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The problem with which this research is concerned is 

the determination of inorganic anions and cations with 

single injection ion chromatography. Direct detection of 

the separated analyte ions occurs after the analyte ions 

have passed through ion-exchange resins where they are 

separated according to their affinity for the ion-exchange 

resin active sites. The techniques involve the use of 

essentially a non-suppressed ion chromatographic system 

followed by a suppressed ion chromatographic system. With 

this system it is possible to accomplish both qualitative 

and quantitative determinations. 

The study is divided into four basic areas of interest. 

The first area studied is the simultaneous separation and 

detection of inorganic anions and alkali metal cations. 

This is accomplished using a basic lithium carbonate-lithium 

acetate eluent when the determination of the ammonium ion is 

not significant; and an acidic lithium hydrogen phthalate 

eluent when the determination of the ammonium ion is of 

importance. The second method developed is a technique for 



the simultaneous determination of inorganic anions and 

alkaline earth metal cations. The system schematic remains 

identical to that used above with the exception of the use 

of a custom-made high pressure conductivity detector cell 

incorporated into the system. The next problem addressed is 

the separation and detection of inorganic anions and 

transition metal cations in a single injection. The 

separation occurs on ion-exchange resins with the aid of a 

complexing eluent. 

These three methods allow for the separation of 

inorganic anions and cations in a single injection. The 

detection limits for most of the analyte ions are in the low 

part-per-mi11ion range. 

The final chapter emphasizes the utility of the methods 

described previously for the determination of inorganic 

anions and cations in diverse water samples from different 

localities. Described and discussed is the custom-made high 

pressure conductivity detector cell, and the development of 

a dual-chamber ion chromatography column for use in the 

simultaneous determination of cations and anions. 
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CHAPTER I 

GENERAL INTRODUCTION 

Development of Ion Chromatography 

Ion chromatography refers to the modern separation of 

cations and anions by chromatography utilizing ion-exchange 

resins and an in-line detection system. The ions of 

interest are separated on the basis of ion-exchange 

reactions that are characteristic of each type of ion. 

Older forms of ion-exchange chromatography employed high 

capacity ion-exchange resins which required high eluent 

concentrations to elute most sample ions. Large sample 

volumes were added to the top of an ion-exchange column and 

an appropriate eluent solution flowed through the column by 

gravity flow. This resulted in slow and uneven flow rates 

and long separation times. Fractions of the column effluent 

were collected and each fraction was analyzed by manual 

detection. A chromatogram was constructed by plotting the 

amount of solute in each fraction against the fraction 

number or average volume of eluent in each fraction. This 

was a tedious, time-consuming process which severely 

restricted the utility of ion-exchange chromatography (1). 

Modern ion chromatography was first developed by Small, 

Stevens and Bauman in 1975, when they published a paper 



describing the rapid separation of inorganic cations and 

inorganic and organic anions using ion-exchange resins and a 

conductometric detector (2). They accomplished the 

separation of these ions by utilizing low-capacity 

ion—exchange resins of uniform particle size packed into a 

small-bore column with a continuous flow eluent. The 

background conductance was lowered as the column effluent 

passed through a suppressor column. In the suppressor 

column, the conductance of the sample ions was enhanced, 

while the eluent ions were converted from high conducting 

species into low conducting species. This technique provided 

the cornerstone for modern ion chromatography, in that the 

chromatography is more convenient, faster, and has greater 

separating ability than the older ion-exchange methods. 

This improved performance can be attributed to better 

chromatographic components, more efficient ion-exchange 

resins, smaller sample volumes, and automatic detection of 

the separated analyte ions. 

Ion-Exchange Resins 

Resins for modern ion chromatography are of uniform 

particle size, ranging from 5 um to 50 um in diameter. 

While many substances such as clays, some inorganic oxides 

and insoluble salts, natural and synthetic zeolites, and 

functionalized organic polymers, have been employed as 

ion-exchangers. The most important resins in ion 



chromatography are styrene-divinylbenzene copolymers and 

porous silica to which has been attached an ion-exchange 

material. The porous silica ion-exchange resins are 

somewhat restricted to use with eluents of low pH values, 

since at pH values above 7.0 the silica framework collapses, 

resulting in shortened column lifetimes (3). The 

chromatography resins may be classified as cation-exchange 

resins or anion-exchange resins. 

The most common type of cation-exchange resin is 

prepared by sulfonating the benzene ring of a styrene-

divinylbenzene copolymer by a process known as sulfonation. 

This consists of briefly reacting the styrene-divinylbenzene 

copolymer with hot sulfuric acid. This leads to formation 

of a thin surface shell of sulfonic acid groups, which act 

as the active sites for the ion-exchange reaction. The 

reaction for the sulfonation is shown as follows (4). 

CH 2CH CH2CH 

H 2 S 0 4 

CHCH, 

CH2CH 

so3H 

CH2CH 

so3H 

•CHCH. 

n n 



The -S03~ anionic group is chemically bound to the resin 

and its movement is severely restricted, while the H + 

counter ion is free to move about and can be exchanged for 

other cations. The following exchange reaction occurs when 

a solution containing a monovalent cation is brought into 

contact with the cation-exchange resin, where M + represents 

the monovalent cation: 

Res—SC>3—H
+ + M+- Res-S03-M

+ + H + 

A similar reaction for polyvalent cations can be written in 

which the resin counter ion is stoichiometrically replaced 

by the analyte cation. 

Anion-exchange resins contain quaternary ammonium 

groups as the active sites for the ion-exchange reactions. 

The quaternary ammonium active sites are introduced into the 

styrene-divinylbenzene copolymer by a two-step process. 

This process consists of chloromethylating the benzene rings 

in the styrene-divinylbenzene copolymer and then alkylating 

by reaction with an aliphatic amine as shown as follows (4). 

—CHCHJ A1C1. 
+ CICH2OCH3 

(CH3)3N 

CHCH 

CHCH, 

CH2N(CH3)3 CI 

CH2CI 



A similar reaction to that of the cation resin 

interaction can be written in which the anion resin 

counter-ion is stoichiometrically replaced by the analyte 

anion as the sample solution passes through the separator 

column. 

Illustrated in Figure 1 is a schematic view of the 

active sites for the functionalized styrene-divinylbenzene 

copolymer resins employed in both cation and anion separator 

columns. 

The selectivity of the resin for an analyte ion is a 

measure of the affinity of the analyte ion for the resin 

active sites relative to the eluent counter ion. The 

greater the selectivity for a particular ion, the longer it 

will remain attached to the resin active sites, or the 

longer the chromatographic retention time. Ions possessing 

larger selectivity quotients require eluents with higher 

ionic strengths to be eluted from the separator column 

within a reasonable period of time. The differences in the 

selectivity of the resin for one analyte ion over another 

permit different ions to remain attached to the resin for 

different lengths of time, which in turn permits separation 

of the analyte ions during elution from the separator 

column (5). 

Although many different factors affect the selectivity 

of the resin for a particular analyte ion, the following 
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Fig. 1—Schematic of the cation-exchange resin active 
site and the anion-exchange resin active site. 



guidelines provide a general understanding of the 

differences in selectivity. 

1. The higher the charge of the analyte ion, the 

greater its affinity for the resin active 

sites, so that trivalent ions are more 

strongly attracted to the resin active sites 

than are divalent ions, and divalent ions are 

more strongly attracted than are monovalent 

ions. 

2. For each different analyte ion possessing the 

same charge, the larger the ionic radius, the 

more strongly it is attracted to the resin 

active site. 

Types of Detectors 

Since the introduction of ion chromatography, a wide 

variety of detectors has been employed for the detection of 

cations and anions. These detectors can be classfied 

according to their response to the ions as either universal 

or selective. Universal detectors respond to all ions that 

are present in the detector cell, including the eluent ions 

A conductometric detector is an example of a universal 

detector for ions, because all ions in the solution will 

exhibit a certain degree of conductance. Selective 

detectors are those which selectively respond only to 

certain ions that are present in the detector cell. 



Ultraviolet-visible spectrophotometry detectors are a 

type of selective detector (1). Their selectivity can be 

changed by changing the wavelength monitored by the 

detector. These detectors can be made very versatile by 

adding a color-forming reagent to the eluent. These 

detectors are normally operated in a direct monitoring mode 

or post-column derivatization mode. In the direct 

monitoring mode the ions of interest will intensely absorb 

light at a selected wavelength. A range of 190-200 nm has 

been reported as a useful range for detecting several common 

anions (4). Direct monitoring in the ultraviolet spectral 

region of the absorbance of the metal-chloride complexes 

formed in a hydrochloric acid medium as detection of metal 

ions, has been used in liquid chromatography (6, 7, 8). The 

post-column derivatization method utilizes a color-forming 

reagent which is allowed to react in a small mixing chamber. 

These ions are then permitted to enter the detector cell for 

detection. The background absorption of the color-forming 

agent should be low while that of the metal-complex should 

be high (9). 

Flame emission spectroscopic and atomic absorption 

spectroscopic detectors are also types of selective 

detectors used in ion chromatography. These detection 

systems have been used for the detection of organic and 

inorganic arsenic species (10) and also for the detection of 

selenium species in groundwater (11). Indirect detection of 



analyte ions is possible using a flame emission 

spectroscopic detector (12). With this detection system the 

analyte ions are first separated chromatographically and are 

then stoichiometrically replaced in the eluent by an ion 

that can be detected more sensitively than the sample ion 

itself. The indirect detection of analyte ions has been 

accomplished using an atomic absorption spectroscopic 

detector (13). With this detection system, the 

concentration of the eluent ion is monitored using a hollow 

cathode lamp of the same element as the eluent. The analyte 

ions are separated using ion chromatography and are detected 

as a decrease in the eluent ion concentration as they elute 

from the separator column. 

Two of the more popular types of detectors used in ion 

chromatography are the electrochemical detector, which is 

another type of a selective detector, and the conductonetric 

detector, which is an example of a universal detector for 

ions. While conductivity detectors are usually classified 

as electrochemical detectors, in ion chromatography they are 

classified separately since conductivity detectors measure 

cell resistance without inducing electrolysis. 

The most common type of electrochemical detector used 

in ion chromatography is the amperometric detector (14). 

