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In this section we present:

1. Fabrication of SU-8 Masters and PDMS molds

2. Microchip Capillary Electrophoresis Electrospray Ionization Mass spectrometry

3. Determination of the Tensile Strength

4. Solvent compatibility and the physico-chemical properties of the solvents used in NACE

5. Evaluation of the analytical performance in comparison to previous literature
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1. Fabrication of SU-8 Masters and PDMS Molds

The master for the microchannel layer was fabricated by spincoating SU-8 50 photoresist (Microchem

Corporation, Newton, MA) on a silicon wafer (2000 rpm, 30 s) to obtain a 70 µm-thick bottom layer.

The softbake of SU-8 was done on a hotplate, first from RT to 65 ºC and kept at 65 ºC for 15 min,

and then from 65 ºC to 95 ºC and kept at 95 ºC for 10 min before gradual cooling to RT. Following

softbake, the outer features of the chip were patterned by UV exposure (25 s, soft contact mode) on

a SÜSMicroTec Inc. mask aligner. Post exposure was performed on a hotplate with same parameters

as the softbake. Next, the second layer of SU-8 50 was spincoated (3000 rpm, 30 s) on top of the first

layer to obtain a 50 µm-thick microchannel layer. Following softbake, the microchannels were

patterned by UV exposure (10 s, hard contact mode) and the second layer was post exposure baked

before the non-crosslinked SU-8 was developed in mr-Dev 600 (Microresist technology Inc.) for 5

min. Last, the wafer was rinsed with isopropanol, dried, and a fluoropolymer coating (CHF3, 100

sccm, 50W, 250 mTorr, 10 min) was applied using PECVD (Plasmalab 80 Plus, Oxford Instruments

Inc.) to act as an antiadhesion layer.

The master for the bottom layer was fabricated in similar manner, by spincoating SU-8 50 on a silicon

wafer (1500 rpm, 30 s) to obtain a 70 µm-thick cover layer. Softbake, UV exposure (25 s, soft contact

mode), post exposure bake, development, rinsing, drying, and fluoropolymer coating were done in

the same manner than for the microchannel layer. However, only one layer of SU-8 50 was used and

patterned with only the outer features of the microchips.

Single-side polished silicon wafers with a <100> orientation (Ultrasil, Hayward, California USA) and

diameter of 100 mm were used as substrates for all SU-8 structures.

The PDMS molds were prepared by mixing the elastomer and the curing agent in the ratio of 10:1

(w/w). The PDMS monomer mixture was degassed for 30 min before casting against the

microfabricated SU-8 master after which it was cured at 80 ºC for 3 hours.
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2. Microchip Capillary Electrophoresis Electrospray Ionization Mass spectrometry

The microchips were assembled in front of the MS inlet as illustrated in Figure S1. Figure S1 also

describes the schematic view of the voltage configuration used during the electrophoresis

experiments. In Figure S2 is represented the long-term electrospray stability (over 20 min) of allyl-

rich (50 mol-%) thiol-ene chip.

Figure S1.  Photograph of a thiol-ene microchip placed on a xyz-aligning stage interfaced with an Agilent 6330 iontrap

mass spectrometer and schematic view of injection and separation voltages during MS measurements, SI=sample inlet,

SO=sample outlet, BI=buffer inlet and MLI=makeup liquid inlet.

Figure S2.  The stability of the electrospray signal over 20 min: The extracted ion electropherogram (EIC) of 5 µM

verapamil in methanol-water 80:20 containing 1% acetic acid which was obtained by direct infusion from allyl-rich (50

mol-%) thiol-ene chip cured for 10 min. The ESI voltage applied was 3.0 kV.
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3. Determination of the Tensile Strength

The effect of monomer ratio (in the bulk) on the tensile strength of thiol-enes was determined at room

temperature using an Instron tensile testing machine, Model 4204 (Instron Corp., Buckinghamshire,

UK). The tensile tests of the thiol-ene samples were performed using test specimens of 1×13×76 mm3

according to the ISO 527-3. Increasing the excess of the thiol component clearly decreased the tensile

strength, whereas increasing the amount of the allyl component significantly increased the tensile

strength compared with the stoichiometric thiol-ene (Figure S3).

