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A B S T R A C T   

Opioids pose a serious health risk to abusers and law enforcement officials responsible for detecting and handling 
these classes of drugs. Given the dangers posed by this class of drugs, fentanyl in particular, non-contact 
detection methods are highly desired. Determination of fentanyl vapor signature enables the identification of 
target analytes for the indirect detection of the parent opioid without direct sample handling. Diluted N-phe
nylpropanamide (NPPA), a degradant of fentanyl, was injected into a bench-top ion mobility spectrometer (IMS) 
to develop a method to detect NPPA in solution. The same parameters were used to assist in developing a method 
for gas phase NPPA detection. By varying the source voltage and direct spray and mass flow rates, the effects of 
system impurities were minimized. Weak and strong acids were then added to the electrospray solvent and gas 
phase NPPA was detected from the headspace of masses of 5 mg or greater of pure fentanyl.   

1. Introduction 

Fentanyl was developed in the 1960s for pain-relief purposes with 
overdoses first reported in the 1980s [1–3]. This opioid known to be 
50–100 times stronger than morphine has become more well-known in 
recent years for illicit use. In 2019, overdose deaths due to synthetic 
opioids totaled 36,359, an increase of 1040% from 2013, mainly 
attributed to fentanyl [4]. Fentanyl is often found mixed with other 
drugs abused, and overdose reports noted that users were unaware of the 
presence of fentanyl [5]. The lack of awareness raises serious safety 
concerns for not only users but individuals responsible for its detection 
and handling in the field. Those responsible for detection should avoid 
direct interaction, especially with a fentanyl, as it only requires milli
grams to be considered lethal [6]. 

The low vapor pressure of fentanyl, 5.9 ± 4.7 × 10− 7 Pa [7], makes 
direct detection in the gas phase arduous. Therefore, the vapor signature 
of fentanyl is required to indirectly detect the parent opioid in the vapor 
phase. For those compounds with low vapor pressures, the associated 
headspace may be accompanied by the solvents used in synthesis, 
degradation products, or manufacturing impurities. Lurie et al. noted 

the presence of 40 different processing impurities in fentanyl synthesis, 
particularly those associated with the Janssen or Siegfried syntheses, 
using UHPLC-MS-MS [8]. Vaughan et al. (2021a) used SPME-GC–MS to 
study undiluted pharmaceutical grade fentanyl in order to provide a 
vapor signature. Two of the three most abundant compounds, N-phe
nethyl-4-piperidone (NPP) and N-phenylpropanamide (NPPA) were 
positively identified and also unaffected when adulterated with lactose, 
mannitol, or initosol [9]. In agreement, Vaughan et al. (2021b) also 
detected NPPA from the headspace of confiscated fentanyl materials 
[10]. NPP is a known precursor in fentanyl synthesis and categorized as 
List I Chemical by the DEA, a designation used for compounds used in 
manufacturing of illicit drugs, limiting the amount that can be ordered. 
No such restriction exists for NPPA, a fentanyl manufacturing impurity, 
and gram quantities are available for purchase. 

Multiple detection techniques are available for first responders of a 
suspected drug overdose, clandestine laboratory, or other crime scene. 
Colorimetric techniques are available for multiple families of illicit 
drugs [11–13] with results based on the color(s) observed after sample 
reaction with specific reagents. Results are generated quickly, require 
minimal operator training, but sample contact is necessary, putting 

* Corresponding author. 
E-mail address: ashley.fulton.ctr@nrl.navy.mil (A.C. Fulton).  

Contents lists available at ScienceDirect 

Talanta Open 

journal homepage: www.sciencedirect.com/journal/talanta-open 

https://doi.org/10.1016/j.talo.2022.100114 
Received 29 December 2021; Received in revised form 28 March 2022; Accepted 30 March 2022   

mailto:ashley.fulton.ctr@nrl.navy.mil
www.sciencedirect.com/science/journal/26668319
https://www.sciencedirect.com/journal/talanta-open
https://doi.org/10.1016/j.talo.2022.100114
https://doi.org/10.1016/j.talo.2022.100114
https://doi.org/10.1016/j.talo.2022.100114
http://crossmark.crossref.org/dialog/?doi=10.1016/j.talo.2022.100114&domain=pdf
http://creativecommons.org/licenses/by-nc-nd/4.0/


Talanta Open 5 (2022) 100114

2

medical or law enforcement personnel at risk. Mass spectrometric (MS) 
techniques offer picogram limits of detection [14,15], though, while 
sensitive, these instruments are expensive and require extensive oper
ator training [16]. Ion mobility spectrometry (IMS) offers an affordable 
alternative to MS without the need of skilled operators as built-in in
strument libraries are available. Sisco et al. applied fentanyl and 16 
fentanyl analogues to meta-aramid wipes, which were inserted into the 
IMS. While nanogram level sensitivity was reported, sample contact was 
still necessary [17]. IMS devices capable of vapor phase detection are 
available, preventing operator contact, but a method for fentanyl 
detection has yet to be developed. 

