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KBr 0. 

picrate C K I  C potasslum salicylate, indicating that the ion- 
solvent electrostatic interaction is greater in the case of picrate 
ion as compared to salicylate ion (cation being common). This 
order is reversed in suifoiane + water mixtures. 

The comrentknai bg  K, vs 1 /D  graph given in Flgure 4 never 
showed any linear varlatlon for all the salts studied. This in- 
dicates that Ion assoclatlon may not be solelydependent on the 
dielectric constant of the medium: however, the other factors 
Hke shape, size, dlpole moment, polarizabiilty, and possibly other 
details of solvent molecules could also be taken into account 
for the rationalization of association constant values obtained 
in the present work. 

The cosphere diemeter (R) values for all the salts under study 
in sulfolane and sulfolane + water mixtures are also porbayed 
in Tables IV and V, respectively. The R values were found to 
have a somewhat kregular trend in the solvents studied. As R 
is the measure of the extent of influence of ionic charge in the 
solvent and consequently the bnic assodation, Rand KA values 
are expected to increase with the decrease of the dielectric 
constant of the solvents, but no systematic trend in R values 
for ail the satts studied has been observed in the given solvent 
mixture (suifolane + water). Since the best flt conductance 
parameters are reproduced equally well over a wide range of 
arbitrarily chosen R values, a comprehensive correlation of the 
cosphere diemeter of the respective system could not be made 
in the present Instance. 

R~gldry  No. KI, 7681-11-0; Bu,N+Ph,B-, 15522-59-5 Bu,N+I-, 311- 
28-4; Et,N+Br-, 71-91-0 KBr, 7758-02-3; potasslum picrate, 573-83-1; 
potassium, 576-38-9; sulfolane, 126-33-0. 
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Excess Molar Volumes of I-Chloronaphthalene and 
I-Methylnaphthalene 4- Five Methyl n-Alkyl Ketones at 298.15 K 
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Excess molar volumes YE of lchloronaphthalene and 
l+nethylnaphthalene + flve methyl n-alkyl ketones have 
been determined from denstty mawrements at 298.15 K 
and atmorph.rlc proamre by means of an Anton Paar 
dlgltal denshnetw. Values of Vc are all negatlve (-0.9 Q 
Vc,,,,J(cma mol-') 6 -0.7). The varlatlon of VE wlth 
mokcular rlto k dkcussed. 

Introduction 

In previous publicatbns ( 7 ,  Z) ,  the excess molar enthalpies 
HE of l-chloronaphthaiene and 1-methylnaphthalene + five 
methyl n-aikyi ketones were reported. This paper reports the 
excess mder volumes VE of the same systems. These results 
provide more information about the thermodynamic properties 
of these mixtures. 

Table 1. Densities p of P u r e  Components at 298.16 K and 
Comparison w i t h  Li terature Data 

p l ( g  cm-9 
component this paper lit. 

1-chloronaphthalene 1.188093 1.188 11 (3) 
1-methylnaphthalene 1.015 430 1.016 76 ( I )  
2-propanone 0.785005 0.7847 (4) 
2-butanone 0.799 905 0.799 45 (2) 
2-pentanone 0.801 400 0.801 5 (1) 
2-octanone 0.814 359 0.814 3 (I) 
2-undecanone 0.821 704 no lit. data at 298.15 K 

Experimental M l o n  

ReageMs. 1Chioronaphthaiene and l-methylnaphthaiene, 
a Kodak and an Aidrich product, analytical grade 99% and 
98 % , respectively, were purified by two fractional distillations 
through a 120 theoretical plate column at the rate of 30 mL/h. 
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Table 11. Experimental Densities p and Excess Molar Volumes VE for Binary Mixtures of I-Chloronaphthalene and 
1-Methylnaphthalene + Methyl n-Alkyl Ketones at 298.15 K 

X1 p / ( g  cm-3) VE/(cm3 mol-') X1 p / ( g  cmb3) VE/(cm3 mol-') z1 p / ( g  cm") VE/(cm3 mol-') 

