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Electrospray ionization (ESI) has revolutionized mass spectrometry (MS), providing a facile method

for the ionization of macromolecules for analysis by mass. The development of nanoESI-MS has

further extended the utility of ESI-MS, permitting the analysis of small-volume samples with

enhanced sensitivity over conventional ESI-MS. Traditional nanoESI-MS experiments use pulled-

glass capillary emitters, which are expensive to purchase and require specialized instruments and

training to fabricate in-house. Furthermore, these emitters suffer from problems including clogging,

sample contamination, and irreproducible spray stability. Here, we report a new emitter for nanoESI-

MS, made by folding small pieces of polyimide tape. In comparison with conventional pulled-glass

capillary emitters, the new emitters are inexpensive and simple to make. Their low cost makes them

disposable after a single use, such that sample contamination or clogging is never a problem. Emitter

performance has been evaluated for diverse analytes encompassing a large mass range, including

smallmolecules, peptides, proteins, and synthetic polymers. In all cases, the performance is similar to

that of pulled-glass capillary emitters, with the advantages of low cost, ease of use, and disposability.

Copyright # 2010 John Wiley & Sons, Ltd.

Since its coupling with mass spectrometry (MS) more

than 25 years ago,1 electrospray ionization (ESI) has

become an established technique for the analysis of a

wide range of molecules, and has found its niche in the

analysis of large biomolecules in the solution phase.2 ESI

is gentle enough to overcome the propensity of such

molecules to fragment upon ionization prior to MS

analysis, providing mass and structural information.3 In

short, ESI has transformed MS from a specialized

technique studied by experts to a readily accessible tool

used in laboratories worldwide.

In traditional ESI-MS, solutions are pumped at mL/min

flow rates through silica or metal capillaries positioned

close to the inlet of a mass spectrometer, and a nebulizing

gas aids in electrospray formation.4 This format is ideal

for coupling with separations, including high-performance

liquid chromatography (HPLC) and capillary electro-

phoresis; however, ESI-MS is limited in its ability to

accommodate small-volume samples. This limitation was

overcome by the development of nanoESI-MS,5,6 a related

technique in which samples are sprayed at nL/min

flow rates from capillaries with tapered, narrow-bore

orifices placed within millimeters of the inlet of a mass

spectrometer.7 Electrospray is generated simply by the

application of high potential to the solution, eliminating the

need for nebulizing gas. In addition, the lower solution

flow rates used in nanoESI result in smaller droplets in the

electrospray, each of which requires fewer droplet fissions

and less solvent evaporation to generate single gas-phase

ions. Consequently, a greater number of analyte molecules

are available for ionization, such that nanoESI has

greater ionization efficiency (and hence sensitivity) than

traditional ESI.8,9

In nanoESI, analytes are typically sprayed from glass

capillary emitters with 1–30mm diameter orifices. These are

often formed by mechanically pulling the end of a glass

capillary while heating, forming a sharpened tip. Such

emitters can be fabricated in-house using a capillary puller,

but this process requires time, training, and significant skill.

In fact, capillary pulling is still regarded as more art than

science, with low success rates in pulling capillaries with

desirable small diameter orifices. Emitters are also available

commercially, albeit at a significant cost of approximately

$10–20 per emitter.10 In addition, pulled-glass capillary

emitters are frustrating to work with, suffering from

problems such as clogging, sample contamination, and

irreproducible spray stability.11 Clogging and contamination

are especially likely to take place when switching between

different samples for analysis, and in most cases the

only solution is to dispose of the old emitter and replace it

with a new one. For labs that run many samples each day,

the costs associated with these emitters (monetary if
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purchased, and time and skill if fabricating in-house)

is significant. Pulled-glass emitters also suffer from high

tip-to-tip variability, and since nanoESI mass spectra show

strong dependence on the emitter used, the reproducibility of

spectra collected using different emitters is low.9 Although

nanoESI has enormous potential as an analytical tool,

these problems have inhibited the technique from being

adopted universally.

While the gold-standard for nanoESI emitters is pulled-

glass capillaries, there are myriad alternatives described

in the literature. Many such alternative emitters are

formed by microfabrication and are often coupled with

microfluidics.12–19 Although these emitters have found

utility in academic laboratories and constitute an active

field of research, they often require laborious, time-

consuming cleanroom fabrication (with noted excep-

tions19), and are thus typically limited to laboratories

with access to microfabrication equipment and expertise.