In IMS, sample ions are transported from source to detector in a drift 
tube by using an applied electric field against a flow of drift gas, usually 
air or nitrogen. Peak intensities are plotted as a function of analyte ion 
drift time, which is dependent on drift tube length, temperature, pres
sure, and potential as well as ion collisional cross section [18,19]. 
Ionization of the target analyte is essential to allow for detection. One 
method of ionization is electrospray ionization (ESI). In ESI, ionization 
begins with a fine mist of diluted sample generated by an electrospray 
needle held at a fixed potential. The droplets emit an excess of positive 
or negative charge depending on the potential. The quantity of charge in 
solution can also be enhanced through the addition of a weak acid or 
base. Solvent molecules are rapidly evaporated in the heated sample 
chamber until the droplets approach the Rayleigh limit, leading to even 
smaller, charged droplets with radii in the nanometer range [20]. For 
example, Midey et al. ionized methamphetamine, cocaine, and 
morphine using 0.5% (%v/v) acetic acid in 90:10 methanol:water with 
an electrospray ionization source [21] with the same IMS used herein. 
Under these conditions, sample preparation and, therefore, contact 
would still be required. 

Commercial handheld IMS devices are capable of vapor detection, 
which would advantageously prevent the operator from directly con
tacting the sample. Before employing such devices for fentanyl detec
tion, the compounds in the headspace must be detected on a benchtop 
IMS. Mullen et al. introduced trinitrotoluene (TNT) and 2,6-dinitroto
luene (2,6-DNT) vapor to the sample chamber of the IMS, separately 
from the methanol electrospray solvent [22]. This method of intro
ducing sample and electrospray solvent is known as secondary electro
spray ionization (SESI) [23]. In the method described herein, NPPA will 
be introduced to the sample chamber perpendicular (Fig. 1) to the 
reactant ions introduced by the electrospray source. 

This work will describe the development of a semi-quantitative 
method using SESI-IMS to enable the identification of NPPA in the 
vapor phase without manipulation of the substance. NPPA was ionized 
using a commercially available bench top IMS in solution and pure vapor 
phase, and from fentanyl headspace via SESI and subsequently detected 
on a Faraday plate detector. This research will facilitate the field 
detection of NPPA vapor as an indicator for the presence of fentanyl. 
Development of a field-deployed non-contact detection method will 
allow for first responders to identify fentanyl at a scene without risk of 
exposure due to contact with the substance. 

2. Materials and methods 

2.1. Chemicals 

NPPA was purchased from Toronto Research Chemicals (Toronto, 
Ontario, Canada) and used as received. ACS grade methanol, acetic acid, 
formic acid, and hydrochloric acid were purchased from Fisher Scientific 
(Waltham, MA). 18 MΩ Milli-Q H2O was used. Tryptophan was pur
chased from Sigma-Aldrich (St. Louis, MO). Pharmaceutical-grade fen
tanyl was purchased from Cayman Chemicals (Ann Arbor, MI, USA). 

2.2. Instrumentation 

Ion mobility spectra were collected by using a GA2100 Ion Mobility 
Spectrometer (Excellims, Acton, MA) with an Excellims-designed 
Directspray™ ionization source with a 100 μL gas tight syringe (Ham
ilton, Reno, NV) attached to an electrospray needle. Instrument layout is 
discussed elsewhere [21]. Briefly, the electrospray solvent or sample 
solution were introduced to the ionization chamber using the parame
ters listed in Table 1. The electrospray needle was 33 gage stainless steel 
with an inner diameter of approximately 110 μm. An Excellims guard 
was attached to the end of the syringe to protect the needle. The in
strument was calibrated with a 0.1 mg/mL tryptophan solution in an 
80:20 mixture of methanol to water according to manufacturer recom
mendations. The IMS was equipped with VisIon software for data 
acquisition and analysis. The individual spectra displayed are an 
average of 25 spectra collected over 35 s. Slight differences in drift time 
during data collection may cause non-Gaussian characteristics in the 
resulting peaks. Intensities, or volts, were plotted as a function of analyte 
drift time. 

