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A temperature dependent desorption process of molecular ions operating in field desorption mass spec-
trometry (FDMS) was examined by means of measurements of desorption rates using cholesterol, stearic acid,

and poly(oxyethylene) nonylphenyl ether.
first order kinetics.

The desorption of ions formed under high electric field followed the
The desorption rate constants were measured at several emitter currents, and apparent ac-

tivation energies for the desorption of molecular ions were calculated. A mass transfer process operating in

FDMS is discussed.

Field desorption mass spectrometry (FDMS) has
been successfully applied for various qualitative and
quantitative analyses of organic compounds in many
kinds of samples during the last several years.) In
this technique, an activated emitter of 10 pm diameter
tungsten wire covered with carbon microneedles is
commonly employed in order to attain the high elec-
tric field essential to the ionization. The desorption
of ions from the emitter is often assisted with heating
by passing current through the emitter. Thus, the
emitter temperature can strongly influence the FD
mass spectra which are obtained.

Several types of emitter current programmers have
been developed to control the emitter temperature.2—4
Further detailed study for the temperature dependence
of FD mass spectra is needed by use of these program-
mers in order to understand the picture of the FD
process. A simple model for sample supply to ac-
tivation sites of a tip emitter by field-enhanced surface
diffusion from large reservoirs of adsorbed molecules
on the shank of the tip has been proposed by Beckey
et al.® in order to explain the results from angular
distribution studies, and was supported by Cocke et
al.®) But, Holland et al. reported that the electric
field has little effect on mass transfer from the activated
emitter and proposed a model for the FD process
which was later argued against by Beckey and
Rollgen.®) The uncertainty in the picture of the pro-
cesses operaing in conventional FDMS may arise from
the use of an activated emitter with many activated
points under different field strengths and different
temperatures.

This paper describes the temperature dependence of
the field desorption process of molecular ions and
the effect of high electric field on mass transfer op-
erating in conventional FDMS.

Experimental

Mass spectrometry was performed on a JEOL JMS Ol-
SG double focusing mass spectrometer with a combined
field desorption/field ionization/ electron impact ion source,
connected to JMS-2000 mass data analysis system (Japan
Electric and Optics Laboratory). The FD emitter used
was 10 um tungsten wire with carbon needles grown at
high temperature.” An anode potential of 10 kV and cath-
ode potential of —3kV were applied. Emitter current
was controlled by use of a modified emitter current pro-
grammer. The emitter was loaded with samples from a
stock solution (1 ug/ul) using a dipping technique. Sample

loading by dipping resulted in more reproducible deter-
mination of the desorption rate constants than that by micro-
syringe technique. Initial focusing was done on acetone
introduced via the batch inlet, and finally using an FD ion
of a sample at room temperature. A profile of FD ion
current was measured by single ion monitoring. Ion cur-
rent was integrated for every 0.2 s and stored in a computer.
The mass chromatogram of poly(oxyethylene) nonylphenyl
ether was measured by repetitive magnet scanning at an
interval of 10s. After measurement of each sample, the
emitter current was increased to 60 mA in order to clean
the emitter.

The emitter current-emitter temperature relationship was
obtained in the following manner. An emitter was in-
troduced into an electrically heated air bath, and its resist-
ance was measured by means of an LCR meter (Yokokawa,
Hewlett-Packard; model 4216A). Then the same emitter
was introduced in an ion source and heated by passing direct
current through it; the applied potential was measured by
means of a voltmeter. Resistance was calculated according
to the equation R=V/I.

All chemicals supplied by Wako Pure Chemical Industries,
Ldt. were used without further purification.

Results and Discussion

Generation of many types of ions, such as molecular
ion(M+), protonated and cationated molecular ion
((M+4H)+, (M+-cation)*), cluster ion (M -+H)*+, mul-
tiple charged ion (M"+, (M+nH)"t), and fragment
ion, make it difficult to investigate the mechanism
of ion formation and desorption in FDMS. In order
to simplify the mechanism of ion formation and de-
sorption, typical samples, which give only molecular
ions in their FD mass spectra, were used in the present
study.

