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ABSTRACT 

The conductance behavior of some tetraalkykunmomum halides (R,NX) m 
saturated, aqueous solutions of sucrose has been Investigated, and data on the 
conductance of these salts m water saturated by sucrose at 50” are reported at several 
temperatures wlthm the range 25 to 70” In these homogeneous, ternary systems, 
plots of -log K ZWrszr” q l/T show a break at the saturation temperature, where two 
srralght hnes mtersect one another Divergence of the parr of straight Itnes has been 
found to decrease with mcreasrng cham-length of the R4N’ Ions, m contrast to the 
structural behavior of common, alkali-metal Ions The results are Interpreted in terms 
of the hydrophobic nature of the terraalkylammomum hahdes, as well as the salting-m 
behavior of these salts towards sucrose molecules 

INTRODUCTION 

Investlgatrons on the nature and behavior of symmetrical tetraalkylammonmm 
hahdes m aqueous solution occupy an interesting posltlon m the physical chemistry 
of colutxons’ The propeties of salts contammg tetraalkylammomum ions differ from 
those of most simple electrolytes Their anomalous vlscosltyI?, heat capaclty3, 
salting-m behamor4 5, actlvlty coefficient6 ‘, and assoclatlon’ all lead to the con- 
clusion that these large cations locally affect the structure of water’ ’ Despite the 
tremendous amount of work done on the propeties of water and aqueous solutrons, 
there IS still much controversy on the absolute structure of water Of more general 
acceptance, however, 1s the interpretation of changes In the structure of water that are 
caused by the introduction of different solutes A recent review by Vaslow lo on the 
properties of aqueous solut,ons stressed the importance of structural changes induced 
by the solute In rl~~s respect, solutions of nonelectrolytes and organic salts are of 
specxal interest, as many of these salts are known to increase the structure of water 
Amrdmg to the commonly accepted view, (a) small ions attract water molecules 
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(hydropluhc hydration), @) most large orgamc ions and molecules strengthen the 
hydrogen bonds of the nelghbormg water molecules (hydrophobic hydration), and 
(c) IntermedIate eons break the structure of water Much of the mformatlon on 
hydrophobic hydration was provided by tetraalkylammonmm salts (general formula, 
RJVX, R being the alkyl group, and X the hahde ion), as these salts are reasonably 
soluble m water, and then hydrophobic character can be vaned by changmg the size 
and nature of the R group 

The unusual physlcochermcal proper&es of these salts (m comparison to those 
of common electrolytes), which mse mamly because of the presence of nonpolar 
groups, have been of conslderable Interest m studying their effects on the structural 
stablhty of nonelectrolyte solutions Conductance studies on the mteractlon of 
suooose with some common alkah hahdesl’ and the sodmm salts of some lower 
ahphatic acids l2 m aqueous solution have been reported recently In the present 
commumcation, the structural aspects of the Interactron of tetraalkylammomum 
hahdzs m aqueous sucrose solution, as ascertamed by employmg conductance 
measxements, have been stu&ed 

EXPERIMENTAL 

GeneraI - Tetraalkylammomum salts obtamed from vanous sources were 
recrystalhzed from sultable solvents or then- mixtures, as described in the htera- 
ture13*14 Me,NI and Et,Nf (B D H , England) were Qssolved In absolute alcohol, 
and preclpltated from solution with ether Pr,NI and Bu,Ni (Dlstillatlon Products 
Industnes, U S A) were dissolved m methanol, and precipitated with ether The 
recrysralhzed salts were dned In a vacuum desiccator. and every posslblhty of their 
contact with air was avoided Me,NBr (BDH, England) was recrystalhzed once from 
methanol, with add&on of sufficient petroleum ether to produce turbldlty, Et,NBr 
(B D H , England) and Bu,NBr (D P I, U S A ) were recrystalhzed twice from 
acetone, with sufficient ether to produce turbldty, and dned m a vacuum desiccator 
Me,NCl and Bu,NCl, both obtamed from Fluka AG (Sur,tzerland) were h&ly 
hygroscoplc They were used urlthout further punficallon, after drymg m a vacuum 
desiccator The sucrose used was of AnalyWal Reagent grade (B D I-l , England) 

i%fethds -A sultably grounded, Kohlrausch &de-wn-e apparatus, as described 
elsewhere”, was used for the conductance measurements Cyhndncal cells (Leeds 
and Northrup, U S A ) were used for these systems Temperature control and other 
expenmental Frocedures were the same as described earher’l 

