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KHAO SAT TIET DIEN TAN XA VI PHAN CUA 0, BANG MO HINH CAC NGUYEN
TU DPOC LAP VA MO HINH })A TAN XA
Nguyén Thi Hién'
Ngay nhan bai: 13/11/2024; Ngay phan bién thong qua: 27/11/2024; Ngay duyét dang: 15/01/2025

TOM TAT

Tinh toan tiét dién tan xa vi phan cia phan tir rat quan trong trong viéc xac dinh thong tin ciu trac
cta phan tu. Trong cong trinh nay, chung t6i sit dung mo hinh nguyén tir doc lap va mo hinh da tan xa
dé tinh toan tiét dién tin xa vi phan cta phan tir O, khi céc electron toi ¢6 nang luong khac nhau la 100
eV, 300 eV va 1000 eV. Két qua cho thiy, khi ning luong electron t6i dat gia tri thip 1a 100 eV, tiét dién
tan xa vi phan tinh bang mé hinh da tan xa pht hop véi s6 liéu thuc nghiém hon so véi mé hinh nguyén
ttr doc 1ap. Khi ning luong electron tdi ting 1én 300 eV va 1000 eV, tiét dién tan xa vi phan tinh bang
hai mé hinh kha phi hop nhau va phu hop véi s6 liéu thuc nghiém. Do dé, khi ning luong electron t6i
dat gia tri th?ip la 100 eV, nén st dung mo hinh da tan xa dé thu duoc tiét dién tan xa vi phan chinh xac.
O ving ning luong electron t6i cao 300 eV va 1000 eV, nén sir dung md hinh nguyén tir doc lap dé tiét

kiém tai nguyén tinh toan, bao gdm tai nguyén may tinh va thoi gian tinh toan.

Tir khéa: tiét dién tan xa vi phadn, voi mé hinh nguyén tir doc ldp, mé hinh da tan xa.

1. MO PAU

Ngay nay, su phat trién cta khoa hoc k¥ thuat,
dac biét la nganh vat 1y tdn xa da tao diéu kién thuan
lgi cho viéc nghién ctru cAu triic cua vat chét véi
d0 phan giai khong gian khac nhau (Taylor, 2006).
Trong do, qua trinh tan xa electron cho phép thu
nhan thong tin clia phéan tir voi d§ chinh xac cao
(Yamanouchi, 2012). V& ban chét, qua trinh tan xa
electron 18n vat chét tao ra hinh anh giao thoa cta
cac song tan xa cua cac nguyén tu trong phan tir.
Vi vay, qua trinh tan xa electron con dugc goi la
qua trinh nhiéu xa electron (Yamanouchi, 2012).

Trong do dac thuc nghiém, cic nha khoa hoc
thuong dit may do dé dém sd hat tan xa trén phan
tr bia theo cac huéng cu thé. Méi hudng duge xac
dinh boi hai goc 1a goc tan xa ¢ va goc phuong vi
®- bé dinh lugng hoa su tan xa cua hat trén nguyén
tur, phan tir, cac nha khoa hoc thuong st dung dai
luong tiét dién tan xa vi phan (Differential Cross
Section). Tiét dién tan xa vi phan 1a tiét dién hiéu
dung ciia phan tir bia (ky hiéu ld do) dé hat tan xa
bay vao trong goc khdi nhat dinh ¢Q =sin0d0de
nghia la

do deQ (1.1)

trong do6, tiét dién tan xa vi phan chinh 13
do/dQ va co tha nguyén 1a (a; /sr). Bén canh do,
tiét di€n tan xa vi phan thuong duogc tinh toan theo
bién do tin xa theo bicu thirc sau

)2,(1.2)

voi f(6,¢) la bién do tan xa cua electron trén
phén tu bia.

