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ABSTRACT 

The factors affecting band broadening in liquid chromatographiccfast atom bombardment mass 
spectrometric (LC-FAB-MS) systems using precolumn addition of glycerol to the mobile phase were 
investigated and their relative importance evaluated. The integrated LCMS system is subject to three 
sources of band broadening, namely the chromatographic system, the interface and the mass spectrometer. 
The individual variances associated with these components can be used to estimate the total variance of the 
system. The factors affecting broadening in the chromatographic system were identified by examination of 
the Van Deemter plots obtained for several types of compounds at glycerol concentrations ranging from 0 
to 20”/0. The plots reveal that the C term is significantly affected by an increase in glycerol concentration 
and that the main factor affecting broadening is a change in the diffusion coefficient, D,. The increase in 
the variance associated with the dead volume of the chromatographic system, as measured with a non- 
retained species, indicates that the increase in the viscosity of the mobile phase on addition of glycerol also 
results, to a lesser extent, in band broadening as a consequence of the change in flow dynamics within the 
system. Investigation of the factors affecting band broadening in the interface show that the main source of 
broadening is the wetting of the probe tip, which is far more important than the dead volume introduced by 
the transfer capillary. The band broadening induced by the mass spectrometer in the LCFAB-MS system 
is essentially related to the scanning speed used for the analysis. 

INTRODUCTION 

The technique of fast atom bombardment mass spectrometry (FAB-MS) has 
developed considerably since its introduction by Barber et al. [l] in 1981. From the 
initial applications in which an analyte was dissolved in a viscous matrix (glycerol, 
thioglycerol, diethanolamine, nitrobenzyl alcohol, etc.) and exposed to bombardment 
by a beam of fast-moving neutral particles, the technique was modified to allow the 
introduction of aqueous solutions in a continuous-flow mode (CF-FAB) [2] and then 
to interface liquid chromatography with mass spectrometry (LC-FAB-MS) [3]. Al- 
though aqueous solutions can be introduced in the continuous-flow or dynamic mode 
by passing the mobile phase through a fused-silica capillary that is located in the 
hollow shaft of the FAB probe [2,4,5], it is still necessary that a viscous matrix be 
present in the mobile phase for ionization to occur [2,4]. The addition of the viscous 
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matrix can be made before (precolumn) the chromatographic separation [3,&8] or 
after the separation by use of postcolumn devices [8-l I]. Even if the postcolumn 
addition of the viscous matrix is favored by some groups, in most instances precol- 
umn mixing with the mobile phase is still utilized and mostly involves the use of 
glycerol. 

Some of the effects of precolumn addition have been mentioned occasionally in 
the literature [3,8,12,13] but only one study has focused on this subject [8]. The 
addition of a viscous matrix to the mobile phase can significantly alter the chroma- 
tographic separation. If the viscous matrix is introduced into the mobile phase before 
chromatography occurs, its presence can change the conditions within the column 
and affect the separation. If mixing of the viscous matrix occurs after the chromato- 
graphy, dead-volume effects can be introduced into the system, leading to peak 
broadening, especially if capillary columns are used [S]. In order to identify and 
quantify the effects on the chromatographic performance of the precolumn addition 
of a viscous matrix, a systematic study was recently undertaken [14] in which the 
chromatographic behavior of six compounds in three chemical classes was examined 
as a function of increasing glycerol content (O-30%) in the mobile phase. 

