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are, in our opinion, their most easily recognized distinctions. The 
melting-point test by itself, as already pointed out by Brown, 
Morris and Miller,l is unreliable, and has led to  serious errors 
of identification. This is due to  the slight differences in the values 
in the case of many of the sugars, the difficulty in getting the 
exact melting-points owing to  decomposition, and the great in- 
fluence of yery small amounts of impurities difficult to remove. 
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THE existence of several methods for the determination of 
raffinose in the presence of saccharose, together with variable 
results obtained in the application of the same to the analysis of 
the same product, have impelled me to  investigate the matter 
more closely after the close of the “campaign.” As the result cf 
a study of the various methods, I have been led to combine the 
best features of some of them and believe that I have succeeded 
in applying a slight modification to  the method of Clerget, which 
will secure for it accurate and satisfactory results with dark- 
colored products. The  modification proposed is that of applying 
powdered zinc after inversion and at the temperature of inversion, 
with the production of an almost colorless solution with no 
change in the products of the hydrolysis of either sucrose or  
raffinose. 

As the basis of these experiments a pure, doubly refined, white 
sugar, of, undoubted cane origin, was employed and a commer- 
cial sample of raffinose from the house of Kahlbaum. The  cane- 
sugar was perfectly free from invert-sugar and polarbed 9 . 9 7  
per cent. pure after being powdered and dried at a temperature 
of 6 0 O - 7 0 ~  C. 

The one sample of molasses was employed throughout the work. 
Three samples of animal charcoal were purchased from a re- 

liable Chicago firm and in original packages as bottled by the 
German firms of Merck and Dr. Konig. These chars were dried 
to  constant weight before use at a temperature between 115’ and 

1 1. Chon. Sot. (London), 67 ,  709: I ’  The Isomaltose of C. J. Lintner.” 
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12j' C. I t  is important to  know that the moisture content of 
these chars varied from 7.17 per cent. to 2j .7  per cent. 

The  modern double-field S. and H. instrument employed was 
very recently checked by means of a quartz plate kindly loaned 
by the Division of Chemistry, U. S. Dept. of Agriculture, ii-ash- 
iiigton, D. C., and all important points on the scale verified by a 
pure sugar standardized against the quartz of 90 per cent. polar- 
ization. The levo-rotation. when checketl against the dextro- 
rotation, gave the same figure in every iiistance. The flasks 
used \\.ere all restandardized to hold 100 l lolir  cc. . i l l  polariza- 
tions, both direct and invert, were made in the same jacketed 200 

mni. tube and at the standard temperatures of 17.5" C. (for direct) 
and 20' C. (for inverted) so as to avoid all corrections for varia- 
tion in specific rotation. The readings as given are  averages of 
at  least five separate rereadings. 

Some 11 ork by G. Reinhardt,l calling attention to the often 
increased levo-rotation where char is used for decolorizing 
"rest" molasses arising from strontium juices, has impelled me 
to apply the samples of char mentioned for the purpose of re- 
viewing his findings. Reinhardt mentions that bone-black has 
been regarded, up to the present time, as diminishing levo-rota- 
tion by absorption, while blood-char, in spite of its superior de- 
colorizing power, had to be given up because of high absorptioii. 

Following are our results in determining the effect of char upon 
a solution of pure cane-sugar after hydrolysis by the strict method 
of Clerget. 

Original 
polarization 

( I )  Carbo Sanguinis. acido depur. pro 

(2) Animal charcoal, Merck, highest 

(3) Animal charcoal, Merck, reagent. 

analyse. Dr. Konig.. ......... -16.41 

purity, dry ................... -16.29 
-16.21 

Calculated 
normal basis. 

-32.82 

-32.58 
-32.42 

I have not found the levo-rotation diminished by Carbo San- 
guinis, but rather slightly increased. Three grams of all chars 
were used and the vigorous shaking continued five minutes, with 
three minutes allowed for filtration. Reinhardt found slight 
diminution, increasing with blood char. 