0.0059 
0.0396 
0.0708 
0.1135 
0.1415 
0.1764 
0.2163 

0.0081 
0.0257 
0.0508 
0.0884 
0.1166 
0.1864 
0.2055 

0.0068 
0.0296 
0.0545 
0.0924 
0.1202 
0.2107 

0.0102 
0.0619 
0.1132 
0.1771 
0.2462 
0.2764 

0.0167 
0.0803 
0.1329 
0.1717 
0.2594 
0.2859 

0.0361 
0.0502 
0.0931 
0.1230 
0.1611 
0.2131 
0.2414 

0.0074 
0.0409 
0.0725 
0.1069 
0.1561 
0.2160 
0.2469 

0.0086 
0.0321 
0.0407 
0.0928 
0.1407 
0.1426 
0.1772 

0.0132 
0.0456 
0.1033 
0.1788 
0.2642 
0.3046 
0.3709 

0.789 759 
0.815 543 
0.838 021 
0.866 937 
0.884 485 
0.905 474 
0.927 981 

0.805 118 
0.816012 
0.831 223 
0.853 056 
0.868 880 
0.905801 
0.915809 

0.805 098 
0.817 096 
0.829 843 
0.848 995 
0.862 829 
0.905 519 

0.817 480 
0.835 828 
0.853 836 
0.876 502 
0.901 188 
0.912 134 

0.823 338 
0.845 102 
0.859 401 
0.870 230 
0.895 806 
0.903 790 

0.801 875 
0.808 102 
0.826 063 
0.837 683 
0.851 743 
0.869 151 
0.877 995 

0.802 732 
0.814 758 
0.825 665 
0.836 964 
0.852 394 
0.869816 
0.878 247 

0.804 115 
0.811 297 
0.813 911 
0.829 261 
0.842 804 
0.843 395 
0.852 771 

0.817 062 
0.823 388 
0.834 753 
0.849 658 
0.866 716 
0.874 785 
0.888 109 

-0.362 23 
-0.18684 
-0.298 79 
-0.443 21 
-0.498 21 
-0.574 82 
-0.636 03 

-0.052 35 
-0,132 56 
-0.237 66 
-0.372 08 
-0,459 10 
-0,623 75 
-0,653 83 

-0.04904 
-0,164 07 
-0.263 19 
-0.420 66 
-0.513 53 
-0,756 21 

-0.033 11 
-0.224 32 
-0.391 40 
-0.567 90 
-0.708 57 
-0.768 16 

-0.041 00 
-0.252 84 
-0.394 53 
-0.482 53 
-0.659 02 
-0.700 72 

-0.15503 
-0.206 24 
-0.346 76 
-0.426 72 
-0.529 09 
-0,615 44 
-0.654 09 

-0.041 01 
-0.166 18 
-0.273 45 
-0.372 54 
-0.502 28 
-0.618 27 
-0.654 69 

-0.045 04 
-0.13983 
-0.173 35 
-0.358 52 
-0.502 72 
-0.514 24 
-0.593 60 

-0.043 38 
-0.14034 
-0.298 89 
-0.470 83 
-0.633 77 
-0.691 56 
-0.765 43 

1-Chloronaphthalene (1) + 2-Propanone (2) 
0.2225 0.931 893 -0.650 96 
0.2459 0.943 686 -0.668 44 
0.2685 0.955 862 -0.702 24 
0.3131 0.976938 -0.723 78 
0.3549 0.995 843 -0.73065 
0.3955 1.013320 -0.74290 
0.4355 1.029 520 -0.741 58 

1-Chloronaphthalene (1) + 2-Butanone (2) 
0.2179 0.921 437 -0.669 84 
0.2603 0.941 624 -0.712 14 
0.2830 0.952 227 -0.746 29 
0.3118 0.965 229 -0.774 36 
0.3193 0.968 555 -0.784 51 
0.3405 0.977 774 -0.793 16 
0.3983 1.001 830 -0.803 12 

1-Chloronaphthalene (1) + 2-Petanone (2) 
0.2480 0.922 363 -0.822 84 
0.2860 0.939040 -0.869 98 
0.3297 0.957 043 -0.917 54 
0.3967 0.985 310 -0.930 38 
0.4275 0.997 613 -0,934 40 
0.4973 1.024 470 -0.89808 

1-Chloronapthalene (1) + 2-Octanone (2) 
0.3017 0.921 299 -0.80543 
0.3685 0.945670 -0.88084 
0.4758 0.985 339 -0.925 74 
0.4862 0.989 236 -0.92508 
0.5396 1.009 210 -0.909 54 
0.6312 1.043 850 -0,836 19 

