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The research reported here is a study of detector

systems to determine those most suited for simultaneous

organic acid, inorganic anion determination. Comparisons

are made on the basis of detection limits and sensitivities

for conductivity, UV/Vis, photoconductivity, and derivative

conductivity detection systems. The investigation was made

using a constant chromatographic system with the only

variable component being the detector system. Eluant

optimization conditions for each detector are reported

along with tables reporting detection limits and sensitivi-

ties for each detector system. Various chromatograms are

also shown to provide a visual comparison between detector

results.
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CHAPTER I

INTRODUCTION

Ion Chromatography

Ion chromatography, as an analytical method, was

introduced in 1975 by Small, Stevens, and Baumann (1). The

technique has expanded rapidly from a new method of detect-

ing inorganic anions to a versatile analytical tool for

detection of all types of ionic species. Since its incep-

tion, ion chromatography has been extensively documented in

several books (2, 3, 4, 5). The instrumentation necessary

to perform ion chromatography is listed here: (1) eluant

container and delivery system, (2) sample introduction

system, (3) separator column, (4) detector system, and

(5) recorder. Several components can be added to this

instrumentation, depending on the type of ion chromatography

to be performed and the ions to be analyzed. Suppressor

columns are often added to lower the conductivity of the

eluant and precolumns may be employed for protection of the

separator column. Other variations in the instrumentation

have been used to lower detection limits and improve

sensitivities. These modifications are not discussed here

as they are not used in this research.

1
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Several detection systems are common to ion chromato-

graphy. Electrochemical detection, conductivity detection,

and UV/VIS absorbance detection are all used extensively,

as are also several others. The detectors utilized in this

research are discussed in a later chapter. Many types of

eluant delivery systems and signal recorders are used

effectively.

The last component of the ion chromatography instru-

mentation to be discussed is the separator column. Modern

ion chromatography can be classified into three types of

liquid chromatography according to the type of separation

utilized. Ion exclusion chromatography involves donnon

exclusion, steric exclusion, and adsortion processes. Ion

pair chromatography is based predominantly on the adsorption

process. The separation technique applied in this research

is ion exchange chromatography. The basic principle of

this procedure is an ion exchange process between the eluant

and the exchange groups attached to a stationary phase. The

separator column in ion exchange chromatography is packed

with an ion-exchange resin of uniform particle size ranging

from 5 to 50 'Pm in diameter. The most commonly used resins

in ion chromatography are styrene-divinyl benzene copolymers

and porous silica, to which an ion-exchange material has

been attached. Cation-exchange resin is commonly prepared

by sulfonating the benzene ring of a styrene-divinyl

copolymer. The result of the sulfonation process is
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resin-SO3 . When a cation is brought into contact with the

cation-exchange resin, it displaces the H+ counter ion. In

application, as the analyte cation enters the column, it

attaches to the sulfonate group. The analyte ion will also

be displaced by the continued flow of cations in the eluant.

Each type of cation has varying degrees of affinity to the

ion-exchange resin. This selectiveness is primarily

dependent on two things: (1) the higher the charge of the

analyte cation, the greater its affinity for the active

sites on the resin; and (2) the larger the ionic radius of

the analyte cation the more strongly it will be attracted

to the active sites on the resin.

Anion-exchange resins contain quaternary ammonium

groups as the active sites on the resin. The reaction

between these active sites and the analyte anion are similar

to the cation-exchange reaction mentioned above. In summary

the separation between analyte ions occurs primarily because

of their varying degrees of attractiveness to the active

sites on the resin.

Organic-Inorganic Ion Chromatography

Despite the rapid improvement of ion chromatography

systems, a simple system to effectively separate and detect

inorganic anions and organic acids simultaneously has yet

to be developed. If such a system existed it would be a

valuable tool for analytical chemists. Most analyses in
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quality control situations are searching for substances from

each of the organic-inorganic ch aracterization. In response

to the need for a system to perform this type of analysis,

several companies have designed intricate systems capable of

simultaneous organic-inorganic detection. Dionex has

designed a gradient system reported to perform this analysis

(6). Complications arise in gradient systems when attempting

to maintain a stable baseline. Instrumentation required to

compensate for pressure and flow rate changes increase the

expense of a system, as well as the expertise necessary to

operate the system. Dionex has also devised a column-

switching system to perform these analyses (7). This system

is also very complex. A column switching system is actually

two systems which are connected. Recently, a study has been

made on the elution behavior of organic acids and inorganic

anions in an AS-5 anion separator column using a sodium

carbonate eluant (8). This system was reported to have

obtained sufficient separation between some organic acids

and inorganic anions. Due to the relatively strong eluant

used in this system, a suppressor column was necessary, as,

were manual alterations of output t setting during elution.

