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ABSTRACT 

A series of experiments were conducted in order to determine the effect of the precolumn addition of a viscous matrix such as 
thioglycerol on the chromatographic performance of liquid chromatographic-fast atom bombardment mass spectrometric (LC-FAB- 
MS) systems. In those experiments, the concentration of thioglycerol in a mobile phase consisting of acetonitrile-water-trifluoroacetic 
acid was varied and important chromatographic parameters such as retention times, capacity factors, number of theoretical plates, peak 
widths, resolution and impedance of separation were monitored for analytes such as met-enkephalin, leu-enkephalin and p-hydroxy- 
benzoic acid. The results obtained indicate that for concentrations of thioglycerol in the mobile phase below 3% most chromatographic 
indicators are only slightly affected. However, for concentrations of the viscous matrix above that value the capacity factors are 
significantly decreased, indicating that thioglycerol is behaving as an efficient organic moderator, and peak broadening becomes 
important, having a detrimental effect on the performance of the system. Van Deemter plots obtained for the analytes at concentrations 
of thioglycerol in the mobile phase of O-15% reveal that the major effect of thioglycerol is to reduce the mass transfer efficiency in the 
chromatographic system at high linear velocities and concentrations of thioglyccrol above 3%. Comparison of the effects of viscous 
matrices such as thioglyccrol and glycerol on the chromatographic performance of LC-FAB-MS systems indicates that the chromato- 
graphic efficiency is almost independent of the matrix concentration when the systems are operated near their optimum linear velocities 
and that high matrix contents and high linear velocities can be used with little decrease in efficiency if the systems are operated at higher 
temperatures. 

INTRODUCTION 

The technique of fast atom bombardment mass 
spectrometry (FAB-MS) is now confirmed as a 
powerful tool in the mass spectral analysis of polar, 
thermally labile or involatile compounds. In its 
application [ 11, the analyte was dissolved in a viscous 
matrix such as glycerol, which was subsequently 
introduced into the ion source of the mass spectro- 
meter and bombarded with a beam of high-energy 

* Presented at the 8th (Montreux) Symposium on Liquid 
Chromatography-Mass Spectrometry (LC-MS. SFC-MS, 
CE-MS, K-MS), Ithaca, NY, July 17-19, 1991. 

(5-8 keV), fast-moving neutral species (FAB). High- 
energy Cs+ ions can also be used as in liquid 
secondary ion mass spectrometry (LSIMS) and yield 
similar results, although some differences exist be- 
cause the ion beam is generally more focused than 
the neutral beam and usually has a higher density of 
particles. The liquid matrix used in these desorp- 
tion-ionization techniques provides a means by 
which the molecules on the surface can be replenish- 
ed by molecular diffusion in the liquid, thus allowing 
for the presence of fresh material at the surface and 
partial elimination of secondary products issuing 
from the radiation damage caused to the solution. 
The role of the liquid matrix, however, is not simply 
to dissolve the analyte but it is also involved 
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intimately in the ionization process. The mass 
spectra obtained in FAB-LSIMS are affected by the 
nature of the matrix [2,3] and strong matrix-analyte 
interactions exist in the solution [2,4-71. 

FAB-MS has in recent years extended the scope of 
its application primarily as a result of the introduc- 
tion of dynamic FAB or continuous-flow FAB 
(CF-FAB) [8,9]. The latter technique allows the 
continuous introduction of aqueous solutions into 
the mass spectrometer by delivering the mobile 
phase through a fused-silica capillary located in the 
hollow shaft of the FAB probe [lO,l 11. The advent of 
CF-FAB has not only increased the power of the 
technique but it has also allowed its interfacing with 
liquid chromatography (LC-FAB-MS) [12-251. 
Severals approaches have been used in order to 
couple LC to CF-FAB systems. The most common- 
ly used interface involves the direct coupling of 
conventional [12,13], microbore [14] or packed 
capillary columns [15-19,24-261 with CF-FAB. The 
columns are connected with the FAB probe tip 
through a transfer fused-silica capillary (50-75 pm 
I.D.) and split-flow devices are used to reduce the 
flow through the interface below typically 10 hl/min 
when appropriate. In all of these LC-FAB-MS 
systems, it is necessary to add a viscous matrix to the 
mobile phase in order to optimize the ionization 
efficiency. Matrix concentrations ranging from 0 to 
25% have been reported [8,12-16,21,22,27,28] and 
the optimum concentration required for proper 
ionization is usually a compromise between absolute 
sensitivity and signal-to-noise ratio. The addition of 
the viscous matrix can be done before the chromato- 
graphic separation (precolumn) [14,16,18,19,24,25] 
or after the separation (postcolumn) [12,16,17]. 

