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So sanh kha niing vrc ché in mon thép cua indole-5-carboxylic acid
va 1-benzothiophene-5-carboxylic acid bang tinh toan héa lwgng ti
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QuA trinh xit Iy Indole—5\—carpoxylic acid (ICA) va 1—benﬁzothiophene—S—carboxyIic acid
Ngay nhdn bai: 17/4/2023 (B:FA) !a hal, hqpﬂchﬁt dugc lya chon dé dénl} gid kha nang trc che an
Ngay nhan ban chinh sza: 13/11/2023 mon th_ep. Céc thdng so hpa lugng tur cua chling bao gém_ne“mg luong
Ngay nhdn ding: 16/11/2023 cua obitan phan tur bi chiem cao nhat, nang luong cua obitan phan tur
Ngay xudt ban: 20/4/2026 khéng bi chiem thap nhat, khoang cach nang lugng, do cung héa h(_)C:
d6 mém phan tir, 6 lugng electron trao doi gitra kim loai va chat uc ché
an mon indole-5-carboxylic acid va 1-benzothiophene-5-carboxylic
acid da duoc tinh todn & mic B3LYP/6-311++G(d,p). Két qua cho thiy

;F;;I:)T;a. ICA la chat trc ché an mon thép tot hon BTA. Ngoai ra, cc md phong
Benzothiophene; dong luc hoc phan tir cho thay cau hinh hap phu cua cac chat uc che
Uc ché én mon; proton hoa trén bé mat Fe(110). Nang lugng lién két cua plICA va pBTA
Tinh todn lwong tir; trén bé mit Fe(110) dwoc tinh véi céc gia tri lan luot 14 574,08 va 572,97
DFT. kd/mol. CAc két qua nay mat lan nita khang dinh kha ning bao vé bé

mit Fe t6t cua ICA so v6i BTA trong méi truong acid.

1. PAT VAN BPE

Sy an mon 1a van dé thuong gap ddi véi thép va cé tac dong truc tiép dén hoat dong, chi phi va an toan cua
n6 (Al-Amiery et al., 2014). Bé lam cham qua trinh an mon kim loai, mét trong nhitng cach tiép can duoc
nhiéu nha khoa hoc quan tdm nhat hién nay la tim kiém céac hop chét hitu co c6 kha nang uc ché an mon kim
loai (Al-Mayouf et al., 1998). Tuy nhién, viéc nghién ctiu cac chat wc ché an mon bang phuong phap thuc
nghiém thudng ton kem va mat nhiéu thoi gian. Cong nghé tinh toan hoa luong tir ¢d thé giup nguoi nghién
ctu thu thap thong tin, du doén, giai thich va mo td cac dac tinh quan trong cua hé théng nghién cau (Obot et
al., 2016). Vi | vy, day 1a phuong phéap dugc cac nha khoa hoc rat quan tam, dau tu va ang dung trong viéc
nghién ctiu vé linh vyre an mon.

Céc tinh toan hda hoc luong tir dwa trén ly thuyét phiém ham mat d6 (DFT) vé6i b ham co s6 6-311G++(d,p)
da dugc sir dung rat pho bién dé xac dinh hinh hoc phan tir va dién tir mot cach chinh xac. Bén canh do, bo co
s B3LYP/6-311++G(d,p) tiéu ton chi phi tinh toan twong ddi nho (Wiberg, 2004). Chinh vi vay, trong nghién
ctru nay phiém ham mat 6 B3LYP véi bo ham co s 6- -311++G(d,p) duoc st dung dé t6i wu hoa ciu tric phan
tr, tinh toan nang lugng cac hop chat hiru co va cac thong sb luong tir hoa. T4t ca cac tinh toan dugc thuc hién
boi phan mém Gaussian 16 (Frisch et al., 2009).

