfate on pumice absorption tube (9) and then through the gas washing bottle. Reagents. Permeation tube (10, 11) containing liquid sulfur dioxide with diffusion rate of 2.29 pg of sulfur dioxide per minute was obtained from the Polyscience Corporation. The permeation rate of SO2 was determined accurately after the conversion of SO2 to hydrogen sulfide using high temperat ure catalytic hydrogenation method (12, 13). Aqueous sulfur dioxide (2 to 4 X 10-4M) solutions were prepared by dissolving reagent grade sodium bisulfite in deaerated 5 aqueous glycerol solution. The solution was stored in a Machlett buret under nitrogen and was daily analyzed for sulfur dioxide by the iodimetric method. A 0.005M ferric solution was prepared by dissolving the Baker Analyzed ferric ammonium sulfate in 0.1M perchloric acid. The dissolution of the ferric salt was brought about by adding concentrated perchloric acid to a small amount of water and gentle heating. A 0.05M 1,lO-phenanthroline solution was prepared by dissolving 1,lo-phenanthroline monohydrate G . F. Smith & Co., in absolute ethanol. Acetate acidacetate buffer, pH 4.5., (0.3M in acetic acid and 0.3M in sodium acetate) was prepared from the reagent grade chemicals. Interfering gases., such as H2S, CHdSH,NO, and NO2 were obtained from C.P. grade lecture bottles. Copper sulfate on pumice, 5-8 mesh, was prepared by impregnating evacuated commercially available pumice (Fisher Scientific Co.) with aqueous copper sulfate and vacuum drying at 80 OC. This was then packed in a tube I X 3/4 inches and was used for the absorption of mercaptans and hydrogen sulfide. Procedure. Reagent solutions for the absorption of sulfur dioxide were prepared in 50-ml volumetric flasks by mixing (9) “Applied Inorganic Analysis,” W. Hillebrand, G. E. F. Lundell, H. A. Bright, and J. I. Hoffman, Ed., John Wiley & Sons, New York, 2nd ed., 1955, pp 768-769. (10) A. E. O’Keeffe and G. C . Ortman, ANAL. CHEM., 36, 1308 (1964). (11) F. P. Scaringelli, S. A. Frey, and B. E. Saltzman, Amer. Znd. Hyg. Assoc. J.,28, 260 (1967). (12) D. M. Mason, Hydrocarbon Process., 43, 145 (1964). (13) “Standard Methods of Chemical Analysis” by W. W. Scott,
 
 5th ed., N. H. Furman, Ed., D. Van Nostrand Co. Inc., New York, Vol. 11, 1939.
 
 4.0 ml of acetic acid-acetate buffer, 2.0 ml of 0.005M ferric ammonium sulfate, 3.0 ml of 0.05M 1,lO-phenanthroline and diluting to volume. A 25.0-ml aliquot of the reagent mixture was added to a gas washing bottle (kept at 20 or 50 “C) and air or nitrogen containing sulfur dioxide was passed through the solution for a precisely measured period of time. After the addition of sulfur dioxide, the reaction was timed for 20 minutes and at the end of this period the absorbance was measured at 510 nm using 4.00- or 1.00-cm cells. A standard sulfur dioxide curve was prepared by passing nitrogen or purified air over a calibrated sulfur dioxide permeation tube for varying time intervals. The calibration curve was obtained by plotting the absorbance at 510 nm us. p g of sulfur dioxide (time in minutes x diffusion rate pg/min). The blank was prepared by adding all the reagents except the sulfur dioxide. No blank corrections were made in plotting the calibration curve. The unknown amount of sulfur dioxide in atmosphere was determined by passing 50 or 25 liters of air at the rate of 2.2 l./min through the reagent solution and measuring the absorbance after 20 minutes at 510 nm. The amount of bisulfite or sulfur dioxide in water solutions is determined by the addition of aqueous sulfur dioxide solutions to the reagent solution prior to the dilution to volume. The total volume of the reagent may be changed proportionally by adjusting the volumes of ferric ion and 1,lO-phenanthroline. Interference of formaldehyde, nitrous and nitric oxides, hydrogen sulfide, and mercaptans was checked by adding small amounts of these substances in the flow stream or directly into the reaction solution. RESULTS AND DISCUSSION
 