1 G. Reinhardt, 1902 : "Ueber Raffinosebestimmungen," Zfschr. d. V w .  J%Y d.  IZzibm- 
ruckcrind.  d. dculsch. Reiches, a ,  114.  
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Dr. G. Wiskel has elaborated Reinhardt’s investigation, work- 
ing also with dextrose, levulose and galactose in their separate 
behavior toward chars. Differing with Reinhardt, he finds :!b- 
solutely no absorption or change when char is applied five minutes 
to inverted pure sucrose. H e  explains this invariability by show- 
ing in a test with equivalent quantities of levulose and dextrose 
that the notable absorption of dextrose, together with small ab- 
sorption of levulose, mutually counteract any error. Where 
raffinose is present the results are  different. 

Reinhardt has shown that with rising raffinose content there is 
increased levo-rotation. In the case of bright after-products hav- 
ing 2.5 per cent. raffinose and using 3 grams of “Klaerkohle” 
he found the same levo-rotation. He explains this by saying that 
the absorptive power which diminishes the levo-rotation in the 
case of inverted pure saccharose is compensated by the simultane- 
ous increase in lew-rotation of inverted raffinose; also due to 
absorption; hence, where 2.5 per cent. raffinose is present the re- 
sults are  correct, while with less than 2.5 per cent. too little sac- 
charose and too much raffinose is found, though the error is small, 
while with more than 2.5 per cent. raffinose, too much saccharose 
and too little raffincse is found. Reinhardt further considers 
that high levo-rotation is due to absorption of dextro-rotatory 
melibiose, but he awaits further investigation. 

Wiske has also imitated a mixture of raffinose and saccharme 
by inverting and polarizing a mixture of saccharose, levulose 
and melibiose, finding a very strong increase in levo-rotation with 
use of char. In  experiments upon mixtures of saccharose and 
raffinose as they occur ‘in after-product massecuites, sugars and 
“rest” molasses, he finds the degree of absorption to  be entirely 
dependent upon the quantity of raffinose and indifferent to  the 
quantity of saccharose. Employing half-normal and 3 grams char, 
he recommends a subtractive correction of l/lo degree for every 
per cent. of raffinose above 2 per cent. 

To ascertain the comparative effect of the three varieties of 
char upon hydrolyzed mixtures of pure cane-sugar and raffinose, 
12.367 grams cane-sugar and 0.657 gram raffinose were hydro- 
lyzed in 75 cc. dilution, according to the strict Clerget method. 
shaking five minutes with 3 grams char and filtering two to three 

1 G. Wiske, 1 9 2 :  “Weber Raffinosebestimmuugen,” Zlschr. d.  Ver. f z i r d .  Ruebcnrucknc 
ind. d.  deulschen Rn‘ches. 
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minutes. 
mixture was 102.48 per cent. 

The direct polarization of a normal solution of such a 

Original Calculated Kaffi- 
polarization normal. nose. Sucrose. 

Polarization without char . .  . . . . -13. 5 0  -27.00 4.16 94.77 
( I )  Carbo Sanguinis, acido depur. 

proanalyse. Dr. Konig ..... -13.57 -27 .14  4.11 94.57 
( 2 )  Animal charcoal, Merck, highest 

purity, dry .... ...... ..... .. -13.70 -27.40 5.95 9j.16 
(3)  Animal charcoal, hlerck, reagent -14.00 -28.00 3.56 95.69 

The samples of hlcod-char, under the conditions, produced a 
levo-rotation that results in a raffinose content not far removed 
from polarization without char, which may be explained by the 
absorption of dextro- and levo-rotatory substances, inutually off - 
setting each other. 

A notable increase in levo-rotation will be shown later in  
further comparative tests. 

The effect of time as a factor in decolorizing, is shown where 
Merck's highest purity char is used upon the molasses : 

Tinie of char Filtra- 
digestion. tion. Original Calculated 
Minutes. Minutes. polarization. normal. Raffinose. SUCKOSe.  