Therefore, such emitters are not likely to become a

viable commercial alternative for nanoESI-MS. As a

counter-point, an example of a success in this area is

the microfabricated nanoESI interface developed by

Yin et al.20 and commercialized by Agilent Technologies

as the HPLC ChipTM.21 This device is formed by laser

ablation of polyimide substrates and is capable of

separations and MS analysis with detection characteristics

similar to those obtained with conventional techniques.

This device is a competitor to pulled glass capillary

emitters, but the significant cost (�$500 each) is a barrier

to wide-spread adoption.

There are few examples of low-cost ESI emitters that do not

require microfabrication. One creative method comprises

spraying from the orifice of a plastic pipette tip, where

driving potential is applied via a wire inserted in the rear of

the pipette tip.22 This technique serves as a disposable,

inexpensive alternative to pulled-glass capillary emitters, but

suffers the drawback of the relatively large diameter of the

orifice (�300mm). These orifices are an order of magnitude

larger than conventional nanoESI pulled-glass capillary

emitters, and this translates to larger charged droplets in

the electrospray, and hence a sacrifice in detection sensitivity.

Another example of a low-cost emitter was recently reported

by Cooks and co-workers.23,24 Their technique employs a

small piece of paper cut to a sharp point; sample is

transported to the tip by capillary action, and voltage is

applied directly to the paper. This method has utility for the

analysis of biological samples, but disadvantages include the

high spray voltages required (4.5–5.0 kV in positive ion

mode) and the limited spray stability over time (less than

2min for a 10mL sample).

Here we report new low-cost emitter for nanoESI-MS,

formed by folding thin film polyimide tape into a cone with

a micron-sized orifice at the apex. These new emitters are

easy to make and do not require specialized equipment to

fabricate or use. The new emitters show similar performance

to that of pulled-glass capillary emitters and are applicable to

a variety of sample types and volumes. We propose these

new emitters as a low-cost alternative to pulled-glass

capillary emitters for applications involving direct analysis

by nanoESI-MS.

EXPERIMENTAL

Materials
Polyimide tape (87.5mm thickness; 50mm polyimide with

37.5mm silicone-based adhesive) was purchased fromArgon

Masking, Inc. (Monrovia, CA, USA). Unless indicated, all

reagents were from Sigma Aldrich (Oakville, ON, Canada).

Ultramark 1621 was from Thermo Fisher Scientific (Ottawa,

ON, Canada). Hexamethyldisilazane (HMDS) was from

Shin-Etsu MicroSi (Phoenix, AZ, USA), Shipley S1811

photoresist and MF321 developer were from Rohm and

Haas (Marlborough, MA, USA), chromium and gold were

from Kurt J. Lesker (Toronto, ON, Canada), and CR-4

chromium etchant was from Cyantek (Fremont, CA, USA).

HPLC-grade solvents and deionized water (diH2O) with a

resistivity of 18MV � cm at 258Cwere used in all experiments.

For MS, Ultramark 1621 was diluted in 2:1:1 acetonitrile

(ACN)/methanol (MeOH)/diH2O containing 0.1% acetic

acid (v/v/v) to a 1mM final concentration. Methionine was

dissolved in diH2O and diluted in 7:3 ACN/diH2O containing

0.1% trifluoroacetic acid (TFA) (v/v) to a final concentration of

1mM. Leucine enkephalin was dissolved in diH2O and diluted

in 7:3 ACN/diH2O containing 0.01% formic acid (FA) (v/v) to

a final concentration of 1mM. Myoglobin was dissolved in

diH2O and diluted in 1:1 MeOH/diH2O containing 0.1% FA

(v/v) to a final concentration of 3mM. Estradiol (E2) was

dissolved in diH2O and diluted in 4:1 ACN/diH2O (v/v) to a

final concentration of 1mM. Angiotensin I was dissolved in

diH2O and diluted to a final concentration of 1mM in 4:1

ACN/diH2O containing 0.1% TFA (v/v).

Preparation of emitters
Each emitterwas formed in a conventional laboratory (i.e., not a

cleanroom) by folding a piece of polyimide tape (5 cm� 5 cm)

into a cone shape such that there was a small opening at the

apex of the cone. The size of the openingwas controlled by how

tightly the tape was folded, resulting in orifices �35–60mm in

diameter. The adhesive backing of the polyimide tape

facilitated quick and efficient folding of emitters, and was

useful for holding the cone in the desired shape. Initial

experiments using adhesive-free polyimide film (using Scotch

tape to hold the cone inplace)wereunsuccessful inmaintaining

desired small diameter orifices. Emitters were rinsed three

times with diH2O or another appropriate solvent before use.

