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Abstract

Laboratory work often requires making up solutions with defined
concentrations of various components. Mixology is a tool we have
created to simplify calculation of the masses and volumes required to
obtain particular concentrations. It operates with many kinds of
volumetric, mass and concentration units, including conversion
between molarity- and mass-based concentrations using molecular
masses retrieved from the Chemical Entities of Biological Interest
(ChEBI) database. Mixology can be accessed at
https://mixology.science.
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Introduction

Performing calculations to make up solutions is one of the first
skills that a laboratory researcher learns. Despite efforts to
facilitate sharing of laboratory protocols', solutions are often
described in publications only in terms of the molarities of
their constituent parts, meaning that calculations are needed to
determine the absolute amounts needed to make up some defined
volume. These calculations can be surprisingly lengthy.

Suppose a researcher is implementing a new protocol, and
needs to make a buffer containing, amongst other ingredients,
“500 pg/ml sodium chloride”. She wants to make up 2 litres
of the new buffer. On her bench she happens to already have a
stock solution labelled “1.5 M NaCl”. What volume of stock
solution does she need to add for the new buffer? One approach
that she might follow to calculate this would be to:

1. Look up the molar mass of sodium chloride:
58.44g/mol
2. Convert the desired concentration, 500 pg/ml, to pug/L:
500pg/ml x 1000ml/L = 500000ug/L
3. Convert the desired concentration to g/L:
500000pg/L + 1000000pg/g = 0.5g/L
4. Convert the desired concentration to mol/L (molarity):
0.5g/L + 58.44g/mol = 0.0085M
5. Calculate the ratio of the two concentrations:
0.0085M =+ 1.5M = 0.0056
6. Calculate the volume to add:
2L x 0.0056 = 0.0112L
7. Convert this volume to ml for pipetting:

0.0112L x 1000ml/L = 11.2ml

If her buffer contains five different such ingredients, she might
need to perform a similar set of steps five times, requiring

F'y mixology

Recipe for 2 liters of saline
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perhaps 35 individual steps. If an error occurs in just one of
these, the final buffer will not be to the expected specification.

We decided to build a simple tool to perform calculations such as
these (Figure 1). Mixology automates the retrieval of molecular
masses, and the mathematical operations needed to calculate the
required masses of reagent, or volumes of stock solutions, needed
for desired final concentrations.

Implementation

Mixology provides a simple interface to record the specifica-
tions of a solution and calculate the required amount of each
ingredient (Figure 1). A user first enters the volume of the
solution they want to make, and a descriptive name. Then they
add any number of components to the solution. For each com-
ponent, they enter a desired final concentration. Concentrations
can be entered in any of several unit forms:

* mass-based: g/ml, ug/ml, mg/l, % (w/v), etc.

* molarity-based: mol/l, nM, uM, mM, M, etc.
e volume-based: % (v/v), X

e other: units/ml, etc.

The user also enters the name of the chemical. Chemical names
are autocompleted with known entities from the Chemical
Entities of Biological Interest (ChEBI) database’. Where a
known chemical is entered, its molecular mass is inferred from
the ChEBI database. Alternatively a custom compound name can
be entered, and a molecular mass (if needed) entered manually.

If the desired concentration is mass- or molarity-based, the user
can select whether to weigh out the compound (mass units) or to
measure out a volume of stock solution (with a mass- or
molarity-based stock concentration). If the desired concentration
is volumetric, a volume of stock solution (which can be 100%
(v/v)) is required.

In either case, the user enters the units of mass or volume to
weigh out, and Mixology automatically calculates the quantity
of this unit required to make up the final volume at the desired
concentration (Figure 2).

500 ug/ml sodium chloride (vw:ss.425)

[ add a compound H [Jadd a note ] [ [® get permalink ]

11.41 ml of 15 M stock

Figure 1. A screenshot of the Mixology interface, featuring the single compound solution described in the Introduction. The
permalink for this recipe is https://mixology.science/?recipe=ngEh5UbDZX.
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0.1 % (v/v) Triton-X100 4
3 % (w/v) milk powder M
10 mM  Trisbase w: 121135 13
50 ug/ml sodium chloride w:ss.0s) a
1X ligation buffer a
25 mM  sodium hydroxide w:ss.9o7) 127
10 mg/ml carrot pulp 121
50 mM  calcium chloride mw: 1109834 a

7.500 ml of 10 % (V/v) stock
22,50 g

908.5 Mg

641.7 ul of 1M stock
7.500 ml of 100 X stock
749.9 mg

7.500 g

83.24 ml of 5 % (W/V) stock

Dissolve in 600ml water. Then adjust pH to 7.2 with hydrochloric acid and make up to final

volume

I add a compound H [Jadd a note ] [ [ get permalink l

Figure 2. A screenshot of the Mixology interface, with an example buffer demonstrating many of the different classes of
interconversion of which Mixology is capable. The permalink for this recipe is https://mixology.science/?recipe=mN1j1sNSD5.

The user can add as many components as required, and also add
notes, which might contain instructions such as “adjust pH to
7.2”. Finally they can create a ‘permalink’ pointing to their
solution, creating a unique URL for the solution that can be saved
and shared.

