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ABSTRACT

Conductance data for the sodium salis of the group of aliphatic acids from
formic to caproic, in water and in formanude solutions saturated with sucrose at
50°, are reported at several temperatures within the range of 25 to 700 Plots of
—log K ts. I/T showed a break at the saturation temperature, where two straight
hnes appeared 1o intersect Deviations of the two Iines were found to decrease with
increasing length of the hydrocarbon chain The behavior of these salts resembles
that of the tetraalt ylammonium salts, and the results are interpreted n terms of the
effect that bydrocarbon chains have on hydrogen bonding 1n the saturated suciose
solutions

INTRGDUCTION

The propertes of tetraalkylammomum salis in agueous and some ponaqueous
solvents have been a subject of considerable mterest 10 the past few vears'™'? The
results of these studies have usually been nterpreted in terms of the influence of the
teiraalhylammonmum (RyN7) jons on the solvent structure It has now been well
established that, 1n aqueous solution, these large R .N™ 10ns, possessing hydrophobic
moieties 1n their structure, cause increased hydrogen bonding of the solvent It has
aiso been suggesied that the structure-promoting or structure-making effect acreases
with increase 1n the length of the carbon chain of the cation The purpose of this
study was 10 determune whether a similar structure-making effect could be observed
with a salt of an 1on having a hydiocarbon chamn attached to a negatively charged
atom. Lindenbaum?!!~!3 has studied the effect of this type of organic armuon on the
structure of water by determiming the change in excess enthalpies and entropies of
aqueous solutions It was s:mularly concluded by Snell and Grevson'*, who measured
enthalpies of transfer of sodium salts of some alipbatic acids from normal to heavy
water, that the hydrocarbon chains promote increased hydrogen-bonding of the
solvent

In this laboratory, a continuing program has been under way in which the
influence of electrolytes on the structure of nonelectrolyte solutions has been inves-
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ngated by employing conductance measurements. Sucrose, havimng a number of
hydrogen-bonding sites and being capable of 1nteracting wiih electrolytes in soluton,
has been chosen as a typical nonelectrolyte in the program. The studies have been
conducted in water and 1n formamide, the latter being a structured, polar solvent
of very high dielectric constant (109.5 at 25°). Ternary systems that have been studied
and reported earlier'5—'7 included alkali halides and tetraalkylammonium halides
12 both water and formamide solutions 1n the preseace of sucrose as the nonelectrolyte.
In this paper, the conductance daia on the interaction of sodium salts of several
low-carbon aliphatic acids with sucrose 1n water, as well as in formamide, solutions
are reported Sodium salts of carboxylic acids were chosen for this study because
they are readily sciuble 1n both solvents and provide an opportuaity to study the
interaction of long hydrocarbon chains with a nonelectrolyte in aqueous and in
formamide solutions.

EXPERIMENTAL

The materials used 1n the present investigation were either of pro Analys:
(E Merck) or Analar (BDH) grade Samples of sucrose, sod:ium formate, and sodium
acetate were obtained from BDH (England). Sodium propionate, sodium butyrate,
sodium valerate, and sodium caproate were prepared by neutralizing the respective
carboxylic acid with pure sodium. All samples were purified, and were oven-dried
to constant weight at 105°.

Resistance measurements were made with a properly grounded, Leeds &
Northrup, Kohlrausch shde-wire aseembly'’. A cylindncal type of conductivity
celi, supphied by Leeds and Northrup (U. S. A.), was used. The solutions were placed
in an oil bath whose temperature was thermostatically controlled withiz +002°
in the lower and 0.05° in the higher temperature range. Aqueous solutions were
prepared 1a double-distiled, demineralized, conductivity water (sp conductivity,
K =1 umho) Formanude (BDH, England) was treated with calcium oxide, decanted,
and fractionally distilled under diminished pressure uatil its conductivity fell to the
order of 10 ymho or less, and then used immedrately.

A 0.1M soluuon of the electrolyie was prepared 1n the pure solvent. The solu-
tion was kept in a stoppered, comucal flask, and was then saturated with sucrose by
keeping the mixture, stirred at S0 +£0.05°, in the oil bath. Sufficient time (20 to 30 b)
was allowed for compfete saturation of the soluton. Crysials were separated from
the mother liquor by electrical centrifugation in an air thermostat maintamed at
500 +0.2° Care was taken to achieve complete separation of the crystals from the
solution, and to check for any crystallization in the clear soluuon. This solution was
now transferred to the conductivity cell kept at the same temperature in the air
thermostat Afterwards, the cell was well immersed in the constant-temperature oil-
bath mamtained at 65-70°. The resistance of the expenimental solution was first
measured at the highest temperature. The temperature was then lowered 2 to 4°
at a time, and maintained at each temperature for at least 30 to 40 mun. The resistance
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was measured at 20 to 25° abeve and below the saturation temperature. Before each
measurement, it was made sure that no crystalhization had occurred in the experimental
solution. For the formamide solutions, coatact of the solvent and solutions with air
was kept to the minimum. Other necessary precautions'® wers also taken.

