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ABSTRACT 

Flame length and temperature measurements were used to study the influence of various parameter settings in thermionic detection 
coupled on-line with microcolumn liquid chromatography (micro-LC). In the present system both the rubidium source temperature and 
the interface performance depend strongly on the flame dimensions and gas flow-rates. When optimizing signal-to-noise ratios, the 
influences of the flame length, the rubidium source-burner rim distance and the hydrogen and air flow-rates are mutually dependent. 
When changing the micro-LC eluent composition from pure water to pure methanol, the noise and background are increasingly 
determined by chemi-ionization reactions. 

INTRODUCTION 

In a earlier study, thermionic detection (TID) with 
an instrument developed for gas chromatography 
(GC) was coupled to microcolumn liquid chroma- 
tography (micro-LC) [ 11. For coupling, an interface 
was used that had earlier been designed for micro- 
LC with flame photometric detection [2,3]. This 
required minor modifications to both the interface 
and detector. The system was optimized by varying 
parameters such as the air, hydrogen and helium gas 
flow-rates, the rubidium (Rb) source-burner rim 

distance (see Fig. 5), the methanol content of the 
aqueous LC eluent and the eluent flow-rate. A 
minimum flame length of ca. 6 mm was found to be 
required to obtain stable eluent introduction and 
regular flame combustion; a near-stoichiometric 
Hz:02 ratio was found to give optimum detector 
sensitivity. The optimum Rb source-burner rim 
distance and the position of the eluent introduction 
capillary depended on the nature of the eluent. 
Mixtures of water and methanol were used; the 
highest sensitivity was obtained with pure methanol 
as eluent. 
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From the literature on GC-TID systems [4,5], it is 
well known that the operating mechanism of the 
detector is complicated and still awaits full elucida- 
tion. Spectroscopic [6] and mass spectral [7] studies 
are the best approaches to investigate the reaction 
products formed and to elucidate the reaction 
mechanisms involved. From studies on flame-based 
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GC-TID it is known that the main factors affecting 
detector response are the temperature of both the 
flame and the alkali metal source [5]. When coupling 
micro-LC with a thermionic detector, the flame has 
an additional purpose: the temperature that is 
created by the flame is essential to transport the 
eluent and analytes into the flame [l], that is, 
temperature distribution and flame shape will large- 
ly determine the micro-LC-TID performance. The 
influence of the burner configuration, the detector 
gas flow-rates and the eluent introduction on the 
height and shape of and temperature distribution in 
the flame should therefore be well understood. 

In this paper we attempt to explain the results of 
the optimization discussed in Part I [l] and briefly 
summarized above. To achieve this end, the influ- 
ence of LC eluent introduction and detector gas 
flow-rate variation on the flame length and tempera- 
ture distribution in different parts of the system 
(interface tip, flame, Rb source) was carefully inves- 
tigated. 

EXPERIMENTAL 

Materials 
All solvents were of HPLC grade from Merck 

(Darmstadt, Germany). PRP-I polymer (10 pm) 
(Hamilton, Reno, NV, USA) was used as the 
column packing material. Dimethyl methylphos- 
phonate was synthesized at the Prins Maurits Lab- 
oratory TNO. r.,-a-Lysophosphatidylethanolamine 
was supplied by Sigma (St. Louis, MO, USA). 

Apparatus 
The chromatographic system consisted of a 

Phoenix 20 CU pump (Carlo Erba, Milan, Italy), a 
Valco sample injection valve (VICI, Schenkon, 
Switzerland) with a 60-nl internal volume and 
a thermionic detector (Carlo Erba). The various 
fused-silica connection tubings (0.02-0.3 mm I.D.) 
were supplied by Chrompack (Middelburg, Nether- 
lands). 

