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1. Introduction

Quinolones are broad-spectrum antibacterial drugs and, in
therapeutics, almost all of them belong to the clas
quinolones. Levofloxacin (LVN, see structure in Table 1)
most popular fluorinated quinolones, being used for t

et al., 2007; Nasuhoglu et al., 2012; El Najjar et al.
2015). The occurrence of antibiotics in water b
their massive and uncontrolled use has raised serio
wide due to the proliferation of antibiotic-resi

people each year (Willyard, 2017). Thereft
more efficient treatments to transform
and more biodegradable molecules (M icha
2015; Brillas and Sirés, 2015). The abili

., 2013; Blair et al.,
ral advanced oxida-

investigated, including ozonation
(Sturini et al., 2012), conventional n (Wang et al., 2016) and
iet al., 2015). These meth-

ods are characterized by the in-si ction of hydroxy] radical (
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tank under recirculation batch mode. Th,
from O, reduction was assessed. Then, t
tion as catalyst on dissolved organic
gradually mineralized by SPEF proc
after 360 min at applied cathodic p
(MCE) and low specific energy co

m\(LVN) in sulfate medium at pH 3.0 has
ton (SPEF) process. The flow plant in-

initial LVN concentration and Fe** concentra-
removal was thoroughly investigated. LVN was
ith faster DOC abatement at 0.50 mM Fe?", yielding 100%

dec electrolysis time was implemented for the SPEF pre-pilot
eement with experimental data.

© 2017.

) at ambient conditions, giving rise to effective, efficient, safe and
o-friendly treatments that may allow the complete mineralization of
the organic matter (Dirany et al., 2012; Oturan and Aaron, 2014).
Among the electrochemical AOPs, the performance of electro-Fen-
ton (EF) process with carbon felt and activated fiber cathodes to de-
grade LVN has been recently reported (Gong et al., 2016; Yahya et
al., 2016; Liu et al., 2017). In general, these systems allowed a fast de-
cay of LVN concentration and a final mineralization >90% at
360-480min. However, current efficiencies were very low, attaining
40-50% as maximum (Yahya et al., 2016; Liu et al., 2017). In EF with
large 3D-like cathodes, Fenton's reagent (Fe*" + H,0,) can be contin-
uously generated upon two-electron reduction of gaseous or dissolved
O, by reaction (1) and monoelectronic conversion of Fe' to Fe*' by
reaction (2), thus yielding large amounts of free OH in the bulk from
Fenton's reaction (3) at optimum pH near 3 (Sirés et al., 2014; Sopaj
et al., 2015; Lanzalaco et al., 2017).

Oy +2H' +2¢ —H,0, (1
Fe' +e —Fe™ )

H,0, + Fe*" - Fe*™ + OH + OH™ 3)
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Table 1

Intermediates identified by GC-MS during the SPEF treatment of solutions of 6 L of 60mgL ™' DOC of LVN (1) with 0.050M Na,SO4 and 0.50 mM Fe* at pH=3.0 and
volumetric flow rate=3.0 Lmin !. Potential applied to the GDE employed as cathode (Ey,)=—0.30 V|SHE.

Number  Chemical name Molecular structure t.* (min)  Main fragmentationdions (m/z)
1 Levofloxacin g 2 -
E
| OH
(\N N
/”\_) 0\)\
2 N, N-Diethylrmamide P "o ™ 5.8 1 44
3 1-Methyl-2-pyrrolidone | 11.2 71, 56, 41
7
4 2-Phenoxyethanol @ 138, 107, 94, 77
OH
0\)0
5 1H-Indole-2,3-dione (Isatin) .1 147, 104, 76, 50
%0
N
\
6 4-Ox0-1,4-dihydroquinoline-3-carboxylic acid 8 2 24.4 189, 173, 143, 89
Ol
| '
N
7 2-Fluoro-5-nitrophenol F:@\ 27.7 157, 127, 111, 83
HOY NO.
* Retention time.
. In undivided electrolytic cells, ad§0rbed hydroxyl radic e(OH)2+ + v Fe* + *OH (5)
OH)) are formed at the surface of active and non-active ano
from water oxidation via reaction (4) (Panizza and Ceris 20
Labiadh et al., 2016). Hence, organic molecules are destrg Fe(OOCR)*" + hv —FeX* + CO, + R* (©6)

free *OH and adsorbed M (*OH), although the fo
much higher oxidation ability to promote combustio
2014; M artinez-Huitle et al., 2015).

