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Abstract

Negative ion mass spectrometry (N-TIMS) for many elements requirega3, thermal electrons, and hot filament
temperatures. These requirements are partly in conflict. For examples§ential for volatilization of refractory metals, has
“poisoning” effects on electron emission. Hot filament temperatures enhance reactions, but greater thermal electron emission
distorts the source ion optics. Our work suggests an ionization scheme where Os is oxidized to gasgougib3 neutral
molecule ionized to OsD, primarily by electron capture very close to the hot filament. Lesser, but significant, numbers of ions
are formed by electron exchange with @way from the filament, which results in the commonly observed asymmetric peak
shape. Repeated neutralization—ionization produces ions with low potential energies, which cause significant tailing of peaks
on the high mass side. Low energy ions account for problems reported in N-TIMS by previous workers, including high
background base lines, asymmetric peaks and poor reproducibility of isotopic ratio measurements. This interpretation is not
in accord with the prevailing view that both positive and negative ionization, with a low energy spread, takes place on the
filament surface. It is supported by observations previously reported, such as the widely recognized “memory effects” in
N-TIMS. Declining ion intensities at higher filament temperatures, reported as puzzling maxima by previous workers, are also
consistent with the proposed model. Excess electrons play a significant role in the source ion optics. (Int J Mass Spectrom 176
(1998) 189-201) © 1998 Elsevier Science B.V.
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1. Introduction from P-TIMS to N-TIMS can be easily achieved by
reversing the polarity of the magnet and of the
Negative ion mass spectrometry (N-TIMS) is a extraction plates in the source of mass spectrometers.
standard technique for the isotopic ratio measure- This ease of the conversion has led to extending the
ments of refractory elements, such as Os [1-3], Ir application of N-TIMS to several other elements,
[3,4], W [5], Ru [6], and Pt [7], because these including Cl, B, and O [8-11], for which P-TIMS is
elements are difficult to ionize in conventional posi- the usual technique. Advantages of N-TIMS in-
tive ion mass spectrometry (P-TIMS). Conversion clude simpler sample preparation and higher effi-
ciency of ionization, which reduces sample size
requirements.
* Corresponding author. E-mail: khattori@uottawa.ca Both positive and negative ionization are com-
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monly considered to take place on the “filament
surface” [10,12,13], with a small ion energy spread 8550
[14]. This led to use of the terraurface ionization
mass spectrometrgynonymously with P-TIMS and
N-TIMS [14,15]. lonization is commonly expressed
by the Langmuir-Saha equation for positive ions and
by the revised form of the Langmuir-Saha equation
for negative ions [1,8,10,12,13,16]:
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whereN,, N,, andN_ are the numbers of neutral 0.25°
species, and positive and negative ions, respectively; Exit slit

BT andB™ are the ion yields for positive and negative Bertan HV Supply optical axis
thermal ions; gy, 9., and g_ are the partition , _ S , o
functions of the neutral species and positive and Fig. 1. Schematic conflgurathn of the ion source. Digital microam-
o . oot . meters, shown as an arrow in a circle, are placed to measure the
negative ions; IP is the first ionization potential of the electron currents. The ammeter connected to the filament and the
analyte; & is the electron work function of the negative high voltage supply provided the total electron emission.
filament material, EA is the electron affinity of the The ammeters connepted to draw_-out plates, discriminator plates,
. : Y-focus plates, and slit plates provided the electron current through
analyte;k is the Boltzmann constant anfl is the the corresponding plates. A voltmeter, shown asia a circle, is
temperature in Kelvin. placed between the HV supply and each ion source plate. The
These equations, which were originally derived to diagram shows the placement of the voltmeter for the draw-out
. L . . plate. The total accelerating voltage was 8.55 kV. The potentials of
explain the ionization of alkali metals [17], include draw-out and discriminator plates can be changed up to 36 and 560
the principal parameters for ionization, such as tem- v, respectively.