Tir dit lidu tiét dién tan xa vi phan do dac duogc
trong qua trinh tan xa electron trén phén ti, chiing
ta c6 thé trich xudt dugc cAu trac phan tir bang
phuong phap so sanh phu hop (fitting), nghia 1a so
sanh tiét dién tan xa vi phan mo phéng dugc cho
mdi cau tric thir khac nhau cia phan tir véi s6 liéu
thyc nghiém. Tur do, chon ra cAu trac thu phu hop
nhét véi sb lidu thuc nghiém chinh 14 ciu tric can
tim cua phan tir (Lin, 2018; H. T. Nguyen & N.-L.
Phan, 2020). Vi vay, dé 4p dung phuong phéap so
sanh phtl hop nay, viéc tinh toan tiét dién tan xa vi
phan 1y thuyét cho cac cau trac thir ctia phan tir 1a rat
can thiét. D& tinh toan tiét dién vi phan 1y thuyét cia
phan tir, c6 thé sir dung phuong phap nguyén 1y ban
dau (ab initio) (Burke, 2011) hodc phuong phap mo
hinh (Yamanouchi, 2012; D.-D. T. Vu, et al., 2017).
Phuong phap nguyén Iy ban dau c6 loi thé 1a thu duoc
tiét dién tan xa vi phéan chinh xac hon trong khi viéc
str dung m hinh ¢6 wu diém 1a giam tai nguyén tinh
toan, rat can thiét khi mo phong hang loat cac cau
triic thir khac nhau ctia phén tir & so sanh phu hop.
Vi vay, phuong phap m hinh thuong duoc sur dung
hon trong viéc trich xuat gian tiép thong tin cau tric
phan ti. M6 hinh dugc uu tién st dung la mé hinh
nguyén tir doc 1ap (Independent Atom Model) (Mott,
1949; Yamanouchi, 2012; Saleh, et al., 2012). Pay la
md hinh tinh tiét dién tan xa vi phan don gian nhat vi
mb hinh nay chi tinh dén sy giao thoa clia cac song
tan xa cua electron tin xa mot 1an véi cac nguyén tir
cta phan tr. Nam 2016, Tikhonov va cong su da két
hop mé hinh nguyén tir doc 1ap véi phuong phap mod
phong dong luc hoc phan tir va phuong phap Monte-
Carlo ¢b dién dé tinh cuong do dao dong cua cac
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phén tir nhiéu nguyén tir, va thu dugc két qua phu
hop véi cac s6 liéu thyuc nghiém vé tac dong cuia cac
hiéu g lugng tir hat nhan khi mé ta dao dong cua
phan tir (Tikhonov, et al., 2016). Nam 2020, X. Li
va cong sy da chimg t6 m6 hinh nguyén tir doc 1ap
két hop v6i phuong phap song riéng phan va voi ly
thuyét ma tran R déu khong phit hop ddi vai electron
ning lugng thip tac dong 1én phén tir lién két manh
khi tinh toan tiét dién tan xa vi phan cua polyetylen
va ethylene (Li, 2020).

Trong truong hop xét dén sy tan xa nhiéu 1an cua
electron trén cac nguyén tir trong phan tir i di dén
may thu, m6 hinh da tdn xa (Multiple Scatttering
Theory) thuong dugc st dung (Hayashi, 1976; D.-D.
T. Vu, 2017). Trong md hinh da tan xa, cac tac gia da
mo rong mo hinh nguyén tir doc 1ap va dua thém vao
cac thanh phan tan xa bac hai khong két hop gitta cac
nguyén tir khi electron tan xa trén nguyén tir trong phan
tr (Hayashi, 1976). Sau do, D.-D. T. Vu va cdng su
da tiép tuc phat trién mo hinh da tan xa bang cach tinh
dén sy giao thoa clia toan bg thanh phan séng tan xa
bac hai khong két hop va két hop, va thu dugc khoang
cach 1ien nguyén ttr ciia céc phan te N, O,, CO, tir dix
liu tiét dién tan xa vi phén cua tan xa electron nang
lugng thap tir 20 eV dén 50 eV (D.-D. T. Vu et al.,
2017). Két qué cho thay sai s khi trich xuat bang mo
hinh da tan xa thip hon nhiéu so v6i mé hinh nguyén
tir dgc 1ap. Cong trinh (H. T. Nguyen & N.-L. Phan,
2020) da thé hién két qua tiét dién tan xa vi phan cla
phén tr O, khi nang luong electron tan xa lan luot 1a
50 eV, 200 eV va 500 eV khi str dung md hinh nguyén
tir doc 1ap va mo hinh da tan xa. Dong thoi, trong cong
trinh nay, cac tac gia cling di phat trién mo hinh da
tan xa c6 tinh dén dao dong phan tir (H. T. Nguyen &
N.-L. Phan, 2020). Viéc tinh toan tiét dién tan xa vi
phén sao cho chinh xac, tiét kiém tai nguyén may tinh
va thoi gian tinh toan 1 mong mudn ciia cc nha khoa
hoc. Panh gid do chinh xac cia mé hinh nguyén tir
ddc 1ap va mo hinh da tan xa trong tinh toan tiét dién
vi phan ctia phan tir so véi s lidu thuc nghiém & cac
murc ning lugng khéc nhau 14 can thiét.

