














	 Home
	 Add Document
	 Sign In
	 Register





























Solubility Relations of the Isomeric Nitrobenzoic Acids. II - American 

	Home 
	Solubility Relations of the Isomeric Nitrobenzoic Acids. II - American


















This investigation of the solubilities of the isomeric nitro benzoic acids in ... distilled; redistillation yielded a major fraction boiling point at ... 






 4 downloads
 0 Views
419KB Size







 Download PDF 










































Recommend Documents














Solubility Relations of Isomeric Organic Compounds, II 


BINARY MIXTURES. BY DONALD H. ANDREWS. GIRARD. T. KOHMAN, AND JOHN JOHNSTON*. In the course of the investigation of the solubility equilibrium ...










 









Solubility Relations of Isomeric Organic Compounds, II - The Journal 


D. H. Andrews, G. T. Kohman, and John Johnston. J. Phys. Chem. , 1925, 29 (8), pp 914â€“925. DOI: 10.1021/j150254a002. Publication Date: January 1924.










 









SOLUBILITY RELATIONS OF ISOMERIC ORGAXIC COMPOUNDS. I 


The starting point of the investigations, begun about five years ago, to be described in a series of papers under the general title as above, was the belief that one ...










 









Solubility Relations of Isomeric Organic Compounds. I 


BY JOHN JOHNSTON. The starting point of the investigations, begun about five years ago, to be described in a series of papers under the general title as above, ...










 









Solubility Relations of Isomeric Organic Compounds. VIII. Solubility of 


Solubility of the Aminobenzoic Acids in Various Liquids. BY CHARLES L. LAZZELL* AND JOHN JOHNSTON. In a previous paper* 1 there were presented series ...










 









The Solubility Relations of the Isomeric Dihydroxybenzenes - The 


W. H. Walker, A. R. Collett, and C. L. Lazzell. J. Phys. Chem. , 1931, 35 (11), pp 3259â€“3271. DOI: 10.1021/j150329a011. Publication Date: January 1930.










 









Solubility Relations of Isomeric Organic Compounds VII. The Mutual 


Solubility Relations of Isomeric Organic Compounds VII. The Mutual Solubility of the Dinitrobenzenes with the Nitroanilines, and of the three Chlorobenzoic ...










 









The Activity Coefficients of the Nitrobenzoic Acids - American 


In this investigation the activity coefficients of the three nitrobenzoic acids were obtained from both solubility and distribution data in various solvents and salt ...










 









The Bromo-2-nitrobenzoic Acids - American Chemical Society 


Luau. chim., 20, 225 (1901). (5) P. Friedlander, S. Bruckner and G. Deutsch, Ann., 388, 33. (6) (a) R. Kahn, Be?'., 36, 471, 3857 (1902); (b) hI. T. Bogert and.










 









The Isomeric Citrylideneacetic Acids 


April, 1947. THE ISOMERIC CITRYLIDENEACETIC ACIDS. 84 1. TABLE IV. PURE-CULTURE. MICROORGANISMS. THE EFFECT OF IlOG HEMOGLOBIN.










 


















SOLUBILITY RELATIOX8 O F T H E ISOMERIC NITRO BENZOIC ACIDS* BY A. R. COLLETT AND C.
 
 L.
 
 LAZZELL
 
 This investigation of the solubilities of the isomeric nitro benzoic acids in various liquids was undertaken with the purpose of acquiring data which could be used for systematic correlations. I t was hoped that comparison of these data with those obtained by the authors for the nitranilines‘ and the amino benzoic acids,? would permit generalizations which could be applied t o various systems of this same type. The selection of the nitro benzoic acids was made primarily to complete the data for all the possible di-substituted benzene derivatives which contain the nitro, amino, and carboxyl groups. Solubility data for these isomeric nitro acids are quite meager. Measurements for these acids have been secured for various temperatures in benzene, heptane and water.3 Determinations at isolated temperatures may also be found for various solvents. The present investigation includes measurements from 25’C to the melting temperatures of the ortho and the meta acid in the following solvents, carbon tetrachloride, acetone, benzene, chloroform, and ether. In the case of the para acid it was found impossible to secure complete data owing to the fact that at higher temperatures violent explosions occurred. A few isolated measurements were obtained for all the acids at low temperatures using alcohol as solvent, but a t higher temperatures esterification of the acids prevented completion of the data. The use of ethyl acetate as solvent was also abandoned at higher temperatures as it apparently reacted with the solute.
 
