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constant temperature enviromment, al?d the solute concentration

of the equilibrated systems was measured using a spectrophotometric
assay., The partition cocificients werc found to yield a practical
method of determining the ionization constants for poorly soluble
weak electrolytes, These data were of limited usefulness,

however, with respect to theoretical considerations of sclute-

solvent interactions,
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SULFONAMIDES

The literature concerning the chemistry and pharmacology
of the sulfonamides is abundant; noteworthy reviews include those
by Northey (1), Seydel (2) and Struller (3). Bell and Roblin (4)
have described a relationship between the chemical structure and
the antibacterial activity of these compounds, DBut of major
importance to the present study are suifonamide solubilities, of
which several are cited in the literature (5-12), 'The solubility
is of interest with respect to toxicologic (crystailuria) and the
pharmaceutical (absorption) properties of sulfonamides' (2},
Thercfore, most of the work published desciibes aqueous, serum
and urine solubilities of the sulfcnamides, For example, Bandelin
and Malesh (7) were concerned primarily with the solubilities of
several sulfonamides in phosphate buffers and in synthetic urine at
37°C. The literature revealed no attempt to use sulfonamide
moiecules as nonelectrolyte solutes and then to trcat the data from
a2 thermodynamic ard theoretical point of view, Most of the aqucous
solubility studies are concerned with relatively complex zystems
becausc of other dissclved constitnents, and application of ron-
electrolyte soluhility thicory to these cxisting data ~veuld o2 severcly

iimited,
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NONELECTROLY1TE SOLUBILITY THIEORY

The simple interaction at a n:ole*.cu]a.‘r jevel between a molecule
fixed in a lattice and a randomly moving molecule in the condenscd
state leads to the phenomenon of solubility, This phenomenon is one
of the most challenging and perhaps onc of the least understood of all
physical-chemical processes, Unfortunately, quantification of the
xnggnitudes dealing with this process have not, as yet, been put forth,
In addition, a rational explanation of solubility depends largely upon
the intuitive ability of the investigator to interpret and explain ob -
served results using the disciplines c¢f thermodynamics and guantum
chemistry. J. H., Hildebrand, whose work has contributed sigunifi-
cantly to this arca bascd his predictive and interpretive equations on
thermodynamic quantities (1), At the same tiine, the quantum approuch
has a unique appcal becausc it establishes a basis for understanding

solubility imiplications at the molccular level,

Pt

JRa]

The development of prediclive equations in solubility rescarch
been hamipercd by a lack of mechanistic understanding. Indeed, the
adage that "like dissolves like' is not an oversimplification i the cur-
rent knowledyg :, especially with regard to proedicting the magnitude of

solubility for any given syztem. Only rarcly is it possible to predict

solubility expuctations with any, deg

by

¢ of sueccesz, Towover,



problems will probably be alleviated as more is learned about the
structural state of solid and liquid nmiaterials., KEven now, research
continues (2) to explain the structural state of water, the most im-
portant liquid known,

Scott and Fenby (3), commenting recently on solubility research,
stated "Any complete understanding of mixtures must await the solu-
tion of two problems: (a) the quantum mechanical problem of the
intermolecular potential energy; and (b) the statistical mechanical
problem of the equation of state of a dense fluid, To date, only very
approximate treatments (or intractable formalisms) exist, but they
suffice to yield much qualitative understanding of liquid solutions,
Indecd, at times it has secmed that theories of solutions can be much
more successful than one would expect from the approximaticns about
intermolecular potential energy functiuns and liquid properties or
structure upon which they ar;a based; conV'ersci3', it follows that the
empirical success of solution theories cannot always be adduced as
support for the liquid models from which they are derived.," From
this statement, it would seem that the solubility ihvestigator maust
either contribute toward the solution of the two prob]-ems mentioned
or continue to base solubility understanding on approximations, The
latter pathway is still more practical and is quite legitimate if the

limitations of the @pproximaiions are recoygnized, Indeed, many

PY

w

physical-clhiecrminal processes are studied in this manner, because the
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stating, '"Although, for example, various thecories and hypothescs

have been proposed in the area of solubility behavior of nonelectrolytes
the most pharmaceutically useful approach appears to be that based on
the concept that such solutions represent summation of effects arising

from interactions of a large number of equilibrium systems. "

