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INTRODUCTION

• There has been a lot of recent success in combining 

language and images for enabling semantic control of 

images.

• Can this be extended to molecules?

• There are some inherent difficulties:

1. Creating annotations requires significant domain 

expertise

2. Thus, it is more difficult to acquire large datasets

3. The same molecule can be described many ways

4. Existing evaluation measures for sequence generation 

are often inadequate

• To address these issues, we propose MolT5, a self-

supervised learning framework inspired by recent progress 

one multilingual models, which is pretrained on single-

modal data before task-specific finetuning.

DATA

• We used CheBI-20, a dataset consisting of 33,010 

compound-description pairs

TASK DEFINITION

• We propose two new tasks: 

1. molecule captioning, where a description is generated 

for a given molecule

2. text-based de novo molecule generation, where a 

molecule is generated to match a given text description.

PROBING TESTS

• We probe the model with different properties. Below, we 

input “The molecule is a corticosteroid.”

MODEL OUTPUTS
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The molecule is a member of the class of 

phhenylureas that is urea in which one of 

the nitrogens is substituted by a p-

chlorophenyl group while the other is 

substituted by two methyl groups. It has a 

role as a herbicide, a xenobiotic and an 

environmental contaminant. It is a 

member of monochlorobenzenes and a 

member of phenylureas.

The molecule is a sulfonated xanthene 

dye of absorption wavelength 573 nm 

and emission wavelength 591 nm. It has 

a role as a fluorochrome.

The molecule is a perchlorometallate 

anion having six chlorines and 

ruthenium(IV) as the metal component. It 

is a perchlorometallate anion and a 

ruthenium coordination entity.

The molecule is a trisaccharide derivative 

that consists of 6-sulfated D-glucose 

having an alpha-L-fucosyl residue 

attached at position 3 and a beta-D-

galactosyl residue attached at position 4. 

It has a role as an epitope. It is a 

trisaccharide derivative and an 

oligosaccharide sulfate.

Invalid

The molecule is a linear 27-membered 

polypeptide comprising the sequence 

Lys-Gly-Lys-Gly-Lys-Gly-Lys-Gly-Lys-

Gly-Glu-Asn-Pro-Val-Val-His-Phe-Phe-

Tyr-Asn-Ile-Val-Thr-Pro-Arg-Thr-Pro. 

Corresponds to the sequence of the 

myelin basic protein 83-99 (MBP83-99) 

immunodominant epitope with the lysyl 

residue at position 91 replaced by tyrosyl 

[MBP83-99(Y(91))] and with an (L-

lysylglycyl)5 [(KG5)] linker attached to 

the glutamine(83) (E(83)) residue.

Invalid Invalid

The molecule is a hydrate that is the 

dihydrate form of manganese(II) chloride. 

It has a role as a MRI contrast agent and a 

nutraceutical. It is a hydrate, an inorganic 

chloride and a manganese coordination 

entity.

Invalid

the molecule is a 

cationic fluorescent 

dye having 2, 3 - 

dimethyl - 1, 2, 3, 4, 6 

- tetrahydro - 1h - 1, 2, 

3, 4, 6 - 

tetrahydropyridin - 1 - 

yl ] amino } amino 

group, respectively. it 

has a role as a 

fluorochrome.

the molecule is a 

deuterated compound 

that is is is is is an 

isotopologue of 

chloroform in which the 

four hydrogen atoms 

have been replaced by 

deuterium. it is a 

deuterated compound 

and an alpha, omega - 

dicarboxylic acid.

The molecule is a 

quaternary 

ammonium ion 

and a member of 

phenanthridines. 

It has a role as an 

intercalator and a 

fluorochrome.

The molecule is an 

organic cation that is 

phenoxazin-5-ium 

substituted by amino 

and methylamino 

groups at positions 3 

and 7 respectively. The 

chloride salt is the 

histological dye 'azure 

C'.

The molecule is an organic 

cation that is phenoxazin-

5-ium substituted by 

methyl, amino and 

diethylamino groups at 

positions 2, 3 and 7 

respectively. The 

tetrachlorozincate salt salt 

is the histological dye 

'brilliant cresyl blue'.

The molecule is a 

GDP-L-galactose 

having beta-

configuration at the 

anomeric centre of 

the L-galactose 

fragment. It is a 

conjugate acid of a 

GDP-beta-L-

galactose(2-).

The molecule is a GDP-L-

galactose in which the 

anomeric oxygen is on the 

same side of the fucose 

ring as the methyl 

substituent. It has a role as 

a plant metabolite and a 

mouse metabolite. It is a 

conjugate acid of a GDP-

beta-L-galactose(2-).

the molecule is a gdp 

- d - glucoside - - - - 

- - - - - - - - - - - - - - - 

- - - - - - a - - - - - - - - 

- - - - - - - - - - - - - - - 

- - - - - - - - - - - - - - - 

- - - - - - - - - - - - - - - 

- - - - - - - -  […]

the molecule is the 

stable isotope of 

helium with relative 

atomic mass 3. 

016029. the least 

abundant ( 0. 000137 

atom percent ) 

isotope of naturally 

occurring helium.

The molecule is a GDP-D-

glucose in which the 

anomeric centre of the 

pyranose fragment has 

alpha-configuration. It is a 

GDP-D-glucose and a 

ribonucleoside 5'-

diphosphate-alpha-D-

glucose. It is a conjugate 

acid of a GDP-alpha-D-

glucose(2-).
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Results

CONCLUSIONS
We propose MolT5, a framework for pretraining a model on both molecules and 

natural language. It enables two new tasks– molecule captioning and text-based 

molecule generation. These have promising applications for enabling semantic, 

functional-level control of molecules, democratizing access to AI technologies for 

designing molecules, and enabling the design of task-specific custom molecules.
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