1-Chloronaphthalene (1) + 2-Undecanone (2) 
0.3464 0.922 610 -0.777 55 
0.3856 0.935 233 -0.816 83 
0.4337 0.951 168 -0.847 51 
0.4771 0.966 034 -0.861 68 
0.6048 1.012 410 -0.825 13 
0.6877 1.044 890 -0.740 22 

0.2794 0.889 278 -0.702 60 
0.3009 0.895 292 -0,718 40 
0.3366 0.904 908 -0,747 50 
0.3815 0.916 181 -0.763 57 
0.4289 0.927 264 -0.771 75 
0.4695 0.936 086 -0,762 40 
0.5231 0.947 052 -0.749 35 

1-Methylnaphthalene (1) + 2-Propanone (2) 

1-Methylnaphthalene (1) + 2-Butanone (2) 
0.2764 0.886 078 -0.693 74 
0.3496 0.904 318 -0.753 96 
0.3979 0.915 548 -0.776 72 
0.4448 0.925 896 -0.787 77 
0.5258 0.942 393 -0.757 73 
0.5448 0.946 072 -0.746 25 

1-Methylnaphthalene (1) + 2-Pentanone (2) 
0.2641 0.875359 -0.76366 
0.3230 0.889783 -0,84032 
0.3591 0.898 273 -0.871 80 
0.3762 0.902 247 -0.884 45 
0.4555 0.919 894 -0.913 38 
0.5187 0.933 186 -0.904 70 
0.5675 0.943 013 -0.877 71 

1-Methylnaphthalene (1) + 2-Octanone (2) 
0.3977 0.893 580 -0.798 9 
0.4364 0.901 305 -0.811 14 
0.4685 0.907 796 -0.822 81 
0.5246 0.919 148 -0.829 07 
0.5942 0.933 206 -0.798 24 
0.6497 0.944 573 -0.771 23 
0.7460 0.964 071 -0.641 29 

