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S O M E M I C R O C H E M I C A L

T E S T S F O R A L K A L O I D S

I N T R O D U C T I O N

T H I S work on microchemical tests for alkaloids was
begun in December, 1907, in order to obtain microchemical
tests for the detection of cocaine. F r o m this beginning
work was done on other alkaloids unti l a total of s ixty-four
had been tested. Thirteen of these alkaloids w e r e of doubt-
ful purity, and therefore the results obtained o n these are
not recorded here.

T w o preliminary papers have been presented o n this
work before the Association of Official Agricul tural Chem-
ists, the first in 1908, published in Bul le t in N o . 122,
Bureau of Chemistry, p . 9 7 , 1 9 0 9 , and the second in 1910,
published in Bullet in N o . 137, B u r e a u of Chemistry, p.
189 ,1911 .

I n this work no claim at all is made for original i ty in
applying the microchemical tests for alkaloids, as the
methods have been in use for m a n y years. M a s t of the
tests were worked out between the years 1907 a n d 1910,
and since that time several of the more important contribu-
tions on the subject by other authors have been made.
References to color reactions only have, in the main , been
purposely omitted, since they were considered of minor im-
portance for this work.

W e have endeavored to g ive due credit for al l micro*-
chemical tests which have been previously publ ished and
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w h i c h are described in this work, by referring in the text to
tes t s a l r e a d y described by others.

W h i l e the results in some cases are not all that might
be desired, y e t some very sensitive and characteristic tests
have b e e n worked out. N o tests whatever were obtained
o n three o f t h e fifty-one alkaloids described. Tests on the
other for ty -e ight alkaloids were, in most cases, quite satis-
fac tory . Photomicrographs of all the more important
crys ta l l ine precipitates obtained were made, and the most
character is t ic ones are g iven on plates.

F u n g o u s growth takes place in many solutions of alka-
lo ids af ter a time, an especially heavy growth occurring in
brucine solutions. A l l of our work, however, was carried
o u t on f r e s h l y prepared solutions.

T h e alkaloids wi th which the greatest number of crys-
ta l l ine prec ip i tates were obtained, using the standard alka-
lo idal r e a g e n t s , were strychnine, berberine, tropacocaine
a n d brucine .

T h e alkaloids wi th which no crystalline precipitates
w e r e o b t a i n e d were apocodeine, colchicine and solanine.

T h e f o l l o w i n g thirteen alkaloids were discarded be-
cause there was a serious doubt as t o their purity:
Bebeer ine , cephaline, coroutine, delphinine, duboisine, eme-
t ine , ge l semin ine , Iupinidine, pelletierine, sabadine, saba-
dinine, sanguinar ine and veratrine.

T h e author desires ful ly to acknowledge the assistance
rece ived f r o m M r . B . J . H o w a r d , Microscopist in charge
of t h e Microchemica l Laboratory, not only for the many
va luab le sugges t ions made, but also for the taking of many
of t h e photomicrographs herewith published.



M I C R O C H E M I C A L T E S T S F O R A L K A L O I D S
D E S C R I B E D B Y O T H E R S

The fo l lowing authors describe crystall ine precipitates
with alkaloids, which precipitates have also been invest i-
gated in this work:

1. T . G. W o r m l e y , "Micro-chemistry of P o i s o n s / '
1869. Second edition 1885. This is the most exhaust ive
work in E n g l i s h which we have found on the subject* I t
gives microchemical tests for a great number of poisons
other than alkaloids and deals with twelve alkaloids, de-
scribing crystall ine precipitates for nine of them. I t con-
tains m a n y fine plates showing the forms of the various
crystalline precipitates. I n the 1885 edition microchemi-
cal tests for gelsemine are given in addition to those de-
scribed in the first edition.

2. J . W . Griffin and Arthur H e n f r e y , " T h e M i c r o -
graphic Dic t ionary , a guide to the examinat ion of the
structure and nature of microscopic objects ," 1883 , vol . i,
p . 30. Descr ibes five crystalline precipitates which w e
have worked on.

3. A . W . B l y t h , " P o i s o n s : Their Ef fec t and D e t e c -
tion," 1885. T h e following crystalline precipitates are de-
scribed: Strychnine with potassium chromate; with potas -
sium thiocyanate; with platinum chloride; with pa l ladous
chloride; and with go ld chloride.