 The reduction of iron(II1) in the presence of acetate and 1,lo-phenanthroline by sulfur dioxide and the formation of tris-1,lO-phenanthroline iron(II), Fe(II)phen3*+, depends on the ratios of phenanthroline to iron(III), phen:Fe(III), iron (111) t o sulfur dioxide, Fe(II1) :SOs, temperature, and the nature of the buffer and pH. Furthermore, the oxidation of sulfite or sulfur dioxide may proceed either to dithionate or sulfate, primarily depending on temperature and the rate of sulfur dioxide addition to the reagent solution. The significance of these variables has been investigated and optimum conditions selected for the oxidation of sulfur dioxide and the reduction of iron(II1) in the presence of phenanthroline. The effect of iron(”, 1,lo-phenanthroline, pH, and sulfur dioxide is measured exactly at 20 minutes after the addition of sulfur dioxide which may be either from the passage of a sulfur dioxide atmosphere or the addition of aqueous sulfite solution. The dependence of theabsorbance ofFe(II)phen32fonthephen-
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 Table I. Absorbance as a Function of Sulfur Dioxide Absorbancea at 510 nm Amount of sulfur dioxide, pg Observed Calculatedb,c Aqueous bisulfite (1-cm cell) at 20 "Cb 0.00 0.045 i 0.002 0.000 13.77 0.150 f 0.004 0.098 27.55 0.250 i 0.003 0.195 55.10 0.435 i 0.003 0.390 82.62 0.590 f 0.004 0.585 110.00 0.745 =t0.004 0.780 137.60 0.885 i 0.005 0.975
 
 0.f 0.80
 
 In gas flow system (4-cm cell)
 
 at 20 "Cb 0.00
 
 2.29 4.58 6.87 11.45 16.03 20.61 I. .
 
 I
 
 0
 
 5
 
 I 10
 
 I 15
 
 T I M E , min
 
 Figure 2. Absorbance of tris-1,lO-phenanthroline iron(I1) formed as a function of time and temperature A . Reaction at 50 "C B. 25 ' C C. 4 X 10-3M dithionate at 38 "C in the presence of iron(U1) acetate phenanthroline species D. Blank of iron (111) phenanthroline species alone
 
 anthroline concentration is quite pronounced at molar ratios of phenanthroline t o iron(II1) less than 10 : 1 ; at higher molar ratios, the effect is relatively small. The increase of phenanthroline concentration tends to increase the absorbance of the blank, so that it is undesirable t o exceed the molar ratio of 20 to 1. The p H effect of the acetate buffers on the reduction of iron(II1) and the formation of Fe(II)phen32f is relatively small below a p H of 6.0. In this region the absorbance increases somewhat with increasing pH. At pH's higher than 6.0 the absorbance decreases and in slightly alkaline solutions the formation of Fe(II)phen32+is practically nonexistent. The presence and role of the acetate ion is critical, for the reduction of iron(II1) apparently due to the formation of a labile iron(II1) acetate-phenanthroline complex. The dependence of Fe (111) phen,3+ dissociation on the acetate and phosphate ions has been reported by Shakhashiri and Gordon (14). Buffer s o h tions containing phosphate or any other ions forming stable iron(II1) complexes hinder the reduction of iron(II1) and are unsuitable. Acetate buffers yield clear solutions and show small blank values at 510 nm. Nitrilotriacetic acid, NTA, has also been used for the formation of a labile iron(II1) chelate in the presence of 1,lO-phenanthroline for the determination of cysteine (IS). However, our observations indicate that the reduction of iron(II1) by sulfur dioxide requires closer control when using NTA as opposed t o acetate solutions. The reduction of iron(II1) by sulfur dioxide and the oxidation of sulfur dioxide t o dithionate is highly dependent on (14) B. A. Shakhashiri and G. Gordon, J. Amer. Chem. SOC.,91, 1103 (1969). (15) J. T. Bydelak and J. E. Podolski, ANAL.CHEM.,40, 1878 (1968). 1284
 
