JUERAL KIS AMERAL A%, 902y a0-44, 2003 [S5M ;08538018

ADSORPTION OF AN NH; MOLECULE ON THE Fe(111) SURFACE ALLOYED WITH 5%
CHROMIUM
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INTISARI

Talah dilzkukan penslitisn mempelajsri adsorpsi NHy pada permukazn sliasi besi-krom {1113
menggunasan program UCMP 118, yang dijalanxan dengan 180 PC compatible [Pentium NI}
Permukazn inf terdin dar 20 atom dengan tiga lapisan, dan salzh satu atem basi (pada lapisan
pertzma. stz Mo 1) diganl dengan alorm kram. Malekul NH: yang mendalangi permukazn logam
dengan arah jatuh sejajar dan lagak lurus parmukazn pada beberapa posisi jaiuh, dioptimasi tiga
dimensi dengan pregram ilu. Dan perhitungan BE{NH:) dan jarak amlar atom pada kondisi optimal
memperihalkan bzhwz melskul MH; yang mendatangi permukaan dengan greh harizental pada
permuraan. alom N diarahkan pada sudface siie, 5alah satu ikatan h-H paralal terhadap ikatan Fe-Fz,
digdearpel kimiz secara melekulzr dengan rentang BE(NH;) amtara 1,2000-1.2005 eVimolekul {bila N
diikat sleh Cr), 1.68010-1.5570 &Wmelekul (bila M dilkat ke Fa) dan 1.8909-2.2008 eVimalexy! (Bila M
dan H dikzt olzh Fe)  Dan yang diarahkan pada titk langah antara dua alom pada sdgs sis
diurzikan oleh permukaan. Molekul KH; yang mendzlangi permukazn dengan zrah tegak lurus
parmukaan, dengan atam M dan dan salzh satu ikstan N-Hnya tegak lurus pada permukaan pada
surface sifa den edge site diserap secara fisike denoan renlang BE(NH.) antara 0154308267
avimolekul

ABSTRACT

QCMP 116 program, runs on IBKM PC compatible {Penlium 111) had been used o study interzctions 2n
MHy malzcuiz on fron-chromium (111) alloy surfaze. This surfzce cansisted of 20 atoms with thres
layers, and ane iron (in the first fayer, Mo 1) was substituted by chromium, An encaming MH; fwith the
plangr molecular plane parallel or perpendicuiar to surface), at many positions, was aptimized thres
dimensionally by thal pragram. Obsarving the Binding Enaergy of a0 MH; on surface (BE[NH: and is
interatomic dislancas at the optimized condilions showsd that an oncoming MH: melscule, with
rmoleculzr plane parallzl fo the sudace, N atom was criented to the surfzce site, ane of its M-H bond
paralizl o ine Fe-Fe bond, was chemisorbed molecularly walh BE(MH,) in rangs 1.2000 — 1.2005
evimalzaculz {when M was bonded to Cr), 1.6010 - 1.8570 eMimalaculz {when N was bonded to Fe)
gnd 18908 -~ 22005 erimolecdle (whan M oand H were bonded 1o Fe). And ihat, was arienled o the
middle peinl between two atems at the edge site was chamizarbad atomiczlly. However, an oneaming
MHs wilh molecular plane perpendicular la the surdfzoe, with M slom and cne of s H-H bond
perpeadicular to the surface sither on surface site or edge site were adsorbed phvaizally with BE(NH:)
ir the range af 0 1543 = 0,8267 eVimolaculs,

Kevwards: Adsorption, Binding Energy

INTRODUCTION atomically to iron surace. followad by rezsction
withh Hz gas produced he adsarbed ammaoniz
and thern desorplion of ammonia. Tha aclivily of

iran catzlyst dzpends strangly on shucture of

Calalysl plays an impartant role in the ammoniz
synihesis from W and Hy gases. |ron has been
iror surfacs

usad as a catalyst in indusiry of ammonia. 115
vield is about 203 Many investicalions has
been dane to increzse this oroducl. Norzkov anc
Slalize raooriad  thay My, was  sdsorbec

Tha Fe(111) surfaca 1s highly
actvs, ghout 25 simes as achive as the Fa130)
sumzze and ghout 400 limes more aclve [han
the Fai110) surface at 200 atm and 535°C.°

40 Akreditasi | Disgen Dist SK, No, 13400 TS 2p/2007, Tanggal 14 Seplember 2001



JUSMAL KIMIA ANDALAS, 9(2), 40-44, 2003 1550 - OBS3-8018

Dowben, et &1, found thal N, was adsorbed many positions. The process that happened for
molacularly and atomisally te Cr{110) sudace adsarphion  was  inwesticated by lhees
Kusuma® alsc found thal N; wes adserbed dimansional {30} opiimizatan on QCMP 115
atomically on Fe{111}, FafCr111} (allay Fe-Cr), programs, runs on |[BM PC compatible (Pentium
and Cr{111}. Sinca crystal structere of iron and ), with accuracy 000007 eV, In  Lhis
chramium arg BOOC with lattice parameter (a.) calculations, a2 MH. malzculs was essumed b he
ara 3.87 gnd 2.88 A, respectively, we iy 10 alloy plarzr with rh-H = 0992 A and ~HNH = 1207
the Fe(111) surface wilh Cr atom. (Dgah