The interactions involved when é solute is dissolved are quite
complex, because they include not only the solvent-solute interactions,
but the attractive forces between the solvent-solvent and solute-solute
molecules as well, Repulsive forces must also be considered, be-
cause there would be molecular annihilation if the molecules were
mutually attracted to the extent that interpenetraticn existed (€).
Schueler (7) suggests that the repulsive forces act as an internal
barrier to the closeness of molecules, whercas cohesive forces pre-

vent the dissipation of molecules from their present state,

Molecular Forces - Ketelaar (8) has listed several of the most impor-
tant forces which act between molecules as: (2) dipole-~dipole, orien-
tation effect or Keesom force, (b) dipole-induced dipole, induction
or Debye force, (c) induced dipole-induced dipole, dispecrsion effect
or London force and (d) hydrogen bonding.

The dipole-dipole or Keesom force occurs between molecules
that have permanent dipoles. Interaction exists when the molecules

alien themselves such that the negative pole of one is atiracted to the
’] o



positive pole of the next, A negative interaction or repulsion occurs
when the arrangement is such that like poles are oriented. Theoretical
consideration of the Keesom force (9) suggests that the interaction will
decrease with increasing intermolecular distance and with tempera-
ture., The distance factor is to the sixth power and its reciproczl
relationship with the Keesom interaction indicates that a small change
in distance will drastically reduce the magnitude of the attractive
force. This means that the intermolecular force will only be consider-~
able when the distance between molecules is relatively small,

Dipole-~-induced dipole interactions arise because molecules with
a permanent dipole have the ability to induce a dipole in a nearby non-
polar molecule, An example of this type of interaction occurs when
alcohol, which has a pcrmanent dipole, is mixed with benzene, The
apparent importance of this interaction is that it offers an explanation
for the miscibility or solubility of molecules with unlike electrical
properties, Although Debye forces are related to distance in the same
way as Kecsom interactions, they are not theoretically related to
temperature (9).

Dispersion forces, of considerable importance {or molccules
that have no permanent dipole morment, are the weak electrostatic
forces responsible for the liquid state of many nonpolar molecules,
Conceptuaily, the dispersion forcc.is recognized to be the result of

moleccules inducing a vreak electrostatic attraction not conditioned by















melting of the solid solute to a liquid form, By definition (16), the

heat of fusion is the heat t2ken up by one mole of a solid when it melts
without temperature change, Therclore, under conditions of ideal
solubility, there is no particular distinction between the processes of
melting and solution, Bailey (17) points out that the term "melting!
might be applied only to a pure substance, whereas "solution' should
refer to a multicomponent system; bul this distinction, despite its

logic, is not usually recognized, More important is the fact that solu-
tion as a melting process is a much betier foundation for solution theory
than are older ideas which thought of the solvent simply as a medium in
which the solute could be sufficiently dispersed to approximate the stat,c
of a gas,

Equation 5 is also important from a thermoedynamic puint of view
because it implies: a) the molecules of an ideal solution cxhibit com-
plete freedom of motion and randomness of distribution in solution,

b) there is no change in heat content during the mixing process, and

c) the volume of the solute does not change during the mixing process,
These implications also mean that Raoult's Law is obeyed with respect
to the resultant interactions,

Martin (18) has given quantitative interpretztions of the above in-

forination, The frece energy change® for an ideal solution is

F=RTInX2 (6)

FAN thermodanic funtiions discussed roler to delta quintitiose,

The delta symbol hae boeen visitied for heovity

IR
n
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Fauation 12 now accounts for deviate behavior, but it is the

quantity Z and the concept behind it that emerges as significant, It

]

is logical to assume that, when two spcecics arc mixed, deviations
under ceriain boundary conditions are at Jeast partially due to
changes in heat content or entropy. As early as 1906, van Laar (23)
derived theoretical cquations that yielded qualitative agicement only,
A much better theory, and one still accepted, was developzd by
Scei{chard (2-1). Hildebrand and Scott {25) discuss Scatchard!s work
as it is based on these assumptions: a) the mutual erergy of two
molccules depends only upon the distance between them and their
relative orientation, and not at &1l on the nature of the ¢ther mole-
cules between or around them or on temperature, b) the distribution
of the moleccules in position and in orientation is randomn and c) the
change in volume on mixing at constant pressurc is zero, From
these assumptions, Scatchard deduced the encrgy of mixing for a

bicomponent systceimn to be

[
(98]

EM = (X1V1 + X2V2){(cll 4 c22 - 2cl2)p1¢2 (13).

