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The ion chemistry of the title compounds, a nonafluorobutyl methyl ether and a hydrofluoro-
propane, is elucidated by a combination of studies using atmospheric pressure ionization mass
spectrometry and triple quadrupole mass spectrometry. In the positive ion mode, the
hydrofluoroether readily forms an [M — F]" ion, attributable to hydronium ion induced
dehydrofluorination, the product of which can be further hydrated to give a protonated
hydrofluoroester. By contrast, the hydrofluoropropane does not react with the hydronium ion
but rather gives hydrofluoroalkenylium cations via H atom and F atom abstraction by the
dioxygen radical cation. In the negative ion mode, the fluorobutyl methyl ether undergoes
dissociative electron capture with O, ", O; ' (H,0), O3, and NO, to generate the fluorobutoxy
anion, which can dissociate by CF,=0 loss to give the perfluorocarbanion when the precursor
ions are internally excited. The hydrofluoropropane reacts readily with common atmospheric
anions to form molecular complexes with F~, O, ", and O3 and the strongly H-bonded species,
O, (HF) and F~ (HF). Interestingly, isomeric pentafluoropropanes form in the reaction with

O, ', either O,(HF) or F (HF), depending
substitution.
Mass Spectrometry

on the specific pattern of the fluoro
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ing countries proceeded to phase out chlorine

containing fluids, widely used in many industrial
and consumer applications (refrigeration, foaming,
aerosol propulsion), for their effect on the depletion of
the Earth’s ozone layer [1]. The search for nonchlori-
nated substitutes for hydrochlorocarbons (HCCs), hy-
drochlorofluorocarbons (HCFCs), and chlorofluorocar-
bons (CFCs), has focused primarily on fluorine
containing chemicals, including hydrofluorocarbons
(HFCs) and hydrofluoroethers (HFEs). In contrast to
CFCs, HFCs and HFEs are considered ozone-safe sub-
stances for their lack of chlorine and bromine substitu-
ents, which, released as free atoms, are known to
strongly interfere with the ozone cycle. Moreover,
thanks to their hydrogen content, HFCs and HFEs are

Following the 1987 Montreal Protocol, participat-
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expected to undergo reactions with free radicals in the
well-mixed lower layer of the Earth’s atmosphere, the
troposphere, which will prevent them from reaching
the stratosphere.

When introducing new compounds of synthesis for
use in applications, it is mandatory to know in detail
their behavior and reactivity under different experi-
mental conditions to which they might become exposed
while in use or when released into the environment.
The lifetime in the atmosphere of hydrogen-containing
fluorinated compounds is governed essentially by their
reaction with the hydroxyl radical in the troposphere
and lower stratosphere [1]. Therefore, ion/molecule
reactions occurring in the mesosphere and lower ther-
mosphere should not have an effect on the atmospheric
lifetimes of these compounds. Nevertheless, the gas
phase ion chemistry and specific ion/molecule reac-
tions of such volatile organic compounds is of interest,
both for fundamental knowledge and for application-
oriented research and development related to analytical
chemistry (e.g., electron capture detectors for gas chro-
matographs, CIMS instruments for fast-response chem-
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ical sensors) and plasma technologies (e.g., plasma
processing of materials). Specifically, novel nonthermal
plasma-based technologies are currently being devel-
oped for the removal of VOCs (volatile organic com-
pounds) from contaminated air [2]. A major focus of our
research in this field deals with the ionic reactions
occurring in such air plasmas, which can be conve-
niently produced by corona discharges at atmospheric
pressure, and investigated by means of APCI-MS anal-
ysis [3-7]. Finally, it is worth mentioning that the
interest in such novel plasma-based treatment processes
is also attributable to the possibility of abatement of
ozone-safe compounds which are, however, implicated
as greenhouse gases.

The present account reports the results of an
investigation of positive and negative ions formed
from fluoroether HFE-7100 (nonafluorobutyl methyl
ether composed of two inseparable isomers,
(CF,;),CFCF,OCH; and CF;(CF,);OCH;), and fluoro-
propane HFC-245fa (1,1,1,3,3-pentafluoropropane) in
air plasmas at atmospheric pressure. Both HFE-7100
and HFC-245fa were recently recommended by EPA as
new viable substitutes for CFCs [8]. Their gas phase ion
chemistry is so far unreported.

Two experimental approaches were used in this
investigation to study the ionic reactions of the title
compounds in air. First, experiments were conducted
with a single analyzer APCI-MS apparatus to gain
essential information on the ions which are produced
from the investigated compounds within the air
plasma. Such experiments usually allow for the infer-
ence of major ionization and fragmentation routes and
other important ion/molecule reactions. An obvious
limitation of this experimental set-up is the lack of
MS/MS capabilities: the recorded APCI spectra are due
to all the products of the reactions of the organic
compounds with all the background ions. To gain a
better insight into the ion chemistry of the title com-
pounds in air, their reactivity towards specific atmo-
spheric ions (H;O", O5, O3, NO;, and their hydrates)
was then extensively investigated using an APCI source
coupled to a triple quadrupole mass spectrometer. The
APCI source was fed with air to produce the reactant
ions, which were mass-selected and allowed to react
with the fluorocompound in the collision cell of the
triple quadrupole. The results from the two experimen-
tal approaches provide an integrated picture of the
atmospheric ion chemistry of the title compounds.
Additional results obtained with a third compound, the
fluoropropane HFC-245ca (1,1,2,2,3-pentafluoropro-
pane), isomeric with HFC-245fa, are also reported for
comparison.

Experimental
Materials

HFE-7100 [nonafluorobutyl methyl ether composed of
two inseparable isomers, (CF;),CFCF,OCH; and
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CF;(CF,);0CHj;, purity 99%] and HFC-245ca (1,1,2,2,3-
pentafluoropropane, purity 99%) were commercial R.P.
products of Aldrich (St. Louis, MO), HFC-245fa
(1,1,1,3,3-pentafluoropropane, purity 98%) was from
SynQuest Laboratories (Alachua, FL); they were used as
received. High purity synthetic air, with a specified
H,O impurity of less than 5 ppm, was used as back-
ground gas.

