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ABSTRACT

To promote bio-based products for the industry, do-organic substances (cHALI) isolated from
yard trimmings (green) and food (humid) urban resgdaged under aerobic digestion for zero-60 days
were investigated for their potential to perform ssnsitizers for azo-dyes photodegradation.
Ethylorange (EO) was used as probe molecule at I5 rgjarting concentration and irradiated in a
closed Pyrex® cell with a Xenon (1500W) lamp araligoff filter for wavelengths below 340 nm or in

a cylindrical photochemical reactor equipped with2® W medium pressure Hg lamp. The cHALI/EO
ratio in the starting EO solution was varied in €a200 w/w range. The % dye abatement was found a
function of the irradiation time, of the type of 8H substance and of the cHALI/EO ratio. The best
results were achieved with cHALI isolated afteragslbiomass aerobic digestion. Total dye abatement
was achieved within relatively short few hours. dgressive dye mineralization was observed under
the same experimental conditions. On the contrarysignificant degradation was evident for the
CHALI substances within the same irradiation tingeveral hydroxylated azo compounds were
identified as likely responsible of residual coddter total EO abatement. The results, coupledh¢o t
previously reported good performance of the sam&LelSubstances as auxiliaries for textile dyeing,

augur well for the development of both efficiendanvironmentally friendly textile dyeing processes

KEYWORDS azo-dye, photodegradation, sensitizershbamr refuses, dyeing baths, effluents

remediation,
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1. Introduction

In the global frame of waste management and sudilEndevelopment, urban wastes have been
proposed as possible source of chemicals to refyciadustrial uses at commercial level [1-4]. Yhe
look nowadays rather attractive for several reasoAs result of the increased production due to
population urbanization, urban wastes are condewkrin confined areas by municipal collection. In
addition, depending on the type of treatment andamposition, they may provide high yields of a
large variety of bio-organic substances (BOS)nfigtia wide range of uses. One very promising
application has been shown in textile dyeing. &dvBOS isolated from green and/or food urban
wastes have been demonstrated to be efficientiatied for dyeing cellulose acetate fabric [4]. Bae
BOS, isolated from urban yard trimming wastes, @aitaonal property has also been reported [3], i.e.
the capacity to accelerate the photodegradaticthedfazo dye ethylorange (EO). These results allow
predicting a rather unique opportunity for the vwehdéxtile dyeing process, i.e., to use one same
substance to optimize both the dye take up byitrex ind the excess dye removal from the exhaust
dyeing bath, thus improving both the production aagtes management processes.

Actually the textile industry uses more than thtemisand dyes, and it is estimated that about 1%5% o
the world dyes production is lost in the environindaring the dyeing process [5,6]. Azo dyes
constitute about 50 % of the total dye consumpttbejr environmental impact is not only related to
color, but also to reduction producing carcinogesiomatic amines [7]. This poses the problem of
their removal from industrial wastes or pollutedunal water streams.

Photosensitizing properties have already been tegdor BOS present in natural waters and soill
[8-14] or isolated from mixtures of yard trimmingsd/or sewage sludge undergoing aerobic
biodegradation [15,16]. The photosensitizing propsrof these substances have been studied using