 0.130 f 0.003 0.210 i 0.008 0.275 i 0.004 0.350 i 0.005 0.510 f 0.005 0.655 f 0.005 0.840 f 0.005
 
 0.000
 
 0.063 0.126 0.188
 
 0.314 0.504
 
 0.567
 
 In gas flow system (4-cm cell) at 50 "CC 0.00 0.130 i 0.003 4.58 0.390 i 0.005 0.251 6.87 0.505 i 0.004 0.376 11.45 0.730 i 0.005 0.625 16.03 0.940 f 0.005 0.879 a Absorbance was determined using a solution containing 5 pmoles of iron(III), 75 pmoles of 1,lO-phenanthroline, and 2.0 ml of acetate buffer, pH 4.45, per 25 ml. The calculated absorbance was based on the molar absorptivity of Fe(I1) hen^^+ = 1.1 X 1O'M-I cm-'. The calculated value for aqueous bisulfite solutions and gas flow system at room temperature is based on the assumption that sulfur dioxide is oxidized to dithionate. The calculated value of the absorbance for the gas flow system was based on the oxidation of sulfur dioxide to sulfate.
 
 temperature and somewhat less dependent on the rate of sulfur dioxide addition to the reagent solution. With the rapid addition of aqueous sulfur dioxide solution at temperatures below 25 "C, the primary product is dithionate, S206*-. At temperatures higher than 25 "C, there is a mixture of dithionate and sulfate and at temperatures higher than 40 "C the primary product is sulfate. Formation of Fe(II)phen3*+ at various temperatures is shown in Figure 2 . It is clearly apparent that at 25 "C the absorbance, corrected for the blank, of Fe(II)phen32" is exactly one half the value at 50 "C. The presence of dithionate has been established by a qualitative procedure using iron(II1) perchlorate instead of ferric ammonium sulfate. If the addition rate of sulfur dioxide is slow, as in scrubbing air samples at 30 "C, an appreciable amount of sulfate is produced. Thus, a large excess of iron(II1) over sulfur dioxide facilitates oxidation of sulfur dioxide t o sulfate. Once the dithionate is formed, it is not oxidized readily by iron(II1) phenanthroline. In fact the change of absorbance with time shown in Figure 2 on the plateau segment of the curve parallels the change in absorbance of the blank. The determination of as little as 7 pg and as much as 150 pg of sulfur dioxide per 25 ml have been carried out using 1-cm cells and with 4-cm cells in flow systems as low as 2 pg of sulfur dioxide have been determined with a relative precision of 1 to 3 %. The results are summarized in Table I. Absorbance is proportional to the concentration of sulfur dioxide. However, at high concentrations of sulfur dioxide, Beer's law is not obeyed. The deviation from Beer's law is
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 attributed in part to: the change of the residual blank absorbance of a brown yellow dimeric iron(II1) phenanthroline species with increasing concentration of sulfur dioxide; incompleteness of the reduction of iron(II1); and the evaporation of solution when passing air. The evaporation error at 50 "C amounts to approximately 4% after passing 50 liters of air through the sample. If the standardization is carried out using sulfur dioxide permeation tube, this error is reduced t o less than 1 %. The calculated absorbance for the reduction of iron(II1) with sulfur dioxide from aqueous bisulfite at room temperature and the formation of tris-1 ,lo-phenanthroline iron(I1) is in good agreement with the following reaction:
 
 +
 
 + +
 
 +
 
 2 Fe(III)Ac,pher~,~-~ 2S02 2H20 (6 - 2 y ) phen $ 2 Fe(II)phen32+ 2 x AcS2OB2- 4 H+
 
 +
 
 Thus, the slow change of absorbance after 15 minutes can be in part attributed to the secondary reaction. In the gas flow system at 40 "C the calculated absorbance corresponds t o the oxidation of sulfur dioxide to sulfate by the reaction:
 
 + SO2 + 2 H 2 0 + (6 - 2y)phen e 2 F e ( I I ) ~ h e n ~+ ~ +2xAc- + 4 H+ + S042-
 
 2 Fe(III)pheqAcZ3-'
 
 Amounts of formaldehyde, nitric, nitrous oxide, and mercaptans comparable to sulfur dioxide concentration had no apparent effect on the absorbance. Hydrogen sulfide interferes seriously and must be removed; chloride interferes if present in excess of 100 ppm.
 