Figure S3. The tensile strengths of stoichiometric (100:100) and off-stoichiometric thiol-ene formulations featuring

excess of either thiols (tri or tetrathiol monomer) or allyls.
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4. Solvent compatibility and the physico-chemical properties of the solvents used in NACE

The stability of the different thiol-ene compositions used in the study against selected organic

solvents, acids and bases commonly used in MS applications are described in Table S1. Table S2

summarizes the physico-chemical properties of the solvents used as background electrolytes in

aqueous and nonaqueous electrophoresis. The material stability was studied by visual monitoring of

the thiol-ene slabs (thickness 0.5 mm, A=1 cm2) and by light microscope images. Example images of

different thiol-ene compositions exposed to acetonitrile, methanol and ethanol are given in Figure S4.

Table S1. Solvent compatibility of thiol-ene formulations towards common MS solvents evaluated by visual damage.

Thiol-ene formulations studied were 50 mol-% excess of allyls (allyl-rich), 50 mol-% excess of thiols (thiol-rich)

fabricated with trithiol or tetrathiol monomer and stoichiometric molar ratio. √ indicates good resistance and solvent

compatibility, ~ signifies limited resistance (cracking) and ´ signifies poor stability (dissolvation/degradation).

Solvent stabilities
Solvent Allyl-rich Trithiol-

rich
Tetrathiol-

rich
Stoichiometric

Organic solvents
Acetonitrile ´ ´ ~ ´
Methanol √ ~ √ √ 
Ethanol √ ~ √ √ 
Propanol √ ~ √ √ 

Acids and bases √ √ √
10 % formic acid √ ~ √ √ 
10 % acetic acid √ ~ √ √ 

2 M hydrochloric acid √ √ √ √ 
10% ammonium hydroxide √ √ √ √ 

Table S2. Summary of the physico-chemical properties of water, methanol and ethanol at 25 °C used in NACE-ESI-

MS.[1]

Solvent tboil η ε ε/η pKauto γ
(°C) (mPa s) (N m−1)

Water 100 0.89 78.39 88.1 14 0.0718
Methanol 65 0.545 32.7 60 17.2 0.0221
Ethanol 78 1.078 24.55 22.8 18.9 0.0219
tboil boiling point; η viscosity; ε dielectric constant (relative permittivity); pKauto
autoprotolysis constant; and γ coefficient of surface tension.
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Figure S4. Photographs and light microscope images of thiol-ene slabs (thickness 0.5 mm, A=1 cm2) immersed into acetonitrile, methanol and ethanol for 1 h.
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5. Evaluation of the analytical performance in comparison to previous literature

Table S3. Comparison of the critical performance parameters of selected, previously published, fully integrated and

microfabricated CE-ESI chips in comparison to the thiol-ene-based CE-ESI chips developed in this study.

Fabrication
material

Emitter tip fabrication Repeatability Plate
numbers

Signal stability
Migr.
time

Peak
area

Within chip Chip-to-chip
deviation

Thiol-ene,
this study (a)

Replication from a litho-
graphically defined master

0.8-
14.1%

6.6-
16.2%

1.2-2.4
´104 /m

4.6-7.0% (TIC) 13.3% (TIC)

Glass2

(Zip Chip) (b)
By sawing at corner nd nd 1´106 /m

(20.5 cm)
2.4-3.4% (TIC) nd

Glass3 (b) Manual pulling 2% nd 8.9´104 /m 6% (TIC) nd
Glass4 Isotropic etching 6.2% nd 0.2-

2.7´105 /m
5.3-13.5% 8%

SU-85 (b) Lithographically defined
and aligned

4.3-
10.3%

8.5-
21.4%

0.4-1.2
´105 /m

5.2-22.8% (TIC) 14%

Ormocer6 By sawing at corner 1.3-
7.5%

nd 5.4´103-
5.5´104 /m

3.8–9.2% (TIC) nd

(a) The reported values are for the optimized thiol-ene composition and under optimized separation conditions.
(b) The reported values are based on the first publication(s) of the proof-of-concept chip design. In all of these cases,
the respective research groups have developed their concepts for further applications since the first study.
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