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ABS’IRACT 

Complexation of D-arabmose, D-fructose, D-glucitol, D-glucose, D-manmtol, 

L-sorbose, D-xylose, sucrose, and amylose with LIOH, NaOH, KOH, Ba(OH),, 

Ca(OH), , and Sr(OH& has been studled conductometncally D-Glucltol and D- 

manmtol do not bmd with any of the bases used Molecular complexes (1 1) of the 
other carbohydrates are formed m solution Reducing sugars bmd more strongly than 
nonreducmg ones Stability constants for the complexes have been determmed, the 
free-energy change IS of the order of hydrogen bonding The association process has 
been observed to depend srgmficantly on the polanty of the medium 

INTRODUCTION 

Formation of adducts of certam carbohydrates with salts and hydroxides of 
alkali and alkalme-earth metals IS known ’ In several recent stules, the compositions 
of such adducts with the hydroxides of barium, calcium. magnesium, and strontmm 
have been estabhshed2-4 through the formatlon of definite, solid compounds The 
strength of bmdmg m solution, on the other hand, has not been determmed, because 
of lack of a smtable method1 In two recent publications5 6, we have shown from 
spectral studies that ethylene&amine can act as an acceptor of a proton from the 
donating, reducing end of a carbohydrate moiety, and the bmdmg strength IS of the 
order of hydrogen bonding It has also been reported7 that reducmg sugars can affect 
rhe conductance of aqueous solutions of the hydroxrdes of banum and calcium Very 
recently, mteractlons of carbohydrates with salts have been estimated conducto- 

metrically*, and m another pubhcatlon’, determmatxon of stabrhty constants of 

polyol-cation complexes has been reported 
In the present paper, results of conductometnc exammation of the interactions 

of LIOH, NaOH, KOH, Ba(OH), , Ca(OH), , and Sr(OH), with several reducing and 
nonreducmg carbohydrates are presented. A quantitative estlmatlon of the bmdmg 
capablhttles has been made on the basis of a simple, theoretlcal model 
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THEORIZICAL ASPECTS 

In previous paperss*lO*l’, hi n d rance to ~omc mrgratron under an apphed 
electric field was considered to be due to the obstruction of rons by the carbohydrates, 
as well as to the complexatron of ions with them The obstructron effect should be 
srguficant m appreciable concentratrons of carbohydrate In the present work, only 
very dilute solutions of carbohydrates were employed, and the obstruction effect was 
considered to be absent Any change m conductance would then be asstgned to the 
mteractron of ions u~th the carbohydrate moretres 

For a 1 1 complex, the following scheme was consldered 

x.4 
Carbohydrate + base _ complex, (4 

(0-x) (b-x) X 

where a, b, and x are the concentratrons of the carbohydrate, the base, and the 
complex, respectively, and KA is the thermodynanuc assocratron constant This 
constant 1s given by equation 2, 

G = a&, - 4) (a* - aa, (2) 

where a,, a,, and a, are the actrvrties of the carbohydrate, the base, and the complex, 
respectively In dilute solutions of a base, the actlvny can be taken to be equal to Its 
concentration The actlvlty of the non-electrolytic carbohydrate does not usually 

deviate much from its concentration, which should not then deviate m dilute solutlons 

From these cousideratrons, 

K_4 = x/(a-x)(b-x) (3) 

When x+a, 

KA = x/a(b-x) (4) 

For &lute solutions, the spectic conductance of the base can be represented’ by 

k=Cb (5) 

The conductance of the base at concentration (b-x) IS then given by 

k = C(b-x), (6) 

where % 1s the proportronahty constant 
From equations 4,5, and 6, rt can be shown that’ 

k = E(1 fK,a), (7) 

or, k/k = 1 - JYA @z/f?). (8) 

If the concentration IS expressed m g/ml, then 

a = lOOOC/M, (9) 
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where C IS the concentration of the carbohydrate expressed m g/ml, and M is Its 
molecular werght. 