M +H,0->M(*OH)+H" + ¢~ 4)

The decontamination treatment can
illuminating the solution with UVA ligh
lamp in photoelectro-Fenton (PEF

accelerated by
either a commercial
nlight in solar PEF

intermediates. A good ex-
otodecarboxylation of sta-

(Sirés et al., 2014; M artinez-Huitle et al., 2015).

In previous works, we have shown some of the interesting fea-
tures of the SPEF approach to efficiently degrade pesticides (Flox et
al., 2007a, b), pharmaceuticals (Pérez et al., 2017), dyes (Thiam et al.,
2015) and industrial additives (Flox et al., 2007a,b; Steter et al.,
2018). On the other hand, we have studied the cathodic two-electron
reduction of oxygen at different carbonaceous substrates, highlighting
that graphite felt enhances the H,O, electrogeneration owing to its
large volumetric area (Coria et al., 2015).

Within the chemical engineering field, several studies have been de-
voted to modeling the degradation of persistent organic pollutants
upon application of AOPs (Royaee and Sohrabi, 2012). In contrast,
modeling of SPEF treatment of organic contaminants is rather limited,
which is mainly due the very recent demonstration of its great poten-
tial. In particular, in a previous work we described, for the first time,
a mathematical model to simulate the treatment in a SPEF flow plant.
The suggested parametric model to simulate the dissolved organic car-
bon (DOC) decay of erythromycin versus time showed a good agree-
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ment between experimental and theoretical data (Pérez et al., 2017).
In such mathematical model, the reaction term implemented to the
compound parabolic collector (CPC) used as photoreactor obeyed a
zero-order kinetics because of the complex formula of erythromycin
having 37 carbon atoms. However, the robustness of our mathemati-
cal model needs to be verified for other molecules.

This manuscript reports a study on the SPEF treatment of acidic
synthetic solutions of LVN in a pre-pilot flow plant of 6L capacity.
The plant arrangement included an FMOI-LC filter-press cell
equipped with a Ti|Pt anode and an air-diffusion cathode. The reactor
was connected in series with a CPC and a continuous stirred tank
(CST). The influence of catalyst and LVN concentrations on the
degradation rate, mineralization current efficiency and energy con-
sumption for total mineralization was assessed. Higher drug concen-
trations than those found in the aquatic environment were tested aim-
ing to know the oxidation ability of the SPEF process. The simulation
of DOC decay versus time was performed by using the aforemen-
tioned parametric model. The evolution of intermediates was followed
by chromatographic techniques.

2. Experimental
2.1. Reagents

All the chemicals used in this study were of analytical grade and
were used without further purification. LVN (purity 98%) was ob-
tained from Sigma Aldrich. Heptahydrate ferrous sulfate (purity
99%), anhydrous sodium sulfate (purity 99%), sulfuric acid and
sodium hydroxide were supplied from J.T Baker and Fermont. Chro-
matographic grade acetonitrile and formic acid were purchased from
Sigma-Aldrich. Synthetic solutions were prepared with deionized wa-
ter.

2.2. Flow plant

2.2.1. Description of the SPEF plant

Fig. SM -1 shows the setup of the SPEF pre-pilot plant that co
bines an FM 01-LC filter-press reactor in series with a CPC photese
actor and a mixing tank that contains 6L of solution. The plan
operated under recirculation batch mode. The undivided electn

graphite felt were provided by ROOE Group. The
cathode was in contact with an air chamber fed

and a sketch can be found elsewhere (Rive
photoreactor was rigorously designed cO
(Pérez et al., 2017).

e lant
, was electrogenerated
in the dark (ie., using an

2.2.2. Methodology for the tests i

Prior to mineralization experi
into a 0.050M Na,SO, solution for
opaque cloth to cover the r previous communication
Coria et al. (2015), the analysis o polarization curves revealed
that the two-electron reduction of oxygen at graphite felt in sulfate
medium occurred under mass transport control within the cathodic

potential (E,,4,) domain of —0.4<E<—0.1V vs the standard hydrogen
electrode (SHE). The best accumulation H,O, in the present SPEF
flow pant operating in the same range of E_,,, at volumetric flow rate
(¢) of 3.0 Lmin"! was achieved at —0.30 V|SHE, achievidlg a concentra-
tion of 120mgL™" in 6L of solution. Solutions confaini
concentrations of LVN and Fe?" catalyst in 0.050
3.0 were then treated at this optimum E_,,. The
trolyses were performed with a BK Precision
which directly displayed the potential differe
trodes (E,, in V). The electrode potentials we
saturated sulfate reference electrode, inse
using an Agilent® 34,410 high impedar
potentials in this work are referred to S
ried out for 360 min in sunny days_dui
average daily UV solar irradiance
by a weather station located at t
~55Wm 2.

