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Table 1 Basic atomic states and relative pseudo-crystals characteristic properties of Zr metal

k Eletronic structure Lattice constant a/nm Cohensive energy E ./ (kJ. mol™ ')
number in outer shell hep” bee fee hep bee fee

1 (4do)* 0.26972 0.30586 0.38442  818.14  812.24  804.79
2 (4d.) (550! 0.30011 0.34061 0.42772 802.11  797.18  788.94
3 (4d.) (58" 0.31152 0.34911 0.44788  509.61 507.10  485.64
4 (4d.) 2(5s0) '(5%9) 0.34152 0.38400 0.49117  496.64  493.63  473.80
5 (4d,) 2(4d,) '(5s0)! 0.35701 0.40520 0.50881  316.65 314.72 311.42
6 (4d,) 2(4d,) "(5sp) ! 0.37819 0.42946 0.53899  160.75 152.38 145. 14
7 (4d,) 2(5s0) '(5sp) ! 0.43909 0.49936 0.62574  89.29 82.34 76. 65

8 (4d.) *(5s) 0.33054 0.37547 0.47107 684.46  680. 86 673. 12
9 (4d,) %(5s.) * 0.41788 0.47500 0.59553  118.32 117.78 116. 36
10 (4d)%(5s) 2 0.35701 0.40520 0.50881  340.45  322.67  307.44
11 (4d,)?(4d,)? 0.29625 0.33579 0.42225 372.00  369.07  365.97

* hep structure, ¢/ a=
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Table 2 Atomic state parameters, bond param-
eters and characteristic properties of hep aZr

Coefficients c1= 0.2698 ¢7= 0.1984 c¢g= 0.5318
Atomic state d,= 0.3968 d.=2.1428 s.=1.2620
Parameters si= 0.1984 n.= 3.4048 ny= 3.6032
ri= 0.15895 r,= 0.16159 r3= 0.22666
ni= 0.3114 n,=0.2543 n,u= 0.0002
parameters
rq= 0.25738 n3=0.0017 R=0.14639
EJ(kJ*mol™ !
607.5
607.51

Bond

¢/ nm
0.51475
0.51474

al/ nm
0.32317
0.32317

Properties
Theo. values

Expt. values
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1108. 37kJ/ mol .

11601
E¢=606.672k}J/mol

SO0 Ry=0.3179nm
600
300' RQ

0l ,
0.04

W/ (k] -mol ™)

R/nm

1 U T U TN TN NN TN NN A A T N N I T |

=300
- 600+

-EC

B 1 hep oZr PEILHAE ML
Fig. 1 Theoretical potential curve of hep aZr
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Table 3 Elasticity of ocZr, B-Zr and fcc Zr

Theorical value  Experimental value! !*!

Elesticity

aZr BZr fecZr o Zr
K 0.849 0.916 1.221 0. 833
E 0.862 0.930 1.238 0.98
G 0.324 0.349 0. 465 0.36
33 0.331 0.331 0.331 0. 35
12
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Fig. 2 Thermal expansion coefficient as a
Function of temperature

for hep aZr ( ® —expt values)

G(T)= E.+ Jﬂo‘cp(T)dT+
pJ.O V(T)dT -

TJ'O(CI,(T)/T)dT (4)

7t SGTE ¥l i Gibbs RE & T VL L 1 A 2
B AEIR:
G(T)= a+ bT + ¢T'lnT +
dT*+ eT’+ fT7! (5)
HT 6 (T) ZHX Gibbs fig( LAARAERA T 1
H {HEABER), UL G(T) #6' (T) . AF
it W, HZEMER 6(T)- 6 (T)= E- a.
WK hep Zr 45 A B8 E .= 607. 5 kJ/ mol,
t SGTE %% 45 th I W1 & fecZr, becZr,
hep-Zr Ml L-Zr () G (T )AE A sk feeZr, bec
Zr M L-Zx W45 ReE 20 A A: 599. 9 kJ/ mol,
600. 198 kJ/ mol #1 589. 352 kJ/ mol .
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6.35¢/ cm®(862 C), M= 6.40 g/ cm’( 863 C)
o Zr (R FARBL( V= 0.023279 nm’) 3K 15
B-Zr i A H AL a= 0.358 81 nm . HL4E 5
i Pearson W B! R P AARIAR A () T 5 45 R
W& SR . N OA B8 R1E bee B-Zr JiE& &
IR TIRS S S BORRRAEPE (L3R
4y, FEHaE BZr M F S M N [ K]
(4d,) 044852( 4dc)2‘ 3266( Ss.) 0. 9456( Sst) 0.2426 S
LT de BT IEAS R aZr BZr AR A T
JEA
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Table 4 Atomic state parameters, bond parame
ters and characteristic properties of bee B-Zr

