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Description

Field

[0001] This invention generally relates to detecting the
presence of heroin by Raman spectroscopy, in an impure
composition which may include a contaminant which
would normally interfere with a Raman signal from the
heroin.

Backgound

[0002] Raman spectroscopy is an effective tool for
identifying and characterizing a vast array of substances.
In Raman spectroscopy, light typically from a laser and
of a known wavelength (typically infrared or near infrared)
is directed at a specimen. The laser light (also sometimes
referred to as the Raman pump) interacts with the elec-
tron clouds in the molecules of the specimen and, as a
result of this interaction, experiences selected wave-
length shirting. The precise nature of this wavelength
shining depends upon the materials present in the spec-
imen. A unique wavelength signature (typically called the
Raman signature) is produced by each specimen. This
unique Raman signature permits the specimen to be
identified and characterized. More specifically, the spec-
trum of light returning from the specimen is analyzed with
a spectrometer so as to identify the Raman-induced
wavelength shifting in the Raman pump light, and then
this wavelength signature is compared (e.g., by a com-
puter) with a library of known Raman signatures, whereby
to identify the precise nature of the specimen. Raman
spectroscopy is widely used in scientific, commercial and
public safety areas. Recent technological advances have
made it possible to significantly reduce the size and cost
of Raman spectroscopy systems. This has in turn in-
creased the range of practical applications for Raman
spectroscopy. For example, portable units have recently
become available for various field uses, such as the on-
site identification of potentially hazardous substances.
[0003] The interception of illegal drugs, such as heroin,
has become a severe policing problem worldwide. It is
difficult for law enforcement personnel in the field to at
least initially identify any particular substance as likely
being a prohibited one. This can lead to false arrests or
releasing suspects who are indeed carrying such illegal
drugs. While a properly equipped lab can make a defin-
itive analysis, typical lab equipment does not lend itself
to use by law enforcement personnel in the field because
it is either too heavy, cumbersome, difficult to operate,
or too expensive to distribute widely to large numbers of
law enforcement personnel.
[0004] VINESH RANA ET AL: ’Surface-enhanced Ra-
man Spectroscopy for Trace Identification of Controlled
Substances: Morphine, Codeine, and Hydrocodone’
JOURNAL OF FORENSIC SCIENCES, VOL.56, no. 1,
20 September 2010, pages 200-207, XP55038354 de-
scribes a technique for obtaining the normal Raman and

surface-enhanced Raman spectrum for morphine, co-
deine, and hydrocodone. Surface enhancement by Ag
nanoparticles is employed to enhance the Raman signal
and suppresses the fluorescence, enabling far more sen-
sitive detection and identification.
[0005] CARTER J CHANCE ET AL: ’Raman Spectros-
copy for the in Situ Identification of Cocaine and Selected
Adulterants’ APPLIED SPECTROSCOPY, THE SOCIE-
TY FOR APPLIED SPECTROSCOPY, BALTI-
MORE,US, vol. 54, no. 12, 1 December 2000, pages
1876-1881, XP009096213 discloses a device for the in
situ identification of crack cocaine and cocaine HC1 by
using a fiber-optic Raman probe and a portable Raman
spectrograph. Surface-enhanced Raman spectroscopy
(SERS) is also disclosed for toxicological drug screening.
Preliminary SERS data is presented for cocaine in solu-
tion using colloidal silver.
[0006] SAGMULLER B ET AL: ’Application of SERS
spectroscopy to the identification of (3,4-methylenedi-
oxy)amphetamine in forensic samples utilizing matrix
stabilized silver halides’ ANALYST ROYAL SOCIETY
OF CHEMISTRY, GB, vol. 126, no. 11, 1 November
2001, pages 2066-2071, XP007915757 utilizes the com-
bination of a silver halide dispersion with a microtiter plate
to identify illicit drugs such as amphetamine and meth-
amphetamine.

Summary

[0007] It would be desirable then to provide an appa-
ratus and method for Providing least an initial detection
of illegal drugs, such as heroin (diacetyl morphine), and
which can be readily and economically distributed to a
wide variety of law enforcement personnel for use in the
field. That is for use at locations outside or remote from
a laboratory, and often adjacent where a suspect may
be encounteree, such as on a street or in a car.
[0008] The present invention, realizes that while Ram-
an spectroscopy in principle lends itself to identifying il-
legal drugs such as heroin, illegal heroin sold or used is
in fact typically a heroin composition which can contain
a variety of contaminants in addition to heroin. Some of
these contaminants are "cutting agents"; which are in-
tentionally added to the heroin by dealers to increase its
volume, such as caffeine, paracetamol, chloroquinine,
phenolphthalein, methaqualone, and mannitol. Another
contaminant may be monacety morphine (typically 6-
monoacetylimorphine) which results from heroin degra-
dation after several weeks, particularly where the heroin
has been stored in a moist environment or in non acidifed
aqueous solutions. The present invention realizes that
such cantaminant compounds are often strongly fluores-
cent and can interfere with a Ramah signal characteristic
of heroin. In addition, illegal heroin may be the free
diacetyl base or may be in the of heroin hydrochloride,
which itself is a mixture of the hydrochloride salt and the
free diacetyl base form, further complicating the task of
detecting heroin in the field.
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[0009] The present invention then, provides a method
of identifying the presence of heroin in accordance with
claim 1, and an apparatus in accordance with claim 9.
[0010] The method includes contacting the mixture
with an alcohol, being either ethanol or methanol, then
contacting the resulting composition with a SERS sur-
face. The SERS surfac is then exposed to laser light from
a hand-held Raman spectrometer and a Raman signal
characteristic of the heroin is detected in the hand-held
Raman spectometer.

