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(54) Method and Apparatus for 
Analyzing lonizable Materials 

(571 An apparatus and method for 
analyzing a solution of ionizable 
compounds in a liquid comprises 
irradiating the solution with 
electromagnetic radiation to ionize the 
compounds and thereafter measuring 
the electrical conductivity of the 
solution. The radiation may be X-rays, 
ultra-violet, infra-red or microwaves. 
The solution may be split into two 
streams, only one of which is 
irradiated, the other being used as a 

reference by comparing conductivities 
of the two streams. The liquid must be 
nonionizable and is preferably a polar 
solvent. The invention provides an 
analysis technique useful in liquid 
chromatography and in gas 
chromatography after dissolving the 
eluted gases in a suitable solvent. 
Electrical conductivity measurements 
performed on the irradiated eluent 
provide a quantitative indication ofthe 
ionizable materials existing within the 
eluent stream and a qualitative 
indication ofthe purity ofthe eluent 
stream. 
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SPECIFICATION 
Method and Apparatus for Analyzing lonizable Materials 

This invention relates to a novel method and apparatus for analyzing ionizable compounds 
contained within a liquid. In particular, the instant invention provides an analysis technique useful in 

5 liquid chromatography by effecting ionization of the eluent stream from the liquid chromatograph with 5 
electromagnetic radiation. Electrical conductivity measurements performed on the irradiated eluent 
provide a quantitative indication of the ionizable materials existing within the eluent stream and a 
qualitative indication ofthe purity ofthe eluent stream. Additionally, the instant invention provides an 
analysis technique useful in gas chromatography by first dissolving the gaseous components eluting 

10 from a gas chromatograph in a nonionizable polar solvent and thereafter effecting ionization of the • 10 
dissolved eluent with electromagnetic radiation. Electrical conductivity measurements performed on 
the irradiated dissolved eluent provide a quantitative indication ofthe ionizable materials existing 
within the gaseous eluent stream and a qualitative indication of the purity of the gaseous eluent. 

The analysis of pesticides and related halogenated and nitrogenated compounds is usually carried 
15 out by gas chromatography using highly specific, sensitive detectors. Liquid chromatography, on the 15 

other hand, offers certain advantages over gas chromatographic procedures. For example, liquid 
chromatographic procedures rarely require samples to be derivatized prior to the analysis and, 
additionally, liquid chromatography provides simple and more efficient clean-up procedures. However, 
these advantages are offset by the main weakness of liquid chromatography particularly in the area of 

20 pesticide residue analysis in that, prior to the present electrolytic conductivity detector invention, there 20 
has been a lack of a suitable detector having the required sensitivity and specificity for analysis of these 
materials. Furthermore, although electrolytic conductivity detectors have been used previously for the 
analysis of ionic liquid chromatograph eluents, these detectors have not been widely accepted for a 
number of reasons. First, compounds such as salts, acids and amines, which can be detected by 

25 electrolytic conductivity techniques, are either more readily analyzed by other techniques or are 25 
chromatographed using conditions that are not particularly suitable to conductivity measurements. For 
instance, salts can be rapidly analyzed by atomic absorption spectrophotometry or with specific ion 
electrodes; acids and amines are chromatographed under conditions that minimize their ionization 
which, in turn, greatly reduces sensitivity to electrolytic conductivity detection. Second, the sensitivity 

30 and linearity of prior art electrolytic conductivity detectors have been limited by capacitance and cell 30 
heating effects. 

Summary of the Invention 
The present invention overcomes the above-noted shortcomings by providing a novel method 

and apparatus for ionizing a sample of a liquid and thereafter measuring the electrical conductivity of 
35 such ionized sample. The apparatus displays an increased detection sensitivity and an extended region 35 

of linear detector response. The method ofthe present invention ionizes a liquid stream in a manner 
that enhances the electrical conductivitiy ofthe liquid thereby permitting measurements ofthe 
ionizable materials existing within the liquid to be made. 

In accordance with this invention measurement is made by photolytically decomposing a material 
40 under conditions such that ionic products of the decomposition can be measured using electrical 40 

conductivity techniques. Typically, the method is applied to ionic products of the photolytic 
decomposition of a compound sought to be measured existing in a suitable polar solvent. However, the 
technique may also be used to measure the purity of an ionizable liquid subject to photolytic 
decomposition. 

45 The qualitative measurements according to the present invention are made on an inlet liquid 45 
stream which contains photolytically reactive materials. For example, when the inlet fluid stream is the 
eluent of a liquid chromatograph the well-known action ofthe liquid chromatographic column performs 
an effective separation ofthe compounds dissolved within the solvent flowing through the liquid 
chromatograph such that compounds introduced into the apparatus ofthe present invention, and 

50 contained within the eluent stream, have been previously separated according to their molecular 50 
properties and hence may be considered to exist as substantially pure compounds dissolved within 
discrete volumes of the solvent of the eluent stream. Accordingly, electrical conductivity 
measurements made upon these discrete volumes, as provided by the apparatus and method ofthe 
present invention, may be used to qualitatively determine the purity of the photolytically reactive 

55 compounds dissolved within the electrolytic solvent. Alternatively, qualitative measurements may be 55 
made on a substantially pure photolytically reactive liquid such as may be obtained as the reaction 
product of a reaction in a laboratory or a processing plant. 

Thereafter, the irradiated liquid is flowed into a conductivity cell where a voltage is impressed 
across the liquid to produce a resulting current. A measurement ofthe resulting current is 

60 quantitatively indicative of the amount of ionizable material in the liquid and is also qualitatively 60 
indicative of the purity of the liquid. 

According to a further method of the invention, a liquid is divided into an analysis sample and a 
reference sample; the analysis sample thereafter being irradiated with electromagnetic radiation. The 
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liquid comprises a polar solvent with certain ionizable compounds dissolved therein. However, in the 
instance in which the ionizable compounds are dissolved in a non-polar solvent, the method ofthe 
present invention provides a technique by which a polar solvent may be mixed with the liquid prior to 
being divided into the analysis sample and the reference sample. A voltage is then impressed across 

5 both the irradiated analysis sample and across the reference sample to produce an analysis resultant 5 
current and a reference resultant current respectively. The resultant currents are compared and a signal 
is thereafter generated indicative of the quantitative amount of ionizable material in the liquid and 
qualitatively indicative of the purity ofthe liquid. 

According to yet a further aspect ofthe method ofthe invention, the measurements described 
10 above are made on the eluent of a liquid chromatograph. 10 

In yet a further aspect of the method of the invention, the measurements described above are 
made on the gaseous eluent from a gas chromatograph. In this instance, the gas chromatographic 
eluent stream is dissolved in a non-ionizable polar solvent prior to being divided into an analysis sample 
and a reference sample. After such division, the analysis sample is irradiated with electromagnetic 

15 radiation, whereas the reference sample is not. Both samples are then flowed into an electrical 15 
conductivity cell containing an analysis cell a-d a reference cell respectively. A voltage is then 
impressed across both the irradiated analysis -ample and across the reference sample to produce a 
resultant analysis current and a resultant reference current. The resultant currents are compared and a 
signal is thereafter generated indicative ofthe quantitative amount of the ionizable material in the gas 

20 eluent stream and qualitatively indicative of the purity of the gaseous eluent stream. 20 
In a further aspect of the method of the invention, the electromagnetic radiation used to irradiate 

the analysis sample is ultraviolet radiation. 
According to the apparatus ofthe present invention a reactor chamber adapted for receiving a 

liquid which comprises a nonionizable polar solvent with certain compounds dissolved therein or a 
25 substantially pure ionizable liquid is provided. The reactor chamber is provided with an irradiation 25 

source for irradiating the liquid as it flows through the reactor chamber. An analysis 
cell is provided for receiving the liquid as it flows from the reactor chamber. A cell excitation circuit is 
also provided for generating a voltage with this voltage being impressed across the irradiated liquid 
during its passage through the analysis cell thereby producing a resultant current. A signal processing 

30 circuit measures the resultant current and generates a signal quantitatively indicative of the amount of 30 
ionizable material in the liquid and also qualitatively indicative ofthe purity ofthe liquid. 

According to a further aspect ofthe apparatus of the invention a fluid separator is provided for 
separating an inlet liquid stream into an analysis sample and a reference sample. After separation, the 
analysis sample flows into a reactor chamber and, simultaneously, the reference sample flows into a 

35 delay chamber. An irradiation source is provided for irradiating the analysis sample in the reactor 35 
chamber after which the irradiated analysis sample and the reference sample flow into an analysis cell 
and a reference cell respectively. A cell excitation circuit is provided for generating a voltage which is 
impressed across both the irradiated analysis sample during its passage through the analysis cell to 
produce a resultant analysis current and across the reference sample during its passage through the 

40 reference cell to produce a resultant reference current. A signal processing circuit compares the 40 
resultant currents and generates a signal indicative of the amount of ionizable constituents in the inlet 
liquid stream and also indicative of the purity of the liquid. 

In"a further aspect of the apparatus, a source of ultraviolet radiation is provided for irradiating the 
analysis sample. 

45 In another aspect ofthe apparatus, a splitter-combiner is provided for introducing either a 45 
nonionizable polar solvent or a photosensitizer, or both, into the inlet liquid stream prior to the inlet 
liquid being split into the analysis sample and reference sample. 

