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SO SANH KHA NANG U'C CHE AN MON THEP CUA piperidin-1-
ylmethanephosphonic acid VA piperidin-1-ylmethanesulfonic acid
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Tém tat. Cac thong s8 héa hoc lwong ti lién quan dén hoat dong trc ché an mon ctia hop chit PPA
(piperidin-1-ylmethanephosphonic acid) va PSA (piperidin-1-ylmethanesulfonic acid) nhut nang luong
cuia obitan phén t bi chi€ém cao nhét (Enomo), nang luong ctia obitan phan tir khong bi chiém thap nhat
(Erumo), khoang cach nang luong (AELH), d6 cting hoéa hoc (1), 46 mém (S), s6 luong electron trao d6i
gitta kim loai va chét ¢ ch€ an mon (AN) da duoc tinh toan & muc ly thuyét B3LYP/6-311++G(d,p). Két
qua cho thdy PPA c¢6 kha nang trc ch€ 4n mon thép t6t hon PSA. Bén canh d6, nghién cttu dong luc hoc
phan t&r da cho thdy duoc cdu hinh hap phu cta cac phan tix chdt tic ch€ bi proton hda trén bé mat
Fe(110). Nang luong lién két ciia pPPA-N va pPSA-N d6i v6i bé mat Fe(110) Ian luot c6 cac gia trila -
570,43 va 558,17 kJ/mol. Diéu nay mot lan nira khfmg dinh kha néng bao vé bé mat Fe tot ciia PPA so véi
PSA trong mdi trueong axit.

T khoa: Chat tic ché &n mon, luong tt, 1y thuyét phiém ham mat d6, moé phéng déng lwc hoc phén ti,
nang luong tuong tac
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Abstract. Quantum chemical parameters related to the corrosion inhibition activity of PPA (Piperidin-1-
ylmethanephosphonic acid) and PSA (Piperidin-1-ylmethanesulfonic acid) compounds, such as the
highest occupied molecular obitan energy (Exomo), the lowest unoccupied molecular orbital energy
(ELumo), the energy gap (AEL-H), chemical hardness (1), softness (S), and the transferred electrons number
between the inhibitor molecule and iron surface (AN), have been calculated at the theoretical level
B3LYP/6-311++ G(d,p). The results show that PPA can inhibit iron corrosion better than PSA. In addition,
molecular dynamics simulation has shown the adsorption configuration of the protonated inhibitor
molecules on the Fe(110) surface. The binding energies of pPPA-N and pPSA-N on Fe(110) surface have
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values of -570.43 and 558.17 kJ/mol, respectively. This confirms the good Fe surface protection ability of

PPA compared with PSA in an acidic medium.

Keywords: Corrosion inhibitor, quantum, density functional theory, molecular dynamics simulation,

interaction energy
1 Mé dau

An mon kim loai 13 mét vAn dé hién nay
dang duoc cac nha khoa hoc trong nudce va trén thé
gidiratquan tam [1]. Hién twong nay doi hdi phai
phai cé bién phap tdi vu d€ bao vé bé mét kim loai.
Mot trong nhitng phuwong phap dang thu hat s
cht y cac nha nghién cttu la sit dung cac hop chat
hitu co nhw 1a cac chat teec ché &n mon kim loai [2].
Nhing hop chédt dugce lya chon thuong dé tong

hop, ré tién, an toan v6i moi truong.

Cé nhiéu phuong phép khac nhau dé khao
sat kha nang trc ché€ dn mon kim loai ctia mot hop
chat. Cac phuong phap thuc nghiém hay duoc st
dung nhu phwong phdp trong lwong, phuong
phap do duong cong phan cuc, phwong phap do
ph6 tong tro...Tuy nhién nhitng phuwong phap
thuc nghiém nay thuong ton thoi gian va chi phi.
Trong khi d6, viéc st dung cac tinh toan héa hoc
luong tir vita c6 thé gitip nguodi nghién ctu nam
bt duoc thong tin vé cau trug, vira dy doén duoc
cau hinh hap phu va tiém nang trc ch€ cia mot hop
chat khao sat trong thoi gian ngan [3]. Chinh vi
vay, viéc st dung phuong phap tinh toan hda hoc
luwong ti cung cap rat nhiéu thong tin hiru ich dé€
Iwa chon cac chat tc ché dn mon kim loai tiém

ndng.

