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Adsorption Properties of Hydrogen on the Surfaces of Amorphous Alloys NiyFe Py

FANG Zhi-Gang® HU Hong-Zhi
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Abstract: With the level of B3LYP/Lanl2dz of density functional theory and advisable adsorption models
designed, the adsorption properties of the most stable cluster of NiFe,P were calculated, and four stable
configurations with the adsorption of hydrogen were gained. The geometries and HOMO contributions of 3d
orbital of metal atoms and energy level properties of adsorption configurations were concerned and their Infrared
Spectrum were simulated and predicted. The bond lengths and bond orders and vibration frequencies concerned
synthetically, the adsorption mechanisms of hydrogen molecular on amorphous alloys NigFe,Py surfaces were
discussed in the microcosmic aspect. The hydrogen molecules adsorbing on the clusters were dissociated. In the
clusters’ Infrared Spectrums of hydrogen adsorption, there were the vibration peaks with the frequency less than
500 cm™ caused by metal atoms and other vibration peaks with the frequency more than 500 cm™ caused by
hydrogen atoms. Compared with the energy level DOS of the clusters before and after adsorption, it was found,
that the new adsorption activity sites generated after the adsorption of hydrogen, as well as easy way for metal

atoms providing electrons and participating subsequence reactions were gained.
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Fig.1 H, adsorption models designed on cluster Ni,Fe,P
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Table 1 Bond length and mulliken bond order of cluster Ni,Fe,P adsorbing H,
Bond length / nm
Cluster - - - -
Nlm-Hm Nl(z‘rH(l. FCm-Hm Fe(z.-Hu‘y P-Hm Nl(ern’z‘y Nla‘rH(z) Fﬁm-H(z. F“f(z)-Hajy P-H(z. H-H
19 0.396 0.168 0.357 0.179 0.396 0.401 0.167 0.187 0.358 0.402 0.333
20 0.422 0.314 0.336 0.198 0.149 0.178 0.339 0.336 0.174 0.405 0.369
30 0.168 0.406 0.337 0.173 0.331 0.395 0.168 0.321 0.170 0.327 0.342
40 0.335 0.179 0.418 0.163 0.336 0.398 0.369 0.561 0.156 0.401 0.220
Mulliken bond order
Cluster - - - -
NlurH(n NI{Z)'H(I) Fe“,—H(., Fe(z)-Hu) P'H(I) Nl(l)-H(z. Nla)‘H[ZJ Feu)'H(Z) Fe[ZJ'H(Z) P-H(z) H-H
1 0.004 0.204 0.013 0.138 -0.005 0.002 0.2 0.136 0.017 -0.003 -0.002
20 0.007 -0.023 -0.017 0.087 0.201 0.152 -0.009 -0.004 0.205 -0.004 -0.001
30 0.187 0.011 -0.012 0.169 -0.013 0.007 0.175 -0.018 0.182 -0.015 -0.003
40 0.000 0.117 0.015 0.209 -0.015 0.002 -0.007 -0.001 0.320 -0.006 0.010




J5 WA H, TEAE S G 4 NigFey Py 2210 Y1 B 4T A . 2225 .

3 JEFHE NiFe,P W B H, 152 #a) 7Y
Fig.3 Optimized configurations of cluster Ni,Fe,P adsorbing H,
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Table 2 Parameters of energy level and HOMO contributions of 3d orbital of metal atoms in the

adsorption complexes Ni,Fe,PH,

Energy level / eV

HOMO contribution of 3d / %

Cluster Evovo Evmo Ey Ec Ni® Ni® Fe® Fe®
NiFe,P -4.626 -2.612 -3.619 2.014 10.01 10.01 3.56 4231
19 -5.499 -3.325 -4.412 2.174 14.83 22.73 2.64 30.69
200 -4.706 -2.939 -3.822 1.767 4.02 5.69 69.92 2.07
3@ -5.233 -2.755 -3.994 2.478 28.34 33.11 4.96 1.56
40 -5.539 -2.946 -4.242 2.593 6.49 7.61 0.8 60.13
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Fig.5 Infrared Spectra of adsorption clusters Ni,Fe,PH,
® 3 [EF% NiFe,P WMl #4 B pY 3R 3h 37 %
Table 3 Vibration frequencies of hydrogen adsorption on clusters of Ni,Fe,P (cm™)
Cluster Freqq Freqp Freq, Freqg Freqs, Freq Freqp Freq
19 42.795 70.879 90.987 123.026 179.395 242.505 261.217 276.263
20) 91.312 106.721 128.939 154.915 174.297 181.006 194.11 253.822
39 68.08 111.228 134.407 146.663 172.273 193.127 238.238 293.408
40 56.371 82.484 102.35 128.206 159.046 202.643 223.604 276.041
Cluster Freq Freqqo Freqqy Freqy Freqqs Freqq Freqqs
19 315.318 380.608 559.939 895.797 1068.124 1295.779 1328.096
20 304.938 328.743 435.791 659.016 915.798 1279.296 1933.802
39 344.749 361.581 593.191 1066.324 1208.815 1224.039 1333.789
40 283.024 332.309 363.195 514.156 910.402 1411.578 1705.351
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