peratures and work functions of the filament material,

but Werehlntended. to descnbe:c .the. eqwlll:.)rlurr]n St The information is applicable to other elements and is
and not the dynamic process of ionization in the mass <o for further development of N-TIMS and accu-

spectrometer. Therefore, the equa‘qons do not explain rate isotopic ratio measurements with N-TIMS.
problems commonly observed during N-TIMS, such

as different isotopic ratios at different filament tem-

peratures [18], sloping peak tops (e.g. Fig. 3 of 2. |nstrumentation and osmium sample

Creaser et al. [1]) and high and asymmetrical base- preparation

lines [6,7]. Declining ion intensities at higher temper-

atures are another puzzling feature [1,2,6,16,19], be- 2.1. Mass spectrometer

cause the Langmuire-Saha equations predict higher

ion intensities at higher temperatures. The widely  This study used a modified 12-in. mass spectrom-
known “memory effects” of N-TIMS are also an eter made by NBS (currently National Institute of

unexpected feature for people familiar with P-TIMS. Standards and Technology, Washington DC) with a
In this article, we describe the negative ionization collector housing unit by Nuclide Corporation (cur-

process of Os and compare the fundamental differ- rently Premier American Technologies Corporation,
ences of ionization between P-TIMS and N-TIMS. PA). The schematic configuration of the ion source is
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Table 1

Specification of the mass spectrometer

Flight tube 12 in. radius, 68° deflection

Magnet coil Cu rectangular tube, 54 turns each with total @Q6vith continuous flow of closed-loop chilled
water inside the tube

O, supply Stainless steel capillary tube (0.5 m) and a bellow (500 mL)

lon accelerating voltage Totat20 kV, normally 8.55 kV for Os by Bertan Model 210-20- R

Source exit slit 0.004 or 0.008 in.

Collector housing Collector housing made by Nuclide Corp. (Premier American Technologies Corp., PA) with
Faraday cup and multiplier

Collector slit Width adjustable<0.04 in.), rotatable (360°)

Magnet supply Custom-made three phase bridge rectifier power supplyWDC, <150 A on a continuous
basis with a peak current 6f900 A), with filter capacitor of 1.2 F

Magnet field control Modified nuclide magnet field control unit and custom-made negative feed-back amplifier

Pulse integration Vibrating capacitor electrom@fenodel 401), Cary Instruments

Pulse amplifier Custom-built nanosecond pulse amplifier and pulse height discriminator

Secondary electron multiplier Nuclide SEM; 10 ns rise time ardgedn with 16¢ Q) feedback resister

lon current sensitivity 108 A

lon current tail discrimination <0.001 of a peak at 0.5 u above and below the peak centre for both negative and positive ions

Control system Graphic user interface

Computer interface HP |IEEE 488 interface unit in a PC

2This was chosen because the capacitor is near ideal with its sapphire insulators and gold plated, inert gas filled.

shown in Fig. 1. The original source unit and flight magnetic field. The time constanfor stabilization of
tube were used because of the excellence of the desigrcurrent through the magnet coils is expressed by

for ion focusing, but all electronic components were L/R, where L = inductance andR = resistance.
replaced (Table 1). The source had ag Supply Because the inductandeis proportional toN? and
system with a stainless steel capillary tube and a the resistanc® is proportional to the turns of mag-
bellows =500 mL). The mass spectrometer is con- netic coilsN, a shorter time constantand a faster
trolled and operated by a Windows-based program magnetic field response time were obtained by fewer
through IEEE 488 interfaces, including the power turns of coils. The magnetic field of the iron core

supply and data collection. began to saturate at 7500 G, corresponding to a
magnet coil current of 150 A at 9 V.
2.2. Magnet A transient change in B induces eddy currents in

