
U. S. Depa rtment of Commerce 
National Burea u of Standards 

Research Paper RP1862 
Volume 40, February 1948 

Part of the Journal of Research of the National Bureau of Standards 

Behavior of Certain Sugars and Sugar Alcohols in the 
Presence of Tetraborates- Correlation of Optical 

Rotation and Compound Formation 
By Horace S. Isbell, Joseph F. Brewster, Nancy B. Holt, and Harriet 1. Frush 

I n t he present investigation, the cha nges in the equilibrium specifi c rotation caused by 

t he addi tion of either sodium or potassiu m tetraborate to solu t ions of D-glucose, D-fru ctose, 

L-sorbosc, sucrose, mannitol, a nd sorbi tol have bee n observed a nd t he results in tc rpreted . 

Measurements have been made fo r various conce ntra tions of carbohydrat es with fixed co n­

ce nt rations of borat c, and for various conce ntrations of borate with fi xcd co ncentratio ns of 

carbohydratc. It was t hus possible to obser ve independently t he effcct of variation in t he 

co ncentrat ion of eit her carboh ydrate or borate. The resul ts indicate t hat glucose, fru ctose, 

sor bose, a nd sorbitol form three borate co mpounds, t hat ma nnitol forms two, a nd sucrose 

one. T he optical rotat ions of the compounds ha ve been estimaLed, a nd the composition of 

t hc solutions discussed . Exte nsive tables have been included, givin g t he op tical r otations of 

t he above-me nt ioned carbohydrates in the presence of sodium and potassiu m tet raborate. 

I. Introduction 

In recen t years large quan tities of the poly­
hydric alcohols, sorbitol and manni tol , have been 
produced and have found u e in many industries. 
The commercial applications make important 
the developmen t of simple methods of analysis. 
The sugar alcohols, like nearly all sugar deriva­
t ives that do no t contain an oxygen ring, have 
low optical rota tory power, but the addi tion of 
borates, molybdates, tungstates or cer tain other 
inorganic substances considerably increases the 
rotation and makes polarimetric methods of 
measurement possible. Although it has been 
more or less customary, since 1874, to character­
ize the sugar alcohols by their op tical rotations 
in aqueous solutions containing borax [1]/ Lhere 
has been no uniform procedur and little emphasis 
on the effect of concentra tion. The purpose of 
this investigation was to obtain more compre­
hensive data concerning the effect of borates on 
the optical rotations of mannitol and sorbitol at 
various concentrations. As borates affect the 
optical rotations of the sugars as well as the sugar 

I Figures in brackets indicate tbc literature references a t th~ end· of this 
paper . 

Borate-Carbohydrate COITlpounds 

alcohols, similar studies appeared to be desirable 
on those sugars (glucose, fru ctose, sorbose, and 
sucrose) that are commonly associated with sor­
bitol and mannitol. 

Another obj ect of the investiga tion was to ex­
tend knowledge of the character of the borate­
carbohydrate compounds, a subj ect of particular 
importance in relation to various polysaccharides. 
Thus, it is well known that the viscosity and 
physical properties of algins, plan t gums, and 
mucilages are altered in striking manner by the 
addition of bora tes. It is believed that the in­
formation presented in this paper will be useful 
in interpreting the action of borates on these 
more complex substances .2 

II. Reactions of Borates and 
Carboh ydra tes 

1. Prior Work 

It has been known for many years that poly­
hydroxy substances combine with boric acid any 
borates in solut ion with great ease and rapidity. 
The reactions are accompanied by extraordinarily 

, 'rhe methods described in this paper are being a pplied to the study of 
other carbohydrates, including the uronic acids. 
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large changes in physical and chemical properties. 
Thus, the Hddition of mannitol to aqueous solu­
t ions of borax changes the reaction of the borax 
from strongly alkaline to strongly acid [2]. In­
formation as to the character of the compounds 
formed has been derived from measurement of 
the changes in optical rotation, electrical condu c­
tivity, acidity, freezing point, solubility, and vol­
ume. Lambert first observed the effect of struc­
ture on compound formation [3], a subj ect that 
Magnanini studied extensively by conductivity 
measurements [4]. In a series of brilliant investi­
gations extending over many years , Boeseken and 
coworkers developed Magnanini's method and 
ascertained the structural and configurational 
conditions necessary for the formation of borate 
compounds.3 Originally B oeseken assumed that 
1 molecule of a dihydroxy compound combines 
with 1 of boric acid with loss of water to form a 
cyclic compound (type A) having strong acid 
properties. The preparation by Hermans [6] of 
several crystalline compounds of this structure, 
but having only weak acid properties, led to a re­
vision of the original concept and the conclusion 
that there are several classes of ·boric acid com­
pounds differing widely in acid strength . . The 
formulas that have been suggested are tabul ated 
below 

1 
- 0-0 

I "'-
1 BOH 
1 / 

- c-o 
(A ) 

! 

(BD) 

For convenience they will be designated hereafter 
as types A, BD and BD2, respectively. H ermans 
considered structure BD2 as most probable for the 
strongly acid compounds, but recognized that 
compounds of the BD type may also be strongly 

3 A comprehensive list of B 6esekcn's early puhlications on this subject is 
found in footnote 3 on page 338 of [5). 
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acidic. Boeseken [7] justified the existence of 
compounds of pentavalent boron having four 
tetrahedrally arranged covalent bonds on the 
basis of the Lewis-Langmuir theory and pointed 
out the possibility of optical isomers for certain 
compounds of the BD2 type. The resolution of 
the strychnine salt of borodisalicylic acid into two 
optically active isomers confirmed the idea of the 
tetrahedral arrangement of the boron valences, 
and established the structure of the BD2 type 
conclusively [8]. 

The first compounds known to be of type A 
were prepared by Hermans [6], who found that a 
weakly acid volatile substance, 

(CHalz .C.CI·hC.(CHalz 
! I o 0 
"'-/ 

BOIf 

crys tallizes readily from aq Lleous solu twns (;U11-

taining equivalen t quantities of boric acid and 
2,4-dimethylpentane 2,4-diol. Several other rep­
resen tatives of this class were prepared. Ordinarily, 
compounds of type A are form ed by dehydra tion 
of solutions containing the diol and boric acid or 
borate in proper proportion. Thus, by dehydra­
tion of mixtures of mannitol and boric acid , 

and 
BOH 

( "'-I 
CH20H.CH . CH .CH. CH .CHzOH 

1 1 o 0 
"'-/ 

BOH 

are obtained [9]. Partial hydrolysis of these (;OIIl­

pounds yields a crystalline acyclic mannitol borate 
considered to be 2-mannitol monoboratc. D ehy­
dration of boric acid mixtures containing ethylene 
glycol or 1,3-butylene glycol gives compounds of 
type A that ar e volatile [10]. Under like condi­
tions glycerol gives a nonvolatile viscous mass, 
the nonvolatility of which is attributed to the 
formation of a third ester linkage between two 
diesterified molecules. 

The evidence for compounds of the BD type is 
not so convincing as that for compounds of type A. 
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Possibly the mannitol-boric acid compound of Fox 
and Gauge [11] having the empirical formula 
C6HlsOsB belongs to this class, and also the cis­
cyclohep tanc diol boric acid of D erx [12] . 

Numerous representatives of the BD2 type in 
the form of crystalline salts have been prepared, 
[6, 8]. It was shown by Hermans that several 
compounds prepared by other workers (e. g. , the 
salts of dipyrocatechol boric acid [l31, potassium 
diborocitric acid [14], and possibly certain com­
pounds prepared- by Wohl and Keuberg r15] are 
of the BD2 type. A few of the crystalline acids 
have been obtained by heating the aniline or 
pyridine salts in' a vacuum [6 , ], and it is possible 
tha t certain crystalline compounds of fru ctose, 
mannitol, and xylose are also of Lhe BD2 type [16]. 
Vermaas [17] suggested that all 1,2, and 1,3 diols 
with hydroxyl groups in sui table positions are 
able to form compounds of type A, in whi ch the 
valence angle of the trivalent boron is 120°. 

\ Compounds of types BD and BD2J bo\vcver, can 
be formed only when the hydroxyl oxygens are 
suffi cien tly close to allow the 4 covalencies of 
boron to assume a smaller angle, namely, 109°. 
This concept has been confirmed by X -ray dif­
fraction measurements [1 8]. Th e cis diols 4 that 
Eoeseken classified as "favorable" meet this re­
quirement and give rise to borate compounds of 
types BD and BD2 as well as to those of type A. 
But for any single diol, it has not been possible 
to separate aU three borate compounds in crystal­
line form . 

For determining the configurations of the re­
du cing sugars, advantage has been taken of the 
fact that the only cyclic diols that, form compounds 
that increase the acidity of boric acid solu tions 
are those with adjacent cis hydroxyl groups. 
This principle has been used by Boeseken and 
coworkers for es tablishing the configurations of 
many sugars [21]. For example, it was found that 
a-D-glu copyranose increases th e acidity of boric 
acid , whCI'eas ,B-D-glucopyranose docs no t . H ence 
the hydl'oxyls of carbons 1 and 2 of the alpha 
pyranose modification of glucose are in the cis 
posi tion [22]. :Moreover , the selective combina­
tion of certain modifications of the sugars with 
borates causes a shift in the equilibrium state. 

• Certain disaccharides having adjacent cis hydroxyl grou ps ,do ]]ot appreci­
ably increase t he conductivity of boric acid an d may even cause a decrease 
[19], B5esekel1 [20] ascribed t he anomalous behavior to the particular con· 
formation of the straiuless ring in tbese compounds. 

Borate-Carbohydrate Coznpounds 

The borate-sugar compound is decomposed by the 
addition of acid with regeneration of the sugar, and 
formation of a salt and boric acid. It wus shown 
by Levy and Doisy [23] that this process is fol­
lowed by a mutarotation caused by r elease of the 
sugar modification in the complex, and the subse­
quen t establishment of the normal equilibrium 
state. 

The prior work clearly shows the existence of 
borate-diol compounds of diverse types, but there 
is considerable uncertainty in regard to the char­
acter of the compounds present in aqueous solu­
tions. Boeseken, Vermaas, and Kuchlin [24J esti­
mated the number of moles of polyol (n) which 
form a strongly acid complex with 1 mole of boric 
acid , (l) from the change in pH upon the addition 
of the polyol to a fixed amount of boric acid, 
(2) from the change in pH during the nell traliza­
tion of polyol-boric acid solu tions, and (3) from 
freezing point measurements of borate-polyol 
solu tions. By t he thl'ee mcthod , n was found 
to be 2 for fru ctose, mannitol, and a-mannitan. 
Tung and Chang, by potentiom tric measurements 
of pH also found that n equals 2 for several sub­
stances, notably fructose, mannitol, and xylo e 
[16]. In contradiction to this evidence, Levy 
[25], using the freezing point data of KahJenberg 
and Schreiner [26], calculated that 1 mole of 
sodium borate en tel'S into combination with 1 
mole of mannitol, and presen ted data to show that 
a 1: 1. combination takes place with other carbo­
hydrates. Other proportions were suggested by 
D armois and Peyroux [27], but Bancroft and 
Davis [28] questioned the existence of any of the 
compounds in solu tion. Other contradictory lit­
Cl'ature was cited by Rippere and La M er [10] . 