Instrumentation and Procedures

APCI spectra of HFE-7100 and HFC-245fa in air plasma
were performed by a TRIO 1000 II instrument (Fisons
Instruments, Manchester, U.K.), equipped with a Fisons
APCI source. A schematic of this source and of the
experimental set up used for the introduction of vapor-
ized samples was given previously [3]. The ion source is
kept at near atmospheric pressure by flowing a stream
of buffer gas (synthetic air in the present investigation)
at 4000-5000 mL-min~" introduced through the nebu-
lizer line, a capillary of ca. 2 mm i.d. The final length (ca.
1 cm) of the nebulizer line is wrapped externally with a
heating wire, which controls the temperature of the
APCI source. Liquid analytes are introduced as vapors
which are stripped from a small reservoir by an auxil-
iary flow of buffer gas. This flow is adjusted to a value
(typically 5-50 mL-min~') such as to obtain a concen-
tration of the analyte in the APCI source within the
range 100-1000 ppm,. Two such lines are available on
this instrument and merge into a capillary (i.d. = 0.3
mm) which enters the APCI source running coaxially
inside the nebulizer line. Gaseous samples are allowed
into the source through one of the two lines after
dilution with auxiliary buffer gas flowing through the
second line. The two merging flows are independently
adjusted by means of two flowmeters, so as to achieve
a good intensity of sample signals over the background
(typically 5-30 mL-min'). The concentration of the
fluorocarbon samples in air achieved within the APCI
source was not quantified.

The needle electrode for corona discharge was kept
at 3000 V. Ions leave the source through an orifice, ca. 50
wm in diameter, in the counter electrode (the “sampling
cone”, held at 0-150 V relative to ground), cross a
region pumped down to ca. 10~% Torr (1 Torr = 133.3
Pa) and, through the orifice in a second conical elec-
trode (the “skimmer cone”, kept at ground potential),
reach the low pressure region hosting the focusing
lenses and the quadrupole analyzer. It was shown
earlier that collision induced decomposition (CID) ex-
periments can be usefully conducted in the intermedi-
ate pressure region between sampling and skimmer
cones by the proper adjustment of V., the difference
between their potentials [3]. In our experiments, spectra
are recorded at several different values of V. ranging
from the lowest possible value (1-5 V) necessary to
achieve an acceptable signal to noise ratio up to 150 V.
Each experiment also includes, prior to the introduction
of the analyte, a preliminary analysis of the “back-
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ground” spectra with only air introduced into the APCI
source, again at several different values of V.. [3].
Before conducting an experiment at 300 °C, the nebu-
lizer was kept at 300—400 °C for a few of hours and the
inlet lines were heated with the help of a heating gun.

Ion/molecule reactions of H;O"(H,0),, (n = 0-2),
07, 0;°(H,0), NOz, O3, N,O;, NO; with HFE-
7100, HFC-245fa and HFC-245ca were performed by a
Finnigan TSQ 700 triple quadrupole mass spectrom-
eter (Finnigan MAT, San Jose, CA) equipped with an
APCI source. A stream of air was introduced through
the sheath gas line with a head pressure of 20 psi. The
reagent positive or negative ion, generated by APCI
of air, was selected using the first mass analyzer (Q1);
the source parameters were optimized to obtain the
highest signal to noise ratio for each selected ion.
Specifically, for H;O"(H,0) and H;O0"(H,0O),, the
following experimental conditions were used: source
and capillary temperature 50 °C, corona current at 3.7
wA, capillary voltage at 5 V, and turbo lenses voltage
at 15 V for H,O" (H,0), and at 30 V for H;O" (H,O)..
Linear increase of the turbo lenses voltage is not
sufficient to induce complete declustering of H;O"
ion, requiring for this task a deep change of the
operative conditions of the source. The highest yield
of H;O™ was obtained by increasing the source and
the capillary temperature to 150 °C and 80 °C, respec-
tively, and the corona current to 6 wA. The capillary
and turbo lenses voltages were then adjusted to
maximize the reagent ion signal. In the negative ion
mode, the temperature of the source and of the
capillary were maintained at 50 °C, while the corona
current was the parameter giving the biggest change
in the yield of the different ions: a value of 1.5 A was
chosen to maximize the intensity of O, and O; (H,O)
ions, while 3.7 uA corona current were applied in the
case of all the other selected ions (NO,, O; ", N,O, ",
NO;3).

The temperature of the manifold was maintained at
70 °C and neutral reagents were introduced into the
collision cell, Q2, via a leak valve (Granville Phillips
Co., Boulder, CO). The collision cell pressure was
varied between 3.0-10™* and 2.5-10> Torr (uncorrected
values) and the optimized collision energy was found to
be nominally 0 eV. Mass spectra of ion/molecule reac-
tion products were recorded by scanning the second
analyzer, Q3.

Ion/molecule reaction of O;  with HFC-245fa was
performed by a Finnigan TSQ 70 triple quadrupole
mass spectrometer (Finnigan MAT, San Jose, CA)
equipped with an EI source. The manifold and ion
source temperatures were maintained at 150 and
70 °C, respectively. O;  was generated by 70 eV
electronic ionization (EI) of residual air in the source,
and isolated by Q1. HFC-245fa was introduced into
Q2 via a leak valve at a pressure of 5.0-107%,
1.0:1073, and 1.5-1072 Torr (uncorrected values) in
three independent experiments. Mass spectra of ion/
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Table 1. Ionic products of the reactions of selected reagent
ions with HFE-7100, HFC-245fa and HFC-245ca (M) observed in
APCI-TSQ experiments

Reagent ion
M H;0™" H;0" (H,0) H;0* (H,0),
HFE-7100 [M-FI* - -
HFC-245fa H;0" (M) H;0" (M) (low) -
H;0" (M),?
MH*
HFC-245ca H;0" (M) - -
H;0" (M),?

