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Motivation

Design Objectives

Multi-objective Bayesian Optimization Materials by Design
Metal-insulator transition (MIT) material AM1M’3Q8
(A=Al,Ga,In; M,M’=V,Nb,Ta,Cr,Mo,W; Q=S,Se,Te)

Designing controllable MIT materials
v High resistive switching ratio
v Stable at ambient conditions

Jahn-Teller 
distortion
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Exploring the Pareto front

• Maximizing band gap (Eg):

• Minimizing formation energy (ΔHf):

Better functionality

Higher stability

�Hrxn =
X

⌫�fH(product)�
X
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Ga+Mo+ 3 ⇤ Cr + 8 ⇤ S ! GaMoCr3S8
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Novel MIT compound Ga1Mo1Cr3S8

Corraze, et.al. Eur. Phys. J. Special Topics 222, 1407-1056 (2013)
Reschke, et.al. Phys. Rev. B 96, 144302 (2017)

Understanding composition-property relationship
Ø how different elements influence material properties, 

e.g. metallicity, magnetism, polarization

Conclusions

v Developed an effective way to search the 
composition space of lacunar spinel family

v Performed multi-objective Bayesian 
optimization and successfully obtained 9 
compounds on the Pareto front

v Used DFT to simulate the metal-insulator 
transition and validated our hypothesis

Hypothesis:

Larger band gap

Higher resistive 
switching ratio

Structural 
distortion

F 4̄3m
<latexit sha1_base64="60Sq5SB/mB4IKR2UTV0RcngqDcY=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKexqQI9BQTxGMA9MljA7mU2GzGOZmRXCkr/w4kERr/6NN//GSbIHjRY0FFXddHdFCWfG+v6XV1hZXVvfKG6WtrZ3dvfK+wcto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+nvntR6oNU/LeThIaCjyULGYEWyc93PQirLPa9Fz0yxW/6s+B/pIgJxXI0eiXP3sDRVJBpSUcG9MN/MSGGdaWEU6npV5qaILJGA9p11GJBTVhNr94ik6cMkCx0q6kRXP150SGhTETEblOge3ILHsz8T+vm9r4MsyYTFJLJVksilOOrEKz99GAaUosnziCiWbuVkRGWGNiXUglF0Kw/PJf0jqrBn41uKtV6ld5HEU4gmM4hQAuoA630IAmEJDwBC/w6hnv2Xvz3hetBS+fOYRf8D6+ARBTkIE=</latexit><latexit sha1_base64="60Sq5SB/mB4IKR2UTV0RcngqDcY=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKexqQI9BQTxGMA9MljA7mU2GzGOZmRXCkr/w4kERr/6NN//GSbIHjRY0FFXddHdFCWfG+v6XV1hZXVvfKG6WtrZ3dvfK+wcto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+nvntR6oNU/LeThIaCjyULGYEWyc93PQirLPa9Fz0yxW/6s+B/pIgJxXI0eiXP3sDRVJBpSUcG9MN/MSGGdaWEU6npV5qaILJGA9p11GJBTVhNr94ik6cMkCx0q6kRXP150SGhTETEblOge3ILHsz8T+vm9r4MsyYTFJLJVksilOOrEKz99GAaUosnziCiWbuVkRGWGNiXUglF0Kw/PJf0jqrBn41uKtV6ld5HEU4gmM4hQAuoA630IAmEJDwBC/w6hnv2Xvz3hetBS+fOYRf8D6+ARBTkIE=</latexit><latexit sha1_base64="60Sq5SB/mB4IKR2UTV0RcngqDcY=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKexqQI9BQTxGMA9MljA7mU2GzGOZmRXCkr/w4kERr/6NN//GSbIHjRY0FFXddHdFCWfG+v6XV1hZXVvfKG6WtrZ3dvfK+wcto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+nvntR6oNU/LeThIaCjyULGYEWyc93PQirLPa9Fz0yxW/6s+B/pIgJxXI0eiXP3sDRVJBpSUcG9MN/MSGGdaWEU6npV5qaILJGA9p11GJBTVhNr94ik6cMkCx0q6kRXP150SGhTETEblOge3ILHsz8T+vm9r4MsyYTFJLJVksilOOrEKz99GAaUosnziCiWbuVkRGWGNiXUglF0Kw/PJf0jqrBn41uKtV6ld5HEU4gmM4hQAuoA630IAmEJDwBC/w6hnv2Xvz3hetBS+fOYRf8D6+ARBTkIE=</latexit><latexit sha1_base64="60Sq5SB/mB4IKR2UTV0RcngqDcY=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKexqQI9BQTxGMA9MljA7mU2GzGOZmRXCkr/w4kERr/6NN//GSbIHjRY0FFXddHdFCWfG+v6XV1hZXVvfKG6WtrZ3dvfK+wcto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+nvntR6oNU/LeThIaCjyULGYEWyc93PQirLPa9Fz0yxW/6s+B/pIgJxXI0eiXP3sDRVJBpSUcG9MN/MSGGdaWEU6npV5qaILJGA9p11GJBTVhNr94ik6cMkCx0q6kRXP150SGhTETEblOge3ILHsz8T+vm9r4MsyYTFJLJVksilOOrEKz99GAaUosnziCiWbuVkRGWGNiXUglF0Kw/PJf0jqrBn41uKtV6ld5HEU4gmM4hQAuoA630IAmEJDwBC/w6hnv2Xvz3hetBS+fOYRf8D6+ARBTkIE=</latexit>

