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Dow Z-200 is a selective ore flotation agent, consisting mainly of N-ethyl, O-isopropyl
thionocarbamate (IPETC). This paper describes a GLC method for the estimation of
IPETC, and compares it with the conventional u.v. spectrophotometric procedure.

An aliquot of a cyclohexane extract of IPETC (prepared for spectrophotometric analysis)
is chromatographed on a column of SE-30 or OV-17/QF-1 at 125°C and the IPETC peak is
estimated in a *H electron capture detector (ECD). The ECD is superior in sensitivity and
linearity of response to the flame photometric detector operated in the S-mode. The
ECD-GLC procedure is comparable in sensitivity to the conventional u.v. absorbance
method, and offers an independent and complementary procedure useful for confirmation
of low levels of IPETC.

INTRODUCTION

N-ethyl O-isopropyl thionocarbamate (trivially isopropylethylthionocarba-
mate: IPETC) is the major component of Z-200 (Dow Chemical Co.), a
flotation agent used in the mining industry. It is routinely estimated by u.v.
absorbance after isolation by extraction into cyclohexane.! During a survey
of process reagent levels in mine waste waters from Northeastern New
Brunswick,? we consistently encountered apparent concentrations of

t Presented at the Symposium on Recent Advances in the Analytical Chemistry of
Pollutants, Halifax, N.S., August 23-25, 1972. :
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IPETC in the low ppm range, which is close to background for the u.v.
procedure. In order to confirm its presence at these levels, an independent
analytical method seemed desirable. Its low b.p. (85°C/4 mm Hg)! suggested
that it could readily be isolated by GLC, and its structure suggested that it
should give responses on the electron capture detector (ECD) and the flame
photometric detector (FPD) operated in the S-mode. This paper describes
the development of a GLC method for the analysis of IPETC.

EXPERIMENTAL

IPETC was prepared by distillation of Z-200 (a gift of the Dow Chemical Co.)
under reduced pressure. The main fraction came over at 110°C/8 mm Hg,
and was colourless, in contrast to the pale yellow of the starting material. Its
infrared spectrum (determined as a liquid film between NaCl plates on a
Perkin-FElmer 700 instrument) showed strong bands at 1550 and 1240 cm™!
attributable to the —CS—NH-——structure, and a band at 1140 cm™? attri-
butable to =C=8.3 Its u.v. spectrum showed a peak at 247 nm (cyclohexane)
with a molar absorptivity (assuming MW of 147) of 14,9001 mol.”* cm™?.
Micro-analysis yielded the following elementary composition:

Calculated: C: 49.0%, H: 8.8%, N: 9.5%, 0: 10.9%, S: 21.8%
Found:  C:48.5%, H:8.9%, N:10.2%, O: 11.3%, S: 21.2%

This preparation closely resembled that obtained by Jones and Woodcock,!
and was used for all subsequent work.

GLC was carried out on two systems: (1) a Packard 7400 instrument fitted
with a 6'x1/8" (i.d.) (183x0.32cm) glass column packed with 1.5%
OV-17/2%, QF-1 on 100-120 mesh Gas Chrom Q, operated at 125°C;
carrier, He at 40 ml/min; injection port, 165°C; detector, *H-ECD at
210°C; (2) a laboratory-built instrument fitted with a 6’ x 1/8” (i.d.) (183 x
0.32 cm) glass column packed with 39, SE-30 on 100-120 mesh Gas Chrom
Q operated at 125°C; injection system, 170°C; detector, Melpar FPD with
394 nm filter, operated with gas flows according to the manufacturer’s
instructions. Peaks were recorded on Honeywell recorders and injections
were made with Hamilton 701 N syringes. Calibration curves relating peak
height response to load were constructed.

U.v. estimation of IPETC was carried out as described by Jones and
Woodcock.! Solutions of standard IPETC, or extracts of field samples, were
prepared in cyclohexane (Baker, Spectranalyzed) and read at 247 nm in a
Unicam SP-500 instrument fitted with 1-cm quartz cells.

Ten-millilitre water samples (pH 7) taken from lakes in the Dartmouth
area (used for recreational purposes only, and presumed to contain no
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IPETC) were spiked with aqueous solutions of IPETC and extracted by
shaking with equal amounts of cyclohexane. The extracts were subjected to
u.v. and GLC analysis without further treatment. Mine waste samples
(pH 5-7) were shipped to the laboratory in polyethylene bottles and allowed
to settle; the supernatant (10 ml) was extracted with equal amounts of cyclo-
hexane, generally within two days of sampling.