Muc ti€éu cua bai bao nay Ia tinh toan tiét dién
tan xa vi phan cta phén tir O, khi cac electron t6i
c6 nang lugng khac nhau la 100 eV, 300 eV va
1000 eV. Tu do, chung t6i danh gia nén su dung
md hinh thich hop véi muc nang lugng tuong ing
dé dam bao tiét dién tan xa vi phan tinh toan duogc
chinh xé4c va tiét kiém tai nguyén tinh toan.

2. VAT LIEU VA PHUONG PHAP NGHIEN
cUu
2.1. Vit liéu nghién cuu

- Trong nghién ctru nay, ching t6i st dung phan
tir hai nguyén tu don gian la O, c¢6 khoang cach
lién nguyén tir ¢ vi tri can bang 1a 1.23 A, thu duoc

tir phdn mém Gaussian (Frisch et al., 2009) va phu
hop v6i s0 liéu thyc nghiém (Gilmore, 1964).

- Bén canh d6, chung t6i st dung ngdn ngir 1ap
trinh Fortran (William et al., 1992) ¢ m6 phong
mo hinh nguyén tr ddc 1ap va mod hinh da tan xa.

- S6 liu tiét dién tan xa vi phan cua phan tu
duogc thu thap va xur ly bang phan mém Origin 8.5.
2.2. Phwong phap nghién ciru

Chung t6i sir dung phuong phap nghién ctu ly
thuyét va phuong phap mo phong. Cu the, ching
toi su dung mé hinh nguyén tir doc lap (Mott,
1949; Yamanouchi 2012) va m6 hinh da tin xa
(Hayashi, 1976; D.-D. T. Vu, 2017) dé tinh toan
tiét dién vi phan cia phan tur khi cac electron tan
xa ¢o nang lugng toi khac nhau. Cac mo hinh nay
duogc 1ap trinh bang Ngon ngit Fortran (William et
al., 1992). bong thoi ching to1 két hop so sanh voi
cac so liéu thuc nghiém. Ngoai ra, chung t6i tinh
toan bién do tan xa cua electron trén cac nguyén
tir bang phuong phap khai trién song riéng phan
(Yamanouchi, 2012), trong d6 d¢ dich pha duoc
lay tir Co s¢ dir liéu quoc gia (National Institute of
Standards and Technology) (Powell, 2016).

Trong phan niy, ching t6i trinh bay tom tit vé
y tudng va phuong phap ciia mo hinh nguyén tir
doc 1ap va mo hinh da tan xa.

2.2.1. M6 hinh nguyén tu doc lap

Trong m6 hinh nguyén tir doc 1ap, bién do tan xa

cua electron trén phan tir dugc xac dinh theo bieu thurc

F=) fie™ @.1)
k

véi f, 1a bién do tan xa cia nguyén tir k co
toado R, va s=p-p' la vector truyén dong luong.
Tiét dlen tan xa vi phan cua phén ti dugc dinh
phuong ngiu nhién trong khong gian dugc xac
dinh theo biéu thirc sau

Loy, =(F*)=1,+1,,,(2.2)

v6i I,=) f 1a tong tiét dién tan xa vi phan

mol >

k
cua cac song tan xa bac mot cua electron lén cac
nguyén ti trong phan tu, va so hang

z , 7 sm(stk)

J*k j

,(2.3)

la giao thoa cua cac song tan xa cua electron
1én ting cap nguyén tur trong phén tir. Trong do,
R, =R, -R, thé hi¢n khodng céach gitra nguyén tir
jvak.
2.2.2. Mo hinh da tan xa
Mo hinh da tan xa dugc Hayashi va Kuchitsu
(1976) dua ra lan dau tién bang cach mé rong tir mo
hinh nguyén ttr déc 1ap, va sau do tiép tuc duoc cai tin
(D.-D. T. Vu, et al., 2017). Tict dién tan xa vi phan ctia
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phan tir theo mé hinh nay dugc xac dinh theo biéu thirc
Iy =1, A1 +1+ 1+ 1+, (2.4)

DIX sdl

trong d6, I,1a tong khong két hop cia nhiing
song tan xa bac nhét khi cac electron khac nhau tan
xa mot 1an trén cung nguyén tir, day ciing 1a thanh
phan I, trong mé hinh nguyén tir doc 1ap, c6 dang

L=Y1£F@5)

Thanh phan 1 thé hién su giao thoa ctia cac
song tan xa bac nhat trén cac nguyén tir khac nhau,
va c6 dang

]ss = Z <fAf];elSRAK > (26)
A#B .