This detector is selective because it operates on the 

principles of oxidation or reduction of the species of 

interest at an electrode. The detector selectivity is 
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controlled by adjusting the potential applied to the cell. 

In amperometric detection only a small fraction (1% - 10%) 

of the analyte passing through the cell is oxidized or 

reduced. A potential is applied to induce electrolysis, and 

the current generated is measured as the species of interest 

is reduced or oxidized. The current generated is 

proportional to the concentration of the analyte. The 

working electrodes that are employed most often are the 

silver and platinum electrodes. 

The electrochemical cell behavior can be described by 

making use of the formation constant of the complex formed 

and the Nernst equation (15). In general, the reactions at 

the silver working electrode involve the catalytic oxidation 

of the electrode, rather than the oxidation of the analyte 

ion in solution. Since most silver salts are insoluble or 

form very strong complexes, the formation of the silver 

compounds is favored, resulting in oxidation of the silver 

electrode. The current generated is proportional to the 

concentration of the analyte ion in solution. Depending on 

the solubility product of the complex formed, the sensiti-

vity will differ for each ion. The typical reaction occur-

ring at the electrode for the cyanide ion is shown below: 

Ag + 2CN~ > AgfCN)^ + e 

Using the Nernst equation, the following expression can be 

obtained for the formation of the silver ion. 
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E = E.° + + 0.059 log[Ag+] 
Ag 

Knowing that, the reaction of the silver ion with the cyanide 

ion can be represented as: 

Ag+ + 2CN~ > Ag(CN)~ 

For this reaction, the formation constant, , is shown 

below: 

[Ag(CN)Z] 21.1 
K f = = 10 

[Ag+][CN~]2 

Solving for [Ag+] and substituting back into the Nernst 

equation: 

[Ag (CN) 2 ] 
E = 0.77 + 0.059 log — 5 — 

Kf[cn r 

where 0.77 represents E ° versus the Standard Hydrogen 
Ag 

Electrode, and log 1/Kf = -21.1. The Nernst equation then 

becomes 

[Ag (CN) 2] 
E = -0.47 + log 7—zr~2 

[CN ]' 

where -0.47 represents the calculated E^Ag(CN) 2 versus the 

Standard Hydrogen Electrode. Since E°Ag(CN) 2
 i s lower than 

E°Ag+, and Eappiied
 i s helc^ constant by the potentiostat, 
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oxidation of silver must occur to maintain equilibrium, 

generating a peak as the CN~ passes through the cell. 

An analogous set of equations can be generated to 

provide information about the reactions occurring at the 

platinum electrode surface. 

Conductometrie detectors are useful for the detection 

of many different types of ions. These detectors do not 

respond to molecular substances such as water or 

non-dissociated weak acid molecules. These detectors do 

respond, however, to the eluent ions along with the analyte 

ions. This problem can be alleviated in one of two ways. 

Th® first alternative involves the use of a suppressor 

column to lower the background conductance of the eluent, 

which was employed by Small and co-workers as mentioned 

earlier (2). The second alternative is to employ an eluent 

which possesses a low conductance and completely eliminate 

the use of the suppressor column. The conductance of the 

analyte ions can readily be measured against the low 

background conductance of the eluent, which is 

electronically suppressed (16). 

The conductometric detection system is often preferred 

because of its sensitivity and universal response to a wide 

variety of ions. The conductance is the ability of the 

solution to conduct electricity across two electrodes. The 

magnitude of the current depends on the magnitude of the 

applied potential between these two electrodes. The 
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conductance is proportional to the number of ions in 

solution and their mobility. The sensitivity will differ 

for each ion, since each ion has a distinct mobility. 

Conductance is expressed as the reciprocal of the 

resistance and is expressed in reciprocal ohms or mhos and 

obeys Ohm's law, V = IR (17). The standard unit of 

conductance is specific conductance, *, which is defined as 

the reciprocal of the resistance, in ohms, of a one 

centimeter cube of liquid at a specified temperature. The 

observed conductance of the solution takes into account the 

distance, d, between the electrodes and their area, A, 

expressed in mho/cm. 

G = 1/R = icA/d 

The equivalent conductance, A, takes into account the 

concentration of the chemical solution. When A is equal to 

the area of two parallel electrodes one centimeter apart, 

separated by a solution containing one equivalent of solute, 

the equivalent conductance is expressed as 

A = 1000 k/Cs 

where C is the concentration of the solution in equivalents 
s 

2, 

per liter and A is expressed in mhos cm /equiv.. At 

infinite dilution the ions are independent of each other so 

that the total conductance of the solution is the sum 
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of all the individual ionic conductances of the cations, X+, 

and anions, A_, thus 

A = < A+> + (X_) 

Combining the specific conductance, k, and the 

equivalent conductance generates an expression relating the 

equivalent conductance to the measured conductance, G: 

AC 
G = — 5 

1000K 

where K, the cell constant, is equal to d/A expressed in 

cm \ 

The conductance of solutions is quite temperature 

dependent since the mobility of ions in solution varies with 

the solution temperature. An increase in temperature of one 

degree Celsius will result in an increase in the ionic 

conductance of approximately two percent. Most commercially 

available instruments contain thermistors and circuitry to 

compensate for temperature changes, along with a well 

insulated detector cell. 

Single And Dual Column Ion Chromatography 

The advent of ion chromatography, with in-line 

conductometric detectors and low capacity ion-exchange 

resins, brought enlightenment to ion-exchange 

chromatography. In-line detectors were just beginning to be 

utilized when ion chromatography was conceived (4). Several 
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detection systems were in general use in liquid 

chromatographic analyses but most were not capable of low 

level determination of many common ions. Photometric 

detectors require that the separated analyte ions absorb 

light at one wavelength and the eluent ions be non-absorbing 

at that wavelength. Refractive index detectors were 

difficult to operate at the high sensitivities required for 

low level analyses and electrochemical detectors required 

that the analyte ions be oxidizable or reducible. 

The conductometric detector appeared to be the detector 

of choice since it provided universal detection of a wide 

variety of ions and a simple dependence on the analyte 

concentration. However, the high background conductance of 

the eluent ions made it difficult, if not impossible, to 

detect the small change in conductance corresponding to 

trace levels of the separated analyte ions. As mentioned 

earlier, although the high background conductance presented 

a problem, two alternatives surfaced. The first alternative 

conceived was that published by Small and co-workers, in 

which a suppressor column was used to convert the column 

effluent into a solution of lower conductance. This 

technique is known as dual column, or suppressed ion 

chromatography. The second technique was that published by 

Gjerde and co-workers, in which an eluent of low conductance 

was used and the suppressor column was eliminated (16). 
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This technique is known as single column or non suppressed 

ion chromatography. 

In dual column or suppressed ion chromatography, the 

separator column contains a very low-capacity ion-exchange 

resin, which allows for the separation of the analyte ions 

to be accomplished with relatively low eluent 

concentrations. Once the separated analyte ions leave the 

separator column, they enter a suppressor column containing 

a high—capacity ion—exchange resin. The eluent ions are 

convartcd into low conductance species while the analyte 

ions are converted into high conductance species, as the 

column effluent exits the suppressor column in a background 

of low conductance. This provides for the conductometnc 

detection of low level amounts of the analyte ions. 

Illustrated in Figure 2 is the system schematic 

used by Small and co-workers for cation analysis by 

conductometrie ion chromatography. The eluent used for 
+ + + 

the analysis of a sample containing Li , Na and K was a 

dilute hydrochloric acid solution. The eluent was pumped 

through a low-capacity cation-exchange separator column, 

through the suppressor column, containing a high-capacity 

anion-exchange resin in the OH- form, and finally into a 

conductometric detector. The sample solution was injected 

onto the cation separator column at the injection valve 

where the analyte ions were resolved and exited the cation 

separator column at various times in a background of 
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Fig. 2—Schematic of original ion chromatography 
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hydrochloric acid eluent. As the column effluent entered 

the suppressor column the following reactions occurred: 

HC1 + Resin OH > Resin-Cl + H20 

The hydrochloric acid eluent was converted into water when 

the chloride ion of the eluent was exchanged with the 

hydroxide ion from the suppressor column. 

M+C1" + Resin-OH" » M+OH~ + Resin CI 

The chloride from alkali metal chlorides to the sample 

solution was exchanged with their hydroxide and the solution 

passed unretained through the suppressor column and into the 

conductometric detector where the cations were monitored in 

a background of water. 

An analogous scheme for the anion analysis was 

constructed where the eluent was sodium hydroxide, the 

separator column contained a low-capacity anion-exchange 

resin, and the suppressor column contained a high capacity 

cation-exchange resin in the H+ form. 

The use of a suppressor column containing an 

ion-exchange resin required that the suppressor column be 

regenerated into the appropriate form once all the active 

sites had been converted by accumulation of the eluent and 

sample ions. 

The need to regenerate the suppressor column 

complicated the use of ion chromatography, by loss of time 
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during the regeneration cycle, and variance in the elution 

times and detector response for some ions depending on the 

percent exhaustion of the suppressor column. These problems 

are eliminated by use of the fiber suppressor columns, 

available for both cation and anion analyses. The fiber 

suppressor consists of a cylindrically shaped body around 

which a semi-permeable membrane fiber is wrapped. The 

column effluent travels through the interior of the fiber, 

while a dilute regenerant solution, in either an acid or 

base form, depending on the specific analysis, flows 

countercurrent to the eluent, in contact with the exterior 

of the fiber. Continuous diffusion of the regenerant ions 

across the membrane is maintained due to the driving forces 

which constantly consume the regenerant ions as previously 

outlined in the reactions occurring in the suppressor 

column. Since the formation of the low conductivity eluent 

species is preferred, the analyte counter-ions diffuse into 

the flowing regenerant solution in order to maintain an 

ionic balance; thus suppression is maintained. This type 

of suppression device does not require periodic regeneration 

or a regenerant pumping system for operation (18). The 

suppressor is never exhausted and can be operated for 

indefinite periods of time with little change in behavior. 

