This article was downloaded by:

On: 30 January 2011

Access details: Access Details: Free Access

Publisher Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Spectroscopy Letters
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713597299

AR TN Ml ciainary lsumsl
L W NSO
= |3 S (]
SRCGEHOSCO DA
L4” L5 8
ErMor Robyer® L. Mchel

Tandem Mass Spectrometric Analysis of the Novel Gemini Surfactant

Nanoparticle Families G12-s and G18:1-s

Joshua Buse?; Ildiko Badea?; Ronald E. Verrall’; Anas El-Aneed?

* Drug Design and Drug Discovery Research Group, College of Pharmacy and Nutrition, University of
Saskatchewan, Saskatoon, SK, Canada ® Department of Chemistry, University of Saskatchewan,
Saskatoon, SK, Canada

Online publication date: 06 August 2010
@ Tayloe & Francis

Sukame 38 Mumtzers 4-% 1005

To cite this Article Buse, Joshua , Badea, Ildiko , Verrall, Ronald E. and El-Aneed, Anas(2010) 'Tandem Mass Spectrometric
Analysis of the Novel Gemini Surfactant Nanoparticle Families G12-s and G18:1-s', Spectroscopy Letters, 43: 6, 447 — 457

To link to this Article: DOI: 10.1080/00387010903261206
URL: http://dx.doi.org/10.1080/00387010903261206

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://ww.informaworld. conftermns-and-conditions-of-access. pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, |oan or sub-licensing, systematic supply or
distribution in any formto anyone is expressly forbidden.

The publisher does not give any warranty express or inplied or make any representation that the contents
will be conplete or accurate or up to date. The accuracy of any instructions, formul ae and drug doses
shoul d be independently verified with primary sources. The publisher shall not be liable for any |oss,
actions, clainms, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this nmaterial.



http://www.informaworld.com/smpp/title~content=t713597299
http://dx.doi.org/10.1080/00387010903261206
http://www.informaworld.com/terms-and-conditions-of-access.pdf

02: 42 30 January 2011

Downl oaded At:

Taylor & Francis
Taylor & Francis Group

Spectroscopy Letters, 43:447-457, 2010
Copyright © Taylor & Francis Group, LLC e
ISSN: 0038-7010 print/1532-2289 online

DOI: 10.1080/00387010903261206

Tandem Mass Spectrometric Analysis of the

Novel Gemini Surfactant Nanoparticle
Families G12-s and G18:1-s

Joshua Buse',
lidiko Badea', ABSTRACT Gemini surfactant nanoparticles have been successfully used as

Ronald E. Verrall?, ; nonviral gene delivery systems. Using electrospray ionization (ESD) quadru-
and Anas El-Aneed pole time-of-flight (Qgq-ToF) hybrid tandem mass spectrometry (MS/MS),

’I .
Drug Design and Drug the authors elucidated the molecular structure of 10 novel diquaternary
Discovery Research Group,

College of Pharmacy and
Nutrition, University of

ammonium gemini surfactants, including the establishment of their MS/MS
fingerprints. The gemini surfactants tested belong to two different structural

Saskatchewan, Saskatoon, SK, families: G12-s and G18:1-s, where “s” corresponds to the spacer length.
Canada Similarities and differences in the fragmentation patterns within each gemini
’Department of Chemistry, surfactant family and between them were also identified. In addition,
University of Saskatchewan, single-stage MS analysis showed that mass accuracy was less than 5ppm

Saskatoon, SK, Canada for all compounds.

KEYWORDS fragmentation pattern, gemini surfactants, tandem mass
spectrometry, time-of-flight mass spectrometry

INTRODUCTION

Nanoparticles have garnered attention for their possible use in nonviral gene
delivery systems to treat both genetically based and infectious diseases.'™”
This attention is due to their relatively low cost of preparation,”® ability to
target specific tissues,”""! capability to encapsulate and carry large amounts
of genetic material,"? and increased safety when compared to viral
vectors."? One particular group of nanoparticles that has gained attention
for its ability to deliver genetic material into cells is the group of gemini
surfactants.