( I )  .. . .  .. 5 7 -5.48 --ro.96 3.58 43.97 
( 2 )  ...... I O  9 - 5 . 5 1  -11.02 3.54 44.04 
( 3 ) .  ... .. 1 5  9 - j . S j  -11.10 3.49 44.73 
( 4 ) .  . Decoloration by zinc -j.48 -10.96 3.58 43.97 

The decoloration after fifteen minutes, while slightly more than 
that of five minutes, was not worthy of consideration. The result 
in (4) is that obtained by the action of I gram powdered zinc for 
three to lour minutes at  6g" C. after completion of inversion by 
the strict method of Clerget and is the modification I would pro- 
pose as a solution of the vexatious problem of bleaching. It is 
added here for the sake of comparison and will be referred to 
later. The  direct polarization of this molasses was 50.6 per cent., 
using lea! -b- acetate as a precipitant, with a id  without acetic 
acidulation, producing identical results in,polarization. 

The method of Lindet as modified by Courtonne was exaininrd, 
but gave such widely varying resuts with a mixture of pure cane- 
sugar and raffinose that the results obtained upon a low product. 
like molasses, may be credited with difficulty. The  method is as 
follows: 20 cc. of a solution containing 1/5 normal of the sub- 
stance is placed in a 50 cc. flask, and j grams of zinc dust, accu- 
rately weighed, are placed in the flask. Heat the flask and con- 
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tents by immersing in boiling water. Add IO cc. of dilute hydro- 
chloric acid in portions of about 2 cc. at  a time and as frequently 
as convenient. Prepare the dilute acid by adding to pure 
hydrochlorjc acid (sp. gr. 1.2) an equal volume of distilled 
water. The 
undecompcsed zinc occupies a volume of 0.5 cc. ;hence, the normal 
invert reading is obtained by multiplying by 2.475. After the 
inversion is completed, cool the solution, either quickly or slowly, 
by setting aside. Complete the volume at  20’ C. Mix, filter and 
polarize a t  20’ C. 

In his original article, Lindet directs that 5 cc. concentrated 
hydrochloric acid be gradually added in 4 or 5 parts at  intervals 
of five minutes, and that the zinc be filtered off before dilution to 
50 cc. A formula is given for use with the Laurent instrument. 
Spencer’ gives a formula for use with the S. and H .  instrument as 
follo\vs : 

Heat a few minutes after the last addition of acid. 

A- Sucrose 
I.8j 

( I )  Sucrose = - 0‘493 A ( 2 )  Raffinose = 
0.827 

where A = the direct reading, and C = algebraic sum of direct 
and invert reading. 

For  convenience, all calculations based upon formulas ( I )  and 
( 2 )  will be designated “Lindet” merely to distinguish them from 
Herzfeld’s. 

Results obtained by the Lindet-Courtonne method upon a mix- 
ture consisting of 4.9468 grams cane-sugar and 0.2628 gram 
raffinose (total = 1/5 normal) in 20 cc. distilled water, were as 
follows : 

OTiginal Result Raffinose. Saccharose. 
invert on &in- (Herz- &in- (Herz- 

reading, normal. det.) feld.) det.) feld ) 
-10.07 -25.18 4.97 5.33 93.28 92.60 zcc. dilute h drochlc- ric acid adJed every 

four to five minutes 
and heated five min- 
utes additional ; zinc 
filtered out. 

-9.25 -22.89 6.47 6.81 90.51 89.87 The above repeated, but the zinc nol fil- 
tered out. 

-7.00 --17.32 ro.05 10.40 83.89 83.23 Whole IO cc. hydro- chloric acid added 
within three min- 
utes, and heat ap- 
plied twenty min- 
utes in all : zinc nof 
filtered out. 

Result by Clerget 
method 3.78 4.16 95.48 94.77 (For parison.) purpose Of ‘Om- 

1 Spencer : ‘‘ Handbook for Chemists of Beet-Sugar Houses and Seed-Culture Farms,” 
1897. 
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These results show that the method is totally unreliable with 
products of the above conlposition. 

