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SUMMARY

Photoionization detection (PID) has now been successfully interfaced with
modern high-performance liquid chromatography (HPLC) to provide a new “hy-
phenated” technique, HPLC-PID. This method is compatible with reversed-phase
HPLC solvents and conditions, as well as with certain organic solvents used in nor-
mal-phase liquid chromatography. The HPLC-PID interface consists of a variable-
ratio eluent splitter, operated inside a heated oven, which vaporizes both analytes
and mobile phase prior to introduction into the detector. Depending on the energy
{(eV) of the photoionization detector lamp, most of the solvents commonly used in
reversed-phase liquid chromatography are compatible with long-term, on-line, real-
time, continuous photoionization detector operation. Virtually all organic classes
now detectable by gas chromatography-PID can also be detected by HPLC-PID,
but with somewhat poorer detection limits. In certain instances, minimum detection
limits are in the 5-500 ng/injection range."The HPLC-PID system appears ideal for
aromatic or aliphatic amines, substituted hydrocarbons, and certain other classes of
organic compounds. Various applications of HPLC-PID, under reversed-phase con-
ditions are illustrated and discussed.

INTRODUCTION

Photoionization detection (PID) has been employed in gas chromatography
(GC) for nearly a decade, providing the “hyphenated” technique GC-PID!-8, En-
hanced selectivity and improved sensitivity have been demonstrated over the years
for many classes of compounds, especially when multiple detection is employed, e.g.,
electron-capture detection (ECD)-PID, PID-PID, etc. Although GC-PID and other
GC-PID-detector combinations have been described in the literature'—3, very little
has yet appeared in the area of high-performance liquid chromatography (HPLC)-
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PID interfacing®'!. Locke and co-workers'%1! and Driscoll and Becker® have re-
ported some preliminary data on the interfacing of both normal- and reversed-phase
HPLC with PID. However, no recent work has been described that would suggest
that HPLC-PID is a viable, easy-to-use, highly specific method of organic trace
analysis. In general, problems in HPLC-PID arise from a variety of sources, such
as: (1) quenching of the photoexcited analyte by mobile-phase molecules before the
analyte ions can be collected and detected, which leads to poorer detection limits
than GC-PID for the same organic analytes; (2) requirement for vaporization of the
s=mple and, hence, a stable liquid-gas interface.

In our initial work on HPLC-PID, we used a heated interface oven similar to
that previously described for HPLC-ECD!2:13, The heated interface provides for
complete volatilization of the reversed-phase eluents, a variable ratio splitting of the
vaporized eluents, and mixing of the vaporized eluents with a carrier gas, all prior
to introduction into the photoionization detector. Use of a heated interface for
HPLC-PID is fully compatible with aqueous and organic mobile phases, and it pro-
vides suitable detection limits for several classes of analytes. Detection limits may be
improved somewhat, for particular analyte classes, by using a PID lamp other than
the 10.2 eV model. Detection limits have also been shown to be affected by the nature
of the carrier gas used in the interface oven.

HPLC-PID has now been evaluated, with regard to minimum detection limits
(MDL), concentration ranges of linearity, analyte specificity, and application to spe-
cific classes of analytes with the use of reversed-phase HPLC solvents. These ap-
proaches suggest that PID can be a useful and practical selective detection method
for HPLC, with a sensitivity dependent on the particular analyte compound or class.

EXPERIMENTAL

The HPLC apparatus (Fig. 1) consisted of the following items: (1) a Waters
Model U6K injection valve (Waters Assoc., Milford, MA, U.S.A.) or a Rheodyne
Model 7125 syringe-loading injection valve (Rheodyne Corp., Cotati, CA, U.S.A.);
(2) a LDC Constametric III solvent delivery system (Laboratory Data Control Div.,
Milton Roy, Riviera Beach, FL, U.S.A.); (3) an Alltech C; or C,¢ reversed-phase 10
um, 25 cm x 4.6 mm 1.D., analytical column (Alltech, Deerfield, IL, U.S.A.), or a
Waters puBondapak C;g, 10 um, 25 cm X 4.6 mm 1.D. column (Waters Assoc.); (4)
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Fig. 1. Schematic diagram of the HPLC-PID apparatus in operation.
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an LDC Model 1203 fixed-wavelength UV-VIS detector (254 nm); (5) a Linear Model
585 dual-pen recorder (Linear Instruments, Irvine, CA, U.S.A.); (6) an HNU Systems
Model PI-52 photoionization detector and associated electrometer (HNU Systems,
Newton Highlands, MA, U.S.A); a variable-ratio splitting tee (Alltech); (8) an HNU
Model 301 or 401 GC oven, which was used as the heated interface oven for the
HPLC-PID system (Fig. 1).