While the use of a suppressor column and low capacity 

ion-exchange resins permitted the use of conductometric 

detection for ion chromatography, various ways of coupling a 
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conductometric detector directly to an ion-exchange 

separator column have been conceived. in 1979, Gjerde, 

Fritz, and Schmuckler published a paper describing a 

technique for the separation and detection of anions by 

single column or non-suppressed ion chromatography (16). 

The anions were separated as they traveled through a 

separator column containing a very low capacity anion-

exchange resin. The eluent used for the separation was a 

very dilute eluent possessing an extremely low conductance. 

The successful separation of the anions using a low conduc-

tance eluent was achieved through use of the low capacity 

anion-exchange resin in the separator column. Resolved 

separations of the anions were achieved and the absence of 

the suppressor column did not prove to be an obstacle. The 

system apparatus is very similar to the dual column 

technique with the elimination of the suppressor column. 

The success of single column anion chromatography 

employing conductometric detection led to the development of 

an analogous technique for single column cation 

chromatography. In 1980, Fritz, Gjerde, and Becker 

published a paper describing a technique for the separation 

of cations using conductometric detection without a 

suppression device. 

The eluent must be chosen carefully if a conductometric 

detector is to be directly coupled to the separator column. 

The eluent must be retained by the ion-exchange resin 
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sufficiently enough that a very low concentration of the 

eluent will selectively remove the analyte ions from the 

resin active sites. At the same time the conductance of 

the eluent should be low enough that the separated analyte 

ions will give a detector response considerably greater than 

that of the eluent background conductance. 

Aromatic acid salts, such as, benzoate and phthalate, 

exhibit desirable characteristics for non-suppressed anion 

chromatography (1). As the affinity of the ion-exchange 

resin for the eluent anion increases, the eluent 

concentration required to elute the analyte anions from the 

anion separator column decreases, however, if the affinity 

becomes too great sorption of the eluent anion will occur. 

A low eluent concentration is desirable because of the 

correspondingly low background conductance associated with 

the low concentration. 

Either an eluent containing the hydrogen ion, such as 

a dilute solution of nitric or perchloric acid, or a dilute 

aqueous solution of ethylenediammonium salt or ethylene-

diammonium salt together with a complexing anion, such as 

tartrate, has been used to obtain good separations between 

various cations (19). An unusual feature of single column 

cation chromaotgraphy using the above eluents is that 

negative peaks for the separated cations are obtained due 

to a lower equivalent conductance of the separated cation 

than that of the background eluent conductance. 
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Simultaneous Determination Of Anions And Cations 

Most of the applications of single and dual column ion 

chromatography described in the literature deal mainly with 

the separation of cations or the separation of anions but 

not the simultaneous separation and detection of both 

species. The development of a technique for the 

simultaneous determination of cations and anions would 

provide researchers and analysts with a more cost-effective 

and time-effective technique for the determination of both 

cationic and anionic species. 

One strategy for the simultaneous separation and 

detection of anions and cations involved the use of separate 

anion and cation systems operated simultaneously (20). This 

technique was used for extracts of diesel exhaust filter 

samples from exhaust exposure chamber atmospheres. With the 

systems in the load position, the cation standard solution 

was loaded and injected into the cation system. After five 

minutes, the ammonium ion had eluted and returned to 

baseline. The conductometric detector was then switched to 

the anion system, re-zeroed and allowed to remain until the 

sulfate peak was observed. The detector was then returned 

to the cation system and re-zeroed. Samples were handled in 

the same manner. 

Using this system, the detector had to be matched with 

synchronal injections to efficiently observe both the 

cations and anions. The loss of the chloride peak occurred 
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with this system during the detector switching. The 

necessity for operator observance prevented automation of 

this technique reducing the time-effectiveness of the 

simultaneous determination of the anionic and cationic 

species. 

Use of indirect photometric chromatography was extended 

to simultaneous anion and cation determination by combining 

chromophoric anion and cation eluent ions with suitable 

ion-exchange columns (21). The eluent ions were monitored 

using an ultraviolet detector. The absorbance of the eluent 

ions comprised the baseline for the chromatogram. The 

analyte ions were separated as they traveled through an 

anion separator column and a cation separator column 

arranged in series. The separated anions and cations were 

monitored as a decrease in the appropriate eluent ion 

concentration as the sample ion retained on the separator 

column was exchanged for an eluent ion as elution occurred. 

In this technique, the joint determination of anions and 

cations required that the eluent anion and cation be 

ultraviolet absorbing and possess the appropriate sample 

elution power. The eluent anion and cation were required to 

contribute equally to the absorbance at baseline since 

eluting sample ions were monitored by changes in the eluent 

concentrations. In indirect photometric chromatography a 

monitoring wavelength is chosen where the displacing ion 
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will absorb and the sample ion will not absorb in order to 

obtain maximum sensitivity. 

A similar technique using indirect photometric 

detection for the determination of anions and cations has 

been published (22). Detection at two wavelengths, using a 

chromophoric eluent, and a ratioing technique was used to 

determine anions and cations after single injection onto an 

anion separator column and a cation separator column 

connected in series. 

Another technique for the determination of both anions 

and cations used a complexing agent, ethylenedinitrilotetra-

acetic acid, to complex divalent metal ions. These ions 

were then separated and detected as metal chelate anions 

along with the uncomplexed inorganic anions (23). These 

metal chelate anions and uncomplexed inorganic anions were 

monitored using a conductometric detector. 

A similar technique was also reported in which various 

chelating agents were used as eluents. The metal ions were 

converted into the metal chelate anions upon contact with 

the chelating agent (24). The eluted ions were detected 

using an ultraviolet detector in series with a normal 

conductometric detector. 

The methods described for the simultaneous 

determination of anions and cations all employ some form of 

indirect detection. This was accomplished by basically two 

different techniques. One method converted the metal ions 
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into metal chelate anions so that the cations were 

indirectly separated and detected as anions along with the 

direct detection of the uncomplexed inorganic anions. The 

other method used an ultraviolet absorbing eluent and 

monitored changes in the concentrations of the eluent ions. 

The concentration changes could be related back to the 

analyte ion concentrations since the amount of analyte ions 

eluted from the separator column was directly proportional 

to the amount of eluent ions exchanged for the analyte ions 

by the resin active sites as the analyte ions eluted. 

Although the previous techniques, utilizing only one 

chromatographic system, have been used for the separation 

and detection of both anions and cations, there still exists 

the need for a complete ion chromatographic system which has 

the capability of separating both anions and cations in a 

single injection, followed by a form of direct detection. 

The subsequent chapters will describe methods 

development for the simultaneous determination of various 

cations and anions in a single injection, with the use of 

one chromatographic system and a direct detection mode. The 

techniques will be described in detail, in which several 

examples will be presented, along with retention times and 

detection limits for several anions and cations. Areas of 

application for the methods developed will be presented, 

along with development of novel ion chromatographic 

equipment and utilization of that equipment. 
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CHAPTER II 

SINGLE INJECTION ION CHROMATOGRAPHIC DETERMINATION 

OF MONOVALENT CATIONS AND ANIONS 

Introduction 

Ion chromatography as developed by Small et al. (1) 

has proven to be a very useful technique for the 

determination of inorganic anions and cations at the 

part-per-million and sub-part-per-million level. The 

majority of the work, however, has centered on either the 

cations or anions, but not on the simultaneous determination 

of both species. As mentioned in the previous chapter, one 

study which determined cations and anions simultaneously 

used a complexing agent, ethylenedinitrilotetraacetic acid 

to complex the divalent metals; these were then separated 

and detected as anions along with the uncomplexed inorganic 

anions (2). Another method for the simultaneous 

determination of anions and cations involved the use of a 

dual channel instrument with both anion and cation separator 

columns, but only one detector (3). Using this system, the 

detector had to be matched with synchronal injections to 

efficiently observe both the anions and the cations. The 

loss of the chloride peak was possible with this system. 

One other technique used a dual wavelength ultraviolet 

28 
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detector in which simultaneous chromatograms of anions and 

cations were generated based on the principles of indirect 

photometric chromatography (4). 

The technique used for the simultaneous determination 

of anions and monovalent cations in a single injection by 

direct detection was developed by Jones and Tarter (5), with 

subsequent work by Jones, Frost, and Tarter (6). This 

approach involved the use of a cation separator column, a 

conductivity detector, an anion separator column, an anion 

suppressor column, and an amperometric detector, or a second 

conductivity detector. The output from the two detectors 

was monitored independently in order to observe the cations 

and anions as they eluted from their respective separator 

columns. it did not convert the cations to anion complexes 

prior to separation and detection. This technique also, did 

not require the switching of detectors during the middle of 

the analysis with the concomitant loss of peaks. This 

system used commercially available components with ease of 

operation and rapid performance. 

This work was divided into three general areas: Method 

A, m which a basic eluent and a system with a pulsating 

pump were employed; Method B, in which a basic eluent and a 

system with a pulseless pump were employed; and Method C, in 

which an acidic eluent and a system with a pulseless pump 

were employed. Descriptions and discussions of each of 
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these methods follow in the Experimental, and Results And 

Discussions sections. 

Experimental 

Apparatus Method A. Sample, eluent, and 

cation-exchange resin preparation were accomplished using 

Class A pipets, volumetric flasks, a 250 mL filtering flask, 

a thermometer, a Coors filtering crucible, a Corning PC 351 

hot plate-stirrer, an Orion Research digital ionalyzer/501 

pH meter, and a Mettler H 30 analytical balance. 

A Dionex Model 10 ion chromatograph equipped with a 

factory installed conductivity detector, a Dionex 

electrochemical detector, a 4 X 150 mm anion separator 

column, a 4 X 165 mm cation separator column, were used for 

the simultaneous determination of anions and monovalent 

cations. 

The response from the conductivity cell and 

electrochemical cell was recorded on a Houston Instruments 

Omniscribe dual pen strip chart recorder. The equipment and 

exact operating conditions used in this work are described 

in Table I. 