Cac tinh toan hoa hoc lwgong tir dua trén ly
thuyét phiém ham mat d¢ (DFT) v6i b ham co so
6-311G++(d,p) da duoc sit dung rat pho bién dé xac
dinh chinh xac hinh hoc phan t& va dién t& mot
cach chinh xac [4, 5]. Bén canh d6, b6 co so
B3LYP/6-311++G(d,p) tiéu ton chi phi tinh toan
twong d6i nho [6]. Chinh vi vay, trong nghién cttu
nay phiém ham mat 6 B3LYP véi bd ham co sé 6-

311++G(d,p) duoc st dung d€ t6i wu hda cau trac
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phan tw, tinh toan ning luong cac hop chat hitu

co va cac thong s6 hoa hoc luwong tir.

Céc hgp chat hitu co c6 vong thom chtra cac
di t6 nhu O, S, P, N hay duoc st dung dé lam chat
tec ch€ an mon kim loai. Nhiéu nghién cttu da chi
ra rang cac hop chat hitu co chita P ¢ kha nang
tec ché€ an mon kim loai rat t6t trong moi truong
axit. Dién hinh nhu diethyl(4-methylphenyl)-N-
(phenyl)aminomethylphosphonate [7],
imidazoline phosphate [8] hay c4c dan xuét cta
phospono [9]. Chinh vi vy, trong nghién cttu nay
chang t6i da lwa chon mét hop chat chira photpho
la piperidin-1-ylmethanephosphonic acid (PPA)
dé lam d6i teong nghién cttu kha nang trc ché an
mon thép. Cac nghién cttu duoc tién hanh bang
tinh todn héa lwgng ti nham d€ quan sat dwgc cdu
hinh hdp phu ctia cac phan tir chat e ché trén bé
mdt Fe(110). Bén
ylmethanesulfonic acid (PSA)-mét hgp chat hitu

canh do6, piperidin-1-
co chtta luvu huynh dwoc lwa chon lam d6i tuong
d€ so sanh voi kha nang tic ché€ cua PPA. T4t ca
cac tinh toan dwoc thuc hién boi phan mém
Gaussian 16 [10].

2 Phuwong phap nghién ctru

Cac thong s6 hoa hoc luong tir duoc tinh
toan dé khao sat kha nang trc ché an mon kim loai
cua mot hop chat hitu co bao gom nang luong cua
obitan (orbital) phan ttt bi chiém cao nhat (Exomo),
nang luong cua obitan phan tir khong bi chiém
thdp nhat (Erumo), do chénh léch ning luong
LUMO-HOMO (AE__,,), d6 cting phan tir (), d6
meém phan ti (S) va sd electron trao d6i gitra kim
loai va chét trc ché dan mon. Mot phan tir 6 gid tri

Eromo cang 16n, phan tir d6 cang dé cho dién tt.
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Gia tri Eumo cang bé, phan tit cang dé nhan dién
tee [11].

D6 chénh léch nang luong LUMO-HOMO
dwoc tinh theo Exomo va ELumo v6i cdng thike (1):

AE E

111 = Etomo - Enowmo (1)

Gia tri AEL-# cang 16n chiing t6 phan tk

cang kém phan cuc.

Theo dinh ly vé DFT ctia Koopmans, ning
luwong ion hoa tht nhét IE va éi luc electron (EA)

duoc tinh toan theo cac cong thitc sau:
IE=-E oo 2)
EA=-E 0 ®)

Gia tri d¢ ciing phan tx (n) la dai lwong dac
trung cho do bén phan tt, trong khi ¢ mém phan
tee (S) la dai lwgng duwoc st dung dé€ danh gia su
phan ciee ctia phan tte. Phan tit ¢d 1) cang 16n, S cang
nho thi phan t& cang bén va kho tham gia twong
tac hda hoc [12]. n va S c6 thé duoc tinh toan theo
cac cong thiee sau [13]:

— IE-EA — ELUMO' EHOMO

5 5 (4)

©)

S|

Ngoai ra, kha nang trc ché€ an mon kim loai
con dugc danh gia qua ai luc dién t tuyét d6i (x).
Mot cach gan dung, x ¢ thé tinh nhw sau:

_IE+EA _ (Ejomo™ Erumo) 6)
X > 2

Trong qua trinh hap phu 1én bé mat kim loai,
electron sé di chuyén tir chat tic ché an mon sang
bé mat kim loai. SO electron trao d6i duoc tinh theo
cong thirc (7) [14]:

= XM - Xinh (7)
2. Mian)

trong d6, Yp ., Xipn 1an lwot la ai luc dién ti

tuyét d6i ctia kim loai va chat trc ché an mon, 1,
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va M., la do cing ctia kim loai va chét e ché dn
mon.

