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Table 6.3 Typical bond-stretching and angle-bending group vibration wavenumbers w

Bond-stretching Bond-siretching An g]e-bend] ng
Group ofecm ™! Group wjem ™! Group wfem !
=C—-H 3300 —C=N 2100 =<y 700
~H 3020 1100 LM 1"
=CN %:—F - 00
except: >c-a 650 -CE(—HH 1000
o=c" 2800 H
~
EC—H 2960 éc—nr 560 )Q: 1450
“~
—C=C— 2050 —CH 500 cZc¢ 300
>c=-c< 1650 —O0—H 3600°
Sc—<& 900 SN-H 3350
~No: .
si-sic- 430 Sp=0 1295
“c=0 1700 >s=0 1310

* May be reduced in a condensed phase by hydrogen bonding.
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Table of Characteristic IR Absorptions

frequency, cm™!

3640-3610 (s, sh)

3500-3200 (s,b)
3400-3250 (m)
3300-2500 (m)
3330-3270 (n, s)
31003000 (s)
3100-3000 (m)
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2260-2210 (v)
2260-2100 (W)
17601665 (s)
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1000-650 (s)
950-910 (m)
910-665 (s, b)
900-675 (s)
850-550 (m)
725-720 (m)
700-610 (b, 5)
690-515 (m)

bond

O-H stretch, free hydroxyl
O-H stretch, H-bonded
N-H stretch

O-H stretch

—C=C-H: C-H stretch
C-H stretch

=C-H stretch

C-H stretch

H-C=0: C-H stretch
C=N stretch

—C=C- stretch

C=0 stretch

C=0 stretch

C=0 stretch

C=0 stretch

C=0 stretch
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C=0 stretch

—C=C- stretch

N-H bend
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N-O asymmetric stretch
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C-H bend

C-H rock
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C-H wag (-CH,X)
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=C-H bend

O-H bend
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C—Cl stretch

C-H rock
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C-Br stretch

functional group

alcohols, phenols
alcohols, phenols

1°, 2° amines, amides
carboxylic acids

alkynes (terminal)
aromatics

alkenes

alkanes

aldehydes

nitriles

alkynes

carbonyls (general)
carboxylic acids

esters, saturated aliphatic
aldehydes, saturated aliphatic
o, P—unsaturated esters

ketones, saturated aliphatic

a, f—unsaturated aldehydes, ketones

alkenes

1° amines
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nitro compounds
aromatics
alkanes

alkanes

nitro compounds

aromatic amines

alcohols, carboxylic acids, esters, ethers

alkyl halides
aliphatic amines
alkenes
carboxylic acids
1°, 2° amines
aromatics

alkyl halides
alkanes

alkynes

alkyl halides

m=medium, w=weak, s=strong, n=narrow, b=broad, sh=sharp



Micro-Crystal Identification Testsfor Morphine, Heroin, Dilaudid, and Cocaine
Charles C. Fulton; John B. Dalton

Journal of Criminal Law and Criminology (1931-1951), Vol. 32, No. 3. (Sep. - Oct., 1941), pp.
358-365.

Stable URL:
http:/links.jstor.org/sici ?sici=0885-2731%28194109%2F10%2932%3A 3%3C358%3AMITEMH%3E2.0.CO%3B2-1

Journal of Criminal Law and Criminology (1931-1951) is currently published by Northwestern University.

Y our use of the JSTOR archive indicates your acceptance of JISTOR's Terms and Conditions of Use, available at
http://www.jstor.org/about/terms.html. JSTOR's Terms and Conditions of Use provides, in part, that unless you have obtained
prior permission, you may not download an entire issue of ajournal or multiple copies of articles, and you may use content in
the JSTOR archive only for your personal, non-commercial use.

Please contact the publisher regarding any further use of this work. Publisher contact information may be obtained at
http://www.jstor.org/journal s/nwu.html.