Although postcolumn addition has been suggest- 
ed, in most instances precolumn addition is easier to 
achieve and offers advantages in conventional sys- 
tems. It should be noted, however, that the pre- 
column addition of the matrix will significantly alter 
the polarity and viscosity of the mobile phase and 
therefore will affect the chromatographic process. 

Although many studies have focused on the 
optimization of FAB probes and CF-FAB systems 
[8,9,26,27], few have dealt with the optimization of 
LC-FAB-MS systems [ 16,17,27-321. Occasionally, 
some of the effects of precolumn addition on the 
chromatographic performance have been mentioned 
[8,16,17], but until recently not many systematic 

studies were focused on the optimization of the 
chromatographic systems [16,33,34]. Previous work 
in this laboratory [33,34] has shown that the precol- 
umn addition of a viscous matrix such as glycerol 
over a wide range of concentrations affects most 
chromatographic indicators (R,, k’, E, tR, w~/~, N). 

The extent of the changes observed depends on the 
actual glycerol content in the mobile phase. The 
overall performance of the chromatographic system 
was seen to decrease when the concentration of 
glycerol in the mobile phase exceeded 3%, whereas 
minor decreases in performance were observed when 
the glycerol content was maintained below 3% for a 
wide range of flow rates. Further work conducted on 
the optimization of LC-FAB-MS systems using 
analytes from several chemical classes has revealed 
that the main source of chromatographic band 
broadening in these systems was related to the 
increase in the viscosity of the mobile phase and 
changes in the diffusivity of the analytes with 
glycerol content [33]. 

In seeking to broaden the scope of our previous 
studies and to evaluate the general boundaries 
within which precolumn addition of a matrix can be 
used, we undertook this work, which included the 
characterization of the effect of precolumn addition 
of various amounts of thioglycerol to a mobile phase 
consisting of acetonitrile-water-trifluoroacetic acid 
and the study of the kinetic optimization of the 
chromatographic process in the presence of such a 
matrix. The objectives of the study were (i) to 
quantify the effects of the addition of thioglycerol to 
the mobile phase over the concentration range 
O-l 5% on most chromatographic indicators, (ii) to 
identify the source of broadening in LC-FAB-MS 
systems by kinetic studies and determine the opti- 
mum operational conditions to be used in these 
systems, (iii) to compare the effects of the addition of 
different matrices in order to establish general 
guidelines for precolumn addition and (iv) to deter- 
mine the effect of an increase in the temperature of 
analysis on the performance of the chromatographic 
system. The results obtained indicate that general 
guidelines can be formulated, as was indicated by 
our earlier findings, and that the deleterious effects 
of precolumn addition can be compensated under 
selected conditions. 
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EXPERIMENTAL 

Instrumentation 
The LC system consisted of a Perkin-Elmer 

Model 410 pump connected to a Rheodyne Model 
7 125 injector with a 6~1 sample loop. Detection (280 
nm) was effected with a Perkin-Elmer LC-90 vari- 
able-wavelength detector. The chromatographic 
column used [Spherisorb ODS-2, dp = 5 pm, 125 
mm x 4.6 mm I.D. (CSC, Montreal, Canada)] was 
maintained at constant temperature by a water 
jacket regulated by a Haake (Berlin-Steglitz, Ger- 
many) circulator. Viscosity measurements were per- 
formed with a ball viscosimeter (Haake). 