0.4540 
0.5551 
0.6613 
0.7389 
0.8419 
0.8764 
0.9835 

0.4506 
0.5248 
0.6085 
0.8289 
0.9390 
0.9868 

0.5523 
0.6264 
0.7079 
0.7702 
0.8823 

0.6857 
0.7162 
0.7905 
0.8400 
0.8622 
0.9222 

0.7529 
0.8081 
0.8804 
0.9025 
0.9540 
0.9923 

0.5760 
0.5817 
0.6468 
0.7174 
0.8774 
0.9771 

0.6255 
0.6823 
0.7833 
0.8451 
0.9785 
0.9861 

0.5857 
0.6470 
0.7750 
0.8399 
0.9252 
0.9866 

0.7931 
0.8218 
0.8645 
0.9098 
0.9541 
0.9855 

1.036 650 
1.073 150 
1.105980 
1.127 550 
1.153 210 
1.161 250 
1.184 571 

1.022 360 
1.049 850 
1.078 580 
1,144460 
1.173 140 
1.184810 

1.045 400 
1.071 450 
1.099 170 
1.119400 
1.153 990 

1.064 740 
1.076 430 
1.105 240 
1.124570 
1.133 270 
1.156940 

1.071 920 
1.095 900 
1.128910 
1.139 450 
1.164 540 
1.184020 

0.957 010 
0.958 073 
0.969 151 
0.980 156 
1.001 460 
1.012 95 

0.960 877 
0.970 554 
0.986 383 
0.995 320 
1.012830 
1.013 760 

0.946 77 
0.958 237 
0.980 352 
0.991 469 
1.004610 
1.013 540 

0.973 660 
0.979 492 
0.988 140 
0.997 291 
1.006 230 
1.010 290 

-0.738 13 
-0.702 54 
-0.556 55 
-0.44581 
-0.256 04 
-0.196 94 
-0.019 15 

-0.785 10 
-0.74541 
-0.666 87 
-0.326 39 
-0.11883 
-0.019 64 

-0.876 95 
-0.794 59 
-0.674 01 
-0.555 19 
-0.340 97 

-0.767 05 
-0.71448 
-0.575 56 
-0,459 39 
-0.402 66 
-0.238 76 

-0.639 52 
-0.532 63 
-0.360 37 
-0.310 51 
-0.14651 
-0.024 72 

-0,71445 
-0.713 77 
-0.641 01 
-0,548 83 
-0.246 42 
-0.046 35 

-0.683 49 
-0.619 69 
-0.464 36 
-0.350 71 
-0.057 08 
-0,037 47 

0.946 577 
-0.083 27 
-0.599 58 
-0.457 28 
-0.231 82 
-0.045 14 

-0.561 9 
-0.561 86 
-0.405 69 
-0.287 54 
-0.15605 
-0.051 42 
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Table I1 (Continued) 
X1 p / ( g  cm-*) P / ( c m 3  mol-') X 1  p /  (g ~ m - ~ )  P/ (cm3 mol-') x1 p /  (g ~ m - ~ )  Vel (cm3 mol-') 

1-Methylnaphthalene (1) + 2-Undecanone (2) 
0.0173 0.826 603 -0,042 05 0.4694 0.899 449 -0,700 68 0.7472 0.955 244 -0.573 52 
0.1109 0.840 136 -0.251 33 0.5169 0.908 807 -0.710 66 0.7835 0.963 289 -0.521 22 
0.1917 0.852442 -0.40496 0.5245 0.909 770 -0,712 77 0.8366 0.975401 -0.42594 
0.2621 0.863649 -0.51829 0.5763 0.919 864 -0.723 15 0.8973 0.989 764 -0.293 08 
0.3156 0.872 472 -0.586 41 0.5942 0.923 327 -0.703 28 0.9401 1.OOO 250 -0,181 59 
0.3663 0.881 093 -0.63846 0.6428 0.933 092 -0.671 23 0.9919 1.013 340 -0.027 63 
0.4184 0.890 223 -0.675 79 0.7226 0.949 889 -0.602 73 

Table 111. Parameters 8 k  of Equation 1 and Standard Deviation U( VE) at 298.15 K 
system a0 a1 0 2  a, u(Ve)/(cm3 mol-') 

1-chloronaphthalene (1) + 2-propanone (2) -2.8762 1.0710 -0.2627 1.0158 0.0077 
1-chloronaphthalene (1) + 2-butanone (2) 
1-ChloronaDhthalene (1) + 2- ent tan one (2) 

-3.0537 
-3.6455 

1-chloronaphthalene (1) + 2-bctanone (2) 
1-chloronaphthalene (1) + 2-undecanone (2) 
1-methylnaphthalene (1) + 2-propanone (2) 
1-methylnaphthalene (1) + 2-butanone (2) 
1-methylnaphthalene (1) + 2-pentanone (2) 
1-methylnaphthalene (1) + 2-octanone (2) 
1-methylnaphthalene (1) + 2-undecanone (2) 

-3.6761 
-3.4408 
-3.0389 
-3.0789 
-3.6354 
-3.3254 
-2.8487 

2-Pentanone, a Fiuka product, analytical grade 99 % , and 2- 
octanone and P-undecanone, both Aidrich products, analytical 
grade 98% and 99 % , respectively, were purified by distilling 
the commercial samples through a 100 theoretical plate column 
at a reflux ratio of 1OO:l at athmospheric pressure. 2- 
Propanone and 2-butanone, two Aidrich products, analytical 
grade 99.98% and 99.9%, were used without further purifi- 
cation. 

Before use, ail liquids were stored in dark bottles over mo- 
lecular sieves (Union Carbide Type 4A, 1/16-in. pellets). 
0.ndly Me8wrunents. Densities p of pure components 

and samples of mlxtures were measured by an Anton Paar 
DMA 60/602 digltai densimeter. Table I shows the experi- 
mental values for the pure components at 298.15 K, compared 
with published values (3-7). The densimeter was calibrated 
with bidlstiiled and degassed water and dry air at atmospheric 
pressure. The procedure for the preparation of the samples 
of mixtures is described in ref 7, and we have used the same 
method. The temperature was measured with a digltai ther- 
mometer (Anton PaarlDT 100-25), and the temperature was 
kept constant within less than 0.01 K with a Coiora uttrather- 
mostat bath clrculator. 

Measured denstties have an uncertainty not exceeding 3 X 
lod g cm4, which kads to excess volumes with an accuracy 
of about 3 X cm3 mol-'. 