Each copy of any part of a JSTOR transmission must contain the same copyright notice that appears on the screen or printed
page of such transmission.

JSTOR is an independent not-for-profit organization dedicated to and preserving a digital archive of scholarly journals. For
more information regarding JSTOR, please contact support@jstor.org.

http://www.jstor.org
Fri Mar 16 08:27:37 2007


http://links.jstor.org/sici?sici=0885-2731%28194109%2F10%2932%3A3%3C358%3AMITFMH%3E2.0.CO%3B2-1
http://www.jstor.org/about/terms.html
http://www.jstor.org/journals/nwu.html

MICRO-CRYSTAL IDENTIFICATION TESTS FOR
MORPHINE, HEROIN, DILAUDID, AND COCAINE

Charles C. Fultont and John B. Daltonf

In the identification of small amounts
of suspected drugs the most valuable
tests are of two kinds: color tests on
the spot-plate, and crystal tests under
the microscope. The former are espe-
cially useful for compounds of phe-
nolic character, such as adrenalin, ar-
butin, aspirin, and the opium alkaloids.
The micro-crystal tests are particu-
larly useful for amines, such as all alka-
loids, and amides, such as phenacetin
and acetanilid. This method of identifi-
cation by recognition of characteristic
crystals under the microscope was be-
gun by Wormley (1), Lyons (2),
Behrens (3), and others, and developed
in more recent years for the alkaloids
especially by Grutterink (4), Stephen-
son (5), and Amelink (6).

A number of the more recently de-
veloped tests, including some which
were previously unpublished, will be
described in the course of this paper.
The photomicrographs' which accom-
pany the text show the crystals of the
four alkaloids, morphine, heroin, dilau-
did, and cocaine, resulting from several
of these tests. Some of the micro-crys-
tals have been previously described
(11, 12, 13, 14, 15), but until now no
photographs of them have appeared in
any of the literature.

The crystal tests for a particular al-
kaloid require selected reagents which

T Associate Chemist, Alcohol Tax Unit Labora-
tory, U. S. Treasury Department, Saint Paul,

Minnesota.

will most readily give highly charac-
teristic crystals with the alkaloid in
question (7, 8, 9, 10), for the usual re-
sult with a reagent and an alkaloid
taken at random is an amorphous pre-
cipitate that does not crystallize at all.
Generally the chosen tests are such that
the crystals can be definitely recognized
by mere inspection under a low power
microscope (50 to 100 X). However,
since many of the crystals are highly
pleochroic with polarized light, or
highly birefringent and beautifully il-
luminated with crossed nicols, it is
best to use a polarizing microscope
whenever available.

- Either of two methods for making a
crystalline test are generally employed.
Method A involves dissolving the alka-
loidal salt in water and adding the
reagent, while with Method B the rea-
gent is added directly to the solid
alkaloid. A more detailed discussion of
both procedures follows.

With Method A about 0.2 mg. or less
of the alkaloidal salt is dissolved in one
drop (about 0.04 cc.) of water on the
microscope slide. (If the free alkaloid
has been obtained by extraction or
otherwise it is dissolved in dilute acid
and a drop put on the slide.) One drop
of a selected reagent is then added by
letting it fall from a 1 cc. pipette. The
precipitating compound may be in

# Criminologist, Police Department, Saint Paul,
Minn.

1 The photomicrographs which accompany this
article were prepared by John B. Dalton.
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aqueous solution or in concentrated or
very strong acid.

With Method B a drop of the precipi-
tating reagent (ordinarily in strong
acid) is added directly to about 0.1 mg.
or less of the solid, powdered alkaloid
or its salt and a cover-glass is placed
over the material immediately. The
alkaloid dissolves and is precipitated at
varying concentrations. In this method
the test-drop can be a concentrated
acid (hydrochloric or phosphoric), or
acid of a concentration at which the
crystals form best and which might be
difficult to obtain by mixing two solu-
tions as in Method A. Formulas are
given in this paper for making up di-
rectly the reagents used for Method B,
but in practice they are usually ob-
tained by suitable dilutions (to three
times the volume) of the more concen-
trated reagents kept for Method A.