RESULTS AND DISCUSSION

Negative logarithms of the specific conductances of the sodium salts of some
lower aliphatic acids 1n aqueous sucrose solution are plotted agamst their respective,
absolute-temperature reciprocals in Figs. | and 2; Figs. 3 and 4 give similar plots for
these electrolytes in formamide solutions containing sucrose as the nonelectrolyte.
Fig. 3 also includes conductance data for sodium halides '€ for comparison. Figs. 5and
6 give the deviation vs. temperature-reciprocal plots for sodium carboaxylates in water
and formamide solutions containiag sucrose as the nonelectrolyte. Similar plots for
the sodium salts of some norganic acids plotted against the temperature reciprocal
are gaven 1 Fig. 7. For deviation values, the best fit for the points above the satura-
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Fig 1. Plots of —log K rersus 1/T for sodium carboxylates 1n aqueous sucrose solution [Key:
@, sodium formate, A, sodium acetate; @, sodium propionate }
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tion temperature was obtained statisucally with the help of least-sauares calculations,
and the theoretical values of —log K were obtamed from the regresstion equation
for different vatues of 1/T The differences between the values of —log K expern-
mentally observed and those calculated constitute the deviations

It 15 evident from the —log K ts /T plots in Figs 1 to 4 that the plots consist
of mvo straight fines intersecung in the vicinity of the saturation temperature, as 1o
the studies reported earlier on alkaly halides and tetraalkylammonium halides 1o water
and formarmude solutions!“~'7 The departure of these lines from a single e s
marhkedly influenced by cations and anions of different sizes, and the deviation is
greater with siructure-breahing 1ons, and less with structure-making ions

From the plots given 1n Figs |, 2, and 5, 1t is observed that, in these systems,
sodium formate shows the masimum deviaton from single-straight-line behavior,
and sodium caproate shov s the mmmmum deviation In other words, departure of
the two straight lines from one another decreases as the number of carbon atoms in
the anion increases It 1s believed that. for ithese longer-chain carbowylates, aggrega-
tion or micelle formation 1s responsible for the effect The decrease in dewviation
values wuth increase 1 the number of caibon atoms 1o the carboxylate chain s
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Fig 2 Plots of —log K tersus 1/T for sodium carboxilates in aqueous sucrose solution {Key
@, sodium bury rate, &, sodium valerate, 4, sodium caproate }
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similar 1o the behavior found for the tetraathylammonium halides!? This suggesis
that, 1n both cases, the hydrophobic. alkvl chains cause increased ~olvent hydrogen-
bonding of the waier molecule

It has now been well established!® that the B coefficient of the Jones-Dole
viscosity equation has large values for these hydrophobic ions, and that, the larger
the 1on, the more positive the B coefficient This 15 1 contrast to the behavior of
alkali-metal 1ons, which show decreasing B values with increase 1n their 1cnic size
The same trend has been reported 1n our previous communications' *~!'7 For alkali-
metal 1odides, deviation values obtained from the experimental and theoretical
values of specific conductance ncrease with increasing s1ze of the catron'S, whereas,
for the large, organic cauions, they decrease markedly with increase in the cation
size Simular behavior has brzen noticed in the present study on comparing the con-
ductance data for the sodium salts of some moreganic acids with those for sodium
salts of some carboxaylic acids In Fip 7 are depicted tae plots of deviation 15 1,7
for some sodium salts having mmorganic anions of different crystallographic sizes
Tne trend of dewviation follows the order {NaPO,),> Na,SO_> Nai> NaCl The
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Fig 3 Plots of —lot A rersus 1} T for electrolytes in formarmude solutions containing sucrose [hey
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Fie 4. Blors of —log X cersus 1T for sodium carboxylates in formamide solutions containing
sucrese, [Fey &, sodium propionste; @, sodium butyrate; @, sodium valerate; A, sodium caproate.}
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Fig. 5. Plow of deviation cersus 1/7 for sodium carboxylates in aqueous systems. [Key: @, sodium
Ezeemasss A, sodiom acetate; @, sodiums propionate; X, sodinm butyrate; A, sodium valerate;
Ll sodiem caprogte]
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Fig - 6. Plots of deviation weruas L/ T for sinhium carboxylates m formamida systems (Kev & _wxbinm
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Fig. 7. Plots of deviation versus 1/T for sodium salts of inorganic acids in aqueous systems [Key
A, sodmm polyphosphate; O, sodium sulfate; >, sodium 10dide; €, sodium chloride.}