Chemicals 
The peptides met-enkephalin and leu-enkephalin 

were obtained from Sigma (St. Louis, MO, USA) 
and p-hydroxybenzoic acid and Glass-distilled thio- 
glycerol (THIO) (>95%) were purchased from 
Aldrich (Milwaukee, WI, USA). The solvents used 
in the preparation of the mobile phases were distilled 
and deionized water (Milli-Q system; Millipore, 
Bedford, MA, USA), HPLC-grade acetonitrile 
(ACN) and trifluoroacetic acid (TFA), obtained 
from Aldrich. All compounds were used as received. 

Preparation of mobile phase 
The mobile phases were prepared by mixing ap- 

propriate volumes of distilled, deionized water and 
organic modifiers. The mobile phase contained fixed 
proportions of trifluoroacetic acid (0.05%) and ace- 
ton&rile (30%) and the amount of water added was 
adjusted to component the volume of thioglycerol 
added to the solution (ACN-water-THIO/TFA = 
30:70-x:x:0.05). Sufficient amounts of each mix- 
ture were prepared in order to ensure that all 
experiments would be conducted with the same 
mobile phase. In all instances, the solvents used were 
filtered (0.45 pm) and degassed prior to use. 

Chromatographic measurements 
All chromatographic experiments were conducted 

at 25 or 38.5”C after the chromatographic system 
had equilibrated for at least 90 min. Precise values 
for the volumetric flow rate were measured for each 
experiment. The retention of sodium nitrate was 
taken as the dead volume indicator and the average 
linear velocity of the mobile phase was calculated 

using the length of the chromatographic column. 
The number of theoretical plates (N) was calculated 
from the peak width at half-height. The Van 
Deemter plots were generated by measuring the 
theoretical plate heigth (H) with linear velocities in 
the range 0.1-7 mm/s, corresponding to flow-rates 
of 0.05-3 ml/min in our chromatographic system. 
Other measurements were made at a constant linear 
velocity. 

RESULTS AND DISCUSSION 

It is common practice in LC to add an organic 
modifier to the mobile phase in order to alter the 
chromatographic process and the retention charac- 
teristics of the analytes. The modifier is usually of 
low viscosity in order to obtain high chromato- 
graphic efficiency and minimize pressure build-up in 
the system. In LC-FAB-MS systems, however, the 
matrix added to the mobile phase is used to optimize 
ionization and is fairly viscous, leading to the use of 
rather unusual mobile phases in terms of chroma- 
tography. Recently, the use of thioglycerol as a 
matrix in LC-FAB-MS and FAB-MS has been 

X Thioglycerol in mobile phase 

X Thioglycerol in mobile phase 

Fig. 1. Effect of concentration of thioglycerol in the mobile phase 
on (A) retention times and (B) capacity factors (k’), 0 = 
Met-enkephalin; A = leu-enkephalin; 0 = p-hydroxybenzoic 
acid. 
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reported to offer advantages over glycerol in the 
analysis of oligosaccharides, peptides and eicosa- 
noic compounds [15,18,35,36], but its effects on the 
overall chromatographic performance were not de- 
scribed. The effect of an increasing concentration of 
this particular matrix in the mobile phase on the 
chromatographic properties of the analytes can be 
seen in Fig. la and b, which show the effect of the 
variation of the thioglycerol content in the mobile 
phase (O-15%) on the retention times and capacity 
factors of two peptides, met- and leu-enkephalin, 
and of a less retained analyte, p-hydroxybenzoic 
acid. As can be observed, higher contents of thio- 
glycerol reduce the capacity factor of met- and 
leu-enkephalin by ca. 80%. This indicates that small 
increases in thioglycerol in the mobile phase alter the 
distribution of these compounds significantly. The 
reduction observed for p-hydroxybenzoic acid is ca. 
40%, which is consistent with the much lower 
capacity factor of this compound, which is only 
sligtly retained. Hence, thioglycerol acts as an 
efficient organic moderator, behaving as other vis- 
cous matrices that have been studied [32]. Thio- 
glycerol behaves as a less polar moderator than 
glycerol, causing greater changes in retention char- 
acteristics than glycerol for small changes in con- 
centrations in the mobile phase. As for systems 
containing glycerol, h’owever, essentially no change 
is observed when the added concentration of the 
matrix in the mobile phase is below 3%. 