R3m
<latexit sha1_base64="Q06jXwKv8CfJiGwRj2GtQepKvV0=">AAAB6nicbZDLSgMxFIbP1Futt6pLN8EiuCozKuiy6MZlvfQC7VAyaaYNzWVIMkIZ+ghuXCji1idy59uYtrPQ1h8CH/85h5zzRwlnxvr+t1dYWV1b3yhulra2d3b3yvsHTaNSTWiDKK50O8KGciZpwzLLaTvRFIuI01Y0upnWW09UG6bkox0nNBR4IFnMCLbOerg/F71yxa/6M6FlCHKoQK56r/zV7SuSCiot4diYTuAnNsywtoxwOil1U0MTTEZ4QDsOJRbUhNls1Qk6cU4fxUq7Jy2aub8nMiyMGYvIdQpsh2axNjX/q3VSG1+FGZNJaqkk84/ilCOr0PRu1GeaEsvHDjDRzO2KyBBrTKxLp+RCCBZPXobmWTVwfHdRqV3ncRThCI7hFAK4hBrcQh0aQGAAz/AKbx73Xrx372PeWvDymUP4I+/zB+nTjYo=</latexit><latexit sha1_base64="Q06jXwKv8CfJiGwRj2GtQepKvV0=">AAAB6nicbZDLSgMxFIbP1Futt6pLN8EiuCozKuiy6MZlvfQC7VAyaaYNzWVIMkIZ+ghuXCji1idy59uYtrPQ1h8CH/85h5zzRwlnxvr+t1dYWV1b3yhulra2d3b3yvsHTaNSTWiDKK50O8KGciZpwzLLaTvRFIuI01Y0upnWW09UG6bkox0nNBR4IFnMCLbOerg/F71yxa/6M6FlCHKoQK56r/zV7SuSCiot4diYTuAnNsywtoxwOil1U0MTTEZ4QDsOJRbUhNls1Qk6cU4fxUq7Jy2aub8nMiyMGYvIdQpsh2axNjX/q3VSG1+FGZNJaqkk84/ilCOr0PRu1GeaEsvHDjDRzO2KyBBrTKxLp+RCCBZPXobmWTVwfHdRqV3ncRThCI7hFAK4hBrcQh0aQGAAz/AKbx73Xrx372PeWvDymUP4I+/zB+nTjYo=</latexit><latexit sha1_base64="Q06jXwKv8CfJiGwRj2GtQepKvV0=">AAAB6nicbZDLSgMxFIbP1Futt6pLN8EiuCozKuiy6MZlvfQC7VAyaaYNzWVIMkIZ+ghuXCji1idy59uYtrPQ1h8CH/85h5zzRwlnxvr+t1dYWV1b3yhulra2d3b3yvsHTaNSTWiDKK50O8KGciZpwzLLaTvRFIuI01Y0upnWW09UG6bkox0nNBR4IFnMCLbOerg/F71yxa/6M6FlCHKoQK56r/zV7SuSCiot4diYTuAnNsywtoxwOil1U0MTTEZ4QDsOJRbUhNls1Qk6cU4fxUq7Jy2aub8nMiyMGYvIdQpsh2axNjX/q3VSG1+FGZNJaqkk84/ilCOr0PRu1GeaEsvHDjDRzO2KyBBrTKxLp+RCCBZPXobmWTVwfHdRqV3ncRThCI7hFAK4hBrcQh0aQGAAz/AKbx73Xrx372PeWvDymUP4I+/zB+nTjYo=</latexit><latexit sha1_base64="Q06jXwKv8CfJiGwRj2GtQepKvV0=">AAAB6nicbZDLSgMxFIbP1Futt6pLN8EiuCozKuiy6MZlvfQC7VAyaaYNzWVIMkIZ+ghuXCji1idy59uYtrPQ1h8CH/85h5zzRwlnxvr+t1dYWV1b3yhulra2d3b3yvsHTaNSTWiDKK50O8KGciZpwzLLaTvRFIuI01Y0upnWW09UG6bkox0nNBR4IFnMCLbOerg/F71yxa/6M6FlCHKoQK56r/zV7SuSCiot4diYTuAnNsywtoxwOil1U0MTTEZ4QDsOJRbUhNls1Qk6cU4fxUq7Jy2aub8nMiyMGYvIdQpsh2axNjX/q3VSG1+FGZNJaqkk84/ilCOr0PRu1GeaEsvHDjDRzO2KyBBrTKxLp+RCCBZPXobmWTVwfHdRqV3ncRThCI7hFAK4hBrcQh0aQGAAz/AKbx73Xrx372PeWvDymUP4I+/zB+nTjYo=</latexit>

324 compounds in 
search space

Validating model accuracy

Discovered 6 out 
of 9 compounds 
on the Pareto front 
within 60 iterations

5-fold cross validation

q Highly-accurate in 
formation energy prediction

q Performance less ideal for 
band gap prediction

Easier to learn 
additive patterns

More materials 
info needed
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Simulating the metal-insulator transition
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✓m = \Cr1MoCr2
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More candidate MIT materials

• Al1V1Nb3S8

• Al1V4S8

• Al1V1Ta3S8

• Al1Cr1V3S8

• In1Mo1Ta3S8

• Al1Ta1V3S8

• Ga1W1Cr3S8 

Computationally 
efficient