The Lindet-Courtonne method was then applied to the molasses 
having a direct polarization of j0.6 per cent. and which by Cler- 
get‘s method, using 3 grams char and shaking five minutes, gave 
3. j8 per cent. raffinose arid by the decolorization with I gram zinc, 
as is proposed, also 3.58 per cent. raffinose. 

Original Result Raffinose. Saccharose. 
invert on (Liii- (Herz- (Lin- (Herz- 

reading. normal. det.! feld.) det . )  fcld.) 
--4.18 -10.45 3.76 3.91 43.65 43.36 Addirlg hYdrochloric 

acid every five min- 
utes ’ total heating. 
tw4ty-five minutes: 
cooling quickly and 
filtering out zinc. 

-4.35 --10.77 3.55 3.70 44.04 43.74 Addillg hYdrochloric 
acid every four tnin- 
utes ; total heating, 
twenty-one minutes: 
cooling quickly zinc 
not filtered out. 

The inversion even on “rest” molasses varies with varying con- 
ditions of time, etc. The  results, besides varying beyond limits 
of error among themselves, vary also from the results obtained 
by the standard method, as shown above, where chars are com- 
pared upon molasses. 

Perhaps the most instructive result is that shown i n  the follow- 
ing experiment, whcre are compared : ( I )  The strict Clerget 
method without char ;  ( 2 )  the strict Clerget method with 3 grams 
of Merck’s highest purity char after five minutes’ shal<ing ; (3) the 
Lindet-Courtonne method, adding 2 cc. hydrochloric acid every 
four minutes and heating thirty minutes in all ;  (1) the Herles 
method, using 10.6 cc. lead nitrate solution and one-half equiv- 
alent sodium hydroxide ; ( 5 )  the proposed modification to the 
strict Clerget method, i. e., addition of I gram powdered zinc. 
Each IOO cc. of original solution contained 11.4612 grams piire 
cane-sugar and 0.814 gram raffinose. I t  was the intention to se- 
cure the same polarization as obtains in ordinary “rest“ molasses 
\\-ith a content of 2.5  per cent. raffinose. ’CVith the exception of the 
Lindet-Courtonne method, 50 cc. of the original solution were 
taken for inversion. It’ith the Lindet-Courtonne method, the pre- 
scribed 20 cc. were used in a j O  cc. flask and the zinc volume 
allowed for. 
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Original 
invert 

reading. 

(1) -5.87 

(2) 4 . 3 9  

(3) -442 

(4) -5.97 
(5) -5.86 

Results Direct Raffinose. Saccharose. 

normal. zation. det.) feld.) det.) feld.) 
of polari- (Lin- (Herz- (Lin- (Herz- 

-11.74 48.60 . .. 2.65 .. .. 43.70 Strict 

-12.78 48.60 . .. 2.00 #... 44.91 StrictCler- 
Clerget. 

get  with 
char. 

Courtonne. 
-11.19 48.60 2.86 3.0~ 43.32 43.02 Lindet- 

-11.94 47.47 ... 2.30 . . . . 43.22 Herles. 
-11.72 48.60 ... 2.67 .... 43.65 Proposed 

method. 

JKth  the strict Clerget method and use of char the increased 
levo-rotation is very considerable and causes a very notable varia- 
tion in sucrose and raffinose from the truth. The  Lindet-Cour- 
tonne method, while not showing such great variation, is still un- 
satisfactory and does not inspire confidence ; furthermore, the 
writer finds inversion under its conditions more time-consuming 
than under any other. The  modification to  Clerget’s method that 
I propose seems t o  give results concurring with the strict Clerget 
method, both here and with molasses ; also in a later experiment, 
where the proportion of raffinose is increased. 

The method next inquired into is that of Herles,l with the ob- 
ject of ascertaining its action where raffinose is present. No com- 
parison was made of it upon inverted pure cane-sugar solutions. 

