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Fig. 1 Models of graphene: (a) GR; (b) B-GR; (c) V-GR;
(d) B-V-GR
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Table 1  Adsorption distance, adsorption energy and

charge transfer of graphene after adsorbing Co”"

Models distztllllil/nm 23::;5; 613(3] trgﬂgtffrj e
GR B 0.1976 0.7369 0.376
H 0.2130 0.6522 0.294
T 0.1981 —1.9544 0.571
B-GR B 0.1980 —1.8946 0.563
H 0.2172 —2.2392 0.418
V-GR H 0.1784 —6.5504 0.245
B-V-GR H 0.1834 —5.2586 0.235
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Fig. 2 Band structure of pristine graphene before and after
Co”" adsorption on H site: (a) GR; (b) GR-Co*"
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Fig. 3 Band structure of Boron-doped graphene before and after Co”* adsorption on T site: (a) B-GR; (b) B-GR-Co>"
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Fig. 4 Band structure of vacancy-defected graphene before and after Co”* adsorption on H site: (a) V-GR; (b) V-GR-Co”*
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Fig. 5 Band structure of boron-doped vacancy-defected graphene before and after Co™ adsorption on H site: (a) B-V-GR; (b)

B-V-GR-Co*"
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Fig.7 DOS diagram of pristine graphene and Co”": (a) Before adsorption; (b) After adsorption
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Fig. 8 DOS diagram of Boron-doped graphene and Co**: (a) Before adsorption; (b) After adsorption
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First principles study on adsorption of Co*" on
vacancy-defected and boron-doped graphene

ZHANG Yan, AN Li-bao, FAN Qing-qing, CHEN Tao

(College of Mechanical Engineering, North China University of Science and Technology, Tangshan 063210, China)

Abstract: On the basis of first-principles calculation, the adsorption performance of Co®” ions on pristine graphene,
boron-doped graphene, vacancy-defected graphene, and boron-doped vacancy-defected graphene has been
investigated. By computing and analyzing the geometric structure, adsorption energy, charge transfer and band
structure of the above mentioned four types of graphene after Co”" adsorption, we can find that although there
exists an adsorption interaction between pristine graphene and Co™', the effect of the adsorption is poor. Both boron
doping and vacancy defects can increase the adsorption energy between graphene and Co*", and result in a bandgap
in the band structure of graphene, greatly enhancing the adsorption effect of graphene to Co>". Analysis on the
density of states of the adsorption system of graphene and Co’" demonstrates that there is a strong coupling
between Co*" and the three types of modified graphene, indicating the occurrence of chemical adsorption between
them. Among the three types of modified graphene, vacancy-defected graphene has the strongest adsorption to Co™",
followed by boron-doped vacancy-defected graphene. This indicates that vacancy-defected graphene and
boron-doped vacancy-defected graphene could be used for detecting and removing Co®” ions by adsorption. The
research provides a theoretical guidance for the application of modified graphene in heavy metal ion removal and
water purification.
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