Ion Source Collision-Activated Dissociation (IS-CAD) was performed 
by using a Thermo Scientific LTQ mass spectrometer (Thermo Scientific, 
San Jose, CA, USA) equipped with an Electrospray Ionization source. 
NPPA was diluted in methanol at a concentration of 5 ppm and directly 
injected into the probe at flow rate of 2.0 µL min− 1. The ionization 
conditions were as follows: ESI spray voltage 3.5 kV, capillary temper
ature 250 ◦C and capillary voltage 50 V. The tube lens was changed by 
increments of 10 V to facilitate IS-CAD measurements. Nitrogen gas was 
employed as sheath and auxiliary gas at 8 and 3 arbitrary units, 
respectively. 

2.3. Methods 

For gas phase detection, solid NPPA and fentanyl were put into 22 
mL PFA vials purchased from Savillex (Eden Prairie, MN) and inserted 
into the Mixed Vapor Generation device (MV-Gen) for vapor generation, 
as described [24]. Briefly, the MV-Gen is an air tight, two-compartment 
device used for vapor delivery. When latched together, the two com
partments are encased within a water jacket allowing for temperature 
control. The device has four vial slots, three of which were filled with 
capped, empty vials to minimize vapor dilution. The MV-Gen was 

Fig. 1. Side view diagram of the IMS used [22]. Reprinted with permission 
of Elsevier. 

Table 1 
Default IMS instrument parameters.  

Default Instrument Parameters 

Source Voltage 2500 V 
Drift Tube Voltage 7500 V 
Source Temperature 180 ◦C 
Drift Tube Temperature 180 ◦C 
Direct Spray Flow Rate 2.0 µL•min− 1 

Drift Gas Flow Rate 1.65 L•min− 1 

Exhaust Pump Flow Rate 1.44 L•min− 1 

Gate Voltage 90 V 
Gate Pulse Width 160 µs 
Drift Tube Length 10.5 cm 
Polarity +
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connected to the IMS with a Teflon tube, soaked in methanol when not in 
use. This connection port was capped when NPPA was measured in so
lution. Air enters at the base of the MV-Gen and exits at the top, allowing 
for sample vapor transport from the source to the instrument. Samples 
were allowed to equilibrate in the MV-Gen overnight (i.e.16 h) under 
ambient conditions. Water was then circulated from the lower to upper 
water jackets of the MV-Gen with a Thermo Scientific (Waltham, MA) PC 
200 Immersion Circulator at a temperature of 25 ◦C for one hour. Vapors 
were transported from the MV-Gen to the IMS using an MKS (Andover, 
MD) M100B Mass Flo device with an MKS Multi-Gas Controller 647C at 
a flow rate of 10.0 mL/min. This was the maximum allowable flow rate 
for this device. A SmartTrak® 2 Series 100 Mass Flow Controller (Sierra 

Instruments, Monterrey, CA) was used for higher mass flow rates. 
The electrospray solvent was drawn into the gas-tight syringe for 

introduction into the sample chamber. For SESI, all solutions were made 
at respective concentrations in 80:20 methanol to water. Reactant ions 
were generated through the application of a high potential to the elec
trospray needle allowing for ionization of the analyte vapor introduced 
via the transfer capillary from the MV-Gen (Fig. 1). Sample ions were 
introduced into the drift tube through a Bradbury-Nielson gate and 
detected with a Faraday plate detector against the air drift gas provided 
by an Environics (Tolland, CT) Model 7000 Zero Air generator. Air flow 
to the mass flow controller was also provided by this device. 

Reduced ion mobilities (K0,sample) were calculated using sample drift 

Fig. 2. A, B: Mobility spectrum of 5 ppm NPPA in methanol with Table 1 parameters (A). (+) Electrospray ionization MS1 spectra of ionized NPPA diluted in 
methanol at a concentration of 5 ppm at different tube lens voltages. Ions of m/z 150 and 299 corresponded to protonated NPPA and the proton-bound dimer of 
NPPA, respectively. Ions of m/z 172 and 321 are sodium adducts of ions of m/z 150 and 299, respectively. Ions of m/z 167 are ammonium adducts of NPPA. As the 
tube lens voltage increased, the abundances of m/z 150 increased and m/z 299 decreased. The sodium adducts of m/z 172 and 321 showed the same trend supporting 
that there detection were depended on the presence of ions of m/z 150 and 299, respectively (B). 