In yet a further aspect of the apparatus of the present invention, a gas eluent stream from a gas 
chromatograph is flowed into the splitter-combiner where it is mixed with and dissolved in a 

50 nonionizable polar solvent and thereafter split into an analysis sample and a reference sample. 50 
Electrical conductivity measurements are then made on these samples as previously described. 

Description ofthe Figures 
Figure 1 is a block diagram of one aspect of the apparatus ofthe present invention. 
Figure 2 is a block diagram of yet another aspect of the apparatus of the invention equipped for 

55 receiving either an eluent stream from a liquid chromatograph. system or a gas eluent stream from a 55 
gas chromatograph and additionally providing a solution injector for introducing additional materials 
such as nonionizable polar solvents into the eluent stream. 

Figure 3A is a perspective view ofthe novel conductivity cell of the present invention. 
Figure 3B is a top plan view ofthe conductivity cell of Figure 3 A. 

60 Figure 3C is a cross section of Figure 3A taken along the line 3—3. 30 
Figure 4 is a block diagram of the differential conductivity circuit of the present invention. 
Figure 5 is a schematic ofthe cell excitation circuit of the present invention. 
Figure 6A is a schematic ofthe signal processing circuit ofthe present invention. 
Figure 6B is a continuation of the schematic of Figure 6A. 
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Figure 7 depicts the control logic, cell excitation waveform and cell output waveform. 
Figure 8 is a comparison of ultraviolet spectrograms of several chlorinated hydrocarbon 

pesticides with electrical conductivity measurements made on the same pesticides according to the 
method of the present invention. 

5 Figure 9 is a comparison of ultraviolet spectrograms of several hydrocarbon pesticides with 5 
electrical conductivity measurements made on the same pesticides to demonstrate the selectivity of 
the present invention. 

Figure 10 is a comparison of ultravioletf spectrograms of several organophosphorus pesticides 
with electrical conductivity measurements made on the same pesticides to demonstrate the specificity 

10 of the present invention. 10 
Figure 11 is a comparison of ultraviolet spectrograms of several urea based herbicides with 

electrical conductivity measurements made on the same herbicides to demonstrate the sensitivity of 
the photo-conductivity detector of the present invention. 

Figure 12 presents electrical conductivity measurements made on several chlorinated 
15 hydrocarbon and nitrogenated hydrocarbon pesticides to show the response of the present invention to 15 

certain nitrogen containing compounds. 
Figure 13 is a comparison of the linearity of response of the present invention with that of a 

conventional ultraviolet spectroscopy detector. 

Description of the Preferred Embodiment 20 
20 The detection of various compounds by electrolytic conductivity depends on the conversion of the 

compounds to ionic species which, when dissolved in an electrolytic solvent, increase or otherwise 
alter the conductivity of the electrolyte. For example, compounds containing halogens, sulfur or 
nitrogen are converted to highly ionic species such as halogen acids, sulfur acids or ammonia by, for 
example, pyrolysis, combustion or photolysis. Furthermore, it has been shown in numerous studies on 25 

25 the persistence of pesticides in the environment that photolytic decomposition of the pesticides is a 
major factor in the environmental degradation of such pesticides and it has also been reported that 
halogenated species of pesticides may be photolytically dehalogenated to form halogen acids such as, 
for example, HCI. Other photolysis reactions are also known to occur which may lead to the formation 
of ionic species; for example, the cleavage of esters and nitrogen compounds to form acids or amines. 30 

30 Accordingly, the method and apparatus of the present invention as herein described make use of 
the photolytic reactivity of certain halogen and/or nitrogen containing compounds, such as pesticides, 
to provide photo-decomposition products which are ionizable. The existence of such products within an 
electrolytic solvent will produce ionic species affecting the electrical conductivity of such electrolytic 
solution. The terms "electrolytic solvent" and "polar solvent" are used synonymously herein to mean 35 

35 solvents consisting primarily of polar molecules, i.e., molecules that exert local electrical forces, such 
as, for example, water, acetonitrile, methanol, ethanol or isopropyl alcohol. 

As used herein, the term "photolytic reactivity" is used to describe the susceptibility of certain 
halogen and/or nitrogen-containing compounds to chemical decomposition effected by the irradiation 
of the compounds with electromagnetic radiation and particularly electromagnetic radiation of a 40 

40 wavelength of approximately 300 nanometers or less. For example, the halogen-containing compound 
Dieldrin decomposes under the action of ultra-violet radiation to split off hydrogen chloride and, in this 
regard, is considered to be photolytically reactive. In instances wherein the Dieldrin is dissolved within 
an electrolytic solvent, such as ethanol, the hydrogen chloride produced by the action of the ultra-violet 
radiation ionizes to H+ and CI- ions. The existence of these ions in the electrolytic solvent affects the 45 

45 electrical conductivity of such solution in a manner that directly relates to the amount of Dieldrin 
dissolved in the electrolytic solvent, the photolytic reactivity of the Dieldrin and the efficiency of the 
ultraviolet radiation in producing the ionic products. Thus, in the practice of the present invention, it is 
essential that the compounds under study be capable of undergoing photolytic decomposition to 
produce ionic products, i.e. the compounds must display photolytic reactivity. 50 

50 However, it is also essential, in the practice of the present invention, that the electrolytic solvent 
not display photolytic reactivity. This is necessary since if the electrolytic solvent displays such 
photolytic reactivity then the method of the present invention, as hereinafter described, would cause 
photo-decomposition of the electrolytic solvent and hence would produce detectable ionic species that 
would mask or otherwise interfere with the electrical conductivity measurements made on the 55 

55 compounds dissolved within such electrolytic solvent. Thus, as used herein, the terms "non-
photolytically reactive electrolytic solvent" or "nonionizable electrolytic solvent" are used to mean an 
electrolytic solvent that does not display photolytic reactivity or, if the solvent contains a halogen or 
nitrogen, the solvent does not undergo photo-decomposition when exposed to ultraviolet radiation. 
Likewise, the term "photolytically reactive electrolytic solvent" or "ionizable electrolytic solvent" are 60 

60 used to describe those solvents which display such photolytic reactivity. Further, unless otherwise 
noted, the terms "electrolytic solvent" and "polar solvent" are limited to "non-photolytically reactive 
electrolytic solvents" such as, for example, water, acetonitrile, methanol, ethanol or isopropyl alcohol. 
Also, the terms "non-polar solvent" and "non-electrolytic solvent" are synonymously used, unless 
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otherwise noted, to mean "non-photolytically reactive non-polar solvent" such as, for example, hexane, 
isooctane, heptane, and cyclohexane. 

The present invention provides both quantitative and qualitative measurements of the 
compounds dissolved within the electrolytic solvent. Thus, where it is desired to quantitatively and 

5 qualitatively measure a compound dissolved within an electrolytic solvent, it is only 'necessary to insert 5 
a volume of the solution under study into the apparatus of the present invention, in a manner 
hereinafter described, and measure the electrical conductivity of the solution. As previously mentioned, 
the electrical conductivity measurement is directly relatable to the amount of ionic products produced 
due to the action of the electromagnetic radiation, with the amount of ionic products so produced 

10 being further directly relatable to the amount and chemical nature of the compound dissolved within 10 
the electrolytic solvent. 

As used herein, the term "inlet liquid stream" means a liquid input to the apparatus of the present 
invention and whose electrical conductivity is to be measured. The inlet liquid may comprise an 
electrolytic solvent and one or more compounds dissolved therein with one or more of the compounds 

15 displaying photolytic reactivity such as, for example, halogenated and/or nitrogenated chemical 15 
compounds. The inlet liquid may be, for example, the eluent stream obtained from a liquid 
chromatograph and, in this regard as one skilled in the art readily appreciates, the well-known action of 
the liquid chromatograph column produces an effective separation of the dissolved compounds 
existing within the solvent according to their molecular properties. Additionally, the term "inlet liquid 

20 stream" also means a substantially pure ionizable liquid input to the apparatus of the present invention 20 
and whose electrical conductivity is to be measured and, in this regard, the inlet liquid may be obtained 
as a substantially pure reaction product of the chemical reaction produced either in a laboratory or in a 
processing plant. Furthermore, the term "inlet liquid stream" encompasses not only an inlet liquid 
stream continuously flowing into the apparatus of the present invention but also is meant to include a 

25 defined volume of liquid input into the apparatus of the present invention on a one-time basis. 25 
Accordingly, the terms "analysis sample" and "reference sample", which hereinafter appear, are used 
to describe volumes of the inlet liquid stream flowing through an analysis cell and a reference cell 
respectively and are also meant to encompass and define the volumes of the inlet liquid which may be 
contained in the analysis cell and the reference cell respectively. As will be appreciated, it is only 

30 necessary either that the compounds dissolved within the inlet liquid be photolytically reactive or the 30 
substantially pure ionizable liquid display photolytic reactivity. 

Additionally, the term "inlet liquid stream" is also used to mean the gaseous eluent stream from a 
gas chromatograph which is dissolved in a nonionizable polar solvent and thereafter input into the 
apparatus of the present invention. Alternatively, the gaseous eluent stream from the gas 

35 chromatograph may be input into an alternative embodiment of the present invention, which 35 
embodiment includes a splitter-combiner and a solution injector hereinafter described, wherein the 
gaseous eluent from the gas chromatograph is mixed with and dissolved in a nonionizable polar solvent 
in the apparatus of the present invention and thereafter divided into an analysis sample and a reference 
sample. 