€r source,

gthegaftumn of 2017. The
0 to 400nm) was measured
f Guanajuato, yielding

2.2.3. Formulation of the nu al simulation of the SPEF plant
In a previous paper, Pérez . (2017) described in detail the
characteristics and comsiderations of the mathematical model em-
e decay in the SPEF flow plant. This
global apparent reaction term of the
g the contribution of the non-ideal flow
and CPC photoreactor. However, the ex-
nt during the mineralization of LVN pre-
order kinetics (see below), which differed
seudo-first order kinetics for erythromycin.

1-LC, the dispersion mass balance with a global reaction
the CPC, and the mass balance at the CST in transient
nsidering C;, as the DOC value at the CST outlet, C, the
C yalue of the solution at the FM01-LC and C, the solution DOC

aC,
- = —
ot ax ay2 E ()y (7)

where D,,; is the axial dispersion coefficient to quantify the non-
ideal flow deviations such as the retro-mixing degree, U, is the mean
inflow velocity at the inlet of the FM01-LC and ¢ accounts for the
graphite felt porosity.

The mass balance at the CPC includes the reaction term via a
global mineralization rate that accounts for the oxidation of LVN and
its by -products by homogeneous *OH in the bulk:

()CZ_D 0°C, U aC, . o
o Wgxz  Pgx2 w2 ®)

where D,,, is the axial dispersion coefficient, Uy, is the mean in-
flow velocity at the CPC inlet, k,, is the apparent global kinetic con-
stant and # is the reaction order. For LVN, n=2, as will be discussed
later.

The differential mass balance within the CST without any reaction
term is:
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9Cy q
-2 (c,¢,L)-C

where V7 is the reservoir volume, ¢ is the volumetric flow rate, 7 is the
electrolysis time in the recycle operation mode, and L is the axial po-
sition at the exit of the CPC reactor.

Egs. (7)—(9) were solved using the boundary conditions described
elsewhere (Pérez et al., 2017). Table SM-2 summarizes the transport
parameters and electrolyte properties employed in the simulation
performed. The mass balance Eqs. (7)—(9) were solved via finite ele-
ment method using COM SOL Multiphysics® 5.1 package considering
42,300 lineal elements. A computer with a 2.6 GHz processor and
16 GB of RAM was employed. Simulation run times lasted for 40s
and the numerical error was below 0.001% with time steps of 1 min
and an absolute tolerance of 0.001.

2.3. Analytical procedures

The solution pH was determined with a Hanna HI991300 pH-me-
ter. The H,0, concentration was determined from the light absorption
of the colored complex with Ti(IV) at A=408nm (Welcher, 1975),
measured on a Perkin Elmer Lambda 35 UV/Vis spectrophotometer.
The mineralization of LVN solutions was followed from their DOC
abatement, determined on a Tekmar Torch TOC analyzer. Generated
carboxy lic acids were detected by ion-exclusion HPLC using a Perkin
Elmer Flexar LC fitted with an Agilent Hi-Plex H 8mm,
300mm x 7.7mm (i.d.), column at room temp erature and coupled with
a Flexar photodiode array detector set at A=210.0nm. These mea-
surements were performed by injecting 20 pL samples into the LC
and using a 4mM H,SO, solution as mobile phase at 0.6mLmin .
Ion exclusion chromatograms exhibited peaks related to oxalic, maleic
and formic acids at retention times of 9.2, 13.8 and 17.6 min, respec-
tively. Ion chromatographic analysis of nitrate and fluoride was car-
ried out by injecting 100 uL aliquots into the above LC, equipp
with a Hamilton PRP-X110, 150mmx4.1 mm (i.d.), anion-exchan
column at room temperature and coupled to an Adept Cecil CE4710
conductivity detector. A mixture of 4mM p-hydroxybenzoig
0.1mM NaSCN and 2.5% methanol at pH 8.5 was clute
1.5mLmin"" as mobile phase. The ammonium concentration
termined spectrophotometrically (Pérez et al., 2017).

