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The solubility of sulphadiazine in water-dimethyl-
formamide mixtures
P. H. ELWORTHY AND H. E. C. WORTHINGTON

Precise measurements of the solubility of sulphadiazine in water, dimethylformamide
(pMF), and a range of mixtures of these solvents have been made at 20°, 30°, and 40°.
The solubility of sulphadiazine in the mixtures increases with their pmr content, The
partial molar heats and entropies of solution decrease with increasing DMF concentra-
tion.

HE influence of particle size on the efficiency of absorption of certain

drugs has been described in many publications. The uptake of
sulphadiazine has been shown to be dependent on its particle size (Rhein-
hold, Phillips & Flippen, 1945). This drug was therefore considered
suitable for investigations on methods capable of producing drugs in fine
particle form.

The production of small sized crystals of various drugs, by a continuous
process involving pumping a solution of the drug into a second miscible
liquid in which the drug is insoluble, is being investigated. To study the
fundamentals of this process of precipitation it was necessary to determine
precise solubilities of the drug. These are reported here for the system
sulphadiazine-water—dimethylformamide (DMF).

Experimental

MATERIALS

Sulphadiazine (B.P. quality) was twice recrystallized from an ethanol-
DMF mixture (3:1 by volume) and dried over phosphorus pentoxide. M.p.
255° (Roblin, Williams & others, 1940, give 255-6°). Assay by the Pharma-
copoeial method gave 100-0% purity calculated with reference to the
material dried at 105°. Dimethylformamide (May & Baker 1.td.) was
distilled under reduced pressure and gave nl; = 1-4283 (n} = 1-4294
Dawson, Golben & others, 1952 and nl, = 1-4269 Ruhoff & Reid, 1937).

SOLUBILITY DETERMINATIONS

Solvent mixtures were prepared by weight. Solutions were presaturated
by shaking with powdered sulphadiazine for 24 hr, and transferred to the
solubility apparatus, which was of the percolation type, and a modification
of that used by Davies & Griffiths (1953). The percolator was thermo-
stated at the required temperature 4-0-05°. The solution was recycled in
the apparatus until saturated (in general 7-14 days). Use of porosity 5/3
sintered glass filters gave the same results as porosity 4 filters.

The concentration of sulphadiazine in solution was determined by one of
three methods: (a) concentration greater than 1-5%, by evaporation of
solvent and drying to constant weight; (b) concentration 0-02 to 1-5%,
samples were diluted to give a 709, DMF solvent mixture and assayed
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spectrophotometrically measuring the extinction at 270 mu; (c) concentra-
tion less than 0-029, samples were diluted with water and assayed as in (b).
In all spectrophotometric assays suitable calibration lines were prepared.
Each solubility determination was duplicated and each solution assayed in
duplicate.

Zimmerman (1952) emphasizes the need to verify the stability of the
system during the equilibration period. There is evidence that DMF is stable
under the experimental conditions used (Lang, 1960). There are no
published quantitative studies on the stability of sulphadiazine solutions.
Each solubility apparatus was painted black to protect the solutions from
light. No change was detected in the ultraviolet absorption curve of
sulphadiazine in water and 509 DMF water solutions when the solutions
were heated at 40° for 14 days. The pH of all solutions lay in the range 5
to 6 and any difference in solubility over the pH range was within experi-
mental error.

Density. The density of solutions was determined in a 10 ml pycno-
meter.

Results and discussion

Fig. 1 shows that the solubility of sulphadiazine increases in a non-linear
manner as the DMF concentration is increased. The solubility behaviour
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F1G. 1. Solubilities of sulphadiazine in water-DMF mixtures. Insert: solubilities at
low DMF concentrations. O O 20°, (——1[71 30°, x——x 40°,
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TABLE 1. THE SOLUBILITY OF SULPHADIAZINE IN WATER-DMF MIXTURES

Mole fraction, N3, sulphadiazine in

O W'w Sulphadiazine °, w 'w saturated solution solution

DMF in e T R — e e

solvents 20° w | e 20° 30° ( 40
0-0 0-00454 0-00760 | 0-0129 3-27 ~ 10°¢ | 5:47 < 10-¢ \ 9:29 - 10-¢
oS 0-00490 |  0-00828 00138 3-54 - §0-° | 592 - 10-% . 997 - 10°°
1-0 0-00520 0-00881 0-0147 378 - 10-° 6:39 - 10-¢ 1-07 - 10°*
20 0-00598 0-00987 00166 4-37 - 10 721 - 10-¢ 121 - 10 °
30 0-00679 0-:0111 00187 500 - 10°¢ | 818 < 10-¢ 1-38 - 10-¢
50 0-00861 0-0141 0:0233 644 . 10 ¢ 1-06 - 10-° 1-74 - 10-*
10-0 0-0170 0-0252 0-0410 1-33 - 10 ¢ 197 < 10 319 = 10-®
200 00395 | 00579 0-0968 335 . 10°? 4-87 - 0 . 821 X 10°®
300 00850 | 0-123 0-188 791 - 10-° P14 10-0 1 175 - 107
50-0 0-352 0-502 0-758 4-08 104 584 « 10-* : 881 - 10
70-0 } 190 2:40 i 3-50 294 .10 373 . 10-* 5-50 < 10-*
78-0 | 4-28 4-85 ' 6:20 7-75 102 8-84 « 107° 1-14 - 10-*
89-0 , 9-80 . 109 12:0 2-32 - 1073 2:60 - 103 290 - 10 -

100-0 . 180 i 18-7 ‘ 19-4 ‘ 602 - 103 6:29 ~ 10-¢ 6-57 - 103

\ ] |

appears to be complex. Liquid water is known to be highly structured due
to the formation of intermolecular hydrogen bonds (Robinson & Stokes,
1959). There is also a substantial interaction between water and DMF
which must affect the structuring of the former considerably. Evidence
for the formation of hydrates of the form HCONMe,(H,0O), where n = 2
to 4 is available (Blankenship & Clampitt, 1950; Geller, 1961). Either
solvent component may interact with the sulphadiazine. The ability of a
number of amides to increase the solubility of a third substance in water is
well documented by Higuchi & Connors (1965), and these authors
endeavour to relate solute-solvent-cosolvent interactions on a molecular
basis to the total solubility.