Coefficient c¢i1= 0.4059 ¢7= 0.2426 c¢= 0.3515
Atomic state d,= 0.4852 d.= 2.3266 s.=0.9456

parameters s¢= 0.2426 n.= 3.2722 n%= 3.5148
Bond ri= 0.15538 ro= 0.17941 r3= 0.25373
ni= 0.3654 n,= 0.0578 n3=0.0002
parameters ., _ o 149n¢
Properties a/ nm EJ (kJemol™ 1)
Theo. values 0.35882 600. 195
Expt. values 0.35881 600. 198
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[/ TT Ze A5 H AR G b AN BRI A7 75
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£, WAIRUANIE fee Zr HIASFFAL S 4 PR AH B4 5
MEERIBE . 11 SCTE Bt SR 00 )7 Ze
455 RE Eo= 599. 9kJ/ mol . tHTTHI/CALTT Zr
I En A% B VE N SE B 1S, TR 2 IR
Bakonyil 'V ISR T v, AR E Ze £E fee S5 H I
HA Y5 hep MM IR AR, SR L A%
ST Ze B a= 0. 45325 nm
SRIGHHE OA BEAR SR fec Zr LT 451N
[ Kr ] ( 4dn )0.4492 ( 4dc )2.3666 ( SSC )0.9596
(5sr) O 2240, Moo, AL BT E SR B bee

gitnicZ, KRR ENGHE . B, A
A T4 5 RS MR R, & RE At
hep S5 HFEAR Ay foe S5 R, AR 1R 0T R 2 488
hn, s, BFECKE N, Bk T A
TR Os s, WHBEBEARMEY
OO E A 2, BB R [ Kr]

(4dn) 0. 3968( 4dc) 2. 1428( SSC) 1.2928( sz) 0. 1676; @
Ay se, (EILBEIG S5 A RS S SEIR (AL, 15
B0 HL T 25 7 [ Kr] (4dn)o'3370(4dc)2' 1428
(5s¢) 3128 (5sp) & 18 AT B R T AR AR 4>
W2k 0.024 778 nm® 1 0. 024 927 nm*>, ‘E A1k
WS TR I R TR 0.024 132 nm® 38K, X
MAE BRI fee Zr 78 BAR AP AT RESMSL
F71E . LTS5 00 5 R 45 4 56 R 5 T %6 £E,

WAL QRIS ME Ny fee HIAFRE S A K
458, OB fee Zr B BT 45 /4 B 52 N

[ Kr ] ( 4dn )0. 3370 ( 4d(: )2. 1428 ( SSC )1.3128

( sz) 0.1984

6 Zr M¥IZSERIRRY R F 4554

H SGTE #i#fs il K A Zr &/ E.
= 589.352kJ/ mol . AT Zr ELSAL AT S K
7 (p= 6.06g/cm®, A= 5.80g/ cm?) AJ
T Ze S AR R 2 K 00 4. 48% . bec
Zr [R5 T ARF R 0. 023 097 nm®, 5 AT Hi 4]
ARG JE AR 0. 024 132nm?, KISk A5
AR HT A f 46 5 B (3% bee S5HITTE) H: a
= 0.36409nm . A5 HKHE OA BRI W&
PRI HL - 454 s [ K] (4d) Y78 (4d,) > 00

(SS) 1. 0873( sz) 0.2389
7 &R

N Zr JRTRAEN, BAIRT4H 0.5396
N s AL d ¥, W hep o Zr IR HL T 45
AR BT BN E [ Kr] (4dn)0‘ 3968 ( 4dc)2' 1428
(5s.) 1.2620( 5s1) 0.1984
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MR E T 862.5 CI, hep o Zr #48 Ky
bee 25 # [1) BZr, H W T 45 A N [ Kr]
(4d )0.4852( 4d )24 3266( 5S )0. 9456( 5Sf) 0.2426 .

EHRE fec Zr FIH TS MW A [ Kr]
(4dn) 0. 3370( 4dc) 2. 1428( SSC) 1.3128( sz) 0.1984 . T‘JJ

AW T A R [ Kr] (4d,) %Y
(4d ) 2. 1960( 5g ) l.0873(58f) 0.2389 .
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Electronic structures and physical properties of Zr metal

Peng Kun and Xie Youqing

Deparment of Materials Science and Engineering, Central South University of Technology,
Changsha 410083, P. R. China

Abatract: T he electronic structure of pure aZr metal with hep structure has been determined by one
p P y
atom (OA) theroy, it’s [ Kr] (4d,) %% (4d.) > "8 (5s.) 220 50) “ 8. According to its electronic

structure, the potential curve, cohesive energy, lattice constant, elasticties and the temperature de

pendence of linear thermal expansion coefficient have been calculated. The electronic structures and

characterstic properties of this metal with bee and fee structures and liquid have also been studied. It

has been discussed for that the pure Zr metal with hep and bee structures can exist naturally, but those

with fce structure can not.

Key words: Zr metal; electronic structure; lattice constant; cohesive energy
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