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Atomic states and physical properties of Pd metal
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Abstract: The atomic state of pure Pd metal with fce structure is [ Kr] (4d.)>*(4d.) %% (5s¢) % (5s1) “* based on

the oneatom theory(OA). The atomic states of this metal

with hep and bee structures and liquid state were also

studied. According to its atomic states, the relationship between the atomic states and crystalline structure was ex-

plained qualitatively. The potential curve and change curves of thermodynamic properties, such as bulk modulus,

linear thermal expansion coefficient, specific thermal capacity and Gibbs free energy, with temperature of fcePd

were calculated quantitatively. The theoretical results agree with experimental values.
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Table 1 Basic atomic states and corresponding pseudo crystal characteristic properties of Pd metal

; Atomic siaies Lattice constant/ nm Cohesive energy/ (kJ * mol~ 1)
in outer shell fee bee - foc bee b

1 (4do) *(4dn)*(5sc) 0(5s0) 2 0. 366 95 0.291 87 0.259 45 384.20 394,32 390. 67
2 (4de)*(4dn)*(5sc) 2(5s1)° 0.35208 0.279 96 0.248 93 685.98 691. 67 686. 33
3 (4do) *(4da)*(5sc) (5s) ! 0.358 76 0.28531 0.253 66 539.98 547.02 542.51
4 (4de) 3 (4da)*(5se) O(5sp) ! 0.329 38 0.261 80 0.232 87 538.34 545.17 541.27
5 (4de) > (4dn)*(5se) ' (5s1)° 0.32271 0.256 47 0.228 14 761.58 767.30 762.32
6 (4de) O(4dn)*(5sc)0(5s1)° 0.293 43 0.233 07 0.207 40 762. 66 767.95 764.03
7 (4do) 2(4da) ®(5se) O(5s1) 2 0.434 22 0.345 37 0. 307 02 174.47 182.99 181.07
8 (4d.) 2(4dy) ®(5sc)2(5sp)° 0. 396 40 0.315 47 0.28029 387.36 391.08 387.44
9 (4dc) 2(4da)®(5sc) (Ssi) ! 0.416 62 0.32395 0.294 57 270. 33 282.54 272. 88
10 (4de)3(4dn)®(5se) O(5si) ! 0.37258 0. 288 54 0.263 39 282.18 296. 00 285.19
11 (4d.) 3(4dy)®(5sc) (5s)© 0.352 24 0.280 09 0.249 05 463. 46 467.31 463.70
12 (4do) *(4da) ®(5se) O (5s1)° 0.308 22 0.244 89 0.217 88 484.73 488.21 485.37
13 (4de) O(4dn)8(5sc) 2(5s)° 0.522 64 0.416 32 0. 369 56 64.25 64.95 64.26
14 (4de) O(4dn)8(5se) '(Ssi) ! 0.552 83 0. 440 60 0.39091 42.06 45.19 44. 64
15 (4d.) O(4da) 8 (5se) (5s) ! 0.464 33 0.369 51 0. 328 32 81.62 85. 64 84.70
16 (4de) '(4dn) 8(5sc) ' (5sr)° 0.434 22 0. 345 37 0. 307 02 176. 65 178.20 176.72
17 (4do) 2(4da) ¥(5sc) O(5s0)© 0.346 20 0.274 98 0.244 70 215.45 216.95 215.85

%2 fecPd WMAEMIETRESE S ERRAEPE R

Table 2 Atomic state parameters, bond parameters and characteristic properties of fcec Pd crystal

Coefficient Atomic state parameter Bond parameters a/ nm Ec/ (k] * mol™ ")
do= 223 ri= 2.7489
d’: 5.98 ro= 3.8888
= 0.0l =4.7628
° se= 1.56 N 0. 388 88" 375. 68V
cs= 0.78 _ R=1.2252
si= 0.23 0.389 0211412 375. 7201912
co= 0.21 _ ni= 0.3169
gL i3 0.004 0
v_ n2= 0.
= L1 n3= 0.000 1

1) —Theoretical value; 2) —Experimental value
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G(T) = Ec+ J‘:c,,(T)dT+ pJ‘:V(T)dT—

Tﬁ(c,,(T)/T)dT (2)
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G(T)= a+ bT + ¢TInT+ D dT" (3)
KX G (T) MM Gibbs B2, NET G(T) . 1E4¢
SHEER, ENIMZEMNAN 6(T)- ¢ (T)= Ec- a.

R4 feePd (455 B8 Eo(fecPd) = 375. 72 kJ/
mol 1 SGTE """ 45 i) fee- Pd Fl hep-Pd Al
beePd ) 6 (T ) {8, AR hep-Pd 2 beePd
[ 45 4 BEMC A E o(hep-Pd) = 374 kJ/ mol, E.(bec
Pd) = 365.50 kJ/ mol .
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HARE fecPd [0 9FE B RS L 1 0] fe ik 12 2
WD fee G5 MEREN s LM T EL, t OA Hlig
A8 hepPd, beePd 8 4% % 505 7k
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(4d)> (5s)"* (5s) "%, W (beePd) = [ Kr]
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TEABEZM s M BT, XWIFE hepPd &
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HE fec Pd 45 G BER SGTE Bds vy sk 72
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( sz) 0. 64
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Fig. 1 Theoretical potential curve of fecPd
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Fig.2 Change curve of bulk elastic

modulus with temperature
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Fig. 3 Change curve of linear thermal expansion

coefficient of fccPd with temperature
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Fig. 4 Change curve of

specific thermal capacity with temperature
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BN s BT, # fee Pd (KR TR AT DL A
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2) JEESRE hep K bee W SFRE S AA I R T
IRA A W (hepPd) = [ Kr] (4da)”® (4de)™"
(58) " (5s0)"%, W, (beePd) = [ Kr] (4d.)>™
(4d(') 2A39(SSC) 1A27(SS[) 0.56 .
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