Although borate-polyol systems are extremely 
complex, and there is some conflicting eviden ce, it 
appears that an equilibrium involving compounds 
of types A, BD and BD2 accounts most adequately 
for the experimental facts. Equilibrium systems of 
this character have been consid ered by Vermaas 
[17J and Boeseken [20]. Vermaas presented the 
following reaction scheme; 

I 
-COH 

I 
-60H 

I 

I -co 
I "'BOH 
1/ -co 
1 

(a) 
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1 -co 
i"-1 BOH 
1/ - co 

+ H,O "" rlt~<OH] ~ 
- co OH 

i 

(b) 

- co -60H [_60 06_] -I )OH + I p I X I + H+ + H 20 
-CO -60H -60 06-

I I I (c) 

The primary reaction gives a compound of type 
A, which in turn is converted into substances of 
types BD and BDz by reaction with either a mole­
cule of water or a second molecule of diol. Under 
suitable conditions the process of reaction (a) 
undoubtedly takes place, but it may include the 
stepwise formation of an acyclic intermediate of 
the type 

-60H 
I - COB(OHh 
I 

which Bremer [9] obtained by hydrolysis of a 
mannitol borate of type A. Reaction (c) seems 
questionable in light of the observation that the 
propylene glycol borate of type A does not combine 
with a second molecule of propylene glycol [10).5 
The inertness of the propylene glycol compound, 
however, may be due to an "unfavorable" struc­
ture rather than to the invalidity of the hypo­
thetical reaction. 

The following scheme was suggested by Boeseken 
[20] . 

, See also p. 91 o[ [61. 
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-60 
I ~BOH + IV 

-co 

The first reaction gives an ion containing quadri­
covalent boron, which combines with the diol to 
yield a compound of type BD directly. Reaction 
IV is the same as reaction (b) of Vermaas' scheme, 
and appears to be relatively slow, at least with 
some diols. 

In acid solutions the equilibrium for reaction I 
lies to the left. Consequently , only a small quan­
tity of the quadricovalent borate ion is present and 
the ·tendency for the formation · of ions BD - and 
BD; of reactions II and III is correspondingly 
small. The amounts of the complex acids formed 
from boric acid and a carhohydrate are sufficient 
to cause measurable changes in acidity but too 
small to detect by optical rotation measurements. 
In the presence of the alkali borates and tetra- (I 

borates, however, the equilibrium for reaction I 
lies to the right; and the tendency for the forma­
tion of the ions BD- and BD; is high. Under 
these conditions large quantities of complex bo­
rates are formed, and it is possible to study com­
pound formation of carbohydrates with borates 
or tetraborates by optical methods. 

2. General Discussion of the Results of the Present 
Investigation 

In this investigation, a study was made of the 
reactions of certain carbohydrates with sodium 
and potassium t etraborate. To obtain informa­
tion concerning the compounds formed, solutions 
of D-glucose, D-fructose, L-sorbose, sucrose, man­
nitol, and sorbitol containing either sodium tetra­
borate or potassium tetraborate were studied 
polarimetrically. Measurements were made with 
solutions containing fixed amounts of the carbo­
hydrate and various amounts of tetraborate, and 
with solutions containing fixed amounts of tetra­
borate and various amounts of carbohydrate. 

As like molecular concentrations of sodium 
tetraborate and of potassium tetraborate were 
found to have like effects on the optical rotations 
of the substances investigated, the results obtained 
with the · two salts are considered together. So­
dium tetraborate is more readily obtained in pure 
condition and seems preferable for analytical pur-
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poses, but potassium LeLraborate is more soluble 
and can be used over a ,,"id er range of concentra­
tion. 

It was shown by Kahlenberg and Schreiner 
[26] that sodium tetraborate in solu tion is equiva­
lent to equimolecular amounts of sodium borate 
and boric acid . As compound formation of car­
bohydrates with boric acid is too slight to be 
observed polarimetricalIy, the presence of boric 
acid can be neglected, and 1 mole of tetraborate 
can be considered to be equivalent to 2 moles of 
borate. If it be assumed that compounds of the 
BD and BD2 types are highly ionized and show 
little variation in ionization with concentration, 
and that a compound of type A is only slightly 
ionized, certain relationships can be drawn from 
Boeseken's equations, which appear to provide a 
reasonable interpretation of the complex changes 
observed in the optical rotations of carbohydrates 
in the 'Presence of tetraborates. 

The reactions may be expressed symbolically 
in the following manner : 6 

H 3B03 + H 20 t=! B- + H + I' 

B- + D t=! BD- + 2H20 II ' 

BD- + D <-'- BD2- + 2H20 III ' 

BD- + H + .,.... A + H20 IV' 

A system of th is character would re ult in the 
equilibrium state represented somewhat arbitrarily 
in figure 1. This figure is similar to those used by 
Vermaas [17] and by Boeseken and Vermaas 
[29]. It includes, however , compounds of type 
A , and shows by the dotted lines, the direction 
of the changes that occur as the hydrogen ion 
concentration decreases. At a given tetraborate­
diol ratio , the h eights of the curves would be 
expected to vary widely with concentration and 
to depend on the characteristics of the diol in 
qu estion. 

From mas law it follows that: 7 

[BD, ] K3 [D] 
[BD- ]= [H 20]2 

[BD- ]_ K 3 [BD-P 
2 - K 2[B ] 

(1) 

(2) 

6 D reprcsents the carbohyd rate (diol) and B- the ion [HO~B~ OH ] -. 

HO OH 
BD-, BD, . and A represen t thc structurcs givcn on page 130. 

1 K r K 2 K a and K~ are Lbc equilibrium constants of equations I, II, III ' 
and IV. 

Borate-Carbohydrate Compounds 

[A] = K 2K , [H +][B-][D] 
[H 20 P 

[BD- ] K, [H20] 
[AJ=[H+] 

[ED, ] K 3 [D] 
[Aj=K , [H+lfH 20 j 

(3) 

( 4) 

(.5) 

From eq 1 and 2 it may be seen that the concent.ra­
tion of BD; is favored by high concentrations or 
D and low concentrations of H 20 and B-. Thus, 
compounds of the BD2 type should be formed 
preferentially in concentrated solutions of the 
carbohydrate containing small amounts of borate. 
Consequently, the change in optical rotation caused 
by the addi tion of small quantities of tetraborate 
to a carbohydrate solution can be ascribed 
principally to the formation of a compound of the 
BD2 type. 

Compounds of types BD and A are favored by 
high borate concentration' according to eq 2 and 
3. It follows from eq 1 and 4 that BD- i favored 
over BD; and A by dilution, and from eq 1 and 2 
that BD- is favored over BD; by low concentra­
tions of diol and high con centrations of borate. 
H ence, compounds of the BD type should pre­
dominate in dilu te solutions containing large 
quantities of tetraborate and little carbohydrate. 
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FlGURE 1. Hypothetical equilibrium diagram for the tetra­
borate-dial system. 

D , Percentage of uncombi ned diol ; BD " percentage of diol present as 
BD, co mpound ; BD, percentage of diol prese nt as BD compound; A, per· 
centage of c1iol present as typle A compound . 
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From eq 4, it is seen that in a system containing 
A !1nd BD-, [AJ varies inversely with [H20], anlI 
[BD- ] varies directly. Hence, the proportion of 
compounds of type A is higher in concentrated 
solutions than in dilute, and the change in optical 
rotation with change in concentration at a constant 
tetraborate-carbohydrate ratio provides a means 
of judging the direction and magnitude of the opti­
cal rotation of the compounds of type A. 

The rrlativc amounts of compounds of types A, 
BD, and BD2 also vary with the hydrogen ion con­
centration. The work of Hermans, B6eseken, 
Ver-maas, ana others has shown that compounds 
of type A are only weakly acidic; whereas, the 
hydrogen compounds of the BD2 and BD types are 
strongly acidic. If, as we have assumed, com-
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pounds of type A are not ionized, and compounds 
of types BD2 and BD are completely ionized, the 
relation between concentrations of hydrogen ion 
and of A, BD;-, BD - , D , and B-can be expressed 
by eq 3, 4, and 5. From eq 4 and 5, one would 
expect the ratios [BD- ]:rAJ and [BD;-]: [AJ to in­
crease with decrease in hydrogen ion concentra­
tion. In grneral, as the tetraborate-carbohydrate 
ratio increases, the hydrogen ion concentration de­
creases, and [BD-] and [BD;-] increase at the ex­
pense of [A]. This effect is indicated by the dotted 
lines of figure 1. In this study, consideration has 
not been given to the change in the degree of 
ionization of the borate with change in concen-

I tration or to differences between the optical rota­
tions of the ionized and nonionized borate-diol 
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o 0 .2 0.4 0 .6 0.8 1.0 1. 2 1.4 1.6 1.8 
MOLES OF TETRABORATE PER MOLE OF GLUCOSE 

FIGURE 2. Specific rotation of glucose in the presence of alkali letraborates. 

0 . Sodium tetra borate; e, p otassium tctraborate. 1,2 g of glucose per )00 1JI1 ; 2,4 g of glucose per )00 ml ; 3,6 g of glucose per 100 ml; 4; 10 g of glucose per 
100 ml ; 5, 25 g of glucose per 100 ml. 
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FIGURE 3. Specific rotation of f ructose in the p7'esence of alkali tetraborates . 

0, Sodium tetrabora te; e, potassiu m te traborate. 1, 2 g of fru ctom per l OU ml ; 2, 4 g of fru ctose per 100 1ll1; 3, 6 g of fructose per 100 ml; 4, 10 g of 

fructose per 100 m!. 

compounds. Although these factors are of im­
portance, they would no t affect the qualitative 
conclusions that have been drawn . 

It may be observed from the curves of figures 
\ 2, 3, 4, 5, 6, and 7 that in t he presence of tetra­
I borate-s, the optical rotations of certain carbohy­

drates vary in striking manner with the tetra­
borate-ca~'bohydrate ratio and with the absolute 
concentrations. The presence of a maximum and 
minimum in the curves for glucose and fructose, 
~rtnd the infl ection in the curves for sorbose are r ev;dcncc 1m- tbe lo,m.tion 01 tm ee compound, 

r Borate-Carbohydrate Com.pounds 

from each of these substances. The general 
contour of the curves for sorbitol likewise suggests 
the presence of three compounds, but the curves 
for mannitol give evidence for two compounds 
and those for sucrose for only one. The propor­
tions of the borate-carbohydrate compo unds 
responsible for the changes in optical rotation 
appear to vary with the tetraborate-carbohyclrate 
ratio essentially as indicated in the curves of 
figure 1. The several carbohydrate-tetraborate 
systems are considered in detail in succeeding 
sections. 
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C, Sodium tetraborate; e, potassium tetraborate. 1, 2 g of sorbose per 100 m!; 2,4 g of sorbose per 100 m!; 3, 6 g of sorbose per 100 m!; 4,10 g 01 sorbose t 
per 100 ru! ; 5, 20 g of sorbose per 100 Ill!. .:; 
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FIGURE 5. Specific rotation of sucrose in the presence of alkali telraborale~. 

0, Sodium tetraborate; e, potassium tet rabOlale . 1,2 g of sucrose per 100 m!; 2, 4 g of sucrose per 100 m!; :3, 6 g of sucrose per laO m!; 4, 10 g of 
sucrose per 100 m!. 
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Data for solutions containing from 2 to 10 g of mannitol pel' 100 ml. 0 , 
Sodium tetra borate; e, pocassium tetraborate. 
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0, Sodium tetra borate; e, potassium tetraborale. I, 2 g of sorbitol per 
100 Inl ; 2, 4 g of so rbitol per jO.) m I; 3, 6 g of sorbitol per 100 ml ; 4, JO g of sorbitol 
per 100 mI . 

III . Optical Rotations of Carbohydrates in 
r Solutions Containing Borates 

1. D-Glucose 

Although the effect of borate on th e optical 
rotation of glucose was noted early, and has been 

:'1 studied by a number of investigators [22, 30, 31, 

1

32, 33], prior work has not brought out the depend­
ence of the optical rotation upon the relative 

I and absolute concentration of both glucose and 
borate. The complex relationship is shown by the 
measurements reported in table 1 and figure 2. 

>As already mentioned, a-D-glucopyranose com­
bines selectively with boric aeid and borates. 