Emitter orifices were imaged and average orifice diameters

were found using an upright microscope (Leica DM2000; Leica

Microsystems Inc., Richmond Hill, ON, Canada).

Fabrication of integrated wires
Some emitters were formed with integrated wires for

applying spray voltage in a class 1000 cleanroom facility

at the Emerging Communications Technology Institute

(ECTI) in the University of Toronto. For these devices, prior

to being folded (as described above), substrates were

patterned by photolithography to form a 150mmwide� 4 cm

cm long wire running from the back opening of the emitter.

Photolithography was implemented using conventional

methods: briefly, sections of polyimide tape were first

adhered to glassmicroscope slides and then primed formetal

adhesion by reactive ion etching (RIE, 150W, 98 sccm O2,
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100mTorr, 30 s) in a Trion Phantom etcher (Clearwater, FL,

USA) before deposition of a 75 nm seed layer of chromium

and 200nm layer of gold by electron beam evaporation

(Auto 306; Edwards, Wilmington, MA, USA). Substrates

were cleaned with acetone and methanol, baked on a hot

plate (958C, 2min), primed with HMDS, and spin-coated

with S1811 (3000 rpm, 30 s). Substrates were pre-baked on a

hot plate (958C, 2min) and photolithographically patterned

by UV exposure (365 nm, 35mW/cm2, 5 s) through a

photomask (Pacific Arts and Designs, Markham, ON,

Canada) using a MA6 mask aligner (Karl-Süss, Garching,

Germany). Substrates were developed in MF321 (2min) and

post-baked on a hot plate (1058C, 1min) before being

immersed in gold etchant (1min) and then in CR-4 (2min).

Finally, the remaining photoresist was removed in AZ300T

(10min). After fabrication, substrates were removed from

the glass microscope slides, cut with a scalpel to ensure

that the wire ran to the edge of the tape, andmanually folded

into the desired cone shape, taking care that the wire was

positioned at the orifice to make contact with the solution

being sprayed.

MS analysis
All experiments were performed using an LTQ linear ion

trap mass spectrometer (Thermo Scientific, Waltham, MA,

USA). Folded polyimide emitters were placed on a xyz-

positioning stage (Parker Automation, Cleveland, OH, USA)

�3mm from the grounded inlet of the mass spectrometer.

Solutions to be analyzed were pipetted into the tip of the

emitter through the rear (wide) side of the cone. For most

emitters, spray voltage was applied via a platinum wire

(100mm diameter) inserted in the rear of the emitter, making

contact with the solution. Alternatively, for emitters with

integrated metal contacts, a driving potential was applied to

the microfabricated wire using an alligator clip. Unless

otherwise indicated, the transfer capillary temperature was

2008C. Applied potentials were varied in the range of þ2–

3 kV for each experiment performedwith a unique polyimide

emitter to optimize the observed signal. The capillary voltage

and tube lens voltage were varied for each experiment to

provide optimum signal. In the case of spectra collected in

negative ion mode, the applied potential was –3.2 kV.

Emitter performance was evaluated based on total ion count

(TIC) scans by injection of a 1mM solution of Ultramark 1621

(2:1:1 ACN/MeOH/diH2O containing 0.1% acetic acid (AA)

(v/v/v)). MS/MS analysis of angiotensin I was performed

with a collision energy of 30 eV. The spectra presented were

obtained by averaging 10–50 acquisitions (at a rate of 1–6

acquisitions/s) and are representative of separate analyses

performed per unique experimental condition. Images of the

electrospray were collected using a CCD camera positioned

perpendicular to emitters placed �3mm from the grounded

inlet of the mass spectrometer.

For comparison, pulled-glass capillary emitters (FS360-50-

30-N-20, 360mm o.d. capillary, tapering to a 50mm o.d./

30mm i.d. tip; New Objective, Woburn, MA, USA) were also

evaluated. In such experiments, analytes were infused at a

flow rate of 0.8mL/min, and the driving potential was varied

in the range ofþ 1.3–1.8 kV.