With reference to ecquaticen 13, cll, ¢22 and ¢l12 arc encrgetic
quantitics rcelated to the inleractiorns involved for the pure components
cll and ¢22 and the resultant interacted species cl2, Vis the molar
volume of the puve solute s a supercooled liquid, defined as the
1

molecular weight divided by its density, 7he volune fraction tevim, ¢,

for specics s (NIVI)/(S1VE 5 X2WV2); itis the same for spocies 2,
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except (X2V2) is the numerator, According to the asswunption made
by Scatchard, that there is no volumece change at constant pressure,
the value for V \vill reinain unchanged after mixing, Scatfchard also
assumed that

cl2 = (cllc22)t/2 (14).
Under the condition of equation 14, the valuc for the ¢ quantitics

simplifies to

-— 1/2 ~ 7-—-—2
A12 = ] (1t - (caz)t/2T (15)
and equation 13 then becomes
E™ = (X1V1 + X2V2)A1281¢2 (16).

The manipulations leading to equation 16 arc far more than a
merce mathematical simplification procedure, The equality in
equation 14 is known as the geometric mean asswmption and is emn-
bodicd as part of the regular solution theory, That is, the interactions
which result to yicld cl2 must be related to the component parts of
equation 14; otherwise; the solution by definition is not regular,

For a solid nonelectrolyte solute in a solvent, the quantities in

equation 16 arc related to the change in heat content on mixing, Hm, by

— 2 -
S ezt (17)

vaus J (e1n)t/?

H

Hm
or Hm = RT In Z (18),
Now, the value for 7 in ecquation 12 assumes dofadlion and indeed is

related to the heat content chunge when mixing occurs,


















One of the fundamental relationships in non-clectrolyte solubility
behavior is that of the temperature effect on the magnitude of solubility,
Quantification of this effect is emibodied in the heat of solution equation,
which takes into account the mole fraction solubility for a solute, tem-
peratvre and the enthalpy and entropy associated with the process,

An attempt is made to interpret the phvsical mcaning of the enthalpy,
i. e, , the heat of solution, and its corresponding cntropy, as solubility

varics with temperature, and to relate these quantities to certain

types of non-electrolyte solubility behavior,
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In quantitetive notation, the heat of solution is related to the

corresponding standard free energy change, r°, corrcsponding er-
tropy change, S, and tcmuperature (Kelvin), T, by (2)

F® = Hs - TS (2).
The logavithmn of the mole fraction solubility, X5, may also be equated
to the standard free cnergy change, where

F° = -RTInX, (3)
and R is 1,987 calories/mole degree. Then,

FO = -RTInX, = Hs - TS | (4)
and

InX, = -Hs/RT + S/R (5).
.Thercfore, a plot of InXp versus 1/T should yicld a straight linc «with
a slope of ~-Hs/R and y-intercept of S/R, The slope of the line gives
Hs/R direétly under the assumption that Henry's T.aw is obeyed when
the concentration of the solute component of the solution is low, Bo-
cause Hs and S arc actually temperature dependent, they reinain constant
only within constrained temperature limitations (3), Further, the
entropy is an extrapolated quantity and only relates to the process as

it occurs between T1 and T2,

o the calculation of

In addition to its practical use of allowing

J

solubilities at differcnt temperatures, equation 2 should assume

]

theoretical iinportance regarding ncu-clectrolyie behavior,
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Thimdtations of Regulur Solu