Brief Description Of The Drawings

[0011] Embodiments of the invention will now be de-
scribed in which:

Fig. 1 is a top perspectove viw of a portable Raman
spectrometer used in embodiments of the present
invention.

Figs. 2 and are opposite end views of the Raman
spectrometer of Fig. 1.

Figs. 3A and 3B show a portion of of the Raman
spectrometer of Fig. 1, with the port cover closed in
Fig. 3A and open in Fig. 3B.

Fig. 4 is schematic diagram of the optics of the Ra-
man spectrometer of Fig. 1, which is not in accord-
ance with the present invention but retained for fur-
ther understanding thereof.

Fig. 5 is a perspective view 6 a SERS surface con-
taining test strip used in embodiments of the present
invention.

Fig: 6 is a perspective view of an embodiment of a
solvent container and the SERS test strip of Fig. 5.

Fig. 7 is a perspective view illustrating use of the
SERS test strip of Fig. 5. .With the Raman spectrom-
eter of Figs. 1-5.

Fig. 8 is a spectra of a bare SERS substrate and the
same substrate with a heroin standard-showing the
main 625 cm-1 band.

Fig. 3 is a Raman plot of conventional (no SERS)
785 nm backscattered measurement: (Raman spec-
tra) of a neat street heroin sample (which contains
fluorescent contaminant), no solvent, with measure-
ment being made on powder through a plastic bag

Fig. 10 is a Raman plof of a heroin base standard (a
Sigma Aldrich Stahdard, >98% heroin) (no fluores-
cent cotaminants of HCl salt) on a SERS substrate.
obtained according to a method of the present in-
vention using ethanol.

Fig. 11 is a Raman plot obtained under the same
condition as Fig. 10 except using heroin HCl stand-
ard.

Fig. 12 is a Raman plot of a street heroin sample
after contact with methanol and the resulting com-
position then contacted with the sample SERS sub-
strate as in Fig. 10.

Fig. 13 is the same as Fig. 12 under the same con-
ditions and with the same street heroin sample ex-
cept ethanol was used instead of methanol. Note the
main heroin 625 cm-1 band in Figs. 10-13.

Fig: 14 is a flowchart illustrating a method of the
present invention.