20bserved only at high pressure.

molecule reaction products were recorded by scan-
ning Q3.

All experiments were replicated at least twice, yield-
ing in all cases reproducible results.

Results and Discussion

Ionization of organic compounds within the APCI
source is due to ion/molecule reactions with ions of the
air plasma generated by corona discharge. These reac-
tant ions are readily observed when pure air is intro-
duced into the source and produce what we call the
‘background’ spectra. ‘Background’ spectra are rou-
tinely acquired and analyzed prior to each experiment
under the specific experimental conditions of tempera-
ture and humidity that will be used in the experiment.
The “background” spectra obtained in the present
study under various different experimental conditions
are consistent with earlier ones, which were described
in°detail®in°previous®publications°®[3,°6].°Briefly,°major
“background” positive ions are H,O"(H,0),, with
NO™(H,0),, being also observed although in lower
abundance. Depending on the APCI source tempera-
ture and on the amount of residual humidity in the
apparatus, more- or less-heavily solvated ions prevail at
low values of V ... typically, in dry air at 30 °C,
complexes with n = 1-4 are observed, the most abun-
dant usually being H;O" (H,0O), while at high temper-
atures (300 °C) smaller clusters prevail. In addition,
minor amounts of OF (H,0) and O3 (H,O), are also
detected at 300 °C. As V. is gradually increased,
collision induced dissociation produces smaller clusters
and eventually the bare H;O" and NO™" ions. Finally, at
yet higher values of V... (=90-100 V) only three
signals are detected, at m/z 29, 32, and 33, which are
attributed to N,H", O;°, and O,H", respectively,
formed°in®endothermic®ion/molecule®reactions®|6].
Hydrates O, (H,0), and O3 (H,0),, are the major
“background” negative ions, with n ranging typically
between 0 and 3 depending, as for the positive cluster
ions, on the temperature and on the amount of residual
humidity within the APCI source. In addition, the
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Figure 1. Positive APCI spectra of HFE-7100 in synthetic air recorded at V
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=1V and (a) 300 °C

cone

(b) 30 °C. Enclosed in rectangles: ion/molecule complexes of C,FH,O; (1m/z 79) with water molecules.
Enclosed in circles: ion/molecule complexes of CsF,H,O, (m/z 229) with water molecules.

O, (O,) species is also detected, more prominently at
300 °C. As V. is gradually increased, the clusters
decrease in size by releasing water molecules, and
eventually the bare anions are collected. At yet higher
values (V yne =70-80 V), a signal at m/z 16 is observed
which is attributed to O™". Depending on the source
conditions, minor signals are also seen in the back-
ground spectra at m/z 46, 60, and 62, which are attrib-
uted to NO,, N,O,, and NOj, respectively. Such
anions are reasonably related to corona-induced reac-
tions in air which are known to produce NO,. Specifi-
cally, the attribution of the signal observed at m/z 60 in
APCI experiments to N,O, rather than CO;  was
briefly°discussedin®an°earlier®publication®3].

The results are organized in two major sections, one
for positive and the other for negative ions. Within each
section, the behavior in air plasma of the two VOCs is
described and discussed with reference to the results of
specific ion/molecule reactions performed with the
APCI-TSQ instrumentation. For convenience, at the
beginning of each section a table is included which
summarizes the main results obtained in the APCI-TSQ
selected ion/molecule reaction studies with the com-
pounds investigated.

Positive Ions

The ionic products observed in the reactions performed
with® APCI-triple® quadrupole®are® summarized®in°® Ta-
ble°l.

5. EF E
H,0 + HyC” \F

m/z 231

HFE-7100 (Nonafluorobutyl Methyl Ether)

The positive APCI spectrum of HFE-7100 (M) at low
values of V. both at 300 °C and 30 °C is dominated by
a signal at m/z 231 attributable to [M — F]* species
(Figure©1).°It°is° evident® from° Figure® 1b° that® several
additional ions are present at 30 °C: as discussed in
detail later, these are water clusters of two product ions
at m/z 229 and 79, which are attributed to the species
CsF,H,0; and C,FH,O;, respectively.

The proton affinity and the ionization energy of
HFE-7100 are not available to support any hypothesis
on the ionization of this isomeric pair of compounds
under APCI conditions: important clues came, how-
ever, from the study of the reaction with H;O" in the
collision cell of the triple quadrupole. Regardless of the
pressure inside the cell, the only observed product was
invariably the [M — F]" species, likely formed via
proton transfer and elimination of a molecule of hydro-
gen fluoride, as exemplified in eq 1.

FF F + FF F

o F o F
. > P
0 + HiC ?F/\Fﬁ —> H,0 + HF + HC m
m/z 231
@

It is reasonable to assume that the same process is
taking place in the air plasma at atmospheric pressure
within the APCI source, where H,O™" and its hydrates
are the major “background” ions.

FF F
0 F
c” M
og FF
" F
m/z 229 \‘C3_Fﬁ> H3C/O\|(
+OH
m/z 79

Scheme 1. Proposed route for formation of m/z 229 and 79 in APCI-MS of HFE-7100 in humid

air.
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Figure 2. Positive APCI spectra of HFC-245fa in synthetic air recorded at (a) V,

=1V and 300 °C,

cone

2a.°It°%is°rather°complex®andunusual®in°that’it°contains

(b) Veone = 110 V and 300 °C, and (¢) V one = 1 V and 30 °C.
As V.. is increased, [M — F]* ions dissociate to
CH,OCF; (m/z 81), CF;CF,CF, (m/z 169), and

O=CFCF,CF,CF; (m/z 197), and at yet higher V...,
also to CF,CF; (m/z 119) and CF; (m/z 69). This data is
not shown here. When a greater amount of water is
present inside the APCI source, as is typical at 30 °C, a
second process is observed, leading to the formation of
the ions at m/z 229 and m/z 79. Our hypothesis, shown
in Scheme 1, is that [M — F]", formed in the reaction of
M with H;O" (eq 1), undergoes water addition and HF
elimination to form the product CsF,H,0O5 at m/z 229:
this protonated ester species can dissociate via elimina-
tion of C;F, to produce C,FH,O5 at m/z 79.

