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The spectrophotometric determination of trace amounts of phenols was investigated for flow-
injection analysis. Phenols reacted with 4-aminoantipyrine (4-AAP) to form stable antipyrine
dyes, which were concentrated on a Teflon(PTFE) filter tube. The antipyrine dyes collected on
the filter tube were eluted with 99% ethanol. The conditions for the antipyrine dye synthesis
used in this study were remarkably different from that for the conventional batch method.
Because a large excess of 4-AAP interferes with the adsorption of antipyrine dyes on a Teflon fil-
ter tube, 4-AAP was used at a lower concentration than that of the batch method. As a result,
the reaction of antipyrin dye synthesis consumed a long time. Concerning the pH for the syn-
thesis of antipyrine dyes, 7.3 was selected from the standpoint of the collection efficiency for the
antipyrine dyes. The sensitivity of the determination of phenols by the present method was
enhanced by 18 times compared to other concentration methods using Amberlite XAD resin.
The detection limits was 0.04 ug 17" for phenols for a concentration time of 15 min. The opti-
mum procedure for the determination of phenols by the present method was as follows: a sam-
ple solution containing less than 5 ug of phenols was adjusted with a KHoPO4+K-HPO, buffer
solution to pH 7.3. Then, 0.5 ml of 0.04% 4-AAP and 1.0 ml of 0.16%KFe (CN)¢ were added to
the solution. The sample solution was left standing for 15 min to produce antipyrine dye. The
obtained dye solution(100 ml) was transported to a Teflon filter tube at a flow rate of 1.6
ml/min for 15 min. The absorbance of the dyes eluted with ethanol (1.6 ml/min) was mea-
sured at 510 nm. The phenols were determined over the range of 0.5~40ugl™'. The RSD
was 2.1% for 0.5 ug 17! phenols (n=7). Aniline and its derivative interfered with the determi-
nation of phenols at more than 10 times the amount of phenols. Inorganic ions did not inter-
fere with the determination of phenols except for sodium sulfite.

Keywords : determination of phenols; Teflon filter tube ; 4-aminoantipyrin ; on-line concentration ;
flow-injection analysis.
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Fig. 1 Flow system

A: eluent (99% ethanol), B: sample solution, F:
Teflon filter tube (0.1 X 0.2 X'4.5 cm, pore size 1 Um),
P: pump, I: injector, R: recorder, UV: detector (510
nm), W: waste
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Fig. 2 3-Dimensional spectra of antipyrine dye in elu-
ate

phenol: 100 ug 1!, pH: 10, 0.04% 4-AAP: 0.5 ml,
0.16% KsFe(CN)g: 1.0 ml, total volume: 100 ml, con-
centration time: 5 min, eluent: 99% ethanol
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Table 1 Comparison among the absorbances ob-
tained by several kinds of tubes
Phenol Teflon Silicone PVC Teflon Nylon
lopgl™ ey be  tub tub
ug tube ube tube ube ube
Ablank 0.085 0.081 0.074 0 0
Agmple 0.186 0.099 0.085 0 0

Tube length: 5 m (i.d. 1.0 mm), Teflon filter tube: 4.5 cm
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Fig. 3 Observation of Teflon filter tube- surface by laser microscope
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Fig. 4 Effect of pH on absorbance

phenol: 20 ug1™', 0.04% 4-AAP: 0.5ml; 0.16%
KsFe(CN)s: 1.0 ml, total volume: 100 ml; eluent flow
rate: 1.6 ml/min, eluent: 99% ethanol, concentra-
tion time (sample flow rate 1.6 ml/min): 15 min, wave-
length: 510 nm, @: blank, l: sample

Fig. 5 Effect of 4-AAP concentration on absorbance

phenol: 20 ug17", 0.16% KsFe(CN)s: 1.0 ml, total vol-
ume: 100 ml, sample flow rate: 1.6 ml/min, eluent
flow rate: 1.6 ml/min, eluent: 99% ethanol, concen-
tration time: 15 min, wavelength: 510 nm, @ : blank,
M: sample

1004w/ v% D4LT I T UFEY ¥ 0.35~0.75ml T FEY VRSN T 7Y 74NV —F 2 —TICIREL, =
KBHERL R L. CREINAYFEOL I REBEOMHE NRIZEY 7 UFE) VBEBEORENFHEIN-DDEEZ
BZERBREOWALL FRINE I, 4TI/ TV 5h5.
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Fig. 6 Effect of KsFe(CN)s concentration on

absorbance

phenol: 20 ug1” ' 0.04% 4-AAP: 0.5 ml, total volume:
100 ml, sample flow rate: 1.6 ml/min, eluent: 99%
ethanol (1.6 ml/min), concentration time: 15 min,
wavelength: 510 nm, @: blank, ll: sample
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Fig. 7 Effect of sample flow rate on absorbance

phenol: 20 ugl™ ', 0.04% 4-AAP: 0.5 ml, 0.16%
KsFe(CN)g: 1.0 ml, total volume: 100 ml, eluent:
99% ethanol (1.6 ml/min), concentration time: 15
min, wavelength: 510 nm, @: blank, l: sample
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Fig. 8 Effect of the kinds of phenols on sensitivity

0.04% 4-AAP: 0.5 ml, 0.16% KsFe(CN)g: 1.0 ml, total
volume: 100 ml, sample flow rate: 1.6 ml/min,
eluent: 99% ethanol (1.6 ml/min), wavelength: 510
nm

B: m-chlorophenol (15.6 ug1 '), @: o-chlorophenol
(15.6 ug1™ '), V: oxine (15.6 ugl1™ '), & : o-cresol
(11.5ug1™') @: phenol (10 ppb), O: p-chlorophe-
nol (15.6 ug1™ '), [1: blank
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Table 2 Tolerance limits for interferents accompa-
nying phenol of 5 ug1™' on the proposed

method
Interferent li:j?[l:/r;ngcf. | Interferent li:};l;r;ngc; 1
cl- >2000 Zn®” 10
COs*~ >1200 cu®” 5
NO,~ >600 Fe'" 2
NO; ~ >800 Fe'" 1.5
SOs*~ 0.6 aniline 0.2
PO,*>” >600 p-toluidine 0.12
NH," >600 o-phenylenediamine 0.1
Mg** >400 p-sulfanilic acid 0.20
Ca*” >400 p-nitrophenylamine 0.05
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