C.D. Smith et al.                                                                                                                                                                                                                                



Talanta Open 5 (2022) 100114

4

time (td,sample) by using Eq. (1) [18] and an accepted tryptophan reduced 
ion mobility (K0,standard) of 1.39 cm2/V•s [25] with a drift time (td,stan

dard) of 10.21 ms programmed into the instrument. 

K0, sample

K0, standard
=

td,standard

td,sample
(1)  

3. Results and discussion 

3.1. NPPA peak identification measurements 

A 5 ppm NPPA in methanol solution was first injected into the IMS 
using the default instrument parameters (Table 1) to note the location of 
any NPPA peak(s). As shown by Fig. 2, NPPA exhibits two peaks at 
approximately 8.7 ms and 9.5 ms, likely a monomer and dimer, 
respectively [26]. Using Eq. (1) the calculated reduced ion mobilities 
were 1.47 ± 0.03 and 1.62 ± 0.03 cm2/V•s. 

To confirm the presence of the dimer at 9.5 ms, the same solution 

was directly injected into a Thermo LTQ ion trap mass spectrometer by 
using an Electrospray Ionization (ESI) probe operated in the positive ion 
mode. Protonated ions of NPPA were detected corresponding to ions of 
m/z 150 as well as ions of m/z 299 (Fig. S1). Efforts to subject ions of m/z 
299 to tandem mass spectrometry were attempted, but during ion 
isolation, the signal of the ions were not detected. Consequently, MS2 

product ion spectrum for ions of m/z 299 were not collected. However, 
in-source collision-activated dissociation (IS-CAD) was completed by 
increasing the tube lens voltage. This activation method does not involve 
an isolation step prior to activation and is successful at providing 
structural information [27]. For IS-CAD, as the tube lens voltage in
creases, the internal energy deposited into ions through collisions with 
the residual background gasses increases. Hence, if ions of m/z 299 were 
dimers of NPPA, the ratio of the abundances of ions of m/z 150 to m/z 
299 would likely increase as a function of increasing the tube lens 
voltage. For IS-CAD measurements, the tube lens voltage was increased 
by increments of 10 V and the abundances of ions of m/z 150 and 299 
were recorded. As the tube lens voltage increased, the ratio of ions of 

Fig. 3. The plot of the logarithm of the abundances of (m/z 150) / (m/z 299) as a function of tube lens voltage. As the voltage increased, the abundances of ions of m/ 
z 150 increased and m/z 299 decreased supporting that ions of m/z 299 were likely derived from the protonated monomers of NPPA (m/z 150). Fig. 3A–C: Effect of 
direct spray flow rate (A), exhaust pump flow rate (B), and source voltage (C) on NPPA (*) signal in a 250 ppb solution. Methanol was used as the solvent and the 
Table 1 parameters applied. The intensities have been shifted for a clearer comparison. 
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m/z 150 to 299 increased (Fig. 3 and Table S1). Hence, ions of m/z 299 
were likely proton-bound dimers as the abundances of ions of m/z 150 
steadily increased, but the ions of m/z 299 decreased as a function tube 
lens voltage. 

3.2. Method optimization for NPPA in solution 

Method parameters were varied from the default settings (Table 1) 
for a 250 ppb NPPA in methanol solution to optimize analyte signal. The 
signals observed for the two NPPA peaks observed at approximately 8.7 
ms and 9.5 ms were compared to that obtained with the default pa
rameters to assess effects. Source voltage was varied from 2000 V-3000 
V to optimize the concentration of reactant ions while minimizing the 
risk of analyte ion degradation. Shumate et al. looked at the effect on 
total ion current (TIC) as a function of needle voltage using methanol. 
The TIC, or analyte signal, increased as a function of applied voltage 
[28]. Mullen et al. noted a corona discharge (CD) produced with the IMS 
used herein at a source voltage of 3200 V [22]. However, analyte 
degradation and, therefore, potential loss of signal was observed with 
corona discharge ionization sources [29]. Hence, the source voltage was 
varied from 2000 to 3000 V. Fig. 3C shows the effects of source voltage 
on NPPA signal. A maximum is observed at 2500 V and it did not appear 
that the larger source voltage produced additional reactant ions. The 
direct spray flow rate was also varied from 1.25 to 3.0 µL·min− 1. Shu
mate et al. also noted a decreased TIC with increased flow rate [28]. 
Nonetheless, an increased flow rate will introduce more sample to the 
ionization chamber, and potentially additional ions, if efficient sample 
ionization occurs. The peak signals observed for the direct spray flow 
rate (Fig. 3A) do increase from 1.25 µL·min− 1 to 2.0 µL·min− 1 but not 
from 2.0 µL·min− 1 to 3.0 µL/min− 1. For practicality and to minimize 
solvent waste, 2.0 µL·min− 1 was used for further experiments with NPPA 
in solution. The exhaust pump is used to cool the electrospray needle 
and push non-solvated droplets out of the ionization chamber. As shown 
by Fig. 3B, the intensities for the two NPPA peaks are between 0.1–0.15 
and seem relatively unaffected by this parameter. This parameter was 
also kept at the default setting. Based on the data observed in Fig. 3A–C, 
the default parameters would be used in the initial NPPA vapor phase 
experiments. 