mostly phenols molecules or pesticides substarsepsode substrates.
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The present work concerns the EO photosensitizgcadation in the presence of six BOS isolated
from urban refuses which hereinafter will be reddrto by the abbreviation cHALI, i = 2-7: cHAL2,
cHAL3 and cHAL4 isolated from urban yard trimminggreen wastes) and cHALS5, cHAL6 and
cHALY isolated from a 1:1 w/w mix of food (humidhé green residues at the start of the aerobic
digestion process (cHAL2 and cHALDS), and after ysd@HAL3 and cHALG6) and 60 days (cHAL4 and
cHAL7Y) aging. Relatively to previous work performedth cHAL2 only [3], the investigation of the
above six BOS addresses several issues: i.e., sséisgechemical structure and photosensitizing
properties as a function of the nature and treatntgre of the product source, and the fate of
photodegraded EO. These issues were rather chialderigr several reasons. First, it should be
considered that the investigated cHALIi substancesnaw materials of biological origin with quite
complex chemical composition for which several molar models have been reported [1,23].
Secondly, the chemical variability of the urbarusefs may prospect a desirable availability of rpldti
bioproducts, but also poses a major concern, regarthe capacity to yield bio-based products with
constant performance specifications. Thirdly, ibdld be considered that the real cHALI performance
to assist EO photodegradation should be rated ais baf the fate of both the dye and the
photosensitizer. This requirement, consideringdhemical structure complexity of the latter and the
multiplicity of degradation products which might lexpected to arise from both the dye and the
photosensitizer, poses rather demanding analypicatblems to face. In particular we focused our
attention on the kinetics of EO degradation andhenidentification of the intermediates formedhe t
initial degradation steps. High performance ligoldromatography coupled to high resolution mass
spectrometry (HPLC-HRMS) was applied as a powedol.

Finally, the capacity of the cHALIi to yield micellaggregates [1] in water was also a matter of
concern in this work. Indeed, the presence of agdes could give rise to EO partitioning between th

bulk water and the more hydrophobic micellar regicand this could influence the EO
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photodegradation kinetics and yield [17]. Thus,tadg of the solution behavior of the molecular
aggregation behavior of the cHALiI was necessarydaine the most suitable experimental
concentration range to be investigated for prelanjrevaluation of their photosensitizing propetties
For the above reasons, the issues of this workatdoenexhaustively dealt with in just one papere Th
present manuscript therefore does not claim toigeospecific problem solutions, but is rather meant
as ground for prospecting the potential of urbafuses to become exploitable source of

photosensitizing bio-substances.

2. Materials and methods

2.1 Bioproducts and reagents.

Ethylorange, i.e, 4-(4-diethylaminophenylazo)bemzeaodium sulfonate, 69 % HNGand 98 %
CH3COONH, by Fluka, 99 % NaOH and 99 % KNO3 by Merck, 99 %30, and 99.7 % NaHC&oby
Aldrich), analytical grade C¥CN by Scharlau and Milli© reagent grade ultra pure water were used
throughout this work as received, unless othervimgBcated. The cHALI (i = 2-7) substances
investigated in this work were obtained from growgrden wastes or from 1:1 w/w food and green
residues mix collected in the province of Torin@y. Once collected and transported in a municipal
waste treatment plant, the chopped green resiguestually mixed with the mechanically selected (9
< 12 mm) humid wastes, were aged under aerobicitbomsl for 0-60 days, sieved trough a mechanic
grid (¥ < 10 mm) and used for cHALI extraction. T¢ldALi isolation was performed as previously

reported [2].
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2.2 Chemical and Physical Characterization of cHALI1 substances.

C,H,N microanalytical data were obtained with eEtha (Rodano, Milan, Italy) NA-2100 elemental
analyzer. The determination of the functional gums accomplished by potentiometric titration and
by solid-state™*C NMR spectroscopy as previously reported [1]. Timectional groups composition
reported as C ratios relative to total unsaturatetiaromatic C (Ct) in Table 1 was calculated fthen
above NMR signals area ratios, and from the totabr@ N microanalytical and acid groups
concentration reported as supporting data in theeAdix A under the assumption that the total N was
present as amine or amide N and that all organictBGe sample was accounted for by the above NMR
signals. Surface tensiog) (measurements of aqueous solutions containingaimple of the investigate
substances at variable concentration (Cs = 0.098-3) were carried out at 25 °C and pH 7 with a
Kruss K100 automatic tensiometer and the criticalettar concentration (cmc) was calculated frgm

Cs plots as previously reported [2].