Detailed Description of Embodiments of the Invention

[0012] Embodiments of the invention provide a method
of identifying the presence of heroin in an impure heroin
composition with contains heroin and at least one fluo-
rescent contaminant which interferes with the Raman sig-
nal from the heroin. The amount of heroin containd in the
sample can range from as low as 2%, 10%, 30% or 50%
to any of 60%, 70%, 80% or even 100%. These percent-
ages and any other percentage herein unless specially
mentioned otherwise, are weight percentages. By "her-
oin" in this context is meant heroin in any form, whether
the hydrochloride or other salt, or the free base (that is,
no or substantially non salt from is presnt). Various types,
of fluorescent contaminants have been described above.
The amount of such contaminants which may be present
may range from anay of 1%, 5%, 10%, 30%, 50%, 95%
or more. These interfere with a Raman signal from the
heroin by producing a broad emission across wave-
lengths that overlaps in whole or in part with any part of
the Raman spectrum being used to identify the presence
of heroin. For example, a Raman spectrum used to char-
acterize heroin might be anywhere within the wavenum-
ber range of 250 to 3200 cm-1, or 500 to 2000 cm-1, 300
to 1800 cm-1, such as 600-650 cm-1, or even 620-635
cm-1. Then the fluoreseence from a contaminant might
interfere with that spectrum if it produces a substantial
emission over all or any part of (for example, over 10, 20
or 30 cm-1 range) that spectrum, and particularly if it pro-
duces such a substantial emission over the a range from
any of 400, 500, or 550 cm-1 to any of 600, 700, 800 or
1000 cm-1. By "substantial" in this context may include
reducing the signal/noise ratio under the same conditions
of measurement without the fluorescence, by at least 5%,
10%, 30%, 50% or more. While processing of the detect-
ed Raman spectrum might be used to reduce the effect
of background in specific situations, it does not function
well since various cutting agents and other contaminants
affect the fluorescence of the composition. In this appli-
cation, all wavenumbers given with reference to Raman
spectra are Raman shifts from the illustrating radiation
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wavelength unless a contrary indication is given. "Iden-
tifying or identifying the presence" or similar terms, in-
cludes either or both a qualitative evaluation (for exam-
ple, the substance is or is not present) as well as quan-
titative evaluation (that is, how much is preserit). By. "suit-
able" is referenced that ..... something (such as a sur-
face) does not meet any predetermined criteria, such as
not meeting predetemined performance criteria or criteria
that indicates the surface is not authorized for use with
a particular instrument
[0013] In embodiments of the method, the heroin com-
position is contacted with a solvent, in particular either
ethanol or methanol. At least some small proportion of
the sample may dissolve in the solvent as a resulte of
the contacting step. The resulting composition is then
contacted with a SERS surface. SERS is Surface En-
hanced Raman Spectroscopy, and a SERS surface as
used in this application refers to a surface which enhanc-
es the Raman spectrum of heroin over what would be
observed under the same condition absent the surface.
For example, the average or peak Raman signal of heroin
in some embodiments may be increased by any amount
over the same composition without the surface over the
region of interest, that is the wavelength or wavenumber
range used to characterize the presence of heroin as
described herein. In the case of the mixtures resulting
from contact of the solvent with a impure heroin compo-
sition as described herei, the comparison would be the
same resulting mixture as dried on the SERS surface
versus the solution or a surface which is known to have
no SERS activity. Such an increased signal amount
could, for example, be at least 100% or, in some embod-
iments that signal may be increased by a factor of even
at least 10 times, or 100 times, or 1000 times, or even
by at least 10,000 time. One way to identify a sutable
SERS surface is to check for the foregoing increased
signal amount over the same conditions but without the
SERS surface. SERS is a khovvn phenomena the oper-
ation of which is described, for example, in U.S. patents
US7898658, US7880876, US7889334, US7867770,
US7738096 and elsewhere.
[0014] Examples of SERS surfaces which may be
usede include gold, silver, or copper; or surfaces con-
taining some percentage of them, for example at least
50%, 60%, 80% or 95%. The SERS surface may be a
continuous surface. By a "continuous surface" in this con-
text is referened a continuous surface of at least 1 mm2,
2 mm2, 5 mm2, 10 mm2 or 20 mm2 in continuous surface
area. Alternative a SERS surface can be non-continuous
such as that provided by nanoparticles which may have
diameters such as from 10 to 200 nm (or even 80 to 120
nm). Such a continuous SERS surface may be textured,
that is not smooth. A textured continuous surface may
be a randomly roughened surface. One way of forming
such a continuous SERS surface is by depositing a thin
layer of silver such as by electrochemical deposition or
sputtering, onto a roughened silicon substrate so that it
overlays and is in contact with the silicon substrate. As