With both methods in a successful
test a precipitate appears, either at
once or after a few minutes’ standing.
Usually this precipitate is amorphous
at first but crystallizes in a short time,
although in some cases it is crystalline
from the start. If the test is unsuccess-
ful because of amine impurities the
crystals may be distorted so as to be
unrecognizable, but the more common
unsuccessful result is an amorphous
precipitate which fails to crystallize.

In the case of a mixture of alkaloids
or amines some kind of separation—by
extraction methods, for instance—is
often necessary before micro-crystal
tests can be applied. However, inert
adulterants or dilutents, such as pow-
dered sugar or lactose, usually do not
interfere at all, except of course that
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more of the material must be used to
make the test.

A number of the reagents mentioned
below can be used for many other alka-
loids besides morphine, heroin, dilaudid,
and cocaine. Thus, Stephenson’s work
on 51 alkaloids (5) shows that gold
chloride gives especially good tests for
10 of them, platinum chloride for 6,
and Wagner’s reagent for 6. The newer
reagents presented herein have not
been so thoroughly studied. Gold
bromide in half-concentrated hydro-
bromic acid is certainly quite useful,
yvet perhaps is not as satisfactory for
general use as gold bromide in con-
centrated hydrochloric acid, which
may be the best of all identifying re-
agents for alkaloids.

Tests for Morphine

The best-known tests for morphine
are those made by Method A with
Marme’s reagent (5, 14) and Wagner’s
reagent (16, 5, 14). The latter test can
be varied, using Method B, to identify
less than a gamma (a millionth of a
gram) of morphine (15). In addition
to these better known tests are several
which are quite valuable.

Gold Bromide in Half-Concentrated
Hydrobromic Acid. A form of this test
in which gold bromide is used in con-
centrated HCI has been previously de-
scribed (14). If the reagent is applied
to the aqueous solution of morphine
(Method A), threads in rosettes form
gradually from the amorphous precipi-
tate. When added to an HCI solution
of morphine, or applied directly to the
solid alkaloid or its salt (Method B)
the reagent gives, upon standing, sal-
mon-colored or brownish-yellow-orange
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plates. These are often feathered, or
form rosettes of blades or irregular
plates, while with polarized light they
show dichroism of pale yellow to dark
red.

Now it has been found that in using
Method B half-concentrated acid gives
the most rapid and best crystallization.
Half-concentrated HCl may be used,
but HBr is better except for the deeper
color of the solution. Two types of
crystals are formed, needles and di-
chroic plates (Figure 1). As the test
is quite sensitive, only a very little
morphine should be used.

Ficure 1

Morphine with HAuBr, in half-concentrated
HBr. Method B. (Polarized light.)

The reagent is prepared according to
the following formula: Gold chloride
crystals (HAuCl,3H,0)—1 gram; HBr
(40%)—30 cc; Water—30 cc.

This reagent also gives an exception-
ally fine test for novocaine and may
likewise be used for the identification
of cocaine, nupercaine, heroin, cotar-
nine, creatinine, hyoscyamine, scopola-
mine, theophylline, and other alkaloids.

FULTON AND DALTON

In general, these different crystals can
be distinguished at a glance from those
of morphine and from each other al-
though dichroic plates with scopola-
mine show some resemblance to those
with morphine.

Platinum Bromide in Hydrobromic
Acid, and Bromo-Chlorides in Hydro-
bromic - Hydrochloric Acid. Using
Method B, with various ratios of HBr
to HCl, morphine forms a series of
different platinum crystals, but these
platinum reagents give no morphine
crystals in plain water, requiring in-
stead about 60% to 100% of concen-
trated acid. The different types of
crystals were first studied with em-
pirical mixtures, and some of them
were found to correspond quite defi-
nitely to simple molecular ratios of
HBr and HCIl. There are some dis-
tinctions between the crystals for each
of the six possible compounds from
H,PtBrCl; to H,PtBr,. H,PtBrCl; gives
the most rapid crystallization, H,PtBr,
the slowest.