2.3 Ethylorangeirradiation experiments.

A stock 1 g-['cHALi aqueous solutions was prepared by takingalj €HALi with MilliQ ” water
at 250-200 V/w ratio, stirring 1 h, then addinggatts 0.2 M NaOH to keep pH in the 8-9 range until
the complete solid dissolution occurred. The solutvas finally filtered through a 0.48n Millex—HA
membrane (Millipore) and brought to the requiretlme with MilliQ"” water. The stock solution was
kept frozen before use. Aliquots of the stock sotutwere used to obtain 5 g'LEO solutions
containing variable amounts of cHALi. The degraufattrials were performed by irradiating 5 mL

cHALI-EO aqueous solution in a closed Pyteell with a Xenon (1500W) lamp (Solarbox) and & cu
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off filter for wavelengths below 340 nm. Experimemere also performed on 500 mL cHALI-EO
agueous solutions in a cylindrical photochemicaicter (Helios-Italquartz, Milan), equipped with a
125 W medium pressure Hg lamp. The system waskegeer continuous stirring in order to avoid the
formation of concentration gradient and air oragegn was bubbled to saturate the solutions with the
gases. Cold water circulating in the jacket surdmog the lamp kept the temperature within the @act
at 20°C; a Pyrexglass jacket acting as a cut-off filter for waveths below 300 nm was employed, in

order to avoid any possible contribution comingvirdirect dye photolysis.

2.4 Analyses of theirradiated solutions.

The dye abatement was calculated from the stafi@gconcentration (Co) and the found EO
concentration (Cir) after irradiation. The Cir valwas determined by HPLC-DAD-UV-VIS (Surveyor,
Thermo Scientific) analysis under the experimemahditions reported in the Appendix A. The
analysis of the EO photodegradation products wa®nmeed by HPLC-MS. A Dionex Ultimate 3000
HPLC coupled with a Surveyor PDA UV detector antlT&) Orbitrap mass spectrometer (Thermo
Scientific) equipped with an atmospheric pressaterface and an ESI ion source was used;waks
used as sheath and auxiliary gas. The source weolte@s set to 3.1 kV. The heated capillary
temperature was maintained at 275 °C. The maimguparameters adopted for ESI source were:
capillary voltage -34.00 V, tube lens offset -68\¥.7Mass accuracy of recorded ions (vs calculated)
was * 15 ppm (without internal calibration). Therahatographic separations were performed on a
Phenomenex Synergi C18 column, 150 x 2.0 mpm3oarticle size. Injection volume was @0 and
flow rate 200uL/min. Gradient mobile phase composition was adhipgeetonitrile/ammonium acetate

0.1 mM 5/95 to 100/0 in 30 min. Total organic card@OC) in the irradiated solutions was also
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measured, by means of Shimadzu TOC-5000 analgatalytic oxidation on Pt at 680 °C), which was
previously calibrated using potassium phthalateddeds solutions. Color bleaching in the irradiated
solutions was quantified by means of a double be&2ARY 100 SCAN-VARIAN, UV-VIS

spectrophotometer by measuring the absorbance7ahd6where the EO irradiated solution exhibits

the maximum absorptivity. The absorbance was tbherected for the cHALI contribution.

3. Results and Discussion

3.1 Chemical Natureof cHALi and Molecular Association in Solution

The chemical composition of the investigated cHallbstances is reported in Table 1. It appears that
on basis of the Cal, OR, NC and COOH parameterhiemical nature of the cHALI substances is
significantly affected by both the type and agirgtlte sourcing biomass waste. Specifically, the
substances isolated from food and green residurgeHIAL5-7) seem to have higher Cal, NC and
COOH content relatively to aromatic C than thos#ai®d from sole green residues (cHAL2-4). This
result suggest that the cHAL5-7 substances haviglemhcontent of residual fatty acid and protein
moieties formed by the microbial degradation of $teting bio-organic matter. Also, for each gradip
substances, it seems that increasing the agingdirttee sourcing waste causes a decrease of the Cal
OR and COOH relative C ratio. These changes magohsistent with the relatively higher sensitivity
of aliphatic C to microbial degradation which hasb already reported for other cases [1]. The data
confirm the variability of chemical composition dhe substances source which has already been
observed also for other similar BOS [1,18,19] pnés@ soil, water and city refuses from other

locations.
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The apparent critical micellar concentration (cnwvalues for the investigated substances (see
Appendix A) were 0.73-0.77 gLfor cHAL2-4 and 0.98-1.01 g-Lfor cHAL5-7. These appeared
therefore relatively constant within each groupsobstances obtained from the same source material,

but changing significantly from one group to thkest(i.e. from cHAL2-4 to cHALS5-7).