Nhiéu nghién cttu cho thay rang, viéc st
dung dai luong chitc ndng lam viéc (®) cua bé mat
kim loai la thudc do thich hop cho d¢ am dién caa
Fe [15]. Vi vay, Gia tri trao d6i dién ti gitta Fe va

chat ttc ché &n mon dwoc tinh nhu sau:

_ D - Xinh (8)
2.yt Nign)

Vi @ lan luot ¢ cac gia tri 1la 3,91 eV; 4,82
eV va 3,88 eV twong ung voi cac bé mat Fe (100),
(110) va (111) [16].

Phan mém Materials Studio 8.0 [17] dugc st
dung d€ mo phong su tuong tac gitta phan tw cac
chat e ché an mon trén bé mat Fe(110). Sy md
phong duoc thuc hién trong hop céd kich thwdc
(30,40 x 38,20 x 60,25 A3) véi bredce thoi gian 1a 0,1
fs, thoi gian mo6 phéng la 500 ps. Dung dich HCl
duoc khao sat c6 nong d6 1,0 M, vi vay thanh phan
cua dung dich mo6 phong gom 491 phéan t H20,
9 CI-, 9 H:0* [18].

Hé théng nghién cttu duoc thiét 1ap ¢ 303K
trong treong lwc COMPASS (Condensed-phase
Optimized Molecular Potentials for Atomistic
Simulation Studies). Truong luc COMPASS c¢6 thé
mo phong hau hét cac hé thong phan ti hitu co, vo
co va théng nhat cac treong luc cta hai loai hé
thong [19]. D&t liéu moé phong cua truong luc
COMPASS cho két qua rat phit hop véi nghién ctru
thuc nghiém va duoc rat nhiéu cac nha khoa hoc
stt dung trong cac nghién ctru ctia minh vé su hap
phu ctuia cac phan t chat e ché an mon [20-22].
Chinh vi vay, treong luc COMPASS 1I (dwoc phat
trién bang cach mé rong pham vi bao phu cta
truong luc COMPASS [23]) da dwoc st dung dé
nghién cttu sy hdp phu cta PPA va PSA ¢ dang
proton hoa trén bé mat Fe(110).

Bén canh d9, viéc t6i wu hda cc chat ttc ché

proton hoa ciing duwoc thiee hién & dang DMol3 véi

83



binh Quy Hwong

phiém ham B3LYP va tap co s DNP. Lyc tinh dién
va van der Waals déu duoc dit thanh Ewald.

Twong tac gitra cac phan tw chét G ché va bé
mdt Fe(110) duoc danh gid qua nang luong lién két
(Eten ket) va nang lugng twong tac (Etwong tic). Trong
do:

Erien ket = — Etuong tac (9)

3 K&t qua va thao luan

C4u truc hinh hoc ctia cac phan ti chét e
ch& PPA va PSA dwoc t6i wu hda & mitc tinh toan
ly thuyét B3LYP/6-311++G(d,p) va duoc trinh
bay ¢ Hinh 1.

@

(b) PSA

Hinh 1. C4u tric hinh hoc cua (a) PPA va (b) PSA duoc
t6i wu hoa.

Obitan phan tt bi chiém cao nhat (HOMO)
6 thé cho biét vi tri cho electron ctia phan tir chat
tec ché an mon [24] trong khi obitan phan ti khong
bi chiém thdp nhat (LUMO) dai dién cho kha nang
nhan electron ctia phan t¢ [25]. Vi vay, HOMO va
LUMO cua PPA va PSA duoc duwa ra dé€ nghién ctru
(Hinh 2). C6 thé quan sat duoc trén Hinh 2, vi tri
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cho electron cua PPA va PSA chu yéu ¢ nguyén ti
N trong khi vi tri ¢6 kha ndng nhéan electron tot
nhét cua PPA va PSA la ¢ nguyén ti O.