the magnet core and some small, localized magnetic

To reduce the inductance of the magnet and its hysteresis loops in the pole faces, but these effects
settling time constant, the magnet coils were rewound were taken care of by the magnetic control system.
with rectangular Cu tube of low resistance (total 0.06 ~ The dc magnet power was supplied by a custom-
Q), through which chilled water was circulated. The made, bridge-rectified, three phase, 208 VAC
cool, constant temperature of water ensured a precisepower supply, which can deliver up to 150 A on a
shape of the flight tube and the dimension between the continuous basis, with a peak capability-©900 A
source and collector slit, thus yielding stable ion at 10 V. To maintain the magnetic flux below the
currents at a given mass setting. In addition, this saturation level, the operating current was below
minimized a variation in the output of the Hall effect ~130 A. Compared with single phase rectification,
magnetic field sensor because of a temperature fluc-three phase rectification greatly reduced ac ripple in
tuation. the dc output. A filter capacitor of 1.2 F stored more

The rewinding of the magnet was designed to than sufficient energy during the magnetic field
attain a short stabilization time after a change in the stepping.
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Table 2
Mass ratios of Os oxide in Os standard solution except for the Nier values [35]
Ref. 240/236 238/236 Uncertainty 237/236 Uncertainty 235/236 Uncertainty
Nier 3.09591 1.9934 1.2168 0.12379
Yin? 3.09217 1.98956 0.00011 1.22066 0.00074 0.174408 0.000014
HaurP 3.09217 1.9896 0.0026 1.2207 0.0009 0.1736 0.0003
This work?
1 3.09217 1.9904 0.0038 1.2217 0.0026 0.1732 0.0007
2 2.09217 1.9882 0.0017 1.2226 0.0011 0.1759 0.0003
3 3.09217 1.9883 0.0018 1.2195 0.0012 0.1726 0.0003
4 3.09217 1.9844 0.0032 1.2185 0.0018 0.1747 0.0005
5 3.09217 1.9879 0.0002 1.2200 0.0014 0.1748 0.0002
Average 3.09217 1.9878 0.0019 1.2204 0.0012 0.1743 0.001

Yin [21] and Hauri [24] presented nonoxide values; these are recalculated using the oxygen isotope abundance values of Nier [22] to provide
the comparison.

2 Average of 7 runs on page 56 of Yin [21].

b Average of 10 runs, p. 176 in Hauri [24].

¢ Normalized value.

41-5; this study1 s data collection time for each peak with delay time of 750 ms between peaks. Each run collected 100 measurements
of masses ranging from 234 to 242 u.

2.3. Pulse counting and pulse integration positive Sr ions. lons of masM are related to
magnetic fieldB and potentiaV by the equatioM =

The collector slit was adjustable for both width and  (e/m,)*(r?/2V)*B?, wherer = radius ande/m, =
angle, to match the axis of the flight tube. The Faraday 9.6485308x 10 C kg *. The values of andV
cup could be opened to allow ions to pass through the were not exactly known, and the mass spectrometer
secondary electron multiplier (SEM) for either pulse constant (?/2V) was obtained fronB and M. A
counting or pulse integration. The performance of ion |inear fit of B2 versusM was obtained for all Sr
counting with the SEM was checked by its output jsoiopes, yielding the constant of 4.880820.00001
shape of single pulses on an oscilloscope at low ion (2 o) u tesla 2 This constant was used to obtah
beam current €10 *® A). The output pulses had o115 M = constant B2, for the operation of the
about a 10-ns rise time. The SEM output pulses were mass spectrometer
fed into a custom made pulse amplifier suitable for the Well-resolved negative ion beams of many species

TTL logic circuit of frequency counter. A discrimi- . .
S . were observed after adjustment of ion source param-
nator circuit eliminated noise pulses. . : .
o . eters. The performance is further examined using an
We chose the vibrating capacitor electrometer . . . . .
Os “shelf” standard, of which isotopic ratios have

made by Cary Instruments, Monrovia, CA for pulse b determined at | instituti Table 2). O
integration because of its excellent input capacitor. gen .e ermine .a severalins ' utions (Table 2). Os
oxide isotope ratios were obtained from the least-