Apparatus Method and Method C_. Sample and eluent 

preparation were accomplished using Class A pipets, 

volumetric flasks, an Orion Research digital ionalzer/501 pH 

meter and a Mettler H 30 analytical balance. 
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EQUIPMENT AND INSTRUMENTAL OPERATING CONDITIONS 
FOR MONOVALENT CATIONS AND ANIONS 
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Method A 
Instruments 

Eluent 

Flow-rate 

Electrochemical applied potential 

Chart recorder speed 

Separator Columns 
Anion separator 
Cation separator 

Suppressor column 

Injection volume 

Method B 
Instruments 

Eluent 

Flow-rate 

Chart recorder speed 

Separator columns 
Anion separator 
Cation separator 

Suppressor column 

Injection volume 

Method C 
Instruments 

Eluent 

Flow-rate 

Chart recorder speed 

Separator columns 
Anion separator 
Cation separator 

Suppressor column 

Injection volume 

Dionex Model 10 Ion Chromatography 
Dionex Electrochemical Detector 
Houston Instruments Omniscribe Chart Recorder 

0.0016 M Li2C03 + 0.0026 M LiCH3C02•2H20 pH=l0.4 

2.3 mL/min 

0.4 V versus Ag/AgCl reference electrode 

0 - 5 cm/min 

150 X 4 mm I.D. Dionex HPIC-AS3 anion 
165 X 4 mm I.D. Hand packed cation column, 

surface sulfonated Bio—Beads SX2, 200-400 mesh 

Dionex AFS, fiber suppressor 

0.10 mL 

Dionex Model 2010i Ion Chromatograph 
Dionex Model 10 Conductivity Detector 
Houston Instruments Omniscribe Chart Recorder 

0.0008 M Li2CO^ + 0.0012 M LiCH3C02•2H20 pH=10.4 

2.5 mL/min 

0.5 cm/min 

150 X 4 mm I.D. Dionex HPIC-AS3 anion 
200 X 4 mm I.D. Dionex HPIC-CSl cation 

Dionex AMMS micromembrane suppressor column 

0.10 mL 

Dionex Model 20l0i Ion Chromatograph 
Dionex Model 10 Conductivity Detector 
Houston Instruments Omniscribe Chart Recorder 

0.002 M LiH Phthalate pH=3.5 

2.0 ml/min 

0.5 cm/min 

150 X 4 mm I.D. Dionex HPIC-AS3 anion 
200 X 4 mm I.D. Dionex HPIC-CSl cation 

Dionex AMMS Micromembrane suppressor column 

0. 1 0 mL 
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A Dionex Model 20,Oi ion chromatograph equipped with a 

factory installed conductivity detector, a conductivity 

detector from a Dionex Model 10 ion chromatograph, a 4 X 150 

anion separator column, a 4 X 200 mm cation separator 

column, and a Dionex AMMS micromembrane suppressor column, 

were used for the simultaneous determination of anions and 

monovalent cations. 

The response from both of the conductivity detector 

cells was recorded on a Houston Instruments Omniscribe dual-

pen strip chart recorder. The equipment and exact operating 

conditions used in this work are also described in Table I. 

R e a g e n t S- T h e el»ent used for the separation 

monovalent cations and anions was composed of a 

mixture of lithium carbonate and lithium acetate dihydrate. 

Various other eluents were tested including ammonium acetate 

as well as various combinations of the ammonium and lithium 

salts. The final eluent chosen provided the best 

combination of resolution and retention times for all 

species analyzed using this system. The regenerant used for 

the anion fiber suppressor column was a 0.025 N sulfuric 

acid solution. 

Stock solutions of 1000 ppm of each ion analyzed were 

prepared using distilled-deionized water as were the 

chromatographic eluent and the suppressor column regenerant 

solution. The salts used were ACS certified quality. 

Aliquots of the stock solutions were diluted to the 

mm 
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appropriate concentrations using distilled-deionized water 

prior to injection into the ion chromatographic system. 

The surface sulfonated cation-exchange resin was 

prepared using a one to one ratio (grams/volume) of 

Bio-Beads S-X2 styrene-divinylbenzene copolymer with two 

percent crosslinkage (Bio-Rad Laboratories) to concentrated 

sulfuric acid. The sulfuric acid was placed in a beaker and 

heated to 100°C on a hot plate. The Bio-Beads were added to 

the hot sulfuric acid and the reaction was allowed to 

continue for one minute with stirring. The reaction was 

quenched by placing the beaker containing the mixture in an 

ice water bath until it returned to room temperature. The 

mixture was then filtered and allowed to air dry. 

Reagents Method B. The eluent used for the separation 

of the monovalent cations and anions in this method was 

composed of a mixture of lithium carbonate and lithium 

acetate dihydrate. The pH of the eluent was varied from 

10.4 to 8.5 to determine if there was an optimum pH value at 

which the ammonium ion and the anions would simultaneously 

elute. At the lower pH values, the ammonium ion was present 

but the anions were unresolved using the column listed in 

Table I. No optimum pH value was found for the 

determination of both the ammonium ion and the anions using 

this eluent and column combination. The regenerant solution 

used for the anion suppressor column was a 0.025 N sulfuric 

acid solution. 
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Standard anion and cation solutions were prepared by 

the appropriate dilution of 1000 ppm standard stock solution 

using distilled-deionized water. The salts used to prepare 

the stock solutions were ACS certified quality. The 

chromatographic eluent and the suppresssor column regenerant 

solution were prepared using distilled-deionized water. 

Reagents Method C. The eluent used in this method was 

a lithium hydrogen phthalate solution. The lithium hydrogen 

phthalate eluent was prepared by running a solution of 

potassium hydroxide through a column packed with Dowex 1X-8 

resin in the chloride form to displace the chloride. A 

solution of lithium acetate was then pumped through the 

column to produce the lithium hydroxide. Equimolar mixtures 

of phthalic acid and lithium hydroxide were mixed to produce 

the lithium hydrogen phthalate eluent. The lithium hydrogen 

phthalate eluent could have been prepared by simply mixing 

equimolar solutions of lithium hydroxide and phthalic acid, 

however, at the time of the initial experimentation the 

solid lithium hydroxide was not available. The regenerant 

used for the anion suppressor column was 0.025 N sulfuric 

acid, prepared from distilled-deionized water. 

Stock solutions of 1000 ppm of each ion analyzed were 

prepared using distilled-deionized water. The salts used to 

prepare the stock solutions were ACS certified quality. 

Procedure Method A. The normal procedure for use of 

the ion chromatograph was followed with the exception of the 
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use of the two separator columns in series and the placement 

of the electrochemical detector after the anion suppressor 

column. The solutions were injected and the detector and 

recorder were adjusted appropriately to provide peaks of the 

appropriate height. 

Procedure Method B and Method C. The normal procedure 

for the use of the ion chromatograph was followed with the 

exception of the use of two separator columns in series. The 

solutions were injected and the detector and recorder were 

adjusted appropriately to provide peaks of useful heights. 

Results and Discussion 

The system described here essentially combines single 

column ion chromatography with eluent-suppressed ion 

chromatography. The cations are separated and detected in a 

single column mode, whereas the anions are separated and 

detected in an eluent-suppressed mode. This type of 

procedure is unconventional in that it does combine the two 

types of ion chromatographic systems. 

The system schematic showing the instrumental set-up 

for each of the three methods, is illustrated in Figure 3. 

The analyte flow begins at the injection valve for the 

chromatographic system. The solution then proceeds to the 

cation separator column where the analyte cations are 

retained at the cation-exchange resin active sites and the 
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Eluent Reservoir 

Pump 

Injection Valve 

Separator Column 

Detector 

Separator Column 

Detector 

Fig. 3—Schematic of simultaneous ion chromatographic 
graphic system utilizing dual detection 
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anions pass through essentially unretained. As the cations 

are eluted from the cation separator column at 

characteristic times, they are detected in the conductivity 

detector cell. After leaving the conductivity detector 

cell, the ions travel to the anion separator column where 

the anions are retained at the anion-exchange resin active 

sites and the cations pass through essentially unretained. 

The analyte solution then enters the anion fiber suppressor 

column where the previously separated and detected cations 

are removed as they are exchanged for hydrogen ions, and 

finally the solution reaches the second detector cell where 

the previously separated anions are detected. in Method A 

the second detector is an electrochemical detector which is 

used to detect the anions. The use of the electrochemical 

detector in this manner was described by Tarter (7). The 

response of the electrochemical detector to nonoxidizable 

species corresponds to changes in the pH of the eluent. In 

Method B and Method C the second detector is a conductivity 

detector which responds to the separated analyte anions 

according to the theory presented in chapter one. 

The lengths of the columns used in the work are not 

restrictive. The lengths of the columns can be varied at 

will but corresponding changes in the resolution and 

retention times will result. 

The simultaneous separation and detection of the anions 

and monovalent cations using Method A is illustrated in 
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Figure 4 and Figure 5. The figures illustrate the types of 

resolution that can be achieved. The simultaneous 

separation takes considerably less time than the separate 

determination of cations and anions. The analysis time for 

the simultaneous separation takes approximately twelve 

minutes, with the cations eluting in eight minutes and the 

- anions eluting in twelve minutes. With the separate 

analysis of cations and anions, an average elution time for 

the cations is approximately twelve minutes (6) and an 

average elution time for the anions is approximately eight 

minutes (7). Even though these analyses times are 

approximately the same as for the simultaneous analysis, 

consideration must be given to the fact that if only one 

system is used, the analysis time will more than double 

since time will be spent exchanging the cation components 

with the anion components, and allowing for re-equilibration 

of the system. If two systems are used the time will 

approximate the time required for the simultaneous 

separation, but with the simultaneous separation technique 

only one system is used thus any additional systems will be 

available for other work. Use of Method 3 for the 

simultaneous separation and detection of the anions and 

monovalent cations produces chromatograms similar to those 

of Method A. The use of the pulseless pump in Method B 

simply allows for less pump noise, thus resulting in lower 

limits of detection. 
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Figure 6 illustrates the simultaneous separation and 

detection of anions and monovalent cations using Method C. 

The analysis time using the lithium hydrogen phthalate 

eluent takes approximately sixteen minutes. 

With the use of the acidic lithium hydrogen phthalate 

eluent, it is possible to detect sodium, potassium and 

ammonium ions in the same solution. The phthalate ion is a 

commonly used eluent for single column ion chromatography 

and the lithium salt of the phthalic acid will provide a 

higher concentration of cations, and hence a stronger eluent 

than the phthalic acid itself. Slight pH variations in this 

eluent may result in different anion eluting strengths due 

to the equilibria between the various protonated forms of 

phthalic acid. 