Nhiéu nghién ciru da chi ra rang cac hop chat hitu co chira N, S ¢6 kha ning ¢ ché an mon kim loai rat tot
trong moi truong acid. Indole 1a mot hop chét di vong chira nguyén tir N. Hop chét ndy va cac dan xuat caa nd
dugc danh gia cd kha nang trc ché an mon thép va dong rat tét (E1-Meligi et al., 2000; Tiiken et al., 2006) trong
mdi trudng acid. Chinh vi vy, trong nghién ctu ndy, ching toi di Iva chon indole-5-carboxylic acid (ICA) dé
lam ddi tugng nghién ciru kha nang e ché an mon thép. Bén canh do, 1-benzothiophene-5-carboxylic acid
(BTA) - mét hop chit di vong chia S, duoc lya chon 1am ddi twong dé so sanh véi kha ning ¢ ché dn mon
cua ICA nham 1am rd anh huong cua cac di té dén kha ning tc ché dn mon thép. Cac nghién ciu duoc tién
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hanh béng tinh toan héa lugng tir nham d¢ quan sat duoc cau hinh hip phu ciia cac phan tir chat e ché trén bé
mat Fe(110) bang cach md phong dong luc hoc phan tir.

2. PHUONG PHAP NGHIEN CUU
Céc thong s duoc tinh toan dé danh gia kha nang irc ché an mon kim loai bao gf)m nang lugng cua obitan

phan tir bi chiém cao nhat (Exomo), nang luong cia obitan phan tir khong bi chiém thap nhat (ELumo), khoang
cach nang lugng LUMO-HOMO (AE_ ,,), d cing hoa hoc (n), d6 mém phan tir (S) va sb electron trao doi

gira kim loai va chat wc ché an mon (AN).
Khoang céch nang lugng LUMO-HOMO tinh theo c6ng thirc:

AEL—M :ELUMO - EHOMO (1)

Theo dinh ly vé DFT cua Koopmans, ning lugng ion hoa thi nhat (IE) 1a xap xi vai s6 dbi cua gia tri Enomo
va ai luc electron (EA) 1a xap xi voi s dbi caa gia tri ELumo.

IE =-Eomo )
EA=-E_uo 3)

Gia tri ¢ cting héa hoc (1) 1a dai lugng ddc trung cho do bén phén tir. Phan tir ¢6 1 cang lon thi cang bén,
do d6 cang kho tham gia tuong tac hoéa hoc (Pearson, 1987). Trai ngugc voi do cing hoa hoc, d6 mém phén
tu (S) la dai lugng duoc str dung d€ danh gia sy phan cuc cua dam may dién ti, 14 su phan cuc cua phén tu.
Phan tir c6 gia tri S cang lon thi cang phan cuc va dé tham gia cac phan tng héa hoc.

Dua vao dinh ly Janak (1978), ta co:

_ IE - EA (4)
2
_ ELUMO B EHOMO — AEL-M 5
n 5 5 )
Gid tri ciia S duoc tinh bang nghich dao cuan
s=l-__2 - 2 ®)

n E\ umo~ Evomo AE,

Ngoai ra, khd ndng tc ché an mon kim loai con dugc danh gia qua &i e dién tu tuyét dbi (y). Gia tri caa y
dugc tinh gan dang nhu sau (Dinh et al., 2021):

_ IE + EA . (EHoMO+ ELUMo) (7)
2 2

Theo nguyén tic can bang dién tir cua Sanderson (Obot & Obi-Egbedi, 2010) khi hai chat twong tac véi
nhau, dién tir dich chuyén tir chét c6 ai luc dién tu tuyét dbi thip sang chat c6 ai luc dién tir tuyét di cao. Qua
trinh dich chuyén dién tir cham dut khi &i lyc dién tir tuong ddi cua hai chat can bang nhau. Xét trong qué trinh
hap phu I&n bé mat kim loai, dién tir dich chuyén tir chat ic ché an mon sang bé mat kim loai. Sé electron trao
ddi gitta kim loai va chat e ché an mon (AN) duoc tinh nhu sau (My et al., 2024):