The chromatographic performance of the system 
was also monitored as the thioglycerol content in the 
mobile phase was increased. This was done by 
evaluating the relative variation in the normalized 
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Fig. 2. Effect of concentration of thioglycerol in the mobile phase 
on the normalized number of theoretical plates, N/No. 0 = 
Met-enkephalin; A =leu-enkephalin; 0 = phydroxybenzoic 
acid. 

theoretical plate number (N/N,) with and without 
thioglycerol present in the mobile phase. As shown 
in Fig. 2, the efficiency of the chromatographic 
system as measured by N/N,, is only slightly affected 
when the thioglycerol content is below 3%, but 
above this value a reduction of up to 25% can be 
observed for the compounds studied. The reduction 
in efficiency observed for p-hydroxybenzoic acid is 
greater, possibly indicating dead volume effects for 
this less retained compound. The broadening in- 
duced by the addition of thioglycerol to the mobile 
phase can be evaluated by examining the variation 
of the normalized peak width (wIIZ/tR) with thio- 
glycerol content. The behavior of this chromato- 
graphic indicator with increasing thioglycerol con- 
tent in the mobile phase is shown in Fig. 3, which 
indicates that peak broadening increases with in- 
creasing thioglycerol concentration for all the com- 
pounds studied, being greater for p-hydroxybenzoic 
acid, which correlates well with the findings that the 
decrease in efficiency is greater for the less retained 
compounds, indicating that instrumental dead vol- 
ume diffusion is important. 

The overall effect of the addition of thioglycerol 
to the mobile phase can be reflected by examining 
the behavior of two important chromatographic 
parameters, the resolution and the impedance of 
separation [37]. The influence of thioglycerol on the 
resolution is shown in Fig. 4 for the pair met- and 
leu-enkephalin. The resolution decreases almost 
linearly with increase in the thioglycerol content in 
the mobile phase, demonstrating the deleterious 
effects of the decrease in efficiency and increase in 
peak broadening on the separation power of the 
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Fig. 3. Effect of concentration of thioglycerol in the mobile phase 
on the normalized peak width, wl&. 0 = Met-enkephalin; 
A = leu-enkephalin; 0 = p-hydroxybenzoic acid. 
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Fig. 4. Effect of concentration of thioglycerol in the mobile phase 
on the resolution, R., for met- and leu-enkephalin. 

system. The decrease in performance of the chroma- 
tographic system can be measured using the separa- 
tion impedance (E), which is related to the efficiency 
and to the physical properties of the system. The 
variation of the separation impedance (E) normal- 
ized to that in the absence of thioglycerol (Et,) can be 
observed in Fig. 5, which gives the normalized 
impedance (E/E-J as a function of thioglycerol 
content in the mobile phase. The results clearly 
indicate that this parameter is more than doubled as 
the concentration varies from 0 to 15%. The sharp 
increase observed in E/E0 for thioglycerol contents 
above 10% is indicative that the chromatographic 
system is perturbed under these conditions, which 
results in a dramatic decrease in performance. For 
thioglycerol contents below 3%, however, the im- 
pedance is stable, suggesting that the performance is 
retained. 

In order to access the factors responsible for the 
decrease in chromatographic performance and ob- 
tain qualitative information on the system, Van 
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Fig. 5. Effect of concentration of thioglycerol in the mobile phase 
on the normalized separation impedance, E/Eo. 
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Fig. 6. Van Deemter plots for met-enkephalin at various thio- 
glycerol concentrations in the mobile phase: 0 = 0%; 0 = 1%; 
A = 3%; 0 = 5%; + = 10%; x = 15%. (A) Met-enkepha- 
lin; (B) p-hydroxybenzoic acid. 

