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ABSTRACT 

The interaction of sucrose with symmetrical retraalkylammon,um hahdes 
(R,NX) m formamlde has been studled by employmg conductance measurements 
Conductance data of these salts m formamlde saturated by sucrose at 50 0 +O 05” 
are reported m the temperature range 25 to 70” Plots of -log (specific conductance) 
against l/T showed a break at the saturation temperature, where two straight hnes 
intersect one another Divergence of the pairs of straight lmes m these homogeneous, 
ternary systems was found to be hghly influenced by the structure-making or -breakmg 
propeties of the electrolytes The results are interpreted m terms of the structural 
properties of the electrolytes and the hydrogen-bondmg capablhtles of the formamlde 
and sucrose molecules A slmlIanty m the conductance behavior of R&ii- Ions m 
both aqueous and formamide solutions contammg sucrose at saturation concentra- 
tion has been observed The transltlonal effect 1s more pronounced for R4N+ ions 
m fonnamlde than m aqueous systems, and this 1s attributed to the less-structured 
nature and hgher dlelectnc constant of formamlde 

INTRODUCTION 

The behavior of tetraalkylammoruum salts contammg a large R,N* Ion (R 
being an ahcyl cham) m aqueous solutions has been studled m great detaxl by various 
workerslw6 These salts are reported to possess abnormal propemes which have 
been attnbuted to solvent structural changes due to the hydrophobic nature of these 
Ions Although these structural aspects have been widely studied m aqueous solutions, 
less consideration has been given to such effects m nonaqueous solvents It was, 
therefore, of interest to mvestlgate their behavior m solvents other than water but 
similar to water m respect to their high dlelectnc constant and high degree of struc- 
tural order due to hydrogen bonding Some mterestmg solvents of this type are 
anodes of lower ahphatx acids and their mono-alkyl-substituted denvatlves, e g , 
formarmde, N-methylformarmde, _V-methylacetamlde, and N-methylproplonamlde 
In a senes of papers’-14, Ram Gcpal and hs co-workers described studies of a few 
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properttes of these salts m some of the amrde solvents, and they observed the 
anomalous behavror of tetraalkylammomum Ions, even m nonaqueous solutions 

In thus commumcatton, studtes on the mteractton of tetraalkylammomum 
halides with sucrose m formamtde solutrons are reported, sucrose, havmg a number 
of hydrogen-bonding sites, was used as the nonelectrolyte, and formamtde as the 
solvent, as It IS known to be a hrghly structured hqurd The presence of the non- 
electrolyte tenas to strengthen the hydrogen bonds between the solvent near the large 
solute, and a relanvely large structure 1s effectively formed How these large structures 
are Influenced by the mtroductton of these Iarge, hydrophobrc tons, and by the type 
of mteractrons that are mvolved therem, has been studred, and 1s dtscussed m this 
paper 

EXPWhlENTAL 

FormamIde, obtamed from B D H (England), was kept overmght over freshly 
Ignited qurckhme and then drstllled under drmmlshed pressure, the middle fraction 
of the drstrllate bemg collected The process of purrficatron was repeated untrl the 
electrlcal conductance of the sample was lowered to -10 pohm- r cm- l, or less 
Tetraalkylammomum halides obtamed from various sources [B D H (England), 
FIuka (Swrtzerland), and DrstrIIatron Product Industnes (u S A )] were punfied as 
described elsewhere’9’ 5 Sucrose (analytmal reagent grade, B D H ) was used as 
such, without further punficatton The rest of the expcnmental procedure and the 
prectsron of measurements were as described m earher commumcattons’6*‘7 

RESULTS AND DISCUSSION 

In Frgs 1-4, the negative logartthm of the spectfic conductance data for 
R,NX-sucrose--formamrde systems IS plotted against the recrprocal of the absolute 
temperature Figs 5-8 deprct plots of the devratron uerms l/T for these systems 
Devtatton values were obtained with the help of least-squares calculattons, as 
described elsewhereI ” 

From Figs l-4, It IS evrdent that the plots constst of pans of strarght hnes 
mtersectmg one another at a point m the vtcmtty of the saturation temperature, as 
observed for alkali hahde-sucrose-formamtde’ ’ and R,NX-sucrose-water’e 
systems A perusal of Figs B-7 cIearIy reveals that the dtvergence of the pans of 
strarght lmes 1s most pronounced m the Me,NI system, and that the divergence 
decreases gradually wtth decrease m the crystallographtc radms of rhe amon, I e , 
deviation of the two straight lines foliowa the trend Me,Nt> Me,NBr> Me,NCI 
Srmdar amomc behavror 1s also notrced m the tetraethyl- and tetrabutyl-ammomum 
halide systems 