40 Thus, by separating an inlet liquid stream into an analysis sample and a reference sample and 40 
thereafter irradiating the analysis sample with electromagnetic radiation, photolytic reactions occur in 
this sample thereby producing ionic species. By then impressing a voltage across both the irradiated 
analysis sample and the reference sample the presence of the ionic species in the irradiated analysis 
sample will produce a resultant analysis current that is different from a resultant reference current 

45 obtained from the reference sample. Accordingly, by taking the difference between the resultant 45 
currents a signal indicative of the ionizable material existing within the inlet fluid stream may be 
generated. 

In the description of the preferred embodiment which hereinafter follows, it should be understood 
that similar reference numerals found in the several figures accompanying this description refer to 

50 similar elements. 50 
Referring now to Figure 1, the apparatus of the present invention is described in block diagram 

form. 
The present invention measures the electrical conductivity of an inlet liquid stream input into the 

present invention through a line 3. As the inlet liquid stream enters the apparatus of the present 
55 invention, it passes through a flow control valve 4 and thereafter is divided into an analysis sample and 55 

a reference sample by the action of a splitter 7. The analysis sample is flowed through a line 6 into a 
reaction chamber 10. Simultaneously, the reference sample is flowed through a line 8 into a delay 
chamber 16. The reactor chamber 10 comprises an electromagnetic radiation source 12 and a reactor 
coil 14. The delay chamber 16 comprises a delay coil 18. 

60 In order to provide sufficient energy to photolytically decompose the dissolved materials existing 80 
within the analysis sample, the preferred radiation source 12 comprises a source of ultraviolet 
radiation. Factors effecting this photolytic decomposition include, but are not specifically limited to, the 
wave length of the ultra-violet radiation source, the intensity of the ultra-violet radiation source, the 
ultra-violet absorbance of the reactor coil 14, the flow rate of the analysis sample through the reactor 

65 coil 14, and the ultra-violet absorbance displayed by the analysis sample at the wave length emitted by 65 



5 GB 2 015 169 A 5 

the ultra-violet radiation source. Accordingly, in order to maximize the photolytic decomposition of the 
photolytically reactive materials dissolved within the electrolytic solvent, the preferred source of ultra-
violet radiation is an ultra-violet radiation line source emitting ultra-violet radiation of a wave length of 
approximately 300 nanometers or less. For example, the ultra-violet radiation source may be a mercury 

5 vapor ultra-violet line source of 254 nanometers or a zinc vapor line source of 213 nanometers 5 
connected by lines 11 and 13 to a power supply therefor (not shown). Furthermore, the intensity of the 
ultra-violet radiation source is preferred to be approximately 4000 microwatts per square centimeter 
when measured at 0.75 inches from a radiation source emitting ultraviolet radiation with a wavelength 
of 254 nanometers. Moreover, the radiation source must not give off so much heat as to cause 

10 vaporization of the electrolytic solvent during its flow through the reactor coil 14. Non-limiting examples 10 
of radiation sources include a 254 nanometer mercury vapour line source and a 213 nanometer zinc 
vapor line source both manufactured by Ultraviolet Products, Inc., San Gabriel, California and sold 
under the registered trademark PEN-RAY Lamps. 

Although a source of ultra-violet radiation is the preferred radiation source, other sources of 
15 electromagnetic radiation are applicable to the present invention. For example, infra-red radiation of 15 

sufficient intensity to cause photolytic decomposition of the photolytically reactive materials existing in 
the inlet liquid stream may be used, however, in this instance it is necessary that the reactor coil 14 be 
made of a material which does not absorb the infra-red radiation. When infra-red radiation is used in 
the present invention, the source thereof may be, for example, a carbon dioxide laser emitting radiation 

20 at a wavelength of 10.2 microns. Other sources of radiation may also be useful in obtaining the results 20 
of the present invention such as, for example, microwave or X-ray radiation. However, as one skilled in 
the art appreciates, whenever these latter radiation sources are utilized the compounds dissolved 
within the inlet liquid stream may undergo radiative decomposition that produces ionic products 
different from those previously described with respect to the photolytic decomposition effected by 

25 ultra-violet radiation. Such ionic products will, however, alter the electrical conductivity ofthe 25 
electrolytic solvent in a manner that permits qualitative and quantitative measurements to be made 
which are relatable to the reactive compounds contained in the inlet liquid stream. 

As the analysis sample flows through the reactor coil 14, it is irradiated with ultraviolet radiation 
thereby producing an irradiated analysis sample. This ultraviolet radiation exposure causes the 

30 dissolved compounds contained within the solvent stream of the first component to undergo reactive 30 
photolysis thus decomposing certain ofthe dissolved compounds. Thereafter, the decomposition 
products ionize in the electrolytic solvent to produce ionic species that alter the electrical conductivity 
of the analysis sample. 

Both the reactor coil 14 and the delay coil 18 comprise an inert tubing such as, for example, 
35 "Teflon" (Registered Trade Mark) tubing, since it is desirable to avoid unwanted reactions between the 35 

photo-decomposition products and the reactor coil and to provide substantially equivalent chemical 
environments to both the irradiated analysis sample and the reference sample. 

After being exposed to the ultraviolet radiation, the irradiated analysis sample flows through a 
line 20 into an analysis cell 24. Concurrently, after the reference sample passes through the delay coil 

40 18 it flows by a line 22 into a reference cell 26. Both the analysis cell 24 and the reference cell 26 may 40 
be contained within a differential conductivity cell 50 (Figure 3). 

The flow of liquid through the reactor coil 14 and the delay coil 18 is controlled such that a 
substantially equivalent volume of liquid flows through each coil per unit of time. This control is 
accomplished by, for example, substantially conforming the dimensions of the delay coil 18 to those of 

45 the reactor coil 14. Further control may be achieved by the use, for example, of a low pressure pump 45 
30 operable, through a line 28, on the volume ofthe irradiated analysis sample in the analysis cell 24 
to adjust the flow rate of the irradiated analysis sample thereby assuring that a compound entering the 
apparatus of the present invention through the line 3 will reach the analysis cell 24 at a time 
substantially equal or coincident to the time at which the same compound contained in the reference 

50 sample reaches the reference cell 26. The exact positioning ofthe low pressure pump 30 is not critical 50 
to the present invention. Thus, the low pressure pump 30 may be positioned in the line 6 in order to 
control the flow of the analysis sample through the reactor coil 14 and the analysis cell 24. Also, the 
low pressure pump 30 may be positioned in the line 8 to control the flow of the reference sample 
through the delay coil 18 and the reference cell 26. The reference sample exits the reference cell 26 

55 along a line 42 and is disposed as liquid waste; the irradiated analysis sample is disposed as liquid 55 
waste from the pump 30 or, when the pump 30 is positioned on the lines 6 or 8, from the line 28. 

As the irradiated analysis sample and the reference sample pass through the analysis cell 24 and 
the reference cell 26 respectively, a voltage is impressed across each cell and the electrical 
conductivity of the irradiated analysis sample and the reference sample is measured. The source of the 

60 voltage is a cell excitation circuit described below. As will be apparent to one skilled in the art, the ionic 60 
species existing in the irradiated analysis sample during its transfer through the analysis cell 24 cause 
the electrical conductivity of the irradiated analysis sample to differ from that of the reference sample. 
A differential signal processing circuit, later described, measures this differential conductivity and 
produces as an output a signal indicative ofthe conductivity differential and representative ofthe 

65 amount of ionizable material existing within the inlet fluid stream. 65 
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Whenever it is desired to simply measure the electrical conductivity of the inlet liquid stream 
without measuring the differential conductivity this may be accomplished by adjusting the flow control 
valve 4 in order to cause the inlet liquid to flow from the line 3 into a line 5. A second flow control valve 
9 is adjustable such that the inlet liquid flows from the line 5 into the line 6 thereby bypassing the 

5 splitter 7. By bypassing the splitter 7, the inlet liquid flows directly into the reactor chamber 10 and 5 
through the reactor coil 14. As previously described, the radiation source 12 irradiates the inlet liquid 
as it passes through the reactor coil 14 and the irradiated inlet liquid thereafter flows through the line 
20 into the analysis cell 24. Measurement of the electrical conductivity of the irradiated inlet liquid 
occurs as previously described with the exception that since there is no liquid flowing through the 

10 reference cell 26 the voltage impressed across both the analysis cell 24 and the reference cell 26 will 10 
produce a resultant current only from the analysis cell 24. The differential signal processing circuit, 
later described, measures the resultant current from the analysis cell 24 and produces as an output a 
signal indicative of the electrical conductivity of the irradiated inlet liquid. 

Alternatively, and in the preferred embodiment of the present invention, whenever it is desired 
15 to simply measure the electrical conductivity of the inlet liquid stream without measuring the 15 

differential conductivity, the electronic circuitry ofthe present invention, as described hereinafter, 
provides that such may be accomplished without the need for including flow control valves 4 and 9 and 
line 5 within the apparatus of the present invention as depicted in Figure 1 and Figure 2. 

