
CONDUCTANCE STUDlES ON THE INTERACTION OF 
SODIUhi CARBOXYLATES WITH SUCROSE IN 

WATER AND IN FORMAhlIDE 

ABSTRACT 

Conductance data for the sodium salts of the group of allphatlc acids from 
formic to csprorc, in \\_ater and in formonudr: solutions saturated ltlrh sucrose at 

50’. are reported at several temperatures wrrhln the range of 25 to 70 Plots of 

-log K 1s. I/T showed LI break at the saturation temperature. \\bhere two straight 
l:nes appeared to rntersect Devlatlons of the t\\o I:nes were found to decrease Hlth 
mcreastng length or the hydrocarbon chain The behailor of these salts resemble 
that of the tetraaiilsylammonntm salts, and the results are tnierpreted in terms of the 
effect that hydrocarbon chsms have on hydrogen bondmg tn the saturated sucrose 
solutloos 

lNTRGDUC’IlOi’! 

The propet?Aes of tetraalbylsmmonrum salts m aqueous and some nonaqueous 
solvents have been a subJecr of conslderablr Interebt in the past few years’-‘” The 
results of these studies have usually heen Interpreted rn terms of the Influence of the 
tcirnalhylammontum (RAN’) tons on the solvent structure It has now been well 
estabkhed that, in aqueous solutlon. thebe large R,N’ Ions, possessing hydrophobic 
motetles in their structure, cause mcreased hydrogen bonding of the solvent It has 
also been suggested that the structure-promoting or suucture-mahlng elTect mcreascs 
with mcrease rn the length of the carbon cnnm of the cation The purpose of this 
study was to detern-une whether a slml!ar structure-making elect could be observed 
with a salt of an ion bavlng a hydrocarbon chain attached to a negntwely charged 
atom. Llndenbaum I l-l3 has studled the effect of this :ype of organx aruon on the 
structure of water by determmrng the change tn excess enthalptes and entroptes of 
aqueous solutions It was s:rmiarly conciuded by Snell and Grcyson I’, who meayured 
enthalpieh of transfer of sodium salts of some allphatlc acids from normal :o heavy 
water. that the hydrocarbon chains promote Increased hydrogen-bonding of rhe 
soivenr 

In tixs laboratory, a contlnumg program has been under way m which the 
mfluence of elec*Jolytes on the structure of oonelecvolyte solutions has been mves- 
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tlgarrd by employing conductance measurements. S-ucrose, havmg a number of 
hydrogen-bonding sites and being capable of interacting with electrolytes In solution, 
has been chosen as a typtcal nonelectrolyte in the program. The stuches hsve been 
conducted m water and m formtide, the latter being 3 structured, polar solvent 
of very hrgb &electnc constant (109.5 at 25”). Ternary systems that have been studred 
r.nd reported earlier “-’ ’ Included alkali habdes and tetraalkyiammonium halides 

KI both water and formamide solutions III the presence of sucrose Z, the nonelectrolyte. 
In tlus paper, the conduc!ance daka on the interaction of sodmm salts of several 
low-carbon aliphat~c acids with sucrose In water, as well as III formrunlde, solutions 
are reported Sodium salts of carbo\yhc acids wet-c chosen for this study because 
they are rcadlly soluble III both solvents and provide an opportunity to study the 
mteractlon of long hydrocarbon chains mlth a nonelectrolyte in aqueous and in 
formamlde soiu tions. 

The mhtelials used m the present investigation were either of pro Analys: 
(E hierck) or Analar (BDFI) grade Samples of sucrose, sodrum formate, and so&urn 
acetate \\ere obtzined from BDH (England). Sodtum proptonate, sodium but>Tate, 
sodium v3lerate, and sodmm caproate Bere prepared by neutrahzmg the respective 

carbouqtic ac:d with pure so&urn. All samples mere puriied, and were ohen-dned 

to constant weight at 105”_ 
Reststance measurements were made with a properly grounded, Leeds & 

Northrup, Kohlrausch &de-wire aseembly’ *. A cyllndncal type of conductivity 
cell, supphed by Leeds and Northrup (U. S. A.), was used. The solutions were placed 
In an 011 balh whose temperature was thermostatically controlled wlthtxi +O 02” 
in the lower and kO.05” JII the higher temperature range. Aqueous solutions were 
prepared m double-distilled, demmeralized, conducQv@ water (sp cciaduchviry, 
K = 1 ,umbo) Formamlde (BDH, England) was treated with caklum oxide, decanted, 
and fractionally distilled ucder diminished pressure unt.11 its conductivity fell to the 
order of 10 &IO or less, and then used rmmetiately. 

