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Evidence is presented which indicates that the 
formation of new compounds is accountable 
for the increase in solubility of calcium glu- 
conate in  the presence of other more soluble 
calcium salts. The preparation of these 

compounds is given. 

LTHOUGH the  solubility of calcium gluconate A is only about 3 per cent, solutions contain- 
ing 10 per cent often remain unchanged for long 
periods of time if prepared absolutely free of un- 
dissolved particles and other foci of crystalliza- 
tion. Since this is not always feasible, attempts 
to  prepare stable concentrated solutions by  the 
addition of various stabilizing agents have occu- 
pied a great deal of study. Practically every 
soluble and one slightly soluble calcium salt has 
been included in the'list of compounds reported 
to  stabilize calcium gluconate solutions. The 
concentration of these salts has usually been as 
little as 1 per cent or  even less. However, in- 
vestigators have reported that in such cases 
as calcium lactobionate (1) and calcium meth- 
ionate (2) equimolar quantities must be used. 

In  the present work a quantitative study of the 
increased solubility of calcium gluconate in the 
presence of the one slightly soluble and several 
soluble calcium salts have been made, and from 
the evidence obtained an explanation of this in- 
crease in  solubility b y  the formation of other 
stable soluble compounds is presented. The 
observed increase in solubility never exceeded 
that attributable t o  the amount of the combined 
product formed b y  the reaction of calcium glu- 
conate with a n  equimolar amount of the other 
more soluble calcium salt. 

EXPERIMENTAL 

The new calcium compounds were prepared by 
the following methods: 

1. An aqueous mixture of equirnolar quantities 
of the calcium salts was allowed to reflux for one 
hour. 

2. An aqueous mixture of equimolar quantities 
of one acid and the calcium salt of the other acid 
was neutralized by the addition of calcium carbonate 
and stirred a t  80" for one hour. 

An aqueous solution of equimolar quantities 
of the two acids was neutralized with calcium car- 
bonate and stirred a t  80" for thirty minutes. 
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ment for the analyses. 

The solid compounds were then isolated by pre- 
cipitation with methanol or by evaporation of the 
solution to  dryness under vacuum. It is to  be 
noted that the reaction is much slowcr with the 
component salts than with the corresponding acids 
and calcium carbonate. 

As the above procedures are essentially similar, 
only one example need be given in detail. 

Calcium Gluconate-Calcium Glutamate Dihy- 
drate.-Calcium gluconate 21.5 Gm., glutamic acid 
14.6 Gm., and calcium carbonate 8 Gm. in 380 cc. 
of water were heated with stirring a t  80' for one 
hour. The undissolved calcium carbonate was re- 
moved and the filtrate concentrated to 200 cc. under 
reduced pressure and poured into 300 cc. of meth- 
anol, from which the resulting compound separated. 
It was collected and dried under vacuum at 85". 
The compound was then redissolved in 100 cc. of 
water, filtered, and evaporated to dryness under 
vacuum a t  85". The yield was 26 Gm. 

Anal.-Calcd. for CUHISOIINCEL.~H~O: C, 31.65; 
H, 5.55; Ca, 9.60. Found: C, 31.62; H, 5.58; 
Ca, 9.58. 

Soluble compounds of calcium gluconate with 
calcium glutamate, calcium levulinate, and calcium 
glucoheptonate have been prepared by the above 
methods. None was found to combine with calcium 
gluconate in greater than a mole-to-mole ratio. 
Calcium d-saecharate, which is very slightly soluble, 
did not form a more soluble salt with calcium 
gluconate. 

Solubility Determinations.-Solutions (10%) of 
each of the above-mentioned, isolated compounds 
were tested for supersaturation with respect to cal- 
cium gluconate by the following method. A bac- 
terin-type vial was filled with the solution to be 
tested, stoppered, and sterilized. Sterile crystals of 
calcium gluconate were transferred aseptically to 
the solution from an ampul of 10% calcium glu- 
conate in which crystallization had occurred. A 
solution (lo'%) of calcium gluconate formed a heavy 
precipitate; all of the solutions containing calcium 
gluconate in combination with the soluble calcium 
salts remained clear. 

Equimolar mixtures of the two calcium salts 
making up each of the combined compounds were 
then prepared (a) by intimately mixing equimolar 
quantities of the dry component salts, and ( b )  by 
precipitating with methanol an aqueous equimolar 
solution of the two salts that had been boiled for 
only ten minutes. Each of the resultant solids 
showed less than 10% water solubility, as compared 
to  a solubility of over 30% by weight for most of 
the combined compounds prepared by the methods 
described previously. 