Support for this proposal came from experiments
with D,O which resulted in the expected deuterium
incorporation in the reaction product ion, causing a
shift of the signal from m/z 229 to m/z 230. Furthermore,
CID experiments conducted in the APCI source by
increasing V.. produced fragment ions at m/z 209 and
59, which can be ascribed to dissociation via HF loss of
the species at m/z 229 and 79, respectively.

HFC-245fa (1,1,1,3,3-Pentafluoropropane)

The positive APCI spectrum of HFC-245fa (M) obtained
at 300 °C and at low values of V_, ..is’shown‘in°Figure

cone

F,C—CH,—CF,H + H;0' %» HF

no evidence for the molecular ion (M™, m/z 134) or the
protonated species [MH]" or any [M — F]" (m/z 115)
product ion: instead, several other signals are detected,
the major ones of which are found at m/z 95 and m/z 113.
The attribution of these signals to specific ionic prod-
ucts and a rationale for their formation, not a trivial
task, were achieved mainly through selected ion/mol-
ecule reaction experiments performed with the APCI-
TSQ.

The signal at m/z 95 can only be attributed to a
C,F;H; product ion. By analogy to what was found
with HFE-7100 (see eq 1 above), it was reasonable to
expect that HFC-245fa should react with H;O" to give
[M — F]* (not observed), which dissociates to C;F;H;
via HF elimination, as illustrated in Scheme 2. It will be
shown, however, that this reaction scheme is not sup-
ported by the results of APCI-TSQ experiments de-
scribed below.

As for the peak at m/z 113, the other major signal in
the?APCI%pectrumof HFC-245faqFigure2a), itcould be
assigned to any of three different species,
C,F;H,(H,0)*, C;F;H,0O", and C;F,H™. The first op-
tion, i.e., that m/z 113 is the hydrate of m/z 95, seemed
very likely since hydrates are usually observed in APCI
experiments. This hypothesis, however, is inconsistent

+ Hzo + [C3F4H3]+

m/z 115

\—> HF + C3F3H2+

m/z 95

Scheme 2. Possible but rejected route for formation of C;F;H; in APCI-MS of HFC-245fa.
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FgC_CHZ_CFzH + I’I?)OJr %’ HF + Hzo + ICFZ_CHZ_CFZH

o,

m/z 133
OH

\—> HF + %F_CHZ_CFzH

m/z 113

Scheme 3. Possible but rejected route for formation of C;F;H,0" in APCI-MS of HFC-245fa.

with the high persistence of the signal at m/z 113 when
Veone 18°increased® (Figure® 2b),° typical® of° a® covalent
species and not of an ion/molecule complex.

The second possibility, i.e., that m/z 113 is the oxygen-
ated product C;F;H,07, also seemed quite reasonable
considering a reaction of HFC-245fa with H;O" (Scheme
3) in analogy to the reaction observed with 1,1-difluoro-
ethane®under®similar°experimental°conditions[6].

However, when deuterated water was introduced
into the APCI source, the expected mass shift from m/z
113 to m/z 114 for the product ion of the reaction of
HFC-245fa with D;O™ according to Scheme 3 was not
observed. Indeed, only a minor signal appeared in the
spectrum at m/z 114, the major signal remaining at m/z
113. This result is in contrast with the proposal of
Scheme 3 but is, instead, consistent with the third
possible composition mentioned above for m/z 113,
namely, C;F,H™; such an ion should undergo limited
deuterium/proton exchange, as observed by Heck et al.
[9]°for°analogous’species.

Conclusive indications as to the composition and
origin of the major ionization products of HFC-245fa in
air plasma, namely the ions at m/z 95 and m/z 113, came
from selected ion/molecule APCI-TSQ experiments. It
was found indeed that reaction of HFC-245fa with
H,0" gives only two products, the complex H;O*M as
the major product and, to a lesser extent, the protonated

species"MH*O(Table°1).°A°simi1ar°behavior°is°observed
for the isomeric pentafluoropropane studied, HFC-
245ca. Thus, the reactions shown in both Scheme 2 and
Scheme 3 were ruled out, and other ions were probed as
possible precursors of the m/z 95 and 113 products.
Notably, O,, a major primary ion in air plasma, was
found to react with HFC-245fa to give C;F,H3 (m/z 115)
and C;FsH; (m/z 133) via fluoride and hydride transfer,
respectively®(Figure©3).°These°two°products°are®likely
precursors of the ions at m/z 95 and 113, observed as
major products of the ionization of HFC-245fa under
APCI conditions. Thus, the ion C;F,H™ (m/z 113) can be
ascribed to dissociation, via HF loss, of C;FsH;, the
product of hydride transfer. Analogously, C;F;H, (m/z
95) can originate via HF loss from C;F,H3, the product
of fluoride transfer (Scheme 4).

Elimination of HF is a commonly observed process
for“fluorinatedorganiccationsq10].°Arelevant®example
isreported by Nguyen‘etal.111],°whoobserved HFloss
from C,F,HS (m/z 115), a structural isomer of the
species shown in Scheme 4, formed via a methathesis
reaction in the chemical ionization of acetone with CF,.

Another important product of the reaction of O
with HFC-245fa is the ionized olefin [CH, = CF,]™" (m/z
64), which could form via hydrogen abstraction by O
and elimination of ‘CF; as shown in Scheme 5.