 Materials Ortho S i t r o Benzoic Acid: The C. P. acid obtained from the Eastman Kodak Company was twice crystallized from water; this yielded white crystals with only a faint tinge of yellow. 1Ielting temperature by the capillary tube method 147. j°C corrected. International Critical Tables give 147 .sac. ;lfeta S i t r o Berizoic Acid: This acid was prepared from benzoic acid by treatment with fuming nitric acid a t o”C, according to the method of H ~ l l e r n a n .The ~ product obtained was washed with water to remove excess HX03 and the amount of the ortho and para acids present, as determined by the method of Francis and Hill5 was found to be very small. Accordingly
 
 * Presented before the Division of Physical and Inorganic Chemistry a t the Detroit Meeting of the American Chemical Society, September 19-27. :Collett and Johnston: J. Phys. Chem., 30, 70-82 (15261. -Lamell and Johnston: J. Phys. Chem., 32. 1331-41 i19281. Sidgwick: J. Chem. Soc., 119, 579 (1921); A . Seidell: “Solubilities of Inorganic a n d Organic Compounds.” Second Edition, 12. 141. 4Holleman: Rec. Trav. chim., 18, 267 (1899). A. W. Francis and A. J. Hill: J. Am. Chem. Soc., 46, 2498 (1924).
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 the material was recrystallized from CHC1, and again from water, giving a product which v a s pure white in color and which had a melting point of 142.4OC corrected. International Critical Tables give I ~ I . ~ O C . P a r a S i t r o Benzoic i l c i d : The technical acid secured from the Eastman Kodak Company was dissolved in a dilute solution of S a O H and precipitated by the addition of HCl. The material thus obtained was twice crystallized from water, giving fluffy crystals light yellow in color. Melting temperature z39.9OC corrected. International Critical Tables give zw..+'C. Benzene: Thiophene-free Kahlbaum benzene was dried over sodium and distilled; redistillation yielded a major fraction boiling point a t 8 0 . 3 ~ - 8 0 . 4 ~ and 7 6 2 mni. Chlorojom: Alerck C. P. was dried over CaCL and twice distilled. The final fraction secured at 60.3-60.4"C and 737 mm. Carbon tetrachloride: C. P. material was dried over CaCL and twice distilled: the fraction boiling j.12-j5.2coC and 740 mm. pressure was used. Ether: U.S.P. material was washed three times with distilled water, dried over CaC12 and twice distilled. The fraction boiling 34.7-34.9'C a t 761 mm. was used. Acetone: C. P. material was dried over CaC12 and twice distilled: the fraction used boiled at 55.9-6o.o0C at 747 mm. Ethyl Alcohol: 9 j % alcohol was refluxed with lime, distilled, dried with sodium and redistilled twice: the major fraction boiled a t 78,4OC! and 7 6 2 mm.
 
 Method The method employed in obtaining the data for this article was chiefly the synthetic method. This consists essentially of subjecting knovvn quantities of solute and solvent, which are sealed in small glass bulbs, to a very gradual rise in temperature and recording the point at which the last crystal goes into solution as the saturation temperature. K i t h the exception of a few modifications, which are given below, the same mode of procedure was employed as that described in a previous paper.' One of the most important modifications was the substitution of electric heating for gas heating. Rp means of a rheostat placed in series with a hot plate, equipped with three heats, it was found possible to obtain practically any desired heating rate for the bath. Thus when near the saturation temperature the rate of heating could be adjusted for a one degree rise in I j t o 30 minutes. By calibration of the rheostat it was found that regulation of the temperature of the outside bath could be controlled within a range of a few degrees. Faraday six inch bells TTere also substituted for the small bells used in the previous work since these were more ruggedly constructed and produced a more iiolent agitation. A few results near room temperature were obtained by the customary analytical method; the solvent being agitated in a thermostat with an excess of the solute. After equilibrium had been established from under saturated Coilett and Johnston: J. P h p . Chem., 30. 70-82 (1926).
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 and supersaturated solutions, a quantity of the saturated solution was pipetted, weighed, and the amount of solute present determined by titration with a standard solution of TiCl3. Experimental Results The final experimental results are presented in Tables I, I1 and 111; C being the molal percentage of acid (C = zoo X, vihere S is the mol fraction) and t the temperature in degrees centigrade. A few values taken from SeidelI (loc. cit) have been included in these tables and are indicated by *. All thermometers used were calibrated by comparison with thermometers certified by the United States Bureau of Standards. Several isolated determinations were made and these have been collected in Table IT’.
 
