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SUMMARY 

A chlorine-selective detector based on flame emission has been developed for 
use with high-performance liquid chromatography. The column effluent is first burnt 
in a hydrogen-rich total consumption burner in the presence of a platinum catalyst. 
The so-formed hydrogen chloride reacts with indium yielding indium chloride in an 
upper cool hydrogen flame, thereby emitting a characteristic emission at 360 nm. 
The detection limit for chloroform in water was 300 pg/sec (signal-to-noise ratio 
3:I). The effects of chemical interferences by organic solvents were studied. In the 
present design, the total column effluent at flow-rates up to 1.5 ml/min is introduced 
into the detector. 

INTRODUCTION 

The determination of chlorinated organic compounds is of particular interest 
in connection with environmental pollution_ In this respect, gas chromatography 
(GC) with halogen-sensitive electron capture has played an important role, and the 
combination of GC and mass spectrometry has been indispensable for subsequent 
structure elucidation. Both techniques are mainly limited to the separation of volatile 
compounds or easily derivatized polar compounds. Non-volatile organic compounds 
still present problems in analysis. They may be separated in liquid chromatographic 
systems. However, high-performance liquid chromatography (HPLC) has not yet 
been successfully combined with a mass spectrometer or chlorine-selective detector. 

Specific chlorine determination by neutron activation analysis on environ- 
mental samples has shown that the volatile chlorine species comprise only a small 
proportion of all of the chlorinated constituents’. Jolley2 used Wl as a tracer in com- 
bination with ion-exchange chromatography in chlorination stu$es. He identified 

some non-volatile chlorinated compounds amongst other chlorinated derivatives of 

nucleic acids. 

The need for an elemental chlorine detector in HPLC has led to attempts to 
use GC detectors such as electron-capture (EC) or photo- and electrolytic conduc- 
tivity detectors3-5. However, the ECD operates in the gas phase which still creates 
problems with non-volatile components. Conductivity detectors have been used to 
measure the increased conductivity from hydrogen chloride after pyrolysis or photo- 
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degradation of chlorinated compounds’. They are not quite selective since other 
components may yieId conducting products. 

The direct on-line combination of ion-exchange chromatographic separation 
and flame photometric detection was successful for selective determination of some 
metaI$. JuIin ef aI_’ coupled an HPLC instrument to a modified emission burner to 
monitor phosphorus- and sulphur-containing compounds. The column effluent was 
aspirated in an nebulizer with nitrogen and hydrogen gases before entering the burner. 
Severe quenching was observed when the mobile phase contained organic solvents. 
Chestep inverted the air-hydrogen diffusion flame for selective phosphorus deter- 
mination. The air burnt in a hydrogen atmosphere thereby changing the redox condi- 
tions. In this way the quenching or interference of organic solvents was greatly reduced. 

Flame photometric determination of chlorine using the indium chloride 
emission band at 360 mn was proposed by GiIbert9. He used a modified Van der 
Smissen’* burner with two air-hydrogen flames. The sample is combusted in the 
lower burner yielding hydrogen chloride, which in turn reacts with indium before 
entering the upper flame. In the upper air-hydrogen flame the indium chloride 
emission band is measured at 360 nm. Gilbert proposed the use of this element 
selective detector for liquid and solid samples by spraying them into the first air-hy- 
drogen flame, however, no results were presented. Slightly modified versions of this 
detector have been used successfully in gas chromatographs by several authors”-rJ. 

Chloride determinations in liquids have been studied by Dagnall et (11.‘~ by 
using the molecular emission of indium chloride in a cool nitrogen-hydrogen flame. 
The temperature of the flame was found to exert a strong influence on the formation 
of the excited indium(1) chloride molecules which results in the intense emission at 
360 nm. Belcher el al-r6 used molecular emission cavity analysis (MECA) to establish 
the importance of Iow temperatures in indium(1) chloride emission_ 

The combination of a chlorine-selective emission detector, based on the 
formation of indium(I) chloride, and liquid chromatography would be very attractive 
in circumstances in which the liquid effluent couid be handled in a flame emission 
detector. By using a total consumption burner to convert the liquid into vapour, 
combined with a platinum catalyst, the organic chlorine compounds could be effi- 
ciently converted into hydrogen chloride for selective chlorine detection. 