3.2 Irradiation experimentsand % dye abatement.

Based on the cmc data, the upper limit of 1'geHALi concentration was established in order to
avoid or limit the presence of cHALi aggregates &meir potential effect on EO photodegradation
kinetics and yield [17]. A preliminary ranking dfd isolated cHALI substances has been considered on
basis of their sensitizing effect on the photoddgtian of EO. The experiments were performed
irradiating the samples in closed cells for 5 hoB&@@mple solutions were prepared by dissolvingagEO
5 mg-L*, either alone or in the presence of 100 rifgeHALI (i = 2-7). Under these conditions, the
neat EO solution exhibited a negligible 1.8 % digatament, whereas rather high dye abatement rates
were observed in the presence of cHALI (Fig. 1thwhe cHAL5-7 substances isolated from the mix
of green and food residues performing better ttendHAL2-4 substances isolated from sole green
residues. This fact seems to point out a significaaterial source effect on the catalytic perforogn
of the above cHALi substances for EO photodegradatMoreover for each group of substances
isolated from the same type of source waste a pfakt seems to be reached with the substances
isolated from 7 days aged source materials, IHAL8 and cHALG. The effect of the source material
ageing is not as straightforward. Analogously to fdings, two recent papers have reported on the
photosensitizing properties of BOS isolated fronxtomes of yard trimmings, sewage sludge, and/or

animal manure and grapes residues, which werectetleafter composting for 0-130 days [15, 20]. The

10
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photo-degrading activity of such substances apgearencrease between 0 and 70 days composting
and to remain quite constant for the next furth@rddys. Searching for possible structure-property
relationships, our data show a trend for % dyeebant to increase with the relative phenol content
Table 1. The linear regression analysis performest all data points, excluding the one for cHAL7
that was clearly deviating from the general treyiglds a regression coefficient of 0.95 and the
empirical equation DA = 23.2 + 106 PhOH/Ct, with DA% dye abatement. Consistently with
previous work [20] phenol functional groups areelikto have an active role in the photosensitizing
process, although other chemical structural factoey also contribute to the cHALI performance.
Regardless of this empirical relationship, to werihe effect of the source composition on the
photosensitizing power of BOS, successive experisngvere performed with two cHALI selected
from each group based on their % dye abatementrrétien on the phenol content: i.e., cHAL3 and
cHALG6, which showed the highest % dye abatemenhiwithe products isolated from sole green
wastes and from the mix of green and humid refusgsectively.

Fig. 2 reports the results of experiments perfortmgdrradiating for 3 h solutions containing 5 4L
EO in the presence of 125-1000 nigtHAL3 or cHAL6. The results indicate that cHAL@&rforms
significantly better than cHAL3 and that, for baihbstances, the measured degradation yield increase
with the cHALI/EO w/w ratio, reaching nearly 100&babout 130 cHAL6/EO w/w ratio.

Fig. 3 reports the results of EO photodegradatigeements at 75 w/w cHALI (i = 3 or 6)/EO ratio
as a function of irradiation time. It may be obselvthat even at this low cHALi /EO ratio, neadyat
dye abatement is still reached within reasonabdytsh h time. The data well fit in a first-ordemnktic
law as clearly shown by the In(Cir/Co)-time plothel higher performance of cHALG relatively to
cHALS is confirmed throughout the investigated timmege. Analogous kinetics profiles were obtained

using the photochemical reactor; in comparison wiie results obtained in Solarbox, a slower

11
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abatement rate was observed. This difference i hkady due to the different geometries and light
source intensities present in the two systems.