The retention times for various anions and monovalent 

cations using each of the three methods, are given in Table 

II. Most species elute within fifteen minutes using the 

system described for the simultaneous determination. Since 

there is no re-equilibration period or system modification 

to be made between injections, as many as four injections 

can be made in a one-hour period. In Method A and Method B, 

the ammonium ion was not observed due to the pH involved in 

the eluent. The pH of 10.35 results in over 93.0% of the 

ammonium being in the form of ammonia which does not respond 

to conductivity detection. This will provide a means for 

the detection of sodium and potassium ions in the presence 
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of a large excess of ammonium ions. The ammonium ion was 

observed along with the sodium and potassium ions using the 

lithium hydrogen phthalate eluent in Method c. 

Using the Dionex Model 10 ion chromatograph did provide 

some problems when attempting to perform this work. The 

Model 10 is equipped with single-piston pulsed pumps. These 

pumps cause severe pump noise in the system. Accordingly, 

many of the detection limits reported for Method A, in Table 

II are pump-noise limited rather than limited by detector 

stability or extent of conductivity change. A comparison of 

the detection for Method A, a pulsed pump, and Method B, 

which utilizes a pulseless pump, reveals that the detection 

limits will be significantly lower if a pulseless pump is 

used, 

A standard solution was analyzed to ascertain the 

stability of the system as well as to determine the 

reproducibility of Method A. Table III shows the results of 

the analysis of the same solution with injections every hour 

for an eight hour day. These results indicate that the 

ystem is quite stable and capable of precise work. The 

large percent relative standard deviation for the potassium 

ion can be explained by the fact that the peak representing 

the potassium ion is a rather rounded peak making retention 

time measurements a little more difficult than for a sharp 

peak such as the peak representing the fluoride ion. The 

large relative standard deviation for the phosphate ion peak 
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IS due to the small nature of the peak which was being 

measured and the increased uncertainty in accurately making 

small measurements. 

Conclusion 

The system described here has the capability to detect 

various ions by simply changing the eluents and/or columns. 

The retention times are less than fifteen minutes for most 

ions and the detection limits approach one part-per-million 

using all three methods described. Using the lithium 

carbonate-lithium acetate eluent, it is possible to detect 

sodium and potassium ions in the presence of high 

concentrations of ammonia. Sodium, potassium, and ammonium 

be detected using the lithium hydrogen phthalate 

eluent. With this eluent, however, there is the possibility 

Of lithium phosphate precipitation. 

Use of this system with two detectors, two separator 

columns and a suppressor column may produce a small amount 

of band broadening; however, the loss of resolution is 

inconsequential when compared to the savings in time and 

equipment which result. 
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CHAPTER III 

SIMULTANEOUS ION CHROMATOGRAPHIC DETERMINATION OF ANIONS 

AND ALKALINE EARTH OR TRANSITION METAL CATIONS 

Introduction 

Over the past several years ion chromatographic methods 

have experienced widespread use for the separation and 

determination of inorganic ions in numerous diverse aqueous 

matrices. Part of this interest has centered on the 

separation and detection of alkaline earth metal cations and 

transition metal cations (1-5). Another area of interest in 

ion chromatographic methods has been concerned with the 

separation and detection of anions. The original emphasis 

of ion chromatography, as introduced by Small and 

co-workers, focused mainly on the separation and detection 

of anions (6). Since that time a considerable amount of 

research has been conducted in anion chromatography (7_10). 

Recently interest has been sparked in the simultaneous 

determination of multivalent metal cations and anions. The 

simultaneous determination of metal ions as anionic complex 

ions and inorganic anions has been accomplished (11). With 

this technique the cations are converted into anionic 

complexes via complexation with an ethylenedinitrilo-

tetraacetic acid eluent. The metal chelate anions and the 

48 
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inorganic anions are then separated simultaneously on a 

single anion exchange column and detected using conductivity 

detection. A similar technique was described which utilized 

a wide variety of chelating agents and an ultraviolet 

detector in series with a conductivity detector for the 

separation of several metal cations and inorganic anions 

(12). 

Described in this chapter is the simultaneous 

determination of multivalent metal cations and anions. This 

technique is similar to the technique discussed in chapter 

two for the separation and detection of monovalent cations 

and anions in a single injection. 

Simultaneous Ion Chromatographic Determination of Anions 

And Alkaline Earth Metal Cations 

The approach used for the simultaneous determination of 

anions and alkaline earth metal cations in a single 

injection has been reported by Jones, Frost and Tarter (13). 

Direct detection of the separated inorganic anions and 

alkaline earth metal cations was accomplished by 

conductivity detection. The technique utilized commercially 

available components and was easy and rapid to perform. 

Experimental 

Apparatus. Sample, eluent, and regenerant preparation 

were accomplished using Class A pipets, volumetric flasks, 
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an Orion Research digital ionalyzer/501 pH meter, and a 

Mettler H 30 analytical balance. 

A Dionex Model 201Oi ion chromatograph equipped with a 

factory installed conductivity detector, a custom-made high 

pressure conductivity detector cell interfaced to the 

electronics of a conductivity detector from a Dionex Model 

10 ion chromatograph, a 4.6 X 250 mm Vydac anion separator 

column, a 4 X 200 mm Dionex cation separator column, and a 

Dionex AMMS micromembrane suppressor column were used for 

the simultaneous determination of anions and alkaline earth 

metal cations. 

The output from both of the conductivity detector cells 

was independently monitored on a Houston Instruments 

Omniscribe dual-pen strip chart recorder. The equipment and 

exact operating conditions used in this work are described 

in Table IV. 

Reagents. The eluent used for the separation of anions 

and alkaline earth metal cations was composed of a mixture 

of lead pthalate and acetic acid. The lead phthalate-acetic 

acid eluent was prepared by mixing equal moles of the salts 

with a given volume of water and filtering the resulting 

precipitate. The collected precipitate was then dissolved 

^isti 1 led—deionized water and a sufficient amount of 

acetic acid to aid in dissolving the precipitate. The 

final pH of the solution was adjusted to 2.5 with acetic 
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TABLE IV 

EQUIPMENT AND INSTRUMENTAL OPERATING CONDITIONS 
FOR ALKALINE EARTH METAL CATIONS AND ANIONS 

Instruments 

Eluent 

Flow-Rate 

Chart Recorder Speed 

Separator Columns 
Anion Separator 

Cation Separator 

Suppressor Column 

Dionex Model 20l0i ion 
chromatograph 

Custom-made high pressure conduc-
tivity detector cell 

Dionex Model 10 ion chromatograph 
conductivity detector 
electronics 

Houston Instruments Omniscribe 
dual pen strip chart recorder 

0.005 M lead phthalate-acetic acid 
pH=2.5 

1.5 mL/min 

0.5 cm/min 

250 X 4.6 mm I.D. Vydac 302 IC4.6 
anion 

200 X 4 mm I.D. Dionex HPIC-CSl 
cation 

Dionex AMMS micromembrane 
suppressor column 

0.10 mL 



52 

acid. The regenerant used for the anion suppressor column 

was a 0.025 N sulfuric acid solution. 

Stock solutions of varying concentrations of each ion 

analyzed were prepared using distilled-deionized water and 

ACS certified quality salts as were the chromatographic 

eluent and the suppressor column regenerant solution. 

Aliquots of the stock solutions were diluted to the 

appropriate concentrations using distilled-deionized water 

prior to injection into the ion chromatographic system. 

Procedure 

The normal operating procedure for use of the ion 

chromatograph was followed with the exception of the use of 

two separator columns in series. The solutions were 

injected and the detector and chart recorder were adjusted 

appropriately to provide peaks of useful height. 

Results and Discussion 

The system schematic showing the instrumental set-up 

and effluent flow path is similar to that illustrated in 

chapter two for the separation of anions and monovalent 

cations. The main problem associated with the use of a 

detector in the middle of the system is the backpressure 

produced by the anion separator column. The backpressure 

tolerance of the conductivity detector cell in the Dionex 

Model 201Oi ion chromatograph is approximately 300 psi. 

This problem can be alleviated in one of two possible ways. 
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One method involves utilization of a shorter anion separator 

column located after the first detector cell so that the 

backpressure is not excessive. The method works well but 

severely restricts the utility of the technique since only a 

short separator column can be used for the anion separation. 

The second method involves the use of a custom-made high 

pressure conductivity detector cell. Construction of the 

custom-made high pressure conductivity detector cell has 

been reserved for discussion in the following chapter. By 

utilizing a detector cell which can withstand higher 

backpressures, longer anion columns can be used, thus 

extending the possible applications for which simultaneous 

cation-anion determinations may be used. 

The phthalate ion was chosen as the anion component of 

the lead phthalate-acetic acid eluent since it is a very 

commonly used anion eluent (14). Use of the phthalate ion 

was a more logical choice than use of chloride- or 

nitrate-based eluents, considering that chloride and nitrate 

are among the ions detected in many samples. The lead ion 

was chosen as the cation component of the eluent since it 

possesses a sufficient affinity for the resin active sites 

to elute the analyte cations in a reasonable amount of time. 

The use of barium and lead ions have also been reported in 

the literature for the separation of alkaline earth metal 

cations and transition metal cations (4). The combination 

of lead phthalate was chosen over barium phthalate because 
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the lead eluent is much easier to prepare. Other 

combinations such as copper phthalate, are usable eluents, 

ease of eluent preparation is one of the determining factors 

in the eluent selection process, however. 

The simultaneous separation and detection of anions and 

alkaline earth metal cations is illustrated in Figure 7 and 

Figure 8. These chromatograms illustrate the type of 

resolution that can be expected using this technique. 

Figure 7 is the separation of anions and alkaline earth 

metal cations using a zinc phthalate eluent, while Figure 8 

is the separation of anions and alkaline earth metal cations 

using a lead phthalate eluent. The simultaneous separation 

takes considerably less time than the separate analysis of 

cations and anions. The analysis time using the lead 

phthalate-acetic acid eluent is twelve minutes for most 

ions. The separate analysis of the cations and the anions 

would have a considerably lengthened analysis time. The 

retention times and detection limits for various anions and 

alkaline earth metal cations are given in Table V. 