In the APCI spectra obtained at low temperature

+

115 H_,,IM -F] 8.7 E+04
100
so—-
60 5
0 +
2 |CH,=CFE,]
32
i 64
40
[M -H]
133
20 -
51 95
69 - J
o] _J[ N ] "
5o tT wo 50 200

Figure 3. APCI-TSQ mass spectrum of the products of the reaction of O;  with HFC-245fa at a

nominal pressure of about 1.5-10 2 Torr.
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/—>

02+. + CFgCHzCFzH

\—> *0,F + *CF,CH,CF,H
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.OzH + CFgCH2CF2+

M2133 N CF,CHCF," + HF

m/z 113

m/z 115
21 N> *CF,CH=CFH + HF

m/z 95

Scheme 4. Proposed route for formation of the ions at m/z 95, 113, 115, and 133 in APCI-MS of

HFC-245fa.

(30 °C), the signals due to HFC-245fa remained of low
intensity with respect to those of the background also
when the hydrofluorocarbon was present in high concen-
tration®inside°the°source®(Figure®2c).’Interestingly,°under
these conditions the products of fluoride transfer (C;F,H;,
m/z 115) and hydride transfer (C;FsH;, m/z 133), which
are not detected at 300 °C, could be readily observed as
free ions and/or as ion/molecule complexes. Thus,
C;FsH; is mainly detected as the ion/molecule complexes
(CsFsH; )M at m/z 267 and (C5FsH; )(M)(H,O) at my/z 285.
The observation of the products of fluoride transfer
(CsF,H; , m/z 115) and hydride transfer (C;FsHy , m/z 133)
provides strong support for the proposal of their interme-
diacy in the ionization/dissociation routes sketched in
Scheme 4. The different degrees to which the processes
described in Scheme 4 are observed at 30 °C and 300 °C
are®ascribed°to’the’higher®internal®energy°of°the®ions°at
300 °C.

Other significant signals in the APCI spectrum of
HFC-245fa at 300 °C are detected at m/z 93, 111, and 129
(Figure?2a).°’A%irst’hypothesisthatthey“could be‘dueto
species C5F3 (H,0),, (n = 0-2) had to be rejected, based
on experiments performed with D,O at different values
of V one- These experiments, not shown, indicated that
the ion at m/z 129 contains only two exchangeable
protons and can be viewed as a monohydrated species,
i.e., the hydrate complex of the ion at 71/z 111. The latter,
however, has no exchangeable protons and therefore
cannot be a water cluster of the ion at m/z 93.

Further experiments were performed by varying the
amount®ofwaterinthe?’APClI°source.Figure®4°reports‘a
few examples of spectra obtained with increasing
amounts of water while maintaining constant both
Veone and the amount of HFC-245fa admitted into the
APCI source. It is easily seen that as the amount of
water is increased, the abundance of *CF,-CH=CHTF at

F.C ) F
3 \c—C§F
H'ﬁ L/\H 5

)

+O_Oo

HO,

m/z 95 and CF,-CH=CF3 at m/z 113 decreases suggest-
ing that both ions are quenched by water. Such decay is
matched by complex changes in the observed ion pop-
ulation which are due to the combination of different
reactions involving water as the neutral reagent: C—O
covalent bond formation via water addition and HF
eliminations and clustering of the products of such
reactions. A rationale for the processes occurring within
the plasma in humid air is offered in Scheme 6 which is
based on and consistent with all experimental results
obtained in experiments conducted with D,O and in
CID experiments performed by increasing V..

As the amount of water inside the source is in-
creased, the abundance of the ions *CF,-CH=CHF and
CF,-CH=CF; (m/z 95 and 113) decreases, while that of
their products of H,O addition and HF elimination
increases (11/z 93 and 111, labeled a and b, respectively).
Note that these products are detected mainly as hy-
drates, a(H,O),-and°b(H,0),,-(n,°m°="°1-3)°(Figure°4).
Note also the complication that the hydrates a(H,O),, (n
= 1-3) and b(H,0),, (m = 0-2) are isobaric (m/z 111,
129, 147) since a and b differ by 18 mass units because
of the substitution of a hydrogen by a fluorine.

A second HF elimination step is then observed from
ions a and b forming, respectively, product ions a’ (m/z
73)%and b’ (m/z 91).“Theseions‘are‘also’detected ‘mainly
as water complexes, a'(H,O),-and’b’(H,0),,,.(Figure°4).
Moreover the complexes a’'(H,0),, (n = 1-3) are isobaric
with b’(H,0),,, (m = 0-2) (m/z 91, 109, 127). Reciprocal
interferences are however eliminated when water is lost
by increasing V.. and the dissociation behavior of the
bare ions, at m/z 73 and 91, can be observed. Both
species undergo characteristic CO loss which provides
further support for their assignments. Another interfer-
ence is due to the superposition of the signal attribut-
able to a’ with that attributable to the background ion

Pl

+ .CFg

H
\C= C/
+ /7
H Np
m/z 64

Scheme 5. Proposed mechanism for formation of m/z 64 in the reaction of HFC-245fa with O; .
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Figure 4. Positive APClI spectra of HFC-245fa in synthetic air recorded at V.. = 1 V and 300 °C with

the addtion of H,O at a flow of (a) 10 mL-min~?, (b) 20 mL-min~?, and (c) 30 mL-min ..

H;O0"(H,O);. It should be noted that the major signal
at m/z 73, observed under low potential conditions
both at 30 ° and 300 °C, is mainly due to the complex
H,O"(H,0O);, particularly abundant when water is
added into the source.

Finally, both at 300 ° and at 30 °C the APCI spec-
tra contain signals at m/z 164 and 182 which are due
to complexes NO"(M) and NO*(H,0)(M), respec-
tively.

Negative lons

The ionic products observed in the reactions performed
with®’APCI-triple°quadrupole®are’summarized®in“Table2.

