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SUMMARY

Several approaches were explored to develop a high
throughput procedure for relative determination of 14
different carbon-centered free radicals, both acyl and
alkylaminocarbonyl type, in cigarette smoke. Two trapping
procedures using 3-cyano-2,2,5,5-tetramethyl-1-
pyrrolidinyloxy, or 3-cyanoproxyl radical (3-CNP) were
designed for this study: a) trapping in solution and b)
trapping on a solid support which was a Cambridge filter
pad. Fresh whole smoke and vapor phase smoke from
mainstream cigarette smoke from Kentucky Reference
Cigarettes 2R4F, as partitioned via an unadulterated
Cambridge filter pad, were transferred into each trapping
system in separate experiments. The 3-CNP coated
Cambridge filter pad approach was shown to be superior to
the impinger procedure as described in this study. Gas
chromatography coupled with mass selective detection
(GC-MS) was employed for the first time as an alternate
means of detecting several relatively highly concentrated
radical adducts. Liquid chromatography tandem mass
spectrometry (LC-MS/MS) with precursor ion monitoring
and selected ion monitoring (SIM) was used for detecting
the large array of radicals, including several not previously
reported: formyl, crotonyl, acrolein, aminocarbonyl, and
anilinocarbonyl radicals. Relative quantitation was
achieved using as external calibration standards of 4-(1-
pyrrolidino)benzaldehyde and nicotine. It was determined

that the yield of carbon-centered free radicals by reference
cigarette 2R4F was approximately 265 nmoles/cigarette at
35 mL puff/60 sec interval/2 sec duration smoking
conditions. [Beitr. Tabakforsch. Int 24 (2010) 58-71]
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ZUSAMMENFASSUNG

Es wurden verschiedene Ansätze untersucht, um ein Ver-
fahren zu entwickeln, das in einem hohen Durchsatz 14
verschiedene freie Radikale mit zentralem C-Atom vom
Acyl- und Alkylaminocarbonyl-Typ in Zigarettenrauch
bestimmt. Für diese Untersuchung wurden zwei Auffang-
verfahren, bei denen 3-cyano-2,2,5,5-tetramethyl-1-
pyrrolidinyloxy- oder 3-cyanoproxyl-Radikal (3-CNP) für
die relative Bestimmung verwendet wurden, ausgearbeitet:
a) das Auffangen in Lösung und b) das Auffangen auf
einem festen Träger, hier ein Cambridge-filter. Frischer
Gesamtrauch und die Gasphase des Hauptstromrauchs der
Kentucky Referenzzigarette 2R4F, welcher einen unver-
änderten Cambridgefilter passiert hat, wurden in separaten
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Experimenten in das jeweilige Auffangsystem geleitet. Bei
den hier beschriebenen Verfahren, war der Ansatz mit 3-
CNP beschichtetem Cambridgefilter gegenüber der Auf-
fangmethode in der Gaswaschflasche überlegen. Zum ers-
ten Mal wurde alternativ Gaschromatographie gekoppelt
mit massenselektiver Detektion (GCMS) zur Bestimmung
von Radikaladdukten in relativ hoher Konzentration ver-
wendet. Um einen großen Bereich von Radikalen zu detek-
tieren, inklusive verschiedener Ionen, über die vorher noch
nicht berichtet wurde: Formyl-, Krotonyl-, Acrolein-,
Aminocarbonyl- und Anilinocarbonyl-Radikale, wurde
Flüssigchromatographie mit gekoppelter Tandem-Massen-
spektrometrie (LC-MS/MS), sowie vorgeschaltetem Ionen-
monitoring und selektivem Ionenmonitoring (SIM) ver-
wendet. Eine relative Quantifizierung wurde durch die
externen Kalibrierungsstandards 4-(1-pyrrolidino)benz-
aldehyd und Nikotin erreicht. Der Gehalt von freien Radi-
kalen mit zentralem C-Atom im Rauch der Kentucky Refe-
renzzigarette 2R4F, ermittelt bei den Abrauchkonditionen
35 mL Zugvolumen, 1 Zug/60 sec, Intervall/2 sec, lag bei
etwa 265 nmol/Zigarette. [Beitr. Tabakforsch. Int 24
(2010) 58-71]