Deemter plots were generated with the thioglycerol 
content in the mobile phase varying in the range 
(r15% and for linear velocities between 0.2 and 7 
mm/s. The plots that were obtained under these 
experimental conditions using met-enkephalin and 
p-hydrobenzoic acid are shown in Fig. 6a and b, 
respectively. The data indicate that as the thio- 
glycerol content is increased from 0 to 15% the 
slopes of the Van Deemter plots increase steadily 
and significantly. This means that the presence of 
thioglycerol affects the mass transfer kinetics in the 
system. It can also be observed that for both 
compounds the plots converge at lower linear veloci- 
ties (0.246 mm/s), indicating that the system can be 
operated near optimum performance and that only 
small differences in chromatographic performance 
occur under these conditions as the concentration of 
thioglycerol in the mobile phase changes. This 
important effect, which has also been observed when 
glycerol was used as a viscous matrix [33], implies 
that it is possible to use precolumn addition or high 
concentrations of the viscous matrix and retain the 
chromatographic performance, provided that the 
system is operated near its optimum kinetic condi- 
tions. 
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The systematic reduction of the capacity factor, 
the normalized number of theoretical plates and the 
resolution occurring for all the different compounds 
studied clearly demonstrates that the presence of 
thioglycerol in the mobile phase produces significant 
changes in the kinetics of the chromatographic 
process. This is well supported by experimental 
evidence of the increase in broadening as demon- 
strated by the variation of the normalized peak 
width and the increase in the slope of the Van 
Deemter plots. The processes that occur within the 
chromatographic column can be represented by the 
three kinetic effects which are expressed as terms in 
the Van Deemter equation relating the height equiv- 
alent to a theoretical plate (2X) to the average linear 
velocity of the mobile phase (ii) [38-40]. For the 
system under investigation, the Van Deemter equa- 
tion has the form [40] 

where A and y are constants, dP and 4 are the particle 
size and film thickness, respectively, D, and D, are 
the diffusion coefftcients in the mobile phase and the 
stationary phase, respectively, and f,(P) and f&Y) 
are functions of the capacity factor. As the film 
thickness is considered to be small [39,41], eqn. 1 can 
be approximated by 

H=22dp+2*iD,+ 
(1 + 6k’ + ll/Y2)& 

24(1 + ,1)* (2) 

which represents an expanded form of the more 
general Van Deemter equation 

(3) 

where A, B and C represent the contributions from 
eddy diffusion, longitudinal diffusion and mass 
transfer, respectively. As shown in Fig. 6, the term 
which is mostly affected by the presence of thio- 
glycerol in the mobile phase is the mass transfer term 
(C’), which involvesfi(k’), and the diffusion coeffi- 
cient in the mobile phase, D,. 

It is possible from available data on p-hydroxy- 
benzoic acid to evaluate D, at different thioglycerol 
concentrations using the Wilke-Chang equation 
[42]. Knowledge of the f,(E) function and the 
estimated values for D, should allow a qualitative 
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Fig. 7. Effect of concentration of thioglycerol in the mobile phase 
on fi(k’). 0 = Met-enkephalin; A = leu-enkephalin; 0 = 
p-hydrobenzoic acid. 

discussion of the relative contributions of bothfr(k’) 
and D, to the mass transfer term in the Van Deemter 
equation. The variation in f,(k’) with thioglycerol 
content is shown in Fig. 7 for met-enkephalin, 
leu-enkephalin andp-hydroxybenzoic acid. It can be 
observed that f,(k’) decreases significantly for all 
compounds studied as the concentration of thio- 
glycerol in the mobile phase is increased. This 
decrease in f,(P) should induce a decrease in the 
mass transfer term, but this is not observed experi- 
mentally (Fig. 6). This apparent discrepancy can 
easily be explained if it is assumed that D, decreases 
with increase in thioglycerol content, therefore pro- 
ducing an opposite effect on the mass transfer term. 
This hypothesis can be verified by examination of 
Fig. 8, where the variations of l/D,,, andfi(k’)/D, 
with the thioglycerol content are shown. It is clearly 
seen that l/D,,, decreases as the thioglycerol content 
is increased and that the opposite variations of D, 
and f,(k’) result in a small increase in the mass 