, Borate-Carbohydrate Coznpounds 

Inasmuch as a-D-glucopYl'anose has one pair of 
adjacent cis hydroxyl groups, and a molecule of 
tetraborate furnishes 2 borate ions, forma tion of a 
compound of the BD2 type requires 0.25 mole of 
tetraborate per mole of glucose. As this type of 
compound is favored by high concen trations of 
glucose, it may be assumed that the linearity of the 
ehange in optical rotation at tetraborate-glucose 
ratios of less than 0.1 is due to the substantially 
quantitative formation of the BD2 compound. 
]j~xtrapolation of this change in optical rotation 
to a tetraborate-glucose ratio of 0.25 gives a spe­
cific rotation of + 40° for the BD2 compound 
(expressed on the glucose content). 

Compounds of the BD type are favored by 
dilu te solutions at high tetraborate-diol ratios. 
F igure shows that the specific rotation of glu­
cose in the presence of ei th er sodium tetraborate 
or potassium tetraborate approach es a limi ting 
value of -9° a the concentration of the carbo­
hydrate decreases, i . e., as the tetraborate-cliol 
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GRAMS OF D-GLUCOSE PER 100 ML 

F I GURE 8. Limiting value for the specific rotation of glucose · 
at low concentration in the presence of tetraborales, for 
es timation of the specific rotation of the ED compound. 

0 , Sodium tetraborate; e, potassium tetraborate. 1,10 g of K,B,O,.4H,O 
per lOOml; 2, 10 g of Na2B,O,.lOH ,0 per JOO m!; 3, 6 g of ](,B,O,.4.H,O per 
100 ml ; 4, 6 g of Na,B,O,.lOH , O per 100 m!. 
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ratio increases.s As this value differs widely from 
the optical rotation of th e free sugar (+ 52°) and 
does not vary appreciably with the concentration 
of the tetraborate, it may be assumed to corre­
spond to the optical rotation of the BD compound. 
The existence of compounds having specific rota­
tions of + 40 and - go will not account for the 
minimum and maximum observed in the rotations 
of concentrated solutions (figure 2, curve 5). Ob­
viously, a compound at least as dextrorotatory as 
+ 580 (the maximum observed rotation) must be 
present. This compound is favored by high con­
centrations and a tetraborate-glucose ratio greater 
than 0.25. Hence, it is presumahly of type A. 
The decrease in optical rotation with increasing 
tetraborate-glucose ratios above 0.5 can be as­
cribed to the formation of the BD compound by 
virtue of the decrease in hydrogen ion concentra­
tion (eq. 4, page 133 ). 

TABLE 1. Specific rotation of n-glucose in aqueous solutions 
containing tetraborate 

A . SODIUM TETRA BORA TE 

D·GIucose 

Moles per 
mole oj 

v/IOO ml v/IOO ml glucose 
L _______________________________ _ 6 2.84 
L ___________________ ____________ _ 10 4.72 

2 ________________________________ _ o 
2__ ______ _ __ ______ _____ _____ _ ___ _ _ 1 
2___ __ ___ _ ________ __________ _____ _ 2 
2 ________________________________ _ 
2 _____________________ __ ______ __ _ _ 

2___ _ _ _ _ _ _ __ ___ _ _ _ _ __ _ _ _ _ ___ _ ___ _ _ 10 

4 __ ____ __________ ________________ _ 
4 ____ ___ ____ ___ ___ __ ___ __________ _ 
4 _______ ___ __ _____ ____ ___ ________ _ 

4_________________________________ 2.12 
4 ___ ____________ _________ ________ _ 
4 _________ _______________________ _ 

4_ __ _ _ _ _ _ _ _ _ _ _ _ _ __ __ _ _ __ __ __ _ _ _ _ _ _ 10 

6 __ _________ ___ __________________ _ 

6 ___ __________________ ___________ _ 
6 __ _______ __ ____ ______ ____ _______ _ 

0. 00 
. 24 
.47 
.94 

1. 42 
2.36 

0. 00 
. 12 
. 24 
. 25 
. 47 
. 71 

1.18 

0. 00 
.08 
. 16 

6__ _______________________________ 3.18 . 25 
6___ _ ________________ _ __ _ ___ _____ _ .32 
6__ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __ _ ___ _ _ _ _ _ _ _ _ _ . 47 

6_______ __________ __ __ ____________ 10 .79 

10 ________ __________ _____________ _ 
10 ___ ____________________ ________ _ 

io ____ _____________ ______________ _ 
10 __ _____________________________ _ 
10 _____ _________________ ____ _____ _ 

. 00 

. 05 

.09 

.1 9 

. 28 
10___ ________________ __ ___________ 10 .47 

[aJ~ pH 

+ 1.6 8.8 
-1.8 9. 1 

+52.5 
40. 5 8. 0 
32.1 8. J 
19.7 8.4 
12.4 8. 6 

6.2 8.8 

52.7 
46.5 7.6 
42.7 7.5 
42.4 
37.3 7. 7 
32.0 8. 0 
22.0 8.3 

52.7 
48.5 7.2 
46.0 7.3 
44. 5 
43.4 7.4 
41. 5 7.5 
35. 4 7. 9 

52.8 
50. 2 6. 8 
48.4 6.8 
47. 2 6.9 
47.0 7.0 
46.8 7. 2 

8 A levorotatiou , (_8°) for certa iu glucose-borate mixtures was reported by 
Colemau aud Miller [341. 
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T ABLE 1. Specific rotation of D-glucose in aqueous solutions ~ 
containing tetraborate-Continued I 

B. POTASSIUM 'fETRA BORA TE 

D·GJucose pH 

---_·_-------11---.---------
Moles per 

mole oj 
v/l00 ml U/ IOO ml glneose 

0.5 ___________________ _____ _______ 6 7.08 -4.3 

2 _______________ _______ __ ________ _ 
2 __ __________________ ____________ _ 
2 __ __________________ ___ _________ _ 
2 _____________ ____________ _____ __ _ 

2 ____ __ _________________ _________ _ 
2_ __ ______ _ __ ____ ____ _ __ __ _____ ___ 10 

4 ________________________________ _ 

4 _____________________ ___________ _ 

4_________________________________ 1. 70 
4 ________________________________ _ 

4 _____________________ __ _________ _ 
4 ___________ _____ ________________ _ 

4__ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __ _ __ _ _ _ _ _ _ _ _ :I 0 

6 ___________________________ : ____ _ 

6 __ ______________________________ _ 
6 _______________________ _________ _ 

6 ___ _____________________________ _ 
6 ________________________________ _ 
6 _____________ _________ __________ _ 
6 _______________ _________________ _ 
6 ________________________________ _ 

10 ____________________ ___________ _ 
10 _____________ __ ________________ _ 
10 __________ ________ _____________ _ 
10 _______________________ ____ ____ _ 
10 ________________ _______________ _ 
10 ____________________ ___ ________ _ 

2. 54 

10 

20 

10 

15________________________________ 12.72 
20___ _ _ __ _ _ _ _ __ _ _ ___ __ _ _ __ _ _ _ _ _ _ _ _ 8. 48 
~L _ __ ____ __ ___________ __ ______ _ _ 10.0 

25________________________________ 2. 12 
25_ __ __ ________ ___ ____ _ ______ ___ _ _ 4.24 
25.. __ ______ ___ ___ ____ _ _ ____ ___ _ _ _ 6.36 

25_________________________ ____ __ _ 10.6 
25_________ _____ __ ________ __ ___ _ _ _ 21. 2 
25_____ ___ _ __ _ ____________ ___ _ __ _ _ 31. 8 

30____ ______________ ______ ____ _ _ _ _ 25.44 
35_______ ________ _ ________ _____ _ _ _ 29.68 
40 . ______________________________ 33.92 

• Read at 35° C . 

0.00 + 52.5 
. 30 38.3 
. 60 28.8 

1. 18 15.6 
1. 77 9.2 
2.95 

0.00 
. 15 
. 25 
.30 
. 59 
.88 

1. 47 

0.00 
. 10 
. 20 
.25 
. 39 
. 59 
.98 

1. 96 

0. 00 
.06 
. 12 
.24 
.35 
. 59 

. 50 

. 25 

.30 

.05 

.10 

. 15 

. 25 

. 50 

. 75 

. 50 

. 50 

. 50 

4. 2 

52.7 
45.4 
42.4 
41. 2 

34.9 
28.0 
17.9 

52.7 
47. 7 
45.1 
44.6 
42. 3 
39. 5 
3 1.0 
17.3 

52.8 
49.6 
47. 9 
46.9 
46.8 
45.6 

50.6 
50.6 
51. 3 

50. 7 
49. I 
49.9 
51. 4 
55. 7 
53. 8 

57. 0 
57. 4 
57.6 

7.8 
7. 9 
8.1 
8.7 
9.1 

7.3 

7.4 
7.6 

7. I 
7. 1 

7.2 
7. 4 

6.7 
6. 7 
6. 7 
6. 8 
i.l 

{ 

I 

) 

The complex rela tionships in the op ti cal rota tions I 
shown in the curves of figure 2 arise from changes ~ 
in the proportions of the free sugar and the three I 
borate compounds, essentially as shown in figure 1. 
At low tetraborate-glucose ratios , the concentra­
tion of the sugar is relatively high, and BD; is 
the principal product. As the tetraborate-glucose 
ratio increases, the concentration of the free sugar <­
dCCI'eases, and hence, the ratios [BD; ]: [BD-] and 
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[BD;]: [A]. The formaLion of the compound of 
type A shifts the optical rotation in the dextro 
direction, and account for the increase in optical 
rotation on the right-hand side of the minimum 
in curve 5 of figure 2. As the tctraborate-glucose 
ratio increases further, the hydrogen ion concen­
tration decrea es. This factor leads to the forma­
tion of the BD compound, partially at the expense 
of A, and accounts for the decrease in optical 
rotation following the maximum in curve 5. 

At a fixed tctraborate-glucose ratio, changes in 
concentration affect the relative amounts of the 
thl'ee compounds. In concentrated solutions com­
pounds of type A and BD2 are present in larger 
amount, and account for the higher dextrol'ota­
tions of these solutions; in dilute solutions at high 
tetraborate-gluco e ratios the BD compound pre­
dominates to the exclusion of the others. The 
variation in the proportions of the several com­
pounds with concentration accounts for the strik­
ing differences in the character of the curves ob­
tained at different concentrations of glucose. 

2 . D-Fructose 

The effect of boric acid and borates on the 
optical rotaLion of D-fruetose has been studied by 
a number of workers [27, 31, 35]. It has been 
shown that frueto e markedly increases the hydro­
gen ion concentration of aq ueous boric acid, and 
that the effect is greatest at a concentration of 2 
moles of fructose per mole of boric acid [36]. 
Other measurements have indicated that a di­
fructose borate predominates under the conditions 
employed in the volumetric anaylsis of boric acid, 
and that a monofructose borate is present only 
when the concentration of fmctose is less than 2 

~ moles per mole of borate [37]. 
As fructose establishes an equilibrium contain­

ing both pyranose and furanose modifi cations [38], 
it might be expected to form derivatives of either 
modification. Levy and Doisy [23] observed that 
acidification of a solution containing fructose and 

"-
r< borax results in a rapid mutarotation in the levo 

direction. The du·ection of the change is oppo ite 
to that of the mutarotation of crystalline /3-D­
fructopyranose. Hence, the predominating borate 
compound must contain an alpha fruetopyranose , 
a fructofuranose, or an open-chain modification of 

> I the sugar. In ligh t of the numerous possibi ities, 
a definite stm ctme cannot be assigned to the 

Borate-Carbohydrate Compounds 
771185- 48- - 4 

sugar component of any of the borate compounds 
at present. 