The reagents, their formulas, and a
description of the crystals are given
below which, to the writers’ knowl-
edge, have never previously been
described. In all instances these re-
agents should stand for a few days
after being mixed in order to bring
them to final equilibrium. The first
three (la, 1b, 2, and 3) are much more
satisfactory than the last three.

la. H,PtBrCl; in HCLl. Platinum
chloride crystals (H,PtCl,-6H,0)—1
gram, HBr (40%)—2 cc., HC] (cone.)
—46 cc.,, Water—12 cc. The resulting
crystals are light yellow, rectangular
plates, which are very highly birefrin-



IDENTIFICATION TESTS

FIGURE 2’

Morphine with HyPtBrCl; in HCl. Method B.
(Crossed nicols.)

gent and form gradually on standing
with little or no amorphous precipita-
tion. Figure 2 shows these crystals
photographed with crossed nicols.

1b. H,PtBrCl, in 1 HBr:5 HCL
H,PtCl,.6H,0—1 gram, HBr (40%)—
12.5 cc., HC1 (cone.)—35.5 cc., Water—
12 cc. The crystals are similar to the
preceding but deeper yellow and not
so perfectly formed, and there is an
amorphous precipitate before crystalli-
zation. The test, however, is a little
more sensitive than with la.

2. H,PtBr,Cl, in 1 HBr:2HCL
H,PtCl,-6H,0—1 gram, HBr (40%)—
27.5 cc., HCl (conc.)—29.5 cc., Water
—3 cc. The crystals are orange-yellow
and have pointed rather than square-
cut ends—that is, they have become
hexagons which are more or less
elongated.

3. H,PtBr,Cl, in 1 HBr:1 HCIL
H,PtCl,-6H,0—1 gram, HBr (40%)—
35.5 cc., HCl (conc.)—18.5 cc., Water
—=6 cc. The crystals are orange plates,

F1cUure 3

Morphine with HyPtBrsClz in 1 HBr :
Method B.

usually hexagonal but sometimes dia-
mond or coffin-shaped. (Figure 3.)

4. H,PtBrCl, in 2 HBr:l HCL
H,PtCl,-6H,0—1 gram, HBr (40%)—
42.5 cc., HCIl (conc.)—11.5 cc., Water
—6 cc. This gives crystals which are
orange-red, thick, and hexagonal, cof-
fin-shaped, or diamond-shaped plates,
smaller than with the preceding re-
agent. A few rosettes or sheaves of
needles (morphine with H,PtBr,) may
also form.

5. H,PtBr,Cl in 5 HBr:1 HCIL
H,PtCl;-6H,0—1 gram, HBr (40%)—
52 cc., HC1 (conc.)—5 cc., Water—3 cc.
The characteristic crystals are quite
small diamond-shaped plates varying
in color from orange to red. Usually a
considerable part of the precipitate
crystallizes in the morphine-H,PtBr,
needles instead.

6. H,PtBr, in HBr. H,PtCl, - 6H,0—
1 gram, HBr (40%)—48 cc., Water—12
cc. The crystals are small rosettes of
dark red needles, nearly opaque to

1 HCL
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Ficure 4
Heroin with Hgl, in 10% HCl. Method B.

transmitted light, but highly reflecting
when illuminated with light coming
obliquely from above.

TEeSTS FOR HEROIN

In the past the favorite test for
heroin has been the one made with
platinum chloride (16, 5). However,
heroin in the illegal traffic is nowadays
so grossly adulterated that this test
often fails. The adulteration is chiefly
with milk sugar, powdered sugar, man-
nitol, or other inert material, but novo-
caine, morphine, or other alkaloids, are
sometimes present in small proportion,
hence the need for more sensitive her-
oin tests and, if possible, some less af-
fected by impurities.