The results obtained [14] demonstrated that the retention times and capacity 
factors of the analytes decreased for all compounds as the glycerol content in the 
mobile phase increased. It was also observed that the number of theoretical plates 
decreased in the system and that the normalized peak widths increased for all com- 
pounds when the concentration of glycerol was increased from 5 to 30%. However, at 
lower glycerol contents in the mobile phase (< 5%) the effects on compounds were 
different, depending on their k’ values. Analytes with smaller capacity factors showed 
a net decrease in the number of theoretical plates and an increase in the normalized 
peak widths, whereas for compounds with higher capacity factors such as peptides 
these two chromatographic indicators were almost invariant. Further, the data ob- 
tained in that study showed that an increase in the glycerol content of the mobile 
phase caused a net decrease in resolution and an increase in the separation impedance 
of the system. Hence, it was concluded that the overall effect of the precolumn addi- 
tion of a high concentration of viscous matrix to the mobile phase is detrimental to 
the performance of the chromatographic system. The factors most likely responsible 
for this are changes in the distribution of the analyte due to modifications in the 
chemical composition of the mobile phase and band broadening induced by the in- 
crease in the viscosity of the mobile phase. 

The objective of this work was, first, to identify the factors responsible for the 
chromatographic band broadening observed on precolumn addition of a viscous 
matrix to the mobile phase and to quantify their relative contributions, and second, to 
evaluate the broadening caused by other components of the LC-FAB-MS system 
such as the interface. The identification and quantification of the relative importance 
of the chromatographic and mass spectrometric factors governing the overall sep- 
aration performance of these systems should facilitate their optimization and design. 

EXPERIMENTAL 

hstrumentation 
The liquid chromatographic system consisted of a Perkin-Elmer Model 410 
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pump connected to a Rheodyne Model 7125 injector with a 6-pl sample loop. Detec- 
tion was achieved by a Perkin-Elmer LC-90 variable-wavelength (254 or 280 nm) 
detector. The chromatographic columns [Spherisorb ODS-2, dr, = 5 pm, 125 mm x 
4.6 mm I.D. (CSC, Montreal); Perisorb RP-18, &, = 40 pm, used as a precolumn] 
used were maintained at 25°C by a water-jacket regulated by a Haake (Berlin-Steglitz, 
Germany) circulator. Experiments involving continuous-flow FAB (CF-FAB) were 
performed on a Kratos MS-SOTCTA mass spectrometer equipped with a standard 
Kratos FAB source and using a laboratory-built continuous-flow probe which has 
been described previously [4,5]. The scanning conditions of the instrument were de- 
pendent on the experiment being conducted. Viscosity measurements on all mobile 
phases used were performed using a capillary viscosimeter. 

Chemiculs 
The peptides met-enkephalin and bradykinin were obtained from Sigma (St. 

Louis, MO, USA). Substituted phenolic compounds, such as phloroglucinol and 
p-hydroxybenzoic acid, and organic acids, such as 3,5-dihydroxybenzoic, vanillic and 
trifluoroacetic acid, were purchased from Aldrich (Milwaukee, WI, USA). Glass- 
distilled glycerol (> 99.0%) was obtained from BDH (Toronto, Canada). All com- 
pounds were used without further purification and the mobile phases were prepared 
using high-performance liquid chromatographic-grade acetonitrile, acetic acid and 
distilled, deionized water obtained with a Mini-Q purification system (Millipore, Bed- 
ford, MA, USA). 

Preparation of mobile phases 
The eluents were carefully prepared by mixing volumes of distilled, deionized 

water and appropriate organic modifiers. The mobile phases used for peptide analysis 
contained fixed proportions of trifluoroacetic acid (TFA) (0.1) and acetonitrile 
(ACN) (30) and the proportion of water was adjusted to complement the volume of 
glycerol (GLY) in the solution (ACN-H,O-GLY-TFA = 30:70 - x:x:0.1). A similar 
procedure was utilized for the mobile phases involved in the analysis of low-molec- 
ular-weight phenolic compounds and organic acids. The ratio of acetic acid (AcOH) 
to acetonitrile was fixed at 1:lO and water was used to complement the volume of 
glycerol in the solution (ACN-H20-GLY-AcOH = lo:90 - XX: 1). Sufficient 
amounts of each mixture were prepared to ensure that all experiments would be 
conducted with the same mobile phases. In all instances, the solvents were filtered 
(0.45-pm filter) and degassed prior to use. 