Here we test the validity of equations for calculating solubilities, n”,
from those in the pure solvents, nj and n3. The first method of calculation
uses a simple mole fraction equation

= niN, -+ mN, (1)

where N, and N, are the mole fractions of the two solvents.
A molar volume mixture rule in which

n* = njV,* 4 niVv,*
NV, . N,V,
SNV, Ny, V=R Iy, @

V; and V, being the molar volumes of the two components. Substitution of
molar volumes by partial molar volumes in equation (2) gives a third
method of calculation (Fleming, 1954). The densities used in the calcula-
tion of partial molar volumes are given in Table 2.

In Fig. 2 the calculated solubilities from the equations given above are
shown. There is a large divergence between the experimental results and
the calculated solubilities indicating that the basis of calculation of the
solubility in water—-DMF mixtures from values for the pure separate solvents
is not correct. The addition of DMF does not increase the solubility of the
sulphadiazine as much as might be expected from the solubility in pure
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TABLE 2. THE DENSITY OF WATER-DMF MIXTURES

/ Density
% Wiw
DME 4 dgo o
0-000 I 09982 . 09957 | 09922
9746 09978 0-9944 0-9902
19591 . 09985 0-9941 0-9889
29321 L 09996 0-9940 0-9879
49575 - 099 09922 0984l
70-045 {09911 09821 09728
78929 o ol 09636
82 | 9773 0-9681 0-9586
89-322 {09677 0-9583 ' 09287
95-582 L 09570 09477 09381
100-000 © 09490 09395 09299
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FiG. 2. Calculated and experimental solubility curves for sulphadiazine in water—

DMF mixtures at 20°. O O experimental. [J——0] calculated from equation 1,
X——X equation 2. @——@ equation 2 using partial molar volumes. See text.

DMF. This may well be due to the interaction of water and pMF. The
complex (or complexes) formed between the two solvents has a poorer
solvent power for sulphadiazine than the ideal case (mole fraction line in
Fig. 2). It seems possible that a complicated series of equilibria between
water and DMF are in operation, as well as possible associations between the
complexed solvents and the solute.

THERMODYNAMICS OF SOLUBILITY

The Clausius-Clapeyron equation was used to calculate partial molar
heats (AH) of solutions, and the partial molar entropies obtained from
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AS = AA/T, since AG =0 at the saturated, equilibrium condition.
Activity coefficients have been neglected in these calculations, although
error arising from this assumption may become significant in solutions
containing a high proportion of DME. where the solubility is substantial.
The results are summarized in Table 3.

TABLE 3. THE PARTIAL MOLAR HEATS AND ENTROPIES OF SOLUTION, AH AnD AS, For
SULPHADIAZINE IN WATER-DMF MIXTURES

AH k cal mole AS cal/mole degree
%o W/W DMF in ———— e - e

solvent 25 REE ! 25° 35°
00 9.4 9.9 ‘ 305 32-4
05 93 95 : 315 310
1-0 9.2 9.7 ‘ 310 314
2:0 89 9.7 29:9 31-6
30 8-7 9.8 293 318
5.0 87 9.5 ; 292 308
10-0 71 9. i 237 29-7
20-0 66 9-8 \ 223 318
300 64 81 I 216 262
50-0 64 77 | 21-6 252
70-0 4.2 i 7.3 i 14-1 238
780 23 _ 48 i 77 156
89-0 2:0 ‘ 21 | 67 67
100-0 0-75 | 0-82 [ 2.5 27

The principal trends in the thermodynamic properties are the decrease of
both AH and AS as the pMF content is increased and the slightly larger
values obtained at 35° compared with 25°. The heat of solution will be
made up of three main parts: the heat necessary to break the bonds in the
crystal lattice AH!, the heat of dilution AH? and any heat changes arising
from solvent-solute interactions. Since the heat change involved in
disrupting the crystal lattice will be independent of DMF concentration, the
decrease in AH seems likely to be due to changes in heat of dilution or heat
of interaction with DMF concentration.

Water structuring around sulphadiazine molecules will probably be
replaced by hydrogen bonding between DMF and sulphadiazine as the
concentration of the latter solvent is increased from zero. The concurrent
formation of bMF—water complexes may lead to interaction of the complex
with the sulphadiazine. It is impossible to decide, on the basis of the
present data, whether heat of dilution effects, or those due to heat of
interaction, or both, are responsible for the decrease of AH with increase of
DMF concentration.

The increase of AR with temperature may represent reduced solute—
solvent and DMF-water interaction at the higher temperature.

The entropy changes (AS), as expected, imply a far greater disorder of
sulphadiazine molecules in solution than in the crystal. Also, the more
concentrated solutions, with respect to sulphadiazine, present at high p™MF
concentrations, represent a state closer to that in the crystal than the very
dilute solutions present at high concentrations of water. Consequently AS
for the high concentrations of water is high, while for solutions rich in DMF
it is low.
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