Gemini surfactants are constructed by covalently binding the hydro-
phobic tail regions, (#), directly to or near the polar head group of both
termini of a spacer molecule, (s), to produce a tail-spacer—tail structure,
(¢-s-1). The gemini surfactants tested in this study are given identifier names

Received 13 May 2009; comprising gemini surfactant (“G”), carbon tail length (“¢”), and carbon
accepted 7 August 2009. spacer length (“s”) (Gt-s) (Fig. DM The chemical variation in both the
Address correspondence to spacer and tail regions allows for the production of a wide variety of gemini

Anas El-Aneed, College of Pharmacy
and Nutrition, University of
Saskatchewan, Canada S7H3R3. lized morphology around naked deoxyribonucleic acid (DNA)' depends
E-mail: Anas.El-Aneed@usask.ca

surfactants. The efficiency of each compound to form a compact and stabi-
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FIGURE 1 The general structure of a gemini surfactant (a) that contains a spacer group that is covalently bonded directly to the ionic
(polar) head group and (b) that contains a spacer group that is covalently bonded to the hydrophobic tail group near the ionic (polar) head

groups.

upon its ability to self-assemble, which in turn
depends upon its critical micelle concentration
values,"® how closely its hydrophobic groups can
pack together’”'® and the efficiency with which
the positively charged nitrogen interacts with the
DNA phosphate groups.">!” stabilization and com-
paction of DNA-gemini surfactant complexes is dri-
ven by entropy and results from the electrostatic
interactions between the polyanionic DNA backbone

and the dicationic gemini surfactants as well as the
hydrophobic interactions between the gemini
surfactants’ two apolar hydrocarbon tails."”

The two Git-s gemini surfactant nanoparticle
families used in this study comprised N,N-bis
(dimethyl‘alkyl’)-o,-‘alkane’diammonium dibro-
mide ([Ciz2Hje1z+1] NT(CH3), (CHp)s N'(CHa),
[CioHi2e129+1)] o 2Br) (Fig. 2a) and N,N-bis
(dimethyl‘alk-g-ene’)-a,w-‘alkane’diammonium
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FIGURE 2 The general structure of the Gemini surfactants (a) G12-s or N,N-bis(dimethyldodecyl)-1,'s’-‘alkan’diammonium and (b)
G18:1-s or N,N-bis(dimethylheptadec-9-ene)-1,'s’-‘alkan’diammonium (‘s’ and ‘alkan’ refer to the carbon composition of the spacer region).
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diammonium dibromide ([CigHze15—1] NT(CHj3),
(CH,)s N"(CH3),[C1gH2015)_17) » 2Br ) (Fig. 2b) salts.
Gemini surfactants belong to the self-assembling,
lipid-based nanoparticle drug delivery systems.?"*?
They have been used as nanomaterials for nearly
two decades® and are well-characterized.”>** For
example, analysis of the size distribution of many
diquaternary ammonium gemini surfactants was
performed by either nonnegative least-squares algo-
rithmic (NNLS) analysis (measurement of the light
scattered by particles in solution illuminated by a
laser beam (y=1731)), zeta potential, or atomic
force microscopy with size distribution being
assessed as between 100 and 200+ 10 nm.**** In
addition, these polycationic molecules have been
successfully employed for both in vitro and in vivo
gene delivery applications.">*~*¥ For example, top-
ical transfection of the IFNy gene into mouse epider-
mis using the G12-3 and G16-3 gemini surfactants
produced a 250-450% increase in levels of IFNy in
the epidermis compared to naked IFNy genes.”?>%
Mass spectrometry (MS) is a powerful analytical
tool that has been used for both qualitative and
quantitative applications. % Single-stage MS and
tandem mass spectrometry (MS/MS) can be utilized
for structural determination and MS/MS fingerprint
identification.®® For example, using electrospray
ionization (ESD), the MS/MS analysis of 18 novel cho-
lesteryl neoglycolipids, used in liposomes-based
gene delivery, resulted in the formation of specific
common fingerprint fragments regardless of the
nature of the sugar moiety or the spacer group that
linked the carbohydrate portion to the lipid choles-
teryl moiety.®** In addition, the unknown molecular
structure of lipid A, isolated from the A. salmonicida
lipopolysaccharide, was established by single-stage
MS and MS/MS analysis using ESI ionization and
quadrupole time-of-flight (Qq-ToF) MS/MS techni-
ques.®>3% Similarly, the fragmentation routes of
morphine antagonists were precisely determined
using ESI-Qq-ToF MS/MS.*? MS/MS fingerprints
allow for the rapid screening of biological materials
and environmental samples to determine the
absence or presence of particular compounds within
the tested samples. In addition, MS/MS data can be
used to develop MS-based quantification methods.
This paper describes the findings regarding the
elucidation of the exact molecular structure for the
G12-s and G18:1-s families of gemini surfactants as
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well as the identification of the fingerprint product
ions for all 10 gemini surfactants analyzed and their
fragmentation pattern using MS/MS. The analysis of
an additional 25 gemini surfactants belonging to
three different structural gemini families are currently
being investigated.