Chromatographic measurements 
All chromatographic experiments were carried out at 25°C after the chroma- 

tographic system had equilibrated for at least 90 min. Precise values for the volu- 
metric flow-rate were measured for each experiment. The retention of sodium nitrate 
was taken as the dead volume and the average linear velocity was calculated using the 
length of the chromatographic column. The number of theoretical plates (N) was 
estimated from the widths at half-height of the peaks. The Van Deemter plots were 
generated by measuring the theoretical plate height (H) with linear velocities over the 
range 0.02-7 mm/s. 
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RESULTS AND DISCUSSION 

In a multi-component system such as LC-FAB-MS, the introduction of an 
analyte corresponds to the introduction of a signal which is submitted to several 
operators as it travels through the system. If the operators in the system induce 
broadening of the signal and the output signal has a Gaussian distribution, it can be 
assumed that each component will independently contribute to broadening [15]. 
Therefore, the total broadening of the signal can be estimated by the total variance, 
67,, which is given by the sum of the individual variances, cr?, [15-191 as shown in Fig. 
1. Thus, the total variance (4) of the LC-FAB-MS system is represented by the 
equation 

02- 2 
t - O’chr 

where akr, a& and a& refer to the variances associated with the chromatographic 
system, the interface and the mass spectrometer, respectively. Each of the three com- 
ponents of the system can be considered as a dispersion-dilution operator that will 
contribute to the broadening of the chromatographic band. Based on this assump- 
tion, one can attempt to identify the factors in each of the sub-systems that contribute 
to band broadening and evaluate their relative importance. 

The total variance in a chromatographic system, &, can be expressed as the 
sum of the variances a,’ and a,“,: 

a:hr = a,’ + a& (2) 

which represent the broadening occurring in the column and the broadening induced 
by components external to the column. The external contributions usually affect the 
broadening of the chromatographic band by the introduction of dead-volume effects. 
In systems utilizing conventional LC columns (150 mm x 4.6 mm I.D., dP = 5 pm), 
the extra-column dispersion of the analyte due to dead volumes in connectors and 
detectors is usually of the order of 3c-60 ,uI [17,20], which is small compared with the 
elution volume of the analyte. 

INJECTOR COLUWN INTERFACE SPECTROMETER 

t I xeJI +++ ++++ I 
- II 

SIGNAL dr oi’,t dpec SIGNAL 

INPUT OUTPUT 

Fig. 1, Dispersion operators and associated variances, (rz,,,, c;‘,, and o&, in an LC-FAB-MS system using 
precolumn addition of the viscous matrix. 
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The broadening that is induced within the chromatographic column is essential- 
ly due to the three kinetic effects, which are expressed as terms in the Van Deemter 
equation [21-241 that relates the height of a theoretical plate (H) to the average linear 
velocity of the mobile phase (6). For the chromatographic system under analysis, the 
equation can be expressed [24] as 

H = 2;ld, + u &Dm + f,(k’)d;ii + ,f;(k’)d,2~ 
D, D, 

where i and y are constants, dp and df represent the particle size and film thickness, 
D, and D, are the diffusion coefficients in the mobile and stationary phases andfi(k’) 
and f,(K) are functions of the capacity factor k’. As the film thickness is usually 
considered to be small [23,25], the last term in eqn. 3 can be neglected, which leads to 

H = 2Ad, + 270, + 
(1 + 6 k’ + 11 k”)d$i 

u 24(1 + k’)2Q,, 

where the last term on the right hand side of the equation is referred to as the C term. 
As the addition of a viscous matrix has been shown [14] to affect k’ and D,, it is 
interesting to determine the relative contributions of these two factors which appear 
in the C term of eqn. 4. Because the chromatographic variance c& is related to H: 

(5) 

where L is the length of the column, it is possible to identify the factors responsible for 
the decrease in efficiency that occurs in the chromatographic system when the concen- 
tration of a viscous matrix such as glycerol is increased. 

