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The emergence of counterfeit prescription drugs has
become a concern for the pharmaceutical  industry.
Counterfeit  drugs  are  fraudulently  manufactured
and/or mislabeled to appear genuine.  These drugs
usually contain no active pharmaceutical ingredient
(API)  and instead may contain ingredients that are
highly potent or  dangerous[1,2].  These counterfeit
drugs  are  often  manufactured  to  appear  like  the
genuine prescription drug (Figure 1a). Recently, fake
Xanax containing the highly potent opioid fentanyl
has accounted for several overdoses in the US[3]. Due
to  the  prevalence  of  these  potentially  dangerous
counterfeits,  it  is  necessary to develop a technique
that can quickly confirm the identity of a suspected
fake drug. Because of the low concentrations of APIs
found  in  pharmaceutical  drugs,  normal  Raman
spectroscopy  is  typically  not  sensitive  enough  to
detect the API from the surface of a pill. In this study
we develop a surface-enhanced Raman spectroscopy
(SERS)-based approach to identify a low-dose (<0.2%
w/w) of the API alprazolam in a Xanax tablet using a
handheld  Raman  spectrometer.  If  no  SERS  peaks
consistent with alprazolam are observed from a Xanax
tablet,  the  pill  is  a  suspected  fake.  The  method
demonstrates the power of SERS to quickly verify the

presence  of  alprazolam  in  the  tablet  for  anti-
counterfeiting purposes.
Xanax
Xanax  is  a  prescription  pharmaceutical  drug  with
alprazolam (Figure 1b) as the API. It is used to treat
anxiety and panic disorders. A typical Xanax tablet can
contain 0.25 mg, 0.5 mg, 1 mg or 2 mg of alprazolam.
The  excipients,  or  inactive  ingredients,  are  a
composite of cellulose, corn starch, docusate sodium,
lactose,  magnesium  stearate,  silicon  dioxide  and
sodium benzoate[4].
Fentanyl
Fentanyl (Figure 1c) is a synthetic opioid medication.
Considered the most potent painkiller on the market
(it is 50 to 100 times more potent than morphine[5]),
fentanyl  i s  prescr ibed  by  doctors  for  pain
management or as part of anesthesia to help prevent
pain  after  surgery  or  other  medical  procedures.
Increasingly, fentanyl is being manufactured illicitly
and sold on the streets as heroin or Xanax, causing a
spike in deaths due to fentanyl overdoses. Due to the
high potency of fentanyl, fentanyl-containing drugs in
the field are usually found in salt forms such as acetyl
fentanyl or fentanyl citrate.
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EXPERIMENTAL

Figure 1. (a) Genuine and fake Xanax tablets containing the chemicals (b) alprazolam (API in Xanax) and (c) fentanyl, respectively

Find more information in the video:

Raman  spectroscopy  was  used  to  identify  the  low
dose  of  alprazolam  in  a  Xanax  tablet.  A  B&W  Tek
TacticID handheld Raman spectrometer with 785-nm

laser excitation along with a TacPac adaptor for SERS
samples (see Figure 2) was used for verification of the
method.

Figure 2. TacticID handheld Raman spectrometer with 785-nm laser excitation and TacPac adaptor
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TEST RESULTS
Direct Raman measurement of Xanax

The samples tested in this work include a purchased

Xanax tablet containing 0.25 mg of alprazolam and

fentanyl from confiscated lab-confirmed samples

courtesy of our collaborator at a police department.

Approximately 14 of a Xanax tablet (~30 mg) was

placed in a 2.0 mL plastic centrifuge tube. Then, 0.5

mL of acetone was added to the centrifuge tube. The

tube was shaken until the sample dissolved and the

solution looked noticeably cloudy. The paper-based

SERS substrate was dipped into the solution and

allowed to sufficiently interact with the sample and

the solution (~30 s). The SERS substrate was then

placed in the TacPac adaptor for analysis with the

TacticID. To account for sample heterogeneity within

the SERS active region, at least 3 different spots

were analyzed on each SERS substrate. Automated

integration times for the scans ranged from 15-30 s.