 TABLE I Solubility of Ortho Xitro Benzoic Acid in Terms of Molal Percentage ( I ) Benzene (3) Acetone C
 
 t
 
 C
 
 t
 
 100.00
 
 147.7 138.8 128.2 123.2 119.7
 
 100.00
 
 147.7 129.9 1 1 3 .j 101.9 97.6 75.2 68.2 37.6
 
 85 . O I 64.26 54.61 45.85 33.92 20.94 8.70 4.99 0.142t 0 .I54* (2)
 
 114.7
 
 108.7 99 2 92.2 24.5 ’
 
 10.0
 
 Chloroform
 
 C 100.00
 
 88.01 72.40 71.12 60.72 59. I9 54.27 48.63 38.35 23 I74 16.94 5.50 2.11
 
 0.805*
 
 t 147.7 139.9 131.9 130.8 126.0 125 .o 121.2
 
 118.9 114.1 106.2 101.3 84.2 64.2
 
 77.62 62.55 53.84 51.32 39,32 36,66 2 j .85 15.23* (4)
 
 10.0
 
 Carbon Tetrachloride C
 
 t
 
 100.00
 
 147.7
 
 Two liquid layers. 9.74 3.59 0.018f (j) C 100.00
 
 82.90
 
 68.17 53.52 50.81 2 2 .SI 12.25
 
 127.2
 
 120.9 29.4
 
 Ether t
 
 147.7 135.2 123.5 107.9 104.1 55.8 32.7
 
 11 . 6 j * 10 .o values taken from Seidell: “Solubilities of Inorganic and Organic Compounds,” Second Edition. 8 analytical data.
 
 * Indicates
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 TABLE I1 Experimental Values of the Solubility of Meta Nitro Benzoic Acid in Terms of Molal Percentage Benzene
 
 (I)
 
 C
 
 t 142.4
 
 I00 .oo
 
 88.85
 
 134.8 124.8
 
 72.39 53.30 47'58 36.64 22.45
 
 113.3
 
 109.4 104.2
 
 93.4 80,3 71.8 60.7 j0.6
 
 10.25
 
 6.45 3.36 2.27
 
 0.628t 0.416*
 
 (3) Acetone C t IO0 .oo 142.4 76.83 120.7 61.53 104.0 88 . o 51.08 38.32 64.8 22.70 28 .o 15.23* IO .o (4) Carbon Tetrachloride C t 100.00 142.4 132.3
 
 24.5
 
 124.9 119.3
 
 10.0
 
 117.0 IIj.9 I12 3
 
 (2)
 
 Chloroform
 
 C
 
 IOj.2
 
 t
 
 100.00
 
 142.4
 
 84.97
 
 132.1
 
 71.93 j8.32 47.06 38.94 38.61
 
 124,3 113.9 105.8
 
 38.2; 22.82
 
 11.64 j .69 3,2j*
 
 95.6 29.4 (j)
 
 C
 
 Ether t
 
 86.36
 
 142.4 '33 . o
 
 1 0 0 .j
 
 71.98
 
 122.2
 
 100.0
 
 61. S I 48.82 41.Eo
 
 113.0
 
 99.8 8; . 3 67 . s 47.7 25
 
 .o
 
 *Indicates values taken from Seidell. tIndicates analytical data.
 