tien Theory - VWhen the solubility of a
solute in sceveral solvents or solvert blends is deterivined and the
mole {raction solubility is plotica versus the solubility paramcter
of the solvent, a pecaltin the curve is offen observed (30, 31), The
peak is usuvally interprected to mean that the differences between the
solubility paramecters of the solute and solvent are zcro at this maxi-
mum and ideal sclubilily behavior is extant, This graplic peak also
offers a means of cvaluating the sclubility parameter of the solule,
provided the sclubility paramecter of the solvent is known, FHowever,
both of these intarpretations ma2y be unwarranfed, even if the solubilifv
calculated by equation 20 corrclates well with experimental results,
For example, benzoic acid in sceveral solvents has been studied (30)
and the results interpreted on the basis of regular solution theory,
Such interpretations may not be justified unless the investigator
can remain within the boundary conditions stated by Scatchard, In
other words, the geometric mean asswnptlion must not be violated,
and the volwnce change must be zero at constant pressure., Therefore,
if solubility mechanisms are to be interpreted correctly, it is impera-
tive that the investigator measure not conly the magnitudes of solubility,
but also other thermodynamic quantities such as molar volume and hexts
of solution in ordvor to promote a better mechanistic (theoretical) und. r-
standiny,

A major Mooluation of the tildebrand theory at present is that no

activity coudidcieort has beon developed wihich satizfies conditions whoere

























































60

Materials (continued)
Chemicals - The chemicals used for the study were as follows:

Sulfadiazine, Lot WO22351

Sulfisoxazole, Lot 3780672

Sulfadimethoxine, Lot 2030273

Sulfisomidine, Lot E2498%

Methyl Alcohol Anhydrous, Spectrophotometric Grade
Solvent, Lot VMN?>

Absolute Ethyl Alcohol, U.S.P.-N,F., Reagent QuaLlity6

l1-Propanol, "Baker Analyzed'" Reagent, Lot 355927

Normal Butyl Alcohol, Analytical Reagent, Lot TDY®

lSupplied Through the Courtesy of Eli Lilly and Company

2Supplied Through the Courtesy of Hoffmann-I.aRoche, Inc,
3Supp1ied Through the Courtesy of Héffmann-LaRoche, Inc,
4Supplied Through the Courtesy of Ciba Pharmaceutical Co,

5Mallinckrodt Chemaical Works

6U. S. Industrial Chemicals Company

7. T. Baker Chemical Company

8Mallinckrodt Chemrical Worlks
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Materials (continued)
Chemicals (continued)

Normal Amyl Alcohol, Certified, Lot 7762911

1-Octanol, OR'™, Lot 222

Decyl Alcohol, Lot 173

Certified Acetone, 99 Mol % Pure, Lot 7‘5)27024

Certified Benzene, 99 Mol % Pure (Thiophene Free),
Lot 793869°

Sodium Phosphate Dibasic Heptahydrate, Analytical Reagent,
Lot WTKL®

Sodium Acetate, Baker Analyzed Reagent, Lot 326497

Potassium Chloride, U.S.P., Lot 8678%

Sodium Hydroxide, Lot W183J9

lFisher Scientific Company

2Mallinckrodt Chemical Works

3ﬁ\datheson, Coleman and Bell
4risher Scientific Company
5Fisher Scientific Company
6Mallinckrodt Chemical Works
73. T. Baker Chernical Companyi
8

J. T. Baker Chemical Company

9Allicd Chemiiceal






















































VI

RESULTS AND DISCUS5I0N

chemically different sulfonamides in a serics of normial alcchols and
in buffered aqucous systems, The solubilities were determined as a
function of tempcerature which was experimentally varied over a
narrow range.

The sulfonamides chosen may all be gencrally classified as anti-
bacterial agents; however, their structural differences result in varying
physical-cheinical properties. Table I shows the structure of the parent
mojety, sulfanilamide, and the positional substituents for the substances
under study. It is noteworthy that the N?* substituent is a primary amine
in all cascs whereas the NI substituents vary from a pyrimicdine to an
oxazole, Unlike other uscful drugs such as the barbiturates or csters
of para-hydroxybenzoic acid, these particular sulfonamides do not
follow a homologous scries. Thus, magnitudes of solubility for ezch
solute in a particular solvent immust be viewed only in terms of relative
substituent cffects; there can be no regular comparative effect such
as increasing chain length,