Operation
The code behind Mixology is available in our GitHub repository?.

Mixology is developed with the Vue.js framework. This allows
reactive behaviour in which all fields are updated in real
time as others are changed. We use the vue-simple-suggest
component® to list available units and chemical entities from
ChEBI. Mixology has been tested on recent versions of Chrome,
Firefox and Safari.

All concentration terms are converted into a standard format
consisting of some quantity (moles, grams, litres, activity units)
per litre, facilitating downstream steps. Mol/l and g/l can be
interconverted using the molecular mass, but these cannot be
interconverted to the other unit types (volumetric and activity
units).

Molecular masses, and compound names for autocompletion,
are taken from ChEBI>. ChEBI entities are processed into JSON
with a custom R notebook, available in our GitHub repository,
using R and the tidyverse. We take as input ChEBT’s three-star

chemicals, which are those that have been curated. We exclude
any name that is mapped to multiple distinct chemicals to avoid
potential confusion. Sometimes multiple mass measurements
are available for a chemical in ChEBI. Normally these are
extremely similar, so we exclude only chemicals for which the
standard deviation of masses is greater than 0.001.

Recipes can be saved using a “permalink” feature. This deposits
a copy of the recipe in JSON format into an external Firebase
database, with a unique identifier which can be used to retrieve
it at the correct URL.

Discussion

We have created a simple tool which we hope will be useful to
laboratory scientists. In the day following Mixology’s release
on Twitter, a user testing it identified an inconsistency with the
calculations in a published protocol’. This turned out not to
be a problem with the tool, but the use of an incorrect molar
mass (hydrated vs. anhydrate) for calculations in the official
protocol. This provides one example of how easily small mistakes
can occur performing these operations manually.

Mixology has some limitations. It cannot currently perform
any calculations which would require knowing the density of a
substance (interconversion between mass and purely volumetric
units). Additionally, it does not provide the facility to calculate
quantities required to obtain a particular pH or osmolarity. We
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welcome feature suggestions and pull requests in our GitHub
repository.

We do not argue that the availability of a tool such as this replaces
the need for scientists to know how to perform these types of
calculations. However, we hope that by providing a streamlined
tool that eases this process, Mixology can make one aspect of
routine laboratory life simpler, and reduce errors.

Data availability
The ChEBI database can be downloaded at https://www.ebi. ac.uk/
chebi/downloadsForward.do

Software availability
- Web tool available from: http://mixology.science

Wellcome Open Research 2021, 6:128 Last updated: 07 JUN 2021

- Current source code available from: https://github.com/
theosanderson/mixology

- Archived source code at time of publication: http://doi.
org/10.5281/zenodo.4624415°

- License: MIT
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Pablo Cardenas
Department of Biological Engineering, Massachusetts Institute of Technology, Cambridge, MA,
USA

This article describes "Mixology", a novel software tool used for preparing chemical solutions used
in laboratory science. Given a list of user-defined reagents with their initial and desired
concentrations, the software automates calculations for quantity conversion of different molar
amounts, activities, masses, and volumes required to prepare a specified amount of solution. The
software automatically retrieves any relevant molecular weights of reagents for the calculations.
This not only saves time for researchers preparing experiments but more importantly, can reduce
mistakes committed when doing the calculations by hand, as explained by the author. Mixology is
free and open source, simple in design and use, and quickly accessible across platforms as an
online application. Because of these reasons, it has the potential to be a very useful tool for wet
lab scientists accessing it from a variety of devices, both in and out of the lab.

I have no comments on the article text. Below, I will offer some potentially useful feedback on the
web app itself:

De5|gn and functionality:

> Although the web app is very easy to use once I understood exactly what it does and how it
works, this was not immediately evident to me. This is clearly explained in the video linked
under the expandable "About" section, as well as on the animated GIF file on the GitHub
README (which I thought was particularly useful, since I found it to be quicker than the full
video). However, the simplest way I can think of to show what the app does is to have an
"example" button on the bottom row of links that opens the permalink to an example
solution for the user to play with, maybe the one displayed on Figure 2.

o The permalink function is an excellent idea, as it allows users to easily store and share
recipes. However, some users might prefer (or might be required) to copy the full recipe
onto their own laboratory notebooks, whether electronic or physical. A drawback of
Mixology's excellent dynamically-updated user interface is that it does not allow for easy
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copy-paste of text off of the app. Adding a function to export recipes as plain text would be
very useful.

> If not too involved, it could be intuitive to allow users to click on the grey "(MW: XX.XXXX)"
text that appears to the right of a chemical reagent's name as an additional shortcut to the "
Custom molecular mass: " pop-up.

> This is absolutely trivial, but adding uppercase L as an alternative symbol for liters (as well
as mL, pL, etc.) would be appreciated for aesthetic reasons and muscle memory.