I cting chinh 1a thanh phéan 1, trong mé hinh
nguyén tir doc 1ap. Thanh phan [, mo ta giao thoa
gitra song tan xa mot lan va song tan xa hai lan trén
cung mot nguyén tur

Iy = z <fMN(fA;eiSIRM +f1;e[SARN )+ece

M=#N

v6i fin 14 bién d6 tan xa bac hai khi ban dau
electron tan xa trén nguyén tu M, sau dé electron
nay tieép tuc tan xa trén nguyén ti N va thoat khoi
phén tir. Thanh phan 7, 1a giao thoa gifta song
tan xa bac nhat va song tan xa bac hai, trong d6
hai song nay tan xa trén hai nguyén tir khac nhau.

* is.R
Iy, = Z <fMNfPe P> tcc (28)
M#N#P

Thanh phan 1, thé hién tong khong két hop ctia
cac song tan xa bac hai, nghia la tong cua hai song
deu di dén tan xa Ién nguyén tt M, sau do ti€p tuc
tan xa 1én nguyén tir N trudc khi roi khoi phan tir.

Iy = z ( fiw |2> (2.9)

M=#N

sd2

2.7)

Nhu vay, m6 hinh da tdn xa d@ md rong mo
hinh nguyén tir doc 1ap bang cach xét dén cac sb
hang tan xa bac hai (Hayashi va Kuchitsu, 1976;
D.-D. T. Vu, et al., 2017).

3. KET QUA VA THAO LUAN
3.1. Tiét dién tan xq vi phdn theo mo hinh nguyén
tir doc ldp va mo hinh da tan xa

Trong phan nay, chiing t6i tinh toan tiét dién tan xa
viphan ctia phan tr O, bang mé hinh nguyén tir doc 14p
va mo hinh da tan xa khi phan tir nay bi tan xa bdi cac
electron dén c6 cac mitc nang luong khac nhau. Dong
thoi, chiing t6i tién hanh so sanh két qua thu dugc véi
s liéu thuc nghiém (Shyn & Sharp, 1982; Iga et al.,
1987; Garcia, G., Blanco, F., Williart, A., 2001). Hinh
3.1 thé hién két qua mo phong va DCS thuc nghiém
ddi véi cac electron tan xa co nang luong lan luot 13 1a
100 eV, 300 eV va 1000 eV. Két qua cho thay, tiét dién
tan xa vi phan tinh toan bang hai mé hinh nguyén tir
doc 1ap va mo hinh da tan xa kha phu hop véi s liéu
thuc nghiém (Shyn & Sharp, 1982; Iga et al., 1987,
Garcia, G., Blanco, F., Williart, A., 2001), ca vé do 16n

va dang diéu bién thién. Cy thé, khi ning luong cang
tang, tiét dién tan xa vi phan duoc tinh toan tir cac mod
hinh cang phu hop véi s6 lidu thue nghiém. O day, dé
thé hién duoc day dii cac gia tri clia tiét dién tan xa vi
phén cuia phén tir ng voi cac nang luong electron tan
xa khac nhau, chiing 6i sir dung thang do tiét dién tan
xa vi phan thay ddi twong tmg. Tiép theo, chung i
tién hanh danh gia dinh lvong muc do phu hop coa
mdi mé hinh mé phong so véi s6 liéu thuc nghiém.
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Hinh 3.1. Tiét dién tin xa vi phan ciia phan tir
O, dwgc tinh toan bang mé hinh nguyén tir d@c
1ap va mé hinh da tan xa, dwgc so sanh voi so
liéu thwe nghiém (Shyn & Sharp, 1982; Iga et
al., 1987; Garcia, G., Blanco, F., Williart, A.,
2001) khi ning lrgng ciia cac electron dén lin
lugt 1a 100 eV, 300 eV va 1000 eV.
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3.2. So sanh dinh lwong sw phi hop ciia tiét
di¢n tan xa vi phdn theo mé hinh nguyén tir
déc ldp va mé hinh da tin xa so véi sé liéu thuc
nghiém