In order to determine the minimum amount of 
soluble calcium salt required to  solubilize calcium 
gluconate, a series of mixtures containing various 
molar ratios of the two salts in question were pre- 
pared. Aqueous solutions of these mixtures were 
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refluxed for several hours and then evaporated to  
dryness. The approximate solubilities of the oven- 
dried residues were determined in the following 
manner. A weighed sample of the residue was 
placed in a cylinder which was equipped with a 
burette, a mechanical stirrer, and a condenser. 
The system was held a t  25" while water was added 
very slowly from the burette, with stirring, until 
the solid had dissolved completely. The volume 
of water added and the density of the solution were 
determined; from these values and the weight of 
the sample the solubility was calculated. The 
results so obtained are reproducible. The solubility 
data for calcium gluconate-calcium glucoheptonate 
as an example are reported on an anhydrous basis 
in Table 1. 

The fact that calcium glucohcptonate enhances 
the solubility of calcium gluconate and probably 
combines with an equimolar amount is shown in 
Table I. In column C the molar concentration of 
calcium gluconate (after reaction with calcium 
glucoheptonate) approaches the solubility of un- 
reacted calcium gluconate as the amount of calciuni 
glucoheptonate is decreased. In column E it is 
seen that the molar concentration of calcium glu- 
conate less that of calcium glucoheptonate does not 
exceed the solubility of the uncombined calciuni 
gluconate. The solubility of the latter is actually 
depressed as the total solids in solution are in- 
creased.l This suggests strongly that calcium 
gluconate and calcium glucoheptonate combine in 
a mole-to-mole ratio. 

DISCUSSION 

The increased solubility of the refluxed products 
shows that they arc unlike their component salts 
when prepared as a mechanical mixture or precipi- 
tated from a solution after short boiling. Further 
data confirm the conclusion that definite compound 
formation occurs. For example, to  form the soluble 
product from calcium gluconate and another more 
soluble calcium salt, prolonged heating, which is not 
necessary for a simple mixture, is needed. The 
solubility data indicate a stoichiometric relationship 
between the two reactants corresponding to a mole- 
to-mole reaction. Increased solubility of calcium 
gluconate was found to occur only when it reacted 
with another calcium salt of greater solubility. The 

1 It 15 expected that the bolubility of uncombined calcium 
gluconate would he depressed due to a salting-out and/or 
cotoinou ion effect of the combined product. 

TABLE  SOLUBILITIES OF CaGza-CaGhtb COM- 
BINATIONS 

E 
(C - D)c 

A n c n Molar 
Mole Total 1LZ& Molar Concn 
Ratio Spluhility, Concn., Concn., Uncombined 

CaGz: CaGh, Gm./L. CaGP. 10% CaGht. 10% CaGz.102 
1:25:Y 83.99 10.21 8.18 2.03 

2:l 55.60 8.24 4.12 4.12 
4:l 40.54 7.34 1.83 5.51 
8:l  33.92 6.90 0.86 6.04 
1:0 27.28 6.34 . . .  6.34 

a Calcium gluconate. 
b Calcium glucoheptonate. 
L Present in both combined and uncombiued forms. 
d Present as combined in the soluble compound. 
e Assuming a 1 : 1 mole ratio in the soluble compound. 
f Calcium glucoheptonate alone forms a highly concen- 

trated syrup with water which makes the solubility deter- 
mination very difficult. The compound resulting from a 1:  1 
ratio was found in a rough determination to be soluble in 
excess of 300 Gm./L. 

resulting compound did not have as great a molar 
solubility as the more soluble calcium salt. 

Although the evidence points to the formation of 
new compounds, their nature and structure are not 
yet clear. Physical data, now being gathered, will 
fully characterize the crystals which have been 
isolated, and will be presented in a second paper. 
In addition, the results of tests now in progress 
aimed towards an elucidation of the structure of 
these new entities will be included. It is believed 
+at these data will explain clearly the reasons for 
the increased solubility of calcium gluconate re- 
ported in the present paper. 

SUMMARY 

Calcium gluconate combines with many soluble 
organic salts t o  form readily soluble products. 
A number of these have been prepared and 
examined. The maximum increase in solubility 
of calcium gluconate was attained when at least 
an equimolar amount of the more soluble salt 
was present. In this study the molar solubility 
of the resulting compound was never found to 
exceed that of the more soluble calcium salt. 
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