Ro8uttr and Dkcurrlon 

From the measured densttles of the pure components and 
of the binary mlxtures, the excess molar volumes VE were 
calculated and then correlated by the polynomial function 

vE/(cm3 md-l) = x1x2 Ca,(x,  - x21k 
k LO 

where x1 and x 2  are the mole fractions of components 1 and 
2, respectively, and a, are the parameters determined by the 
least-squares method with the mlnimized objecthre function 

where N is the number of experimental points and q, = VEmk 
- VE, where VE, has been determined from the right-hand 
side of eq 1. 

Table I11 summarlzes the values of parameters a, together 
with their standard deviations 4VE)  deflned as 

(3) WE) = (9mh/(N - n))0.6 

1.2237 
1.2379 
0.3498 

-0.2114 
0.7635 
0.7764 
0.5169 

-0.1589 
-0.3819 

-0.4248 0.4337 0.0070 
-0.5249 0.0086 

0.0043 
0.0049 

-0.2137 0.6478 0.0037 
-0.3303 0.0050 
-0.2809 0.0034 

0.0043 
0.0041 

x, 
Flgw 1. Excess mdar volumes at 298.15 K for 1cMOronaphthakne + 2-propanone (V), + P-butanone (O), + Ppentanone (A), + 2oc- 
tanone (m), and + 2-undecanone (0). 

0 0.5 1 
I 1  

Fbum 2. Ex- mdar vokrmee at 298.15 K for lmethyhraphthekne + Ppropanone (V), + P-butanone (O), + 2pentanone (A), + 2 o c -  
tanone m, and + 2-undecanone (0). 

where n is the number of parameters. 
Densities p and excess volumes VE are shown in Table 11. 

Figures 1 and 2 present graphically the VE values for the 10 
systems. 

In  ail cases VE is negative and the curves are mostly 
asymmetric. 

Flgure 3 shows the mlnimum values of VE plotted against the 
number no of carbon atoms in the methyl naikyl ketones. 
From Figure 3, the trend of VEdn against n Is quite similar for 



330 J. W m .  Eng. Lhta 1002, 37, 330-331 

trend toward large n.  llJs behavlor suggests that the carbonyl 
goup of ke&nes wtth n, < 5 Interectswitharomatk sub&htd 
compounds differently then long chaln ketones, wtth VE, in- 
creasing independently of substituted groups for large n,. 

R-ry No. 1Chlotonaphlhakne. 90-13-1; l-mothyinaphthabne, 
90-12-0 2-propan0m, 6764-1; 2-bUtan0tl0,7&93-3; 2 W n t e m ,  107- 
67-9; Patanone, 11 1-13-7: 2-L"one, 112-12-9. 

Llteraturo CHod 

(1) 
(2) 
(3) 

(4) 

(5) 
(6) 
(7) 

"c 
Flguro 3. Values of VEnh (minimum values of V E  in Tabk I )  pbtted 
against the number of carbon atoms n in the methyl n-alkyl ketones. 

I-methyfnaphthelene systems, respecUvely. The dotted llne refers to 

naphthalene substituted by CH3 and CI, decreaslng for n, < 5 

The full drawn and dashed lines refer to the 1CMoronaphthalene and 

lchloronaphthakne + alkanes (5). 

and then increaslna slowly for Increased ne. 

Comeill, F. C h h .  Ind. ( M n )  1991, 73, 269. 
Comelli, F. chkn. Ind. ( M n ) ,  wbmlttad for publlcrtkn. 
Riddik, J. A.; Bunger, W. B.; Sakano. T. K. Urge& Sdwnts, 4th d.; 
Wiby-Interscience: New York, 1966 Vd. 11. 
Wdssberger, A. &wnk Sotvents, 2nd d.; Intcmroknce: New York, 
1955; Vol. V I I .  
Ingkse, A. Int. DATA Sw., Sd. Data Mxhms, Ser. A 1907, 293. 
Messow, V. Inf. DATA Ser., Sd. Data h4Mm8, SCW. A 1980, 156. 
Fermeglia, M.; Lapasin. R .  J .  chsm. Eng. Data 1080, 33, 415. 

Recslved for review apt- 26, 1991. Revbrd January 22, 1992. Ac- 
8,1992,  hie work ir, paw wpportd by CNR, R-, ruly 

"~ogetto finaiiueto Chlmb ~ k r e  11". 