Dé danh gia dinh lwong mirc d6 phu hop giita
tiét dién tan xa vi phan duoc tinh toan theo cac mo
hinh (nguyén tir doc 1ap va da tan xa) so v6i s6 liéu
thuc nghiém, chiing t6i xét do chénh 1éch gitra tiét
dién tan xa vi phan cua trng mé hinh va sb liéu
thuc nghiém theo biéu thirc

Ay =DCS,, ~DCS,, (3.1)

A5 =DCS, s - DCS,, (3.2)

Céc két qua tinh toan duoc biéu dién ¢ Hinh 3.2
(a,b,c) lan luot dbi véi cac electron tan xa ¢ nang
luong lan luot 1a 100 eV, 300 eV va 1000 eV. Hinh
v& cho thiy, khi ning lugng cia electron téi ting,
su chénh léch giita tiét dién tan xa vi phan tinh
toan bang hai mo hinh so véi s liéu thuc nghiém
cang giam, c6 nghia 1a tiét dién tan xa vi phan tinh
baoi cac md hinh cang phu hop véi thuc nghi¢m khi
nang lugng electron tdi ting. Cu thé, su sai khac
cuc dai gitta m6 hinh IAM va s6 liéu thuc nghiém
lan lugt 12 84.39(a; /sr), khi ning lugng electron
toi 100 eV (Hinh 3.2 (a)), khoang 7.82(a; /sr) khi
nang lugng electron t6i 300 eV (Hinh 3.2 (b)), va
0.60(a; /sr) khi ning lugng electron toi 1000 eV
(Hinh 3.2 (c)). Bén canh d6, su sai khac cuc dai
giltta mo6 hinh MS va s6 liéu thuc nghiém lan luot
1a 75.62(a; /sr), khi nang luong electron tGi 100
eV (Hinh 3.2 (a)), khoang 7.76(a; /sr) khi ning
lugng electron toi 300 eV (Hinh 3.2 (b)), va 0.57
(aj /sr) khi nang luong electron téi 1000 eV (Hinh
3.2 (¢)).

Péang cht y, Hinh 3.2 (a) cho thdy ¢ ning
lugng electron t6i thap (100 eV), mo hinh da
tan xa cho két qua pht hop véi thyc nghiém hon
mo hinh nguyén tir doc lap. Tai goc tan xa 249,
su khac biét so vdi thuc nghiém ctia mo hinh da
tan xa la 75.62(a; /sr), va ciia md hinh nguyén
tir doc 1ap 12 84.39(a? /sr). Didu nay c6 thé dugc
giai thich la do khi nang lugng electron tan xa
thép, cac sb hang tan xa bdc cao dong vai tro
quan trong trong tiét dién tan xa vi phan cua
phan tir. Vi vy, mé hinh da tan xa cho két qua
tinh toan tiét dién tan xa vi phan tot hon mé hinh
nguyén ti doc 1ap khi nang lugng electron toi
thap (100 eV). Khi ning luong electron téi ting
1én 300 eV (Hinh 3.2 (b) va 1000 eV (Hinh 3.2
(c)), mo6 hinh nguyén tir doc lap va mo hinh da
tan xa déu cho két qua phu hop tdt véi sb lidu
thuc nghiém.
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Hinh 3.2. P9 chénh 1¢ch giira tiét di¢n tin xa
vi phin ciia mo6 hinh nguyén tir djc 1ap va
md hinh da tin xa so véi s6 liéu thue nghiém
3.3. Khdo sat s khac biét gitta mo hinh nguyén

tir doc lap va mo hinh da tan xa

Trong phan nay, chung t6i danh gia dinh luong
su sai khac gitia tiét dién tan xa vi phan dugc tinh
toan theo mo hinh nguyén tir doc 1ap va mo hinh
da tan xa & cac muc nang lugng cua electron toi
khac nhau qua biéu thirc va duoc thé hién ¢ Hinh
3.3.
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DCS, s -DCS
1AM _MS :W.IOO% (3.3)
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Hinh 3.3. Sy khic biét giira tiét dién tin xa
vi phan dwgc tinh bing mé hinh nguyén tir
ddc 14p va mo hinh da tan xa cia phéan tir O,
& cac mirc nang lwong cia electron téi khac
nhau (dwoc thé hién béi dwdng cong nét lién
mau xanh 14 ciy). Bén canh dé, duwong nét
dit mau den g véi gid tri Ay us =0 biéu
thi tiét dién tan xa vi phan tinh boi hai mé
hinh twong ddng véi nhau.