Using the lead phthalate eluent, the chloride peak has 

a broader peak width than do the following peaks. This is 

the reverse of the expected results, which would show that 

the peak width increases with retention time. This 

unexpected result can be attributed to the non—equilibrium 

precipitation of lead chloride. When the sample is 

injected, a small amount of lead chloride will initially 
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TABLE V 

DETECTION LIMITS AND RETENTION TIMES 
FOR ALKALINE EARTH METAL CATIONS AND ANIONS 

Ion Retention Time Detection Limits** 

(min) (ppm) 

Mg^+ 2.3 1 

2+ 
Ca 3.8 8 

Sr2+ 5.2 15 

2+ 

Ba 9.6 50 

Cl~ 6.4 0.1 

Br 8.5 0.5 

NO~ 9.8 0.5 

2 -

S04 27.0* . . . . 
*Non-equilibrium PbSO^ precipitate 

**Concentration giving signal-to-noise ratio of 3 
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precipitate in a non-equilibrium situation even though the 

equilibrium solubility product constant has not been 

surpassed. The precipitate will then rapidly redissolve as 

additional eluent passes through the system. The time 

needed for the lead chloride to redissolve will result in 

the observed increase in the peak width. Due to the 

broadening of the chloride peak a nonlinear calibration 

curve is obtained based upon peak height. To obtain a 

useful calibration curve, sufficient data points must be 

taken to accurately ascertain the exact shape of the curve. 

Various other possibilities may be considered to 

explain the peak shape for the chloride peak, however, the 

above explanation best fits the observed experimental 

results since injection of non-chloride containing solutions 

and blank solutions did not show any peak in the area of the 

chloride peak. 

Lead sulfate will also precipitate in the lead-based 

eluents. This precipitation problem is more drastic than 

the chloride precipitation problem due to the lower 

solubility of the lead sulfate. Retention times are greatly 

increased for the sulfate ion. This precipitate may occur 

in the membrane suppressor, decreasing the membrane 

performance. The precipitation in the membrane suppressor 

may be removed by flushing the suppressor with 0.1 M mineral 

acid or a dilute solution of ammonium hydroxide followed by 

a thorough flush with distilled-deionized water. This 
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cleaning procedure took about one hour and was needed 

approximately once a week. In general, the precipitation of 

lead sulfate in the eluent will only be a problem when using 

solutions which contain soluble divalent metal sulfates, 

since insoluble metal sulfates will precipitate prior to 

injection of the sample. 

Simultaneous Ion Chromatographic Determination of Anions 

And Transition Metal Cations 

The separation and detection of anions and transition 

metal cations was accomplished using the dual detection 

system described for the determination of anions and 

alkaline earth metal cations. Slight modifications to this 

system provided a completely different single detection 

system which still possessed the capability of simultaneous 

cation-anion separation and detection. Both the single and 

dual detection systems provided for the direct detection of 

the separated inorganic anions and transition metal cations 

through utilization of conductivity detection. 

Experimental 

Apparatus. Sample eluent, and regenerant preparation 

were accomplished using Class A pipets, volumetric flasks, 

and an Orion Research digital ionalyzer/501 pH meter, and a 

Mettler H 30 analytical balance. 

A Dionex Model 201 Oi ion chromatograph equipped with a 

factory-installed conductivity detector, a high-pressure 
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conductivity detector cell interfaced to the electronics of 

a conductivity detector from a Dionex Model 10 ion 

chromatography a 4 X 270 nun Dionex anion separator column, 

two 4 X 65 mm Dionex cation guard columns, and a Dionex AMMS 

micromembrane suppressor column were used for the 

determination of anions and transition metal cations in a 

single injection. 

The output from both of the conductivity cells was 

monitored independently on a Houston Instruments Omniscribe 

dual pen strip chart recorder. The sensitivity settings 

were adjusted in order to obtain the appropriate peak 

heights for the separated and detected ions. Listed in 

Table VI are the equipment and exact operating conditions 

used for this research. 

Reagents. The eluent used for the separation of anions 

and transition metal cations was a mixture of oxalic acid 

and citric acid. The oxalic acid-citric acid eluent was 

prepared using ACS certified quality salts and 

distilled-deionized water. The final pH of the eluent was 

adjusted to 4.37, using a lithium hydroxide solution. The 

regenerant used for the anion suppressor column was a 

0.025 N sulfuric acid solution prepared from concentrated 

sulfuric acid and distilled-deionized water. 

Stock solutions of varying concentration of each 

analyte ion were prepared using distilled-deionized water 

and ACS certified quality salts. Aliquots of the stock 
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EQUIPMENT AND INSTRUMENTAL OPERATING CONDITIONS 
FOR TRANSITION METAL CATIONS AND ANIONS 

61 

Instruments Dionex Model 2010i ion 
chromatograph 

Custom-made high pressure conduc-
tivity detector cell 

Dionex Model 10 ion chromatograph 
conductivity detector 
electronics 

Houston Instruments Omniscribe 
dual pen strip chart recorder 

Eluent 0.005 M oxalic acid 
+ 0.0038 M citric acid 
pH=4.37 adjusted with LiOH 

Flow-Rate 1.0 mL/min 

Chart Recorder Speed 0.25 cm/min 

Separator Columns 
Anion Separator 270 X 4 mm I.D. Dionex HPIC-AS7 

anion 
Cation Separator Two—65 X 4 mm I.D. Dionex HPIC-

CG2 cation guard columns 

Suppressor Column Dionex AMMS micromembrane 
suppressor column 

Injection Volume 0.10 mL 
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solutions were diluted to the appropriate concentrations 

using distilled-deionized water and eluent prior to 

injection into the ion chromatograph system. 

Procedure 

The normal operating procedures for use of the ion 

chromatographic system were followed with the exception of 

the separator columns in series. In order to prevent 

introduction of contaminants into the ion chromatographic 

system all glassware was thoroughly rinsed with 

distilled-deionized water and the injection syringes were 

stored in distilled-deionized water until needed. 

Results and Discussions 

The instrumental set-up and effluent flow path with 

dual detection devices is the same as that described earlier 

for the separation of anions and alkaline earth metal 

cations. The eluent flow begins at the injection valve and 

proceeds through the cation guard columns where the 

transition metal cations are separated according to their 

affinity for the cation-exchange resin active sites and the 

analyte anions pass through essentially unretained. The 

solution then travels into the high pressure conductivity 

detector cell for the detection of the previously separated 

transition metal cations. The detection of the separated 

transition metal cations occurs without the aid of a 

chemical suppression device. After leaving the first 
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conductivity detector cell, the solution enters the anion 

separator column where the anions are separated and the 

previously separated and detected transition metal cations 

are essentially unaffected. The column effluent then enters 

the anion suppressor column where the previously separated 

transition metal cations are removed from the system as they 

are exchanged for hydrogen ions, in order to prevent peak 

overlap between the separated cations and anions. The 

separated anions are then detected by a second conductivity 

detector. 

Eluents containing complexing agents have been widely 

used for the separation of transition metal cations (3, 5, 

12), while the use of large organic anions, such as citrate, 

have been recommended as an eluent for anion separations 

(14). The oxalic acid-citric acid eluent is the recommended 

eluent for the separation of transition metal cations on the 

separator columns by the manufacturer. The recommended pH 

value for the oxalic acid-citric acid eluent is 4.37. The 

eluent pH was varied in small increments from this value in 

order to optimize the complexing ability of the eluent for 

the elution of both the anions and cations. The eluent pH 

was varied to as low as 3.6 and as high as 5.1, where in 

both cases, the separation of both the anions and cations 

was unattainable. Since most weak organic acids complex 

when ionized, the eluent pH can drastically alter the 

separation (15). As the eluent pH is made more basic the 
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concentration of the ionized form of the eluent increases; 

which forms more anionic metal ion complexes. Complexation 

between the metal cations and the eluent reduces the 

interaction of the metal cations with the cation-exchange 

active sites. This decreased interaction will result in 

shorter retention times and decreased resolution. 

Similarly, if the eluent pH is made more acidic, 

complexation between the metal cations and the eluent is 

decreased, which results in an increase in retention times 

and better resolution. 

A standard solution was analyzed to ascertain the 

stability of the system as well as determine the 

reproducibility. Table VII shows the results of the 

analysis of the same solution with ten injections. These 

results indicate that the system is quite stable and capable 

of precise work. 

Illustrated in Figure 9 is an example of the separation 

and detection of anions and transition metal cations. The 

chromatogram illustrates the type of resolution that can be 

observed using the dual detection system. The peaks 

labelled SP are representative of system peaks due to the 

eluent. Listed in Table VIII are selected retention times 

for various transition metal cations and anions. 

Representative detection limits for a few ions are shown in 

Table IX. Since detection limits are a function of both 

detector response and peak area, it is expected that ions 
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Fig. 9—Ion-exchange chromatograms of the separation of 
anions and transition metal cations using oxalic acid-citric 
acid eluent and dual detection system. 



TABLE VIII 

RETENTION TIME FOR SELECTED TRANSITION METAL 
CATIONS AND ANIONS 

67 

Ion 

Fe+3 

Ni + 2 

Retention Time 
(min) 

Cu 
+2 

Zn 
+2 

Mn 
+ 2 

Co 
+ 2 

Fe 

CI 

Br 

NO 

SO 

+ 2 

3 
2 -

4 

3.2 

3.6 

6.4 

7.2 

6 0 . 0 

10.8 

18.0 

5.2 

10. 8 

18. 8 

8 . 6 
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TABLE IX 

REPRESENTATIVE DETECTION LIMITS FOR SELECTED IONS 

Detection Limits* 
I o n (ppm) 

.T. + 2 N l 0.46 

17 +2 

Z n 0.51 

0.46 

C 1 0.04 

n03 0.36 

•Concentration giving signal-to-noise ratio of 3 
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possessing a greater affinity for the resin active sites, 

2+ 

such as Fe , will have longer retention times and a broader 

peak shape which will result in higher limits of detection. 