4. A . IB. L y o n s , " N o t e s on the Alkalo ids of Coca
Leaves ," The Am. Journ. Pharm., Oct. , 1885, p . 3 0 . D e -
scribes the crystall ine precipitates with cocaine and the fol-
lowing reagents : Picr ic acid; go ld chloride; p la t inum chlo-
ride; potass ium hydroxide; and sodium carbonate. G ives
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sketches of the gold chloride andplat inum chloride reactions.
5. F . Giesel, " Ubermangansaures Kali zur Pr i i fung

des Cocains," Pharm. Zeit., F e b . 2 7 , 1 8 8 6 . Describes the
crystalline precipitate with cocaine and potassium per-
manganate.

6. Popoff, " Emplo i de l'acide Picrique pour la deter-
mination des alcaloides vegetaux en toxicologie," Annales
d'Hygiene publique et de mddecine Ugole, 3e Serie 26,
1 8 9 1 , p . 81. The author describes crystalline precipitates
wi th picric acid and gives sketches of the crystals produced.
E i g h t of the crystalline precipitates described by him are
formed in solutions of greater concentration than 1 : 5 0 ,
a n d hence we do not describe them.

7. T . G. Wormley, " N o t e s on Some of the Chemical
Propert ies of the Mydriatic Alkaloids," Amer. Jowrn.
Pharm.j Nov. , 1894, p. 513. Crystalline precipitates with
the following reagents are described: Hyosc ine and go ld
chloride; atropine and hyoscyamine and also hyoscine with
picric acid. W e did not obtain any crystalline precipitates
wi th the two latter except in very concentrated solutions,
a n d we have avoided, as a rule, describing the crystals
formed in solutions more concentrated than 1: 50.

8. H . Behrens, " A n l e i t u n g zur Mikrochemischen
Ana lyse ," vol. iii, 1st Edit ion, 1896. Three editions of this
work have appeared. This is the most extensive work on
microchemical analysis which has been published.

9. W . R. Dunstan and F . H . Carr, " Contributions
t o Our Knowledge of the Aconi te Alkaloids," The
Pharm. Journ., F e b . 15, 1896, p . 122 . The authors de-
scribe the crystalline precipitate with aconitine and
potassium permanganate and that with cocaine and
potass ium permanganate.
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10. M . V a d a m , " Differenciation des alcaloides au
m o y e n de leurs precipites microcristallins," Journ. de
Pharm. et de chimie, 6 serie, 1897, ii, p . 100. Descr ibes
twenty-three different crystalline precipitates which w e
have studied.

11. B . Zenett i , " D e n mikrochemischen N a c h w e i s der
Alkalo ide mittelst Pikrinsaure (Festschri f t zur Strass -
burger V e r s a m m l u n g des D . A p . - V . ) . " R e f e r e n c e t o
above in Pharm. Zeit.j N o v . 3 , 1897, vol . x l i i , p . 752 .
Describes crystals formed with picric acid a n d the
fol lowing alkaloids: Atropine, cocaine, nicot ine , brucine,
and strychnine.

12. W . H . W a r r e n and R. S. W e i s s , " T h e P i cro lo -
nates of Certain A l k a l o i d s / ' Journ. of Biol. Chem., 3 , p .
3 2 7 , 1 9 0 7 . Descr ibes crystals formed wi th picric acid a n d
alcoholic solutions of nicotine, strychnine and brucine.

13. W a l t e r J . D i l l ing , " Coniine, Conhydrine, P s e u d o -
conhydrine, Coniceine, and a N e w Coniine I somer . A
S u m m a r y of Their Cjhemicajl React ions ," The Pharm.
Journ. and Pharmacist, J u l y 17, 1909, p . 102 . D e s c r i p -
t ion of five crystall ine precipitates wi th coniine, which
we describe.