The equilibrium specific rotations of fructo e 
obtained in solutions at several concentration in 
the presence of various amounts of sodium or 
potassium tetraborate are given in figure 3 and 
table 2. The specific rotations of solutions con­
taining less than 0.25 mole of tetraborate per mole 
of fructose vary nearly linearly with the tetra­
borate-sugar ratio and show little change with 
change of concentration. These facts indicate 
that the product formed at low tetraborate­
fructose ratios is relatively stable, and that its 
amount is nearly proportional to the borate pres­
ent. As the proportion of tetraborate is low, the 
compound is presumably of the BD2 type, and 
requires 0.25 mole of tetraborate per mole of 
fructose. The optical rotation can be estimated, 
as in the case of glucose, by extrapolation of the 
rotations observed at low tetraborate-frnctose 
ratios to a ratio of 0.25. The result 0 obtained 
indicates a specifLc rota tion of approximately- 45° 
based on the fructose content. The speci,fic rota­
tions in dilu te solutions approach a limit at high 
tetraborate-fructose ratios of - 22 to - 23 0 

expressed on the fructose content (fLg. 9) . Thi 
value conesponds to the optical rotation of a 
compound presumably of the BD type. At 
tetl'aborate-frnctose ratios above 0.3, the specifLc 

-45,-----,-----,-----,-----,-----,----, 

~ -40 ~----~----~----~----r-----r-~~ 
w 
a:: 
fB 
o 

-20~----~--~~--~~--~----~----~ 
o 2 :3 4 5 6 

GRAMS OF FRUCTOSE PER 100 ML 

FIGURE 9. Limiting value for the specific rotation of fructose 
at low concentration in the presence of tetraborates, for 
estimation of the specific rotation of the BD compound. 

0 , Sodium tetraborate; e, potassium letraborate. 1,10 g or I{, B, O;.4H,O 
per ml; 2, 10 g or Na,B,O;.lOH,O per 100 m l; 3, 6 g or I{, B,07.4fI,O per 100 
ml; 4, 6 g of Na, B,O,. lOH,O per 100 mi. 
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rotations vary markedly with concen tration (fig. 
3). As in the case of glucose, the variation may be 
caused by the formation of a compound of type 
A and by a shift in the relative propor tion of 
BD; and BD-. It follows from eq 1 that a t a 
given tetrabora te-fructose ratio there must be 
relat ively more BD; in concentrated solutions 
than in dilu te. This accounts in part for the more 
levo ro tations of concentrated solu tions, but a 
system having only two compounds in addition to 
the free sugar will not account for both the maxi­
mum optical rotation found at a tetraborate­
fructose ratio of 0.3 to 0.5, and the minimum, 
found at a r atio of 0.5 to 0.8. The decrease 
following the maximum, shown in curve 4, shows 
the existen ce of a third compound, presumably of 
type A, and having a levorotation of at least - 45° .. 
The increase following the minimum may be 
attributed to changes in the proportion of BD­
and A with decrease in hydrogen ion concentration, 
as the tetraborate-fructose ratio is increased. 

T A B LE 2. S pecific rotation of D-f ructose in aqueous solutions 
containing tetraborate 

A. SODIUM TETRABO RA 'l' E 

Fructose [al~ pH 
-----------I---~--------

0/100 ml 0/100 ml 
L __ __ . ____ . _______________ . __ __ __ 6 
L . __ __ ______ ______________ ______ _ 10 
2 __ . ____ . ______ . ______ _ . ____ __ __ __ 0 
2 __ ________ . __ __ __ __ __ ___ __ ____ __ _ 1 

2_ ... ____ __ __ • ______ • __ _ • ______ __ __ 2 
2 __ • ____ . ______ • ______ ___ ________ • 4 
2 __ ________ . __ ______ __ _______ . __ __ 6 
2 ____ . __ ____ . ________ . _. __ . __ __ __ _ 10 
2 __ ______ __ ____ . _______ __ ________ . 20 

4 __ __ __ __ . ____ __ . ________ __ ____ . __ 0 
4 ___ ________ • __________ _________ __ 
4 ____ ______ . __ ______ __ ___ . __ __ __ __ 2 

4_ •••• ___ _ ._. __ ._._. __ __ ______ . _. _ 
4 __ __________ . ______ __ _____ . __ . __ . 4. 23 
4 __ ________ . ________ . __ __ __ __ __ __ _ 6 
4 __ __ • __ __ • ____ • _________________ • 10 
4 __ • __ ______ • __ ________________ • __ 20 

6 _____ ____ ____ ___ .. ________________ 0 
6 __ __ __ __ __ __ __ __ __ __ _ __ __ _ __ __ __ _ 1 
6__ __ __ __ __ __ __ __ _____ __ _ __ __ __ __ _ 2 
6__ _ __ ____ __ __ __ _ ____ __ __ __ __ __ __ _ 4 
6__ __ __ __ __ __ __ __ __ __ _ __ __ __ __ __ __ 6 
6 ____ __ _______ • __ ____ _ __ __ __ __ __ __ 10 

10 __ . __ . ____ . _ ... _________ . _. _ .... 
10. ____________ . ______ . _________ __ 
10 __ __ • _________________________ __ 

10 ____ . ____ . __ __ . _____ . ______ . . __ . 
10 ______________ . __ __ __ __ __ __ __ __ _ 6 
10 __ ____________ . __ __ __ __ __ __ __ __ _ 10 
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Moles 
per mole 

oj 
jructose 

2. 84 
4.72 
0.00 

. 24 

. 47 

. 94 
I. 42 
2.36 
4.72 

0. 00 
. 12 
. 24 
. 47 
. 50 
. 71 

1. 18 
2.36 

- 26.7 
- 25. 7 
- 92. 3 
- 49.8 
- 35. 8 
- 31. 8 
- 30. 3 
-29. 0 
- 27. 5 

- 92.3 
-68. 1 
- 48. 6 
-37.8 
-37.2 
- 36. 6 
-34.8 
- 31. 0 

0. 00 - 92. 6 
. 08 - 75.7 
. 16 .- 60. 9 
. 32 - 42. 0 
. 47 -39.3 
. 79 -38. 9 

0. 00 - 93.0 
. 05 -82. 7 
. 09 - 73. 1 
. 19 -55.6 
. 28 - 44.6 
. 47 -41. 9 

9.0 
9.2 

6. 7 
8. 0 
8. 6 
8.7 
9.0 

6.0 
6.3 
7.7 

8.1 
8. 5 

5. 3 
5.7 
6. i 
7. 4 
8. 1 

4. 6 
5. 0 
5. 5 
6. 1 
7: 1 

TAB L E 2. Specific rotation of D-fn,ctose in aqueous solutions 
containing tetraborate-Cont inued 

B. POTASSI U M T E TRABORATE 

Fructose 

],,[oles 
per mole 

0/100 mt a/lOa ml 
oj 

jructose 
L ________ . _________________ .__ ___ 6 3.54 
L __ . __ .__ _ __ __ ____ ____ ____ ____ ___ 20 11. 79 
2 _________________ • ___ . _. __ • __ • ___ 0.00 
2 _________ _______________________ _ .30 
2 _____________________ __ ____ • ____ _ . 59 
2 ___________ • ___ • _______ • __ ___ • ___ 1.18 
2 ______ . ______________ _____ • ___ • __ 1. 77 
2 ________ • ____________ ___ ___ . ___ __ 10 2.95 

4 __ __________ __ ____________ • _____ _ 0. 00 
4 ______________________ __________ _ . 15 
4 _____________ _ . _________________ _ . 30 
4_________________________________ 3.39 . 50 
4 __ ___ _ • _____ _______ • _________ • __ _ . 59 
4 __ . • ___ • _____________ ____ _______ _ . 88 
4 ________ • ________________ • ______ • 10 1. 47 

6 _______________________ __ . ______ _ 0. 00 
6 ________ . _________ . _____________ . . 10 
6 ________________________________ _ . 20 

-25.9 
- 25. 4 
- 92. 3 
-44.3 
- 33.8 
-3 1. 3 
- 29. 7 
- 28.2 

-92. 3 
- 62. 5 
-42.7 
- 37.8 
- 36. 9 
-35. 9 
- 34.0 

- 92.6 
- 72. 1 
-54.0 

pH 

9.3 

6. 9 
7.8 
8. 4 
8.5 
8.8 

5.7 
6. 3 

7. 3 
7. 7 
8.5 

5. 1 
5.5 

6 __ _________ . ____ • _______ . ___ __ __ _ . 39 -39. 7 7. 5 I 
6 _____ . ________________ . _________ . 
6 ____________ _____________ . _____ __ 
6 _________ • _. ____________________ _ 

6 _________ ________ ___ ____ ________ _ 
8 ________ . ____________ • __ _ . ______ _ 

10 __ . __ ___ _______________ . ______ __ 
10 _______________________________ _ 
10 ________ • ___ __ • ___ • _______ • ____ _ 
10 _______ . ___ . __________ • . _. _____ . 

5. 09 
6 

10 
20 
10 

10____ __ __ _ __ __ __ __ __ __ __ __ __ __ __ _ 4. 24 
10 __________ . __ __ __ __ __ __ __ __ __ __ _ 6 

10 ________ . __ . ____ . ______ __ . _____ . 6. 78 
10 __________ __ __ .__ __ ____________ _ 7. 63 
10 __ __ ______ • ________ . ___________ _ 8 
10 __ • ______ • __ __ ______ • __ ____ __ __ _ 8. 48 

10 __________________ . __ __ ____ __ __ _ 9. 33 
10 __________ . ________ . ________ .___ 10. 18 
10 ____ __ __ . __ . __ ______ __ __ . ____ . __ II. 87 
10 __________ __ __ . __ __ __ __ __ __ __ __ _ 15. 26 
10 __ __ . ________ . __ __ __ __ __ __ __ __ __ 20 

12 __ __________________ . __ __ __ __ __ _ 10. 17 
15..... ________ . __ __ __ __ __ __ __ __ __ __ 6.36 
20 __ __________________ __ ____ . __ __ _ 8. 48 

3. L-Sorbose 

.50 

.59 

. 98 
I. 96 
. 74 

0. 00 
.06 
. 12 
. 24 
. 25 
. 35 
. 40 
. 45 
. 47 
. 50 
. 55 
.60 
. 70 
. 90 

1.18 

.50 

. 25 

. 25 

-39. 7 
- 39. 4 
-38. 3 
-35. 2 
- 41.1 

- 93. 0 
-80. 6 
-68.5 
- 48. 6 
- 47.0 
- 41. 2 
- 41.2 
- 41.6 
- 41. 6 
-42. 1 
- 42.8 
-42.7 
-42. 8 
- 42. 8 
- 40. 7 

- 42. 8 
- 47. 2 
- 47. 2 

7. 1 
8. 0 

4. 5 
4. 8 
5.3 

5.9 
7.3 

1 

J 

Insofar as known the effect of borates on the 
optical ro tation of L- sorbose has no t been pre- (. 
viously investigated, although it has been shown 
[39] that L-sorbose greatly increases the cond uc­
tivity of boric acid. 'rhe capacity of sorbose to 
combine with boric acid migh t arise from the fav­
orable positions of the hydroxyls of carbons 1 and 
2 in either the pyranose or the furanose modifica- ~ 
tions. In the alpha forms, the hydroxyl of carbon 
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3 is also in a favorable po ition for the formation 
of a complex borate. 