 100.00
 
 08.4
 
 21.33
 
 89.6 81.9 7 1 .9 j2 . o
 
 13,42t
 
 10.0
 
 35.96
 
 29.80
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 T m L E 111 Experimental Values of the Solubility of Para Xitro Renzoic .Acid in Terms of Molal Percentage
 
 Benzene
 
 (I)
 
 C
 
 239.9 206.4 197. z 177.9 168.9 138.9 24.5
 
 100.00
 
 36.43 22.63 9.78 5.76 1.58 0.0156
 
 *
 
 0.009 (2)
 
 12
 
 t
 
 t
 
 239.9
 
 25.46 5.37 1.36
 
 193.6 18; . 6
 
 *
 
 t
 
 IO0 .oo
 
 239.9 164.I
 
 .3
 
 21.91
 
 14i
 
 10.48 5,73 1.93 *
 
 I0j.j
 
 72.5 10.0
 
 (4) Carbon Tetrachloride
 
 .j
 
 I O 0 .oo
 
 ;\cetane
 
 C
 
 28. 7 8
 
 Ether
 
 C
 
 *
 
 (3) t
 
 c
 
 t
 
 I O 0 00
 
 239 9
 
 6 63 I 82
 
 198 2 166 6 29 4
 
 0 0101
 
 t
 
 10.0
 
 Indicates values taken from Seidell Indicates analytical data.
 
 TABLE IV Mol
 
 Solute
 
 Solvent
 
 Meta Kitro Benzoic Acid bIeta Kitro Benzoic Acid
 
 Water 1 -1bsolute Alcohol
 
 *Gms. Solute per
 
 1000
 
 20.07
 
 t
 
 c:
 
 0.0383*
 
 25.00
 
 *
 
 .OI
 
 jj . 4
 
 Gms. So11 ent 3. j 5 8 g n s .
 
 The data presented in Tables 1-111 were plotted on a large scale, in terms of C vs t : from these curves values of solubility were secured at ten degree intervals of temperature. These values have been listed in Table T-. In a few cases extrapolations were made beyond the experimental data and the results so obtained have been enclosed in parentheses. In the column headed “Ideal” the values were calculated from the integrated form of the Clausius-Clapeyron equation, taking into account that A H , the molal heat of fusion, varies with temperature. The variation of A H with temperature was obtained by Andrews, Lynn and .Johnston’ from calorimetric data and is expressed by the following equations. Ortho .Acid A H = 5759 N e t s Acid A H = 12;6 Para .Acid A H = i j o j
 
 + 10.62t - o.oz9t’ calories. + 3 1 .44t - o.o;jt2 calories, + jj .39t
 
 - o . 0 6 9 t 2 calories.
 
 Details of the Iiiethod of calculation may he 1 J. Am. Chem. Soc., 48, 1 2 x 1 119261. found in J. Phys. Chem., 29, 1041 (1925 .
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 The corresponding values of the coefficients in the ideal equation,
 
 are : Ortho Acid Meta Acid Para Acid
 
 TA 420.8 415.5 513 . o
 
 KI
 
 K?
 
 -1j2,jj
 
 - 13.246 -30,937 -36.773
 
 2493'2 2251.2
 
 K3
 
 0.00634 0.012 0.0151
 
 TABLE V Solubility of the Sitrobenzoic Acids in Various Solvents, as interpolated at a Series of Temperatures, expressed in Terms of Mol percentage. Ortho (m. p. 147.7) Temp. IO 20
 
 30 40
 
 50 60 70
 
 80 90 IO0 I IO I20
 
 130
 
 140
 
 147.7
 
 Ideal
 
 -_
 
 3.64 5.3 7.4 9.8 12.9 16.9 22 . o
 
 28.6 36.5 45.9 57.3 71.7 88.2 100.
 
 (CH3)nCO ~
 
 (24.4) 26.7 30.1 34.4 37.3 41.7 46.8 52.8 59.8 68.2 77.7 89.4 100.
 