AN = —Xm " Kinh (8)
2.yt Mign)
Trong d6, %, » Xy 120 luot 12 & luc dién tir tuyét d6i cua kim loai va chit tc ché an mon, n,, va n,,
1a 6 cung hoa hoc cuia kim loai va chat wc ché an mon.
Nhiéu nghién ciru cho thay rang, viéc sir dung dai lwong chirc ning lam viéc (@) cia bé mat kim loai la
thude do thich hop cho &i luc dién tir tuyét déi ciia Fe ., (Cao etal., 2014). Vi vay, s6 electron trao ddi giita
Fe va chit ac ché an mon dugce tinh nhu sau:

AN = D - Yimy
2.y Mip)

Véi @ lan lugt c6 cac gia tri 1a 3,91 eV; 4,82 eV va 3,88 eV twong &tng véi cac bé mat Fe (100), (110) va
123

(9)
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(111) (Kokalj, 2012).

Tuong tac giita phan tir chat &rc ché va bé mat Fe(110) dugc thuc hién trong mé phong dong luc hoc phéan
tar. Cac md phong nay duoc thuc hién bang cach sir dung phan mém Materials Studio 8.0. Tinh thé Fe duoc
két hop va phan cit doc theo mat phang Fe(110). Su md phong duoc thuc hién trong hop co kich thudc (30,40
x 38,20 x 60,25 A%) véi budc thoi gian 1a 0,1 fs, thoi gian md phong 1a 500 ps. Céc truong lyc COMPASS
dugc st dung cho cac md phong cua tat ca cc nguy@n tir va ciu trdc cua cac phan tir. Bén canh dé, mo phong
dong luc hoc phan tir duoc str dung dé du doan va phén tich twong tac gitra phan tir chat Gc ché va bé mat
Fe(llO) trong dung dich. Trong dung dich HCI 1,0 M, ty I¢ tuong ung gitra phén tur H,O va HCI 1a 500/9. Dua
trén diéu nay, 491 phan tir H,0, 9 CI-, 9 H30* duoc thém vao hé thong we ché trong hop mo phong (Salarvand
et al., 2017). Do céc phan tir chat wrc che bi proton hda trong dung dich acid, ty I cac ciu tir trong dung dich
an mon s& gdom 492 phan tir H,0, 9 CI-, 8 H;O* va 1 phan tir chat &rc ché bi proton hoa. Céc twong tac giira
chat e ché va bé mat Fe(110) c6 thé dugc danh gia qua nang lugng lién két (Ejien k&) va ning lugng tuong tac
(Etwong i), cac dai lugng ndy co thé dugc tinh toan theo phuong trinh sau (Saha et al., 2016):

Etwong tac = Eténg — (Ebé mat va dung dich + Echét uc ché) (10)
Elién Kkét = — Etucrng tac (11)

Trong d6, Etng la ndng lugng téng cua toan bo hé thdng, Ecnit i cné 12 nang luong chat ¢ ché, Epé mat va dung
gich 12 néing luong tong cua bé mat Fe(110) va dung dich khi khéng cé chét tc ché.

3. KET QUA VA THAO LUAN
;:I

3.1. Théng sé cau tric hinh hoc cia ICA va BTA
ICA BTA

R
Hinh 1. Cu trGc hinh hoc cua ICA VA BTA duoc t6i wu hoa.

Cau trdc hinh hoc cua cac phan tir chat tc ché ICA va BTA duoc téi uu héa & muc tinh toan Iy thuyét
B3LYP/6-311++G(d,p) va dugc trinh bay & hinh 1.

e X

=

HOMO-ICA LUMO-ICA
HOMO-BTA LUMO-BTA

Hinh 2. HOMO va LUMO cua ICA va BTA.
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Obitan phan tir bi chiém cao nhat (HOMO) chi ra vi tri cho electron cua phan tir (Khalil, 2003). Hinh 2 cho
thiy ICA va BTA c6 thé cho electron véi bé mat kim loai cha yéu & nguyén tir S, N va nhan thom. Mit khéc,
obitan phan tir khdng bi chiém thap nhat (LUMO) dai dién cho kha ning nhan electron cua phan tir. C4c vi tri
phan tng manh nhét dugc tim thiy ¢ toan b phan tir cua ICA va BTA.