The results given in table 3 and figure 4 show 
that the optical rotation of sorbose solutions 
change from a levo to a dextro direction with the 
addition of increasing amounts of tetraborate. 
The curves arc similar to those obtained for fruc­
tose and may be explained iIi like manner . As 
with fru ctose, the linear relationship, between the 
specific rotations nnd the tetraborate-sorbose 
ratios is evidence that the compound formed at 
ratios of less than 0.25 is relatively stable. The 
rotations at low tetraborate-sorbose ratios extra­
polated to a ratio of 0.25 indicate that the spe­
cific rotation of the BD2 compound is approxi­
mately - 5°. Th e specific ro tation of the com­
pound favored by bigh tetraborate-sorbose ra tios 
and presumably of th e BD type, was found from 
tbe curves of figure 10 to be approximately + 16° 
(expressed on the sorbo e content) . The inflee-

T ABLE 3. Specific rotation of L-sorbose in aqueous solutions 
containing tetraborate 

A . SODI UM TE'l' RAB ORATE 

Sorbose 

0/100 ml 0/100 ml 
2___ _ __ _ _____ __ _______ _ __ _________ 0 
2___ _ ______ _______ _ ____ ___ __ ______ 1 
2___ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __ ___ _ _ _ _ _ _ _ _ 2 
2___ _ ____ __ ____ __ _ ________ __ __ ____ 3 
2 __ _______ ______ -'__ ___ _ _____ ____ __ 4 
2___ _ __________ __ _ ____ _ _____ ___ ___ 0 
2____ __ ____ _ _ __ __ __ ___ _ _________ _ _ 10 

4 __ ____ __________________________ _ 
4 ________ __ ______________________ _ 

4 _______________________ ___ ______ _ 

4___ _ __ ___ _ __ _ _ _____________ __ ____ 4 
'L _ _ ________ ____ __ ____ ___ __ __ ____ 6 
4 ______________________ _____ _____ 10 

6. ________ ________ ____ __ _________ _ 
0 _________________________ _______ _ 
6 ______________________ ______ ____ _ 
6 ___________________ _____ _______ _ 
6 ______ ____ _________ ____________ _ 

6___ _ __ ___ _____ ____ ___ _ ___ ______ __ 10 

10 ___ ________________ ____________ _ 
10 ___ ____________________________ _ 
10 ________________ __ _____________ _ 

10__ _ __ ___ __ _ __ __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 4 
10_______________________ _________ 5.29 
10__ _ __ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _ __ __ _ _ _ _ 6 
10__ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _ _ _ _ _ 10 

20 _____________ . __ _ ____ __ _ ____ ___ _ 10.58 

M ol,s 
1)fr mole 

soiiose 
0.00 

. 24 

. 47 

. 72 

.94 
1. 41 
2. 36 

0.00 
. 12 
.24 
. 47 
. 71 

J.l 8 

- '12. 9 
- 10. 2 
-2.5 
+.3 

3. 0 
5.8 
8. 7 

- 42. 9 
- 25.1 
-9. 7 
-3.8 
- 1. 0 
+3. 2 

0. 00 -43. 0 
. 08 -30.8 
. 16 - 19.3 
. 32 -6.2 
. 47 - 4. 5 
. 79 - 1. 3 

. 00 - 43.2 

. 05 -35.8 

. 09 - 28.8 

.19 - 14. 7 

. 25 - 7. 7 

.28 -6.9 

. 47 -5.5 

. 25 - 7.5 

Borate-Carbohydrate Compounds 

pH 

6.8 
7. 9 

8.3 
8. 6 
8. 7 

5. 2 
6. 1 
7. 6 
8. 0 
9. 0 

4. 7 
5. 2 
6. 4 
8. 0 
8. 1 

4. 0 
4.3 
4. 7 

6. 2 
7. 1 

TABLE 3. Specific rotation of L-sorbose in aqueous solutions 
containing telrabomte-Continued 

B. PO'l'ASSI UM T ETRA B OR ATE 

Sorbose pH 
-----------1---;----- - -- -----

gl1 00 ml a/loa ml 
2.________ __________ ___ __ ____ _____ 0 
2___ __ ___ ____ _____ _ __ _ __ _________ _ . 88 
2 _________ ___ . ___________________ _ 
2 __________________ __ _________ ___ _ 
2___ ___ __ ___ _ __ ____ __ _ _____ __ __ ___ 4 
2__ _ _ ____ ___ ___________ _ ___ ____ _ _ _ 6 
2___ _ _ __ _ ___ ___ __ _ ___ _ _ _ _ __ ____ __ _ 10 

4 _____________ ___ ________________ _ 
4 ______________ __________________ _ 

4___________ ______________________ I. 70 
4___ ___ _ ____ _______ __ ____ __ ______ _ 2 
4 _____________ ___________________ _ 
4 __________________ ______________ _ 
4___ _ __ _____ _ __________ __ __ __ ____ _ 10 

6 ________________________________ _ 
6 _____________________________ ___ _ 
6 ______________________________ __ _ 
6___ ___ __ ____ ____ ____ _ __ ___ _____ __ 2.65 
6 . _____________________ . ________ _ 
6 ___ _____________________________ _ 
6_________________ ________ ________ 10 

10 ___________ ____________________ _ 
10 _____ __________________________ _ 
10 _______ _____ : __________________ _ 
10 ___________ ____________________ _ 
10 _________ ______________________ _ 
lD _____________________ __________ _ 
10 ________________________ _______ _ 
10 ________________ _______________ _ 
10 ____________________________ ___ _ 
10 ______ _________________________ _ 

20 ___ ____________________________ _ 
20 ___ ___________________ _______ __ _ 
20 _______________________________ _ 
20 ______ _________________________ _ 

20 _______________________________ _ 
20 __ _____________________________ _ 
20 _______________________________ _ 

30 _______________________________ _ 
30 _______________________________ _ 

, Read at approximately 33° C. 

4. 2<1 
4. 41 
4. 75 
6 

10 
12. 72 

8. 14 
8.48 
8.82 

13. 17 
16. 96 
20. 00 
25. 44 

15. 26 
25. 44 

1>foles 
per mole 

oj 
sOT/JOse 

0. 00 
. 26 
.30 
. 59 

l.1 8 
1.77 
2. 95 

0. 00 
. 15 
. 25 
.30 
.59 
. 88 

l. 47 

0.00 
. 10 
. 20 
. 26 
.39 
.59 
. 98 

. 00 

. 06 

. 12 

. 24 

. 25 

. 26 

. 28 

.35 

.59 

. 75 

. 24 

. 25 

.26 

. 40 

.50 

. 59 

. 75 

.30 

. 50 

-42. 9 
-8.3 
- 6.7 7.2 
- 1. 3 8.0 
+ 4. 8 8.5 

7. 4 8.6 
9.8 8.9 

-42.9 
- 20.8 5. 4 
-8. 6 
- 6. 7 6.8 
- 2. 7 7.3 
+0. 7 8.1 

4. 9 8.5 

- 43. 0 
- 28. 1 4.7 
- 14 . 0 5. 8 
-8. 1 
-5.5 7. 1 
-3.5 7. 5 
+. 5 8. 0 

- 43.2 
-34.2 4.0 
- 25.3 4.3 
-9.7 5.4 
- . 5 
-8. 0 
-7.3 
-6. 4 6.5 
- 4.9 7.3 
-3. 4 

- 9.3 
-8.6 
-8. 1 
-7. 0 
-6. 9 
-6.5 
-5. 0 

- 7. 4 
,,-6. 9 

tions of the curves of figure 4 for high concentra­
tions of sorbose indicate the presence of a third 
compound, As this compound is favored by high 
concentrations at tetraborate-sorbose ratios of 
more than 0.25, it is presumably of type A. T o 
account for the alteration in optical ro tations with 
concentration in the region of a t etraborate-sor­
bose ratio of 0.5, th e compound must be at least 
as levoro ta tory as - 7 0 . The increase in the 
slope of the curves as the tetraborate-sorbose 
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ratio is increased above 0.5 can be at tributed to a 
change in the rat io [BD):[A] caused by a decrease 
in the hydrogen ion concentrat ion. 

(f) 

~ + 20 
Il:l 
(!) 
W 
o 

z 
o 
~ 
b 
0:: 