Ion exclusion chromatography has also been employed to

separate organic acids satisfactorily in a complex system

designed by Dionex (9). One characteristic all of these

systems share is their complexit y.
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The difficulty in a simultaneous organic-inorganic

analysis arises primarily because of two reasons. First,

the conditions necessary for organic acid separation are

not ideal for inorganic anion separation. This is a result

of the widely varied pKa values and the large differences in

sizes of the organic acids. For this reason many systems

designed for this type of analysis are gradient or valve

switching systems. Second, optimum detection conditions

for organics are usually not the optimum conditions for

inorganic detection. Therefore, although much research is

being done in this area, the dual or gradient systems must

suffice at the present time.

The long-range goal of this research is to provide a

detector system that will be effective in a single-column

ion chromatography system for simultaneous organic acid-

inorganic anion detection. The research reported here is

a study of detector systems for determination of the most

suitable detector for such a system. To enable the

comparison of detectors, all other factors which may affect

detection limits and sensitivities in the chromatogram must

remain unchanged throughout the comparison. For this reason

the entire chromatographic system used in this research,

apart from the detector, remained constant. The detector

systems tested in this research were conductivity detection,

UV/VIS absorbance detection, photo-conductivity detection,

and derivative conductivity detection. The application and
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theory of these detector systems will be discussed in a

later chapter.

- _ ,. -
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CHAPTER II

EXPERIMENTAL CONDITIONS

Instrumentation

Each component of a chromatographic system affects the

quality of the chromatogram. Solvent delivery systems, for

example, have been improved from single piston reciprocat-

ing units to pulseless pumps. The improved pumps reduce

pressure fluctuations, thus minimizing baseline noise (1).

Another example is the chart recorder, which may range from

a simple system with few means for adjustments, to a

sophisticated integrator system. The more sophisticated

recorder will produce the higher quality chromatogram.

Since the aim of this research was to compare detector

systems, all other means for variation in the quality of

the chromatogram had to be eliminated. This was accomplished

by designing a chromatographic system that would be effective

for each detector examined. In this way, direct comparisons

between detectors may be made by keeping all other components

of the system constant. Consequently, all changes in detec-

tion limits and sensitivities are the result of changes in

the detection system. The entire chromatographic system

used in this research is shown in Figure 1.

8
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Injection Chart

Eluant-----Pump-------Valve-----Column--Detector*--Recorder

0.001 M Kratos Kratos Vydac see Linear

ortho- Spectro- Spectro- 3021C46 below Instru-

chloro- flow 400 flow 480 ments

benzoic 20 mL Model

acid, injection 1200
15% volume
methanol
pH = 4.00 *Detectors
(NaOH)
Flow rate (a) Dionex CDM-1 Conductivity Detector

2-4 mL/min (b) Kratos Spectroflow 783 Programmable
Absorbance Detector

(c) Tracor 965 Photoconductivity Detector
(d) Modified Tracor 965, First Derivative

Conductivity Detector

Figure 1. Schematic of the ion chromatography system used
in this research.

Eluant Optimization

Maintaining a constant system is inclusive of the

eluant. Ortho-chlorobenzoic acid was chosen as the eluant

because of its ability to be operative in each detector

system examined. Eluants exist that would provide better

detection limits in each detector, but in the interest of

maintaining a constant eluant throughout this research,

ortho-chlorobenzoic acid was chosen. A halogenated organic

is requried to provide the photodecomposition required for

the photoconductivity detector. Most common eluants would

have rendered this detector useless.

Before beginning the detector study, the eluant was

optimized to provide a maximum separation between elution

times of an assortment of organic acids and inorganic anions.



This was done to more closely simulate 
the conditions under

which this detector system will ultimately be operating.

The conditions conducive to each detector 
system were also

considered during optimization of the eluant.

Concentration of ortho-chlorobenzoic acid, 
concentra-

tion of organic modifiers, and pH were the conditions

optimized. A variety of ortho-chlorobenzoiC! 
acid concentra-

tions ranging from 0.0001 molar to .01 molar were

investigated. The higher concentrations provided the

quicker elution times, which were desirable, 
but they also

had the detrimental effect of raising the conductivity 
of

the eluant. In view of the fact that the system for which

a detector is sought does not include a suppressor column,

a high conducting eluant is unacceptable. A molarity of

.001 was determined to be the highest concentration 
with

an acceptable conductivity, therefore it was chosen as the

optimum concentration.

