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Table VI—Distribution of Total Carbon among Three Principal 
Reactions 

Temp., ° P. AbS. 1300 1500 1600 1800 2000 2100 2400 
REACTION 

A C + O2 = CO2 94.3 72.6 54.2 39.7 37.8 38.3 40.3 
C C + 2H2O = 

CO2 + 2H2 2.1 13.6 22.1 20.5 14.6 12.9 9.9 
D C + CO2 = 2CO 3.6 13.8 23.7 39.8 47.6 48.8 49.8 

100 100 100 100 100 100 100 

C o n c l u s i o n s 

I n discussing t h e results of t he present analysis, it is well to 
Testate the assumpt ions under which it is m a d e : 

1—The producer gas contains no free oxygen, it having en
tirely disappeared according to Reaction A, which is complete 
at all temperatures considered. 

2—The fuel fired to the producer, which is operated con
tinuously, is pure carbon. 

3—The producer gas is in chemical equilibrium with the hot 
•carbon a t the temperature T and under atmospheric pressure. 

4—Just enough steam is introduced with the air to maintain a 
•constant temperature. 

5—Radiation and conduction losses have been disregarded. 

Under these assumpt ions , we can conclude t h a t : 

1—The nitrogen content of the producer gas increases with 
the temperature because less and less steam is being introduced 
with the air blast. 

2—Above 2100° F. the carbon dioxide and water practically 
disappear, a statement which has been made by P. Haber.8 

3—If operated a t a temperature of 1750° F. a maximum 
hydrogen content is obtained, but at higher temperatures the 
hydrogen content drops while the carbon monoxide content rises 
and remains practically constant. 

4—At very low temperatures (1300° F.), the water or steam 
goes through the producer practically as such and enters but 
slightly into reduction reactions. 

8 "Thermodynamics of Technical Gas Reactions," p. 313. 

TH E use of piperonal (heliotropine) in vanilla ex t rac t 
is largely due t o t he belief t h a t this substance is a 
na tu ra l const i tuent of vanilla beans . Krebs 2 called 

.a t tent ion t o t he heliotrope odor of Tah i t i beans , while Busse 3 

and Goller4 suspected t h a t b o t h vanillons a n d Tah i t i beans 
conta ined piperonal . These opinions, which were based 
on the odor of t h e beans , have been given prominence in 
l i t e ra tu re , b u t it has no t been proved t h a t piperonal occurs 
in a n y var ie ty of vanil la beans . W a h l b a u m 6 concluded 
t h a t Tah i t i vanil la does no t contain piperonal . 

L i t t le a t t en t ion has been paid to t h e use of piperonal as 
a n adu l t e r an t of vanil la ext rac t , and it seemed wor th while 
t o de termine if extracts of known pur i ty m a d e from t h e 
•different varieties of beans respond to qua l i ta t ive tes ts 
for th is compound. T h e results obtained m a d e it desirable 
to inves t igate t he composit ion of vanil lons. Vanillons are 
•said t o be obta ined from the vines of V. pompona, V. guia-
nensis, and unde te rmined species.3 T h e y cannot legally be 
used in vanil la extract . 

1 Received January 20, 1926. 
i Pharm. Zenlralhalle, 36, 487 (1895). 
» Arb. kais. Gesundh., 15, 107 (1898). 
* Pharm. Zenlralhalle, 45, 192 (1904). 
* Schimmel & Co., Semiannual Report, October, 1909, p. 142. 

5—The efficiency of the producer increases with the tem
perature a t which it is operated up to 2000° F . and then de
creases because the amount of heat carried away by the hot gases 
leaving the producer increases with the temperature. 

6—The amount of steam in the air blast required to maintain 
a given temperature is less the higher the temperature. 

7—For maximum efficiency, under the assumptions made, 
approximately 0.4 pound of steam per pound of carbon should 
be used (Figure IV). 
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8—Out of the five possible reactions (A, B, C, D, E) it is only 
necessary to consider three principal reactions, of which one must 
be Reaction A bu t of which the other two may be chosen a t 
will. If Reactions A, C, and D are taken to be the principal 
ones, Figure I I I shows that a t low temperatures A is most effec
tive, while a t high temperatures C plays a minor part , and A 
and D go together to form carbon monoxide. 