14. E . Abderhalden, " Handbuch des biochemischen
Arbeitsmethoden," 1910, vol. ii, p . 904 .

15. A l i d e Grutterink, " Beitrage zur mikrodhemischen
A n a l y s e E i n i g e r Alkaloide und D r o g e n mi t besonderer
Beri icksicht igung der Methoden von H . Behrens ," 1910.
T h e author gives a table showing reactions of for ty - two
alkaloids and bases wi th sixty-nine reagents , a n d describes
more ful ly reactions for sixteen alkaloids. I n n o other
work which w e have been able to locate have microchemical
tests for so great a number of different alkaloids been



6 SOME MICROCHEMICAL TESTS FOR ALKALOIDS

given, a l though the re a r e on ly s ixteen of the t o t a l fo r ty -

two alkaloids for which the re a re sketches and more com-

ple te descriptions of t h e prec ip i ta tes .

16. L . Rosen tha le r a n d P . Goerne r , " A r o m a t i c N i t r o

Der ivat ives , Espec i a l l y N i t ropheno l s , as Alka lo ida l P r e -

c ip i tan ts , " Z . Anal. Chem., 49, 1910, p . 340. Descr ibes

three crystal l ine p rec ip i t a t e s wi th picr ic acid which we

have described.

17. A . Bol land, " Mikrochemische S tud i en , " M o n a t -

shefte fiir Chemie 2 9 , 1 9 0 8 , p . 9 9 1 ; 32, 1911, p . 117. D e -

scribes m a n y crysta l l ine precipi ta tes .

18. E . B . P u t t , " Microchemical Tes t s for the I d e n t i -

fication of Some of t h e Alka lo ids , " J. Ind. Eng. Chem.,

vol. iv, p . 5 0 8 - 5 1 2 , 1 9 1 2 . Descr ibes seven crystal l ine p r e -

cipi tates tha t we have worked on . F o u r t e e n photomicro-

g r a p h s a re given.
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I N tes t ing the alkaloids, aqueous solutions of from
1 : 1 0 0 0 to 1: 50 were used. I n one ease, however, a more
concentrated solution than 1 : 5 0 was used, and that w a s
with the alkaloid quinine, in which case a concentration of
1 : 3 5 was unetL T h i s more concentrated solution was used
on account of the lack of .satisfactory crystal formation in
more dilute solutions. W h e n the alkaloid or alkaloidal salt
was not complete ly soluble in water, j u s t sufficient 10 per
cent, hydrochloric a d d wan added to dissolve it. I n one or
two cases only wits an alcoholic solution of the alkaloid
used, because the alkaloid was not soluble in water or in the
10 per cent, hydrochloric acid.

These solutions of alkaloids were tested with different
reagents and the character of the precipitates, when
formed, was noted under the microscope. A f t e r some t ime
those reagents which were found to be unsat isfactory as
alkaloiclaf precipitates were abandoned, and during the re-
mainder of the work only those reagents which appeared
of value were retained.

T h e final revised list of reagents which were found of
value for tents numbers about forty.
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The following reagents were used in 5 per cent, aqueous
solutions: sodium carbonate; sodium nitroprusside; sodium
phosphate; sodium benzoate; sodium phosphomolybdate;
potassium hydroxide; potassium acetate; potassium iodide;
potassium iodate; potassium chromate; potassium ferro-
cyanide and ferricyanide; potassium cyanide; potassium
permanganate; saccharin; silver nitrate; ammonium molyb-
date; chromic acid; the chlorides of gold, platinum, palla-
dium,* mercury, iron and zinc; a 10 per cent, solution of
barium nitrate; a saturated, aqueous solution of picric acid
and the fol lowing reagents for which we give the formula:

Marine's reagent—Cadmium iodide 30 gms.
Potass ium iodide 60 gms .
Dist i l led water 180 c.c.

Mayer's reagents—1:100 mercuric chloride in water
and add just sufficient potassium iodide to redissolve the
scarlet precipitate first produced.

Millon's reagent—dissolve metallic mercury in an
equal weight of concentrated nitric acid and dilute with an
equal volume of water.

Zinc-chlor-iodide—Zinc chloride 100 gms .
W a t e r 60 c.c.
Potass ium iodide 20 gms.
Iodine crystals 6 gms.

•Mr. E. B. Putt of this Bureau informs me that it is difficult to obtain
a 5 peT cent, aqueous solution of palladous chloride in a soluble form. What
is ordinarily supplied as palladous chloride is either palladous-ammonium
chloride or is a brown partially soluble powder that acts very much as if
it contained considerable basic salt. If such a salt is encountered, it can be
used only after being subjected to treatment with chlorine.