Other old tests are with sodium car-
bonate, sodium phosphate, mercuric
chloride, and picric acid (5). The crys-
tals of free heroin, obtained with so-
dium carbonate or tri-sodium phos-
phate, are characteristic, but the test is
even less sensitive than with platinum

chloride. Mercuric chloride is more

FULTON AND DALTON
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F16URE 5
Heroin with HAuBr, in diluted H,SO;. Method
A. (Extremely dilute solution.)

sensitive but less characteristic while
the picric acid test, modified to the ex-
tent of using sodium picrate (13), is
very sensitive.

The best tests now known for heroin
are made with mercuric iodide in hy-
drochloric acid (13), gold bromide in
sulfuric acid (8), and gold chloride in
sulfuric acid (8). Below are descrip-
tions and the first published photo-
graphs of these crystals (Figures 4, 5,
and 6). Gold bromide in concentrated
hydrochloric acid, and gold chloride in
concentrated hydrochloric acid, can also
be used (13), but do not form crystals
as readily as the sulfuric acid reagents,
nor are they as sensitive.

Mercuric Iodide in 109% Hydrochloric
Acid. HCl (conc.)—2T cc., Water—T73
cc., Hgl,—to saturation. This reagent
was originally used by Method A, but
it has been found to give a more sensi-
tive test by Method B. As the crystals
are colorless, care should be taken that
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FI1GURE 6

Heroin with HAuCl, in diluted HoSO4. Method A.

they are not confused with crystals of
undissolved material. They are slender
blades and branching threads (Figure
4), and are only feebly illuminated
when viewed with crossed nicols, thus
appearing as pale gray “ghosts”.

Gold Bromide in Diluted Sulfuric
Acid. Gold chloride crystals (HAuClL,-
3H,0)—1 gram, HBr (40%)—1.5 cc.,
Diluted H,SO, (H,SO,—2 vol., Water
—3 vol.)—to make 20 cc. By using
Method A this reagent gives the most
sensitive crystal test known for heroin,
and the best results can be obtained
with a minute amount of the sample.
The crystals so formed are fine needles,
mostly scattered. (Figure 5.)

Gold Chloride in Diluted Sulfuric
Acid. Gold chloride crytals (HAuCl,-
3H,0) —1 gram, Diluted H,SO, (H,SO,
—1 vol., Water—1 vol.) —20 cc. Again
Method A is used. This reagent, how-
ever, is much less sensitive than the
preceding, but still superior to older

Ficure 7

Dilaudid with HoPtBrg in diluted HpSO,.
Method A.

tests. The resulting crystals are rosettes
of needles and are illustrated in Fig-
ure 6.

TESTS FOrR DILAUDID

Dilaudid (dihydromorphinone hydro-
chloride) is a synthetic derivative of
morphine now used in medicine, and
may also be used in drug addiction.
The established test is with sodium
nitroprusside, adding a small solid
crystal of the reagent to a drop of
aqueous dilaudid solution (6). In
addition the following new tests are of
value.

Platinum Bromide in Diluted Sul-
furic Acid. Platinic chloride crystals
(H,PtCl,-6H,0)—1 gram, HBr (40%)
—1.7 cc., Diluted H,SO, (H,0—2 vol,,
H,S0,—3 vol.) —to make 20 cc.

Using Method A one drop of the re-
agent is applied to a drop of aqueous
dilaudid solution giving orange-yellow
mossy rosettes of very vague structure.
Whether definitely crystals or not,
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Ficure 8

Dilaudid with H,PtBrg in HBr-H,SO, solution.
Method B. (Reflected light).

these are quite characteristic in appear-
ance. (Figure 7.) Aqueous platinic
bromide reagent gives a similar result,
but with a heavier amorphous pre-
cipitate, which crystallizes more slowly.