~ 

+1 0 

o 

lJ... 
&3 -100 
a.. 
(f) 

~~~~t~ 
.:::::. .... -.. 

..... ::::..- .. -
~ --
~ c.::::::::: t::-- 1-- 2 

--.;;;: 3 
4 

2 3 4 5 6 7 
GRAMS OF SORBOSE PER 100 ML 

FIGURE 10. L imiting value for the specific rotation of sor­
bose at low concentration in the presence oj tetraborates, for 
estimation of the specific ,'otati(Jn oj the ED compound. 

0 , Sodium tetraborate; e, potass ium tetraborate, 1, 10 g of K ,B.07.4H ,O 
per 100 ml; 2, 10 g of Na2B,O,. lOH 20 per 100 illl; 3, 6 g of K ,B,O,.4H ,O per 100 
m]; 4,6 g of Na,B.O,. IOH,O per 100 ill!. 

4 . Sucrose 

It was no ted by Muntz in 1876 [40] that the 
addition of borax to solu tions of sucrose causes a 
lowering of optical rotation. The change is not 
nearly so large as that found for most sugars, yet 

T ABLE 4. S pecific rotation of sucro~e in aqueous solutions 
containing tetraborate 

A . S ODIUM TETRABORA T E 

Sucrose 

Ul lOO ml 0/100 ml 
2 ____ __ __ __ __ __ __ __ __ __ __ ____ __ __ _ 0 
2 ____ __ __________________ ______ __ . 

2 ________________________________ _ 
2 ____ __ __ ____ __ __ __ __ __ __ __ __ __ __ _ 4 

2 __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ _ __ 6 

4____ __ __ __ __ __ __ __ __ __ __ __ __ __ _ __ 0 
4 ________________________________ _ 
4. __ ________________________ ____ __ 

4 ____ __ __ __ __ __ __ __ __ __ __ __ __ __ __ _ 4 
4 __ ______________ ________________ 6 

6____ __ __ __ __ __ __ __ __ __ __ __ __ __ __ _ ° 
6 __ ____ _____ ___________ _________ __ 
6 _______________________________ _ _ 
6____ __ __ __ __ __ __ __ __ __ __ __ __ __ __ _ 4 
6____ __ __ __ __ __ __ __ ____ __ __ __ __ __ _ 6 

10________________________________ 0 
10 _______________________________ _ 
10 _______________________________ _ 

10________________________________ 4 
10__ __ __ ____ __ ____ __ __ ____ __ __ ____ 6 
10__ __ ____ ______ __ __ __ __ __ __ __ __ __ 10 
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ilIoles 
per mole 

of 
sucrose 

0.00 
.45 
. 90 

1. 80 
2.69 

0.00 
. 22 
. 45 
.9C 

1. 35 

0.00 
. 15 
.30 
.60 
.90 

0.00 
. 09 
. 18 
. 36 
. 54 
. 90 

+66.5 
64.2 
63.1 
61. 5 
60.4 

66. 5 
64. 7 
63. 5 
61. 9 
61. 0 

66.5 
65.0 
63.8 
62.3 
61. 4 

66.5 
65.4 
64. 4 
63.1 
62.1 
60.7 

pH 

9. 1 
9. 1 
9. 1 
9.2 

8.9 
8.9 
9.0 
9. 2 

7.4 
8.8 
9.0 
9.0 

8.1 
8.2 
8.8 
8.9 
8.9 

TABLE 4. Specific rotation of sucrose in aqueous solutions 
containing tetraborale-Continued 

B. POTASSI U jlI TETRABORATE 

Su crose 

o/l OO ml 01100 ml 
2_________________________________ 0 
2 ________________________________ _ 

2 ___ ____________________________ __ 
2 ________________________________ _ 

2 __ __ ____________________________ _ 

2 ___ ___ ___________________ __ ____ __ 

4 
6 

10 

4__ __ __ __ __ __ __ __ __ __ __ __ __ __ _ ___ _ 0 
4 _______________________________ __ 
4 ________________________ __ _____ __ 

4 _______________________________ __ 
4 _______________________________ __ 

4 ___ ____________________________ __ 
4 ___ ____________________________ __ 

6 _______________________________ __ 

6 ___________________________ _____ _ 
. 6 ________________________________ _ 

6 __________________ _____________ __ 
6 ________________________________ _ 
6 _______________________ __ ______ __ 

6 _______________________________ __ 

10 _______________________________ _ 

10 __________________ ____________ __ 
10 ______________________________ __ 
10 ______________________________ __ 
10 ____________ ___________________ _ 

10 ______________________________ __ 
10 _______ __ _________________ __ __ __ 

20 _____________ __ ________________ _ 

4 
6 

10 
20 

10 
20 

o 

4 

6 
10 
20 

20 

Moles 
per mole 

of 
sucrose 

0.00 
.56 

1. 12 
2.24 
3.36 
5. 60 

0.00 
. 28 
. 56 

1. 12 
1. 68 
2.80 
5. 60 

0.00 
. 19 
. 37 
. 75 

1. 12 
1. 90 
3.80 

0.00 
. 11 
. 22 
.45 
.67 

1.12 
2.24 

1. 12 

pH 

+66. 5 
64.0 9.0 
62.6 9.2 
60.9 9.2 
60.0 9.3 
58.4 9. 3 

66.5 
64.4 9.0 
63 1 9.0 
61. 4 9.1 
60.3 9.1 
58.8 9. 3 
57.2 

66.5 
64.6 8.9 
63.4 8.9 
b1.8 9.1 
60. 7 9.1 
59.3 9.3 
57.5 

66.5 
65.1 8.6 
64.1 8.7 
62.6 8.8 
61. 5 8.9 
60.0 9.2 
57.8 

59.0 

it is substantial and cannot be explained merely by 
the action of the alkali or by a salt effect. Sucrose 
has no adj acent cis hydroxyl groups, and conse­
quently i t cannot form compounds of the BD and 
BD2 types. Presumably for this r eason, it does no t 
appreciably affect the conductivity of boric acid 
solutions. 9 The results, given in table 4 and fi gure 
5, show that the change III optical ro tation varies 
with the concen tra tion of both sugar and borate, 
but in contrast to the results obtained with glucose, 
fructose, and sorbose, t he change is greatest in the 
most concen trated solutions. The op tical rotations 
can be explained by the formation of a single 
sucrose-borate compound, which in dilute aqueous 
solutions dissociates in par t. Presumably the com­
pound IS of type A and IS analogous to the com­
pounds formed by 1,3-diols. 

, See footnote 4. 
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5 . Mannitol 

In 1874 Vignon [1] observed that the optical 
rotation of manni tol is enhanced by the addition 
of borax and made extensive studies of the effect 
of the concentration of both mannitol and borax. 
Su bsequently, },;!uller [30] made similar measure­
ments and applied them to the quantitative esti­
mation of mannitol. It was observed early that 
the addition of mannitol to solutions of boric acid 
causes a marked increase in acidity [2] and electri­
cal conductivity. The effect has been studied 
extensively, and a method has been devised for the 
determination of boric acid by titration in the 
presence of mannitol [41]. 

Several mannitol-borates have been crystallized, 
but there is conflicting evidence in the literature as 
to the number llnclnature of the mannitol-borate 
compounds in solution. Fox and Gauge [11] 
reported a crystalline compound having acid 
propertics, and the empirical formula CSH 1SOgB, 
but did not as ign a structural formula. It has 
since been considered to be of the BD type [6]. 
A crystalline compound having 2 molecules of 
mannitol and one of borate was prepared by Tung 
and Chang [16], who suggested a formula of the 
BD2 type. Brcmer [9] has disclosed the prepara­
tion of two amorphous mannitol-borate compounds 
of type A, in one of which two diol groups of the 
mannitol are combined with borate. As noted 
before, a crystalline acyclic mannitol borate con­
sidered to be 2-mannitol monoborate is formed by 
partial hydrolysis of the compounds of Bremer.lO 

From the optical rotations of a scries of solutions 
containing increasing amounts of mannitol in the 
presence of decreasing amoun ts of borate, Boeseken 
and Vermaas [29J concluded that the solutions con­
tained substances of the BD and BD2 types having 
molar rotations of +6.80 and + 3.26°, respectively. 
These values correspond to specific rotations of 
+37.4 and + 8.96°, based on the weight of 
mannitol. 

The data given in table 5 and figure 6 show that 
mannitol has an exceptionally high capacity for 

10 At t he A pri! 1939 meeting of t be Ameri can Chemical Society in Balti· 
more, Md., W . IT. H olst repor ted the preparation and iden t ification of t bls 
2·m anni tol borate. H e showed t hat t he compound is differen t from the 
ma nnitol boric acid of Fox and Gauge, which has tbe sam e em pirical formula. 
H e considered t be la tter com pound to be I·m anni tol monoborate. H owever, 
his evidence does not appear to prcclnde the cyclic 1,2 structnre p ropo,cd 

~ by H ermans [6] for the Fox a n~ Gauge compound . T o da te, Holst's work 
has Dot been published. 

Borate-Carbohydrate Compounds 

combination with borates. The mannitol-borate 
solutions are characterized first, in that th e 
equilibrium specific rotation varies linearly with 
the tetraborate-mannitol ratio over a much wider 
range than that found for other carbohydrates, 
and second, in that the specific rotation is sub­
stantially independent of concentration at all 
tetraborate-mannitol ratios. The approximately 
linear relationship between the specific rotation 
and the tetra borate-mannitol ratio extends to a 
ratio of about 0.5. This is evidence for the 
formation of a relatively stable mannitol-borate 
compound having 1 molecule of mannitol for each 
borate group . The intercept of the linear curve 
with the ordinate corresponding to a tetraborate­
mannitol ratio of 0.5 indicates that the specific 
rotation of the compound is approximately + 22°. 

TAB L E 5. S pecific rotation of mannitol in aqueous solutions 
containing tetraborate 

A. SOD [lJM TET RABORAT E 

M ann itol pH 
--·-------1·---,---------

0/100 ml 
1 ............................... . 
2 _~ ___ ____________________ • ______ _ 

2 .•...•...••••••..•.•••••••••••.•• 

2 ........•••..•.•..•••...•...•.... 

2 ••••••••......•........•.•....... 
2 •.......••••••.••••••••••..••.•.• 
2 ..•.•..••••••••...•••.........•.. 

3 ................................ . 

4. •.•..••••.•.•....•.•.•.•........ 
4 •...........•.•..........•....... 

0/1 00 ml 
10 
o 

2 
4 

6 
10 
10 

4 ____ . __________ . _. __ _______ _ __ _ __ 2 

4 •..•.•••.•••.•..•.•.•............ 
4 ___________________ . _______ .... __ ._ 

4................................. 10 

6 ................................ . 
6 ........•...........•.•.......... 
6 ................................ . 
6.............. . .................. 4 

6................................. 6 
6................................. 10 
8................................. 10 

10 ............................... . 
10 ...........•.................... 
10 .......•.............•.......... 
10 ............................... . 
10 ............................... . 
10 .......... . ................... . . 
10 ............................... . 
10 ............................... . 

12 ................ . .............. . 
14 ........... . ................... . 

4 
6 

10 
12. 8 

10 
10 

M ol" 
per mole 

of 
mannitol 

4. 77 
0. 00 
. 24 
.48 
. 96 

1. 43 
2.39 
1. 59 

0.00 
. 12 
. 24 
. 48 
. 72 

1. 20 

0. 00 
. 08 
. 16 
. 32 
. 48 
. 80 
. 60 

. 00 

. 05 

. 10 

. 19 

. 29 

. 38 

. 48 

. 61 

. 40 

.34 

+34. 5 
- 0.5 

+ 10. 2 7. 4 
20. 1 8. 1 
27.8 8. 5 
30.5 8.9 
33. 2 8. 9 
31. 0 

- 0. 5 
+ 4.7 5. 9 
10. 2 6. 7 
20.2 7.8 
25.2 8. 1 
29.5 8. 4 

- 0. 4 
+3. 0 7. 3 

6. 4 8. 0 
14 .3 8. 4 
20. J 8. 5 
26.0 8. 8 
23. 4 

- 0. 4 
+ 1.7 4. 9 

3. 8 5. 0 
8. 1 5. 7 

12.8 6. 5 
17. 5 
20. 3 7.9 
23.5 

17. 7 
15. 6 
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TABLE 5. Specific rotation of mannitol in aqueous solutions 
containing tetraborate-Continued 

B . POTASSI U M TETRABORATE 

M anni tol pH 
- -- - - -------- 1------;-- --- - -----

Ulloo ml vlloo ml 
L ________________________ •... _ .. _ 0 
L _______ ..... ______ .. ___________ . 
L ____ . ________ ._. ___ . _____ .. ____ . 
L _______ .. ___ ._ ... ______________ _ 
L _._. ___ . . ___ . __________ . ______ _ 
L _____ .. ________ . ___ . ___________ _ 
L ________ ._ . . . . . _. _. ____________ _ 

2 _____ ..•. ____ • ___ • __ _ • _. ______ __ . _ 
2 _________ • _____ •••• • ________ ••• __ 
2 ___________ . _____________ • _. ____ _ 
2 ____ ____ ____ _____ ___ ____ ________ _ 

2 __ • __ __ ___ • __ • _ ••••• ___ •• _. _. _ • •• 
2 ___ ___ • . ___ • ___ . ______ _______ ._._ 

3 __ . __ . . _. _. _____ . . .. __ . __ . ______ . 

4. _____________ . ______ ___ . _______ _ 
4 ______ • ________ . _. _. ________ • __ . _ 
4 ___ • _________ • __ • _._._ . ____ ._ •• _. 
4 __________ ___ _ • ______ ___ • ____ • __ _ 
4 ______ •• __ _ • ____ ••• ••• __________ _ 
4_ ••• ________ _ •• _. _._ . _. ____ • __ ._. 

6_. _______ . __ . . _______ ______ . ____ _ 
6 _______ . ____ ___ . . . . . __ __ ____ .. ... 
6 _________ . ______ . _. ______ . ______ . 

6 __ ___ . •• • _____ •• ____ __ _ ... ___ •. _. _ 
6 ___________ .. __ . .. . . __ ______ ._ . __ 
6 ___ _ . ________________ ___ ._. _____ . 
6 __ ___ . _________ . ____ ___ _____ . __ .. 

8 ____ __ . . __ .. ___ . . . .. _. ____ .... __ . 

10_. _____ ._ ._ . ________ . _. _. ____ __ _ 
10 ... __ _____ __ . . • . •. _. _. ___ .. ___ ._ 
10 ______ . ___ . __ . ______ ___________ . 
10 __ __________ . _____ _____ _ . ______ . 

10_. ___________ .... . __ __ • __ .. _. __ _ 
10 ___ .. ___ . ___ . _____ __ ____ . ___ . __ 

10. __ _____ .--- _._. _. ___ . _ . ________ _ 
10 __ . __________ . • . •. _. ___ . __ . ___ ._ 
10_._. __ . ___ . ___ . ____ ____________ . 

(i 

10 
20 

10 
10 

10 

10 
IS 
10 

4 
6 

10 
20 
30 

12 ___ _____ _ ._ ••• ••• • _ ••• • . ••• _____ 10 
14_. __ .••• • _ •• ______ • _____ ___ • _ _ _ _ 10 

Moles 
per mole 

o! 
mannitol 

0.00 
.60 

I. 19 
2.39 
~. 58 
5.96 

11.92 

0.00 
.30 
. 60 

1.19 
1. 79 
2.98 
1. 97 

0.00 
. 15 
.30 
.60 
.89 

1. 49 

0.00 
. 10 
.20 
. 40 
.60 

1. 00 
1. 80 
.75 

0. 00 
.06 
. 12 
. 24 
.36 
. 48 
. 60 

1. 20 
1. 80 

. 50 

. 43 

- 0.7 
+22. 4 

27.8 
31.9 
~3. 2 
34.5 
36. 4 

- 0.5 
+ 13.3 

23. 7 
29.6 
31. 8 
34.3 
32.3 

- 0.5 
+5. 9 

13. 1 
2:3.4 
27. 4 
30. 9 

- 0.4 
+3.8 

8. 2 
17.6 
2:1.1 
28. 1 
31. 9 
25.6 

- 0.4 
+2. 2 

4.9 
10.4 
16.1 
20.3 
23.3 
29.3 
32. 1 

21.0 
18.8 

7. 3 
8.0 
8.4 
8.6 
8.8 

5.8 
6. 8 
7. 8 
8. 1 
8.5 

5.2 
5.8 
7.0 
7. f; 

8.0 
8. 9 

4. fl 
4. 9 
5. 7 
6.4 

The compound might be of type A, but this seems 
improbable because the proportion of the com­
pound does not depend on concentration. It 
will be recalled that with glucose, fructose, and 
sorbose the amount of the type A compound 
varied widely with concentration. In view of 
the general character of the curve, it seems prob­
able that the compound having a specific rotation 
of + 22 0 is of the BD2 type in which D is only 
one-half of the mannitol molecule. That is, the 
manni.tol molecule acts as a di-diol, and 4 hy-
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droxyls instead of 2 are combined with borate, 
as represented in formula 1. 11 

Figure 11 shows that the optical rotation of 
mannitol in the presence of sodium tetraborate 
approaches a limiting value of approximately +36 0 

with decreasing mannitol content. It is believed 
that this value approximates the optical rotation 
of a compound of the BD type (formula 2), again 
involving 4 hydroxyl groups of the mannitol 
molecule. 

I 

L 

CH 20H 

.. . - 06H 

... - 0 6H 

H60 

I v 
/"--­H60 ... 

6H 20H 

1. 2. 

The nearly complete absence of a concentration 
factor for the optical rotations at constant tetra­
borate-mannitol ratios is most surprising and has 
been found only for mannitol. The marked 
changes III the optical rotations of tetraborate-
(/) 
w 
w tl5 
a:: 
ill 
o 
z +10 
o 

~ o + 5 
a:: 
o 
IJ... 

[;3 
a.. 
(/) 