HFE-7100 (Nonafluorobutyl Methyl Ether)

In the negative APCI spectra of HFE-7100 recorded at
300 and 30 °C, the only signal detected at low values of

+
+CF3—CH=CFH + H;O0 —— HO=CF-CH=CFH + HF

m/z 95 a m/z 93
|—> ;
0=C-CH=CFH + HF
. m/z 73
a
I *CH=CFH +
m/z 45
+
CF,=CH-CF,” + H,0 ——» CF,=CH-CF=0H + HF
m/z 113 b m/z 111
|—> s
CF,=CH-C=0 + HF
m/z 91

hl

S CF,=CH* + CO

m/'z 63

Scheme 6. Rationale for the processes occurring in APCI-MS of HFC-245fa in humid air.
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Table 2. Ionic products of the reactions of selected ions with HFE-7100, HFC-245fa and HFC-245ca (M) observed in APCI-TSQ

experiments
Reagent ion
M Oy 05 '(H,0) NO3 NO3 N,O5"
HFE-7100 C,F,0~ C,F,0~ C,F,0~ C,F,0~ - -
CsF7
HFC-245fa 05 (M) 05 (M) 0O3(M)
0, (M), 0, (M), 03 (M), NO, (M),? NO; (M),* N,O;(M),?
05 (HF) 05 (HF)
O (HF)(M) O (HF)(M)
HFC-245ca 05 (M) 0, (M)
0, (M), 0, (M),
F~(HF) F~(HF) 05 (M) NO, (M) NO; (M) N,O; (M)
F(HF)(M) F~(HF)(M) 03 (M), NO; (M), NO; (M), N,O; (M)
F~(M) F~(M)
F~ (M), F~ (M),

20bserved only at high pressure.

Vconeois"due"tooC‘ngO_oions"(m/z 235)%(Figure5a).°Upon
increasing of V.., this species dissociates to the fol-
lowing product ions: C5F; (m/z 169), CF5 (m/z 69), and
F~ (m/z 19)° (Figure® 5b).° In° addition,® the® product
CH,OCF,CF, (m/z 131) is also seen.

The reactivity towards HFE-7100 of each of the major
background negative ions produced by APCI of air was
studied by means of selected ion/molecule reaction
experiments performed with the APCl-triple quadru-
pole instrument. In these experiments C,F;O™ ions are
observed as products of the reaction of HFE-7100 with
0Oy, O, (H,0), Oz, and NO; ions.°In°Figure®6°the
spectrum of the reaction products of O3 with HFE-7100
is reported as an example. In contrast, no products were
observed when NO; and N,O,  were used as reactant
ions. In the reaction of O, with HFE-7100, C;F, ions
are also formed. In order to establish whether such
C;F; ions are primary products formed in a parallel
reaction of O, with M or are rather due to fragmenta-
tion of C,FsO~ ions, the following experiment was
performed. HFE-7100 was ionized in the APCI source
and the C,F;O™ ions thus produced were mass-selected

with Q1 and subjected to collision induced dissociation
in the collision cell of the triple quadrupole. C;F; was
the only fragmentation product observed in several
experiments covering a large energy range (80-160 eV).
Based on these results, the C;F, ions observed in the
reaction of O, with M can be reasonably considered to
be the products of fragmentation of the C,F;O™ primary
product ions.

The electron affinity of HFE-7100 is not known, but
dissociative electron transfer seems to be the most
probable way for the formation of C,F;O™ ions in the
reactions with background anions B~ (eq 2). The obser-
vation of C;F, product ions only in the reaction of M
with O, is consistent with the fact that the electron
affinity of O,  is the lowest one among the reactive
background ions (O, :0.45eV;NO,:2.27 eV; 05:2.10 eV
[12]).°Thus,°when®B™ is°O; ’, reaction (2) is the most
exothermic and forms C,F;O~ ions with an energy
content sufficient to dissociate to C;F, via CF,=O loss.
Furthermore the electron affinity of the background
ions which do not react with HFE-7100, i.e., NO; and

C4FqO™ Scan AP-
100 235 1.3265
% -}
] 236 (a)
0-
Rl Ry ALY MR LA RALL) L) Ry ALY RAL) R LA LU LAY LS ML) LU LA Ll M) R M) AL R R Ll Ml i M |
Scan AP-
100 ~ 169 CsFy 1.14e5
1 F
o -
% : 19 CF; CH,0C,F,
] 6|9 131 (b)
0-] ! m/z

20 40 60 80 100 120 140
Figure 5. Negative APCI spectra of HFE-7100 in synthetic air recorded at 30 °C and (a) V

(b) Veone =70 V.

160 180 200 220 240 260 280 300

=1V,

cone
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Figure 6. APCI-TSQ mass spectrum of the products of the reaction of O3 with HFE-7100 at a

nominal pressure of about 310 * Torr.

N,O; ", is the highest among the anions submitted to
reaction (NO5:3.94 eV; N,O, :2.93%V°[12]).

B~ + CH;-O-C,Fy—B + CH; + "OC,F, ()

The results of these ion/molecule reaction experi-
ments conducted with the triple quadrupole allow us to
infer the origin of C,F;O™ ions observed in the air
plasma of the APCI source. The fact that under these
conditions C;F; ions are not observed at low values of
Veone (Figure®5a),° when® O, is the most abundant
species of the background, is reasonably due to the
higher efficiency of ion cooling via thermalizing colli-
sions in the APCI ionization chamber with respect to
the triple quadrupole collision cell, because of the
considerably higher pressure.