g *:I! 
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Fig. 8. Effect ofconcentration of thioglycerol in the mobile phase 
on the variation of (0) l/D,,, and (0)fi(k’)/Dm for p-hydroxy- 
benzoic acid. 
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transfer term with increase in the thioglycerol con- 
tent. Therefore, the net effect of the presence of 
thioglycerol in the mobile phase is to reduce the 
efficiency of mass transfer in the system at higher 
thioglycerol contents or at higher linear velocities. 
However, the situation around the optimum linear 
velocity is different, because under these conditions 
the theoretical plate height becomes independent of 
the diffusion coefficient, as can be shown using the 
Van Deemter equation. 

The conclusion that the theoretical plate height 
becomes independent of the diffusion coefficient D, 
around the optimum linear velocity seems to be 
confirmed by the experimental data shown in Fig. 6, 
where only slight variations in H are observed near 
the optimum linear velocity. As the measured values 
of H represent the resultant contribution to broad- 
ening produced by the column and extra-column 
dead volume, the weak variation observed under 
optimum conditions can be attributed to the extra- 
column dead volume. This is confirmed by the data 
shown in Fig. 9, where the increase in broadening as 
measured by the variance of an unretained com- 
pound (NaN03) is seen to increase at higher thio- 
glycerol concentrations. This effect will cause a 
vertical translation of the Van Deemter plots for 
high contents of thioglycerol, as can be observed by 
close examination of Fig. 6B. The finding that the 
chromatographic performance becomes indepen- 
dent of the thioglycerol content under optimized 
conditions implies that working at the optimum 
linear velocity will significantly increase the time of 
analysis. Higher linear velocities can be used to 
reduce the time of analysis with only a slight 
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Fig. 9. Effect of concentration of thioglycerol in the mobile phase 
on the variance associated with the elution of an unretained 
compound. 
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Fig. 10. Temperature dependence of Van Deemter plots for (A) 
met-enkephalin and (B) p-hydroxybenzoic acid at 10% thio- 
glycerol in the mobile phase. 0 = 25°C; 0 = 38S”C. 

deterioration in the chromatographic performance, 
but the results in this study indicate that this is 
possible only at thioglycerol concentrations below 
3%. This is due to the fact that most chromato- 
graphic indicators are not significantly affected for 
thioglycerol contents up to that value. However, if 
the thioglycerol content is above 3%, the use of 
higher linear velocities will result in a severe deterio- 
ration of the chromatographic performance. The 
dependence off,@‘) on temperature and of D, on 
both viscosity and temperature suggests that this 
parameter could possibly be used to nullify the 
adverse effect of high concentrations of thioglycerol 
in the mobile phase. In order to increase the 
chromatographic performance at elevated thiogly- 
cerol contents or high linear velocity, Van Deemter 
plots were generated at 38.5”C to verify the effect of 
temperature on the mass transfer term. The results 
are shown in Fig. 10, which compares the theoretical 
plate height (H) at 25 and 38.5”C for (A) met- 
enkephalin and (B) p-hydroxybenzoic acid in a 
mobile phase containing 10% of thioglycerol. As 
expected, the plot at 38.5”C indicates that the 
increase in temperature has the desired effect and 
allows the performance to be restored. The theoreti- 
cal plate height measured at 38.5”C is similar to that 
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at 25°C with no thioglycerol present in the mobile 
phase. Hence higher linear velocities can be used 
with minor decreases in performance at high thio- 
glycerol contents provided that the experiments are 
conducted at higher temperatures. 