A series of experiments were performed in order to evaluate the contribution of 
the kinetic factors to the band broadening which is observed when a viscous matrix is 
added to the mobile phase. In these experiments, Van Deemter plots were obtained 
for six compounds in three separate chemical classes as the concentration of glycerol 
in the mobile phase was increased from 0 to 30%. Fig. 2 shows typical plots obtained 
for the peptide met-enkephalin. The data in Fig. 2 indicate that as the concentration 
of glycerol is increased the C term in the Van Deemter equation steadily increases, as 
shown by the increase in the slopes with the glycerol content. A similar effect was 
observed for the peptide bradykinin. The same type of experiments were also con- 
ducted with several other analytes of lower molecular weight such as vanillic acid, 
3,Sdihydroxybenzoic acid, p-hydroxybenzoic acid and phloroglucinol. Typical re- 
sults obtained in those experiments are given in Fig. 3, where the Van Deemter plots 
at increasing glycerol concentration are shown for vanillic acid. As can be seen, there 
appears to be no significant differences in the C term for glycerol values below 3% 
but, as the values increase above 5%, the C term increases steadily as witnessed by an 
increase in the slopes of the plots. This trend is also observed with the other low- 
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Fig. 2. Van Deemter plots obtained for met-enkephalin with increasing glycerol concentration (.u)in the 
mobile phase: C = 0%; 0 = 5%; a = IO”/o; 3 = 20%. Mobile phase: ACN-H,O-GLY-TFA 
(30:70-x:.x:0.1). 

molecular-weight compounds studied. Hence, the Van Deemter plots obtained in- 
dicate that there is a net decrease in system efficiency with an increase m the VISCOUS 
matrix content in the mobile phase. As the C term of eqn. 4, which is affected by the 
change in glycerol concentration, depends on k’ and D,, it is possible to evaluate the 
relative importance of both of these factors. 
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Fig. 3. Van Deemter plots obtained for vanillic acid with increasing glycerol concentration (x) in the mobile 
phase: C = 0%: U = 1%; n = 3%; 0 = 5%: V = 10%; @ = 20%; + = 30%. Mobile phase: 
AC’N H,O-GLY-AcOH (10:90- Y:S: I). 
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Fig. 4. Variation off,(k’) with glycerol content in the mobile phase. (A) 0 = Bradykinin; 0 = met- 
enkephalin; (B) 0 = p-hydroxybenzoic acid; n = 3,5-dihydrobenzoic acid; 0 = vanillic acid; 0 = 
phloroglucinol. 

Results obtained in a previous study [14] concerning the effect on chroma- 
tographic behavior of the addition of a viscous matrix to the mobile phase have 
demonstrated that the capacity factors decrease when the content of glycerol is in- 
creased. This behavior is shown in Fig. 4A for the peptides met-enkephalin and 
bradykinin and in Fig. 4B for vanillic acid, 3,.5-dihydrobenzoic acid, p-hydroxyben- 
zoic acid and phloroglucinol, where the fr(k’) functions, appearing in eqn. 4, are 
plotted against glycerol content in the mobile phase. The data can be rationalized by 
the fact that as the glycerol content increases the distribution of the analytes is 
changed. Glycerol is acting as an efficient organic modifier, the effect of which is to 
reduce the capacity factors. The isolated effect of the variation of the capacity factors 
should be to decrease the slopes of the Van Deemter plots, as the reduction in capac- 
ity factors induces a reduction in thef(k’) function as shown in Fig. 4. 