MATERIALS AND METHODS

The Gt-s gemini surfactant nanoparticles that we
analyzed were obtained from Dr. Ronald E. Verrall’s
research group in the Department of Chemistry at the
University of Saskatchewan. The compounds are
from the G12-s and G18:1-s families (Fig. 2) and
include the following:

1. G12-2 or N,N-bis(dimethyldodecyl)-1,2-ethane-
diammonium dibromide

2. G12-4 or N,N-bis(dimethyldodecyl)-1,4-butane-
diammonium dibromide

3. G12-6 or N,N-bis(dimethyldodecyl)-1,6-hexane-
diammonium dibromide

4. G12-8 or N,N-bis(dimethyldodecyl)-1,8-octane-
diammonium dibromide

5. G12-10 or N,N-bis(dimethyldodecyl)-1,10-decan-
ediammonium dibromide

6. G12-12 or N,N-bis(dimethyldodecyD)-1,12-dode-
canediammonium dibromide

7. G12-16 or N,N-bis(dimethyldodecyl)-1,16-hexa-
decanediammonium dibromide

8. G18:1-2 or N,N-bis(dimethyloctadec-9-ene)-1,2-
ethanediammonium dibromide

9. G18:1-3 or N,N-bis(dimethyloctadec-9-ene)-1,3-
propanediammonium dibromide

10. G18:1-6 or N,N-bis(dimethyloctadec-9-ene)-1,6-

hexanediammonium dibromide.

Gemini surfactant solutions were prepared to a
concentration of 3mM in methanol and water
(50:50 v:v) containing 0.1% trifluoroacetic acid
(99% purity) and stored at —20°C. Each sample
was further diluted 4000x and 5000x at the time of
analysis using the same mixed solvent.

To minimize associated errors in mass measure-
ments, internal calibration was employed. We opted
for using doubly charged calibrants since the tested
gemini surfactants are doubly charged species.
Therefore, we used both [Glu'l-Fibrinopeptide B,
Human (amino acid sequence EGVNDNEEGFFSAR,

Gemini Surfactants G12-s and G18:1-s
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M+ 2HI*" m/z 785.8421, CegHosN19Os6, BaChem
Bioscience Inc., King of Prussia, PA, USA) and N,/NV-
bis(dimethyldodecyl)-1,2-ethanediammonium dibro-
mide (IMI** m/z 234.2685). The later compound
was chosen because its m/z value fell within the
m/z range of the tested compounds. Its molecular
structure was previously confirmed by elemental
analysis, NMR and purity evaluation.””*®

The MS instrument was operated in the positive
ion mode with the following parameters: decluster-
ing potential of 40.0V and focusing potential of
120.0V. The collision gas used during MS/MS
experiments was argon and many MS/MS experi-
ments were performed for each compound with
the collision energy (CE) values varying between
15-100eV. CE was optimized in order to generate
product ions while ensuring that the molecular ion
remained abundant. Sample aliquots, between
100 uL and 500 pL, were infused into the mass
spectrometer with an integrated Harvard Syringe
Pump at a rate of 10puL/min using the Turbo
Ionspray source; 5.5kV at a temperature between
80° and 100°C.

