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To identify and quantitate total organic compounds at trace Ievels in-water -

~ generally involves preconcentrations by solvent extraction, continuous liquid-liquid
extraction or on-column absorption'3. The disadvantages of such methods are the
Iong sample preparation time, the possxbxhty of incomplete recoveries of the com-
~ pounds, the necessity of derivatization to make the moIecuIes more voIatﬂe and stable
for gas chromatographic analysza. } . -
- %+ Qur study concerns a series of phenohc substances havmg mdustnal interest:
We have investigated the high-performance liquid chromatographic- (HPLC} separa-
tion.on-an RP-I8 reversed-phase column of alkyl- and benzophenones and monohy-
droxy- and .dihydroxynaphthalenes. With reversed-phase chromatography it is
possible to infect directly aqueous samples, and _with sufficiently sensitive detectors
any preconcentration process becomes unnecessary: . -

The electrochemical detector seemed to satisfy tms prerequmtc and for tfns
reason has been generally used in this work for the selective analysis of the phenolic
compounds-

EXPERIMENTAL

Apparatus - :
The determinations were carried out vnth a Hewlett-Packard 1010 A chroma-

-tograph, modified with a Rheodyne 7120 sample injector and a 20-z! loop. A coni-
mercial reversed-phase column (250 x 4 mm). LiChrosorb RP-18, 10 ym, was em-
ployed for all separations. The eluting solvents were water (triply distilled}-methanol
(LiChrosolv) mixtures. When the electrochemical detector (EICD) was .used an elec-
trolyte (1 g/l LiCIO, and 0.05 g/i H,S0,) was added to the eluting mixture.
A Metrohm 656 EICD has a glassy carbon working electrode, a glassy carbon
. counter efectrode and an Ag/AgCl reference electrode. A Metrohm VA 641 was em-
ployed as potentiostat and d.c. amplifier. If the sensitivity of the working electrode
decreased, the surface was renewed by mechamcal pohshmv using AL,O; pcwder

(0.3 gm). A . - - Ce e : -

Reagents, R
Phenohc standards and other chemxcals were techmcai grade or bettef and used
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wzthout further purification. "’he phenol standa:d squLons were aud;ﬁed ta increase -
their Stabb_t}

Prepm'atzar af szars@m‘ fz‘fwc a.r:d faanic acid sa[unans
. The isolation of fulvic and humic acids was carried out as. ée&nbed else-
ahae‘-
'To z 2.5-gszmple of immus were added 50 ml of 0.1 M Nz;P,0,. The mixture -
was shaken for I b dand then centrifuged for 5 min at 1500 g. An aliquot of solution - .
‘was zcidifieé with sulphuric acid to pH 2 and the precipitated humic acids were
separated by centrifugation. The supernatant was evaporated to dryness thus giving
the fulvic fraciion. - -
The two fractions so obtained were used for the evaiuation of possible inter-
ferences in the water analysis. R - ’

RESULTS ANTY DISCUSSION

HPEC of Aydroxynaphihalenes -

Thke analytical separation of monohydroxy- and dihydroxynaphthalenes by
EPLC on 2 RP-18 column was achieved under the conditions reported in Table I, and
typical chromatograms are shown in Figs. 1-3.

From Table [ it can be seen that the separation of the twelve compounds is
possible using two etuents of different polarities. With the more polar solvent, meth-
agol-water {1:3.5), all the isomers with the two hydroxyl groups not on the same
benzeme ring are separated, whereas for the isomers with the two hydroxyl groups on
the szme ring a less polar sluent, methanol-water (i :1.3), was needed. Aso, o~ and §-
naphthols can easily be separated with the !atter soivent. .
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Fig. |. Separation of h»dxov‘nap‘xthz_!e,nés {eroup A}. Column: RP-18. Elu=nt: mctzzano;—watc'. €1:3.5).
EICE appliec poteatizi: 1.23 V. - -




: Fxg. 3 Sem-.ranon of hvdroxynaphtha.enx (gteup B} C'\Iumn RP-lS EIuent. methano[—water (1 £ 3)
) U&detector'254nm. o RIS
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T The solute retention is a funct{ou of a reverszble association b\.tween the apola.r—:

: ,hgand bonded to the surface of silica particles and the apolar moiety of the solute
molecules®€. The elution order in group A follows the i mcreasmg length of the hydro- -
carbon. aromahc chain. The i S-dxhvdrosty compound Is eluted ouly thh the more
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B Cdmx ‘RP-IZ. Bcga : group A, mﬂtb:mcg-'va'_er (i3 5}. group B, m:thanol-watc: (l 1.3) EICD ap—
nﬁedpstmzﬁ*i‘ﬂ?.i’\' 234:152 T e R R R

.»Carrgaa:é v ':’ ’ el T Capfacz?_r v"fDe?ecabr:b’.ru'::j B AT
e - . facror, Lo T T — =
E - EICD R 5
T S pEBi . {ppm} i i
Crcu:«! o - . R S
§ 2.6 Fihydrorynaphibateas 633 e o e -
 H 1,5-Dihydroxynaphdchalene . 7a4s BRI 244 : e T
¥ i 6-Dihydroxyeaphthalene - .33 s 1+, SR To20
IV 2,7-Dihvdroxvaaphthalene 288 R (¢, ¢ I I
V 1.7-Dihvéroxynzphthaiene 2366 we 20
VI 1,3-Dikydroxynaphthaleqs - - 264 103 IR 1 -
VII 2,3-Diaydroxynaphthalene . 314 108 s -
VI | 4-Dihydrexynaphthalene- - £33 R . H{ U
X 1.8-Dihydroxynaphthaicne 14 130 - . 1 I -
X i,2-Dihvdroxymaphthalene © 0 0 17.14 - Dok ek
XE B-¢aphthol ) 7.82 160 R (i S

X z-Nazpathel .29 i 1G

* No response oz EiCD.
B me re compound. .