A 0.1 M soluuon of the elecaoiyre was prepared III the pure solvent. The so!u- 

tlon was kept ~II a stoppered, comcal Bask, and was then saturated with sucrose b> 
keeping the mixture, stirred at 50 f0.05”, m the 011 bath. Sufficient time (20 to 30 h) 
w& allowed for complete saturation of the solution. Crystals were separated from 
the mother liquor by electrical centrifugation in an air thermostat maintamed at 
50 0 t_O.2” Care ~3s t&en to achieve complete separation of the crystals from the 
solution, and to check for any crystallizatron in the clear soluuon. This solution was 
now transferred to the conductivity cell kept at the same temperature m the 31r 
thermostat Afterwards, the cell was well immersed in the constant-temperature OIL 
bath nlamtalned at 65-70’. The resistance of the expenmental solution was first 
measured 3t the brghest temperature. The temperature w3s then lowered 2 to 4” 
at a bme, and maintamed at each temperature for aI least 30 to u) mm. The resistance 
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was measured at 20 to 25” above and below the sanu-atlon temperature. Before each 
measurement, it was made sure that no crystalhzation hzd occurredin theexperimental 
solubon. For the formamide solutions, contact of the solvent and solutions with air 
was kept to the mmunum. Other necesw precautio~s’~ were also taken. 

RESULTS AND DISCUSSION 

Negative logarithms of the specclfic conductrrnces of the sodium salts of some 
lower aliphatic acids m aqueous sucrose solution are plotted agamst their respective, 
absolutotemperature recrprocals in Figs. I and 2; Fogs. 3 and 4 give sin&u plots for 
these electrolfles in formamide solhons containing sucrose as the nonelectrolyte. 
Fig. 3 also includes conductance data for sodium halides I6 for comparison. Figs. 5 and 
6 give the deviation VS. temperature-reciprocal plots for sodium rxubwqlates in water 
and foPmamide solutions corhning sucrose as the nonelectrolyte. Slmhr plots for 
the sodium WI& of some morgamc acids plotted agamst the temperature recclprocal 
are aven m Fig. 7. For deviation Au=, the best lit for the points above the jatura- 
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FIN I. Plots of- -lop. K r~rsus I/T for sodium carboxylats in aqueous sucrose solu~on we): 
0, sodium formate, A. sodium ace1aIe; Q. sodium proplonale ] 
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r;on temperature $\#a5 obtslned stat~st~cdly wlh the help of least-sauares calculations, 
and the theoretxsl values of -log K were obtarned from the regrewon equation 
for dflerent value; oi l/T The dfierenccj between the vJues of -log K expen- 
mentall) observed and those calculated constitute the deviations 

It IS evldcnt from thz -lop h’ LS I/Tplotj in Figs I to 4 that the plots consist 
of wo srraight iines mrerssctmg In the vicmity of the saturatlon temperature, as ID 
the studies rcponcd earlier on nlhali halides and te~raalbylammomum halides in \\aater 
and formarmde solur~ons‘ ‘-’ 7 The departure of these lmes from a single hoe 1s 
marhedly mtluenced by catlons and anlons of dIKerent sizes, and the deviation 1s 
greater !v~rh strucrure-breaking Ions, and less wrh strucrure-makmg ions 

From the plots pven IU Fogs 1. 2, and 5, 11 1s observed that, tn thzse systems, 

hodlum formsie shows the ma’rimtim deblauon from single-sualght-tine behavmr. 
and sodium caprosrr shov s the mmimum de\lation Ifl other words, departure of 
L!I~ LN.O srrmghr lines from one another decreasfi as the number of carbon atoms in 
the anion mcreases It 1s bclrs:ed that. for these longer-cham carboxylates. aggrega- 
tion or mwzelle formatIon 1s responsible for the efG.ct The decrease In dewation 
values xuh increase rn rhe number of carbon aroms In the carboxylate chain IS 

FI: 2 Plola of -log K LCI-S~~S l/T ior sodium carbox\lskh in .aqu<ouj SLICTOSC schr~on [Key 

@. sJdlum bu~;r?le. \+. :o dlum \nlerate, & so&urn caproarc J 
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slmllar IO the behablor found Tar the terraalhylnmmon~um halides” This sugge>Is 

that, III both cases, rhc hydrophobw. alhyl cba~ns cause Increased >ol\ent hydrogen- 

bonding of the irarer molecule 

It ha> I-IOU been well e>Lnbllshed ” that the B c~effic~enr of the Jones-Dole 

vrscoslty equatron has large values for these hydrophobic wns. and rhat. the larger 

the IOD. the more posltwe the B coefiiclent Tb~s 1s IIY Contras1 to rhe behnvlor of 

alhall-metal Ions, irhlch show decreasing 6 salues with increase in their wnlc SIX 

The same trend ha been reported In our prch Ious communlcarlons’ --I ’ For slhal~- 

metal lochdes, dewatlon values obtamed from the expertmental and thCoretlca1 

values of speafic conductance Increase with mcresslng arze of the catlon16, \\ hcrens, 

for the large, orgsmc cations, rhey decrease marhedly nlth increase In the catlon 

SIX Similar behablor has bxn noilced In rhe prrsenl study on comparing [he con- 

ductance dars for the sodium Sal or some InorganIc acldc \blrh tho3e for sodium 

salts of some carboxyhc acids II FIN 7 are depIcted the plors of devratmn IS 11’7’ 

for some sodium ~1~s haxlng Inor_rrnrc anions of dinerent c~~tallo~aphlc i1ze3 

Tne trend of devratron follows the order /NaP0,),>Na2SO_>Nai> IVaCl The 

2 601 I 
290 300 310 320 JO 

1 /r * lo’- 

Fig 3 Pfols oi -log 6 GENIUS l/7 for ele~wolylfi m formanude sotutlons comalnmg sticroe [hey 