Performance:

I can confirm the app performs well on Firefox (v.89.0), Chrome (v.91.0.4472.77), and Safari
(v.14.1.1) for macOS Big Sur 11.4 with US keyboard encodings. I was not able to get it to work with
any mobile browsers on iOS and iPadOS 14.4.2, where the app freezes once I click the "add a
compound button", an error also reported by other reviewers for Safari v.14.0 on macOS v.10.15.7.
Fortunately, the issue was solved after updating to iOS 14.6, and I suspect the desktop Safari issue
would be solved in a similar fashion. I was not able to replicate and trace the original bug on
mobile debuggers and emulators, but I would expect it to be related to the software's
dependencies rather than the code presented here. I was not able to test the app's performance
on Android-based mobile operating systems.

In this light, perhaps the "About" section could include a reminder for users to update their
operating system if they run into trouble. I can envision mobile access to be one of the main usage
contexts for the app, especially in lab spaces without a computer on the bench. I realize this may
not be the original application context envisioned for the app, as I found a warning message
displaying "mixology is easier to use with a wider screen" to be triggered by mobile browsers in
the source code (incidentally, this warning did not trigger on my mobile devices).

Overall, I very much value the work presented by the author and will surely be using it in my own
work.

Is the rationale for developing the new software tool clearly explained?
Yes

Is the description of the software tool technically sound?
Yes

Are sufficient details of the code, methods and analysis (if applicable) provided to allow
replication of the software development and its use by others?
Yes

Is sufficient information provided to allow interpretation of the expected output datasets
and any results generated using the tool?
Yes

Are the conclusions about the tool and its performance adequately supported by the
findings presented in the article?
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Yes
Competing Interests: No competing interests were disclosed.

Reviewer Expertise: Wet lab molecular and cell biology, computational biology, scientific web
application development

I confirm that I have read this submission and believe that I have an appropriate level of
expertise to confirm that it is of an acceptable scientific standard.

Reviewer Report 01 June 2021
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Joachim Goedhart

Molecular Cytology, Swammerdam Institute for Life Sciences, van Leeuwenhoek Centre for
Advanced Microscopy, University of Amsterdam, Amsterdam, The Netherlands

The paper reports on a new, freely available and open-source web app 'Mixology' that simplifies
the calculations necessary for preparing solutions that are used in labs. The advantages of using
an app over manual calculations are clearly explained in the paper.

I have reviewed the manuscript and the app, but I haven't reviewed the source code (as the coding
language that is used is outside my area of expertise).

Comments on the manuscript:
o The example calculation in the paper (11.2 ml) and the screenshot of the app (figure 1, 11.41

ml) show slightly different numbers (probably due to rounding at step 4). I'd recommend to
make the numbers consistent.

o Using the same abbreviation for litre (uppercase L or lowercase |) improves consistency.
o The paper states "Concentrations can be entered in any of several unit forms", including
pg/ml, but the app seems unable to accept the greek symbol 'mu’ (see also comments

below). If this is a limitation of the app, it should be highlighted in the paper.

o The bullet point "mass-based: g/ml, pg/ml, mg/l, % (w/v), etc." appears twice.

Comments on the webtool:

o The webtool can be used without reading the paper, suggesting that the user interface is
intuitive.
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o The automatic retrieval of molecular weights is elegant and works smoothly.
o The ability to generate a permalink is fantastic and will simplify the sharing of recipes.

» The app didn't work for me on Safari (version 14.0, on Mac OS version 10.15.7) as I was
unable to add compounds (for unclear reasons). It worked well on Firefox (version 88.0.1)
and a mobile device.

o Iwas able to reproduce a buffer that we use for imaging and the quantities that we
normally use match with the results of the app. I was able to generate a permalink for the
recipe (https://mixology.science/?recipe=MpW9AwsswL).

> When I generate or retrieve the permalink, the decimal separator becomes a comma
instead of a period. This turned out to be due to the language setting in Firefox (Dutch) and
was solved by setting the language to English.

> Accepting the micro (y) sign in addition to the u would be an improvement.

> The simplicity of the app is a strength, but one can easily think of features that could be
added. Some improvements that I can think of:
1. Having grams as a default, instead of having to type it for each line
2. Showing the options of 'conc. unit' and 'mass unit' in a dropdown menu (or as tooltip)
3. Option to copy the permalink to the clipboard (or copy it to clipboard at the time it is
generated). This can be another button 'copy permalink'.

Ultimately, the design of the app (and choice of which features to implement) should be the
choice of the author(s).

» The author invites readers to add suggestions to the Github repo and I would suggest to
include the link to the repo immediately after that statement.

Does the author also accept comment requests through other channels (email, twitter) for
readers not familiar with Github? If so, it would be helpful to indicate that.

Is the rationale for developing the new software tool clearly explained?
Yes

Is the description of the software tool technically sound?
Yes

Are sufficient details of the code, methods and analysis (if applicable) provided to allow
replication of the software development and its use by others?
Yes

Is sufficient information provided to allow interpretation of the expected output datasets
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and any results generated using the tool?
Yes

Are the conclusions about the tool and its performance adequately supported by the
findings presented in the article?
Yes

Competing Interests: No competing interests were disclosed.
Reviewer Expertise: Cell biology, Data visualization, Web apps.

I confirm that I have read this submission and believe that I have an appropriate level of
expertise to confirm that it is of an acceptable scientific standard.
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