Advances in Material Chemistry #4¥LZFi¥E, 2015, 3, 1-6 Hans X
Published Online January 2015 in Hans. http://www.hanspub.org/journal/amc
http://dx.doi.org/10.12677/amc.2015.31001

The Thermodynamics Calculation of
Lanthanum-Hydrogen Reaction

Wenlang Luo, Xiaohui Zeng, Andong Xie

College of Electronic and Information Engineering, Jinggangshan University, Ji'an Jiangxi
Email: 8102011wen@163.com

Received: Jan. 31“, 2015; accepted: Feb. 14th, 2015; published: Feb. 17th, 2015

Copyright © 2015 by authors and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY).
http://creativecommons.org/licenses/by/4.0/

Abstract

According to quantum mechanics, thermodynamics and statistical physics, and chemical reaction
theory, through the establishment of thermodynamic calculation model of lanthanum-hydrogen
reaction, and using the method of computer simulation, the thermodynamics characteristics of
lanthanum-hydrogen reaction have obtained ranging from 243.15 K to 333.15 K in temperature.
The results show that lanthanum-hydrogen reaction is exothermic reaction; it can occur sponta-
neously in the temperature range of our calculations, and the temperature rise is not conducive to
the hydrogen absorption of lanthanum metal.

Keywords

Lanthanum, Hydrogen Absorption Reaction, Thermodynamics, Theoretical Calculation

WE R BIH I EH
WP

¥k, %, HER

FHR KRR 5F 8B TREYE, L 5%
Email: 8102011wen@163.com

Weks H i 20154F1H31H; FHHM: 20154F2714H; KATH: 20154E2H17H

©


http://www.hanspub.org/journal/amc
http://dx.doi.org/10.12677/amc.2015.31001
http://www.hanspub.org
mailto:8102011wen@163.com
http://creativecommons.org/licenses/by/4.0/
mailto:8102011wen@163.com

U A A B B

R

WRET Y. RAOFE5SGTYEENERNEE], SIBIHSERNAZNERHEER, H
B EVAERE, 3787 243.15 K~333.15 KL EEE RS RNR A ZH8EE. SR80, 88
SRR R R RE, 28 B v SRR B Y Y Ab s B KT, BE TR B AR T & B R & S R #AT .

XA
B, MARRL, #A¥, BbHHE

1. 53|

B Bl R S SR A H SR AR MO PR ORI ZOR I H 2 b, & EBUGTHRAN T KEREIT
FOBHIE R e, Hrh S RE R BONE AR ST HEREIR[1] [2]. A LA SR AR S RETT A N
MIEZEROR[3], EAATCIF R — RIIEEM R, WL e R O 2 [4], ARSI
BRI A2 T R [5]. BEE MRS TSI 2L, X R R A SR B g T
e IR RS EER 6], PRI A 1k R B i RO B0 45 <8 28 910 Ak S RE RS 24 T 46l REVE sk A1) 2 TR AL

PRI S BT AR R B TUH 5 s LA SRR VR I B BDR AR 7] SR S B ) AR I
HH A LIRSS T PR 5. SEIRBT VAR B R AP R SRR SR, SRR R B R R Bt
AR EARL BTSRRI R, T EL SN BRI RE AT Y EAL AN S g B BT SRR AR )
BTN 1RSSBS AL e OV AR SR B, RERS AR RIS ITHE AR . H il T RN R
PR A, W KB R NN A S T A ST, HERP IR 2, IR ITEREARE R,
WO B TS o G A N T SRR, S AR B TSR, Ol T SN T, A
SR TRTFUSA, T H KK s 1 RRCR

AWH ARG R T S5 RO S G B N A S N ARG, ST TR SR B S T SRR,
H R TS B TR, R4S T 243.15 K~333.15 Kl 52 3 13 N B 0 N 38 2 R I, i 5
it A A e RONLERR It 1 I8y A 2