3.2. Method optimization for NPPA in the vapor phase 

Vapor phase NPPA detection by IMS required further method 
development due to the introduction of the mass flow controller, the 
device responsible for transporting sample vapor from the MV-Gen to 
the IMS.Beginning experiments were done with air blanks (Fig. 4A) to 
ensure system impurities, if any, would not interfere with NPPA detec
tion. System impurities were observed with flow rates ≥ 30 mL·min− 1. 
The MKS Mass Flow Device was set to 10 mL·min− 1 for vapor intro
duction into the IMS. 

An NPPA sample mass of 856 mg was initially used to ensure an 
ample supply of vapor phase analyte. By applying the default instrument 
parameters (Table 1) discussed above and using methanol as the solvent 
to generate the electrospray, NPPA was not detected. Given the volatility 
of NPPA [9], it was suspected that issues associated with detection under 
these initial conditions were related to ionization efficiency, and acids of 
varying strength were then added to the secondary electrospray solvent. 

3.3. Optimization of secondary electrospray solvent 

Weak organic acid addition to the electrospray solvent is common 
practice [21,23,30]. In positive-ion SESI, weak acids, such as formic and 
acetic acids, protonate analytes with neutral or basic functionalities. 
NPPA is a secondary amide with an approximate pKa value of 16 making 
it a basic analyte appropriate for use with a weak acid in SESI. A 50 ppm 
acetic acid solution was added to the electrospray inlet. The flow rate of 
1.0 µL/min. was chosen to decrease system impurities observed with the 

acetic acid solution at flow rates ≥1.5 µL/min. As shown by Fig. 5, a 
blank mobility spectrum of the acetic acid electrospray solvent exhibits a 
flat baseline in the area of interest, free of system impurities. When gas 
phase NPPA was introduced to the IMS, two NPPA peaks were observed 
in agreement with that observed in solution. The second of the two 
NPPA peaks observed in Fig. 5 almost overlap with K0 = 1.43 ± 0.01 and 
1.47 ± 0.03 cm2/V•s (Fig. 5A) for NPPA vapor and in solution, 
respectively. 

The first peak observed for NPPA vapor and in solution exhibited K0 
values of 1.54 ± 0.01 cm2/V•s and 1.61 ± 0.01 cm2/V•s, respectively. 
The monomer ion peak shift observed in Fig. 5A is not due to acetic acid 
adducts as they are not detected in Fig. 5B.  The [M + H]+ and [M +
Na]+ monomer ions are detected in both Figs. 2B and 5B, meaning the 
monomer ion peak observed is not due to the preferred ionization of one 
ionic species over the other. The reason for the observed sodium adducts 
remains unknown but there are literature reports of [M + Na]+ even 
when Na+ was not in solution [33]. The blank mobility spectrum in 
Fig. 5A is also relatively flat in the area of interest so the artifact peaks 
due to acetic acid in Fig. 5B (i.e. m/z 165 and 340) are not interfering in 
the collection of the NPPA vapor mobility spectrum. The variability in 
K0 values is well-documented in IMS literature. Caffeine, for example, 
has published K0 values ranging from 1.52 to 1.59 cm2/V•s [31,32]. 
Therefore, the K0 values were still considered in agreement for the first 
of the two NPPA peaks. 

A comparison of NPPA peak intensities for Figs. 3A–C, and 5 show 
the improved sensitivity provided by the addition of acetic acid to the 
secondary electrospray solvent. With the Table 1 parameters used, the 
exact monomer ion peak intensities for the 0.25 mg/L and 10 mg/L 
NPPA solutions are 0.13 and 1.75 V, respectively, an improvement of 
only 13.5.The sensitivity observed with gas phase NPPA and acetic acid 
secondary electrospray solvent was more than satisfactory given the 
ability to detect as little as 10 mg NPPA. Methanol only as the secondary 
electrospray solvent clearly weakens method sensitivity and this is 
further supported by the fact that 856 mg NPPA was not detected. 