As the symmetrical tetraalkylammomum hahdes form a homologous senes of 
mcreasmg catron srze, tt was of interest to study the effect of catron srze on the prop- 
erties of electrolytrc solutrons Therefore, the negattve Ioganthms of the specific 
conducraoce data for a senes of R4NI compounds (R varyrng from Me to hexyl) 
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Fxg 1 Plots of --log K versus l/T for tetramethylammomum hahdes m sucrose-formamtde solutlon 
Key 0, Me,NCI A, MeaNBr, ID Me,NI] 

Fig 2 Plots of --log K ce.‘sus 1/T for tetraethylaznmotuum hahdes tn sucrose-formamtde s01uUon 

Key A, EbNBr, 8, Et.,NI 1 
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Fig 3 Plots of -log K LW.WS I/T for tetrabutylammomum hahdzs m sucrose-formamide solutlon 
CKer 0 Bu,NCl A Bu&NBr. e Bu,NI ] 

were plotted agbrlst l/T m Fig 4 Plots of the temperature reciprocal ter.ws the 
devlatlcn for thes: systems are gven m Fig 8 In these systems, the most strlkmg 
feature 1s that the drvergence of the paws of straight 1x1~s decreases wth mcreasmg 
CatIon size of thhe tetraalkylammomum lodldes Departure of the straight lines m 
these systems follows the order Me,NI > Et,NI > Pr,NI > Bu,NI > pentylSNI > 
hexyl,NI Slmllar catlomc behavior 1s also observed for the R,NBr and R,NCI 
compounds 

Before the results obtamed here are discussed, those of earher studies, on 
alkali hahdes m formamlde solutlonsl 7, and on tetraalkyiammomum halides m 
aqueous sucrose solutlon18, should be considered The trend of devlatlons m alkah 
halide-sucrose-formamIde systems was found to be m the order iodide> brormde> 
chloride Greater departure of the straight lines was observed for potassium salts 
than for sodium salts m each system, mdlcatmg Increasing divergence of the straight 
hnes with Increase m the crystzllographlc radius of the common catlons 

It hds already been estabhshed that the divergence of the pairs of straight lines 
increases with increase m the structure-breakmg properties of the elec1rolytes From 
vlscoslty data, McCowal and Vincent lg showed that the structure-breaking prop- 

er’rles of hahde ions m formamlde increases m the order iodide > bromide > chloride, 
anti the same trend has been observed In our systems, both for common and for 
tet-aalkylammomum hahdes m formamlde solution 



CONDUCTANCE STUDIES 321 

/ 
‘ 26 

285 2’30 2.95 300 305 3.10 315 3.20 325 

Fig 4 plots of --log K vem.~ 111 for tetraalkylammomum lodldes m sucrose-formamIde solutron 
[k(ey 0, Me4NI, A, Et,NI. 0, PrrNI, 8, BuaNI, +, pentyl_+NI. -& hexyLNI3 

The general behavior of symmetrical tetraalkylammomum halides m formamide 
IS somewhat slmllar to that in aqueous solution As the dlelectrlc constant of the 
formamide IS higher than that of water, an overall, pronounced effect IS to be 
expected On the other hand, the different nature of the R,Nt-water (hydrophobic) 
and R4N+-fermamide (Iyophlhc) mteractlons” may lead to dlsslmllantles m their 
behavior In the two solvents 

In water, the smaller dLparture of the pan o_’ straight lmes for R4NX salts 
contammg large R,N+ ions has been explamed as due to the hydrophobic (R,N+- 
water) mteractlons Although the divergence of the pair of straight lmes IS more 
pronounced m formamide systems, a marked slmllarlty in the behavior of R4NX 
compounds, (I e , a decrease m the devlatlon with an increase m the size of the 
RjNf Ions) IS obsened for both systems Thus type of slmllmty m other propertles 
of R,NX compounds m formamlde solution had also been observed by Gopa! and 
co-workersg-” As the sumlar behavior m R4N* Ions m water and m formarmde, 
m both of which hydrophobic interaction between the alkyl chams of R4N* Ions and 
the solvent molecules was not expected, It IS concluded that the factor responsible 
for this slmllanty should, m general, differ from the mteractlon between the solvent 
and solute particles 

Moreover, It has been observed that the divergence of the pairs of stralgbt 
lines Increases with increase III the size of the alkali-metal Ions’ 6 “, and that there IS 
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Fig 5 Fig 5 Plots of devlatlon oersus l/T for the system tetramethykmmomum hahde-sucrose- 
formamlde [Key 0, Me,NCI, A, Me4NBr, 0 Me4NI] 