Several appropriate physical-chemicel properties of each zulfona-

mide are presented in Table JT. The struchucnl difference of cach drug

is













































TABLE XII

SOLUBILITY OF SULFADIAZINE
IN
SEVERAL NORMAL ALCOHOLS
AT
25° CENTIGRADE

Standard

Solubility Deviation Solubility
Alcohol (mg. /ml,) (mg. /ml.) (mole fraction)
Methanol 1.18 x 109 7.33 x 1073 1.93 x 1074
Ethanol 3,28 x 107! 1.42 x 1073 7.68 x 107°
Propanol 1,44 x 1071 2,35 x 1074 4,32 x 1072
Butanol 8.67 x 1072 3.23x 1074 3,18 x 107°
Pentanol 6.06 x 10-2 9.49 x 10-4 2.63 x 103
Octanol 2,23 x 1072 5.52 x 1074 1.41 x 107
Decanol 9.69 x 1072 1.79 x 10-3 7.40 x 1072
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Mole Fraction Solubility (x 103)
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Figure 1- Mole Fraction Solubility of Sulfisoxazole
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Polarity Aspects of Nonelectrolyte Solubility-

Seyeral authors (3-6) have recog.nized the dependence of
observed solubility upon the relationship between the polarity of the
solute and solvent, Paruta (5) used sollvent polarity as a parameter to
explain chang.ing solubility for a solute dissolved in a series of related
solvents, He plotted the values for the solubilities of a particular
solute versus the dielectric constants of the solvents to generate a
curve which suggested that the solubilities change in a manner consistent
with changing solvent polarity, These changes were interpreted as
indications of solute-solvent interactions which are apparently related
to the polarity of the system.

Solubility parameters and dielectric constants are the values
most commonly used to describe the polarity spectrum and the values
for the normal alcohols used in this investigation are shown in Table
XVI. These data show that both polarity indicators decrease as the
carbon chain length of the alcohol increases; however, the solubility
parameter scale is much more compressed than the dielectric scale.

Gordon and Scott (7) have observed that regular solution theory
should apply to three-component systems with no further assumptions
than those involved in the two-component case, Therefore, itis
anticipated that, if the relative polarity of the solute lics betwecen the

polarities of two pure liquids, the solubilily of the solute will be greater
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Figure 6- Mole Fraction Solubility of Sulfadiazine at 25°C
Versus Dielectric Constants of Normal Alcohols,
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Melting Point of the Solute and Nonelectrolyte Solubility-

The general equation rélating mole fraction solubility for a

nonelectrolyte solute to its melting point is

-In X, = (Hf/R)/ (Tm-T)/TmT_/
where X, is the mole fraction solubility, Hf is the heat of fusion
(calories/mole), Tm is the melting point of the pure solute and T is
the temperature at which the process takes place. The equation
indicates that, as the melting point of a nonelectrolyte solute increases,
the mole fraction solubility decreases, Hildebrand (8) has demon-
strated that this data trend does exist for three related dinitrobenzenes
dissolved in the same solvent at 50°C, In Table XVIII the melting
points of the sulfonamides used in the present study are listed together
with the mole fraction solubilities of the four solutes in methanol at
25°C. These data confirm the expectation suggested by the equation,
since the solubilities do decrease with increasing melting point,

The data in Table XVIII show, however, that a relatively large
change in melting point. does not necessarily result in a commensurate
change in solubility. For example, the difference between the melting
points of sulfadimethoxine and sulfisomidine is 430C, but the solubilities
for these solutes are nearly equal, On the other hand, only a tecn degree
difference exists between sulfisomidine and sulfadiazine, yet sulfis-
omidine is nearly six times more soluble, These findings suggest that
factors, such as the heats of fusion and the chemical structures of the

solutes, also influence the magnitudes of observed solubilities,
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qualitative meaning by Higuchi (10) who relates this quantity to the
interactions occurring in solution. Higuchi's theory is based on the
following relationship

Hs = -Hj » + (Hy | + Hy ;) (2)
where H], ] is the molar heat of vaporization of the solvent, Hp 2 is
the molar heat of vaporization of the solute, and Hj, 2 is the energy
notation, in calories per mole, of the interaction that has occurred
between the solute and solvent, Thus, as Hl,Z increases in magnitude,
Hs becomes smaller and there is an indication that at the molecular
level the solute-solvent interaction is relatively large, Equation 2 is
derived from a model which requires that the solute and solvent
molecules be of approximately the same size, Since this requirement
will not usually be met, the equation cannot be considered to be
quantitative, However, it is of qualitative usefulness and suggests very
strongly that Hs may be regarded as the INTERACTION term.