Using a 16" Q) feedback resistor at the input and a - . - .
square fit lines of peak intensities of various masses

Faraday cup collector, 16* A ion current yielded 1 _ . _ oS
mV output. Using a multiplier voltage of 2860 v (145 (Y axis) and the intensity of mass 238 gxis; Fig. 2)

V per stage) and a 200 feedback resistor, SEM [20]. The uncertainties of the ratios were also calcu-

delivered 1 V output from an ion current of T84 A. lated from both coordinates, following the method
described by Moreno [20]. The ratios were normal-
2.4. Mass spectrometer setup ized to 240/236= 3.092172 usinglgzosFSBOs =

3.08261 by Yin [21] and O isotope abundance of Nier

The magnet position and ion source parameters [22]. There is uncertainty of O isotope abundance
were adjusted to produce a well-focused beam of [11,23], but the O correction for the conversion from
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Fig. 2. Plot of peaks for calculation of peak ratios, following the method described by Moreno [20]. The peak intensities were collected using

the Faraday cup with collection time of 1 second and delay time of 750 ms. Each point represents peak intensity in millivolts/fo236e
(x axis) and the othem/z values (240, 238, 237, 235, 234, and 282ixis). Thus, the slope gives the mass ratios. The steepest slope formed
by triangles is form/z 240 iny axis. Gentler slopes correspondz 238, 237, 237, 235, and 234.

oxides to metal ratios is small and the use of
different O isotope abundance has negligible ef-
fects on the calculation. Our results are similar to
those reported by Yin [21] and Hauri [24] and the
results obtained by the author using a 9-in. NBS

mass spectrometer at the Woods Hole Oceano-

graphic Institution (WHOI).

2.5. Osmium standard

A solution of Os chloride (0.5-1 ngOs) was
placed on a Pt filament (5 N, 0.001-in.-thick,
0.020-in.-wide, Electronic Space Products Interna-
tional, Ashland, OR) and evaporated a00.8 A,

of compounds to metal is a standard technique for
isotopic analysis of platinum group metals
[6,21,24]. Os compounds, such as Os&id OsBg,
loaded on filaments decompose into shiny Os metal
and halogens on heating in vacuum. The reduction
before mass spectrometry is favorable, especially
for small samples because it produces long-lasting
steady peaks.

After the reduction, ~0.5 ulL of saturated
Ba(NGQy), solution (Aldrich Chemical Co., Milwau-
kee, WI, 20275-4) was applied to cover the Os and
evaporated at 0.8 A. All experiments were carried
out using a single filament assembly using a stan-
dard fused glass bead of Associated Electrical
Industries, Manchester (AEI-mount filament) and a

before being reduced to Os metal under vacuum standard NBS stainless steel bead (NBS-mount

(<10 ® Torr) at ~700°C for 4-5 h. The reduction

filament).
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Fig. 3. The intensity of Ospion in volts and thermal electron emission at different filament temperature. Oditpi corresponds to 104

A ion current.i-total = total electron emissiori, (draw-out)= electron current on the draw-out plates at a potential of 26,(djscrim)

= electron current on the discriminator plate at a potential of 196 V. Experimental condition: AEI-mounted Pt-filament, electron multiplier
was set at 2860 V,§ = 9.4 to 9.9X 108 Torr. An AEl-mounted fused glass bead was a standard assembly for mass spectrometers made
by Associated Electrical Industries, Manchester. The filament temperatures were determined using an optical pyrometer through silicavwglass windo

3. Relationship between different parameters filament with an alkali earth element is known to
enhance the electron emission, but the method of
application greatly affects the emission efficiency, as