a reslut, if the layer is thin enough it will follow the rough
contours of the substrate. The thickness of such a silver
layer may be from 10, 20, 50, 100 mn or more to any of
200, 500, 1000nm or more and may be deposited by any
of well known methods for depositing metal layers. By
"roughened" in this context is referenced a continuous
surface which has an RMS (root mean square) surface
height variation of between 50nm to 300nm. Suitable
roughened SERS surfaces of old, silver, or copper for
example, can be prepared by methods such as described
by: Dwight et al., Surface Enhance Raman Spectroscopy
for Detection of Toxic- and Marker-Chemicals: Ultra-Sen-
sitive and Reproducible Substrates", NDIA Homeland
Security Symposium, Arlington, VA, May 25-28, 2004;
US patent No. US7450227 and PCT patent publication
WO/2006/137885 both titled Surface Enhanced Raman
Spectroscopy (SERS) Substrates Exhibiting Uniform
High Enhancement and Stability".
[0015] The surface with the resulting alcohol compo-
sition, can be exposed to laser, light of sufficient intensity
to generate a useful Raman signal. The alcohol may be
evaporated from the SERS surface before exposure to
the laser light simply as a result of evaporation at ambient
temperature into the atmosphere. Alternatitively, or in ad-
dition to such drying, the laser light itself if of sufficient
intensity, may completely or partially evaporate the alco-
hol. For example, the laser light may evaporate at least
1%, 2%, 10%, evaporate the alcohol. For example, the
laser light may evaporate at least 1%, 2%, 10%, 20%,
30%, 50% or 80% of the alcohol deposited on the SERS
surface. A typical laser 20%, 30%, 50% or 80% of the
alcohol deposited on the SERS, surface. A typical laser
wavelength may be between about 500nm to 900 to
900nm, for example 785nm. Laser intensity at the SERS
surface may, for example, be between any of 50, 100, or
200mW to any of 300, 400, 500mW or more.
[0016] The Raman signal is delected in a hand-held
Raman spectrometer. By "hand-held" in this context is
referenced a spectrometer instrument which weighs less
than 10kg, and more typically less than 5, 2, 1, or even
less than 0.5. or 0.2 kg, and may have dimension of less
than 50cm or 30cm in each dimension, and one of the
dimensions (the thickness may even be less than 10cm
or 5 or 3 cm. A "hand-held" spectrometer will often be
battery powered with the battery typically fitting within the
foregoing dimensions and included in the foregoing
weights, although a separate power supply could be pro-
vided and connected to the spetrometer.
[0017] The apparatus for use in identifying the pres-
ence of herein may include a container of the volatile
organic solvent of any of the types previously described,
i.e. ethanol or methanol. By "solvent" herein is meant a
liquid which is at least 10%, 20%, 50%, 60%, 80% or
90% or more of the solvent (for example, 95% or 99% or
more). The container may be any suitable container
which retains the solvent and prevents evaporation over
an extended period. By "prevents evaporation" in this
context is referenced, for example, that no more than
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10% or even no more than 5%, evaporates over a week,
month, or year when stored, for example, at 26°C.
[0018] A Verification routine, which may be used by
itself or in conjunction with other methods described
herein, does not form a part of the present invention. It
is nevertheless described for a better understanding of
this invention.
[0019] In this verification routine, a Raman spectra
from the previously unused SERS surface is used to iden-
tify the surface to the spectrometer as one which suitable
for detecting heroin, or matches a surface that is author-
ized to be used with the spectrometer for a test selected
on the spectrometer by a user, or to determine if the sur-
face may be contaminated and unfit for use. In this sub-
routine the previously unused surface may be contami-
nated and unfit for use In this sub-routine the previously
unused SERS surface is illuminated with the spectrom-
eter laser and the resulting Raman spectrum collected
and analyzed by the spectrometer to see if it meets with
any predetermined criteria. If not, a visible and/or audible
warning may be provided to the user indicating that the
SERS surface or test strip on which it carried, is not suit-
able for the selected test with the spectrometer. The
matching determination may be based on any predeter-
mined criteria from a reference SERS surface Raman
spectra stored in memory and compared with the Raman
spectra of a SERS surface in question.
[0020] The foregoing verification routine may be more
generally used with any analytical instrument in different
tests. In this event the SERS surface may be replayed
by another suitable surface such as one which both func-
tions to enhance identification of a component by the
analytical instrument (such as an optical analytical instru-
ment), but at the same time can function for the verifica-
tion routine in its unused state. For example, the method
may be a method of verifying a surface as suitable for
use in enhancing the odentification of a component in a
test of a composition for the component on an analytical
instrument. In this case, the method may include sub-
jecting the surface to a measurement on the analytical
instrument without the presence of the component on the
surface, and collecting a result of the test. The collected
result may be compound, for example in a processor,
with one or more predetermined criteria stored in a mem-
ory. If the collected result meets the one or more prede-
termined criteria, then the surface is subjected to the test
on the analytical instrument after exposure of the surface
to the composition. Optionally, if the collected result does
not meet the one or more predetermined criteria then a
visible or audible warning may be provided to a user of
the instrument indicating that the surface is not suitable
for the test. As alredy mentioned, this methd may be ap-
plied to testing for a suitable SERS surface.
[0021] The apparatus in accordance with the present
invention comprises a container of an alcohol selected
from ethanol or methanol, and a SERS surface to receive
an alcohol composition resulting from contact of the eth-
anol or methanol with the impure heroin composition. The