156 VISHNU, A.K. SINGH

polyphosphate anion, having the bigger crystallographic size, has been found to
produce mawuimal deviation, whereas the deviation 15 mmmal for the (smaller)
chloride 1on This 1s 1n contrasi to the results obtained for sodium carboylates in
sucrose solution The results for sodium carboszylates 1in aqueous sucrose solutions
suggest that these amions, lihe RyN™ cations, also prcmote water structure, or
increase hydrogen bonding of the solvent, with increase in their carbon chain-length

It s clear from Figs 3, 4, and 6. which present the conductance data for sodium
carboxylate-sucrose-formamide systems. that similar behavior of the carboyylate
10as 13 also found n formamtde solutions However, 1n these systems, the break of
the iwo straight Lices 15 more pronounced n comparison to those observed with
aqueous soluttons In Fig 3, the conductance data for sod:um halides are given for
comparison, they show a simular type of behawvior, 1 e, a greater departure of the
straight hnes in the case of sodium hahdes This enhanced deviation for these elec-
trolytes 1n formamide solutions may be attributed to the less-structured nature of
the solvent It 15 well known that water can form four hydrogen bonds of teirahedral
oricntation, resulting in the formation of a three-dimensional structure, but formamide
can have 3 maxumum of three hydrogen boads per molecule, enabling the formauon
of a sheet-like structure

Sucro.v, like many other polyhydrosy compounds, 1s known to interact with
electrolytes in solution'® *°, It readily dissolves in water and such other structured
solvents as formamde 1o large excess The association with water in the saturated
solution 1s found to the extent of 14 water melecules bound per sucrose molecule?®’.
Ordmaruy. 1t has been observed that only 5 molecules of water bind with a molecule
of sucrose?? However, the interaction of such electrolytes with nonelectrolytes is
gcnerajly discussed in terms of the structural properues of the electrolytes, the non-
electroiyte, and the soivent Actually, sucrose, having a number of hydrogen-bonding
groups, has a greater tendency 1o parucipate in hydrogen-bond formation la our
systemrs, the msasurements have been conducted at temperatures above and below
the saturation temperature, to form upsaturated and supersaturated swates. The
concentration of hydrogen-bonded sucrose molecules 1ncreases with decrease in
temperatiure, 1 e, at teraperatures below the saturanion temperature, the association
of the sucrose molecules with solrent molecules reaches 1ts mavimum and, at this
stage, the ‘structure-making’ or ‘structure-breahing’ properties of the clecirolytes
very vzadily influence ihe solution structure This 15 why a sudden change in the
conductance behavior is noted, leading to a transition at the saturation temperature
Tthus transitional behavior had been explained’® '® on the basis of structurai changes
brought about by the solute molecules, and 10 terms of solute-solvent interactions

The resuits may also be interpreted in terms of the Gurney cosphere model®?
for structural interactions m solution The model provides an almost 1deal evplana-
tton for the results obtained 1n aqueous sucrose solutions The Gurney model states
thay the solute parucles 1 aqueous systems are surroundad by spherical shells of
solvent that 1s modified 1t structure from that of the pure solvent The concentration-
dependence of properties attnibutable to structural interactions results from the
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increasing overlap of the spherical shells with increasing concentrauon, re, the
concentration of cosphere solvent per mole of solute decreases with increase in the
solute concentration More or less the same interpretation 1s also vahd for the (less-
structured) formamide soluuoas As waiter 1s more structured than formamide,
dewviations are less pronounced 1n agueous systems

In passing from sodium formate to sodium caproate, a gradual decrease 1n the
values of deviations 1s observed, as s evident from Figs 35 and 6 Such results are 1n
accord with the view that, in proportion to their number of carbon atoms, saturated
hydrogen-bonding among neighboring solvent molecules and apparent structuring
m the solvent occur

Alhough our results are 1n accordance with those of many workers'!~
classification of solutes as “structure-mahker”™ or “structure-breaker™ is frequently
ambiguous, and 1s dependent on the properties under examunation Different prop-
erties may emphasize to a different extent the relative contributions of solute-solute
and solute-solvent interactions
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