The HPLC separations were performed on a Cg or C; g analytical HPLC col-
umn, with mobile phases of acetonitrile-water or methanol-water at flow-rates from
0.5 ml/min to 2.5 ml/min. The detection limits (based on peak height) could be im-
proved by a factor of two by reducing the solvent flow-rates from 2.5 to 0.5 ml/min.
The peak area increased four times over the same range, since the photoionization
detector is a concentration-sensitive detector. The HPLC-PID split ratio dividing the
eluent between the waste and the fraction directed to the photoionization detector
was operated at about 1:1. The carrier gas used was generally helium, at a flow-rate
of 20-30 ml/min, before the split to the photoionization detector. The effect of carrier
gas flow-rate on sensitivity was evaluated over the range from 5-60 ml/min. The
region between 20-30 ml/min was chosen for the following reasons: problems with
reproducibility at lower flows, reduced sensitivity at flow-rates > 40 ml/min, and
reasonably small variations (ca. 10%) in sensitivity in the range of 30-40 ml/min. A
number of PID lamps were evaluated, ranging in energy from 8.3 to 10.2 ¢V. The
vaporization-interface oven was operated at about 240-250°C, and the photoioni-
zation detector temperature was maintained at about 290-300°C. Retention times
were measured in duplicate or triplicate with a stop watch. Detection limits were
determined as the minimum amount (mass) of compound necessary to produce a
signal-to-noise ratio (peak height) of at least 2:1 at the maximum sensitivity attainable
on the photoionization detector electrometer and associated recorder.

RESULTS AND DISCUSSION

We first attempted to optimize all the conditions including carrier gas flow,
lamp energy, and mobile-phase flow-rate. Then we determined the sensitivity and
detection limits for a number of organic solutes.

The PID responses as a function of the carrier gas used, for a limited number
of analytes, have been determined, and the data are given in Table I. Helium appears
to provide the greatest sensitivity and minimum detection limits for almost all of the
compounds studied thus far. Thus, for all of the remaining studies and applications,
helium has been the reagent gas of choice in HPLC-PID.

The effect of different PID lamp energies on the relative responses of various
organic analytes has also been determined, using normalized responses (Table II).
For some of these compounds (the ones with ionization potentials in the 7-8-eV
range), the 9.5-eV lamp provides one order of magnitude improvement in the PID
response, while for other analytes the ionization potentials are in the range 8.5-9.5
eV; these responses are decreased in comparison with the 10.2-eV lamp data.

We have applied the above optimized HPLC-PID apparatus and conditions
to various classes of organic compounds, including polycyclic aromatic hydrocarbons
(PAH) shown in Fig. 2, substituted anilines (Fig. 3), and aliphatic ketones (Fig. 4).
The analytes were injected not at their MDL, but usually at levels of several ug per
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Fig. 2. The HPLC-PID chromatogram of naphthalene (6 ug) and anthracene (5.5 ug). HPLC column Csg,
10 pym, 25 cm x 4.6 mm LD.; mobile phase, water-acetonitrile (25:75, v/v); flow-rate 0.8 ml/min, split
ratio, 7:3 (PID-waste); 9.5-eV lamp; interface oven at 240°C; photoionization detector temperature, 290°C;
attenuation setting, 2 x 107!% a.u.fs.

Fig. 3. The HPLC-PID chromatogram of three N-substituted anilines, N-methylaniline, N,N’-diethylan-
iline, and N,N’-dimethylaniline. Column, Cg, 10 um, 25 cm x 4.6 mm I.D.; mobile phase, water-aceto-
nitrile (25:75, v/v); flow-rate, 0.8 ml/min; split ratio, 7:3 (PID-waste), 9.5-¢V lamp; interface oven at 240°C;
photoionization detector temperature at 290°C; attenuation setting, 2 x 1071% a,u.fs.