Két qua cho thdy khi ning lugng electron t&i
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thap (100 eV), su chénh léch cua tiét dién tan xa
vi phan tinh bang hai mé hinh kha rd rét, sai s6
cuc dai gilra hai mo6 hinh 1a 19.32% tai goc tan xa
34°. Piéu nay c6 nghia, khi nang luong electron
tan xa thép, nén st dung mo hinh da tan xa dé thu
dugc két qua chinh x4c. Khi ning luwgng electron
toi cang tang (300 eV va 1000 eV), tiét dién tan
xa vi phén tinh bang md hinh da tan xa cang c6
gid tri gdn vai tiét dién tan xa vi phan tinh bang
mo hinh nguyén tir ddc l1ap. Su sai khac cuc dai
giita hai mo hinh rat nho, chi 1a 8% (d6i véi 300
eV) va 1.29% (ddi voi 1000eV). Do d6, & ving
ning lugng electron t6i cao, ¢6 thé sir dung mo
hinh nguyén tir doc 1ap dé giam tai nguyén tinh
toan ma van thu dugc tiét dién tan xa vi phan
chinh xéc.

4. KET LUAN

Trong bai bao nay, bang phuong phap nghién
ctru 1y thuyét va mé phong véi mé hinh nguyén
tir doc lap va mo hinh da tan xa, chiung toi da
tinh toan tiét dién tan xa vi phan cua phan tir
0, khi cac electron tdi c6 niang luong thay ddi.
Két qua cho thiy, trong trudng hop ning lugng
electron t6i thap (100 eV), tiét dién tan xa vi
phén tinh bang mo hinh da tan xa phu hop véi
s6 liéu thuc nghiém hon so véi mé hinh nguyén
tr doc 1ap, ddng thoi, sy chénh l1éch cua tiét dién
tan xa vi phan tinh bang hai mo hinh kha rd rét.
Khi nang lugng electron toi tang 1én (300 eV va
1000 eV), tiét dién tan xa vi phan tinh bang hai
mo hinh kha phu hop nhau, déng thoi ciing phu
hop véi sb liéu thyc nghiém. Nhu vay, chiung ta
nén st dung mo hinh da tan xa dé thu duoc tiét
dién tan xa vi phan chinh xac khi céac electron t&i
c¢6 ning lugng thap (100 eV), va nén st dung mod
hinh nguyén tr doc 1ap dé tiét kiém tai nguyén
tinh toan ma van dam bao dwoc d6 chinh xac
trong truong hop cac electron téi c6 nang luong
cao (300 eV va 1000 eV). Cac két qua tinh toan
cua ching t6i dugc thuc hi¢n trén phéan tr O,,
tuy nhién c6 thé Gmg dung cho cac phén tir nhleu
nguyén tu phuc tap khac.

Loi cam on: Nghién cuu nay duoc tai tro boi
dé tai Khoa hoc va Cong nghé cap Co sé nam
2024 cia Trwong Pai hoc Tdy Nguyén, ma sé
72024-10CB.
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ABSTRACT

Calculating the differential scattering cross-section of a molecule is very important in determining
its structural information. In this study, we use the independent atom model and the multiple scattering
theory to calculate the differential cross-section of the O, molecule when the incident electrons have
different energies of 100 eV, 300 eV, and 1000 eV. The results show that when the incident electron
energy reaches a low value of 100 eV, the differential scattering cross-section calculated by the multiple
scattering models is more consistent with the experimental data than the independent atom model. When
the incident electron energy increases by 300 eV and 1000 eV, the differential scattering cross-section
calculated by the two models is consistent with each other and the experimental data. Thus, the multiple
scattering theory should be used in the low incident electron energy, 100 eV, to obtain an accurate
differential scattering cross-section. In the high incident electron energy region by 300 eV and 1000 eV,
it is advisable to use an independent atom model to save computational resources, including computer
resources and computational time.

Keywords: differential cross-section, independent atom model, multiple scattering theory.
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