RESULTS AND DISCUSSION

Chromatography of cyclohexane solutions of standard IPETC under the
conditions described above resulted in elution of a single peak attributable
to IPETC within 2 min of injection. Slight tailing was evident on the OV-17/
QF-1 column. A temperature-programmed run on ‘this column (from 60° to
200°C at 10°C/min) did not reveal any other peaks.

The FPD response to IPETC was less efficient than that of the ECD.
Minimum detectable amounts (for a peak twice as high as noise level) were
approx. 40 ng and 1 ng, for the FPD and ECD, respectively. For a 5-mcl
injection and 1:1 sample: extractant ratio, these correspond to minimum
detectable sample concentrations of 8 and 0.2 ppm, respectively. Increasing
the O,:H, ratios in the FPD flame may improve the FPD response some-
what,* but seems unlikely to bring it close to that of the ECD. However,
the relative specificity of the FPD towards S-containing compounds may be
an advantage in some circumstances. As has been noted for other S-con-
taining compounds,* the FPD response to IPETC increased with fairly high
powers of load (3-4), whereas in load range 1-10 ng, the ECD response
(peak height versus load) was approximately linear.

Extraction of IPETC from water samples into cyclohexane has been
reported to be reasonably efficient, with over 90%; being recovered in one
manipulation using equal volumes of sample and extractant.! The results of
a series of recovery experiments performed on lake water spiked with
IPETC generally confirm this (Table I). Extracts of unspiked water showed
no significant absorbance at 247 nm and GLC of these extracts showed no
peaks interfering with that attributed to IPETC. (Cyclohexane itself gave rise
to a small peak eluted about 0.5 min after the main solvent peak, but this
did not interfere with IPETC estimation.) GLC of extracts of spiked lake
water showed peaks corresponding in retention time to that of IPETC, and
estimates of IPETC concentration derived from these peaks generally agreed
closely with those made from u.v. absorbance measurements (Table I). Some
fluctuation in recovery was observed, mostly at lower concentrations, using
both u.v. and GLC methods; this was attributable to errors arising from
measurement of low absorbances and small peaks.

C
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TABLE 1

Extraction by cyclohexane of lake water (pH 7.0) spiked
with N-ethyl O-isopropylthionocarbamate

Conc. in Conc. in cyclohexane extract (ppm)
water
(ppm) u.v. method GLC method
0 0 0
1.31 1.2 92%) 1.5 (115%)
2.62 2.8 (107%) 24 (92%)
3.93 3.85(98%) 3.7 94%)
6.56 6.1 (93%) 6.2 (94%)
10.5 10.0 (95%) 10.7 (102%)
26.2 244 (939" 241 (2%
1.2 4.6%)° 1.0 @%)®
Mean % recovery +
S.D.: 97.1+5.4 98.818.6

», b First and second extracts.

Cyclohexane extracts of samples of waste water from the copper, lead and
zinc mining operations in Northeastern New Brunswick generally showed
some u.v. absorbance at 247 nm, suggesting the presence of IPETC. Analysis
of these samples for dithiocarbonates (xanthates), which also absorb in this
region, showed that these compounds were virtually absent.? Chromato-
graphy of these samples showed a peak with retention time similar to that
attributed to IPETC in standards (Figure 1). Estimates of IPETC concen-
tration by both u.v. and GLC methods generally agreed to within about
209, (Table II).

As noted above, IPETC is not the only component of Z-200; O-isopropyl
S-methyl dithiocarbonate (O-isopropyl methyl xanthate), N-ethyl dithio-
carbamate, dimethyl trithiocarbonate, and O-isopropyl S-ethyl thionocar-
bamate may also be present.® Of these components, only dimethyl trithio-
carbonate appears to have been subjected to GLC,® but the chromatographic
conditions required, and the behaviour of this compound were not recorded.
The extent to which these compounds may interfere with IPETC estimation
is therefore unknown. However, GLC of the two samples of Z-200 available
for this work contained no obvious peaks other than that of IPETC using
either FPD or ECD, and since this compound is the main component of
Z-200, the potential interference of other components in its estimation may
not be a problem in practice.
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FIGURE 1 Chromatograms of (a) cyclohexane solution of IPETC and (b) a cyclo-
hexane extract of mine waste water, on OV-17/QF-1. Conditions as described in text.

TABLE II

Comparison of u.v. and GLC
determinations of IPETC in field

samples.
IPETC (ppm)
Sample No. uv. GLC
29 1.80 1.62
35 1.23 1.16
39 1.51 1.24
43 1.50 1.45

On the basis of the data presented here, it appears that ECD-GLC offers
an alternative method to u.v. absorbance measurements for IPETC analysis.
In practice, it is unlikely to be any more convenient than the u.v. method for
routine analysis, but it offers an independent and complementary procedure
which may be useful where confirmatory evidence is required.
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