 
RESUME

Plusieurs approches ont été explorées pour développer une
procédure à haute performance pour la détermination rela-
tive de 14 radicaux libres centrés sur le carbone, de type à
la fois acyle et alkyle aminocarbonyle, dans la fumée de
cigarette. Deux procédés de piégeage utilisant le 3-cyano-
2,2,5,5-tétraméthyl-1-pyrrolidinyloxy, ou le radical 3-
cyanoproxyl (3-CNP) ont été conçus pour cette étude: a) le
piégeage dans une solution et b) le piégeage sur un support
solide à savoir un tampon-filtre Cambridge. La totalité de
la fumée fraîche et la fumée en phase vapeur de la fumée
principale des cigarettes de référence Kentucky 2R4F,
telles que séparées par un tampon-filtre Cambridge non
modifié ont été transférées à un système de piégeage lors
d’expériences distinctes. L’approche avec le filtre Cam-
bridge enduit de 3-CNP s’est avérée supérieure à la procé-
dure avec impacteur telle que décrite dans cette étude. La
chromatographie en phase gazeuse avec détection sélective
de masse (GC-MS) a été employée pour la première fois
comme méthode alternative de détection de plusieurs
adduits radicaux de concentration relativement élevée. La
chromatologie phase liquide couplée à la spectrométrie de
masse en tandem (LC-MS/MS) avec un contrôle des ions
précurseurs et un contrôle des ions sélectionnés (SIM) a
été utilisée pour détecter une large gamme de radicaux,
dont plusieurs qui n’avaient pas été reportés au préalable:
formyl, crotonyl, acroléine, aminocarbonyl, et des radicaux
anilinocarbonyl. Une quantification relative a été réalisée
en utilisant des normes de calibration externes de 4-(1-
pyrrolidino)benzaldehyde et de nicotine. Il a été déterminé
que le taux de radicaux libres centrés sur le carbone dans la
cigarette de référence 2R4F était approximativement de
265 nmoles/cigarette dans des conditions de durée de
fumage de 35 cm³ par bouffée/60 sec. à intervalle de 2 sec.
[Beitr. Tabakforsch. Int 24 (2010) 58-71]

INTRODUCTION

Free radical reactions are important to understanding toxi-
city, harm, and oxidative stress associated with cigarette
smoking (1–7). Radicals are presumed to be highly reac-
tive and short-lived though stable free radicals have been
demonstrated in aged whole smoke (WS) and mainstream
vapor phase (MSVP) minutes after combustion (8, 9). Rad-
icals in the gas phase have been reported as both alkoxyl
(RO.) and carbon-centered (R.) radicals. These radicals
were demonstrated to have apparent lifetimes of greater
than 5 minutes (10–12). Particulate phase radicals have
shown much greater lifetimes with stability measured in
hours for hydroquinone/semiquinone/quinone radicals
trapped in polymers. Typical analysis of free radicals in
smoke utilizes electron paramagnetic resonance (EPR) and
requires separation of gas and particulate phase smoke
components (13–16). While this methodology is useful, it
does not provide structure or identification of free radicals
present in smoke.

Recent studies have provided methodologies in which
nitroxide radical scavengers, 3-amino-proxyl radical (3-
AP) and 3-cyano-proxyl radical (3-CNP), are used to selec-
tively form stable diamagnetic adducts with carbon-cen-
tered radicals through a gas-solid phase reaction (17–20).
This is achieved by passing fresh whole smoke or vapor
phase smoke through a distillation column containing glass
beads coated with one of the radical scavengers aforemen-
tioned. The glass beads were washed and either analyzed
by LC-MS/MS with precursor ion monitoring (19, 20) or
derivatized with a fluorescent reagent and analyzed by
HPLC with fluorescence detection (17, 18). Other groups
have developed LC-MS/MS methods for determining
alkoxyl (RO.) and hydroxy (.OH) radicals by spin-trapping
the radicals with commercially available spin traps such as
TEMPO (6, 21, 22, 23).