The 150 mm x 0.3 mm I.D. fused-silica micro- 
column was packed with PRP-1 according to the 
procedure of Gluckman et al. [8]. The column 
performance was tested using a Spectroflow 783 UV 
detector (Kratos ABI Analytical, Ramsey, NJ, 
USA) assembled with a laboratory-made 40-nl 
micro-UV flow cell [9]. 
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The detector and interface were described in detail 
in Part I [l]. 

Flame measurement 
The colourless hydrogen-air flame was made 

visible with the use of a small piece of sodium glass. 
Its height was measured against a dark background. 

Flame temperatures were measured with the use 
of a laboratory-made platinum versus platinum- 
10% rhodium thermocouple (2 mm x 0.1 mm 
O.D.) insulated with a 100 mm x 1.4 mm O.D. 
ceramic rod. The temperature range of this thermo- 
couple extends to 1700°C (I$ standard calibration 
tables for thermocouples [lo]). 

RESULTS AND DISCUSSION 

Flame characteristics 
From the literature on flame combustion [l 11, it is 

well known that the simplest form of diffusion flame 
will occur when a fuel jet flows from a small-diam- 
eter burner tube into air of about the same velocity 
in a wider concentric tube. The majority of the 
burners used in flame-based GC detectors such as 
the thermionic and flame photometric detector are 
constructed according to this principle. The flame 
originates at the rim of the burner tube, which in this 
study was the inner glass tube of the modified 
interface-burner head. It is also known that the 
shape of the flame surface is determined by. the 
rapidity of the mixing of hydrogen and air and 
depends on whether air is in excess (overventilated 
flame; the surface is closed) or is deficient (under- 
ventilated flame; the surface has the shape of a cup, 
called an open or inverted flame shape). 

Depending on the gas flow-rates used, mixing 
takes place by means of laminar or turbulent 
diffusion. With the hydrogen flow-rates generally 
applied in GC detector burners, the diffusion flames 
are laminar (Reynolds number < 2000). With lam- 
inar flames mixing is controlled by molecular dif- 
fusion. The length (L, cm) to achieve a specified, 
degree of mixing is directly proportional with the 
volumetric flow (V, cm3/s) and inversely propor- 
tional to the diffusion coefficient of hydrogen in air 
(D, 0.63 cm’js). The flame length can be derived 
from the relationship [ 1 l] 

L = V/T-CD (1) 
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which indicates that the flame length is independent 
of the burner diameter if the flame is laminar. We 
checked the validity of eqn. 1 for small flames 
(length 2-25 mm) in an experiment in which the 
flame length (visible by the yellow emission of the 
sodium glass) was measured at different hydrogen 
flow-rates for burner diameters of 0.5-l mm I.D. 
Fig. 1 shows that the values calculated from eqn. 1 
are close to those observed experimentally. It also 
shows that the presence of the fused-silica capillary 
placed inside the 0.7 mm I.D. burner tip of the 
interface (without solvent introduction into the 
flame) does not change the flame length. 

The influence of the helium flow-rate (60-150 
ml/min) and air flow-rate (from ambient to cu. 600 
ml/min) on the flame shape was negligible; the flame 
shape remained essentially the same with a length of 
9.0 k 0.5 mm and a maximum diameter of 4 f 0.5 
mm (hydrogen flow-rate 95 ml/min). 

In this study, increasing the methanol flow-rate 
(range CL15 pl/min) caused a linear increase in 
temperature as measured at different positions of 
5-12 mm above the burner rim, i.e., partly in and 
partly above the flame (Fig. 2). The flame length also 
increased linearly when increasing the flow-rate of 
methanol. However, it remained constant when 
introducing increasing amounts of water, aqueous 
0.5 A4 ammonium acetate or 0.5 M ammonium 
formate in the range of 5-l 5 ,ul/min. The increase in 
the flame temperature due to methanol introduction 
was found to be independent of the hydrogen 
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Fig. 1. Influence of hydrogen flow-rate on flame length for 
different internal diameters of the burner of (A) 0.5, (0) 0.7 
(interface-burner head) and (+) 1 mm. V = data calculated 
according to eqn. 1. Air, ambient. 
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Fig. 2. Influence of the LC eluent flow-rate on temperature 
measured at various heights above the burner rim: + = 5; A = 
7; a = 8; 0 = 10; 0 = 12 mm. Eluent: -, methanol; 
- - -, water. Flame length, 9 mm; hydrogen flow-rate, 95 
ml/min; helium flow-rate, 100 ml/min; air, ambient. 