The aim af this investigation was to
study the effect af ihe alloyed Fe (5% Cr) 1a the
BE{MH4} on ths Fe (111) surface. The surface to
ba used in these calculations consisis of 20 METHODOLOGY
atoms. There are lea alorms an the first layer
five alams on he secand and on the thicd l2ysr  Formarly EHMO mathed worked on mainframa.
(Fgure 1) Then, the iren alom Mo 1 w85 In order 1o gat mare applications, this program
substitutad by chromium and it was defined as was modified as ASED program (works on
FeuCr (111} suface chemistry), and Calzaferri program
(adopted for sludying incrganic compound] © In
this investigabion, the oalzafers program was
used to study the intarection of gases an @
surface, For hzl purpose, some of its atoric
paremeters neaded fo be modifiad

The inputs of this aragram are number

of alams, coordinate of ezch ztoms and atomic
paramsters of lhass  stoms: Tha  stomic .
paramealers are: the valence electrans of thosa
aloms, lypes of orbital accupied by those
valance sizctrong and thair respaclive arbitz
ensrgizs (in V) znd ordital exponants {in s,
For valence eleciron occupies a suharbitsl o,
there are bve lypes of orbilal expanents (2, and

. y Z2). and bwo lypes orbital exponent coefficienis
Figure 1: FewCr 111} surface; 1 Cr atorm; 2-20; Ty and ©.) Pzrameters used in these

~= atom; 1-10 frstiayer atoms, 13-17. second czlculations are listad in Table 1. Paramaters for
layer atoms: 171, 12, 18-20: third layar aloms N atom were taken from the program. While
those for Fa, Cr. M, and H ware medified by
Kuzuma® The coordinate used o this
cSaloulations WEE internal ceardinate.

An MHy wilh malsculer plane parallel
(MHy  parallely  and  perpendicular  [MH;
perpendicular) to the surface came io surface, at

Tabkal 1 The paramelars used in the prezent caleulations
[+a

Atom | rs tg WEIE | np| ép VSIE | nd g, VSIE | & | & G
(=41 el 1EW)

Cr | &« | 1600 [ 677 [ 4 [ 130 | .72 & | 493 | -850 | 180 | 04878 [0.7205
Fa ] 1.700 | -B75 | 4 140 | -&70 3 5.38 -10.5 1.80 | 0.5383 |0.GGTS
N [2 2140 | =60 |2 | 185 | a4 i
H | 111300 125

VEIE = Yalence Statz lonization Energy

Jutputs of this program are fhe tolzl energy of overiap  population matices that reflect tha

gyslam (E- in W) and distznze malhicas that srangth of interglomic bond, sic Oatal aboud
giva informaiion zbaut interatomic disiznze [d),
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the program s wrisken in the manual of {he
PFEram.

The surface 1o ba studied was shown
in Figure: 1. The N atom of NH. parallsl was
orignied lo goms on the surface with cne of its
M-H hord parallel o fhe ling connected alom |
and j as i, Those ware atom Mo 1, 2 (in lha
curface site), atom Mo 5 7, & 5 [in the edge
gite), Mo 13, 15,17 (in the second layar), Ma 11
12, 15 (mn the third layer) I alsa hzd bean
acienlad 1o the middle point of alom i &nd §, a5
Yii-jl, Those wera ¥(1-2), e(7.8), l(16-17],
WaT-8), Ye[3-D), M01-5) W{2-9), ¥1-T} and {1
15", 16" was the projsction of alom Mo 16 1o the
surfaca.  The initial dM-N {M= Fe, Cr) far Lha
surface and edga site was 1.304, while that for
thz second and third layer and W) was 1.00 A
On the other hand fhe M oatom of MH.
perpendicular with one of its N-H perpendicular
to the surface was arientad te atom Mo 1, 2, 5,
LB and Yaf1-2) {with dii-M inilial 1.504).