SERS surface is located at a first end of an elongated
test member in the form of a test strip or wand, for ex-
ample. The member carries the SERS surface, at the
first end, and a second section at second end opposite
the first which section is displaced laterally from the first
end. The second section is shaped such that the SERS
surface can be placed again a port of a cone projecting
from a side of a spectrometer while the second section
lies alongside and against that spectrometer side. This
can assist a user in retaining the SERS surface in position
against the port during use. The SERS surface may be
located in a depression in one end of the member. The
depression may be dimensioned to fit snugly over an end
of a projection (such as a nose cone of a spectrometer
or other analytical instrument) so as to assist in holding
the test surface in position adjacent a port located at an
end of the projection (such as the nose cone). This de-
pression configuration may be combined with the first
end and second section configuration as just described.
By "cone" in this application is referenced a projection of
any shape extending away from a surface. The projection
typically reduced in cross-section area moving away from
the surface, and could be conical in shape (that is of
circular cross-section of decreasing diameter moving
away from the surface) but could be of many other shapes
(for example, rectangular or ellipsoid in cross-section
with our without reducing cross-section area moving
away from the surface).
[0022] Referring now to Figs. 1-7, some embodiments
of different components of an apparatus of the present
invention are illustrated. Fig. 1 shows a perspective view
of a hand-held Raman spectrometer 10 which includes
a housing 16, user controls 30, and display screen 20
which displays user instructions and provides results on
whether heroin is identified in a composition or not. Spec-
trometer 10 also includes a nose cone 40 which projects
from a flat side 18 of housing 16 and has a port 42 at an
end distal from side 18. In Fig. 1 port 42 is shown covered
by a cover the form of a cap, mounted by a hinge 52 to
housing 16 to reversibly swing between a position cov-
ering port 42 (as shown in Figs. 1 and 3A) and a position
uncovering port 42 (as shown in Fig. 3B). In the uncov-
ered position a sample to be tested for the presence of
a compound, in particular a SERS surface carrying a
composition, can be positioned adjacent port 42 for test-
ing. An inside of cover 50 can carry or be made of a
material suitable for testing or calibrating the functioning
of the spectrometer, such as polystyrene. In operation
and with port 42 uncovered, laser light is emitted through
port 42 onto a sample position against port 42, and the
resulting detected Raman signal is received from the
sample back through port 42 into housing 16.
[0023] Referring to Fig. 4, which is not in accordance
with the present invention but has been retained for fur-
ther understanding, spectrometer 16 includes a Raman
laser which emits light at, for example, 400 to 900nm, or
700 to 850nm, for example at 785nm. The emitted laser
light travels along optical path 114 within housing 16 and
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exits through end 42 when cover 50 is swung backward
during testing of a sample composition 190. The resulting
scattered light is detected back through end 42 and trav-
els along path 118 within housing 116 and is directed by
optical components 130-150 of a spectrograph 120 onto
a detector 160 of spectrograph 120. The resulting Raman
spectrum is detected by detector 160 and signal process-
ing and/or digitizing is handled by signal processor 180.
Processor 180 may be a suitably programmed micro-
processor or application specific integrated circuit, and
includes a read-only or read-write memory of any known
type which holds instructions and data for spectrometer
operation as described herein.
[0024] Referring to Fig. 5 the test strip 200 shown may
be made of plastic and has a curved first section 206 and
shorter flat second section 228. A first end 210 of strip
200 has a depression which carries a continuous SERS
surface 220 facing in a first direction. The depression is
dimensioned to fit snugly over an end of nose cone 40
so as to assist in holding surface 220 in position over port
42 as will be described. Second section 206 then is at a
second end opposite the first and is displaced laterally
(that is sideways to the longest dimension) from the first
end. The second section is shaped such that the SERS
surface can be placed against a port of a cone projecting
from a side of a spectrometer while the second section
lies alongside and against that spectrometer side. This
can assist a user in retaining the SERS surface in position
against the port during use as will be described. SERS
surface 220 may be of any of the materials previously
mentioned, such as a surface made from gold, silver, or
copper, either substantially pure or of a composition pre-
viously described. As already mentioned SERS surface
220 may be roughened as a result of a thin layer of the
surface material being deposited on a roughened sub-
strate, such as a silicon substrate. The substrate may be
attached to the remainder of the test strip by gluing or
other adhesion methods, or molded or deposited directly
onto the remainder of the strip. The degree of roughness
may be as discussed above. A second end 226 of test
strip 226 carries a depression facing in a second direction
the opposite the first direction which SERS surface 220
faces. Depression 230 can be used for measuring a
quantity of sample composition for testing as will be de-
scribed.
[0025] An apparatus embodying the present invention
includes an elongated test member in the form of test
strip 200 together with a container in the form of vial 300.
Vial 300 may be glass or plastic and has an end 310
which may be sealed by a cap or other means (not shown)
to prevent evaporation of a solvent contained within vial
300. The contained solvent may be a volatile organic
solvent such as an alcohol (particularly ethanol), not
shown. The apparatus may optionally include the spec-
trometer 16. Any vial and test strip can be shipped to-
gether in a same package with printed instructions on
their use together and with a spectrometer such as spec-
trometer 16. Additionally, any such vial and test strip can