Equation 8 then takes the form 

E/k = 1 -(lOOOK,/M)(IEC/k) (10) 

Thrs hnear equation may be used for determtmng the assocratron constant of a 
carbohydrate-base complex m solutron The simple method of conductance measure- 
ments can thus be made mearungful Under the condrtrons of the present work, the 
obstructron-cum-complexatton equatron denved earhe? can also be reduced to 
equation 20 

EXPERIMENTAL 

Marenals - All of the carbohydrates used were of either E Merck pro analyst 
or BDH Analar grades Fresh samples of carbonate-free hydroxides (also of E Merck, 
pro analyst grade) were used Strontmm oxide was prepared by drssolvmg SrCO, m 
rutnc acid, and rgmtmg the crystalhzed Sr(NO& to the oxrde until It was free from 
mtrate The oxide was dissolved m water to produce the hydrate 

Preparatron of samples was performed m thoroughly boded conducrrvrty water 
(specrfic conductance, 2 pmho cm- ’ at 30”) protected against unnecessary exposure 
to the atmosphere The solutrons were stored m well-stoppered contamers m a vacuum 
desiccator 

The solutrons of Ba(OH), , Ca(OH), , and Sr(OH), were prepared by shakmg 
the respective hydroxrde with conductrvrty water m a stoppered container, and 
raprdly filtering the suspensron The concentratrons of all of the solutrons were 
determmed by trtratron of ahquots wrth standard HCl The concentration of each base 
used was 20pM, If not otherwlse stated 

Method - The general method used for measurements has been described’’ 
Exposure to the atmosphere durmg experrmentatton was avorded as far as possrble 

Pnor to each measurement, the conductance of the carbohydrate solution was 
checked for any contammation by a salt If the order was more than I pmho cm-‘, 
the solutron was rejected_ The conductance of a carbohydrate of thus desrred order was 
observed to stay constant for a period of several hours at the temperature of the 

measurements (30 f0 2”) At a temperature of - 60”, the conductance of soluttons of 
D-glucose was found to Increase wrth time Degradation of thrs sugar at higher 
temperatures was thus antrcrpated 

RESULTS 

. 

Susceprlbd~ry of carbohydrates to the bases - Reducmg carbohydrates are 
known to be susceptible to the actron of basesI Apart from conformatronal 
changes13 (alkaline transformatrons), alkalies degrade them The process of the 
Lobry de Bruyn-Alberda van Ekenstem alkahne degradation14*’ 5 has been well 



96 S. P. MO-3LlK, D P. KHAN 

studied In a recent study6, we anticipated occurrence of complexatron pnor to any 
degradatron, at least m drlute basrc solutrons The remarkable change m conductance 
of a solution of a base’ in the presence of a carbohydrate also led us to presume 
occurrence of complexatron To corroborate this, carbohydrate solutions (15-68m~) 

at -30” were treated wrth solutrons (20~~) of various bases, and the content of base 
Just after mixing and after an interval of 2 h was determmed by tttratmg wdh a 
standard solutron of hydrochlonc acid The same procedure was followed for samples 
that had been heated for 1 5 h at -75” It was observed that no base was consumed 
by the carbohydrates kept at 30” (the toters of HCl~ust after nuxmg were, wrthm the 
hmrts of expenmental error, exactly equal to those after 2 h) The heated sampIes 
consumed part of the base, dependmg on the carbohydrate, the toters of HCI were 
sigmficantly lower The solutrons also became straw colored, owmg to the formatron 
of polymenc, degradatron products These results are grven in Table I We also found 
that use of a concentrated solutron of a base greatly lessens the trme needed for 
degradatron The results m Table I reveai that, m the workmg per-rod of 1 h, alkahne 

05 IO 20 3.0 40 10 

Mole rotlo 

FJg 1 Piot of conductance of 20.~~ KOH versus mole ratlo of carbohydrates fKey curves l-5, 
r_-sorbose, D-fructose, D-xylose, D-glucose, and D-arabmose I 
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Fig 2 Plots of z/h versus i?CjL for various carbohydrates m NaOH [Key curves 1-6, sucrose 
n-glucose, D-fructose, u-arabmose, L-sorbose, and D-xylose ] 
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Fig 3 Plots of z/k versus XC/k for various carbohydrates m KOH [Key curves 1-7, amylose, 
sucrose, D-&COSe, D-fructose, L-sorbose, D-arabinose, and o-xylose] 
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degradation leadmg to consumption6 of base was not noticeable In the presence of a 
small proportron of either l+droxane (5lo%, v/v) or ethyl alcoho! (lo%, v/v), tlus 
degradatron was small, even at the higher temperature On such occastons, estrmatron 
of the base by conductometric titration was adopted, keepmg m mmd that the color 
change of the tautomenc forms of phenolphthalem or other mlcator may be 
agmficantly mfluenced m a medmm of low drelectrrc constant (partrcularly 1,P 
dioxane) 