+aoz- 

Fig 6 Plots of dewatlon LWSUS l/T for the system tetraethykmmomum hahde-sucrose-formarmde 
Eey 0, Et4NBr A, Et,Ni ] 

a marked decrease m devlatlon values with Increase 1x1 the size of the R&N+ 10x1s 
‘I&s type of effect of the mcreasmg size of R4NI compounds 1s seen in Fig 9, m 
whxh the Stokes radu of R4N+ IOIIS have been plotted against the slope of the 
deviation vaIues of these Ions m sucrose-formamrde solutions The fcregomg results 
may be attnbutable to the fact that formamlde and R4Nf tons are orgamc, and so 
the R4Nf ions are bigger than Nai and K+ Ions. It IS expected that, in form-de 
solution, R4Nf Ions penetrate the solvent structure, and that voids formed by the 
(larger) R,N+ Ions are filled up by the (smaller) solvent moleculesg” 1 21, whereas 
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Fig 7 Plots of devzatlon Lerszts l/T for the system tetrabutylammonmm hahde-sucrose-formamIde 
Key- 0, Bu,NCl, A, Bu,NBr, 9, BuANI ] 

Fzg 8 Plots of dewatlon uersus l/T for the system tetraalkylammonmm Iodide-sucrose-formamzde 
Key 0, Me.&II, A, EtJTI, XI PrJNI, 9, BuaNI, 8, pentyl,NI, A, hexy14NI 1 

the common alkah-metal eons are compact and, perhaps, smaller than the molecules 
of formarmde, this suggests the posslblhty of accommodation of small ions rn the 
voids formed by the formamlde molecules, so that these ions will not contnbute 
much to the structural propertles of the system As formamlde 1s less structured than 
water, It IS easier for an Ion to form a cavity m the bulk of a solution m formamide 
and to become bghly solvated When such solvated Ions encounter sucrose molecules, 
the adhermg solvent molecules mteract w& sucrose molecules through hydrogen 
bondmg, bulldmgup cage-hke structures slmllar to those m water and thus ax mg nse to 
a transltlon m the homogeneous system, which 1s highly influenced by the structural 
proper&s of the electrolytes It appears that the structure-breakmg effect continues 
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Fig 9 Vanatlon ofslope of deviations wth size of the R+N* 1011 (Stokes r&n) xn sucrose-formamlde 
s01ut10n 

to decrease wrth Increase m the radms of the R4N’ Ion Thrs may be expected, 
because the larger R.+N+ eons have low surface-charge densrty, so the electrostatrc, 
ron-solvent mteractron IS not strong enough to break the hydrogen-bonded structure 
of the solvent 

Ram Gopal and assocrates7-‘4 made a detarled study of the behavior of R4NX 
compounds m vanons, h@+dlelectnc, amide soIvents, such as N-methylformamrde, 
N-methyracetamrde. and N-methylpropronanude They observed an overall structure- 
breakmg behavior of R4NX compounds m these solvents, quote the opposrte of therr 
behavror (structure-makmg) m aqueous solutron Thrs tendency of the R4Nf Ions 
has been attributed’ to the fact that the speaal structure-promotmg features (hydro- 
phobic hydratrcn m aqueous solutron) of the larger R4Nf Ions m water would be 
missmg m these solvents, because of the stmrlanty of the constituents of the R4Nf 
Ions and the aikyl-substituted denvatives of the amrdes of lower ahphatrc acrds 
(e 9, the presence of an alkyl group) Momma and co-workers reported’” z3 the 
conductance behavior of some large ions m formamrde and certam other structured, 
nonaqueous solvents In such solvents as N,iV-&metbylformamrde, dunethyl suifoxrde, 
and sulfolane, they observed an anomalous, Walden product of tetraamylammonium 
Ions, and Interpreted their results m the l&t of the structure-breakmg properties of 
large Ions m these solvents, a hypotheses sm~lar to that of Gopal and co-workers7-1 4. 
The authors22 23 could not reach any defimte conciusron regardmg the structural 
behavror of R,Ni rons rn formarmde solution 

Although no conclusive evidence was educed by earber workers for the behavior 
of these salts m formamrde solutron24, we have observed a smnlanty in the bebavror 
of these salts m both aqueous and formanude sohrhons The transrhonal effect IS 
more pronounced for these Ions m formarmde, compared to that m aqueous systems 18, 
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ths may be attributed to the high dlelectnc constant and less-structured nature of 
formarmde2 5 
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