The expected amount of NPPA present in the headspace associated 
with a small fentanyl sample is expected to be significantly less than the 
amount associated with the 856 mg NPPA sample used in method 
optimization. Therefore, the amount of NPPA was decreased to 10 mg. 
The 10 mg sample showed a prominence of the second peak in the 

Fig. 4. Effect of mass flow rate on instrument baseline with air samples. 
Baseline contaminants (*) are labeled. Table 1 parameters were used with the 
exception of a 3500 V source voltage and the SmartTrak® 2 Series 100 Mass 
Flow Controller. 
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doublet observed in previous experiments with K0 = 1.47 cm2/V•s 
(Fig. 6). Holness et al. reported that an increased acid concentration will 
increase analyte ionization ability, especially important for mixtures 
with a wide range of proton affinities [34]. Formic acid was tested as a 
means of protonation and since it is slightly stronger than acetic acid, it 
was hypothesized to give a highly resolved signal for NPPA. Unfortu
nately, the 50 ppm formic acid solution resulted in a decreased peak 
intensity and shifted all peaks, making it difficult to compare with 
previous data as shown in Fig. 6. A dilute solution of a strong acid could 
also bridge the gap of ionization capability and peak intensity. To test 
this theory, a 0.5 ppm HCl solution was used which resulted in an in
crease in peak intensity for 10 mg. In contrast to that observed with the 
weaker acids (Fig. 5), NPPA exhibited a single peak when ionized with a 
dilute HCl electrospray. Given the acid strength of HCl relative to acetic 

acid, additional NPPA should be protonated, increasing the dimer con
centration observed, resulting in an increased dimer ion peak intensity. 
An increased HCl concentration should increase the signal of the first 
NPPA peak as well. However, an increased concentration of HCl risks 
damage to the IMS and, therefore, was not used. Nonetheless, a higher 
resolving power was achieved using the HCl solution which will allow 
for the optimal identification of fentanyl using NPPA. 

The sample size of NPPA was further decreased to 5 mg, and, addi
tionally, vapor from 5 mg of fentanyl was also tested. The vapor from a 5 
mg sample of NPPA gave an evident peak at K0 = 1.46 cm2/V•s. When 
testing the vapor from a 5 mg sample of fentanyl a comparable peak at 
K0 = 1.47 cm2/V•s was also shown as seen in Fig. 7. A direct liquid 
injection of fentanyl confirmed the NPPA observed in vapor analysis was 
from the headspace of fentanyl and not the substance (Fig. 7). 

Fig. 5. A,B: (A) Mobility spectrum of blank 50 ppm acetic acid solution in syringe and used with 856 mg NPPA; 10 ppm NPPA in MeOH introduced via syringe port. 
(*) indicates peak associated with NPPA. The intensities have been shifted for a clearer comparison. Direct spray flow rate = 1.0 µL/min.; source voltage = 2500 V; 
mass flow controller flow rate = 10 mL/min. (B) Electrospray Ionization MS1 spectra of ionized 5 ppm NPPA in 50 ppm acetic acid diluted in 80:20 methanol:water at 
tube lens voltages of 40 and 80 V. Ions of m/z 150 correspond to protonated NPPA monomer. Ions of m/z 172 and 321 are sodium adducts of the NPPA monomer and 
dimer ions, respectively. Trends observed in Fig. 2B with respect to lens voltages are also observed.  The ions m/z 165 and 340 are present in background upon the 
addition of acetic acid. Blank mobility spectra are presented for 80:20 methanol/water, 50 ppm acetic acid in 80:20 water/methanol at a lens voltage of 40 V, and 50 
ppm acetic acid in 80:20 water/methanol at a lens voltage of 80 V.  Normalization levels (NL) are indicated. 
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4. Conclusion 

In the work discussed, vapor phase NPPA was detected allowing for 
indirect identification of fentanyl. Methods for solution and gas phase 
detection of NPPA were developed and optimized. Particular care was 
taken to minimize the effects of system impurities on the instrument 
baseline. When these impurities were addressed, modification of the 
electrospray solvent with hydrochloric acid greatly improved detection. 
Vapor phase NPPA was detected above 5 mg of NPPA, as well as from the 
headspace of solid fentanyl. The work discussed herein will allow for 
eventual non-contact fentanyl detection with a handheld IMS. 
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