~~~:f 
~~ --- .. - - ::. .::~ 

-;;;;::: I 
--, = ~~ .~ 

I 
1.0 2.0 3.0 4.0 5.0 6.0 
GRAMS OF SORBITOL PER 100 ML 

FIGURE 11. Limiting value for the specific rotation of man­
nitol at low concentration in the presence of tetraborates, jor 
estimation of the specific rotation of the ED compound. 

0 , Sodium tetraborate; e, potassium tetraborate. 1,10 g of K , B. O,AH ,O J 
per 100 ml ; 2, 10 g of N a,B. O,. lOH, O per 100 ml ; 3, 6 g of K , B. O,.4H, 0 per 
100 ml ; 4, 6 g of Na,B.O,.lOH, O per 100 m!. 

11 As joining molecules by quadricovalen t boron would increase the molcc· 
ular weight, it may expla in t he striking effect of borates on the viscos ity and 
other properties of polyuronides su ch as algin and certain gums, which con· 
tain a pa ir of cis h ydroxyl groups in t he repeat ing un it. 'rhe marked effect 
of boric acid on the physical proper ties of high molecular we igh t compounds 
not having n eighboring cis h ydroxyl grou ps may arise from polymerization ) 
by ester linkage t hrough tribasic boric acid . 
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glucose, tetrabol'ate-Iructose, and tetraborate­
sorbose solutions with change in concentration 
were attributed to changes in the proportions of 
compounds of tb e BDz, BD, and A types. The 
lack of a marked change in the optical rotation of 
tetraborate-mannitol solutions with alteration in 
concentration may arise from a fortuitous com­
pensation of optical rotations and from the lack 
?f a substantial quantity of a compound of type A 
m the solu tions investigated. 

One of the obj ects of the present investigation 
) was to obtain data for use in the quantitative 

analysis of poly hydric alcohols . In the phar­
maceut~cal trade, it has been customary to 
aseertam the purity of mannitol by measuring 
the optical rotation of 10 g in a solution contain­
ing 12.8 g of borax, and sufficient water to make a 

I :,olume of 100 ml. Under these conditions, [a] zg 
IS reported to be + 23 to + 24 ° [42]; we have found 
that [aJ1°=+ 23.5° ± O.l. Although ]2.8 g of 
borax can be held in solution by 10 o· of manni tol 
• b 

m a volume of 100 ml at 20° 0 , with smaller 
quantities of mannitol this quantity of borax will 
no t dissolve. Less difficulty was experienced with 
solutions containing 10 g of borax pel' 100 ml and 
this quantity was used with various quantit/es of 
mannitol to obtain the data reported in table 6 
~nd figure 12. The optical rotations do not vary 
Imearly with the concentration of the mannitol 
but by extrapolation between values, the con~ 

i centration of mannitol corresponding to any 
observed reading can be a certained with an 
accuracy of abou t 1 part in 200. 

+ 13 

W 
lD 
:::;) + 1 
I-

::l! o 

I 

'" + 9 
<l 

<f) 
o + 
z 
a 
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Ei 
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1/ 
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3 5 7 9 II 13 15 

GRAMS OF MANNITOL PER 100 ML 

Frc mm 12. Optical TOtati on of mannitol in the p,·esence of 
10 g of :\TazB40 7.10H20 per 100 ml of solution. 

Borate-Carbohydrate Compounds 

T A BLE 6. Optical rotation of mannitol in the presence of 
10 g of Na2B40 7.10HzO per 100 ml of solution 

JVI Ullllitol 

y/IOO ml 
1 _________________________________________________ _ 
2 ____________________________ _________ __ __________ _ 
3 __________________________________________ _____ __ _ 
4 ______________________ ____________________ ______ _ _ 
6 _________________________________________________ _ 

8 __ __________________ _______ ____ _____ ____ ____ _____ _ 
10 ________________________________________________ _ 
12 . ____________________ ____ __ _________ _______ _____ _ 
14 ______________________________ _______ ___ ________ _ 

a An gular dcgrccs=O.34G2 XoS. 

6 . Sorbitol 

Obser ved 
reading in 

a 2·dm 
tuhe a 

os 
+1. 99 

3.84 
5. 37 
6. 82 
9. 01 

10.81 
II. 73 
12. 27 
12.62 

+~4.5 

33. 2 
31. 0 
29.5 
26.0 

23.4 
20.3 
li. 7 

15.6 

The effect of borax on the optical rotation of 
sorbitol was repor ted by Fischer and Stahel [43] . 
B6eseken and Vermaas [29] studied the optical 
rotations in a system in which both the sorbi tol 
and borate were varied simultaneo usly . It has 
been found that the rotations of fixed quant it ie 
of sorbitol in the presence of inc),easing quantities 
of tetraborate arc shifted in the same direction 
as those of mannitol, but the results differ in (1) 
the length and character of the lineal' portion of the 
curve, (2) the effect of concentration at fixed 
tetraborate-polyol ratios; and (3) the magni tude 
of the effect of tetraborate upon the rotation 
(fig. 7 and table 7) . The curves for orbitol are 
linear to a tetraborate-sorbitol ratio of only 0.16, 
whereas the mannitol curves are linear to a 
tetraborate-mannitol ratio of approximately 0.5 . 
H ence, there is no reason to assume that sorbitol 
acts as a di-diol, as docs mannitol. Extrapolation 
of the optical rotations obtained at low tetrabol'ate­
sorbitol ratios to a ratio of 0.25 gives a value of 
+ 3°, which presumably corresponds to the specific 
rotation of a compound of the BD2 type . At high 
tetraborate-sorbitol ratios, the rotations approach 
a limit of + 11 to + 12° (fig. 13) . Presumably, 
this value corresponds to the specific rotation of a 
compound of the BD type. The specific rotation 
at . fixed tetraborate-sorbitol ratios above 0.2 
decreases with increasing concentration. This 
indicates the formation of a compound of type 
A which is less dextrorotatory than the compound 
of either the BD2 or the BD type. 
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F I GURE 13. Limiting value for the specific rotation of sor­
bitol at low concentration in the presence of tetraborates, for 
estimation oj the specific rotation oj the BD compound. 

0 , Sodium tetraborate; e, potassium, tetraborate.l, 10 g of K,B,O,.411,O 
per 100 m l; 2, 10 g of Na,B,O,. lOll,O per 100 ml ; 3, 6 g of K,B,O, .4H,O per 
100 rul ; 4, 6 g of Na,B,O,. I011,O per 100 ru!. 

T A BLE 7. Specific rotation of sorbitol in aqueous solutions 
containing tetraborate 

A. SODIUM 'l'ETRABORATE 

Sorbitol pH 

------------------- ------------- ------

g/l00 ml 
L .. _____ ._._. ______ ._. ____ .. ____ _ 
2 ________________________________ _ 

2 ___ . ___________ ._._._._._._. ____ _ 
2_. __ . ___ . _________________ . _____ _ 

2 ________________________________ _ 
2 ____ . __________________ , ___ . ____ _ 
2 ________________________________ _ 

2 ______________ __________________ _ 
2. ______ _______________ _________ ._ 
3 ________ . _____ _________ . ________ . 

4_. __ . _______________________ • ___ _ 
1. ______________ __ _______________ _ 

4 __ • __ .. ______________ • ________ ._._ 
4_. _____________________ _________ _ 
4. ____________________ ._. ________ _ 
4_ .. __________________________ ___ ._ 
4 _. _____ • __________ • ____________ _ 

6 ____ . ___________________________ _ 
6 ___ . ____________________________ . 

n _____ ___________________________ _ 
6_. ___ .. _________ . ________________ _ 
6 ______________________ __ __ .. ____ _ 
6_ .. ___ .. __________________________ _ 
6 _____________ • __________________ _ 
8 __ . ___ .. _________________________ _ 

10 __ . ________________ . ___________ . 
10. ______________________________ _ 
10 ___ . ___________________________ _ 
10 _______ . ______________ .. _______ _ 

10. ______________________________ _ 
10. ______ . ___ . _______ . __ . ________ _ 
10 _______________________________ _ 
10 __ . _____________________ __ • ____ _ 

12 _______________________________ _ 
14 ____________ . ______________ __ __ _ 

20 _______ . _______________________ _ 
20. _____________ . ________________ _ 
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U/ IOO ml 
10 
o 

1.05 
2 
2.09 
4 

6 
10 
10 

o 

2.10 
4 
6 

10 

o 

4 
6 
6.27 

10 
10 

o 
1 
2 
4 

5.26 

10 
10. 47 

10 
10 
10.47 
20.94 

Moles 
per mole 

oj 
sorIJitol 

4.78 
0.00 

.24 

. 25 

. 48 

.50 

. 00 
1. 43 
2.39 
1. 59 

0.00 
. 12 
. 24 
.25 
. 48 
. 72 

1. 20 

0. 00 
.08 
. 16 
.32 
. 48 
.50 
.80 
. 60 

.00 

. 05 

.10 

.19 

. 25 

.29 

. 48 

.50 

.40 

.34 

. 25 

.50 

+ 10.9 
- 2. 2 
+ 2. 4 

2.5 
5. i 
5.7 
8.0 
8. 9 
9.8 
8.7 

-2. 2 
+ 0. 2 

2.0 
2.2 
4. i 
Co. I 

i . 7 

-2.2 
-0.6 
+0.9 

2.8 
4.1 
4.2 
5.7 
4.0 

-2.0 
- 1.0 
-0.2 
+ 1.3 

1.8 
2. 2 
2.9 
3. 0 

2.4 
2.0 
1.6 
2.6 

6.9 

8. 1 

8.6 
8.8 
8.9 

5.5 
6. 4 

7.8 
8.2 
8.6 

5.6 
6.5 
7.8 
8.2 

8.5 

4.6 
4.8 
5. 1 

6.3 
7. 3 

TABLE 7. Specific rotation of sorbitol in aqueous solut ions 
containing tetraborale-Continued 

B. POTASSI U M TETRA BORATE 

SorbiLol 

Ul100 ml 
L _____________ ___ ___ . ____ ._. __ ._. 
2 ______________________ _______ . __ _ 
2 _________________________ ___ ____ _ 

2 __________________________ . _____ _ 
2 _____________________________ . __ _ 
2 _______________________ . _____ . ___ _ 
2 ________ . _______________________ _ 
3 __ . ________________________ : ____ _ 

4 _____________________________ • __ _ 

0/100 ml 
10 
o 

10 
10 

11101es 
per mole 

of 
sorhitol 

5.96 
0.00 
.30 
.,,0 

1.19 
1. 79 
2.98 
1. 99 

+ 10.5 
-2.2 
+3.5 

6 . . 5 
8.8 
9.3 

10.0 
9.0 

pH 

7.0 
8. 0 
8.7 
8.7 
8. 8 

4 ________________ • _______________ • 
4 _____________________________ • __ . 
4 ________________________________ _ 
4 ______ • ___ • _____________ ________ _ 
4 ______________________ _______ • __ . 