This work continued to utilize LC-MS/MS precursor ion
monitoring but also incorporated moderately cheaper and
relatively more accessible GC-MS. We have continued to
make improvements to previous procedures (17–20) by
coating a Cambridge filter pad with the radical scavenger
reagent, 3-CNP, instead of glass beads. This greatly in-
creased sample throughput, thus adding a means to statisti-
cally examine larger data sets. GC-MS, though not as sen-
sitive as LC-MS/MS, proved useful in detecting several of
the more relatively highly concentrated carbon-centered
free radical adducts and, therefore, is proposed as a screen-
ing tool.
For relative quantitation, 4-(1-pyrrolidino)benzaldehyde
(PBA) and nicotine, with m/z 175.2 and 163.2 respec-
tively, were chosen for external calibration. The structure
and masses of these two molecules are used as models for
adducts formed between 3-CNP and carbon-centered free
radicals in smoke. Also, since nicotine is present in smoke
at known concentrations, it serves as an analytical anchor.
Purified standards of the radical adducts found in this work
have not been commercially identified.
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EXPERIMENTAL SECTION

Materials

Acetone, methanol (MeOH) and acetonitrile (ACN), HPLC
grade, were obtained from Burdick and Jackson
(Morristown, NJ) and 3-cyanoproxyl (3-CNP), 4-(1-
pyrrolidino)benzaldehyde (PBA), nicotine and formic acid
(99.9%) from Aldrich Chemical Company (St. Louis,
MO). Solutions of 3-CNP at 500µg/mL and 50mg/mL
were prepared fresh just before use. LC-MS grade water
used for pad extraction and LC mobile phase was acquired
from Fisher (Pittsburg, PA). Standard solutions of 4-(1-
pyrrolidino)benzaldehyde and nicotine were prepared in
95:5 v/v ACN:water in a range from 3-80 g/mL.

Smoke collection and derivatization - Impinger

Mainstream smoke samples from five 2R4F reference
cigarettes (University of Kentucky, Lexington, KY, USA)
were collected on a Heinrich Borgwaldt RM20 rotary
smoke engine (Heinrich Borgwaldt GmbH, Hamburg,
Germany). The smoking regimen used to collect samples
was 35/60/2; a 35 mL puff taken every 60 seconds with a
2 second puff duration. Cigarettes were conditioned prior
to smoking, for a minimum of 24 hours, in a laboratory
with an environment of 75 ± 2 °F and relative humidity at
60 ± 2%. The particulate matter or mainstream particulate
phase smoke (MSPP) phase was collected electrostatically.
After collection, the electrostatic tube was washed
thoroughly with 20 mL of acetone containing 3-CNP. 
For MSVP collection, four 25 mL impingers, containing
five mL of acetone or acetonitrile with dissolved 3-CNP,
were connected in series, and were placed aft of the
electrostatic collector. For collection in acetone, the first
impinger was cooled in ice water and the remaining three
were chilled to -70 °C, in an isopropanol/dry ice bath, prior
to smoking. For collection in acetonitrile all four impingers
were chilled in ice water. Prior to smoking, the puff
volume was verified and the machine checked for leaks.
The validity of the smoke runs was determined by
comparison of the wet total particulate matter (WTPM)
and puffs/cigarette from the run with those from 35/60/2
smoking analysis.
Whole smoke (WS) was passed directly into the four 25
mL traps containing 5 mL each of the 3-CNP solution at
100µg/mL. Subsequent experiments employed an
increased 3-CNP concentration, 500µg/mL. After WS
collection the four traps were combined, samples were
taken, and immediately placed in a dark GC vial for
analysis. In a second set of experiments, the traps were
analyzed separately. In a third set of experiments a
concentrated solution of the spin trapping reagent, 3-CNP,
was added to the trap samples at selected times after
collection of the smoke samples.