Referring now to Figure 2, a further aspect of the apparatus of the present invention is described 
20 in block diagram form. Elements in Figure 2 which are similar to those described with reference to 20 

Figure 1 have similar reference numerals. 
When the inlet liquid stream is the eluent stream of a liquid chromatograph or a gas 

chromatograph it may be necessary, in the practice of the method of the present invention, to add a 
polar solvent to the eluent stream flowing from the liquid or gas chromatograph column to dissolve the 

25 eluent in an appropriate polar solvent. For example, this is sometimes required in order to aid in the 25 
ionization of the photo-decomposition products to produce measurable electrical conductivity since 
certain liquid chromatographic procedures, such as adsorption chromatography, use nonpolar solvents 
which tend to hinder ionization. Thus, in Figure 2 the inlet liquid stream which contains a non-polar 
solvent flows from a liquid chromatograph through the line 3 into a splitter-combiner 34. A polar 

30 solvent is introduced from a solution injector 36 through a line 38 into the splitter-combiner 34. The 30 
splitter-combiner 34 provides that the polar solvent is intimately mixed with the eluent stream and 
thereafter this mixture is split into an analysis sample and a reference sample. The splitter-combiner 34 
may alternatively be used to dissolve the gaseous eluent from a gas chromatograph in a polar solvent 
or may mix a previously dissolved gaseous eluent with photosensitizers, or any other type of material. 

35 Thereafter the mixture is divided into an analysis sample and a reference sample as previously 35 
described. 

Subsequently, and as described in reference to Figure 1, the analysis sample flows through the 
line 6 into the reactor coil 14 of reactor chamber 10 where it is irradiated with electromagnetic 
radiation to produce an irradiated analysis sample. Simultaneously, the reference sample flows through 

40 a line 8 into the delay coil 18 ofthe delay chamber 16. The irradiated analysis sample and the 40 
reference sample thereafter flow into the analysis cell 24 and the reference cell 26 respectively where 
a voltage is impressed across each sample. The irradiated analysis sample then flows through a line 28 
into a combiner 44 where it is mixed with the reference sample which simultaneously flows through a 
line 42 into the combiner 44. Thereafter, the combined samples flow in a line 46 through a low 

45 pressure pump 48 and are disposed as liquid waste. The low pressure pump 48 is operated at a flow 45 
rate that is greater than the flow rate of the inlet fluid stream thereby producing a pressure which 
causes the polar solvent to flow from the solution injector 36 into the splitter-combiner 34. Thus, by 
adjusting the flow rate of the low pressure pump 48 the quantity of polar solvent removed from the 
solution injector 36 may be controlled. 

50 Again, the exact location of the low pressure pump 48 is not critical to the present invention. 50 
Accordingly, the low pressure pump 48 may be operable on the line 38 in order to draw the polar 
solvent from the solution injector 36 and pump it into the splitter-combiner 34 and in this instance the 
combined samples are disposed as liquid waste through the line 46, which line may or may not include 
the combiner 44. Alternatively, the pump 48 may be integral to the solution injector 36. 

55 Of course, the apparatus as diagrammatically depicted in Figure 2 may also be used to add 55 
photosensitizers such as, for example, trace quantities of elemental mercury, acetophenone, 
benzophenone or acetone to the inlet liquid stream in order to increase the photolytic reactivity ofthe 
compounds dissolved within the inlet liquid stream. Thus, where it is desired to increase the photolytic 
reactivity ofthe inlet liquid stream occurring in the reactor chamber 10, a photosensitizer may be 

60 mixed with the polar solvent in the solution injector 36 prior to its introduction into the splitter- 60 
combiner 34. Also, where it is desired to merely add the photosensitizer or any other type of liquid 
materials to the inlet liquid stream such materials may be placed in the solution injector 36 without the 
addition of the polar solvent. 

The novel differential conductivity cell 50 is generally described in Figure 3. Referring to Figure 
65 3A, the differential conductivity cell comprises a block 52 made, for example, of stainless steel, having 65 
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the analysis cell 24 parallel to the reference cell 26 and with both the analysis cell 24 and the reference 
cell 26 included within the block 52 and extending through the differential conductivity cell 50 and 
along its vertical axis. Generally, both the analysis cell 24 and the reference cell 26 comprise a void or 
hole existing within the block 52 and serve to channel the irradiated analysis sample and the reference 

5 sample through the differential conductivity cell 50. The voltage from the cell excitation circuit is 5 
applied to the outer surface of the block 52 by connecting the cell excitation circuit to a connector 53. 
Accordingly, the inner surfaces of the analysis cell 24 and the reference cell 26 are electrically 
connected to the cell excitation circuit and serve as an outer electrode for these respective cells. A first 
inner electrode 54, positioned along the vertical axis of the block 52 and through a portion of the void 

10 comprising the analysis cell 24, serves as the center electrode of the analysis cell. A second inner 10 
electrode 56, similarly positioned with respect to the reference cell 26 serves as the center electrode of 
the reference cell. Both the first inner electrode 54 and the second inner electrode 56 are insulated 
from the inner surface of the analysis cell 24 and the reference cell 26 respectively with, for example, 
Teflon ferrules and are electrically connected to the signal processing circuit hereinafter described 

15 through lines 164 and 174 respectively. The first inner electrode 54 and the second inner electrode 56 15 
may, for example, be made of stainless steel. 

The irradiated analysis sample is introduced into the analysis cell 24 at one end thereof and exits 
at the other end on the opposite side of the block 52. The differential conductivity cell 50 is normally 
positioned such that the irradiated analysis sample enters the differential conductivity cell 50 at a first 

20 entrance 58 and exits therefrom at a first exit 60 (Figure 3B and 3C). By having the irradiated analysis 20 
sample enter the differential conductivity cell 50 at a point lower than the point from which it exits any 
bubbles that may form in the analysis cell 24 during the flow of the irradiated analysis sample through 
the differential conductivity cell 50 may be easily purged therefrom. Likewise, flow of the reference 
sample through the differential conductivity cell 50 occurs when the reference sample is introduced 

25 into the reference cell 26 at a second entrance 62 and exits the differential conductivity cell 50 at a 25 
second exit 64. The first entrance 58 and first exit 60 and second entrance 62 and second exit 64 are 
provided with seals such as, for example, Swagelok fittings, to assure loss of neither pressure or fluid 
across the cell 50. 

As the irradiated analysis sample and the reference sample flow through the differential 
30 conductivity cell 50, a cell excitation circuit impresses a voltage across the sample flowing through the 30 

respective cells and a signal processing circuit measures the electrical conductivity from the respective 
cells. 

The novel cell excitation circuit and signal processing circuit are described in the block diagram of 
Figure 4. In the cell excitation circuit, a signal from a signal generator 100 is applied across a line 102 

35 to a clock 103. One output from the clock 103 is applied to a cell excitor 107 with the signal from the cell 35 
excitor being applied across the analysis cell 24 and the reference cell 26 through the connector 53. In 
the signal processing circuit, a second output from the clock 103 actuates a switch 137. Additionally, 
the signal from the cell excitor 107, besides being applied across the analysis cell 24 and the reference 
cell 26, is input to a variable output fourth amplifier 192 which inverts the polarity of the cell excitor 107 

40 signal. Output from the fourth amplifier 192, which is used for zeroing, is combined with the signal 40 
from the analysis cell 24 and, concurrently, this combined signal and the signal from the reference cell 
26 is input to a second amplifier 172. The signal from the second amplifier 172 is applied across the 
switch 137 such that when the clock 103 causes synchronous closure of the switch 137, the second 
amplifier 172 signal is amplified by a third amplifier 184 and hence output to recording devices 217. 

45 The novel cell excitation circuit of the apparatus of the present invention is described in the circuit 45 
diagram of Figure 5. In order to facilitate description of the cell excitation circuit of Figure 5, references 
to resistors and capacitors contained within the following description are omitted. The resistors and 
capacitors of Figure 5, however, are enumerated and representative values of these resistors and 
capacitors are found in Table I. Additionally, Table II provides representative descriptions of certain 

50 components of the cell excitation circuit. Of course, one skilled in the art may, without undue 50 
experimentation, make modifications and changes to these representative values and components in 
order to achieve the results of the present invention and still fall within the intent and spirit of the 
present invention. Accordingly, Tables I and II are to be construed as non-limiting examples of resistors, 
capacitors and components used in the cell excitation circuit of the present invention. 

55 The pulse generator 100, which may be, for example, a pair of standard CMOS gates connected 55 
in astable multivibrator configuration and capable of generating a 50 KHz square waveform reference 
signal of 0—15 volts, is connected by a line 102 to a clock 103. The clock 103 comprises a first 
counter 104, logic elements 110, 112,116, 120 and 134 and a second counter 130. A first output of 
the first counter 104 is connected by a line 108 to the logic element 110. A second output of the first 

60 counter 104 is applied along a line 106 as input into the logic element 112. The logic elements 110 and 60 
112 may be, for example, cross-coupled NOR gates connected such that the combined action of the 
first counter 104 and the logic elements 110 and 112 produce a sequential signal output applied along 
a line 114 as a first input to the logic element 116, which may be a NOR gate. The output signal from 
104 on line 108 is applied by a line 118 to the logic element 120. The logic element 120 may be a flip-

65 flop switch which divides the output from the counter 104 by two and generates a symmetrical 65 
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10 

15 

waveform. As one skilled in the art will appreciate, the signal from the first counter 104 which is input 
to the logic element 120 acts as a timing mechanism for controlling active outputs from the logic 
element 120. One output of the logic element 120 is connected by a line 122 as a second input to the 
logic element 116. A second output from the logic element 120 is applied by a line 124 to a transistor 
buffer 126. Additionally, the second output from the logic element 120 is connected by a line 128 to 
the second counter 130 and acts as a timing mechanism for actuating an active output from the 
second counter 130 with such output being applied to the logic element 134 by a line 132. The logic 
element 134 may be, for example, a NAND gate. Output from the logic element 134 is applied by a line 
144 as a third input to the logic element 116. 

