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(2) Th i s hydrolysis , and consequently the error, is reduced 
to a minimum when the inversion of the sucrose present is 
effected by heat ing for ten minutes , the temperature being grad­
ually raised so as to reach 68° at the expirat ion of this t ime. 

(3) T h e results with the different glucoses are sufficiently 
uniform to warrant the introduction of a correction for the mean 
error. 

(4) In order tha t the results may be comparable, chemists 
ought to strictly adhere to one method of inversion. 
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ON THE ACTION OF ACETIC AND HYDROCHLORIC 
ACIDS ON SUCROSE. 
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WH I L E carrying out some exper iments with glucose sev­
eral facts were noted in reference to the action of acetic 

and hydrochloric acids on sucrose, which it is interesting to 
compare with the conclusions reached by Borntrager,1 J ung -
fieisch and Grimbert ,2 and Ost.3 Inasmuch as we were working 
with an entirely different object in view, the conclusions reached 
were in no way influenced by the conclusions reached by the 
above writers. 

Whi le making an examinat ion of a large number of saccharine 
products , the wri ters were led to believe from certain results 
tha t complete inversion could be effected by means of acetic 
acid. Th i s view was contrary to the general opinion of chem­
ists, a l though as prominent ones as Jungfleisch and Grimbert4 

claim that acetic acid completely inverts sucrose at ioo0 , and 
tha t it is preferable to other acids, since its presence is without 
effect upon the levulose of invert sugar . This conclusion was 
reached from the fact tha t the specific rotatory power of pure levu­
lose corresponded almost exactly with that of levulose calculated 
from invert sugar , the inversion being effected by acetic acid. 
Hydrochlor ic acid gives a h igher invert reading, because, in 
some way, it acts upon the levulose and increases very percepti-

1 Boh. Zei t . Z u c k e r . I i id. . /Sy/. 1S7, Bul l . Assoc . Chira . , 1^2, 55.J. 
2 Compt. rend.. 107, "!90, a n d 108, 144. 
8 Ber. d. chem. Ges., 24, 1636. 
4 Compt. rend., 107, 390. 
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bly, its specific rotatory power. Exceptions to this view are 
taken by Maumene,1 who calls attention to the fact that the 
invert sugar prepared from sucrose by action of acids is not com­
posed of equal parts of levulose and dextrose. Ost2 not only 
denies that acetic acid will produce complete inversion, but also 
claims that it acts perceptibly upon invert sugar. Ross3 states, 
as the result of a number of experiments, that it was found im­
possible to secure complete inversion even when ten per cent, 
glacial acid was used and the flask kept immersed in boiling 
water for forty-five minutes. 

Those who claim that acetic acid does not effect complete 
inversion base their belief upon the fact that invert sugar, pre­
pared by the action of hydrochloric acid upon sucrose, gives a 
higher reading than the corresponding solution obtained by the 
action of acetic acid. It was thought that perhaps acetic acid 
might form some compound with the constituents of the invert 
sugar, which might affect the reading of the polariscope. Pro­
ceeding upon this assumption, attempts were made to decompose 
such a compound. In the course of these experiments, which 
were conducted at great length, certain facts were noted which 
have been systematized in the following: 

As stated above, Jungfleisch and Grimbert in particular, have 
called attention to the fact that the specific rotatory power of 
invert sugar, prepared by the action of hydrochloric acid on 
sucrose, is higher than that of the artificially made invert sugar. 
If, however, as Maumene' claims, the invert sugar so prepared is 
not composed of equal parts of dextrose and levulose, then it is 
possible that the different readings are due to the peculiar com­
pounds formed. In fact, one would not expect the readings to 
be identical under such assumptions. 