injection. Fig. 2 is a HPLC-PID chromatogram for naphthalene and anthracene,
both at the 5-6 ug/injection level (20 ul), obtained by using water-acetonitrile (25:75)
as the mobile phase. Fig. 3 is the HPLC-PID chromatogram of three substituted
anilines, again injected at the low ug/injection-levels. Fig. 4 is a HPLC-PID chro-
matogram of three aliphatic ketones, cyclohexanone, 3-hexanone, and 2-octanone,
10-16 ug/injection. One additional application of HPLC-PID (Fig. 5) was under
normal-phase HPLC conditions with a mobile phase of isopropanol-hexane (3:97).
We analysed a mixture of the same three substituted anilines as in Fig. 3. It is inter-
esting to note that both hexane and isopropanol have ionization potentials low
enough (about 10 eV) to be ionized by the 10.2-eV lamp. All of the reversed-phase
solvents used have ionization potentials greater than 10.5 eV and would not be ion-
ized. Clearly, these analyses can be used with both reversed- and normal-phase sol-
vents. There does not appear to be a significant problem of band broadening or
excessive variances when the heated interface-vaporization oven is placed between
the HPLC apparatus and the photoionization detector. Even with the reversed-phase
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Fig. 4. The HPLC-PID chromatogram of three aliphatic ketones; cyclohexanone (16 ug), 3-hexanone (12
#g), and 2-octanone (10 ug). Column, Cg, 10 um, 25 cm x 4.6 mm 1.D.; mobile phase, water-acetonitrile
(25:75, v/v); flow-rate, 0.8 ml/min; split ratio of 1:1 (PID-waste); 10.2-eV lamp; interface oven at 240°C;
photoionization detector temperature at 290°C; attenuation setting, 4 x 10712 a.u.fs.

Fig. 5. The HPLC-PID chromatogram of N-substituted anilines on a LiChrosorb Si60, 5 um, 25 cm x
4.6 mm 1.D. column. Mobile phase: 3% isopropanol-hexane; flow-rate, 0.46 ml/min; split ratio of 3:7
(PID-waste); 10.2-eV lamp; interface oven at 230°C, photoionization detector temperature at 290°C; at-
tenuation setting 1 x 10712 a.u.fs.

solvents, there is good baseline stability, and noise was not a serious problem at the
levels we injected. Overall, chromatography gives acceptable results, peak shape is
fairly good, baseline resolution is obtained in all cases, and the total analysis times
are within reason.

The photoionization detector would therefore appear to be similar to other
currently employed HPLC detectors, such as the UV-~VIS, fluorescence, or electro-
chemical detectors. HPLC-PID appears to be most suitable for classes of compounds
substituted with electron-absorbing groups. The order of response in Table III in-
dicates that strongly electronegative groups on a molecule improve the MDL. Note,
for example, the improvement in sensitivity going from benzene to xylene to phenol
or halogenated benzenes. The actual mechanism is still uncertain, although it appears
that the dipole, induced by the electronegative group, prevents quenching of the
ionized species prior to collection. The electronegativity effect may also be responsible
for the negative peak seen in Figs. 2-4. Table III summarizes the best MDL that are
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TABLE III
MINIMUM DETECTION LIMITS FOR CERTAIN ORGANIC COMPOUNDS BY HPLC-PID

HPLC conditions: Alltech Cg column, 10 um, 25 cm x 4.6 mm I.D.; mobile phase, acetonitrile-water
(75:25, v/v); flow-rate, 0.8 ml/min, directly to photoionization detector.

Organic compounds Minimum detection limit (ng) Lamp energy (eV)
Bromobenzene 3 10.2
Iodobenzene 4 10.2
Phenol 4 10.2
Chlorobenzene 5 10.2
N,N’-Dimethylaniline 5 9.5
Dioctylphthalate 5 10.2
Fluorobenzene 7 10.2
N,N'-Diethylaniline 20 9.5
N-Methylaniline 60 9.5
0-Xylene 60 10.2
Anthracene 75 9.5
Benzene 150 10.2
Naphthalene 200 9.5
2-Octanone 125 10.2
N-Methylformamide 500 10.2
N,N'-Dimethylformamide 500 10.2
N,N’-Diethylformamide 600 10.2
3-Hexanone 700 10.2

obtainable thus far with the approaches and instrumentation already described. De-
tection limits in GC-PID for all of the analytes indicated in Table III are several
orders of magnitude lower than now attainable by HPLC-PID methods. One ap-
proach that might lead to an improved MDL for these and other classes of com-
pounds may be the use of off-line or on-line derivatizations for certain classes of
compounds, if such derivatives have improved overall sensitivities in HPLC-PID4.
However, there is no guarantee that, even with such derivatives, the final MDL will
indeed be several orders of magnitude better than what is indicated in Table III. A
more direct approach for improving detection limits is to use larger volumes of sam-
ple injected, e.g. 10-200 ul. Since the photoionization detector is a concentration-
sensitive detector, the use of 50-100-u1 sample volumes will lead to detection limits
for many compounds in the pg range.
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