E x p e r i m e n t a l 

Ex t r ac t s of s t andard s t rength were prepared from Mexi 
can, Bourbon, Sou th American, J ava , and T a h i t i beans 
and from vanil lons; t he beans were obta ined from different 
sources. These ext rac ts were subjected t o the phloro-
glucinol tes t and the gallic acid test for piperonal. 

T h e phloroglucinol tes t was applied in this m a n n e r : 

Fifty cubic centimeters of extract were de-alcoholized by 
evaporating spontaneously before a fan to about 40 cc. and 
transferred to a separatory funnel with water. The solution 
was extracted once with 50 cc. of ether, and the ether solution 
was separated, washed three times with 15-cc. portions of 2 per 
cent sodium hydroxide solution, and once with 15 cc. of water. 
The ether was then evaporated spontaneously, just to dryness, 
in a porcelain dish. A few minute crystals of phloroglucinol 
were added, followed by a few drops of concentrated hydro
chloric acid. A deep red color, similar to tha t produced by 
vanillin, is formed if piperonal is present. 

T h e Mexican, Bourbon, South American, and J a v a ex
t r ac t s gave negat ive resul ts ; t he Tah i t i ext racts gave doub t 
ful react ions; and the extracts of vanillons yielded s t rong 
positive react ions. Bourbon extract containing 0.005 g ram 
of added piperonal per 100 cc. yielded a s trong red color. 
T h e first four varieties of beans named apparen t ly do no t 
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contain piperonal. The results obtained with the Tahiti 
and vanillon extracts were not conclusive, because these 
beans contain anise aldehyde, which gives an orange to red 
color with the phloroglucinol reagent. 

The gallic acid test was first described by Labat.6 I t 
consists in heating an alcoholic solution of the material to 
be examined with sulfuric acid and alcoholic gallic acid 
solution. A characteristic emerald to blue color is formed 
if piperonal is present. Although Labat did not apply the 
test to vanilla, he found that the color reaction could be 
obtained with a variety of compounds that contain the 

methylene ether (H2C(^0 J group. The writer found 

that cinnamic and anisic aldehydes, benzaldeyde, vanillin, 
and coumarin do not yield positive reactions. The test 
is far more selective than the phloroglucinol test. 

One hundred cubic centimeters of the extract were de-alcohol
ized and extracted with ether and the ether extract was washed 
as in the phloroglucinol test. The ether solution was then shaken 
with 30 cc. of 15 per cent sodium bisulfite solution and allowed 
to stand 2 hours with frequent shaking. The bisulfite solution 
was separated and sodium carbonate was added until distinctly-
alkaline to litmus. The alkaline solution was extracted with 
25 cc. ether and the ether solution of aldehydes was evaporated 
spontaneously. The residue was dissolved in 1 cc. of alcohol, 
and 0.1 cc. of this alcohol solution was heated for 2 minutes, in 
a steam bath, with 0.1 cc. of 20 per cent alcoholic gallic acid solu
tion and 2 cc. concentrated sulfuric acid. 

An emerald to blue color develops if piperonal is present. The 
reaction is much more sensitive when the gallic acid solution 
is added to the sulfuric acid before the alcoholic solution to be 
tested is added. 

Seven samples of Mexican, Bourbon, South American, 
and Java extracts gave negative gallic acid reactions for 
piperonal; three samples of Tahiti extract gave strongly 
positive tests; and three vanillon extracts yielded even 
deeper color reactions than the Tahiti extracts. By adding 
piperonal to pure Bourbon extract it was found that 
0.001 gram of piperonal per 100 cc. of extract gave a strong 
emerald color. Bourbon extract containing 5 per cent 
of Tahiti extract also showed a strong positive reaction. 

Since vanillon extracts gave the strongest color reactions, 
an attempt was made to isolate piperonal from, these beans. 

Four kilograms of finely chopped vanillons were exhausted 
by percolation with ether. The ether extract was concentrated 
to 2 liters, and thoroughly washed with saturated sodium bi
sulfite solution. The bisulfite solution was separated, filtered, 
made alkaline to litmus with sodium carbonate, and extracted 
with ether. The ether solution was distilled with steam, and 
the distillate was extracted with ether. This ether extract 
was concentrated to 50 cc. and washed, first with dilute sulfuric 
acid, then with 2 per cent sodium hydroxide solution, and finally 
with water. I t was then filtered, dried over calcium chloride, 
filtered, and evaporated. The weight of the mixed aldehydes 
obtained was 0.8 gram. 