flow-rate used (Fig. 3). On introducing water, the 
temperature profile was the same as for the reference 
measurements without solvent introduction, again 
irrespective of the hydrogen flow-rate used (Fig. 3). 

Fig. 4 shows the relationship between the temper- 
ature in and above the flame (flame length 9 mm) 
measured at various heights above the burner rim 
when introducing either methanol or water at a 
constant flow-rate of 10 $/min. The results are 
compared with the temperature distribution without 
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Fig. 3. Influence of LC eluent (methanol) on the flame tempera- 
ture measured at various hydrogen flow-rates. Temperature 
measured at 10 mm length above the burner rim; helium 
flow-rate, 100 ml/min; air, ambient; LC eluent flow-rate, 10 
nl/min. Reference temperature measurements were made without 
eluent introduction. + = Reference; 0 = methanol; A = 
water. 
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Fig. 4. Influence of LC eluent (methanol or water) on flame 
temperature at various lengths above the burner rim. The 
reference temperature measurement was made without eluent 
introduction. LC eluent flow-rate, 10 pl/min; flame length, 9 mm; 
hydrogen flow-rate, 95 ml/min; helium flow-rate, 100 ml/min; air, 
ambient. A = Reference; + = methanol; 0 = water. 

solvent introduction. Obviously, for heights above 
the burner rim of over 3 mm the excess of heat 
released by the combustion of methanol causes a 
temperature increase. With water as solvent the 
temperature measured at heights above the burner 
rim of over 5 mm is the same as without solvent 
introduction. At lower heights low temperatures are 
found compared with the flame temperature with- 
out solvent introduction. This may be due to 
conversion of liquid water into gas, and suggests 
that the solvent leaves the interface capillary as a 
liquid. 

Interface operation 
It is interesting to compare the phenomena ob- 

served on solvent introduction into the interface 
used in this study (Fig. 5) with those reported for 
direct liquid introduction interfaces and thermo- 
spray units in mass spectrometry [12-l 51. According 
to Vestal and co-workers [13,14], a thermospray unit 
can be described as a supersonic jet of vapour with 
entrained particles or droplets, generated by apply- 
ing enough heat to a capillary to effect partial 
vaporization of a liquid as it passes through the 
capillary. With linear flow velocities of about BO- 
150 cm/s and a cu. 0.1 mm I.D. capillary, the typical 
thermospray operating point occurs between 150 
and 250°C. In our study the temperature measured 
at the tip of the helium-cooling capillary outlet (see 

Fig. 5. Schematic diagram of interface configuration (not drawn 
to scale). 1 = Burner rim; 2 = 0.32 mm I.D. fused-silica helium 
introduction capillary; 3 = 0.1 mm I.D. eluent introduction 
capillary; 4 = flame; 5 = Rb source-burner rim distance; 6 = 
Rb source; 7 = Rb source cavity; VA-V, = vaporization zone. 
For further details, see text. 

No. 2 in Fig. 5) proved to be 700°C at a helium 
flow-rate of about 100 ml/min [l], which is much 
higher than the temperature quoted above. More- 
over, with the interface used in this study, which also 
contains a cu. 0.1 mm I.D. eluent introduction 
capillary (No. 3 in Fig. 5) the linear solvent flow 
velocity is only cu. 2 cm/s. In conclusion, the 
interface does not operate as a thermospray and 
complete vaporization is expected to occur. 