The entropy term in equation 1 is indicative of the molecular
orderliness in the system being analyzed., Butler (11) has noted that
"The entropy is a meaéure of the number of possibie configurations of
the system having a given energy. When the solute m;alecu].e is brought
into the field of force of the solvent there may be some restrictions of
its possible configurations, which will lower thg entropy, and this effect
might well be proportional to the energy of interaction of the solute with

the solvent, Conversely, the solvent molecules around the solute will be



affected in the same way, and any chenge of entropy which arises
therefrom will appear ir the partial eatropy of the solute, ' Thus, in
molecular terins the entropy can be regardad as a configurational
term which is obvicusly related to the extent of interactions, the enthalpy
of solution, and the magnitude of sclubility,
With the molecular interpretations of enthalpy and entropy

in mind, it should bec possible to develop a gencral theory or model to
explain solubility at the miolecular level, The following phzse transitions

are represcniative of solubility phenomena:

solid __Hf . liquid _Hx . solute in

solute (1) ° solute (2) “ solution,

St Sx

The enthalpy and entropy of sclulion represent the thermodynamic
quantities, with respect to the solute, that are involved in the change
of the solid solute to a solute in solution, The enthalpy involved in
step 1 is the enthalpy of fusion, I, and the corresponding entropy is
the entropy of fusion, Sf. Of particular inlterest arc the enth: Ipies ard
entropies associated with step 2, designed as Hx and Sx, respo2ctively,
The follewing equations then obtajin:

Hs = Hf + Hx (3)
and

S = Sf + Sx (+).
When Hx and S ave zevo, the solute in the solution phase acts cssentially

. . . 4 T TN . . . 5 1
as the solute ir th Hguid vheae, ana the solubility 12 indeuendent of the
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entropy for the decanol solution is almost 4.0 calories/degree lower
than that for the methanol solution, and the heat of solution for the
de;:anol system is about 200 calories/mole less than that for the
methanol system. Therefore, it appears that, when sulfadimethoxine
is dissolved in decanol, the mblecular interactions are somewhat in-
creased and the randomness of the system is diminished. The smaller
entropy term also indicates that steric factors are very important in
the decanol-sulfadimethoxine system.

The magnitudes of the heats of solution and the corresponding
entropy values for sulfisomidine follow the same trend as the thermo-
dynamic data for sulfisomidine. Again, the decanol system exhibits
a decrease in enthalpy and a very small eﬁtropy term of about 0,3
calories/degree, From a structural point 6f view, it seems that the
dimethylpyrimidine group of sulfisomidine is able to interact and "'fit"
into the solvent structure of decanol much better than the dimethoxy -
pyrimidine group of sulfadimethoxine., This possibility is suggested
by the fact that the entropy for sulfisomidine in decanol is about four-
teen times less than the entropy value for sulfadimethoxine in the same
solvent. In fact, the entropies for all the sulfisomidine solutions, with
the exception of octanol, are smaller than the corresponding entropies

for sulfadimethoxine,
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authors also prescnted cquations shewing that an crmphoteric sulfo-
namide acis essecntially as a nonclectrolyte at the isoclectiric pH,

For this reason, all aqucous systems 'w.'ere appropriately buffecred

so that jonirzation of both substituent groups was precluded, The
complexity of aquecous systeins containing dissolved nonelectrolytes
is increascd because of the presence of salts included for their buffer
effect (18), However, the observed sulfonamide solubilities maintain
their instructive integrity in a relative manncr by virtue of a censtant
buffer concentration,