EXPERIMENTAL 

Detector construction and operation 
A schematic view of the detector is presented in Fig. 1. It consists of two 

burners mounted one above the other in a quartz tube chimney. The lower burner is 
a total consumption burner (Beckman type) combining nebulization and combustion. 
A continuous flow of cohunn effluent is passed into the turbulent fI ame from a capillary, 
and an aerosol is produced in the flame. Large droplet:; in the ff ame are not completely 
converted into vapour and fall down into the drainage. The liquid flow into the 
burner is in the range O-5-1.5 ml/min, and those of hydrogen gas (in excess) and air 
are 4.5 I/min and 1.5 I/mm, respectively_ The air flow is insufficient to consume all the 
hydrogen in the lower burner. The excess of hydrogen is used to fuel the upper 
diffusion burner. 

The sample, containing chlorinated organic compounds in water-organic 
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Fig. 1. Schematic view of the detector unit which is mounted on an AAS. 1 = InCl emission reigon; 
2 = stainless-steel (SS) net with In,25 mm below upper flame; 3 = quartz tube (400 x 16 mm I.D.), 
tube tip 7 mm I.D.; 4 = platinum net, 60 mm above the burner; 5 = total consumption burner 
(Beckman type); 6 = air inlet; 7 = Hz inlet; 8 = HPLC column inlet; 0.25 mm I.D. stainless-steel 
tubing_ 

Fig. 2. Experimental set-up. To the right is an AAS with the chlorine detector aligned with the 
entrance optics To the left is a liquid chromatograph with a UV detector in series with the chlorine 
detector. 

solvent, is cornbusted in the lower flame. The use of a platinum net as a catalyst in 
the hydrogen atmosphere makes the conversion into hydrogen chloride more efficient. 
The hydrogen chloride is then passed over a net of indium (m-p. 156°C) where 
indium(II1) chloride vapour is produced. In the upper cool hydrogen flame a chemilu- 
miniscent reaction (exothermic) occurs. Indium(II1) chloride is reduced to excited 
indium(I) chloride leading to intense emission at 360 nm. The excited indium(1) 
chloride exists in the cooler part of the flame. The response is dependent on the tem- 
perature of the flame which should be kept as low as possible. In the hotter part of the 
flame the indium(1) chloride is converted into In, In0 and In’i. The emission bands 
of non-chlorine-containing indium species do not interfere with the molecular band 
at 360 nm. The background emission of the air-hydrogen flame in the absence of 
chlorine is low, permitting detection of low concentrations of chlorine. 

The detector is mounted on a Perkin-Elmer 403 atomic absorption spectrom- 
eter (AAS) working in the emission mode (Fig. 2). The position of the chimney and 
thus the upper flame was adjusted to optimize the indium(1) chloride signal. The slit 
width was 3 mm, giving a spectral beand pass of 2 nm. 
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To determine the optimal_spectrometric conditions for chIorine measurements, 
i.e., the gas flow, position of indium net, temperature, etc., a continuous flow of 
water containing 300 ppm chloroform was pumped into the lower burner. The tem- 
perature of the indium surface, which should be kept between 250°C and 3OO”C, was 
measured with a thermocouple. 

Chomatographic system 
A LDC liquid chromatographic system with Constametric III pumps and a 

Gradient Master was used. A Spectra-Physics 770 variable-wavelength UV detector 
was connected in between the HPLC column and the flame photometric detector. 
The reversed-phase column employed (200 x 5 mm I.D.) was packed with 5 pm 
Nucleosii Cl8 (Macherey, Nagel & Co., Diiren, G-F-R.). The system was equipped 
with a Valco injector with IO-,ul and 120~[tl sample loops and Perkin-EImer 56 strip- 
chart recorders. 

RESULTS AND DISCUSSION 

The detector 
The three important aspects of the detector which influence its ability to 

monitor chlorine species are: (1) the conversion of chlorine compounds into hydrogen 
chloride in a continuous liquid flow system; (2) the optimal conditions of indium 
area and temperature, yieIding indium(II1) chloride; (3) the different reactions in the 
upper flame which influence the indium(1) chloride emission intensity. 