The output from the transistor buffer 126 is directed along lines 150 and 151 to the inverting 
input of the first amplifier 152; the noninverting input of the first amplifier 152 is connected to ground. 
The first amplifier 152 may be a high speed operational amplifier with the voltage output thereof being 
impressed across the analysis cell 24 and the reference cell 26 through the connector 53. The 
transistor buffer 126 and a first amplifier 152 comprise the cell excitor 107 of Figure 4. 

The novel signal processing circuit of the apparatus of the present invention is more particularly 
described in the circuit diagram of Figure 6A and 6B. In order to facilitate description of the signal 
processing circuit of Figure 6A and 6B, references to resistors and capacitors contained within these 
figures are omitted. The resistors and capacitors of Figure 6A and 6B, however, have been enumerated 
and representative values of these resistors and capacitors are found in Table III. Additionally, Table IV 

20 provides representative descriptions of certain components of the signal processing circuit. Of course, 
one skilled in the art may, without undue experimentation, make modifications and changes to these 
representative values and components in order to achieve the results of the present invention and still 
fall within the intent and spirit of the present invention. Accordingly, Tables III and IV are to be 
construed as a non-limiting examples of resistors, capacitors and components used in the signal 
processing circuit of the present invention. 

Table I 
Reference Reference 
Numerals Value Numerals 
(resistors) (ohms) (capacitors) 

R, 680 k C, 
R2 390 k C2 

25 

30 

35 

Ri 

R« 

5.1 k 
10k 
1 M 
1 M 

C4 
C, 

Value 
10 PF 
1.0 

330 PF 
20 PF 

1.0 
1.0 

10 

15 

20 

25 

30 

35 

Representative resistor and capacitor values in the cell excitation circuit of Figure 5. Capacitor 
values in microfarads unless otherwise specified. 

Reference Descriptive 
4 0 Numeral Reference 

100 Pulse Generator 

104 First Counter 

45 110,112 Logic Elements 

120 Logic Element 

130 Second Counter 

126a Transistor Buffer 

126b Transistor Buffer 

152 First Amplifier 

50 

55 

Table II 

Manufacturer 
RCA 

RCA 

RCA 

RCA 

RCA 

Texas Instruments 

Texas Instruments 

Harris Semiconductor 

Manufacturer's Description 40 
Model CD 4011A COS/MOS 
NAND GATE 

Model CD 4017A COS/MOS 
decade counter-divider 

Model CD 4025A COS/MOS 45 
triple three input NOR gate 

Model CD 4013A dual D-type 
flip-flop 

Model CD 4017A COS/MOS 
decade counter-divider 50 

Model 2N3904 N-P-IM 
transistor 

Model 2N3906 P-N-P 
transistor 

Model HA-2625-5 wide 55 
band high impedance operational 
amplifier 

Representative components of the cell excitation circuit of Figure 5. 
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Table III 
Reference Reference 
Numerals Value Numerals Value 
1resistors) (ohms) (resistors) (ohms) 

5 Ry 1.2 K R31 3.09 K 
Rs 100 K, 1% R32 42.2 K 
R 9 

10.0 K, 1% R33 1.05 K 
Rio 1.2 K R34 64.9 K 
R n 20 K R35 511 

10 R1 2 150 K R3B 3 0 1 
R l 3 100 K R37 6.49 K 
R , 4 10 K R38 102 
R1S 47 K R39 49.9 
R l 6 9.09 K, 1% R40 30.1 

15 R l 7 1 K R41 10.0 
RJS 49.9 K R4 2 5.0 
R l 9 100 K R43 5.0 
Rao 10 K, 1% R4 4 9.1 M 
R2 , 1 K, 1% R45 90.9 K 

20 R22 20 K R46 10 K, 1% 
R23 1 M R47 910 K 
R2 4 5 K R48 9.09 K 
R25 10 R49 91 K 
Rzs 499 R50 909 

25 R2 7 49.9 R51 9.1 K 
R28 10 R52 90.9 
R 2 9 10 R53 10.0,1% 
R30 4.87K 

R53 

Representative resistor values in the signal processing circuit of Figure 6A and 6B. 

30 

35 

40 

Table III (continued) 
Reference Numerals 

45 

10 

15 

20 

25 

30 

50 

(capacitors) Value 
c 7 . 0 1 

C8 39 
C9 39 35 

C10 1, Mylar 
Cn 1 0 0 PF 
C12 1, Mylar 
C,3 1 . 0 

C,4 1 . 0 40 

Representative capacitor values in the signal processing circuit of Figure 6A and 6B. Capacitor 
values in microfarads unless otherwise specified. 

Table IV 
Reference Descriptive 
Numeral Reference Manufacturer Manufacturer's Description 45 

137 Switch RCA Model CD 4016A COS/MOS 
QUAD bilateral switch 

172 Second Amplifier National Semiconductor Model LH 0022C FET input 
operational AC Amplifier 

184 Third Amplifier Precision Monolithics Model 0P-05C low drift 50 
DC Amplifier 

55 

192 Fourth Amplifier Harris Semiconductor Model HA-2625-5 wide 
band high impedance operational 
amplifier 

Representative components of the signal processing circuits of the signal processing circuits of 55 
Figures 6A and 6B. 

The switch 137 of Figure 4 comprises a first switch 138, a second switch 142 and a third switch 
148. Thus, the output from the logic element 134 in addition to being applied along the line 144 is 
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connected by a line 136 to the first switch 138 to cause closure of the first switch 138. Furthermore, 
the output from the logic element 134 is also applied along a line 140 and activates the second switch 
142 to cause closure of this switch. 

Further, switches 138 and 142 operate together, being driven by a signal from the first amplifier 
5 152 along a line 156. In operation, switches 138 and 142 are normally in the closed position through 5 

the action of resistor R5 and are open for one cycle of the excitation voltage out of every ten cycles. 
When the switches 138 and 142 are in the open position, the gain of the first amplifier 152 is 

determined by the ratio of the feedback resistor R4 to the input resistor R3. For example, this ratio may 
be about 2:1. Additionally, in the circuit of the present invention, the capacitor C3 serves to stabilize 

10 the first amplifier 152 by preventing high frequency oscillations. During the nine cycles out of ten that 10 
switches 138 and 142 are in the closed position, the gain of the first amplifier 152 is significantly 
reduced because switch 138 displays an effective "on" resistance. Typically, this resistance may be 
measured at 300 ohms. This resistance is connected in parallel with resistor R4, thus reducing the 
feedback resistance from the original value of resistor R4 to approximately 300 ohms. The ratio of the 

15 feedback resistance to the input resistance is thereby reduced from, for example, approximately 2:1 to 15 
approximately 1:17, accordingly reducing the gain of the first amplifier 152 by a corresponding ratio. 
The second switch 142 connects capacitor C7 in parallel with capacitor C3 whenever switch 142 is in 
a closed position for the purpose of maintaining the same resistance-capacitance time constant in the 
feedback circuit under both the high gain and low gain conditions, thus insuring that the first amplifier 

20 152 remains stable under both conditions. 20 
Additionally, whenever the signal from the logic element 134 causes closure of the first switch 

138 and the second switch 142, the gain of the first amplifier 152 is reduced during the periods of 
closure. Thus, when the second counter 130 is, for example, a decade counter, the gain of the first 
amplifier 152 is reduced for nine out often cycles of excitation. This reduction produces a value of 

25 approximately ±0.2 volt or less whereas during one out often cycles the output voltage from the first 25 
amplifier 152 approximates ±7 volts. Since the signal from the first amplifier 152 is impressed across 
the conductivity cell 50 the voltage reduction thus produced for nine out often cycles reduces the 
heating effect on the conductivity cell 50. 

As previously mentioned, the output signal from the first amplifier 152 is the voltage impressed 
30 across the analysis cell 24 and the reference cell 26 by a line 154. However, prior to impressing this 30 

signal across the analysis cell 24 and the reference cell 26 the signal is first applied across a control 
element 162 for attenuating the signal according to the user's desire. 

