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 ANALYTICAL CHEMISTRY
 
 was reagent grade. Both were found to assay 100.O~oby titration with standard acid. The stock solution of disodium hydrogen phosphate was prepared from KBS Standard Sample 186IIb. Hydrated borax usually loses its water of hydration slowly during storage. Although this change in composition is almost without effect on the p H of the 0.01M standard (I?),it might have a larger influence upon the p H of buffer solutions formed from the borax and strong acid or alkali. Accordingly, the stock solution of borax was prepared from material that had been dehydrated by drying overnight a t 110’ C. and then raising the temperature gradually to 400’ C. The water from which the solutions were prepared was purged with air that had been freed of carbon dioxide. RESULTS
 
 The p H values calculated by Equations 1 and 2 m-ere plotted on a large scale as a function of the volume of strong acid or alkali added to 50 ml. (or 25 ml.) of stock solution. Smooth curves were drawn through the points, and the volumes of reagent nere read at intervals of 0.1 p H unit. The results are summarized in Table I. The estimated accuracy of the p H vnlues is f0.02 unit. Gomori (8) has determined the pH of six solutions containing tris(hydroxymethy1)aminomethane and hydrochloric acid at 23“ and 37” C. His pH values, interpolated a t 25’ C., agree with those obtained here within =!=0.02unit. The Van Slyke buffer value, p , defined as db/dpH (14), where b represents a number of moles of strong alkali added to 1 liter of buffer solution, is given in the table. Also listed are a few values of the dilution value, ApH1i2 ( I ) , a quantity that expresses the change of pH resulting from dilution of a portion of the buffer solution with an equal volume of pure Yater. The value of ApHl/z is positive when the p H increases on dilution and negative when i t decreases. I n view of the good agreement between the measured and calculated p H values for the tris( hydroxymethy1)aminomethane buffers and for the potassium chloride-sodium hydroxide solutions (see below) the dilution values of the solutions in these two series were computed from the composition, equilibrium constants, and the Debye-Huckel equation. Dilution values for several compositions in the other buffer systems were determined by measuring the p H before and after dilution. Some calculated values are also included in the table for comparison with those obtained by direct measurements. The effect of temperature changes (in p H units per degree C. near 25” C.) is indicated by the approximate calculated value of dpH/dt ( 8 ) given for each buffer along with a formula for the ionic strength, I . Like that of other alkaline solutions, the pH of these buffer mixtures is rather sensitive to temperature changes.
 
 A high buffer value, a low dilution value, and a small value of dpH/dt are desirable properties of buffer solutions for p H control. The p H values given in the table were compared with the p H calculated from the dissociation constant, the compositions of the solutions, and conventional activity coefficients defined by the Debye-Huckel equation in its “second-approximation” form, n-hich contains an ion-size parameter, a,. For the mixtures composed of univalent ions and uncharged species alone, the p H calculated with u, betn-een 4 and 6 A . differed by no more than 1 0 . 0 1 unit from the measured values. I n view of the complexity of the equilibria in solutions containing appreciable concentrations of boric acid (IO),no calculation for the borax-hydrochloric acid series was attempted. When the solutions contain bivalent or multivalent ions, however, the activity-coefficient term is considerably larger than when only univalent ions are present, and the calculated pH is more sensitive to the value chosen for a,. However, the calculated pH was again consistent w t h the measured pH, but only when somewhat larger values of a,-namely 10 for the carbonate series and 8 for the phosphate series-wre used. While such large values for bivalent and trivalent ions are certainly not surprising, they enhance the difficulty of interpreting measured p H values simply and accurately in terms of chemical equilibria. LITERATURE CITED
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 Determination of Methylene Chloride in Aqueous Solutions B. M. TEMPLEMAN and JACQUES JUNEAU M a i n Laboratory, Canadian Celanese, Ltd., Drummondville,
 
 A quantitative method for determining small quantities of methylene chloride in aqueous solutions has been developed, in which the methylene chloride is saponified with sodium hydroxide in a peroxide Parr bomb ignition-type apparatus. This method is simple and rapid and has a relative mean deviation of 2.6 parts per thousand and a relative mean error of 0.010%.
 
 A
 
 METHOD for the quantitative determination of small quantities (0.5 to 1.5%) of methylene chloride in aqueous solutions was desired for routine control analysis. Two things were required-speed and a reasonable degree of accuracy.
 
 P. Q., Canada
 
 The standard method of combustion ( 3 ) and subsequent determination of the chlorides by volumetric or gravimetric procedures did not lend itself readily to this type of sample, and a considerable amount of time was required for each determination. -4review of the literature showed several detection methods (5-7), but these were qualitative in nature. An infrared and mass spectrometric method was likewise noted ( I ) , but this required apparatus not currently in use in this laboratory. Vogel ( 4 ) gives a saponification method with alcoholic potassium hydroxide solution as a characterization test for alkyl halides. As this seemed a simple procedure, that would be applicable to methylene chloride, it was tried quantitatively. Very low results nere obtained, with a poor degree of accuracy, possibly because
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 of loss of methylene chloride when the sample was heated, or insufficient heat for complete hydrolysis (b). To overcome this, an apparatus was required that would be vapor-tight and also stand a considerable pressure. The peroxide Parr bomb flame ignition type of apparatus seemed to be the answer and it was subsequently used. I n this way, a simple, rapid and accurate method was developed for the determination of methylene chloride in aqueous solutians. APPARATUS
 