Other experiments were performed with solutionst@ioing 5 mg-L* EO and 75 w/w cHALI (i = 3
or 6) / EO ratio which were irradiated in the phaitemical reactor under continuous air or nitrogen
bubbling in order to evaluate the effect of the @dphere on the degradation process. The results
(reported in the Appendix A) show a relevantly lowdge abatement rate in the presence of puyre N
compared to air, as demonstrated by the calcufatgtdorder kinetic constants in Table 2. This fact
suggests a possible reaction mechanism involvirsgtinee oxygenated species (ROS) as already
proposed for BOS present in soil and terrestriatevga[13, 21]. Analogously to the mechanism
proposed for humic substances, the light absordiionHALI may produce excited triplet states that
can in turn react with organic substrate by twommaechanism: hydrogen-transfer and energy-transfer.
The former one could be proposed in our case; tesepce of dissolved oxygen should favor indeed
the dye degradation since the generated hydrogem ein be transferred to the dissolved oxygen with
the formation of various ROS such as 0, *O,” and HO, which also contribute to the dye
degradation. Experiments in the presence of scaverfgr'O,, ‘OH would add useful information.
These offered scope for future research and wdrealoded herewith, since the specific investigati

of the photodegradation mechanism was beyond th@esaf the present work.

3.3 Analyses of irradiated solutions.

In addition to the analysis of residual EO to daiee the % dye abatement reported above, other
analyses for TOC, color abatement and EO interneslidentification were performed in the attempt
to trace the fate of the photodegraded dyehe TOC measurements were designed in order to

distinguish organic C contributed by EO and itsreddgtion products from the cHALI contribution.

12
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Thus, parallel irradiation experiments were perfednmfor the EO-cHALI solutions and also for
solutions containing cHALi and no EO. The result®wed no significant TOC depletion in the
solutions containing cHALI only. On the contrary, the EO-CHALI solutions, a progressive TOC
depletion versus irradiation time was observedciviwas therefore assigned to the dye disappearance.
The TOC analyses in the EO-CHALI solutions where dye was detected after irradiation were
consistent with 60 % dye mineralization.

Fig. 4 reports the results of the analyses for rcbleaching evaluated by monitoring the solution
absorbance at the wavelength corresponding to #reénmum of EO absorbance in the visible region
(A =467 nm), next to the data for % dye abatemera fasction of time for the solutions containing
5 mgL* starting EO at 75 w/w cHAL3/EO or cHALG6/EOQ irrathd in closed cells. It may be observed
that the color abatement increases parallel t@yleeabatement, but it is always less than expemed
basis of the dye abatement. Consistently with tB€ Tnalyses, at nearly 100 % dye abatement results
residual color is still observed, suggesting themfation of dye degradation products retaining
chromophore groups. These products were therefierdikely source of the organic C left over from
the dye photodegradation. On the basis of thesdtsese further investigated the composition of the
irradiated solutions searching for possible dyera@gtion intermediates. Our primary attention was
devoted to sulfonated degradation products. Thesgounds, being highly soluble and mobile in the
agueous environmental compartments, could extengdtential pollution risk to larger areas.

Due to the hydrophilic nature of the above sulfedatompounds the HPLC-MSechnique was
chosen as a suitable analytical approach. Liqurdroatography appears the best technique for direct
analysis of polar compounds, requiring neither\@dgization nor complex extraction procedures. This
separation technique, coupled with the LTQ-Orbif23] high resolution mass spectrometry (HRMS),

affords powerful diagnostic identification and cheterization of degradation products as already

13
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proven in metabolomic approach to the identifmatof transformation products of small molecules
[23].