For direct liquid interfaces, according to Arpino 
and Beaugrand [15] the volume flow-rate of vapor- 
ization, F (mljmin), in the capillary is 

where P, is the saturated vapour pressure of the LC 
eluent at temperature T, do is the diameter of the 
liquid introduction capillary, M and p are the 
molecular weight and the density of the liquid, 
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respectively, and R is the gas constant. Assuming the 
temperature at V, (see Fig. 5) to be IOOC, one can 
calculate from eqn. 2 that the vaporization rate of 
water is at least ten times higher than the input of 10 
pl/min. As a consequence, vaporization might occur 
prematurely, i.e., deep inside the capillary, causing 
non-volatile analytes to be deposited in the capillary. 
However, the position of the solvent meniscus in the 
eluent introduction capillary, which was observed to 
be continuously fluctuating between VA and VB, i.e., 
within the vaporization zone, shows that the helium 
cooling prevents vaporization to occur deeper than 
about 0.5-l mm inside this capillary. The observed 
fluctuation of the vaporization zone suggests a 
plug-type solvent introduction into the flame”. 

The above suggestion is supported by the relative- 
ly low flame temperature measured close to the exit 
of the eluent introduction capillary in the case of 
water (see Fig. 4). Such interface operation should 
allow the introduction of even distinctly non-volatile 
analytes into the flame. As an illustration of the 
potential of the present system to handle such 
analytes, an LC-TID trace for the phospholipid 
L-a-lysophosphatidylethanolamine is shown in Fig. 
6. 

liquid flowing over its tip, as was indeed observed by 
us, and will not be introduced into the flame. In 
order to prevent this, the capillary has to be moved 
into a higher temperature position. In Fig. 4 it was 
shown that the maximum temperature occurs ca. 2 
mm above the burner rim. In other words, the 
capillary has to be moved closer to the flame. This 
explains the necessity to increase the eluent intro- 
duction capillary-burner rim distance (by cu. 0.5 
mm) when using water instead of methanol, as was 
discussed previously [ 11. Actually, proper interface 
operation can also be restored while maintaining the 
initial eluent introduction capillary-burner rim dis- 
tance, viz., by changing the temperature of the gas 
mixture surrounding the capillary. On decreasing 
the helium gas flow-rate, F, from cu. 100 to cu. 50 
ml/min, the temperature, Tat the capillary tip will 
increase from ca. 700 to ca. 9OO”C, as can be 
calculated from the relationship T = - 4F + 1115 
[l]. In other words, changing the helium flow can be 
used to optimize eluent introduction when the eluent 
composition and hence the boiling point of the 
mixture have been changed. 

Thermionic detector operation 
At constant eluent flow-rate, the position of the In order to study the influence of the detector gas 

vaporization zone I’,--I’, (Fig. 5) depends on the flow-rates on the TID characteristics, a volatile 
vapour pressure of the solvent and the temperature. test compound, dimethyl methylphosphonate 
With an eluent having a low vapour pressure and (DMMP), was selected because it shows a TID 
low specific heat capacity such as water, VA--V, will response that is independent of the mode of intro- 
be situated high up in the capillary or even above the duction (liquid or vapour) into the flame. 
outlet of the eluent introduction capillary. Conse- Hydrogen flow-rate. As shown in eqn. 1, at a 
quently, the LC eluent will leave the capillary as a constant air flow-rate the flame length and, con- 

