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A method has been developed for the identification and
determination of Eulan WA New (or Eulan (/33} and Mitin
FF High Conc, used as mothproofing agents on wool and
wool blends. The mothproofing agent used is separated
by solvent extraction from a sedium hydroxide sofution of
the wool and determined by u.v. spectrophotometry. The
possibility of interfering impurities should not be
overiooked. Such interferences have rarely been
encountered in the author’s laboratory, but can be
detected by comparison of curve shapes.

INTRODUCTION

Wool yarns and manufactured wool articles can be treated
to prevent damage by moths, Among the commonly used
mothproofing agents currently available are Eulan WA
New and Eulan U33, containing as the active ingredient
the sodium salt of a mixture of polychloro-2-chloro-
methyisulphonamidodiphenyl ethers (l) and Mitin FF High
Conc containing as the active ingredient the sodium salt
of 3,4-dichloro-2'-(2-sulpho-4-chlorophenoxy)-5'-chloro-
carbanilide (ll}.
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Existing methods for the determination of Eulan WA
New, Eulan U33 and Mitin FF High Conc on wool products
involve dissolution followed by hydrolysis and steam distil-
lation of the resultant amine. Diazotisation and coupling
with ethyl chromotropic acid for the Eulans and benzoyl
H-acid for Mitin, and finally spectrophotometric measure-
ment of the absorbance of the resultant dye follow [1,2].
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instrumental methods such as gas chromatography [3]
and high-performance liquid chromatography {HPLC) [4]
are now well established and have provided an improve-
ment in the analytical procedure, being simpler and faster if
the throughput of samples is sufficiently high. Recently
some doubt has been cast on the accuracy of the gas
chromatography method owing to the possibility of ther-
mal decomposition of the active component of the
Eulans [5].

In response to the confusion caused by mislabelled sam-
ples an investigation was undertaken to examine the pos-
sibility of both the screening and quantitative analysis of
textiles used by the armed services in Australia. Presently
the government-approved mothproofing agents are Eulan
WA New, Eutan U33 and Mitin FF High Conc.

Although HFLC is probably the most satisfactory anaiyti-
cal method at present, an alternative technique would be
useful for the analysis of occasional samples especially
when HPLC is unavailable. The u.v. spectrophotometric
method described here is presented as such an alternative.

EXPERIMENTAL

Apparatus
A recording spectrophotometer capable of scanning be-
tween 360 and 190 nm is used.

Reagents
All reagents should be of recognised analytical-reagent
grade, and distilled water must be used throughout.

Methanol
Diethy! Fther
Propan-2-ol

Hydrochloric Acid (0.5 mol/f approximately)
Dilute 50 ml hydrochloric acid (1 160 g/m?®)to 1l with water.

Sodium Hydroxide {100 g/}
Dissolve 100 g of sodium hydroxide in 800 ml water and
dilute to 1 | with water.

Sodium Hydroxide (400 g//)
Dissolve 400 g of sodium hydroxide in 800 ml water and
dilute to 1 | with water.

Standard Solutions

Eulan WA New (1 mi =1.0 mg Eulan Commercial Product)
From the commercial product containing 20% of active
component, precipitate the Eulan with dilute hydrochloric



acid. To aid the separation add a few grams of sodium
chloride. Filter, wash well with water and dry to constant
weight in a desiccator. Dissolve 0.200 g of the precipitated
Eulan in methanol, dilute to 1 | with methanol! and mix.

Eulan WA New (1T m!=0.1 mg)

Dilute 100 m! of the solution (1 mI=1.0 mg) to 11 with
methanol and mix. A standard solution of Eulan U33 can be
prepared in a similar manner, the commercial product con-
taining 33% of the active component.

Mitin FF High Conc (1 mi=1.0 mg)

Dissolve 1.000 g of Mitin FF High Conc in 1:1 methanol/
water mixture, and dilute to 1| with 1:1 methanol/water
mixture.

Mitin FF High Conc (1 mi=0.1 mgj
Dilute 100 ml of the solution (1 mi=1.0 mg) to 1 | with the
1:1 methanol/water mixture.

Procedure

After conditioning the wool sample at 65+2% r.h. and
20+2°C for at least 2 h, weigh a 1.00 g sample into a 250 m!
flask fitted with an inert stopper. Add 20 ml sedium hydrox-
ide (100 g/1), stopper the flask and shake or stir mechani-
cally until the wool is dissotved. Decant the solution into a
100 ml volumetric flask containing 20 ml sodium hydroxide
{400 g/}, rinsing the flask and, if the sample is a wool blend,
the residue with water. Add the washings to the volumetric
ftask and dilute to 100 ml with water and mix.

Transfera 10 ml aliquotto a 100 ml separating funnel and
extract by shaking for 1 min with 10 ml of diethy| ether.
Allow the layers to separate and transfer the lower agqueous
layer to a second separating funnel. Repeat the extraction
three times, finally discarding the aqueous layer.

Combine the four diethyl ether extracts and wash by
shaking for 1 min, first with 5 mi of the 0.5 mo¥/| hydro-
chloric acid, and then twice with 5 ml of water, discarding
the aqueous layer after each washing.
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Figure 1 — Eulan absorbance spectrum
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Figure 2 — Mitin FF High Conc absorbance spectrum

Transferthe diethyi ether extracts to a 100 ml flask and, in
a fume cupboard, evaporate to dryness in a current of clean
dry oil-free air. Dissoive the residue in 10 ml propan-2-ol
and using the same solvent quantitatively transfer the solu-
tion to a 25 ml volumetric flask. Dilute to 25 m! with
propan-2-ol.