HFC-245fa (1,1,1,3,3-Pentafluoropropane)

The negative APCI spectra of HFC-245fa (M) at 30 © and
300 °C are dominated by ion-neutral complexes with
the®anions® of° the°background® (Figure®7).°lon-neutral
complexes of M with F~ and F~(HF) are also ob-
served, sometimes including water molecules,
F~(HF)(H,0),,(M),.. Upon increasing V... consecutive
losses of M and H,O take place, leading to F~ (HF) (at
Veone €a. 30 V) and eventually to the bare anion F~ (at
Vone €a. 70 V). The formation of F~(HF),, is common in
wet atmospheres and has been attributed to cluster-
mediated®reactions®[13].° Another® interesting® species,
detected in the spectrum at V... = 20V, is an ion at m/z
52 of composition [H,F,20], the structure and origin of
which are described below.

o,°M
F—(HF) (M)Z 2 ( )2 Scan AP-
100 . 30102—-(M)2(H20) 9.85e3
] 05 (M) F (H,0) (M), 05 (M), (H,0)
] 3 3 21
%] - - -
| oo/ e,
o N |53 22 (a)
e Scan AP-
100 - 16602 M2 1.52e4
] . 0 *(H:0) (M)
o0 L EM e o 1,000 Fu,
1 48 Oz (HF) / /
] %2 183| 1200 287 (b)
o r | b | | m/z
50 100 150 200 250 300 350 400 450 500

Figure 7. Negative APCI spectra of HFC-245fa in synthetic air recorded at V., = 1 V and

300 °C.



J Am Soc Mass Spectrom 2005, 16, 1081-1092

H
F3Cell SF
C—C
H F e

C

“0—O0r°

NOVEL CFCs-SUBSTITUTES RECOMMENDED BY EPA 1091

I_I\ /H
c—¢C
FsC “F
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Scheme 7. Proposed mechanism for formation of m/z 52 in the reaction of HFC-245fa with O;".

When allowed to selectively react in the triple quad-
rupole with each of the major anions formed in the air
plasma, HFC-245fa confirmed its high association abil-
ity, already observed in the APCI source. Thus, reaction
of HFC-245fa (M) with B~ (B~ = O;, O; (H,0), O3,
NO;, NO;3, N,O; ) inside the collision cell of the triple
quadrupole produced the complexes B~ (M),, (n = 1, 2)
(Table2).

As® mentioned® above® and® shown® in° Table® 2,° the
reaction of O, with HFC-245fa forms an additional
product with m/z 52, which we believe is best viewed as
the ion/molecule complex O, (HF). Scheme 7 shows a
possible mechanism for the formation of such a prod-
uct, which involves base induced HF 1,2-elimination.
The structure O, (HF) has been attributed to the prod-
uct anion, based on the kngwn proton affinities of O,"
(1476°%]-mol '"[12])°and°F~ (1554°%]J-mol *"[12])%and’on
its dissociation behavior. Thus, when formed in the
APCI source of the triple quadrupole set-up and acti-
vated by collisions inside the collision cell, this ion
dissociates to O, via HF elimination, in agreement with
the greater thermochemical stability of O, + HF
(—316.8° kJ'mol " [12])° with® respect® to° F~ + O,H
(—247.2°k]-mol ™~ ""[12])°(Figure°8).

In contrast to O, (HF), which was observed both
under APCI conditions and in the triple quadrupole,

the species F~ (HF) (m/z 39) was never detected among
the products of the reactions of HFC-245fa studied in
the triple quadrupole. Interestingly, the isomeric pen-
tafluoropropane HFC-245ca (1,1,2,2,3-pentafluoropro-
pane) under the same experimental conditions pro-
duces F~(HF) in the reaction with O,". The product
F~(HF) is indicated in the literature as the species with
the strongest known hydrogen bond so far reported,
recently® determined®to°be® 191.7° kJ-mol " [14].° Also,
Morris®et®al.°[15]°reported°the°formation®of°F~ (HF)°in
the reaction of O, with a fluoropropane (CF;CFHCEFj;)
studied by the SIFT technique. CO, and the ethyl
radical ‘CF,-CFH, were indicated as the neutral prod-
ucts of this reaction.

Conclusions

The gas phase ion chemistry in air of HFE-7100 and
HFC-245fa has been investigated by APCI-MS and by
studying their reactions with selected atmospheric ions
(H,O", OF, O3, O3, NO;, NO3, N,O; and their
hydrates) in a triple quadrupole mass spectrometer. The
results of the two different approaches are complemen-
tary and produce an interesting map of the main ionic
processes occurring in air plasmas by the fluorinated
CFC-substitutes studied here. Interestingly, the reaction

0; (HF)
100 - 52 2.3 E+04
80 -
w -
40 -
02
32
20 - HF
o_- A ﬂ ﬂ
10 20 30 4o 50 60 70

Figure 8. MS/MS spectrum of the ion O, (HF) generated by APCI of HFC-245fa in the APCI-TSQ

instrument.
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between HFC-245fa and H;O™ does not lead to oxygen-
ation of the fluorocarbon via C—O bond formation, in
contrast®with®what°wasfound°with°other°HFCs6]°and
with HFE-7100. A common process is, instead, the
condensation of fluorinated unsaturated cations with
water followed by HF loss. This reaction leads to the
oxidation of the compounds, so it can constitute an ionic
pathway for the decomposition of these compounds by
corona discharges.

Both HFE-7100 and HFC-245fa react with O; ", the
former by a dissociative electron transfer process, the
latter by association and a base-induced elimination pro-
cess, leading to the formation of the ion/molecule com-
plex O; (HF). The fluoropropane HFC-245ca, isomeric
with HFC-245fa and studied for comparison, shows the
same behavior of HFC-245fa in the reaction with H;O"
while it reacts differently with O, ", giving rise to the
formation of the complex F~(HF). The position of the
fluoro substitution is, therefore, a determinant in the
interaction of O, with the pentafluoropropanes.

Knowledge of the ion chemistry in air and of the
oxidation processes initiated by the ions examined is of
importance in the development of plasma-based tech-
nologies for the removal of these compounds from
contaminated air as well as in the evaluation of their
impact in the atmosphere.

References

1. Atmospheric Chemistry and Physics. From Air Pollution to
Climate Change; Seinfeld, J. H.; Pandis, S. N., Eds.; John Wiley
and Sons: New York, 1998.