A Micromass Quattro II quadrupole-hexapole-
quadrupole mass spectrometer (QHQ-MS) was used
to confirm the fragmentation pattern. The instrument
was operated in the positive ion mode with the
following parameters: infusion rate of 10 puL/min,
source temperature of 140°C, HV lens voltage of
0.71kV and capillary voltage of 3.50V. The cone
voltage was set at 70V to induce in source fragmen-
tation of the compounds. The collision gas used dur-
ing MS/MS experiments was argon and the collision
energy was set between 15 and 50eV in order to
generate product ions while ensuring that the
precursor ion remained abundant.

RESULTS AND DISCUSSION

Single-Stage QqToF MS and Tandem
QqToF MS/MS Analysis

The results from the single-stage QqToF MS
analysis are assessed by comparing the observed
mass to charge ratio (m/z) values with the calculated
m/z values, producing mass accuracies® less than
Sppm for all gemini surfactants using internal
calibration (Table 1). This confirms the projected
molecular composition of each gemini surfactant,

J. Buse et al.

TABLE 1 Mass Accuracies of Compounds Using the
Calculated and Observed Mass-To-Charge Ratio (m/z) Values

Compound Molecular Mass
name formula  Calculated Observed accuracy
(Gt-s) (M) (m/z) (m/2) (PPM)

G12-2 CsoHesN>  227.2607  227.2604 -1.3

G12-4 C32H70N> 241.2769  241.2764 -2.1

G12-6 C34H74N>  255.2910  255.2920 3.9

G12-8 C3gH7gN> 269.3084 269.3077 —-2.6

G12-10 CsgHgoN,  283.3230 283.3233 1.1

G12-12 CaoHgsN>  297.3393  297.3390 -1.0

G12-16 CaqHogN>  326.3691  326.3703 3.7

G18:1-2 CsoHgsN>  309.3393  309.3390 -1.0

G18:1-3 Cs3HgsN,  316.3458  316.3468 3.2

G18:1-6 CseHogN,  337.3704  337.3703 -0.3

which includes the presence of two nitrogen atoms
in all compounds.®1223:37.38!

The variation in spacer lengths within both the
G12-s and G18:1-s gemini surfactant families pro-
duces distinctive product ions within each MS/MS
spectra (Figs. 3a and 4a). These product ions,
although specific for each gemini surfactant, follow
a similar fragmentation pattern for each family which
is seen by the incremental increases in the gemini
surfactant’'s MS/MS product ion’s m/z values that
are equal to the increase in its molecular ion [M]*"
m/z values (Tables 2 and 3). The unique spectra
and fragmentation patterns produced by both
G12-16 (Figs. 3a and 3b), representative of the
G12-s family, and G18:1-6 (Figs. 4a and 4b), rep-
resentative of the G18:1-s family, are discussed
below. These two compounds produced the most
complex spectra for their respective families. All
other compounds produced similar fragments as
shown in Tables 2 and 3.

QqToF MS/MS Analysis of G12-16
Gemini Surfactant

In all G12-s gemini surfactant nanoparticles, the
unique fragmentation pattern starts with the forma-
tion of a singly and/or doubly charged product
ion(s) that results from the loss of the twelve carbon
tail moiety. In G12-16, this creates the singly charged
species [M-Cy,H,s]™ of m/z 481.55 (2) and/or the
doubly charged product ion [M-Cj,H,*" of m/z
241.28 (2') (Table 2 and Figs. 3a and 3b). The loss
of the hydrocarbon tail in G12-16 occurs by two
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FIGURE 3 G12-16 produced the most fragments of the G12-s family and is therefore representative of it. The (a) MS/MS spectra of
G12-16 and (b) the fragmentation pattern show a number of diagnostic fragments that can be utilized for structural identification. A
number of nondiagnostic fragments were also produced from 2" [M-C;4H3,N]" but were not included in Figure 3b.