(a) HOMO-PPA

(a) LUMO-PPA

(b) HOMO-PSA

H:

P

@

(b) LUMO-PSA

Hinh 2. HOMO va LUMO cua PPA va PSA
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3.1 Danh gia kha ning ttc ché€ dn mon theo cac
thong s6 hoa hoc lwgng tir ctia PPA va PSA
trong pha khi

Enomo va Erumo la nhiing thong s6 quan
trong dé€ danh gia kha néng tc ché an mon. Enowmo
cho biét nang lwgng ctia obitan phan t bi chiém
cao nhat trong khi Erumo chi ra nang luong cta
obitan phan t&r khong bi chiém thdp nhat. Mot
phan tx c6 gia tri Enomo cang 16n, Erumo cang nho
phan t&r d6 cang dé cho electron. Theo Bang 1,
Enomo ctia PPA va PSA ¢6 gia tri lan luot 1a -6,2 va
-6,5eV. Nhu vay, PPA c6 kha nang ttc ché dn mon
kim loai t6t hon PSA khi danh gia dwa trén gid tri
cta Enomo. Xét vé ELumo, PPA va PSA c¢6 gia tri nay

bang nhau.

Bang 1. Cac thong s hoa lwgng tir tinh trong pha khi
cta PPA va PSA theo phuwong phap B3LYP/6-
311++G(d,p)

Hop Envomo Erumo  AELH n S

f AN
chat  (ev) eV) eV) (V) (eVY)

PPA -6,2 -0,6 5,6 2,8 04 0,3
PSA -6,5 -0,6 59 2,9 03 0,2

Bén canh do, kha nang trc ch€ an mon kim
loai cia mot chat con duoc danh gid qua kha nang
hap phu cta né trén bé mat sit. Nhw vay, phan t
dugc nghién ctru cang phan cyec thi cang dé hap
phu l1én bé mat kim loai, khi d6 hiéu qua tc ché
an mon cang cao. T nhitng quan diém ly thuyét
mo ta 6 muc phuong phap nghién cttu, chat co
kha nang trc ché an mon t6t la chat o gia tri AEL-
1 va 1) thap. Dua vao s0 liéu tinh toan trong pha
khi tai BBLYP/6-311++G(d,p) trong Bang 1, PPA 1a
hop chat dé bi phén cuc nhét véi cac gia tri AEL-u
vanlanlugtla 5,6 va 2,8 eV. Trong khi d6, cac gia
tri nay cua PSA luén cao hon. Vi vay, PPA dwoc
danh gia la chat tc ché an mon t6t hon PPA khi
xét theo cac gia tri cia AEL-u va).

Phan tt c6 gia tri S cang 16n thi cang phan
cure va dé tham gia cc phan ting héa hoc. Gid tri S
cua PPA va PSA Tan luot 14 0,4 va 0,3 eV-.. Nhu vay
PPA c6 kha nang twong tac véi bé mat Fe tot hon
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so v6i PSA nén gitp cho PPA c6 kha nang hap phu
trén bé mat kim loai, ngan can cac tac nhan an mon

trong moi truong tdn cong kim loai.

Bén canh d6, dai lugng AN cho thdy kha
nang trao doi electron gitra phan twr chét e ché va
bé mét Fe(110). AN cang 16n cho thay kha nang tc
ché dan mon t6t ctia hop chat khao sat. PPA va PSA
o cac gia tri AN lan luot 1a 0,3 va 0,2. Gia tri AN
ctua PPA 16n hon gia tri nay ctia PSA, vi vay PPA
thé hién 1a chat tc ch& an mon tot hon PSA khi
khao sat theo AN.

Nhu vay, tat ca cac thong s6 hoa hoc luong
ttr trén déu chi ra rang PPA c6 kha nang tic ché &n
mon sat t5t hon so v6i PPA. Sy thay thé lwu huynh
bang photpho trong phan ti cac chat ttc ché da lam
tang hiéu qua tc ché ctia PPA so véi PSA.

3.2 Mo phong dong luc hoc phan te

Trong phan tit cia PPA va PSA c6 chtta cac
nguyén te nhue N, O, S, P. Pay la cac nguyén t ¢
chta nhitng cdp electron chwa tham gia lién két. Vi
vay, trong dung dich axit, proton H* c6 thé tdn
cong vao cac vi tri nay. Viéc khao sat vé cac dang
proton hoéa bén cua cac phan te chat tic ché nay

trong dung dich axit la can thiét (Bang 1).