By removing the first conductivity detector and 

attaching the separator columns in series, as shown in the 

schematic in Figure 10, it is possible to simultaneously 

separate and detect transition metal cations and anions by a 

non-suppressed chromatographic technique employing only one 

detector. 

Figure 11 illustrates a chromatogram of both transition 

metal cations and anions using one conductivity detector, 

where "SP" represents system peaks due to the eluent. By 

varying the lengths of the separator columns it is possible 

to detect the anions first and then the transition metal 

cations or vice versa. Since the conductivity cell is not 

located between the two separator columns, it is no longer 

necessary to use a high-pressure cell in order to 

accommodate the high backpressure between separator columns. 

This system accomplishes the separation of several 

transition metal cations and anions with one chromatographic 

system and one conductivity detector. Elimination of 

extraneous columns and detectors will not only shorten 

analysis time, but will also reduce down time with a 

corresponding increase in operating efficiency. 
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Fig. 10 Instrumental schematic for simultaneous 
determination of anions and cations with sincrle detection 
system. 
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Fig. 11—Ion-exchange chromatogram of the separation of 
anions and transition metal cations using oxalic acid-citric 
acid eluent and single detection system. 
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Conclusion 

Utilization of the system previously described will 

allow for the separation and detection of several inorganic 

anions and alkaline earth metal cations or transition metal 

cations in a single injection. The simultaneous technique 

provides for more efficient use of the analyst's time, since 

only one injection is necessary to determine several 

different analyte ions. The technique requires only one 

chromatographic system, leaving available for other analyses 

any additional systems. These factors not only contribute 

to the efficient use of equipment and the analyst's time, 

but also represent tremendous reductions in the system 

expenses and operational expenses of the determination. 

The retention times for most of the ions studied is 

less than twenty minutes. Representative detection limits 

for some of the ions studied are in the low part-per-million 

range without the use of any type of pre-concentration 

technique. 

Elimination of the anion suppressor column and the 

first conductivity detector produces a system that still 

maintains the capability of simultaneous cation-anion 

determinations. Proper selection of the eluents and 

separator columns will permit the separation and detection 

of the analyte anions and then the analyte cations, or vice 

versa. 
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CHAPTER IV 

APPLICATIONS USING ION CHROMATOGRAPHY AND SPECIAL EQUIPMENT 

Introduction 

Since its introduction, ion chromatography has advanced 

considerably, and the technique is now routinely used for 

the separation and detection of organic and inorganic anions 

and cations, organic acids and amines, transition metal cat-

ions, carbohydrates, and alcohols (1). Ion chromatography is 

no longer restricted to the separate determination of only 

anions or cations. With proper selection of eluent and 

separator columns the technique can be used for the 

simultaneous separation and detection of anions and cations. 

This chapter describes the application of ion 

chromatography to the analysis of water samples using the 

techniques described in the previous chapters. These 

techniques are used for the simultaneous determination of 

anions and cations, without converting the cations to 

anionic complex ions prior to detection. 

Discussions and descriptions of special equipment which 

was utilized in the techniques described in the previous 

chapters, or which was developed as a direct result of the 

research involved in the previous chapters, will be 

presented in this chapter. 

74 
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Simultaneous Determination of Anions and Cations 

In Water Samples Using Ion Chromatography 

Use of the techniques discussed in the previous 

chapters, with slight modifications, provided for the 

separation and detection of anions and cations in the water 

samples (2). For the simultaneous determination of 

- inorganic anions and monovalent cations, direct detection of 

the anions was accomplished using an amperometric detector, 

which responds to pH changes in the eluent as the separated 

ions pass through the detector (3). Detection of the 

monovalent cations using this technique was accomplished 

using conductometric detection. For the separation and 

detection of anions and alkaline earth metal cations, two 

conductivity detectors were utilized. 

Experimental 

Apparatus. Standards, eluent and regenerant 

preparation were accomplished using Class A pipets, 

volumetric flasks, an Orion Research digital ionalyzer/501 

pH meter, and a Mettler H 30 analytical balance. A Dionex 

Model 201 Oi ion chromatograph equipped with a factory 

installed conductivity detector, a Dionex electrochemical 

detector, a custom-made high pressure conductivity detector 

c e H interfaced to the electronics of a conductivity 

detector from a Dionex Model 10 ion chromatograph, along 

with the appropriate separator columns, and a suppressor 
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column were used for the simultaneous determination of 

anions and cations in the water samples. 

The output from each detector was independently 

monitored on a dual pen strip chart recorder. The equipment 

and exact operating conditions for this work are listed in 

Table X. 

Reagents. All standard anion and cation solutions were 

prepared by appropriate dilution of standard stock solutions 

using distilled-deionized water. Stock solutions of 1000 

ppm of each ion analyzed were prepared using distilled-

deionized water and ACS certified quality salts. 

Two different eluents were used: lithium carbonate-

lithium acetate dihydrate, and copper phthalate. A stock 

solution of lithium carbonate-lithium acetate dihydrate 

eluent was prepared using ACS certified quality salts and 

distilled-deionized water. The working eluent was prepared 

by appropriate dilution of the concentrated stock solution 

of eluent using distilled-deionized water. 

The copper phthalate eluent was prepared by mixing a 

solution of copper acetate with an excess of potassium 

hydroxide and filtering the resulting cupric hydroxide 

precipitate. The precipitate was then mixed with an 

equimolar amount of phthalic acid and heated gently 

overnight to produce the copper phthalate. 

All solutions prepared for the titration of the water 

samples with ethylenedinitrilotetraacetic acid were prepared 
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TABLE X 

EQUIPMENT AND INSTRUMENTAL OPERATING CONDITIONS 
FOR ANALYSES OF WATER SAMPLES 

Instruments 

Electrochemical 
Applied Potential 

Chart Recorder Speed 

Flow-Rate 

Injection Column 

Eluent (anions and 
monovalent 
cations) 

Separator Columns 
Anion Separator 

Cation Separator 

Eluent (anions and 
alkaline earth 
metal cations) 

Separator Columns 
Anion Separator 

Cation Separator 

Dionex Model 2010i ion 
chromatograph 

Dionex electrochemical 
detector 

Custom-made high pressure con-
ductivity detector cell 

Dionex Model 10 ion chromato-
graph conductivity detector 
electronics 

Houston Instruments Omniscribe 
dual pen strip chart recorder 

0.4 V versus Ag/AgCl reference 
electrode 

0.25 cm/min 

1.5 mL/min 

Dionex AMMS micromembrane anion 
suppressor 

0.0016 M Li2C03 
+0.0024 M LiCH->C09 • 2H00 
pH=l0.4 

150 X 4 mm I.D. Dionex HPIC-AS3 
anion 

200 X 4 mm I.D. Dionex HPIC-CS1 
cation 

0.0033 M Cu phthalate 
pH=2.5 

250 X 4.6 mm I.D. Vydac 302IC4.6 
anion 

200 X 4 mm I.D. Dionex HPIC-CS1 
cation 
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using ACS certified quality salts and distilled-deionized 

water. 

All water samples were injected and analyzed as 

received without any type of prior preparative steps. If 

dirty samples had been analyzed, filtering would have been 

required to remove the solid particles prior to injection 

into the chromatographic system. 

Procedure 

The normal procedure for use of the ion chromatograph 

was followed with the exception of the use of the 

electrochemical detector after the anion suppressor column. 

The solutions were injected and the detector and chart 

recorder were adjusted to provide peaks of the appropriate 

height. 

Results and Discussion 

The eluents used for each of the separations are listed 

in Table X. Various eluent can be used depending on the 

species of interest to be separated and detected. For the 

detection of monovaluent cations and anions, a basic lithium 

carbonate-lithium acetate dihydrate eluent is used. Separa-

tion and detection of alkaline earth metal cations and anions 

involves the use of an acidic copper phthalate eluent. 

The analysis time of the water samples for the 

simultaneous separation of monovalent cations and anions is 

less than fifteen minutes, with the cations eluting in 
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approximately ten minutes and the anions in twelve minutes. 

Analysis times for the separate anion and cation 

determinations will be more than double those for the 

simultaneous determination of anions and cations, since time 

will be spent exchanging the cation components for the anion 

components in the ion chromatograph and allowing for the 

system to re-equilibrate. If two separate systems are used, 

the time will approximate or possibly exceed that required 

for the simultaneous separation and detection. However, use 

of the simultaneous separation technique only requires one 

system, thus releasing the second system for other tasks. 

Simultaneous separation and detection of both anions 

and cations indicate that water samples from various 

localities contain many of the same ions but in differing 

concentrations. Figures 12, 13 and 14 illustrate typical 

chromatograms of tap water and rain water. 

A comparison of ion chromatography and an EDTA 

titration for Ca and Mg show good correlation 

between the two methods. With ion chromatography, 

the total concentration for calcium and magnesium is 

approximately 42 ppm, while the EDTA titration indicates 

a total hardness of approximately 49 ppm, with calcium 

assumed to be the major constituent. The difference in 

the concentration using the EDTA titration is due to 

the total hardness determination using EDTA, where the 
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concentration is due to all the divalent cations in the 

water not just calcium and magnesium. 

The retention times and detection limits will change 

according to the elent selected, but under normal daily 

operating conditions, detection limits will be less than 2 

part-per-million and retention times will range from 0.5 to 

25 minutes for most species (2). 

The simultaneous determination of anions and cations 

using ion chromatography on samples, such as water, should 

prove useful. The analysis times for the determination of 

the ions are considerably less than those for the separate 

determination of anions and cations, and the detection limits 

are in the low part-per-million range for most species. A 

great many eluent possibilities exist, indicating the feasi-

bility for the development of a system tailored to a single 

analytical situation using some form of automation or computer 

control. Ion chromatography shows much promise in the rapid 

routine separation and detection of ions in aqueous solutions. 

Custom-Made High Pressure Conductivity Detector Cell 

Use of the simultaneous technique described in the 

previous chapters for the separation and detection of anions 

and cations does present some problems. As mentioned 

earlier, one problem encountered is the high amount of 

backpressure exerted by the anion separator column on the 

first detector cell. One potential method to alleviate the 
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high backpressure involves the utilization of a shorter 

anion separator column located after the first detector cell 

so that the backpressure is not excessive. This method 

works well, as evidenced in the separation of monovalent 

cations and anions, but severely restricts the utility of 

the technique since only short separator columns can be used 

for the anion separation. 