& sodium chloride. IzJ sodurn bromldc ,_, soalum ~odldc, 0, sodium i~rmrllc. A,5odwm .ICCI;ILC 1 
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polyphosphate anion, havmg the b~pger crystallogaphtc we, has been found to 
produce maumal dzklauon. whereas the deilatlon IS mmlmal for the (smaller) 

chloride Ion Thus 13 in contrasi to the results obtarned for sodium carbo\ylares rn 
sucrose solutton The results for sodium carbokqlate; In aqueous sucrose solutron~ 
suggest that these anions. l~he R,N’ cations, also promote water structure, or 

increase hydrogen bonding of the ~,ol\ent, w~tb increase In their carbon chain-length 
It IS clear from Figs 3, 4. and 6. which present the conductance data for sodium 

carbouylate-sucrose-formamide systems. that s~rr,~lar behavior of rhe carboiylate 

ions IS also found m formamlde :oluhons Ho\\eevzr, rn these systems. the break of 
the two strailght hces IS more pronounced rn comparison !o tnose obsewed with 

aqueorrs solutions In Fig 3, the conductance data for hodrum halrdes are glvzn for 
comparison, they show a slnular type of behawor, I e , a greater departure of the 
straight Imes III rhe case of so&urn halides This enhanced devratlon for thex elec- 
trolytes In formamide solutions may be attnbuted to the lebs-structured nature of 
the solvent It 15 well known that ILater can form four hydrogen bonds of terrahedrsl 
oritnratlon, resultmg In the formatIon ofa three-dlmenslonal structure, but formamlde 
can hale CI maximum of three hydrogen bonds per molecule, enabhng the formatJon 
of a sheet-hKe struCture 

Sucro,c. IIke many other polyhjdroxy compounds, IS knonn to Interact wth 

electrolytes in solution ” ‘O It readily dlssol!es In water and such other structured . 

solveors as formomrde ILI large ewess The nssocratlon wrth abater II-I the saturated 

solution IS fcund to the extent of 14 Hater molecules bound per sucrose molecule”. 

Ordmaniy. IL has been observed that only 5 molecules of water bmd wth a molecule 

Of sucroje2’ HOIVeVei, the rnteractlon of such electrolytes nlth nonelectrolytes IS 

gzneraily dwxssed In terms of thz structural properues of the electrolytes. the non- 
electroiyte, and the solvent Actually. sucrose, having a number of hydrogen-bonding 
groups, has a greater tendency to parwlFare in hydrogen-bond fennation In our 
~y~terrs, rhe measurements have been conducted at temperatures above and below 
the saturation temperature, to form unsaturated and supersaturated srates. The 
concentration of hydrogen-bonded sucroje molecules Increases wth decrease In 

temperatIlie, 1 e , at temperatures below the saturarlon temperature, the assocratlon 
of the sucrose molecules :rlth solrent molecules reaches rts mn\lmum and, at this 
stage, the ‘structure-mabog’ or ‘structure-brcnLnp’ propertles of the elecrrolyres 
very readily influence the soiutloo structure This IS why a hudden change in the 

conductance behavior IS noted, leading to a transition at rhe sa:uratlon temperature 
Tlxs trsnsltlonal bchavlor had been explamed ’ ’ ” on the basis of structural changes 
brought about by the solute molecules, and in terms of solute-solvent lntcractlons 

‘ihe results may also be Interpreted In terms of the Gurney cosphere modelz3 
for structural lnreractlons m soltwon The model provides an almost Ideal explnna- 
non for the results obtained In aqueous sucrose solutions The Gurney model states 

rhal the solute parwles m aqueous systems are surrounded by spherical shells of 
solvent rhat IS modrficd m structure from that of the pure solvent The concentntron- 
dependence of propemss attnbutable to structural mteractlons results irom the 
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mcreasmg overlap of the spberrcal shells wth Increasmg concentration. I e, the 
concentration of cosphere solkent per mole of solute decreases wth tncrea>e m the 

solute conccntratlon More or less the same mtcrpretatlon IS also \ahd for the Iless- 

structured) formamlde solur~oo~ As \%aier 1s more structured than formamldz, 

dcwatrons are less pronounced m aqueous systems 

In passmg from sodium formate to sodwm caproste, a gradual decrease m the 

values of deviations 15 observed, as :s evident from Figs 5 and 6 Such results are In 

accord with the VIZW that, In proporrlon to their number of wrhon atoms, saturated 

hydrogen-bonding among neIghborIn g sollent molecules and apparent structuring 

m the solvent occur 

Alhough our results are in accordance lvlth those of many Horkers”-“, 

classlficatlon of solutes as “structure-maher’ or “structure-breaker” IS frequently 

ambiguous, and IS dependent on rhe proprrtxs under exanunatJon Different prop- 

erties may emphasize to a different extent the relatwe contrtbutIons of solute-solute 

and solute-solvent InteractIons 
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