’ The fluctuation of the vaporization zone can be tentatively 
explained as follows. When the meniscus has retracted inside 
the capillary to VA, the pressure is atmospheric (Pa), because the 
pressure inside the detector may be assumed to be equal to the 
outside pressure. The solvent delivered at VA evaporates 
completely and the vapour pressure above the solvent starts to 
increase (P,). Owing to expansion (a flow of 10 &min of water 
produces 12 ml/min of vapour) and the steep temperature 
increase (from lOO”C, which is the eluent boiling point at PO, to 
7OO”C), the pressure increase (Pa to Pv) is dramatic [lo]. The 
increasing pressure reduces the vaporization rate, the solvent 
becomes overheated and the vaporization zone moves to V,. At 
V, the pressure is assumed to have been reduced sufficiently 
(because the gas column is pushed out of the capillary by the 
solvent moving from VA to V,) to release the overheated solvent 
volume between VA and V,, restoring the vaporization zone to 
VA and reducing the pressure to Pa. 
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Fig. 6. Micro-LC-TID of 10 ng of L-a-lysophosphatidylethanol- 
amine (LE). Column, 150 mm x 0.32 mm I.D. packed with 
PRP-1; eluent, methanol-water-formic acid (95:5:0.5); flow-rate, 
8 @/min. 
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sequently, the position of the high-temperature zone the most abundant ion produced by the interaction 
in the flame depend on the hydrogen flow-rate. That of organophosphorus compounds with a hot alkali- 
is, varying the hydrogen flow-rate results in (i) ceramic bead. The PO; ion may well be the charge 
a different flame-Rb source distance (a 50-100 carrier that causes the TID response [4]. For the 
ml/min increase of the hydrogen results in an about reductive mode of the flame as used with the flame 
4 mm increase of the flame length as calculated from photometric detector, it is well known that the 
eqn. 2) (ii) a different Hz:02 ratio and (iii) an neutral molecule HP0 is responsible for the green 
inverted flame shape, if hydrogen is in excess. These phosphorus emission. Possibly, when there is an 
changes should be carefully considered when inter- excess of hydrogen, part of the PO; ions is con- 
preting the results obtained on varying the hydrogen verted into neutral HP0 molecules, which will result 
flow-rate. in a lower signal. 

The influence of the hydrogen flow-rate on the 
analyte signal, and the noise, signal-to-noise (S/N) 
ratio and temperature measured in the cavity of the 
Rb source is shown in Fig. 7. Increasing the 
hydrogen flow-rate from 80 to 100 ml/min (this 
range corresponds with an Hz:02 ratio slightly over 
the stoichiometric value of 2.0) gave a distinct 
decrease of both signal and noise. However, the Rb 
source surface temperature (data not shown) and the 
temperature in the Rb source cavity (see Fig. 7) just 
above the flame remained essentially constant. This 
may indicate that the analyte signal, and also the 
noise level (see next section), is primarily determined 
by chemi-ionization reactions in the flame, and not 
by the temperature. Recently, using mass spectrom- 
etry, Bombick and Allison [4] found that PO; is 

At low hydrogen flow-rates the flame is over- 
ventilated and will be relatively hot (see next section 
and Fig. 8). However, it will also be short (see eqn. 
1). Therefore, the temperature of the reaction gas 
mixture in the cavity of the Rb source decreases and 
there is a simultaneous strong decrease in signal 
(Fig. 7); this suggests a dependence of analyte signal 
on temperature. In other words, a decreasing hy- 
drogen flow-rate causes a lower flame position; this 
in its turn results in a decreased Rb source tempera- 
ture and a correspondingly lower signal. The noise, 
however, remains essentially constant and the S/N 
ratio will consequently decrease sharply. These 
results concerning overventilated flames confirm the 
mutual dependence of the optimum Rb source-rim 
distance and the hydrogen flow-rate discussed previ- 
ously [l]. 
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Fig. 7. Influence of hydrogen flow-rate on signal, S/N ratio, Fig. 8. Influence of air flow-rate on signal, noise, S/N ratio and 
noise and Rb source cavity temperature. Air flow-rate, 200 Rb source cavity temperature. Hydrogen flow-rate, 88 ml/min; 
ml/min; eluent, methanol; flow-rate, 10 pl/min. A = Signal; analyte, DMMP; eluent, methanol; flow-rate, 10 pl/min. A = 
+ = noise; n = Rb source cavity temperature. Dashed line, Signal; + = noise; W = Rb source cavity temperature. Dashed 
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Airflow-rate. When varying the air flow-rate (at a 
constant hydrogen flow-rate of 95 ml/min), the 
flame length will remain constant, as discussed in the 
section on the flame characteristics. That is, whereas 
a hydrogen flow-rate variation changes both flame 
length and H2:02 ratio, in the case of an air 
flow-rate variation only the Hz:02 ratio will vary; 
consequently, a change in the Rb source cavity 
temperature is expected. In Fig. 8 (eluent methanol) 
the influence of the air flow-rate on analyte signal, 
noise, S/N ratio and Rb source cavity temperature is 
shown. The optimum S/N ratio at an air flow-rate of 
220-230 ml/min (hydrogen flow-rate 88 ml/min) 
corresponds to a Hz:02 ratio of cu. 1.95. As shown 
in Fig. 8, the temperature increases with increasing 
air flow-rate up to at least 250 ml/min. The detector 
noise is relatively low and constant above the 
stoichiometric Hz:02 ratio, i.e., when. oxygen is 
deficient. Just below the stoichiometric ratio (air 
flow-rate >220 ml/min), the analyte signal, noise 
level (and background; data not shown) start to 
increase sharply. On further increasing the air 
flow-rate (Hz:02 ratio decreasing from 2 to 1.5), the 
analyte signal decreases but the noise and back- 
ground remain relatively high, as shown in Fig. 7, 
here and Fig. 3A-C in ref. 1. This means that, with 
methanol as eluent, the noise level essentially de- 
termines the optimum S/N ratio. 