Herles’ chief objection to  determinations by inversion as car- 
ried out up to that time was, that clarification by means of lead 
acetate for direct polarization and not for invert, would give 
wrong results, because optically active substances are precipi- 
tated in the operation for direct polarization, which remain in the 
inverted solution and either retain their whole optical activity or 
the acid changes it, or perhaps the optical activity is for the first 
time developed during inversion. 

Degener has shown that invert sugar by evaporation, even in 
z’aczm, loses its thearetical levo-rotation and finally becomes dex- 
tro-rotatory, which, by treatment with hydrochloric acid, accord- 
ing to  Clerget, soon takes m its original levo-rotation; hence, it 
affects only the invert reading. 

Herles states that lead nitrate remaining in excess as such has 
only insignificant action, and Herzfeld admits that the action is 

1 Herles, 1890 : “Weber die Bestimmung des Zuckers durch die Inversionsmethode,” 
Zischr. d.  15r.ftiv d .  Rtibeneuckerind. d .  deulsch. Reichcs, p. 217. 
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small. Herzfeld states that sodium nitrate heightens tlie polariza- 
tion antl, while adtnitting that hasic leatl nitrate is a remarkable 
decolorizer, affirms that it carries do\vii sugar lvitli i t ,  especially 
i f  the alkali be added all at once, atid even a little i f  it be added 
drop-wise. Xeutral salts, with the esception of the acetatcs. iii- 
crease the levo-rotation. but tlie acetates reduce tlie irce liycli-o- 
chloric acid and thus lower in\-erting or hydrolyzing power ; 
hence, Herles was led to consider PbOHNO,,  as the most suitable 
form. H e  used ‘(a lead nitrate solution of 1.3856 specific graj-ity 
(or about saturated), and in which I cc. = 0.3102 lead.” This 
could not be correct, since a stronger solution of lead nitrate, i. e., 
specific gnv i ty  1.414 and containing 3 j  per cent. lead nitrate only 
contains tlie equivalent of 0,3094 gram lead. 

H e  distinctly states that tlie solution should not be allialine, as 
lead saccharate would be precipitated anti. while proving that re- 
sulting potassium nitrate causes increased levo-rotation, belittles 
it by adding that the solutions are always weak in sugar Lvhere 
much potassium nitrate is formetl. 

The  solution of lead nitrate used for this experiment had a 
specific gravity of I .33233 and contained the equivalent of 0.2488 
gram lead or  0.398 grain lead nitrate, equaling 29.872 per cent. 
Accordingly, I cc. of this lead nitrate, to form the stipulated 
basic salt, will require 1.202 cc. normal sodium hydroxide. or  
where the standard alkali has a corrective factor of 1.061 as in 
this instance. 1.133 cc. +-I normal of molasses was weighed out, 
and after dilution to about 70 cc. the specified quantities of lead 
nitrate solution added and then the alkali solution gradually and 
with rotation of flask, when all was carefully diluted to esactly 
100 cc. at  17.5’ C. 10.6 cc. lead solution and 12 cc. alkali solution 
cleared the solution perfectly antl left no excess of alkali. 

PI , (NOIj?  XaOH 
solution. solution. Direct Invert 

cc. cc .  reading. reading. Raffinose. Saccharose. 

( I )  ..... 9.00 12  50.75  --j 86 3.77 43.77 
( 2 )  ..... 10.60 I 2  51.10 - -j.S6 3.85 43.98 
(3)  .... . 12.00 I 2  50.99 -j.86 3.S2 43.92 

I n  samples ( 2 )  ant1 ( 3 ) ,  considerable lead chloride was thrown 
down. I n  such work of Herles as has come under our notice, the 
absence of very specific directions as to the limits of lead to be 
used, has left Lis without much inforination, and an intimate study 



RAFFINOSE DETERMINATIOXS. 1027 

of the best conditions is not warranted, as  the process has the 
serious defects already referred to. 

