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Statement of the Problem
Coated Blade Spray (CBS) is an easy to use open-bed SPE device that 

can be directly interfaced with mass spectrometry (MS) instrumentation as 

a substrate electrospray ionization device1. In addition to rapid screening 

and quantitation of target analytes in complex matrices, the technology has 

also been used for sample classification based on the chemometric 

analysis of its non-volatile fingerprint. To date, the automation of CBS 

workflow have focused on either the sample preparation step or the ion 

injection step2,3. In this work, we present, for the first time, a fully unmanned 

CBS workflow for analyte collection, device relocation from sample 

preparation workspace to the MS-inlet, and electrospray ionization4.

Aware of the industry needs and, aiming to facilitate the adoption by high-throughput 

laboratories, we developed a CBS device that has a cup-shaped end, opposite to the blade 

tip, molded to work with a laboratory standard pipette dispensers. In addition, the 

receptacle has features that limit the radial symmetry up to the point that, with respect to 

either the pipettor or the ensuing analysis equipment, the radial position of the flat surface 

of the blade is known and controlled. 

We also present a modification on a liquid handler pipettor to transfer at least one CBS 

2.0 device from fully vertical (i.e. sample-prep position) up to and including fully 

horizontal (i.e. preferred position to interface with the MS inlet).

Methods & Materials
Coated Blade Spray (CBS) devices coated with HLB particles were purchased 

from Restek Corporation. Devices were modified to have a pipette-like back 

end (hereinafter refer as CBS 2.0). Instrumental analysis via tandem mass 

spectrometry were performed on either a Thermo TSQ Altis or an LTQ-XL. An 

Opentrons OT-2 liquid handler comprising two single-channel pipettors was 

used in this work. One of the pipettors was modified to pivot the CBS 2.0 

devices from the sample preparation position (vertical) to the sample injection 

position (horizontal). Liquids/samples handling, CBS location/movement, 

coating wetting, MS start triggering, elution timing, high voltage application 

timing, and MS-inlet clean-up were fully automated and controlled by a PCB 

and a custom made program in Python. 
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In this work, we have focused in developing a fully automated MS interface for one at a 

time reliable injection of CBS devices. Several steps that were identified to be critical in 

assuring reproducible ion counts were optimized and automated in our interface including 

the following: blade positioning, elution time/volume, powering on/off the blade, and 

cleaning the inlet after a sample injection. 

As a proof of concept, the unmanned protocol 

was used for the quantitation of methotrexate 

and its metabolites in human serum samples. 

Concisely, 200 µL of serum sample were mixed 

100 µL of matrix modifier reagent (i.e. 95:5 

Water: ACN, 1.4% FA) that included the MTX-

d3 as the IS (@300 ng/mL). Sample and buffer 

were incubated for 5 min. Subsequently, CBS 

2.0 were immersed for 5 min in the sample and, 

when completed, the coating was rinsed for 10 

seconds in LC-MS grade water. Finally, the 

device was presented to the MS inlet by the 

Opentrons arm and 5 µL of elution solvent (95:5 

methanol:water, 0.1% FA) were added onto the 

coated area. MS data acquisition was started 

and, after 2s, HV power supply was turned on. 

Signal was collected for 5s on MS/MS mode 

(MTX, 455→308 m/z; MTX-7OH 471→324 m/z; 

DAMPA 326→175 m/z).Data was acquired and 

processed using TraceFinder 5.0
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