A second technique following Method
A consists of dissolving the dilaudid in
a drop of diluted sulfuric acid (1 part
H,0 and 1 part H,SO,) instead of in
water and then adding a drop of the re-
agent. Crystals form as fine needles in
sheaves and rosettes. They are nearly
opaque to transmitted light, but with
light falling on them obliquely from
above they are seen to be highly re-
flecting, with a red-gold sheen.

Platinum Bromide in Hydrobromic-
Sulphuric Acid Solution. Platinic chlo-
ride crystals (H,PtCl,-6H,0)—1 gram,
HBr (40%)—10 cc., Diluted H,SO,
(H,0—1 vol. to H,S0O,—1 vol.)—20 cc.
Add a drop of this reagent to a little
solid dilaudid powder and apply a cover
glass. The crystals are the fine needles
in sheaves and rosettes just described

Ficure 9

Cocaine with HAuCly in diluted Acetic acid.
Method B. (Crossed nicols).

above, and are shown in Figure 8. This
Method B test is much more sensitive
than the preceding method.

TesT FOrR COCAINE

The best Method A tests for cocaine,
with platinum chloride (16, 5) and gold
chloride (5, 6), have been known for
a long time (2, 3). Gold chloride in
concentrated hydrochloric acid will
give better results than aqueous gold
chloride—quicker and more complete
crystallization with less interference
from most impurities. To supplement
these tests two new Method B tests
are presented herewith.

Gold Chloride in Acetic Acid. Gold
chloride crystals (HAuCl,-3H,0)—1
gram, glacial acetic acid—40 cc., Water
—20 cc. When a drop of this reagent
is added to a little solid cocaine or its
salt the characteristic crystals form im-
mediately. These are pale yellow
plates, very transparent and intensely
birefringent, and Figure 9 shows them
photographed with crossed nicols. Un-
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fortunately the photograph can give no
idea of the brilliance and beauty of the
interference colors.

Gold Bromide in Acetic Acid. Gold
chloride crystals—1 gram, HBr (40%)
—1.5 cc., Diluted acetic acid (glacial
acetic acid—2 vol. to H,0—1 vol.)—to
make 60 cc. If a drop of the reagent is
added to a little solid cocaine or its salt
the crystals form immediately. They
are strongly birefringent and also very
highly dichroic with polarized light,
showing pale straw color or light yel-
low when oriented in one direction, and

Ficure 10
Cocaine with HAuBr, in diluted Acetic acid.

Method B. (Ordinary light).

deep orange or even red at right angles
to this.. By ordinary light they are light
salmon where the light comes through
a single crystal but orange to red where
the crystals overlap with differing ori-
entation. Figure 10, showing the crys-
tals, was taken with ordinary light.
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15.
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Morphine with HAuBr, in half-concentrated
HBr. Method B. (Polarized light.)



Morphlne with HoPtBrCl; in HCl. Method B.
- (Crossed nicols.)
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Photomicrographs of polyester fibers

Regular transmission crossed polars

5 40x optical zoom, lots digital zoom



Photomicrographs of polyester fibers

Regular transmission crossed polars
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Polarized light microscopy

Birefringent materials

Synthetic nylon Natural cotton
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PLM images

Aspirin
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E.g. of suspected heroin seizure
Dark areas give heroin IR signal
Light area gives mannitol signal

— Common sugar

FTIR microscopy
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FTIR microscopy

Figure 3.

Micrograph of crystals
formed when AuCL3 is
added to cocaine.

This is a common

crystalline test for

cocaine. Cocaine HCI
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Figure 4. This is mid-infrared ATR spectrum ofMd by the

reaction of gold chloride with cocaine.

Figure 1. This shows the infrared spectra of four common illicit drug substances.
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Optical microscopy: lighting effects
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LDI-MS of inks after UV exposure
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