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Abstract:

chemical properties. However it is very difficult to study in a lab because of its complex structure and transitory

Amorphous alloy NigFey Py has attracted extensive interest owing to its unique local structure and

of growth process. Therefore, according to the structure feature of NigyFey Py, we designed a series of clusters
Ni,Fe,P and studied the stability of local structure, charge distribution and chemical bond. Using the method of
DFT, clusters NiFe,P have been optimized and analyzed. The results show that for clusters NiFe,P the deformed
square pyramid is more stable than others in duplicate states; the deformed triangle dipyramid is more stable than
others in fourfold states. The Fe-P bond plays an important role for the stability of clusters Ni,Fe,P. Decreasing

with the metal atoms around atom P, the positive charge of atom P becomes poorer.
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Optimized structures of cluster Ni,Fe,P
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Table 1 Energy (E), zero point of energy (ZPE), corrected energy (Ezr), HOMO(Eyom0), LUMO (Epnyo) and gap
between HOMO and LUMO (E,,) for clusters Ni,Fe,P

Isomers Multiplicity E / au ZPE / a.u Epi [ au Eyowo / a.u Eino [ a.u Eg, [ au

2 -591.987 95 0.00379 -591.984 16 -0.170 32 -0.096 36 0.073 96

2 2 -591.985 67 0.003 56 -591.982 11 -0.166 07 -0.089 39 0.076 68

3 2 -591.984 07 0.003 86 -591.980 21 -0.182 17 -0.109 25 0.072 92

4 2 -591.980 85 0.003 40 -591.977 44 -0.164 49 -0.100 35 0.064 14

5 2 -591.962 53 0.003 43 -591.959 09 -0.182 01 -0.113 08 0.068 93

1 4 -591.974 84 0.003 68 -591.971 16 -0.166 83 -0.111 75 0.055 08

2 4 -591.974 54 0.003 55 -591.970 99 -0.162 17 -0.092 05 0.070 12

3 4 -591.971 97 0.003 58 -591.968 39 -0.163 84 -0.111 70 0.052 14

4 4 -591.968 74 0.003 48 -591.965 26 -0.146 16 -0.095 63 0.050 53

5 4 -591.919 39 0.003 32 -591.916 06 -0.180 30 -0.113 62 0.066 71
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Table 2 Bond length, bond order and TM-P% for clusters Ni,Fe,P

Bondlength / nm

Isomers

Ni(1)-P Ni(2)-P Fe(1)-P Fe(2)-P Ni(1)-Fe(1) Ni(1)-Fe(2) Ni(1)-Ni(2) Fe(1)-Fe(2)
1 0.236 0.236 0.228 0.242 0.251 0.251 0.250 0.404
2 0.233 0.240 0.232 0.236 0.268 0.252 0.239 0.266
3 0.228 0.229 0.226 0.375 0.249 0.263 0.256 0.262
4 0.232 0.382 0.229 0.231 0.265 0.254 0.250 0.272
5 0.390 0.479 0.224 0.227 0.253 0.458 0.242 0.275
1 0.225 0.257 0.231 0.380 0.256 0.262 0.263 0.268
2 0.232 0.244 0.230 0.237 0.262 0.256 0.250 0.249
3’ 0.226 0.372 0.228 0.232 0.271 0.263 0.251 0.264
4 0.234 0.242 0.235 0.237 0.254 0.254 0.262 0.407
5 0.401 0.480 0.219 0.230 0.251 0.451 0.247 0.260

Bond order
Isomers

Ni(1)-P Ni(2)-P Fe(1)-P Fe(2)-P Ni-Fe(max) Ni(1)-Ni(2) Fe(1)-Fe(2) TM-P%
1 0.093 0.094 0.348 0.253 0.000 -0.001 0.040 95.13
2 0.132 0.184 0.290 0.179 0.084 -0.037 -0.043 90.36
3 0.263 0.263 0.324 -0.040 0.013 -0.022 0.059 90.95
4 0.232 -0.048 0.337 0.259 0.037 0.009 -0.047 88.30
5 0.004 -0.002 0.338 0.369 0.129 0.133 -0.077 60.86
1 0.274 0.274 0.277 -0.017 -0.016 -0.049 0.060 93.19
2 0.157 0.144 0.284 0.172 0.095 -0.054 0.046 84.22
3’ 0.280 -0.047 0.309 0.269 0.048 -0.011 0.012 93.48
4 0.146 0.100 0.268 0.257 0.037 -0.057 0.080 86.86
5 0.010 0.000 0.342 0.324 0.107 0.136 -0.053 58.38