With water instead of methanol (data not shown), 
the background and noise remained constant over 
the total air flow-rate range of 150-300 ml/min 
(Hz:02 ratio from 3 to 1.5). Here the noise is 
probably the result of the eluent introduction. This 
suggests that the strong increase of noise and 
background is the result of the presence of organic 
molecules (methanol) in the LC eluent, i.e., of the 
formation of organic ions due to chemi-ionization: 

CH+O+CHO++e- (3) 

followed by a charge-exchange reaction: 

CHO+ + Hz0 + H30+ + CO (4) 

The hydronium ion, H30+, is known to be the 
dominant ion in hydrocarbon flames [9]. It may 
decay by reactions such as: 

H30++e-+H20+H (5) 

Eqns. 3 and 4 may explain the relationship between 
the formation of organic ions and the flame mode 
when using methanol as eluent. 

In the case of overventilation, eqn. 3 shows the 
initiation of the reaction via the presence of oxygen 
radicals. The hydrogen radicals formed according to 
eqn. 5 will be consumed by oxygen [5]: 

H+02+OH+0 (6) 

In other words, overventilation causes the forma- 
tion of ions and thus increases the noise and 
background. On the other hand, when the flame is 
underventilated and hydrogen is in excess, the 
oxygen radicals will be consumed and hydrogen 
radicals will be formed, as shown in the equations [5] 

O+Hz+OH+H (7) 

0H+Hz-+H20+H (8) 

This may explain the sharp decrease in noise and 
background observed when the Hz:02 ratio is above 
the stoichiometric value of 2.0; the consumption of 
oxygen radicals by hydrogen according to eqns. 7 
and 8 prevents the initiation reaction (eqn. 3) from 
occurring and, consequently, the formation of 
CHO+ and H,O+ ions. 

Hydrogen/air flow-rate ratio. The above results 
indicate that when keeping the H2:02 ratio constant 
at the stoichiometric ratio, varying the hydrogen 
flow-rate will simply result in a change in flame 
length (see eqn. 1). That is, the simultaneous varia- 
tion of the hydrogen and air flow-rates over not too 
large a range has a similar effect as varying the Rb 
source-burner rim distance. Alternatively, when the 
flame length and the Rb source-burner rim distance 
are simultaneously increased to the same extent, the 
position of the flame boundary relative to the Rb 
source, and hence the Rb source temperature, is 
expected to remain essentially constant. This will 
result in a relatively constant S/N ratio, as was 
indeed observed previously [1] for a simultaneous 
hydrogen and Rb source-burner rim distance in- 
crease of cu. 10 ml/min and cu. 0.5 mm, respectively 
(using adjusted air flow-rates to maintain a constant 
H2:02 ratio of 1.95). 