be shipped together with a hand-held Raman spectrom-
eter of a type already described.
[0026] An apparatus of the present invention may be
used in a method of the present invention, such as that
shown in the flowchart of Fig. 14. When a suspect or
other source of suspected heroin is identified, spectrom-
eter 10 may be turned on (400). Spectrometer 10, when
first turned on and may then perform a self test or cali-
bration (420) which includes illuminating the inside sur-
face of cover 50 and processor 180 evaluating the re-
sulting spectrum. If signal processor 180 determines that
the resulting spectrum does not match the expected
spectrum (450) within some predetermined tolerance or
parameter, then display 20 presents a message to the
user that the instrument should be serviced (444). If the
spectrometer 16 is determined (430) by processor 180
to be functioning normally then this is indicated to the
user can display 20 and the user may then pivot cover
50 to uncover port 42. The user may then select using
display 20 and controls 30, a test to be performed from
various possible tests, such as selecting a test for iden-
tifying heroin in a sample.
[0027] At this point an optional verification sub-routine
(460-480) allows the user to place a fresh SERS surface
220 in position over port 42 (460) to be illuminated with
laser light and the resulting Raman spectrum collected.
If pracessor 180 determines (470) that the Raman spec-
trum does not match that of a SERS surface suitable for
detecting heroin, or matches a surface that is authorized
to be used with spectrometer 16 for the selected test, or
the surface appears contaminated, a warning is dis-
played (480) on display 480 that the SERS surface or
test strip 200 is not suitable or not authorized for the se-
lected test. The matching determination may be based
on any preselected criteria of the expected SERS surface
Raman spectra compared to that of the cheeked SERS
surface Raman spectra. If processor determines the
SERS surface is suitable or is authorized for the selected
test, or if optional loop (460-480) is omitted, then depres-
sion 230 on strip 200 is used to approximately measure
(500) an amount of the composition for testing simply by
approximately filling depression 230.
[0028] The composition in depression 230 is then ex-
posed (520) to the previously unused solvent in vial 300
(the cap of which has been previously removed) simply
by placing end 228 into the solvent and stirring or pouring
the contents of depression into vial 300. SERS surface
220 is then contacted with the resulting composition sim-
ply by placing end 210 of strip 200 into the vial with op-
tional stirring. Typically, at least some small proportion
of the sample will dissolve in the solvent.
[0029] Strip 540 is then removed from vial 300 and
surface 220 optionally allowed to partially or completely
dry in the ambient atmosphere. End 210 of strip 200 is
then placed over port 42 as illustrated in Fig. 7 (where
controls 30 have been omitted for simplicity) and controls
30 used to activate the laser light for spectrometer 16 to
collect the. Raman spectrum from the surface 220. Note
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how strip 200 is dimensioned such that when end 210 is
positioned with surface 220 covering port 42, flat section
228 is flat against a flat surface of hand-held spectrom-
eter 10. This assists a user hold strip 200 in position with
surface 200 over port 42. Depression in end 210 fits snug-
ly over the end of nose cone 40 when surface 220 is
adjacent port 42, and this also assists a user in holding
surface 220 in position over port 42. Processor 180 then
compares one or more characteristics of the collected
Raman spectrum with those in memory for heroin, and
identifies the presence or not of heroin in the tested sam-
ple composition based on one or more predetermined
requirements. The result of the identification is then pre-
sented to a user on display 20, and may include an indi-
cation of a positive identification, a negative identification,
or in some cases that an identification cannot be made.
[0030] If more compositions are to be tested (550)
steps 500-540 can be repeated, each time using a pre-
viously unused strip 200. When no more compositions
are to be tested (550), cover 50 can then be swung back
to its position covering port 42 and the instrument either
turned off manually (560) through controls 30 or shut
drown automatically by processor 180.
[0031] The beneficial effect of using a SERS surface
in combination with the appropriate solvent, with a hand-
held spectrometer, to identify the presence of heroin in
an impure heroin composition can be seen from Figs.
8-13. In all of Fig. 8-13 a 785nm laser was used for illu-
mination and when a surface is referenced, the same
SERS surface was used as described in connection with
surface 220. Note that "substrate" as used in Figs. 8-13
means a continuous SERS surface as described in con-
nection with surface 220.
[0032] Fig. 8 then shows the Raman spectrum for a
bare SERS surface (top plot) and the characteristic her-
oin band centered at 625 cm-1 is absent. This spectrum
though, could be used to identify the surface as appro-
priate for a heroin test on a particular spectrometer or
authorized for use in a heroin test with a particular spec-
trometer, as described above in connection with optional
verification sub-routine 460-480. On the other hand, the
substrate with pure heroin standard (bottom plot) clearly
shows the characteristic heroin band at 625 cm-1. Fig. 9,
on the other hand, illustrates the Raman spectrum for a
street sample of heroin, with no solvent, measurement
made on the powder through a plastic bag. By "street
sample", or "street heroin" or the like terms is referenced
a typical heroin composition that may be purchased from
a dealer of illegal narcotics. Such heroin compositions
are typically impure and contain one or more fluorescent
components as previously described, which interfere
with a Raman signal from the heroin (pure form). In Fig.
9, the fluorescence from such impurities has completely
masked the characteristic heroin Raman signal at 625
cm-1. Figs. 10 and 11 illustrate that the characteristic her-
oin signal from pure free base heroin or the HCL salt,
centered around 625 cm-1, can still be clearly detected
on the SERS surface.

[0033] It is clear from Fig. 9 that it would be impossible
to identify the presence of heroin in the street sample by
conventional Raman spectroscopy while in the field and
using a hand-held conventional Raman spectrometer.
Fig. 12, on the other hand, shows the Raman spectrum
when the street heroin sample is exposed to methanol
and the resulting composition is applied to a surface such
as surface 220 in the manner described in detail above
and according to the present invention. As can be seen
from Fig. 12 the use of a method and apparatus of the
present invention has allowed the characteristic heroin
peak centered around 625 cm-1 to again be detectable.
This despite the presence of strongly fluorescent con-
taminants. Fig. 13 illustrates a similar effect as in Fig. 12.
For Fig. 13 the same conditions were used except the
solvent was ethanol. Thus, methods and apparatus of
the present invention have allowed heroin to be detected
even in the presence of one or more strongly fluorescent
contaminants which otherwise would completely mask
such heroin signal in a conventional Raman spectrum.

Claims

1. A method of identifying the presence of heroin in an
impure heroin composition which contains heroin
and at least one fluorescent contaminant which in-
terferes with a Raman signal from the heroin, the
method comprising:

contacting the mixture with an alcohol selected
from methanol or ethanol;
then contacting the resulting alcohol composi-
tion with a SERS surface (220);
then exposing the surface to laser light from a
hand-held Raman spectrometer (10); and
detecting the Raman signal from the heroin in
the hand-held Raman spectrometer (10).