The problem of slow elution times was 
overcome through

the use of an organic modifier. Organic modifiers have been

shown to speed elution times of high molecular weight

organic acids (2). Methanol, which can be used as an organic

modifier, contains a hydrophilic hydroxy group which makes 
it

miscible with water. The methyl end of the methanol molecule

is lipophilic and enhances the dissolution of organic 
com-

pounds. The overall effect is to provide a 
better

compatibility between the water and 
the organic solute.



11

Adding an organic modifier to the ortho-chlorobenzoic acid

eluant caused stronger attraction between the organic

samples and the eluant, thus the elution times of the

organic samples were shorter. Acetone, acetonitrile,

methanol, and 2-propanol were examined as potential organic

modifiers. Acetonitrile and 2-propanol both caused swell-

ing, pressure buildup, and other problems in the system.

Methanol and acetone both performed well as organic modi-

fiers. The use of acetone, however, required frequent

column rinsing to prevent swelling of the column. Methanol

was examined as an organic modifier in concentrations

ranging from 1 to 15 percent, with the higher concentrations

giving the best result. Concentrations above 15 percent

were not investigated as extended use of high concentrations

of methanol will cause swelling of the column.

The effects of altering the pH of the eluant was

studied, using sodium hydroxide or acetic acid to raise or

lower the pH. Maximum resolution between peaks without

increasing the conductivity was the desired result. This

was achieved at a pH of 4.0.

This general optimization resulted in an eluant that

was a 0.001 molar ortho-chlorobenzoic acid, 15 percent

methanol solution in which the pH had been raised to 4.0

using sodium hydroxide. Each detector system was optimized

to this eluant so as to obtain the best possible results. A

direct comparison between detector systems is then possible.
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Sampls

The organic acids and inorganic anions chosen as the

samples for this detector study were chosen to provide a

diverse assortment of data. The inorganic anions chosen

were the nitrate and sulfate anions. These two anions

furnished data for monovalent and divalent anions. The

organic acids included the aliphatic oxalic acid along with

the monocarboxylic aromatic, benzoic acid and a dicarboxylic

aromatic in phthalic acid. Ethylendiaminetetraacetic acid

was chosen to provide data on very large organic molecules.

All of the samples were prepared from ACS reagent grade

solids. Sulfate, nitrate, and DTA were prepared from

their sodium salts. At a pH of 4.0, benzoic acid exists at

an equilibrium of approximately 62 percent neutral species

and 38 percent the dissociated species. As a result of the

large amount of the neutral species present, the benzoic

acid had the shortest retention time of all the samples.

Oxalic acid, at a pH of 4.0, exists with an equilibrium

between approximately 65 percent singly charged anion to

approximately 35 percent doubly charged anion. This rela-

tively high concentration of the doubly charged species

caused the oxalic acid elution to coincide with the elution

of the larger phthalic acid. This is a result of phthalic

acid existing predominantly as the singly charged anion at

this pH. Nitrate, at a pH of 4 0 exists exclusively as the

singly charged anion. This results in an elution time
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slightly less than the oxalate or phthalate samples. EDTA

and sulfate both exist almost completely as the doubly

charged anion at this pH. This, coupled with their rela-

tively large sizes, gave rise to broad, ill-defined peaks

which could not be quantitized with any of the detector

systems studied. These five samples were used throughout

the detector study to provide a varied collection of data.

Basis for Comparison

The detectors were compared on their ability to produce

low detection limits and sensitivities. The differences in

these detection limits and sensitivities can be based solely

on the detector system that produced them since all other

components of the chromatographic system remained unchanged

for each detector.
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CHAPTER III

DETECTOR STUDY

Conductivity Detection

Effective conductivity detection was first described

by Martin and Randall in 1951 (1). Several improvements

have been made since that time (2, 3, 4, 5).. The modern

conductivity detector, in theory and application, has been

well documented in several books and publications (6, 7, 8).

It consists of a small chamber containing two electrodes.

