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Long-Lived Metallized Tips for Nanoliter
Electrospray Mass Spectrometry
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Chemistry Department, Cornell University, Ithaca, New York, USA

Sheathless electrospray at nL/min flow rates combined with Fourier-transform mass spec-
trometry has made possible high resolving power (> 50,000) mass spectra of subattomole
samples of > 8 kDa proteins separated by capillary electrophoresis (Valaskovic, G. A,;
Kelleher, N. L.; McLafferty, F. W. Science, 1996, 273, 1199-1202). However, for this new
method the mechanical stability of the thin (35 to 100 nm) gold film electrodes has limited tip
lifetime to 15 to 30 min. A technique for SiO, coating of the gold is described that provides a
steady ion current (+10 pA) for 1 to 2 h, even with arcs or interruptions of the electrospray
voltage. © 1996 American Society for Mass Spectrometry (] Am Soc Mass Spectrom 1996, 7,

1270-1272)

mary factor in the revolutionary new applica-
tions of mass spectrometry (MS) to large
biomolecules, with special advantages of coupling to
liquid chromatography [2] and capillary electrophore-
sis (CE) [3]. The development of a sheathless ESI emit-
ter (1-3 pm orifice) of much lower flow rate (20-30
nL/min) [4] has also greatly lowered ESI sample re-
quirements. A tapered tip modification combined with
CE has recently made possible far lower flow rates
(< 0.2 nL/min) [5, 6], with measurement of ESI spec-
tra from 0.9, 0.7, and 2.8 amol samples of 8.6, 12, and
29 kDa proteins, respectively, at high resolving power
(> 50,000) [7] using Fourier-transform (FT) MS (8, 9].
Emitter durability is cited [5] as a major drawback
for this attomol identification method. An evaporated
gold coating at the tip (Figure 1) serves as an electrode
for both ESI and CE; the poor adhesion of optimum
thickness Au (< 100 nm) films makes them highly
susceptible to deterioration by electrical discharge and
gives lifetimes of only 15 to 30 min with continuous
ESI. Partial coating loss also requires adjustment of ESI
voltages and tip position during spraying or after
turning off, and then on, the ESI voltage. Micrometer
scale peel back of the Au film from the top has been
observed with light microscopy (Figure 1A). Kriger
and co-workers [10] greatly enhanced the durability of
the gold coating on a rounded ESI emitter of a 25 um
inner diameter (i.d.) capillary by an extensive proce-
dure for pretreatment of the fused silica with an
organofunctional silane. However, for our emitters this
treatment added a substantial risk of particle contami-
nation and only provided a modest 10%-20% im-

Electrospray ionization (ESI) [1] has been a pri-
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provement in the Au coating lifetime [5], possibly
because of the unusually small (< 5 um) outer diame-
ter (0.d.). Consistent with this, the Mann emitters [4]
that last up to 3 h [11] have a 1-3 um orifice in a
metallized flat surface orthogonal to the capillary. Here
we describe an overcoating of the Au film with SiO,
that greatly alleviates these problems.

Experimental

Standard emitter tips, fabricated from 20 pm i.d. silica
tubing as described previously [5-7], were vacuum
sputter coated with Au to = 100 nm thickness and
overcoated by thermal evaporation with SiOtoa = 10
to 50 nm thickness (Figure 1B, C). Exposure of the SiO
thin film to atmosphere rapidly forms a mixed
SiO/Si0, (Si0,) insulating layer [12]. An emitter was
mounted on an X, Y, Z stage and electrical contact
made with silver conductive paint = 1 cm back from
the tip.

Results and Discussion

For one of these emitters (Figure 1B, tip used), continu-
ous ESI for 2 h of 10 uM ubiquitin into a modified 6T
Finnigan FTMS [8] gave the total ion current recording
of Figure 2. This unusually constant current over > 10
min periods (+50 pA at the skimmer, +10 pA at the
ion cell) was -achieved without any interim adjust-
ments (including ESI voltage and emitter position).
The slow overall rise in current has been observed
previously and attributed to evaporative concentration
of the sample [4]; the sample reservoir here also has
some exposure to the atmosphere. Further, turning off
and on the voltage that stops and starts ESI (current
spikes marked by arrows, Figure 2) does not affect the
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Figure 1. (A) Tip with uncoated Au electrode after 30 min ESI;
arrow, peeling coating (bar length 10 pwm). (B) SiO, over-coated
tip after 2 h ESI. (C) Schematic (enlarged scale) of tip structure.
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subsequent ion current level. In another experiment,
high resolving power (= 10°) spectra having a high
degree of similarity were measured after 40 and 60
min of spraying with no ESI adjustments (Figure 3).
For all ten emitters tried with ubiquitin and equine
myoglobin in this long-term experiment, ESI started
easily and lasted more than 1 h; later microscopic

S

]

LONG-LIVED TIPS FOR NANOLITER ESI 1271

examination (Figure 1B) showed no loss of the gold
coating, and tip clogging could be observed in most of
the failed emitters. Rigorous attention to detail (e.g.,
centrifugal filtering of samples, emitter cleanliness)
now limits tip clogging failure to once in several hours.
Two emitters that suffered arcs still performed ESI
effectively.

Results

SiO evaporation conditions must be carefully con-
trolled to leave a ring of Au exposed at the end of the
ESI tips (Figure 1C) for electrical contact. When the
angle between the SiO evaporation (point) source and
the capillary (emitter end) was decreased from = 120°
to 90° and the SiO, thickness increased to > 50 nm,
the electrospray was more difficult to start, with me-
chanical abrasion [13] or arcs as effective initiators in
some cases; apparently too little of the Au electrode
was left exposed.

The Figure 3 spectra show adduct as well as (M +
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Figure 2. Total ion (skimmer) current for ESI (2 uL of 10 uM bovine ubiquitin, 2% HOAc, 17
nL/min) for 2 h, until the sample was exhausted, with no adjustment of ESI conditions except

off /on of ESI voltage at arrows.
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Figure 3. ESI spectra, same conditions as Figure 2, after (A) 40 and (B) 60 min. Upper scales:

expansion of lower scales.
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nH)"* peaks. Those of (M + nH + 98)"* correspond
to the addition of H,PO, or H,S0, [14]. However, the
minor adducts at +16 (0?) [15], +32 (20?), +49, and
+64 (Cu?) +1 Da have not been positively identified.
Noting the possibility of electrochemical modification
[15, 16], these minor adducts are under further investi-
gation. These were not present in ESI spectra from
similar experiments with another sample of ubiquitin
or with myoglobin (10 uM, aqueous), which contained
only 5%-10% peaks representing apomyoglobin. A
bovine hemoglobin spectrum showed a high propor-
tion of homo- and mixed dimers of the « and S
proteins.

Conclusions

The SiO, overcoating requires only a simple additional
step to the Au vacuum coating process. This increases
emitter lifetimes to 1 to 2 h and provides easy initia-
tion and high stability of electrospray during this time,
including stop—start capability and resistance to arcing
destruction [17].
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