* TM-P%, Percent of bond order Metal-P in total bond order for cluster Ni,Fe,P
3P TR T NigFe,P & AR BAR, MR 12 PP TS A G R T
Jiv Aty o A AT N Fe PR AT RUATAR  BE, BT HLAT 200008 0.07390.,0.098 41 7ER L 3 4
N — PR ARE AR I A DU S I P TR TP RS = A D B, B e e 23 i
LA A TR B LR ROk B RS PR B 0.01385,-0.006 44 7EAG AL 5 1 P AL 5 A~ Fe
4 R TIPS IE AR s L TR TSR I B S —-0.047 45 F9 B 3 4 BT AR
%3 NiFeP ERMUEHREFHFRETE
Table 3 Charge of each atom for clusters Ni,Fe,P

Isomers Charge
p Ni(1) Ni(2) Fe(1) Fe(2)
1 0.073 90 -0.035 98 -0.035 98 0.002 38 0.000 44
2 0.098 41 -0.022 13 -0.054 78 0.049 13 -0.070 63
3 0.0138 5 -0.006 81 -0.006 46 0.002 39 -0.002 97
4 -0.006 44 0.016 38 -0.115 61 0.081 75 0.023 92
5 -0.047 45 0.151 49 -0.134 54 -0.016 68 0.047 18
I 0.044 40 -0.018 71 -0.018 99 -0.021 72 0.015 03
2 0.122 56 -0.112 62 0.039 14 -0.093 33 0.044 25
3’ 0.032 41 -0.028 54 -0.059 39 0.024 95 0.030 57
4 0.084 76 0.034 86 0.033 88 -0.052 09 -0.101 41

5’ 0.014 29 0.094 11 -0.092 98 -0.090 55 0.074 63
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Table 4 Mulliken population and Change of Mulliken population of each atom for clusters Ni,Fe,P

Mulliken Population

Isomers P Ni(1) Ni(2) Fe(1) Fe(2)
3s 3p 3d 3d 4s 4p 3d 4s 4p 3d 4s 4p 3d 4s 4p
1 1.77  3.11 0.05 897 074 033 897 074 032 6.77 093 0.30 6.86 082 032
2 1.78  3.08  0.05 897 070 0.35 896 084 0.25 6.75 0.87 0.33 6.84 091 032
3 1.79 316  0.04 893 076 0.32 8.93 0.75 0.32 6.80 1.05 0.15 6.68 091 041
4 1.80 3.18  0.03 893 073 0.32 8.82 .15 0.15 6.68 0.83 040 6.83 0.83 0.32
5 1.81 321 0.03 8.88 0.65 0.32 8.81 1.18  0.14 6.70 090 042 6.70 0.67  0.58
1 1.80  3.12  0.03 8.85 082 0.35 885 082 035 6.86 0.83 0.35 6.80 .02 0.17
2’ 1.79  3.05 0.04 8.87 099 0.25 888 075 0.33 6.86 094 0.29 6.92 072 0.32
3 1.80  3.13  0.04 8.84 084 0.34 8.86 1.04 0.16 6.85 0.80 0.33 6.88 0.76  0.33
4’ 1.78  3.09  0.04 887 073 0.37 885 078 034 6.86 0.89  0.30 6.86 094  0.30
5’ 1.83  3.13  0.03 884 071 035 8.83 1.13  0.13 6.88 0.89 0.32 6.71 0.66  0.56
AMulliken Population
Isomers p Ni(1) Ni(2) Fe(1) Fe(2)
As Ap Ad Ad As Ap Ad As Ap Ad As Ap Ad As Ap
1 -023  0.11 0.05 -0.03 -026 033 -0.03 -0.26 0.32 077  -1.07 0.30 086 -1.18 0.32
2 -022 008 0.05 -0.03 -030 035 -0.04 -0.16 025 075 -1.13  0.33 084 -1.09 032
3 -021  0.16  0.04 -0.07 -0.24 0.32 -0.07 -025 032 080 -095 0.15 068 -1.09 041
4 -020 0.18  0.03 -0.07 =027 0.32 -0.18  0.15 0.15 0.68 -1.17 040 083 -1.17 032
5 -0.19 021 0.03 -0.12  -035 032 -0.19  0.18 0.14 070 -1.10 042 070  -133 058
Iy -020 012 0.03 -0.15 -0.18 035 -0.15 -0.18 0.35 086 -1.17 0.35 080 -098 0.17
2’ -021 005 0.04 -0.13 -0.01 025 -0.12 -0.25 033 086 -1.06 0.29 092 -128 032
3’ -020 0.13  0.04 -0.16 -0.16 0.34 -0.14  0.04 0.16 085 -1.20 0.33 088 -124 033
4’ -022 009 0.04 -0.13 =027 0.37 -0.15 -022 0.34 086 -1.11 0.30 086 -1.06 0.30
5 -0.17  0.13  0.03 -0.16 -0.29 035 -0.17  0.13 0.13 088 -1.11 0.32 071 -134 0.56

* Ad(Ni, Fe ,P)=d(Ni,Fe,P)~d(Ni, Fe, P), As(Ni, Fe, P)=s(Ni,Fe,P)-s(Ni,

Fe, P), Ap(Ni, Fe, P)=p(Ni,Fe,P)-p(Ni, Fe, P)
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