In operation the conduction medium between the electrodes

is the solution flowing through this chamber. The ability

of the solution to conduct electric current between the two

electrodes is the property which is monitored. This current

is subject to Ohm's Law (9):

V = R X I

Where V is the applied potential in volts, I is the current

flowing between the electrodes in amps, and R is the

electrical resistance between the electrodes in Ohms. The

reciprocal of the resistance, which is referred to as the

conductance, is the property of the solution measured. It

is usually represented as G and is expressed in the units

of siemens. Certainly the ions contained in the eluant

provoke a response from the conductivity detector. This

background conductance is given by the following equation (9):

15
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GB = (XE+ =XE ) CE IEGB E + E CE IE

10-3 K

Where XE + and XE- are the individual ionic conductances of

the eluant cation and anion, respectively. CE is the con-

centration of the eluant, IS is the fraction of eluant

ionized, and K is the cell constant which takes into account

the physical dimensions of the cell. An eluant with a high

conductance will limit the efficiency of the detector. This

problem can be alleviated by two methods. The first alterna-

tive is the use of a suppressor column to lower the eluant

conductance. The second alternative is to employ a low

conducting eluant. As was mentioned earlier, the detector

sought in this research is one for a nonsuppressed system;

therefore, the eluant was prepared at a low concentration

to limit its conductance to approximately 75 pS.

Upon elution of the analyte the conductance being

monitored changes. This new conductance is given by the

following equation (9):

GS = (XE+ + XE-) (Ce - CSSI)IE + (XE+ + XS_)CsIS

10- K 10-3 K

Where all the symbols represent the same quantities as in

the previous equations, with the subscript "S" representing

the sample portion of the quantity referred to. The con-

ductance during elution is the conductance of the eluant,

which is the first term in the equation, plus the
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conductance of the solute, which is the second term in the

equation. The concentration of the eluant in the conduc-

tivity cell is no longer CE but is the concentration of the

eluant less the portion of eluant displaced by the sample

anion, CS I . In the above equation, an anion exchange

column is being considered; therefore, the analyte cations

are not retained and do not enter into this equation. The

change in conductance,.AG, can be obtained by subtracting

the background conductance, GB, from the conductance during

sample elution, G . This gives the following equation (9):

A G = C

+GE E E - E SCS

10 K

As might be expected, conductivity detectors respond

much better to fully dissociated, highly mobile samples,

than they do for weakly dissociated acid molecules.

Results

In the research reported here, a Dionex 2010i Conduc-

tivity Detector was used. Even though the eluant is

considered weakly conducting, it is more highly conducting

than might be used for detection of inorganic anions.

Therefore, the detection limits and sensitivities reported

here might have been improved upon had the objective been

simply conductometric detection for the inorganic anions.

If the desired result had been the conductometric detection
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of any one specific type of anion a different system might

have been preferred. But the eventual usage of this system

prevented the specificity of any one type of sample. 
The

detection limits and sensitivities obtained for the samples

chosen are shown in Table 1. These results were obtained at

a flow rate of 3.50 ml/min, which was determined to be the

optimum flow rate. Optimizing the flow rate was done by

trial testing flow rates from 2.00 ml/min to 4.00 ml/min 
in

.25 ml/min increments. The peaks became sharper and more

distinct up to 3.50 ml/min, but above this flow rate the

peaks became distorted and the noise increased rapidly.

The detector output during the testing was 30 iS and the

recorder input was 0.1V.

Sensitivities were determined by plotting concentration

versus change in recorder response, with the sensitivity

being the smallest change in concentration between 25 and

50 ppm that produced a distinguishable difference on the

chart recorder. These sensitivities are thus a function

of the chart recorder; however, since the same chart

recorder was used throughout this research, these sensitivi-

ties provide a comparison between detectors. Detection

limits are the smallest concentrations that produced a peak

twice the size of the noise.
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Table 1. Detection Limits and Sensitivities Using Con-
ductivity Detection

Optimum Flow Rate = 3.5 mL/min

species tr LOD sensitiv

Benzoic acid 3.7 min 3.1 ppm .60 p

Na EDTA * * *

NaNO
3

Phthalic acid

Oxalic acid

Na 2SO

4.1 min

4.2 min

4.3 min

*

10 ppm

15 ppm

15 ppm

*

ity

pm

1.6 ppm

3.5 ppm

3.5 ppm

*

*Broad, ill-defined peak, difficult to quantitate.