2. (a) Vercammen, K. L. L.; Berezin, A. A; Lox, F.; Chang, J. S.
Nonthermal Plasma Techniques for the Reduction of VOC in
Air Streams: A Critical Review. J. Adv. Oxid. Technol. 1997, 2,
312-329. (b) Odic, E.; Paradisi, C.; Rea, M.; Parissi, L.; Gold-
man, A.; Goldman, M. Treatment of Organic Pollulants by
Corona Discharge Plasma. In The Modern Problems of Electro-
statics with Applications in Environment Protection; NATO Sci-
ence Series, 2. Environmental Security, Vol. LXIII, Inculet, L. I.;
Tanasescu, F. T.; Cramariuc, R., Eds.; Kluwer Academic Pub-
lishers: Dordrecht, 1999; p 143.

3. Dono, A.; Paradisi, C.; Scorrano, G. Abatement of Volatile
Organic Compounds by Corona Discharge. A Study of the
Reactivity of Trichloroethylene Under Atmospheric Pressure
Ionization Conditions. Rapid Commun. Mass Spectrom. 1997, 11,
1687-1694.

4. Nicoletti, A.; Paradisi, C.; Scorrano, G. Ion Chemistry of
Chloroethanes in Air at Atmospheric Pressure. Rapid Commun.
Mass. Spectrom. 2001, 15, 1904-1911.

10.

11.

12.

13.

14.

15.

J Am Soc Mass Spectrom 2005, 16, 1081-1092

. Bosa, E.; Paradisi, C.; Scorrano, G. Positive and Negative Gas-

Phase Ion Chemistry of Chlorofluorocarbons in Air at Atmo-
spheric Pressure. Rapid Commun. Mass Spectrom. 2003, 17, 1-8.

. Marotta, E.; Paradisi, C.; Scorrano, G. An APCI Study of the

Positive and Negative Ion Chemistry of Hydrofluorocarbons
1,1-Difluoroethane (HFC-152a) and 1,1,1,2-Tetrafluoroethane
(HFC-134a) and of Perfluoro-n-Hexane (FC-72) in Air Plasma
at Atmospheric Pressure. |. Mass Spectrom. 2004, 39, 791-801.

. Marotta, E.; Bosa, E.; Scorrano, G.; Paradisi, C. Positive and

Negative Ion Chemistry of the Anesthetic Halothane (1-
Bromo-1-Chloro-2,2,2-Trifluoroethane) in Air Plasma at Atmo-
spheric Pressure. Rapid Commun. Mass Spectrom. 2005, 19,
391-396.

. Protection of Stratospheric Ozone: Notice 16 for Significant

New Alternatives Policy Program. Environmental Protection
Agency, U. S. Environmental Protection Agency, Washington,
DC, U.S.A. Federal Register 2002, 67(56), 13272-13278.

. Heck, A. ]. R; de Koning, L. J.; Nibbering, M. M. Gas-Phase

Bimolecular Chemistry of Isomeric Cyclic Ethylenehalonium and
a-Haloethyl Cations. Org. Mass Spectrom. 1993, 28, 235-244.

(a) Carbini, M.; Conte, L.; Gambaretto, G.; Catinella, S.; Traldi,
P. Mass Spectrometry of Some Fluorinated Alcohols. Org.
Mass Spectrom. 1992, 27, 1248-1254. (b) Tajima, S.; Shirai, T;
Tobita, S.; Nibbering, N. M. M. Loss of Hydrogen Fluoride
from Metastable C,H,F;O™ ions generated from some fluori-
nated aliphatic alcohols. Org. Mass Spectrom. 1993, 28, 473-474.
(c) Varnai, P.; Nyulaszi, L.; Veszprémi, T.; Vékey, K. Loss of
Hydrogen Fluoride from C,H,F,0O". A Theoretical Study of a
Reaction Mechanism. Chem. Phys. Lett. 1995, 233, 340-346. (d)
Sekiguchi, O.; Watanabe, D.; Nakajima, S.; Tajima, S.; Ug-
gerud, E. Loss of HF from C,H,FO" Produced from
2-Hydroxy-2-Trifluoromethylpropanoic Acid Upon Electron
Ionization. Int. |. Mass Spectrom. 2003, 222, 1-9.

Nguyen, V.; Mayer, P. S.; Morton, T. H. Intramolecular Fluo-
rine Migration via Four-Member Cyclic Transition States. .
Org. Chem. 2000, 65, 8032—8040.

Lias, S. G. Ionization Energy Evaluation. In NIST Chemistry
WebBook, NIST Standard Reference Database No. 69; Maillard,
W. G.; Linstrom, P. J., Eds.; National Institute of Standards and
Technology:° Gaithersburg,® MD;° http://webbook.nist.gov/
chemistry/,°2004.

(a) Knighton, W. B.; Zook, D. R;; Grimsrud, E. P. Cluster-
Assisted Decomposition Reactions of the Molecular Anions of
SF¢ and C,F,,. J. Am. Soc. Mass Spectrom. 1990, 1, 372-381. (b)
Arnold, S. T.; Viggiano, A. A. A Turbulent Ion Flow Tube
Study of the Cluster-Mediated Reactions of SF; with H,O,
CH,OH, and C,H;OH from 50 to 500 Torr. J. Phys. Chem. A
2001, 105, 3527-3531.

Wenthold, P. G.; Squires, R. R. Bond Dissociation Energies of
F, and HF,. A Gas-Phase Experimental and G2 Theoretical
Study. J. Phys. Chem. 1995, 99, 2002-2005.

Morris, R. A.; Viggiano, A. A.; Arnold, S. T.; Paulson, J. F.
Reactions of Atmospheric Ions with Selected Hydrofluorocar-
bons. J. Phys. Chem. 1995, 99, 5992-5999.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