 Table 11. Results on Synthetic Aqueous JIethylene Chloride Samples Sample
 
 CHzClz Present, Wt. %
 
 CHzC12 Found, Wt. 5% 0 26 0 2:
 
 A
 
 0 26
 
 B
 
 0 65
 
 0 65 0 64
 
 100 98 4
 
 C
 
 1 15
 
 1 14 1 13
 
 99 1 98 3
 
 D
 
 1 25
 
 1 21 1 20
 
 96 8 96 0
 
 Parr peroxide bomb, 22-ml. flame ignition type, Series 2100. Gasket type, service asbestos sheet packing, Style 60-S, manufactured by Canadian Johns-Manville, Ltd.
 
 Recovery,
 
 A
 
 100 96 1
 
 to the red end point. Titrate with O.lAVsilver nitrate to the potassium chromate end point.
 
 RE4GENTS
 
 Sodium hydroxide, approximately 1.0s. Dissolve 40 grams of analytical reagent grade sodium hydroxide in 1000 ml. of distilled water. Sulfuric acid, approximately l.O.V. Silver nitrate, 0.LV. Dry some finely poxTdered analytical reagent grade d v e r nitrate a t 150” C. for 2 hours and allow to cool in desiccator. Weigh out 8.5 grams, dissolve in vater, and make up t o 500 ml. in a volumetric flask. Standardize against primary standard analytical reagent grade sodium chloride, using potassium chromate as indicator. Potassium chromate indicator solution. Dissolve 5 grams of analytical reagent grade potassium chromate in 100 ml. of xater. Methyl red indicator, 0 lyOsolution. Dissolve 1 gram of the free acid in 600 ml. of alcohol and dilute to 1000 ml. with nater
 
 DISCUSSION
 
 Calculation.
 
 Methylene chloride,
 
 70n-./x.
 
 Titration X -VAgSOI X 0.00425 X 100 weight of sample Chemical Reaction. Sodium hydroxide reacts n-ith methylene chloride under the pressure and temperature developed in the bomb ( 2 ) . 5SaOH
 
 + 2CHtC12 = 3SaC1 + 2HzO f CHIOH + HCOONa
 
 The sodium chloride is titrated argentonieti ically. PROCEDURE
 
 NaC1
 
 Pipet 10 ml. of 1 . O S sodium hydroxide solution into the bomb and xeigh. Add 10 nil. of sample, containing up t o 175 mg. of methylene chloride, and xeigh again. Seal the bomb and pipet 2 ml. of distilled water onto the top. Place the bomb in the steel ignition housing and heat s-ith a gas burner, using a medium flame, until the distilled water starts to boil; continue heating for 5 minutes, time by stop-watch, then extinguish burner.
 
 Table I.
 
 Calculation of Relative Mean Deviation and Relative Mean Error
 
 1 2 3 4 5
 
 6
 
 7 8 9 10 11 12 13 14 1:
 
 Mean
 
 CH2C12, wt.
 
 Deviation,
 
 1.14 1.13 1.14 1.14 1.13 1.14 1.14 1,14 1.14 1.14 1.14 1 14 1.14 1,14 1.13
 
 0 . GO2 0,008 0.002 0.002 0.008
 
 A
 
 0,002 0.002
 
 + i l g S 0 ~= -4gCl + S a S 0 3
 
 Interferences. Inorganic chlorides and other alkyl halides will interfere, if present. The authors have found chloroform and carbon tetrachloride to react quantitatively. Experimental. A standard sample was prepaied which contained 1.15 weight 7 0 methylene chloride. Fifteen determinations of methylene chloride were made using the Parr bomb saponification method. Tahle I gives the results and calculations for the relative mean deviation and relative mean error. A series of synthetic samples was prepared covering a range of 0.25 to l.2570 methylene chloride, on which duplicate determinations were made (Table 11). Before this method was adopted as a standard analytical procedure in this laboratory, the authors consulted the Parr Instrument Co. as to its safety. The reply stated that if all precautions for the operation of the bomb were strictly adhered to, no danger mas involved. The Parr Co. supplied several types of gaskets; No. 27AC Hycar type was very good, but the type reported in the method was considered slightly better.
 
 0.002 0,002
 
 0.002 0,002 0,002 0,002 0,002 0.008
 
 ACKNOWLEDGMENT
 
 The authors thank the Parr Instrument Co. for the interest and information supplied and Canadian Celanese, Ltd., for permission to publish this paper.
 
 1.138
 
 Mean deviation
 
 0.003
 
 Relative mean deviation 0.003 X 100 = 0.26% 1.138 =
 
 2 . 6 parts per thousand
 
 -
 
 Relative mean error 1.150 1.138 = 0.010% 1.16
 
 Remove the bomb with a wire hook and quench it in cold xvater. Dismantle the bomb and transfer the contents quantitatively into a 500-ml. Erlenmeyer flask. Add 5 drops of methyl red indicator and neutralize the solution with 1.ON sulfuric acid
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