RESULTS AND DISCUSSION

Emitter preparation and use
The new emitters described here are formed by folding a

piece of commercially available polyimide tape into a cone

(Fig. 1(a)). Polyimide was chosen as a substrate for this

application because of its chemical andmechanical stability25

and modest expense. The diameter of the orifice from which

the electrospray emanates is controlled by how tightly the

tape is folded, and can be tuned from �35mm by inducing

significant torque when folding, to greater than 200mm if

loosely formed into a cone (Fig. 1(b)). For the applications

presented here, emitters were folded with orifice diameters

in the range of 35–60mm (Fig. 1(a), inset). Orifice diameter

measurements of 10 folded emitters had an average orifice

diameter of (52.6� 6.5) mm (mean� standard deviation).

Folded emitters are simple to prepare and take only a few

seconds to fold. The process does not require any specialized

equipment, and there is little skill or training involved in

forming small diameter orifice emitters. The cost of a single

emitter formed from a 5 cm� 5 cm piece of polyimide tape is

only �$0.07 in materials, and requires less than 1minute of

time. In contrast, pulled-glass capillary emitters require a

costly ($5000–10 000) capillary puller to fabricate in-house, or

can be purchased for $10–20 each. If fabricating in-house,

capillary pulling is a process that requires significant time,

practice, and skill to master, and has a low success-rate in

pulling usable emitters. Although formation of a single

pulled-glass emitter is inexpensive and fast, in practice,

several flawed emitters are often formed in the pursuit of one

usable emitter, requiring extra time and resources. Folded

polyimide emitters present an attractive alternative to pulled

glass emitters from both a cost and resource perspective.

Figure 1. Folded polyimide emitters. (a) Picture of a nanoESI

emitter formed by folding a 5 cm� 5 cm piece of polyimide

tape into a cone (main panel), and picture at 10� magnifi-

cation showing the orifice from which the electrospray is

formed (inset). (b) Images of nanoESI emitters folded with

different orifice diameters. Diameters reported are elliptical

averages, taken as the average when measuring both the

width and the height of the emitter orifice.

Copyright # 2010 John Wiley & Sons, Ltd. Rapid Commun. Mass Spectrom. 2010; 24: 3425–3431

DOI: 10.1002/rcm

Folded emitters for nanoESI-MS 3427



Since folded emitters are so inexpensive, they are ideal for

single use applications. When applied in single-use format,

the problems of contamination or carry-over from previous

analyses, and clogging of the tip when switching between

different samples, are eliminated.

When using the new emitters, samples are pipetted

directly into the rear aperture of the folded polyimide tape,

and electrospray is generated by application of high voltage

to the solution via a platinum wire placed in contact with

the solution. One of the advantages of folded emitters is the

potential to accommodate a wide range of sample volumes,

such that small-volume samples do not need to be diluted,

and larger volumes can be sampled for extended periods of

time, eliminating sample waste. Since samples are pipetted

directly into emitters, no sample is wasted in pre-treatment

of the system, and total sample volumes less than 10mL can

be used to generate electrospray and collect mass spectra. No

specialized equipment is needed to supply liquid to folded

emitters, as ionization occurs directly from static droplets. In

contrast, traditional ESI requires a syringe pump and

associated fittings for sample infusion to the emitter, further

complicating the system.

Spray performance
The electrospray generated from two different folded

polyimide emitters is shown in Fig. 2. In Fig. 2(a), the Taylor

cone and electrospray from an emitter with a �50mm orifice

is shown, while the same is shown in Fig. 2(b) for an emitter

with an orifice diameter of�150mm. It is clear that the larger

orifice diameter results in a larger Taylor cone. Since the

Taylor cone is formed before electrospray, larger Taylor

cones increase sample consumption rates, diminishing the

ability to collect data from small-volume samples over longer

periods of time. Although flow rate cannot be used in this

context to quantify sample consumption, we can estimate

a sample consumption rate based on the observation of

electrospray and the collection of mass data over time.

For folded emitters with orifices 35–55mm in diameter, the

sample consumption is approximately 1000 nL/min, and this

increases with orifice diameter, to more than 2mL/min for

emitters with �150mm orifices.

The solvent consumption rates of the new emitters (above)

pose an interesting question related to nomenclature –

namely, is this method truly ‘‘nano’’-electrospray ionization?