mechanisms and is dependent upon the product
ion(s) formed; singly or doubly charged. The
elimination of a neutral CH,=CH (CH,)o-CHj3
(dodec-1-ene), due to a proton transfer to the
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nitrogen atom, produces the doubly charged ion
observed at m/z 241.28 while the heterolytic
cleavage of the N-C bond forms the singly charged
ion, m/z 481.55. The second elimination product

Gemini Surfactants G12-s and G18:1-s
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FIGURE 4 G18:1-6 produced the most fragments of the G18:1-s family and is therefore representative of it. The (a) MS/MS spectra of
G18:1-6 and (b) the fragmentation pattern show a number of diagnostic fragments that can be utilized for structural identification.

(m/z 481.55) should, in theory, produce a comp-
lementary ion of the tail the region with a theoretical
m/z 169.19. However, this ion was not observed
during MS/MS of the precursor ions using either
QqToF or QHQ analysis under various experimental
conditions, regardless of the collision energy. It is
possible that the ion expected at m/z 169.19 was
instantly formed and neutralized via proton transfer

J. Buse et al.

from other species within the collision cell. As
discussed below and shown in Table 2, only short
aliphatic radical ions were observed at m/z 85.10
(2", 71.09 (3"") and 57.07 (4"”") (Figs. 3a and 3b),
which supports the notion that longer singly charged
alkyl chains were neutralized.

Following the same mechanism described in the
previous section, the loss of the second twelve
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TABLE 3 Fragment Identification and Corresponding m/z Value for Each Gemini Surfactant Compound in the G18:1-s Family

Compound G18:1-2 G18:1-3 G18:1-6

Molecular formula (M) (C42H86N2) (C43H88N2) (C46H94N2)

Spacer region (s) (GHy) (C3He) (CeH12)

Collision energy (eV) 20 25 31

Product ions (m/2) (m/z) (m/z) #

[m]%+ 309.34 316.35 337.38 1

[M-CygH35]" 367.41 381.43 423.48 2

[M-C;gH35-C1gH34-(CH3),NH] ™ 72.08 86.10 128.15 3

[M-CigHsa 12 - / 191.35 212.25 2
2 .

[M-CygH34-C1gH34]°" % / % / 87.11 3

[M-CygH34-CqgH34-('s’+(CH3),NTT 46.06 46.06 46.06 4

[M-C5oHg3N>-S1H 97.10 97.10 97.11 2

[M-C51HgsN>-S]1H 83.09 83.09 83.09 37

[M-C3,Hg7N5-S]™ 69.08 69.08 69.08 4"

[M-C33HgoN5-S]™ 55.06 55.06 55.06 5"

[M-C33Hg7N5-S]™ 57.07 57.07 57.07 2"

carbon tail produces a doubly charged product ion
[M-C15H,4-C 1o Ho T, at m/2 157.19 (3/), and the sin-
gly charged ion [M-Cy,H,s5-C1oH, )", at m/z 313.36
(3), (Table 2 and Figs. 3a and 3b). The origin of the
fragment ions was confirmed via MS/MS analysis
using QHQ instrument. QHQ, contrary to QqToF, is
able to generate strong “in source” fragmentation
and hence this allowed us to authenticate the
proposed fragmentation pathways and the order in
which ions are formed (Table 4). An additional

TABLE 4 Tandem Mass Spectrometric Analysis Using an HQH
instrument. The Formation of Diagnostic lons During MS/MS
Analysis Confirmed the Fragmentation Pathway for Each Gemini
Surfactant Structural Family

MS/MS ions of

G12-16 Diagnostic MS/MS ions produced
241.28 313, 311, 268, 254, 214, 212, 157, 46
481.55 313, 311, 268, 254, 214, 212