 (CsHs)?O
 
 __
 
 CHC1,
 
 __
 
 CJL 0.15
 
 CCI,
 
 __
 
 -
 
 11.2
 
 I .o
 
 0.24 0.35
 
 15.5
 
 I .2
 
 0.55
 
 0.10
 
 20.2
 
 I
 
 .6 1.9
 
 0.70 0.80
 
 0.20
 
 30.2
 
 2.7
 
 I.2
 
 35.5 41.3 47.7
 
 4.4 7.7 14.8 31 . o
 
 2.2
 
 4.3
 
 0.35 0.40 0.45
 
 9.4
 
 0.5
 
 (7.0)
 
 2s
 
 (0.7)
 
 .o
 
 55.5 64.6 76.4 89.2 100.
 
 49,6
 
 69.3 88.I 100.
 
 24.3 46.7 68.5 87.5 100.
 
 0.018
 
 0.2j
 
 0.6 3.9
 
 __ __ 100.
 
 N e t a (m. p. 142.4) 0
 
 IO
 
 __
 
 -
 
 __
 
 (11.0)
 
 (7.0)
 
 Ij.2
 
 (9.5)
 
 (2.3)
 
 19.3 23.4
 
 1 2 .I
 
 14.7
 
 (2.9) 3.7 4.7
 
 (0.3) 0.42 0.55 0.80
 
 __
 
 20
 
 I9,3
 
 30
 
 21.5
 
 40
 
 23.8 26.7
 
 27.1
 
 17.5
 
 31.9
 
 2 0 .j
 
 6.3
 
 2.2
 
 0.40
 
 30.2
 
 36.1 41. o 46.3
 
 24.2 28.8 34.8 42.2
 
 8.8
 
 3.3 5.7
 
 0.j0
 
 50
 
 60 70 80 90 IO0
 
 I IO I20 130
 
 142.4
 
 35.7
 
 41.2 48.2 55.5 63.8 73.4 84.1 100.
 
 52.2
 
 58.5 6j.6 j6.I 87 . 2 100.
 
 50.1
 
 j8.8 69.2 83.4 100.
 
 12.7
 
 18.3 26.8 38.6 53 . o 67 . o 81.8 100.
 
 I
 
 .4
 
 0.14 0.23
 
 0.85
 
 10.0
 
 1.3
 
 18.4 30.8 47.8 63 . 8 81.7
 
 2.4
 
 100.
 
 5.o 13. o 53.7 79'1 100.
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 TABLE V (Continued) Para (m. p. 239.9) Temp.
 
 Ideal
 
 IO
 
 __
 
 30
 
 0.47 0.80
 
 40
 
 1.1
 
 50 60 70 80 90
 
 1.3 I .6 2 .I 2.6 3.6 4.7 6.2 7.9
 
 20
 
 IO0 IIO I20
 
 I30 140 150
 
 I0.j
 
 60
 
 13 . o 16.8 20.3
 
 170
 
 2 j . 2
 
 I 80
 
 30.9 37.9 47.8
 
 T
 
 190 200
 
 (CH,)*CO
 
 1.9
 
 CKHK
 
 2.2
 
 0.01
 
 2.7 3.3 3.8 4.7 5.5 6.6 7.9 9.6 11.4 13 . 2 16.3 19.3 22.9
 
 0.08 0.17
 
 2;
 
 .o
 
 31.5 (35.9) __
 
 -
 
 2 IO
 
 cc1,
 
 __
 
 0.24
 
 0,33 0.41 0.jo 0.60 0,;o 0.85 1.1
 
 1.3 I .6 2
 
 .z
 
 3.5 6.2
 
 0.01
 
 0.07 0.13 0.20 0.25
 
 0.30 0.36 0.40 0.48 0.54 0.60 0.70
 
 0.90 1.5 2 . 1
 
 10.7
 
 2 . 8
 
 17.5 26.3 (46.4)
 