The flow rates are higher than typically expected for nanoESI

(which usually employs flow rates of 20–1000nL/min), and

are comparable with that of so-called microESI26 (a relatively

uncommon designation used for emitters that have inter-

mediate size between nano- and conventional ESI), in which

flow rates in the 0.2–3mL/min range are used. In addition,

the orifice diameters of the new folded emitters are larger

than standard nanoESI pulled-glass capillary emitters. On

the other hand, the new folded emitters do not require

samples to be pumped to the emitter (liquids are sampled

statically) and a nebulizing gas is not required, both features

characteristic of nanoESI. Thus, the new folded emitters

described here represent a hybrid between micro- and

nanoESI, possessing characteristics of both. For brevity, we

have used ‘‘nanoESI’’ in this manuscript.

Another important factor when assessing the performance

of an electrospray method is spray stability. A stable spray

ensures low variation in the number of ions formed, with

spectral features (background, base peak and other mass

peaks) remaining relatively constant over time. The spray

stability of folded emitters was characterized by sampling a

solution of the MS calibration standard Ultramark 1621 and

evaluating the resulting TIC scan. As seen in Fig. 3, the spray

generated from a folded emitter shows similar stability to

that of a pulled-glass capillary emitter over greater than

12min, as evidenced in the low variation in the TIC scans for

both emitters. In addition, as shown, the emitters allow for

collection of MS data with comparable signal intensities.

Finally, spray stability was best for folded emitters using

solvents containing at least 50% organic solvent (i.e.,

acetonitrile or methanol).

MS performance
The ability of the folded emitters to ionize samples for mass

analysis was evaluated for a variety of analytes, ranging from

synthetic polymers to small molecules, peptides, and

proteins. A spectrum of the synthetic polymer Ultramark

1621 is shown in Fig. 3(a). Ultramark is composed of a

mixture of fluorinated phosphazenes, and is characterized by

a series of intense singly charged peaks equally spaced by

100m/z units.27 It is a good benchmark forMS emitters, and is

used as a high mass range (m/z 1000–2000) calibration

standard for ESI sources. A spectrum of the amino acid

methionine is shown in Fig. 4(a), clearly displaying low

background signal and no interfering peaks in the low-mass

range. A spectrum of the peptide leucine enkephalin is shown

in Fig. 4(b). A spectrum of the protein myoglobin is shown in

Fig. 4(c); multiple charge states of the protein, as well as the

accompanying heme monomer, are clearly distinguishable.

Figure 4(d) shows a spectrum of the hormone estradiol E2

collected in negative ion mode; the [M–H]� ion peak is easily

observed. This spectrum is particularly important in evaluat-

ing the performance and versatility of the folded emitters, as

negative ion ESI is generally difficult (even when working

Figure 2. (a) Taylor cone and electrospray generated from a

folded emitter with �50mm orifice diameter at an applied

voltage ofþ2.4 kV. (b) Taylor cone and electrospray generated

from a folded emitter with �150mm orifice diameter with an

applied voltage of þ3.1 kV. In both cases the solution sprayed

is 4:1 ACN/diH2O (v/v). Spray voltage is applied via a platinum

wire in contact with the solution to be sprayed. Emitters are

positioned �3mm from the grounded inlet of the mass spec-

trometer. The Taylor cone is much larger for the larger orifice

emitter, thus increasing sample consumption rates when

compared to emitters with smaller orifice diameters.
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Figure 3. Total ion count (TIC) traces (left) and corresponding mass spectra (right) for (a) a

folded polyimide emitter and (b) a pulled-glass capillary emitter. The infused solution was

Ultramark 1621 (1mM in 2:1:1 ACN/MeOH/diH2O, 0.1% AA (v/v/v)). The applied potential

was þ2.4 kV for (a) and þ1.3 kV for (b). A static 50mL droplet was sampled in (a), while the

solution was infused at a flow rate of 0.8mL/min for (b). Capillary temperature was set at

2008C. The low variation in the ion count signal indicates a stable spray over more than

12min for both emitters.

Figure 4. Mass spectra generated using folded polyimide emitters: (a) methionine (1mM);

(b) leucine enkephalin (1mM); (c) myoglobin (3mM); and (d) estradiol E2 (1mM) collected in

negative ion mode. All solutions were prepared as outlined in the Experimental section.

Capillary temperature was set at 2008C for all analyses, and spray voltage and capillary

voltage were varied for each unique analysis to optimize the observed signal.
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with pulled-glass capillary emitters) because of the propensity

of negative potentials to form coronadischarge.28 Of note in all

these spectra is that no background peaks from the polyimide

substrate or silicone-based adhesive have been identified. The

new emitters can be used to collect data over a wide mass

range (m/z 100–2000) without any peaks from the adhesive or

substrate interfering with the detection of the desired analyte.