In the present work several products were idewtifie the cHALI (i = 3 or 6)/EO 7.5 w/w ratio
solutions after 1-2 h irradiation in solar box,lisged in Table 3 reporting HPLC retention timeg,(t
mass to chargen(/ ratios and chemical structures. Figure 5 repthitsdigital reconstruction of a
typical HPLC profile obtained after EO irradiatiam the presence of cHAL3 by extracting from the
total ionic current the m/z 348, 320 and 304 signdt may be observed that several peaks
corresponding to several chemically different piidiare found having the same 348 (peaks A-D) or
320 (peaks E-G) m/z, whereas only one product (gdéakaving 304 m/4s obtained. Analogous
results were collected for EO photodegradatiorhenpgresence of cHAL6. The electrospray ion source
(ESI) and the high resolution (HRMS) allowed by thEQ Orbitrap mass spectrometer used in this
work (see experimental) allows to distinguish vibdtween isomers having exactly the same m/z value,
i.e., products A-D with 348.10061/z and products differing for rather small mass ealui.e.,
compound G with exactly 320.0694/z value and compounds E and F with exactly 320.09456
values. Further structural assignments for prodiiatsng exactly the sanrma/zvalue may be obtained
from the analysis of the fragmentation patternhef isolated neat compounds. Figure 6-9 report the
MS? spectra and the corresponding fragmentation pettiethe single A-D products isolated by HPLC.
The structures, reported in each figure next topdnent peak with 348.1006/z were assigned on the
following basis. For compounds A-C the presencthefion atm/z= 156 (Fig. 6-8) is compatible with
the OH attack on the ring not bearing the;Sfpoup. For compound A (Fig 6), the structure htired
to the fragment ain/z= 262 is possible only if the ring hydroxylatiasok place in meta position with
respect to the azo group. For compound B (Fige7 species havingl/z= 239, 260, 288 and 303 can
arise only from the isomer bearing the OH groughim ethyl chain. The structure of compound C with

the OH in ortho to the azo group is suggested leydresence of the ion at/z= 171 (Fig. 8),

14
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presumably formed from the hydrazo form preseranrazo-hydrazo tautomery. For compound D (Fig.
8) the absence of the phenylsulfonic radicalz(156) and the presence of the fragmenin&t 172,
corresponding to the hydroxyphenylsulfonic radiedlipws one to suppose the introduction of the OH
group in the sulfonated ring.

The formation of different isomers differing foretiposition of the OH groups can be easily explained
taking into account that radicals reactions arallgunot selective.

The key role of HRMS appeared for the structuresssent in the case of intermediates having
m/z = 320 (Fig. 5). For the compound with 16.5 mindn exacim/z value of 320.0694 was found,
whereas for the compounds with 12.0 and 12.9 mithé exactm/z value was 320.0945. Based on
these data two degradation paths could be hypatdsithe attack on the alkyl chain and the
contemporary ring hydroxylation or the cleavagehef azo group. In the latter case no further dega a
available in order to propose formula | rather tHar(Table 3). The presence of intermediates
containing not N, such as | and/or Il, indirectynéirms the formation of molecular nitrogen propwbse
in the literature as a possible explanation forlétok in the nitrogen mass balance, often evidemted
oxidative processes [24].

The chemical structures in Table 3 may suggest tttmain reactions taking place at the
photolysis onset were the hydroxylation of botlpladitic and aromatic C combined with cleavage of
alkyl chains and azo groups, followed by some fragts rearrangement. Similar findings are reported
[25] for the photodegradation of EO in the presenic&€O, where the «OH radical attack is considered

the main process step.

4. Conclusions

15
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The results of this work evidence the good perfarceaof bio-organic substances (cHALI) isolated
from green and food urban residues aged under igedadestion for zero-60 days as sensitizers for
ethyl orange photodegradation. The chemical comipasiand photosensitizing effect of these
substances have been shown to depend on the gpimiokwaste material and its aging conditions.
Although a statistically significant correlatitvas been found for the PhOH relative content of the
cHALI substances and % dye abatement, the avaitidike do not allow to assess a definite structure-
properties relationship for the investigated sutxsta.

For applied chemistry purposes, the 60 % dye miizateon observed in relatively short irradiation
time augurs rather well for the full potential dALi as photosensitizers to meet the requiremehts o
reducing the environmental impact of dye effludntghe textile industry. The result encourage ferrth
work to investigate the photolysis of other dyethie presence of cHALI, to optimize the conditiéois
achieving complete dye mineralization, to assesaAlLe¢hyerformance reproducibility as a function of
the source nature and to demonstrate the develdpofidioth efficient and environmentally friendly
textile dyeing processes by the use of cHALI eithethe fibres dyeing and in the exhaust dyeindp bat

treatment stages.
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Table 1. Ratios for aliphatic C (Cal), O-Me, ammine C (NO}alkyl C (OR), di-O-alkyl C (ROCOR),
aromatic and/or olefinic C (C=C) excluding PhO hepol (PhOH), phenyl ether (PhOX, X = R, Ar),
carboxylic acid C (COOH) amide C (CON) and ketor&ative to the sum (Ct) of C=C, PhOH and

PhOX C.