The direct polarization on the same sample varies quite a little 
from that where lead basic acetate is used (i. e., 50.6 per cent. pol.) 
which may be accounted for by the action of the lead salt upon 
the invert sugar present, which is a trifle less than 2 per cent. 
In the former table, where the five methods are compared, we 
have shown a reduction from 48.6 to 47.47 per cent. polarization 
where basic lead nitrate was used; hence, this is probably more 
than compensated for by the modified levulose rotation. To re- 
capitulate, the results obtained so fa r  by the different methods 
upon molasses, we have : 

Strict Clerget, with char . .  .............. 3.58 43.97 
Proposed method, adding zinc.. ......... 3.58 43.97 

43.74 

Raffinose. Saccharose. 

Lindet-Courtonne, varying conditions.. .. 43.36 
with Herzreld's formula.. .. { i:;: 

Herles' method, appl ied. .  .............. 3.85 43.98 % equivalent 
sodium hydroxide. 

The  next experiment shows ( I )  the absorbent effect of char 
upon the products of the hydrolysis of pure saccharose and pure 
raffinose when they are mixed in varying proportions ; also (2) 
results by the proposed new zinc modification to  the strict Clerget 
method, when compared with the strict Clerget method without 
the use of char. 

Invert Invert 
reading reading 

Direct without with 
reading. char. char. 

25.62 -6.62 -7.01 Used 0 . 3 2 s ~  gram raffinose and 6. 1835 grams 
sugar. v 

17.1917 grams sugar 
. . - .  Proposed zinc modifi- ::&:zfl grams 

~7.1917 grams sugar 
i 48.60 -5.87 -6.39 

48.60 -5.87 

53.40 -4.58 -5.57 
53.40 -4.57 

cation. 

. , . . Proposed zinc modifi- and 2.442 grams 
raffinose. cation. 

The  zinc in the presence of the hot hydrochloric acid at 69" C. 
has, therefore, absolutely no effect upon the products of the 
hydrolysis of saccharose and raffinose. I t  has been found advis- 
able to filter out, by means of a very small tuft of cotton, the 
residue from the I gram of zinc left after cooling to zoo C., with 
quantitative washing, of course, since the continued, slow evolu- 
tion of hydrogen may disturb proper dilution to the mark. 
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The author wishes to add some tests made upon the correctness 
of Herzfeld’s formula for the temperature correction for raffinose : 

DILUTION. 
.4S APPLIED TO HYDROLYZED HALF-SORMAL CANE-SUGAR I K  I O 0  CC. 

Temperature. Original Calculated to zoo C. 
O C  reading. normal inversion. 
17.2 -17.06 -32.59 
20.0 --I 6.32 -32.64 
20.9 -16.07 --32. j9 
21.6 -15.93 . -32.66 

A s  APPLIED T o  MIXTURE OF 12.367 GRAMS C A N E S U G A R  AXD 0.657 GRAM 
RAFFINOSE IN IOO cc. DILUTION. 

16.4 -14.40 --27.00 
20.0 -13. jo -27.00 

Temperature. Original Calculated to 20° C. 
O C  . reading. normal inversion. 

23.0 --lZ. 7s -26.97 
I t  is not advisable to make the polarization at  any temperature 

without the use of the jacketed tube. 
CAR% MICHIGAS,  

April  22, 1903, 
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THF, uses of formaldehyde have widely increased during the 
past few years. As a disinfectant it has come to be used in 
enormous quantities by health inspectors, its vapor or a dilute 
solution destroying many kinds of pathogenic bacteria; as a 
preservative it is one of the most effective and one of the most 
convenient to use ; it is an important fungicide, the agriculturist 
finding it a valuable aid in combatting certain plant diseases, 
while as an insecticide it rids man of those insects, often more 
plentiful than appreciated, that choose to live in the crevices close 
to his food or his bed. 

With the increasing use of formaldehyde, many nen’ methods 
have been suggested for its quantitative determination. U’hile 
some of these are rather difficult of manipulation or have other 