The data in Table XXIV are included to demonstrate the re-
lative solubilities of each solute at a particular temperature, Ratios
of mole fraction sulfonamide sciubilities divided by the mole fraction
sulfisomidine solubility were calculated for this purposec., Table XXIV
shows that sulfisomidine has the largest relative solubility of any of the
sulfonamidecs studied., Other authors have noted that this solute has
the highest solubility of the available pyrimidine substituted sulfonamides
(19). Although sulfadiimethoxine and sulfadiazine are pyrimidins sub-
stituted sulfonainides, their aqucous solubilities are significantly lower
than sulfisornidine,

The data in Table XXNIII were further analyzed by calculating
heats of solution and their corresponding entropies, using the
established relationship between log]O, mole fraction solubility and

seratures (Ielvin),  These thermodynemic data are

[
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201
350

375

360
10

80
11

81
12

202
13

200

XA=XSM /AN

YA=YSM /AN

XYS=0

XDSS=0

YDSS=0

DO 6 I=1,N
XD(I)=X(I)-XA
YD(I)=Y(I)-YA
XDS(I)=XD(I)**2

YDS(I)=Y D(I)%*%2

XY (I)=XD(I)*Y D(I)
XYS=XYS+XY(I)
XDSS=XDSS+XDS(I)
YDSS=YDSS+YDS(I)
CONTINUE
SLOPE=XYS/XDSS
R=XYS/SQRT(XDSS*YDSS)
B=YA-(SLOPE*XA)
RATE=SLOPE#*2, 303
RATE=RATE*(-1.)
TIMHLF=, 693/RATE
T90=(2, 303/RATE)*(1l, 954)
IF(TEST)201,202,201
IF(P)350, 360, 375
PK=1,/B
PKAA=PK*SLOPE
PKA=ALOGI10(l, /(PKAA))
GO TO 80

PK=1, /B

PKAA=1, /(PK*SLOPE)
PKA=ALOGI10(l, /(PKAA))
GO TO 81

WRITE(6, 10)

FORMAT(///,T10,'P=0 IS LEAST SQUARES')

GO TO 200
WRITE(6, 11)

FORMAT(///,T10,'P=-1 1S ‘/K(PRI_\/IE) KA/KrHH/K')

GO TO 200
WRITE(6, 12)

FORMAT(///,T10,'P=+1 IS 1/K(PRIME)=H/KA*K+1/K")

GO TO 200
WRITE(6, 13)

FORMAT(///,T10,'TEST=0 IS FIRST ORDER EQUATION!')

GO TO 200
WRITE(6, 14)ALF

162






164

Comments concerning method of least squares
1) Input

a) ALF is an alphabetic or numerical statement which may be
used to identify the data and is not to exceed 60 characters,

b) N and AN are the number of independent or dependent
variables in the data set., N is an integer number ( a decimal
number with no decimal point) and AN is a floating point
number ( 2 decimal number with a decimal point),

c) P and TEST are integer numbers used to designate the type
of operation the method of least squares is to follow,

1) P=0 and TEST=+1 or -1 is for a linear relationship
between the dependent and independent variables on a
nonlogarithmic basis,

2) P=+1 or -1 and TEST=+1 or -1 is for a linear relationship
between the partition coefficient and hydrogen-ion
concentration, For a weak acid P=-1 and for a weak base
P=+1, TESTmay be +1 or -1 in either case.

3) P=0, +1, or -1 and TEST=0 is for a linear relationship
between the log of the dependent variable and the
independent variable,

d) X and Y are the independent and dependent variables
respectively and are entered as floating point numbers,

1) X must be entered as pH rather than hydrogen-ion
concentration when using the partition coefficient,

_hydrogen-ion relationship. The Y values must be entered as
the actual partition coefficient, not the reciprocal, hecause
reciprocals are taken internally, '

2) Y must be entered as a nonlogarithmic number when using
the semilogarithmic operation because logs are taken
internally,

2) Output

a) The statistics of the least squares process, the slope, the
y-intercept, the correlation coefficient, the X and Y values,
the title which indicates which operation was followed and the
ALF statement,

b) When using the partition coefficient, hydrogen-ion operation,
the output includes the true partition coefficient, the
ionization constant and its corresponding pK value.

c) When using the semilogarithmic operation, the output
includes the time of 50% reaction, the time of 10% reaction
(commonly called t1/2 and t20 respectively) and the
degradation rate, These values are included if the user
desires to enter kinetic data,
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