Smoke collection and derivatization - Cambridge filter pad

The same smoking machine configuration and number of
2R4F cigarettes were used for collection of mainstream
WS and MSVP onto the 3-CNP coated Cambridge filter
pad. 50 mg of 3-CNP was dissolved in 1 mL of acetone

which was then pipetted onto the rough side of a
Cambridge filter pad using a circular motion moving from
the center of the pad out. The filter pad was placed under a
nitrogen stream for 2 minutes or until dry, similar to
methodology used for carbonyl analysis using DNPH
coated filter pads. For WS collection, the coated filter pad
was placed in a holder directly aft of the smoking port on
the smoking machine.
For MSVP collection, a clean Cambridge filter pad was
placed in the holder directly aft the smoking port, followed
by 2 inches of inert tubing and another pad holder
containing the 3-CNP coated pad. The validity of the
smoke runs was determined by comparison of the wet total
particulate matter (WTPM) and puffs/cigarette from the
run with those from 35/60/2 analysis. Immediately after
smoke collection of the five 2R4F cigarettes, the coated
pad was extracted with 50 mL of 95:5 (v:v) acetonitrile:
water in an Erlenmeyer flask for 30 minutes at 300 rpm on
an orbital shaker. The extract was filtered with a 0.45 m
PTFE Whatman Syringe into an amber LC vial and
analyzed immediately or stored at 4 °C for later analysis.
The 3-CNP radical adducts (3-CNP-R) were stable for at
least 1 week.

GC/MS

Analysis conditions on a DB-5MS column appear in Table
1. Separations employing columns having a relatively
polar phase, DBWAXetr and a relatively non-polar phase,
DB1701, were also investigated and found to offer no im-
provement in component resolution or sensitivity.

LC-MS/MS

The HPLC used for separation of the 3-CNP-R was a
Thermo Surveyor MS Liquid Chromatograph (San Jose,
CA) using a Phenomenex (Torrance, CA) Gemini-NX 5
m, 2.1 x 150 mm C18 HPLC column with gradient elution.
Mobile phase A was 0.1% (v/v) formic acid in water and
mobile phase B was 100% methanol (MeOH). The column
temperature was 30 °C and the autosampler tray was set to
4 °C. The flow rate was 300 L/min with 10 minutes
equilibration time. The gradient for 3-CNP-R analysis is as
follows: 0!4 min 40% B; 4!20 min 70% B; 20!25 min
80% B; 25!40 min 40% B. The detection of 3-CNP-R was
achieved using a Thermo TSQ Quantum Ultra (San Jose,
CA) triple-quadrupole mass spectrometer. The HPLC
effluent flowed directly into the electrospray interface of
the mass spectrometer. The interface was operated in the
positive ion mode with a spray voltage of 3.5 kV. The ion
transfer tube (heated capillary) was set to 325 °C.
Precursor ion monitoring focusing on m/z 151.2 was
applied over a scan range of m/z 160!320 with collision
energy of 10 V. Selected ion monitoring (SIM) was used
for relative quantitation of radical adducts as compared to
external standard curves for 4-(1-pyrrolidino)-
benzaldehyde and nicotine. Thermo Xcaliber Software was
used for chromatographic data analysis. Extracted ion
chromatograms were used for identification and relative
quantitation of radical species that were reported
previously as well as newly proposed radicals.
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RESULTS AND DISCUSSION

Solution trapping of mainstream cigarette smoke carbon-
centered free radicals with impingers containing 3-CNP
dissolved in acetone or acetonitrile proved to be suitable
for qualitative determination. However, relative
quantitation experiments demonstrated that the reactions
between 3-CNP were not instantaneous and free radicals
were thus not suited to solution trapping. LC-MS/MS and
GC/MS experiments yielded similar results with
methylaminocarbonyl (acetamide) and acetyl (acyl) radi-
cals being the most abundant radicals observed. The selec-
tivity and sensitivity of LC-MS/MS precursor ion monitor-