The observed effect of glycerol content on the chromatographic system is not, 
however, what is predicted from the changes in the capacity factors. As the slopes of 
the Van Deemter plots increase with increasing concentrations of glycerol (Figs. 2 
and 3), it appears that variations in the other factor involved, the diffusion coefficient 
(L&J, are significant. The data available for p-hydroxybenzoic acid allow an estima- 
tion of the variation in the diffusion coefficient using the Wilke-Chang equation [26], 
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Fig. 5. Variation of the estimated diffusion coefficient, (0) l/D, and (Xl)f,(k’)/D,, for p-hydroxybenzoic 
acid with glycerol concentration in the mobile phase. Units for y-axis are s. 

and assuming that glycerol has an association constant comparable to that of metha- 
nol. Fig, 5 shows the variation that is expected in l/Dm along with that of the C term 
in the Van Deemter plots. As observed, the variation of the C term is smaller than 
that of D, owing to the opposite effects off(K) and D, on the slope. However, the 
data obtained experimentally and by estimation of D, clearly indicate that the var- 
iations observed experimentally are mainly due to variations in D, which are caused 
by an increase in the viscosity of the mobile phase as the glycerol content increases. 
The variation of the viscosity of the mobile phase with the increase in the glycerol 
concentration was measured and the results are given in Table I. The data indicate 

TABLE I 

VARIATION OF THE VISCOSITY OF THE MOBILE PHASE WITH GLYCEROL CONTENT 

Viscosity in cP. 

Glycerol (X8) ACN-H,O-GLY-TFA 
CT) (30:70-x:.x:O.l) 

0 0.95 
I 0.96 
3 1.01 
5 1.05 

I 0 1.26 
20 1.46 
30 - 

ACN-H,O-GLY-AcOH 
(10:90-.x:.x:l) 

0.93 
0.96 
1.03 
1.12 
1.29 
1.56 
1.92 
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Fig. 6. Variation of the chromatographic variance, ub, associated with I,,, (retention time of NaNO,), with 
the concentration of glycerol in the mobile phase. 

that the viscosity increases with the addition of glycerol and, therefore, D, is reduced. 
For example, D, as estimated for p-hydroxybenzoic acid decreases by 40% when the 
glycerol content increases from 0 to 30%. Therefore, the factor that is mainly respon- 
sible for the decrease in chromatographic efficiency of the system is the change in D, 
which results from the increase in viscosity of the mobile phase. This increase in 
viscosity also produces an increase in the operating pressure of the system, therefore 
causing the separation impedance to be higher [14]. 

The findings that the addition of a viscous matrix such as glycerol affects the 
diffusion in the chromatographic system are also reflected in the variance ai associ- 
ated with a non-retained analyte. The variation of ai, which is associated with the 
increase in the viscous matrix content of the mobile phase, is shown in Fig. 6, which 
indicates that 0; is almost constant for glycerol contents below 3%, where changes in 
viscosity are small, and then increases with increasing concentration of glycerol. This 
demonstrates that convective diffusion processes become more important in the sys- 
tem and are responsible for a partial loss of chromatographic efficiency. The increase 
in the viscosity of the mobile phase modifies the flow dynamics in the system in 
accordance with eqn. 6. 

CT2 - 
rcr4LF 

tU - 24D, (6) 

The equation shows that the variance of, of the system varies inversely with D, 
and this is reflected by the increase in of for a non-retained compound such as 
sodium nitrate. Hence, it would appear that the most important factor that influences 
the chromatographic broadening (c&) in LC-FAB-MS systems using precolumn 
addition of glycerol are the changes in viscosity as shown by the increase in IS: and in 
the kinetics of mass transfer, as shown by the Van Deemter plots, that are induced by 
the increase in the viscosity of the mobile phase with glycerol content. The most 
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important contribution to broadening comes from the changes that occur in the mass 
transfer kinetics (03 while broadening due to changes in flow dynamics (of) occurs 
but to a lesser extent. 