157.19 268, 46

313.36 311, 268, 254

311.00 268

268.30 254

436.49 214, 212

MS/MS lons of

G18:1-6 Diagnostic MS/MS ions produced
212.25 128, 87, 46
423.48 128

J. Buse et al.

aminium ion that is produced by the loss of H, from
the singly charged ion, [M-Ci,H,s-CioHoul*™ (3),
results in the formation of a double bond between
the terminal carbon of the spacer and the nitrogen;
[M-C1,H,4-C,Hos-Hol* T at m/z 311.34 (4) (Table 2
and Figs. 3a and 3b). The loss of a neutral CH,=N-CH3
(N-methylidenemethanamine) from the singly
charged, m/z 311.34 (4) produces the product ion
of [M-C15Hys5-C1oHpy-Hy-Co,HsNIT at m/z 268.3 (5)
and subsequent elimination of a CH, yields the ion,
[M-C1,H,5-C,Ho4-Ho-CoHsN-CH,I Y, at m/z 254.29
(6) (Tables 2 and 4 and Figs. 3a and 3b). The diagnos-
tic product ions represented by [M-C;,H;s-C12H4-Ho-
CZHSN]+(5) (Fig. 3b) are observed in all G12-s gemini
surfactants nanoparticles presented in Table 2.

On the other hand, the doubly charged product
ion observed at m/z 157.19 (3') is also cleaved at
the terminal N-C bond releasing two complementary
ions observed at m/z 268.3, [M-C;,H,4-CioHay-
C,HgNI", (4) and m/z 46.06, N-methylmethanami-
nium, (5'). Based upon the diagnostic fragments
produced by the ions at m/z 311.34 (4) and
157.19 (3") (Table 4), it can be concluded that two
structural isomers exist for the ion observed at
m/z 268.3 (5 and 4") (Figs. 3a and 3b). In a similar
mechanism that produces the complementary ions
observed at m/z 268.3 (4) and 46.06 (5"), another
pair of complementary diagnostic product ions were
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produced from the cleavage of the N-C bond within
the molecular ion and observed at m/z 436.49 (2")
and 214.26 (3") (Table 2 and Fig. 3a & 3b).

Additional nondiagnostic product ions were
observed at m/z 422.47, m/z 380.43, m/z 366.41,
m/z 352.37, and m/z 338.34 in G12-16 (Fig. 3a).
These minor nondiagnostic ions results from the loss
of (CH,), and originated from different sources (m/z
481.55, 241.28, 436.49) as confirmed by QHQ analy-
sis (data not shown). Furthermore, nondiagnostic
ions are expected and result from the tail region of
the G12-s gemini surfactants as a result of their ident-
ical nature. Identical fragments seen in the analyzed
G12-s gemini surfactants are singly charged small
product ions, namely, N,N-dimethyldodecan-1-
aminium (3”), N,N-dimethyldodec-1-en-1-aminium
(4"), hex-1-ylium (2"") pent-1-ylium (3"") and but-1-
ylium (4”") (Table 2 and Figs. 3a and 3b). It should be
noted that the final three small fragment ions can be
generated from all ions which contain the gemini
surfactant tail region; for illustrative purposes, we
opted to present these ions being generated from
the molecular ion (Fig. 3b).

QqToF MS/MS Analysis of G18:1-6
Gemini Surfactant

The fragmentation pattern of the G18:1-s family of
gemini surfactant nanoparticles follows a similar
fragmentation pattern to the GI12-s family and
produces singly and/or doubly charged product
ion(s) due to the loss of a tail moiety. In G18:1-6,
these product ions are observed as [M-C,gH35l*" at
m/z 423.48 (2) and [M-CgHas)* " at m/z 212.25 (2)
(Table 3 and Figs. 4a and 4b). The subsequent loss
of the second tail moiety from m/z 212.25,
[M-C,gH34)*", results in the formation of a doubly
charged ion [M-CigHz4-CisHaul™ at m/z 87.11 (3)
(Table 3 and Figs. 4a and 4b). This doubly charged
ion is only observed in G18:1-6. In fact, the doubly
charged ion observed at m/z 87.11 (3) is a very
minor product ion (Fig. 4a) and therefore it is very
likely that its formation is transient and it is relatively
unstable due to the close proximity of the positive
charges in both G18:1-2 and G18:1-3.