ing provided data with more radical candidates as whole
smoke (WS) background was minimized compared to the
background observed with GC-MS. The proficiency for
GC-MS to detect a relatively limited number of 3-CNP-R
adducts in mainstream vapor phase smoke (MSVP) was
established. From GC-MS total ion current chromatograms
(TICs) for the 4 MSVP smoke traps containing 5 mL of a
100 µg/mL solution of 3-CNP in acetone, several observa-
tions were made. First, excess 3-CNP does not appear until
the third trap, indicating total 3-CNP consumption in traps
1 and 2, and the profile of components in the four traps are
unique one to another. Also not shown, a similar trend was
observed for the WS experiments.

Figure 1. GC/MS total ion chromatogram of 2R4F MSVP smoke exposed to trap four containing 5 mL of 100 µg/mL 3CNP 

Table 1.  GC/MSD operating conditions

System configuration Agilent 6890 GC equipped with a 5973 MSD 
Column DB-5MS 30 meters, 0.25 mm I. D., 0.25 µm film thickness
Injection port temperature 280 °C
Injection Splitless
Column flow Constant, 0.6mL/min He
Column oven initial temperature 50 °C
Column oven initial time 0 min
Column oven initial ramp 1 rate 7.5 °C/min
Column oven 1 final temperature 300 °C
Mass spectrometer transfer line temp 250 °C
Mass spectral databases NBS, Wiley
Mass spectrometer configuration Electron impact, 70 eV
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Figure 2.  LC-MS/MS precursor ion monitoring of m/z 151.2 total ion chromatograms (m/z 160-320) of 2R4F MSVP and WS exposed
to Trap 1 containing 5 mL of 500 µg/mL 3-CNP.
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Further examination of the mass spectra of the components
appearing in trap 4 shown in Figure 1 revealed several
important observations. First, components (B) at retention
times, 8.57 and 12.14 min were present in the 3-CNP
solution prior to exposure to MSVP smoke. Also, the mass
spectrum of the component at 10.59 min is consistent with
a 3-CNP product with a methyl free radical, m/z 182, and
the mass spectrum of the component at 16.44 min is
consistent with a 3-CNP product with methylamino-
carbonyl free radical, m/z 224. Lastly, a clear structural
assignment of the component at 13.55 min is not apparent
at this time. Close examination of the TICs for trap 3 (not
shown) revealed a relatively minor component at 13.90
minutes. The mass spectrum of this component is
consistent with a 3-CNP product with an acetyl radical,
m/z = 210. Thus, to this point a GC/MS analytical
approach to acetone trapped MSVP smoke has led to the
readily straight forward identification of three radical
species, methyl, methylaminocarbonyl and acetyl.
However, the absence of sufficient 3-CNP reagent in the
traps prompted additional experiments wherein the
concentration of 3-CNP was increased to 500 µg/mL. 
When using the higher 3-CNP concentration, an additional
MSVP component at retention time 16.38 minutes was
discovered in traps 2, 3 and 4, having the mass spectrum
consistent with the acrolein analog radical/3-CNP-R
adduct with m/z = 222. Examination of the four separate
traps exposed to 2R4F WS revealed the presence of
methyl, ethyl or formyl (m/z 196 for both), methyl-

aminocarbonyl, and acetyl radicals. These radical 3-CNP
WS reaction products were identical to those found in the
MSVP smoke investigations. 
The LC-MS/MS TICs for MSVP and WS from the trap 1
containing 5 mL of a 500 µg/mL solution of 3-CNP in
acetone appear in Figure 2. Several observations were
made from this Figure including the different array of
peaks, most notably, the peak at 16.32 min that is
predominate in MSVP which corresponds to m/z 247 and
269 (unassigned radicals), and the peak at 12.64 min in
WS which correspond to m/z 226, or the methylamino-
carbonyl radical. The peak at 9.65 min seen in both MSVP
and WS corresponds to the 3-CNP reagent peak, indicating
an excess of radical scavenging reagent. 
Free radicals are most often known for their reactivity and
short lifetimes. However, free radicals can be readily
detected via electron spin resonance spectrometry in aged
cigarette smoke samples (11). Thus, some degree of
relative stability does exist. In an attempt to gain some
insight on this phenomenon, WS and MSVP smoke
samples were captured in four traps containing acetonitrile
and no 3-CNP. At selected times after completion of
smoke collection and at room temperature, concentrated
µL amounts of 3-CNP in acetonitrile were added to a
known volume of acetonitrile from each of the traps. The
area counts of the acetyl, .C(O)-CH3, radical 3-CNP
reaction product, monitored as a function of time, are
shown in Figure 3.