3.2. Pdnh gid kha ndng irc ché an mon theo cdc théng sé hda hoc lwong tir ciia ICA va BTA trong pha khi

Trude hét, Enomo 1a mot thong s6 quan trong dé danh gia kha nang e ché &n mon. Mot phan tir c6 gia tri
Enomo cang 16n, phén tir d6 cang dé cho dién ti. Theo bang 1, Exomo cua ICA 16n hon gia tri nay cua BTA
nén ICA c0 kha nang urc ché an mon kim loai tot hon BTA.

Bang 1. CAc thdng s6 hoa hoc lugng tir tinh trong pha khi cua ICA va BTA theo phuong phap
B3LYP/6-311++G(d,p)

X Enomo ELumo  AELH IE EA X | S
Hopehdt — “ovy V) (V) (V) V) (V) (V) (evy AN
ICA -6,2 -1,4 48 6,2 1,4 3,8 2,4 0,4 0,2
BTA -6,5 -1,7 48 6,5 1,7 4,1 2,4 0,4 0,1

Gid tri ELumo ciing 1a mot dai lugng dé danh gia kha nang Gc ché dn mon cua céc chit e ché an mon. Gia
tri ELumo cho biét nang luong cua obitan khong bi chiém chd thap nhat. Gia tri ELumo cang bé, phan tir cang
dé nhan dién tir. Xét vé& ELumo, BTA c6 kha niang nhan electron tir bé mat kim loai d& hon ICA. Diéu nay c6
nghia BTA uc ché an mon kim loai t6t hon ICA.

Bén canh do, kha niang ¢ ché dn mon kim loai cua mot chat con duge dénh gid qua kha nang hap phu cia
no trén bé mat sat. Nhu vay, phan tir nghién cau cang phan cuc, cang dé hap phu 18n bé mat kim loai, khi do
hiéu qua rc ché dn mon cang cao. Tir nhitg quan diém ly thuyét mé ta & muc phuong phap nghién ciru, chat
¢6 kha ning &rc ché an mon tt 1a chét co gia tri AE_n, n thap va S cao. Dya vao s6 liéu tinh toan trong pha
khi tai B3LYP/6-311++G(d,p) trong bang 1, ICA va BTA céc gid tri nay la nhu nhau voi AEL w12 4,8 eV, n la
24eVvasSlandevt

Bén canh do, dai luong AN cho thiy kha ning trao dbi electron giira phan tir chat irc ché va bé mat Fe(110).
AN cang lén cho thay kha ning tc ché an mon tét cua hop chat khao sat. ICA va BTA c6 céc gia tri AN lan
luot 120,2 va 0,1. Nhu vay ICA thé hién Ia chat tc ché an mon t6t hon BTA khi khao sat theo AN.

Nhu vay, hau hét cac théng s6 hda hoc luong tir trén chi ra rang ICA c¢6 kha nang ¢ ché an mon st tét hon
so vai BTA.

3.3. M6 phong dong luc hoc phan tir

Trong phan tir cua ICA va BTA, cac di t6 N va S la cac trung tam c6 mat do dién tich cao. Vi vay, trong
moi truong acid, chung c6 thé trai qua qua trinh proton héa tai vi tri cia N (pICA) va S (pBTA,) (hinh 3). Cac
phén tir bi proton hda nay sé tiép tuc dugc khao sat trong mé phong dong luc hoc phén tur.

Sh. 8
135

(a) pICA (b) pBTA
Hinh 3. Ciu trtc hinh hoc ciia pICA va pBTA da duoc téi uu hoa.