Using a 10 mm silica cell, and propan-2-ol as reference,
record the spectrum between 360 and 190 nm using a
spectrophotometer,

' The Eulans appearasa single absorption peak at approx-
imately 227 nm (Figure 1) while Mitin FF High Conc has two
absorption peaks at approximately 232 and 272 nm (Fig-
ure 2) in the approximate ratio of absorbance 232 nm/ab-
sorbance 272 nm=0.65:1.

If it has been determined that the mothproofing agent is
Mitin FF High Conc a further dilution of 10 mil to 256 ml is
necessary before afinat absorbance can beread at 272 nm.
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Figure 3 — Eulan WA New calibration graph
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Figure 4 — Mitin FF High Conc calibration graph

Calibration
Into each of a series of 250 ml stoppered flasks weigh out
1.00 g untreated wool and add suitable aliquots of the stan-
dard solution to give the percentage range of mothproofing
agent required. Add 20 ml of sodium hydroxide (100 g/}
and follow the procedure given above for wool samples.
Prepare a calibration graph (as Figures 3 and 4) by plot-
ting the peak absorbance at 227 nm for Eulan WA New and
272 nm for Mitin FF High Conc against the corresponding
percentage of mothproofing agent.

Calculation

Obtain the percentage of mothproofing agent by referring
the value of the maximum absorbance at the appropriate
wavelength to the relevant calibration graph. Eulan U33
may be calculated from the formula:

Eulan U33(%}=Eulan WA New(%) (from graph)x0.6

TABLE 1

Determination of Eulan WA New

RESULTS

In the absence of any suitable standards a number of wool
and woo! blend samples was chosen at random and the
Eulan WA New (Table 1) or Mitin FF High Canc {Table 2)
content was determined by the relevant manufacturer’s
method and also by the u.v. spectrophotometric method
described above. Onthe same set of samples an estimate of
the repeatability of the method was obtained by perform-
ing 20 individual determinations on each sample and cal-
culating the standard deviation. Examination of the absorp-
tion band shapes indicates the type of mothproofing agent
used and whether interferences are present.

DISCUSSION

Initially u.v. spectra of the methanolic solutions of Eulan
WA New and Mitin FF High Conc were recorded and it was
noted that the two mothproofing agents could be clearly
differentiated, Eulan WA New having one absorption peak
{Figure 1} and Mitin FF High Conc two (Figure 2). Beer's
|aw is obeyed for both mothproofing agents over the range
of concentrations 0~2.0%.

It was noted that, unlike the Mitin FF High Conc, the graph
of absorbance against concentration of Eutan WA New did
not pass through the origin. Therefore a blank determina-
tion on untreated wool must be carried out concurrently
with the sample.

The method of Kaniwa et al. [6], using sodium hydroxide
for dissolution of the wool sample and four diethyl ether
extractions for the separation of the mothproofing agents,
was found to be suitable for finished products. Sodium
hydroxide absorbs strongly at wavelengths less than
250 nm, peaking at 187 nm; it is therefore essential to
remove any extracted or entrained sodium hydroxide
before scanning.

Atternpts to water wash the diethy! ether extracts proved
unsatisfactory because, as the sodium hydroxide concen-
tration decreased, the solubitity of both mothproofing

Eulan WA New (%}

Sample Manufacturer's U.v. spectrophotometric

No. Sample type method [1] method

1 Wool knit (100%} 0.47 . 0.51+0.053

2 Wool/nylon (80:20)a 0.59 0.62+0.043

3 Wool worsted (1009%) 0.79 0.83+0.042

4 Wool yarn {100%} 0.75 0.75=0.035

5 Carpet yarn 0.73+0.027

6 Wool/nylon (80:20)(a} 0.70 0.68=0.030

(a) Where the sample is a wool/nylon mixture the mothproofing agent content has been calculated on 100% wool.

TABLE 2

Determination of Mitin FF High Conc

Mitin FF High Conc (%}

Sample Manufacturer's U.v. spectrophotometric

No. Sample type method (2] method

1 Wool/polyester (80:20) 0.65 0.68=0.040

2 Woaol/polyester {(50:50) 0.88 0.85=0.030

3 Wool/nylon (70:30)@ 0.68 0.68=0.036

4 Wool/nylon (70:30)(2 1.15 1.11+0.028

5 Waal/nylon {70:30)(} 1.25 1.11%0.021

6 Waol/nyion (70:30)@ 1.13 1.14+0.015

{a} Where the sample is 2 wool/nylon mixture the mothproofing agent content has been calculated on 100% wool.
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agents in the solution increased. Information supplied by
the manufacturers indicated that the acid forms of the
mothproofing agents are soluble in alcohols and ethers,
and it was decided to attempt an acid wash. This was
successful in removing the sedium hydroxide interference,
and at the same time the acid precipitated any extracted
protein. The mothproofing agent is quantitatively extracted
by the diethyl ether, as was shown by the use of known
additions of mothproofing agent to a sodium hydroxide
solution of wool.

Trials with a variety of different ailcohols as the final
solvent resulted in the selection of propan-2-ol. Propan-2-ol
is miscible with water, unlike methanol it does not appear
to dissolve any residue extracted from the wooland ithas a
higher boiling point than either methanol or ethanol,
thereby minimising evaporation losses during spec-
trophotometric measurements.

Comparison of the calibration graphs prepared accord-
ing to the extraction method with those of the mothproof-

ing agents dissolved in propan-2-ol showed a better than
98% recovery.

CONCLUSIONS

The u.v. spectrophotometric method of analysis as
described above is capable of providing results sufficiently
accurate and reproducible to determine whether adequate
mothproofing agent has been applied. It is also possible by
this method to determine which means of mothproofing
has been used when there is no relevant information sup-
plied with the sample, provided only one of the specified
agents has been used, and no interference is present.
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