When the emitter current was kept constant during
the measurement, the intensity of molecular ions was
observed to decrease exponentially with time, as shown
in Fig. 1. If the desorption process of ions formed
under high electric field follows the following equation
at a constant temperature:

— —kt
C, = GCyekt,

C;: Amount of neutral material to be ionized (or ions)
remaining on the emitter at time ¢.

Cy: Initial amount of neutral material to be ionized (or
ions) remaining on the emitter at time, 0.

k: First order rate constant (desorption rate constant).

a plot log[C,] against time should give a linear re-
lation.
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Fig. 1. Ion current profile for molecular ion of

cholesterol (m/z 386) at 11 mA followed by linear
increase in emitter current.
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Fig. 2. log[C,]-time plot for molecular ion of
cholesterol (m/z 386) at 9, 11, and 13 mA.
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Fig. 3. log[C;]-time plot for lithium ion attached

molecular ion of lithium iodide (LiI*, m/z 141) at
26 mA.

Figures 2 and 3 show log[C,]-time plots for mo-
lecular ions of cholesterol at three different emitter
currents and lithium-ion-attached molecular ion of
lithium iodide (m/z 141) at 26 mA in emitter current,
respectively. These results indicate that the desorp-
tion process of ions from the activated emitter at high
electric field follows the first order kinetics. Table
1 shows first order rate constants for desorption of
poly(oxyethylene) nonylphenyl ether containing dif-
ferent degrees of polymerization of ethylene oxide,
calculated from each slope in the log[C,]-time plots.
Rate constants of lower molecular weight components
have larger values than those of higher molecular
weight components, and rate constants of each com-
ponent are larger at higher emitter current than at
lower emitter current. These results are consistent
with the fact that fractional desorption occurs during
increase in emitter current when a mixture is an-
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TABLE 1. FIRST ORDER RATE CONSTANTS £ FOR
DESORPTION OF MOLECULAR IONS OF
POLY(OXYETHYLENE) NONYLPHENYL ETHER

mfz 8 mA 10 mA 11 mA
396 6.11x10-3 1.73x10-2 5.37x10-2
440 3.69x10-3 8.11x10-3 1.88x162
484 2.66x10-3 5.79%10-3 1.00x10-2
— 284(m2)— TIC
x3.3
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Fig. 4. Influnce of axial focus on ion current profile

for molecular ion of stearic acid (m/z 284) at 10 mA.
TIC (total ion current).

alyzed, permiting the analysis of a mixture under
controlled conditions of emitter current.®

It was concluded from these results that desorption
of ions formed under high electric field can be ex-
pressed as a first order reaction. Therefore, it is
suggested that not only qualitative but also quan-
titative discussion about the fractional desorption
should be done by use of desorption rate constants
for each compound. However, it should be mention-
ed that these values given in Table 1 are relative
because of uncertainty of the temperature gradient
along the emitter wire and also along the carbon
needles under the conditions used. Fugure 4 pres-
ents the evidence which suggests that a temperature
gradient may be present in an activated emitter with
5mm separation between the two supporting poles
even if the emitter current is kept constant. In a
Mattauch-Herzog type mass spectrometer, accelerated
ions are focused by radial and axial foucs lens on the
ion detector, but all widths of ion beam band desorbed
from the 5 mm long emitter cannot be simultaneously
focussed on the ion detector. Thus, one part of the
ion beam band, usually the central part, is focussed
on the ion detector by adjusting the axial foucs lens.



1342
R % I S B B B S B BN S S D SR S SN B RN BN BN AR St
144
13] |
12 J
1 T-R |
10 1
I-R
9 4
8 4
7 T T —r—T—+ — —r
| 5 10 15 20 (mA)
0 S0 100 150 200 (*C)
Fig. 5. Relations between emitter temperature and

emitter resistance, and between emitter current and
emitter resistance.

In Fig. 4, the molecular ion beam band of stearic
acid was roughly divided into four parts: upper quar-
ter, two central quarters, and lower quarter. Although
similar profiles of the total ion current in each quarter
were observed in every measurement, desorption pro-
files of the molecular ions from the two central parts
of the emitter were different from the other two and
the initial ion intensities were also much higher than
those in the other two. These data would mean that
there exists a temperature gradient on the activated
emitter, and that the upper and lower parts near
the two supporting poles were at a lower temperature
than in the two central parts.