Accordingly, experiments were undertaken to find out, if pos­
sible, whether the hydrochloric acid used in inversion affected 
in any way by its presence the reading of the invert sugar so 
prepared. Attempts were made in two different directions. 

i. Five hundred cc. of a normal solution of sucrose (polariz-
1 Journal des Fabricants de Sucre. Abstract from March 27, 1889. 
2 Ber. d. chem. Ges., 24, 1636. 
8 Report of the Association of Official Agricultural Chemists, BuI. 35, Div. of Chem., 

Dept. Agr., p. 146. 
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ing at 99.8) was subjected to inversion in 100 cc. flasks by add­
ing one-tenth the volume of concentrated hydrochloric acid (sp. 
gr . 1.19) and hea t ing for ten minutes , regulat ing the heat so 
that the temperature , 68^, was reached at the end of that t ime. 
These solutions were all poured into a large flask and thoroughly 
mixed, so as to obtain a perfectly uniform solution. Exact ly 
fifty-five cc. of this solution were transferred to a 100-110 cc. 
flask, the flask filled to the mark with water, the solution thor­
oughly mixed and polarized. T h e experiment was repeated 
with the addition of five cc. of the same acid used in the inver­
sion, previous to filling to the mark with water ; again repeated 
with the addition of ten c c , fifteen c c , and twenty c c , respect­
ively. Since the same solutions, same flasks, and polarizing 
tubes were used, and the temperature of the solutions did not 
differ more than 0.50, corrections being introduced for this varia­
tion the chances of error in manipulat ion were very slight. T h e 
following readings, expressed in divisions of cane-sugar scale, 
were obtained for the various solutions ( temperature = 203): 

Invert sugar (containing five cc. of acid) — 33-oo 
Invert sugar + five cc. additional acid — 33-9O 
Inver t s u g a r + ten cc. additional acid —34-65 
Invert sugar +fif teen cc. additional acid —35-6o 
Invert sugar + twenty cc. additional acid —36.40 

T h e reading is seen to increase with the addit ion of the acid, 
t hus agreeing with the conclusion of Gubbe . ' Moreover, the 
deviations caused by the addition of the different amounts of 
acid are fairly constant, varying from 0.75 to 0.95, or an average 
of 0.85. It was hoped that sufficiently uniform results could be 
obtained to allow the graphic representat ion, so tha t an esti­
mate could be made on the effect of the original five cc. of acid 
added to br ing about inversion. Since, however, the addition 
of a second, third, fourth, and fifth five cc. of acid each increases 
the reading of the invert sugar approximately 0.85, then we may 
conclude, with some probabili ty, that the original five c c of acid 
which effected the inversion would increase the reading by tha t 
amount . 

2. At tempts were also made to solve the problem by neutral-

1 Bcr. d. chem. Ges., 18, 2207. 
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izing the acid present in the invert solution by the action of 
sodium carbonate. 

Borntrager1 has called attention to the fact that the rotatory power 
of the neutralized solution is higher than that of the correspond­
ing acid solutions. By the addition of sodium carbonate, how­
ever, not only is the acid neutralized, but a corresponding 
amount of sodium chloride is thereby added. Readings were 
taken first to find out the effect of the addition of the sodium 
chloride. Then, by comparing this with the variation caused 
by neutralization with sodium carbonate, the effect of the acid 
could be deduced. 

Five hundred cc. of inverted sugar solution were prepared as 
described above. It was found that three and three-tenths 
grams of pure dry sodium carbonate were necessary to neutral­
ize the acid (five cc.) present in fifty-five cc. of this solution. 
The experiments were conducted as in the above. Fifty-five cc. 
of the solution were transferred to a ( I O O - I I O ) flask, neutralized 
with sodium carbonate, the flask filled to the mark, the solution 
mixed thoroughly and polarized. The duplicates agreed within 
the limit of error in reading. The average readings on cane-
sugar scale were as follows (temperature= 200): 

Triplicates. 

I. 2- 3-

Original solution —33.1 —33.0 —33.20 
Original solution + 3 . 3 grains sodium 

carbonate (neu t ra l ) —33-7 —33-7 —33-85 
Original solution + 6.6 grams sodium 

carbonate —36.2 —36.0 —36.30 

The last reading was taken in order to compare the effects of 
the addition of sodium carbonate before and after neutralization. 
It is thus seen that, while the reading of the normal solution is 
increased 0.6° by the addition of the necessary amount of car­
bonate to neutralize the acid, the subsequent addition of a like 
amount increases the reading 2.5°. Before ascribing this differ­
ence in reading to the effect of the acid, it is necessary to find 
whether or not the sodium chloride,formed by the addition of the 
sodium carbonate to hydrochloric acid, affected the reading 