As expected, more thermal electrons were emitted N0ted by many previous workers (e.g. Chapters 7 and
from hotter filaments (Fig. 3). The values were well 8 of Van der Zeil [25]).
reproduced in a single experiment, but discrepancies ~ The incremental increase in the emission becomes
were significant between different experiments be- smaller at higher temperatures and the emission
cause the emission is controlled by many factors, reaches a plateau at a given setting (Fig. 3). Addi-
including the impurities in and on the filament, the tional increases in the filament temperature have no
thermal and mechanical history of the filament, and effect on the emission. The emission apparently
the roughness of the filament surface. Coating the reaches the maximum value because of space-charge

3.1. Electron emission and the filament current
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Fig. 4. Change in the thermal electrons and @s&th increasing B,. P, is the pressure measured between the ion pump and the source.
Experimental condition: NBS-mounted Pt-filament, the filament currerit76 A.

limit. A high density of electrons, formed around the The results suggest that the production of @sO

filament, repels electrons back to the filament. can be achieved using other filament material and
emitters. Other metals with lower electron emissions
3.2. Electron emission and O§0 may be sufficient for the production of O§OBarium

salts have been used as an emitter (activator) by many

At low temperatures, the intensity of OsQit the researchers [3,21,24], but Ba, together with residual
collector is positively correlated with total electron gases, produces molecules (BaOBBaOHBr, BaCl)
emissions (Fig. 3). At higher temperatures, the elec- that have persistent peaks in the mass range of;0sO
tron emission reaches space-charge limiting values, [21]. Other emitters, which have lower electron emission
but the intensity of OsQ increases with increasing efficiency, may be used for the formation of GsO
filament current (Fig. 3). If the formation of OgQs
primarily controlled by the electron emission, the inten-
sity of OsQ; should also reach a plateau. Decoupling of 3.3. Electron emission versus, ressure
the two shown in Fig. 3 indicates that thermal electrons
do not limit the ionization of OsQ. Instead, it is The intensity of thermal electrons sharply de-
primarily controlled by the filament temperature. creases with increasing,Pat a given filament current
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(Fig. 4). This is explained by increasing work function native condition is very refractory, with a melting
with increasing Q because electron emission,)(is point of 3000°C, which makes its direct vaporization
expressed by unlikely even under vacuum conditions. The volatil-
ization through oxidation is promoted at higher tem-
peratures, as shown by an exponential relationship
wheree = electronic charge, 1.& 10 *°C; ® = between temperatures and Qs@rmation (Fig. 3).
electron work function; ané = Boltzmann constant, ~ Os(VIII)O, is stable gas at room temperatures under
1.38x 1022 J deg ™. This is reproduced at different ~atmospheric B, but very low OsQ/Os0O; suggests
temperatures and different settings of extraction plates. that Os(VI)Q; is predominant under lowd (<10~*
The decrease in electron emission at constant Torr) of the source.
temperature in a given condition is explained by the
“poisoning” effects of Q on the filament surface. 4.1. Electron capture for ionization

i< T? [exp( — eD)/KT]

3.4. 0, and OsQ Os oxides may be negatively charged by electrons
or O. We believe that the former is the primary
A higher intensity of Os@ is observed at higher ~ Process because of the correlation between the total

Po, until 2 X 107° Torr at the ion pump (1-X 108 electron emission and OgQFig. 3). There is other
Torr without O,, Fig. 4). This is consistent with earlier ~ SUpporting evidence. The electron densit8(x 10"
work [1,21,26], indicating that the formation of 050  electrons/if) would be far greater than the concen-
is enhanced by © An additional increase in ©  tration of O because the total Dis 3 x 10"
results in decreasing OSO as reported by many molecules/m at 7.6 X 10 8 Torr. The concentration
earlier workers [1,2,21]. Possible causes for the de- Of negatively charged Oshould be far less than.0
cline are (1) the formation of OsQ (2) collisions of therefore, electrons are likely to be far more abundant
0s0; with O,, (3) an uptake of electrons by,0and than negatively charged O This means that neutral
(4) the “poisoning” effect of @ on the filament, as 0sO; molecules have higher probabilities of collision
described above. The formation of Qs@iill lower with electrons. A comparison of the total electron
the amount of Os@, but we discount this as the enlifgionrloﬂ‘ A and the ion current of Ospof
significant cause because QsPeak intensities were 10~ A, suggests that the electron abundance is far
always very small. Higher density of,@t higher R more than sufficient for the ionization of OO