In contrast to the above, an increase in the S/N 
ratio occurred when the hydrogen (and air) flow- 
rates and the Rb source-burner rim distance were 
simultaneously increased over a much wider range. 
Fig. 9 shows the increase in the S/N ratio (see arrow) 
on simultaneously increasing the Rb source-burner 
rim distance by 6 mm and the hydrogen flow-rate by 
70 ml/min (a 70 ml/min increase corresponds to a 6 
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Fig. 9. (A) Dependence of signal-to-noise ratio on hydrogen flow-rate and Rb source-burner rim distance. H2:02 ratio, 1.95. (B) 
Dependence of Rb source temperature on hydrogen flow-rate and Rb sourceburner rim distance. H,:02 ratio, 1.95. 
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mm increase in flame length; cf. eqn. 1). The data 
presented in Fig. 5A (analyte signal) and Fig. 5B 
(noise) in ref. 1 may be used to explain why the S/N 
ratio decreases dramatically both in front of and 
behind the triangular plane shown in Fig. 9A here. 
There is a marked parallellism between the optimum 
S/N ratio plot in Fig. 9A and the plot illustrating the 
Rb source temperature increase (Fig. 9B). The 
increase in the source temperature is probably the 
result of the increased thermal energy of the flame, 
which is directly proportional with the hydrogen 
flow-rate. 

It should be added that the present detector 
configuration requires modification to allow con- 
venient handling of some of the large flames and Rb 
source-burner rim distances used above. 

CONCLUSIONS 

The characterization of the micro-LC-TID sys- 
tem attempted in this paper clearly shows that the 
temperature of the Rb source depends strongly on 
the flame dimensions and gas flow-rates used. A 
high temperature of the surface and cavity of the Rb 
source appears essential to obtain a strong analyte 
signal. The flame should come close to the Rb source 
without, however, enveloping it, because this will 
cause a dramatic increase in the noise level. In other 
words, the optimum distance essentially equals the 
flame length. 

As the flame length depends on the hydrogen 
flow-rate, provided the Hz:02 ratio is ~2, the Rb 
source-burner rim distance and hydrogen flow-rate 
are mutually dependent. Further, the analyte signal 
depends strongly on the hydrogen and air flow- 
rates, and reaches its maximum at a Hz:02 ratio 
close to the stoichiometric value, i.e., in the range 
1.9c2.05. These results hold true for all methanol- 
water mixtures irrespective of their composition. 
However, on increasing the methanol content of an 
aqueous-organic eluent, the flame length will in- 
crease. The concomitant increase in noise and 
background is probably the result of chemi-ioniza- 
tion reactions rather than temperature effects. Self- 
evidently, if the methanol content of an eluent is 
increased, the Rb source-burner rim distance will 
have to be increased in order to maintain optimum 
conditions. 

The configuration of the present interface with its 
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continuously fluctuating vaporization zone allows 
the introduction of both volatile and non-volatile 
analytes into the flame, that is, it meets the main 
demand required of an interface between an LC 
separation and a GC-type detection system. 

Finally, considering the situation from a practical 
point of view, one should realize that the mutual 
dependence of almost all parameters involved, hy- 
drogen and air flow-rates, Rb source-burner rim 
distance and nature of the solvent, results in a system 
that is sensitive to small changes in operating 
conditions. Careful optimization of the system is 
therefore required, especially when the chromato- 
graphic conditions are changed. Uncoupling the 
regulation of the Rb source temperature and the 
flame temperature by introducing an external heat- 
ing unit will certainly result in a less complicated 
system. In view of the promising analytical results 
already obtained with the present system, this will be 
an interesting subject for future studies on micro- 
LC-TID. Its implementation should facilitate the 
use of thermionic detection in LC. 
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