All the solutions were prepared by weight, m doubly chstilled, demmerahzed, 
conductivity water (specGic conductance - 1 ,uohm-’ cm-‘) A 0 1~ solution of 
the tetraalkylammomum salt was prepared, and this was saturated with sucrose by 
keepmg the mtxture smed at 50 0 +O 05” m an 011 thermostat A penod of 20 to 30 h 
was allowed for complete saturation of the solution Crystals were separated from the 
mother hquor by electrical centnfugatlon wthm an air thermostat mamtamed at the 
same temperature (50 0 +O 27 Complete separation of the crystals from the mother 
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liquor was ensured, and the centnfugate was transferred to the conductivity cell kept 
at the same temperature wlthm the an thermostat The cell was then Immersed m an 
011 bath mamtamed at a lugber temperature (65-70”) The resistance was first 
measured at the highest temperature , ?he temperature was then lowered 2 to 4O at a 
time, mamtamed at each temperature for at least 30 to 40 men, and then the resistance 
was measured Resistances were measured at 20 to 25” above and below the saturation 
temperature Before each measurement, It was ensured that no crystalhzation had 
occurred m the cell solution 

RESULTS AND DISCUSSION 

Figs 1 to 4 are plots of the negative loganthm of the specdic conductance 
agamst the reciprocal of the temperature for Me,NX, Et,NX, Bu,NX, and R.+Nl, 
respectively, IIA aqueous sucrose solution The difference between the expenmentally 
observed values of -log K and the calculated values constitutes the deviation Plots 
of the devlanon versus the temperature reciprocal for these systems are gven m 
Figs 5 to 8 Deviation values were obtained as reported earlierI l4 For this 
purpose. the best fit for the points above the saturation temperature was obtamed 
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Fig 1 Plots of -log K versus l/T for tetramethylammonmm hahdes m aqueous sucrose solution 
Fey 0, Me,NC!, A, Me+NBr, 8, Me+NI ] 



statrstxally, wtth the help ot least-square calcuIat:ons, and v&es of -log K were 
calculated from the regresston equation for dtfferent values of l/T. 

A perusal of Frgs l-4 reveals that plots of -log K versus 1 IT camst of pairs 
of stratght hnes mtersectmg one another at the saturatton temperature, showing a 
transttron m the conductance values of tetraalkyiammomum halides m aqueous 
sucrose solution srmrlar to that observed m the alkah hahde-sucrose-water system’ ’ 
Although the chvergence of the stratght Imes xs small rn comparrson to that obtamed 
for alkah hahdes ID_ aqueous sucrose solution”, the mtersectton of the two stratght 
hnes IS clearly estabhshed Drvergence of the pax of stratght hnes for all the Me,N*, 
Et,N+, and Bu,N+ hahdes studted follows the order todtde> bromrde>chIonde, as 
IS evtdent from Ftgs 5 to 7 Ftg 8 presents the plots of temperature rectproca1 versus 
devratlon value for R,NI compounds (R varymg from Me to Bu) In sucrose-water 
systems Fig 8 very clearly shows that the devlabon of the strarght imes mcreases m the 
order Me,N’>Et,N+>Pr,P6+>Bu,N’, z e, the dtvergence of the pax of strarght 
hnes decreases wtth an mcrease m the catromc srze Although the antomc behavror 
of these salts IS stmrlar to that of alkah hahdes m sucrose-water system’ 3, the cattotuc 
behavtor contrasts wrth that of alkah hahdes, where more divergence of the pan of 
stratght hnes was noticed m potassmm hahde-sucrose-water systems than that of a 
solution contaunng a sodrum hahde 
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Ftg 2 Plcts of --log K Germs 1/T for tetraethylammomum hahdes 111 aqueous sucrose solution 
[Key x , Et4NBr, A, EtNI ] 
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These results may be explamed by takmg Into account structural features of the 
solvent water, the hydrogen-bondmg capablhtres and hydration charactenstrcs of 
sucrose moIecules, and the spccral, hydrophobrc character of tetraalkylammomum 
(R4N+) ions ID. aqueous melum Water IS known to be a largely assocrated hquld 
The presence of such nonelectrolytes as sucrose or large organic Ions tends to 
strengthen the hydrogen bonds between the water molecules, near the large solute, 
and a relatrvely large “Iceberg” IS effectrvely formed around them Strong evldencc 
for the correctness of thrs model was grven by McMullan and Jeffrey’ ‘, who succeeded 
m deterrmmng the structure of the clathrate hydrate of the salt Bu,NBr contanung, 
on the average, 32 8 molecules of water per molecule 

