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Equilibrium Solubility of 3- and 4-Nitrophthalic Acids in Water
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The equilibrium solubility of 3- and 4-nitrophthalic acids in water was measured experimentally using
Schreinemaker’s wet residue method at temperatures ranging from (285.15 to 348.15) K at atmospheric pressure.
The solubility of 3- and 4-nitrophthalic acids in water increased with the increase of temperature. The experimental
solubility is correlated by an empirical equation. The calculated values via the empirical equation agreed well
with experimental results for 3- and 4-nitrophthalic acids.

Introduction a Teflon-coated magnetic stirring bar. Excess solute is placed

. . . . in the flask and allowed to equilibrate in a constant-temperature
3-Nitrophthalic acid (CAS Registry No. 603-11-2) and . -

A-nitrophthalic acid (CAS Registry No. 610-27-5) are com- water bath at a given temperature for at least 3 days. Ten minutes

mercially valuable intermediates for producing the widest variet prior to sampling, stirring is ceased to allow any solid phase to
vy v - P 9 - Y settle. Attainment of equilibrium is verified both by repetitive
of derivatives, such as pigments, dyes, and plasticizers, par-

. . . : measurements after a minimum of 3 additional days and by
oy o VC, ot ol st s s o Sty e
by nitration of phthalic anhydride with concentrated sulfuric ing the sglutpns ata higher temperature. . ) )
acid34 The isomeric mixtures are formed in various proportions __Analysis. Aliquots of saturated 3- or 4-nitrophthalic acid

of 3- and 4-nitrophthalic acids with this method. In recent years, Solutions are transferred through a coarse filter into a tarred
many studies have been made to purify 3- or 4-nitrophthalic yolumetr}c flask. T.he concentration of 3-or 4-n[trophthallc acid
acids and to separate them from the isomeric mixt&fé&uring in water is determined using a Shimadzu-6A high-performance
the separation process, it is necessary to know the solubility of luid-phase chromatograph (HPLC). The Diamonsil C18 (150
3- and 4-nitrophthalic acids in water. The optimization of MM x 4.6 mm) chromatographic column is used. The mobile
process conditions is closely related to the solubility of 3- and Phase consisted of four eluents which are water, methanol,
4-nitrophthalic acids in water. Although the solubility of 3- and N@SOs and BPQ;. The uncertainty of the measurement is less
4-nitrophthalic acids in water is very important for their than 0.001 g of 3- or 4-nitrophthalic acid per 100 g of water.
separation process, previous solubility data reported are sparse Each analysis is repeated three times, and the average value of
Recently, S. Wang and co-workers measured the solubility of the three measurements is considered as the final value of the
3-nitrophthalic acid in different solvents using a synthetic analysis.

method® Result d Di .
The solubility of 4-nitrophthalic acid in water has not been esulls and biscussion
reported in the literature. In this work, the equilibrium solubili- ~ Measured solubilities of 3- and 4-nitrophthalic acids in water

ties of the systems of 3-nitrophthalic aci¢t water and are presented in Table 1. The phase diagrams for the systems
4-nitrophthalic acidt- water are systematically determined using  3-nitrophthalic acict water and 4-nitrophthalic acid water
Schreinemaker’s wet residue metfanlthe temperature range  are shown in Figures 1 and 2, respectively. It can be seen from
from (283.15 to 348.15) K at atmospheric pressure and Figures 1 and 2 that the solubility of 3-nitrophthalic acid is small

correlated using the empirical equation. at studied temperatures. However, when the nitro is in the para
_ _ position of the phenyl ring (4-nitrophthalic acid), the nitro is
Experimental Section responsible for some extent of the steric effect and the conjugate

Materials. 3- and 4-nitrophthalic acids are provided from ©ffect in the molecule, which make the electrons in 4-nitro-
KangDa Chemical Co. Ltd., with a mass fraction of 99.92 %, Phthalic acid more disperse than in 3-nitrophthalic d€ids a
and used without further purification. The water used to prepare "€SUlt, the solubility of 4-nitrophthalic acid in water is larger
solutions is twice distilled water (conductivity 5 «S-cm™2). than that of 3-nitrophthalic acid at the same temperature.

Apparatus and ProcedureA 125 mL Erlenmeyer flask is . The measured solubility of. 3-nitrqphthalic acid iq this work
filed with 50 mL of deionized water and placed into a constant- IS Smaller than that reported in the literature (see Figufeirl).
temperature bath. The water temperature is controlled by aorder to illustrate the difference between the two sets of
constant-temperature water bath (Neslab, model RTE-101) solubll_lty datq, we determine again the solublllty_ of 3_-n|tro-
recirculated through a copper coil in the water bath with an Phthalic acid in water by a synthetic method described in ref 8.
uncertainty of 0.01 K. A condenser is connected to the flask to The solubility of 3-nitrophthalic acid in water at 298.21 K is
prevent the water from evaporating. The water is stirred using 1-789107% (mole fraction) and at 348.16 K is 17193 (mole

fraction). The experimental solubility shows good agreement
* Corresponding author. E-mail: hkzhaoyzu@yahoo.com.cn. &6 514 with the results reported in ref 8. However, when the saturated
7975568. Fax:+86 514 7975244. solutions are placed in a thermostat at 298.21 K or 348.16 K,
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Table 1. Mole Fraction Solubility of 3- and 4-Nitrophthalic Acids (x) in Water?