Experiments were conducted with the same solution used 
1 Boh. Zeit. Zucker, Ind., 1891, 187. 
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above. Fifty-five cubic centimeters of the solution were intro­
duced into the 100-110 cc. flask, and the amount of sodium 
chloride corresponding to three and three-tenths grams of 
sodium carbonate, or 3.65, added, the flask filled and the solu­
tion polarized as before. T h e average readings on cane-sugar 
scale, agreeing within 0.1°, are : 

Original solution —33.1 —33-15 
Original s o l u t i o n + 3.65 grains sodium ch lor ide . . —35.1 —35-IO 

Since, then, the effect of the sodium chloride was to increase 
the reading 2", the acid remaining unneutral ized, while the 
reading was only increased o.6° by the addition of the same 
amount of sodium chloride, the acid being neutralized at the 
same time, the difference 1.4° may presumably be a t t r ibuted to 
the action of the acid present . 

Th i s result is h igher than the one deduced from the direct 
addit ion of acid given above, but it is undoubtedly the more cor­
rect of the two. It would thus seem that the acid undoubtedly 
increases the rotatory power, the probable increase of reading 
being about 1.40 on the direct scale for the normal solution. 

Similar exper iments were next conducted in order to find out 
the effect of acetic acid. The s trength of the acid used may be 
inferred from the fact that five cc. of it required for neutraliza­
tion 3,05 grains of dry sodium carbonate. T h e normal solution oi 
sucrose was heated at ioo0 with one-tenth volume of this acid foi 
about one hour, exper iments showing that continued heat ing 
had but little effect upon the reading. By this t rea tment a 
reading for the normal solution was obtained on an average of 2° 
lower than when hydrochloric acid was used as the agent of 
inversion. The same solution which gave a reading o f — 3 3 . 1 s 

when hydrochloric acid was used gave a reading of —31.1 when 
treated with acetic acid under the above conditions. 

Exper iments performed to discover whether the subsequent 
addition of acetic acid would affect the reading, gave the follow­
ing results, on cane-sugar scale : 
Original invert solution (temperature 20; —31.10 —31.0 
Original invert solution + ten cc. additional acetic acid.. . —30.85 —30.8 

T h e second reading is the reading obtained from a solution 
exactly the same as the first ten cc. of acetic acid being intro­
duced. 
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It thus appears that while hydrochloric acid increases the 
reading by its presence, acetic acid decreases it by a small but 
perceptible amount. This result agrees with Ost, who criticises 
the statement of Jungfleisch and Grimbert that acetic acid has 
no effect upon invert sugar. In order to test this further, the 
acid was neutralized by sodium carbonate and the difference of 
reading noted. This result, united with the effect due to the 
introduction of the sodium acetate formed, gave the means of 
rinding the effect of the acid. 

The experiments were conducted as in the above, using same 
solution, same flasks, and same polarizing tubes. The follow­
ing are the results obtained, on cane-sugar on scale : 
Original solution ( tempera ture 200) —31.20 —31.1 
Original s o l u t i o n + 3.05grams sodium carbonate (neut ra l ) —32.65 —32.6 
Original so lu t i on+(3 .05 X 2) grams sodium carbonate- . —34.80 —34.8 

A marked difference is noted here as compared with similar 
experiments with hydrochloric acid. The neutralization of the 
hydrochloric acid increased the reading only o.6°, while the 
neutralization of the acetic acid increased the reading over twice 
the amount, or 1.5°. The subsequent effects of the sodium car­
bonate upon the two solutions agree very well, being an increase 
of 2.50 in the case of hydrochloric acid against an increase of 2.20 

in the case of acetic acid. This difference of 0.3° in the reading 
is accounted for by the fact that 3.3 grams of sodium carbonate 
were added in the hydrochloric acid solution, while only 3.05 
grams were added in the acetic acid solution. If correction be 
made for this difference, the increase in readings differ only 
b y 0 .1° . 