could lead to more collisions with OgOand its Electrons move faster with increasing distance
neutralization by an electron exchange. Second, ex- from the filament, which implies a higher density of
cess Q can absorb thermal electrons, leaving fewer electrons close to the filament. Since electron capture
for ionization of Os oxides. Third, Chas “poisoning” does not require high energy electrons, there is higher
effects on the electron emission, as mentioned above. Probability of ionization of Os@ by electron capture
Additionally, minor electronic currents running close to the filament.

through the extraction plates by Gmay have minor Electron capture is discounted as the ionization
effects on the source optics. These factors of (2), (3) Mechanism of Os oxides by kening et al. [2], on

and (4) are likely to contribute to decreasing peaks of the basis of the temperature profile of QsQhe
Os0; with increasing Q. intensity of OsQ@ increases with increasing temper-

atures, then decreases at higher temperatures. Because
it was assumed by Wkening et al. ([2], p. 152) that
4. Conversion of Os (O) to Os@ electron emission increases at higher temperatures,
the intensity of Os@ should increase as the filament
The formation of Os@ from metal Os involves  temperature increases. This was proposed as evidence
two steps: oxidation and negative ionization. Os in its against the electron capture hypothesis.
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The evidence, however, is not necessarily in con- even farther away from the draw-out plates. Such low
flict with our proposed interpretation. More electrons energy Os@ ions are most likely formed through the
will be collected by the extraction plates at higher interactions between charged and neutral species.
temperatures, which will modify the voltage of the Charged entitiesg, O™, and OsQ@) travel together
plates, and alter the source ion optics. Under these because the deflection of charged particles in the
conditions Os@ ions will no longer form a narrow  electrostatic field is mass independent (p. 21 of Grivet
focused beam. [28]), and neutral molecules,@nd OsQ, drift in the

source. Collision between highly energetic charged

species and neutral molecules of very low energy will
4.2. Asymmetric tailed peaks of O$O lead to neutralization of the former and ionization of

the latter. Os@may drift away from the filaments and

Without proper alignment of the source ion optics, pe ionized by electrons. Some OsQnay be de-
the Os@ ion beam commonly shows asymmetric jonized by Q and ionized again by electrons or O
peaks with sloped tops and tailing on the higher mass These 0s@ ions formed far from filament will have
side [Fig. 5(a)], as noted by many researchers (€.9. mych lower potential energies than those formed on
Fig. 2 of Walcyzk et al. [1]) [21]. The asymmetric  the filament and contribute to the long tailing of
peaks indicate the formation of OgQwith arange of ks,
potential energies from ionization at different loca- Our proposed interpretation is supported by the
tions. change in the tail shape when a hand magnet is

To examine further the cause for asymmetric applied near the source, as reported by previous
peaks, we intentionally produced asymmetric peaks yorkers [7,18]. The measurements of electron cur-
and collected the peaks in the narrowed collector slit (onts through extraction plates showed sharp changes
[Fig. 5(b)]. The peaks have a gentler slope on the i, the currents when a hand magnet was placed near
higher mass side because of the presence of excesgne filament because the induced electromagnetic field
OsO; . The excess component, the measured intensity syrongly deflected lightweight electrons. Electrons
minus the symmetric component, forms a peak with probably spin tightly very near the filament, thus
the maximum at 0.1 u higher than the main peak [Fig. roviding more opportunities for the ionization of Os

5(c)]. This suggests at least two kinds of ionization. .- the filament and fewer opportunities far away
The apparent mass differencANl) is related to 4 the filament.