M@ phong dong luc hoc phan tir dugc p dung dé nghién ciu sy tuong tac ciia pICA va pBTA trén bé mat
Fe(110) trong dung dich HCI 1,0 M ¢ 303 K. Hinh 4 biéu dién mat bén va mat thang dang cac cau hinh hap
phu ctia cac phan tir chat uc ché.
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(b) pBTA

Hinh 4. Cau hinh hip phu cua (a) pICA va (b) pBTA trén bé mat Fe(110) trong dung dich HCI 1,0 M.

Cac phan tir pICA va pBTA nay nam sat voi bé mat sat va c6 dién tich bé mat 16n. Diéu nay gidp ching c6
kha nang che phu va hinh thanh 16p mang bao vé Fe khoi cac tac nhén &n mon trong dung dich. Trong sy md
phong dong luc hoc phan tir, nang lugng tuong tac va nang luong lién két la cac thong s6 quan trong dé danh
gia kha ning wrc ché in mon cua cac phan tir chat e ché (Gupta et al., 2019). Gia tri &m cua ning lugng tuong
tac chi ra twong tac gitra phan tir chét e ché va bé mat kim loai manh trong khi gié tri Ion cua nang lugng lién
két cho thiy su hip phu manh va bén cua cac phan tir chat we ché. Két qua trong bang 2 cho thay pICA c6
nang lugng lién két I6n hon va niang lwong twong tac am hon khi so sanh pBTA. Diéu nay ching to pICA héap
phu trén bé mat Fe(110) manh hon pBTA. Cac két qua nghién ciru bang mé phong dong luc hoc phan tir hoan
toan phu hop véi viéc so sénh cac thong sb hoa hoc luong tir & trén.

Bang 2. Ning luong twong tic va nang luong lién két cua pICA va pBTA tinh toan dugc tir sy md phong
dong luc hoc phan tir

qu Chét Etu(yng tac (kJ/mOl) E]ién két (kJ/mOl)
pICA -574,08 574,08
pBTA -572,97 572,97

4. KET LUAN

Viéc nghién ctu tinh toan hda Iy thuyét bang ly thuyét phiém ham mat d6 & muc ly thuyét B3LYP/6-
311++G(d,p) da duoc thyc hign nham so sanh kha nang (¢ ché &n mon kim loai cua ICA va BTA. Két qua cho
thay rang hau hét cac théng s6 hda hoc luong tr nhu néng lugng cua obitan phan tu bi chiém cao nhét (Eromo),
s6 electron trao doi gitra kim loai va chat trc ché (AN) thé hién ICA la chat trc ché dn mon kim loai t6t hon
BTA. Bén canh d6, nghién ctru vé dong luc hoc phan tir di cho thay ciu hinh hap phu cia cac phan tir nghién
ctru & dang proton héa trén bé mat Fe(110). Nang lwong lién két cua pICA I6n hon pBTA khi tuong tac véi bé
mat kim loai, diéu nay cang khing dinh kha ning tc ché tét cua pICA-N. Cac két qua tir nghién cau ly thuyét
trong cong trinh ndy s& gop phan dinh hudéng cho cac nghién ctu thuc nghiém tiép theo.
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Indole-5-carboxylic acid and 1-benzothiophene-5-carboxylic
acid are two selected compounds to evaluate the steel corrosion
inhibition ability. Their quantum chemical parameters
including highest occupied molecular orbital energy, lowest
unoccupied molecular orbital energy, energy gap, chemical
hardness, softness, and transferred electrons number between
the inhibitor molecule and iron surface are calculated at
B3LYP/6-311++G(d,p). The results show that ICA is a better
corrosion inhibitor than BTA. Additionally, molecular
dynamics simulation reveals the adsorption configurations of
the protonated inhibitors on the Fe(110) surface. The binding
energies of pICA and pBTA on the iron surface are calculated
to be 574.08 and 572.97 kJ/mol, respectively. These results
confirm the better iron surface protection ability of ICA
compared with BTA in the acidic medium.
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