It was necessary also to find out the effect of the sodium ace­
tate formed by the neutralization of the acetic acid by sodium 
carbonate. The readings on the cane-sugar scale were as fol­
lows : 

Original solution ( tempera ture 200) —31.1 —31.1 
Original s o l u t i o n + 4.72 grams sodium acetate —32.4 —32.4 

The sodium acetate used was the pure anhydrous salt. 
It is thus seen that while the sodium carbonate increased the 

reading 1.5°, the introduction into the original solution of the 
same amount of sodium acetate as was formed increased the 
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reading but 1.30. The difference of 0.20 must be due to the 
presence of the acid. 

The conclusion that the acetic acid by its presence lowers 
slightly the reading is confirmed by the fact that by the use of a 
weaker acid a maximum reading of —31.3° was obtained. 

As might be expected the introduction of 'hydrochloric acid 
into a solution inverted by acetic acid increases the reading in a 
corresponding degree. 

It is thus shown that the effect of hydrochloric acid upon a 
solution of invert sugar is to increase the reading, while acetic 
acid has an opposite effect. Moreover, the experiments show 
that the probable increase in reading due to hydrochloric acid 
under the conditions mentioned is 1.4°, while the probable 
decrease in reading due to acetic acid is 0.20. In other words, 
if these two acids produced the same effects upon being heated 
with sucrose, there would still be a difference of reading of i.6° 
due to the presence of the acid. This agrees fairly well with 
the actual difference observed. 

In the light of these experiments it may be of interest to notice 
the question so often discussed, "Does acetic acid effect com­
plete inversion?" If we suppose that no acid effects complete 
inversion unless it gives a reading such as that obtained by using 
hydrochloric acid, then most certainly acetic acid does not invert 
completely. If, on the other hand, we adopt as the reading of 
the invert solution the reading of the acid solution, corrected for 
the effect produced by the presence of the acid, then acetic acid 
gives more nearly the correct invert reading, and it is correct to 
affirm that acetic acid does invert sucrose completely. 

Finally, the above results indicated that when Fehling's solu­
tion is used in the place of the polariscope, it would be a matter 
of indifference whether acetic or hydrochloric acid was used to 
effect the inversion of the sucrose. Experiments showed this to 
be true. Two solutions containing the same amount of sucrose 
were inverted with hydrochloric and acetic acids respectively. 
After inversion exactly 11.7 cc. of each solution were required to 
reduce ten cc. of Fehling's solution. Moreover, when Fehling's 
solution is used for the determination of sucrose in presence of 
dextrin or commercial glucose, acetic acid is preferable to hydro-
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chloric acid as the agent of inversion, since the process requires 
no attention, and the error introduced by the hydrolysis of dex­
trin is less even when the most favorable method of inversion is 
used; viz., heating for ten minutes, regulating the temperature 
so as to reach 68° at the expiration of that time. 
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PROF. STORER and others have suggested the use of nitric 
acid and potassium chlorate as agents for the oxidation of 

chromic compounds to chromic acid. Using this suggestion as 
a basis for the determination of chromium in chrome iron ore, I 
have experimented with a method which has proved both prac­
ticable and accurate. 

For complete analysis a half gram sample of the finely ground 
ore is weighed into a platinum crucible with a capacity of not 
less than fifty cc. The ore is covered with twenty-five grams 
of potassium bisulphate and fusion is commenced over a 
Bunsen burner with very low flame which is protected from 
air currents by a sheet iron chimney. 

To insure complete fusion, and to guard against any loss, the 
operator must manipulate carefully and watch the operation 
from beginning to end. At first, the flame should be so low as 
to fuse the bisulphate very slowly. 

After the mass is in a liquid condition, and there is no longer 
any danger of loss from spattering, the crucible is grasped with 
a pair of crucible tongs and the contents are run up around the 
sides, in order to seize hold of any particles of ore which may 
have become stranded there. 

At this stage of the process, the flame may be increased a 
little so as to cause a tolerable redness of the bottom of the cru­
cible. 

At intervals of ten minutes the crucible must be manipulated 
by the operator as before described. Forty minutes will suffice 
for complete decomposition of the ore. Pour the contents into a 
perfectly clean and dry, four to five-inch platinum evaporating 