In LC-FAB-MS systems, other components such as the interface and the mass 
spectrometer are also likely to act as dispersion operators. The interface that is used 
to couple the chromatographic system to the mass spectrometer consists essentially of 
a fused-silica capillary that is introduced in the hollow shaft of the CF-FAB probe 
between the column and the ion source. The capillary allows the transfer of the 
analytes to the heated surface of the FAB probe where fast atom bombardment 
occurs [2,4,5]. The dispersion operators in the interface will be the transfer capillary 
(fused silica, 1000 mm x 0.075 mm I.D.) and the liquid droplet which forms at the 
end of the probe tip (wetting). The total variance, of”,, associated with the interface 
will be the sum of the variance of the transfer tube, & and the variance Kj associated 
with the droplet formed on the probe tip, oi, as expressed by 

The contribution of the transfer capillary can be estimated using the Taylor-Golay 
relationship [16,22,27] when the linear velocity is sufficiently high. It can be seen from 
eqn. 6 that the variance CJ& is a function of the radius of the transfer tube (r), its length 
(L), the flow-rate (F) and the diffusion coefficient (Dm). In LC-FAB-MS systems, the 
volumetric dispersion caused by the transfer capillary is given in Table II, where @tu is 
shown as a function of capillary length, diameter and glycerol content for p-hydroxy- 
benzoic acid. It is observed from Table II that a typical capillary of 75 ,um, in the 
absence of glycerol, has a volumetric dispersion of 0.11 ~1, and that this value can be 
reduced to 0.01 ,~l if the diameter of the tube is reduced to 2.5 pm. At 30% glycerol, the 
dispersion is only slightly increased to 0.14 and 0.02 for the same radii. Hence, the 
dispersion produced by the transfer capillary appears to be relatively small and its 
contribution should not significantly affect the total variance of the system unless the 
diameter of the transfer line is greater than 100 pm. 

The other volumetric dispersion which occurs at the end of the probe and is 
referred to as a “memory effect” [8,20] is relatively difficult to evaluate as there are 
many phenomena occurring in the droplet that forms at the end of the probe tip 
(evaporation, diffusion, sputtering, mixing, etc.). One approach to estimate the dis- 

TABLE II 

DISPERSION CAUSED BY A CAPILLARY TRANSFER TUBE 

Length x diameter Volume 
(mm x w) w 

ctU (0% glycerol) 
W) 

0,” (30% glycerol) 
(I4 

1000~ 75 4.42 0.11 0.14 
2250 x 50 4.42 0.08 0.09 
1000~ 50 1.96 0.05 0.06 
1000x 25 0.49 0.01 0.02 
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TABLE III 

EVALUATION OF VOLUMETRIC DISPERSIONS AT THE PROBE TIP 

Dimensions Volume Dispersion Dispersion 
W) (laminar) (laminar)b 

Diameter Thickness (PI) (PI) 
(mm) (mm) - 

Dispersion 
(mixing) 
64 

2 0.20 0.63 1.22 1.47 0.63 
2 0.15 0.47 I .06 1.27 0.47 
2 0.10 0.31 0.86 1.04 0.31 
I 0.20 0.16 0.28 0.36 0.16 
1 0.15 0.12 0.24 0.31 0.12 
1 0.10 0.08 0.20 0.25 0.08 

’ Calculated at 0% glycerol. 
’ Calculated at 30% glycerol. 

persion of the system is to concentrate on the droplet itself and consider it the major 
source of broadening. From this assumption, the droplet can be considered as a 
“connecting tube” and the variance associated with it can be obtained from the 
Taylor-Golay relationship [ 16,22,27]. Alternatively, the droplet can be considered as 
a mixing chamber, in which case the variance associated with it can be obtained from 
the equation [ 15,16,28,29] 

If it is assumed that the composition of the liquid phase is constant within the droplet, 
the variance can be estimated. The values for the variance oi that can be obtained 
using each of the models described are given in Table III. 

The data in Table III show that the dispersions evaluated using the two ap- 
proaches are within a factor of two of one another and that the laminar contribution 
is superior to the mixing effect. Further, it can be observed that the effect of the 
addition of glycerol increases the value of the laminar contribution. These two contri- 
butions allow the estimation of the magnitude of the dispersion caused by this oper- 
ator. Hence, the dispersion created by the droplet at the tip of the FAB probe is 
between 0.63 and 1.47 ~1 when the concentration of glycerol is ca. 30%. These values 
appear as minimum values as other broadening phenomena are occurring at the tip. 
The differential vaporization of the components creates an enrichment of the less 
volatile components at the tip which produces an increase in the viscosity of the 
droplet [30]. This increase in viscosity reduces the diffusivity of the analyte, which 
results in a higher variance in the system, in agreement with eqn. 6. Therefore. a 
dispersion of the order of 1.47 ~1 appears probable under those circumstances. 