Tandem mass spectrometry (MS/MS) coupled with

collision-induced dissociation (CID) has become an important

tool for analyte identification using MS, permitting unbiased

identification of precursor ions based on unique product ions

after CID.29 MS/MS is used extensively for peptide sequen-

cing, and is now the method of choice for proteome

profiling.30 To further demonstrate the utility of this new

technique, a folded emitter was used to perform MS/MS

analysis of angiotensin I. As shown in Fig. 5(a), two multiply

chargedprecursor ionswere present in the firstmass selection.

Isolation of the triply protonated precursor ion followed by

CID led to the identification of several b- and y-ion peptide

fragments in the second mass selection (Fig. 5(b) and inset).

Emitters with integrated wires
The applications of folded emitters described above employ

a platinum wire inserted in the rear of the emitter to supply

spray voltage to the solution. This method is attractive

because of its simplicity – any competent researcher can form

tens-to-hundreds of such devices in a couple of hours,

working in a conventional laboratory with no specialized

resources (i.e., no cleanroom required). But an alternative

method to supply the driving potential is to pattern a thin

wire directly onto the substrate. An example of such an

emitter is presented in Fig. 6(a); a 150-mm gold wire has been

patterned on polyimide tape using conventional microfab-

rication techniques in a cleanroom facility. The procedure

includes an important step: treatment of the surface of

polyimide substrates with oxygen plasma. In initial exper-

iments, we observed that when metal was deposited directly

on the polyimide without pre-treatment, poor adhesion led

to micro-cracks, resulting in a wire that was broken and not

conductive. Thus, an oxygen plasma treatment was used to

clean the surface and promote adhesion of the chromium

seed layer to polyimide.31

After fabrication of a conductive wire, the substrate is

folded into a cone, ensuring the wire runs directly to the

emitter orifice. It was found that if patterned wires were

greater than 500mmwide, the applied voltage created a high

electric field and caused undesirable corona discharge at

the tip; 150-mm wire widths were selected because of the

ease of fabrication and good electrical contact provided. A

spectrum of Ultramark 1621 collected using an emitter with a

microfabricated wire is shown in Fig. 6(b). The spectrum is

comparable to spectra collected for the same analyte using

both an unpatterned polyimide emitter and a pulled-glass

capillary emitter (Fig. 3), demonstrating that the fabrication

process does not have a negative effect on emitter

performance. Although emitters with the integrated wire

require additional preparation time, fabrication is fairly

simple (consisting of a single photolithography step) and

eliminates the need for an external wire to be interfaced to the

system. In addition, this format suggests future possibilities

for coupling the new emitters to digital microfluidics.32

CONCLUSIONS

Wepresent a new emitter for nanoESI-MS, employing a piece

of polyimide tape folded into a cone. In contrast to the

conventional pulled-glass capillary emitters typically used

for nanoESI-MS, the new emitters are simple to make and

are much less expensive, costing only $0.07 USD in materials

and a few seconds in preparation time. The new emitters are

applicable for the analysis of a wide range of analytes, can

be used in both positive and negative ion mode, and can be

used forMS/MS analysis. In addition, the new emitters show

similar performance and spray stability to pulled-glass

emitters over extended periods of time. We acknowledge

that the new folded emitters are not appropriate for

all applications, as they are not compatible with in-line

integration with chromatography; however, we propose

these new emitters may be a welcome innovation for

applications in which samples are analyzed by direct-

infusion mass spectrometry (with no chromatography), such

as evaluation of newborn blood samples for inbornmetabolic

disorders,33 shotgun lipidomics,34 and metabolomics.35

Finally, we are particularly enthusiastic about the possibility

of mating the new method to digital microfluidics (given the

Figure 5. (a) Spectrum of angiotensin I (1mM) collected

using a folded polyimide emitter, emphasizing the doubly

protonated (m/z 649) and triply protonated (m/z 433) ion

peaks. (b) MS/MSwith CID performed on the triply protonated

m/z 433 precursor ion. Several peaks have been assigned as

b- and y-ion peptides (see inset).
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similarities in device substrates36), which could greatly

expand the utility of this technique.
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Figure 6. Folded polyimide emitter with a microfabricated wire for application of spray

voltage. (a) Image of the emitter. The wire runs directly to the orifice to ensure contact

with a solution placed in the tip. (b) Mass spectrum of Ultramark 1621 (1mM) obtained

using a folded emitter with microfabricated gold wire.
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