UV/VIS Detection

UV absorption detection is one of the most widely used

detection methods in ion chromatography. In the two broad

categories of detectors it may be thought of as a hybrid

between a bulk property detector (indirect detector) and a

solute property detector (direct detector) (6). In the

direct mode of detection the detector measures the UV

absorption properties of the solute as it elutes (8). In

the more commonly used indirect mode of detection the

background absorbance of the eluant is monitored at a

suitable wavelength, and the change in absorbance upon

elution of solute ion is measured (8). Both direct detec-

tion (10, 11, 12, 13) and indirect detection (14, 15, 16)

are commonly reported.
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Direct UV detection is very efficient for ions with

appreciable absorbances in the UV region. These include

many inorganics ions, as well as some organic acids (17,

18). Considerable use of direct UV detection has been made

in the detection of nitrite and nitrate (16). This has been

proven to be very efficient due to the high molar absorptivi-

ties of the nitrate and nitrite ions. In direct UV

detection the UV light is shown through the cell containing

the flowing eluant, and is focused onto a photoelectric cell.

When the UV absorbing solute is eluted, light is absorbed,

decreasing the intensity of the light falling on the photo-

cell. This produces an electrical output which is

transmitted to a recorder. The transmittance of light

through the cell is subject to Beer's Law (15).

it 1 e-klc

Where: 10 is the intensity of light entering the cell.

It is the light transmitted through the 
cell.

1 is the path length of the cell.

c is the concentration of solute in the cell.

k is the molar absorption coefficient of the

solute (specific to a particular wavelength).

This equation may be transformed into (16):

It = 10 -k'lc

Where: k' is the molar extinction coefficient.

This leads to (16) :



21

A = log E = k.'lc

0

Therefore (16):

AA = k'lAC

Indirect UV absorption detection or indirect photo-

metric chromatography (16), as it may also be called, arose

from the use of eluants containing aromatic acid anions as

competing ions in the anion exchange methods that employed

conductivity detection. These ions have high molar

absorptivities in the UV region; therefore, they are good

eluants for indirect UV detection (1). The signal that is

recorded in this type of detection is the difference between

the signals due to the eluant at baseline concentration and

the eluant concentration during sample elution. This may

be expressed mathematically as (16):

ASoC SA + (CE-Cs) AE - CEASE = CS (As-AE)

Where: CE is the concentration of the eluant at baseline

concentration.

(CE ) - CS is the concentration of the eluant during

sample elution.

A" is the absorptivity of the sample.

AE is the absorptivity of the eluant.

The signal as a function of the baseline noise would be (16):

signal S Cs (A-AE

noise CEAE
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Considering the ions contained in an ion exchange system,

the background absorbance of the eluant would be given by

(16):

A B [EECEIE = EHECE (lIE) -X 1

Where: EE is the molar absortivity of the eluant ion.

EHE is the molar absorptivity of the neutral eluant.

IE is the degree of ionization

CE is the concentration of the eluant.

The absorbance signal measured by the detector is given by

(16):

As = [EE(CEI E-C S) +EHCE(IE) + ESCs]X1

Where: ES is the molar absorptivity of the solute.

C5 is the concentration of the solute.

Indirect detection, in this way, provides a means for UV

detection of ions that are UV transparent. Indirect detec-

tion is generally not as effective as direct detection

and is not the preferred choice, but indirect detection may

be employed when it is needed.

Results

To determine an optimum wavelength for the absorbance

detector, a wavelength study was done on each sample and

the eluant. The absorbance of each sample and the eluant

was recorded for wavelengths from 200 to 700 nanometers.

The results of this study are shown in Figure 2. All of the
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PHTHALIC ACID
Xmax 21Onm

NaEDTA
,max = 21nm

BENZOIC ACID
Xmax = 220nm

OXALIC ACID
Xmax = 21Onm

NaNO3
Xmax = 21Onm

Na2SO4
Xmax = 21Onm

ELUANT

200nm 3 0 0nm 400r =nm 50~nm 60n

Figure 2. Absorbance curves of each sample and the eluant.

N

11 
1 11 _..___--_
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samples had similar absorbance curves to the eluant, with

each sample except the Na 2EDTA and the Na 2SO4 showing some

distinguishable difference. Because of these differences,

detection was possible on the other samples. The wavelength

chosen was 225 nanometers. At this wavelength the eluant

has a very high absorbance so an indirect detection would be

possible for samples which are transparent to this wavelength.

The samples chosen were detected by direct detection.

After the optimum wavelength was determined, the

optimum flow rate was sought. This was done in similar

fashion to the conductivity detector. The optimum flow rate

was determined to be 3 milliliters per minute. The peaks

increased in height and decreased in width with each increase

in flow rate. Above 3 milliliters per minute, peak symmetry

began to diminish; therefore, 3 milliliters per minute was

chosen as the optimum flow rate. The effect of flow rate on

the nitrate peak is shown in Figure 3. The detection limits

and sensitivities at this optimum flow rate are shown in

Table 2. The detector range was set at 0.3 and the recorder

input was .01V while obtaining these results.