Intermediates formed at 60 and 120 min of the SPEE
60mgL ! DOC of LVN solutions at £=— 0.30 V|SHE we¢
by GC-MS. About 100 mL aliquots were extracted @
of CH,Cl,. The organic phase was reduced to abgu
over anhydrous Na,SO,. GC-MS analysis of co
was made by employing an Agilent syste tct
NIST05-MS library allowed the interpreta of t
spectra.

resulting mass

3. Results and discussion

3.1. Effect of catalyst concentrati EF treatment under

potentiostatic conditions

In a first series of experimen LVN solutions (60 mgL ™"
DOC) with 0.050 M Na,S0, and diffefent concentrations of Fe*“cata-
lyst between 0.50 and 0.70mM were comparatively degraded by
SPEF at pH 3.0 and ¢=3.0 Lmin ! for 360 min. These trials were per-
formed at E . of —0.30V|SHE in order to ensure a constant H,O,

production with minimum H, evolution reaction (HER), as explained
in section 2.2.2.

Fig la illustrates the depletion of DOC concentration with time
for these experiments. According with several previ
Fenton-based electrochemical processes carried out
cathodes, the mineralization rate is enhanced at an op
centration of 0.50mM. This can be explained b

Brillas and M artinez-Huitle, 2015; Brillas and
centration was also found as optimal for the
LVN, yielding 100% mineralization afte
contrast, further increase to 0.60 and 0.7

dégradation of
see Fig. la). In
aused a decelera-
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Fig. 1. Variation of (a) normalized DOC, (b) mineralization current efficiency and
(c) specific energy consumption per kilogram of DOC with electrolysis time for the
SPEF treatments at diferent Fe’* concentrations: (o) 0.50, (A) 0.60 and <)
0.70 mM. Treated solution: 6 L of 60mgL™' DOC of LVN with 0.050 M Na,SO,
at pH=3.0. Volumetric flow rate ¢=3.0 Lmin . Potential applied to the cathode
(Ecan)=—0.30 V|SHE. In (a), (®) no addition of Fe**.
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tion in DOC abatement, leading to partial mineralization within the
same time period. This is attributed to the parasitic reaction (10),
which causes the consumption of *OH by the excess of Fe?* jon
added, eventually limiting the oxidation power of the SPEF process.

Fe’* + *OH—Fe’" + OH™ (10)

The great oxidation ability of SPEF was demonstrated by per-
forming a test in the absence of Fe*' catalyst (so-called electro-oxida-
tion with H,O,). As depicted in Fig. 1a, a very poor mineralization of
ca. 15% was achieved after 360 min. This informs about the much
lower oxidation power of adsorbed Pt (*OH) formed at the TiPt an-
ode via reaction (4) compared to free *OH, because it is well known
that platinum or platinized anodes are considered as active electrodes
(Panizza and Cerisola, 2009; EI-Ghenymy et al., 2014).

Taking into account that the complete electrochemical combustion
of LVN yielded NH,", NO;” and F~ as major ions, as will be dis-
cussed below, the mineralization reaction can be described as follows:

C sH,FN;0, + 35H,0 — 18 CO, + F + NO; +2
NH, +82H" +82¢ (11

Despite 82 mol of protons were produced per mol of LVN, the so-
lution pH remained almost constant because they are simultaneously
consumed during H,O, electrosynthesis from reaction (1). The miner-
alization current efficiency (M CE, in %) for the transformation of the
total mass of carbon (7, in g) per mol of LVN contained in the solu-
tion volume (V5=6L) upon supply of » mol of electrons (= 82) was
then assessed from the experimental DOC abatement (A(DOC).y,, in
gL

%MCE = nF V,A(DOC)qy, X 100
mQ, (12)

where F is the Faraday constant (96,487 Cmol ') and 0, is theap
plied charge at each time (in C). On the other hand, the specifi
ergy consumption per unit DOC mass (ECpnc) was calculated