The voltage from the first amplifier 152 is impressed across the analysis cell 24 and through the 
irradiated analysis sample flowing through the analysis cell 24 and thereafter through the line 164 

35 connected to the first inner electrode 54 to a first multi-positional switch 166. As depicted in Figure 35 
6B, the first multi-positional switch 166 is positioned to allow the signal from the analysis cell to travel 
along a line 168 and applied by a line 170 into a second amplifier 172. Concurrently, the signal from 
the first amplifier 152 is impressed across the reference cell 26 and through the line 174 connected to 
the second inner electrode 56 to a second multi-positional switch 176. As shown in Figure 6B, the 

40 second multi-positional switch 176 is positioned to allow the signal across the line 174 to be applied 40 
along a line 178 as a second input to the second amplifier 172. The second amplifier 172 may be, for 
example, an FET-input differential AC amplifier. As one skilled in the art will appreciate, the second 
amplifier 172 functions in a manner such as to subtract the signal of the reference cell 26 from the 
signal of the analysis cell 24. Accordingly, the output from the second amplifier 172 is a signal 

45 indicative of the existence of the ionic species in the irradiated analysis sample as that sample flows 45 
through the analysis cell 24. 

In addition to being impressed across the conductivity cell 50, the output signal of the first 
amplifier 152 is applied along a line 160 for use in a zero suppression control 198. The zero 
suppression control 198 allows for cancellation of any fixed background signal which might be present 

50 due to photoreactive impurities in the solvent, etc. 50 
The signal across the zero suppression control 198 is applied along a line 200 and a line 201 a 

fourth amplifier 192 which is a unity gain inverting amplifier for generating a signal opposite in phase 
to the cell excitation voltage to remove background conductance effects. Output from the fourth 
amplifier 192 is applied by a line 194 to a zero suppression attenuator 196. The zero suppression 

55 attenuator 196 is slaved to the control element 162 such that adjustment of the control element 162, 55 
for example decreasing the strength of the cell excitation signal emanating from the first amplifier 152 
by a factor of 10, causes a corresponding adjustment of the zero suppression attenuater 196. The 
signal through the zero suppression attenuater 196 is applied along a line 202 to a third multi-
positional switch 204. As depicted in Figure 6B, the third multi-positional switch 204 is positioned to 

60 allow the signal to pass along a line 206 and hence to the line 170 where the signal is combined with 60 
the signal from the analysis cell 24. This combined signal is thereafter input to the second amplifier 
172. 

Also provided in the circuitry of the apparatus of the present invention is a fourth multi-positional 
switch 208. As shown in Figure 6B, the fourth multi-positional switch 208 is positioned open, i.e., 

65 there is no signal along line 210. However, by positioning the fourth multi-positional switch 208 at 65 
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switching point 2 (Figure 6B), the circuit is completed such that capacitors C8 and C9 are added in 
parallel to the feedback capacitor C10 for amplifier 184. This reduces the response of amplifier 184 to 
higher frequency signals and may, in some cases, permit improved signal-to-noise ratio in the output 
signal. 

5 As shown in Figure 6B, the four multi-positional switches, 166, 176,204 and 208 each have six 5 
separate switch positions. All switches are mechanically interconnected so that all are in the same 
position at any one time. As further depicted in Figure 6B, the four multi-positional switches are placed 
in switch position 1 which describes the circuitry of the present invention during differential 
measurements of the electrical conductivity of the irradiated first component flowing through the 

10 analysis cell 24 and the second component flowing through the reference cell 26. When all four multi- 10 
positional switches are in switch position 2, the circuitry provides for increased filtering of the output 
signal. By placing the four multi-positional switches in switch position 3, electrical conductivity 
measurements ofthe reference sample flowing through the reference cell 26 is measured with no 
measurement of the electrical conductivity of the irradiated analysis sample. Switch position 4 permits 

15 electrical conductivity measurements of the irradiated analysis sample flowing through the analysis cell 15 
24 without measurement of the electrical conductivity of the reference sample flowing through the 
reference cell 26. As will be readily appreciated with the switches 166,176,204 and 208 in positions 
3 or 4 electrical conductivity measurements may be made on the sample flowing through the reference 
or analysis cells respectively and may be made irrespective of the existence of a sample in the other 

20 cell. Accordingly, the flow control valves 4 and 9 and the line 5 (Figure 1 and Figure 2) may be omitted 20 
when the circuitry ofthe present invention is designed as disclosed herein. 

With the four multi-positional switches placed in switch position 5, background measurements of 
the solvent ofthe irradiated analysis sample is made. In switch position 5 the zero suppression control 
198 is inactivated and no signal is measured on the reference sample in the reference cell 26. Switch 

25 position 6 permits differential measurement of the electrical conductivity between the irradiated 25 
analysis sample in the analysis cell 24 and the reference sample in the reference cell 26 to be made 
without activation of the zero suppression control 198. As one skilled in the art will readily appreciate, 
the number of switch positions associated with the respective multi-positional switches 166,176, 204 
and 208 may be more or less than that as previously described depending upon the electrical 

30 conductivity measurements desired to be made. 30 
As previously described, the output from the second amplifier 172 is a signal indicative of the 

existence of the ionic species in the irradiated analysis sample as that sample flows through the 
analysis cell 24. The signal from the second amplifier 172 is connected by a line 180 to the third 
switch 148. Closure of the third switch 148 is caused to occur by an active signal from the logic 

35 element 116 applied along a line 146. Due to the interaction of the first counter 104, the logic element 35 
120 and the second counter 130 in conjunction with the logic elements 116 and 134, the third switch 
148 is closed once in every ten cycles of the cell excitation voltage applied to the conductivity cell 50. 
Also, due to the signal from the logic element 120 connected to the logic element 116 by a line 122, 
the third switch 148 is closed only during positive half cycles ofthe cell excitation voltage. 

40 Furthermore, due to the inner action of the first counter 104 and the logic elements 110 and 112, a 40 
signal is applied to the logic element 116 along a line 114 thereby assuring that the third switch 148 
closes during only a portion of the half cycle. In the preferred embodiment of the invention, the third 
switch 148 is closed during approximately the final 60% to 70% of the positive half cycle of every tenth 
cycle ofthe cell excitation voltage applied to the conductivity cell 50. By utilizing different available 

45 outputs from the counter 104, logic element 120 and counter 130, the switch 148 may, additionally, 45 
be closed during different portions of either half the cycle of the cell excitation voltage without altering 
the scope and spirit ofthe present invention. Accordingly, it should be understood that such changes 
and modifications may be made to the circuitry ofthe present invention while still falling within the 
intent and spirit ofthe invention. 

50 The third amplifier 184 amplifies the signals from the second amplifier 172 during closure of the 50 
third switch 148 and applies this signal along a line 186 to an output attenuation control 188 which 
attenuates the output of the third amplifier 184 as may be required for various recording devices. After 
attenuation, the signal is output from the output attenuation control 188 along a line 190 to 
well-known recording devices, mathematical processors or computers (not shown). 

55 Examples ofthe cell excitation waveform and cell output signal are depicted in Figure 7. 55 

Generally, the signal from the cell excitation circuit is a pulsed signal and, preferably, a bipolar signal 
comprised of a positive and a negative voltage pulse. As can be seen from Figure 7, the demodulator 
duty cycle is approximately 60 percent ofthe voltage pulse on the large pulses. In this manner, 
transient capacitance unbalance effects which occur in approximately the first 30 percent of the pulse 

60 from the signal generator 100 are substantially eliminated. Furthermore, since the cell excitation 60 
waveform reaches its full voltage amplitude for only one cycle out of every ten, heating of the 
conductivity cell 50 is greatly reduced. A small voltage with an amplitude of a few percent of the 
maximum value is applied forthe other nine cycles to prevent polarization of the electrodes during the 
relatively long period between major voltage pulses. In this regard, it is preferred that the 

65 measurements described herein be made during the full amplitude of the cell excitation waveform 65 
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since the strength of the conductivity signal is directly proportional to the amplitude of the cell 
excitation waveform. However, it should be appreciated that one skilled in the art may make such 
measurements at other than full amplitude while still falling within the scope and spirit of the present 
invention. 

5 Demodulation of approximately the last 60 to 70 percent of the voltage pulse, besides 5 
eliminating capacitance effects, has the added advantage of eliminating voltage spikes appearing in the 
output of the second amplifier 172. These voltage spikes may be due to slight differences in the rise or 
fall time between waveforms which are differentially summed. 

In order to evaluate the response of the apparatus of the present invention, a series of 
10 experiments are performed. In each experiment described below the eluent stream from a Tracor 10 

Model 6970 liquid chromatograph passes through a Model 970 variable wavelength UV detector and 
into the apparatus of the present invention where it is separated into two components, as described 
above. The liquid chromatograph separations are performed on a Partisi! ODS-2 reverse phase column 
with varying mixtures of ethanol and water as the mobile phase. This experimental design allows the 

15 responses of the ultraviolet detector to be directly comparable to that of the photolytic conductivity 15 
detector of the present invention. In all instances, the wavelength of the UV detector is adjusted for 
maximum response. 

Example 1 
Responses of the photolytic conductivity and UV detectors to a mixture of several chlorinated 

20 hydrocarbon pesticides are shown in Figure 8. In this example, the pesticides include a one microgram 20 
sample of each of the following: Dieldrin, Heptachlor and Aldrin. In this example, the ultraviolet light 
irradiating the first component in the reactor chamber 10 has a wavelength of 254 nm. As shown in 
Figure 8C, the samples of this example exhibit little UV absorbance at 254 nm, whereas the sensitivity 
of the photolytic conductivity detector, as shown in Figure 8B, is comparable to that of a UV detector, 

25 Figure 8A, which is measuring the ultraviolet absorption of the samples at a wavelength of 210 nm. 25 

Example 2 
The selectivity of the present photolytic conductivity detector is shown in Figure 9. In this 

example, a mixture of one microgram quantities of Banvel D, Benzene, Trifluralin, Perthane and DDT are 
separated in the liquid chromatograph and thereafter are passed through the ultraviolet detector. 