Composrtzon of the complex - A 1 1 adduct of certam carbohydrates with 
certam bases was reported earlrerzW4 Under some condrtrons, adducts of other 
compositions were also found’ 4 Identrficatron and determmatron of composrtron are 
both d&cult In practice, owing to the lugh degree of mstabrhty of the isolated adducts 
In the present analysis, the conductance method of determination was used In a 
number of samples, the proportion of the carbohydrate was varied, but the overall 
concentratron of the base was kept constant, these samples were allowed to stand for 
0 5 h and their conductances were measured, taking care to avord unnecessary 
exposure to the atmosphere The reciprocals of the resistances of these solutions were 
then plotted against the mole ratio of the carbohydrate The results are deprcted m 
Fig 1 The several examples given m this Figure show a break m all of the curves at the 
1 1 composrtron. thrs supports our early observations of 1 1 composition m isolated 
adducts, and rmphes for-matron of smular molecular complexes m solutron 

0 10 20 30 40 50 60 70 = 
0 I , 
0 10 20 a0 40 50 60 7oa 

t 0 2 4 0 6 10 h m 

I I , I 
0 4 8 I2 16 20 24 28 

b 
I 

2 4 6 8 IO R 14v 
I 9 
0 4 b R 16 20 24 28 yL 

I .xX 
0 I 2 3 4 8 6 7 8 9 

EC (+104(g ml-‘) 

Fig 4 Plots of E/k versus KC/k for various carbohydrates In Ca(OH)2 Key curves l-7, amylose, 
sucrose, D-glucose, u-fructose, D-arabmose, L-sorbose, and u-xylose] 
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Determinatzon of the assoczatzon constant - The expenmental procedure 
employed for thrs purpose was that reported earher’. Plots were made according to 
equatron 10, and the results are depicted in Figs 2-5 To ascertam the significance of 
equation 10, the results of 10 experrments (chosen at random) were processed for a 
hnear regression equatron In all cases, such an equation gave values for the Intercepts 
wrthm the range of 0 97-l 03 From thrs sample analysrs, rt can reasonably be assumed 
(wrth httle error) that the intercepts should be almost equal to 1 +O 03 On this 
assumption, mean curves were plotted, takmg the intercept as equal to umty, and the 
standard deviatrons of the slopes were calculated and attributed to the values of KA 
These res-ults are grven m Table II, from which rt may be seen that the strengths of 
assocratron are, energetrcally, more or less equal for the reducmg sugars studred, and 
are essentrally independent of the conformatronal drfferences between them A 
nonreducmg carbohydrate, such as sucrose, bmds less strongly The actrvrty of 
amylose could not be made quantttatrve, due to its unknown molecular werght, the 
polymenc character of tlus specres would suggest much weaker bmdmg than that to 
the “drmenc” sucrose molecule The fact that the molecular werght was unknown 
prevented determmatron of the composmon of the amylose-base complex 

Eficts of cosohmts - The effects of cosolvents were studred by usmg ethyl 
alcohol and l&droxane as polar and nonpolar solvents, respectively Determmation 
of assocratron constants was performed as usual The results are given in Fig 6 and 
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Fxg 5 Plots of E/k ~ersu.s KC/k for varrous carbohydrates m Ba(OH)2 [Key curves, 1-7, amylose, 
sucrose, D-ghCOSC, n-fructose, D-arabmose, L-sorbose, and D-xylose] 
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Table III At equal volume-percent, 1,Pdroxane influenced the mteractron far more 

than ethyl alcohol The KA value was thus observed to be fauly susceptrbIe to the 
polarity of the .soIvent. At a dielectnc constant of - 65, aqueous 1 ,4-droxane almost 

completely checked formatron of a complex, whrch, at thrs rsodrelectnc condrtron, m 

aqueous alcohol, was only lowered to 30% of that in water 

1 I I 

00 :4 
I 

I& it 3 42 

I2 
’ m 

(+) x lo3 (9 ml-‘) 
IO 20 30 40 

(I$ x lo3 (9 ml-‘) 

Fig 6 Plots of z/k versus &Z/k for D-glucos=+KOH system m aqueous l+dxoxane and aqueous 
alcohohc media. [Key A, curves 14, I%, 2%, 5%, and 10% IA-dloxane B, curves l-3,40%, 20%, 
and 5% ethyl alcohol ] 

TABLE III 

Ka AND dG VALUES FOR D-GLUCOSE-KOH COMPLEX IN AQUEOUS ETHANOL AND AQUEOUS 

1 ,‘t-DIOXANI? 