 4.6 7.3 12.7
 
 Discussion of Results I t will be noticed that the data for the solubility of the para isomer do not extend beyond a temperature of about zoo°C. Attempts were made t o obtain values beyond this point but several violent explosions resulted, some of which occurred even a t temperatures as low as 17o'C. Consequently further work along these lines was abandoned. h possible explanation for these results may be that interaction of the solvent and the solute takes place a t high temperatures and pressures. These explosions occurred when ether, chloroform and carbon tetrachloride were used as solvents. Inspection of the solubility curves shoivn in Fig. I reveals that there is a general similarity in the shape of the curves for each isomer inanyone solvent. It will be noticed that in the case of the ortho acid two liquid layers are formed with carbon tetrachloride when the molal concentration of the acid is in the region of 2 5 percent. S o attempt, however, was made to determine the critical temperature. The flat observed in the curve for the meta acid and carbon tetrachloride indicates an approach to the region of t w o liquid layers. Although the data is incomplete for the para acid and carbon tetrachloride the shape of the curve indicates that a region of two liquid layers probably exists.
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 By referring to Fig. I it will be noted that none of the curves for the various solvents intersect. Thus the order of the various liquids with respect to their solvent power is the same throughout the entire temperature range for the three isomers. Listing the solvents in the order of decreasing solvent power; namely acetone, ether, chloroform, benzene and carbon tetrachloride, it is seen that this order is the same for each isomer. This result differs from that, obtained for the nitranilines,’ the aminobenzoic acids,*t,hedihydro~ybenzenes.~ Another interesting observation is that concerning the position of the ether curve relative to the ideal curve. In the case of the ortho acid this curve lies below the ideal, while the ether curve for the meta acid lies above the ideal. It might be expected that the curve for the para acid, owing to its close chemical similarity to the ortho compound, would also be below the ideal curve. Preliminary work, however, indicates that this is not true. The curves for the remaining solvents all fall above the ideal with the exception of those for acetone, which all fall below. I n the case of the nitranilines it was found that the separation of one of the isomers (the ortho) from the other two was possible owing to the fact that the ratio of the temperature coefficient of solubility is not the same for each of the isomers. Thus the most suitable solvent for this purpose within the temperature limit imposed by the boiling point, was carbon tetrachloride. The nitrobenzoic acids, however, behave like the aminobenzoic acids and no one solvent’ seems to offer any special advantage in the separation of the isomers by recrystallization. In Tables I to IV several determinations (denoted by t) are listed which were made by the analytical method. These values may be considered more accurate than those obtained by the synthetic method. Particular attention is called to the data obtained for the meta isomer in water since the results listed in the literature do not agree very closely. The results secured in this investigation for the solubility of the nitrobenzoic acids in benzene were compared with the previous work of Sidgwick and Eubank.‘ For the ortho and meta compounds the agreement is excellent over the entire range of temperature. The para compound, on the other hand, shows noticeable deviations at temperat’ures above ISOOC. Although the data for the solubility of complete systems of isomers such as discussed in this paper is quite meager it appears to question the validity to certain rules of solubility which are current, such as some of those listed by 1Cla~Ardle.~ As an example the following is quoted, “the ratio of solubility of two isomers in any given solvent is nearly constant and is independent of the nature of the solvent.” h preliminary survey of the literature indicates ‘Collett and Johnston: J. Phys. Chem., 30, i o (1926’. Johnston: J. Phys. Chem., 32, 1331 (19281. Unpublished data of the authors. J. Chem. Soc., 119, 979 (1921). 6 “Solvents in Synthetic Organic Chemistry,” p. 4 ( 1 9 z j i .
 
 * Lazzell and
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 that the above statement is the exception rather than the rule. The authors hope to be able to acquire further information so as to discuss this particular phase at greater length in the near future.
 
 Summary The solubility curves of the three nitrobenxoic acids were determined, from approximately 2 5°C to the respective melting temperature, in acetone, ether, benzene, carbon tetrachloride and chloroform. An accurate determination of the solubility of the meta acid in water a t 2 j"C has also been made. A brief discussion of the results obtained is given and comparison is made with other similar systems such as the nitranilines and the aminobenzoic acids. The validity of certain general rules of solubility is questioned. Department of Chemzstry,
 
 W e s t T7crguita L'narerszly, .IIorgantoicn, If-. V a .
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