Electronic Supplementary Material (ESI) for Journal of Materials Chemistry A.
This journal is © The Royal Society of Chemistry 2023

Supplementary Information for

Realizing the cooking recipe of materials synthesis through large language model
Jaydeep Thik, Siwen Wang, Chuhong Wang, Hadi Mansourifar, Honghong Lin, Keiichi Okubo,
and Chen Ling*

Toyota Motor Engineering and Manufacturing North America Inc, 1555 Woodridge Avenue,
Ann Arbor, Michigan, United States, 48105

Corresponding author: chen.ling@toyota.com



Change the following into recipe steps while keeping the steps ordered in time

Prompt

Sure, please provide the original text you'd like to turn into recipe steps, and Il format it
accordingly while maintaining the chronological order.

The Pt/Nb alloy catalysts were prepared by the conventional impregnation method, which
involved wet impregnation of metal precursors (that is, H2PtCI6 and MbCI5) on the carbon
black BP2000 support, followed by H2 reduction at a high temperature of 900 °C. The
nominal total metal content was controlled to 20 wt % for all catalysts unless otherwise

of metal pairs as a result of the nennegligible hydrolysis of NBCIS in water. Alternatively, we
adopted anhydrous ethanol as the solvent for impregnation and finally obtained the desired
Pt/Nb alloy catalysts (Figure 1a). Two Pt/Nb catalysts with molar ratios of 311 and 1:1 were
prepared and are referred to as PtaNb/BP2000 and PtNb/BP2000, respectively. A

as Pt/BP2000),

specified. We initially attempted to prepare the alloy catalysts by impregnating H2PtCI6 and
NbCIS onto BP2000 in an aqueous sclution, but large niobium carbide and Pt particles were
obtained (Figure S1a). Phase separation was likely caused by the inhomogeneous adsorption

menometaliic Pt catalyst was also prepared by the same process for comparison {referred to

Input

Here's the original text converted into recipe steps while maintaining the chronological
arder:

B Starting chemicals

Ingredients:

* Carbon black BP2000 support
* H2PtCI6 (Platinum precursor)
* NBCI5 (Niobium precursor)

* Anhydrous ethanol

ChatGPT-Output

Total Metal Content: 20 wt % (unless otherwise specified)

Step-by-step

Step 1: Impregnation of Metal Precursors
procedure

1. Take the carbon black BP2000 support as the base.
2. Prepare a solution of H2P1CI6 and NbCIS {metal precursors) in anhydrous ethanol,
Step 2: Wet Impregnation Process

1. Gradually and evenly impregnate the metal precursor solution onto the carbon black
BP2000 support.
2. Ensure thorough mixing to prevent phase separation.

Step 3: Control Total Metal Content

1. Keepthe nominal total metal content at 20 wt % for all catalysts, unless specific variations
are desired.

Step 4: Initial Attempt (Mot Successful)

1. Initially impreg inan solution resulted in large niobium carbide
and Pt particles (Figure S1a).
2. This phase separation was likely due to the nonnegligible hydrolysis of NBCI5 in water.

2 Inhomogeneous adsorption of metal pairs contributed to this issue.

Step 5: Alternative Solvent Selection

1. Adopt anhydrous ethanol as the solvent for impregnation to mitigate phase separation.
2. This change in solvent choice led to the desired Pt/Nb alloy catalysts (Figure 1a).

Step 6: Pt/Nb Alloy Catalysts Preparation

1. Prepare two Pt/Nb alloy catalysts with different molar ratios:
* Pt3Mb/BP2000 (molar ratio 3:1)
* PtNb/BP2000 (molar ratio 1)

2. These catalysts are distinct based on their compaosition.

Step T: Monometallic Pt Catalyst

1. Prepare a monometallic Pt catalyst using the same process.
2. This catalyst is referred toas Pt/BP2000 and will be used for comparison purposes.

Supplementary Fig. 1. An example of ChatGPT prompt and output to break down materials

synthesis information.