2. A method according to claim 1 wherein the fluores-
cent contaminant comprises monacetyl morphine.

3. A method according to claim 2 wherein the compo-
sition contains between 5 to 95 weight % of the flu-
orescent contaminant.

4. A method according to claim 1 wherein the surface
(220) comprises gold, silver or copper.

5. A method according to claim 4 wherein the surface
(220) is textured.

6. A method according to claim 5 wherein the surface
(220) is an exposed surface of a silver layer which
overlays a silicon substrate.

7. A method according to claim 1 where a Raman spec-
tra is obtained between 250-2500cm-1.
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8. A method according to claim 1 where the laser light
from the Raman spectrometer (10) is used to accel-
erate evaporation of the solvent on the SERS sub-
strate.

9. An apparatus for use in identifying the presence of
heroin in an impure heroin composition containing
heroin and at least one fluorescent contaminant, the
apparatus comprising:

a container of an alcohol (300) selected from
ethanol or methanol;
a SERS surface (220) to receive an alcohol com-
position resulting from contact of the ethanol or
methanol with the impure heroin composition,
wherein the SERS surface (220) is positioned
toward a first and (210) of an elongated test
member (200), Which test member (200) has a
second section (206) opposite the first end (210)
which is displaced laterally from the first (210)
so that the SERS surface (220) can be placed
against a port (42) of a cone projecting from side
of a spectrometer whilst the second section
(206) lies alongside and against that spectrom-
eter side

10. An apparatus according to claim 9 additionally com-
prising a hand-held Raman spectrometer (10) to de-
tect a Raman signal from the heroin.

11. An apparatus according to claim 10 wherein the Ra-
man spectrometer (10) can acquire a Raman spec-
trum between 500-2000 cm-1.

12. An apparatus according to claim 9 wherein the SERS
surface (220) comprises gold, silver or copper.

13. An apparatus according to claim 9, wherein the
SERS surface (220) comprises a textured silver sur-
face resulting from depositing silver on a roughened
silver surface.

14. An apparatus according to claim 10, wherein the
SERS surface (220) is positioned in a depression at
the first end (210) which is dimensioned to fit snugly
over an end of the cone (40) so as to assist in holding
the surface in position over the port (42).

Patentansprüche

1. Verfahren zum Erkennen des Vorhandenseins von
Heroin in einer verunreinigten Heroinzusammenset-
zung, die Heroin und wenigstens einen fluoreszie-
renden Verunreinigungsstoff enthält, der ein Ra-
man-Signal des Heroins überlagert, wobei das Ver-
fahren umfasst:

Inkontaktbringen des Gemischs mit einem Alko-
hol ausgewählt aus Methanol und Ethanol;
dann Inkontaktbringen der erhaltenen Alkohol-
zusammensetzung mit einer SERS-Oberfläche
(220);
dann Exponieren der Oberfläche gegenüber La-
serlicht von einem tragbaren Raman-Spektro-
meter (10); und
Nachweisen des Raman-Signals des Heroins in
dem tragbaren Raman-Spektrometer (10).

2. Verfahren gemäß Anspruch 1, wobei der fluoreszie-
rende Verunreinigungsstoff Monoacetylmorphin
umfasst.

3. Verfahren gemäß Anspruch 2, wobei die Zusam-
mensetzung zwischen 5 und 95 Gew.-% an dem flu-
oreszierenden Verunreinigungsstoff enthält.

4. Verfahren gemäß Anspruch 1, wobei die Oberfläche
(220) Gold, Silber oder Kupfer umfasst.

5. Verfahren gemäß Anspruch 4, wobei die Oberfläche
(220) texturiert ist.

6. Verfahren gemäß Anspruch 5, wobei die Oberfläche
(220) eine exponierte Oberfläche einer Silberschicht
ist, die ein Siliciumsubstrat überdeckt.

7. Verfahren gemäß Anspruch 1, wobei ein Raman-
Spektrum zwischen 250 und 2500 cm-1 erhalten
wird.

8. Verfahren gemäß Anspruch 1, wobei das Laserlicht
aus dem Raman-Spektrometer (10) verwendet wird,
um das Abdampfen des Lösungsmittels auf dem
SERS-Substrat zu beschleunigen.

9. Vorrichtung für die Verwendung zum Erkennen des
Vorhandenseins von Heroin in einer verunreinigten
Heroinzusammensetzung, die Heroin und wenigs-
tens einen fluoreszierenden Verunreinigungsstoff
enthält, wobei die Vorrichtung umfasst:

einen Behälter eines Alkohols (300) ausgewählt
aus Methanol und Ethanol;
eine SERS-Oberfläche (220) zum Aufnehmen
einer Alkoholzusammensetzung, die durch
Kontakt des Ethanols oder Methanols mit der
verunreinigten Heroinzusammensetzung ent-
steht;
wobei die SERS-Oberfläche (220) nahe einem
ersten Ende (210) eines langgestreckten Prüf-
elements (200) angeordnet ist, welches Prüfe-
lement (200) einen dem ersten Ende (210) ge-
genüber liegenden zweiten Abschnitt (206) auf-
weist, der von dem ersten Ende (210) seitlich
versetzt ist, so dass die SERS-Oberfläche (220)
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gegen eine Öffnung (42) eines Kegels (40) ge-
setzt werden kann, der von einer Seite eines
Spektrometers vorragt, während der zweite Ab-
schnitt (206) längsseits an dieser Spektrometer-
seite anliegt.