30 Ultraviolet sensitivity is recorded at 210 nm, Figure 9A. After passing through the ultraviolet detector, 30 
the eluent stream flows into the present invention where it is separated into two components, as 
previously described. As will be appreciated, "Banvel" (Registered Trade Mark) D, "Perthane" 
(Registered Trade Mark) and DDT contain a halogen, i.e. chlorine, whereas Benzene and Trifluralin 
contain no photolytically active halogens. When comparing the ultraviolet detector response. Figure 

35 9A, with the photolytic conductivity detector response. Figure 9B, it is noted that the photolytic 35 
conductivity detector responds to those compounds containing the halogen but does not respond to 
those compounds that contain no halogen, thereby establishing the selectivity of the present invention. 

Example 3 
An additional example of the specificity of the photolytic conductivity detector is exhibited by the 

40 chromatograms of organophosphorus pesticides in Figure 10. The sample used in obtaining these 40 
chromatograms comprises a mixture of 300 nanograms each of Parathion, Guthion and Trithion. 
Ultraviolet detector response to this sample, measured at 210 nm, is shown in Figure 10A. In this 
example, Trithion is the only pesticide that contains a halogen and, accordingly, is the only pesticide 
that produces a response in the photoconductivity detector Figure 10B. The other peaks produced in 

45 the photo-conductivity chromatogram are due to impurities and not Parathion or Guthion. 45 

Example 4 
Sensitivity of the photolytic conductivity detector is compared to that of the Model 970 UV 

detector in Figure 11. In this example, a mixture of 10 nanograms each of Monuron and Diuron is 
eluted from the liquid chromatograph and flowed into the Model 970 UV detector. Thereafter, and as 

50 described above, the eluent stream is flowed into the apparatus of the present invention where it is 50 
separated into two samples, the analysis sample being irradiated in the reactor chamber 10 with 254 
nm ultraviolet radiation. As is seen by comparing Figure 11A with Figure 11B, the photolytic 
conductivity detector has at least twice the signal-to-noise ratio for Monuron and Diuron at that of 
the Model 970 UV detector. It can be estimated from Figure 11 that the lower limit of detection for 

55 Monuron is slightly less than 1 ng and for Diuron it is approximately 2 ng. As one skilled in the art will 55 
appreciate, these sensitivity levels are more than adequate for trace determination of the compounds 
here under study. 

Example 5 
Detection of nitrogen-containing compounds with the photolytic conductivity detector is 

60 exemplified in Figure 12. The sample used in this figure consists of a mixture of 500 ng each of 80 
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Simazine, Atrazine, Propazine and Prometryne. The first three of these compounds contain a halogen, 
i.e., chlorine, whereas the final compound, i.e., Prometryne, contains nitrogen. Thus, Figure 12 
establishes that the photolytic conductivity detector of the present invention responds to certain 
nitrogen compounds by virtue ofthe presence of a peak attributable to Prometryne. 

5 Example 6 5 
Linearity ofthe photolytic conductivity detector ofthe present invention is shown in Figure 13. In 

this example, detector response to varying concentrations of Diuron is measured. The sample 
quantities range from 10 nanograms to 10 micrograms. A comparison of the linearity of the photolytic 
conductivity detector to that exhibited by the Model 970 UV detector is also shown in Figure 13. As 

10 shown, the response of the photo-conductivity detector of the present invention is substantially linear 10 
over the range of concentrations studied. It is noted that there is a very slight departure from linearity 
at the 10 microgram level. However, because the Model 970 UV detector also exhibits this departure 
from linearity at the 10 microgram level, it is concluded that this departure is attributable to 
chromatographic problems and not to detector response. 

15 While the characteristics of the present invention have been described with respect to certain 15 
specific examples and embodiments given above, it should be realized that these examples and 
embodiments are not meant to be limiting in any manner and modifications to the apparatus and 
method described herein may be made while still falling within the intent and spirit of the present 
invention. 

20 Claims 20 
1. A method of analyzing a liquid sample containing photolytically decomposable constituents 

comprising the steps of: 
separating said liquid sample into an analysis sample and a reference sample; 
irradiating said analysis sample with electromagnetic radiation to produce photolytic reactions 

25 therein; 25 
impressing a voltage across said irradiated analysis sample and across said reference sample to 

generate a resultant analysis current and a resultant reference current respectively; 
comparing said resultant analysis current to said resultant reference current to obtain a 

differential conductivity; and 
30 generating a signal indicative of said differential conductivity. 30 

2. The method of claim 1, wherein said analyzing is performed on a multicomponent liquid 
sample containing at least one photolytically decomposable constituent obtained as the eluent stream 
of a liquid chromatograph. 

3. The method of claim 1, wherein said irradiating step is performed with ultraviolet radiation of a 
35 wavelength in the range of 200 nanometers to 300 nanometers. 35 

4. The method of claim 1, wherein said voltage is impressed as a pulsed signal across said 
irradiated analysis sample and said reference sample. 

5. The method of claim 4, wherein said pulsed signal further comprises a bipolar signal comprised 
of a positive going and a negative going waveform. 

40 6. The method of claim 5, wherein differential conductivity is measured by comparing the 40 
resultant analysis current to the resultant reference current during a trailing portion ofthe positive 
going waveform of said bipolar signal. 

7. The method of claim 6, wherein the trailing portion is not more than the trailing 70 percent of 
the positive going waveform and includes the full amplitude positive going waveform ofthe bipolar 

45 signal. 45 
8. The method of claim 1, wherein said analysis sample and said reference sample comprise a 

halogenated compound and a solvent. 
9. The method of claim 1, wherein said analysis sample and said reference sample comprise a 

nitrogenated compound and a solvent. 
50 10. A method of analyzing a liquid sample dissolved in at least one nonphotolytically 50 

decomposable polar solvent with said sample containing at least one photolytically decomposable 
constituent comprising the steps of: 

irradiating said liquid sample with electromagnetic radiation to produce an irradiated liquid; 
impressing a voltage across said irradiated liquid to produce a resultant current; and 

55 generating a signal responsive to said resultant current and indicative of the electrical 55 
conductivity of said irradiated liquid. 

11. The method of claim 10, wherein said analyzing is performed on a multicomponent liquid 
sample containing at least one photolytically decomposable constituent obtained as the eluent stream 
of a liquid chromatograph. 

60 12. The method of claim 10, whrein said irradiating step is performed with ultraviolet radiation of 60 
a wavelength in the range of 200 nanometers to 300 nanometers. 

13. The method of claim 10, wherein said voltage is impressed as a pulse signal across said 
irradiated analysis sample and said reference sample. 
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14. The method of claim 13, wherein said pulsed signal further comprises a bipolar signal 
comprised of a positive going and a negative going waveform. 

15. The method of claim 14, wherein said generating step further comprises measuring the 
electrical conductivity of the irradiated liquid during a trailing portion of the positive going waveform of 

5 said bipolar signal. 5 
16. The method of claim 15, wherein the trailing portion is not more than the trailing 70 percent 

of the positive going waveform and includes the full amplitude positive going waveform of the bipolar 
signal. 

17. The method of claim 10, wherein said liquid sample comprises a halogenated compound and 
1 0 a solvent. 1 q 

18. The method of claim 10, wherein said liquid sample comprises a nitrogenated compound and 
a solvent. 

19. A method for analyzing the eluent of a gas chromatograph comprising the steps of: 
dissolving the eluent from the gas chromatograph in at least one nonphotolytically decomposable 

15 polar solvent to produce a liquid sample; 15 
irradiating said liquid sample with electromagnetic radiation to produce an irradiated analysis 

sample; 
impressing a voltage across said irradiated analysis sample to produce a resultant current; and 
generating a signal responsive to said resultant current and indicative of the electrical 

20 conductivity of said irradiated analysis sample. 20 
20. The method of claim 19, including the additional steps of: 
separating the liquid sample into a reference sample and an analysis sample, the latter being 

subject to electromagnetic radiation; 
impressing a voltage across the reference sample identical to that impressed across the irradiated 

25 analysis sample to generate a resultant reference current and a resultant analysis respectively; 25 
comparing said resultant analysis current to said resultant reference current to generate a signal 

indicative of the differential conductivity of said liquid sample. 
21. The method of claim 19 or 20, wherein said irradiating step is performed with ultraviolet 

radiation of a wavelength in the range of 200 nanometers to 300 nanometers. 
30 22. The method of claim 19 or 20, wherein said voltage is impressed as a pulsed signal across 30 

said irradiated analysis sample and said reference sample. 
23. The method of claim 22, wherein said pulsed signal further comprises a bipolar signal 

comprised of a positive going and negative going waveform. 
24. The method of claim 23, wherein said generating step further comprises measuring the 

35 electrical conductivity of the irradiated liquid during a trailing portion of the positive going waveform of 35 
said bipolar signal. 