Figure 3.  Profile of whole smoke acyl free radical content as a function of time
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The figure does confirm that the concentration of the acyl
free radical does decrease with time, however, after six
hours, a notable amount of radical still existed. These
results do speak to a certain radical or radical adduct in-
stability and reactivity in solution that would have to be

addressed should relative free radical quantitative analyses
be needed. 
Using LC-MS/MS extracted ion chromatograms, 14
carbon-centered free radicals were detected in WS and 10
in MSVP with several at relatively low intensity.

Figure 4.  LC-MS/MS precursor ion monitoring of m/z 151.2 total ion chromatograms (m/z 160-320) of 2R4F mainstream vapor
phase (MSVP) and whole smoke (WS) exposed to Cambridge Filter Pad coated with 50 mg of 3-CNP and extracted in 50 mL of 95:5
(v:v) ACN:H20.
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The two classes of carbon-centered radicals previously
reported in cigarette smoke1(9,20), acyl (.C(O)-R) and
alkyl-aminocarbonyl (.C(O)-NH-R), are represented here.
However, the proposition of R groups containing un-
saturated substitutions, such as crotonyl radical, is novel.
This further supports earlier observations (19, 25) that
precursors to carbonyl compounds, such as cellulose and
other polysaccharides, are responsible for much of the
radical formation that occurs in smoke. 
The LC-MS/MS TICs from the 3-CNP coated Cambridge
filter pads experiments for WS and MSVP are shown in

Figure 4. Several key observations noted were the array of
peaks in MSVP and WS are different and MSVP relative
abundance of 3-CNP derivatized radicals is over 1 order of
magnitude less than WS, indicating the radicals most likely
react with vapor phase smoke components or could be
stabilized in the particulate phase. The total mass spectra
of the entire chromatogram for mass range m/z 160-320
for both 2R4F MSVP and WS obtained from LC-MS/MS
precursor ion analysis of 3-CNP coated Cambridge filter
pads are shown in Figure 5. 

Figure 5.  LC-MS/MS precursor ion monitoring of m/z 151.2 total mass spectrum (m/z 160-320) of 2R4F mainstream vapor phase
(MSVP) and whole smoke (WS) exposed to Cambridge Filter Pad coated with 50 mg of 3-CNP and extracted in 50 mL of 95:5 (v:v)
ACN:H20
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Figure 6.  LC-MS/MS extracted ion chromatograms of 2R4F WS exposed to Cambridge Filter Pad coated with 50 mg of 3-CNP and
extracted in 50 mL of 95:5 (v:v) ACN:H20
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Figure 6.  (cont.)

Figure 6.  LC-MS/MS extracted ion chromatograms of 2R4F WS exposed to Cambridge Filter Pad coated with 50 mg of 3-CNP and
extracted in 50 mL of 95:5 (v:v) ACN:H20