A minute amount of this liquid material developed the 
characteristic blue color with gallic acid. However, by 
far the larger part of the material consisted of anise aldehyde; 
as shown by the melting point of the semicarbazone, 204.6° 
C, and by the melting point of the acid obtained on oxidizing 
with permanganate, 183.2° C. Piperonal could not be 
isolated from the mixed aldehydes, although a small amount 
apparently was present. 

Discussion 

Mexican, Bourbon, South American, and Java vanilla 
beans do not contain piperonal. This was clearly shown 
by the two sensitive reactions. Vanillons and Tahiti beans 
apparently contain minute quantities of piperonal. At 
least they contain an aldehyde which responds to the same 

• Bull. soc. chim., 5, 742; Bull. soc. pharm. {.Bordeaux), 67, 259 (1919). 

tests as piperonal and probably contains the methylene ether 
group, as piperonal does. 

In the gallic acid test, the bisulfite treatment is necessary 
to separate the aldehydes from anisyl alcohol. This sep
aration must be made because this alcohol forms a deep 
red color with sulfuric acid,.obscuring the blue color produced 
by piperonal. If anisyl alcohol is known to be absent the 
gallic acid test may be carried out in the same manner as 
the phloroglucinol test, which is much shorter. After 
evaporating the final ether extract the residue should be 
dissolved in 1 cc. of alcohol and 0.1 cc. of this solution should 
be used for the test. The gallic acid test is extremely sens
itive and it was found that 0.00001 gram of piperonal will 
give a light green color. Although a number of alkaloids 
and other compounds respond to this test, piperonal is the 
only aldehyde which, so far, is known to give the reaction. 

When examining samples of unknown origin, anisyl alcohol 
should first be sought by the method previously described 
by the writer.7 If this alcohol is found, the extract contains 
Tahiti or vanillon extract, and will consequently react 
positively to the gallic acid test for piperonal. 

If anisyl alcohol is absent and the gallic acid test is positive, 
the addition of piperonal is indicated. Care is necessary in 
reaching a conclusion in such a case because an extract 
may contain only 1 or 2 per cent of Tahiti extract, when the 
anisyl alcohol test will be doubtful while the gallic acid test 
will be positive. This difficulty can be overcome by using 
several hundred cubic centimeters of the extract for the anisyl 
alcohol determination. 

An extract which gives a positive reaction for either 
anisyl alcohol or piperonal cannot be pure Mexican, Bourbon, 
South American, or Java vanilla extract. 

Summary 

Although piperonal is frequently mentioned as a con
stituent of vanilla, it has not been isolated from any variety 
of beans. 

Vanillons and Tahiti beans appear to contain a small' 
amount of piperonal since their extracts respond to the 
qualitative tests for piperonal. 

The method described can be used for detecting the ad
dition of minute amounts of piperonal to extracts of Bourbon, 
Mexican, Java, and South American beans. These varieties 
of beans do not contain piperonal. 

The similarity in chemical composition between Tahiti 
beans and vanillons is very striking. These beans differ 
markedly from the other varieties, to which they are inferior 
in flavor, and it is questionable whether the use of either 
should be permitted in vanilla extract, unless labeled to> 
indicate the variety. 

' T H I S JOURNAL, 17, 303 (1925). 

Committee Named to Reduce Waste in Metals 
A definite program of procedure for the coordination of efforts-

of various technical, scientific, trade, and other organizations 
for a more effective elimination of waste in the metal trades 
was adopted at a conference on May 13, under the auspices of 
the Department of Commerce. Formation of the National 
Committee on Metals Utilization was effected to supervise the 
elimination of waste products in cooperation with the Depart
ment of Commerce. 

Secretary of Commerce Hoover presided at the opening of 
the conference, and spoke on the merits of the work to be under
taken. W. C. Wetherill, director of metals utilization of the 
same department, who has been spending several months in. 
preliminary work in the field, outlined the achievements in 
simplification of trade practices and other related work. 

R. M. Hudson, chief of the Division of Simplified Practice,, 
spoke of the achievements to date in reduction of variety and! 
dimensions in the elimination of waste. 