Owuring opfimization {manual} surface
was assumed o be rigid Opbimizzhon begin
with M aiom falicwed by H atoms simultanesusiy
Gy Al the beginning of aach set of optimation
the increment'decrament af lhe vacior length
was assumed to be 0100 A, while for bond
angle and dihedral angle were 207 When we
get clase 1o the optimized condition, inese
valuas were change te 0.001 A and 0.080%
respectively. In some cazes 10 keep the MH;
malzculz nob lsave the suface immediaiely, we
defined that at the frst step of optimation, the
lengih of vactar N shauld nol ba greater than
2204

Ir this sxpariment, d &nd BEMHL) in
optimal condition were used 1o pradict whather
an Mk, molecule was zdsorbed physically o
chemiczlly la surface. BE(NH.) was caloulated
By

BE{HH:} = Ex {surface} + Er [MHz} — Ep [surface +
MHA)

BE(MNHL) would reflect the strength of surfacs (o
adsorn fhe  MH; moleculz.  indirectly  the
possibility of surfaca to desorb the adsorbed
MHa.

1550 0833-B01 58

RESULTS AND DISCUSSIONS

Wa assumed lhat borg was Broken if d was
longer than 2.3 A Physical adsorpiion ooourrsd
whan d 2.2 — 2.3 A and BE(NH.) sbout 1.0
evimelezuls, Those waluss  for chemically
adsorplian were less than 2.2° A and greater
han 1.0 eVimolecule, Chemically adzcrplion
was dividad into molecularly and  alormically
chamically adsarption.

Results of these calculatons showed
et an cncoming MHs parallel o the zurface
usually was chemisorbed malecdlarly. Whan M
was bonded 1o lhe subsblvied metal, Cr,
BE{MH;] wes aboui 1.2000-1.2005 evimoleculs
and 1,872%—1.8746 A, respectively {Table 2, Na
1-7). Theze for Cryf113) were 0.872¢-1.1600
s\imolecule and  1.89058 - 10180 A4
respectively " (Tabel 3], The struclura of the
adzarbed WH, was showen an Figure Zia), with M
cn-tep of Cr oalom and a2l H atoms had bsen
poimad aut of surfzce, Structure {2) alksc
chzareed whan N alom was hondec 0 Fe aiom
(Tebal 2, Mo B-100, with iis dFe-M, GEIMH;) were
in ranges of 1.6380-17000 A and 1.8010-1.8670
evimalecule, respectively. These for Fea 111}
ware  1.5280-16388 A and 2.0079-2.1076
erfimatecula, respectively {Tabel 3). Thus &% Cr
on Fei111) dacreasza BE(MNH:) of Fag(111) if the
adsorbed MH, had struciure (&), by incraasing
ihe dFe-M

Structure {B) (Figure 2} ocourred when
an MHz; malzculz (paraliel) was orienied 1o 3=1-
2} and one of its  M-H bond was paraliol (1-2)
wTabel 2, Mo i5) In this caze both M oand H
atoms were bonded 10 the zames zudface zite [Fe
atom). This glruclure was alzo found when HH,
parallel carme [ alom on fhe third layer [ Tehsl
2, Mo 14}, This siructure (&) had BE[MHs)
around 1.90 eVimolecule [only two data were
availzble) Efendy’ work with Faaal111) point oul
that this BE(NH.) was in ranges 1.5380-2.0134
evimolecule (=180  eMimaoleculs],  Banorn”
worked wilh Cragl111) did not. cbzoerved Lz
struclure {b) (Tabal 3.

Struclura e} {Figure 2} With both M
znd H zlarms were adsorbed by dilferent surizoe
sites (Fe alom) had BE(NH,) in the ranges of
21201 22000 sVimopolecule, This wsles for
Cranl111) was 1,1615-1.3440 eVimalzculz and
ior Fes{111} was arpund 220 eVimoleculs
iTabel 3, only bwo datz were availahiz),
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Table 2. BE{NH;) and internuclear cislances of an cncoming Nily with molacular plane paralie! and
perpandicular to the surface, at many positions.

Mo E’;;;E:E Eﬁ‘%‘y dCrN | dFeN | dCrH | dFeH | dN-H | g HH
T, 1e 1.BT20 (1) £ y 5 1.0050 | 16151 |1.2008
2 M1-16),18'-1  |1.8728 (1) a ! 5 1.0050 | 1.6451 |1.2005
2 Mg 1733 (1) . X : 1.0050 | 1.6151 |1.2005
4 13,181 {1.8737 {1) = : . 1.0050 | 1.61581 |1.2005
5 W e(16-17),1-18' (1.874041) : . 1.0050 | 1.6167 |1.2005
5 |41,1-2 1.574001) - . * | 00850 | 1.6154 |5,2000
7 IM16,18'1 1.8745 (1) A 2 gy 1.0050 | 1.6151 [1.2004
g oa-2 2 1.63490 (2:1‘: * - 1.0300 [ 11,5945 [1.9670
g a2 . 1.7000 (9} ’ ; 1,0260 | 1.5352 [1.6010
10 712,181 - 1.6863 (4} ! i 1.0280 | 1.5988 (15262
17 1821 . 1.5410 (8} : 1.7848 (7)) 1.1150 | 1.6154 24201
12 W5 E1 . 1.5150 [5) . 1.7707 (43 1.1440 | 1.56300 |2.1625
13 |07 51 : 1.5230{7) . 1.7584 (6)] 11400 | 16253 |2 2005
14 1% 14,181 - 14868 {3) : 14436 (3} 1.0870 | 1.6908 |1.9708
15 | a01-2),1-2 " 1.5385 {Z)] : 1.86502 (2} 10480 | 16400 | 1.8509
16 [L, %(1-2), ¥(1-2) 2.2123 (1) " |24iB5 (1) ¥ 0.8850 | 1.7181 |0.6257
gl 22164 (1) ; 22305 (1 % 0.2850 | 1.7061 |0.5830
18 11,1, I i Z.aara 1) * | 0,8870 | 1.7085 |0.2835
19l 8.8 i - *  1.8ase () 08920 | 1.7182 (01543
20 L1 Ve(8-5). Vel 5-8) H-H biond wes broken .