Hinh 3 biéu dién cdc cdu dang bén nhat cta
PPA va PSA khi bi proton héa trong moi truong
axit. Ca hai phan t@ PPA va PSA déu bi proton hoa
cht yéu o vi tri N. Vi vay, cac phan ti nay sé tiép
tuc dugc khao sat trong m6 phong déng lwc hoc

phan tir.

M6 phong dong lwc hoc phan ttr dwoc thuce
hién trong dung dich HCI 1,0 M d€ nghién ctru su
twong tac cua pPPA-N va pPSA-N trén bé mat
Fe(110) 6 303 K. Hinh 4 biéu dién mat bén va mat
thang dtng cac cau hinh hdp phu ctia cac phan to
chét tec ch€. Quan sat Hinh 4, cac phan ti chat tc
ch& pPPA-N va pPSA-N nam song song va gan voi
bé mat sat, vi vay ching c6 thé hinh thanh 16p
mang bao vé Fe khoi cdc tac nhan an mon trong

moi treong.
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Trong s¢ m6 phong dong lwc hoc phan tt,
nang luong tuong tac va nang luwong lién két la cac
thong sd quan trong dé€ danh gia kha nang tic ché
an mon cua cac phan tt chat tc ché [26]. Mot hop
chét trc ché€ &n mon ¢6 kha nang hdp phu manh tot
trén bé mat kim loai khi ndng luwong tuong tac cang
am va nang lwong lién két cang duwong [27]. pPPA-
N va pPSA-N c6 gia tri ndng luong lién két lan luot
la 570,43 va 558,17 kJ/mol (Bang 2). Diéu nay ching
to pPPA-N hép phu trén bé mét Fe(110) manh hon
pPSA-N. Diéu nay hoan toan phu hop véi sd liéu
thuc nghiém vé hiéu qua trc ché€ dn mon kim loai cao
clia cac nghién cttu vé PPA trong moi trueong axit
[28].

(a) pPPA-N

(b) pPSA-N

Hinh 3. Dang bén ctia (a) pPPA-N va (b) pPSA-N khi bi
proton héa trong mdi treong axit
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(a) Mdt trén-pPPA-N

(b) Mat bén-pPSA-N

L

4 » < *

(b) Mt trén-pPSA-N

Hinh 4. Cau hinh hdp phu cta (a) pPPA-N va (b)
pPSA-N trén bé mit Fe(110) trong dung dich HC11,0 M
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Bang 2. Két qua tinh toan duoc tit mo6 phéong dong luwc
hoc phan tir

Emung tac
Hop chat (kJ/mol) Etien két (kJ/mol)
pPPA-N -570,43 570,43
pPSA-N -558,17 558,17

4 Kétluan

Viéc nghién ctru tinh toan hoéa ly thuyét
bang ly thuyét phiém ham mat d6 & muc ly
thuyét B3LYP/6-311++G(d,p) da dwgc thye hién
nham so sanh kha ning tc ché an mon thép caa
PPA va PSA. Két qua cho thdy rang tat ca cac
thong s6 hda hoc luong tr nhu nang luong cta
obitan phan t& bi chiém cao nhét (Enomo), nang
luong ctia obitan phan tir khong bi chiém thap
nhét (Etumo), d§ chénh léch nang luong LUMO-
HOMO (AE_ ), d0 cting phan tix (1), d0 mém
phan tt (S), sO electron trao doi gitra kim loai va
chat tic ché (AN) déu thé hién PPA la chat trc ché
an mon kim loai t6t hon PSA. Bén canh d6, nghién
ctru vé dong luc hoc phéan tir da cho thdy cdu hinh
hap phu cta cac phan t nghién cttu ¢ dang
proton hoa trén bé mat Fe(110). Nang luong lién
két cia pPPA-N 16n hon pPSA-N khi tuong tac
v6i bé mat kim loai, déu nay cang khang dinh kha
nang tc ché t6t caa pPPA-N trong mdi truong
axit. Cac két qua tir nghién ctu ly thuyét trong
cong trinh nay sé gép phan dinh hudng cho cac
nghién ctru thyre nghiém tié€p theo.

Loi cam on: Nghién cttu nay duwoc tai tro
boi Trueong Dai hoc Su pham, Pai hoc Hué trong
nhiém vu ma s8 T.22-TN.SV-01.
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