27I%107*E,,; O,

ECpoc (kWh(kgDOC)™) = v D00
K exp

SPEF, but also to make it in the most effi
0.50mM Fe’' attained the greatest MCE
sive maximum near 1500% at short elec
arise from: (i) the low electrical consump
trolyses, with a small E_,, of —0.
ciently produce H,O, (Coria et al.,
tion of photochemical reactions

ed to run the elec-
ing sufficient to effi-

complexes in concomitance
with a continuous photore, * catalyst as it is con-
verted to Fe’" from reaction (3): to a much smaller extent,
these reasons are also valid for F treatment with 0.60 and
0.70mM Fe*", attaining maximum M CE values of 450% and 350%,
respectively. On the other hand, note that the treatment became pro-

gressively less efficient as the electrolyses were prolonged. This re-

sulted from the slower DOC removals caused by the smaller organic
matter load in solution and its change into a much more refractory
mixture of by-products and comp lexes with Fe(III).

On the contrary, Fig. 1c shows that the energy c
came smaller as the oxidation power of the syste
particularly evident during the first 60 min. Total
360min using 0.50mM Fe?" only required an
DOC) .

3.2. Effect of levofloxacin concentration on the S ent

Considering the best catalyst conce
other series of experiments was performe
6 L with different DOC concentratigns

=30Lmin ' and E_,;,=—0.30 V|SHE.
Fig 2a shows that the completg{ming atton of LVN at a concen-
eved at 180 min, whereas a longer

60mgL"! DOC (Fig 2b-
creased at growing LVN co
removal of more numerous or

E profiles collected in Fig. 3a indicate
e highest efficiencies were obtained for
and then the values decreased slightly as
tion was reduced to 30mgL™". These results
arasitic reactions (10), (14) and (15) became

as above 100% during all the electrolysis under all conditions.

*OH 20, (14)

H,@} + *OH—HO," + H,0 (15)

Fig. 3b shows the corresponding energy consumption per kg of
DOC for the same experiments. The highest consumption was ob-
tained for the experiment at 30mgL ™' DOC, gradually requiring less
energy as the initial DOC was increased. Anyway, the ECp needed
for complete mineralization was always within the range of
~15-20kWh (kg DOC)"!, which is very low compared to energy
consumed to abate other organic pollutants like erythromycin by
SPEF (Pérez et al., 2017).

3.3. Comparison of the parametric model with experimental data

Fig 2 shows the theoretical DOC-time curves as solid lines deter-
mined from the proposed parametric model, along with experimental
data discussed above for initial DOC of 30, 40, 50 and 60mgL’1
(0.14-0.28 mM LVN). The values of the pseudo-second-order kinetic
constants (k) determined according to the model were 6.5, 6.0, 1.2,
and 0.8M s, respectively. Theoretical and experimental data show
close agreement for 30 and 40mgL ™' DOC concentration. For the ex-
periments at higher concentrations, with a slower kinetics, the quality
of the fitting decreased, probably due to the larger accumulation of re-
calcitrant intermediates that could not be mineralized quickly and then
interfered.

The proposed model is useful for the assessment of the global ap-
parent reaction term, in which *OH is considered to have the main
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Fig. 2. Normalized DOC decay versus electrolysis time for the SPEF treatments of 6 L of different initial
60mgL"! DOC of LVN with 0.050 M Na,SO, and 0.50 mM Fe?* at pH=3.0. Volumetric
Solid lines (—) are the theoretical data trends determined from the parametric model considgiing C, as

role during cold combustion. In the model, the *OH concentration is
presupposed to be constant, always considering a constant sunlight
radiation and constant H,O, production. However, in practice, duri
the 360min of electrolysis there were variations in solar radiation,
which might induce stochastic deviations in the experimental B
points. It is worth mentioning that the linear regression coeff
were comprised between 0.83<R*<0.97. We consider that t
ues are acceptable in such complex SPEF process, where mai
irregular sunlight radiation induce some behavior that i
simulate. This confirms the necessity to implement g
model that includes the effect of sunlight radiation, as we¢
pendence of H,O, production with current density

3.4. Identification and time course of intermediates\and released
inorganic ions

ediates deter-
formed by the
the gradual hy-
light. Simultaneous
VN (1) yielded the