1,4Droxane Dlelectrzc KA -AG Ethyl DIeIectnc K, -AG 

(O/o, u/v) constant (hter (kJoules* alcohol constant (ltter. (kJodes 
mol- ‘) mol- I) (% vfu) mot- ‘) mol- ‘) 

100 65 0 14rto3 1094fO25 400 56 8 208 f03 6033 fO084 
50 71 0 35 f03 2950 fO21 200 67 3 233 f04 7966 fO017 
20 74 3 75f16 5107fO48 50 74 5 21 9 f04 8541 zlzOO33 
10 75 0 101 f10 5856 fO21 

OAt 30 10 2” 

DISCUSSION 

Alkahne degradatron of reducmg sugars has been known for a long trme’2-15 

Mechamsms have been suggested for the process m basic envrronments15, these do 

not, however, introduce the concepts of association or compIexatron of the base with 

the carbohydrate On the other hand, the possrbrhty of adduct formatron between 

’ the two types of compound has been studred - 4 An mteractron of this kmd can be 
considered to be electrostatrc m nature, where the carbohydrate acts as the center of 
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positive charges That ethylenecbamme (a proton-wlthdrawmg agent) can act 
efficrently m combnung with both reducmg and nonreducmg sugars’ 6 means that 
the mteractron conststs, most probably, in hydrogen bondmg The hydrogen atom of 
the hydroxyl group on C-l of a cychc form of an aldose is bonded to the mtrogen 
atom of the amme In all probabrhty, salts also bmd at this center’ A strong proton- 
wtthdrawmg agent such as ethylenedramme may aiso activate other centers of a 
reducing sugar, as well as some centers of a nonreducmg sugar, facrht&ting bmclmg of 
different kmds4g6. 

That the bmdmg IS weak IS supported by the possrbrhty of quantrtatrve de- 
termmatron of the base m the presence of a sugar by trtratron wrth a strong acrd The 
complex formed sigmiicantly lessens the conductance of the base, but the adduct IS 
broken by the addition of a strong acrd The lugh mob&y of hydroxyl Ions makes 
study possible for low concentratrons A true chexmcal reactron that mvolves all or 
part of the base 1s uuhkely, thrs was also mlcated m our prevrous studies’ 6 

As regards the postulatron of weak bmdmg with the reducing end of a carbo- 
hydrate, bmdmg to sucrose and to amyiose constitute exceptions, and rt IS difficult to 
surmse which are the active centers m these compounds Starch and amylose are 
known to grve adducts with salts of alkalr and alkalme-earth metals’, the compara- 
tively weak bindmg for sucrose and amylose parallels the rather weak bmdmg of 
ethylenedranune to nonreducmg sugars6 The role of conformational drfferences has 
been observed to be of no s~gmficance, supportmg our observations6 

In earher work’ 6, D-glucrtol and D-manmtol were reported to form complexes 
No evidence for such has been adduced by the present method of conductometnc 
expenmentatron The salts exammed have been found not to brnd to o-glucrtol and 
o-manmtol* , thts is m contrast to the recent reports of bmdmg of alltols wrth metal 
cationsg’l 7 

TAX electrostatrc assocratron pnmarrly depends on the polarity of the mechum6 
At equrmolar concentratrons, l+droxane IS, therefore, more effectrve than alcohol as 
an mhrbitor of complex-formatron The profound, decompiexmg activity of 1,4- 
droxane under rsodrelectnc conditrons may mdrcate the necessrty for presence of 
hydroxyhc solvents m order to ensure efficient complex-formation 

Fmally, we have found that the conductance method cannot be used when 
ammoma IS the weak base Add&on of a sugar was observed to Increase the con- 
ductance, which, for strong bases, always decreased Thrs may result from an Increased 
dissocratron of NH40H m the presence of a carbohydrate, or from chermcal reactron 
of reducing sugars wrth ammoma l8 The analogous phenomenon of an increase m the 
drssociatron constant of acetic acid m the presence of urea has been notedl’ 
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