This system worked very well for the ions tested. As

stated above, it would also work well for ions with very

low absorbances at 225 nanometers. The more closely the

ions are to the molar absorptivities of the eluant, however,

the less detectable these ions will become. If the EDTA or

SO4 ions had eluted quickly enough to be detectable, their
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Table 2. Detection Limits and Sensitivities Using UV/VISTable 2. Detection Limits and Sensitivities Using UV/VIS
Absorbance Detection

Optimum Flow Rate = 3 mL/min

species tr LOD sensitivity

Benzoic acid 5.0 min .80 ppm 0.62 ppm

Na EDTA * * *

NaNO
3

Phthalic acid

Oxalic acid

Na2SO4

5.8 min

6.2 min

6.3 min

*

1.6 ppm

3.4 ppm

3.4 ppm

*

0.125 ppm

0.67 ppm

0.72 ppm

*

*Broad, ill-defined peak, difficult to quantitate.

detection limits would probably have been higher due to the

similarities of their absorbance curves to the absorbance

curve of the eluant.

Photoconductivity Detection

Photoconductivity detection is a relatively new form

of detection (19). It makes use of the property of certain

molecules to undergo degradation upon exposure to a high

intensity UV lamp. For example, a chlorinated organic,

such as ortho-chlorobenzoic acid, will be degraded to

hydrochloric acid and the other appropriate products. The

hydrochloric acid will dissociate and change the conduc-

tivity of the solution. The part this increase in
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conductivity plays in the detection of solute is explained

below.

The ionizable species, such as the hydrochloric acid

mentioned above, can be created by direct photolysis of the

solute molecule as represented by the following equation

(9).

A ;A* >Products

The photolysis may also occur by excitation of an energy

transfer agent as represented by the equation below (20).

D >D* +A >A* + D- >Products

in the specific case of ortho-chlorobenzoid acid, the

reaction is as follows:

R-Cl- >HC- +R'

The hydrochloric acid in this equation will undergo

ionization, thereby increasing the conductivity of the

eluant.

The photoconductivity detector uses a conductivity

detector as diagrammed in Figure 4. After exiting the

column, the eluant is divided into two flows. The analytical

flow is exposed to a high intensity UV lamp which increases

the conductivity of the eluant, as explained previously.

This flow is then directed through the analytical chamber of

a conductivity detector. The reference flow is not exposed

to the UV lamp, but is routed directly from the column to

the reference chamber of a conductivity detector. The

conductivity of each flow is measured and the difference
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between their conductivities provides the signal output.

Therefore, the baseline produced by the eluant flow is a

measure of the difference in conductivities of the eluant

after exposure to the UV lamp and the normal eluant con-

ductivity. Upon sample elution the difference in

conductivity changes due to the displacement of ortho-

chlorobenzoic acid by the sample. This difference is

expressed as a peak on the chromatogram.

Analytical Cell

Eluant Flow-Waste
Analytical

Eluant Flow -- Waste
Reference .....--

Reference Cell

Figure 4. Diagram of the conductivity cell in the Tracor
965 Photodonductivity Detector.

The Tracor 965 Photoconductivity Detector used in this

research has been investigated extensively. The majority

of work reported on this system, however, has been done

using very weakly conducting eluants, such as water or a

water-alcohol solution. This detection system has been

used effectively in the analysis of pharmaceuticals (2).

Detection of nucleic acid components has been achieved with

this detector when coupled with an ion-pair chromatography

system (21).
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Photoconductivity detection has been proven to be

very effective in pesticide and herbicide analysis (22, 23).

All of the accomplishments listed above were achieved using

comparatively low conducting eluants. The .001 molar ortho-

chlorobenzoic acid used in this research is a low-conducting

eluant when compared to other common ion chromatography

eluants, but it is much higher conducting than a water or

water-alcohol eluant. This detector system is designed to

detect slight changes in conductivity of very low-conducting

eluants. The relatively high conductivity of the eluant

chosen for this research limited the efficiency of this

system as is reflected in the discussion below.