Figure 3 presents the Raman spectrum acquired

directly from the surface of a Xanax tablet (a)

overlaid with the Raman spectrum of lactose (b).

Observed Raman peaks at 356 cm-1, 436 cm-1, 476

cm-1, 1088 cm-1, 1120 cm-1, and 1264 cm-1 in

spectrum (a) are consistent with lactose. No peaks

consistent with alprazolam were observed in the

Raman spectrum from the surface of the tablet. The

direct measurement of a Xanax tablet on the

TacticID returns a spectral correlation to lactose with

an HQI of 86.7, indicating that a direct handheld

Raman measurement cannot identify the active

ingredient in Xanax from the surface of the pill.

Figure 3. Spectra from (a) direct handheld Raman measurement of Xanax tablet and (b) direct handheld Raman measurement
of lactose
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Detection of Alprazolam in Xanax

Figure 4 presents the Raman spectrum of pure

alprazolam (a) and the SERS spectrum obtained

from Xanax (b). Observed SERS peaks at 688 cm-1,

1000 cm-1, 1132 cm-1, 1160 cm-1, 1312 cm-1, 1380

cm-1, 1484 cm-1, 1568 cm-1 and 1592 cm-1 are

consistent with the Raman spectrum of pure

alprazolam. Figure 5 shows typical SERS spectra

obtained from Xanax excipients (cellulose, lactose,

corn starch, and magnesium stearate). Due to the

low solubility of the excipients in acetone, no

characteristic Raman signatures from these

materials are captured in the Xanax SERS spectrum.

Although alprazolam makes up <0.20% (w/w) of the

Xanax tablet, the SERS substrate sufficiently

enhances the Raman signal so that it is possible to

obtain signal consistent with the API despite the

greater concentration of excipients in the tablet. This

demonstrates the method’s high selectivity for the

API and the ability of the SERS testing of the

samples on the substrate to identify a low-dose of

alprazolam.

Figure 4. (a) Raman spectrum of pure alprazolam and (b) SERS spectrum from Xanax

Figure 5. SERS spectra of a blank substrate, cellulose, corn starch, lactose, and Mg stearate
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Detection of Fentanyl

Identification of Xanax

In order to detect fentanyl often substituted for

alprazolam in fake Xanax, the SERS method was

also applied to fentanyl detection. Figure 6a

presents the SERS spectrum from a fentanyl

sample. A strong peak at 1000 cm-1 assigned to the

ring-breathing mode and a small peak at 1029 cm-1

are common to the SERS spectra for both

alprazolam and fentanyl. However, the alprazolam

signal from Xanax (Figure 6b) has unique peaks at

688 cm-1, 1480 cm-1, 1568 cm-1, and 1592 cm-1 that

are not observed in the fentanyl spectrum. With the

proper algorithm, fentanyl and alprazolam can be

distinguished spectroscopically despite some

common peaks. For anti-counterfeiting purposes, if

peaks consistent with alprazolam are not observed

in the SERS spectrum from a Xanax pill, then the pill

is considered a suspected fake.

Figure 6. SERS spectra of (a) fentanyl and (b) Xanax

A  correlation  coefficient  algorithm  was  used  for
spectral comparison to identify an unknown spectrum
against a library spectrum. The correlation coefficient
HQI  (Hit  Quality  Index)  for  the  unknown  scans

compared to a library spectrum is calculated using the
least square dot product of mean centered unknown
spectrum and the library spectrum, represented by
the equation:

HQI  values  range  from  0  to  100,  with  100
representing  a  perfect  match.  The  average  HQI
correlation to a library spectrum for three unknown

scans of fentanyl  and of Xanax ingredients is  listed
below in Table 1.
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Table 1. Matching Results

Material Results & Average HQI (n = 3)

Fentanyl Match to Fentanyl (HQI = 82.33)

Xanax Match to Alprazolam (HQI = 91.00)

Lactose No match

Cellulose No match

Mg stearate No match

Corn starch No match

A  SERS-based  method  was  developed  for  the
detection  of  low  doses  of  alprazolam  in  a  Xanax
tablet. The method demonstrates high selectivity for
the alprazolam in Xanax despite the extremely low
dose. A handheld TacticID Raman spectrometer with
onboard software was able to discriminate between
the  SERS  spectrum  of  the  API  alprazolam  and  the
spectra  from  the  Xanax  excipients.  For  anti-
counterfeiting purposes, if no peaks consistent with
alprazolam are observed in the SERS spectrum from a
Xanax pill, then the pill is considered a suspected fake.