Table 1 summarizes the cyclic and ali
mined by GC-MS analysis. These by-prod

nzene ring except the C
ormed. Isatin (5) appeared
upon internal cyclization as the piperazine ring was
cleaved, but with the benzene ring maintaining its original integrity.
Simultaneous cleavage of all sidle C—F, C—N and C—O bonds of
(1) yielded 4-oxo-1,4-dihy droquinoline-3-carboxylic acid (6). Finally,
fluorinated derivative (7) was formed upon attack of hydroxyl radi-

concentrations: (a,(0)) 30, (b,0) 40, (¢,<>) 50 and [(CWAN)
te g=3.0 Lmin . Potential applied to the cathode (Eyy)=—-0.30 V|SHE.
itial DOC. Error bars within 95% confidence interval are provided.

rmation into other cyclic derivatives like those described here
to complete ring cleavage.
Considering the subsequent fragmentation of by-products 2—7, the
electrolyzed solutions were analyzed by ion-exclusion HPLC in order
to identify linear short-chain aliphatic carboxylic acids. The chro-
matograms exhibited well defined peaks for oxalic, formic and maleic
acids. Fig. 4a shows a great accumulation of formic acid, reaching a
maximum value of 95mgL ™" at 90min of electrolysis, which corre-
sponds to 25mgL~! DOC. According to Fig. 1a, only 45% of initial
DOC (i.e., 27mgL ™' DOC) remained in solution at 90min, which
means that most of the organic matter at that time was formic acid.
The acid concentration diminished from that time until it completely
disappeared at 360 min. The concentration of oxalic and maleic acids
was always much smaller, attaining 1.28 and 12mgL ", respectively.
Fig 4b shows the time course of inorganic ions formed during the
SPEF treatment of LVN. Nitrate and fluoride were the accumulated
anions, whereas ammonium was formed as cation, as shown in
reaction (11). A quick accumulation can be observed for NO; and F~
up to steady concentrations of 12.0mgL ™' (0.19mM) and 5.2mgL "
(0.28mM, 100% of initial F), respectively, reached at about 60 min as
a result of the cleavage of 1, by-products 2—7 and, possibly, some
other unidentified intermediates upon action of *OH, Pt (*OH) and
UV light. A more gradual accumulation was obtained for ammonium,
finally attaining 8.1 mgL ™' (0.45mM, practically twice of that NO;)
at 360 min. The sum of nitrate + ammonium ions accounted for by



Chemosphere xxx (2018) xxx-Xxx 7

1750

1500 -
125014

1000

% MCE

750

500

250

/ kWh (kg DOC)"
I
\\
\
\

N
\

1 1
0 60 120 180 240 300 360 420

Time / min

=

Fig. 3. (a) Mineralization current efficiency and (b) specific energy consumption per
kilogram of DOC as a function of the electrolysis time for the SPEF treatments of
Fig. 2.

76% of initial N contained in LVN and hence, some volatile N-specie
were plausibly formed during the electrolyses (Thiam et al., 2015).

4. Conclusions

SPEF treatments performed at constant E_,,=-0.30V|S -
sured the best H,0, production, so that LVN solution
medium at pH 3.0 were completely mineralized in a
manner in a pre-pilot plant equipped with an FMO01-
reactor. A catalyst concentration of 0.50mM Fe?* wa
mal to maximize the formation of *OH in the bulk £
tion, whereas UV light from natural sunlight was
in the CPC photoreactor to allow the photodeco
refractory complexes of organic by-produc i
reactions were minimized as the initial L
creased, reaching an impressive MCE ~1
time at 60mgL"' DOC. In all cases,
~15-20kWh (kg DOC) ! were required t
moval. A parametric model assessi
stants for DOC decay, assuming
ing the contribution of dispersio
was validated under potentiostatic c
between experimental and prédieted datalFive cyclic derivatives along
with N,N-diethyIformamide an hort-chain linear carboxylic
acids, with predominance of formic acid, were formed during the
degradation. The initial N and F atoms were released as NH,", NO;~
and F~ ions.

mainly

jations in both reactors,
itions with good agreement
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a) Evolut1o of the concentration of (¢>) formic, () maleic and (o) oxalic
during the SPEF treatment of 6L of a 60mgL™' DOC of LVN
ution with 0.050M Na, SO, and 0.50mM Fe®* at pH=3.0,
and E_,, =—0.30 V|SHE. (b) Time course of the concentration of re-
45 (A)NO; ™ and (V) F~ ions.
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