Results

The detection limits and sensitivities obtained using

the Tracor 965 Photoconductivity detector are reported in

Table 3. As might be expected from the preceding discussion,

these detection limits and sensitivities are not impressive

relative to the other detectors studied. All of the 4

detectable samples were approximately at their detection

limit at the 100 ppm level. Normally the photoconductivity

detection method detects ionization of the solute upon

exposure to the UV lamp, as opposed to the indirect method

of detection discussed here. This, coupled with the rela-

tively high conductivity of the eluant, greatly compromised

the effectiveness of this system. Despite the unimpressive
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Table 3. Detection Limits and Sensitivities 
Using Photo-

conductivity Detection

Optimum Flow Rate = 3 mL/min

t LOD sensitivity

species r

Benzoic acid 4.9 min 100 ppm

Na2EDTA

NaNO3  5.7 min 100 ppm

Phthalic acid 6.1 min 100 ppm

Oxalic acid 6.2 min 100 ppm

Na2 SO4

*Broad, ill-defined peak, difficult to quantitate.

detection limits these results were encouraging 
in that

the photoconductivity detector was 
shown to be operative

for acidic eluants using indirect detection.

Derivative Conductivity Detection

Recently, a system has been devised that uses a

modified Tracor 965 Photoconductivity Detector 
to produce

a first derivative conductivity detection (24). Similar

systems have been made use of in gas chromatography 
(25),

and in UV detection for liquid detection (26).

The modifications made in the Tractor 965 
Photocon-

ductivity Detector are as shown in Figure 5. The entire

flow is directed from the column, through the analytical

chamber of the conductivity cell, through a loop, and
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finally through the reference chamber of the conductivity

detector. As was the case in the photoconductivity detec-

tion described earlier, the signal output is a measurement

of the difference in conductivities between the analytical

chamber and the reference chamber. This results in the

output signal being a difference in conductivities of what

would be two different points on the baseline of a normal

conductivity chromatogram.

Analytical Cell

Eluant Flow

From Column LTTLoop
Waste

Reference Cell

Figure 5. Diagram showing the modifications made to the

Tracor 965 Photoconductivity Detector to allow first

derivative conductivity detection.

This system was developed, primarily to provide better

resolution between overlapping peaks. The study reported

here is concerning the quantifying ability of this system.

Results

As might be expected, the loop volume plays a large

role in quantifying ability of this detection system. When
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considering the loop volume needed, one might surmise that

the maximum difference in baseline conductivities will occur

when one point on the baseline is located immediately before

the peak begins to appear, and the other point is at the top

of the peak. These two points on a chromatogram would have

the largest differences in conductivity and, therefore, the

sharpest break would occur in the derivative conductivity.

This leads to the general rule that the loop volume should

equal one-half of the peak volume. For the slow eluting

samples used in this research, however, the optimum loop

volume was not one-half of the peak volume. An approximate

average peak volume for these samples is 1 milliliter, which

would suggest a .5 milliliter loop volume. In such a large

loop, longitudinal diffusion becomes an important considera-

tion. A loop volume study was done to examine the effect of

loop volume on peak area, and the results are shown in Table

4. The chromatograms corresponding to these loops are shown

in Figure 6. The optimum loop volume was approximately 10

percent of peak volume. Detection limits and sensitivities

were obtained using this loop volume and are reported in

Table 5.

The optimum flow rate for this detection system was

determined to be 4 milliliters per minute. This high flow

rate minimizes the longitude nal diffusion and thus increases

the sensitivity of this system.
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Table 4. Peak Areas Using Different Derivative Loop Volumes

Loop Volume* Percent Volume** Peak Area

0.141 mL 9,.1% .43 cm2

0.113 mL 9.1% .35 cm2

0.074 mL 7.4% .17 cm2

0.005 mL

*Volume calculated by determining volume of cylinder
using diameter and length. **Percent volume is volume of
loop divided by volume of peak. ***No measurable peak.

Table 5. Detection Limits and Sensitivities Using Deriva-
tive Conductivity Detection

Optimum Flow Rate = 4 mL/min

species tr LOD Sensitivi

Benzoic acid 2.2 min 1.6 ppm .30 pp

MA EDTA * *

ty

m

NaNO
3

Phthalic acid

Oxalic acid

Na2SO4

3.5 min

3.6 min

3.7 min

*

*Broad, ill-defined peak,

6.2 ppm

25 ppm

25 ppm

*

difficult to quantitate.