The data in Tables II and III indicate that the contribution of the interface to 
the total broadening of the chromatographic band is mainly due to the formation of 
the liquid droplet at the end of the probe. This contribution is of the order of 1.5 ~1 for 
experimental conditions usually encountered in CF-FAB. Our experience with such 
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systems consisting of a 0..5-,~l injector, a transfer capillary of 1000 mm x 75 mm I.D. 
and a tip 2 mm in diameter show that the elution volume under those experimental 
conditions is between 2 and 3 @[4,5], depending on the amount of analyte injected on 
the content of glycerol and on the scanning speed of the mass spectrometer. These 
values are essentially the same as those reported by Caprioli et al. [2] using a similar 
system. The differences between the experimental and estimated values can be attri- 
buted to errors originating from the estimation of the thickness of the droplet or the 
diffusivity of the analyte. Alternatively, a small contribution of the mass spectrometer 
originating from the slow scanning speed used in these experiments can be consid- 
ered. Thus, the measured dispersion implies that the interface can contribute signif- 
icantly to the broadening of the chromatographic band, especially for narrow bands 
such as those found with capillary columns. These effects will be less impo.rtant for 
conventional columns as the elution volume after splitting of the eluent can easily be 
of the order of 7-10 ~1, which is much greater than extra-column contributions. With 
conventional columns, the broadening produced by the interface is comparable to 
that created by the decrease in efficiency observed with 30% of glycerol present in the 
mobile phase. 

Finally, the signal can also be broadened by the mass spectrometer, &, 
which serves as the detector in the LC-FAB-MS system. The broadening that will be 
induced by the mass spectrometer is essentially related to the scanning speed of the 
instrument, which must be sufficiently rapid to reduce broadening of the signal. For 
compounds that elute in narrow bands, the cycle time should be of the order of 0.5- 
1 s [3 1,321 to maintain chromatographic integrity. This is well below the scan speeds 
usually used in LC-FAB-MS systems, which are of the order of 3-5 s and above. 

CONCLUSIONS 

The results presented clearly indicate that the precolumn addition of significant 
amounts of glycerol in LC-FAB-MS systems induces changes in the viscosity of the 
mobile phase and affects the distribution of the analytes between phases. Exam- 
ination of the Van Deemter plots obtained for several analytes with different chemical 
structures shows that the C term in these plots increases with increasing glycerol 
content in the mobile phase. This increase is due to changes in the diffusivity of the 
analytes induced by an increase in the viscosity of the mobile phase. The reduction of 
the capacity factors with increasing glycerol content affects the system but to a much 
lesser extent. Hence, the source of chromatographic broadening in these systems can 
be attributed mainly to changes in diffusive processes and has been shown to increase 
the peak width by 30%. Other contributions, such as extra-column broadening, pro- 
duce minor effects and can be neglected if dead volumes in the system are reduced. 

The variances associated with other dispersion operators, such as the interface 
and the mass spectrometer, present in the LC-FAB-MS system have also been eval- 
uated. The measured volumetric dispersion of 2.5 ~1 caused by the interface can be 
attributed mainly to effects occurring at the tip of the FAB probe, as the variance 
associated with the dead volume of the transfer capillary is found to be small. The 
dispersion at the tip of the probe will vary with glycerol content in the mobile phase, 
the thickness of the droplet on the tip, the temperature of the tip and the flow-rate in 
the system. The dispersion caused by the mass spectrometer is essentially related to 
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the scanning speed, which has to be sufficiently rapid to avoid broadening of the 
signal. 
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