10. Vorrichtung gemäß Anspruch 9, zusätzlich umfas-
send ein tragbares Raman-Spektrometer (10) zum
Nachweisen eines Raman-Signals des Heroins.

11. Vorrichtung gemäß Anspruch 10, wobei das Raman-
Spektrometer (10) ein Raman-Spektrum zwischen
500 und 2000 cm-1 aufnehmen kann.

12. Vorrichtung gemäß Anspruch 9, wobei die SERS-
Oberfläche (220) Gold, Silber oder Kupfer umfasst.

13. Vorrichtung gemäß Anspruch 9, wobei die SERS-
Oberfläche (220) eine texturierte Silberoberfläche
umfasst, erhalten durch Abscheiden von Silber auf
einer aufgerauten Silberoberfläche.

14. Vorrichtung gemäß Anspruch 10, wobei die SERS-
Oberfläche (220) in einer Vertiefung an dem ersten
Ende (210) angeordnet ist, die gestaltet ist, um gut
über ein Ende des Kegels (40) zu passen, um dabei
zu helfen, die Oberfläche über der Öffnung (42) in
Position zu halten.

Revendications

1. Procédé d’identification de la présence d’héroïne
dans une composition d’héroïne impure qui contient
de l’héroïne et au moins un contaminant fluorescent
qui interfère avec un signal Raman de l’héroïne, le
procédé comprenant :

la mise en contact du mélange avec un alcool
choisi parmi le méthanol et l’éthanol ;
puis la mise en contact de la composition alcoo-
lique résultante avec une surface SERS (220) ;
puis l’exposition de la surface à une lumière la-
ser provenant d’un spectromètre Raman portatif
(10) ; et
la détection du signal Raman de l’héroïne dans
le spectromètre Raman portatif (10).

2. Procédé selon la revendication 1 dans lequel le con-
taminant fluorescent comprend de la monoacétyl-
morphine.

3. Procédé selon la revendication 2 dans lequel la com-
position contient entre 5 et 95% en poids du conta-
minant fluorescent.

4. Procédé selon la revendication 1 dans lequel la sur-
face (220) comprend de l’or, de l’argent ou du cuivre.

5. Procédé selon la revendication 4 dans lequel la sur-
face (220) est texturée.

6. Procédé selon la revendication 5 dans lequel la sur-
face (220) est une surface exposée d’une couche
d’argent qui recouvre un substrat de silicium.

7. Procédé selon la revendication 1 dans lequel un
spectre Raman est obtenu entre 250 et 2500 cm-1.

8. Procédé selon la revendication 1 dans lequel la lu-
mière laser provenant du spectromètre Raman (10)
est utilisée pour accélérer l’évaporation du solvant
sur le substrat SERS.

9. Appareil à utiliser dans l’identification de la présence
d’héroïne dans une composition d’héroïne impure
contenant de l’héroïne et au moins un contaminant
fluorescent, l’appareil comprenant :

un récipient d’un alcool (300) choisi parmi l’étha-
nol et le méthanol ;
une surface SERS (220) destinée à recevoir une
composition alcoolique résultant du contact de
l’éthanol ou du méthanol avec la composition
d’héroïne impure,
la surface SERS (220) étant positionnée vers
une première extrémité (210) d’un élément d’es-
sai allongé (200), lequel élément d’essai (200)
a une deuxième section (206) à l’opposé de la
première extrémité (210) qui est déplacée laté-
ralement depuis la première extrémité (210) de
telle sorte que la surface SERS (220) peut être
placée contre un orifice (42) d’un cône (40) se
projetant depuis un côté d’un spectromètre alors
que la deuxième section (206) se trouve le long
de et contre ce côté du spectromètre.

10. Appareil selon la revendication 9 comprenant en
outre un spectromètre Raman portatif (10) destiné
à détecter un signal Raman de l’héroïne.

11. Appareil selon la revendication 10 dans lequel le
spectromètre Raman (10) peut acquérir un spectre
Raman entre 500 et 2000 cm-1.

12. Appareil selon la revendication 9 dans lequel la sur-
face SERS (220) comprend de l’or, de l’argent ou du
cuivre.

13. Appareil selon la revendication 9, dans lequel la sur-
face SERS (220) comprend une surface d’agent tex-
turée résultant du dépôt d’argent sur une surface
d’argent rendue rugueuse.

14. Appareil selon la revendication 10, dans lequel la
surface SERS (220) est positionnée dans un creux
à la première extrémité (210) qui est dimensionné
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pour bien s’ajuster sur une extrémité du cône (40)
de manière à aider au maintien de la surface en po-
sition sur l’orifice (42).
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