Detection limits for benzoic acid and the nitrate anion

improved slightly over normal conductivity, with oxalic acid

and pthallic acid becoming slightly less detectable in

derivative conductivity. This is due to the peak shapes of

1.6 ppm

3.0 ppm

3.4 ppm
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the eluting samples. Benzoic acid and nitrate produce sharp,

well-defined peaks, while oxalic acid and pthallic 
acid both

produce broad peaks. Certainly broad peaks lower the

detectability of the sample regardless of the detection

system chosen, but in application, the detection limits for

derivative conductivity detection are more a function 
of

peak shape than in other forms of detection.
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CHAPTER IV

DISCUSSION

By providing the lowest detection limits and sensitivi-

ties, UV detection was proven the most effective means of

detection under the conditions used in this research. The

UV detector has the added advantage of being the least

complicated to operate and the least affected by slight

deviations in the optimum conditions, when compared with

the other detector systems investigated.

As was shown in the UV portion of Chapter III, very

slight differences in absorbance curves between the sample

and the eluant provide acceptable detectability. Certainly,

some organic acids and inorganic anions exist whose molar

absorptivities would more closely resemble the molar

absorptivity of this eluant. One can surmise that the more

closely the absorbance of the sample resembles the

absorbance of the eluant, the less detectable that sample

will be.

An indirect UV detection is possible under the condi-

tions maintained in this research. This is due to the high

absorbance of ortho-chloroberzoic acid at the 225 nanometer

wavelength. Samples which absorb less UV light at this

wavelength will thus be detectable with their detectability

38
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being directly proportional to how much less absorbing they

are at this wavelength. In general, the UV detection system

seems to be a system that will respond reasonably well to a

wide variety of organic acids and inorganic anions.

Derivative conductivity detection also shows potential

as a detector of both organic acids and inorganic anions.

Although normal conductivity detection provided comparable

results, the derivative conductivity detection shows greater

potential in that it has room for improvements. Conductivity

might be optimized to specific anions using different eluants,

but for a simultaneous determination, the conditions used in

this research could not be greatly improved upon. Stronger

eluants could not be employed without installing a suppressor

column to limit conductivity and weaker eluants are unaccep-

table as resolution between peaks is lost by weakening the

eluant. However, derivative conductivity detection may

perform better with stronger eluants due to the tremendous

increase in detectability over normal conductivity detection

for early eluting samples as discussed in Chapter III. The

problem of increased eluant conductivity may be solved by

the monitoring of the difference in conductivity of two

points on the baseline as opposed to simply monitoring the

conductivity. The derivative conductivity detector also

has the advantage of improving resolution, which may prove

to be its most important factor.
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The least impressive results of the detectors studied

were provided by the photoconductivity detector. Although

the photoconductivity detector may prove applicable to some

areas of ion chromatography in the future, its potential for

simultaneous organic acid-inorganic anion determination is

overshadowed by the encouraging results of the derivative

conductivity detector and the UV detector.

Advantages and disadvantages of each detector are

summarized in Table 6. A chromatographic comparison of each

detector on the benzoic acid sample are shown in Figure 7.

In relating these data to the goal of finding a suitable

detector system for simultaneous organic acid-inorganic

anion determination, it is found that both the UV detector

and the derivative conductivity detector prove applicable.

UV detection provided good detection limits and sensitivi-

ties, along with simple operation. Derivative conductivity

detection shows potential in that it may provide even better

detection limits and sensitivities using stronger eluants,

and it aids in the resolution problem that must be solved

before the goal of developing a single column ion chromato-

graphy system that will separate and detect organic acids

and inorganic anions simultaneously, can be achieved.

The best detector system might possibly be the UV

detector and the derivative conductivity detector connected

in series. The derivative conductivity detector may be
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optimized to obtain very good results for early eluting

samples, with the UV detector being used to quantify the

late eluting samples. These two detectors could be con-

nected with either of the two detectors being first.

Table 6. Summary of Advantages and Disa
Table 6. Summary of Advantages and Disa
Detector

Detector Advantage

UV/VIS Simple to operate.

Very good results on
a wide variety of
samples.

Derivative
Conductivity

Conductivity

Good detection limits.

Aids in peek resolution.

All ionic species
show conductance.

Simple system.

Photo-
conductivity

advantages of Each

Disadvantage

Must use indirect
detection for
samples with low
absorbances.

The more similar
the absorbance
curves of the sample
and eluant are, the
less detectable the
sample will be

Must use high flow
rates.
Detection limits of
late eluting samples
are not improved.

Detection limits are
relatively high.

Strong eluants can-
not be used in a
non-suppressed
system.

Must use a photo-
decomposable eluant.

Poor detection
limits.
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