2. HHHER

W R T 1% A58 A S e NSRS, FATESL T P RS ™ 1  FBSoF
SRR
2.1 SRS H 1 SHKE

TR L4 La 5 Hy RN AR LaH, RN, 3R & —Fh =[] 22 48 |8

La(s)+ H, (g) — LaH, (s) (1)

S FoRE, g RmAE. MBI H, AR E=E, +E,, #S=5,+S,, Hi szt E, Al
M RERE, 23l S, SHFEah S, nlild & /1506 B Fit HoR@ il it #0152 07538715 .
H— PRI FZERE A H=E+PV =E+RT, 0/l E3XE42 HE. FEMHAERY LaH, FEHREREE
EI AR, HH=E+PV~E=E +E,, B HELMET E H, Wxzs)aEEE, filbT
RefE E, <M. W T[EAH LaH, MA%123h 122 s IR, WA RN FaifiEs), HtH&sheEe g, T H

O,



BN IS RS B

HAAMD T IIRENEE BV A%, I H =E+PV ~E=E, +E, =EV+E, . A, RH, (I ZEsIfHE T
T Z ARSI 5 T2, BIS =S, +S, .
XFT e )E La SR N H AT S (A, W= E T HL S SIREE T M REATIHE8]. Bl

1 } 1 } d x10°
H; —H,, =aT +E(b><103)T2+§(Cx106)T3—T—A, )
§ 1 y d x10°
S, =a|nT+(bx103)T+E(cX106)T2{ 2 }—B. ®)
Fort H g [AIFE AT I UL 25 F [ A 7E 298K I 1 E {H. AR4% Debye BIRHLAL, [EAR[) E -
h 3

E=3Nehv/k—:./_l+ENhV, (4)

hv
®O=—. 5
" (5)

o N RBTO IS WA, h S RAT R A, KON 2R, v(sec ) IR
22. ERNERAHD « A Sy FMAGY ARK N FEES P, KRS
T HER ()N, HIEAE A
A(H® = AH, +AH, = H (LaH, )~ H (La)~H (H, )+ AH, (6)
B R) E A 2R A5 1 H (LaH, ) - H (La)—H (H, ) 3k13 LI AZ IS 80 J6 A8 AH, T SRL I L 86 A8
AH, FTEHBLF 56 R R A5
La(s) + H,(9) —e > LaH, (s)

AH L Dy (Hy) 4 -AH

La(s—q)

La(g) + H(g)+H(g)—2L2) ) aH, (g)

LaH; (s—g)

Dy (H,)~ Dy (LaH, ) - BIRAUH Hov LaH, MALSEBSMRAE, AH L~ A, o BN Las
LaH, (MRS, 85U M La. LaH, RIS B8, ELUREMIB AR (O TR e, [t

AH, = AH La(s—q) +D, (HZ)_ Dy (LaHZ)_AH LaH;(s—>g)
r Do(Hz)_Do(LaHz)l
XL, B
Afsr?:S(LaHz)_S(La)_S(Hz)’ ()
AGy =AHY-TAS,. (®)
T 5 A7 397 R B A 5 ST K K S AT i I 70 By IR AR
A,GS =—-RTINK, = RTInP, , )
BT AU A ) By, S R
3. HHEER

3.1 WERMNERBEH, S
Wi FRGIE R N ERERL, H,. LaH, 7F 243.15 K~333.15 K J5 /S a9 i H F0 S {8, 3@ as s

O,



AR AT PR 1

12 B8 BALYP HiEA & T S Hak4F, X La J5 -+ ] RECP 340 SDD, %} H, f# f 4= #.-F AUG-CC-PVTZ
FLABATHE. W THEEE La, &G RBNATESEAEQ). @)AXFHHEE a. by c. d. AL B
PLK Debye iffE ©, mibralit&H La fFEAFEE R H AT S . tHESERILE 1.