Since the average emitter temperature is one of
the most important factors in the desorption process
of ionization under high electric field, we tried to
estimate the emitter temperature inside the ion source
by a different way from that used in earlier papers
on the estimation of emitter temperature.’®) Figure
5 shows a typical example of relations between
emitter temperature and emitter resistance, and be-
tween emitter current and emitter resistance of 10
pm tungsten wire 5 mm long with carbon needles
20—30 pm in length. In this emitter, when the
emitter current was adjusted to 9 mA, the emitter
temperature was estimated to be about 65 °Cl with
9. The resistivity of tungsten varies as a function
of temperature following the equation

R = Ry(1+2AT),

where «=0.0047 K-1 is the temperature coefficient of
resistivity. For the activated emitter, the tungsten
wire is partially converted to tungsten carbide whose
temperature coefficient of resistivity is 0.0049 K-1.12)
The calculated coefficients of the activated emitters
were in the range of about 0.0047 to 0.0050. The
result indicated that each emitter has slightly different
relations depending upon the length and number of
carbon microneedles. Thus, the relations given in
Fig. 5 may be used as a relative measure of the
emitter temperature for the other emitters.

Using these relations, the apparent activation energy
for desorption of ions formed under high electric
field was obtained. Figure 6 shows an example of
the Arrhenius plots (log £ vs. 1/T) for cholesterol and
stearic acid. Apparent activation energies for the de-
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Fig. 6. logk—1/T plot for desorption of molecular

ions of cholesterol (@) and stearic acid (H).
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Fig. 7. Mass chromatogram of molecular ion of stearic
acid measured at 9 mA followed by linear increase.
High electric field was turned off for 1.5 to 2.7 min
in the time course of measurement.

sorption of molecular ions of cholesterol and stearic
acid at high electric field were calculated from the
slopes to be 30 and 55 kcal/mol, respectively. The
apparent activation energy obtained in the present
study is not equivalent to that in field desorption,
but may mean that required for an overall process
of field desorption including migration of sample mol-
ecules to activation sites of carbon microneedles. The-
oretically, the activation energy required for FD of
ions under high electric field should be smaller than
that for desorption of neutral molecules under no
electric field.'® These calculated values were appar-
ently lower than the ionization potentials of both
compounds, suggesting the importance of the elec-
tric field.

The fact that the desorption process follows the
first order kinetics gives us the opportunity to in-
vestigate the role of high electric field for the desorp-
tion process. Figure 7 shows the mass chromatogram
of molecular ions of stearic acid measured at 9 mA,
followed by a linear increase. When the high elec-
tric field was turned off for 1.5 to 2.7 min in the time
course of measurement, the molecular ion intensity
was observed to become zero. Figure 8 shows the
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Fig. 8. log[G,]-time plot for molecular ion of stearic

acid, assuming that desorption of stearic acid did
not occur under low electric field.

log [C,]-time plot, assuming that desorption of stearic
acid from the emitter under low electric field did not
occur. As shown in Fig. 8, the desorption rate con-
stant in the first stage was equal to that in the third
stage when the high electric potentials were again
applied. This result means that desorption of stearic
acid under low electric field did not occur at 9 mA.

The same kind of experiment was carried out using
cholesterol at 8 mA. It was found that the desorp-
tion rate of cholesterol under low electric field was
nearly equal to that under high electric field. This
result suggests that the desorption rate of cholesterol
was little affected by the electric field. Similar field-
independent desorption was reported by Holland et
al.” and was explained on the basis of field ionization
processes by Beckey and Rollgen, assuming the sample
molecules to be evaporated before ionization takes
place.® This means that the calculated apparent ac-
tivation energy for desorption of cholesterol (30 kcal/
mol) is mainly due to the heat of desorption of neutral
molecules of cholesterol. Although there is no report
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on the heat of adsorption of stearic acid on the ac-
tivated carbon surface, the fact that stearic acid was
not desorbed at 9 mA under low field suggests that
stearic acid having a carboxy group may be more
strongly adsorbed on an emitter surface than chol-
esterol having a hydroxy group.

In conclusion, the present study indicated that de-
sorption of ions formed under high electric field fol-
lows the first order kinetics, and that the desorption
rate is temperature dependent.
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