The conversion of organic chlorine compounds in a water flow into hydrogen 
chloride by means of a tota consumption burner using hydrogen as fuel gas is not 
complete, and the introduction of a platium catalyst yieIds a greatly enhanced response. 
The catalyst probably also dissociates the water to some extent. The role of water in 
this detector is not known. Dagnall et a1.” determined chloride in water solutions 
with the addition of indium nitrate. They aspirated the chloride-indium nitrate 
aqueous solution into a cool nitrogen-hydrogen diffusion flame and obtained a limit 
of detection of ca. 0.7 ,ug/mI. Water has been reported to reduce the emission signal 
in gas-phase UV fluorescence measurements”. 

The total consumption burner has advantages over a separate nebulizer and 
burner. Thus the dead volume and the memory effect are lower. Furthermore a larger 
proportion of the liquid is consumed. Even completely non-volatile chlorinated 
compounds are converted using the present burner arrangement. 

The optimal conditions for indium in GC detectors, i.e., surface area, tempera- 
ture, etc., have been reported earlier”~‘2. 

The temperature of the upper diffusion flame has a strong itiuence on the 
folmation of indium(I) chloride. The chemical reactions are very complex and little 
understood. However, it is we11 known that higher temperatures result in atomization 
and ionization, and a reduction in the indium chloride signaP5. The position of the 
lower burner, as well as the nature of the gas mixture, inffuence the temperature in 
the upper flame. These parameters were studied and optimized; the dimensions of the 
quartz tube were enlarged compared to the earlier GC detectors (Fig. 1). 

The limit of detection was determined by injecting chloroform in a water 
flow of I m.I/min. The response of the detector is proportional to mass and the limit 
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of detection was calculated at three times the noise as 300 pg/sec (Fig. 3). The detector 
was linear in the range 0. I-20,~g chloroform injected. The relative standard deviation 
was 6 % (5 ,ug, n = 10). 

The selectivity for elemental chlorine is impaired by bromine which has a very 

weak indium bromide band near 360 nm. The strongest mo!ecular band of indium 
bromide is 374 nm, which may be used for bromine monitoring analogous to chlorine. 
Of course other species exhibit emission at 360 nm, however in a continuous flow 
system these effects are small compared to quenching from organic solvents. 
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Fig. 3. Detector response of IO ng chloroform injected in a continuous water flow of 1 mi/min. 

Fig. 4. Graph showing the quenching effects of acetonitrile (ACN) and methanol (MeOH) in the 
HPLC column effluent. The broken line illustrates the dilution of the continuously pumped chloro- 
form-containing (300 ppm) aqueous solution. 

Reversed-phase liquid chomatograply with the chlorine detector 
KPLC in the reversed-phase mode with water-organic solvents is now a 

widely used technique. The great problem with flame emission detectors is quenching 
from organic solvents; this was emphasized by Julin et al.’ using a phosphorus- 
sulphur detector. 

The quenching of the indium(i) chloride signal was investigated by use of a 
gradient of methanol or acetonitrile with a chloroform-containing water solution. 
With acetonitrile the signal rapidly decreased (Fig. 4). 7% Methanol gave somewhat 
better results, with a 50% signal reduction. It is clear that the detector cannot be 
used in the present mode with totally organic mobile phases. The quenching is 
probably due to radicals formed from the solvent. Chestep diminished the quenching 
effect by decomposition of the organic materials before entry into the HP0 formation 
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Fig. 5. Separation of dichloromethane and chloroform. Conditions: column (ZOO x 5 mm I.D.) 
packed with 5-,um Nucleosil C Is; mobile phase, 5% methanol in water, flow-rate 1 ml/min. The 
chlorine detector and UV detector (210 nm) were connected in series. 

region. In our case, this is not possible, since the temperature will be raised, resulting 
in a reduction in the indium(1) chloride formed. 

An attempt to determine chlorophenols with the present detector using a 
mobile phase of 1% acetic acid, 5% methanol in water was not successful since the 
chlorine signal completely faded. Another test, with a mobile phase of 5 % methanol 
in water (flow-rate 1 ml/min), was carried out for the separation of dichloromethane 
and chloroform on a reversed-phase column (Fig. 5). It is interesting to note that the 
wash-out factor is the same for the UV cell as for the Cl detector_ A memory effect is 
observed with rapidly formed peaks. 

With water-based separation systems the chlorine content can be determined 
successfully. 
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