32 WSRRERMAHY . ASSFA G UARKRFEES P,

R ERBEUR SRR, GRS RIS A HO L 1538 A, SO FIT A BT B ASAE 4L A, G®
I S5 2P T 0 72 60 F SR LR, BB 45 S AL 4 2,
4. ¥+1ig

Y LA AT 4 2 HORE, T e AR B RIS A HE L RS A S RIS A I E e
WAGE, LLR R BEFHFINA/UR A LA ML LR, SIRIE T I RIE, WlE 1 R,

HE LA, IR VEE N, B La 5 Hy RISTERR LaH, e A8 R i, 2SRk H,
() SR R B, HLBEE IR (O R AR a8, WA Rt . B La TR H, JR RE
PINAE, 2 La TR Hay J5 R SR 208 0 FERE N, TR R [ WA AS 9 LA A R A . 78
AT AL 7T, La YR H, 1 A, GE < —85 ki/mol , FWIZERTH (R EE 4, La RS0 /R 47

Table 1. H and S values of each unit of lanthanum-hydrogen reaction system

1 WERNFERERTHHMSE

La Ha LaH,
T
H S H S H S

K kJ/mol J/mol-K kJ/mol J/mol-K kJ/mol J/mol-K
243.15 6.052 51.842 33.512 124.383 18.514 8.510
248.15 6.189 52.401 33.658 124.973 18.539 8.623
253.15 6.327 52.950 33.804 125.555 18.568 8.740
258.15 6.464 53.488 33.950 126.124 18.598 8.857
263.15 6.602 54.017 34.093 126.685 18.631 8.974
268.15 6.740 54537 34.239 127.229 18.661 9.096
273.15 6.879 55.048 34.385 127.769 18.694 9.213
278.15 7.017 55.550 34,531 128.296 18.728 9.334
288.15 7.294 56.529 34.824 129.326 18.794 9.573
293.15 7.433 57.007 34.966 129.824 18.832 9.694
298.15 7.572 57.477 35.112 130.318 18.866 9.816
303.15 7.711 57.940 35.258 130.804 18.903 9.937
308.15 7.851 58.396 35.404 131.281 18.941 10.063
313.15 7.990 58.845 35.551 131.746 18.979 10.184
318.15 8.130 59.288 35.697 132.210 19.016 10.310
323.15 8.270 59.724 35.839 132.662 19.058 10.431
328.15 8.410 60.154 35.985 133.110 19.100 10.557
333.15 8.550 60.578 36.131 133.550 19.138 10.682
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Table2. A{HP« AS7+ AGY and LnR, of lanthanum-hydrogen reaction

m

=2 WERRERBAH . AS . AG,FLnP,

T AH® A,S¢ A,G? LnR,
K kJ/mol J/mol-K kJ/mol -
243.15 —142.302 -167.715 -101.522 -50.217
248.15 —142.560 —168.751 —100.685 —48.799
253.15 —142.815 —169.764 —99.839 —47.434
258.15 —143.069 —170.755 —98.989 -46.119
263.15 —143.316 -171.728 —98.125 —44.848
268.15 —143.571 -172.670 —97.269 -43.628
273.15 -143.821 —173.603 —96.402 —42.447
278.15 —144.073 -174.511 —95.532 -41.308
288.15 —144.575 -176.282 —93.780 -39.143
293.15 -144.818 -177.136 -92.891 -38.111
298.15 —145.070 -177.979 —92.006 -37.115
303.15 —145.318 —178.806 -91.113 —36.148
308.15 —145.566 -179.614 -90.218 -35.212
313.15 -145.814 —180.406 -89.320 —34.305
318.15 —146.062 —-181.188 -88.417 -33.425
323.15 —146.302 —181.955 —87.504 —32.568
328.15 —146.547 -182.707 —86.591 -31.737
333.15 —146.795 —183.445 —85.681 -30.932
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Figure 1. The relationship between A H>, ASY, AGY, LnR,

respectively with temperature T in lanthanum-hydrogen reaction
E 1 WEREAEFRIIAH, « AS) AG, M LR, 5B THY
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