 +
 
 In this reaction sulfur dioxide is oxidized t o dithionate which is quite inert and can be oxidized only rather slowly to sulfate.
 
 RECEIVED for review March 9, 1970. Accepted June 19, 1970. Work partially supported by the Institute of Gas Technology.
 
 Radiopolarograhy of Thallium R. A. Culp' and A. F. Findeis2 Department of Chemistry, University of Alabama, University, Ala. 35486
 
 SINCE1958, SEVERAL PAPERS have appeared in the literature concerning the application of the polarographic method to solutions containing trace quantities of radioactive isotopes (1-4). If the radioactive isotope is polarographically reduced to an oxidation state which associates with the mercury drops, the drops can be separated from solution and the radioactivity associated with each drop can be measured. The purpose of this note is to show, first, that diffusion coefficients for thallium calculated from radiopolarographic data differ considerably from those calculated from polarographic data. Second, by calculating the number of atoms associated with the drops from both radiopolarographic and polarographic data, it was possible to measure a quantity apparently related to the residual charge on the drop, Finally, in an effort to rapidly convert the measured radioactivity to absolute activity, a new sample preparation technique was developed for counting @-radiationusing a cylindrical geometry foil flow counter. In previous radiopolarographic work, relative measurements have been made, but there has been no attempt to relate the radioactivity, on an absolute basis, to the number of coulombs determined from polarographic results. The comparisons of the radiopolarographic and polarographic data show that the radioactivity associated with the drops is a combination of the diffusion controlled process and specific adsorption or postelectrolysis that occurs after the drop has detached from the capillary.
 
 In the measurements of @-radiation, care must be taken t o correct for the nature of the sample and the characteristics of the counting system. These have been identified in some detail by Libby (5). Self absorption by the sample is of primary concern. In order to eliminate this, several techniques have been used. Love ( I ) suggested that the reduced radioactive isotope be dissolved from the mercury drop with a small amount of acid followed by mounting the sample on a thin plastic film and evaporating to dryness prior to counting with an end-window or a 4-.lr counter. Wildman and Schaap (2) placed the radioactive drop in the center ring of a ringed planchet and evaporated the mercury at low heat on a hot plate sealed in a vacuum desiccator. These techniques are very time consuming and are of little value with short lived isotopes. Ferenczy (3), neglecting any absorption of the @-radiation by the mercury drop, recommended the use of Plexiglas planchets that are conical shaped in order to have reproducible geometry for counting. Blazek and Wagnerova (4) investigated the effect of the time of collection of the mercury drops on the measured radioactivity. They concluded that by collecting the drops for short periods the absorption could be neglected for those isotopes studied and chose to use a technique similar to that used by Ferenczy. Even though this technique is used for those isotopes with relatively high penergy, it is undesirable since the conversion to absolute activities is somewhat speculative.
 
 Present address, Department of Chemistry, Kent State University, Kent, Ohio 44240 a Present address, Chemistry Section, National Science Foundation, Washington, D. C. 20550
 
 EXPERIMENTAL
 
 ~
 
 (1) D. L. Love, Anal. Chim. Acta, 18,72 (1958). (2) E. Wildman and W. B. Schaap, Abstracts, 142nd National Meeting, American Chemical Society, Atlantic City, N. J., Sept. 1962, p 18B. (3) Z. Ferenczy, Acta. Chim. Hung. Tomus, 26, 229 (1961). (4) J. Blazek and D. M. Wagnerova, Collect. Czech. Chem. Commun., 29,915 (1964).
 
 Apparatus. The polarograph used was a Sargent Model XV Polarograph. The polarographic cells were made from borosilicate glass tubing with one sidearm for degassing and another to pass nitrogen over the solution. The mercury pool was used as the reference electrode. The polarographic cells were immersed in a Sargent Thermonitor constant temperature water bath. All radioactive counting data were ( 5 ) W. F. Libby, ANAL.CHEM., 29, 1566 (1957).
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