The SERS spectrum of fentanyl can also be identified
by the TacticID,  allowing the detection of  fentanyl
when  it  is  used  in  substitute  of  alprazolam.  The
sample preparation for the SERS analysis is simple and
can be easily performed by field officers. The ability to
quickly identify the presence of alprazolam in a Xanax
tablet or potential harmful materials such as fentanyl
is  a  valuable  tool  for  law  enforcement  and  the
pharmaceutical industry to combat the prevalence of
counterfeit pharmaceutical drugs.

FURTHER READING
Related application notes

B&W Tek TacticID for Narcotics Identification

Other related documents

Raman vs SERS... What’s the Difference?
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CONFIGURATION

Spectromètre Raman portable TacticID-GP Plus
Le  TacticID-GP  Plus  est  un  spectromètre  Raman
portable,  destiné à  une utilisation sur  le  terrain  et
concu pour une identification chimique rapide et non
destructive.  Le  temps  de  réponse  et  l'incertitude
opérationnelle peuvent ainsi être considérablement
réduits. Grâce à son flux de travail intuitif et son écran
tactile, les échantillons sont analysés de manière non
destructive  au  travers  d'emballages  opaques  et
transparents. Il indique clairement le niveau de risque
aux  utilisateurs  (personnel  de  sécurité,  forces
d'intervention  (des  autorités  judiciaires  par  ex.),
douaniers  et  gardes-frontières,  équipes  de
neutral isation  d'engins  explosifs  et  équipes
d'élimination des matières dangereuses) afin qu'ils
puissent  réagir  rapidement,  et  ce  même  avec  un
contact  minimal  avec  l'échantillon.  Le  TacticID-GP
Plus s'appuie sur la spectroscopie Raman éprouvée ;
les  ut i l i sateurs  obt iennent  l ' ident i f i cat ion
d'échantillons en temps réel avec affichage clair du
niveau de risque et des consignes de sécurité selon le
SGH et le NFPA704.
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TacticID-N Plus spectromètre Raman portable
Le  TacticID®-N  Plus  est  un  spectromètre  Raman
portatif  prêt  à  l'emploi,  spécialement  concu  pour
l'analyse médico-légale sans contact des stupéfiants,
des médicaments, des agents de coupe et de leurs
précurseurs par le personnel chargé de l'application
de la loi.

Grâce à une opération intuitive et un écran tactile, les
échantillons peuvent être analysés de manière non
destructive  à  travers  des  emballages  opaques  et
transparents. Le degré de menace de l'échantillon est
affiché de manière visible pour les utilisateurs,  par
exemple  le  personnel  de  sécurité,  les  services
d'urgence  (tels  que  les  autorités  chargées  de
l'application  de  la  législation),  les  douanes  et  les
gardes-frontières, ainsi que les équipes de déminage
et  les  équipes  de  lutte  contre  les  matières
dangereuses, ce qui leur permet d'agir rapidement
avec un minimum de contact avec l'échantillon. Le
TacticID-N  Plus  utilise  la  spectroscopie  Raman  de
laboratoire  éprouvée  qui  permet  aux  utilisateurs
d'obtenir  l'identification  de  substances  illicites  en
temps réel sans jamais compromettre l'intégrité de
l'échantillon ou de la chaine de preuves.

En outre, les utilisateurs de TacticID-N Plus ont accès
aux mises à jour régulières de la bibliothèque pour
pouvoir  maintenir  continuellement  à  jour  les
capacités  d'identification  et  garder  une  longueur
d'avance sur les nouveaux stupéfiants.

Adaptateur TacPacTM
Adaptateur d'analyses SERS pour une utilisation avec
des substrats SERS TacPacTM-P.
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