' 1 

6 
10 

0. 00 
. 15 
.30 
.60 
. 89 

1. 49 

-2.2 
+0.4 

2.6 
5.2 
6.6 
8.2 

5.6 
6.7 
7. 7 
8.0 , 
8.4 

6 _____________________________ . __ _ 
G. _________ . ___ _________ __ ____ . __ _ 
0 ___ . _________ . __________________ _ 
6. _________ _______ . ______________ _ 
6 ______________________ _______ . __ _ 
6 ______________________ __________ _ 
8 __ . _______ . _______________ ______ _ 

10 _______________________________ . 
10 _________________________ . _____ _ 
10 _____ . ____________ . ____________ _ 
10 ________________________ .. ____ _ 
10 __________________ .. ___ . ____ . __ _ 
10 _______ ._. _____________________ _ 
10 _______________________________ _ 

12_. __________ _______ . ___________ _ 
14 ___________ . ________________ . __ _ 

10 
10 

10 
20 

10 
10 

0.00 
. 10 
. 20 
. 40 
.60 

1. 00 
0.75 

. 00 

. 06 

.12 

.24 

.36 

.60 
1.19 

0. 50 
. 43 

-2.2 
-0.2 
+ 1.3 

3.3 
4. 6 
6. 5 
S.O 

-2. 0 
-0.8 
+0.2 

1. 7 
2.4 
3.9 
5.9 

2. 9 
2. 4 

5.6 
5.7 
7.0 
7.6 
8.1 

4 .• 5 
4. 8 
5.6 
6.4 
7. 3 

From a study of optical rotations and other data, 
Boeseken and Vermaas [29] concluded that the 
sorbitol-sodium borate system is not so simple as 
the mannitol-sodium borate system, and that at 
high borate-sorbitol ratios there is evidence for 
the existence of a bi,ra.lE'nt ion , B2D ~. Although 
this substance may be formed, the r esults of the 
pres en t investigation do not provide clear evi­
dence for its presence. If formed, it would be 
analogous to compound 2, page 142, which IS 

suggested for the mannitol system. 
The quantitative d etermination of sorbi tol at 

various concentrations by measurement of optical 
rotations in the presence of borax is no t possible 
because thc values are small , and the change in 
the observed optical rotation at constan t tetra­
borate concen tration shows a reversal with in­
creasing amounts of sorbitol. This anomalous 
behavior is illustrated by the data of table 8. 
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TABLE 8. Optical rotation oj orbitol in the presence of 109 
oj Na2B, 0 7.10H 20 per 100 ml oj solution 

Sor bitol 

yjlOO 11!1 
1 ______ ___________ . _______________________________ _ 
2 ________ _______ _____________ __________ _________ __ _ 

3 _______ ___ __ _____ ________________________________ _ 
4 . __ __ ________________________ ___________________ _ _ 
6 _____________ _____ ______ __ __ _________ _________ __ _ _ 

8 ____ __ ______________________ ___ _____ ______ _____ __ _ 
10 __________ ______________________________________ _ 
12 ________________________________ _____________ ___ _ 
14 _____________________ ______ ___ _______________ ___ _ 

• Angular degrecs=0.3462X oS. 

I Observed 
reading in 

a 2-clm 
tu be' 

os 
+ 0.63 

1. 13 
1. 51 
1. 78 
1.98 

1. 85 
1.68 
1.66 
1. 62 

IV. Experimental Details 

1. Purification of Tetraborates 

(a ) Sodium tetraborate (Naz B,07.l0H20 ) 

+10.9 
9.8 
8.7 
7. 7 
5. 7 

4.0 
2.9 
2.4 
2.0 

Borax, C. P. grade, was recrystallized fr0111 
water by following the procedure recommend ed 
for standard borax for li se in acidimetry [44] -

(b) Potassium tetraborate (K zB,07. 4H,O) 

Potassium tetraborate hydrates having 4, 5, 
and 5.5 molecules of water of crystalliza tion have 
been reported [45] . The commercial product, 
labeled a pentahydrate, ordinarily has an inde­
finite amount of water. The potassium tetra­
borate used in this investigation contained 4 
molecules of water of crystalli;;mtion and wns pre­
pared in the following manner : 500 g of boric 
acid was suspended in 750 ml of water , and treated 
\\Tith 295 g of C. P_ potassium hydroxid e dissolved 
in 600 ml of water. The mixture was heated to 
dissolve the boric acid and was then filtered_ 
The filtrate was evaporated to 750 ml, cooled to 
30° C, eeded with potassium tetraborate tetra­
hydrate, and allowed to crystallize under con­
stant agitation. After 3 hours the crystals were 
separated and washed with ice water. The pro­
duct was recrystallized by dissolving it in a 
minimum quantity of hot, 5-percent aqueous 
potas ium hydroxide. The substance was al­
lowed to crystallize as before, separated by filtra­
tion, washed thoroughly with cold water, and 
dried at room temperature in air. The product 
so obtained gave the following analysis [46J: 
Calculated for K zB40dH20 : K 20, 30.83; B20 a, 
45 .59. Found: K 20 , 31.0 ; B20 3, 4.'5.7. 

Borate-Carbohydrate COIT\pounds 

--_. _-- ---

2 . Purification of Sugars and Sugar Alcohols 

The glucose and sucrose used in the investiga­
tion were NBS Standard Samples, dried at 65° C 
in a vacuum oven. The levulose was purified by 
crystallization from a 90-percent aqueous solu tion 
with the addition of ethyl alcohol, and the sorbose 
and mannitol were recrystallized from water. 
The sorbitol was purified in the following manner: 
1 part by weight of commercial sorbitol was dis­
solved in 3 parts of pyridine by heating on the 
steam bath. The solution was filtered through a 
Buchn er funnel coat-ed with a decolorizing carbon. 
The filtrate was seeded with crystals of the sor­
bit,ol-pyridine complex, stirred for several hours at 
room temperature, and placed in a refrigerator 
overnight. The crystalline material that formed 
was collected on a Biichner funnel and washed 
with ~ mixture of 2 parts of ether and 1 part of 
pyridine. The pyridine complex was recrystallized 
twice from 3 parts of ho t pyridin e and then de­
composed by heating for 18 hours at 65° C in a 
vacuum oven. The product thus obtained was 
recrystallized from 3 parts of hot 95-percent ethyl 
alcohol by allowing the solu tion after seeding to 
cool over a period of 24 hours without stirring. 
U nder these conditions anhydrous sorbitol crys­
tallizes in large rosettes of fragile needl es that can 
be readily separated by filtration .12 The crystals 
were collected on a funnel and after a second 
crystallization, were air-dried, and finally dried to 
constant weight at 65 0 C in a vacuum oven . 

3. Measurement of Optical Rotation 

The solutions for the measurement of optical 
rotation were prepared by weighing the req uired 
amounts of carbohydrate and tetraborate into a 
volumetric flask. The mixture was dissolved in 
water, and the volume of the solution was adjusted 
at 20° C. In a few cases it was necessary to warm 
the solution sligh tly to efIect complete dissolution 
of the materials. In all cases, the solutions were 
allowed to stand at 20° C for at least 2 hours or 
until the optical rotation had become constant. 
R eadings were made with a Bates saccharimeter , 
in a water-jacketed, 4-dm tube at 20 C C and were 
checked by a second observer. The values g'iven in 
the tables were obtained from at least two separate 
determinations, in which the observed rotations 

12 If crystallization occurs rapidly. bulk y masses of microscopic needles 
form, which are difficult to separate from the motber liquor. 
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agreed within 0.1 ° S. The saccharimeter readings 
were converted to angular degrees by use of the 
conventional factor, 0.3462 . Some of the measure­
ments reported in the tables were made on super­
saturated solutions, but in these cases, care was 
taken to be certain that the solutions remained 
optically clear until the measurements were 
completed . 

V. Summary 

The presen t study indicates that the addi tion of 
either sodium or potassium tetraborate to a solu­
tion containing glucose gives rise to a diglucose 
borate having a specific rotation of about + 40 ° 
(expressed on the glucose content). This substance 
exists in equilibrium with a monoglucose borate 
having a specific rotation of about _9° and a third 
compound whose rotation is at least +58°. The 
proportion of the diglucose borate having a rota­
tion of + 40 ° is highest when the tetraborate-glu­
cose ratio is about 0.25. As the ratio is increased 
above 0.25, the proportion of this compound de­
creases with the formation of the levorotatory 
monoglucose borate and the substance whose 
rotation is at least + 58°. The former compound 
is favored by dilute solutions and high tetraborate­
glucose ratios; the proportion of the latter com­
pound is highest in concentrated solutions at a 
tetraborate-glucose ratio of about 0.5, and de­
creases as the tetraborate-glucose ratio increases, 
presumably because of the accompanying decrease 
in the hydrogen ion concentration. According to 
the concentration, and the tetraborate-glucose 
ratio, the equilibrium specific rotation of n-glucose 
in the presence of tetraborate varies from + 58 
to _ 9°. 

Similar studies with n-fructose, L-sorbose, and 
sorbitol show that these substances react wi th 
tetraborates in essentially the same manner as 
n-glucose. In each case, evidence was obtained 
for the existence of three complex borates. The 
compounds favored by a tetraborate-carbohydrate 
ratio of 0.25 have specific rotations of approxi­
mately - 45°, - 5° and +3°, based on the weights 
of fruc tose, sorbose, and sorbitol, respectively ; the 
compounds of the same carbohydrates favored 
by dilution and high tetraborate-carbohydrate 
ratios have specific rotations of approximately 
-22°, + 16°, and + 12°. In each case, inflections 
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in the curves and the effect of concentration 
indicate the presence of a third compound. 

The mannitol-tetraborate system differs mark­
edly from the other systems investigated in that 
the specific rotation depends almost completely on 
the tetraborate-manni tol ratio , and at a fixed 
ratio does not vary with concentration. The 
change in optical rotation with increasing tetra­
borate-mannitol ratio is linear to a ratio of 0.5. 
This is evidence that a relatively stable compound 
having a mannitol-borate ratio of 1: 1 and a 
specific rotation of + 22° is formed . It is believed 
that fou;' hydroxyl groups of mannitol are involved, 
and that mannitol acts as a di-diol. At high 
tetraborate-mannitol ratios. the optical rotation 
approaches a limit of +36°. Presumably this 
rotation corresponds to that of a second mannitol­
borate compound. A table for the quantitative 
determination of mannitol from measurements of 
optical rotations in the presence of tetraborates is 
glven. 

The optical rotation of sucrose is somewhat 
decreased by the addition of either sodium or 
potassium tetraborate. The alteration is greatest 
in concentrated solutions, and is explained by 
compound formation. There is no evidence for 
more than one sucrose-borate compound. 
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