25. The method of claim 24, wherein the trailing portion is not more than the trailing 70 percent 
of the positive going waveform and includes the full amplitude positive going waveform of the bipolar 
signal. 

40 26. The method of claim 19 or 20, wherein said liquid sample comprises a halogenated 40 
compound and a solvent. 

27. The method of claim 19 or 20, wherein said liquid sample comprises a nitrogenated 
compound and a solvent. 

28. A detector for analyzing a liquid sample containing a photolytically decomposable material 
45 which comprises: 45 

a means defining a reactor chamber; 
a source of electromagnetic radiation for directing the radition to the content of the reactor 

chamber; 
an electrical conductivity cell for receiving said liquid sample after exposure to said radition 

50 source; and 50 
a means for impressing an electrical signal across said cell to produce a resultant current 

indicative of the photolytically decomposable material contained in said liquid sample. 
29. The apparatus according to claim 28 wherein: 
said reactor chamber means includes an enclosed sample holder located proximate to said 

55 electromagnetic radiation and having at least a portion of the sample holder transparent to said 55 
radiation. 

30. The detector of claim 28, which further includes means to separate the liquid sample into two 
streams, one of which is subjected to said radiation; 

a second electrical conductivity cell for receiving the nonirradiated stream; and 
60 wherein said impressing means impresses an identical signal across said second cell to produce a 60 

second resultant current; and 
a comparing means for comparing the first resultant current with the second resultant current 

and for producing a signal indicative of the photolytically decomposable material contained in said 
liquid sample. 

65 31. The detector of claim 28, wherein: 65 
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said impressing means comprises a cell excitation circuit including a signal generator connected 
to a clock, with a first output of said clock activating a switch and a second output of said clock 
connected to a cell excitor for applying a signal across said electrical conductivity cell. 

32. The detector of claim 28, wherein said impressing means includes a means responsive to said 
5 resultant current for generating a signal indicative ofthe photolytically decomposable material 5 

contained in said liquid sample and which responsive means comprises a signal processing circuit 
responsive to signals across said electrical conductivity cell including a second amplifier means, 
responsive to signals generated by said cell excitation circuit when said signals are impressed across 
said electrical conductivity cell, with the output of said second amplifier means applied across said 

10 switch whenever said switch is closed by said clock, and a third amplifier means responsive to 10 
impulses passing through said switch when said switch is activated by said clock. 

33. The apparatus of claim 31, wherein said cell excitor comprises a transistor buffer connected 
to said clock and a first amplifier means connected to said transistor buffer. 

34. The apparatus of claim 28, wherein said source of electromagnetic radiation is a source of 
15 ultraviolet radiation of a wavelength in the range of 200 nanometers to 300 nanometers. 15 

35. An apparatus for analyzing a liquid sample containing photolytically decomposable 
constituents comprising: 

a liquid separator for separating said liquid sample into an analysis sample and a reference 
sample; 

20 a radiation source for irradiating said analysis sample with electromagnetic radiation to cause 20 
photolytic decomposition ofthe photolytically decomposable constituents in said sample; 

an electrical conductivity cell for receiving said irradiated analysis sample and said reference 
sample; 

a cell excitation circuit for impressing a voltage across said irradiated analysis sample and across 
25 said reference sample to produce a resultant analysis current representative of the electrical 25 

conductivity of said irradiated analysis sample and to produce a resultant reference current 
representative of the electrical conductivity ofthe reference sample respectively; and 

a signal processing circuit responsive to signals produced by said cell excitation circuit and for 
comparing said resultant analysis current with said resultant reference current to generate a resultant 

30 signal indicative of the ionizable material in said liquid. 30 
36. The apparatus according to claim 35, wherein said radiation source comprises a source of 

ultraviolet radiation of a wavelength in the range of 200 nanometers to 300 nanometers. 
37. The apparatus according to claim 35, wherein said electrical conductivity cell comprises: 
an analysis cell with a first inner electrode contained therein; 

35 a reference cell with a second inner electrode contained therein; 35 
a first outer electrode and a second outer electrode electrically connectable to said analysis cell 

and said reference cell, respectively; 
an analysis cell inlet port connected to said analysis cell and an analysis cell exit port parallel to 

said analysis cell inlet port and connected to said analysis cell; and 
40 a reference cell inlet port connected to said reference cell and a reference cell port parallel to said 40 

reference cell inlet port and connected to said analysis cell. 

38. The electrical conductivity cell of claim 37, wherein said analysis cell and said reference cell 
are in parallel relation to each other. 

39. The apparatus according to claim 35, wherein said cell excitation circuit comprises: 
45 a signal generator connected to a clock, with a first output of said clock activating a switch and a 45 

second output of said clock connected to a cell excitor for applying a signal across said electrical 
conductivity cell to said signal processing circuit. 

40. The apparatus according to claim 39, wherein said signal processing circuit comprises: 
a second amplifier means responsive to signals generated by said cell excitation circuit when said 

50 signals are impressed across said irradiated analysis sample and said reference sample; 50 
a fourth amplifier means in parallel relationship to the signal impressed across said irradiated 

analysis sample for applying a signal to said second amplifier means with the output of said second 
amplifier means applied across said switch whenever said switch is closed by said clock; and 

a third amplifier means responsive to impulses passing through said switch when said switch is 
55 activated by said clock. 55 

41. The apparatus according to claim 39, wherein said signal generator comprises a pulse 
generator, said clock comprises a first counter, a first logic element, a second logic element, a third 
logic element, a fourth logic element and a flip-flop logic element with a first output of said first counter 
activating said flip-flop logic element and further connected to an input of said first logic element, a 

60 second output of said first counter connected to said second logic element and an output of said first 60 
logic element connected as an input to said second logic element, said second counter connected to a 
first output of said flip-flop logic element for energizing said third logic element, said fourth logic 
element responsive to impulses from said second logic element, a second output of said flip-flop 
element and an output of said third logic element; and 
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said cell excitor comprises a transistor buffer connected to said first output of said flip-flop logic 
element and a first amplifier means connected to said transistor buffer. 

42. The apparatus according to claim 40, wherein said switch comprises a first switch element 
and a second switch element responsive to impulses from said third logic element and connectable to 

5 an output of said first amplifier means and a third switch element responsive to impulses from said 5 
fourth logic element for passing a signal from said second amplifier; 

said third amplifier means being responsive to impulses passing through said third switch 
element when said third switch element is activated by said fourth logic element; and 

the output of said first amplifier means being connected through a suppression control to an input 
10 of said fourth amplifier means, the output of which is connected through a zero suppression attenuator 10 

to an input of said second amplifier means with the output of said second amplifier means being 
connected through said third switch element to an input of said third amplifier means. 

43. The apparatus according to claim 41, wherein said first logic element and said second logic 
element comprise cross-coupled NOR gates; said third logic element comprises a NAND gate; and said 

15 fourth logic element comprises a NOR gate. 15 
44. The apparatus according to claim 41, wherein said pulse generator comprises a pair of CMOS 

gates connected in astable multivibrator configuration. 
45. The apparatus according to claim 41, wherein said first counter comprises a decade counter 

and said second counter comprises a decade counter. 
20 46. The apparatus according to claim 41, wherein said first amplifier means comprises a high 20 

speed operational amplifier, said second amplifier means comprises an FET-differential input AC 
amplifier, said third amplifier means comprises a low-drift amplifier and said fourth amplifier means 
comprises a signal inversion amplifier. 

47. An apparatus for analyzing a liquid sample containing photolytically decomposable 
25 constituents comprising: 25 

a liquid injector for introducing a second liquid into said liquid sample to produce a second 
liquid—liquid sample mixture; 

a separator for separating said mixture into an analysis sample and a reference sample; 
a radiation source for irradiating said analysis sample with ultraviolet radiation; 

30 a cell excitation circuit for impressing a voltage across said irradiated analysis sample and across 30 
said reference sample to produce a resultant analysis current representative ofthe electrical 
conductivity of said irradiated analysis sample and to further produce a resultant reference current 
representative ofthe electrical conductivity of the reference sample; and 

a signal processing circuit responsive to impulses produced by said cell excitation circuit and for 
35 comparing said resultant analysis current with said resultant reference current to generate a compared 35 

signal indicative ofthe ionizable material in said first liquid. 
48. The apparatus according to claim 47, wherein said liquid injector comprises a holding tank in 

fluid communication with said separator and responsive to a pump connected in fluid communication 
with said separator. 

40 49. An electrical conductivity cell comprising: 40 
an analysis cell with a first inner electrode contained therein; 
a reference cell with a second inner electrode contained therein; 
a first outer electrode electrically connectable to said analysis cell; 
a second outer electrode electrically connectable to said reference cell; 

45 an analysis cell inlet port connected to said analysis cell and an analysis cell exit port parallel to 45 
said analysis cell inlet port and connected to said analysis cell; and 

a reference cell inlet port connected to said reference cell and a reference cell port parallel to said 
reference cell inlet port and connected to said analysis cell. 

50. The electrical conductivity cell of claim 49, wherein said analysis cell and said reference cell 
50 are in parallel relation to each other. 50 

51. The electrical conductivity cell of claim 49, wherein said first outer electrode and said second 
outer electrode comprise a single member which forms at least a portion of the wall of said analysis 
and reference cells. 
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