the potential differenceAV in V); (1 + AM/M) «

1/(1 + AVIV). The mass difference of 0.1 u yields

~4 V in the potential energy difference. This is

similar to the voltage where Owould be most 5. Discussion

efficiently ionized,~3 V [27]. We, therefore, believe

that the low energy OspPforming the second peak is Thermal ionization mass spectrometry is com-

probably related to the ionization by O Neutral monly called surface ionization mass spectrometry,

OsO; molecules collide with O away from the  because ionization is considered to take place on the

filament and subsequent electron exchange results inhot filament surface [15]. lonization in N-TIMS is

the ionization of the former: considered to be similar to that in P-TIMS, in that

negative ions form at the filament surface

[12,13,15,29] with small energy spread [14]. The
Alignment of the source optics can change the results presented in this paper suggest that ionization

peak shape, and it is possible to produce peaks within N-TIMS is more complicated and that not all ions

long tails extending beyond the next peaks. This form very close to the filaments. Our interpretation is

suggests that significant ionization can take place consistent with commonly observed problems in N-

0s0, + O~ = 0s0; + O°



198 K. Hattori et al./International Journal of Mass Spectrometry 176 (1998) 189-201

20 ———T . r———
1.5
narrowed slit
5 | ] le=1.6A .
POo=7 x107Torry
<
< 1t i
o &
= 10 1 P
O )
%) .
O of
%]
5 | | O 05 }
6930 6940 6950 6960 6970 6980 0 . - :
[e=1.66A 2375 238 238.5
Gauss ;Q2=7 x 10°%Torr Mass
A B
05 —m————p— 77—
narrowed slit
le=1.6A
0.4 POp=7 x 10*Tor
<03 f
o
Q02 |
O
0.1t residual
0 J L
6940 6950 6960
Gauss
C

Fig. 5. (A) Scan ofn/z 238 peak. Experimental condition: filament currentl.6 A, Py, = 7 X 10"8 Torr. (B) Scan of then/z 238 with a

narrowed collector slit. (C) The peak scan by a narrowed collector slit. The small peak is an extra asymmetric component in the measured
intensity, which is obtained by the measured intensity, subtracting the intensity predicted from the symmetry of the main peak. Experimental
condition: filament current 1.6 A, R, = 7 X 10® Torr.
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TIMS, such as “memory effects” during mass spec- which are ionized far from the filament, may be

trometry. misidentified as elements with higher mass numbers.
Identification of “foreign” molecules and elements in
5.1. Memory effects of mass spectrometry N-TIMS may need extra caution. Extra care and

cleanliness of extraction plates may be required for

It is well known among isotope geochemists that N-TIMS to minimize any contamination.
Re blank peaks are very high after running Re
samples or after the use of Re filaments. This is also
the reason why a single mass spectrometer cannot beb- Comparison with P-TIMS
used for Nd- and Pb-isotope analysis in the positive
ion mode and for Os-isotope analysis in the negative ~ N-TIMS has been applied to the isotopic ratio
ion mode because Nd- and Pb-isotope ratio measure-measurements of B (BO[8,10,18]), O (PQ [11]),
ments use Re filaments. In P-TIMS, ionization is F& (Fek [30]), Tc (TcG, [31]), Ru (RuQ [6,21]),
restricted to the filament surface and only elements on W (WO3 [5]), Re (ReO" and ReQ [32], ReQ; and
or in the filament can be ionized and recorded in the R€G: [3,15,23]). Ir (IrG; [3,33]) and Pt (Pt [7],
collector. PtG,, and Pt@ [34]). The isotopic ratio measure-

In N-TIMS, ions far from the filament can be Mments require heat (filament temperature), thermal
ionized because thermal electrons escape from the@lectrons, and ©in most cases but these components
filament and are accelerated in the source. The elec-adversely influence ionization, which makes N-TIMS
trons far from the filament may ionize elements and More complicated than P-TIMS. Here, we summarize
molecular species, which are not on or in the filament. the main differences between the two.