Figure 3 shows he  cuke of VE, against n, for lchioro- 
naphtheiene + alkanes (5). In this case, increasing chain cepted 
length is accompanied by increased VEM with an asymptotic 

Solubility of meso-1,2,3,4-Butanetetracarboxyiic Acid and Some of 
I ts  Salts in Water 

Cletus E. Morris 
Southen, Regbml Research Center, Agrlcuhral Reseerch W c e ,  U.S. D s p a m n t  of Agrlcutture, 
New Orbans, Loulslana 70179 

Tho rduMHty of ~ - 1 , 2 , 3 , e b u t a ~ o t r a ~ ~ ~ i l c  acM 
(BTCA) In wator was dotorminod at 5 and 25 O C .  Tho 
roiuMlHkr of BTCA'r ammonhwn, potadum, and sodium 
mlk woro cktormlned at 25 OC. In  tomu of BTCA 
contont In the mturatod rolutlonr, only tho monobask and 
tho totrabadc salts are more rolubk than the frw acid. 
Donrltkr of tho mturatod rolutlons aro r.portod. 

Intraductlon 

mso-l,2,3,eButanetetracarboxylic acid (BTCA) is a can- 
didate to replace formaldehyde-based agents for cross-linking 
cotton fabrics to produce textiles wlth s w n g  propertks 
( 1-3). Concentrated aqueous solutions of BTCA are desirable 
for applcatlon to fabrlc at low wet pickup and as a commercial 
product. 

The little information In the literature about the solubility of 
BTCA in water Is inconsistent. Auwers and Jacob (4) indicated 
that at 19 OC a saturated aqueous solution contains 21.46% 
BTCA. Rowland et al. reported that at unspdfW Wqmatwes 
they were unable to prepare solutions contalning as much as 
9.1 mass % (5) or 7.4% (6) BTCA, a commercial product of 
unknown purity, but that conversion to a partlai sodium salt 
hKxeesed the add's solubilty. Recent research at the Southem 
R e ~ g @ d  Research Center has shown that the soWltty of BTCA 
In water can decrease wlth time, the decrease being attributed 
to soiution-medlated phase transitions to progressively less 
soluble crystal forms of BTCA (7). 

This paper compares the solubility of BTCA and Its ammo- 
nlum, potassium, and sodium salts at 25 OC and reports the 
solubility of the free acid at 5 OC. 

Exporbnontal W i o n  

BTCA was obtained from Aldrlch Chemical Co. Its claimed 
purity of 99% was verifled by acidimetric titration. Deionized 
water was further purified by passage through a MiiiI-Q Plus 
system. Base solutions of known concentration were used to 
convert BTCA to the indicated salts: ammonium hydroxide, 
Baker Analyzed Reagent (tetraammonium salt) or Tibistar from 
EM Science (other ammonium salts); potasslum hydroxide, 
standard solution prepared from J. T. Baker DILUT-IT volu- 
metric concentrate (monopotasslum salt) or Baker Analyzed 
Reagent (other potassium salts); and sodium hydroxide, Baker 
Analyzed Reagent-diluted when appropriate, analyzed by 
conventional acid-base titration (sodium salts). The form- 
aldehyde solution was analytical reagent grade formalin from 
Maiilnckrodt. 

Mixtures of water and an excess of BTCA were equilibrated 
at 5 or 25 OC by stirring in stoppered flasks thermostated by 
circtiathg water. After varying perkds, portkns of the sdutkns 
were filtered through a 0.45-pm Durapore membrane. Mea- 
sured volumes of the filtrates were weighed and analyzed for 
BTCA by conventional ac#base titration ushg phenolphthalein 
as indicator. 

The monobasic, dlbasic, tribasic, and tetrabaslc potasslum 
and sodlum salts of BTCA were prepared by adding the caC 
culated amounts of base sdutkns to BTCA-water "s wlth 
cooling to keep temperatures near ambient. The soluMHtles of 
the monobasic, dibasic, and tribasic salts were determined as 
described in the preceding paragraph. The soiubltles of am- 
monium salts of BTCA were determined In a simllar way by 
treating the aiiquots of filtrate with formaldehyde to convert 
ammonium kns to hexamethylenetetramine prbr to titratkn (8). 
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