Whezz the two hvdroxyl groups are present on the same ring the retentzox tlme
increases dramaacaziy znd a chaage of eluent is necessary; so, in group. B, the 1,3,
2.3- and the 1,2-isomers follow the expected elution order, considering as above the
length of the hydrocarbon chain. ‘

In this picture of the interactions between the solute and the <ta&onary phase
the anomalously large value of & for the [, 4-dihydroxynaphthalene remains un-
expliined. '

HPI.C of hydraxylated benzo- and ai”“fpl’*e'zones
Chromatographic results for eight hydroxyphenones are reported in Table II.
For the sake of simplicity we have divided the series of ccmpounds mto twg groups:
benzophenornes angd alkyiphencaes.
For the benzophenones, the elution ordsr can be expiam‘*d in terms of an
approach similar to the one previousiy used for the hydroxynaphthalenes.
in compomd I both the aromatic rings bear an hydroxyl group having lLitde
‘possibility of interaction with the hydrocarbon ligand. In V and VI, due to the.
position of the OH relative to the carbonyl group. a byarogen bond can be formed,
enhancing the hydrophobic effect with censeqz.entiy Ionger retention times. Finally,
VI is eluted last because one of the OH croups 15 cngaged inan h&drocen bndoe and
the pther Is methylated.
.. In the alkylphenones a furtker effect has to be tzken in ae:omt, ‘that is the
ienﬂth of the aliphatic chain bonded to e carconyi group. The capactity factor is
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H;@Dﬁydromphenene Een oo 062
m#Hyimx)moplophcnone RSP ) S
: [VZ-Hydmxyaeetophcnoue R : 1.66_ :
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E ZE-Dihydmxsbenzophenone T 24
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viir "-Hydroxy—d—me{hoxybenzophcnone ff ’_'9:95_

- dependent on the moiecular sutface for solutes of homolocrous serxes' 8 and as aj

: ~;‘consequs-nﬂy the Iarzer A’ of VII compared to IV, 1s as expected

7 ‘Pez;fbrmam_e of e[ectrochemzcal detector

HPLC—x:ICD has been used sucoecsfuﬂv for plccmoIe Ievels of readﬂv ondlzed‘
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Fxg. 4 Standard cunes obta.med Wxth the EICD at an apphcd potermai of 1.26 V. 9y t 3-D1hyczrox3-,

: naphtha!me, A, B-naphtho!' E, :r-naphthcl ., 44—dﬂ1vdro~<vbenzopbenonc.
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:F‘ o ). Anaiysxs of Saveua. water (a) and of Savena water fortified (b) with 104 ppb 1,3-dxhvdmxy -
naphthaiene (A}, 80 ppb S-naphthol (B) and 80 ppb az-naphthol (C)- Sample size: 20 gl Eluent: me;hano[—
- water (It !1 Column RP—IS. EICD agpﬁed potentxaL 1.20 V. . i

specx&c such as phenohc compoundss 9. We have evaIuated the sultabihty of this seIec-
tive detector for the analysis of hydroxylated polyaromatic compounds.
The detection limits (reported in Tables I and IT} are of the order of 100 ppb,
which allow the direct determination of trace amounts in water. ‘
“The EICD has scme drawbacks such as the extremely low response for 1,4-
dihydroxynaphthalene and the rapid sensitivity loss upon repeated injections of rela-
- tively concentrated solutions (> 1077 A£). However, with very dilute solutions the
-sensitivity loss, due probably to film formation on the electrode surface following the
strong adsorption of such aromatic compounds, is less pronounced. It is advisable,
therefore, to check daily the detector sensitivity using a standard solufion of [ow
concentration (e.g., 107°-Af phenol) and to regenerate the electrode when the de-
crease in sensitivity is >209%.
“To determine the linearity of the detector response, various dilutions of four
representauve phenolic compounds were made and injected in the chromatograph.
" Table III gives the peak heights and the relative-per cent standard deviations. Fig. 4
shows a plot of peak height versus the amount of sample injected. Although the
curves show some non-linearity, it is not very pronounced. :
- We have evaluated the possibility of interferences with some constituents of the
organic matter of soil dissolved in water, such as humic and fulvic acids. Two-solu-
tions containing respectively the fulvic and the humic fractions extracted as described
-in-the Experimental section were chromatographed. Although the concentrations
were quite high (ca. 100 mg/i), no peaks appeared in the chromatograms and no
mterfetenc&s with the determination of the hydroxy compounds were found.
" An actual sample of water collected from the Savena river has been analysed
. together with a sample fortified with three regresentaﬁve compounds (Fig. 5). Also in
this case there is nc sign of interference from any compounds contained in the water. .
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