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A low-cost, high-throughput solid dosing platform for self-driving laboratories 
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1.  Introduction 

High-throughput experimentation (HTE) 
screening is the execution of many small-scale 
reactions in parallel, most often in a rectangular 
grid-style wellplate. The standardized nature of 
HTE apparatus lends the technique a high de-
gree of data standardization and compatible 
with self-driving lab (SDL) architecture.  
 
When conducting HTE screens, solid reagents 
are commonly dosed either in solution or sus-
pension, for compatibility with robotic liquid 
handlers. However, this presents an issue with 
solids that are heavy and poorly soluble in the 
reaction solvent. Current solutions to dosing 
solids in HTE screens are either manual dosing 
[1], which is time consuming, or using inte-
grated automation platforms, such as those 
from Chemspeed Technologies [2][3], which are 
highly precise, but remain slow as each vial 
must be taken out of its holder, dosed, and then 
returned to its original position. Furthermore, 
such robotic platforms are costly for those 
newly seeking to establish SDLs.  

2. System design 

To address this gap in HTE automation, we iter-
ated on the design of the dispensing screw com-
monly utilized in both commercial and aca-
demic context as a tunable solid dispensing sys-
tem [4][5]. 
 
The solid dispensing module (Fig. 1) comprises 
of a dispensing screw driven by a stepper mo-
tor, whose rotation angle and speed are con-
trolled via an Arduino board. Apart from the 
stepper motor and reagent vial, all other com-
ponents can be economically 3D printed. Due to 
the modular nature of this design, the solid dos-
ing system can either be implemented as a sta-
tionary unit, or be attached to a CNC gantry for 
wellplate dosing (Fig. 2) 
 

 

 
Fig. 1: 3D model of solid dosing module. 
 

 
Fig. 2: Solid dosing module attached onto CNC 
gantry. 

To investigate the precision of the solid dosing 
module, it was programmed to dose into five 
separate glass vials as in Fig. 2, using one com-
plete revolution of the dispensing screw every 
time. The mass on the weighing module was 
logged and the results plotted in Fig. 3.  

Two types of solids were tested using this plat-
form. The first was a freely flowing solid, so-
dium bicarbonate, which was dosed across all 
five screw diameters with less than 5% coeffi-
cient of variation (CV), apart from the 5.0 diam-
eter screw, which reported an 11% CV. Starch 
was tested as a representative of a poorly flow-
ing solid, and was dosed with 15% CV on the 5.0 
mm diameter screw, and less than 10% CV 
across other diameters.  
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3. Results and application  

3.1. Dosing precision 

 

Fig. 3: Plots of mass of sodium carbonate and 
starch dosed across five screw diameters. 

3.2. Incorporation within automated solubility 
measurement pipeline 

To demonstrate the incorporation of this plat-
form within a larger SDL ecosystem, we con-
ducted a series of solubility studies of organic 
analytes across three binary solvent systems. 
Preliminary studies were conducted to establish 
the amount of desired excess analyte, after 
which this baseline mass was dosed into 15 vials 
over 2 wellplates, including threefold repetition 
for each solute-solvent combination.  

After solid dosing is complete, the vial rack was 
transferred onto the deck of an Opentrons OT-2 
liquid handler, and solvents were dosed into 
each vial following a binary mixture recipe. The 
mixtures were subsequently sealed, agitated 
with an orbital mixer, and their concentrations 
analysed with UPLC. 

Plots of computed analyte concentrations across 
the binary solvent systems for one example an-
alyte are shown in Fig. 5. The CV of all measure-
ments were generally low across the board, 
with a maximum of 8% and average of 3% over 
15 different mixtures, demonstrating robust-
ness of the automated workflow. 

In summary, a low-cost, open-source solid dis-
pensing module was designed and tested with 
both well- and poorly-flowing solids. The mod-
ule can be implemented both as a standalone 

unit, or incorporated into broader SDL work-
flows as a mobile unit for dosing into wellplates 
with higher efficiency than current manual or 
automated methods.  

 

Fig. 4: Additional components of automated sol-
ubility measurement workflow – binary solvent 
system setup with Opentrons OT-2, orbital mix-
ing for agitation, and UPLC for concentration 
measurement. 

 

Fig. 5: Plots of measured concentration of an 
organic analyte across three binary solvent 
systems. 
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