In order to obtain general guidelines for the pre- 
column addition of viscous matrices in LC-FAB- 
MS systems, it can be useful to compare the results 
obtained in the investigation of the effects of these 
matrices. Using the results of this study for thio- 
glycerol and those from our previous work with 
glycerol [32,33], it becomes possible to compare the 
effects of both matrices on the chromatographic 
performance of LC-FAB-MS systems using precol- 
umn addition and to identify similarities and differ- 
ences in their behavior. For chromatographic in- 
dicators such as retention times, capacity factors, 
number of theoretical plates and resolution, the 
effect of the addition of a viscous matrix to the 
mobile phase is to reduce these parameters signifi- 
cantly at high contents of the matrix. Thioglycerol 
produces a more significant change in the capacity 
factors than glycerol for concentrations above 3%. 
For other chromatographic indicators such as nor- 
malized peak widths and impedance of separation, 
these parameters show an increase at higher con- 
tents of the matrix in the mobile phase, indicating 
that the viscous matrix increases broadening in the 
system and reduces the overall performance. For 
example, the presence of 15% of thioglycerol in the 
mobile phase doubles the separation impedance 
whereas 30% of glycerol is required to produce a 

TABLE I 

VARIATION OF THE VISCOSITY OF THE MOBILE 
PHASE WITH VISCOUS MATRIX CONTENT 

Data taken from ref. 33 

Matrix Viscosity (cP) 
content 

(%) ACN-water-THIO-TFA ACN-water-GLY-TFA 
(30:70-x:x:0.05) (30:70-x:x:0.1) 

0 0.93 0.95 
1 0.99 0.96 
3 1.02 1.01 
5 1.07 1.05 

10 1.24 1.26 
15 1.36 

similar effect. In terms of increasing the viscosity of 
the mobile phase, thioglycerol and glycerol are seen 
to have equivalent effects, as shown by the viscosity 
measurements given in Table I. 

The Van Deemter plots obtained for peptides, 
acidic compounds and phenols using three different 
mobile phases and two different matrices show 
typical characteristics that are believed to represent 
common trends: (i) all the systems studied seem to 
retain their chromatographic performance near op- 
timum linear velocities (0.146 mm/s) with almost 
no dependence on the matrix concentration in the 
mobile phase in the range of concentrations studied 
(O-30%); (ii) the effect of the increase in the 
concentration of the viscous matrix systematically 
results in a decrease in the mass transfer efficiency in 
the chromatographic system for linear velocities 
greater than 1 mm/s; and (iii) an increase in the 
temperature of analysis significantly improves the 
efficiency of the system at high matrix contents and 
high linear velocities. These three characteristics 
imply that under the appropriate experimental con- 
ditions, it is possible to use a wide range of 
concentrations of the viscous matrix in the mobile 
phase while retaining the chromatographic efticien- 
cy, contrary to the general belief that high concen- 
trations of the matrix will necessarily result in 
inadequate chromatographic performance. How- 
ever, the increase in matrix content can induce 
broadening effects outside the chromatographic 
column, and effects mostly apparent in the interface 
(droplet) have been partly documented [17,33]. 

CONCLUSIONS 

As previously observed for glycerol, the precol- 
umn addition of thioglycerol as a viscous matrix in 
LC-FAB-MS systems results in alterations to the 
chromatographic process. This is confirmed by the 
observation that an increase in the thioglycerol 
content induces a decrease in the capacity factor, an 
increase in broadening, a decrease in resolution and 
a decrease in the chromatographic performance. At 
concentrations of thioglycerol in the mobile phase 
below 3%, these changes are minor. The effects of 
the presence of thioglycerol in the mobile phase on 
chromatographic performance are minimized, how- 
ever, if the system is operated near its optimum 
conditions for average linear velocities. Under those 
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conditions, high concentrations of the viscous ma- 
trix can be used and the efficiency of the chromato- 
graphic system is retained. At high thioglycerol 
contents and high linear velocities, the detrimental 
effect of the added matrix is apparent but it can be 
reduced substantially by increasing the temperature 
of the system, which allows the analysis to be 
conducted in a reasonable time and at almost any 
concentrations of matrix in the mobile phase with 
essentially no decrease in chromatographic per- 
formance. 
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