3-nitrophthalic acid 4-nitrophthalic acid
liquid phase solid phase liquid phase solid phase
TIK Xer 108 Xe 108 Xe Xe
285.15 0.7741 0.0002 0.6701 3-nitrophthalic acid 0.086260.00005 0.08702 4-nitrophthalic acid
292.15 0.9836+ 0.0004 0.9842 3-nitrophthalic acid 0.10310.0004 0.1032 4-nitrophthalic acid
298.15 1.412+ 0.005 1.331 3-nitrophthalic acid 0.11250.0006 0.1177 4-nitrophthalic acid
306.15 1.889+ 0.003 1.963 3-nitrophthalic acid 0.13%20.0007 0.1372 4-nitrophthalic acid
313.15 2.604+ 0.007 2.674 3-nitrophthalic acid 0.15320.0002 0.1542 4-nitrophthalic acid
320.15 3.525+ 0.002 3.570 3-nitrophthalic acid 0.17%50.0008 0.1707 4-nitrophthalic acid
327.15 4.674t 0.006 4.675 3-nitrophthalic acid 0.18%70.0004 0.1863 4-nitrophthalic acid
333.15 5.809t 0.005 5.807 3-nitrophthalic acid 0.19960.0008 0.1987 4-nitrophthalic acid
339.15 7.130t 0.004 7.123 3-nitrophthalic acid 0.21#10.0007 0.2100 4-nitrophthalic acid
344.15 8.473t 0.006 8.369 3-nitrophthalic acid 0.21800.0003 0.2185 4-nitrophthalic acid
348.15 9.555+ 0.008 9.468 3-nitrophthalic acid 0.22230.0005 0.2247 4-nitrophthalic acid

axe, experimental values, calculated values.

25 n Table 2. Parameters of Equation 1 for 3- and 4-Nitrophthalic Acids
in Water
20F < solute A B C Oy
+ 3-nitrophthalic acid ~ 109.51 -8.9310° —15.13  6.5210°°
5k i 4-nitrophthalic acid 14425 —8.0810° —20.94 1.0410°3
= + 1 N 1/2
i 2
X =Y k%) (@)
N &
5 B egege . . .
The calculated solubilities of 3- and 4-nitrophthalic acids are
0 - , , , listed in Table 1 and plotted in Figures 1 and 2. The results
285 300 315 330 345 indicate that the calculated values via an empirical equation
agree well with experimental results for both 3-nitrophthalic
K acid and 4-nitrophthalic acid.
Figure 1. Solubility, x, of 3-nitrophthalic acid in water at different
temperatures®, experimental data:-, calculated valuest, ref 8. Acknowledgment
0.24 We appreciate the editors and the anonymous reviewers for their

constructive suggestions.

0.20 Literature Cited
(1) Tetsuya, K.; Mare, S. Production of Phthalimide Compound. JP. Patent
6,065,200, March 6, 1994.
(2) Kunio, H.; Mitsunobu, M. Aromatic Carboxylic Acid Compound and
Its Production. JP. Patent 11,158,122, June 15, 1999.
(3) Noboru, S.; Noriaki, I.; Yasushi, F.; Akira, I. Production of 3-Nitro-
phthalic Acid. JP. Patent 2,003,625, January 9, 1990.
(4) Liu, Z. M. Method for Preparing 3-Nitrophthalic Acid. CN. Patent
1,405,143, March 26, 2003.
0.08 E (5) Furrer, P.; Beyeler, H. Process for Separating Mixtures of 3- and
. L . " 4-Nitrophthalic Acid. U. S. Patent 4,284,797, August 18, 1981.
285 300 315 330 345 (6) Liu, Z. M.; Lu, X. H. Preparation Technology of Purified 4-Nitro-
/K phthalic Acid. CN. Patent 1,651,399, August 10, 2005.
. e i : - . . (7) Stephen, H.; Stephen, TSolubility of Inorganic and Organic
Tgurﬁ 2.I ?o(ljubn:ty of 4-nitrophthalic acid in water®, experimental data; CompoundsPergamon: Oxford 1979; Vol. 2, p 490.
» caicuiated values. (8) Wang, S.; Li, Q. S.; Lin, X. Z.; Wang, H. R.; Liu, L. Solubility of
. . . . 3-Nitrophthalic Acid in Different Solvents between 278 K and 353
4 h later, white crystals appear in the system. The 3-nitrophthalic K. J. Chem. Eng. Dat2007, 52, 876-877.

acid contents are 1.4200°2 (mole fraction) and 9.5600°3 (9) Nyvit, J. Solid-Liquid Phase Equilibria Publishing House of the
(mole fraction), respectively, which agree well with those of Czechoslovak, 1977.

. rﬁlO) Barrfm, D.; Barbosa, J. Acigtbase Behaviour of Substituted Phenolic
the present work. It can be seen that a supersaturated solutio Substances and Resolution of Acid Strength in Tetrahydrofuaal.

is formed during Wang’s experiments by the synthetic method. Chim. Acta200Q 403 339-347. o _
The experimental values are correlated by an empirical (11) Apelblat, A; Manzurola, E. Solubilities afAcetylsalicylic, 4-Ami-
ot nosalic, 3,5-Dinitrosalicylic, ang-Toluic Acid, and Magnesiunpt-
equatio Aspartate in Water fronT = (278 to 348) K.J. Chem. Thermodyn.
5 1999 31, 85-91.

In( = A+ s+ CIn(TIK) 1)

Received for review May 9, 2007. Accepted June 25, 2007. We thank

- . the High Education Natural Science Foundation of Jiangsu Province
whereA, B, andC are parameter§; is the absolute temperature; (Grant No. HKO051087), the Jiangsu Provincial Natural Science

andx represents the solubility of the solute 3- or 4-nitrophthalic Foundation (BM2006549), and the Open Project Program of the Key
acids in water in mole fraction. The regressed value8,ds, Laboratory of Physical Chemistry, Yangzhou University, China, for
and C together with the root-mean-square deviations (rmsd’s) their support.
are given in Table 2. The rmsd is defined as JE7002594