The vast difference in the array of spectra in MSVP and
WS was observed, however, ions of m/z 211 and 226,
corresponding to acetyl and methylaminocarbonyl radicals,
respectively, are 2 of the most abundant ions in both
MSVP and WS.
LC-MS/MS extracted ion chromatograms of 2R4F WS
exposed to Cambridge Filter Pads are shown in Figure 6.
Chromatograms representative of 15 different ions are
revealed, 14 of which have been assigned structural
identifications. The following carbon-centered radicals

have not been reported and are therefore proposed, though
no other structural identification was performed: formyl
(CHO) or ethyl (C2H5) radical, amide (CH2NO), crotonyl
(C4H5O), [(2E)-pent-2-en-1-ylaminocarbonyl (C6H10NO),
anilinocarbonyl (C7H6NO). The other seven carbon
centered radicals have been proposed in previous work
(19, 20). The structures for the proposed carbon-centered
radicals appear in Table 2, and the previously reported
radicals appear in Table 3.
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The relative abundance (area counts) of 14 radicals
reported here by LC-MS/MS precursor ion monitoring
appear in Table 4. Several observations can be made from
this table. First, it is apparent that the methylamino-
carbonyl (acetamide) radical and acetyl (acyl) radical are
the most abundant radicals and account for a vast majority
of the sum of all radicals. Second, the carbon-centered
radicals’ relative abundance is greatly skewed towards
WS. Perhaps the radicals react in the whole smoke matrix
of the first, uncoated pad before reaching the second,
coated pad or the radicals are short-lived in the vapor
phase. Since radicals were present after 6 hours as
mentioned previously in radical fate experiments, it is
assumed the radicals are stabilized in the particulate phase

as reported (11, 15).
The relative abundance of carbon centered free-radicals
was calculated using external standard calibrations of 4-(1-
pyrrolidino)benzaldehyde and nicotine. The calibration
curve equations for 4-(1-pyrrolidino)benzaldehyde and
nicotine were y = 5.96x – 24.3 (R2 = 0.985) and y = 1.87x
– 18.5 (R2 = 0.983), respectively, with LC-MS/MS SIM.
The sum of the 3 most abundant radical adducts was
determined to be approximately 265 nmole/cigarette for
reference cigarette 2R4F at 35/60/2 conditions. This agrees
well with published values of 225 nmole carbon-centered
radicals per cigarette (19, 20).

Table 2.  Proposed structures of carbon-centered free radicals in whole smoke (WS). (*Detected by GC/MS only)

Molecular
formula

Structure Radical name
Radical mass

(amu) 

C7H6NO anilinocarbonyl 120.054

CHO formyl 29.007

C6H10NO
[(1E)-pent-1-en-1-
ylamino]carbonyl

112.086

CH2NO aminocarbonyl (amide) 44.022

C4H5O crotonyl 69.039

C3H3O acrolein type* 55.023

CH3 methyl* 15.024

NH

CO

CH O

NH

CO

CO

NH2

CO

CH3

CO
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Table 3.  Structures of carbon-centered free radicals in whole smoke (WS) reported here and in previous work

Molecular
formula

Structure Radical name
Radical

mass (amu) 

C2H4NO

 

methylaminocarbonyl 58.038

C3H6NO ethylaminocarbonyl 72.054

C2H3O acetyl (acyl) 43.023

C7H12NO
[(1E)-hex-1-en-1-
ylamino]carbonyl

123.102

C4H8NO (propylamino)carbonyl 86.070

C5H8NO
[(1E)-but-1-en-1-
ylamino]carbonyl 98.070

C3H5O propionyl 57.039

C5H10NO (butylamino)carbonyl 100.086

C6H12NO (pentylamino)carbonyl 114.102

NH

CO

NH

CO

NH

CO

NH

CO

CO

NH

CO

CO

NH

CO

NH

CO
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CONCLUSIONS

From a relatively simple collection procedure, radical trap-
ping in solution, followed by analyses employing GC/MS,
valuable qualitative information on the nature of carbon-
centered free radicals in cigarette smoke can be obtained.
An even simpler approach using a coated Cambridge filter
pad can be used to effectively trap free radicals from ciga-
rette smoke. With a highly sensitive and selective LC-
MS/MS, it is possible to identify and semi-quantitate 14
carbon-centered radicals in WS and MSVP. Based on these
results, correlation between carbon-centered free radical
types and concentrations can be developed as a function of
cigarette prototype configurations and possibly smoking
parameters. In addition, correlation between carbon-cen-
tered free radical types and concentrations can be devel-
oped as a function of in vitro biological assays.
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