On the other hand, the loss of both tail regions,
one bound to a single dimethyl-amino, is observed
in all G18:1-s gemini surfactant. In G18:1-6, this is
observed as, [M-C;5H35-CooH4NI* at m/2z 128.15 (3)
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and it can be formed from [M—C18H55]+ (2) due
to the dual cleavage of a neutral CH3(CH,)-
CH=CH(CH,)¢CH=CH, and NH(CH3),. It can also be
formed from the ion [M-C;5Hzsl™ (2) via the loss of
a neutral CH3(CH,),CH=CH(CH,)¢;CH=CH, and the
corresponding singly charged ion m/z 46.00,
N-methylmethanaminium (4’) (Table 3 and Figs. 4a
and 4b). The proposed fragmentation pathways were
confirmed via QHQ-MS/MS experiments (Table 4).

Since all G18:1-s gemini surfactants contain
identical tail regions it is expect that there will be
shared fragments within this gemini surfactant
family. The presence of a double bond in the tail
regions of the G18:1-s gemini surfactants results in
a double bond also being present in their product
ions, producing alk-1-en-1-ylium fragments: hept-1-
en-1-ylium (2"), m/z 97.11, hex-1-en-1-ylium (3"),
m/z 83.09, pent-1-en-1-ylium (4"), m/z 69.08, and
but-1-en-1-ylium (5"), m/z 55.06 (Table 3 and
Fig. 4a & 4b). Similar to the G12-s family, an
additional identical fragment seen in all analyzed
G18:1-s gemini surfactants: a singly charged but-1-
ylium at m/z 57.07 (2"") (Table 3 and Figs. 4a and 4b).

Increased fragmentation complexity is observed,
in Tables 2 and 3, as the spacer region length is
increased from two to sixteen or two to six carbons
in length; with G12-16 and G18:1-6 generating the
most complex fragmentation patterns of their
respective families (Fig. 3a, 3B, 4a & 4b). However,
these spectra possess the fragments that are present
in the spectra of other gemini surfactants and there-
fore they are representative of the G12-s and G18:1-s
gemini surfactant families of nanoparticles, respect-
ively. Within these distinct spectra there is, however,
one identical product ion shared by all ten com-
pounds, but-1-ylium at m/z 57.07 (Tables 2 and 3),
and several ions among the ten compounds which
are structurally conserved; for example, the loss of
a single tail fragment, 2 and 2’ (Tables 2 and 3 and
Figs. 3a, 3B, 4a and 4b).

CONCLUSIONS

The molecular composition of each G12-s and
G18:1-s gemini surfactant was determined by
QqToF-MS analysis. The assessment of the fragmen-
tation pattern for each gemini surfactant was done
by QqToF-MS/MS and demonstrated that the gemini
surfactants share fragmentation patterns that are

Gemini Surfactants G12-s and G18:1-s
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specific to their respective gemini surfactant families.
Currently, a study of other gemini surfactant families
is taking place with the intent of identifying for each
gemini surfactant two to three product ions that
have unique m/z values and that will be utilized
in multiple-reaction monitoring. Multiple-reaction
monitoring utilizes both the precursor ion and the
select diagnostic product ions produced for the
quantification of the compound. In addition, both
the precursor—to—product-ion transition and the
retention times of each compound will allow for
their exact identification. By identification of both
the similarities and differences between each gemini
surfactant’s product ions, the differing product ions
become candidates for use during LC-MS/MS quanti-
fication of them and their metabolites in biological
samples. By quantification of both the gemini surfac-
tants and their metabolites, an evaluation of their
toxicity, bioavailability, and half-life during the
course of transfection can be undertaken. Currently,
the LC method necessary to separate the gemini
surfactants is being designed to quantify individual
gemini surfactants in tissue culture extracts.
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