The method which was utilized in the previous chapters 

to alleviate the high backpressure exerted on the first 

detector cell involves the use of a custom-made high 

pressure conductivity detector cell. By utilizing a 

detector cell which can withstand a high amount of 

backpressure, longer anion separator columns can be used, 

thus extending the possible applications of the simultaneous 

cation-anion system. 

An enlargement of the custom-made high pressure 

conductivity detector cell used as the first detection 

device in the simultaneous cation-anion system is 

illustrated in Figure 15 (4). The cell is a combination of 

stainless steel and plastic fittings. Part "A" is the 

eluent line leading into the detector cell from the cation 

separator column on one end, and leading to the anion 

separator column on the other end. Part "B" is a stainless 

steel female to female fitting. Part MC" is a stainless 

steel male to male fitting. Part »D» is a plastic coupling 

for attaching the stainless steel male fittings. Part "E" 
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is a rubber O-ring used as a spacer in order to prevent 

contact between the two ends of the stainless steel male 

fittings inside the plastic coupling when all of the 

components are assembled. Electrical connections between 

the conductivity detector cell and the detector electronics 

on the Dionex Model 10 ion chromatograph are made by 

soldering the lead wires onto the outside body of the 

stainless steel female to female fittings. This results in 

a conductivity detector cell with the spacing between the 

two stainless steel male to male fittings inside Part "D" 

comprising the cell volume. Figure 16 illustrates a 

schematic of the assembled detector cell. Listed in 

Table XI is a description of each component along with the 

manufacturer and part number where applicable. 

The temperature compensation circuitry is no longer 

applicable on this type of cell; so temperature control of 

the detector cell is more critical than in routine operation 

of the ion chromatograph. Isolation of the detector cell 

from possible room drafts and from sudden changes in 

temperature is necessary. Also, the cell calibration 

constant for the new conductivity detector cell will differ 

from that of a commercially available cell, altering the 

absolute value of the conductance reading. The comparative 

measure of conductance is still valid, since a change in 

conductivity is what is really being measured, not the 

absolute value of the conductance. 
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Fig. 16 -Enlargement of the assembled custom-made hiah 
pressure conductivity detector cell. J 
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The pressure limits of this cell depend upon the 

tightness of the fittings. This cell has been operated at 

pressures in excess of 1200 Psi with no leaks or problems, 

while the backpressure tolerance of the conductivity 

detector cell in the Dionex Model 201Oi ion chromatograph is 

approximately 300 psi. 

While commercially available high pressure conductivity 

detector cells are available, such as the Tracor Model 965 

Photoconductivity detector cell, they are considerably more 

expensive than this custom-made detector cell. The 

construction costs of the high pressure conductivity cell 

are approximately fifty dollars, while the cost of a 

commercially available detector cell, such as the Tracor 

Model 965 Photoconductivity detector cell block is 

approximately two hundred dollars. 

By having a cell which can tolerate higher pressures, 

longer anion separator columns can be used in the ion 

chromatographic system after this cell. The wider selection 

of column possibilities will extend the range of 

applications of this type of technique. 

Development Of A Dual-Chamber Cation-Anion Separator Column 

The simultaneous determination of cations and anions 

has long been an area of ion chromatography which has 

captured a considerable amount of research (2, 5, 6, 7, 8, 

9). As discussed in chapter three slight modifications of 
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the system utilizing dual detection devices yields a 

completely different system which is still capable of 

simultaneous cation-anion work. The development of a single 

column for the separation of both anions and cations in a 

single injection is the direct result of this system. The 

research leading to the development of this single 

cation-anion column will be discussed along with a 

description of the column. 

Experimental 

Apparatus. All solution preparations were accomplished 

using Class A pipets, volumetric flasks, an Orion Research 

digital ionalyzer/501 pH meter, and a Mettler H 30 

analytical balance. A Dionex Model 201Oi ion chromatograph 

equipped with a factory installed conductivity detector, 

along with the appropriate separator columns were used for 

this research. 

The output from the detector was monitored on a strip 

chart recorder. The equipment and exact operating 

conditions are listed in Table XII. 

Reagents. All standard solutions were prepared by 

appropriate dilution of standard stock solutions using 

distilled-deionized water. stock solutions of 1000 p p m of 

each ion analyzed were prepared using distilled-deionized 

water and ACS certified quality salts. 
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TABLE VII 

EQUIPMENT AND INSTRUMENTAL OPERATING CONDITIONS 
FOR ALKALI METAL CATIONS AND ANIONS 

Instruments Dionex Model 2010i ion 
chromatograph 

Houston Instruments Omniscribe 
strip chart recorder 

Chart Recorder Speed 0.5 cm/min 

Flow-Rate 1.5 mL/min 

Injection Volume 0.10 mL 

Eluent 0.002 M LiOH + 0.0024 M LioC0o 
pH=l0.76 2 3 

Operating Pressure 810 psi 

Separator Columns 
Cation Separator 

Anion Separator 

200 X 4 mm I.D. Dionex HPIC-CS1 
cation 

150 X 4 mm I.D. Dionex HPIC-AS3 
anion 
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The eluent used was a lithium hydroxide-lithium 

carbonate solution, A stock solution of the lithium 

hydroxide-lithium carbonate eluent was prepared using ACS 

certified quality salts and distilled-deionized water. The 

working eluent was prepared by appropriate dilution of 

concentrated stock solution of eluent using distilled-

deionized water. 

Procedure 

The normal procedure for operation of the ion 

chromatograph in the single column or non-suppressed mode 

was followed, with the exception of the separator columns ir 

series. The solutions were injected and the detector and 

chart recorder were adjusted to provide peaks of the 

appropriate height. 

Results and Discussion 

Illustrated in Figure 17 is a schematic showing the 

modifications made to the dual detection system. This is 

the flow schematic which was utilized in the technique 

discussed in the latter portion of chapter four. Removal of 

the first conductivity detector along with the anion 

suppressor column produces another system capable of 

simultaneous cation-anion work, A chromatogram illustrating 

the use of this system was illustrated with the discussion 

of the simultaneous separation and detection of anions and 

transition metal cations in chapter four. 
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C t
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C ^ Detector 

Fig 17—Instrumental schematic for simultaneous 
etermination of anions and cations with single detection 
sysrem• 
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Another example of the separation and detection of 

anions and cations is illustrated in Figure 18. This is a 

chromatogram showing the results using the lithium 

hydroxide-lithium carbonate eluent for the simultaneous 

separation and detection of anions and monovalent cations. 

Notice that the anions and cations are interspersed in the 

chromatogram although for these ions there is sufficient 

rsolution to permit easy quantitation. There is the 

beginnings of peak assymetry and peak tailing evident in the 

later eluting peaks. An increased flow rate can help 

alleviate this problem. Since there is no longer a 

conductivity detector cell located between the two separator 

columns, an increased flow rate is feasible. The time 

between injections for this particular system is 

approximately twenty five minutes. 

Listed in Table XIII are the retention times of some 

common ions using this system for the alkali metal 

cation-anion determination. The fluoride ion elutes in the 

water dip and the ammonium ion is not detected since the 

ammonium ion is not expected to be present to any 

appreciable extent in the basic pH of the eluent. 

By varying the lengths of the separator columns it is 

possible to separate the anions first and then the cations 

or vice versa. 

The successful application of the system just described 

led to the construction of a single dual-chamber 
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Fig. 18 Ion-exchange chromatogram of the separation of 
anions and monovalent cations using lithium hydroxide-
lithium carbonate eluent and single detection system. 
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TABLE XIII 

SELECTED RETENTION TIMES FOR ALKALI METAL 
CATIONS AND ANIONS 

Retention Time 
I o n (min) 

F 

CI 

Br 

NO 

Na 

water dip 

3.4 

6 . 2 

+ 
9.1 

s°4 2 11.4 

P°43 14.0 

K + 14.2 
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cation-anion column. A schematic of the single cation-anion 

column is shown in Figure 19. The actual column is a glass 

column consisting of two chambers which are separated by a 

porous glass frit. The separator column has plastic end 

fittings for attachment to the eluent lines. Determination 

of the proper amounts of cation-exchange resin and anion-

exchange resin will permit separation of the cationic 

species and then the anionic species without peak overlap 

between the two. Since the sulfonic groups of the cation-

exchange resin will interact with the quaternary ammonium 

groups of the anion-exchange resin, the porous membrane 

permits the effluent flow to continue but prevents resin 

interaction. 

After construction of the dual chamber column, problems 

surfaced due to the lack of proper equipment to pack the two 

exchange resins into each of the chambers. Manual packing 

techniques resulted in severe void volumes in each of the 

chambers. Despite the fact that it has not been possible to 

perform actual research using the dual-chamber column, 

enough research leading to the evolution of the column 

indicates that such a column has potential applications and 

the patent application process is underway (10). 

The single dual-chamber cation-anion separator column 

has many potential applications. The use of this column 

will increase efficiency since it will no longer be 

necessary to have two instruments for the determination of 
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cations and anions. Also, the use of this column will be 

ideal in situations where repetitive analysis are performed 

in quality control work or effluent monitoring. The 

dual-chamber column also has potential application in 

pre-concentration work where the column is used to 

concentrate extremely low levels of ions prior to analyses 

of the sample. Such analysis are routinely performed in the 

power plant water systems and in semiconductor manufacturing 

operations. 

Conclusion 

As illustrated in this chapter, ion chromatography is 

rapidly becoming a recognized and widely utilized 

analytical technique. Ion chromatography still has new 

horizons to explore in both research and routine analyses. 

The potential for development of new equipment still exists. 

The thrill of developing new techniques for the analyses of 

complex samples and for future unknowns is being experienced 

by a growing number of researchers in the scientific 

community. 

Ion chromatography is not only a technique to be 

utilized as a tool for the analytical chemist for routine 

analyses but is also an excellent research tool for 

researchers in any area where ionic constituents are of a 

major concern. The tremendous increase in the utility of 
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ion chromatography as an analytical tool and as a research 

tool verifies the ever increasing potential of such a 

technique. 
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