71 ;,-,lly;.r;.r-a:.. 1.2 M-H bond was broken

22 W, %8924 N-H bond was broken

23 Wilwsay -2 M- Bond wes broken

24 047 1-2 M-H band was broken

29 W al1-5),1-2 M-H band was broken

A6 1 el 28] -2 MN-H band was brakan

a7 W1s1-18 M-H band was broken

Wand | meen the Dn-::t;ming M Hy wilth molecular plane parallel and parpendicular o surface,

respeciivaly,

1,1-2; an M atlom on-1op atorm Ma 1 and an M-H parallzl to 1-2 ling
¥{1-2}; an M alam on-ap in the middle of atom Mo 1 and 2
1.872%(1); the internuc’sr distance of M alom to alam Mo 1 is 1.57294
=234

Teble 3 Binding Energies and internuclear distances of an NH; molzcule chemisorbed on 2oma

surfanes

S RE(MH, in pAimo=culz in shucture | ohd-M in A in Slucture ] =]
¥ a e e —— - t‘ .: ﬂ h - I:-
| Feiiitn 2 00762 107G | #383-Z.013E 2.1076-2 2133 1.5385-1.5220 | % 431E-1.5653 | 1 £430-1.5200
| Felriiiin 1 #00-1.2005" . 1.3729-1.B745 I
) 180019870 | 1.0908-1 G087 | 21301-2.2005 1.63E0-1 7000 | 1 48G2-1.6335 | 1.5150:1.5410
[ Cr=f111)" | 0.5797-1.1600 . 1.9816-1.34a0 | 1.8908-1 £18] - 1 7565-1.8230
i boendEd o O akvr "= 0 g o Feara Tl data wers aeailahla
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In conclasians, for M bondad to Cr atam, 5% Cr
decreazed the BEIKH,Y Fe{111) sharply for M
bonded t2 Fe atom, 5% Or reduced ihe
probabibly strocture {b) 1o be formed an Fe{111),
In fhe same time structure () (more comman on
Crpi11)pvas  introcuced.  Unfortumately,  the
BE{MH;) aboul the sama a5 Fal111].

H H
I\ | /| | I
N H\“m LG
M i
a b
H H
‘-& / H
L M

Figurz Z: Suppose structures far tha adearption
af amimcenia 1o the atom, Mwas Cror Fa alom

When MW alam af! KH, paralizl was
oriznted to Wfi-j) with i and j were alams in edge
site {Table 2, Mo 21-28) and io the {hird laysr
iTable 2, Mo 27}, wilh one of iis M-H bond
parallel w the i+ ling, the KNHy was chemisarbad
atomizally, The M-M band was broken, N and H
alomz ware bondad do rons at differant locaton,
A5 3 resuli iis BE increased very {ast

Gensrally, the NH; perpandicular was
adsorbed physically, In tha surface site N alom
wauld ga to Cr stem and d(M-H) was shorter
ihan ihat of free NH, malacule (Tzhie 2, Mo 18-
18). At the edge sitz, H stom would go 1o Fe
atom and dM-H was equal tz of free MHa (Tablz
2, Mo 18, with dCr-H = 1.8858 A As a whala,
their BE{MH,) wera less fhan thosa chamisorbed

(554 ) 0353-3018

miplezulary. The same rezulls wers abserved an
Groa{1112" and on Fag( 1117,

CONCLUSIONS

Fe.Cr(111) surface might decrease BE(NH,),
when W owas banded o the substitutad Cr atom.
When N bondad tz tha Fe awom, itz BE[NH,)
was comparanlz with Fes(111). This was due to
thz ‘subsfituted Cr changed the chemical
properties of same edoe position of Fex(111) It
was assumed, increasing the percentags of Cr
on Fed111) would decrease fhe BE(NH) value,
However, thesa rosults would not be guarantied
that high deoping F2 be & good catalysl
cormipared with purs Fe surface.
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