The effect of the sample alkah-metal, halide, and tetraalkylammomum Ions on 
the thermal and transport propertres of aqcleous solutions has been widely studled15-* 8 
The effects are generally ascribed to the ablhty of various ions to Increase or decrease 
the structure of solvent water over that of the pure hqurd The general agreement IS 
that such small, simple Ions as LI+ are structure-makers, whereas those of Cs’ are 
structure-breakers On the other hand, the tetraalkylammonmm Ions follow a pattern 
the reverse of that of the simple ions, and this IS usually interpreted m terms of the 
specral hydrophobic mteractlons of the hydrocarbon groups with water to Increase 
its Ice-hke structure Explanatrons for tbrs increase in hkeness to 11% differ, dependmg 
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Fig. 3. Plots of -iog K uersus l/T for tetrabutylmmonmm halides m aqueous sucrose solution 
[Key 0, BuJWI, eB, I&NBr, 4 BUII I 
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Fg 5 PIots of dewauon uersus l/T for tetrmethybmmonnm hahdes 111 aqueous sucrose solut~os. 
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on the model used for hquld water, there may be an increase in the number of 
stablhzed, Ice-hke clusters near the solute9P1g, or a tie-average clathrate hydrate 
may be formed around It ** * ’ Nevertheless, independent of the model used, it IS now 
accepted that, m the mtermedlate vIamty of nonpolar molecules or nonpolar groups, 
there IS a strengthenmg of the hydrogen bonds between the water molecules THIS 
hydratxon IS thus quite different from the usual solute-solvent mteractrons brought 
about by the hydrophobrc part of the solute, and It has been called “hydrophobic 
hydration” Kay and co-workers22 concluded that Pr,N+ and Bu,N+ Ions are 
excellent structure-promoters, that the Me4N’ Ion IS a shght structure-breaker, and 
that the structure-breakmg and -making effects almost balance one another for the 
Et,N+ xon x11 aqueous soIutlon 

Our results are m agreement with the view of these workers22 regardmg the 
structural propertles of tetraalkylammomum ions m aqueous solution. It has been 
polnted out 1 ’ that the divergence of the parr of strzught hnes decreases W&I Increase 
m the structural properties of the electrolyte The smallest devlatlon of Bu,N+ ions 
(as compared to other R,Nf Ions) and the Increase rn the deviation values with 
decrease m the carbon cham-Iength of the cation, as observed m Fig 8, may be 
clearly expIamed on the basis of the foregomg dIscussIon Our findmgs are further 
supported by FIN 9, m which the crystal radu of R,+N* Ions as estimated by Robmson 
and Stokes23 are plotted agamst the slope of devlatlon values obtamed for R4N* 
Ions (from FIN 8) It IS found that the slope of the devlatlon CC l/r, z e , the greater the 
Ionic radms of the R4N+ ion, the less the slope of the devlafion, m other words, the 
devzatlon of the hnes decreases with Increase m the carbon cham-length of the R4N* 
ions or with Increase m the structural propeties of the cation The amomc behavior 
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of these electrolytes may be explamed on the same basis It 1s well known that the 
structure-breakmg properties of hahde ions mcrease with increase m then radn, and, 
hence, the deviation trend 1s m the order chlonde <bromide <lodlde 

The less-pronounced divergence of the pair of straight hnes m R,N+-sucrose- 
water systems its compared to alkzh ha.hde-sucrose-water systems’ ’ may further be 
Interpreted on the basis of hydration of the sucrose molecule, as well as of the mter- 
action of the tetraalkylammomum hahde with sucrose m aqueous solution Whereas 
the presence of most salts tends to decrease the solublhty of nonelectrolytes, tetra- 
alkylammomum salts cause a slgruficant Increase m the solublhty of nonelec- 
trolytes 4 5 24 25 Desnoyers and co-workers5 reported that, with the symmetrlcal 
RJ%X compounds, this type of salting-m appears to be a hnear function of the number 
of carbon atoms of the catlons (R,N+) As already dlscussed, the presence of neutral 
molecules Increases the ice-hke structure of water, this corresponds to a decrease In 
the entropy or an Increase m the free ener_q of water In a system of R4Nt ions, 
sucrose, and water, both the sucrose and the large ion ~111 tend to Increase the water 
structure The system will, therefore, tend to mmlmlze the increase m the free energy 
through association, the surface area of this assoclatlon complex being smaller than 
that of the two particles separately As the length of the organic cham increases, the 
number of molecules formmg the assoclatlon complex probably Increases, and, at the 
limit, nacelles contammg sucrose molecules rn their centers are formed The solublhty 
of a nonelectrolyte m water 1s hrmted to a large extent by the Increase m the structure 
of water, the presence of structure-inducing Ions ~111, therefore, faclhtate the 
dlssolutlon of the neutral molecules, as less uork needs to be done by the non- 
electrolyte agamst the structure of water The present results with the R,NX com- 
pounds show that the sugar molecules would Introduce more hydrophoblclty m 
aqueous sohihon, and, hence, a less-pronounced divergence of the pair of straight 
hnes This posslblhty 1s merely suggested, and IS by no means conclusive However, 
the speculative nature of these suggestions warrants further mvestlgatlons of solute- 
solvent interaction employmg some structured, nonaqueous solvents 
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