Cal OMe NC OR ROCOR C=C PhOH PhOX COOHCON C=0

cHAL2 3.05 0.13 0.33 0.84 0.26 064 012 0.24 0.37 0.07.18 0

cHAL3 254 020 0.22 0.78 0.27 0.70 0.19 0.11 0.34 0.14200

cHAL4 225 015 0.26 0.71 0.26 069 022 0.09 0.35 0.07.12 0

25



cHALS 490 023 050 1.12 0.21 068 0.29 0.03 0.55 0.07.30 0

cHAL6 450 0.00 0.56 0.90 0.66 061 039 0.00 049 0.05190

cHAL7 296 0.08 043 0.68 0.16 0.72 0.17 011 0.43 0.09.24 0

4 Table 2. First order kinetic constant ) values for the photodegradation of EO in the gmes of

5 cHAL3 and cHALSG calculated from the data reportedrig. 3 and in Fig. 1s of the Appendix A.

6
kobs, mln-l
Experimental
cHAL3 cHALG
conditions
Solar box 0.45 0.59
Photochemical
0.09 0.13
reactor in air
Photochemical
0.03 0.08
reactor in N
7
8

9 Table3. Products from EO photodegradation identified itA&H(i = 3 or 6)/EO 7.5 w/w ratio

26



© 00 ~N o Ou

solutions after 1-2 h irradiation in solar box .

EA
m/z tr(min)®

/©/so§
1

R
R= -NHEt or -NMe

304.0747 17.5

p—

jou
320.0694 16.5
Jo! o

Z==z

11
12
13
14
15
16
17
18
19
20
21
22

23
24
25
26
27

R= -NHEt or -NMe

(0]
HQC/\NQ 12 -d)
H3C/, |
320.0945 _
9 12.6
H3C/\N
ch/l
i 13.3
l 16.0
348.1006 17.9
20.3




O N o 0o A W DN PP

N
L O

12

13

14

15

16

17

18

19

20

21

22

23

24

*Multiple retention time values for the same m/iaraissigned to the presence of isomers differamgtfe position of the
OH functional group in the aromatic riftf\ssigned to compound FAssigned tacompound 1.
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Figure captions

Fig. 1. Dye abatement (%) of 5 mgLEO solution in the presence of 100 rifgtHALi after 5 h

irradiation in Solarbox.

Fig. 2. Dye % abatement vs. cHALI (i = 3 or 6)/EO w/w catifter 3 h irradiation of 5 mgLEO

solutions in Solarbox

Fig. 3. Dye % abatement and In Cir/Co (Cir and Co = catre¢ions at time t > 0 and t = 0
respectively) vs. irradiation time in Solarbox ®omgL’ starting EO solutions at 75 w/w cHAL (i = 3

or 6)/EOQ ratio.

Fig. 4. Color (0) and dyes{ % abatement vs. irradiation time in closed ceperating with 5 mgt:

starting EO solutions at 75 w/w cHAL3/EO (lower tslpor cHALG/EO (upper plots).

Fig.5. Products relative abundance versus retention @ime) and associated m/z values for HPLC-
ESI-Mass analysis of EO solution irradiated fdm I the presence of cHAL3 under the experimental

conditions reported in Table 3.

Fig. 6. ESI-HRMS spectra for product A in Fig. 5.
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Fig. 7. ESI-HRMS spectra for product B in Fig. 5.

Fig. 8. ESI-HRMS spectra for product C in Fig. 5.

Fig. 9. ESI-HRMS spectra for product D in Fig. 5.
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