Re, W, and Ta are the most commonly used
filament material for P-TIMS and they are sputtered 6.1. Distortion of electric field
onto the extraction plates and other internal surfaces
of the source. Among them, Re may form volatile In P-TIMS, the electric field of the source remains
species by reacting with residual Cl in the mass constant and the peak pattern is essentially identical
spectrometer, Cl and O in the emitter (activator) on during sample measurements because the positive ion
the filament, or @ gas introduced to the source. For current at the source plates is minuscugl( % A)
example, chlorides, oxychloride, and oxides can eas- compared with the resistor chain current (1.77 mA).
ily be in a gaseous phase in the vacuum condition of In N-TIMS, there is substantial electron flow from the
the source because their melting points are relatively filaments to the source plates<{00 nA). These
low (e.g. melting point of ReGl= 29°C; of ReOCJ currents can alter the plate potentials and change the
= 29.3°C, and of RgD, = 297°C). Thermal electrons  preset optimum focusing conditions. The attendant
during the mass spectrometric analysis of Os samplesdistortion would allow low energy ions to pass

could easily ionize such gases. through the exit slit, leading to erroneous isotopic
Molybdenum is a common impurity in Re metal ratio measurements.

and Mo forms volatile chlorides and oxychloride. It is In other cases, the distortion of the electric field at

not surprising that Mo@ is reported to have inter-  high temperatures could lead to the gradual decline

fered during N-TIMS of Ru isotopes [21]. and “disappearance” of peaks, as described above. It

Elements in samples and filaments sputter on is also noted for Ru® [6], IrO5 [4] and WO; [16].
extraction plates and the inner surface of the source Volkening et al. [16] noted that the reduction of ion
and they may form volatile molecules during the current “contradicts the theoretical approach” and that
subsequent sample analysis. These impure atoms andthe original intensity is reached” when “the filament
molecules may be ionized close to the filament and temperature is reduced again.” They attributed this
they would be recorded at their correct masses. Some,“disagreement with the theoretical expectations” to
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“nonequilibrium states, growing electron emission energies. High and asymmetric background baselines
and shorter adsorption times of the species to be lead to inaccurate base corrections for peaks. Hand
ionized.” None of their explanations satisfactorily magnets have been applied near the source to reduce
explains the reproducible ion current at a given the baseline [7], but the placement of hand magnets is
filament temperature. Our proposed interpretation, not always easily controlled. The best remedy is to
distortion of the source ion optics by electrons, prevent low energy ions from entering the flight tube
accounts for the behavior of ions. by proper focusing. Eliminating low energy ions
Although O also contributes to the distortionto a lowers the peak height, but is essential for accurate
very minor degree, the thermal electrons are the isotopic ratio measurements.
primary factor. The electron current at which the Different isotopic ratios oB from a single sample
distortion starts depends on the element, the design ofhave been observed at different filament temperatures
the source, and the accelerating voltage. We have and different sample size [10,18]. This too can be
observed the disappearance of Qs other mass  partly attributed to the presence of low energy ions.
spectrometers and the effect is shown bykéning et The filament temperature change is accompanied by
al. [2] and Walczyk et al. [1], but we have not the change in the electron emission and electron
observed it in our mass spectrometer using Pt filament currents through extraction plates. This implies that
at temperatures1100°C. realignment of the source optics and peak shape
monitoring are essential for accurate isotope mea-
6.2. Potential energies of ions: the effect on isotopic surements whenever filament temperature is al-
ratio measurements tered.

In P-TIMS, vapor atoms are ionized on and very
near an ionization filament. In a single filament
assembly, the vaporization and ionization take place
on one filament. The ionization is restricted to the
surface or immediate vicinity of the filament, because
thermal electrons are repelled back to the filaments by
negatively charged extraction plates. This implies that
ions have very similar potential energies, yielding
well-defined symmetric peaks. Maximizing the peak
height can optimize the source optics.
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